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When a small generator is connected to the distribution system,
the voltage at the point of interconnection is determined largely by

the system and not the generator. This report examines the effect on
the generator, 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 exciter control 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

renewable resources) is explored. as well as the effect of connecting
and disconnecting the generator 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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^î ^	

I



Table
	

Page

B—VI	 Data for Synchronous Machine, Constant Excitation
	

B-27
Heavy Load Case.

B—VII	 Data for Induction Machine Light Load Case. 	 B-32

B—VIII	 Data for Induction Machine Heavy Load Case. 	 B-3 7

B—IX Data for Inductor Machine, Power Factor Corrected B-42
Light Load Case.

B—X Data for Inductor Machine, Power Factor Corrected B-47
Heavy Load Case.

B—XI Data for Inverter, CEA Control Light Load Case. B-52

B—XII Data for Inverter, CEA Control Heavy Load Case. B-57

B—XIII Data for Inverter, CEA — Compensated Light B-62
Load Case.

B—XIV Data for Inverter, CEA — Compensated Heavy B-67
Load Case.

B—XV Data for PV Inverter, Light load Case B-72

B—XVI Data for PV Inverter, Heavy Load Case B-77

B—XVII Data for Base Case, Light Load Case B-82

B—XVIII Data for Base Case, Heavy Load Case B-83

C—I Listing of constant (leading) power factor program C-4

C—II Data for constant (leading) power factor case C-7

vii
t



^amavw. nv-.. .	
A
	

^y 1'

A
t

LIST OF FIGURES

Figure Pnae

1-1, An Ac Generator Supplying Power to a Load, 1-3

1-2 Vector Diagram for Circuit of Figure 1-1. 1-4

1-3 Typical Power/Voltago Characteristics of Power System 1-8
Load.

1-4 Power System	 Circuit	 Diagram	 and Values Used	 to 1-10
Illustrate Solution Method.

1-5 Power	 System	 Circuit	 Diagram	 and Values	 Used	 to 1-13
Illustrate Solution Method.

2-1 Thevenin Equivalent for Generation or Transmission 2-2
System.

2-2 Equivalent Circuit for Distribution System. 2-4

2-3 Real and Reactive Power as a Function of Voltage for 2-7
the Different Load Models, Normalized.

2-4 Equivalent Circuit	 of	 Distribution	 System	 with 2-11
Synchronous Generator.

2-5A Vector Diagram for Synchronous Machine with Constant 2-13
Voltage Exciter and Heavy Load (Vs = 1.0 p.u.).

2-5B Vector Diagram for Synchronous Machine with Constant 2-13
Voltage Exciter and Heavy Load (Vs = 0.9 p.u.).

2-6 Method Used to Solve Distribution System/ Synchronous 2-14
Machine Problem with the Exciter Controlled 	 for
Constant Terminal Voltage.,

2-7 Equivalent Circuit of an Induction Machine. 2-16

2-8 Circuit	 of	 Induction	 Generator	 Connected	 to 2-18
Distribution System.

2-9 Vector Diagram of System with Induction Machine. 2-19

	

2-10	 Solution Method for the Distribution System/Induction 2-20
Machine Problem,

	

3-1	 Load Voltage as a Function of Input Power, Vs = 1, 3-4
Synchronous Machine with Constant Voltage Exciter.

viii
	

4



i
`M
T

Q
.I

Figure

3-2

3-3

3-4

3-5

3-6

3-7

3-8

3-9

3-10

3-11

Pnae

DSG Reactive Output as a Function of System Voltage, 3-5
Synchronous Machine with Constant Voltage Exciter.

Load Voltage as a Function of System Voltage, 3 -6
Synchronous Machine with Constant Voltage Exciter.

Excitation as a Function of System Voltage, 3-7
Synchronous Machine with Constant Voltage Excitor.

DSG Output Power as a Function of System Voltage, 3-8
Synchronous Machine with Constant Voltage Exciter.

DSG Power Factor as a Function of System Voltage, 3-9
Synchronous Machine with Constant Voltage Excitor.

System Power Factor as a Function of System Voltage, 3-10
Synchronous Machine with Constant Voltage Exciter.

System Reactive Power as a Function of System 3-11
Voltage, Synchronous Machine with Constant Voltage
Exciter.

Load Voltage as a Function of Input Power, Vs = 1. 3-13
Synchronous Machine with Constant Reactive Exciter.

Excitation as a Function of System Voltage, 3-14
Synchronous Machine with Constant Reactive Exciter.

Lead Voltage as a Function of System Voltage, 3-15
Synchronous Machine with Constant Reactive Exciter.

	

3-12	 DSG Power Factor as a Function of System Voltage,	 3-16
Synchronous Machine with Constant Reactive Exciter.

	

3-13	 System Power Factor as a Function of System Voltage,	 3-17
Synchronous Machine with Constant Reactive Exciter.

	

3-14	 DSG Power as a Function of System Voltage, 	 3-18
Synchronous Machine with Constant Reactive Exciter.

	

3-15	 Load Voltage as a Function of Input Power, VS = 1 	 3 -20
Synchronous Machine with Constant Excitation.

	

3-16	 Load Voltage as a Function of System Voltage,	 3 -21
Synchronous Machine with Constant Excitation.

	

3-11	 DSG Power Factor as a Function of System Voltage,	 3 -22
Synchronous Machine with Constant Excitation

ix
l

t



J

e

'I

ty Figure PaRe

3-18 System Power Factor as a Function of System Voltage, 3-23
' Synchronous Machine with Constant Excitation

' 3-19 DSG Power as a Function of System Voltage, 3-24
Synchronous Machine with ConiFiAtnt Excitation.

i
3-20 DSG Reactive Power as a Function of System Voltage, 3-25

Synchronous Machine with Constant Excitation.

3-21 System Reactive Power as a Function of System Voltage, 3-26
Synchronous Machine with Constant Excitation.

3-22 Load Voltage as a Function of Input Power, VS = 1 3-28
Induction Generator. j

s
3-23 DSO Reactive Power as a Function of System Voltage, 3-29

Induction Generator.

's" • 3-24 Slip as a Function of System Voltage, 3-30	 t
r Induction Generator.

3-25 DSG Power Factor as a Function of System Voltage, 3-31
e Induction Generator.

3-26 System Power Factor as a Function of System Voltage, 3-32
Induction Generator.

3-27 Load Voltage as a Function of System Voltage, 3-33
Induction Generator.

3-28 DSG Output Power as a Function of System Voltage, 3-34
Induction Generator.

3-29 Load Voltage as a Function of Input Power, VS = 1 3-37
Compensated Induction Generator.

3-30 DSG Reactive Power as a Function of System Voltage, 3-38
Compensated Induction Generator.

3-31 Slip as a Function of System Voltage, Compensated 3-39
Induction Generator.

3-32 DSG Power Factor as a Function of System Voltage, 3-40
Compensated Induction Generator.

3-33 System Power Factor as a Function of System Voltage, 3-41
Compensated Induction Generator.

x
	

L

7:.



n.

Figure	 n e

3-34	 Load Voltage as a Function of System Voltage, 	 3-42
Compensated Induction Generator.

3-35	 DSG Output Power as a Function of System Voltage,	 3-43
Compensated Induction Generator,

3-36

	

	 System Reactive Power as a Function of System Voltage, 3-44
Compensated Induction Generator.

3-37	 Load Voltage as a Function of Input Power, VS = 1 	 3-46
CEA Inverter.

3-38	 Load Voltage as a Function of System Voltage,	 3-47
CEA Inverter.

3-39	 System Power Factor as a Function of System Voltage, 	 3-48
CEA Inverter.

3-40 Load Voltage as a Function of Input Power, VS = 1 3-50
Compensated CEA Inverter.

3-41 DSG Reactive Power as a Function of System Voltage, 3-51
Compensated CEA Inverter.

3-42 System Power Factor as a Function of System Voltage, 3-52
Compensated CEA Inverter.

3-43 Load Voltage as a Function of Input Power, VS = 1 3-54
Photovoltaic type Inverter

3-44 Load Voltage as a Function of System Voltage 3-55
Photovoltaic type Inverter

3-45 System Power Factor as a Function of System Voltage 3-56
Photovoltaic type Inverter

3-46 Reactive Power as a Function of System Voltage for 3-58
the Eight DSG/Excitor Typos Modelled.

3-47 Reactive Power as a Function of Real Power for the 3-60
Eight DSG/Exciter Typos Modelled.

3-48 Load Voltage as a Function of Input Power, VS = 1 3-72
Loading Power Factor Machine.

3-49 Excitation as a Function of System Voltage 3-73
Leading Power Factor Machine.

xi



i

Figure 	 Paao

3-50	 Load Voltage as a Function of System Voltage 	 3-74
Loading Power Factor Machine.

3-51	 DSG Power as a Function of System Voltage	 3-75
Loading Power Factor Machine.

C-1	 Method Used to Solve the Distribution System/ 	 C-3
Synchronous Machine Problem with the Excitcr
Controlled for Constant Power Factor.

xii

!ii



i

0

SECTION 1

INMDG CSION

DSG Voltage Control

Dispersed Storage and Generation (DSG) Systems such as hydroelectric,
solar thermal electric, photovoltaic, wind, storage battery,
hydroelectric pumped storage and co—generation systems have some common
and some distinctive attributes. Three attributes that DSOs 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
economically connected to the distribution system or to the
subtransmission system of a large utility network. Throo attributes

which tend to make DSGs different from one another are: (1) some of DSO
technologies are proven while others are still maturing, (2) some DSG

technologies use conventional turbino—gonorators for energy conversion

while others use electronic ac—dc—ac or do—dc conversion to obtain
utility—grado so power, and (3) their individual control systems are
quite different. Of course, cost factors may also differ significantly.

Based on those commonalities and differences among DSG technologies, it
is evident that, for a significant penetration, a large number of those

DSGs will be required and connected at the distribution or
subtransmission level of the utility power system. Their individual and
aggregate b5$.Pvior during system steady—state or transient conditions

will be dts'fssr! t, and their desirability or value as a source of power

in tornti of busbar energy cost (MWoh) will be different since this
cost in dependent on the status and typo of technology used in energy

conversion.

The flow of real and reactive power is related to frequency and voltage.

If a DSG has independent voltage control capability, it can be operated
cooperatively with any method of voltage control on the existing power
system. 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 largo generating

plants are routinely studied. However, DSGs present a now class of
problems since their size is small, since there 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 conventional generators. A study of
the affect of DSG sroltage control has not been performed in any detail.

The objective of this study is to examine the effects of voltage control
in utility—interaetivo DSGs. To that end, several DSG types have been
mathematically represented according to certain assumptions and the
impact of voltage control on real and reactive power flow and on power

factor is evaluated.

1
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Relatiouship Between Voltage and Reactive Power

Considee an so generator with output voltage E& supplying real power P,
and reactive power a, to a load over a lino of impedance R+jX at a

terminal voltage, VLO, as shown in Figure 1-1. The relationship between
}.	 the various quantities is shown in the vector diagram of Figure 1-2.
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From Figures 1-1 and 1-2, it is found that

E2 - (V + RI cos d + XI sin 6)2 + (XI cos b - RI sin 6)2

where b is the power factor angle and I is the load current.

But	 P - VI cos b

and	 Q - VI sin b

Therefore,

2	 2
E2 = (V + RP V XQ ) + ( XP V RQ)

For small S, V + AV > SV

E_V + RP+XQ ,
Therefore,	 V

and	 AV = E - V - RP V XQ	 (1.1)

Also,	 & _ sin-' (
XP 

VERQ)

When R = 0 and E is fixed, using equation 1.1 it can be shown that

V = E + (E2 - 4XQ) 1 /2
2

or

	

	 V _ E - QX
	

(1.2)

E

Therefore from equations 1.1 or 1.2, it is evident that the reactive

power flow determines the voltage profile throughout the power system.

Conversely, the voltage control is equivalent to control of reactive
power flow in a power system. They are interrelated.

Whenever the magnitude of a 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-ll

P = P(f, IVI)

Q = Q(f, IVI)

w
1-5
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Therefore, changes in real and reactive power caused by small variations

in frequency and voltage can be obtained by expressions

	

ap
An G of
	

Af + aa^	 . AIVI	 (1.3)

and	 AQ = of
	

Af + 
OP . 

AIVI	 (1.4)

The exact 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 a power
consumption of 85% of rated. With a 10% increase in voltage the output

and power consumption increase to roughly 140% and 115%, respectively.

Fluorescent lamps 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 90% 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
applied voltage. Devices in this category would include the resistance
heaters used for home heating and home cooking as well as for e10;rie
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 a 10% increase in applied voltage may result in a 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 consumet

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 loads, the four partial 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.

ar	
1.0 percent/percentaV
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1.3, L — 1.0

The value of the fourth derivative is not available and is of less

practical importance.

Figure 1.3 shows typical variations of real and reactive powers with the
voltage for a 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 determined 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 function of governor or its equivalent control system to keep

the frequency variations within a small range. Since DSGs under
consideration in this report will be utility interactive, it is assumed

that the frequency will be controlled by the utility and it will remain

nearly constant. Therefore, frequency variations will not be considered
in this study.
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Load Plow Problems: General Approach

The term 'load flow problem' refers to steady state calculations that

provide power flows and voltages for a specified power system subject to

constraints imposed by regulating capability of generators, condensers
and tap changing transformers as well as not 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 specified. At some busses a voltage may
be specified and there may be within the system a slack bus at which
only voltage magnitude and phase angle are specified. A generator is

typically connected to such a bus to make up whatever real and reactive

power is required at that location. However. in the present study there
are somewhat fewer degrees of freedom and the additional constraint of a

voltage controller or exciter equation 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 a power systems test book presently being

written by Harold Kirkham of the Jet Propulsion Laboratory, Walter J.

Gajda Jr., of the University of Notre Dame and Radhe S. L. Des of

California State University, Long Beach.

In the example, there are two generators, a single load, and two

resistors which represent ohmic losses in the transmission system.

1-9
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11 1 n	 v2 = 100v	 in 	13

Figure 1-4. Power System Circuit Diagram and Values Used
To Illustrate Solution Method
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Figure 1-4 is a do example for simplicity. As a problem in conventional
network analysis with the source voltages and resistance values

specified, this is a rather straightforward problem, However, as a
power system problem, analysis is rather circuitous.

Ono may begin by specifying that:

a. The loft generator will put out 100 watts and,

b. Load must receive 150 watts at 100 volts.

It may noted that this is not the normal way to specify a network
analysis problem, but such specification would not be unusual in a power

system. The problem is to determine both voltages V 1 and Vg and the
power developed by right generator P r, When those throe quantities are
known, the operation of the generators will be completely specified in
that the operator would know the field currents and powers required to

satisfy the load.

no load current is

I	

150W

2 ° 100V
	 1. 5A

Two expressions can be written for Il,

100W __ V1 — V2	 V1 — 100

I1	 V1	 1	 1

The voltage, V1, of the left generator is uniquely specified because

100	 = V1-100
V1

or

V12 — 100 V1 — 100 = 0

E	 This may be solved directly
Y
P.

V1 = 100.99
s•

Of course,

I1 = VlO _ .99A

_ Y	By Kirchoff's Current Law

^i	 12 = Il + Ig and we solve Ig

Ig = I2 — Il = 1.5 — .99 = .51A

q.^
W	 Further

{sD

KiD

1-11
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Now the right generator " s output can be found

Pr o V3I3 = 51.26W

The system model is completely analyzed, Power flows are:

Power—gonerated = 100 + 51 .26 = 151.26W.

Power absorbed = P load + P losses
150 + 98 + .26

= 151.24W.

These values balance to within the accuracy of the calculations.

The operator of the right generator must burn sufficient fuel to yield

an electrical generation rate of 51 .26 watts. In addition, he must
supply field current to hold V3 at 100 .51 volts. The operator of the
left generator must supply 100 watts at 100 .99 volts.

There are five degrees of freedom in the circuit to Figure 1-4. By 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 values of the two lino
resistances, the load resistance, and the two generator voltages. When
those are specified, the powers and currents are determined. This
observation unn be generalized to the recognition that there are b

degrees of freedom in a circuit made of b elements. In the power system

above, the circuit was characterized by five values (as is essential if
the unique solution is to be found) which were not traditional. These
consisted of the power of the left generator, load power and voltage,

and the two lino 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
determined by any combination of the other four. For example, three of

the quantities could not be the voltage, current and resistance
associated with one of the transmission lines since these three do not

form a set of independent quantities. Specification of any two will

serve to fix the third.

The apparent arbitrary nature of the initial choice of five quantities
is further amplified via another analysis of the same circuit specified
differently as sketched in Figure 1-5. The analysis begins with

knowledge of the power generated by the left generator, the two line

resistances, the power absorbed by the load and the voltage associated
with the right generator. The method proceeds in a straightforward

fashion with a determination of the power to be supplied by the right

generator and the two remaining node voltages, V1 and V2.

1-12	 16
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Figure 1-5. Power System Circuit Diagram and Values
Used To Illustrate Solution Method
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13 = 100

V2 = 100 — 23

100 — F100

Plead = V2I2 = 150

150_
12 = 100 — P/100

I1 = I2 — 13 = (150/(100—P/100)) — P/100

VI = V2 + Il = (100—P/100) + (1501(100 —P1100)) — P/100

pleft = 100 = ViIl

Substituting ror Vl Il in this equation yields one equation involving P,
and it can be used to determine the right generator's power output. The

equation is a fourth order polynomial in P, and numerical evaluation

leads to

P = 51,25 watts

The other values follow immediately:

13 = ,5125 amps

V2 = 99.457 volts

12 = 1.5077 amps

Ii = .9952 amps

Vl = 100.483 volts

The analytic complexity of the solution is masked by the few lines above

r.	 indicating that the equation is a fourth order polynomiO, in P. Other

E	 methods of circuit analysis also lead to complex expressions. In short,
although this second problem appears to be a minor variation of the
first, and indeed the final values for current voltage and power are not

significantly different, the mathematical complexity is such as to

N,	 require numerical techniques. If the problem is extended to the ac

K	 equivalent, the complexity of the solution becomes even greater and

numerical techniques would become even more necessary.
?-"
el

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

dc/ac inverters (e.g., photovoltaic system). Steady—state mathematical
models for each DSG system were used and effects of varying performance

parameters on load terminal voltage and system VARs were evaluated.

1-14
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e For each DSO system, some reasonable porformanee conditions arc assumed.

In order to obtain a complete sot of solutions for &ho system equations,

'•_, the value of one or two variables is guessed and values of all variables

are obtained iteratively.

Usually the value of system voltage was Ancssod sometimes along with one

other system variable. In some generator models, knowledge of the
torminal voltage of tho maehino completely specified the conditions
inside the machine. For example, a synchronous machine controlled with
an excitor using voltage feedback operates so that the magnitude of the

excitor voltage is completely specified by the terminal voltage. The
machine power angle delta is the only parameter which can vary to
accommodate the required power output from the machine. Similarly, in
the case of an induction machine, the model of the generator consists

entirely of passive components, and conventional network analysis can be
used to solve for the various current flows, given the terminal voltage

on the machine and adjusting the slip so as to accommodate the
appropriate power output.

In some of the generators, knowledge of the terminal voltage does not
specify the conditions within the generator, and in these eases the
second parameter guessed at would be the angle between the voltage

behind system reactance and terminal voltage. This angle is frequently
called bota. In such cases, the program iterated on the initial guessed

terminal voltage and on the value of bota so as to obtain convergence.

In terms of the analytical complexity of the solution as indicated
above, several of the combined generator load and power system models

have 10 degrees of freedom and present sufficient complexity to

completely rule out the idea of developing closed furm solutions.

1-15	 4
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SECTION TWO

MA1701ATICALMODELS

General Assumptions

In the previous section it was shown that the power system problem
must ordinarily be solved iteratively, and methods of doing so were
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 variation of the output voltage cannot be handled
so easily. In the usual 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 as a complete
electrical circuit (rather than a one —line diagram) and to solve it

using the equations of circuit analysis.

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.

2-1	 ;



V
s

v?

a

,,	 Y.^-_,moo

JXS

Figure 2-1. Thevenin Equivalent for Generation or
Transmission System
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Distribution systems differ in a number of ways from transmission

f
ti systems. They are generally much less interconnected (with some

exceptions) and the equivalent circuit frequently contains an

appreciable resistance. Voltage control is rarely applied at the
load, but is frequently applied at distribution substations and along

some feeders

If we assume that the load under consideration is connected somewhere

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.

2-3
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Figure 2-2. Equivalent Circuit for Distribution System
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The parameter values in Figure 2-2 are chosen to be representative of
a typical system, in per unit.

Since design practice of distribution systems varies widely, it is
quite difficult to give representative values for the resistance and

reactance of the power system as seen from the customer's terminals.

Furthermore, design practice is usually 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 transformer might be in the order of 2

or 3 percent, the higher impedances being associated usually with the
larger ratings. The distribution transformer impedance is mostly

reactive, the resistive component being perhaps one quarter of the
total impedance. To this complex impedance must be added an impedance

representing the feeder and secondary line to the customer, and the
service drop.

The feeder and service drops vary somewhat with line design, but
circuit conductors typically have an R to X ratio in the order of

one.(2-1) That 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 taken as representative of the sum of transformer reactance

and line resistance and reactance in this study were R = .04 and X =
0.1 pu. The programs were also run with half this value as system

impedance, producing results which were not substantially different.
Some verification 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 feeder at heavy load there may be
three—volts drop between the first distribution transformer and the
last, and there may be three volts drop in the distribution

transformer. Another three and one—half volts might be lost in the
secondary live, and the service drop under (maximum) load for the
consumer is rarely above one volt. This gives a total maximum volt

drop on a residential feeder of li 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 is close to the maximum quoted above. The
system itz therefore quite representative of a distribution system and
a typical customer. The alternate 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 represented by a fixed real and reactive
demand. However, since the voltage on a load bus may vary as the
solution is approached, it is sometimes necessary to express the real

and reactive loads as a function of voltage. Frequency effects can be
neglected in the steady state load flow because governor action can be
assumed to hold the frequency at its nominal value.

Clearly, the load performance will depend on the kind of load, as
discussed in Section 1. For example, the real power demand of motor

loads is practically independent of voltage, because the motor speed
does not change with voltage. (There may be a very small change in
the case of an induction motor.) Reactive demand will vary, however.

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

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

trivial.

Experimental investigations have shown that many aggregate loads can

be represented as simple functions of voltage such as P = kvn.
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 representation.

e
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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 load models shown in Figure 2-3 have been used in this study.
Both are represented by equations of the form:

P = K1Vn

and

Q = K2Vn

For constant impedance loads, of course, n = 2 and the constants K1

and K2 are fired by the load resistance and reactance. The real part
of current is given by

IR = P/V

= K,Vn-1

= K1V

so that Kl is simply the equivalent (parallel) conductance of the
load. Similarly, K2 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 need only extend as far as the
power conversion device, and can be consid'red to be independent of

the primary source of energy. Thus, for exsmple, if a synchronous
generator is modelled, its impact on system voltage, in the steady
state, will be the same whether it is driven by a water turbine or by

an industrial cogeneration system. Similarly, the model used for a
do—ac inverter would be the same whether it is used in a photovoltaies

installation or in a battery storage. Further justification for this

approach may be found in the fact that, for practical machines, the
dynamics of the exciter are always faster than the dynamics of the

input power and its control system.

i
2-8



The number of models required is therefore considerably loss than the

number of DSG typos, Table 2-1 shows the models developed for the
study, and typical applications.

TA= 2 1.

DSG MODELS AND TYPICAL APPLICATIONS

Model
	

Application

Synchronous Machine
	

Low Hand Hydro

Induction Generator
	

Wind Turbine

dc—ac Inverter
	

Photovoltaics, Fuel Coll

n

The synchronous machine and the inverter both have their own control

systems that determine their performance. In the case of the
synchronous generator connected to a power system, for example, the
excitor system determines the reactive power output of the generator.

Depending on what assumptions are made regarding the control system

for the exciter, 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 a synchronous generator consumes or produces reactive power in

a power system application depends upon the excitation. This in turn
depends on the excitor 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 constant voltage (assumed to be one
per Twit) at the terminals. This is a reasonable exciter control for

a generator operating independently, and also seems to be the kind of

controller called for by the interconnection agreements between some

utilities and DSG operators.

2-9 6
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A second exciter control model assumes that the exciter is attempting

to maintain constant reactive power at the terminals. Unity power

factor (i.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.

Tho third exciter model is the simplest of all. In this model the

exciter current is hold constant. This may be taken as representative
of a synchronous machine without exciter feedback, or of a pezmanent
magnet type machine.

The first exciter model assumes a simple static feedback type of
controller in which the excitation is derived by amplifying an error

signal which represents the difference between the terminal voltage
and a reference voltage. Thus, if VT is the terminal voltage and VREF
is the reference voltage, the excitation is given by

V1 - RG(VT - VRO)

where V1 is the voltage behind generator reactance, i.e., the

excitation, and %G is a gain constant. (Note that we are using the
same symbols here, without subscript, that are used in the computer

programs.) 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 signal is obtained by amplifying an error signal
which represents the difference between the output reactive power and
a reference reactive power. By setting the reference value for

reactive power to zero, this control is equivalent to power factor
control with a reference power factor of unity. Unity power factor
control, achieved as described above, can be represented by

where Q and QREF are the reactive power output and the reference
reactive power, respectively. (In this study, OITF = 0.)

The pezmanent magnet exciter is simply represented by

V1 = OCNSI'ANr

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

The system studied is shown in Figure 2-4. The same circuit is used
for the three exciter types studied.

2-10	 i
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Figure 2-4. Equivalent Circuit of Distribution System with
Synchronous Generator. (The same circuit is used for
the three exciter types studied.)
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The solution method proceeds as follows for the constant voltage typo
"	 excitor.

— To simulate voltage control on the distribution system, VS is

varied from 0.9 to l.lpu.

— To simulate input power variations the value of PO, the input moch-

anical power, is varied from 0.02 to 0.20pu. This represents 20%

penetration.

— VT is taken as reference for the calculations. The magnitude is

not known at the outset, so a guess is made to provide an initial

starting point. The value of VT is then determined iteratively.

A value is guessed for the angle between V1 and VT.

— Using this angle the vector V1 is doterm.inod. Since the
excitor is assumed to be sot to control the terminal
voltage and hold it constant, a knowledge of the magnitude

of VT immediately gives the magnitude of Vl. The angle of
V1 was guessed, and is updated iteratively. At this point

the magnitude of V1 is checked to see if excitation limits

arc exceeded, and if so, limit values are substituted.

— Since the drop across Z1 is now fixed, I1 can be found.

— The power delivered to the terminals can now be found,

using 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 iterating 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 value of VS can be calculated,

— The magnitude of this calculated value of VS can be compared with

the given value of VS and the process repeated, iterating on the

initial guess of the value of VT.

— Once convergence is obtained, the required terminal parameters are
calculated and printed.

Vector diagrams for the system are shown in Figures 2-5A (VS =
1.0 pu) and 2-511 (VS = 0.9 pu).
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Scale — Voltage, 1 cm = 0.1 pu
Current, 1 cm = 0.1 pu

Figures 2-5A and E. Vector Diagrams for Synchronous Machine with
Constant Voltage Exciter and Heavy Load.
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Tho solution method is shown in diagram form in Figure 2-6.

SET D4W POWER	 I

SET VS	 II	 I
GUESS TERMINAL VOLTAGE I

^--IGUESS GENERATOR POWER ANGLE I^	 I 	 I
I

SOLVE SYSTEM FOR POWER
--I DALMCE, TO FIX ANTE II	 I

SOLVE SYSTEM FOR VOLTAGE
CONDITIONS	 II	 I

I
CALCULATE AND PRINT TDE I

REQUIRED RESULTS	 I

I	 I

Figure 2-6. Method Used to Solve the Distribution System /Synohronous
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

G	 difference is in the relationship between the terminal voltage and the

C excitor voltage.

r
Whereas, in the case of the constant voltage exciter, the exciter

•	 equation generates an excitation depending on a reference voltage and
' the measured terminal voltage, for the constant reactive controller a

reference 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 along with a reference value for

.j	 reactive power of zero.

The third model of synchronous machine is even simpler. In this model

the excitation voltage is hold constant at such a value as to produce
unity 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 analysis kind of way, that is
to say, both generators' voltage magnitude is specified along with

values of all the system impodauces. It might therefore be possible
in principle to obtain a closed 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
last and the program which solves it was derived from the previous
two.

Induction Machine

An induction machine can be operated as 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 draws 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 equivalort circuit contains P. slip-dependent
resistance. which accounts conveniently for the fact that the machine
is either developing mechanical or electrical power.

The equivalent circuit is shown in Figure 2-7.[2-2]
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jX1	 Rl

Figure 2-7. Equivalent Circuit of an Induction Machine
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The equivalent circuit of Figure 2-7 will not be developed here. The
circuit is quite standard, and its derivation may be found in any text
on electromechanical 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.lpu.

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

— Since the DSG terminals are the location for measurements of
parameters such as power factor, voltage, power and so on, VT is
taken as a reference. Since the value is not known at the

beginning of the calculation, a reasonable guess is made. This
guess is updated iteratively.

— 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/s + 3X2) and (RM + AM).

— This value is added to (Rl + 3X1).

— The voltage VT is applied to find I1.

— The drop across Z1 is calculated.

— V1 is found from VT and Z'1 drop.

— IM is found by applying V1 to ZM.

— IG is found by adding I1 and IM.

— Input power is found by multiplying IG 2 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 I1 from IL,

— The ZS drop is found.

— VS is found by adding VT and the ZS drop. If VS does not match the
value sot at the outset, the value of VT is modified and the

procedure repeated.

— Various required parameters are 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 Induction Generator Connected to
Distribution System.
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Figure 2-9. Vector Diagram of System with Induction Machine
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SET INPUT P
SET VS

GUESS VT
GUESS SLIP

SOLVE SYSTEM FOR
POWER BALANCE, TO

FIX SLIP

SOLVE SYSTEM TO
FIX SYSTEM VOLTAGE

BY IMPROVING Vt GUESS

CALCULATE AND
PRINT RMU11M

OU11'UTS	 ^

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 reactive power consumed
depends upon the terminal voltage and the output 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 connected 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 operating 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

2-20 w



  

correction is applied to the imaginary component, such that at rated

power into the DSG and 1 per unit terminal voltage, the imaginary

component vanishes.

Inverter: Constant Extinction Angle (C1W 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 injected
power. This will correspond to an extinction angle (gamma) of 150
which would be quite normal for a line—commutatod 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.L2-31

The program which solves this model assumed that the inverter is 100%
efficient and the output power is stepped from .02 to .2 per unit in

the same way that the input power of the various other models is
stepped.

The solution method is somewhat similar to the others. It begins by

assuming a terminal voltage and from it calculating an injected
current. The load current is found and consequently the current

required from the power system 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 initial guess for terminal voltage.

When sufficient accuracy has been obtained, the values required for
the output are calculated and printed. Since there is only one

iterative loop in this program, it tends to ran faster than some of
the others.

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 generates active power. The owner of
such a DSO 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% compensation was obtained when the DSG was injecting

its rated power into the power system at rated voltage.

The computer program which solves this case is based on the uncompen -
sated CFA inverter and differs only in that once the injected current
is calculated a correction factor is applied to the imaginary

component 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.

k
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Photovoltaic—type Inverter

While the details of the operation of many of the inverters used with

low power photovoltaic arrays are proprietary, some information
+ regarding their external characteristics is available. A simple type

of inverter in current use has external 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 40i of
the real power) but it drops only slightly as the real power
decreases ( to say 30% of the rated power at zero real power).

The program which solves this case is based on the program for the CBA
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 a rather diminished set of calcula-
tions resulted.

Again, it would be possible to calculate the required values in this
rather simple situation in closed form, but it was decided that it

would be more efficient to modify an existing 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 clearly 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 TIME

AND DISCUSSION Or 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 D-II 	 Synchronous machine
Constant voltage excitor
Light and heavy load

Tables B-III and B-rV	 Synchronous machine
Constant reactive control
Light and heavy load

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

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

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

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

Tables B-XIII and B-XIV 	 Inverter
CEA — compensated at full output
Light and heavy load

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

It may be noted that the case of the do/ac inverter with unity power
factor control was not explicitly modelled. Since the controller in
this case causes the inverter to look like a synchronous 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 unusual conditions.

In the remainder of this section, the results of the computer programs
are presented graphically. In all the graphs, the quantities are in per

3-1
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	 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 excitor is, at first
sight, a very reasonable sort of DSG. Indeed, there is at least one

utility/qualifying tacility agreement in existence 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 cause

voltage fluctuations, and this is in fact the case. Figure 3-1 shows
the variation 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
reactive consumption or generation of the machine as a function of the

system voltage. Since the generator is attempting to hold its terminal

voltage constant, and yet the power system is actually dominant in
setting the voltage, the DSG reactive reaches unreasonably large values
for moderate excursions of system voltage.

The actual magnitude of the reactive 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 order 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 indeed the case.

tFigure 3-3 shows the variation of load voltage with system voltage for

b two values of load and two input powers. 	 The DSG exciter controller
does improve the system regulation.	 A change in system voltage of 10;6

s.• 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
;G system voltage.
t
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It can be soon that the excitation decreases to quite low values for

values of system voltage above one per unit. However, since the maximum
power that can be extracted from a machine is dependent on the magnitude
of the excitation, the power transfer capability of the machine is

restricted for values of system voltage above one par unit. In the case
of a lossl,oss machine, the maximum power is given by

VT .V^

Ph1AX	 X

In the model used in the computer program, the effect of machino
resistance was included, so the maximum power value is not so simple to
calculate. During the running of the program, it was noticed that the
machine's power angle (delta) was reaching quite largo values as the
system voltage increased, and stable solutions to the generator
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 because of the large reactive
flow, While efficiency was not calculated explicitly, the effect can be

seen in Figure 3-5, which shows the DSO output power as a funetinn of
system voltage

Figure 3-5 shows that the machine power output falls considerably for

system voltages above one per unit, and results in the machine motoring
when the input power is only 0.02 pu. This may be desirable from the

power 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 voltage regulation)

Because of the reactive flow, the DSG power factor is poor most of the
time, being near unity only for a very small range of system voltage.

This is shown in Figure 3-6. In Figure 3-6 the ordinate is labelled '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 diagrams.

In spite of the fact that the D9G power factor is poor, the system power
factor is also poor, as shown in Figure 3-7. This somewhat paradoxical
result arises because of the fact that the system voltage and the DSG

voltage are essentially 'fighting' one another. When the system voltage
rises, for example, and the DSG reactive consumption increases, this

reactive has to be generated by the system, as 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 exciter resulted in an output voltage which was
sensibly independent of the power output. It may be thought that the

constant reactive controller would not 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) generator. It can be
seen that the load voltage is still fairly independent of the DSO input
power. The load voltage is also somewhat lower than in the constant-
voltage case.

The constant reactive synchronous machine model was originally writtem
as a model of the dc/ac inverter with unity power factor control. In

oeder to be used to represent a synchronous machine, it was 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 do/ac inverter. S'nce
the results are presented here, they are not repeated under the heading
'ac/dc inverter'.

Load voltage with this kind of controller is somewhat more dependent on
the system voltage than in the case of the constant-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 voltage. Voltage regulation 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, uniformly good (even though a
constant (zero) Q controller was used in the computer model rather than
a constant (unity) power factor controller). The DSG power factor
scarcely went below 0.88 and was above 0.96 for all except the lowest
value of DSG input power.

System power factor, on the other hand, becomes quite poor - reaching
zero when the DSG input power exactly matches the load. 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 constant and the load
reactive power determines the system reactive output.
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Synchronous Machine: Constant Excitation

Since the excitation for the constant reactive generator is more nearly

constant than in the case of the constant voltage controller, it was
thought worthwhile to examine the offoot on the system of a generator

with constant excitation. This might also be taken as representative of
a permanent magnet type generator. Once again, the series of graphs

begins with a curve of the load voltage against the input power, as
shown in Figure 3-15, It can be soon that the load voltage is still
fairly independent of the DSO input power.

The load voltage varies with the system voltage in a manner very much
akin to the constant reactive generator. This is shown in Figure 3-16.

The DSG power factor is shown in Figure 3-17, It can be seen that the
power factor is quite reasonable for values of machine power about 0.1,
or 50b of the rating of the machine. For lower values of output power,

the power factor becomes quite poor, espociully under hoary load where

the voltage on the system has gone down. This is not surprising since
the 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 system

voltage. At heavy load the power factor is quite good, being largely

determined by the load on the systems, but at light load, as the voltage
changes, the system power factor goes through some quite violent

excursions. This is because the system power is quite small and the DSO

can be absorbing or generating reactive power, depending on the
relationship between its excitation and the system voltage.

Figure 3-19 shows the DSG power as a function 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 effect being more pronounced for heavy load. The
inefficiencies are, 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 DSO models are otherwise identical.

Figure 3-20 shows the variation of DSG reactive as 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

effectively over-cxoited, and negative for high values of system voltage
because it is effectively under-excited. In this respect it is somewhat
similar to the constant voltage exciter, but the variation in DSG

reactive is much smaller than in that case.

As a result the system reactivo :dries somewhat loss, as is shown in

Figure 3-21.

t
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Induction generator

The rotating tiold for the excitation' of an induction generator is

drawn from the system to which the machine is connected. The generator
always consumes reactive power, but in amounts which depend upon the

power output as well as the terminal voltage. Voltage variations as a
function of DSG power might therefore be expected. 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. It may be that this is partly because 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 Figure 3-24.

Maximum power output from the generator occurs with a slip of about —A,

and for some values of system voltage at heavy system load the DSG input
power exceeded the peak power capability of the machine. As a result,
convergence was not obtained for system voltage 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, indicating 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

demand increases as the real power output increases, and decreases as
the terminal voltage increases, its power factor does not vary very much
as 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 a 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 Q generator, This is shown

in Figure 3-27

The induction generator, like the constant power factor synchronous

generator. is reasonably efficient. As shown in Figure 3-28, the DSG

output power remains close to the input power, independent of the system

voltage.
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Compensated Induction Generator

The compensated induction machine gives a somewhat bettor performance in
terms of load 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 generator because of the power factor
correcting capaoitor.

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
correcting capacitor.. This is shown in Figure 3-30.

Figure 3-31 shows the slip for the compensated induction generator. Of
course, any difference between the slip curves of the compensated

generator and the uncompensated generator are diw to changes in the

terminal 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 uncompensated 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 road and full power, or below

0.92 pu system volts at light load and full power.

The DSG power factor is shown. in Figure 3-32. For full power, or 0.2 pu
power on the generator, the DSG power factor is uniformly good, and very

close to unity, because of the correcting capacitor. However, at
smaller values of power output, the reactive drawn by the generator

itself is smaller and the system as a whole is over-corrected. As a

result, the DSG's apparent power factor is rather poor.

The system power factor, shown in Figure 3-33, is reasonably good for

most values of DSG power and system voltage. Only when the DSG output

almost exactly balances the real component of load is the system power
factor poor, so that unless the DSG power output is about 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 generator. The

difference is that, in this case, the voltages are all slightly higher.

The variation in DSG power with system voltage shown in Figure 3-35 is
very similar to the variations seen in the case of the induction

generator. This should not be surprising, since the only difference

would be due to the slight change in slip resulting from the slight
change in terminal voltage.

3-35
W

1



OV
Y

i;

1

v

_t< Figure 3-36 shows the system reactive power for light load as a function

of the system voltage. The system absorbs reactive power when the
generator is putting out less than rated power, and is not called on to
generate a signifirnat amount of reactive when the generator is at full

output. This contrasts with the ease of the uncomps.nsated generator,
where wen at light load the system is required to furnish between 0.1

b	 and 0.2 pu reactive power all the time.
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DC/AC Inverter: Constant Extinction Angle Control

Constant extinction angle (CEA) control is a possible, perhaps oven
likely, control method for line —commutated inverters. Solf—commutated
inverters are represented in this study by the unity power factor

synchronous machine, which they generally resemble.

The reactive demand of a CFA inverter is very nearly a constant fraction
of the real power delivered. For extinction angles typically used,

around 15 0, this fraction is typically 50%. As with the induction
generator, this reactive power demand does not cause u 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, perforce, constant and
the DSG reactive demand is independent of system voltage.

The load voltage varies with system voltage, as shown in Figure 3-38,
much like the induction machine case.

The machine efficiency cannot be examined through the model used here.

Because the DSG picks up only the real component of the load, the system
power factor can be quite poor over quite a broad range of power levels,

and actually becomes zero when the real power is precisely matched by
the DSG. This is shown in Figure 3-39. DSO power factor is not shown
since it is constant (by assumption).
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Compensated CEA Inverter

Capacitor compensation can be applied to the CEA inverter to reduce its
reactive demand. In the case exominod hero, 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 DSG is overcompensated

for all lower values of input power, and operates at an ( apparent)
leading power factor. The power factor also becomes somewhat voltage-
dependent.

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

Figure 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 increases

this voltage support decreases and, in spite of the fact that the DSG is
supplying more power, the load voltage 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 load. At heavy load the system power factor is fair until
the DSG picks up a 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 compensations yielded different results.
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Photovoltaic type Inverter

In this type of inverter, which is used with small photovoltaic arrays,

the reactive power consumption is almost constant, increasing from 3G%
of the rated power at no (real power) output to 40% of the rated power

at full load. This reactive power demand does not cause a problem In

the load voltage as the power generated varies. This is shown in Figure
3-43.

There 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 presented for the other DSGs.
System power factor is shown in Figure 3-45. Machine efficiency cannot

be examined through the modal used here, but must be quite poor at low
power. Since the input energy with this type of converter is likely to
be solar (and therefore free), low efficiency at low power is not likely
to be a deterrent to the use of the system.
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Comparison of DSGs
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The eight DSG typos considered in this study evidently behave
differently as far as voltage effects are concerned. Obviously, this is

because of the different kinds of exciter control used, but it is
difficult to see exactly what the differences will be if consideration
is given only to the exciter equations. A better understanding of the

reasons for the different voltage effects can be obtained by comparing
the way in which the generation or consumption of reactive power varies.

Figure 3-46 shows the variation of reactive power for the eight
DSG/excitor types studied, as a function of system voltage.
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•,, As shown in Figure 3-46, there are basically throe kinds of behavior as
far as Q-variation with system voltage is concerned. The compensated
CEA inverter type and the constant power factor synchronous machine

generate or consume relatively little reactive power at their rated

power output, and this roactivo power does not vary strongly with system
voltage.

no induction machine, the CEA inverter and the PV typo inverter consume
a moderately large amount of reactive power at rated output and, in the
case of the induction machine, this power incrooros as the system
voltage decreases. This is likely to cause a further decrease in
terminal voltage, and could lead to voltage-induced instability.

The compensated induction machine is intermediate. It consumes
relatively little power at full output, like the compensated CEA
inverter, but its reactive demand increases considerably as the system
voltage falls, like the induction machine.

The constant-voltage synchronous generator generates Q when the terminal
voltage is below its sot point, and consumes Q when tho voltage rises

above this point, in an effort to hold the voltage constant. As we have

soon, the large reactive flow loads to considerable inefficiency in the
machine.

The permanent magnot machine (constant excitation) is rather like a low-
gain constant voltage machine, or it may be regarded as intermediate
between the constant voltago and constant reactive machines.

Perhaps of equal concern is the variation of roactivo power with real
power. Piguro 3-47 shows this for the eight DSG/exciter typos.
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In Figure 3-47 the exciter typos are more like one another, but with
some differences still.

The constant -voltago synchronous machine, the compensated induction

machine, the compensated CPA inverter and the permanent magnet typo
machine generate reactive power. The two compensated DSGs do so at low

input power because they are ovorcompensatod under those conditions.
The constant voltage synchronous generator does so because the terminal
voltage tends to drop as the DSO contribution to load power decreases.

The constant-Q controller naturally maintains vory constant reactive
demand. The CCA inverter, the PV typo inverter and the induction
machine both consume more reactive power as their real power input to

the system is increased.

Again, the constant excitation synchronous machine is intermediate in
performance, between the constant voltage and constant reactive
machines.

The differences among the DSO/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
CONSUMPTION OR G24MTION OF REACTIVE POWER

VARIATION WILE VOLTAGE VARIATION WI11 POWER

DSG/EXCITER	 SLOPEa	 INTERCEPTb	 SLOPEa INT'ER(Mb

SYNC31RMUS/CONSTANT LARGE, LARGE NEGATIVE POSITIVE
VOLTAGE NO3ATIVE POSITIVE
........................................ ...............................

SYNC11RONOUS/CONSTANT 0 SMALL 0 SMALL
REACTIVE
...............................................................NEGATIVE...I...

SYNCIU2(NOUS/ NEGATIVE POSITIVE NEGATIVE POSITIVE
CONSTANT EXCITATION
........................................ ...............................

INDUCTION POSITIVE LARGE NEGATIVE	 Oc
-

........................................
NEGATIVE°

...............................

INDUCTION POSITIVE NEGATIVE° NEGATIVE POSITIVE
(COMPENSATED)
........................................ ...............................

INVERTER/ 0 NEGATIVE NEGATIVE 0
MA
........................................ ...............................
IMr,amR/	 VERY SMALL SMALL.	 NEGATIVE POSITIVE
ODMPENSATiD	 POSITIVE
CEA
.......................................................................

INVERTER/	 0	 NEGATIVE	 NEGATIVE NEGATIVE
PV TYPE

a 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 VS = 0,9 and MI = 0 axes.

Approximated by a straight line.
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Pablo 3-1 shows that no two DSG—exciter combinations are exactly alike.

Host similar are the compensated CFA and the PV type inverter. Broadly
speaking, systems which are similar with respect to voltage change are

iissimilar as far as power is concerned, and vice versa.

A

Sinop the DSG/oroiter combinations are all different in some respect, a

logical question to ask is 'which one is bestV It may be easier to
examine problems and disadvantages of various DSO/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 unacceptably .large flow of reactive power in the

DSG. As a result of this reactive power, the DSG efficiency is low and,
if the DSG is privately owned, it may become economically unattractive.

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 or

synchronous condenser to do it. Tap changing transformers,
autotransformers, and capacitor banks are usually employed instead.

Although there are many techniques for voltage control, none of which is

a general standard, it may be noted that in most power systems large
generator exciters are not usually 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 regard9d as

unacceptable.

This criticism of the controller does not apply in the case of the
synchronous machine with a constant reactive power controller. This
controller 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 excitation (permanent 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 (again not so rapidly

as in the constant voltage machine).

The main criticism of this exciter is that the DSG power factor can be
quite poor, resulting in decreased efficiency at low power and voltage.
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The DSO power factor is, of course, always good, as a result of which
the system power factor becomes very poor at light load. no 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 unacceptable to the utility if the DSG is privately owned, and
the utility is Paving 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
reactive consumption tends to further decrease the terminal voltage,
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 a 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 apparent power

factor at full load. However, the machine ,till will not operate at
high power and low voltage, and causes voltage variations as the input
power changes.

The CEA inverter, like the induction machine, consumes more reactive
power as its real power output increases. As a consequence, the system

power factor is uniformly 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. It should be noted that, as with some of the other DSGs at
the point where the system power factor is at its worst, the actual
amount of reactive power involved may be quite small. Thus, when the

compensated CEA inverter real power output matches the load, in the
light load case, the system power factor 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 a useful
addition to the power system.

The PV type inverter, like the CEA inverter, consumes more reactive
power as its real power output increases. As a consequence, the system

power factor is uniformly poor at light 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 connecting the DSG. Without
the DSG the load voltage will be determined by the magnitude of the load
and the 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 available 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 DSG, depending on the reactive power consumed
or produced by the DSG. If the difference under the two circumstances
is largo, 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 generator 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 DSO 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 a communication system may not be
continually manned -- if the DSG is manned the question of voltage
control may be moot in any case. Small automatic DSGs will presumably
be programmed to operate as long as operation is profitable. In the
case of PV, for example, the system should operate as soon as enough sun

is available to overcome internal losses. If such a 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 caused by the connection of the 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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146 TABLE 3-2

PERCENrAGE 
LOAD 

VOLTAGE VARMTION DUE TO
CaqNECrING AT lOXP RATED POWER

System Voltage
DSG/Exciter Type	 1.08	 1.00

Load	 Load

	

Heavy Light	 Heavy Light

Synchronous

Constant Voltage	 0.8	 -3.7	 4.0	 0.7
Unity Power Factor	 0.0	 010	 0.0	 0.0
Constant Excitation	 0.4	 -0.2	 2.0	 0.5

Uncompensated 	 -0.2	 -0.2	 -0.2	 -0.2
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
FV type -0.5 -0.5 -0.6 -0.5
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TAME 3-3

PERCENTAGE LOAD VOLTAGE VARIATION
DUE TO CUM 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

Uncompensated -0.2 -0.1 -0.7 -0.3
Compensated
..............................

-0.3 -0.1
...............................

-0.6 -0.2

Inverter

CEA -0.1 -0.1 -0.1 -0.1
Compensated CEA -0.1 -0.1 -0.1 -0.1
PV type 0.6 0.5 0.6 0.5

O
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'y Tables 3-2 and 3-3 show the impact on voltage for system voltages at
1.08 and 1.0. Those values correspond to normal operation at heavy load
and light load respectively. The value of 1.0 at heavy load may also be

regarded as a representation of brownout conditions at heavy load.

Tho constant voltage exciter and the constant excitation machine

show qualitatively similar behavior in Table 3-2. Both are attempting
to maintain the terminal voltage. Thus, they both cause the voltage to
increase when connected at heavy load, and they both cause the voltage

to decrease when connected at light load with system voltage of 1.08.

The unity power factor machine has no impact when connected, for any
load and voltage 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 about 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 PV type of do/ac inverter causes a more or less uniform voltage
droop when it is connected, the 'optimized' CCA inverter has practically

no impact, and the capacitor compensated version causes about a 1%
voltage 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 voltage For each of these DSGs. The two worst DSGs are the

unity power factor machine and tte simplest PV inverter. In both these
cases the reactive demand is almost constant as the power input changes.

Table 3-4 summarizes these discussions.

sF?
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TABLE 3-Q

CO61PARISON OF DSG/EXCITERS

DSG /EXCITER	 GOOD FEATURES	 BAD FEATURES	 COMMENTS*

SYNCHRONOUS/	 STABILIZES LOAD	 LOW DSO EFFICIENCY	 UNDESIRABLE
CONSTANT	 VOLTAGE	 MAY LIMIT POWER	 TO DSO OWNER
VOLTAGE	 TRANSFER CAPABILITY
........................................ 0..............................

CONSTANT Q	 MAXIMIZES DSO	 SYSTEM POWER FACTOR
(UNITY PF)	 EFFICIENCY	 POOR AT LIGITT LOAD
SYNCH. OR
INVER]m.......................................................................
SYNCHRONOUS/ SIMPLE TO OPERATE SYS1131 POWER FACIUR POSSIBLE
CONSTANT IIAS NO CONTROLLER DAY BE POOR VOLTAGE JUMP
EXCITATION........................................ ...............................AT START-UP.

INDUCTION SIMPLE TO OPERATE SYSTEM POWER FACTOR UNDESIRABLE
MACHINE HAS NO CONTROLLER POOR.	 LOW VOLTAGE TO UTILITY

CONDITION MAY BE MAY BE
AGGRAVATED BY DSG UNDESIRABLE

........................................ ...............................
TO DSG OWNER

INDUCTION SIMPLE TO OPERATE COULD LEAD TO POSSIBLE
MACHINE HAS NO CONTROLLER HARMONIC RESONANCE VOLTAGE JUDO'
WTIII OR ]IIGH-VOLTAGE AT START-UP.
COMPENSATION CONDITIONS COMPENSATION

DAY BE COSTLY

........................................ ...............................
FOR DSG OWNER

INVEHI'ER/ SIMPLE, PROVEN SYSTEM POWER FACTOR
CFA CONTROL
........................................

DESIGN POOR
...............................

INVERTER - SIMPLE, PROVEN COULD LEAD TO POSSIBLE
CEA CONTROL DESIGN IARMONIC RESONANCE VOLTAGE JUMP
WITH OR HIGH-VOLTAGE AT START-UP.
COMPENSATION CONDITIONS COMPENSATION

MAY BE COSTLY

....................................... ...............................
FOR DSG OWNER

INVERTER -	 SIMPLE AND	 SYSTFAI POWER FACTOR VOLTAGE DIP
PV TYPE	 CHEAP	 MAY BE POOR	 AT STAIG-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 entities, tLat
the DSG owner is to be paid only for real power, and that the utility
does not wish to change its operatiu3 policies.
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Table 3-4 suggests that none of the DSG/excitor typos studied would be
universally acceptable. Among the best may be the constant Q (unity
p.f.) generators (whether self-commutated inverter or synchronous

machine) which can only be criticized for leaving the load reactive
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 connected or as the input power varies. This
results in a poor power factor on the power system and, in the case of
separate D9G ownership, could result in the utility's 'paying for the

privilege of supplying reactive power'.

On the other hand, many utilities experience high-voltago problems at
night, when the tight load on the system (and its lines) results in a
surplus of reactive generation. If this is the case, this kind of DSG

may be quite acceptable.

On the basis of voltage variations alone, the CEA type inverter has the

least impact on the load voltage of all the types considered.

Proposed New Excitor Control

While all the DSG types studied behave differently in terms of their
roal:roaetive power ratios, as in Figure 3-47, they all have one thing

in common. The reactive power generation either decreases or is

constant as real 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 description. The control system was modelled to
have no loop error for a loading 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.

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 distinct increase in the load voltage with input power for
both heavy and tight loads. The reason is clearly that as the input

power increases so does the amount of reactive power which 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 increases.

Figure 3-50 shows the load voltage as a function of system voltage. In
this case the load voltage is more dependent on the input power than in
some of the other cases, but its dependence on system voltage, as shown

hare, is no worse than without the DSG.

Figure 3-51 shows the D9G power as a function of system voltage. The DSG
is quite reasonably efficient, independent of the value of system
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voltage, This is to be expected since the power factor is uniformly
quite good.

It is not worthwhile to show the variation in DSG reactive power as a
function of real power for this machine since the assumption behind the

exciter control system is that the power factor is constant at 0.8
loading. For the same reason the system reactive power is net shown,

nor is the power factor of the system or the DSG.

In view of the poor voltage regulation with this version of the USG (it

is in this regard the worst of all the DSGs modelled), it is extremely

difficult to see why more effort should be expended on its development,
The program and data are given in Appendix C.

i
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Figure 3-48. Load Voltage as a Function of Input Power, VS = 1
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Figure 3-19. Excitation as a Function of System Voltage
Leading Power Factor Machine
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Figure 3-50. Load Voltage as a Function of System Voltage
Loading Power Factor Machine
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Figure 3-51. DSG Power as a Function of System Voltage
Leading Power Factor Machine

3-75
	

6

\3 pT



SEC£ION 4

CONCLUSIONS

Eight different kinds of DSG/exciter combination have been studied.
They were:

1. Synchronous machine with a constant voltage exciter.
2. Synchronous machine with a unity power factor excitor.
3. Synchronous machine with a constant excitation exciter.
4. Induction machine.
5. Induction machine with power factor correcting capacitor.
6. Constant extinction angle inverter with tap-changer.

7. Constant	 extinction angle	 inverter with tap-changer and
power factor correcting capacitor.

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 nn extension of
the original purpose of varying the input power might sometimes be

misleading. It may be observed that for heavy load, maximum penetration
is 20To, whereas for light load more than 100% penetration is effectively

achieved. In fact, at light load, IOM 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 load may not be serious
because, at light load, the power system components are (by definition)

not particularly stressed. However, if we take the light load conditions
as being representative of some future high penetration situation, then

E	 the system power factor becomes of more interest.

AIn Section 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

ri machine, the system power factor at light load was shown to go through
violent excursions at approximately one per omit 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. Ifx..
r	 the utility were attempting 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 a particularly
adverse effect on the system power factor or the terminal voltage after
they were connected. There would seem to be no reason for any utility to

prohibit or limit the use of any of these DSGs on those grounds. On the
o,'lior hand, the independent DSO owner may be reluctant to suffer the
losses involved in the constant voltage 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 a noticeable change in voltage as they were

connected. 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 effects observed must be due to reactive power.
Voltage increases were seen for the capacitor compensated DSGs (because

they were over compensated at 1% power) and decreases were seen for the
DSGs which consume reactive power at light load.

The USG 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
increases, which might cause a rise in voltage, the reactive demand
increases and compensates for this effect.

The power factor in this .'case was between 0.8 and 0.9 lagging. It seems
likely that the value of power factor at which the load 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. Consideration of such transients
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 any DSG which draws little reactive power as it
is synchronized and operates at a slightly lagging power factor will

have minimum impact on load voltage, and could operate without system—
coordinated voltage control.
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ORIGINAL E^I^Ce ^ 	
TABLE A—I

°	 OF POOR QUALITY	
LISTING FOR SYNCHRONOUS MACHINEo CONSTANT VOLTAGE

^Y

I'	 10 REM VOLTAGE STUDY	 FILE H:SYNC
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENERATOR"
40 REM
50 REM INITIALIZE

c.	 60 REM
70 REM SET THE VALUES OF THE VARIOUS PARAMETERS IN THE SYSTEM
60 REM
90 REM
100 RS	 = .04
110 XS	 = .1

k

	

	 120 R1=.1
130 X1=i
140 KG=10
150 VREF=1.104
160 VLIMIT = 2.5
170 KV=-.4

f,	 180 KD = -10
r<	 190 REM
P

	

	 200 REM SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
210 REM
220 FOR LTYPE = 1 TO 2 STEP 1
230 IF(LTYPE=1) GOTO 270
240 LPRINT

a	 250 LPRINT "REALISTIC LOAD REPRESENTATION"
1.,	 260 GOTO 330
"	 270 LPRINT "CONSTANT IMPEDANCE LOAD"
f	 280 REM

290 REM SET THE INPUT POWER
300 REM IN THIS PROGRAM THIS IS THE OUTER LOOP
310 REM NOT COUNTING THE LTYPE CHANGES AS A LOOP
320 REM
330 FOR PG = .02 TO .2 STEP .02
340 LPRINT
350 LPRINT
360 LPRINT "SYS V P IN DSG P 	 DSG Q DSG PF SYS P SYS Q SYS PF LOA)
V EXCITN"
370 VT = .88
380 REM

t	 390 REM SET THE SYSTEM VOLTAGE
400 REM THIS IS THE MAIN INNER LOOP

G	 410 REM
420 FOR VS = .9 TO i.1 STEP .02
430 DELTA = 45
440 VITER = 0
450 DITER = 0

c	 460 REM
470 REM START HERE WITH INTERNAL ITERATION LOOP FINDING ANGLE
480 REM THIS IS THE FIRST LOOP USED IN THE SOLUTION

fns 490 REM
500 DITER = DI'T'ER +1

A-2
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O'R'IGINAL PAGE: t3

OF POOR QUALI'F'Y

TABLE A-I, cont.

LISTING FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

^j

t+ ^I

9

510 VITER = VITER +1
520 V1	 = KG*(VREF-VT)
530 IF(Vl ,,=O) SOTO 1660
540 IF(V1<:=VLIIIIT) SOTO 570
550 PRINT "OVER EXCITATION"
560 V1 = VLIMIT
570 ViR	 = Vi*COS(DELTA*3.1416/180)
580 VII	 V1*13IN(DELTA*3.14159/180)
590 A	 = V1R-VT
600 8	 = VII
610 C	 = Rl
621 0 D	 = Y,1
630 GOSUB 1690
640 IiR	 = DIVR
650 I1I	 = DIVI
660 REM
670 REM	 GOT CURRENT, NOW FIND THE POWER
680 REM
690 A	 = ViR
700 5	 = VII
710 C	 = I1R
720 D	 = -III
730 GOSUB 1690
740 INPWR = PRODR
750 REM THE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOPMENT
760 REM PRINT "CALCULATED INPUT POWER IS ";INPWR." AND PG IS ".,PG
770 PWRERR= INPWR - PG
700 IF(A8S(PWRERR)<.001)GOTO 930
790 DELTA	 = DELTA + KD*PWRERR
600 IF DELTA <y 90 SOTO 850
810 REM THE NEXT LINE IS A DIAGNOSTIC
820 PRINT "DELTA EXCEEDS STEADY STATE LIMIT, CASE TERMINATED"
830 SOTO 1610
840 REMTHE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOPMENT
850 REM PRINT "DELTA = ".,DELTA;"AND EXCITATION IS ";Vl;"AT ITERATION ".,DITER
860 SOTO 500
870 REM
880 REMFALL THROUGH HERE WHEN THE DELTA IS CORRECT
890 REM THIS IS THE END OF THE FIRST SOLUTION LOOP
900 REM OR THE START OF THE SECOND SOLUTION LOOP
910 REM
920 REM THE NEXT LINE IS A DIAGNOSTIC; USED IN PROGRAM DEVELOPMENT
930 REM PRINT "DELTA ITERATED ";DITER 	 TIMES"
940 REM
950 REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
960 REM
970 REM FIRST FIND I2 BY ADDING I1 AND IL
980 REM	 CALCULATE IL
990 REM CHECK THE LOAD TYPE
1000 REM
1010 IF (LTYPE = 1) SOTO 1040
1020 N	 = 1.3
1030 SOTO 1050
1040 N	 = 2
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TABLE A-I, cont.

LISTING FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE

1050 ILR	 =.08*(VT^(N-1))
1060 ILI	 =-.06*(VT^(N-1)>
1070 REM	 WITH IL AND I1 FIND I2
1080 I2R	 = ILR - I1R
1090 I2I	 =	 ILI	 - III ORIGINAL PAGE 13
1100 REM OF POOR QUALITY
1110 REM NOW FIND THE ZS DROP
1120 REM
1130 A	 = I2R
1140 B	 = I2I
1150 C	 = RS
1160 D	 = XS
1170 GOSUB 1690
1180 ZSDRR= PRODR
1190 ZSDRI= PRODI
1200 REM
1210 REM NOW WE GOT THE VALUE OF VS:
1220 REM
1230 VSR	 = VT + ZSDRR
1240 VSI	 = +ZSDRI
1250 MAGVS= SO.R(VSR^2 + VSI^2)
1260 REM
1.270 REM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
1280 REM
1290 VERR = MAGVS — VS
134:10 IF (ADS (VERB) f . 001) GOTO 1370
1310 VT	 = VT + KV*VERR
1+20 REM THE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOPMENT
1330 REM PRINT "TERMINAL VOLTS ";VT;" AT VOLTAGE ITERATION ";VITER
1340 GOTO 450
1350 REM
1.360 REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
1370 REM	 TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE PRINTOUT
13380 REM
1390 REM	 FIRST THE DSG PARAMETERS
1400 REM
1410 A	 = VT
1420 B	 =	 1.1
1430 C	 = I1R
1440 D	 = —I1I
1450 GOSUn 1690
1460 DSGP = PRODR
1470 DSGQ = PRODI
1480 DSGPF = COS(ATN(DSGU/DSGP))
1490 REM
1500 REM	 NOW FOR 7'HE SYSTEM PARAMETERS
1510 A	 = VT
1520 B	 = 0
1530 C	 = I2R
1540 D	 = —I2I
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TABLE A-I, Cont.	 r

LISTING FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 	 r

9

1550 GOSUS 1690E.''1.,60 aSYSP	 PRODR
ORIGINAL PAGE I$1570 SYSM = PROD I

1580 SYSPF	 = COS(ATN(SYSQ/SYSP))	 OF POOR QUALITY
1.1 90 LPRINT USING "#.111#	 ";VS;
1.600 LPRINT USING 11 11.111141	 ";PG;DSGP;DSGQ;DSGPF;SYSP;SYSQ;SYSPF;VT;V1
1610 NEXT VS
1620 VT	 = .88
1630 N17 XT PG
1640 NEXT LTYPE
1650 STOP
1660 PRINT "NO EXCITATION, CASE TERMINATED"
1670 SOTO 1610

.	 1680 REM
1690 REM	 SLJBROUTII4E TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS
1700 PRODR = A * C — 8 * D
1710 PRODI = B * C + A * D
1720 DEN	 = CA-C +D*D
1730 DIVFLG = 0
1740 IF	 (DEN=(J)GOTO 1780
1750 DIVR	 = (A*C + B*D)/DEN

'	 1760 DIVI	 =	 (B*C - A*D)/DEN
1770 RETURN
1780 DIVFLG = 1
1790 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
1800 RETURN
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LisrIN13 FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 6RIGINAL PAGE IS
OF POOR QUALITY.p

SYS P SYS Q SYS PF LOA

4
A-0

^

TABLE A-II

10 REM KIRKHAM'8 FAMOUS VOLTAGE STUDY 	 FILE B:CONREACT
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENERATOR"
4u LPRINT "	 CONSTANT POWER FACTOR CONTROL''
50 REM
60 REM INITIALIZE
70 REM
60 RS	 ^u4
90 X5	 °1
100 Ri m . 1.
110 Xl=1
120 KG	 100
130 QREF	 0
140 VLIMIT	 2"5
150 kV = -"8004
160 KB	 3
170 REM	 GET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
180 FOR LTYPE = 1 TO 2 STEP 1
198 IF(LTYPE=1) GOTO 200
200 LPRINT
210 LPRINT "REALISTIC LOAD REPRESENTATION'`
220 GO7O 250
230 LPRINT ^CONGTANT IMPEDANCE LOAD//
240 REM SET THE INPUT POWER
250 FOR PG = ,02 TO .2 STEP .02
260 LPRINT
270 LPRINT
280 LPRINT "SYS V P IN DSG P DSG 8 DSG PF
V EXOITN»
290 REM GUESS THE VALUE OF VT
300 VT = "86
310 REM GUESS THE ANGLE OF VS... CALL IT BETA
320 BETA = 1"447
330 REM SET THE SYSTEM VOLTAGE
340 FOR VS	 TO 1,1 STEP ,02
350 VITER	 0
360 DITER	 0
370 DITER	 DITER +1
380 VITER	 VITER +1
390 REM	 CALCULATE IL
400 REM CHECK THE LOAD TYPE
410 IF (LTYPE = 1> GOTO 440
420 N	 = 1.3
430 SOTO 450
440 N	 = 2
450 ILR	 .8*(VT^(N-1))
460 ILI	 -"6*(VT^(N-1)>
470 REM WITH IL, VS AND BETA FIND 12
480 VSR	 = VS*COS(BETA*3,14159/180)
490 VSI	 = VS*SIN(BETA*3.14159/168)



500
510
520

 530
540
550
560
570
580
590
600
610
62$
630
640
65d
660
670
680
690
700
710
720
730
740
750
760
770
THE
780
790
80O
810
820
830
840
850
860
870
680
890
900
91¢

VALUE OF V1

THE VALUE NEEDED ACCORDING TL

TABLE A—II, cont.

LISTING FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE

A	 - VGR—VT
8	 = VSI
C,	= RS
D	 =XS
GOSU8 1330
I2R	 = DIVR
121	 = DIVI
REM
REM NOW FIND I1
REM
AR = ILR — I2R
III	 = ILI — I21
REM NOW WE GOT A VALUE FOR 11, CALCULATE THE
A	 IIR
B	 III
C	 R1 
D	 ::X1
GOSUB 1330
Z1DRR = PRODR
31DRI = PRODl
V1R = VT + I1DRR
V1I	 = ZLDRI
REM
REM NOW WE GOT THE VALUE OF V1:
REM
MA8V1= GQR(V1R^2 + VII/`2)
REM
REM COMPARE THE CALCULATED VALUE OF DSGQ WITH
CONTROLLER EQUATION, AND CORRECT IF NEEDED
REM
H	 VT
8	 0
C	 = IIR
D	 —11I
BOSU8 1330
DSGP m PRODR
DsGQ = PRODI
PRINT DSGQ/MAGVI
PRINT "TERMINAL VOLTS //;VT;// AT VOLTAGE ITERATION '/;VTTER
REM USE THE CONTROLLER EMUATION
V1	 = KG*(QREF—DSGQ)
REM PRINT "LINE 885	 V1 FROM Q IS /';V1
VERR = MAGV1 ~ V1
PRINT "LINE 920	 VERR IS o;VERR
IF ABS(VERR}{ ^ 001 GOTO 980
VT = VT + KV*VERR
PRINT "LINE 945	 UPDATED VT IS '/;VT
GOTO 360
REM
REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
REM TIME TO CALCULATE THE POWER BALANCE
PRINT "STARTING POWER BALANCE"

A-7

L

^



^r^-^

TABLE &M, cont.	 m

`
LISrI0G FOR SYNCHRONOUS 0ACHINH, CO08rANT RE&CCIVQ

1000 A	 - V1R
1010 8	 w V1I
1020 C	 - I1R ^&^^D^D^^^^^^	 "~^"`^~
1O3V l)	 ^:	 ^I1I

^---	
8U/\^j^^OF POOR	 `^`-1040 GU6UB 1^^O

1o50 PIN	 PKODR
1060 PERR	 PG ~ FIN
1074 PRINT	 '/LINE 1070	 P2RR I8 '/;PERR
1010 IF AbB(PERRK " 0001 BOTU 11K)
090 BUTA = BETA + KB*PERR
1100 GOTO 37V
1110 RL-M	 FIRGl THE DSG POWER FACTOR
1120 REM
1120 UGGPF v COS(HTN(DSGQ/DSGP))
1148 PRINT	 "LINE	 1140	 BETA IS '/;BETA
1150 REM
1160 REM	 NOW FOR THE SYSTEM PARAMETERS
1170 A	 :: V1
1180 G	 V
1^90 C	 = ]2R
1200 D	 ~I2I
1210 G0SU8 1530
122u SYSP - PRODR
12J0 SYSQ - PRODl
1240 8YSPF 	 = COG(ATN(SYGQ/SYSP))
1250 LPRINT USING »#.## 	 »;V8;
1260 LPRINT USING »#,### 	 ";PB;DSGPIDGGQ;DSGPF;GYSP;SYSQ;SYGPF;VT;Y1
1270 NEXT VS
1280 VT	 = .86
1290 NEXT P6
1300 NEXT LTYPE
1310 STOP
1320 REM
1330 REM	 SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS
1340 PRODR = A * C ~^ R * D
1350 PRODI	 B * C + A * D
1360 DEN	 C*C +D*D
1370 DIVFLG = 0
1380 IF	 (DEN=0)GOT0 1420
1390 1}IVR	 «:	 (A*C + B*D)/DEN
1400 DIVI	 =	 (B*C ^~ A*D)/DEN
1410 RETURN
1420 DIVFLG :c	 1
1430 REM CHECK DIVFLB ON DIVISIONS BY VARIABLES ONLY
1440 RETURN

IF	
&-&



10
120
30
40
S0
60
70
80
90
100
1.10
120
130
140
150
160
17C)
180
190
200
210
220
230
244
250
260
270

280
290
3+00
:10
"20
3.10

+40
550
'60
570
;80
;90
.00
10
20
0

TABLE A-III

o	
LISTING TOR
	

MACHINE, CONSTANT EXCITATION

`JI

REM FAMOUS VOLTAGE STUDY	 FILE D'PMAG
REM
LPRINT "THIS PROGRAM CALCULATES THE
REM
REM INITIALIZE
REM
RS	 .04
xS	 = .1.
Ri=.1
xl=1
KG=10
V1 = 1.038
VLIMIT = 2.5
KV=-.G
KD = -150
REM SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
FOR LTYPE = 1 TO 2 STEP 1
IF(LTYPE=1) SOTO 220
LPRINT
LPRINT "REALISTIC LOAD REPRESENTATION"
GOTO 240
LPRINT "CONSTANT IMPEDANCE LOAD"
REM SET THE INPUT POWER
FOR PG = .02 T'0 .2 STEP .02
LPRINT
LPRINT
LPRINT "SYS V P IN	 USG P	 DSG 17 DSG PF

DELTA"
VT	 .88
REM SET THE SYSTEM VOLTAGE
FOR VS = .9 TO 1.1 STEP .02
DELTA = 11
VITER = 0
DITER = 0
REM START HERE WITH INTERNAL ITERATION LOOP FINDING ANGLE
DITER = DITER +1
VITER = VITER +1
V1R=Vi*L"OS(13ELTA*3.1416/180)
VII	 = V1.*SIN(DELTA*3.14159/180)
A=V I R-VT
8=V12
C:-RI
D=X1
GOSUR 1460
1IR	 = D'I.VR
III	 = DIVI
REM	 GOT CURRENT, NOW FIND THE POWER
REM
A	 = ViR
a	 = VII

A-9
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x	 TABLE A—III, cont.

