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ABSTRACT

When a small generator is comnected to the distribution system,
the voltage at the point of interconnection is detormined largely by
the system and not the generutor, This report examines the effect on
tho gencerator, on the load voltage and on the distribution system of a
number of different voltage control strategies in the generator,
Synchronous generators with three kinds of oexeiter contrel are
considered, as well as induction generators and do/ac inverters, with
and without capacitor compensation. The effect of varying input power
during operation (which may be experienced by generators based on
ronewable resources) is explored. as well as the effect of connecting
and disconnecting the genmerator at ten percent of its rated power,

Operation with a constant slightly lagging power factor is shown
to have some advantages.
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SECTION 1
INIRODUCTION

DSG Voltage Control

Dispersod Storage and Generation (DSG) Systems such as hydroelectric,
solar thermol electric, photovoltnie, wind, storage battery,
hydrocleotric pumped storage and co—generntion systems have some common
and some distinctivo attributes, Three attributes that DSGs have in
common are: (1) their kW size is small compared to the kW size of
conventional utility plants, (2) they may not be available as a source
of constant power throughout the day and (3) they can only be
cconomicelly connooted to the distribution system or to the
subtransmission system of a large utility network, Throc attributes
which tend to make DSGs different from one another are: (1) some of DSG
technologies are proven while others are still maturing, {(2) some DSG
technologios use conventional turbine-generctors for energy conversion
while others use elecotronic ac~dec—ac or de—de¢ conversion to obtain
utility-grade ac power, and (3) their indjvidunl control systems are
quite different, Of courxse, cost factors may also differ significantly.

Based on these commonalities and differences among DSG technologies, it
is evident that, for a significant penctration, a large number of these
DSGs will be required and connected at the distribution or
subtransmission level of the uwtility powor system. Their individusl end
aggregate Peioevior during system steady-state or transient conditions
will be di{wr#st, and their desirability or value as & source of power
in Yerms of busbar emergy cost ($/kW,b) will be different since this
cost in dependent on the status and type of technology used in energy
conversion,

The flow of real and resctive power is releted to frequency and voltage,
If a DSG has independent voltage control capability, it can bo operated
cooperatively with any method of voltage control on the existing power
systom, If the DSG is small, this can be done by local measurements and
local control alone, Keeping the generation or consumption of reactive
power within reasonable limits may be a sufficient control algorithm,

The effects of voltage control in a power system with large generating
plants are routinely studied. However, DSGs present a new class of
problems since their size is small, sinoe thore may be a large
multiplicity of them scattered around the distribution network and their
terminal characteristics at the point of inter—connection may be
distinctly different from those of couventional generators. A study of
the effect of DSG voltnge control has not been performed in any detail,

The objective of this study is to examine the effects of voltage control
in utility-interactive DSGs, To that end, several DSG types have been
mathematically represented according to certain assumptions and the
impaoct of voltage control on real and reactive power flow and on power
factor is evaluated, ‘
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Rolaticuship Botween Voltage and Renctive Power

Consider an ac genorator with output voltage BZS supplying real power P,
and roactive power Q, to a lond over a line of impedance R+jX at n
terminal voltage, VZ0, as shown in Figure 1~1, The relationship between
the verious quentities is shown in the veotor diagram of Figure 1~-2,

1-2



ORIGINAL PAGE 19
OF POOR QUALITY

R JX
W—rr Yy ———————
146

——

Figure 1-1. An ac Generator Supplying Power to a Load
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Figure 1-2, Vector Diagram for Circuit of Figure 1-1
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From Figures 1-1 and 1-2, it is found that

E2 = (V + RI cos ¢ + XI sin £)2 + (XI cos ¢ - RI sin 8)2

wherc ¢ is the power faotor angle and I is the load ourrent,

But P= VI cos 6
and Q= VI sin ¢
Therefore,
2 2
- RP + XQ XP - RQ
2 o= v+ E2H . (EZA
For small &, V + AV > &8V
Therefore, E~V+ BP—;-JSQ ’
and av=p-v ~ 228 (1.1)
Also, 6 ~ sin1 (?:VEB—Q)
When R = O and E is fixed, using equation 1.1 it can be shown that
V=E+ (B2 - 4xq)1/2
2
or v ~ E-% (1.2)
E

Therefors from equations 1.1 or 1.2, it is eovident that the reactive
power flow determines the voltage profile throughout the power system,
Conversely, the wvoltage control is equivalent to control of reactive
power flow in a power system. They are interrelated. *

Whenever the magnitude of & particular bus voltage is changed, Q-balance
at that bus is disturbed. That is, if there is a change in Q demand at
the bus, this demand must be matched locally at the bus if the voltage
profile is to be maintained,

Relationship Between Power and Frequency

Constant impedance loads and composite loads vary with voltage and
frequency. Their behavior can be described as follows [1-1]

p(£, IvD)

alf, [vl)

P
Q

It

n
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Thercfore, changes in real and reactive power caused by small variations
in frequency and voltage can bo obtained by expressions

ap ap

= . AL+ R ., Alvl (1.3}
= 2Q \ 9Q
and M= oF . AL+ T . Alvi (1.4)

The exaoct values of the partial derivatives In 1.3 and 1.4 will depend
on the type of load. For incandescent lamps there is a considerable
variation in efficiency with applied voltage. It is commonly assumed
that for a tungsten filament incandescent lamp a 10% reduction in rated
voltage will result in a light output of 70% of rated value and o power
consumption of 85% of rated, With a 10% inorease in voltage the output
and power consumption increase to roughly 140% and 115%, respoctively,

Fluorescent leamps are not nearly so sensitive to applied voltage.
Roughly speaking, a one percent change above or below the rated voltage
will produce a one percent change in light output and power consumption,
Below about 9%0% there may be difficulty starting the fluorescent lamp
and above about 110% there may be an overheating problem,

Resistance heaters are very nearly constant resistance, so that the
energy input to such devices varies very nearly as the square of the
applicd voltage, Devices in this category would include the resistance
heatexs used for home heating and home cooking as well as for elellric
clothes drying and, in industry, for various forms of process heat.

Induction motors are particularly sensitive to applied voltage in terms
of the starting torque and starting current, but since the present study
is concerned more with their steady-state performance it may noted that
their full load current decreases with increasing applied voltage such
that o 10% increase in applied voltage may result in n 10 to 15%
decrease in the full load current, There may also be some change in
slip although this will not directly affect the power consumed.

Synchronous motors are not particularly sensitive to the applied voltage
in terms of their power consumption since their speed and, hence, power
are fixed exactly by the frequency of the power system, but their
reactive demand may increase or decrease in a manner similar to that for
synchronous generators. It is difficult to go into more detail for this
kind of load.

For composite leoads, the four partianl derivatives of equations 1.3 and
1.4 must be evaluated empirically, since their values can not be
determined analytically. Studies with a typical composite load
consisting of some induction motors, some synchronous motors and various
other loads indicate the following average approximate values of three
partial derivatives,

5?%[ ~ 1.0 percent/percent
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8Q, ap
a—m 1.3, 3F 1.0

The value of the fourth derivative is not available and is of less
praotical importance.

Figure 1.3 shows typical variations of real ond reactive powers with tho
voltage for o composite load on a power system, In typical power
systems, power station operators control generator output voltage by
fixing the field current. The output power is detormined by the amount
of mechanical energy being supplied to the generator, The power grid is
fed through the specification of generator power and voltage while a
load, in a statistical sense, is characterized by its power
requirements,

It is the fumction of governor or its cquivalent control system to keep
the frequency variations within a small range. Since DSGs under
consideration in this report will be utility intercctive, it is assumed
that the frequency will be controlled by the utility end it will remain

nearly constant. Therefore, frequency veriations will not be considered
in this study.
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Load Flow Problems: Gemoxal Approsch

The torm 'load flow problem’ rofers to steady state calculations thet
provide powor flows and voltagoes for a specified power system subject to
constraints imposed by regulating capabllity of gonerators, condensers
and tap changing transformers as well as net interchanges among
individual operating systems, Load flow studies are performed for
planning purposes and may encompass either normal or emergency operating
conditions,

The normal type of power system load flow solution cannot be employed
for our present study because the method used typically requires that
the load be specified in terms of real and reactive power consumption
and the generators be similarly specificd, At some busses o voltage may
be specified and there may be within the system a slack bus at which
only voltnge magnitude and phase angle are specified, A generator is
typically connected to such & bus to make up whatever real and reactive
power is required at that location, However, in the present study thexo
are somewhat fewer degrees of freedom and the additionsl constraint of a
voltage controller or exciter equetion must be taken care of,
Nevertheless, an iterative solution is still required, In order to
illustrate the issues involved consider the system shown in Figure 1-4,
This example is taken from o power systems text book presently being
written by Harold Kirkham of the Jet Propulsion Laoboratory, Walter J,
Gajde Jr,, of the University of Notre Dame and Redhe S. L. Das of
California State University, Long Beach,

In the example, there are two generators, & single load, and two
resistors which represent ohmic losses in the transmission system,



1 1a vy =100v 1o I3

100w e
150w

Figure 1-4, Power System Circuit Dingram and Values Used
To Illustrate Solution Method
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Figure 1-4 is a dc example for simplicity. As a problem in conventiomal
network analysis with the source voltagoes and resistance values
specified, this is a rather straightforward problem, llowever, as @
power system problem, analysis is rather circuitous,

One may begin by specifying that:

6. ‘The left generator will put out 100 watts and,
b, Load must rcoeive 150 watts at 100 volts,

It may noted that this is not the normal way to specify & network
analysis problem, but such specification would not be wmusual in a power
system. The problem is to detormine both voltages V; uand V3 and the

power developed by right generator P, Whon these three quantities are
known, the operation of the generators will be completely specified in

that the operntor would know the ficld currents and powers required to
satisfy the load.

The load ocurrent is

1508

L, = Toov

1,5A

Two expressions can be written for I,

poe toow BB Tioae
1 1 i 1

The voltage, Vy, of the left generator is wniquely specified bocause

100

= v._
vV, 1~ 100

or

Vy2 - 100 V; - 100 = 0

This may be solved directly

Vi = 100.99
Of ocourss,
100
I 02 e——— F—1
1 W 994

By Kirchoff's Current Law

I, = X; + I3 and we solve I

I =Iy -I) = 1.5- .99 = ,51A
Further

V3 = VZ + (1 Ohﬂl) (13) = 100,51V
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Now the right genorator's output con be found

P, = VI3 = 51, 26W
Tho system model is completely analyzed, Powor flows are:
Power—gonerated = 100 + 51,26 = 151,26V,

Powor absorbed = P load + P lossos
= 150 + 98 + .26
= 151.24V.

These values balance to within the accuracy of the calculations,

The operator of the right gonerstor must burn sufficient fuel to yield
an clectrionl generation rate of 51,26 watts, In addition, he must
supply field current to hold Vy &t 100,51 volts, The operator of the
loft genorator must supply 100 watts at 100.99 volts,

There arc five degrees of freedom in the circuit to Figure 1-4. DBy this
is meant that the specification of five independent quantities serves to
totally determine the behavior of the circuit., In the most familiar
terms, these five quantities consist of the vnlues of the two line
rosistances, the load resistance, and the two generator voltages. Whon
these are specified, the powers and currents are determined, This
obzervation van be penernlized to the recognition that there pre b
degrees of freedom in a oircuit made of b clements, In the power system
above, the oircuit was charseterized by five values (as is essentinl if
the unique solution is to be found) which were not traditionmnl, These
consisted of the power of the left generatox, load power and voltage,
and the two line resistances, The problem was then completely
characterized and it was possible to solve for the other voltages,
currents, and powers of interest.

The five values chosen to specify the problem are somewhat arbitrary
although they must be independent, that is, any one of them must not be
detemined by any combination of the other four, For example, three of
the gquantities could not be the voltage, ourront and resistanoce
associated with onc of the transmission lines since these three do not
form o set of independent quantities. Specification of any two will
serve to fix the third,

The spparent arbitrery mature of the initial choice of five quantities
is further amplified via another analysis of the same circuit specified
differently as sketched in Fipgure 1-5, The analysis begins with
Imowledge of the power generated by the left generator, the two line
resistances, the power absorbed by the load and the voltage assceciated
with the right generator., ‘The method proceeds in a straightforward
fashion with a determination of the power to be supplied by the right
generstor and the two remaining node voltages, V; and Vj.
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Figure 1-5, Power System Cirounit Diagrom and Values
Used To Illustrate Solution Method
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P
I3 ® Yoo
Vo = 100 ~ I3

p
= 100 - 100

Plogg = VoI = 150

L = 150
2 160 ~ P/100

I; = I - I3 = (150/(100-P/100)) ~ P/100
Vi = Vp 4 I; = (100-P/100) + (150/(100-P/100)) = P/100

Plogt = 100 = V11

Substituting ror V4 I, in this equation yields one equation involving b,
and it can be used to determine the right generator's power output, The
equation is a fourth order polynomianl in P, and numerical evaluation
leads to

P = 5125 watts
The other values follow immediately:

I, = ,5125 omps
Vp = 99.487 volts

I = L9952 amps

‘:'1 = 100,483 volts

The analytic complexity of the solution is masked by the few lines above
indicating that the equation is a fourth order polynomig} in P, Other
methods of cirouit analysis also lead to complex expressions, In short,
although this socond problem appears to be a minor variation of the
first, and indced the final values for current voltage and power are not
significantly different, the mathemetical complexity is such as to
require numerical techniques., If the problem is extended to the nc
equivalent, the complexity of the solution becomes cven greater and
pumerical techniques would become even more necessary,

Solution Methods

Three types of DSG systems were considered: (1) DSGs using synchronous
generators (e.g., Solar thermal electric generating system), (2) DSGs
using induction generators (e.g.,, wind systems), and (3) DSGs using
de/ac inverters (e.g., photovoltaic system), Steady-state mathemntical
models for each DSG system were used and effects of varying performance
parameters on load terminal voltage and system VARs were cvaluated,
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For cach DSG systom, some reasonable porformance conditions nre assumed,
In order to obtain n complete sot of solutions for the system oquations,
the valus of one or two varicbles is guessed and values of all variables
are obtainod iteratively,

Usunlly the value of system voltage was guezssed sometimes along with one
cther systom varinble, In some goenerator modols, knowledge of the
terminal voltage of the machins completely specified the comiitions
inside tho muachine, For example, a synchronous machine controlled with
an excitor using voltnge foedback oporates so that the magnitude of the
excitor voltage is completoly specified by the terminal voltage. The
machine power angle delta is the only parameter which can vary to
nccommodate the roequired power output f£rom tho machine, Similarly, in
the case of an induction machine, the model of the generator consists
entirely of passive components, and conventional network onalysis cen be
used to solve for the various ourrent flows, given the terminel voltage
on the machine and adjusting the slip so as to ancocommodate the
appropriate power output,

In some of the gencrators, knowledge of the terminal wvoltage does not
specify the conditions within the generator, and in these cases the
second parameter guessed at would be the angle bGetweon the voltage
behind system reactance and terminal voltage, This angle is frequently
called beta, In such casos, the program iterated on the initial guessed
terminal voltage and on the value of betn sc as to obtain convergence,

In terms of the analytical complexity of the solution as indicated
anbove, several of the combined generator load and power system medels
have 10 degrees of frecdom and present sufficient complexity to
completely rule out the idea of developing closed form soluticns,
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SECTION IWO
MATHEMATYCAL MODELS

Genoral Assumpticns

In the previous section it wes shown that the power system problem
must ordinarily be solved iteratively, and methods of doing so0 wore
discussed.

If reasonable assumptions are made about the efficiency of the DSG, it
might be possible to describe the variation of output power with input
power, However, the varietion of the ocutput voltage cannot be handled
50 easily. In the usunl power system solution, loads and generators
are described by their real and reactive demands, and for the DSGs
studied here these parameters are not known, Consequently, it becomes
necessary to model each DSG, load and power system ns a complete
electrioul cirouit (rather than a one-line dingram) and te solve it
using the equations of circuit amalysis,

The remainder of this section will discuss the various models used and
the numerical techniques used to solve the system problem,

Power System Model

Most portions of the generation side of a power system can be repre~
sented, for circuit analysis, by a very simple Thevenin equivalent,
For generation and transmission this equivalent would simply be an
inductance in series with a voltage source, as shown in Figure 2-1,



jXs

_’-_0

Ormet—

Figure 2-1. Thevenin Equivalent for Generation or
Trensmission System
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Distribution systems differ in a number of weys from transmission
systems, They nre generally much less intercomncoted (with some
exceptions) and the ecquivalent circuit frequently contains an
apprecioble resistance, Voltage control is rarely applied at the
lond, but is frequently applied at distribution substations and along
some feoders .

If we assume that the load under consideration 15 connected somewhera
along a feeder (at one point), the feeder may be represented by a
complex impedance, The effect of voltage control can then be modelled
by allowing the voltage source to take on a range of values, The
arrangement is shown in Figure 2-2.



Figure 2-2.

Rs iXs

6

v

Equivalent Circuit for Distribution System

2-4



The parameter values in Figure 2~2 are chosen to be representative of
a typioel system, in per umit,

Since design practice of distribution systems varies widely, it is
quite difficult to give roprosentative values for the resistance and
roactance of the power system ns seen from the customex's terminals,
Furthermore, dosign praotice is ususlly based on consideration of
voltage drop rather than system impedance as it would be in a trans-
mission system,

Nevertheless some estimates of typical values can be made. The
impedance of the distribution tramsformer might be in the order of 2
or 3 percent, the higher impedances boing associated usually with the
larger ratings, The distribution transformer impedance is mostly
reactive, the rosistive component being perhaps one quarter of the
total impedance, To this complex impedance must be added an impedance
representing the feeder ad secondary line to the customer, and the
service drop.

The feeder and service drops vary somewhat with line design, but
cireuit_conductors typically have an R to X ratio in the order of
one,l21] rhat is to say, they are equally resistive and reactive,
The exact amount of resistance and reactance to be added in our model,
of course, depends on the circuit design and the length of line
between the distribution transformer (whose impedance was considered
above) and the customer,

The values takon as representative of the sum of transformer reactance
and line resistance and reactance in this study were R = .04 and X =
01 pu, The programs were also run with half this value as system
impedance, producing results which were not substantially different.
Some veriiication of the validity of these numbers may be obtained
from consideration of volt drop, as is normally done in a distribution
system design, In a residential feedexr at heavy load there may be
three—volts drop between the first distribution transformer and the
last, aend there may be three velts drop in the distribution
transformer. Another three and one-half volts might be lost in the
secondary lins, and the service drop under (maximum) load for the
consupmer is rarely above one volt, This gives a total maximum volt
drop on a residential feeder of 11 volts or .1 per unit, In the base
case calculation of the studied power system where there is no DSG,
the volt drop from the equivalent generator to the load at maximum
load is about 9%, which iz close to the maximum gquoted above. The
system ir therefore quite representative of a distribution system and
a typical customer, The eltexnate case results, with half this system
impedance, might represent a customer connected closer to the
distribution substation,

A rural feeder usually has about the same total volt drop as a
residential feeder, but in the case of a rural feeder more of the volt
drop exists across the primary feeder and service drop and there is,
of course, typically no secondary line at =all.
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Load Model

In the solution of the single line version of the power system
problem, the load is usually ropresonted by a fixed real and reactive
demand, However, since the voltage on a load bus way vary as the
solution is approached, it is somotimes neccssary to express the roal
and reactive loads as a function of voltage. Frequency effects can be
neglected in the stendy state load flow because governor action can be
assumed to hold the frequency at its nominal value,

Clearly, the load pexformance will depend on the kind of load, as
disoussed in Section 1. For example, the real power demmnd of motor
loads is practically independent of voltage, because the motor speed
does not chmnge with voltage. (There may be o very small chmge in
the case of an induction motor.) Reactive demand will vary, however,

The real power demand of constant impedance load varies quadraticnlly
with voltage, as does the reactive demand,

Other loads have other properties, some being almost constant current
for example, so that the problem of representing a load is by no means
trivianl.

Experimental investigations have shown that many aggregate loads can
be represented as simple functions of voltage such as P = kv®.
Perhaps this is not too surprising, since for n = 1 this represents a
linear function which lies between the quadratic dependence of
constant impedance loads and the independence of motor loads. Figure
2-3 shows the effect of this load representetion,
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Figure 2-3. Real and Reactive Power as a Function of Voltage for
Two Different Load Models, Normalized
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Both the ioad models shown in Figure 2-3 have been used in this study.
Both are represented by equations of the form:

P o= KV
and

Qa = gy

For constant impedance loads, of course, n = 2 and the constants Ky
and Ky are fixed by the lond resistanse and reactance, The real part
of current is given by

In = P/V
e Klvn-l

=K1V

so that K, is simply the equivalent (parallel) conductance of the
1
load. Similarly, K, is the equivalent susceptance of the load,

For n # 2 the equations are equally simple, but the apparent impedance
is dependent on the value of n,

DSG Models

There is a large variety of DSGs that could be modelled and included
in this study. Indeed, the number of different DSG types is so large
that some means of reducing the size of the problem must be employed
if an economical job is to be done.

Fortunately, the mathematical model mneed only extend as far as the
power c¢onversion device, snd can be consigdszed to be independent of
the primary sounrce of energy. Thus, for exemple, if a synchronous
gonerator is modelled, its impact on system voltage, in the steady
state, will be the same whether it is driven by & water turbine or by
an industrial cogeneration system. 8Similarly, ithe model used for a
dc—ac inverter would be the same whether it is used in a photovoltaics
installation or in a battery storage. Further justification for this
approgch may be found in the fact that, for practical machines, the
dynamics of the exciter are always faster than the dymamics of the
input power and its control system.



The number of models roquired is therefore considerably less than the
number of DSG types, Table 2-1 shows the models developed for the
study, and typical applications.

TAHRLE 2-1,
DSG MODELS AND TYPICAL APPLICATIONS

Model Application
Synchronous Machine Low lead Hydro
Induction Geuerator Wind Turbine
de—ao Inverter Photovoltaics, Fuel Cell

The synchronous machine and the inverter both have their own control
systems that determine their performance, In the ocase of the
synchronous generastor connected to a power system, for example, the
excitor system determinoes the reactive power output of the generator.
Depending on what assumptions are made regarding the control system
for the exsiter, different models must be used to represent it,

Synchronous Generator

Synchronous generators are used in many cogeneration applications, and
are also used in conjunction with water turbines, Unlike the
induction machine, synchronous generators have a separate source of
excitation to produce the rotating magnetic field, and they are
capable of producing or consuming reactive power,

Whether » synchronous generptor consumes or produces reactive power in
a power system application depends upon the excitation, This in turn
depends on the excitex control system,

In our present study the distribution system voltage is largely deter—
mined by the power system (this is quite typical of power system
application of synchronous machines) and the DSG excitation system is
controlled by a feedback system,

Three different controllers were modelled. One controller model
assumes an exciter set to maintain constent voltage (assumed to be one
per mit) at the terminals, This is a reasonable exciter controi for
a penerator operating independently, and also seems to be the kind of
controller called for by the interconnection agreements between some
utllities and DSG operators.



A sccond exciter control model assumes that the oxciter is attempting
to maintain constant reactive power at the terminals, Unity power
factor {l.e.,, zero reactive) was assumed in the study, but there is no
reason why the same program could not be used with other reactive
power values,

The third exciter model is the simplest of all, In this model the
exciter current is hold constant, This may be taken ss representative
of a synchronous machine without exciter feedback, or of a permanent
magnet type machine.

The first exciter model mssumes a8 simple static feedback type of
controller in which the excitation is derived by amplifying an error
signnl which represents the difference between the terminal voltage
gnd a reference voltage, Thus, if VT is the terminel voltage and VREF
is the refercnce voltange, the excitation is given by

Vi = EG(VT - VREF)

where V1 is the voltage behind generator reactance, 1i,e., the
excitation, and KG is a gain constant. (Note that we are using the
same symbols here, without subscript, that arc used in the computer
progzams.) In this study a gain of 10 was assumed, as this allows the
terminal voltage to depart somewhat from the nominal value without
causing the exciter system to reach under— and over—excitation limits,
set at 0.0 and 2.5, respectively.

The second exciter model assumes a simple exciter feedback system
where the feedback signasl is obtained by amplifying an error signel
which represents the difference between the output reactive power asnd
a reference reactive power, By setting the reference value for
reactive power to zoro, this control is equivelent to power factor
control with a reference power factor of unity. Unity power factor
control, achieved as described above, can be represented by

V1 = K(Q - QREF)
where Q and QREF are the resctive power ontput and the reference
reactive power, respectively. (In this study, QREF = 0.)
The permenent magnet exciter is simply represented by

V1 = OONSTANT

The constant value was chosen to produce wity power factor operation
at full load at rated voltage.

The system studied ix shown in Figure 2-4. The same circuit is used
for the three exciter types studied,
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Figure 2-4, Equivalent Circuit of Distribution System with
Synchronous Generator, (The same cireuit is used for
the three exciter types studied.)
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The solution method proceods as follows for the constant voltage type
oxoiter.

—

To simulate voltage control on tho distribution system, VS is
varied from 0.9 to 1,1pun,

To simulate input powsr variations tho value of PG, the input mech-
aniesl power, 1s varied from 0.02 to 0.20pu. This represents 20%
ponetration.

YT is taken as roference for the onlculations, The magnitude is
not known at the outset, so & guess is made to provide an initial
starting point, The value of VT is then determined iteratively.

= A valuc is guessed for the angle botween V1 and VT,

- Using this angle the vector V1 is dotermined, Since the
oxciter is assumed to be set to control the terminal
voltoge and hold it constant, o knowledge of the magnitude
of VT immodiately gives the magnitude of VI. The angle of
V1 was guessed, and is updated itoratively. At this point
the magnitude of V1 is checked to see if excitetion limits
are excoeded, and if so, limit values are substituted.

— Since the drop aocross Z1 is now fixed, Il can be found,

- The power delivered to the terminals can now be found,
uging I1 and VT, '

- The power loss in R1 is added to the delivered power to
find the required input power,

~ This input power is compared to the given shaft power PM,
and the process repeated itersting on the angle until a
power match is obtained,

Once the power match is obtained for the generator, the value of IS
can be found,

The volt-drop across ZS is found,
The velue of VS can be calculated,

The magnitude of this caloulated value of VS can be compared with
the given value of VS and the process repeated, iterating on the
initial guess of the valus of VT,

Once convergence is obtained, the required termineal parameters are
caloulated and printed,

Vector diagrams for the system are shown in Figures 2-5A (V8 =
1.0 pu) and 2-5B (VS = 0,9 pu).
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Figure 2-5A

Figure 2-5B VS = 0.9 pu

Scale — Voltage, 1 cm = 0.1 pu
Current, 1 cm = 0,1 pu

Figures 2~5A snd B, Voctor Diagrams for Synchronous Machine with
Constant Voltage Exciter and Heavy Load,
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The solution method is shown in diagram form in Figure 2-6.

SET INPUT POWER |
SET V8

GUESS TERMINAL VOLTAGE |
s | GUESS GENERATOR POWER ANGLE

| _

! l

| SOLVE SYSTEM FOR POWER
~——|  BALANCE, TO FIX ANGLE

| | SOLVE SYSTEM FOR VOLTAGE |
-—-—-—»————; CONDITIONS

I

| CALCULATE AND PRINT THE |
’ REQUIRFD RESULTS

Figure 2-6. Method Used to Solve the Distritution System/Synchronous
Machine Problem with the Exciter Controlled for Constant
Terminal Voltage.

The solution method for the exciter controlling for constant power
factor at the generator terminals is very similar, The principal
difference is in the relationship between the texminal voltage and the
exciter voltage.

Whereas, in the case of the constant voltage exciter, the exciter
equation generates an excitation depending on a reference veltage and
the measured terminal voltage, for the constant reactive controller a
ceference value of reactive power was used, It happens that the
resulting excitation is more nearly constant than in the case of the
constant voltage controller, with the result that we are able to
increase the controller gain and reduce the steady state error., In
this model a gain of 100 was used nlong with a referemce value for
reactive power of zero,

The third model of synchronous machine is even simplexr, In this model
the excitation voltage is held constant at such a value as to produce
mity power factor into rated voltage at full power output from the
DSG.
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It may be noted that with this kind of exciter the power system is now
specified in a very conventional circuit anslysis kind of way, that is
to say, both generators' voltnge magnitude is sapecified olong with
valuos of all the system impeadances, It might therefore be possible
in principle to chtain a olosed form solution for the power flows,
However, it is simpler by far to modify the existing coding and
continuo to solve the problem iteratively, This model was implemented
lest and the program which solves it was derived from the previous
two,

Induction Machine

An induction machine can be operated ns a generator by driving it
above synchronous speed, that is to say, with slip negative, Since
there is no inherent means for producing excitation, the induction
machine druws reactive power from the system to which it is connected,
The equivalent circuit of an induction machine is similar to that of a
transformer, with the transformer secondary short circuited, The
rotor portion of the equivalert circuit contains o slip-dependent
resistance, which accounts conveniently for the fact that tho machine
is either developing mechmmical or electriocnl power,

The equivalent circuit is shewn in Figunre 2—‘7.[2—2]
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Figure 2-7, Equivalent Circuit of an Induction Machine
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The equivalent cirxcuit of Figure 2-7 will not be developed hexe. The
cizouit is quite standard, and its derivation may be found in any text
on clectromechanicnl energy conversion. Figure 2-8 shows the generator
connected to the distribution system.

The solution method proceeds as follows:
~ To simulate voltage control on the distribution system, VS is
varied from 0.9 to l.1pu.

= To simulate input power varistions, which may be regarded as
typical of DSGs, the value of PG, tho input mechanical power, is
varied from 0.02 to 0.20pu, representing 20% penetration

~ 8ince the DSG terminals are the location for measurcments of
paraméeters such es power factor, voltage, power and so on, VI is
taken ns 8 referonce. Since the valve is not known at the
boginning of the calculation, a rcasonable guess 1is made. This
guess is updated iterntively.

- A value of slip is guessed. This value is corrected
iteratively to solve the power balance for the DSG as
follows:

- A value is found for the parallel combination of
(R2/5 + jX2) and (RM + jXM).

—- This value is added to (RL + jX1),

~ The voltage VI is applied to find I1.

-~ The drop across Z1 is calculated.

- V1 is found from VT and Z1 drop,

- IM is found by applying V1 to ZM.

- IG is found by adding Il and IM.

— Input power is found by multiplying 162 and R2/s.

~ If this input power does not match the value of PM, the
value of slip is corrected and the process repeated,

= Once the slip is found, I2 is found by subtracting Il from IL,
~ The ZS drop is found,

—~ VY8 is found by adding VT and the ZS drop. If VS does not match the
value set at the outset, the value of VI is modified and the
procedure repented,

~ Various required parameters ars calculated and printed.
A vector diagram for the system is shown in Figure 2-9.

The procedure is shown diagrammatically in Figure 2-10.
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Figure 2-8. Circuit of Imduction Generator Commected to
Distribution System.
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Scales

Voltage 1lcm = 0.1 pu
Current lcm = 0.1 pu

Figure 2-9. Vector Diagram of System with Induction Machine
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| SET INPUT POWER |

[ SET V5
!
]
— GUESS YT |
. GUESS SLIP }

SCLVE SYSI'EM FOR |
POWER BALANCE, TO |
FIX SLIP

| SOLVE SYSTEM TO
, FIX SYSTEM VOLTAGE
|

BY IMPROVING Vt GUESS

CALCULATE AND |
PRINT REQUIRED |
OUDFUTS {

— Tt Vo S—

Figure 2-10. Solution Method for the Distribution
System/Induction Machine Problem

Induction Machine with Capacitor Compensation

A criticism that may be levelled at the induction generator is that it
consumes too much reactive power, The amount of remctive power consumed
depends upon the teminal voltage and the ouiput power, and it is not
simple to give it in closed form, It is entirely possible, however,
that the utility to which this kind of DSG is comnected will require
that the owner provide compensation for the reactive power consumed,
Normally this compensation would consist of a power factor correction
capacitor, sized to bring the combined power factor up to a value
acceptable to the utility. Since this is a generic study, we have
chosen to correct the power factor to unity when the DSG is opersting at
rated power into rated voltage. This corresponds to the largest power
factor correction capacitor that may reasonably be required.

The computer program which calculates the results for the compensated
induction machine is based on the uncompensated version, Once the
current injected by the DSG into the system is calculated, a
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correction is applied to the imaginary component, such that at rated
power into the DSG and 1 per unit terminal wveoltage, the imaginary
component vanishes.

Invorter: {omstant Extimotion Angle (CEA) Control

The constant extinction angle control frequently used for line-
commutated inverters may be represented in a gross sense by a power
injection with reactive demand equal to about 50% of the injeoted
power, This will correspond to an extinction angle (gamma) of 159
which would be quite normal for s line—commutated inverter, Such a
representation does not allow tae detailed workings of the inverter to
be modelled - perhaps this is fortunate - but an excellent
representation of the terminal conditions may be obtained,[2-3]

The program which solves this model assumed that the inverter is 100%
efficient and the output power is stepped from ,02 to .2 per mmit in
the same way that the input power of the various other models is
stepped.

The solution method is somewhat similar to the others, Xt begins by
assuming & terminal voltage and from it calculsting an injected
current. The load current is found and consequently the current
required from the power systoem is calculated, This current is
multiplied by the series drop in the power system to give a value for
the power system voltage and the magnitude of this voltage is then
compared with the known value of the VS. Any difference between the
two is used to correct the initiasl guess for terminal voltage.

When sufficient accuracy has been obtained, the values required for
the output are celculated and printed, Since there is only one
iterative loop in this program, it tends to run faster than some of
the other§.

CEA Controller Compensated at Full Load

A drawback of the previous type of DSG might be that the DSG consumes
50% as much reactive power as it genmerates gctive power. The owner of
such & DSG may be required to compensate the terminals of his device
for this reactive consumption. The simplest way to do this is with a
capacitor, To model this compensation. a capacitor value was assumed
such that 100% compensntion was obtained when the DSG was injecting
its rated power into the power system at rated voltage.

The compufer program which solves this case is based on the uncompen-—
sated CPA inverter and differs only in that once the injected current
is calculated a correction factor is applied to the imaginary
camponent of this current before the power system contribution is
calculated, The remainder of the program is the same and the speed at
which it operates is similarly rapid,
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Photovoltaic—type Invertor

While the deteils of the operation of many of the inverters used with
low power photovoltsic arrays are proprietary, some information
regarding their external charascteristies is available, A simple type
of inverter in ourrent use has extornnl properties unlike either of
the two inverters described above. In this inverter the reactive
power at full load is roughly the same as the CEA inverter (say 40% of
the real powez) but it drops only slightly as the real power
decreases (to say 30% of the rated power ot zero real power).

The program which solves this case is based on the program for the CEA
inverter, the difference being the way in which the generator
reactive power is calculated, Execution is quite fast,

Base Case

One of the programs was modified to represent the case of no injection
from the DSG. Consequently the major loop (that which incremented the
injected power) was not used and s rather diminished set of calcula-
tions resulted,

Again, it would be possible to caloulate the required values in this
rather simple situation in closed form, but it was decided that it
would be more efficient to modify an cxisting program to solve the
problem iteratively., Indeed, in view of the small size of the print-
out and the speed with which convergence can be obtained, this choice
is cleaxly justified.

The principal use of the base case program is in finding the volt drop

under various load conditions and with various values of system
impedance,
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SECTION THREE

FRESENTATION AND DISCUSSION OF RESULTS

Results

The results of the various computer programs are presented in Appendix
B, Tables B~I to B-XIV, organized as follows:

Tables B-I and B-II Synchronous machine
Constant voltage exciter
Light and heavy load

Tables B-III and B~IV Synchronous machine
Constunt renctive control
Light and heavy loasd

Tables B-V and B-VI Synchronous mechine
Constant excitation
Light and heavy load

Tables B-VII and B-VIII Indnction machine
Light and heavy load

Tables B-IX and B-X Induction mrchine
Power factor corrected
Light and heavy load

Tables B-XI and B-XII Inverter
CEA control
Light and heavy load

Tables B-XIIY and B-XIV Inverter
CEA — compensated at full output
Light and hesvy load

Tables B-XV and B-XVI Inverter
PV type — uncompensated
Light and heavy load

It may be noted that the case of the de/ac inverter with unity power
factor control was not explicitly modelled, Since the controller in
this case oauses the inverter to look like a synchronons generator with
unity power factor control, the results of that case (Tables B-III and
B-IV) can be used, The synchronous machine on constant power factor
control did not subject the exciter to any wnusual conditions,

In the remninder of this section, the resnlts of the camputer programs
are presented graphically., In all the graphs, the quantities are imr per
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unit (system base)., The terms 'heavy' and 'light’ refer to loads of
0.8 + j0.6 pu and 0,08 + j0,06 pu respectively, and the parameter P is
the DSG input power.

Synchronous Machine: Constant Voltage

The synchronous machine with constant voltage exciter is, at first
sight, o very reasonable sort of DSG, Indeed, there is at lcast one
utility/qualifying tecility agreement in existemce which requires small
power producers to implement precisely this sort of control,

Since some DSG types use energy whose moment—to-moment availability is
uncertain. voltage flicker might be thought of as a possible problem
area, However, it may be expected that with a constant voltage
controller on the exciter, variations of input power would not ocnuse
voltage fluctuations, and this is in fact the case. Figure 3-1 shows
the verintion of load voltage with DSG input power for the two values of
load., It can be clearly seen that load voltage is independent of input
power.

There is a price to pay for this kind of control, Figure 3-2 shows the
roactive consumption or generation of the machine ss & funotion of the
system voltage, Since the generator is attempting to hold its terminal
voltege constant, and yet the power system is motually dominant in
setting the voltage, the DSG reactive remches unreasonably large values
for moderate excursions of system voltage.

The ectual magnitude of the ronctive demand will be limited by the
machine rating and by the exciter rating, Since the model used in the
computer program is only a generic representation, no details of machine
or exciter ratings are available, However, in oxder to hold the exciter
current down, the controller gain was set low (KG = 10). It might be
expected that this could result in a somewhat 'soft! voltage control,
and this is iudeed the case,

Figure 3-3 shows the variation of load voltage with system voltage for
two wvalues of load and two input powers, The DSG exciter controller
does improve the system repgulation, A chmnge in system voltage of 10%
results in a load voltage change of about 6.4%

This improvement in regulation, of course, is the result of changes in
DSG excitation, The excitation is shown in Figure 3-4 as a function of
system voltage,



It can be soen thut the excitation decreases to quite low values for
values of system voltage above one per unit, Ilowever, since tho maximum
power that can be extracted from a maochine is dependent on the magnitude
of the exoitation, the power transfer capability of the machine is
restrioted for values of system voltage above ono por unit. In the case
of a lossless machine, the maximum powor is given by

b I
MAX X

Yn the model used in the computer program, the effoct of machine
resistance was included, so the maximum power valuo is not so simple to
calculate, During the running of the program, it was noticed that the
machine's power angle (delta) was reaching gquite large values as the
system voltage increased, and stable solutions to the gencrator
equations could not be reached for values of system voltage above
1.02 pu with the power system lightly loaded and the DSG input power at
0.2 pu,

The efficiency of the machine suffers becmuse of the large roactive
flow, While efficiency was not calculated explicitly, the effect can be
seen in Figure 3-5, which shows the DSG output power as & funotinn of
systom voltage .

Figure 3-5 shows that the machine power output falls considerably for
system voltages above on¢ per unit, and results in the machine motoring
when the input powex is only 0.02 pu. This may be desirable from the
pover system point of view, but it would probably be difficult to
persuade the owner of a DSG to pay an energy bill for the privilege of
improving system voltege regulation!

Becsuse of the reactive flow, the DSG power factor 1s poor most of the
time, being neaxr unity only for s very small range of system voltage.
This is shown in Figure 3-6. In Figure 3-6 the ordimate is lsbelled ‘P
and Q same sign’' and 'P and Q opposite sign’. This allows the graph to
avoid discontinuities as the machine goes from lagging to leading power
factor or from generating to motoring. The same approach has been used
for all power factor dinprams,

In spite of the fact that the DSG power factor is poor, the system power
factor is also poor, as shown in Figure 3-7, This somewhat paradoxieal
result arises becnuse of the fact that the system voltage and the DSG
voltage are essentianlly 'fighting' one another. When the system voltage
rises, for example, and the DSG reactive consumption increases, this
reaotive has to be gonerated by the system, ss shown in Figure 3-8, The
effect is particularly noticeable at light load because the power is so
small,
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Synchronous Machine: Constant Reactive

The constant—voltage oxoiter resulted in an output voltage which was
sensibly independent of the power output, It may be thought that the
constont reactive controller would mot give such good results in this
regard, Figure 3-9 shows the load voltage as a function of input power
for the constant reactive (unity power factor) pgenerator. It can be
seen that the load voltage is still feirly independent of the DSG input
power, The load voltage is also somewhat lower than in the constant-
voltage case.

The constant reactive synchionous machine model was originally written
as a model of the de¢fac inverter with unity power factor control, In
ozder to be used to represent g synchronous machine, it wes necessary
only to verify that the exciter would not be over—~stressed, Figure 3-10
shows the exciter voltage as a function of system voltage.

The excitation can be seen to be almost constant, increasing only
slightly as the system voltage increases, The model can therefore be
used for the synchronous machine as well as the de/ac inverter, Since
the results are presented here, they sre not repeated under the heading
‘ag/dc inverter’,

Load voltage with this kind of controller is somewhat more dependent on
the system voltage than in the case of the consiant-voltage exciter,
This is shown in Figure 3-11,

As shown in Figure 3-11, a 10% change in system voltage results in about
a 10% change in load voltege, Voltage reguletion is therefore no worse
than it would be without the DSG,

DSG power factor and system power factor are shown as functions of
system voltage in Figures 3-12 and 3-13.

The DSG power factor is, of course, wniformly good {even though a
constant (zero) Q controller was used in the computer model rather than
& constant (unity) power factor controller). The DSG power factor
scarcely went below (.88 and was sbove 0.96 for all except the lowest
valus of DSG input power.

System power factor, on the other hand, becomes quite poor — reaching
zero when the DSG input power exactly matches the lead. Under these
conditions, the system is supplying only reactive power.

The efficiency of the DSG is uniformly good, because of the good power
factor. This is evident from the curves of DSG power against system
voltage, shown in Figure 3-14,

There is little point in showing the DSG or system reactive power for
the synchronous machine with this kind of controller, The DSG reactive
consumption is, as the name implies, approximately comstant and the load
reactive power determines the system reactive output,
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Synohronons Machine: Constant Excitation

Since the excitation for the constant reactive gonerator is more nearly
constant than in the case of the constant voltage controllor, it was
thought worthwhile to exemine the offaot on the system of a generator
with constant excitation, This might also be taken as representative of
o permancnt magnet type generntor, Once agailn, tho seriss of graphs
begins with o curve of the load voltage against the input power, ns
shown in Figure 3-15, It can be scen that the lond voltage is still
fairly indepondent of the DSG input power,

The load voltage varies with the system voltage in & mannor very much
okin to the constant reactive generator, This is shown in Figure 3-16.

The DSG power faoctor is shown in Figure 3-17, It oan be seen that the
power faotor 1s quite reasomnble for valucs of machine power obout 0.1,
or 50% of the rating of the machine. For lower values of output power,
the power faotor bhecomes quite poor, ospeciully under heavy load where
the voltago on the system hans gone down, This is not surprising since
tho excitation for this machine was fixed so that it would deliver rated
output at unity power factor into rated voltage.

Figure 3-18 shows the system power factor as a function of syctem
voltege. At hoavy load the power factor is quite good, boing largely
determined by the loand on the systems, but at light lond, as the voltage
ohanges, the system power faotor goes through some quite violent
excursions, This is because the system power is quite small and the DSG
can bo asbsorbing or generating roactive power, depending on the
relationship between its excitation and the system voltage,

Figure 3-19 shows the DSG power &s a funciion of system voltage, It can
be seen in this figure that the effect of the wide variations in DSG
power factor is some slight inefficiency as the system voltage drops
below 1 per unit, the ceffect being more pronounced for heavy load. The
inefficiencies sre, however. very much smaller than the inefficiencies
in the case of the constant voltage controller., This is perhaps
surprising in view of the extreme simplicity of this control system, It
should be borne in mind that the DS models are otherwise identical,

Fipgure 3-20 shows the variation of DSG reactive &5 a function of system
voltage., As expected, the reactive output of the machine is positive

‘for low values of system voltage, because here the machine is

offeotively over—excited, and negative for high values of system voltage
because it is offectively under—~excited. In this respect it is somewhat
similar to the constant voltage exciter, but the varintion in DSG
reactive is much smaller than in that case.

As a result the system reactive varies somewhat less, as is shown in
Figure 3-21.
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Induction generxator

The rotating tield for tho ’cxcitation’ of an induction generator is
drawn from the system to which the machine is connected, The generator
always consumes reonctive power, but in amounts which depend upon the
power output rs well as the terminal voltage. Voltage variations rs a
funotion of DSG power might therefore be expocted., The results are
shown in Figure 3-22,

It can be seen in Figure 3-22 that the load voltage does vary with input
power to some extent, Xt may be that this is partly becnuse the DSG
reactive demand increases as the power output increases, thereby loading
the system down with reactive current as it unloads the real power,

This reactive power is shown in Figure 3-23,

Figure 3-23 shows that the DSG reactive consumption varies strongly with
DSG power and system voltage, The large consumption of reactive power
is associated with a large slip, as shown in Fipure 3-24,

Maximum power cutput from the generator occurs with a slip of about —5k,
and for some values of system voltage st heavy system load the DSG input
power exceeded the peak power capability of the machine, As a result,
convergence was not obtained for system wvoltage below 1.0 pu, input
power of 0.2 pu and full load on the system or below 0.92 pu volts with
input power of 0.2 pu and light load on the system, Convergence was
otherwise satisfactorily obtained, indiceting that the machine
parameters were appropriately chosen for an input power of 0.2 pu

Since a characteristic of the induction generator is that its reactive
demend increases as the real power output increases, and decreases as
the terminal voltage increases, its power factor does not vary very much
us these parameters vary. This is shown in Figure 3-25,

The system power factor, as shown in Figure 3-26, is quite poor except
when the DSG is making only & slight contribution to the load. The
power factor is so poor because the DSG consumes reactive power,

In spite of the reactive demand, the load voltage varies with the system
voltage in much the same way as the constant @ generator, This is shown
in Figure 3-27 .

The induction generator, like the constent power factor synchronous
generator. is reasonably efficient. As shown in Figure 3-28, the DSG
output power remains close to the input powsr, independent of the system
voltage.
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Compensated Induction Generator

The compensated Induction machine gives a somowhat better performance in
terms of Joad voltage against input power than the uncompensated
machine, This is shown in Figure 3-29, It may also be added that the
load voltage for both heavy and light load is somewhat higher than for
the uncompensated induction genexator because of the power factor
corrocting caproitor,

The DSG reactive, instead of being uniformly negative as in the
uncompensated version, is now positive for low output powers and may be
positive or negative for higher output powers, depending on the system
voltage. Again the effect is clearly due only to the power factor
correoting capacitor, This is shown in Figure 3-30,

Figure 3~31 shows tha slip for the compensated induction gemerator, Of
course, any difference between the slip curves of the sompensated
generator and the uncompensated gencvator nre dus to changes in the
termninal voltage and, since the slip is largely determined by the power
generated by the machine, these slip curves are not significantly
different from tle slip curves for the wncompensated generator, It may
also be added that the same range of operation was obtained —- that is
to say, the improvement in terminal voltage due to the power factor
correcting capacitor was not sufficient to extend the range of the
generator below 1 pu system volts at heavy load and full pcwer, or helow
0,92 pu system volts at light load and full powez.

The DSG power fector is shown in Figure 3~32, For full power, or 0.2 pu
power on the generator, the DSG power fector is uniformly geod, and very
close to unity, because of the correcting capucitor. However, at
smaller wvalues of power output, tke reactive drawn by the generator
itself is smaller and the system as n whole is over—corrected, As a
result, the D5G's apparent power factor is rather poor.

The system power factor, shown in Figure 3-33, is reasomably good for
most values of DSG power and system voltage, Only when the DSG output
almost exactly balances the real componsnt of load is the system powzr
factor poor, so that unless the DSG power output is sbout 50% of its
rated value, in this example, the system power factor is quite
reasonable,

The variation in load voltage with system voltage, shown in Figure 3-34,
is quite similar to the variations for the uncompensated genexator, The
difference is that, in this case, the voltapes are all slightly higher,

The varietion in DSG power with system voltage shown in Fipgure 3-35 is
very similar to the variations seen in the ¢ase¢ of the induction
generator. This should not be surprising, since the only difference
would be due to the slight change in slip resulting rrom the slight
change in terminal wvoltage,
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Figure 3-36 shows the system reactive power for light load as a function
of the system voltage., The system absorbs roactive power when the
generator is putting out less than reted power, and is not called on to
gonerate a signifinant amount of reactive when the generetor is at full
output. This contrasts with the case of the uncompgnsated gemerator,
where cven nt light load the system is required to furnish between 0.1
and 0,2 pu reactive power all the time,
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DC/AC Invexter: Constant Extinction Angle Contrxol

Constant extinction angle (CEA} control is a possible, perhaps cven
likely, control method for line~commutated inverters, Self-commutated
inverters are represented in this study by the unity power fretor
synchronous machine, which they genernlly resemble.

The reactive demand of a CFA inverter is very nearly 2 constant fraction
of the real power delivered, For extinction angles typicslly used,
around 15°, this fraction is typically 50%. As with the induction
generator, this reactive power demand does not cause 4 problem in the
load voltage as the power delivered varies, This is shown in Figure
3~37.

Because of the rather simple inverter representation used, some of the
graphs presented for the other DSGs cannot be derived for the CEA
inverter. For example, the DSG power factor is, perfozcee, constant and
the DSG reactive demand is independent of system voltage.

The 1load voltage varies with system voltage, as shown in Fipure 3-38,
much like the induction machine oase,

The machine efficiency cannot be exam ined through the model used here,

Beoause the DSG picks up only the real component of the load, the system
power factor can be guite poor over quite a broad -ange of power levels,
and actually becomes zexro when the real power is precisely matched by
the DSG. This is shown in Figure 3-39, DSG power factor is not shown
since it is constant (by assumption).
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Compensated CEA Inverter

Copocitor compensation can be applied to the CEA inverter to reduco its
reactive demand, In the case examined here, a capacitor was added
across the terminals of the inverter so that, at 1 pu voltage and 1 pu
input power, the DSG presented unity power factor generation to the
power system., As a result of this capacitor, the DG is overcompensated
for all lower values of input power, and operates ot an (apparent)
leading power factor, The power factor also becomes somewhat voltage—
dependent,

As before, we bogin by examining the variation of load voltage with
input power, as in Figure 3-40,

Fipure 3-40 shows that the compensated CEA inverter behaves somewhat
differently than the other DSGs, Because of the fixed compensation, a
considerable amount of voltage support is provided at low power inputs,
and the voltage at the load is quite high, As the DSG power 1ncrcases
this voltage support decreases and, in spite of the fact that the DSG is
supplying more power, the load veltage decreases, The reactive support
is shown in Figure 3-41 as a function of system voltage and input power,

As expected, the capacitive support is quite small for rated power from
the DSG, and quite substantial for small power output,

The system power factor is shown in Figure 3-42.

The DSG power factor is, of course, excellent for rated power from the
DSG, and poor for other, lower, values. System power factor depends on
the system loed, At heavy load the system power factor is fairx umtil
the DSG picks up s large amount of the real power — the system power
factor then gets as low as about 0.6, With light load the system power
factor is remarkably constant, This is because of a coincidence in the
choice of load impedance and the amount of reactive compensation in this
model, Other compeasations yielded different results.
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Photovoltaic type Invexter

In this type of inverter, which is used with small photovoltaic arrays,
the reactive power consumption is almost comstant, increasing from 30%
of the rated power at no (resl power) output to 40% of the rated power
at full load, This reactive power demand does not cause a problem in
the lead voltage as the power generated varies. This is shown in Figure
3"'43.

Thore is nothing unusual about the way load voltage varies with system
voltage, as shown in Figure 3-44,

As with the other inverters, the model used here is rather simple and
cannot be used to show all the detail presonted for the other DSGs,
System power factor is shown in Figure 3-45, Machine efficiency cannot
be examined through the model used here, but must be quite poor at low
power. Since the input snergy with this type of converter is likely to
be soler (and therefore free), low efficiency at low power is not likely
to be n deterrent to the use of the system,
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Comparison of DSGs

The eight DS8G types considered in this study evidently behave
difforently ns far as voltnge effeots are concerned, Obviously, this is
because of thoe different kinds of exciter control used, but it is
difficult to see oxactly what the differonces will be if consideration
is given only to the exciter equations, A better understanding of the
reasons for the different voltage effoots can be cbtained by comparing
the way in which the generntion or consumption of resective power varies,

Figure 3-46 shows the variation of reactive power for the eight
DSG/exciter types studiod, as & function of system voltage,
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As shown in Figure 3-46, thorec are basically three kinds of bohavior as
far as Q-varjation with systom voltege 1s concerned. The compensatod
(A inverter type and the constant power factor synchronous machine
gonerate or consume relatively little resotive power ant their rated
power output, and this reactive power doos not vary strongly with systom
voltage,

The induction machine, the CEA inverter and the PV type inverter consume
a moderately large amount of roactlve power at rated output and, in the
case of the induction machine, this power increes¢s as the system
voltage deocroases, This is Iikely to cause a furthor decrease in
terminal voltage, and could lead to voltage~induced instability,

The compensated induvotion machine is iIntermediate. It consumos
relatively little power at full output, like the compensated CEA
inverter, but its reactive demand inoreases considerably as the system
voltage falls, like the induction machine,

The constant-voltage synochronous generator generates Q when the terminal
voltage Is below its sei point, and consumes Q when the voltage rises
above this point, in an effort to hold the voltage constant, As we have
seen, the large reaotive flow leads to considorable inefficiency in the
machine,

The permanent magnet machine (constant excitation) is rather like a low-
guin constant voltage machine, or it may be regarded as intermediate
betwoen the constant voltage and constant reactive machines.

Perhaps of equal concern is the variation of reactive power with real
powsr., TFigure 3-47 shows this for the eight DSG/exciter types.
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In Figurc 3-47 the oxciter types are more like onc another, but with
some differcnoes still,

Tho constant-voltage synchronous machine, tho compensated induction
machine, the compensatod CEA inverter and the pormanent magnet type
muchine genorate reactive power, The two compensated DSGs do s¢ at low
input power because they arc ovor—compensated under these conditlons,
The constant voltnge synchronous generator does so because the terminnl
voltage tends to drop as the DSG contribution to load power deorecnses.

The constant~Q controller naturally meintains very constant reactive
domnnd, The CEA inverter, the PV type inverter and the induotion
machine both consume more remctive power as their real power input to
the systom is incresasod,

Again, the constant excitation synohronous machine 1s intermodiate in
performance, botween the constant voltage and constant reactive
machines,

The differences nmong the DSG/exciters can be seen in Table 3-1, which
summarizes the information in Figures 3-46 and 3-47,
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TABLE 3-1

COMPARISON OF DSG/EXCITER TYPES
CONSUMFTION OR GINERATION OF REACTIVE POWER

VARIATION WITI VOUTAGE  VARIATION WITH POWER

DSG/EXCI'TER SLOPE® INTERCEPTD SLOPE®  INTERCEPTP

SYNCHRONOUS/CONSTANT LARGE, LARGE NEGATIVE POSITIVE
VOLTAGE NEGATIVE POSITIVE

UL LI B N B B N N I R B I Y N I I I O I T B R R B R I A I RO N O I L T B B O I RN

SYNCHRONOUS/ CONSTANT 0 SMALL 0 SMALL
REACTIVE NEGATIVE

L A R R R N N NN N N NN NN N ERNE NN R NN

SYNCIRNOUS/ NEGATIVE POEITIVE NEGATIVE POSITIVE
CONSTANT EXCITATION

LA N R N AR N N R N RN N RN N N NI I I Y B B I SN B BN )

INDUCTION POSITIVE LAIGE NEGATIVE 0°
- NEGATIVES

LR NN NN NN RN RN R I A R I R R R N I S I I B S B N S AT RN I RS R

INDUCTICN POSITIVE NEGATIVE® NEGATIVE POSITIVE
(CONPINSATED)

L N N N N N N N N RN NN I I R I A I A AR B RO B I I T O I I Y

INVERTER/ 0 NEGATIVE NEGATIVE 0
CEA

L N IR L A N N N N R R N N I I I I I A I I A N N N A N N N N A I I I N Y

INYRRVER/ VERY SMALL SMALL NEGATIVE POSITIVE
COMPENSATED POSITIVE
(ZA

[ R SRR NN N R R N A A I N R A A I I I B I A SO I A I I B O S A O S NI Y B A SO I B Y )

INVERTER/ 0 NEGATIVE NEGATIVE NEGATIVE
Py TYPE

& The slope of interest is the slope of the parameter in the range
shown in Figures 3—-46 and 3-47, i.e,, 0.9 to 1.1 pu voltage and
no-load to rated power for the DSG,

The intercept of interest is the effective intercept in Figures
3-46 and 3-47, i.e,, on the V8 = 0.9 and PM = 0 axes.

Approximated by a straight line,
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Table 3-1 shows that no two DSG-exciter combinations are cxactly alike,
Most similar are tho compensated (FA and the PV type inverter. DBroadly
speaking, systems which are similar with respect to voltage change are
dissimiler as far as power is concerned, and vice versa.

Since the DSG/exciter combinations are all different in some respect, &
logical question to ask is 'which onc is best?’ It may be easier to
examine problems and disadvantages of various DSG/exciter combinations
before proceeding with that question.

Problems and Disadvantages

The synchronous machine equipped with an exciter compounded for constant
terminal voltage may be desirable from the power system point of view,
but it results in an umacceptably large flow of reactive power in the
DSG. As o result of this reactive power, the DSG efficiency is low and,
if tho DSG is privately owned, it may become economically wnattractive.

It may be added here that if the utility wishes to do voltage control on
the distribution system they would not employ a small generator ox
synchronous condenser to do it, Tap changing transformers,
sutotransformers, and capacitor banks are usually employed instead.
Although there are many techniques for voltage control, none of which is
n general standard, it may be noted that in most power systems large
generator exciters are not unsually employed to satisfy voltage
constraints, It seems odd that such a use would be required of a DSG
owner, In any event, aside from the question of machine efficiency, the
fact that the machine excitation decreases as the system voltage
increases means that the power transfer capability of the DSG is
restricted at high system voltage, and this must be regardad as
unacceptable,

This criticism of the controller does not apply in the case of the
synchronous machine with a constant reactive power controller. This
contrcller results in a relatively constant excitation, and there is no
sign of a power limit being reached. The load voltage is more dependent
on the system voltage than in the previous case (this is not a
criticism), but still does not vary significantly with input power,

The constant vxcitation (permaonent magnet} machine is evidently
intermediate in performance between the constant voltage exciter and the
constant reactive exciter. It is perhaps surprising that so simple an
exciter could produce such a useful result. The DSG reactive power is
positive at low voltage, and falls as the terminal volts rise (but not
so rapidly as in the case of the constant voltage machine) and the
reactive output falls with increasing power output (sgain not so zepidly
as in the constant voltage machine).

The main criticism of this exciter is that the ISG power factor can be
quite poor, resulting in decreased efficiency at low power and voltage.
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The DSG power factor 15, of course, ulways good, #s 8 result of whirh
the system power faoctor becomes very poor at light load. The situation
is somewhat like the previous case in reverse - now there are times when
the power system is absorbing power and supplying reactive power, This
may be wnacceptable to the utility if the DSG is privately owned, and
the utility is paying for the input of power,

The induction generator consumes reactive power for its excitation all
the time, and in large amounts at low system voltage. The large
reastive consumption tends to further decrease the terminal voltnge,
which is exactly the opposite of what is required. This kind of DSG may
be unacceptable from both the utility and the DSG-owner point of view,
Its main advantage is simplicity - it is easy to start (without
synchronizing, it could be started as & motor) and easy to operate (no
control system for excitation).

The compensated induction machine suffers most of the disadvantages of
the uncompensated generator, with the exception of its spparent power
factor at full load, However, the machine atill will not operate at
high power and low voltage, and causes voltage variations as the input
power changes,

The CEA inverter, like the induction machiﬁe, consumes more reactive
power as its real power output increases, As a consequence, the system
power factor is wniformly poor at light load, and not very good at heavy
load,

In the case of the compensated CEA inverter, which is equivalent to a
CEA inverter and a fixed power—factor correction capacitor, the system
power factor is much improved at full load, and may be acceptable at
light load, Xt should be noted that, as with some of the other DSGs ut
the point where the system power factor is at its worst, the actual
amount of reactive power involved may be guite small., Thus, when the
compensated CEA inverter real power output matches the load, in the
light load case, the system power fuctor falls to zero. However. the
reactive power is at this time being absorbed by the power system, and
is less than 0.02pu.

The biggest criticism of the compensated CEA inverter is that it may
lead to high—~voltage conditions, and could also affect harmonics,
Properly coordinated with the distribution system it could be & useful
eddition to the power system,

The PV type inverter, like the CEA inverter, consumes more reactive
power as its real power ountput increases. As a consequence, the system
rower factor is unifermly poor at lipght load, and not very good at heavy
load.
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Connection

Up to this point in the evaluation of the various DSG voltage
controllers one important parameter has not been considered, and that is
the effect on the load voltage of merely conngeting the DSG. Without
the DSG the load voltage will be determined by the magnitude of the load
and tho system voltage, Wich the DSG connected the picture is much more
complex, For the sake of comparison, it has been assumed that the DSGs
are synchronized smoothly when their aveilable power is 10% of their
rating, It is then possible to recalculate the load voltage,

In the steady state {which is the condition computed) the load voltage
may be higher or lower after the DSG has been connected than it was
before the addition of the DG, depending on the reactive power consumed
or produced by the DSG, If the difference under the two circumstances
is large, the addition of the DSG may cause objectionable lamp flicker,
and result in voltage complaints (presumably from the neighbors), This
voltage flicker is not caused by the genmerator dynamics.

It is assumed that the startup transient, if any, has died away. The
exact nature of this transient will depend on the design of the DSG and
the system. For many DSGs, particularly PV systems, the dynamic
characteristics vary very widely, depending on inverter manufacturer and
topology, Inclusion of transient effects would have made difficult our
objective of providing results of general applicability. Our main
interest is in the steady state effects in the absence of a
communication system,

Small DSGs operating without & communication system may not be
continually manned —— if the DSG is manned the guestion of voltage
control mey be moot in any case, Smell auntomatic DSGs will presumably
be progremmed to operate as long as operation is profitable, In the
case of PV, for example, the system should operate s soon as enough sun
is available to overcome interpal losses., If such n system were to come
on— and off-line a few times a minute, perhaps because of cloud cover,
any voltage changes might be particularly objectionable,

For this reason it is worthwhile to compare the various DSGs on a basis
of the voltage change caunsed by the connection of thoe DSG at (an assumed
reasonable starting power of) 10% of rated output. These results are
shown in Table 3-2,

Table 3-3 compares the voltage changes which result from increasing the
power from the 10% connection value to full rated output,
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TABLE 3-2

PERCENTAGE LOAD VOLTAGE VARIATION DUE TO
CONNECTING AT 10% RATED POWER

System Voltnge

DSG/Bxociter Type 1,08 1,00
Load Load
Heavy Light Heavy Light
Synchronous
Constant Voltage 0.8 ~3.17 4.0 0.7
Unity Power Factor 0.0 ¢.0 0.0 0.0
Constant Excitation 0.4 -0.2 2.0 0.5
Induction
Uncompensated -0,2 =0.2 -0.2 ~(.2
Compensated 0.9 3.1 0.8 1.0
Inverter
CEA 0.0 0.0 -0.1 0.0
Compensated CEA 0.9 1.1 0.8 1.0
PV type ~0.5 ~0.5 -0.6 -0.5
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TABLE 3-3

PERCENTAGE LOAD VOLTAGE VARIATION
DUE TO CHANGE IN INPUT POWER
FROM 0.02 TO 0,2 P.U,

System Voltage

DSG/Exciter Type 1.08 1.00

Load Load
Heavy Light Heavy Light

Synchronous

Constant Voltage 0.2 0.1 0.3 0.1

Unity Power Factor 0.7 0.6 0.7 0.7

Constant Excitation 0.4 0.3 0.4 0.3

Induction

Uncompensa ted -0.2 -0.1 -0.7 -0.3

Coampensated 0.3 -0.1 -0.6 -0.2

Inverter

CEA -0.1 -0.1 -0.1 -0.1

Cempensated CPA ~0.1 -0,1 -0.1 =0.1

PV type 6 0.5 0.6 0.5
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Tables 3-2 and 3~3 show the impact on voltage for system voltages at
1,08 ond 1.0, Theso velues correspond to normal operation at heavy load
ond light load respectively, The value of 1.0 at heavy load may also be
rogarded as a represcentation of brownout conditions at heavy lord,

The constant voltage exoiter and the constant excitation machine
show qualitatively similar behavior in Table 3-2, Both mre attempting
to maintain the terminal voltage, Thus, they both cuuse the veltage to
increase when connected at heavy lond, and they both cause the voltage
to decreasc when comnocted at light load with system voltage of 1,08,
The unity power factor machine has no impact when connected, for any
load and voltange combination

The uncompensated induction machine causes a slight (0.2%) voltage droop
when it is connected, but the compensating capacitor in the p.f,
corrected version causes a voltage rise (of sbout 1%} when the induction
machine is connected, because it is then overcorrected, The voltage
rise is over 3% for high voltage light load conditions,

The PY type of deo/ac inverter causes a2 more or less uniform voltage
droop when it is connected, the 'optimized’ CEA inverter has practically
no impact, and the capacitor compensated version causes obout a 1%
voltape rise,

It can be seen in Table 3-3 that a variation from practically no load to
full load on the DSG usually results in only a very small change in the
terminal voltuge for each of these DSGs, The two worst DSGs are the
unity power factor machine and tke simplest PV inverter, In both these
cases the reactive demand is slmost constant as the power input chmges,

Table 3-4 summnrizes these discussions,
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TABLE 3-4
COMPARISON OF DSG/EXCITERS

DSG/EXCITER GOOD FEATURES BAD FEATURES COMMENTS*

SYNCHRONOUS/ STABILIZES LOAD LOW DSG EFFICIENCY UNDESIRABLE

CONSTANT VOLTAGE MAY LIMIT POWER TO DSG OWNER

VOLTAGE TRANSFER CAPABILITY

CONSTANT Q MAXIMIZES DSG SYSTEM POWER FACTOR

(UNITY FF) EFFICIENCY POOR AT LIGHT LOAD

SYNCH. OR

INVERTER

SYNCHRONOUS/ SIMPLE TO OPERATE  SYSTEM POWER FACIOR  POSSIBLE

CONSTANT HAS NO CONTROLLER MAY BE POOR VOLTAGE JUMP

EXCITATION AT START-UP.

INDUCTION SIMPLE TO OPERATE  SYSTEM POWER FACIOR  UNDESIRABLE

MACHINE HAS NO CONTROLIER FOOR. LOW VOLTAGE TO UTILITY

CONDITION MAY BE MAY DE
AGGRAVATED BY DSG UNDESIRABLE

TG DSG OWNER

INDUCTION SIMPLE TO OPERATE  CQOULD LEAD TO POSSIBLE

MACHINE HAS NO CONIROLLER  HARMONIC RESONANCE VOLTAGE JUMP

WIi OR NIGH-VOLTAGE AT START-UP,

COMPENSATION CONDITIONS COMPENSATION
MAY BE COSTLY
FOR DSG OWNER

INVERTER/ SIMPLE, PROVEN SYSTEM POWER FACTOR

CEA CONTROL DESIGN POOR

INVERTER ~ SIMPLE, PROVEN COULD LEAD TO POSSIBLE

CEA CONTIROL DESIGN HARMONIC RESONANCE VOLTAGE JUMP

WITH OR HIGH-VOLTAGE AT START-UP.

QOMPENSATION OGNDITIONS COMPENSATION
MAY BE COSILY
FOR DSG OWNER

INVERTER - SIMPLE AND SYSTEM POWER FACIOR  VOLTAGE DIP

FV TYFE CHEAP MAY BE POOR AT START-UP.
VOLTAGE VARIES
WITH POWER

*Whether or not a particular DSG/exciter type is acceptable to a utility
or to the owner of the DSG depends upon many factors, It is assumed in
this table that the utility and DSG owner are separate eatities, that
the DSG owner is to be paid only for real power, and that the utility
does not wish to change its operatinz policies.
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Table 3-4 suggests that none of the DSG/exciter types studied would be
univorsally acoeptable, Among the best may bo the constant Q (unity
p.f,) generators (whether self-commutated inverter or synochronous
machine) which cen only be oriticized for leaving the load roactive
demand constant as it reduces the real power load on the power system,
and the CEA type inverter. which has practically no impact on the load
voltage, either as it is conncoted or as the input power varies, This
results in a poor power factor on the power system and, in the onse of
separate DSG ownership, could result in the utility's 'paying ror the
privilege of supplying reactive power',

On the other hand, many utilities experience high-voltage problems at
night, when the light load on the system (and its lines) results in a
surplus of reactive gencration. If this is the cnse, this kind of DSG
moy be quite soceptable,

On the basis of voltage variations along, the CEA type inverter has the
least impact on the load voltage of all the types considered,

Proposed New Exciter Control

While all the DSG types studied behave differently in terms of their
realireactive power ratios, as in Figure 3-47, they all have one thing
in common, The remctive power generation either deorcases or is
constant as resl power output increases. None of the DSGs succeeds in
generating reactive power in proportion to its real power generation,

This singular omission was rectified by a modification of the constant Q
program. Results are given in Appendix C, which also includes the
program listing and desoription, The control system was modelled to
have no loop error for a leading power factor of 0.8, Operation of the
generator was then at approximately 0.83 p.f, (leading), the power
factor improving somewhat at low values of output power, .
4

As in the other presentations. we begin with the graph of load voltage
against input power, Figure 3-48. Unlike most of the other graphs, this
one shows a distinet increase in the load voltage with input power for
both heavy and Light loads. The reason is clearly that as the input
power increnses s0 does the amount of reactive power vwhich is removed
from the system,

Figure 3-49 shows the excitation voltage varying with system voltage.
Again, the values are not unusual, increasing only slightly as the
system voltage incresmses.

Figure 3-50 shows the load voltage as a function of system voltage, In
this case the load voltage is more dependent on the imput power than in
some of the other cases, but its dependence on system voltage, as shown
here, is no worse than without the DSG.

Figure 3-51 shows the DSG power as a function of system voltage. The DSG
is quite reasonably efficient, indepeadent of the value of system
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voltage, This is to be expocted since the powor facter is wmiformly
quite good,

It is not worthwhile to show the varlation in DSG reasctive power as a
funotion of reel power for this machine since the assumption behind the
exciter control systom is that the power factor is constant at 0.8
lending., For the same roason the system reactive power 1s not shown,
nor is the power faotor of the system or the DSG,

In view of the poor voltage roegulation with this version of the DSG (it
is in this regard the worst of all the DSGs modelled), it is extremely
diffioult to see why moxre effort should be expended on its developmont,
The progrem and data are given in Appendix C,
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ORIGINAL PAGE 1§
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Figure 3—48. Load Voltage as a Function of Input Power, VS = 1
Leading Power Factor Machine
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ORIGINAL PAGE 13
OF POOR QUALITY
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Yigure 3—49, Excitation as a Funetion of System Voltage
Leading Power Factor Machine
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ORIGINAL PAG 19
OF POOR QUALY
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Figure 3-50. Load Voltage as a Fmotion of System Voltage
Leading Power Factor Machine
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Figure 3-51. DSG Power ss a Funotion of System Voltage
Leading Power Factor Machine
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SECTION 4

CONCLUSIONS

Eight different kinds of DSG/exciter combination have heen studied,
They were: '

-

Synchronous machine with n constant voltage oxciter,
Synchronous machine with e unity power factor excitor,
Synchronous machine with a constant excitation exciter,
Induction machine,
Indnotion machine with power factor correcting capacitor,
Constant extinction angle inverter with tap—changer,
Constant extinction angle inverter with tap-chenger and
power factor correcting capacitor,

“3 oty PN

8. PV type inverter,

Many of these DSG/excitor combinations have shortcomings which mean that
their application to the distribution system should be regarded with
some¢ care by either the owner or the utility,

In this study, the effect of uncertainties in prime mover power was
modelled by varying the input power to the DSG model, It may be
possible to regard this variation in power as representative also of
varying penetrations of DSGs, bearing in mind that such an extension of
the original purpose of varying the input power might sometimes be
misleading, It may be cbserved that for heavy load, maximum penetration
is 20m, whereas for light load more than 100% penetration is effectively
achieved, In fact, at light load, 100h penetration is achieved when the
input power is 0.08 pu

Problems on the power system caused by poor power factor or large
relative reactive power consumption at light locad may not be serious
because, at light load, the power system components are {by definition)
not particularly stressed. lowever, if we toke the light load conditions
as being representative of some future high penetration situation, then
the system power factor becomes of more interest,

In Scction Three the system power factor behavior at light load was
shown to fall into basically two categories. In Figure 3-7 for the
constant voltage exciter and Figure 3-18 for the constant excitation
machine, the system power factor at light load was shown to go through
violent excursions at approximately cne per mmit voltage. This arises
because the DSG is essentially trying to maintain the terminal voltage
constant, independent of the power system to which it is connected, If
the utility were ettempting to reduce voltage, perhaps as a Commission-
directed conservation measure, DSGs of this type would essentially be
fighting the power system.

All of the other DSGs resulted in a system power factor which was more
or less independent of the system voltage.
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At low penetration, heavy load, none of the DSGs had a2 particularly
edverse cffect on the systoem power factor or the torminal voltage after
they were conneoted, There would seem to be no resson for any utility to
prohibit or limit the use of any of these DSGs on those grounds, On the
other hand, the independent DSG owner may be roluctant to suffer the
losses involved in the constant voltnge machine or to pay for the
compensation that may be required on the induction machine or the CEA
inverter,

Some of the DSGs did cause o noticemble change in voltage as they were
conneoted, Connection was assumed to take place at 10% of the DSG rated
power, which amounts to only 2% of the system rating, so it is clear
that any voltage cffects observed must be due to reactive power,
Voltage increcases were seen for the capscitor compensated DSGs (because
they were oveér compensated at 10% power) and decreases were seon for the
DSGs which consume reactive power at light load,

The DSG which had the least impact on voltage, either as it was
connected or when its input power varied, was the optimized CEA
inverter, which was modelled to have constant (lagging) power factor,

The reason that this performed so well as far as terminal voltage is
concerned is clear. As it is synchronized at low power. it consumes or
generates only a small amount of reactive power. As the power output
incresses, which might cause a rise in voltage, the reactive demand
ineresses and compensates for this effect,

The power factor in this ase was between 0.8 and 0.9 lagging., It seems
likely that the velue of power factor at which the leoad voltage will
change least will depend on the load (whose power factor will itself
change with DSG penetration level) and the system impedance,
Nonetheless, it is interesting that this is bound to be a lagging power
factor.

In this study we have neglected transient effects, such as current
inrush into the induction machines, Considerction of such tremsients
would have further complicated an already involved situation, It must
be acknowledged, however, that many kinds of DSG can cause start—up
transients, and these also must be limited.

