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(ABSTRACT)

This paper presents a computer model developed for the purpose of
solving the differential equations of a three-phase, rotating field,
salient pole, synchronous AC generator driven by a variable mechanical
power source. The goal of this model is to provide a convenient means to
accurately predict the mechanical and electrical dynamics of any engine-
generator combination of the aforementioned design-type under various
resistive and inductive electrical loading conditions. Intended practical
uses of the model are for mechanical failure prediction, transient
studies, and analysis for determining the suitability of the electrical

power quality output of the generator for intended electrical loads.
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INTRODUCTION

The computer model developed herein is a significant step in the overall
goal of developing a model of an entire power system, in which there
exists an internal combustion engine driven generator powering induction
motor driven reciprocating machinery. Currently, a mature computer model
exists for an induction motor powering various loads. The utility in
modelling an entire power system 1is +to accurately replicate the
transmission of the effects of the reciprocating engine throughout the
system and the reflection of load reciprocating machinery disturbances
throughout the electrical side of the system. In this paper we will
discuss, in detail, the development of a computer model which accurately
simulates the electrical output performance of an AC generator based on

variable mechanical inputs.

We will address the derivation of the engine-generator computer model in
terms of the mathematical model chosen from the literature to represent
the physical system of interest. The structure / design of the computer
program is discussed, as well as how well the model output correlates to

actual system performance.

Capabilities of the resulting model are demonstrated and practical uses of
the model are discussed. Examples of mechanical and electrical output are

provided and analyzed. Requirements for data input are itemized.

Finally, after demonstrating its capabilities, we will recommend future
enhancements to the Engine-Generator model and steps necessary to achieve

the ultimate goal of an entire power system model.



REVIEW OF LITERATURE

The literature search for a mathematical model began first by identifying
the features & capabilities of interest to this project. As a minimum, we
are interested in the following characteristics:

a) Equations to describe the Electrical & Mechanical behavior of an

AC generator

b) Synchronous-type generator

c) Rotating Field

d) Salient Pole Rotor Design

e) Resistive & Inductive Loading

f) Magnetic Saturation Compensation

g) Amortisseur / Damper Windings

h) Polyphase output

i) Transient & Steady-State Analysis

j) Generalized to allow greatest flexibility of design
It is relevant to first discuss the original derivation of the electrical
and mechanical equations of synchronous machines. The individual to first
pioneer this work was R.H. Park [1] of General Electric in the Journal of
The American Institution of Electrical Engineers, now known as, simply,
The Institution of Electrical Engineers. Although his "Two Reaction
Theory of Synchronous Machines - Generalized Method of Analysis" was first
published in 1929, it is still referenced in almost every related paper
and textbook to date. This is attributed to the fact that the design of
synchronous machines has, for the most part, been an evolutionary process,
i.e. the basic principles of design are the same as they were in the early
part of this century. In fact, R.H. Park’s analysis has been widely used

as a foundation for understanding and modelling of synchronous AC



generators for the past 60 years. His mathematical model 1is very
generalized, in fact it accounts for most of the above objectives, except

magnetic saturation and the mechanical equations of motion.

The next step in identifying an acceptable model was to search recent
literature from several journals and textbooks. The two journals found to
be most helpful are:

"IEEE Transactions on Power Apparatus and Systems™ [1-6],
and,

"The Journal of The (American) Institution of Electrical

Engineers" [7-12]
Though all of the papers from the above organizations have their
respective benefits, each also is somewhat undesirable for the intent of
this paper. Most of the papers involve stability studies for large scale
turbine or hydroelectric power plants utilizing high speed AC generators
with solid cylindrical rotors. The models were developed by either power
companies or companies such as General Electric or Westinghouse who build
hardware for large scale commercial power plants. The assumption is made
in these papers that the electric power system itself is an "infinite
bus", therefore one would expect variations in electrical output due to
changes in load, but no variations in frequency. Some of the recent
papers in this category, though, such as [7] and [8] begin to provide
numerical solution approaches to solving the differential equations of

interest.

At this point, we have identified a multitude of mathematical models which

suit most of the parameters, but none for small scale systems.

An article from IEEE Transactions on Magnetics [13] presented a



mathematical model developed for small systems, but is a simplified model
based on an oscillator approach. However, there is some helpful

information on modelling the mechanical system.

Finally, after searching through numerous IEE and IEEE papers on the
subject, "The Computer Journal"” was found to contain an excellent paper on
the subject. A paper entitled "Numerical solution of the differential
equations of a synchronous generator”, by I.R. Smith and L.A. Snider [14]
was presented and was developed for a small scale power system, namely a
15 kVA generator. This model satisfies all the aforementioned criteria,
except for modelling of the mechanical equations of motion. In addition
it presents a suggested numerical integration approach. It also presents
a comparison of theoretical vs. empirical results and includes actual
design data from a "small" (15 kVA) generator. This is the model selected

for the electrical portion of the AC generator.

The search for a mechanical mathematical model proved to be less time
consuming. There are various textbooks on electric machinery which
present a thorough analysis of the mechanical equations involved, namely
the references "Transient BAnalysis of AC Machinery" [15], "Synchronous
Machines" [16], and "Electric Machines: Dynamics and Steady State™ [17].
The latter was chosen because of its classical presentation of the

mechanical equations of motion.

In summary, the mathematical model for the electrical system is,
"Numerical solution of the differential equations of a synchronous
generator" [14]

and the mathematical model for the mechanical system is,

"Electric Machines: Dynamics and Steady State" [17]



These models were chosen because they are sufficiently general in nature

and satisfy the criteria for achieving the stated project objectives.



MATERIALS AND METHODS

In this section we will discuss three basic topics:
1) the development of the Physical Model
2) the development of the Electrical Model, and
3) the development of the Fortran Code

Physical Model

The first step in the modelling effort was to identify and understand the
physical system to be modeled. The overall system to be modeled is as
shown in Figure 1.

Isochronous Governor. An isochronous design as opposed to a mechanical

droop-type governor was chosen because many modern electric power systems
are of this type, especially those with output capacities of at least 15
kVA used where high quality power needs are anticipated. All US Army
mobile electric power generators currently being produced (with ratings
above 10 kVA) are of the isochronous governor type. Electronic governor
control units / actuators are used to achieve constant speed (no-droop)
operation. The governor is simulated in the computer model by constantly
monitoring the rotor speed and its deviation from rated speed. As a
result of this speed difference, a corrected Torque is delivered by the
engine to compensate. Commercial electronic governors typically have,
among other controls, a "gain" setting. This gain setting basically
determines the magnitude of the output response to the engine. Therefore,
a gain setting has been incorporated into the computer model which results
in a governor response (i.e. engine torque response) as follows:
Trecnatt) = Tmeanm — (TPMy,; — rpm,) (Gain)
Voltage Regulator. The voltage regulator module developed incorporates

the functions of a normal electronic regulator and a DC excitation system
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which supplies voltage to the main rotor field. The regulator is
simulated in the computer model by constantly monitoring the sinusoidal
output voltage of one phase of the output. The sinusoidally varying
voltage of one phase is converted to a root-mean-squared equivalent
(equivalent energy) such that it can be compared to the rated output, 120
volts, 240 volts, etc. As a result of this voltage difference, a
corrected DC signal is sent to the rotor field. Similar to the electronic
governor, commercial voltage regulators incorporate a "gain" setting which
basically controls the magnitude of the output response. The voltage
regulator relation used in this computer model is:
Voca+) = VDCw ~ {(Voups me@+) ~ Voupuw mew) (Gain)

Based on the literature, a time delay of one period has been incorporated
to simulate the delayed response in generating the new excitation voltage

to the field.

Mechanical Equation of Motion. The system can be modelled adequately

using a second order differential equation approach which takes into
account the mass moment of inertia of the system, viscous damping, the
electrical disturbing torque induced between the rotor and stator due to
electrical loads, and the synchronizing mechanical torque provided by the
engine:

(J, + J,)a%8/dt? + (D)d8/dt + T, = T..
where, 8 = the angular displacement of the direct axis of the rotor

with respect to a fixed reference coordinate system

J1 = the mass polar moment of inertia of the engine /
flywheel combination.

J2 = the mass polar moment of inertia of the generator rotor
and shaft combination.

D = the damping coefficient, including mechanical viscous



friction plus electrical viscous damping from the field

coil and damper coils.

Generator Design. Figure 2 depicts both a uniform gap (cylindrical rotor)
design and a salient pole rotor design. Both are 4-pole machines.
Because we are interested in a reciprocating engine driven generator, the
salient pole design is the best choice for our analysis. Additional
justification for this choice is as follows:
* The salient pole generator is the most common design by far in use
today in low-speed, reciprocating engine applications
* The salient pole generator is significantly less expensive to
manufacture
* The cylindrical construction is used in high-speed systems only
because the salient pole type is difficult to build to withstand the
stresses at high speeds and has high winding losses at high speeds.
(18]
Other design choices are incorporated such as amortisseur ("damper")
windings. Because reciprocating engines sometimes tend to "hunt", damper
windings are often placed on the surface of rotors to decrease this
tendency. The dampers are nothing more than short-circuited conductors
imbedded into the pole faces. When hunting occurs, a shifting of the
stator magnetic flux occurs, thereby inducing currents in the damper
windings. Since any induced current opposes the action that produces it,
the hunting action is opposed by the flow of the induced currents. [18]
It is interesting to note that generator rotors driven by turbomachinery
generally do not incorporate these windings because these systems do not

have a tendency to hunt.

The baseline physical design for our particular model is similar to the
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rotating field, salient-pole design depicted in Figure 2 with the
exception that there are six (6) poles instead of four (4), rotating field
design with damper windings as shown. As the reader will notice later,
the number of poles specified in the computer model developed herein is
variable, but the initial analysis was conducted with a 6-pole design
because the data was readily available for this design type to verify
performance of the computer model. The equation relating the output
frequency (Hz), shaft speed (rpm), and the number of rotor poles is as

follows [18]:

Frequency = (Shaft Speed) (Number of Poles)
120

The computer model permits the user to vary any of these three variables.

Electrical Model
Now that the physical construction is specified, we turn to the electrical
performance of the generator itself. A circuit model of the system is
provided in Figure 3. Note that in this circuit model the load circuitry
appears to be rotating. This is merely a convenient means of depicting
the electrical circuit equivalent of the generator. Obviously, in a
rotating field machine, the stator carries the load voltages and currents.
Though Figure 3 adequately describes the physical circuits involved in our
generator, it does not show the magnetic flux linkages responsible for
producing the output voltage and current in the stator/armature. If our
model is to be an accurate depiction of a real generator, these magnetic

flux linkages must be incorporated.

