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ABSTRACT

Shipboard electrical distribution systems are changing significantly with the intro-
duction of solid state frequency converters, introduction of electric propulsion and integrated
electric drive, and the possibility in the future of large combat systems pulsed loads. Existing
computer tools for analyzing power systems have difficulty simulating these changing con-
ditions. To assist in the evaluation and analysis of future shipboard electrical distribution
systems, the Shipboard Electrical Plant SImulation Program (SEPSIP) was developed.

The key feature of SEPSIP is its use of implicitly defined input variables and implicit
variables which allow for every element of the simulation to be mathematically isolated from
every other element. When the constitutive laws of an element are satisfied by an appropriate
set of input variables, all of the implicit variables have zero value. The network description
generates the input variables based on the network topology and the results of a Newton-
Raphson iterative scheme. The key advantage to this method is that the network description
of a node closely models an actual electrical node.

To demonstrate the abilities of SEPSIP, several simulations involving synchronous
generators, induction motors, and voltage regulator dynamics were conducted. In all simu-
lations, SEPSIP provided results that matched data generated by other simulation methods.
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CHAPTER 1

INTRODUCTION

1.1 Thesis Objectives

Shipboard electrical power systems in the U.S. Navy are experiencing a number of

significant changes. These changes include:

- Solid state frequency converters replacing motor generator sets

- The use of switched DC power supplies by many loads

- Centralized and automated power system control

- More frequent use of electronic motor controllers

- Sensitive electronic equipment requiring high quality 60 Hz. power.

- Electric propulsion

- Large combat systems pulse loads.

Considering the tremendous expense involved with constructing a modem warship, it is

necessary to ensure that the incorporation of these changes into the design of the shipboard

electrical generation and distribution system can be successfully accomplished with no

degradation in the combat capability of the ship. Unfortunately, these changes, along with

the small size of the shipboard generation system make the use of many classical methods

of analyzing power systems inappropriate. A good analysis requires the recognition of the

following properties of the shipboard system:

- The small number of generators (typically only one or two) with the associated small

amount of rotational inertia invalidates any assumption of an 'infinite bus' operating at a

constant frequency.

- The dynamics of the generator voltage regulators and speed governors have time

constants of an order that are important in the study of most disturbances.

- The dynamics of paralleled generators are coupled through the communication of load
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sharing and bus voltage information.

,. Solid state frequency converters and switched power supplies have non-sinusoidal

current characteristics,

- Solid state controllers often greatly modify or even substitute their own dynamics for

the dynamics of the motor they are controlling. The controllers may also have non-sinusoidal

current characteristics.

- High power pulsed loads for advanced combat systems may become a reality in the

near future and deserve study.

- Integrated Electric Drive where propulsion motors and ship's service power are taken

from the same distribution system can result in large transients from speed changes in the

propulsion system propagating to all of the other loads on the ship.

The purpose of this thesis is to present the theory and design methodology used in the

development of a computer simulation tool (SEPSIP: Shipboard Electrical Plant Simulation

Program) for analyzing both the steady-state and transient behavior of shipboard electrical

power distribution systems.

1.2 Modelling Shipboard Electrical Power Systems

Electrical Power systems are not unlike any other electrical network in that they are

composed of electrical elements and the topological network connecting the elements. Each

of the elements is defined by a number of constitutive equations that relate the voltages and

currents of its own terminals. The network on the other hand, is defined by relating the

voltages and terminals of different elements through Kirchhoff's voltage and current laws.

1.2.1 Elements : Constitutive Equations

The constitutive equations describing an element can be very complicated. In shil

board electrical power systems, the equations can take on the form of nonlinear differential

equations or even discontinuous functions. Additionally, elements such as generators and

motors require the mechanical subsystem be described in detail. Other elements, such as

-12-



switches and circuit breakers, are defined by equations depending on the current state of the

element. All of these factors contribute to make shipboard electrical power systems difficult

to simulate numerically.

1.2.2 Networks: Nodal Equations

The nodal equations are the mathematical expression of Kirchhoff's voltage and

current laws that define the network topology. Kirchhoff's current law states that the sum

of the currents entering a node must equal the sum of the currents leaving a node. Kirchhoff 's

voltage law states that the voltage at any node is identical for every element attached to it.'

In themselves, the mathematical representation of Kirchhoff's laws are very simple.

However, the resulting system of nonlinear equations is often stiff which implies that the

eigenvalues of a linearization of the set of nonlinear equations fall in a range spanning

several orders of magnitude.

Stiff systems can be solved numerically, but they require special care. The choice of

time increments, integration methods, and simulation time are all affected by how stiff a

system is. If a particular differential equation is known to have a very fast time constant,

one can ignore the dynamics and always use thefinalvalue for the variable. If used properly,

the Euler Backward method for integrating differential equations approaches the same

solution. Fast modes can also be eliminated by a host of other model reduction techniques.

[9] [10] [19] [28] [31] In any case, a tool designed to analyze shipboard systems must

incorporate a method for dealing with stiff systems.

1 An expression of Kirchhoff's Voltage Law that may be more familiar is: The sum of the
voltage drops across the elements of a closed loop is equal to zero. The two definitions are
not exactly identical but are consistent with one another when one accepts the concept of a
voltage being a potential value.
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1.3 Power System Analysis Computer Tools

1.3.1 Desired Features

In light of the characteristics and potential problems associated with modelling

shipboard electrical systems, a computer analysis tool should have the following capabilities:

* Ability to solve systems of nonlinear differential equations.

* Ability to handle changing network topologies due to the actions of switches and

circuit breakers.

* Ability to handle discontinuous functions.

* Ability to organize the input data into a form that is recognizable as an electrical

network.

"* Ability to easily add or subtract elements from the network description.

"* Ability to model mechanical subsystems.

"* Ability to solve stiff systems.

The requirements on a simulation program that these features impose are not trivial.

In fact, the author is unaware of any commercially available software package that incor-

porate all of the listed capabilities. The software that is available can be split into two

categories: Programs used for analyzing commercial power utilities, and software packages

for solving systems of nonlinear equations.

1.3.2 Simulation Programs for Land Based Power Utilities

There are a number of computer programs which can solve different aspects of the

power system analysis problem. However none of these programs are optimized for ana-

lyzing shipboard systems. Here is a brief summary of several existing programs:

1.3.2.1 EMTP

The Electromagnetic Transients Program (EMTP) 122] is a large-scale rnetw.•)k

simulation program originally developed by the Bonneville Power Association in the

1960's. It is capable of modeling traveling waves on transmission lines, lumped linear
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elements, the saturation of transformers and reactors, the dynamics of synchronous

machines as well as other elements of a power network. EMTP handles stiff systems by

using the Euler Backward method for integration. In general, the program is optimized

for studying the interaction between the dynamics of a number of generators and the

dynamics of the interconnecting transmission lines. The dynamics of the loads are not

considered important. Unfortunately, the dynamics of loads are important in shipboard

systems. Furthermore, EMTP was written in FORTRAN for batch processing and is not

very easy to use interactively.

1.3.2.2 POSSIM

The POwer System SIMulator (POSSIM) [19] is a fifty machine transient stability

program developed by the General Electyic Company. POSSIM uses the results of a

network load flow program (LOFYR: LOad Flow and Y-matrix Reduction) as a starting

point for a multi-machine simulation. The program allows for dynamics only in the

generators and their associated governors and prime movers. While generators and prime

movers can be modeled in detail, the transmission line and load equations are purely

algebraic. POSSIM also assumes frequency deviations are small. Since load dynamics

arte Important in shipboard electrical systems and frequency deviations can become large,

POSSIM's applicability is limited.

32.3 MANSTAB

The 1 A•djive and Network STABility (MANSTAB) [19] program is an extension

of POSSIM which also includes transmission line dynamics. It still does not allow for

dynawiics in any of its loads. Generally, MANSTAB is suitable for studying high speed

dynari-cs and does not include governor or prime mover models. For this reason,

MANSTAB is not suitable for simuLting shipboard systems.
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1.3.2.4 MANTRAP

The MAchine and Network TRAnsient Program (MANTRAP) [4] is a General

Electric Company modification of the Bonneville Power Administration's Network

Transients Program. It is designed to solve problems concerning the interaction between

a synchronous generator, its excitation system, torsional system, and the power trans-

mission system. MANTRAP has a major drawback in shipboard studies in that its

assumption of an infinite bus does not hold.

1.3.2.5 LOTDYS

The LOng Term DYnamic Simulator (LOTDYS) [21] is designed to study long

term transients of power systems lasting up to 5, 10, or 20 minutes. LOTDYS assumes all

the generators operate at the same speed and the generator transient time constants and

reactances can be ignored. LOTDYS also ignores excitation system dynamics and load

dynamics. Prime mover dynamics, load shedding, and power plant auxiliaries are all

modeled in detail. The constraints on LOTDYS severely limits its usefulness in studying

shipboard systems.

1.3.3 Software Packages for Systems of Nonlinear Equations

Since the models of most electric machines are described as systems of linear or

nonlinear equations, it seems reasonable that a general simulation program could be used

to simulate the shipboard system. On closer examination however, the presently available

software packages are limited in their ability to organize and interconnect several different

machine models into a large network. Writing a shipboard electrical system as one totally

integrated model invites the introduction of numerous programming errors as the input

definition file becomes so large as to be unmanageable. Furthermore, the task of trying to

add or subtract elements from the network becomes formidable. The ability to define ele-

ments in separate blocks is very important in understanding what a simulation is doing, in

debugging an input file, and in making error free changes to the configuration.
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Many of the nonlinear equation solving packages are unable to solve implicit equations

which is a handicap when trying to interconnect different models. In electrical system

simulations, the variables representing the voltages and currents at the terminals of an

element must be shared with the other elements that connect to the terminals. If implicit

equations are not allowed, one of two methods is normally used to effect this sharing. The

first method calls for one device explicitly defining the variable while all the remaining

variables implicitly define it. This method is very difficult to implement because it forces

one to define variables to be either inputs (implicitly defined) or as outputs (explicitly

defined). Problems arise when one tries to connect two outputs or two inputs together (i.e.

connecting two generators in p~rallel). Since in real electrical systems there is no such thing

as an input or an output (voltages and currents depend on the properties of all the elements

attached to a node), this method imposes an artificial constraint on the network definition.

The other method for interconnecting element models is to define the voltages of every

device to be inputs and the currents to be outputs. The voltage at a node is defined as a

separate variable whose derivative is equated to function of the sum of the currents entering

the node. This function should result in the node voltage having a very fast time constant.

Adding the fast time constant however, makes the system stiff and difficult to solve

numerically. It also adds dynamics that are purely fictional and in general, defeats the

purpose of model reduction.

1.3.3.1 CSMP

IBM's Continuous System Modeling Program (CSMP I1) [24] is a general

purpose program for solving algebraic and differential equations. The program is not

capable of solving implicit equations and is limited in the size of the systems it can model.

Ftor these reasons CSMP should not be used to simulate shipboard systems.
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1.3.3.2 SIMNON

SIMNON is a program for SIMulating NONlinear systems of equations which was

developed by the Lund Institute in Sweden, It is similar in many respects to CSMP and

likewise suffers from its inability to solve implicit equations.

1.3.3.3 ACSL

The Advanced Continuous Simulation Language (ACSL) [1] is another general

purpose simulation program like CSMP and SIMNON. While ACSL does have the ability

to include implicit equations, its execution time slows tremendously when they are

included. ACSL also requires a single input file which can become very large and

unmanageable for even moderately sized power systems.

1.3.4 SEPSIP (Shipboard Electrical Plant SImulation Program)

Since none of the commercially available software was suitable for studying shipboard

electrical distribution systems, the author undertook the task of developing the Shipboard

Electrical Plant SImulation Program (SEPSIP) which incorporates all of the desired

features listed in section 1.3.1. SEPSIP solves the problem of interconnecting device models

by forcing all of the device electrical variables to be input variables. This approach

mathematically isolates all of the elements of the network from one another. A separate

network description specifies how the different input variables relate to one another. The

network description provides values for all of the input variables for every element. The

elements in turn, provide feedback in the form of implicit variables to the network

description as to how well these input variables solve the constitutive equations defining

the element. The manner in which this is accomplished is discussed in chapter 2.

The equations defining an electrical device are subroutines of SEPSIP written in the

C programming Language. This allows for very detailed and complex models to be

incorporated in simulations. It also requires a detailed knowledge of progranu-ning in C.

Once a device description has been written however, its inclusion into network descriptions
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is easy. The concept of using SEPSIP is that initially a number of device descriptions are

written to describe the various elements of a shipboard system. Once this library of devices

has been created, simulations can be conducted by constructing networks interconnecting

the devices models selected from the established library.

1.4 Significance of Thesis

The discussions presented in the previous sections demonstrate the need for a computer

analysis tool for simulating shipboard electrical distribution systems. SEPSIP, the program

written as a part of this thesis, is capable of conducting the desired simulations if time is not

a constraint. The organization and user interface of SEPSIP has been optimized to simulate

electrical distribution systems such as those found onboard warships. SEPSIP still requires

optimization to improve the speed in which it completes simulations. In this regard, potential

improvements to SEPSIP are included in chapter 6.

The general nature in which SEPSIP organizes and solves systems of nonlinear equa-

tions has applications outside of electrical power engineering. Any physical system composed

of a topological network interconnecting nonlinear dynamic elements can be modelled with

SEPSIP. The author in fact, has successfully used SEPSIP to conduct a nonlinear dynamic

simulation of the motions of a submarine in response to control surface deflections. For this

simulation devices were created which related the motions of the bare hull and various

appendages to the forces and torques on the center of the submarine. The results of this

simulation correctly predicted dynamic responses that can not be derived from conventional

linear theory.

1.5 Outline of Thesis

The following chapters are organized to correspond to the four design elements used

to create SEPSIP. The second chapter describes the theory and strategy that define the

requirements and properties of SEPSIP. The third chapter is a "user's manual" that describes

how the requirements of chapter 2 were implemented. Chapter four presents eight device
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descriptions created for SEPSIP to demonstrate its usefulness. Chapter five uses the devices

of chapter four to conduct actual simulations and where possible, to verify the results from

SEPSIP with known responses.

Chapter six provides an assessment of SEPSIP and lists a n'iumber of possible

improvements for the program. The appendices provide listings of source code and

instructions for adding new device descriptions to SEPSIP.
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CHAPTER 2

THEORY OF THE COMPUTATIONAL METHOD

2.1 General Strategy

The principle underlying the organization of SEPSIP is that the constitutive relations

of the elements of a power system should be separated from the nodal equations describing

the network interconnecting the elements. In elecuical systems, a node is the electrical

connection between two or more elements. The current entering or leaving a node must

conform to Kirchhoff's Current Law which states that the sum of the currents entering a node

is equal to the sum of the currents leaving the node. Additionally, the voltage at a node is

the same for every element attached to it. The role of the constitutive relations is to relate

the voltages of the nodes an element is connected to, to the currents resulting from the element

that enter and leave those same nodes. These principles are fulfilled in SEPSIP by implicitly

defining all of the network voltages, currents, and other variables within the constitutive

equations defining the individual elements. During each interval of the time domain sirau,

lation, the network variables are systematically varied so that Kirchhoff's current law is

always satisfied and until all the implicitly defined constitutive equations are satisfied.

The advantage to this method is that each element can be treated separately from all

the other elements. The element models need not be concemed with the other elements they

are connected to. It is the responsibility of the network equations to provide input variables

that satisfy the element's consti -tive relations, and still satisfy the nodal equations. The

purpose of defining the constitutive relations implicitly is to provide feedback to the network

equations that indicate how far off the input variables provided by the network are from

satisfying the constitutive relations, This feedback is used to make corrections to the input

variables until all of the constitutive relations are satisfied.

To implicitly define the constitutive equations for the element, they are put into the

form:
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F(x) =0 [1]

where

x = Network Variable Vector

F() = A vector operator (potentially nonlinear) that describes the constitutive equations.

If an x is chosen so that the constitutive equations are not fulfilled, then [1] will not be true.

Instead, an implicit vector can be defined:

I = F(x) [2]

Each element then, will have its own x and corresponding implicit vector. The role of

the network is to choose appropriate x vectors that satisfy the network nodal equations and

result in the I vectors having zero length.

EXAMPLE:

A resistor is a simple example for illustrating this principle of defining constitutive

equations implicitly. A resistor is a device that connects two nodes and satisfies Ohm's Law.

If we define the voltages at the two nodes to be vo and v, and the current entering the resistor

from the two nodes to be i0 and i,, then the constitutive relations for the resistor are:

vO- v1 - ioR

io + il =0

where

R = Resistance

Figure 2.1-1 Resistor

R
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Since a resistor is a linear device, the constitutive relation can be expressed as a matrix

equation of the form:

1v0
-1 -R 0

0 0 1 lio

Since a resistor is a linear element, the matrix in the above equation is also the Jacobian

matrix for the device.

2.2 Device Definitions

In the language of SEPSIP, a device is a mathematical model of a piece of electrical

equipment. Examples of devices are models of synchronous generators, transmission lines,

breakers, induction motors, and resistive loads. A device is differentiated from an element

in that an element is a particular example of a device. For example, element GTG1 may

represent the 2000 KW gas turbine generator located in the forward engine room of a

destroyer. Part of GTG1 's description would be that it is a device of type KY103 which

indicates which equations should be used to model GTG1. There could also be a GTG2 of

type KY 103. A device is characterized by the equations which relate the variables that

represent the interaction of the device with everything else extemal to itself. Examples of

device variables include voltages, currents, speeds, forces, torques, position of switches,

temperature, and pressure. These variables can be orgarnized into a number of categories

according to the nature of their interaction between the device and the world external to the

device.
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Figure 2.2-1 SEPSIP Variables

SEPSIP Variable Interactions
Node Voltages

Input Variables External Output

Variables
ELEMENT A

. Implicit Variables DEVICE 1 External Input
0 State Variables Variables U

Input Variables External Output
Variables

ELEMENT B
Z Implicit Variables DEVICE 2 External Input

State Variables Variables

2.2.1 Input Variables : Interacting with the Network

Input variables are those variables which interact with other devices through the

network description. The network description consists of a number of nodes each having

one or more subnodes. The node itself has no mathematical significance, it merely organizes

subnodes into easily understood groups. The subnodes on the other hand, specify which

network law should be applied to the input variables attached to it. Every input variable is

assigned to one and only one subnode of a node. Each subnode however, can have an

unlimited number of input variables assigned to it. There are four types of subnodes to

which a variable can be connected to: voltage subnodes, reference voltage subnodes, current

subnodes and reference current subnodes.

As an example, a node connecting a three phase motor to a transmission line would

contain six subnodes: 3 voltage subnodes to relate each of the voltage phases and 3 current

subnodes to relate each of the current phases.
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2.2.1.1 Voltage Subnodes

All of the input variables attached to a voltage subnode are assigned the same value

at all times. This voltage subnode value becomes one of the system variables that must

be solved for. Although primarily used for communicating voltages, a voltage subnode

can also be used to communicate other information between two devices. Examples include

load sharing information and load shedding information.

2.2.1.2 Reference Voltage Subnodes

A reference voltage subnode is identical to a voltage subnode with the exception that

the subnode voltage is specified as a fixed value and therefore is not a system variable. A

reference voltage subnode must be used to set the ground potential, and may be used to

set fixed operating points for certain elements.

2.2.1.3 Current Subnodes

A current subnode relates the variables attached to it by a conservation law which in

electrical terms is known as Kirchhoff's Current Law. This law staes that the sum of the

variables attached to a current subnode is identically zero. In SEPSIP, this is accomplished

by assigning the first variable attached to a current subnode the negative sum of the other

at-ached variables. All of the input variables after the first one connected to the current

subnode become system variables that must be solved for. The convention for current

direction is that the current always enters the device and leaves a subnode.

2.2.1.4 Reference Current Subnodes

A reference current subnode does not satisfy Kirchhoff's Current Law. All of the

input variables attached to it become system variables. In most simulations, Kirchhoff's

Current Law at one subnode is a linear combination of all the Kirchhoff's Current Law

equations from the other current subnodes. To specify the law again would result in either

a system with too many implicit variables, or one which has a singular system Jacobian

matrix.
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2.2.2 Parameters

Parameters are variables that do not change through out a simulation. They are used

when defining an element to customize a device model to fit the properties of a particular

electrical component. Examples of parameters are resistances, inductances, capacitances,

time constants, bias voltages, and saturation points.

2.2.3 Implicit Definition of Input Variables

An important requirement for the equations describing a device is that the input

variables must be implicitly defined. The network balancin- z] orithrns determine the values

the input variables take on. The device description provides information (feedback) as to

how closely the implicit equations are satisfied through implicit variables. Implicit variables

have a value of zero when their corresponding implicit equations are satisfied. One way to

look at this process is to view a device as a transfer function between the input variables

and the implicit variables. The Network then uses the implicit variables to iteratively

generate the input variables until the implicit variables are driven to zero.

2.2.4 Implicit Variable Selection : Rotating and Translating Axes

One has a lot of latitude in defining the implicit variables. The easiest method is to

write the constitutive equations, move everything over to one side, then define this quantity

to be the implicit variable. This is the technique used in the last example which modelled

the resistor. Unfortunately, this method can result in numerical instability when dealing

with nonlinear devices.

Figure 2.2.4-1 Diode

V0 V2
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Take a diode for example. A simple model for a diode is a switch that allows positive

current to flow when the voltage across it 0.6 volts. Once current is flowing through the

diode, the voltage drop across it is maintained at 0.6 volts. As with the resistor, the input

variables are defined: v0 and v, for the voltages, and i0 and i, for the currents. The constitutive

relations are:

io=0 v V- v,<0.6
Vo- vI= 0.6 : i0>0

io+i = 0

The easy method of defining the constitutive equations would be to define I, and II to

be:

v0 -v1 -0.6 : v0-v,>O.

1l = io + i

This definition unfortunately, works badly in many circumstances. To begin with, the

definition allows for negative current to flow when the diode is forward biased. Another

problem is that the implicit variable I1 is discontinuous at the boundary where v. - v, = 0.6.

This type of discontinuity will usually cause much difficulty when trying to iteratively solve

equations with most standard techniques (Such as the Newton Raphson method used in

SEPSIP). In general, keeping the highest possible order derivative continuous across a

boundary will help tremendously in achieving a numerically stable solution.

The definition of Io can be greatly improved by defining a new set of axes centered

on the boundary point (v = v, - v, = 0.6 and io = 0) and rotated 45 degrees. The transformation

matrix to the new x and y variables is given by:

1 ~y1v0- ~ 0.6)

The constitutive equation for I1 becomes:
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y=Lxi

I, can then be defined to be:

I0 = y-lx1

This definition for I4 is continuous. The discontinuity has been moved to the first

derivative. For simple simulations where the voltage across the diode is not changing very

rapidly compared to the simulation time increment, this definition for I0 will normally work.

Normally, one would like to have even higher order derivatives continuous to ensure

numerical stability. This can only truly be done in this case by changing the constitutive

equation to reflect more characteristics of a physical diode.

Even if the constitutive law of the diode is changed to make the slope continuous, the

method outlined above for rotating axes should still be used. This is because most numerical

methods rely on the partial derivatives of the implicit variables with respect to the input

variables in the form of a Jacobian Matrix to update the last guess for the input variable. A

very steep slope results in a Jacobian element being very large and the potential of having

a floating point overflow when the Jacobian matrix is created or inverted. An overflow can

also occur when the corrections to the input variables cause the recalculated implicit variable

to overflow. In general, when the slope of the v/i characteristic has a section with a very

steep slope, the axes should be rotated so that the maximum slope is minimized.

Another consideration when defining implicit variables is choosing the magnitude

correctly. Since an exact solution which results in all the implicit variables being identically

zero may not be possible due to time constraints or round off error, every iterative scheme

relies on a method for determining when the implicit variables are close enough to zero.

One way is to compare the root mean square of the implicit variables with a preset number.

If this method is used, the order of magnitude of all the implicit variables should be the same

for the same order of magnitude inputs. Otherwise, certain variables would be allowed to
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K
vary more than other variables. For example, one voltage may be known to within a 1%

error while another may be known to within a 0.1% error. Of course, if this effect is desired,

one can easily weighL an implicit variable by an arbitrary constant.

2.2.5 Data Storage : State Variables

A number of device models require the condition of the device during the last time

increment be known. This information is conveyed to the model through state variables.

Examples of states include the voltage and current of a capacitor or inductor, position of

switches, position of breakers, time since a specific event occurred, and peak values of

specific variables. One could conceivably use the state variables to store the time history

of a variable to determine averages or other statistical or spectral properties.

2.2.6 External Inputs

External Inputs allow the user to interact with device models. The user can create a

queue which contains the values an external input takes on at specified times. Uses for

external inputs include position of switches, control waveforms, reference voltages, input

waveforms from another program, controlling the configuration of an element.

2.2.7 External Outputs

External Outputs (along with External Inputs and Voltage Subnode voltages) are

variables the user is allowed to monitor during the simulation. Therefore, any quantity that

a user may be interested in should be defined as an external output variable. The user still

has the choice as to which external outputs to see, so there is no problem with defining a

number of output variables. External Output variables can also be stored in files for plotting

at a later time.

2.2.8 Integration Techniques

Constitutive equations for devices often require the integration of a time derivative.

Any textbook on numerical methods will provide a large selection of integration algorithms

along with methods of determining their accuracy and stability. For most simulations
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however, there are three methods that work well. The f'irst is the Euler Forward method

which is considered an explicit technique since it requires knowldege only of the values of

the variables during the past time step,

dx
dt

X = Xo& + Youdt

The Euler Forward method is particularly suited for occasions when the differential

equation has a strong mode that is much slower than the simulation time step. For systems

with many modes, the Euler Forward method can eliminate the need to add additional implicit

variables and associated input variables. The drawback of the Euler Forward method is that

it requires small time steps for fast modes.

The Euler Backward method is similar to the Euler Forward method with the exception

that the variables are evaluated at their present values instead of their old values. The Euler

Backward Method is thus an implicit scheme since it uses present values to specify another

present value. Since most devices will have several implicit variables to offset input vari-

ables, there is usually no extra computational burden in using an implicit scheme.

x =Xod+dty

The Euler Backward method should normally be used where the possibility exists that

the time increment will be longer than the time constant associated with any of the differential

equations.

The implicitly defined Trapezoidal Method combines the Euler Forward and Backward

methods:

X = Xo + 2 ) (Y + Yo)

Whenever possible, one should use the trapezoidal rule due to its greater accuracy.

However, when its use requires the addition of input variables to compensate for additional

implicit variables, the Euler forward method should be considered.
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There also exists a modified Trapezoidal method where the weights for y and yw differ

from 0.5. Weighting y slightly more helps prevent instabilities when the time step approaches

the characteristic time constant of the equation.

2.2.9 Modelling Transfer Functions

Many devices have components that are modelled as transfer functions using Laplace

Transforms. A common example has the form:

As +B
Cs +D

Since a = Xs, the Trapezoidal Method can be modified to provide an Implicit Variable

11 =A A(x --X.1d) + d-t (x + XoId)--C (Y - yo,,) - (d-, )(y + Yard)

This equation can be incorporated in the definition of a more complicated device or can be

defined seperately as its own device.

2.2.10 Jacobian Construction

SEPSIP uses a Jacobian Matrix to determine the corrections to the input variables in

order to drive the implicit variables to zero. The elements of the Jacobian Matrix are the

partial derivatives of the implicit variables with respect to all of the input variables. In other

words, the Jacobian Matrix gives the slopes of the implicit surface in the directions of each

of the input variables.

DX1 D-X2 aX3

@12 Di2  D,2
J= axI xix2 "X3

D3a,. a' 3
3x, ax, •.-r "'"
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SEPSIP allows for the Jacobian to be calculated in two different methods. The device

description can generate the Jacobian, or the network will approximate it. Normally the

device description should create the Jacobian in the interest of speed and control over how

it is created. It usually isn't too difficult to come up with analytic expressions describing

the partials of the implicit variables. If desired, the network approximates the Jacobian by

varying the input variables a small amount in either direction, and noting how much the

implicit variables change. The change in the implicit variable divided by the change in an

input variable is usually a fair approximation for the partial derivative.

Another advantage to having the device description generate the Jacobian is that the

device description doesn't have to generate the real Jacobian matrix. If a value larger in

magnitude than the partial derivative is substituted for an element of the Jacobian Matrix,

the corrections to the input variables will result in the implicit variable being driven to zero

more slowly. This can be advantageous near discontinuities of the constitutive equations

and discontinuities in their first derivatives where one may want to retard the transition from

one side of a discontinuity to the other.

Replacing an element of a Jacobian Matrix with a value smaller in magnitude than the

partial derivative will usually result in a numerically unstable simulation. The corrections

to the input variables will be larger than needed to drive the implicit variable to zero. The

implicit variable will usually oscillate around zero and grow in magnitude with time.

2.3 ELEMENT DESCRIPTIONS

As described earlier, an element is a particular example of a device. A resistor for

example, could be a device, while R 1I which is a specific circuit element of type resistor

having a resistance of 47 ohms would be an element. Elements are differentiated from each

other by their names, device type, and parameter specification. The first section of the input

file for SEPSIP contains all of the element definitions and parameter assignments.
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2.4 NETWORK Description

The network is described by assigning all of the input variables from all of the elements

to one and only one subnode. The subnodes in turn, are organized into groups called nodes.

The purpose of the subnode is to relate the input variables of one element to the input variables

of another variable. The nature of the relationship is determined by specifying the subnode

to be either a voltage subnode or a current subnode. The relationship is further modified if

the subnode is classified as a reference subnode.

Once the network is specified, system variables can be defined. System variables are

members of the smallest subset of the input variables from which all of the other input variables

can be derived from by using the relational properties of the subnodes. For a well defined

simulation, the number of system variables will equal the total number of implicit variables.

If the two numbers are not equal, there will either be many solutions to the simulation, or

none at all. SEPSIP will not conduct a simulation unless the number of system variable does

indeed equal the total number of implicit variables.

2.4.1 Voltage Subnodes

The input variables at a voltage subnode are all set equal to the subnode voltage which

is a system variable (unless designated a reference subnode). As its name implies, a voltage

subnode's purpose is to specify potential values. The potential value need not only be

voltages however. Temperature, pressure, position, deflection, and Boolean states can also

be communicated through voltage subnodes.

2.4.2 Current Subnodes

Input variables assigned to a current subnode satisfy Kirchhoff's Current Law (unless

designated a reference subnode). The first input variable attached to the current subnode

is set equal to the negative sum of all the remaining input variables attached to the subnode.

All of the remaining input variables are system variables. The current subnode can therefore
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be used where input variables must satisfy a conservation law through the network. Forces,

torques, fluid flow rates and power flow can also be handled in addition to electrical current

by the current subnode.

2.5 Reference Subnodes

To match the number of implicit variables with the number of system variables or to

ensure there is a unique solution, it may be necessary to designate one or more subnodes a

reference subnode. If a voltage subnode is specified to be a reference subnode, its value is

always set to a user selected preset value. The normal usage would be to declare the ground

voltage subnode to be a reference with zero value. Reference voltage subnodes can also be

used to simulate power supply voltage busses.

Reference current subnodes do not satisfy Kirchhoff's current law. All of the input

variables attached to them are designated system variables. In a closed system (i.e. one where

the conservation law applies at every current subnode and in every element through out the

system), Kirchhoff's current law at one of the current subnodes will be a linear combination

of all the other Kirchhoff's current law equations at the other current subnodes. Therefore,

the sum of the currents entering the reference subnode will automatically be zero.

Reference current subnodes also provide a way to leave input variables unterminated.

This property can be used by device descriptions to increase the number of implicit variables

used to represent the relations defining the device. Normally, when modelling electrical

devices, one implicit equation should be provided for each terminal (which corresponds to

two input variables : one voltage, and one current). This can be seen if we define:

m = number of terminals (voltage-current pairs) in the system
n = number of subnodes in the system
r, = number of reference current subnodes
r, = number of reference voltage subnodes
N,= number of system variables due to voltage subnodes
N, = number of systemn variables due to current subnodes
N= number of implicit equations

then
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N, = n - r,

Ni= in - n + r,

N. = N, + N, = m - r, + ri

Since electrical devices deal with potential differences, rather than with the absolute

magnitude of the potential, a reference potential is required to fix one of the nodes. As

explained above, a reference current subnode is also required to prevent a singular system.

The total number of implicit variables must therefore equal the number of terminals.

If a device description requires more implicit variables than it has terminals, extra input

variables must be provided for the excess implicit variables. These variables should be

attached to a reference current subnode or to separate voltage subnodes.

2.6 Conducting the Simulation

The simulation of the system described by the network description is carried out by

solving a system of nonlinear equations at each time increment. Each nonlinear equation

corresponds to the definition of an implicit variable which has a value of zero when the system

is balanced. To balance the system, an initial guess is first made for all the system variables.

For the first time step, the user may specify the guess, otherwise the system variables are all

set to zero. For the remaining time steps, the results of the previous time step are used. The

total number of independent system variables is considerably smaller than the total number

of input variables since a number of the input variables are related through the network

definition. For example, all the input variables attached to a voltage subnode are always

given the same value. From the system variables, all of the input variables to each of the

elements is derived from a description of the network topology. Using these values of the

input variables, the implicit variables are calculated for each of the elements. If the mean

square value of all the implicit variables are below a specified threshold, then the system is

considered balanced. If the mean square value is larger than the threshold, then the system

Jacobian matrix is constructed. The system Jacobian matrix consists of the partial derivatives

- 35 -



of the implicit variables with respect to each of the independent system variables. It is

fabricated by piecing together the Jacobian matrices of all the elements. Inverting and

multiplying the system Jacobian matrix by the vector containing the implicit variables pro-

vides a correction to the independent system variables. Once the corrections are subtracted

from the independent system variables, the implicit variables are recalculated and the

balancing process continues until the system is balanced. Once balanced, results are printed,

state variables and external input variables are updated, and the time counter is incremented.

In this manner, the simulation is stepped through time.

2.6.1 Setup

During the setup stage, two arrays of data structures are created to describe the network

topology in a compact form. The first array describes all of the independent system variables

and how they relate to the input variables of the individual elements. The second array

keeps track of which implicit variable belongs to which element.

Each data structure for the system variable array consists of three subarrays. The

number of entries in all three subarrays is equal to the number of input variables associated

with the system variable. For a non-reference voltage subnode, all of the input variables

attached to it will be associated with one system variable and will therefore each have entries

in the three subarrays. A reference voltage subnode has a specified value and therefore is

not associated with any of the system variables. For a reference current subnode, all of the

input variables attached to it are separate system variables whose corresponding subarrays

will contain only one entry. A non-reference current subnode's first input variable is set

equal to the negative sum of the remaining input variables. Each of the remaining input

variables is associated with one system variable whose subarrays have two elements: The

first corresponding to the first input variable; and the second corresponding to the remaining

input variable.
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The first subarray for each system variable data structure contains integer offsets to

the array of elements. The second subarray contains integer offsets to the input variable list

within the element description. The third subarray contains a multiplier that is used in

constructing the system Jacobian matrix. Normally this multiplier has a value of 1.0, but

for the special case of a system variable corresponding to an input variable attached to a

non-reference current subnode, the first entry has a value of -1.0 to account for the fact that

the first variable associated with a current subnode is the negative sum of the remaining

variables.

The data structures for the implicit variable structure array contain only two integer

offsets. The first is an offset for the array of elements and the second is the offset in the

array of implicit variables for the element. In this manner, all of the implicit variables can

easily be referenced.

The setup section also creates an implicit variable cross-reference array in the

description of each element that specifies which entry in the implicit variable structure array

to which each of the implicit variables of the element corresponds.

2.6.2 Initialization

Before the simulation starts, all of the input variables, state variables, and external

input variables are initialized. The initial values for the state variables are actually applied

to the time increment immediately before the start of the simulation (old state variables).

The input variables are initialized in a two step process. First, an array of system input

variables is initialized. Then from the network description, the input variables for all of the

elements are derived. If a variable is not explicitly initialized by the user, it is set to zero.

2.6.3 Updating External Inputs

The external input variables are updated at each time increment by scanning the

external input queue for variable changes that occur before the present system time. All of

the external input variables scheduled for a change in value are then updated.
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2.6.4 Balancing the System

The process of finding a set of input variables that simultaneously satisfies all the

network equations and all the implicit equations of the elements is known as balancing the

system. The procedure involves calculating the implicit variables, constructing a system

Jacobian matrix, calculating corrections to the input variables, and repeating the process

until the implicit variables are within tolerable limits of zero.

2.6.4.1 Calculating Implicit Variables

The first step in balancing the system is calculating the implicit variables. The

functions describing each of the elements are called one at a time and provided with the

appropriate input variables. These functions use the input variables along with the external

input variables and the state variables calculated in the previous time step to generate the

implicit variables.

Once all of the implicit variables have been calculated, they are assembled into an

implict variable array in the order specified in the implicit variable structure array con-

str'cted in the setup phase. The mean square value of all the implicit variables is also

calculated and if its magnitude is smaller than apredefined amount, the sytem is considered

balanced and the program jumps to printing the results out.

2.6.4.2 Manufacturing System Jacobian Matrix

The system Jacobian matrix is generated by piecing together the Jacobian matrices

for each of the elements. The elemental Jacobian matrix can be generated by the function

which also produces the implicit variables, or it can be approximated numerically. The

function that returns the implicit variables also returns a flag indicating whether or not the

Jacobian matrix was calculated. If the matrix was not constructed, it is manufactured by

vary'ing each of the input variables slightly and approximating the partial derivatives by
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dividing the differences between the resulting implicit variables by the differences of the

input variables. The percentage change and the minimum change in the input variables

can be specified by the operator.

The system Jacobian Matrix is constructed one column at a time. Each column has

its associated structure in the input variable structure array that specifies which elements

and input variables contribute to that column. Knowing the element and the input variable

is enough knowledge to extract the appropriate column from the element Jacobian matrix.

Which row in the system Jacobian matrix to insert each of the entries of the element Jacobian

column is provided by the implicit variable cross reference array. By stepping through

each of the structures of the input variable structure array, the entire system Jacobian matrix

can be constructed.

One result of separating the creation of the system Jacobian matrix from the element

Jacobian matrices is that extra work is done in creating columns in the element Jacobian

matrices that do not contribute anything to the System Jacobian. This arises whenever an

input variable is attached to a reference voltage subnode. Since a reference voltage node

always has a constant voltage, it does not contribute a system variable.
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Figure 2.6.4.2-1
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2.6.4.3 Calculating Variable Corrections via Newton-Raphson

Once the system Jacobian matrix J and the implicit variable vector i are created,

corrections to the input variable vectorx can be calculated via the Newton-Raphson method.

The matrix equation Jx = I is solved using Gaussian Elimination with partial pivoting. If

the Jacobian Matrix is singular, the Gaussian Elimination will fail due to the inability to

get a non-zero number in the pivot element. If this occurs, the simulation halts with an

error message.

After the corrections have been applied to the input variable vector, the implicit

variables are recalculated and the process continues until the mean error of the implict

variables is within tolerable limits of zero, or until a predetermined number of iterations

have been made. If the iteration limit is reached, the simulation has failed to converge on

a solution is halted with an error message.

2.6.5 Printing Results

Since the operator can specify a printing time increment different from the simulation

time increment, a test is made to determine whether or not any results should be printed. If

the test is successful, all of the variables designated to be displayed in the simulation section

of the input file are printed to the screen, or to a file if one was specified by the operator.

2.6.6 Updating State Variables and Time Counter

The state variables are produced by the function that also calculates the implicit

variables. Once the system is balanced, these state variables are moved to another array

called the old state variable array which can be used during the next time increment.

The time variable is also updated by adding the specified time increment. If the time

variable exceeds the maximum time of the simulation, the simulation is terminated and

control returns back to the main menu of SEPSIP.
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2.6.7 Potential Problems

2.6.7.1 Numerical Instability

The Newton-Raphson method is only guaranteed to converge on a solution if the

initial guess is sufficiently close to the solution. Unfortunately, it is very difficult to

determine how close, 'sufficiently close' is. If the time increment is small enough, the

i;put variables should not change appreciably. Hence using the results of the previous

time increment as a first guess usually produces good results. There are two occasions

however, when this may not hold. First, during the initial balancing of the system, the

initial guesses are provided by the user. If these guesses are not sufficiently close to the

solution, the system will not converge. Another situation that may occur during the

execution of a simulation is that a discrete event may occur that changes the configuration.

The solution to the new configuration may not be sufficiently close to the solution of the

old configuration to guarantee stability.

2.6.7.2 Singular Jacobian Matrix

The simulation can also fail if the System Jacobian Matrix is singular and therefore

uninvertable. This can occur if the network is defined poorly or if a discrete event results

in a poorly defined network. Systems incorporating switches or breakers are particularly

susceptible to this problem. (If two switches are connected in series and both opened, their

implicit variables would be set equal to the terminal currents. The current subnode con-

necting the two switches would further equate the two attached currents and thereby

overspecify them. Furthermore, the voltage of the connecting voltage subnode would not

be implicitly defined anywhere.)

2.6.7.3 Non-Unique Solutions

In nonlinear systems, it is often possible for more than one set of input variables to

satisfy all of the constitutive relations and network equations. For these systems, it is very

important to provide the solution with the best possible intitial guesses in order for the
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system to converge on the desired solution. Once the simulation has started, using the

results of the previous time step as an initial guess should normally result in convergence

to the proper solution. This method for determing the initial input variables can still fail

during time steps in which system reconfigurations have taken place that result in certain

variables changing considerably over the one time increment.
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CHAPTER 3

SEPSIP

SHIPBOARD ELECTRICAL PLANT

SIMULATION PROGRAM

3.1 Introduction

SEPSIP is a simulation program optimized for solving lumped parameter systems with

elements that are described by nonlinear constitutive equations. The program is written in

the C programming language and is presently running under the UNIX operating system on

Digital Equipment Corporation VAX Workstation II and VAX Workstation 2000 computers.

The files are located in the sepsip subdirectory of the 13.411 Course Locker of MIT's Project

ATHENA. SEPSIP should be easily adapted to other computers and operating systems since

a minimum of machine specific routines have been used.

Running a simulation with SEPSIP is a three stage process. First, an input file must be

created with a text editor such as EMACS. The simulation is then carried out by the SEPSIP

program with the results printed to an output file. Finally, the output file is printed directly

out or sent to a plotting program such as NORPLOT for viewing.

This chapter describes how to create an input file and lists the commands available

when executing SEPSIP. Actual examples of input files can be found in Chapter 5.

3.2 Data Entry Conventlions

Much effort has been made to ease the task of creating the input files for SEPSIP. The

input files are very loosely structured in the sense that data need not be entered in specific

columns, comments can be inserted anywhere, other files can be referenced through "include"

statements, and to a certain degree, the order of lines is not rigid.
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3.2.1 Acceptable Characters

Virtually all of the printing ASCII characters can be u,.d in naming elements, vari-

ables, nodes and subnodes. To prevent confusing the program, in addition to "white"

characters (spaces, tabs, newlines) the following characters should be avoided entirely:

Additionally, the following characters should not be used for the first character:

!#+-0123456789

These characters should not be used for the last character:

3.2.2 Reserved Names

The following keywords should not be used for naming elements, variables, nodes or

subnodes:

end
external
include
initial
node
simulation

All other keywords can be used, but for clarity, should be avoided.

3.2.3 Specifying Variables and Subnodes

Variables are specified in the following format:

element : variable

The colon is used to delimit the element name from the variable name. Tabs and / or spaces

between the element name and the colon and between the variable name and colon are

optional.

Subnodes are simiJarly described:

node :subnode
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3.2.4 Numerical Entries

The following formats for entering numbers are valid:

123 integer
-123.456 floating point
123e-4 exponential

+123E3 exponential

3.2.5 White Characters

Spaces and tabs are used to separate data elements. Any nu. nber and combination of

spaces and tabs may be used. A data line is terminated with a "newline" character (also

known as a carriage return).

3.2.6 Continuation Lines

In general, each line of the input file must be shorter than 80 characters. This usually

is not a problem since there isn't very much information that must be included on one data

line. Continuation lines are allowed however, in the Network Description section. This

section requires the grouping of a number of variables together. It is therefore quite likely

that more than 80 characters would be required. Consequently, for this section alone, a line

can be terminated with \ or ... to indicate the data continues on the following line.

3.2.7 Case Sensitivity

Keywords are case insensitive (Both upper and lower case letters accepted), all other

entries are case sensitive.

3.2.8 Comment Lines

Any Line beginning with a! or # is ignored. Hence comment lines can be inserted

anywhere within the file by preceding them with ! or #. Blank lines are also ignored.
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3.3 Input File Generation

SEPSIP requires an input file to describe the simulation. This file consists of four

sections: Element Description, Network Description, Initialization, and Simulation

Description. The input file can be created or edited by any text editor.

Figure 3.3-1 Sample SEPSIP Input File

SEPSIP Input File

Element Description
device 1 elm la

parT 1.0
par_2 3
end

device 2 elm 2
par_T 2.0e-6
end

Network Detscription
NETWORK

NODE gnd
rv:volt = 0.0 - elm la:vO = elm 2:vO
ri:current = elm -la:iO = elm_-2:iO
end

NODE A
v: volt = elm la:vl = elm 2:vl
i: current = elm la:il = elm 2:il
end

Initialization Section
INITIALIZE

elm la state_1 37
elma & vl 32.2
end

NODE VOLTAGE INITIALIZATION
A:volt 100.0
end

EXTERNAL INPUTS INITIALIZATION
elm 2 : ext in 24
end"

!Simulation Section
SIMULATION
Display

elm la : ext out 1
A :-volt
end

TIME STEP 1.0e-3
PRINT STEP 5.0e-3
TMIN 0.0
TMAX 1.0
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3.3.1 Organization -- Using INCLUDE Files

A common problem among many simulation programs is the requirement that all the

necessary information be contained in one file. For large simulations, this results in long

inpui files that are difficult to manage and edit. SEPSIP addresses this problem with the

include keyword. Outside any data block (A data block begins with a keyword and con-

cludes with the end statement) the keyword include followed by a filename results in the

insertion of the contents of the 'included' file at the location of the include keyword,

"Included' files may also contain include keywords. This feature allows one to organize

the input file in a number of ways. Figure 3.3.1-1 shows one method of using the include

keyword.

Figure 3.3.1-1 Using the INCLUDE Keyword

't~all

1 t.elm contains the element descriptions
include t.ealm
I t.net contains the network description
include t.net
I t.init contains the initialization section
include t.init
I t.sim contains the simulation section
include t.sim

3.3.2 ELEMENT Description

The first section of the SEPSIP input file is the ELEMENT Description. This section

defines the elements and specifies all of the parameters for the elements. A data block for

defining an element has the following format:

Figure 3.3.2-1 ELEMENT Description

element name device name
parameter value
parameter value
parameter value
end

Elementname cam be any single word as long as it conforms to the conventions of

Section 3.2. Device name is the name of the particular device. A list of available devices
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can be obtained by running SEPSIP and entering dd at the first prompt. To obtain more

information on a particular device (including a list of parameters) enter dD device name.

A listing of all the device descriptions can be written to a file by entering dw filename.

When defining an element, all of the parameters must be specified. An error is gen-

erated whenever an end statement is reached and a'I of the parameters have not been provided

with values.

Elements can be defined that are not used in the network description. This allows for

the creation of a 'junk box' of parts that can be used when building and modifying the

network description. A warning will be generated when an element is defined but not used.

It is also a good idea not to have too many 'spare elements' since execution time will slow

down somewhat.

The Element Description section ends when the keyword network is encountered.

3.3.3 NETWORK Description

The keyword network signals the beginning of the network description. This section

consists of data blocks that describe each of the network nodes. All of the lines within the

data block (except the first and last) describe one subnode. Each data block has the format:

Figure 3.3.3-1 NETWORK Description

NODE node name
subnode ind subnode name = elm var = elm : var
subnode ind subnode name = elm var = elm : var
END

Nodename and subnodename once again, can be any word following the con-

ventions of section 3.2. Node-name must also be distinct from any of the element names

as well. Subnode_ind specifies the type of subnode and consists of up to three characters,

two of which are optional. The format of the subnode ind is:

Reference Indicator: [optional] An r as the first characterofsubnode ind

specifies that subnode to be a reference subnode.
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Subnode Type Indicator: [mandatory] The next character must be either

an i or a v to specify the subnode as either a current or voltage subnode.

Grouping Indicator: [optional] Subnode ind can end with adigit greater

than zero to specify the number of consecutive subnodes that should be created.

If this digit is greater than one, then that number of consecutive subnodes are

created. The first subnode will have subnode name as its name and include all

of the specified variables. The following subnodes will use subnodename

appended by _b, _c, etc. and use the next consecutive input variable for each

of the elements. This feature allows one to connect together 'multiple conductor

cables' with one single entry. Typically, this will be a3 for three phase systems.

Subnodes can also be designated a reference subnode in the simulation section of the

input file. For clarity it is better to define all of the reference subnodes in the NETWORK

section.

In the special case of a Reference Voltage Subnode, the reference voltage may be

specified immediately following the subnode name as demonstrated in figure 3.3.3-2. This

reference voltage value however, can be overwritten by an entry in the REFERENCE block

of the SIMULATION section of the input file. If a reference voltage subnode's voltage is

not specified either in the NETWORK or the SIMULATION section, it is set to a value of

zero.
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Figure 3.3.3-2 NETWORK Description Example

t.net
I Norbert H. Doerry 12 March 1989
t

NETWORK
SThe following node has both reference voltage

and current subnodes

NODE gnd
rv:v = gen:v0n = load:vOn = meter:vO
ri:i = gen:i0n = load:iOn
end

The next node shows how to specify each phase
1 independently

NODE A
v:v a = gen:vOa = sw:v0a meter:vl
v:v b = gen:v0b = sw:v0b
v:v c = gen:voc = aw:v0c
i:i a = gen:iOa = sw:i0a
i:i-b = gen:iOb = sw:i0b
i:i-c = gen:i0c = sw:iOc
end-

The next node shows how to use the grouping indicator

NODE B
v3:v = sw:vla = load:v0a
i3:i = aw:ila = load:i0a
end

I The next node shows how to use reference voltages to set
t operating points

NODE GEN REFS
rv:freq = 60.0 = gen:freq
rv:Vmag = 100.0 = gen:Vmag
end

3.3.4 INITIALIZATION Description

The Initialization Section is the only optional sectional in the input file. If a variable

is not explicitly initialized, its value is set to zero. Therefore, one only needs to initialize

the non-zero variables. The following types of variables may be initialized:

Input Variables attached to Current Nodes
Node Voltages
State Variables
External Input Variables

Input Variables attached to Voltage Nodes may also be initialized, but the Node Voltage

initialization will take precedence and overwrite the Input Variable initialization.
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The Initialization Section is composed of three subsections that may be entered in any

order, or omitted if not used. These three subsections are: INITIALIZE, EXTERNAL

[INPUTS INITIALIZATION], NODE VOLTAGE [INITIALIZATION].

3.3.4.1 INITIALIZE

The INITIALIZE subsection is used to initialize input and state variables for any

element. The fonnat for this subsection is:

Figure 3.3.4.1-1 INITIALIZE subsection

INITIALIZE
element name variable name value
element-name : variable-name value
element-name variable-name value
end

Variable-name can be the name of either a state variable or the name of an input

variable. For state variables, value becomes the old state variable for the first time

increment. For input variables, value is the first guess used for input variables attached

to current subnodes. If an input variable is attached to a voltage subnode, value is ignored.

The INITIALIZE subsection ends when the keyword end is encountered.

3.3.4.2 EXTERNAL [INPUTS INITIALIZATION]

The External Inputs Initialization subsection begins with either the keywords

EXTERNAL or EXTERNAL INPUTS INITIALIZATION. Its purpose is to provide

the default values for the external input variables. The default values set in this subsection

can be overwritten by entries in the EXTERNAL INPUTS subsection of the SIMU-

LATION section.

Figure 3.3.4.2-1 EXTERNAL INPUTS INITIALIZATION Subsection

EXTERNAL INPUTS INITIALIZATION
element name external input_name value
element-name : external inputname value
element name : external inputname value
end
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3.3.4.3 NODE VOLTAGE [INITIALIZATION]

The Node Voltage Initialization subsection begins with either the keywords NODE

VOLTAGE or NODE VOLTAGE INITIALIZATION. Its purpose is to provide the

initial guesses for all the input variables attached to a voltage subnode. The subsection

ends when the keyword END is encountered.

Figure 3.3.4.3-1 NODE VOLTAGE INITIALIZATION Subsection

NODE VOLTAGE INITIALIZATION
node name :subnode name value
node name: subnode-name value
node-name : subnode-name value
end

3.3.5 SIMULATION Description

The SIMULATION section begins with the keyword SIMULATION and continues

until the end of the input file is reached. The Simulation section details the manner in which

a simulation is carried out. The following keywords can be included in the simulation

section:

CONVERGE
DELTA
DELTA MIN
DISPLAY
EXTERNAL INPUTS
MAX ITERATION
PRINýT STEP
REFERENCE
TIME STEP
TMA5X
TMIN

3.3.5.1 CONVERGE

Format: CONVERGE value
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Value is the maximunm mean square error of all the implicit variables allowed for a

balaticed system. Note that since CONVERGE is applied to the average of the implicit

variables, any single implicit variable may have a square magnitude considerably larger

thaii value.,

3.3.5.2 I)ELTA

Fomniat: DELTA value

Value is the fractional amount an input variable is changed when the network cal-

culates the Jacobian matrix of an element using the secant method. The input variable are

multiplied by (1 + value) and (1 - value) and if the difference between the two resulting

numbers is greater than twice DELTAMIN, they are used to recalculate the implicit

variables. The differences between the implicit variables divided by the differences

between the two values of the input variables provide the column of the element Jacobian

matrix corresponding to that input variable. DELTA is only significant if at least one of

the elements used does not calculate the Jacobian matrix within its defining function.