It is our feeling that eny DSG which draws little reactive power as it
is synchronized and operates at & slightly lagging power factor will
have minimum impact on load voltage, and could operate without system—
coordinnted voltage control,
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APFENDIX A
PROGRAM LISTINGS



OR
OF

10
20
30
40
=0
&0
70
=18
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
2&0
270
280
290
00
210
220
230
340
250
R0
v
370
B0
BG0
400
410
420
470
440
450
460
870
480
490
500

IGINAL PAGE 3 TABLE A-I
POOR QUALYTY | 1orrnG FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

REM VOLTAGE STUDY FILE BE:SYNC
REM
LPRINT "THIS PROGRAM CALCULATES THE CASE OF A SYNCHRONQOUS GENERATOR"
REM
REM INITIALIZE
REM
REM SET THE VALUES OF THE VARIOUS FARAMETERS IN THE SYSTEM
REM
REM

RS = .04

pes = ,1

Ri=.1

Xi=1

kKE=10

VREF=1.104

VLIMIT = 2.9

KV=—. 4

KD = ~-10

REM '
REM SET THE LOAD TYFE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
REM

FOR LTYFE = 1 TO 2 STEP 1

IF(LTYPE=1) GOTO 270

LFRINT

LFRINT "REALISTIC LOAD REFRESEMTATION"

GOTO I30

LPRINT "CONSTANT IMPEDANCE L.OAD"

REM

REM SET THE INFUT FOWER

REM IN THIS PROGRAM THIS IS THE OUTER LOOP

REM NOT COUNTING THE LTYFE CHANGES AS A LOOQP
REM

FOR PG = .02 TO .2 STEF .02

LFRINT

LPRINT

LFRINT "8Yg V F IN DSGE F DG & D86 FF 8Ys F sYys @ 8YS PF
EXCITN"

vT = .88

REM

REM SET THE SYSTEM VOLTAGE

REM THIS I8 THE MAIN INNER LOOF

REM

FOR V8§ = .9 TO 1.1 STEF .02

DELTA A5

VITER 0

RDITER Q

REM

REM START HERE WITH INTERNAL ITERATION LOOF FINDING ANGLE
REM THIS I% THE FIRST LOOF USED IM THE SOLUTIOGN
REM

DITER = DITER +1

inn

A=2

LOA



. TABLE A-I, cont.
ORIGINAL PAGE (3
OF POOR QUALITY LISTING FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

10 VITER = VITER +1

S20 Vi = KE* (VREF-VT)
g930 IF(VLI4=0) GOTO 1660

G40 IF(VI4=VLIMIT) GOTO 570
9960 PRINT "OVER EXCITATION"
G960 VI = VLIMIT

570 VIR = VIxCOS(DELTA#*3. 1414/180)
580 V11 = VI#BIN(DELTA%®3. 1415%/180)
590 A = VIR-YT

&00 B = Y11 "

&10 C = R

620 D = 4

&30 BOSUR 1690

&40 TR = DIVR

&350 I11 = DIVI

460 REM

&70 REM GOT CURRENT, NOW FIND THE POWER
4H80 REM

&90 A = V1R

700 B = V11

710 ¢ = I1IR

720 D = o—-I11

730 BOSUE 1470

740 INPWR = FRODR

750 REM THE MEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOPMENT
760 REM PRINT "CALCULATED INPUT POWER IS "§IMPWR:" AND PG IS "iFG
770 PWRERR= INPWR ~ PG

780 IF(ARS(FURERR}«<.001)GBOTO 930

790 DELTA = DELTA + KD*¥PWRERR

go0 IF DELTA « 20 GOTO 8350

810 REM THE NEXT LINE I8 A DIAGNOSTIC

820 PRINT "DELTA EXCEEDS STEADY STATE LIMIT, CASE TERMINATED"

830 GOTO 1410

840 REM THE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELDFMENT
850 REM FRINT "DELTA = “3;DELTA;"AND EXCITATION I8 ";jVIi"AT ITERATION "iDITER
8460 GOTO 500

870 REM

880 REM FALL THROUGBH HERE WHEN THE DELTA IS CORRECT

890 REM THIS IS5 THE END OF THE FIRST SOLUTICN LOOF

00 REM OR THE START OF THE SECOND SOLUTION LDOF

10 REM

@20 REM THE MEXT LINE IS A DIAGNOSTIC USED IN FROGRAM DEVELOFMENT
ED REM PRINT "DELTA ITERATED "iDITER:'" TIMES"

40 REM

PEO REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS

F40 FEM

@70 REM FIRBT FIND I2 RBY ADDING Il AND IL

2?80 REM CALCULATE TL

270 REM CHECE THE LDAD TYFE

1000 REM

1010 IF (LTYFE = 1) GOTO 1040

1020 N = 1,3

1030 GOTO 1050

1040 N = Z



1050
LOG0
1070
1080
1390
1100
11160
1120
1130
1140
1150
1140
1170
1180
1190
1200
1210
L1220
1230
1240
1250
1240
1270
1280
1290
1300
1310
1320
1330
1340
1350
13460
1370
1380
1390
1400
1410
1420
1430
1440
1450
1440
1470
1480
1490
1500
1510
1520
1530
1540

TABLE A"I' Oonto
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

ILR  =.08%(VT™{N-1))

ILT ==, 06% (YT~ (N=1))

REM  WITH IL AND I1 FIND I2

I2R = ILR - I1R

oy DT R ORIGINAL PACE i&
REM NOW FIND THE Z8 DROP NF POOR QUALITY
REM

& = I2K

B = I2I

C = RS

D = X8

GOSUE 14690

ZEDRR= PRODR

ZSDRI= PRODI

REM

REM NOW WE GOT THE VALUE OF V&:
REM

VY8R = VT + ZBDRR

el = +ZSDRI

MAGVS= SOR(VSR"2 + VSI~2}

REM

REM COMFARE THE VALUE OF V3 AND MAGYS, AND CORRECT IF NEEDED
REM

VERR = MAGVS - V&
IF (ABS(VERR) <. 001) GOTO 1370
VT = YT + KV#VERR

REM THE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOFMENT
REM FRINT "TERMINAL VOLTS "iVTi" AT VOLTAGE ITERATION “"iVITER
BOTO 450

REM

REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
REM TIME TO CALCULATE ALL THE VALLES NEEDED FOR THE PRINTOUT
REM

REM FIRST THE DSGE PARAMETERS

REM

A = VT

E = )

c = T1R

D = =111

GOSUT 14690

DSEGEF = PRODR

DaGELE = PFRODI

DSGEPF = COS{ATN{(DSGE/DSGF))

REM

REM NOW FOR THE SYSTEM FARAMETERS

A = VT

K = 0

C = I2R

D = ~I21



15950
1540
1570
1580
18590
1600
1610
14620
14630
1640
1650
1460
14670
1480
1690
17600
1710
1720
1730
1740
1750
17460
1770
1780
1790
1800

TABLE A-I, cont,
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

GOSUE 1490

5 ] {
Sva = PRODT ORIGINAL PAGE |3
SYSPF = COS(ATN(SYSE/SYSF)) OF POOR QUALITY
LPRINT USING "#.4  "3VS;

LERINT USING “#.44# " :PG:DEGP;DSGE0s DSEPF; SYSR; SYSE: SYSPF; VT Vi
NEXT V&

VT = .8

NEXT PG

NEXT LTYFE

STOR

PRINT "NO EXCITATION, CASE TERMINATED"

GOTH 1610

REM

REM SUBROUTINE TO FIND COMFLEX PRODUCTS AND DO COMPLEX DIVISIONS

PRODR = A % & - B % D
FRODI =B ¥ C + A # D
DEN = [O%C +D*»D
DIVFI.G = O

IF (DEN=Q)GOTO 1780

RIVR = (A¥C + E#D) /DEN

DIVI = (B*C - A*D}/DEN

RETURM

DIVFLG = 1

REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
RETURN



LISTING FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE ORIGINAL PAGE ig
OF POOR QUALITY

10 REM KIRKHAM®E FAMDUS VOLTAGE STUDY FILE B:CONREACT
20 REM

a0 LPRINT "THIS FPROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENMERAYOR™
40 LPRINT " CONSTANMT POWER FACTOR CONTROLY

50 REM

&0 REM IMITIALIZE

70 REM

80 RS w1, )

IO §+1] = .,

100 Ri=.1

110 Xle=]

120 G = 100

150 CREF = 0

140 VLIMIT = 2.0

150 EV = -, 0004

160 KB = = 3

170 REM BET THE LDAD TYFE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
180 FOR LTYPE = 1 T0 2 8STEF 1

190 IF(.TYFE=L) GOTO 270

200 LPRINT

210 LPRINT '"REALISTIC LOAD REFPRESENTATION"
220 GOTO 2850

230 LPRINT "CONSTANT IMPEDANCE LOAD"

240 REM S8ET THE INPUT POWER

250 FOR PE = .02 TO .2 STEF .02

260 LFRINT

E70 LPRINT

280 LPRINT "gYgs V P IN DHG P DEG @ DHE PF 8Ys P 8Ys @ 8YS3 FF
Vo OEXCITH®

290 REM BUESS THE VALUE OF VT

200 YT = .86

210 REM GUESS THE ANGLE OF VE...CALL IT BETA
B20 BETR = 1.447

330 REM SET THE SYSTEM YVOLTAGE

S40 FOR V8 = .9 T 1.1 BTEF .02

350 VITER = O
FHO DITER = ©
EF70 DITER = DITER +1
380 VITER = VITER -+t

90 REM CAOLCULATE IL
400 REM CHECK, THE L.OAD TYFE
410 IF (LTYFE = 1) GOTO 440

420 M = 1.3

430 GATO 450

440 N = 2

450 ILR = 8% (VT {(N~1})

440 ILI = ¥ (VT (N-1))

470 REM WITH Il., V8 AND BETA FIND I2
480 VER = VS#COS(BETA*3.1415%/180)
490 Y81 = VE#SIN(BETA*#3.14159/180)

A=6

LOA



TABLE A-II, cont,
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE

E00 A = VBR-VT

510 K = Vg1 OF izl ~) a1y
G20 [ = RE OF pro: . e
530 D = XS ’ -
S40 GOSUE 1330

550 2R = DIVR

560 121 = DIVI

570 REM

580 REM NOW FIND 11

590 REM

&00 IIR = ILR - IZR

610 111 = ILL - I21

620 REM NOW WE GOT A VYALUE FOR Il, CALCULATE THE VALUE OF Y1

L3I0 A = [1IR

&H40 H m [11

G50 . = Ry

&HED D = X1

470 HasUR 1330

&A80 ZIDRR = FRUODR

a0 ZIDRI = FRODI

700 VIR = VYT + ZIDRR
7100 V1T = ZIDRI

720 REM

730 REM NOW WE GOT THE VALUE OF Vi:

740 REM

780 MaGVI= SER(VIR™Z2 + VII™R)

760 REM

770 REM COMFARE THE CALCULATED VALUE OF DSGR WITH THE VALUE NEEDED ACCORDING TC
THE CONTROLLER ERUATION, AND CORRECT IF NEEDED

780 REM

790 A = T
800 H =
g0 C = IR
820 D = ~311

B0 (30sSUE 1330
840 DSGEF = FRODR
850 DSER = FRODI
860 FRINT DSGO,MAGVL
870 FRINT "TERMINAL VOLTS "sVTi" AT VOLTAGE ITERATION "iVITER
880 REM USE THE CONTROLLER EEUATION
890 vi = EE* (QREF-DSGER)
WO REM PRINT "LLIME 885 V1 FROM G I8 "iVl
2140 VERR = MAGVLD - V1
P20 PRINT "LINE %20 VERR 185 "iVERR
C 230 IF ABS(VERR) < .00Q1 GOTO 980

240 VT = VT + KVXVERR

745 PFRINT "LINE 945 UFDATED VT I8 "ivT
SPED BOTO 360
2rr40 REM

%P?G REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
280 REM TIME TO CALCULATE THE POWER BALANCE
;??0 FRINT "STARTING FOWER BALANCE"

3
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TABLE A-IX, cont,
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE

1000 A = VIR

110 I YA | g
1020 = T1R ORIGINAL PAGE |
1050 D = -I11 OF POOR QUALITY

1040 GUBUE 15730

1030 PIN = [PRODR

1060 PERR = FG ~ FIN

1o70 PRINT "LINE 1070 PERR IS "jiPERR
1050 IF ARS(FERRK) <. Q001 (GOTD L1130

1099 BETA = BETA + EE*#PERR

1100 GOTO 370

1110 REM  FIRGT THE DSHG POWER FACTOR
L1200 REM

L1250 DEGERF = COS (ATN(DSEA/DEGER) )

1140 PRINT "LINE 1140 BETa I8 "iBETA
1150 REM

1160 REM NOW FOR THE SYSTEM PARAMETERS

1170 A = VT
1180 R w0
1o © = L3R
L2000 =2

1210 GOSUE 1350

220 [YHP = FRODR

1230 8Ysll = PRODI

1240 Sygef = LGOS ATNISYSR/8YEF) )

1250 LPRINT USTNG "4, 44 E R

1260 LPFRINT USING "4k, #di "3 PG DSGERE DSGER: DEGRF § SYSFISYE0 SYSRFi VT VL
1270 NEXT VB

1280 VT =l

1290 NEXT PG

1300 MEXT LTYRE

Ti10 8TOR

L1320 REM

13550 REM SUERQUTINE TO FIND COMFLEX FRODUCTS AND DO COMPLEX DIVISIONS
17340 FRODR Ax L - B ¥D )

L350 PRODI B ¥ 0+ A8 %D

1360 DEN CxC +D¥D

1370 DIVFLG = O

1aBa IF (DEM=0)GOTO 1420

1390 DIVR = {(A%C -+ B¥D) /DEN

1400 DIVI = (B*D -~ A%D) /DEN

1410 RETURN

1420 DIVFLEG = 1

14730 REM CHECE DIVFLG ON DIVISIONS BY VARIARLES ONLY
1440 RETURM

nen



1

10
50
40
=0
&0
70
g
70
100
110
120
130
140
150
140
170
180
190
200
210
220
230
240
250
260
A7
v
280
250
300
310
320
330
40
TS0
140
70
80
0
Q0
10
20
a0
s
]
;ilé,(j
A7 0
; 8¢
yr 70

v

pat

o ¥

TABLE A-IIIX

sy LISTING FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

LT SR T

REM FAMOUS VOLTAGE STUDY FILE BiPMAG

G

8YS8 PF LOAD

REM
LPRINT "THIS FROGRAM CALCULATES THE CASE OF A SYNCHRONOLS GENERATORM
REM
REM INITIALIZE
REM
RS = ,04

X85 = .1
Ri=.1

Xi=sd

KG=10

Vi = 1,038

VILIMIT = 2.9

W=—- 8

D o= ~150

REM SET THE LOAD TYFE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
FOR LLTYPE = 1 TO 2 STEF 1

IF(LTYFE=1) GOTO 220

LPRINT

LPRINT "REALISTIC LOAD REPRESENTATION"
GOTO 240

LERINT "COMSTANMT IMFPEDANCE LOADY

REM SET THE INFUT FOWER

FOR PG = .02 TO .2 STEP .02

LLPRINT

LERINT

LFRINT "8YS V P IN naGE DS 0 DEG PF QyYys P GYS
DELTA"

VT = 08

REM S8ET THE SYSTEM VOLTAGE

FOR VS = .9 TOQ 1.1 STEF .02

DELTA = 11

VITER = ©

DITER = 0

REM START HERE WITH INTERNAL ITERATION LOOFP FINDING ANGLE
DITER = DITER +1

VITER = VITER +1
VIR=VI1I%COS(DELTA%®I. 1414/ 180)

Vil = VIKSIN(DELTA#*Z. 14159/180)

A=V 1IR~-VT

B=411

C=R1

D=X1

GOSUE 1460

IR = DIVR

I1I = DIVI

REM GOT CURRENT, NOW FIND THE POWER
REM

A = VIR

B = 1T



S00
510
520
30
5440
550
540
B70
580
9o
H00
b0
H20)
&30
&40
450
aan
670
&80
&0
700
70
7a0
730
740
750
7 a0
770
780
790
800
810
g20
a0
84¢
a0
B&O
870
B8
890
Qa0
10
20
Q30
F4E
Q50
260
70
780
FI0

TABLE A-III, cont,
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

C = T1IR
) w oIl ORIGINAL PAGE &
BOSUB 1440 NF POOR QUALITY

INFWR = PRODR ‘

FRINT "CALCULATED INPUT POWER IS ";INPWR:" AND FB 1S ";PG
FUWRERR= INFWR = PG

IF (ABS (PURERR) <. 0001)GOTO 710

DELTA = DELTA + KD*PURERR

IF DELTH < 90 GOTO &10

FPRINT "DELTA EXCEEDRS STEADY STATE LIMIT, CASE TERMINATED"
EOTD 1380

kD = =50

IF DELTA < 10 GOTD 680

KD = =100

IF DELTA « 30 GOTO 480

ED = ~200

IF DELTA < 50 GOTO &8O

KD = ~280

FRINT "DELTA = "iDELTA:";"AT ITERATION "3;DITER
GOTO 350

REM FALL THROUGH HERE WHEN THE DELTA IS CORRECT
PRINT "DELTA ITERATED "iDITER;" TIMES"

REM

REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
REM

REM FIRST FIND I2 BY ADRDING I1 AND IL

REM CALCULATE IL

REM CHECK THE LOAD TYPE

IF (LTYPE = 1) GOTO 810

N = 1.3

GOTO 820

N = 2

ILR = .@8#(VT*(N-1))

ILT = =, 8% (VT (N-1))
REM WITH IL AND I1 FIND 12
IZ2R = ILLR ~ IiR

IZ2I = ILI - IlI

REM

REM NOW FIND THE ZS5 DROF
REM

A = I2K

E = 121

C = RE

D = X8

GOSUE 1460

Z8DRR= FRODR

L8DRI= FRODI

REM

REM NOW WE GOT THE VALUE QF V&:
REM
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TADLE A-IIX, cont,
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

1000 VSR vT 28DRR gglﬁll‘\}lﬂ. Phtis H
S = + Z p .
1010 Vel = +ZS8SDRI OOR QUALITY

1020 MAGBYS= BOR(VER"Z 4+ YSIN2)

1030 REM

1040 REM COMPARE THE VYALUE OF Y5 AND MAGYS, AND CORRECT IF NEEDED
1000 REM

1060 VERR = MAGVS - VS

1070 IF(ABS(VERR) <, 000 1)3B0TO 1130

1080 VT = VYT + KV*VERR

1090 PRINT "TERMINAL YOLTS ":VT:" AT VOLTAGE ITERATION ";VITER
1100 6OTA E30

11140 REM

1120 REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
1130 REM TIME TO CALCULATE ALL THE VALUES MEEDED FOR THE PRINTOQUT

1140 REM

1180 REM FIRST THE D8G PARAMETERS
1140 REM

1170 A = YT

1180 B = 0

1190 © = IIR

1200 D = ~I11

1210 GOSUB 1460

1220 DSGEP = PRODR

1230 DSGER = FRODI

1240 DSGRF = COS(ATN(DBGE/DSGP) )

1250 REM

1260 REM NOW FOR THE SYSTEM FARAMETERS
1270 A = VYT

1280 HB = 0

1290 C = [2R

1300 D = =121

1310 GOSUB 1460

1320 SYSF = FRODR

1330 8YSE = PRODI

1340 BYSFF = COS(ATMN(SYSE/SYSF))

1350 LPRINT USING "i.d## "IVEs

1360 LPRINT USING "4#.d4HiH "iFGiDSGFIDSGEE DESGPF I SYSP SYSLI BYSPFIVTS
1370 LPRINT USING "##.#H#"i1DELTA

1380 NEXT V&

1390 VT = .88

1400 NEXT PG

1410 NEXT LTYPE

1420 STOP

1430 PRINT "NO EXCITATION, CASE TERMINATED"

1440 GOTO 1380

1450 REM

1460 REM SUBROUTINE TO FIND COMFLEX PRODUCTS AND DO COMFPLEX DIVISIONS

1470 FRODR = A ¥ C -~ B ¥ D
1480 FRODI = B # C + A ¥ D
1490 DEN = O¥C +D*D

A-11



1500
1510
1520
18530
1540
1850
1560
1570

TABLB A-III’ cont,
LISTING FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

DIVFLG = 0

IF (DEN=0)BOTO 1550

DIVR = (A*C + B*D)/DEN

DIVI = (HB*0 -« A%D)/DEN

RETURN

DIVFLE = 1

REM CHECK DIVFLG ON DBIVISIONS BY VARIABLES ONLY
RETURM

ORIGINAL PATE I’
OF POOR QUALITY

A-12



10
20
R0
40
=50
(.14
70
(=]
0
100
110
120
130
140
150
140
170
180
190
200
210

220

230
240
280
240
270
280
290
200
s10
sa0
aa0
340
F‘
350
RE0
370
280
390
400
410
420
18]
340
150
160
70
180
oo

R

" .

1

TABLE A~IV
LISTING FOR INDUCTION MACHINE OmIGIm L, r r

o5 md

OF POCAY ¢ iy

REM KIRKHAM®S FAMOUS VOLTAGE STUDY FILE B INDU
REM
LFRINT "THIS FROGRAM CALCULATES THE CASE OF AN INDUCTION GENERATOR"
REM
REM INITIALIZE

REM
RS
XS
RL
XL
Y
KS
R2
R1
X1
X2
RM 10

XM 40

REM SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)

FOR LTYPE = 1 TO 2 STEP 1

IF (LTYFE=1) GOTO 290

LPRINT

LFRINT

LFRINT

LPRINT

LFRINT

LPRINT "REALISTIC LOAD REPRESENTATION"

EOTO 310

LPRINT "CONSTANT IMPEDANCE LOAD"

REM SET THE INFUT POWER

FOR PG = .02 TO .2 STEF .02

LFRINT

LERINT

LPRINT "SYS ¥ P IN DSGF DSG @ DSG FF 10 * & SYS P ©YS @ GYS P
LOAD V"

vT 1

REM SET THE SYSTEM VOLTAGE

FOR VS = .9 TO 1.1 STEF .02

VITER = O

SITER = O

REM START HERE WITH INTERNAL ITERATION LOOF FINDING SLIF

B, = —. 00005

REM = FIND THE FARALLEL COMBINATION
SITER +1
VITER -+1
RiM
X
C R2/S
D X2
GOSUB 1950

» 04
.1
.8
-]
~.B75

t
1
1

P~ ®

1

inaaownmnnwnn

i)

LI I | nl

SITER
VITER
A
=]

i nmunu
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TABLE A-1IV, oont,
LISTING FOR INDUCTION MACUINE

500 NUMR = PRODR

S10 NUMT = PRAODI

520 REM GOT FRODUCT © DO DIVISION
530 REM

G40 A = NUMR

580 B = NUMI

56O C = RM + R2/&

G700 D = XM + X2

880 G0OSUB 1950

590 IR = DIVR

&00 IFI = DIVI ORIGINAL PAGE [
a10 REM GOT PARALLEL COMBO NOW OF POOR QUALITY
420 REM NOW ADD THE Z1 TERMS

630 REFF = ZFR + Rl

440 XEFF = ZFI + X1

450 REM

660 REM NOW AFPLY VT TO FIND I

L70 A = VT

&80 B = 0

&90 O = REFF

700 D = XEFF

710 GASUE 19%0

720 IR = =DIVR

7a0 IiI = ~DIVI

740 REM

750 REM

760 REM NOW FIND DROFP ACROSS 721

770 A = IR

780 E = Ii1I

790 C = R1

800 D = X1

810 BOSUE 1950

820 DRI1R = PRODR

830 DR1I = FRODI

840 REM

850 REM NOW WE KNOW VT AND THE Zi DROFP, S0 LET'S FIND Vi1
860 REM

870 VIR = YT 4+ DRIR

B80 Vi1l = DR1I

890 REM

900 REM NOW WE CAN FIMD IM, THE SHUNT TERM
210 REM

F20 A = VIR

P30 B = Uil

240 C = RM

S0 D = XM

40 BO8UR 1950

?70 IMR = DIVR

?80 IMI = DIVI

90 REM

A-14



1000
1010
1020
1030
10490
1090
1060
1070
1080
1090
1100
1110
112
11340
1140
1150
1140
1170
1180
1190
1200
1210
1220
1230
1240
1250
12&0
1270
1280
1290
1300
1310
1320
1330
1340

13350

1340
1370
1380
1390
1400
1410
1420
1430
1440
1450
1440
1470
1480
1490

TABLE A~1V, cont,
LISTING FOR INDUCTION MACHINE

ORIGINAL Paad i
OF POUR QUALITY

REM NOW FIMD IG BY ADDING I1 AND IM

REM

IGR = Il1R + IMR

161 = I11 + IMI

REM

REM NOW FIND THE INPUT POWER TO THE MACHINE
REM

A = VIR

B = V11

c = IGR

D = ~ IGI

GOSUE 1930

INFWR = FRODR

PRINT "CALCULATED INFUT POWER IS "iINPWR:" AND FG IS "iFB
FURERR= INFWR - PG

IF (AES (PWRERR) «. 00001 GAOTO 1210

] = B + KS*FWRERR

IF g¢-.1 GOTD 1920

FRINT "BLIFP = ";8;"AT ITERATION ";SITER
GOTG 430

REM FALL THROUGH HERE WHEN THE SLIF IS CORRECT
FRINT "SLIP ITERATED ";SITER:" TIMES"
REM

REM NOW ITS TIME TOQ FIND THE VOLTAGE CONDITIONS
REM

REM FIRST FIND I1 BY ADRDING It AND IL
REM CALCULATE IL

REM CHECK THE LOAD TYFE

IF (LTYPE = 1) GBOTO 1310

N = 1.3

BOTO 1320

N = 2

ILR = L OB*® (VT (N-1))

ILI = =, 06% (VT (N=-1))

REM WITH IL AND Iif FIND IZ2

IZR = ILR - IIR

I2I = ILI -~ I1l

REM

REM NOW FIND THE ZS DROF

REM

A = IZR

B = I21I

c = RS

D = X8

GOSUE 1950

Z5DRR = PRODR

Z8DRI = PRODI

REM

REM NOW WE GOT THE VALUE OF VS:

REM
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TABLE A-1V, cont,

ORIGINAL PAGE 15 LISTING FOR INDUCTION MACHI
OF POOR QUALITY NE

1500 VGR = VT + I8DRR

1510 VBI = +Z8DRI

1520 MAGVS = SER(VER™2 + VBI™2)
1550 REM

1540 REM COMPARE THE VALUE OF VS AND MAGYE, AND CORRECT IF NEEDED
1350 REM

1560 VERR = MAGVEG ~ VS

1570 IF(ABS (VERR) £, 0001)GOTO 1430

1580 VT = VT + KVHVERR

1590 FRINT "TERMINAL VOLTS ":iVT:" AT VOLTAGE ITERATION "iVITER
1400 GOTD 390

1610 REM

1520 REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
16730 REM  TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE PRINTOUT

14640 REM

14650 REM FIRST THE DBGE FARAMETERS
146460 REM

L4770 A = YT

1680 E = O

1690 C = IR

1700 D s ~T11

1710 GOSUR 19950

1720 DSGF = FPRODR

1730 DGR = FRODI

1740 DSGPF = COS(ATN(DSGL/DSGR))

17850 REM
1760 REM MOW FOF: THE SYSTEM PARAMETERS

1770 A = T

1780 B =

1790 © = 2K

1800 D = =121

1810 GOSUR 1950

1820 8ysP = PRODR

1430 8YsR = FRAODI

1840 H[YSFF = COS{ATN(SYSQ/SYSF))
1850 LLPRINT USING "#.H#it "iVEs
1860 ILPRINT USING "#. 44 PG DSEF: DSGEE DEEFF LO*E 8YSPIBYSR: BYSPFI VT
1870 VT = UT#1.05

1880 NEXT V8

1870 NEXT FG

1900 NEXT LTYFE

1910 STOF

1920 PRINT "MNO CONVERGENCE —-- CASE TERMINATED"

1930 GOTO 1870

1240 REM

1950 REM SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS

194640 FPRODR = A # 0 — BE #* D
1970 FRODT = B # C + A % D
1980 DEM = C#*C +D*D

1990 DIVFLG = O
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20010
2010
2020
2030
2040
2050
2060

TABLE A-IV, cont,
LISTING FOR INDUCTION MACHINE

ORIGINgY, PROE 19

IF (DEN=0)B0TO 2040 OF
DIVR = (A¥C + B*D)/DEN POOR QUALITY
DIVI = (B ~ A*D)/DEN

RETURN

DIVFLG = 1

REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
RETURN
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TABLE A-V

ORIGINAL PAGE _‘3 LISTING FOR INDUCTION MACHINE, POWER FACIOR COLRECTED
OF POOR QUAL

10 REM KIRKHAM®S FAMDUS VOLTAGE STUDY FILE B:COMPINDU
20 REM

H0 LPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INDUCTION GENERATOR"
40 REM

50 REM INITIALIZE

&0 REM

70 RS = .04

BO X8 = .1

90 RL = .8

100 XL = .4

110 KV = -,.879

120 K = .1

130 R2 = .1

140 R1 = ,1

150 X1 = 1

160 X2 = |

170 RM = 10

180 XM = 40

190 REM SET THE LDAD TYFE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
200 FOR LTYPE = 1 T 4 STEP 1

210 IF(LTYPE=1) GOTO =00

220 IF LTYFE = F GOTD 3J00

230 LPRINT

240 LFRINT

250 LFRINT

240 LFRINT

270 LPRINT

280 LPRINT "REALISTIC LOAD REFRESENTATIONY

2920 GOTO 120

300 LPRINT "COMSTANT IMFEDANCE LOAD"

E10 REM SET THE INFUT FOWER

W20 FOR PG = .02 TO .2 STER 02

BE0 LPRINT

HA0 LFRINT

350 LPRINT "SYS V F IN nsG # DSE @ DSE FF 10 #+ S sY8 F 8YS @ 8Y§5
F  LOAD Vv

260 VT i

E70 REM SET THE SYSTEM VOLTAGE

=280 FOR VS .2 TO 1.1 STEF .02

90 VITER o

400 SITER 0

410 REM START HERE WITH INTERNAL ITERATION L.OOF FINDING SLIP

i

([

420 8 = =, O00S

4530 REM FIND THE PARALLEL COMBINATION
440 SITER = GITER +1

450 VITER = VITER +1

460 A = RM

470 E = XM

480 © = RZ/8

490 D = X2
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a0
S10
S20
S30
540
580
18]
w70
80
590
GO0
&a10
h20
430
640
&T0
&&0
&70
LB
&90
700
710
720
730
740
750
740
770
780
790
800
B10O
820
80
840
gao
840
g7zo
880
890
QoD
10
Q20
Q30
2?40
Q50
l=1¢]
70
980
G0

TABLE A-V, cont,

LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

GOsUE 2040

NUMR = PRODR

NUMI = FRODI

REM GOT PRODUCT

REM

A = NUMR

E = NUMI

c = RM + R2/8

D = XM + X2

Gasue 2040

ZFR = DIVR

ZP1 = DIVI

REM GOT PARALLEL CO
REM NOW ADD THE Z1 TE
REFF = ZFR + R1

XEFF = ZIFPI + X1

REM

REM NOW APPLY VT TO FIND
A = VT

E = 0

C = REFF

D = XEFF

BOSUE 2060

IIR = —DIVR

I1l = ~DIVI

REM CORRECT THE DSG FOW

REM AT FULL LOAD INTO R
Il = I11 ~.120532%VT

REM

REM

REM NOW FIND DROF ACROSGS

éa = IlR

E = I1I

c = R1

D = X1

GOSUR 2060

DR1R = PRODR

DRLI = PRODI

REM

REM NOW WE ENOW YT AND T

REM

ViR = VT + DRIR

Vil = DR11I

REM

REM NOW WE CAN FIND IM,

REM

A = VIR

E = VI1I

C = KM

D = XM

1

QRINT™MAL L. 1 L
or mriof STy
DO DIVISION

MED NOW
RM&

I1

ER FACTOR TO UNITY
ATED VOLTAGE

Z1

HE Z1 DROF, SO LET"S FIND Vi

THE SHUNT TERM
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TABLE A-V, ocont,

ORIGINAL PACT 19
OF POOR QUALITY LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECIED

1000 GOSUR 2060
1010 IMR = DIVR

1150 GASUB 2060

1160 IMPWR FRODR

1170 PRINT "CALCULATED INPUT FOWER IS ";INPWR:" AND FGE I8 "3PG
1180 PURERR= INPWR ~ PB

1190 IF (ABS(PURERR)«.0Q001)GOTO 1250

1200 8 = 8 + HKS¥FWRERR

1210 IF §d4~.1 GOTO 2030

1220 FRINT "SLIP = "iBi"AT ITERATION "iSITER

1230 6OTAO 440

1240 REM FALL THROUGH HERE WHEN THE SLIF IS CORRECT
1250 PRINT "SLIP ITERATED "3iSITER:" TIMES"

1260 REM

1270 REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
1280 REM

1290 REM FIRST FIND I1 BY ADDING I1 AND IL

1200 REM CALCLULATE IL

1310 REM CHECE THE LOAD TYPE

1320 IF (LTYFE = 1) GOTO L13&0

1330 IF LTYFE = 3 BOTO 13&0

1020 IMI = DIVI
1030 REM
1040 REM NOW FIND X6 BY ADDING Il AND IM
1050 REM
10860 IGR = IiR 4+ IMR
1070 151 = [1T + IMI
1080 REM
1090 REM NOW FIND THE INPUT POWER TO THE MACHINE
1100 REM
1110 A = Y1IR
1120 B = Y11
1130 C = IGR
1140 D = - JIGI
2

1340 N = 1.3

1380 607T0 13740

1360 N = 2

1370 ILR = L 08% (VT (N—1))

1380 ILI = =L Oa% (VT (N~1) )
1390 IF LTYFE = 3 GOTO 1440
1400 IF LTYPE = 4 BOTO 1440

1410 ILR = 10%ILR

1420 ILI = 10%ILI

1430 REM WITH IL AND Il FIND IZ
1440 IZ2R = TILR - IR

1450 121 = TLI - 111

1460 REM

1470 REM NOW FIND THE Z8 DROP

1480 REM

1490 A = I2R

A-20



TABLE A-V, cnnt,
LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

1500 B = 21
1510 C = RS

1520 D = X8

1530 BOSUB 2040 ORI
154() ZSDRR = PRODR W P
1550 7ZSDRI = PRODI rmb
1540 REM

1570 REM NOW WE GOT THE VALUE OF y8:

1580 REM

1590 V8R = VT + ZSDRR

16400 VST = +28DRI

1610 MAGVS = SOR(VSR"2 + VSI~2)

1620 REM

1630 REM COMFARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
1&4¢ REM

1650 VERR = MAGVS -~ V8

14660 IF(ARS(VERR)<.0Q01)G0OTO 1730

1670 VT = VT + KEV#VERR

1680 PRINT "TERMINAL VOLTS "3VT:" AT VOLTAGE ITERATION ";VITER
1690 IF B » ~.04 GOTO 440

1700 GOTO 400

1710 REM

1720 REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
1730 REM  TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE FRINTOUT
1740 REM

1750 REM FIRST THE DSG PARAMETERS

17460 REM

1770 A = VT

1780 R =0

1790 C = IR

1800 D = ~[11

1810 GOSUR 2040

1820 DSGF = FRODR

1830 DEGEE = PRODI

1840 DEEFPF = COS(ATN(DSGR/DSER))
185 REM

18460 REM NOW FOR THE SYSTEM PARAMETERS
1870 A = T

1880 H = O

1890 C = I2R

1900 D = 121

17210 GOSUE 2080

1920 8¥YSF = FRODR

1930 8YS® = FRODI

1940 SYSFF = CO8(ATN(SYSL/EYSR))

193530 REM LFRINT "CALCULATED UNCORRECTED VALUES TI1R AND IiI "sItR:;ILI

1960 LFRINT USING "#.d# "IVEs
1970 LPRINT USING '"i#.dd# " PG DEGP DGR DSGFF 10453 SYSPISYSE: SYSFFIVT
1980 VT = VT#1.05

1990 NEXT VS
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TABLE A-V, cont,
ORIGINAL PAGE i3
OF POOR QUALITY LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

2000 NEXT PG

2010 NEXT LTYPE

RAZ20 STOPF

2030 PRINT "NO CONVERGENCE -- CASE TERMINATED"

2040 GOTO 1980

2050 REM

2040 REM SUBROUTINE T0O FIND COMFLEX PRODUCTS AND DO COMPLEX DIVISIONS
2070 PRODR A% C -8B %D

2080 FRODI BE*C+ A #D

090 DEN C®lC D*D

2100 DIVFLG = O

2110 IF (DEN=Q)GOTO 2150

2120 DIVR (A¥C + BE*D)/DEN

2130 DIVI (EXC — A%D) /DEN

2140 RETURN

2150 DIVFLG = 1

2140 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES (ONLY
2170 RETURN

Bonu

i
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TABLE A-VI

LISTING FOR INVERTER, CEA CONTROL ORIP N, fo
OF » 77 "y
S :V

EM THE FAMOUS VOLTAGE STUDY FILE B:DCINV

(EM

FPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM"
(EM

EM

EM INITIALIZE
EM

S = .04

S = .1

KV = -1

REM SET THE LOAD TYPE (1 FOR REBISTIVE, 2 FOR MORE REALISM)
FOR LTYPE = 1 TO 2 STEP 1

LFPRINT

LPRINT “FULL LOAD CASE"

LPRINT

IF LTYPE = 1 GOTO 190

LPRINT "REALISTIC LOAD REFRESENTATION"

GOTO 200

I-PRINT "CONSTANT IMPEDANCE LOAD"
FOR PB = .02 TO .2 BTEP .02

e6 = ~,5% FG

LPRINT

LPRINT

LPRINT "s¥S V¥ DSG P DEG @ DSG PF sSYS F 5YE @ sYS PF LoAD VY
VT = .9

REM SET THE SYSTEM VOLTAGE

FOR VB = .9 TO 1.1 8TEF .02

VITER = ¢

REM START HERE WITH THE ITERATION ON TERMINAL VOLTAGE

VITER = VITER + 1

REM CALCULATE It

A = PG

B = (5

C = VT

D =0
GOSUB 950

IR = DIVR
I1X = ~DIVI

REM NOW CALCULATE IL
REM FIRST CHECK THE LOAD TYPE
IF LTYFE = 1 GOTO 440

N = 1.3

GOTO 450

N = 2

ILR = 8% (VT (N-1)})
ILI e, o* (VT (N-1))
REM

REM NOW FIND THE Z& DROP
REM
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S00
510
520
&30
540
250
S60
35370
580
590
&0
&10
&20
&30
440
H50
&&60
&70
&80
&0
700
710
720
730
740
7o
760
770
780
790
800
810
820
830
g40
850
8&o
g70
880
By0
00
210
20
30
F40
Qoo
40
70
80
230

TADBLE A-VI, cont,
LISTING FOR INVERTER, (CEA CONTROL

12K = ILR - IR

121 = ILL - I1I ORIGINAL PAGE 19
(&} = IZR OF POOR QUALITY
B = 121 )

c = RS

p = X8

BOSUB 950

ZBDRR = PRODR

ZSDRI = PRODI

REM

REM NOW WE GOT ENOUGH TO FIND THE VALUE OF VS

REM

VSR = VT + ZSDRR

VE1 = Z8DKI

MABYE = SOR(VSR"Z + VSI"2) .

REM

REM OMPARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
REM

VERR = MAGVE - VB
IF ABH(VERR) « .QQQ1 GOTO 730
VT = VT + KV¥VERR

FPRINT "TERMINAL VOLTS ":iVT:i"AT VOLTABE ITERATION ";VITER
GOTO F00

REM

FEM FALL THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH
REM SINCE THIS I8 THE CONLY ITERATION, IT MUST BE TIME

REM TO GO CALCULATE ALL THE VALUES NEEDED FOR THE LISTING
REM

DSGFF = COS(ATNI(CG/FG))

A = VT

K = Q

C = IZR

D = —I121I

GOsSUB 930

SYSF = FRODR

SYSE = PRODI

SYSPF = COS(ATN(SYSR/SYSF))
LPRINT USING "i#. 4 "IVES
LPRINT USING ", #3# " PGE; 0G; DSGFPF; SYSF: SYSQ; SYSPF;
I-PRINT USING . #dt "IVT
NEXT V8

VT = .9

NEXT PB

MEXT LTYPE

STOF

REM

REM UNIVERSAL SUBRDUTINE FOR COMPLEX ALGEBRA
REM |
FRODR = A*C-B#D

FRODI = BE*C+A%xD
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1000
1010
1020
1030
1040
1090
1060

DEN

IF DEN
DIVR
DIVI
RETURN
DIVFLG
RETURN

tnnan

1]

TABLE A-VI, ocont,
LISTING FOR INVERTER, CBA CONTROL

Cr2+D"2

0 GOTO 1050
(A*C+E#D) /DEN
{B*C--A%D) /DEN

1
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F POOR QUAL(TY



10

20

30

A0

a0

&HQ

70

80

Q0

10
110
120
134
140
150
160
176
180
190
200
210
220
230
240
2590
240
270
280
290
SO0
310
320
3E0
=40
590
HA0
370
280
290
400
410
420
43

440
490
4460
470
480
490

LISTING FOR INVERTER,

TABLE A-VIX

REM THE FAMOUS VOLTAGE STUDY

REM

LPRINT
LFRINT
LPRINT

CEA ~ COMPENSATED

LPRINT "CEA CONTROLLER COMPENSATER AT FULL LOAD"

REM
REM

REM INITIALIZE

REM
RS
S
[V

04
-1
~1

%

REM SET THE LOAD TYFE
FOR LTYPE = 1 TO 2 STEP

LPRINT
LPRINT

IF LTYFE = 1 GOTO 210
LPRINT "REALISTIC LOAD REPRESENTATION

GOTO 220

LFRINT "CONSTANT IMFEDANCE LOAD

FOR FG
aG

LFRINT
LFRINT

=1

=

L2 TD W2 STEP

LPRINT "GY8 V¥ DSG P

VT =

REM SET THE

FOR Vg =
VITER =

-7

L2 TR 1.1 STEP
4]

(1 FOR RESISTIVE,

1

.02

DsG @

SYSTEM VOLTAGE

L 02

bse FF

2 FOR

HEAVY
HEAVY

8Ys F

ORIGINAL PAGE 55
OF POOR QUALITY

FILE B:COMPINV

"THIS FROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM"

MORE REALISM)

LOAD CAsg"

LDAD CARZE"

8Ys O 8SYS FF

REM START HERE WITH THE ITERATION ON TERMINAL VOLTAGE
VITER = VITER + 1
REM CALCULATE I1

A = PO

B = GG

C = VT

D = 0

BOSLUE 990

I1R = DIVR

111 = -DIVI

I1I = IiI - .1#VT
REM NOW CALCULATE IL
REM FIRST CHECK THE LOAD TYFE
IF LTYPE = 1 GOTO 470
N = 1.3

GOTO 480

N = 2

ILR = L B% (VT (N-1))
LT =, % (YT (N=1) )

A-26
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SO0
o910
S20
530
540
S50
18]
S70
580
990
&0
610
420
HIO
&40
&50
bHAD
H70
680
4&q0
700
710
720
730
740
730
760
770
780
790
800
810
820
830
840
B30
B&O
870
80
a890
00
710
920
Q30
240
FE0
Fan
70
280
290

TABLE A-VII, cont,
LISTING FOR INVERTER, CRA -~ COMPENSATED

r y
0..!(—:{(\'!.[1;“ P i
REM G2 CUALY
REM NOW FIND THE Z& DROF :
REM
I12R = JLR - I1lR
121 = LI - I11
A = I2R
B = 121
G = RB
D = X§
GOSUE 990
L8DRR = PRODR
Z8DR1 = FRODI
REM
REM NOW WE GOT ENOUGH TO FIND THE VALUE OF VS
REM
VSF = YT + Z8DRR
VST = Z8DRI
MAGVS = SER(VER"Z2 + VSI~2)
REM
REM COMPARE THE VALUE OF V8 AND MAGVYS, AND CORRECT IF NEEDED

REM

VERR = MAGVS - VS

IF ABS(VERR) 4 .00Q001 GOTO 780

vT = YT + KV#VERR

PRINT "TERMINAL VOLTS "iVT:"AT VOLTAGE ITERATION ";VITER

GOTO 320

REM

REM FALL THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH
REM SINCE THIS IS THE ONLY ITERATION, IT MUST BE TIME

REM TO GO CALCULATE ALL THE VALUES NEEDED FOR THE LISTING
REM

DEGE = ~I1I%YT

DSGFF = COS (ATNMN(DSGR/FE))
A = YT

B = [

C = I2R

D = =121

BOSUER 990

SY&P = PRODK

SYSE = PRODI

SYSPF = COS{(ATN(SYSR/SYSF))
LFPRINT USING '"#.## R AVI=H
LPRINT USING "#.d# " PG DEGR; DSGRF: BYSFI SYSRI SYSBPF;
LFRINT USING "“3.H#H# "IVT
NEXT VS

vT = .9

MEXT PG

NEXT LTYFE

STIP

REM
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ORIGINAL PAGE 18
OF POOR QUALITY

1000
1016
1020
1030
1040
1050
1040
1070
1080
1090
1100

TABLE A-VII, cont,
LISTING FOR INVERTER, CFA — COMPENSATEDR

REM UNIVERSAL SUBROUTINE FOR COMFLEX ALGEBRA
REM

FRODR = A¥C-B*D

FRODI = B*C+A*D

DEN = C2+4D"2

IF DEN = 0 GOTO 1090
DIVR = (A*C+E*D) /DEN
DIVI = (B4C-A%*D) /DEN
RETURN

DIVFLG = 1

RETURN
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20
30
40
500
A1)
70
30
7
alv}
10
200
0
4()
18]
5
7
=36
70
ale)
10
20
30
4.
50
41}

LYSTING FOR PV TYPE INVERTER

REM THE FAMOUS VOLTAGE STUDY

TABLE A-VIII

Falal TR S

f::-a,: .

LPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM!

REM GSET THE LOAD TYFE

E

= 1 TO 2 BTEF

REM

REM

REM

REM INITIALIZE

REM

RS = .04
X5 = .1
KV = =1
FOR LTYF
LFPRINT
LPRINT

LFRINT

FULL LOAD CASE"

IF LTYPE = 1 GOTO 190
LFRINT "REALISTIC LOAD REFRESENTATION"

GOTO 200

(1 FOR RESISTIVE,

1

LPRINT "CONSTANT IMPEDANCE LOAD"

FOR PG = .02 TO .2 GTEP
86 = ~.046 — . 1%PE

LFRINT

LFRINT

LPRINT "8Y5 vV DSG P

VT =

.9

02

DsEE @

REM SET THE SYSTEM VOLTAGE

« 02

DSG FF

2 FOR MORE REALISM)

5Y8 F

sYs &

REM START HERE WITH THE ITERATION ON TERMINAL VOLTAGE

FOR V8 = ., TDO 1.1 STEF
VITER = 0

VITER = VITER + 1
REM CALCULATE 11

A = PG

E = QG

c = VT

D =0

GOSUE 950

IiR = DIVR

I11 = -DIVI

REM NOW CALCULATE IL
REM FIRST CHECK THE LOAD TYPE

IF LTYFE
M

GOTO 450
N

ILR

ILI

wonon

= 1 GOTO 440
1.3

Lo
-

. B¥® (VT (N-1))
~ ¥ (VT (N=-1))

A~-29
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TABLE A-VIIX, ocont,

LISTING FOR PV TYPE INVERTER

470 REM

480 REM  NOW FIND THE ZS8 DROF

490 REM

500 IZR = ILR - IlR ORIGINAL PAGE I8
510 I21 = ILI - I11 OF POOR QUALITY
520 A = 12K

530 B = 121

540 C = RS

550 D = X§

560 GOSUR 950

570 Z8DRR = PRODR

580 ZSDRI = PRODI

500 REM

600 REM  NOW WE GOT ENOUGH TO FIND THE VALUE OF VS
410 REM

620 VB8R = VT + ZSDRR

30 VeI = ZBDRI

&40 MAGVS = SER{VER™Z2 + VEI™D)
a450 REM

b60 REM COMPARE THE VALUE OF V8§ AND MAGVS, AND CORRECT IF NEEDED
&70 REM

&80 VERR = MAGVS — V8
690 IF ARS(VERR) < .0001 BOTO 730
700 VT = VT + REV¥VERR

710 PRINT "TERMINAL VOLTS "iVTi"AT VOLTAGE ITERATION "iVITER
720 BOTO 300

730 REM

740 REM FALL THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH
750 REM SINCE THIS I8 THE DhNLY ITERATION, IT MUST BE TIME

760 REM TO GO CALCULATE ALL THE VALUES NEEDED FOR THE LISTING
770 REM

780 DSGFF = COS{ATN(RAG/PG))

790 A = VYT

800 B = ()

810 C = I2R

820 D = —I21

830 GOsUR 230

840 SYBF = PFRODR

850 SYSo = PRODI

860 SYSPF = COS(ATN(SYSE/SYSP))
B7¢ LPRINT USING "“#.## "iVEs
880 LPRINT USING "d#.d### "IPEICGE: DSGPF 8YSP: SYS0: SYSFFs
BR0 LPRINT USING "#.### "IVT
FOO NEXT VS

210 VT = .9

B20 NEXT FG
30 NEXT LTYPE
40 STOP
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250
FE0
70
80
990
1000
1010
<1020
1030
1040
1050
1460

REM

REM UNIVERSAL SUBROUTINE FOR COMPLEX ALGEBRA

REM
FRODR
FRODI
DEN

IF DEN
DIVR
DIVI
RETURN
DIVFLE
RETURN

=4
—

hmmwHn

LISTING FOR PV TYPE INVERTER

AXC~E*D
BxC+A*D
Co2+D™2
QO GOTO 10350
(A*C+E*D) /DEN
{B*C~A%D) /DEN

1

TABLE A-VIII, cont,

A-31
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TABLE A-IX

omalglg;- g%ﬁiﬁ LISTING FOR BASE CASE
OF P

10

20

30

40

50

&)

70

8o

20

100
110
120
150
140
150
140
170
180
190
200
210
220
250
240
250
260
270
280
290
B0
sl0
320
BE0
240
tan]
HEHO
B0
S80
290
400
410
420
430
440
450
44
470
480
490

REM FAMDUS VOLTAGE STUDY FILE B:BASE

REM

LFRINT "THIS PROGRAM CALCULATES THE BASE CASE OF NO DsG
REM

REM INITIALIZE

REM
RS = 04
X0 = .1
Ri=.1
X1=1
KV = .9
REM SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
FOR LTYFE = 1 TO 2 STEF 1
IF(LTYPE=1) BOTO 180
LPRINT
LPRINT "REALISTIC LOAD REFRESENTATION"
GOTO 220
LFRINT
LFRINT
LPRINT "CONSTANT IMPEDANCE LOAD"
REM SET THE INFLT FOWER
LFRINT
LFRINT
LFRINT “8Y8 V 8¥Ys F svYs5 @ 8Y8 FF  LOAD v
vT = .88
REM SET THE 8YSTEM VOLTAGE
FOR VB = .9 TO 1.1 STEP .02
VITER = 0
DITER = 0
REM START HERE WITH INTERNAL ITERATION LOOF FINDING ANGLE
DITER = DITER +1
VITER = VITER +1}
REM
REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
REM
REM CALCULATE IL
REM CHECE. THE LOAD TYFE
IF (LTYFE = 1) GGTO 410
M = 1.3
GOTO 420
M = 2
ILR = 8% (VT {N-1})
ILI = —. % (VT (N-1)]
REM
REM NOW FIND THE ZS DROF
REM
A = ILR
el = JLI
C = RS
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TABLE A-IX, oconut.

LISTING FOR BASE CASE

ORIGINAL FAUL '3

500 D = X§ OF POOR QUALITY

10 GOSUB 200
S20 Z8DRR= PRODR
30 ZSDRI= FRODI

540 REM

550 REM NOW WE GOT THE VALUE OF vS&:

S5&0 REM

570 VSR = VT + Z2S8DRR

580 VBI = +Z8DRI

G990 MAGYS= SOR(VER™2 + VSI™2)

&0 REM

&10 REM COMPARE THE VALUE OF V8 AND MAGVS, AND CORRECT IF NEEDED
&20 REM

&30 VERR = MAGYS -~ VS

&4 IF (ARS(VERR) . 0001 G0OTO 700

&S0 VT = VYT + KV#VERR

460 PRINT "TERMINAL VYOLTS "3sVT:" AT VOLTAGE ITERATION "iVITER

&7¢ BATO 290

6H80 REM

690 REM FALL THROUWGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
700 REM TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE PRINTOUT
710 REM

720 REM NOW FOR THE SYSTEM PARAMETERS

TI0G A = VT

740 B = 0

7590 0 = JLK

740 D = —=IL.I

770 GOsUER 900

780 SYSF = FRODR

790 8YS8R0 = FPRODI

800 SYSFF = COS{ATN(SYSR/SYSP))
810 LFRINT USING "i. ## "iVSs
820 LPRINT USING “#. #i# " BYSFISYSE: SYSFFIVT
30 NEXT VS5

840 VT = ,88

B350 MEXT LTYFE

860 STOF

870 FRINT "NO EXCITATION, CASE TERMINATED"

880 GOTO B30

890 REM

FO0 REM SURROUTINE TO FIND COMPLEX FRODUCTS AND DO COMPLEX DIVISIONS

10 FRODR = A % C - E % D
G20 PRODI = R % C + A ¥ D
FIEI0 DEN = C#*C +DxD

240 DIVFLG = O
?E0 IF (DEN=0)GOTO 970

960 DIVR = (Ax*xC + B*D) /DEN
270 DIVI = (B*C — AxD)/DENM
?80 RETURNM

290 DIVFLE = 1
1000 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
1010 RETURM
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APPENDIX B

DATA LISTINGS



)

2

i

.

ORIGINAL PAGE 13
OF POOR QUALITY

CONSTAMT

RS IRY)
11, 70
0,7
24
R
L1, YE
1 wtae)
1,09
3a 04
Latiy
1 .08
1.1

5% Vv
Y0
L s
(94
Oy G
wa RE
1,00
1.02
1 .04
1.0
1.08
1.10

BYS oV
0, 20
0. 72
. 94
Cla 9é
0. 24
bt}
1.02
L.t
L.0a&
1.08
i.10

BYS V
0,50
G 7232
I
.96
098
1.0
1.0
1.04
.06
108
.10

P OLN
0, 0000
. 050
0y, %0
Ch £3,2€)
0, 150
) 11000
(RIS
NI
O, G20
£, 0
0, )26

S
0, U D
L) UHGEC)
L4
0, OG0
0L A
(. QM)
LYo Hgd
0 €40
0, 040
(. 40
t, D40

T
O, D&
Ch, Q&)
Q.06
0w Qi)
0. 060
£ )t}
L1 (i)
(NS
0. DA
0 &0
0, 0G0

oI
0. 080
IR OIZ18)
Cha XFO
L O8O0
O D
e CHIO)
(P T= ]
e CEI0)
£3 . 038
G080
L, DEO

TABLE B-I

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

DsE P
U ¥
- U103
0. 004
.31
LLOlé
I‘;) " ':’ 1 t'."
Ll
Oeird 7
L0108
D.O07
-a 001

D&
£ N0
Datrlé
I
Cra A%
0, 05G
0. 11N
0. 039
Outdh 7
e 33
0,024
0.0l

naG =
0,025
0.0
0.5
O, 553
Q. 004
0, 0Ea
0. 088
OB
Q.05
O 4 é

o O

&G
O 045
LT
O S
[
0,074
07
0,078
0.07&
D W72
Fya 65
G QET

TMFERANCE 1.0AD

NneEG @
L. dae,
.4 70
571
0, 270
i, L&
30 L1635
= LML
=y 14&

. el ho
" w aen gl
“yoay

TS ¥
- 470

nsE W
0. 561
O 46T
0. 344
0 245
e La3
0. 06D
S
wot 1 [ ]

[
- 259

EERtTE
- 4T

DEG @
Q. 558
0O 160
O 2E0
(). 240
0. 157
£l 54,
-~ 51
-, 157
Rt 1
- 374
- A4

NEGE B
0. 550
£ 4554
L T
0, 24
0,182
0. 048
—a T
=, L&E
- 271
= a0
- 471

nag PF
I
0,010
0,012
045
G, D4y
O, 275
A0
0,116
0. 051
.01
0, 00%

oG oM
Ou DO
L M
0. 0468
.11
O.2L7
O 54
0, &S0

G 2AG

0. 125
D7l
0,038

DEE ~F
. QA
0,078
. 124
G 195
0. NE7
O, 7R
Q. 754
(PR
0. 193
0,127

Q.77

DEE #F
ARG )
O.123
181
Q. 272
.44t
0. 851
0. 809
0,422

0 25

0. 1469
0,115

B-2

aYun e
0.089
0,07
Q.01
. U5
. 062
0, &1
o 062
RS TTY
Q71
Gu7Y
LY

8sys P
. 0468
0. 058
€, SO
Ch, Q4L
0, 042
.04
L a2
O Qidéy
1, DER
1, Q59
£ LA

5Y8
0.047
0.0758
0. 30
0 Q25
DR
O I
0. 0235
W & bt
0052
0. 040
0. 050

avYes P
Cu Q2T
0,017
L0Lo
0, QO
0.002
. 002
LS L A
0.007
Du0iL3
Ol
0,031

avs 0
-, 51a
a4 1Y
-, 215
L !
“aldQ
=y LHOY)
. 101
1, 208
0317
O, 4507

L WG

HYS 0
- B0
o wd 16}
e 3097
S W 1
-, 104
0, 00
On 106
D214

0.2

0, 402
0544

8yYE o
- G0}
- 405
e B0
- 202
- Y
0. 006
0. 112
. 219
0. B2
. 4358
0. S50

BYH @
- 4474
- 3R
-, 29
- 197
= 03
L & %
O.LlE
0, 2R
0. 334
Q. A5

Ca GG

OvYE FF
0,171
0, 184
2219
Oy 90
Ku, LJ ‘q ‘5,2'
O, 994
0. es
0,304
D.321%
0. 182
tia Lénd

8Y8 FR
0. 133
e 140
e L&l
0,218
.37
1w GO0
0,371
thet2ld
0, 153
G 175
0. 128

oayYs FF
0.094
0. 0%
0, G
0. 123
0.214
Cha G ad)
C. 199
elle
0097
0.091
020

85YS P
0. QN4
1, 044
€, A
£, 025
g2z
0. 153
0.4
£, IR0
QL. DAE
a4 &
., Q5

LOAD V
€, 4%
0, guy

{1, 765
0. 978
0. 783
0. 798
1.0107
1acild

1.02

1,035

1.045%

LLoan v
0, 950
0. P59
.69
O.979
0, 738
G, 98
1.007
1.017
1.02&
1w 03755
1. 245

LOAD W
Q. P50
0,960
0. 969
S
0. 989
(. 998
100
1.017
1.026
1.3
1.045

LOAR v
0951

0. &0
Q. B70
.79
0. wEY
0. 954
1.008
1.017
.02

R .
L. Q4%

EXCITH
L5344
1,450

-pew
1 b cwlad d

1.%4
1.140)
1.04%5
L2700
0.875
0.781
. 8837
L. Vied

EXCTITN
1.542
144
1.54%
L 2o
1.187
1.0623
0. 9767
0,875
0,779
Q. 4B

Q.52

EXCITN
1. 53568
1,447
1.73544
1.250
1. 154
1.0859
0. P65
0.871
0,777
0w LEM
. 591

EXCTITN
1,554
1. 439
L343
1.247
lL.152
1.087
0,941
0. 667
OW7770
0. &E2
0.3589



BYS Y
£, 0
Vi, T
N
vy
LI !
Lan)o
1.0y
LTaing
1.y
1.04
Lol

R R IRY)
e 0
O 70
.24
0 b7dy
.73
1.0
1,02
Laidg
1.0
1 .08
i.10

Y5 V
.90
[0 I
0,94
e G4
0. PH
1.00
1.02
1.04
1.064
1.08
1.10

8ys
0. 80
0. 92
0.4
0.8
£, 28
1,00
1.02
1.04
1.06
1.908
1.19

i TN
U, 1o
iy L2t
0, 1o
D, 10
D 1oy
(I N7
e Lo
e Jin
(N TN
e 1o
L T N T

d T
£, 1.0
0, 10
D Lo
L 1
A ] o
O, 15
L 120
e 1220
G, 120
Che 1520
. 120

oI
0,140
e 1403
0,140
. 140
e 14
. 1440
G 140
Q. L4
. 140
0.140
0,140

F In
0. 160
. 1&0)
0. 1a0
O.la0
O.160
0,160
0. 160
0. 160
0. 160
0.1860
0. 1460

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

Dets -
R P
Uaidy 7
L, QI
v, O
I YIET
., 093
0, 000
[ 9 1 1
LIRSS
1, QF4
DRI I N

DsG -
L Lblé
Che Q57
G 105
e 115
e 116
. 118
. 117
.11ty
ell0
0. 104

0. 095

DHG M
0. 106
.17
L T
0,131
e 1335
Qu V37
L I 4
G134
0, 129
0. 1a2s

o114

D&G P
O, 124
Q. 1LE7
0.14%
. 1351
0,135
0. 157
., 154
. 153
0.149
0,142

0. 153

11515 (3
T 11
0, 44
R X
(FIRARINE
6, 144
R O T
- (T
™ 1(':3‘}
“u :-:f;
e 3

e q' !'?::‘

D&EE o
£r, By
L P ¥/ B
(¥
LN I e |
D, 1440
LR )
o L1GE
0l 7&
= 24
AP

- B4

P&E 0
€, 538
LA DAL
0,238
0 237
0.17%4
Cha (750
= 7Y
-. 182
e 20
e AL
~ 12

pDsE 0
. Eae
O, 552
0,332
0,23
0. 128
0.024
—-. 082
—~.18%
. 297
~. 407
- 519

TABLE B-I, cont.

D&G bl
163
0, 207
T2 b
LU o4
0218
R ]
Oudp ]
LG

W. 1%l

Duei B
e 1Ti4
LTI S
£, 25
A NE
Gu &5
Che L
0 e
D tadd 7
O e
0, 255

0, 1ES

D&l r=F
0,.123%
0. 2543
£, 348
£ Y
(3 Y & )
YT
0.878
L T
D.407
L 2973

Q.17

D&E PF
0, 23
2,302
. A0
0.548
w771
. 989
0.884
Q. 4631
O.447
0,329
0. 248

B-3

SYS -
L, g
R T e
APERD R
Y § A
. '-j:lﬁ
w18
AR
w17
L D7
Che )1
A PR AL

HyYs
a7 & I A
=L 022
e A0
LY A
=2 37
- [."-.;!'H
) ”-»3&
A & i
= 012
=L 018
- DOF

g3YG B

o R4
2473
= NS0
v QY
- 0557
- 57
—. (5
ARV 13 )
- LM
- 37
Ca 027

aYg =
. 054
- Q6
~ 70
~ 74
—~a V77
Q77
—- 075
- 71
~. 044
— . &
-, {345

uyi 0
“ w3
= 34
" :ﬁ'?:
~a 1401
" Uﬁ’“’
e}l /7
0, 124
(S TG )
i Al
a, 441

LRI 7%

N
w237
- T

0y, (3]
Q. 1730
8 A
0,347
Q. 458
0, 5740

8YH @
L AR
o wel
-, 179
W Q075
Cra £:356)
L Bt
£, 244
()
O 44T
w577

aYs @
- 477
~u s Té
- 275
R A1
. DG
0,034
0. 143
0,251
0,361
0. 470
. 585

ORIGINAL pagr 1g

nYso Pk
0,014
O, 00
0, nne
b, 1 77
L P48
L, 700
0, 1003
1) VLY
0,01y
OO0
D, 00

8SYs5 K1
G ib: 7
S IR
£, 104
€1, 1435
0,417
.39
Ciy 266
the 17573
0. 075
£, QN6
P B

8UYs5 P
0 Q&S
LI B
0.175
€, De
0. 407
(. 8538
02377
Che 205
D126
I )
O Q4é

LYS PF
.12
Ca 165
0. 244
0. 394
0.742
€. P05
O, 4464
0,271
0.174
0.118
QL0077

LOAD v
1), 19531
UL E N
D970
1, FEQ
f.‘i WB'E’
(.
1,008
1,007
1.0358
1.04%

LOAD W
(P S
961
QuR70
o, 780
she FH9
O, e
1. 008
1.017
1.027
1.0356
1,045

Lan v
o, 95
0.1
.7713
1. 280
0. 789
(0, 990
1.008
1.018
1.027
1o0Es,
La Q48

Laan v
0. 951
0.%461
0.971
0.980
0990
Q. 7%
L. 008
1.018
1.027
1.0346
1.045

F POOR QuALi7y

AT TH
1,457k
1.3.56
1,734
t.14%
i 05
L9601
D.EB6H7
G, 774
0. 8l
0, ey

BXCTTH
1wkl
PR S
1 L] ’-:-:|7
Taig?
1.147
1w 0
AR
ra“ [ &()i‘]
0,773
O &:30)
0 538

EXCLTH
b5

1.431
1,325
1,240
1.145
1.0%1
0. 958
0, BAk
QL7272
U 680
o S8

EXCTTH
L.G24
l.42ea
1,332

1.238
1.144
1.050
0. 257
1. 8464
Da 772
Che &8O
o, 588



ORIGINAL PAGE 18
NF POOR QUALITY

LY Y
3 J
L 74
() " c‘?(:
.78
1.y
1.0k
1eud
Lawé
1,00
1.10

&Ys v
0.0
0,9
0e 2
e TG
‘n’ L] (?8
1.G0
1.02
1.04
1.6
1.08
10

REALIGTILC

5YS5 W
e G0
0. &
0,594
0.98
0.8
1. 00
1.02
1.04
1.04

. 08
.10

SYyg vV
). 0
0.92
.24
0.94
Q.98
1.00
1.0
1.04
1.08
1.08
L.10

(.,

1
18w

0. 180

‘JH
€

140
180

e 18
0, 1{80)
Ou 1430
0, 1830

0
- 130
0.

0

1ag

TG0

IN

0200

Q.
0.
0
0.
O.
Q.

2040
2000
=200
200
200
200

Q. 200
€. 200
0. 2000

.

4]

200

L.aAan

oI
€,
e
0.
0
o
O,
Q.
.
o
0.
Q.

020
Q20
020
Q20
26
20
120
Q20
020
G20
QR0

FoIN
0.
Q.
0.
e
0.
0.
.
0.
€.
0.
WL Ta)

040
044)
(340
040
Q4.0
{240
4160
040
Q40
040

TABLE B-I, cont.

DATA FOR SYNCHRONCUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

DSG -

« LAG
(ry 1‘11
e 15
0.171
0. 174
(;’n lf’f:)
175
0. 1734
U.laﬂ

161
u 182

n\aG F
e l&é
e 177
O 1185
0. 150
0.194
. 195
124
0.192
0. 187
e 179
G 170

REFRESENTAT [ON

naG ©
- 017
- QO
0,004
O.011
0.014
Q.01
0,019
.01y
LT
0. 007
- 001

nsG F
0. 004
.05
0. nw=
0.00

0,0Eé
e O35
(o I e
2. 0357
0. 033
Q.02
Q.0LR

DSh o)

. hlé
A ‘1"69
e 206

LD ] &
( Ja 2220

Or, 1m0

0,017
-, (188
o L8
-S04
vy 18

n\.J:,

&G Q)
0. 1520
Che 4220

0,520
.21
0. 115
O.011
~, 95
it 2‘:’3
-~ 312
e 45

= S

naE o
0. 568
Q. 472
0,370
.271
Q. 16%
. 065
- 40
- L4d
- 254
- &8
w474

NEG &
0. Sihe
Q. A&7
£..367
0.264
0. 163
0. 0460
-, 045
-, 132
—. A0
— BT
= 480

D&sE P
e 268
the D&
0. 48]
0. 406
3, B0
S Q90
R E
0. had
U485
0.36461
U278

D 1r‘ PE
0 305
0.388
ARG ETald]
0. hE7
O, HE0
.998
€. 878
. 687
0.514
.51
Cha ROVS

D& PF
0. 0ae
0.011
O.01
0, Q42
0,095
0 275
0. A28
0. 115
0,051
.18
O 003

DgsG FPF
. Q07
€. 05
0.0&67
0.118
Ne21é
0. 543
0. 648
n " a-.‘-'sJ

l-).q
0.671
Q.037

B~4

ays p
w074
~, OIEIT
o AR
e Q74
-, L3P
™l (‘]C?“,
v (0P0)
~ o LGS
C w75
n ‘-}64

8%8%

=~ 04
-. 107
-, 109
~w 1 14’
-, 115
~. 115
~.113

109
-, 102
. )94
-. 0OB3

8Ys F
0.0
0.081
0.O72
0.0h8
. D&
€041
0. D&H2
0. 065
0.070
QO.Q77
iy

85YS F
0.071
0. 060
0, 052
1, Oddy
e 043
0.041
0,042

L A5
n 050
0.057
Q.67

8Y5
™ 471
-, 371
- 247
=, 1467
ey D&
0.04/2
0. 149
e 268
268
0 47y

1o E1952

SYS 1
- 4T
- 24
-, 141
- DG4
0. 049
0. 1546
. 265
0.375
0.487
Cha GO0

85Y5 G
-.511
-~ 415
—als
- 213
-, 110
- QO
0. 101
0, 208
Dallh
Q. 424
O A8

8YS5 @
- 850G
=~ B110
PREIN L
. 208
o 1604
0, D00
0. 114
0,213
0."””

. 452
(J S

a8YSs PR
0, 155
218
eI LY
. 471
OLB37
h.915
‘.] » -J -'l.s
0. 329
Q.E?l
0, 154
<106

8Ye FF
0. 197
D271
1 b4
O.377
0. B398
3, 920
0.587
0,580
0.2673
0.189
0.137

8Ys PR
0.174
0,191
0, 224
0.298
0. 4%64
0.996
0.524
0. 297
Q.18
0.178
0.158

8Y8 PF
0. 138
0. 144
0. lbb
0.218
1.3578
1.000
0.368
O.207
. 154
0,138
0,122

t.ann v
L, 992
0,961
0,971
0,980
0, R0
0,999
1.008
1.018
1.027
1,036
1.04%

LORD V
0. 952
. 9462
0,971
0. 981
0. 990
2.99%
« QOH
1.013
1.027
1.03%
1.045

LOAD v
.249

vl
.947
0.978
0. 9E8
. 298
1a 007
i.017
1.024
1,035
1.6045

LOAD v
0, P50
0. 959
e P49
0.979
0.9688
0.998
1,007
1.017
1.024
1.0%4
1.045

EXCITH
1.a23
1.424
P |
1 2346
1.142
1,049
0. 954
0.3473
W.771
1. 80
0. 5E89

EXCITN
1520
1.424
1.329
o 255
1.141
1.048
0. 9355
0.843
0.771
Q. &80
0.3%0

EXCITN
1,347
1.4%1

¥ e

1,354
1.257
1.140
1.065
0.769
0,875
0.780
0. 4686
0,592

EXCITM
1,545
1.448
1. -..::;"iﬂ
1.h

.1 _17
1.062
0.967
0.872
0.778
0 &HE4

071

.



ORIGINAL PA%ZS 13
OF POOR QUALITY

8ys vV
£, 70
O, 72
0,94
0.6
. 78
1.0
L.z
1.04
1.7
1.08
1.10

SY& Y
.90
1,92
.24
.96
.98
1.00
1.2
.04
1.04&
1.08
.10

sys vV
0.0
0. 92
.94
0. 96
0,98
1.00
1.02
1.04
1.04
1.08
S A A

sYg v
. 90
Oll C?E
0. 94
0.9
0.78
f1.00
e
104
L1086
1 . Q8
.10

F IN
. 060
0. 060
0. 060
€. Qb
(b LIAQ
tra (340
1. DHQ
IF 1Y
. DA
e O&4)
). 060

F IN
. 080
0, 08¢
(2. LIEC
.00
Q. 080
0. 080
0,080
. Q80
€. CH30
Cha GIE30)
0. 80

F IN
0. 100
0. 100
0. 100
0. 100
0. 100
Gu 100
1. 100
0. 10
0. 100
O, 100
0. 100

P IN
00120
Oul20
0. 120
0120
0. 120
Q. 120
0.120
0L 120
. 120
0. 120
0. 120

D&EG P
e 025
he 073G
0. 045
0, Q52
0. O35
0. O
0. 358
O Q5L
. Q52
2. 044
(. 037

n&aGE F
0.045
(), Q%A
i) " Ué’il
0,072
0 (] ‘:’76!
(. 078
), 076
0,074
0,072
e 5
0, 057

DeE P
0. 0484
3.077
0. 08
0. 092
0. 094
0. 0598
0. 0%8
0. 095
2,071
0. 084
D.07&

DG &
0. 0BG
0.097
. 105
Q.112
D.11é
0.118
0,117
0.115
0.110
Qnldsg
0095

D&G O
0. 557
0, 4é41
0. 56
0 260
0. 158
0o Q54
- ‘:)ﬁ 1
=~ 158
w, 2hé&

-
-y ':5 5

" 4‘8&3

DSGE M
0.2
0. 354
G. 354
0, 2895
0.152
0. 048
—-. L&4
- 272
- 381
o X

DEE ©
0. 547
G, 4556
0.353501
(:Jn 24“?
0. 147
0,042
- &3
~. 170
~. 278
-, 384
—-. 499

nasiE o
0. 545
G445
0. 345
0.243%
O.141
0,035
-, &7
~ 178
-, 280G
~. 395
- a0é

TABLE B"I’ co ntn

DRG -
.44
. 077
D123
t), 194
3354
0 734
., 752
Oe 337
0. 192
0.121
0,077

NEG FF
0.8l
0. 122
0. 1680
h.271
.47
0. B850
0.808
ty, 421
0. 255
0.148
0D.114

D8 PF
.11
. 1468
0. 234
00344
. 5498
0.9218
0.841
1. 4590
.31
L2103
0. 150

NaGE FF
0. 155
D.213
0. 590
G. 417
S GG
o ]
0. 841
0. 546
(ST %]
0,254
0. 1B

B-5

8v&8 F
e D50
0. 040
0,05
L ) AP
0. Q3
QL 023
0,020
L 1
0,151
0358
0. 047

8Ys P
O30
Oy Q20)
D010
Q.00E&
0,003
0. Q02
L 00T
. Q08
O, 0L1
0.019
0,028

ays P
0. 00g
- 001
= 00
- (314
-, 17
- 17
e (314
- Q0E
-, (01
0. 009

gaYs P
—~a 311
-, 021
hai™ 0&‘.

-~ 054
-, 337
-, 28
- TG
- CEET

- Q20

~. 010

oyYys M
"te “n-;‘-j 1
=y )4
R
I )
b 0('?9
Cha CHOHE
112
Onl1%
0. 328
(1 4583

0. 50

5YS @
— o 7
AL
-, 298
-, 197
—, 73
.01l
0,118
e 225
IR !
€. 44
0, 536

5Y5 0
- 470
- B
- 29
-, 11
o OEY
.17
0. 124
0,330
O340
0.451
TN

aYs o
-. 489
-, 384
-~ 287
~. 185
0.023
0. 130
0.23
0. 347
Q. 457
0. 570

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

av4y FE
£, 099
PP AL L
0. 105
0, 18
. 2322
0. 9465
0. 194
J.11%5
0,093
0. 0Es
0, o34

8YH FF
1, A0
047
0, D59
0. 0351
0. 029
0.142
0,022
0,024
Q. Q33
(1,042
N th |

5Y8 PR
O.0lR
0,002
Q. 029
D.O73
Q. 192
0. 722
0. 134
Q0.059
€. 025
0. 008
0.01lé

8Ys P
0,023
). Q54
0,099
0.17%
0.411
0. 849
0. 270
0. 178
0,077
0. 043
0,018

[.OAD ¥
0, WEG
(), Q&0
0, P4
0,979
0. 69
0.9%98
1.008
1'01‘7
1.0
1.0%4
1.04%

.0AD V
0. P50
0. L0
0,970
Q.979
0. 789
0. 998
1. 008
1.017
1.027
1.0
1.045

LoAn v
0. 9PE1
. 960
0,970
.79
1. 989
. 798
1.008
1.017
1.027
1.034
L.045

LO&an v
0,951
G, 961
0,970
0. 9280
0.289
0 999
1.008
1.017
1.027
1.0%
1.045

EXCITN
1.540)
1.444
1.347
1.281
1.15%
1.085Y
0. P65
0. 870
0,774
e O
0,589

EXCITN
LW 13%4
1.441
1.7344
1 " EI’IE
1. 162
1.057
0.947
£0.848
0,775
. 681
0 SHEE

EXCITN
1. 6T
1.4738
L3341
1.24%
1.150
1.085
0,941
0,867
0773
O‘ 680
G SEB7

EXCITN
1.8y
1. 438
14358
1.24%
1. 148
1. 083
0. 9EG
Q. H65
0.772
0. 4679
O.S87



A N
Chy e
[} OO
Vi )
3
e TS
1”..\,
1.0
§ovid
1.0
1 . UEs
1aind

HYH oV
U
9 I
0, 4l
v
IR
i APALY
faviid
[ 2
1w W
1 wribl
.l

wuYa v
vhy WL}
LN
G974
1) Fér
G 76
J. R LY
1.0
1
1wt
1.0
PR RR]

Hys W
.20
O P02
.94
., e
0, FE
1. 13t)
1.0
1.4
1ot
1w O3
Lo 16

oI
(P T
vy, 1ajet
e L0
o, 140
tie L
v, 1A
v, BA0
iry Ly
ity i‘l»()
e LAY
e 140

o L
U, 160
0. L&H0
1. V&0
Yie Laath
O, 1)
O 160
€y 1)
Oy 60
e 160
i, 140
e 160G

S
(e 1430
W 130
0. LED
e 1830
0. 160
0, L0
0w 100
0, 180
180
(180
0. 1EG

POIN
0L 200
0, DO
0. 200
£, 200
e 200
200
200

W 2030
(e 200
£y 20007
01 20

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

Lt B
i, livy
I B
I
iy, 101
v, 100
e o/
TR
L9 JR R
e 1%
| F I AR
114

neag r
0. 12h
0. 137
e 145
0. 1591
0, 155
G L557
e 154
0, 183
. 14y
Uhy Labi

1752

D&
D, 144
e 17
. 168
o 171
e 174
0, 176
0, V75
e 1705
0. L&
. 1é&1
G 151

nss P
e lbh
O L 77
0. 185
(e 190
Q.194
0.195
0. 174
O
0. 184
0.179
Q. 170

I & DO PN

Litaeg !
APRENAG
B I B 4
W 3N
AR Y4
I 4]
£, 1050
o £V 7N
™ 1&;’;
TIRAL ST
PR 193

[N B
| \-ll o

DoGE
IS T A
0, A5
L T v
. L2
v 24
oy L
= 183%
. 29
LSOy

~ G

DEGE O
0. 528
48
Ve 3R7
O 2ENi
. lA2
traalfd
= CHEY
~y 196
- G
-n416)

- SR

nsEG o
0. G322
G.a421
.52l
Q.21%
0.11é4
0,011
- DR
e 2005
~uald
— u 24

[

o el

TABLE B~I, cont,

Deti
0, LW
;“’ n :5“-':17
by 347
ot AL
L A9
IV, ‘v‘/(ﬁl
Q.76
6 T 'L 0
U, 018
0w 29%
O.21é

D&aG P
0250
Cha 303
0,599
!'.’ L] E:‘tlly
VL P70
1}, 83
o BES
1, L350
e 4416
vy, DI

Cha 207

LSE e
03,267
0, 44
Ly, 4510
£ 004
=
O, G
0, 13975
0. &&60
oL A1
0. 360
. 275

DEGE PR
0o H0E
0. 584
0. 499
O.b3hH
0, 859
0. 798
Q. 898
e 684
O.E512
. B0
0, 302

B-6

YL P
et
- 0]}
e, 1]
e QRS
o, GV 7
o L] (Jtv)l/
AT
ey LEE
EINT: ¥
R B
-y Y520

“8Y8H P
™ [:)Eli
e it
- 048
o (Y70
~y 7 b
oy OV
. 07T
- 073
bl ‘..1‘.361
R Lot
v, 38

85YS8 F
-y 071
- 8]
-, 1813
“ . 97
M D‘?él
. ';”.:w‘&l
= Q4
- O]
-, &5
—~ 77
- &7

85Y8 R

- W71
] 11
-, 108
- 112
-~ 115
-. 115
~.114
~n j 1(3
. 104
~, 74
- O35

LYH N
e 1113
R 1)
=, 281
i 1 ;”f
™ 1:175
) 0730
w. 134
(ra '"-5:3
0. 464
0. 877

BYS @
v, Q477
Y L)
L 27S
-. 1773
-, 0DER
O.3b
0. 1473
Q. 251
(1. 540
. 471
o S84

aYS G
”nq‘?l

~a ST

R
" 1{37
-, Qa3
O, (12
0.14%
0. 257
Qu.Ba7
0,479

0. 592

8Y5S [
~ 4 &5
b
- 2b
- 160
M &)
0. 049
0. 1548
0.2464
O.378
G486
0. 6O

ORIGINAL PAGT 3

gYyy PF
‘:’ wl )(ﬂq
0, 10
(1, L&
0. 268
e HOO
. 88
3, 380
(e 209
0. 131
0. ORS
0. 050

5Y8 PF
0. 106
0. 1860
0. 240
0. 389
0. 740
0, PO
0. 466
0,274
0. 180
0,122

0. 082

aYs PF
0,149
0,213
0,310
. 487
0. E3E
0. 9159
0,55
€l 332
£, 225
0. 158

[ I

8yYs FF
0.192
0. 244
0.378
O.574
O.897
0.0E0

Q. Ead

0. 383
0. 267
0.193
0,141

10450 §
0981
(1, T4l
0.970
the FE60
0, DEY
4,999
1. 008
1.018
14027
1,056
1.04%

LOAan v
0,951
(196l
0.971
0,780
). Y90
Uha 995
1.008
1.018
1.027
1.034
1. 045

L.aAD V
0.5
0.9&61
0.971
Q. 980
0. 2790
(1. 999
1.008
1.018
1027
1,056
1,045

L.OAD V
0. 952
0, 962
0.971
0. 980
0. 990
0. 999
1,009
1,018
1. 027
1.036
1. 045

OF PCOR QUALITY

GROITN
1,570
1.4738
1574
1.241
lal4b
1.0%8
e PEE
0,844
0.771
e &Y
0,587

EXCITN
1.827
1.429
1.3%4

"y
ua?...!