The most important flux linkage is the mutual inductance between the rotor
field circuit and the armature phase windings. However, there are several
other inductance coefficients we must consider in a real system.

The inductance coefficients can be broken up into two categories, Self

11
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Inductance and Mutual Inductance. They are applicable to the following
windings:
Self Inductance
Field Windings
Armature Windings
Amortisseur Windings
Mutual Inductance
Armature phase-to-phase
Armature-to-Amortisseur
Armature-to-Field

Field-to-Amortisseur

It is unnecessary to derive the relationships governing self- and mutual-
inductance relations at this point. ©Park [1] Concordia [16] provide a
more~than-thorough derivation of these relations. The equations governing
self- and mutual-inductance will be presented herein as part of the matrix
equations governing performance of the entire generator. Basically, each
of the inductance relations vary sinusoidally and have a constant term
which is determined empirically. The empirical term is largely a function
of the non-uniform air gap between the salient-pole rotor and stator.
Most generator manufacturers will provide this information although it is
not part of their "boilerplate" or “"Specification Sheet" information. At
this point we are ready to present and solve the governing equations for
our generator (see Figure 4). The matrix equation is in the form,
[vl = (IR] + [L]p) [i]
which can also be written
[vl = ([R] + [L]ld/4t) [i].
At this point we have six (6) equations and six (6) unknowns, namely the

six (6) currents,

13



i, - Armature Current (Phase 1)

P
1

Armature Current (Phase 2)
i, = Armature Current (Phase 3)

i; = Field Current

i4 Direct Axis Damper Current

i, Quadrature Axis Damper Current
It is interesting to note that, basically, the variation of v; (field

voltage) is the driving force behind all the currents involved in the

model.

Our goal at this point is to numerically solve the matrix equation of
Figure 4 for all six (6) currents. First, we manipulate the above
equation as follows;
[vl = [(R][i] + [L]di/adt
[L]-1[v] = [L]-1[R][i] + di/dt
di/dt = [L]-1 ([v] - [R][i])
This equation is of the form, y’ = f(x,y), and various established
techniques are available for numerical solution of same. These numerical
routines fall into basically two groups:
1. solution by successive substitution (Runga-Kutta methods); and
2. solution by numerical integration formulae (e.g. predictor-
corrector methods).
Smith & Snider [14] recommend the use of Hamming’s [19] predictor-
corrector method because it is somewhat quicker, requiring less iterations
for the same accuracy. However, Hamming’s method is not self-starting, in
fact four (4) previous values of the solution are required. Knowing the
above and the author’s lack of experience with Hamming‘s routines, a
Runga-Kutta fourth-order routine [20] is used in this model. See Appendix

A for the specific integration subroutine used.

14



-

uotjenby abejyuTl

xn7d - b 2anbta

*1d + ®u 0 0 guTs’nd- fguts’nd- ‘guys’wd-

olP1a + P Ppd 1gsooPd fgsoofnd ‘gs00"Kd

o) Pd|1d + gsoa’wd ‘gsoo’wd ‘gsoo'nd
(%,uTs®1

+ 99,8000 (‘puTts'guTs®y (‘eursiguTs®y

IguTs’nd- [ *gsoo™wd | gsoond + TI7)d + g + Yy

+ ‘gsoo’gsooiy)d

+ ’gsodigsoody)d

(‘guts’euTs®n

fguTs’wd-|“‘gsoo™d | ‘gsoo'nd + ‘gsoo’gsooiy)d

(*g;urs®

+ “g,80007
+ ) + 9o+ N

(‘euts‘guTs®n
+ ‘gsoofgsooin)d

(‘guts’guTs®n

‘guts’nd-| ‘gsooPwd| ‘gsoo’nd + Ygsod’gsooiy)d

(‘euts’euTs®y
+ %gsoo’gsooiy)d

(*gurs®1 +

'8800%T +7M1)d +9 + ¥

7

15



As part of the above equation, we have the need to numerically invert a (6
X 6) matrix as well. A Gauss-Jordan Reduction method [20] was used for

this task (see Appendix A).

After solving for the three (3) armature phase currents, we can compute

the load voltages as follows:

Vi R, + Lpr i,
VLY = RLy + LLyp * iy
Vip RL\! + Lu,p i'b

where p = d/dt

Electric Power Output. Now that the armature voltages and currents have

been calculated, we can express the instantaneous power output as follows:
Puae = (Vi) (&) + (Vi) (iy) + (Vi) (dy)
which is accurate for both resistive and inductive loading.

Electrical Torque. The electromagnetic torque induced in the rotor from

the armature currents can be expressed as a function of the armature phase
voltages and currents as follows:

Tyee = (v )(i) + (vtn)‘iy) + (vip)(dp)
(eff) (d8/dt)

or, using the relation for power output, it may be expressed as follows:

Telec = _Pelec_

(eff) (d8/at)

where, eff = the generator efficiency which may vary with load, and

do/dt = the angular velocity of the rotor shaft

16



Fortran Code

The code developed for this model was written using a Fortran compiler
developed for the personal computer. The source code is included in

Appendix A. The logical flow of the program is shown in Figure 5.

Note near the end of the Figure 5, the variable, time, is incremented
rather than the angle of the rotor. Through much experience with this
model a "maximum practical" time step has been determined to be 4-5 time
steps per half period of the fundamental frequency. This provides
accurate output and a reasonable representation of a sine wave. In terms
of computer hardware requirements for running this model, only a few are
important, namely

1) It is advisable that a personal computer with at least an 80386

microprocessor operating at 20 MHz be used.
2) A math coprocessor is a must for the extensive floating point

calculations necessary.

The model has been designed to be executed by either of two methods:

1) The user can input system data into the data file called "data.txt",
or,

2) A user-friendly "front-end" was created which prompts the user to
input system data which is then automatically written to the data
file, "data.txt". The only requirement here is that the user must
have the software program DBase III+. A sample of the user input
screens are provided in Figure 6. Source code for this "front-end”

is provided as Appendix B.

Two sets of plots are available after compiling the program:

1) Electrical Voltage (Phases 1-3)

17
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ALTERNATING CURRENT GENERATOR SIMULATION 2 OF 2
Initial Load:
RES LOAD1(1) (Initial Resistive Load-Phase 1) = 0.7200 chms
RES LOAD1(2) (Initial Resistive Load-Phase 2) = 0.7200 ohms
- RES LOAD1(3) (Initial Resistive Load-~Phase 3) = 0.7200 ohms
IND LOAD1(1) (Initial Inductive Load-Phase 1) = 0.0050 henries
IND LOAD1(2) (Initial Inductive Load-Phase 2) = 0.0050 henries
IND LOAD1(3) (Initial Inductive Load-Phase 3) = 0.0050 henries
Final Load:
RES LOAD2(1) (Final Resistive Load-Phase 1) = 2.3040 ohms
RES LOADR2(2) (Final Resistive Load-Phase 2) = 2.3040 ohms
RES LOAD2(3) (Final Resistive Load-Phase 3) = 2.3040 ohms
IND LOAD2 (1) (Final Inductive Load-Phase 1) = 0.0100 henries
IND LOAD2(2) (Final Inductive Load-Phase 2) = 0.0100 henries
IND LOAD2({3) (Final Inductive Load-Phase 3) = 0.0100 henries
[PgUp] .— Previous Screen
{«J] - Move to next input value [F2] - Execute Simulation [F3] - Quit
ALTERNATING CURRENT GENERATOR STMULATION 1 OF 2
TMAX (Simulation Time)= 8.0000 sec VRMS (RMS Output) = 120.0 volts
DELT (Time Increment) = 0.0040 sec REG GAIN (Regulator Gain)= 150.0
LOADTIME (Tim« Appl) = 6.0000 sec VF (Init Field Volt) = 2000.0 volts
Mechanical Parameters:
~JO (Flywheel & Rotor Polar Moment of Inertia) = 5.0 kg-m**2
DO (Frictional Damping Coefficient) = 200.C N-m-s
GOV GAIN (Governor Gain) = 10.0
NPOLES (Number of Rotor Poles) = 6
RPM (Rated Shaft Speed) = 1000.0 rev/min .
Generator Characteristics:
RES(1,1) (Stator Winding Resistance-Phase 1) = 0.0152 ohms
RES(2,2) (Stator Winding Resistance-Phase 2) = 0.0152 ohms
RES(3,3) (Stator Winding Resistance-Phase 3) = 0.0152 ohms
RES(4,4) (Field Winding Resistance) = 0.0065 ohms
RES(5,5) (Direct Axis Damper Resistance) = 0.0100 ohms
RES(6,6) (Quadrature Axir Damper Resistance) = 0.0100 chms
[PgDn] - Next Screen
[«!] - Move to next input value [F2] - Execute Simulation [F3] - Quit

Figure 6 - User Input Screens

19
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RESULTS / DISCUSSION

Model output is provided for the following loading condition:

*

Generator is initially operating at no load.

One step application of balanced 3-phase 15 kW (15 kVA @ 1.0 power
factor), 100% resistive load.

One step removal of balanced 3-phase 7.5 kW (7.5 kVA @ 1.0 power
factor), 100% resistive load. Remaining load = 7.5 kW.

Output is provided in Appendix C.

By reviewing this output, the reader can verify the following:

1)

2)

3)

4)

The voltage output ramps up due to increasing excitation voltage to
the peak-to-peak value of 1.414(120.0) = 169.7 volts after both load
changes.

The current in each phase reaches its rated load value of 58.9 amps
peak-to-peak, 41.7 amps rms.

From the mechanical output, we can see the model is well-behaved, in
that it responds to transients well. Note that the transient from
the second load change does not show up on some of the plots. The
model incorporates a "zoom" feature which will allow the user to
zoom in on small transients.

Note that the Electrical Power Output plot approaches 15 kW as it

should for rated load, 1.0 power factor.

To further verify performance of the model, the model was executed with a

fairly large reactive load, simulating the effect of an inductive motor

load (see Appendix D). The zoom feature was used here to show the effect

an inductive load has on the voltage. The first thing the reader will

21



notice is that the output is very nearly a sinusoid, but the significant
point here is that the voltage trace for phase 1 is lagging the current in
phase 1 as it should. The voltage and current are always in phase for

purely resistive loads.