LISTING FOR
	

MACHINE, CONSTANT E%CITATION
t q

'rte

500 C	 = I1R
510 D	 =_ —III	 ORIGINAL P1.1412 W
520 GOSUB 1460	 OF POOR QUALITY
0:30 INPWR - PRODR
540 PRINT "CALCULATED INPUT POWER IS ";INPWR;" AND PG IS ";PG
530 PWRERR= INPWR — PG
560 IF(ABS(PWRERR) 4'.0001)GOTO 710
370 DELTA	 = DELTA + KD*PWRERR
588 I1= DELTA < 90 SOTO 610
59U PRINT "DELTA EXCEEDS STEADY STATE LIMIT, CASE TERMINATED"
600 GOTO 1380
610 KID = —50
620 IF DELTA < 10 SOTO 680
630 KD = —100
640 IF DELTA < 30 SOTO 680
650 KD = —200
660 IF DELTA < 50 SOTO 680
670 KD = —250
680 PRINT "DELTA = ";DELTA;";"AT ITERATION ";DITER
690 GOTO 3350
700 REM FALL THROUGH HERE WHEN THE DELTA IS CORRECT
710 PRINT "DELTA ITERATED ";DITER;" TIMES"
720 REM
730 REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
740 REM
7SO REM FIRST FIND 12 BY ADDING I1 AND IL
760 REIN	 CALCULATE IL
770 REM CHECK THE LOAD TYPE
780 IF (LTYPE = 1) SOTO 810
790 N	 = 1.3
BOO GOTO 820
S10 N	 = '2
S20 ILR — .8*(VT"•(N-1))
830 ILI = —.6*(VT"(N-1))
B40 REM	 WITH IL AND I1 FIND I2
850 I2R = ILR — I1R
1360 I2I = ILI — III
870 REM
880 REM NOW FIND THE 7.S DROP
890 REM
900 A	 = I2R
910 B	 = I2I
920 C	 = RS
930 D	 = XS
940 GOSUB 1460
950 ZSDRR= PRODR
960 ZSDRI= PRODI
970 REM
980 REM NOW WE GOT THE VALUE OF VS:
990 REM

A-10
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TABLE A-III, cont.

LISTING rOR SYNCHRONOUS MACHINE; CONSTANT EXCITATION

1000
1010
1020
10'50
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
128.1
1290
1300
1310
1320
1330
1340
1350
1360
1370
13SO
1390
1400
1410
1420
1430
1440
1450
1460
147CI
1480
1490

VSR = VT + ZSDRR
VSI - +ZSDRI
MAGVS= SOR(VSR"2 + VSI^2)
REM
REM COMPARE THE VALUE OF
REM
VERR = MAGVS - VS
IF(ABS(VERR) 4'.0001)GOTO 1130
VT = VT + KV*VERR
PRINT "TERMINAL VOLTS ";VT;" AT VOLTAGE ITERATION ";VITER
SOTO 330
REM
REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
REM TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE PRINTOUT
REM
REM FIRST THE DSG PARAMETERS
REM
A	 = VT
8	 = 0
C	 = I1R
D	 -I1I
GOSUS 1460
DSGP = PRODR
DSGQ = PRODI
DSGPF = COS(ATN(DSG(2/DS(3P))
REM
REM	 NOW FOR THE SYSTEM PARAMETERS
A	 = VT
0	 = 0
C	 = I2R
D	 = -I2I
GOSUB 1460
SYSP = PRODR
SYSQ = PRODI
SYSPF	 = COS(ATN(SYSQ/SYSP))
LPRINT USING "#.##)	 ";VS;
LPRINT USING "0.41##	 ";PG;DSGP;DSGQ;DSGPF;SYSP;SYSQ;SYSPF;VT;
LPRINT USING "##.##";DELTA
NEXT VS
VT	 = .88
NEXT PG
NEXT LTYPE
STOP
PRINT "NO EXCITATION, CASE TERMINATED"
SOTO 1380
REM
REM	 SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS
PRODR = A * C - S * D
PRODI = B* C+ A * D
DEN = C*C +D*D

ORIGINAL PAS- ' 111
OF POOR QUAL177

VS AND MAGVS, AND CORRECT IF NEEDED

A-11
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TABLE A—III, cont.

b

	 LISPING FOR
	

MACHINE, CONSTANT EXCITATION

e ILi

1500 DIVFLG = 0
1510 IF (DEN =O)(3OTO 1550
1520 DIVR = (A*C + 8,*D)/I)EN
1530 DIVI = (B*C — A*D)/DEN
1540 RETURN
ISSO DIVFLG = 1
1560 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
1570 RETURN

ORIGINAL I?Ar,w. l'

OF POOR QUALM/

6
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TABLE A-IV

LISTING FOR INDUCPION MACHINE

OF PM ^y fp ..i K9

10 REM KIRKHAM"S FAMOUS VOLTAGE STUDY	 FILE B:INDU
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CF'tS' OF AN INDUCTION GENERATOR"
40 REM
50 REM INITIALIZE-
60 REM
70RS	 = .04
SO XS	 = .1
90 RL	 = .8
100 XL	 = .6
110 KV	 = -.875
120 K. 	 = .1
130 R2	 = . 1
140 R1	 - .1
150 X1	 = 1
160 X2	 = i
170 RM	 = 10
180 XM	 = 40
190 REM SET THE LOAD TYPE	 (1 FOR RESISTIVE, 2 FOR MORE REALISM)
200 FOR LTYPE = 1 "f0 2 STEP 1
210 IF(LTYPE=1) GOTO 290
220 LPRINT
230 LPRINT
240 LPRINT
250 LPRINT
260 LPRINT
270 LPRINT "REALISTIC LOAD REPRESENTATION"
280 GOTO 310
290 LPRINT "CONSTANT IMPEDANCE LOAD"
300 REM SET THE INPUT POWER
'510 FOR PG = .02 TO .2 STEP .02
320 LPRINT
330 LPRINT
340 LPRINT "SYS V	 P IN	 DSG P	 DSG C.) DSG PF 10 •x S	 SYS P	 SYS G.	 SYS F
F LOAD V"
350 VT	 = 1
3360 REM SET THE SYSTEM VOLTAGE
370 FOR VS = .9 TO 1.1 STEP .02
380 VITER = 0
390 SITER = O
400 REM START HERE WITH INTERNAL ITERATION LOOP FINDING SLIP

REM	 FIND THE PARALLEL COMBINATION
SITER = SITER +1
VITER = VITER +1
A	 = RM
8	 = XM
C	 = R2/S
D	 = X2
GOSUB 1950

L
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TABLE A—IV, Cont.

s
	 LISTING FOR INDUCTION MACHINE

r

C'
E
a<

fi

500 NUMB = PRODR
510 NUMI	 = PRODI
520 REM	 GOT PRODUCT	 DO DIVISION
530 REM
540 A	 = NUMR
550 8	 = NUMI
560 C	 = RM + R2/S
570 D	 = XM + X2
580 GOSUB 1950
590 ZPR	 = DIVR
600 ZPI	 = DIVI
610 REM	 GOT PARALLEL COMBO NOW
620 REM	 NOW ADD THE 7.1 TERMS
630 REFF	 = ZPR + R1
640 XEFF	 = ZPI + X1
650 REM
660 REM NOW APPLY VT TO FIND I1
670 A	 = VT
680 B	 = 0
690 C	 = REFF
700 D	 = XEFF
710 GOSUB 1950
720 IIR	 _ —DIVR
730 I1I	 = —DIVI
740 REM
750 REM
760 REM NOW FIND DROP ACROSS ZI
770 A	 = I1R
780 B	 = III
790 C	 = R1
800 D	 = X1
810 GOSUB 1950
820 DR1R = PRODR
8.30 DRII	 = PRODI
840 REM
850 REM NOW WE KNOW VT AND THE Z1 DROP,
860 REM
870 VIR	 = VT + DRIR
88+) VII	 = DR1I
890 REM

ORIGINAL PAGE 69
OF POOR QUAL17'Y

SO LET'S FIND V1

900 REM NOW WE CAN FIND IM, THE SHUNT TERM
910 REM
920 A = VIR
930 8 = V1I
940 C = RM
950 D = XM
%0 009UB 1950
970 IMR = DIVR
980 IMI = DIVI
990 REM

A-14

w

j'I



n
iTABLE A—IV, cont.

LISTING FOR INDUCTION MACHINE

1000 REM NOW FIND IS BY ADDING I1 AND IM
1010 REM
1020 IGR	 = I1R+ IMR
1030 IGI	 = III + IMI
1040 REM
1050 REM NOW FIND THE INPUT POWER TO THE MACHINE
1060 REM

ORIGINAL PA"a.' 0
OF POOR QUALITY

1070 A	 = V1R
1080 B	 = V1I
1090 C	 = IGR
1100 D	 = — IGI
1110 GOSUB 1950
1120 INPWR = PRODR
1130 PRINT "CALCULATED INPUT POWER
1140 PWRERR= INPWR — PG

IS ";INPWR;" AND PG IS ";PG

1150 IF(ABS(PWRERR) 4:.00001)GOTO 1210
1160 S	 = S + KS*PWRERR
1170 IF S< — .1 SOTO 1920
1180 PRINT "SLIP = ";S;"AT ITERATION ";BITER
1190 GOTO 4.30
1200 REM FALL THROUGH HERE WHEN THE SLIP IS CORRECT
1210 PRINT "SLIP ITERATED ";BITER;" TIMES"
1220 REM
1230 REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
1240 REM
1250 REM FIRST FIND I1 BY ADDING I1 AND IL
1260 REM	 CALCULATE IL
1270 REM CHECK THE LOAD TYPE
1280 IF (LTYPE = 1) SOTO 1310
1290 N	 = 1.3
1300 SOTO 1320
1310 N	 = 2
1320 ILR	 = . 08* (VT•^ (N-1) )
1330 ILI	 = —.06*(VT,4(N-1))
1340 REM	 WITH IL AND I1 FIND I2
1350 I2R	 = ILR — I1R
1360 I2I	 = ILI — III
1370 REM
1380 REM NOW FIND THE ZS DROP
1390 REM
1400 A	 = I2R
1410 B	 = I2I
1420 C = RS
1430 D	 = XS
1440 GOSUB 1950
1450 ZSDRR = PRODR
1460 ZSDRI = PRODI
1470 REM
1480 REM NOW WE GOT THE VALUE OF VS:
1490 REM

A-15
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ORIGINAL PAGC IV

OF POOR QUALITY

TABLE A-IV, coat.

LISTING FOR INDUCTION MACHINE

1500 VSR = VT + ZSDRR
1510 VSI	 = +ZSDRI
1520 MAGVS = SOR(VSR'42 + VSI^2)
1530 REM
1540 REM COMPARE THE VALUE OF VS AND MAGVSy AND CORRECT IF NEEDED
1550 REM
1560 VERR = MAGVS - VS
1570 IF(ABS(VERR)+:.0001)GOTO 1630
1550 VT	 = VT + KV*VERB
1590 PRINT "TERMINAL VOLTS ";VT;" AT VOLTAGE ITERATION ";VITER
1600 GOTD 390
1610 REM
1620 REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
1630 REM TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE PRINTOUT
1640 REM
1650 REM FIRST THE DSG PARAMETERS
1660 REM
1670 A	 = VT
16130 8	 = 0
1.690 C	 I1R
1700 D	 -• -I i I
1710 GOSUB :L950
1720 DSGP = PRODR
1730 DGGG1 = PRODI
174 .0 DSGPF = COS (ATN(DSG0./DSGP))
1750 REM
1760 REM	 NOW FOP THE SYSTEM PARAMETERS
1770 A	 = VT
1780 B	 = 0
1790 (	 = I2R
1800 D	 = -I2I
1810 GOSUB 1950
1820 SYSP = PRODR
1330 SYSM = PRODI
1840 SYSPF = COS(ATN(SYSO/SYSP))
1850 L.PRINT USING "#. k#I	 ";VS;
1860 LPRINT USING 11 4.44, 44 	 ";PG;DSGP;DSGO.;DSGPF;10*SgSYSF';SYSQ;SYSPF;VT
1870 VT	 = V'f*l.05
1B80 NEXT VS
1890 NEXT PG
1,900 NEXT LTYPE
191CI STOP
1920 PRINT "NO CONVERGENCE -- CASF TERMINATED"
1930 GOTO 1870
1940 REM
1950 REM	 SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS
1960 PRODR = A * 0 - 8 * D
1970 PRODI = 8 * C + A * D
1980 DEN = C*C +D*D
1990 DIVFLG = 0

A-16
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TADLE A—IV, cont.

LISPING f0R INDUCPION MACUINF

2400 IF (DEN=O)GOTO 2040
2014 DIVR = (A*C + B*D)/DEN
2020 DIVI = (B•KC — A*D)/DEN
2030 RETURN
2040) DIVFLG = 1
2030 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
2060 RETURN

oRIGIIV,gL tarp I
OF poop QUALITY
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TABLE A— V	 (fr
1a	

ORIGINAL PAGE Eg LISTING FOR INDUCTION MACHINE, POWER FACTOR COERECTED

'	 OF POOR QUALffy

10 REM KIRKHAM'S FAMOUS VOLTAGE STUDY 	 FILE B:COMPINDU
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INDUCTION GENERATOR"
40 REM
50 REM INITIALIZE
60 REM
70 RS	 = .04
80 XS	 =	 .1

^; 9U RL	 = .8
' 100 XL	 = .6

110 KV	 = —.875
120 NM	 = .1
130 R2	 = .1

s 140 R1	 =	 .1
ib0 X1	 =	 1

' 160 X2	 = 1
E 170 RM	 = 10

i80 XM	 = 40
190 REM	 SET THE LOAD TYPE	 (1 FOR RESISTIVE } 2 FOR MORE REALISM)
200 FOR LTYPE = 1 TO 4 STEP 1
210 IF(LTYPE=1)	 GOTO 300

' 220 IF LTYPE = 3 GOTO 300
K 230 LPRINT
k 240 LPRINT

250 LPRINT
260 LPRINT

r 270 LPRINT
f 280 LPRINT "REALISTIC LOAD REPRESENTATION"

290 GOTO 320
300 LPRINT "CONSTANT IMPEDANCE LOAD"
310 REM SET THE INPUT POWER
320 FOR PG = .02 TO .2 STEP .02
330 LPRINT
340 LPRINT
350 LPRINT "SYS V	 P IN	 DSG P	 DSG G DSG PF 10	 S	 SYS P	 SYS G	 SYS
F LOAD V"
360 VT	 = 1
3+70 REM SET THE SYSTEM VOLTAGE

y 380 FOR VS = .9 TO 1.1 STEP .02
390 VITER	 = O
400 BITER	 = O
410 REM	 START HERE WITH INTERNAL ITERATION LOOP FINDING SLIP
420 S	 = —, 0005
430 REM	 FIND THE PARALLEL COMBINATION

/ 440 BITER	 = BITER +1
450 VITER	 = VITER +1
460 A	 = RM
470 B	 = XM

r 48o C	 = R2/S
490 D	 = X2

w
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TABLE A—V, cont.

LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

500 GOSUS 2060
510 NUMR = PRODR
520 NUMI	 = PRODI
530 ITEM	 GOT PRODUCT	 DO DIVISION
540 REM
550 A	 = NUMR
560 8	 = NUMI
570 C	 = RM + R2/S
580 D	 = XM + X2
590 GOSUB 2060
600 ZPR	 = DIVR
610 ZPI	 = DIVI
620 REM	 GOT PARALLEL COMBO NOW
630 REM	 NOW ADD THE 7.1 TERMS
640 REFF	 = ZPR + R1
650 XEFF	 = ZPI + X1
660 REM
670 REM NOW APPLY VT TO FIND I1
680 A	 = VT
690 8	 = (J

700 C	 = REFF
710 D	 = XEFF
720 GOSUB 2060
730 I1R	 = —DIVR
740 I1I	 = —DIVI
750 REM CORRECT THE DSG POWER FACTOR TO UNITY
760 REM AT FULL LOAD INTO RATED VOLTAGE
770 I1I	 = Ill —.12p532*VT
780 REM
790 REM
800 REM NOW FIND DROP ACROSS Zi
810 A	 = I1R
820 8	 = Ill
830 C	 = R1
840 D	 = X1
850 GOSUB 2060
860 DR1R = PRODR
870 DR1I = PRODI
880 REM

or 1`f'1'.t^ ) ! i^ liv.^^if

890 REM NOW WE KNOW VT AND THE Z1 DROP, SO LET'S FIND Vi
900 REM
910 VIR	 = VT + DR1R
920 VII	 = DR1I
930 REM
940 REM NOW WE CAN FIND IM, THE SHUNT TERM
950 REM
960 A	 = V1R
970 B	 = V1I
980 C	 = RM
990 D	 = XM

A-19

i.



4

A-20

TABLE A—V, cont.

ORIGINAL PACE 19
OF POOR QUALITY	 LISTING POR INDUCTION MACHINE, POWER PACfOR CORRECTED

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1.310
13'20
1330
1:340
1350
13360
1370
13170
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490

GOSUB 2060
IMR	 = DIVR
IMI	 = DIVI
REM
REM NOW FIND IG BY ADDING IS AND IM
REM
IGR	 = I1R + IMR
IGI	 = III + IMI
REM
REM NOW FIND THE INPUT POWER TO THE MACHINE
REM
A	 = V1R
B	 = V1I
C	 = IGR
D	 = — IGI
OOSUB 2060
INPWR = PRODR
PRINT "CALCULATED INPUT POWER
PWRERR= INPWR — PG
IF(ABS(PWRERR) s(.0001>GOTO 1250
S	 = S + KS*PWRERR
IF S4— .1 SOTO 2030
PRINT "SLIP = ";S;"AT ITERATION ";SITER
MOTO 440
REM FALL THROUGH HERE WHEN THE SLIP IS CORRECT
PRINT "SLIP ITERATED ";SITER;" TIMES"
REM
REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
REM
REM FIRST FIND I1 BY ADDING I1 AND IL
REM	 CALCULATE IL.
REM CHECK: THE LOAD TYPE
IF (LTYPE = 1) SOTO 1360
IF LTYPE = 3 MOTO 1360
N	 = 1.3
SOTO 1370
N	 2
ILR	 = .08*(VTi°(N-1) )
ILI	 —.06*(VT",(N-1))
IF LTYPE = 3 MOTO 1440
IF LTYPE.	 4 MOTO 1440
ILR = 10*ILR
ILI = 10*ILI
REM	 WITH IL AND I1 FIND I2
I2R	 = ILR — I1R
I2I	 = ILI — III
REM
REM NOW FIND THE ZS DROP
REM
A	 = I2R

IS ";INPWR;" AND PG IS ";PS



TABLE A—V, cont.

LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

all
(I

1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
174'0
1750
1760
1770
1780
1790
181:)0
1810
1820
I830
1840
1850
1860
1870
1880)
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990

8	 = I2I
C — RS
D	 = XS
GOSUB 2060
ZSDRR = PRODR
ZSDRI = PRODI
REM
REM NOW WE GOT THE VALUE OF VS:
REM
VSR - VT + ZSDRR
VSI	 = +ZSDRI
MAGVS = SDR(VSRO',2 + VSI^2)
REM
REM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
REM
VERR = MAGVS — VS
IF(A8S(VERR)<.00(J1)GOTO 1730
Vf	 = VT + KV*VERB
PRIIVT "TERMINAL VOLTS ";VT;" AT VOLTAGE ITERATION ";VITER
IF S 7 — .04 GOTO 440
GOTO 400
REM
REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
REM TIME TO CALCULATE ALL THE VALUES NEEDED FOR THE PRINTOUT
REM
REM FIRST THE DSG PARAMETERS
REM
A	 = VT
B	 = ri
C	 = I1.R
D	 = —I1I
GOSUB 2060
DSGP = PRODR
DSGO. = PRODI
DSGPF = COS(ATN(DSGR/DSGP))
REM
REM	 NOW FOR THE SYSTEM PARAMETERS
A	 = VT
S	 = 0
C	 = I2R
D	 = —I2I
GOSUS 2060
SYSP = PRODR
SYSQ = PRODI
SYSPF = COS(ATN(SYSG/SYSP))
REM LPRINT "CALCULATED UNCORRECTED VALUES I1R AND Ill ";I1R;IlI
LPRINT USING "#.##	 ";VS;
LPRINT USING "#.###	 ";PG;DSGP;DSGQ;DSGPF;10*S;SYSP;SYSD.;SYSPF;VT
VT	 = VT*1.05
NEXT VS

A-21
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TABLE A—V, cont,
• ORIGINAL PAGE 69 ,

° OF POOR QUALI'F'Y	 LISTING FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

2000 NEXT PG
2010 NEXT LTYPE
2+:20 STOP
2030 PRINT "NO CONVERGENCE -- CASE TERMINATED"
2040 SOTO 1950
2050 REM
2060 REM	 SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS
2070 PRODR = A * C — B .* D

4

2080 PRODI = B * C + A * I)
0090 DEN	 = C*L" +D*D
2100 DIVFLG = 0
2110 IF	 (DEN=O)GOTO 2150
2120 DIVR	 = (A*C + B*D)/DEN
2130 DIVI	 = (B*C — A*D)/DEN
2140 RETURN
2150 DIVFLG = i

` 2160 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
2170 RETURN

4
^^	 1

^•...
	 Ili

fi

^'	 I
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TADLE A—VI

LISTING FOR INVERTER, CEA CONTROL 0Fntrrnr.,., k°
Or

V

J10 REM THE FAMOUS VOLTAGE STUDY	 FILE B:DCINV
X20 REM
30 I.PRINT "THIS PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM"
X40 REM
,F!Lj REM
PO REM INITIALIZE
'70 REM
,3U RS = .04
?0 XS _ .1
LUU KV	 —1
G110 REM SET THE LOAD TYPE
'120 FOR LTYPE = 1 TO 2 STEP
:L30 LPRINT
`'40 LPRINT "FULL LOAD CASE"
e?50 LPRINT
:1',60 IF LTYPE = 1 SOTO 190

(1 FOR RESISTIVE, 2 FOR MORE REALISM)
1

: x.70 L..PRINT "REALISTIC LOAD REPRESENTATION"
E( 80 SOTO 200

1..90 LPRINT "CONSTANT IMPEDANCE LOAD"
`'.00 FOR PG = .02 TO .2 STEP .02

!= '!10 QG	 = — .5* PG
20 LPRINT

w:30 LPRINT
s!40 LPRINT "SYS V DSG P 	 DSG Q	 DSG PF
j 150 VT	 = .9
"!60 REM SET THE SYSTEM VOLTAGE
,:70 FOR VS = .9 TO 1.1 STEP .02
80 VITER = U

4 90 REM START HERE WITH THE
00 VITER = VITER + 1

` 10 REM CALCULATE IS
20 A	 = PG
30 8	 = QG

' 40 C	 = VT
t 50 D	 = 0

60 GOSUS 950
70 I1R	 = DIVR

z_30 ISI	 = —DIVI
x'90 REM NOW CALCULATE IL
00 REM FIRST CHECK THE LOAD

`LO IF LTYPE = 1 SOTO 440
r 20 N	 = 1.3
_50 SOTO 450

}0 N	 = 2
0 ILR	 = .8*(VT^(N-1))

^--aO ILI	 --.6*(VT^(N-1))
c,.d0 REM
PK90 REM NOW FIND THE ZS DROP
,,R0 REM

A-23

SYS P	 SYS Q	 SYS PF LOAD V"

4

ITERATION ON TERMINAL VOLTAGE

TYPE



,
is
S
i

Llt
	 J	 Y

;G

o^

r

TABLE A—VI, cont.

LISTING FOR INVERTER, CPA CONTROL

500 I2R = ILR — I1R
510 I2I =	 ILI	 —	 III ORIGINAL PAGE IS
520 A = I2R OF POOR QUALITY530 B =	 I2I
540 C = RS
550 D = XS
560 GOSUB 950
570 ZGDRR = PRODR
580 ZSDRI = PRODI
590 REM
600 REM	 NOW WE GOT ENOUGH TO FIND THE VALUE OF VS
610 REM
620 VSR = VT + ZSDRR
630 VSI = ZSDRI
640 MAGVS = SOR(VSR 112 + VSI•^2)
650 REM
660 REM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
670 REM
680 VERB = MAGVS — VS
690 IF ABS(VERR)	 4,	 .0001 SOTO 750
700 VT = VT + KV*VERR
710 PRINT "TERMINAL VOLTS "iVT9"AT VOLTAGE ITERATION ";VITER
720 GOTO 300
730 REM
740 REM FALL THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH
750 REM SINCE THIS IS THE ONLY ITERATION, IT MUST BE TIME
760 REM TO GO CALCULATE ALL THE VALUES NEEDED FOR THE LISTING
770 REM
780 DSGPF = COS(ATN(OG/PG))
790 A	 = VT
800 B	 = 0
810 C	 = I2R
820 D	 = —12I
830 GOSUB 950
840 SYSP = PRODR
850 SYSO = PRODI
860 SYSPF = COS(ATN(SYSO/SYSP))
870 LPRINT USING "#.##	 ":VS;
880 LPRINT USING "#.###	 "gPGgOGgDSGPF^SYSP;SYSOgSYSPF;
890 LPRINT USING "#.###	 013VT
900 NEXT VS
910 VT	 = .9
920 NEXT PG
930 NEXT LTYPE
940 STOP
950 REM
960 REM UNIVERSAL SUBROUTINE°_ FOR COMPLEX ALGEBRA
970 REM
980 PRODR = A*C—B*D
990 PRODI = B*L'+A*D
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TABLE A-VI, cont.

LISTING COR INVERTER, C13A CONTROL

J

1000 DEN
1010 IF DEN
1020 DIVR
1030 DIVI
1040 RETURN
1050 DIVFLO
1060 RETURN

= C^2+DA2
= 0 GOTO 1050
= (A*C+H*D)/DEN
= (8*C-A*D)/DEN

= 1

ORIGINAL PAGE: 1,1
OF POOR QUALI1y

fil
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TADLE A-VII

LISPING TOR INVERTER, CEA - CUIPENSATED
ORIGINAL PAGE 19
OF POOR QUALITY

10 REM THE FAMOUS VOLTAGE STUDY 	 FILE B:COMPINV
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM"
40 LPRINT
50 LPRINT
60 LPRINT "CEA CONTROLLER COMPENSATED AT FULL LOAD"
70 REM
80 REM
90 REM INITIALIZE
10Q REM
110 RS = .04
120 XS = .1
130 Kv = -1
140 REM SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
150 FOR LTYPE = i TO 2 STEP 1
160 LPRINT
170 LPRINT
180 IF LTYPE = 1 GOTO 210
190 LPRINT "REALISTIC LOAD REPRESENTATION
200 GOTO 220
210 LPRINT "CONSTANT IMPEDANCE LOAD
220 FOR PG = .02 7'0 .2 STEP .02
23'30 QG	 = -.5* PG
240 LPRINT
250 LPRINT
260 LPRINT "SYS V DSG P	 DSG 0	 bSG PF
270 VT	 = .9
280 REM SET THE SYSTEM VOLTAGE
290 FOR VS = ,9 TO 1.1 STEP .02
300 VITER = 0

HEAVY LOAD CASE"

HEAVY LOAD CASE"

SYS P	 SYS 0.	 SYS PF LOAD

310 REM START HERE WITH THE ITERATION ON TERMINAL VOLTAGE
320 VITER = VITER + 1
330 REM CALCULATE I1
3340 A	 = PG
350 B	 = as
360 C	 = VT
370 D	 = 0
380 GOSUB 990
390 I1R	 = DIVR
400 I1I	 = -DIVI
410 I1I	 = I11 - ,1*VT
420 REM NOW CALCULATE IL
430 REM FIRST CHECK THE LOAD TYPE
440 IF LTYPE = 1 GOTO 470
450 N	 1..3
460 GOTO 480
470 N	 = 2
4130 ILR	 = .8*(VT"(N-1))
490 ILI	 =-.6*(VT'^(N-1))
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TABLE A—VII, cont.

s

^N

5a:^ey

A-27
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LISTING FOR INVERTER, CEA — COMPENSATED

500 REM	 OF F^iC e;; (4;!i/ ^(c010 REM	 NOW FIND THE LS DROP
520 REM
530 I2R	 = ILR — I1R
540 I2I	 = ILI — III
550 A	 = I2R
560 B	 = I2I
570 C	 = RS
580 D	 = XS
590 GOSUB 990
600 ZSDRR = PRODR
610 ZSDRI	 = PRODI
620 REM
630 REM NOW WE GOT ENOUGH TO FIND THE VALUE OF VS
640 REM
650 VSR	 = VT + ZSDRR
660 VSI	 = ZSDRI
670 MAGVS	 = SQR(VSR •"2 + VSI"2)
680 REM
690 REM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
700 REM
710 VERB	 = MAGVS — VS
720 IF ABS(VERR) 4 .000001 GOTO 780
730 VT	 = VT + KV*VERB
740 PRINT "TERMINAL VOLTS ";VT;"AT VOLTAGE ITERATION ";VITER
750 GOTO 32o
760 REM
770 REM FALL THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH
780 REM SINCE THIS IS THE ONLY ITERATION. IT MUST BE TIME
790 REM TO 60 CALCULATE ALL THE VALUES NEEDED FOR THE LISTING
800 REM
810 DSGQ	 = —IJ.I*VT
820 DSGPF = COS (ATN(DSGQ/PG))
830 A	 = VT
840 8	 = Cl
650 C	 = I2R
860 D	 = —I2I
870 GOSUB 990
880 SYSP = PRODR
890 SYSQ = PRODI
900 SYSPF = COS(ATN(SYSQ/SYSP))
910 LPRINT USING "#.##	 ";VS;
920 LPRINT USING "#.###	 ";PG;DSGQ;DSGPF;SYSP;SYSQ;SYSPF;
930 LPRINT USING "#.###	 ";VT
940 NEXT VS
950 VT	 = .9
960 NEXT PG
970 NEXT LTYPE
980 STOP
990 REM

1
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TABLE A—VII, cont.

O
F oo	

,
°	 OF POOL

a QAUrr
UAL fV	

LISTIM FOR INVERTER, CLA — CO51PENSATED.t

1000 REM UNIVERSAL SUBROUTINE FOR COMPLEX ALGEBRA
1010 REM
1020 PRODR = A*C—B*D
10:30 PRODI = B*C+A*D
3040 DEN = C1%2+D^2
1054) IF DEN = 0 SOTO 1090
1060 DIVR =	 (A*C+B*D)/DEN
1070 DIVI = (B*C—A*D)/DEN
1080 RETURN
1090 DIVFLG =	 1
1100 RETURN

fk
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TABLE A—VIII e

LISPING FOR PV TYPE INVERTER
v	 r`;r	 r-

10 REM THE FAMOUS VOLTAGE STUDY
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM'
40 REM
50 REM
60 REM INITIALIZE
70 REM
80 RS = .04
90 XS = .1
100 KV = —1
110 REM SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
1.20 FOR LTYPE = 1 TO 2 STEP 1
130 LPRINT
t40 LPRINT "FULL LOAD CASE"
150 LPRINT
1.60 IF LTYPE = 1 GOTO 190
t70 LPRINT "REALISTIC LOAD REPRESENTATION"
180 GOTO 200
190 LPRINT "CONSTANT IMPEDANCE LOAD"
200 FOR PG = .02 TO .2 STEP .02
210 QG = —.06 — .1*PG

^. 220 LPRINT
:t30 LPRINT
240 LPRINT "SYS V	 USG F DSG L•?	 DSG FF	 SYS P	 SYS 0 SYS PF	 LOAD V"
25o VT	 = .9
260 REM SET THE SYSTEM VOLTAGE
270 FOR VS = .9 TO 1.1 STEP .02

f 280 VITER	 = 0
'F	 294 REM START HERE WITH THE ITERATION ON TERMINAL VOLTAGE

+00 VITER	 = VITER + 1
_10 REM CALCULATE I1
:20 A	 = FG

v	 13 0 B	 = QG
S40 C	 = VT jr
550 D	 O
;60 GOSUB 950
70 I1R	 = DIVR

;Bid IlI	 = —DIVI
—";90 REM NOW CALCULATE IL

ri	 K10 REM FIRST CHECK THE LOAD TYPE
X10 IF LTYPE = 1 GOTO 440
-20 N	 = 1.3
30 GOTO 450
40 s.N	 = 2
50 ILR	 =	 .8*(VT•"(N-1))
60 ILI	 6* (VT-,

^twrar
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TABLE A—VIII, cont.

LISTING FOR PV TYPE INVERTER

470 REM
480 REM NOW FIND THE ZS DROP
490 REM
500 12R	 = ILR — I1R	 ORIGINAL PAGE R9
510 I2I	 = ILI — III	 OF POOR QUALITY
520 A	 = 12R
530 8	 = 12I
540 C	 = RS
56 r  D	 = XS
560 GOSUB 950
570 ZSDRR = PRODR
580 ZSDRI	 = PROD1
590 REM
600 REM NOW WE GOT ENOUGH TO FIND THE VALUE OF VS
610 REM
620 VSR	 = VT + `LSDRR
630 VSI	 = ZSDRI
640 MAGVS = SQR4VSR ,42 + VSI^2)
650 REM
660 REM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED
670 REM
680 VERB	 = MAGVS — VS
690 IF ABS(VERR) 1; .0001 GOTO 750
700 VT	 = VT + KV*VERR
710 PRINT "TERMINAL VOLTS ";VT;"AT VOLTAGE ITERATION ";VIPER
720 GOTO 300
730 REM
740 REM FALL THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH
750 REM SINCE THIS 19 THE ONLY ITERATION, IT MUST BE TIME
760 REM TO GO CALCULATE ALL THE VALUES NEEDED FOR THE LISTING
770 REM
780 DSGPF = COS(ATN(QG/PG))
790 A	 = VT
800 B	 = 0
810 C	 = 12R
820 D	 = —I21
830 GOSUB 950
840 SYSP	 = FRODR
850 SYSQ	 = PRODI
860 SYSPF	 = COS(ATN(SYSQ /SYSP))
870 LPRINT USING ".,VS;
880 LPRINT USING "#.### ";PG;QG;DSGPF;SYSP;SYSQ;SYSPF;
890 LPRINT USING "#.### ";VT
900 NEXT VS
910 VT	 = .9
920 NEXT PG
930 NEXT LTYPE
940 STOP
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TABLE A—VIII, cont.	 .I

LISTING FOR PV TYPE INVERTER

OFti^'°

950 REM
' 960 REM UNIVERSAL SUBROUTINE FOR COMPLEX ALGEBRA

97o REM
980 PRODR = A*C—B*D
990 PRODI = B*C+A*D
1000 DEN = C^2+1)^2
1010 IF DEN = 0 SOTO 1050
•1020 DIVR = (A*C+B*D)/DEN
1030 DIVI = (B*C—A*D)/DEN
1040 RETURN
1050 DIVFLl3 =	 1
1060 RETURN I
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TABLE A-IX

ORIGINAL PAGE 18

°	 OF POOR QUALITY
LISTING FOR BASE CASE

10 REM FAMOUS VOLTAGE STUDY 	 FILE B:&ASE
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE BASE CASE OF NO DSG
40 REM
50 REM INITIALIZE
60 REM

	

70 RS	 .04

	

00 X5	 = .1
90 R1=.1
100 X1=1
110 KV	 - -.9
120 REM	 SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
130 FOR LTYPE = 1 TO 2 STEP 1
140 IF(LTYPE=1) SOTO 180
150 LPRINT
160 LPRINT "REALISTIC LOAD REPRESENTATION"
170 SOTO 220
180 LPRINT
190 LPRINT
200 LPRINT "CONSTANT IMPEDANCE LOAD"
210 REM SET THE INPUT POWER
220 LPRINT
230 LPRINT
240 LPRINT "SYS V SYS P SYS 0 SYS PF LOAD V"
250 VT = .68
260 REM SET THE SYSTEM VOLTAGE
270 FOR VS = .9 TO 1.1 STEP .02
280 VITER = 0
290 DITER = 0
300 REM START HERE WITH INTERNAL ITERATION LOOP FINDING ANGLE
310 DITER = DITER +1
320 VITER = VITER +1
3'0 REM
340 REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS
350 REM
360 REM	 CALCULATE IL
370 REM CHECK THE LOAD TYPE
380 IF (LTYPE = 1) SOTO 410

	

390 N	 = 1.3
400 SOTO 420

	

410 IV	 = 2
420 1 L = .8*(VT'"(N-1))
430 ILI = -.6*(VT'^(N-1))
440 REM
450 REM NOW FIND THE ZS DROP
460 REM

	

470 A	 = ILR

	

q 480 B	 = ILI

	

4 490 C:	 = RS
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TABLE A—IX, cont.

LISTING FOR EASE CASE

ORIGINAL Ff-k ':
Of POOR QUALITY500 D	 = XS

510 GOSUB 900
520 ZSDRR= PRODR
530 ZSDRI= PRODI
540 REM
550 REM NOW WE GOT THE VALUE OF VS:
560 REM
570 VSR = VT + ZSDRR
580 VSI = +ZSDRI
590 MAGVS= SOR(VSR'^2 + VSI^2)
600 REM
610 REM COMPARE THE VALUE OF VS AND MAGVS, AND
620 REM
630 VERR = MAGVS — VS
640 IF(ABS(VERR)<.Q001)GOTO 700
650 VT = VT + KV*VERB

CORRECT IF NEEDED

660 PRINT "TERMINAL VOLTS ";VT;" AT VOLTAGE ITERATION ";VITER
670 GOTO 290
680 REM
690 REMFALL THROUGH 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
730 A	 = VT
740 B	 = 0
750 C	 = ILR
760 D	 = —ILI
770 GOSUB 900
780 SYSP = PRODR
790 SYSQ = PRODI
800 SYSPF	 = COS(ATN(SYSG./SYSP))
810 LPRINT USING.##	 ";VS;
82o LPRINT USING 	 ";SYSP;SYS0;SYSPF;VT
G30 NEXT VS
840 VT = .88
850 NEXT LTYPE
860 STOP
870 PRINT "NO EXCITATION, CASE TERMINATED"
880 GOTO S30
890 REM
900 REM	 SUBROUTINE TO FIND COMPLEX PRODUCTS
910 PRODR = A * C — 8 * D
920 PRODI = B * C + A * D
930 DEN = C*C +D*D
940 DIVFLG = 0
950 IF (DEN=0)GOTO 990
960 DIVR = (A*C + B*D)/DEN
970 DI.VI = (B*C — A*D)/DEN
980 RETURN
990 DIVFLG = 1
1000 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY
1010 RETURN

AND DO COMPLEX DIVISIONS

A-33

w

o^^



APPENDIX B

DATA LIVINGS

il



Y.w{T^^T...N

ORIGINAL PAGE IS
	

TABLE B-I
OF POOR QUALITY

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIOHT LOAD CASE

CUNE;TAfdl" T19F'E:UFINC:Ed: LOAD

ovs V r IN D97 P PSG 0 DqG PF aYS	 1'> SYS 0 SYS PF LUAU V VXCI1N
0.90 ".Q20 -.017 0.566 0.029 0.089 .512 0.171 0, 949 t.5461 

");? Q. (J20 -. trt)fy 0. 4 7Q Q. 01[.) O. Q 79 . 4'1`7 Q. 126 o. 9 1 J 1'i I , 4s()
V. A M (.).0<'i7 (1. 004 o. ".;71 0.!:)12 0,,(171 ;1 u. 219 0.96':' 1.753
0. 96 0.020 0.011 Q. <hJ 0.04:2 o. (Wi 217 0.293 0.970 1.706 
O. Yf9 0. Ono 0.00 0.160 Q.091 Q."62 -.110 0.4':1 0.901 1 . 160)
1. 1 0 ".0i" Q. U1`:' 0.Obb Q. AM 0, 1J61 -.005 0.996 0.990 1.06 i
1,0V U. ulu O.Oa9 --,.0401 0.430 0.061 0. 101 U.525 1.007 0.970
W4 0.0:2" 0.0j/ -.146 0.116 0. vhb 0.708 0..31.' 1. 1.016 0. 875
1.06 O.u2o 0.013 -.253 11.051 0.071 0=7 0.219 1.026 0.7191
f.. 0t3 0.0"o 0.007 -• .362 U. U19 O. U7'9 0.4:7 0.182 1.. Q3 5 0.687
1.10 0. 1120 .001 .4;'3 U.003 0. 11199 0. 518 0.16::5 1.045 0.594

SYS V 1'	 IN DSt+	 F' DSU a DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 u.040 O. )04 0. 56 1 Q. U 1:1td U.069 °	 ' 0 . 133 0 . 950 1. 542 0. 92 0.04U U.016 0.465 o. u33 0. 058 -.410 0.14u U.959 1.446
0.94 Q IJ40 0.025 0.366 0.060 O. U50 - .309 0.161 0.961 1. 349
0.96 0.040 u. U:52 0.265 0.118 0.045 .200 u.212 0.979 1.253U.98 0.1;)40 0.0:36 0.163 U.2t7 0.042 -.104 UMU 0.988 1.	 S7
1. 00 0.040 Q.UM 0.000 0.545 0.041 (1„ {)W 1.000 0.990 1.062
1.02 U-040 0.039 -.045 0.650 0.042 0.106 0.371 f, n 507 0.967
1.04 0.040 0.001 .11:52 U.235 0.046 G.214 U.211 t.03,7 0.873
IM u.040 0 . 033 .259 0.125 0.052 0.322 .,.^0.153 nf . U;_6 0.779
1.08 0. 040 0.026 --. 360 0.071 0.059 0.432.' 0.1::+6 1.035 0.685
1.10 0. 040 0. 0119 -.470 0.038 O. U69 0. 544 0.126 1.045 0. 592

SYS V P IN DSO	 1=' DES 0 DSG PF SYS F SYS 0 SYS PF LOAD V EXCITN
U.90 0.060 0.025 0.556 0.0145 0.047 --.501 0.094 0. 1950 1.530
0.92 0.060 0.036 0.460 0.070 U.0.3S -.4015 0.093 0.960 1.4430.94 0.060 0.045 0. 360 0,124 0.030 -.304 0.099 0. 969 1.346
0.96 0. 060 0.052 0.260 0.195 0.02 .202 0.123 0.979 1.. 250
0.98 U.060 0.056 0.157 0.337 0.022 -.099 0.216 0.989 1.154 
WuUU 0. 06[1 0.050 0.054 0.735 U.021 0.006 0.964 0.998 1.0591.02 0.060 Q.058 -.031 0.754 0„023 0.112 0.199 1..008 0.965
1.04 0. 060 0.U56 -.157 0.350 0.026 0.219 0.119 1.017 0.071
1.06 0.060 0.012 -.265 0.1 593 0. 032 0.329 0.097 1.026 0.777
1.00 0.060 0.046 -.374 0.322 0.040 0.450 0.091 1.036 0.6041.10 WOW 0. 037 •.485 0. 077 0.050 0. 550 0.090 1.045 U. 591

SYS V F'	 II`J 1)11% N USG f! USG PF SYS F SYS 11. SYS F'r LOAD V EXCITN0.90 0.0% 0.04E5 0. 550 0.062 0.027 -.496 0.054 0.951 1.53A,1;,. 92 () . 000 0.0`56 U. 454 0. 12.3 0.017 .399 0,. 044 0.960 1,. 4390.94 0.030 0.063 0.353 0.1% 0.010 - .299 0.03333 0n 970 1.14:3 
01.96 0. 080 0. 072 11..31''14 0.272 0.005 .197 0. 023 0.979 1..2470. 98 01. 00 0.076 0,.152 01. 448 0.002 .093 0.022 0.909 1.1 52
1..00 0.000 0.0/8 0.0140 0.851 0.002 01.012 0.132 0.998 1.057
1.02 0.080 0.078 -.057 0.609 0.001 0.118 0.026 1.000 0. 96:31.04 0.000 0.076 -.163 0.422 0.007 0. 223 0.030 1.017 0.669
1.06 (. FI	 0J	 .8 tJ. 07<^. .71. tJ.. 'S.i25 (:1.1.11.3 0.334 01 038 1.026 On 7711.06 O. Q811 0.065 -.380 0.169 0.021 0.445 0.046 1.036 0.682
1.101 0.060 0.057 .491. 0. 115 0„031 0. 516 01.055 1.045 0.509
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TABLE ^ _	 ____B^I	 cont.^	 , ~'^wunWAL ^»&^^F

o
'~w^ ^^ ^

^
! DATA FOR 8Y0O88O0ODD @ ^O8I^O' O0^^^80^ ^^^?^g8

OF^^^^' ~-^^ ^^W/^^^^^
,~,

|^
^ LIGHT LOAD O8S8

|'^^ ^^YG8^'
,/
FI/^ DS{^| L/ DGU ri 5Y9 G\;13[` ^|Y3P[^ |OHuV |^	 'X[^l[N

» " 92 w"10^} V o^ y
0. 54Q
U 449

^), 11(^
u 1h3

u.0»^^ ~	 4^^^^" 0" A 14 «'/	 '/^^1° l° [i^^b

 o" '^4 «^1vV V^5
"

0^4q
° " uV1 ^^°594 ""»»7 /°96j 1°4J6p

^ V Y6 v 1 y0 '^o,y^"
^

""^48
0^^^^7" -A 01C ~^"293 O°«35 0°970 1	 ^4^^ ^

V^qQ v"^UV » "̂^q6 o.146
A,347
0"549

',v10 -.1f1 v°o7Y O.980 1°
	

`4^r
^°0A 0"Jn » 0. 090 04 1: '/"'f1U

^"V1H ^~VG7 0.1% V 989 1°"1^4`
r 1"U^ V° »,^90 ~,061 0"841

-°018 V"^)17 v"710 0^Y9Y ]r^
^ 1"o4

°"1«V
^	 u, o,"95 ^"169 0"49l

^./18 Y"124 0^132 1"008 0 ^rn^

^ ^1"V6 V,1V^ ^.0Y1 °,0/7 o,112
`"013 U,0.20 V u^5

0"y19
1"017 V"uu/

~ 1"'/(3 0.1*,/ ^"o84 ^U^
^007 0^°441 ^ 1"027^ V°774

~1	 ^v O 10^" ' / y76"
^

-,4YB
° ^1^

V.151
".Out « "4^1 0^0@3 ^.V^^ UAW
0.012 v"563 1.045 1^^45 0"589

^ GySSV
v^r V"

/`l2N DSG [/ US8 L/ D^6 of AYS /` S7^ Q WS P| LVA0 V PX|`IT^N^
0 " 92

o
0,120

0.oW6 W43 0,156 ~"013 -.407" ^V o^7 °0 9^1 J "^ 2^5
` 0"94 0.120

0"097
U.1%

V 44~
0"^4'

0.20 ~° U23 -"3O6 0.059 0°96^ 1,4^^
0 " 96 0 " 116 0°,112 0^"24^

^ 0.293
A"418

^"0^0 -.087 0"104 0"97V 1^^^7
0 ^ 98 o11^` ()14« 0"" 63b

^ ^035 -"185 0^185 V.9Go 24,^"^^42
°1 VO 01.120 0°11U

^
V.936 o 9^/J

~"»^/ -.081 v 417" '/ 989^ 1	 ^47" ^
1 ^ 02 w,120 0"117 ~"0b9 Y^862

0oU
~^036

Y ^24
0^1J0

V"819 0°999 1~0^^^^
^°v4 0 , 120 U	 115" -" 176 0""547

-^ " ^"266 1.V08 0.9b9
1 0b V"120 V~110 -.284 0"362

­ ,x31?
-"026

0. 0 1 18 "W3
0`075

1.017
1"0^^7

0 86
0°77o1"*3

1"10
0. 12o 9104 ^°J9^ //"255 ^°01E|

0"347
0.458 0"039 1"O36

0^6/J
^ 0 " 1^0 V.095 -^504 0^185 -,008 0°570 0 ^013 1^045 U.

GYGV
v,9V

IN
0.1404V

DSG P DEG 0 USG PF *YS P SY8 2 GY8 PF LOAD V EKCITN

7 0. 92 Q. 14U
H"106
0,117

0^533
0.428

0.19Z -^034 -^483 0.069 0.951 1 528
\^ 0,94 0^14V 0,125 0^Z38

0.25H -.043 -.082 8"112 0"?^1" 1"431"
^̀ 0"96 0"140 0-131 0.237

0.340
".40b

-.050 -. 2[|1 0"175" 0"971 l.3^5
0°98

U.140
0135 01J4 o"710

- "»55
-^0^^7

^"179 0~^92 ^^980 1^240

~ 1 ° o0 0^40 0""137 0"V30 (),977
-"075 0"603 0^989 1145

^
1.V2 0"140 U137

°
-^ 07^1̀ V"876

-.057
~^055

0"030 0.838 A"990 1,051

c 1 U4 0"|40 0"1^4 ~^"182 U":^93 _.J51
U"136 8°377 1°808 0 q^8 |

1°06 0"14O V"129 -.290 0°407 ~"045
0"244
0"254

0^295 1°018 0"86b
0"7721

~
08

1
"

10
V"140
0"140

0^123 ~"400 0"293 -"037 0"465
0"126
0,079

1"027
1"016 0~^^0

^
'~~ ,^^° U"114,^^ ~°o^ 2 V^Z^7 ^ "027 0"577 0.046 1,045 0"5-` i

_ SYG V
0.90

P IN
0"16O

DGG P
O.126

DSO O DSO PF 6YG P SYs Q SY5 PF LOAD V ^^C ITN
0 " 90.92 O " 160 0°137

0"532
0"432

0^231 ~"054 -"477 0.112 0.951 1.526
o ° .//f 0.160 0"145 0.3220.322

0.302
0"4U1

-,063 -.376 O"165
O"246

0"961 1^42u
! 0"96 0.160 0"151 0.231 0 548

-"070 -.275" " 0"971" 1"3"	 3J
0"9R 0.160 0^155

"
0°128

"
0" 771

074
^~"O77

^°173 0"394 0"980 1°1.238
1^O0 0^168 0.157 0"824 0"989

~"
^"077

^"Vb9 0"742 O"990 1.144
- 1 02

1"04
0.160 0156 -^O82 O"886 ~"075

0^036
0^143

0"905
0.464

0^999 1 O50
0"q57

1
"
06

0°16O
0^160

0"153
D"14q

^~"l89 0"631 -"071 0"251 0"271
1,008
1"018 O"°864

^
°
08 O`16O 0"142

-"297 0^447 ^~°064 0^361 0.176 1^827 0772pv^o
1

"
10 U"16O 0"133

^"4O7 O°329 ^^056 0"472 0,118 1"036 0"68O^ ^ " ~,519 0.248 -"045 0.565 0°077 1^045 °5O80^
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ORIGINAL PAGE 19
TABLE H-I,	 Cont.

OF POOR QUALITY	 DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

I MS V P	 Ih1 DSl3	 1=' D96 0 D M NF SYS P SYS 0 SYS PF L.UAD V E:XCI'fN0.90 0. 180 0. 146 u. 5126 0.268 -.074. .471 (. 1 11.6 0.952 1.5231 1.9..`, ().113u 11.1`.3; (J.A 1-16 0.446 7OH7 :171 0.21E3 17.961 1.426
1). 114 Q. 160 1J. 1c,5 Q. "5016 (). 451 p. 0139 -. 269 O. :F 15 x1 .971 1.:_+310. 76 0. 1 @0 O. 1 i' l .'15 (i. 6176 .x194 -. 167 0.4171 0.9170 1 236
1J. 98 U« 1801 U. 174 6. 122 0.8°x;0 -.1196 °-.06' 0.1.337 1). 990 1. 142L. 017 p, 1130 1?, 1 76 ().0)17 u. 995 , 096 0.1142 0.91 1; 0.999 1.0491.17: 0. 11,10 0. 1.75 -.088 0. 89'% -.094 0.149 0.51. 1 . 008 1'1.9561. t)4 +J. 181) 0.17:, -. 196 0.66:1. 01711 t). 258 1).3".'.9 1.1'118 0.1363
1.06 0. 11:10 1:1.168 :1,04 x}7482 -.043.:, 0..',61*1 0.221 1.027 0.7711 1 0E3 0. 1.817 ').161 415 0.:361 075 0. 47Y 0. 134 1 . 036 0. 6801.10 Q. I Mu 0. 152 -. 527 0. 276 -» U64 O. 59'2 0. 108 1. 045 0. bE19

Sys V P	 I:N DSG P USG LI DSG PI- SYS P SYS l) SYS PF LOAD V EXCITN0.90 0.21'10 0.166 0.520 0.305 -.094 -.465 0.IT7 0.952 1.5200.9'.1. 0.20x1 0.177 0.45'0 0.7'..88 -.103 - «7:364 0.271 0.962 1.4240.94 0.200 0.185 0.320 0.500 .1x)9°63 0.3183 0.971 1.3290.96 0. 200 1). 19U U.2113 0.657 -. 1 1 1 1 -.161 0.577 0.981 1 . 2 T3u.98 0.2UQ 0.194 0.115 0.860 -.115 -^.056 0.898 0.990 1..1.411.00 0.200 0.195 0.011 0.998 -.115 0.049 0.920 0.999 1.0481.02 r1. 2o0 U. 194 -.095 0.89LI -.11.3 0.1:'.16 0.557 1.00111 o. 9531.04 0. 2UO 0, 192 -.203 0.687 109 u. 26.`.1 0..°80 1.01'3 0.86:31. 061 0.2U0 0. 187 ' 12 0.514 102 0.::375 0.263 1.027 0.7711.08 0.200 0.179 422 U.ZC?1 094 0.48'7 0.189 1.036 0.6801.10 0. 206 0. 170 51,5 0, ;30.7. -.0133 0. 600 0. 1.37 1. 045 0.590

REALISTIC LOAD RE.PREBENTA'1"10N

'3YS V P IN DSG P DSG 12 DSG PF SYS P SYS (? SYS PF LOAD V EXCITN0.90 (),0:20 -.017 1J. 568 0.029 0.091 -.511 0.176 0.949 1.5470.92 0.020 -.005 0.4'72 0.011 0.081 -,415 0«191 0.959 1.4511:1 .94 0.020 0.004 0.372 0.01,2 0.072 .315 C1. 2'21 1, 1:).969 1.3,550»96 0.0217 0.011 0.271 U«ut12 0.066 -.213 0.298 0.978 1.2570.98 0.0:0 0.016 0. 141 17 0.095 0..1:16': -.I10 0.4 196 0.988 1.160I. 00 0. 0';20 (J. !J 1 y 0.065 O,.275 0.061 -. 005 0.996 0. 998 1.0651.02 0.020 r).(:)I y -.040 0.428 0.062 1:1.101 0.524 1.1:107 0.969
1.04 0.020 0.017 -..146 0.11.5 0.065 U.208 0.297 1.017 0.8751.06 0.0121) U. 013 -.254 0, 0(;;1 0. 070 0.3t61 0. 215 1. o26 0. 7801. o8 0.020 0.OU7 -...+6:5 0. 018 0.077 U.426 0.176 1.035 0.6861. 1() Q. 020 --. 0101 -.474 0. 003 0. 086 0. 5338 0.158 1. o45 0.592

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN0.90 0.040 0.004 o. 562 0.007 0«071 -.506 0.138 0.951:1 1.5430.92 0.040 O.Ol.1'1 0.467 0.033 0.060 -.410 0.146 0.959 1.4480.94 0.040 0.025 0.367 0.067 0.052 -.3o9 0.166 0.969 1..3;:100.96 0.040 0.032 0.266 0.118 0,.046 -.208 0.218 0.979 1.2540.90 0.040 0.036 0.163 0,.216 0.043 -.104 0.3'78 0.9138 1.1.571.00 0.040 0.0;59 0.060 0.543 0.041 0.1000 1.000 0.998 1.0621.02 0.040 0.039 -.045 0.640, 0.0142 0.106 0.368 1. 007 0.9671.04 0.040 0.037 -.152 0.235 0.045 0.213 0.207 1.017 0. 8721.1:,6 0.0140 0.0:3 .260) 0.1124 0.1:150 0.322 0.154 1.026 0.7781.08 0.040 0.026 -.369 0.071 0.057 0.432 0.132 1.036 0. 6E341.10 0. o40 0. 01111 -, 480 0. 1:)37 0. 0167 C ). 543 0.122 1.045 0. 591
13-4

L

:77x.2



9
TABLE B-I, cont.

ORIGINAL PM1 : 18

Of- POOR QUALITY DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

SYS V P IN DSG P DSO 0 DSG PF SYS W 2YS 0 SYK PF LOAD V FXCITN
0.90 0.060 0.025 0.5E57 0.044 0. 050 -.501 0.099 0.950 1.540
0.92 0.060 0=6 0.461 0.077 0.040 ,.404 0. 09Y 0.960 1.444
0.94 0. 060 Q.045 0.162 u.121 0.0K -.304 0.105 U. 969 1.347
0.96 0.060 0. 052 0.260 l0.1 94 0	 ^. )1'6 •."<.,0.,2 O. 1 -8? c0.977 1.	 ,25l
0.98 0.(J60 0.056 0.150 0.316 +7. 0'23 -.099 0.222 0.909 1.155
1 . Q0 0.060 0. 050 0.054 O.'W4 U.021 0. 006 0.965 Q.990 1.099
1. 00 0.060 0.058 -.051 0.75252 0.022 0.112 0.196 1. 002 0.965
1.04 0.060 0.056 .150 O.W7 0.025 0.219 O.ils 1.017 0.870
1.06 0.060 0.052 .266 0.192 0.011 0.'KS 0.093 1.026 U.776
1.08 0.060 0.046 -.375 0.121 0.030 0.438 0.086 1.026 0.bW
1.10 0.060 0.037 °.486 0.077 0.U47 0.550 0.006 1.045 0.509

SYS V P IN DS8 F DSG 0 DSG PF SYS P SYS U SYS PF LOAD V FXCITIV
0.90 0.080 0.045 =32 0.081 0.030 -.496 0.060 0.950 1.516
0.92 0.060 0.056 0.456 0.122 0.020 -•.399 0.049 0.960 1.441
U. Y4 0. UWU U. 06b 0.:356 U.100 0.01:' -.29E 0.039 0. 970 1.144
0.96 O.U80 0.072 0.255 0.271 0.006 --.197 0.031 0.979 1.248
0.98 0.480 0.776 0.152 0.447 0003 -.093 0.029 0.989 1. 152
1.00 0.080 0.078 0.048 0.850 0002 0.711 0.142 0.998 1.057
102 0.080 0.078 -.057 0.808 0.003 0.118 0.022 1.008 0.96:3
1.04 0.080 0076 -.164 0.421 0.006 0.2225 0.026 1.017 0.868
1.06 0.080 0.072 .272 0.235 0.011 0.3;=4 0.0 :33 1..027 0.775
1.00 0.080 0.06`7 7.3% 0.168 0.019 0.444 0.042 1.036 0.681.
1.10 0.080 0.057 -.492 0.114 0.028 0.556 0.051 1.045 0.580

SYS V P IN DSG F DSG 0 DSG NF SYS P SYS 0 SYS PF LOAD V EXCI:TN
0.90 0.100 0.066 0.547 0. 119 0.009 -.490 0.019 0. 951 1.533
0.92 0.100 0.077 0.450 0.168 -.001 -.393 0.002 0.960 1.438
0.94 0.100 0.085 0.251 0.216 .008 -.291 0.029 0.970 1.341
0.96 0.100 0.092 0.249 0.346 -°.014 --.191 0.073 0.979 1.245
0.98 0.100 0.096 0.147 0.548 °.017 ^.087 0.192 0.989 1.150
1.00 0.100 0.098 0.042 0.918 -.018 0.017 0.722 0.9% 1.055
1.02 0.1.00 0.098 -.063 0.841 -.017 0.124 0.136 1.008 0.961
1.04 0.100 0.095 -.170 0.490 -.014 0.2.31 0.059 1.017 0.867
1.06 0.100 0.091 -.278 0.31 1 -.008 0.340 0.024 1.027 W773
1.06 0.100 0.084 -.388 0.213 -.001 0.451 0.001. 1.036 0.680
1.10 0.100 0.076 -.499 0.150 0.009 0.563 0.016 1.045 0.587

SYS V P IN DSG P DSG 0 DSG PF SYS F' SYS 0 SYS PF LOAD V EZXCIT14
0.90 0.120 0.086 0.545 0.155 -.011 -.489 0.02.2 0.951 1.533
0.92 0.120 0.097 0.445 0.212 -.021 .388 0.054 0.961 1.435
0.94 0.120 0.105 0.345 0.292 .028 .287 0.099 0.970 1..338
0.96 0.120 0.112 0.243 0.41.7 -.034 -.185 0.179 0.980 1.243
0.98 0.1.20 0.116 0.141 ,J.635 -.037 -.081 0.411 0.909 1.148

cyf1.00 0.120 0.118 0.036 0.955 -.038 0.023 0.849 0.999 1.053
1.02 0.120 0.117 -.069 0.861 -.036 0.130 0.270 1.000 0.959
1.04 0.120 o.115 -.176 0.546 -.033 0.238 0.1;:8 1.017 0.865

0.06.. 0.120 0.110 -.285 0.161 .027 0.147 0.079 1.027 0.772
X1.08 0.120 0.104 -.395 0.254 -020 0.457 0.043 1.036 0.679
01.10 0.120 0.09S -.506 0.104 -.010 0. 570 0.01a 1.045 0.587

B-5
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TABLE H-I, cont. ORIGINAL PAG", 13
OF POOR QUALITY

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
LIGHT LOAD CASE

IN 11% P wAS 11 Ish NF W5 I' 5103 Q SYS PF 1-010 V Excl YN

..1r 11.111.3 I,1. r}.3'"1 0.19'„' -,"Al - .467 0.064 01. 951 1,5Q)

,.:. .,4.. ,11,, tu4.'? ).107 .Q41 .:013.'3 0. lob 0.961 1.412
L40 0. 122 to 09 7.'147 -.01461 281 0.169 0.970 1.316

E VA 0,140 0.1211 ...::57 u.464 -.05j -.179 U.2106 U.99u 1.241
,» y,l r). 14U ".115 U. Izb U.1"9 -.057 •-.075 0.600 01989 1.146
W"r " ". 14x„1 ".157 t). Xju ".976 -.u57 u. U30 0. Uf38 0. 999 1.052
1.0w 1 0140 0 .137 075 0.876 °. 056 0.136 0. 380 1.008 0.958

1.04 c.. '141. n.104 - . 1 3 5 o. 592 - . 050 0.:44 0. 2o9 1.018 0.864

1.06 u.140 0.129 -.v91 0. 4016 .1747 0.353 0.131 1.1017 0.771

1.010 t"140 0.121 . 401 0.29: .OZ9 0.464 0.085 1. W 0.679

1.10 0.140 0.114 -.513 0.216 -.u29 0.577 0.050 1.045 0.587

1kiV5	 V N IN usu r DS19 0 D80 PF SYS P SY9 0 SYS FF LOAD V FXCITN

0.90 0. 160 o. 126 0.W11 0.:.'.'30 . 051 -.477 0. 106 0.951 1.527

11.':'..' 1.1. 1617 0.1:.'7 WWI 0.701 ^.061 .316 0.160 0.961 1.429

0. 14 V.160 0.145 0.353 0.199 -.068 -.275 0,240 0.971 1.30

0.'16 -).160 0. 1. `r 1. (11.231 '7.:147 .07 .173 0.389 0.980 1.239

0 .910 r?. 1F_O 0.155 0.120 01.770 -.076 -.069 0.740 0.990,1 1.144
1.00 0. 160 0.157 o, U24 0.9813 .077 0.036 0.905 01. 999 1..050

1.00 0.1617 0.156 °.011-12 0.885 -.075 0.143 0.466 1..008 0.957
L.)r (0100 +1.15:: -.189 U.630 -.072 0.251 0.274 1.018 0.86'_5
1 » U.:. U.160 0, 149 -.298 0.446 -•.066 0.360 0.180 1.027 U. 771
Ins. r>. 1<.^1,1 h., 14: . [,1,1 7 " .527 _.	 ..1.),:113 0«471 t1.	 22] <.^. 1..0,36 0.679

1.10 0.160 01.1: ` -.521 0.247 .048 0.584 0.082 1.045 0.587

;J'r&	 V F 1N DGW	 C• ' u3G a bso f"F SYS P GYS 0 SYS PF LOAD V EXCI'fN
01.91. 1 0.180 0.146 0.522 0.267 •..071 -•.471 0.149 0.952 1.524
0.92 0.1130 U.151 0.427 0.344 .m . ust .:170 0.213 0.961 1.427
0.'14 0. 1110 0.165 U.327 0.450 .088 -.269 0.310 U.971 1.332

0.90 U. 180 U.1/1 0.225 u.604 -.093 -.167 0. 487 0.980 1.237

0.98 0.1.£:10 0.174 0.122 0.819 .,• .096 -.063 0.11135 0.990 1.1.43

J .:u) 0.18u 0,176 0.018 0.995 -.046 0.042 0.915 0.999 1.049

1,.ul 0.180 01.17'; .0139 00933 -•.094 0.149 0.5.35 1.008 0.956

1.114 0.180 0.173 _.196 0.660 -'.091 0.257 01.332 1.018 0.863

1. 06 U.180 0.168 -.305 0.481. •-.085 0.367 0. 225 1..027 1.771

1.08 0.180 0.161 -.416 ().360 -.077 0.479 0.11E 1.036 0.679

1.11.) 0.180 1;1.111 -.5210 0.275 .0167 0.592 0.112 1.045 0.588

SYS V F IN DSO P DSO Q DSG PF SY9 P SYS 0 SYS PF LOAD V EXCITN

0.90 0.200 0.166 0.522 0.303 191 .465 0.192 0.952 1.522

0.90 0.200 0.117 0.421 0.386 -.101 --.364 0.266 0.962 1.425

0.94 0.206 0.185 0.321 0.499 -.108 -.261 0.378 0.971 1.330

0.96 0.20U 0.190 0.219 0.636 °-.112 -.160 0.574 0.980 1.235

0.9m 0.200 0.194 0.116 0.859 -.115 •-.056 0.897 0.990 1.141

1. 13 1 ) 0.200 0.195 0.011 0.998 -.115 0.0749 0.9'.'20 0.999 1.048

1.02 0.200 0.194 °.093 0.698 -.114 0.156 5.588 1.009 0.955

1.04 0.200 0.192 -.203 0.686 -.110 0.264 0.383 1.018 0. 863

1.06 0.20U 0.186 -.312 0.51:.,'. -.104 0.:375 0.267 1.027 0.771

J" 01:3 0., 201) 0.179 -.424 0.390 -.096 0.466 O.193 1.036 0.679

1.1 01 WOO 0.170 .536 0.302 -.085 0.600 0.141 1.045 0.588
L

J
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SYS V
U"90
0.92
0"94
0°96
0"98
1°00
1^02
1,04 
1.06
1"08
1"10

P IN DSG P DSG Q
0 " 080 -"024 0"925
0 ^ 080 ^~"003 0"836
0 " 880 0.015 0"744
0,080 0"031 0"651
0 " 080 0"045 0"557
0.080 0"056 0.461
0 " 080 0,064 0"364
0 " 080 ()"071 0"266
0 " 080 0^076 0"167
0 " 080 0"078 0,067
0 " 080 8"078 ~"035

DES PF
0,026
0.004
0"02O
0.048
0"08V
0.120
0.174
0.258
0,412
V"760
0.913

SYS P SYS Q SYS PF LOAD Y EXCITN
0 " 688 -"427 0"850 0^911 1^928
0 " 682 `~^327 0"982 0"921 1.831
0 " 678 '-°224 0"949 0.931 1"733
0 " 676 -^120 0"985 0"940 1.636
0.677 ~^,015 1,000 0,950 1.541
0 " 681 0"091 0.991 0"959 1"446
0 ^ 686 0.199 0.961 0^969 1"352
0 " 694 , 0.308 0.914 0"978 1,259
0 ^ 704 0.418 0.860 0,987 1.166
0,716 0.529 0^804 0,997 1,074
0 " 731 0"642 0.751 1.006 O"982

6

r,-~^qr~°`r- 

/ !	 '	 DATA FOR

WUM6TAN1 IMPsDANCE LOAD

TABLE B-11

ONOUS MACHINE, CONSTANT VOLTAGE
HEAVY LOAD CASE

V P IN DES P UGG u DEG PF GYG F GY^ Q SYG t+ L[8C v rXwTtq
0 " 90 C). (*)20 WY 0.941 0.U94 0,751 -^445 8,860 0010 1.94S
0 ^ 92 0^020 -"067 o. E152 0^o79 0"743 ~,U45 0"907 0.919 1,846
0 ° 94 0°020 -"048 u.760 0"063 0,739 -,242 0.950 0°929 1°747
0 " 9b V,020 ~°0j1 0.660 0^047 0^71/ -^139 0,983 0"979 1.h5Y
0.98 0"V20 ~.017 0"573 0"030 0^737 ~"0J3 0°999 0°949 1155%
1 ° Y0 Y " V20 ~°406 11.470 (/.()12 0,740 0,071 0,995 0"958 1^=
1 " A2 0.(/20 0"004 0^382 0.009 0^746 6"180 0,972 0"968 1^363
1 " Q4 o^02u o"011 b°284 0"03H 0^15S 0"289 0"934 0"977 1.269
1.06 Y^020 0.016 0°185 V.084 0"766 0^399 0"086 0.986 1"175
1 ° 08 0"020 0"vi8 0"v85 0"213 O,773 0"5]V 0°835 0,996 1"083
1 ^ 10 U,020 0,819 ~,017 0°749 0"789 0.623 0"785 1,005 0"990

SYS V P IN DSG P DEG Q DHti PF SYS P SYS 8 SYS PF LOAD V EXCITN
0.90 8,040 ~"067 0"916 0,072 0,730 -~439 0.857 0"910 1"939
0,9v 0,o4n ~.046 0.847 0"054 0^723 ~,339 0905 0,920 3°E41
0 ^ Y4 0"040 ~"027 0.755 0°036 0"718 ^'.236 0^950 8.938 1.742
() " 96 0^040 -^010 0,662 0.016 0"717 -"133 0^983 0.939 1.645
0.98 0"040 0"003 0,568 0.0V6 0"717 -,028 0"999 0"949 1^549
1.00 0°040 0,015 0"473 0.031 0°720 0°079 0"994 0.959 1^454
1 " 02 0 ^ 040 0.024 0,376 0"064 0°726 0"186 0^969 8°968 W59
1 ° 04 0"040 0,031 8,278 0,110 0,733 0"290 0.928 0"977 1"265
1 " ()6 0,040 0"036 0,179 0,196 0"743 0^405 0.878 0"987 1.172
1 " 08 o"04V 0,038 0,079 0~437 0,755 0.516 0.82a 0.996 i"079
1 " 10 0^040 0"039 ~.023 0"863 0"770 0.629 0.774 1"005 0"987

SYS V P IN DEW P DEG Q DEG PP SYS P SYS U SYS PF LOAD V EXCITN
U.90 0"060 -.046 0"931 0.049 0.709 ~'.433 0,853 0,911 1.933
0,92 A " 060 -"024 0"841 0"029 0.702 -"333 0"904 0"920 i"836
0 " 94 0"060 ~~^006 0,750 0^008 8,698 ~"230 0.950 0"930 1°738
0 ° 96 0,060 0.010 O^657 0"816 0"696 -"126 0"924 ()"940 1.641
0.98 V.068 0.024 8.562 0"V43 0"697 -,021 1,000 0"950 1"545
1 " 00 0.060 V"035 0"467 0^075 0"701 0"085 0"993 0"p59 1,450
1.02 0"060 0"044 0"370 0,119 0"706 0"192 0,965 0"968 1.355
1 ° 04 0,060 0"051 0.272 0"184 0°714 V,301 0"921 01978 1,262
1 " 06 0.060 0^856 0"173 0.306 0"724 (/.411 0,869 0"987 1,169
1,08 0.060 0.058 0"073 VW4 0.736 0"523 0.815 0"996 1.077
1 " 10 0^060 0"059 ~,029 0^898 8.750 0,635 0"763 1.086 0,985

^

^. ' _^^ "^ ^^~~^^°.^~^'^	 ^`~ ^^
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' /

| DATA FOR QI0O88O0ODS MAO8IND ^ CONSTANT VOLTAGE 	 OF POOR QUALITY (
HEAVY LOAD OAO8

SYS V P IN D90 P DSO A DGB PF SYS P SYS [l SYS PF LOAD V EXCInN
V " 90 G. 101) 0,9210 0,003 U"668 -.421 0"B46 8.912 1"923
U.92 0"10V 0.0i8 0~830 U. 022 0°661 -.321 0"900 0,921 1.826

^ 8"R4 8"I00 U, o36 0~7317.1 0,049 0.638 -.218 8"949 8°931 1°728
0,96 0"100 0.052 0"645 0"080 0"656 -"114 0"985 0^941 1"632 |

!	 ` 0 ^ 90 0"100 0"065 0°551 0"117 0°657 -.009 1°000 0.950 1"537
, 1"U0 0"100 u. 076 0°455 0°165 0.661 0°097 0.989 0°968 1~442

1 " 02 O.100 0,085 0°359 0.23O 0.667 U"205 0"956 0,969 1.349^ 1,n4 0^100 0"091 0^260 0,J30 0.675 0°314 0^907 8"978 1"256x 1°06 V"100 0"095 0^161 0.510 0.685 0"424 0. 85c) 0.9138 1^163
1 ° 08 0"10V 0"098 0"060 0"851 8"697 0"536 0°793 0"997 1"071

^ 1^10 V"100 0°098 ^~°D41 0,921 0"712 0"649 0"739 1"006 0"980
^
^ IS S V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN' 0"90 0^120 0°$19 0"914 0"020 0^647 -^415 0"842 0"912 1.91B
' 0^92 0,120 O"039 0"825 0"047 0°641 -.315 0^898 O,922 1"821^̂ 0,94 0"120 0^057 0^733 8.077 0.637 -.212 8^945/ 0"932 1^724 .