1.144
1. 050
0957
0. 84673
0.771
D.&79
Cra WY

EXCITN
1,52
1.427
1,372
1.237
1.14%
1.049
0. 9%ié
n, B&3
w771
. 679
0. 5EE

EXCITN
1,022
1. 425
1,330
1,235
l.141
1.0448
€. 255
0. 8475
0.771
0,679
. 5688



SFRSLIN LT Y

St Tl EUALES

CORIST AR

wuYas oV
Cra 20
4 I
1y, 74
vi. 7
Cra 78
1.0
Lol
1wt
1.06
1.8
1,10

5YS V
£ 70
I:'.' M 9;1
0.4
Daéh
0. 98
100
.2
L4
1.0
3w O
1ol

GYS8 V
8,70
L R
€, 94
O Pé
0,78
b
1,0%
p S E
LaGé
1. 08
1.10

gavs v
0.0
e 72
. 24
O 7é
e P8
1.00
1.02
1. 04
1.0
1. 08
1.10

BTN
0, OV
() OVed
0w (V20
L, O2C)
Ch, W20
e (20
(WIS el
LIS Mde)
L, 00
QI
LAY

FrooIi
Uy, 040
3 L1410)
1, 040
Ch, Q240
0. 040
O 0340
3, 040
G 040
(. 1460
Chy 040D
Ch, 40

OIN
(1. a0
0 )
O, (A0
0, Q40
1), D)
0. Q&0
Q. &)
O L&)
0. a0
(S PRVIY)
O D40

F T
0. 0D
0. Q80
2,080
O Q8O
O, 080
O QB0
. DEO
£, OB
(. OB
0. 080
0. 80

RENG |

TABLE B-II

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
HEAVY LOAD CASE

IMPEDAMOE LA

D&t P
- b7
-t
-. G
e AT
Rk
L 4 [$ 1)
O 004
Dwiall
ATNANE.]
1.0 18
D19

DsBE P
L AT
o i
e, 12T
= 3140
0., 00
O.01%5
0., Q24
0031
[ I I
O OOREY
0, QG

D& F
- (3
- 24
=, DG
2,010
{1, Q24
R
IR LY
0.0
0, 05
0. 05E
0,059

REG P
o I
o LIS
0.0L5
0. 031
. 5
O 058
G, Q&4
.07
0,076
o, 078
0. 078

DG @
D.941
. B
0. 7 HO
0. H&
Q. B72
1, 470
0. 302
e B84
O, L8Y
0,085
- 17

NeEE o
O.P58
0347
0. 735
06462
O.568
e 4705
035764
O, 278
. 179
S PR VA~

o CYAG

neg M
0.3
0.341
0. 750
I
D.562
e ié'7
L5700
0,272
D 177
Q. 07N
o, (2R

DEG @
G, FRAS
0. B3
(o 744
Gy &5 1
0. S97
.44
0, A&
O Béé
Qe 1 &7
0,047

B
- CREE

neG rk
. P4
L, O79
0 AR
U '] ”47
D 850
0.0
0, Q0%
0, 0755
i, O
0.1

e 74047

D&EG PF
€0, 72
RS )
0. 056
D014
0,004
Outril
€0, O&4
O, 110
e 194
0. 4357
0. 8aE

D&EGE R
0, D49
0y 24
0 008
. 0Olé&
Cha 624075
. 075
t:)" l 1"‘7’
0. 184
0,308
0w a2

0.8%8

naes PF
0. Q26
€. 004
0, 020
L, O48
0. 0OB0
. 120
2.174
0. 258
0.4 2
0. 760
D.9LE

B-7

LaYs oF
Ou 75
0. 74T
O, 759
0737
7o
0, 740
0. 744
Vb, /YA
£). 763
O77E
0. 789

8YEs P
O 750
GLT72E
0,718
G747
0,717
U 780
726
O, 7N
.7aR
0. 755
0,770

HYS
0.70%
0700
0, &Y
0., &9
D. a7
0. 70
G, 704
0.714
O, 7348
0,784
0. 7EQ

BYS P
0w 688
0682
O.a78
th&74
. &77
£ &l
0. &84

0,694

0. 704
0.71lé
0. 7%

GYa W
™ 44{:1
w54
" 1354
- LRES
0,077
0, LEO
O 289
0,599
W Biled
L

8Ys5 6
- 43
-~ BTG
-2

e 1 :5:.3
- 2R
Ch, Q7
6. 184
0. 29
0, 405
(418 ﬁ 1 63
Q. &2

8ys [
. 4T3
o
ey B0
o L
- (352}
O YRS
192
S PRIV
.311

v B2

Vool im0

O GES

Y85

y

-~ A3

L emene
u omdai

—. 2R
- 130
-, L5
0,09l
0. 199
€, 308
0.418
G SR

0. b2

BYG PR
0. 8B40
W G077
0, ED
0. ET
0,299
O, 795
., FTE
), 7.5
0. BéE
e (355

0, 785

8YS8 FF
0. EE7
Q.05
O.95E0
0, FEN
0. 999
0,994
0. 769
0, Y328
0.8B8786
e 8328
0. 774

a4y FF
3. 8853
e P04
o PEHO
e 9834
1,000
0. 99E
0,985
0. 531
L P Tt
OLELS
0. 7T

&8YS PF
Q. GBS0
€. P02
0,749
. 785
1. 000
.79
0,941
. 714
., Ba0
0, B
0. 781

LOAL Y
0.910
Q.91
0.2
0.9
0.94%
0. P58
0. 7468
0BTV
0. 786
). 5794

1,000

0an v
Q.%10
Q.20
0. 30
0. 8059
0 4%
Q. PEY
0. 968
0.7
0.987
Gu 796
1. QOE

LOan v
0.911
0, a0
(. WED
240
e PED
Q. BES
O, R&E)
0L
o, 787
. 996
1, Q0

LOAD V
.21
Q.921
0,931
€ A0
0, P50
0. Q5
0,967
0. 78
0. 987
D.997
1. 004

SRGLTH
1.844
). 848
1.747
1 . 680
1,550
1.458
1,363
1a2é%
1.17%
1,883
), QR0

EXCITN
1,939
1.E41
12742
1w a4t
1, 549
1o B854
w3
Lol
w172
L 0T
0. 987

EXGCITM
1.933
L8356
1o738
1,641
T o]
1« 450

iy
1 LR T b

i ~yp ey
e 1"

i T}l

1w 169
body7
0, 985

EXCITN
.08
1.80

.75
1.634
AR LUN

Ladhi

1 b i
w owtaad O

1. 259
1aléé
1o Q74
e FET



85Y8
£, i)
), 72
.94
.96
0. 78
1.00
1.02
1.04
.04
1,08
.10

Gsgys oy
Q.90
L R
Q.94
0. 94
.78
1.00
1.02
1.04
L.0&
1.08
.10

85YS V
C 0L W0
7
0. 474
0.4
£, e
1.00
.02
1.04
1.e0
1.08
.10

a8Yg v
£, Qo
Q.98
.94
0.9
0. 28
1,00
1.7
4. 04
1.0&
1.08
1ol

FoIN
Cow 100
0. 100
0, 100
e 100
0. 100
. 10
0. 100
Qw10
Ou 100
e 100
0. 1400

FoIn
0 120
e 120
G120
0.120
Ou 120
O L2
0. 120
e 17220
£ 120
0. 120
. 120

” IN
0. 140
O.140
J. 140
Gu 140
. 140
€, 140
0. 140
0. 140
G.140
(3o 140
QL LA

FoIN
0. 140
O.lad
Q. 1&0
0. 140
0, 140
Q. 140
Q. 160
0, 140
1. 160
e L&
0. 160

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

nge P
Q.01
0034
9 I Lt
L 65
1,074
0. 085
0, 0l
€, 078
0. 098
0 098

DSEG P
QL0119
Che 39
Q. 057
a.073
G085
.04
Q. 105
0.111
0,115
.117
0.117

nsE
0. 040
Q. 050
Q76
0. 0935
Q. lDé
O.116
Q. 125
. 1AL
0. 135
0. 157
0. IET7

DsG F
0,041
0. 081
0978
LT B 2
e 1264
Q. 137
0. 143
151
G155
O, LB6
i, 156

&G O
(.920
0. B30
0. 730
O, 645
£, S
0. 455
. 300
0. 260
0. lé&l
0. 060
- 041

DeE o
.14
0,825
0. 7ES
0. 639

0. 545

0. /49
.52
£, 2549
On 158
£ 054
e CMLE

DeE &
0. %08
0.819
D.7R7
0. 6335
0.EHTY
0. 4473
QL3248
O, 248
. 148
0.048

— DG

neG @
0. 0%
0.813
D.721
.27
0. 537
0.4357
0.0
G. 241
0.142
e 41
- G2

TABLE B-II, cont,

HEAVY LOAD CASE

psa FF
0,003
. 0R22
0.047
0. Q80
o, 117
0. 165
. 2030
£, 350
0.510
0,831
0.921

D8G PF
e O30
0.047
0.077
O.112
0.185
G209
€. 285
0, A
&, S8
Q.908
0. 924

nsG FF
0. 044
0,073
0. 106
. 1A%
0193
G, 254
£, 339
0. 4467
0.673
0.945
0. 929

RSEG FF
0,067
0. 099
0. 135
0.178
O 230
0. 298
0. aR2
530
1, 737
. 968
0,231

B-§

84 F
8 LT
0.bébl
0,658
D.654
0. &57
Q.bhb1
O.bb7
0,675
0. 685
0. 4%7
0,712

8Ys p
O.bH47
Ou&dl
Quh37
0e 3
3. H38
Dbl
0. h4a7
0. 4635
Y
0.678
0,693

8Ys F
OubR7
0. 621
Oubl?
O.b14
Cels
D.a232
0. 628
e &S
Q.bids
0. 659
D73

8vYg P
. 404
0.600
0.597
Cra G397
0. SRE
T b
0.408
Q.b18
0.427
G.ha40
0. 634

s5Ys
~. 421
- mi2l
-, 218
~. 114
-, Q0%
O.097
Q. 205
0.314
0. 424
0. 9356
0. 649

ays o
i B
—. 315
~. 212
-, 108
- T
Q.4
Qa2
0,321
R |
0,542
0. 4585

8Yg 0
—. 408
—. 308
- 204
-~ 102
O.004
Q. 110
U.218
Q, 327
0. 458
£ T4
D bb2

8YS @
- 402
- 302
-, 199
-, 95
Q.010
0.117
0. 225
L 3 ¥ )
0. 444
L. 5548

O.b6%

ORICINAL PAGE 18

5YS PRPF
0. 844
0. 900
0.94%
0. 985
1.000
(.89
0. 2756
(. 907
0. 8BS0
0. 793
0. 739

5YS FF
0.842
0,898
0.949
G, R84
1.000
. 987
0.951
€.898
0.839
0. 781
0.726

aYs PF
.838
0. 8%6
. 949
0.987
1. Q00
0.9839
C. 945
1. 889
0.828
0.7468
0.7135

SYS FF
OIS ot
£2.893
0.924%
. 988
1. 000
0.982
0.938
0.879
O.814
0.755
0. b

LaAD v
Gn912
0.921
0.231
0.941
0. 950
0.9460
0,949
0.978
0.988
0.997
1,004

LaAD Vv
0.912
0.922
0,752

0.741

RS L5

0,960
0. 96%
0.979
G. 88
0.997
1.006

LOAD Vv
0913
0,922
0. 952
. 942
0. 751
0. 960
0.970
Q.97%
0, 784
0.997
1,006

L.0aD v
0.913
O, 923
0,932
O, 942
D.931
€, F41
0.970
.979
0.584
0. 997
1,007

OF POGR QUALITY

EXCITN
1925
1.824
1.728
1.&32
1.537
1 " 442
1.354%
1.256
1.16%
1.071%
. 280

EXCITHN
1.918
1.821
1.72
1,628
1. 533
1.439
1.3464

L] =i
n e

1- 1&)1
1.0469
0,978

EXCITN
1.913
1,817
1. 7020
1.425
1,530
1,454
1.343
" 250
1.158
1.067
0.974

EXCITN
1.909
1.812
1.71é4
1.621
1.527
1.433
1..340
1.248
1.154
1.065
0974



gys vV
‘:l -

4]

. 9.2

0
.

i),

94
96
78

300

1.
1.

4y
04

1. 06
108
110

8YS V
O
Q.
Q.
0.
0.
1.
L.
1.
1.
1.
1.

REALISTIC 1.OAD

70
a2
24
Q&
Q8
00
o2
24}
i
08
i6)

EYs

Ja
P2
0.
Q.
.
1.
1.
-
1.
1.
1.

o

8Y5 V
0.
0
D
0.
el .

Eﬂi:ﬂﬁ

~-"'.1 "

20

24
94
28
D0
(W]
04
&
08
10

2?0
4]
24
Dé
=]
(9]4]

o4

et WAL

5

Q8

1.10

ol

FOIN
0. 18O
0. 180
0. 180
180
0. LB0
Q. 180
0, 1830
e 180
0,180
0. 180
O LEND

PoIN
0. 200
0. 200
0, 200
G, 200
e 200
0 200
200
by 200
0. 200
0. 200
. 200

FoIn
0. Q20
0.L020
0. 020
Q.020
0.020
0. 0R0
0. 020
£, Q20
0,020
0. 020
0, 0RO

& IN
(WISt
G Q40
0,040
O Q40
0. 040
G CH0)
0,040
Q.040
0. Q40
00040
0,040

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
HEAVY LOAD CASE

SYS K
Q.56

ngE =
0,082
2,102
L I
0. 154
0. 146
th. 154
O.lés
. 170
0.174
Q.176
0. 176

naGE F
0.103
0. 122
O 139
0. 154
164
0,174
£.184
D.1%0
0. 194
0. 195
0. 193

REFRESENTATION

naE
-~ 097
- Q7R
-, Q3
- A5
— . QARG
-y Q07
0. 002
Q.01
O.015
G018
0.019

D8G5 B
w t:’?fﬂ
~-. 051
- QA2
- 014
0.001
0,013
0. 023
0. 030
0. 055
O Q8
1. 039

nsG o
0.897
0.807
Q. 71E
. b1
0. E27
. 431
Qn 333
0,285
L O it
0.034
-y D&Y

nsG @
0.891
0. 801
(e 709
Q&1
0, 520
0. 424
D.E27
. 228
0. 128
0. Q27
-, 07

D& Q@
0.970
0. 875
0. 784
0. &88
0. 91
0w 433
0,393
e 293
.10
. 087
- 318

DEGE @
Q.45
0. 869
0.778
0. &EE
0. 588
(. 487
0. 588
0.287
0. 185
.08l
—. 24

&G PR
.09}
0. 125
0. 1éd4
0.2110
Q.47
0.3541
0, 443
0,587
0. 790
0. 582
D.951

DEGE FF
0.115
0.151
0,193
Q.2473
Q.30
..384
0.491
0 &40
£, @334
(S S|
0.9352

DsE FF
Q. 099
G083
0.047
0. 051
.04
2.015
0,004
0.0
0. 080
0. 204
. 730

DSG FF
0O.077
0.059
0. 040
0. 020
D.001
Q.027
. OEe
0.10%
Q.188
0.428
0.854

B-9

0.

580

Q.77
CLB?T
0.5e78

0.

S8

0.8y
.97

0.
.
0.

408
&20
aa%

89Ya P

0.

S

Q. 560

e
0.
£
Q.

a7
G937
a9
b

0,569
Q0578
0. 589

Q.
(‘-)I

&l
61

85vys P

.,
0.
.
Q.
D
e
Q.
(o
O
0.
(]

Boo0
787
777
T70
765
7635
76HE
7%
T
777
784

8Y8 P

Q.
0.
0.
h
Q.
G
0.
.
0.
G
0.

77
746
757
749
L
745
743
788
750
757
767

SYs @
-, 34
-, 294
.
-0
.17
0,123

S,

{:’ w :;54'1
01, 4551
0,565

0.&77

8YS @
A
—-. 289
-. 186
-~ D82
0, 025
0. 130
0,258
0.5348
0. 458
0. 571
0. 684

5Ys @
o 442
R A
- 241
—. V37
- AIER
0.074
0,181
0,289
0, 399
0,510
.22

SYS R
. 434
. EEE

-, 1351
—. Q24
0. 080
0.187
0.295
0. 405
O.G1é4
0. 628

8YsS PF
0. 8328
0.8921
0.949
. 788
1.000
0.?78
0.%3)
0.86%
0, BOR
Q. 744)
. 684

g¥e FF
Q. B23
0. 889
0. 745
0.989
0. 994
0.274
D22
. 857
0.789
Q. 725
0. bbHY

GYS PR
0.875
0.918
0,955
O.98S
0. 999
Q.995
0. P73
. 935
0. B84
0. 834
0. 784

sYs rF
0. B8753
0.217
0.9595
0.985
0.999
0. 7294
Q.70
0. 2350
0. 880
0.8927
O.774

ORIGINAL PALE 183
OF POOR GUALITY

.0AD V
0D.914
0,927
0,953
0.242
0. 752
0. 9461
0.970
Q.97
0. 989
£0.998
1. 007

LOAR
0,914
G 724
O, 33
0,943
0. 952
0.951
0.970
0.78%
0. 989
0. 998
1.0607

Lo&AD V
0. 904
0.917
0,27
e 937
0.947
Q. 957
0.9&7
Q.974
0. 9ES
. 9948
1. 005

LOAD V
Q.07
0.917
0.927
0,957
Q.947
0. 957
0.967
Q.77
0. 286
0.998

1.005

EXCITN
1.704
1.808
1.712
1.418
1.824
1,470
1.373
1.244
1.154
1.062
0,973

EXCITN
1.900
1.804
1.70%9
1.414
1.5%21
1.428
1335
1.2494
1.153
1,062
0.972

EXCITN
1.974
1.871
1.773
1.4672
1.571
1.472
1.374
1.277
1.181
1. O35
0. 9790

EXCITN
1.971
1.844
L7487
1.b867
1.3567
1.448
1.370
1.27%3
1.177
1.082
0.986



Lys ¥
. 90
0.0
£ 74
Chy Y4
€, T8
Ly
O
1.04
1.04
b0
Talés

8Ys v
.20
Q9
£0.74
Ly G
o, P
1.
.02
1w el
I atda
w0
Tu il

R SERY
Ly P4
o i
. 4
W T
.98
1wt
1.0
Laeaad
1wié
1. 08
Lol

Sy
Che 90
.9,
£, 943
D94
S
Ly
l.og
AT
L.
1. 08
.10

FroobM
Vi UMY
), V)an}
(2. 0150
Oy B0
0, 150
Cr g CRge
(WIWAT14)
0, JG0
O id&0)
Oy CHatd
€, QG0

FooLi
0. CEHO
0 LR
e B0
£ CHIL
£ CHRGO
Cho LIE30
2. 60
0w TS
Gl Q8D
L L8800
€1, O

oM
1. 100
i, 10
e L
W 1000
e 1enD
O, L)
0 oo
(O RS TS
(L, 100
O 200
0 L0

BTN
0,120
AT
O 120
. J20
e 20
Qa 5240
O L2
2. 130
e 120
e 120
Ca 120

TABLE B=II, cont,

ORIGINAL PAGE 13
OF POOR QuALTY

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
HEAVY LOAD CASE

&G =
"o (:,r:l:'
e LR
R XY
SISV,
002
D 3548
L, Q3
WL 051
0, 05
O EE
L 59

ngls -
—~. (N3]
= U
Q.01
Cra Q83
Ch Crif 2
0, Q54
QL DEdg
aidd ]
Qa7
i e
v, Q78

Las R
e 1
L1
U (N3
O 4y
e O
2,075
e U4
a2l
Gl CH95
0. 094
£, 0%E

DaG
(PR B oy
0,034
0. OFE
O 6%
Cha 083
095
Da g
o llid
0.5
Welil7
2,117

D& W
0. 959
), 868
Ce 773
Y &V7
O SHEO
e 481
O 3E2
0. 281
. 179
€2, 7Y

30

DEE W
o 954
e 342
. 7e7
a7l
74
L g
0.5376
0,275
G, 172
0, (a9
o 138

REE O
0,748
e GG
. 761
(-:] “ 636-151
W IRT
Oa 470
0,370
) 28
Qu bty
(I R P
m 0TN

DEGE &
0, G423
L. B850
0. 7ES
. &5g
0. Gz
O A
L T ]
1, 2642
. 1é0
0. 054
- 345

DE6G FE
O, 05
L Dot
Ch O
TR EY
e t3N7
Cha 76
L O
., 178
0.297
L
0., 891

DHE RFE
0, 03
a1l
0.014
Q4]
0.074
Gall3
0. 167
24
0, 401
0 FEI)

0. P08

DS P
OLO10
Va3 4
0. Dder
Cha €1 /°0
.1l
O 157
(3 R |
0 520
0. 4598
0,347
0. P17

D8E FF
GL.0LR
O LRty
0. 049
L 1035
0,147
O 201
275
LI
O GG
0, 90n
G, P02

B-10

LyEs e
Q. 70
0. 744
0 7
72
0. 725
D727
0,723
O, 708
0.7
. 738
0. 747

8Y8 F
0w 737
e 7
. 71L&
0 708
0, 704
T 70
O.703%
0706
2. 711
718
0. 7R

5y3 P
0.7 1lG
3. 704
Ou&HYE
0. 488
0L &k
0. 4682
. L8N
0. 686
0. b1
0,699
0. 708

8Yg p
0. b5
i, GE3
0,675
O by
0. tésd
O G623
e by

. &ET

0. a7
o &7
0. &Y

8Y5 G
= 4730
RGN |
e 229

(L
v L] A \..f

v R
0. O8G
0. 193
.30
0.411
O, B30200
. a34q

aYs o
e 4TV,
- R

Fopaysan
LT }

- 118
™ n (:’ .!. '(‘I‘
), (3552
.19
0, 104
S
). Eig

(I é}‘q’ l

5vg 3
.1y
=l
i e
R
— ., LIS
0, D98
0,208
Dui1a
. 424

0,535

0. &47

8Yys 0
R I )
PR I
a0
- 1618
001
0. 105
.212
e B2

0.1
L T
0. G4

HYS P
Oa H70
o, 714
2, PES
0, 984
1 00
0,993
0. 964
Ou P24
Q.87:2
GuB14
O.7éae

HyYs PR
0,847
R R
O BEE
0. 936
1. 000
0.9
U RG22
.97
0,865
(e 81008
7L

ays pE
. 3é4a
0.911
0,955
0. P87
1w Q00
0790
. 258
0. 809
20,8575
Q754
Q. 738

8YS P
G, g60
0.5209
0. 955
988
1,000
1. PEE8
O e
0.0
0,842
0. 782

Gha 725

L.aan v
0. P07
0.9418
0, 923
0. QI
e 748
0. 958
0. 987
0977
D.PET7
U, 994
1.004

Laan v
0. 708
0,913
0,92

0. 9.5
Gy 9ebE
0. 958
0. 7468
Ve FT7
0. 787
0.%94
1,004

LOaDR v
0. 2049
Q.1
0. 958y
0, 959
G, B9
0 HEY
0. 968
0.978
0. 987
0.9%97
1,006

LOAD ¥
Q, 209
IR
0., P29
. PEG
0. 749
I, 259
0. 748
0.978
0. P87
P97
LaQod

EXCTTN
1.%60
1,644
Lo 762
1,662
1562
1,444
1.566
1.270
Lal74
1.078
. 9E4

ERITN
1 » Q(CJC’
1.859
1,757
1. 697
L. SGEa
1o840

E & e
dow nd () o)

(IS
1=171
1.074
0.981

EXCLTN

L. 954
1. 854
1.753
1,653
1,554
1. 454
1. oasEg
1.287
1. 148
1,073
0.97%9

EXCITN
1,749
1o 849
1. 7448
1o &ae
1. 550
1.45%
12554
1.240
L. lébE
1.071
0.977



2

-

i

g
P

Yo v
(Y]
Wy
0. 594
0.6
e 768
1u Gt}
1.0
)
1.0é
1.08
L ]

8Ys Y
G, 70
e 9902
Q. a
[ P
.96
1.0
1.02
1.0
L.04
1. 0Of
.10

8ys v
. 20
.92
WS
.6
0.9
1.00
1a.02
1.04
1.06
1.08
Laln

8Ys vV
0,90
0. 922
0,94
.94
Q. 9g
L. 00
2 1. 02
- L Q4
1.06
1.68
.10

= 1N
. 140
O P40
e 140
e L0
0. 140
Q. 140
0. 140
e 140
). 140
O 140
0 1440

F I
e 160
G L&)
0, 140
0, 1&0
0,160
. 160
0. 160
G L)
0. 140
O 160
ite 160

I
0.180
). 180
0. LEG
G. 180
0. 180
£.180
180
Q.180
. 180
0,180
0. 180

FoIn
O 200
0. 200
200
0. 200
0, 200
0 200
0200
0. 2000
0. 200
() 200
0 200

DATA FOR SYNCHRONQUS MACHINE, CONSTANT VOLTAGE

DuGE P
(I e
Cha 0%
D.074
0 L2700
0. 104
L9 B ]
O, 124
0. 130
i 1EE
0. 1357
e 137

nss P
W i
0. 074
£ 0
Dalio
0. 124
Oa 135
0. 144
O L350
0. 155
. 156
LS e

nEE F=
0.074
Cha Q6
T
0. 1351
0.144
0.155
0,164
G, 170
0. 174
D176
0.178

nEs F
. 097
0,117
0,135
0. 153
0.l b
0. 17E
O las
O 190
0.193
00195

0,193

pR&EG 6
W 234
Ly G4 4
. 749
e &
0.556
457
0, ST
L8 AT
0. 157
U049
- (W3H

DSG G
. 930
e 358
0. 743
€, 447
€. S50
Q. 451
0. 351
U 49
0.144
6 N T
. OEE

DG W
0,924
O, 832
. 7AT
0. bl
0. 5473
O 484
0, A4
), 243
Q. 146
0. On5
-, 70

nesE o
G218
0. 826
0. 7351
0. &34
0. 5E7
0. 428
0. 337
(. 234
O L3RR
0,28
- 77

TABLE B-II, cont,

HEAVY LOAD CASE

DEG =
e RIS
(WIS Ft
0, 09
0. 136
0. 183
L 244
[ e -
0 AL
0.bhl
Q.91

O R25

D&EG PF
G IEH
1, 90
LT
0. 14648
e 220
0, 287
O 379
L5164
0,724
.G h%

(E

nEG PR
O.081
0115
G. 154
0,200
0. 257
0. ERY
. 429
0.574
Q. 7EC
£, 780
1. 929

DEG M
0. 108
Q.14
0.182
L e
0,293
A7
0.477
0,627
0,825
0.0
0,929

B~11

LYs
0.674
D bl
0. HN4
e A3
0. b4
th. 43
. &4
0, &47
L ie)
0w bHEHOQ
0. 470

OvE
0. a653
0. &a435
O &34
Che 628
e 624
Oy 623
Q. &g
Dbt
O, &50
). bl
(W T |

Y8 F
0,473
. bPR
(SIS e 4
0. A0
QL&
O.an=
O 0%
9. 608
Qubld
0,622
0632

8YS
D.&l2
Oub0Dz2
G, 595
., 588
0, 584
0. 584
0. 585
0.38%
£, 594
& T 4y
O.4613

8YH O
=
e 304
w2
0 LOO
0, D0%
3. 111
0.219
325
0. 437
0,544
N ICTON |

8YE @
e ACY
- 300
. 157
=, 094
0,012

0,118
0. 2025
0234
0. 444
055G
e 66HE

5Y& @
—~. AFE
- 2G93
=u 191
- (387
0. 01a
Q.24
0,232
00341
0. 451
0,563
0. &a74

SYS B
- SE7
- B@7
-. 184
- D80
0025
G. sl
0,259
G348
0. 455
O S70
0. &83

Y& FF
. 857
0. 708
0. PEE
0. 998
1. 000
1. Q85
0947
0.8%2
Q. el
0, 74
0.712

ovs PF
0.3573
0. b
0, PES
0. 287
1. Q00
£, 985
0,941
0. 885
0,819
0, 7584
Q. :98

8YS8 FF
. 849
Q. P04
0. 955
G, F90
a0
0.979
0, R34
Tha 872
CaE0b
O.741%
0. AHES

8vYg FPF
.84
Q. 9035
O, 9
0,951
0. FRe
974
0,924
0.861
0792
0. 724
0. 648

LOan v
Q.71
0, H20
0. Q30
e G40
0.4
0,959
0. Fay
0.978
0. 788
CLRP7
1. 007

LOAD Y
0.910
0.920
£ 9730
0940
0. 950
O, Y
0249
O.978
0. 788
0. 997
1. 007

LOAD W
0.9l
0,981
e REQ
0. 240
0. 930
0. F&0
0.969
0.979
0. 988
. 998
1.007

LOAD W
AR
w2
.93
0.4
0. G50
o FED
0.949
Q.979
0. 988
0.998
1,007

ORIGINAL PLs 1
OF POOR QuUALITY

BEAGITH
1,744
1.844
1.744
1. 645
1,587
1.449
1.3%53
1,208
l.143
1. 068

0.975

EXCITN
1,939
.85
L. 740
1.&41
1.5843
1. 444
1,350

1, Lot

W v 4

i.161
L. O&T7
0.973

EXCITN
1.9354
18235
1.734
1637
1.540
L. A43
1.°3443

oo
(Lo p

1.159
1. 0E5
D.972

EXCITN
1. R30
1,831
175
Le&ia
1. 557
led41
1,345
1,251
R
Lo Q&5
0.970



CONSTANT IMPEDANCE LOAD

SyYys v
.90
.92
. 94
Q. 9é
Q.98
1.00
1.02
1.04
1.04&
.08
.10

8Ys V
0. 70
SR
.94
Q.24
.98
1.00
1.02
1.04
1.0
.08
.10

8Ys v
Q.90
0.92
(1. 94
0.9
.28
1.00
1.02
1.048
1.4
1.08
1.10

5Ys V
0,70
.92
0.94
.94
0,98
1.0
1.02
1.04
1.06
1.08
o100

P IN
0. 020
. Q20
0 20
0. 020
0. 080
Q.020
Q. 020
0. 020
0. 020
€. Q20
0,020

F IN
QL0440
0,040
0. 040
0. 040
0. 040
O 040
0, 040
0.040
0. 040
0. Q40
O 30

FOIN
0. 060
0. 060
1, 040
e QGG
0. 0E0
Cha D40
. Qa0
0. Q80
WY Ta]
L. Q460
0. 060

FIN
0. OB
0. 080
0. QB0
G OB
0, QB0
0, 080
0. 080
0. 080
0. OB
0. O8O
0. 080

DATA FOR SYNCHRONOGUS MACHINE, CONSTANT REACTIVE
LIGHT LOAD CASE

REG F
.19
0. QR0
0.020
0. 020
0.021
Q. 020
0021
0. QR0
0.021
0. QR0

Q. 020

DsE F
G 0E8
0. Q40
e Q40
0,040
0.040
0. 040
0. 040
0. 040
.040
Q. Q40
0. 040

Dsis #
0. 059
0. 040
0. 040
0. Q&0
0. 041
O O5S
0. 05
0. 059
0. 059
0. 059
oL, 0Ee

DEG F
0.078
£.080
0. 0Bo
G. 079
0.07%
Q.79
0.079
0. 079
0.07%
0.079
D.079

nsG @
- 009
- QO
-, D07
-, Q097
- 010
- 010
~-, 010
-, 310
- L0
-.011
- 011

neE o
-, D09
-. 009
. O
Eelel
=010
—. 010
310
L0100
W L0
-. 011
—. 011

I

D&EG @
- QY
~. 009
—-. Q0%
-.010
-, 10
-.010
~-. 010
. 010
~-. D10
—. 011
-. 011

DEG @
- Q09
-, QO
- 0y
-~ Q10
- L0180
o L0
~, 10
-~ QOL0
-, 011
-, 011
- 011

D8E FF
0.908
0.912
0.908
€, 904
0. 208
1. 8%94
0.201
(3. 8988
Q,a92
0.880
0. 8684

DEE FPF
0,975
0.975
0.974
.97
0.972
0.F70
0.749
0.948
Q. 947
0.%944
0. 944

NSG FF
0. 789
0.989
0.988
0.988
0.987
0.986
0. 784
0.985
Q.98
0.984
. 984

DSE FF
0.994
0,993
0.993
0. PR
0. 992
0 992
0.992
0.992
0,991
0.991
.991

B-12

8Y8s F
Q.044
d.044
O, (149
. 082
0. 085
0.059
0.061
0. 0465
0. &E
0.072
0.075

SYS F
D.025
0.027
0. OE0
0. 035
0. 034
0. 039
0. 042
(. Q45
0. 049
0.052
Cha Q54

8YS P
0, D05
0.007
0.010
£.0135
O.014
0.019
0L Q23
0.024
0. 029
Q. 0QE3
G, 054

8Ys F
~.014
-, 015
~. 010
- 07
= DOE
— 1300
0. 0075
0. 00b
0.010
Q.0L3
0.017

8Yg @
0.0E7
Q. 0859
0. 061
0. Qb4
Q. 0h6
0.069
0.071
0. 074
0.077
0.079
0.082

SYS @
O 85
0.059
0.061
Q.0&64
O.0&6b8
0. 049
. 071
D074
0.077
0.079
0,082

a8vys o
Q.0E7
0. 059
0. 0462
0,044
0. Db
0. Q469
0.072
. 074
L0777
0. 080
0. 082

8YS @
Q. 057
0. Q7
0,062
0. 044
0.0867
0. 069
D072
L 074
D.O77
0. 080
Q.02

SY8 PF

Q.
O
o,

0. &35

0!
Q.
Ol
C,

418
419
627

&3

649
&E0
661

T

0.
QO

8Y5 PF

0.
0.
o.
Q.
0.
0.
0.
Q.
(:1 LJ
0.
Q.

8Y8 FF

o.
0
0.
0.
0.
Q.
Q.
Q.
0.
a.
0.

Y8 FF

Q.
0
Q.
Q.
Q.
.
O
Q.
.

0. 162
197

.

672
472

400
412
454
455
474
492
508
P
wah
Sep
SHe

g0
117
158
174
258
269
00
329

isita

79
401

245

w209

156
103
DS
004
047
085

125

LOAD V
0892
O.211
0. 92351
0.9581
0.971
0.991
1.011
1.030
1.050
L.O70
1.0%0

LOAD v
0. 893
0,912
0. 9352
0.9592
0,972
1.991
l1.011
1.031
1. Q¥
1.071
1,090

LOAD ¥
0.893
0.9173
.95
0,93
0.973
0.9
1.012
1.032
1.0
1.071
1.091

LOAD WV
1. 894
0.914
0,934
0.954
0,973
0.993
1.01%
1.03%3
1.0852
1.072
1,092

ORIGINAL PAGT o
OF POOR QuALK

EXCITN
. 885
Q.06
0.923
0. 994
0.944
0.984
Lo Q00
1.022
1.044
1.061
1.081

EXCITN
0.889
G.907
0.924
Q.47
O.989
1.006
1.025
1.045
L.0864
1.084

EXCITN |
0. 895
0.F10
0. 930
O 951,
0. 975
. 990
1.009
1,029
1w DAL
1.0&7
i.0846

EXCITN
. 878
a.914
0. 934
0.954
0.R78
0.724
1.013
1. QGas
1.051
1.070
1.089



g5yYg v
0.0
Q.92
0. %4
Q.24
0. 98
1.0
1.02
1.04
1.04
1.08
Lot

8ys v
0.7
Q.92
0.4
Che 98
Q. 78
1.00
1,02
1.04
1,06
1.08
l.1¢

85Ys5 ¥
0.0
.92
0,94
.96
0. PE
1.00
1.02
1.04
1.06
1« 008
L.10

aYys v
.90
Q.98
Q.94
a4
0.7
% 1. 00
il.ﬁz
1. 08
1,08
1.1

F IN
Q. 100
. 100
0. 100
Q. 100
D.100
Q. 100
0. 100
0. 100
. 100
0,100
O. 100

F I
e 15200
0. 120
(. 120
0. 120
0. 120
G 120
.120
0. 120
O 120
G, 120
O.120

FOIN

S D140

. 140
0.140
S.140
. 140
0. 140
O. 140
0. 1440
Q0. 140
0. 140
0.140

FIN
Q. 140
0. 140
0. 160
2.160
0. 160
0. 140
Q. L&D
0. 160
0,140
0. 1460
0. 160

TABLE B-1II, cont,

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
LIGHT LOAD CASE

R&G P
0.098
0.099
.09y
0,089
0,099
G.Q99
0.099
€. Qe
0. 098
0.0%8
0. 098

DEG P
0.117
L
0.119
0.118
0.118
0.118
0.118
.118
0.118
a118
0.11%9

neGg F
0. 137
0. 158
0. 1358
oL 138
0. 138
. 138
0. 1358
o137
0. 137
0, 1756
. 159

nsG &
0. 154
0. 158
0. 157
0. 157
Q. 157
0,157
0. 157
0,157
0. 158
0. 158
£.158

DEG ©

=009

o Q0%
= QL0
=. 010
=010
- 010
=. Q10
- 011
- 011
-, 011

N&G @
= Q0%
-, Q0P
—,. G0Y
-, 010
L0100
—. 010
- 010
=18
- 011
~ 011
—-. 011

DG ©
- 009
. QIO
-, Q0P
~. 010
~. L0
=, 010
-. 010
. 010
—~ 11
-, 011
~.011

DsE @
- O
e Q06
—-.010
L
- £310
~. 010
—. 0L
- 010
- i1
-, 11
-, 011

P& PR
0.9948
0. 9%
0. 994
0,995
0,995
Q.95
0. 995
0,995
O.994
0,994
0,994

D&aG FF
0. 997
Q.997
0. 9%97
Q.997
0. 997
QPP
0,994
. P8
0.994
L P94
0.994

D8G FF
0. 998
0.998
. 999
0.998
0.997
L.997
0.997
0. 997
0. 5997
0.997
0.997

DSG FF
0. P98
£0.9%8
0. 998
0. 998
Q. 998
. 998
0. 998
. 998
0,298
0. 798
0. 998

B-13

8YS P
—~. 034
-, 032
- 029
-. Q248
- 323
. Q290
=~ 14
- QL3
=. Q10
— Q04

=W DO

8Yys P
~, Q03
- G
—. 49
-, 045
- 42
e G
—-. 034
—. AR
-~ 029
-, 24

~u (:323

ays p
- 073
-, 071
~. 48
- 65
-, 0&e2
-, 058
= D55
—. 053
~. 048
=y Q4é
. 4T

8Y8 -
— G2
= G0
= 2837
M w C)B'q
—~. 81
. 078
= 74
- 371
- e

] (363&6 '

—. Q&S

8Y8s @
0. 057
Q. 059
Q. 042
G D44
D.0&7
0,069
0.072
QL0748
£, 077
. 080
0. O3

8Ys @
0. 057
0. 0460
0.0482
0. Qd4
&7
0.0869
Q.072
0.075
D77
O 080
0,083

8Y5 0
2,05
G, Q40
£0.062
0. 0465
0. 067
0. 070
0. Q07
0,075
Qa 077
0. 080
0. 08T

8Ys @
0. 058
0 Q&0
O 0E2
0. 0465
167
0. 070
QL0732
0.073
0.078
Q. 080
Cu O3

8Ys FF
0.510
Q.a77
0,428
0.378
0. 325
0,274
0. 233
0. 174
0. 124
0.079
0.034

8Y8 FF
0. 481
0. 655
C.a18
0.5977
0,335
0,491
Q.445
Q. 399
0. 353
e 304
0. 273

Y8 PF
0. 784
O. 745
Q.73
0. 70%
e &77
Q. &4
Q. a07
0,970
0,530
O, 500
04462

8YS FF
0.847
L I o4
0.814
0.752
0. 769
0. 7484
0,717
0.488
0. &b
Q. &5
0. 4602

LOAD
0. 8095
0.91%5
. WI5
Q. 954
0.974
0.9%949
1.014
1.023
1,053
1.075
Looes

LaAn v
0. 894
0.9214
e 938
. 955
0.975
Q. 995
1.014
1.0348
1.084
1.073
1.a9n

L.0an v
0,897
0,917
0. 934
0.9564
D.774
0. oL
1.018
1.40355
1054
1.074
1.0%94

L.oAD v
0. 898
0.917
0. 957
0,957
Q.976
O.F9%8
1.014
O o dr
1. 055
1.07%
1.095

EXCITK
0.903
G.918
0,939
0.9461
S s
0.9986
1.017
1.024
1.055
1.074
1.092

EXCITM
0. 909
0. 9228
3. 944
0. 947
0.98E84
Le00s
1.022
1. 046
1.089
1.077
1.101

EXCITM
0,915
0.9354
0. 90
.97
0.990
1.008
1.027
1.045
1.043
1,084
1. 104

EXCITN
0,92z
Q.40
0. 954
0,979
0.995
1.014
1,032
. 050
1L.071
.Gy
1.111



LyYys v
0.0
Q.92
.94
O, 24
.78
1.00
1.0
1.04
1.08
1.0
.10

S5yYyg v
0,90
[ L
0.94
0.9
0. 28
1.0
1.02
1.4
1.06
1.08
.10

REALIETIC LOAD

8YSs V
Q.0
L I
.94
O.Fé
0. 98
1.0Q0
1.02
1.4
1.04
1.08
1.10

BsYs V
0,20
Q.92
0.94
Q. Fé
0. 98
1.00
1.02
1.04
1.06
1.08
1.10

FIN
e 180
O LEO
0. 180
0. 180
0. 180
Qw180
0. 180
0. 180
0. 180
0. 180
e LEO

FOIN
€, 200
. 200
0. 200
0. 200
0200
Qe 200
€ 200
0. 200
(Ha 200
0, 200
Q. 200

oI
e 020
Q. Q52
0. 020
0. 020
0.020
0, 020
0. QR0
a Q20
0. 020
0. QR0
O, 020

FOIN
0.040
G A0
G D40
0. 040
0. 040
0. 040
0,040
0. 040
£, O30
0.040
0. 040

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE

DsE =
O, 17%
. 177
. 177
0,177
0. 17&
Q.ul76
0.176
Ou.l77
0.177
O.178
0.178

nsG P
0,195
196
0. 196
0,196
. 194
e 195
€. 1964
Q0. 197
0. 197
0. 197
0. 198

REFRESENTATION

D&EG P
0H.01%
0,019
0.019
e Q20
0. Q20
COa Q20
0. 020
0. 020
L, 0R0
Q. 020
0. CHED

nas P
0O.0E9
0. 040
. 0480
Q. 040
2. 0G0
.04
Q. 040
.04
0. D40
0. 040
0. 040

NeG @
- Q09
. 09
— 010
- 0110
= 10
- 10
-. 010
~. 011
- 011
"‘noll
—u 11

NEG @
- Q09
« 030
L»OL0
W 03100
w010
LOLO
—-a D30
-, 051
-, 011
—. 0Ll
-.011

H

!

DSE @
—. 0%
-. Q09
—. 09
-~ Q0I5
—-.010
~. 010
. (310
=010
—. 010
— 011
~. 011

DG @
- Q0T
- 005
- QO
—a Q0
— L0
—. 316
~a 310
—~a 010
-, 310
—. 011
-, 11

LIGHT LOAD CASE

DEG FF
0. 999
0.999
0.999
Q0,998
0.998
Q.998
0. 7748
0.99a
0. 998
0.998
0. 998

DEGE PF
0. 999
0. 999
0.99%9
0,979
0.999
0. 999
0.999
€. 999
0.998
0.998
0. 794

DeG PF
0. 708
0. 905
0. 904
Q.70
G, 899
G. B84
0. 894
0. 890
0. 887
0.884
. 8681

D&S6G FF
L R75
0.975
0.974
0973
0,972
QL9732
0. 969
O.76%
O.967
0.967
0. 7464

B-14

8ys P
-.111
. 109
~. 104
) 103
- 100
- 097
. QR
~. 071
~. 088
- 08T
~=. @2

8Yg8 F
-~ 1350
--' 128

oy
L] o

-, 122
-. 119
~.11é&
~. 114
-. 111
-, 108
- 105
~. 101

8Yys B
0. OFD
0.032
0,055
0. 055
Q.05
0. 059
.04
0. 0673
0,06
QL0467
0. 069

sYs P
0. B0
0,031
0, Q3%
0. 035
QO.037
. 038
.042
0.0473
0. 044
0.047
0,050

gYs @

Q
0
0
¢]
W]
4]
0
(o]
0
Q
0

» DEE
. DGO
D462
. DES
- A7
Q70
LT
075
» D70
» 080
«0B3

8YS @

0
Q

0.

')
0
0
0
o}
il
)
.

w DR
v CHAr)
063
» &S
L O&7
W70
L7
O75
078
381
W O

8YS &

0
C
0
0
0
0
£)
0
o
€
]

. B0
6D
« D64
Y T-Y-
W Q&7
« 169
. 071
e
074
074
. 78

5Y8 @

Q
(@]
o]
t
0
Q

Q.

4]
C
O
)

W61
062
LG4
W Qdb
W DET
. ObS
071
L0733
. 074
L0076
. 078

ORIGINAL PAGE 19

OF POOR QUALITY

SYS FF
¢.aa7
0.877
0,863
0.847
0.830
0.811
0.791
0.773
0.751
0D.727
0,702

SY5 FF
0.913
0. Q03
0. 895
0.88%
0. 370
0.856
G.84%
.827
0.810
0,792
0. 773

SYS FF
0,635
(3. 4638
O.a41
0. 444
0. 4647
G, &0
0,453
0.4656
0. 6599
Q. b4b2
0. 665

SYs FF
0. 447
0. 444
0. 459
0. 472
0. 487
0. 485
0. 505
0. 507
0. 524
0. 525
0 540

LLOAD v
Q.
0.
0.
0!.
0.
0.
1.
1.
1.
1.
1.

Laab V
Q.
Q.

(4]

LOAD V
0.
0.
G
Q.
o
G
1.

Bes
18
238
P57
277
997
014
O34
0S4
076
95

899
219

- P39
0.
.
0.
1.
1a
5.
1.
1.

a8
W7E
998
Q17
Q37
057
074
094

891
11
@31
951
?71
F91
a1l

1030

1.
1.
i.

LOAD Y
892 -
912
0.
0.
0.
Q.
1.
i.
1.
1.
1.

O.

0

050
Q70
Oe0

P32
52
72
791
011
o3l
051
071
091

EXCITN
0.929
Q.47
0. 2562
0. 988
1.001
1.019
1.037
1.054
1.077
1.0946
1.1164

EXCITH
0.937
0. 254
0. 269
Q.993
1. 008
1.025
1.042
1.0&3
1. 082
1.101
1.121

EXCITN |
0.884
0. 905
0.924
0. 945
0. 962
0, 983
1.001
1,023
1.044
1.0466
1.081

EXCITN
0. 888
0. 209
0,924
Q.947
O FE7
. F8E
1.004
1.027
1.045
1.04%9
1.084



8Yg V
0. 20
.92
.94
Q.96
0.%8
1.00
1.02
1.04
1.0O&
1.08
i.10

8Yes v
.90
Q.92
D.949
COuSé
0. 9g
100
1.02
1.04
1,04
1.08
1.1l0

85Y8 Y
Q.70
.92
D.94
0.9
0.98
1.00
1.02
1w €41
Latlb
1,08
1.140

5Yg8 V
0.0
L P
0,94
.96
3. 28
1.00
1.02
1.04
1.04
1.08
1.10

F IN
O.0A0
0. 060
0. 0&0
. 060
0. 060
Q.00
€. G0
0. 040
0. 040
0,040
0, 060

F IN
Ch, QB0
0. CEIC)
0. 0B
0,080
. 080
0. 080
0. 080
0. QB0
0. 080
0. 080
£, 0RO

FOIN
Q. 100
€. 100
0. 100
QL1000
0.100
0. 100
Q. 100
Q. 1600
0. 100
G, 100
0. 100

F INM
0. 120
0. 120
0. 120
Q. 120
0. 120
0. 120
. 120
0. 120
0.120
Q.120
0,120

TABLE B-IIIL, cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
LIGHT LOAD CASE

nsG F
.05
0. 060
0, 0D&0
€. 0460

0. 0460

0. 080
Q. 089
0.05%
0. 059
0. 059
0 059

nss F
0.078
0. 079
0.079
0,079
0,079
0,074
0,079
Q. Q79
0,079
2,079
L0779

nasE
0. 098
0. 099
0. 0%9
0. 099
0. 079
0. Qe
0. QPR
0.099
0. 099
G. 099
Q. 098

DEE P
0.117
0,119
0.119
0. 118
0.118
.118
0,118
0.118
0,118
n.116
0.118

DG 0
-, 0Y
-, QO
-, 09
-, 010
- 010
- 010
=, Q10
- 010
-. 011
-, 011

DSG @
- Q09
-, 0%
- O
-, 010
- 010
-, Q10
-, 10
-, 010
™ (:)11
' 011
- 1311

nsG @
—. 009
—, {09
-, CH)G
-, 10
~. 010
~. 010
-, 010
o 310
-, 11
=, 11
~. 011

DsGE @
- 00
- D09
—. Q09
- 010
. 010
- 010
- 010
=010
-.011
—a 011
-.011

D&8E FF
0. 989
Q. 989
0.288
0,988
0. 287
0.984
0. 784
0. 9285
. 98S
Q. 984
0.984

D&EG PF
0. 2eq
Q.93
0. 793
Q. 993
0.7
0.992
0.992
Q.992
0.1
Q.94%1
0.991

DsG FF
0. 996
0.9%6
0. 978
0. P95
0. 99
0,995
0, 995
0.9%95
0.994
. 994
0. 994

DEE FF
0.997
Q. 997
0.997
0,997
0,997
0. 994
0. 9974
0 996
0. 994
0.994
0.9%94

B=-15

gYs F
0.010
0.011
0,013
Q.015
0. 018
0. 020
0.022
0.024
0.024
0.028
0. 030

8YS -
—~, 009
-, Q08
—~ A
~ . Q014
- D02
€. 000
0. 002
Q. Q04
0. 004
1. Q09
0.011

8Y8 P
-, 029
-, 028
~. R4
= 024
—. 022
—. 019
- 17
-, 015
L o i
~. 011
=, O0Y

8¥Ys -
~ o LHLE)
-, 047
- 015
~ . Q45
-, 041
- ORGP
- QA7
- LERT

—a 52

~ . Q350

~. 028

8Y8s @
0. 081
e (142
P TY)
0.064
(:, » l:’ é’ Ei
0. 0469
0.071
Q. 0773
Q0.075
0,074
0. 076

8Y58 @
Q.06
0,062
Q0G4
0.0464
0, 048
. Q46
O.071
0.073
0. Q75
0.074
0. 078

ays @
0,06
0. 087
3 Db
0. 0QhéE
0.0468
OLO70
0.071
SLO73
0,075
0.077
0.7

5Y8 @
O.061
0. 068N
0. 084
Q. 0bb
0. 068
Q0. Q70
0.071
G. 075
Q.075
QLO77
0.078

8YSs PF
0.1467
0.17%
0. 204
.2268
0,251
. 2773
0.293
0312
0 329
544
0.3462

8Y8s PF
0. 151
0. 132
0. O9E
0,043
0. B0
0.001
0. 031
0.059
0. 084
0. 112
0,137

Y& FF
0,427
0. 407
0. 373
0.358
0 E30%
0.269
0,254
Q. 203
0al71
0. 141
D.110

Y8 PF
O.41%9
0,602
0.075
0. 544
0,817
. 487
0. 457
0. 427
0. 297
Ou 567
C. 337

LOAD V
0.8%3
.13
0. 7535
0,952
0.972
0.992
1.0172
1.032
1,082
1.072
1.092

LOAD V
. 894
0.914
0.973x
0.953
0,973
0,993
1.01%
1,033
1. 0855
1,073
1.092

L.OAD V
0. 8794
0.914
0. 2354
0. 9854
0.974
0.794
1.014
1,034
1. 083
1.073
1.09%

LOAD V
0. 895
.91
0,925
0,955
0. 975
0. 995
1.014
1.0

1.054
1.074

1,094

EXCITN
0. 392
H.910
0. BE0
0.9591
0.972
Q.99
1.014
1.029
1.049
10468
1.088

EXCITN
e B97
0.714
e 934
e 95
0,977
0.998
1.0L3
1.03%
1.0852
L.o7il
1.091

EXCITN
0. P03
0. 718
Q. 258
18]
0,982
0. 999
1.018
L. 057
12056
1.078
l.0w4

EXCITN
0,709
0. 927
O.%473
0. 65
0. P88
1.003
.02
1,041
WYy
1.079
1.097



8Yg vV
0. 70
G, 9L
.94
Daé
0. 94
1.00
1.02
1.04
1.06
1.08
1.10

85y5 V
.90
Q.72
Q.24
. Pé
0. 78
1.6G0
W
1,04
1.G4
1.08
1.10

5Y8s V
0. 90
Q.92
0,94
O.96
.28
1.00
L.02
1.04
1.0&
1.8
1L.10

8Yg ¥
0,90
0. 93
QG4
Q.96
.98
1.00
1.02
1.04
1.04
1.08
1,10

PoIN
. 140
0. 140
. 140
3. 14¢)
. 146
Q. 140
0,140
€. 1440
. 140
). L4¢0)
. 140

FOIN
0, 160
0,160
0. 160
0. 160
0. 160
0. 140
e 160
0w 1é&0
0. 140
0. 160
e 140

FOIN
0. 180
0.180
0. 180
0.180
0. 180
. 180
O, 180
O. 160
0. 180
0. 180
0. 180

P oIn
e 200
£, 200
O, 200
£, 200
0. 200
G 2040
O 200
O 200
0. 200
. 2000
Q. 200

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE

ngsG P
0. 127
0, 1738
0. 158
. 13383
0. 138
e 1738
L {2
Q. 138
0. 137
0. 137
0.139

D& =
0. 15¢&
0. 157
0L1S7
0. 157
Q.57
0. 157
0,15
., 157
0,157
. 158
£.188

ReG P
0.175
0.177
0.177
GuL77
D174
0,178
. 174
O.176
D.177
0.178
. 178

ngs F
0. 195
0. 19é
0. 196
0. 194
O.lR6
e 195
(1. 193
0.197
0.197
D.197
0.197

DsEE Q
- 00Ng
ey DO
- D0
.10
- 010
oy 1)
=010
- 13160
w011
-~ 01}
- 011

DSE @
- 09
- 08

= 010

- 010
- ]G
-, 16
-, 10
—~ 014
L, 01l
-, 011
—-.011

nsg o
~-. 009
- Q0%
-, 10
~ L0
-. 010
o, 4310
-, 010
SalE S I ]
~-. 6211
-, 11
~.011

DSG &
~. Q09
-, 010
-, 10
—. 010
-, 010
- A0
-, 010
—-. 011
w1
-. 011
~, (111

TMHE EdﬁI,cont-

LIGHT LOAD CASE

DG PF
096
0.998
Lh P96
0. 998
0.997
0.997
0.9%97
0.997
0.997
Q.997
0.997

naa FrF
0. 998
0.998
0. 998
. 998
0.998
. 998
0,998
0. 998
3. 998
0.998
0.9%8

DeE FF
0.999
0.999
0.999
0. 994
0. 9949
0.998
0.998
Q.798
0.9798
0.998
0. 998

nsG PF
. 999
0.99%
0.999
0. 999
0.999
0. F9%
0.99%
0.999
0.9%948
0.998
0.998

B~16

8YS8 P
- &7
-. Q&7
v, DS
-~ (35
= DE0
-, 058
- Q54
-, (354
-, DSR2
-, 0G0
-. 0149

gys P
~.QB7
~. 084
_»084
~. Q82
"uOBQ
-~ Q77
- D78
—. 073
-~ 071
- Q70
-, 0468

8Y8
-. 104
-. 105
e LS
~. 101
—. (79
- Q97
- 074
—~. 072
- 91
- R0
-, ge

8Ys P
-, 125
-. 124
-, 122
. 120
-.118
-.11é
-.114
—. 1173
-.111
-. 109
- 107

5YSs @
0.041
0.063
0.065
Q. 0bb
e O&6HE
0.070
0.071
0.Q73
0.075
QO.077
C.O79

8Ys8 @
0041
0,063
0. 065
Q. 0lb
0.068
0.070
0,072
0,073
0, Q7%
Q.077
0.079

BYgs @
D.0G1
0,063
0. 045
0.0867
0. D&E
0.070
0.072
0.073
Q0.075
Q.77
Q.79

8Ys8 [
0. Qa2
0063
Oe OGS
0.067
Ch 068
0. 070
O.072
0.074
Q.075
0.077
0.079
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OF POOR QUALITY

8YS5 FF
0.741
0.728
0.708
0. 4686
O.bb4
0.&41
0. 4617
0. 593
0. 568
0,543
Q.527

aYSs FF
0.817
0.807
0.792
0776
0.760
0,743
0. 725
2. 7064
o, 6E7
H.&74
0. 656

8Y8 PF
0. 865
. 838
0. 847
Q. 835
0.823
0.810
Q.797
0. 783
Q773
0.759
Q.74%5

8YS FF
0.8av7
891
0. 883
0,874
0.845
0. 855
O.845
0. 838
0.827
0.817
0. 804

.OADR ¥
0. 894
0.916
0.934
0. 954
0.975
0.995
1.015
1.035
1,038
1.075
1.098

LOAD W
0, 897
.17
.37
0. 954
0.974
0. 9%
1.014
1.036
1058
1.079
1,088

Loan v
0.8948
0.918
Q.37
0.997
0.977
0.997
1.017
1.036
1,086
1.076
1.0964

LOAD V
0.899
0.918
0. 938
0.958
.978
Q.98
1.017
1.037
1.087
1.077
1,097

EXCITHN
0.21%
Q.933
0.94%
0.971
0.994
1,008
1.027
1,044
1.0644
1.083
1.10G

EXCITN
0,922
0.940
0.9255
0.977
0.995
1.014
1,032
1,081
1,069
1.091
1.111

EXCITN
0. 929
0.946
G.941
J.984
1.001
1.019
1.038
1.0856
1.077
1.094
1.11é4

EXCITN
0. 934
0.953
0.972
0.991
1.008
1,025
1.04%
1.0460
1.082
1.102
1,121



Sys v
.20
0.2
0.94
Q.54
0.78
1.00
1.02
1.04
1.04
1.08
1.10

GYs v
0.0
Q.92
Q.94
o Y
0. 98
1.00
1.02
1.04
1.06
1.08
1.10

8Yys v
0,0
.92
.24
D.P4
0,98
1.00
1,02
1,04
1.0&
1.08
1.10

gYs v
0. R0
“0.92
0.94
0,96
(. 98
By, 00
qL.02
w1 .04
1. 06
L1« 08
AL 10

»

g

FIM
0,020
0. 020
0, Q20
0. 020
0,020
0.020
0. 020
0. 020
0,020
0.020
0. 020

F IN
0. 040
0. 040
0. 040
0. 040
Qw040
£ QA0
O, 040
0.040
0.040
0,040
0.040

P IN
Q. OH0
(o €430
0.060
0. 0460
0, 080
0. GH0
o, 040
0.060
0. 060
0.0460
0L 060

FOIN
. OE0
0. 080
0. 080
0,080
0.08BC
Q. 080
Q.00
0080
0. DE0
0,080
0. 0B0

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
CONSTANT IMPEDANCE LOAD

DSQ,P
0. 020
.20
0. 020
Q. 020
0. 020
0.020
G Q20
0.020
0.020
Q. 020
0. 020

DSG P
0,040
. 040
i2.040
0.040
0. 040
Q.040
QL 040
Ga Q40
40
Q.040
0. 040

DG ~
0 040
0. Q&0
0. 040
£, 0460
0. 040
O 40
(9o -Tn}
0. 0560
0. Ge0
Q. 060
0. Q4O

nDsG F
0,079

0.079

.07
0,079
0.079
0.079
0.079
0.079
0. 079
0. 079
0,079

DHEE O
-, 08
—. 209
., Q0P
- 007
- 007
= 009
- Q0%
e 10
-. 010
™ CIIO

nsG o
- Q08
-. 008
- D09
—, Q09
-, D09
- 009
- QP
— . DO
-. 010
~. 010
- 10

nNeG @
-, Q08
- Q08
- 09
- Q0
- Q09
- 009
-, QY
~, 010
- 10
w10
- 10

L8sG @
- 008
-. Q08
-, 009
—, M1
—~. D09
. 09
- 009
-~ 010
- 010
. 310
—a 18

TABLE B=-IV

HEAVY LOAD CASE

nsG FPF
0.924
0. 923
0.920
0.717
0.914
0.911
€, GO
0.905
0,702
898
GBS

DG FF
0D.979
.79
. 978
0.977
.R74
0.975
0.974
D.970
D972
0.971
. 270

DEG FF
0. 991
G. 990
2.990
Q.98
0,769
0.988
0. 988
¢.988
0.987
0.987
0. 984

DSG FF
0. 995
0,994
. 994
904
o, 994
. 993
0. P93
0.993%
0.993
0.992
0.9292

B-17

gyYs P
0.522
0.544
0.571
0.5397
0.623
0.64%
0.&476
0. 704
0.732
0.760
0. 790

8Y8 P
0. 504
0.528
0, 553
0,578
.04
0. Al
0. 46508
0. 685
0.713
O.74°2
G771

SYS P
Q. 485
0. 509
Q.53
0. 540
0.5846
O.bH12
0. 639
. bh7
0.695
0. 723
0.792

g5Y§ P
0. 467
. 491
0.516
0.541
0.567
0.594
0,621
J.5648
O.&74
0.705
0.734

85YS @
D.A1
0.433
0. 452
.47
0,421
0.511
0.5
0,952
O.877
0,995
C.&17

8Y5 @
Dedilt
0.434
D453
0.472
0,492
0,512
0532
O 553
D.574
OS894,
O.618

85Y8 @
0.417
0,435
0. 459
Q.473
0.493
L5103
Q.33
0. 554
0,575
0.597
0.619

8SYs @
O.418
. 4348
00455
0. 474
0.4%4
0.514
0. 5934
0.5595
0.8974
0.598
0. 420

ORIGINAL PAGE I3

OF POOR QUALITY

ayYys FF
0. 783
0.784
0,784
0. 785
0.78%5
.7864
0.786
0.787
G.787
0.787
0,788

8YS5 FF
0.771
0. 772
0.773
O.774
0,775
D.776
0777
0,778
Q0779
0.780
0.780

85Y5 FF
0.759
Q.74
0.762
0.764
0.765
0,764
0. 748
0.7469
D.770
Q.771
0.772

8Ys FF
0.745
0,748
0.750
C.782
0,754
Q. 754
0.758
0.759
D.7&1
Q. 7862
O, 764

L.OAD V
0.823
0.841
0. 8&0
0. 878
0. 894
0.915
0,933
0. 95])
0.9469
0. 788
1.004

L.OAD V
Q. E324
0.842
O- 8&1
0.87%
0.897
.18
0.934
0.952
0970
. 784
1.007

LOAD V
0. BR5
0. 843
0.B62
£2.880
0,898
D.9214
0.935
Q. 953
0.971
0. 989
1.008

LOAD vV
0. 8268
0O.844
0. &3
. 881
0. 899
D.917
G ES
0. 954
O.RT72
. 920
1. 008

EXCITN
0.815
0.833
. 852
(. 870
0. BB
Q.204
0.724
0.743
D.Pé1
0.97%
0, 998

EXCITN
0.820
0.838
0.EHSE
0.874
. 892
O.9La
0. P28
Q.944
0.964%
0.983
1,001

EXCITN
0.825
0. 843
0. B340
0.878
0.894
0.914
0.932
(OTe)
. 248
0,987
1.004

EXCITN
0. 870
0. 848
0. B4d
0. 884
Q0. 201
G.919
0,957
Q.955
0975
0.991
1.009



TABLE B-IV, cont.