22



CONCLUSIONS

The mathematical models chosen [14] and [17] coupled with the modified
numerical solution approach used [14] resulted in an excellent modelling
system for our interests. The model adequately represents the physical
phenomena in a compact computer program which is fairly easy to use and
provides results in a timely manner. From the testing conducted on the
model to date the output is consistent with what we would normally expect,
but the model will not be considered "mature" until tested and utilized by

others over the long term.

Although useful at this point in its development, future enhancements
should be made in the following areas:
1) The added capability of compensating for magnetic saturation.
Saturation typically occurs near rated load and voltage is no longer
a linear function of current. This feathre was not incorporated,
but the mathematical model is available in [14]. When upgrading the
model to account for saturation, it may be necessary to use a faster
integration routine, such as Hamming’s Method. [19]
2) Incorporate cyclic torque profile to simulate the actual torque
variation which is provided by a reciprocating engine.
3) The ultimate goal, as stated previously, is to link the model
provided herein with an existing motor model such that transient
conditions may be traced throughout an actual power generating

system.

23



SUMMARY

From the extensive literature search conducted in support of this paper,
it is clear that there is, and has been very little work in the area of
modelling an engine-generator system of the type we are interested in
here, namely small-to-medium scale power output, low speed, reciprocating
engine driven. Most of the modelling efforts to date have been focused on
large scale commercial power plants. It is the opinion of the author that

much effort is needed in the area in which this paper has focused.

The reader should note that this model is not to be considered a final
product which can be used to comprehensively predict the characteristics
of an engine-generator system. There are limitations to uses of the model
as have been discussed. The effort presented herein provides a useful
tool, but should be considered a first step in the development of a model
which will replicate the operation of an engine-generator under all

possible uses.

It is interesting to note the many uses for this model. Obviously,
transient studies, mechanical failure prediction, etc. will be the main
uses, but other uses come to mind such as:
1) wusing the model as a design tool for generator, governor, voltage
regulator manufacturers, and
2) as an instructional tool for students, industry, etc. I do not
think this potential use should be overlooked, because it is very
difficult to demonstrate, in a convenient and timely fashion, the

operation of and engine-generator system.
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APPENDIX A

FORTRAN SOURCE CODE FOR
DEVELOPMENT OF A DYNAMIC MODEL
OF A MECHANICALLY DRIVEN

POLYPHASE AC GENERATOR

28



eNoNoRe Ko RoNe Ko NoNeNeNoNoNoNoNoNoNoNoRoNoNoNo NoRoNoNoRe Ko Ro No o No NoRoNo No NoNo o NoNoNo NoNo NoNo NoNoRoNoNo No o No No R No!

AR SRR RS RS RS RS ESERAREER SRS SRR RE R XS RRRRRRE XSRS SRS

WRITTEN BY:

FOR:
INSTRUCTOR:
* DATE:

* * X ¥ %

22222 RS RE R RS RS RRs R Rt st RAERE X R R R X R T

H. SCOTT COOMBE
ENGR 5904

R.G.

MITCHINER

SUMMER I THRU SPRING 1992

DEFINE VARIABLES USED DURING PROGRAM
I T T P ey

RES(4,4),LF

RES(1,1)
RES(2,2)
RES (3,3)

LD,LQ

MD, MQ
RES(5,5),RES(6,6)
LD1,1LQ1

MD1,MQ1

MFD
MF1

LOAD1(1,1)
LOAD1(2,2)
LOAD1(3,3)
LOAD2(1,1)
LOAD2(2,2)
LOAD2(3,3)
LL1,LL2,LL3
AMP2 (1)
AMP2(2)
AMP2(3)
ID1,101
VF,AMP1 (4)
VOLT(1)
VOLT (2)
VOLT(3)
1D
IQ
Al,A2,A3

RPM
HERTZ
TMAX
DELT

DELTA
VCEILING
JoO

ETORQUE
MTORQUE

nnu

[ T T [

D

nno

RESISTANCE AND SELF INDUCTANCE OF FIELD
WINDING
RESISTANCES OF ARMATURE PHASE WINDINGS

DIRECT & QUADRATURE AXIS COEFFICIENTS OF
ARMATURE PHASE SELF INDUCTANCE

DIRECT & QUADRATURE AXIS COEFFICIENTS OF
ARMATURE PHASE / PHASE MUTUAL INDUCTANCE
RESISTANCES OF DIRECT & QUADRATURE AXIS
DAMPER WINDINGS

SELF INDUCTANCES OF DIRECT & QUADRATURE AXIS

DAMPER WINDINGS

DIRECT AND QUADRATURE AXIS COEFFICIENTS OF

ARMATURE-PHASE / DAMPER MUTUAL INDUCTANCE

FIELD / DIRECT-AXIS-DAMPER MUTUAL INDUCTANCE
DIRECT-AXIS COEFFICIENT OF ARMATURE-PHASE /

FIELD MUTUAL INDUCTANCE
RESISTANCES OF INITIAL LOAD

RESISTANCES OF FINAL LOAD

SELF INDUCTANCES OF LOAD
ARMATURE PHASE CURRENTS

DIRECT & QUADRATURE AXIS DAMPER CURRENTS
FIELD VOLTAGE & CURRENT
LOAD VOLTAGES

RESULTANT DIRECT-AXIS CURRENT
RESULTANT QUADRATURE-AXIS CURRENT
ANGULAR DISPLACEMENT OF ARMATURE PHASE
WINDINGS FROM DIRECT-AXIS
REVOLUTIONS PER MINUTE

CYCLES PER SECOND

RUN TIME FOR SIMULATION

TIME INCREMENT

= TIME ELAPSED

ROTOR ANGLE INCREMENT

CEILING VOLTAGE OF VOLTAGE REGULATOR
MASS MOMENT OF INERTIA OF ROTOR

= SHAFT DAMPING COEFFICIENT
ELECTRICAL TORQUE

MECHANICAL TORQUE FROM ENGINE
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ocNoNoNoNoNoNoNoNo RERNONO NS

BB R ERR

1

B

EEEEEE RS S A SRR SRR SRS R R R iRt R R LR

DECLARE VARIABLES

AR KA AT A AT KA AR AR KR AAAAAAR A AARAKRARAAKRARKRAAAR AR A A AR AR AR Ak kk

SETUP PLOTTING COMMON
COMMON/PLOTTING/NSTORE, VPLT (4,2000) ,APLT (6,2000) ,DPLT (6,2000)

IR 2 X2 22222222 X R 2R R R R R 2 2R i 2 22 22X 222222 X XX R XRR R R X LR T RE T
REAL LF1,LD,LQ,MD,MQ,LD1,LQ1,MD1,MQ1,MFD,MF1,LL1,LL2,
LL3,ID,IQ,IND(6,6),INDI(6,6),J0,
LIND(3),LOADTOT(6,6),LASTA1,LDIND1(3),LDIND2(3),
LOADTIME, MTK1(6),MTK2(6),MTK3(6),ZTK1(6),ZTK2(6),
ZTK3(6),LOAD1(3),LOAD2(3),V0(6),LOAD(3),0LDAl, NPOLES,
RESAMP (6) ,VRA(6),VOLT(6),AMP1(6),AMP2(6),AKS(6),X(3),
U(6,6),V(6,6),RES(6,6),PREVOLT4, PERK,
IDS, MTORQUE, NEWFREQ, MAXTORQ, MAX,VR(3),VL(3),
OLDTORQ
PI=3.141592654
TWOPI=2.*PI
XL=TWOPI*FREQ
KK AT AR AR AR AR AT AR EARARKA AR AARRARERRAARAARARRAR AR A AR A AR kA Ak hkhkk
OPEN FILES TO BE USED DURING COURSE OF PROGRAM

T TR
OPEN (UNIT=1,FILE='DATA.TXT’,ACCESS='SEQUENTIAL’,
FORM='FORMATTED ', STATUS='OLD ‘)

IZ 2 2 2 XSRS RS R R R RS Rt st st Es R R R R R R RERE RS

READ IN DATA
I E XX R XS EE SR ER RS RE 2RSSR S E R RS2SRRSR 2R X AR SRR RS R R R R R AR R R R R RS XS]
READ (1,*) TMAX,DELT,RPM,VF,NPOLES,LOADTIME, VRMS,
RES(1,1),RES(2,2),RES(3,3),RES(4,4),RES(5,5) ,RES(6,6),
LOAD2 (1),LOAD2(2),LOAD2(3),
LOAD1(1),LOAD1(2),LOAD1(3),
LDIND2(1),LDIND2(2),LDIND2(3),
LDIND1(1),LDIND1(2),LDIND1(3),
JO,DO, GOVGAIN, REGGAIN
CLOSE (UNIT=1)
AR E A A AT AR A A AT A R A A A AR A AR AR AR AR AAARAAAARRAKR KA AAA A AR ARk Ak Ahhkhkdk

ESTABLISH # OF ITERATIONS

I 22X X222 2222222222222 22 R 2R Rttt R R R R L KRS

NOLOOPS=TMAX/DELT

tEEE 2SR XSS A SRR 22 R R 2R i i R R R EEEREES)

ESTABLISH SAMPLING INTERVAL FOR PLOTTING

NCNT = 1 PLOT EVERY POINT IN THE PLOTTING ARRAYS
N PLOT EVERY NTH POINT IN THE PLOTTING ARRAYS

NSTORE COUNTER FOR CURRENT STORAGE LOCATION IN PLOTTING ARRAYS

AR RERAE R R EE AR RKR A AR AAAKRRAAARARAKRAAAARAAA AR R T AR AR AT A Ak hhkhkhkk

NSTORE=0
NOUT=0
IF (NOLOOPS.GT.2000) THEN
NCNT=IFIX(FLOAT (NOLOOPS/2000)+.5)
ELSE
NCNT=1
ENDIF
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ZERO PLOTTING ARRAYS

380

DO 10 I=1,2000
DO 10 K=1,6
IF(K.GE.5) THEN
APLT(K,I)=0.
DPLT(K,I)=0.
ELSE
APLT(K,I)=0.
VPLT (K, I)=0.
DPLT(K,I)=0.
ENDIF
CONTINUE

EE SR SR SRR R ERRSEEEREE AR R RS R ER RS RRRRE R R R T

ESTABLISH INITIAL LOAD MATRIX
hhkhhhhkhhdhkhkhkdhhhhhhhhhhhhkhkhkhkhkhkhkhrhhbhkhkhkhhkhbhhhrhhhhhkhhkhhkhhhhkkhkhhkkkhhkx

CALL LOADRES (RES,LOADTIME,T,LOAD1,LOAD2,LDIND1,LDINDZ2,

1 LOAD, LAODTOT, LIND)

AARKAK AR AR A A A A A AR ALK AI AR A A A AR A A A AR A A ARk khhkhkdhhkhkkhkdkk

ESTABLISH VOLTAGE MATRIX
2 222 222222222 2R R 2R R st st st i 2t 2 i 2 2R 22 22 2 a2 XS XX R R R R X
DO 380 N=1,6
VOLT (N)=0.
CONTINUE
VOLT (4)=VF
22 22222222222 22 X2 X2 2R 2R 222 22 X X2 R sl iXxt2 2 2 a2 s 2 22 22 R X 2 X R a2 a2 X 00k 2 X
ESTABLISH INITIAL ANGULAR VELOCITY OF ROTOR, "RPS"
222222222222 2222222222 22 2 2 X s 2 2 2 2 22222 2 X2 R X Rt A R 2 R 2R R &
RPS=RPM*PI/30.
FREQ=RPM*NPOLES/120.