3.3.5.3 DELTAMIN

Fornat: DELTA MIN value

DELTAMIN is used in conjunction with DELTA. If when calculating an element

Jacobia.n matrix bv the secant method, the difference between the two offset input variables

is f,_•cater than twice DELTAMIN, then DELTAMIN is added and subtracted from the

input variable for the purpose of calculating the partial derivative.

3.3.5.4 DISPLAY

Format:
DISPLAY

element name external_outputvariable name
elemente- name externaloutput variable-name
node name :voltage subnode name
node nae: volta('e-suhnode-name
end
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DISPLAY specifies which variables are written to the screen or to the specified file

when the simulation is conducted. Only external output variables and voltage subnodes

can be displayed. PRINTSTEP specifies how often the variables are displayed.

3.3.5.5 EXTERNAL INPUTS

Format:
EXTERNAL INPUT
element name external input variable name value time
element -name externalinput -variable-name value time
element_-name external_input variablename value time
end

EXTERNAL INPUT provides the information needed to produce an external input

queue that tells the simulation when the value of an external input value should be changed.

Time is the simulation time at which the specified external input variable should be set to

value.

3.3.5.6 MAXITERATION

Format: MAXITERATION value

Value is the maximum number of iterations that are performed during any single

time interval in an attempt to balance the system. If the system can not be balanced in

fewer iterations, an error message is printed and the simulation is halted.

3.3.5.7 PRINT STEP

Format: PRINTSTEP value

Value specifies how often the variables listed in DISPLAY are printed.

3.3.5.8 REFERENCE

Format:
REFERENCE
v: node name voltagesubnodename value
v: node name voltage subnode name value
i node-name current-subnode-name
end

The REFERENCE subsection can declare subnodes defined in the NETWORK

section to be reference subnodes (whether or not they were defined previously to be ref-
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erence subnodes in the NETWORK section). Since the Simulation section may be

modified after an input file has been loaded into SEPSIP, this section can also be used to

varn the voltage of a reference voltage subnode between simulations. Value overrides the

default value provided in the NETWORK description section.

3.3.5.9 TIMESTEP

Format: TIMESTEP value

Value is the time step used in calculating the simulation.

3.3.5.10 TMIN

Format: TMIN value

Value is the initial value that the time counter is initialized to. After each time the

system is balanced, the time counter is incremented by the TIMESTEP.

3.3.5.11 TMAX

Format: TMAX value

Value is the largest value that the time counter can take on. If the time counter

exceeds value, the simulation is successfully concluded and control passes back to the

main menu of SEPSIP.
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3.4 Running the Simulation

3.4.1 Starting SEPSIP

The method for executing the SEPSIP program depends on the operating system being

used. On MIT's Project ATHENA, the following procedures should be used:

athena ,t attach 13.411
athenal-- /mit/13.411/sepsip/sepsip

or

athena% attach 13.411
athena% /mit/13.411/sepsip/sepsip inputfilename

The program starts by printing a welcome message followed by the version number

and date. If inputfilename is specified, it is loaded. Any errors detected are listed as well

as the opering of any include files. SEPSIP then enters the main menu and prompts for the

first command.

3.4.2 Command Entry Conventions

3.4.2.1 SEPSIP Menus

SEPSIP is a menu oriented program consisting of one main menu and several sub-

menus. "rhe menus are organized in two columns: The first contains single characters

used to execute the commands listed in the second colurmn. After the menu is displayed,

the user can enter the character corresponding to the desired command followed by a

carriage re'-.tn.

Several of the menus will have a variable number of options depending on the state

of the simulation. If a valid input file has not been loaded for example, the main menu

will not have the Conduct Simulation or Continue commands available since they would

be meaningless.

The Conduct Simulation (option s) and Continue (option c) commands from the

main menu cmn be followed by an output filename. If a filename is specified, output from

the simulation is redirected from the screen to the specified file.
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3.4.2.2 Concatenating Commands

SEPSIP allows one to execute an option in a submenu directly from the main menu

by entering the character that executes the submenu followed by the desired character from

that submenu. These two characters can be separated by spaces or tabs and can also be

followed by whatever input text is required by the selected command.

Examples:

dd (displays device summary)

fc /mit/yourname (changes the working directory)

u p t.plot (executes plotting program with argument t.plot)

3.4.2.3 Input Filename Specification

In several of the options, the user is prompted for an input filename. Any existing

file can be entered, including a path specification if required. If a default filename is

offered, a carriage return will select the default. If no default filenarne is presented, a

carriage return will terminate the command. Should SEPSIP be unable to open the file,

another filename is prompted for. Entering ? as a filename results in the listing of the

current directory. A q terminates the command.

3.4.2.4 Output Filename Specification

An Output filenamne can be specified for several commands. Any filename recognized

as legal by the operating system may be used. If a default filename is offered, a carriage

return will select the default. If no default filename is presented, or if the filename stdout

is entered, a carriage return will result in the file being listed on the screen. If for some

reiron. SEPSIP is unable to open the file, another filename is prompted for. Entering ?

a,, a filenanme results in the listing of the current directory. A q terminates the conmmand.
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3.4.3 Command Summary

This section lists all the commands available in SEPSIP. A more detailed explanation

of the commands is provided in the following sections.

c [file] Continue simulation

d Switch to Display Data menu
dc [dir] Change Working Directory
dd Display Device Summary
dD Display Device Data
de Display Element Summary
dE Display Element Data
dn Display Network Summary
dq Quit Display Data menu
dw [file] Write Device Data File

e Switch to Edit Simulation Parameters Menu
ed Switch to Edit Display Variable list Menu
eda Add Variable to Display Variable list
edd Delete Variable from Display Variable list
edq Quit Edit Display Variable list Menu
ej Edit Jacobian Parameters
Eq Quit Edit Simulation Parameters Menu
er Edit Reference Voltage Subnode Voltages
et Edit Time Parameters

f Switch to File Options Menu
fd [file] Dump Simulation State
fi [file] Save INITIALIZATION Section
fi [file] Load INITIALIZATION Section
fq Quit File Options Menu
fs [file] Save SIMULATION Section
fS [file] Load SIMULATION Section

q Quit : Terminate SEPSIP program

s [file] Conduct Simulation

u Switch to Utility Menu
ue [file] Execute EMACS text Editor
up [file] Execute Norplot Plotting Package
u? Display Directory
u% [cmd] Execute System Command
U+ Perform Screendump to the default printer

3.4.4 Main Menu

This section describes all the commands available in SEPSIP. For each command.

the fornat for executing it from the main menu is presented along with a description of the

command. For executing a command within a submenu, the first letter should be omitted.
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3.4.4.1 c Continue

Fornat:

c filename

The Continue command is only available if a valid input file has been loaded and a

simulation has already been conducted. Its purpose is to allow the simulation to continue

without reinitializing any of the variables. To use this command though, tmax must be

changed to a higher value that corresponds to the new desired ending time.

If Continue is invoked without a filename, the results of the simulation are displayed

on the screen, otherwise the results are written to the specified file.

3.4.4.2 d Display Data

Format:

d

d command

Display Data presents a submenu with the following options:
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3.4.4.2.1 d c Change Working Directory

Format:

dc

dc directory

This command changes the working directory for specifying both input and output

files. If a directory name is not specified on the command line, the user is prompted for

one, For systems operating under the UNIX operating system, this is the only method

available since a cd command executed as a system call will not work.'

3.4.4.2.2 d d Display Device Summary

Format:

dd

Display Device Summary lists the names of all the available devices.

1 Under UNIX, when a sstem call is made from a program, a new shell is created for the
specified command to be executed in. When the command terminates, the shell disappears.
Therefore, if a cd command is executed, it will change the directory in the new shell and
then terminate. The new shell will immediately disappear and control will pass back to the
old shell whose working directory was never altered.
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3.4.4.2.3 d D Display Device Data

Format:

dD

dD device-name

Display Device Data provides detailed information about a particular device. If

devicename is not specified, it will be prompted for. All of the variable names associated

with device-name are listed.

3.4.4.2.4 d e Display Element Summary

Format:

de

Display Element Summary is only available if a valid input file has been loaded.

All of the defined elements are listed along with which devices they are associated with.

If an element is not used in the network description, its entry is appended with

"*** Not Used ***"
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3.4.4.2.5 d E Display Element Data

Format:

dE

dE element-name

Display Element Data is only available if a valid input file has been loaded. If

element-name is not specified, it is prompted for. All of the variables associated with

element-name and their values are listed.

3.4.4.2.6 d n Display Network Summary

Format:

dn

Display Network Summary is only available if a valid input file has been loaded.

For each node, the constitul.ive subnodes and their attached variables are displayed. After

all the data for a node has been presented, the user is prompted to enter a carriage return

to conthiue. If a q is entered instead, the command is terminated. A b will result in the

previous node being listed.

3.4.4.2.7 d q Quit

Format:

dq

Quit returns control back to the main menu.
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3.4.4.2.8 d w Write Device Data File

F-(•t nl at:

dw

dw device data filename

Write Device Data File prints out all of the device data for all of the devices. If

device datafilename is not specified, the user is prompted for it. For a particular device,

this conmmand presents all the same information as Display Device Data

3.4.4.3 e Edit Simulation Parameters

Format:

e

e command

Edit Simulation Parameters presents a submenu for editing data from the simulation

section of the input file. This command is only available if a valid input file has been

loaded.
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3.4.4.3.1 e d Edit I)isplay Variables

Forniat:

ed

ed command

Edit Display Variables presents a subrnenu for adding and subtracting variables

from the display variable list. In addition to the submenu, all of the variables presently

on the list are displayed. The values of the variables on this list are displayed during the

simulation in increments of printstep as set in the input file or by Edit Time Parameters.

3.4.4.3.1.1 a Add Display Variable

Format:

eda

eda elementname: externaloutput_variable

eda elementname :external input_variable

eda nodename : voltage_subnode name

Add Display Variable adds a variable to the display variable list. External Input,

External Output, and Voltage Subnodes may all be ,yecified.
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3.4.4.3.1.2 d Delete Display Variable

Format:

edd

edd elementnar. .e external_outputvariable

edd elementname externalinputvariable

edd nodename : voltage_subnodename

Delete Display Variable deletes a variable presently on the display variable list.

3.4.4.3.1.3 q Quit

Format:

edq

Quit returns to the Edit Simulation Parameters submenu

- 66 -



3.4.4.3.2 e j Edit Jacobian Parameters

Format:

edaj

Edit Jacobian Parameters allows the user to change the following simulation

parameters:

CONVERGE

MAXITERATION

DELTA

DELTAMIN

The user is prompted to enter a new value for each of these parameters. If a carriage

return alone is entered, the default value is used. If a q is entered, the command is

terminated. A b allows the previous variable to be changed.

3.4.4.3.3 e q Quit

Format:

eq

Quit returns control back to the main menu.
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3.4.4.3.4 e r ',dit Reference Voltage Subnode

l'oh t at:

er node name :reference voltagesuhnodename

er node.narnte reference__voltagesul)nlodeniame value

Edit Reference Voltage Subnode allows the user to change the value a reference

volague subniode is set to. If the command is executed without specifying the subnode, a

list of the reterence voltage subnodes is provided beforc the user is prompted for the

sU hnode nn~

3.4.4.3.5 e t Edit Time Parameters

F'ormnat:

et

Edit Time Parameters allows the user to change the following sinmulation

P a1ra*n ete rs:

TIMESTEP

TMIN

TMAX

PRINTSTEP

The user is prompted to enter a new value for each of these parameters. If a carriage

return alone is entered, the default value is used. If a q is entered, the command is

treninaied. A 1 allows the previous variable to be changed.
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3.4.4.4 f File Options

Format:

f

f command

File Options presents a submenu for reading and writing several different types of

files.

3.4.4.4.1 f d Dump Simulation State

Format:

fd

fd filename

Dump Simulation State prints to a file, the entire state of the simulation. Every

variable for every element is listed along with the system Jacobian matrix and associated

variables. While the file produced by this command may become very large, it is often

the only way to find the cause of a simulation's failure to converge.
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3.4.4.4.2 f i Save INITIALIZATION Section

Format:

fi

fi filename

Save INITIALIZATION Section writes to a file, all of the current values of the

input variables, state variables, external input variables, and voltage subnode volt-

ages. This file can then be included in another input file to specify a starting point for

further simulations. This command allows one to run a simulation until steady state has

been achieved, save the initialization section, then conduct simulations to study the effects

of a disturbance on the steady state solution.

3.4.4.4.3 f I Load INITIALIZATION Section

Format:

fl

fl filename

Load INIlTIALIZATION Section loads from a file, the initial values of the input

variables, state variables, external input variables, and voltage subnode voltages.

The file must conform to the format specified in section 3.3.4. The easiest way to create

this file is to use or edit a file created by the Save INITIALIZATION Section command.
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3.4.4.4.4 f s Save SIMULATION Section

Format:

fs

fs filename

Save SIMULATION Section writes to a file, the SIMULATION Description

section of the input file as described in section 3.3.5. If stdout is used as a filename, the

SIMULATION Description section is listed on the screen. This is a fast way of seeing

all the simulation variables at once.

3.4.4.4.5 f S Load SIMULATION Section

Format:

fS

fS filename

Load SIMULATION Section reads from a file, the SIMULATION Description

section of the input file as described in section 3.3.5. Files created with the Save SIM-

ULATION Section command can be directly loaded with this command.

3.4.4.5 q Quit

Format:

q

Quit resuits in the termination of SEPSIP. Control is passed back to the operating

system.
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3.4.4.6 s Conduct Simulation

Format:

S

s filename

Conduct Simulation starts the simulation. If a filename is not specified, the values

of all of the variables on the display variables list are printed to the screen. If a filename

is specified, the values of the variables are printed to the designated file. A period (.) is

printed on the screen every time a line is printed to the file. This allows one to see that the

simulation is actually proceeding and the program is not stuck in an infinite loop.

3.4.4.7 u Utilities

Format:

U

u command

Utilities presents a submenu that is fundamentally different from the other menus in

that it is entirely user defined. The file sepsip util.menu contains all the data required to

create and execute a menu. Appendix D describes how to edit this file to add or delete

menu items. The following commands are presently implemented on MIT's Project

ATHENA.
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3.4.4.7.1 u e Editor -> emacs

Format:

ue

ue filename

This command executes the emacs text :i-L;

3.4.4.7.2 u p Plotting -> Norplot

Format:

up

up filename

Norplot is a simple X-Window oriented plotting package that allows for the input

file to have multiple columns of data.

3.4.4.7.3 u ? List Directory

Format:

u?

u? directorvpath

This command lists the current directory or the directory specified.
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3.4.4.7.4 u % Execute System Command

Format:

u%

u % command

This command allows for any system command to be executed (with the exception

of cd in UNIX).

3.4.4.7.5 u + Screendump to default printer

Format:

U+

u+ -h

u+ -Pprinter

u+ -Pprinter -h

This commmand produces hardcopy of an X-Window on the default printer or on

the printer specified by the -P option. The -h option suppresses the printing of the header

page.
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3.5 Special Considerations

3.5.1 Designing the Network

Intelligently designing the network can, improve the quality and numerical stability of

the simulations performed. One must always remember that the mathematical repre-

sentations for devices like inductors and capacitors are only idealized approximations of

the physical devices. Consequently, while we can physically stop the current in an inductor

instantaneously, a simulation using an ideal inductor will fail because the voltage drop across

it will become infinite. Here are a few techniques that can eliminate man)y of the problems

of this sort:

* All inductors should have a parallel resistance to provide a path for the flyback current to

flow and thereby limit the maximum voltage drop across the inductor

* Similarly, all capacitors should have a series resistance to limit the maximum current flow.

* A node connecting two switches in series should also have a resistance going to ground

(or across one of the switches) to prevent a floating voltage.

3.5.2 Selection of Time Increments

Choosing an appropriate time increment is very important fof ensuring an accurate

simulation. If trapezoidal integration is used, a time increment that is much greater than

the associated time consant for a variable will result in that variable oscillating and probably

going unstable. For this case, the Euler Backward method works better since the mode is

assumed to have been driven to zero for the entire time increment.

dx x-- +-+a =0

dt T

Trapezoidal Integration
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IdY1  + xjj,,! ) + A)+ (dt)o0

dr >> x

x + xo0 + 2A = 0

.X = --X oI - 2.4,r

Euler Backwards

X -x(Ild+dt ý+A:

dt >> r

x -•A

If the time step is made extremely small, the amount of computer time required to

conduct the simulation becomes intolerably long with the undesired side effect of a loss of

accuracy. When the time step is extremely small, round off error in the numerical calculations

become a significant proportion of the corrections applied to the input variables. Over time,

these errors can grow and give incorrect results.

When making the time step smaller, the CONVERGE limit must also be decreased.

Otherwise. the solution for the first time increment when applied to the second time

increment will result in an. implicit error that remains within the CONVERGE limit. Thus,

the result of the first tinme increment becomes the solution for the second time increment.

This process is repeated for the following time increments with the net result that none of

the variables deviate from their initial values.

For systems of nonlinear equations, choosing the optimal time incre:aent is not easy

to do in the general case. Usually one can get an acceptable value by trying to identify the

fastest mode and using a time increment somewhat smaller than the associated time constant.

Some experinmentation is usually required to determine if a given choice is appropriate.

- 76 -



3,5.3 Using the SIMULATION File

Since virtually all of the SIMULATION Section of the input file can be edited from

within SEPSIP. it is a good idea to make the entire SIMULATION section an include file.

This allows one to directly save any edited parameters with the Save SIMULATION

Section (fs) command. The next time the input file is loaded, all of the edited simulation

parameters will also be loaded.

3.5.4 Using the INITIAL File

Properly using INITIAL files can greatly reduce the computational time required to

conduct a simulation under certain circumstances. A typical problem may be to study the

transient response of a system originally in a steady state condition that experiences some

disturbance. Achieving the initial steady state condition may require a lot of simulation

time due to slow "start up" time constants. To eliminate the overhead time required by the

system to achieve steady state in each simulation, the INTITTAL file allows one to conduct

an undisturbed simulation once, save the steady state solution in the INITIAL file, and use

that INITIAL file as the starting point for all further simulation work.

3.6 Adding DEVICE Descriptions

Adding a Device description to the list of available devices requires a fair amount of

effort. One or more functions must be written and compiled in the C programming language

and linked with the other SEPSIP routines. Additionally, one include file (penner.h) and a

device data file must be edited. Details for this procedure are contained in Appendix B.
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CHAPTER 4

DEVELOPMENT OF SHIPBOARD

ELECTRICAL COMPONENT MODELS
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4.1 Transmission Line Model

The transmission line model included in SEPSIP consists of a series combination of a

resistor (R) and an inductor (L). The inductor also has another resistor (R,) in parallel with

it to account for leakage resistance. R, also helps numerically when the transmission line is

attached to a switch that opens. If R, were not included and the inductor current were forced

to zero immediately, the voltage drop across the inductor would be infinite. R, provides a

path for the inductor current to flow and thereby allow a finite voltage drop. Since all physical

inductors have an associated leakage resistance, the inclusion of R, better reflects the actual

transmission line characteristics.

Figure 4.1-1 Transmission Line

RL
i0 A!V. in.

o-•-•vV•,-LZ <ill- v.
Voa

P L
R,

i4ýl
VOb R L

R,
ioo AW i.o

R L

If the transmission line is excited with a sinusoidal current, the effective resistance and

inductance of the transmission line is given by:

R(j =R +R( [1,

The Model contains the following definitions
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Parameters

R Resistance
L Inductance

R, Parallel Resistance for Inductor

Input Variables

v..) Terminal 0 Phase A Voltage
v,.O 'Terminal 0 Phase B Voltage
VO, TTerminal 0 Phase C Voltage
via Terminal 1 Phase A Voltage
Vill Terminal 1 Phase B Voltage
vic Terminal 1 Phaxe C Voltage
ita Terminal 0 Phase A Current

Terminal 0 Phase B Current
Terminal 0 Phase C Current
Terminal I Phase A Current

ilb Terminal 1 Phase B Current
i~c Terminal 1 Phase C Current

State Variables

va Phase A Voltage
Vb Phase B Voltage
VC Phase C Voltage
ia Phase A Current
lb Phase B Current
ic Phase C Current

Implicit Variables

Ia Phase A Integrator
lb Phase B Integrator
I,: Phase C Integrator

Equations

v) = vIl .- Oa [3]

vb = -,b - vb [4]

1
1 (ii. io.) 

[6]

U", - [7

i, =2(ill - i,,, )718
1

2 I0
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If R, and L are both not zero, the following equations hold:

vL., = (vo - iaR) [9]

V,, = (vi, - i6R) [10]

y'L` = (v - iCR) [11]

R,'
i•= ia•- [12]

i = .b - --- [13]R,

VLC [14]

' - VL1 + VLa old [15]I. =L iz• -t od (2 , L

=b 1Lb -
1Lb..od (dt)(vjb + vihIdj) [16]

'c =LC i• - 0i d4 2 )j( Lc+LcoJ [17]

if R, or L are either zero, the following equations are used:

I. =ý a - itaR [18]

lb = vb - ibR [19]

vc - iR [210

Comments

The implementation of the transmission line model is contained in the file f.t-line_3p.c

listed in APPENDIX C.
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I lit, w% l\v ' c1c v r Icd modd I ndlikc~u d ill SlI.TS 1 consissts o~f .1 till-cc phase \V\.'

011" It'd 1111d11 0 1 whb phila~c tit tilt lot C~ li'sts (11' a iesisto:' (R ) ill parallel with a

".,. I[, ~Ia l It M'I tit antiI oI -.. '(11 ( k ~ ) 10 l induiwanlco (L),Y R, help" wiie iciliI\ witc.'l

I, ititrv 4.2. 1 RvihtI k R~ivativte ILoad NioduI

"Vo.

Illkth.MilkC OIdI (,\

R ~ ~ ~ , I.Ial~ hl"

Input Variables

Phase A' I\'nniida Vonltage
* ~I'laseI.' 14'Ieni uia \'ultagw

Phase C' T1eluili'al \'oluliuw
Ce ntel. Point Trniliiaul Voltapw

Phasme A* C 'trrein
Phase It ('inrelit
Phause C' C urre nt

( '1enre ItOIIII Current

IlI'Isc It \'olulyc
Philm.e ( ,V l' tik



.Phase A Curreru
Phase B Current
Phase C Current

Implicit Variables

Phase A Integrator
Phase B Integrator
Phase C Integrator
1uIu of Cur'rents

Definig ,. lions

Ilh G + it + J(1k, 121

ill it,,, + ik, + i,•, 131

1=.v ( - v,.. 141

'(1,= , - %., [•lI-S

i =: " 2 17 1
(Ith.- (Iib

J, =:~ -, ~
*2

++I, -- h

/, -. (It - ( % + i, + i,,[1

1I 1. = 0 or R, 0 the tollowing Equations zue used:

R, +R
I, v -iR~A [I I 2

I, 1V,1 - ,h , I131

1, . . . I, ,/\" 1 I

()lhIl" ieC, thC olhwjiue Lik , at cial e used:
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d i

L ' lit (9iR + '~-i h~ 117.1

t ( .I + I' d

I ,,~ ~ .. ld R, i d. ,;

*-i Id Oil Ri L) I191 ., = id, -- i+ ., . ol R• 2 , j,, ji

R, R i I. -"Q

Comments

The iniplementatiou of the resistive - reactive load model is contained in the file

frl.wvye.c listed in APPENDIX C.
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4.3 Suichronous Machine Miodel

SYnchronous machines are Used its both generators and mnotors onboard ships, The

S\'nchrIonIous TmachineC dev\ice Included in SEP3SIPl is based onl the shieldiog, constraini miodel

po'idinI . ThiS Model uses thle standard per unit pariuneters normalpriddb

tceierator narIu filCtu~-rrs. All calculations are perf'ormed in thle per unit system ai d employ

Park 's transformuationl to remove many of' the tlime dependencies and thereby improve the

nuiiie1ricill solution.,

I igtre 4.3-1 Synchuronous Machine Modell

VýOf 17- PianEdorr i f synchronous

v If machine
6 model Meclhanical

Te u Equations --- 1

( 1d d Te

VObG.4!an Park's q- vq

Pa raninyteirs

X11 Synchronous Reactance (PU)
x Negative Sequtence Reactance (1PU)

Transient Reýactance (PU)
x 1)-axis Suhtransient Reactance (l'1
X, Q-aLxis Subtransie~nt Reactance (PU)

x.1 Armature Leakage Reactance (P13')
1 Trnusient Open Circuit Time Constant (sec)
I 1)-axis Subtransient OC Timle Constant (sec)
T ~Q-axis Subtransient. OC Timie Constant (sec)

I. Arinature Timie CTonstant
. 1110IFielId C~urrent for no load rated voluage (an ips)

11 Inleria C'onstant (sec)
Pole Pair,1s

I Park Tviupdbonlllltioll expreSses allI of' the voltages and cun-entis inl thle reference fral'ie oit
OIh. rolw 'Ifc stitliolnar refer-ence framie is referried to as the ube fr-amei while the trails-

1ý1n1CJ re te rei~ck f i11fle is cal led thw d(Ijf framle t. 1iider 1101-111;1 operal ion1, theL (hJ() VMArIIhl
,11C M 11 ;I 1 U ClollC:(l of1 (110 1'0tot aiele.



o. .... Base frequency (rad/sec)
V,, B Base Phase Voltage (0 to peak)
I) Base Power (watts)

Input Variables

V Phase A voltage
Vol, Phase B voltage
Vk Phase C voltage

Neutral voltage
il., Phase A current
i,,•, Phase B current
ill Phase C current
\ (oTerminal 0 Field winding voltage
vI, Tereminal I Field winding voltage
i,,, Terminal 0 Field winding current
ill Terminal 1 Field winding current
9 Electrical rotor angle (radians)

(I), Mechanical frequency (rad/sec)
('0,, Mechanical acceleration (rad/sec2 )

Torque [turbine +] (Nrn)
'if, Internal Variable q axis flux

'.1  Internal Variable d axis flux

State Variables

0, Electrical Angle state (rad)
CL..... Meclumical frequency state (rad/sec)
t'o,..... Mecha.ical acceleration state (rad/sec:)

D axis flux [PU]

yq, Q axis flux [PLU]
Voltage behind transient reactance [PUI

el \Voltage behind Q axis subtransient reactance [PU.I
el Voltage behind D axis subtransient reactance [PUtI

"d,. Derivative of[ D axis flux
D1) Derivative of Q axis flux
D", Derivative of voltage behind transient reactance

Derivative of voltage behind Q subtransient reactance
Derivative of voltage behind 1) subtransient reactance

Implicit Variables

I ....... Sum of input phase currents
1,,, .... Sum of field currents

neutral voltage1•, D axis flux eqautiun

I , Q axis flux equation
Q axis subtransient equation
D axis subtransieut equation

transient equation
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1,or1 bahluce
integrating frequency

integrating frequency acceleration

Equations

Calculate Base Qmumtities

*12

1,0 -- .
[111

In,) = / ,,x .,,2]

\�h =131

Thl - wrh 4

Calculate Phase voltages

Ila = 1k ' 1, - On•, 151

1,, = w. - On 16]
" o' , I•'m 171

Perform Park's Transformation

CO() Cos 21. T cos(ý0+ 2. 7t
cos(83) C~O2t( 2

3 3
I"= -- siin(O) -sill 0-2' -sil 0+ 18]3 3 3

11 1

2 ,2

[' P(,..1~
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('achulatc other variables
IIt, -- Ilot11

,.= 41 , 11

'/ ,.- v~121

I/

q= t Ta~".4'

• . A,, -I I 141

X/d 1151

1161

"Xud

. . [,171
. ', -- ',d

Xd d- A

Calculate states

Xad I -fd

rf

,j', =.v "i'1 " q -M'., [ 20]

q q

q I.d "il d 12311

= -. ,, - 1 2 4 1

C'alc ulate Decri vat ives

#- 89



+it "W, q + -) '1

1) , _+ + ,12

d ~ l'. - -\q . .,.

(it* T, I ,

1 di = -,,'•, q + (a )e .,, [27l
To d bi10 .r le, "-d.1,

- .---- ý = 4 V ~ , 1301

1, = -- I- ,, 13 11

Ca d-ete. Cur e ,, I p, icit IVuid Ie

- v 1331

I=A- ,,1  - (d)(0I 0. -\,qd 1311

(?alculatc Curent mpýlct Variables

C€cu] at N•caia Vaiai

T = '- q 1d 34]

1,.-,' • (O . "35]

Perfm lq =Modified Trapeza Integ3tio

T636
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0, =o 1371

coiJ = o)[381

). =) o.[391

1 =O, - 0 ,ol,, I - )(pI,, . ) + n, c i, j ,,,,) [401

I., = m., - Cop,. old - (dt) (0),6w.., + 0.4 wo.,,,d) [411

Comments

The implementation of the synchronous machine model is contained in the file

f.syvnch mach.c which is listed in APPENDIX C.

The following parameters describe a 2000 KW generator typical of those found on U.S.

Nivv destroyers: [10]

Xd 1.38 PU
x 0.26 PU

Xd 0.25 PU
Xd 0.171 PU
xq" 0.171 PU
xa, 0.1 PU

Tdo' 2.9 see
Tdo 0.0 sec

" 0.0 sec
t, 0.09954 sec
in,] 38.5 amps
H 0.651 sec
pp 2
M.. 376.99 rad/sec

Vdb 367.4235 volts
P1, 2500000 watts

The subtransient time constants are set to zero becuase the author was unable to obtain

their true -values from unclassified sources. The time constants are typically fast and

approximating them as zero does not introduce serious errors.
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4.4 Speed (Governor

The speed governor model included in SEPSIP is based on the mechanical speed

governor on the 2000 KW synchronous steam turbine generator found on an older U.S. Navy

submarine. This model is based on one developed by the author as part of a term project for

an electrical engineering machinery course [ 10] and is a greatly reduced version of the model

developed by Dalton 161,

Figure 4.4-1 Speed Governor

0ýs Droop

4 Equation

]Tm-order

Transfer T.
Function

Parameters

(Ilo Zero Order Frequency (rad/sec)

WL Droop Factor Coefficient (rad/sec-inch)
(Od.eu PU Torque Coefficient (rad/sec)

Tils Base Torque (Nm)
-r Time Constant (sec)

Input Variables

Mechanical frequency (rad/sec)
T, Torque (Nm)
s Droop Factor (inches)

State Variables

Tni o.rdc Ordered Torque (PU)
Tra1pU Actual Torque (PU)

Implicit Variables

Implicit Variable
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Equations

T = or _ I ...... ((0m - CO¢, - C0i)S) [1]

T,., = T,, + Bo, [21

T..,

Tm, 1 =731

dt -T -orde -1T,.) [41
dt T9mrdr Tm~

T.= T .... - T ,1,ý.-old) - (dt) (Tn order-old - 0- 0. 5 T,.,j _...d) [5]

Comments

Equation [1] provides the steady state value for the torque conresponding to the present

rotor speed. Equations [2] and [3] calculate the actual torque being delivered in the present

time increment. Equation [4] describes the dynamics of the speed governor as a simple first

order system. The differential equation is solved using trapezoidal integration. While this

is a simple model, it does provide results consistent with the data provided in ref [6].

The Droop Factor s is in reality the Primary Amplifier Fulcrum Displacement. On older

submarines, a stepper motor attached to a set screw is used to adjust this displacement until

the desired frequency is obtained for a desired load. A normal range for s falls between 0

and .5 inches. The parameter values are:

w,/o = 374.72

ods = 63.38
()d]aep, = -20.15

"tx = 0.328

The above values are for a single pole pair generator, for a two pole pair machine, the

first three parameters should be halved.

- 92 -



4.5 Voltage Regulator Model

The voltage regulator model included in SEPSIP is a simple first order transfer function

between the terminal voltage error and field voltage of a synchronous machine. The terminal

voltage is measured by subtracting the mean value of all three phases from the voltages of

phaises A and B. These values are fitted to two cosine voltages that are phase shifted by 1200.

The derived terminal voltage is divided by the desired terminal voltage and subtracted from

1. This error voltage is subjected to a first order transfer function that produces a signal

voltage that is added to 1 and multiplied by the nominal field winding voltage.

If the field voltage is driven above or below specified clipping levels, the regulator

maintains the field at the clipping voltage. Typically the lower limit for the field voltage is

about 0 volts while the maximum is around 1.5 to 2 times the field voltage required to maintain

the terminal voltage under full load.

This model does not reprcsent any specific voltage regulator. However, since the

response of many voltage regulators is dominated by one eigenvalue, approximating the

dynamics by a first order lag is not a bad assumption. The clipping action of the regulator

ensures that the field voltage does not exceed reasonable bounds.

Figure 4.5-1 Voltage Regulator

v•O-- vt + + i v•f

vob(-- Meter I v Transfer v il

-Function 93 Eqtn U v,
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Parameters

N fdb Nominal Field winding Voltage
K Per Unit Error Gain

T,,, Voltage Regulator Time Constant (sec)
V,.iall Maximum limit for field voltage
Vtn,, Minimum limit for field voltage (c ning)

Input Variables

N, OilPhase A voltage
vw Phase B voltage
vOC Phase C voltage
"V0 Field Winding Terminal 0 voltage
vif Field Winding Terminal 1 voltage
ýif Field Winding Terminal 0 current
i'f Field Winding Terminal I current

Vb.s Desired Voltage (neutral to line peak)
Wbs Reference Frequency (rad/sec)
vi Measured Voltage (internal variable)
y Measured Phase (internal variable)

State Variables

veff Per unit error in voltage
v'is Per unit correction to field voltage
0 Phase (radians)

cclip Clipping State
Implicit Variables

I voltmeter Phase A equation
L: voltmeter Phase B equation

I.•sur Sum of Currents
In Transfer Function Equation

Equations

Calculate the terminal voltage

1I. -= (v1, + 1ob + v01) P1]

"1a•t lOa -n1 [2]

1"l= 1o - Vo [3]

v1 =1v, -lv [4]

7 = T.yd + co,(dt) [4a]
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(v, - v, cos(O + ¥))

V , C os.. . .. . . . . .. .. . 5
(• ,cs0 + --

Vb,

Calculate the input and output to the transfer function

I :- 7]y
Vb

= ,s -- 1  [8]
I~ 
1 fdbs

If 0,p od = 0, the regulator is not clipping:

T -d.V + jys* = K v' [9]

1- T,.vr(\ig - Vig._old) + dt(.6(vj8 - Kglrr) + .4 (,sig..old - K"',rr_old)) [10]

"vfd = Vif-- 1o [O1]

otherwise the regulator is clipping

v_,. - (v11- vo1) [2
if C,,,_old = -1 then I, - Vb5  [12]

v. - (,- "of) [3
if C p, -old = 1 then I, = ("4o [13]

T,.. ,X old dt [.4( Sg_old - K Ver, old) - .6K1 e,,]
1'. = [141

"T, +.6dt

") f= (v,ig + 1)Vfdbs [15]

The sum of the field currents should be zero

/I .. = iof+ i11 [16]

See. if should clip during the next time increment

• 95 -



if' >vf then cr = 1 [17]

else if v• < v i, then c,:, 5 = -1 [18]

else calr = 0 [19]

Comments

The implementation of the voltage regulator model is contained in the file f-voltreg.c

listed in APPENDIX C.
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4.6 Induction Motor Model

The Induction Motor Device included in SEPSIP is based on a model of a "squirrel

cage" motor presented by Krause [17]. This model assumes the stator consists of three

windings and that the rotor can be represented by three additional windings.

Figure 4.6-1 Induction Motor

Te ý
J ~W 10a VOa

7Rs 1ra'• , L44

10c R s Li L , R r LL4

VO c

Stator reL4 1 r

VO b

Mutual Inductances Not Shown

Parameters

R, Stator Resistance (ohms)
X1, Stator Inductance (ohms)

X11' Rotor Inductance (reflected to Stator) (ohms)
R,' Rotor Resistance (reflected to Stator) (ohms)
J Moment of Inertia (Kg-m 2)

Base Frequency (rad/sec)
pp Pole Pairs
B Windage Torque Factor (Nm-sec)
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Input Variables

v•,, Phase A voltage
v~O Phase B voltage
VOL, Phase C voltage
iO.a Phase A current
i•,l Phase B current

Phase C current
e Electrical Rotor Angle (radians)
wo Mechanical Frequency (rad/sec)
co Mechanical Acceleration (rad/sec")

V n Neutral voltage
Phase A rotor current
Phase B rotor current

if Phase C rotor current

State Variables

Phase A stator flux
Phase B stator flux

k,•c Phase C stator flux
D,. Phase A stator flux derivative
D~b Phase B stator flux derivative
Dsc Phase C stator flux derivative
Xo' Phase A rotor flux
•rb' Phase B rotor flux

krc' Phase C rotor flux
D,. Phase A rotor flux derivative
Dec, Phase B rotor flux derivative
D,• Phase C rotor flux derivative
0, Electrical Rotor Angle (rad)
(0o1 Mechanical Speed (rad/sec)
to, Mechanical Acceleration (rad/sec)

Implicit Variables

118 Phase A stator flux equation
Ilb Phase B stator flux equation
Ik Phase C stator flux equation
I,. Phase A rotor flux equation
Ilt) Phase B rotor flux equation
11M• Phase C rotor flux equation
I, Sum of Stator Currents
W Frequency Integration

Acceleration Integration
Torque equation
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Equations

Calculate Inductances

X1,

L= [2]

M = -m [3]

2h

L,,,, =-2M [4]
3

L1= Lis +L, [5]

L44=L,,r'+ L,, [6]

L21

L1= L,,. cos(O) [8]

L51 = LCos 0 + 2T) [9]

L6 1 =Lms, cos(8 - [T 10]

Calculate Fluxes

., =Li.+Lj~b+ 21, 1ra + 4 11,b +L Ijjj., [12]

X, = ,ia+,ib+. i,+si.+61 rb + 41, [13
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Calculate Flux Derivatives

D5 b = IPOb- On - Ri 0 b [181

D,. = -R,'i,o [20J

Drb = -Rr'ib [21]

D,~ = -Rr.'i,. [22]

Perform Trapezoidal Integration

Iia= Xsa -S %s-od _(d (D. + D1 0 0,I) [23]

Ilb = sb - X.b- od - (t(D~b + D~bal) [24]

'Ic = kc- kcod- (d 2Jc + Dsc01) [25]

X,.ra Xra' -ra od' - (_+ Drao-,I) [26]

'lrb =Xrb' Xrb-old' d (Drb + Drb-ol) [27]

'ire = Xr 'X1, old' (djJ(D,c + D,~ ,ld) [28]

1, '0 +lOb + lcl [29]

Calculate Torque and Mechanical variables

T,=p ~PL.., {Ua('T 2-7 2j) + 2O4 2 ~ + ioC(4 2 2~--{ sin(6) +

'/,,-i,)+ i(,-i,)+ '~0, - rh)) COS(M) [30]
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IT = Te, -J - TmEh - Bo0 [311

0, =0 [321

0)S =0 [331

S0) =0 •5[341

W -0.-old - p(0o, + oJ,_old) [35]

WD (.-. 2 ((0, + (Os-ol) [36]

Comments

The implementation of the induction motor model is contained in the file f ind motor.c

listed in APPENDIX C.
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4.7 Three Phase Switch Model

The Three Phase Switch model allows the user to control switches for all three phases

with one external input variable. When the external input variable commands the switches

to close, all three phase switches close at once. When commanded to open however, the

individual phase switches remain closed until a zero crossing occurs.

Since a switch changes the configuration of the network, one must ensure that both

configurations are defined properly and have a voltage reference. In particular, switches

should not be connected in series without providing some means (such as a resistor) to define

the voltage of the node connecting the two switches.

Figure 4.7-1 Three Phase Switch

io0. 3ý /
V0 3

iOb '01 i1b

Input Variables

, OaTerminal 0 Phase A Voltage
Oh Terminal 0 Phase B Voltage

\'(k Terminal 0 Phase C Voltage
Terminal 1 Phase A Voltage

'lb Terminal 1 Phase B Voltage
V •, Terminal 1 Phase C Voltage

Terminal 0 Phase A Current
Terminal 0 Phase B Current
Terminal 0 Phase C Current
Terminal 1 Phase A Current
Terminal I Phase B Current
Terminal 1 Phase C Current
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State Variables

s" Phase A state
Sb Phase B state
s, Phase C state
ia Phase A current
ib Phase B current
in Phase C current

Implicit

Phase A switch
Isb Phase B switch
I&C Phase C switch
La Phase A current sum
i~b Phase B current sum
IC Phase C current sum

External Input

S Switch Condition
0 = on
1 =off

Equations

Il = vI. - v0. [1]

Vb = VIb - Vob [2]

V( = VIC - Vor [3]

in = 2(i, - in) [4]

ib =•(ib -ih) [5]

I (i, - i0,) 16]

If the Switch is commanded closed:

S. =sb =S, = 1 [7]

If the Switch is commanded opened:
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S. t-,Id [81

Sb = sbod [9]

Sc =sold [10]

Calculate the implicit variables:

ifs, = 1 then I,, = v, else I., = ia [11]

if sb = I then Isb = "b else !,b = Ib [12]

if s, = 1 then Ic ==v, else I, =Ic [13]

Ii. = io.+ i, [14]

lib = iob + 'Ib [15]

Ii = i0c + i1c [16]

If the Switch is commanded opened, Check for Zero Crossing:

if ii,,_iold <0 then s, = 0 else s. = 1 [17]

ifibib od 0 then sb = 0 else sb= 1 [18]

if i0i, old < 0 then s, = 0 else s, = 1 [19]

Comments

The implementation of the three phase switch is contained in the file f.switch_3p.c

contained in APPENDIX C.

Note that the switch does not open until a zero crossing has occurred. This may lead

to problems when the derivative of the current is very large and the current overshoots zero

by a large amount.
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4.8 Circuit Breaker Model

The circuit breaker modK ,ncluded in SEPSIP simulates a three phase circuit breaker

that is tripped either by an overcurrent or 'manually' by the operator. The square of the

magnitude of the current is determined through a forgetting factor f which is multiplied by

the square of the old value of the current magnitude and added to (1 - f) times the square of

the present current value. The magnitude of the current is compared to a specified limit, if

the limit has been exceeded for a certain amount of time, the breaker is commanded to open.

The breaker can also be commanded to open by an external input. Once commanded to open,

the switch for each phase remains closed until a zero crossing occurs.

Figure 4.8-1 Circuit Breaker

1 oi.
D0.

iOb 
4ý 1bi'b

lOb

Each phase of the circuit breaker is modelled as a state machine having seven states

defined by:

Figure 4.8-2 Circuit Breaker States

State Switch External Cmd Current Trip

0 open open open
I closed open open
2 open open closed
3 closed open closed
4 open closed open
5 closed closed open
7 closed closed closed

- 105 -



Parameters
f RMS Forgetting Factor

I,rip Current Trip value (amps rms)
t~p Current Trip Minimum Time (sec)

Input Variables
Voa Terminal 0 Phase A Voltage
Vob Terminal 0 Phase B Voltage
voc Terminal 0 Phase C Voltage
\,'Ia Terminal I Phase A Voltage
vib Terminal 1 Phase B Voltage
Vic Terminal 1 Phase C Voltage
ika Terminal 0 Phase A Current
O Terminal 0 Phase B Current

Terminal 0 Phase C Current
Terminal 1 Phase A Current

'ib Terminal 1 Phase B Current
i•c Terminal 1 Phase C Current

States
s. Phase A switch state
.% Phase B switch state
s, Phase C switch state

Phase A current
ib Phase B current
ic Phase C current

iuv Phase A rms current
iave Phase B rms current
icave Phase C rms current

tia Phase A overcurrent time
ti-b Phase B overcurrent time
til: Phase C overcurrent time

External Input Variables
Switch External Switch

Implicit Variables
Isa Phase A switch equation
I.,b Phase B switch equation

Phase C switch equation
I1A Phase A current sum

Phase B current sum
Phase C current sum

Equations
Va = 1a -vo [1]

1b= -,b -- ob [2]

v = 1', 110, [31
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Io =- (i. - io) [4]

ib = 2 ('Ib - ob) [5]

i = I (ill - io,) [6]

Perform the following State Transformation:

Figure 4.8-3 Breaker Transform Table 1

Old State Switch on Switch off

0 7 0
1 7 1
2 7 2
3 7 3
4 4 0
5 5 1
7 7 3

If tiaold, tibo d, or t. _,,Id is greater than ttrip

use the following transition table

Figure 4.8-4 Breaker Transform Table 2

Old State New State

0 0
1 1
2 0
3 1
4 4
5 5
7 5

The Implicit variables are defined by

if s0 is odd then I,, = v. else I,, = ia [7]

if s, is odd then lb = vb else lsb = ib [8]

if s, is odd then 'sc = v, else I., = i, [9]
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.=ill + il. [101

lib= i. + i1h [11]

I. =jil, +it, [12]

Look For Zero Crossing

It the product of a phase current's present and old values
is less than or equal to zero, perform this transformation:

Figure 4.8-.5 Breaker Transform Table 3

Old State New State

0 0
1 0
2 2
3 2
4 4
5 4
7 7

Calculate RMS Currents

.,= +fi,,_o [13]

S= (1-":f'l [14]
i.ý., -( _f)i2 + fil ,o

= (1-f) +fca.e_otd [15]

Update Overcurrent Time counters

if .. iir then tio = ti._old +dt else ti, = 0 [16]

if i,oe ,,rq then tib = tib_old + dt else tb = 0 [17]

if i c.. i,ip then tic = t_,,d +dt else tic = 0 [18]

Comments

The implementation of the three phase circuit breaker model is contained in the file

fbreaker_3p.c listed in APPENDIX C.
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CHAPTER 5

SIMULATION RESULTS

A description of SEPSIP would be incomplete without several examples of simulations

conducted with the program. This chapter contains the input files and results of seven sim-

ulations that demonstrate the features and capabilities of SEPSIP. The first two simulations

show the start up transients for two different induction motors. Because the simulations are

very similar, only slight modifications to the input files of the first simulacor, were required

to generate the second simulation. The remaining simulations involve the response of one or

two synchronous generators to changing loads. The third simulation loads a single synchronous

generator with a .4 Per Unit load for a 4 second period and then removes the load. The response

of the voltage regulator and speed governor to the application and removal of the load are

clearly shown. The next two simulations use identical network topologies to study a generator's

response to two and three phase shorts. The input files for these simulations were modified

from the third simulation in a very short time. The Final two simulations demonstrate the

ability of SEPSIP to simulate the dynamics of multiple generator systems.
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5.1 50 HP Induction Motor Start Up

This simulation shows the startup transients for a 50 11P Induction motor. The network

consists of a simple three phase generator directly attached to the induction motor. Each

phase of the generator consists of a sinusoidal source in series with a parallel combination

of a resistor and an inductor. Figure 5.1-1 shows the structure of the network.

Figure 5.1-1 50 HP Induction Motor

Cefc:v Mh:theta
gen-synch_3p C:v-b ind-motor Mech:wmre f:frq gen C:v CI motor _Me~h:wm_ dt

The parameters for the induction motor are from Krause [17]. The Element description

include file for this simulation is shown in figure 5.1-2

Figure 5.1-2 t50.elm Element Description File

St5C. elmr

Norbert H. Doerry

This file defines the elements for a simple 3 phase generator attached
tc an induction motor.

gen: _synvh -p ?en
onas~e a a .

I C. <5¢

en1d

The following are the characteristics of a 50 HP motor
' d ribed on page 190 cf Frause's ANALYSIS OF ELECTPIC MACHINERY

ind -mortor motorF.• .0807-

11 .C170

.,': . - - --

-l110-



Note that the series induction for the generator is very small. This was done to simulate

a voltage bus that was almost infinite in nature. (The voltage drop due to the synchronous

reactance is negligible).

The effect of setting B to zero for the induction motor is to ignore the windage losses.

Since Krause also ignored windage losses in his analysis, the results from this simulation can

be directly compared.

"Figure 5.1-3 tSO.net Network Description File

t50.net
Norbert H. Doerry

•E TWC".K

NOI;E and
r,:ig = 0 = gen:i0n
rv:vg = 0 = gen:vOn
end

NODE C
v3:v = gen:vOa = motor:v0a
i3:i = aen:i0a = motor:i0a
end

NODE Mech
v:theta = motor:theta
v:wm = motor:wm
v:wm dt = motor:wm dt
end

NODE ref
v:ira = motor:ira
v:irb = motor:irb
v:irc = motor:irc
v:v0 = motor:v0n

rv:Vref = gen:Vmag
rv:frec = 60.0 = gen:freq
end

Figure 5.1-4 tSO.init Initialization File

t50. nit
Nsrh-ert H. Dc.erry

INITIL-IZE
END

NC.DE VOLTAGE INITIALIZATION
C:v 375.6
C:v b -187.8

END
EXTEPNA.L INPUTS :NIT:ALIZATION

motor:Tmech 0.0
END
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Figure 5.1-5 t5O.sim : Simulation File

t50.sim
Norbert H. Doerry

SIMULATION

DISPLAY
motor: RPM
motor: HP
motcr: Te
gen :-a
gan :Ib
gen :Ic
gen :Va
ref :ira
ref :irb
ref :irc
END

TIME STEP 0.00025
TMIN 0
TMAX 1.0
PRINT STEP 0.0010
DELTA 0.01
DELTA MIN 0.01
CONVERGE le-10
MAX ITERATION 50
REFERENCE

I: C:i
V:ref:Vref 375.6
END

EXTERNAL INPUTS
END

The above files are synthesized into a single input file with the following format:

Figure 5.1-6 t50.all Input File

t50.all
Norbert H. Doerry

include t50.elm
include t50.net
inczuie t50.inmt

The above format for the input file was used for all the simulations conducted for this

thesis. In the following sections, the include files will be referred to as separate entities even

though they only have meaning when organized in the manner shown in figure 5.1-6. SEPSIP

does not require the organization of the input file in this manner, but this convention greatly

eases the zask of creating and running simulations.

The results of the simulation are shown in figures 5.1-7 through 5.1-10. Note that for

this motor, the machine reaches its steady state speed after only .6 seconds. As typically seen

-112-



in many induction machines of this size, the transient currents during the startup are con-

siderably greater than the final no load current. The rotor current also shows the expected

characteristic decreasing frequency as the rotor approaches synchronous speed. These results

are all identical to the figures shown in reference [17).

Fig 5.1-7 RPM vs Time Fig 5.1-8 Te vs RPM

50 NP Induction Motori FJPPM v t 50 BP Induction Motor: Te ve "PM

1800 __.1600
_1700
1400 1400

-1500 1200
1400
1300 1000
1200

1100 -800

-1000

900 -600

--000 
-7000 1

II I .e~ I•

600 .200

500

_400 -0

- 00-0

2-20
2100 -0

100 400

C ~ *. 0. 0 0~ 0_, 0. 0. O 0 / 0 - '0' t o,, 00C '000 . ¼c0 'ICCook ,

-,oo.. .. . ..PPM

Fig 5.1-9 Stator Current vs Time Fig 5.1-10 Rotor Current vs Time

so Op iducetion motor! I* va t 50 OP Induction Motor: Ire ve t

Goo 0-100

500 -00

400 -500

I00 .400

_300
200 I

ft 200

10000

0 " 0 • C C • : • 0 ¢ ¢ lf " 100 t

0a

_--100

I-t e-200

-30 300

1* (5CC'LA. f-I
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5.2 500 HP Induction Motor Start Up

This simulation shows the startup transients for a 500 HP Induction motor. The network

consists of a simple three phase generator directly attached to the induction motor and is

identical to the network used for the 50 HP Induction motor in the previous section. Figure

5.2-1 shows the structure of the network.

Figure 5.2-1 500 HP Induction Motor

C'vVre U: eh:theta

gen.synch_3p C:v-b ind..motor Mech:wrrm
ref:freq gen C:vc motor _qh:wm_ dt

The parameters for the induction motor are from Krause [ 17]. The Element description

include file for this simulation is shown in figure 5.2-2

Figure 5.2-2 t500.elm Element Description File

tsC:O.elm
Ncrhert H. Doerry

This file defines the elements for a simple 3 phase generator attached
t- an indnoicticn motor.

aenrsyrlo�h �eocr,
a 0.0

_ (. :001

enrd

The fcllcwirna are the chazacteristics of a 500 HP motor
described on care 190 of Kra-•se's ANALYSIS OF ELECTRIC MACHINERY

p_7 .2 E2

:'24 £.4 . 0
":'Ir_. rir,L 2

.ryzrrme
J 1I1 . CE
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Note that the series induction for the generator is very small. This was done for the

same reasons discussed in the 50 HP induction motor example.

Setting B to zero results once again with the induction motor dynamics ignoring the

windage losses. Since Krause also ignored windage losses in his analysis, the results from

this simulation can be directly compared.