ORIGINAL PAGE 13

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE OF POOR QUALITY
HEAVY LOAD CASE

85Ys VvV P IN nsG P DSG @ DE6 PF 8Ys P sYs @ 8YS PF LOAD V  EXCITN
0,90 0. 100 0. 099 ~. Q083 0.996 0. 44% D.419 0.731 0.827 0. 837
0.2 0.100 0.099 - 0089 .996 0.473 0.437 . 7354 0.845 0.8%4
.94 Q.100 0.099 ~-. 007 0974 0. A9d 0.454 0. 737 0.0863 0.871
Q.96 0.100 0.099 -, Q0% . 996 0.523 0.475 Q.74 0.882 0.889
o.98 0. 100 0. 099 -. Q0% 0. %6 0.54% 0,495 Q.73 0. 900 0.907
1.00 0. 100 0. 099 -« 007 0.994 0.575 0.515 0. 745 0,918 0.924
1.02 0.100 0. 099 =, Q0% 0,993 0. 602 0.3535 D.747 0.934 0.942

1.04 0,100 0.099 ~-. 010 0.99% Q. 630 0. 556 0.730 0.954 0.960
1.06 0.100 0. 099 010 0. 998 0. 658 0.577 0,742 0.973 0.977
1.08 2. 100 0. Q99 ~-. 010 Q.99 . 486 0. 8599 0.795 0.991 0.995

1.10 0100 0. 099 -~ Q10 0,995 0.7164 0.621 0,758 1.00%9 1.013

gys v FIN DG F DEG @ DSG FF 8ys P 8Ys @ 8¥Y8 PF  LOAD V  EXCITN
. R0 0. 120 DJ.118 ~. D08 0. 997 0. 430 0. 420 0.71é 0.828 Q. 843
Q.92 0. 120 D.118 o I0F 0.997 0.455 0. 438 ¢.720 0.844 0.861
0.94 0. 120 0.118 =, 0% 0.9%97 0.479 0. 457 0.724 0. 864 0.878
D.96 0.120 Q.118 ~. Q0% 0,997 0.505 0.474 Q.727 0.882 0.89%
0. 96 0.120 0.118 —. 00% 0.997 (NI 0496 0,731 0.901 0.9213

1.00 0. 12¢ G.118 ~ . 09 . 997 0.557 0.5014 G754 Q.19 0.930
1.02 0.120 0.118 —. 00y . 997 0. 584 0,834 D757 0.937 0.247
1.04 0.120 0.119 ~. 310 Q.997 O.bll 0. 557 0,739 0. FEG 0. 965
1.04 . 120 .11y -.010 0.997 Q.&640 0.4578 0.742 0.973 0.783
1.08 0.120 Q.119 ~ 10 Q.99 0. b&8 0. &00 0. 744 0. P92 1. Q00

1.10 D.120 0.119 .10 0.9%48 . 697 D622 Q.744 1.Q10 1.018

8ys v FOinN D&sE P NG & D&H3 PF 8yg P BYS € 8Y8 FFLOAD V EXCITN:

Q.90 140 Q. 137 ~, Q09 0. 994 Qu412 0.421 0. 700 0.829 0. 851
0.92 0. 140 0. 137 - Q09 0.998 0. 4% Q.43 Q. 7085 0. 847 (. 868
0.94 0.140 0.138 —. 09 0. 996 0.4461 0. 458 0.710 0.865 0. 865
O.Fé e 140 .18 . 009 0.998 0.487 8477 0.714 0.883 0,702
0.8 Gu 40 0. 1358 - 09 . 298 0512 0.497 0.718 0.902 0.919
1.00 0.140 0. 138 —. 009 0.998 . 539 0.517 0. 722 0. 720 . 936
1.02 0. 140 0. 138 “. 010 0.798 0. 5464 0.33 0.725 0. 938 Q.53
1.04 Q. 1440 0.1358 - 010 0.998 Q. 593 Q. SG5E 0.728 0. 956 0.970
1.06 0. 140 £.138 ~. 010 0.997 0. 421 0.E579 0.731 974 0.788
1.08 0.140 0. 138 —~. 00 O.997 0. 4650 0.601 0. 734 0.9%92 1,005
1,10 0. 140 0. 1338 =010 0,997 0.479 0.6273 Ch 7237 1.011 1,023

8Ys V FOIN DEGE M DEG 6 D8GE FF 5Ys P gys @ 8YS8 FF  1.OAD V  EXCITN

0, 20 0. 160 0,157 - 009 0,999 0.aRE 0,422 . &B2 0. 830 0. 859
Q.92 0. 160 0,157 -, Q0O 0. 996 0.418 G440 0,689 0. 848 0.874
0. 94 G L &0 O 157 —, (0 0. 998 0. 443 0. 459 0.494 0. B8&4 0. 893
.94 0. 140 . 157 -, 309 0,998 0.4é68 0.478 0. 700 0.884 0.907
0. 98 0. 1460 0. 15 -, 07 0.994 0. 494 0.498 0708 0.902 0.929
.00 £, 140 0. 157 - 3015 Q. 996 . G21 0.918 0,709 0.921 0.943
1,02 e 160 0. 157 - 010 0.998 C. %548 0. 538 0.714 0.939 0.959
1.04 0. 160 0.157 ~a 316 0. 998 0.574 0,559 0.717 Q.957 Q.974
1.068 0. 140 0.157 —. 010 0. 994 0. 604 Q. 580 0.721 0.97% 0,992
1.08 0.1&0 Ga 157 -, 10 (. 998 0.633 602 0.724 0.993 1.009
1.1¢ 0,140 £, 138 - 010 . 298 0. 461 0. b24 0.727 1.011 1. Q30

B~18



8yg Vv
020
092
£, 94
Q.94
0. 978
1.00
1.02
1.04
1.06
1.08
1.10

gsYs v
Q.70
Q.92
.74
0.F6
0.98
160
1.02
1.04
1.046
1,08
1.10

REALISTIC LOAD

g5Ygs V
0,90
0.92
0.%4
Q.9b
. Q8
1,00
1.02
1.04
1.06
1.08
1.10

8Yys vV
Q.20
C.92
.94
Q.94
Q.98
1.00
1.02
1.04
1.04
1.08
1.10

FFoIn
Lhe 1830
0.180
i, LEO
0, 180
0, 180
0. 1680
. 1E0
0.180
. 130
0. 180
0. 180

F IN
0. 200
0 200
{1, 200
1. 5200
0. 200
0. 200
). 200
0. 200
QL2000
0. 200
0. 200

F IN
0. 020
Q. 020
0, 020
0. 020
0. 020
Q. 0Q20
3,020
QL0200
Q.020
0. 020
0,020

P IN
. D40
. 040
0. 040
Q. 0450
0. 040
Q.0Q40
0. 040
0. 040
0.040
0.040
0. 0480

TABLE B~IV, cont

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
HEAVY LOAD CASE

D& P
O. 176
0.174
0. 1748
0176
0.174
0,178
0.176
Q- 1763
O.178
0.177
0.177

nes P
0,194
0. 195
0. 196
0. 195
G 195
0. 195
0.199
0.195
0. 19
0.1%6
0.197

REFREGENTATION

DsSG P
0. 1020
D.019
0., 020
G.019
0.019
0. 020
0,020
€, 020
0, 020
0.021
0,028

DsSG F
. 040
0. 039
D.ORe
e OF%
G, 3G
0.040
0.040
.40
0. 040
3. 040
.41

neE n
=, DOY
-, DO
-, 009
—, 08
-, D0OY
- DO
— 010
- 010
- 10
~. 010
-, 310

PNEG &
- 009
- 00
- Q09
-, 009
- Q0%
=. {1
(210
~. Q1)
w110
-, 010

DeEs o
- 08
. 08
~. 008
—. DO
-~ 009
- Q0%
- 09
- 009
-1
-, 01Q
- 010

DaeG @
-, 008
~, 008
—. 008
- 00
- 09
- Q09
—. DO
~. 007
- 10
-, 010
~, 10

nGgG PR
0. 9299
0.99%
(), 999
0,994
0 99
Q. 999
0.9798
0.998
0. 998
0.998
0. 7968

n8G PF
0. 599
0. 999
0. 599
0. 999
0.999
0, 999
D.999
999
0,999
0.999
0.999

D&E FF
0. 950
0.917
0.91%
0.912
0.911
0.909
0.7908
0.907
. 905
0.904
0.202

DSGE FF
. 980
0.978
0.977
.7 E
0.974
0.975
0.974
0.974
0.973
0.972
0.971

B-19

8YS P
0.376
.401
Q. 425
0. 450
0. 474
0505
. 530
0w 5358
0w SRS
O.b13
0. 642

SYys M
0. 558
0. 383
0. 407
0. 4352
. 459
0.485
0,812
0. 540
0847
0. 599
0O.424

Bya p
0. 590
e B10
0,629
Q. &4%
0. baE
0. 687
0L.707
O.726
0.746
0.764
0. 764

8yg F
0.571
O.591
D.611
Q. &30
0,449
G &68
(. 4EIB
0.707
0. 727
O.747
Q.747

5Y45 0
0,123
0.441
. 440
Q.479
3. 499
0,519
3, 5359
0 G540
0. 581
0.4603
0. 425

ays @
0. 424
(. 442
G.461
O, 480
0.500
0.520
0,540
0. 541
0.oe2
0. H04
O.426

sYs @
0. 4464
. 480
. 499G
0 509
0,524
. 5039
0. 554
0. 569
0. 584
0. 600
D.b1lS

8YS @
0. 467
0.481
0. 494
O.E10

0.525

0. 540

Q. 355

0. 570-

0.583
0. 600
D.616

8YS PP
0. &bS
3,473
0.478
0. &85
O.6%1
G &4
0,701
G, 704
0.710
0,713
0.717

8YS PF
QOwtdd
O &34
e b2
. b&ay
O.b7h
0.682
0. &86
0. 4693
0.498
0. 702
0706

8SY8 PFF
0. 785
0. 784
0. 78é
0. 784
0,787
0.787
0.787
. 787
0.787
0.787
.787

8YS8 PF
0.774
0.774
0.774
0.777
0.777
0.778
0.778
0.779
0.779
0.77%9
0.780

ORlGi,
OF pogy S0 fg
QUALITy
LOAD V  LEXGITN
0. 831 0. 867
0. 84149 0,882
0. 847 Q. 200
0,885 Q.9215
Q. P03 0,234
G.921 0. 900
0.739 0. 964
0. 958 0.982
0.9764 0. 998
0. 994 1.018
1,012 1,034
LOAD V  EXCITH
O, B2 0,873
0. 850 1,891
0. 848 0.908
0. 884 . 982
0.904 0.944
0.922 0. 957
0. 740 0.972
0. 958 . 988
0.977 1,003
G 795 1.025
1.0 1.04%
LOAR V. EXCITN
.812 0,804
0,831 0.824
L. 851 . 847
0.870 . B&4
0.890 0,883
0.20% 0.902
0.929 0.923
0.944 0,937
0.987 0. &0
0.987 0. 980
1.004& 1. 000
LOAD VvV EXCITN
0813 Q. 809
Q.83 0. 830
0,852 0.849
0.6871 0.848
0. 891 0. 887
(.10 0.906
0.929 G.226
0. 945 0.941
0.248 Q.9264
0,988 Q. 785
1.007 1.003



8Y&5 V
0.0
.9
0. 74
0.94
.76
1.00
1.02
1.04
L.D&
1.08
1.10

5Y8 V
.90
.92
0.4
Q.96
.98
1.00
1.02
1.04
1.4
1.08
P

gys vV
0. 940
0.92
. 94
(W
0,78
1.00
1.02
1.04
1.06
1.08
1.10

syYygs v
0.0
0.92
Q.94
0.96
0.5
1.00
1.02
1.04
1,04
1.08
1.10

F IN
0. 0460
3. 0460
0.060
0. 04D
0. 0480
0. Q&0
0. 0460
0,060
0, 040
Qo QA0

B OIN
0. 0BO
0,080
(. QAo
0.080
0. GEO
2. D8O
0. 0D
0. 080
0. 0B
. 080
OO0

F IN
0. 100
0. 100
G 1000
Qu 100
(VP Raly]
0,100
0. 100
G. 100
0. 100
Q. 100
0, L0

 IN
0.120
0.120
0. 120
0.120
0. 120
0,120
0,120
Cra 120
Cha 120
0. L28
0. 120

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE

N&G P
0. 040
0. 059
0. 059
th. O59
0. 059
0. 0659
0. 040
OuQhD
. Q40
0.040
0. 040

nsE P
0. 07
0.079
0,077
0.07%9
0.079
0. Q79
0.079
Q. 080
0. 080
0. 080
G QR0

DsG P
. 099
0. 098
0. 098
0.098
0. 099
2.099
. 099
0.099
O, 099
0. 099
0. 100

DeG F
n.119
0.118
0.118
0.118
0.11B
d.118
. 118
0.119
0,119
GLlLw
Ga11%

DEG
=~ Q08
. D09
—~. Q09
-.00%9
. Q09
-, 00%
- 00%
=-. 010
- 010
=010

DEG @
-, 08
-. 008
-, 07
- 00%
-. 009
~, O0O9
~. Q08
—~, 010
™ 01'3
- 210
310

DSGE ©
- QO
008
- G
= O
- 08
“n 00‘:}
-, DOy
-, 010
~. 010
-, 010
- D10

DEGE @
-, D08
- 007
—. Q0%
- QQY
- Q09
- 09
o 09
-, Q10
— LG
—-. 010
~-. 010

TABLL R~IV, cont,

HEAVY LOAD CASE

Dy PF
0.991
0.990
0.990
¢.989
0.98%9
0.988
0. 988
0.988
0.987
0.987
0.%136

D8G PF
0,995
0.9%94
0.994
0.9%94
0.9%94
0.993
0.99%
0.993
0,993
0,992
D.992

nsE PF
0.997
0.998
0.994
0994
0.294
0. 994
0.994
Q0795
0.995
0.99%
0. 998

D8E FF
C. 298
0.997
. 997
Q.997
0.997
Q.9%97
0.997
0.997
0.997
0,994
0. 796

F-20

8YG6 P
0,553
0.G9773
0. 592
0.611
D. &30
0.&649
0. b&F
0. &88
0.708
0.728
0.748

8Ys
0. 534
Q. 554
O.573
0.392
0.611
0. &3]
0. &30
G a70
0. 689
0.70%
0.72%

8Y8 P
0.514
0.535
0.554
0.973
0.592
Q.&61%2
0. 631
0,651
0.4671
O.b9l
0.711

8Y8 P
0.497
0.517
0.534
0. 555
0.574
Q.59
O.61A
0,432
0. 652
0,472
.6%92

86YE @
0. 468
0. 482
0. 494
0.511
0.5R
0.541
0. 556
Q.571
0. 5848
0.601
O.bld

8Ys i
0, 4468
0,483
0. 897
0.9512
0.527
0.541
T
G.871
. Gi3e
0. 602
D.6417

BYs8 o
€. 469
2 484
. 498
0,513
0,527
0. 5402
0.5597
0.372
0587
0. &0
0.4618

8Y8s @
0,470
0.484
0. 499
O.51%
0. 528
. S54E
0,558
0.573
0. 588
O. &0
0,418

ORIGINAL PAGE 1

OF POOR QUALITY

8YS PF
0.744
0. 7465
0.76b
0.7467
0. 768
(). 768
Q.749
0.770Q
0.771
0.771
0.772

8YS8 PF
0. 752
3. 754
0.755
0.756
0,738
0.759
3. 740
0.761
D.7462
0. 7&3
G763

aYs FPF
0,740
0,742
0,744
0.745
Q.747
.748
0.750
0.751
0.752
. 754

0.753

8Y8 FF
0,724
0. 730
. 732
Q. 734
0. 7354
0.738
0.739
0.741
0.745
0.744
Q. 744

LOoan v
0,814
0.834
. 81573
0.872
0.892
. 911
O 730
0,950
0.96%
0.98%
1.008

LO0AD v
0.815
. 835
O B854
0.873
0,893
Q.9212
0.931
0.951
D.970
0.989
1.009

LOAD ¥
D.816
0.8
0.855
O.874
0. 894
0.9173
0,952
0.952
G.F71
0. 990
1.010

L&D v
0.817
0. 8187
0. 854
0. 875
0,894
0.714
0,933
0.952
0.972
0.991
1.011

EXCITN
n.B14
0. 8359
0. B854
0.872
0891
0.9210
. 930
0. 244
Q. P48
.987
1.007

EXCITN
0. 320
0. 840
0. 859
0.878
0.83%96
¢.918
0.2I4
0. 750
0.972
0.9921
1.011

EXCITN
(9 I - el
0.844
0.865
0.883
. 902
0. 925
0.939
0. 954
0.977
0.9%94
1.015

EXCITN
QL85
0.854
L8714
0. 889
0.910
0.928
0. 945
0.962
0.978
1.001
La 020



ORIGINAL PAGE 8
OF POOR QUALITY

8Yg Vv
0. 70
0,92
0,94
0.94
0. 98
1.0
.02
1.04
1.046
1.08
1.10

5yY5 V
.90
0.92
Q.94
0.
2. 98
1.00
1.02
1.04
1.06
1.08
1.1

8Ys V
0. 20
Q.92
.94
.98
.28
1.00
.oz
1.04
1.04
1,03
1.10

8YS ¥
O 90
.92
0. 94
0. 94
.98
;1.00
1.2
1,.0a
71,08
11,08
11.10

FIN
0. 140
Q. 140
D.140
0.140
3. 140
G. 140
0. 140
0.140
0. 140
0. 140
. 140

F IN
0,160
0. 140
. 160
0. 1860
0. 160
0160
0. 140
Q. 160
0. 1460
0. 1460
D.160

P IN
0. 180
0,180
0.180
0,180
O 1EO
. 180
. 180
0. 180
0.180
Q. 180
0. 180

FOIN
0, 200
G200
0200
0. 200
0200
Q200
0,200
0, 200
Q. 200
0,200
Q. 200

TABLE B-IV, cont,

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
HEAVY LOAD CASE

neG #
0. 136
0. 137
G 137
2,137
0.138
G. 138
0. 1358
0.138
. 138
0. 138
0. 138

DSEG F
0. 157
0.157
0. 157
0 157
0. 157
Q.157
156
Qu1E7
0.157
0.158
0. 157

nsG F
D174
Oul74
0,176
0. 174
0.177
w174
0.177
QuL77
0. 177
Q.177
174

DSG F
0, 195
0,195
0. 195
0. 19%
O, 195
Q. 195
0. 196
. 197
0.194
0.1%94
O. 197

D&EG &
=, Q08
- O0%
- 09
-, 09
—. Q09
~. 009
~ L0
-. 010
~. 010
- 0L
— 010

nsE @
- 1208
. 009
- DOe
~-. 009
bl Dt:’q
-, Q05
—. 010
- 010
- 010
- 10
— 10

neEG @
—. D09
-, Q08
- D0Y
= QHP
— . Q0T
. 0%
—. 010
-, 10
-, 010
- 14
-, (11l

D5G @
- 208
= 009
— Q09
- 00
-~ 00O
- 316
—-. 010
~. 010
—=. 010
=010
~-.010

66 PF
0.998
Che 996
0.998
0.998
0.9
. 998
. 998
0.998
0.997
Q.997
0,997

DSE PF
0.99%
0.998
0. 998
0. 998
0. 996
0. 998
(1. 998
0. 996
0. YPE
0.998
0. 598

D&EG PF
0. 999
0,989
0,999
G, g9q
0. 999
£, PP
. P99
0.978
0,998
0.998
. 5998

D&EG FF
0.999
0. 999
0.999
Q0,999
0.999
Q.99
0.999
0. 999
0. 999
0.999
0.99%

B=-21

g8 P
Q. 47%
0. 498
0.517
0.536

0. 555

0.575
0,594
N.614
0.&33
0. 653
0.&T73

8Yg8 P
O.441
0.479
0. 499
0.518
Q537
0. 857
0577
0. 595
C.bhld
0. &35
0. 656

SY8 P
., 4473
Q.44
0.480
0. a9y
0.518
C. 538
1. 8557
G.E577
0. 597
0.&617
0. b7

8Ys R
0. 425
Q. 447
O.déa2
0.481
0. S00
0.520
0,539
. an8
0.578

0,598 -

0.618

8Ys @
e 471
. 48%
Q. B0
Q.T14
0. 529
. 544
0, 5Ee
Q574
0. Sige
0. G604
0,419

5Ygs Q
0.472
0. 186
2., 500
G515
£, 5330
0.544
Q. 5o
0,574
0. S5Ee
0. 405
0. &R0

8Ys @&
0.472
0.487

0.E0L

0.51é
£ FE0
0.545
360
Q.E75
0a 590
0. &H05
e &R0

8Ys @
0,473
. 487
0.502
0.514
CEEE
0. 5464
O.8561
OLET74h
0. 591
0.46048
0.2l

8Y8 PF
0.713
0.714
Q.71
0. 722
0.724
0. 726
Q.729
0.7%1
Q.7355
0. 734
. 734

8Y8 PF
Ch él‘?q
D702
0,704
0.70%9
D.712
.715
0.718
Du720
0,723
0. 7024
0727

BYS FF
0. &84
0. 488
0.4692
0. 694
1. 4699
0. 702
0. 705
0.708
.71
O.714
0.716

85YS FF
0. 4468
0. 673
Gub77
0,482
0. 684
Ca 690
0.4693
OebPh
0. 700
0. 702
0, 705

L.GAD V
O.6818
0. 8738
0.857
0.8974
0.695
0.91%5
0. 9354
0,907
0.975
0,992
1.011

L.oan v
.819
0,839
0. 858
.877
0. 894
0,916
0. 9358
0,954
G2.973
0.99%
1.012

LGHD v
0. 820
0. 819
0. 859
0.878
0,897
.91k
0. 934
Q. 955
0.974
0.994
(R o e

LOAD v
0. 821

0. B840
0. 860
0.879
0. E9E
0.917
e 93

0.954
0,975
0.994
1.014

EXCITN
0.341
0. 8462
0.878
0.898
D.915
0. 95T
O, 50
0.948
G RS
Lo
1.025

EXCITN
0. 649
Q.870
0. B82
0, 903
0. 92%
0. 939
0.957
Q0.973
0,992
l.012
1.0530

EXCITN
0. 856
0. 8975
Q. BP0
. Q08
0,92y
. 945
0. 947
0.981
0. 998
1.014
1.00384

EXCITN
0. Ea7
.884
0. 901
0.914
0. 9353
0.952
Q.70
. 988
1.00d
1.021
1.042



GUNG TAMT

Livi M
£, 800
L P
o3, P4
R
). i
Lo
1ol
1.
Laité
1w0u
1.10

Sys Y
.90
G 7}
(.94
L P
0 WE
L.oa
Lags
134
1.08
1. 08
a1

sys v
O, 20
0, 7
L L
De?éh
.98
ST
1.0
L4
LaDé
1.08
.10

nys v
0, B0
O, 52
Q.74
e Féy
e 98
1.00
1.0
1.
1.04
1 .08
1.10

LI
0, 1500)
W, 050
L, G0
£, 0320
£, 020
G, OLN)
0,020
a0
iy, 4000
[ ¥
Cea LHSD)

FOIN
). 40
0, 040
0y, 040
0, L)
0. 040
0. 04y
0,040
L Q40
£, QA0
. 040)
0. 040

oI
0. (a0
Qn 04O
O A0
(SIRAT 18]
Q. D&
0,060
£ A0
W )40
0y 10
Cty D&
0, 080

F TN
£, D30
0. 080
0. 080
0. Q80
Che QD
£, 080
0., 80
0. 080
0. 0BG
0. 80
O CHIO

TABLE B~V

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
LIGHT LOAD CASE

IMPEGANDE LOAD

L& 1
0,015
O,
.oty
Craidls
e 0320
0, Q20
0y 20
0,030
QL0
0. 020
0, 020

&G P
0. 034
3, O3
1, OB
0,059
0,040
0, )
e QA0
3. ()
.40
0,040
0. 0840

paEG F
0. 058
0. Q058
0 Sy
Cra 0359
(8 BTy
O €30
0. 080
£ (A0
£ D0
0. 060
0. 05

DG F
0, D76
O.078
0.079
Wl 79
0,079
0. 0797
QO.Q79
0.079
0. 079
Q. 07%
0. 079

LG Q
0,118
0, 104
£y, DY
0773
0,087
W IERY Yy
Qa2
0}, Q)]
—, 014
o £
-, 54

D& M
.1 15

Wl 1ol

. 083G
Q.70
. 0DHE4
Y
0. 020
.01
-, 018
- OR7
- 57

DaG &
D112
. 098
0, OET
0,087
., 08
QO O34
GLOlé
ey OO
- 021
o 040
- L]

nEE @
0. 109
0. 094
0.079
D C3
D047
G CREG)
0. 0LE
- Q06
e, CHAE
-~ 044
- Q&4

DEE P
0, 152
(. 177
0. 20%
0, R

0,325

O, 4452
the atsl
D977
0. HOY
IR TH
0,34

peE PF
O.3514
WU 357
QL4103
oL 487
£, 590
Q. 750
0.8%3
0. 999
0.9215
0. 73E1
0. 549

DEE PO
0,459
QLEL3
0, o777
Ouéadnl
Q. 740
T 869
0. 965
0.999
0. 944
0. 827
0,700

DEE FE
0. 582
0. 63
O 705
0,779
0. 859
0, 935
0. 588
0. 997
0 P
0,877
0,776

B=-22

8Ys F
Gu g7
3. Q)
0. 052
0. 054
0. 057
(I T-1)
I TIPS
0. 065
Ul DGR
0.071
0075

“8Y8 P
D028
Chy Q230
. 032
0., 034
0.3

0. 040
€. 043
€, 045
Q. 048
Ct. OFH2

0. 055

8Ys M
CL OO
0D.010
O.012
0.018
DZaL1l7
Q. 020
0,027
0,024
0,009
0. QA2

0. 035

8Y&s5 F
-, L2
=, 010
- D07
—. Q05
- 0%
O Q0K
0. 003
0. O0é
Cha DHOQ
g.013
G.0OL1E

ava o
= 4%
PRI
‘“-03&)
-, 18
(¢ alnla)
.01
. RES
(1. Q5
G, 0EL
. 102
1. 125

s8Y&s 0
- MG
- QEHO
R 8 A
- 015
O, OO
0.022
D.042
0. 0&7%
0. 0H4
0. 104
0. 128

8Y5 @
v Ot
—~ 47
-, 29
el & K )
0. 007
QL0264
D 048
0. (b
Q. 087
. 109
O.131

avYes
-, DS
- D4H
o Q24
—. (08
0.010
0. 029
. 049
Q.070
.2
0117

0. 1358

SYE PR
0. Ghé&
0. &EE
0.0324
0.4
1. (KO0
£, P51
0. 8347
0.7359
C.hdb
€, 572
0513

ays PrF
0.584
L5110
0497
G917
0.9%96
2.871
O.710
0.587
OL.G01
Q. 4358
Q. 594

sY8 FF
1.122
0. 209
0. 384
0. 782
0. H3E2
0,612
e 447
2,562
0,313
0, 280
0. 258

8YS FF
0. 158

0,222

Q.R277
0,927
Q.227
a.011
0. 0&D
0.084
0. 099
. 108
Ou.114

ORIGINAL pagy o
OF POOR QUALITY

LOAD ¥

0. 908
0,920
0,942
}e PE0
Q.97
.94
1.014
1,032
1.080
1.0468
1,084

L.OAD

e P04
Q.924
Q0.942
0. 740
0.978
0. 994
1.014
LaQild
1.050
1.0468
1. 08RG

t.0aD v

.907
0. 225
0.743
0.9481
0,979
GO.9297
1.015
1. OFS
1,051
1. 069
1.087

s

DELTA

0. 45
0,519
0. 6%
€. 7E
Q.87
D " "?é'
1.0
1.12
1.20
1.28

DELTA

1,62
1.70
1,78
1.895
1.92
1.99

:2 " t:’é)
3 ~r

o i
2.1

ooy
S I

2430

DELTA

L O
2071
2,88
F.0l
5.0
.11
J.18
.20
Su 24
AL

[ e

- T
el & et e

LAk Vo DELTA

0, P07
. 925
0,243
.751
0.979
0.997
1.015
1.033
1.081
1.0469
1.087

4. 08
4.11
4.14
4,17

4. 20
L)

L A -

‘q' " EE‘.

A.27

4.350

T
b ot

4,75



r

5Y8 v
0,90
e P2
.94
1. Q4
098
1.00
1.02
1. 04
1.06
1,08
.10

ays v
). 0
0,92
0.9
. Yé
1, 78
1.00
1.02
.04
.06
1.8
La10)

BYS V
0,20
Ce P
W
(WA
078
1,00
.02
1.
1w Cés
.08
1.10

HYS V
o, 7
Q0.2
0 24
0,54
Q.78
La0
I

1.04

1. 06

1.08
1e 10

F IN

1. 100

O 10
Q. 100
Q. 1600
O. 100
0. 100
. 100
L1000
0. 100
(. 100
0. Loo

F LN
e 120
Cra 12203
L 120
0. 120
0,120
0. 120
Q0. 120
0 1320
e 120
O 120
. 132G

P I
0.140
0. 140
.14
G 140
0. 140
Q. 140
G, 140
e 140
0. 140
0. 140
0. 140

FOIN
G 160
. 1&0
0. 1é0
0. 1460
Q. 1A0
3o 14O
0. 140
. 160
e 160
. 160
e 1 &0

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCLTATION

ngE F
0. 097
0. 098
0. 0718
. 098
0,099
0. 099
4 OFY%
U U9
0,099
O.099
D Q99

DG P
0117
0. 118
0.118
O.118
A
0. 119
0,119
S
.11
0,119
0. 118

DG =
137
0. 1357
Q. 157
0, 1738
0, LG
e L8
O 3B
0y, 158
0, 138
0. 138
L 1

ngs -
. L34
O L7
0. 157
O.1S

G 1557
£, 56
0. 158
0. 158
0. 158
0.158
0. 157

nes @
€. 105
D0
0075
0. 059
€. 0
€. D24
3. QO
e R0
- 2%
o= ()7E3
- D&E

DHEG 6
0w Lo
0. 084
0.071
0. 055
0,039
(. 022
0. 004
]
R o 1
o G
- QY7

DeEE 3
0. 096
IR
0, Oéaé
0, QE0
0. 24
Q.17
- 0]
—~. 0L
= 1138
- Y
o TT

nae @
0,091
O.07&
O.al
0. G455
0,029
G Q12
- 0
- R4
- Q47
- DED
o QE2

TABLE B~V,

LIGHT LOAD

DaG P
0.681
. 785
G774
0,856
0.914
0. 967
0. 794
Q9%
O.941
0. 899

Oa. 822

NG FF
0.75%
0. 808
Q. 857
0. 0k
0.960
0. 784
0. P99
0. 993
0. 43
Qugtd

0. 852

866 PF
D.ELY
0. 8610
Lol
0. 7359
0,971
L)
1w €00
0. 991
0,965
Q. QR4
0.872

DSG FF
0,065
0. 899
D.RI2
. Fél
0. PEE
0,997
0. 999
. 769
0. 7465
e 750
0. B84

B-23

cont.

CASE

aYas F
~. O 3E
~. Q27
- D27
- 020
-, Q22
-. 01y
= 17
—. 014
~. 011
—~ W 007
n {)04

5YS P
i) C:Ejl
—. 049
- Q47
- (3.4
-, 0472
-. 049
PR IRT
~. 33
- O30
-, Q27
224

ays P
-, 071
- Q&S
o Qb
= (3&
-y {0 1
= (338
- D5
- CVETE
= QS0
— o T
- O3S

8Ys
o (3F0
—. 0288
- 84
- O

- QB0

- 78
- QT
-, Q72
- DGHF

— Oy

o DS

GYs ©

3

~ . (3%

-
-

022

—~. 004

!:) L]
(.:’ -
0.

014
034
Q5T

0. 074

O
a.
(:jl

095
117
139

8ys

-
-

0.
0.
Q.
8
O,
.
(V9
0.

017}
T4
0i7
Q00
0ne
08
sletn]
mrE
(RLEAT
121
144

8Ys @

2.

Odh
.30
L
205

0,024

Cha
e
o
0

4.5
AT
ET
L4

0. 126
t:’ " 1 ‘q (?

gsvg @

041

- D25

o
"

0cg

W10
O, 089
0. 048
0. 088
0, DEE

’::Ju

109

Qw1351

.

134

avys PF
. 496
£, &L
0,778
{1.987
856
0, S00
0,294
0. 181
£.110
Q.063
0 0

85Ys FF
0, 709
0.818
0.93E7
1. Q00
D.911
0.716
0.
0.591
0.291
0.218
G163

avYe PF
0. BE7
0.917
. P2
0. 797
1. 933
0. 8O7
0. EhS
Q. 534
t:, Ll ‘1’::': 1
Q. 347
0. B8

aves FE
.10
0,267
0. 994
0. 993
.42
LI = b
0,743
e &34
0,535
0. 447
0.378

LLOAD ¥V

0,907
0. 720
0.94%
0. 241
.79
0,997
1.015
1o QFS
1051
1.046"7
1.0@7

L.oAaD v

0. 9208
Q.92
0944
Q.42
0. FEO
0. T8
1.01&
1.034
1. 052
170
L.o68

L.OAD

0. 08
0. 934
0,744
0,962
. GBI
0. 998
lL.rlé
Lo O3
1.0852
1.070
1.08g

LoAD v

0. 708
Q.26
O, Pad
0. 9862
o, QEO
0. 998
1.0164
|
1.052
1,070
1.088

ORICINAL pacs i
OF POOR GUALITY

DTS

w30

DELTS
b, 33
&H.51
b G0
& 48
b.A47
LA
G 44
& 473
PO
& A0
&, EY

DEL.TA
77
7a71
IEx:-x4
763
7. A0
7k
PR
730
77
7w B
741

DELLTA
8.97
8.94%
2. 05
8.7%
Bu 7D
8. 48
£, &
g.57
a.52
g.48
8.475



Ly V
L 50
L LS
L. 74
.G
.98
1.0
1.0
YL
1. 0&
1.08
1.10

85¥5 ¥V
.90
0, @2
). 4
.98
.98
1.0
ba2
.04
1L.0b
1,08
1.10

REAI-ISTIC 1OAD

8vys V
£ 70
L )
0. B4
0. %6
I
.o
1. 02
104
1. 08
1.08
1.10

s5ys Y
.70
0. 92
0.4
L IRLF N
0. P8
1.0
.02
104
1.06
1.08
.10

oI
V. L850
0w 180
). LHEO
0. 180
0. 180
0. 180
e 1B0O
0. 180
0. 1EO
O, 180
0. 180

oI
1. 200
0. 200
D w0
0. 200
0. 200
Oa 200
0200
0 200
(.20
Q.200

Oy 200

P OIN
0. 0R0
0,020
O 020
Q. 20
0. 0mR0
0, 320
0, Q20
0, 020
. D20
Q.20
O.020

FoIn
0,340
¢, 040
0. 040
O 4G
0, A0
Q. 040
0. 040
., 040
(3. Q40
0. 040
0,040

TABLE B-V, cont,

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

LIGHT LOAD CASE

DsG DEGE 3 DUB FF
0. 17% 0L O35 Ch, 200
e l7é a071 0. 928
O.l76 0. 0O%A e 254
Ou 178 e Q40) 0.975
0,177 i, 0248 .991
0,177 0,007 {3, 999
0,177 - 111 0. 9940
Gul7?7 - ()G 0.987
0,177 . Q43 0. 65
. 177 - (1¢aE3 0. 954
0,177 - . 88 0.8%48

D&GE P NeE 0 D86 F+
Cra 193 0.L079 0.224
0,195 0. Q&S e 949
0. 195 £ Q50 0. 969
Cul®s 0,074 0,989
0. 194 a8 . 994
0. 194 0.00] 1.000
0. 194 - 017 0,796
. 198 -y G0 0. 985
0. 198 o 054 Q. P65
0.196 - O 0,937
0. 196 - 0. 035

REFRESENTATION

DsEg DEG @ DSG FF
0,018 0.119 0.lal
GO1e e 104 Q. 1768
0,019 0. OR9 O 208
GLOLe 0. Q73 0. 254
0. 020 0. 37 0. 224
G 020 o 340 QL4423
£, 000 0,088 Cu b
0. 020 € u QOO OLP7Y
0. 020 —a Q13 Q. 803
0, 0RO - (Y4 £, 500
£.020 - (V5 0,339

nasg F DSG @ DSG FF
0.0z O.lldy O.313
0,03 G lO1 Q. 354
0. 037 0. 084 D.411
G, 739 G071 0. 486
0. 039 0. 054 0. 589
0o Q40 Q. QA7 0.730
£, Q40 0.1 . 878
Cha Q40 0.001 1 000
G, 040 - 018 D912
Q. 040 — G O.727
0. 040 - 058 0,569
B-24

Svs P
-, 109
- 107
-, 105
-, 102
- 100
—-. 7
- ('J(;q.
—a 171
. DEE
-, OHS
-, B2

aYs P
~-. 129
- 1264
R
~, 122
-, 119
-, 11é
~. 113
~. b1l
« 108
-, 105
-, 101

8Ys -
€, Q50
Cra O3
0, Q85
0. 0584
0. 058
0. Q40
Q. 042
0. 067
0. 0a5
CaQ&7
0. 049

aYys F
QL A2
0034
QO35
Q. OR7
0. 038
0. 040
0.042
Q. Q044
e 45
0. 0487
0050

gYS 0
T T
-. 014
- 02
Q,0lé
0. 034
0, CHEE
0,073
Q. Q8%
0 A R
0. 1354
0. 159

sY8 0
-, O30
—. QLA
0. 004
e, 021
0, 040
0. 059
0,079
. 099
0. 120
0. 142
0. l&4

8Ys
—. D6é&
-~ Q0
- 134
~, 317
0.001
0. 020
0.039
0. 058
0,079
. 100
.12

SYyg @
- Q&3
—-. Q47
- 031
-, 014
. 004
0,023
. 042
O, 0461
0. 082
0103
0,125

8Ys FF
0.9591
0. 784
1.Q00
0.989
0.947
0.877
0.7%1
. 700
O.&11
Q. 530
0.459

8Ys FF
0.F74
0.994
1.000
3,985
Q.248
Q.ae2
L I )
0.745
e ds?
0. 8697
0. 524

8Y8 FF
Q. G20
0,729
0.852
0., 959
3. 000
0.951
0.847
D.734
0. 639
Q. 359

t:’ " qqé

8SYS FF
O, 455
0,579
Q. 751
0.937
0.5994
2.871
0.708
0.579
£.484
G.ale
D.B[TO

LOAD Vv
0.909
e 927
0.R45
0,94
0. 931
0. 793
1.014
LG54
1.062
1.0Q7¢
1. 0886

LEAD v
. 909
0.927
Q.45
.94%3
0. 9E1
). 999
1.017
1.035
1.083
1.071
1.088

i.0AD V
0, 903
Q. 923
0.941
0. 959
Q.977
0. 990
1.014
12032
1« OE0
1.068
1.086

LOAD V

0. 205
0.924
0. 742
0,940
0.978
0.994
1.014
1.0Z52
1.050
1.06%
1.087

ORIGINAL PAgE 13
OF POOR QuALIY

DEL.TA
10.19
10,11
10,073
F.94
g.8é
9.7
.72
7w 253
7. 58
.01

?.45

DELTA
11.41
11,30
11.1%
11.09
10,99
10, 90
10.81
10,73
10.64
10,596
1o, 48

NELTA
038
Q. 4%
.59
Q.69
0.78
Q.87
0.24
1,64
1.12
1,20
1.28

LBELTA
1,62
1.70
1.78
1.85
1.92
1.99
208
2.12
2.19

=
2.29

2.730



TABLE B-V, Conb .

DATA FOR SYNCHRONGUS MACHINE, CONSTANT EXCITATION
ORIGINAL PAGE 19 LIGHT LOAD CASE

OF POOR QUALITY
HYS V i~ IR D&G DBG O DsB pe gyg g 8Y8 @ SY§ FF LOAD v DELTA

0,70 D060 0. 058 L B (PR GLol2 ~. D40 0. 202 0.904 2.85
e G50 Q. Q6 0. 05 €. 098 0.512 0.014 Q44 0.298 0.924 2091
0.4 O G0 0. 059 Q. 0EF3 O.G78 Q.OLS =~ G268 0.485 0.942 2. 94
O, Gé L 60 O 059 Q. G467 0. &40 0.017 =018 0.851 O, P40 .01
0.98 . Q&0 0. 059 0,051 0.7%5 0.018 007 0.927 0.978 04
1.00 0. 040 G Qb 0. 034 0.8&% (e 020 0. 024 D.b14 0.997 wall
1,02 O 040 D& o.01y Q.45 Q.022 0. 045 Q. 4758 1.OLS G lé
1,04 0. 040 Q. 060 e QO 0.999 0,024 O 065 O 344 1,033 3.20
1.04 0. D&60 0. D&0 ~w 2] 0.942 0. 02 0. 083 0. 289 1.0851 S
1,08 0. Q&0 0. 040 =~ Q41 L. 824 0.028 0,106 0. 282 1,069 3,29
Lo10 Ll D& 0. 059 ~. b1 0.494 0. 030 0.128 0. 227 L.oa7 SeB3

85Y8 v M IM DEG F DEE8 0 D86 RE aYs 8Y8s @ 8YS FF LOAD v DELTA

0.90 0. QBO Q. 078 . 109 0.5 ~a Q07 = 054 0. 1730 U P06 4.08
0.2 0. 080 0. 078 0. 095 Q. &37 =~ Q04 . Q40 Q. 146 0.925 4.11
0.94 0. O8O 0.079 Q.79 0,703 - Q04 ~a 024 0. 185 0.947 4. 14
Q. P64 0. 080 QL0779 Q. Q64 U.778 . O3 ~. 007 0.400 0.941 4a 17
0. 98 0. 080 0.079 Cha Q47 0,859 = 0] Q, 011 Oulls 0.979 4. 20
el 0. 080 079 (a (h30 0,954 0.Q0L Q. A0 D.017 0.997 4.22
1.o02 0. 0RO 0.07%9 0.012 0. PE8 0.002 Q.49 0.047 l1.015 4.25
1.04 Q.80 0.07% =a Q0 0. F97 Gu004g 0. 049 0.0460 1.033 G. 27
1,08 0. 08O 0.079 a2 0. 954 Q.00 0. 0B 0. D&E L.o51 4.0
1,08 0. 080 0,077 = 0455 0.871 0. 008 0.110 0.07% 1.06% 4,32
.10 0. 080 0.07% = 065 Q.77 0,010 0. 132 0. 077 1.087 4,55

8ys v FoInN DEG P DEE B DSE FF 8Yg p 8YS @ SY8 FF LOAD V  DELTA

0.90 0. 100 0, 0OR7 Gul05 8. 680 - Q27 = 52 0. 459 Q.907 e 30
Cha R% Qu100 D.098 | 0,091 Q754 —. 0R4 ~ Oh C.G76 0.925 a3
G.94 0.100 0. 098 0. 078 0. 793 24 ~a P20 0.771 0.94% S«
0. 94 100 Q. 098 0. Qa0 0, 855 ~a Q23R ~a Q0F O.9%93 0,261 w33
Q.98 - 0. 100 0,099 0047 0.914 o 21 QL 0L 0, B8O 0.979 G033
1,00 0. 100 0w 099 Q.02 0.967 - 019 0.0%4 0. 494 0.997 S.34
1.032 0,100 0,099 0. 008 0,994 ~u D17 0. 053 0,313 1.015 b Y
l1.04 0. 100 0. 059 = Q1 0. 990 ~. 214 Q. O7% 0209 1.034 e B
1,04 0. 100 0.099 . 029 O. 240 ~u 314 0,093 0. 144 1. 052 a3
1,08 Q.10 0. 099 —u 4G 0.897 ~. 0132 D114 Q. 100 L.070 e D&
1.10 w100 . 099 . DAY 0.8230 . 010 0.134 D070 1.088 o 37

8Y8 v = In nsG F DEG @ DG PR 3Yg 85Y8 @ 8YS PP LOAD v DELTA

.90 O.120 0.117 0,101 0. 758 ~ . 3447 = 048 0. 497 O 907 bS5
0,92 0,120 0.118 C. 0BG 0. 804 “. 045 ~. 032 0,817 0. 925 h.51
0,94 0,120 O.118 0,071 0. 854 ~. 044 - 015 0. 943 0.94% G, 50
.98 0,120 Q.118 0. 055 0.9048 - 04 G002 0 g 0.942 b 48
£, 78 0. 120 V. 118 e 039 0. 950 —. 041 0.02 O.901 0.780 4,47
1.00 0.120 Oulilg 0.022 09284 - (135 0.038 O.714 0,998 &, 45
1,02 O.120 0,119 £, D04 O.9eg -. Q37 D57 0.544 1.014 A 34
1.04 0. 120 .119 —. 014 0.993% . QFES Q.077 O. 415 1.034 &G 4T
1.064 0. 120 O.119 -, I 0. 9467 R e 0,097 Q.o 1,052 G, 42
1.08 0. 120 Q.11 -~ 05 D.913 -3 Gulile 0. 254 1.070 &a 40
1.10 G, 120 0.118 . D73 0. 850 - (129 0. 140 O 207 1.088 HaolQ

B-25



HYs Vv
£, 20
o G922
0, 94
tl. 96
I o
1. G0
1.0
:I- L) 0“4‘
1.04
1.08
1.10

5Y8 VY
.90
)
Q.94
.96
.9
L.O0
1,02
1. 04
1.04
1.8
1.1

8YE W
it P I'}, ]
Q.
I:) Ny 4
Q. 7E
0.78
AR eI9]
1,02
1.04
1.0
1.08
1.10

8Y5 V
0. 70
.92
C. 24
O Pé
0.9
1O
.02
1.0
1,06
1.08
.10

F IN
. 140
the 140
0. 140
Q. 340
. 140
0. 14
. 140
. 140
. 140
Q.40
. 1430

FOIN
0. 160
(1. L&O
0 lé0
0. 160
0. 140
0. 1ey
0. 1640
. 160
e 160
Q. 10
0. lan

P I

i
e Y IMD
L 180
0, 1830
O LEID
G 130
0. 180
O 180
O. 180
0. 180
(ra 18O

FooLn
0. 200
0. 200
0. 200
0. 200
0. 200
D 200
O, 200
Q. 200
0,200
0 200
4200

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

Dy P
. 137
. LE7
0,137
. 158
€. 138
0.1328
O L3R
G136
O L3E
e 138
L

DG F
0. 15&
O 1%
0157
e 157
D 1E7
. 158
0. 1358
. 158
Gre 1ER
0. 158
0,157

nasE
D 175
W 176
O.l76
. 176
QD177
W Ry
D177
0,177
Q. 377
0177
D177

nsE F
0,185
0,193
0. 195
e 196
O, 196
0,194
0. 194
196
0,194
0w 594
0a.194

DEGE @
Ca Q%4
0,082
Onbé
0. 051
0. 0054
0,017
- (301
w859
- (38
-, 05E
-, 078

DeGE @
0.091
L0774
Q0L OhL
0.4
O, 2%
a1l
o 0G
"™n 24
-, 245
AR !
-

DEGE
O, DE&
O QF L
0, Ofd
€. 040
0. 024q
0,007
-, 11
S
- 48
™ U\‘Sf:i
=, CHHE

nsE @
O, TH3G
0,065
0, Q50
LI
G.0L8
e QO
-, 017
- R
~ . 54
- Y74
-, 1?4

TABLE B-V, co nt .

LIGHT LOAD CASE

NAG PF
o.818
0. 859
0. 900
0. 835
0.971
0.992
1. 008
O, 991
0,764
0. P25
¢, 870

DSG FF
O Bé4
0,898
.91
0. 9260
G, PE
. 997
0,999
.98
0. 7465
0, P2
0. 884

D& R
0. By
DuFET
0. 953E
D975
O.7291
0.999
Q. 798
0.987
0. 965
0. 933
0. 874

NSG RFF
0. 925
.48
0, P&
0. 985
0. 994
1,000
0. 994
0. 284
0,964
934

ayes
-, Dbé
- 165
- D53
- Q&2
o G0
~ o (56
- A
o DS
o A
-, 51
- (49

gyg |-
-, 084
- . 084
==y QENE
- 81
- 79
- 378
~ 0074
Q74
- 072
— 70
- 1A

ayg pm
- 1O
- 103
- 102
~ o 100G
- Y
-, DR
o ORG
-, 0GR
- 071
- . QB9
- D87

m

Y& F
12
-, 1323
- 1l21
-y 126
-. 118
. 1llé
-. 114
Rl
- 111
. 1E
- 107

8v8 @
- D4
- 27
~. 11
0,004
0. 024
1. 0453
O, 0h2
. 082
. 102
0. 123
0.14%

8YS @
—. 038
-, 232
oy D0
O.011
0. 02Y
L0448
. 067
0,087
. 107
0, 128
0. LG50

avys o
i 8 13
- 17
o D0
0,017
0. 35
0. 053
0,072
0.072
L B 1
0. 134
. 195

8Y5 [
- 027
—u 3L
Q. 000G
0.0273
£, 040
0. 059
0. 078
W Lt
0,118
e 139
d.1861

ORIGINAL PACE i3

OF POOR QUALITY

8YS FF
0.837
G222
. 984
0.9
0.927
0. 804
D.67Y
0. 954
0. 459
£.381
0.5

8Y8 PF
0.9214
QL9867
0. 998
Q.9%0
0,938
0,852
0.7E0
0 b4
0. 558
Gy 79
O.q413

a8Y8 FF
07565
0,987
12000
0. P84
0. 943
0.877
0. 797
QL7182
0.6731
0 Sl
0. 4820

8YS8 FF
0.977
0.996
0.999
£ FES
Q. 944
0,892
0. H126
. 7ES
O. B4
.blé

0.052

LOAD W
0. 708
O.926
0.944
0,962
0,280
0.998
1.0164
1.034
1.052
1.070
1.0498

LOAD v
0. P08
0.926
0. P44
0,.962
0. 980
0.998
1.0Llh
1.034
L. 052
1.071
1.o089

LOAD ¥
0,908
Q.73
C.944
0,962
0,980
£, 998
1.017
L. 030G
1. 08
1071
1. 087

L.oan v
£, 908
0,926
0,944
0742
0,961
Q.9997
1.017
1.03S
Lo 033
1.071
1.089

DELLTA
775
7.71
7.867
-1
7. 40
7a5ib
oA
7 . i
747
744
7.41

DEL.TA
#8.97
8.9
3. 8%
8.7%9
8,73
8.68
83,62
8.57
8,52
8.48
8,45

DEL.TA
10, 1w
19410
10,05
?.94
%86
?.79
Q.72
Qi
7.58
) !
P45

DELTA
11.42
11,31
11,20

11.09 .

10.99
1G. 70
LO. 80
10.72
L0, &4
10,55

10.47



TABLE B-VI

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
s ey , HEAVY LOAD CASE
CUI"IEE’ rHNT ,l.l‘“”’EL'F\NCE LUfi‘lU ORIGlN[-\L Fﬂa .at": Efj

OF POOR QUALITY

85YS V oI nsG ™ DSE @ DEG FF gys P 8Y5 @ §v8 P LOAD V. DELTH
Coa'?0 0. r20 O.0Lé 0. L& 0.07%9 0S50 0.261 0.F04 0.841 =001

O.92 O, 050 D017 L A G 109 0.a72 0.28%9 0. 893 0. 858 0. 10
J. B4 0, 020 .17 0. 141 0. 122 O 595 0..318 0. BR2 0,875 .20
Ve Gh 0, 020 0.8 .12 O, 1357 The & 18 0. 348 0.871 Q. 892 0,51
.98 0. 020 O.018 D.1lé 4, 1564 O, faal 0. 3579 0. 841 0. GO .41
)W) 0, 0020 Q.01 €. 102 0. 180 0.bb&h D.411 2. 851 . 925 .60l
1.02 £, 020 0.1 . OEE 0,311 . 691 € G448 C.841 0.9432 €. GO
1.0 0, Q20 0.019 0.074 0,252 3.716 0.478 0. 8n2 O 59 0. &3
L.0& 0, Q20 Ch 020 0. 05 O3S 0,742 D.H1L2 0.8273 0978 0.77
1. 08 QL0200 QL QT 043 0. 415 ). 7HE 0.548 a.814 0. 992 .86
Lali) 0,020 0. 0RO 0,027 0,592 795 0. 584 0. BOs 1.600% 0,94

8ys v F IN DG P PEE A DBEGE FF aye P gve o aYs PFo LDAD VvV DELTA

0. 120 0040 0. 034 0. 1641 0.219 Ouiail 0. 264 0. 895 0.842 1..332
Q.72 (E RSB 0.037 0. 180 0. 238 0. 553 Je 292 0. 884 0.899 1.40
.74 0. 040 0L QR 0. 138 0,261 D76 0.322 0,873 0.874 1.48
Q.6 (PEVE I 0. 0358 0. 14 0. 284 0. E99 0. 552 Q. 862 0.892 1.54
0. 94 Q. 040 0. 058 0,113 0. 320 O 623 0. 383 0. a5 G, 209 1Ln63
1.0 e 040 O QL% e 100 360 G 7 O 3 R 0.8472 0. 924 1.71
1,02 0, 00 0. 038 0. 0BG D.414 O 472 0. 448 L0 G.R4%E .78
1.4 (. Q40 0. 059 0.071 Q. 484 0. a97 0. 481 0.823 0 FE7 1.85
1.04 0 040 . CEER 0., 0858 Q.577 0. 725 0.G16 L8114 0.976 1.91
1.08 QnQ40 0. 040 0. 040 0. 702 0,749 0. 551 0. 808 Q.993 1.949
1,10 0. 040 0. 040 0. 024 Q. B37 0.774 0, 588 0797 1.010 2,04

gys Vv FIM nes P DEG @ DEG PF gY8 P Y8 @ 85Y8 FFOLODAD Vv DELTA

0,70 0. 060 0. 0856 T e 0. 554 0512 0. 268 0. 884 = R Z2.64
0.2 £ 060 0.057 0. 147 . 559 0, G54 1296 0.875 0.859 24469
0,94 0. 080 0. 057 0. LES 0, IR0 0. Em7 0. 525 0. B6eE 0. 874 2275
0.96 0. D& O 158 CQu 123 Q. 425 0. 580 ST 0. 853 0. 893 2.81
.96 (. 060 D.058 110 Q. 468 0, &4 £.:387 0.842 0,210 Za B4
1,00 Q. 060 . 0EE 0.0%96 0,519 0. 628 Qa1 0. 8352 O.9246 2.%1
1.02 0 &0 0. 059 0. 082 0. 582 0. 653 Ou 431 . BE2 0,743 2.%4
1.04 Cha QB0 0. 059 0. 0468 Q. 438 O.&78 0. 485 0.817% Q.60 St
1.06 0. 060 D059 0. 053 Q.74% 0.704 0. 520 0,804 0.977 T b
1.08 O Q&0 0. onY Che 0337 0. 830 0,750 0. 55EE 0.7%4 Q.93 F.10
1.10 W D0 060 0. 021 Q. 945 0. 757 0.5%2 0. 788 LaQlo I R

8Y5E V FIN DeE F DSGE & DG FF @vg P 8YS @ Y8 PF LOAD V. DELTA

0.70 . 0B 0.078 . 155 Q.41 0. 4935 0278 0.875 0.843 3.964
0.9 0. 080 0Q.Q76 0. 143 0. 470 0. 315 0 300 0. 8564 0.8560 5.9
054 0, O30 QuO77 0. 1351 O E00 e SR3E £y S50 Cha 8353 0.877 4,02
0. s (e QB0 0,077 0. 119 Q. 545 0.0961 0 BH0 .84z Q. 893 4.2 00
.98 0O 0.078 0.10& 0. S92 0. =33 0. 391 . 851 0,910 4. 08
1.00 0. 080 0.078 0, 095 0. 645 0. &89 O, 43035 0. 821 0. 927 4.11
1.02 . 0B0 0,079 O.07s 0,707 . &ig 0.454 D.EL2 0.944 4.14
1.04 Q. 080 L. 079 0. 064 G774 0. L5Y 0.48% 0. 803 0. 940 4.17
1.06 2. 080 0,079 0. 049 Q.85 0. 68T 0. 524 0.7%4 0.977 4.19
1.08 0. 080 0.079 0. O 0.92%5 0.711 0. 5640 0.7864 .994 4,22
Lose G 0BO Q.07% QD.017 0.9748 0,738 0. 5948 2.778 1.001 .24

B~27



TABLE B-VI, cont, ORIGINAL PAGE (g

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATTON O POOR QUALITY
HEAVY LOAD CASE

sYs V POIN nseE P DEG &8 DES PF 8Yg8 P 8Ys §Ys PF O L.O0ADR V. DELTA

Q, 90 Q. 100 0.0%4 0.131 Q.34 0.474 Ca 277 0.864 0. E44 .28
0.2 Q. 100 0.0%4 . 159 0.5867 Q. 494 O 308 0. 852 0.840 5.28
.94 0. 100 0.097 Q. 124 . 604 Q.59 0. 354 O.B41 0.877 viw 26
O Fh 0,100 0. O%7 0.115 0. 645 0. 542 0. 344 Q. 850 0.894 5.29
0. 9d 0. 100 0,087 0. 102 0. 670 Y AL ] 0. 820 0,711 Gia A0
1.00 Qa 100 0. 098 0. 089 0,741 0,890 0. 427 0,810 0.927 Sia il
1.02 0. 100 0. 098 0.07%5 0.797 0. &1 C. 340 0.801 0. 744 R
1.4 Q100 0., 098 (AR T-14) 0. @54 0. &40 O, 8494 0.772 Q. %41 T w2
L.0Qé& the 100 0. 079 O 045 0.911 T T 0. 52 O, 783 0.978 N PRE )
1.08 0. 100 0. 099 Q.29 Q. 759 0. 692 Cha Lida sl QL7775 0.994 T B3
Lol 0. 100 0.09% S PR R 0. 992 0.719 0. 601 0. 767 1n011 %.354

8Ys V FoOIN nee NG & DBE FF 8vYs P avys o Y5 FF LOAD V  DELTA

0.0 0. 120 L R = 0. 1448 O.&al8 Q. 455 0,281 0. 851 0.844 &. 58
Q.2 0. 1320 Oullé 0. 135 Qw61 0.477 0,310 0.839 0.841 6. 537
94 G L20 Oulld Q. 125 0. &37 0. 500 Gy 559 0. g2 Q. 878 é .« Sk
b G 120 e 117 0.111 0. 724 0. 523 0,369 0.817 0.894 b 4
.98 O 120 0.117 0. 09 . 768 0.547 0. 400 0. 807 0.211 &
1,60 O 120 0.118 0.084 0,813 Q.71 0,432 Q.797 0. 528 &1
1.02 0. 1320 0.1148 0,070 . 8359 0. 374 0. 4463 0.788 0.945 G E0
1.04 0,120 0.118 0,058 0. 908 0. 621 o 55 0. 780 0.961 &b, 48
1.06 . 120 0.118 0, Q40 .47 0. &47 0, 534 771 0.978 &b a7
1.08 0. 120 0,119 0.025 0.979 0. 673 0. 569 . 764 0. 995 b 46
.10 0.120 0.119 0. 00d 0. 996 0,700 0. SO 0. 756 1.011 6o 44

8ys v FoIN DEGE P DEG @ DSG FF 8ys 8YS @ 8Ys8 FFOOLOAD VO DELTA

0. B0 G 140 0. 138 Q. l a2 0. 4689 0.436 0. 287 . B36 0. 845 7.0
0.92 0. 140 0. 135 Q. 130 0.720 0.458 0.315 0.824 0. 861 7.864
.94 0. 140 0. 134 o.118 O 754 . 481 0 544 0. 813 0.878 7.82
0.9 0. 140 Q.13 0. 106 (e 790 0. S04 QuLETH 0. 8o 0. 895 7.78
0. 98 S T D. 137 0. 093 0. 827 0. 528 G. 405 0.7%3 0.%11 774
1. 00 € 140 0,137 0.079 . 8565 0. S5H2 0. 437 0. 784 0. 928 7.71
1.02 0.140 0. 137 O QAS 0.903 DLE77 Q.A70 0. 775 0. 745 767
1.04 0. 140 0. 138 G D51 0. 938 O, AO2 0. 504 . 767 0.2462 Tubd
1.04 0. 140 Q. 138 O 054 0. 968 G628 0. FA9 &, 75% 0. 778 Tabl
1.08 0. 140 . 138 0. Q20 0. 90 0. 654 GL 574 0. 751 G995 7.S7
1.10 . 140 . 138 0. 004 1.000 0. &8N O.blt 0,744 lL.oiz Tad

gsys v P Ik NEG P DsE B} DsSE FF gya # 8ys o 8Ys8 PF O LOAD V DELTA

0. 90 9. 160 o 134 0. 156 0.749 0.417 Q.22 0.8 0. 845 7.21
Q.92 0. 1460 1,188 0,125 0.778 0. 4359 0. 320 . 808 Q. 862 .18
0.4 D.14a0 0. 155 OulL3 0. 808 G 442 G AR0 0.797 C.ave ?.09
0.9 0. 160 0.154 . la 0.840 Q. 485 ppcicis] 0. 787 0.89% F.02
.98 0. 160 0. 156 0. 0848 Q. 872 0. 809 Cudll 778 .12 8.%4
1.00 0. 160 0. 157 G. 074 0. 90% SR IS C. 443 0. 749 0.929 8.90
L.02 3. 160 0. 187 0. 060 0. 0, E58 O.476 0.761 0.7243 83.84
1. 04 0,160 Q. 157 Gt ds O.G4H0 O GgE 0.810 0. 733 09462 8.7%9
1.06 D.1&0 0,197 O O30 0.982 Cha &0 G Gig4 0, 746 0.979 B.74
1.4a8 . 1460 O.137 O.015 Q.99 0. 635 0. 580 0. 7359 G990 8.68
1.10 0. 160 0.158 —u 202 1. Q00 o bb2 O.b&lé 0,732 1.012 Bubd
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ORIGINAL PAZE &
OF POOR GUALITY

ByhL vV
0.0
G.92
a4
.96
O bR
1.00
Lo
b
1.06
1aod
1.1

LHyg vV
€1, 70
0,92
0.4
Qa9
0. 928
1.00
La0ad
1,04
1. 04
1o 8
1.1¢

REALISTIC LUAD

ave v
£, 90
.22
0, 724
0 P
0. 98
100
.02
w1}
1,064
1.08
1.10

85Ys V
0,30
Q.92
0,94
O Té
0. 98
1.00
1.02
1.04
1.068
1.08
1.1

FoT
G, 1O
o 180
che 1830
O, 1THO
. 180
O, LEI
. 1EIC
0. 180
0. LEQ
0. 180
0. 180

F LN
O 200
o 2000
e 200
(e 20303
e 200
Q. 200
0. 200
. 200
0. 200
Cry 200
O, 200

FInN
0. 020
L QA0
0. 020
0. 020
0020
€, 020
0.020
020
. 020
Q. 028

G 20

F IN
0. 040
Q.40
Q.040
Q. 340
0. 040
0.040
0. G40
(., Q40
Q. 040
Q. Q40
Q. 040

TABLE B-~VI, cont,

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
HEAVY LOAD CASE

h&siG B
0, 17
0,174
0. 175
oL 175
0,175
0. 176
0176
w174
W, 177
Q.177
0,177

D&EG P
0. 193
0.193
0. 1594
0. 194
e 196
.19
0. 194
O.19%6
0. 194
Q. l9b
. 1986

NSG Q
0. 131
i, 1220
. 108
e QW
0, 0[R2
0, &Y
0. O3S
e 0400
0. 0l
0. 0%
IR Y

nDeE @
0,125
. 114
102
Q. 0B
0,076
. 0DE3
0, 049
1, V54
0.019
€. 004
~, (313

DEG FF
0. 799
0. 824
0, B51
3878
0. 05
0. 01
0. FEGE
0, 990
0. F9Y
1, P99

DBE PF
0. 8739
. Bb62
0. B8B5
0,208
ST )
0958
0,970
0. 785
e RPG
1w Q00
0. 998

REFPREBENTATION

D& P~
0.014
.014
.07
Q.01
O.018
.06
0.019
O 01e
0, 0=0
0 Q20
Q. 020

DEG F

0. 0586
I )
0. Q=7
0. 038
0. 058
o, QR
e 5
0. 059
Q. 039
e 040
O, 040

856G
Q.170
0. 188
0. 144
0. 133
0. 120
£ 104
0.091
O.078
. Q&0
o O dha)
0. Q26

NeE @
0. 167
0. 154
Q0. 143
L0 T
0417
0. 103
0. 088
G.O7E
Q.57
0.041

Che 023

NeG P
O 093
Q. 103
d.11a
e 13
O 150
Q. 170
0. 20075
0,245
., 209
G.a13
£, &l

DSE FF
0,210
. 228
., 280
0.277
0 309
G 350
0. 4037
0.473
0. 5469
0.699
0. 862
B-29

8ys P
0,798
Cra 40205
0. 4473
GG
0.45%0
0,514
0,579
)., Siérdl
. 590
.4l
O, 6HAS

8vY85
0.379
0. 402
Q. 424
[ 2 32
0O.471
0. 495
0. ER20
0, 5
0,571
. EQT7
Ou b

a8ys
D.&414
0. &5l
Q. 648
Q. &b5
Y e
00780
.71
(.75
0754
Q772
0. 790

ays P
0. 8595
LR
0. 629
0. bidé
O 66T
O. a1
0. 699
e 7168

O.734"

0,753
0.771

"

S5Y8 @
(290
Q. 3826
0358
O 3b
w417
Ca 4449
O 42
0,515
0, S50
0.5l
O &2

avys
0. 304
PR
0362
0,392
0. 423
Cre 4595
0. 484
0,521
GuE5h
0.592
0. &H28

8YS 0
0. 303
0. 307
0. 353
0379
Q. A0é
Qb 4755
. 461
0. 450
0. E20
0. 550
0. 561

avye o
D E0G
Q.35
Q. 356
0,362
o, 409
0. 437
Qe 4bHE
0. 494
0. 523
0. 534
0. 585

A
O.E301
0. 79C
0. 780
771
0. 7625
0, 75
0y 744
0, 758
e 735
O 755

0. 718

GYH5 PR
0, 780
W 770
0.761
0.7052
0,744
0. 737
0. 72%
D.723
0.717
Q.710)
0. 7O

g8Ys &=
0.897
(., 83818
O.878
(. 869
O BA0
0. 850
0. 841
0. 832
Ch, @273
.814
0. 8504e

8Y8 FF
Q. Baee
0. 880
0.B70
G841
0.851
0. 842
O.835
0.823
0.8914
. 804
D.797

i.OAD V
. 8345
. 86%
0. 877
. 89%
0,912
0, 929
.44
0. 62
077
Q. 996
taal2

LOan v
O.844
0.842
0,879
0. 8%4
0.912
(. Q2
0. 944
Q.98
0.97%9
0,994
1.0173%

LOAD v
. B2
0. 850
. Bl
0. 885
I
.92
. 939
0. 9548
0.974
0,992
1.010

0D v
0.833
0.851
0. 848
0.884
0. 704
0. 922
0. 739
Q. 957
0.975
0.995
1.010

DEL TA
10,503
10.43
10y, 734
Ter, 2%
lae 1?7
10,09
1o, Q2
|
.87
9. 80
.70

DELTA
11.84
11,73
1l.641
11.49
11,39
i1.09
11,20
11.10
11.00
10, 92
10.82

DELTA
=) 7
0. 04
0. 14
Q.27
0,38
G. 48
.58
O.&7
0.77
Che 86
0. 94

DELTA
L. 27
1,755
1.44
b SE
1aél
1.&6%
1.77
1.84
1.91
1.98

2 “ (:,\-:'J



HYh oY
Y
IS
0,74
I P
L. S
1o
.02
1. 04
Latdés
1.8
t.10

SYs v
e G0
I
0. 94
.98
e 98
1. 00
R
1.0
1.06
1.08
1.10

8Yg v
a0
W
G4
0. Réh
€. 98
1.00
1. 00
5wt}
1.068
1,08
1410

5Ys8 V
O S0
o, 92
.94
Q.98
0. 9
1.00
1,02
.o
1 .08
1. 08
1.10

F Inh
(BT 18]
1, (G0
€ 0
£, D0
0, G0
LY, Lyl
1), Cida)
0, O40D
)y CHED
). 50

oI
0, QR0
G LJEHO
0. 00
0, Q80
0 QB0
0 Q8L
0, A0
o, 080
G Q80
0, 080
e GO

F i
Qe L0
e 1606
Q. 1o0
. 100
0. LOD
€ L3O
0. Lo
O lo)
03 1030
(. 1O}
O 100

FOInN
0. L20
0. 1240
Che 120
0. 120
. 120
0. 120
O 120
0. 120
0.120
0.120
. 120

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

naG F
0, 054
T
0, 07
0y, 57
L, O
(e 008
0y, CNEY
Cha QR
1), 9
O Q59
O, D0

D&G ™
Q.0764
0,074
0. 077
0,077
€. 078
0O.u78
0,079
0, Q7%
0,079
. U779
0,079

DEG P
0. 095
0. Q94
0. 096
Q. 097
0. Q97
. 098
0. CH9E
.09
0099
0, 097
O, 099

pse F
0.11S
D.1lé4
0.11é
0.117
0.117
O.l18
O.118
Ga.118
. 118
g.11%9
0. 119

LG @
. 164
0, 152
0. 140
127
0. 114
. 100
0, OB5
0, Q70
o, 054
0, 57
0y, CHRe

&G o
0. 140
0. 149

C 0. 137

0. 124
0,110
0. 098
.08l
Q. QOhéb
0. 050
6
0.01&

NG @
0. 1586
e 145
e 1033
0. 120
. 1064
0,092
0077
0. 02
0. 044
0. 029
0.012

nasE &
0. 152
0. 140
¢ 128
O.115
O.102
0. 088
0. 073
0. 0Eg
0.042
0. 025
. 008

TABLE B-VI, cont.

HEAVY LOAD CASE

DEG R
R

547
0,374
0,412
Dy, 454
0, 505
0. 569
0. a4
0.741
0. 848
0. 48

DEE FF
O 42848
0, 455
0.490
0. S350
0.576
0. 831
0. &5 4
. 747
. 845
0.221
0. 780

NG FPF
0,520
0. 5952
0.588
0. 629
Q.é676
0.728
0. 786
0. 844
0. 906
Q. 9%
O.H93

DEG FF
[ &ONE
G &R5
. a71
3.711
0. 7595
0.802
G851
0.89%?
0.944
Q.79
0. 29g

B=30

8YS 1P
0,576
0,597
0.410
“'.) n 632,
O HAa4
0, 6H62
Onb7%
1), &7
D718
0w 7305

O 752

8Yg
. 557
0573
Q. 570
. 608
0. 625
. 642
0. 640
0. 678
&6
0.714%
0. 755

SYs P
0. 537
0. SEd
0.571
0.588
0. &b
0. 623
O.bdl
0. 659
Oub77
. &5
0. 713

8Y8s P
0.518
PRt
0,52
0. 5469
0.587
G 604
0,622
0. &40
0. 4658
QO.4&78
0. 674

SY8 @
0,310
0. 334
0L a0
1. 5034
0.413
0. 440
2. 44
0. A7
0. HR27
0. 557
(). 50

8Y8E @
0.314
0. 338
0. 364
Q.30
0.417
. 444
0,475
0,302
0. 931
0. 562
0.593

8Y8 @
0.318
Q.347
0. 5468
Q, 594
0.421
0. 449
0477
0. 5048
. G336
0.564
0.597

5YS @
Q. B2

st loed

0.348
QuI73
0,399
0.426
0. 454
¢ 482
0.511
0.540
0.571
0. 602

ORIGINAL PAGE 18

5YS PF
. 881
0.871
. 841
0,852
0. 842
Q. 8375
Q. B3
0.814
0w BOS
(. 794
0. 787

8Ys FF
0.E71
G. 8461
0.B851
. 842
0,832
. 824
0.817%7
0. 804
0,798
0.7864
O.777

SYS FF
0.861
0,851
0H.841
0. 851
0.821
0.812
0.802
0.793
0. 784
Q.77%
0.7&7

8Y8 PF
Q. 849
G 839
1. g22¢
0.819
0.80%
€. 800
0.7%90
Q. 781
Q.7735
Q. T4

Q.753

OF POOR QUALITY

LGAD VvV DELTA

0. 8754
O.H51
0. BaY
.887
0.904
0,922
. 940
1, 9548
0.975
0. 9973
1.011

2.61
AT
I i
2.79
Z. 84
n.70
2,95
e €30)
He 5
R R Y]
2.1

t.aAb VvV  DELTA

0,834
0. 852
0. 870
0.887
0. 9085
0.923
0.P40
0. 958
0,976
0. 974
1.011

3«74
3.97
4.01
4,040
{4.07
4.11
4.14
4" 1?
4.1%9
4.22

4n24‘

LOAD ¥V DELTA

0. 8355
0. 852
Cra 870
0. 888
0. 904
G. 923
0. 941
1. 959
0. 9764
0.994
1.012

b7
5.27
G.28
vie 29
5.0350
S5.31
S.31
5,32

T
P T

n

[

enr
w b

gty

L.OAD ¥V DELTA

0. 835
0.883
0.871
(. 888
0.90646
0.924
0. 941
0.959
0.977
0.9%4
1.012

&, 599



oYL VvV
G 90
IR A
Qw74
O, 94
0.9
1 .00
1.0
1.04
1. 064
1.08
1.10

BYS W
Q.20
0.92
0.94
O
0.8
1.00
R
1.04
1.04
1«08
lLal0

BYs v
0 P
A )
.74
0,54
0,98
100
1,0
1.04
Latdé
1.08
1.10

5Y8 vV
0. 90
Q.90
0. 94
0. Pés
0. 98
1.0
1.082
1.04
1 .06
1.08
.10

oI
0. 140
Qo140
0. 140
{1, 140
.140
O. 140
1. 140
0. 140
Q. 140
G140
0. 140

FIN
W 140
Gu b
0. 160
Q. 140
). 160
0, 160
0160
0. 160
0. 160
e 160
. 160

POIN
0, 180
0 180
., 180
Oa L8O
U 1EO
O LED
Ca 180
e 180
0.180
0. 180
. 180

F IN
G 200
0. 2040
0, 200
0. 200
O, 200
0,200
QL RO0
£1, 200
0. 200
0.200
0. 200

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION

DEGE P
. 134
o 135
e 136
e 136
I B 4
3. 137
O.1357
0. 138
0. 138
. 138
., 126

naesG F
0. 154
e 154
e 1595
Q. 15
0, 154
O 156
0. 157
0,157
. LET
0. 157
0. 158

DEE -
0,173
. 174
0,174
0. 175
.17
e l74
D.174
0,174
0177
177
0. 177

nasG P
0,192
0.193
0.1%4
oa 1‘?4
0. 195
0. 195
D195
0.194
0.1%94
O. 196
0. 194

DSE @
., 147
134
o123
. 130
0. 097
0,083
G O1&E
.03
G377
. Q20
0. 0070

DEGE
0.142
G 1330
TR
0. 108
0. 02
0.078
Cha Q&
Q.48
0L 0E2
0,015
R 618 )

DEG @
O 134
L8 P A
O.1L1x
O, 100
3. DES
.07
Cr, 157
0. 042
0,02
0. 010
v OO

DEG 0
0. 130
0. 119
0. 107
. 094
0. OB
Q. CQiné
0. 052
0. 034
0. 020
0.004
- 013

TABLE B-VI, cont.

HEAVY LOAD CASE

NaG P
0. &74
. 705
0.740Q
0.777
(NIRERR
O.854
0. 894
.974
0. Phé
. 990
1.000

DBG FF
Q.734
Q0. 764
0. 795
0,82
0.862
0he 83978
0.928
0. 957
i, Q0
0, 9%
1. 000

naE FF
2, 71438
0,512
0.840
0. 86%
0. 897
[§
0,951
Q.73
0,989
O.999
0.999

DaE FF
. 828
0831
D874
(), 900
0.924
0. 947
O, 967
0.987
. 995
1,000
0. 998

B=31

aYs B
0. 4%9
G.5916
0533
(. S50
G G547
0. 585
0. 603
0. 420
0. 638
0. &a5Y7
D75

8Y8 P
0. A80
0. 497
0,514
e 55

0,548
0. 5688
0. 564
0. a01
8 O
. 657
. &Es

8YS F
e 4ébl
Vi 78
0, 4895
w.EH1E
0. 529
O S47
O, S
[T 2
g'_') " 6!:”:’
0.4618
O.637

8Yg
. 442
O 159
0.47&
0. 493
QLSO
0.52

0. 544
T
0,581

O.&HO0

On é,:l.a

8Y85 @
0,328
O3S
O.57TE
0. 404
WY i3]
0. 459
0. 487
O.516
0. 545
D.57&
0. &O7

gvYs o
O 335
O REE
0,284
Q.410
0. 434
0y A&d
Q. 492
0. 521
1, 551
0. 581
D.bl3?

8Byg 0
LS PG
U364
(e JEY
415
0. 440
Q. 470
0. 498
[k

Q. 357
0.587
D.4H18

8YsS O
0.3544
0. 370
0,394
G 422
0. 448
W 878
0. 504
0. 535
Q. 563
0. 5973
0. &2

ORIGINAT, {3027 i

8YS R
0. 336
0. 8324
Q.1
0. 804
0. 796
4,787
.78
0.7467
0760
e 752
D.744

8YS PF
0,822
O0.811
Q. B0
. 792
0.782
Q.77
0O.764
0758
0.747
0,739
0,701

8Yys PR
0}, G805
£, 794
0. 7864
OL777
0747
i), 709
Q. 750
.74
0,733
0,725
.78

85Y85 FF
0. 788
D779
0.769
0, 740
Q. 751
0. 743
0 735
1.724
Q.719
Q.71
0. 704

LOAD
0. 134
0. 853
0871
o, 889
0. 906
Q. 224
0,942
0. 959
0.977
.995
L.ol3s

LIAD v
0. B84
0. BS54
O.871
0. 889
., @07
0. 924
£, 9450
(e P&}
DL P77
. 995
1.013

L.OAD W
0. 837
0, 854
0.872
0. B8Y
0. 907
Q. 725
. 940
Q.960
D.978
0.995
1.013

LOAD W
0. 837
Q. a5
0,878
0.8%90
0,907
0. PRE
0.245
0. GhH0
0.978
. 994
1.013

OF PODN GUALIY

DELTH
792
7.88
7 .84
7.80
Tu'Té
772
7.48
7 b
7.
7S
=L

DEL.TA
.24
9. 18
9.11
9. 04
g. 58
8.91
8. 85
8. 80
.74
8. 69

Badd

DELTA
Lo, 58
1. 48
10,3539
1o, 29
1020
10.114
16, o
R
9. 88
?.80
Q7w

DEL.TA
11.%91
11.78
11,644
11,55
11.42
11.52
11.21
2 A A
11,01
10.91
i, 82



LM TENT

Hya 4
.
Cha 7
v, P4
i Py
0, 78
1.0
e
1,08
1.048
1,08
.10

BYS W
QB0
L
€. '74
Q.4
R 42
1.0
Lo
] . 4
1.0&
1w e
Le1¢

SGYS Y
S G
Ju 0
1. 24
T FéE
0 PR
L. 0
L. 02
L . 4
. &
. I8
L. L

aYes v
3a PO
), P
] - L?.q.
). P&
). 76
. 0D
o )
w024
T
< 08
w160

LT
Vb L0
0, 00
0O, TG
e .20
0, 01020
U G0
0 Q20
1, 020
1y 320
LI M
0,020

F 1
010410
U 0440
03, O340
0. 040
. L0
). 040
L, 0480
O, 04y
Cha 0340
0, 0440
0, 040

I
L 1)
Cha X&)
Lha G0
0, &0
. 0&HO
0. 060
. 060
0. 060
0. 060
O A0
0. 040

F I
Q@0
0. 08O
0, QE0
0. 080
. 080
0. 080
e 0BO
0. 080
Q. 0a0
0. Q80
e DEO

HMFEDANCE 1L OAD

D& P
.1
0L
Quialls
.08
0,015
th, i3] 4k
D.la
.0l
T, i
0,014
.01

DG
£ 0230
0 (V35
LA T
), A5
0,055
O, (A
Gl
0, 54
0, 0354
W DED

0, QR

D&E P
D 053
G O
0. DES
C, QES
O, 054
Q. Q54
0. 054
0. Q54
I L
0.0
r, QB

nes kP
0075
0,075
0.074
Q.74
0.074
. 074
0,074
0.07s
0.075
0.073
D073

nGH M
a ‘:’ 1‘?’
o LD
v 03
D
2R
e 2T
- (124
v 025
ey CHE
o Q27

)
' r.l.?‘:

DEG @
-, )32
] 023
= 223
-y Chind)
- 0225
o D&
-y I2&
e BT
-, I2E
R A
e GLE0

DuE G
27
wny URE
— 28
- CER
- 28
o 2500
- O30
. 03
R
-y (7R

—-. 033

neaE @
L RAG
- 35
w035
- 35
-, s
Ry Y
-, 134
L VT
— 37
- BT
- 038

TABLE B-VIIX

DATA FOR INDUCTION MACHINE

LIGHT LOAD CASE

DuG FF 10 ¥ §

i)y G
0. &g
O B
£, 568
0, G468
0, 558
0. 508
0. HEE
. 449
€, A8
. 4351

(X2
i U:’!Ll
w1534
= U1
o 33
o $2221
-, )21
=, 20
-~ 0219
~. 018
—. 118

DG FF Lo % 8§

0,847
O = A
0. 330
0.821
oL@l
0. 801
0. 790
.779
0. 7648
0, 756
. 744

-, O3
-, Q51
- 446
il
D45
ey O3
o 041
. Q40
-~ 138
"} C,:;?

e

" w (:‘ :b;‘\J

DGE FF 10 % 8

0. 894
0 3995
0. BEY
0. 885
0,881
0.8764
G871
O Béb
. E160
0. 854
. 848

~. 080
~. Q74
- 073
- Q70
- 67
— . D64
e L)
-, Q59
-, Q57
~ o 055
- QTS

DG FF 10 % §

G Q06
0.908
0. 708
0. P04
0,902
0. P00
0. Eea
0. 894
Q. 8973
). 890
€. 887
B-32

—. 108
- 10
-, 99
- (174
-, 90
-, 087
-, D3
o QB0
- 77
-. 174
- 071

LYs
0, A4
L0851
. 054
). Q57
0,041
). D&
0, 0&7
0D.071
0,074
0078
0. 081

a8vys
0. 008
0.0.31
0. 734
(. Q5
O.041
o, 44
Q. 047
D051
0 5
0. 058
SIS F

8Yys P
Q. 008
Q.01
0.015
0,018
DLo2l
0,024
0. 028
0.51
0. 0%
0. 038
42

a¥a P
-.011
- 008
-, Q05
—-. 002
Q.00
0. 005
0. 008
0.011
0.018
0.018
O.22

ORIGINAL VAl W
OF POOR QUALITY

HYES O
G a7
O 78
Ut IO I S
0,074
U 7Y
O 002
0, OB
1. 088
0.092
Q.09
0, e

agYs @
0, Q270
O73
Q.75
0. 078
0D.081
1. Q84
0. 088
0. 051
0. 094
Q. 097
.10

8Ys @

0.075
2.078
. 080
0.083
0.086
.08
0. 092
£0.095
0. 0%
Q.101
Oul04

8YS @
0,082
Q.08
0.087
., 89
.0O92
0.095
Gu.O97
0. 100
0. 103
. 104
0. 109

SYa P F
. 534
0, 591
0. 578
e HO4L
‘:, " él 1 t-ll
615
£}, 620
OubH24
.62
L O Yo

0.43&

8YS PP
LA 4
(e 395
2.414
0. 432
0.448
0. 463
0. 474
o, 489
ou501
0.511

0. G221

ays P oF
L B
(. 147
0.179
. 210
0.238
0,265
0. 290
0.312
0,334
. 254
0,372

aYe P F
Q. 134
0.0%96
. 0S8
0. 021
£0.014
0,047
Lo 1= el
O.113
Q.143
0.172
0.197

L.Oan v
0. 890
n,‘l . "? _l L)
(AN e
O 5550
D769
(R L)
1,009
1,629
1.048
1. 0483
1.0438

LOAD V
0, £1%71
0.711
0. 9730
€, PH
0.570
0,970
1.009
12029
1.049
1L.04%9
1. 089

LOAD ¥
0. 891
.1l
0.9751
0. 951
0,970
e 990
1.010
1.030
1.04%9
1.0&9
1. 089

LOAD v
0.8%91
0.911
0.931
0. 951
.971
0.990
1.010
1.030
1.050
1. 0469
L.0@ae



aYh oV
L),
¥ PR
$1a 94
)96
G 90
1at0
1.0
1. 04
1.06
1.0d
1.10

GYS V
L) )
L) G2
)y P4
b Fé
. P
L.ow
1.02
1. 04
1.0
1. (08
Lol

Y& v
de 90
a2
Jw 74
Ve b
). RE
LW 0
| . Q2
LW 04
[ . D&
| . HES
W10

¥YS V
Y. R0
)
b 74
lw Féa
b PE
o 5IC)
B e 3
v 4
it
« 08
.10

Q!i?“i.’l\r! o .}

o Parnrny;tthﬁ’

oI
O, 100
0, o
e 1O
U, 100
0,100
i, 100
O LG
0, 100
0, 100
O, 10
Q. 100

"IN
0,120
Q. 126
Ga 140
e 1220
0,120
120
e 120
0. 120
0. 120
O, 1320
i 120

P IN
0. 140
Q. 145)
Gy 140
1. 140
0,140
2. 140
0. 140
O 14
O 140

w140

. 140

P I
0140
.1&0
00160
0, 160
Qw160
e 140
. 140
0. 160
0. 160
0. 160
0.1460

pLG o
1, 04
U094
£, 1194
.03y
a 0%4
0,097
(e 093
0.095
0. 0973
G, 0973
L 1ot

DEG
N.114
Q114
0. 1172
.11
0. 113
L9 B
.11
Oulis
LI I )
. 112
O.112

nsE
£2.133
0. 133
D.L3s
Lo A 9.1
0. 1373
0. 1352
0. 132
G132
. 1a2
. 1332
0,132

D&EG P
0. 152
0. 152
0. 152
Q. 158
f. 152
0. 182
0. 152
0.152
Cha 10351
0. 181
.151

DATA FOR INDUCTION MACHINE
LIGHT LOAD CASE

DEE R
e '.’45
LY
w144
v M
e
a4
o (04}
o~ C14L 4
=, 1344
- 44
- A

DGG o
v 0158
- T
- (’Eﬁé}
s 038
. D54
- 3T
» W DT
~. Q2
s, PR

o 1) fi a?