LR s
L
BEGIN MAIN LOOP
L e ]
D

DO 501 L=1,NOLOOPS
IF(L.LE.100)GO TO 494

22222222 22 2R iRt iRt Rt xRt R AR R R EEEEEE S

CALCULATE PHASE ANGLES
XXX E 2SR LSS RE S22 2222223 222222222 22 2222222 R R R 2R R AR R S
A2=A1-TWOPI/3.
A3=A1-2.*TWOPI/3.
22X XX R XXX XSS 2 222X 222222 2 2 X2 2R R a2 R a2 22 2 R et 22 2 X222 s X 8 X X
DETERMINE LOAD
L E 222222222222 222X X2 222222 2 2 a2t 22 X222t st 2R R 2R R R
XL=TWOPI*FREQ
CALL LOADRES (RES,LOADTIME,T,LOAD1,LOAD2,LDIND1,LDIND2,
1 LOAD, LOADTOT, LIND)

Y % de % g % de do de ok K A de ok ok P de ke ok T e ok ok Ik F ke vk ok I e e ke vk g e e gk ke ok ke ok vk ok e g e e g ok ok ok ok e ok ke ok e e ek ke ke

FIELD VOLTAGE ROUTINE
22222 XS XEXETREESEE SRR E RS XS 22X R 2R 2R R 2R X 2 R Ra ottt A R X 8 8
VCEILING=10000000.
CALL RMS (VRMS,VCEILING,Al,OLDAl,MAX,PREVRMS,VOLT(1),VOLT(4),
1 RMSV1, REGGAIN)
IF(L.LE.5) THEN
VOLT (4)=VF
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END IF

OLDA1=A1l

PREVRMS=VOLT (4)
(22222 RS2 AR R SRR s R R 2R Rl 2 a2 AR X2 s X X222 XX R R XX
CALCULATE RESULTANT DIRECT AXIS CURRENT IN ROTOR, "ID"
(22 2222222222222 R 22X XS R 22 XX 22232 X2 2R R R 2 22X XXX R R R R E R R R
IQ=(~-2./3.)*(AMP2(1)*SIN(A1l)+AMP2 (2)*SIN(A2)+AMP2(3)*SIN(A3))
ID=(AMP2(1)+AMP2(2)+AMP2(3))/3.
IDS=(2./3.)* (AMP2(1)*COS (Al)+AMP2 (2)*COS(A2)+AMP2 (3)*COS (A3))
(22 2 X2 222222222 R 2 R R X 2222 X 2 X 2 s X 2 X 2 X2 X R 2R3 X2 XYL ETE LR R R R R X R XS]

CALCULATE MACHINE PARAMETERS
L T R e

A "1" AFTER VARIABLE DENOTES LOWER CASE SUBSCRIPT, I.E. "LF1"
DENOTES "LSUBf", "LF" DENOTES "LSUBF"

LF1=10.41*(1.+.1358*ID-.08034*ID**2+.01038*ID**3~

.0004295*ID**4)
MF1=.243%(1.+.1358*ID-.08034*ID**2+.01038*ID**3—
.0004295*ID**4)
LD1=(7.44/1000.)*(1.+.0554*ID-.04534*ID**2+.00659*ID**3~
.0002949*ID**4)
MD1=(6.1/1000.)*(1.+.1334*ID~.07473*ID**2+.009819*ID**3-
.0004106*ID**4)
MFD=.225%(1.+.1334*ID-.07473*ID**2+.009819*ID**3-
.0004106*ID**4)
MFD=.225%(1.+.1573*ID-.08855*ID**2+,01188*ID**3~
.0002949*ID**4)
LD=(8.02/1000.)*(1.~.0003*ID-.03166*ID**2+.004299*ID** 3~
.0001723*ID**4)
MD=(3.96/1000.)*(1.-.0003*ID-.03166*ID**2+.004299*ID**3-
.0001723*ID**4)

LQ1=2.6/1000.
LQ=5.62/1000.
MQ1=3.05/1000.
MQ=1.99/1000.
LL1=0.
LL2=0.
LL3=0.
[ ZFZXZEXEXEXESEISEE S ESISE SIS LRSS SRR AR A SRR R X2 R R a s o s X R X 2 2 8 2 X
SET UP ELEMENTS OF "L" MATRIX
I XXX EE X2 RS REE SRR RS RXIRRSE SRR 22 R RS2 R S22 222 2R X2 X2 R SRR
IND(1,1)=LL1+LD*COS(A1)**2+LQ*SIN(Al)**2
IND(1,2)=MD*COS (A1) *COS (A2)+MQ*SIN (A1) *SIN(A2)
IND(1,3)=MD*COS (A1) *COS (A3)+MQ*SIN(A1l)*SIN(A3)
IND(1,4)=MF1*COS (Al)
IND(1,5)=MD1*COS(Al)
IND(1,6)=-MQ1*SIN(Al)
IND(2,1)=IND(1,2)
IND(2,2)=LL2+LD*COS (A2) **2+LO*SIN(A2)**2
IND(2,3)=MD*COS (A2)*COS (A3)+MQ*SIN(A2)*SIN(A3)
IND(2,4)=MF1*COS (A2)
IND(2,5)=MD1*COS (A2)
IND(2,6)=-MQ1*SIN(A2)
IND(3,1)=IND(1,3)
IND(3,2)=IND(2,3)
IND(3,3)=LL3+LD*COS (A3)**2+LQ*SIN(A3)**2
IND(3,4)=MF1*COS (A3)
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79
80

332

449

450

IND(3,5)=MD1*COS (A3)

IND(3,6)=-MQ1*SIN(A3)

IND(4,1)=IND(1,4)

IND(4,2)=IND(2,4)

IND(4,3)=IND(3,4)

IND(4,4)=LF1

IND(4,5)=MFD

IND(4,6)=0.

IND(5,1)=IND(1,5)

IND(5,2)=IND(2,5)

IND(5,3)=IND(3,5)

IND(5,4)=IND(4,5)

IND(5,5)=LD1

IND(5,6)=0.

IND(6,1)=IND(1,6)

IND(6,2)=IND(2,6)

IND(6,3)=IND(3,6)

IND(6,4)=IND(4,6)

IND(6,5)=IND(5,6)

IND(6,6)=LQ1
KRR A A TR AR AE AR A AR A A A AR AR AR AARARARAAARARAAARAA AR AT AR AR AR ARk hk
CONVERT INDUCTANCE INTO INDUCTIVE REACTANCE
INDUCTIVE REACTANCE = 2*PI*FREQ*IND(I,J) or XL*IND(I,J)
(222 S22 22222222 R RS R R R AR i 2R 222 R R R R 2 2R XXX R R R R R

DO 80 I=1,6

Do 79 J=1,6

IND(I,J)=XL*IND(I,J)
CONTINUE
CONTINUE

R e T
INVERT INDUCTANCE MATRIX

XSS SRR R AR R RS R R EERR RS SR R R R R REERR RS R EREEEEERE R SRR

CALL INVIND (IND,INDI)
A 22222 R2 222222 222222222 R X222 R 22 2 2 X2 X2 X2 2222 X2 2 R xR XXX RN R R R R X
SOLVE THE EQUATION "di/dt=L(~-1)(V-Ri)"

OR "DIDT=INDI*(VOLT-LOAD*AMP)"

USING RUNGA-KUTTA 4TH ORDER NUMERICAL INTEGRATION ROUTINE
IE X2 EX X2 Z RS RE RS XX SES SRR RS2 R RS2 R 22Xt 2 R i X XA R 2 X X
DO 332 I=1,6
AMP1 (I)=AMP2(I)
CONTINUE

INTRODUCE VOLTAGE MATRIX (ALL ZERO EXCEPT FOR VF)

DO 449 I=1,6

VO(I)=0.