0 ° 96 0. 120 0,V72 ().639 8"112 0"636 -"108 0.9B6 0"941 1^628
0,98 0,120 0.085 U.545 0.155 O,638 ~.003 1.000 0"951 1"533
1 ° 00 U"120 0"096 0"449 0°209 0"641 8.1O4 0.987 0^968 1.439
1.02 O"120 0"105 0. 352 0. 285 U,647 0"211 o. 9.L 0^969 1"346 |
1 " 04 0°1z0 0.111 U^254 0"401 0,655 0°321 0"89B 0.979 1.253
1 " 06 0"120 0.115 8"155 0"598 0°665 0"431 U°839 U^988 1"161
1 " V8 0.120 0°117 ()"O54 0.908 0°678 8,542 0.781 0"997 1.069
1 " 10 0°120 U"117 ~.048 0.926 0,693 0,655 0.726 1"006 0.978

SYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0"140 0"V40 U"908 0"044 0"627 -°409 8°838 U"913 1"913
0 " 92 0"140 0"060 0.819 0°073 0"621 ^'^308 0"896 0^922 1"817
V ^ 94 8,140 0"078 0,727 0.106 0.617 ^"206 0.949 0"932 1"720

L 0 ^ 96 0"140 0"09^3 0"633 Q"145 0.616 ^~"102 0.987 0.942 1^625` V"98 0,148 0,106 ()"539 0"193 O"61El 0"004 1. 000 0.951 1,530
1 " 00 0.14O 0.116 8"443 0"254 O"622 0"110 0.985 0,960 1"436
1,02 0,140 0.125 0"346 0"339 0.628 0.218 0"945 0°970 1"343
1,U4 0"140 0"131 8.248 O"467 8"636 0"327 0"869 0°979 1"250~ ^^O6 C). 140 0,135 .0 148 0 67^^" Q. 646" Ô 438 °0 828 0 988" 1	 158" (( 1.U8 0.140 0.^37 0^048 8.945 0.659 0°549 0°769 0^997 1"067
1.10 0"140 0.137 ~.055 8.929 0^673 8°662 0"71S 1,006 0"976

GYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD y EXCITN
O ° 90 V^16O 0,061 0^903 0"067 0,606 -.402 O.833 0.913 1.909 )/^ 0.92 0,160 0"881 0"813 8.099 0.600 ^-.302 0"893 0,923 1"812
0,94 0"160 0,098 0.721 0.135 0.597 -"199 0.949 0"932 1"716 |^ 0 " 96 0.160 0"113 8°627 0.178 0.597 -^895 0.988 0.942 1^621^ 0.98 0"160 0"126 0.533 0"230 0"598 0"010 1"000 0^951 1°527
1 " 00 0"160 0"137 8,437 0"298 0"602 0"117 0.982 0"961 1"433 .^
1,O2 0^160 0,145 0.340 0.392 0. 6o8 0,225 0^938 0.97() 1°340
1,04
1.o6

0"160
0.160

8^151
O"155

0"241
0.142

0,530
0"737

0,616
0"627

0"334
0"444

0°879
V.816

0^979
0°F88

1~248
1°156

1.U8 0"160 0"156 041 0.968 0.640 0"556 0"755 0.997 1"065
1 " 1() 0. 160 8"156 062 8.931 0"654 0.669 0.699 1.O87 0°974

i.

IOU
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TABLE 8-II, ocnt^ `
OR[C y NAL. Prlr' ^.	 119

DATA EDB SYNCHRONOUS M&O8INDx CONSTANT VOLTAGE OF 11-:1 0[>B QUPLllv Q

HEAVY LOAD CASE .^

SYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V FXCITN
'k,	{]^90 0°1B0 0"0a 2 0^817 (]^,}91 0°A36 ~-^396 0°!328 0°914 1,904

0 " R2 0,180 0"102 0.807 0,125 0°588 ~"296 0,891 0.923 1"E308
0 " 94 0.180 0"119 0"715 0.164 0,577 0^949 0. 9 :53 1.712

 ^	 0 " 96 0.1Bo 0.134 0^621 0°210 0"577 -.0^'/ O"988 0"942 1"618^ '/"9B 0°18U 0.146 0.527 0.267 O.578 8^017 1.000 0^952 1"524
 1 ^ 00 0.1WV V^156 0,431 V.341 0"582 0°123 0°978 0^961 1"430
/	 1',02 0,1W0 O°164 0,333 0^443 0. 50 1? 0"331 0°931 0"970 1,338

1 ° 04 V. 18o 0.170 0°235 0.587 0"597 0^341 A.869 0^979 1,246`	
1°06 0.180 0"174 0,I35 0°790 (`.6r:18 /)^451 0"893 0.989 1.154
1 ^ 08 0"180 0"176 0^V34 0"982 U.620 0"563 P"740 0,998 1"063

^	 1.18

,̀

0.180 0"17b ^~.069 0.931 O.635 0°677 O"684 1"O07 0^973 ,

^	 SYS V P IN 0GG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
.	 0°90 0"20O 0.103 0"891 U"115 0.566 --.39U 0"823 0"914 1^900
^	 0°92 0.200 0°122 0°801 0"151 0^560 -.289 0°889 0"924 18U4^	 0^94 V.200 0,139 0^709 O.193 0"557 -.1.66 O°949 0. 9n 1..709

0 ° 96 V"200 8°154 0"615 0"24:3 0.557 ~°082 0,989 0^943 1^614
^	 0"98 0"300 0"166 0,520 0. 304 0.559 0°023 0"999 0"953 1"521

1 " 00 A"200 0.176 O"424 0"384 0.563 0^130 0°974 0.961 1^428
1,02 0.200 0.184 0^327 0"491 0"569 0,238 0.922 o^970 1.335 |
1 ^ O4 0"200 0"190 0°228 0°648 0,578 0°348 0.657 0"980 1"244
1 ^ 06 0"2U0 Q. 19/1 O^128 0"834 0"589 0.458 0"789 0^989 1^153
1 " 08 0.200 0"195 0"027 0"991 0"601 0"571 0°725 0,998 1"062 .^	 1.10 ^200 ()"195 ~"076 0"9312 0.616 0.684 0"669 1"007 O"972 |

REALISTIC LOAD REPRESENTATION

SYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
/ 0°90 0.020 097 0.970 0^099 0°800 442 0,875 0^986 1°978^ 
^ 0^92 0"020 ^~.073 0,8^5 V"U83 0"787 -.339 0.918 0 917" 1	 871"
/ 0"94 0"U20 -.0E-13 U"784 0.067 0.777 ^~^241 0"955 0"n27 1"773
^ 0.96 0"020 035 0^688 0.051 0^770 -.137 0.985 8°937 1^672

0.98 0^020 ~^020 0"591 O°034 0,765 ~"832 0^999 0°947 1.571
^ 1.0O 0"020 -"007 0.4./J 0"015 0.763 0.074 0"995 0,957 1.472/ 1.02 0. 020 Q.002 0.393 0"086 0^763 0^1131 0"973 0^967 1^374

1 " 04 0"02O 0"010 0"293 0^0315 0"765 0.289 0,9J5 0.976 1"277
1,06 O"028 O"015 0^190 0,(:)B0 O"770 0^399 0"138B 0.986 1.181
1 ^ 08 0.020 0"018 0"087 0"206 0,777 0.51() 0.836 0^996 1^O85 
1 " 10 0°820 0"U19 -"(>18 0"73O 0"7B6 0.622 0.784 1"V05 0"990

SYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN^
, 0 " 90 u. 040 ^-.075 0"965 0"077 0"779 -°436 0"B73 0"907 1"971

0.92 0°040 -"051 0°869 8"059 0.766 ~^"333 0"917 0°917 1"866
.94 0,040 ^-.032 0.778 0"048 O"757 `~.235 8°955 0"927 1"767
,96 0"040 -"014 0"683 0"020 0.749 -.131 0.985 0"937 1°667

"0 " 98 0"040 O.001 0.586 0"O01 0.745 -"026 0.999 0^947 1"567

b.	 .00 0.040 0^013 0.487 0"027 8.743 0"080 0^994 0"957 1"468
" 02 0"040 0.023 0°388 0"059 0,743 O°187 8°970 8°967 1^370

^A.04 0"040 0"030 0"287 0"105 O.746 0.295 0"930 0,977 1°273
06 0°040 0"035 0"185 0"108 0"750 0"405 0"B80 0"986 1"177

" 08 0"040 0"038 0"081 0"428 0^757 0.516 0"827 0^996 1"082

,~-
1 ° 10 0^040 0~039 ~"024 0°854 0"767 0^628 0°774 1"005

fk
0"966

.

^



TABLE8-II^ cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE
HEAVY LOAD CASE

~

ORIGINAL P^^^^@^
[)F POOR QUALITY

'"

SYd V [,	 IN DSO p 056 W LIM PF M |' SYS 0 SYS Pr LOAD V EXCITN0.90 0.060 `05J 0.959 0"053 0.738 ~,430 0^8M 0.907 1.560,0.92 U"o60 -"^^h o.8h8 (^.U35 0,746 -.331 0"914 0.913 1^8640.94 o°060 ~^010 0.773 0.013 0"736 ^"229 0"955 o°928 L^7620.96 0,060 0,0ol 0^677 0.010 0"729 -.123 0^986 0~"93^^ 1°6620,98 0"060 0,022 0^580 0^037 V^725 ~"020 1,000 0"948 1"5621,00 0.06O 0~034 0,481 0"070 0.722 0"086 0^993 0958 1°4641.02 V"V60 V^V43 0.382 0.113 0.723 0"193 0,966 0`967 1"3^1 " 04 0"V60 0,011 0,281 U.178 0"726 U.301 0,924 0.977 1.2701 ° 06 V°060 o"056 0.179 0"297 0^711 0"411 0^872 0^987 1~1741.08 0"060 0.058 0"075 0°61^^ 0.738 0"522 0016 0"996 1°0781 ° 10 0"060 V"059 -~030 0"891 0^747 0.634 0.762 1 . 006 o^9B4

SYS V P IN D96 P DSG Q USG PF SYS P SYS U SYS PF LOAD V EXIITV0.90 o"Q80 ~.011 0,954 0°033 0.737 -"424 0^067 0"908 1 96OO " ^^ U. OW) ~°^Ay V"362 0°011 0"725 -MU 0.913 0.918 1^90 " 94 0.080 0"011 0^767 0^014 0^716 -"223 0.955 0"928
1'"8^

7^"70.90.96 U,08V V,028 0^671 0,041 j"709 ~.119 0.936 0"9J8 16170.9^^ U"080 0~042 0,574 0.V74 0.704 ~"014 1,()0o 0.948 1"5~81.!P.)1.!P.) o°u80 0"054 V"476 0.113 8^70, 0"092 O"99^^ 0"958 1"4~O1.02 0.080 Q,064 0.376 0"167 M03 0"199 0.962 0,968 1"331 " 04 O"03V V"v/1 0,275 0"249 0^70b 0"308 0"917 0"177 1.266°~61.0* 0.080 0"//7b u.172 V.401 0,711 0.4^7 0,86^^ 0.987 1"1'11 " Oh 0. (410 0,`}78 0.069 0°7^^(^ 0.718 0"528 0.806 0^996 1"0761 " 1() 0,080 0^078 -.016 0"908 0"728 V"641 0"751 1.006 0"91

SYS V P IN 1030 P DSG Q USG PF SYS P SYS 3 SYS PF LOAD V EXCITNo " 9U 0"100 -^810 0"948 0"010 0,716 ~,418 01864 v^909 1.95A0.51A ° ^ 0"100 0.012 v^85b 0"0J4 0"7U4 -^319 0.911 8^919 1°854o,94 0.100 0"03l Q.761 0"042 0.695 ~"21* 0.955 0,929 1"753u " fb 0"100 0"04f 0"665 0^072 0"688 -.110 0.987 0°939 1^"65J0 " 98 K100 0.063 0^568 0,110 0.684 ~.008 1"000 0.949 15541.0v 0^100 0.075 0"470 0"157 0,682 0"098 0.990 0.958 1"4561.02 01100 0°o84 0"370 0.221 0,683 0"206 0"958 0.968 J.3591"04 Q°i0V 0.091 0.269 0"320 0°686 0,314 0.909 0°97E/ 1"2631.06 0,100 0,895 0^166 0"498 0.691 0"424 0"853 0"9R7 1"16Bt " 08 0.100 0"098 0"062 0^343 0.699 0.535 W794 0"997 10731 " 10 0^100 0.098 -"043 0"917 0,708 0.647 0"738 1"006 0"979

SYS V P IN DSO P DGG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN0 " 90 0"120 0"V12 0.942 8"012 8"695 -"412 0.860 0.909 1.9490.92 0.120 0,034 0"850 0.039 0.683 ^~,313 0,909 0^919 t^8490 " 94 0,120 0^053 0"755 0.069 0.675 -"218 0^955 O"929 1"7480 ^ 96 0"120 0"069 0"659 0"105 0,668 -"l06 0.988 0^939 1^649 0.98 0^120 0.083 (),562 0.147 0.664 -^001 1"000 0"949 1"5501.00 0.120 0.095 8.463 0"201 0"662 0"105 0.988 0"959 1"4531 " 02 0.1200.i^ 0.104 u^^^63 0^275 0"663 0.212 0'"953 V"968 1°3561 " 04 0^120 0.111 0,262 0^389  0"667 0,321 0`901 0"978 1"2601 " 06 V~120 0"115 0"160 0.584 0"672 0^431 0842 O^987 1"1651.08 0.120 0"117 0,056 0"903 0.679 0.542 0"7G2 0"997 1"0711.10 0"120 0.117 -.049 0"922 0.689 0"654 0^735 1"V06 0"977 6



DATA FOR SYNCHRONOUS MAC8INQ CONSTANT VOLTAGE
HEAVY LOAD O88O

ORIGINAL mr^ ^-'_ ^`^
OF POOR QUALITY, 9

-
	

:1	
`

TABLE 8~I1, cont.

"L,
LiY5 V P IN UJG P DSa Q DSO I !jYt)	 P SYri O SyS Pr: |OAD V ExCITN

V,14V 0.V33 0"936 O°035 0.674 -"406 0"857 V.918 1,944
,) ° v2 ('"i40 0.05^j 0"844 0,660 ~"306 0.908 01920 1^844+	 .

^	
^ 0°94 0°140 0^074 0^749 0^098 0,654 -.2[}4 0"955 0"930 1.744

^ 0 " 96 0"140 0.09n 0.653 0,136 0,648 -°100 0"988 0,94u 1"645r. 0,98 0.14V 0.104 ().556 0.181 0,644 0,005 1.000 0.949 1"517
^ 1.40 0.14u 0^115 0.457 0.244 0.643 Will 0,985 0"959 1°449
^ 1"02 0.140 V"124 0.357 o^328 0.644 0.219 0^947 0"969 1"353^
^ 1"04 0°140 0°130 9"=6 0,454 0^647 0"327 0"89^^ 8^978 i 258^
^ 1°06 U°^40 0,135 0,15Z 0^661 U,652 0.437 0"831 0",^8B 1"163

1 ° 08 0 " 14V 0.137 u,049 0"941 0,660 0"549 0069 C"997 1"068
1 " 10 V,140 0"137 ~^.056 0.925 0,678 0"661 8^7i2 1,007 D°975

SYS V P IN DSG P DEiG Q oSG PF SYS P SYS Q SYS [,F LOAD V EKCITN
o " 90 0^160 0"()54 0"930 0"059 0°653 -.400 0,853 0"910 1.939

^ 0"92 0"160 0^07b V"838 0°090 Y,643 -"300 0"906 0"920 1^839^ 0,94 0^160 0.094 0^743 0"126 0.634 -^197 0^955 0^938 1"740
0 " 96 0.160 0"110 V,647 0.168 0,628 ~.094 0"989 0,940 1"641
0 ^ 98 0.160 0"124 0"550 0,220 0.624 0^012 1"000 0"950 1"543
1 ^ 00 0"160 0^135 0"451 0.287 V°623 0^118 0.983 0^959 1.446
1.02 0 ^ 160 0^144 0"351 0"379 0.624 0"225 0"941 0"969 1,350
1,04 0.160 0"150 0"249 0.516 0.628 0"334 0"883 0.978 1^255

^ 1°06 0"160 0.155 0°146 0.726 0"633 8.444 0.819 0"988 1"161
1 " 08 0,160 0.156 0"042 0X65 V,641 0"556 0.756 0.997 1"067
1 " 10 0,160 0.156 -.063 0"927 0^651 0^668 0"698 1"007 0"973

SYS V P IN DGG p DSO U DSO PF SYS P SYS o SYS PF LOAD V EXCITN
0 " 90 0.180 0^076 0"924 ()"081 0.633 -.393 0"849 0.911 1"934
0.92 0°180 0^096 0032 0"115 0"622 ~^"293 0"904 0"921 1"835
0 ^ 94 0"180 0,115 0"737 0"154 0"613 ~^^191 0^955 0"930 1^736
0 " 96 0°180 0.131 0"641 0^200 0"608 -^087 0°990 0"940 1"637
0.98 0"180 0.144 0.543 0"257 0"604 0^018 1.000 0.950 1"540^ 1"00 0,180 0.155 0"444 0"329 0,603 0^124 0,979 0.960 1.443
1.02 0°180 0.164 0"344 0"429 0.605 0"232 0^934 0.969 1^349
1 " 84 0,180 0"170 0"241 0.574 0.608 0"341 0"872 0,979 1"253
1 ^ 06 0"180 0.174 0"140 0,780 0.614 0^451 0^806 0"988 1"159
1.08 0"180 0"176 0,035 0"980 0.622 0"563 0"741 0.998 1.065
1 " 18 0,180 0"176 ^~"870 0.929 0,632 0.676 0^683 1.007 0,972

^̂
^ SYS V P IN DSG P DSO Q DGG PF SYS P SYS Q SYS PF LOAD V EXCITN
^ 0"90 0"280 0"097 0.918 0.105 0.612 ~"387 0"845 0"911 1.930' 0"92 0,200 0,117 0.826 0"141 0"682 ~.287 0.903 0,921 1"831

O " 94 0.200 0,135 0,731 0"182 0"593 ^^"184 0"955 0"931 1°732
0 ° 96 0"200 0.151 0"634 0°232 0.588 -"080 0"991 0"941 1,634
0.98 0.200 0.164 0.537 0^293 0"584 0"025 0.999 0"950 1"537
1 " 00 0^200 0"175 0.438 0"371 0"584 0,131 0^976 0,960 1"441
1 ^ 02 0"200 0"183 0"337 0"477 0"583 0.239 0.926 0.969 1.345

pp	 ,1"04 0,200 0.190 0"236 0"627 0^589 0,348 0"861 0.979 1"251^r 1 ^ 06 0.200 0.193 0"133 0.825 0"594 0"458 8^792 0^988 1.157
1 " 08 0°200 0.195 0"028 0"990 0.602 0"570 0"726 0.998 1"063
1.10 0^200 0"195 ~~.077 0"929 0"613 0"683 0"668 1.007 0 970" " 4

8"11

,v ' ^ ^^ ^° °»^^ ~",^~^^^ `	 ^^~ ^	 `



yTABLE H-III

DATA FOR SYNCHRONOUS MACHINE t CONSTANT REACTIVE	 ORIGINAL F5.1r''.",?

CONSTANT IMPEDANCE LOAD
LIGHT LOAD CASE OF p00R QiJi^Li'y

s

f	 i
t

t
' £iYS V P IN DSG P DSG 0 DSG PF SYS P SYS G SYS PF LOAD V EXCITIV

0. 90 0. 020 Cl. 019 -.009 0.908 0.044 0.057 0.618 0.892 C). 885
0.92 0.020 0.020 -.009 0.912 0.046 0.059 0.619 0.911 0.906

? 0.94 0.020 0.020 -.009 0.908 0,049 0,061 0.627 0.931 0.923	
i

0.96 0.020 0.020 -.009 0.904 0.052 0.064 0.635 0.951 0.944
0.911 0.020 0.021 -.010 0.908 0.055 0.066 0.656 0.971 0.964
1.00 0.020 0.020 -.010 0.896 0.059 0.069 0.649 0.991 0.986

. 1.02 0.020 0.021. -.010 0.901 0.061 0.071 0.650 1.011 1.000
1.04 0.020 0.020 -.010 0.988 0.065 0.074 0.661 1.030 1.022
1.06 0.020 0.021 -.C)IC) 0.892 0.068 0.077 0„662 1.050 1.044
1.08 0.0530 0.020 -.011 0.880 0.072 0.079 0.672 1.070 1.061
1.10 0.020 0.020 -.011 0. MIA. 0.075 0.082 0.672 1.090 1.081

SYS V P	 III DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.040 C). 039 -.009 0.975 0.025 0.057 0.400 0.893 0.889

' 0.92 0.040 0.040 -.009 0.975 0.027 0.059 0.412 0.91.) 0.907
0.94 0.040 0.040 -.009 0.974 0.0.30 0.061 0.434 0.932 0.926
0.96 0.040 0.040 -.009 0.973 0.033 0.064 0.455 0.952 0.947
0.98 0.040 0.040 -.010 0.97'2 0.0.36 0.066 0.474 0.972 0.968

;- 1.00 0.040 0.040 -.010 0.970 0.039 0.069 0.492 0.991 0.989
1.02 0.040 0.040 -.010 0.969 0.042 0.071 0.508 1,011 1.006	

i1.04 0.040 0.040 -.010 0.968 0.045 0.074 0.523 1.031 1.025
1.06 0. 040 0.040 -.010 0.967 0.049 0.077 0.536 1.051 1.045
1.08 01.040 0.040 -.011 0.966 0.052 0.079 0.549 1.071 1.064
1. 10 0. 04C) 0.04C) -.011 0.964 0. 056 0„ 082 C). 560.E 1. 090 1. C)GA.

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS O SYS PF LOAD V EXCITN,
0. 90 0. C )6C) o.059 -. Cn79 0.9139 0.005 0. 057 Cl. 090 0. 89M; 0. 89.3
0.92 0.060 0.060 -.009 0.989 0.007 0.059 0.117 0.913 0.9101
0.94 0.060 0.060 -.009 0.986 0.010 0.062 0.158 0.933 0. 93C)
0.96 0.060 0.060 -.010 0.988 0.Ct13 0.064 0.198 0.953 0.951
0.96 0.060 Ci-060 -.010 0.987 0„016 0.066 0.233 0.973 0.973
i.00 0.060 0.059 -.010 0.986 0.019 0.069 0.269 0.992 0.990
1.02 0.060 0.(159 -.010 0.986 O.o23 0.072 0.300 1.012 1.009	 j
1.04 0.060 0.059 -.010 0.985 0.026 0.074 0.329 1.032 1.029
1..06 0.060 0.0)59 -. C)10 0.985 0. 029 0. 077 0.''355 1.052 1. 048
1.08 0.060 0.059 -.011 0.984 0.033 0.080 0.379 1.071 1.067
1.1t) 0.060 0.059 -.011 0.984• 0„036 0.082 0.401 1.()91 1.086 i

^
SYS V P IN DSG P DSG C DSG PF SYS P SYS 0 SYS PF LOAD V

I
EXCITN

0.90 0.080 0.0713 -.009 0.994 -.014 0.057 0.245 0.894 0.898
0.92 0.080 0.080 -.009 0.993 -.013 0.05+7 0.209 0.914 0.914
0.94 0.080 0.080 -.00)9 0.993 -.010 0.062 0.156 0.934 0.934
0.96 0.080 0.079 -.01C) 0.993 -.007 0.064 0.103 0.954 0.956
0.98 (,). 0130 0.079 - .010) 0.992 -.003 0.067 0.052 0.973 0.9713

M 1.00 0.080 0.079 -.010 0.992 -.0001 0.069 0.004 0.993 0.994
1.02 0.1780 0.079 - . 010 0.992 0. 003 0.072 0.042 1. C) 1.013
1.04 0.080 0.079 -.010 0.992 0.006 0.074 0.085 1.033 1.032

.-. 1.06 C). 080 0.079 -.011 0.991 0.).010 0.077 0.1'25 1.052 1.051
1.08 0.080 0.079 -„011 0.991 0.013% 0.080 0.162 1.072 1.070
1.10 0.080 C)-079 -.011 0.991 0.017 0.0(32 0.197 1.092 1. 089
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TABLE B-III, Cont.

DATA FOR SYNCHRONOUS MACHINE I CONSTANT REACTIVE
LIGHT LOAD CASE %J1I1• a e1 e'V

'k
1

SYS V	 P IN
0.90	 f,,. 1Oct

DSG p
0.098

DEG 0
-.009

DEB PF SYS p SYS 0. SYS PF LOAD V EXCITN
0.92 0.100 0.099 -.009

0.996
0.996

-.034 0.057 0.,.,10" Q.,	 rt99 r 0, 903
C,. 94 0.100 0.099 -.009 p.996

-.032 ().059 0.477 0. 915 0. 91 E3
0.96 0.100 0,099 -.010 0.995

-.029
-.026

0.062 0.428 0. 935 0,939
0.913 0.11:,0 0.099 -.010 0.995 -.023

0.064
0.067

0.7176
0.325

0.954 0.961
1.00
1.02

0.100
 0. 100

0.099 -.010 0.995 -.020 0.069 0.274
0.974•
0.994

0.983
0.998

1.04 0.100
0. 099
0.099

-.010
-.010

Q.993 -.016 0.072 0. 22.3 1. 014 1.017
1. 06 0.100 0,098 -.011

0.995
0.994

-.013
-•,010

0.074 0.174 1.03.3 1,0w;6
1.08 0.100 0.098 --Oil 0.994 - .006

0.077
0.080

0.126 1.053 1.055
r 1.10 p . 100 O. 098 -, 011 0.991. -, 003 0'.08.3

0.079
0.034

t.07,_+

t
1..()9:3. 1.092

}
SYS V
0. 90

P	 Ihl
0.12o

DEG P
0.117

DEG 0
-.009

DEG PF
0,

SYS P SYS O SYS PF LOAD V EXCITN
V 0.92 0.120 0.119 -.1009

997
0.997

-. 053
0.655 0.9960.94 0.120 0.119 -,009 0.997

-.052 0.060 0.9
0
26

0.96 0.120 0.118 -,.010 0.997
-.049
-.045

0.06'2 0.618 1). 935 0.944
0.98 0. 120 0.118 -.0IQ 0,997 - „04.2

0.064
0.067

0.577 0.955 0.967
1,00 0.120 0.118 -.010 0.996 - 039 0,069

0.535
0.491

0.975 0.984
z 1,02

1,04
0.120
0.120

0,118 -.010 0„996 -.0.36 0.072 0,44.°1
0.995
1.014

1..00.3
1.022

^. 1.06 0.120
p.118
0.118

-.010 0.996 -.032 0,075 0.399 1.034 1,040
1,08 0.120 0.118

-.011
-.011

0.996
0.996

„029 0.07'7 0.353 1.054 1.059
r 1.10 0,124 0.119 .011 0.996

-,026
-,023

0.080 0.306 1.073 1.077
0.083 0.273 1.093 1111.01

i
SYS V
0.90

P IN
(,1.140

DEG P
0.137

DSG C DEG PF SYS p SYS 0 SYS PF LOAD V EXCITN
0. 92 0. 14•0 0. 138

-.009
-.009

C,. 998
0. 998

-.073 0.05'7 0.7134• 0.897 0.915
0.'94 0. 141) 0. 138 -. 009 0. 996

-,,071
-.o62

0.060 0.765 0.917 0.934
0.96 0.140 0.1:.x8 -.010 0.998 -.065

0, 06,.•2
0.065

0.730 0- 936 0.
'r 0.98

1 ,00
0.140 0.138 -.010 0.997 -.062 0.067

0.709
x.,.677

0.956
0.976

0.977,

+ 1.02 
0.140
C.1„ 14(.1

0.13B
1:,.	 t..8

-.010 0.997 -.038 0.070 0.64'3 r.	 .) 99J
0.990
1 . 005>•

k 1.04 0.140
,

0.137
-.010
-.010

0.997
0.997

-.055 0.072 0.607 I.O:15 1. 027
1.06 0.140 0.137 -.011 0,997

-.052
-,048

0.075
C,. 077

0.570 1.035 1.04.5
1,08 0.140 0.139 -.011 01.997 -.046 0.080

0.5.;30
0,500

1.054 1.063J 1.10 o.140 0.139 -.011 0-997 04.3 0.083 o.462
1,074 1.086

i
1„094 1. 106

a
SYS V
0-90

p	 IIV
0. 1.60

DSG P
0. 156

DEG 0 DEG PF SYS p SYS Q SYS PF LOAD V EXCITN
`-' 0.92 0.160 0.158

-. 009
-.009

0„ 998 --092 0.058 0.847 0. 898 0. 922
0. 94 0.16o 0. 157 -. t)10

0.998
0. 998

-.090 0.060 0.BZZ 0. 917 0.940
0.96 0.160 0.157 -.010 0.998

-. 087
-.OS4

0. 062 0. El IA . 0.937 0.956
0 9 0.160 0.157 -.010 0,990 -.081

0.063
0.067

0.792 0.957 0,.979
y;E	 1	 00 0.160 0.157 -.010 x.,. 998 -.0713 0.070

0.769
0.744•

0.976 x.1.995
1.02 0.160 O. 157 -.010 0,9951 -.0741 0.072'

0.996 1-014

P 1. 04 0,160 r,. 157 -.010 (!.9913 -,071. 0,u75
0.' 717 1.t)16 1, 0.'1

^,.1.C,6 0,160 0.158 -.011 0.992 -.069 0.078
0,689
0.664

1,035 1.050

rd0
---^ 1.08 0.160 0.158 -.011 0.998 -.066 0.OE30 0.634

1.055 1.071
5 1. 10 0. 160 0. 158 -. 01 1 C,. 99FJ -. 06:_+ 0. 083 0.602

1.075 1.091
1.095 1.111
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TABLE B-III, cont.

DATA FOR SYNCHRONOUS MACHINEx CONSTANT REACTIVE 	 ORIGINAL PAGE 19
LIGHT LOAD CASE OF POOR QUALITY

SYS V P IN DSG p DSG Q DSO PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.180 0.175 -.009 0.999 -.111 0.058 0.887 0.898 0.929
0.92 U.180 0.177 -.009 0.999 -.109 0.060 0.677 0.918 0.947
0.94 0.160 0.177 -.010 0.999 -.106 0.062 0.863 0.938 0.962
0.96 0.180 0.177 -.010 0.998 -.103 0.065 0.847 0.957 0.986
0.98 0.180 0.176 -.010 0.998 -.100 0.067 0.830 0.977 1.001
1.00 0.180 0.176 -.010 0.998 -.097 0.070 0.811 0.997 1.019
1.02 0.180 0.176 -.010 0.998 -.093 0.072 0.791 1.016 1.037
1.04 0.180 0.177 --.011 0.998 -.091 0.075 0.773 1.036 1.054
1.06 0„1130 0.177 -.011 0.998 -.088 0.078 0.751 1.056 1.077
1.08 0.180 0.170 -.011 0.990 -.085 0.080 0.727 1.076 1.096
1.10 0.180 0.178 -.011 0.990 -.082 0.003 0.702 1.095 1.116

SYS V P IN DSG P DSO Q 066 PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.200 0.195 -.009 0.999 -.130 0.058 0.913 0.899 0.937
0.92 0.200 0.196 -.010 0.999 -.128 0.060 0.905 0.919 0.954
0.94 0.200 0.196 -.010 0.999 -.125 0.063 0.895 0.939 0.969
0.96 0.200 0.196 -.010 0.999 -.122 0.065 0.883 0.958 0.993
0.96 0.200 0.196 -.010 0.999 --.119 0.067 O.S70 0.970 1.008
1.00 0.200 0.195 -.010 0.999 -.116 0.070 0.856 0.998 1.025
1.02 0.200 0.196 -.010 0.999 -.114 0.073 0.843 1.017 1.042
1.04 0.200 0.197 -.011 0.999 -.111 0.075 0.827 1.037 1.063
1.06 0.200 0.197 -.011 0.998 -.108 0.078 0.810 1.057 1.082
1.08 0.200 0.197 -.011 0.998 -.105 0.081 0.792 1.076 1.101
1.10 0.200 0.198 -.011 0.995 -.101 0.083 0.773 1.096 1.121

REALISTIC LOAD REPRESENTATION

SYS V P	 IIV DSG P DSG Q DSG PF SYS F' SYS Q SYS PF LOAD V EXCITN
0.90 0.020 0.019 -.009 0.906 0.050 0.060 0.635 0.891 0.884
0.92 0.020 0.019 -.009 0.905 0.052 0.062 0.638 0.911 0.905
0„94 0.020 0.019 -.009 0.904 0.053 0.064 0.641 0.931 0.924
0.96 0.020 0.020 -.009 0.901 0.055 0.066 0.644 0.951 0.943
0.98 0„020 0.020 -.010 0.899 0.057 0.067 0.647 0.971 0.962
1,.00 0.020 0.020 -.010 0.896 0„059 0.069 0.650 0.991 0.983
1.02 0.020 0.020 -.010 0.894 0.061 0.071 0.653 1.011 1.001
1.04 0.020 0.020 -.010 0.890 0.063 0.073 0.656 1.030 1.023
1.06 0.020 0.020 -.010 0.087 0.065 0.074 0.659 1.050 1.044
1„08 0.020 0.020 -.011 0.884 0.067 0.076 0.662 1.070 1.066
1.10 0.020 0.020 -.011 0.881 0„069 0.078 0.665 1.090 1.081

SYS V P	 III 05G F DS8 Q D98 PF SYS P SYS Q SYS PF LOAD V EXCITI\
0.90 0.040 0.039 -.009 0.975 0.030 0.061 0.443 0.892' 0.888
0.92 0.040 0.040 -.009 0.975 0.031 0.062 0.444 0.912 0.909
0.94 0.040 0.040 -.009 0.974 0.033 0.064 0.459 0.932 0.926
0.96 0.040 0.040 •-.009 0.973 0.035 0.066 0.472 0.952 0.947
0.98 0.040 0.040 -.010 0.972 0.037 0.067 0.483 0.972 0.967
1.00 0.040 0.041 -.010 0.972 0.038 0.069 0.485 0.991 0.986
1.02 0.040 0.040 -.010 0.969 0.042 0.071 0.505 1.011 1.006
1.04 0.040 0.041 -„010 0.969 0.043 0.071 0.507 1.031 1.027
1.06 0.040 0.040 -.010 0.967 0.046 0.074 0.524 1.051 1.045
1.08 0.040 0.040 -.011 0.967 0.047 0.076 0.525 1.071 1.069
1.10 0.040 0.040 -.011 0.964 0.050 0.078 0.540 1.091 1.064
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TABLE B-III, cont.

o	 -• ^'	 DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
LIGHT LOAD CASEt	 .. •J

{

' SYS V P IN DSG P DSO 0 DSG PF SYS F SYS O SYS PF LOAD V EXCIT'N
1J. 061? 1:1. 059 -.009 (.).989 0.011:1 0.061 0.1.67 G.893 0.892

Is 0. 92 0. 060 0.060 -, 009 0.989 0. 011 0.062 0.179 G. 91:3 0.910
0.94 0.060 0„060 -.009 1). 988 0.81.3 0. 064 0.204 0.933 0.930
0.96 0.060 0.060 -.010 0.988 0.015 0.066 0.228 0.952 0.951

' 0.98 0.060 0.060 -.010 0.987 0.0113 0.068 0.251, 0.972 0.972
1.00 0.060 0.060 -.010 0.986 0.020 0.069 0.273 0.992 0.993

`• 1.02 0.060 0.059 -.010 0.986 0.022 0.071 0.293 1. 012 1.014
1.04 0.060 0.059 - • .010 0.985 0.024 0.073 0.312 1.032 1.0291.06 0.060 G. 059 -.010 0. 985 0.026 U.075 0.329 1. (,)52 1 . 09'91.08 0.060 0.059 -.011 0.989 0.028 0.076 0.346 1.072 1.068

c 1.10 0. 060 1J. 059 -.011 Q. 984 0. 030 0. 078 1:1, 362 1.092 1. 088

SYS V P	 IIV DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V FXCITN0.90 0. t:180 0. 078 -. 009 1.1. 994 -. O09 0. 061 01. 151 0. 894 1:1. 897
0.92 0.080 0.079 -.009 0.993 -.008 0.062 0.132 G. 914 0.914G 01.99' G. 080 0.079 -.009 0.993 -.006 0.069 0.098 0,9.x3 0.934
0.96 0.080 0.079 -.010 0.993 -.004 0.066 0.063 0.953 0.95501„ 98 0.1:181.1 0.079 -.010 0.992 -. 002 0, 068 0.1:13(1 0. 97:3 0„ 977
1.00 0.080 0.079 -.010 0.992 0.000 0.069 0.001 0.993 0.9981.02 0.080 0.079 -.1:111:1 0. 992 0.002 0.071 0. 031 1.013 1.0131.04 0.080 0.079 -.010 0.992 0.004 0.073 0.059 1.033 1.033
1.06 0.080 G. 075' -.011 G. 991 0.006 0. 075j 0.086 1.053 1.01521.08 0.080 0.079 -.011 0.991 0.009 0.076 0.11.': 1.073 1.0711.10 (.1. 08t:1 0. 079 -. 0 11 Cl. 991 1:1. 01. 1 0., 078 o.137 1. 092 1.091091

r

f SYS V P	 IIV DSG F DSG 0 DSG PF SYS P SYS O SYS PF LOAD V FXCITN
1J. 90 0. 100 0. 0913 --009 Q.996 -. 029 0.061 0. 427 0. 894 C 1„ 9036 0.92 0.100 0.099 -.009 0.996 -.028 0.06_ 0.467 0.914 0.918

i;- 0.94 0.100 0. 099 -. 009 1:1. 996 --.026 0. 064 0., 373 0. 934 0„ 173E)0.96 0.too 0.099 -.010 0.995 -.024 0.066 0.338 0.954 0.960I
r 0.98 0.100 0.099 -.010 G. 995 -.022 0.068 0.303 0.974 0„9821.00 0.100 0.099 -.01.01 0.995 -.01.9 0.070 0.269 0.999 0.999E" 1.02 0. 101 1 0. 099 -.010 011 995 -. C117 0.071 Q. 236 1.014 1..018e. 1. 04 0.100 0.099 -. 010 0.995 -. 010 0. 073 0.203 1.034 1.037111 06 0. 100 0. 099 -. 01.1 0.994 -. 013 0.075 0. 1.71 1. 053 111 0561.08 0.100 0.099 -.011 G. 999 -.011 0.077 0.141. 1.07._, 1.075
'- 1.10 0.100 G. 098 -.011 0.999 - .Ot:19 0.(178 0.1.10 1.093 1.094

SYS V P	 IIV USG P DSO Q DSG PF SYS P SYS 0 SYS PF LOAD V FXCITN0.90 0.120 0.117 -.009 0.997 -.G41d 0.061 0.619 0.895 0.9090.92 0.1'x'0 0.119 -.009 0.997 -.047 0.063 0.602 0.915 0.9270. 94 0. 120 01„ 119 -.009 0. 997 -.045 G. o64 0. 575 G. 935 0. 943
0.96 0.120 0.115 -.010 0.997 -.043 G. 066 0.546 0.955 0.965
0.98 0.120 0.118 -.010 01.997 -.041 0.0613 0.517 0.975 0.988ur0 1.00 0.120 0.118 -.010 0.996 -.039 0.070 0.487 0.995 1.. 01:13
1.02 0.120 0.118 -.010 G. 996 -.037 0.071. 0.457 1.014 1.(,)2, 2
1.04 0.120 0.118 -.010 0.996 -.035 0.073 0.427 1.034 1.041

P'"-' 1.06 0.120 0.118 -1.011 C1. 996 -. 032 0. 075 1:1..397 1. 054 1. 060
1.08 0.120 0.118 -.01.1 0.996 -.030, I.1.077 0.367 1.074 1.079

e
1.10 0.120 0.118 -.011 1:1.996 -.028 0.0178 0.337 1.099' 1.097
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TABLE B-III, Cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE ORIGINAL PAGE 19
LIGHT LOAD CASE	 OF POOR QUALITY

SYS V P IN DSG P DSG 0 DEG PF SYS P SYS Ll SYS PF LOAD V EXCITN
0.90 Q. 140 0.1:'7 -.009 0.995 -.067 0.061 0.741 0.896 0.915
0.9111 0.140 0.138 -.009 0.998 -.067 0.063 0.728 0.916 0.933
0.94 0. 144.1 0. 1.'ZFJ -.009 4.1„ 998 -. 065 0.065 (J.70CI 0.936 0.949
0.96 0.140 0.130 -.010 0.998 -.063 0.066 0.686 0.956 0.971
0.98 0.140 0.1Us -.010 0.997 -.060 0.068 0.664 0.975 0.994
1.00 0.140 0.1:30 -.010 0.997 -.058 0.070 0.641 0.995 1.006
1.02 0.140 0.138 -.1510 0.997 -.056 0.071 0.617 1.015 1. 027
1.04 0.140 0.1»3B -.010 0.997 -.054 0.073 0.593 1.0'x35 1.046
1.06 0.140 0. 137 -„011 0.997 -.052 0.075 0.568 1.055 1.064
1.08 Q. 14(,) 0.137 -.011 0.997 -.050 0.077 0.543 1.075 1.083
1.1(1 0.140 0.139 -.011 0.997 -.1749 0.079 0.527 1.095 1.105

SYS V P IN DSG P DEG 01 DEG PF SYS P SYS 0, SYS PF LOAD V Mini
1].90 0.160 0.156 -.009 0.998 -.087 Q. 061 0.817 0„897 0.922
0. 92 Q. 160 0.157 -.009 0.99B -.086 0.063 0.807 0.917 0.940
C1.'94 0.160 0.157 -.010 0.998 -„084 0.065 0.792 0.937 0.955
0.96 0.160 0.157 -.01.0 0.998 -.OE32 0.066 0.776 0.956 0.977
0„98 0. 160 0.157 -.010 0.998 -.080 0.068 0.760 0.976 0.9175
1.00 0.160 0.157 -.010 0.998 -.077 0.070 0.743 0.996 1.014
1.02 0.160 0.157 -.010 0.998 -•..075 0.072 0.725 1.016 1.032
1.04 0.161:1 0.157 -.011 0.998 -.073 0.073 0.706 1.036 1.051
1.06 0.160 0.157 -.011 0.998 -.071 17„075 0.687 1..056 1.069
1.08 0.160 0.158 011. 0.998 -.070 0.077 0.674 1„075 1.091
1.10 0.160 0.158 -.011 0„998 -.068 0.079 0.656 1.095 1.111

SYS V P IN DEG P DSO 0 DEG PF SYS P SYS G SYS PF LOAD V EXCIT'N
0.90 0.150 Q. 1.75 -.009 0.999 -.106 1:1.061 0.865 0.898 0.929
0.92 0.180 0.177 -.009 0.999 -.105 0.06.3+ 0.858 0.918 0.946
0.94 0.100 1:1.177 -.010 0.999 -.103 0.065 0.847 0.937 0.961
0.96 0.180 0.177 -.010 0.998 -.101 0.067 0.835 0.957 0.984
0.98 0.180 0.176 -.010 0.998 -.099 0.061:1 0.823 0.977 1.001
1.00 0.180 0.176 -.010 0.998 -.097 0.070 0.810 0.997 1.019
J..02 Q. 1130 0.116 -.010 0.998 -.094 0.072 0.797 1.017 1.038
1.04 0.100 0.176 -.01.1 0.998 -.092 0.073 0.783 1.036 1.056
1.06 O.1BO 0.177 -.011 0.998 -„091 0.075 0.773 1.056 1.077
1.118 0.180 0„178 -.011 0.998 -.0901 0.077 0.759 1.076 1.096
1. 1.0 0.150 0„178 -.011 0.998 -.088 0.079 0.745 1.096 1.116

SYS V P IN DEG P DEG 0 DEG PF SYS P SYS 0l. SYS PF LOAD V EXCITN
1:1.90 0.20[1 0.1IF5 -.009 0.999 -.125 0.062 0.897 0.899 0.936
1:1.9'x_' 0.200 0.196 -.010 0.999 -.124 0.063 0.891 0.918 0.953
0.94 0.200 0..196 -.010 0.999 -.122 0.065 0.12183 0.938 0.972
0.96 0.200 0.196 -.010 0.999 -.120 0.067 1:).874 0.958 0.991
0.9B 0.200 0.1.96 -.010 0.999 -.118 0.068 0.865 0.978 1.008
1.00 0.200 0.195 -.010 0.999 -.116 0.070 0.855 0.998 1.025
1.02 0.200 0.195 -„010 0.999 -.114 0.072 0.845 1:017 1.043
1.04 0.200 0.197 -.011 0.999 -.113 0.074 0.838 1.037 1.060
1.06 0.200 0.197 -„011 0.998 -.111 0.075 0.827 1.057 1.082
1.08 0.200 0.197 -.011 0.998 -.109 0.077 0.817 1.077 1.102
1.11:1 0.201:1 0.197 -.011 0.998 -.107 0.079 0.506 1.097 1.121
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TABLE H-IV P
t

DATA FOR SYNCHRONOUS MACHINE ) CONSTANT REACTIVE
HEAVY LOAD CASE	 ORIGINAL PAGE (S

CONSTANT IMPEDANCE LOAD	 OF POOR QUALITY

'	 SYS V P IN DSO P DSG it DSG PF SYS P SYS G! SYS PF LOAD V EXCITN
C1. 90 0.020 0.1J„0 -.008 0.926 0.5'22 0.41;3 0.783 0.823 0.815
0.92: 0.020 0.020 -.008 0.923 0.546 0.433 0.784 0.841 0.833
0.94 0.020 0.020 -. Op9 0.920 0.571 0.4S2 0.7134 0. 860 0.852
0.96 0.020 0.020 -.009 0.917 0.597 0.471 0.785 0.878 0.870
0. 178 0.020 0.020 -.009 0.914 0.623 0.491 0.785 0.896 0.888
1.00 0.020 0.020 -.009 0.911 0.649 0.511 0.786 0.915 0.906
1.02 0.020 0.0'20 -.009 0.908 0.676 0.531 0.786 0.933 0.924
1.04 0.020 0.020 -.009 0.905 0.704 0,552 0.787 0.951 0.943
1.06 0.021) 0.020 -.010 0.902 0.732 0.573 0.707 0.969 0.961
1.08 0.020 0.0120 -.010 0.898 0.760 0.595 0.787 0.988 0.979
1.10 0.020 0.020 -.010 0.895 0.790 0.617 0.788 1.006 0.998

SYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.040 0.040 -.008 0.979 0.504 0.416 0.771 0.1324 0.820
0.92 0.040 0.040 -.008 0.979 0.528 0.4334 0.772 0.842 0.838
0.94 0.040 0.040 -.009 0.978 0.553 0.453 0.773 0.861 0.856
0.96 0.040 0.040 -.009 0.977 0.578 0.472 0.774 0.879 0.874
0.98 0.040 0.040 -.009 0.976 0.604 0.492 0.775 0.897 0.692

f'	 1.00 0.040 0.040 -.009 0. 975 0. A-751 0.512 0.776 0.915 0.910
1. 02 0.040 0.040 -.009 0.974 0.658 0.532 0.777 0.934 0.92E1
1.04 0.040 0.040 -.009 0.973 0.685 0.553 0.778 0.952 0.946
1.06 0.040 0.040 -.010 0.972 0.713 0.574 0.779 0.970 0.965
1.08 0.040 0.040 -.01.0 0.971 0.742 0.596 0.780 0.988 0.983
1.10 0.04 .0 0.040 •-,010 0.970 0.771 0.618 0.780 1.007 1.001

f	 SYS V P IN DSO P 1)SG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.060 0.060 -.008 0,991 0.485 0.417 0.759 0.825 0.825

r;	 0.9'2 0.0601 0.060 -.008 0.990 0.509 0.435 0.760 0,843 0.843
E	 0.94 0.060 0.060 -.009 0.990 0.534 0.454 0.762 0.662 0„860

0.96 0.060 0.060 -.009 0.989 0.560 0.473 0.764 0.880 0.878
0.98 0.060 0.060 -.009 1).989 0.586 0.493 0.765 0„898 0.896

k	 1.00 0.0601 0.060 -.009 0.988 0.612' 0,513 0.766 0.916 0.914
1.012 0.060 0.060 -.009 0.988 0.639 0.533 0.768 0.935 0.932

r	 1.04 0.060 0,060 -.010 0.988 0.667 0.554 0.769 0,953 0.950
'	 1.0.i6 0.060 0.060 -,010 0.9137 0.695 0.575 0.770 0.971 0.968

1.08 0,060 0.060 -.010 0.987 0,723 0.597 0.771 0.989 0.987
--	 1.10 0.060 0.(160 -.010 0.986 0.752 0.619 0.772 1.. 008 1.004•
n

SYS V F IN DSG P DSG Q DSG F'F SYS P SYS Q SYS PF LOAD V EXCITN
,- 0.9c) 0. 0130 0„ 079 -.008 0.993 0. 467 0.418 0.7 115 0. E126 0.830
--0.92 0.080 0.079 -.008 0.994 0.491 0.436 0.748 0.844 0.848

.I ; 0.94 0.0130 Q. 079 -.009 0.994 0,516 0.455 0.750 0.1363 0.866
-J	 0.96 0.080 Ci.079 -.009 -,994 0.541 0.474 0.752 0.SO1 0.884
.^ 10. 98 0.080 0.0'79 -.009 E:, ..994 0.567 0.494 0.754 0.899 0.901
u.A1.00 0.080 0.079 -.009 0.993 0.594 0.514 0.756 0.917 0.919

1.02 0.080 0.079 -.009 0,993 0.621 0.,`534 0.7,`58 0.935 0,937
P%F?4 1 .04 0.080 0. 079 -.010 0.993 0.648 0.555 0.739 0.954 0.955
09'1.06 CI. 0130 0.079 -.010 0.993 0.676 0.576 0.761 0.972 0.97.3

1.08 0.080 0.079 -.010 0.992 0.705 0.598 0.762 0.990 0.991
1.10 0.080 0.(:)79 -.010 0.992 0.734 0.620 0.764 1.008 1.009
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TABLE B-IV, cont.
ORIGINAL PAW. 19

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 	 OF POOR QUALITY
HEAVY LOAD CASE

SYS V P IN DSG P DSG G1 DSG P°' SYS P SYS O SYS PF LOAD V EXCITN
0.90 0.100 0.099 -.008 0.996 0.449 0.419 0.731 0.827 0.637

' 0.92 0.100 0.099 -.009 0.996 0.473 0.437 0.734 0.845 0.854
0.94 0.100 0.099 -.009 0.996 0.498 0.456 0.737 0.863 0.871

."' 0.96 0.100 0.7199 -.009 0.996 0.523 0.475 0.740 0.882 0.889
C1.98 0.1.00 0.099 -.009 0.996 0.549 0.495 0.743 0.900 0.907
1.00 0.100 0.099 -.009 0.996 0.575 0.515 0.745 0.918 0.924
1.02 0.10u 0.099 -.009 0.995 0.602 0.535 0.747 0.936 0.942

' 1.04 0.100 0.099 -.010 0.995 0.630 0.556 0.750 0.954 0.960
1.06 0.100 0.099 ^.010 0.995 0.658 0.577 0.752 0.973 0.977
1.08 0.1 00 0.099 -.010 0.995 0.686 0.599 0.753 0.991 0.995
1.10 0. 100 0.099 -.01C) 0.995 0.716 0,621 0.795 1.009 1.013

4

SYS V F'	 IN DSG P DSG 0 DSG PF SYS F SYS 0 SYS PF LOAD V EXCITN
0.90 0.1'20 ).118 -.008 0.997 0.430 o. 420 0.716 0.828 o. E143
0.92 0.120 0.118 -.009 0.997 0.455 0.438 0.720 0.846 0.861
0.94 0.120 0.118 -.OrJ9 0.997 0.479 0.457 0.724 0.864 0.878
0.96 0.120 0.118 -.009 0.997 0.505 0.476 0.727 0.882 0.89,

r 0.98 0.120 0.118 -.009 1.1.997 0.;531 0.4.96 0.731 0.901 0.913
• 1.00 0.120 0.118 -.009 0.997 0.557 0. 516 0.7.54 0.919 0.930

1.02 0.120 0.118 -.009 0.997 0.584• 0.536 0.7,x7 0.937 0.947
1.04 0.120 0.119 -.010 0.997 0.611 0.557 0.739 0.955 0.965
1.06 0.120 0.119 -.010 0.997 0.640 0.578 0.742 C). 973 0.9133

. 1.08 0.120 0.119 -.010 0.996 0.668 0.600 0.744 0.992 1.000
1.ir.) 0.120 0.1.19 -.010 0.996 0.697 0.622 0.746 1.x•)10 1.018sr

I.

SYS V P IN I)SG P DSG G) DSG PF SYS P SYS 0. SYS PF LOAD V EXCITN
0.90 0.140 0.137 -.rJ09 0.998 0.412 0.4'21 0.700 0.829 0.851t, 0.92 0.140 0.137 -.009 0.998 0.437 0.439 0.705 0.847 0.868
0.94 0..1.40 0.138 -.009 0.998 0.461 0.4!58 0.71.0 0.865 0.885
0.96 0.140 0.138 -.009 0.998 0.487 0.477 0.714 0.883 0.902
Q. 91:1 0-:140 0. 138 -. 009 0.998 0.512 0.497 0.718 0.902 0.919
1.00 0.140 0.138 -.009 0.998 0.535' 0.517 0.722 0.920 0.9.36
1. 02 0.141.1 U.138 -.010 0.998 0.566 0.537 0.725 0.938 0.953
1.04 0.140 0.138 -.010 0.998 0.593 0.558 0.725 0.956 0.970
1.06 Q. 140 0.138 -.010 0.997 0.621 0.579 0.731 0.974 0.988

' 1.08 0.140 0.138 -.010 0.997 0.650 0.601 0.734 0.992 1.005
r' 1.,10 0.140 0.1238 -.Q  0.997 0.679 0.623 0.737 1.011 1.023

SYS V F	 IIV USG F DSG 0 DSG PF SYS P SYS Q. SYS PF LOAD V EXCITN0 90 0.160 0.157 -.009 0.999 0.393 0.422 0.6132 0.(330 0.8590.92 0.160 0.157 -.009 0.998 0.4.18 0.440 0.6(39 0.848 0.874_ 0.94 0. 160 0.157 -.(:)C)9 0.99E1 i).4.43 0.459 0. 694 0.866 x-1. 8930.96 0.160 0.157 -.009 0.998 0.468 0.478 0.700 0.80.4 0.9070.98 0.. 1.60 0.157 -.009 0.998 0.494 0.49E1 0.705 0.902 0.9291..00 0.160 0.1.57 -.009 0.998 0.521 0. 518 0.709 0.921 0.943.31.02 0. 160 0. 157 -. (:)10 0.998 0.548 0. 538 0.714 0.939 0.9591.04 0.160 0.157 -.010 0.998 0.576 0.559 0.717 0.957 0.9761.06 0.160 0.157 -.010 0.99FI 0.604 0. 1380 0.721 0.975 0.9921771- 1.08 0.160 0.157 --.010 0.998 0.633 0.602 0.724 0.993 1.009'0'^lmf 1..	 1):) 0. 160 0. 158 -. 01 r.) 0.998 0.661 0.624 0.727 1.011 1. 030
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TABLE B-IV, cont
^►r^.a^ `

DATA FOR SYNCHRON OUS CONSTANT REACTIVE

EAVYMACHINE,
OF pool? r^Dge;^n

q	 [

^
(JAl 17

SYS V P IN W3 1,3 P DSG f! DSG PF SYS P SYS Q SYS PF LOAD V C.XCITN
Q.90 1.). 100 0.176 -• .009 0.999 01.376 0.423 0.665 0.831 (J. 1367
0.92 o.1SU 0.176 •-.009 0.999 0.401 0.441 0.672 0.84 .9 0.882
0.94 0.180 v. 176 -• .009 0.999 0.425 0.460 0.678 0.867 0.900
0.96 6.180 0.176 _. .009 0.999 0.400 0.479 0.6W5 0.085 0.91r
0.98 0.180 0.176 -.009 0.999 0.476 0.4 .99 0.691 0.903 0.9:36
i.00 0.100 0.176 °.009 0.999 0. E50 ,5 0.519 0.696 0.921 0.950
1.02 U. 11:10 0.176 -.010 0.998 0.5:30 0.539 0.701 0.939 0.966
1.04 0.100 U. 176 -.01U 4.998 0.5514 0.560 0.706 0.958 0.982
1.06 U. 180 0.176 -.OI0 0.998 0.51116 0.581 0.710 0.976 0.99FI
1.08 0.180 0.17'7 -.010 0.998 0.61;3 0.603 0.713 0.994 1.018
1.10 U. 1.(30 0.177 -.oil) 0.998 0.642 0.623 0.717 1.012 1.036

SYS V P	 114 DSG P DSG a DSG PF BYE; P SYS a SYS PF LOAD V EXCITN
4. 90 0.200 0. 195 -. 009 0.999 0.358 C,, 424 0. 646 0.632 0. 873
0.92 0.200 0.1('70 -.009 0.999 0. 383 0.442 0.654 0.850 0.891
C', 94 0.2t,1.0 tJ.196 -.009 0.999 0.407 0.461 0.66'.:.' 0.868 0.908
0.96 U. 2ou 0.195 -.009 0.999 0.4.3,53 0.480 0.669 4. 886 0.92:.?
0.98 0.200 0.195 -.009 0.999 0.4;59 0.500 0.676 0.904 0.944

r.	 1.00 0.200 0.195 -.010 x,.999 0.485 0.520 0.682 0.922 0.957
t'	 1.02 0.200 0.195 -.010 0.999 0.512 0.540 0.688 0.94 .0 04772

1.04 0.200 0.195 -.010 0.999 01. 540 0.561 0.693 0.958 0.988
1.06 0.200 0.196 -.010 0.999 0.567 0.582 0.698 0.977 1..003

n	 1.08 0.200 0.196 -.010 0.999 0.595 0.604 0.702 0.995 1.025
R,	 1.10 0.200 0.197 -.010 0.999 0.624 0.626 0.706 1.013 1 04

REALISTIC LOAD REPRESENTATim

f SYS V P IN DSG P DSG 0 DSG PF SYS P SYS G. SYS PF LOAD V EXCITN
0.90 0.02x., 0.020 -.008 0.930 C,. 590 0.466 0.785 0.812 0.804
0.92 0.020 0.019 -.008 0.917 0.610 0.480 0.786 0.831 0.826
0.94 0.020 0.020 --0OFJ 0.919 0.629 0.495 0.786 0.851 0.647
0.96 0.020 0.019 -.009 0.912 0.649 0.509 0.786 0.870 0.864
0.98 0.020 0.019 -.009 0.911 0.668 0.524 0.787 0.890 0.88:+
1.00 0.020 0.020 -.009 0.909 0.687 0.539 0.787 0.909 0.902 I
1.02 0.020 0.020 -.009 0.908 0.707 0.554 0.787 0.929 0.923
1.04 0.020 0.020 -•.009 0.907 0.726 0.569 0.787 0.946 0.937
1.06 0.020 0.020 -.•710 0.905 0.746 0.584 0.787 0.967 0.960

' 1.08 0.020 0.021 -.010 0.904 0.766 0.600 0.787 0.987 0.980
v
r

1.10 0.020 0.02i -.010 0.902 0.706 0.615 0.767 1.006 1.x.,00
I

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS M SYS PF LOAD V EXCITN
0.90 '7.04. 6 0.040 -.0x.,8 0.980 0.571 0.467 0.774 0.813 0.809
0.92 0.040 0.039 -.008 0.978 0.591 0.481 0.776 0.833 0.830
0.94 0.040 0.039 -.008 0.977 0.611 0.496 0.776 0.852 0.849

-_^ 0.96 0. 040 0.039 -.009 0.976 0.630 0.510 0.777 0. 871 4.868
0. 98 0.040 4.039 -. 009 4.976 0.649 0. w1i? 5 0.777 0.1391. 0.. 087
1.00 0.040 0.040 -.009 0.975 0.668 0.540 0.778 0.910 0.906
1.42 0.040 0.044 -.009 0.974 0.688 0.555 4.778 0.929 0.926
1.04 0.040 0.040 -.009 0.974 0.707 0.570- 0.779 0.949 0.941

;., 1.06 0.040 0.040 -.010 0. 973 4.727 0.5135 0.779 0.968 4.964
1.08 0.040 0.040 -.010 0.972 0.747 0.600 0.779 0.988 0.983 w
1.10 x-,.040 0.441 -.010 0.971 0.767 0.616 0.784 1.007 1.003
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DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTTG'E
HEAVY LOAD CASE ORIGINAL PAGE 19

OF POOR QUALITY
: e

^^	 ,. ^...-:.-;.; v-4 . . J. :-,	 i n. .-^ ...	 -_-.•;	 _._	 ..._ _	 ..::,	 ..	 ,.	 _	 rp	 _'_T'^a^^tt'ca-'r..,.m i. 	 •,.y--5 .

TADLL P-IV, Cont.