Figure 5.2-3 t500.net: Network Description File

t0oo.net
Norbert H. Doerry

NETWORK

NZE emnd
rv:ig = 0 = qen:i,0n

0 gen:voC.
end

NC)DE C
v.2 :v -gen:vOa = motor:vOa
-. :i = en:i0a = motor:iOa

end
NODE Me-h

v:the.. a = rotor:theta
V:%, = mctor:wm
v:wm dt = motor:wn dt
end

NODE ref
v:ira = motor:ira
v: irb = motor:irb
%v:irc = motor:irc
v:%vO = motor:v0n

rv:Vref = aen:Vmag
rv:frej = 60.0 = gen:freq
er, d

Figure 5.2-4 t500.init Initialization File

t500 . inijt

Norbert H. Doerry

END
NODE VCLTAGE INIT:ALIZATION

C:v 1877.9
-932.95
-93e.95

EXTERNAL :NPUTS IN:TIALIZATION
mctcr:Th.e:h 0.0
END
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Figure 5.2-5 tSOO.sim Simulation File

* *arnert H. ODerry

S1 IOIllLAT IC1N

DISPLAY
mýtor : RPM.

rn tc.r: HP

:1 C~r:Tn"F: Z r -7

aer. Va

ref =a
ref :r
ref rc
ENO

T 1 TTEP 0.000025

Tr.IA< 2 .0
--FI.[ STEP C .0010

:*ELTA '. 01
DELTA M'N C.01
CONVERGE le-10
M4AX ITERATICN 50
REFERENCE

: C:i
V:ref:Vref 1877.9

EXTERNAL INPUTS
END

The results of the simulation are shown in figures 5.2-6 through 5.2-9. Note that for

Lh1S motor, the machine reaches its steady state speed after about 1.4 seconds. As typically

seen in many induction machines of this size, the transient currents during the startup are

considerably larger than the final no load current. The large startup currents indicate that a

motor controller should be used during start up. The rotor current also shows the expected

characteristic decreasing frequency as the rotor approaches synchronous speed. Another

typical. characteristic of large induction motors is the speed overshoot shown in figures 5.2-6

and 5.2-7. Note that the 50 HP machine did not have an overshoot. These results are all

identical to the figures shown in reference [ 17].
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Fig 5.2-6 RPM vs Time Fig 5.2-7 Te vs RPM

S00 oP Induction ,Motor, MJP1 v t 00So I? induction Motor: Te vs APr

1.00 .000
1600

1700 4000
-1'00
1500 3000
1400

_1300 2000
.1200
.1100

10001000

900

600 1
700 I

000 .- 1000

500

400 -2000
300
200 .- 3000
100

7 "T---1 VI_,--_ -4000
0 C 0. 0., 0. j 4 1' 0 "oo00 00 to 0 000 C"I 00 . 600 J800

tim.e 1.c) PPM

Fig 5.2-8 Stator Current vs Time Fig 5.2-9 Rotor Current vs Time
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5.3 Synchronous Generator: Switched Load

This simulation demonstrates the transients associated with loading an initially

unloaded synchronous generator to forty percent of its rated load. The synchronous generator

is modelled on a 2000 KW unit found on recent construction guided missile destroyers (DDG).

Speed regulation is perfom-ed by a droop governor based on the type used on an older

submarine.' The voltage regulator is modelled as a first order lag transfer function with

output clipping. While most voltage regulators have more complicated transfer functions,

this model provides reasonable results under normal operating conditions. The load is a wye

connected impedance with a .999 power factor. Figure 5.3-1 shows the structure of the

network:

Figure 5.3-1 Synchronous Generator: Switched Load

speed-reg [
gov

synch-M&CIh switch_ 3p B:-b rl-wye
___ gen sw B.VCload

volt_ reg rjt
v- reg ozp

1 A droop governor has a torque speed characteristic that has a negative sloop. This
imp]ies that as the load on the generator increases, the frequency decreases. Another type
of speed regulator, the isosynchronous governor, maintains a constant speed regardless of
the load. In isolated operation, most modem generators operate in the isosynchronous
mode. When two or more generators are paralleled however, the droop mode provides a
inherently stable method for sharing the load. Paralleled isosynchronous generators require
special circuitry to ensure one generator does not take all of the load.
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The parameters for the generator were obtained from reference [10]. The voltage

regulator dynamics were extracted from data provided by references [2] and [18]. Speed

governor dynamics are from references [6] and [10]. The parameters are all listed in figure

5.3-2

Figure 5.3-2 v.elm Element Description File

'Norbert H. Doerry

Eynr:hmach sgen
:d 1.38

0.26
:.:Qp 0.25
:.:dpp 0.171
:-:c.,p 0.171

.:a 1 C.l This is an approzimation
TIzo n 2.9
Tdr_pr 0.0 No data for subtransient T.C.
Tac_pp C.0
'!ad 0.09954
ifn! 38.5 Field Current for no load rated terminal voltage
H 0.651
FPO 2
wzs 37C.99
V*h 3E7.4235 450 volts rms line to line
Pbs 2.5e6 2000 KW at .8 Power Factor
end

r! wye load
T 0.2
L 25e-E
Ri 1000
en d
Si d

sw.itch_ 2 p sw
end

speed reg oov
wnlc I E .3E
,,::is 2 " •69
W3 Te nu -10C. 07"
TES i__2C2 .T,• ,C: 27r

0 !damping is ignored
end

vclt rec v rea
\vfcfs 52.56 Field Voltage for rated noload terminal voltage
K 20.0 Transfer function gain
Tvz 0.15 Principle time constant
Vfmin 0 Minimum field voltage
"ýfra:.: 120.0 Max:imum field voltage (clipping)
ernd

Figure 5.3-3 v.net : Network Description File

s=en:,Oa sw:vOa v_reg:v0a
i!:i1= scen:i-Ca = sw:ica

N-1:,1
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= sw:-,'1a = load:vOa
ý-- 4 = sw:ila = lcoad:i~a
end

NODE Mech
vtea= soen:theta

rv : wbs =37-7 = v -reg:wbs
=~r sgen:wm = gov:wm

%,:wrn dt = scqen:wm dt
rv:s = 0.04 -= gcov:s
end

NODDE ref
--Te: = sgen:Te = gov:Tm

=sc~en:Psi'-

r%-:x'O = 0.0 = sgen:vOn
= load:i~n

rvýn = 0.0 = vOn
end

NODE field
rv:fav = 0.0 = v -req:v~f = sgen:vof
%v fv = v-reg:vlf = sgen:vlf

ri':fai = v-req:iOf = sgen:iOf
i~fi = v_reg:ilf = sgeri:ilf
end

NXDE VIreg
rv:,vIbs =367.42 =v reg:vbs
v:vt -V reg:vt
%.:ph =v reg:phase
end

Figure 5.3-4 i'.init Initialization File

!v.init
!Norbert H. Doerry

INITIALIZE
v reg:iof -38.499
%,_req:ilf 38.499
sgen:iDf -38.499
sgen:ilf 38.499
sgen:prsi_d 1
sgen:s win 188.5
sgen:eqp I
sgen:eqypp 1
END

NODE VOLTAGE INITIAL:ZATIN
C:v 3E7 .4

C:" -183.7
:::v c -183.7
MecF:theta 0
Ilech :wm dt 0
ref:Te 0
ref:rPsi q 0
ref:Psijd I
fi-eld:fv 52.56
.2rea:vt 3E7 .4

END

Figure 5.3.5 v.sim Simulation File

£ I!rLAT: ON
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CIv C

s.ien : Teu
sgen: ":!'
sgen : vc,

sgen :id
Sgen : iq
szer. : ifd
Vrea:%vt
field: fv
ref:Te
Me zh : wm
1. Cad: : _ý

end

TMEE STEP 0.00025
TMIN 0
TMAX 8
PRINT STEP 0.002
DELTA- 0.01
DELTA MIN 0.01
CONVERGE 'e-10
MAX ITEz:ATION 50
RE FEf rENCE

END

EXTERNAL INPUTS
sw:Switch 0 0
sw:Switzh 1 0.01
sw:Switch 0 4.0
ENE

The results of the simulation are shown in figures 5.3-6 through 5.3-11. Figure 5.3-6

shows the speed regulation of the governor. Notice the droop in frequency caused by the

addition of the load (2.2% in this case). The frequency transient dies o,' within 4 seconds

on both the application and removal of the load. The terminal voltage has interesting char-

acteristics on both the addition and the removal of the load. On the application of the load,

the termiinal voltage experiences a negative voltage spike as the current builds up in the load

inductance. On removal of the load, the network is in asymmetrical operation as each phase

switch opens on the zero crossing of the current. Notice that the relatively high gain on the

voltage regulator results in a small steady state error in the terminal voltage magnitude. Figure

5.3-8 shows the field voltage as generated by the voltage regulator. Even with the large

change in load and large voltage regulator gain, the field voltage magnitude remains within

the clipping limits.
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Figure 5.3-6 RPM vs Time Figure 5.3-7 Terminal Voltage vs Time
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Figure 5.3-8 Field Voltage vs Time Figure 5.3-9 Tepu vs Time
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Figure 5.3-10 id and iq vs Time Figure 5.3-11 vd and vq vs Time
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5.4 Synchronous Generator: Two Phase Fault

An electrical system casualty that can easily occur on shipboard systems is a two phase

fault where two of the three lines of the distribution system are shorted together. This problem

is difficult to solve analytically due to the asymmetrical nature of the resulting network.

Figure 5.4-1 shows the SEPSIP network congifuration used to solve this problem numerically.

The network is a modification of the network used in section 5.3. The transmission line

element was added to prevent potential problems with the voltage regulator model. The

voltage regulator model calculates the terminal voltage of the synchronous machine assuming

a nonzero balanced voltage. If the terminal voltage of all three phases goes to zero, there is

the possibity of the voltage regulator generating a singular Jacobian matrix. The transmission

line assures a slightly positive voltage magnitude.

Figure 5.4-1 Synchronous Generator: Two Phase Fault

speed-reg MtbJ
gov

synch-roach E-b t-line-3p Bv
sgen QýCtline am-C

sw..bc sw..ebS Hoch'wbv

votVeg _ rLwye
vVre - b load

W "Mlon. [

Figure 5.4-2 w.elm: Element Description File

synch__rach suen

Z!- I .1
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:.:qyp 0.171
_t: a 1 0.1

Tdo p 2.9
Tdo~pp 0.0
Tqo~pp 0.0
Tad 0.09954
Ifnl 38.5
H 0.651
pp 2.0
wbs 376.99
\Vdb 367.4235
Pbs 2.5e6
end

ri w\'e load
T -0.2
L 25e-6
Ri 1000
end

t -line_3p tline
R .00001
L 0.0
RI 1000.0
end

switch sw ab
end

switch sw bc
end

speed -reg gov
wnlo 187.36
wds 31.69
wdTepu -10.07
TBS 13262.6
Tg 0.3275
B 0
end

volt~ reg v reg
Vf!Ds "92.56
K 20.0
Tvr 0.15
Vfmin 0
Vfma:- 120
end

Figure 5.4-3 w.net: Network Description File

w.net
INcrbert H. Doerry

v= sgen:vCa = tline:vOa =v-reg:vOa

i3:i = saen:i~a = tline:i~a
end

vv =tline:vla = load:v~a aw akb:vO
v' b=tli4ne:vlb = load:v~b =aw -ab:vl sw bc:vO

v:v c = tline:v'.c - load:v~c - w bc:vl
-4i = tline:ila = load:iOa sw-ab:iO

i : b = tli-ne:ilb - load:io) sw wab:il - w bc:iO
-4:i c - tiine:ilc - load:i~c =swýbc:il -

14O:DE Mech
,,-:theta =sgen:theta

::wr. =Sger;;wm = gCV':wrn
:wiT, - dt =sgen;:wm dt

rv:s -. 04 = gov-s
end

1;::.E ref
v: Te = soen:Te =gov:Tm

a = scgen:Pzi_q
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v:Psi d - sgen:Psi~d
rv~ vO =0 - sgen:vOn
ri:il - load:i~n
rv~lon =0 - Jload:v~n
end

NODE field
rv:fgv =0.0 - v reg:vOf - sgern:v~f
%'.':fv = V-reg:vlf = gen:vlf

ri:fgl = v~reg:i Of - 3gen:iOf
i:fi = V~reg:ilf - 3gen:ilf

end
NODE Vreg
rv:vhs = 367.42 - v-reg:vbs

v~t = v reg:vt
v:ph = vreg:phase
end

Figure 5.4-4 w.init: Initialization File

w.init
Nc~rhert H. Doerry

,,,re g: iOf 41.26
v reg:ilf -41.26
v reg-vt 366.15
v reg:Verr 0.0034541
vreg:Vsig 0.069814

v reg:theta 0.12889
cov:Trn order 0.41106
gov:Tmpu 0.41204
9gen:ioa -1697.5
sgen:iOb 1442.6
sgen:iOo 254.8
sgeri:iOf -41.26
agen:ilf 41.26
sgen:s_theta -0.38396
sgern:s wm 184.49
sgen:wrnI dt 0.048494
sgen:psi-d 1.0147
sgen:psi_q -0.10438
sgen~eq~p 1.025
sgen:eo~pp 1.0218
sgen:ed~pp 0.035732
.5ger,:d~ysi d -0.00067673
sgen:dysi q 2.2902le-05
sger, :d_eq~p -0.00066281
suer: ~eq -p 0

-1gen:d ed~pp 
0

tline:10a 1697.5
tline:i~b -1442.6
tline:i~c -254.8
tline:ila -1697.5
tline:ilb 1442.6
tline:ilc 254.8
tline:ia -1697.5
tline:ik, 1442.6
tline:ic 254.8
load:i~a 1697.5
load:i~b -1442.6
!:zad:i~c -254.8

3 3 ?.
-2H.S3

load:ia 1697.5
load:ib -1442.6
load:ic -254.8

END

-126-.



NODE VOLTAGE IN:TIALIZATION
339.49

..:v b -288.53
C:v--c -50.957
B:v 339.49
B:v b -288.53
B: v c-50.957
Mech:theta -0.38396
Mech:wm 184.49
Mech:wm dt 0.048494
ref:Te 5464.7
ref:Psiq -0.10438
ref:Psi d 1.0147
field:fv 56.229
Vreg:vt 366.15
Vrea:ph -. 51287

END

EXTERNAL INPUTS INITIALIZATION
sw ab:switch 0
sw b):switch 0
END

Figure 5.4-5 w2.sim: Simulation File

w2.sim

SIMULATION

DISPLAY
C:v
C:v b
C:v-c
sgen:Tepu
agen:vd
sgen:vq
sgen:id
sgen:iq
sgen :ifd
Vrea: vt
field:fv
ref:Te
Mech:wm
load:la
END

TIMdE STEP 0.00025TVI N- 0
T:,u•Dx 4.5
PRINT STEP 0.002
DELTA 0.01
DELTA MIN 0.01
CONVETGE le-10
MAX ITERATION 50
F.EFERENCE

I:C:i
END

EXTERNAL INPUTS
sw ab:switch 1 0.5
sw ab:switch 0 1.5
END

The results of the simulation are shown in figures 5.4-6 through 5.4-11. Notice that

the terminal voltage oscillates during the fault due to the method by which the voltage regulator

determines the rms voltage. Figure 5.4-6 shows a high frequency oscillation of the generator
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rotor during the fault. The field voltage clips at the maximum level which causes the terminal

voltage to drop in magnitude during the fault. After the fault clears, the generator returns to

the steady state condition within about three seconds.

Figure 5.4-6 RPM vs Time Figure 5.4-7 Torque PU vs Time
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Figure 5.4-8 vd and vq vs Time Figure 5.4-9 id and iq vs Time
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Figure 5.4-10 Line Voltage Figure 5.4-11 Field Voltage
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5.5 Synchronous Generator: Three Phase Fault

The previous section simulated a two phase fault. This simulation shows the transient

response of the synchronous generator due to a symmetrical three phase fault. The network

is identical to the one used in section 5.4. The only change in the input file was the addition

of two entries in the external input queue of the Simulation File.

Figure 5.5-1 Synchronous Generator: Three Phase Fault

.speedbreg s.b:
gov

:V• , ,

-a'"

synch-m a th :vt line _Elp 3.•=•
sgen tivthne ,,.I I

w-be sw- ab

rr VW-,

S1 rLwyev- reg We load

Figure 5.5-2 w3.sim: Simulation File

S : e. Fý

Caen ,-.,:-,I
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PRINT-STEP 0.002
DELTA 0.01
DELTA MIN 0.01
CONVERGE 1- 10
MAXITERATION 50
REFERENCEI:C:i

END
EXTERNAL INPUTS

aw ab:switch 1 0.5
sw bc:switch 1 0.5
Sw ab:switch 0 1.5
sW bc:switch 0 1.5
ENE

The results of the simulation are shown in figures 5.5-3 through 5.5-8. Initially, the

speed of the generator increases due to the sudden loss of load. This speed is controlled

however, by the dynamics of the speed governor. During the short, the line voltage drops

almost to zero. The voltage regulator responds to this by increasing the field voltage until

clipping occurs at the preset value of 120 volts. The field voltage stays at this level well after

the fault clears and until the line voltage approaches its reference. The torque characteristic

is the typical response expected during a three phase fault.

Figure 5.5-3 RPM vs Time Figure 5.534 Torque PU vs Time
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Figure 5.5-5 vd and vq vs Time Figure 5.5-6 id and iq vs Time
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.SYNC HACHRII Tereiall Voltage (r'ms line) (IsYIcI mACRINE) rield Voltaqe
I I. l Ill 500 * tl ,, I. I .130

.450 120

.400 .110

.350 
0

I .100

IS
500 s

S50 .0

0 00

UP* (Mac) time Ilo6

- 132-



5.6 Paralleled Synchronous Generators: Switched Load

Shipboard generators often operate paralleled with one another. This simulation shows

the transient effects on two identical generators that are connected in parallel and subjected

to a .4 per unit load for 4 seconds. The generators and load are identical to those used in

section 5.3. Figure 5.6-1 shows the network structure. The transmission line element was

inserted in parallel with the generator paralleling switch to prevent a singular system Jacobian

matrix when the switch is opened. Without the transmission line, there would be two

independent circuits when the switches are open and only one independent circuit with the

switches closed. The problem stems from the requirement for one reference voltage subnode

and one reference current subnode for each independent circuit. Adding a transmission line

ensures there is always only one independent circuit. By assigning a large resistance to the

transmission line, its effect on the solution is negligible.

Figure 5.6-1 Paralleled Synchronous Generators

Figure 5.6-2 x.elm : Element Description File

elm
Ncrb'ert H. Doerry

ýynchxmach saen a
:.d :.3E

C.171
0.171

a-1 0.1

Td½ _p C.0
Tap a 0.0
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Tad 0.09954
Ifr'! 38.5
H 0.651
pp 2
wbs 376.99
Vdb 367.4235
Pbs 2.5e6
end

synchmach saen b
:.:d 1.38

0.26
0.25
0. 171

:.:al 0.1
Tdo_p 2.9
Tdo_pp 0.0
Tqo_pp 0.0
Tad 0.09954
Ifn! 38.5
H 0.651
pp 2
wbs 376.99
Vdkb 367.4235
Pbs 2.5e6
end

speed reg gov_a
wnlo 187.36
wds 31.69
wdTepu -10.07
TBS 13262.6
Tg 0.3275
B 0.0
end

speed reg govTb
wnlo 187.36
wds 31.69
wdTepu -10.07
TBS 13262.6
Tg 0.3275
B 0.0
end

volt_reg vreg_a
Vfdbs 52.56
K 20.0
Tvr 00.15
Vfma: 120
Vfmin 0
end

volt reg vrea b
Vfdbs 52.56
K 20.0
Tvr 0.15
Vfma:.: 120
Vfrrin 0
end

rl_wve load

el rs d

switch_ 3 p sw_ld
end

switzh_3rp swcen
end
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t_line_3p tuine
P. 100000
RI1 0
L 0
end

Figure 5.6-3 x.net :Network Description File

::net

NET WORK

NODE C
v3:v = scqen-b:v~a = swaen:v~a = tline:v0a =v_reg_.b:v~a

i3:i = sgen b:i~a = sw gen:iOa = tline:ioa
end

NODE S
v3:v = sw Id:Nvla = load:v~a
i3:i = sw ld:ila = Ioad:i0a
end

NODE A
v3:v = sgen a:v~a = sw ld:vOa = sw-cqen:vla = tlinewvla =v~reg~a:vOa

i3:i = sgen a:iOa = sw ld:i0a = sw gen:ila = tline:ila
end

NODE Mech a
v:theta = sgen~a:theta

rv:wbs = 377 = v_reg_a:wbs
v:wrn = sgen a:wrn = gov_a:wm
v:wrn dt = sgen a~wm -dt

rv:s = 0.04 = gov~a~s
end

NODE Mech b
v:theta = sgen b:theta
rv:wbs = 377 = v-regýb:wbs
v:wrn = sgen -b:wrn = gov~a:wm
v:wrn dt = sgen b:wmrndt

rv:s =0.04 = govbF:s
end

NODE ref a
v:Te = sgen a:Te =gov~a:Tm

v:Psi~q = sgen~a:Psi~q
v:Psi d = sgen a:Psi d

rv:vO = -0.0 = sgen-a:v~n-
end

NODE ref b
,,:Te = sgen b.Te = gov-b:Tm

v:Psiqc = sgen~b:Psi~q
,.Psi d =st~:s

rv:vQ 0.0 = sgen-b:Psid
end

NODDE ref 1d
=:- load:ion

rv:lon =0.0 = lead:v~n
end

NODE field-a
rv:fgv = 0.0 = v_reg_a:v~f = sgen a:v~f
v:fv = v_reg_a:vlf - agen a:vlf

ri:fc~i = v~reg~a:iOf - sgen a:i~f
i:fi = v_reg_a~ilf =sgen-a:ilf
end

--. ~-: 0.0 =v rea c:f saen :f

ri:fgi = v,7reg~b:iOf = sgen-b:iof
i:fi = v_reg_ýb:ilf =sgen~h:ilf
en d

NODE 'regaa
=2E7.42 = v reg-a:-vbs
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v Ivt - ~rqav
viph - ,,_re,4_a~pha.-e
,br~d

NQ,)') %Vr~ab
rv%,vbs - 367.42 -v reg~b: vbs
v.,vt v vrezf L_ vt
vh v ~regbkýphase

and

Figure 5.6-4 x.init :Initialization File

init

v recta ai0f 3e .4 99
".req a:i-f -3E.499

3'5e n' ai 0a 0
sc~en a: i0b 0
3gen a: i0c 0
scter.a:iOf -38.499
saer a:ilf 38.499
soer._ats theta 0.0
sitn a:s wm 18e.5r
scier. a:s wrn dt 0
sgen a:psi d 1
soenlainpsi~q 0
Sena:eqyp 1

saezila:eq~pp 1
soen~a:ed~pp 1
arov-a:Tm order 0
gov_a:Tinnpu 0

sgenbS:iob 0
sgen -b:i~b 0
3gen .b:iof 03.9
soen b:ilf -3e.499

sgeri-b~s theta 0.0
sgen-b:s -win 188.5
sgeri b~s wm dt 0
sgen-b:psi_d 1
3oen-b:psi~q 0
soen~b:ecLF I
s gen_b:eq~pp
suen h:ed p1

zv:Tnr order 0
Tin nr, -r C

END

NODE VOITAGE INITIALIZATON
Z~v 387.4

C:v b- -183.7
C: % c - 18 3.7
A:v 367.4
A:% b -183.7
A:v c -"8 .
Mech a:theta 0
Mech a:wnm dt 0
Mech a:wm 188.5
re f -a:Te 0

'Vre q a: vt 3 67. 4
'Vreor_a:ph 0.0
Il1ech h:theta C,
1/e:zh b: wrr d,. 0
M-ec:, !L:wrr, 188.5
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ref-b: Te 0
ref b:psi_q 0
ref h,:Ps i d I
field b:fv 52.56
VrecoEb:vt 367.4
Vrea b:ph 0.0
END

EXTERNAL INPUTS INITIALIZATION
sw ld:Swi'tch 0
sw aen:Switch 0
END

Figure 5.6-5 x2.sim Simulation File

--2 sirn

SIMULATION

D:SPLAY
A:v
A:v ,b
A: v a
sgen_a:Tepu
sgenra vd
sgen~a:vq
saern a:id
scren_a:.iq
saen a:ifd
Vreg a:vt
field a: fv
ref-a:.Te
Mech a:wm
load: Ia
sgen-b :Tepu
sgen-b:vd
sgen-b:vq
sgen-b: id
sger _b:iq
sgen-hbifd
Vrea bý:vt
field !:ý:fv
ref hb:Te
Ile CFb:wrn
END

T-, STEP 0.00025

PRINT STEP 0.002
DELTA 0.C1
DELTAM:N 0.011
CONVETGE le-lO
tMAX_:TERATION 50
REF ERENCE

END

ET~1 ERN;L INPUTS

Ew aen:Switch 1 0.004
~w :Swtzh0 0.0
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The results of the simulation are shown in figures 5.6-6 through 5.6-11. Since the

generators are always in parallel when the load switches on and off, the response is similar

to the results in section 5.3 but with smaller deviations due to the addition of the second

generator.

Figure 5.6-6 RPM vs Time Figure 5.6-7 Terminal Voltage vs Time

ISYNCl HAClKINE) PJPH Vs IL" (SINCl HACAZNX) Terminal Voltage Irma line)

f i 10S S44
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tin• . wec) t. O ICet

Figure 5.6-8 Field Voltage vs Time Figure 5.6-9 Tepu vs Time

(siNc. M•ACRIM) rIeld Volt.ag (SIYNCI MACNII) Torqule f ve i.Le
I j I0. 4 II aI • ,, h a .0.02
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'14

-0,02
462

,40 -0.04

56S -0.06

-0.09
'54 

-0.1
.52 -0,12 .
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Figure 5.6-10 id and iq vs Time Figure S.6-11 vd and vq vs Time

tYWCAI MACAIHI) Id and jq ve ?1xe IIYI, 'l MAeI TI) vd and vq ve ?i•*
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5.7 Paralleled Synchronous Generators: Switched Load

Shipboard generators often operate paralleled with one another. This simulation shows

the transient effects on two identical generators that are connected in parallel and subjected

to a .4 per unit load for 4 seconds. After the 4 seconds, one of the generators is detached

from the load. The generators and load are identical to those used in section 5.6. Figure

5.7-1 shows the network structure which is identical to the structure in the previous section.

Figure 5.7-1 Paralleled Synchronous Generators

The input file for this simulation is identical to the input file described in section 5.6

with the exception of minor changes to the simulation file.

Figure 5.7-2 x3.sim Simulation File

DISPLAY
A: V
A:v.' b

s ge1_a": ep~u
agen a a od

saen a:i

A a v t

"sgre n a:vte

sgen" da:fv,

sgena a .o

saen--:"f

e C-n 140s a en-'- -, dq
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sgen b:ifd
Vreg b: Vt
fei~1 b:fv
ref b-Te
Mec1 Cb:wm
END

TIME STEP 0.00025
TMIN 0
TMAX S
PRINT STEP 0.002
DELTA- 0.01
DELTA MIN 0.01
CONVERGE 10-10
MAX ITERATION 50
REFERENCE

I:A:i
END

EXTERNAL INPUTS

swgen:Switch 0 0.0
swgen:Switch 1 0.004
sw ed:Switch 0 0.0
aw 1d:Switch 1 0.01
sw gen:Switch 0 4.0
END

The results of the simulation are shown in figures 5.7-3 through 5.7-8. For the first

four seconds, the simulation is identical to the previous simulation. When the switch con-

necting the two generators opens however, the two generators have different transient

responses as they attain their new steady state conditions. Figure 5.7-3 clearly shows the

effect of the droop characteristic of the speed governor.

Figure S.7-3 RPM vs Time Figure 5.7-4 Terminal Voltage vs Time
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Figure 5.7-5 Field Voltage vs Time Figure 5.7-6 Tepu vs Time
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CHAPTER 6

CONCLUSIONS

6.1 Assessment of SEPSIP

In its present form, SEPSIP is useful for analyzing simple and moderately complex

electrical networks. Since the time required for a simulation is proportional to the cubic of

the order of the system (Gaussian Elimination), large simulations require an unreasonable

amount of time. Careful design of the network to minimize the system order can help tre-

mendously in reducing the execution time of SEPSIP. Other possible methods of improving

the speed of SEPSIP include running the program on a faster computer and making simple

changes to the program. The following section provides details on several options for

increasing SEPSIP's speed.

The decision to use SEPSIP or a general simulation language such as ACSL for the

simulation of shipboard systems depends on what exactly is desired to be modeled. If the

desire is to simulate the respose of a new type of device, ACSL may be superior. Writing

robust device driver routines for SEPSIP that are fast, stable and accurate can be difficult

and time intensive. Creating the device models on ACSL should normally require less time

since physically writing and compiling code is not required. Once the device models have

bten created however, the advantage shifts greatly to SEPSIP. SEPSIP's built in provisions

for orguaizing and interconnecting a number of devices into a network are far superior to the

capabilities resident in ACSL. ACSL is not really designed to handle network architectures

and forcing it to do so results in large unmanageable input files that are hard to debug. In

short. ACSL is better at modeling individual devices while SEPSIP is far superior in orga-

nizing models into networks.
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6.2 Future Improvements

SEPSIP, like any other computer program, will never be completed. There will always

be a number of possible inprovements that only take time and effort to impliment. The

following sections detail some of the possible improvements to the present version of SEPSIP

that would greatly extend its utility.

6.2.1 Variable Time Step

Many simulations would run much faster if a variable time step were incorporated.

Presently, the time step must be small enough to capture the transient response of the fastest

time constant of interest. However, since the fast time constant is only important for a small

time period after a disturbance, using the small time step for the remaining time is very

inefficient. When only slow time constants are important, larger time steps can be used.

One way of implementing variable time steps in SEPSIP would be to include the option

of adding the time step variable to the EXTERNAL INPUT subsection of the SIMU-

LATION section. In this manner the time step variable, its new value, and the time that

the new value takes effect can all be specified.

6.2.2 Replace Gaussian Elimination

The Newton-Raphson method used to solve the system of nonlinear equations requires

the solution of the linear equation Jx = Y. Presently, SEPSIP uses Gaussian Elimination

with partial pivoting to solve for x. For an nth order system, the number of floating point

multiplication operations is proportional to n3. Since x is only used to produce a correction

for the Newton-Raphson method, there is no need to solve exactly for it. An iterative method

for solving forx can cut down the computation time considerably. The Gauss-Seidel method

for example, requires on the order of only n' multiplication operations for each iterations.

If the number of iterations can be held well below the order of the system. a speed gain will

be realized.
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Giving the operator the choice of which method to use would be easy to implement

and would not add any extra time to the execution of the simulation. This way the operator

can experiment to determine which is the better method for the simulation under study.

6.2.3 Reuse of Jacobian Matrix

SEPSIP presently recalculates and inverts the Jacobian matrix for each iteration of

every time step. If the Jacobian matrix does not change very fast, there is no need to

recalculate it for each iteration. Allowing the user to specify how many times the Jacobian

matrix is used before it is recalculated would greatly increase the speed of the program for

certain simulations.

6.2.4 Output Variables and Output Subnodes

One way to increase the speed of a simulation is to decrease the order of the system

by incorporating output variables and output subnodes. An output variable would be

explicitly defined by an element and connected to one or more input variables through the

output subnode. The output subnode would equate all of the input variables to the output

variable. For this reason, there would not be a system variable associated with the output

subnode. Presently, all the variables would have to be implicitly defined and connected

with a voltage subnode that adds a system variable.

6.2.5 Action Files

Action Files are text files that contain a list of SEPSIP commands. When an Action

File is called from within SEPSIP, control would pass from keyboard entry to the commands

contained in the file. Once all of the commands have been executed, control shifts back to

keyboard entries. This feature allows one to run a number of long simulations sequentially

without reamaining at the computer terminal.

Modifying SEPSIP to accomodate Action Files would require replacing all calls to

the system function gets with a call to another routine that would determine which input

stream to use. The code would look similar to:
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#include <stdio.h>
#include "doerry.h"

/1* structure for keeping track of the present stream */
typedef struct Strm

FILE *in;
struct Strm *last;

STRM,

/* This is the initialization code which sets the
stream to stdin */

static STRM *strm;

init strm()

char *calloco;

strm = (STRM *) calloc((unsigned) 1 , sizeof(STRM));
strm->in = stdin;
strm->last = NULL;

/* edit strm sets the current stream to the value passed
to it-*/

edit_strm(stm)
FILE *stm;

char *calloco;
STRM *temp;

temp = (STRM *) calloc((unsigned) 1, sizeof(STRM));
temp->in = stm;
temp->last - strm;
strm = temp;

/* gets_ino replaces gets() as the routine for reading in a

line from stdin */

char *getsin(string)
char *string;

int i;

i = faets(string,MAXCHAP,strm->in);

",* see if read to the end of the file */
while (i == NULL && strm->last !- NULL)

strm = strm->last;
i = fgets(string,MAXCHAR,strm->in);

/* get rid of trailing carriage return */
i = strlen(striig) - 1;
if (i >= 0 && string[i) -= 'I\n') string[i] - NULL;

return string;
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6.2.6 Integrated Graphics

SEPSIP was intentionally written without any graphics to improve the portability of

the code. In general, graphic subroutines tend to be machine specific and therefore require

much revision when transferred to another computer. SEPSIP has circumvented this problem

somewhat by using a totally separate plotting program (Norplot) to display the data.

Unfortunately, the data can only be plotted once the simulation is totally finished. It would

at times be beneficial to observe the display variables in a graphical form as the simulation

progresses. If the simulation goes unstable, the program can immediately be halted instead

of waiting for its completion.

Portability could still be maintained to a degree by using only a few general routines

that could be easily modified for whatever system SEPSIP is installed on. These routines

would include

terminitO Initialize the Graphics Screen
clrscmO Clear the Graphics Screen
move(x,y) Move to (x,y)
draw(x,y) Draw to (x,y)
windset(xmn,xmx,ymn,ymx) Set the coordinates of the comers
windget(xmn,xrnx,ymn,ymx) Get the coordinates of the corners
g-puts(str,height,rot) Print a string on the Graphics Screen
termend0 End the Graphics Screen

These routines should all be contained in one file that can rewritten to conform to the

graphics interface of each particular machine.

6.2.7 Implement external variable 'types'

The original concept for SEPSIP was to be able to specify the external input and output

variables to be one of four types: floating point, integer, Boolean, and Switch. Presently,

only the floating point type is truly implemented. Adding the capability to recognize and

print out the four types would improve the ability of the user to specify his or her desires

and to undtrstand the results of the simulation. A switch being on is more informative than

a switch having a value of 1.0. Likewise a variable called overspeedsensor having a value

of false is more informative than having a value of 0.0.
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6.2.8 Optimization for speed

While a conscious effort was made to write efficient code, there is still plenty of room

for improvement. There are a number of places where speed was sacrificed for clarity in

reading the source code. In any software project, there is always the conflict between writing

fast routines, and routines that can be easily understood. Usually it is a good idea to initially

write understandable code that can easily be debugged. If the resulting code runs too slowly,

the code can always be optimized. SEPSIP is presently at this state and requires some

optimization to improve its performance.

6.2.9 Check for Recursive INCLUDE Files

The present version of SEPSIP does not check for recursive INCLUDE statements

where a file tries to include itself or a file above itself in the stack of include files. Con-

sequently, it possible to construct an input file that will cause SEPSIP to enter an infinite

loop as it recursively opens the same files over and over again. Normally this is not a

problem since for clarity the input file structure should not be very complex and any recursion

would therefore be easily noticed. However, this condition should not be allowed to exist

and SEPSIP should check for it.

6.2.10 Break Key

Once a simulation begins in the present version of SEPSIP, the only way to terminate

the simulation before it is completed is to terminate the execution of the program with a

"control c". Since a simulation can take some time to complete, it would be useful at times

to be able to stop a simulation in the middle by depressing a specific key, observe some of

the internal variables, and possibly continue the simulation. Unfortunately, there is no
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standard way in the C programming language to determine if a key has been depressed

without the user entering a carriage return'. Most systems do provide a way ot accomplishing

such "unbuffered 10" but the implementations are very system dependent.

I C nomadhly employs buffered input where the characters a person types in from the key-
board are not available to the program until the return key is depressed. This allows the
user to edit the input line before the program has access to it. A consequence of buffered
input is that when a program requests input from the keyboard, the program waits until a
return is entered. In this case, we do not want the programn to wait for a return because
the operator would have to hit the return key every time the program checks for a charac-
ter.
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APPENDIX A

GLOSSARY

BALANCING THE SYSTEM

Balancing the System refers to the process of varying the input variables until all of the

implicit variables for all of the elements are within tolerable limits of zero. When the Mean

Square error of the implicit variables are less than the CONVERGE limit, the system is

considered balanced.

CONSTITUTIVE EQUATIONS

Constitutive equations describe the relationships between the input variables, state

variables, parameters, and external input variables of a device. For many devices, the con-

stitutive equations are used to define implicit variables that have a value of zero when the

constitutive laws are satisfied.

DEVICE

A Device is a type of electrical or mechanical machinery that can be included in a network

description. The device is described by a number of constitutive equations that relate input

variables to state variables, parameters, and external input variables. Examples of devices

include resistors, synchronous generators, reduction gears, turbines and switches.

ELEMENT

An Element is i specific example of a device that has its own name and parameter values

associated with it. A resistor for example, would be a device while R2 which has a value of

10 K ohms would be an element.

EXTERNAL INPUT VARIABLE

An External Input Variable allows the operator to specify an input to an element

exterially from the network description. The external input variables are specified in a Queue

that is specified in the Simulation section of the input file. External input variables can also

be initialized in the Initialize section.
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EXTERNAL OUTPUT VARIABLE

External Output Variables are variables generated by an element that the operator may

chose to display during the simulation. Only external output variables, external input variables,

and voltage subnode voltages can be displayed.

IMPLICIT VARIABLE

Implicit Variables are calculated by each element from the input variables, parameters,

state variables, and external input variables. The implicit variables have a value of zero when

the constitutive laws governing the element are satisfied.

INPUT VARIABLE

Input Variables are used by the device descriptions to generate the implicit variables.

Within the device description, the input variables are implicitly defined. Values are assigned

to input variables by the network description.

JACOBIAN MATRIX

A Jacobian Matrix contains the partial derivatives of the implicit variables with respect

to the input variables. In SEPSIP each element generates its own Jacobian Matrix. From the

elemental Jacobian Matrices, a system Jacobina Matrix is generated that contains the partial

derivatives of all the implicit variables with respect to all of the system variables.

KEYWORD

A Keyword is a word that is used by SEPSIP to delimit sections of the input file.

Keywords are case insensitive and should not be used as Element names or Node names.

KIRCHHOFF's LAWS

Kirchhoff's Voltage and Current Laws determine the relation of currents and voltages

at an electrical node. For a number of elements that are attached to a node, the sum of all the

currents entering the node must equal zero. Furthermore, the voltage at a node is the same

for each of the elements.

NETWORK
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A Network specifies the interconnection of elements within a simulation. In SEPSIP,

the Network is defined by assigning input variables to one of four types of subnodes that are

in turn grouped into nodes.

NODAL EQUATIONS

Nodal Equations are the mathematical representations of Kirchhoff's Laws. The nodal

equations are used to relate the input variables of all the elements of the system to the system

variables.

NODE

A Node in electrical terms is a connection between terminals of two or more electrical

elements. Associated with each node are two expressions which are mathematical statements

of Kirchhoff's voltage and current laws. In SEPSIP, these mathematical relations are assigned

to subnodes. A SEPSIP Node is used to group subnodes into easily understood groups. An

Electrical Node is represented in SEPSIP by a SEPSIP Node having a voltage subnode and a

current subnode.

PARAMETER

A Parameter is used to define an element as a specific example of a device. Parameters

are assigned values in the first section of the SEPSIP input file and can not be changed during

the simulation.

STATE VARIABLE

State Variables are variables internal to an element whose value at the end of the last

time increment are saved and available. State variables are normally used for integration and

differentiation. For elements that are described by state machines (such as circuit breakers),

state variable can also be used to indicate the present state of the element.

SUBNODE

A subnode is used in SEPSIP to define the relation between the element input variables

attached to it. There are four types of subnodes each of which specify a different relation for

the attached variables.
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SYSTEM JACOBIAN MATRIX

The system Jacobian matrix contains the partial derivatives of the implicit variables

with respect to the system variables. This matrix is used to create corrections to the sytem

variables which in turn are used to generate input variables that satisfy the constitutive relations

of each element.

SYSTEM VARIABLE

The system variables are a set of independent variables from which all of the input

variables of the elements can be derived from. The number of system variables must equal

the total number of implicit variables. The system variables are defined by the four types of

subnodes.
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APPENDIX B

INSTRUCTIONS FOR ADDING DEVICES

Adding a device to SEPSIP is a five part process. First, a device driver routine must be

written in the C programming language that calculates the implicit and external output variables

along with the Jacobian matrix. The second step is to modify a special input file which SEPSIP

uses to assign the number and variable names for each type of variable (state, input, etc.). The

third step modifies an include file which notifies SEPSIP of the existence of the device and

the name of the routine written in the first step. The fourth step involves adding the device

driver file name to the Makefile. The Makefile assists in the recompilation procedure

accomplished in the final step.

B.1 Write Device Driver Routines

The major role of the device driver routine is to calculate implicit variables based on

the values of input, external input, state, oldstate, and parameter variables in addition to the

current simulation time increment. The routine can also calculate external output variables

and a Jacobian matrix. The device driver routine may change the values of the implicit,

external output, and state variables. Parameter, input, old_state, and external input variables

should not normally be changed by device driver routines.

B.1.1 Arguments

A device driver routine should have the format shown in Figure B.1-1

Figure B.I-1 Device Driver Routine

,* f flee a.ce*
# incluade-<st di o.h>

#include <math.h>
#inL-ude "doerry.h"

/1 The variables should be defined here using the define directive */

*:iefne "'0 e->con.in[C]

:i _f i.n iJ:e > en i [

fe fine 'a e->con.state[O]
#e-_ne -va -cd e->con.cld state[O]

#iefine F e->con, parari1]
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#ief;.rne 1,e>cn implicit [0]

#define fr. a e->con.e::t in[0)
#define cu ta e->con.e::t-out10]

:Ieý, a (e, dt)
ELEMENT le;
dzuh-le dt;

' the code should be located here */

The define directives are optional but their use greatly eases the readability of the

program. The ELEMENT structure along with the CONNECT structure are defined in

doerry.h.

Figure B.1-2 ELEMENT and CONNECT structures

'" e::tracted from doerry.h */

/' These are the external input and external output types used
in the type e::tin and type ext out arrays of the Connect
structure. These types are presently unimplemented in SEPSIP

#define BOOLEAN 0
#define SWITCH 1
#define INTEGER 2
#define FLOAT 3

/* The CONNECT structure holds arrays of variables associated
with each element */

typedef struct Connect

int nbr inputs; /* Number of input variables
int nhr states; /* Number of internal states */
int nbrimplicit: /* Number of implicit equations
int nbr e:*:t in; /* Number of external input variables */
int nbr-ext-out; /* Number of external output variables
int nbryparam; /* Number of parameters
double *in; /* pointer to array of input variables
double *state; /* pointer to array of state variables
double *old state; /* pointer to array of old state variables */
dcuble *implicit; /* pointer to array of implicit variables */
double *e::t in; /* pointer to array of external input

variables */
double text out; /* pointer to array of external output

variables */
double *param; /* pointer to array of parameters */
double *init state; /* pointer to array of initial values for

state variables */
double *init e::t_in; /* pointer to array of initial values for

external input variables */
double *init in; /* pointer to array of initial values for

input variables */
double *jacob_in; /* pointer to Jacobian matrix of implicit

variables with respect to input
variables */

irnt jacobswitch; = 1 if Jacobian calculated by function
O if facz-ian calCula-ed e::ter:.layV

-. t e::t in; / pointer to array cf e:.ternal input types ',

t-.t pe e::t out; / * pointer to array of external cutput types*/
int *impinde:.:; /* pointer to array of indexes for itab

array */
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typedef struct Element

nt serial; /* serial number of element (unused)
char *name; /* pointer to name of element
struct Connect con; /* Connect structure */
struct Device *device; /* Pcinter to DEVICE structure which contains

the names of all the variables along with
the starting address of the device routine

int flag; /* = I if element is used in the network
= 0 if element is not used in the network */

ELEMENT;

B.1.2 Select number and types of variables

One of the first choices one must make when writing a device driver is the number of

each type of variable. SEPSIP allocates only enough memory for each array to hold the

number of variables specified in the Device Input File (see section B.2). The size of the

allocated arrays are specified by the nbr_* variables in the CONNECT structure. Changing

the nbr_* values will not reallocate the arrays and therefore should not be done.

Using the define directive as discussed in the previous section is a good way of

assigning understandable labels to the memebers of the variable arrays. It is also a good

idea to use the same name with both the define statement and the Device Input File (Section

B.2).

B.1.3 Calculate Implicit variables

The heart of the device driver routine is the calculation of the implict variables. The

calculations can involve any of the variables contained in the ELEMENT structure and the

tine incremnt dt. Generally, one should always check and write appropriate code for divide

by zero situations.

B.1.4 Calculate State Variables

The state variables that are specified in the current time step are moved to the oldstate

variable array once the system is balanced. In this manner, one can store information that

will be required in the following time increment.
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B.1.5 Calculate External Output Variables (optional)

External Output variables allow the generation of variables that are not directly used

in calculations but may be of interest to the user in monitoring the simulation. The original

concept for SEPSIP was to be able to specify the external output variable to be one of four

types, but presently only the FLOAT type is implemented. The typing refers only to the

manner in which the variables are displayed and not to the way in which they are stored.

B.1.6 Calculate Jacobian Matrix (optional)

Calculating the Jacobian matrix within the device driver routine can greatly increase

the speed of the simulations. The variable e->con.jacobswitch is used to indicate whether

or not the Jacobian is calculated. if e->con.jacob_switch is zero, the Jacobian is not cal-

culated by the routine. Otherwise, the Jacobian is calculated by the driver routine.

Each element of the Jacobian array is the partial derivative of an implicit variable with

respect to one of the input variables. e->con.jacobin[i + N * j] refers to the partial of

e->con.implicit[i] with respect to e->con.inUj] where N = e->con.nbrimplicit is the total

number of implicit variables.

B.2 Modify Device Input File (three_phase.input)

SEPSIP uses in input file to determine how many variables of each type should be

allocated and the names of those variables. Each device must have an entry of the form

shown in figure B.2-1. Appendix C includes two examples of input files.

Figure B.2-1 Device Input File Entry

NAME device name
INPUTS 3

input name 1
input name 2
input rame 3

STATES 2 -

state name 1
state-name_-2

i'mplicit name 2

E):TERNL IN 3 --
float ext in 1
switch ext in 2
inteoer e:-:t i~n

EXTERNiL OUT 2
float ex:t out 1
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float e:.:t out 2
PARPMETEPS 2

paramnrname_1
param name_2

END

The number following the variable type indicates how many variables of that type are

listed.

For the external input and external output variables, a type indicator must be specified

before the name of the variable. Legal types are BOOLEAN, SWITCH, INTEGER, and

FLOAT. In the present version of SEPSIP, this indicator is ignored.

The variable names should all be unique within a device description. This means that

one should not give an implicit variable the same name as an input variable. Some reuse of

variable names is possible, but doing so can lead to much confusion.

B.3 Modify penner.h

The penner.h include file has two purposes. The first is to specify the names of the

device input files and the number of devices described in these files. The second purpose is

to associate device names with the device driver routines. Appendix C contains the current

version of penner.h. Figure B.3-1 shows a simplified version of penner.h

Figure B.3-1 penner.h example

/* penner.h */

typedef int (*FUNCTION PTR) );

#define NBR -EV FILES 2 /* number of device input files */

I/* specify the names and paths of the dm ;ice input files */

static char *devicefile[] -

"!m'it!/13 .41!/sepsip/three_phase.input",
"irmnit/13 .411/sepsip/oneyphase.input"

1;

/* specify the number of devices described in each of the
above files */

static int nbr device file[) =

1;

/* specify the names of the devices as declared in the
the device input files */
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static char *devicenarme(

"t line 3p","rl-wye',
"cIen_s ynch_3p",
"switch"

/* specify the eievice driver routine corresponding to each of
the above named devices */

*define FO t line 3p
#define F! rv wye
#define F2 gensynch_3p
#def.i.ne F3 spstswitch

/* declare functions */

int FO );
int Fl ),
int F2 );
int F3 );

/* declare function pointer array •/

static FUNCTIONPTR devfnctn[] =

FO,
Fl,
F2,
F3

The order of the device names in the device-name array should be the same as the

order of the corresponding device driver routines in the devfnctn array.

B.4 Modify Makefile

Most computer systems include a Make utility for assisting in the management of

software projects. The Make utiltity operates on a data file which in UNIX is usually named

Makefile. The Makefile contains instructions as to which files should be compiled and linked

in order to create an executable program. The Make utility uses these instructions to compile

only those files that have changed since the lost compilation. If only one file is edited, only

that one file is recompiled and linked to the other object files. For this reason, Make can

considerably reduce the compilation time of a large program. Figure B.4-1 shows an example

of a Makefile.
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Figure B.4-1 UNIX Makefile Example

FUNC-f tline_3p.o f xl~wye.o f gen synch -3p.o f_spat - witch~o
OBT:-check-mame.o cornmands.o dump data.o edit simulate.o elm jacob.o

file options.o gauss_eliminate.o integ." ioliba.o load-device.o\
load element.o load initial.o load network~o load simulation.o
make jacobian.o print network.o reid device.o reag element.o
read-network.o sepsip.o setup sirnulatEion.o simulat-ee
dump *9data.o

!NCLUr)EFiLES - penner.h doerry.h
sep;ýip: $(OBJB) $(FUNCO)

cc -c sepsip $S(OBJE) $S(FUJNCO) -lm
.cad ev~c~o: (INCLUDEFILES)

cc -c load-device.c
read device.c: $(INCLt7DEFILES)

cc -c read device.c
sepsip.c: $ (INCLUIEEFILES)

cc -C Sepsipoc
clocbber:

rM *.o

B.5 Recompile SEPSIP

The final step to add a device to SEPSIP is to recompile the program. Using the above

Makefile, the recompilation is accomplished in UNIX by entering the command make -k at

a UNIX prompt. For other systems, one must read the instruction manual for the system C

compiler.
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APPENDIX C

DEVICE DRIVER CODE
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C.1 f t-line_3p.c
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f_t_line_3 p.c

/w f_t_line_3p.c */

/* Norbert H. Doerry

11 March 1989

This routine simulates a 3 phase transmission line as a serius
combination of a resistance and reactance. The reactance also

has a parallel leakage resistance

#include <stdio.h>

#include <math.h>

#include "dcerry.h"

#define voa e->con.in[O]

#define vOb e->con.in[l)

#define vOc e->con.in[2J

#define vla e->con.in[3]

#define vlb e->con.in[4]

#define vic e->con.in[5]

#define i~a e->con.in[6)

#define iOb e->con.in[7)

#define i~c e->con.in[8]

#define ala e->con.in[9)

#define ilb e->con.in[10]

#define ilc e->con.in[1l]

#define va e->con.state[O]

#define vb e->con.state[l]

#define vc e->con.state[2]

#define ia e->con.state[3]

#define ib e->con.state[4)

#define ic e->con.state[5J

#define va_old e->con.oldstate[O]
#define vb old e->con.old state[l]

#define vcold e->con.oldstate[2J

*define ia old e->con.oldstate(3)

#define ib old e->con.cldstate[4)
#define ic old e->con.oldstate[5]
tdefine R e->con.param[C]

*define L e->con.param(l)

#define R1 e->con.param[2J

#define v~a 0

#define vOb 1

*define vOc 2

#define vla 3

#define vib 4

#define vic 5

#define i~a 6
#define i0l: 7

*iefine i.c E
#define iia 9

*define ilb 10

#define ilc 11

t2 ine_3p (e, dt)
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ft lIine_ p.c

ELEMENT *e;

douhle dt;

double fta,ftb,ftc,fta_old,ftb-old,ftc-old;

double ila,ilb,ilc,ila old,ilb)-old,il~c old;
int i,j;

/I initialize the jacobian matrix to zeroes if dt -- 0

for (i 0 ; dt -- 0.0 && i < 6 ; i++)

for (j =0 ; j < 12 ; j++)
e->con.jacob-in~i + 6 * j] - 0.0;

va =vla -vOa;

vc vlc -vOc;

ia (ila -iOa) /2.0;
lb) (ilb -i0b) /2.0;
ic =(ilc i~c) /2.0;

/*see if the inductance is zero or the leakage resistance is zero*/

if (L -= 0 11 RI -- 0)

/* pure resistance *

e->con.implicit[O) = va - ia * R

e->con.implicit[1) = vb - ib * R

e->con.irnplicit[21 = vc - ic * R

e->con.lacob-in[0 + 6 * vOa] = -1.0;

e->cori.jacohb -iri[0 + 6 * via -j = 1.0;

e->con.jacob-in[0 + 6 * i~a_) R /2.0;
e->con.-jacob-in(C + 6 * i2.a_2 = -R /2.0;

e->con.jacob im(l + 6 * vOb_ = -1.0;

e->con.jacob in(l + 6 * vib_ = 1.0;

e->con.jacob in~i + 6 * i~b = R /2.0;
e->con.jacob-iri1 4- 6 * ilbJ -R /2.0;

e->con.jacob -in(2 + 6 * vOc_) =-1.0;

e->con.jacob-in(2 + 6 * yin_ -]= 1.0;

e->con.jacob-in[2 + 6 * i~cJ R /2.0;
e->Cz11.,acct iri[2 + 6 *ilc 2 = -P, 2.0;

else

' inductance present *



f t line_3p.c

/* induc~tor voltage divided by inductance *

fta -(va - R * ia) /L;
ftb - (vb - R* ib) /L;
ftc - (vc - R * ic) /L;

/* find inductor current *

ila =ia fta * L / RI:

ilk. ih fib *L/ Ri;

ilc =ic -ftc * L /RI;

/* find old values *1

fia-old - (vs old -R * i&-old) /L;
fib.-old -(vb-old -R * ib)-old) /L;
ftc-old - (vc-old -R * ic old) /L;

us -old = ia-old - fta-old * L /Ri;
ilb old = ib old - ftb old * L /RI;
ilc old = ic-old - ftc-old * L RI;

/* calculate implicit variables using trapezoidal integeration *

e->con.implicit[0) - integ(ila,ila~old, fta, fta old, dt);

e->oon.implicitt 1) = integ(ilb,ilb -old, fibftb old, dt);
e->con.implicit[2) - integ(ilo,ilc-old, ftc,ftc old, dt);

/* calculate Jacobian Matrix */

e->con.jacob in[0 + 6 * vOaJ = 1.0 / R1 - di / (2.0 L)

e->con.jacob in[O + 6 * via_ -] e->con.jacob-in[0 + 6 v~a_);

e->cor..jacob-intO + 6 * i~aI -(1.0 + R /Rl +

(dt. * R) /(2.0 * L)) /2.0;
e->con.jacob-intO + 6 * usJ = e->con.jacob~in(0 + 6 *v~a_3;

e->con.jscokb -intl +4 6 * vObJ - 1.0 / RI - di / (2.0 L)

e->con.jacob7,intl + 6 * vibJ e->con.jacob-in[l + 6 *vOb_3;

e->con.jacob-in[l + 6 * i~bJ= (1.0 + R /Ri +

(di * R) /(2.0 * L)) /2.0;
e->con.jacob-intl + 6 * ilbI =-e->con.jacob-in(1 +~ 6 *vOb_];

e->con.jacob_in[2 + 6 * vOc_ -1 1.0 / R1 - di / (2.0 L)

e->con.jacob -in[2 +~ 6 * vicI= e->con.jacob-in[2 + 6 *vOc 3;
e->cori.jacob-in[2 + 6 * i~c_3 (1.0 + R /RI +

(di * R) /(2.0 * L)) /2.0;
e->con.jacob_ in[2 + 6 * ilc_3I e->con.jacob~in[2 + 6 *vOc_3;

,'* current sums are the fcllowing three implicit equations *

e->con.implicit[23) i~a + usa;

e->con.implicit"t4) = i~b + ilb;

e->cori.implicit[5j i~c + iic;
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f-t line_3p.c

e->con.jacoý_in(3 + 6 * i~a_] - 1.0;
e->con.jacoLb-in[3 + 6 * ila-J - 1.0;
e-.>con.jacohin(4 + 6 * iOb 3 - 1.0;

e-->con.jacob-in[4 + 6 * jib)- - 1.0;
e->con.jacob_in[5 + 6 * iOc 3 - 1.0;

e->con.jacoL _in[5 + 6 * ilcJ) - 1.0;

/* turn the jacob swi.tch on

e->con.jacob_switch - 1;

/* store ex.:ternal output variables *

for ( i = 0 ; i < 6 ;i++)
e->corL.ext outfiJ e->con.state(i);
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C.2 frliwye.c
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f-rlwy.¢c

Sf r.'-wyt.c

. Norbert H Doerry

12 March 1898

This file simulates a three phase rl load connected in a wye fashion.