D&G G
- Q75
—~ Q7T
-~ 71
-, 06
~. &7
w, O éa
- DhS
e Qdad
. 063
e Y]
™ 062

DsE
-, 098
- QG4
- 0
- D&
—. Q84
-, 081
- 79
- Q77
-, (74
- 075
-, 074

NLt -
.03
0, 04
10089210
0, PO
O.Q07
0. 907
0,906
O, 900
1y, BOE
0, QU
0, QO

D& PR
g, HT1
o, 8394
0. 398
0 Y00
0 G0
(W IR Y|
Cr, WIS
0. 906
0 QO
0, 907
0,06

DG FF
0. 870
0877
0. 883
0, 8848
0. 892
0. 895
0., 898
G901
0702
0 PO
0,503

DEE PF
0. E40
0.6852
O.E84l
0.8469
0. 876
Q. 882
0.887
0. 891
0. 894
0. 897
0. 399

B-33

-, 07
L
L al-ld]

10 % 5
-, 172
"”ll 1(:)3
~. 1%54
o 147
. 140
~-. 154
~. 128
wry BLME
] 11‘3
~a 109

10 % 8
a2l
—-. 1928
~. 187
-, 177
- lag
. 1 &t}
~. 15
e
~u 140
-, 134
-, 129

10 % §
- 237
- 239
- 224
“.211
- 199
-. 18%
= 180
~. 171
=~w 1&73
-, 1368

- LEO

5YG
PR N |
a2
e 1M
9 MM
" (?’ 1 3
] 1} 1 :j
~a L2
- 10D
wery DT
g 0101
Q. 002

Lysy
= o L5
. (147
-0 D44
o £330
- DR
-~ o CHAE
~. 031
-, 08
=, 04
w1921
217

8YS F
=, 70
=&Y
o Q&4
=061
- 57
e 05
wmu NE1
- Q47
- 4
= /0
~ 137

ays B
-, 039
- Q084
-. QB3
~u O8O
=077
o Q74
~ . 70
~a DET
- Q&I
= 0&a0
- (K&

vy M
O, (P
R I L 71 8
0., 0%
O, O9H
0, 100
1, 102
0, 105
€0, 107
0.110
L T B
L i ¥

a5YS8
. 104
o, 107
0, 108
. t0w
. 1tl
0. 112
0.114
Gallé
0.119
0.1
0. 1273

BYS 0
0.2
O, 122
0,122
G l2s
Q. 124
0.13258
0,124
0. 127
0. 189
0. 1731

0. 133

8Y5 @
0146
0.143
0,141
0.140
0. 140
G140

Q.10

Q.141
0.142
Q. 143
0. 145

S9YS ¢
1,518
(. 2073
o0, 249
0,215
0. THO
I B
0,11t
0. 077
0, 347
GOt l
e 30

sYS PR
0. 430
0. A0
0. 3E0
€ 35T
0324
0295
G264
0,277
0,201
. 170
0. 138

8ys ~ F
C)b 4(.?4’
0,479
OndiHd
0.442
0.421
Q. 398
0.374
0..354%9
0532
0,295
0. 267

gYs F F
0. 521
0,515
C.B0O7
0. 495
4817
O.4464
0. 448
Q. 4279
0. 408
. 584
343

LAk v
0,911
0,971
0 S
D70
. 20
1.010
1.070
1.850
1 [} '17‘.)
1 gy

L.OADb v
ch, {90
.91
(3, 230
€. PEIO
(. P70
Lhe 990
.10
1. O30
1. 080
1,070
1. 08y

L.oAD v
. B1EY
0. 05
Cha 930
0. 750
0770
. 7510
L.310
1.029
1.049
1,069
1,089

LOAD V
Q. 887
€0, 208
0,928
.94
0.6
0.989
1.009
1.029
1.04%9
T o369
1.089



“uvys v
Ly PO
0,972
I
0.9
.78
1.00
1.02
1.04
1.06&
1.08
1,10

aYs v
A7)
0. 94
€a.Fd
.98
1.00
1.92
1.04
1.0
1.08
1.10

REALIETIL LOAD REMFRESEMTAT LOM

hnys v
.50
Q.98
P4
Giw S é
1. 98
1,00
102
.04
AR
.08
.10

8Ys V
0.70
0P
0.94
Q. é
a8
1.0
.02
1.04
1.06
1,08
1,10

P IN
), 1830
180
(. 1O
1, 180
L. 180
), 180
0. 180
. 180
0,180
. 180
0. 1830

F IN
0. 200
() " ?')‘J
O 200
€ 200
0. 200
(1, 2200
(e Qoo
€}, 201)
Q. }'_!!"JU
(3, 200

FoIN
£, 0520
0 QA
G 0020
0. 520
Ch, €0
0 20
11 G20
L)y (hAC)
0. 020
Q. Q20
Q. 020

FoOIn
0, 040
QU0
0. 040
0. 040
0. Q40
0, QG
0. 040
Ga. 040
£ 010
Q.04
0 (40

bats
.170
e 171
0. 171
0,171
0.171
Gul173
e 171
0.171
171
Q.171
171

naE &
(. LEE
0O.189
0. 190
0. 150
0. 190
. 190
0. 190
U 190
150
. V50

D&E
PH.015
0,015
Q.08
Ga31ty
(015
.04
0.014
Gl QL4
0.014
Qals
OL.0Ll3

D&EG #
G O35
(o OX35
0.0y
0. O35
. GRS
0, 034
0. 0354
O 54
. 0734
e O3
A

TABLE B"’VII 7 <o nt! .

DATA FOR INDUCTION MACHINE
LIGHT LOAD CASE

ps 0
.13

- 127
-, 118
-, 105
~. 104
- 106
-, 097
-, (3574
e, 7]
- 89
-, 087

D&
-~ 175
L R
- 11
= 138
e, 125
- 119
-, 114
=y 110
= L7
-, Liag

ngsG o
w1
- 0130
a1
] [..}‘si :..’
T
43200
-, 01324
- 025
R e
o Q27
-, 28

D& o
R ¥ L)
QWA
-, A3
- 024
-, 025
o 32
- 24
. D27
-, 28
. D2
- D0

LSG PR
0. 789
O.812
0.829
. 8473
0. 8%4
(1, 8143
0. 870
0,876
810
1. 884
. B0

DEE PR
07352
0.777
0. 803
.21
0.83646
0. 847
857
0, 8645
0,872
0. 377

b& PR
0. b2
0, H0G
0,589
0. 568
0. 548
0,528
I S0%5
. A488
. 448
Q. 444
Cra 4750

DEG FF
0. 847
0, 83549
Q. BI0
L8211
0.811
0,801
0,790
D779
0. 7468
Q75
0.744

B34

10 % §
-, 334
~ . 275
=271

ey
202

Rt

—— b L]
LA

w210
e 199
o, 16®
-, 1431
-. 172

10 % 5
= 400
o G2
-y At
—~n 833
VRS - A
-, anlé
-
AT
w220
- 197

10 % 8
] ‘:}:2
o, Q35
= 024
.y (23
- 2
-, 0121
™ w {:3:31
- (Y0
- 1319
-, 4318
- 318

19 % &
e L
e G35 ]
L8
- (&
-2 Q45
- D4
-, 041
= 340
- . (a8
- o 137

e D

L5vyg P
. 1603
bt 1‘.’5-3
e 102
- 099
= 094
- P
e Q70
ey (136
= QEE
—-s D79
. D78

ays v
o l24
-. 121
-. 118
~.115
~-.112
- 0%
-, 100&
e 102
-, DR

] (."'?EJ

Y8 F
0. Q53
e OG5
0L Qe
1) . (hn0)
Q. H2
LS P
a3y
(. Q&Y
0.071
0. 074
0. 0768

8BYs P
6y GRS
0. O35
0. 038
0,040
0. 042
0. 045
0. 047
Q. 049
0. 052
G 54
0. 056

ORIGINAL PAGE 1S
OF POOR QUALITY

Lvys ol
. 180
0. 172
1, 167
0.1673
0. 140
0, 159
€. 156
(. 157
0,107
1. 158
0. 15E

SYs @
0.224
L I g T
0.194
0. 18338
L. LEE
0,189
0,178
0, 17&
375

. 17%

BYE @
0,071
.73
0.7
€. 078
0 OEO
(82
0. 085
0. 087
0.090
Q0. 092
0. 095

8Ys o
0,074
LTS
Q.078
0. QEQ
. 083
0, 085S
0. 087
0.090
0,092
0.094
0.0%7

8Y5 I F

0,015

i

0. 522

Q.527%

08520

)

0,514
0,500
0. 494
0. 481
0. 464

0. A5

§]

e 432

Y8 P OF

0. 4373
0. 508
0. 520
L8R
O, 58
0.518
0.513%
0. 500
0,491
q.4°7%

8Y5
Om élf.')fa'f
Qe HOT
0. 400
0.4%)
D.a614
G.614
D.blY
0.462
. 624
0.6

8yg F
0,413
(. 425
0. 4357
0. 447
G.a4a7
e bty
0.474
0. 482
0,489
0. 478
0. 502

F

F

LOAD W
G B84
1, G0
N.726b
0,47
0. 967
0. 9838
i.008
1.02
1. 048
1.063
L. 0BH

LOAD V
0. 700
.923
0. 244
1. 965
L. 984
L.00&
1.027
1.0047
1.067
1L.087

LOAD ¥
. B0
.F10
0,929
0. 949
0. 969
Q. 989
1.00%9
1.02%9
L. 049
1.069
1. 0ES

LO&D W
0. B0
0.910
. P30
0. P50
0 W70
. P90
1010
1.029
1.049
1,069
1.0E89



HEASE IRV
Lyt
P
.94
Lh 7
Cra E
L.
1.0
1.04
1.0
1.08
1,16

ayYs v
70
.92
0,94
0. G4
.98
1.00
1.02
1.04
1.0g
1.08
1.10

8ys v
0. R0
.92
0,94
.94
0. 98
1,030
1.02
1.04
1.048
1.08
(I )

3y

v
)

- Wl
S0 om
Bl st}

i

el

). 94
b FE
N ele)
. 02
W04
T
W08
.10

 Ih
L 160
Vr R0

Rr-1%]

N1
B AT )
ERY 1Y
TS
b, iy
L, tead
L, CHS0)
(NN T-TY)

FOIN
. g
Q. 086G
QL B0
€. 080
O O{E0)
0. 080
L QB
0. 030
0. 080
0. 080
0. 080

F IN
0. 100
Q. 100
0,100
0. 100
0. 100
. 100
G100
Q. 100
0. 100
. 100
O, 100

FIn
0,120
0. 120
O 120
0.120
0.120
G120
O, 120
O 12¢
0. 120
Qu120
Q0. 120

C -3

DsEG
Ly, b
RS L)
e, F
Lt J“'J:J
AR T/
)54
0 054
V. O
LIS L
e QY3
0, 05

D46
D075
UL Q7%
0.074
g.074
.74
.74
0,071
0.077
0.073
0. 073
0.073

DsG p
0. Q%4
0. 094
. 094
(. 094
D D94
0. 93
Q. 093
0.093
0. 093
0. 093
.02

WEE R
2.114
O.114
.113
011
COalls
O.113
0. 113
D.115
O.113
.11
D112

TABLE B-VII, cont.

DATA FOR INDUCTION MACHINE

naEG @
-, 1127
- U
G
R 8 300
. U;zr?
S IS
o CV30)
LR Y ]
R R
-, CE3E

TR LIS

nssE @
e CEES
-« O3
- 35
- (I
= QNG
L T
- 34
i ¥ 1)
- 05

== Q37
- 038

nssG @
-, 045
o )44
- 044
- 044
Sl 77
~-. Q44
~. 044
- 044
~. 044
= L
-. 044

DEGE ©
. O5E
-2 Q37
. 054
- 5
—. 054
— o O
- 053
- (5
—. 052
-, 052
-, 052

LIGHT LOAD CASE

6l PR
., Elf
0, 390
0. BEY
1) B3E3Y
0. 881
. 876
0.871
0. 864
O, 8a0
. 354

0. 348

nsG PE
0,904
V. P08
0, P05
. G0
0,702
G P00
0,898
0. 8948
0,893
Q. B0
0. 884

DSGH FF
09073
0,904
0,908
0. 204
D.907
0.907
0. 904
. 708
0.%05
0. 903

C0.902

DsG FF
0,890
.894
0. 898
.00
Q.0
Q.04
0. 205
0.9086
0. 9204
0.907
0. 2086

B-35

o x5
=« DEO
e, (V78
o (V7R
A YN
AT
w64
L T
- 5%
- 57
~ o %Ik

] L'E":"

10 % &
a 1 l:lEl
-, 103
-. D99
()94
- 00
- 87
-, D83
. Q80
- 77
- 74
-. 071

10 % &
-. 139
~-. 132
~. 124
=120
—. 115
“e 110
-~ 105
. 101
- 097
R L]
—. R

10 % &
-, 172
= 1é&3
-. 155
~. 147
-. 140
-~ LE4
-. 128
—-. 123
-.118
~. 113

—. 109

aYs F
0.014
0,015
.01
VPR IELY!
gy 0
e 025
0.027
LR
ST I
0. 034
0,038

aYs
. 0&
- (I
-~ OO2
€. 001
I ¥4 b
0.005
Q. 007
0.010
0.012
D.0L4
0.017

85YS5 B
-, 024
~ 027
- 021
-, 019
- 017
-.014
-, 012
-, (210
- 008
-~ Q05
- Q0

8Y§s F
—. 045
= 043
—. 041
- R
-, E4
—, 354
-~ Q32
=2 0E0
- 027
-, 025
- Oy

' ebs fnt

ORIZINAL pas

T orE
RL I A

OF PooR QUaLitTy

BYS O
V.07
0,031
0. 08
Lh OH3E;
. 0@y
0. 087
0.0%1
0,095
0.0
£, 073
0, 100

5YS 0
0.086
Q. 0Bs
£, 0
0. 091
0.093
0. 095
0.097
0. 099
0.101
. 103
0. 1L05

8Y8 @

0,097
0.098
. Qe
0. 100
0. 101
. 100
0.104
Gul0é
0.108
O.110
D.111

8Y5 @

o.110
Qu110
00110
O.111
0,11
0.113
0.114
0115
. llé
113
Dalle

SY& P OF

tr. 171
U195
3,214

€ 220500

L TR A
0,249
0. 285
.30
0.1
e 329
0.342

aYs P
0. 048
0.043
0.0O17
G Q07
0.0
0, Q54
D.074
Q.088
0.118
0. 1368
0.157

BYs P F

0284
Q. 2355
D210
Q. 184
0. 143
0.140
O.114
0. 094
D.071
20.049
G.027

8Y8 -
0.E79
0. 347
[ ¥ 0
Q. 3248
0,303
0. 2069
. 369
.24
0. 228
0,207
0. 187

3

=

LOAD ¥
., 871
a1
id, SPAD
O P50
0.970
0. 990
L.l
1.02
1.0850
1,070
1.090

L.OAD V
OBl
0.911
0. 930
0.950
0,970
Q.90
1.m10
1,030
1. 050
1.070
1.090

Loan v
0. 890
0.9210
P30
0.9280
0D.970
0,990
1.010
1.030
1. 050
1,070
1.0%0

Laan v
.89
D.510
0. 930
0.730
0. 770
W PP
L.oO1o
1.030
1.050
1.070
1.090



HYhH v
Q.70
Ch, QL
0,94
0,94
L 7
1.}
1.0
1.04
1.04&
1,08
1,16

sys
{1, 90
0,92
0. 94
D94
098
1.00
1.0
1.
1.0
1.08
i.10

5Y3 vV
2,70
0.9
.94
0.9
o RE
1,00
a0
104
1.08&
1.08
Lald

g8Ys v
(S 4]
.94
0. 24
0.98
1,00
1,082
1.04
1.4
1.08
1.10

oI
!J [] ] ‘1“3
0O, 140
D 140
O 140
. 1440
€, 140
0, 1410
.t a
. 140
Q. 140
e 1440

FIN
Da. 140
Oy 180
e 140
Q. 160
0. 160
0. 1460
3. 160
Q. 1éd
. l&h
e 1 HO
0. 1460

= IN
0. 180
0. 180
0. 1an
€. 180
O 180
Che 1L EMY
1. 130
£, 180
0. 180
0. 1860
G 1830

FoIM
00200
Q. 200
0. 200
0. 200
0. 200
. 200
0. 200
0200
0 200
0. 200

Dig -
U LTA
, LA
0. 17357
O 1057
Q.13
L
G, 1752
G 1050
e 1032
0. 138

D&
. 152
0. 152
e 152
0. 152
.15
. 152
Q12
0. 152
0.1
fr. 151
e 11

DG F
QL1780
Oul7l
Dy l71
0.171
2.171
Q. L7
D171
0.171
D.171
.17
0. 171

nsg P
., 188
0.189
0. 190
0,190
. 190
Q. 190
0, 190
0. 190
0. 190
O, 190

TABLE B-VII, cont,

BATA FOR INDUCTION MACHINE
LIGHT LOAD CASE

AL TR 0]
- V75
o X7
™ u (;}7 1
u (1é%
e, (a7
PR 8 T
= o 15
= &4
0 1%
~ L)
—a 162

LsGE 0
-. 099
-, 0394
= 90
. D84
- ()34
-. 081
—. 7Y
~. Q77
— Q78
-0
T ¥ I )

DEG G
~—a 1323
- 3327
“. 115
m . 10
-, 104
= 100
- 97
—. 094
- 0]
-, 0w
-, a7

DEG &
- 174
-« 154
~o 141
. 133
—. 125
-. 119
-.114
~. 110
~. 107
~ 104

D&y P
Q.70
O.B77
0,883
1. 8388
0,892
L o
. 898
0901
0.202
v, ol
0. RO5

DG PE
G 85%
0.E51
0.861
. 849
Che H17 &
0.5882
Q. 887
Q. 8%1
0,874
0.897
0. 99

DSGE FF
0. 7688
0.812
0.829
0. 8434
0. 854
0. 865
O.B70
0.874
0. 882
0.886
0. B0

NEG FE
0 730
2.7764
0.802
0.821
0. 8736
0.847
I
0,885
0,872
.877

B~-36

1O 9% 43
~ 210
-. 198
bl 187
~o 177
- 148
. l&0
-, L5
-, 144
w140
= 154
= 128

10 ¥ 8§
- 2
- 240

=3 1oy
- 225

—-. 211
- 200
-. 189
. 180
- 171
~. 163
- 154
—a 150

10 ¥ g
—. 327
. B9
-~ 272
= 28
- 256
- 2232
- 310
- 199
-, 189
~. 180
—- 172

10 % 8
~-. 402
- 43
- AZ09
~-. 283
—. 263
-.244
~. 2l
-~ 219
- 207
~. 197

avs P
S ToY: )
- (&2
™ C)d:(:’
~, 58
a0
= 5]
R |
e )48
a7
- 45
o (142

avg P
- DEE
-, 081
- 079
- 77
- 375
~ 73
-, D71
. &Y
RaR 8 1Y)
-, D44
a2

avg P
- 102
-~ 100
o (P E
-~ Q94
-, 094
—a. P2
= S0
o CHIE
= HEE
-, 083
-, QB L

8Ys P
-~ 119
-, 117
-, 115
- 113
- 111
-. 109
-, 107
~. 105
-, 103
- 1001

ORIGINAL PAGE 19
OF POOR QUALITY

gYs n
0. 127
0.124
. 125
0, 125
O 128
0,125
Q. 126
0. 126
O.18
0. 128
0. 129

5YS &
o, 150
. 147
£, 144
Q. 142
. 141
Q. 140
0. 140
0. 144
O 140
0.l 40
0. 141

8YS (@
0. 184
0.175
0. 169
e 145
D.162
0. 159
0. 1587
0. 154
0. 155
0. 155
0. 154

8YS5 o
0. 239
1. 208
0,197
O.189
. 184
0. 180
0,174
0.174
0.172
Del71

8y5
0.452
Cra 447
0. 4373
0. 421
0. A0E
0. 394
0,379
0. 563
0.3464
. 329
.31

gyg F
0. 487
0.484
0. 482
Q.a77
0.470
O.441
0. 452
0.441
0. 428
.41
0. 403

8YS P
0. 4846
0. 497
0. 502
. 504
0. S04
O.501
0, 497
O.47]
0. 483
. 475
0,466

sys F
Dandél
Q.4%1
0,508
0.514
O. 518
Q. S920
0.519
0.517
.53

0.508

=

F:

F

F

LaOAD vV
0. 38y
0, 09
.28
Q.49
0,969
€. P90
1.010
1.030
1,000
1.070
1. 090

.QAD Vv
ch. 887
.07
0. 9224
0, 948
0.246%
1. 989
L.009
1.029
1.049
1. 04%
1.089

LOAD ©
0. 884
0. 205
0.6
O, 247
0. BE&7
0. 988
1. 008
1.028
1.048
1w Q&%
1. 089

L.0an v
0. F00
Q.22
0,244
0.9265
0. 94
1.004
1,027
1.047
1.068
1.088



CONSTAMNT
BsYg V P OIN
0,90 0,020
.92 0. 020
.94 0D.O20
O Qis 0. 020
D.78 0. 020
1.00 0. 020
1.02 0. 020
1.04 . 020
1.04 0.020
1.08 0.020
1.10 0. 0R0
gYs V FIN
0.0 Q. 040
Q.92 0.040
.24 0.040
G.Pb 0.040
0. 28 0. 040
.00 0. Q40
1.02 0. 040
1.04 0.040
1.04 0,040
1.08 0.040
1.10 0. 040
sYs V F IN
0. 90 0. 060
0.92 0.0&60
0.94 0,060
DeFd Q. 060
0.98 0. 0460
1.00 0. 040
1. 02 0. 060
1,04 0.060
1.0& 0. 080
©1.08 0,040
1a10 0O.040
- 8Ys v F IN
“0.90  0.080
0.92 Q. 08O
L 0.94 0. 0BO
- 0.9 0. 080
fo.9 0.080
ii.om 0.080
PLLOR 0.0BD
S 1,04 Q.08
3 1. D& £.080
1.08 0. 080
r 1,10 0.080
y

IMFEDANCE LOAD

DsE P
0.0D14
0.014
D.0D1&
0.014
Q.015
0,015
D.O1S
0,015
0,015
.14
0.014

ngE P
[ 7Y
0.Q348
0. 034
D03
0. 035
0.035
0. 055
Q. 035
G035
0.034
0. 054

nes F
0. 056
0. 056
O 0ES
0,085
0. 055
0,055
0., 085
0.055
0. 054
Q. 054
0.054

DS P
.07
0. 075
0,075
0,075
0. 073
Q.073
0,074
0.074
0.074
0.074
0. 074

TABLE B-VIII

DATA FOR INDUCTION MACHINE
HEAVY LOAD CASE

DEG @
~. 017
-. 017
-.018
-.01%
~-. 019
= Q20
- 021
- 022
~. 022
~. 023

—-. D24

DEGE ©
- Q20
-. 021
-, 021
- 022
-, D22
- 023
- 24
- 024
- D25
- Q24

~-. 024

DeGE @
- D24
~ Q27
- 27
- Q2
-, 027
—-. 028
- D28
-, Q29
-, 029
- O30
- Q30

DG @
- 3G
- LG
~. X35
- 035
-~ N3G
- QI
- D55
- 15
- Q3G
- 234
- 054

DSG PF
0. &6
0.4678
D.abh
0.642
0.424
0.605
0. 584
0.548
0D.54%
Q.8531

0.3912

DSGE FF
0.872
0.8b44
0. 859
0. 852
0. B4%
0.837
0.B29
0.821
n.812
1. 803
0.793

DsE FPF
0.904
Q.902
0. 200
Q. 898
0,895
0.892
0. 88y
0. 885
0. 881
0.377
0.872

DSG FF
0,908
0.704
0.9204
0.907
0. Pé
0.9064
0. 705
0. 904
0.902
0.901
0.899

B-37

10 % 8
-. 031
= Q30
= 028
- Q27
~, Q24
~. 025
- 224
=. 023
= 022
~. OR3

—.2Y

10 % 8
- 042
- D59
- 0DE7
-~ Q55
- 152
-, Q50
-. 48
-, D4&
- 045
—. Q43
-, 041

10 % g
- D94
- Q%0
—. OBS
~. 082
- D77
~. 074
- D73
—. Q70
- 047
- QA
- 042

10 # 8
—-. 129
—. 1235
- 117
-.112
—. 107
—. 102
-. 078

ey

- D71
—« 287
-, 084

SYS P
0.525
Q. 54%
0.574
0.599
0. &24
0. &52
0.&677
Q. 707
0D.735
0. 744
D793

8YS F
O.5064
0.530
0.555
0. 580
0607
0. L3S
0. &&0
0. 6B

C0.T716

0.74%5
0.774

8ys F
0,486
0.511
0. 5Ts
G.5641
a., 587
D.614
O.bdl
Qnbby
0.ae97
0.724
0.733

ays -

0.447
0.471
0.514
542
0. 3408
.595
O &2R
Q.649
0.478
0.704
0. 734

85YS @
0. 422
0.441
0.4&0
0. 480
0. 500
0.321
. Gidl
0.563
0. 085
0,607
0.429

85YS5 @

O.426
0. 445
0. 464
. 484
0,804
G924
0.545
0w Sbb
0.35388
0.5610
Q.H32

85Ys &
0. 433
0,451
0,470
0.48%9
0. 509
0. 829
QOLEE0
0.571
0.9%3
L e
. &7

SYS @
0,442
0. 440
0.478
0. 497
0,517
O.587
0. 597
0.578
0. 599
.21
.64

ORIGINAL PAGH 1Y
GF POOR QUALITY

sys R
0.77%9
0.780
. 780
0,781
0.781
0.782
0.782
Q.782
D.783
Q.783
0,783

SYSs F
Q.744
D.7446
0.747
0.7468
0. 749
0.770
0.771
D.772
[ J
0.774
.774

8Ys F
C.747
0.749
0,752
0.754
0. 754
0,757
0.759
0.7&0
0,762
07463
0.7b4

8Ys
0.72
Q. 730
0.7734
0.737
0.740
(. 742
0.745
0,747
0.74%
0.751

0.753

F‘

=

=

F

LOAD V
0,822
0. 840
0. 8959
0,877
Gra B9
0.913
0.932
0, 950
0. 7468
0. 984
1.005

LOAD V
0,823
1.841
0. 809
.877
O, 894
0.214
.932
0. 950
0.9&69
0.987
1.005

LOAD V
0,823
Q. 841
0. 860
L.878
0.BR4
0.914

CDLRES

0.9%1
0.9249
0. 987
L.G04

LOAD V
0.823
0.841
0. 860
0.873
0.6894
0.915
D.P3EZ
Q. Pl
0.26%
0.988
1. 004



TABLE B~VIII, cont, ORIGINAL PAGE i3

DATA FOR INDUCTION MACHINE OF POOR QUALITY
HEAVY LOAD CASE

85YH V "IN nsG P DEG 0 DSG PF 10 % 8§ g5Y& P 8YS @ 8Y8 F F LOAD V
0. %70 G. 1o 0. OR5 =~ D4E 0. BY3 -. 147 0. 447 0.454 0.701 0.B823
0.92 0. 100 (. 09 oo 47 0.8%4 ~o 136 .471 0.471 0.707 0.841
0.94 G Lo 0,094 -« 044 0. 899 = 150 0. 494 0. 489 0.712 0. 859
.94 0, 1620 (. 04 o Q045 0.201 = 143 0. 522 0.508 0,717 02.878
i, 78 G 10 0, G L 45 0 PO e 157 0. 548 O 527 Q.721 0. 874
1. 00 0. 100 Q. 094 -~ 044 0. P05 =. 130 0.575 0,346 0.725 0.714
Lo (e 100 0w 094 ~. 244 0. P06 . 125 0. 602 0. 56 0.72% 0. 933
1.04 0.100 Q. Q%4 - 44 0,904 ~. 120 0.650 n.a84 0,732 . 951
1.06 (e 100 0.0%4 ~-. 044 0. 207 -. 115 0. &58 0.607 0.735 0.98%
1.08 0. 100 Q.0%94 - 044 Q.907 ~. 110 0.687 0.829 0.738 0,988
1.10 . 100 Q.03 44 0. 204 -. 10& 0.714 0. &%1 0.740 1.004

8Y8 V F o Ih neG r DG @ DSE FF 10 % 8§ SYS F 8Ys @ SYs F F  LOAD V
Q.0 0.120 0.114 = o &G 0. B84 ~-, 211 0.4:24 0. 470 D.672 0.822
0.9 G120 G.114 Qa5 0.877 ~. 199 0.451 0. 484 0. &80 0.840
.94 0.120 114 ~. 061 0. 883 ~. 168 0,474 0. 503 0. 4687 0. 859
P 0. 120 G.114 - Q5 0.887 -. 178 0.502 0.521 Q. b4 0.877
0.78 0. 120 0,114 -~ Q56 0.892 ~. 169 £ SR8 0.53%9 0.700 0. B94
1.00 Q. 120 0.114 -, Q57 Q. 895 ~-. 161 0. 855 .S58 1.705 G.914
1.02 0. 120 Wel113 - 056 Q. 878 ~. 154 0.E82 OuS77 710 0,932
1a04 Q. 120 O 113 -~ D55 0.900 ~. 147 0,610 0.597 0.715 0. /5l
1.06 0. 1220 0,113 . %4 0. G2 -. 141 0. 438 QuéHll 0.71%9 0.%96%
1.08 0,120 Q.113 ~-. 054 . 904 —. 135 0. bb7 0. 639 0,722 Q. 988
1.10 0. 120 G113 ~= . QTS 0. 208 -. 129 0.4697 0. &Hb&0 0. 7264 1.006

B8Yg8 V SR nsE F DSE @ DG FF 10 % 8 8yYgs F GYS @ 8ys P F LOAD V

0.0 0. 140 0. 1353 . C37 0.832 ~. 268 0. 405 0. 492 0. &35 Q. 820
0.92 Q. 140 0,133 -, 084 0. 845 - 249 Q. 450 Q. 304 0.&47 0. 839
0.74 0.140 LA B = 80 0. BSS — 233 0. 485 0.522 0. 658 0. 858
0. 94 0. 140 Q. 1353 -, Q77 0. 8465 ~.21% 0.481 0,53 . 667 0.874
Q.74 Che 140 Q. 1S —~o D75 0.872 ~. 204 0.508 0. 5530 D.475 0. 895
1.00 0.140 0. 1353 —~. Q72 0.878 —. 195 0,535 0,573 0. 482 0.913
1.02 £ 140 0. 133 = 70 0. 884 - 1864 0. 562 0,591 0. 689 (e Q32
1.04 Q. 140 0. 133 —. 049 0. 888 - 177 0. 590 D.811 0,495 0.959
1.06 0,140 0. LES — 047 G, H92 ~.16% G.418 Q. 430 0. 700 0.74%
1.08 0.140 Q. 153 —. Q&b 0. 895 ~. 161 0.447 0. &31 G.705 0.987
.10 0.140 0. 152 —. D4&E 0. 895 -. 154 O.&77 0,672 0.710 L.004

ays v FoIN Dsg F DSG B DEE FPF 10 % & gys F 8YS8 @ 8Y§ F F L0OAD V
0.0 0. 160 Q.151 —-. 129 0.7&0 ~-. 344 0.382 0,529 0.585 0.8146
.22 0,160 0. 1352 -. 117 0.792 23 0.408 0. 538 Q. 608 0.8346
Q.94 0. 160 0. 132 <108 0.814 —. 293 0,434 0.547 0.621 . B850
0.9 0.160 0.152 <102 0. 830 - 270 0.460 0.5461 0. 634 0.874
0.98 00140 0. 152 097 0.843 - A2 0. 487 0.3574 0.&645 0.8%3
1.00 0,160 0.152 a4 %) 0. 834 —. 234 0.514 0.592 O, 65T G.912
1.0z 0.160 0. 1352 . Dae 0,862 —~. 223 0,541 Q. 609 Quebbs Q. 931
1.04 0.140 0. 1532 - 084 0.870 ~. 211 0.3536% 0.627 D.672 0.749
1.06 . 1&0 G. 152 - 0834 0.876 . 200 0.59%8 O.646 0.679 . 268
1.08 . 1&0 0.132 -. 081 0. 881 - 190 0,627 Q. &&5 Q. &84 Q.987
L. 10 Du 140 0,152 - 080 0. 884 ~. 81 0.6354 0.684 0.692 1.005

B-38



ORIGINAL PAGE (9
OF POOR QUALITY

sYys v
0.24
Q.94
0. 98
1.00
1.02
1.04
1.06
1.08
1.10

8Sys v
1.0
1.02
1.04
1.06
1.08
1.10

REALISTIC L.OAD

SYs V
1. R0
.92
.24
0,94
.98
1.00
1.02
1.04
1.04
1.08
1.10

SYys Vv
.50
0.9
.94
0. 948
0. 928
100
1.02
1. 04
1.Gié&
1.08
1.10

F IN
0. 180
0.180
0.180
0.180
D.180
0.180
0. 180
0.180
£ 180

= IN
0. 200
Q. 200
0. 200
0. 200
0. 200
0.200

FOIN
O 020
0. 0R0
0. 020
Q. 020
0 020
0,020
D.020
G. 020
0. Q20
Q. 020
0, 020

FIN
£0.040
Q. 040
Oa 040
0,040
0,040
0.040
0. 040
0. 040
0. 00
. 040
0. 040

HEAVY LOAD CASE

R&E6 F DSE @ DSG FF

0. 169 —-. 1463 0.720
0.170 -. 141 Q.770
0.171 -. 129 0.797
0.171 -. 121 0.817
0.171 ~-.114 0. 832
0.171 -. 109 0.844
0.171 ~. 104 0. 853
0.171 ~. 101 0.8462
0.171 -. 077 0. 869

DSG P nssG @ DSG FF
0O.189 - 1 6AE 0.747
G. 189 - 151 0.782
190 ~. 140 0. B804
0.190 ~a 132 0.821
.10 ~-, 125 0.835
0.190 - 120 0.845

b3 b

REFRESEMTATION

nseG - DsG @ DG PF
0.014& -~ D1lé 0.704
0D.014 ~a Q217 0. 4688
0,014 -, 018 1,647
Q.014 -, 018 0. 650
D.0LE -, 019 0. &E0
0.015 L CH2C0) 0.411
D.019 - 021 D.5%91

0.015 -, 021 0,57
0.015 —. 022 D.a51
0.014 . Q2E 0.531
0,014 - 324 H.512

nsG = DSE (@ DSGE FF

QL 3ésd . =020 0,875
0054 - 020 0.869
0. 0354 - 021 0.862
0.034 - 2 0.855
0. 038 - 20 0,848
0. 005 - Q23 0. 840
I ] LOR3 0,831
0. O3S - DI04 0.822
e I 1 -, D25 O.813
Q. 034 —-. D25 . 8O3
th, O34 - DR Q.793

i

B-39

10 ®# §
~. 418
—-. 381
- 315
-. 289
- 269
-~ 251
. 237
. 224’
- 212

10 % &
—, 581
. B5d
-, AlG
—-. 283
- 2h4
— 249

10 # 8
ey 53
w 030
-, 2%
-
- D27
—-. 025
w24
-, QB4
- 022
—-. D22

- 021

10 % 8§
. 64
—-. 0861

« 058

it

- T

. 051

-, L1459

-, 47

- D475

—. 0473

- 041

TABLE B-VIII, cont,
DATA FOR INDUCTION MACHINE

.8¥8 P

4]

« 407
0.
0.
0.

437
464
492

Q. 520
Q.548
OW577

0-
0.

608
&34

8YS P

o

448

0.497

8]

« G20

0. 85955
0. 585

Q.

L1G

svs P

0.
0.
0.
o.
W
0.
0.
Q.
0.
O
0

a93
612
&3
&51
&7
&0
710
TEO
750
770
791

86YS F
t:’ " ::574'
Q. 595

Q.
o
.
0.
.
0.
0.
Q.
O.

&12
&2
451
671
&zl
711
731
750
TR

8YS8 @
0.597
0,897
0. 405
0.618
0,052
0.448
0. 4465
Q. 683
0.702

5Y8 @
0.48481
0. bbé4
0.&477
0. 4671
0. 706
(723

gYs8 @
0,473
0.488
0. S03
0.518
034
0. 549
O, Sidd
{.5980
D594
O.b12
0.6

SYS @
0.477
0. 492
Q.E507
0.8522
O T37
0. 552
0,548
0. G383
D599
0.615
0. &E0

8Y§g P
T
0.5%91
0. &0
0. 423
0. &35
Q.bidd
0. 455
0,643
D.b71

8ys F
0,578
0,578
0.414
0.4627
0. 4638
o 647

8Ys M
0,782
0.782
0.782
0,782
0. 782
0.783
0.783
0.78%
0. 7832
07873
0,783

ays P
0.769
QG770
3770
0.771
0.772
0772
0.773
Q.773
O0.774
O.774
0.774

F

F

F.‘

F

LOAD V
0, a0
0.871
0. 891
02.910
0.929
0.948
0. R67
0.9864
1,004

LOAD ¥V
0,04
D924
D.744
D945
0. 284
1.003

LGAD V
.81l
0. 830
GBSO
0. 84%
0. 388
2. 908
0.Q27
O.947
0.964
0.985
1. 005

L.OAD v
O.813
.8351
0. 850
. 870
0. 889
0.0
. PRE
Q.947
0. 967
C. 786
1.00%5



TABLE B-VIII, cont.
ORIGINAL PAGE i
DATA FOR INDUCTION MACHINE OF POOR QUALITY
HEAVY LOAD CASE

8Y&8 V g paG P DEG G DG PF 10 % 8 gys F 5Ys R 8Ys8 P F  LOAD V

Q.70 0. 060 0. 05 - 24 0. P05 . 0R7 0. 55% 0. 484 0. 753 0.812
.92 Q. 040 0,034 =028 0.703 ~. Q92 Q.3574 0.498 0.755 0.831
Q.74 0. 080 0. 055 - 027 0.901 -=. 038 Q.593 0.513 0.754 0. 851
.94 SPRel-Te) Q. 035 ~. 027 0. 899 -. 084 Q.612 0.528 0.758 0.870
Q. e Q. Q60 0. 0G5 - 27 0,898 = QEQ 0. 632 0.543 0.75%9 0. 889
1.00 Q. 0460 0. 055 -. 028 0. 8773 - 077 0. 652 0.558 0. 780 0. 709

l.02 0. 040 . 055 - Q28 0.88% ~. 073 0.&71 73 0.761 0,928
1.04 0. 040 0. 055 -. Q29 0.88B46 -~ 070 0.b671 0. 588 0,742 0.948
1.06 0. 040 0.054 - QA9 0. B82 - 68 0.712 0.&04 0. 743 0. P67
1.08 0. 0460 0. 054 o Q50 0.877 . 0&HG 0.732 0.61%9 0.7863 0.9686
1.10 L Q&0 0. 054 = {30 0.872 = 062 0,752 0. &35 0. 784 1.006

SYg V FoIN nss p DBE G DEG PF 10 % 8 gsYs P 85YS @ 8Ys F F LDAD V
0.0 Q. 080 0.073 34 0.904 ~. L33 Q. 5355 0. 493 0. 7355 0.812

0,92 0. 080 Q.075 ~ 035 0.9204 ~. 12 0. 554 0.307 0.738 (. 831
0. 74 0.0B80 D075 = 035 0,904 - 120 Q.573 0,521 0.740 0. 851
. 9é 0.080 0.075 - =.035 0.907 ~.114 0.593 0.536 0.742 0.870
.78 . 0BO 0.075 —a 35 0.9048 - 109 0.612 Q.E5S0 0.744 0.8%0
1.00 0. 08O 0.075 -~ 033 P T -. 104 Q. &322 QL5605 0.746 0. 909
1.02 0.080 0.074 —~. 035 0.0 - QR 0. 652 0. 580 Q.747 0,228
1.04 0.080 0.074 == QRS 0.204 —. 095 0.672 0,595 0.749 0.748
1.06 0. O8O 0.074 —. 035 0.902 ~. 71 0,492 0.610 0. 750 0.967
1.08 0. 080 0.074 — Q36 0.0l -. 087 D.712 Q.b2% 0. 752 0.987
1.10 . OB 0,074 - 07354 Q.89 - . B4 Q. 733 0,541 0.733 1.004

8Ys v FOIN DEE F DEG & D8GE FF 10 #* § 8yg F 8Y§ @ BYS P F LOAD V ;

0.20 0. 100 0. 095 —. 448 0. 820 - 172 0.815 0.5064 0,713 0.811
.92 0.100 0. Q5 ~-. Q47 0.894 ~. 163 0. 534 0.319 Q0.717 0.831
Q.94 0. 100 0.0%5 - 044 G.ges —. 154 0. G554 0. 532 0.721 0. 851
0.9 Q.100 0,094 ~. D44 0.901 -. 146 0.573 0.S544 0.724 0.870
0.%8 0. 100 0,074 - 043 0.903 ~. 139 0.5393 0. 5460 0.727 0. 890
1.00 0.100 0.094 ~. Q44 0.904 . 332 O.41% 0.574 0.729 0.90%9
102 0. 100 0.094 -, 044 0.%05 —-. 124 0.&32 0.589 Q. 732 0. 228
1.04 G. 100 0. 0%4 —. 044 0.904 ~.121 0. 652 0.604 0.734 0.248
1.06 0.100 0.094 - 044 0.907 ~. 115 0.673 0.618 0.736 0. 947
1.08 0.100 0. 094 = 044 Q.07 ~“. 110 Q.693 0. &35 0.738 0.987
1.10 0.100 Q.03 . 044 .04 ~-. 104 0.713 0.648 0.740 1.004

gys v FIN nuE P DEG @ DBG FF 10 * 5 8Y8 P Y8 @ sYys F F  LOAD V

G. R0 0. 120 G.114 ~. b 0. 865 -. 219 0.495 0.G23 0. a87 0.810
.92 (e 120 0.114 - 044 0.873 ~ 205 Q.54 0,539 0.693 0.830
.24 0. 120 0.114 ~. 0462 0. 880 = 193 .54 0.547 0. 698 G 8u0
Q.98 .120 0.114 -« Q&0 0.884 -. 182 0.5953 0.560 Q.703 0.86%
0.98 0. 120 . 114 . 0358 0.8%0 ~. 172 0.S73 Q. 573 0.707 0. 889
1.00 0.120 d.114 ~a 57 0.894 ~. 1473 0.895 0.587 0.711 0.90%
1.02 0. 120 Q.13 —. Q54 0.8%7, -, 153 O.aLS 0. 400 Q.714 0. 928
1.04 0120 0.113 - 055 Q.200 —. 148 Q. &35 G.b14 0.717 0.%948
l.0& 120 0,113 —. D54 0.9202 —-. 141 Q. &655 0.4629 0.720 0.947
1.08 0.120 0.11E -. 034 0. 204 ~. 335 Q.&673 . b&43F Q.723 0. 987
1.10 0. 120 0.113 - D53 0.0 -. 129 0.4924 (e 658 0,728 1.006

B=140



2
i

5Ygs Vv
(.90
.92
D.94
0.%6
0.8
1.00
1,02
1.04
1.048
L. 08
1.10

syYys vV
Q.70
0. 72
0. 94
[ )
0. 78
1.00
1.02
1.04
1.0Q6
1.08
1.10

sYs V
0.%74
0. 98
.00
1.0Q2
1.04
1.06
1.08
1.10

SYs V
1.00
1.0%
1.04
1. 04
1.08
1.10

ot

r

-

F IN
0.140
0. 140
2.140
0.140
0, 140
0.140
0,140
0.140Q
0.140
0,140
0. 140

FOIN
0. 140
0,140
0. 160
0,160
0. 160
0. 140
0O.140
0. 160
0. 160
0. 1460
0. 1460

P IN
0.180
0.180
Q. 180
0. 180
£.180
0. 180
. 180
0. 180

FOIN
Che 200
0. 200
0,200
0. 200
e 200
0,200

DHEG P
0. 1335
[ [
0. 133
0. 153
0. 133
0.133
0,133
0.133
0. L33

0. 132

nass P
0. 1581
0. 151
. 1592
0,152
0.152
Q. 182
Q. 152
Q.12
0. 152
¢G. 152
Q. 152

nss F
0.170
0.170
0.171
0.171
0.171
0,171
0,173
Q.171

nsiG F
0,188
Nn.189
0.1%0
0. 190
O, 190
0. 190

TABLE B-VIIT, cont.

DATA FOR INDUCTION MACHINE
HEAVY LOAD CASE

DSE ©
—-. 02
—. 084
—~. 082
~.078
- D73
—a 075
D&Y
—a 4T
—. (bb
= 04S

D86 @
~. 1435
—. 123
~. 112
~.104
~. 099
~. 094
~. 070
-, 087
- Q84
~. 082
- 079

DG @
—. 147
-a 133
S
~-. 114
- 110
- 105
-, 1ol
- 097

nsE @
~-.177
- 185
~. 142
. 133
~. 1264
- 120

DSG PF
0.822
0.8358
0.851
0.8461
0. 870
0.877
0. B8B83
0.887
0. 891
0.8945
0. 898

nes PrF
0.725
G.776
0. B804
0.824
0. 839
0.8351
O.841
. 849
0,875
0.881
0. 884

DEG FF
0. 755
0.788
0.811
0.828
0,842
0.832
0.861
Q.84%

DSE FF
0. 729
0774
0.801
0.819
0.83%4
Q.844

B-41

10 % &
-, 282
. 259
~ 240
-« 224
-.211
- 199
~-. 188
~. 178
~a 169
-. 141
e 154

10 # 8
—u 409
-~ 343
~ 300
. 27%
—. 258
—. 241
- 226
~o 21
=. 201
-.1%1
~-.181

SYs P
0,474
0. 493
N.513
0,533
Q.53
G 5773
(. 293
0.6173
0. 633
0.H55

0.474

sYs P
0,451
0.472
0 492
0.512
0. 532
0,852
0.572
0.593
QL4135
0,633
0. 654

syg P
0. 4790
0.511
0. 8531
0.552
0,572
Q.993
O.6173
0. o544

avys F
Q. S09
L5730
0.551
0. 5972
0. 993
O.613

Cr.y mn

¥ .y
U O AT A

W

gYs [
0.547

0,556

0,547
0,578
0. 590
0. 402
D.b1G
0. 628
0.642
0. 655

0,670

SYS @
0.994
0,590
0. 595
0.402
0.612
0,622
0.633
0.445
Q. AEE
O.&870
0. &84

5Y85 @

D.b4a4
0. 644
0. &47
Q. bE7
0.&647
0.478
0.468%9
0.701

5YS @
0. 4699
0.4a%4
Q. a97
0.704
0712
0.722

n o .

L0l aa ﬂ'{_

SYS P F
0. &655
0. 644
O.b71
0.478
0. 684
. &89
0. &4
0,698
0. 702
0.706
0. 709

sYs P F
0. 605
0. &H24
Ouw&37
C.&48
0. 456
Q. 444
0,671
0.474
0.682
0. &87
0.6%1

8Y8 F F
0. 804
0.621
Qn b33
0. 645
0. 601
0. 4658
0D.b6&5
0.4671

gsYs P F
0.588
0,407
0.420
0. &30
0.639
. &47

LOAD W
0. 808
(.82
0.848
0. 848
0. 888
. 908
0. 928
Q.47
D287
. 984
1.008

LOAD V
0. 803
0. 825
0. 844
1. 846
., 887
0.907
0.926
0.94&
DePhHE
0.98646
1.005

LoAad Vv
0.842
0.884
0.2904
Q.25
0.945
0.963
0.785
1.004

LOAD V
0.899
0,921
Q.242
.98
0.9783
1. 003



CONST SN

BYSs v
U Q0
Q. 9.2
.94
0 9h
.78
1 L] (n]“)
1.0z
1.6
1.06
1. 08
J. L] 1‘:'

8Y8 V
020
0,938
G 74
.94
.78
1wty
1.
s
Lug
1,08
1.1

8Ys W
0 520
L0 I
0 W24
1 Gé
TR
1,00
1,02
Lwidd
1w O
1. 08
Ta 10

85Y5 W
.70
e 92
0, I-,u‘l
Qn 98
421
1.0
1.2
1wt
1.04
1,08
1. 10

f+ IM
0, Q260
0020
£, (K20
L1, J20
O, 020
0, 020
(J, €1
Giu Q220
0. 0520
(2, QL2
e, 020

FOoAn
£ 344G
Ly Q0
£, 040
G Q4
0y 0
Qw140
0 040
e 340
Uy 00410
M OG0
iy DO

FoLn
W @0
L Lhéats
(1 Oy
O, OHG
ISPERT
D50
0, QOHD
U 63450
0, AD
Cru 030
e Q&G

oI
0. DR
o O30
0L 0RO
Q. 080
{3, DD
0, QEIO
0 CHEO
e DB
0. OE0
), D0
Oy OH30

LabLE B=-1X

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
LIGHT LOAD CASE

THFEDENCE 1L.0AD

DGG =
0,013
W3l
ST o B4
QL0173
.01
LR
Q.012
w0t
Gl
O.0L11
0,010

DEG P

0. GEI

0, Q5
1, QAR
a3
GaChAd
W e |
Cha 62030
i, 070

Lag B
WIS N
0, D5E
0,05
Gy 1R
O, D2
RIS L
0,001
G,oEl
0, a5l
Q.50
O, 050

naes
0,07
Q.7
0,078
2,072
Q072
O, 7R
0,071
Q.71
. 071
Qu70
0,070

DaE @
2.,0078
0. OBz
0, Q&4
1. OB
0.0
1 GF7
0. 101
0. 105
0. 109
el14
0,118

D&EG ©
T
0. 00
£, OB
Dy 8/
0, 71
o L )SPE;
Cr, QR
I R A
. 108
e L1
Cultld

naia n
0.071
(SIS Wi
0.07%
. D83
(I g
G.0%1
0, 094
0,100
0. 104
. low
Q.113

DeEG o
G Dgéd
. Qe
0D.073
e OFT
O, DS
Cha QE G
090
G TR
0. 09
O L
e L9

DSE MR
0. 1468
. 158
. 148
0, 139
0, 1350
Q. 122
O.114
. 107
0. 09
0. 09A
0. OB7

DEE FE
0. 402
0. 385
Qo ab'S
03443

L35

Q.317
O, ey
0, L1839
G 276
L, 265

0. 252

DSG FF
0. 599
V. G7T
) FISE
0. B33
0.512
0, 452
0. 473
0. 455
0. 438
0,421
(0, 4015

LSEG PF
0.7
Q. 7R
T}
Ch 684
&b
O édl
O.kbl®e
0, 599
0,579
. TH0
0,541

B-42

(VIR LAY}
=027
= Q27
~. 21
v G}
- 0117
-, 018
=018
€317
PR Y-
w1318
~n (315

1O % 4
- (230
- 047
o T
a4
- )4
e LR
oy OV
-, 05
= LIRS
~ GRS

o
e L0

1y % &5
178
- Q7
o 5%
vy Chad
- OrE Y
o (10
-~ o
~ . D5
- F
-, 5]

. (.‘.i“"l' L‘l

1O % 3
-, 103
- L1573
- 054
= G0
. UG
- 82
- 079
-7
- VTR
ey LT
- &7

v F

(e 022

€1, OS5
0., Q56
0,061
0. 065
0. 048
0. Q72
O, 075
0,07
0. O3
G037

8Ys ¢

0,052
0, (75
0. 0EE
Q02
(e QA5
1. 463
L
L LT
€, QN3
B OGBS
Ga Q&7

8Y8g P
0.012
WY R
0,018
G 022
O Q25
0, ORY
0, CVR2
O, Q54
0. 03
0. 040
0.047

aYs P
-, OOE
~ o CHOTS
- O
0, Q0%
€. OO0
(3. CHIE
0,012
D0l é
£, 020
Qo 2R

0. 0E7

ORIGINAL PAGE i%
OF POOR QUALITY

8vs 1
(151
-, 031

P

me 7N

. (154

o Q27

- 059

v CHED)

) (J {I':

S

o 1345

e ()

SYE& @
- 27
- (2
BLRI®
~u 5%
- D

o 28

el L' :?'17
P
= 02440

= 42
- O

8Ys o
- 2R
- 0F 24
-, U2
. 8
- 029
= 5
—y EF
-~ D35
= G13
- QIS

= 040

8YS [

o & B B
- L7
-, 189
o 32l
- 0024
- 02

—, G228
o (LA
AL
oy 05
= N3G

8vYs F F
0. 8&G
0. Ba9
0, B72
0.874
0877
0879
0. B31
(=12 1
0. 884
0 * '3361
. 837

8Yys P
0, 7ED
0. 774
G 7EE
0. 794
th. 307
.811
D817
., 8323
O.3R2%
., 3349
Q.83

aYs P oF
0,471
0.1
0,579
0.4617
0. &S0
CLeH7éh
0. &8
0.714
0,732
0.746
0759

SYsE P -
0. 4469
0. 245
0. 074
0. 084
D.218
O, 320
O.407
D.A7E
3 325
o GdEl
0. 404

LOan
Q.01
0,921
0,741
O "?ftl
. 981
1.001
1.021
1.091
1.061
1.0491
1ol

Loan v
O B0
. 9022
0.942
0,960
.82
1. o0
LaQu22
1,042
1062
1285
A R b

LOAD Y
(), e
0. Pul
0, P42
0. Q&2
0. 982
1.002
1.022
1. 042
R T )
L.og2
1. 102

LCAD W
£ 902
0,922
0.242
Q. FhHT
0,982
B 00
1.oR2
1., 048
14062
L.oas
A



TABLE B-IX, cont.

GINAL PAGE i@ DATA FOR TNDUCTION MACHINE, POWER
3? I?‘é‘é‘é‘ QUALITY LIGHT LOAD CASE

B-113

LS W I Lty et ) DGk P 10 e
ISR e D) L) LY G 058 O el o 17335
[ £, 1O (SIS L 0, Gy I o P w1
Cry Y4 £, 100 0. O 0y 154 O 20 e, 120
0. 98 v, Jn LI L Ou )by VB0 o1 1%
0 P . L0 R L i, 04 €. 741 ~-. L0O%
1.0 0. 100 O, one £, 0 8 he AU - LOE
.oz 2100 0,9t OuOEY (IR 27 -y 100
1. 04 O 100 v, 0] . O 0. 718 - (357
1,04 w100 £, 1450 U CHET 1o 127 - QPR
1,08 v, 16 (S 17 ]¢) Lh, Q93 Uy &7H w, OE3E)
1.10 0. 100 0,090 0. 103 Da GSE o MG
8vs v FIN D&l - DGG G DSE PE 10 % g
. P00 Ly 120 LA D041 0.939 I oY
.93 0 1340 Q. 110 a7 D, P ~w 15&
0. 94 0. 1820 Dulle Q. N3 0. 704 ~. 148
.98 Q.1%0 £ 112 03, D56 0. B84 ~. 141
0,78 0. 120 Qulli D675 O, 570 =134
1w 0. 120 alll 0. 0&Y 0. B -. 128
1. 0% 0. 120 0. 111 Q,074 0, 850 R
1.4 €, 120 QOullid 179 0,813 —-a 117
1.4 0. 120 0,110 0. DE% . 7949 —~. 113
1o 0, 120 Q.10 Cha 50 Q.77 - 108
1.10 £ 120 0,110 0, Q9% 0. 7S - 104
gvys vV FOIN DG DEGE O DYHG PF 10 # &
0,90 0w 140 .13 . 024 G 983 RO o Iy
0,92 0w 140 0. 1752 0,051 0,973 = 190
0,94 0.140 . 132 0.8 0,941 = . 180
0n Db 0. 140 €0, 130 0, 02 0. 948 - 170
0. 98 0. 140 2,131 0. 0%1 O.235 - 162
1.00 e 140 Ga 1731 0. 057 0.9218 - 154
1.02 0. 140 0.1731 LY. %] 0. 202 ~. 147
1,04 Qw240 0013 0. 069 0. 885 —a 144
1 G G140 3. 1730 0,074 0. B4 ~. 184
1. 08 0. 40 O, 17350 Chy CQHE 0. 851 - 152
1a10 e 140 0. 130 0. 084 0. B35 Rl
- BYs v FOIN DSG DEE @ DEGE PF 10 % &
0. 90 O La0 n LB 0, 002 1. 300 ~2ay
0, PR 0. 1&0 0. 182 0.011 0.997 — B
0.4 0.l&0 0. 152 0,019 0,99 il
0. Fé O L0 0. 151 0. QE7 0. P84 -
0. 78 O, 10 0. 151 2. OR35S D975 L
1,00 Ou 1&0 0. 151 Q0452 € P - 182
1,03 0. 1&0 0. 151 0.049 .52 - 173
1.04 0. 140 Aty . Q5 ., P3G -« 165
1. 0. 160 0150 O.062 0.924 - L7
1.0 0. 160 . 150 0. QLHE Q.10 -~ 150
1.10 Q. 1&0 0. 149 0. 075 0. 899 - 144

FACTOR CORRECTED

GVE b
L
- 05
SR iy
=i}
. 1E
SPLY R
E ';:’E!
= 04
g O
), VM)
O.Qn7

gy&s
~. 048
o (44
=141
R 1
=, 0134
-, %l
¥
- 02
e Q20
— 18
R

8YH P
-y DEE
e (..’6‘4'
= i1&1
-, 058
- 054
~ 051
~ Q47
LY
= 040
~a 234
R )

-]
o LY

“vh ()
o LM
o TIE]
~a.011
- ‘_‘l 1 T;
w0 [ &
e ‘;) 1 G
R |
e 2
- DI2E
-. 024
oy QE0

LBYs M
Q.07
L. 004
2,001
o g (0152
w DG
~ . (306
-a 211
b ‘.—} .1. 4
-, 017
= D20

8yg o
0. 024
0.019
G.015
.01
Q.007
0. O04
0 QOO0
- Q03
- CHD7
""1101(:'

-3

Sys o
0047
. 040
0. 0734
0,028
(e Q2

0. 014
Q.00
0. 004
0, Q08

w— AOD

SRS I S
LR PR 1
.91
0. B985
', O
. HE3
t, 04
0347
0,171
0 QD8R
. 127
0,279

8Y8 P F
. 788
Q.78
1w D00
0.9%8
Q. 987
. P44
0. 724
0. 859
Q.765
G &7
. 487

Y8 P F
G941
0. Fu7
.97
0. P2
0. 991
. 7P
1. 000
0997
0. P84
0. 9465
0,228

SYs F F
e G432
£, G
0,923
(. P40
0. FE4
(. 948
0,979
0 988
0,995
0,999
0.999

O v
3, F0E
L3 LR
R
“-‘In ""f.t'l:i?
O PHE
Lanp?
1.002
b 7
1. " ‘:]é}:i
1. 0872
1,163

LOAD &
a1
G 225
0,742
0.9432
. PER2
1.002
1.092
1w e
1.045
lL.0g2
1,303

L.OADL V
. P00

T 0.9E)

0.241
0,761
0.2
L.002
.02
1. 0452
1.062
1. 082
1.102

LO&D v
O, 599
0.9219
0. G40
O 260
0,981
1.001
.02
l.04%2
1.GaT
1.082
Loica



SYH V
0, Q0
QL
.94
e 28
(WIS
1.0
1.0
1.04
L.04
1403
1.10

8YS5
.92
094
.74
0.94
1. 00
1.0
1.94
1.06
1.0
Lol

REALISTIC {.0AD

SYS5 vV
O 20
2.
.94
0. 98
0.9
1.0
1.2
1,04
L. d
1.08
1.10

85Y5
Cu 0
.92
Q.94
0.9
Q.98
1 . Q0
1.62
1.04
La0&
1. 08
Ll

[ Ih
0,180
1, 180
e 1830
). 160
e 1EO
e 180
. 180
. 180
0. 1BO
0. 180
0. 180

FoIn
€2, 200
(). 200
€2, 2000
1 200
0. 200
0. 200
0,200
Cha 2000
£ 200
0. 200

#OIN
0 320
0, 80
ha 120
1), G20
I el
Q020
O, 020
0. OZ0
0. 020
O, 020
0. 20

FIN
. Qa0
0. 040
£, Qa0
0 Q40
0. Q40
0. 040
0, 040
(. 040
. 040
O, 240
Ou G40

TABLE B-IX, cont,

CRIGINAL pg.: i
R QuALITY

OF POO

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
LIGHT LOAD CASE

DEG P
0.171
0. 171
a1 71
e 171
e 171
0, 170
Ve L7
e 170
0. l70
0. 165
. 149

DEG
£, 19¢
e 150
. 190
. 190
D190
2,190
0. lR0
G lBY
(. 189

REPRESEMTATION

DeG
(A4 R
D2.013
O0.013
O.018
(I o I
0.0%2
D012
0,01
0,011
DLl
0,010

DEG F
QuO3E

Q. 05%

FI o9
0. 052
L e
[ T R
S D
0.l
L3
Q.31
Q. 030

DBG
- 052
e (118
wn MG
RN [§ 15
D.014
(1 4 W
oy |
‘.J L] 03‘?
0.047
O %4
0,061

DEGE @
w67
—-. 0341
-, 24
0173

0. 009
.01y
U. 028
O, 57
e 455

NsG o
0.078
082
0O.086
Ol OB
D.0RE
QO.Q97
ha 101
Gn L0
A N1
L
O.11d

pDEGE &
L0748
(VL
0. 083
(e Q87
0091
0. 098
0, 089
L I 1
. 10g
Oul12
.11l

DHG P
[ IR =T S
L A
Ly 99
1600
£ 797
.91
0. 784
0,975
0.944q
0. Q5L

{“) L] c"‘q‘l

DEG PR
0. 944
D.976&
.99]
v P78
L. 000
0, QR
e 95
(. SFEY
0. P2
U7

DEE PR
0. 168
0. 158
0. 148
. 1.5%
0130
0. 122
114
e 3OV
0. 099
O QR0
G087

D&8E FF
e A03
. 284
0366
0..349
0L Ea2
O.3L7
{9 ] o A
0. 289
0,278
rn’ " :’3&)3
0,251

B-44

10 # &
i

*
- +

H
SR NN I
oy

i

' =

- 202
-~ 1472
-. 182
* n 1 ’4

. 166

10 % 8
~ sl
- 326
A
- 271

e

s
- 2734
Py e
" dndlnd
-, 210
—= . 200

- l i?l.}

-

10 % 8
- (2
- (A2
—-, 021
= Q20
-, 019
~. OLE
-~ (118
-, Q47
- 0 1h
. 15
- 115

1O % 8
—~. 049
- 47
- 45
e LR
. L
— LAY
- 038
— o O
- 35
- OEE

- Q32

LGYS
107
T 1‘)‘1
-, 77
- a QT4
=, Q150)
- Q837
w, Q8.5
= QEC)
o ()7 &
- VT3

85Y8
~ 124
=, 121
~-.117
w114
~. 110
e LOYF
. 105
- ()C?f.}
. 194
I VL

8Y8 W
0. 054
0. 059
0. 0481
D D&
0. 064
0. 068
0.071
Q73
0,074
0. 078
G 0E0

avyes P
0. 037
Q.59
. Q4L
044
0. 046
0. 048
0O.051
€, 053
0. 054
0. 058
0. 061

OyG oo
G, G0
0 D16
). Y
(3, 050
e 047
the (337
0.0034
.4
0. 021
,Cla
Ol

SYs o
Dulits
e 095
. QE
e Q70
0.0&]
. 053
.04
A
0. 085
0. 0248

SYH [

« D24
= 28
o (R3O
= (152
- ONRE
40
- A2
~u LG
- Q47
. D50

SYS @
— 02
- (326
~ 28
— w CLEC)
I o 25901
—~. 055
-, 38
o (340
o 145
- My
-~ (8

85YHB P
e G032
RIS g
0. 865
0. (88
. 708
0925
0, Qg
0. Pe7
0,978
2. Y87

ayg F
O. 728
0,784
L BEE
. 851
0.875
Q. 094
0.914
U 50
0,944
0.957

sye P oI

0.908
0.902
0.8%4
0. 850
0. B84
0.878
0.872
0. 867
. 801
0. 855
GBS0

8Ys8 P
. 843
Q. 8as
0. B2
i, 822
O.816
Q. 804
£, 504
£.798
Q.79
. 787
0.7682

P

P

=

LOAD
0, 394
L7
L, 236
0, G52
U979
1,000
1020
1,041
146061
1.081
.18

L0AD v
0.917
0,935
(LT
0.977
O 58
1.019
1. 040
1.0&0
1. 080
I.101

LOAD Y
€ 200
0.921
0,741
0.94]
0. 781
1.001
1.021
1.041
1.041
1082
1.102

LOAD ¥

0.901
0,921
. 941
2.9461
0. 981
1w Qo
1.02:2
1,042
L. 062
l.oaz
1.102

(o



Gy8H ¥
L1, F1)
RS P
.79
W, 26
Ly Y
1.:n)
1.00
1a0d
1 u1és
1.08
1a10

nYsS ¥
0.0
G, 93
.94
. 9h
.98
1,00
1.02
1.04
1.06
1«08
1.10

8Bys v
. 90
.92
.94
QD06
0. 78
1.0
1.02
1. 04
1.06
.08
1 L 1[ 0

8yg W
.70
0.92
0. %4
W
L0, 98
# 1. 00
#31.02
B A 743
ﬁinﬂé
#1»08
L. 10

S
e a0
). L6
L), Ol
0, (&)
QGG
v, t3fa)
Lh, )
iV l__)b(;)
), &0
L, Q0
O, Lia0)

= IN
G DB
(1. 080
0, 080
€. 80
0, OO
0, 080
0, 30
€. 080
0, OE0
0. 08B0
0. 080

~ IN
tre 1630
0. 140
D.100
0. 100
0. 100
0,100
0. 100
0. 100
0,100
e lOO
Q. 1O0

F IN
. 1820
0. 120
0. 120
0. 120
0. 120
0. 120
00120
0. 120
0. 120
120
0. 120

TABLE B~IX, cont,

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
LIGHT LOAD CASE

DEG P
[, 0¥
0, L
0, D53
LV, 05
r, UED
LRI Lyt
gt
€), 051
0,081
L. Q50
0. 050

D&
D073
00705
0072
0,072
0,075
0. Q7L
.71
3.071
0,071
QL. Q70
Q.70

nas P
[ LA
0. 093
0,092
L. 092
092
1,092
0. 091
€. 091
Q.0
(3. Q90
0., Q%

D&EG F
L8 T
o112
O.132
e 112
0. 112
.11
.11
Q.11
O, 110
Gallo
G110

DLG (@ DOGPE

nuirst
2
2,079
WV, UERS
1, OFY
Ci, )]
2. 076
t—h' - L L;’Ih'
0. 104
e L0
e 11

nsG o
0. )iad
0. 0468
Q.73
NN g
0L
0. 086
0. QR0
L, QR
0. 100
Q. 104
G 109

psg 0o
0,054
0,059
S PR oY
0. 067
0.074
0. Q78
0. 083
1. Q8
0,093
0. 098
. LO3R

neG @
0. 041
. Q47
0. 2
0., 058
0063
Q. N&EY
0,074
0079
Q. 085
0. Q%0
0, 095

1. (ﬂl;’ 1
IV
Cha va'3%
A
O sie
L8 S
(I 3 e
ey G
W /L7
0. 40
0 404

%6 e
e 784
. 720
707
0. &EE
0. b&2
O.bh41
O. &1y
0. 599
0579
0.559
0.541

nes FE
. 864
Q. 844
0, 823
0. 802
0,781
0.75%
.73
0.718
0. b7
. &7
D.aHE7

DsE FF
0. 939
. 923
0. 204
0,888
. 8740
0.8851
0,832
O.812
0.795
0774
0. 754

B-45

1o * g
o, V74
R 5
- “C)f"’
cow Ly
] ‘;]{J'?:
e ‘J&U
S N
e U 0ady
“on 43505
Cw i X¥IL
o (.'4"?

1o % &
L I I
— W {783
. ()4
A LA
oy GG
-, 082
= {178
- 175
-y 070
- a7

-, 100
-, Q%64
- 072
- 084
- CHAS

10 # 8
~. 1&S
- 154
~. 148
=141
= 134
-, 128
-, 125
-, 117
-, 112

- 104

5Y45
IR
PR A
(g |
Lry €020
0.2
Do 0024
thy 041
[T & N
i, 05
Cry U3H
Gatpt]

8Y§S F
c o 0
-, 0201
G DO
0, QN4
O Q06
. OO0
0.0l
0. 013
0,014
0.0L8
0. 021

ays P
- Q23
w, Q21

=18

~, 1 é&
w, 014
-1l
=, 009
- Q0
- 134
rea 00
oot

avyg
. (45
oy £ 1
—. 38
w56
o (5
- (),
- 2
- DRE
ey 24
—-. 021
=019

GvE
e, 01103
PRA A
g L
e Y
I AR |
LT
o E1N
2 ‘J‘H:’
oy 1S
e, 048

ave ow
e idll
-, 01l
- 217
- Q23
-, 024
" Q29
oy Q5D
- IS
n ‘:’38
—~n 041

5YS @
L LHO2
= 0%
-, QO
~ 312
=L 1
-.018
L Q2]
- (1Y
— 28
- 031

. D355

8YS &
il
0.7
0. 005
(30T
-, DO
- {107
o, (302
-, lék
- 20
-, 324
—n Q27

ORIGINAL paqT et

SYS3 P
e (iél“
.6l
O 6702
., 423
U- d)‘tpﬂ‘
DA W
i O77
0,672
0n.G771
O, hH70
0. 447

SYs I F
i, 270
PR I
v 038
1. 168
260
Q.57
0 36L
0. 379z
0O.418
0. 438
3, A5

8Ys P F
(). 998
D.972
0D.912
0.830
D.&476
0.524
0. BE
.23l
0. 137
0. 044
0. 029

8Y8 F F
0. P47
0. 785
0.997
1. 000
0990
Q. 964
0.718
. 852
Q. 769
0. 672
QL Bb7

OF POOR QUALITY

LUl W
rr, fi
(1,
a4
Ura P800
G, PE2
1- w BT
Lange
ooy
1 n U{]:ﬁ
1. 087
A N

LOQALD V
0,901
0,90
e 2452
0. L2
) FE
1,002
1.002
1043
1,063
L. 0837
1.10x

LGAD
0.701
Q. 721
€ P42
0. 960
0. 532
1.002
1.023
1.043
140467
1.08%
14105

L.aoan v
0.901
0. 921
0.741
0. 62
.82
1.002
1.022
1.04%
1.0643
A 812
1.103



SRR,
1, ey
thy 'yl
by, ‘7'1
L}, Ty -
Lew R
farad
L.07
1wt
Lot
Y3
IR

gGyva Y
vhe 0
v, 0
), %4
O YhH
Cru 6
1 » l:;]{j)
.00
1.4
1.t
1 .03
Lai0

LGy Y
Cha P00
[ L
e 94
Cla
0,78
1 .00
1 H ‘.“\'2
1.ug
1.0
1w
L. 10

avs v
(e P
0., T4
0. 76
Q. 78
1,00
AL 5
1 .04
1.0
i Q8
Lwicr

oo
i, Lates
tia e
6, 140
b, Laia
niw )eju
viy 1o
i v 1 ‘x‘-':?
A 2 197
L 1edtd
Che 140
2, L

OIN
.t
‘:‘) L] 1 t‘{lf)
L T
Lia 141
D . 1 (30
U 140
e 160
U lé
0. 140
. 1HL)
L .l f’JQ

E
w180
Che 1EI02
tre 10O
¢, 180
Q. 180
0e 18O
0, 180
0. 180
0. 180
0, L&
3. 1EIOD

M T
£, 200
e D00
£, 200
., 200
0y L200
£ 2200
., 200
0 20I0H
0200
£, 200

TABLE B-IX, cont,

OF ppg

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
LIGHT LOAD CASE

Prati 4
T
TR A
u, 1l
el %
Wy 1;1
0
W, 151
0, 1751
i, 130
. 170
i 130

DaE P
0, 153
Cig 5000
0, 152
0, 15
0, 151
0,151
€. 161
ihe LTG0
e 150
0, 150
0, 147

e =
e 171
. 171
0.171
0,171
0. 171
h 1°70)
D178
e 170
0.170
Ua LG9
. 169

DBE F
0. 150
Gulw0
O 150
O 150
. 190
. 190
. 190
0.189
0,189
0,189

it 1)
LI 1)
. k. ' ‘.‘. 1
e A0S
4
il
g, 6%,
[ 3 i
‘}u (JK}ZQF;'
e 74
12, v3f30)
V), Lel3dy

DE n
1, 0]

001l

fH,01Y
).027
0, DAY
0. 042
1,049
e Q55
0, 0683
0. 068
Q78

DeE 0
- 1552
- 018
- 104
0 Q05
0,014
0. 023
Gha 03,
5 0037
O 047
¥ l:l“jf.l.
(J - ‘Jé} 1

DG @&
o 4h7
ey 320735
= O
Q1
e, MO 1
0. D09
0.019
Q28
G037
0. 045

v oo B
o, 24
(8 LT
INPRFTY |
L a3
Cou RN
T AR
D R
iy, 385
o1, Hét
w6555
0333

DEE PE
1,000
03, Q96
), 7o
0. 984
W 2758
0. 64
O, 952
3, P38
3,924
0909
0, 894

nan e
. 937
0. 995
0. 799
1. Q00
09957
. 991
. 5984
0. 574
D.64
0. FHE
., 240

n&e PE
0. 943
O.975
e 990
0. 998
1. Q)
0. 999
0. 995
0,989
€. 781
0.R73

B-46

oo &5 Gys [
N e .y 0L T
RN o L0

[} 1 !3‘,‘ o . (l::‘l{
"nl'ch.i ".—'F'lfj
S S vy R ST
S BT w1V

w147 vy L1l
ldn -8

=u 10 o o (1A} 4
=, 124 AL
alad w g L

1 % 8 8Y§ P
=246 - 0BT
e 251 ., (60
~s 216 - 78
= 203 -, (75
~. 192 - 75
=, 182 - (71
“ 173 L 048
wol6d =, Obb
—a 157 - [3E&5
e 180 =061

= 143 - 058
10 % 8 GYE P
—-. 312 - 102

= 283 =, 100
= 261 - 098

RAPRAT IS - O
- 237 L2

- 214 - 090
- 202 -, 068
=191 - 0B6
-. 182 - R
=173 ~o081
~. 164 - 07

a7 -, 118
" 327 ™ w 117

- IS B Y-
= 272 - 11
- BEn - 11D
. 236 - 1018
- RRB e, 105
—_ 210 - 103

=~ 159 - 101
., 190 -. 098

avh
O, L
Ly, N
(KPR B RK|
(RIS
0, 0]
TS 15
RPELIED
AT 816 L
" u :’l‘w’
e, O] 4
a1

ayas n
0. 051
€043
(X34
). €750)
i, 024
0.018
0013
0. 008
0. 003
-, Q02
. 007

8Y8 @
0. 0B4
0.071
C.061
0. Q5B
0,024
€. Q7
0, 030
0,024
G018
0,012
0,007

BYS @
the 1321
0.098
0. CHEE
0.071
. 0él
0. 052
. Q44
Q. 0548
002
0. 0R3

LY
0,918
(3,27
L, 957
0,975
0, 739
0y, el
1. 000
’-) o t)“? ,‘u
Q.77
0. 940
0. 907

SYS8 P
Q. 852
0.8491
0. 9084
(.00
0, RS0
0.968
0.%82
e P93
0. 599
0. 799
. 994

8Ys P F

G, 775
0.8173
0.847
0.877
0902
Q.92
0.94%
0,943
0.977
0.98%9
0.994

8ys
Q. 704
G766
0,810
0. 845
0. 875
0. 700
0,923
Q43
O P40
Q0.974

I:

E

S

R QUAL”'Y

L0 W
Oy, B0
A ()
e ‘?,11* l
i iu ‘?": 1
chWEL
1a000
Tare2n
1, 045
1. 0d
1,087
1.1003

LOAD v
0. B8
Q719
0.939
"-, u C? f’l[..)
.91
1.001
1.0021
1.042
1.042
1.0873
1.103

=OAD
0,395
0.914
. 938
0.
0.972
1.000
1.021
w41
1.061
1. Q82
1.102

.0Aan v
0,912
0, 954
0,956
Q.77
0. 798
L.01e
1.040
1,060
1.0481
1.101



ORIGINAL PAGE 1
OF POOR QUALITY

LONMSTART  TMIEDGMGE L OAD

Lys v
1), 4}
), 42
L. 24
e T
i1. Yt
.00
1.0
1.04
1.04
1. 0108
1.10

85YH Y
1. 70)
0.
.54
€, Q¢
Uiy Y783
1wy
I
1 L] (J‘l
Lethd
L0y
Lalc

YL Y
£, 90
LI
O frd
W WG
.2
1,00
.02
1 w034
L.0é&
1,08
Pal0
858 V
(e 70
(W
Q. il
(W
0. 90
Ten
1,02
1.
b.06
1,08
1.1

i IN
0, 0030
e QA0
. 6520
0o 1))
0 V320
Ly, ey
£y, 11
0, 0R2G
(1. Q00
0, M
(1. 0120

F oIk
£, 00
O (340
NI AT/ R
Q. D40
), 0
O CHLO
£, D2}
3. Q40
O a0
1. Q40
Ly PR3

| Y
£, W60
(-) " f.)(ﬂ &
) C3E0
W Q&0
0, Qi
0. 040
G O1EH0
‘:] [ O I’.".! C’
Cha 050
(-’ w ()f':j(j
0. 060

FoInN
0, DG
0, 0EY
Cr, 130
Lhe £2680
0. 0RO
3. Q880
G 280
0y OO
Cra 0
0, Q80
. O3

TABLE B-X

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
HEAVY LOAD CASE

G 12
.14
0,014
‘31‘314
1,014
0173
Q.013
LI B
0.013
012
Daid12
0,012

naE P
(.' h ‘:,:: 4
Cang
U, )5l
054
L 0
L R
0, QD

L, 38

N
1, Q54
Ly, O
01, (354
€ QFS
0053
0.053
005y
Cha 01522
0. 052
S L
0, O

DEG -
0.074
D074
e 374
(3. Q738
Chn Q73
.7
Qa I73
073
0,078
a7
.07

NG
W RIET
0, 710
L O73
0,076
0, 07%
. OB2
o QB
£y 3%
C1, D95
O O
2. 100

DG @
DI T M
O, OAT
£ Q70
G075
aO77
DB
G 0H34
)y 'J&j ?
a7 1
0., 054
£ Q786

BEG
o 55
.06
0. QGE
168
0,073
O, 075
Da079
e DB
. QR
(1, Ol
£, 094

nsEE M
0. 0489
O LT
0. 057
.06
0. 065
0. D&Yy
0073
QL7277
0wt
0,08y
o DEY

B F
hetll
0. 199
0. 186
177
Dl
0. 154
0147
e 139
131
0. 1235

D11E

DEEG P
D A7
€, 454
Wy dEd
ir. 417
0. 7399
L3RR
0. 065
0,350
€, 5585
Crahin

0. 507

1 FF
0, 488
O, b4
0. 459
Dbl
0, EE
0574
0, 54
0. 554
a1
L L
D, 479

naG Fr
£y, Bk
9.817%
e 791
. 770
0.748
Q.77
w706
0, &85
O S
(1, &4
e B2

B-47

1y % 8
- (26
R
. 025
024
= AT
- 02
. 21
T (.}2‘:’
- 019
-, 1114
- G10

19 % 3
o EE
wu Qi
U
= Q51
= 45
- 0347
*n 0‘1‘!"1
= (MY
ey 1) "]' 1
w240
- LYEH

10 4
-, 1)
w36
- (N33
. D7H
- V7
0 QY72
w69
-~ Dy
= D
-, 041
— . 5T

14 » &
=u 124
= 118
. 17
e 102
™ a 'J"”{']
-, 494

a0

o 086
g 8 12
e 0

SyYa r
0. 5531
(FPRATO
ty, LB
Goéal®
. &a1
0. b&Y
0. 697
O.728%0
£ 7554
I

aYs P
0,519
0,544
Q870
‘l) 9 E:]’?{J
e &2
Q. BED
Da&7E
0. 704
2. TIE
On 708
M), 794

ays F
G B0
O SI52%
e SEO
0BT
‘;) " ‘}O :
0. G5t
0, &5
0. HEY7
0.716
Oy, 745
0,775

SyYs R
0, 480
0, 50055
83
OS5
0, Ge4
.411
0. 09
Vabbsy
0.6
0,72
. 756

sYs Q@
AT
4 IR
Q. 379
(O, 39
Dudti2
e
0, 444
e &4
0,482
0, 560

L 5:11 9

8YS5 0
0. 3E2
0 i67
ISPRRT: b
0,299
DaqLlE
0, 4353
!:-] L] 4 4‘5’
e 847
0. 435
.53

LS |

BYS G
0 A
0, 373
0 R
0L A04
o451
Q437
€, 454
0. 471
0O, 48Y
0. 507

0. G0

8Yys @

0. 147
0, 361
DT
.40
O 428
O, 44
O.461]
tha 78
0. 4785
G L
0. 5%

4y F
0340
03, Gato)
.34t
0,84
.41
0. B4
0. Eal
0, B4
0. 847
0. 8347
0, 13473

LYH P
0. B
). 829
G 330
0.5931
-
0L H3E
0853
AR Rg:
0,88
PR S35

Lha B

HYG = W

0.8
a1 Y
0,17
V.81
(e G20
0 TN Pt
0. 8327
0. 824
0,82
O.827

Cu B2

“HveE
0,795
0. 798
G 801,
0, B804
0. G507
&, B0y
O.811
O
a5
w.a1z
O,

F

F.'