SYS V P IN DSG N DSG a DEG PF SYS P SYS 0 SYS PF LORD V EXCITN().9(.) 0.060 0.060 -.008 0.991 0.553 0.468 0.764 0.014 0.81.4
r 0.92 0.060 0.059 -.003 0.990 0.573 0.482 0.765 0.834 0.5350.94 0.060 0.059 ^.009 U. 990 0.592 0.496 0.766 0.853 0.8540.96 0.060 0.059 -.009 0.989 0.611 0.511 0.767 0.872 0.872

`
0.98 0.060 0.059 -.009 0.989 0.630 0.526 0.768 0.892 0.8911.0u 0.060 0.059 -.009 0.988 0.649 0.541 0.763 0.911 0.9101.02 0.060 0.060 -.009 0.988 0.669 0.556 0.769 0.930 0.9:x01.04 0.060 0.060 -.009 0.988 0.688 0.571 0.770 0.950 0.946s 1.06 0.060 0.060 -.010 0.9137 0.708 0.586 0.771 0.969 0.968e 1.08 0.060 0.060 -.010 0.987 0.728 0.601 0.771 0.989 0.987

4
1.10 0.060 0.060 -.010 0.9136 0.748 0.616 0.77'2 1.008 1.007

SYS V P IN DSG P DSG Q USG PF SYS P SYS 0 SYS PF LOAD V EXCITN0.90 0.0130 0.079 -.008 0.995 0.534 0.468 0.7;52 0.815 0.13203 0.92 0.080 0.079 -.008 0.994 0.554 0.483 0.754 0.835 O.egG0.94 0.030 0.079 -.009 ().994 0.573 0.497 U. 755 0.854 0.8590.96 0.080 0.079 -.009 0.994 0.592 0.512 0.756 0.873 0.878f• 0.98 0.0130 0.079 -.009 0.994 0.611 0.527 0.758 0.89a 0.8961.00 0.080 0.079 -.009 0.993 0.631 0.541 0.759 0.912 0.9181.02 0.080 0.079 -.009 0.993 0.6;50 0.556 0.760 0.931 0.9347 1.04 (1.080 0.080 ^.010 0.993 0.670 0.571 0.761 0.951 0.9501.06 0.080 G. 050 -.010 0.993 0.6139 0.5136 0.762 0.970 0.972
s 1.08 0.080 0.080 -.010 0.992 0.709 0,602 0.763 0.989 0.9911.10 0.080 O.OG0 -.010 0.992 0.729 0.617 0.763 1.009 1.011r

SYS V P IN USG P DSG 0 USG PF SYS P SYS 0. SYS PF LOAD V EXCITNi 0.90 0.100 0.099 -.008 0.997 0.516 0.469 0.740 0.816 0.E1'230.9-2 0.100 0.098 -.008 0.996 0.535 0.484 0.742 0,836 0.8460.94 0.100 0.098 -.009 0.996 0.554 0.498 0.744 G. 855 0.865

I
0.96 0.100 0.098 -.009 0.996 0.573 0.51:5 0.795 0.874 0.8830.98 0.100 0.099 -.009 0.996 0.592 0.527 01.747 ().894 0.9021.00 0.100 0.099 -.009 0.996 0.612 0.542 (.1.748 0.913 0.923

F 1.02 0.100 0.099 -.009 0.996 0.631 0.557 0.750 0.932 0.9391.04 0.100 0.099 -.010 0.995 0.6.;1 tl.572 G. 751 U. 952 (7.956 4 1.06 0.100 0.099 -.010 0.995 0.671 0.587 0.752 0.971 0.9771.08 0.100 0.099 -.010 0.995 0.691 0.602 0.754 0.990 0.996
r 1.10 0.100 0.100 -.010 0.995 0.711 0.615 0.755 1.011) 1.015

SYS V P	 III D5G P DSG 0 DSG PF SYS F' SYS G? SYS PF LOAD V EXCITN0.90 0.120 0.119 -.008 0.998 0.497 0.470 0.726 0.817 0.5330.92 0.120 0.118 -.009 0.997 0.517 0.484 0.730 0.837 0.854r" 0.94 0.120 0.118 -.009 0.997 0.536 0.499 0.732 t).8°56 0.8710.96 0.120 0.118 -.009 0.997 0.555 0.513 0.734• 0.875 U. 889
urn

0.4;:1 0.120 G. 118 -.009 0.997 0.574 0.528 0.736 0.599 0.9101.00 0.120 0.118 -.009 0.997 0.59.3 0.543 0.738 0.914 0.9281.02 0.120 0.111 -.009 0.997 0.613 0.555 0.739 0.933 0.9451. O il. 0.120 0.119 -.010 0.997 0.632 0.573 0.741 0.952 0.9621.06 0.120 0.119 -.010 0.997 0.652 0.588 0.743 0.972 0.9781.08 0.120 0.119 -.010 0.996 0.672 0.603 0.744 0.991 1.0011.10 0.12() 0.119 ^. W0 0.996 0.692 0.618 0.746 1.011 1. 020
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TABLE B-IV, cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE
HEAVY LOAD CASE

SYS V P	 114 DSG P DSG Q DE36 PF SYS P SYS Q SYS PF LOAD V EXC:IT'N
I

0.9t) U. 140 0. 138 -. 008 0.998 0.479 U. 471 0.71:5 0.818 0. F3410.92 0,140 0.1:3 .7 -.009 ().998 0.498 0.485 0.716 0.8•:08 U. 862

`
0.94 0.140 0.137 -.009 0,998 0.517 O. SOU 0.719 0.857 U. 8780.96 0.140 0.137 -.009 0.998 0.536 0.514 0.722 0.876 0.E398' 0.98 0.140 0.138 -.009 0.998 0.555 0. 529 0. 724 0.895 0.9151.00 0.140 0.138 -.009 0.99E3 0.575 0.544 0.726 0.915 0.93"l

' C
1.02 0.140 0.138 -.010 0.998 0.594 0.559 0.729 1).9;;4 0.9501.04 0.140 0.138 -.010 0,998 0,614 0.574 0.731 0.953 0.9681.06 4.140 0.138 -.010 0.997 0. 6= 0.589 r). 753 0.97.:, 0.9851.08 0.140 0.138 -.010 0.997 0.65:3 0.604 0.734 0.992 1.002t

{

1.10 0.140 0. 138 -.010 0.997 0.673 0.619 0.736 1.011 1.025

SYS V P	 INI DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V EXCITN0.90 0.160 0.157 -.,00E1 0.999 0.461 0.472 0.699 0.819 0.8490.92 0.160 0.157 -.009 0.998 0.479 0.486 0.702 0.839 0.870w 0.94 0.160 0.157 -.009 0.998 0.499 0,500 0.706 0..858 0.882

`
0.96 0.160 0.157 -.009 0.998 0.518 0.515 0.709 0.877 0.903

1,
4).98 0.160 0.157 -.009 0.998 0.537 0.530 0.712 0,896 0,9221.00 0.160 0.157 -.009 0.998 1:1. 557 0.544 0.715 0.916 0.9391.02 0.160 0.156 -.010 0.998 0.577 0.559 0.718 0.935 0.9571.04 0,160 q. 157 -.010 0.998 0.595 0.574 0.720 0,954 0.973k

a
1. 06 0.160 0.157 -.014 0.998 0.616 0.5139 0.723 0.973 0.9921.013 0.160 0.158 -.010 0.998 0.635 0.605 0,724 0.993 1.012

G
1.10 0.160 0.157 -.010 0.998 0.656 0.620 0.727 1.012 1. 030

'r
SYS V P IN DSG P DSG Q DSG PF SYS P SYS Q SYS PF l_OAI)	 V EXCITN9 0.90 0.180 0,176 -.009 0.999 0.443 0.472 0.684 0.820 0.858r. 0.92 0.180 0.176 009 0.999 0.461 0.487 0.688 0. E339 0.137%0.94 0.1130 0.176 -.009 0.999 0.480 0.501' 0.692 0.859 0.(391)0.96 0.180 0.176 -.009 0.999 0.499 0.516 0.696 0.8'78 U. 908f 0.98 0.11'x0 0.177 009 0.999 0.518 0.530 0.699 0.@97 0.929t 1.00 0.180 0..176 -.009 U. 999 0.5'1+8 0.545 0.702 0.916 0.9451. c)2 0.160 o.177 -, 1)11) 0.999 0. 557 0. 560 0. 705 0. 936 0, 963

k 1.04 0.160 0.177 -.010 0.998 0.577 0.575 0.708 0.955 0.9811. 06 0.180 0,177 -,010 0.998 0.597 0.. 590 0.71.1 0.974 0.9981.O?+
1. 10

0.180 0.177 -.010 0.998 0.617 0.605 0.714 0.994 1.014<3 O. 180 0.:176 -. Ct 10 o.996 0.6--37 0. 620 Q. 716 1. 01.= 1. 036
°lr:

7G
SYS V
0.90

P	 IINI
0.'200

DSG P DSG Q DSG PF SYS P SYS G! SYS PF LOAD V EXCITN
0.92 0.200

0.195
0.195

-.009 0.999 0.425 0.473 0.668 0.821 0.867
0.94 0.200 0.19`1

-.009 0.999 0.443 0,487 0.673 0.840 0.884
0.96 0.200 0.195

-.009
-.(1109

0.999
0.999

0.462 0.502 0.677 0.660 0.901
-- 4. 98 0.200 0.195 -.009 0.999

0.481
0.500

0.516
(). 531

0.662
0.686

0.879 0.914
` -1.00 0.200 0.195 -.010 0.999 0.520 0.546 0.690

0.1:198
0.917

0.933
0.952t̂t,,,4̂r^o:. 1 1 . 02

1.04
0.20t)
0.200

0.196 -. 010 0. 999 0.539 0. 561 0.693 o.937 0. 971:1
1.06 0.200

0.197 -.010 0.999 0.555 0.576 0.696 0.956 0.988
I.OB 0.200

0.196
0.196

-.010 0.999 0.578 0.591. 0,700 0.975 1.008

7 1.10 0,200 0.197
-.010 0.999 0.598 0.606 0.702 0.994 1.021-.010 0.999 0.618 0.621 0.705 1.014 1.042

p : B-21
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TABLE B-V 

^ DATA FOR D%0CB8O0OO8 MACHINE, 000D%&0T EXCITATION
^ LIGHT LOAD CASE
.	 C.UN5[AN1 IMPEDANCE L[)oU

ORIGINAL

OF POOR QUALMY

R^r ft,- pq

S ylb y	 p IN	 DSG p	 bsG Q	 DEG PF	 SYS p	 SYS Q	 [`yG pp	 LOAD y	 DELTA
,	 n.9V	 0"02V	 0"018	 ()"118	 0,352	 0"047	 -°069	 0"566	 0.905	 0,39

^ 0 " 901	 0.(,2o	 0,v19	 n.104	 0"177	 0°050	 ~°053	 0°685	 V"923	 0,49'	 ^' 94	 0 V2v	 0 019	 U V89	 0 289	 U U52	 036	 ^ 824	 0 942	 0	 9^ 	 "	 "	 ^	 ,	 "	 .	 _,	 5"	 "	 °
r ./.9n	 (1.020	 0°x19	 U"U/3	 Y"255	 0^054	 -.018 	 0" 949	 0" 960	 0" 69

0 " 98	 0,020	 Y^020	 0nA7	 0°325	 0^057	 0,080	 1,000	 0,978	 0°78
^	 1^o^	 ;.02(/	 0°020	 0"v4V	 0"442	 0"060	 0"019	 0°951	 9"996	 0"87
^	 1^02	 0^020	 0"020	 0^023	 o.661	 0"062	 0^039	 0"847	 1"014	 o.96
c	 1,04	 0"02o	 0"020	 0"094	 0,977	 0,065	 0^059	 0.739	 1,032	 1"04

1.06	 9"020	 0°020	 ~°V14	 V"809	 0°06G	 0"081	 0"646	 1"050	 142
1 " 0U	 0,020	 0"020	 -"034	 V.5Ob	 0071	 0,102	 0.572	 1^068	 1.20
1,1"	 W.V20	 0^020	 ~,054	 0.342	 0,075	 8°125	 0^513	 1.0B6	 1^26

^̂	 GYS V	 P IN	 DEG p	 DEG Q	 DEG PF	 SYS P	 SYS Q	 SYS PF	 LOAD V	 DELTA
0~90	 0^040	 0"838	 0"115	 0"314	 0°028	 -^066	 0.384	 0.906	 1"62
0,92	 0^040	 0,03?	 01101	 0^357	 0.038	 -"050	 0^513	 0,924	 1°70
0.94	 o"V4O	 0.039	 0.086	 0.413	 8"032	 -"033	 0.699	 0"942	 WE
0 " 96	 0.040	 0^039	 0.070	 0,487	 0°834	 -"015	 0"917	 8"960	 1.85
0.98	 0°040	 0"040	 8"854	 0.590	 0,037	 0"003	 8.996	 0^978	 1,92
1 ° u8	 V,040	 0"040	 V.037	 0.730	 0"040	 0,022	 0071	 0,996	 1,99
1 " 02	 0"040	 0.04(}	 8.020	 0.898	 0,043	 0"042	 0^710	 !.014	 2"06
1 " 04	 U.040	 0°040	 0.001	 0,999	 8"045	 0,063	 0.587	 1"032	 2"12
1.8 ~	0" 040	 0"040	 -.018	 0°915	 0,048	 0^884	 O.501	 1°050	 2,m,
1 " V8	 0^040	 V,040	 ~^,037	 0.731	 0.052	 8.106	 0.439	 1^068	 2.24
1 ° 10	 0,040	 0.040	 -"057	 0.569	 0"055	 0^120	 0^394	 1"086	 2"30

SYG V	 P IN	 DSO P	 DEG Q	 DEG Pr	 SYS P	 SYS 8	 SYS PF	 LOAD V	 DELTA
0 ^ 90	 0"060	 0.058	 0.112	 0.459	 0°808	 °^^063	 8"122	 (),907	 2.85
0 " 92	 0^060	 0058	 0"098	 0.513	 0"010	 ^~^047	 0,289	 0"925	 2"91
0 " 94	 0"060	 0"059	 0"083	 0.579	 0"012	 -"029	 0,384	 0,943	 2"96
0,96	 0.060	 0"059	 0"067	 0"661	 0^015	 -"012	 0,782	 0"961	 3"01
0 " 98	 0,060	 0^059	 0.051	 0.760	 0"017	 0^007	 0°932	 0.979	 3^06
1.00	 0~860	 0.060	 0°034	 0"869	 0,020	 0.026	 8"612	 0"997	 3^11
1 " 02	 0"060	 8,060	 0,016	 0°965	 0"023	 0°046	 8"447	 1"015	 3.16
1 " 04	 0.060	 0,060	 -"002	 0.999	 0"026	 0^066	 0"362	 1"033	 3.20
1.06	 8.060	 0.068	 ~°021	 0.944	 0"029	 0"087	 0.313	 1"051	 3"24
1 " 08	 0,060	 0,060	 ~"040	 0"827	 0"032	 0"109	 0"280	 1°069	 3.29
1 " 10	 0.060	 0"059	 -"061	 0.700	 0"035	 0"131	 0"258	 1"087	 3^33

SYS V	 P IN	 DSO P	 DEG Q	 DEG PF	 SYS P	 SYS Q	 SYS PF	 LOAD V	 DELTA
0 " 90	 0.060	 0.078	 0"109	 0"582	 -"012	 _"D59	 0"198	 0.987	 4^08

^	 ().92	 0"080	 0^078	 0,094	 0°639	 -^010	 -"043	 0"222	 0°925	 4"11
0 " 94	 0"080	 0.079	 0"079	 0,705	 ~^007	 -"026	 0"277	 0"943	 4.14
0 " 96	 0,080	 0.079	 0"063	 0.779	 -"005	 -.008	 0,527	 0,961	 4.17
0.98	 0,080	 0,079	 8.047	 O°859	 -"002	 8"010	 0.227	 0.979	 4"20
1 " 00	 0.080	 0"079	 ()"030	 0^935	 0°000	 0"029	 0.011	 01997	 4.22
1 ^ 02	 0.080	 0.079	 0°013	 0.988	 0.003	 0.049	 0"063	 1"015	 4.25
1.04	 0"080	 0.079	 ^~^006	 0,997	 8°006	 0.070	 0"096	 1"033	 4"27
1 " 06	 0"080	 0"079	 -,025	 0"955	 0"009	 0"091	 0,099	 1.051	 4"30
1.08	 0,080	 0"079	 ~°044	 0"873	 0.012	 0"113	 0"108	 1.069	 4"32
1 ° 10	 0.080	 0,079	 -°064	 0^776	 0.015	 0^135	 0"114	 1.087	 4"35

k.
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TABLE B-V, cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
LIGHT LOAD CASE

ORIcipm.	 1.0

OF POOR QUA1.I7'y

SYS V F IN DSG P DES 0 DSG PF SYS F SYS 0 SYS PF LOAD V DELTA
0.90 AM 0.097 0. 105 0.681 .032 . 055 0.496 01.907 Wr1

1 0„ 92, 0. 1 t,lU tl, 09E3 it, t:)yU 0. 7:3 5 U29 -. 0a9 U. 6(7:`3 0.9:5 b. :3
j 0.94 0.100 0.098 0.075 0.794 .027 .022 0„778 0.943 5.31.

0.96 0. 101:) 0.098 0.059 0.656 - . 025 -.004 0.987 0.961 5.3"
0.98 0.100 0.099 0.043 0.916 -.022 0, 014 Q. 151:36 0.979

r 1.00 0.100 0.099 0.026 0.967 -.019 0.034 0.500 0.997 5.74
.+ 1.02 0.100 0„099 0.0ou 0.996 °.017 0.05:3 0.296 1.O/^^ i's 5..315

1.04 0.100 0, 099 -.010 0.995 -.014 0. 074 0.181 1.0:."a. 5.35
1.06 0.100 0.099 -.029 0.961 -.011 0.095 0.110 1.05 1 5.35
1.013 0.100 0.099 -.0413 0.899 -.007 0.117 0.063 1.065 5.36
1.10 ^1. ir.)0 0.099 -.06M 0.822 -.004 0.1x9 0. 0'3t:^ 1.087 5. C37

t

SYS V F IN D8G p DEG 0 DEG F'fSYS F :SYS 0 SYS PF LOAD V DELTA
0.95, 0.120 0.117 0.100 0.759 -•.051 -.051 0.709 0.908 6.53
0.9' 0.120 0.118 0.086 0.808 -.049 -.034 0.818 0.926 6.51
0.94 o.120 MIS 0.071 0.857 -.047 -.017 0.937 0.944 6.50
0.96 0.120 0.118 0.055 0,906 -.044 0.000 J.000 0.962 6.48
0,9B 0.120 0.118 0.039 0.950 -.042 0.01.9 0.911 0.980 6.47
1.00 0.120 0.119 0.022 0.984 -.019 0.038 0.716 0.995 6.45
1.02 0. 120 0.119 0.004 0.999 -.036 0.058 0.5:51 1.016 6.44
1.04 0.1200 0. 119 -.014 0.993 - .033 6-M 0.391 1.034 6.43
1.06 0.120 0.119 -.033 0.963 -.010 t,. U99 0.291 1.052 b. 42

r 1,78 0.120 0.119 .053 0.914 -.027 0.121 0.218 1.070 6,40
k 1.10 0.:120 0.110 -.073 0.832 -.024 0. 144 0.163 1.020 6.39
C'o-r

SYS V P IN DS(3	 f' DSO 0 OSS NF SYS P SYS 0 SYS PF LOAD V DELTA
' 0.90 0.140 0.137 0.096 0.B19 -.071 -.046 0.037 0.908 7.75
Y 0.9'x2 0.l4() 0.137 0.081 0. 8607 .069 -.030 0.917 0,926 7.71

0.94 o.14" 0.137 0.066 0. 901 -.066 -.013 0.982 0.944 7.67
0. 96 0.140 0.138 0.050 0.'-)59 -.064 0.005 0.997 0,962 7.6.3
0 -9S 0.140 0.13S 0.034 0.97t -.061 0.02A 0,933 0, 980 7.60

o J. „ [7t,) 0.140 0.13S 0.017 0.992 -. OSS3 0. 014:3 0. 807 0.99E 7.56
1.02 0.140 0.138 .001 1.000 -.056 0„062 0.665 1„016 7.5'S;
1.04 0.140 0.138 .1)19 0.991 - .053 0. 083 0.536 1.034 7.50
1.06 0.140 0.138 -.038 0.965 -• .050 0.104 0.431 1.052 7.4.7

$, 1. OS 01.140 0. 138 -.057 0.924 -.047 0.126 0.347 1.070 7.44.
1.10 0.140 0.1311 -.077 0.872 •-.043 0.149 0.280 1.088 7.41s

SYS V F'	 IN DSs F DEG 0 DEG PF SYS C'' SYS 0 SYS PF LOAD V I:JELTA
0.90 0.160 0.156 0.091 0.81165 -.090 -.041 0.910 0.908 8.97
0.92 0.160 0.157 0.076 0.899 -.088 -.025 0.963 0.926 8.91

^. 0.94 0.160 0.157 01.0 61 0.932 -.086 --.008 0.996 0.944 8. 85
0.96 0.160 0.157 0.045 0.961 -.083 0.010 0.993 0.962 8.79

" 0.98 0,160 0.157 0.029 0.983 -.080 0.029 0.942 0. 980 8.73
1.00 0.160 0.155 0.012 0.997 -.07S 0.048 0.8,`.5:•3 0.998 8.68 
1.02 0. 1.60 0.158 -.006 0.999 -.075 0.068 0.743 1.016 8. 62
1.04 0.160 0.158 -.024 0.989 -.072 0.088 0.634 1.0.34 8.57
1.06 0.160 0.158 -.043 0.965 -.069 0.109 0.535 1.052 8.5252
1.08 0.160 0.1.58 -.062 0.930 -.066 0.1.31 0.449 1.070 9.48

" 1.10 0.160 0.157 •-.082 0.886 -.06:5 0.154 0.::378 IMES 8.43

B-23
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TABLE B-V, Cont.

ORIGINAL RAGE 6-0DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION 	
0F

POOR
LICHT LOAD CASE

QU
ALITY

SYS V P IN DSG P DSG 0 D90 PF SYS P SYS 0 SYS PF LOAD V DELTA
0.90 0.180 0.175 0.0% 0.900 -•.109 _.036 0.951 0.909 10.19
0.92 01. 1 bo 0.06 0.17'71 0.928 -.107 -.019 0.9B4 0027 10.1 .1
0.94 0.180 0.176 0.036 0.734 -.105 -.0012 1.000 0.945 10.0:3
0.96 0.1801 0.176 0.040 0.975 -.102 0,016 0.989 0.963 9.94
0.98 0.180 0.177 0.024 0.991 -.100 0.034 0.947 0 1 .9Gi 9.86
1..01;1 0.:1.801 0.177 0.007 0.999 -.097 0.053 0.877 0.998 9.79
1. 01 0.180 0.177 -.011 0.992 -.094 0.073 0.791 1.016 9.72
1.04 0.181.1 0. 177 --.029 0.987 -.091 0.093 0.700 1.034 9.65
1.0606 0.alair 0.177 -.048 0.965 -.DEB 0.115 0.611 1.1:52 9.58
1.08 0.180 0.177 -.068 0.934 -.085 0.136 0.530 1.070 9,. 51
1.10 0.100 0.177 _.088 0.896 -.081 0.159 0.459 1.088 9.45

SYS V P IN DSG P DSG 0 DSG PF SYS F' SYS 0 SYS PF LOAD V DELTA
0.90 0.200 0.19595 01. 079 0.926 -.129 -.030 0.974 0.909 11.41 
0.92 0.200 0.195 0.065 0.949 -.126 -„013 0.994 0.927 11.30
0.94 0.200 0.195 0.050 0.969 -.124 0.004 1.000 0.945 11.19
0.96 0.200 0.196 0.034 0.985 -.112 0.021 0.985 0.963 11.09
0.92 0.200 0.196 0.018 0.916 -.119 0.040 0.948 0.9011 10.99
1.00 0.200 0.196 0.001 1.000 -. 116 0.039 0.892 0.999 10.90
1.02 0.200 0.196 -.017 0.996 -.115 0.079 0.821 1.017 10.81
1.04 0.200 0.196 -.0315 0.985 -.111 0.099 0.745 1.035 107.7'•3'
1.06 0.200 0.196 -.054 0.965 -.108 0.120 0.667 1.053 10.64
1.08 0.200 0.196 -.073 0.937 -.105 0.142 0.593 1.071 10.56
1.10 0.200 0.196 -.093 0.903 -.101 0.164 0.524 1.088 10.48

REA1._ISTIC LOAD REPRESENTATION

SYS V P	 II\I DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V DELTA
r 0.90 0.020 01.0118 0.119 0.151 0.052 -.0166 0.620 0.905 0.38

0.92 0.020 0.019 O.IU4 0. 176 0.053 .050 0.729 0.923 0.49
` 0.94 0.020 0.019 0.009 0.208 0.055 -.034 01.852 0.941 0.59

0.96 0.020 0.019 0.073 0.254 0.056 -0017 0.959 0.959 0.69
0.98 01. 0201 0.0720 0.057 0.324 0.056 0.001 1.000 0.977 01. 78

7' 1.001 0.020 0.0201 0.040 0.442 0.060 0.020 0.951 0.996 0.87t 1.02 00 020 0.020 0.022 0.662 0.062 0.039 0. 847 1.014 0.96
1..04 0.020 0020 0.004 0.979 0.063 0.058 0.736 1.032 1.04
1. 0 06 0.020 0.020 -.01 5 0.803 0.065 0.079 0. 639 1.050 1.12

1 1.08 0.0120 0.010 -.034 0.500 0.067 0.100 0.559 1.068 1.201
1,10 1 i.010 0.020 -.05S 0.3,39 0.069 0.121 0.496 1.0% 1.18

js

SYS V P IN DSG P DSG 0 DSG PF SYS F' SYS 0 SYS PF LOAD V DELTA
0.90 0.040 0.038 0.116 0.313 0.012 -.063 0.455 0.905 1.62
0.91 0. 040 0. 039 0. 101 0.356 0.034 -.047 01.579 0.924 1.70
0.94 0.040 0.039 01.096 01.411 0.035 -.031 0.751 0.942 1.78

" 01.96 0.040 0.039 0.071 0.486 0.0737 -.014 0.937 0.960 1.85
t4r^ 0.98 0.040 0.03Y 0.054 0.56q 0.038 0,004 0.994 0.97B 1.92
yj 1.00 0.0140 0.040 0.037 0.730 0.040 0.013 0.871 0.996 1.99

^,$a 1.012 0,.0401 0.040 0.0119 0.898 0.042 0.042 0.708 1.014 2.016
4 1.04 0.040 0.040 0.001 1.000 0.044 0.061 0.579 1.032 2.12

1.06 0.040 0.040 -0018 0.912 0.045 01.082 0.486 1.050 2.19
iF 1.08 0.04x,1 01.040 -.037 0.727 0.047 0.103 0.419 1.069 2.25
I 1.10 0.040 0.040 -0058 0.565 0.0501 0.;25 0.370 1.087 2.30
bb- B-24
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	 ORIGIN i" I., PAGII F
OF POOR QUALITY

TABLE B-V, Cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
LIGHT LOAD CASE

fi y S

r ' • 9 U

V	 DEG P
0. 060	 U. 058

DSG 0
f.).

DEG PF SYS P	 SYSbu? SYS PF	 LOA!)[r. 9 ? (i. 06r7 U. ri58
113

0. 098
Q. 4;58
0.512

0. r:,12 0.202 0. 906
V	 DELTA

2.85., 0.94 0. 060 G. 059 - . 0.014
t_

r-. 04 + 0. 5198 0.924 2.910.96
0.

0.060 0.059 0.067 0.660 0.017
-'02F.t 0.4F35 0.942 2.96z 98

1.00
p , 060
0.060

r), pS9 0. r., 51 0.759 6.018 0. 010
0.51

727 0. 960 .3, 01
1„U2 Q. 06C)

U. 060
0.060

0.0;34 0.869 0.0:20 0.026
.

0.6.14 0.997
3•U6

1.011 0. 060 0.060
0.o16
-. 00;2

0.0220 .966 G. 045 0.^.-:: 1.. 01,.,5
3.11

1.. c.16 G. 060 0. 060 - . 02 1
0. 999
0. 942

0. 024 G„ 065 0. 
44

I 1.033 
3.16

 3. 201.08 0.060 0.060 -.04.1 U. 024
0. 05
U. 023

^0.106
0..2
0.'289 1.0 il 3.'.241. . 10 r.). 060 rJ. 059 . 061 0.6196 0, t)'?,U 10b 27 1. 069

69
.3„ 29

t
b. 128 0„;d27 1.007 3.33

SYS V	 p	 I1\1
4700.470	 0.0130

DEG p
0.078

DSG 0
0. 109

DEG PF SYS SYS 0.
r

LOAD DELTA
'

x.1. 92 0.080 0.078 0.095
0.5E t1
0,.637

007
0.130

0.94 G. 080 0.079 r], 079 r). 7r>:,
-.0r'J6 -. 040 Q--146

` ^^
4.11
4. 11

^
C). 96 0.080 0.079 0.064 G. 778

-. 044 _ . U2^ F Q.	 c
 0. ,+43

74.1F0.98 0. 080 0-079 0. 047 0.1 lE15'9
-.0C)3
-„ 001

-.007 U. 400
00 0.961

U. 961 4.17/
1.. i 70 0. 080 0.079 0. 0"'(d 0.93 0. 001

0.1 01.1 0. 1 • ^I 1 ° rJ. 979 4„ :2r)1- 02
1	 0 '1

04 0. UG0 0.o79'7v r.). 012 0. 988 0-002
t.7. 0 :58
0. 09.9 0. 01.7 0. 997 4.220.080

0.080
0.079 -.006 0.997 0.004 0.069

0. 047 1 . 015 4.25
1.08 0.080

0.079
0.079

-.025 0.954 0.006 0.009
0.060
U. 068

1.031,3
1..0131 4.27

r 1 . a0 0. 080 0-079
045j

--.065
0.871 0.008 0.110 0.073 1.069

4.30
4,320„ 773 0,. 01.0 0-132 0. 077 1.. 0137 4. 35

1.
SYS V
U. 90

P	 TtI
t). 1r.,t)

DEG p
0. 097 DEG 0

G. 1.05
DEG PF SYS P SYS 0 YS PFS LOAD V DELTA

t` 0. 92 0. 100 r,. r <J 9S 0. 0 91.
0. 6,8(:)
0. 734

v-. 027 -„ 032 0.459 0-90 -7 5'.300.94• 0.100 0.098 0.075 r,.	 ,7 9:i
--.026 -.036  30 ..	 76 50.923

0. 96 G. loo Q. r398 0. 060 0. 855
-. G):^4

+
^	 . 021) r:)„ 771 t:). 94 ^;

5,.31
S.:W 1rd. 98

i.00
0., 1r)0
0.100

x.).099 0. 011-3 r,. 936
-„ 1:)'22
-..021 -.00.3

0. t:r1,5 0.99.3
p „ 809

0.961 5. 32
Y 1.02 0.1 r)G

0.099
r). 099 0. 026 0, 96'7 -.019 0.0.';4 0. 496

0,.979
0.997 5S.:Sti;

1.04• 0.100 G. 099
0.000
- lC:,„r,;

0. 9 9E: -.41.7 O. 053 0.313 1.01°1
,,.•z-,4.
5,.55N 1.06 0.100 0.099 -.0.'9

0.995
0.960

-.016 0.07; 0.209 1.034• 5.3551. 00 p.1UJ 0.099 r-. 349 0- e97
r:-	 Jt4

-. 012
0.093 0.144 1.052 . 551..11:) 0. 1 :70 0„ r, '9 -. 069 0-820 -, 01.0 0.114  r). 100 1. 1:)70 L

5.36 
i
Y

0. 1:36 0.070 11,0913 5.37
"-

G
SYS V
0.90

p	 ICI
0.120

DEG p
0-117

DEG G	 DEG PP
0.101 SYS P SYS Q SYS FI F= LOAD V DELTA0.92 0.120 0.118 0.086

0.758
0.806

-- 04747 -„048 0.617 0.907 6.53w' 0.9 4• 0, 1.:20 0.118 0, 1:,71 0.856 -, 043 -. U.3 0.817 rJ. 925 6. sac, 0.96
8.98

0.120 0.118 0.055 0.906 -.04 4 0.rtieJ
0.

0.f4`' 6.50

*3 1..00
:200-120 O. Its x:).039 0.950 - 0..41 0.0'300

01,999 x).962 6.48
1 .02

0.120
0.1:20

0.119
0.111

0.022
t7. 999 - 039 0.038

0.91>1
0.714

0.988
0.998

6.47
v 1.04 U. 1'20 0.119

0.004
r 4-„ J1 I :).99.3+ -.03'7 0.057 0.544 1.016

6.45
6.441.0 6 O. i.20 0. 119 - .03_; 0.963

-. 035  0. 077 0-415 1.. 834 6.4.3+1.00 0. 120 0. 119 -•. 05.3 .033
.0913	 -. 0.3+1

0. 097 t:,.:1' •1
3:3

1.052 6.,421.10 0.120 0.118 -.073 0.8510) .C)29
0.119	 0. 254 1. 070
0. 140 0.203 1.088 6.39
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TABLE B-V I Cont.

. a
DATA FOR SYNCHRONOUS MACHINE t CONSTANT EXCITATION 	

ORIGINAL PAGE 19
LIGHT LOAD CASE	

OF POOR QUALITY

SYS V F IN DSW1 P USG V. D30 PF SYS N SYS G1 SYS PF LOAD V DELTA
Q. 91:1 0.14. 1? 0. 1:77 (-. 096 0.818 -.066 -•.041 0.837 0.908 7.75
0.92 0. 140 0.107 0.082 0.859 .065 .027 0.922 0.926 7.71
1?. 94 0. 140 0.13'7 0„1166 0.900 -.063 -.011 0.986 0.944 7.67
0.96 0.140 0.138 O.Oi1 0.939 -.062 0,006 0.995 0.962 7.61
01.98 0.140 0.1:11P1 0.034 0.971 -•.060 0.024 0.927 0.981:1 7.60
1.00 0.141) 0.138 0.017 0.992 -.058 0.043 0.806 0.998 7.56
1.02 0.140 0.138 -.001 1.000 -.1,756 0.062 0.674 1.016 7.53
1.04 0.140 0.138 _.019 0.991 -.055 0.082 0.556 1.034 7.50
1.06 0.140 0.130 -.038 0.964 -.053 u.102 0.459 1.052 7.47
1.08 0.140 0.138 -.058 0.923 -.051 0.123 0.361 1.070 7.44
1. 10 0. 140 0. 13EI --.078 0.870 -.049 0.145 0.318 1.098 7.41

SYS V P	 11\1 DSG N DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V DELTA
0.90 0.160 0.156 0.091 1:1.864 -.086 -.038 0.914 0.908 8.97
0.92 6.160 0.156 0.076 0.898 -.084 -.022 0.967 0.926 8.91
0.94 0.160 0.157 0.061 0.931 -.083 -.006 0.991:1 0.944 8.95
0.96 0.160 0.157 0.046 0.960 -.081 0.011 0.990 0.962 8.79
0.90 0. 160 0.157 0. 02 11' 0.903 -.079 0.029 0.932 0.980 8.73
1.00 0.160 0.158 0.012 0.997 -.07H 0.0% 0.852 0.998 8.68
1.02 0.160 0 . 158 -.006 0.999 -.076 0.067 0.730 1.016 8.62
1.04 0.160 0.158 -•.U24 0.989 -.074 0087 0.649 1.034 8.57
1.0.E 0. 160 0.15S .045 0.96`7 .0'2/ J.	 1.1,17 xJ.	 1..185 .•a

1..0.1.. 528.,^:.
1.08 0.161 0.158 -.063 0.929 --.070 0.128 0.479 1.071 8.4S
1.10 0.160 11.157 1083 0.S84 .060 0.150 0.413 1.089 8.43

EYE y t	 IN DSG P DSG L1 Dsu PF SYS	 4=' SYS 0 SYS PF LOAD V DELTA
0l ow '..30 M74 ".006 0. 899 -.105 -.033 0.155 0.908 10.10
0.0 - .	 s lacy 0. 116 Q.071 0.927 -.103 -W17 0.987 0.926 10.10
O.VA 0.180 0.176 0.056 0. 953 -.102 -.000 1.000 0.944 10.03,
0.9a 0.180 0.176 0.040 0.975 -.100 0.017 0.986 0.962 9.94
0.98 0.180 0.177 0.024 0.991 -.099 0.033 0.943 0.980 9.86
1.00 0.180 0.177 0.007 0.999 -.097 0.053 0.877 0.998 9.79
1.02 0.180 0.177 -.011 0.998 -.095 0.072 0.797 1.017 9.72
1.04 0.180 0.177 -.029 0.987 -.093 0.092 0.712 1..035 9.65
1.06 0.180 0.177 -.048 0.965 -.091 0.113 0 . 631 1.033 9.58
1.08 0.180 0.177 -.068 0.933 -.089 0.134 0.556 1.071 9.51
1.10 G.180 0.177 -.088 0.894 -•.01:17 0.155 0.490 1.089 9.45

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V DELTA
0.90 0.200 0.195 0.080 0.925 -.124 -.027 0.977 0.908 11.42
0.92 0.200 0.195 0.065 0.948 -.123 -.011 0.996 0.926 11.31
0.94 0.200 0.195 0.050 0 . 969 -. 1.21 0 . 006 0. 999 0.944 i, i.. 2 )
0.96 0.200 0.196 0.034 0.985 •.120 0.023 0.983 0.962 11.09
0.,98 0.200 0.196 0.01.8 0. 996 -„118 0.040 0.946 0,.961 10.99
1.00 0.200 0.196 0.001 1.000 - .116 0.059 0.892 0.999 1.0.90
1..0'2 0.2011 0.196 -.017 0.996 -.114 0.078 0.826 1.017 10.80
1.04 0.200 0.196 •.035 0.984 -.113 0.098 0.755 1.035 10.72
1.06 0.200 0.196 -.034 0.964 -•.111 0.118 0.684 1.053 10.64
1.08 0,.200 0.196 -.074 0036 -.109 0.139 0.616 1.071 10.55
1.10 0.200 0.196 -.094 0.902 -.107 0.161 0.552 1 . 0439 10.47
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TABLE H-VI

DATA FOR SYNCHRONOUS MACHINE ( CONSTANT EXCITATIONa
HEAVY LOAD CASE

CUN$f iNl'	 1111FLUANL:E LUAD
ORIGINAL

.	 F

FF^f.
'

^:. 6.1
•c,

OF POOR QUALITY

SYS V P IN DSO f' DSO Q DSO PF SYS F SYS C2 SuS r'F LOAD V DELTAr.. 90 0. ()2() 0.016 0. 164 0. 099 0. 550 (J. 261 0.904 0. GA 1 -0.01
0.9' o.0:'.:'0 1).0:1'7 0. 15:; o.109 0.572 0.289 0.89: 0.658 0.10
0. 94' V.0S'0 0. 417 0.141 0.122 0,,,.°.195 0.717 18 0.1132 0.875 0.20
1). 96 0.021) 0.018 t), 1.`^9 ). 157 7. 618 r). 348 0.871 0.892 0.::11
0. 9B (). 0 .20 (.).0.11fi.1 0.116 o. t.56 0.642 0.779 0.861 0.901 0.41
1,.00 0.0"2t) 0.019 o. 102 0.180 0.666 0.411 0.951 x•].925 0.11;1.
1.02 0.020 0.019 0.o88 0.211 0.691 0. 444 0.84'1 0.942 0.601 . oil 0.020 0. 01 9 0. 074 0. 2552 0. 716 0.478 0. E132 0. 959 0.6BI . q6 0. 020 0 '. 1,1;2 x,55 O. 1:1"59 0.	 ::LS 0.742 0.::551.2 0.825 o.976 0.771. 08 0.0'.20 C1. o"a°.() 0.043 (). 41::55 0,760 0. 548 0. 814 0. 992 0. E364
:L. 10 0. x) ;20 0. o2t:t 0. 027 0.592 (J. 795 0.:5584 . 0. 106 1 . o09 0.94 i

Sys V P IN DSO P DSG 0 DSG	 1-1 17 SYS P SYS 0 SYS PF LOAD V DEL, TAC). 90 0.040 0.056 0.161 551.219 U. 531 0.'264 Q. 895 0.B42 1.32 I(
0.92 0.o4t) 0.037 o.IVi0 0.238 0.553 0.292 0.884. 0.859 1.40

s 0.94 O. 040 0.037 0.131. 0. 261 0.576 0.322 0.1373 0,. 076 1.	 48„
i. 0.96 0.041) o. 038 0.1'26 0.288 0.599 0.::152 0.862 0.892 1.556

C1„ 98 0. 040 o. 0.-,B 0. ]. 13 0. "120 0. 62.3' 0.383 0.155!.2 O. 909 1. 6:31. 0(55 551. C140 Q. 0:19 0„ 100 0.•561. 0.647 0.41.5 0.842 0.926 1.71
y 1. 02 0.040 0.1139 0. 0136 0. 414 Q. 672 0. 441 O. 13;:52 0. 943 1..78

1.014 0.040 0.039 0.071 0„484 0.697 0.481 0.E32- 0.959 1..855
1.06 0.040 0.0:59 0.056 0.57'7 0.723 o. 516 0.814 0.976 1.911. o8 1. 040 0.040 0.040 0. 702 0, 749 0„ 5F.,1 0.805 0.993 1.98

i 1„10 o. 040 0.040 0.024• 0.857 0„776 o„5013 0.797 1.0ao 2„04
i'

SYS V r'	 IN DSO r' DSO 0 USG PF SYS P SYS	 C•2 SYS PF LOAD V DELTA
t)„ 90 0. 060 0. 0556 0. 158 0.,,;34 O. 512 o.268 0. 886 0„ 134•:5 2.64
0.92 0.060 x).097 0.:14.7 0.359 0.5":4 0.296 0.875 0.859 2.69

c, C). 94 O. 060 0. 057 o.135 0. 390 r,>.=157 0.3M (1.1363 0. 876 2. 75
0.96 0.060 0. 058 0. 123 0. 425 0. 580 o.336 0. E353 0.893 2.81
+:1.98 0.060 0.0513 0.1.10 0.46B o. 604 o.,87 4.142 o. 910 2.16
1.00 0. 060 x-'1.058 0.096 0.519 0.628 0.419 0.8'32 0.926 291

(^

1.. r12 0, 060 0.0559 0. 082 0.502 o. 653 0,. 4. 51 0. 02'2 0.94.? 2.. 961.0 44 0.060 0.059 0.068 0.656 0.678 0.'10 55 0.81.1- 0.960 3;	 e)1.
1.06 0. 060 't• 059 0. OS3 0. 7 .1 17 0.704 0. 520 0„ Boo 0. 977 3,. Ct6

y'
1. 08
1. 10

0.060 Q. 0:,9 0., 0::--7 0. E350 0.730 0. 355 0.796 0. 993 73 10
0.060 x,1. 060 0„ 021 0. 945 0. 7,`77 0.51' 2 0. 7BB 1. 010 5. 1.5

I

SYS V P IN DSG P D S B i) DSO PF SYS P 5YS" C7 SYS PF LOAD V DELTA
0. 9C) 0.0130 0.076 0. 1.555 0.441 0.41n 0.272 0.875 0.843 3.96r^ 0.9:2 0. 080 0. 076 0.:143 0.470 0. 51.:55 ().:Soo O. B64+ 0. 860 3.990„ 94 0.0130 U„ 077 O. ].M 1. 0. S05 0.'15531:1 o"330 Cl. 153 0. 877 4.02`0.96 0.080 0.077 O. 11.9 Q. 54'5 0.561. 0. 360 0.134'2 0.1393 4.050.913 ().010 O., 0713 o.106 0.592 0.585 0.:391 0.6::51 0. 910 4. 013

IV
rer̂_.^-f^j^^.

1.0o 0.080 0.078 0.093 0.645 0.609 0.423 0.821 0.927 4.11
^°!" 1. C12 0. 0130 Cl., 079 0. 079 C1. 707 0.631 . 0. 4'56 C1.431.'2 0. 944 4.14

1.0114 0.080 0.079 0.064 0.7'76 0.659 0.489 0.803 0.960 4.17
1. 06 0.080 0.079 0.049 0.851 0.685 0.524 0.794 0.977 4.1.9
1. 02 0.080 0.079 0.03-L 0.923 0.71.1 0.560 0.786 0.994 4.22 `	 1a . l0 0. OBO 0. 079 0. 017 0. 971a o.738 o. 596 o..776 1. 01.1 4.24
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TABLE B-VI j Cont.	 ORIGINAL. PAGE IS

DATA FOR SYNCHRONOUS MACHINE t CONSTANT EXCITATION OF POOR QUALITY

HEAVY LOAD CASE

SYS V P IN DEG P DEG 0 DSO PF SYS P SYS 0 SYS PF LOAD V DFLrA
0.10 0.1001 0.096 0.151 0.536 0.474 0.277 0.864 0.644 5.28
01.92 0.100 0.096 0.139 0.567 0.496 0.305 0.852 0.860 5.28
0.94 0.100 0.097 0.128 0.604 0.519 0.334 0.041 0.877 5128
0.96 0.1001 0.097 0.115 0.645 0.542 0.364 0.830 0.894 5.29
0.98 0.100 0.097 0.102 0.690 0.566 0.395 0.820 0.91.1 5.30
1.00 0.100 0.098 0.0189 0.741 0.590 0.427 0.810 0.927 5.51
1,02 0.100 0.090 0.075 0.797 0.615 0.460 0.801 0.944 5.32
1.04 0.100 0.090 0.060 0.854 0.640 0.494 0.792 0.961 5.:32
1.06 W 1Up 0.099 0.045 0.911 0.666 0.529 0„783 0.971 5.53
1.08 0.100 0.099 0.029 0.959 0.692 0.564 0.775 0.994 5.33
1.10 0.100 0.099 0.013 0.992 0.719 0.601 0.767 1.011 5.34

SYS V P	 III DSG F' DEG Q DEG PF SYS F SYS 0 SYS PF LOAD V DELTA
0,90 0.120 0.115 0.146 0,610 0.455 0.281 0.851 0.844 6.58
0.92 0.:120 0.1.16 0.135 0.651 0.477 0.3101 0.839 0.861 6.57
U.94 0.120 0.116 0.123 0.687 0.500 0.339 0.828 0.1978 6.56
0.96 0.120 0.117 0.111 0.726 0.523 0.369 0.817 0.894 6.54•
0.98 0.120 0.117 0.098 0.768 0.547 0.400 0.807 0.911 6.53
1.00 0.120 0.118 0.084 0.813 0.571 0.432 0.797 0.928 6.31.
1.02 0.120 0.118 0.070 0.859 0.596 0.465 0.788 0.945 6.50
1.04 0.120 0.118 0.056 0.905 0.621 0.499 0.780 01.961 6.48
1.06 0.120 0.118 0.040 0.947 0.647 0.534 0.771 0.970 6.47
1.06 0.120 0.119 0.025 0.979 0.673 0.569 0.764 0.995 6.46
1.10 0.120 0.119 0.008 0.998 0.700 0.606 0.756 1.011 6.44

SYS V P IN DSG P DEG 0 DEG PF SYS P SYS 0 SYS PF LOAD V DELTA
0.90 0.140 0.135 0.142 0.609 0.436 0.267 0.036 Q.845 7.90
0.92 0.140 0.135 0.130 0.720 0.458 0.315 0.824 0.861 7.86
0.94 0.140 0.1.36 0.110 0.754 0.481 0.34.4 0.813 0.078 7.52
0.96 0.1401 0.136 0.106 0.790 0.504 0.374 0.803 0.895 7.78
0.98 0.140 0.137 0,093 0.827 0.528 0.405 0.793 0.911 7.74
1.00 0.140 0.137 0.079 0.865 0.552 0.437 0.784 0.928 7.71
1.02 0.140 0.137 0.065 0.903 0.577 01.470 0.775 0.945 7.67
1.04 0.140 0.138 0.051 0.938 0.602 0.504 0.767 0.962 7.63
1.06 0.140 0.138 0.036 0.968 0.628 0.539 0.759 01,.978 7.61
1.08 0.140 0.138 0.025; 0.990 0.654 0.574 0.751 0.995 7.57
1.10 0.140 0.1.38 0.004 1.000 0.681 0;.611 0.744 1.012 7.54

SYS V P IN DEG P DSG 0 DEG PF SYS P SYS 0 SYS PF LOAD V DELTA
0.90 0.160 0.154 0.136 0.749 0.417 0.292 0.019 0.845 9.21
0.92 0.160 1,155 0.125 0.778 0.4:59 0.320 0.808 0.862 9.15
0,94 0.160 0.155 0.113 0.808 0.462 0.350 0.797 0.875 9.09
0.96 0.160 0.156 0.101 0.840 0.485 0.380 0.787 0.895 9.02
0.98 0.160 0.156 0.088 0.872 0.509 0.411 0.778 0.912 8.96
1.00 0.160 0.157 0.074 0.903 0.533 0.443 0.769 0.929 8.90
1.02 0.160 0.157 0.060 0.933 0.558 0.476 0.761 0.945 8.84
1.04 0.160 0.157 0.046 0.960 0.523 0.5101 0.753 0.9622 8.79
1.06 0.160 0.157 0.030 0.982 0.609 0.544 0.746 0.979 8.74
1.08 0.160 0.157 0.015 0.996 0.635 0.580 0.739 0.995 8.68
1.10 0.160 0.158 -.002 1.000 0.662 0.616 0.732 1.012 8.63
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ORIGINAL PkF L`: 'M
OF POOR QUALITY

tl

TABLE B-VI, cont.

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
HEAVY LOAD CASE

'. SYS V P IN D90 P DSG 0 DSG	 F'I'= SYS N SYS 0 LYS M L OAD V DEL TA
I 0.90 0.1% 0.173 0.131 0,799 0.19B ' W2000 0. 0011 Q. 84!5 10+.03

0.92 0.160 0.174 0.120 0.824 U.420 0. 3'.:'6 0.79C. 0.86:: 10.4:1
ri.94 0.1% 0.175 0.108 0.051 0.443 0.356 0.780 0.077 14 „0.
0.96 0. 180 1 /b 0.090 007H 0.466 0.1% 0.771 0.095 1". 25

" 0.9@ 0.180 0,.1715 0.002 0.905 0.490 0.417 0.762 0„912 :LU.17
1. 00 0.100 0.176 0.069 0,931 0.514 0.449 0.754 0.929 10.09

{ 1.00 0. 180 o.176 0.055 0.955 Q1519 01.482 0.746 0.946 10.02
'., 1.04 0.180 o.176 u.040 0.975 0.:64 0.515 0.710 0.962 9.94
'. 1..06 t7.:LQO Q.177 Q. 02?15 0.99Q 0.590 0. 550 0.731 01.979 9.87
'. 1.08 0.180 0.177 0.009 0.999 0.616 0.5% 0.725 0.996 9.80

I. 1Q t.i. 1.110 0, 177 •-.04'7 0.999 0.643 0.622 4.719 1.012 9.7;3

Y.

SYS V F IN 1.15E	 P D8G G DSG PF SYS P SYS Q SYS PF LOAD V DELTA
0.90 0.200 0. 193 0.125 0.839 0.379 0..304 0. 780 01. 846 11.84
0.92 t. 2r; 0 0.193 0.114 0.862 0.402 0.3 33 0.77011.770 0.06._ 11..7;:5
0.94 0.200 0.194 0.102 U.885 0.424 0.362 0.761 0.879 11.61

r 01.96 0.2000 0. 194 0.089 0.908 0.448 0.:392 0.757 0.896 11M
r

0.98 0.200 0.195 0.076 0.931 0.471 0.423 0.744 0.91.2 11139
t. 1..00 0.200 0.195 0.06..3 0.95:x2 0.495 01.455 0.737 0.929 11.29
F 1.02 0.200 0.196 0.049 0.970 0.520 0.488 0.729 0.946 11..20c 1.. 014 0.200 0.196 0.034 0.985 0.545 0.521 01.72.7 0.960 11.10
"c

1.06 0.200 0.196 0.019 0.995 0„571 0. 556 0.717 0.979 11.00
1.08 0.200 0.196 0.004 1,.600 0.597 0.592 0.710 0.996 10.92

F 1.10 0.200 0.196 -.013 0.998 0.624 0.621:! 0.705 1.015 10.82

REALISTIC LOAD REPRESENTATION

; SYS V P	 III DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V DELTA
F 0.90 0.020 0.016 0.170 0.093 0.614 0.::303 0097 0.032 0. 07r 0.92 0.020 0.016 0.158 0.103 0.631 0.327 0.088 Q.850 0.04

0.94 0.020 0.017 x,1.146 0.116 0.648 0.353 0.878 0.865 0.16
0.96 0.020 0.018 0.130 0.131 0.665 0.379 0.069 0.885 0.27
0.90 0.020 0.018 0.1201 0.150 0.6B3 0.4016 0.860 0.90:5 0.38
1.00 0.020 0.019 0.106 0.173 01.700 0.431 01.850 0.921 0.49
1.02 0.020 0.019 0.091 0.203 0.718 0.461 0.841 0.939 0.38
1.04 0.020 0.019 0.076 0.246 U.736 0.490 0032 0.906 0.67
I.06 0.020 0.020 0.060 0.309 0.7054 0.520 0. 823 0.974 0.77

_ 1.08 0.020 0. 020 0.044 0.413 0,772 0.550 0.814 0.992 0.86s
r 1.10 0.0120 0.020 0.026 0.601 0.790 0.581 0.806 1.010 0.94

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS G SYS PF LOAD V DELTA
0.90 0.040 0.036 0.167 0.210 0.395 0.306 0.889 0.823 1.27

P ! 0.92 0.040 0.036 0. 156 0.228 0.612 0.331 0.680 0.851 1.35
0.94 0.040 0.037 0.143 0.230 0.629 0.356 0.870 0.868 1,49•

-", 0.96 0,040 0.033 0.131 0.277 0.646 0.302 0.861 0.886 1.532
geo 0.98 0.040 0.020 0.117 0.309 0.663 0.409 0.051 0.904 1.61
-"?y 1.00 0.040 0.039 0.103 0.350 0.651 0.4317 0.842 0.922 1.69

1.02 0.0401 0.039 0-088 0.403 0.699 0.465 0.833 0.939 1.77
1.04 0.040 0.039 0.073 0.473 u.716 0.494 0.823 0.957 1.84
1.06 0.0140 0,039 0.057 0.569 0.734' 0. 323 0.814 0.975 1.91
1.08 0.040 0.040 0.041 0.699 0.75.3 V554 0.806 0.993 1.98
1.10 0.040 0.040 0.023 0.062 01.771 0.585 0.797 1.010 2.05
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TABLE H-VI, Cont.	 ORIGINAL PAGv- IS

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION OF POOR QUALITY
HEAVY LOAD CASE

EiY:3	 V F 	 IN D`Q I" Uf)(i	 Q WiS PF Sys P SYS 0 SYS PF LOAD V DELTA
A), Ii) I.I. t').(1`iu Q.1•fcA• t:1.'„;?'' O. 5 ,76 0.:',1Q Q. 881 Q.S 4 ".61
0. Y:. +J. 4.16O 0.0:i6 t).	 521 ^ - t	 .5J.	 41 t'!. X93 0, .:a;a4 t ^. S 71 1 i, d:i l 4'.66
O. `74 0.060 1.1 .̀'.57 (1. 14•U 0.:x'76 0.610 o. 7560 0.861 0.869 1'. 77 

96 G. 060 0. Q:e7 U..;!z Q. 412 <).627 O. "06 o.85- (). f307 79
0. 90 06(:1 (,). 05!:1 o.114 1:1. 4114 0. 644 Q. 41.3 0. 842 0. 904 2 . 04
1.00 (Ie'o Q.orA3 0.10( 0,50)S 1).662 0.440 0.83:3 0.922 •.9'.)
1,.(),: 0.0W., !).41:;17 o " on I 0.569 0.679' 0.461:1 0.1r!3 U. 940 2.9.`.1
1. (.ul o. 06O (;). ( 'f :0 0. 070 0. 646 0. 697 C1. 497 0.814 0. 958 :3.00
:L.. 06 u. 06+ 1;1. (:IS9 O. 054 0. 741 1:). 715 0.527 0. 1305 0. 975 ";,. 05
1 . IM Q. Q6 p) 0. 0.59 o. (11:;,7 0. S48 0.733 0. M7 0.796 Q. 993 3. 10
1. 10 1.). o60 0.06(1) 0.0;2tJ 0. 940 0. 752 Q. 589 0.757 1. 011 3. 15

tY5 V P	 .L I'd I.1SU	 1, DSQ U DSO PF SYS P SYS 0 SYS PF LOAD V DELTA
C1. go 1,1. ()130 0. 076 0, 160 0.426 1).:157 0.:314 0.1371 0.1334 3. 94
I1). 95: Q. Ouu 0.076 0.149 0.455 0. 57:74 0. 33S 0.861 0.852 3.97
0.94 0. 01'10 O. U77 I). 137 0. 491:1 0„ fi90 0.364 0.051 0. 070 4.01
0.96 ().080 0.077 0.124 (J. 530 0.608 0.;390 0.842 0.887 4.04
(.1„98 0.0130 0.078 ).110 0.576 0.625 0.4. 17 0„832 0.905 4.07
1.001 0.080 0.U7S U.096 0.631. 0.642 0.444 0.822 0.923 11.11
1.02 Q. 080 0.079 0.051 0.694 0.660 0.473 0.813 0.940 4.141
1.(J4 O.OS0 Q. 079 0.066 0.767 0.678 0.502 0.804 0.958 4.17
1.06 0.080 0.079 0.050 0.845 0.696 x).5;:1 0.795 1:1.976 4.19
1.08 0.U80 0.(:)79 0.033 0.921 0.71 ^r 0.562 0.786 0.994• 4.22
1. 10 0.0130 l i. 079 o.016 Q. 980 0. 7.53 0.:'93 1:1. 777 1.011 4.24

SYS V P	 IPI DSO P DSU	 ('43 DOG PF SYS P SYS 0. SYS PF LOAD V DELTA
0 „ 90 [). '100 Q. 095 0.156 0.520 1). 537 0.318 0.861 o.835 5.27
0. 92 41. 100 0.096 0.145 0.552 0.554 0. 34,3 0.851 0.852 5.27
0, 94 0. 1(:10 0. 096 o.1.33 Q. SOS 1:). S71 o.-368 0. 841 0. 870 15.28
0.96 0.100 0.097 0.120 0.629 0.5SS 0.394 0.831 0.888 5.29
11)1198 (1. 100 0.097 0.1.06 0.676 0.606 0.421 0.821 0.906 5.30
1.00 0„100 0..098 0.092 0.728 0.623 0.449 0.812 0.923 5.31
1.02 0. I,w 0.0913 0.077 0.756 1:1.641 0.477 O. S02 0.941 5.31
1.04 0.1010 0.098 0.062 0.846 0.659 0.506 0.793 0.959 5.32
1.06 0.100 0.099 1:1. 046 0. 906 0.677 0.536 0.784 0.976 5.33
1.08 U. 11J() u. 099 0.029 0.959 0.695 0.566 0.775 0.994 5.33
I. 10 0. 100 1.1. 099 0. 012 0.993 0. 71"S 0.597 0.767 1.012 5.34

SYS V P IN DOG P DSO 0 DSG PF SYS P SYS Q SYS PF LOAD V DELTA
0. 90 C1. 121:1 1:1. 115 0. 152 I). 602 o.518 0. 323 0. 849 C1. 835 6.59
0.92 0.120 0.116 0.140 0.635 0.535 0.348 0.839 0.853 6. SO
0.9A Q. 120 0.11.6 0.128 0.671 0. 552 (:1.373 0.829 0.871 6.57
0.96 0.120 0.117 0.115 0.711 0.569 0.399 0.819 0.888 6.55
0. 9G1 0. 1.'.•20 0. 117 0.1o2 0.755 0.507 0.426 0. SOO 0. 906 6.57
1.00 0.120 0.115 0.088 0.802 0.604 0.454 0.800 0.924 6.52
1.02 0.120 0.11S 0.073 0.8:51 0.622 0.482 0.790 0.941 6.50
Loll 0.120 0.118 0.055 0.899 0.640 0.511 0.781 0.959 6.46
1.156 0.1520 0.118 0.042 0.944 0.6513 0.540 0.773 0.977 6.47
1.08 0.120 0.119 0.025 0.979 0.676 0.571 0.764 0.994 6.46
J.. 10 0.120 0.119 0.008 0.998 0.694 1:1.602 0.755 1.012 6.44
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TABLE B-VI, cont. OI21Gjr4P11	 ,+,^^::; Icj

OF POfJr QUA LYY'DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION
HEAVY LOAD CASE

SYS V P IN DSO P DSO 0 DSO Pp SYS F' SYS 0 SYS PF LOAD V DFLIA
0.90 0.t40 0.134 0.147 0.674 0.499 0.328 O.S36 0.836 7.92
0.92 0.140 0. 13' 0.136 0.70`3 0.516 0.353 x W26 0053 7.88
0.94 0.140 0.136 0.122 0.740 0.53•:+ 0.370 0.81!:. 0.871 7.84
0.96 t?.140 0.136 0.110 0.777 0.550 0.404 0.806 0.889 7.Ho
0.913 0.140 0.137 0.097 0.015 0.567 0.431 0.796 0.906 7.76
1.00 0.140 Q. 1:37 0.083 0.856 0.585 0.459 0.787 0.924 7.72
1.0 0.140 0.1:x7 0.068 0.896 0.603 0.407 0.770 0.942 7.68
1.04 0.140 0.08 0.053 0.934 0.620 0.516 0.769 0.959 7.64
1.06 0.140 0.13111 0.037 0.966 0.638 0.545 0.760 0.977 7.60
1.019 0.140 0.138 0.020 0.990 0.657 0.576 0.7112 0.995 7.57
1.10 0.140 0.08 0.003 1.000 0.675 0.607 0.744 1.013 7.54

SYS V P IN DSO N DSG 0 DSG PF SYS F SYS 0 SYS PF LOAD V DELTA
0.90 0.160 0.154 0.142 0.734 0. 480 0.333 0.622 0.036 9.24
0.92 0.160 0.154 0.130 0.764 0.497 0.358 0.811 0054 9.18
0.94 0.160 0.155 0.110 0.795 x:1.514 0.384 0.801 0.871 9.11
0.96 0.160 0.156 0.105 0.828 0.531 0.41 0 0.792 0.889 9.04
0.98 0.160 0.156 0.092 0.862 0.548 0.436 0.782 0.907 8.98
1.00 0.160 0.156 0.078 01.896 0.566 0.464 0.773 0.924 8.91
1.02 0.160 0.157 0.063 0.928 0.584 0.492 0.764 0.942 B. BS
1.04 0.160 0.157 0.048 0.957 0.601 0.521 0.756 0.960 8.80
1.06 0.160 0.137 0.032 0.980 0.619 6.551 0.747 0.977 8."4.
1.08 41.160 0.157 0.015 0.995 0.637 0.581 0.739 0.995 8.69
1.10 0.160 0.158 --.002 1.000 0.656 0.612 0.701 1.013 B.6Z

OYS V P IN USG P DSG 0 DSO PF SYS F' SYS 0 SYS PF LOAD V DEL rA
0.90 0.180 0.173 0.1.	 6 0.71.d@i 0.461 0.339 0.805 0.8::17 10.18
0.92 0.180 u.174 0.121 0.812 Q.478 0.364 0.796 0.854 10.4E?
0.94 0.180 0.174 0.113 0.840 0.495 0.300 0.786 0.872 10.35
0.96 0.180 0.175 0.100 0.869 0.512 0.415 0.777 0.889 10.29
0.98 U.180 0.175 0.08b 0.897 0.529 0.442 0.767 0.907 10.20
1.Ou 0.180 0.176 0.072 0.925 0.547 0.470 0.739 0.925 10.11
1.02 0.180 0.176 0.057 0.951 11.1164 0.498 0.750 0.942 10.W;
1.04 o.180 0.176 U. 042 0. 973 0.582 0.0 0. 741 0.960 9.95
1.06 0.180 0.177 0.026 01989 0.600 0.557 0.733 0.978 9.81:1
1.08 0.180 0.177 0.010 0.999 0.618 0.587 0.723 0.995 9.80
1.10 0.180 0.177 -.008 0.999 0.637 0.618 0.718 1.013 9.0-1;;

SYS V P IN DSO P USG Q 080 PF SYS F' SYS 0 SYS PF LOAD V DELTA
0.90 0.200 0.192 0.130 0.828 0.442 0.346 0.788 0.837 11.91
0.92 0.200 0.193 0.119 0.851 0.459 0.3701 0.779 0.854 11.78
0.94 0.200 0.194 0. 107 0.876 0.476 0.396 0.769 0..872 11.66
0.96 0.200 0.194 0.094 0.900 0.493 0.422 0.760 0.890 11.55
0.90 0.21.00 0.195 0.000 0.924 0.510 0.446 0.731 0.907 11.42
1.00 0.200 0.195 0.066 0.947 0.52H 0.476 0.743 0.925 11.32
1.02 0.200 0.195 0,.052 0.967 0.546 0.504 0.735 0.94,3 11.21
1.04 0.2001 0.196 0.036 0.983 0.563 0.533 01.726 0.960 11.11
1.06 0.200 0.196 0.020 0.995 0.581 0.563 0.719 0.970 11.01
1.08 0.200 0.196 0.004 1. 000 0.600 0.593 0.71 1 0.996 10.91
1.10 0.200 0.196 --.013 0.998 0.618 0.624 0.704 1.013 1002
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TABLE B-VII

DATA FOR INDUCTION MACHINE
LIGHT LOAD CASE

ORIGINAL	 'M,

OF POOR QUALITY

sy s v p 1w D'+fi	 p VSH 0 DEN PF lU * 8 SYS E' AYE j SYS P F LOAD V
U.'i0 0,UaLI I)xl11Fi -.019 0.62W -.U26 0.0% U.067 0.504 0.890
0.92 0.u2o to 15 a tt) 0.608 -.025 0.051 0.070 0.591 ",9J,)
O. 94 ".u20 0.015 .021 0.5188 .024 0.05454 0.07 3 0.598 0.92;0
0.99 tr,020 U,Na17i -.Ui'.s'' 0.568 -.o2A 0.057 0.076 0.604 0.950
0. 1&1 0.027.) U.015 .. 0'2'2 0.548 -.U22 7:x.061 U.079 0.610 0.969
1.0" U. 020 11, 111 LE -.021 0.528 -.021 0.064 0.002 0.615 0: 989
1.02 W U20 0.014 -.024 O Sub -.021 0.067 0.085 0.620 1.7209
1.14 0. 7]20 U.014 -.025 0.408 -.020 U.071 0.088 0.624 1.02929
1 . U6 0.020 ".014 -.026 0.469 --.019 0.074 0.092 0.628 1.048
1.00 U.010 0.014 .027 0.450 .018 0.078 0.095 0.632 1.068
1.10 0.020 0.013 -.022 0.431 -.018 0.081 0.099 0.636 1.000

SYS v p IN Df-6	 E7 DSG 0 DSO PF 10	 it	 S SYS N SYS 8 SYS P F LOAD V
0. 90 0. 040 U.035 .022 0.847 - -.053 0.028 0.070 0.375 0.891
0.92 0.040 0.035 -.0123 0.819 .051 0.031. 0.071 0.395 0.911
0.74 0.040 0.03S -.023 0.830 -.048 0.034 0.075 0.414 0.930
0.96 0. 040 0.031 -.024 x1.821 .046 0.0.3x8 0.078 0.432 0.950
0x98 o. 0/4 ,"U. 0._35 !. 025 U. fit -.045 0.041 0.081 0.448 0.970
1.00 0. 040 0x 0734 .. .026 0.801 --.043 o,044 0.084 0.463 0.990
1 . ty2 G. 040 Q. 034 -.026 0. '790 -.041 0. 047 0.088 0.476 1.009 
1.04 0x940 O.U34 -.027 0.779 -.040 0.051 0.091 0.489 1.029
1„06 U.U4U WOW .025 0.768 -.038 0054 0.094 0.501 1.049
I. ow 0.040 0.033 -,.029 0.756 -•.037 0.058 0.097 0.511 1.069
1.10 0.040 0,.033 -.050 0..744 --.035 4.062 0.101 0.521 1.089

SYS V I'-'	 III DW E' DSG 0 DEG PF 10 * S SYS p SYS 0 SYS P F LOAD V
Q. 9U 0.460 0.055 -.027 U.896 -.0% VOW 0.075 0.112 0.891
7J. 9s (). 060 U. u`i5 --.026 0.893 -.076 0.012 0.078 0.147 0.911
0.94 U.Ci60 0.055 -x028 0.889 -.073 0.015 0.080 0.179 0.971
0.96 0.060 0.055 °.029 0.885 -.070 0.018 0.083 0.210 0.951
0.98 0.060 0.454 -.029 0x881 -.067 0.021 0„086 0.238 0.970
1.00 0.060 0.054 -.030 0.876 -.064 0.024 0.089 0.265 0.990
1.02 0.060 0.054 -x030 0.071 -•.062 0.028 0.092 0.290 1.010
1.04 0.060 0.054 -0.31 0.866 -.059 0.011 0.095 0.312 1.030
1.06 0.060 0.053 -.032 0.860 -.057 0.035 0.098 0.314 1.049
1.08 0.060 0.053 -.032 0.854 -.055 0.038 0.101 0.154 1.069
1.10 0.060 0.053 -.033 0.848 -.053 0.042 0.104 0.372 1.089

SYS V F'	 IN DSG N DSG 0 DSG PF 10 * S SYS F' SYS Q SYS P F LOAD V
0.90 0.080 0.075 -.035 0.906 -.108 -.011 0.082 0.134 0.691
0.92 0.080 0.075 -.035 0.906 -.103 -.008 0.085 0.096 01911(;). 94 0, 0130 0.074 -.035 0.903 -.099 -W05 0.007 0.058 0.931
0.96 0.000 0.074 -.035 0.904 -.094 -.002 0.089 0.021 0.951
0x98 0.080 0.074 -.035 0x902 -.090 0.001 0.092 0.014 0x971
1.00 0.080 0.074 -.036 0,900 -.087 0.005 0.095 01049 0.990
1.02 0.060 0.074 -.036 0.098 -.063 0.008 0.097 0.082 1.010
1.Cr4 0.080 0.073 -.036 0.896 -.080 0.011 0.100 0.113 1.030
1.06 0.080 0.073 ^.037 0.893 -x077 0.015 0.103 0.143 1.050
1.08 0.080 0.073 -.037 0.890 -.074 0.018 0.106 0.172 1.069
1.10 0.080 0.073 -.038 0.827 -.071 0.022 0.109 0.199 1.089
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TABLE B-VII, cont.