The center point, or ground, can be connected to a reference current
subnode if it is desired to leave the line floating. The neutral
voltage can alternately be set to a specific value by using a reference
voltage subnode.

#include <stdid.h>
#include <math.h>
*include "doerry.h"

#define v0a e->con.in(O]

#define vOb e->con.in[l)
#define vOc e->con.in[21
#define vOn e->con.in!3]
#define iOa e->con.in[4]
*define iOb e->con.in[5]
#define iOc e->con.in[6)
#define iOn e->con.in[7]
*define va e->con.state(O]
*define vb e->con.state[l]
#define vc e->con.state(2)
#define ia e->con.state[3]
#define ib e->con.state[4]
#define ic e->con.state[5]
#define va_old e->con.oldstate[O]
#aefine vb old e->con.old state[l]
#define vc old e->con.old state[2]
#define ia old e->con.cld state(3]
*define ib old e->con.old state(4]
#define ic cid e->con.old state[5]

*define vOa 0
#define vOb 1

*define vOc 2
#define vOn 3

*define iOa 4

#define iOb 5

#define iOc 6

#define ionr 7

#define R e->con.param[O]

*define L e->con.param[l]

*iefine .. e--czn.paraj

rlwye(e,dt)

ELEMENT •e;

douhie dt;

int i, -;
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f-rlwye. c

double fta, ftb, ftc, fta old, ftb old, ftc old;
double ila,iib,ile;

double Re;

,/* initialize the jacobian matrix to zeroesa*

for (i - 0 ; dt -- 0.0 && i < 4 1+i+)

fer (j a 0 , J < e ; : 6+
e->cor,.jacob~in~i + 4 *J] 0.0;

,"calculate states *,'

ila -ion + iOb + iOc;
jib - ion + i~c + iOa;

ili - ion + i~a + iOb;

ve - ,-Oa - Von;

vk - Vol- - ,,On;

VCe voc - Von;

is- (iOa - ils) /2.0;
lb - (iOLb - jib) /2.0;

Lc- (iOc - jic) /2.0;

, sumn of~ currents should be zero

e->con.implicit[3] i~a + lOb + lo + iOn;

e->con.jaccobDin[3 + 4 * lOs_) - 1.0;
e->cori.jaeob_in(3 + 4 * lObJ 1.0;

e->eonI.jacoIb in(3 + 4 * iOc_ - 1.0;

e->con.jaceb_in(3 + 4 * iOn_ - 1.0;

.,see if inductance is neglibie *

if (L == 0 ;RI - 0)

, pure resistance *

Re = (Ri - 0 11 R 0) ? 0.0 :RI* R /(RI + R);

e->ccn.i.Jmplicit(0) va - is * Re;
e->cor..irnplicit[1j = vb - ib *Re;
e-.>con.implicit[2J vcy - ic * Re;

if (dt == 0)

e- 'con..-az r 4 0 :a-] a 1.0;

e->c:r.. jacohb in(O + 4 vOn _ ] = -1.0;

e->con.jacob:_i4n[0 + 4 * l~s_ - -Re /2.0;
e->con.ýaccb_in[O + 4 jOb_) = Re /2.0;
e->co>n.jIacob,_xin(O + 4 iOc_) = Re /2.0;

e->con.iacohb iri0 + 4 *iOnJ Re /2.0;
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f._ri_wye.C

e->con.Jacob_ In[I + 4 * vOb_J 1.0;
e->con.jacob~in[I + 4 * vOn ) 1 -1.0:
e->con.jaoob~in(1 + 4 j0 b f-I -Re / 2.0;
e->con.jacob~in[l + 4 * ibc -] Re / 2.0;
e->con.ja:ob~intl + 4 * iOa] - Re / 2.0;
e->con.jacob~in[2 + 4 * iOn_) Re / 2.0;

e->cor,..acob_in(2 + 4 * vOc] 1.0:
e->con.jacob~in[2 + 4 * vOn_ -1.0;
e->con.jacob int2 4 4 * iOc_ -Re /2.0;
e->con.jacob-in[2 + 4 * iOa_ Re I2.0;
e->con.jaoob_in[2 + 4 * i~b_ Re /2.0;
e->con.jacob in[2 4 4 * iOn_3 Re /2.0;

else

/* inductance present *

e->con.implicit(0) - ia - ia old - (dt. / L) *

((va + va Iold) / 2.0 - R * ia -old) - (va - va old) /RI;
e->con.implicit~l] - ib - ib old - (dt / L) *

((vb +vb Iold) / 2.0 -R * ib old) - (vb -vb-old) /RI;
e->con.implicit[21 - ic - ic old - (dt / L) *

((ve + ve-old) / 2.0 - R * ic-old) -(vc - vc-old) /R1;

e->con.jacob_in(O 4 4 * vOa_3 - - dt /(2.0 * L) - 1.0 IR1;
e->con.jaoob-intO + 4 * vOn 3 - - e->con.jacob in[C + 4 *vOa 3;
e->con.jacob-in[O + 4 * iOa_3 - 0.5;
e->con.jaco~b -in(O + 4 * i~b_ - = - e->con.jacob -inCO + 4 *i~a_3;
e->con.jacob-in[0 + 4 * iQc- - - ->con.jacob in[O + 4 *i~a_3;
e->con.jacob_in(O + 4 * iOn_3 - - e->con.jacob_intO + 4 *i~a 3;

e->con.jacob intl + 4 * vOb 3=- dt / (2.0 * L) - 1.0 /Rl;
e-,>con.jacob in~l + 4 * vOn_ - e->con.jacob-intl + 4 *vOb 3;
e->con.jacob intl + 4 * iOb_ = 0.5;
e->con.jacob_in[I 4 4 i~c_3 - e->con.jacob intl + 4 * iOb 3;
e->con.jacob -inl + 4 * i~a_3 - e->con.Dacob in[l + 4 * Ob_3 ;
e->con.jacob,-intl + 4 * iOn_3 - e->con.jacob intl + 4 * Ob 3;

e->con.jacob in[2 + 4 * vOc_ = - dt / (2.0 * L) - 1.0 /RI,
e->con.jacob in[2 + 4 * vOn_= - e->con.jacob-int2 + 4 *vOc 3;
e->con.jacob in[2 + 4 * iOc_ = 0.5;
e->con.jacob in[2 + 4 * i~a_3 - e->con.jacob-int2 + 4 * Oc_3;

e->con.jacob_in(2 + 4 * iOb_ = - e->con.jacob -in(2 + 4 *i~c_3 ;
e->con.jacob.in[2 + 4 * iOn_3 - e->con.jacob int2 + 4 *i~c 3;

/*turn the jacob switch on

e->con.jacob switch - 1;

/*e->ccn.jacokb switch = 0; ~
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frl-wye.

,1, store ex:ternal output variables *

for ( i - 0 ; i < 6 1 ++)
e->con.ext out(i.) e->con.state[i);
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f_synch_mach.c

'* f synch-mach.c */
'* Norbert H. Doerry

20 April 1989

This file contains the driver routine for simulating a generic

synchronous machine as modelled in:

Synchronous Machine Dynamic Models

J. L. Kirtley Jr.

LEES Technical Report TR-87-008

June 5, 1987.

**** Modified 29 april *

Changed to use modified trapezoidal integration -nhd

*/

*include <stdio.h>

#include <math.h>

#include "doerry.h"

/* terminal voltages and currents */

#define vOa e->con.in[0)

#define vOb e->con.in[l)

#define vOc e->con.in[2J

#define vOn e->con.in[3)

#define i0a e->con.in[4)

#define iOb e->con.in[5]

#define i0c e->con.inJ6]

,* field voltaces and currents */

#define vOf e->con.in[7)

#define vlf e->con.in[8)
#define iOf e->con.in[9]

#define ilf e->con.in[10l

/* rotational properties */

/* Theta is eleccrical radians, wmn and wm dot are mechanical */

#define theta e->con.in(l]

#definie wi. e->con.inrl2I

$define wn dt e->con.in[l3)

/sum of rotational inertia and electrical torque */

/' Loads are a negative Te, prime movers provide a positive Te

#define Te e->con.in[14J
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/* internal variable ,

#define Psi._q e->con.in(15)

#define Psi d e->oon.inflE)

,/* define offsets */

#define v0a 0
#def~ine v'0 L. I

*define voc_ 2

#define vOn_ 3

#define i~a 4

#define i~b 5

#define i~c 6

#define vOf 7

#define vIf_ 8

#def'ine iOf 9

#define lit 10

#define Theta_ 12.

#define wm 12

#define tnt dt_ 13

#define Te_ 14

/* define parameters *

#define xd e->con.param(0J

*define xq e->con.paramrl[1

#define xdjp e->oon.pararn[23

#define xdspp e->con.param[3)

#define xq~pp e->con.paramn[4)

#define xal e->con.pararn[5)

*define Tdcjp e->con.pararn[E)

#define Tdojpp e->con.pararnf7)

*deLý.ne Tqojpp e->con.param[B)

#define Tad e->con.pararn(9)

#define Itni e->con.paramrrIO)

#define H e->con.pararnfllj

#define pp e->con.pararn[12)

#define wha e->con.param[13)

#define Vdb- e->con.pararr14l4

#define Pbs e->con.pararrl5J]

/* define states */

#define a theta e->con,.state (0)

#dIeftine wi. e->zon.state[1J

#define E win dt e->con.state(2J

#define psi d e->cori.state [2]

#define psigq e->con.state(4]

*deffine eqj, e->con.state [5)

#define eqypp e-'>con.state[6J

#define ed~pp e->con.state [7)

-177-



014 t1 ,%,.b 4

0 4.Vi0 f A Vf It A *I

114litil~i *4 04.

*sOt dl 41.0 at4 *ol a - 4 4 # ti S C

*'lity I W , 1" 0- 411 St-Alit 15
0ii~ir~lit A d ~ *: o~al ~

f~.&t Alit 04, *' *- ol 014t at*

0.* 1 it .1ý 1 0 n. Or,- Az~ d~ a' t A2

I* t A i's n 1 1 vat: 110~',10mct~



4ipfi* T*F~ O--'A*x*tut 1161

Odbe I-fl "H *cQ. elt -out 1171

Oyn.:h .'. 'ý - * ',o n _t o tt1

iet d

dzuble izi

diOULJ, oc',t, oOatp1 coatm, aJ.nt. intp. aintmi

ensure theta i.s ),n ran~ge
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.! M.'s 0u CU Pb.s I 1,0

f! 1pr 0) P, 1 1.0,:

if (If L) *f 1,.0;

V * 11'r :fb:

e'lc~ulato tne phase voltages

*a V04 - von;

vb vokb - vuln;

0, v0'! - v~n:

is - va * '10 + I ioý + vc Ii~c;

do' the Park. transformation for both the current and voltage* ~

- CZ 3 *(cost *iOa + costrm * 0b 4 coatp * Oc) / dSi
i- - C (ti~nt *iOa + ai~nin iOb + sintp i Oc) I dBi

it: C*'3 *( iOa A 2.0 + i~b / 2.0 # iOc /2.0 ) dB:

vd- C2 3 (cost va +e cost vb + ooatp 0 ye) /Vdb:
vq w- C: 3 touint *va + aintm *vb * uintp * ye) /Vdbi
ye- C23 (va i 20 + vb 12. 0 + vc /2.0)/Vdbi

.0convert the fil variables to pox uni~t

;.fd w -,' iO¶) 7(2.( 0 ltB)i

\vfd - W'.f '*vcf) \f.

~aj- (%zd p, C.00) ? Tad I xqupr. ' :d_pFp Tadi

7ensure xdjzF and xq~pp are non zero '

1(md~pF '- (.0) ,,d_pp -. 01;

(% ~q~yý -,- C'.O) %uqypp .01i

,Calculate Paramsiteza .

- (.. d - xC:dP) 7 (.xd -. a) (xd - a1) /1 (xd x d~p) i100ý'.O:

if- (ICk _-' 0..0) 7 NI (wbs 'Tdo~p) 11000.0:

- ~~ .fl) :.&I -,Rd (:d - ,d.PP) I1000J U;

a~)a - :.df xd. .~_pp) 7.,,d - xdQpf) /(Kdpl ,cdpp) i1000.0:

ea (r? Im (.,Q) 7 xad * vtd , irf 1000,0i



fa'yr.:hma --K-..

od..yr - :7-P I ~i(
Pid - x0pF * d

! -~ 0.-0) 7 (xad 1 0.1 - xkd) 11 id + xkd I eq-pp) / 4f

xd *ifd?

P81-d ps* d

yV .-q * a -c

Z:!,Ulst9 derivatives

-. Ps (Te~cl _pr _q t,,. ( *I~~ psi d) /Tad -t wi * pIN psiq+w~ vd

d-psi'q a (Taq !w 0) 7 (-pmi~q o d~pp) /Taq - win * pp * pai-d + wba vi

0ý. C',
deoqjpp - (Tdc.YF' to 0) ? (- xd~p o q~pp / d~pp 4+

eq~p 4. (,.dF - xd~yp) *pai~d / d~pp) / Tdo-pp i0.0i

c _epp - (Tqcj~ F 0) 7 (- xq *1 dyp xq~yp -

( - xqjpp) psi~q / xqjpp) / Tqo~ypp 0.0;
de q (Tdc; !- 0) 7

(-&Ipha I eq~j: + (alpzha - 1.0) L.P oqp + af) / Tdojp 0.01

7,calculate assaociated implicit variables (trapezoidal intoyeratiori)

.'chanyod 29 april to use modified trapezoidal method '

±_pa.ýd a'(Tad !a 0) ?

ps.;d -psi~d old -(dt) 0 (0.0 0 dyui~d + 0.4 *d~pai~d old)

eqpp - psl-di

i-psi-q -(Taq !- 0) 7
ps._q pvi q~old t dt) * (0.6 * d~pui q + 0.4 * dyasi_%old)

psi~q +4 edjp:
ieOqj~pp (Td^_pp to 0) 7
oqpp - q~pp old - (dt)* (0,6 d~eqpp +. 0.4 * d._q~yppold)

- xdy eq~pp .xciJpp + oqp+ (xdyp xdyp) 'psi~d / xd~pp

_*~_PF rqoyp p& 0) ?

ed.YF - d~pp old - (dt) 1(0.6 * deod~yp + 0.4 * d*d~pp old)a
Nq* ed-pp ' :q~pp - (xq - xq~pp) *psi~q / xqypp:

e_ Oqj-Cld -(dt) *(0.6 'deoqy + 0.4 *d~eq~pcld
-a'Fa *eqy. (alt~la 1 1.0) *eqplp + eaf.

the torc sequence current should go to zero since, sum of currents

vnux.t go to xere: if there is no leakage to ground *

iu.- Xc;

. the surr, of the field currents should be zero ,

fr - (jOf -* il) ,l

* ';as:'e t: teic. since the torc sequence~ current is' alway3 zero

&lid therofc'ro tho zero sequence fli.;: can niever bui~d ujf

c1A.culate per unit torque of electrical origin *



f uytvrL:h m~-..c

T,, pad I - pai_q Id: / 59 ,'

" .'aloulate the mechanical Power '

mech .m Tepu * wm 0 Tbai

,'" calculate load torque ',

Ta w .Q0 1 H * pp• wm dt / whs:

'* The T4 variable is Nm of the torque ooming out of the machine '/

Torq w Taco - Tepu - Te / Tbs.

.' integrate the froquency '

*_thwta - theta;

SwiT. -C1 wM dt,,

W w s.theta - a thetaold - (dt / 2.0) * (s_•w 0 pp + swm old * pp):

,'* modified the trapezoidal integration tO weight the 'Ruler Backward'
contribution. This prevents the aoceleration from oscillating
should the frequency be held at a conetant

Wdot - s-wm - s wmold - (dt) * (0, * swm dt + 0.4 s awm dt-old)i

/A turn Jacobian switch off /

e->con.jacobL_swtch -CO;



CA4 f speed~reg.c
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f spetdi..I'•

•NQ2L'e 't. H,. '••'"•

This avviz-e desmc:iL', a Fime mover Controlled by a meohancial
covernc~r and attached to a ahaft that. has windage losses (b).

The go,.rnor, is based on the type found on the SSN-607 class
Yulmkirnaz ft And de:h i r.:

S.C. Dalton
Turkbne ý.enerator Simulations for DD-49: Class 450 KW Machine
and SSN-607 Class 2000 KW Machine, NAVSSXS Philadelphia Project C-267.
5 March :9e4.

This particular model was developed int

Norbert H, Doorry
Shipboard Electrical Generator Simulation
Semester Ircject Report for 6.238, MIT

I- M'ay 1988

" Modified 1 May 1989 *''''*

changed the control from speed to torque

Input variables

a - Primary Amplifier Fulcrum Diaplacement (inches) (0 to .5)
Tm - Torque on shaft (Nm)

wnI - Mezhar,'. •" speed (rad./sec)

paramet"Is

wnlo - 374."2 (rad,'ac2) base setting for speed
w'4 . E3.3P (radisec-in) Coefficient for s
wdTepu - -20.15 (rad,/sec) Coeffi-7ient for Tmm / TBS
TBS - Sass Torque
T9 - .3275 (sec) Regulator time constant
B - (Ninsec) Damping Coeffient

E:.ternal Output "ariakles

TzrT - Tcrque seen by pzinie mover
Wg - (H0) Lroop frequency

F slaft - power seen at shaft
Pie:ýver -, po~er delivered by the prime mover
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fim-luds <mat.h

#i.nc.lude I'coerwy.41

$define vr e->caon,±n(O)
*define Tm o ->coni. inI[)
kdedfine a *->con.in[2J

Odef ino Tmv crdor *->coen.vtat.(Q)

Odof.Lnt Tm -'order old *->oon.old state ( I
#define Tmpu..zd *->con.old satai.1]

#define wnllw *->aon.paramj0]
#define wds >onpr[I
Odofirn. wdT~pu e->aor.param(2)
Odofin. TBS e->con.param(31
Odefint T9 *->con~param[4]
Odefirn. B e->con.paramflZ)

Odefino Tmnm *-->ccn.ext omt(OJ
#define Tm *->Cmn.*xt out[Jl
#define FPahaft .->con.ext outý2)
#define Pdeliver 0->0en.ext out(3]

*define DEG RAD 57.29578
Odefin* RA-D HZ 6.20319
Odefine WBS 377.0

speed~reo(e, dt)
EE~MENT *a;
douhie dt;

mm-Tm *B * m

if (TES -. 0) TBS *1.0,

Tmpu - Tmm / TBS;

if ýwdTepu 0)

,~find the desired torque *

Tm order - (win - wrila - was 3 ) /wdTepu;

o->r.imi~t±t~~ -(Tinpu -TmFU oQld) *Tg-

dt nI (Tordtr-cild - .5 *Tmpu -. 5 Tmpu-cld);

e->con.jacob_in(O) - (B /TES) *(Tg -dt *.5)1

e *>or.&coL-_in~l1J (1.0 /TES) *(Tg -dt * .)

o->::on.iacoL in!2J - 0.0;

[-185



01% sh peed tc: the ordered apeed '

,.My.- I-,:I ('' (r wale, - wda a) / WESt

sjascl in> 0. WESt

ml :z6 -wds 7WESt

`0' q
T

uII.

Tn A t srier; ý



C.5 f-vol treg.c
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f-volt _rea. c

/* f volt reg.c

/* Norbert H. Doerry
15 April 1989

#include <stdic.h>
#include <math.h>

#include "doerry .h"

#define vOa e->con.in(O)

#define vOb e->con.in~lJ
#define, vOc e->con.in[2J

#define vOf e->con.in(3J
#define vif e->con.in(4)

#define jOf e->con.in[5J
#define ilf e->con.in(E)

#define 'Vbs e->con.in(7J /* This is the desired voltage *

#define wbs e->oon.in(8J
*define phase e->oon.in(9]

*define vt e->con.in[lO)

#define Vfdba e->con.param(O] /* This is nominal field voltage *
#define K e->con.param[l) /* This is forward DC gain of error ~
#define Tvr e->con.param[2) /* This if voltage regulator Time oonst *
#define Vfmax e->con.param(3J /* maximum limit for field voltage *
*define Wimin e->con.pazam(4] /* minimum limit for field voltage *

#define 11 e->oon.implicit(O)

#define 12 e->con.implicit[1)
#define Isum e->con.impi'icit[2J
*define Integrate e->con.implicit (3)

#define Verr e->oon.state[O)
#define Vsig e->con.state[1J

#define theta e->con.state[2J
#define clip e->con.state(3)

#define Verr old e->con.old state[0J

#define Vsaleold e->oon.old-state(l)
*dýefine theta -old e->con.old-state[2]
#define clip-old e->cori.old-state(3J

#define P12_3 2.0943951
pdefirie TW3F1. C.28-21853

volt-reg(e,dt)

ELEM4ENT *e;
double dt;
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f ".'1t rec.c

d.uLle vavh,vc,vn,vsig,vf;

double cost, costm:

vn - (v0a + vOb + vOc) / 3.0;

va - vOa - vii;

vk - v0b - vn;
vc - %vOc - vn;

"f - C)

vt * -1 .0;

phase -= PI;

'* calculate phase */

whil.'e (thetaold > TWOPI) thetaold -w TWOPI;

while (theta old < -TWOPI) theta old +w TWOPI;

,'* keep the phase angle in a good range */

while (phase > TWOPI) phase -= TWOPI;

while (phase < -TWOPI) phase +- TWOPI;

theta - thete mld + wbs * dt; /* euler backwards method */

cost = cos(thota + phase);

costm = cos(theta - P12_3 + phase);

II = (va - vt * cost ) / Vbs;

12 = (vh - vt * costm) / Vbs;

",eerr = 1.0 - vt / Vbs;

Vsia = (Vlf - vnf) / Vfdbs - 1.0;

if (cliF-old -= 0)

/* use a modified trapezoidal integration scheme (weight euler back)*/

Integrate = Tvr * (Vsig - Vaig old) +

dt * ( .6 * Vsig + .4 *Vsig_old - .6 * K *Verr - .4 *K *Verr-old);

vf = vlf - v~f;

else if (clip_old == 1)

Integrate = (Vfmax - (vf - vOf)) / Vbs;

vsig - (Tvr * Vaigold -
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f v=it rec. c

dt. (.4 Vsio-old - .6 * K -Verr-.4 K*Verr-old))/

(Tvr + dt * 0.6);

vf m (vsig + 1.0) * Vfdba;

else

integirate (Vfmin - (vIf - vOf)) / Vbs;
vsic = (Tyr I Vsigold -

dt * (.4* Vsig old - .6* K * Verr .4* K *Verrold))/

(Tvr + dt * 0.6);

vf = (vsic 4 1.0) * Vfdbs;

Isum = i0f + ilf;

/I update the state */

if (vf >= Vfmax) clip = 1.0;

else if (vf <= Vfmin) clip - -1.0;

else clip - 0.0;

/* let the system calculate the jacobian for now

e->con.jacob_switch - 0.0;
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,"Norbert H. Doerry
It April 1089

Oincludt <stdio.h>
#include 'Zmathh>
#include "doerry.h'

#dtfine vO& o->corn.in(OJ

Odffin.e vob e->corn.ir41l
#define vOc e->con.in12)

Odtfine iOa e->con.ini~l
*define iOb e->ccen~in(4j

*de.fine j~c *->conj.i[51
#define thet& e->con.in(C)

*define wm 0->con.jn[7J

#de fir, a wrn dt *-->con. in 18)
#define vOn *->con.in[9J
#daefine ira *->cona.in(1O]

#define irkb e->con.in[lI1
#define ire #->con.in[12)

#define !I& e->cen.irnplicit[OJ
#define hIb e->con.implicit[1]
#define lbc e->con.irnplicit[2]
#define Ibra e->con.irnplicit[3]
#define Ilrb e->con.implicit[4]

#define 11rc e->con.irnplicit[5]
#define Isum e->con.irrplieit[6)
#define W e->con.implicit[73

#define Wdot e->cen.implicit(8)
#define Torque e->con.implicit(9J

#define Rs e->oon. para~m[0
#define Xls e->con.pararnti)
#define XM e->con.paramn[2)
#define Xlryprirne e->cen.param[3)
#define Prprime e->con.parand4)

#define J e->cen.parazn[5)
#define wbs e->con.paramz[6]

#define pp e->con.param[7]
#define B e->con.paraxn[S)

#define Tmech e->con.e~:t in[OJ

#define lam sa e->con.state[O)

idefine larn-s1, e->cen.state[1]

#define lam sc e->cen.staie(21

#define diam sa e->con..state[3)
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rU~~ An *mQittI

1'40t 4104. dam-rat "o m s
fast.~ns 'Am FA

#dot ne I &A, W

*det~no Cam *r ol

1140t~ne 44'a al, k olea$

fdot~no w1A*%p4d *>onlaatmG

ode t LIA lam *a 01 o6qA0d ftela~t.sl)

odstjne dlart-rapold *-:%oneold *tat* 12
*4.f in. diam- rt old a-).of1'Qld atate 31O

d0 n 4 ~ e o p toln* lastýId *->oPon~vld *tat*C 11

6401 In* 4.w -v0 a ol5-onlaa.3
0dtn dot ailn*orolaat(4

Idafins PPm~r~~l *->ocn.old oU~t 10)
#define Tem- ay~l *->oon .e)l -u stte()
04.Zine T~mrbpod *->Qon.0edt ot0l0]
#define Tlr\I .->on.~tot(3
#define WThTasol s->conor.~stetsi4)
#define .,&jop *->oon..ld~tout05)

Odefine "a *->0n,.sxt outtG)
#define To *->con.e:xt outfl)
$define Td O->Corn..xt out 15]

#define T1OP 6.28319tou(3

Omeit I& ,cnstot6

double cot, ot;cain

la - j~a;

1b = l~b;
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LEi Lma oaestm

, Galouiats stator fluit.w

lagi se - LII '40. * L21 9 10kf L21 a t0c +

LAI 2 ira * L51 0 itb LfI ircl

.am aký - Lo.1 i ~a + LlI a 0k) L21 iOc *
L611 * ira 4 L41 4 i * L5.1 irci

!&vn_ sc - L21 i0. , LJ1 a job + L11 0 iOc 4

'! ,a + LC * irb 4 L4 -i4rO

lan' raj - 1,41 4 ±0a L61 a iOb * LSI * iOc +
'44 0 ira + L21 1, irk) + L21 *ic

lam rby - L51 * 10. + L.41 * iOb + L61 0 iba +

L21 0 ira 4 L44 Iirb i L21 * irci

lam-ro-Y - L~61 6 ±0. + L51 * ±0k) + L.41' 106 +
LZ ira + L21 * Irk) + 1.44 0irc':

calcu.lato the der:ivatives of the stato'r fluxes 5

diem_ *a - vO. - Von - Jks * 0a:
dlar._sk - V'0b - Vonr - Reia~

d'.am cc - vOc - V'on - P.s iOc;
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1. 1ari',,aa - ia~a)1- (dt 2.0) 0(dlax *a + Cam sacold)i
;I lamp,r -i lap.stc.v -b (t.' 2. 0) *(diaffiab + d.2.am-ab Old)i

*ýi - - aa ±d- (dt ,2. 0) 0 (dlaffimo + dla*,i c old)i

111 !rAm-p - in aolt-(dt /2.0) * (dlan-rajp + dlamza&p~old)z
'i A wP -ri IaMrk-p-d -(dt 2.0) 0(dlan-rbyp + dlam-rbjp.old)l

! amircop' - lamii v oa)d -(d% / 2.0) * (dlam rc~p + dlam-rCJp~ld)i

*1ul 46% *t OL l

", oaloa".ate the torque '

1* PF * Livia a ((O& (ira - irb / 2.0 - ire 2.0) 4

±0k *(irt - ire / 2.0 - ira /2.0) 4

i~e (ire - ire / 2.0 - irb /2.0)) s in(thieta) +
(*qrt(3.Q)/-2.0)) * cositheta)
(ioa 0 (irb - ire) +

i~b 4 (ire - ira) +

i * (ire - r)

WAT~TS a To wmt

14F - WA~'TS 14f. 0z

Td B "wnm:

7' - Imech + *

ToDrq,4 To' - J I wmn-dt - TI:

theta a theta;
W-S --M

w dot s wrr. dt:

.'do the intogration of the fre.quency and acceleration '

W thetar-t theta-varc.id -(cit / 2.0) * pp *(w - + w -s old)l
Wdot - w a w- w old - (dt 2.0) 0(w-dot-s + w-dot acild):
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fSswitch_3p.c

/* fswitch_3p.c */

/* Norbert H. Doerry

12 March 1989

This routine simulates a 3 phase switch. When a switch is commanded
to open, the switch is left closed until the current has a zero-crossing.

This means that each phase will open at a slightly different time.

Closing the switch happens instantaneously

#include <stdio.h>

#include <math.h>

#include "doerry.h"

#define vOa e-ý>con.in[O)

#define vOb e->con.in[l)

#define vOc e->con.in[2)

#define vla e->con.in[3]

#define vlb e->con.in[4]
#define vlc e->con.in[5)

#define iOa e->con.in[6]

#define iOb e->con.in[7]

*define iOc e->con.in[8]

#define ila e->con.in[9]
#define ilb e->con.in[lO]

#define ilc e->con.in(11)

#define sa e->con.state[O]

#define sb e->con.state[l]

#define sc e->con.state[2)

#define ia e->con.state[3J

#define ib e->con.state[4)

#define ic e->con.state[5)

#define saold e->con.oldstate[O]

#define ab_old e->con.oldstate[i)

#define sc old e->con.old statelYi

#define ia old e->con.old state[3j

#define ib old e->con.old state[4J

#define ic old e->con.old state[5]

#define vOa 0

#define vOb 1

#define vOc 2

*define vla 3

#define vlb 4

#define vic 5

#define i~a 6

#define iOb 7
"3defIne i1c E

#define iua 9

#define it 10

#define iic 11

#define Switch e->con.ext in[O]

switch_3p (e, dt)
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i~wthrý

EUMENET wei
doubl1e dt;,

int i,j

double va vb, vo:

,"* 1initia3it* the ýOoobian marix toe zero*& if dt - 0

for (i a C 1 dt mm0.0 4& 1 < 6 : i++)

fcr (j - 0 , 12 , :)~++

e->con.jaeob~ind± + 6 j] J 0.01

VA M VIA - v~a;
vb - vib - v~b;

vc - VIC - voct

is M (usa - j~s) /2.0;

ib - (iub - jOb) /2.0:
ic - (ilc - i~o) /2.0;

/*see if switch is Closed *

if (Switch -- 1.0)

as - 1.0;

3b - 1.0;

ac - 1.0;

else 1* if switch is ordered open, use results from last time ~

sa& a-sold;

sb -ab old;

se sc old;

'*if the switch is closed, the voltage should go to zero, otherwi.se
the cut-rent should go to zero *

e->con.implicit[(0J (asa- 1.0) ? va ia;

e->con.irnpli~cit[1) -(sb 1.0) ? vb ib;

e->con.implicit[2) - (sc -- 1.0) ? vc ic;

if (as -- 1.0)

e->cori.jacob ir[0 + 6 * vOa 1.0;

e->Con.jaoob in[0 + 6 * via ) - 1.0;

e->con.jacob in[0 + 6 * i~a_)] 0.0;

e->ccn. ýazcb_in[O + 6 * ila_ ) - 0.0;

else

e->cori.jacob-in[CJ + 6 * v~aJ 0.0;

e->cori.jacob_in[O + 6 * via_J - 0.0;

e->con.jaceb in[O + 6 * i~a ) = - 0.5;
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*->concja-_ob in(O + 6 * ila ] - 0.5;

if (sb urn 1.0)

e-->con.jacoLb in[1 + 6 * vOb_2 - - 1.0;

e->con.jacob_in(1 + 6 * vib_) - 1.0;

e->con,.jacoh_in(1 + 6 j Ob 2 - 0.0;

e->cor..jacob_intl -- 6 * jilb - 0.0;

e->con.jacot irdi + 6 * vOb )- 0.0;

e->con.jacoLb intl + 6 * vib 2- 0.0;

e->con.jacob intl + 6 j Ob J--0.5;
e->con.jacob _intl + 6 * jib3 2 0.5;

if (sc -- 1.0)

e->con.jacob-in[2 + 6 * vOc2-] - 1.0;

e->con.jacob_in[2 + 6 * VIC-2 - 1.0;

e->con.jacob -in[2 + 6 * jOc_ = 0.0;

e->con.jacob-in[2 + 6 * jic 2 - 0.0;

else

e->con.jacob -in[2 + 6 * vOc_2 - 0.0;

e->con.jacob-in[2 + 6 * VIC-] = 0.0;

e->con.jacob -in[2 + 6 * iOc -] - 0.5;

e->con.jacob -in[2 + 6 * ile I - 0.5;

/* the last three imp~licit variables assure currents are the same

e->ccn.implicit[3] = i~a +s ila;

e->con.impliicit[4j = iOb + jib;

e->con.impl'icitt'5' = jOc + jic;

e->con.jacobi.n[3 + 6 * i~a_ - 1.0;

t->con.jacob_in(3 + 6 * ila_ = 1.0;

e->con.jacob~int4 4 6 * i~b_ 1.0;

e->con.lacob-int4 4 6 * ilb_ 1.0;

e->con.jacob_intS + 6 * jOc2 1.0;

e->con.jacob~in[5 + 6 * jicJ 1.0;

/*see if should open the switches (look for zero crossing) *

if (Switch == 0)

sa =(ia *ia old <= 0.0) ? 0.0 1.0;

=ý (ib * ib old <= 0.0) ? C.0 1.0;

sc =(ic *ic old <= 0.0) ? 0.0 1.0;



f switch_3 p.c

,i* turn the jacob switch on

e->cori.jacob switch -1;

/*save the external output variables *

for (i = 0 ; i < E ; i++)

e->con.ext out~i) = e->con..statetil;
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/* f -breaker-3p.c *
/* Norbert H. Doerry

8 April 1969

This routine simulates a 3 phase breaker. When a breaker is cormmanded
to open, the switch is left closed until the current has a zero-crossing.

This means that each phase will open at a slightly different time.

Closing the switch happens instantaneously.

The overcurrent switch is based on a psuedo-rms value for the current

#include <stdio.h>

#include <math.h>

#incl,.de "doerry.h"

#defin~e vOa e->con.in(O]

#define vOb e->con.in[l]

#define voc e->con.i-n[2]
#define vla e->con.in[3]
#define vlb e->con.in[4]

#define vlc e->con.in[5]

#define i~a e->con.in(6]

#define iOb e->con.in[7]

#define iOc e->con.in(8]

#define ila e->con.in[9]

#define ilb e->con.in(1O]

#define ilc e->con.in(1l)

#define sa e->con.state[O]

#define sb e->con.state[1J

#define ac e->con.state[2J

#define ia e->con.3tate [31

#define ib e->con.state[4]
#define ic e->con.state[5]
#define ave ia e->con.state[6J

#define ave ib e->con.state[7J

#define ave ic e->con.state[8]
#define t _ia e->con.atate[9]

#define t ib e->con.state[1OJ
#define t ic e->con.statelll]
#define sa -old e->con.old-state [0]

#define ab old e->con.old state~l]

#define sc old e->con.old otate[21

#define ia old e->con.old state[3]

#define ib -old e->con.old_state(4]

#define ic -old e->con.old_state(5]

#define ave ia old e->aon.old state[6]

#define ave ib old e->con.old-state(7]

#define ave-ic-old e->con.old-state[S]

#define t ia old e->con.old state[9]
#define t ib old e->con.old state[lO]

#define t ic old e->con.old state(11]
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#define v0a 0

#define vOb 1

#define vOc 2

#define vla 3

#define vlb 4

#define vlc 5

#define i0a 6

#define iOb 7

#define iOc 8

#define ila 9

#define ilb 10

#define ilc 11
#define Switch e->con.ext in[O]

#define f e->con.param[O ]

#define Itrip e->con.param[1]

#define time-trip e->con.param[2]

/* The following are the states of the switches */

#define ALL ON 7.0

#define WRONG 6.0

#define TRIPPED C 5.0

#define TRIPPED 0 4.0

#define SW OFF C 3.0

#define SW OFF 0 2.0

#define ALL OFF C 1.0

#define ALLOFF_0 0.0

breaker_3p(e,dt)

ELEMENT *e;

double dt;

int i,j;

double va,vb,vc;

/* initialize the jacobian matrix to zeroes if dt -- 0 */

for (i = 0 ; dt == 0.0 && i < 6 ; i++)
for (j = 0 ; j < 12 ; j++)

e->con.jacobin[i + 6 * j]- 0.0;

va = vla - vOa;

vb = vlb - vOb;

vc = vic - vOc;

ia - (la - i0a) / 2.0;

ib = (ilb - i0b) / 2.0;

ic = (ilc - iOc) / 2.0;

/* see if modes are illegal */
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if (ma > 7 00 < a 0 sa mamu WRONG) a& a ALL-ON;
if (ab > 7 IIab < 0 Iab am WRONG) ab - ALL ON

if (mc > 7 I m < 0 so amm WRONG) so a ALL-ON;

if (Switch "a1.0)

f switch en(Goa);
f switch on(axb);

fm-witch-on(&mo);

also

f awitch off (&ma);

f switch off (&sb);

f switcýh off (&sc);

/* see if breaker should open ~

if (t-ia-old >- time_trip 11 t_ib_old >= time-trip 11 t_ic-old >= time-trip)

f-breaker off(&sa);

f breaker off (&sb);

f-breaker off(&sc);

/* if the switch is closed, the voltage should go to zero, otherwise
the current should go to zero *

e->con.implicit[O) - ((jut) sa %2 ==1.0) ? va ia;
e->con.implicit[l) - ((int) sb %2 ==1.0) ? vb ib:
e->con.implicit[2] = ((int) sc %2 ==1.0) ? vo ic;

if ((int) sa %- 2 -- 1.0)

e->con.jacob in(0 + 6 * v~a_ - 1.0;

e->con.jacob in[O + 6 * via_ 1.0;

e->con.jaceb in[0 + 6 * i~a_ 0.0;

e->con.jacob-intO + 6 * ilaI = 0.0;

else

e->con.jacob-intO + 6 * v0aI = 0.0;

e->con.jacob-intO + 6 * vlaI - 0.0;

e->con.jacob -intO + 6 * i~a_-I = - 0.5;

e->con.jacob-intO + 6 * ila_) = 0.5;

if ((int) ab 'ý2 == 1.0)

e->cori.jacob-intl + 6 * v~b_ I = - 1.0;
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e->con.jacob~intl + 6 * vib_] - 1.0;

e->.con.jacob-intl + 6 * iOb_] - 0.0;

e->con.jacob-intl + 6 * ilb_] - 0.0;

else

e->con.jacob intl + 6 * vOb_-] - 0.0;

e->con.jacob intl + 6 * vilb- - 0.0;

e->cor,.jacob-intl + 6 * i~b_] - 0.5;

e->con.jacob intl + 6 * jilb - 0.5;

if ((int) sc %i 2 -= 1.0)

e->con.jacob-int2 + 6 * vOc]-I = 1.0;

e->con.jacob-in[2 + 6 * vicI - 1.0;

e->con.jacob -in[2 + 6 * iOc_] - 0.0;

e->con.jacob-in[2 + 6 * jic_ - 0.0;

else

e->con.jacob in[2 + 6 * vOcJ = 0.0;

e->con.jacob -int2 + 6 * vic_] - 0.0;

e->con.jacob -int2 + 6 * i~c_) - 0.5;

e->con.jacob-in[2 + 6 * jic_] = 0.5;

/* the last three implicit variables assure currents are the same ~

e->con.implicit[3J jOa + ila;

e->con.implicit[4] -jOb + ilb;

e->con.implicit[S] -jOc + jic;

e->con.jacob_int3 + 6 * i0a ] - 1.0;

e->con.jacob_in[3 + 6 * ila_ - 1.0;

e->con.jacob_int4 + 6 * i~b 3 - 1.0;

e->con.jacob in[4 + 6 * ilb = 1.0;

e->con.jacob_intS + 6 * i~c_) - 1,0;

e->con.jacob~in[5 + 6 * ilcI - 1.0;

/*see if should open the switches (look for zero crossing) *

if (ia * ia old <- 0.0) f-zero-cross(&sa);
if (ib * ib old <- 0.0) f zero cross (&sb);

if (ic * ic-old <- 0.0) f-zero-cross(&sc);

/* update the current timers ~

/* calculate the rms currents *

if (f > 2.0) f a 1.0;

if (f < 0) f = 0.0;

/* compute new average *
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ave~ia - aqrt( (1.0 - f) * ia * ia+ f *av-iaold * ave ja old);
ave~ib - sqrt( (1.0 - f) * ib * ib + f * ave-ib-old * ave ib-old),

ave_ic -aqrt( (1.0 - f) * ic * ic + f * aveLa-old * ave La old);

t-ia - (ave-ia >- I~trip) ? tLa-old +-dt, 0;
t ib - (ave-ib >- I~trip) ? t-ib-old +-dt 0;

t-ic - (ave-ic >- I trip) ? t-ic-old +-dt 0;

/* turn the jacob switch on

e->con.jacob switch -1;

/*save the external output variables *

for (i - 0 ; i < 12 1 ++)
e->con.ext-out(i] e->con.state(i);

/* f swit ch-on performs the transformation of states for the
external input variable turning on

f-switch-on(x)

double *x;

if (*x ALL_-OFF_0) *x. - ALLON;

else if (*x ALL_-OFFC) *x - ALLON;

else if (*x mSWOFF_0) *x - ALLON;

else if (*x SWOFFC) *x - ALL-ON;
else if (*x -~TRIPPED_0) return;

else if (*x -~TRIPPED C) return;

else if (*x =mALLON) return;
else =x ALLON;

f-switch-off(x)
double *x,

if (*x=WALL-OFF-O) *x.-ALLOFF_0;

else if (*x -mALL_-OFFC) *x - ALLOFFC;

else if (*X - SWOFF_0) *x - SWOFF_0;

else if (*x -mSW OFF C) *x - SW OFF C;

else if (*x -- TRIPPED_-0) *x - ALL_-OFF_0;

else if (*x -- TRIPPEDC) *x - ALLOFFC;

else if (*: - ALL ON) *x = SWOFFC;

else *x SWOFFC;

f breaker off(x)
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double 'Xi

if (*x unALL 0FF 0) *x -ALL-IOrFF01

else if (*x mmALL 0rFL~c) Ox aALL Off Ci

else if (*x -- SWO;FFO) *x *ALL OFF-0?

else if (*x - w- SOrFFC) *x - ALL oFF C:

else if ('* m TRIPPXD 0O) *x a TRIPPED 0:
else if (*x mmTRIPPED C) *x m TRIPPED C;

also if ('x mmALL-ON) 'K a TRIPPED-Ci

else *x -TRIPPED Ci

f-zero-cross Cx)

double *Xi

if (*x -- ALL_0FF_0) *x - ALL OFF O:

else if (*x mmALLOFFC) *x - ALL OFF 0;

else if (*x mmSW_0FF_0) *x - SWOFF_0;

else if ('* m SWOFFC) *x - SW OFF 0:

else if (*x mmTRIPPED 0) *x - TRIPPED 0:

else if (*x mmTRIPPEDC) *x - TRIPPED_0;

else if C'x mALLON) *x - ALL ON;

else *x ALL-ON;
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lb Nwa~h lopW

Uh40 t4l. 400#railks A *wivoh

*EhotaIn* vi ,.>v~~~

#dtefine t

*define sw1 ~t

#deiene \, $N3not.QtO

spo%_switah (o, dt)
ELCEN~tT lot

doukle dti

double intoeg ()

v \0 vO-V11

W, - 4) / 2.01

s~cend .Ampli~ct variable is sum of currents '

0->cOn~xinplicitil LA io 4, ill

,/* set up the jacabian matrix ~

*->Con.Jacob-switch - 1, / turn Jacobian switch onk

if (Switch 0) '* open '

Z; C :. . m i citfc l

e->con..jacoL -in(O + 2 0vO_ J - 0.0;
e-cn~ao _nO+ 2 * v1_J - 0.-0:1

e->con.jacoký _in[ + 2 *jO_ w 0.51

*->Qcr..jacoh-in[0 + 2 * ili - -0-1;
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G-ýconimpicijo)- V

~~ ~+ 2*vO) 10
.-.o.acato-.n 10 2 VI-) - ,0

*->on,,ieaook±r,( 4 2 iC_ 0.0

0 2 ' ±13 0.01

>-cori.ýacob~in(l 2 *vO] * 0.0:
*-~on~a~~in1+ 2 *vl,] * 0.0;

e->on~ac~n! *2 *O_ ±0 .0

*->COn.jacob intl *2 * ±3 1.0:
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f_7ensynh_3; .c

"f _On synch 3p.c ",

* Norbert H. Doerry */

7' 12 March 1989

This file simulates a synchronous generator that is modelled as
a three phase source with a series inductance. The magnitude and

the frequency of the generator are input variables. The phase angle

of phase a along with the inductance are parametern.