CONTINUE

VO (4)=VOLT(4)

CALL INTEGR8 (ZTK1,ZTK2,ZTK3,DELT,AMP1,LOADTOT,VO, INDI,AMP2,AKS,
1 MTK1,MTK2,MTK3)

DO 450 I=1,6

ZTK1(I)=MTK1(I)

ZTK2 (I)=MTK2(I)

ZTK3 (I)=MTK3(I)

CONTINUE

[Z XXX EXEXZEEEEEEESSE SRS S SRR 22 2R 2 R R 2 2 2 2 Rttt oS8 a & 2 8 & & 53
AT THIS POINT WE HAVE ALL CURRENTS, BUT NOT THE LOAD

VOLTAGES. WE MUST NOW SOLVE:
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"v=(R + Lp)i"
"V=Ri + L(di/dt)"
A2 2222 SRR R AR R Rt AR 2ttt 2 2 sl R 2 a2 XXX X R R &
VARIABLES: R = RES(i), X = L(di/dt)
A2 2 A &SRR R R R LSRR R R ARt R R SRS REEE 2R
DO 477 1=1,3
VR(I)=LOAD(I)*AMP2(I)
VL(I)=LIND(I)*AKS(I)/DELT
CONTINUE
DO 481 1=1,3
VOLT(I)=VR(I)+VL(I)
CONTINUE )
(A EA X SRR R RS Rt E s s R R RS R TR
CALCULATE ELECTRICAL TORQUE ON SHAFT
22 2R L R RS ES R E SRR R AR R RSttt R R R
LR R R R RS E SRR R R RS REREERRE SRR R RR R R RRER R R REEEERE

CALCULATE RMS ETORQUE

EEARAAEKE AR A AR AR A AL R AALTARAAARRAAAAAAAA A AR AR Ak hkhkhkhkkhkhhhkhkhhkdkhk

CALL TORQRMS (VEL, POWR, ETRQRMS)

(A2 2R RS SRR R A S S RS R RS R AR Rt E R AR RRRR R R R EEE SR

CALCULATE MECHANICAL TORQUE ON SHAFT

L2 22 AR RS R R R R Rttt Rt SRRt XSRS 22T

MTORQUE= (MTORQUE+ (RPM-VEL*60. /TWOPI) *GOVGAIN)

AR REREAEKA KA AT AR AR AR A AR AR AA A AN AAARAAAAR A A AR A AR AR Ak khhhkdhhkhkkhki

CALCULATE ELECTRICAL POWER OUTPUT

t2 X2 S22 R R R SRR R RS ERE R Rt R RS RSRREERRREEEER R R SRS

CALL POWER(Al,LASTAl,CMAX,AMP2,VOLT,PREPWR, POWR,RMSV1, RMSAMP)
T e L T T
LASTAl=Al

PREPWR=POWR

t2 2222222222222 R 2R xR At xR Rttt R R R R ERR R EES S

CALCULATE ANGULAR VELOCITY & ACCELERATION OF ROTOR SHAFT

KEKEKEEKEKEEEAEREEKRKEKRARERKERRRKREKRKRKRRRRRRKR R R ARk ARk ARk hkhkhkhkhkhkhkkhkhkkhkhhkkhkhkhkkk

CALL DYNAMICS (RPM,TWOPI,MTORQUE,ETRQRMS,JO,DO,DELT,RPS,AQ,VEL,
ACCEL,DELTA,DISP,Al, FREQ, NPOLES)

RPS=VEL

AO=A1l

GO TO 496

(XX 222X RXR X RS RS SSEEE R XSRS 22 2R R 2R 2 2 s R 2 t R R R 22

CALL INITIAL(RES,Al,VOLT,AMP2,MTORQUE,ETRQRMS,FREQ,ACCEL,VEL,

DISP, TWOPI,RPS,DELT, ID, NPOLES, VRMS, RESITORQ)

IZ 22X 2222222222222t s R i st R ARt R AR R R RS S RESS
t 22X XS 22 R R R R R Rt A R R s st R ARt R R R R EEEEE RS

STORE VOLTAGES, CURRENTS AND DYNAMICS IN ARRAYS
SAMPLING AS NECESSARY

tZ 2 E 2222222 AR RS2t R sttt Rt R SRRt R R EE SRR RS ERES]
I 22222 R R 22X R R R R iR iR R RS REREEEEEEES

IF (NOUT.EQ.0) THEN

NSTORE=NSTORE+1

VPLT (1, NSTORE)=VOLT (1)
VPLT (2, NSTORE ) =VOLT (2)
VPLT (3, NSTORE ) =VOLT ( 3 )
VPLT (4,NSTORE ) =VOLT (4)
APLT(1,NSTORE )=AMP2 (1)
APLT(2,NSTORE ) =AMP2 (2)
APLT (3, NSTORE ) =AMP2 (3)
APLT(4,NSTORE)=AMP2 (4)
APLT(5,NSTORE)=AMP2 (5)
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APLT (6, NSTORE ) =AMP2 (6)
DPLT (1, NSTORE ) =MTORQUE
DPLT (2, NSTORE ) =ETRQRMS
DPLT (3,NSTORE ) =FREQ
DPLT (4, NSTORE ) =ACCEL
DPLT (5, NSTORE ) =POWR
DPLT (6, NSTORE ) =DISP
ENDIF
NOUT=NOUT+1
IF (NOUT.GE.NCNT) NOUT=0

T=T+DELT
CONTINUE
T T T T ey
NOW CALL PLOTTING ROUTINE TO PRESENT MENUS AND DO ACTUAL
PLOTTING

CALL HSCPLOT
I 2222 222222 R 2R 2R R R R it 22t R 2 i 2 2 a2 22X R R i 2 R R X R R R L X X
CALL FINITT(O,0)
STOP
END
[ E 2 E 2 X2 S22 LR R 2222 R R 2 i 2 s i 2 i A 2 2 s 2 i 2 2 AR 22 222 i 2 Rt 2 s X A X 2 2R 2
SUBROUTINE INITIAL(RES,Al,VOLT,AMP2,MTORQUE,ETRQRMS,FREQ,
1 ACCEL,VEL,DISP,TWOPI,RPS,DELT, ID,NPOLES, VRMS,RESITORQ)
(222222222222 22 X2 X222 222222 222 R 22 222 2 2 22 R X i X a2 R Rt X 2R X &R R R L
REAL MTORQUE,VOLT(4),RAMP2(6),RES(6,6),ID,NPOLES
ACCEL=0.
VEL=RPS
DISP=DISP+VEL*DELT
FREQ=(VEL*60./TWOPI) *NPOLES/120.
DELTA=VEL*DELT
DISP=DISP+DELTA
Al1=A1+DELTA
Al=Al1-(IFIX(Al/TWOPI)*TWOPI)
A2=A1-TWOPI/3.
A3=Al1-2.*TWOPI/3.
DO 40 I=1,6
AMP2(I)=0.
CONTINUE
VOLT (1) =VRMS*SQRT (2. ) *COS (Al)
VOLT (2 )=VRMS*SQRT (2. ) *COS (A2)
VOLT (3)=VRMS*SQRT (2. ) *COS (A3)
VOLT (4)=20.
AMP2 (4)=VOLT (4) /RES (4,4)

ID=RAMP2 (4)
MTORQUE=RESITORQ

ETRQRMS=1.
RETURN
END

22T EE S22 RS R R 2R Rt R s R Rt R AR R ERERES.

SUBROUTINE INVIND(U,V)

B T e
"L" MATRIX INVERSION ROUTINE

READ IN MATRIX TO BE INVERTED

CALCULATE ELEMENTS OF REDUCED MATRIX
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200
210

240

255

260

1000

1500

2000

2500

REAL U(6,6),V(6,6)
DO 210 I=1,6
DO 200 K=1,6
V(I,K)=U(I,K)
CONTINUE
CONTINUE
DO 260 K=1,6

CALCULATE NEW ELEMENTS OF PIVOT ROW

DO 240 J=1,6
IF(J.EQ.K) GO TO 240
V(K,J)=V(K,J)/V(K,K)
CONTINUE

CALCULATE ELEMENT REPLACING PIVOT ELEMENT
V(K,K)=1./V(K,K)
CALCULATE NEW ELEMENTS NOT IN PIVOT ROW OR PIVOT COLUMN

DO 255 I=1,6

DO 255 J=1,6

IF(I.EQ.K) GO TO 255
IF(J.EQ.K) GO TO 255
V(I,J)=V(I,J)-V(K,J)*V(I,K)
CONTINUE

CALCULATE REPLACEMENT ELEMENTS FOR PIVOT COLUMN EXCEPT PIVOT
ELEMENT

DO 260 I=1,6
IF(I.EQ.K) GO TO 260
V(I,K)=-V(I,K)*V(K,K)
CONTINUE
RETURN
END
LE R X2 RS2 EL SRR 22X R R 2 X222 22 X 2 R R 2 s s A i At 2t 2 X2 R a2t st R A R 2 2 X4
SUBROUTINE RMS (VRMS,VCEILING,Al,OLDAl,MAX,PREVRMS,VOLT1,VOLT4,
RMSVOLT, REGGAIN)
I 22 X2 XX X222 2222222 X222 R2X R X2 2222222 s 22222 a2 2 X AR R X R e a Rttt R
REAL OLDA1l,MAX
RMSVOLT=VRMS
ABSVALUE=ABS (VOLT1)
IF (ABSVALUE.GT.MAX) THEN
MAX=ABSVALUE
END IF
IF(A1-OLDA1.LT.0.) THEN
GO TO 2000
END IF
GO TO 2500
RMSVOLT=MAX/SQRT (2. )
MAX=0.
VOLT4= (PREVRMS+ (VRMS-RMSVOLT ) *REGGAIN)

PREVENT EXCITATION VOLTAGE FROM EXCEEDING CEILING OR DROPPING
BELOW ZERO VOLTS
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1001

1501

2001
2501

IF(VOLT4.GT.VCEILING) THEN

VOLT4=VCEILING

END IF

IF(VOLT4.LE.O.) THEN

VOLT4=0.

END IF
RETURN
END
e R T T L R R L R P R S
SUBROUTINE TORQRMS (PREVRMS, NEWANG, OLDANG, VALUE, MAX, PEAK,RMS)
L e T R R R R L R R R R P R R R R R T TS
22y R L L R R
SUBROUTINE TORQRMS (VEL, POWR, ETRQRMS)
L e T 2 2 T R ey
REAL ETRQRMS,POWR,VEL
ETRQRMS=POWR/VEL
RETURN
END

KEEKAKE AT KRR AR AR AAAAARAKRAAKRAAR R AIA AR A AR AR AR AR KA Kk Rkkdkkkkdk

SUBROUTINE IDRMS (NEWANG,OLDANG,PIE,VALUE,MAX, PEAK, ROOTMEAN)

I3 22 X2 XX 2 X222 X2 2SR XX LSRR A2 2 X2 R 2 222 232 2 2 XA XX XL R LR R RS LR S L

REAL ROOTMEAN, NEWANG, OLDANG,PIE,VALUE,MAX, PEAK, ABSVALUE, ZERO

ZERO=0.

ABSVALUE=ABS (VALUE)

IF (ABSVALUE.GT.MAX) THEN
PEAK=ABSVALUE
GO TO 1501
END IF

PEAK=MAX

IF (NEWANG-OLDANG.LT.ZERO) THEN

GO TO 2001

END IF

GO TO 2501

ROOTMEAN=PEAK/SQRT (2. )

PEAK=0.