Wi l l 	 I	 ''
1	

1	 4 ­ kr,	 "	 ^.,	 I DATA FOR INDUCTION MACHINE
_V Fo r t? qty LIGHT LOAD CASE

DW to 11% 0 1 1 511	 i l k lo wiysi	 1 4 Oyl to UYS P f 1.001f)	 kv0.100 0.0y4 M45 Q.YQZ ^.Ww 0.016 Woyl
t). 1)911. .0,14

1 1. 9611 1 "1. W74 0. 20' 1̂ ().911
I ("g) (1.0911 . 044 9061 215 . I )'^? 5 0. 096) 0. 249 A). 9 71

().941 1 ov Q. 094 044 (1.906 120 022 09H 1). PI l i 0. 1̂ vj I9 Q.100 0.094 -.044 q907 -.115 -.010 O.too 0.180 Q.976I,,Q0 0,160 0.091 .044 u.907 -.1111 -.0115 6.102 Ol145 0.990
02 (1-100 Q.093 -.044 Q.906 -.105 _.QI2 0.105 0.111 1. 010
() ,1 0. 11)(.) o. 09:`^ -. 0 1 1 4 0. 904 ... I0 I -,,. I)C43 0.107 (). 0 7 7 1. 070
Oe, f-4 IQQ 0.09Z -,,044 ".905 -.097 -.005 0.110 O.V43 1. 0%1.08 WWI) 0.093 " U44 0.901 -.091 -.OQI 0.111 0.011 1.07o1-10 0.100 O.U92 -.044 0.902 - l ogo 0,002 0,116 0.021 1 M89

SYS v P IN DW P Dli(i	 Q Dt;ju	 PF, I I-)	 *	 S SYS P c3YS Q Fjys	 i^	 r I OAD V
(). 1?(.,) 0.120 0.114 -.058 0.091 -.172 -.050 0.106 0.430 0.090
1).92 1.). 1 ^ ,̂o (.1. 1 14 o.994 -.161 -.047 0.107 0.406 0.911.)0.94 u,,120 0.111 -.056 0.890 -.154 -.044 0.108 0.380 0.90)0.96 1).120 0.10 -.055 0.90" -.147 -.041 ".109 00W 0.9500.98 0.120 O.W -.054 0000 -.140 -.018 0.1ti 0.324 0.9701.00 0.120 0.10 .0bo 0.901 -.154 -.035 0.112 0.295 0.9901.02 0.120 0.113 -.051 0.9os -.12a _,lowt 0.114 0.264 I.uIQ
1.04 0.120

1
13 0,i7s o.906 nivz -.028 0.116 0.231 1.0101.06 0.120 0.110 -.052 0.906 --118 -.024 0.119 0.201 1.050

I. oa 0.112 052 0.907 -.111 -.021 0.121 0.170 1.070t.10 (.1.120 0.112 -.052 u.906 _.W9 -.017 0.123 0.138 1.009

9Ys V P IN DSr, p DSO 0 DS3 PF 10 * 8 SYS p SYS 0 SYS P F LOAD V0 - 90 0-140 0.133 -.07S 0.070 -.210 -.070 0.123 0.494 O&SIP0.92 0.140 0.133 -.Q77 Q.H77 -.198 -.067 0.122 0.479 0.9094 0.94 0.140 0.133 -.071 01283 -.167 -.064 0.122 0.462 0.9300.96 0.140 0.133 -.069 0.088 -.177 -.061 O.W 0.442 0.9500.96 0.140 0.135 -.067 0.892 -.168 -.007 0.124 0.421 Q.T701.00 umo 0.132 -.066 0.895 -.160 -.054 0.123 0.398 0.9901.02 0.140 0.132 -.065 0.898 -.151 -.051 0.126 0.174 1.0101.04 0.140 0.122 -.064 0.901 -.L46 -.047 0.127 0.349 1.0291 1.06 0.140 0.132 -.063 0.902 -.140 -.044 0.129 0.322 1.0491.00 0.140 0.02 -.062 O,l9O4 --134 -.040 0.131 0.295 1.06Y1.10 0.140 0.132 -.062 0.905 -.129 -.037 O.IW 0.267 1.089

SYS v p	 11\1 DSO P DS6 0 DSS PF 10 * S SYS p SYS 0 SYS P F LOAD V0.90 0.160 0.132 -.098 0.040 -WS7 -.089 0.146 0.321 0.2670.92 0.00 0.152 -.094 0.852 -.239 -.086 0.142 0.515 0.9080.94 0.160 0.132 -.090 0.861 -.224 -.003 V141 0.507 0.9200.96 0.160 0.152 -.086 0.869 -.211 -.080 0.140 0.495 0.9490.90 0.160 0.152 -.084 0076 -.199 -.077 0.140 0.481 0.9690 1.00 0.160 0.02 -.081 0.862 -.189 -.074 0.140 0.466 0.989

;1

Lon 1.02 0.160 0.152 -.079 0.887 -.1% -.070 0.140 0.448 1.00911.04 0.160 0.132 -.077 0.891 -.171 -.067 0.143 0.429 1.029a ^ 1.06 0.160 0.151 -.076 0.894 -.163 -.063 0.142 0.408 1.049
;QI-OS 0.160 0.151 -.075 O-S97 -.IS6 -.060 0,143 0.3S6 1.069gpl.10 0.160 0.151 -.074 0-099 -.ISO -.056 0.143 0.363 1.089
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^,T-_•	 vs::,: ,- x _ ,a . ..,	 ^-.. 3.v r_	 -..-„	 _....	 ...._ __	 ....-.	 ,.	 ,..,_...	 T ... _.. rl	 Ti"a^.^'^?•E4Y":9?r,r_^.^_f
A,

TABLE B-VII, cont,

ORIGINAL PAC" VS

0
DATA FOR INDUCTION MACHINE

OF POOR QUALITYLIGHT LOAD CASE

tiY:3 V F IN D ISH F' DSS 0 U56 F'F lQ * 3 by,) N SYS Gl SYS r F LOW) V
{ 0.90 o.lWo U.1'71J 1:Sv u. 7H9 -.:526 108 0.100 U, 515 (1. 004

0.921' Q.ISQ U. 171 .12:-, o.812 -1,795 .10:5 t). 17" 0.9	 ° )	 o
U.94 0.180 Q. 1 .71 .115 Q. 829 .271 .102 0.1675 2,-0 . r^^^6J -, ). 926•

'
0.96 0.1BQ 0.171 .109 0.8473 .25"' o99 0.163 G.:i2o C). 947
0198 0. 1130 0. 171 -.101 0.855 ^ 'Z.%

.
-.096 0. 160 0.514 4.9671.00 O. ISO Q. 171 -.1011 6. H6 : -.222 -.(19", o.1 119 1)„ir)S 0.908

1.02.. Q. IBrI Q. 171 -.097 0.870 .a'IQ .490 0. Ui8 Q.494 1.008
i 1.04 0. 1 H 0. 1'71 . 094 0. L376 -.199 M . Qi16 0. 157 0.481 1.. 0210

1. 06 0.1EKI (1. 171 1:191 Q. E!fd:' 189 1>S'3 I). 1„'i7 1:). 4h6 1.048
"
`

1.08 ),IHCI 0. 171 °.489 0.886 1131 -.079 0.155 o. 4,9() 1.063
1.90 0.180 Q. 1, 71 °.087 0.@90 -.1.72 -.076 0.15EI 1). 412 1.088P

S
4

3YS V P IN DEG f•' DSG 0 DSG PH 10 * 5 SYS F ; SYS 0 WS P F LOAD V
0.92 0.220 15.133 1. 751 0.73°1 .400 .124 0. 2 22 0.453 0.900

r' 0. 94 0.210 0.109 .151:9 0.777 .-1.942 -.121 0.,4(.)1:1 0.509 0.921.
0.96 o. 2o(.*) 17. 191:1 ^, L71 t).803 -.:at;1FJ -. 1113 0.194 0.520 0.944
0.98 0.200 0.190 132 0.821 283 .115 0.180 0.52'; (1.96.`'9

r 1.001 0.'200 o. 194 125 0.836 .263 .112 Q. W3 Q15'2,2 1.1.986
i.Q2 1).2u0 0.190 - .119 0.647 246 -.1()9 1,). 180 0.51.8 1.006
1. U4 t1.21;u? 0. 191:1 ....114 U. 857 -. 2ZI ^. 106 1:1. 178 0.511 1.027
1. 06 0. 200 0. 190 1 10 Q. 065 -, ..21919 1023 0. 176 0. 50 1.04 7
1.U0 J.	 OJU 0.1`10 .107 0.8'7:' .:•'1:17 .499 Q. 1.75 0.491 1.067

g 1. to O.2oo ).	 1(j0 11:14 Q. 137'7 .. 197 -.095 ?. 1 175 ).479 1.0587

REALI;3"f IL' LOAD REf'RESFN3AT'.fON

SYS V P	 IIU DS6 F DSG 0 USW 1'°F 10 * S SYS F :3Y5 L7 SYS P F LOAD V
01. fa .x)19 05.6' 9 -„1526 0.05 (.).071 0j „6102 0.390)

ti, 9;.' Q. 01'0 ). of 5 21) o. 609 -„ 025 0. 05.1 Q. 073 0.605 0. 910
Ci2):1 015 0	 1. Q. 58 19 .024 0. 030 0, 075 0. 609 (1. 729

t 1:1„96 Cl.020 tJ.Ql.f5 .-.,)22 o.568 ^ „023 0.060 0.078 0.6::1. 0.949
t). 9E1 Q. ();."o 0)„ OI:i C)2e 0.511-8 -	 .()512 Q. 062 0. 080 0. 614 o.969
1. Q0 U, 1:1;_10 0.014 Q-' r. 0.711.3 -. 01	 1 <). 0Ea4 1,). 1:)8'2 C). b16 0. 989

6̀ • 1.,0 Q.rl'a0 0,014 -„1)24 1,`-1901. Q21 J. (RA / 0.(185 CJ. 619 1. 009
l.U4 u. 020 o.0'[4 -.025 (j.4OH -.020 Q. 069 0.087 0.621 1.029

a, 1..1:)6 0.011 Q 1;). 014 -.026 0,. 468 -.019 0„1)71 0.090 0.6',22 1.049
' 1.Ou Q.020 Q. 01.5 -.Q27 0.449 018 0.074 0.092 0.624 1.069k

1. I(1 0.1.021:1 0.0a:7- -.028 0.4:'0 -.016 0.076 9).1:191:9 0.626 1.0.189

i^r SYS V f'	 .1N DSCi P 1)S0 Q DSG PF 10	 !E	 S SYS p SYS (I SYS P F LOAD V
0. 90 0 1 OA 0 0„ Ci	 :l 0212 0.847 -. 063 Q. 033 0.074 0.41:3 0. 890

1-
0.92 0.040 0.035 .02.3 0.8;x9 -.051 0.0311 ().076 0,425 0.910
(:1.  94 U. Q40 0. 035 -. 023 Q. 1330 -11048 U.0,^f3 Q„0793 0.457 10. 930
t:). 9E). Q. Q4(1 Q. 07115 024 0.221. 04604.6 Q. 04. 0 0. 080 0.447 0.950

tVp 0„91:1 0.04(.) 0.0:_'5 025 ().811 -»C)45 0.042 0.08:3 0.457 0.970
I. Q0 Q. Q l10 0. 034 026 Cl. B0l -, 043 0.045 0. 085 0. 466 0.990

Fly 1.01•x. Q.1.)40 0.1534 -.026 0.790 -•.041 0.047 0.0"1(37 0.474 1.010
1. 04 4.040 0.0::54 -.027 0.779 -.040 0.049 0.090 0.482 11029

r 1.06 Q, 040 ). 0.'4 --. 02EI 0. 768 -. USE3 0. 052 0.092 Q. 469 1.0417
1. 0H 0. 040 0. o:5._+ -.029 0.756 -. 0,a7 0. ('1 54 Q. 094 0.496 1. 069
1 „ 1.0 0» 040 0, 033 -1 030 0. 744 033 0. 056 Q. 097 0. 502 1.009
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i TABLE B-VII, cont.

DATA FOR INDUCTION MACHINE
LIGHT LOAD CASE

ORRA NAL Pc,:::-.: -0F PO(
.)(2 Q!ALi7Y

1
F'	 IN DIU	 r•' D5G 0 VS0 PF 10	 * 13 SYS F WE 0 SYS P F	 LOAD V

4 x,.91'
Y."60 W t` S - ."27 0.096 _.Q60 0.014 U. 079 " . 171 0.891

0.94
rr.,1:r60 J,,,'	 `i - .Oyu 0.89' 0'76 ^:,.1>lco WORT 0. 195 C. 911;,

96
,	 rhu

7h1!
1,. 11 [iCi .0ya U. 089 .077: 0.018 t,l.OfJ., U.214 01930 

9B 00
a	 ,iF^`.,
V.054

9 1. tsti -.O7+J 0 . 920 ,r.rr B i t1. 23 U. 9 Mfr
m 1 . t7 !J . 	 .	 '	 7^t,i 11. UPi4

02_ 9 ,.J ,0
0. JU 1 06'7 n	 n.'.'r 0. 08'7 U.152  t). 970

1 • o,., uU U.054 Oz 1.
0 .8/a
0.1371

- .064 0. 025 U. 089 0.269 0. 9917
1.04 ;ti o.= 0 a1 0.8%

U62 (.1. u27 0.091 0.285 1 .010
1. , r7f 1 u. U1a0 U .057

-• =9 ".029 0.093 0.301 1.030
I. UB U, i r60 W OW 

- . 012 0. 860 -.057 U, 032 0.096 0..?' 15 1.050
1:, W OW (15:;.

U1.10.3290. 85 4 g. U53 0„ C:1.°,4 0.099 1.070
t;

0 3
3

0. U4t3 053 0. 0;56 0, 100 0.342 1.090 

SYS V
0.90

P IN Duo F 1)SG w DSti Pr I0 * S SYS P SYS T SYS P F LOAD V0.080
0.OBU

O.U75 -.035 U.9U6 -.102 -.006 0,086 0.068 0.By l
q . 94 0.080

0.075
0.074

-.035 0.906 -.103 -.1.104 t	 ,J 088 0.04.=, 0.911
0.96 0.080 0,074

- .Q 35 0.905^' . f1.
-. J i'9 a-„ 002 0.090 Q.017 0.930

1 J. 98 0;80 0.074
-.035
-. 0:.35

0,904 -.094 0.001 0.091 G. 007 0.950
1.00 0, 080 0.074

U.902 _.U90 17. 001;. 0.093 O. OW 0.970
1. 02 0.080 0.074

-.036
-.036

0. 900 -. 087 0.005 0.095 0.054 0.990
1.04 0.080 0,073 -.036

0.898
0.896

-.083 0.007 0. 097 0.076 1."1010
1.06 0.080 0.073 -.037 0.1:193

-.080 0.010 0.099 0.098 1.030
F 1.00 0.060 0. 07Z -.037 0.890

077
-.074

0.012
0.014

0.101 0.11Fa 1.050
1 .10 0.080 0.073 -„038 0.886 -.1771 0.017

0.103
0.103

0.08 1.070 
r 0.157 1.090

SYS V P IN DST P DST 0 DST PF 10 * S SYS P SYS Q SYS P F LOAD VU.90
0.92

0.100 0.094 -.045 0.901 -.139 -.026 0.097 0.256 0.890
0.94

0.100 0.094 -.0144 0.904 -.132 -.023 0.098 '' ..0.233 0.910
0.96

W100
0.100

0.094 -.044 0.906 -.126 -.021 1 0. 0 39 a0. 210 0. 1 " -1^'at.
f 0.90 0.100

0.094
0.094

-.044 0.906 -.120 -.019 0.100 0,186 0.950
1.1.111 U.100 0, 09c+

-.044 0.907 -.115 -.017 0.101 0.163 0.970
^- 1-U2 0.100 0.0%

-.044 0.907 -. 110 -.014 0.103 0.140 0.990
1.04 0.100 0.09;

-.044
-.044

0.906
0.906

-.105 -.012 0. 104 0.116 1.010
1.06 0.100 0. 093 -.044 0.905

-.11:11
-.097

-.010 0.106 0„094 1.030
1.OS 0.100 0„09;3 -.044 0.903 -.093

-.008
-.005

0,108 0.071 1.050
1.10 0.100 0.012 -.044 0.902 -.089 --.003

0.110
0.111

0.049
0.027

1.070
1.1790

r
SYS V
0.90

P IN
0.120

DST P DST Q DST PF	 IQ * S SYS P SYS 0 SYS P F LOAD V
_ 0.92 0.120

0.114
0.114

-.058 0.890 -.172 -.045 0.110 0.379 0.890
0.94 0.120 0.111

-.057 0.894 -.163 -.04..3 0.110 0.363 0.910
0.96 0.120 0.117

-.036 f „	 1J	 0 ^'Lq 5--. 1.x,7 -.041 0.110 0.34b 0.930
C. 0.98 0.12•_0 0.113

-.055 0.900 -.147 .039 0.111 0.320 0.950
^001 i.GrJ

0 0. 1 ^+ 0.113
-.0;_14 0.90.2 -.140 - •036 0„112 0.',04 0.970

1.02 0„ 1.:_
,0

0-113
-.053
-.05Z

0.904 -.134 -.034 0.113 0.209 0.990.100
jaw 1.04 0.120 0.113 -.053

0 -905 -.12a -.032 0.114 0.269 1.010 
1.06 0.120 0.113

0.906 -.123 -.030 0.115 0.249 1.030
0"I. 08 0.120 0.112

-.052
-,052

0.906 -.118 -.027 0.116 0.228 1.050 
1.10 0.120 0.112

0.907 -.113 -.025 0.118 0,207 1.070-.052 0.906 -.109 -.023 0.119 11.187 1.090 4
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TABLE B-VII, Cont.

DATA FOR 324DUCTION MACHINE
	

ORIGINAL PAGE 19
r e	 LIGHT LOAD CASE

	
OF POOR QUALITY

,',y

t9Y13	 V F IN VS0 P U1.30	 U DSLi P1= 10 * 5 SYS N SYS 0 SYS P F LOAD V0. Vi'C, u. 1.40 i 1. 1.:3:.; -. 07;i 0. 1370 -.210 -« 064 0.127 0. 45,2 Q. 1789 0.140 0. ,1	 3 ( )7:a 0. £377 -. 198 -.062 0.126 0.443 (:). 9090.94 o. 1.40 0. 1";? 071 0.88.:, -« 187 -«060 0. 1. 25 0.433 0.9290.96 0.14.1) 1).1:,;- 069 0.88£3 177 -«O 8 0.125 0.421 0.949Q.98 0.140 Q. 1-7 067 Q. 892 -.1(78 .0°36 p , 125 0.408 Q. 9691..+.)r.i 0.140 u. 1 -.066 0.895 --.160 (1511 0.125 0.39/1 0.9901.011' ).140 J.32 -.06.`.", 0,891:1 °.153 -«0;:,1. Q. J.26 0.'.x79 1.0101.04 U.14r.) Q.1':T1s 064 11,9(1 -.146 -.(.)49 r). 126 0.362, 1.. 030L 06 Q„ 140 U. 1:.x2 „ 063 0. 902 140 047 0.127 0.346 1 Oa01. 08 140 0.1.32 -.062 0. 994 - .1:3 11 °. 0411 (). 1:28 0.:x29
«

1. 0701. 10 Q. 140 Q. 17)2 --.062 0. 905 -. 1213 042 0.129 0. ti; L 1 1. 090

SYS V F	 IN D91i P USG V. DS0 PF 10 w S SYS P SYS 01 SYS P F LOAD Vf_,.9() 0. 160 0. 1,52, -.099 0.839 256 -.0173 0„ 150 0. 4@7 Q. 8870.92 0.160 0.152 --.094 ().£351 240 -„081 0.147 0.406 1).907C,«94 0.160 0.15':.« -.090 0.861. -.2'25 -.079 0.144 0.482 0.928Q.96 0.161) 0.1t!2 •.066 0.869 .211 -.077 0.142 0.477 0.94.80.91:1 0.160 0.1`7.2 -.084 0.6,'76 -.100 -.075 0.141 0., 470 0.9691.0o 0.160 0.152 -.081 0.882 -.189 -.077- 0.14. 0 0.461 0.989I.01 0.1.61+ 0.1b2 -.079 0.6187 -.180 -.,071 0.140 0.451 1.. 0091.04 0.16x.1 U.ia'. -.077 0.89:1 -.171 -.069 0.140 0.441. 1.0291.06 0.160 0.151. -.076 0.894 -.163 --.066 0..140 0„429 1.049I.. , )0 c). 160 x:1.151 -.V/5 0.897 -.156 -,064 0.1A0 0.416 1.0691.. 10 r,, 1.60 Q.151 -„ 07_; Q. $99 1f'i0 -„ 062 0. 141 0. 402 1. 089

Sys V P	 1:1\I DSG F DSG C! DSG PF ii)	 .µ	 S SYS F' SYS G) SYS F F LOAD V0.90 0.180 0.1.70 -.1.773 O. 7@8 -.327 -.102 0..184 Q., 4@6 0.8840.92 Q. 1130 0.171 -.123 0.812 -„296 -«100 0.175 0.497 0.9050.94 O. 180 Q.. 1 /1 -. 1.:15 r).. 6129 --.272 -„ 098 0. 1.69 0. 502 o.9260.96 0.. 180 0.171 -..1119 0.84;.:4 -.25" -.096 0..161; 0.50A 0.947Q. 98 r). 180 0.. J. 71 -.. 104 0.. 1354 -. 236 -. 091. 0.162 0. 504 0.. 967J...00 0. J.BO u.171 -.:LUO 0,.863 -.222 -.092 0.159 0. 501 0.98811.02 0. ISO 0.171 -..097 0..070 -.210 --..090 O. 157 0.497 1.00fdI. U4 0.1:10 0.171 -.094 0.876 -„199 --.088 0.156 0.491. 1.0281.06 0. 180 0. 171 -.. 091 0. 81:12 189 -. 086 0. 15`, 0, 483 1.. 0481' . 08 0.180 0.17:1. -,089 0.886 -.180 083 0.15'5 0.475 1..069I.10 C>.150 0.171 -.087 (.1390 -.172 -.0131 0.1.54 0..466 1.089

SYS V P IN DSG F' DSG 0 DSG PF 10	 S SYS P SYS Q SYS P F LOAD V0.92 0. 200 0.. 188 -.176 0. 7-30 -.1).02 -. 119 0.229 0.461 0.9r 00,94 0.100 0.189 -«154 0.776 -.343 -.117 0.208 0.491 0.9220.96 0.200 0.190 -«141 0.802 -.309 -.11.5 0.197 0«06 0.9440.98 0.200 0.190 -•..132 0.821 -.283 -..1.13 0.189 0.514 0.9651.00 0. 200 0. 190 --.125 0. 1336 -.263 -. 11. 1 0.164 0.510 0.9861.01 0.200 0,190 -.119 0.847 -.246 -.109 0.180 0,520 1.0061..04 0.200 0..1.90 -.III 0.E157 -.231. -.107 0. 176 C,. 519 1.U27
.p	 1.06 0.200 0.190 -.1110 0.865 -•..219 -.105 0.174 0.517 1.0471.08 C1. 200 0.190 -.1.0'7 0.8%2 -.207 -.103 0.172 0.513 1.068p	 1.10 0.200 0.190 -.104 0.877 -.197 -.101 0.171 0.508 1.. 088

k
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TABLE B-VIII

L ".	 v

r

DATA FOR INDUCTION MACHINE ORIGINAL. PAG! FW

HEAVY LOAD CASE OF POOR QUALITY
CONSTANT IMPEDANCE LOAD

r

SYS V P IN DSG P DSO 0 USG PF 10 * S SYS P SYS Q SYS P F LOAD V
k 0.90 0.020 0.016 -.017 0.696 -.031 0.525 0.4122 0.779 0022

0.92 0.020 0.016 -.017 0.678 -.030 0.549 0.441 0.780 0.840

'
0.94 0.020 0.016 -.018 0.660 -.028 0.574 0.460 0.780 0.859
0.?6 0.020 0.016 -.019 0.642 --.027 0.599 0.480 0.781 0.877
0.98 0.020 0.015 -.019 0.624 -.026 0.626 0.500 0.781 0.295r 1.00 0.020 0.015 -.020 0.605 -.025 0.652 0.521 0.78"..° 0.913
1.02 0.020 0.015 -.021 0.586 -.024 0.679 0.541 0.782 0.932
1.04 0.020 0.015 -.022 0.568 -.023 0.707 0.563 0.782 0.950
1.06 0.020 0.015 -.022 0.549 -.022 0.735 0.585 0.783 0.968
1.08 0.020 0.014 -.023 0.531 -.022 0.764 0.607 0.783 0.986

! 1.10 0.020 0,014 -.024 0.512 -.021 0.793 0.629 0.783 1.005

i
SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS" P SYS 0 SYS P F LOAD V
0.90 0.040 0.036 -.020 0.672 -.062 0.506 0.426 0.764 0.823

T 0.92 0.040 0.036 -.021 0.866 -.059 0.530 0.445 0.766 0.841
s. 0.94 0.040 0.016 -.021 0.859 -.057 0.555 0.464 0.767 0.859
r. 0.96 0.040 0.035 -.022 0.852 -.055 0.580 0.484 0.768 0.877
c 0.98 0.040 0.030 -.022 0.845 -.052 0.607 0.504 0.769 0,.896

1.00 0.040 0.035 -.023 0.837 -.050 0.633 0.524 0.770 0.914
t 1.02 0.040 0.035 -.024 0.1329 -.048 0.660 0.545 0.771 0.932

1.04 0.040 0.035 -.024 0.821 -.046 0.688 0.566 0.772 0.950
1.06 0.040 0.035 -.025 0.812 -.045 0.716 0.588 0.773 0.969
1.08 0.040 0.034 -.026 0.801 -.043 0.745 0.610 0.774 0.987

L 1.10 0.040 0.034 -.026 0.793 -.041 0.774 0.632 0.774 1.005'e
t

SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.90 0.060 0.056 -.026 0.904 -.094 0.486 0.433 0.747 0.623
0.92 0.060 0.056 -.027 0.902 -.090 0.511 0.451 0.749 0.841
0.94 0.061 0.055 -.027 0.900 -.086 0.536 0.470 0.752 0.860
0.96 0.060 0.055 -.027 0.598 -.082 0.561 0.489 0.754 0.878

' 0.98 0.060 0.055 -. 027 0.095 -.079 0.587 0. 509 0.756 0.896
1.00 0.060 0.055 -.028 0.892 -.076 0.614 0.529 0.757 0.914
1.02 0.060 0.055 -.028 0.889 -.073 0.641 0.350 0.759 0.933
1.04 0.060 0.055 -.029 0.885 -.070 0.669 0.571 0.760 0.951
1.06 0.060 0.054 -.029 0.881 -.067 0.697 0.593 0.762 0.969
1.08 0.060 0.054 -.030 0.877 -.065 0.726 0„615 0.763 0.987
1.10 0.060 0.054 -.030 0.872 -.062 0.755 0.637 0.764 1.006

SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.90 0.080 0.075 -.035 0.905 -.129 0.467 0.442 0.726 0.823
0.92 0.080 0,075 -.035 0.906 -.123 0.491 0.460 0.7.30 0.841

- 0.94 0.080 0.075 -.035 0.906 -.117 0.516 0.478 0.734 0.860m
0.96 0.080 0.075 -.035 0.907 -.112 0.542 0.497 0.737 0.878
0.98 0.080 0.075 -.035 0.906 -.107 0.568 0.517 0.740 0.896

a 1.00 0.080 0.075 -.035 0.906 -.102 0.5% 0.537 0.742 0.915
m!! 1 .02 0.080 0.074 -.035 0.905 -.098 0.622 0.557 0.745 0.933

1.04 0.08U 0.074 -.0''35 0. 904 -.094 0.649 0.578 0.747 0.951
1.06 0.080 0.074 -.035 0.902 -.091 0.678 0.599 0.749 0.969

E 1.08 0.080 0.074 -.036 0.901 -.087 0.706 0.621 0.751 0.988 is
^.. 1.10 0.080 0.074 -.036 0.899 -.084 0.736 0.643 0.753 1.006
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TABLE H-VIII, cont.

DATA FOR INDUCTION MACHINE
HEAVY LOAD CASE

ORIGINAL PAGE ig
OF POOR QUALITYi V

SYS V P IN DSO P DSG 0 DSG PF 10	 x	 S SYS Is SYS 0 SYS P F LORI) V
000 0. 100 0.0% -.048 0.893 -.167 0.447 0.454 0.701 0.023
0.92 0.100 0.095 •••.047 0.896 -.158 0.471 0.471 0.707 0.841
0.94 0.100 0.094 -.046 0.899 -.150 0.496 0.489 0.712 0.859
0.96 17.100 1.1. 094 -.045 0.901 -.143 0.522 0.506 0.717 0.878
0.90 1:).10V 0.094 .045 0. 903 -.117 0.548 0.527 0.7"•21 0.896
1.00 0.100 0.094 ^.044 0.905 -.130 0.575 0.546 0.725 0.914
1.02 0.100 0).1:911 -.044 0.906 -.1255 0).602 0.566 0.729 0.1933
1.04 0.100 0.094 -.044 0.906 -.120 0.630 0.586 0.732 0.951.
1.06 15.100 0.094 -.044 0.907 -.115 0.658 0.607 0.735 0.969
1.08 0.100 0.094 -.044 0.907 -.110 0.687 0.629 0.733. 8 0.988
1.10 0.100 0.093 -.044 0.906 -.106 0.716 0.651 0.740 1.006

SYS V P IN DSG IT DsG 0 DSG PF 10 * S SYS IT SYS L3 SYS P 1= LOAD V
0.90 0.120 0.114 -.065 0.869 .211 0.426 0.470 0.672 0.822

r 0.92 0.120 0.114 -.063 07.877 -.199 0.451 0.486 0.680 0.840
E 0.94 0.120 0.114 -.061 0.883 -.168 0.476 0.503 0.687 0.859
=t 0.96 0.120 0.114 -.059 0.867 -.178 0.502 0.521 0.694 0.877

0.98 0.120 0.114 -.058 0.892 -.169 0.528 0.539 0.700 O.B96
1.00 0.121) 0. 114 -.057 0.895 -.161 0.555 0.558 0.705 0.914'
1.02 0.120 0.113 -.056 0.898 -.154 0.582 0.577 0.710 0.932

' 1.04 0.120 0.113 -.055 0.900 -.147 0.610 0.597 0.715 0.951
1.06 0.1201 0.113 -.obll 0.902 -.141 0.630 0.618 0.719 0.969
1.08 0.120 0.113 -.054 0.904 -.135 0.667 0.639 0.722 0.968
1.10 0.120 0.113 -.053 0.703 -.129 0.697 0.660 0.726 1.006

SYS V F'	 IN DSG F' DSG G DSO PF 10 * S SYS IT SYS fa SYS P F LOAD V
e 0.90 0.1401 0.133 -.0139 0.832 .268 0.405 0.492 0.635 0.020

0.92 0.140 0.1.33 -.084 0.845 -.249 0.430 0.506 0.647 0•.839
0.94 0.140 0.130 .000 0.856 -.233 0.455 0.522 0.658 0.858
0.96 0.140 0.133 -.077 0.865 -.219 0.461 0.538 0.667 0.876

•' 0.98 0.140 0.123; -.075 0.872 -.206 0.508 0.555 0.675 0.895
r 1.00 0.140 0.133 -.072 0.878 .195 0.535 0.573 01.682 0.913

1.02 0.140 0.133 -.1170 0.884 -.186 0.362 0.591 0.689 0.932
1.04 0.140 0.133 -.069 0.888 -.177 0.590 0.611 0.695 0.950
1.06 0.140 0,133 -.067 0.892 -.169 0.61111 0.630 0.700 0.969
1.08 0.140 0.133 -.066 0.895 -.161 0.647 0.651 0.705 0.987

Kp 1110 0.140 0.132 ^.065 0.B98 -.154 0.677 0.6725 0.710 1.006
rs

SYS V F'	 IN DSG F DSG 0 DSG PF 10 * S SYS F' SYS G SYS P F LOAD V
_ 0.90 0.160 0.151 -.1.29 0.760 -.364 0.382 0.529 0.585 0.816

0.92 0.160 0.152 -.117 0.792 -.322 0.408 0.536 0.605 0.836
.% 0.94 0.160 01.152 -.108 0.814 -.293 0.434 0.547 0.621 0.855
sr » 0.96 0.160 0.152 -.102 0.a30 -.270 0.460 0.561 0.634 0.874

0.98 0.160 0.152 -.097 0. S43 -.252 0.487 0.576 0.645 0.893
1.00 0.1601 0.152 .093 0.854 .2336 0.514 0.592 0.655 0.912
1.02 0.160 01.152 -.089 0.862 -.223 0.541 0.609 0.664 0.931
1.04 0.160 0.152 -.086 0.870 .211 0.569 0.627 0.672 0.949
1.06 0.160 0.152 -.084 01.876 -.200 0.598 0.646 0.679 0.966

e 1.018 0.160 0.152 -.081 01.881 -.190 0.627 0.665 0.686 0.987
1.10 0.160 01.152 -.080 0.886 -.181 0.656 01.686 0.692 1.005 f'
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ORIGINAL PAGzt is
OF POOR QUALITY

4

TABLE H-VIII, Cont.

DATA FOR INDUCTION MACHINE
HEAVY LOAD CASE

.J

SYS V P IN USG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
I 0.94 0.180 0.169 -.163 0.720 -.416 0.409 0.597 0.565 0.850
` 0.96 O.ISO 0.170 -.141 0.770 -.351 0.437 O.S97 0.591 O.S71

. 0.93 0-ISO 0.171 -.129 0.797 -.315 0.464 0.605 0.609 0.891
j 1.00 0.180 0.171 -.121 0.817 -.289 0.492 0.618 0.623 0.910

.1.02 0.180 0.171 -.114 0.832 -.269 0.520 0.632 0.635 0.929
' 1.04 0.180 0.171 -.109 0.844 -.251 0.548 0.648 0.646 0.948
' 1.06 0.180 0.171 -.104 0.853 -.237 0.577 0.665 0.655 0.967 

1.08 0.180 0.171 -.101 0.862 -.224 0.606 0.683 0.663 0.986
1.10 0.180 0.171 -.097 0.869 -.212 0.636 0.702 0.671 1.004

C
SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
1.00 0.200 0.189 -.168 0.747 -.381 0.468 0.661 8.578 0.906
1.02 0.200 0.189 -.151 0.782 -.336 0.497 0.666 0.598 0.926
1.04 0.200 0.190 -.140 0.804 -.106 0.526 0.677 0.614 0.946i 1.06 0.200 0.190 -.132 0.821 -.283 0.555 0.691 0.627 0.965
1.08 0.200 0.190 -.125 0.835 -.264 0.585 0.706 0.638 0.984
1.10 0.200 0.190 -.120 0.845 -.249 0.61; 0.723 0.647c. 1.003

REALISTIC LOAD REPRESENTATION

h^

ti

U
tti

SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.90 0.020 0.016 -•.016 0.706 -.032 0.593 0.473 0.782 0.811
0.92 0.020 0.016 -.017 0.688 -.030 0.612 0.488 0.782 0.830
0.94 0.020 0.016 -.018 0.669 -.029 0.602 0. 303 0.782 0.850
0.96 0.020 0.016 -.018 0.650 -.028 0.651 0.518 0.782 0.869
0.98 0.020 0. 015 -.019 0.630 -.027 0.670 0.534 0.782 0.888
1. 00 0.020 0.013 -.020 0.611 -.025 0.690 0.549 0.783 0.908
1.02 0.020 0.015 -.021 0.591 „024 0.710 0.564 0.783 0.927
1.04 0.020 0.015 -.021 0.571 -.023 0.730 0.560 0.783 0.947
1.06 0.020 0.015 -.022 0.551 -.022 0.750 0.396 0.783 0.966
1.08 0.020 0.014 .023 0.531 -.022 0.770 0.61' 0.783 0.985
1.10 0.020 0.014 -.024 0.512 -.021 0.791 0.628 0.703 1.005

SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS F' SYS 0 SYS P F LOAD V
0.90 0.040 0.036 -.020 0.875 -.064 0.574 0.477 0.769 0.812
0.92 0.040 0.036 -.020 0.869 -.061 0.593 0.492 0.770 0.831
O. 94 0.040 0.036 -.021 0.862 -.050 0.612 0.307 0.770 0.850
0.96 0.040 0036 -.022 0.835 -.056 0.632 0.522 0.771 0.870
0.98 0.040 0.035 .022 0.848 -.053 0.651 0.537 0.772 0.889
1.00 0.040 0.035 -.023 0.840 -.051 0.671 0. 552 0.772 0.908
1.02 0.040 0.035 -.023 0.831 -.049 0.691 0.568 0.773 0.928
1.04 0.040 0.035 -.024 0.822 -.047 0.711 0.58.3 0.773 0.947
1.06 i i.040 0.033 -.025 0.813 -.045 0.731 0.599 0.774 0.967
1.08 0.040 0.034 -.025 0.803 -.043 0.751 0.615 0.774 0.986
1.10 0.040 0„034 -.026 0.793 -.041 0.772 0.630 0.774 1.005

6
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TABLE B-VIII, cont.

DATA FOR INDUCTION MACHINE
HEAVY LOAD CASE

ORIGINAL PAGE M
OF POOR QUALITY

;•^ SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.90 0.060 0.056 -.026 0.905 -.097 0» 5)55 0.484 0.753 0.812
0.92 0.060 0.056 -.026 0.90:5 -.092 0.574 0.498 0.755 0.831
0.94 0.060 0.055 -,027 p. 901 -.086 0.593 0.51.,, 0.756 0.E151

' 0.96 0.060 0.055 -.027 0.899 -.084 0.612 0.528 0.758 0.870
0.98 0.060 0.05:' .027 0.896 -	 brat.) 0.6,'x'2 0.543 0.759 0.889
1.00 0.060 0.055 -.028 0.8V'S -.077 0.652 0.556 0.760 0.909
1.0'1 0.060 0.055 -.028 0. 889 -.073 0,671 0.573 0.761 0.928
1.04 0.060 U.055 -.029 0.886 -.070 0.691 0.588 0.762 0.948
1.06 0.060 0.054 029 0.802 -•.068 0.712 0.604 0.763 0.967

u 1.08 0,060 0.054 -.030 0.877 -.065 0.7 .332 0.619 0.763 0.986
F 1.. 10 0.060 0.054 -.030 0.87' -.062 0.752. 0.635 0.764 1.006

SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS F' SYS 0 SYS P F LOAD V
' 0.170 0.OBO 0.075 -.036 0.904 -.1.33 0.535 0.493 0.735 0.812

0.92 0.080 0.075 -.035 0.906 -.126 0.554 0.507 0.738 0.831
F 0.94 0.080 0.075 -,035 0.906 -,120 0.573 0.521 0.740 0,851

0.96 0.080 0.075 -.035 0.907 -.114 0.59.3+ 0.536 0.742 0.870
t 0.98 0.080 0.075 -.035 0.906 -.109 0.612 G. 550 0.744 0.890

1.00 0.080 0.075 -,035 0.906 -.104 0.632 0.565 0.746 0.909
' 1.02 0.G8q G. 074 -.035 0.905 -.099 0.652 0.580 0.747 0.928

1.04 0.080 0.074 -.035 0.904 -.095 0.672 0,595 0.749 0.948
1.06 0.080 0.074 -.0.3+5 0.902 -.091 0.692 0.610 0.750 0.967
1.08 0.080 0.074 -.036 0.901 -.087 0.712 0.625 0.752 0.987
1.10 0.080 0.+:74• -.036 G. 899 -.084 0.733 0.641 0.753 1.00)6A

F

SYS V P IN USG P DSG 0. DSG PF 10 * S SYS F' SYS 0. SYS P F LOAD V
1 0.90 G. 100 0„095 -.048 0.890 -.172 0.1515 0.506 0.713 0.811

0.92 0,100 0.095 -.047 0,894 -.163. 0.534 0.519 0.717 0.831
0.94 0,100 0.095 -.046 0.E198 -.154 0.554 0.532 0.721 0.851
0.96 0.14)0 0.094 -.046 0.901 -.146 0.573 0.546 0.724 0.870
0.98 0.I(Do 0.094 -,041:1 0.903 -.139 0.593 0.560 0.727 0.890
1.00 0.100 0.094 -.044 0.904 -.132 0.613 0,574 0.729 0.909
1.02 0.100 0.094 .044 0.905 -.126 0.632 0.589 0.732 0.928

r 1.04 0.100 0.094 -.044 0.906 -.121 0.652 0.604 0.734 0,948
` 1.06 0.100 0.094 -.044 0.907 -.1.15 0.673 0.618 0.736 0.967

1.08 0.100 0.094 -,044 0.907 -.110 0.693 0.633 0.738 0.987
s- 1.10 0.100 0.093 -.044 0.906 -.106 0.713 0.648 0.740 1.006
4
r

SYS V P IN DSG P DSG Q. DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.90 0.120 0.114 -.066 0.865 -.219 0.495 0.523 0.667 0.810

r 0.92 0.120 0.114 -.064 0.873 -.205 0.514 0.535 0.693 0.8x0
0.94 01.120 0.114 -.062 0.880 -.193 0.534 0.547 0.698 0.850
0.96 0.120 0.114 -.060 0.886 -.182 0.553 0.560 0.703 0.869

Y 0.98 0.120 0.114 -.058 0.890 -.172 G. 573 0.57.3+ 0.707 0.889
1.00 0.120 0.114 -.057 0.894 -.163 0.593 0.587 0.711 0.909
1.02 0,120 0.113 -.056 0.897. -.155 0.613+ 0.600 0.714 0.928

L, 7a 1.04 0.120 G. 113 -.055 0.900 -.148 0.633 0.614 0.717 0.948
1.06 0.120 0.113 -.054 0.902 -.141 0.653 0.629 0.720 0.967

09' • 1.08 0.120 0.113 -.054 0.904 -.135 0.673 0.643 0.723 0.987
1.10 0.120 0.113 -.053 0.905 -.129 0.694 0,658 0.725 1.006
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TABLE H-VII?, cont.

DATA FOR INDUCTION MACHINE
HEAVY LOAD CASE

SYS V P IN USG P DSG 0. DSG Pr 10 * S SYS P SYS 0. SYS P F LOAD V
0.9t:0 o.140 0.1;33 -.092 0.822 .282 0.474 0.547 0.655 0.808
0.92 0.140 G. 13.'3 -.086 0.838 -.259 0.493 0.556 0.664 0.822
0.94 0.140 o. 133 ^.(02 0.851 -.'1240 0.513 0.56/ 0.671 0.1]48
0.96 0.140 0.133 -.078 0.861 -.224 0.533 0.578 0.678 0.868

r7 0. 9M 0,140 0.133 -. 0'75 0. E170 -.211 0.5S3 0.5090 0. 684 0. 808
, i 1.00 0.140 0.133 -.073 0.877 -.199 0.573 0.602 0.689 0.908

1.02 0.140 0.133 -.071 0.883 -.188 0.593 0.615 0.694 0.9'-8
1.04 0.140 0.133 ^-.069 0.887 -.178 0.613 0.628 0.698 0.947
1.06 0.140 0.133 -.067 0.891 -.169 0.633 0.642 0.702 0.967
1.08 0.140 0.133 -.066 0.895 -.161 0.653 0.655 CO. 706 0.986
1.10 0.140 0.132 -.065 O.S98 -.154 0.674 0.670 0.709 1.006

T SYS V P IN DSG P DSG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.90 0.160 0.151 -.143 0.725 -.409 0.451 0.594 0.605 0.803
0.92 0.160 0.151 ^.123 0.776 -.343 0.472 0.590 0.624 0.825
q . 94 0. 160 0. 152 -. 112 0.804 -.306 0.492 0.595 0.037 0.846
0.96 0.160 0.152 -.104 0.824 -.279 0.512 0.602 0.648 0.866
0. 198 0.160 0.152 -.099 0.839 -.258 "L20.5. 0.612 0.656 0.887
1.00 0.160 0.152 -.094 0.851 -.241 0.552 0.622 0.664 0.907
1.02 0.160 0.152 -.090 0.861 -.226 0.572 0.633 0.671 0.926

• 1.04 0.160 0.152 -.087 0.869 -.213 0.593 0.645 0.676 0.946
G 1.06 0.160 0.152 -.0G4 0.875 -.201 0.613 0.658 0.682 0.966

1' . 06 0.160 0.152 -.082 0.881 -.191 0.633 0.670 0.687 0.966
i= 1.10 0.160 0.152 -.079 0.886 -.181 0.654 0.684 0.691 1.005

i
SYS V P IN DSG P DSG Q DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
0.96 0.180 0.170 -.149 0.753 -.373 0.490 0.644 0.606 0.862
0.98 0.180 0.170 -.133 0.788 -.327 0.511 0.644 0.621 0.884
1..00 0.180 0..171 -.123 ().811 -.296 0.531 0.649 0.6:33 0.904
1.02 0.180 0.171 -.116 0.828 -.273 0.552 0.657 0.643 0.925
1.04• 0.180 0.171 -.110 0.842 -.254 0.572 0.667 0.651 0.945

.. 1.06 0.180 0.171 -.105 0.852 -.238 0.593 0.678 0.658 0.965
1.08 0.IE30 0.171 -.101 0.861 -.224 1:0.613 0.689 0.665 0.965

" 1.10 0.150 0.171. -.097 G. 869 -.212 G. 634 0.701 0.671 1.004

SYS V P IN DSG P DSG Q DSG PF 10 * S SYS P SYS G SYS P F LOAD V
1.00 0.200 0.188 -.177 0.729 -.403 0.509 0.699 0.588 0.899

G 1.02 0.200 0.189 -.155 0.774 -.345 0.530 0.694 0.607 0.921
1.04 0.200 0.190 -.142 0.801 -.311 0.551 0.697 0.620 0.942
1.06 0.200 0.190 -.1.133 0.819 -.285 Q. 572 0.704 0.630 0.9625
1.08 0.200 0.190 -.126 0.634 -.265 0.593 0.712 0.639 0.983

` 1.10 0.200 0„190 -.120 0.846 -.248 0.613 0.722 0.647 1.003

7
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TABLE B^ZK

.̂	 DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
| ^ LIGHT LOAD OA8C

C^	 ONSTANl IMPEDNNUE LOAD ORIGINAL PAGE [U
OF POOR QUALITY

SYS V P IN DSG P DGG Q Di6 pF 1')	 *	 S SY^i P SYS $ GvS P F LOAD yd,90 @°02() o,013 0°U78 0"168 ~"W 0^0v2 - ° 010 0,866 0"901V,92 0.420 0"Y13 0"082 0,150 -^(}22 0,055 00 o, R69 0.921
^ 0 ^ 94 Y,020 0,086 0,148 1 0"058 ^03Z 0.1372 o^9410 ° 96 V,oI/) 0.01;7 n°$89 0^139 -,020 0.061 ~"034 8^874 V.9&1z 0.98 0.028 $"Al2 0"093 n^130 -.019 0.065 ~°016 0^877 0,981" 1°0u 1.)"820 0,V12 0°U97 0"122 -,O18 0.V60 --"OZ7 0"879 1"001^̂ 1.U2 V"020 0,012 0^101 0.114 -.018 0.072 -"019 0061 1,8211"04 (),020 0.011 0,105 0.107 -.017 0°075 -.040 0,882 1°0411 " 0^ 0°020 0,01^ 0~109 0^O99 ~^()16 0.079 ^,042 0"884 1"0611 " 08 u. u21) U.011 0.114 C). 09,'-s' -"V15 0,083 ^~"043 0"826 1"091].z0 V.020 0"010 n"118 0,007 -,015 0.087 -"045 0.887 1°101

^
SYS V P IN VGQ P DSG O DSO PF 10 * 3 SYS P SYS Q SYS P F LOAD V0 ^ 90 V.040 0"033 u"076 0^4U2. ^`"049 0"032 ~,027 8,760 0^902o " 92 o " 04o 0"033 0.080 0.383 ^~°U47 0^075 ~,029 0.774 0,9^220.94 0"040 0"033 0^083 0.Z65 ^,045 0.Yzo _.030 0^785 0^942o " V6 o.04V 0^032 A^08/ 0"248 ^-.043 0.042 ~.0I2 0,794 0,962V,98 0.04(/ 0,032 0^091 V"332 ~,V41 0"045 ~,V3z 0"803 0"9821 " 00 0^040 0"032 Q"V9L 0°317 ~,dJ9 0.048 '`.035 0,811 1"002|,V2 0.048 0°032 0"099 V"303 ~"038 0"052 ~,817 0"817 1"0221 " 04 V40 0.031 0,103 0.289 "-"036 O,356 ~^938 0"823 1^0431 " 06 0^y40 0,001 4°108 0"276 -.035 0"059 °"048 0.829 1"0621 " 08 0,040 V"031 0"112 0^263 ~-.03J 0"063 -,042 0"8J4 1"082r 1.10 ~"040 01030 0.116 0,202 ~"032 0067 -"043 0,839 1002

SYb V P lN uGG P QS8 Q USG PF 10 * 5 SYS p SYS Q SYS P r LOAD Vi, 0°90 0.Vb0 5"833 0"071 0,599 -"076 0"012 ~"022 8^471 0"102
^ 0.92 0"060 9.053 0,075 0"577 ~,072 8"015 -^024 0.531 0"922` $.94 0"060 0.053 0.079 0.555 -.069 0,018 -.026026 0 579" 0 942"^ 0"96 0"()60 0=2 0.083 0"533 ~.066 0°n0.022 -^028 0"617^ 0"98 0"06( 0"052 0"087 0"512 ~.^3 0,025

O°96
-.063 -'929 0'650 0^982^ 1^o0 0.060 0"052 0"091 0.492 ~,060 0,039 -.031 0.676 1'802^

^
1"02 0"060 0"051 0°096 0"473 -.058058 O 032" -.0330J3 ^0 698 1^0221"04 0"060 0^051 0"100 0"455 ~~056 0.036 ~035 0'716 1^0421 " 06 U.060 0.051 8"104 0,438 -"053 0"039 -.037 0.732 1^0621 " $8 0"010 0"050 0"109 0,421 ~"051 0"843 ~.039 0.746 1~0821 " 10 0"060 0,050 0,113 0"405 -.049 0^047 -"040 0,759 1102

^ SYS V P IN DSG P DGG Q DSG PF 10 * S SYS P SYS Q SYS P F LOAD V0.90 0.08U 0.073 0.064 0"753 ~.103 -.008 ~^015 0"469 0^902~ 0^92 0"08() 0.073 0"068 O.729 -^098 -.005 -"017 8.265 0.922V " 94 0"080 0,072 0"073 0"706 ~^"094 ~^001 -^019 0"076 0"9420"96 0"080 0"072 0.877 0"684 ~,098 0"002 -"021 0"084 0"962
LAW 0.98 0"080 0^072 ()"981 0"662 ~^.086 0"005 -.024 0"216 0.9821 " 00 V ^ 080 0.872 0,086 0^641 -°082 0^009 -.026 0,322 1°0021 ^ U2 0"08V 0"071 0^090 0^619 ~^"079 0.012 -.028 0,407 1,022t.`)4 0.080 0^071 0,095 0.599 ^~075 0"016 ~"030 0"473 1"0421 " 06 0,080 3"071 0°099 0^579 ~"073 0,020 ~^032 0^525 1.0621.08 0"080 0"070 0"104 0.560 -.070 0"023 -.034 0"568 1 08%1.10 0,080 0^070 0°109 0^541 ~"067 0"027 -^836 8.604 1102

Or
B~43

.~°.~~...,.......,_._..._....^._°^. ............ ________



P

.3	 TABLE B-IX, cont.

Uk10NAL PAGE t-3 DATA FOR L'IDUCTION 1 .1ACHINE I POWER FACTOR CORRECTED
OF POOR QUALITY	 LIGHT LOAD CASE

t̂t	 "i4'3	 V	 F'	 IPl	 tit^lti	 F'	 '):!f. 	 1^	 U:it)	 fi t	 1fi	 k 51 SVE3 P SYfi 0 17'Y!i	 P	 p' 1 that)	 VI' iJ. S'Q i1.	 111(1 '1. f) f 	'- !!	 `:I{ 11, uS44 133 018 »111 Q 0. 980 0. 9(15:^. la-N.'.
0. c!4

fly	 11,1 C1 ; , ,Y? .:; 11	 1.,.17 11	 114! - 126 009 ,11uu 0.901 0.122i.....0. 100 (1	 09 0. 064 O. U2 ^ •• .1'^0 ,• . . Llf;l •.(li1 0 -G19;^ i).9;i`0-96
0.9S

"J00 0-092 1.1. U6`1 1.1. 1Juv ', 115 `-, (11 11 0 1.3 1.'9c)ti ,1, •)rS,_`
1..0(

0, 100 11.11 9.^ /1	 1.)l ^^^ (J. 71x1 '^.	 1f, 11>' ... 1J1.. -.(11.6 11. 6C•7., 1.1, 9I[Is .̀
.i 153

o.10" (1 092 a	 1;1%t3 1. 7h1J „ 105 -.011 -.018 0 .024 1.
1.04

Q.100
0.100

u. 091 U.083 1 1. 7:59 -.100 - .003 -.021 0.347 1.0V2 
1 . (16 V. 100

". o91
0. 1)91)

(). t)[it7 1.1.	 7111 -.096 -.004 -, Ov? f1, 1 71 1. 0161. 7
t 1.08 (1, 1 0(1 0.09()

0.091
11-(/()3

u. 697 -.092 -. 000 02b
0. p t) 1_i 1.062

1.. 10 0, 100 0.090 U. 103
U-6'711

^ •{). ^JJt:1
---0811 U-0014 -028 0. 1; 7 1.002

1.+
• ., . 013;:1 0.007 - . 030  !)	 ::?:,'^p 1. 1M.

0.9V F'	 IN DOSS 1''
Of U

Of PF 10 * S SYS P SYS 0 SYS F F LOAD L'0.'9 0 0» 1.:20 t) . 11;3 0. 041 U.939 -.165 -.048 U.007 0.988 0.901(J.. 9,' IJ.. 120 0 .112 0.047 U.923 -. J S6 -.044 0.000 0.916 0. 9210.94 0.120 0.112 0.0533 0. 906 -.148 -.041 0.001 1.000 0.9420.96 0.120 0.112 0..058 0.888 -.141 --1038 •...002 0.9gs 0.962?, 98
I .Of:/

J, 121:1 0.112 0.063 0-M -.134 -.034 -•. 006 0.987 0.982
1.02

U.120
0.120

U. 111
0.111

0.06 17 0. 001 -.128 -.031 -.0% 0.964 1.002s,
"+• 1.04 0.120 0.111

0.07A 0,832 -.123 .027 .011 0. 924 1.022022
1 . U6 0.120 0.110

0.079
U.005

0.813 -.117 -.024 ^,01.4 0.859 1.042
` 1.013 0.120 0.110 0.090

0. 794 -.113 -.020 -.017 0.763 1.064'
t 1.10 0.120 01110 0.095

0.774
0.755

--.108 •-.016 -.020 0.637 1.082
-.104 •--.012 -.022 0 . 467 1-1K

SYS V
0 - 90

P	 I1\I 1:)509	 P DSS 0 DSO PF 10 * S SYS P SYS 0 SYS P F LOAD Vr
c 0.92

0.140
0.140

0.132
0.132

0. 024 0-903 - . 202 - .06W 0.024 0.941 0.900
(:).94 0-140 0.132

0. 031
0.038

0. 973
0.961

• -.190 .064 0.019 0.957 0.921.
tJ- 96 (:1. 140 (1. 1:52 0.044

-.100 -.061 0.015 0.971 0.941
0.91:J 0.140 0.131 0.051

0. 948
0.923

-.170 -.056 0. 0111 U, 9S2 0.961

'
1.00 0.140 0.01 0.057 0.918

-.162
-.1154

•-.054
-.051

0.007
0.004

0.991
0.998

0.9172

E 1. 02 0.140 0.1:31 0.063 0.902 -.147 -„r147 1:1.01:11 :1 1.000
1,002

,-,1. 0221. 04 0.140 0.131 0.069 0.	 BS -.140 -.044 -.003 0.997 1.0411-11.06 0.140 0.130 0.074 0068 -.114 -.040 -.007 0.9@6 10653'. 1.08 0.140 0.130 0.080 0.851 -.120 -.036 -.010 0.965 1.082I..1.(:1 1;1.140 0.130 0.086 0.833 .12:5 .032 -.013 0. 928 1.102

SYS V P IN DSO P DSG 0 DSO PF	 10 1(	 S SYS F' SYS l:1 SYS P F LOAD V0.. 190 0.160 0.152 0.002 1.,000 -..247 -..087 0.047 0.082 0. 699 0.92 0.160 0.132 0.011 0.997 -.230 -.064 0. 040 0.904 0.9190.94 0..160 0.152 0.019 0..992 -M6 - .001 0.034 0.923 0..940- 0.96 0.160 0.151 0.0 77 0.984 -..203 -.078 0.028 0.940 0.960
1.00

0.160 0.151 0.03e 0.973 -.192 -.074 0.023 0.934 0.961
1.02

0.160 0.151 0.042 0.964 -.182 -.071 0.018 0.968 1.0010. 160 0.151 0.049 0.952 -.173 -.067 0.014 0.979 1.021 1.04 0.160 0. 150 0.055 0.93G -.165 -.063 0. 010 0 .93 8   1.0421.06 0.160 0.150 0.062 0.924 -.157 -.060 0.006 0.995 1.0621.08 0.160 0.150 0.060 0.910 -.150 -.0% 0.002 0.999 1.0821..10 0.160 0..149 0.075 1:1.895 -..144 -.,032 -.002 0.999 1.102
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TABLE B-IX, cont.	
'
()RIGINAL ptjG4-., It
OF POOR QUALITY"

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
LIGHT LOAD CASE

; 'k^'

SYS v P IN DSU P D3U 0 DSU rF 10 * 5 SYS p sys 0 SY2 p F i0AD v0.90 0. 1 00 0.171 -.OS2 0.9Ri -.ill -.107 0.0% 0.002 0.0961(). 92 0. 1 HO 0. 171 ­ . (.110 1). 995 --. 20Z .. J.04 ("'. 060 o. FE^7 1.9:'1U.94 U.100 U.171 -.006 O.Y99 -.261. _.1Q1 0=9 0.865 u.9X(J. 96 0. 1 SO 0.171 0.0ou 1.0"o -.242 -.097 0.050 O.RHH O.V590.98 U.180 0.171 0.014 Q.997 .1227 -.u94 0.041 Q.TOO u.9791.0Q 0.180 ".170 0.Q23 0.9vi .214 -.090 0.037 0.925 1.00o1.02 0.100 0.170 0.011 U.984 -.202 -.087 0.031 U.941 1.U20
1.04 Q. J. @() 0. 1 /u (). 0^9 V.975 -.192 -.000 QW26 0.9F5 1.041I.U6 0.100 0.170 0.047 UX64 -.102 -.QWO O.V21 0.9A7 1.061I.Qu 0.100 0.169 O.Ob4 0.951 -.174 -.076 O.C16 u.97U 1.0811.10 0.1,80 0.169 ".061 0.941 -.166 -.072 0.012 0.987 I.I.C2

SYS v P IN Dsu p DSG U DKQ PF 10 * S SYS p SYS 0 qys r F wom v
0.92 01200 0.110 -.067 0.944 -.374 -.124 0.116 0.728 0.1130.94 0.200 0.190 -.04Z 0.9/6 -.326 -.121 0.095 0.704 0.935
v.96 0.200 0.190 -.026 Q.191 -.295 -.117 Q.Q81 O^822 0.9541
0. 90 0.200 0.190 01. Z k). V 41B -.271 -.114 Q. 070 (J. E351 0.977
1. ()[:) 0. 2C)0 0. 1, C?I:) 0ol 1.000 -. 2b:' _1110 0.061 0.675 0.95m1.02 Q.2QQ 0.190 0=9 0.99V -.236 -.tov 0.05Z 0.096 1.019104 0.2UO 0.190 0.019 0.995 -.223 -.IU3 0.046 0.914 1.0401.06 0.200 O.J.89 0.028 0.98y -.2lu -.09Y 0=9 0.9zo 1.0601.00 0.2QO 0.189 0.037 O.Y82 -.200 -.096 0.031 0.944 1.0801. 10 0. ^)O( ') 1). 189 o. 045 o. 97^'*^ - , I -. U91^ 0. 028 0.957 1.101

REALISTIC LOAD REPRESENTATION

Sys v P IN DSO P OSO 0 0% PF 1.0 * S SYS p SYS 0 SYS p F LOAD v0. y l:) (.)2() Q 13 0.076 0.168 -.023 0.056 -.026 0.908 0.9000.92 owso 0^013 0.082 0.158 -.022 O.U59 -.020 0.902 0.9210.91 Cl., U20 Q. C) I S 0. OB(.3 0. 148 -.021 0.061 -.030 0.096 0.9410.96 0.020 0.013 0.089 0.139 -.020 U.063 -.OZ2 0.890 0.96J.9U 0. 02o 0 1 2 0.093 0.330 -.019 0.066 _^033 0.604 0.981
(.1.01 1.2 0.o97 0.122 -.018 0.068 -.037 0.878 1.001,0, ).1)2(:) o. 01 2 0. 1(:) 1 0.114 -.018 0.071 -.040 0.872 1.0211. 04 105 0.107 -.017 0.073 -.042 0.867 1.0411.06 0.02U 0.011 0.107 0.099 -.016 0.076 -.043 0.861 1.0611.00 0.02U 0.011 0^114 0.090 -.015 0.070 -.047 0.835 1.0821.10 0.020 0.010 0.11mu u.087 -.015 0.020 -.050 0.850 1.102

SYS v P IN DSO p DSG Q DSO PF 10 * s SYS p SYS Q SYS P F LOAD VCJ.90 0.040 0.032 0.076 0.403 -.049 0.037 -.023 0.843 0.9010.92 0.040 0.033* 0.019 0.284 -.047 0.039 -.026 O.S35 0.9210.94 0.040 0.033 0.023 0.366 -.045 0.041 -.028 0.828 0.9410.96 ().U40 0.032 0.087 0.349 -.043 0.044 -.010 0.822 0.9610-98 0.040 0.032 O.U91 0.302 -.041 0.046 -.031 0.016 0.9811-00 0.040 0.032 0 - 095 0 - 3 1 7 --039 0.04B -.031 0.809 1.0021-02 0.040 0.032 0.099 u.302 -^o3a 0.0bl. -.010 0.@04 1.0221.04 0.040 0.031 0.103 0.289 -.036 0.053 -.040 0.798 1.0421.06 0.040 0.031 0.108 0.276 -.035 0.056 -.043 0.792 1.062	 6
1 - 00 0 - 040 0-031 0.112 0.263 --033 0.05e -.046 0.7S7 1.0S2
1. 10 0. 040 0.030 0.116 0.251 -.032 0.061 . -.040 0.702 1.102
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ORIGINAL PAc (!;g
OF POOR QUALITY

0

TABLE B-IX, cont.

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
LIGHT LOAD CASE

ofF syci, 	 V F'	 IN D.aO F, DEG 0 D.1Fi	 I* 1+J	 .µ	 9 a`r.i	 p 1? ,'iV1	 F'	 F l.l'JF+U	 V
U. 060 I  t; uT (1,11'11 0.601 . 076 0.017

u	
UIf) 8,660( I). VV 11. 116\1 0. us 0.t.J T:J Q. E,77 '-.477'-'. U.1./l'i ..121 (.1. hl1 (1.'7	 .,

^1» x 71 4' 0.1.16 r.1 r1	 Q ::l^'j CJ.+.I%9 0.555 .0	 f 1.1.1111 - . 52Z 6.672
!:7»`76 +1.1760 +J.+:157 11.+JE):? 0=4 .+.Jh''J t1.u'u:} .02El U. 673 1,`.';'.71.?
1 :1.9& 1).U60 11.1),2 1 1.0187 01011 .061 Mph .+:129 0.674 +1.'7132
1	 . +,11.1 ' 1.	 161 ,1 1,1. +.Jt9< ". Q y11 1'1.49;,' - . 06U 9,11 jt1 I .(V! 0.670 1 , +=11;! :

,r 1.02 0. 06V Q. +: 1 	; l 0. 096 0. 477 f1:	 13 0. 01 1 - , "14 11167' 1..11:'2
1.04 0.060 u. OF 1 W. l uv 1,1 .4% -. ush n r J; l -,"Q 01. 612 1.042, 
1.06 0.060 Q.051 0. 104 Q.437 - . u ]b3 CI. Q36 -.u40 4.071 1.00-1
1.08 0.060 0.0:50 U. 1U9 u.42u Out C1.Q<3r7 .1142 0.670 1.11!)"
1. 1.4 (,1.1.160 4. UM 4.113 0.404 -.041 17.441 -.045 0.669 1.10:

:1Y'a V F'	 IN usb f°' USE 0 096 PF 1U * 5 EYE F Sys v SYS V F LOAD V
0.90 0. 000 0.073 U„064 U.754 .103 .00:5 .0 11 t J.:2'i`: 0.9(:11

a 0.92 +:1. U80 0.073 0. 06S MIX .09E3 . 041 .014 0.065 0.922
0.94 0.08U 0.072 0.072 u.707 .094 01.002 .017 0.088 0.942
0.96 0.OSU 01. 072 0.077 0.655 -.U90 u.004 -.020 0.188 0.967
4. 98 0080 0.072 0,001 0.662 -.U86 0.006 .023 0.262 0„9S2
1.OU 0.080 U.072 0.086 0.641 -.087 0.009 -.026 0.317 1.002IM02 0.080 01.071 0.090 0.619 -.079 0.011 °„429 0.361 1,022
1.04 0.080 0.071 U.095 0. 599 -.o7,`., 0.013 -.032 0.392 1.043

I 1.06 01.08(:1 0.071 0.100 0.579 --072 0.016 -.03S MIS 1.0631.08 0.080 0.070 0.104 0.509 -.070 0. 018 --.038 0.438 1.00:11,

t
1.10 0.080 0.070 0.109 0.541 -.067 0.021 -.041 0.4515 1.10.'

i
t SYS V P IN DEG P DSG 0 DSO rF 1.0 * S SYS P SYS 0 SYS F F' LOAD V' 0„90 0. 100 0.093 0.0154 0.864 -.03 .023 .002 0.998 0.901
?. 0.9'2 0.100 U.x1̂ 7:.+ ^U, x,169 0. 844 -. 1.^6 ^- 021 -. 00t'i ^U. !97.0 r	 10..	 75:.1> 0.94 0.100 0.09.E 0.064 0.822 -.120 -.018 -.000 0.91.2 0.942` 0.96 0„ 100 0.092 0.069 0.802 -.M -.016 - . 0 12 U. 81 U 0.962

0.98 0.100 0.092 0.074 0.781 -.109 -.014 -.015 0.676 0.902
1.00 0.100 0.092 0.078 0.7,.̀"19 _M5 -.011 -.018 0.526 1..002

' 1.02 0.100 0.091 0.083 0.7+19 -.100 -.009 .021 0.3131 1. 023

r 1.04 0.100 0.091 0.0(317 +1.718 -.096 -.006 -.025 0.251 1.0431.06 0.100 0.090 0.093 0.697 -.072 -.004 -.028 0.137 J.063,
1.08 0.100 0.090 0.098 0.677 -.058 -.001 -.031 0.046 1.083_

r, 1.10 0.100 0.090 0.103 0.65i7 - .0% 0.00101 -. 035 0.029 1.103

SYS V P	 IIH DEE F' DSG 0 DSG PF 10 * S SYS F SYS 0 SYS P F E.OAD V
0.90 0.120 0.113 m41 0.9:39 -.165 -.U43 0.011 0.967 0.901
0.92 0.170 0.117 0.047 0.923 .156 .041 0.007 0.985 0.922a 0.94 0.120 0.112 0.052 0.906 -.148 -.038 0.003 0.997 0.941= 0.96 0.120 0.112 0.058 0.888 -.141 -.036 -.001 1.0+70 0.9670.98 0.120 0.112 0.063 0. S70 -.134 -.033 -,005 0.990 0.9@2

10M0.00 0.120 0.111 0.069 0.851 .128 .031 .009 0.964 1.0021.02 0.120 0.111 0.074 0.832 -.12.E .0129 .017 0.918 1. 022

ZT 1..04 0, 120 0. 111 0.079 0.02 -.117 -.U26 -.016 U. S52 1.04-5rs, -+1.06 0.120 0.110 0.085 0.79.3 -.112 -.024 -.020 0.769 1.06:1,-a l..0E3 0,1.1.'20 0.110 0.090 0.774 -.108 -.021 -.024 U.672 1.05.3
I.IQ 0.120 0.110 0.095 0.754 -.104 -.019 -027 0.867 1.10;Rh f*
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ORIGINAL)F P^ 
F? QUALilyDATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

LIGHT LOAD CASE

TABLE D-IX, Cont.

`.9r "'	 V F°	 I 1 011i i K& 11 1	 ;hi	 F : '( ' t 11)	 °h	 S !Jyk;	 1' : iY(a	 0 PM; F-' A MAD V
t).	 1.31, n. 1 »)i::'4. n .91Sl4 .''71 .:6 t). toy 14912 0. 901
l).1	 31.1 ".	 1 l)	 Y; 1 1'.	 1. '	 0 ."h, „	 r.r2!

().'7.'6 11. MY
r•1 1). 140 u, 1 14 now 1,r. 061 1 Q 05H Lt. ul0 0.957 . V4 1 

140 +.).1 in. 1 +.1.14. '4 11.M0 '. 1'h! ."`rfl 0. 00 0.91n )1.911
'YR 0. 1.40 ':. 131 u. 011 1111 . l:a`d .11:7." 0. U60 0.989 VE 11.11.1 11.141) it. 1..1 1,0.WI" 1i. 91E3 .154 .':'al 1).007 0.994 1.11"3.!

IMP IJ« 140 0. 1- I V. U63 11 .902: . 147 -.640 -.001 1.000 1.052 1 .114 0.140 1 i, 111 0.06 9 0.080 -.140 . n46 -.001 0.99: 1, 04'::
i.ub u. 1 .4o u.lzo 0.[174 0.868 1	 4 - .1144 -.'Olu 0.977 1.06.1
1. ob 0.140 0. 1 1" w 081) ),. 6951 . 12H -.041 -.014 11, 9463 1. 0133
I.11+ u.14" 0.110 ".606 1:).u33 .123 u::;'9 .010 0.907 1.103

sy s V F IN MCI	 F'' i)SU	 I',1 USH PF 10 * 5 SYS Fa SYS 0 SYS P F LOAD V
0.90 0. 160 0.15.2 0. 001 l.000 .24Li ,2-^.I')1'.^ 0.051 0.852' 0.4.9€19
0.92 0.160 0. M , 11. 011 ".998 °.271 •.0630 0.043 0.891 0.919
17,.Y4 0.160 0,.152 0.019 0.992 .216 «070 0.036 0.906 0.939
0.96 U.160 U.151 U.027 0.984 -.203 -.073 0.030 0.930 17.960
0.9m 0.160 1), I5I 0.035 0.975 -.192 .073 0.024 4.950 0.901
1.00 0.160 0.151 4.042 0.964 -.17 -.071, 0.010 0.965 1.001
1 . Cm 0.160 0.151 0.049 0.952 -. J 73 -.060 0.013 0.982 1.021
1.,04 0. 16 1 1 0. 100 0.055 0.930 °.164 -.066 0.008 0.993 1.042
1.06 0.160 O. J 30 0.0624 0.924 -.157 -.06Z 0.001 0.999 1.062
1.1161 0.16u 11..1;() 0.068 0.909 -.ISO -.061 •-.002 0.999 1.003
1.10 0.160 4. 149 0.075 0.094 -.143 -.058 -•.007 0.994 1.103

;a4S	 'J P IN DS0 P DOG 0 DSO PF 10 * S SYS F" SYS 0 SYS F F LOAD V
0.90 0.100 0.171 -.032 0.937 .312 -.102 0.OG4 0.772 0095
0.90 0.160 M71 - .01B 0.99S -.283 -. 100 0.071 0.613 0.916
0.94 U.100 0.171 -.006 0. X799 -.261 -.090 0.061 0.847 0. 9:343
0.96 4,.1030 0.171 0. 005 1.000 -.241 -.095 4.057 0.577 0.959
0.90 0.:150 0.171 Q.014 0. 997 -.227 -.093 0.014 0.902 0.979
1.00 0.180 0.170 0.023 01991 .214 -.090 0.037 0.925 1.000
1.01 0.100 0.170 0. 012 1 0.984 .202 .030 0.030 0.945 1.021
1.04 MOO 0.170 0. 039 0.974 -.191 -.056 0.024 0.963 1.041
1.46 0„100 0.170 0.047 0.964 -.IT2 -.003 0.018 0.977 1.061
I . tid 0.180 0.:169 0.054 0.933 -.173 -.081 0.012 0. 9139 1.082
1.10 0.1ou 0.169 0.u61 0.940 -.166 - .070 0.007 0.996 1.102

GYS V Fa	 IN DOG F' DOG 0 D50 PF 10 * S SYS F SYS 0 SYS P F LOAD V
0.92 0.200 0.190 »067 0.943 .376 .119 0.121 0.704 0.912
0.94 0.200 0.190 •-.043 0.975 -. 3327 -.117 0.098 0.766 0.934
co 96 (). 24(,) 0.:190 -.027 0. 9TO - .295 -.115 0.0% 0010 0.936
0.93 0.200 0.1,90 -.00 0.998 -.272 --.113 0.071 0.045 0.977L] 1 . 00 0.200 U. 190 - . 001 1.000 - .252 -.110 0.061 0.075  0 .99 8 
1.02 0.200 4.194 0.009 0«999 -.236 -.1063 0. 052 0. 900 1.019
1.04 0.200 0.190 0.019 0.995 .222 .105 0.044 0.923 1.040
1.06 0.200 0. 1139 0.028 0.989 -.:4107 -.103 0.036 0.943 1.060 
1.00 0.20)1:) 0.159 0.037 0.901 -.199 -.1011 0.029 0.960 1.081
1.10 0.200 0.1639 0.045 0.973 -.190 -.095 0.023 0.974 1.101
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ORIGINAL PAGE 14
OF POOR QUALITY	 TABLE B-a

DATA FOR INDUCTION MACHINE ) POWER FACTOR CORRECTED

1,?lfd ll'1aDtF IM1'laT)rINC:L l ow)	
HEAVY LOAD CASE

uy3 ) V 4J	 IN lla!3 f' )]	 l'i	 0 D 63 1J 4. 1C7 	It	 '.a 1.3Y5	 FJ JYS Cl f3Yq F	 F 111E11)	 V17, 9.7 ). U','tl Q. Il ] 4 ^). I, , taE U.	 'I I -. o"rl O. 5 '-411 u. ;4w rj, ,340 1, 4^a:a)"? 0.9:7 1). 0'0 r). u14 Q. 1770 q	 99 Utif) 0	 ^/^.^ SI,:,b, J I .I„7.I.ta r,yF;.l'r IJ.94 Q.ra..0 +J. 1J 14' UM {J J'S Cl .U, 186 0' r 0. 599 0.	 79 1'1.134 . 1 x, ;51,1]
J

Q. 90 Q. la?+1 0.014- U,1:)7b 1a. 1'7'7 .Q`4 tJ.fjit'i O	 :9°i 0x041lxci.i(1
r 1:1.'Al 1a. 020 0 rJl`5 rl. o'7y 0. 167 OWE^ Q. r1, 412 Q, 1.14'1 Cl, 4i+)E1.uo ,„1.0;.1„1 U 01:5 t). 0132 0.1156 0 22, r).66V U.4'<9 f1.C4" r) 921' 1.0: Q. rl 	 ra (°)).01' 0.0136 0, 1''47 Q'"1 Q. 697 ().446 0.1;4'?