#include <stdio.h>
#include <math.h>
#include "doerry.h"

*define RAD DEG 0.017453293
#define DEG RAD 57.29578
#define HZ RADSEC 0.15915494
*define RADSEC HZ 6.2831853

#define PHASE SHIFT 2.0943951

#define v0a e->con.in(0]
#define vOb e->con.in(l)
#define vOc e->con.in[2]
#define vOn e->con.in[3)
Odefine i0a e->con.in[4]
#define iOb e->con.in[5]
#define iOc e->con.in[6]
*define iOn e->con.in[7]
#define Vmag e->con.in[8)
#define freq e->con.in[9)
#define va e->con.state[0)
#define vb e->con.state[l)
#define vc e->con.state[2]

#define ia e->con.state[3]
#define ib e->con.state[4]
#define ic e->con.state[5)
#define t e->con.state[6)
#define vga e->con.state[7)
#define vgb e->con.state[8)
#define vgc e->con.state[9]
#define va old e->con.old state[0)
#define vb old e->con.old state[1J
Odefine vcyold e->con.old state[2)

#define ia old e->con.old state[3)
*define ib old e->con old state[4]
#define ic old e->con.old state[S]
*define t cld e->=on.cld state[E]
*define vaa old e->con.old state(7]

*define vgb_old e->con.oldstate[B)
#define vac_old e->con.oldstate[9]
#define vOa 0
;define vob 1

*define vOc 2
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#define vOn 3

#define ija 4

#define iOb 5

#define iOc 6
#define iOn 7
#define Vmag_ 8
#define freq_ 9
#define phase_a e->con.param[O]
#define L e->con.param[l)

#define P. e->con.param[2]

gensynch_3p (e, dt)
ELEMENT *e;
dzuble dt;

int i,j;
double fta,ftb,ftc,ftaold,ftE_o.ld,ftcold;

double pa,pb,pc,

/* initialize the jacobian matrix to zeroes if dt -- 0 */

for (i - 0 ; dt -- 0.0 && i < 4 ; i-+)
for (j - 0 ; j < 10 ; j++)

e->con.jacob in[i + 4 * j] = 0.0;

/* calculate states */

va - v0a - vOn;

vb - vOb - vOn;

vc - vOc - Von;

ia- (iOa - ion- i0b - iOc) / 2.0;

ib - (iOb - ion - iOc - iOa) / 2.0;

ic - (iOc - iOn - iOa - iob) / 2.0;

/* update the time counter */

t ot + told;

/* calculate phases */

pa - (freq * t *RADSEC _±Z + phasea * RADDEG);

pb - pa - PHASE-SHIFT;

pc - pa + PHASE-SHIFT;

,'* calculate phase generator voltages */

vga = Vmag * cos (pa);
-=# Vmaa * cos(p);

vgc = Vmag cos(pc);

/" sum cf currents should be zero

e->con.impiicit[3i a iOa + i0b + iOc + iOn;
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iacokl in (3 + 4 * i.0a_ 1.0;

'ý->ýzOr;.jacob-in(3 + 4 * iOb_ 1.0;

e->con.jacob_ jn[3 + 4 * 100_ 1.0;

te->con.jacob_in[3 + 4 * iOnJ 1.0;

.,see i.f inductance is zero C

if! (L == 0)

e->con.implicit[O) - va - vga;

e->con.implicit(1J - vb - vgb;

e->con.irnpl~icit[2) - vc - vge;

e->con.jacob in[O + 4 * v~a_ 1.0;

e->con.jacob in[0 + 4 * vOn_ -1.0;

e->zon. iscob in[0 + 4 * freq)1 - Vmag *t *RADSEC HZ * sin(pa);

e->ccr..jacob-in(0 + 4 * VmagJ] - cos (pa);-

e->con.jacob intl +w 4 * vOb J-1.0;
e->con.jacob intl + 4 * vOn_ -1.0;

e->ccn.jacob in(I + 4 * freqJ1 - Vmag * t * RADSEC HZ * sin(pb);

e->cor..jacob-in(1 + 4 * Vmag_] - -cos(pb);-

e->con.jacob -int2 + 4 * vOc_J - 1.0;

e->con.jaoob -in[2 + 4 * vOn_1 -1.0;

e->eon.jacob -in[2 + 4 * fret)] Vmag * t * RADSECHZ * sin(pc);

e->con.jacob-in[2 + 4 * Vmag)] - cos(pc);

else if (R -- 0) /* if leakage resistance is zero, output voltages are 0 *

e->con.irnplicittO) =va;

e->con.iznplicittl] - vb;

e->con.implicit[2] = vc;

e->coz-.jacobD -in[0 + 4 * vOa 1.0;

e->con.jacob-in[o + 4 * vOn- - -1.0;

e->con.jacob -intl + 4 * vOb_ - = 1.0;

e->con.jacob-intl + 4 * vOnJ -1.0;

e->con.jacob -in[2 + 4 * vOc_ - = 1.0;

e->con.jacob-in[2 + 4 * vOn_3 - -1.0;

else

e->cor.implicit [0) = ia - is -old - (dt/2.0)*
((va - vga) + (va_old - vga -old)) / L - (vs - va old) R P;

e->con.irnpliciit~l - ib - ib -old - (dt/2.0) *

((vt - vab) + (vb-old - vgb-old)) / L - (vs - va-old) / P;

e->cor..implicit(2] - ic - ic -old - (dt/2.0) *

((ye - vgo) + (ye_old - vgc-old)) / L -(vs - vs-old) /R;
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e->con.jacoh_in(O + 4 * ioa_ . 0.5;

e->con..Jacob infO + 4 * iob a -0.5;

e->con.jacob infO + 4 * joc - -0.5;

e->con.jacob info + 4 * ion_) =-0.5:

e->con.jacob -in[O + 4 * v~a_2 - - dt / (2.0 * L) - 1.0 / R;

e->con.jacob infO + 4 * von-) - - e->oon.jacob in[O + 4 *vOaJ;

e->cOri.jacob -infO +4 4 * Vmag_]= cos(pa) *dt / (2.0 *L)

e->con.jacob -info + 4 * freq_)

- dt * Vmag * sin(pa) * t * RADSEC HZ /(2.0 * L

e->con.jacob-inti + 4 * i~b J - 0.5;

e->con.jacob infi + 4 * i~c ) -0.5;

e->con.jacob-infi + 4 * i~a ] - -0.5;

e->con.jacob mn~l + 4 * iOn ) - -0.5;
e->con.jacob-infl + 4 * vObJ) - -dt / (2.0 *L) - 1.0 /R;

e->con.jacob -min[ + 4 * von_)] - e->con.jacob_in(I + 4 *vObJ;

e->con.jacob-intl + 4 * VmagJ= cos(pb) *dt / (2.0 * L)
e->con.jacob -inil + 4* freq_]

- dt *Vmag * sn(pb) * t* RADSEC-HZ/ (2.0 *L);

e->con.jacob -in(2 + 4 * iOc_) - 0.5;
e->con.jaceb -in[2 + 4 * i~a_) - -0.5;

e->con.jacob in(2 +- 4 * i0b_) -0.5;
e->con.jaoob in[2 +- 4 * iOn_3 - -0.5;

e->con.jacob -in[2 + 4 * vOc_ - dt / (2.0 * L) - 1.0 / RI
e->con.jacob -in[2 + 4 * von_ - e->con.jacob in[2 + 4 *vOcJ;

e->con.jacob-in[2 + 4 * Vmag_ 3 cos(pc) *dt / (2.0 *L);

e->eon.jacob-in[2 + 4 * freq_]=

~dt* Vmag *sin(pc) *t* RADSEC-HZ/ (2.0 *L);

/* turn the jacob switch on

e->con.jacob_switch - 1;

/* store external output variables *

for ( i = 0 ; i < 6 ;i++)

e->con.ext outfi] e->oon.statefij;
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/* penner.h */

/* Norbert H. Doerry

14 March 1989

This is an include file which tells the main program where to get

the proper information for the devices

*** Modified 11 April 1989 by nhd *

added breaker_3p

*** Modified 15 April 1989 by nhd *

added synch mach, speedreg, volt_reg,ind-motor,gasturbine, source

integrator

*** Modified 27 April 1989 by nhd *

added volt meter

typedef int (*FUNCTIONPTR) ();

#define NBPDEVFILES 2 /* number of device description files */

static char *devicefile[] /* names of the device description files */

"/ziit/!3.4 11/sepsip/threephase. input",

"/mit/13.411/sepsip/one phase.input"
1;

static int nbr device file I)

12, /* number of devices per file */

10

static char *device-name[) /* names of devices */

"t line 3 p",
"rl-wye",
"gen_svnch_3p",

"switch_43",

"k reaker3 4',
" synch_ýmach",

"speed_reg",

"I-.vcltreg",

"-rnd motor",
"aas turbLne",
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"inductor",

"c~apacitor",
"resixtor",
"voltaoe source",
"current source",

"diode",
"switch".
"pulse switch",
"source",
"inteirator"

" device functions for the above device names

$define FO t'line_3p

#define Fl rl-wye

#define F2 gen synch_3p

*define F3 switch_3p
#define F4 rms
#define Na breaker_3p
Odef ine F4b synch mach
#define F4c speed reg
#define P4d volt reg

#define P4e ind motor
#define F4f gas turbine
#define N4g volt-meter

#define P5 inductor
#define F6 capacitor

*define F7 resistor

#define F8 voltagesource
#define F9 current source

*define FIO diode
#define F11 spst_switch

#define F12 pulse switch
*define F13 source

#define F14 integrator

int FO0;

int F1 (;
int F2 (;
int F3 (;
int F4 (;

int F4a(;
int F4b(;
inr F4c0;

int F4d6;

int F4eo;

int F4fo;

int F4g0;

int F5 ;
int F6 ;
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int F7 Q
int F8 0
int F9 ~
int F10 ~
int P11 l
int F12 (

int F13 0

int F14 0

static FUNCTIONPTR dev fnctn(J= /* addresses of device functio~ns *

Fo,

Fit

F2,

F3,

F4,

P4 a,

F4b,

F4c,

F4d,

F4e,

F4f,

F4g,

F5,

F6,

F7,

Fe,

F9,

F1.2,

FP13,

F14
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threephase.input

Norbert H Doerry

11 March 1989

* last update 17 April 1989

updated 27 April 1989

This file describes the following devices

t_line_3p :transmission line

rl_wye :RL Wye Load
gen_synch_3p :synchronous generator with synchronous reactance

switch_3p :three phase switch
rms :calculates average value of voltage

breaker :three phase breaker

synch mach :synchronous machine model

speed reg :speed regulator model (turbine with governor)
volt reg :voltage regulator (field excitation)

ind motor :induction motor model

gas turbine :gasturbine model

voltmeter :three phase voltage meter

name t_line 3p

inputs 12

vOa

vob

voc

vla

vlb

vlc

i0a

i0b

i0c

ila

ilb

ilc

states E

va

vb

vc

ia

ib

ic

implicit 6

integ_a

inteagb

integ-c

i •ur a
i sum.b

i suit, c

e:ternal output 6

float Va

float %o

float Vc
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float la

float Ib

float Ic

parameters 3
R

L

R1

end

name rl_wye

inputs 8

vOa

vOb

voc

vOn

i~a

i0b

i0c

iOn

states 6

va

vb
vc

ia

ib

ic

implicit 4

int a

int b

int c

i sum
external output 6

float Va

float Vb

float Vc

float Ia

float Ib

float Ic

parameters 3

P.
L
RI

end

name gen syr.ch_3p

inputs 10
vOa

v~c
v O

i0a

iOr.
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thl

states 10

Va

v•
V C

Ia

t

vga
v b

impl icit 4
int a
int b
int C

i sum
e:ternal output 6

float Va
float Vb
float Vc
float Ia

float lb
float Ic

parameters 3
phase a
L
p

end

name switch_3 p
inputs 12

vOa
VOb.
VOC

vli

VIChvic

i0a

iOb

iOc

ila

i lb

ilc

states 6
sa

sc

ia

ib

ic

implicit 6

integ a
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*;,tsvnal Anput I
switch' Switch

aw&toh Ský

awit~ch Sc
float Is

f loat 1k,
float 10

and

nan. rms
in~puts 2

states 1
av-e

external output I

float V
paralnsterit I

f
end

nam* breaker_,3p
inputs 12

v~a
vOb

v2.a
v lb

i Ob

± Oc

ila

i1 b

i~c

states 12

ma
ab
se

ave ja

ave ib

aveIc

t -.-

t lb
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implici~t
integ a

int*et c

i-sumbc

*.,ternal input I
switch Swi~tch

external output 6
switch Sa
switch Sb

;switch Sc
float Is
float lb
float Ic

parameters 3
f
I-trip
tim*_trip

end

name synch mach
inputs 17

V Ob

Voc

V on

i Oa

vOf

Vlf

i~f
ilf

thata

wm dt.

Te

Psi _q

Psi d
states 1.3

s-theta

s-wffy dt
psi -d

psi-a

* cipp
edypp

dypsi~q

d-eqjp
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dedpp
implicit 11

i±um
ifaum
vo
i-psi d

i±edpp
i-eq_p
Torq
w
Wdot

parameters 16
xd
xq
xd_p
x d..pp

xqjpp
%al

Tdojp
Tdcjp
Tqo_pp
Tad
Ifnl
H

pp
wbs
Vdb
Pbs

external output 24

float xad
float xkd
float xf
float rf

float IdE
float IfB
float VfB
float Tbs
float alpha

float ifd
float vfd
float eaf
float vd
float vq
float id
float ia

float Tepu
float RPM

float Pmech

float Pe
float Tacc
float ia
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float Ib
float Ic

end
name speedreg
inputs 3

wm
Tm
sa

states 2
!wg

Sws
Tm order
Tmpu

implicit 1
dT it

parameters 6
Wnlo
wds
wdTepu
TBS
Tg
B

external outputs 4
float Tmm
float Tm

float Pshaft
float Pdeliver

end
name voltreg

inputs 11
vOa
vob

vOc
vof

vIf

i0f

ilf

vts
wbs
phase
vt

states 4
Verr
Vsig

theta

clip

parameters 5
7f dis
K
Tvr

Vfma;:

Vfrmin

imFlicit 4

Ii
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12

I sum

Integrate

end

name ind motor

inputs 13

Vo a

vOb

vO c

i0a

AID

io c

thet a

wm

wm-dt

Von

ira

i r L

irc

parameters 9

RS

XIS

Xlr-prime

Rryrime

wba

pp
B

states 15

lam sa

lam-sb

lam-ac

dl'arn-sa

dlam sb

dlarn sc

I am~ray_

1 am-rLby

lam rc~p

d 1amn_ra&p

dlam_rb~p

dlaxn-rcyp

theta-s

w S

w dot-s

implicit 10
!.'a

Ilz

7l1ra

Il rb

11rc

s urrn

w
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Wdot
Torque

external inputs 1
float Tmech

external outputs 9
float RPM
float Te
float Td
float Ti

float WATTS
float HP
float Ia

float Ib
float Ic

end
name aas-turbine
inputs 3

wM

wm dt
Tm

end
name volt meter
inputs 6

vOa
vob

vOc

wbs
phase
vt

parameters 1
Vbs

implicit 2
Il

12
states 1

theta
external outputs 2

float Vt
float Phase

end
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one_phase.input

Norbert H Doerry

15 March 1989/ modified 15 april 1989

The descriptions for the following devices are contained here

inductor

capacitor

resistor

voltage_source

current-source

diode

switch

pulse_switch

source

integrator

name inductor

inputs 4

vO
vi

i0

il

states 2
v

i

implicit 2

integrator

current-sum

external output 2

float v

float i

parameters 1

L

end

name capacitor

inputs 4

vO

v 1
i 0

ii

states 2
v

i

imri:cit 2

intezratcr
current sum

external output 2

float v

float

parameters 1
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C

end

name reasistor

inputs 4

vQ

implicit 2

ohms law

current sum

external output 2

tloat v
float i

parameters 1

end

name voltage source

inputs 4

vO
v I

iO

il

implicit 2
voltagedifference

current-sum

external output 2

float v

float i

external input 1

float VO

end
*

name current source

inputs 4
vO

io
ii

implicit 2

current 0

current 1

e::terna- cutput 2

f !oat v

float i

external input 1

float I0

end
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name diode

inputs 4

vO

V 1
i0

ii

implicit 2

diode law

current-sum

external output 2

float v

float i

parameters 1

Vd

end

name switch

inputs 4

vO

vl

iO

il

implicit 2

switcheqt

current sum

external output 2

float v

float i

external input 1

switch switch

end

name pulseswitch

inputs 4

vo

iO

i,

implicit 2
switch_eqt

current-sum

states 1

time

external output 3

flsat i

switch switch

parameters 4

period

dutycycle

t on
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t off

end

name source

inputs 1

out

implicit 1

difference

external input 1

float in

parameters .

scale

end

name integratoz

inputs 2

y
implicit 1

integ

parameters 1

tau

states 2

x
Y

end
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APPENDIX D

MENU DRIVER CODE

D.1 menu.c

SEPSIP uses a separate menu driver program for the utility menu. This was done to

allow the user to customize the utility options without recompiling SEPSIP. By editing the

file sepsiputil.menu, the utility menu can be modified without any recompilation.
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/* menu.c
/* Norbert H Doerry

5 March 1988
This program is a universal menu driver. It requires
that another file exist with the same name plus an
extension of .menu This second file is a text file
that contains the program header and all the menu
information in the following format :

header ) ( As many lines as you would like as long
as none of them begins with I)

I (header delimiter)
string (what the user types in to execute the

corresponding menu item)

name (name of menu item)
command (program or command to be executed)
... (This 3 line sequence repeated)

! (command delimiter)

If more than one command is given the same character,
the first one on the list will be executed.

The program also puts the following command at the
top of the list

q
Quit

exit ()

Thus you can't use a q or ! for a character

A ! inputted from the user will repeat the last

command executed.

***** VERSION 2.0 ********

Heavily revised to include the following
- commands can be up to 10 characters long

- arguments can be passed to the commands

- arguments can be passed to the program

#include <stdio.h>

#define CHRLEN 81

#define ARRLEN 21

typedef struct Cmd

char string(CHRLEN];
char name(CHRLEN];
char command[CHRLEN);

struct Cmd *next;

CMD;
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main (argc, argv)
int arge;
char **argv;

char comm(CHRLEN]; /*name of this program (minus path)*/
char command[CHRLEN]; /* nam~e of this program (with path) '
char inline CCHRLEN];
char line(CHRLEN];

char outline [CHRLEN];
char last corrvand[CHRLEN];

char last all! CHRLEN];
mnt i, j, numcmd, flag, len;
FILE *in;
char ch;
CMD cmd,*cptr;

char *calloco;

.strcpy (command, argv (0]);

strcat (command, ".menu");

len -strlen(argv[0]);
for (i-len; ((i 1- -1) &&argjv[0J[i] ! /1) ; --);

for ( j - 0 1 <= len 1 +4)

comm[j++] argv[O][i];

if ((in = fopern(command,"r")) -- NULL)

printf ("Can't find %s\n",command);

exit o;

inline[0] = NULL;
while ((fgets(inline,CHRLEN,in) I- NULL) &&inline[O] I-!'

inline[((trlen(inline) -1)] =NULL;

puts (inline);

cptr - cd

cptr->next - NULL;

while (1)

/* get command string ~

if (fgets(inline,CHRLEN,in) =-NULL)

break,

stratrip (inline):

if (inline(0]= 't break;
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inlins(I1) a HULL I /* limit to 10 characters long 4/

atrcpy (cptr->strinq, inline),

/* got comm~and nam~e

if (f gets (inlirs, CHIkLtN, in) a- NULL)

breaki

btratrip (inline):

atrcpy (optr->name1 inline):

/* get command exectution string

if (f9*ta(inline,CI4RLXN,in) va- NULL)
breakI

atratrip (inline):

atrcpy (optr->command, inline);

/* allocate ribw CMD atruoture '

aptr->next - (CMD *) calloa((unsigned) 1 s iveof(Ck4D))

cptr - cptr->riext;

cptr->next - NULL:

strcpy~cptr->atring,O "q 1)
9trcpy (cptr-)name, "Quit" ):
strcipy(cptr->commiand, "exit 0");

atropy (last conunand, and. string);
strcpy(laat_all, cmd.3tring);

inline (0] -NULL:

for (i. - 1 1 < argc : i++)

strcat(inline,az~gvji]);

stroat (inline, " 1);

flag - (inline[O] I- NULL) 7 1 t 01

while (1)

if (flag -- 0)

printf("\n %a Options:\n\n",comm);

for (cptr - cd:cptr I- NULL ; cptr -cptr->next)
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printf(" tnter Option v a)
gota (inline):

stratrip(inlins)l

P* see if should repeat last command '

if (stramp(inline,1 "It) MM 0)

strcpy(itiline, last all)i
else

atrcpy(last_ all, inline):

P* strip off command from arguments *

for (i - 0 1 inline~i) I- NULL 66 inline (i) 1- 46 I

inlineji] I- I\t' ; i++)

line Ci) - inline Ci);
inline~i) '

line~i) - NULL;

stratrip(inline) ;

/*see if its an exclamation marker , if so, copy last command *

if (strcmp(line,"PI) -- 0 11 strcmnp(lin.,"ilit) =- 0)

strcpy (line, last command):

/* find the proper command */

for (cptr - £icmd ; cptr !- NULL ;cptr - cptr->next)
if (mtrcmp(cptr->string,line) -- 0) break;

/* continue if didn't find the command *

if (cptr -- NULL)

flag -0;

printf('\n *** Command Not Found\n");
continue;

/* quit if cptr->next is NULL *

if (cptr->next -- NULL)

exit o;

/* manufacture the system call *

strcpy(outline,cptr->command);

strcat (outline," ");

strcat (outline, inline);
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/* update last comnand '/

atropy(last_€ommand, optr->atring)I

/* print message if flag - 1 */

if (flag -- 1) printf("\n Executing i %s\n\n",outline),

/* execute the system call */

system(outline);

/* see if flag is set */

if (flag -- 1) exitO()

/* stratrip "1

/* strstrip strips a string of leading and trailing spaces and tabs */

strstrip(a)

char *3;

int i,j;

/* find first non space or tab */

for (i - 0 ; si] == ' ' II s[i] '\t' ; i++);

/* copy string */

for (j = 0 , s9i] != NULL ; s[j++] = sli++]),

s9j] = NULL;

/* delete trailing spaces and tabs and Cr*/

for (j - strlen(s) -1 ; s[j] -= ' ' II s(j] -- '\t' I
s[j] -= '\n' ; s[j--J - NULL);
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D.2 sepsiputil.menu

The executable code for the menu driver listed in the previous section is in the file

sepsiputil. The menu text must therefore be located in the file sepsiputil.menu which is

listed here:

e

Editcr -> emazs
/mit. 13. 4 1 l.'sepsip..emacs-

p
Plotting -> NcrFlt
/mit/13.411/neni< :.:terr /rmit/13.411/norplot/Ncrplot

List Directory
Is -al

Ex:ecute System Ccrnand
/rnii13 .411/mer.u Svs

Screendump to Default Printer
xwd I xpr -device ps I lpr
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PORTABILITY CONSIDERATIONS

In the development of SEPSIP, portability considerations played a major influence, A

number of SEPSIP's attributes and its structure are a direct result of the desire to be able to

easily transpon the source code to other computer systems. There are however, several files

that may need to be edited for proper operation on other systems:

fiIe_options.c

The function change directory0 may require modification on systems not using

the UNIX operating system. The routine presently makes one system call to pwd

to list the present working directory. Furthermore, the system library function

chdiro may not be available on all systems. Eliminating the contents of this routine

will only affect the change directory option of the

sepsip.c

The beginning the file sepsip.c contains two define directives that are system

dependent. These statements and their present assignment are:

#define DIR "is -al"

#define CMD "/mit/13.411/sepsip/sepsiputil"

DIR is a string containing the system command for listing the current directory.

CMD is the path and name of the menu driver for the utility option.
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SEPSIP SOURCE CODE
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ampsip. con

SEPSIP .CONFIGUR

Norbert H. Doerry

27 March 19899

This is the latest configuration of SEPSIP as of 19 April 1989

Version 1.0 of 27 March 1989

check-name.c 1 March 1989

check name()

dump data.c 13 March 1989

dump data ()

dump_device.c 15 March 1989
dump deviceo(

edit simulate.c 10 April 1989

edit simulate()

edit time()

edit_jacob()

edit 4isplayo(
delete~pv 0
addypv(
edit-ref()
Split-elm ()

split ref 0

elm jacob.c 6 March 1989

elm-jacob()

file_cptions.c 19 April 1989

file options (
write-sim()

read-sim()
write-init()
load-init()

change directory() this routine is system dependent

gau~sseliminate.c 14 February 1989

gauss_eliminate()

integ.c 18 October 1988

integ()

ioliba.c 25 March 1989

stofao(

stoda .
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Stof a(0

Stoda ()
got fIta (
f getfIts (
parse ()

Parse 0)
suctoic 0)
sictouc 0)
strcmpaoC
strncmpao(
omtrsp lit ()
strstrip ()
strextracto(

*** See file "ioliba.help" for details *

load device.c 22 Octob'er 19e8

load-device()

load-element.c 9 January 1989

load-elernent()

load initial.c 20 January 1989

load-initial()

open_include()
read-init()
read ext init.()

i ad-node-v,)t()

load-network.c 26 January 1989
load-network()

load-simulation.c 27 January 1989

load sirnulation()

read-value()

read-dispiay()
read external()
re&d-reference()

set-defaulta()

make jacobian.c 15 February 1989
make jacobo(

print-network.c 18 Jenuary 1989

print-network()
line-counter()

read-device.c 6 March 1989

read-device()

read-element.c 25 October 1988

read element()
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read network.c 17 April 1989
read network()

read-aub node()
count-char()
make-str()
fgetm multipleoC

Sepsip.c 10 April 1989
main()** This routine is system dependent**
load-file()
get filename() **This routine is system dependent

display datao(

utilities 0)

astup simulation.c 28 February 19899

setup simulat iono(

simulate.c 14 March 1989
**** Revision a: 29 March 1989

run sirnulation()

initialize-simulation()

calc-implicit()
implicit_error()

make-implicit()

cheek queueoC

update variables (

print._output ()
print matrix()
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/* check name.c
/* Norbert H. Doerry

1 March 1989

/* This routine checks all the element names and node names to ensure that
they are not multiply defined. It then checks the subnode names for each
node and ensures they aren't multiply defined

*#

#include <stdio.h>
*include <math.h>

*include "doerry.h"

checkname(nn,nnode,ee,nelm,errflag)
NODE **nn;
int nnode;
ELEMENT **ee;

int nelm;
int *errflag;

int i,j,k;

/* check the element names

for (i = 0 ; i < nelm ; i++)

/* see if another element has the same name */

for (j = i + 1 ; j < nelm ; j++)

if (strcmp(ee[i]->name,ee[j]->name) -= 0)

printf(" *** ERROR : ELEMENT %s multiply defined\n",ee(i]->name);
*errflag = 1;

/* see if a node has the same name

for (j = 0 ; j < nnode ; j++)

if (strcmp(ee(i]->name,nn[j]->name) == 0)

printf(" *** ERROR : %s defined as both ELEMENT and NODE\n",
ee[i]->name);

*errflag = 1;

/* check the node names
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for (i - 0 ; i < nnode ; i++)

/* ee if node is multiply defined *

for (j = j+ ; j <nnode ; j++)

if (strcxnp(nn(i)->nazne,nn~j]->naxne) ==0)

printf(" *** ERROR NODE %a multiply defined\n",nn(i]->name);
*errflag = 1;

/* check the subnodes out *

for (j =0 ;j < nnti)->nbr-subnode ; j++)

for (k =j + 1 ; k < nn~i]->nbr-subnode ; k++)

if (strcmp(nnti]->subnode~j]->nazie,nn~i]->subnode~kl->nanie) ==0)

printf(" ERROR :SUBNODE %a :%a multiply defined\n",

nnti]->name,nn(iJ->subnode(jJ->name),

*errflag - 1;
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/* commands.c *I

/* 29 November 1988

Norbert H. Doerry

This file contains the code for the following commands of SEPSIP:

device summary

display-device

elementsummary

display-element

#include <stdio.h>

#incl.ude <math.h>

#include "doerry.h"

/* Device Summary :

This routine presents a list of all the available devices. If the
output stream is stdout, the user is prompted to hit the return

key after a page has been printed out. A 'q' will terminate the

listing.

device_summary(dev, ndev,out)

DEVICE **dev:

int ndev;
FILE *out"

int i,page, lasti, flag;
char inline(MAXCHAR];

fprintf(out,"\n\n --- DEVICE SUMMARY --- \n");

for (i = la.'. = flag = O,page = ; i < ndev ; i++)

/* see if should start a new page */

if ( i % (LINESPER PAGE - 4) -- 0 && i !- ndev - 1)

page++;

if (flag != 0 && out -- stdout)

printf("\n Enter <RETURN> to continue

gets(inline);

strstrip(inline);

if (inline(O] = 'q' I1 inline(O] I= 'Q') return;

if (inline[0] 'b' It inline(0] 'B')

i = lasti - LINES PERPAGE + 4;
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if (i < 0) 1 - 01

page -- 2:

if (page < 1) page - 1:
lasti -- LINES PER PAGE - 4,

if (lasti < 0) lasti - 0;

else
lasti - i:

flag - 1; /* used to prevent starting of new page */

fprintf(out,"\n\n --- DEVICE NAME --- (PAGE td)\n\n",
page);

/* print out the element names

fprintf(out," %s\n",dev(i)->name);

/* see if at end of listing */

if ( i- ndev - 1 && out -- stdout)

printf("\n SUt4ARY COMPLETE i Enter <RETURN> to continue i
gets(inline);

if (inline(O) -- 'b' I inlineCO] -- 'B')

flag - 0:
i - lasti - LINES PER PAGE + 3:
if (i < 0) 1 - -i

page -- 2:

if (page < 0) page - 0O
lasti -- LINESPERPAGE - 4;

if (lasti < 0) lasti - 0;

display device(dev, ndev, inline)
DEVICE **dev:

int ndev;
char *inline;

char inlin(MAXCHAR]:
int. i;

/* pull off device name if it is there
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inlins(O1 - ' '

if (inlAine(O) -- NULL)

/0 promipt user for device name if not specified on conmmand IWO0/

prin.f ("\n\rn Inter DEVICE NAH& Ii

qets(inlin)i

stratrip(inlin)t

if (inlin(O) --n NULL) roturni

*let
atropy(inlin, inline);

for (1 0 1 1 < ndev 44 xtt mp(ctev(J,)->namsi,in1Jin) Is 0 1 j )

If (4 u ndav)

PrJlntf(~'\n\n ***ERRiOR 4.k daea not exist\n\n"1 in1Jin)
* eturn:

printf("\n DEVICE DISPLAY COMPLETE iEnter <RECTURI4> to continue
get. (inlin)t

elenent .umnuiary (e, 4elm, nut, line)

&LEI#.NT ***
int nolmi
F"ILL *out?

char 'line:

int i,j,lastjt2O),p&egelasti~f1&q.
char inline(HAXCHA&);

/a strip~ off first character: of line and any fol~lowing spaces or tabs '

str~trip(line)i

lino(0J - ¼'

stratrip(line)i

fprintf(out..'\n\n -- ELEM~ENT SUMMARY --- \nkl):

j - 0: /I point..r to first elem~ent '

lafftj(O) - 0,
paee-



flag a 01

ION (i - :I 'ý nelm I 14$)

it (0~m (LUtEflPER PAGL - 4) 11 1 an 0) 44 1 1- nelm - 1)

if (flag Is 0 &4 out us stdout)

pxintf("\n tnter 'RITURkN> to continue iI~
get* (inline) I

if (inlinelO) am Iq' 11 inline(0) am IQ') return:
if (inlinelO) am Ib 11 inline(0) 15')

Page w (page <0 2) 7 1 page - 2:

lastj~page - 1) -it

flag It1 /* prevent* prompt~ing for return for first page 0/

fprintf(out,"\rn\n --- ELEMEN4T NAME --- (PAGE %d)\n\n",

page):

1* print out. the element names 0/

if (linelO) -m'a' 11 e(nolm -1-il->flaq -- 1)

fprintf (out," %20s 11 % -30s",e(nelm - 1 -i)->name,

e(nelm - 1 - i)->device->nam*):

if (enelm - 1 - il->flaq a- 0)
fprintf(out," ** Not Used ***\n"),

alse

fprintf (out, '\n1)

/* see if at end of listing *

if ( -- neln - 1 && out -- stdout)

printf("\n SUMM4ARY COMPWLETE i Enter <RETURN> to continue
gets (inline):

if (inline(OI am 1b' 11 inlineCO) -- '9BO)
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flag - 0
page. (page <- 2) ? 0 1page - 2t
i a laatj(page) - 1:
J v' LZHES PER PAGE - 41

display element (e~neim,inline, q1 nq)

ELED3NT ***I
irit neim:
char *inlhine:
QUEUE **q;
int nq:

char inlinCHMAXCHAR]:,
int it

/* pull. off element name if it is there *

atratrip(inline):
inlinefO] - 1 1:

stratrip(inline);

if (inlineCO) -- NULL)

/* prompt user for element name if not specified on command line *

printf('\n\n Enter ELEMENT NAME
gets (inlin),

stz~strip(inli~n) ;
if (inlin(O] -- NULL) return;

else

strcpy(inlin, inline);

for (i1 0 ; i < neim && strcmp(e(i]->name,inlin) 1- 0 ; i++);

if (i nelm)

printf("\n\n ***ERROR : %s does not ezdiat\n\n",inlin);
return;

print element (e(i , stdout,q,nq, i);
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przint e lement (e,out, q, nq, eptr)
ELEMENT *a:
FILE *out;

QUEUE **q;

int nq,
int optr: 1' pointer in element array *

char inline(MAXCHAR)i
mnt i,j,k,l:

fprintf (out, "\n\n Elenmeit i 1-20s <> Device 3 %-2Qs\n\n",

e->nazne, e->devic*->name):

fprintf (out," Element Parameters. nn)

for (j - O'i - 0 ; j < 9->device->nbr~param ;i++,J++)

fprintf(out," ý2Os t %l0.5g\n",
e->device->param-name (j) , e->con.paramtjD);

I' after (LINESPERPAGE - 4) lines, wait for user to hit return

before continuing */

if Wi% (LINES PER PAGE - 4) -- 0 && i 1- 0 && out -- 3tdout)

printf(" Hit <Return> to continue

gets (inline):
strstrip(inline):
if (inlineCO] - 'q' 11 inline(0] -= 0') return;

if (inline[O] -I b' 11 inline[0] -= B')

j - 2 * (LINESPERPAGE -4);
if (j < 0) j - 0;

if (e->con.nbr-ext out > 0)

fprintf (out, "\n External Output Variables nn)

for (j - 0 ; j < e->con.nbr-ext out ; J++,i++)

fprintf(out," %20s :%12g\n", e->device->ext-out-name[j3,
e->con.ext~out~j]);

1*if (e->con.switch ext -'out~j] 0)

fprintf (out, "OFF\n");
else

fprintf (out, "ON\n") ;
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/* after (LINES PERPAGE - 4) lines, wait for user to hit return
before continuing */

if (i% (LINES PERPAGE - 4) -- 0 && i 1- 0 && out -- stdout)

printf(" Hit <Return> to continue
gets (inline);
stratrip(inline);
if (inline[O] -- 'q' 1 inline[O] I- ,Q') return;
if (inline[O] -- 'b' i1 inlineO0] -- 'B')

j -- 2 * (LINES PER PAGE - 4);

if (j < 0) j - 0;

if (e->con.nbr ext in > 0)

fprintf(out,"\n External Input Variables : \n\n");

fprintf(out," Time :. Variable : Value\n");
i++;

/* print out initial values of all the External Input Variables */

for (j - 0 ; j < e->con.nbr_ext in ; j++,i++)

fprintf(out," %8.3f :- %-20s : %f\n", 0.0
e->device->ext-in-name~j,
e->con.init_ext_in~j]),

/* after (LINESPERPAGE - 4) lines, wait tor user to hit return
before continuing */

if (i% (LINESPERPAGE - 4) -- 0 && i 0 && out - stdout)

printf(" Hit <Return> to continue : ");

gets(inline);
strstrip(inline);
if (inline[O] -) ,q, II inline[O] - 'Q') return;
if (inline[O] -- 'b' II inline[O] IS 'B')

j -- 2 * (LINESPERPAGE - 4);

if (j < 0) j - 0;
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for 0 , j < nq ; J++)

if (q(j]->elm t- eptr)

continue; /* not this element */

fprintf(out," %8.3f ii %-20a : %f\n", q(j]->time,
e->device->ext in name[q[j]->var) , q[j]->value);

/* after (LINESPER PAGE - 4) lines, wait for user to hit return
before continuing */

i++,*

if (iý (LINESPERPAGE - 4) -- 0 && i !- 0 && out ma stdout)

printf(" Hit <Return> to continue

gets(inline);

strstrip(inline);

if (inlineO] -- 'q' I inlineO0] -I 'Q') return;

if (inline(0] == 'b' 11 inline(0] == 'B')

j -= 2 * (LINES PER PAGE - 4);

if (j < 0) j - 0;

if (e->con.nbrinputs > 0)

fprintf(out,"\n Input Variable Initial and Present Values \n\n"),
i++;

for (j = 0 ; j < e->con.nbr_inputs ; j++,i++)

fprintf(out," %20s : %12g : %12g\n", e->device->input-name[j],
e->con.initin(j],e->con.in[j]);

/* after (LINESPERPAGE - 4) lines, wait for user to hit return

before continuing */

if (i% (LINES PERPAGE - 4) == 0 && i != 0 && out -= stdout)

printf(" Hit <Return> to continue

gets(inline);

strstrip(inline);

if (inline[O] = 'q' 11 inline[O] I= 'Q') return;

if (inlineO] -) 'b' 11 inline[O] mm 'B')

j -i. 2 * (LINESPERPAGE - 4);

- 256 -



commands. c

if (j < 0) j - 0;

if (e->con-sbr states > 0)

fprintf(out,"\n State Variable Initial and Present Values nn;

for (j - 0 ; j < e->con.nbr states ; J+4,i++)

fprintf(out," %209 1 %12g : %12g\n'", e->d~vice->&tate-name~j1,

/* after (LINES_-PERPAGE - 4) lines, wait for user to hit return

before continuing */

if (i% (LINESPERPAGE - 4) -- 0 && i 1- 0 && out -- 3tdout)

printf(" Hit <Return> to continue

gets (inline),

strstrip(inline);

if (inlineCO] -= 'q' 11 inline(O] -- 'Q) return,
if (inline[0] -= 'b' 11 inline[0] -='8')

j -= 2 * (LINESPER PAGE - 4);

if (j < 0) j = 0;

if (e->con.nbr_implicit > 0)

fprintf(out,"\n Implicit Variable Present Values n")

for (j -0 ; j < e->con.nbr_implicit ; J++,i4-+)

fprintf(out," %20s : 12g\n", e->device->implicit-narne~j),

e->con.implicit Ci]);

/* after (LINES PERPAGE - 4) lines, wait for user to hit return
before continuing *

if (it (LINESPERPAGE - 4) -- 0 66 i !=0 && out -= stdout)

printf(" Hit <Return> to continue

gets (inline);

stratrip(inline);
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if (inlinetO) -''I inlineCO] -'' return;
if (inline(O) -= b'I inlineCO] -- IS')

j -- 2 * (LINESPERPAGE - 4);

if (j < 0) j - 0;

if (e->con.nbr-inputs > 0 && e->con.nbr implicit > 0)

fprintf(out,"\n Jacobian Matrix Present Values \~",

for (1 - 0 ;1 *5 < e->con.nbr-inputs ; 1++)

for (j =0 ;j < e->con.nbr implicit ; j++ i++)

for (k -5 * 1 ; k < e->con.nbr inputs && k < (1 + 1) *5 ;k++)

printf(" %.15g",e->con.jacob~in~j + e->con.nbr_implicit *))

printf ("\n");

/* after (LINES_-PERPAGE - 4) lines, wait for user to hit return

before continuing */

if (i%ý (LINESPERPAGE - 4) -= 0 && i1' 0 && out -- stdout)

printf(" Hit <Return> to continue

gets (inline);

strstrip(inline);

if (inline[0) -= 'q' 11 inline[0J a= Q') return;

if (inline[O) -'b' 11 inline(O) - B')

j -= 2 * (LINESPERPAGE -4);

if (j < 0) j = 0;

printf ('\n"):

if (out == stdout)

printf("\n\n ELEMENT DESCRIPTION COMPLETE 0)

printf(" Enter <RETURN> to continue

gets (inline);

fprintZ (out, "\n"');
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printdevice description(k,name,param,nbrout,types,flag)
int *k:

char *name;
char **param;

int nbr;

FILE *out;

int *types;
int flag;

int i;

char inline(MAXCHAR];
static char *typ[] =

"Boolean",

"Switch",

"Integer",

"Float"

see if the number of elements to print is zero */

if (nbr <= 0) return 0;

/* see if new page before the listing */

if (*k + 5 > LINESPERPPAGE && out - stdout)

*k = 0,

printf("\n Enter <RETURN> to continue

gets(inline);

strstrip(inline);

if (inline(a0 == 'q' i1 inline(O] =- 'Q')

return 1;

fprintf(out,"\n %s\n",name);

for (i = 0 , (*k) + 2; i < nbr; i++ , (*k)++)

if (flag == 0 II types(i] < 0 I1 typesti] > 3)

fprintf(out , " %s\n",paramzi]);

else

fprintf(out , " %-7s : %s\n",typ~types[i]], param(i]);

if (*k + 2 == LINES PERPAGE && out == stdout)

k = 0;

printf("\n Enter <RETURN> to continue

gets(inline);

strstrip(inline);

if (inline[0] 'q' 11 inline[O] 'Q')

return 1;

- 259 -



Print davitne Wd, Out)

int ik

it~.i~ ~i'.d~pin~, Input Variables",
d->input name, d->nbr _inputs,out, &iO) -- 1)

ret urn:

if (print_ device desaviiption(fik," State Variables",
d->stat._nam.,d->nbr atate.,out,4i,O) - 1)

return;

it' Cpitint de~vice deacription(&k,' Implicit Variables",

d->irnplicit~name,d->nbr-inplicit,out,&i,O) m1

if (print _de¼'ice__deec'ription(&k.' External Input Variables',

d&>oxt in nam.,d->nbr ext in,out,

ret urn:1

if (print device description(&k," External Output Variables",

d->ext _out-naime,d->nbr-ext-out,out,

d->type_ext_out,1) -- 1)

retmrn:

if (print_device_description(&k," Parameters",
d-->param_name,d->nbr~param,out,&i,0) = 1)

return;,
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/* doerry.h */
/* Norbert H. Doerry

28 Sept 88
modified 9 Jan 89
modified 15 Feb 89

This include file is designed to test the configuration of interface
structutes for my thesis.

The variables are divided into the following categories:

inpuL variables i variables that are connected to system nodes. These
variables are all implicitely defined.

state variables : variables that represent the internal state of the
devices. This is not a 'state' in the strict sense
of the term. It is instead a variable whose value
must be 'remembered' to determine the next state
of the device. The 'old state' variables are the
value of the state variables during the last
time step.

implicit variables variables that are driven to zero in the Newton
Raphson method.

external inputs t variables that the operator will be allowed to change
directly during the execution of the simulatiion.
These inputs can be of the following types

Boolean ( True or False)

Switch ( On or Off)
Integer

Floating Point

external output variables that the operator can select to display during
the simulation or have saved to a file for plotting

parameters These are the specific parameters for a device

which may be different for different elements

There are also several other definitions that must be made

DEVICE : is a model of an electrical machine, device, or node.

(i.e. an Inducton Motor Model would be a device)

ELEMENT t is an actual circuit element of type DEVICE. Note that

there can be multiple ELEMENTS of type DEVICE.

(i.e. a 3 HP induction Motor would be an element and a

2000 HP induction Motor would be another element of the

same type.)
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#define MAXCHAR 81

#define PI 3.141592653C
#define LINES PER PAGE 25

/* define types */

#define BOOLEAN 0
#define SWITCH 1
#define INTEGER 2
#define FLOAT 3

typedef struct Connect

int nbr inputs; /* number of input variables
int nbr states; /* number of internal states
int nbr implicit; /* number of implicit equations */
int nbr ext in; /* number of external input variables
int nbrextout; /* number of external output variables
int nbrparam: /* number of parameters
double *in; /* pointer to array of input variables
double *state; /* pointer to array of state variables */

double *old state; /* pointer to array of 'old' state variables
double *implicit; /* pointer to array of implicit variabales
double *ext_in; /* pointer to array of external input variables
double *extout; /* pointer to array of external output variables '/
double *param; /,1 pointer to array of parameters */
double *init state; /* pointer to array of initial values for states */
double *init ext_in;/* pointer to array of initial values for ext_-n */
double *init in: /* pointer to array of initial values for inputs */
double *jacob in; /* pointer to jacobian matrix of implicit variables

with respect to input variables
int jacobswitch; /* - I if jacobian calculated by function

- 0 if jacobian not calculated by function

int *type_ext_in; /* pointer to array of external input types
int *typeext out; /* pointer to array of external output types
int *impindex; /* pointer to array of indexes for itab array

CONNECT;

typedef struct Element

int serial; /* serial number of element
char *name; /* pointer to name of element
struct Connect con; /* connection pointers and counters *
struct Device *device; /* pointer to device *
int flag; /M if flag - 1, element is used in Network

if flag = 0, element is not used */

ELEMENT;
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typoedef atrut Devioc

int type: type of devioc oods /
int (*f)() /* starting address of routine for this type S

char Oname: /. pointer to name of devic. e/
int nbr inputsi /P nWior of input variables (defcult) '/
int nbr states: /A number of internal *tates (default) 5/

int nbr implicit: P* number of implicit oqeqations /
int nbr •ut in: /A number of eiternal input variable&
int nbr ext out: /I nuzer of external output variablee s
int nbr-yaram: /0 number of parameters /
ohar "'input-namet /A pointer to an array of strings holding the

names of the input variables Of

ohar *,statenamej /* pointer tq an array of string* holding the
names of the states '/

ahar **implioit_name:,* pointer to an array of strings holding the
names of the implioit equations

ohAr *'oxt_in_namej /I pointer to an array of strings holding the
names of the external input variabl-les

ohar O'ext out name: /* pointer to an array of strings holding the

name* of the external output variables
char ''param namol /1 pointer to an array of strings holding the

names of the paramaters a/

int 'typeext*tll /* pointer to array of external input types
int *type_oxt_.out /* pointer to erray of external output types * .

DEVICE:

typede( struot Node

char 'name; /' name of noet,
int nbr subnode: * number of subnoden A/

struot Subnode 'subnode: ,* array of pointers to subnodes ',

struct Node *lasti /0 pointer to last Node atruoture

NODE,

typedef struot Subnodo

ant type: / type of aubnode - 0 for voltage law
"- I for current law

ant ref flagt /0 rat subnode flag -0 not ret i Al is ef */
double init_volt: /I initial value of voltage it required *I

char 'name: /I name of aubnod,
ant nbr connect.' /A number of connectiona at subnod.
char ''element. /I array of element names
char ''variable: /6 array of variable name*
ant *elm-ptri /I pointer within element array of elements A/
int *vaLpttr / pointer aithin input array
struct Subnode *last, pointer to last Subnode Stvu'turte
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/* ~U4At.
/6 Herbert H Doerry

Thin &'outkne dump& thje current state of the simulation to a file or
the scaeen

#include <ntdio.h,,t
#include <mathh',h
#include "dooery.h"

dump mists(out, ecneim, nn, nnode, qq. nq, imulate, pv, xtsb, oxtab, itch, nitab)
FILE *outt
ELEMENT '*I**

Int nelml
NODE *nni

int nnodsi

QUEUE **qqt
jot nq:

SIMULATE asinulatei

PRkINT_ VAR *Ipvl

XTABLE **xt-ab:
int nxtabt
ITABLE "itab.
int nitabi

int i,JJ,li
double *.-iob,*implicit,*var,*imp;
char *callocoO
PRINTVAJ' *tamlp;

double iv'plicit-erroro;

/A print jut element data/

for (1 i i < neirn ; i++)

/* print out he~der ~

tprintf (out," ELEMENT : -20s <> SERIAL % '3d <> DEVICE %-20s "

'te (i] ->name, ee(i] ->serial, ee~il->device->name);

if (teeli->flag) fprintf(out,"\n"),
else fprintf(out,"<> ** UNUSED ***\n");

/* print out the parameters */

if (ee(i)->con.nbryparam > 0)

fprintf (out, "\n PARAMETER Values\n");

for (j = 0 ; j < ee(i]->con.nbryparam ; j++)

fp-rintf(out," %20s ::%15g\n",
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es(i]->aon.param~jl);

/A print out input variables *

if (ee(i)j->con.nbr inputs > 0)

fprintf (out, "\n INPUT Variable Initial and Present Valu**\n'1:

for (j - 0 , j < *e(i]->con.nbr inputs , J++)

fprintf(out," %20a . %15g t: %15g\n",
*e( ii->device->input name Cut
ee(i)->con.init_min~], eeji]->con.in~jiD:

1* print out the state variables *

if (ee(i]->con.nbr-states > 0)

fprintf (out, "\n STATE Variable Initial, Old and Present Valuea'\n");

for (j - 0 ; j < ee(i]->con.nbr-states ;j++)

fprintf(out," %20s :-%15g t.- %15g :: %15g\n",

eeC i J->device->state -name[ jJ,
ee(iJ->con.init_state C], ee[i]->cen.old_state Cj],
ee~i]->con.state~j]);,

/* print out the implicit variables ~

if (ee~iJ->con.nbr-irplicit > 0)

fprintf(out,"\n IMPWLICIT Variable Present Values and Index\n");

for (j - 0 ; j < ee~i]->con.nbr implicit ; J++)

fprintf(out," %20a : %15g : 3~"

ee~i]->device->implicit -namefjj,
ee~i]->con.implicit~j],ee(i]-.>con.imp~index(jJ);

/* print out the external input variables *

if (eeli)->con.nbr ext in > 0)

fprintf(out,"\n EXTERNAL INPUT Initial and Present Values\n");
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for (j a 0 ; j < *e(il->oon.nbr ext in ; j++)

fprintf(out," We0 :t %3.59 :t %139\n",
*e (±3->devic*->ext in -name (j 3'

/* print out the external output variables '

if (ee(i)->con.nbr ext out > 0)

fprintf (out, "\n EXTERNAL OUTPUT Present Values\n")o

for (j - 0 ; j < eeti)->oon.nbr ext out t j++)

fprintf(out," %20a z: %l5g\n",

ee(i]j->devic*->ext out namreij],

Geei]->con.ext-0utjji):

/* print out. the jacobian *

fprintf(out,"\n\n JACOBIA14 SWITCH IS )

if (eeti]->con.jacob -switch -- 0) fprintf(out, "OFF\n");

else fprintf (out, "ON\n");

fprintf (out, '\n\n Jacobain Matrix\ri\n");

for (j - 0 ;j *5 < ee(i]->con.nbr inputs ; j++)

for (k -0 ;k < ee(i)->con.nbr implicit ;k++)

for (1. -J*5 ; 1 < eeti]->con.nbr inputs &

1 < (j+l)*5 ; l++)

fprintf (out," *15g",
eeii]->con.jacob in(k + ee~i]->con.nbr _implicit *1)

fprintf (out, "\n");

fprintf (out, "\n"l);

/* print a form feed *

fPr int f (out, \f)

/* print out network information *

for (i = 0 ; i < nnode ;i++)



dump data *c

fprintf (out, "\n NODE :t %s\n\n"I,nn(i]->name);,

for (j - 0 ; j < rin(iJ->nbrasubnode ; J++)

fprintf (out," ")

if (nn(i)->aubnode(j]->ref_.flag)

fprintf (out," REFERENCE"):

if (nn(i]->subnod*(J]->type -- 0)
fprintf (out," VOLTAGE SUBNODE:")

else

fprP'tf (out," CURRENT SUDNODE:

fprintf(out,"%s ",nn~i]->subnode~j]->name )

if (nn~i]->subnode(j]->type -- 0)

fprintf (out," :: %15-g\n",nnti]->subnode(j]->init volt);

else

fprintf(out,"\n"):

/* print out the attached variables *

for (k - 0 ; k < nn(iJ->subnode~j]->nbr-connect ; k++)

fprintf (out," %209:%-20s - %15g\n"f,
nni] ->xubnode fj] ->element Ck1,

nni] ->subnode j] ->variable (I],
ee Cnn Ci]->subnode (ji->elmyptr (Ic]]->

con. in [nn Ci] ->aubnode Cji ->varjptr (I]]):

fprintf (out, "\n");

/* print out form feed *

fprintf (out, "\f");

/* print out the queue *

fprintf (out," QtJEUE\n\n");,

for (i = 0 ; i < nq ; i++)

fprintf (out," 9620s:%-20a %15g at time %15g\n",

*c Cqq i] ->elm] ->name,
eelqqfi]->elm]->device->input-name~qqti]->var],

qq( ii->value,

qqfi] ->time);
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/* print out form food *

fprintf (out,"'\f11):

fprintf (out," IMPLICIT VECTOIk\n\n");

fprintf(out," Implicit Error- %-15g\n\n",implicit .rror(.e,nelm));

for (i -0:i < nitab ; i++)

fprintf(out," %2d %209:%-209 - %15g\n",Oi,

so (itab~iJ->e]->name,

ee(itab(i]->e]->device->implicit name(itab~i]->i],

ee(itab(iJ->e3->con.implicit(itakdij->i]);

/* print out form food *

fprintf (out, "\f");

fprintf (out," INPUT VARIABLE VECTOR\n\n");

for (i - 0 ; i < nxtab ; i++)

fprintf (out," Variable 9cd\n", i);

for (j -0 ; j < xtab~i]->nbr J++)

fpriritf(out,' %20e:%ý-20s -%14g x 3n,

ee(xtab(i]->e(jl]]>device->input -name(xtab(i]->v~j]],

ee(xtab~i]->e~jJ]->con.in~xtab(iJ->v~j]J,

xtab~i] ->mult (J]);

/* assemble and print out the jacobian matrix *

f print f (out, " \ f") ;

jacob =(double *)calloc(nxtab * nitab s izeof(double));

implicit - (double *)calloe(nxtab ,sizeof(double));

imp - (double *)calloc(nxtab ,sizeof(double)):

var - (double *)calloc(nxtab ,sizeof(double)):

/* make the jacobian matrix */

make_jacob(jacob,xtab,nxtab,itab,nitab,ee,fl elm,nnf,ffOde,simulate),

/* print out the jacobian matrix */

fprintf (out, "\n SYSTEM JACOBIAN MATRIX\n\n");
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for (± - 0 ; i * 5 < nxtab ; i++)

for (k -5 * i ; k < nxtab && k < 5 * (i+1) ;k++)

fprintf(out," %3d "k,

fprintf (out, "\n"),

for (j - 0 ; j < nitab ; J++)

fprintf(out," %3d"j)
for (k - 5 * i ; k < nxtab && k < 5 * (i+1) ; k++)

fprintf (out," %14g",Jacobtj + nitab *k3);

fprintf (out, "\n"),

fprintf (out, "\n\n");

fprintf (out, "\f");

/* print out Newton Raphson Correction *

1* make the implicit variable vector */

make_implicit (ee,neim, itab, nitab, implicit);

make-implicit (ee, nelm, itab, nitab, imp);

/* solve the system of equations */

i - gauss-eliminate(nxtab,jacob,implicit,var);

/* note that the contents of jacob and implicit were

destroyed by gauss_eliminate */

fprintf(out,"\n IMPLICIT VECTOR and CORRECTION VECTOR\n\n"):

if (i 1- 0)

fprintf (out," *** SINGULAR SYSTEM MATRIX ***\n\n");

fprintf(out,"\n n Implicit Ccrrection\n");

for (i -0 ; i < nitab ; i++)

fprintf(out," %3d %15g %15g\n",i,imp~iJ,varfij);

f printf (out, " \f"

/* print out the smulation- stuff *
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fprintf (out, "\n\n SIMULATION DATA\n\n");

fprintf (out, H DT - %g\n",aimulate.dt):-
fprintf (out," TMIN - %g\n", ainulat%.tmin),
fprintf (out," THAX - %g\n", aimulate.tmax),
fprintf(out," TIME - %g\n",simulate.time);
fprintf (out," MAX -ITER - %d\n",aimulate.max iteration):
fprintf (out," CONVERGE - %g\n", aimulate converge);
fprintf (out," DELTA -%g\n", aimulate.delta);

fprintf (out," DELTAH IN - %g\n",simulate.delta-min):
fprintf (out," PRINTDT - %g\n\n\n",aimulate.print-dt);

fprintf (out," DISPLAYED VARIABLES\n\n");

f or (temp - pv->next ; temp !- NULL ; temp .~temp->next)

if (temp->typ -- 0) /* external output *
fprintf (out," %20s:9e-20s\n",

ee (temp->el ->name,

ee [tamp->.] ->device->ext-out name [temp->v]);
else if (temp->typ -- 1) /* external input *

fprintf (out," %209: %-20s\n",
ee [temp->e] ->name,

a. (temp->.) ->device->ext-in-name Etemp->v]);

else /* subnode voltage */
fprintf(out," %20s:%-20s\n",

nn (tamp->e) ->name,
nn (tamp->e] ->subnoda (temp->v] ->name):,
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/* dump device.c */
/* Norbert H. Doerry

15 March 1989

This routine prints out all the device characteristics of all the
devices to the filename specified to it. If the filename is not
provided, then it is written to the stdout

*/

#include <stdio.h>
#include <math.h>

#include "deerry.h"

dump device(dev,ndev, inline)
DEVICE **dev;
int ndev;
char *inline;

int i;
FILE *out;

inline(O = ''

strstrip(inline);

/* open stream */

out = (inline(O == NULL) ? stdout fopen(inline,"w");

if (out - NULL) out = stdout;

/* print out devices */

for (i = 0 ; 1.4 < ndev ; i++)

print_device(dev[i],out);

if (i < ndev - 1 && out != stdout)

fprintf(out,"\f");

else if (out == stdout)

printf(" Enter <RETURN> to continue

gets(inline);

/* close file */

if (out != stdout) fclose(out);
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odit aimulate.a.

if (tomp->6 -- £ 69 tamp->v mmj&A tomp->typ mmtyp)

nast-.next - temp->nexti
free (temp)l

else

last w tamp;

add~pv(i, j~typ,pv)
irit i,j,typ,

PRINTVAR *pv;

PRINTVAR *temp,*laat;
char *calloco,

/*ensure that the variable isn't already there, if so, delete it *

deleteypv(i, j,typ,pv);

last - pv:

for (temp - last->next :temp I- NULL ;tamp -last->next

last - tamp:

last->next - (PRINT -VAR *) calloc((unsigned) 1I sizeof(PRINTVAR));

temp -last->next;

temr->e - i

temp->v - j

temp->typ -typ;

temp->next =NULL;

edit-ref(inline,ee,nelm,nn,nnode,simulate)

char *inline;
ELEMENT **ee;

mnt neim;

NODE **n

mnt nnode;
SIMULATE *simulate;

int i,j,flag,ncnt;

chat line(MAXCIIARJ,cmd,n-name(MAXCHAR],s-name[MAXCHAR.v~ar(MAXCIIARJ;

double val;

inlineCO] - 1'1

stratrip(inline);

/* print out the refetrence voltage subnodes if the user hasn't
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entered any arguments on the command line *

if (inlineCO] -- NULL)

printf ("\n\n Reference Voltage Subnodea\n\n");
for (i - 0 1 < nnode ; i++)

for (j-0 ; J < nnji]->nbr-*ubnode :j++)

if (nn(i]->subnode(j]->ref~flag--0

nn(i1->aubnode[j]->type m 1) continue;
printf(" %20s:*-20s %g\nI",nn(i)->name,

nn Ci] ->aubnode (j]->nazme,
nnti]->au~bnod*fj]->init volt):

printf("\n Enter Reference Voltage Subnode
gets (inli~ne):
strstrip(inline);

/* if still don't have anything, give up and return *

if (inline (0] - NULL) return;

/* decompose the string */

split-ref (inline,n_name,s-name,var),

/* find the node *

for (i =0 ; i < nnode && strcnp(n_name,nn~i]->name) 1- 0 1 ++),

if (i mnnode)

printf("\n ** ERROR :Node %s Does not exist\n",n-name);
return;

/* find the subnode ~

for (j - 0 ; j < nn~i]->nbr subnode &

strcmp(s-name,nn~il->subnode(j]->name) 1- 0 ; j++),

if (j -nn(i]->nbr-subnode)

printf("\n *** ERROR :Subnode %ks:%s Does not exist\n",n nnme,s -name)-
return;

/*see if a new value was provided *

Stoda (var, &val, 6ncnt, 1);
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if (nont.m 0)

printf("\n Enter Now Reference Voltage (default 49) 1 "

nn(i)->subnod9(jj->init _volt)j

9ets (var):
atratrip (var),

Stods(var,&val,Anont, 1):

if (narit -- 0) roturn: /* give up if default desired *

/* set the initial voltage /

nnji]->&ubnod.I~i)->init__volt - val;

a plit_%lm (in, en, vn)
c~har *in, *on *vn,

int i,j;

/* strip off elem~ent/nods and variable/aubnod. '

for (1- 0 : in(i] !- MULL && mn~i] I- i++)

enfi] min];)
en~i] - NULL:

stratrip(on):

if (min] j NULL) i++, /* look past the colon *

for (j - 0 ; m~i] !- NULL ; i+4- , J++)

v'n(J] - mintil

vntj) NULL;

strstrip(vn) ;

/* ignore everything after the first space of vn

for (j -0 :vnlj] I- NULL 64 vn~j] I- &~vn~j !w '\t' +)
vn(J] NULL;

spl it _ref (in, nn,san, var)
char *in, 'on, 'an, var:

int i,j;

I' etrip off subviode*/

for (i - 0 ; in~i] !-NULL && mi]~i 1- 1~ ++)
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nn~i) - infi);
nn(i) -NULL:
atratrip(nn)t

/* strip off the subnod. e

if (mi]~i I- NULL) i++,, /* look past the colon *

for (j *0 1 in~i] I- NULL, && mi]~i I- in'til~i I- '\t' i++ ,J++)

an(J] - m~i];
an~j) NULL,

strstrip (an),

1* .stzip off the value *

for (J - 0 : mi]~i I- NULL ;i++,J++)

var(J] min];)
var~j] - NULL;

str~atrip(var);
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/*elm-jacob.c *
/~Norbert H. Doerry

6 March 1989

/* This routine calculates the jacobian matrix for an element by varying
the input variables and and seeing how the implicit variables change

#include <stdio.h>

#include <math~h>

#include "doerry.h"

elm jacob (e, simulate)

ELEMENT *e;

SIMULATE simulate;

mnt i,j,k;
double low in , normal in

double *im, state, Aimplicit, *ext-out., temp_implicit, Atemp;

char *c.alloco),

/* ensure delta-min is la~rge enough to prevent divide by zero errors A

if (simulate.delta min < le-20) simulate.delta min = le-20,

temp_ implicit = (double A) calloc((unsigned)e->con.nbr implicit,

sizeof (double));

state = e->con.state;

implicit = e->con.implicit;
ext out = e->con.ext-out;

e->con.state = (double A)calloc((unsigned)e->con.nbr-states

sizeof (double));
e->con.implicit =(double *~calloc((unsigned)e->con.nbr-implicit,

sizeof (double));
e->cori.ext out = (double A)calloc((unsigned)e->con.nbr ext_out

sizeof (double));

for (i = 0 ; i < e->con.nbr inputs ; i++)

normal-in = e->con.in(iJ;

/A change the input variable to something somewhat smaller A

e-->con.in~i] ( fabs (normal in * simulate.delta) > simulate.delta min) ?

normal--in *(1.0 - simulate.delta) normal.-in - simulate.,delta min;

low-in =e->con.infi];

1*calculate the new implicit variables A

-284-



elm .Jaoob.c

(e->devio-e->f) (e,simuilate.dt);

/* exchange temp implict with e->oon.implicit *

temp - e->corn.implicit;

e->con.implicit -temp implicit;
temp-implicit - tamnp;

/* change the input variable to something somewhat larger *

e->con.in(iJ ( fabs(normal in * simulate.delta) > simulate.delta min) 7

normal-in *(1.0 + simulate.delta) :normal-in + simulate.delta mir;

/* calculate the new implicit variables *

(e->device->f) (e,simu~late.dt);

/* calculate the slopes */

for (j -0 ; j < e->con.nbr_implicit ; j++)

e->con.jacob~in(j + e->con.nbr implicit * i)
(e->con.irnplicit[jl - temp implicitti))

/(e->con.in~i] - low-in);

-- >con.in(il = normal-in;

free(e->con.state);

free (e->con.implicit),

free(e->con.ext out);

free (temp implicit);

e->con.state = state;
e->con.implicit =implicit;

e->con.ext -out -ext out;
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/* fileoptions.c */
/* Norbert H. Doerry

13 March 1989

This - .le contains the routines for saving and loading the SIMULATION

section and the INITIALIZATION section.