RETURN

END

I E XS EEEXEXEIEESTESEESRTEISEEREXII SRS E RS E RSS2 S A R AR a2 2 R a R o 2 R 2 X R & & & 2 5

SUBROUTINE DYNAMICS (RPM, TWOPI, MTORQUE, ETRQRMS,JO,DO,DELT,

1 RPS,A0,VEL,ACCEL,DELTA,DISP,Al, FREQ, NPOLES)

[ Z 2 X XEXEEEZESEE RS LIRSS EES SIS SR RS SRS RSS2 2 R R 2 2 2 a2t a2 2 2 2 2 o 2 2

REAL MTORQUE,JO,NPOLES

ACCEL= (MTORQUE~DO*RPS-ETRQRMS ) /JO

VEL=RPS+ACCEL*DELT

DELTA=VEL*DELT

DISP=DISP+DELTA

A1=AO0+DELTA

Al=Al-(IFIX(Al/TWOPI)*TWOPI)

FREQ=(VEL*60. /TWOPI) *NPOLES/120.

RETURN

END

[ZF XX XX ESSE RS XSS EEEEEE SRR SS R AR SRS 2 2 R 2 R AR R R a X 2 R 2 2 8 2 & 2 5 &3

SUBROUTINE POWER (Al,LASTA1l,CMAX,CUR,EMF, PREPWR, VOLTAMP,RMSV1,

1 RMSAMP)

EX XXX EZZEEZE XSS R RSS2 22 R sl E R LR EEEEEERE RS

REAL CUR(6),EMF(6),LASTAl
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1000

1500

2000

2500

2600

ABSVALUE=ABS (CUR(1))
IF (ABSVALUE.GT.CMAX) THEN
CMAX=ABSVALUE

END IF
IF(A1-LASTA1.LT.0.) THEN

GO TO 2000

END IF

VOLTAMP=PREPWR
GO TO 2600
RMSAMP=CMAX/SQRT (2. )

CMAX=0.

VOLTAMP=3. * (RMSAMP*RMSV1)

VOLTAMP=CUR (1) *EMF (1) +CUR (2 ) *EMF (2 ) +CUR (3 ) *EMF ( 3)
RETURN
END
222 2 X E R R X R R R RS RZ SRR RS EE R R EEREE R R R R E R L LR R B R EE R R R R R
SUBROUTINE LOADRES (RES,TIME,T,LOAD1,LOAD2,LDIND1,LDIND2,
1 LOAD, LOADTOT, LIND)
(222222 R 22 XSRS R 2RSSR R RS2SR R AR R R i 20 2 R 2 XX AR XS R R R SR R R R R X R RS ]
REAL RES(6,6),TIME,T,LOAD1(3),LOAD2(3),LOAD(3),LIND(3),
1 LDIND1(3),LDIND2(3),LOADTOT(6,6)
IF(T.GE.TIME) THEN
LIND(1)=LDIND1(1)
LIND(2)=LDIND1(2)
LIND(3)=LDIND1(3)
LOADTOT (1,1)=LOAD1(1)+RES(1,1)
LOADTOT (2,2 )=LOAD1 (2)+RES(2,2)
LOADTOT (3,3)=LOAD1(3)+RES(3,3)
LOAD (1)=LOAD1 (1)
LOAD (2)=LOAD1(2)
LOAD (3)=LOAD1(3)
ELSE
LIND(1)=LDIND2(1)
LIND(2)=LDIND2(2)
LIND(3)=LDIND2(3)
LOADTOT (1,1)=LOAD2(1)+RES(1,1)
LOADTOT(2,2)=LOAD2 (2)+RES(2,2)
LOADTOT (3, 3)=LOAD2 (3)+RES(3,3)
LOAD (1)=LOAD2 (1)
LOAD (2)=LOAD2 (2)
LOAD (3)=LOAD2(3)
END IF
LOADTOT (4,4)=RES (4, 4)
LOADTOT (5,5)=RES(5,5)
LOADTOT (6,6)=RES (6,6)
RETURN
END
X322 X222 22X Z 2222222 X2 X2 X2 22X 222222 2 2 2 X2 22 X2 2 2 2 X 22 2R X XX 2 2 2 2 @X & X
SUBROUTINE INTEGR8 (TJ1,TJ2,TJ3,TDELT,TAMP1,TLOAD, TVOLT,
1 TINDI,TAMP2,TKS,TK1,TK2,TK3)
(2 X 222222222222 2 X 2222222 2 2 2 X2t Rt a2 s 2 X2 2 i i sl s R X ARt Rt X
REAL DIDT1(6),DIDT2(6),DIDT3(6),DIDT4(6)
REAL TAMP1(6),TAMP2(6)
REAL RAMP1(6),RAMP2(6),RAMP3(6),RAMP4(6)
REAL VRA1(6),VRA2(6),VRA3(6),VRA4(6)
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387

390

394

319

402

393

REAL TVOLT(6)

REAL TINDI(6,6)

REAL TJ1(6),TJ2(6),TJI3(6),TK1(6),TK2(6),
TK3(6),TK4(6),TKS(6)

REAL TDELT, TLOAD(6,6)

"I" IS USED TO DESIGNATE THE SIX (6) INDEPENDENT EQUATIONS

"J" IS INCREMENTED FROM 1-6 FOR EACH INDEPENDENT EQUATION

DO 387 I=1,6
RAMP1(I)=0.

RAMP2 (I)=0.
RAMP3 (I)=0.
RAMP4 (I)=0.

Do 391 J=1,6
RAMP1 (I)=RAMP1(I)+TLOAD(I,J)*TAMP1(J)

RAMP2 (I)=RAMP2 (I)+TLOAD (I,J)* (TAMP1(J)+TJ1(J)/2.)
RAMP3 (I)=RAMP3(I)+TLOAD(I,J)* (TAMP1(J)+TJ2(J)/2.)
RAMP4 (I)=RAMP4 (I)+TLOAD (I,J)* (TAMP1(J)+TJ3(J))

CONTINUE

CONTINUE

DO 390 I=1,6
VRA1(I)=TVOLT(I)-RAMP1(I)

VRA2 (I)=TVOLT(I)-RAMP2(I)
VRA3(I)=TVOLT(I)-RAMP3(I)
VRA4 (I)=TVOLT(I)~-RAMP4 (I)

CONTINUE

Do 319 I=1,6
DIDT1(I)=0.

DIDT2(I)=0.
DIDT3(I)=0.
DIDT4(I)=0.

DO 394 J=1,6
DIDT1(I)=DIDT1(I)+TINDI(I,J)*VRAl(J)
DIDT2(I)=DIDT2(I)+TINDI(I,J)*VRA2(J)
DIDT3(I)=DIDT3(I)+TINDI(I,J)*VRA3(J)
DIDT4(I)=DIDT4 (I)+TINDI(I,J)*VRA4(J)

CONTINUE

CONTINUE

DO 402 I=1,6
TK1(I)=TDELT*DIDT1(I)

TK2 (I)=TDELT*DIDT2(I)
TK3(I)=TDELT*DIDT3(I)
TK4 (I)=TDELT*DIDT4(I)

CONTINUE

DO 393 I=1,6

TKS(I)=(TK1(I)+2.*TK2(I)+2.*TK3(I)+TK4(I))/6.

TAMP2 (I)=TAMP1(I)+TKS(I)

CONTINUE

RETURN

END

SUBROUTINE HSCPLOT
COMMON /PLOTTING /NSTORE, VPLT (4, 2000) ,APLT(6,2000),DPLT(6,2000)
DIMENSION X(2001),Y(2001)

CALL INITT(12)

CALL BINITT

DO 2 K=1,2000

X (K+1)=FLOAT(K)
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X(1)=FLOAT (NSTORE)
1 Y(1)=X(1)
CALL NEWPAG
CALL ANMODE

WRITE(*,10)
10 FORMAT (/, 30X, ‘MASTER MENU’,//
¢ ,/,10%,’1 PLOT OUTPUT VOLTAGES’
c ,/,10X,’2 PLOT OUTPUT CURRENTS’
¢ ,/,10X,’3 PLOT DYNAMICS’
¢ ,/,10X,‘4 QUIT (HALT EXECUTION)’
C ,//,10X,'** NOTE ** PRESSING "Z" AT OUTPUT SCREEN LEVEL’
c ,/,10%, " WILL ACTIVATE ZOOM FEATURE’,//)
WRITE(*,11)
11 FORMAT ( * TYPE THE NUMBER OF THE MENU ITEM DESIRED >>°,$)
READ(*,*,ERR=1,END=1) IRPLY
IF(IRPLY.EQ.4) RETURN
IF(IRPLY.LT.1.0R.IRPLY.GT.4) GO TO 1
c
C VOLTAGES
c
IF (IRPLY.EQ.1) THEN
21 WRITE (*,20)
20 FORMAT
1 (13X, * SELECT THE PHASE (1-3) DESIRED >>’,S)

READ (*, *,ERR=21,END=21) JRPLY
IF(JRPLY.LT.1.0R.JRPLY.GT.4) THEN
CALL TCSBEL
CALL TCSBEL
CALL TCSBEL
GO TO 21
ELSE
DO 22 K=1,NSTORE
22 Y (K+1)=VPLT (JRPLY,K)
CALL NEWPAG
CALL BINITT
23 CALL CHECK(X,Y)
CALL DSPLAY (X,Y)
CALL TINPUT(IOP)
IF(IOP.EQ.90.0R.IOP.EQ.122) THEN

CALL ZUUM
CALL NEWPAG
GO TO 23
ENDIF

GO TO 1
ENDIF
ENDIF

c

c

C CURRENTS

c

IF(IRPLY.EQ.2) THEN
31 WRITE (*,30)
30 FORMAT
1 (13X, SELECT THE PHASE (1-3) DESIRED >>',§)

READ (*, *,ERR=31,END=31) KRPLY

IF (KRPLY.LT.1.0R.KRPLY.GT.6) THEN
CALL TCSBEL
CALL TCSBEL
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32

33

C

C DYNAMICS

C

41
40

42

43

a0

IF (IRPLY.EQ.3)

ENDIF

THEN

CALL TCSBEL
GO TO 31

ELSE

DO 32 K=1,NSTORE
Y (K+1)=APLT (KRPLY,K)

CALL
CALL
CALL
CALL
CALL

NEWPAG
BINITT
CHECK (X, Y)
DSPLAY (X, Y)
TINPUT (IOP)
IF (IOP.EQ.90.0R.IOP.EQ.122) THEN
CALL ZUUM
CALL NEWPAG
GO TO 33
ENDIF