F

i0an v
VI
(1, Ba4p
b, ;U‘I”
YT
. K05
0.0
0,240
O G0
L8778
L9597
1.015

LOAD W
I ]
(r, H50
0,367
£, 87
0. PO
O, Wi
Cr, 4%
0. %41
DTS
. 798
1.0 g

STV
(L
o, 850G
w109
. a7
G PO
0,924
14, A
uThl
O P80
TR
Lathl s

LEAD W
o, e
0. 8501,
O, Bey
A
ol PO
o P
4
W YAL
0. 780
a3
Looisy



PR ST
Ly W
iy
'-lutf‘?l
L Fs
£1 ., i
| SRR
1.0
Lavd
La ik
OIS ]
[wtid

Ava oV
L. e
2y, G
0, 4
Y
09
1 .00
LS Ay
T
La )G
1.8

L. 1o

BYhH B
(RIS IN
Y2
.74
.94
.78
.00
1.02
1.4
1,04
1.08
1.1

&5YS W
a0
(IR ]
O.F4
. Fh
. 96
1. G0
.02
1€l
L0
1.08
Lal0

Fooiw
[N R
IR T
e 1O
T RV TR
th, 10
v, foa
iy A
2y, a0
W 100
),
RNV

Foolnl
W L3
(LI S
0. 130
i, 10
0. 130
(S Bl
0. 120
e 120
O, 120
0. 120
e 1220

I
Ly 2430
e LA
0, 144
Q40
Q. 140
G140
e 140
. 140
£, 140
0. 140
0. 140

PoOIN
0. 160
e 1&H0O
e 14O
I X140
0160
Q. L&
£, 1&0
0. 160
0. 160
e 160
0,160

TABLE B-X, cont.

ORIGINAL PAGEL (S
OF POOR QUALITY

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
HEAVY LOAD CASE

ity U
Sy, b
iy LMy i
LI 8 1A
i, 0
LRI L
Cr, 12507
(R B L,
Oy %0
Ly, DG
0y 04
AL

nDSe P
0,103
V. 115
[ TR I
LT I
O. 117
0,112
(112
t, 112
L T e
walll
I A N

p&as -
. 133
L0 A
e 153
Cha 133
(ST B0
0. 138
. 132
0, 132
0,131
0. 131
£ 1731

nei; F
0. 15
0. 152
0,152
0. 152
0.152
0. 152
e LE2
. 151
e L1
O 151
0. 151

Pty 0
S A
R
[ WA TS ¥
i, 01
1, Ot
Pha MR
£, D4
N I
O 7
0o, Or7
T, O

D&l @
L) 220
0, 0324
0. rE2

TG AXAY

£r, A7
.04
O Q85
v, 058
W N
D Q66
QL0735

DEGE ©
- B
0, D05
0,012
0.019
0. 024
G, QD2
0. 038
£, Q4.4
£, 030
I LT
.06

DEE @
— o 33
- Q7
~ 015
- 005
Q0 o044
O.012
Ch, 20
Q.0Q27
L O34
Q. 046
0.047

Lty IPF
R PRESE
i, 714
O L'
v, 370
1ha ()
1) B
O 821
S B0l
e TR
0. 7400
0, 744

DEE PrF
0, DL
O P78
U, FhI
1, 95O
0. 936
0. U0
0, FO5
0. 888
DLB72
f.8%54
I g

D&EG PR
1.000
0,994
. 994
0,790
0.981
0971
Q. 96a0
Ca 48
0.935
W.721
.04

LG FF
0.962
. 284
0. 995
G 999
1. 000
0.997
P2
0.984
.974
D.9h4

Q. 755

B-48

Lir % 53
140
- 1052
oo A
- LG
~e 171
SR ks
-y 1210
= 115
~u]lO
e 101E
" 1 11}

10 # 2
-2t
~-. 192
~. 181
~« 171
~. 1467

—-. 1585

~, 148
—« L41
e 1235
o 129
o 124

19 % 8
- A
u 2‘4‘:’
-, 224
~.2hl
~. 199
-. 188
-, 179
e 170
~ 12
- 155

~. 148

10 % 8
~. 347
- e
- 282
o 2&E0
- 243
-, 228
—u 213
- 203
= 193
~. 184
- 175

SR BE TN
1)y, e
1. 4135
dalnd
"y, 564
e bt
0,619
e &A1
. al7
e 704
0,774

5Y5
0. 479
O, 364
0. 490
GLS17
0. G544
0.571
0, 599
GubR27
0 bHE7
0. 684
D.714

8ys P
0.417
Q.43
D.4b69
0.495
Oy S23
o S50
. S78
0. 607
0. 6354
0 " 6&1!3
0. hH94

8vs F
QL3973
0. 420
£, 447
G.474
0.T01
0. 529
0. 557
0. 586
0,618
0. 445
O.&a76

8YSE 6
0. 178
£y, Do
0,407
L )
C, 477
v, AT
). 44Y
0. 3936
6 SIOT
0. 521
Oy BN

8Ys 0
. 2e4
0.407
P el |
0. A5G
0. 450
0. &5
0. 481
0. 497
0.513
€. O30
0. 5448

8BYS Q
th.41é
0. 427
0. 439
G352
0. 46T
0. a7
0. 494
0.510
0.528
0.3542
0. 359

8Ys 0
0,452
0. 456
0. 4464
0. 474
0. 484
€. 4%8
Q.512
0. 524
0. 541
0.8557
C.a73

EYS8 P F
0,772
W, 777
0. 782
. 7134
Q. 780
£, 794
0. 7%7
€, 800
0,802
0, 805
0. B0

8Y8 P F
0.744
0. 752
0,789
. 7465
0.771
O.776
0.780
0. 784
0,788
0.7%1
0. 794

8Ys = =
0,708
0. 720
0,750
0.739
0. 747
0. 754
0. 760
Q0. 744
0.771
D775
0.780

8Y8 P F
0.6534
0.677
Ca b3
0. 707
0.718
€. 728
0. 736
Q.744
0. 7591
0. 737
0. 7835

I OAD Y
0. FRD
o (3550
0, Dléy'?
Lh 8337
O WO,
0, 7200
Ca a4
0, 2467
0. P30
0. 999
1.017

LOAD W
0. 831
. 8510
0. 84
Q. 887
0O.904
0.924
0. 943
O.Fa)
. PR
0,998
1.017

LOAD V
0. 829
0. 848
0,867
0. 8846
e F05
.24
.942
0.%41
0.979
0.998
1.017

Laan v !
D.E24
0. 844
0. 845
0. 884
0. F03
0.722
0.941
0,980
.979
0.998
1.014



G h Y
74}
U, 6
. PL
1w
Lafndd
1.04
1.04
103
1,40

wY¥Ya v
1.0
1.02
1.04
1 .06
1. 08
1aic

REMLIGTIC LOAD

gGys v
U 70
Q.2
e 24
O, 94
.98
L0
1. 0%
1.4
1.06
.08
1.10

sYS Y
0. P0
O, 90
0.94
0. 96
0,98
4100
h1. 02
1.04
YL0d
1. 08
1.10

oI
R R
Lia Ligo)
O, 130
RN 218
e, LE0
w1430
i, 1430
0. 130
v, 1EO

I~ Th
O, L0
G 2000
£, 200
3, 2008
0 200
e 2006

FOIN
0. 020
0,020
. Q020
0, Q20
D020
0,020
0. 020
(1, Q20
0,020
0. 020
G, 20

POIN
. 040
0. Q40
0. 040
0. 040
O, Q40
0. 040
Q. 040
. 040
0. 040
Q. 040
0,040

TABLE B"x ] co nt 13

DATA FOR INDUCTION MACHINE, POMEZK
HEAVY LOAD CASE

Lty B
I |
a1/
Gia bl
1. 171
171
£ ™ 1- /'t 1
I R
el

SN

b B
Q. 170
(1. 15940
. 170
G L0
0. 190
Q. 150

REFRESENTATION

nsE P
DL ls
Q.014
0.014
a4
.03
0.013
0LO1LA
0L OLs
D.01L2
Q.01
012

Dt F
0034
0,034
0. AG
T 0F4
0., N33
6 TR ¢ I 9
.03
0,032
Q32
0,052
0. OR2

Dl (8 DGbi 2

o idia 7
oy (_u‘.i,:f,
=W VB
] C"“'El‘
. 01y
Crowvalls
RIS M |
0, 00

0, Qe
P70
0n.987
05994
1. DO
S [RIN)
e 797
Ly WG
O, ?R&

DSG £ DEE PF

™ ‘.)"':l 1
wr a1
w U2
~.1)14
we g 1T
0,07

DaEE @
e DG5S
0.068
0,071
0,078
e D7E
01, 082
0. 085
(Wl
0., 09
.09
0, 100

DsEGE @
O.0&1
. 06T
0. Q&8
0,072
0.075
0.Q7%
IR 1
0.087
0.090
0.0%4
0. 09E

.95
0 P7E
0,25
0,997
A TN &)
.99

DEGE PR
0.219
V. 205
. 193
0. 181
Q.17
. 159
0. 150
0. 140
0. 132
(he 1273

Dulld

K86 PF
G 48%
Q. féats
0.444
0. 424
0.404
0.386
0. 568
0,381
0. ERG
0,320
. 506

B~49

T w6
v W
R T
M o i) H:.'
-, 7R
o W
AL
- W20

- 14

Ly Ly

10 % 4
e D
- TTAEY

B Aenl it ki
.l
L N

L T ol g
- 2ta

A0

10 * &
- 29
27
- 24
e (255
- Q20
- QN2
-, 021
-, 020
-~ 19
-, 019
-, 318

10 * 8
= D@L
- QE7
~ o Y4
- E2

W D9

-, Q47

045

- 4G

w341

. Q40

- 38

!

i

avh K
0. 401
{;’ - '15“
0, 478
(. Gn/7
Cha 51055
I PRTHA
594
0. b2

e ARG

Sys P
O.482
Q.512
8
Q.572
0, &L
0. éaln

5ys P
0. 404
0. 423
Q. &4z
O baés
0. 483
703
0. 723
Q. 743
0. 764
0.785
0,805

5Y&8 P
0, 585
0. &04
. 424
e b4 4
(TR
0. 684
0,704
$.7324
. 745
0.765
0.786

aGYqs W
.51
U B0
0,513
i, 504
0,555
0. 547
Oy Fia
0,574
0, 589

8YS i
0. Hhah
0L, 5468
0,575
0. 585
0,597
D.bhlw

8¥&
0, 299
. 410
0. 422
) 453
444
G455
D.467
0.474
0. 470
O.501

L

aYs
O 403
Oudlé
Cra 425
0. 436
0. 447
0. 458
0.470
0.481
D.492
0. 504
0.E515

uYa
0. 656
0, H&s
0, &84
0,675
0,708
3.718
0. 728
L9 I e
0. 747

[ F

EYS P F

0y, A49
e 670
0. 4is
0. &9
0.710
. 720

ays P
3. 334
0. 835
0 B4
0. 857
0. 338
0. 839
0. 840
0.841
0. B42
0. 843
0. 844

8ys &

O, 823
. 825
2.824%
O.8249
0.829
Q.8351
G. 852
0.8373
0. 834
0. 835
0. B34

F

LA &
0. 861
0, 83631
0,901
L9221
[
0,959
0,976
1. 997
1.01%

Lasn v
D217
Q.37
0957
L9748
6. 995
1.Ui4g

l.OAD W
. 820
Cre 83403
0. 8Ee
0.879
0. 8e9
0.918
0. 938
0.957
0.977
0.997
1.014

Loan v
0.321
Q.a841
0. 8460
. 880
0. 899
Q0.919
0.929
€. PHE8
0.27g
0,997
1.017



SYS v
Uiy 00
0,73
e 74
0. 96
R
1.0
1.602
1.4
Luidé
1.68
1.10

SyYys v
0, 20
O, 9
0. G4
. s
Q.78
1)
| AP
1.04
1,06
.08
Lalo

B8 V
0 50
0, %
0,74
0,98
La fPE
1.0
A
1. G4
1.048
i.08
L.10

85Y5 W
1. G0
a7
£, 94
.
0. P8
1
1,02
104
108
1. 08
1alC

|
e QEO
1, Chegt
Ci &0
Oy LA
0, D)
0, a0
0, Q&G0
U 0
i e
1. g
L OGO

B b
0, 10
Wy L
0, DG
0, ORI
O, 00
v 30
Ui 140
1), D
Chy 2830
0. 083D
£, 0

F IR
O 100

(RGN

0. Lo
€, Lo
0. 100
e 3
e P00
B3, 100)
. 100
e LOO
Li, L0

~ TN
e 1020
th L0
Gy 120
Qa 120
try 1520
L9 I
e LZ0
0, B0
e L2AG
0. 120
Gra 1220

%t

T{ILE B-X, cont.

ORIGINAL PAGE 13
OF POOR QUALITY

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
HEAVY LOAD CASE

DEG B
(KIS Lot
t)e QT4
Cra 54
N W1t
Pl
0L 0E35
0,053
Q.00
0, 0%
0 I
N, OGEE

aG
Gl 074
U, 074
0.0/
OLO75
0,07
N S VU
Lo
07
AT DR
i, T

IS

et
0y, 04
Cra 064
0, D9E
[N LA
th, 0¥
0, {0
0. 07
O D5
U, 7
L8 A
O, 0l

oG -
g. 114
O L LE
G113
whe L10S
0,113
LI I
Go. 11w
O. 112
0.0 1%
Guitl
. 111

OIS R o
vl D58
€1, G5
‘:’ " ‘:’/.J :;
0,067
0,071
1,074
O, Y 7e
0, 2
IR LE
1,091
(1. 095

D&G L
0. 047
LS
v, O35
0, OSs
(3 S 7N
th, e
Cha o
)
9, 08
£, 07

Ero (HIY

DHE O
O, LR
LA A
0, 04a
(i, Q45
0, Q154
0, u5H
fa 0D
63
L0705
OLlid 7
0. 082

ngn @
Dalé
0, O
PN L
€, (A
O D4
WIS R
0, 2
2,057
0, 062
0,068
0,075

&G PE
UL
0. 674
0. 649
0,620
. GO2
0, A0
O R
O G
0,514
U496
0.478

eGPy
0847
Q. B4
oLl
g, 778
e 7HE
0, 770
0,710
0. GG
v, hhdb
01, 45
11, A

DEG FE
O, 240
(0 JLE
0908
0. 888
0. Baé
0,844
G, B
0 B3OS
ty, 7834
O 7l

TV ]
[AP. F AR ]

e FF
O 990
0, 280
Ciu P4BE
0. PGS
. F4R0
0. 220
0. 70483
0. 8%1
0,873
€1 B354
0. 836

B-50

10 % 43
~ 72
- L 158
. OE4
" (JQ‘.’
- Y74
- (,7"‘;
- o 03EY
T a “)é)é)
0o
ey U]
-« O

1o % 5
= Lo
=121
PR L
~ o 40
oy 1O
- NG
- g")(}l 4‘1,
-, M)
- D86
e VLT
W 377

1 % 3
~. 1é&db
—u 1538
- 144
o 14()
R R
R S |
-, 115
w 1 j.[:‘
- L0
-, 101

19 # 8
-, 3211
o 19
—o 188
ey 170
~ . Léré
-, 157
. 149
-, 142
-, 136
ey 1Y
S e 2

aYE R
O 5a%
L i
0. &HO4
(da 624
0. &44
':} " &534‘
W bidd
{4, 700
0705
0. 746
Q. 767

5vE F
0,545
O 5465
0. HES
0, &4
L2
O &l
e 65
0, fE5
L 706G
0, 724
0. 747

GYE P
0, E25
Cha 55405
0, S
0,589
), &S
0,625
0. &a5
. bbb
Y )
iy, 707
Q. 734

g2ys F
€, G305
)
), 54
Cra 554l
O HE4
£y 5805
Cr, G325
i &40
0y oabkb
Q. 687
0,708

SYE @Q
£ 401
O, 420
€, 4731
0O.441
0. 352
(. 4467
0.A74
0, 485
0. 497
0y, T0OY
0.519

8y&s5 0
O.418
0. 458
Q) k3%
0. 449
A&
3. 470
0. 481
0,092
Cr, 550005
L ELe

r“) - [ 1=

Amad

GYs @
0. 4730
0, 440
0 4%N0
0, 459
GuaAbYy
0, 480
O 49100
3, 500
Q.11
0,521

0. 5EE

ove @
Q. 447
0. 455
0. 464
0. 4TE
O 4432
G 4571
0,501
O.511
0, mRl
oha S50
DS54

8YS P
8310
O.812
.14
3. 16
H.E1E
Q. 820
0. 822
0L 824
0. B
0.827
0. @2

8Ys F P
. 794
iy, 797V
), B0
0,803
0,805
. 808
Gu LD
.81
0.814
0.817
L8

BY8 P F
0.773
0. 778
0. 782
0, 784
0,790
Du 7S
0,798
O, 799
0. 802
e 8105
0.807

SYS P
0. 74E
L 78S
O.761
Q.786
O.771
QDL TF7h
O, 780
0,784
. 788
0.771
0. 794

LN Y
j " H:;J ’
0,841
O.861
G EHO
0 FO0
0.919
€, R
R e
0. 978
. 994
1.0318

LOAD v
0. 829
D.841
0. B61
€ o HE0
O GO0
), 720
), YA
0,959
G.H7Y
L)
1.018

LOAD V ¢
o 621 |
0. 841
0. 860
. 880
0. P00
£, 20
0. 939
0., 239
0. 978
0. 998
1.O18

LOoAn V
0, B20
0. G410
0, B0
0. 880
0,897
0,917
0. 935
€1, 959
0. 979
1, 998
1.018



TABLE B-X, cont,

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
HEAVY LOAD CASE

ORIGINAL PAG 18
OF POOR QUALITY

HYGoM I+ IR DaGg P DG @ DS PF1o o 5 Lth & EREEIN Y Y8 FFOLOAD V
0. P0G O ] 40 0. 133 paPRALFL 0,99y =, 271 e gl 0,471 0.716 G318

Oy By . 140 (ha 10573 . ()] 1. 000 -, 24y I PRGN O, 477 e 734 . 353
w24 (e L0 e 1375 03, CHIF 0a %90 - 0. 59273 0,487 0, 735 0. E59

Ly D& I B ) LT e e L/ 0. 997 216 PR 0 490 L7432 U s
Li 8 . L4 0. 1732 e 024 he 734 e G005 De 864 0. 4978 0,749 0.899
1aud td, LA 0. 152 (EPRERT1 D974 w191 0. 584 £.507 Q. 754 L8119
Lo e 140 0w 1352 .37 RN Jc W -1l 0. 405 QL5158 Q.741 0,928
Lowrast e 140 0, 1352 0 45 U 5O e V7Y 0, &2% e 55224 0,764 0. 258
1.04 Lre 1460 0, 151 0, Q50 0. %3564 ~u l&HE 0. &k 0. 03D 0.W77 0.7978
1a08 0. 140 151 0. Q08 0,931 —w 1 5¥ O bbdT 0, 5473 0775 . 994
L1 e 1414) 0w 1351 Qa1 0. 905 -» 148 0. 6388 Q. 5ER Q. 780 l.018

S9YG v B DaE F DEE QO DBE PF 10 % & sya K 8Y8 @ 8YS P F LDAD v
0.0 0. 160 0.152 ~. 54 0,938 Rt It 0. 440 QO G158 0. bbb 0.814
0,98 U 1&0) O, 152 - Q55 0,975 - 327 0.481 .10 0. 686 Q. B3
.94 tha 140 01852 —a 20 0.9%1 =293 0. 502 Ou8ll 0.701 0. 8556
Q.96 0. 150 0. 153 - 1Y Q. 796 . 26 0,022 0515 Q712 0.877
0. 78 e 160 Q. 152 Q.00 1.000 ~u 248 0 E4F O E20 0722 0.897

1.0 0. 160 0. 152 L0l L 798 252 Q. 563 .52 0. 7351 Q.917
.oz 0.160 0. 1E2 0.018 0.993 w217 0. 584 0,533 0. 738 0. 937
l.04 0. 160 a1l I D) 0. 786 -« 205 Q. 6050 oAl Qn 745 C.o07

Latdé 0. 1a0 . 181 QL0373 V.976 ~. 194 O b2 0. 549 G4.792 977
1.08 D. 160 0. 151 1. 040 0.%66 —~. 184 0. bih iats Q. 757 0.997
.10 (e 1&H0 Q.15 0.0487 0 PG4 - 175 Q. bb7 0. Shé 0.7467 1.017

8yg V B IN nees F DSGE @ DSG FF 10 % § sYs P t=h =) 8Y8 P F LOAD V
R4 0. 180 Lel171 - Q51 0. 258 et 0. 499 0. G54 0. 669 0,873
Q.78 0. 160 0. 171 - Q5 a.9a2° R s g iRl 0552 0. &84 Q. 895
1.00 0. 180 0.171 - (18 0. 994 - BEG L oy 0. 005 Q. 700 719
1,03 0.180 0.171 ~u QA7 0.999 . 2860 1. GibE 0. E5U7 0.711 0. %56
1.04 0. 180 Gul71 Q. 0O LaQon = 245 0.584 0. G563 0. 730 0. 954
La06& 0. 180 I | .03 O.997 —~. 229 0. 6050 Q. 3467 0.728 0.976
1.08 0. 130 L. 176 0.02 Q.99 ~aild 0. &26 Q.76 (o 7 5é Q.99
1.1l a. 180 D170 0. 030 0. 985 =. 404 0. bH47 O S8 0. 7473 1.01é

8ys V P IN nse DBEE 0 PESGE FF 10 ¥ 8 g8ys 8Ys @ 8YS8 P F LDAD W
1,00 O 2A0 0. L0 - Qa9 Q.741 - 57T D.318 0 &G Q. &54 0.911
1202 0.200 Q. 120 RS L 3.974 - 3RR 0. G40 593 0.b674 O.ER
.04 G 200 Q. 190 - 028 0. PEY ~a 274 (e S&H2 Qe GTR 0.688 0. 954
L.04 0, 200 . 1%0 - 01E 0. 797 278 Q. 353 0, 595 700 D.975
108 Q.200 0. 150 o QO3 1., 000 = el G GOS 0. 599 D.7LO G, 995
3 l.10 0. 200 G. 1920 0.007 0. 999 - 239 Q. bbb O b0 0.71% 1.015



TABLE B-XI

DATA FOR INVERTER, CEA CONTROL ORIGINAL PAGE 19
CONSTANT IMPEDANCE L.OAD LIGHT LOAD CASE OF POOR QUALITY

8YS V DG P DSGE @ D86 PF 8Ys P 8Y&58 6 8Y8 FF LOAR V

6, 90 0,020 -, 10 3. 894 0. 044 0. 058 0. 6073 0.8%1
0.92 (020 “. 010 .894 . 044 0. 040 0,613 0.911
0.%4 . 020 - 10 . 894 . 049 0, 042 0,625 0.5
.76 0.0Q020 ~ 010 0.894 0. 052 Q. 064 0,632 0.951
0.98 0. 020 =10 3.894 (% 8 11 QL0467 0.440 0.971
1,00 (. 020 - 010 0.894 0. Q5% O, 0469 Q.647 0.9%1
1.02 Q.02 - G0 0. 894 0,082 0.071 0. 654 1.010
1 .04 0.020 - (310 0. 894 0.06% 0.074 0.661 1.030
1.06 0. 020 ~a 010 0.894 0068 0.076 0.b&LT 1.050
1.08 0. 020 —-.010 0. 894 0.072 0.Q79 0.&673 1.070
1.10 Q.020 ~, 010 0. B4 O, 075 o.081 G.478 1.0%90

gyg Vv DEG P D&G @ NsSGE PF gys F 8Y8 0 5Y8 PF L.OAD V

0,70 0. 0480 -, 020 . 894 Q. 024 0. 068 0.325 0.8%1
0,92 G Q40 - D20 0. 8949 0.028 . Q70 0.354 Q0.911
.94 € 40 - 20 0. 894 0,029 0,072 0,377 0,931
0.9 0. Q40 - Q20 0.894 0. 032 0.074 0. 399 981
0.8 0,040 -, [H20 0,894 0. Q35 Q.77 O.420 G.971
1. 00 1. 040 - 20 0.8%4 0. 38 0.079 . 4329 Q. 9290
1.02 0. 040 -, 020 Ch. 894 0.042 . OBl 0.456 1.010
1.6404 G 0440 —a (20 0.8%4 O.045 Q. 084 0.473 1. 030
1.046 G Q40 - 20 0.894 0. 048 0. 0Bé 0. 488 1.050
1.08 0.040 —. 20 ¢.894 0.0592 0. 089 3. S03 1.O70
1.10 0.040 w20 0. 894 0. 055 0,091 D516 1.090

5yg VvV DB P DE6 & DSGE PF 8Y5 F 8Ys @ 8Y8 PF LOAD V

0.0 Q. 0&0 o DEO (A 0. 004 O.078 0.045 0,891
0. 92 O 040 - {EQ 0.894 .004 0.08q0 0. 080 . 911
0.4 0 Q4D - EO 0. 894 Q. 00F 0.082 O.113 0. 951
0,94 0. 060 - IO 0.894 0.012 0.084 Q. 144 0. 951
0. 28 . &0 - R0 0. 894 0.01L5 0. 087 0. 175 Q.77
1. 00 0. 060 - DA 0. 894 0.018 0. 087 0. 203 QL P90
1.02 2. 060 ~ (250 Q.94 0. 022 O.091 0251 Lol
1.04 . Q&L - 030 0.894 0.028 Q. 094 0.257 1. CRE0
1.06 0 QB0 - NE0 0. 894 0, 028 0. 096 . 281 1.080
1.08 0. D& — . 2RO Q0.894 . OR2 . 099 0.304 1.070
.10 e A0 ~ D30 0. 894 0. 053 0.101 0326 1,089
a8YS8 VvV DEG F nsG ¢ DEGE FF 8YS5 P 8YS @ 8YS FF LOADR ¥
0. 90 0. 080 - O 0.894 -, 017 Q. OBE 0. 185 Q. 891
£, 92 0. 080 —. 40 0.894 ~. 014 Q. Q%0 Q. 150 0.911
I 1. 080 - D40 0. 894 w, 1] G. 092 0D.116 Q.95
0. 98 0. 080 - Q0 0. 894 - 308 0. 094 Q.082 0. 950
0. 98 0. 0RO -y 40 O.8%4 8 [ Lo 0,094 0, Q47 0,970
1. 00 0. 080 = 40 1. 839%74 - Q02 Q. 099 0.014 0. 990
.02 0. 030 —-. D40 . 894 T T 0100 0.014 1.01¢
1.04 {1 080 - (40 0.894 QL 00D 0. 104 Q.47 1.03
1,04 £, B0 -, 4.0 0,894 QL0088 Qa, 1048 O.074 1,050
.08 0. 080 - 40 0. 894 0.1l Q. 109 0. 105 1.049
(A 0. 080 o 340 0. 6894 0. 015 0,111 . 133 1.089

B-52



TA.BLE B-XI ] Co nt »

DATA FOR INVERTER, CEA CONTROL
LIGHT LOAD CASE

SYys V D86 P DEEG G D&EG PF 8Y8 P gYgs o

G0 0,100 - OEQ 0.6894 - Q37 0.098
0. 92 (r, 100 -~ 050 0.894 -, (34 0.100
0.94 0, 100 - Q50 0.894 - 34 0.102
0.94 . 100 - D0 ¢.894 -, 028 Q. 104
0. 24 . 100 - QS0 0.894 - 025 O. 104
1.00 Q. 100 - Q0 0. 894 -, 022 0. 109
1.02 0. 100 - 50 0.894 ~-, 118 te111
1.04 Q. 100 - Q50 0.894 -. 015 0.114
1.04 . 100 - QEO 0.894 -, 012 0.114
i1.08 0100 -. 050 0.894 -. 009 a.119
1.10 0. 100 o 50 0,894 - 005 0.121

SG¥s V. DEG F DsGE © DsGE PF 8Ys P 3Y8 0

0.90 . 120 = . D40 0.894 - QG7 0. 108
092 We 120 . Q&0 0.8%4 ~. 054 0.110
Q.94 0D.120 = 0G0 0. 894 —~. Q5] 0. 112
0. % Q120 ~w DGO 0.894 - 04F 0.114
0.98 G120 - &0 0. 894 —n 045 0.1146
1.00 0. 120 ~. 060 0.894 Q82 0.119
.02 0. 120 . 060 G894 ~. 038 0. 121
1.04 G 120 ~ . D40 0. 8%4 . 35 0. 124
1.04 Ch 120 —-. 060 Q.894 - B2 0. 126
1.08 0. 120 ~ . 60 0. 854 - 29 G.129
1.10 0. 120 — o 140 0.894 —=u 25 0. 151

8gY8 vV D86 P DEGE & DEG FF 85YS8 F 8Ys @

.90 0,140 ~ 70 0. 894 - 77 0.118
.92 0.140 - G710 0. 894 - 074 0.120
0,94 0. 140 - D70 n.E894 - 71 0. 122
P4 0.140 - Q70 0.894 -, 0468 0O.124
.98 0. 140 - 070 0,894 - 065 D.126
1.00 0.140 —u Q70 0.894 - 12 0. 129
1.02 0. 140 - Q70 0.894 —. 059 0. 131
1.04 0.140 -, 070 0.894 ~ . 055 G. 134
1. 04 0. 140 - 70 0.894 - 152 0.13646
1.08 Q. 140 - Q70 0. 894 -, (4.9 0. 159
1.10 0,140 ~, Q70 0. 894 045 e l4l

8¥Ys vV DsGE P hsG @ D&EGE PF 8ys P sYS @

Q.0 . L&0 - 480 0. B894 - 97 0,128
T, 932 0. 1560 -, 080 0,874 —-. 094 0. 130
.94 Qw140 -, 080 0. 8949 - 091 0,132
GG 0. lé “ D180 0.894 -, 088 G. 1754
Q.98 0. 160 —. QB0 0,894 - 0B85 o, 1354
1.00 0. 1460 ~—. QB0 C, 894 - B 0. 17359
1.02 0w 160 —-. QB0 0.894 -, 079 0. 141
1.04 e L&O = 80 0,894 - 75 . 144
.04 e 160 — . O8O0 0. 894 - Q72 0.144
1.08 0. 160 - 80 0.894 - 6T .149
la10 0. 140 - Qg0 0.894 -~ DAHES 0.151

B-53

ORIGINAL Pra 151
OF POOR QUALITY

8Y&8 PF
0,351
0 320
0. 289
0. 258
. 2264
0. 195
0.164
0.133
. 102
0.072
0.042

8Y&8 FF
0. 446
O.440
0. 413
0. 384
G, 359
i |
0. A0%
0.274
0. 246
0,217
0.1488

8Y8 PF
0. 544
Q.525
Q. 502
. 480
0. 45046
0. 432
0. 408
0,382
0,357
L0351
0. 305

8YS PF
. 604
0. 584
Q.8567
£9.548
0. 528
0.508
0.484
0,465
0. 42
. 420
0,394

LOAD V
0.8%1
0.910
930
0. 950
0,970
Q. 790
1.010
1.030
1.04%
1.04%
1. 089

Loan v
0, B90
0.910
0,930
0.950
D.R70
Q.990
1.009
1.029
1.0489
1.069
1.089

Loap v
0. 890
Q.91¢
G930
0.950
0,970
Q. 989
1.009
1.0
1.049
1.049
1.089

.OAD ¥
0. 890
0.910
Q. 30
0. 949
0.969
Q. P8P
1. Q0%
1.029
1.04%
1.049
1.088



TABLE B-~XI, cont.
ORIGINAL PAGE 19

DATA FOR INVERTER, CEA CONTROL OF POOR QUALITY
LIGHT LOAD CASE

3ys Vonsei DEG @ NS6E FF 8Ys P 85Y8 @ &YS FF LOAh V

.90 Q. 1EY W R0 0.894 —-. 117 0. 137 Q. 647 0. 890
e 72 0. 1530 . Q0 0. 894 ~.114 0. 140 e 632 . 709
L. 74 0, 180 = L0 0.8%4 -.111 0. 142 Q.16 0.929
.54 {r. 180 = 90 ). 894 - LOF 0. 144 Q. &0 0.94%9
0.98 G 11360 = QF0 0.894 =, 105 Q. 144 0. 582 0. 969

1.00 w. 180 . (G0 0.894 —-. 102 0. 149 0.565 Q.989
1.0 0. 180 o L0 0. 894 —-. 099 0.151 0. 547 1.00%

.08 0. 180 =, 0F0 0.8%4 ~. Q95 0. 1573 0.528 1.029
l.06 0. 180 . Q20 0.8%4 - 092 0. 154 0. 508 L. o4%
1woB 0. 1860 =.0%0 0.894 —. 089 0. 158 ¢. 488 1. 068
1.10 3. 160 = Q740 0. 894 -. 085 0. 163 0. 448 1,088

8ys Vv DeGE M PeG & D&E FF 8Ys F SYS @ 8Y8 PF LLODAD V

0. B £, 200 w100 0. 894 - 137 . 147 0. &80 0,889
0.2 . 200 - 100 0.894 - 1734 . LE0 O.&47 0.909
0,94 0. 200 -. 100 0. B9 -~ 1 o182 0. &83 0.92y
0,94 €. 200 - 100 0. 894 -, 128 0. 154 0. 639 Q.949
98 0. 200 o 100 0. 894 - 128 0. 184 0. b24 0. 949
1.0 U1, L2000 -, 100 0.894 - 122 Q. 1599 0. 609 0. 989
1.2 0,200 —, 100 0. E94 -, 119 O.1é41 0.593 1.00%9
1.4 0.200 ~, 1040 0. 894 -, 115 0. 163 0.S577 1.028
1,06 0200 =, 100 0. 894 -, 112 Q. 1ééb O S0 1.048
1.08 {3 200 =, 100 0.894 - 109 0. 1468 O.542 1,068
.10 1. 200 -, 100 0. aed -, 1085 0.171 0524 1.088

REALIGTIC LOAD REFRESENTATION

8Y8 WV NSGE & DBE & DSGB FF SYs F 5Y5 0 g8YS FF LOan v
0,20 0. 020 ~. 010 0., 894 0. 049 0462 O.b2i 0,891
.92 0. 020 —~, ()10} 0.8%94 0,051 0. ObE 0.427 0n.911
0,94 0. 020 -, 310 0. 894 0, 053 0. 065 0. 635 (SIS |
0.4 a 20 ~ 010 0. 894 Q.05 0.0b4 Q0. 639 0.951
0. 8H 0. Q20 ~a 10 . 394 0. 057 0. 068 0. 644 0.971
1.00 O QR0 =, QL0 Q. 894 . 059 0. 0869 0.649 0. 991
1.02 Qra 020 -, 010 0. 894 0.081 0.071 0. 65D 1.011
PRI 0. 020 —. {310 0. 894 0.046% D.O72 0. 438 1,031
1,064 4 Pl . Q10 . 894 0. 045 0.074 Q. bbh2 1.051
1.08 0 320 ~ 10 0.8%94 0. 0OL7 0.074 QO.bbb 1,070
.10 O CHEC 010 0. 894 0,070 o077 0. baY 1.090

8Ys5 vV D8GE P nssE & DEG FF 8Ys P 8Ys8 & g8¥Ys FF Laan v

Qw90 2040 - Q20 0. H94 0.0279 0.072 0,375 0,871
O.72 0. Q0 -« Q20 Q. 8%4 0. 031 0. 073 0,389 0,911
0,94 0. 040 -, D20 0.894 0 O35 0.075 0. 405 0.931
O P4 Cha QA0 —u Q2200 (r. 894 Q. O35 0.074 Q.417 0.951
.28 €L, Qa0 =y CHED 0.8%94 Qa7 0.078 0.42%9 Q.971
1.00 Q. 040 —. 020 0.8%94 0. Ee 0.07% (442 0,390
L0z Q. Q40 =020 0. 394 Q.04 0.081 0. 43535 1,010
1o 04 0.044 - Q20 0.894 G D43 0.0B2 0.454 1,030
1w e 040 -, 020 G 894 O DT Q.084 0.475 1.050
1.08 0. 040 . Q20 0.894 0.047 0,084 Q.485 1.070
1.10 0. 040 -, 20 0. 894 0. 050 0. 087 0.494 1,090

B-5}



Gl e 5ot o id

OF POOR QUALITY

8Ys V
Q.90
.92
.94
.96
.98
1. 00
1,002
1.604
1.06
1.08
1,10

sYs v
.90
0.2
.94
0. 96
1.0
1.02
1. 04
L. &
1.08
1.10

8Ys v
£, 70
Q.93
0. 94
0.9
.98
1.00
1.02
L
1.0646
1.08
1al0

8Ys vV
0. 90
0,92
0, 374
0. 94
.78
1.00
1.02
1. 04
1.06
1. 08
1.10

DsE P
WP ATYN]
0. 06
0, 060
). 04
0. 00
0. 060
0. &)
0. 0b0
0. 060
3 QG0
0.0A0

DEG P
0. 080
Q. GED
0. 083G
0. 080
0. 080
0. 080
0. 080
0. 08O
£, OB0
Che DRO
£ QR0

DEE F
. 100
0. 100
G 100
€. 100
e 100
0. 100
Q. 100
Q. 100
D, 100
O 100
0. 100

DEG F
T e
e 120
0. 120
0. 120
Q. 120
O 120
0. 120
Cha 1800
. 120
Ou 120
0. 120

DS6G @
o R0
- 50
~. R3O
-, Q30
- D30
-, (30
= CI30)
- Q50
- (30
=, Q30
—- D30

DEE &
-. 040
~- o Q40
= D40
™ 040
-, D40
= 040
e Q0
=-. 040
- 40
~u Q40
=. 040

PG @
- DY
- Q50
= IS0
. D0
. OO
—, (50
~. DE0
“n {:’EQ
— . 550
-y QS0
- D50

paG @
e &0
—~ 7Y
= 044
- 60
=, D460
- Q6L
- &0
~, Q&0
" DAL
- B0
— . 60

H

TABLE B-XI, cont.,

DATA FOR INVERTER, CEA CONTROL

LIGHT LOAD CASE

DG PF

Q0. 894
0.894
0. 894
0.8%4
0.894
0. 894
0,494
0. 894
0.894
0.8%4
0.894

DEG FF

e 394
0.894
0.894
G.894
0. 894
0.8994
. B%4
0. 894
0 894
Q0. 894
0. 894

DEE PF

0. B4
0. 894
0. 894
0. 894
0,894
0, 894
0. 894
0.894
£ EI94
0. 894
(. 854

DEGE FF

0.8949
0. 3%4
0. 894
0. 8949
B9 4
0. 894
. 894
0,894
0.B8%4
0,894
. E94
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8Y8 F
0,009
.01
0,013
0.015
0. 017
0.019
0L 0219
G.023
0.025
0.027
0, ey

BYys &
- 011
~a 0P
- 07
~, D5
-, 0
-~ 001
0. 001
0. 007
0. Q0%
0,007
0.0

8YS8 F
~. 031
-, 027
—a Q27
= QHEE
- DS
= 021
- 018
=317
-2 D13
—=. 015
=, 011l

avys P
- 1
- 49
- DT
—. Q45
—y GIELE
- 1],
-, 15
o LYET

- OF5

~w ORI

= 025

8YS8 0
0.082
0. OE3
. OBS
0.08B&
0. 088
0.089
0,091
0,092
0,094
(), 094
0,097

SYS @
0,090
0. 097
0.095
0,094
0. 098
0. Q99
D, 10t
0.1032
0. 104
0.104
0. 107

8YSs M
0,102
00103
0. 105
. 1084
0,108
0. 109
0.111
O.112
0,114
L D R
o117

aYs @
D.112
113
0.115
G114
0.118
0,119
0. 134
DL 102
0.12

0.125

0.127

8YS PF
0,107
0. 129
Q. 150
0. 170
Q. 190
0.208
0.206
0.243
0.240
0.275
0,291

5Y38 FF
0. 122
0,098
D76
0, Q53
0.0
0.010
0.0
0.0%1
Q. 080
0.0469
. Ol

8YS FF
0.294
0.273
0. 282
0. 251
0L210
0. 189
0, 1 &%
0. 149
D129
0. 109
G Q090

8BYS PF
0,318
0. 299
0.7381
O0.363
Q344
0328
0. 307
0. 289
. 271
0252
0. 234

LOAD V
0. B0
0.910
0,230
¢, 980
0.970
0.990
1.0
1.030
1,050
1.070
1.090

LoAan v
0. 890
0.9210
0.930
. 950
0.970
0,990
1.010
1. Q30
1.080
1.0O70
1.090

LoAan
0.B70
D.910
0. 930
0. FE0
L2770
0. 990
1,010
1« O30
1,080
1.Q70
1.080

Loan v
o, 890
0.910
O 230
0. 950
Q.970
Q.90
1.010
L. 30
L.os0
1.049
1.089



8Ys v
0,90
0,92
0, R4
). %4
0. 78
], Q0
1.02
1.04
1. 06
1.08
1.10

BYS V
€. 90
0.2
.94
0.%8
0.98
1,00
.02
1.04
.04
1.08
1,140

8Y8S V
0.90
0,92
0.94
Q.96
Q.98
1.00
1.02
1.04
1.06
1.08
1.10

8YS V
0. 90
0.92
0.94
0.96
0.98
1,00
1.02
1.04
1.06
1.08
1.10

nNsG P
. 140
Q. 140
1. 140
0. 140
0. 140
Q140
e 140
0,140
0. 140
140
J. 140

neG F
0. 1460
. 1460
0. 160
0.1460
0. 1460
Q. 140
D. 160
0. 1460
0. 160
0. 160
G lao

nE8E P
0. 180
0. 180
. 180
0. 180
0. 180
O. 180
0. 180
0. 180
0. 180
0. 180
0. 1E0

DEE F
0L 200
Q. 200
0, 200
0. 200
0. 200
Q. 200
0. 200
€. 200
0. 200
Q. 200
0. 200

ngG @
=, Q70
we , (370
-y Q70
= D70
— 70
= V70
“ Q70
=, Q70
w370
= 70

NG @
-, QEQ
-, Q80
~. DEG
= DEO
—, DEO
-, QE0
-, 080
- OBC’
™ 08‘:’
-, Q80
- QO

nsG @
-, 090
- Q8
- 090
- R0
-, Q9a
- Q)
-, 090
- QP00
-, 090
-, P90
-, 0720

DEGE &
- 100
-, 100
i A8 TS
- 100
—. 100
- 100
— 100
-, 100
-. 100
-, 100
- 100

TABLE B-XI, cont.

DATA FOR INVERTER, CEA CONTROL

LIGHT LOAD CASE

ngE FF 8yYg F
0.B8%4 -, 071
0.894 -, 0249
0. 894 &7
. 894 - D65
. 894 - &
0. 894 -. 061
0. 894 -, 5%
0. 894 - 057
0. 894 - Q55
<.894 - 5E
0, 894 - 051
DEE FF 8Ys F
0. 894 ~. 091
0.8%4 ~. 087
. 894 - QB7
0.894 - Q89
C. 894 —-. DE3
0,894 -. 081
. 894 - O79
£.8%94 - Q77
0. E%4 ~ 079
0.894 -, 073
0.894 —-a 171
DSGE FF SYS F
0.894 -, 111
0.894 . 105
0,894 -, 107
0.894 - 1035
0.894% —~. 103
2.894 =101
Q. 894 -, 099
0.894 - 07
0. 894 -, Q9
4.894 —, D9
€. 894 - 021
DG FF sYgs P
0.8%4 -. 134
.894 -, 129
0. 894 -, 127
0.894 -. 123
. 894 - 123
0.894 -. 121
0,824 . ~,119
0.894 -.117
0,894 - 115
0.894 -, 113
0.894 -.111
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8Ys @
0. 122
0. 125
0. 125
0. 126
0.128
0.129
0.1
0. 132
0. 134
G 1335
G 1337

8Ys8 @
00132
0.133
0. 1358
0.134
0.134¢
Q. 1359
0. 141
0.142
0.144
Q.145
0.147

8YS8 @
. 144
O.143
0.145
0.146
0. 148
0O.149
O.151
(. 1582
0. 154
0.1585
0O.157

5Ys @&
0.181
. 153
0.1%4
0.156
0. 158
0.159
0.161
0.162
. 164
0.145
Q. 167

ORIGINAL PAGE 13
OF POOR QUALITY

8YS FF
2. 504
0.491
0.47%
0. 459
0.444
0. 428
0412
0.39%
0,379
0. 367
O.34b

5Y8 PF
0570
0. 557
0. 544
0.531
0.517
0.904
0. 490
G474
0,482
Q.447
0.433

8Y8 PF
0.418
0. &07
0.596
0.585
0,573
0,541
0.549
0. 557
0,.5925
0.513
0. S00

8YS FF
G. 653
Q.4446
0. 436
0.426
O.blé
. &06
Q.89
0.585
574
Q. 563
G.592

l.0AD V
0. 889
0.909
0.729
0. 949
0. 949
0. 5989
1.00%
1.029
LwQag
1.04%9
1.089

LOAD W
1. BaY
Q.09
0. 929
0.949
0. 989
0.98%9
1.009
1.029
1.049
1.049
1.089

L0An v
. 8B%9
0. 909
0.929
<. 949
0. 9469
0.989
1.009
1.029
i.049
1.049
1.08%

LOAD V
0. 88%
0.909
0.929
0.949
0.969
0. 989
1.009
1.029
1.049
1.069
1.089



TABLE B-XII

DATA FOR INVERTER, CEA CONTROL ORIGINAL PAGE ig
CONSTANT IMPEDANCE LLOAD  HEAVY LOAD CASE OF POOR QUALITY

gYys V DsG P DSG © D86 FF sSYs P 8YS @ 8Y8 PF LOAD V

0.90 0.020 ~. 010 0.8%94 0.522 0.416 0.782 0.823
0.92 Q.020 -.010 0.8%4 0.546 Q. 438 0.782 0.841
0.974 0.020 —. 010 0.894 0.571 0.4/453 0. 783 0.860
0.94 . 020 =010 0.894 0,597 0.472 0.784 0.878
0.98 0.020 ~. 010 0.8%4 0,623 0.492 0.785 0.8%6
1.00 0.020 - 010 0.894 0.649 0.512 . 785 0.714
1.02 0,020 —-. 010 0.894 0.&674 0.532 0.786 £.933
1.04 0. 020 ~. 010 0.894 0.704 0.553 0.7864 O, 931
1.04 0.020 - 010 Q.8%4 0.732 0.574 0.787 0.96%
1.08 Q. 020 -. Q10 ¢. 894 0.760 0.595 0.787 0.988
1.10 0. 020 -, 010 0.8%4 Q.70 0.b17 0,788 1.006
8YS V DSG P DEG @ D86 PF 8Y8 P 8YS @ 8YS PF LOoAD V
0.90 Q. 040 = 020 0.8%4 0.502 C.426 0,762 0. 823
0.92 0.040 = 020 0.8794 0. 526 0.445 0.744 0.841
G.94 0.040 = 020 0.894 0,551 0.463 0.765 0.860
0.%94 0.040 =. 020 0.894 0. 574 0,482 0.7467 0.878
¢.98 0.04Q - D20 0.894 0.&02 0.502 0.768 0. 3%4
1.00 0.040 . 020 0.894 0. &29 0.522 0.770 0.7214
1.02 0.040 ~. 020 O.894 0. 656 0.542 0.771 0,933
1.04 Q. 040 - 020 0.894 0.46B84 0.563 1.772 0. 958
1.06 0. 040 - 020 0.8949 0.712 0. 584 Q773 0. 969
1.08 0.040 -, Q20 0.894 0.740 0.4605 0. 774 0.988
1.10 0. 040 ~. 020 0.894 0.769 0. 627 D.775 1.0046

8YS8 V D&G F DEG W DSG FF SYsS F SY8 @ 8YS FF LOAD V

0.90 0.060 —~« 030 0.894 0. 482 0.4364 Q.741 0.823
Q.92 0. 040 ~. 030 Q.894 0.304 0.454 0.744 0.841
.94 0. 060 . 030 0.894 0,531 . 473 0.747 0.85%
0.%46 0. Q&0 =« 030 0.894 Q.356 0.492 0.749 0.878
0.78 0. 060 -. 030 0.8%94 0.3582 0,512 0.7351 0. B94
1.00 0.060 = O30 0.894 0.409 0.532 0. 753 0.914
1.02 0. 060 —. Q30 0.8%94 0.4&36 0,552 0.755 0. 933
1.04 0.040 ~. 030 0.874 0,683 0.573 0.757 0.951
1.064 . Q&0 —=. 030 0.894 0. 691 0.594 0.759 0.967
1.08 0.060 = Q30 0.8%4 Q720 0.61G 0.7460 0.987
1.10 0. 0460 = 030 0. 894 0.74%9 Q.637 0.762 1.006

sYS VvV DSG F D86 @ DSG PF 8YS P 85YS SYS8 PF LOAD V

.90 0. 080 -. 340 0.894 0.461 0.444 G.719 0.823
0.92 0.080 —. 040 0.894 0.486 C. 4464 0.723 ©.841
Q.94 ¢. 080 = 40 o, 894 0.511 0.483 0.727 G859
0.96 ¢.08a0 = 040 0.894 0. 538 0,502 0.730 0.878
0.98 0.080 =. 040 0.894 ¢. 563 0.522 0.733 0. 896
1.00 Q. 080 ~. 040 0.894 0.589 0.541 0.736 0.914
1.02 0. 080 - 040 0.8%4 0.616 0.562 0.73% 0.933
1.04 0.080 —. 40 0.894 Q.643 0.582 0.741 G.9G1
1.06 0.080 - 040 0.8%94 0.671 Q. H03 0.744 0.924%
1.08 €.080 =. 040 0.894 0.700 0.425 0.746 G.987
1.10 0.080 =~ 040 Q.894 0.729 0. 647 0.748 1.004
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sYs V
0. 9‘:}
0.92
0.94
0.4
0.6
1.00
1.02
1.04
1.04
1.08
1.10

gYs v
0.90
0.92
0.94
076
.98
1.00
1.02
1.04
.06
1.08
1.10

aYs v
0.90
.72
0.94
Q.96
.98
1 .06
102
1.04
1.06
1.08
1.10

sYs VvV
0. 90
0.92
0.94
a4
0.9
1.00
1!‘:’2
1.04
1.06
1.08
1.10

DSG F
0. 100
0.100
D100
Q. 100
0. 100
0.100
0. 100
0,100
0. 100
0.100
0,100

DSG P
0. 120
0.120
0 1270
0. 120
0.120
Q.120
0. 120
0.120
0120
0, 120

RNSG F
0. 140
0.140
0,140
G.140
0. 140
0.140
. 140
0. 140
G.140
. 140
0. 140

nses F
0. 160
Oa 160
0. 140
G 1860
0. 1460
0.160
0,140
0.160
0.160
(. 160
0.140

TABLE B-XII, cont.

DATA FOR INVERTER, CEA CONTROL
HEAVY LOAD CASE

DEG O
=. QG0
-. Q50
~, Q50
-. 050
-, D50
-, QS0
~ . 350
. Q50
—-, Q50
=, g0
-, D30

DEG
= D60
i 060
—. D60
~, D&
—. D40
=. 040
—. D40
—=. 0&0
- 30
=~ Q60
—-» D40

NG G
—=. 370
-. Q70
- 070
—-. Q70
~=. 070
-. 070
' 070
b 070
—=. Q70
=, Q70
- Q70

DSG @
—. Q8O
- CB0
—. 080
- 80
« DB
—. 080
—, Q50
~. 08¢
- 080
« Q0
- 080

1

DSG FPF
0. 894
0.894
0.894
0- 894
0. 894
0.894
0.894
0.894
.8949
0.894
0.894

D86 PF
0. 894
0.8%94
0. 894
. 894
0.6894
0. 894
0.894
0.894
0. 894
¢, 894
0.894

NG FF
0.894
€0.894
0.894
O.894
0.894
0.894
O.874
.894
.B8%4
G.8%4
0. 894

DSGE PF
0. 894
0. 894
0. 894
O.894
n.894
0.894
. 894
0.894
0.894
. 894
0. 894
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§YS P
0.441
0.446
0.491
0,518
0.542
0.588
0.59%96
0.623
0.4&51
0. 480
0.709

8YS P
0.421
0. 445
0.470
0.4%96
0.322
0.548
0.575
0. 603
0.631
0.660
0. 4689

8sYs F
0,401
. 425
0. 450
0.478
0.502
0.528
0. 5958
0,583
0.411
0.4640
0. 4669

8Ys F
0. 361
0.405
0. 450
0.455
0. 481
G.508
0,535
Q. 56&3
0.591
0.4619
0.4649

5Ys @
0. 454
0.474
0.493
0.512
0. 531
0,591
0.572
0,592
0. 4105
0. &35
0.4657

sYs
0. 446
0.484
0.803
0,522
0.541
0.561
0,582
0,602
0.4623
0.445
Q. &67

8yg @
0.474
0.494
0,513
0. 532
. 551
0.571
0.591
0.612
0.633
0. &85
0. 677

S5YS @
0.483
0.504
0. 523
G.542
0.541
0.581
0,601
O.&22
0. 6483
0. 664
0. 486

ORIGINAL PAGE 19
OF POOR QUALITY

85YS FF
0,495
0.701
0.705
0,710
0.714
0.718
0.721
0.723
0.728
0.7318
Q.734

8YS FF
0. é?l
0.677
0.683
C. 689
0.694
0.4899
Q.703
Q.708
0.711
Q.715
0.719

SYS FF
0.h44
0. 4652
D.4460
QO.ba7
0.&6%3
0.479
0, &84
0.470
0.694
0.499
0,703

8YS PF
O.417
0.627
0, &3%
0. 444
0.6391
. 658
O &S
0.471
0.677
0. 482
0. &87

LOAD ¥
0,822
OI 841
0.859
0.877
0. 894
C.714
0,932
0.951
0,949
0.987
1.004

LOAD V
0,822
0.841
0.85%
0.877
. 8964
0.914
Q.932
0. %51
0.969
Q.987
1,004

LOAD V
n.B2z
0.841
0. 859
0.877
0. 89646
0.914
0.932
0,950
0. P49
0. 987
1.005

LOAD ¥
Q.822
0. 840
0.859
0.877
0.8935
0.914
.32
Q. 930
0.7469
0.987
1.005



TABLE B-X1I, cont. ORIGINAL paGo i
. ia |
DATA FOR INVERTER, CEA CONTROL OF POOR QuALITY

HEAVY LLOAD CASE

Y8 V DSG P DSG Q DSG FPF 8Y8 P 8SYS o 8yg PF LOAD V
0.50 0.180 ~. 090 0.6894 0. 360 0. 495 Q. 5808 0,822
0.92 0.180 =. 090 0.8%4 0.385 0.514 0. 600 0.840
Q.94 0. 180 ~. Q90 0.894 G.410 0. 532 0.610 0.B85%
0.946 0.180 ~. 090 0.894 0. 435 0, 551 0.4620 0.877
0. 98 0.180 -. 070 0.894 0. 461 0.571 0,628 0.895
1.00 . 180 =. 090 0.894 0.488 0.591 0.637 0.914

1.02 ¢, 180 ~-. 020 0.894 0.515 0.611 0. 444 0.932
1.04 . 180 =, 090 0.894 0.542 0.4632 0.&51 0. 9490
1.04 0, 180 -, 090 0.874 0.570 0. 653 0. 658 0.989
1.08 G.180 =, 0F0 0.894 0.599 0.674 D.bbS 0.987 .
1.10 G. 180 - D90 0.894 0.4&28 0.476 0.4670 1.005

8Ys V DSG P nea @ D86 FF 8Ys P 5YS @ sSY&8 PF LOAD ¥

0. 90 0. 200 -. 100 0.894 0. 340 G S0 0. 599 0.822
0.92 0.200 - 100 0.894 Q. 3465 0.524 0.572 0.840
0.94 0.200 -, 100 0. 6894 0. 390 0.542 0,584 0,838
Q.94 . 200 - 100 0.894 0.415 0,561 0.595 0.877
Q.98 O, 200 -, 100 0.894 0.441 0,581 0. 405 0.895
1.00 0.200 -. 100 0.894 0,448 0.601 0.4614 Q.913
1.02 0. 200 - 100 0.894 0. 495 0,421 0.4623 0,932
1.04 0. 200 -, 100 0.894 0.322 C. 442 0.4631 0. 950
1.04 C 200 -, 100 0. 894 0,350 0.46463 2.639 0. 968
1,48 0.200 -, 100 0.894 0.5979 0.484 0O.446 0.987
1.10 0. 200 - 100 0. 894 0.4608 0.704 0,593 1,009

REALISTIC LOAD REPRESENTATION

Y8 V D&SG P D86 & DSG PF 8Ys P 8Ys @ SYS PF LOAD V

0.90 0.020 - 010 0.894 0. 390 0.46B 0.784 0.812
Q.92 0. 020 ~. 010 0.894 Q. 609 0.4892 0.784 0.831
0.94 0.020 =. 010 0.894 0.&628 0. 494 0.7835 0. 8851
0.924 0.020 =010 0.894 0. 648 0.511 0.783 0.870
0.98 0.020 ~. 010 0.894 0. 6467 . S25 0.786 0.890
1.00 0.020 -.010 0.894 0.687 0.540 0.786 0.909
1.02 2.020 - Q10 0.894 0.708 0. 555 0. 786 0. 728
1.04 0. 020 =-.010 0.894 0.726 0.570 0.787 0.948
1.06 0.020 =010 Q.d894 0.744 0.585 0.787 0.9&7
1.08 0.020 -. 010 0.894 Q.7464 0. 600 0.787 0. 787
1.10 0. 020 -. 010 0.894 0.787 .61 0.788 1.006

SYs ¥V DBG P s @ DSG FPF sYS8 F 8sys @ 5YS FF LUAD V

.50 (. Q40 = 020 0.894 Q.570 0.478 0.747 0.812
0.92 0.040 -. 020 0.894 0.589 0.492 0.768 0. 831
0.94 . 040 =20 C. 894 0. 404 0.506 0.76% €. 851
0.946 0.040 —-. 020 0.894 C.5628 0.521 0.770 0.870
Q.98 0. 040 —. 020 0.894 0.647 0.533 0.771 . 889
1.Q0 0.040 =, Q20 0.894 0.4L47 0.530 G.771 0.90%
1.02 0. 040 -, 020 0.894 0. 4686 0 S65 0.772 0.928
1.04 0.040 - Q20 0.8%94 0.704 0,580 G.773 0.948
1.0646 0.040 ~. 020 0.3894 0.724 0.395 0.774 0.9467
1.08 G.040 - Q20 0.8%4 0.746 0.610 0.774 0.987
1.10 0.040 - 020 0.894 0. 7484 Q. 4625 0,773 1.004

B-59



SYs v
0.90
Q.92
0.94
0.9
. P8
1.00
1.02
1.04
1.06
1.08
1.10

sY8 vV
0.90
0.92
0.94
.96
0.96
1.00
1.02
1.04
1.06
1.08
1.10

sYg vV
0.90
¢.92
0.94
0.96
0.98
1.00
1.02
1.04
1.06
1.08
1.10

g5Ys Vv
0. 90
0.92
0.94
0.%4
.98
1.00
1.02
1.04
1.0646
i.08
1.10

NEG P
0. 0460
0., Q&0
0. 040
(). Q&0
0. 0OAHD
0. 060
0. 040
0. 060
0. 060
0.060
0.040

DG F
Q. 080
0. 080
0. 080
0. 080
0.080
0. 080
0. 080
0.080
0. 0B0
0.080
0.080

neG r
0. 100
0.100
0.100
Q. 100
0. 100
0.100
0. 100
0. 100
0. 100
Q. 100
0. 100

DEG P
0,120
Cha 120
0. 120
¢. 120
0. 120
0.120
0.120
0. 120
Q. 120
0.120
0. 120

DSG @
~. Q30
- O30
=. Q30
=. 030
~. Q30
-, 030
ol } 030
o (I
-.030
- 0130

DeG @
-. 040
-, (340
'} 04‘:’
~a 040
~n 040
e 040
~. 340
~. 040
"-f:’40
-, Q40

D5G @
= D0
e 050
o 050
-. 050
. 050
—. 030
—..050
—~ Q50
~. Q50
~. 050
=. 050

DSG @
~. D40
- Q&0
- D60
-, D40
—-. 060
—-. Q60
- Q&0
- D40
™ Clbo
- D&
~. 040

TABLE B~XIX, cont.

HEAVY LOAD CASE

D8G PF
0.394
0.894
0.894
0.894
0.894
0.894
0.894
¢.894
0.894
0.894
0.0894

D& PF
0.894
0.894
0.894
0.894
0.894
Q.894
0.894
0.894
.894
0.894
0.894

DSG FF
0.894
0.894
0.894
0.894
t.894
0.894
0.894
¢.894
0.894
C.8%94
0. 894

DSG FF
0.894
0.894
0.894
0.894
C.894
0,894
0.894
0.8%94
0.894
0.894
0. 894

B-60

8YS P
0,550
0.5946%9
0,588
0.408
0. 627
0,447
0.bbb&
0. 486
0.706
0.724
0.74646

SY8 P
0,530
0.549
0,568
0.587
0. 607
0.4624
O.b48
0.b46
. &684
0.706
0.724

5YS P
0.510
0,529
0,548
0.5467
Q.587
0.4606
0.4626
0. 4484
O.bbd
0. 4684
0.7064

sYS P
., 490
Q. S509
0.5248
0.5947
0.567
0.584
0.406
0.86264
O.bdb
0. babb6
0. 686

DATA FOR INVERTER, CEA CONTROL

SYs @
0.488
0.502
0.514
0,531
0.545
0.560
0.573
0.590
0. AOS
Q. 620
0.6335

85YS @
2.498
0,512
0.524
0.541

0. 5559

0.570
0.585
0.599
G.614
0. 4630
0.645

8Ys @
0.507
0.522
Q.534
0. 550
0.565
0.580
0. 595
0. 4609
0. b624
0.439
0.605

8Ys @
0.517
Q.532
0.546
0.560
0.579
0,390
. 604
0.619
0.634
Q.449
0,465

ORIGINAL PAGE 19
OF POOR QUALITY

8YS PF
0.748
0.750
0. 752
0,753
0.735
0.756
0757
0.758
0.760
0.761
0.762

8YS PF
0.729
0.731
0.734
0.734
0.738
Q. 740
0.742
0.743
0.745
Q0.744
0.748

85Y8 PF
0.70%
0.712
0.715
0.718
G720
0.723
0.723
0.727
0.729
0.731
0.733

5YS FF
0. 688
0.491
0.695
0. 699
0.702
Q.70
0.708
0.711
0. 713
0.716
¢.718

LOAD V
0.812
0.831
¢.851
0.870
0. 889
0.909
Q.928
0. 948
0.967
0.987
1,006

LEAD V
0.812
0.8%51
0. B0
Q. 870
0,889
0,909
0.928
0.948
Qe RB7
0.987
1.0064

LOAD V
0.812
. 831
0. 850
¢.870
0.889
O, 909
0. 928
0.948
. 967
0. 984
1.0064

LOAD V
0.812
0.831
0.850
. 870
0. 889
. 909
0.928
G.947
0.967
0. 9864
1.006



ORIGINAL PAGE 1§
OF POOR QUALITY,

sYs V
0.90
0.92
). 24
0.%8
0.98
1.00
1.02
1.04
1.06
1.08
1.10

gyYs v
Q.90
.92
0.94
.94
.98
1.00
1.02
1.04
1.04
1.08
1.10

gys Vv
Q.20
0.92
.94
0.94
0.6
1.00
1.02
1.04
1.0646
1.08
1.1¢

8Ys V
0.90
G.92
0.24
0.94
0.98
1.00
1.02
1.04
1.06
1.08

paeG P
0.140
0.140
0.140
0.140
0. 140
0.140
0. 140
0.140
0. 140
0. 140
0. 140

neG F
0. 160
0, 1&0
0160
0.140
0. 140
0.160
0. 140
0.1480
Q. 140
0. 140
0. 1460

DG F
0. 180
0. 180
O, 180
0.180
0.180
0. 180
0. 180
0.180
0,180
0. 180
. 180

ngs F
0.200
. 200
0. 200
Q.200
. 200
0. 200
0.200
0.200
0. 200
Q. 200

1.10 - 0.200

TABLE B-XII, cont,.

DATA FOR INVERTER, CEA CONTROL
HEAVY LOAD CASE

BSG @
=, 070
-. 070
i} 070
~- Q760
- Q70
~. 070
n 070
-, 070
] 070
~. D70

DsSG @
~-. D80
'] OBQ
-. N80
-. 080
-.080
-. 080
—-. 080
-. 08O
~.080
-. 080

bDeiE @
—. 290
-, 090
-, QG0
-, 090
—. 090
-~ 00
—. 90
-, 090
—. 0RO
- Q0
-, 090

DSG @
-. 100
-. 100
-. 100
—. 100
- 100
-, 100
-. 100
- 100
- 100
—-. 100
-~ 100

DSG PF
0.894
0.8%4
0.894
¢.894
0. 894
0.894
0.894
0.894
0.894
0.894
0.894

DB PF
0.8%94
0.894
0.894
0.894
0.894
¢.894
0.894
0.894
0.894
0.894
C.B894

DEG PF
0. 894
0.894
0. 894
0.894
0.894
0.8%4
0.894
0.894
0. 894
0,894
n.8%4

D8G PF
0.894
0.874
0.8%4
0.894
0.894
0.894
0.894
0.8%94
0.894
0.894
0.8%4

B-6 |

8sYs F
0.470
0! 489
0.508
0.527
0.547
0.5464
0.584
0,404
0. 46248
Ol 646
.444

8YSs P
0. 450
0.4468
0.488
0.507
0.526
0.346
Qe Sbé&
0.566
0.606
0.62&
0.646

8SYs F
0,429
0.448
0. 4467
0.487
0.504
0.8 &
0.544
0.5465
0. 585
0.605
0. 624

8Ys F
0. 409
0.428
0.447
0.447
0. 486
0. 504
0. 525
¢. 545
0.565
Q.58

0.606

8SYSs @
0,527
. 541
0. 554
0. 570
0.9585
¢ 600
0.614
0, 429
0. 444
Q. 4659
Q0.474

SYS
0.537
0.5951
0,566
Q.380
0.595
Q.609
Q.624
0.439
0.654
0,449
0.&84

SYs «
0.547
0.561
. 576
Q.590
0. 605
0.46179
0.634
0.4649
0. 6464
0.&679
0. 694

8Ys @
0.557
0.571
0.585
Q.400
Q.&615
0429
0.4644
0. 4559
0.a74
0. 4689
0.704

8YS FF
0.6465
0.470
0.4674
0.679
0. 483
G, 687
0. 690
0,693
0,697
0,700
0.703

8Y58 PF
0.642
0. 4647
0. 653
0. 658
0,663
0.667
0.671
0.4676
0.&679
0.483
0. 684

8YS FF
V.b617
0,424
0.630
0. a3
0.5642
0.&47
0,682
G, 657
0.441
0, 6465
0. 469

8YS PF
0.5922
0. 400
0.4607
0.5614
0. 620
0.4626
0.432
0.&38
0. 643
0.647
0.6%2

LOAD V
0.811
0. 831
0. BEO
0.870
0,889
0.908
0. 928
0,947
0. 967
0. 986
1.006

LOAD V
¢.811
¢.831
0.830
0.84a9
0. 889
0.908
0.928
Q.47
0.967
0.984
1.006

LOAD V
0.811
0.830
0. 830
0.869
0. B89
0.908
0,728
Q.47
0.947
0.984
1.005

- LOAD V

0.811
0. 830
0.850
0.847
¢. 889
0.%08
0.927
.947
0.766
0. 784
1,005



NI RS RENIEY

R ST
i),
(R I
Ly, el
(RPN
£y Fid
1.0
I Y
1.4
Lotrés
.08
1.10

MYt W
(R
c’u ‘3[:;:
Vb Sl
t.-" L] vf‘ “.'J
1h, U8
Lwt
1.0%
1.04
1 “ l:}él
1. QX
1.1

B5YS vV
.50
0,92
74
1.Fh
O
1,00
)
.04
P.04
Laooog
Lalid

85YE5 Y
0. P8
.92
Cry 94
03,74
.98
1,00
.02
(R 72
1.06
1. 08
1416

By
Lh, Ui
L, 1Y)
L, )
0, )
Vo i
£y, 1000
0, D)2
0,00
O, theh0)
(3, (2

13,0

sl
£, Q40)
), 014)
) L)aeh
0, 040G
0 4D
0, 0
. 0t
0. 040
0044
0, €340
340

nEE F
£, 040
0. 00
0. 60
e Q&GO
01, Q&0
. 060
(e A0
O B0
G W60
0. 046D
(). 00

nsE P
0, 030
. 080
Q. QED
0. 0OEo
0.080
0. 080
G 080
. QB0
0. O8O
G O8O0
0. Q80

PR

Deis 1
1), 071
a0y
a6 Fiy
I
I T
0y, €1
SR LYy
O, OE
o 1oy
LU S
111

DS 0
0,061
Ch 04
Ol
QD72
D.O7E
0, 080
i), 084
0, 0pe
I L
0, 097
0. 101

DsEE ©
QL0581
0,055
£, 058
G062
0. 064
0,070
Q. 074
0,078
e UEZ
0. 087
0. 071

DEGE ©
0,01
0.045
0. 048
0,052
0. %4
0. (60
Che D64l
0. 068
T 72
0. 077
0.081

LLls

TABLE B-XIII

Lati B
ad/l

Lha 209
a7
(8] » :.‘Trél

G 22

0,217
1. 208
L B
D192
it. 183
V. 177

Dsl FE
. 5
G Si26
(), A5
0. 484
0 A&
0.447
03, 429
0,415
D397
0.38%
1, 5HE

DSE FF
0. 782
Q.72
0.717
Qué7a
O.4672
0.4%51
0.629
0,409
O GHe
0.5469
0. 550

DSEH FF
0, 8590
0.873
o BS
). 358
0.819
0. 800
0,781
O.741
0.742
QL7822
0,705
B-62

syl B
0. 045
L, L3483
g, 351
0. Q04
(e 057
0 a DA
O.0635
0,087
0. A70
0.073
0, Q77

8Yy P
%I W
. Q26
ol
0. 034
0. 057
L, 040
£ (34N
0. 047
G GB0
0. O
O OS7

86Ygs
0. 005
0.008
0.011
0.014
0.017
0. 020
0,023
0.2y
£ 030
€ OO
Q.0E7

8Ys F
- 015
-, 012
- D09
00
- QC)E
= DH
. QO
OL.007
G.010
O.0L%
0.Q17

DATA FOR INVERTER, CEA - COMPENSATED
LIGHT LOAD CASE

5Ys R
. [):‘:
-, Q24
- L5
- (27
-, 028
-~ Q50

-

~, 332
- AT
= 05
~. Q37
- 038

8YS @
-, 112
-, 014
~-.015
—~ 017
-, 18
-~ 20
4 [t
- QRT
-, ()25
- 027
-, 028

sYs @
- Q2
wo, Q04
-, Q0%
-, 07
—~. 008
- 010
—-a 312
- L3
- 015
-. 017
-, 018

5YS @
0,008
G O0G
Q. 005
0L00%
0.002
0. 000
—. 002
- 003
- 005
007
» Q08

H

oYS F
0,894
0. 894
0,394
. 1194
O, 594
O 8394
0. 8%
.BY%4
0. 894
0,894
0.894

&5Y&s FF
1. 894
0. 894
0.894
0.894
0. 874
0. 894
0. /894
0,894
0. 894
0.894
0. 8394

5Y8 PF
. 894
0.894
0. 894
0.8%94
0. 894
0.894
. 894
0.894
0.874
0. 894
0. 894

86Ys FF
. 8%4
(I = L4
. 824
0. 194
0.894
(). P
0.894
0.894
0. 894
0.894
0.8%94

ONIGINAL PAGE 19
F POOR QUALITY

Loal v
. 900
O 0
0,941
0941
0. 961
1,001
1,001
1.041
1.0461
1.08¢
1.101

LOoAD v
Che QOO
0.220
Q.40
0. Q60
0. 280
1,000
1.020
1.040
1. 040
1.080
1.100

LoanD v
0.900
0. 920
. 240
Q.40
3. 780
1. 000
1.020
1.040
1.040
1.080
1,140

LOAD V
I faTe]
0,920
0.740
G, P40
0. 780
1.000
1.020
1.040
1.060
1.080
1.100



b5yg
0. G0
TR s
0. 54
24
0783
1.00
1.2
L.od
.06
AR
1.10

SriE WV
0, W)
.92
0.4
.96
0.9
L.oo
l.uz
1.4
1.idh
1.08
1.10

Byis v
.90
0.92
G 4
. P
Q.98
1. 00
1,002
.I. » D -‘1
1.0
1.08
1.10

85Y8 V
.90
0.92
.94
. 9é
G T8
1.00
Lat)d
1.04
1.06
.08
1.10

DEG R
0. 100
Do Lond
. LD
0. 130
0. 100
Oy 100
I3, 1eM)
., 1o
e 106)
. 100
0.1

BE P
0y, 320
o 120
Ga 120
VL1230
0y 120
i, 120
0. 120
2. 120
0. 120
0. 120
0. 120

DEG P
Q140
0. 140
0.140
2. 140
0. LA
. 140
D 140
0,140
Q.14
0. 140
0,140

N&GE -
e 1&HO
0. 140
Dw Lé&6)
e L&o
. 14O
0. 140
0. 140
0. 1490
Q. 160
0. 1460
0. 140

DEG o
(o3l
0 CERE
0. 058
0. 048
. 0446
. D5
0. G54
0, 058
8. D&%
QuOb7
0. 071

D&la
0,021
0,025
t, D28
I
0w Aé
0, 34380
(o 44
O, D418
L0 I
0 QIG7
0.1

DSE @
O.011
0.014
0.018
[ R bt
1,02

3, O30
0.07%4
0. 0058
0. 042
0,047
0.0l

nSis 6
0,001
0. 004
€. Q08
RIS
G.0Ls
0. 020
. Q24
0,028
L I
€, 087
.04

TABLE B~-XIII, cont,

LIGHT LOAD CASE

DG e
1 955
0. 945
(r, 234
.92
0, Q09
0y, B9G
0. 880
L B6T
0,849

0.8138

D&EG P
I
0. 98B0
).7464
0, 28
0. Raw
Q.59
Ll 928
‘J L3 "?1‘7
e 904
Qa9

&G FF
0,597
0,995
0,992
0. 788
0. 983
0. Y78
0,972
R4
0. F557
. 249
0. 240

LAG PF
1,000
1,000
0,997
0, 997
0,995
0,992
O.589
0. FES
.80
. 975
O.Raw

B-63

uYs @
R
o (N2
™ ‘J:’,q
~ 126
-, 027
020
17
Sl ¢ B 54
.01
- 7
o 10

BYh P
-, 5T
. Q5
- 4245
~ ot
ey, VRS
] 04- ]
- LR
- V54
- (RO
- 027

- 2

BYs =
-, 075
- D72
. 04T
. Catn
— 0467
o D0
- 7
- 54
ey 0
~- . 47
o 0L

BrYg =
- 19
A
—. QY
-, DG
- QR
=, 080
- Q77
- 074
370
- Q&7

~a D&

ORIGIMAL PAGE i

HYS

0. 018
.01
0.G1G
0,013
0.012
02,010
(0,008
.07
Q. Q0
€, 003
0, 002

H5YS @
0. 028
0.026
0
0. 0E7
Cre T3S
13,018
Q.07
O.015
0,013
0,012

8Y&s 6
Q. 0738
0. 05
8 4 Bt
0. O30
£, 0n2
0L O30
£, 026
0,027
Q.25
0,023
0, (R

gvE 0
0. 48

S PR

0. Q45
0,043
0. 042
0. 040
e 336
Q.57
0. CL55
0. 0EE
e 552

SYSs MF
0. 094
0O.894
0.894
0,894
0.894
0.894
0. 8724
0. g4
0. 83494
oL @39l
0.894

8YS PF
0. 894
0. 894
0, &894
. 894
0. 891
O, 094
0. 8094
0. @%4
. 894
0.8%4
Q. 894

BYSs FF
0,894
. @194
. 894
0,894
0. B9 4
0. 894
0.a94
0, 894
0. B9
0. 874
.894

5YS FF
0. 894
0. 894
0. B4
0. 894
0. 894
0. 894
0. 894
0. 894
0. 874
0. 894
0. 894

DATA FOR INVERTER, CEA - COMPENSATED OF POOR QUALITY,

LOAD v
0L SC0
0. 520
0. F40
Q. FHD
Q.98
1.6000
1.020
L.0ag
1.060
1. 080
1.100

LOa/aD V
J. B9
.99
(e .59
O, 9EY
0. 280
L0
14030
1.040
1.0460
1. 0280
1,100

LOan v
0, 8599
0,719
0. 939
3. 959
0.97%
.999
1.01%
1.039
LaQa&aw
1.080
1.100

LOAD Y
0. 899
0,919
0, 9TY
0., PEY
0.979
0,599
1,019
1. OB
1. 059
1,079
(. 099



TABLE B~XIII, cont.
ORIGINAL PAGE 19

DATA FOR INVERTER, CEA - COMPENSATED

LIGHT LOAD CASE OF FOOR QUALITY
avh Vo bl F DMals G hati FF HYS P sY&H 0 8Y&E PR LOAD W
£, 0 Ly, L e RN 1, 8 w115 0. 058 rh. 894 0. 899
1 I e 1130 (G 1000 T A 0. 05 0. 80594 Q. 719
Uy, 74 . 1E0 - U0 1. 0th) -, 110 0o LIEIE) = 0, Q5
i3, 7& wha LHO Vb, Lwor) -, 104 0, 053 0. 894 0.y
O, 953 iy 0 1), CHMG i, 99 oy 107 b 5 0. 394 D979
i.00 0 1130 Sl by Sy s JEKD Gha 50 0.89%94 0. 999
| AR ey, 10 O, Uil 0,997 -, 97 1. 048 0. 894 1.019
Lavid i 1130 0,018 0. P - %4 .47 0. 894 1.0359
1.0 O 180 L I A 0, 9.5 = G Q. G894 1.5
1aogs L 1830 . b L PEY -, OB7 0.047 0.8994 1.079
1ol 0, L0 il O. 286 - QE3 0.04%2 i}.8914 1.099
Bya VDG P D&GE O DG FF BYS5 P 5Y85 0 8Ys5 PF LoAan v
£ 90 (e 200 =L {31 0,995 =135 0.0 0. 894 0.898
. £, 200 il 0.997 —-a 133 0. b . 894 Q.918
0. 94 8 IRANTY -. 01 () P98 -, 130 0. 045 €. 894 0.93
094 Gha 2040 -, OO 0.9 -. 124 0. 0463 D894 0,959
). 98 . 200 = 0304 1.000 -, 123 0.042 0. 8%4 0,979
.00 (), 200 =y £ 1. 000 =, 120 . 0&0 . 894 {.999
RSyt . 200 0. 004 1.000 ~e 117 C DS 0.89%4 1.01%
1.04 £, 200 O QOE 0, P59 -, 114 0,087 0. 894 1.039
106 0. 200 .01 0.998 -, 118 0.055 0.894 1.099
1.8 . 200 0.C1é 0.997 - 107 Ch, Q52 O. 894 1.079
1.1 O 200 G021 (. PG w, 1038 €, 052 C. 894 1.099
REALISTIC LUAD REFRESENTATION LIGHT LLOAD CABE

g¥y8 V D5G P DsEGE @ DsE PF 8Ys P 85YS5 @ 85Y8 FF LoAD V

. 7O S IRy ] Ca 71 0.271 0. G50 ~, 01y 0.934 0. P00
Q.32 . QR0 £, Q7% 0. 2599 0,052 - 021 0. 928 0.920
0,94 G D260 0. 078 0.247 0 054 — 2 P20 0. 940
0. e O 000 0. 082 0,234 0,054 R ? ot 0.911 0,940
0. 98 Q. 020 0. OES . 224 0,058 —. 028 Q. 903 0L 98O
1 .00 O 020 0. Q80 0.21L7 G060 -, RO 0.894 1,001
AR b Q.20 Ch 074 0,208 0.0s2 - DR 0. 884 1.021
1. Q4 0. 0%0 0. 098 0.199 G 044 -, O35 0.877 1.041
1.04 £, (V20 0. 103 .19 0.0&46 - 038 0.869 1.061
1,08 0. Q20 D. 107 0.184 3,069 -, 040 . 8461 1.4081
.10 Q. 020 .t 0.177 0.071 - 043 0. 853 1,101

8Yys WV DEG P DG @ NSG FF 8YS F 8vys o 8YS PF LOAD v

0, 90 040 0. 061 0. 549 €. 030 - D0y 0,260 0. 900
D.92 0. 040 Q. 065 0.224 Q.032 -.011 .947 Q0.920
.74 0. 040 0. 068 0. S05E 0. 034 - 013 Q. 933 0,940
.96 Q. 040 0. 072 0. 489 0. O3é - 0215 Q.F20 Q. P60
£0.98 0. 040 .07 0. 4465 0,058 -, 018 0.907 0.280
1.00 Ch Q40 0. 080 . 447 0.040 - Q20 0.894 - 1.000
1.02 . 040 0. 084 0. 429 . 042 - 023 0.882 1.021
1.04 0. 040 G.088 0. 413 Ca. Q44 - 025 0. 870 1.041
1.06 0. 040 Q.05 0,397 0044 —. 028 ¢.858 1.061
1.08 0. Q40 Q.097 0,582 0.049 - Q30 0.847 1.081
1.10 0. 040 0.101 O.347 0.051 —.OF3 0.836 1.101
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Lyg oV
G 20
0,74
Dy ‘?(.".J
0, 9R
1,007
1a0%
1.0
1.0
1.08
1,10

SYS ¥
. ¢
.92
.94
3 Fé
.98
1.00
1.02
1.04
1.048
1.08
.10

85YsS V
0.0
Q.92
0,974
.94
0,98
1.00
1.02
1.04
.06
1.08
1.10

gSys v
0.90
.92
0.94
.94
2. 928
1.00
1.02
1.04
1.04
1.08
1,10

D&sE -
0. Q&0
Q. D60
Chy A0
.00
i DG
Cha £)450)
0, G0
e LG40
O 50
Q. DGO
0, 0&6Q

nsG F
G OB
0 Q80
©.080
(. 080
. 30
0. QB0
0. 030
0. 080
G OBG
O O8O0
G .80

psE =
0. 1400
0. 180
£ 100
QL1000
0. 100
0. 100
0. 100
0. 100
o, 100
o 14D
0. 100

DsG M
0. 120
Q. 120
0.120
G120
0. 120
0. 120
0. 120
0,120
Q. 120
0. 120
Q. 120

D56E £
0, 051
(WIS 1Tt
0, 058
a Oy
0. Q&8
a0
0,074
.76
L, 3
0. 087
PSS ]

naE &
0. 0481
0. 045
0,048
0.052
0. 0%
Q&0
G 144
0.068
0.072
Q0. QF7
0,081

DEG 0
.03
0. 054
O i
Q.42
0. 044
O Q50
0. 054
0.058
On b2
0.0467
D071

DEE &
n.021
0,024
0.028
0. 032
(. 0334
0. 040
0.044
0.048
0. 052
0,057
D.061

D8sE PE
0,763
Q. 740
0717
L. 678
L. &7e
e &alil
W &2%
0. 608
0. 588
0G4

Cha S50

a6 PR
0.891
0. 874
O B
0.878
0.819
0. 800
0. 781
. 7461
0.741
0.721
0,702

DG FF
0. 9058
0.945
G234
0,922
0,909
0. 895
0. 880
O.8464
0. 848
0,852
0,815

nsG FF
0. 785
0. 780
0.974
0.9464
0.938
0. 949
£, P39
0,928
G3.916
0. 904
0.891
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TABLE B-XIII, cont.

ovygs oF
.01
e}
D.014
Jail G
0,018
0020
QL 022
Q. Q24
.02k
Qw9
0.0

8Ys F
- 010
~. Q08
- D0&
= Q)4
=L, D032
=, D00
0.002
0.004
.006
0. 008
Q.01

8Ys F
- LR
—. 28
-, 024
- 24
- 0R2
—. CLAQ
~ 018
-.016
~-. 014
-. 012
. QD

85YS F
~, QS0
~-. 048
— 044
. 344
- 32
o (340}
= 073g
—. 34
—~. D54
e
—. 029

{

DATA FOR INVERTER, CEA - COMPENSATED
LIGHT LOAD CASE

8ys o
Cry, Q3O Y
w30 ]
- o 075
» QO
» OO
_n‘.)].r-,
015
- 03115
- 0118
v 20)

i

BYS 0
O.011
0. Q0Y
0,007
Q. 005
0.002
Q. 000
- D02
- 005
- G008
- 010
-, 013

SYs @
0,021
0.1
0.017
D.015
0.012
0,010
0.008
0,005
0. 002
—. Q00
— o O3S

8Y5 @
O.031
0. 029
0,027
0.025
0.0R2
0. 020
0.018
G.015
0.012
0,010
O 007

OF POOR ;

ORIGINAYL [:..... ..