*** Modified 19 April 1989 ***

fixed 'save simulation' to print "SIMULATION" at the top

#s

#include <stdio.h>
*include <math.h>

#include "doerry.h"

static char sim filename(MAXCHAR],init filename[MAXCHAR];

fileoptions(inline,ee,nelm, nn, nnode,q, nq, simulate, pv,

xtab, nxtab, itab, nitab, errflag)

char *inline;

ELEMENT **ee;

int nelm:

NODE **nn;

int nnode;
QUEUE ***q;

int *nq;
SIMULATE *simulate;

PRINTVAR *pv;

XTABLE **xtab;

int nxtab;
ITABLE **itab;

int nitab;
int errflag;

int i,j,k, flag, rw;
char line(MAXCHAR],filename[MAXCHAR],string[21],cmd;

FILE *io;

/* initialize flag to no errors

flag = 0;

/* copy the input line */

strcpy(line,inline);

/* strip off the first character */

line(0] =

strstrip(line);

/* get the command if its there */
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onmd - Iine(O)j;

/* get the filename if itm there *

if (cmd I- 'NULL')

lineCO] '

strstrip(line);

strcpy(filename, line);

/* if the command isn't a proper one, displ.ay the menu

flag -(emd -- NULL) ? 1 :0:

while (1)

if (flag)

printf("\n\n FILE OPTIONS'\n");

printf(" c Change Working Directory\n");

if (errflag -0)

printf(" d Dump Simulation State\n");

printf(" i Save INITIALIZATION Section\n");

printf(" I Load INITIALIZATION Section\n");

printf(" q Quit\n");

if (errflag -= 0)

printf(" s Save SIMULATION Section\n");
printf(" S Load SIMULATION Section\n");

printf(" Enter Command

gets (line);

strstrip(line);

cmd - lineCO];

/* get the filename if its there *

if (cmd !- 'NULL')

lineCO)='

strstrip (line);

strcpy(filename,line);

if (cmd =='q')

return flag;

-287-



file options. c

else if (cmd -- 'c')
change direct ory (filename);

else if (cmd -- Id' &&errflag -- 0)

if (filenameCO) ! NULL)

i - get filename(filename,&io,l,"DUIP",l);

else
.1 - get filename(filename,&io,l, "DUMP",0):

if (i 1= 0) return flag,

dump data (io, ee, nelm, nn, nnode, *q, *nq, *simulateI

pv, xtab, nxtab, itab, nitab);

if (io !- stdout) fclose(io);

else if (errflag -- 0 && (cmd I= s' IIcmd I= S'

cmd = i' I cmd -='V))

if (cmd 's' 11cmd - 'IV) rw =1; /* write to file *
else rw 0; /* read from file */

if (cmd I= s' 11 cmd -= IS') strcpy(string,"SIMULATION");
else strcpy(string, "INITIALIZATION");

1* try to load file immediately if filename is non zero length *

if (filename(0J !- NULL)

i - get filenaxne(filename,&io,rw,string,l);

/* otherwise, prompt user for filename, and provide default name

else

if (cmd -- 'a' 11 cmd == IS')

stropy(filename,sim filename);

else
strcpy(filoname,imit-filename);

i - get filename(filename,6io,rw, string,0)I

I' see if the opening of the file was aborted *

if (i !- 0)

return flag;

/*save the filename ~
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if (cmd -- 'a' 11 cmd -- 'S')
strcpy(sim-filename, filename);

else
strcpy(init filename, filename);

/* process the files *

if (cmd -- I')
return write-sim(io,sim-filena~me,ee,nelm,nnt

nnode, *q, *nq, *simulate,pv);

else if (ond -- IS,)

return read-sim(io, aim-filename,ee,nelm,nn,

nnode,q,nq, simulate,pv),

else if (cmd -- 'IV)
return write init(ie,ee,nelm,nn,nnode);

else if (cmd -- '0

return load init(io, filename, ee,nelm,nn,nnode);

else flag =1;

if (flag 0) return;

write sim(out,filename,ee,nelm,nn,nnode,q,nbrq,aimulate,pv)

FILE *out;

char *filename;

ELEMENT **ee;

int neim;
NODE **nn;

mnt nnode;
QUEUE **q;

mnt nbrq;
SIMULATE simulate;

PRINTVAR *pv;

int i,j,k;
PRINTVAR *tamp;

fprintf(out,"! *s\n!\n",filename);

fprintf (out, 'SIMULATION\nI\nDISPLAY\n");

for (temp - pv->next ; temp !MNULL :temp -temp->next)

if (temp->typ -- 0)

fprintf(out," 4-209 ýýz\n",ee~temp->*]->name,

oee(temp.->.]->device->ext-out name (temp->vJ);

else if (temp->typ -- 1)

fprintf(out," 4-20s : s\n",eejtemp->e3->name,

ee(temp->e3->device->ext-in-name~ttmp->vJ):
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else if (temp->typ -2)

fprintf (out," %-20ms %s\n",nn(temp->e]->nanie,

nn[temp->e] ->aubnodeftemp->v] ->name);

fprintf (out," END\nt\n");

fprintf(out," TIME_-STEP %g\n",simulate.dt);

fprintf (out," TMIN %g\n",simulate.tmin);

fprintf (out," TMAX %g\n",simulate.tniax);

fprintf(out," PRINT_-STEP %g\n",simulate.print-dt);

fprintf (out," DELTA %g\n",sivnulate.delta);
fprintf(out," DELTA_-MIN %g\n",aimulate.delta-minI;

fprintf (out," CONVERGE %g\n", simulate. convergde);

fprintf(out,' MAX_-ITERATION %d\n",simulate.max iteration);
fprintf (out," REFERENCE\n");

for (i = 0 : i < nnode : i++)

for (j = 0 ; j < nn(i]->nbr-subnode ;j++)

if (rin[i]->subnode~jJ->ref flag -=0)

continue;

if (nn~i]->subnode~jJ->type -- 0)

fprintf (out," V : %20s %-209 %g\n",nn~i3->name

nn~i]->subnode~j]->name , nn~i]->subnode~jl->init-volt);

else
fprintf(out," I :%20s :%-209\n",nn~i)->name

nnti] ->subnode [j] ->name);

fprintf (out," END\n!\n");

fprintf (out, "EXTERNAL INPUTS\n");

for (i - 0 ; i < nbrq ; i++)

fprintf(out,' %20s %20s *10g %l0g\n", ee(q~i]->elmJ->name,

ee(q(i)->elrr]->device->ext_in-nazne~q~i]->var] q~i]->value,

q~i]->time),

fprintf (out," END\n' \n");

if (out !- stdout) fclose(out),

return 0;

read cim(in,fil.ename,ee,nelm,nn,nnode,q,nbrq,simulate,pv)
FILE *in;

char *filename;

ELEMENT **ee;
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int nelm;

NODE **nn;

int nnode;
QUEUE ***q;

int *nbrq;
SIMULATE *simulate;

PRINT-VAR *pv;

STREAM PTP *strm, stm;

int errflag,i,j;
PRINTVAR ppv,*temp_pv,*old;

QUEUE **qq;

SIMULATE as;

int nq;

/* initialize stream pointer structure */

strm - &stm;

stm.in = in;

strcpy(stm.filename , filename);

stm.line nbr - 0;

stm.last - NULL;

/* initialize ppv */

ppv.next - NULL;

/* load the simulation */

errflag - 0;

load simulation(&strm,ee,nelm,nn,nnode,&qq,&nq,&ss,&ppv,&errflag);

if (errflag !- 0)

printf(" *** Load SIMULATION Section ABORTED ***\n");
return 0; /* don't load anything if there was an error */

/* free the old queue and print var structures */

for (temppv - pv->next; temppv NULL ;)

old - tempJpv;

temppv - temp_pv->next;

free(old);

for (i - 0 ; i < *nbrq ; i++)

free((*q) [i]);

free(*q);
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/* assign the new structures *

(*q) -qq;
*nbrq -nq;

pv->next -ppv.next;

/* change the Simulate structure *

simulate->dt - ss.dt;

simulate->tmin - 3s.tmin;
simulate->tmax - s5.tmax;

simulate->time - ss.time;

simulate->max -iteration - ss.max iteration:

simulate->converge - sa.converge;
simulate->delta =ss.delta;

simulate->delta -min - ss.delta-mmn;

simulate->print-dt = ss.print-dt;

return 0;

write init(out,e,nelm,nn,nnode)
FILE *out;

ELEMENT **e;

int neirn;

NODE **nn;

int nnode;

mnt i, j,k, ee, v;

fprintf (out, "INITIA.LIZE\n!\n");

for (i - 0 ; i < neim ; i++)

/* print out present values of input variables *

for (j - 0 ; j < e(i]->con.nbr inputs ; j++)

fprintf(out," %20s : 1t20s %l2.5g\rk',e(i1->name,

/* print out present values of state variables ~

for (j - 0 : j < e(i)->con.nbr_states ; J++)

fprintf(out," 120s : ý20s ý12.5g\n',e[i]->name,

a (i] ->dovice->etate name ji ,e(i] ->con state (jJ);
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fprintf(out," END\n!\n");

fprintf (out, "NODE VOLTAGE INITIALIZATION\n"),

for (i - 0 1 i < nnode ; i++)

/* print out present values of nodes *

for (j - 0 ; j < nnti]->nbr subnode ; j++)

/* only write out those that are voltage subnodes *

if (nntiJ->s-ibnode~j]->type !- 0

continue:

/* find pointers in element array *

ee -nnfi]->subnode~j]-.>elmyptr[0];

v -nn[i]->subnode~j]->varyptrjo];

fprintf(out," %209 : 209 %12.5g\n", nnti]->name
nn~i)->subnode~jJ->name,e~ee]->con.in[vJ);

fprintf (out," END\n!\n");

fprintf (out, "EXTERNAL INPUTS INITIALIZATION\n?\n");

for (i - 0 ; i < nelm ; i4-+)

/* print out initial values of external inputs *

for (j - 0 ; j < *(i)->con.nbr-ext~in ; j++)

fprintf(out," %209s %209 %12.5g\n",e[i]->name,

e(i)->device->ext-in-name[j],e(iJ->con.init-ext intjJ);

fprintf (out," END\nt\n");

if (out !- stdout) fclose(out);

return 0;

load-init(in,filename,e,nelm,nn,nnode)

FILE *in;

EL.E1ZNT **e;
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int nelni;
NODE **flf;

int ninode;
char *filenaxne;

STREAMPTR *strm,stm;

mnt errflag,i,j;

NODE **tn;

ELEMENT **to;

char *cahloco;

/* initialize the stream pointer *

strm -&stmr;

stm.in - in;

strcpy(stm.filename , filename);

stm.li~ne nbr - 0;

stm.last - NULL;

/* allocate Node and Element Arrays *

tn = (NODE **) calloc((unsigned) nnode, sizeof(NODE *)

te (ELEMENT **)calloc((unsigned) nelni , izeof(ELEMENT *)

for (i - 0 ; i < nnode ; i++)

tnliJ - (NODE *) calloc((unaigned) 1 , sizeof(NODE )

for (i - 0 ; i < nelni ; i++)

te~i] -(ELEMENT *) calloc((unsigned) 1 , sizeof(ELEMENT));

/* fill up the arrays */

for ( i - 0 ; i < neim ; i++)

te~i]->con.nbx-_inputs - e~i]->cen.nbr inputs;

te~i]->con.nbr states - e[!.]->con.nbr -states;
tefi]->con.nbr ext in - e~iJ->con.nbr ext in;

te(iJ->device - e~il->device;

te~i]->name - e~i]->name;
te~i]->flag - e~iJ->flag,

to(i)->serial - *(i]->serial;

if (to~ij->con.nbr~inputs)

te(ill->con.init in -
(double *) calloc((unsigned)te(iJ->con.nbr_inputs 3izeof(double));

if (te(i]->c-on.nbr states)

te~i]->con.init state*

(double *) calloc((unsigned)te(i]->con.nbr-states sizeof(double)),
if (te(il->con.nbr ext in)

te~i]->con.init_ext in -
(double *) calloc((unsigned)tetij->con.nbr ext in sizeof(double));
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for (i - 0 ; i < nnode ; i++)

tn~ij->narne - nn(i]->name;

tnti]->nbr-subnode = nnji]->nbr subnode;

tn~iJ->subnode = (SUENODE **) calloc((unsigned) tn~i]->nbr -subriode,

sizeof(SUBNODE *)

for (j = 0 ; j < tnti]->nbr-subnode ; j++)

tn(iJ->subnode(j) - (SUBNODE *) calloc ((unsigned) 1,

sizeof (SUSNODE));

tn~il->subnodetj]->typa = nn~i)->subnodejj]->type;

tn~iJ->9ubnode[j]->init -volt = 0.0;

tn~i]->subnode~j]->name - nnti]->subnode~j]->nsrne;

errflag = 0;

i =load-initial(&strm,te,nelm,tn,nnode, "!",&errflag, 1);

/*see if the lead had an error

if (i !'= 0 11 errflag !- 0)

printf(" *** Load INITIALIZATION Section ABORTED ***\n");

return 0;

/*save the results *

for (i - 0 ; i < nelm :i++)

if (e(i]->con.nbr inputs > 0)

free(e[iJ->con.init in);

e[i]->con.init in = teli]->con.init in;

if (e[i]->con.nbr-states > 0)

free (e[i]->con.init state);

e(i]->con.init-state - te(iJ->con.init state,

if (e[i]->con.nbr-ext in > 0)

free(e[iJ->con.init ext in);

e~i]->con.init ext in - te(iJ->con.init ext in;

free(tefi]);

free (te);

for (i -0 ; i < nnode ; i++)
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for (j - 0 ; j < nn(i]->nbr-subnode ;J++)

if (nn~ij->subnode[j]->ref -flag =-0) /* don't change ref subnode *
nn(i]->subnodefj]->init -volt =tn~i]->subnode~jJ->init-volt;

free (tn[i]->subnode Ci]);

free(te(i));

free(te),

return 0;

change directory (filename)

char *fiiename;

stratrip(filenarne);

if (filename[(0]- NULL)

printf(" Present Working Directory

ffiush(stdout);

/* The following line is system dependent *

system("pwd");

printf(" Enter New Directory ";
gets (filename);:

strstrip(filename);

if (filenameCO] - NULL) return;

if (chdir(filename)! 0)

printf(' *** ERROR change directory unsuccessful\n\n");
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/* gauss eliminate.c */
/* Norbert H. Doerry

14 February 1989

This routine solves a general system of linear equations using
Gaussian Elimination with partial pivoting. The function returns
a value of 0 if all went well, and a value of 1 if the matrix
is singular

14 Feb modifications:

The a matrix is no longer preserved, neither is the c matrix

*/

#include <stdio.h>
#define DEBUG 0

#define aa a
#define cc c

gauss eliminate(n,a,c,x)
int n; /* The dimension of the system */
double *a; /* input matrix that is dimensioned n by n
double *c: /* The right hand vector dimensioned n
double *x; /* The solution to the system of linear equations */

char *calloco;
double pivot,tenip;
int i,j,k,pvt;

/* print out the matrix if DEBUG is set */

for (k - 0 ; k < n && DEBUG ; printf(" %10.4f\n",c[k++]))
for (j = 0; j < n ; j++)

printf(" %3.0f",a[j*n + k]);

if (DEBUG) printf("\n");

/* the input arrays are not preserved */

/* print out the matrix if DEBUG in set *1

for (k - 0 ; k < n && DEBUG ; printf(" %l0.4f\n",cc[k++]))
for (j - 0; j < n ; J++)

printf(" %3.0f",aa[j*n + k1);

if (DEBUG) printf("\n");

/* triangularize matrix */

for (i - 0 ; i < n ; i++)
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/* find pivot */

pvt - it

pivot aa[i + i*n]*aa[i + i*n];

for (j - i+l ; j < n ; j++)

if (DEBUG) printf("%7.4f :: %7.4f\n",pivot,aa[j + i*nJ*aatj +i*n]);
if (pivot < aatj + i*n]*aa(j + i*nJ)

pivot - aa(j + i*n] * aafj +i*n];

pvt = j;

pivot = aa(pvt + i*n];

/* see if singular matrix */

if (pivot == 0)

return 1;

/* switch rows if necessary */

if (i != pvt)

for (j - i ; j < n ; j++)

temp = aa[i + j*n];

aali + j*nl aalpvt + j*n] / pivot; /* make pivot 1 */

aa[pvt + j*n =tamp;

temp = cc[i];

cc[i] = cc[pvt] / pivot;
ccrpvtl = temp;

else /* make pivot equal to one

cc[i] /= pivot;

for (j = i ; j < n ; j++)
aa(i + j*n] /= pivot;

/* get zeros under pivot */

for (j = i+1 t j < n ; j++)

if ((temp = aa[j + i*n]) -= 0) continue;

for (k - i ; k < n k++)

aa(j + k*n] - temp * aa[i + k*nI;
cc(j) -= temp * cc(i];

/* print out the matrix if DEBUG is set */
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for (k - 0 ; k < n && DEBUG ; printf(" : %10.4f\n",cc(k++]))

for (j - 0; j < n ; j++)
printf(" %3.0f",aa(j*n + k]);

if (DEBUG) printf("\n");

/* aa[] should be triangularized */

/* print out the matrix if DEBUG is set */

for (i = 0 ; i < n && DEBUG ; printf(" %10.4f\n",cc~i++]))

for (j = 0; j < n ; j++)
printf(" %3.Of",aa[j*n + i]);

if (DEBUG) printf("\n");

/* back subsitute */

for (i = n-i ; i >- 0 ; i--)

x[i] = cc[i];

for (j = i+l ; j < n ; j++)
x[i] -= aa(i + j*n] x[j],

return 0;
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/* integ.c */
/* Norbert H. Doerry

18 October 1988

This routine uses trapezoidal integration to integrate a variable

of the form

dx/dt = f(x(t),y(t),t)

x(t) - x(t - dt) = [dt/2]*[f(x(t),y(t),t) + f(x(t-dt),y(t-dt),t-dt)]

This routine returns G(x) which is :

G(x) = x(t) - x(t-dt) - [dt/2]*tf(x(t),y(t),t) + f(x(t-dt),y(t-dt),t-dt))

This variable should be driven to zero with Newton Raphson in order

to determine the proper new variable

*/

double integ(x, xold, fx, fxold, dt)

doubLe x; /* x(t) */
double xold, /* x(t - dt) */
doubLe fx; /* f(x(t),y(t),t) */
doubLe fxold; /* f(x(t - dt), y(t - dt), t-dt) */
doubLe dt; /* dt */

re:urn x - xold - (dt / 2.0) * (fx + fxold);
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/* ioliba.c *

/* Norbert H. Doerry

Last update : 25 March 1988

This library contains a set of routines to augment the 10 functions
in the standard 10 libraries.

/* rev a: 10 July 88: fixed stofa */
/* rev b: 11 July 88: added suctolc,slctotic,parse */
/* rev c: 24 Oct 88: added strsplit,strstrip,Stofa,revised getflta *1
/* rev d: 10 Nov 88: fixed getflta */
/* rev e: 11 Nov 88: modified stofa, added stoda, Stoda */
/* rev f: 25 Mar 89: added strextract */

#include <stdio.h>
#include <strings.h>
#define MAXEXP 38 /* maximum sized exponent for system */

/* stofa */
/* converts a string to an array of floating point numbers
/* passes back the array and the number of numbers successfully
/* converted. The returned value is a zero if read successfullly
/* to end of line, otherwise, returns the character that reading */
/* failed at. The third argument passed to the function is the
/* maximum number of elements in the array
/* rev a: 10 July 88: fixed bug that caused extra number to be converted */
/* rev e: 11 Nov 88: Added exponential notation */

stofa(string, fltaptr,nbrptr)
char string[];

float fltaptrE];
int *nbrptr;

int sign;
int index - 0;
float power ;
int maxlen,i;
char ch;
float inch;
int exponent,exp sign;

maxlen - *nbrptr;
*nbrptr - 0;

/* strip off leading blanks and tabs */

while ((ch-string(index++]) -- ' ' II ch '\tl):

/* convert the numbers */

while ((ch >- '0' && ch < '9') II ch -- '.' H ch -= '+' I ch - -
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ch -= ',' ci ch oh- 'a' II oh=" 'e' cl I hs' 'E')

sign 1; /* default is positive */
power - 10.0;

exponent - 0;

exp sign - 1;

if ( ch- '-' I ch ,+,)

sign- (ch '-') ? -1 a 1;
ch - string(index++];

fl ,ptr[*nbrptr] - 0; /* initialize value */
while (ch >- '0' & ch < '9')

fltaptr[*nbrptr] *- 10.0;
fltaptr[*nbrptr] +- (float) (ch - '0');
ch = string(index++];

if (ch "' .') /* check for decimal point */
while ((ch - string(index++]) >- '0' && ch <- '9')

fltaptr[*nbrptr] +- (float) (ch- '0') / power:
power *1 10.0;

else if (ch -- '-') /* check for ft-in entry */

if ((ch - string(index++]) >- '0' && ch <- '9')

inch c oh - '0';

/* see if 11 or 12 inches */

if (inch -- 1 11 inch -- 0)
if ((ch - string(index++]) -- '0' I oh '1')

inch *- 10.0;

inch + (float) (ch - '0');

else
index--;

power - 10.0;

if ((ch - string~index++]) -- '.') /* ft-decimal inch */

while ((oh - string(index++)) >- '0' && ch <- '9')

inch +- (float) (ch - '0') / power;
power 1 10;
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else if (oh -- '-') /* ft-inch-eighth */

if ((oh - string[index++]) >- '0' && ch <- '7')

inch +- (float)(oh - '0') / 8.0;
if ((ch - string[index++]) -- '1.)

while ((oh - string[index++]) >-'0' &&

oh <- '9')

inch +- (float) (oh - '0') / (8.0 * power),
power *- 10.0;

fltaptr[*nbrptr] +- inch / 12.0;

/* check for exponent */

if (oh -- 'e' ch -- 'E')

/* if the mantissa is not specified but an exponent was specified
set the mantissa to 1.0 */

if (fltaptr[*nbrptr] -- 0 && string(index - 2] 1- '0' &

stringfindex - 2] I- '.')

fltaptr[*nbrptr] - 1.0;

/* get the next character */

ch - string(index++];

expsign - 1;

power - 10;

/* get the sign of the exponent *1

if ( ch -- '-' i ch

exp-sign - (oh-- '-') ? -1 1;
ch - string[index++);

/* get the actual exponent value */

exponent - 0; /* initialize value */
while (oh >- '0' && ch <- '9')

exponent * 10;

exponent +- ch - '0';

ch - string(index++];
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/* ensure exponent is not too large */

/* MAXEXP is the max size of an exponent (1e+MAXEXP is legal)*/

exponent *- expsign;

while(fltaptrC*nbrptr] > 1.0)

fltaptr[*nbrptr] /- 10.0;
exponent++;

while(fltaptr[*nbrptr] < 0.0)

fltaptr[*nbrptr] *- 10.0;
exponent--;

expsign - (exponent < 0) ? -1 1;

exponent - (exponent < 0) ? -exponent exponent;

if (exponent > MAX EXP)

exponent - MAXEXP;
fltaptr[*nbrptr] - (expsign -- -1) ? 0.0 1.0;

/* multiply number by its exponent */

power- (exp sign -- -1) ? 0.1 : 10.0;

for (i - 0 ; i < exponent ; i++)
fltaptr(*nbrptr] *- power;

/* multiply number by its sign */

fltaptr(*nbrptr] *- sign;
(*nbrptr) ++;

/* stop if converted maximum number of elements */

if (*nbrptr -- maxlen) break;

/* see if illegal character following a legal number */

if (ch -- '-' 1 1 ch -- '+' 11 ch -- '8' 11 ch -- '9' 11 ch -- ' )

break;

/* ignore delimiting spaces */
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while (ch ' ' II ch --

ch - string(index++];

/* ignore delimiting :; , *

if ( ch -- ':' 11 ch ';' II oh -1','

while ((ch - string(index++]) -- ' ' 1I ch - '\t');

/* interpret successive : , as zero entries in the array */

while ( ch -- : o ';' 11 oh -,,,)

if (*nbrptr < maxlen)

fltaptr(*nbrptr] - 0;
(*nbrptr) ++;

else break;

while((ch - stringlindex++]) - ' ' I h \t')

return (ch);

/* stoda */
/* converts a string to an array of double precision floating point numbers */
/* passes back the array and the number of numbers successfully */
/* converted. The returned value is a zero if read successfullly */
/* to end of line, otherwise, returns the character that reading
/* failed at. The third argument passed to the function is the *1
/* maximum number of elements in the array */

stoda(string, fltaptr, nbrptr)
char string[);

double fltaptrH];
int *nbrptr;

int sign;
int index - 0;
double power I
int maxlen,i;
char ch;
int exponent,expsign;

maxlen - *nbrptr;
*nbrptr - 0:

/* strip off leading blanks and tabs */

while ((ch-stringlindex++]) ' ' II oh-- '\t');
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/* convert the numbers */

while ((oh >- '0' && ch <- '9') II ch-- '.' c oh - '+' I oh-- '-'

II ch-- ',' 11 chh -- oh 'c ' i ch -- '' Ih -'E' )

sign - 1; /* default is positive */
power - 10.0;

exponent - 0;

expsign - 1;

if ( ch-- '-' II ch--

sign - (ch -- '-') 7-1 1 1;

ch - string(index++];

fltaptr[*nbrptr] - 0; /* initialize value */
while (ch >- '0' && ch <- '9')

fltaptrl*nbrptr] *- 10.0;
fltaptr(*nbrptr] + (float) (ch - '0'),

oh - stringcindex++];

if (ch -- ' .'7 /* check for decimal point */
while ((oh - string~index++]) >- '0' && oh <- '9')

fltaptrl*nbrptr] +- (float) (oh - '0') / power;
power *- 10.0;

/* check for exponent */

if (oh-- i.' I1 ch -- 'EI)

/* if the mantissa is not specified but an exponent was specified
set the mantissa to 1.0 */

if (fltaptr(*nbrptrj -- 0 && string(index - 2] '0' &&
string(index - 2] 1- '.')

fltaptr(*nbrptrl - 1.0;

/* get the next character '/

ch - string~index++J;

expsign - 1;

power - 10;

/* get the sign of the exponent */

if ( ch-- '-' ch--
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exp sign - (ch ?-') -1 : 1;

oh - string(index++];

/* get the actual exponent value */

exponent - 0; /* initialize value */
while (ch >- '0' S& oh <- '9')

exponent * 10;
exponent +- ch - '0f

ch - stringlindex++];

/* ensure exponent is not too large */
/* MAXEXP is the max size of an exponent (1I+MAXEXP is legal)*/

exponent *- exp sign;

while(fltaptr[*nbrptr] > 1.0)

fltaptr[*nbrptr) /- 10.0;
exponent++;

while(fltaptr(*nbrptr] < 0.0)

fltaptr(*nbrptr] *- 10.0;
exponent--;

exp sign - (exponent < 0) ? -1 1;

exponent - (exponent < 0) ? - exponent exponent;

if (exponent > MAXEXP)

exponent - MAXEXP;

fltaptr[*nbrptr] - (expsign -- -1) ? 0.0 : 1.0;

/* multiply number by its exponent */

power - (exp sign -- -1) ? 0.1 1 10.0;

for (i - 0 ; i < exponent ; i++)
fltaptr(*nbrptr] *- power;

/* multiply number by its sign */

fltaptr(*nbrptr] *- sign;
(*nbrptr) ++;
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/* stop if converted maximum number of elements */

if (*nbrptr -- maxlen) break;

/* see if illegal character following a legal number */

if (ch -- '-' 1I oh- '+' II ch-- '.')

break;

/* ignore delimiting spaces */

while (ch - ' ' II ch -'

ch - string(index++];

/* ignore delimiting :; , *

if ( ch -- ' :' I ch - ' I I ch -- ','

while ((ch - stringtindex++]) -= ' ' II ch -- =\t');

/* interpret successive , as zero entries in the array */

while ( ch -- :; 1 ch- 11 ch- )

if (*nbrptr < maxlen)

fltaptr[*nbrptr] 0;
(*nbrptr)++;

else break;

while((ch - string~index++]) .... II ch --

return (ch);

/* Stofa */
/* NHD

Stofa is like stofa except that maxnum is specified as a separate

argument from nbrptr

Stofa(inline, fltaptr, nbrptr,maxnum)
char *inline;
float *fltaptr;
int *nbrptr,maxnum;

*nbrptr - maxnum;

return stofa(inline,fltaptr,nbrptr);

/* Stoda */

/* NHD
Stoda is like stoda except that maxnum is specified as a separate
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argument from nbrptr
*/

Stoda(inline, fltaptr, nbrptr,maxnum)
char *inline;
double *fltaptr;
ant *nbrptr,maxnum;

-nbrptr - maxnum;

return stoda(inline,fltaptr,nbrptr),

/* getflta */
/* NHD

Get a string from stdin, and convert to an array of floating
point numbers. Return a NULL if read to end of line, or

return the character that the conversion failed in.

rev c: added maxnum as an argument
*/

#define LEN 131

getflta(fltaptr,nbrptr, maxnum)
float fltaptr(]; /* floating number array */
ant *nbrptr; /* pointer holding number of numbers converted */
ant maxnum; /* maximum size of fltaptr *1

char inline[LEN];

gets(inline);
return(Stofa(inline,fltaptr,nbrptr,maxnum));

/* fgetflta */
/* Norbert H Doerry

31 March 1988

Get a string from a file, and convert it to an array
of floating point numbers. Return a NULL if read to end of
line, or return with the character the conversion failed.
Returns a -1 if an EOF received.

rev c: added maxnum as an argument
*/

fgetflta(file,fltaptr,nbrptr,maxnum)
FILE *file;
float fltaptr]);
ant *nbrptr,maxnum;

char inline(LEN];
mnt ans;
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if (fgets(inline,LEN,file) -- NULL)
return -1;

ans - Stofa(inline, fltaptr, nbrptr,maxnum);
if (ans -- '\n') ans - NULL,
return ans;

/* parse */
/* Norbert H Doerry

11 July 1988

Parse a string into its elements that are separated by spaces.
maxlen is the maximum length of a parse element.
mascnt is the maximum number of elements to parse.
cnt is the number of elements parsed.
array contains the parsed strings.

rev c: also ignores tabs
*/

parse(string, array, maxlen,maxcnt,cnt)
char string[];
char array[];
int maxlen,maxcnt,*cnt;

int i,j,k;

i - J - k - 0;

while (string(iJ !- NULL && k < maxcnt)

j = 0;

/* strip off leading spaces and tabs */

while (string[i] -- ' ' 11 string(i] -- '\t' ) i++;

/* move characters to array */

while (string(i] I- ' ' && stringti] t- NULL &&

stringri] I- '\t' && j < maxlen - 1)

array(k*maxlen + j++] - string[i++];

/* terminate array element with NULL */

array[k*maxlen + J) - NULL;

/* read to end of element if exceed maxlen */

while (string(i] I- ' ' && string~ij !- '\t' && string(i] I- NULL) i++;
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/* increment word counter *

*cnt - k

/* suctoic *
/* Norbert Doerry

11 July 1988

This converts all the upper case characters in a string to lower case

suctolc (instring, outstring)

char inst ring C],out string (J;

int i;

for (i - 0; instring~i] !- NULL ; i++)

if (instringtiJ >- 'A' && instringtil <- 'Z')
outstring~il - instring~il - 'A' + 'a',

else

outstring(i] -instring(i);

outatring~i] - NULL;

1* sictouc *
/* NHD

This converts all the lower case characters in a string to upper case

slctouc (instring, outstring)
char instring C],outstring C];

int i;

for (i - 0; instringli] I NULL ; i++)

if (instring(i] >- 'a' && instring(i] <- 'z')
outstring~i] -instring(i] - 'a' + 'A';

else
outstringci] - instring(iJ;
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outstring(iJ - NULL;

/* strcmpa *

/* Norbert H Doerry
11 July 1988

This is like strcmp, except that case of letters are not considered

strcrnpa (stringi, string2)

char *stringl, *string2;

char *3trl,*str2;
char *malloco;
lint ans;

strl = malloc((unsigned) strlen(stringl) + 1);
str2 - malloc((unsigned) strlen(string2) + 1);

alctouc(stringl, stri);

sictouc (string2, str2);

ans = strcmp(strl,str2);

free(strl);

free (str2),

return ans;

/* strncmpa *
/* Norbert H Doerry

11 Juloy 1988

This is like strncrnp, except that case of letters are not considered

strzicmpa(stringl, string2, n)

char *stringl, *atring2;

nt, n,

ci~ar *strl, *str2;
char *maillcco;

int ann;

strl malloc((uneigned)strlen(stringl) + 1);

str2 -malloc((unsigned)strlen(string2) + 1);

oictouc (stringi, strl);

aictouc (stringZ, str2);
ano - st~rncn'p(strl,ztr2,n);

free (strl);
free (str2);
return ans;
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/* atraplit */
/* This routine returns a substring of an input string. The substring

begins after n words are encountered in the input string. It ends
on the encounter of a new line character or the end of the input
string. len is the maximum length of string.

*!/

*trsplit (inlines, n, len)
char *inlkne,*a,
int nien;

int i,j,ki

i - 0O

while (inline(i] -- , , ) i4+; /* strip off leading blanks */

for (j - 0; j < n && inlineoi] I- NULL ; j++) /* read in n words */

while (inline~i] !- NULL && inline~i) ! ' ' && inline~i] ! '\t') i++;

/* strip off trailing blanks and tabs */
while (inline[i] 11 ' ' II inlineai] =- '\t') i++;

k - 0;

/* copy string */

while (inline i] != NULL && inline[i] != '\n' && k < len - 1)

sak++] = inline[i++];

/* terminate with NULL */

s(k] = NULL,

/* strip off trailing blanks */

for (j = strlen(s) - 1 ; s~j] . . H sCi] -- '\t' II
s[j] =- '\n' ; s~j--] - NULL);

/* stratrip */

/* stratrip strips a string of leading and trailing spaces and tabs */

etratrip (s)
char *s;

int i,j;

/* find first none space or tab */
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for (i - 0 ; sEi] == ' ' II s~i] -- '\t' : i++);

/* copy string */

for (j - 0 ; s[i] I- NULL ; s(j++] - sli++]);

s[j] - NULL;

/* delete trailing spaces and tabs and Cr*/

for (j - strlen(s) - 1 ; s(j] -- I 1 11 jj -- '\t' 1i

s~j] -- '\n' ; s(j--] - NULL);

/* strextract */
/* strextract returns the nth word in a string */

strextract (in, out, n, len)
char *in,*out; /* in is the input string , out is the output string */
int n,len; /* n is the desired word numher , len is max len of out */

int i,j;

/* strip off the leading spaces and tabs */

for (i - 0 : in~i] -- I 1 11l in[i] - t';i++);

/* ignore the first n-i words */

for (j = 0 ; j < n - 1 ; j++)

while (inmi] I- ' && in(i] I- '\t' && in(iA] - NULL) i++;
while (in(il -- ' in[i] -- '\t') i++;

/* copy the nth word */

for (j - 0 ; j < len - 1 && in)i I- NULL && inmi] ' ' I in(i] I- '\t'
&& inri) !- '\n' ; j++ , i4+)

out(j] - inCi];

out(j] - NULL;
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/* load device.c */
/* Norbert H. Doerry

22 October 1988

This routine loads in the device characteristics for a given number of
devices.

*/
#include <stdio.h>
#include "doerry.h"

loaddevice (d,n, in, typ, d.function,dname,ndev)
DEVICE **d; /* array of pointers to device structures */
int n; /* number of device structures to read in */
int typ; /* beginning number used for type */
FILE *in; /* input file stream */
int (**dfunction)(); /* array of pointers to device functions */
char *d_name(]; /* array of device names */
int ndev; /* total number of devices */

int i , j , k , ans , typa,

ans = 0;

typa - typ;

/* read in data from file */

for (10 ; i < n ; typa++ , i++)

j = readdevice(dti),in,typa) ;

/* see if bad data */

if (j -= 1)

printf(" ERROR reading %d device %s\n",typa,d[i]->name);

ans = 1

else if (j 2)

printf(" EOF reached reading %d device %s\n",typa,d[i]->name);

return 2;

for (k - 0 ; strcmp(d[i]->name,d_name~k]) !- 0 && k < ndev ; k++);

if (k < ndev) /* found the name

d[i]->f = d function~k]; /* copy the function address */

else
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printf(" ERROR device %t is undefined %a\n",d~i]->name):
ans - 1;

return ans;
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/* load element.c */
/* Norbert H. Doerry

9 November 1988

This file contains a function for loading the element descriptions
from an input file. The form of the element description is

DEVICE ELEMENT
PARAMETERNAME PARAMETER

II II

END

where

DEVICE is the name of the device type (i.e. resistor)
ELEMENT is the specific element name (i.e. Rl)
PARAMETER NAME is the name of the DEVICE PARAMETER (i.e. R)
PARAMETER is the value of the Parameter (i.e. 100 )

additionally, an INCLUDE statement can be substituted for an
Element Description. An INCLUDE statement has the following
form:

INCLUDE filename

where 'filename' is another file containing element descriptions

*** Modified 9 January ***
changed parameter for passing stream. Now pass structure
of STREAMPTR instead of FILE. This improves inciude file
handling.

*/

/* The following structure is used to read in the elements because the
total number of elements is not known until all the devices are read
in.

#include <stdio.h>
#include "doerry.h"

typedef struct ElementPtr

ELEMENT *e; /* present element */
struct ElementPtr *last; /* pointer to last structure holding element */

ELEMENT PTR;
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int load element(strml, eenelm, dev, ndev, errflag)
STREAM PTR **strml;
ELEMENT **ee; /* pointer to array of element descriptions */
int *nelm; /* number of elements read in */
DEVICE **deov; /* array of device descriptions */
int ndev; /* number of devices in above array */
int *errflag;

ELEMENT PTR *tempelant , *slant;
ELEMENT **e;
int i,flag, serial;
char *calloc();
STREAMPTR *temp-strm,*strm;
char filenameLMAXCHAR];

/* initialize starting structures */

elmnt = (ELEMENTPTR *) calloc(l,sizeof(ELEMENTPTR));
elmnt->e - (ELEMENT *) calloc(l,sizeof(ELEMENT));
elmnt->last - NULL; /* indicator that this is the first stream */

serial = 1;

wh4 .le (1)

strm = *strml;

flag - read-element(elmnt->e,strm, serial, dev, ndev);

/* see if reached EOF */

if (flag -= 2)

if (strm->last -- NULL) /* read to the end of the first file */

free (strm);
printf(" *** Error Line %d in file %s\n",

strm->linenbr, strm->filename);
printf(" *** EOF before NETWORK statement s\n\n"j;
*errflag - 1;

return 1;

/* read to the end of one of the include files */

fclose(strm->in);

/* bump back to last stream */

temp-strm = strm;
strm - strm->last;
free(temp_strm);
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*strml - strm;

continue;

/* see if unable to find device type */

if (flag -- -2)

/* see if include file */

if (strnompa(elmnt->e->name, "INCLUDE",3) - 0)

open include(atrml,elmnt->e->name,errflag);
continue;

/* see if end of section */

if (strncmpa(elmnt->e->name,"NETWORK",7) -- 0)

flag - 0; /* successful load */

break;

/* genuine bad device name /

printf(" *** Error Line %d in file %a\n",
strm->line nbr, strm->filenazme);

printf(" *** Unable to Interpret : %a ***\n",elmnt->s->name);
*errflag - 1;
continue;

/* read in an element */

/* see if bad data encountered */

if (flag -- 1)

printf(" *** Error Line %d in file %a\n",
atrm->linenbr,otrm->filename);

printf(" *** Encountered Bad Data Reading Element : %a ***\n",
elmnt->e->name);

*errflag - 1;

/* see if incomplete definition of parameters */
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if (flag -- -1)

printf(" *** Error Line %d in file %&\n",
strm->line_nbr, strm->filenam%);

printf(" *** Incomplete Parameters for Element : %a ***\n"t,

elmnt->e->name);
*errflag - 1:

/* allocate the element structure block for the next element */

tampelmunt - elmnt;

elmnt - (ELEMENTPTR *) aalloc((unnigned) l,sizeof(ELEMENT PTR));
elmnt->last - temp elmnt;
elmnt->e - (ELEMENT *) calloc((unnigned) lsizeof(ELEMENT));
serial++; /* increment serial number of element */

/* create element array */

serial--; /* serial is now the number of elements */

*nelm - serial;

e - (ELEMENT **)calloc((unsigned) serial,aizeof(ELEMENT *));
*ee - e:

/* create array of element pointers */

f',r (i - 0 , elmnt - elmnt->last ; elmnt I- NULL;i++)

e[i] e olmnt->e;
temp_elmnt - elmnt;
elmnt - elmnt->last;
free(temp-elmnt);

*strml - strm:

return 0;
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/* load initial.c */
/* Norbert H. Doerry

20 January 1989

The following sections comprise the initialization section

INITIALIZE

EXTERNAL INPUTS INITIALIZATION
NODE VOLTAGE INITIALIZATION

The initialization section ends when the keyword SIMULATION is reached

INITIALIZE
each line of the initialization is of the form:

ELEMENT : VARIABLE VALUE

where 'VARIABLE' can be a state or input variable.
the section ends with the keyword 'END'

EXTERNAL INPUTS INITIALIZATION
each line of the external input initialization is of the form:

ELEMENT : EXTERNALINPUT VALUE

the section ends with the keyword 'END'

NODE VOLTAGE INITIALIZATION
each line of the node voltage initialization is of the form:

NODE : SUBNODE VALUE

the section ends with the keyword 'END'

NOTE : this initialization is only necessary for Voltage Subnodes.
If a current subnode or a reference voltage subnode is specified,
a warning is generated.

The initialization section ends when the keyword SIMULATION is reached
which indicates that the the next and final section starts.

#include <stdio.h>

#include <math.h>

#include "doerry.h"

load initial(strml,e,nelm,nn,nnode,inline,errflag,eof)
STREAM PTR **strml;

ELEMENT **e,

int nelm;
char *inline;

mnt *errflag;
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NODE **flfl

int nnode;
int eoft /* if eof - 0, then looks for 'SIMULATATION' to terminate section

otherwise, looks for the end of the file *

mnt i,J, k, flag,
STREAMPTR *temp-strm,*strm;

char *calleco;

char filerame (KAXCHARJ;

stratrip (inline);

flag - 0;

while (1)

if (strncmpa(inline,"INITIALIZE",7) wn0)

flag - read-init(strml,e, nelm, inline,errf lag);

else if (strncmpa(inline,"EXTERNAL',7) -- 0)
flag - read-ext-init(strinl,e,nelm,inline,errflag);

else if (strncmpa(inline,"NODE VOLTAGE",7) -- 0)

flag - read-node-volt(strrnl,nn,nnode,inlirie,errf lag);

else if (strncmpa(inline,"SIMULATION",7) -- 0)

return 0; /* read to end of initialization routine *

else if (strncmpa(inline,"INCLUDE",7) -M 0)

open include (strml, inline, errflag);

else if (inline(0] I- 'PD && inlineCO] I-NULL 6& inline(O] I- ''

strm - *utrml;

printf(" ** Error Line %d in file %s\n",
strm->line nbr, strm->filenaxne):

printf(" *** INITIALIZE Syntax Error :\n %s\n\n"l,inline);
*errflag - 1;

/*see if flag is one, which signifies that other routines ran out
of file to read */

if (flag !- 0) return 1;

/* read in next line *

strm - *strml;

strm->line nbr +- 1; /* increment line counter *
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while (fgets(inline,MA.XCHARastrm->in) -- NULL)

/* Read to the end of the file, time to pop up one, in the include

stack */

folos.(strm->in);

if (strm->last -- NULL) /* read back to the beginning *

free (stm);

/*see if eof is set, if so, then done*/

if (eof) return 0;

/* otherwise, reading to an end of file is an error

printf(" ** Error Line %d in file %a\nl"
atrmr->line nbr, strm->filensme);

printf(" ***' LOF Reached before SIMULATION statement\n"):

*errflag - 1;
return 1;

temp strm, strm;

strm - strm->last;

free (temp strm);

*srl¶¶- strm;

strstrip(inline);

open include (strml, inline, errflag)

STREAM PTR **strml;

char *inline;

mnt *errf lag;

char filename (MAXCHARJ;
STREAM-PTR *temp-strm,*strm;

strm - *strml,

/* grab filename *

stroplit (inline,filenazne, 1,MAXCHAR);

/* allocate new stream pointer structure ~

temp_8trM - strm; /* save present pointer *
strm = (STREAMPTR *) calloc((unaigned) i,sizeof(STREAMPTR));
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strm->last a temp atrm,
atrm->lino-nbr - 0;

strcpy(strm->filoname, filename):

/* try to open file */

aitrm->in - fopen(filename,"r");

/* see if unsuccessful *

if (strm->in -- N~ULL)

/* bump back to last stream ~

temp strin - strm;
strm - strm->last;
free(temp-strm),

printf(" *** Error Line %d in file %s\n"
strm->line.nbr, strm->filename);

printf(" ** Unable to Open Include File %s\n",filename);
*errflag - 1;
return 1;

else

printf(" @@@ Successfully Opened Include File %\"

filename);

*5sflml - strm;

return 0;

read-init (strml, e, neln, inline, errflag)
STREAMPTR **stmml;

ELEMENT **e;

mnt neim;
char *inline;
nt, *errflag;

STREAMIPTR *strm, *temfp-stnfl*
char lin.(MAXCHAR);

char e name(MAXCHAR];
char v_name (MAXCHAR);
nt, i,j,k,ncnt,

double value;

while (1)
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/* read in next line */

strm - *strml;

strm->line nbr +- 1; /* increment line counter */

while (fgets(inline,MAXCHAR,strm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include
stack */

fclose (strm->in);

if (strm->last -- NULL) /* read back to the beginning */

free (strm);
printf(" *** Error Line %d in file %s\n",

strm->linenbr,strm->filename);

printf(" *** EOF Reached before END statement in %s\n",
"INITIALIZE");

*errflag - 1;

return 1;

temp_strm - strm;
strm = strm->last;
free(tempstrm);

*strml - strm;

strstrip(inline);

/* see if a comment line */

if (inline(0] == NULL II inline(0] == ' !' I inlineCO] = #1)

continue;

/* see if end command */

if (strncmpa(inline,"END",3) -= 0)

break;

/* see if include file */

3f (strncmpa(inline,"INCLUDE",7) -- 0)

openinclude(strml, inline,errflag);
continue;

/* must be an element variable initialization */
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/* copy element name

for (i - 0 ;inline(iJ I- NULL &&inline(iJ I- i'; .+)
e-name(J.] -inlineji];

e name Ci] - NULL:
stratrip (e-name);,

/* strip off tabs and spaces *

for (i.4+; inline~i] -- I 1 11 inlineti] -- '\t'; i++);

/* copy variable name *

for (j - 0 ; inline(i] I- NULL £6 inline~l] I- ' A&£ inline[i] a-I~l

i+4+, J++)
v~name~j] - inline(iJ;

v~name~jj - NULL;

stratrip (v-name);

/* copy value */

for (j - 0 ;inline(i] !- NULL ; i++,j++)
line(j] ainline~i];

lineji] - NULL;
Stoda (line, Lvalue, £ncnt, 1);

if (nont -- 0) /* initialize to zero ~
value - 0.0;

/* find the element *

for (i = 0 ; i < nelm 6£ strcmp(e-name,e(i]->name) 1- 0 ;i++);

if (3. >- nelm) /* didn't find the element *

printf(" *** Error Line %d in file %s\n",
strm->line nbr, strm->filename);

printf(" ** ELEMENT Not Found Error (%s) :\n %s\n\n",

a name~inline);
*errflag - 1;

continue;

/* find the state variable *

for (j - 0 ; j < e(i]->device->nbr-states &&
strcmp(v~name,e~i]->device->state-name~j]) I0 j; )

if (j < e(i]->device->nbr-states)

/* initialize the state variable *

e(i)->con.init statefj) value;

continue;
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/* see if its an input variable 5

for (j - 0 ; j < e~i]->devi~ce->nbr -inputs &
stromp(v~namne,e~i]->device->inpit-namefjl) 0 :j++),

if (j < e(i]->devic.-->nbr in-puts)

/* initialize the input variable 5

e(i)->con.init-min~] - value;

continue;

/* can't recognize the variable 5

printf(" ** Error Line %d in file %s\n",
strrn->line nbr, strm->filename);

printf(' VARIABLE Not Found Error (%s) :\n %s\n\n"

v_narne,inline);

*errflag - 1;

return 0:

read-ext-init(strml,e,nelm,iniine,errflag)

STREANPTR **strml;

ELEMENT **e;

int nelm;

char *inline;

mnt *errflag;

STREAMNPTR *strm, 5tempstrm;

char line (MAXCHARJ;

char e name(MAXCHAIRJ;

char v name CHAXCILAR];

mnt i,j,k,ncnt;
double value;

while (1)

/5 read in next line 5

strm = *strml;

strm->line nbr += 1; /* increment line counter 5
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while (fgets(inlineMAXCHAR, strm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include
stack */

fclose (strm->in);

if (strm->last -= NULL) /* read back to the beginning */

free(strm);
printf(" *** Error Line %d in file %s\n",

strm->linenbr, strm->filename);
printf(" *** EOF Reached before END statement in %s\n",

"INITIALIZE"),
*errflag - 1;
return 1;

temp-strm = strm;
strm = strm->last;

free(temp_strm);

*strml = strm;

strstrip(inline);

/* see if a comment */

if (inline(0] - NULL II inline(O] =- 'I' II inline[O] =

continue;

/* see if end command */

if (strcmpa(inline,"END") - 0)
break;

/* see if include file */

if (strcmpa(inline,"INCLUDE") -- 0)

openinclude (strml, inline, errflag);
continue;

/* must be an element variable initialization */

/* copy element name

for (i = 0 ; inline(i] 1= NULL && inline(i] ' :' ; i++)
e_name~i] inline~i];

e nameli] - NULL;

strstrip(e name);
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/* strip off tabs and spaces *1

for (i++; inline(i] -- ' ' II inline~i] -- '\t'; i++);

/* copy variable name */

for (j - 0 ; inlineii] I- NULL 6& inline(i) - ' ' && inlineii) I- '\t';
i++, j++)

v-name(j] - inline(iJ;
v name[j] -- NULL;

strstrip(v name);

/* copy value */

for (j - 0 ; inline~i] I- NULL ; i++,j4t+)

line[j] = inline~i];
linoE[j] = NULL;
Stoda (line, &value, &ncnt, 1);

if (ncnt -= 0) /* initialize to zero
valt!& - 0.0;

/* find the element */

for (i = 0 ; i < nelm && strcmp(e-name,e~i]->name) 0 ; i++);

if (i >- nelm) /* didn't find the element */

printf(" *** Error Line %d in file %s\n",
strm->linenbr, strm->filenamae);

printf(" *** ELEMENT Not Found Error (%s) :\n %s\n\n",
e_name,inline);

*errflag 1 1;

continue;

/* find the external input variable */

for (j = 0 ; j < e[i]->device->nbr extin &&
strcmp(vname,e[i]->device->extin name(j]) I- 0 ; j++);

if (j >= e(i]->device->nbrextin) /* didn't find the external input*/

printf(" *** Error Line %d in file %s\n",

strm->linenbr,strm->filename);
printf(" *** EXTERNAL INPUT Not Found Error (%s) :\n %s\n\n",

vname,inline);
*errflag - 1;

continue;

/* initialize the state variable */
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e~i)->con.init-extjin Ci] -value;

return 0:

read -node volt (atrml, m, nniod., inline, ejrflag)
STRZAMPTR **atzrnl;

char *inline;
int *errf lag;
NODE **n.n;

int nnode;

STREAMPTR *strm,*temp_strm;
char line[MAXCHAR];

char n name (MAXCHAR1;

char a n&me(MAXCHAR);

int i,j,k,ncnt;
double value;

while(2.)