GO TO 1

WRITE(*,40)
FORMAT (10X, ‘1 -

¢/ 10X,
./ 10X,
¢+ /10X,
+/,10X%,
¢/ /10X,
./ 16X,

ENDIF

END

SUBROUTINE ZUUM

'2 -
13 -
14 -
15 -
16 -

ENDIF

MECHANICAL TORQUE’
ELECTRICAL TORQUE’
FREQUENCY *

SHAFT ACCELERATION'

INSTANTANEOUS POWER’
SHAFT POSITION’

* SELECT OUTPUT (1-6) DESIRED >>’,S)
READ (*,*,ERR=41,END=41) LRPLY
IF(LRPLY.LT.1.0OR.LRPLY.GT.6) THEN

CALL TCSBEL

CALL TCSBEL

CALL TCSBEL

GO TO 41

ELSE

DO 42 K=1,NSTORE
Y (K+1)=DPLT (LRPLY,K)

CALL
CALL
CALL
CALL
CALL

NEWPAG
BINITT
CHECK (X, Y)
DSPLAY (X, Y)
TINPUT (IOP)

IF(IOP.EQ.90.0R.IOP.EQ.122) THEN

CALL ZUUM
CALL NEWPAG
GO TO 43
ENDIF

GO TO 1

41

ENDIF



101

202

WRITE(*,101)

FORMAT(/,

CALL
CALL
CALL
CALL
CALL
CALL

VCURSR (ICHAR,X1,Y1)
MOVEA (X1,Y1)

MOVREL (-10,0)

DRWREL (20, 0)

MOVREL (-10,-10)
DRWREL (0, 20)

WRITE (*,202)

FORMAT(

CALL
XMIN

VCURSR (ICHAR,X2,Y2)
= X1

IF (X2.LT.X1) XMIN = X2

YMIN

IF (Y2.LT.Y1l) YMIN

DELX
DELY
YAVG
XAVG

IF (DELX.EQ.0.0) DELX
IF (DELY.EQ.0.0) DELY

YMIN
XMIN
XMAX
YMAX
CALL
CALL
CALL
CALL
CALL

= Y1
Y2

ABS (X2-X1)
ABS(Y2-Y1)
(Y2+Y1) /2.0
(X2+X1) /2.0

0.001
0.001

YAVG - DELY/2.0

XAVG - DELX/2.0

XAVG + DELX/2.0

YAVG + DELY/2.0
BINITT

COMSET (IBASEX(11), XMIN)
COMSET (IBASEY (11), YMIN)
COMSET (IBASEX(12) , XMAX)
COMSET (IBASEY (12), YMAX)

RETURN

END

SUBROUTINE STROUT (IX,IY,KSTR,NCHR)
DIMENSION KSTR(1),KAS(80)

CALL KAM2AS (NCHR,KSTR,KAS)

CALL MOVABS (IX,IY)

CALL ANSTR(NCHR,KS)

RETURN
END

42

SELECT NEW WINDOW CORNER,

PRESS SPACE BAR')

SELECT OPPOSITE CORNER, PRESS SPACE BAR')



APPENDIX B

DBase III+ SOURCE CODE FOR
"Front-End"

(USER INPUT SCREEN)
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EE R AR E R R RS EERERRsRsi xR 2t 2R 2R R R XXX R R X0 X R

* THIS PROGRAM SERVES AS THE PARAMETER DATA ENTRY SCREEN FOR THE
SIMULATION THAT SOLVES THE EQUATIONS OF A SYNCHRONOUS

*

* ¥ ¥ * *

*

GENERATOR.

WRITTEN BY:

FOR

INSTRUCTOR:

DATE:

H. SCOTT COOMBE

ENGR 5904

R.G. MITCHINER

SUMMER I THRU SPRING 1992

*
*
*
*
*
*
*

*

A K KKK KA A KA AR AR IR AL A A KA A AAAARAAAAARARA A AR A ARk A A A Ak hkhkhhhh ko
AEEE A A KA AT A AR A A A AT A A AR A AR A AT AR A ERAAKRAAA AR A AR AR AR A AR AR A Ak hkk

* SETTING UP THE SCREEN I/O ENVIRONMENT

*

AEKEAAKAAAAARRAA A A AR AR A AT AT A hk A hdhhhhhkhhdhhkhdhdhdhdhhkhkhhhhkhkhkihkhdhihdkkhkkhkk

SET
SET
SET
SET
SET
SET
SET
SET

ECHO OFF
TALK OFF
SAFETY OFF
CONFIRM ON
STATUS OFF
SCOREBOARD

KEY -1 TO EXECUTE_SIMULATION
KEY -2 TO QUIT PROGRAM

STORE .F. TO DONE, QUIT, SCREEN 2
PUBLIC DONE, QUIT, SCREEN 1, SCREEN_2

CLEAR
@ 0,0 TO 23,79 DOUBLE

TString = "ALTERNATING CURRENT GENERATOR SIMULATION"

OFF

SET COLOR TO W+

@ 1,CENTER(TString) SAY TString

SET

COLOR TO

@ 2,0 SAY CHR(204)
@ 2,79 SAY CHR(185)
@ 2,1 TO 2,78 DOUBLE

L2 X E RS RS AR R R 2R R xRt s R AR X R RE R R EE LR R EE RS SRS

*
*

SELECT 1

USE

DATA

GO TOP

*

TMAX1
DELT1
RPM1

VF1

NPOLES1
LOADTIMEl
VRMS1
RES11
RES21
RES31
RES41
RESS1
RES61

Jol
Dol

GOV_GAIN1
REG_GAIN1

Pl i R T T T T e

L I | | A | 1S T T I}

OPENING THE DATABASE FILE THAT CONTAINS THE INPUT VALUES
AND ASSIGNING THE DATABASE VALUES INTO THE VARIABLES

KhkAkKA A AR KA AR ARk Ak hkhhkhhdhhkhkkhhbhhhkdkhkhhhhkhrhkhkdkhkhhkhhdk

TMAX
DELT
RPM

VF
NPOLES
LOADTIME
VRMS
RES1
RES2
RES3
RES4
RESS
RES6

Jo

DO
GOV_GARIN
REG_GAIN



* VARIABLES CONTAINED ON SCREEN #2

de de de kK dodk ok ok ke %k kI A ok ok ke ke ko ok e e ok ok ok ok e ke ok ke ke ok ok ke ok ok ok e vk ke ke ke ke ok e ke ke ke

LOAD111 = LOAD11
LOAD121 = LOAD12
LOAD131 = LOAD13
IND_LOAD111 = IND_LOAD1l
IND_LOAD121 = IND_LOAD12
IND_LOAD131 = IND_LOAD13
LOAD211 = LOAD21
LOAD221 = LOAD22
LOAD231 = LOAD23
IND_LOAD211 = IND_LOAD21
IND_LOAD221 = IND_LOAD22
IND_LOAD231 = IND_LOAD23

*

DO SCREEN_1

*

@ 20,0 SAY CHR(204)

@ 20,79 SAY CHR(185)

@ 20,1 TO 20,78 DOUBLE

SET COLOR TO W+

@ 22,3 SAY "({"+chr(17)+chr(217)+"]"

@ 22,38 SAY "[F2]"

@ 22,66 SAY "[F3)"

SET COLOR TO

@ 22,8 SAY "- Move to next input value"

@ 22,43 SAY "- Execute Simulation”

@ 22,71 SAY "- Quit"

BEGIN SEQUENCE

DO WHILE .NOT. DONE
IF SCREEN_1 = .T.
BEGIN SEQUENCE

@ 3,26 GET TMAX1 PICTURE
READ
e 3,26
@ 4,26
READ
@ 4,26
@ 5,26
READ
@ 5,26
@ 3,66
READ
@ 3,66
@ 4,66
READ
@ 4,66
@ 5,66
READ
@ 5,66
@ 8,52
READ
@ 8,52
@ 9,52
READ
@ 9,52 say DOl
@ 10,52 GET GOV GAIN1l PICTURE "9999.9"
READ .

"99.9999"

SAY
GET

TMAX1

DELT1 PICTURE "99.9999"
SAY
GET

DELT1

LOADTIMEl PICTURE "99.9999"
SAY
GET

LOADTIMEl

VRMS1 PICTURE "9999.9"
SAY
GET

VRMS1
REG_GAIN1 PICTURE "9999.9"

SAY
GET

REG_GAIN1
VF1 PICTURE "9999.9"

VF1
JO1 PICTURE

SAY
GET "9999.9"
SAY
GET

Jol

DOl PICTURE "9999.9"
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@ 10,52 SAY GOV_GAIN1
@ 11,54 GET NPOLES1 PICTURE "99"
READ
@ 11,54 SAY NPOLES1
@ 12,52 GET RPM1 PICTURE "9999.9"
READ
@ 12,52 SAY RPM1
@ 14,50 GET RES1l1 PICTURE "999999.9999"
READ
@ 14,50 SAY RES11
@ 15,50 GET RES21 PICTURE "999999.9999"
READ
@ 15,50 SAY RES21
@ 16,50 GET RES31 PICTURE "999999.9999"
READ
@ 16,50 SAY RES31
@ 17,50 GET RES41 PICTURE "999999.9999"
READ
@ 17,50 SAY RES41
@ 18,50 GET RESS51 PICTURE "999999.9999"
READ
@ 18,50 SAY RESS1
@ 19,50 GET RES61 PICTURE "999999.9999"
READ
@ 19,50 SAY RES61

END

ELSE

BEGIN SEQUENCE
@ 4,52 GET LOAD111l PICTURE "999999.9999"
READ
@ 4,52 SAY LOAD11l1
@ 5,52 GET LOAD121 PICTURE "999999.9999"
READ
@ 5,52 SAY LOAD121
@ 6,52 GET LOAD131 PICTURE "999999.9999"
READ
@ 6,52 SAY LOAD131
@ 7,52 GET IND_LOAD11l1l PICTURE "999999.9999"
READ
@ 7,52 SAY IND_LOAD111
@ 8,52 GET IND_LOAD121 PICTURE "999999.9999"
READ
@ 8,52 SAY IND_LOAD121
@ 9,52 GET IND_LOAD131 PICTURE "999999.9999"
READ
@ 9,52 SAY IND_LOAD131
@ 12,52 GET LOAD211 PICTURE "999999.9999"
READ
@ 12,52 SAY LOAD211
@ 13,52 GET LOAD221 PICTURE "999999.9999"
READ
@ 13,52 SAY LOAD221
@ 14,52 GET LOAD231 PICTURE "999999.9999"
READ
@ 14,52 SAY LOAD231
@ 15,52 GET IND_LOAD211 PICTURE "999999.9999"
READ
@ 15,52 SAY IND_LOAD211
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@ 16,52 GET IND_LOAD221 PICTURE "999999.9999"
READ :