8YS PF
0,990
02,998
0,378
0,949
G.921
£, 894
0.870
i 849
. B30
0,813
0797

85Y8 PF
Q.671
. bbb
0. b6&2
0. 658
0.4G73

0. 555

e &44
Q. &40
0.6734
0,432
0,428

8YS PF
0.817
0.8264
0.838
0.8353
0.871
Q.894
0.922
0.934
. 966
0.999
0.247

8Ys PF
0.848
0. 855
0.8483
0.872
0. 882
0. 894
0. 508
0,923
. 959
0,754
0.974

R "

Ty

LOAD v
0. B9
0.220
0.4
0. 940
Q. 280
1,000
1,020
1,041
1.041
1.081
1.101

LOAD v
1.899
0. 719
Q. 240
0.940
. 980
1,000
1.020
1.040
1.060
1.081
1.101

LOAD V
0,899
0.919
Q.59
0, 959
0. 980
1,000
1.020
1.040
1.0a0
i1.080
1.101

LaaD v
0.899
0.919
0.939
0. 959
0.979
1.0Q00
1.020
1.040
1.040
1.480
1.100



H5Ys WV
), G
.92
0,94
.9
0,28
Lo
| S S
14
1. 0&
108
1win

5Ya V.
Q.0
€, .7
e, 74
vhe &
0y, W
1w
Lt
1aidd
1. O
1208
Lalis

S A SEIRY
0, 50
L I
Q.94
U WD
. 88
100
Lacs
1.4
1.0é
1.08
1.10)

8Ys v
0. 90
0. L
0,74
e
0. 98
1.0
1,02
1.04
1.04
1.08
Laltd

Dat =
O, 140
. 140
0. 140
Q. 14
G L40)
Qo 140
DI X
e 140
e 1A
the 1400
Q. L0

nN&EE F
e 14D
0. 140
). 1&0
e 1&0
A T
£ 140
thy a0
€. 140
a1 &0
£ 1a0
D L)

DoE -
0. 180
2, 180
0. 180
01RO
G 180
O 160
0. 180
0., 186
9. 130
0. 180
Q. 1HO

nsE F
e 200
0200
0., 200
0. 200
0 200
O 200
0. 200
Q. 2040
3. 200
0, 200
(), 200

TABLE B-XIII, cont,

DATA FOR INVERTER, CEA - COMPENSATED

D&EE QD
.11
0,014
G018
Gl
0. 028
Q. 030
0. 034
o OAE
Oy 048
0,047
0,05

DEE o
0, 001,
Q14
O 008
.l
Chainléy
0, 220
0, 024
0. 028
D.032
0. 37
a4

DaE o
ony 410D
om0
T o T b
0 Q%
2.0
0,650
G.014
0.013
. OR2
O.0R7
.3l

DEE M
-, 01
—~. 014
~. 0132
. LHOE
= CHO4
O
Q04
0. 008
O.012
0.7
L, 0121

DSE F
0.997
0. 99
0, 5902
0. 848
0, 9ELY
D 97E
0.972
0,965
0L WET7
Q. 94%
N.93%

NSeE FF
1.000
1,000
0. 99
a.5997
). 9%
0. 99R
0, Ra9
0. FES
0, PEO
0,975
i, 269

nsG pF
g:j " (4] l?(’:J
I
1. 0D
S Isls]
0,299
1. 999
0,997
O W
0. 792
9.909
0. 986

DHE FF
0,995
G, 97
Q. P28
(. 95
L.0oo
1.000
1.000
0. 999
0. P98
0. 997
0,995

B-66

LIGHT LOAD CASE

8Y5 B
- 70
] (:’638
~. &b
RS =Y )
—, D&
o, 1161)
- o D
o QT4
-, 054
-

- 4G

&EYs
“wuaa
e CHE G
"u084
- QE2
- 80
-~ 078
- 078
(V74
Q72
&7

aYys
- 110
- 108
oy 10
R R T )
- 102
. 100
~ . 0983
e, 5 G
-, 094
- R
-, DR

8YS P
. LEO
- 12
=, 1

L

a8
' 126
W L24
- 1322
—-u 120
~. 118
-.11&
- 114
-, 112
-, 109

8Y85 0
SR T |
0y O
0. 037
0. 0355
£, DS
Cha OS50
e Q24
0,025
0,020
00
D.0L7

8YS 0
QL e
(WIS i L
0.047
0. 0y
0,043
0. 40
0,07
I
(re 027552
Ch CHA0)
0,027

8Y&E @
I o Tl
0. Q5%
0,057
0, 05S
0.0
O D0
. 0485
O, D45
Q.42
0. 040
€. %7

gY5 o
O.07%
0. 069
. 0467
O 06T
0.0&63
0, 060
0. 058
0. 055
(A Fyie)
1, O
Q. 047

gve e
0, 343
L8347
0.872
0,877
0, 3846
0, 884
0, 9005
.9 L3
0, 00
(1. 934
Q. 944

85Y8 P
0,869
D.873
D.H873
PUMRS 1
G, EIEE
£ bt
. 201
0, 208
LI
el

Q.R3IL

8Y5 PF
. 83744
.87y
B8
. 83HE
0. 809
01.0%4
0. 879
Q.05
D911
M, P17

N 9RY

avys FE
0877
0. 880
0885
0. 284
0. 890
1. 894
0, a9
Q.05
0,908
0.91E
0,919

ORIGINAL PAGE i
OF POOR QUALITY

LOAD V
0. 898
0.91%9
0, 95y
0,959
0,47
0, 999
1.020
1m0
1,060
1.030
1,100

LO&AD W
0., 39¢e
Q.18
0. 939
(. 959
0. 979
0799
1.0LY
t. 040
1. &0
1. 080
1a 100

LOAD Y
Q. 898
0.%18
Q.23
Q. 959
09779
Q. TG
1.G19
Lo
1. 059
1.080
1,100

LOAD v
0. B89
0.918
L I
Q. 958
0,978
0.999
1.019
1.0%

1.089
1.079
1,100



TABLE B-XIV ORIGINAL PACE (g

DATA FOR INVERTER, CEA - COMPENSATED OF POOR QUALITY
CONSTANT IMPEDANCE LOAD HEAVY LOAD CASE

gys vV D8G P DSG P86 FF sYS P 8Ys 6 8Ys PF L.OAD V

0.90 0,020 0.059 0.321 0.5932 0.385 0.832 0.830
0.92 0.020 0.062 0. 307 G, E56 Q.370 0833 0.84%
Q.94 Q. 020 0,065 0.293 0.582 0.386 0.833 0. 867
0.94 0.020 0.068 0.280 0. 608 0.402 0. 834 Q.B886
Q.98 0. 020 0.072 0,268 0. 434 Q.41 0.834 0.904
1.00 Q. 020 Q.073 0. 237 0.6461 0. 436 0.835 Q.23
1.02 0. 020 0.079 0.247 0.689 0.453 0. 834 0.9241
1.04 0,020 0,082 0. 237 0.717 C.470 0.836 0. 760
1.06 0.020 0.086 0. 227 0.743 ©.488 0.836 0.978
1.08 0. 020 0.089 J.219 0.774 Q.507 0.837 0.997
1.10 0.020 Q.093 ¢.210 0.804 Q.523 0. 837 1.015

Y8 V DSG F D56 @ D56 PF 8Ys P 8YS @ SY8 FF LOAD V

Q. 70 0,040 0.049 0.633 0.912 Q.36 0.814 0. 830
0.92 Q. 040 0,052 0.609 0.9%54 0. 380 0U.814 .849
¢.94 0. 040 0. 055 0.587 0.5462 0. 394 0.817 0.8487
0. 94 . Q40 0. 058 0.565 0.588 0.412 .819 0.884
0.98 . 040 0. 062 0.544 o.414 0.429 . 820 0.904
1.00 0. 040 . 088 0.523 0.5641 0,444 0.821 0. 223
1.02 0. 040 1. Q49 0.504 Q.647 0.4463 0.822 0.941
1.04 0.040 0.072 Q.4835 G697 0. 480 0.823 0.960
1.04 0. Q40 O.Q76 0.4467 0.728 0. 498 0.824 0.978
1.08 0. 0480 0079 0.450 0. 754 0.516 0.82% 0.9%94
1.10 Q. 040 Q.0832 0. 1434 ¢.784 0.535 C.828 1.015

8YS V D8G F DEG & DSG PF 8Ys P 8YS @ 8YS FF LOAD V

Q.0 G 060 0. 039 0.839 0,491 . 375 C.795 0.830
0.92 0. 060 0.042 0.819 0.516 0,320 0.798 0.849
Q.94 0.060 0. 045 0.799 0,542 Q. 404 . 800 Q.8487
0.94 0. 060 0.048 0.778 0.5467 0.422 . 802 0. 886
0.98 3. 040 0. 052 Q.757 0.594 0.439 .804 0.904
1.00 0. 040 0,085 0.736 O.a621 0. 45646 0,806 0.923
1.02 0.0660 0. 059 0.7164 0. 448 0.473 0. 808 0.%41
1.04 O . D40 0,062 0,695 O.h76 0.490 G.810 0.959
1.04 Q. 040 0.046 0,675 0.705 0.508 0.811 0.978
1.08 0. 060 0.0469 0. 4655 0.734 0,526 G.813 0.994
1.10 Q.00 Q0.073 0.4635 0.744 0.545 0.814 1.015
SYsS V DSB P DEG & DSG FF 8Ys P 5Y8 @ 5Y8 FF LGAaD V
.90 0. 080 0. 029 0. 40 C.471 0. 389 0.775 3. 830
0.92 0.080 Q. 032 0.928 0.4964 Q. 400 0.778 D.849
Q.94 0. 080 Q.035 Q.15 0.521 0.414 0.782 0.8947
0.94 0.080 0,038 0.901 0.547 0,432 0.785 G. 886
.98 0. 080 . 042 0.887 Q.374 0.449 0.788 0.904
1.00 0.080 0.045 G.871 0. &0l 0.465 0.790 0,922
1.02 Q. 080 0.049 0.895 0.628 0. 483 G.793 0.941
1.04 0.080 D.052 0. 838 0,654 0.500 0.795 0.999
1.04 Q. 080 QL0546 0.821 0. 4688 0.518 0.798 C.978
1.08 0. 080 0.059 0.804 D.714 0.536 0.800 0.994
1.10 0.080 0.0673 ©.784 0.744 Q. 555 G.802 1.015

B=-67



8ys v
.90
.92
0,94
.94
0,98
1.00
1.02
1.04
1.06
1.08
1.10

8YS V
0.90
0.92
.94
0.94
Q.98
1.00
1.02
1.04
1.06
1.08
1.10

Syg V
Q.90
[ )
0.94
0.946
0. 98
1.00
1.02
1.04
1.064
1.08
1.10

Syg V
Q.90
0.92
G.74
0.94
0.98
1.00
1.02
1.04
1.06
1.08
1.10

DsE@ F
0,100
0. 100
Q. 100
0.100
Q. 100
O.100
0.100
Q. 100
0. 100
0. 100
G. 100

DEG P
0. 120
0. 120
Q.120
0. 120
Q. 120
0. 120
0.120
0.120
0. 120
0.120
Q. 120

neE P
0.140
0.140
Q.l140
G 140
0.140
0. 140
0.140
0.140
0.140
0.140
0.140

DeE P
0. 140
Q. 160
0.160
0.140
0. 1460
0, 1460
0.140
O.160
0. 1460
0. 160
0. 160

TABLE B-XIV, cont,

ORIGINAL PAGE ig

0
DATA FOR INVERTER, CEA - coMpEnsATED — FOOR QUALITY

pDsGE &
0.019
0.022
0.025
0.028
0.032
0.035
0.0Q39
0.042
0.046
0. 045
0.053

DS @
0. 009
0.012
0.015
0.018
Q.022
0. 028
0,029
0032
Q. 034
0,039
0.043

DEG @
-~ 001
G. 002
0. Q05
0. 008
.12
0.015
G.018
O.022
0.026
0. 029
L. 033

DEG @
-.0l1
—, 03
—-. 005
—, Q02
0.002
O 00OS
0.008
0. 012
Q.014
.19
QL0273

HEAVY LOAD CASE

D&EG PF
0.983
Q0.977
G.970
0,942
0.953
0.944
0.933
0.922
0,910
0.B97
0.884

DSG FF
0.997
0.995
G.992
0. 88
0.984
0.979
0.973
0,966
0. 999
1. 930
0.942

DSE FF
1.000
1.000
0.999
0.998
0.997
0.994
0.991
0.988
0.784
0.979
Q0.973

DEE PF
0.998
0.999
1.QQ0
1. 000
1.000
1.000
0.999
0.997
Q.993
0.993
. 990

B-68

8ys P
0,451
0.474
0.501
0.527
0.554
0.581
0.608
0. 636
C. 445
0. 4694
0.724

8YS P
0.431
1. 454
0.481
0,907
0.5933
0. 5460
Q.588
Q.46146
0.4645
0.674
0. 704

8YS P
0.411
0.856
O.461
0. 487
0.S13
0. 540
0.568
0.35946
0.&25
0. 4654
0.4683

5Yg F
0.391
0. 415
0.441
0.447
Q. 493
0,520
0,548
0.376
0.604
0.6354
0. 4463

BYE @
0.394
0.410
0. 424
0.442
Q. 459
Q0.47%
0.493
0.510
0.528
0. 544

0. 565

SYS @
0.404
Q. 420
.43

0.452
Q.4468
Q. 485
0,503
. S20
0.538
0.856
0.875

g¥Ys @
0.414
. 430
0.444&
0,462
0.4748
0. 495
0.512
0.930
0.548
0. 546

Q. o855

sYs [
0.424
0. 480
Q. 456
0.472
0. 488
0.505
0.922
0.540
0.558
0.3746
Q.595

8SYS FF
0.753
Q.738
0.7462
0. 764
0.770
0.774
2.777
0. 780
0.783
0. 7864
0.788

5YS FF
0.729
0.736
0,741
0.747
0.751
Q. 754
0.740
0.7464
0.768
0,771
0.774

8YS PF
Q.704
0.712
0.719
0. 7264
0.732
0737
0.742
0.747
Q. 752
0. 736
0.7&60

8YS FF
0,677
Q. 687
0.695
D703
0.711
0.717
.724
0,729
Q0.735
Q.740
0.74%

L.OAD V
0.830
0. 849
0.867
0. BB
0.904
0.922
0,941
0.959
0.978
0.9%64
1.015

LOAD v
. 830
0,848
Q.847
0. 885
0.904
0,922
0.941
O.959
0.978
0.974
1.G1S

1

LOAD W
Q. B830
0.848
1. 847
). 885
0. 204
0,922
0.941
0.95%9
¢, 978
0.9%4
1.015

LOAD v
0.830
0.848
0.867
0,885
Q. 904
O.922
0.941
0.959
0,977
0,974
1.014



B - 1

L R

-t

5vy8 V
0.90
0.92
0.94
0.96
0.98
1.00
1.02
1.04
1.06
1.08
1.1

8YS V
0.90
0,92
Q.94
Q.96
0,98
1.00
1.02
1.04
1.04
1.08
1.10

D5G F
0.180
0.180
0,180
0.180
. 180
. 180
w. 180
0.180
0,180
0. 180
Q.180

DeG F
Q. 200
0.200
€. 200
0. 200
0 200
0,200
G 200
Q. 200
Q. 200
3. 200
0. 200

DATA FOR

DSG |
-, 024
-.018
-.015
-~ 12
-, 008
-. 005
-. 002
0.002
0.004
0. 009
Q.013

DSG {
~, (31
—-. 028
-. 025
- 022
-.018
- 015
- 012
-, 08
-, 004
-y 01
0.003

TABLE B-XIV, cont,

INVERTER, CEA - COMPENSATED
HEAVY LOAD CASE

DSGE PF 8Ys P 8Y8 @
0.993 0.370 0.4354
0.995 0.399 0.450
C.997 0.421 0.465
0.998 G447 0.482
0.999 0.473 0.498

1.000 0. 500 0.515
1.000 0,528 0.532
1.000 0. 554 0. 550
1.000 0.384 0.5468
0.999 0.613 0.384

0.997 Geb4d Q. 404

DEG PF 8YS F 8Ys @
0,988 0.350 0.444

0.920 0.375 1. 459
0.992 0. 400 0.475
0.994 .424 0.491
0.994 0. 453 . 508
2.997 . 480 0525
0.998 0.307 0.542
0,999 0. 8535 . 540
1,000 O. 544 0.578
1.000 0.993 0. 594
1,000 Q.4623 0.614

REALISTIC LDAD REPRESENTATION

8Ys5 v
Q.70
0.92
0.94
0.94
0.98
1.00
1.02
1.04
1.06
1.08
1.10

8ys V
0,90
0.92
.94
0. 94
Q.98
1.00
1.02
i.04
1.064
1.08
1.10

DEG P
0. 020
O.020
O.020
Q. 020
0. D20
0.020
Q. Q20
0. 020
0. 020
0.020
C. 020

DEGE F
Cra Q40
0. 040
0. 040
0.040
0. 0480
0. 040
Q.40
0. 040
0. 040
.40
Q. 040

DSG @
0.057
0. 060
0,044
C. Q67
0.071
0.074
.78
0.082
0.085
0.089
0.093

NDSG @
. Q47
Q. 050
0. 054
0. 057
0.041
0.04&4
0.0468
0.072
Q.75
. Q79
0. 083

DEG FF 8YS P 8Ys @

0.330 0.35398 0.404
0.314 0.617 0.417
0.29%9 0. 436 0.429
0.285 D.&6546 Q. 440
0.272 Q.b74 0.451

0. 2460 0. 698 O. 462

0,249 0.718 0.474
0,238 0.736 Q. 48%5

0. 226 0.7354 0.4%94
0.219 0.774 0.308
0,210 0. 797 0.519

DSG FFF 8Y8 P SYS @

0. 447 0.578 0.416
0,421 0.5%7 0.427
0597 0.614 0.439
0.573 . &34 0. 450
0.551 Q. 6594 0.441
¢. 529 0.8675 0.4872
0.508 0.4695 0.484
0.488 0.714 0.495
0.44697 0.736 0.304
0.451 0.754 0.518
0. 455 0.777 0.529

B-69

ORIGINAL PAGE ;
OF POOR QUALITSY}

8YS PF
0. 649
0. 6460
0.471
0. &80
0.689
(e 697
0.704
0.711
0.717
0,723
0.729

8SYS FF
0.6819
0.632
0. 444
0,655
O b6S
0,679
0. 483
. &691
0.699
0.706
0,712

8YSs PF
.827
0.828
0.829
0.831
0.832
0.833
0.834
0.835
0.836
0,837
0.838

SY¥YS PF
0.811
0.813
0.815
0.814
0.818
0.819
0.821%
0.822
0.824
0.825
. 824

.0AD Vv
0,829
0.848
0.844
0.B885
0.903%
0.922
0. 940
0,999
G.977
0,994
1.014

LOAD V
0. 829
¢. 848
0.B&b
0.B885
0. 903
0,922
¢. 940
0.959
0. 977
0.9%94
1.014

LOAD vV
0.820
0. 839
0,059
0.879
0.898
3.718
0.9E7
0,957
0.977
0.994
1.016

LOAD V

O 820
0. 839
0.858%9
0.878
0.898
0.918
Q.37
0.P57
0.977
0. 994
1.014



ORIGINAL PACE 1S

OF POOR QUALITY

sYs v
0.90
Q.92
0.94
.96
0.98
1.00
1.02
1.04
1.06
1.08
1.10

sYys vV
0.90.
0.92
0,74
0.94
0.98
1.00
1.02
1.04
1.06
1.08
1.10

sYs v
0.50
Q.72
Q.94
0.9
0. 98
1.00
1.02
1.04
1.046
1.08
1.10

gsYs V
0.90
0.92
.94
0.96
0.98
1.00
1.0Z2
1.04
1.06
1.08
1.10

nsg P
0. 060
0. 040
0. 060
0. QL0
0. 060
Q. 060
0. 040
0. 040
. 060
0.060
0, Q&Q

DSG P
0.080
0. 080
0. 0RO
0.080
0. 0RO
0.080
Q. 080
0. 080
0. 0830
0.080
0. 080

D80 F
0. 100
0. 100
0. 100
0.109
. 1004
0. 100
Q. 100
(1., 100
. 100
0. 100
0.100

neG F
0. 120
0.120
. 120
Q. 120
0.120
0. 120
0. 120
Q. 120
0,120
0. 120
0.120

DATA FOR INVERTER, CEA - COMPENSATED
HEAVY LOAD CASE

nsG @
0.037
0.040
Q.044
0.047
0.051
0.084
0.058
0.0462
0.0658
0.0869
Q.07

pDsGE @

D027

Q. Q30
0. 034
Q.0357
0,041
0.044
0.048
0. 052
0.08%
0.089
0.063

nsG @
0.017
G020
0.024
0.027
0.031
0. 034
Q.38
Q. 042
0. 045
Q. 049
0,083

RDGEGE @
0. 007
Q.10
.014
Q.17
D.021
0. 024
. 028
0. 032
0. 035
0. 039
0.043

TABLE B-XIV, cont.

DSG FPF
Q. 850
0.829
. 808
.786
0. 744
0.742
0.720
{.698
0.676
0. &5
0. 434

DSG FF
0.947 .
0. 935
0.921
G.07
0. 892
0.875
0. 858
0.841
0.822
0.804
0.785

DSGE PF
0.986
0.980
0.973
0,245
0.954
0.944
0.935
0.924
0.911
0.897
0.883

D8G PF
0.998
0.994
0.994
0.920
0.986
0. 9280
0.974
0.967
0. 959
¢.951
0.941

B=-70

8yYs P
o, 5598
0.577
0.596
0.4616
0.436
0,655
0.67%
. 495
0.716
0.734
0,797

8Y8 P
0. 538
0.557
0.S74
0,596
QO.b15
0.638
0,495
Q.4675
0. 46%46
0.71&
0.736

8Y8 P
0.517
0.5337
G, 354
0.57&
0.595
0,615
0.4635
0.655
0.673
0. 46946
0.716

SYs P
Q. 497
0.517
Q.5346
0.556
0.573
0.595
0.615
0.635
. 655
0.476
C. 6946

8Ys A
¢ 424
0. 437
0. 448
. 4460
0.471
Q. 482
1. 474
Q.508
0.518
0. 528
0.539

8YS @
0.436
Q.447
0.458
0.470
0.481
0. 492
0. 504
0.3915
0.026
¢. 538
0.549

8YS @
0. 446
0. 457
0.4468
0. 480
0. 491
0.502
0.514

Q.525

0.536
0. 548
0.559

8YS @
0. 456
Q. 447
0.478
0. 490
0.501
0.512
0,524

0. 835

0. 54646
0.558
0.569

8YS PF
0,795
0.797
0.799
0.801
0,803
0.805
0. 807
. 809
0.811
0.813
0.814

8Y8 FF
0.777
0.780
0.783
0,785
0,788
0.790
0.793
0.795
0,797
. 800
0.802

8YS PF
0. 738
0.761
0. 765
0.748
D.T772
0.775
0.778
0,780
.783
0.784
0.788

sYS PF
0,737
0.742
0.744
0.750
0.754
0.758
0.762
Q.74&5
0. 7468
G.771
0.774

Loan Vv
C. 820
0.839
0.859
0. 878
0.899
0.718
0.937
0.957
0.977
0. 996
1.0164

LOAD V
0.819
Q.839
0,859
0.878
. 898
0.918
0. 937
0.957
0.974
0.994
1.016

LOAD V
0.819
0,839
0. 899
0.878
0. 898
0.917
0.937
0.957
0.976
0. 99&
1.016

LOAD V
0.B819
0.839
0.858
0.878
0.898
Q0.?17
Q.937
0.957
0.976
0.996
1.014



gYs V
0.90
0.92
0.94
0.94
0.98
1.00
1.02
1.04
1.06
1.08
1.10

ays v
0.0
.92
.94
.96
.98
1.00
1.02
1.04
1.06
1.408
1.10

5yYs V
Q.90
£.92
.94
0.6
0.98
1.00
1.02
1.04
1.046
1.08
1.10

8YS V
9,90
0.92
0.94
Q.98
0.98
1.00
1.02
1.04
1.04
1.08
1.10

DSG F
0.140
0.140
0. 140
Q. 140
0.140
0.140
0.140
0.140
0.140
0. 140
Q. 140

DG P
0.160
0.140
0. 140
0. 1560
0. 160
Q. 140
. 160
0.140
0. 160
0. 140
. 160

DsG P
0,180
0.180
0. 180
0.18¢
0. 180
0.180
. 180
O 180
0.180
0.180
0. 180

Dsg F
0.200
0. 200
0. 200
0. 200
0. 200
0. 200
0,200
0,200
0. 200
0. 200
0. 200

DATA FOR

DEG @
- Q03
0. 000
0. 004
Q. Q07
0.081
¢0.014
0.018
0.021
O.025
0.029
0.033

nsG @
~ 013
- 010
-, Q04
-, 003
D001
0.004
0. 008
o.011
0.015
0.019
0.023

DSG &
- 023
-~ Q20
- 014
- Q13
- Q09
~. 004
-~ 02
Q0.001
0,005
0. 009
G013

DSG @

~ . Q33
- Q30
~-. 026
~. Q23
—. 020
-.016
~. 012
- Q09
—-. Q05
—. 001
0. 003

TABLE B~XIV, cont.

INVERTER, CEA ~ COMPENSATED
HEAVY LOAD CASE

DEG PF
1.000
1.000
1.000
0.999
0.997
0.995
0.992
0.988
0.984
0.979
0.97.3

DSG FF
0.997
0,998
0.999
1.000
1.000
1.000
1,992
0.997
0D.995
0.993
0. 990

DEG PF
0.992
0.994
0.99646
Q.997
. 999
G999
1.000
1,000
1.000
0.999
0,997

DSE PF
0.987
0.989
0.9%1
0.993
0. 275
0.997
0.998
0.999
1.000
1.000
1.000

B-T1

8SYs P
477
0.4%4
0.51&
0.535

0. 555

0.575
0,593
0.615
0.635
0. 654
0.&76

sys
0,457
0.474
0,494
0.5918
0.5935

0.5835

0.975
0.595
0.615
0.56534
0.656

5Y5 P
0.437
0.454
0.4764
0.495
0.515
0.535
. 555
0.857%
Q.99
0.4615
0. 636

5Ys F
0.417
G. 436
0. 406
0.475
O 495
0.515

0535

0.555
0. 575
0. 595

O.bhls

8SY5 @
0. 4466
0.477
0.488
0.500
0.511
0.522
0. 533
0.5945
0.554
0.548
0,579

8YS @
G.476
G.487
0.498
0, 509
0.521

0. 532

0.543

0.535

0546
0.378
0.589

8Ys5 @
0.486
0.497
0. 508
0.519
0.531
G542
0. 393
0,545
0574
Q. 587
0. 599

sYS @
0.496
0.507
0. 518
0. 529
0. 541
0. 552
0.563
4. 575
0. 586
0.597
0. 609

5YS8 PF
0.71é
0.721
0.726
0.731
0.736
0,740
0.745
0,749
G792
0. 754
0,740

8YSs PF
0,493
0.499
0. 705
0.711
0.717
0.722
0.727
0. 731
0.7386
0.740
¢. 744

SYS PF
0,669
D676
0.683
Q. 690
0. 694
0.702
0,708
0.713
0,718
0.723
0.728

8YS PF
0.4644
0.452
0.&&0
0. 668
O.673
. 482
0. 688
0.495
0,700
0.706
0.711

ORIGINAL PAGE g
OF POOR QUALITY

LOAD V
0.81%9
0.839
.88
0.878
. 598
0.917
0. 937
0.956
0.974
0.996
1.015

LOAD V
0.819
0.839
0. 858
0.878
0. 897
0.917
0. 937
0. 286
0.2764
0.9946
1.015

LoAD v
1.819
0.838
.858
0.8768
0.897
0.917
0.937
Q.96
0.976
0.996
1.015

LOAD ¥
0.819
0.838
0. 858
0.878
0.897
G.917
0.9346
0.956
0.976
0.995
1.015



CONSTANT IMPEDANCE LOAD

g8Ys v
0.70
Q.92
0.94
Q.94
0.98
1.00
011 L] c'z
1.04
1.06
1.08
1.10

5Ys8 V
0.90
0.92
V.74
0.926
0.98
1.00
1.02
1.04
1,06
1.08
1.10

sYs V
0. 70
.92
.94
.94
.98
1.00
1.02
1.04
1.06
1.08
1.10

ays v
0,50
0.92
0.924
.94
.98
1.00
1.02
1.04
1.06
1.08
1.10

DEE P
0. 020
Q.020
0. 020
Q. 020
Q. 020
. 020
0.020
G020
0. 020
0,020
Q.20

D56 P
0, 040
0.0480
0,040
Q.040
0,040
Q. 040
Q. 040
0.040
0, 040
O, 040
0. 040

NsG F
0. 040
€. 040
0.04&0
0.0460
Q. 060
0. 060
0. 060
2., Q60
0. 0480
Q. 0860
O, 060

DEG P
0. 080
0. 080
0. 080
Q. 080
Q. 080
0. 080
0.0B80
. 080
0. 080
0. 080
0.080

DSG @
= QD462
—. 062
) 062
- 062
~-. 062
-, 042
~a Q&2
~. 62
-, 0462
~n 0&!2

DsSE 0
-. 044
~. 044
—. 064
-. 0564
~. 064
~. 064
-, 0464
-, 064
'] (:'64
-.0&64
~. 064

DSG @
- DG4
-. 04b
—. Dbb
- Q&b
- b&
- Dbb
-, Dbb
~. 044
~. 046
- 040
~ o &b

DSG @
w, O&E
-. 0468
-, 0468
-« 048
- 068
—~. 0468
- 068
-. 068
- . 0468
~. 048
-. D68

TABLE B-XV

DATA FOR PY INVERTER

LIGNT LOAD CASE

DSG FF
0. 307
0,307
0. 307
Q. 307
0.307
0.307
0. 307
0.307
0. 307
Q.307
0.307

DSG FF
1. 530
0. 530
0,930
G.S530
0.5830
Q. 530
0,530
Q. 530
0. 930
Q. 530Q
0. 330

DG FF
0.&673
O.673
Q.b673
0.673
0.&73
Q.673
O.&73
0.8673
U.4673
0.&73
0. 673

DBE FF
0.762
0,762
0.762
0.762
0.742
0.742
0.762
0.7462
Q.7462
0.762
0.7462

8YS P
0,043
0- 046
0. 049
0. 0582
. 055
0. 058
O. 0461
¢, 064
0.067
0.071
0.074

SYS F
0. 023
O.026
0.029
0.032
0. 035
0.038
0.041]
0.044
Q. 048
0.051
0. 054

sYs P
Q. 003
0. 006
0. Q09
0.012
0.015
0.018
0.021
0.024
0,028
0.031
0.034

SYS F
-, 17
-. 114
-. 011
-, QU8
- Q05

. —L Q02

0.001
0. Q04
0.008
0.011
0.014

B-72

8YS @
0.10%
0.111%
. 113
0.114
. 118
Q. 120
f.123
0. 125
0.128
. 130
0.133

gsYs @
0,111
0.113
0.115
0.118
0.120
Q.12
0.1235
0. 127
Q. 130
0.132
0.133

Y8 0
0.113
0.115
o.118
C. 120
0.122
0.124
0.127
0. 129
0.132
Q. 134
0.137

sYS @
0. 115
Q0.117
0. 120
0.122
0.124
0.126
0.129
0,131
0.134
0.134
0,139

ORIGINAL PAGE 19
OF POCR QUALITY

8YS PF
0. 3465
G, 380
0.394
Q0,407
0.420
0.433
0.445
0.454
0.467
0.478
0. 488

SYS FF
0,201
0.221
0.241
Q. 2860
0.278
0.295
0.312
0.328
0.344
©.359
0.374

8YS PF
0.026
0.050
0.074
0.097
0.120
0.142
Q.144
0,183
. 2085
0.2259
0.244

5YS PF
0.14646
0.119
0.093
0.047
0.041
0.014
0,009
0.033
0.057
Q. 081
0.104

LOAD V
C.B8a
0. 904
0.926
0.744
0. 7646
0.9864
L.00%
1.025
1.045
1.065
1.085

LOAD V
0.884
0.906
0. 924
0. 946
0.966
0.986
1.006
1.0264
1.0464
1.064
1.086

LOAD V
0.887
0.9207
0.927
0.947
0.967
0.987
1.007
1.026
1.0446
1.0464
1.086

LOAD Y
0.B888
0,908
0.928
0.948
0. 967
0.987
1.007
1.027
1.047
1.067
1.087



O i i v d
OF poun

gyg v
0. 90
Q.92
.94
0,94
.98
1.00
1.02
1.04
1.04
1.08
1! 1‘:,

gSYs v
.20
0.92
0.%4
0.946
.98
1.00
1.02
1.04
1.04
1.08
1.10

syg v
0,90
0.92
0.94
0.%4&
0.98
1.0Q0
1.02
1.04
1.04
1.08
1,10

sSYs V
Q.20
0.92
0.%24
0.96
0.798
1.00
1.02
1.04
1.06
1.08
1.10

GuildY

DeG F
0. 100
0.100
D.100
0.100
0.100
0.100
0. 100
0.100
Q. 100
0. 100
0.100

DSG P
0.120
0.120
0.120
0.120
0.120
0.120
0. 120
0.120
0. 120
0.120
0. 120

DsG F
0.140
0.140
0. 140
0. 140
0.140
0.140
0. 140
G. 140
0. 140
0.140
Q. 140

nsG P
Q. 180
. 1460
0. 1460
0.140
D.1460
0.1460
G.1460
O. 1460
Q. 140
Q. 160
O.140

DSG M
- Q70
-.070
Q70
~.070
-, Q70
~, 070
~ 070
=070
- 070
~u 070
=070

nsG
b} ‘372
-. Q72
- 72
-. 072
-, 072
=. 072
—-. 072
-. 072
072
-. 072
—-. 072

D86 @
=. 074
-.074
=, 074
=074
-. 074
-.074
-. 074
-. 074
e t:’?'q'
—-. 074
-.074

nsG @
- 074
-, 074
-. 076
~-. 074
-. 076
~. 074
~. 078
-. Q74
~. 074
-. 074
-. 076

TABLE B-XV, ocont.

DATA FOR PV INVERIER
LIGHT LOAD CASE

DEE FF
Q.81%
0.819
0.819
0.819
0.819
0.819
¢.819
0.81%9
0.819
0.819
2.81%9

DEGE FF
. 857
0.857
3.887
0.857
0. 857
Q.857
Q.87
0.857
0. 857
0.857
0. 857

DEG PR
0. 884
0.884
0.884
0.884
0.884
0.884
C.884
Q.884
0.884
0.884
0O.B884

DSG PF
Q. Q03
0.903
0.903
0.903
0.903
0.903
0.903
0.903
0.903
0.903
0.903

B—~173

eYs F
- 037
-. 034
-, 031
-. 028
=. 025
~, 022
-.01%
—-.014
-.012
-.009
~. 005

8YS P
=, Q57
=. 054
-« 051
~.048
—-. 045
~, 042
-. 039
~. 035
-, L52
—-, 029

= 025

8SYS F
-. 077
-. 074
=071
~. 048
-~ D65
. 062
- 059
- 055
=. 052
~. Q49
=. 045

85vYs F
- 097
- 024
-, 091
-, 088
- DES
-, 082
-, 078
. 075
-. 072
- 06T
- 065

8YS 0
0.117
0. 120
0.122
0. 124
0. 126
0. 129
0.131
0. 133
0. 134
0.1.38
.141

SYS @
0.119
0. 122
0. 124
0.124
0.128
0. 131
0. 133
0.135
0,138
0.140
0.143

gYs @
0.121
0.124
0. 126
0.128
0.130
0. 133
Q0. 135
0,137
Q. 140
0.142
G. 145

8YS R
0.124
0,126
0.128
. 130
0. 132
G. 135
0.137
. 140
0.142
. 145
0.147

8Y8 PF
0. 300
0.274
0.247
0. 221
0.195
0. 1468
0.142
O.116
0.0%0
0.064
0. 039

8Y8 FPF
0. 429
0. 408
0.381
0.358
0.331
0.305
0.279
0. 253
0.227
0.201
0.17%

8Ys FF
0.534
0.813
0.491
0.448
0.445
0.422
0.398
0.373
Q.348
0.323
0. 298

SYS FF
0.4164
Q.598
0.579
g, 559
0.539
0.5918
0.497
0.473
0.452
0,429
0.4085

LOAD V
0.888
0,908
0.928
0.948
0.768
0.988
1.008
1.028
1.047
1.067
1.087

LOAD ¥
0. 889
0.509
0.929
0.949
0.969
Q.%88
1.008
1.028
1.048
1.068
1.088

I.OAD V
0.890
0.910
0. 929
0.949
0,969
0.989
1.009
1.029
1.049
1.0648
i.088

LOAD V
0.890
0.210
. 930
G970
0.990
1.009
1.029
1.049
1.069
1.089



8ys V
0.90
0.92
0. 94
Q.96
0.98
1.0G
1.02
1.04
1.06
i1.08
1.10

sYs v
0.90
0.92
0.924
C.96
0.98
1.00
1.02
1.04
1.06
1.08
1.10

DSGE P
0,180
0.180
0. 180
0.180
0. 180
0.180
0.180
0. 180
0. 180
¢.180
0. 180

DsG F
0. 200
0.200
. 2040
0. 200
0, 200
0,200
0. 200
0. 200
0.200
1. 200
0200

DSG B
-. 078
-.078
-, 078
-, 078
-.078
-, (378
~-. 078
-. 078
-. 078
-.078
~. 078

Dnsg
-. N8O
-. 080
-, B0
~. 080
-. 0gon
“1080
-. 0B
-. 080
-. 080
~-. Q80
~. 80

TABLE B-XY, conat,

LIGAT

DSG PF
0.7918
0.7918
0.918
0.718
0.918
0.918
0.918
g.918
0.718
c.918
0.218

R8G FPF
0.928
0.928
928
0.928
0.928
0.928
0.928
0.928
0. 928
0.928
0.928

REALISTIC LOAD REFRESENTATION

8Ys V
3,90
0.92
0.94
Q.94
.98
1.00
1.02
1.04
1.06
1.08
1.10

8Ys V
0.90
Q.72
.94
0.986
0.98
1.00
1.02
1.04
1.04
1.08
i.10

DsSG P
0.020
0. 020
0. 020
0.020
0,020
Q.020
0. 020
Q. 020
0.020
Q. 020
0. 020

DsG F
0.040
0.040
0. 040
Q. Q40
0. 040
Q. 040
0.040
0.040
0. 040
0.040
0. 040

nsE
-. 042
-, 042
-y &2
-, 042
-, &2
-, 042
—-. D42
-, 062
-. 042
-. Q42
- 062

DSG @
- Q44
- (164
-. &4
-. 044
—. 054
-. Q&4
-.0&4
-~ 064
-. 0464
-. 044
“-O&4

DEG PF
0,307
0.307
Q. 307
Qe 307
Q.307
0.30Q7
0,307
Q.307
0.307
0,307
0.307

DSG FPF
0. S30
0.530
0.530
G, 530
0.530
Q.5%0
0. 530
Q.930
0. 530
Q.530
0.S30

DATA FOR PV INVERTER

LOAD CASE

8Y8 P
~l117
~.114
-.111
-, 108
- 105
-. 102
-, 098
-. 093
~-. 092
-, 088
-, Q85

85Ys P
~. 136
- 134
~-. 131
-.128
-. 125
~.121
~. 118
~u 115
-, 112
~.108
~. 105

sYS F
0.048
0. 050
0. 052
0. 0549
0. 056
0.0508
0.061
0.063
0. Q&S
G.067
0.069

8YS P
o, 028
Q.30
G.032
0.034
0.034
Q. 039
0.041
G. 043
0.045

0.047

0. 049
B~74

ORIGINAL PAGE 19
OF POOR QUALITY

5YS @
0. 126
0.128
. 130
0. 132
0.134
0.137
0. 139
0.142
G. 144
0.147
0.14%9

85YS @
0.128
0. 130
0,132
0.134
0. 137
0.139
0.141
0.144
00144
0.149
0.151

gYS5 O
0.113
0.115
0.116
0.118
0. 119
0.121
0.122
0,124
0.126
0. 127
G.129

8SYS @
0.115
0.117
0.118
0. 120
0.121
0.123
0.124
0. 125
G.128
0.129
0.131

SYS PF
0.4680
Q. 86465
0.4648
0.4632
0.414
0,594
0.577
0.358
0.537
0.517
0.495

sY8 PF
0. 730
0.717
0.703
0. &89
0.4674
0.4658
G.442
0.625
0.607
Q. 589
0.370

8YS FF
0. 392
0.401
0.410
0.419
0.8427
0.434
0O.443
0.451
0.458
0. 4465
0.472

ayYs PF
0. 239
0.251
0.244
0.276
0. 288
Q.299
0.310
0.321
0.331
0.341
0,331

LOAD V
¢.891
0.911
0.931
0.980
0.970
0.9%0
1.010
1,030
1.080
1.070
1.089

LoaD V
0. 891
0.911
0.931
0.951
0.971
0.991
1.011
1.030
1.0850
1.070
1.090

LOAD V
0. B85S
0.703
0.925
0. 745
0. 9265
0.985
1.0085
1.025
1.045
1.046
1.086

LOAD V
0. 886
(. 906
0.926
0.946
0. 966
0.986
1.006
1.026
1.046
1.066
1.0B6



gsys v
0.90
Q.92
0.94
0.94
0. 90
1.00
1.02
1.04
1.04
1.08
1.10

gys v
0.0
0.92
0. 94
0.4
.98
1.00
1.02
1.04
1-':’6
1.08
1.10

aYs v
Q.90
Q.92
0.94
0.95
. 98
1.00
1.02
1.04
1.04
1.08
1.10

8gYs Vv
0.0
0.92
Q.94
0.74
0.98
1.00
1.02
1.04
1.08
1.08
1.10

NnsG P
0. 040
. 060
0. 0460
0,080
0.040
0. 0460
0. 060
0. Q0460
0.060
0.080
0.060

DSG P
0. 080
0,080
0. 080
0. 080
0. 080
0.080
0. 080
0.080
0. 080
0,080
0. 080

DEG P
0.100
0.100
0. 100
0. 100
0.100
0.100
0.100
0. 100
G 100
Q.100
0. 100

DSG F
0. 120
0.120
0.120
0.120
0.120
0. 120
0.120
0.120
0,120
0.120
. 120

DSG O
~.Dbb
=. 0446
~. Dhé
—. Q&4
=.D&b
= &4
=. Uhé
-, 04
= Db&
- Dbh
=, 046

DSG @
-, 48
-, 048
-. 0408
-. 0468
~ .y D&E
-. 048
-. 168
-. 048
-, 048
-. 0468
-, 048

DsG @
. 070
~-. Q70
-, D70
—. 70
—-. Q70
- Q70
=070
=, Q70
-. 070
=2 Q7C
- 070

DEG @
-. Q72
-. Q72
- 072
-. 072
=072
- 072
-~ 072
- 072
—. 72
~. 072
~. 072

TABLE B-XV, oont,

DATA FOR PV INVERTER

LIGHT LOAD CASE

RDEG PF

0,473
0.473
0.4673
0,473
D.&673
Q.473
Q0.473
D73
Q. hb73
Q.&73
0.473

DSE PF

0.762
Q.7462
0,762
0.742
D.762
Q.7462
0.762
0.742
0.742
0.762
0,762

DG PF

0.819
0.819
0.819
0.819
0.819
0.819
0.819
0.819
0.819
0.819
0.819

DSG PF

0.857
0.857
0. 857
0.857
0.857
0.857
0.857
0.857
0.a57
0.857
. 857

B-175

8YSs P
0, O0E
C.010
0.012
G.014
0.017
0.019
0.021
0.023
0. 025
0.027
0,029

8YS F
-, 012
-. 010
™ 0‘:’7
-. 005
. C"DS
~-. 001
0.00]
0.003
0. 005
0.007
0,009

8Ys P
-.031
-. 029
~-. 027
~. 025
~. 023
~. Q21
-. 019
—-. Q17
~-. 015
~.013
- 11

8YS F
e 051
-. 049
-. 047
—. Q45
—~, 043
~. 041
-, 039
—-. (137
- 035
- 033
-, 031

85YS @
0.117
0.119
0.120
Q. 122
0.123
0.125
0,127
0.128
0. 130
0.131
0.133

8YS @
0.119
0,121
0,122
Q. 124
0. 125
0.127
D0.129
0,130
0.132
0.13%3

0.135

8YSs @
0.121
0.123
0.124
0. 128
0. 127
0.129
. 131
0.132
0. 134
0. 135
Q. 137

8YSs @
0.123
0.125
0.124
0.128
0.130
0.131
0. 133
0.134
0,136
0.137
0.139

ORIMNAL DA% _
OF PO vt iy

SYS PF
0.071
. 087
0. 103
0.118
O, 133
0.147
0. 161
0. 175
0. 188
0. 201
0.214

SYS PF
0.0964

- 0.079

0,061
Q.044
0.027
0.010
0. 0048
0.022
0. 038
0.053

0.068

8SY¥YS FF
0.251
. 233
C’. 215
0.198
0.180
0.1463
0.145
0.128
0.111
0. 095
0.078

SYS PF
0.384
0. 348
0.351
G, 334
0.317
0. 300
0, 281
0.2684
0,249
0.232
0.2146

Id

LOAD ¥
0. 884
C. 204
Q.9264
0.944
Q.%467
0.987
1.007
1.027
1.047
1,067
1.087

LOAD
0. 887
. 907
0.927
0.947
. 947
G.987
1,007
1.027
1.047
1.047
1.087

LOAD vV
3. 888
0.908
0. 928
0.948
0. 968
0,988
1.008
1.028
1.048
1,068
1.088

L.oap v
0. 888
0. 908
0.928
0.948
0. 9748
O, 988
1.008
1.028
1.048
1.04a8
1.088



ORIGINAL PAGE 19
OF POOR QUALITY

8sYs V
.20
072
0.94
0.94
0. 98
1.00
1.02
1.04
1.04
1.08
1.10

8YSs V
Q.90
0.92
0.94
0.924
0.98
1.00
1.02
1.04
1.04
1.08
1.10

ayYs v
0,720
0.92
0.94
Q.96
0.98
1.00
1.02
1.04
1.06
1.08
1.10

8Yg Vv
e 20
0.92
0.94
0.94
0.98
1.00
1.02
1.04
1.046
1.08
1.10

NsG P
0. 140
0. 140
0.140
0.140
. 140
. 140
0.140
0. 140
0.140
0.140
0. 140

DaG F
. 140
0. 1460
0. 140
0. 140
160
0. 160
0. 140
0. 1460
0. 1460
0.1860
. 140

pDeG F
0. 180
0. 180
0. 180
0.180
0.180
0,180
©.180
0.180
0. 180
. 180
0. 180

D&G F
0,200
e 200
0.200
0.200
0200
0. 200
O 200
0,200
0. 200
0. 200
0. 200

D&EE @
=. 074
=.074

- 074

-, 074
- 074
~. 074
—-. 074
-. 074
-. 074
-, 074
- 074

D&EG &
—-. 074
~a Q76
-. 074
—-. 074
—- 074
-. 076
—. 074
~. 074
—-. 074
-, 074
~. 074

DSG @
-~ 178
-.074
-. 078
—~. 078
- 378
~,. 078
-. 078
~-. 078
-. 078
—-. 078
—-.078

DSG @
-. 080
-. 080
—. 0BO
-. 080
=. 080
=« Q80
-« OB
~: 080
—. 80
~. 080
=. 080

TABLE B-XV, cont,

DATA FOR PV INVERTER
LIGHT LOAD CASE

DSG FF
0. 884
0. 884
O.884
0.8a4
0.884
0.884
0. 884
0.884
0.8B84
0. 884
1. 884

DSGE PF
2. 903
Q.03
0. 903
G903
0,903
0.9053
0.0
0.903
0. 903
0,903
. 903

NSG FF
0.918
o.918
0.918
0.718
0.918
0.918
0.918
0.918
0.918
0.918
0.218

DEG PF
0.928
0.928
0.928
0. 928
0.928
0.928
. 928
0.928
0.928
0.928
0.928

gYs P
~. 071
—. 049
=. 047
~. 0&S
= D&
-. 041
~. 059
=. 057
- 55
-. 053
-, 051

8YSs F
- 191
—, 087
-. 087
-, 085
-, QE3
-.081
-, 0779
- 077
- 075
~ Q73
-. 071

85YS8
-, 111
~-. 109
~. 107
-, 1085
-. 103
-, 101
-, Q95
~. Q97
=095
-. 093
-, 091

5Y8 F
- 1351
- 129
-. 127
—-. 125
-, 123
-. 121
-2 119
-.117
-. 115
~. 113
- 110

B-16

sYys @
0.125
0.127
0.129
0. 130
Q. 132
LA e 4
0,135
0. 1346
0.138
0. 139
0.141

8YS @
0. 128
0.129
0,131
O, 132
2. 134
0.1358
0,137
0. 138
0,140
0,141
O. 143

Y8 @
0. L5
0. 131
e 133
0.134
0. 134
C. 137
0, 139
0. 140
0. 142
0.144
. 145

SYS @
0.132
0,133
0. 175
C. 134
0.138
0.139
O.141
0.142
0.144
0.146
0.147

8YS PF
0.494
Q.479
0. 4464
0.44%9
0,433
0,417
0.402
0,386
0. 370
Q.354
0.338

8Y8 FPF
0,582
0.569
0.5594
0.342
0,528
0.514
0. 500
0. 484
0.472
0. 457
0.442

85Y8 PF
0. 651
0. &40
0, 629
0.617
0. 4605
0.593
0. 581
0. 568

0. 555

©0.542

0,529

8YS PF
0.704
0. 4946
0. 484
0.476
0. 46466
0. 656
0.b645
. 4634
. 623
G.e12
0. 4600

LOADR V
0. 889
Q.909
0,929
0.949
0,949
0.989
1.009
1.029
1.04%9
1.04%9
1.089

LOAD
. 890
0.910
0. 930
0.950
0.970
0.990
1.010
1.029
1.04%9
i.0469
1.089

LOAD ¥
0. 890
G.910
0.930
0.950
Q.70
Q. 990
1.010
1.030
1.050
1.07¢
1.090

L.OAD V
0.891
0.911
0.931
0.951
0.971
0.991
1.011
1.031
1.081
1.071
1.090



CONSTANT IMPEDANCE LOAD

sYys vV
0,90
Q.92
.24
.96
Q.98
1.00
1.02
1.04
1.06
1.08
1.10

SYSs V
0.50
0.92
.24
O.96
0.98
1.00
1.02
1.04
1.06
1.08
1.10

SYg V
0. 90
0.92
0.74
.96
.98
1.00
1.02
1.04
1.04
1.08
.10

gYys V
Q.80
.92
0.94
0.924
0.98
1.00
1.02
1.04
1.06
1.08
.10

nsG P
0,020
0.020
0.020
Q.020
G020
. 020
0.020
0.020
0, 020
Q.020
0,020

psG P
Q0.040
0.040
0. 040
. 040
0.040
G. 040
0,040
(. 040
G.040
0. 040
Q. 040

DSGE F
1, Q&0
0. 0460
0. 0460
0.060
0. 040
Q. 0460
0. 040
Q. 060
0. 060
0.060
0. 040

neG P
0. 0BO
0. 080
0. 080
Q. 080
0.080
0. 080
0. 080
0. 080
0.080
0, 0BO
. 08O

DGG @
) 0&2
=. 062
-, 062
-, Q62
-. D62
-. 042
- 062
~. 0672
~. Q&2
bt 062
- 0&2

DeG @
~-. b4
-. 0464
- 164
-, b4
~ 044
-. Q&4
-, 44
-. Qb4
-, (164
- 0&4
—~.Cb4

DSE &
- Qb
-, (6b
-, 046
-.Qhb
—bb
- 066
~.0b&
- 06S
- Dbd
- 0b6
-, &b

DSG @
- 048
-. 0468
- 058
-. 048
~. Q48
- 068
-. 0468
-. 068
- 048
-. 0468
- a8

TABLE B-XVI

DATA FOR PY INVERYER
BEAYY LOAD CASE

nD8E PF
0, 307
.307
0.307
0.307
0. 307
0.307
0,307
0.307
0,307
0. 307
0. 307

DG PF
0. 550
0,530
0,530
Q.530
Q. 530
0.3530
Q. 530
Q. 530
0. 530
Q. 530
0. 530

DSG FF
0.A7E
Q.&73
0.&673
0.673
D.673
C.8673
0,473
0.673
0.673
O.867E
Q.4673

DSG PF
Q. 762
0.762
0.762
0.7462
0. 742
Q.762
Q.762
Q.762
0.762
Q.762
O.7862

sY8 P
0.514
0.539
0.564
Q. 589
0.615
0. &42
I -T-1
0.4696
Q.724
0. 753
0.782

SYs F
0. 495
0.520
0. 5485
0.570
0.596
0.4623
0. &6S0
0.677
0.705
G.734
0,763

8Ys F
0.474
0.501
0. S26
Q. 851
Q. =77
0.604
0,451
0.4658
Q. ALH86
0.715
0.744

8YS F
a.457
Q.482
0,507
Q. 532
0,558
0.58%5
0,612
0. 4637
0. 6867

G.494°

0.723

B-77

sYE @
0.4463
0.481
0300
J.519
0. 538
0. 558
0.578
Q. 599
0. 4620
Q. 642

0.b&4

SYS @
0. 4465
Q.484
Q. S03
G, 922
0.541%
U.5461
0,881
.02
0,823
. 644
0.664

&EYSs @
0. 468
0.487
0. 505
0.524
0.544
Q. 564
0. 584
0,605
0. 624
0, i/
0. 669

8YSs 0
0.471
Q. 489
0. 508
0. 5927
0.347
Q. 5446
0. 587
0. 607
Q. 628
Q. 650
O.&72

8YS PFF
0.743
0.744
0.746
0.750
0.753
G.754
0.756
Q.788
0.7460
Q.761
0.763

8Y8 PF
0.72%
Q.732
0.735
0. 758
0. 740
Q.743
0.745
Q.747
0.74%9
0.791
0.755

sSYS FF
0.713
D.717
0.721
Q.724
0.728
0,731
0.7354
O.736
.73
0.741
0.744

8YS FF
0. 697
0,702
0. 706
0.716
0.714
0.718
0.722
0.725
0.728
0. 731
0. 734

ORIGINAL PAGE 19
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LoAaD V
0.817
0,838
0.854
0.873
. 891
0.909
0.9238
0,944
Q.9485
3, 983
1,001

LOAD V
0,818
0. 834
0.855
0.873
0,892
0.710
0,928
0.947
0.965
0.984
1.002

LOAD V
O, 819
0.837
0,896
0.874
0.8%92
G.911
0.929
0. 947
0.964
0.984
1.003

LOAD V
0.820
0.838
0.856
Q.87%
. 893
0.911
O QARG
0.948
0.966
G, 985
1. 003



8YS v
0.90
0.92
0.%24
0.924
0.98
1.00
1.02
1.04
1.064
1.08
1.10

8YS v
0. 90
0.92
0.94
0.986
Q.98
1.00
1.02
1.04
1.046
1.08
l1.10

gy¥Ys v
0.90
Q.92
0.24
.94
0.598
1.00
1.02
1.04
1.06
1.09
1,10

SYS Vv
0. 20
Q.92
0.94
0.946
0.98
1.00
1.02
1.04
1.06
1.08
1.10

DEGE P
0.100
0. 100
0. 100
Q. 100
Q. 100
Q. 100
CG. 100
Q. 100
QL1000
0.1Q0
Q. 100

nse p
e 120
Q. 120
0. 120
Q. 120
0. 120
0.120
0. 120
0.120
0. 120
0. 120
Q. 120

D86 P
0.140
0.140

- 0. 140

0.140
0,140
Q. 140
G140
Q.140
0. 140
0.140
0,140

DsG P
0.1&60
0.160
0.160
G. 1860
0,140
Q. 1460
Q. 140
Q. 166
0. 160
0. 160
0.160

DSG @
- Q70
~a 07(’
- 070
~. 070
= D70
-. Q70
-, 070
- 070
~, Q70
—-. Q70
=. Q70

nsg o
-, 072
~. Q72
~ 072
- 072
~, 072
-. Q72
-, 072
-. Q72
- 7R
- 72
- 072

DSGE @
~. 074
~-. 074
174
. 074
. 074
-. Q074
Q74
L0748
-. 074
074
74

I

DSG @
-. 074
~. 074
~. 076
- 0786
~. 074
-. 074
- 0748
- Q074
-. 076
~. Q78
~. 074

TABLE B—xVIp cont »

DATA FOR PV INVERTER

HEAVY LOAD CASE

D&eG P
0.819
0.819
D.819
0.819
0.819
0.81%
0. 819
0.819
.819
0.819
0.81v

DeE P
0.897
0.857
. 857
Q.a57
0.857
0,837
D.B57
0.857
0.857
0.857
C.857

DSG P
0.884
0.884
0. 884
0.884
0.884
0.8684
0.884
0.884
0.884
0.884
0.884

F

F.."

F

DEG FF

0. 903
0.903
0.903
0.903
0.903

0 » 9‘:’3'

0.903
0.903
0.903
G.903
0.903

B-78

8YS P
0.439
0,463
O- 488
Q.513
0.539
Q. 544
0. 593
0.620
0. 448
0,477
0.704

8sYS P
0.419
Q.444
0.469
0.494
. S20
0.547
0.574
0.4601
0.4629
0.4658
0. 687

SYs F
Q. 400
0.425
0.450
0.475
0.501
0.528

0.535

0.582
CG.a10
0.4639
Q.46468

SYs P
0.381
0.406
0.431
0. 454
0. 482
0.509
0.5364
0.5&3
0.591%
0. 4620
0.649

B8YS O
0.474
Q.492
0.511
Q. 8530
0,549
0.5469
0. 589
G.410
0. 4631
0. &653
0.675

5Ys @
0.474
0.495
0.313

0.333

O, 552
e S72
0.3592
Q.613
0.&634
Q.635

0.&77

5YS @
0.47%
0.498
0.516
0,535

0,355

G.575
0.295
0.41&
Q.437
Q.558
. 680

8YS B
0.482
0.500
0.519
0.538
0.558
0.577
0,598
¢.418
0.639
0.461
G.483

ORIGINAL PAQE 13
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5YS8 PF
Q.67%
0.685
0.691
0.696
Q.700
0.705
0.709
0.713
0.716
0.720
0.723

8YS FF
0. 461
0.668
0.4674
0.4680
0. 486
0.4691
O.&94
0.700
Q. 704
0.708
0,712

8SYS FF
0. &641
0.449
0.&657
Q.&64
0.670
0.46746
0, 482
0. 487
Q. &92
0.697
0.701

8SYS FF
0.620
G. 430
Q.4639
0.647
0. 4684
Q.4661
Cla &7
Q.473
Q.479
0.4684
0.689

LoAD V
08520
0.839
. 857
0.875
0.894
0,912
0.930
Q.949
0. 967
0.985
1.004

LOAD V
0.821
0. 837
0. 858
0.874
0.894
0.913
0.931
0.949
0.968
0.786
1.004

LOAD V
C0.822
0.84¢0
¢. 859
0.877
0.895
G.913
Q.9232
0.930
0,968
0.987
1,003

Loap v
0.823
C.841
0.859
0.878
¢. 895
0.914
0.932
0.931
0.769
0.587
1.004



8Ys v
0.90
Q.92
0.94
0.94
0. 78
1.00
1.02
1.04
1.04
-1.08
1.10

8Y8s
0.90
0.92
.94
Q.94
.98
1.00
1.02
1.04
1.04
1.08
1.10

DEGE P
0. 180
0.180
Q. 180
0.180
0.180
g. 180
0. 180
0.180
0. 180
. 180
0.180

D&G P
0. 200
Q. 200
Q. 200
Q. 200
G200
Q. 200
0. 200
Q. 200
Q. 200
Q.200
Q. 200

DEE I
-.078
—-. 078
-. 078
e 078
-. 078
-. 078
-.078
—-. 078
- 078
- 078
-. 078

DEG @
—-. 080
~. 08B0
-. 080
~. QB0
. 080
—. QB0
- 080
-. 0BO
—-. 080
-. 080
—a. 080

TABLE B-XVI, cont,

DATA FOR PV INVERTER
HEAVY LOAD CASE

DSGE FF
0.218
.91
0.918
0. 218
0.718
Oil CPIS
D.918
0.918
0.918
-0.918
3.918

DSG FF
0.928
0.928
0.928
Q.92
0.928
0.929
0.928
C.928
0.928
0.928
0.928

REALISTIC LoaDp REFRESENTAT I0ON

8Ys V
0,90
Q.92
0.94
0,94
0. 98
1.00
1.02
1.04
1,046
1.08
i.1¢

5Y8 v
0.90
0.92
0.94
Q.94
0.98
1.00
1.02
1.04
1.04
l.08
1.10

DsSG F
0.020
G020
0.020
0,020
G020
Q. 020
0. 020
0. 020
Q. 020
. 020
0. 020

neG P
Q.0480
Q. 040
0. 040
0. 040
0. 040
.40
0.040
0. 040
0. 040
0. 040
0.040

DSG O
~, 042
—. 062
~. D462
- 042
—. 062
. 042
- 042
~. 062

- 362

—. 0462

DSG @
. 064
—. 044
—~. 064
—=. 0464
~. 0464
~a Q&4
—. 044
- 0184
—-. D44
~. Q44
—a. 0564

DSG PF
0.307
Q.307
0.307
Q.307
0,307
0.307
0.307
QL3007
0. 307
0.307
0,307

DSG PR
0.8530
0. 930
0. 330
0.530
¢. 530
0.330
0.530
0.530
0.530
0.530
0. 530

8Ys p
0,342
Q.387
0,412
0.437
0.4463
0.48%9
0.517
0.544

0.572

! 0-'6‘:’1‘

0.630

8¥Ys F
0. 343
Q.368
0. 393
0.418
D.444
0.470
0.498
0.525
0.55%
Q. 582
0.611

8Ys p
0.584
0.6035
0. 6275
0.4642
0.462
0.681
G.701
0.721
0.741
0.761
0.781

8Ys P
0.565

0.584

0.603F °

0,623
D.b42
0. 6862
0. &82
0.702

0.722°

0.742
0.742

B~79

8YS @
0. 485
0,503
0.522
0,541
0,540
0. 580
0.400
0.4621
0. 442

- D bbg

0. 484

8YSs @
. 487
¢, 506
0. 324
. 543
0563
0.583
0. 603
0.4624
. 645
Q.44
O.688

SYS o
0.51%5
0. 5%0
0.544
0.358
0.573%
Q. 588
0.4603
0.4618
O.4653
Q.4648
0,643

ayYs o
0.518
Q.3%2
0.347
0.5&1
0.5976
0. 590
0 &GOS
G, 620
0. 435
Q. uS50
Q.644

ORIGINAL, pos 0l
OF POOR 100 7Y

8YS pPF
0. 599
0.609
0.4619
0, 4629
0,437
0,645
0.4652
0.4659
0.6465
G.5671
0.477

8¥YS PF
0,576
0. 588
0.599
G.410
O.619
. 428
D.b634
0.444
0. 651
¢, 658
0. &44

8YS FF
0. 750
0. 752
0.753
O.754
0. 754
0.757
G.758
0.759
0.74&0
0,742
0,762

8YS PF
0.737
. 739
0.741
0,743
0.745
0. 744
0.748
0.749
0.751
0,752

0.7383

.OAD v
0.823
0,842
0. 840
G, 878
0.897
0.915
0,933
Q.991
0270
0.988 .
1.004

LOAD v
0. 824
0. 842
0.861
0.879
0. 897
0.915
0.934
0,952
Q.970
0.98%9
1,007

LOAD v
0. BI04
Q.82
0. 845
0.844
0.884
0.904
Q.92=
0,243
0.9462
0, 982
1.001

LoaAD v
0.807
U. 8248
0.844
0,845
0. 885
4. 904
0.924
0.943
G943
0.982
1.002



TABLE B"'XVI, oont .

0 »
DATA FOR PV INVERTER 015 :gguég. SSEEI'IE

HEAVY LOAD CASE

8Ys ¥V DSG F DG @ DSG PF 8Ys P 8Ys @ 8YS8 PF LOAD V

0. 90 0. 060 =-. 0466 0.4673 0.544 0. 520 0.724 0.808
.92 0. 060 ~. 044 0.&673 0,565 Q.S535 0.724 0.827
Q.94 0. 060 =, 064 0,673 0.584 0.54%9 0.729 0.847
0.96 0.060 . 085 0.&673 0.604 0.564 0.731 0.868
0.98 0. 0460 -. 044 0.4673 0.8623 0. 578 0.733 0. 884
1.00 G060 -. 0466 0.673 0.4&43 0.393 0.735 0.903
1.02 0. 0460 —. Dbb 0.673 O.b662 0,608 0.737 0.925
1.04 0.040 =. 084 0.&673 0.682 0.4623 Q.73% 0.944
1.06 Q. 0860 . Dbb 0. &73 0.702 0.4638 0.740 Q. 964
1.08 Q. 060 —-. Qb4 0.473 Q0.723 0. 653 0.742 0.983
1.1¢ 0. 060 ~. 044 0. 6735 0,743 0.668 D.744 1. 003

SYsS V. D8G F DEG @ DEG PF 8Ys P Sys @ 8YS FF LOAD ¥

0.90 Q. 080 —-. 0468 0.742 0.527 0,523 0.710 0.808
Q.92 0.080 ~. 068 0.7462 0.544 C.S37 0.713 0.828
0.94 0.080 =048 0.7462 0.565 0.532 0.715 0.847
0.96 0.080Q ~. 048 0,762 0.584 Q. 5b4 0.718 O.847
0.9 0. 080 —-. (68 0.762 Q. a04 0.381 0.721 0.8Bé&
1.00 Q. 0BG = 0468 0.762 0,623 0.996 0.723 0. 904
1.02 0. 080 -. 0468 0.7462 0.5643 0.610 Q.725 Q.25
1.04 0. 080 ~. 068 0.762 0,543 Q. 625 0.728 0. 945
1.04 0.080 —. 068 0.762 0. 4683 0. 640 0.730 0,964
l.08 0.080 -. 048 O.7462 . 703 0. 655 0.732 0.984
1.10 0. 0BO —. 068 0.762 0,724 0.4671 0.733 1.003

SYs Vv DG P DEG © D&G PF 85Ys P 8Y5 @ 8YS FF LOAD V

0,90 . 100 —-s Q70 0.819 0.508 0.524 0.495 0. 809
Q.92 Q. 100 -, Q70 0.819 0.827 0.540 0.4698 0.829
.94 G.100 - 70 0.819 0.544 0.554 0.702 0.848
0.95 0. 100 - Q70 ¢.819 Q. 565 0. 549 0,705 TG, 848
0.98 e 100 -.070 D.819 0.585 . 58% 0.708 0,887
1.0¢ 0. 100 ~-. 070 0.819 0.404 0.598 0.711 0.907
1.02 O. 100 =070 0.819 0.4624 0,413 0.713 0.924
1.04 0. 100 ~. Q70 ¢.819 G. 644 0. 628 0.716 0.944
1.04 Q. 100 ~ 75 0.819 0. &64 O0.643 0.718 0.963
1.08 Q. 100 - Q70 0.819 O. 4684 O. 458 0.721 0.988
1.10 0. 100 —. Q70 0.819 0.704 0673 0.723 1.004

8Yy8 ¥ DSG P DSG © D8G FF gys F 8YS @ 8Y8 PF LOAD V

Q.20 0.120 - 072 0.857 0. 488 0.528 0. 679 0. 810
0.72 0. 120 - Q72 .837 Q.507 0.543 0. 4683 0.829
0.%94 0. 120 ~-. 072 0.857 0.3527 0.557 0. 687 Q. 849
.94 0. 120 ~. 072 0.897 0.344 0.571 0.4691 0.848
.98 0.120 . 072 0.857 D. 565 0.584 0.694 0. 888
1.00 0.120 - Q72 Q. 857 Q. 585 0.8601 0.498 0.207
1.02 0.120 ~ 072 0.837 0. 605 C.b15 0.701 0.927
1.04 0.120 -. Q72 0.857 0. b62G Q. 430 0.704 0.744
1.06 0.120 —=. 072 0.857 0.445 0.645 0.707 0.7664
1.08 . 120 - Q72 Q. 857 0.&65 0. 4660 0.709 0. 985
1.10 0. 120 —~. Q72 0.857 0.485 D.476 0.712 1.005

B-80



L PAGE 18
o UALITY

ORIGIN
OF POOR Q
S¥YS VvV DG P
0.90 0. 140
0.92 . 1490
0.94 0. 140
Q.94 Q. 140
0.98 0.140
1.Q0 0. 140
1.02 0.140
1.04 0.140
1.0646 0.140
1,08 0. 140
1.10 £0.140
SY8 V DS F
.90 0. 1460
Q.92 0.160
Q.94 0.1460
Q.96 0.150
0.98 Q. 160
1.00 Q. 1860
1.02 O.180
1.04 0.160
1.06 0. 160
1.08 Q. 1560
1.1 2.1460
8Ys VvV DSG P
0.90 0. 180
Q.92 0.180
Q.24 0.180
0.94 0.180Q
.98 O.180
1.0Q0 . 180
1.02 0.180
1.04 Q.180
1.04 0.180
1.08 0.180
1.10 0. 180
SYS V DsG F
0,90 0.200
Q0,92 Q. 200
.94 0. 200
Q.96 Q.200
0.98 Q. 200
1.00 0.200
1.02 0.200
1.04 0.200
1.06 0. 200
1.08 Q200
1.10 0.200

DSG @
-, 074
-.074
- 074
-. 074
-, 074
-. 074
- (174
-. 074
- 074
~. 074
-, 074

DSG @
-. 074
- 74
- 074
- 078
~. 074
- 074
-. 076
-. 074
-. 376
-. Q074
- 075

DEGE @
-. 078
-. 078
-. 078
-. 078
—-. 078
-. 078
-. 078
-. 078
-. 078
-, 078
-. 078

DSG &
-. 080
-. 080
—. 80
—-. 080
—. 080
-. 08B0
—-. 080
-. 080
~-. OBO
—. Q80O
—=. 080

TABLE B-XVI, cont.