/* read in next line *

strm - *Strml;

strm->line-nbr +- 1; /* increment line counter *

while (fqets(inline,MAXCHAR,strm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include
stack *

f close (strrm->in);

if (strrr->last -- NULL) /* read back to the beginning *

free(strm);
printf(" *** Error Line %d in file %&\n",

strm->line nbr, strm->filenazne);

printf(" ** EOF Reached before END statement in %s\n",
"INITIALIZE");

*errflag -1;

return 1;

temp-strm -strm;
strm - strrn->last;

free(temp_strm);

*strml - strm:
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stratrip(inline)i

/*see if comument line *

if (inline (0] -- NULL t11 inline (0] '1' 11I inline (0]m DI
continue:

1* see if end command *

if (atrncmpa(inline,"END",3) -- 0)

break;

/* see if include file *

if (atrncmpa(inline, "INCLUDE",7) -- 0)

open include (atrml, inline, errflag);
continue:

/* must be an node voltage initialization *

/* copy node name *

for (i - 0 ;inline(i) I- NULL && inline~i] 1- 1;1 1 ++)
n-name~i] inline~i];

n-name (i) - NULL,

stratrip(n name);

/* strip off tabs and spaces *

for (i++; inlineti] minline~i] -- '\t': i++);

/* copy subnode name

for (j - 0 ; inline~i] I- NULL a& inline~i] I-' inline(i] I-m~l

i++, j++)
s-nazne(j] - inline~i];

a-naxne~j] - NULL;
strstrip(s name);

/* copy value */

for (j -0 ;inline~i] I- NULL ; i++,j++)
line(j] =inline(i];

line~i] - NULL;

Stoda (line, &valueffincnt, 1);

if (ncnt -- 0) /* initialize to zero
value - 0.0;
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/* find the node*/

for (i - 0 ; i < nnode && atrornp(n~nwnenn(iJ->nazne) 1- 0 ; i++);

if Ui >- nnode) /* didn't find the element ~

printf(" ** Error Line %d in file %u\n"f,
strm->line -nbr, etrm->filename):

printf(" *** NODE Not Found Error (%a) :\n %s\n\n11,
n~name, inline):

*orrflag - 1;

continue:

/* find the subnode*/

for (j - 0 ; j < nnti]->nbr subnode &

strcmp(s_name,nn[i]->subnode(j]->namne) 1- 0 , J++),

if (j >- nn~i]->nbr-aubnode) /* didn't find the subnode *

printf(" ** Error Line %d in file %a\n'1,
strm->line nbr, atrm->filenaxme);

printf(" ** SUBNODE Not Found Error (%a) :\n %9\n\n",
9 name,inline);

*errflag . 1;

continue;

/* initialize the subnode *

nn(i)->subnode[j]->init volt - value;

/* see if current subnode */

if (nn(i]->subnodecj]->type 1)

printf("*** WARNING Line %d in file %s\n",

strm->line nbr, otrm->filename);

printf(" ** Initialization of Current Subnode Ignored :\n");
printf(' %9\n\n', inline);

/* see if reference node *

else if (nn(i]->subnode[j]->ref flag -- 1)

printf("*** WARNING Line %bd in file %9\n",
strm->line nbr, atrni->filenazne);

printf(' ** Initialization of Reference Voltage Subnode :\n"),

printf(" *s\n\n", inline);
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return 0;
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/* load network.c */
/* Norbert H. Doerry

26 January 1989

This file contains a function for loading the network descriptions
from an input file.

The network descriptions are read in until one of the following
keywords is reached:

INITIALIZE
EXTERNAL (INPUTS INITIALIZATION)
NODE VOLTAGE
SIMULATION

The INCLUDE keyword causes data to be taken from
that file.

*/

#include <stdio.h>
#include "doerry.h"

int load_network(strml,nn,nnodee,nelm, errflag)
STREAMPTR **strml;
NODE ***nn; /* an array of pointers to NODES */
int *nnode:
ELEMENT **e;
int nelm;
int *errflag;

STREAMPTR *strm,*tempstrm;
char *calloc,()
int i,jok,l,m,mm,flag,serial,node ctr;

NODE *n,*newnode;
char filename[MAXCHAR];

strm = *strml;

n - (NODE *) calloc(1, sizeof(NODE));
n->last - NULL;
flag - 0;
node ctr - 0;

while (1)

flag - read network(strm, n,e, nelm, errflag);

/* see if end of block */

if (flag -- -1 6& (strncmpa(n->name,"INITIALIZE",7) -- 0 II
strncmpa(n->name,"EXTERNAL",7) -- 0 I
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strncmpa(n->name, "SIMULATION', 7) == 0 I
strncmpa (n->name, "NODE VOLTAGE'1,7) -- 0))

flag - 0;

break;

/* see if include file ~

if (flag --- 1 && strncmpa(n->nmam,"INCLUDE'",7) -- 0)

/* grab filename *

straplit (n->name, filename, 1,MAXCIIAR):

/* allocate new stream pointer structure *

temp strm - strm; /* save present pointer *
strm - (STREAM_-PTR *) calloc((unsigned) l,sizeof(STREAMPTR)),

strm->last - temp-strm;

strm->line nbr - 0;
atrcpy(strm->filename, filename);

/* try to open file */

strm->in - fopen(filename,"r"),

/*see if unsuccessful *

if (strm->in -- NULL)

/* bump back to last stream ~

temp-strin - strm;
strm -strm->last;

free (temp strm);

printf(" *** Error Line %d in file %s\nl"

strin->line-nbr,strm->filenam*);

printf(" **,* Unable to Open Include File %s\n",filename);

*errflag -~ 1;

else

flag -0;
printf(" @@ Successfully Opened Include File :ý\"

filename);

continue;
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if (flag -- -1)

printf(' *** Error Line %d in file %s\n",
strm->line nbr, strm->filename),

printf(" *** NETWORK Syntax Error :\n %P\n\n",n->name);
free (n->name);
*errflag - 1;

continue;

/* See if read to end of file, if so, pop up one include file */

if (flag -- 2)

if (strm->last -- NULL) /* read to the end of the first file */

printf(" *** Error Line %d in file %s\n",
strm->linenbr, strm->filename);

printf(" * EOF reached in NETWORK section:\n\n");
break;

/* read to the end of one of the include files */

fclose (strm->in);

/* bump back to last stream */

tempAtrm - strm;
strm - strm->last;
free(temp_strm);

flag - 0;

continue;

/* allocate the new node */

new-node - (NODE *) calloc(l,sizeof (NODE));

if (new-node i NULL)

*errflag - 1;
*strml - strm;

printf(" *** Error Line %d in file %s\n",
strm->line nbr,strm->filename);
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printf(" ** Out of MEMORY\n"):

return 1;

new node->last - n;
n - new-node;

/* increment node counter */

nodeotr++;

if (flag)

*strml - strm;
*errflag - 1;

/* stop doing any more work if an error has been detected */

if (flag -- -3 1I flag -- 2)
return 1;

else
return 0;

/* put the NODE structures into an array of pointers */

*nnode - nodectr;

*nn - (NODE **) calloc(nodectr + l,sizeof(NODE C));

(*nn) (nodectr] - n;

for (i = 0 ; i < node ctr ; i++)

(*nn) [node ctr - i - 1) - n->last;

n = n->last;

/* check which elements are used and not used in network description */
/* print out those elements which are not used */

for (i - O,j - 0 ; i < nelm ; i++) /* j is first time flag */

if (e~i]->flag -- 1) continue; /* goto next element */

if (j -- 0)

printf("\n\n *** WARNING : The following Elements are defined");

printf(" but not used : \n");
j - 1;

printf(" %s\n",e[i]->name);
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/* check to ensure that for all the elements that are used, all of their
inputs are attached to a node. */

for (i - 0; 1 < nelm ; i++) /* J is first time flag */

if (eli]->flag -- 0) continue; /* go to next element if not used */

/* loop for each node variable */

for (k j - 0 ; k < e~i]->device->nbr inputs ; k++,j - 0)

/* loop for each node */
for (I - 0 ; 1 < *nnode ; 1++)

/* loop for each subnode */

for (m - 0 ; m < (*nn) [l]->nbrsubnode ; m++)

/* loop for each connection in each subnode */

for (mm - 0 ; mm < (*nn)(l]->subnodetm]->nbr connect ; mm++)

if (strcmp(eji]->name,
(*nn) (l]->subnodelm]->element[mn]) 1- 0)

continue; /* go on if element names don't match */

if (strcmp(e(i]->device->inputnamesk),
(*nn) [l]->subnode[m]->variable[mm]) !- 0)

continue; /* go on if variable names don't match */

j++; /* j is the number of nodes an input variable

is attached to */

if (j == 0)

printf(" *** ERROR : Input Variable not attached to a node :\n");
printf(" *** Element : %s 11 Input Variable : %s ***\nit,

e i]->name,
ej[i->device->input name(k]);

*errflag = 1;

else if (j 1)

printf(" *** ERROR : Input Variable attached to %d nodes :\n",

j);
printf(" ** Element : I% Input Variable : %s ***\nit,

e (i] ->name,
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Sri] ->devioe->input name Ek]):
*.rrflag - 1;

*attrml strffi

.retu~rn flag;
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/* load simulation.c */
/* Norbert H. Doerry

27 January 1989

This routine loads in all the information required to run the simulation

of the program. The Display section lists all the external output
variables that may be printed out.

TIME-STEP command sets the time step increment.
THIN command sets the starting time of the simulation.
TMAX command sets the ending time of the simulation.
DELTA is the fractional part of a variable that is used in calculating

the jacobian.
DELTAMIN is the minimum change in a variable for calculating the

jacobian in case the variable is very small.
PRINTSTEP sets the time increment for printing the values of the

external variables.

MAX ITERATION is the maximum number of iterations of the Newton-Raphson

method used before a failure to converge error is generated

CONVERGE is the maximum mean square error of the implicit vector that
is allowed for a balanced solution.

The Reference Section sets the voltage and current nodes and subnodes
that are to be used as references. The reference voltage node is

always set equal to specified voltage (default is zero volts).
The reference current ode is not used to create a current law equation
(This prevents a singular matrix)

The External Input Command specifies the values of different
external inputs at different times.

The format is:

SIMULATION

DISPLAY
ELEMENT : EXTERNAL OUTPUT VARIABLE

1I II
\I /\II/
\I/ \/h

END

TIMIE STEP VALUE

TMIN VALUE
TMAX VALUE

PRINTSTEP VALUE

DELTA VALUE
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DELTA MIN VALUE

R FERENCE

V NODE i SUBNODE VALUE
I NODE i SUBNODE
END

MAX ITERATION VALUE
CONVERGE VALUE

EXTERNAL INPUTS
ELEMENT i EXTERNALINPUTVARIABLE VALUE TIME

II II II II
II II II II

END

*1

#include <stdio.h>
#include <math.h>
#include "doerry.h"

#define DEBUG 0

load simulation(strml,enelm, nnnnode,q,nbrq, simulato,pv, errflag)
STREAM PTR **strml; /* pointer to pointer of current stream structure */
ELEMENT **ea /* array of pointers to element structures */
i.nt nelm; /* number of elements in element array */
NODE **nn; /* array of pointers to node structures */
int nnode; /* numbar of elements in node array */
QUEUE ***q; /* pointer to an array of pointers to queue structures */
int *nbrq; /* number of elements in array of pointers to queue structures */
SIMULATE *simulate; /* structure for simulation comnmands */
PRINTVAR *pv;/* pointer to first PRINT VAR structure */
int *errflag; /* error flag, if - 1, cannot run simulation

int i, J, jj,k, flag;
STREAMPTR *temp_strm,*strm;
char *calloc(;
char inline(MAXCHAR];

QUEUE **qq,*q temp;
double temp;

qq (QUEUE *) calloc(l, sizeof(QUEUE *));

*qq - (QUEUE *) calloc(l, sizeof(QUEUE ));

(*qq)->last - NULL: /* signal that this in first queue */

jj - 1;

flag - 0; /* flag for ran out of file too soon
while(jj)
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/* read in next line *

strm - *str~nl;

strm-~>line nbr +- 1; 1* increment line counter ~

while (fgets(inline,MAXCH.AR,strm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include
stack */

fclose (strm->in);

if (strm->last -- NULL) /* read back to the beginning, we are done *

free (strm);

jj - 0;

break;

temp strm - strm;
strm = strm->last;
free (temp atrm);

*strml - strm;

if (ii -- 0) break; /* exit loop if done *

strstrip(inline);

/*see if line is a comment ~

if (inline(0] -- '1' 11 inlineCO] 1#'I I inline[0J -NULL)

continue;

/*see if a valid command *

if (strncmpa(inline,"DISPLAY"I,7) -- 0)

flag - read diaplay(strml,e,nelm,nin,nnode,pv, errf lag);

else if (strncmpa(inline,ttTIMESTEP",7) -- 0)

read-value(strml, &(simulate->dt) ,inline,errflag);

else if (strncmpa(inline,"TMIN",4) == 0)

read-value(strml, &(simulate->tmin) ,inline,errflag);

else if (strncmpa(inline,"TMAX",4) -- 0)
read-value(strml, &(aimulate->tmax) ,inline,errflag);

else if (strncmpa(inline,"PRINT_-STEP",7) -- 0)
read-value(strml,&(simulate->print dt) ,inline,errflag);
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else if (strncmpa(inline,"DELTA -MItI",S) == 0)

read value (stniml, &(airulate->delta-min, inline, .rrf lag):

else if (strncmpa(inline,"DELTA",4) -- 0)

read value (strml, &(simulate->delta) ,inline, errf lag):,

else if (strncmpa(inline,"CONVERGE"I,7) -- 0)

read-value (strml, &(simulate->contverg.), inline, errflag),

else if (strncmpa(inine,"MAXITERATION",7) -- 0)

read value (strml, &temp, inline, errflag);

simulate->max iteration - (int) temp:

else if (strncmpa(inline,"REFERENCE",7) -- 0)

flag = read-reference (strml, simulate, nn,nnode,errflag);

else if (strncnipa(inline,"EXTERNAL INPUTS",7) -- 0)

flag - read-external(.strml,qq,e,nelm, errf lag);

else if (strncmpa(inline,"INCLUDE",7) -= 0)

open include(strml, inline~errflag);

if (flag) return 1; /* ran out of file too soon

/* find out how many queue structures we have *

qtemp = *qq;

for (i - 0 ; c~temp->last I- NULL ; q~temp - qternp->last i, )

*nbrq i

if (i1= 0) return 0; /* return if no queue structures *

/* allocate array for the queue structures ~

*q (QUEUE **)calloc(i,sizeof (QUEUE *j

/*see if out of memory *

if (*q -- NULL)

printf(" OUT of MEMORY ERROR ***\n");

*errflag =1

return 1;

/ * store pointers in array *
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for (q~temp - *qq 0 ;i-

q~tenmp->last I- NULL:
q~temp - q~temp->laut ,i++)

(*q) Ci] - c~temp->laat:

/* sort array by time (This is a bubble sort) *

flag - 1;
while (flag -- 1)

flag - 0;

for (i -1 ; i < *nbrq ;i++)

if ( (*q)[i]->time >- (*q)ti-l]->time

continue; /* in proper order C

,*must switch two entries around *

c_ýtemp =(*q) (i];

(*q) ji-1J - q~temp,

/w set flag to 1 to continue checking *

flag = 1;

if (DEBUG)

for (i -0 ; i < *nbrq ; i++)

pr-'nt-f("ftlm - %d , var - %d , val - %f , time =%f\n", (*q) Ci] ->elm,

(*q) ti]->var, (*q) (i]->value ,(*q) (iJ->time);

return 0;

read-value(strtnl,val, inline,errflag)

STREAMPTR **atrml;

double *val;

char *inline;
mnt *errflag;

STREAM PTR *strm;

char line (4A.XCHAR];
mnt ncnt,i;
double value;

strm - *strml;
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/* strip off the command */

straplit(inline,line, l,MAXCHAR);

/* strip line */

strstrip(line);

/* convert the number */

Stoda(line,&ivalue,&nont, 1);

/* set the initialization value */

if (value >- 0 && ncnt 1)
*val - value;

else

printf(" *** Error Line %d in file %s\n",
strm->line nbr, strm->filename);

printf(" *** SYNTAX ERROR:\n %s\n\n",inline);
*errflag = 1;

/* print results if debug */

if (DEBUG)
printf("inline = %s : line = %s : value = %f\n",inline,linevalue);

read display(strml,e,nelm,nn,nnode,pv,errflag)
STREAMPTR **strml; /* pointer to pointer of current stream structure */
ELEMENT **e; /* array of pointers to element structures **
int nelm; /* number of elements in element array */
NODE **nn; /* node array */
int nnode; /* number of elements in node array */
PRINT-VAR *pv;/* pointer to first PRINTVAR structure in chain
int *errflag; /* error flag, if - 1, cannot run simulation

int i,j,k, flag;
STREAM PTR *temp_strm,*strm;
char *calloco;
char vname(MAXCHAR],e_name[MAXCHAR];
char inline(MAXCHAR];
PRINTVAR *temp;

while(l)
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/* read in next line */

strm - *strml;

strm->line nbr + 1: /* increment line counter */

while (fgets(inline,MAXCHAR,strm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include
stack */

fclose (.trm->in);

if (strm->last - NULL) /* read back to the beginning */

free(strm);
printf(" *** Error Line %d in file %s\n",

strm->linenbr, strm->filename);
printf(" *** EOF reached in DISPLAY :\n %s\n\n',inline);
*errflag - 1;

return 1;

tempstrm - strm;
strm - strm->laat;
free (temp_strm);

*strml - strm;

strstrip(inline);

/* see if line is a comment */

if (inline(O] -- 'I' II inline(O[ -- '#' 1I inline[O] -- NULL)
continue;

/* see if done */

if (strncmpa(inline,"END",3) -- 0)

return 0:

/* see if include file */

else if (strncmpa(inline,"INCLUDE",7) 0)
openinclude(strml,inline,errflag);

/* must be an element variable descripton */

/* copy element name
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for (U - 0 ;inlineri] I- NULL 66 inline[iJ I- 'z' ; i++)

*_naxne(i] inlineti]:

a-name (i) - NULL;
stratrip(e name):

/* strip off tabs and spaces *

for (i4+: inline~i] -- I 1 11 inline(i] -- '\t': i++);

1* copy variable name *

for (J - 0 ;inline(i] I- NULL && inline(i] 1- ' & inlineti] I- '\t':
i++, J++)

v-naznefj] inlineti],
v name (j) - NULL:

atratrip(v name);

/* find the element *

for (1 - 0 ; i < nalm~& strcmp(e_name,.[i]->name) 1- 0 ;1++);

/* found the element *

if (i < neim)

/* find the external output variable *

for (j - 0 ; j < e(i]->device->nbr -ext-out &
stromp(v-name,e(i]->device->ext-out-name(jJ) !- 0 ; J++);

if (j < eji]->device->nbr_ext_out) /* found external output *

/* allocate and insert structure *

for (temp - pv: temp->next !- NULL :temp - temp->next);

temp->next=
(PR~INT-VAR *) calloc((unsigned) 1 , izoof(PRINTVAR));

temp - temp->next;

temp->next - NULL;

/* store the information *

temp->e - i;

temp->v - 1

temp->typ - 0:

continue;

/* look for external input ~
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for (j - 0 ; j < *ji)->device->nbr ext in A&
atrcmp (V name,e* iJ ->device->ext in name(j]) 1- 0 ; J++);

if (j < *[i)->devic~e->nbr_*xt_in) /* found external output *

/* allocate and insert structure ~

f or (tamp - pv; temp->next I- NULL ;temp - temp->next);

temp->next -
(PRINT -VAR *) aalloc((unsigned) 1 , izeof(PRINTVAR)):

temp - temp->next;

temp->next - NULL;

/* store the information *

temp->e - i

temp->v - J

temp->typ -1;

continue;

/* couldn't find external input or output *

printf(" ** Error Line %d in file %s\n't,
strm->line nbr, utrm->filename);

printf(" *** EXTERNAL VARIABLE Not Found Error (%a) :\n",

v name);

printf C" %s\n\n", inline);

*errflag - 1;

continue;

/* find the node *

for (i - 0 ; i < nnode && strcmp(e~name,nnjij->name) Im 0 1 ++);

/* found the node *

if (i < nnode)

/* look for the subnode ~

for (j - 0 ; j < nn(i]->nbr subnode &
stromp(v name , nn(i]->mubnode~jJ->name) 1- 0 ;J++);

if ~j < nntil->nbr aubnode) /* found the subnode *

/* make sure subnode is a voltage aubnode *
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if (nnti]->subnode~j]->typ* -- 1)

printf(" *** Error Line %d in file %s\n',
atrm->line -nbr,strm->filenazne):

printf(" *** SUBNODE Not of Voltage Type (%a) i\n"l,
v_name):

printf(" %s\n\n", inline),
*errflag - 1;

continue;

/* allocate and insert structure *

for (temp - pv; temp->next I- NULL ;temp - temp->next);

temp->next -

(PRINT_-VAR *) oalloc((unsigned) 1, sizeof(PRINTVAR)),
temp - temp->next;

temp->next - NULL;

/* store the information *

temp->e - i

temp->v - j

temp->typ -2;

continue;

/* couldn't find subnode*/

printf(" *** Error Line %d in file %s\n",
strm->line nbr, strm->filenante);

printf(" ** SUDNODE Not Found Error (%s) :\nil,
v name);

printf(" %s\n\n", inline);
*errflag - 1;

continue;

/* didn't find the element *

printf(" *** Error Line %d in file %9\n",
atrm->line nbr, strm->filenaine);

printf("1 *** ELEMENT / NODE Not Found Error (%a) :\n %s\n\n"1,
e-name,inline);

*errf lag - 1;

continue;
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read external(strmlqq,.,nelm,errflag)
STREAMPTR **strmll /* pointer to pointer of current atream structure */
QUEUE **qq, /* pointer to pointer of current queue structure
ELEMENT **ea /* array of pointers to element structures */
int nelm; /* number of elements in element array *1
int *errflag; /* error flag, if - 1, cannot run simulation C/

int i, j,k,flag, ncnt,
STREAM PTR *temp strm, *strm;
char *calloco;
char inline(MAXCHAR];
char line(MAXCHAR);
char e_name(MAXCHAR];
char v name [MAXCHARPJ
double value(2];
QUEUE *q-temp.

flag = 0;

while (1)

/* read in next line */

strm - *strml:

strm->line nbr +- 1; /* increment line counter */

while (fget.i(inline,MAXCHAR,strm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include
stack */

fclose (strm->in);

if (otrm->last -- NULL) /* read back to the beginning. */

free(strm);
printf(" *** Error Line %d in file %s\n",

strm->linenbr, strm->filename);
printf(" *** EOF reached in EXTERNAL INPUT t\n %s\n\n",

inline):
*errflag - 1;

return 1;

temp-strm - strm;

strm - atrm->last;
free(temp strm)!

*strml - strm;
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atrstrip(inline);

/*see if line ise a comment *

if (inlineCO] - '1' 11 inlineCO] -- '#1 11 inlineCO] -- NULL)
continue;

/* see if done *

if (strncmpa(inline,"END",3) -- 0)

break;

/*see if include file *

else if (strncmpa(inlino,"INCLUDE"I,7) -- 0)

open include (strml, inline, errflag)I

/* must be an element variable descripton *

/* copy element name *

for (i -0 ;inline~i] !- NULL && inline~i] ': ;i+)

e-name~i] -inlineli];

e name Ci] - NULL;

strstrip(e name);

/* strip off tabs and spaces *

for (i++; inline~i] -= I 1 11 inlineli] -- '\t'; i+4-);

/* copy variable name *

for (j - 0 ;inline~i] I= NULL && inline~i] '& inline~i] I- '\t';
i++, J++)

v-name~j) inline~i];
v-name~j] -NULL;

atrstriptv-name);

/* copy values */

for (j - 0 ;inline~i] I-NULL ; i++,j++)
linefi] -inlineli];

line~i] - NULL;

Stoda (line, value, &ncnt, 2);

if (ncnt -- 0) /* initialize to zero

value [0] - value Cl] - 0.0;
else if (ncnt -- 1)

value Cl) - 0.0;
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/* find the element *

for (i w 0 ; i < neim &A mtrcmp(e-name,e(i->nazm*) 1-m 0 1+±+);

if (i >- nelm) /* didn't find the element *

printf(' *** Error Line %d in file %a\n",

strm->line nbr, strin->filename);

printf(" ** ELEMENT Not Found Error Oa) s\n %s\n\n",

e name,inline);
*errflag W 1;

continue;

/* find the external input variable *

for (j - 0 ; j < e~i]->device->nbr ext in &

strcmp(v-naxne,etiJ->devioe->ext_in_name~i]) 1- 0 ; j++)

if (j >- e~i]->device->nbr ext-in) /* didn't find the external input *

printf(" *** Error Line %d in file %9\n",

strm->line nbr, strm->filename);

printf(" *** EXTERNAL INPUT VARIABLE Not Found Error (%a) :\n",

v name);

printf(" %s\n\n", inline);
*errflag - 1;

continue;

/* store in queue *

(*qq)->elm -;

(*qq)->var j

(*qq)->value valuetO],

(*qq)->time =value(l];

/* allocate new queue structure *

q-temp - (QUEUE *) calloc(l,sizeof(QUEUE));

q~temp->last - *qq;
*qq -q~temp;

readl-reference (strmil, simulate, nn, nnode, errf lag)

STREAMPTR **strml;
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SIMULATE *simulate;

NODE ~**nn;
mnt nnode;
int *errflag:

STREAM -PTR *atrm, *tempastrm
char inlinOCKAXCHAR],line!MAXC"AhR],n~name[MAXCiIARI,saname!MA6XCHAR],;
int flag, i, j,ncnt:
double val;

while (1)

/* read in next line *

strm - *strml:

strm->line nbr +- 1; /* increment line counter *

while (fgets(inline,MAXCHAR, atrm->in) -- NULL)

/* Read to the end of the file, time to pop up one in the include

stack I

fclose (strm->in);

if (strm->last -- NULL) /* read back to the beginning *

free(strm);
printf(" ** Error Line %d in file %s\n",

strm->line nbr, strm->filename):
printf(" ** EOF reached in REFERENCE :\n %9\n\n",inline);
*errflag = 1;

return 1;

temp-strm - strm;

strm - stnn->laat;
free (temp etrm);

*strmil - strm;

stratrip(inline);

/* ee if line is a comment ~

if (inline(O] 11'I I inline[O] ='4 Iinline(O] -NULL)

continue;

/*see if done *
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if (strncmpa(inline,"ENCD",3) -0

return 0;

/*see if include file ~

else if (strncrnpa(inline,"INCLUDE",7) -- 0)

open include (strml, inline, errflag);

/* must be the reference voltage or current node *

/*see if voltage node *

strcpy(line, inline);

if (inlineCO - 'v' 11 inlineCO] -- 'V')

1* strip off v and colon *

for (i-C 0 lineti] I- t' && line~i] I-NULL ;i++)

line~i] '

line~i]-'

strstrip(line);

/* grap the node name

for (i - 0 ; line Ci] 1- ' :1 && line Ci] !- NULL; i++)

n-name~i) - line~i);

n-name Ci] - NULL;

stratrip(n-name);

/* grap the subnode name

if (line~i] !- NULL) i+4;

while (line~i] - ' ' 11 line~i] -- '\t') i++;

for (j - 0 ; lineti] I- NULL && line~i] I-n I I line(i] I- '\t'

;i++, j++)
s-nameti] - line~i];

s-nan'efjl - NULL;

.strstrip(a_name);

/* find the value *

Stoda(line+i , &val , &ncnt, 1);

if (ncnt -= 0) val = 0;

/* find the node and subnode *

for (i -0 ; i < nnode ; i++)
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it (atrc'mp(n~name,nnti)->nam%) -- 0) breaki

it (i -- nnods) i'* didn't find the node *

P&.Lntf(II *** Error Lino %d in file '4a\n",
etrvm-hlina -nbr, atrm->filename)j

PrintfC' *5 NOOE not found ERROR.%\n %s\n\nII,inline):

continuel

fot (I - 0 j < nnji)->'nbraoubnods ; J++)
if (stromp(aname~nnLi]->aubnodeij)->nanme) -- 0) break,

if (j --n nn(i)->nbr~au)bnode) /* didn't find the subnede *

printf(" ** Error Line '.d in file %s\n't,

strm->line nbr, atrm->filenams):
print f (" SUBNODE not foun~d ERROR%\n %x\n\r0,Jnline)i
*erxflag *1

cont inu a;

If (nn(i)->*ubnode(j)->type 1- 0) /* Not a voltage subnode ~

Printf(" ** Error Line %d in file %aVIII,
atrm->line nbr,sgcrni->filenamne):

printf(" *** SUBNODE of wrong types\n %a\n\nII,inline),
*errflag - 1:

continuie:

nnhi)->aubnods(j]->ref_flag-1.,

nnli)->xubnod*(j]->init-volt -val;

seea* if current node 5

else if (inlineCO) -- '11 11 inlineCO] -- '11)

/* strip off i and colon ~

for (i - 0 ;line(i) 1- 1:1 && line~i] I-NULL ;i++)

lineli)
line(l]-

atratri~p(line);

/* grap the node niame

fo (1 - 0 , Uinati] I- 'az' &&line~i] I-NULL; i++)

n_name(i] - line~i):
n-namelij - NULL;
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atrstrip(n_name):

/* grap the subnode name

if (line(iJ I NULL) i++;
for (j - 0 ;line~i] I- NULL ;i++,J++)

a-naznetjj line~i];
s-naxnetj) - NULL;

strstrip(a-name);

/* find the node and subnode *

for (i -0 : i < nnode ; i++)

if (atrcmp(n-name,nn~i)->name) -- 0) break;

if (i -- nnode) /* didn't find the node *

printf(" ** Error Line %d in file %9\n,
strrr->line nbr, atrm->filename);

printf(' *** NODE not found ERROR:\n %s\n\n",inline);

*errflag - 1;
continue;

for (j - 0 ; j < nn[i]->nbr - ubnode ; j++)
if (strcmp(s_name,nnli]->subnode(j]->name) -- 0) break;

if (j -- nnliJ->nbr-subnode) /* didn't find the aubnode *

printf(" ** Error Line %d in file %a'%\n",

atrm->line nbr, atrm->fiiename);

printf(" ** SUBNODE not found ERROR:\n %s\n\n"',inline);

*errflag =1;
continue;

if (nn~iJ->subnodecjJ->type 1- 1) /* Not a current subnode ~

printf(" *** Error Line %d in file %9\n",
strm->iine nbr, strrn->filenanme);

printf(" ** SUBNODE of wrong type:\n %s\n\nI, inline);

*errflag - 1
continue;

nn(i]->subnode(j]->rof_flag -1;

else /* its an error

printf(" *** Error Line %d in file %s\n",

strrn->line nbr, strm->filenarne);
printf(" SYNTAX ERROR:\n %s\n\n',inline);
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*errflag -~ 1;

set-defaults (simulate)
SIMULATE *zimulate;

simulate->dt - .001;

simulate->tmiri - 0.0;

aimulate->tmax - 10.0;

simulate->time - simulate->tmin;

simulate->max iteration - 30;

aimulate->oonverge - .0000001;

simulate->delta - .01;
simulate->delta min - .001;

simulate->'print .dt = 0.05;

- 357-



makejacobian.c

/* make jacobian.c */
/* Norbert H. Doerry

15 February 1989

*/

/* This routine creates the jacobian matrix which gives the partial
of each implicit variable with respect to the individual variables.

It is created by patching together the individual jacobian submatrices
of the different elements.

The hard part about the construction of this matrix is determining
which column a variable in the submatrix corresponds to. Here are the
rules.

If the variable is attached to a voltage subnode

if the variable is attached to the reference subnode,
ignore it. (the reference subnode is identically zero)

else
find the element in xtab that corresponds to the voltage
subnode. That element number is the column.

else the variable is attached to a current subnode

if the variable is the first one of a subnode other than
the reference subnode,

add the negative of the jacobian element to the
columns corresponding to the remaining variables

else

add the jacobian element to the colum corresponding to the
element

*/

#include <stdio.h>
*include <math.h>

#include "doerry.b"

/* note : don't need : itab, nitab, n, nnode, simulate */

makejacob(jacob, xtab,nxtab,itab,nitab, ee,nelm,n,nnode, simulate)
double *jacob;
XTABLE **xtab;
ITABLE **itab;
int nxtab,nitab,nelm, nnode;
ELEMENT **ee;
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NODE **n:
SIMULATE smimulate;

mnt i~j,k,eptr,vptr,vtyp,iptr,rowa,col;
int muit;

/*zero out the jacobian array *

for (1 - 0 1 < nxtab *nitab :i++)

jacob(i] =0.0:

/* step through xtab *

for (i -0 1 < nxtab ;i++)

for (j 0 ; j < xtab(iJ->nbr ; J++)

eptr - xtabci]->efj];
xvptr - xtab~ij->v~jl;

mult - xtab~i]->mult~j];

for (k - 0 ; k < ee[eptr]->con.nbr implicit ;k++)

jacobtee(eptr]->con.imp~index(k] + nitab * ± +-

ee(eptrl->con.jacob_in (k + eeteptr]->con.nbr_implicit *vptr]

*mult;
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/* penner.h */
/* Norbert H. Doerry

14 March 1989

This is an include file which tells the main program where to get
the proper information for the devices

*** Modified 11 April 1989 by nhd *

added breaker_3p

*** Modified 15 April 1989 by nhd ***

added synch mach, speed reg, volt reg, indmotor,gasturbine, source

integrator

*** Modified 27 April 1989 by nhd *

added volt meter

typedef int (*FUNCTIONPTR) ();

#define NBR_DEVFILES 2 /* number of device description files */

static char *devicefile[] - /* names of the device description files */

"/mit/13.411/sepsip/threeyphase.input",

"/mit/13.411/aepsip/one yhase.input"

static int nbr devicefile(]

12, /* number of devices per file */
10

static char *devicename[] -/* names of devices */

"t line_3p",
"rl-wye",
"gensynch_3p",
"switch_3 p",
ito zms V1

"breakerp",
"synch mach",

"speedreg",

"volt reg",
"ind motor",
"gas-turbine",
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"voltmeter",

"inductor",
"capacitor",

"resistor",
"voltage_source",
"current source",
"diode",
"switch",

"pulse switch",
"source",
"integrator"

1;

/* device functions for the above device names

#define FO tline_3p

#define 71 rl wye
#define F2 gensynch_3p

#define F3 switch_3p
#define F4 rms

#define F4a breaker_3p
#define F4b synch mach
#define F4c speed_reg

#define F4d volt_reg
#define F4e and motor
#define F4f gas _urbine
#define F4g volt.meter

tciefine F5 inductor
#define F6 capacitor

#define F7 resistor
#define F8 voltagesource
#define F9 current sourrne
#define F1O diode
#define Fll spot switch

#define F12 pulse switch
#define F13 source
#define F14 integrator

ant FO0;
ant F1 0;

ant F2 (;
ant F3 (;
mnt F4 N ;
int F4a;
ant F4b(;
ant F4c);
ant F4d(;
ant F4e);
ant F4f(;
ant F4g(;
ant F5 0;

ant F6 (;
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int F7 0:
Ant 78 )e
int F9 ):
int F10 (o
int F11 0:
int F12 );
int F13 0;
int F14 ()

static FUNCTIONPTR dev fnotn(] ,/, addresses of device functions */

F0,
F1,
F2,
F3,
F4,
F4a,

F4b,

F4 c,
F4d,
F4e,
F4f,
F4g,
F5,
F6,
F7,
FO,
F9,
F10,
Fll,
F12,
F13,
F14
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/* print -network.o *
/* Norbert H4. Doerry

18 January 1959

This file contains the routine needed to display the network connections
for the program sepaip.

#include <stdio.h>

#include <mnath.h>

#include "doerry.h"

print-network (out, nn, nnode)

FILE *out;

NODE **nn;

int nnode;

int i, j, k,cnt,
char c, inline (HAXCHAiR],

fprintf (out, "\n\n NETWORK SUI*IARY\n\n");

cnt - 0;

for (i - 0 ; i < nnode ; i++)

fprintf(out,"\n NODE t %s\n".,nn(i]->name):

if (line-counter(&cent,20,&c,out) -- 'q') return:

for (j - 0 ; j < nnti]->nbr-subnode ; J++)

if (nn(i]->subnodejj]->type -- 0)
fprintf (out,'t  VOLTAGE )

else
fprintf (out," CURRENT")

fprintf(out,"SUBNODE : %.\n",nn~i)->aubnode(jJ->name);

if (line-oounter(&cnt,20,&c,out) -- 'q') return:

for (k - 0 ; k < nn~i)->subnode~jj->nbr-connect ; k++)

fprintf(out," %209 :%s ~ "

nn(i] ->subnode~j]->element~k],

nn~i3->subnode(jj->variabletk]);

if (line-counter(&cnt,20,&c,out) -- 'q') return:

if (out I- stdout) continue;

printf(" Enter <RETURN> to continue ...

gets (inline):

stratrip(inline);
if (inline(0] = 'q') return;

if (inline(0] == b') i -- 2; /* go back one node *
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if (I < -1) 1i--1;

/* lino counter */
/* this routine keeps track of the number of lines printed on the sacreen.

After 'mixcnt' number of lines are listed, the user is prompted to
hit a return to continue. 'rtnchar' is the first character of the
line that the user inputs (That is a non white space

line_counter(cnt,maxcntrtnchar, out)
int *cnt,maxcnt;
char *rtnchar;
FILE *out;

char inline(MAXCHAR];

*rtnchar - NULL; /* default value */
(*cnt) += 1; /* increment counter */

if (*cnt I- maxcnt)
return 0;

(*cnt) - 0;

if (out =- stdout) return 0; /* don't prompt if not printing to screen

printf(" Enter <RETURN> to continue ..

gets(inline);
stratrip(inline);
*rtnchar - inline(0];
return (int) inline(O];
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/* read device.c */
/* Norbert H. Doerry

6 March 1989

/* This routine reads in all the information for a device from an input
stream. The following commands are recognized

NAME name of device

INPUTS [nbr]
input name 1
input name 2
etc

STATES [nbr]
state name 1
state name 2

etc

IMPLICIT (nbr]
implicit variable name 1

implicit variable name 2

etc

EXTERNAL IN [nbr]

type extern in name 1

type extern in name 2

etc

EXTERNAL OUT [nbr]

type extern out name 1

type extern out name 2

etc

PARAMETERS [nbrj

parameter name 1

parameter name 2

etc

END

This routine returns

0 successful read of data

1 encountered bad data, but able to recover

2 reached EOF before END statement

NOTE: THIS FILE MUST BE LINKED TO

ioliba.c
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#include <atdio.h>

#include I'doerry.h"'

mnt read -device(d,in,typi

DEVICE *d;

FILE *in;

int typ;

char inline jMAXCHAR)3;

char comn~and(MA-XCHAR];
char lines(4] (HAXCHAPR1;
mnt ens, cnt,name flag, ncnt;
float flota[21:
int i;
char *calloc() *malloco;

aria = 0;

name-flag - 0;

/* initialize the d array *

d->type - typ;
d->nbr_inputs W0;

d->nbr-states = 0;

d->nbr_implicit = 0;

d->nbr-ext-in = 0;

d->nbr-ext out . 0;

d->nbryparam = 0;

while (1)

if (fgets(inline,MAXCHAR,in) ==NULL)

return 2;

parse(inline, (char *) lines, (int) MAXCHAR, (int) 4, &cnt);

if (cnt -= 0) continue; /* skip blank lines */

if (lines(0J (0) == \n') continue; /* skip lines beginning with CR *

if (lines[(0)[Oj 1='!' ) continue; /* skip lines beginning with ! *

if (linesCO]O] (0 = #1 ) continue, /* skip lines beginning with # *

if (cnt > I && strncmpa(lines[0),"NAME",3) -- 0)

if (name flag -= 1) free(d-Žname);

name-flag = 1;

strsplit (inline, command,1, strlen (inline));

str strip (command);

d->narno = (char *) malloc((unsigned) strlen(command) + 1);

strcpy(d->name, command);
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else if (cnt > 1 && strnompa(lines(O],"INPUTS",3) 0)

Stofa(lines[1],flota,&ncnt, 1):

if ((int) flotaCO] > 0 && ncnt -- 1)

/* see if inputs already allocated *

if (d->nbr_inputs > 0)

for (i - 0 ; i < d->nbr inputs ; i++)

free( (char *) d->input-name(i]);
free( (char *) d->input-namne);

/* update number of inputs *

d->nbr inputs - (int) flota(0J;

/* allocate the pointer array */

d->input name - (char **) calloc( (unsigned) d->nbr inputs,

sizeof(char *)

/* read in the input names *

for (i - 0 ; i < d->nbr inputs ; i++)

if (fgets(commaxid,MAXCHAR,in) -- NULL)
return 2;

strstrip(command):

if (command[o] -! 1P 1 command(0] -' H
command[O] - NULL)

continue;

d->input~name(i] - (char *

calloc( (unsigned) strlen(coznmand) + 1,

sizeof (char));
strcpy(d->input niame Ci),command);

else if (cnt > 1 && strncmpa(linestOJ,'STATES",3) 0)

Stofa(lines[l),flota,&ncnt,1),

if ((int) flota(O] > 0 && ncnt == 1)
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/*see if states already allocated *

if (d->n),r-states > 0)

for (i - 0 ; i < d->nbr states ; i++)

free( (char *) d->state -nazneti]);

free( (char *) d->state nanme):

/* update numnber of states ~

d->nbr-states - (int) flotato];

/* allocate the pointer array */

d->state name - (char **) calloc( (unsigned) d->nbr-states,

sizeof(char *l

/* read in the state names *

for (i - 0 ; i < d->nbr-states ; i++)

if (fgets(commrand,MAXCHAR,in) -= NULL)

return 2;

strstrip (command);

if (comznand(0) -= '' 11 conunand[0] -' H
command(Oj -= NULL)

i--;

continue;

d->state name~i] - calloc( (unsigned) strlen(command) +1,

sizeof (char));

strcpy(d->state-name [i],command);

else if (cnt > 1 && strncmpa(lines[Oh'"IMPILICIT",3) 0)

Stofa (lines [1], flota, &ncnt, 1);

if ((int) flotaCO] > 0 && ncnt =1

/*see if implicit already allocated *

if (d->nbr_implicit > 0)

for (.i = 0 ; i < d->nbr_implicit ; i++)

-368 -



* ~L4~S 4)Stof 1IT-livit .

isi ~ei~jt) the tmplicttt nwasm

it (Ot~ ~i womm'ianc, ýWACHtW in) mmUWLL)

it c-ir~~~uAt')-- Itoomyanc4(O) - '4
~ (U] -HULL)

(m) a igiiaiec) at I- An (commirandt) + I, usia t Ouha r)

else it (:at 44 stynorrpa (lines (0), "EXTUJiA-L., 3) -

tJ st-i v'Ittp -( I Ill a(14I "I NP LT". 3) -- 0.1

I. t I Ile (,'I r lt V't &1)C'nit.

(Itnt f Iot a(0) no0l't -

a.. if ? exLin It I I *a d a I ooat$ i

ft (i i < -ni nzj#

fiei 11 (,'lis ' I ->~ in nArti(ifl,

flo k eu t 4 'al *) t-a In ame)



/*update number of ext in 0/

d-'onb:: ext- in - lint) tiota(O~i

/* allocate the pointer array */

d->owt in-name w (eahar " aalloo( (unsigned) d-!,vnbre*xt in,

aineof(ohar *))
d-;,type,_ext in - (mt ')calicoo( (unsigned) d->nbr ext-in,

Iseof(int.)

read in the ext in names */

for (i - 0 1 . 1d->nbr ext in Li~

if (fqets(o'mnmand,MAXCHAR,in) -- NULL)

ireturn 2:

got firvt non opaos

stzxfrip(cnommand);

If (c~omnmandlC'] '1' 11 oommand(0) -a '0' 11
oommand(O] NULL)

,~got type '

if (.%trncrnp&(command, "hO(ILEAM", 3) -- 0)

d->.type__ext mn~i) - BOOLEAN:

else if (Ptrncnmpa (cnaricl, "SWITCH", 3) --- 0)

d->t~zeext mli -SWITCH.

cals if (strncmpa(comnianc,"INTLGER",3) -- 0)
d-'ýtype-e'dzminij - INTEGER~:

also if (strncnip&(comnmand,11FL0AT",3) -- 0)

d->typme*xt.mini] - FLOAT:

i* oro r eading Lype ~
an* - 1

cI->typ._oxt mini " FLOAT,

list. nalrr



read daviae~i'

otratrip(ommand)l

d->ext-innarne(ij - calloc( (unaigned) str3.en(command) +1,

aizeof (char) )
atropy(d-;ýext-inname(i),aonvnand):

also if (ont > 2 &4 strnompa(linex(Q),"EXTZJ.HAL".3) aw0

£s trncmpa(Xinea~ll,"OUITPUT',3) -- 0)

Stofa (line (2), flot~a,&nant,1);

if ((lint) flots(03 > 0 && incint -- 1)

see** if *%t oýut "I raady allocated '

if (d->nbr ext. out > 0)

for (.1 - C ; i < d->nbr ext out ;i++)
free( (char *) d->*xt out. name(iflh

free( (char *)d->ext-out-inom*):

free( (char *)d->type _ext out);

update number of ext-out *

d->nbr-ext._out a (intl flota(OJ;

.allocate the pointer array/

d->ent-out-name

(ch~r **) calloc( (unsign~ed) d->nbr ext out,aizoof(char *)

d->type ext. ou.t -

(int *) c~alloc( (unsigned) d->nl'rext-out,;sizeof(int) )

Sreaa in, the, ext out namesI

for (i m 0 11 < d->.nbr _e~t out : i*+)

if (fqet.x(commandMKAXCHAF,in) -n- NULL)

returil 21

y' et first non apace '

a Lrat rip (command):

c'ommnniin(f1 NO ~LL)
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continue;

/* got type *

if (strncmpa(corrmand,"DOOLEANVt1 3) -- 0)
d->type ext out(ij - BOOLEANI

elme if (mtrncnmpa(command,t1SWITCH",3) -- 0)

d->type ext out Ii] - SWITCH:

else it (atrncmpa(cofwnand,"INTEGERt",3) -- 0)

d->type ex:t out Ci] - fINTZGERI

else if (atrncmpa(covi~and, "FLOAT" 3) -- 0)
d->typ*e ext ouit Ci) - FLOAT:

alse
/* error reading type '

ana 1:
d->typ0ee~toutji] - FLOAT,

..' get nanie ~

strsplit(vormarct, comniand, l,MAXCILUR);
strstrip(command),

d->.xt out _nanme~i]

calloc( (unsigned) strlen(command) + 1,mizeof(chafl))
strcpy(d->ext out nanie(ih~corwinand):

else if (c'nt > 1 44 strncmpa(lines(O),'PARA ETERS",3) - 0)

Stofa (lines (1] flota, &ncnt,1),

if ((int) flota(01 0 && ncnt '1

/*see if paraim already allociated 0/

if (d->nbr param > 0)

for (i - 0 ; i <d->nb)rjpararn : i++)

free( (c!har 0) d->parazi~name(i)),
free( (char *) d->param-nanie)i

Supdate nuinbex of pairam



reed deviceco

d->nbr~param m (int) flotaCO)l

/* allocate the pointer array *

d->param-name w (char **) calloo( (unsigned) d->nbr~parxm,

aiteof(char *l

/* xeAd in the param names *,

for (i - 0 1 1 < d->nbr~param : i+4)

if (fgeta(convnand,HAXCILAIk,in) -- NULL)

return 2:

strat rip (command);

if (command(1 '1' 11 command(0]in *

command(O) -- NULL)

i--i
continue;

d->parem nameti] - calloc( (unsigned) strienfoommand) + 1,
aizoof (char)):

atrcpy(d->param ~'nne(i) ,command)I

else if (cnt > 0 66 itrncmpa(linev(O),"END'",3) - 0)

if (name-flag -- 0) ana - 1:

return ana:

ans - 1; /* Encountered bad data *
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/* read eolment.o. */
/* Noerbe't H. Doerry

25 Oc'+obez 19eg

This fil- :on~tains a function for reading an element deacription

from a filo.

The form of the device description iat

DEVICE ELEMENT

PARAMETER NAME PARAMETER
I g

\1 I/ \I1 /

END

where

DEVICE is the name of the device type (i.e. reaistor)
ELEMENT im the specific element name (i.e. RI)

PARAME'T'ER NAME is the name of the DEVICE PARAMETER (i.e. R)
PARAMETER is the value )f the Parameter (i.e. 100

This routine returns:

0 successful read of dbta

1 encountered bad data, bi*. able to recover

Z encountered EQF before ENr Statement

-1 inzompletq definition of parameters, defaulted to zero

2 unable to find device -y!ne

NOTEz This file must be linked to

lelibac

#include <stdioh'.