J
CJ,94°.+

c
1 . rlt4 ti. ^I:?0 0,171: i Q. (X39 U. 1:59 , 07.0 Q. 7125 0. 464 0,	 4':? il, 9601. fiE1 C,. 1a as Q. 01,"3 n, +)93 u, 131 -.019 0. 175 11 0.4L9' 0.043 Cl . ; 719

t 1, t7C3 Q.la'r) u.012 v. 096 1).12:; .019 0. 713.' O.;;Q r;) 0.13 x." U. 9A17

a

1.14:1 0. Q,±Q ,1,012 17. 1ota 0.115 .4113 U4Eli»• :,E:,19 u, 04" 1.01.
t

t3Vfi V p	 II I I I>SO F D90 0. D:30	 PfT 10 * a e;YS FJ SYS 0 UYS P F= LOAD V+1.90 U. 044 U, rc4 u.lab 0.1;76 .0513 Q. `a19 0. •>':°ice° ox 13:.0 0	 2•0;'Il. 9, U. t,)4 1? CI. Q.;,4 O. 1 1 67 r7. 4 ;b . U56 ). `1544 0. "67 o. 929 0. H3 04.94 Q. Q4O 0. Q:Sr, Q. 070 r?, 4;56 15):156: Q. Fi70 17.::° 3'15 0.13:150 j Gb99b ta, 040 'a. t,):'S4 0.07 ":, U. 417 .0151 tj, 59b 1?.:.9^ 0. 9	 1 O. 0117Qn Yi3 ), U4O U.0:5,; 0.077 0. 399 -.049 u. 622 Jx 415 O. FJ;i"' 0.905c ]. x ! / l) il. 1.Y}t.l 1)	 1	 5.' U. r)E3,J 0. 3E32 . 047 o. 65 11 (,, 4•aa Q. 1111a. 1 . V.` 7. tMtlt t,	 Q S`5, r). 0614 0.:36L'r a. 6'7Fa 1, 44Y 0.0'3,., (1.9"J.2
]., ()4 J. 04(J 0	 tl,' ^^' t.a. ^)Ei7 1')x::5 iq call-.3 Ox 706 Q.467 Q.03 4 0. ^1611 . Q6 i. Qq.o Q	 r1; .`µ ta. 1;1 y1 0.	 ;:5115 latl'1 U, 73,5' 0. 1105 0.19;7.15 J. 979i .l .1.)13 t.). r)4'!) 1 [). Q9^4 t.,.:	 '1.1 1 O4f-, l,l. 715) 1} U. 50 Q. 99(3I

i
a, 10 ).r+nQ 2 r'1	 u9t3 ( + ,_",r)'7 0:'9 On 794 r,. F•,

fr
f$Y ^ V I	 I I'll lluCti 1" U'3f i	 u <-'T) 5t^	 F f 'l. Q	 >`	 3 .iY`3	 F' 3Y.3	 t;? iM w I' ! f)F'1)	 VQ	 3u t.l 060 tl	 (lwl4' 11 ! 53 Q. 6116

^.++ 
J9U I	 5 11+1 !J	 i41I3 0. 131..; (t	 13,,, -.?O V:i Q 060 t,	 1.)`:14' !1	 ()61 0.662 006 rl	 J.:: .̀I o	 .757:5 r). h1lJ Q 13 SO!1. 1 14 0. 06) I I„ 054 (,). 06'15 o. 6.J9 •°.0172 +J 55 o. -nn 0„ G1 7

,
t,,. 19la9U. 96 0.060 C.) Q5:.5 J, 06H ?x 61, 7 -. 070 1, 577 1). 4. 0 14 0.8 t9 r:. (3670. 9Cd 0. 060 U. 0 r Q, 072 Q. 395 -. 075 Q. 60 " 1].4:;11 Ia.153,"'.,1) Q. 1>061.00 1,7. 060 0.0,5:5 0, 1„17 13 0.574 , U7;" t). Et.51 ax 4''7 ). N<:';t C)n 924'I , 02 0.060 0.053 Q. 1:179 0, ISIIJI 069 Q. 659 0. 1E:74 7. 827 Y4:'S].. 04 0.060 0. o52 0.00: 0. a•.:14• - .066 0. 6E37 0. r 71 Q, F32/1 1. 9611 . UE) 0. 060 0. U52 0. 0197 (,,, "151`15 -n 06:5 0. 716 0. 409 Qn 026 0, 9t3C1013 U. 060 o. (a52 o. 179:1 0.497 _. 061 0.74':5 0.507 17. E27 0.'190:L . 10 0. (.160 1:1.. 052 0.094 Q. 479 05119 0. 775 U. 325 1:'.43;"Ea 3 .016b

SYS V P	 Ilu DS0 1' DSG	 Q.	 DSO 1='F"	 10	 >t	 S SYS P SYS 0 SYS t: F I..	 V.1J:41)0, 90 O„ 090 0-074 Cl. 64 . 9 a x 9;;5; 11[14 1:1. 491:1 Q .;2-67 0.7193 ;,„ 1.1:1'.1Q. 9t: 0.080 U.u7zI' Q5:5 0.G13l -.11C3 0x505 1:).:;51 Q.'79E3 t".9`15].0. 94 0. 0430 0.074 0. 0;.,7 0„ 791 1 a	 ' 01. `3.31 {,.	 9b 1	 f 1U 1. O. (7h^
4r^'

0.96 o. 0a) Q. 07:5 0.061 0. '771.) 107 rl	 55!' t), 4:12
,

(71. 904 In E:88On 913 1). 090 11	 07 y 0. 06'11 0. 749 102 Q  5814 Q..428 0.15307 p. 906)1 , 00 0.080 t!, U 7"".'. 0. 069 0. 72.'7 -, 9-PE1 U163 I 44q rin EU +,+ C	 )t„5 02 0„ 0190 0.073 0. 07"& 0. 706 -• n 094 Q. 6:59 O. 463. 0. FBI :1
n

0, 94:3.... ]. " 114 O.ock , 0x072 11 „0'77 0.6U,15 o90 0.6615' 0.478 ax;a.t:a !x96a1	 ,	 1.)	 l 7, Q 9rJ 1x 07'?. Ox ()c31 1). 665; 066 +:. 696 Q. 495 C;, 1315 0. 9153(+].00 Q.oElo 0x0752 Q.005 0x64,; 083 0.';,26 Ux;	 is 1x 311 '.)n'	 rJ] . TO U.OI3G 0.071 la„ 06 1' 4).6Z.5 -n 080 0.'156 0„	 ,._,]. 0, 315315,3 1.!)1. i
B-47
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TABLE B-X, cont. ORIGINAL PAGE 19

OF POOR QUALITY
DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED

HEAVY LOAD CASE

4 P:;	 •/ F	 Lit. :3fi	 t+ N:'i1i	 i? Ir's+;	 1'l 1G	 r, `IN8 P OVS f:? SYS P F WAD V
.,, r;.t 4q 51 «lb0 9.460 0. WD 0.772 0.812,

I	 It I0,'ptI 'Icy 1-1 .152 01.4135 u. Z92 0.777 0.850
' 1 «`r'; 1 1 "I frj„ ly.: ,T. 01.0146 ':1«1:,'7`7 74` y A. ::, 11 t).	 I40 7 t).7S :.' 0r, 136'd

, .• 17..7:)1 '?.d7F3 .1.:0 f,,517 11 .422 0.7136 W£s3r
I+n.l Al ."191 tt'a'ii 1. 1 161) .	 1	 '^ 1 o.[ 164 0,c '1;;,7 i 1. '791 0.1'1->'	 )ti

i' 1	 «..., 	 . 1,110) to r i9.' V. t) li i 7 ^ 1. 94A; .. .125 0. U91 0. 451 0.794 975,
< 1, f>! . 1 1)11 f,.	 r'4; 0«t7E,4 ).H'<`1 .120 ". 619 0.469 0.797 [:.94.'

1.04 0.100 0.,199 II. w'? ',.(34);_' .11.,'3 0.64£1 tt.4+36 01.800 0.96': 
1.0101 0,09".:' 0.070 0.78Z -.110 fa.677 0.503 0.802 0.9130

« Loci 0.10 , (,.(191: t) , "7'7 U.165 10'_i 1).'706 0.521 0.805 0. 999
I .	 i O 0.100 10,5 1 6.081 0.744 • « 101 0.736 0.939 0.11107 1.017 

ti
t

St"`'.i	 '; F	 IN DEN P IING 0 unm P1' 10 * 8 SYS N SYS D SYS P F LOAD V
i,. yn " . 00 0.113 0«020 0.985 -.204 0.409 0.':94 0.744 0«85i

0. two 0.111 17.026 0.976 -.192 0.464 0.407 0.752 0.850
c0. >4 e't:l.	 1:: r) 0„ 11::• 0,0:3._ r0.	 6:: 1191 f•0.4x0 o1).4:.1 0.759 0«868

r 0.96 1: , .1.'::0 0.113 0.037 ".950 -.171 0.517 0.435 0.765 0.887
0.94:: 0,L20 0.113 0„014' 01.956 -.163 0.544 0.450 0.771 0.906 
J.0" 0.32" 0.112 0.048 0.920 -.. 153 0.571 u.465 0.776 0.924
1.0 0.120 0.1 12 0.05n 0.905 .148 0.599 0.4131 0.780 0.943

€ 1.04 0.120 0.112 0.058 0.888 -.141 0.627 0.497 0«784 0.961.^.e L.OL, 17.120 0.112 0063 1:1.FJ7:2 .1:5 1:1.657 0.513 0.788 0.91:101
E 1.	 O 0.120 1:7.111 0.068 0.854 -.129 0.686 0.530 0.791 01998

1. 10 ! %. 1'20 0.111 u.073 0.837 -. 1'24 0.716 0.548 0.794 1.017 
r
i

SYS V I'	 IN USG	 1'' USG 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
01.90 u.140 0.133 -.004 1.000 -, 258 0.417 0.416 0.708 0.829
0.92 0.140 0.133 0.0QF 0.999 -.240 0.443 0.427 0.720 0.848
O. V4 0.140 0.1K 0.012 0.996 --.224 0.469 0.439 0.730 0.067
0.96 0.140 0.133 0.019 0.990 --.211 0.495 0.452 0.709 0.886

f 0.98 0.140 0.132 0.026 0.981 -.199 0.523 0.465 0.747 0.905
C 1.00 0.140 W132 0.012 0.971 -.188 0.550 0.479 0.754 0.924
r 1.02 1:!.140 0.132 0.038 0.960 -.179 0.578 0.494 0.760 0.942

1.04 0.140 0«132 0.044 0„948 -.170 0.607 0.510 0.766 0.961
1.06 01 ,140 0.131 0.050 0«935 .162 0.636 0.526 0.771 0.979
1.08 0.140 0.131 0.056 0.921 -.155 0.666 07.542 0.775 0.998
1.10 0.140 0.171 0.061 0.906 -.148 0.696 0.559 0.760 1.017^f

aw
SYS V P IN DSU F-' DEG 0 DEG PF 10 * S SYS F SYS 0 SYS P P LOAD V
0.90 0.160 0.152 -.043 0.962 -.347 0.393 0.452 0.656 0.826
01.92 01«160 0.102 -«027 0.984 -•.309 0.420 07.456 0.677 0.846
0«94 0«160 0.152 .013 0.995 .282 0.447 0.464 0.693 0.865
0.96 0.160 0.152 -.005 0.999 -.260 0.474 07.474 0.707 0.884'

-^ 01.98 0.160 0.1.52 0 004 1.000 -.243 01.501 0.486 0.718 0.903
acs' 1.00 0«160 0.152 0.012 0.997 -.228 0.529 0.498 0.728 0.922

1.02 01160 0.152 0.020 0.992 -.213 0,557 0.512 0.736 0.941
Opp :1.04 0.160 0.151 0.027 0.984 -.203 07,586 0.526 01744 0.960
lyv;m* 1 «06 U.160 0.151 0.034 0.976 -.193 0.615 0.541 0.751 0.979

1.08 0.160 0.151 0.040 0.966 -.184 0.645 0.557 0.757 07.998
1.10 0.160 0.151 0.047 0.955 -.175 0.676 0.073 0.763 1.016
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TABLE B-X, cont. ON/

;} a
PO

ON 
7^1d4c

DATA FOR INDUCTION MACHINE, PONa FACTOR CORRECTEDF

HEAVY LOAD CASE
tU+LY(y

•1

f'
Pis V F'	 iN WHi 1' DOU L1 DON '-1	 10 41	 1, 3r6	 to SYS L! SYS P F LUAD V

1 ".94 0 .1801 4.171 .oW 0.901 .391 4.421 0.511 0.111h 0.861
(1. "76 "_",	 i ii"7 U. 1 71 ', rlr4; !.1.970 316 0.450 ".1.5019 0.662 0.80J
0. 9L:i ( , I HO 0. l	 l -.018 0.987 WK1:"" 0. 478 WSWW 0.681 0.951

z' 1. 00 0.100 0.111 .015 11.996 -.2/9... 0.501 0.`2J..+ r	 r57r67J 0.921
0 ".-.! 0. 180 ".171 .. 005 1.000 .2b9 r,	 `.i u 0.5Z5 0. 7nU 0.94.)

! 1."14 U.100 ".1/1 U."05 1.000? --.2A44 O. 565 0.547 0.715 0.959
1."i6 0.180 0.171 0.011 17.997 -•.028 0.594 01.160 0.728 0.97ri
1.0£0 0. 1 N C.1/1 0.0 '1 0.992 -.216 0.6VI 0. 57C 0.776 0.997
1.10 10100 ! . 1 10 O, W9 0.9RA _., TOn 0. 6:'i .°i x1. °'089 0.740 1. 015

t•
OVS V r IN DOS P USU 0 DSO PF 	 10 •1x	 S SYS P SYS 0 SYS P F LOAD V
1.00 0.2uo 0.190% .0/il 0.953 .362 0.482 0.565 0.649 0.917
1. 02 1).200 0.190 .041 0.978 .322 0.512 0. 568 U. 670 0.93 7
1 . 1,14 1.1. 2U0 0. 190 -. 026 0091 .294 0.542 0.575 0.686 0.957
1.06 0. ZOU 0.190 -.014 0.997 -.21Z 0.572 0. S£35 0.699 C.976 

E 1..08 0.200 0.190 -.007 1..00v .255 0.602 n.1897 0.710 0.995
c 1.10 U. 2UO U.190 0. 007 U. 999 . 2.40.? 0.633 0.610 0.720 1.0111 

REALISTIC LOAD RE=PRESENTAfIm

SYS V P IN 1.)SG	 F DSN 0 DSG PF 10 * S SYS P SYS 0 SYS P F LOAD V
U.90 0.020 0.015 0.065 0.219 .029 0.604 0.399 0.834 0.620
0.92 0.020 0.014 0.068 u.205 -.027 0.623 0.410 0.235 0.840
0.94 0.020 0.014 0.071 0.193 -.026 0,643 0.422 0.036 0.859
0.96 0.020 0.014 0.070 0.181 .025 0.663 0.433 0.837 0,.879
0.98 0.020 0.013 0.078 0.170 -.023 0.683 0.444 0.838 0.899
1.00 0.020 0.013 0.082 0.159 .022 0.703 0.455 0.839 0.918
1.02 0.0201 0.013 0.085 0.150 .021 0.723 0,467 0.840 0.938
1.04 0.020 0.013 x,1.089 0.140 -.0200 0.743 0.478 0.841 0.957
1.06 0.0120 0.0112 0.093 0.132 -.019 0.764 0.490 0.842 0.977
1.08 0.0120 0.012 0.096 0.123 --.019 0.785 0.501 0.843 0.997
1.10 0020 0.012 0.100 0.116 •-.018 0.805 0.513 0.844 1.016

SYS V P IN USG P DSG 0 DSO Ph 10 * S SYS p SYS Iy SYS P 1= LOAD V
0.90 0.040 0.034 0.061 0.489 -.060 0.585 0.403 0.823 0.821
0.92 0.040 0.034 0.065 0.466 --.057 0.604 0.414 0.825 0.841
0.94 0.040 0.034 0.068 0.444 -.054 0.624 0.425 0.825 0.860
x'.1.96 0.040 0.034 0.072 0.424 -.052 0.644 01.436 0.828 0.880
0.96 0.040 0.033 0.075 0.404 -.049 0.664 0.447 0.829 0.899
1.00 x'.1.040 0.033 0.079 0.386 -.047 01.684 0.458 0.831 0.919
1.02 0.040 0.033 01.083 0.368 .045 0.704 0.470 0.032 0.939
1.04 0.040 0,032 0.087 0.351. -.043 0.724 0.481 0.833 0.95S
1.06 0.040 0.032 0.090 0. 336 -.041 0.745 0.492 0.834 0.978
1.06 01.040 0.032 0.094 0.320 -.040 0.765 0.504 0.835 0.997
1.10 0. 040 0.032 0.098 0.306 -.038 0.786 0.515 0.836 1.017

A,
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^

^ ^

^
^ Tt5LE 8-X, cont. ORIGINAL PAGE"~`~^ ,~°

! OF POOR [^^^^^l^^~ 4
'̂ DATA FOR INDUCTION MACHINE, 9ORCB FACTOR CORRECTED

^

HEAVY LOAD CASE

SY 1 3 Y P	 ]H D3|I P D';8	 U USG Pf 1@ * S 13,7S P 9YS Q SYS P LOAr, V
0,9V 0"V80 '/"V54 0"V56 v.699 -"092 0.565 Y"409 0"810 1,q%1

0og U,054 0.^1;j9 0°674 ~"088 0"585 0.420 O.812 0"841
^ 0.94 0,060 0^054 0,063 0.649 -^004 0^604 0°431 0,014 0°861
^
^ 0.90" 0 ^60, Q o54" ^0 o67 ^0 625 ~ O8Y" ^0 624 ^u 441 V S16" 0 ^8oO& SO
. 0" V,05J 0"()71 o"60% ~`°076 0"644 0^452 b,818 0.r70V
^ 1.Vo 1	 060 V"053 `/,074 Y.59U -"v73 V.664 0°463 0°820 0,919
» 1.02 0.060 0,051 0"078 0^558 -"069 Y.684 0"474 0^822 0.939
^ 1.V4 8"06(> U^U52 0,082 v"536 ~,166 0^705 0°485 0.824 0.959

^
1"o6 ".v60 ""052 (>.086 0°51b ^~^V64 0725 0"497 0°8^^5 0^978^
1 ° 00 0^06u 0^05L V.091 o"496 ~"961 0^746 0"508 n^227 0°993 ^

r
1"18 0^0n0 0^051 0,095 0°478 ~"05M 0.767 0019 0.828 1"0i8

:

^ SYS V P I UoG P D55 Q unto [s 10 * 9 SYS P SYS g SYS P F LOAD V
(' ^ (r/0 o"/`B() (}.(/74 0"047 0^847 -,127 0°545 0"418 0,794 0.821

^ 0,92 o.t)Cp' V.0?4 0^o51 0"824 ~"121 0,565 0.428 0"797 0,841
~̂ 0.94 (,.0BO 0^074 (/.005 0"801 -"11.4 0.585 0,439 0^800 0,861

.

0.9b 0.01:10 0^075 0.05V 0.778 ~"lO9 0.^^O4 0^449 0^803 0"Bh0 |

0.98 (.08o fl, ()73 0.063 1^756 ~.104 0^624 0^46V 0,805 0^900
1 " ')V o ()Do ')	 u7. t!.vuS o"7^, --.099 {}"645 o"478 0,808 0"920

0 " 012 0"710 ~,094 0"665 0"481 0,81) 0-939 |
1,04 V~080 o"v72 0"0/6 0,68& ~^V90 0°685 v"492 4°812 0,959
1 " 06 0^0UV 0"072 ^|"oD1 01666 -,006 0"706 0"^^0^^^ 0.814 0^979
1.08 0"080 o"072 0"065 0"645 -.083 0,726 0"514 V.B17 0^9511
1 ^ 10 Y"o8V o,071 0.A89 u.624 ~°079 0^747 0,525 8,818 1.018

5Y3 V P IN D58 P DSG 0 DGG PF 10 * S SYS P SYS Q SYS P F LOAD V
0 " 90 0^100 ''"094 ().034 6"940 ~.166 0^525 0.430 3"773 0"821 [

0.9^^ 0. IOU 0"094 0,039 0^923 '-.156 0,545 0"440 0.778 0"841
o " Y4 V"100 0^093 0^()40 0.905 ~"148 0"565 0,450 ().782 0.860
V 9^^ 0 10Y" Y v93. 0 049~ 0 8Bh^ ~^	 140" 4 5G5" V 4^^9, 0 786" 0 88O^
0.98 0"100 0.093 0°054 0^866 ~.133 ()"605 0"469 009V 0,900 .
1 ^ "0 0.10k) (1"0Y3 0,o58 0"846 -°127 0.625 0.489 0093 0"920

^ 1"02 g"100 (|"A?Z 0^063 V"825 ',121 0^645 0"490 0"796 0.939
^
' 1.04 0^100 0"('^^ 0"V^l V,805 ^.115 0^d66 0"500 0"799 O,959

1.06 ^ " 1v0 o"o92 0.A73 V"7^4 ~,110 0"686 0.511 0"802 0^979 \

1 ^ 08 0,100 0"010 0"077 0.764 ~^.106 0,7C7 0^521 0°805 0,998
1 " 10 o"100 0^oY1 0.082 0"743 -"101 0"728 0,532 0,807 1^011-

^ SYS V P IN DSG P DSO 8 DDG PF 10 * S SYS P SYS Q SYS P F' LOAD V
U " 90 U"120 0.114 0"01h 0"990 -^211 0"505 0^447 0,748 0.820

^ 0^92 0"120 0"113 0.027 0^980 ~.198 0,524 0,455 0.755 0^840^	 ~ 0 "^4 ^; 120 ^0	 11^ .0 Y^^9 ,0 9^8 ^" 18u 0 ^44" U 464" 0 761" 0	 86(.)"
V " 96 0.12V 0"113 v.Y35 0"955 ~^175 0^564 0"473 0°766 0"880

.

^ 0"98 0^1.20 V^113 0"041 0"940 ~"166 0"584 0.482 0"771 0"B99
1 " 00 0.120 0,112 0.046 0925 ^~1157 0^b05 0.491 0.776 0,919
1 " 02 :^120 0"112 0,052 0^908 -.149 0"625 0.501 0.780 0"939
1 ° 04 0,120 0"117 0"057 0.891 ~"142 0"645 0"511 0"784 0°959
1 " 06 0"120 0.112 0"0a2 0"873 ~.136 0.066 0.521 0"788 0.979
1 " 08 8^120 0.111 0.068 0"854 ~^,129 0"687 0"531 0^791 0"990
1 ° 10 0,120 0"111 8"073 $,836 ~"12& 0^708 3.541 0"794 1°018  ^



ti

TABLE B-X, cont.
z

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED
i ` HEAVY LOAD CASE

ORIGINAL FAG : 10
OF POOR QUALITY

f'
'1196	 V P'	 1N! DOW r' VS1`3	 V D; 1i	 F"F 10 * S syl F'' SYS 0 SYS P F I CAD V0.90 O. 14U ".133 .009 0.998 - . 271 Q.481 01.471 01.716 0.818' 0.92 17.	 14 . 11 0.133 0.001 J.000 .249 0.501 0.477 0.725 0.8313

4 LI MA o.140 ".113 0.009 01.170 201 0.523 0.483 0.735 0.8590.96 x). 1	 u "MN WWI7 0. 992 - .21A 9.544 0. 4 u U.742 0.879` 1:x.96 o. L4V 0.02 0.1:24 0.984 W0::; 0.564 0.498 0.749 0.899i.nn 0.140 0.132 0.031 0.974 -.191 0.584 0.E07 0.756 0.919' 1.00 U.140 0.132 01.0'S7 0.963 .11:11 fl	 60;5 0.515 0.761 0.938C 1.04 Q. 1411 u.132 0.041 0. 9St1 . 1Y1 0.625 0.524 0.766 0.908
4

1.06 0.140 0.131 01.050 0.936 -.163 0.646 0.533 0.771 0.978
1.08 0.140 0.131, 0.056 0.921 -.ISE 0.667 0.543 0.775 0.998
L.10 0. 140 0. 131 0. 061 0. 905 -.148 0. 688 0. 552 0.780 1.018

f

SYS V P IN D a8 P' DSG 0 USG PF 10 * S SYS r' SYS 0 SYS P F L.UAD VU.90 0.160 0.152 .056 0.938 .381 0.460 0.515 0.666 0.814
0.92 u.160 0.152 -.005 W975 ..:327 0.461 0.510 0.686 0.835
0.94 0. 160 0.152 -.0201 0..991 .291 0.502 0.511 0.701 0.8560.96 0. 160 0.152 -.009 0.998 -.268 W222 0. 515 0.712 0. 877
0.98 u.160 0. 152 0.001 1.000 -.248 0.543 0.520 0.722 0.0971.00 0. 161.1 U.152 U.010 U. X798 -.232 0.563 0. 526 0.731 0.917

- 1.02 01.160 0.152 0.018 0.993 -.?17 0.584 0.515 Jt.l0.73 r,v•1..1.	 '^3"

t 1.04 0.160 0.151 0.026 0.986 -.20S 0.605 0.541 0.745 0.9571.06 0.160 0.151 0. 033 u.976 -•.194 0.626 0.549 0.752 0.977
1.08 0.160 0.151 0.040 0.966 --.1.84 0.646 0.558 0.757 0.997

s
1.10 0.160 0.151, 0.047 0..954 -.175 0.667 0.566 0.76.' 1.017

rr SYS V P IN DSO F' DSG 0 DSG P'F 10 * S SYS f- SYS 0 SYS P F LOAD V01.96 0.180 0.1.71 -.051 0.9118 .354 0.499 0.554 0,.669 0.873,
r 0.98 0.120 0.171 -1073 0.98? -.317 01.521 0.552 0.686 0.895
i 1.00 0.180 0.171 .019 0.994 .285 01.542 0.533 0.700 0.9151.02 0.180 0.171 .0017 0.999 -.263 0.561 0.517 0.711 0..936
E 1.114 0.1801 0..171 0.003 1.000 -.245 0.584 0.56.3 0.720 0.956

1.06 0.180 0.171 0.00 0.997 -.229 0.605 0.569 0.728 0.976G
`

1.08 0.1% V-170 0.021 0.992 -.216 M26 0.576 0.736 0.996
1.1 11 0.1801 0.170 0,.030 0.985 -.204 0.647 0.583 0.743 1.016f..

x

SYS V P IN DSO	 1=' DSG 0 DSO P'F 10 * S SYS I' SYS 0 SYS F' F LOAD V
1..00 0.2007 0.1901 -.069 0.941 -.379 0.518 0.600 0.654 01.911
1.02 0.200 0..190 .045 0.974 -.329 0..540 0.593 0.674 0.933
1.04 0.200 0.190 --.028 0.989 -..298 0.562 0.592 0.688 0.954

'
'

1.06 0..200 0.190 -.015 0.997 ..274 0.353 0.595 0.700 0.905
1.08 0.200 0.190 .0011 1.000 -.255 0.605 0.599 0.710 0.995
1.101 0.200 0.190 0.0017 0..999 - .239 0.626 0.604 0.719 1.015

i

w
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TABLE B-XI

DATA FOR INVERTER, CEA CONTROL
o	 CONS'PANI' IMPEDANCE LOAD	 LIGHT LOAD CASE

ORIGINAL PAGE IS
OF POOR QUALITY

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 O.0 20 -.010 0.894 0.044 0.058 0.603 rt.891
0.92 0.02(•) -.010 0.894 0.046 0.060 0.613 0.911
0.94• 0.020 -.010 0.894 0.049 0.062 0.62;) 0.981
0.96 0.020 -.010 0.894 0.052 0.064 0.682 0.951
0.98 0.0201 -.010 0.894 0.055 0.067 0.640 0.971
1.00 0.020 -.010 0.894 0.059 0.069 0.647 0.991
1.02 0.020 -.010 0.1:194 0, (762 0.071 0.654 1 . O10
1.04 0.020 -.010 0.894 0.065 0.074 0.661 1.030
1.06 0.020 -.010 0.894 0.0613 0.076 0.667 1.050
1.08 0.020 -.010 0.894 0.072 0.079 0.673 1.070
1.10 0.020 -.010 0.894 0.075 0.081 0.678 1.090

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.040 -.020 0.894 0.024 0.06FJ 0.329 0. 89 1
0.92 0„040 -.020 0.894 0.026 0.070 0.354 0.911
0.94 0.040 -.020 0.894 0.029 0.072 0.377 0.931
0.96 0.040 -.020 0.894 0.032 0.074 0.399 0.951
0.98 0.040 -.020 0„894 0.035 0.077 0.420 0.971
1.00 0.040 -.020 0.894 0.038 0.079 01.439 0.990
1.02 0.040 -.020 0.S94 0.042 0.081 0.456 1.010
1.04 0.040 -.020 0.894 0.045 01.084 01.473 1.030
1.06 0.040 -.020 0„894. (7.048 0.0136 0.488 1.050
1.08 0.040 -.020 0.894 0.052 0.089 0.503 1.070
1.10 0.040 -.020 0.S94 0.055 0.091 0.516 1.090

SYS V DSS P DSCG Q USG PF SYS P SYS Q SYS PF LOAD V
0.90 0.060 -.030 it. 894 0.004 0.078 0.045 0.891
0.92 0.060 -.0=+0 0.894 0.006 0.080 0.080 0.911
0.94 0.060 -.030 0.894 0.009 0.082 0.11.3 0.931
0.96 0.060 -.030 0.894 0.0112 0.084 0.144 0.951
0.98 0.060.1 --.030 0.894 0.015 0.087 C). 175 0.970
1.00 0.060 -.030 0.894 0.018 0.089 0.203 0.990
1.02 0.060 -.030 0.894 0.022 0.091 0.231 1. OW
J.. 04 0.060 -.030 0.894 0.0125 0.094 0.257 1.030
1.06 0.060 -.0.30 0.894 0.028 0.096 0.281 1.050
1.08 0.060 -.030 0.894 01.032 0.099 0.304 1.070
1..10 0.060 -.030 0.894 0.035 0.101. 0.326 1.089

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.'70 0.080 -„040 0.894 -.017 0.088 0.185 0.891.
0.92 0.080 -.040 0.894 -.014 0.090 0.150 0.911
o.94. 0. 080 -„ 040 o.894. -. 011 0. 092 0. 1. 1.6 0. 97:,1
0.96 0.080 -.040 0.894• -.008 0.094 0.082 0.950
0.98 0.080 --.040 C). 89A. -.005 0.096 Q. 049 0.970
1.00 0.080 -.040 0.894. -.002 0.099 0.016 0.9901
1.02 0.080 -.040 0.894 0.002 0.101. 0.01.6 1.010
1.04 0.080 -.040 0.894 0.0105 0.1.04 0.047 1.030
1.,06 0.0130 -„ OAO 0.894 0. 008 C>, 10 6 0. 076 1. 050
1.08 0.080 -.040 0.894 0.011 0.109 0.105 1.069
1.10 0.080 -.040 C). C194 0.015 0.1.11. 0.133 1.089
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B-53

DATA FOR INVERTER t CEA CONTROL
LIGHT LOAD CASE

TABLE B-XI, cont. ORiGiNAL Pi&, : tea
OF POOR QUALITY

rqr^

pcJSA

SYS V DSG P DSG GI DSG PF SYS P SYS U SYS PF LOAD V
0.90 0.100 -.051:1 0.E194 -.037 0.098 0.351 0.891
0.92 0.100 -.050 0.894 -.034 0.100 0.320 0.910
0.94 0.100 -.050 0.894 -.031 0.102 0.289 0.930
0.96 0.100 -.050 0.894 -.028 0.104 0.258 0.980
0.9111 0. loo -.050 0.894 -.025 0.106 0.2'26 0.970
1.00 0.1001 -.050 0.894 -.022 0.109 0.195 0.990
1.02 1:1. 100 -.050 0.894 -. DIG C1. 111 0.164 1.010
1.04 01.100 -.050 0.694 -.oiS 0.114 0.133 1.030
1.06 0.100 °.050 0.E194 -.012 0.116 0.102 1. 049
1.08 o.ioo -.050 0.894 -.009 0.119 0.072 1.069
1.10 I;1.100 -.050 0.894 -.005 0.121 0.042 1.OE19

SYS V DSG P DSG Q. DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.120 -.060 0.894 -.057 0.10EI 0.466 0.890
0.92 0.120 -.060 0.894 -.054 0.110 0.440 0.910
0. 194 0. 120 -. 060 0. S94 -. 051. 0. 112 0. 413 0. 930
0.96 0.120 -.060 0.894 -.04E' 0.114 0.386 0.950
0.98 0.120 -.060 0.894 -.04.5 0.116 0.359 0.970
1.00 0.120 -.060 0.894 -.042 0.119 0.331 0.990
1.02 0.120 -.060 0 »894 -.038 0.121 0.303 1.009
1.04 0.1201 --.060 0.894 -.035 0.124 0.274 1.029
1.06 0.120 -.060, 1:,.894• -.032 0.126 0.:46 1. 049
1.08 0.120 -.060 0.894 -.029 0.129 0.217 1.069
1. l0 0.120 -.060 0.894 -.02:1 0.131. 0.iSS 1.OE19

SYS V DSG P DSG G. DSG PF SYS P SYS Q. SYS PF LOAD V
0.90 0.140 .-„070 o.e94 -.077 0.118 0.546 0.>.890
0.92 0.140 -.070 0.894 -.074 0.120 0.525 0.910
0.94 0.140 -.070 0.894 -.071 C). J.22 0.502 0.9'30
0.96 0.140 -„070 0.894 -.068 0.124 0.480 0.950
0.98 x.140 -.0.,70 1'.). R94 -.065 0.126 0.456 0.970
1.00 0.140 -.070 0.894 -.062 0.129 0.432 0.989
1.02 0.140 -.070 0.894 -.059 0.131 0.408 1.009
1.04 0.140 -.070 0.894 -.055 0.134 0.382 1.029
1. 06 0.140 -.070 0.894 -.052 0.136 0.357 1.049
1. 08 0.140 -.070 0.894 -.049 0.139 .0.331 1.069
1.10 0.140 -.070 0.894 -.045 0.141 0.305 1.089

SYS V USG P DSG G DSG PF SYS P SYS 0. SYS PF LOAD V
0.90 0. 160 -, 081) Q. 894 -. 097 Q. 128 Q. 604 0. 891:,
0.92 0.160 -.080 0.894 -.094 0.130 0.586 0.910
().94 0.160 -.OS0 0.894 -.091 0.132 0.567 0.930
0.96 0.160 -.080 0.894 -.088 0.134 0.548 0.949
0.98 0.160 -.080 0.894 -.o@5 0.1.:•:6 0.525 0.969
1.00 0.160 -.080 0.894 -.082 0.139 0.508 0.989
1 . o2 0..160.1 -. 080 01.894 -. 079 0. 1.41 0.486, 1.009
1.04 0.160 -.080 0.894 -.075 0.144 0.465 1.029
1.06 0„160 -. 060 0.E194 -.072 0.146 Cl.. 442 1.049
1.08 0.160 -.oeo 0.694 -.069. 0.149 0.420 1.069
1.10 0.160 -.0801 0. E194 -.065 0.131 0.396 1. 088



d	 1

TABLE B-XI, cont.

DATA FOR INVERTER ] CEA CONTROL
LIGHT LOAD CASE

ORIGINAL PAGE 19
OF POOR QUALITY

sw V Dso 4% DSG 0 DSF PF SYS P SYS 0 SYS PF LOAD V
0.90 V.1% °-.490 0.894 -.117 0. W/ 0.647 0.890
0.9? 0.100 .-.490 0.894 •.114 0.1417 0.632 0.909
O.94 0.100 -.090 0.894 -.111 0.142 0.616 0.929
0.96 1.,.180 -.490 0.894 -.108 0.144 0.600 0.949
0.90 0.180 -.090 0.894 -.105 0.146 0.582 0.969
1.00 0.180 -.090 0.894 -.102 0.149 0.565 0.989
1.02 4.180 -.090 0.894 -.099 0.151 0.547 1.009
1.04 0.184 -.090 0.894 -.095 0.153 0.528 1.029
1.06 4.180 •-.090 0.894 -.092 0.156 0.505 1.049
1.08 0.180 -.090 0.894 -.089 0.158 0.488 1.068
1.10 0.180 •-.090 0.894 -.085 0.161 0.468 1.088

SYS V DSG P DSG 0 D90 PF SYS P SYS 0 SYS PF LOAD V
0.90 0.200 -.100 0.894 -.137 0.147 0.660 0.889
0.92 0.200 -.100 0.694 -.134 0.150 0.667 0.909
0.94 0.200 -.100 0.894 .131 0.152 0.653 0.929
W96 0.200 -.100 0.894 -.120 0.154 0.639 0.949
0.98 0.200 -.100 0.894 --.125 0.156 0.624 0.969
1.00 0.200 -.100 0.894 -.122 0.159 0.609 0.989
1„02 0.200 -.100 0.094 -.119 0.161 0.593 1.009
1.04 0.200 -„100 0.894 -.115 0.163 0.577 1.028
1.,06 0.200 -.100 0„894 •-.112 0.166 0.560 1.048
1.08 0.200 -.100 0.894 -.109 0.168 0.542 1.068
1.10 0.200 -.100 0.854 -.105 0.171 0.524 1.068

REALISTIC LOAD REPRESENTATION

SYS V DSG P DSG Q DSS PF SYS P SYS 0 SYS PF LOAD V
0.90 0.020 -.010 0.894 0.049 0.062 0.621 0.891
0.92 0.0207 -.010 01.894 0.051 0.063 0.627 0.911
0.94 0.020 .010 0.894 0.053 0.065 0.633 0.931
0.96 0.020 -.010 0.894 0.055 0.066 0.639 0.951
0„98 0.020 -.010 0.894 0.057 0.068 0.644 0.971
1.00 0.020 •-.010 0.894 0.059 0.069 0.649 0.991
1.02 0.020 --.010 01.894 0.061 0.071 0.653 1.011
1.04 0.0'.':.'0 •-.010 0.894 0.063 0.072 0.658 1.031
1.06 0.020 -.010 0.894 0.065 0.074 0.662 1.051
1.08 0.020 -.010 0.894 0.067 0.076 0.666 1.070
1.10 0.020 -.010 0.894 0.070 0.077 0.669 1.090

SYS V DSO P DSG 0 DSG PF SYS P SYS G SYS PF LOAD V
0.90 0.040 -.020 0094 0.029 0.072 0.373 0091.
0.92 0.040 -.020 0.894 0.031 0.073 0.369 0.911
0„94 0.040 -.020 0.894 0.033 0.075 0.403 0.931
0.96 0.040 -.020 0.894 0.035 0.076 0.417 0.951
0.98 0.040 -.020 0.894 0.037 0.078 0.429 0.971
1.00 0.040 -.020 0.894 0.039 0.079 0.442 0.990,
1.02 0.040 •-.020 0.894 0.041 0.081 0.453 1.010
1.04 0.040 -.020 0.894 0.043 0.082 0.464 1.0347
1.06 0.040 -.020 0.894 0.045 0.084 0.475 1.0517
1.08 0.040 -.020 0.894 0.047 0.086 0.485 1.070
1.10 0.040 -.020 0.894 0.050 0.067 0.494 1.090
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SYS V	 DSG P	 DSG 0	 DSG PF	 SYS P	 SYS W.	 SYS PF LOAD
U.90	 0.060	 -•.030	 0.894	 0.009	 0.082	 0.107	 0.890
0.92	 0.060	 -.030	 0.894	 0.011	 0.08.3	 0.129
o. 9A.	0.060	 -.030	 0.894	 0.013	 0.085	 0.150

0.910

0. 1730
U. 9500.96	 0.060	 -.030	 0.894	 0.015	 0.086	 0.170

0.98	 0.060	 -.030	 0.894	 0.017	 0.088	 0.1.90 17.970
1.00	 0.060	 -.030	 0.894	 0.(,119	 0.089	 0.208 U.99U
1.0'2	 0.060	 -, 030	 0.894	 0.0'."•'.1	 r,„ 09 J.	 0. 226 1.010
1.04	 0.060	 -.0:150	 0.894	 0.023	 0.092	 0.243 1.030
1.06	 0.060	 -.030	 0.894	 0.025	 0.0194	 0.260 1.. 050
1.08	 0.06(,)	 -.030	 0.894	 0.027	 (,1.096	 0.275
11:10	 01.060	 -.030	 0.894	 0.029	 0.097	 0.291

V

1.074)
1.090

t Y.

f

.J

(rr,Eu,oS.,'w 1,i	 :J	
TABLE B-XI, cont.

OF FLOOR QUALITY	 DATA FOR INVERTER t CEA CONTROL
LIGHT LOAD CASE

SYS V	 DSG P	 USG G	 DSG PF	 SYS P	 SYS W.	 SYS PF	 LOAD V
(). 90	 0.OE30	 -.04.0	 0.594	 -.011	 0.092	 0.122	 0.890
0.92	 0.080	 -.040	 0.E394	 -.009	 0.093	 0.098	 0.910
0.94	 0. (:)Sc)	 --.040	 0.894	 --.()C)7	 0.09,`.1	 (). (J76	 0.930
0.96	 0,OE30	 -.040	 0.894	 -.00S	 0,096	 0.053	 0.950
1.1.91:1	 0.080	 --.04t:,	 O. L194	 -.00:	 0.098	 0.032	 0.970
1.00	 0.0[10	 -„040	 0.894	 -.001	 0,099	 0.01x)	 tJ.990
1.02	 0. 0190	 •-„040	 0. 894	 0. 001	 0. 101	 0, 4;110	 1.. 010
1. 04	 0.060	 -.040	 0.894	 0. 003	 0. W2	 Q. 031	 1.. 0130
1.06	 0.080	 -.040	 4:,.1994	 0.005	 0.104	 0.050	 1..0:50
1.08	 0„080	 -.040	 0.894	 0.007	 0.106	 0.069	 1.070
1.10	 0.080	 -,040	 C,. 894	 17. 009	 0.107	 0.088	 1.090

SYS V	 DSG P	 DSG GI	 DSG PF	 SYS F'	 SYS G.	 SYS PF	 LOAD V
0.90	 0.10(1	 -.0`10	 0„894	 -.031	 0.102	 0.294	 x,).890
0.92	 0.100	 -.0130	 0.894	 -.029	 0.103	 0.273	 0.910
0.94	 0.100	 050	 0.894	 -.027	 0.105	 0.252	 0„930
0.96	 0.100	 -,050	 0.594	 -.025	 0.106	 0.231.	 0.950
0,.98	 x.,.100	 050	 0.FJ94	 -.023	 0.108	 0.210	 0.970
1.00	 0.100	 -.050	 0.894	 -.021	 0.109	 0.189	 0.990
1.02	 0,.1 00	 -.050	 0.894	 -.(719	 0.1.11.	 0.169	 1„(.11.0
1.. 04	 0. 100	 -. 050	 0.894	 -, () J. •7	 0.112	 0.149	 1.030
1..06	 0. 1(70	 -. 0;50	 0. F.19A	 -.015	 0. 1.14	 0. 1.29	 1 . 050
1.08	 0.1.047	 -•.050	 17.894	 -.0].3	 0.115	 0.109	 1.070
.1.10	 0.100	 051.1	 0.894•	 -.011	 0.11.7	 0.090	 1.090

SYS V	 DSO F'	 DSG 0	 DSG PF	 SYS P	 SYS W.	 SYS PF	 LOAD V
4.i. 90	 o.120	 -„ 060	 0, 894	 -. 051	 0.112	 0„ 41.8	 0. 690
0.92	 ().1.20,	 -„06'1	 0.894	 -.049	 0.113	 0.399	 0.910
t7. 94	 0.120	 -„ 47601	 0„ 894	 --.047	 0. 115 	 0. =;81.	 0. 930
0.96	 0.120	 -.C.160	 0. 894	 -.0415,	 0.116	 0.363	 0.930
0„ 98	 0. 120	 -. 060	 t7„894	 -. 04;1	 0. J. 18	 0.344	 f.,. 5'70
1. 00	 0. 1._*()	 -.060	 0.694	 -.041.	 0.119	 0. 326	 0.990
3.. 02	 0.120	 -.060	 0.894	 -. 4): 159	 0.1.2J.	 c). 307	 1.01(.)
1„04	 0.120	 -.060	 0.894	 -.037	 0.122	 0.289	 1.030
1... 06	 Cl. J.20	 ^•.06x.,	 4:,.894•	 -.035	 0. 1.24	 0..271.	 1.050
1.08	 0.120	 -.060	 0.894-„03,3	 0.125	 0.252	 1,069
1.10	 0,120	 -.060	 0.894	 -.031	 0.127	 0.234	 1.069
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v DATA FOR INVERTER, CEA CONTROL
LIGHT LOAD CASE

TABLE B-XI, Cont.
ORIGINAL PAGE 19

OF POOR QUALITY

SYS V DSG P DSG 0. DSG PF SYS P SYS q SYS PF LOAD V
0.90 1"1.140 ••.070 0.894 -.071 0.1.22 0.506 0.8G9
().92 0.140 -.070 0.894 -.069 0.123 0.491 0.909
o.94 0.140 -•.070 U. E194 . -.067 0.125 0.475 0.929
0.96 0.14U -.070 0.894 -.065 0.126 0.459 0.949
0.98 0.140 -.070 0.894 -.063 0. 12's 0.444 0.969
l. o() U.140 -.070 0.894 -.061 0.129 0.425 0.959
1.02 U.140 -.1.170 0. E194 -.1:159 0. 131 0.412 1.009
1.04 t1.14U -.070 0.894 -.057 0.132 0.395 1.029
1.06 0.140 -.U'70 0.894 -.055 0.134 0.379 1.049
1.08 0.140 -.070 0.894 -.053 0.135 0.363 1.069
1.10 0.140 -.070 0.894 -.0151 0.137 0.346 1.089

SYS V DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.160 -.080 0. F194 -.091 0.132 0.,570 0.889
0.92 0.160 -.080 0.594 -.089 0.133 0.557 0.909
0.94 C1. 160 -.080 1:1.894 -.087 0.135 0.544 0.929
0.96 0.160 -.080 0.894 -.085 0.136 0.531 0.949
0.90 0.160 -. f•1S0 (.1. 894 -. 083 0.136 0. 517 0.969
1.00 0.160 -.080 0.894 -.081 0.139 0.504 01.999
1.02 0.161:1 -.080 0.894 -.079 0.141 0.490 1.009
1.04 0.160 -.0801 0.894 -.077 0.142 0.476 1.029
1.06 0.160 -.084.1 o. E194 -.075 0.144 0.462 1.049
1.08 0.160 -.080 0.894 -.073 0.145 0.447 1.069
1.10 0.160 -.080 0.894 -.071 0.147 0.433 1.089

SYS V DSG P DSG 0. DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.180 -.1:190 0.894• °.111 0.141 0.615 0.SG9
0.92 0.180 -.090 0.894 -.109 0.143 0.607 0.909
0.94 0.1130 -.090 0.894 -.107 0.145 0.596 0.929
0.96 0,180 -.090 0.894 -.105 0.146 0.565 0.949
01.98 0.180 -.090 0.894 -.103 0.148 0.573 0.969
1.00 0.180 -.090 0.594 -.101 0.149 0.561 0.989
1.02 0.1130 -.090 0.894 -.099 1:1.151 0.549 1.009
1.04 0.180 -.090 0.594 -.097 0.152 0.537 1.029
1.06 01.1130 -.090 0.894 -.095 1:1.154 0.525 1.049
1.08 0.180 -.090 0.894 -.093 0.155 0.513 1.069
1.10 0.100 -.090 0.894 -.091 0.157 0.500 1.089

SYS V DSG P DSG O DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.200 -.100 0.894 -.131 0.151 0.655 0.869
0.92 0.200 -.100 0.894 -.129 0.153 0.646 0.909
0.94 01.. 200 -.100 0.894 -.127 0.154 0.636 0.929
0.96 0.200 -.100 0.594 -.125 0.156 0.626 0.949
0.98 0.200 -.100 0.894 -.123 0.158 0.616 0.969
1.00 0.200 -.100 0.894 -.121 0.159 0.606 0.989
1.02 0."200 -.100 0.894	 • -.119 0.161 0.595 1.009
1.04 0.200 -.100 0.894 -.117 0.162 0.585 1.029
1.06 0.200 -.100 0.894 -.11.5 0.164 01.574 1.049
1.08 0.200 -.100 0.894 -.113 0.165 0.563 1.069
1.10 0.200 -.100 0.894 -.111 0.167 0.552 1.089



TABLE B-XII

DATA FOR INVERTERo CEA CONTROL 	 ORIGINAL PAGE C.9

CONSTANT IMPEDANCE LOAD	 HEAVY LOAD CASE	 OF POOR QUALITY

SYS V DSG P DSG D DSO PF SYS P SYS Q SYS PF LOAD V
0.90 0.020 -.010 0.894 0.522 0.416 0.782 0.823
0.92 0.020 -.010 0.894 0.546 0.435 0.782 0.841
0.94 0.020 -.010 0.894 0.571 0.453 0.783 0.660
0.96 0.020 -.010 0.894 0.597 0.472 0.784 0.878
0.98 0.020 -.010 0.894 0.623 0.492 0.785 0.896
1.00 0.020 -.010 0.694 0.649 0.512 0.785 0.914
1.02 0.020 -.010 0.894 0.676 0.532 0.786 0.933
1.04 0.020 -.010 0.894 0.704 0.553 0.786 01951
1.06 0.020 -.010 0.894 0.732 0.574 0.767 0.969
1.08 0.020 -.010 0.894 0.760 0.595 0.787 0.988
1.10 0.020 -.010 0.894 0.790 0.617 0.788 1.006

SYS V DSG P DSG Q DSO PF SYS P SYS 0 SYS PF LOAD V
0.90 0.040 -.020 0.894 0.502 0.426 0.762 0.823
0.92 0.040 -.020 0.894 0.526 0.445 0.764 O.B41
0.94 0.040 -.020 0.(394 0.551 0.463 0.765 0.860
0.96 0.040 -.020 0.894 0.576 0.482 0.767 0.878
0.98 0.040 -.020 0.894 0.602 0.502 0.768 0.096
1.00 0.040 -.020 0.894 0.629 0.522 0.770 0.914
1.02 0.040 -.020 O.994 0.656 0.542 0.771 0.933
1.04 0.040 -.020 0.894 0.604 0.563 '1.772 0.951
1.06 0.040 -.020 0.894 0.712 0.584 0.773 0.969
1.08 0.040 -.020 0.894 0.740 0.605 0.774 0.988
1.10 0.040 -.020 0.894 0.769 0.627 0.775 1.006

SYS V DSG P DSG 0. DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.060 -.030 0.894 0.482 0.436 0.741 0.823
0.92 0.060 -.030 0.894 0.506 0.454 0.744 0.841
0.94 0.060 -.030 0.894 0.531 0.473 0.747 0.859
0.96 0.060 -.030 0.894 0.556 0.492 0.749 0.878
0.98 0.060 -.030 0.894 0.582 0.512 0.751 0.606
1.00 0.060 -.030 0.894 0.609 0.532 0.753 0.914
1.02 0.060 -.030 0.894 0.636 0.552 0.755 0.933
1.04 0.060 -.030 0.894 0.663 0.573 0.757 0.951
1.06 0.060 -.03'30 0.894 0.691 0.594 0.759 0.969
1.08 0.060 -.030 0.894 0.720 0.615 0.760 0.987
1.10 0.060 -.030 0.894 0.749 0.637 0.762 1.006

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.080 -.040 0.894 0.461 0.446 0.719 O.B23
0.92 0.060 -.040 0.894 0.486 0.464 0.723 0.841
0.94 0.080 -.040 0.894 0.511 0.483 0.727 0.859
0.96 0.080 -.040 0.894 0.536 0.502 0.730 0.87E
0.98 0.080 -.040 0.894 0.562 0.522 0.733 0.896
1.00 0.080 -.040 0.894 0.589 0.541 0.736 0.914
1.02 0.080 -.040 0.894 0.616 0.562 0.739 0.933
1.04 0.080 -.040 0.894 0.643 0.582 0.741 0.951
1.06 0.080 -.040 0.894 0.671 0.603 0.744 0.969
1.08 0.080 -.040 0.894 0.700 0.625 0.746 0.987
1.10 0.080 -.040 0.894 0.729 0.647 0.748 1.006

j
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TABLE B-XII, Cont. p

ORIGINAL PAGE F9DATA FOR INVERTER, C13A CONTROL
OF POOR QUALITYo HEAVY LOAD CASE

a, SYS V DSG P DSG Q USG PF SYS P SYS Q SYS PF LOAD V
0.90 0.100 -.050 0.894 0.441 0.456 0.696 0.822
0.92 0.100 -.030 0.894 0.466 0.474 0.701 0.841
0.94 0.100 -.030 0.894 0.491 0.493 0.705 0,859
0.96 0.100 -.030 0.894 0.516 0.512 0.710 0.877
0.9f:I 0.100 -.050 0.894 0.542 0.531 0.714 0.896
1.00 0.100 -.050 0.894 0.568 0.551 0.718 0.914
1.02 0.100 -.050 0.894 0.596 0.572 0.721 0.932
1.04 0.100 -.050 0.894 0.623 0.592 0.725 0.951
1.06 0.100 -.050 0.894 0,651 0.613 0.728 0.969
1.08 0.100 -.050 0,894 0.680 0.635 0.731 0.987
1.10 0.100 -.050 0.894 0.709 0.657 0.734 1.006

I
SYS V DSG P DSG Q USG PF SYS P SYS Q SYS PF LOAD V

i 0.90 0.120 ^.060 0.894 0.421 0.466 0.671 0.822
0.92 0.120 -.060 0.894 0.445 0.484 0.677 0,841
0.94 0.120 -.060 0.894 0.470 0,303 0.683 0.839
0.96 0.120 -.060 0.894 0.496 0.522 0.689 0.877
0.98 0.120 -.060 0.894 0.522 0.541 0.694 0.896
1.00 0.120 -.060 0.894 0.548 0.561 0.699 0.914

5 1.02 0.120 -.06c.) 0,894 0.575 0.582 0.703 0.932
1..04 0.120 -.060 0.894 0.603 0.602 0.708 0.951
1.06 0.120 -.060 0.894 0.631 0.623 0.711 0.969
1.08 0,120 -.N)o 0.894 0.660 0.645 0.715 0.987
1.10 0.120 -.060 0.894 0,689 0.667 0.719 1.006

t ;

e SYS V USG P DSG 0 DSG PF SYS F' SYS Q SYS PF LOAD V
S 0.90 0.140 -.070 0.894 0.401 0.476 0.644 0.822
r 0.92 0.140 -.070 0.894 0.425 0.494 0.652 0.841

0.94 0.140 -.070 0.894 0.450 0.513 0.660 0.859
0.96 0.140 -,070 0.894 0.476 0.332 0.667 0.877
0.98 0.140 -.070 0.894 0.502 0.331 0.673 0.896
1.00 0.140 -.070 0.894 0.528 0.571 0.679 0.914
1.02 0.140 -.070 0.694 0.555 0.591 0.684 0.932

IG 1.04 0.140 -.070 0.894 0.583 0.612 0.690 0.950
k 1.06 0.140 -.070 0.894 0.611 0.633 0.694 0.969
L 1.08 0.140 -.070 0.694 0,640 0.633 0.699 0.987

1.10 0.140 -.070 0.894 0.669 0.677 0.703 1.005
r; 1.

^'
SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V

I

0.90 0,160 -,080 0.894 0.381 0.485 0.617 0.822 I
0.92 0.160 -.Cleo 0.894 0.403 0.504 0.627 0.640
0.94 0.160 -.080 0.894 0.4130 0.323 0.6''35 0.859

`.' 0.96 U. 160 -.080 0.894 0.455 0.342 0.644 0.877
0.98 0.160 -.080 0.894 0.481 0,561 0.631 0.995

y 1.00 0.160 -.OE30 0.894 0.508 0.581 0.658 0.914
1.02 0.160 -.080 0„894 0.535 0.601 0.665 0.932;W
1.04 0.160 -.080 0.894 0.563 0.622 0.671 0.930
1.06 0.160 -.080 0.894 0.391 0.643 0.677 0.969op.-

0-^ 1.08 0.160 -.OE30 0.894 0.619 0.664 0.682 0.987
1.10 0.160 -.080 0.894 0.649 0.686 0.687 1.x.105

5
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'	 SYS
0.90
0.92
0.94
0.96
0.9F.1
1.00
1.02
1.04
1.06
1.. 08
1.10

TABLE B-XTI, Cont. ORIGINAL I'AG 4-

DATA FOR INVERTER, CEA CONTROL OF POOR
19

QUALI' y
HEAVY 1,OAD CASE

V	 DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.180 -.090 0.894 0.360 0.495 0.588 0.822
0.180 -.090 0.894 0.385 0.514 U.600 0.840
0.180 -.090 0.894 0.410 0.532 0.610 0.1359
0.190 -•.090 0.894 0.435 0.551 0.62U 0.877
0.180 -.090 0.894 0.461 0.571 0.628 0.895
0.180 -.090 0.894 0.488 0.591 0.637 0.914
0.180 -.090 0.894 0.515 0.611 0.644 0.932
0.180 -.090 0.894 0.542 0.6332 0.651 0.950
0.180 -.090 0.894 0.570 0.653 0.658 0.969
0.180 -1090 0.894 0.599 0.674 0.664 0.987
0.180 -.090 0.894 0.628 0.696 0.670 1.005

SYS V DSG P DS9 0 DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.200 -.100 0.894 0.340 0.505 0.559 0.822
0.92 0.200 -.100 0.894 0.365 0.524 0.572 0.840
0.94 0.200 -.100 0.894 0.390 0.542 0.584 0.858
0.96 0.200 -.100 0.894 0.415 0.561 0.595 0.877
0.98 0.200 -.100 0.894 0.441 0.581 0.605 0.895
1.00 0.200 -.100 0.894 0.468 0.601 0.614 0.913
1.02 0.200 -.100 0.894 0.495 0.621 6.623 0.932
1.04 0.200 -.100 0.894 0.522 0.642 0.6'•31 0.950
1.06 0.200 -.100 0.894 0.550 0.663 0.639 0.968
1.08 0.200 -.100 0.894 0.579 0.684 0.646 0.987
1.10 0.200 -.100 0.894 0.608 0.706 0.653 1.005

REALISTIC LOAD REPRESENTATION

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.020 -.010 0.894 0.590 0.468 0.784 0.812
0.92 0.020 -.010 0.894 0.609 0.482 0.784 0.831
0.94 0.020 -.010 0.894 0.628 0.496 0.785 0.851
0.96 0.020 -.010 0.894 0.648 0.511 0.785 0.870
0.98 0.020 -.010 0.894 0.667 0.525 0.786 0.890
1.00 0.020 -.010 0.894 0.687 0.540 0.786 0.909
1.02 0.020 -.010 0.894 0.706 0.555 0.766 0.928
1.04 0.020 -.010 0.894 0.726 0.570 0.787 0.948
1.06 0.070 -.010 0.894 0.746 0.585 0.787 0.967
1.08 0.020 -.010 0.894 0.766 0.600 0.787 0.987
1.10 0.020 -.010 0.894 0.787 0.615 0.788 1.006

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.x:140 -.020 0.894 0.570 0.478 0.767 0.812
0.92 0.040 -.020 0.894 0.569 0.492 0.768 0.831
0.94 0.040 -.020 0.894 0.608 0.506 0.769 0.851
0.96 0.040 -1020 0.894 0.628 0.521 0.770 0.870
0.98 0.040 -.020 0.894 0.647 0.535 0.771 0.889
1.00 0.040 -.020 0.894 0.667 0.550 0.771 0.909
1.02 0.040 -.020 0.894 0.686 0.565 0.772 0.928
1.04 0.040 -.020 0.694 0.706 0.580 0.773 0.948
1.06 0.040 -.020 0.894 0.726 0.595 0.774 0.967
1.08 0.040 -.020 0.894 0.746 0.610 0.774 0.987
1.10 0.040 -.020 0.894 0.766 0.625 0.775 1.006 f.
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TABLE a-XII, cont.	 ORIGINAL PAGE 19

OF POOR QUALITY
DATA FOR INVERTER, CEA CONTROL

NERVY LOAD CASE

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.060 -.030 0.894 0. 550 0.486 0.748 0.812
0.92 0.060 -.030 0.894 0.569 0.502 0.750 0.831
0.94 0.060 -.030 0.894 0.588 0.516 0.752 0.851
0.96 0.060 -.030 0.894 0.608 0.531 0.753 0.870
0.98 0.0h0 -.030 0.894 0.627 0.545 0 .755 0.889
1.00 0.060 -.030 0.894 0.647 0.560 0.756 0.909
1.02 0.060 -.030 0.894 0.666 0 .575 0.757 0.928
1.04 0.060 -.030 0.694 0.686 0.590 0.758 0.946
1.06 0.060 -.030 0.894 0.706 0.605 0.760 0.967
1.08 0.060 -.030 0.894 0.726 0.620 0.761 0.987
1.10 0.060 -.030 O.B94 0.746 0.635 0.762 1.006

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LC'AD V
0.90 0.080 -.040 0.894 0.530 0,498 0.729 0.212
0.92 0.080 -.040 0.894 0.549 0.512 0.731 0.831
0.94 0.080 -.040 0.894 0.568 0.526 0.734 0.850
0.96 0.080 -.040 0.894 0.587 0.541 0.736 0.870
0.98 0.080 -.040 0.894 0.607 0.555 0.738 0.889
1.00 0.080 -.040 0.894 0.626 0.570 0.740 0.909
1.02 0.080 -.040 0.894 0.646 0.585 0.742 0.928
1.04 0.080 -.040 0.894 0.666 0.599 0.743 0.948
1.06 0.080 -.040 0.894 0.6B6 0.614 0.745 0.967
1.08 0.080 -.040 0.894 0.706 0.630 0.746 0.987
1.10 0.080 -.040 0.894 0.726 0.645 0.748 1.006

SYS V DSG P DSG Q USG PF SYS P SYS Q SYS PF LOAD V
0.90 0.100 -.050 0.894 0.510 0.507 0.709 0.812
0.92 0.100 -.050 0.894 0.529 0.522 0.712 0.831
0.94 0.100 -.050 0.894 0.548 0.536 0.715 0.850
0.96 0.100 -.050 0.894 0.567 0.550 0.718 0.870
0.98 0.100 -.050 0.894 0.587 0.565 0.720 0.689
1.00 0.100 -.050 0.894 0.606 0.580 0.723 0.909
1.02 0.100 -.050 0.894 0.626 Ot595 0.725 0.928
1.04 0.100 -.050 0.894 0.646 0.609 0.727 0.948
1.06 0.100 -.050 0.894 0.666 0.624 0.729 0.967
1.08 0.100 -.050 0.894 0.686 0.639 0.731 0.986
1.10 0.100 -.050 0.894 0.706 0.655 0.733 1.006

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.120 -.060 0.894 0.490 0.517 0.608 0.812
0.92 0.120 -.060 0.894 0.509 0.532 0.691 O.B31
0.94 0.120 -.060 0.894 0.528 0.546 0.695 0.850
0.96 0.120 -.060 0.894 0.547 0.560 0.699 0.870
0.98 0.120 -.060 0.894 0.567 0.575 0.702 0.889
1.00 0.120 -.060 0.894 0.586 0.590 0.705 0.909
1.02 0.120 -.060 0.894 0.606 0.604 0.708 0.928
1.04 0.120 -.060 0.894 0.626 0.619 0.711 0.947

a	 1.06 0.120 -.060 0.894 0.646 0.634 0.713 0.967
1.08 0.120 -.060 0.894 0.666 0.649 0.716 0.986
1.10 0.120 -.060 0.894 0.686 0.665 0.718 1.006



u:

a

DATA FOR INVERTER, CEA CONTROL
HEAVY LOAD CASE

TABLE D-XII, cont.
ORIGINAL PAGE 15

OF POOR QUALITY,

SYS V DSG P DSG Q DSO PF SYS P SYS Q SYS PF LOAD V
0.90 0.140 •-.070 0.894 0.470 0.527 0.665 0.811
0.92 0.140 -.070 0.894 0.499 0.541 0.670 0.831
0.94 0.140 -.070 0.894 0.508 0.556 0.674 0.850
0.96 0.140 -.070 0.894 0.527 0.570 0.679 0.870
0.96 0.140 -.070 0.894 0.547 0.585 0.683 0.889
1.00 0.140 -.070 0.894 0.566 0.600 0.687 0.908
1.02 0.140 -.070 0.894 0.586 0.614 0.690 0.928
1.04 0.140 -.070 0.894 0.606 0.629 0.693 0.947
1.06 0.140 -.070 0.894 0.626 0.644 0.697 0.967
1.08 0.140 -.070 0.894 0.646 0.659 0.700 0.986
1.10 0.140 -.070 0.894 0.666 0.674 0.703 1.006

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.160 -.080 0.894 0.450 0.537 0.642 0.811
0. 172 0.160 -.080 0.894 0.468 0.551 0.647 0.8331
0.94 0.160 -.080 0.894 0.488 0.566 0.653 0.850
0.96 0.160 -.080 0.894 0.507 0.580 0.658 0.869
0.98 0.160 -.080 0.894 0.526 0.595 0.663 0.889
1.00 0.160 -.080 0.894 0.546 0.609 0.667 0.908
1.02 0.160 -.080.1 0.894 0.566 0.624 0.671 0.928
1.04 0.160 -.080 0.894 0.566 0.639 0.676 0.947
1.06 0.160 -.080 0.894 0.606 0.654 0.679 0.967
1.08 0.160 -.080 0.894 0.626 0.669 0.683 0.986
1.10 0.160 -.080 0.694 0.646 0.684 0.686 1.006

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.180 -.090 0.894 0.429 0.547 0.617 0.811
0.92 0.180 -.090 0.894 0.446 0.561 0.624 0.830
0.94 0.1SO -.090 0.894 0.467 0.576 0.630 0.850
0.96 0.180 -.090 0.894 0.487 0.590 0.636 0.869
0.98 0.180 -.090 0.894 0.506 0.605 0.642 0.859
1.00 0.180 -.090 0.894 0.t	 6 0.619 0.647 0.908
1.02 0.180 -.090 0.894 0.546 0.634 0.652 0.928
1.04 0.180 -.090 0.894 0.565 0.649 0.657 0.947
1.06 0.180 -.090 0.894 0.585 0.664 0.661 0.967
1. 08 0.180 -.090 0.894 0.605 0.679. 0.665 0.986
1.10 0.180 -.090 0.894 0.626 0.694 0.669 1.005

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.200 -.100 0.894 0.409 0.557 0.592 0.811
0.92 0.200 -.100 0.844 0.428 0.571 0.600 0.830
0.94 0.200 -.100 0.894 0.447 0.585 0.607 0.850
0.96 0.200 -.100 0.894 0.467 0.600 0.614 0.869
0.98 0.200 -.100 0.894 0.466 07.615 0.620 01.889
1.00 0.200 -.100 0.094 0.506 0.629 0.626 0.908

y	 1.02 0.200 -.100 0.894 0.525 0.644 0.632 0.927
1.04 0.200 -.100 0.894 0.545 0.659 0.638 0.947
1.06 0.200 -.100 0.894 0.565 0.674 0.643 0.1-766
1.08 0.200 -.100 0.894 0.585 0.689 0.647 0.986
1.10-; 0.200 -.100 0.894 0.606 0.704 0.652 1.005
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TABLE B-XIII QN|G{0AL PAffi^ 19
DATA FOB INVERTER, OD& ~ COMPENSATED 	 W P[]<]R QUAL| `Y 

LIGHT LOAD O88O(iJ|!S`.\`^|	 |^`J'[]./^|iL^ 	 i|oO

V	 U\h F,	Wii, x	 LU PF	 SYS P	 SY6 0	 SY8 PF	 LOAD V
'`.v,; 1	 0"271	 0.045	 ~°022	 V^874	 0^900

v " 9^ 	 ./".,7o	 1)75	 U. 2b9	 U. U48	 -,024	 0.894	 0"920
0,247	 0"V51	 -.025	 Q"894	 0,941

0 " Y6	 0^|^2^	 ^/^^6^	 ^"^^6	 0°054	 -,027	 u,894	 0"961
o ^ ./H6	 V°226	 0. OW	 -"028	 0,H94	 0"981

1 " 0O/	 n^"o"	 ,°07c	 0"217	 0"060	 -.030	 0.894	 1.001
1 " /^!	 (),V2')	 0. " )C? It	 V" 2v8	 0°06J	 -.032	 0"894	 1,021
1,`.4	 0^020	 0"09B	 V"199	 0.067	 ~^()33	 0°854	 1.041
1,V6	 v,02U	 0,102	 U~192	 v°370	 ^~°035	 0,894	 1,061
l " '/H	 0\020	 o" io7	 0.104	 0,073	 ~.037	 0"894	 1.081
1.10	 .`.o40	 0,111	 V.177	 0"077	 -"038	 0.894	 1.101

sYb V	 U6b P	 USG U	 090 PF	 SYS P	 sTS Q	 SYS PF	 LOAD V
V ^ YU	 0.04V	 Y,061	 0.548	 0.025	 -,012	 0.894	 8.908
0 ° 12	 0,040	 0"065	 C.526	 V^028	 ^~"014	 0"894	 8.920
./ " 94	 0"04"	 0.008	 UW05	 V031	 -.015	 0"894	 0,948
o.96	 0.840	 1W"072	 0^484	 0,034	 ^~"017	 0,894	 0°960
,).';8	 0°040	 0,076	 0.465	 0,037	 -^01G	 0°894	 0"980
1 " 00	 0"040	 0"080	 0"447	 0.040	 ~°020	 0°894	 1,800 
1 " 0V	 0,04V	 0°084	 0,429	 0"043	 -"822	 0.g94	 1^020
1 " 04	 0^040	 0"088	 0.413	 0.047	 ^~"023	 0°894	 1^040
1,06	 0"040	 01092	 0"397	 0.0sV	 -"025	 0094	 1"860
1.00	 0,04O	 0.097	 0^382	 0~053	 ^~,027	 0"894	 1.08V
1.10	 0"04V	 0"101	 0"368	 0"857	 ~"028	 0^894	 1~108

SYS V	 DGB P	 DSG Q	 DSO PF	 STS P	 SYS Q	 SYS PF	 LOAD V
0,90	 0"060	 0^051	 0,762	 0005	 ~'"802	 0"894	 0"908
0 ° 92	 0"068	 8"055	 0^739	 0"008	 -"004	 0"894	 0^920
0,94	 0"060	 V"058	 0°717	 0"011	 -.005	 0^894	 0"948
0.96	 0"060	 0"062	 0"694	 0"()14	 ^~"007	 0"894	 0°960 
0,98	 0.060	 0,066	 0"672	 0.017	 ~,008	 0°894	 8"980
1 ° 00	 0°068	 0"070	 8"651	 0~020	 ~"010	 0°894	 1,080
1 " 02	 0^060	 0,074	 0.629	 0"023	 -~012	 0^894	 1°820	 i
1 ° V4	 0°060	 8078	 0^609	 0°027	 -"013	 0"894	 1°040
1 " 06	 0°06V	 0.082	 0,589	 0,030	 ~,015	 0°894	 1°060
1.08	 0,060	 0087	 0,569	 0°033	 -"017	 0°894	 1.080
1 ^ 10	 0"060	 0"091	 0.550	 0"037	 -,018	 O^894	 1"100 	 ^^

SYS V	 DSG p	 DS8 u	 DSB PF	 SYS P	 SYS Q	 SYS PF	 LOAD V
0 ^ 90	 0"080	 0.041	 0.89U	 -"015	 0.008	 0.894	 8.908
0,92	 0,080	 8.045	 8°875	 ^~.012	 0"006	 0"894	 0°920 
0,94	 0"080	 0^048	 8^856	 -,089	 0,005	 0^894	 0,940
0 " 96	 8"080	 8,()52	 0"838	 -.006	 0^003	 0^894	 0,960	 -
0 " 98	 0.080	 0,056	 0"819	 ~`"003	 0.002	 0~8940"980
1 " 00	 0^0GP	 0"060	 0,800	 -.000	 0"080	 0°931

	
1"000

1 ^ 02	 0"080	 0"064	 0"781	 0"003	 -^°002	 0"894	 1°020
1 " 84	 0"080	 8,068	 0°761	 8^007	 -^003	 0.894	 1,040
1 " 06	 0"080	 0,072	 0"742	 0.010	 ~"005	 0°894	 1°060
1,88	 0,880	 0"077	 0"722	 0°013	 -.007	 0,894	 1,080 
1 ^ 10	 0"088	 0.081	 0"703	 0,017	 ~^"008	 0 894	 1	 100	 4	 ^"	 "	 .
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TABLE BVIII, cont.