@ 16,52 SAY IND_LOAD221

@ 17,52 GET IND_LOAD231 PICTURE "999999.9999"

READ
@ 17,52 SAY IND_LOAD231
END
ENDIF
ENDDO
END
CLOSE ALL
IF QUIT = .F.
ERRORLEVEL (1)
ELSE
ERRORLEVEL (0)
ENDIF
*
LEEEE AR SRR R R s iR s R A A A Rt XXX R R X X
* ~==> FUNCTION Center <--- *
* *
* Purpose: To return to Starting column position when centering *
* a passed-in text string. *

LEE SRR R A SRR R R RS R R R R R R R R LSRR R AR R R R EREEEEE S S

FUNCTION Center
*

Parameters in_string, in_length
*
IF TYPE("in_length") = "U"
in_length = 80
ENDIF
RETURN (in_length/2 - LEN(in_string)/2)
*

A S AL E SR RS2 R R R Rt Rt AR R R R R EEEEEEE S

* —==> PROCEDURE Screen_1 <--- *
* *
* Purpose: To display Screen 1 and store the input values for *
* the variables displayed on Screen 1. *

KA AEE A A AR AR AR AR R AR AR AARA AR ARNARNA AN AR AR AARAR AR AN A A AR AR AR A bk vk ke k

PROCEDURE SCREEN_1

*

SET KEY 18 TO

SET KEY 3 TO SCREEN_2
SCREEN_1 = .T.

*

@ 4,2 CLEAR TO 19,78

@ 21,2 CLEAR TO 21,78
*

TString = "1 OF 2"

6,0 SAY CHR(199)
6,79 SAY CHR(182)

@ 1,72 SAY TString

*

@ 3,2 SAY "TMAX (Simulation Time)= "+STR(TMAX1l)+" sec"

@ 4,2 SAY "DELT (Time Increment) = "+STR(DELT1l)+" sec"

@ 5,2 SAY "LOADTIME (Time Appl) = "+STR(LOADTIMEl)+" sec"

@ 3,39 SAY "VRMS (RMS Output) = "+STR(VRMS1)+" volts"
@ 4,39 SAY "REG GAIN (Regulator Gain)= "+STR(REG_GAIN1)

@ 5,39 SAY "VF (Init Field Volt) = "+STR(VF1)+" volts"

@

@
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@ 6,1 TO 6,78

SET COLOR TO W+

@ 7,2 sSAY "Mechanical Parameters:"

SET COLOR TO

@ 8,2 SAY "JO (Flywheel & Rotor Polar Moment of Inertia)
"+STR(JO1)+" kg-m**2"

@ 9,2 SAY "DO (Frictional Damping Coefficient) =
"+STR(DO1l)+" N-m-s”

@ 10,2 SAY "GOV GAIN (Governor Gain) =
"+STR(GOV_GAIN1)

@ 11,2 SAY "NPOLES (Number of Rotor Poles) =
"+STR(NPOLES1)

@ 12,2 sAY "RPM (Rated Shaft Speed) =
"+STR(RPM1)+" rev/min"

SET COLOR TO W+

@ 13,2 SAY "Generator Characteristics:"

SET COLOR TO

@ 14,2 SAY "RES(1,1) (Stator Winding Resistance-Phase 1) =
"+STR(RES11)+" ohms"

@ 15,2 SAY "RES(2,2) (Stator Winding Resistance-Phase 2) =
"+STR(RES21)+" ohms"

@ 16,2 SAY "RES(3,3) (Stator Winding Resistance-Phase 3) =
"+STR(RES31)+" ohms"

@ 17,2 SAY "RES(4,4) (Field Winding Resistance) =
"+STR(RES41)+" ohms™"

@ 18,2 SAY "RES(5,5) (Direct Axis Damper Resistance) =
"+STR(RES51)+" ohms"

@ 19,2 SAY "RES(6,6) (Quadrature Axis Damper Resistance) =
"+STR(RES61)+" ohms"

*

SET COLOR TO W+

@ 21,30 SAY "[PgDn)"

SET COLOR TO

@ 21,37 SAY ‘- Next Screen’

*

"

IF SCREEN 2 = .T.

SCREEN 2 = .F.

BREAK
ENDIF
RETURN
L2 RS2SRRSR ARl iR iR at A AR SRR RREERREEREEEEEEEEREE]
* —==> PROCEDURE Screen 2 <--- *
* *
* Purpose: To display Screen 2 and store the input values for *
* the variables displayed on Screen 2. *

KERK KA KA A AR AR AR A A RA AR ARAR R AAARAE A AR AR AARARARAARAAARAL AR AR A A kA kA kb hhhdkk

PROCEDURE SCREEN 2

*

SET KEY 3 TO

SET KEY 18 TO SCREEN 1
*
SCREEN_1
SCREEN_2
*

@ 3,1 CLEAR TO 19,78
@ 7,0 SAY CHR(186)

@ 7,79 SAY CHR(186)

@ 21,1 CLEAR TO 21,78

.F.
.T.
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*

TString = "2 OF 2"
@ 1,72 SAY TString
*

SET COLOR TO W+

@ 3,2 SAY "Initial Load:"

SET COLOR TO

@ 4,5 SAY "RES LOAD1(1l) (Initial Resistive Load-Phase 1)
="+STR(LOAD111)+" ohms"

@ 5,5 SAY "RES LOAD1(2) (Initial Resistive Load-Phase 2)
="+STR(LOAD121)+" ohms"

@ 6,5 SAY "RES LOAD1(3) (Initial Resistive Load-Phase 3)
="+STR(LOAD131)+" ohms"

@ 7,5 SAY "IND LOAD1(1l) (Initial Inductive Load-Phase 1)
="+STR(IND_LOAD11l)+ " henries"

@ 8,5 SAY "IND LOAD1(2) (Initial Inductive Load-Phase 2)
="+STR(IND_LOAD121)+ " henries"

@ 9,5 SAY "IND LOAD1(3) (Initial Inductive Load-Phase 3)
="+STR(IND_LOAD131)+ " henries"

*

SET COLOR TO W+

@ 11,2 SAY "Final Load:"

SET COLOR TO

@ 12,5 SAY "RES LOAD2(1l) (Final Resistive Load-Phase 1)
="+STR(LOAD211)+" ohms"

@ 13,5 SAY "RES LOAD2(2) (Final Resistive Load-Phase 2)
="+STR(LOAD221)+" ohms"

@ 14,5 SAY "RES LOAD2(3) (Final Resistive Load-Phase 3)
="4+STR(LOAD231)+" ohms"

@ 15,5 SAY "IND LOAD2(1l) (Final Inductive Load-Phase 1)
="+STR(IND_LOAD211)+ " henries"

@ 16,5 SAY "IND LOAD2(2) (Final Inductive Load-Phase 2)
="+STR(IND_LOAD221)+ " henries"

@ 17,5 SAY "IND LOAD2(3) (Final Inductive Load-Phase 3)

="+STR(IND_LOAD231)+ " henries"
*

SET COLOR TO W+

@ 21,30 SAY "[PgUp]"

SET COLOR TO
@ 21,37 sAay
BREAK
RETURN

‘- Previous Screen’

AEKKEK KKK EE TR AR AR AL AR A A AAARAA AR AR AR AR A ATk hhdhddhhdhkhdhdkkdhdkhhhdkhid
* —--> PROCEDURE Execute Simulation <--- *
* *
* Purpose: To call the Generate Simulation Program Executable *
XXX SIS SRR RS2 22222222222t RSt A R AR R R R R RRE]

PROCEDURE EXECUTE_SIMULATION
*

SELECT 1
GO TOP
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE
REPLACE

TMAX WITH TMAX1

DELT WITH DELT1

RPM WITH RPM1

VF WITH VF1

NPOLES WITH NPOLES1
LOADTIME WITH LOADTIME1
VRMS WITH VRMS1
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REPLACE RES1 WITH RES11

REPLACE RES2 WITH RES21

REPLACE RES3 WITH RES31

REPLACE RES4 WITH RES41 :
REPLACE RES5 WITH RESS1

REPLACE RES6 WITH RES61

REPLACE JO WITH JO1

REPLACE DO WITH DOl

REPLACE GOV_GAIN WITH GOV_GAIN1
REPLACE REG_GAIN WITH REG_GAIN1
*

* Saving the Screen 2 variables

*

REPLACE LOAD1l1 WITH LOAD111

REPLACE LOAD12 WITH LOAD121

REPLACE LOAD13 WITH LOAD131

REPLACE IND LOAD1ll WITH IND_LOAD111
REPLACE IND_LOAD12 WITH IND_LOAD121
REPLACE IND_LOAD13 WITH IND_LOAD131
REPLACE LOAD21 WITH LOAD211

REPLACE LOAD22 WITH LOAD221

REPLACE LOAD23 WITH LOAD231

REPLACE IND LOAD21 WITH IND_LOAD211
REPLACE IND_ LOAD22 WITH IND_LOAD221
REPLACE IND_LOAD23 WITH IND_LOAD231
*

GO TOP

COPY TO DATA.TXT ALL DELIMITED

*

* Updating the public variables that "get us out" of this program
*
DONE
QUIT
*

.T.
.F.

* Breaking out of the BEGIN SEQUENCE-END structure to execute the

gimulation
*

BREAK

RETURN

AEKEREEEKERERRRE AR KR AR RARA AR AR AAAA AR AR A AR R A A AR AR AR A AR A A Ak hkhdk
* ===> PROCEDURE QUIT_ PROGRAM <--- *
* *
* Purpose: To QUIT the Generator Simulation Program *

B R L T T
PROCEDURE QUIT PROGRAM
*

* Updating the public variables that "get us out" of this program
DONE
QUIT
*

.T.

.T.

* Breaking out of the BEGIN SEQUENCE-END structure to execute the

simulation
*

BREAK
RETURN

50



APPENDIX C

SAMPLE OUTPUT DATA
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APPENDIX D

INDUCTIVE LOADING

PLOTS OF PHASE 1 VOLTAGE & CURRENT
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