DATA FOR PV INVERTER
HEAVYI LOAD CASE

DSG PF
0.884
0.8a84
0.884
Q.884
C.,884
0.884
0.884
0.884
0.884
0.884
. 884

DSG FF
0.903
Q.903
0.903
Q.903
0,903
0.903
G203
0.703
0.903
0,903
0.903

DSG PF
0.918
0.918
0.918
0.918
0.918
0.918
0.918
0.918
0.918
0.918
0.918

DSG FF
0.928
0.928
0.928
0.928
0.928
0.928
0.928
0.928
0.928
0.928
0.928

5Y8 P
0. 469
0.488
0.507
0.527
0.%546
0.54646
0. 585
0.4&605
0. 625
0.645
0. bbbk

SYS F
0,450
0.469
0. 488
Q.S07
0,327
0.544
0,564
0.584
0.606
0.4626
0. 646

sYS F
0.431
0.450
0. 449
0.488
0.508
0.527
Q.S547
0.547
0. 587
0.607
0.627

8Ys p
0.412
0.430
O, 450
. 4469
0.488
0,308
0.928
0.547
0.5467
0.587
0.4608

B-81

SYS o
0.551
0,545
0,559
0.574
0.589
0.5603
0.618
0. 633
0. 448
0.6463
0.678

8YS ©
0.533
0.548
0.562
0.977
0,591
0.4604
0.421
0.4635
0. 650
O.hb4
0.4681

8YS8 @
0.334
0. 550
0.565
0.579
0.394
0. 608
0.423
0.&658
. 653
Q. 4668
0. 4683

5YS PF
Q.bb2
Q. 467
0.672
Q.474
0, &80
0. &84
0. 4688
0.4%1
0.46%94
Q. 497
0. 700

SYS PF
0.4645
. 650
0. &84
O.441
0,463
0.470
0.674
0.678
0,482
0. 485
0.489

sYS FF
0D.4626
0,433
0. 639
0. 444
0. 650 .
0. 635
0.&640
0.664
0. 4468
0.672
0.&74

5YS FF
0. 407
0.4614
0.421
0.4628
0.6734
0. 639
0.5645
Q. &50
0. 5654
0. 559
D.663

LOAD ¥
0.811
0.830
Q. 850
0. 8469
0. 889
Q.908
Q.927
0.747
0.9464
. 7984
1.005

L.OAD V
o.812
0.831
0.850
0.870
0,889
0, 09
0.9728
C. 748
Q.947
0.987
1,004

LOAD V
0.813
0.832
Q. 851
0.871
0. 820
0,909
0.929
C.948
0.948
0.987
1.007

LaAD V
D.813
0.833
0.852
0.871
0.891
O.910
Q.930
0.949
0.9468
0.988
1.007



CONSTAMT IMFEDANCE LUOAD

aysa v
£, P60
0, 9
0, 94
9 Jps
.98
1.00
1.02
1.04
1.06
1.08
1.160

TABLE XVII

DATA FOR BASE CASE

GBYs R
D.0hH4
0. Giab
.04
0,072
O, Q75
Q.07
0. 0B2
W, OB
Q. 088
0,092
0.095

LIGHT LOAD

SYS 0
0, 048
. DED
€. QER
0. 054
0. 057
0. 0O%Y
O, 061
e 0D&4
0. 0hé
Q. Q&S
Q.07

aYs R
€, HO0
0. BO0
0.800
2, 8O0
0. 800
£ o
0.800
0, 805
0. 800
. BO0
0. 800

REALIGTIC LOAD REPRESENTATION

8YhH V
0.9
.92
P4
0.2
0.98
1., 00
1.02
1.04
L.0éb
1.08
i.10

aYs P
0. 0a%
0.071
0,073
D.075
Q.77
0. 079
Q.081
0. 083
o085
0. 087
£, 090

8Y&E G
0.082
0. 083
0,085
0. 084
Q. 058
0. 037
aOHl
0,042
0. 064
0. 046
0. 0467

B-82

8Y&8 FPF
0. 800
0. 800
0.800
0. 800
0. 800
0.800
O8O0
0. B0
0. 800
0. BOO
0. B0

ORIGINAL PAGE I8
OF POOR QUALITY

LOAD Vv
0. B92
0w 7122
0.3
O.951
0.971
0.991
1.011
1.0R30
1. 050
1.Q70
1. 0%0

Loan v
0.891
091t
0.931
0. 981
0.771
G.991
1.011
1,031
1.081
1.071
1.0%1



TABLE B-XVII

DATA FOR BASE CASE ORIGIHAL PAGE 13
HEAVY LOAD GF POOR QUALITY

LUMETANT IMFEDANCE LOAD

BYs V SYS oYs a BY8 PF LOAD V

0. 70 0,548 G407 0.800 0. 823
V.92 S IRSTAT-] O 25 0. 800 0.841
0. %4 0. 591 0.44% O BIO0 0.B&6O

e 96 ebl7 Q. 462 £.800 0. B378
[ Q. &a.3 0. 482 £.800 0. 894
1.0 Y Q.502 Q. 800 O.91%

.02 0.4%4 0,522 o B8O Q.F3%
1.04 0. 724 0. S43 0. 800 0.9581
1.06 0,752 0544 0.800 0.969
1.08 0,780 . 585 0. 800 0.988
l.10 0,810 D.&607 0. B0O0 1. 004

REALISTIC LOAD REFRESENTATION

8BYS vV 5Yg P Y8 @ 8Y&8 FF LDAD V

0.92 Qub629 0.472 0. 800 0,831
024 U G488 Q. 486 Q. 800 851
0.4 0. 6468 0L E0 0. B0 0.870
e 0. 687 0,515 0. 800 0. 890
1.0 0,707 0.3 0. =50 Q.09
.02 0.726 0. 345 0. 800 0.72%9
l.04 0.744 0. 540 0.800 0. 948
1.06 Q.74 0. G775 0. 800 Che 6T
1.0 0. 784 0. 3590 0. 800 0.987

1.10 . 807 Q. &605 0. 800 L0

B-83
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APPENDIX C
NEY EXCITER CONIROL

The c¢ase of constant power factor control of DSGs using synchronous
generators was not included in the main text of this report because it
was a special situation and did not represent a common mode of control,
However, it is an interesting case from the point of view of utilities,
Utilities would Iike to be remsomably sure that the power factor does
not deteriorate and fluctuate when DSGs are interconneoted into their
systems, This ouse, therefore, was studied and the results are
tabulated here., Graphica. results are given at the end of Section 3,

The control strategy uses & simple exciter feedback that is obtained by
amplifying an error signal which represents the differcnce between the
output reactive power and a reforence renctive power, The case of
constant power factor control at unity power factor (i,e. zero reactive
power} was analyzed and presented in Sections 2 and 3, Since power
factor is cosine of arctungent of the ratio of reactive power to real
power, the reference reactive power may be set egual to tan ¢ times
power input to the machine or to tan ¢ times power output of the DSG,
where ¢ is the desired power factor angle, Therefore, these two
stretegies give excitation equations

Vi = KG (tan 4, PG-QDSG)
or V1 = KG (ten 4, PDSG-QDSG),
Where KG is a gain constant.
The solution method proceeds as follows (Figure 2-4),

- To simulate voltage control on the distribution system, V5 is
varied from 0.9 to 1.1 pu.

- To simulate input power variations the value of PM, the input
mechanical power. is varied from 0.02 to 0.20 pu. This
represents 20% penetration,

- VI is taken as reference for the calculations, The magnitude
is not Imown at the outset, so a guess is made to provide an
initial starting point, The value of VI is then determined
iteratively.

- A value is guessed for the angle B of VS

- Enowing the lead (terminal) characteristies and VT,
IL is calculated

- Knowing VT and VS, IS is calculated

- Knowing AL and IS, Il is calculated

c-1



- Knowing VT, Zi, and I1, V1 is ocaloulated
- Using VYT nnd X1, PDSG and QDSG are caloculated

- Knowing PG or PDSG and QDSG, excitation voltege V1
is ocanloulated

- With the orror between the two values of magnitude
of V1, the value of VT is updated

- With the updated valuo of VT, all earlier
calculations are roepeated until the convergence
criterion on voltage crror is satisfiod

- With known phasors VT and V1, Il is ocalculated to find
error between the input and calculated vanlues of real
power,

- Based on this error, the angle p is updated.

- ¥With the updated value of B and previously obtained value of
VI, eerlier steps are repeated umtil the convergence criterion
on real power error is satisfied,

- Onco complete convergence is obtained, the required
performance parameters arc calculated and printed,

The solution method is shown in diagram form in Figure C-1.

Table C-I presents the program listing, and Table C-II the data obtained
by running the program,
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SET INPUT POWER
SET Vs

|
>I GUESS SYSTFM VOLTAGE ANGLE
| 9= GUESS TERMINAI, VOLTAGE

W

| |
| SOLVE SYSTEM FOR |
i VOLTAGE CONDITICNS }

SOLVE SYSTEM FOR
POWER BALANCE, TO
FIX ANGLE

h 4

|

| CALCULATE
| AND PRINT
{nmuus

Figure C-1, Method Used to Solve the Distribution System/Synchronous
Machine Problem with the Exciter Contreolled for Constant
Power Faotor



10
20
=50
40
50
&0
70
2]4]
70
100
110
120
130
140
1560
140
170
180
190
191
200
210
220
225
226
230
240
280
240
270
280
%
290
300
S10
S20
o230
340
S50
Sh0
370
380
590
400
410
415
420
430
44

ORIGINAL PAGE 13
OF POOR QUALITY

TAILE C-I
LISTING OF CONSTANT (LEADING) POWER FACTOR FROGRAM

REM FIRFKHAM®S FAMOUS VOLTAGE STURY FILE B:CONPF-THREE
REM
LPRINT "THIS PROGRAM CALCULATES THE CASE OF A S8YNCHRONDUS GENERATOR"
LERINT * COMSTANT POWER FACTOR CONTROLY
REM
REM INITIALIZE
REM
RS = .04

Xs = |

Riz=. 1

ni=t

KE = 100

DREF = ()

VLIMIT = 2.5

Y o= = 002

R = - 5

REM SET THE LOAD TYPE (! FOR RESISTIVE, 2 FOR MORE REALISM)
FOR LTYPE = 1 TO 4 STEF 1

IF(LTYPRE=L) GOTO 225

IF LTYPE = 3 GOTO 225

LPRINT

LFRINT "REALISTIC LOAD REPRESENTATIONY

BOTO 2850

LPRINT

LPRINT

LPRINT "CONSTANT IMPEDANCE LLOAD"

REM SET THE INFUT FOWER

FOR FG = .02 TO .2 STEFP .02

LPRINT

LPRINT

LFRINT "SYS V FIN D&sGE P DEG & DSG FPF 8YS P 8YS @ 8YS PF
EXCITNY

REM GUESS THE VYALUE OF VT

VT = .8é&

REM GUESSE THE ANGLE OF VS5...CALL IT BETA
BETA = 1.447

REM SET THE SYSTEM VOLTAGE
FOR ¥8 = .7 TO 1.1 STEF .02
VITER = ©

DITER = ©

DITER = DITER +1%

VITER = VITER +1

REM CAL.CULATE IL

REM CHECKE THE LOAD TYFE

IF (LTYPE = 1) GOTO 440
IF LTYPE = 3 GOTD 440

N = 1.3

GUTO 450

No=2

-4
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ORIGINAL PAGE 19

0 UALITY
TABLE C-I contd. OF POOR Q

LYSTING OF CONSTANT (LEADING) POWER FACIOR PROGRAM

A4S0 ILR = L08R (VT (N=1))
© 160 ILY = — Q&R (VT (N=1))

1461 IF LTYPE = 3 GOTO 464
162 IF LTYPE = 4 BOTO 444
163 60T 470

164 ILR = 10#ILR

165 ILY = 10#IL1

170 REM WITH IL, Y& AND BETA FIND I2

130 VER = VERCOS(BETA%®3. 14159/ 180)
120 VSI = YEHSIN(BETA®I. 14159/180)
N0 oA = VER=-VT

I10 B = YgI

520 © = RE

i30 D = X8

M0 G08UR 19530
190 IZR = DIVR

60O 121 = DIVI

i70 REM

80 REM NOW FIND I1

170 REM

00 T1R = LR - 18R

11 I11 = ILT - I2I

120 REM NOW WE GOT A VALUE FOR 11, CALCULATE THE VALUE OF Vi
130 A = TIR

40 B = 1171

&0 0 = R1i

&40 D = X1

70 GOEUB 1330

80 Z1IDRR = PRODR

70 Z1DRI = PRODI

00 VIR = VYT 4 ZiDRR

1o VLI = Z1DRI

20 REM

30 REM NOW WE GOT THE VALUE OF Vi:
40 REM

50 MAGBVI= SAR(VIR™2 + V1I2)
& REM

70 REM COMPARE THE CALCULATED VALUE OF DSGR WITH THE VALUE NEEDED ACCORDING TO
HE CONTROLLER EGUATION, AND CORRECT IF NEEDED

80 REM

0 A = VT
00 B = 0

1o C = TiR
20 D = ~T11

30 GOSUB 1330
1440 DSGF = PRODR
FT0 DSGEE = PRODI
560 FRINT DSGE, MAGYL
° +70 PRINT “TERMINAL VOLTS "§VT;" AT VOLTABE ITERATION ";VITER
.. 80 REM USE THE CONTROLLER EQUATION
85 OREF = . 75#DSGR o5
90 V1 = KG*(BREF-DSEE)

44
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ORIGINAL PAGE (9

OF POOR QUALITY
TABLE -1 contd,

LISTING OF CONSTANT (LEADING) POWER FACTOR PROGRAM
210 VERR = MAGVL -~ VI
Q20 PRINT "LINE 920 VERR IS "3;VERR
F30 IF ARB(VERR)«.0OOQOQ1 BOTC 980
?40 VT = VT 4+ KV*VERR

F45 PRINT "LINE 245 UPDATED VT I8 "iVT
730 GOTO 360
P60 REM

970 REM FALL THROUSH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
?80 REM TIME TO CALCULATE THE PFPOWER BALANCE
290 PRINT "S8TARTIMG POWER BALANCE"

1000 A = VIR
loio B = Y1l
102¢ = I1R
1030 D = =111

1040 GOSUB 1330

1050 FIN = PRODR

1060 FERR = PG - FPIN

1070 PRINT "LLINE 1070 PERR 1S "iFERR
1080 IF ABS(PERR)<.0001 GOTO 1130

1090 BETA = BETA + KB*PERR

1100 (GOTO 370

1110 REM FIRST THE DSG FOWER FACTOR
1120 REM

1120 DSGFF = COS{ATN(DSGE/DSGF))

1140 FRINT "LINE 1140 BETA IS "iBETA

1150 REM

1160 REM NQW FOR THE SYSTEM PARAMETERS
1170 A = VT

1180 B = )

1ivo € = I2R

1200 D = -IZ1

1210 GOSUB 1330

1220 8YSP = PRODR

1270 8YSE = PRODI

1240 &YSFF = COS(ATN(SYSR/SYSF))

1250 LPRINT USING "#. ## " Ve

1260 LFRINT USING "i#.### PG DSGRIDSGER: DSGRPF s SYSF SYSR SYSPFi VTS VI
1270 NEXT VB

1280 VT = ,f8é

1290 NEXT FG

L300 NEXT LTYPE

1510 sTOF

1320 REM

1330 REM SUBROUTINE TO FIND COMFLEX PRODUCTS AND DO COMFLEX DIVISIONS

1340 FPRODR = A4 % C - B % D
1350 PRODRI = B % £ + A % D
1360 DEN = (D +D*D

1370 DIVFLG = ©
1380 IF (DEN=0)BOTO 1420
1390 DIVR {A*C + E*D) /DEN
1400 DIVI (BxC ~ A¥D) /DEN
1410 RETURN
1420 DIVFLG = 1
1430 REM CHECK DIVFLG ONM DIVISIONS BY VARIABLES ONLY
1440 RETURN
6

nH
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?E

CONSTANT IMPEDANCE LOAD

5YS v
Q.90
.92
Q.24
0.7
0.98
1.90a
1.2
l1.04
1.06
1.08
1.10

sys vV
0.90
Q.92
0,94
Q.94
0,98
1.00
1.02
1.04
1.04
i.08
1.10

85Ys V
Q.90
Q.92
. 94
0.96
0. 98
1.00
1.02
1.04
1.6
1.08
1.10

Sy¥s v
0, 90
O.92
.74
0.9
0.98
1.00
1.02
1.04
1.06
1.08
1.10

FIN
£0.020
3.020
0,020
0. QR0
Cro 02
0,020
020
0. 020
0,020
U020
0020

F 1Y
O, 040
0040
0.040
€. 040
0.040
Q0.040
e 040
. 040
Q. 040
Q. 040
. 040

P IN
0. 060
0.Q4&0
0. A0
Q. 040
0.080
0. 060
0.0460
Q060
. DA
0.060
0.060

FOIN
0,080
0.080
0. 080
0.080
0L OB
¢, 080
Q. 080
080
CH, 280
Q. 080
. 080

DsG P
0. 020
Q.020
0.020
0.020
0. 020
0,020
0. 020
Q. Q20
0. 020
L0200
G20

DsG P
. Q40
0.040
0.040
Cha Q40
1. 040
0.040
0. Q4D
Q. 040
Q. 0480
. 040
O Q40

nsG F
0,059
G. 0859
0, 60
0. 0G0
Q. 059
0. 059
0. 059
G 0&0
060
Q. 060
Q. Q&0

DSG P
0079
Q.Q79
0.079
0,079
0.079
D.079
0.079
079
0.079
0. Q7%
O.079

DEG G
0. 004
0. 006
. 005
Q.005
0. 005
0,008
0.005
0,005
0. 004
0.004
0.004

DSG @
0. 021
0. 020
O, D20
0.020
0. 020
Q.020
0.019
0.019
.19
0.019
Q.0le

DsG @
0. 035
0. 035
0. 035
0.035
. 034
Q. 034
0,034
0,034
0,054
0,074
0.033

D56 @
0,049
0.049
0,049
0.049
0.04%9
0. 049
0.04%
0. 049
O. 48
0. 048
0. 048

DSG FF
0. 958
0.961
0. 944
o Phb
0. 948
0. P70
0.975
0.977
0.979
0.980

DSG FF
0. 888
0. 890
0.8%1
0n.893
0895
0.897
0. 898
0.900
0.701
0,903
0.5

D&G FF
. 861
0.8&62
0. 863
0,844
Q.866
0.867
0. 8468
0.869
D.870
0.871
0.@372

D&EG FF
0.847
0.848
0. 849
0.830
0.85950
0.881
O.852
0,853
C. 854
0,855
0.B%9s

TABLE C~II
DATA FOR OONSTANT (LEADING) POWER FACTOR CASE

8Ys F
0. 044
0.047
0. 050
0.0T3
0.054
0.059
O, 0462
G, 06T
0. 0&eY
0.072
0,075

ays P
0. 024
0,027
0. 030
0. 037
L
QL0379
0. 043
0.046
. 049
g.0s2
Q.056

8Ys F
0. 00NG
L, 0
0.011
GO.014
D.017
0. 020
0.027%
0.024
0.0
0,033
0.036

8y¥ygs F
-.0114
-, 011
- 008
- QOS5
a2
0.001
O.004
Q. 007
0. 010
O.014
0.017

-7

85YS o
O.42
. 044
0. 047
Q.09
. 052
0. 054
0.057
0.059
0. 042
0,065
0.067

8YS @
0. 028
0. 30
0. 032
Q.35
QL0327
0. 040
0,042
0.045
. 047
0. 050

0.053

SYS &
D.013
0.014
0,018
O Q20
0,023
Q. Q25
0. 028
0. 030
0,033
Q.074
0.039

5YS @
—, Q01
0.001
Q. 004
£2.006
0. 009
a.011
0.014
0.014
0.01%
0,082
0,024

5Ys FF
0.723
0.726
0.729
G731
2,734
G. 734
0,738
0.740
0,742
0.743
Q.745

85YS FBF
. 663
. &H74
0.483
J.691
0.696
O.704
9.709
0.714
0.718
0.722
0.725

SYS FF
0,341
Q0.454
0.516
. S60
¢ 594
0.619
. &38

0,653

D.bbb
0,477
0.&484

5YS FF
0.998
0. 992
D.714
0.6595
L2461
0.048
0,268
0.395
G. 480
0. 536
0.573

LOAD ¥
0.B893
0.917
0,933
0.933
2.972
O 792
1.012
1.032
1.051
1.071
1.0%91

LLOAD V
0. 894
Q.714
0. 935
0. 255
0.975
0.994
1.014
1.034
1.054
1.073
1,093

LOAD V
0.a898
0.918
0.938
0.957
0.977
0.997
1.0164
1.034

e O5G

1.075
1.095

LOAD V
0.201
0. 920
Q. 240
0.940
0.97%9
Q.99
1.01%9
1.0328
1,058
1.077
1,097

ORIGINAL pAGE 1o
OF POOR QuALITY

EXCITN
0. 902
Q.922
0.941
Q.61
Q. PEO
1.000
1.019
i1.038
1.058
1.077
1.097

EXCITN
0. 924
0.9473
0. 262
0.981
1. 000
1.019
1.03E8
1.057
1.074
1.095
1.114

EXCITN
0.944
0.%244
0.983
1.Q01
1,020
1.038
1.057
1,076
1.095
1.11°3
1.132

EXCITN
. 9468
0.9846
1.004
1.022
1.040
1.058
1.077
1.095
1.113
1.132
1.130



5YS V
Q.70
.92
.94
L. 4
0.98
1.00
1,02
1.04
1.064
i1.08
1.10

gsys V
.90
0.92
.94
0.96
0.98
1.00
1.02
1.04
1.048
1.08
1.10

sYs V
0. 90
0.92
0.94
.98
.98
1.00
1.02
1.04
1.06
1.08
1.10

8Ys V
0.70
D.92
.94
0.94
.98
1.00
1.02
1.04
1.048
1.08
1.10

F IN
0. 100
Q. 100
. 100
0. 100
0. 100
0. 100
0100
Q. 100
Q. 100
G 100
0. 100

P IN
0. 120
0. 120
. 120
0,120
0.120
Q.120
0.120
0. 120
0D.120
QL1200
0. 120

F IN
0.140
0.140
0.140
2.140
G.140
0.140
D.140
0. 140
0. 140
0. 140
. 140

F IN
0. 1460
Q. 140
0O.160
Ca 160
. 160
0.160
0 )
0.1460
. 140
0.1460
0. 1460

DeG F
0.098
0.098
G 028
0.093
0,099
0.099
0,099
0. 099
0.099
0. 0997
0.099

D86 F
0.117
0.118
0.118
¢.118
0.118
¢.118
0.118
0.118
0.118
0.118
0.118

nsG F
0.137
0.137
0.137
0.137
0.137
Q. 137
0.137
0. 137
0.138
0. 138
0.138

D&G P
0.156
Q.156
0,156
. 156
0. 1596
Q.17
0. 157
0.1597
0.197
0.157
0.1597

TABLE C-II contd,
DATA FOR CONSTANT {LEADING) POWER FACIOR CASE

NG Q@ DSG PF
. 044 . 839
. 064 0.839
O, 064 0. 840
L0443 0.841
0. Q43 0.841
Q. 067 0.842
0. 063 0.B843
0. 063 0.843
0. 063 0.844
0.0463 0.845
D.042 0.845
DSG & DSG FF
0.078 1. 833
G078 0.834
0.078 0.834
0.078 0.835
0.078 0. 835
0.078 0.836
0077 0.834
0.077 0.837
Q.077 0.837
Q.077 0.838
0.077 0.83%9
DSG @ DSG FF
0.092 0,829
0.092 0.830
0.0 0. B350
0.092 G. 830
Q.092 O.831
0.092 0.831
0. 092 0.832
0. 092 G.B832
0. 092 0. 833
0.091 0.833
O.021 0.834
DSG @ DSG PF
0. 106 0.824
0.104 0,824
0.104 0.827
0.106 0.827
G. 106 0.828
0.1064 0.828
D. 106 0.828
0. 104 0.829
0. 1048 0.82%9
. 106 . 830
0.106 0.830
R
“\\MH%

8Y8 P
-, 33
-, Q30
- 027
-. 024
- 021
-, 018
- 015
-.012
. 09
- 004
- 002

8YSs F
—-. 052
=. 049
~. 044
-.043
—. 041
-.038
. 254
-. 031
~. 028
-. 025
-. 021

8Ys P
-, 071
-. 048
- 065
—-. 062
- 059
~. 57
— . 53
- 050
—. 047
-, 044
—. 040

8Y5 P
- 039
—-. 087
- 084
-, 081
-. 078
~ Q75
- 072
- 069
~. 0bb
— o 063
-. 059

c-8

5Y5 0
- 015
~, 013
-. 010
~. 008
- 005
- QO3
0.002
0. 005
0.007
0.010

8Y5 @
~-. 029
~. 027
—. 024
-. 022
—. 020
=017
-.015
-.012
010
—. 007
—-. 004

8YSs @
—-. 043
-. 041
—. (138
-, 034
—-. (134
=, 031
-. 029
-. 024
-, 024
-. 021
-.018

5Y5 Q@
- QS7
., Q54
—a 052
~. Q50
-. 048
—. 045
-. 043
—a 040
-. 038
—. 035
- 032

SYS FF
0.912
.23
2.9364
0,991
. 949
0.984
0.999
0.984
0.883
Q.615
0. 208

8YS PF
0.874
0.879
0.886
0.893
Q.00
0.909
0.220
0.933
0.247
0.9&4
.981

8Y8 PF
0.B84
0.859
0.863
0.B&b
0.871
Q.875
0.881
0.887
0.874
O 902
0.911

SYs FPF
Q. 845
0.847
0. 890
0.802
0.895
. 858
C.861
Q.86
0.849
0.873
0.B878

Loap v
0.903
0.923
0.942
0.962
0.981
1.001
1.021
1.040
1.060
1.080
1.099

L.aap v
0. 905
0.925
0.945
0.944
0.2B4
1.003
1.023
1.042
1.062
1.082
1.101

LOAD V
0.208
0.927
0.947
0.966
0.784
1.005
1.025
1.044
1.064
1.084
1.103

LoAD V
0.910
Q. 930
0.949
.9468
0.988
1.007
1.027
1.044
1.066
1.08&
1.109

ORIGINAL PAG: res
OF POOR QUALITY

EXCITN
0.990
1.007
1.025
1.043
1.060
1.078
1.094
1.114
1.132
1.180
1.148

EXCITN
1.012
1.029
1.044
1.0&673
1.080
1.098
1.115
1.133
1.151
1.148
1.186

EXCITN
1.034
1.030
1.067
1.084
1.101
1.118
1.135
1.152
1.146%
1.186
1.204

EXCITN
1.056
1.072
1.088
1.104
1.121
1.138
1.154
1.171
1.188
1.205
1,222



5YS V
.70
Q.92
094
0.4
0,98
1.00
1.02
1.04
1.06
1.08
1.10

8sYs VvV
0. 90
Q.92
0.94
O.948
Q.98
1.00
1.02
1.04
1.06
1.08
1.10

REALISTIC LOAD

S¥Y5 V
0.720
Q.92
0.94
0.94
0.8
1.020
1.02
1.04
1.06
1.08
1.10

8ys Vv
Q.90
0.92
0.94
0.94
0.98
1.00
1.02
1.04
1.06
1.08
1.10

F IN
0. 180
0.180
0 180
0.180
0.180
0.180
0. 180
0. 180
0.180
0.180
0.180

F IN
. 200
0. 200
0. 200
0. 200
QO 200
Q. 200
0. 200
0. 200
0. 200
Q. 200
0. 200

FIN
0.020
0,020
0020
Q. Q20
0. 1020
Q020
Q0. 020
0,020
0.020
0.020
0. 020

F IN
0. 040
<. 040
O. 040
Ca 040
£.040
Q.40
0. 0480
. 040
Q. Q40
0.040
0. 080

TABLE C-II contd,

DsG F DSG @ DS6G PF
0.175 Q. 120 0.824
0. 175 0. 120 Q.824
G175 0. 120 . 824
0.175 0.120 0.825
0.175 0. 120 0. 825
0.174 O.120 0.825
G, 174 0,120 O.B826
0.174 Q.120 0,824
0.178 0. 120 0.824
0,176 G.120 0.827
D.174 0.120 0.827

DG P DSGE @ D86 FF
0,193 0.134 0,822
0,194 0. 134 Q.822
0,194 0.134 0.822
0.194 0.134 0.823
0.194 . 134 0.B823
0.194 0.134 0.823
0.194% 0. 134 0.824
0.195 0. 134 0.824
0.195 0. 134 0.824
0.199 0.134 0.824
(194 0. 134 0.825

REPRESENTATION

DS F DEG & DSH PF
0,020 0. 004 0.92%98
0. 020 0.0086 0.941
Q20 O 08 0.9463
0.020 G.Q05 0.946
0. 020 Q. 005 0. 2468
L0240 Q. 008 Q0.970
0.Q20 0. 005 0,972
0,020 O 005 0.974
0.020 0.004 0.974
0.020 Q.004 0.978
Q. 020 0. 004 0.%981

bsiE P DG & DSGE PF
0. 040 0.021 0.8688
0.Q40 . 020 0.890
0.040 0.020 0.892
0.040 Q. 020 0.895%
0.040 0L 020 0,895
0.040 0.020 0.8%94
0.040 0,020 0. 898
Q. 040 Q.019 0. 200
0.040 0.019 0.902
0.040 0.019 Q.903
0.040 0,019 0. 905

8YS F
-. 108
-, 105
-. 103
-. 100
- 097
-, 074
-, 01
-. 088
-, 085
-. 082
-~. 078

8sYs P
-. 124
-, 124
-. 121
-.118
-, 114
-. 113
- 110
-. 107
—. 103
-. 100
—~. 097

sYs F
0.049
0051
W
0.05%
0.057
0.059
0,061
Q.07
0.0465
0.067
O.070

SYS F
O.0T0
OL.032
0.034
0.036
0. 38
0.040
0.042
0.044
0. 046
0.048

0,050

c-9

8Y8 @
~. 070
-. 068
=. 044
-. 0464
= 061
—-. D359
—. 0S4
~. Q54
~. 01
-, 049
~. 44

8ys o
—. 84
-. 082
~. 080
- 077
=075
— Q73
-. 070
-. 0468
—. D465
~. 043
~. Q&0

SYS5 @
0. 044
0.048
0. 049
0. 051
0.055
0.034
0. LSS
0.058
0. 060
0,041
O.04835

8YSs @
.03
Q.03
0,035
0.034
0. 038
0. 040
0.042
.043
0. 045
0.047
0.049

WRIGINYAL s 14
DATA FOR CONSTANT (LEADING) POWER FACTOR cASE ©F POOR QUALITY

SYS FF
. 838
0.840
0.B42
G.843
3. 845
0.847
0.850
0.852
0. 855
. 857
0.841

sYS8 FF
0.8333
0.835
0. B36
0.837
oL 339
Q.840
0,842
0.844
1. 844
.847
0. 8BS

8YS PF
0.731
0.732
0.733
0.734
0.735
0.736
O.737
0.738
0.739
0.740
0.741

85YS FF
0.&685
(. &90
0.494
0.4698
0.701
0,704
Q0.707
0.710
0.713
0.715
0.717

LOAD vV
0,912
0.932
.90
0.971
0. 990
1.010
1.029
1.048
i.048
1.087
1.107

L.OAD ¥V
0.915
0.9234
0.933
0.973
0.992
1,012
1.031
i.051
1.070
1.089
L.10w

LaAD V
0. 895
0,913
0. 932
0. 952
0,972
0.992
1.012
1.032
1.052
1.072
1.092

LOAD V
0.899
0.915
0.935
0. 9255
3.9275
Q. 994
1.014
1.034
1.054
1.074
1.0%4

EXCITN
1.078
1.094
1.109
1.125
1.141
1.157
1.17%
1,190
1.206

1.22%

b ey

1.240

EXCITN
1,100
1.113
1.130
1.144
1.1462
1.177
1.193
1.209
1.225
1.242
1.238

EXCITN
0.902 ’
O.921
0.941
0.9860
. 280
0.999
1.019
1.038
1.058
1.078
1.097

EXCITN
0.924
0.942
0. 941
0.991
1.000
1.019
1.038
1.057
1.074
1.0946
1.115



sSYs V
Q.90
.92
Q.74
0. 76
.78
1.00
.02
1.04
1.046
1.08
1.10

sYsS v
Q.90
0.92
.94
Q.96
.98
1.00
1.02
1.¢4
1.06
1.08
1.10

gSvyg v
O 20
Q.92
.94
Q.94
0. 96
1.00
1.02
1.04
1.06
1.08
1.10

SYSs V
0.90
Q.92
.94
.26
Q.98
1. 00
1.02
1.04
1.046
1.08
1.14

F IN
0. 0&0
0. 0460
D OG0
Q. 060
0. 060
0. 0460
Q.60
0. 0460
0. Qa0
0.060
0.060

P IN
. Q80
. 080
. 380
. 080
0. 080
Q. 080
0. 0H30
. 080
0. O30
0. 080
0.080

F IN
0.100
0. 100
G100
0. 100
0. 100
e 100
0. 100
. 100
Ga 100
. 100
0,100

FooIn
0120
0. 120
D120
0.120
Q. 120
0. 120
. 120
Q0. 120
0. 120
0.120
Q. 120

D&EGg F
0. 059
Q. QE
0.059
0. 060
0. DEHO
0.039
0 QA0
0. 059
0.059
0.0460
Q. 060

DeG
0,079
0. 079
0.079
0.079
D079
Q0.079
0.079
0.079
0.079
Q0.079
0,079

DEG P
0. 098
0,098
0. 079
0. 098
0.099
0.09%9
0. 099
Q. 099
0,099
0. 099
0,099

DsGE F
0.117
0.118
0.118
a.118
0.118
0.118
0.118
0.118
o.118
0.118
0.118

DeG @
A Jot]
Q. 035
0. 035
o, 035
0. 34
0,034
£0.034
0,034
034
Q. 034

0,033

Deg @
0,049
0.049
G, 049
Q. 049
0. 049
0. 049
0.049
0. 048
0.048
0. 048
0. 048

DEG @
0. 0464
0.064
0. 064
0. 0b63
0. 0&3
0.063
0. 063
0. 0467
O, 0463
0.0&3
0,063

DeE &
0O.078
Q.078
G, 078
0.078
0.078
.078
Q.O77
0.077
0.077
0.077
Q.77

TABLE C-II contd,
DATA FOR CONSTANT (LEADING) POWER FACTOR CASE

DsG FF
3.861
0.862
0.863
C.B&4
0. 8465
0.8467
0. 8468
Q. 869
0. 870
0.871
0.872

nsE FPF
. 847
¢.848
0.849
0. 850
. BE0
0.891
0.852
1. BS3
0.854
0. 899
0. B34

DSG FF
D.839
. 839
. B840
0.841
Q.84
.842
0.84%
Q. 847
0.844
<. 843
0,845

nsG6 PR
0. 833
Q.834
0. 834
0.8735
0,835
¢.B834
0.836
0,837
0. 837
0.838
0.83%

8YS P
0.010
0.012
D.014
0.014
0.018
0. 020
.22
0,024
0. 0248
0.028
0, LEE0

5ys F
-, 009
—-. Q07
- DS
-, 003
~, 001
0,001
0. 003
0.000
0. 07
. 009
.01

85YS F
-. 028
-. 024
- LV25
- 022
—~. D20
—-.018
-. 017
-. 015
-2
~. 010
—~. 008

gYy8 P
-~ 047
-~ 045
—. G435
~. 042
-. 040
-. 38
=34
-, 034
—-. 032
—~. 030
~. 028

C-10

SYS @
0.017
0.019
0. 020
0.022
0,024
0.025
D027
0. 029
0. xy
0.032
0. Cr34

8YS @
0. 003
Q. 004
0.004
Q. 008
0. 009
0.011
0.013
0.015
0.014
0.018
0. 020

gYs @
-. 011
-. 010
—. 008
-. DG4
- Q05
=, 003
-. 001
G OO0
0. 002
Q. 004
0. 005

gs¥Ys @
- 025
~, 024
n 022
—-. 021
- 319
-.017
—-. 014
~.014
-.012
- 011
~-. 009

8YS PF
0.511
0.5943
0. 568
. 588
0. 608
0.4620
0.632
0. 4642
C.aSl
0. 4658
0. o465

SYS FPF
Q.955
0. 853
0. 657
Q.398
0. 129
0.071
0.214
G.312
0. 334
0.446
0. 489

aYs8 FF
0.929
C.938
.R49
0.961
0D.974
0.987
0.9%&
1. 000
0. 987
e 939
0.842

8YS FF
.88
C. B8B4G
O, 891
0.894
0. 903
0. 909
G.914
. 924
0.933
.942
0.953

LOAD ¥
0. 894
0.917
0.937
Q. 9257
0.977
0.997
1.016
1.036
1.084
1.076
1.094

LOAD V
0. 200
0.920
0.940
0.959
0.979
0.999
1.019
1.038
1.058
1.078
1.098

LLOAD YV
0.902
.22
0.942
0.9462
0.981
1.001
1.021
1.041
1.040
1.080
1.100

LaaD v
0. 205
0.925
0.944
0. 244
Q.284
1.003
1.023
1.04%
1.0462
1.082
1,102

ORIGINAL PAGE ig
OF POOR QUALITY

EXCITHN
0. 945
G. 964
0,982
1.001
1.020
1.038
1.0857
1.074
1.095
1.114
1,133

EXCITN
3. 9467
0.985
1.003
1.022
1.040
1.058
1.077
1.095
1.114
1.132
1.151

EXCITN
1. 989
1.007
1.025
1.042
1.0860
1.078
1.096
1.114
1,132
1.150
1.16%9

EXCITN

1.01%
1.028
1.044
1.0673
1.080
1.098
1.115
1,133
1.151
1.1469
1.184



sSYSs vV
.20
.92
0.94
0.94
" 0.98
1.90
1.02
1.Q4
1.0646
1.08
1.10

85YSs V
0.90
Q.92
0. 94
.94
0.98
1,00
1.02
1.04
1.0646
1.089
1.10

8YS V
0.90
0.92
.24
.94
.98
1.600
1.02
1.04
1.06
1.08
.16

gYS V
0. 20
0.92
0.94
.96
0. 98
--fli . 00
.00
#1.04
#1.06
+1.08
#l.10

F IN
0140
0,140
0.14¢
C. 140
0. 140
0. 140
0.140
0.140
0.140
0. 140
0. 140

P IN
0. 160
0. 1860
D.1460
Q. 1 a0
0.160
0.140
0. 140
0.1&0
0. 140
0. 1460
0. 160

FIN
0.180
G180
0 180
g. 180
. 180
0.180
0.180
0.180
0.180
0.180
0. 180

F IN
. 200
Q. 200
0. 200

. 200
0.200
Q, 200
0. 200
0. 200
0. 200
0. 200
0. 200

DeEG F
0. 137
0.137
0,337
0. 137
0. 137
. 137
. 137
Q.137
0. 138
0. 138
2. 138

DEG F
. 1546
0. 156
0. 154
0. 156
0. 156
0. 157
0.157
0.157
0. 157
0.157
0. 157

DsSG F
D.175
0.175
0,175
0.175
L1755
0.176
D.17&
Q.176
L1746
0,174
O.l76

bDSG F
0.193
0. 194
0.194
Q.194
. 1324
0.195
0.195
0.195
0.195
0. 195
0.195

DSG &
o, 0e2
. 092
0.092
0.092
0,092
Q0,092
0.092
Q.092
0.092
0.091
0.0

pDSsG @
0. 104
0. 104
0.10646
0. 104
0. 1064
Q. 106
0.106
0. 106
0.104
0. 106
[ T

DSG @
0,120
0. 120
0.120
Q. 120
0.120
0. 120
0,120
0.120
0. 120
0. 120
. 120

D&EGE @
O. 134
0.134
Q. 1754
0. 134
0.134
G. 134
0.134
0.134
0. 1734
0.134
0.1.3534

TABLE C-II contd,
DATA FOR CONSLANT (LEADING) PCWER FACTOR CASE

DEG FF
0.B829
0.830
0.830
Q.830
0.6831
€.831
0. 832
0.832
0.833
0.833
Q.834

DsG FPF
O.826
0.824
0. 827
0.827
0. B28
0.828
0. 828
0.82%
. 829
0.830
0. 830

DSG FF
2. 824
0.824
0.824
0.825
0. 825
0.825
0.8246
0.8246
1. 8264
0.827
0.827

DSG FF
0.822
0.822
0.822
0.827%
0,825
0.823
0.824
(.824
0.824
0.824
0.825

8YSs F
- 044
-. 064
- D62
-. 061
-. 059
- Q57
-. 055
~. 053
- 051
- 045
-.047

BYSs P
—. 035
-. 083
—-. 081
-, Q79
- 078
- Q74
-, 074
- Q72
-. 070
—. 0468
-, Ddb

8¥Ys F
-« 104
- 102
- 100
-, 098
- 0924
-, 095
- 098
-, 091
~-. 089
-. 087
~. 085

8Ys P
-, 122
~. 120
-.119
-.117
-. 115
-. 113X
-. 111
~.110
-. 108
—. 106
~. 104

c¢-11

SYSs 0
- (39
~. 038
. 54
= Q3G
~. Q33
-. 031
= Q30
-.02
= 024
~. 025
. 023

8Ys
=, 053
=. 052
- (L350
=. 049
=047
—~. 043
~-. 044
=-. 042
w041
-\ Q359
- F7

8YS @
—. 067
-, &S
-.0&4
-, 062
~. 041
-, 059
-. 058
—. 054
- . QT
-, Q53
—-. 051

8YS @
—. 081
.79
—. 078
-. 076
- 077G
—-. 073
-, 072
- 70
- 048
- 47
-, 045

8YS FF
0.0860
0.84&2
0.845
0. 868
GL.E72
0.875
0.879
0. 883
0.887
0. 892
. 897

8Ys PF
. 848
0.849
0.891
0.853
0. 855
0. 858
0. 860
0.8462
0. 865
0.8468
.871

8YS FF
. 840
0.841
0.843
C0.844
0.845
0.847
0.849
. B30
O.852
N.854
0.854

8YS PF
0. 8315
C.83546
G.8357
0.828
O.B839
0.840
0.841
0.842
0.844
0.845
G.847

LOAD ¥V
0. P07
G.927
. 944
0. 964
0.98&
1.005
1.025
1.045
1.044
1.084
1.104

LOAD V
D.910
0.929
0.949
0. 9468
0.788
1.008
1.027
1.047
1.048
1.086
1.106

LOAD ¥
0.9212
0.931
. 951
3.R70
. 290
1.010
1.029
1.049
1.0&8
1.088
1.108

LOAD V
0.914
O.934
0.993
0.973
0.992
1.012
1.6031
1.081
1.070
1.090
1.110

ORIGINAL PAGE {9
OF POOR QUALITY

EXCITN
1,033
1.0850
1.0467
1.084
1,100
1.118
1,135
1.192
1.170
1.187

1.208

EXCITN
1.054
1.072
L.088
1.104
1.121
1.138
1.154
1.171
1.1880
1.203
1,223

EXCITN
1.078
1.093
1.109
1.125
1.141
1,158
1.174
1.190
1.207
1.224
1.241

EXCITN
1.10Q0
1.115
1.130
1.144
1.161
1.177
1.193
1.209
1.224
1.242
1.259



CONSTANT IMPEDANCE LOAD

8Ys V
0.90
0.92
Q.94
0.96
.78
1.00
1.02
1.04
1,04
i.08
1.10

5Yy8s V
0,90
0.92
0.974
0. 24
. 76
1.00Q
1.02
1.04
1.046
1.08
1.10

8Ys V
0.90
0.792
3.94
0.96
0. %8
1.00
1.02
1.04
1.06
1.08
1.10

8Ys V
Q.90
Q.92
Q.94
Q.96
0,98
1.00
1.02
1.04
1.06
1.08
1.1

P IN
D.020
0. 020
0. 020
0.020
0. 020
. 020
Q. Q20
0. 020
0.020
0, Q20
0. 020

P IN
0. 040
. 040
G40
0. Q40
0. 040
0. 040
0.040
0,40
0. 0440
G.040
Q. 040

F IN
0. 060
0, 060
1. 060
0. 060
0. D&
0. 040
0. 080
1. Q&0
0, 040
0. 0h0
O.060

FIN
0.080
. QB0
0, 030
Q. 080
O, 080
0.080
0. 080
¢. 080

0. 080

0.080
0.080

DeG P
0.020
Q. 020
0. 020
0,020
0. 020
0,020
1, 020
0. 020
0,020
0,020
0,020

DsG P
0.040
0. 040
0.040
. 040
€. N40
Q. 04¢)
0. 040
0.040
0. 040
0.040
0. 040

DsE F
0.059
Q, 059
0,039
0.059
0.059
0. 089
0.059
0. 0460
0. 060
0. 059
0, 060

DsE P
0.079
0.079
Q.079
0. Q7%
Q.079
0.079
0.079
0.079
0. 079
Q0.079
0.079

naGg @
0. Q07
a, 06
L0046
0.006
0.00648
Q. 006
0. 006
0. Q05
. 005
0.005
0, 00g

DG @
0,021
0.021
0,021
Q. 021
0. 021
G020
0,020
0.020
0. 020
0. 020
0.019

DaG @
. O3h
.36
0.035
Q.03
GRS
0.033
Q.035
0. 0359
0. 055
G, 034
Q. 034

neg @
0. 050
0 QS0
. 50
Q. 050
0,049
. 049
0.049
0. 049
0. 049
., 049
0.049

TABLE C-II contd,
DATA FOR CONSTANT (LEADING) POWER FACTOR CASE

DEG PF
1.949
0.992
0,955
0,957
0.999
0.961
0.9473
0.9664
.968
0.970
0.972

D&8G FF
Q.882
0. 884
0. 885
0.887
0. 888
0,890
0,892
0,893
0. 899
0.894
0.898

DSGE FF
3.897
0. 858
0. 859
Q.B840
.841
0,862
0.8&63
0. 864
0,865
0.847
0.868

DSGE FF
0.844
0.845
0.844
0.847
0.847
0.848
0.849
0.850
0. 8BS0
0.831
0.882

8Ys P
0.524
0.549
0.574
Q.599
0.4620
0.4651
0,678
0.7046
0.734
0.7463
0.792

8YS8 F
0,508
. 532
0. 557
0,382
0. &08
0.435
0.&462
0. &89
0.717
Q0.744
0.775

8Y§ F
0.492
0.516
0.541
0. 5966
0,592
0.619
Q.&644
0,873
0.701
0.730
0.759

8Ys P
0.476
0.500
0.525
0.550
0.59746
C.602
0. 629
0.657
. 685
0.714
0.74%

c-12

8sYS @
0.402
0. 420
0,439
0. 458
0.478
0.498
0.518
0.539
0.560
0O.5982
0. 4604

8YS @
0. 390
. 408
0.427
0O.444
. 444
0.484&
0. SiéE
Q.527
0. S48
Q.570

. 992

SYSs @
0,378
0.394
0,413
O 434
0.454
0.474
. 494
0.515
0.5934
0.958
0. 580

gYs8 @
0. 34646
0. 7384
0. 403
. 422
0.442
0. 4462
. 482
0.503
0. 524
0.544
0.548

ORIGINAL PAGE 19
OF POOR QUALITY

8YS PF
0.794
.794
0.794
0.794
0.774
0.795
0795
0.795
0.795
0.795
0D.795

ayYs PF
0.794
0.794
3.7%94
0.794
0.774
0.7%94
0.7%94
.795
0.795
0.795
0.795

SYS FF
0.793
0.793
0.794
Q.794
0.794
0.794
0.794
Q.794
0.794
0.795
Q0.795

SYS FF
0.79%
0.793
0.793
0.793
0.794
0.794
0.774
0.774
0.794
0.794
Q.794

LOoAD V
0.825
0.845
0.861
0.880
0.898
0.9214
0.934
0.952
0.971
0.989
1.007

LOAD
0.827
O.846
0. 844
0. 882
O a FLHD
0.9218
Q. 737
0.955
0.973
0.991
1.009

.0AD V
0.830
0.848
0. Bbb
0. 884
0.702
. 921
0.7939
Q.9257
0.975
0. 993
1.011¢

LOAD V
0. B32
0.8350
0.869
. 887
0.905
0.923
0.941
0. 959
0.977
0.995
1.014

EXCITN
0.8346
0. 853
0.871
0,889
0D.907
0. 925
0.943
0.760
0.978
0.996
1.014

EXCITN
0.859
0.876
0.B894
0.911
. 928
3.2464
0.943
0.981
. 998
1.0164
1.033

EXCITN
0. 882
(1. 899
0.914
0.933
G730
0.967
0.984
1.001
1.018
1.035
1.083

EXCITN
N.9046
0.923
0.939
0.955
0.972
.98
1.00%
1.022
1.038
1.005
1.072



TABLE C-IY contd,
DATA FOR CONSTANT (LEADING) POWER FACIOR CASE QoA © 0 |
SLO0 CUALY
EYS vV P IN DSG F DSG @ DSG PF SYS P SYS @ svéaié- LOAD V' EXCITN
0.90 0.100 0.098  0.0484 0.836 0,499 0,354  0.792  0.835  0.930
0.92 0.100  0.098 0.064 0.837 0.484 0.372 0.793 0.853 0.944
0.94  0.100 0.098 0.0464 0.838  0.509 0.391 0.793  0.871 0.961
0.96 0,100 0,098 0.044 0.838 0.534 0.410 0.793  0.889 0.977
0.98  0.100 0.098 0.0464 0.839 0.560  0.430 0.793 0.907  0.993
1.00  0.100 0.098 0.064 0.839 0.586 0.450 0.793  0.925  1.009
1.02 0.100 0.099 0.064 0.B40  0.613  0.470 0.7%4  (0.943 1,024
1.04 0,100  0.098  0.063  0.841 0.441 0.491 0.794  0.941 1.042
1.06 0.100 0,098  0.083  0.841 0.46469 0,512 0.794 0.97%9 1. 058
1.08  0.100 0.099 ©0.083 ©0.842 0.6%97 0.534 0.794 0.997 1.07%
1.10 0.100 0.099 0.063  0.843 0.726 0.59546 0.794 1.014 1,091

sYs v FIN DsG P DSG @ DSG FF 8YS F gYS8 @ SYS PF LOAD V EXCITN
0.0 0.120 0.117 O.078 0.831 0.444 0.342 0.792 0.837 0.254
C.92 . 120 Q.117 0.078 0.832 0. 448 0.3461 0.792 0. 855 0.946%
.94 0. 120 0.117 0. 078 0. 832 0. 493 0.379 0.7%2 0.873 0.984
0.96 C.120 ¢.117 0.078 ©.833 0.518 0.398 0.793 0.8%1 1.000
0.98 0.120 a.118 0.078 0.8353 0.5344 0.418 0.793 0. 709 1.013
1.00 0120 0.118 0.078 0.834 0.570 0.438 0.793 0.227 1.031
1.02 0. 120 o.118 ©.078 ¢. 834 0.597 0.458 0.773 0.945 1.047
1.04 0. 120 ¢.118 0.078 0.835 0. 625 0.479 Q0.793 Q.43 1.063
1.064 0.120 0.118 0.078 0.835 0. 653 0. 500 0.794 0.781 1.078
1.08 0.120 0.118 0.078 0.834 0.46681 0.522 0.7%4 .999 1.094
1.10 0.120 2.118 0.077 . 836 0.710 0.544 0.794 1.018 1.111

8Ys Vv F IN DeG P DSG @ DSG PF 8YS P 8YS @ SYS PF LOAD V  EXCITN
0.0 0.140 0.134 0.092 0.8a28 0.428 0331 0.791 0.840 0.978
0.72 0.140 0.1348 0.092 0.828 0.452 0.34% 0.792 ¢. 858 0.992
0.%4 0. 140 0. 134 0,092 0.828 0.477 0.348 0.792 0.875 1.007
0.%& 0.140 0.137 0.0%2 0.829 0.502 Q.387 0.792 0.893 1.022
.98 Q. 140 0.137 0,092 0.829 0.528 . 4064 0.792 .911 1.037
1.00 0.140 0.137 0.092 0.830 0.5594 0.424 0.79% 0.929 1.052
1.02 0.140 0.137 0,092 0.830 0.3581 Q. 447 0.793 0.947 1.0468
1.04 0.140 0. 137 0,92 0.830 . &09 0.447 0.793 0. 985 1.083
1.04 0. 140 0. 137 0.092 0.831 0. &37 0. 488 0.793 0.784 1.099
1.08 0.140 0.137 0.092 0. 831 0.665 0.310 0.794 1.002 1.114
1.10 0.140 04,137 0.092 0.832 0.6%94 0.532 0.794 1.020 1.130

sSYs V P IN DSG F DEG & DSG FF 5Ys P 8YS @ §YS PF LOAD V EXCITN
0.F0 0160 ¢. 155 0,106 0.825 D.412 0.319 D0.791 0.842 1.001
0.92 0.160 0. 155 0.106 0.825 G.436 0.337 0.791 G.860 1.015
0.24 e 160 0.155 0. 106 Q. 823 0.461 0.336 0.771 0.878 1.030
0.%64 0.1460 0.156 0.104 0.826 ¢. 484 .37 G.792 0. 894 1.044
0.98 0.140 0.156 0. 106 0. 824 0.512 0.395 0.792 D.214 1.0539
1.00 0.140 0. 156 0,106 0.826 0.538 0.415 0.792 0.932 1.074
1.02 0. 160 0.156 0.10& 0.827 0.545 0.435 0.7793 0.950 1.089
1.04 0. 140 0.136 0.104 0.827 0.593 0.456 0.793 0.968 1.104
1.06 0.160 0. 154 0.104 0.828 0.621 0.477 0.793 0.984 1.119
1.08 G.160 0.157 0.106 0.828 0.649 0.498 Q0.793 1.004 1.134
1.10 0.1460 0. 157 0.106 0.828 0.678 0,920 0.7%4 1.022 1.14%9

C-13



gsYys Vv
0.%90
0.92
0.94
0.94
Q.98
1.00
1.02
1.04
1.06
1.08
1.10

8ys v
.90
.92
0.94
.94
.78
1.00
1.02
1.04
1.06
1.08
1.10

REALISTIC LOAD

Sys v
.90
0.92
.94
.96
.98
1.00
1.02
i.04
1.04
1.08
1.10

5Ys v
0.920
.92
0.94
0.946
.78
1.00
1.02
1.04
1.04
1.08
L1

P IN
0.180
0. 180
0. 180
0.180
0.180
0. 180
0.180
0.180
. 180
0.180
0. 180

F IN
0. 200
Q0. 200
. 200
Q. 200
O 200
0.200
0. 200
0. 200
0. 200
Q. 200
0, 200

P IN
Q. CH20
0. 020
. 020
0. 020
0. 020
0.020
0,020
Q. Q20
0. Q20
0. 020
0. Q20

P INM
0.040
0. Q40
0. 040
Q. 040
0040
G. 040
Ch 040
0.040
. 040
0.040
0. 040

TABLE C~II contd.
DATA FOR CONSTANT (LEADING) POWER FACTOR CASE

D&G P DEG & D86 PF
0.174 0. 120 0.823
0.174 0. 120 0.823
0.174 0.120 0.825
0.174 . 120 0.824
0.175 0. 120 0.824
0.173 0.120 0. 824
0,175 0.120 0.8:24
0.175 0.120 0.825
0,175 0.120 0.825
0.176 0. 120 0.825
. 176 0. 120 0.826

nsG P DSG @ DSB FF
0. 192 0. 134 0.821
Q0.193 0. 134 0.821
0.193 . 134 0.821
0. 193 . 134 0.822
0. 193 0.134 0. 822
¢. 194 0. 134 0. 822
O.194 0. 134 0.822
0.1%4 0.134 0. 827
0. 194 0O.134 G.B823
0.194 . 134 0. 823
0.195 e 1734 0.823

REFRESENTATION

DsG F DSG @ DSG FF
0.020 0007 0. 248
0,020 G007 0.9251
0. 020 D.O0G . 953
0. 020 0.008 0. 954
0. 020 .04 0.9258
0.020 0. 004 0.960
D.020 (W ¢ a1 . 962
Q. 020 G O05 0.964

0. 020 0. 005 . 960
0. 020 0. 000 0.970
0. 020 0. 005 0.972

DSG F D&EG @ DSG PF
0.040 0,021 0.881
0. 040 0.021 0.883
. 040 0.021% 0. 885
Q0,040 G021 0. 886
0.040 D.021 0. 888
O 040 0. G20 0.890
0. 040 0L Q20 0.8%91
0. 040 0. 020 1.893
0. 040 (. Q20 ., @95
G240 L. D20 . 894
0.040 0.019 0. 898

sYe P
0. 394
0. 421
0. 445
Q0.470
0.4%96
0.523
0. 550
0.577
0, 405
0.4633
0,462

8YS F
0.38¢L
0. 405
D.430
G 455
0.481
Q. 507
0.534
0.341
0, SE9
0.4618
0. &47

SYSs F
0. 5692
D.bil
0. &30
0.6530
0. 6469
0. 488
0.708
0. 728
0. 748
0.748
0.788

SYs P
0.975
Q.594
0.613
0.632
0.602
0.4671
0.621
0.711
0. 730
0. 750
0.771

C-14

8Ys @
0,308
0.328
0.345
0.364
0,383
0.403
3. 425
0. 444
3. 465
0.487
0. 508

8YS @
0.296
0.314
0.333
0..352
0. 372
0.391
0.412
0. 432
0. 453
. 475
0.497

5YS @
0.452
0. 467
0.481
0.494
0.1l
0.925
0.540
0.3234
0.5971
0. 986
O.b01

gSYs @
Q.440
Q. 454
0. 469
0.483
0. 498
0.513
0.528
0.343
0. 558
0.573
0. 588
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OF POOR QUALITY

8YS FF
0.790
0,791
0.791
0.791
0. 792
0,792
D.792
Q.793
0.793
Q.793
0.793

8YS8 FF
0.789
0,790
0.790
0,791
0,791
0.792
0.792
0.792
0.792
0.793
0.793

8YS PF
0.79%
0.795
0.795
G.795
0. 795
0.793
0.795
0.795
0,795
0.793
QG795

5YS FPF
0.794
0.794
0.774
0.795
0.795
0.795
Q.795
0.795
D.795
0.795
0.793

L.OAD V
0. 844
0,862
3. 880
0.898
D.9214
0.934
0.952
0,970
3,988
1.004
1.024

LOAD W
0.844
0.844
0.882
Q.00
0.9218
0,934
0.954
0.972
0.990
1.008
1,025

LOAD V
G.814
0.833
0.853
0.872
0.891
0.911
.930
0,949
0.946%
0.988
1.008

LOAD V
0.817
. 834
0.855
0.874
0.894
0.913
0.932
Q0,992
0.971
0.991
1.010

EXCITN
1.025
1.039
1.052
1.067
1.081
1.099
1.110
1.124
1.139
1.154
1.16%9

EXCITN
1.04%9
1.062
1.073
1.089
1.103
1.116
1,131
1.145
1.159
1.174
1.189

EXCITN
0.B28
.844
0.843
0.881
0. 200
0.919
0,938
Q0.957
0.976
0.994
1.015

EXCITN
. 849
G.847
0. 883
.04
0.e22 7
0.941
0,799
0,978
0.994
1.015
1,034
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OF POOR QUALITY

BYs V
0, 70
O- 92
.94
0.96
.98
1.00
1.02
1.04
1.04
1.08
1.10

ays v
0.50
.92
0 " 9(’
.98
1.00
1.02
1.04
1.064
1.08
1.10

5Ys v
0,20
D.92
.74
.94
0.98
1.00
1.02
.04
1.08
1.08
1.10

SYs v
Q.20
0.92
0.94
O P
.78
1.00
1.02
1.04
1.06
1.08
1.10

P IN
0080
0. 080
0. 060
0. 040
1. 0&0
0.0480
. 040
. 0860
.06
0. 0460
0, D&D

F IN
e B0
0.080
0. 080
Q.0B0
. CH30
0.080
C.080
0. 080
. 0BO
0.080
0,080

F IN
0, 100
Q. 100
. 100
0.100
Q. 100
Q. 100
Q. 100
0.100
0.100
Q. 100
0. 100

F IN
D120
0.120
0. 1320
0. 120
0. 120
0. 120
0. 120
0. 120
0.120
0. 120
0.120

DSG P
0. 059
0.0359
0.059
0.059
0.059
Q.05%
0,039
Q. 059
0.060
0.040
0.059

D&E6 F
0,079
Q.07
0.079
0,079
0,079
0.07%9
0.079
0.079
Q0.07%9
0.079
0.079

DG P
0. 098
0.098
0.098
Q.08
0. 098
0.098
0.098
0.098
0,099
0.099
0.099

DEG F
0.117
Q0.117
0117
0.117
0. 118
0.118
0.118
0.118
0.11B
0.118
0.118

TASLE C-II contd,

DATA FOR CONSTANT (LEADING) POWER FACTOR CASE

NsG @
0,038
0. 034
Q0,035
0,035
0. 035
.03
0. 035
0. 035
0.034
0.034
0,034

neE @
{030
{1,030
WL OT0
0.050
3, QG0
0. 04‘?
0. 04
0.04%
.049
0.049
0.049

DSG &
0.064
0.044
0. 0464
0. &4
0. 064
Q.84
0.064
0. 043
0.0863
0.083
0.043

DSG @
0.078
0.078
0,078
0.078
0.078
0.078
0. 078
0.078
0,078
0,078
Q.077

DSG FPF
0. 854
¢. 858
0.859
0.8460
0.861
0.8462
D.B&3
0.8464
0.B&65
0.84b6
0.868

D86 FPF
0.844
0.845
Q. 845
0.844
0. 847
Q.848
(:'. 849
0. 850
0.850
0.851
0.892

D85 FPF
0. 836
0.837
0.837
<.838
0O.BZ9
0.83¢
0. 840
.841
.6841
0.842
0. 847

DsG PF
0.831
0.832
0,832
0.833
0. 833
.834
0,834
0. 835
0.B3S
0.8346
. 836

5YS P
0. 558
0.577
0.59%46
Q.61%
0.4634
0.654
0.4674
Q.693
D.713
0,733

0.753

8YS F
0,541
0.5460
0.579
0.598
0. 617
0,437
0. 4656
0.676
0.694
0.714
0.736

8YS F
0.925
0.543
0. 542
0.581
0. 800
Q. H20
0. &I39
0. 659
0.479
0.498
0.719

gsYs F
0. 508
. 827
0. 544
0. 5485

0.603
0.4622
0.642
G b2
Q. 481
0.701

¢-15

5YS @

0
0
0
o
0
0Q
0
0
o
¢
Q

s

. 427

442

« 456
471
. 485
« SO0
LY
- 930
« 345
» 360
7%

YS @

0.415

o

329

0. 444

0
0

« 458
«A73

0.487

)
Q
0
4]
o

«E02
517
- W32
« 547

- G633

sYS @

0
)
%]
0
0
o]
0

0.

Q
0

0.

o J0O3
417
. 431
444
. 460
475
<490
S09
« 520
et
= hel

8YsS @

0
o]
o
(8]
0
(8]
0
Q
0
0
(]

. 391
L A0T
417
Y
. 448
LASR
477
- 492
- S07
22

" 37

8Y5 PF
0.794
0.794
3.794
€.794
0.794
0.794
0.794
0.794
0.795
0.795
0.79%

5YS PF
0.794
D.794
0.794
0.794
0.794
Q.794
0,794
C.794
.794
0.794
0,794

SYS FF
Q. 793
0.793
0.7973
0.794
0.794
0. 794
0.794
QO.794
0.794
0.794
0.794

SY8 PF
Q0.773
0.793
0.793
0.793
G793
0. 793
0.794
0.794
0.794
Q0.794
0.794

LOAD V
0.B819
D.839
0. 858
0.877
0.896
0.914
0.935
0.954
0.974
0.993
1.012

LOAD v
0. B22
0.841
0. 860
e BHO
.899
0.718
0.937
0. 954
D.976
0.795
1.014

LOAD v
0.825
0.844
0.8683
0.882
0.901
0. 220
e Q40
0. 759
0.7978
0.997
1.017

LOAD V
0. 27
0.844
0.8465
0. 884
0. 204
0,923
0.742
0.941
0.980
0.7999
1.019

EXCITN
0.89732
0.8%1
0.%08
0.925
0. 5744
0.962
0. 980
0.798
1.017
1,058
1.053

EXCITN
0.897
Q.9214
0. 931
0.94%
0. P46
O. 984
1.001
1.01%
1.037
1.055
1.07%

EXCITN .
0. 921
0. 938
0. 954
0.971
0. 738
1,005
1.022
1. 040
1.057
1.075
1,092

EXCITM
0. P45
0.961
0.977
0.994
1.010

1 027

1.044
1.060
1.077
1.094
1.11%



8ys v
Q.70
0.92
0.74
0. %4
.96
1.00
1,02
1.04
1,046
1.08
1.10

8ys v
0,90
Q.92
0,94
.94
Q.98
1.00
1,02
1,04
1h‘:)b
i.08
1.10

gvys v
0.0
0.92
.94
Q.94
0. 98
1.00
1.02
1.04
1,04
1.08
1,10

5Ys V
.90
0.92
0.4
Q.96
.98
1.00
1.02
1.644
1.06
1.08
1.10

P IN
0. 140
0. 140
0. 140
O. 140
0.1490
0.140
0.140
0.140
0. 140
0.140
0,140

# IN
0, 140
0. 1460
0. 160
QO.160
0,140
0. 160
0. 160
0. 160
0.160
0. 1460
. 140

F IN
0.180
0.180
. 1180
0.180
Q.180
0.180
0. 180
0.180
0. 180
0.180
0.180

P I
0. 200
Q. 200
G 200
. 200
0. 200
G200
O 200
0, 200
Qu 200
Q.200
OL200

Dse P
0.134
0.136
0.134
0.137
0. 137
0. 137
0. 137
0.137
G137
Q. 137
0. 137

NG F
D.155
0. 155
0. 155
Q.1564
N. 156
0. 154
0. 154
0. 156
0. 154
Q. 154
0. 157

D86 F
0.174
Q.174
3.174
0.174
0. 175
0,175
0.175
0.175
0.175
0.175
0.176

DSG P
Q.192
G192
0.193
0.193
0. 193
0.194
0. 194
0.194
0.194
0.194
0. 195

DSG @
0.092
0,092
0.092
0.092
0,092
0.092
0,092
0,092
0.092
0.092
0.092

D56 @
Q.106
Q. 104
0. 104
0, 104
00104
0. 104
0. 1048
O 108
0.106
0. 106
0. 104

DEG 7
. 120
G120
D, 120
QL 120
0,120
Q. 120
0, 120
€. 120
0. 120
. 120
0. 120

DSG &
O.134
0. 1734
0.134
0. 134
0.134
0.134
€.134
0. 134
.134
0.134
0.134

TABLE, ¢~XI contd,
DATA FOR CONSTANT (LEADING) POWER FACTOR CASE

DSG PF
0.827
0.828
. 828
0.829
0. 829
0.829
0. 830
0.830
0.8351
0.851
0.832

DSGE FF
0. 825
0. 825
0.B25
0.826
0. 828
0. 826
0.827
0.8927
0.828
Q. 828
0.828

DSG FF
0. 823
0.825
0.82%
0.823
0.824
0.824
0.824
.825
0. B25
O.825

0. 824

DPSG PF
0. 821
n.821
0.821
0.822
0.822
0,822
0.822
0.823
0.823
0,823
0.824

8Ys P
0.492
¢.510
0. 529
0.548
G567
0. 588
0. 404
0,425
0.&645
0.b664
0. 484

8Ys P
. 475
0. 494
D.512
0,531
D550
0. 549
0. 589
0. 608
0.4628
. 448
0. 647

sYs F
0, 459
G477
0.4%4
0,515
0.534
. 553
0.572
0.591
0.611
0.b631
0. 650

8YS F
0.443
0.461
0.480
0.498
L0517
0.5356

D.355

.979
0,594
0.614
0.4634

16

SYS @
0.378
0,303
0. 407
0.421
0,435
0.450
0. 465
0. 480
. 494
Q. 509

O 525

8Yys Q
0.346
0, 380
0. 395
Q. 409
0. 4273
Q.438
0,452
0. 367
0.482
0. 497

0.812

5YS @Q
0,354
0.368
0,387
0- :’597
.41l
0. A25
0. 440
0. 455
0.470
0.485
1. 499

5Ys @
0. 343
0. 356
0370
0.3859
0. 399
0.413
0,428
0.443
0.457
0.472
0. 487
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8YS PF
0.792
0.793
0.793
0.793
0.793
0.793
0.793
0.793
0.793
0.794
0.794

SYS FF
Q0.792
Q. 792
0. 792
Q0.7%2
.79
0.793
0.793
Q.79%3
0. 793
0, 793
.79

8YS FF
0.791
D792
0. 7%2
Q.792
0.792
0.792
0.793
Q.793
0.793
0.793
D.793%

8YS FPF
0.7%91
0.791
D.791
0.792
0.792
0.792
D.792
D.792
D.793
Q.795
0.793

LOAD V
0,830
). 849
0.848
0,887
0. 904
0,925
3.944
0,963
0.982
1.002
1.021

LLOAD V
0.832
0.851
0.870
0. 869
0.708
0. 927
3,944
Q.945
0.985
1.004

1.023

.OAD V
0.835
0.854
0.873
0,892
0n.911
0.930
0. 749
0.9468
0. 987
1.004

1.025

LOAD V
0.837
0,854
0.879
0.894
0,913
Q.932
0. 9351
2.970
0. 989
1.008
1.0927

OF POOR QUALITY

EXCITN
0.970
. 985
1.001
1.017
1.032
1.049
1. 04865
1.081
1.098
1.114
1.131

EXCITN
0.994
1.009
1.024
1.029
1.055
1.070
1.084
1.102
1.118
1.134
1.151

EXCITN
1.018
1.032
1.047
1.062
1.077
1.092
1.107
1.123
1.138
1.154
1.170

EXCITN
1.042
1.086
1.070
1.084
1.099
1.113
1.128
1. 145
1.159
1.174
1.190



	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A04_.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf
	0001C12.pdf
	0001C13.pdf
	0001C14.pdf
	0001D01.pdf
	0001D02.pdf
	0001D03.pdf
	0001D04.pdf
	0001D05.pdf
	0001D06.pdf
	0001D07.pdf
	0001D08.pdf
	0001D09.pdf
	0001D10.pdf
	0001D11.pdf
	0001D12.pdf
	0001D13.pdf
	0001D14.pdf
	0001E01.pdf
	0001E02.pdf
	0001E03.pdf
	0001E04.pdf
	0001E05.pdf
	0001E06.pdf
	0001E07.pdf
	0001E08.pdf
	0001E09.pdf
	0001E10.pdf
	0001E11.pdf
	0001E12.pdf
	0001E13.pdf
	0001E14.pdf
	0001F01.pdf
	0001F02.pdf
	0001F03.pdf
	0001F04.pdf
	0001F05.pdf
	0001F06.pdf
	0001F07.pdf
	0001F08.pdf
	0001F09.pdf
	0001F10.pdf
	0001F11.pdf
	0001F12.pdf
	0001F13.pdf
	0001F14.pdf
	0001G01.pdf
	0001G02.pdf
	0001G03.pdf
	0001G04.pdf
	0001G05.pdf
	0001G06.pdf
	0001G07.pdf
	0001G08.pdf
	0001G09.pdf
	0001G10.pdf
	0001G11.pdf
	0001G12.pdf
	0001G13.pdf
	0001G14.pdf
	0001G15.pdf
	0002A01.pdf
	0002G06.pdf
	0003A01.pdf
	0003A02.pdf
	0003A03.pdf
	0003A04.pdf
	0003A05.pdf
	0003A06.pdf
	0003A07.pdf
	0003A08.pdf
	0003A09.pdf
	0003A10.pdf
	0003A11.pdf
	0003A12.pdf
	0003A13.pdf
	0003A14.pdf
	0003A15.pdf
	0003B01.pdf
	0003B02.pdf
	0003B03.pdf
	0003B04.pdf
	0003B05.pdf
	0003B06.pdf
	0003B07.pdf
	0003B08.pdf
	0003B09.pdf
	0003B10.pdf
	0003B11.pdf
	0003B12.pdf
	0003B13.pdf
	0003B14.pdf
	0003C01.pdf
	0003C02.pdf
	0003C03.pdf
	0003C04.pdf
	0003C05.pdf
	0003C06.pdf
	0003C07.pdf
	0003C08.pdf
	0003C09.pdf
	0003C10.pdf
	0003C11.pdf
	0003C12.pdf
	0003C13.pdf
	0003C14.pdf
	0003D01.pdf
	0003D02.pdf
	0003D03.pdf
	0003D04.pdf
	0003D05.pdf
	0003D06.pdf
	0003D07.pdf
	0003D08.pdf
	0003D09.pdf
	0003D10.pdf
	0003D11.pdf
	0003D12.pdf
	0003D13.pdf
	0003D14.pdf
	0003E01.pdf
	0003E02.pdf
	0003E03.pdf
	0003E04.pdf
	0003E05.pdf
	0003E06.pdf
	0003E07.pdf
	0003E08.pdf
	0003E09.pdf
	0003E10.pdf
	0003E11.pdf
	0003E12.pdf
	0003E13.pdf
	0003E14.pdf
	0003F01.pdf
	0003F02.pdf
	0003F03.pdf
	0003F04.pdf
	0003F05.pdf
	0003F06.pdf
	0003F07.pdf
	0003F08.pdf
	0003F09.pdf
	0003F10.pdf
	0003F11.pdf
	0003F12.pdf
	0003F13.pdf
	0003F14.pdf
	0003G01.pdf
	0003G02.pdf
	0003G03.pdf
	0003G04.pdf
	0003G05.pdf
	0003G06.pdf
	0003G07.pdf
	0003G08.pdf
	0003G09.pdf
	0003G10.pdf
	0003G11.pdf
	0003G12.pdf
	0003G13.pdf
	0003G14.pdf
	0004A02.pdf
	0004A03.pdf
	0004A04.pdf
	0004A05.pdf
	0004A06.pdf
	0004A07.pdf
	0004A08.pdf
	0004A09.pdf
	0004A10.pdf
	0004A11.pdf
	0004A12.pdf
	0004A13.pdf
	0004A14.pdf
	0004B01.pdf
	0004B02.pdf
	0004B03.pdf
	0004B04.pdf
	0004B05.pdf
	0004B06.pdf
	0004B07.pdf
	0004B08.pdf
	0004B09.pdf
	0004B10.pdf
	0004B11.pdf
	0004B12.pdf
	0004B13.pdf
	0004B14.pdf
	0004C01.pdf
	0004C02.pdf
	0004C03.pdf
	0004C04.pdf
	0004C05.pdf
	0004C06.pdf
	0004C07.pdf
	0004C08.pdf
	0004C09.pdf
	0004C10.pdf
	0004C11.pdf
	0004C12.pdf
	0004C13.pdf
	0004C14.pdf
	0004D01.pdf
	0004D02.pdf
	0004D03.pdf
	0004D04.pdf
	0004D05.pdf
	0004D06.pdf
	0004D07.pdf
	0004D08.pdf
	0004D09.pdf
	0004D10.pdf
	0004D11.pdf
	0004D12.pdf
	0004D13.pdf
	0004D14.pdf
	0004E01.pdf
	0004E02.pdf
	0004E03.pdf
	0004E04.pdf
	0004E05.pdf
	0004E06.pdf
	0004E07.pdf
	0004E08.pdf
	0004E09.pdf
	0004E10.pdf
	0004E11.pdf