DATA FOR INVERTER, CEA - COMPENSATED
LIGHT LOAD CASE

^!AwII

s

tY

U

ORIGINAL PAGE V]
OF POOR QUAL Y,

^O1d

a:
^' M

SYS V Dow F' US5 0 D56 PF OYS	 f', Sys Q S4'S P'F LOAD V
0.90 0. lQ0 0.031 0.953 - . 035 0. 015 0.094 0. 900
0.92 0. 100 0.035 0.945 -.002 0. 01.6 0. 894 0,920
0.94 0. 100 U. U•:7B 0.934 -.029 0. 01 ..3 0.894 0.940
U.96 0.100 0.042 0.922 .026 0.013 0094 0.960
0.98 0.100 0.046 0,909 -.023 0.012 0.894 0.9so
1.00 0.100 0.050 0.895 ^-.02() 0. 010 0.894 1.000
1.02 0.100 0.054 0.900 -..011 0.008 0.694 1.020
1.04 0.100 0„058 0,06 .01.':3 0.007 0.894 1.040
1,.06 0.100 0.062 u.349 -.010 0.005 0.894 1.060
1. 017 0. 1 nf., U. 067 0.8= -. 007 O. o03 C). B94 1 WHO
1.10 0.100 0.071 0.810 .003 C1.Q02 0.894 1.100

SYS V USG F' DEG G! DEG pp 13YE F3 SY9 0 SYS PF LOAD V
0.90 O. 1,20 0.021 0.985 -.055 0.020 0.894 0.899
0. 92 0.120 0. 025 0.960 .USV 0.026 0.894 0.919
0.94 0.120 0.028 0.971 .04" 0.025 0.294 0.9•'39
0.96 0.12U Q. u32 0.966 -.u46 0.02;' 0.894 Q.959
0.98 0.120 0.036 O. Vbs -.04Z 0.0W2: 0. 091 0.90o
1 . UO Q. 1:?U 0. .)40 0.949 -. 0410 0. 021 ( 0. 094 1. OC,O
1.02 0.120 0. 044 OM9 -.V37 0.010 0094 1.020
:L.04 0. 120 0. 04. 8 o. 928 -.034 0. 017 0.894 1.040
1.% 0.120 0.052 0„917 -.030 0.015 0.894 1.060
I.08 0.120 0.037 0. ?04 -.027 0.013 0.894 1. OS0
1.10 0.120 0.061 0.892 -.021 0.012 0.894 1.10o 

S'(8 V DS("a	 1 DS(	 L! USG IM F SYS p SYS 0 SYS PF LOAD V
0.90 U.140 0.011 0.997 -.075 0.030 0.894 0„899
0.92 0,.140 0.014 0.995 .072 0.036 0.894 0.919
0.94 0.140 0.01S 0.995 -•.069 0.'033 0.894 0.939
0.96 0. 140 0.022 0.988 °.066 0.0.'-+::S 0.894 0.959
0.98 0.140 0.026 0.983 -.063 0.012 0.894 0.97'-
1.00 0.140 0.030 {:x.978 -.060 0.030 0.894 0.999
1.02 0.140 0.014 0.972 .O57 0.028 0.894 1.019
1.04 0.140 U.038 0.965 -.054 U.027 0.894 1.039
1.06 0.140 0. 042 0.957 -.0150 0.025 0.894 1.060
1.08 0.140 0.047 0.949 -.047 0.023 0.894 1.080
1.10 0.140 0.051 0.940 -.043 0.022 0.894 1.100

SYS V DSG F DSG 0 088 1= F SYS F' SYS 0 SYS F'F LOAD V
0.90 0.160 0„001 1. 000 -.095 0.048 0.894 0.899
0.92 0.160 0.004 1.000 -.092 0.046 0.894 0.919
0.94 0.160 0.008 0„999 -.089 0.045 0.894 0.939
0.96 0.160 0.012 0.997 -.086 0. 043 0.894 0.959
0.98 0.160 0.016 0.995 -.083 0.042 0.89A 0.979
1.00 0.160 0.020 0.992 •-.080 0.040 0.894 0.999
1.02 0.160 0.024 0.989 -.077 0.038 0.894 1.019
1..04 0.1.60 0,.028 01.985 -.074 0.037 0.894 1.03Y
1.06 0.160 0.032 0.980 -.070 0.035 0,.894 1.059
1.06 0.160 0.037 0.975 -.067 0.033 0.894 1.079
1.10 0.160 0.041 0.969 -„063 0.032 0.894 1.099 4
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TABLE B-X7.II, Cont.

ORIGINAL PAGE MDATA FOR INVERTER, CEA - COMPENSATED
LIGHT LOAD CASE OF POOR QUALITY

:9Y;'+	 V D7.lb N DUG 0 M PF :SYS	 L' SYS 0 SYS PF QUAD V
r,. aU O. J 80 . U l9 0.999 -.115 0.058 0.894 0.891?
0.92 ".ISO - . f i^ ^6 1.000 -.11'2 0.056 W H94 0.919
u.14 0 .100 -.000 1.000 .110 0.055 0. 8'14 0.939
0.16 q 1 Hn ,„uo L . -- pt10 -.10h 0.053 0.894 0.919
0.99 0. 1(m) 0. 015 0.999 .lul n. f1W 0.894 0.979
1.. U ". 1 HO 1,110 ",999 -.100 0.05050 0. 894 0.999
1.•	 :' U.I IJl/ 0.014 U.997 --.097 0.048 0.894 1.019
1.	 %4 0.180 0."18 0.995 •-.094 0.047 0.894 1.039
1. 06 0.18.1 0=2 0.993 -.090 0.045 0.894 1.059
L . kw WOOt' O O u% U. 989 -.087 0.043 0. 894 1.079
1.10 ".180 0.051 0.986 -.UH3 0.042 0.89+ 1.099

SYS V DSG P D56 U OSS PF SYS P SYS O SYS PF LOAD V
0.90 U.200 -.019 0.995 -.13b 0. U68 U.894 0.898
0.92 0.200 --.016 0.997 ^.133 0.066 0.894 0.91£1
0.94 0.2uO .01.2 0.998 -.130 0.065 0.894 0.938
0.96 WOO -.Ut.0 0.999 -.126 0.063 0.894 0.959
0.98 0.200 -I U04 1.000 -.123 0.062 0.894 0.979
i.t.10 0.200 -.000 1.000 -.120 0.060 0.894 0.999
1,.02 0. 200 0.004 1.000 -.117 0.058 0.894 1.019
1.04 0.200 0.008 0.999 -.114 0.037 0.894 1.039
1.06 0.200 0.012 0.998 -.110 0.055 0.894 1.059
1.08 0.200 0.016 0.997 -.107 0.051 0.894 1.079
1.10 0.200 0.021 0.995 -.103 0.052 0.894 1.099

REALISTIC L"UAD REPRESENTATION 	 LIGHT LOAD CASE

SYS V DSO F USG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.020 0.071 0.271 0.050 -.019 0.936 0.900
0.92 0.020 0.075 0.259 0.052 .021 0.928 0.920
0..94 0.020 0.075 0.247 0.054 -.023 0.920 0.940
0.96 0.020 0.082 0.236 0.056 -.025 0.911 0.960
O 9S 0.020 0.006 0.226 0.058 -.02020 0.903 0.980
1.00 0.020 0.090 0.217 0.060 -.030 0.894 1.001
1.02 0. 020 0.094 0.208 0.062 -.033 0.886 1.021 
1104 0.020 0.098 0.199 0.064 -•.035 0.877 1.041
1.06 0.020 0.103 0.191 0.066 -.038 0.869 1.061
1.08 0„020 0.107 0.184 0.069 -.040 0.861 1.081
1.10 0.020 0.111 0.177 0.071 -.043 0.853 1.101

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.040 0.061 0.549 0.050 -.009 0.960 0.900
0.92 0.040 0.065 0.526 0.032 -.011 0.947 0.920
0.94 0.040 0.(:,66 0.505 0.034 -.013 0.933 0.940
0.96 0.040 0.072 0.485 0.036 -.015 0.920 0.960
0.98 1,.040 0.076 0.465 0.038 -.018 0.907 0.960
1.00 0.040 0.080 0.447 0.040 -.020 0.894 1.000
1.02 0.040 0.084 0.429 0.042 -.023 0.882 1.021
1.04 0.040 0.080 0.413 0.044 -.025 0.870 1.041
1.06 0.040 0.093 0.397 0.046 -.028 0.656 1.061
1.08 0.040 0.097 0.382 0.049 -.030 0.847 1.081
1.10 0.040 0.101 0.367 0.051 -.033 0.836 1.101
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^&86O 8~^II^ 	 cont.'	 ^	 ^	 ^^^ ^n -
^	 _^^°wnx`

DATA FOR JNVD8%CBv OD4 - COMPENSATED	 "
w LIGHT LOAD CASE

SYS' V	 DSO y	 DSG Q	 DSO P^'	 SYS F,	SYS 8	 SYS PF	 LOAD Y V^ 90	 0°8^(/	 0°^51	 0^763	 0"n10	 Q. 	 0"990	 0.899
 o.92	 0°0q0	 V"^55	 ^"740	 '/.01^	 ~"o01	 0"998	 0°9200 ° 94	 0"060	 V"o38	 0.717	 0.014	 ~003	 0.978	 0^940 ^	 V^96	 0"060	 ')"062	 0°695	 J"016	 003	 0^949	 <)"960	

~
o ^ Y8	 ./^060	 o"066	 Y.672	 0^01U	 008	 0"921	 0.980 1.00	 d" .)6o	 (`,0 i70	 0"61.^1	 0,02()	 ~"010	 0°694	 1"0001.0",	0^860	 0"074	 o.629	 0. 022	 ~.013	 0"870	 1.020

09	 0.080	 0^078	 0^688	 O.024	 -"O15	 (/,O49	 1"0411 " 06	 0"060	 0.083	 U"588	 C).026	 018	 0"830	 1"0e)1
1. us	 Q. U60	 n.087	 0,569	 0°029	 ~"020	 0"Q13	 1.O81/̂	 1"10	 0,06V	 0.091	 0^550	 8.031	 023	 0^797	 1"101

/̀
^ SYS V	 uSG P	 DS8 Q	 DSO PF	 SYS P	 SYS U	 SYS PF	 LOAD V ^	 U"9(1	 0.080	 0.D41	 O"891	 01U	 0"011	 0"671	 0"899	 ./ 0 " 92	 0°045	 0.874	 ~"008	 0. 009	 0"666	 0"919

8.94	 0"020	 0.048	 0^B56	 -"O06	 0^007	 8^662	 0^94O	 1^	 0.96	 0.0au	 0.052	 O" U-8	 ~°004	 0^005	 0"658	 0^960	
^

 0" 98	 0^880	 0"056	 0"819	 -"8O2	 0. 002	 0.653	 0.9B0
1.00	 0,08D	 0°060	 O,808	 ~~"000	 0.008	 0"555	 1"O00	 U
1 ^ U2	 0.D00	 O,864	 0"781	 0.002	 ~^0U2	 0.644	 1^820
1,04	 0°080	 O.068	 0"761	 0"004	 -"005	 0°640	 1^0401 " 06	 0.U80	 0.072	 0^741	 8^086	 ~.008	 0^636	 1^06V

6	 1"08	 0.080	 0"O77	 0.721	 0"008	 -"010	 0.632	 1"081I ^ 1V	 0"080	 0"081	 o. 70'21	U"011	 -"013	 0^628	 1.101

SYS V	 DGQ P	 DSG Q	 DSO PF	 SYS P	 SYS Q	 SYS PF	 LOAD V
`	 .

0.90	 0,100	 0°031	 0"956	 -^030	 0"O21	 0"81.7	 0^B99 0 " 92	 0°100	 0"034	 0^945	 -°028	 0.019	 0"826	 6,919/ 0.94	 0.100	 0^0,:^8	 0^934	 -,026	 0"017	 0.838	 O.939
i 	 0^96	 0"1o0	 0"042	 0.922	 -.024	 0.015	 0"853	 0.959`	 0°98	 0.100	 0^046	 0"909	 022	 0"V12	 0.871	 8.9130 

1 " 00	 0"100	 0"850	 O"895	 020	 0.O10	 0.894	 1"000lo 1"02	 0. 100	 0"054	 0"88O	 '~"016	 V"008	 0"922	 1"02D1 " 04	 0°100	 0°058	 0.864	 ~`"016	 0.805	 0.954	 1.040	 |
^	 1"06	 0.100	 O"062	 0"848	 U14	 0"002	 0.966	 1 . 0601 " 08	 0"180	 0°067	 O.832	 ~"012	 -.000	 0,999	 1.0801 " 10	 0"1O0	 0"071	 0"815	 -°009	 ^-^003	 0.947	 1"1g1

SYS V	 DSO P	 DSG Q	 DSG PF	 SYS P	 SYS Q	 SYS PF	 LOAD V	 !
^	 0"90	 0"120	 0.021	 0,985	 ~"050	 0"031	 0"848	 0.899^	 |0 ^ 92	 0°120	 0"024	 0.980	 -^048	 0^029	 8"855	 0.919.'	 0,94	 O^128	 0.028	 0°974	 046	 0^027	 0^863	 0"939
^	 0"96	 8"120	 0"032	 0^966	 -"044	 0"025	 0^872	 0"959 0.98	 0"120	 0.036	 0.958	 -"042	 8"022	 0.882	 0.9791.00	 0,120	 0.040	 0"949	 -"040	 0"020	 0.894	 1"0081.02	 0,128	 0"044	 O.939	 ^`"038	 0.018	 0.508	 1"02(.) 1 ° 04	 0"120	 0"046	 0"928	 -"036	 0.015	 0.923	 1^0401 " Q6	 O"120	 0.052	 0^916	 -.834	 0^012	 0"939	 1.06V

1.08	 0°128	 0.057	 0"904	 ~.032	 0"010	 0^956	 1°080 
1.1U	 0.120	 0,061	 0^B91	 -.O29	 0"087	 0^974	 1.10U 

4	 ^
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TABLE B-XIII, cont.	 ORIGINAL PAGE
^0	 DATA FOR 111VQBTO11 ^ COA °

	 OF P^^QQ QUA LITY

LIGHT LOAD C&D8

EYE V DSU P DSO Q uSg PF SYS P SYS Q SvS PF LOAD V
90 o^140 C°011 997 ~^070 0^041 0°162 0"898

V,92 0"14o O,014 o,995 -.06F] 0,039 0"867 0"919
^ Y.94 0"140 Q"018 0"992 ~.066 0"037 0"872 n°M
` 0"96 n"140 o"422 0,988 -^064 ()^0ju 0.879 0^959
^ 0 ^ 98 V^140 U"026 Y"9m3 ^~^062 0"033 V.BR6 (),970^ 1"0() 0"140 0,030 0.978 ~~°060 0"030 0.894 0"999^̀ 1,02 0"140 0,034 0.972 -,05M 0^028 0°903 1^020î 1,04 0"140 0"038 0"965 ~"056 0.025" 0 913" 1 040"
t ~1 0b 0 14V" 0 04^" 0 9^^7^ 05^"	 4 0"021 0.923 1^060

1 " 08 0"140 J,Y47 0,749 -"052 0"0yV 0°934 1^030
1 ^ 1`) 0.140 0"051 0"939 ^~,049 0°()17 0°946 1"100

r
^ SY6 V^ DEG P DEG Q DEG PF SYS P SYS D GYS PF LOAD V

0 " 90 0^110 0^001 1.000 -"090 0,052 0069 0,B98
0 " 92 0"160 0.004 1.000 -.0u8 0"V49 0.873 0,918
0.94 0.160 0"008 0.999 ~^°086 0,047 8078 0.939
0,96 0^160 V"V12 0.997 -.084 0^045 1"881 0"959
0 ^ 98 0"160 0,016 0"995 ~.082 0^043 0,889 0.979
1.0() 0,160 9.u20 0'992 -"080 0,V40 0"894 0.999
l.t2 0.160 0"024 0°989 -"078 0^078 8"901 1,019
1,14 0,160 0.028 0"985 -.076 O"O35 ()1908 !.040
1 " 0b 0.160 0"032 0"980 ^~^874 n,V32 0^916 1.069
1 " 08 0"160 0,037 0"975 -.072 0"030 0^924 1"080
1 " 1; 0"16V 0"041 0.969 ~^069 0^027 0,93L W00

SYS V D20 p DEG Q DEG PF SYS P SYS 0 SYS PF LOAD V
0.90 0,180 -"009 0"999 ~.110 0"062 0"874 0^898

^ 0.92 0"180 ~"000 0~999 ~^108 0"059 0"877 0"918` 0.94 0.180 ~^.0o2 1"000 -"106 0^057 0,8C1 0.938
0,96 0"180 0^0V2 1"000 ~"104 0,055 0.885 0°959[ 0.98 8,160 0"0o6 0"999 ~^102 0^053 0.889 0.979^ 1.o0 0,180 01030 0.999 -"100 0,050 0 . 894 0.999
1 " 02 0"180 0^814 0.997 -"098 0,048 0"899 1°019
1,04 0.180 0"018 0"995 ~"096 0^045 0.905 1"039
1,06 8,110 0^022 0"992 ~^894 0.043 0.911 1"059
1 " 08 0,180 0"027 0.989 -"092 0^040 /),917 1"080
1 " 10 0.180 0^031 0"986 -^089 0^037 0"924 1"100

" SYS V DEG P DSG Q DEG PF SYS P SYS Q SYS PF LOAD V
y/ 0.90 0^200 -.019 0.995 ^~^130 0"072 0^877 0"898

0,92 0"200 ~.016 0"997 ^-.128 0.069 0"680 0"918
0 ^ 94 0"200 ^~,012 0°998 -,126 0.867 0.803 0"938
0.96 0,200 -"008 0°999 -^124 0"065 0^886 0"958
0 " 98 0.200 ^-,004 1.000 -"122 0"063 0"890 0°9781 " 00 0"200 -"000 1"000 -.120 0"060 0"894 0.999
1,02 0"200 0,004 1^000 -,11B 0.018 0.899 1°019
1 " 04 0,200 0°008 0,999 ^,116 0.055 0^903 1.037
| " 06 0"200 0.012 0"998 ~^°114 0"852 0.908 1.059
1 ^ 08 0"200 0.017 0"997 -"112 0.050 0^913 1.079

^r 1"10 0"200 0"021 0.995 -"109 0"047 0,919 1.100 4



V^
TABLE B-XIV

ORIGINAL PACE IS a

` DATA FOR INVERTER I CEA - COMPENSATED OF POOR QUALITY

CONSTANT IMPEDANCE LOAD HEAVY LOAD CASE

1 SYS V DSG P USG 0 DSG PF SYS P SYS M SYS PF LOAD V
0.90 0.020 0.059 0.321 0.532 0.355 0.832 0.830
0.92 0.020 0.062 0.307 0.556 0.370 0.833 0.849
0.94 0.020 0.065 0.293 0.582 0.386 0.833 0.867
0.96 0.020 0.068 0.280 0.606 0.402 0.834 0.886
0.98 0.020 0.072 0.268 0.634 0.419 0.834 0.904
1.00 0.020 0.075 0.257 0.661 0.436 0.835 0.923

i 1.02 0.820 0.079 0.247 0.689 0.453 0.836 0.941
1.04 0,020 0.082 0.237 0.717 0.470 0.836 0.960
1.06 0.020 0.086 0.227 0.745 0.488 0.836 0.978
1.08 0.020 0.089 0.219 0.774 0.507 0.837 0.997
1.10 0.020 0.093 0.210 0.804 0.525 0.837 1.015

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
' 0.90 0.040 0.049 0.633 0.512 0.365 0.814 0.8'•30

0.92 0.040 0,052 0.609 0.536 0.380 0.816 0.849
i

0.94 0.040 0.055 0.587 0.562 0.396 0.817 0.867
0.96 0.040 0.058 0.565 0.588 0.412 0.819 0.886

E 0198 0.040 0.062 0.544 0.614 0.429 0.820 0.904
1.00 0.040 0.065 0.523 0.641 0.446 0.821 0.923
1.02 0,040 0.069 0.504 0.669 0.463 0.822 0.941
1.04 0.040 0.072 0.485 0.697 0.480 0.823 0.960

` 1.06 0.040 0.076 0.467 0.725 0.498 0.824 0.978
1.08 0.040 0.079 0.450 0.754 0.516 0.825 0.996

t
i

1.10 0.040 0.083 0.434 0.784 0.535 0.826 1.015

t

f SYS V DSG P DSG G DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.060 0.039 0.839 0.491 0.375 0.795 0.830
0.92 0.060 0.042 0.819 0.516 0.390 0.798 0.849
0.94 0.060 0.045 0.799 0.542 0.406 0.800 0.867
0.96 0.060 0.048 0.778 0.567 0.422 0.802 0.886
0.98 0.060 0.052 0.757 0.594 0.439 0.804 0.904

! 1.00 0.060 0.055 0.736 0.621 0.456 0.806 0.923
1.02 0.060 0.059 0.716 0.648 0.473 0.808 0.941 j

1.04 0.060 0.062 0.695 0.676 0.490 0.810 0.959
t̀ 1.06 0.060 0.066 0.675 0.705 0.508 0.811 0.978

1.08 0.060 0.069 0.655 0,734 0,526 0.813 0.996
II1.10 0.060 0.073 0.635 0.764 0.545 0.814 1.015

SYS V DSG P DSG C! DSG PF SYS P SYS D SYS PF LOAD V
0.90 0.080 0.029 0.940 0.471 0.385 0.775 0.8''30
0.92 0.080 0.032 0.928 0.496 0.400 0.778 0.849
0.94 0.080 0.035 0.915 0.521 0.416 0.782 0.867
0,96 0.080 0.038 0.901 0.547 0.432 0.785 0.866
0.98 0,080 0.042 0.887 0.574 0.449 0.788 0.904

^^. 1.00 0.080 0.045 0.871 0.601 0.465 0.790 0.922
Fx^ 1.02 0.080 0.049 0.855 0.628 0.483 0.793 0.941

1.04 0.080 0.052 0.838 0.656 0.500 0.795 0.959
pj 1.06 0.080 0.056 0.821 0.685 0.518 0.798 0.978
E 1.08 0.0801 0.059 0.804 0.714 0.536 0.800 0.996

1.10 0.080 0.063 0.786 0.744 0.555 0.802 1.015 f
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SYS V DSG P DSG 0 DSG PF SYS P SYS 0. SYS PF LOAD V
0.90 0.100 0.019 0.983 0.451 0.394 0.753 0.830
0.92 0.100 0.022 0.977 0.476 0.410 0.755 0.849
0.94 0.100 0.025 0.970 0.501 0.426 0.762 0.867
0.96 0.100 0.028 0.962 0.527 0.442 0.766 0.885
0.98 0.100 0.032 0.953 0.554 0.459 0.770 0.904
1.00 0.100 0.035 0.944 0.581 0.475 0.774 0.922
1.02 0.100 0.039 0.933 0.606 0.493 0.777 0.941
1.04 0.100 0.042 0.922 0.636 0.510 0.780 0.959
1.06 0.100 0.046 0.910 0.665 0.528 0.783 0.978
1.x:)8 0.100 0.049 0.897 0.694 0.546 0.786 0.996
1.10 0.100 0.053 0.884 0.724 0.565 0.788 1.015

SYS V DSG P DS13 Q DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.120 0.009 0.997 0.431 0.404 0.729 0.830
0.92 0.120 0.012 0.995 0.456 0.420 0.736 0.848
0.94 0.120 01015 0.992 0.481 0.436 0.741 0.867
0.96 0.120 0.018 0.988 04507 0.452 0.747 0.885
0.98 0.120 0.022 0.984 0.533 0.468 0.751 0.904
1.00 0.120 0.025 0.979 0.560 0.485 0.756 0.922
1.02 0.120 0.029 0.973 0.588 01503 0.760 0.941
1.04 0.120 0.032 0.966 0.616 0.520 0.764 0.959
1.06 0.120 0.036 0.959 0.645 0.538 0.768 0.976
1.08 0.120 0.039 0.950 0.674 0.556 0.771 0.996
1.10 0.120 0.043 0.942 0.704 0.575 0.774 1.015

SYS V DSG P DSG 0 DSG PF SYS P SYS G SYS PF LOAD V
0.90 0.140 -.001 1.000 0.411 0.414 0.704 0.830
0.92 0.140 0.002 1.000 0.436 0.430 0.712 0.848
0.94 0.140 0.005 0.999 0.461 0.446 0.719 0.867
0.96 0.140 0.008 0.998 0.487 0.462 0.726 0.885
0.98 0.140 0.012 0.997 0.5133 0.478 0.732 0.904
1.0c) 0.140 0.015 0.994 0.540 0.495 0.737 0.922
1.02 0.140 0.018 0.991 0.568 0.512 0.742 0.941
1.04 0.140 0.022 0.988 0.596 0.5'•30 0.747 0.959
1.06 0.140 0.026 0.984 0.625 0.548 0.752 0.978
1.08 0.140 0.029 0.979 0.654 0.566 0.756 0.996
1.10 0.140 0.033 0.97•x+ 0.683 0.585 0.760 1.015

SYS V DSG P DSG 0 DSG PF SYS P SYS Q. SYS PF LOAD V
0.90 0.160 -.011 0.998 0.391 0.424 0.677 0.830
0.92 0.160 -.008 0.999 0.415 0.440 0.687 0.846
0.94 0.160 -.005 1.000 0.441 0.456 0.695 0.867
0.96 0.160 -.002 1.000 0.467 0.472 0.703 0.885
0.98 0.160 0.002 1.000 0.493 0.488 0.711 0.904
1.00 0.160 0.005 1.000 1.1.520 0.505 0.717 0.922
1.02 0.160 0.008 0.999 0.548 0.522 0.724 0.941
1.04 0.160 0.012 0.997 0.576 0.540 0.729 0.959
1.06 0.160 0.016 0.995 0.604 0.558 0.735 0.977
1.08 0.160 0.019 0.993 0.634 0.576 0.740 0.996
1.10 0.16(:) 0.023 0.990 0.663 0.595 0.745 1.014 4L.

FV

t

I DATA FOR INVERTER, CEA - COMPENSATED
HEAVY LOAD CASE

TABLE B-XIV, Cont. ORIGINAL PAGE I9
OF POOR QUALITY
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ORIGINAL PAGE is
TABLE B-XIV, cont. 	 OF POOR QUALITY

.m

DATA FOR INVERTER, CEA - COMPENSATED
HEAVY LOAD CASE

SYS V DSO P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.180 -.021 0.993 0.370 0.434 0.649 0.829
0.92 0.180 -.018 0.995 0.395 0.450 0.660 0.846
0.94 0.180 -.015 0.997 0.421 0.465 0.671 0.866
0.96 0.180 -.012 0.998 0.447 0.482 0.680 0.885
0.98 0.180 -.008 0.999 0.473 0.498 0.689 0.903
1.00 0.180 -.005 1.000 0.500 0.515 4.697 0.922
1.02 4.180 -.002 1.000 0.528 0.537 0.704 0.940
1.04 0.180 0.002 1.000 0.556 0.550 0.711 0.959
1.06 0.160 0.006 1.000 0.584 0.568 0.717 0.977
1.08 0.180 0.009 0.999 0.613 0.586 0.723 0.996
1.10 0.180 0.013 0.997 3.643 0.604 0.729 1.014

SYS V DsG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.200 -.031 0.988 0.350 0.444 0.619 0.829
0.92 0.200 -.028 0.990 0.375 0.459 0.632 0.848
0.94 0.200 -.025 0.992 0.400 0.475 0.644 0.866
0.96 0.200 -.022 0.994 0.426 0.491 0.655 0.885
0.98 0.200 -.018 0.996 0.453 0.508 0.665 0.903
1.00 0.200 -.015 0.997 0.480 0.525 0.675 0.922
1.02 0.200 -.012 0.998 0.507 0.542 0.683 0.940
1.04 0.200 -.008 0.999 0.535 0.560 0.691 0.959
1.06 0.240 -.004 1.000 0.564 0.578 0.699 0.977
1.08 0.200 -.001 1.000 0.593 0.596 0.706 0.996
1.10 0.200 0.003 1.000 0.623 0.614 0.712 1.014

REALISTIC LOAD REPRESENTATION

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.020 0.057 0.330 0.598 0.406 0.827 0.820
0.92 0.020 0.060 0.314 0.617 0:417 0.828 0.839
0.94 0.020 0.064 0.299 0.636 0.429 0.829 0.859
0.96 0.020 0.067 0.285 0.656 0.440 0.831 0.879
0.98 0.020 0.071 0.272 0.676 0.451 0.832 0.898
1.00 0,020 0.074 0.260 0.696 0.462 0.833 0.918
1.02 0.020 0.078 0.249 0.715 0.474 0.834 0. 937
1.04 0.020 0.082 0.238 0.736 0.485 0.835 0.957
1.06 1).020 0.085 0.228 0.756 0.496 0.836 0.977
1.08 0.020 0.069 0.219 0.776 0.508 0.837 0.996
1.10 0.020 0.093 0.210 0.797 0.519 0.8:38 1.016

SYS V DSG P DSG U. DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.040 0.047 0.647 0.578 0.416 0.811 0.820
0.92 0.040 0.050 0.621 0.597 0.427 0.813 0.839
0.94 0.040 0.054 0.597 0.616 0.439 0.815 0.859
0.96 0.040 0.057 0.573 0.636 0.450 0.816 0.878
0.98 0.040 0.061 0.551 0.65E 0.461 O.S18 0.898
1.00 0.040 0.064 0.529 0.675 0.472 0.819 0.918
1.02 0.040 0.068 0.508 0.695 0.484 0.821 0.937
1.04 0.040 0.072 0.488 0.716 0.495 0.822 0.957
1.06 0.040 0.075 0.469 0.736 0.506 0.624 0.977
1.08 0.040 0.079 0.451 0.756 0.518 0.825 0.996
1.10 0.040 0.08•_ 4.433 0.777 0.529 0.626 1.016
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ON
TABLE B-XIV, Cont.

ORIGINAL PAGE 19

° QUALITY
DATA FOR INVERTER, CEA COMPENSATED

OF	 OR HEAVY LOAD CASEE

SYS V DSCi P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
'd 0.90 0.060 0.037 0.850 0 .558 0.426 0.795 0.820

0.92 0.060 0.040 0.829 0.577 0.437 0.797 0.839
0.94 0.060 0.044 0.808 0.596 0.448 0.799 0.859
0.96 0.060 0.047 0.786 0.616 0.460 0.801 0.878

' 0.98 0.060 0.051 0.764 0.636 0.471 0.803 0.898
1.00 0.060 0.054 0.742 0.655 0.482 0.805 0.915
1.02 0.060 0.058 0.720 0.675 0.494 0.807 0.937
1.04 0.060 0.062 0.698 0.695 0.505 0.809 0.957
1.06 0.060 0.065 0.676 0.716 0.516 0.811 0.977
1.08 01.060 0.069 0.655 0.736 0.528 0.813 0.996

1+
1.10 0.060 0.073 0.63Y4 0.757 0.539 0.814 1.016

SYS V DSG P DSG Q DSG PF SYS P SYS 4 SYS PF LOAD V
0.90. 0.080 .0.027 0.947 0.538 0.436 0.777 0.819
0.92 0.080 0.030 0.935 0.557 0.447 0.780 0.839

E 0.94 0.080 0.034 0.921 0.576 0.458 0.783 0.859s,
0.96 0.080 0. 0.37 0.907 0.596 0.470 0.785 0.878
0.98 0.080 0.041 0.892 0.615 0.481 0.788 0.898
1.00 0.080 0.044 0.875 0.635 0.492 0.790 0.918
1.02 0.080 0.048 0.858 0.655 0.504 0.793 0.937

^. 1.014 0.030 0.052 0.841 0.675 0.515 0.795 0.957
1.06 O.O9O 0.055 0.822 0.696 0.526 0.797 0.976

t 1.08 0.080 0.059 0.804 0.716 0.538 0.800 0.996
1.10 0.080 0.063 0.785 0.7''36 0.549 0.802 1.016

6s^^

SYS V DSO P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.100 0.017 0.966 0.517 0.446 0.758 0.819
0.92 0.100 0.020 0.980 0.537 0.457 0.761 0.839
0.94 0.100 0.024 0.973 0.556 0.468 0.765 0.859
0.96 0.109 0.027 0.965 0.576 0.480 0.768 0.878
0.98 0.100 0.031 0.956 0.595 0.491 0.772 0.698
1.00 0.100 0.034 0.946 0.615 0.502 0.775 0.917
1.02 0.100 0.038 0.935 0.635 0.514 0.778 C). 937

1.04 0.100 0.042 0.924 0.655 0.525 0.760 0.957
1.06 0.100 0.045 0.911 0.675 0.536 0.783 0.976
1.08 0.100 0.049 0.897 0.696 0.548 0.786 0.996
1.10 0.100 0.053 0.883 0.716 0.559 0.788 i.ol6

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.120 0.007 0.998 0.497 0.456 0.737 0.819
0.92 0.120 0.010 0.996 0.517 0.467 0.742 0.839
0.94 0.120 0.014 0.994 0.536 0.478 0.746 0.858
0.96 0.120 0.017 0.990 0.556 0.490 0.750 0.878
0.98 0.120 0.021 0.986 0.575 0.501 0.754 0.898
1.00 0.120 0.024 0.980• 0.595 0.512 0.758 0.917
1.02 0.120 0.028 0.974 0.615 0.524 0.762 0.937
1.04 0.120 0.032 0.967 0.635 0.535 0.765 0.957
1.06 0.120 0.035 0.959 0.655 0.546 0.768 0.976
1.08 0.120 0.039 0.951 0.676 0.558 0.771 0.996
1.10 0.120 0.043 0.941 0.696 0.569 0.774 1.016

B-70



ORIGINAL PAGE Fg
OF POOR QUALITY

,^.

^ITABLE B-XIV, Cont.

DATA FOR INVERTER, CEA - COMPENSATED
HEAVY LOAD CASE

SYS V DSO P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.140 -.003 1.000 0.477 0.466 0.716 0.819
0.92 0.140 0.000 1.000 0.496 0.477 0.721 0.839
0.94 0.140 0.004 1.0rl0 0.516 0.486 0.726 0.858
0.96 0.140 0.007 0.999 0.535 0.500 0.731 0.878
0.98 0.140 0.011 0.997 0.555 0.511 0.736 0.898
1.00 0.140 0.014 0.995 0.575 0.522 0.740 0.917
1.02 0.140 0.018 0.992 0.595 0.533 0.745 0.937
1.04 0.140 0.021 0.988 0.615 0.545 0.749 0.956
1.06 0.140 0.025 0.984 0.635 0.556 0.752 0.976
1.08 0.140 0.029 0.979 0.656 0.568 0.756 01.996
1.10 0.140 0.033 0.973 0.676 0.579 0.760 1.Oi5

SYS V DSG P DSG (a DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.160 -.013 0.997 0.457 0.476 0.693 0.819
0.92 0.1601 -.010 0.998 0.476 0.487 0.699 0.8339
0.94 0.160 -.006 0.999 0.496 0.498 0.705 0.858
0.96 0.160 -.00.33 1.000 0.515 0.509 0.711 0.878
0.98 0.160 1.).(.)01 1.000 0.535 0. 521 0.717 0.897
1.00 0.160 0.004 1.000 0.555 0.532 0.722 0.917
1.02 0.160 0.008 0.999 0.575 0.543 0.727 0.937
1.04 0.160 0.011 0.997 0.595 0.555 0.731 0.956
1.06 0.160 0.015 0.995 0.615 0.566 0.736 0.976
1.08 0.160 0.019 0.993 0.636 0.578 0.740 0.996
1.10 0.160 0.023 0.990 0.656 0.589 0.744 1.015

SYS V DSG P DSG 0. DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.180 -.023 0.992 0.437 0.486 0.669 0.819
0.92 0.180 -.020 0.994 0.456 0.497 0.676 0.838
0.94 0.180 -.016 0.996 0.476 0.508 0.683 0.858
0.96 0.180 -.013 0.997 0.495 0.519 0.690 0.878
0.98 0.180 -.009 0.999 0.515 0.531 0.696 0.897
1.00 0.180 -.006 0.999 0.535 0.542 0.702 0.917
1.02 0.180 -.002 1.000 x,1.555 0.553 0.708 0.937
1.04 0.180 0.001 1.000 0.575 0.565 0.713 0.956
1.06 0.180 0.005 1.000 0.595 0.576 0.718 0.976
1.08 0.180 0.009 0.999 0.615 0.587 0.723 0.996
1.10 0.180 0.013 0.997 0.636 0.599 0.728 1.015

SYS V DSO P DSS Q DSG PF SYS F SYS Q SYS PF LOAD V
0.90 0.200 -.033 0.987 0.417 0.496 0.644 0.819
0.92 0.200 -.030 0.989 0.436 0.507 0.652 0.838
0.94 0.200 -.026 0.991 0.456 0.518 1.).660 0.858
0.96 0.200 -.023 0.993 0.475 0.529 0.668 0.878
0.98 0.200 -.020 0.995 0.495 0.541 0.675 0.897
1.00 0.200 -.016 0.997 0.515 0.552 0.682 0.917
1.02 0.200 -.012 0.998 0.535 0.563 0.688 0.936
1.04 0.200 -.009 0.999 0. 555 0.575 0.695 0.956
1.06 0.200 -.005 1.000 0.575 0.586 0.701) 0.976
1.08 0.200 -.001 1.000 0.595 0.597 0.706 0.995
1.10 0.200 0.003 1.000 0.616 0.609 0.711 1.015
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TABLE B-XV
N

CONSTANT IMPEDANCE LOAD 	
DATA FOR FV INVERTER

LIORT LOAD CASE

0+ 
Y^

ORIGINAL PAGE 18
OF POOR QUALITY

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0,020 -,062 0.307 0.043 0.109 0.365 0.886
0.92 0.020 -.062 0.307 0.046 U.111 0.380 0.906
0.94 0.020 -.062 0.307 0.049 0.113 0.394 0.926
0.96 0.020 -.062 0.307 0.052 0.116 0.407 0.946
0.98 0.020 -,062 0.307 0.055 0.118 0.420 0.966
1.00 0.020 -.062 0.307 0.050 0.120 0.433 0.986
1.02 0.020 -.062 0.307 0.061 0.123 0.445 1.005
1.04 0.020 -.062 0.307 0.064 0.125 0.456 1.025
1.06 0.020 -.062 0.307 0.067 0.128 0.467 1.045
1.08 0.020 -.062 0.307 0.071 0.1''30 0.478 1.065
1.10 0.020 -.062 0.307 0.074 0.133 0.488 1.085

SYS V DSG P DSO 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.040 -.064 0.530 0.023 0.111 0.201 0.866
0.92 0.040 -.064 0.530 0.026 0.113 0.221 0.906
0.94 0.040 -.064 0.530 0.029 0.115 0.241 0.926
0.96 0.040 -.064 0.530 0.032 O.11B 0.260 0.946
0.98 0.040 -.064 0.530 0.035 0.120 0.278 0.966
1.00 0.040 -.064 0.530 0.036 0.122 0.295 0.986
1.02 0.040 -.064 0.530 0.041 0.125 0.312 1.006
1.04 0.040 -.064 0.530 0.044 0.127 0.3328 1.026
1.06 0.040 -.064 0.530 0.048 0.130 0.344 1.046
1.08 0.040 -.064 0.530 0.051 0.132 0.359 1.066
1.10 0.040 -.064 0.530 0.054 4.135 0.374 1.086

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.060 -.066 0.673 0.003 0.113 0.026 0.887
0.92 0.060 -.066 0.673 0.006 0.115 0.050 0.907
0.94 0.060 -.066 0.673 0.009 0.118 0.074 0.927
0.96 0.060 -.066 0.673 0.012 0.120 0.097 0.947
0.98 0.060 -.066 0.673 0.015 0.122 0.120 0.967
1.00 0.060 -.066 0.673 0.018 0.124 0.142 0.987
1.02 0.060 -.066 0.673 0.021 0.127 0.164 1.007
1.04 0.060 -.066 0.673 0.024 0.129 0.185 1.026
1.06 0.060 -.066 0.673 0.028 0.132 0.205 1.046
1.08 0.060 ^.066 0.673 0.0''31 0.134 0.225 1.066
1.10 0.060 -.066 0.673 0.034 0.137 0.244 1.066

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.080 -.068 0.762 -.017 0.115 0.146 0.888
0.92 0.080 -.068 0.762 -.014 0.117 0.119 0.908
0.94 0.080 -.068 0.762 -.011 0.120 0.093 0.928
0.96 0.080 -.068 0.762 -.008 0.122 0.067 0.948
0.90 0.080 -.068 0.762 -.005 0.124 0.041 0.967
1.00 0.080 -.068 0.762 -.002 0.126 0.016 0.987
1.02 0.080 -.068 0.762 0.001 0.129 0.009 1.007
1.04 0.080 -.068 0.762 0.004 0,131 0.033 1.027
1.06 0.080 -.068 0.762 0.008 0.134 0.057 1.047
1.08 0.080 -.068 0.762 0.011 0.136 0.081 1.067
1.10 0.080 -.068 0.762 0.014 0.139 0.104 1.087
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TABLE B-XV, cont.
x

icy

^r

or pov ,	
DATA FOR PV INVERTER

LIOBT LOAD CASE

SYS V DSG P DSG O DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.100 -.070 0.819 -.037 0.117 0.300 0.888
0.92 0.100 -.070 0.819 -.034 0.120 0.274 0.908
0.94 0.100 -.070 0.819 -.031 0.122 0.247 0.928
0.96 0.100 -.070 0.819 -.028 0.124 0.221 0.948
0.98 0.100 -.070 0.819 -.025 0.126 0.195 0.968
1.00 0.100 -.070 0.819 -.022 0.129 0.168 0.988
1.02 0.100 -.070 0.819 -.019 0.131 0.142 1.008
1.04 0.100 -.070 0.819 -.016 0.133 0.116 1.028
1.06 0.100 -.070 O.B19 -.012 0.136 0.090 1.047
1.08 0.100 -.070 0.819 -.009 0.138 0.064 1.067
1.10,1 0.100 -.070 0.819 -.005 0.141 0.039 1.067

SYS V DSG P DSG 0 DSG PF SYS P SYS a SYS PF LOAD V
0.90 0.120 -.072 0.857 -.057 0.119 0.429 0.889
0.92 0.120 -.072 O.B57 -.054 0.122 0.405 0.909
0.94 0.120 -.072 0.857 -.051 0.124 0.381 0.929
0.96 01.120 -.072 0.857 -.048 0.126 0.356 0.949
0.98 0.120 -.072 0.857 -.045 0.128 0.331 0.969
1.00 0.120 -.072 0.857 -.042 0.131 0.305 0.988
1.02 0.120 -.072 0.857 -.039 0.133 0.279 1.008
1.04 0.120 -.072 0.857 -.035 0.135 0.253 1.028
1.06 0.120 -.072 0.857 -.032 0.138 0.227 1.048
1.08 0.120 -.072 0.857 -.029 0.140 0.201 1.068
1.10 0.120 -.072 0.857 -.025 0.143 0.175 1.086

SYS V DSG P DSG O DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.140 -.074 0.884 -.077 0.121 0.534 0.890
0.92 0.140 -.074 0.884 -.074 0.124 0.513 0.910
0.94 0.140 -.074 0.884 -.071 0.126 0.491 0.929
0.96 0.140 -.074 0.884 -.068 0.128 0.468 0.949
0.98 0.140 -.074 0.884 -.065 0.130 0.445 0.969
1.00 0.140 -.074 0.884 -.062 0.1333 0.422 0.989
1.02 0.140 -.074 0.884 -.0159 0.135 0.396 1.009
1.04 0.140 -.074 0.884 -.055 0.137 0.37'•3 1.029
1.06 0.140 -.074 0.804 -.052 0.140 0.348 1.049
1.08 0.140 -.074 0.884 -.049 0.142 0.323 1.068
1.10 0.140 -.074 0.884 -.045 0.145 0. 296 i.088

SYS V DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.160 -.076 0.903 -.097 0.124 0.616 0.890
0.92 0.160 -.076 0.903 -.094 0.126 0.598 0.910
0.94 0.161:1 -.076 0.903 -.091 0.128 0.579 0.930
0.96 0.160 -.076 0.903 -.088 0.130 0.559 0.950
0.98 0.160 -.076 0.903 -.065 0.132 0.539 0.970
1.00 0.160 -.076 0.903 -.082 0.135 0.518 0.990
1.02 0.160 -.076 0.9013 -.078 01.137 0.497 1.009
1.04 0.160 -.076 0.903 -.075 0.140 0.475 1.029
1.06 0.160 -.076 0.9033 -.072 0.142 0.452 1.049
1.08 0.160 -.076 0.903 -.069 0.145 0.429 1.069
1.10 0.160 -.076 0.903 -.065 0.147 0.405 S.OB9
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SYS V DSO P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
1?.90 0.020 -.062 0.307 0.048 0.113 0.392 0.885
0.92 0.020 -.062 0.307 0.050 0.115 0.401 0.905
0.94 0.020 -.062 0.307 0.052 0.116 0.410 0.925
0.96 0.020 -.062 0.307 0.054 0.118 0.419 0.945
0.98 0.020 -.062 0.307 0.056 0.119 0.427 0.965
1.00 0.020 -.062 0.307 0.O58 0.121 0.436 0.985
1.02 0.020 -.062 0.307 0.061 0.122 0.443 1.005
1.04 0.020 -.062 0.307 0.063 0.124 0.451 1.025
1.06 0.020 -.062 0.307 0.065 0.126 0.458 1.045
1.08 0.020 -.062 0.307 0.067 0.127 0.465 1.066
1.10 0.020 -.062 0.307 0.069 0.129 0.472 1.086

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.040 -.064 0.530 0.028 0.115 0.239 0.866
0.92 0.040 -.064 0.530 0.O30 0.117 0.251 0.906
0.94 0.040 -.064 0.530 0.032 0.118 0.264 0.926
0.96 0.040 -.064 0.530 0.034 0.120 0.276 0.946
0.98 0.040 -.064 0.530 0.036 0.121 0.288 0.966
1.00 0.040 -.064 0.530 0.039 0.123 0.299 0.986
1.02 0.040 -.064 0.530 0.041 0.124 0.310 1.006
1.04 0.040 -.064 0.530 0.043 0.126 0.321 1.026
1.06 0.040 -.064 0.530 0.045 0.128 0.331 1.046
1.08 0.040 -.064 0.530 0.047 0.129 0.341 1.066
1.10 0.040 -.064 0.530 0.049 0.131 0.351 1.086
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TABLE D-XV, cont.

DATA FOR PV INVERTER	
ORIGINAL PAGE 19

LIGHT LOAD CASE	
OF POOR QUALITY

SYS V DSO P DSO Q USG PF SYS P Bfc; Q SYS PF LOAD V
0.90 0.180 -.078 0.918 -.117 0.126 0.680 0.891
0.92 0.180 -.078 0.918 -.114 0.128 0.665 0.911
0.94 0.180 -.078 0.918 -.111 0.130 0.648 0.931
0.96 0.180 -.078 0.918 -.108 0.132 0.632 0.950
0.98 0.180 -.078 0.918 -.105 0.134 0.614 0.970
1.00 0.180 -.078 0.918 -.102 0.137 0.596 0.990
1.02 0.160 -.078 0.918 -.098 0.139 0.577 1.010
1.04 0.180 -.078 0.918 -.095 0.142 0.556 1.030
1.06 0.180 -.078 0.918 -.092 0.144 0.337 1.050
1.08 0.180 -.078 0.918 -.088 0.147 0.517 1.070
1.10 0.180 -.078 0.918 -.085 0.149 0.495 1.089

SYS V DSO F DS'O Q USG PF SYS P SYS Q SYS PF LOAD V
0.90 0.200 -.080 0.928 -.136 0.128 0.730 0.891
0.92 0.200 -.080 0.926 -.134 0.130 0.717 0.911
0.94 0.200 -.080 0.928 -.131 0.132 0.703 0.931
0.96 0.200 -.080 0.928 -.128 0.134 0.689 0.951
0.98 0.200 -.080 0.928 -.125 0.137 0.674 0.971
1.00 0.200 -.080 0.928 -.121 0.139 0.658 0.991
1.02 0.200 -.ciao 0.928 -.118 0.141 0.642 1.011
1.04 0.200 -.080 0.928 -.1i5 0.144 0.625 1.030
1.06 0.200 -.080 0.928 -.112 0.146 0.607 1.050
1.08 0.200 -.080 0.928 -.108 0.149 0.589 1.070
1.10 0.200 -.080 0.928 -.105 0.151 0.570 1.090

REALISTIC LOAD REPRESENTATION



TABLE B~XV» qoot"
! `
/ OMGMAL^^^'	 p
| DATA FOR PV INVERTER (jr	 ^jQ^'^^LIGHT LOAD CASE
^

SYS U
0^90

DSG P
0~060

Dee Q DBG PF SYS P SYS Q SYS PF	 LOAD V
r O^92 0 ^ 060

'~.866
-"066

0.673
0"673

0.008
0"010

0.117
0"1i9

()0.071
0"0B7

() 886
^ 0^94 0 ^ 080 -°068 0^673 0.012 0°120 0^103

0"986
0^926: 0"96

0"98
0"060 -°066 0"673 0"014 0"122 0"118 0,946^

1,00
0.080
0 .060

-^086
- " 866

0°673
0"873

0.017 0.123
0"125

0"133 0"967
^ 1"$2 0°060 -.066 0.673

0°019
0.021 0^127

0^147
0"161

0,9R7
1^0U7' 1.04 0,060 -°066 0"873 0.023 0"128 U"175 1"0271 " 06

1 " 08
0"060
0 " 060

-.066 0"673 0°Q25 0"134) ()"18e 1,047
^ 1"10 0.060

-°066
-"066

0.673
0.673

0.027 Q^131
0^133

0"2U1 1"0670.029 0^214 1"0B7

SYS V
0 " 90

DSG P DSG Q DGG PF SYS P SYS Q SYS PF LOAD V	
^

^ 0.92
0 ^ 0B0
0"080

-.0613 0"762 -^012 0°119 0.096 0-887	 |
0 ° 94 0"080

-"068
~.068

0"762
0.762

-.010 0.121
0^1^^2

g"(^79" ^O^907
0 ° 96 0 " 0[]O -.068

°
 0"^r62

~ O87
- ^̂ 005

^
0.124

(^^n61
0.044

0.927°927 |0.98 0 " 08{/ -"068 0°762 -. C103 O"125 0"027
0.947
0"967	

|
1 ^ 00
1.02

0 " O8O
0"B0^

~.068 0"762 -°001 0^127 0"O10 O°987
^ 1°04 0.080

-"068
~.868

0"762
0"762

0^O01 O"129
0^130

0"006 1"007
1 " 06 0.1:180 -"068 0"782

0°003
O,005 0^132

0"822
0.0"038

1^g27
1"0471.08 0.080 ~"068 0"762 0.007 0.133 0

132
 1°0671 ^ 10 0°^)80 -.068 0.762 0.0O9 0"135 0^068 1^OB7

i^
SYS V
0"90

DSG P
0. 1(.)r)

DSG Q DSG PF SYS P SYS Q SYS PF LOAD V

^ 0 92" ^0 1^O
-"070
~" 07^

0°819
'̂°819

-.031 0.121" Û 351 ^D B88~-~

^
0 94
0"96

0 100) ~^ 07 Û o" 8 ^9
^ "0^9
^°^^7

^ " 123
0^124

0 "	 «2J^̂
0^215

A.908
^ 0"q8

0"100
^,100

~"070 0°819 -"035 0"126 0"198
0 q28
Q"948^

1°O^ U"1Qg
-"070 0°819 ^023 0°127 0°^80 0°^96B^

1"U2 0^1UO
-"070 g"819 -°^^^i 0°129 0"163 0988	 \.

1 " O4
"

0 " 100
^.070
-°070

0"819
0^819

-"019 0 131 0-145 1,008	 'U
^ 1,06 0^100 ~,070 0°819

~^"017
~,815

0-132
0"134

0"128
0^111

1"028
1"04Bi^ 1°08 O,10 0 -"070 0°819 ~"013 0"i35 0"095 1^068	

|
1 " 10 8 " 10O -.070 0"819 ~^°cl11 0"137 0"078 1"()8B 

^
SYS V DSG P DSG Q OSG PF SYS P SYS Q SYS PF LOAD V Q.90 0,120 -"072 0.857 `"051 O 123 ^ 384 0 B8B|

^
0"92
0°94

0 " 120 -"072 0"857 -.049 O"125 0"368 0"908
0 " 96

0.120
0 " 120

~^072 0"B57 ~.047 0"126 0^351 O"928
0,98 0"120

-°072
-.072

0"857
0°857

-"045 Q"128
8"130

0"334
0"317

O"948
1,08 0,120 -.072 0"857

-^043
-°041 0"131 0°3W0

8"968
0"988p ot 1,02 0.120 ~"872 0"857 -"039 0"133 0"283 1^D881 " 04 0°120 ~°072 0"857 -.037 0"134 0"266 1"028 1 ° 06 0,120 ~"072 8°857 -^035 0^"136 U""249 1"04B1`^)8 0.r2O .-.072 0"857 ~"033 0"137 O°232 1"^681 " 10 m " ^0.17,o ~ ° O72 ^^"B57 ^"8^1 01^9 0216 1"0B8

^ 0~75
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'	 ORIGINAL PAGE 15
OF POOR QUALITY DATA FOR PV INVERTER

LIGHT LOAD CASE

TABLE B-XV, cont.

yl
SYS V DSO P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.140 -.074 0.884 -.071 0.125 0.494 0.869(1.92 0.140 -.074 0.884 -.069 0.127 0.479 0.9090.94 0.140 -.074 0.884 -.067 0.129 0.464 0.9290.96 0.140 -.074 0.884 -.065 0.130 0.449 0.9490.98 0.140 -.074 0.884 -.0633 0.132 0.433 0.969
1.00 0.140 -.074 0.884 -.061 0.133 0.417 0.989
1.02 0.140 -.074 0.884 -.059 0.135 0.402 1.009
1.04 0.140 -.074 0.884 -.057 0.136 0.386 1.0291.06 0.140 -.074 0.884 -.055 0.138 0.370 1.0491.08 0.140 -.074 0.884 -.0533 0.139 0.354 1.069J..	 14) 0.1.40 -.074 0.884 -.051 0.141 0.338 1.069

SYS V DSG P DSG Q DSG PF SYS P SYS G SYS PF LOAD V0.90 0.160 -.076 U. 903 -.091 0.128 0.562 0.890
0.92 0.160 -.076 0.903 -.089 0.129 0.569 0.910
0.94 0.160 -.076 0.903 -.087 0.131 0.556 0.930
0.96 0.160 -.076 0.903 -.085 0.132 0.542 0.950
0.98 0.160 -.076 0.903 -.083 0.1.334 0.528 0.970
1.00 0.160 -.076 0.903 -.081 0.135 0.514 0.990
1.02 0.160 -.076 0.90: -.079 c:c. 137 0.500 1.010
1.04 0.160 -.076 0.903 -.077 0.14+8 0.486 1.029
1.06 0.160 -.076 0.903 -.075 0.140 0.4.72 1.049
1.08 0.160 -.076 0.903 -.073 0.141 0.457 1.0691..	 i c:) 0. 160 -.076 0. 903 -.071 0.143 0. 442 1. 089

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.180 -.078 0.918 -.111 0.130 0.651 0.890
0.92 0.180 -.078 0.918 -.109 0.131 0.640 0.910
0.94 0.180 -.078 0.918 -.107 0.133 0.629 0.930
0.96 O.i80 -.078 0.918 -.105 0.134 0.617 0.950
0.98 0.180 -.078 0.918 -.1033 0.136 0.605 0.970
1.00 0.180 -.078 0.918 -.101 0.137 0.593 0.990
1.02 0.180 -.078 0.918 -.099 0. 139 0.581 1.010
1.04 0.180 -.078 0.918 -.097 0.140 0.568 1.030
1.06 0.180 -.078 0.918 -.()95 0.142 0.555 1.0501.08 0.180 -.078 0.918 -.093 0.144 0.542 1.0701.lc:c 0.180 -.078 0.918 -.091 0.145 0.529 1.090

SYS V DSG P DSG Q USG PF SYS P SYS Q SYS PF LOAD Vc:c.9C> 0.200 -.080 0.928 -.131 0.132 0.706 0.891
0.92 0.200 -.080 0.928 -.129 0.133 0.696 0.911
0.94 0.200 -.080 0.928 -.127 0.135 0.686 0.931
0.96 0.200 -.080 0.928 -.125 0.136 0.676 0.951
0.98 0.200 -.080 0.928 -.123 0.138 0.666 0.971
1.00 0.200 -.080 0.928 -.121 0.139 0.656 0.9911.02 0.200 -.080 0.926 -.119 0.141 0.645 1. c)
1.04 0.200 ;080 0.928 -.117 0.142 0.634 1.031
1.06 0.200 -.080 0.928 -.115 0.144 0.623 1.051
1.08 0.200 -.080 0.928 -.113 0.146 0.612 1.071
1.10 0.200 -.080 Q. 928 -.110 0.147 0.600 1.090 4
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TABLE B-XVI

M.'I

ORIGINAL PACC 19 a'
DATA FOR PV INVERTER OF POOR QUALITY

CONSTANT IMPEDANCE LOAD HEAVY LOAD CASE a.

SYS V DSG P DSG Q DSG PF SYS P SYS 0 SYS PF LOAD V

0.90 0.020 -.062 0.307 0.514 0.463 0.743 0.817

0.92 0.020 -.062 0.307 0.539 0.481 0.746 0.836

0.94 0.020 -.062 0.307 0.564 0.500 0.748 0.854

0.96 0.020 -.062 0.307 0.589 U.519 0.750 0.873

0.98 0.020 -.062 0.307 0.615 0.538 0.753 0.891

1.00 0.020 -.062 0.307 0.642 0.558 0.754 0.909

1.02 0.020 -.062 0.307 U. 669 0.578 0.756 0.92'8

1.04 0.020 -•.062 0.307 0.696 0.599 0.758 0.946

1.06 0.020 -.062 0.7,07 0.724 0.620 0.760 0.965

1.06 0.020 -.062 0.307 0.753 0.642 0.761 0.983

1.10 0.020 -.062 0.307 0.782 0.664 0.763 1.001

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.040 -.064 0.530 0.495 0.465 0.729 0.818

0.92 0.040 -.064 0.530 0.520 0.484 0.732 0.836 y

0.94 0.040 -.064 0.530 0.545 0.503 0.735 0.855

0.96 0.040 -.064 0.530 0.570 0.522 0.735 0.873
0.98 0.040 -.064 0.530 0.596 0.541 0.740 0.892

1.00 0.040 -.064 0.530 0.623 0.561 0.743 0.910
IIII

1.02 0.040 -.064 0.530 0.650 0.581 0.745 0.928

1.04 0.040 -.064 0.5''30 0.677 0.602 0.747 0.947
1.06 0.040 -.064 0.530 0.705 0,623 0.749 0.965

1.06 0.040 -.064 0.530 0.734 0.644 0.751 0.984

1.10 0.040 -.064 0.530 0.763 0.666 0.753 1.002

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V

0.90 0.060 -.066 0.673 0.476 0.466 0.713 0.819

0.92 0.060 -.066 0.673 0.501 0.487 0.717 0.837

0.94 0.060 -.066 0.67._+ 0.526 0.505 0.721 0.856

0.96 0.060 -.066 0.673 0.551 0.524 0.724 0.874

0.98 0.060 -.066 0.673 0.577 0.544 0.728 0.892

1.00 0.060 -.066 0.673 0.604 0.564 0.731 0.911

1.02 0.060 -.066 0.673 0.631 0.584 0.734 0.929

1.04 0.060 -.066 0.673 0.658 0.605 0.736 0.947 j

1.06 0.060 -.066 0.673 0.666 0.626 0.739 0.966

1.08 0.060 -.066 0.673 0.715 0.„4i 0.741 0.984
1.10 0.060 -.066 0.67.3+ 0.744 0.669 0.744 1.003

IJ

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
i

0.90 0.080 -.068 0.762 0.457 0.471 0.697 0.820

0.92 0.080 -.068 0.762 0.482 0.489 0.702 0.838

0.94 0.080 -.068 0.762 0.507 0.508 0.706 0.856

0.96 0.080 -.068 0.762 0.532 0.527 0.71Q 0.875

0.98 0.080 -.068 0.762 0.558 0.547 0.714 0.893
1.00 0.080 -.068 0.762 0.585 0.566 0.718 0.911

1.02 0.080 -.068 0.762 0.612 0.587 0.722 0.930

1.04 0.080 -.068 0.762 0.63+9 0.607 0.725 0.948

1.06 4). 080 -.068 0.762 0.667 0.626 0.728 0.966

1.08 0.080 -.068 0.762 0.696 0.650 0.731 0.985

1.10 0.080 -.066 0.762 0.725 0.672 0.734 1.003
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TABLE B-XVI, cont.

O

DATA FOR PV INVERTER	 ORIGINAL PAM 0
HEAVY LOAD CASE	 OF POOR QUALITY

4'^r SYS V DSO P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V0.90 0.100 -.070 0.819 0.438 0.474 0.679 0.820a 0.92 0.100 -.070 0.819 0.463 0.492 0.685 0.839
h

0.94 0.100 -.070 0.819 0.488 0.511 0.691 0.8570.96 0.100 -,070 0.819 Q.513 0.530 0.696 0.8750.98 0.100 -.070 0.819 0.539 0.549 0.700 0.8941.00 0.100 -.070 0.619 0.566 0.569 0.705 0.912

`
1.02 0.100 -.070 0.819 0.593 0.589 0.709 0.9301.04 0.100 -.070 0.819 0.620 0.610 0.713 0.9491.06 0,100 -.070 0,819 0.648 0.631 0,716 0.9671.08 0.100 -,070 0.819 0.677 0.653 0.720 0.985

G

1.10 0.100 -.070 0.819 0.706 0.675 0.723 1.004

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V4 0.90 0.120 -.072 0.857 0.419 0.476 0.661 0.8210.92 0.120 -.072 0.857 0.444 0.495 0,668 0.8390.94 0.120 -.072 0.857 0.469 0.513 0.674 0.8580.96 0.120 -.072 0.857 0.494 0,533 0.680 0.8760.98 0.120 -.072 0.857 0.520 0 .552 0.686 0.8941.00 0.120 -.072 0.857 0.547 x.572 0.691 0.9131.02 0.120 -,072 0.857 0.574 0,592 0.696 0.9311.04 0.120 -.072 0.857 0.601 0.613 0.700 0.9491.06 0,120 -.072 0.857 0.629 0.634 0.704 0.968
F 1.08 0.120 -,072 0.857 0.656 0.655 0.708 0.9861.10 0,120 -.072 0.857 0.687 0.677 0.712 1.004

f
SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V0.90 0.140 -.074 0.884 0.400 0.479 0.641 0.822F

`
0.92 0.140 -.074 0.884 0.425 0.498 0.649 0.8400.94 0.140 -.074 0,884 0.450 0,516 0.657 0.8590.96 0.140 -.074 0.884 0.475 0 .535 0.664 0.6770.96 0.140 -.074 0.884 0.501 0 .555 0.670 0.895

r 1.00 0.140 -.074 0.884 0.528 0.575 0.676 0.9131.02 0.140 -.074 0.884 0.555 0.595 0,682 0.9321.04 0.140 -.074 0.884 0.582 0.616 0.687 0.9501.06 O.1g0 -.074 0.884 0.610 0.637 0.692 0.9681.08 0.140 -.074 0.884 0.639 0.658 0.697 0.987a' 1.10 0,140 -.074 0.884 0.668 0.680 0.701 1.005
r
ri

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
y 0.90 U. 160 -,076 U,9U3 0.381 0.482 0.620 0.8230.92 0.160 -.076 0.903 0.406 0.500 0.630 0.8410.94 0.160 -.076 0.903 0.431 0.519 0.639 0.859'i 0.96 0.160 -.076 0.903 0.456 0.538 0.647 0.8780.98 0.160 -.076 0.903 0.482 0.558 0.654 0.896
pra 1.00 0,160 -.076 0.903• 0,509 0.577 0.661 0.9141.02 0.160 -.076 0.903 0.536 0.598 0.667 0.9321.04 0.160 -.076 0.903 0.563 0.618 0.673 0.951
as- 1.06 0.160 -.076 0.903 0.591 0.639 0.679 0.9691.08 0.160 -.076 0.903 0.620 0.661 0.684 0.9871.10 0.160 -.076 0.903 0.649 0.682 0.689 1.006
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%ABLE8~XVI	 omot	 ^'	 ^	 ORIGypyPL^^^^^,^^

^

^ 	 l^^I)^FOR PVINVE^C8^^	 OF^^(^Bi)'/^^^|^-
i	 BEAVY LOAD CASE)*	 ^ 

SYS V	 DSG P	 DSG Q	 DSG PF	 SYS P	 SYS Q 0 " 90	 0°18$	 ~^"078D 918	 0.362	 8	
^YS p^	 LOAD V

0 ° 92	 0.180	 -°078	 0"q18	 ^^3B7	
Q^48^	 0"599	 ^.8^3

0 " 94	 0°180	 .~ 078	 0"
	 °	 ~50^	 0^6^9	 O 842 

^	 O^96	 0°180	 _""878	
O"918	 O"412	 0"522	 0^619	 0,868	

'
^	 ^"^8	 O^180	 ^"^7B	

U"9l8	 0"437	 0"541	 0,629	 0"87BL	 1"0O	 O.180	 ~°^78	
0°918	 0"463	 0.560	 0°637	 rd-8977

"	 1°04	 0"180
^	 1^0^	 0.180	 _O78	

0"9z8	 0"489	 0"580	 0,645	 0"q15
^	 1.06	 0^1OO	 ^°"878	

^"9z8	 0"544	 0^621	 0"659	 O"q51
-.078	 0.918	

0"517	 0. 600	 0"652	 0"q33

^	 1^08	 0^180	 -078	
Q"^zu	 0"572	 $,64^	 ^°665	 0"q70

,	 91B	 ^	 ^	 1"006
1 ^ 10	 U	 180	 "078	

"^^1B^	 0°^O1^	 O^664	 & 671	 0^q88"	 ^,	 O.	 Cl.63g	 Cl.^6	 0"677	
"

^
^	 SYS V	 DSG P	 DSG Q	 DSG PF	 SYS p	 SYS 80 ^ 90	 0"200	 ~~°0800°938	 0 343	 0 487	

SYS PF	 LOAD V
^	 0"92	 0°200	 ^,080	 0,928	 0"368	 U^506	

0°576	 0°824
^ 0 " 94	 0,20O	 -"0B0	 0^928	 0.393	 0"524	

0"588	 0"842 
0. 96	 0°200	 ~°080	 0.928	 O^418	 0^543	

V^599	 0^B6^	 ]
0. 98	 0"200	 -"080	 A°92G	 0"444	 0"

	 0"618	 O°879 
1 " 00	 0.280	 -.080	 0 "q^8	 Q^

	 "563	 0"619	 0^B97
1 " 82	 0^^0O	 ~088	 0,47O	 0"583	 O.628	 0,915	 |
1 " 04	 0 200	 ^0^0	

g"q2B	 0-49B	 0"6U3	 0. 636	 0 q34 

1 O8	 0 20^	
"080	 0.928	 0"553	 0 645	 0 651	 Q"

1 ° 06	 0
°	

""20U	 ^^°°928	 0°525	 0"624	 0,644	 ^"q5^

110	 0200	
°080	 0"928	 0°582	 O°666	 0°658	

^"970"	 ^	 -"08Q	 U°928	 ^"611	 ^"^688	 0"~664	
1"969

°W07

~
REALISTIC LOAD REPRESENTATION

'	 !
SYS V	 DSG P
0 " 90	 0°020	 -.062	 0

DSG Q	 DSG PF	 SYS P/	
307	 0 ^84
	 SYS Q	 SYS PF	 LOAD V0 ^ 92	 0°020	 -"062	 O "307	 0"603	

8"515	 0"750	 0°8U6O " 94	 0"U20	 ^"062	 0
^	

"^^7	 0"623	
0-5--so	 0"752	 0.825

'	 0"9B	 ^"82O	 - 062	 0"
	 °	 8"558	 0.754	 0.864

0 ° 96	 Q^020	 ~°062	 0"3U7	 0"64^^	
0"544	 0"753	 0.845

^	 1.00	 0 O2^	
^	 °307	 0"662	 C1.573 	 0"756	

°
^	 ^°062	 Q 3V7	 0 681	

"	 0°B84^	 1"02	 0^028	 ^^^62	 O"3O7	 ^"701	
Q"586	 0,757	 0.904^	 1"04	 0°820	 -.062	 0"3O7	 g"721
	 0"603	 0"758	 0^923l ° 86	 0^020	 -,062	 0"307	 0"° 741
	 0"618	 0"759	 0,94S1 ° 08	 (}"02V	 '-"U62	 O°307	 0	

0°633	 0"768	 U 9621"1Y	 0"020	 -"062	 0°"307	
0"761	 0°648	 0"762	 0"982	

|
^
	

"7D1	 0^68^	 ^°762	 1^001

SYS V	 DSG P	 DSG Q	 DSG PF	 SYS P

^ 	 |

0"90	 0"040	 ~^064	 0 530	 0 565	 SYS Q	 SYS PF	 LOAD V	 |
V " 92	 0°^40	 -°064	 O^	 "5^8	 0"584	

0"518	 0"737	 8"8070°94	 g°O40	 ^.O64	 0"530	 0°60^ ^	
0°532	 0°739	 0°8260 " 040	 -V"96	 064	 O"53V	 O"623	 U

"	 ^	 0°547	 0.741	 0.0 98	 Q 040	
°	

581	 0^743 
846°	 "	 -°O64	 0 530	 0 642	

"	 "	 O^8651°00	 0"040	 ~"064	 Q"53O	 0"662	
0"^76	 0"74^	 0"8851"02	 0°O40	 -,064	 0°5SO 

	 "	 0"590	 0"746	 0 9041°04	 Q,Q4O	 ~,064	 O""^38	
0"682	 0"605	 0"748	 0°q241°U6	 0.040	 ^,064	 0"530	
U"702	 0°628	 0°749	 0"q^3 1,88	 g.04Q	 ^ O64	 O	
0"722*	 Q"635	

CI-752
7^1	 0"9631.14	 0"040	 ~"064	

0°530	 0"742	 0"u50	 0 	 0"g82°	 ,oau	 0^762	 0°666	 0'75J	 1"0O2
B~T9
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TABLE B-XVI, cont.