#include "doeri*y.h"

int read element(estrm,.srial,dev,ndmv)

L.EMENI *e: /* element structure to hold data ,

VTRE.U%_ PTR *strm: / pointer to stream structure */

liit serialt /* serial number of element */

DEVICE **dev; /* array of device desariptiona */

int near: * number of devico descriptions '/

FILE *iri, '' input stream tc iod data frow.'

char inline( [AXCHAPI),,lineIMAXCHA)],

Y 374
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int i,jk,nvntflag,dp,&anu

float flota(2);

char *calloc(),*malloc ):

int *param_tflag
char command (MAXCLAR) t

an& - 01

in - strm->in: /* set input stream *]

flay - 0O

while (flag -a 0)

strm->line nbr +- 1: /* increment line counter '1

if (fgets(inline,MAXCHAR,in) -- NULL)

return 2:

/* strip inline of leading and trailing blanks*/

stratrip(inline);

/* if comment or blank line, read in another line */

if (inlineLO] -- NULL II inlineO) --- 'P' 11 inline[Ol mm

continue;

/* strip off the device name

strextract(inline,line, l,MAXCRA'i),

/* find which device we are t.,Alking about '/

for (dp - 0 ; dp < ndev && btrcmp(dev(dpj->name,line) t- 0

/* see if did not find device */

if (dp - ndev)

/* if didn't find device, set the element name to the

input line for further dezodizg in parent routine '/

e->name - (char *) calloo(%unsigned) xtrlen(inline) + 1,

aizeof(ch'v)):

mtrcpy(*->nave, in) ne):

return -2:

/ dooi' With LoOp I/

flag - I:



read elementoc

/* get name of element A

atrextract (iailine, line, 2, NAXCHAR):

/* save element name *

e->name - (chair *) cialloc((unsigned) atrlen(line) + l,sizeof(ohar))

atrcapy(o->namo, line):,

/* sot Device pointer ~

*->device -dev(dp];

/* set the serial number *

*->Serial - aeriall

/* set connec-tion type pointer ~

a->con.type ext -in - dov~dp)->typq_ext_in;
o->con.type _ext out - dev(dp3]->type_ext_out,

/* set number of elements and allocate arrays ~

e->con.nbr~inp~jts - dev(dpl ->nbr inputs;

e->con.nbr -states - dov(dp]->nbr atates;

o->con.nbr impli~cit - devjdp3->nbr,_implicit;
*->con.nb~r -ext -in - dev(dp)->nbr ext in:

*->con.nbr -ext out - dev(dp)->nbr._ext out,

e->con.nbr~param - dev (dp] ->nbrya~ratn,

if (devjdp)->nbr inputs > 0)

e->con.in - (double 0) calloc((unsigried) dev(c'.p)->nbr inputs #
aizeof (double)):

e->con.init-in - (double *) calloc((unsigned) dev(dpj->nbr inputs
sizeof (doublO);

if (devjdp)->n~br~irplicit > 0)

e->con.Jacob_in - (double *) calloc((unsigned) dov(dp)->nbr_inputs
dev(dp] ->nbr implicit

sizeof (double)):

if (day (dp] ->nbr_states > 0)

e->eon.at~ate a (double A)calloc((tinsigned) dev(dp)->nbr statex,

sizeof (double)):
e->con.old. state - (double A)calloc((unsigned) devjdp)->nbr_states,

sizeof (double)):
e->con.init state a(double A)calloc((unasigned) dev(dp]'->nbr _statei,)

sizrof (double)):
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if (,iv(dpj->nbrimplinit > 0)

e->con.implicit -(double ') alloo((unaigned) dev(dp)->nbr implicit,

sizeof (double));
e->on.imip.ind*.x (it *)calloc((unaigned) dev(dp]->nbr implicit,

sizeof(int))

if (dev(Hp)->nbr-e:~tin > 0)

e->c~n~ext in -(double *)calloc((unsigned) dev(dp]->nbr_ext -in,

aizeof (double))
*->con.init-ext-in - (double *) alloc((unsigned) dovjdp]->nbr_ext in,

sizeot (double)),

if (de\'Idp)->nbr-e:xt-out > 0)

e->rcon.ex:t out -(double *) oalloc((unsigned) devjdp]->nbr ext. uut.,

SizeOf (double)):

if (dev~dp]-,nb-r-ParaT, > 0)
e->ccnpararn (double *) calloc((unaigned) devjdp]->nbrprm

sizeof (double));

/* read in parameters *

/* allocate parameter flea array (used to ensure all the parameters

are specified) I/

it (dev,,dp]->nbr~parnm > 0)

param flag =(int *) calloc( (unsigned) dev(dpl->nbrjparam, aizeo.f (int));

/*ensure param-flag is initialized to zero along with parameters ~

for (i -0 ; i -'dev[dp]->nbr~yaram ; i++

e->con.pa?:am(iJ = pararn_flag(il 0;

flag - 0:

while (flag -- 0)

strm->line-nbr -1

if (fgats(inline,MAXCHAR~in) -- NULL)

return 21;

/* strip inline of leading and trailing blanks *

stratrip (inline),

/* if comment or blank line, read in anot-her line j
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if (inline(O] w- NULL 1I inline(O] a- '1' 11 inlineOO) uw i*I)

continue;

/* stop if end statement */

slctouc(inline,command);

strstrip(command);
if (strcmp(oommand,"END") mm 0) /* NOTE : case insensitive */

flag - 1:

continue;

,/* check paramname[] to find out which parameter should be read in */

strextract(inline,command, l,MAXCHAR);

for (i - 0 ; i < dev(dp]->nbryparam &&

strcmp(command,dev(dp]->param name(i]) I- 0 1 i++);

/* if did not find parameter, set ans - 1 (invalid data read in) */

if (i -- dev(dp]->nbr_param)

ans - 1;

continue;

/* get parameter value */

strextract(inline,command, 2,MAXCHArI);

Stofa(command , flota , &ncnt , 1);

if (ncnt -= 1)

e->con.param(i] = flota[0]:

paramflag(A] - 1;

else

ans - 1; /* invalid data read in */

/* check all the parameter flags */

for (i - 0 ; i < dev[dp]->nbr param ; i++)

if (paramflagti] -- 0)

/* found a parameter that wasn't initialized */

ans = -1; /* supplied default value */
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return ano;
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/* read network.c */

/* Norbert H. Doerry

6 December 1988

This file contains the code for reading the network connections

between the various elements. The form for the netork description

is

NODE NODENAI[
lr]tln]:SUB NAME = [val] - ELMlxNAME - ELM2:NAME - ELM3:NAME etc.

END

NODENAME is the name of the node

(rI] is an optional character 'r' to make the subnode a reference

subnode.

t is either a 'v' for voltage law node or an 'i' for a current law node

(n) is the number of variables to be equated beginning with the specified

one. (usually 3 for three phase) If omitted, assumed equal to 1.

SUBNAME is the name of the subnode

(val) For a voltage subnode, the program tries to convert the first

entry into a number. If successful, the value becomes the initial

value if not a reference node, and the actual value if the node

is a reference node.

ELM1 is the first element name being connected

NAME is the name of the variable being connected

Element names can not begin with a numeral or a punctuation sign. Elements

should not have colons or equal signs it their name.

**** Modified 17 April 1989 *

Fixed the nbr c bug. -nhd

#include <stdio.h>

#include <math.h>

#include "doerry.h"

#define DEBUG 0

read network(strm,node,.e,nelm,errflag)
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STREAM PTR *strm:

NODE *node;

ELEMNT **a;

int nelm;
int *errflag: /* set to one If detect a fatal error

char inline CMAXCHAR], line [MAXCHAR], *sline;

FILE *in;

int i,ans,flag;
char *calloc(},

SUBNODE **s node,*enode;

NODE *newnode;

in = strm->in;

/* initialize s node */

s-node = (SUBNODE **) calloc(l,sizeof(SUBNODE *));
*snode = (SUBNODE *) calloc(lsizeof(SUBNODE));

(*s_node)->nbrconnect = 0:
(*snode)->last = NULL; /* indicator that this is the first one

/* get first line */

ans - 0; /* flag for all loaded normally */

while (1)

strm->line nbr +- 1;

if (fgets(inline,MAXCHAR,in) == NULL)

return 2;

/* strip inline of leading and trailing blanks, etc */

strstrip(inline);

/* if comment or blank line, rpad in next line */

if (inline(0J= NULL II inline[O] == 'I' I inline(0] -= '

continue;

/a see if node */

if (strncmpa(inline,"NODE",3) != 0)

/* if not, pass the offending line back to the main routine */

node->name = calloc(strlen(inline) + 1 , sizeof(char)):

strcpy(node->name, inline);

return -1; /* n-,. a NODE command */
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/* Have a node, lets get its name

straplit(inline,lina, l,MAXCHAR);

stratrip(line):

for (i 0 ; line(i] I- lineli) '\t' && line~i] I- NULL ; i++);

line~i] - NULL;

node->name - calloc(strlen(line) + 1, sizeof(char));

strcpy(node->name,line):

break;

/* get the node information */

while (1)

strm->line nbr += 1;

if (fgets-multiple(&sline,MAXCHAR,in) - NULL)

return 2;

/* strip sline of leading and trailing blanks, etc */

strstrip(sline);

/* if comment or blank line, read in next line */

if (sline(OJ == NULL 11 sline[O] == ' s' II aline(0] ==

continue;

/* see if end statement */

if (strcmpa(sline,"END") == 0)

break;

/* read the sub nodes in */

if (flag read sub node(strm,sline,s node,e,nelm,l,errflag) 0)

ans = 1;
*errflag = 1;

if (flag == -3 II flag == -4) return flag; /* out of memory error

continue;

/* free sline */

free(sline);
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/* count the number of subnodea *

e-node - *s node;

for (i -0 ; e-node->laat !- NULL ; i++ , a-node - e_node->laat);

node->nbr-subnode i;

/* allocate array *

node->subnode = (St3BNODE **) calloc( i ,sizeof (SUBNODE *)

if (node->subnode NULL)

return -3;

/* fill the array *

for (;i> 0 i-

node->subnodefi-1J - (*anode)->last;

*s node = (*s node) ->last;

return ans;

read-aub-node (strm, inlines,s-node,e,nelm,pe,errflag)

char *inlines;

STREAMPTR *strm;

SU13NODE **snode;

ELEMENT **e;

int neim;

int *errflag; /* if equal to one, indicates fatal error

int pe; /* print error flag :1 yes 0 no

char *inline;

mnt nbr -anode,i,j,k,l,kk,nbr-c,.ncnt;
char *make stro;

char line (MAXCHAR , name (MAXCHAiR3;
float flota[2);

SUBNODE *t node; /* tempory sub node *
char *make stro;

double val;

inline -make str(inlines); /* copy mimies into inline ~

nbr--c -count char(inline,'-'); /* count equal signs *

if (DEBUG) printf('is 11 nbr-c - `ýd\n"'inlines,nbr c);

if (nbr-c < 1) /* diln't get an equal sign *

if (Peý
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printf(" ** Error Line %d in file %s\n",
strm->line-nbr, strrn->filename);

printf(" ** '-1 not found in node description ***\n %9\n",l

mimles9);

*errflag - 1;
return 1;

(*s-node) ->nbr-connect - nbr c;

/* find type of subnode and numiber of subnodes *

stratrip(inline);

/*see if the subnode is a reference subnode *

if (inline(OJ == r' 11 inline[O] -

inline(O]='
(*s node) ->rpf~f1ag = 1;

else
(*a-node)->ref flag - 0;

/* find out if a voltage or current subnode *

if (inline(0] =='v' 11 inline(0J = 'V')

inlinerO] = 1; /* set to space ~
(*anode)->type =0;

else if (inlineCO] -- l 11 inline(O] Pm I')

inline[0) ='¼ /* set to space *
(*anode)->type -1;

else

if (p.)

printf(" *** Error Line %d in file %s\n",
strm->line-nbr, strm->filename):

printf(" ** Improper SUBNODE TYPE in node description ***\nfll;
printf(" ;9\n", irilines);

*etrflag - 1;
return 1,

, find number of subnodes *
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Stofa (inline, flota, &ncnt, 1);

nbr anode - (ncnt -- 0) ? 1 flotaI03;

/* allocate arrays ~

(*anode) ->name -(char *)calloc(MAXCHAR,siz@of (char));

(*a-node)->element =(char *)calloc(nbr-c,sizeof (char *)

(*8_node)->variable = (char *)calloc(nbr -c,sizoof (char *)

(*a-node)->elrn-ytr - (int *)calloc(nbr-c,sizeof (int );

(*asnode)->varyPtr - (int *)calloo(nbr-c,sizeof (int M)

if ((*a-node)->element -- NULL 1! (*8_node)->variable -NULL

(*a-node)->elniytr -- NULL 11 (*8_node)->varyptr -NULL I

(*s node) ->name -- NULL)

if (pe)

printf(" *** Error Line %d in file %s\n",

strm->line nbr, atrm->filename);

printf(" **Out of MEMORY\n");

*errflag - 1;

return -3;

/* get rid of number *

for (I - 0 ;inline(i] I- NULL && inline Ei] ! ':1 1++)

inline(i] 1 ';

/* ensure got to a colorn*

if (pe)

printf(' * Error Line %d in file *m\n",

9trm->line-nbr, atrm->filename);

printf(" ** in node deacription ***\n");

printf (" *s\n", inlines),

*errflag -1;

return 1;

inline [i]-'

stratrip(inline): /* remove leading blanks ~

/* read in name of subnode
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for (i-0 ; inlineli] I- NULL &&inline(i] I- 'n:i++)

lineli) -inline~i];

inline~i] - I

line Ci) -NULL;

if (inline~i] -- '-') inline~i] '

stratrip(line);

/* ignore everything after first space or tab and before -*

for (i - 0 ; line Ci) I- I && line~i) !- '\t' && lineli] t-NULL ;i++)
(*a node)->name~i] - line~i]:

(*a-node)->name~i] NULL;

strattip (inline);

/* stairt reading in the elements *

for (i-=0 , j-=0 ; i <nbr-c; i++ , j++)

/* get the element name

for (k - 0 ; inline[J] I- '- &inline~j] I- NULL &&inline(j] 1:1¼;

J++, k++)

line~k] - inline~j];

line (ki - NULL;

stratrip(line);

/*see if it is possibly an ititial value *

if (i -- 0 && (*a-node) ->type -- 0)

Stoda (line, &val, £ncnt, 1);
if (ncnt -- 1) /* successful conversion ~

(*anode) ->init-volt - val;

nbr-c--; /* decrement number of connections by one ~

(*a-node) ->nbr connect nbr c: /* do it for real *

continue:

/* allocate the string '

(*s node)->element[i] - (char *)calloc(utrlen(line) + l,sizeof(char));
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atrcpy ((*a node) ->element (i] Dline);

/* get the variable name ~

if (inline~i] I- It')

*errflag -1;

if (pe)

printf(' *** Error Line %d in file %9\nll,

9trm->line nbr,strm->filenaxne);

printf(t *** Missing variable name for element %a ***\n %s\n",
(*s-node) ->alement (i11 inlines);

(*a node) ->variable~i~j -NULL,

continue;

j++; /* increment pointer to character in inline past colon *

/* copy next element/variable into line */

for (k - 0 ;inline(j] I- '- &inline~j] I-NULL; j++,k++)

line~k) inline(j];

linelk] - NULL;

strstrip(line);

/* allocate the string *

(*a node) ->variable~i] (char *) calloc(strlen(lino) + lasizeof (char));

/*see if out of memory */

if ((*a-rode)->variable~i] -- NULL)

*errflag - 1;

if (pe)

printf(" *** Error Line %d in file ý's\n",
strm->line nbr, strm->filenane),

printf(' " Out of ME~MORY ***\n");

return -3;

1* copy the string ~

strcp~y ((*s node) ->variableCi], line);

-387 -



read-networkec

/* find the elements in the arrays and pasm pointers etc. *

/* find out which element we belong to */

for (1 - 0 ; 1 < neim && strcmp(e[lJ->name, (*s-node)->element(iJ) !- 0;

.1.++)

if (DEBUG) printf("%a 11 %a\n",e~l]->name, (*s node) ->element~i]);

/*see if the element name wasn't found *

if (1 -- neim)

*errflag - 1;

if (pe)

printf(" *** Error Line %d in file %a\n'f,

strm->line nbr, atrm->filenaxne);

printf(' ** Can not recognize ELEMENT %3 ***\nh',

(*a-node)->element Ci]);

continue;

/* assign pointer ,

(*s-node)->elm~ptrji] 1;

/* turn flag on for element *

e[.].->flag = 1;

/* find the variable name

/* look for input variables *

for (k = 0 ; 1 < nelm && k < e~l]->device->nbr_inputs &

strcmp((*s-node) ->variable(i],e[l]->device->input_narne[k]) 1- 0;

k++)

if (DEBUG) printf("*** les 11 %s\n", (*s -node) ->variable(i],

e[l]->device->input_,name~k));

if (1 < nelm && k < efl]->device->nbr inputs)

(*.s-node)->varyptr~i] - k;

continue;

if (pe)
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printf(" *** Error Line %d in file %9\n",
atrm->line-nbr, strm->filename);

printf(" ** Variable %a not recognized for element ts ***\n",
(*3-node)->variable~iJ, (*s-node)->element~i]);

*errflag - 1;

(*a-node)->varyptr~i] -0;

/* equate follow on variables with new sub-nodes *

strcpy(name, (*s node) ->name);,

for (i = 1 : i < nbr-snode i++)

/* allocate new arrays *

t-node -(SUBNODE *) calloc(l~sizeof(SUBNODE));

if (t-node -- NULL) return -3;

t-node->last -*a-node;

t node->nbr-connect =(*s node) ->nbr-connect;

/* allocate arrays *

t-node->name = (char *)calloc(MAXCHAR,sizeof(char));

t-node->elrnjptr =(mnt *)calloc(t-node->nbr-connect,

sizeof (int) );
t-node-5varyptr -(mnt *)calloc(t-node->nbr-connect,

sizeof(int));

t-node->elernent =(char *)calloc(t-node->nbr-connect,

sizeof (char *))

t-node->variable- (char *)calloc(t-node->nbr-connect,

sizeof(char *)

/*see if out of memory problems */

if (t-node->elmyptr -- NULL 11 t-node->varyPtr NULNULL

t-node->element -- NULL t11
t-node->variable -uNULL 11I t-node->name -- NULL) return -.3;

/* set reference flag to zero

t-node->ref flag -0;

/* copy data *
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t-node->type -(*a node)->type;
strepy(line,nauie);

/* append an underscore followed by a 'b' or 'c' eta to the subnode

name *

sprintf(t-node->name,"%s_%c",line,'a' + i);

for (1 = 0 :1 < t node->nbr connect ; 1++)

t-node->elementfl] - make-str((*s-node)->element~l]);
t_nede->elmnytr~l] - (*9 node)->elmyptr(lJ;

t_node->varjptr[l) (*a_node)->var~ptr(lJ + 1;

/* see if too many points *

if (t-node->varyptr~l] >-

e Et-node->elmyptr Cl] ->device->nbr inputs9)
return -4;

1* copy the variable name

k -t node->var__tr(l3;
kk -t_node->elmyptr~l];

t-node->variable~l] - make-str( (efkkj )->device->input-nazne(k]);

/* update sanode ~

*9 node -t-node;

/* allocate new arrays ~

t-node - (SUBNODE *) calloc(l,sizeof(SUENODE));

if (t-node -- NULL) return -3;

t node->last - *9 node;
*&-node - t-node;

/* free inline *

free(inline);

return 0;
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/* count char returns the number of times a character occurs in a string */

count char(s,c)
char *s,c;

int i,j;

for (i = j = 0 ; sfi] != NULL ; i+4)
if (s[i) == c) j++;

return j;

/* make str allocates a string array and copies the argument passed to it */
char *makestr(s)
char *s;

char *calloc);
char *ans;

ans = calloc(strlen(s) + 1 , sizeof(char));

if (ans -- NULL) return NULL; /* out of memory error

strcpy(ans, s);

return ans;

typedef struct String

char *s;

struct String *next;

STRING_;

fgets multiple (outline, max, in)
char **outline;
int max;
FILE *in;

char *out;
STRING_ strt,*ptr;
char *inline;
int flag, len;

ptr - &strt;

ptr->next = NULL;

inline - calloc((unsigned) max + 1 , sizeof(char));

flag - 1;

while (flag)
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/* if read to EOF, send back EOF ~

if (fgets(inline,max,in) -- NULL)

free (inline);

return NULL;

strstrip(inline);

/*see if its a comment *

if (inlineCO) == 1!' 11 inline[O] -'P I inline(O J NULL)

continue;

/*see if a continuation marker is present *

flag =0;

if (inline(strlen(inline) - 1] -

inline[strlen(inline) - 1) NULL;

flag = 1:

if (strcmp(inline + strlen(inline) - 3 , ." -0)

inline(strlen(inline) - 3] - NULL;

flag - 1;

/* store the string and allocate a new array ~

ptr->s - make -str(inline);

ptr->next - (STRING_-* calloc((unsigned) 1I sizeof (STRING_));

ptr - ptr->next;

ptr->next - NULL;

for (ptr - &strt,len - 1 ;ptr->noxt !- NULL , ptr - p'r->next)

len +- mtrlen(ptr->9) + 1;

*outline - (char *) calloc((unsigned)len, sizeof (char));

(*outline) (0] - NULL;

for (ptr = &strt ; ptr->next !- NULL ;ptr -ptr->ne;xt)

strcat (*out1ine,ptr->s);*

-392 -



read-network.c

free (inline);

return (*outline) [0];
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/* sepsip.c */

/* 11 November 1988

**** version 1.0 27 March 1989 ****

Norbert H. Doerry

Shiboard Electrical Plant SImulation Program

**** modified 9 April 1989 ****

Fixed bug that caused utility line of menu to be printed twice

**** modified 10 April 1989 ****

Added ability to enter stdout as a filename for writing files

from the getfilename function

#include <xtdio.h>

#include "doerry.h"

#include "penner.h"

#define CLEARSCREEN system("clear")

#define VERSION 1.0

#define VERSION DATE "27 March 1989"

#define DIR "Is -al"

#define CMD "/rnit/nhdoerry/diffeq/thesis/sepsip_.util"

#define DEBUG 0

#define WRITE FILE 1

#define READ FILE 0

main(argc,arov)

int argc;
char **argv;

FILE *in;

extern char *devicefile(];

extern int nbr device file[];

extern FUNCTION PTR dev fnctn[];

extern char *devicename[];

STREAM PTR *strm;

DEVICE **dev;

ELEMENT **e;

QUEUE **queue;

char *calloc);

char inline l(MAXCHAP], infile [MAXCHA!K];

int i,k,typ,ndev,nelm,nqiueue;

NODE **nn;
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int nnodo,orrflagi
SIMULATE mimulate;
XTADLE **xtabi

ITABLE **itabt
int nxtab,nitabi
PAINT-VA1 pv;

int aim-flag:

/* print Header *

printf("\n\n WELCOME TO SEPSIP\n\n'):
printf(" Version %5.2f iVersion Date %s\n\n"',VERSION,VE.S1014DATE);

/* initialize *rrflag to 0 (no errors) *

arrflag -0;

/* allocate the storage for the device descriptions *

for (i -nduv - 0 ; i < DBRDEVFILES ; i++)
ndev +nbr-device -filetiJ:

dev - (DEVICE *0) calloc((unaigned) ndev,sizeof(DEVICE *)

for (i - 0 ; i < ndev ; i++)

devji] n (DEVICE *) caltloc(l,sizeof(DEVICE));

/* read in the device descriptions */

for (i =typ = 0 ; i < NBR -DEV FILES ; i++)

if ((in - fopen(device file~i],"r")) -= NULL)

errflag =1

printf(" **Unable to Open Device File :%s\n",device-filefi]);

continue;

k = load device (dev + typ , nbr-device-filefi] , in , typ

dev fnctn , device-name , ndev);

typ += nbr-device fileli];

1* exit program if any of the device files are not present *

if (errflag)

printf(" *** Program Terminated\n\n\n"):

exit o;

/*see if there is a filename specified in argv *
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if (argc > 1)

strcpy(infile,argvll]);
strcpy(inline, "1 ");

strcat(inline,argv~l]);

else
infile (0)- NULL;

if (infile(0] 1= NULL)

errflag -load-file(infile,&e,&nelm,dev,ndev, inline,&nn,&n to-s,ý3
&iqueue, &nqueue, &simulate, &xtab, &nxtab,
& itab, &nitab, &pv);

else

errflag = 1;

/* should have all the devices and elements read in ~

sim-flag -0; /* simulation has not occurred *

while (1)

printf('\n\n SEPSIP Commands \n)

if (errflaca -- 0 && sim flag ==1)

printf(" c Continue Simulation\n");

printf(" d Display Data\n");

if (errflag -- 0)

printf(" e Edit Simulation Parametera\n");

printf(' f File Options\n'");

printf(" 1 Load New Input File\n");

printf(" q Quit\n");

if (errflag -- 0)

printf(" s Conduct Simulation\n");

printf(" u Utilitios\n");

printf(" Enter Commnand

gets (inline):

strstrip(inline);

if (inline(0) -- ' && errflag -- 0 &4 sim_flag 1)
run simulation(inline,e,nelm,nn,nnode,queue,nqueue,xt~ab,nxtab,

itab, nitab, &pv, &mimulate,1);

else if (inline(0] -- 'd')

display data(inline,dev,ndev,.,nelm,nn,rinode, queue,
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nqueue, errflag, atdout);

else if (inline(O) -- et && errflag -- 0)

edit-simulate (e,nelm, nn,nnode,&simulate,&pv, inline);

else if (inline!0) -= If')

file options (inline,e, nelm, nn, nnode, &queue, &nqlueue, &simulate,

&pv, xtab, nxtab, itab, nitab, errflag);

else if (inline(0J - '11')

errflag load file(infile, &e,&nelrn,dev,ndev, inline,&nn,&ranodeI

&queue, &nqueue, &simulate, &xtab, &nxtab,

&itab, &nitab>,&pv),

aim-flag =0; /* reset the simulation flag *

else if (inline(0J == q' 11 inline[O] -= lot)

exit ()

else if (inlinefO] I= s' && errflag -= 0)

run simulation(inline,e,nelm,nn,nnode,queue,nqueue,xtab,nxtab,

itab, nitab, &pv, &simulate, 0);

sim-flag - 1; /* set the simulation flag *

else if (inline[OJ - 'u')

utilities (CMD, inline);

mnt load-file(infile,ee,nelm,dev,ndev,inline,nn,nnode,q,nq,simulate,

%ztab, nxtab, itab, nitab, pv)

char *infile;

ELEMENT ***ee;

int *nelm;

DEVICE **de,,,;

int ndev;
char *inline;

NODE ***nn7

int *nnode;
QUEUE ** *;

mnt *nq;
SIMULATE *simulate;

XTABLE ***xtab;

mnt *ntb
ITABLE ***itab;

mnt *nitab;

PRINTVAP *pv;

STREAM PTF *strm;
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FILE *inl;
char filename (MAXCHARJ;
int i, errflag, flag:

flag - 0;

strsplit(inline,filename,l,MAXCHAR); 1* grab the filename if specified *

errflag = 1; /* ensure loop occurs at least once
while (errflag != 0)

printf("'\n~n"),

errflag = 0; /* reinitialize errflag *

if (filenameCO] !- NULL)

in f fopen (f ilename, frt);

i =(in -= NULL) ?

get filename(infile,&in,READFILE, "SEPSIP INPUT",0) 0;

else
i = get filename(infile,&in,READFILE, "SEPSIP INPUT",0);

if (i 1= 0)

return flag; /* one if an error , zero otherwise *

filename(O1 - NULL; /* ensure that second time through, a file name

is prompted for *

/* initialize starting structures */

atrm - (STREA1MPTR *) calloc(l,sizoof(STREAM PTR));

strmr->in -in;

3trm->last -NULL; /* indicator that this is the first stream *
strcpy (strm->filename, infile);

strm->line nbr - 0;

/* set d.%faults */

set defaults (simulate);

pv->ne:.:t - NULL;

i -load-element(6atrkn,ee,neklm,dev,ndev,&errflag),

if Ci 1- 0) /* hit EOF before all dat~a was read in ~

flag - errflag - 1;

fclose (strm->in);
continue;
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else

flag = (errflag !- 0) ? 1 :0

i loadi-network(&strm,rin,nnode,*ee, *nelm,&errflag);

if (i 1- 0)

flag =errflag = 1;

ce~ntinue;

else

flag =(errflag != 0) ? 1 :0

strcpy(inline, (*nn) (*nnode]->name);

/* see if elements and nodes multiply defined *

check-name(*nn,*nnode,*ee,*nelm,&errflag);

i =load-initial(&strm, *ee,*nelm, *nn, *nnode,inline,&errflag,0):

if (i !- 0)

flag = errflag -1:

fclose (strm->iri);
continue;

else

flag = (errflag !- 0) ? 1 :0

load-aimulation(&strm,*ee,*nelm,*nn,*nnode,q,nq,sinlulate,pv,&errflag);

flag - (errflag !- 0) ? 1 :0

if (DEBUG)

for (i - 0 ;i < *nq ; i++)
printf('elm - %d , var - %d , val - %f , time - %f\n", (*q) (i]->elm,

(*q) )i]->var, (*q) (i]->value, (*q) (i]->time);

setup siniulation(*nn, *nnode, tee, 'neim, *simulate,xtab,nxtab,

itab, nitab,fierrflag);

flag - (errflag !- 0) ? I 0

if (DEBUG)

for (i - 0 ; 4. < *fq ;i++)
printf('elm = *d ,var - ýd , val - if , time - +f\n", (*q) (i)->elm,

(*q) fi]->var, (*q) (i]->value, (*q) ri]->tim.);

re~turn~ flag;
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getfilename (filename, stream, type, string, flag)
char *filename; /* default name of file */

FILE **stream; /* io stream */
int type; /* - 0 for read; = 1 for write */
char *string; /* string to prompt user with */
int flag; /* try to load file immediately if non zero

char inline[MAXCHARJ,direction(2],command(15];

direction(0] = (type -= WRITE-FILE) 7 'w' : 'r';
direction[l] = NULL;

if (type -- READ FILE) strcpy(command,"Read From");
else strcpy(command,"Write To");

strstrip(filename);

while(flag -- 0 11 filename[O] -- NULL)

if (filename[O] == NULL)

printf(" Enter %s file name : ",string);
else

printf(" Enter %s file name (Default %s) : ",string,filename);

gets (inline)
strstrip (inline);

if (inline(O] -= 'q' && inlineEl] mm NULL)
return -1;

if (inline[O] -m NULL)
break;

if (inline[O] -m
system(DIR) ;

else

strcpy(filename, inline);

break;

/* see if still NULL filename */

if (filename(0J -- NULL)

if (type)

*stream = stdout;
return 0:

else return -i;
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/*see if write file and filename is stdout ~

if (atrcmp(filename,"stdout") -- 0 && type)

*stream - stdout;

return 0;

1* try to open the file *

while ((*stream - fopen(filename,direction)) -- NULL)

while (1)

printf(" Cannot %9 %as Enter %a file name
command, filename, string);

gets (inline);

strstrip(inline);

if (inlineCO] -= q' && inline~l] -- NULL)

return -1:

if (inline(O) - NULL)

break;

if (inline(0] -

system (DIR);

else

strcpy(filename, inline);

break;

return 0;

display data(inline,dev,ndev,.,nelm,nnonnode,q,nq,errflag,out)

char *inline;

DEVICE **dev;

int mdev;
ELEMENT **e;

int neim;
NODE **nn;
int nnode;
QUEUE **q;

int nq;
mnt errflag;
FILE *out;
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char line (MAXCHAR] , cxd;

int flag;

strcpy(line, inline);

line(O] - I I; /* strip off first character *

stratrip (line);
cmd -line(;

if (omd !- 'd' && cmd I- 'D' && cmd I- 'e' && cind I- 'E' && cmd 1- 'In')

flag = 1;

else

flag - 0;

while (1)

if (flag)

printf("\n DISPLAY DATA\n");

printf(" d Display Device Summary\n");

printf(" D Display Device Data\n");
if (errflag -- 0)

printf(" e Display Element Sumnmary\n");

printf(" E Display Element Data\n");
printf(" n Display Network Surnmary\n");

printf(" q Quit\n");

printf(" w Write Device Data File\n");

printfa2' Enter Commnand

gets (line);
strstrip(line);

crnd line (0];

if (cmd 'd')

device-sumimary(dev,ndev,stdout);

else if (cmd -- 'D')

display-device (dcv, ndev, line);

else if (cmd -- 'e' 66 errflag -- 0)

element-summary(e,nelm, out, line);

else if (cmd -- 1E' && errflag -- 0)

display_ element (e,nelm, line,q,nq);

else if (cmd -- In' 66 errflag -- 0)

print_network(out,nn,nnode);

else if (cmd w- 'q')
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return;

else if (ond -- 'w')

dump device (dev,ndev~ line);
else flag -1;

if (flag 0) return;

/* use utility menu driver to execute program *

/* cmd iis the the command name of the utility menu driving program *
/* inline is the string input from the user

utilities (cmd, inline)

char *inline, *cmd;

char *command,*calloco;

command = calloc(strlen(inline) + strlen(cmd) + l0,slizeof (char));

strcpy(command, cmd);

inline[O] - 1 ;

stratrip(inline);

strcat (command," )

strcat (command, inline);

system(command);
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/* setup_simulation.c */
/* Norbert H. Doerry

28 February 1989

This routine sets up the state variable list for conducting the simulation.

The variable list contains the following variables:

I I Node Voltages
Ixi " I Variables attached to Current Nodes.** I
I I I I

** All the variables except the first one assigned to the
current node.

These variables are related by a set of implicit equations of
the form:

F (Ixi) = III -- > 0

where III is a vector of 'implicit variables' That should be

driven to zero.

Obviously, the order of lxi should be the same as the order of

III.

At a Voltage Node, the voltage variables attached to it are all
set equal to the Node Voltage. The Node Voltage is the variable
that is allowed to vary.

At a Current Node, The first variable attached to it is set equal
to the negative of the sum of the remaining variables. If there

are no more remaining variables, then the first variable is set
equal to zero. The remaining variables attached to the current
node are allowed to vary. If the Current subnode is the reference
subnode, then the first variable is kept as a separate variable.

Here are the definitions of the XTABLE and ITABLE structures

typedef struct Xtable

int nbr; II number of variables tied to this variable
int *e; i I array of element indexes
int *v; I I array of variable indexes

int *mult; I array of multipliars for variables

XTABLE;

typedef struct Itable
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mnt e; 11 index to element array
mnt i; IIindex to implicit variable array

ITABLE,

#include <stdio.h>

#include <math.h>

#include "doerry.h"

#define DEBUG 0

setup simulation (nn, nnode,eecnelm, simulate, xtab, nxtab, itab, nitab, errflag)

NODE ~*~*n
int nnode;
ELEMENT **ee;

int nelm:

SIMULATE simulate;

XTABLE ***xtab;
int *nxtab;

ITABLE ***itab:

int *nitab;

int *orrflag;

int i,j,k,l;

mnt nbr-x,nbr-i;

/* count the variables *

nbr -x nbr i = 0;

for (i1 0 ;i < nnode ;i++)

for (j =0 ; j < nn(i]->nbr-subnode ;j++)

/* skip reference voltage subnode *

if (nn~i]->subnode(jJ->ref flag -- 1 &

nn(i]->subnodetjJ->type -- 0)

continue:

/* add extra variable for current reference subnode *

if (nn(i]->Subnode~jJ-->ref_flag w= 1 &

nn[i]-->subnode(jJ-->type w- 1)

nbr x++;

/* add up the variablees ons for voltage subnode

nbr-connect -1 for current subnode *
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if (nn~i]->nubnode~j1->type -- 0) /* voltage subnode *
nbr-x +- 1:

else /* current subnode *
nhr-x +- nn~i]->subnod.(j]->nbr-oonnect - 1:

/* count the implicit variables *

for (i - 0 ; i < neim ; i++)

/* skip element if it is not used *

if (ee~i]->flag -- 0) continue:

nbr i += eefi)->con.nbr implicit;

if (DEBUG)
printf("nbr-i - %d ::nbr-x -%d\n"l,nbr_i,nbr-x);

/* ensure number of implict variables and node variables are the same *

if (nbr-i != nbr-x)

printf(" *~SYSTEM DEFINITION ERROR :\n");
printf

(0 Unequal number of variables and implicit variables ***\nf'):
printf(" ** nbr x = %d 11 nbr i = %d\n",nbr-x,nbr i);
*errflag 1;

return;

/* allocate arrays *

*xtab = (XTABLE *)calloc((unsigned) nbr_i, sizeof(XTABLE *)

*itab - CITABLE *)calloc((unsigned) nbr_i, sizeof(ITABLE *)

for (i =0 ; i < nbr-i ; i++)

(*xtab) [iJ = (XTABLE ~)calloc((unsigned) 1, sizeof(XTABLE));
(*itab) (i] - (ITABLE *)calloc((unsigned) 1, sizeof(ITABLE));

/* fill the arrays *

k =0;

for (i - 0 ;i < nnode ; i++)

for (j 0 ; j < nnfi]->nbr subnode ; j++-)
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/* skip reference voltage subnode *

if (nn~i)->subnode[j]->ref_flag -- 1 &

nn~i]->subnode~j]->type -- 0)

continue;

/*see if reference current subnode *

if (nn~iJ->subnode~jj->ref_flag -- 1 &
nn~i]->subnode~j]->type -- 1)

for (1 = 0 ; I < nnji]->subnode~j]->nbr-connect 1 ++)

if (DEBUG) printf (" k- dnk

(*xtab) (k]->nbr -1;

(*xtab) (kJ->e = (int *)calloc((unnigned) 1,sizeof(int));
(*xtab) (k)->v =(int *calloc((unsigned) 1,sizeof(int)):

(*xtab) Ek]->mult= (int *)calloc((unsigned) l,sizeof(int));

(*xtab)[k].->e[0) = nn~i]->subnode~j]->elmnytr~l];

(*xtab) (kJ->v(0) - nn(i]->subnode~j]->var~ptr~l];

(*xtab) (k]->mult[0]= 1;

continue;

/*see if a normal voltage subnode *
/* ***there is some redundancy here, could save memory by

using the pointers instead of copying */

if (nn~i]->subnode~j]->type -- 0) /* voltage subnode *

if (DEBUG) printf(" k - dn,)

(*xtab) (k]->nbr - nn(i]->subnodetj)->nbr_connect:

(*Ytab) fk]->e - (mnt *)calloc((unsigned) (*xtab) (k]->nbr,

sizeof (int) );
(*xtab) (k]->v - (int *)calloc((unsigned) (*xtab) (k]->nbr,

sizeof (int)) ;

sizeof (int));

for (1 - 0 ; 1 < (*xtab)Ck]-.>nbr ; 1++)

(*xtab)[k]P>e~l3 - nn~i]->aubnode~jJ->elmyptr~l];

(*..t!b)fk>.>v(lJ - nn~i)->subnode~j]->varjptrjl];

(*xtab) [kJ->mult Cl]- 1,

else ,'* current subnode *
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for (1 - 1 ; 1 < nn~i)->xubnode~j]->nbr connect ; 1+4-)

if (DEBUG) printf("I k - dn,)

(*xtab) (k)->nbr - 2;
(*xtab) (kJ->e = (mt *)calloc( (unsigned) 2,sizeof(int)),
(*xtab) (k)->v - (mt *)calloc((unsigned) 2,sizoof(int));
(*xtab) (k]->mult= (int *)calloc( (unsigned) 2,sizoof(int)),

(*xtab) [k]->e[0O) nn~i]->subnode~jJ->elm~ptr~l];
(*xtab) (k]->v(Q] - nn[i)->aubnodetj]->varyptx(1];

(*xtab)[k)->e[l] = nn~iJ->subnode[j)->elm~ptr(0],

(*xtab) (k]->v[l] - nnti]->subnode~j]->var~ptr(0];
(*xtab) (k]->mult(lj- -1;

/*save the implicit variabie pointers *

for (i 0,k = 0 ; i < neim ; i++)

/* skip element if it is not used *

if (ee~i)->flag -= 0) continue;

for (j = 0 ; j < eeti)->con.nbr-implicit ;J++)

if (DEBUG) printf(" k - d'\n"k);

(*itab) fk]->e - i

(*itab) (kl->i =j

ee[i]->con.imp~indexjj] k;

*nitab - nbr i;

*nxtab -nbr x;
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/* simulatec

P, Norbert n|. Doerry

14 March 1B9

This routine performs the actual simulation of the electrical system

The procedure is

A. Initialize
old state variables to their initial values
set current variable initial guesses to the value specified.
set voltage variable initial guesses to the value specified for

the first voltage specified at a voltage subnode.

B. Balance system

BI. Calculate the implicit variables, see if convergence is

satisfied. (if satisfied, go to C)

B2. Manufacture Jacobian.

B2a. From function calls
B2b. By varying inputs to system and allowing to change

B3. Solve system of equations with Jacobian and Implicit variables

B4. Apply correction to voltage and current guesses.

C. Print output variables

D. Increment time counter (if after TMAX, then end)

E. See if external input variables have changed, if so change them

F. Set old state variables to present state variables

G. Go to B

NOTE: eventually may have to include tests for switches which will)

effectively change the system. For example, for a diode, if the

the voltage drop is less than .6 volts or the current is going int

the wrong direction, then one of the implicit equations will drive

one of the currents to zero. If the voltage drop is greater than

.6 volts and the current is in the right direction, then the implicit

equation is set equal to .6 - the voltage drop.

After a switch is thrown, the system will have to be rebalanced. If
more than one switch can be thrown at a time is unknown.

*** 27 March 1989 ***

The above statements are probably not true, By properly rotating
the axes of the coordinate systems, I think one ca.• properly define
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the implicit variables such that you will get convergence. (As long

as the characteristic is continuous) -nhd

*** Revision a : 29 March 1989 ***

Added fflush(out) statements so that the output file will have

something in it if the program crashes.

#include <stdio.h>

#include <math.h>

#include "doerry.h"

#define BIG 1.0e+16

#define DEBUG 0

run simulation(line,ee,nelm,n,nnode,qq,nq,xtab,nxtab,itab,nitab,pv,

simulate, flag)

char *line; /* this is the command line */

ELEMENT *'kee;

int nelm;
NODE **n;

int nnode;
QUEUE **qq;

int nq;
XTABLE **xtab;

int nxtab;
ITABLE **itab;

int nitab;
SIMULATE *simulate;

PRINTVAR *pv;

int flag; /* flag 0, start at beginning, flag 1 continue to new TMAX */

FILE *out;

char filename(MAXCHAR];

int i,j,k;
double *jacob,*implicit,*var;

char *calloc();

double impliciterror(),square error, start;

double temp;

if (DEBUG)

for (i = 0 ; i < nq ; i++)

printf("elm - ;d , var - ld , val = if , time *f\n",qq[i)->elm,
qq[i]->var,qq(i]->value,qq[i]->time);

jacob = (double *) calloc(nxtab * nxtab , sizecf(double));

implicit - (double *) calloc(nxtab , sizeof(double));

var - (double *) calloc(nxtab , sizeof(double)):

if (jacob -= NULL) return 1; /* out of memory error
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/* see if want to write to a file */

strsplit(line,filename, l,MAXCHAR);

if (filename(O) != 0)

out - fopen(filename,"w");

if (out == NULL) out = stdout:

else

out - stdout;

/* initialize the simulation to initial values if flag -- 0 */

if (flag -- 0)

initialize simulation(ee,nelm,n,nnode,*simulate);

simulate->time = simulate->tmin;

/* perform the simulation */

for (k = 0, start = simulate->time ; simulate->time <- simulate->tmax

simulate->time = start + (double) (++k) * simulate->dt)

/* check the external input variable queue */

checkqueue(ee,nelm, qq, nq, simulate->time);

for (i = 0 ; i <= simulate->max iteration ; i++)

/* calculate the implicit variables */

/* first time, balance the system */

if (k == 0)
calc_implicit(ee,nelm,0.0);

else
•1 /calcimplicit(ee,nelm, simulate->dt);

/* calculate jacobian submatrices if calc_.implicit didn't

already do so */

for (j - 0 ; j < nelm ; j++)

if (ee~jj->con.jacob_switch -- 1)
continue;

*if (k -= 0)

temp - simulate->dt;

simulate->dt - 0.0;
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elm jacob(ee[j],*simulate);
simulate->dt - temp;

else
elm jacob(ee[j],*simulate);

/* find the mean square error

square-error = implicit_error(ee,nelm);

/* see if have met convergence test */

if (squareerror < simulate->converge)
break;

/* make the jacobian matrix */

makejacob(jacob, xtab,nxtab, itab,nitab, ee,nelm, n, nnode,*simulate);

/* make the implicit variable vector */

make implicit(ee,nelm, itab, nitab, implicit);

/* solve the system of equations */

if (gauss eliminate(nxtab,jacob,implicit,var) !- 0)

printf(" *** SINGULAR SYSTEM MATRIX at time %f\n",
simulate->time);

return 0;

/* note that the contents of jacob and implicit were
destroyed by gauss eliminate */

/* apply the corrections to the variables */

updatevariables(ee,nelm,n,nnode,xtab,nxtab,var);

/* see if failed the convergence test */

if (i >= simulate->max:iteration)

printf(" *** CONVERGENCE TEST FAILED at time +f\n",simulate->time);
return 0;

/* print the output variables if at the proper time */
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print output (out,ee, neim, n,nnode, pv, simulate);

/* set the old-state variables equal to the state variable *

for (i - 0 1 < neim ; i++)

for (j -0 ; j < eejiJ->con.nbr -states ; J+.+)

ee(i]->con.old-statetj) - ee~ij->con.state~jJ;

/* free the jacobian array along with the other two vectors *

free (jacob) ,

free (implicit);

free (var);

if (out != stdout) fclose(out);

initialize simulation(ee,nelm,n~nnode,simulate)

ELEMENT **ee;

int nelm;
NODE **n;

mnt nnode;
SIMULATE simulate;

mnt i,j,k,eptr,vptr,typ;
double node-volt, current, sum;

/* initialize state variables and external input variables *

for (i - 0 1 < nelm ; i++)

for (j =0 ; j < se~(i->con.nbr Istates ; j+

ee(i)->con.old-state(j) - ee~i]->con.initastatejj];

for (j - 0 ; j < ee~i]->con.nbr -ext_in ; J++)
ee(iJ->con.ext_in[j] - ee~i]->con.init-ext_injj];

/* initialize jacobian matrices to zero *

for (j - 0 ; j < ee[i]->con.nbr -implicit ; j++)
for (k - 0 ; k < ee(iJ->con.nbr inputs ; k++)

ee[i]->con.jacob_in(j + eefi]->con.nbr-implicit *kJ 0.0;

/* initialize the input variables
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for (1 0 ;i < nnode ; i++)

for (j =0 ; j < n[i]->nbr-subnode ; J++)

if (n~i]->9ubnoderj]->type -- 0) /* voltage law *

eptr -n~i]->subnode[j)->elm~ptr(0]:

vptr -n(i]->9ubnode(j]->varyptr(Q];

node-volt - n(i)->subnode(j]->init_volt;

ee~eptr]->con.in[vptr] - node-volt;

for (k - 1 ; k < n(iJ ->subnodetj]->nbr connect ;k++)

eptr - n(iJ->subnode(jJ->elmyptr(k]:

vptr = ntiJ->subnode~jj->var~ptxik3;
ee(eptr]->con.in~vptrJ - node-volt;

else /* current law *

for (k - 1 ,sur - 0, k < n(i]->subnode(jj->nbr connect ;k++)

eptr - nri]->9ubnode(j)->elm..ptr(k];
vptr - n~i)->subnode(j]->varyptr~kJ;
current - ee Ceptr] ->con. init~injvptrj;

eeteptr]->con.in~vptrj current;
sum +- current;

/* get pointer of first variable *

eptr -n~i]->subnode~j]->elmyptr[O];
vptr -n(i]->subnode~j]->varyptr[0];

/* initialize the current for the first variable *

/* If the first variable is the reference current node/subnode,
then it is an independent state variable, otherwise, set
it equal to the negative mum of the other currents entering
the subnode */

seeeptr)->con.in(vptr) - /*see if reference node *

(n~iJ->subnode(j)->ref_flag -- 1) ?
*eeeptr)->con.init-in(vptr] -sum;
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calc implicit (ee, nelm, dt)

ELEMENT **ee;

int nalm;
double dt;

int i;

int (*f)U(I

for (i - 0 ; i < nelm ; i++)

if (ee[i]->flag -= 0)

continue;

f - eeli]->device->f;

(*f) (ee [i], dt)

/* impliciterror returns the mean square value for the implicit variable */

double impliciterror (ee,nelm)

ELEMENT **ee;

int nelm;

int i, j,k,nbr;

double err:

nbr - 0;

err = 0.0;

for (i - 0 ; i < nelm ; i++)

if (ee[i]->flag -= 0)

continue;

for (k = 0 ; k < ee(i]->con.nbr implicit ; k++)

if (fabs(ee(i]->con.implicit[k]) < BIG)

err +- ee(i]->con.implicit(k] * ee~i]->con.implicit[k];

else

err +- BIG;

nbr++;

if (nbr !- 0)
return (err / (double) nbr);

else

return 0.0;
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make implicit (ee, neim, itab, nitab, implicit)

ELEMENT **ee;

int neim;
ITABLE **itab;

mnt nitab;
double *implicit;

int i,ept~r,iptr;

for (i - 0 ; i < nitab ;i++)

eptr - itablij->e,

iptr - itabliJ->i;

implicit~i] - ee[eptr]->con.implicit(iptr3;

/* check_queue updates the external inputs. It assumes that
the queue array is in time order ~

check queue (ee, nelm, qq, nq, time)

ELEME2NT **ee;

mnt neim;
QUEUE **qq;

mnt nq;
double time;

mnt i;

for (i - 0 ; i < niq && qqfi]->time <- time ;i++)

cc [qq [ii ->elm] ->con.ext in(qq Ci]->var] -qq(il->value;

if (DEBUG) printf ('elm - ýd , var - %d ,val - %f , timne %fn"

qq~i)->elm,qqfi]->var,qqti]->value,qq~i]->time);

update-variables(ee,nelm,n,nnode,xta~b,nxtab,var)

ELEMENT **ee;

mnt nelm;

NODE **fl;

mnt nnode;
XTABLE **xtab;

int nxtab;

double *var;

mnt i,j;
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/* update all the variables *

for (i - 0 1 < nxtab ; i+)

for (j -0 : j < xtab~i]->nbr ; J++)

eelxtab~i]->e(j]]->oon.in~xtab(iJ->v[jl] J
var(i] * (double) xtab(i]->mult(j];

static double last display;

print output (out, ee,nelm, nn,nriode,pv, simulate)

ELEMENT **ee;

int nelm:
NODE **fln;

int nnode;
PRINTVAR *pv:

SIMULATE *simulate;
FILE *out;

mnt i,j,k,
extern double last dimplay;

PRINT-VAR *tamp;

/* print out header *

if (simulate->time simulate->tmin)

fprintf(out," time )

for (temp - pv->nezct ; temp !- NULL ;temp -temp->next)

if (temp->typ !- 2, /* external output or input*/

fprintf(out,"%-12s ",ee~temp->ej->name);
else /* print node nmne *

fprintf(out,"+-129 ",nn~temp->e]->name);

fprintf (out, '\n');

fprintf (out," '

for (temp - pv->next ; temp I- NULL ; temp,= temp->next)

if (temp->typ -- 0) /* external output *
fprintf (out, "%-12s "',eeltemp->e]->deviee->ext-out_nameftemp->v]);

else if (tenip->typ -- 1) /* external input */
fprintf (out, "ý-12s "',ee(temp->e]->device->ex:t in name Itemp->vJ);

else /* print node aubname */
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fprintf(out, "%-12as ",nn(temp->e]->aubnodettemp->v)->nam.):

fprintf (out, '\n");

/* ensure first line gets printed *

last display - simulate->time - 2 *simulate->print~dt;

/* print out variable names on screen if not printing data
to the screen *

if (out !- stdout)

for (tamp - pv->next ; temp I- NULL ; temp - temp->next)

if (temp->typ -- 0) /k external output*/
printf(' %129s %-12s\n",eettemp->e]->name,

ee Etemp->eJ ->device->ext -out 7name temp->vJ):

else if (temp->typ -- 1) /* external input *1
printf(" %12s :%-12s\n",ee'~temp->eV->name,

cc (temp->e] ->device->ext-in_name (temp->v]);
else. /* print node name */

printf(" ý12s : %-12s\n",nn~temp->e]->name,
nn [temp->.] ->subnode [temp->v) ->name);

printfC'\n");

if
(simulate->tinie - last display >-

simulate->print_dt - simulate->dt / 10.0)
11 simulate->time -- simulate->tmin

11 simulate->time >- simulate->tmax)

last display = simulate->time;

fprintf(out," *-12.5g ",simulate->time);

for (temp -pv->next ; temp !- NULL ; temp -temp->next)

if (temp->typ -- 0) /* external output *
fprintf(out,"%-12.5g ",ee(temp->e]->c~on.ext-out. temp->v]);

else if (temp->typ -= 1) /* external input */

else
/* subnode voltage *

=nn~temp->eJ->subnode~temp->vJ->elm-ptrfO];

j nn(temp->eJ->subnode[temp->v1->varyptr(0);

fp~tinf~outi-12.5 ",eeji ->oinj
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fprintf (out, "\n"),

if (out I- stdout)

printfC' ."1)

fflush(stdout);
fflush(out): 1* added as revision a

px.'nt-matrix(out,mat,m,n)
FILE *out;
double *mat;
mnt m;
int n;

int i,j; /* i iý r w, j is column*/

fprintf (out, *\fl");

for (i -0 1 < mn ; J++)

for (j =0 ; j < n ; j++)
fprintf(out," %7.4g",mat(i + j*rnJ):

fprintf (out, "'n");
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