DATA FOR Fry INVERTER	
ORIGINAL PAGE IS

HEAVY LOAD CASE	 OF POOR QUALITY

'
SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V0.901 0.060 -.066 0.673 0.546 0.520 0.724 0.808f' 0.92 0.060 -.066 0.673 0.565 0.535 0.726 0.8270.94 0.060 -.066 0.673 0.584 0.549 0,729 0,847} 0.96 0.060 -.066 0.673 0.604 0.564 0,731 0.8660.98 0.060 -.066 0.673 0.623 0.578 0.733 0,886' 1.00 0.060 -.066 0.673 0.643 0.593 0.735 0.9051.02 0.060 -.066 0.673 0.662 0.608 0.737 0,9251.04 0.060 -.066 0.673 0.682 0.623 0.739 0.9441.06 0,060 -.066 0.673 0.702 0,638 0.740 0.964u 1.08 0.060 -.066 0.673 0.723 0.653 0.742 0.9831.10 0.060 -.066 0.673 0.743 0.668 0.744 1.003

4.

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V0.90 0.080 -.069 0.762 0.527 0.523 0.710 0.8060.92 0.080 -.068 0.762 0.546 0.537 0.713 0.828
0.94 0.080 -.068 0.762 01,565 0.552 0.715 0.647

E
0.96 0.080 -.068 0.762 0.584 0,566 0.718 0.867r 0,98 0.080 -.068 0.762 0.604 0.581 0.721 0.8861.00 0.080 -.068 0.762 0.623 0,596 0.723 0.9061.02 0.0180 -.068 0.762 0.643 0.610 0.725 0.9251.04 0.080 -.068 0.762 0.663 0.625 0.728 0.945

e 1.016 0.0180 -.068 0.762 0.683 0.640 0.730 0.9641.08 0.060 -.068 0.762 0,703 0.655 0.732 0.9841.101 0.080 -.068 0.762 0.724 0.671 0.733 1.003
C

SYS V DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD Vf 0.90 0.100 -.070 0.819 0.508 0.526 0.695 0.8090.92 O.i00 -.070 0.819 0.527 0.540 0.698 0.8290.94 0.100 -.070 0.819 0.546 0.554 0.702 0.8480.96 0.100 -.070 0.819 0.565 0.569 0.705 0.8680,98 0.100 -.070 0.819 0.585 0.583 0.708 0.8871.00 0.100 -.070 0.819 0.604 0.598 0.711 0.9071.02 0.1010 -.070 0.819 0.624 0.613 0.713 0.9261.04 0.100 -.070 0.619 0.644 0.625 0.716 0.9461.016 0.100 -.0170 0.819 0.664 0.643 0.718 0.9651.08 0.100 -.070 0.819 0.684 0.658 0.721 0.9851.10 0.1001 -.070 0.619 0.704 0.673 0.723 1.004
rt,
t

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V0.901 0.120 -.072 01.857 0.488 0.526 0.679 0,8100.92 0.120 -.072 0.857 01.507 0.543 0.683 0.829_ 0.94 0.120 -.072 0.857 0.527 0.557 0.687 0.849'. 0.96 0.120 -.072 0.857 0.546 0.571 0.691 0.8680.98 0.120 -.072 0.857 0.565 0.566 0.694 0.888''. 1.00 0.120 -.072 0.857 0.585 0.601 0.698 0.9071.02 0.120 -.0172 0.857 0.605 0.615 0.70L 0.9271.04 0.120 -.072 0.857 0.625 0.630 0.704 0.9461,06 0.120 -.072 0.857 0.645 0.645 0.707 0.9661.08 0.120 -.072 0.857 0.665 0.660 0.709 0.9851.10 01,120 -.072 0.857 0.685 0.676 0.712 1.005
fbl
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TABLE B-XVI, cont.

ORIGINAL PAGL 1^	 DATA FOR PV INVERTER

OF POOR QUALITY	
HEAVY LOAD CASE

N- SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.91' 0.140 -.074 0.884 0.469 0.531 0.662 0.811
0.92 0.140 -.074 0.884 0.488 0.545 0.667 0.830
0.94 0.140 -.074 0.884 0.507 0.559 0.672 0.850
0.96 0.140 -.074 0.884 0.527 0.574 0.676 0.869
0.98 0.140 -.074 0.864 0.546 0.589 0.660 0.889
1.00 0.140 -.074 0.884 0.566 0.603 0.684 0.908
1.02 0.140.E -.074 0.884 0.585 0.616 0.688 0.927
1.04 0.140 -.074 0.884 0.605 0.633 0.691 0.947
1.06 0.140 -.074 0.884 0.625 0.648 0.694 0.966
1.08 0.140 -.074 0.884 0.645 0.663 0.697 0.986
1.10 0.140 -.074 0.884 0.660 0.678 0.700 1.005

SYS V DSG P DSG Q DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.160 -.076 0.903 0.450 0.533 0.645 0.812
0.92 0.160 -.076 0.903 0.469 0.548 0.650 0.831
0.94 0.160 -.076 0.903 0.488 0.562 0.656 0.850
0.96 0.160 -.076 0.903 0.507 0.577 0.661 0.870
0.98 0.160 -.076 0.903 0.527 0.591 0.665 0.669
1.00 0.160 -.076 0.903 0.546 0.606 0.670 0.909
1.02 0.160 -.076 0.903 0.566 0.621 0.674 0.928
1.04 0.160 -.076 0.903 0.586 0.635 0.678 0.948
1.06 0.160 -.076 0.903 0.606 0.650 0.682 0.967
1.08 0.160 -.076 0.903 0.626 0.666 0.685 0.987
1.10 0.160 -.076 0.903 0.646 0.681 0.689 1.006

SYS V DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V
0.90 0.180 -.078 0.918 0.431 0.536 0.626 0.613
0.92 0.180 -.078 0.918 0.450 0. 550 0.633 0.832
0.94 0.180 -.078 0.918 0.469 0 .565 0.639 0.851
0.96 0.180 -.078 0.918 0.488 0.579 0.644 0.871
0.98 0.180 -.078 0.918 0.508 0.594 0.650 0.890
1.00 0.180 -.078 0.918 0.527 0.608 0.655 0.909
1.02 0.180 -.078 0.916 0.547 0.623 0.660 0.929
1.04 0.180 -.078 0.918 0.567 0.638 0.664 0.948
1.06 0.180 -.07B 0.916 0.587 0.653 0.668 0.966
1.08 0.180 -.078 0.918 0.607 0.668 0.672 0.987
1.10 0.180 -.078 0.918 0.627 0.683 0.676 1.007

SYS V DSG P USG 0 DSG PF SYS P SYS Q SYS PF LOAD V
0.90 0.2001 -.060 0.928 0.412 0.539 0.607 0.813
0.92 0.200 -.080 0.928 0.430 0.553 0.614 0.833
0.94 0.200 -.080.E 0.928 0.450 0.567 0.621 0.852
0.96 0.200 -.080 0.928 0.469 0.582 0.628 0.871
0.98 0.200 -.080 0.928 0.488 0.596 0.634 0.8911.00 0.200 -.080 0.928 0.508 0.611 0.6'•39 0.9101.02 0.200 -.080 0.928 0.528 0.626 0.645 0.9301.04 0.200 -.080 0.928 0.547 0.641 0.650 0.949
1.06 0.200 -.080 0.928 0.567 0.655 0.654 0.968
1.08 0.200 -.080 0.928 0.587 0.671 0.659 0.988
1.10 0.200 -.080 0.928 0.606 0.686 0.66''3 1.007
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TABLE XVII

DATA FOR EASE CASE
LIGHT LOAD

ORIGINAL PAGE i'J

OF POOR QUALITY

C:01<.iTAN'r IMPI-DANCE LOAD

8Y'3 V 5YS P SYS 0. SYS PI' LOAD V
?.90 0.064• 0.048 0.80:) 0.692
0. 92 0. ci66 o.050 0.800 0. 9 1. 2
0.94 0.069 0.052 0.800 0.9:11
0.96 0.072 0.054 0.600 0.951

0.98 0.075 0.057 0.800 0.971
1.00 0.079 0.059 0.8010 0.991
1.02 0.0132 0.061 0.800 1. 011
1.04 0.085 0.064 0.800 1.030
1.065 0„(:1138 0. 066 0.130t:J 1.0,"50
1.08 0.oc?2 0.069 0.800 1.070
1. 1.0 0.09`3 0.071 0.800 1. 090

REALISTIC LOAD REPRESENTATION

8Yla V SYS P SYS C! SYS PP LOAD V
0.90 0.069 0.052 0.800 Ct.891
0.92 0.071 0.05:3 0.800 0.911
0.94 0.073 0.033 0.800 0.93J.
0.96 0.075 0.056 0.800 0.951
0.98 0.077 0.038 0.800 0.971
1. ,, Ci0 0.079 0. 059 0. 800 0.991
1.02 0.081 0.061 0.800 1.011
1...04 0.08-; 0„062 0.800 1.031
1.06 0„085 0.064 0.800 1.031
1. 011 0.087 0.066 0.800 1.071
1.10 0.090 0.067 0.800 1.091
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TABLE B-XVII

DATA FOR BASE CASE
BEAVY LOAD

ORIGINAL VA = b0

OF POOFL QUALITY

UUNS'Uilfl I1IFF1UML:Ec L,.QAD

SYS V SYS P .NS Q SYS PF LOAD V
1).90 (),.511.'2 0.407 0.800 ().1323,
0.92 ().'",66 n. 4:25 0.800 0.841
0. 94 C). 591 0. 44,35 0. 1-100 0. 1360
0.96 ().617 0.462 0.800 0.878
1). 98 0.643 0.482 0.800 0.896
1.00 0.669 0.502 0.800 0.915
.1.0'.". 0.696 0.522 0.1300 0.9S
1 . U4 0.724 0. Sal<; 0.80C) 0.951
1.06 0.75"? 0.:364 0.800 0.969
1.08 0.780 0.585 0.800 0„988
1.!L0 0„810 0.607 0„800 1.006

REALISTIC I.-DAD REPRESENTATION

SYS V SYS p SYS G! SYS PF LOAD V
0.90 0.610 0.458 0.800 0„81.2
0.92 0. 629 0.472 0. 800 o.(931
0.94 U. 648 0.486 0.800 0.851
(). 96 0.668 0.501 ().8C1C1 0.1370
0.98 0.687 11.515 0. 800 0.890
1. 00 0.707 1:1. 530 0. (300 0.909
].. 02 0.726 0.545 0.800 0.929
11.04 0.746 0.560 0.SOO 0.948
1.06 0.766 0.575 0.800 0.967
1. 08 0.786 0. 2590 0. 800 0.987
1.10 0.807 0.605 0.800 1.006

t
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APPENDIX C

NEW EXCITER CONTROL

The case 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 like to be reasonably sure that the power factor does

not deteriorate and fluctuate when DSGs are interconnected into their
systems. This case, therefore, was studied and the results are
tabulated here. Graphics. results are given at the end of Section 3.

The control strategy uses a simple exciter feedback that is obtained by
amplifying an error signal which represents the difference between the
output reactive power and a reference reactive 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 arotangent of the ratio of reactive power to real
power, the reference reactive power may be sot equal to tan 6 times
power input to the machine or to tan 6 times power output of the DSG,
where 6 is the desired power factor angle. Therefore, these two
strategies give excitation equations

V1 = KG (tan 6. PG-MSG)
or	 V1 = KG (tan 6. PDSG-OSG),
Where	 KG is a gain constant.

The solution method proceeds as follows (Figure 2-4).

-	 To simulate voltage control on the distribution system, VS is

varied from 0.9 to 1.1 Pa.

- 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.

- VP is taken as reference for the calculations. The magnitude
is not known at the outset, so a guess is made to provide an

initial starting point. The value of VT is then determined
iteratively.

-	 A value is guessed for the angle P of VS

-	 Knowing the load (terminal) characteristics and VP,
IL is calculated

-	 Knowing VT and VS, IS is calculated

-	 Knowing 1L and IS, I1 is calculated

C-1 6
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Knowing VT, 2a, and Il, V1 is calculated

Using VT and I1, PDSG and QDSG are calculated

Knowing PG or PDSG and QDSG, excitation voltage V1
is calculated

With the error between the two values of magnitude
of V1, the value of VT is updated

With the updated value of VT, all earlier
calculations are repeated until the convergence
criterion on voltage error is satisfied

With known phasors VT and V1, I1 is calculated to find

error between the input and calculated values of real
power.

Based on this error, the angle P is updated.

With the updated value of A and previously obtained value of
Vr, earlier stops are repeated until the convergence criterion
on real power error is satisfied.

Once complete convergence is obtained, the required
performance parameters are calculated and printed.

The solution method is shown in diagram form in Figure C-1.

Table 0-I presents the program listing, aad Table C-II the data obtained

by running the program.
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SET INPUT POWER
SET Vs

GUESS SYSTEM VOLTAGE ANGLE
GUESS 7ERMM. VOLTAGE

SOLVE SYSTEM FOR
VOLTAGE 00NDrrIONS

SOLVE SYSTEM FOR
Pmm BALANCE, TO
M, ANGLE

CALCULATE
AND PRIM
RESULTS

.-II

Figure C-1. Method Used to Solve the Distribution System/Synchronous
Machine Problem with the Exciter Controlled for Constant
Power Factor
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ORIGINAL PAGE 19

OF POOR QUALITY

TARLF C-I

LISPING OF C(NSI'ANf (WDIAG) PAYER FACTOR PROGRAM

10 REM KIRKI1A111 0 S FAMOUS VOLTAGE STUDY	 PILE B:CONPF-THREE
20 REM
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENERATOR"
40 L-PRINT	 CONSTANT POWER FACTOR CONTROL"
50 REM
60 REM INITIALIZE
70 REM
80 RS	 04
90 XS	 - .1
100 RI=.1
Iii) X1=1
120 KG = 100
1:0 DREF	 = p
140 VLIMIT = 2.5
150 KV	 -.0021
160 KB = - 5
170 REM	 SET THE LOAD TYPE (1 FOR RESISTIVE, 2 FOR MORE REALISM)
180 FOR LTYPE = 1 TO 4 STEP 1
190 IF(LTYPE=1) GOTO 225
191 IF LTYPE = 3 GOTO 225
200 LPRINT
210 LPRINT "(REALISTIC LOAD REPRESENTATION"
220 GOTO 250
225 LPRINT
226 LPRINT
230 LPRINT "CONSTANT IMPEDANCE LOAD"
240 REM SET THE INPUT POWER
250 FOR PG = .02 TO .2 STEP .02
260 LPRINT
270 LPRINT
280 LPRINT "SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOF
V EXCITN"
290 REM GUESS THE VALUE OF VT
300 VT = .86
310 REM GUESS THE ANGLE OF VS... CALL IT BETA
320 BETA = 1.447
330 REM SET THE SYSTEM VOLTAGE
340 FOR VS = .9 TO 1.1 STEP .02
350 VITER = 0
3360 DITER = 0
370 DITER	 DITER +1
380 VITER = VITER +1
390 REMCALCULATE IL
400 REIN CHECK THE LOAD TYPE
410 IF (LTYPE = 1) GOTO 440
415 IF LTYPE = 3 SOTO 440
420 N	 = 1.3
430 GOTO 450
440 N	 =
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ORIGINAL PAGE 19
OF POOR QUALITY

TAMP, costa.

LISPING Or CQJSPANP (LEADING) PMER rACPOR PROGRAM

ILR - .08)(•(VT"(N-1))
ILI = —.06*(VT"(N-1))
IF LTYPE = 3 GOTO 464
IF LTYPE = 4 SOTO 464
SOTO 470
ILR	 = 10*ILR
ILI	 - 10*ILI
REM WITH IL, VS AND BETA FIND I2
VSR	 - VS*COS(BETA*3.14159/160)
VSI	 = VS*SIN(BETA*3.14159/180)
A	 = VSR—VT
B	 = VSI.
C	 = RS
D = XS
GOSUB 1330
I2R - DIVR
I2I	 = DIVI
REM
REM NOW FIND I1
REM
IIR	 = ILR — I2R
III	 = ILI — I2I
REM NOW WE GOT A VALUE FOR I1. CALCULATE THE VALUE OF VI
A	 = I1R
B	 = III
C	 = R1
D	 = XI
GOSUB 1330
ZiDRR = PRODR
Z1DRI = PRODI
V1R = VT + ZiDRR
ViI	 = Z1DRI
REM
REM NOW WE GOT THE VALUE OF V1:
REM
MAGVI= SQR(ViR"2 + VII^2)
REM
REM COMPARE THE CALCULATED VALUE
CONTROLLER EQUATION, AND CORRECT
REM
A	 = VT
B	 0
C	 = I1R
D	 = —I1I
GOSUB 1330
DSGP = PRODR
DSGQ = PRODI
PRINT DS60,MAGV1
PRINT "TERMINAL VOLTS ":VT;" AT
REM USE THE CONTROLLER EQUATION
OREF = .75*DSGP
V1	 = KG*(QREF—DSGQ)

OF DSGO WITH THE VALUE NEEDED ACCORDING TO
IF NEEDED

VOLTAGE ITERATION " NITER
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ORIGINAL PAGE 10
OF POOR QUALITY

TABLE C—I contd.

LISPING OR CCNSPANP (LEADING) POWER PACrOR PROGRAM
910 VERR = MAGVi — V1
920 PRI14T "LINE 920	 VERR IS ";VERR
930 IF AGS(VERR)<.0001 SOTO 980
940 VT = VT + KV*VERR
945 PRINT "LINE 945	 UPDATED VT IS ";VT
950 SOTO 360
960 REM
970 REM FALL THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT
980 REM TIME TO CALCULATE THE POWER BALANCE
990 PRINT "STARTING POWER BALANCE"
1000 A	 = V1R
1.010 B	 = V1I
1020 C	 = I1R
iO30 D	 = —III
1040 GOSUB 1330
1050 PIN = PRODR
1060 PERR = PG — PIN
1070 PRINT "LINE 1070	 PERR IS ";PERK
1060 IF ABS(PERR) 4;.0001 SOTO 1130
1090 BETA = BETA + KB*PERR
1100 SOTO 370
1110 REM FIRST THE DSG POWER FACTOR
11'20 REM
1130 DSGPF = COS(ATN(DSGQ/DSGP))
1140 PRINT "LINE 1140 	 BETA IS ";BETA
1150 REM
1160 REM	 NOW FOR THE SYSTEM PARAMETERS
1170 A	 = VT
1.180 B	 = 0
1190 C	 = 12R
1200 D	 = —I21
1210 GOSUB 1330
1220 SYSP = PRODR
1230 SYSQ = PRODI
1.240 SYSPF	 = COS(ATN(SYSQ/SYSP))
1230 LPRINT USING	 .##	 ";VS;
1260 LPRINT' USING 	 ";PG;DSGP;DSGQ;DSGPF;SYSP;SYSQ;SYSPF;VT;V1
1270 NEXT VS
1280 VT	 = .86
1290 NEXT PS
1300 NEXT LTYPE
1310 STOP
1320 REM
1330 REM	 SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS
1340 PRODR = A * C — G * D
1350 PRODI = B * C + A * D
13360 DEN = C*C +D*D
13370 DIVFLG = 0
1380 IF (DEN=O>GOTO 1420
1390 DIVR = (A*C + B*D)/DEN
1400 DIVI = (B*C — A*D)/DEN
1410 RETURN
1420 DIVFLG = 1
14:30 REM CHECK; DIVFLG ON DIVISIONS BY VARIABLES ONLY
1440 RETURN
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TABLE C-II
DATA rOR C(NSTANT (ISMINC) POM rACPOIt CASE ORIGINAL PACC In

OF POOR QUALITYCONSTANT IMPEDANCE LOAD
1.

.............. .
AL I

Elh
A

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.020 0.020 0.006 0.958 0.044 0.042 0.723 0.893 0.902
0.92 0.020 0.020 0.006 0.961 0.047 0.044 0.726 0.913 0.922
0.94 0.020 0.020 0.005 0.964 0.050 0.047 0.729 0.933 0.941
0.96 0.020 0.020 0.005 0.966 0.053 0.049 0.731 0.953 0.961
0.98 0.020 0.020 0.005 0.968 0.056 0.052 0.734 0.972 0.980
1.00 0.020 0.020 0.005 0.970 0.059 0.054 0.736 0.992 1.000
1.02 0.020 0.020 0.005 0.972 0.062 0.057 0.738 1.012 1.019
1.04 0.020 0.020 0.005 0.975 0.065 0.059 0.740 1.032 1.038
1.06 0.020 0.020 0.0()4 0.977 0.069 0.062 0.742 1.051 1.058
1.08 0.020 0.020 0.004 0.979 0.072 0.065 0.743 1.071 1.077
1.i0 0.020 0.020 0.004 0.980 0.075 0.067 0.745 1.091 1.097

SYS V P	 1 1\1 DSG P DSG G DSG PF SYS P SYS a SYS PF LOAD V EXCITN
0.90 0.040 0.040 0.021 0.888 0.x124 0.028 0.66.7+ 0.896 0.924
0.92 0.040 0.040 0.020 0.890 0.027 0.030 0.674 0.916 0.943
0.94 0.040 0.040 0.020 0.891 0.030 0.032 0.683 (.935 0.962
0.96 0.040 0.040 0.020 0.893 0.033 0.035 0.691 0.955 0.981
0.98 0.040 0.040 0.020 0.895 0.036 0.037 0.698 0.975 1.000
1.00 0.040 0.040 0.020 0.897 0.039 0.040 0.704 0.994 1.019
1.02 0.040 0.040 0.019 0.E198 0.043 0.042 0.709 1.014 1.038
1.04 0.040 0.040 0.019 0.900 0.046 0.045 0.714 1.034 1.057
1.06 0.040 0.040 0.019 0.901 0.049 0.047 0.718 1.054 1.076
1.08 0.040 0.040 0.019 0.903 0.052 0.050 0.722 1.073 1.095
1.10 0.040 0.040 a. 019 0.905 0.x.156 0.053 u.725 1.093 1.114

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS R SYS PF LOAD V EXCITN
0.90 0.060 0.059 0.035 0.861 0.005 0.013 0.361 0.898 0.946
0.92 0.060 0.059 0.035 0.862 11,008 0.016 0.454 0.918 0.964
0.94 0.060 0.060 0.035 0.863 0.011 1).0Is 0.516 0.938 0.983
0.96 0.060 0.060 0.035 0.864 0.014 0.020 0.560 0.957 1.001
0.98 0.060 0.059 0.034 0.866 0.017 0.023 0.594 0.977 1.0120
1.00 0.060 0.059 0.034 0.667 0.020 0.025 0.619 0.997 1.038
1.02 0.060 0.059 0.034 0.868 0.023 0.028 0.638 1.016 1.057
1.04 0.060 0.060 0.034 0.869 0.026 0.030 0.653. 1.036 1.076
1.06 0.060 0.060 Q. 0:714 0.870 0.030 0.033 0.666 .1:056 1.095
1.08 0.060 0.060 0.034 0.871 0.033 0.036 0.677 1.075 1.113
1.10 0.060 0.060 0.033 0.872 0.036 0.039 0.686 1.095 1.132

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.080 0.079 0.049 0.847 -.014 -.O()l 0.998 0.901 0.968
0.92 0.080 0.079 0.049 0.848 -.011 0.001 0.992 0.920 0.986
0.94 0.080 0.079 0.049 0.849 -.008 0.004 0.914 0.940 1.004•
0.96 0.080 0.079 0.049 0.850 -.005 0.006 0.655 0.960 1.022
0.98 0.080 O.o79 0.049 0.850 -.002 0.009 0.261 0.979 1.040

141.00 0.080 0.079 0.049 0.851 0.001 0.011 0.068 0.999 1.058
gi.02 0.080 0.079 0.049 0.852 0.004 0.014 0.268 1.019 1.077
14 1.04 0.080 0.079 0.049 0.853 0.007 0.016 0.395 1.038 1.095
.1.06 0.080 0.079 0.048 0.854 0.010 0.019 0.480 1.056 1.113
+ 1..08 0.080 0.079 0.048 0.855 0.014 0.022 0.536 1.077 1.132 .
I. i0 0.080 0.079 0.048 0.856 0.017 0.024 0.573 1.097 1.150

L
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TABLE C-II contd.
DATA FOR CONSTANT (LEADING) POWER FACTOR CASE ORIGINAL PAGi: r,.rf

OF POOR QUALITY
SYS PF LOAD V EXCITNSYS V P IN DSG P DSG 0 DSG PF SYS P SYS Q

0.90 0.100 0.098 0.064 0,839 -.033 -.015

t
0.92 0.100 0.098 0.064 0.839 -.030 -.013

' 0.94 0.100 0.01•)0 0.064 0.640 -.0'27 -.010
0.96 0.100 0.095 0.063 0.641 -.024 -.008

' 0.98 0.100 0.099 0.063 O.B41 -.021 -.005
1.00 0.100 0.099 0.063 0.842 -.018 -.003

` 1.02 0.100 0.099 0.063 0.84 .33 -.015 -.001
1.04 0.100 0.099 0.063 0.843 -.012 0.002
1.06 0.100 0.099 0.063 0.844 -.009 0.005
1.08 0.100 0.099 0.063 0.845 -.006 0.007
1.10 0.100 0.099 0.062 0.845 -.002 0.010

0.912 0.903 0.990
0.923 0.923 1.007
0.936 0.942 1.025
0.951 0.962 1.043
0.969 0.981 1.060
0.986 1.001 1.078
0.999 1.021 1.o96
0.986 1.040 1.114
0.883 1.060 1.132
0.615 1.080 1.150
0.208 1.099 1.168

J

i

s SYS V P IN DSG P DSG G DSG PF SYS P SYS 0. SYS PF LOAD V EXCITNt C).90 0.120 0.117 0.078 0.833 -.052 -.029 0.874 0.905 1.012
0.92 0.120 0.118 0.076 O.B34 -.049 -.027 0.879 0.925 1.029
0.94 0.120 0.118 0.078 0.834 -.046 -.024• 0.886 0.945 1.046
0.96 0.120 0.118 0.078 0.835 -.04 .33 -.022 0.893 0.964 1.063
0.98 0.120 0.118 0.078 q .835 -.041 -.020 0.900 0.984 1.080
1.00 0.120 0.118 0.076 0.836 -.038 --.017 0.909 1.003 1.098

s 1.02 0.120 0.118 0.077 0.836 -.034 -.015 0.920 1.02'•3 1.115
3 1.04 0.120 0.118 0.077 0.837 -.031 -.012 0.933 1.042 1.133
a 1.06 0.120 0.118 0.077 0.837 -.028 -.010 0.947 1.062 1.151
4 1.08 0.120 0.118 0.077 0.838 -.025 -.007 0.964 1.082 1.168

1.10 0.120 0.118 0.077 0.839 -.021 -.004 0.981 1.101 1.186a
io
F SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0. SYS PF LOAD V EXCITN

0.90 0.140 0.137 0.092 0.829 -.071 -.043 0.856 0.908 1.034
t 0.92 0.140 0.137 0.092 0.830 -.068 -.041 0.859 0.927 1.050
? 0.94 0.140 0.137 0.092 0.830 -.065 -.038 0.863 0.947 1.067

0.96 0.140 0.137 0.092 0.830 -.062 -.036 0.666 0.966 1.084
0.98 0.140 0.137 0.092 0.831 -.059 -.034 0.871 0.986 1.101

4 1.00 0.140 0.137 0.092 0.831 -.057 --.031 0.875 1.005 1.118
1.02 0.140 0.137 0.092 0.632 -.053 -.029 0.881 1.025 1.135

t 1.04 0.140 0.137 0.092 0.832 -.050 -.026 0.887 1.044 1.152
1.06 0.140 0.138 0.092 0.833 -.047 -.024 0.894 1.064 1.169
1.08 0.140 0.1'•38 0.091 0.833 -.044 -.021 01.902 1.084 1.186
1.10 0.140 0.138 0.091 0.834 -.040 -.018 0.911 1.103 1.204

i

SYS V P IN DSG P DSG G1 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
h 0.90 0.160 0.156 0.106 0.826 -.089 -.057 0.845 4.910 1.056

0.92 0.160 0.156 0.106 0.826 -.OB7 -.054 0.847 0.9'•30 1.072
0.94 0.160 0.156 0.106 0.827 -.OB4 -.052 0.850 0.949 1.088
0.96 0.160 0.156 0.106 0.827 -.081 -.050 0.852 0.968 1.104
0.98 0.160 0.156 0.106 O.B28 -.078 -.048 0.855 0.988 1.121

-; 1.00 0.160 0.157 0.106 0.828 -.075 -.045 0.858 1.007 1.138
1.02 0:";far,) 0.157 0.106 0.828 -.072 -.043 0.861 1.027 1.154
1.04 0.160 0.157 0.106 0.829 -.069 -.040 0.865 1.046 1.171
1.06 4.160 0.157 0.106 0.829 -.466 -.038 0.869 1.066 1.18B
1.08 0.1601 0.157 U.106 0.830 -.063 -.035 0.873 1.086 1.205
1.10 0.160 0.157 0.106 0.830 -.059 -.032 0.878 1.105 1.222
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TABLE C-II contd. 	 ORIGINAL PAG-4 101

DATA FOR CONSfANC (LEMING) PCF= FACTOR CASE OF POOR QUALITY,

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.1GO 0.17.°, 0.120 0.824 -.108 -.070 (7.838 0.912 1.078
0.92 0.180 0.175 0.120 0.824 -.105 -.068 0.840 0.932 1.094
0.94 0.180 0.175 0.120 0.824 -.10 .33 -.066 0.842 0.951 1.109
0.96 0.180 0.175 0.120 0.825 -.100 -.064 0.843 0.971 1.125
0.98 0.1130 0.175 0.120 0.825 -.097 -.061 0.845 0.990 1.141
1.00 0.180 0.176 0.120 0.825 -.094 -.059 0.847 1.010 1.157
1.02 0.180 0.176 0.120 0.826 -.091 -.056 0.850 1.029 1.173
1.04 0.180 0.176 0.120 0.826 -.088 -.054 0.852 1.048 1.190
1.06 0.180 0.176 0.120 0.826 -.085 -.051 0.855 1.068 1.206
1.08 0.180 0.176 0.120 0.827 -.082 -.049 0.857 1.087 1.223
1.10 0.180 0.176 0.120 0.827 -.078 -.046 0.861 1.107 1.240

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.200 0.193 0.134 0.822 -.126 -.084 0.833 0.915 1.100
0.92 0.200 0.194 0.134 0.822 -.124 -.082 0.835 0.934 1.115
0.94 0.200 0.194 0.134 0.822 -.121 -.080 0.836 0.953 1.130
0.96 0.200 0.194 0.134 0.823+ -.118 -.077 0.837 0.973 1.146
0.98 0.200 0.194 0.134 0.823 -.116 -.075 0.839 0.992 1.162
1.00 0.200 0.194 0.134 0.823 -.113 -.073 0.840 1.012 1.177
1.02 0.200 0.195 0.134 0.824 -.110 -.070 0.842 1.031 1.1933
1.04 0.200 0.195 0.134 0.824 -.107 -.068 0.844 1.051 1.209
1.06 0.200 0.195 0.134 1(.824 -.103 -.065 0.846 1.070 1.225
1.08 0.200 0.195 0.134 0.824 -.100 -.063 0.847 1.089 1.242
1.10 0.200 0.196 0.1334 0.825 -.097 -.060 0.850 1.109 1.256

REALISTIC LOAD REPRESENTATION

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.020 0.020 0.006 0.958 0.049 0.046 0.731 0.893 0.902
0.92 0.020 0.020 0.006 0.961 0.051 0.048 0.732 0.913 0.921
0.94 0.020 0.020 0.006 0.963 0.053 0.049 0.733 0.932 0.941
0.96 0.020 0.020 0.005 0.966 0.055 0.051 0.734 0.952 0.960
0.98 0.020 0.020 0.005 0.968 0.057 0.053 0.735 0.972 0.980
1.00 0.020 0,.020 0.005 0.970 0.059 0.054 0.736 0.992 0.999
1.02 0.1-(20 0.020 0.005 0.972 0.061 0.056 0.737 1.012 1.019
1.04 0.020 0.020 0.005 0.974 0.063 0.058 0.738 1.032 1.038
1.06 0.020 0.020 0.004 0.976 0.065 0.060 0.739 1.052 1.058
1.08 0.020 0.020 0.004 0.976 0.067 0.061 0.740 1.072 1.078
1.10 0.020 0.020 0.004 0.981 0.1-(70 0.063 0.741 1.092 1.097

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
7.90 0.040 0.041( 0.021 0.688 0.030 0.031 0.685 0.895 0.924
7.92 0.040 0.040 0.020 0.890 0.032 0.0.13 0.690 0.915 0.942
7.94 0.040 0.040 0.020 0.892 0.034 0.035 0.694 0.935 0.961
7.96 0.040 0.040 0.020 0.893 0.036 0.036 0.698 0.955 0.981
7.98 0.040 0.040 0.020 0.895 0.038 0.1.38 0.701 0.975 1.01-(0
1.00 0.040 0.040 0.020 0.896 0.040 0.040 0.704 07.994 1.019
1.02 0.040 0.040 0.020 0.896 0.042 0.042 0.707 1.014 1.038
1.04 0.040 0.040 0.019 0.900 0.044 0.043 0.710 1.034 1.057
1.06 0.041•( 0.040 0.019 0.902 0.046 0.045 0.713 1.054 1.076
..08 0.040 0.040 0.019 0.903 0.048 0.047 0.715 1.074 1.096
1.10 0.040 0.040 0.019 0.905 0.050 0.049 0.717 1.094 1.115

a
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DATA FOR
TAME C-II contd.

C(NSTANf (LEADING) POWER FACPOR CASE ORIGINAL PAGE IS
OF POOR QUALITY

SYS V P IN DSG P DSG 0. DSG PF SYS P SYS 0. SYS PF	 LOAD V EXCITN
0.90 0. (.)6() 0.059 0.035 0.861 0.010 0.017 0.511 0.895 0.945
0.92 0.060 0.059 0.035 0.862 0.012 0.019 0.543 0.917 0.964
0.94 0.06() 0.059 0.035 0.863 0.014 0.020 0.568 0.937 0.982
0.96 0.060 0.060 0.035 0.864 0.016 0.022 0.588 0.957 1.001
0.98 0.060 0.060 0.034 0.865 0.018 0.024 0.605 0.977 1.020
1.00 0.060 0.059 0.034 0.867 0.020 0.025 0.620 0.997 1.038
1.02 0.060 0.060 0.034 0.868 0.022 0.027 0.632 1.016 1.07
1.04 0.060 0.059 0.034 0.869 0.024 0.029 0.642 1.036 1.076
1.06 0.060 0.059 0.034 0.870 0.026 0.031 0.651 1.056 1.095
1.08 0.060 0.060 0.034 0.871 0.028 0.0332 0.655 1.076 1.114
1.10 0.060 0.060 0.033 0.872 0.0'•30 0.034• 0.665 1.096 1. 13:3

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0. SYS PF LOAD V EXCITN
0.90 0.080 0.079 0.049 0.847 -.009 0.003 0.955 0.900 0.967
0.92 0.080 0.079 0.049 0.848 -.007 0.004 0.853 0.920 0.985
0.94 0.080 0.079 0. 04. 9 0.849 -.005 0.006 0.657 0.940 1.003
0.96 0.080 0.079 0.049 0.850 -.003 0.008 0.398 0.959 1.022
0.98 0.080 0.079 0.049 0.850 -.(n)1 0.009 0.129 0.979 1.040
1.00 0.080 0.079 0.049 0.851 0.001 0.011 0.071 0.999 1.058
1.02 0.080 0.079 0.049 0.852 0.003 0.013 0.216 1.019 1.077
1.04 0.080 0.079 0.048 0.853 O.CW)5 0.015 0.312 1.038 1.095
1.06 0.080 0.079 0.048 0.854 0.007 0.016 0.386 1.058 1.114
1.08 0.080 0.079 0.048 0.855 0.009 0.018 0.446 1.078 1.132
1.10 0.080 0.079 0.048 0.856 0.011 0.020 0.469 1.098 1.151

SYS V P IN USG P DSG 4 DSG PF SYS P SYS G SYS PF LOAD V EXCITN
0.90 0.100 0.098 0.064 0.8.:39 -.028 -.011 0.929 0.902 0.989
0.9'2 0.100 0.098 0.064 0.839 -.026 -.010 0.938 0.922 1.007
(x.94 0.100 0.099 0.064 0.840 -.025 -.008 0.949 0.942 1.025
0.96 0.100 0.098 0.063 0.841 -.022 -.006 0.961 0.962 1.042
0.98 0.100 0.099 0.06.'3 0.841 -.020 -.005 0.974 0.981 1.060
1.00 0.100 0.099 0.063 0.842 -.018 -.003 0.987 1.001 1.078
1.02 0.100 0.099 0.063 0. 843 -.017 -.001 0.996 1.021 1.096
1.04 0.100 0.099 0.063 0.843 -.015 0.000 1.000 1.041 1.114
1.06 0.100 0.099 0.063 0.844 -.012 0.002 0.967 1.060 1.132
1.08 0.100 0.099 0.063 0.845 -.010 0.004 0.9''39 1.080 1.150
1.10 0.100 0.099 0.063 0.845 -.008 0.005 0.642 1.100 1.169

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0. SYS PF LOAD V EXCITN
0.90 0.120 0.117 0.078 1:1.8333 -.047 -.025 0.881 0.905 1.011
0.92 0.120 0.118 0.078 0.8'•34 -.045 -.024 0.886 0.925 1.028
0.94 0.120 0.118 0.078 0.834 -.043 -.022 O. 091 0.944 1.046
0.96 0.120 0.118 0.078 0.8:'_+5 -.042 -.021 0.896 0.964 1.063
0.90 0.120 0.118 0.078 0.835 -,040 -.019 0.903 0.984 1.080
1.00 0.120 0.118 0.078 0.836 -.0'•38 -.017 0.909 1.003 1.098
1.02 0.120 0.118 0.077 0.8''36 -.036 -.016 0.916 1.023 1.115
1.04 0.120 0.115 0.077 0.837 -.034 -.014 0.924 1..043 1.133
1.06 0.120 0.118 0.077 0.637 -.032 -.012 0.93:3 1.062 1.151
1.08 0.120 0.118 0.077 0.838 -.030 -.011 0.942 1.082 1.169
1.10 0.120 0.118 0.077 0.839 -.028 -.009 0.953 1.102 1.186
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C-n

'a TAME C-II contd.

i DATA FOR CONSrANr (W.ADIM) POWER FACTOR WE ORIGINAL PAGE 19
OF POOR QUALITY

SYS V P IN DSG P DSG [•1 DSG PF SYS P SYS0 SYS PF LOAD V	 EXCITN
1 0.90 0.140 0.137 0.092 0.829 -.066 -.039 0.860 0.907 1.0330.92 0,140 0.137 0.092 0.830 -.064 -.038 0.862 0.927 1.0500.94 0.140 0.137 0.092 0.830 -.062 -.036 0,865 0.946 1.0670.96 0.140 0.1337 0.092 0.830 -.061 -.035 0,866 0,966 1.084• 0.98 0.140 0.137 0.092 0.831 -.059 -.033 0,872 0.986 1.1001.00 0,140 0.137 0.092 0.831 -.057 -.0''31 0.875 1.005 1.118
T̀ 1.02 0.140 0.137 0.092 0.832 -.055 -.030 0.879 1.025 1.135
't 1.04 0.140 0.137 0.092 0.8''32 -.053 -.026 0.883 1.045 1.1521.06 0,140 0,138 0.092 0,833 -,051 -.026 0,887 1.064 1.1701.08 0.140 0.136 0.091 0.833 -.049 -.025 0,892 1.084 1.1871.10 0.140 0.13E1 (1.091 0,834 -.047 -.023 0.897 1.104 1.205
1a

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN0.90 0.160 r.).156 0.1Ci6 0.826 -.085 -.053 0.848 0.910 1.0560.92 0.160 0.156 0.106 0.826 -.083 -.052 0.849 0.929 1.0720,94 0.160 0.156 C). 106 0.827 -.081 -.050 0.851 0.949 1.0880.96 0.160 0.156 0.106 0.827 -.079 -.049 0.853 0.968 1.104r C). 98 0.160 0.156 0.106 0.8213 -.078 -.047 0.855 0.988 1.1211.00 0.160 0,157 0,106 0.828 -.076 -.045 0.858 1.008 1.1381.02 0.160 0.157 0.106 0.828 -,074 -.044 0,860 1.027 1,1541.04 0.160 0,157 0.106 0.829, -.072 -.042 0,862 1.047 1.171
t 1.06 0.160 0.157 0.106 0.829 -.070 -.041 0.865 1.066 1.1681.08 0.160 0.157 0,106 0.830 -.068 -.039 0,868 1.086 1.2051.10 0.160 0,157 0,106 0.830 -,066 -.037 0.871 1.106 1,223b

t
SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0. SYS PF LOAD V EXCITNf 0. 90 C) -  180 0. 175 0. 120 0. 824 -. 104• -, 067 0.840 0.912 1. 0780.92 0.180 0.175 0.120 0.824 -.102 -.065 0.641 0.931 1.0930.94 0.180 0.175 0.120 0.824 -.100 -,064 0.843 0.951 1.1090.96 0.180 0.175 0,120 0,825 -.098 -.062 0.844 0,970 1.1250.98 0.180 0.175 0.120 Ci.825 -,096 -.061 0.845 0.990 1.1411.00 0,180 0.176 0.120 0.825 -.095 -.059 0.847 1.010 1.1581.02 0.180 0.176 0,120 0.826 -.093 -.058 0.849 1.029 1.174r 1.04 0.180 0.176 0.120 0.826 -.091 -.056 0.850 1.049 1.1901.06 0.180 0.176 0,120 O.626 -.089 -.055 0.852 1.068 1.2071.08 0.180 0.176 0,120 0,827 -.087 -.053 0.854 1.088 1.224y. 1.10 0.160 Q. 176 0.120 0.627 -.065 -.051 0.856 1.106 1.241

s
SYS V P IN DSG P DSG 0 DSG PF SYS P SYS a SYS PF LOAD V EXCITN

,G 0.90 0.200 0.193 0.134 0.822 -,122 -.081 0.835 0.914 1.100' 0.92 0.200 0.194 0.134 0.822 -,120 -.079 0.836 0,934 1.115• 0.94 0.200 0.194 0.134 0.822 -,119 -.076 0.837 0.953 1.1300.96 0.200 0.194 0.134 0.823 -.117 -.076 0.838 0.973 l.146' 0.98 0.200 0,194 0.134 0.823 -.115 -.075 0.839 0.992 1.161
= 1 1.00 0,200 0.195 0.134 0.823 -.11 °t -.073 0.840 1.012 1.1771.02 0.200 0.195 0.134 0.824 -.111 -.072 0.841 1.031 1.193}rr1.04 0.200 0,195 0.134 0.824 -.110 -.070 0.842 1.051 1.2091.06 0.200 0,195 0.134 0.824 -.108 -.068 0.844 1.070 1.226

`x1.08 0.200 0.195 0.134 0.824 -.106 -.067 0.845 1.090 1.242X1.10 0.200 0.195 0.134 0.825 -.104 -.065 0.847 1.110 1.259



Li

TABLE C-II contd.
+	 DATA FOR CONSfANP (LEADING) POA'LR FACTOR CASE

°	 ORIGINAL PAGE V9
CONSTANT IMPEDANCE LOAD	

OF POOR QUALITY

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.020 0.020 0.007 0.949 0.524 0.402 0.794 0.825 0.836
0.92 0.020 0.020 0.006 0.952 0.549 0.420 0.794 0.843 0.853
0.94 0.020 0.020 O.g06 0 .955 0.574 0.439 0.794 0.661 0.871
0.96 0.020 0.020 0.006 0.957 0.599 0.458 0.794 0.880 0.889
0.98 0.020 0.020 0.006 0.959 0.625 0.478 0.794 0.898 0.907
1.00 0.020 0.020 0.006 0.961 0.651 0.498 0.795 0.916 0.925
1.02 0.021) 0.020 0.006 0.963 0.678 0.518 0.795 0.934 0.943
1.04 0.020 0.020 0.005 0.966 0.706 0.539 0.795 0.952 0.960
1.06 0.020 0.020 0.005 0.968 0.734 0.560 0.795 0.971 0.978
1.08 0.020 0.020 0.005 0.970 0.763 0.582 0.795 0.989 0.996
1.10 0.020 0.020 0.005 0.972 0.792 0.604 0.795 1.007 1.014

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.040 0.040 0.021 0.852 1).508 0.390 0.794 0.827 0.859
0.92 0.040 0.040 0.021 0.884 0.532 0.408 0.794 0.846 0.876
0.94 0.040 0.040 0.021 O.685 0.557 0.427 0.794 0.864 0.894
0.96 0.040 0.040 0.021 0.887 0.582 0.446 0.794 0.882 0.911
0.98 0.040 0.040 0.021 0.888 0.608 0.466 0.794 0.900 0.926
1.00 0.040 0.040 0.020 0.890 0.635 0.486 0.794 0.918 0.946
1.02 0.040 0.040 (j.020 0.892 0.662 0.506 0.794 0.937 0.963
1.04 01040 0.040 0.020 0.893 0.689 0.527 0.795 0.955 0.981
1.06 0.040 0.040 O. 020 0.895 0.717 0.548 0.795 0.973 0.998
1.08 0.040 0.040 0.020 0.896 0.746 0.570 0.795 0.991 1.016
1.10 0.040 0.040 0.019 0.898 0.775 0.592 0.795 1.009 1.033

SYS V P IN DSG P DSG 0 DSG PF SYS F' SYS 0 SYS PF LOAD V EXCITN
0.90 0.060 0.059 0.0'•36 0.857 0.492 0.378 0.793 0.830 0.882
0.92 0.060 0.059 0.036 0.858 0.516 0.396 0.793 0.84S 0.899
0.94 0.060 0.059 0.035 0.859 0.541 0.415 0.794 0.866 0.916
0.96 0.060 0.059 0.035 0.860 0.566 0.434 0.794 0.884 0.933
0.98 0.060 0.059 0.035 0.861 0.592 0.454 0.794 0.902 0.950
1.00 0.060 0.059 0.035 0.862 0.619 0.474 0.794 0.921 0.967
1.02 0.060 0.059 0.035 0.863 0.646 0.494 0.794 0.9 .339 0.984
1.04 0.060 0.060 0.035 0.864 0.673 0.515 0.794 0.957 1.001
1.06 0.060 0.060 0.055 0.865 0.701 0.536 0.7y4 0.975 1.018
1.08 0.060 0.059 0.034 0.867 0.730 0.556 0.795 0.993 1.035
1.10 0.06C) 0.060 0.034 0.668 0.759 0.580 0.795 1.011 1.0533

SYS V P IN DSG P DSG 0 DSS PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.080 0.079 0.050 0.844 0.476 0.366 0.793 0.832 0.906
0.92 0.080 0.079 0.050 0.845 0.500 0.184 0.793 0.850 0.923
0.94 0.080 0.079 0.050 0.846 0.525 0.403 0.793 O.S69 0.939
0.96 0.080 0.079 0.050 0.847 0.550 0.422 0.793 0.887 0.955
0.98 O.OBO 0.079 0.049 0.847 0.576 0.442 0.794 0.905 0.972
1.00 0.080 0.079 0.049 0.848 0.602 0.462 0.794 0.923 0.988
1.02 0.080 0.079 0.049 0.849 0.629 0.482 0.794 0.941 1.005
1.04 0.060 0.079 0.049 0.850 0.657 0.503 0.794 0.959 1.022
1.06 O.OBO 0.079 0.049 0.850 0.685 0.524 0.794 0.977 1.038
1.08 0.080 0.079 0.049 0.851 0.714 0.546 0.794 0.995 1.055
1. it.) 0.080 0.079 0.049 0.852 0.743 0.568 0.794 1.014 1.072
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TADLL C-II contd.
DATA FOR CONSTANT (IVDING) PMR FACTOR CASE 	 OF2v:_, ! Aj& '.:.Y , d

OF FL . C , I
SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.100 0.098 0.064 0.836 0.459 0.354 0.792 0.835 0.930
0.92 0.100 0.098 0.064 0.837 0.484 0.372 0.793 0.8533 0.946
0.94 0.100 0.098 0.064 0.838 0.509 0.391 0.793 0.871 0.961
0.96 0.100 0.098 0.064 01838 0.534 0.410 0.793 0.889 0.977
0.98 0.100 0.098 0.064 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 0.840 0.613 0.470 0.794 0.943 1.026
1.04 0.100 0.098 0.063 0.841 0.641 0.491 0.794 0.961 1.042
1.06 0.100 0.098 0.063 0.841 0.669 0.512 0.794 0.979 1.058
1.08 0.100 0.099 0.063 0.842 0.697 0.5334 0.794 0.997 1.075
1.10 0.100 0.099 0.063 0.843 0.726 0.556 0.794 1.016 1.091

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.120 0.117 0.078 0.831 0.444 0.342 0.792 0.837 0.954
0.92 0.120 0.117 0.078 0.832 0.468 0.361 0.792 0.855 0.969
0.94 0.120 0.117 0.078 0.832 0.493 0.379 0.792 0.873 0.984
0.96 0.120 0.117 0.078 0.833 0.518 0.398 0.793 0.891 1.000
0.98 0.120 0.118 0.078 O.B33 0.544 0.418 0.793 0.909 1.015
1.00 0.120 0.118 0.078 0.834 0.570 0.438 0.793 0.927 1.031
1.02 0.120 0.118 0.078 0.834 0.597 0.458 0.793 0.945 1.047
1.04 0.120 0.118 0.078 0.835 0.625 0.479 0.793 0.963 1.063
1.06 0.120 0.118 0.078 0.835 0.653 0.500 0.794 0.981 1.078
1.08 0.120 0.118 0.078 0.836 0.681 0.522 0.794 0.999 1.094
1.10 0.120 0.118 0.077 0,836 0.710 0.544 0.794 1.018 1.111

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.140 0.136 0.092 0.828 0.428 0.331 0.791 0.840 0.978
0.92 0.140 0.136 0.092 0.828 0.452 0.349 0.792 0.858 0.992
0.94 0.140 0.136 0.092 0.828 0.477 0.368 0.792 0.875 1.007
0.96 0.140 0.137 0.092 0.829 0.502 0.387 0.792 0.893 1.022
0.98 0.140 0.137 0.092 0.829 0.528 0.406 0.792 0.911 1.037
1.00 0.140 0.137 0.092 0.830 0.554 0.426 0.793 0.929 1.052
1.02 0.140 0.137 0.092 0.830 0.581 0.447 0.793 0.947 1.068
1.04 0.140 0.137 0.092 0.830 0.609 0.467 0.793 0.965 1.083
1.06 0.140 0.137 0.092 0.631 0.637 0.488 0.793 0.984 1.099
1.08 0.140 0.1.337 0.092 0.831 0.665 0.510 0.794 1.002 1.114
1.10 0.140 0.137 0.092 0.632 0.694 0.532 0.794 1.020 1.130

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.160 0.155 0.106 0.825 0.412 0.319 0.791 0.842 1.001
0.92 0.160 0.155 0.106 0.825 0.436 0.337 0.791 0.860 1.015
0.94 0.160 0.155 0.106 0.825 0.461 0.356 0.791 0.878 1.030
0.96 0.160 0.156 0,106 0.826 0.486 0.375 0.792 0.896 1.044
0.98 0.160 0.156 0.106 0.626 0.512 0.395 0.792 0.914 1.059
1.00 0,160 0.156 0.106 0.826 0.538 0.415 0.792 0.932 1.074
1.02 0.160 0.156 0.106 0.827 0.565 0.435 0.793 0.950 1.089
1.04 0.160 0.156 0.106 0.827 0.593 0.456 0.793 0.966 1.104
1.06 0.160 0.156 0.106 0.82B 0.621 0.477 0.793 0.986 1.119
1.08 0.160 0.157 0.106 0.826 0.649 0.498 0.793 1.004 1.134
1.10 0.160 0.157 0.106 0.828 0.678 0.520 0.794 1.022 1.149

C-13
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TAME C-II contd.
DATA FOR CONSPANT (LEADING) POSER FACTOR CASE 	

ORIGINAL PAGE Is
'	 o OF POOR QUALITY
' SYS V P IN DSG P DSO 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN

0.90 0.180 0.174 0.120 0.823 0.3% 0.308 0.790 0.844 1.025
0.92 0.180 0.174 0.120 0.823 0.421 0.326 0.791 0.862 1.039

A 0.94 0.180 0.174 0.120 0.8233 0.445 0.''345 0.791 0.880 1.052
0.96 0.160 0.174 0.120 0.824 0.470 0.364 0.791 0.898 1.067

' 0.98 0.180 0.175 0.120 0.824 0.496 0.383 0.792 0.916 1.081
1.00 0.180 0.175 0.120 0.824 0.523 0.4033 0.792 0.934 1.095
1.02 0.180 0.175 0.120 0.024 0.550 0.423 0.792 0.952 1.110
1.04 0.180 0.175 0.120 0.825 0.577 0.444 0.793 0.970 1.124
1.06 0.180 0.175 0.120 0.825 0.605 0.465 0.793 0.968 1.159
1.08 0.180 0.176 0.120 0.825 0.633 0.487 0.793 1.046 1.154
1.10 0.180 0.176 0.120 0.626 0.662 0.508 0.793 1.024 1.169

c

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS Q SYS PF LOAD V EXCITN
0.90 0.200 0.192 0.134 0.821 0.381 0.296 0.789 0.846 1.049
0.92 01.200 0.1933 0.134 0.821 01.405 0.314 0.790 0.864 1.062
0.94 0.200 0.193 0.134 0.821 0.430 0.333 0.790 0.862 1.075
0.96 0.200 0.193 0.134 0.822 0.455 0.352 0.791 0.900 1.089
0.98 0.200 0.193 0.134 O.B22 0.481 0.372 0.791 0.918 1.103
1.00 0.200 0.194 0.134 0.622 0.507 0.391 0.792 0.936 1.116
1.02 0.200 0.194 0.134 0.622 0.534 0.412 0.792 0.954 1.131
1.04 0.200 0.194 0.134 0.823 01.561 0.432 0.792 0.972 1.145
1.06 0.200 0.194 0.134 0.623 0.589 0.453 0.792 0.990 1.159
1.08 0.200 0.194 0.114 0.823 0.618 0.475 0.793 1.008 1.174
1.10 0.200 0.195 0.134 0.823 0.647 0.497 0.793 1.025 1.1B9

REALISTIC LOAD REPRESENTATION

f SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.020 0.020 0.0107 0.948 0.592 0.452 0.795 0.814 0.825
0.92 0.020 0.020 0.007 01.951 0.611 0.467 0.795 0.833 0.844
0.94 0.020 0.020 0.006 0.953 0.630 0.481 0.795 0.853 0.863
0.96 0.020 0.020 0.006 0.956 0.650 0.496 0.795 0.872 0.881
0.96 0.020 0.020 0.006 0.956 0.669 0.511 0.795 0.891 0.900
1.00 0.020 0.020 0.006 0.960 0.688 0.525 0.795 0.911 0.919
1.02 0.020 0.020 0.006 0.962 0.708 0.540 0.795 0.930 0.9'•38
1.04 0.020 0.020 0.005 0.966 0.726 0.556 0.795 0.949 0.957
1.06 0.020 0.020 0.005 0.968 0.748 0.571 0.795 0.969 0.976
1.08 0.020 0.020 0.005 0.970 0.768 0.5B6 0.795 0.988 0.996
1.10 0.020 0.020 01.005 0.972 0.768 0.601 0.795 1.008 1.015

SYS V P IN DSG P DSG 0 DSG PF SYS P SYS G SYS PF LOAD V EXCITN
0.90 0.040 0.040 0.021 0.881 0.573 0.440 0.794 0.817 0.849
0.92 0.040 0.040 0.021 0.883 0.594 0.454 0.794 0.836 0.867

i 0.94 01.040 0.0140 0.021 0.885 0.613 0.469 0.794 0.855 0.685
0.96 0.040 0.040 0.021 0.886 01.632 0.483 0.795 0.874 0.904
0.98 01.040 01.0140 0.021 0.888 0.652 0.498 0.795 0.894 0.922
1.00 0.040 0.040 0.020 0.890 0.671 0.513 0.795 0.913 0.941

`
1.02 0.040 01.0140 0.0211 0.891 0.691 0.528 0.795 0.932 0.959
1.04 0.040 0.040 0.020 0.893 0.711 0.543 0.795 0.952 0.978

,- 1.016 0.040 0.040 0.0120 0.895 0.730 0.558 0.795 0.971 0.996
1.08 0.040 0.040 0.020 01.896 0.750 0.573 0.795 0.991 1.015
1.10	 0.040	 0.040	 0.019	 0.898	 0.771	 0.588	 0.795	 1.010	 1.034

004



ORIGINAL PAGE: I'J

OF POOR QUALITY TAME G-II contd.
DATA POR CON3fANP (LEADING) POWER PACIOR CASE

0

SYS V P IN DSG P DSG 0 DSO PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.060 0.05 1? 0.036 0.856 0.558 0.427 0.794 0.819 0.873
0.92 0.060 0.059 0.036 0.858 0.577 0.442 0.794 0.839 0.891
0.94 0.060 0.059 0.035 0.859 0.596 0.456 0.794 0.858 0.908
0.96 0.060 0.059 0.035 0.860 0.615 0.471 0.794 0.877 0.926
0.98 0.060 0.059 0.035 0.861 0.634 0.485 0.794 0.896 0.944
1.00 0.060 0.059 0.035 0.862 0.654 0.500 0.794 0.916 0.962
1.02 0.060 0.059 0.035 0.563 0.674 0.515 0.794 0.935 0.960
1.04 0.060 0.059 0.035 0.864 0.693 0.530 0.794 0.954 0.998
1.06 0.060 0.060 0.034 0.865 0.713 0.545 0.795 0.974 1.017
1.08 0.060 0.060 0.034 0.866 0.73'•3 0.560 0.795 0.993 1.035
1.i0 0.060 0.059 0.034 0.868 0.753 0.575 0.795 1.012 1.053

SYS V P IN DSG P .". S SG	 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 1).OGO 0.079 1.050 0.844 0.541 0.415 0.794 0.822 0.897
0.92 0.080 0.079 (,1.050 0.845 0.560 0.429 0.794 0.841 0.914
0.94 0.080 0.079 u. 050 0.845 0.579 0.444 0.794 0.860 0.931
0.96 0.080 0.079 0.050 0.846 0.598 0.458 0.794 0.880 0.949
0.98 0.0(30 0.079 0.050 0.847 0.617 0.473 0.794 0.899 0.966
1.00 0.080 0.079 0.049 0.848 0.637 0.487 0.794 0.916 0.984
1.02 0.000 0.079 0.049 0.849 1:).656 0.502 0.794 0.937 1.001
1.04 0.080 0.079 0.049 0.850 0.676 0.517 0.794 0.956 1.019
1.06 O.ra60 0.079 0.049 0.850 0.696 0.5;;2 0.794 0.976 1.037
1.08 0.080 0.079 0.049 0.851 0.716 0.547 0.794 0.995 1.055

ti
1.10 0.x180 0.079 0.049 0.852 0.736 0.563 0.794 1.014 1.073

z

SYS V P IN DSG P DSG Cl. DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.101:1 0.098 0.064 0.836 0.525 0.403 0.793 0.825 0.921
0.92 0.100 0.098 0.064 0.637 0.543 0.417 0.793 0.844 0.938

f 0.94 0.100 0.098 0.064 0.637 0.562 0.4;31 0.793 0.863 0.954
f 0.96 0.100 0.098 0.064 0.838 0.581 0.446 0.794 0.882 0.971

x1.98 0.100 0.098 0.064 0.839 0.600 0.460 0.794 0.901 0.9138
1.00 0.100 0.098 0.064 0.839 0.620 0.475 0.794 0.920 1.005
1.02 0.100 0.098 0.064 0.640 0.639 0.490 0.794 0.940 1.022

'y 1.04 0.100 0.096 0.063 x1.641 0.659 0.505 0.794 0.959 1.040
i.06 0.100 0.099 0.063 0.841 0.679 0.520 0.794 0.978 1.057
1.08 0.100 0.099 0.063 0.842 0.698 0.535 0.794 0.997 1.075

` 1.10 0.100 0.099 0.063 0.843 0.719 0.5:50 0.794 1.017 1.092

t
SYS V P IN DSG P DSG 0 DSG PF SYS P SYS 0 SYS PF LOAD V EXCITN
0.90 0.120 0.117 0.078 0.031 0.506 0.391 0.793 0.827 0.945
0.92 0.120 0.117 0.075 0.832 0.527 0.405 0.793 0.846 0.961
0.94 0.120 0.117 1.1.1.178 0.8:32 0.546 0.419 1.1.793 0.865 0.977
0.96 0.120 0.117 0.078 0.833 0.565 0.433 0.793 0.884 0.994
0.98 0.120 0.118 0.078 0.833 0.584 0.448 0.79.3 0.904 1.1:110
1.00 0.120 0.118 0.078 0.834 0.603 0.462 0.793 0.923 1.027

= 1.02 0.120 0.118 0.078 0.834 11.622 0.477 0.794 0.942 1.044
" 1.04 0.120 0.118 0.078 0.835 0.642 0.492 0.794 0.961 1.060

4oO 1.06 0.120 0.118 0.078 0.635 0.662 0.507 0.794 0.981:1 1.077
1.06 0.120 0.118 0.078 0.836 0.681 0.522 0.794 0.999 1.094

1.r? 1.10 0.120 0.118 0.077 x-,.836 0.701 0.537 0.794 1.019 1.111

1
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TAME C-II contd.	
ORIGINAL. PAGE t5DATA FOR CONSTANT (MADIM) POWER FACTOR CASE OF POOR 

QUALITY

SYS V P IN DSG P
0.90	 0.140	 0.136
0.92	 0.140	 0.136
0.94	 0.140	 0.136
0.96	 0.140	 0.137
0.98	 0.140	 0.137
1.00	 0.140	 0.137
1.02	 0.140	 0.137
1.04	 0.140	 0.137
1.06	 0.140	 0.137
1.08	 0.140	 0.137
1.10	 0.140	 0.137

SYS V P IN	 DSG P
0.90	 0.160	 0.155
0.92	 0.160	 0.155
0.94	 0.160	 0.155
0.96	 0.160	 0.156
0.98	 0.160	 0.156
1.00	 0.160	 0.156
1.02	 0.160	 0.156
1.04	 0.160	 0.156
1.06	 0.160	 0.156
1.08	 0.160	 0.156
1. 111	 0. 160	 0. 157

SYS V P IN DSG P
0.90	 0.180	 0.174
0.92	 0.180	 0.174
0.94	 0. 100	 0.174
0.96	 0.180	 0.174
0.98	 0.180	 0.175
1.00	 0.180	 0.175
1.02	 0.180	 0.175
1.04	 0.180	 0.175
1.06	 0.181.1	 0.175
1.08	 0.180	 0.175
1.10	 0.180	 0.176

SYS V P IN	 DSG P
0.90	 0.200	 0.192
0.92	 0.200	 0.192
0.94	 0.200	 0.193

	

0.96	 0.200	 0.193

	

0.98	 0.200	 0.193
1.00	 0.200	 0.194
1.02	 0.200	 0.194
1.04	 11.200	 0.194
1.06	 0.200	 0.194
1.08	 0.200	 0.194
1.10	 0.200	 0.195

DSU 0.
0.092
0.092
0.092
0.092
0. 1.192
0.092
0.092
0.092
0.092
0.092
0.092

DSG 0
0.106
0.106
0.106
0.106
0.106
0.106
0. 1016
0.106
0.106
0.106
0,106

DSG 0
0. 120
0.120
0.120
0.120
0.120
0. 121,1
0. 120
0.120
0.120
0.120
0. 1'20

DSG 0
0.134
0. 1,34
0.134
0.134
0.134
0.134
0. 1,34
0.134
0.134
0.134
0.134

DSG PF
0.827
0.828
0.828
0.829
0.829
0.829
0.830
0.830
0.831
0.831
0.832

DSG PF
0.825
0. 825
0.825
0.826
0.826
0.826
0. 8'27
0.827
0.828
0.828
0.628

DSG PF
0.823
0.823
x,1.8'23
0.623
0.824
0.824
0.824
0.625
0.825
0.825
0.826

DSG PF
0.821
0.821
0.821
0.822
0.822
0.822
0.822
0.823
0.823
0.823
0.824

SYS P SYS 0

	

0.492	 0.378

	

0.510	 0.393

	

0.529	 0.407

	

0.548	 0.421

	

0.567	 0.435

	

0.586	 0.450

	

0.606	 0.465

	

0.625	 0.480

	

0.645	 0.494

	

0.664	 0.509

	

0.684	 0.525

SYS P SYS 0

	

0.475	 0.366

	

0.494	 0.380

	

0.512	 0. 13,95

	

0.531	 0.409

	

0.550	 0.423

	

0.569	 0.438

	

0.589	 0.452

	

0.608	 0.467

	

0.628	 0.462

	

0.646	 0.497

	

0.667	 Q.51.2

SYS P SYS Q

	

0.459	 0.354

	

0.477	 0.368

	

0.496	 0.383

	

0.515	 0.''397

	

0.534	 0.411

	

0.553	 0.425

	

0.572	 0.440

	

0.591	 0.455
	0.611	 0.470

	

0.631	 0.485

	

0.650	 0.499

SYS P SYS G

	

0.443	 0.343

	

0.461	 0.356

	

0.480	 0.370

	

0.498	 0.385

	

0.517	 0.399

	

0.5:36	 0.413

	

0.555	 0.42B

	

0.575	 0.443

	

0.594	 0.457

	

0.614	 0.472

	

0.634	 0„487

SYS PF
0.792
0.793
0.793
0.793
0.793
0.793
0.793
0.793
0.793
0.794
0.794

SYS PF
0.792
0.792
0.792
0.792
Q. 79.3
0.793
0.793
0.793
0.793
0.793
0.793

SYS PF
0.791
0.792
0.792
0.792
0.792
0.792
0.793
0.793
0.79._
0.793
0.793

SYS PF
0.791
0.791
0.791
0.792
0.792
0.792
0.792
0.792
0.793
0.793
0.793

LOAD V EXCITN

	

0.830	 0.970

	

0.849	 0.985

	

0.868	 1.001

	

0.887	 1.017

	

0.906	 1.032

	

0.925	 1.049

	

0.944	 1.1.165

	

0.963	 1.081

	

0.982	 1.098

	

1.002	 1.114

	

1.021	 1.131

LOAD V EXCITN

	

0.832	 0.994

	

0.851	 1.009

	

0.870	 1.024

	

0.889	 1.039

	

0. 908	 1. 1)55

	

0.927	 1.070

	

0.946	 1.086

	

0.965	 1.102

	

0.985	 1.118

	

1.004	 1. 1-+4

	

1,023	 1.151

LOAD V EXCITN

	

0.835	 1.018

	

0.87A	 1.032

	

0.873	 1.047

	

0.892	 1.062

	

0.911	 1.a77

	

0.930	 1.092

	

0.949	 1.107

	

0.968	 1.123

	

0.987	 1. 1'38

	

1.006	 1.154

	

1.025	 1.170

LOAD V EXCITN

	

0.837	 1.042

	

0.856	 1.056

	

0.875	 1.070

	

0.694	 1.084

	

0.913	 1.099

	

0.932	 1.113

	

0.951	 1.128

	

0.970	 1.143

	

0.969	 1.159
1.008	 1.174

	

1.027	 1.190
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