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When a small generator is connected t o  the dis t r ibut ion system, 
the voltage a t  the point of interconnection i s  determined largely by 
the system and not the generator. This report examines the effect on 
the generator, on the load voltage and on the dis t r ibut ion system of a 
number of d i f f e r e n t  vo l tage  con t ro l  s t r a t e g i e s  i n  t h e  generator.  
Synchronous genera tors  w i th  th ree  kinds of e x c i t e r  cont ro l  a r e  
considered, as  well  as induction generators and dc/ac inverters, with 
and without capacitor compensation. The effect of varying input power , 
during ope ra t ion  (which may be experienced by genera tors  based on 
renewable resources)- i s  explored. as  well as the effect  of connecting 
and disconnecting the generator a t  ten percent of i t s  rated power. 

Operation with a constant s l igh t ly  lagging power factor  is shown 
t o  have some advantages. 
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SECTION 1 

INIRODUCTIml 

DSG Voltage Control 

Dispersed Storage and Generation (DSG) Systems such as hydroelectric, 
s o l a r  thermal  e l e c t r i c ,  photovol taic ,  wind, s t o r a g e  b a t t e r y ,  
hydroelectric pumped storage and co-generation systems have some common 
and some dis t inct ive attributes.  , Three a t t r ibu tes  that DSGs have in  
common are :  (1) t h e i r  kW s i z e  i s  sma l l  compared t o  t he  kW s i z e  of 
conventional u t i l i t y  plants, (2) they may not be available as  a source 
of cons tan t  power throughout t h e  day and (3)  they can only  be 
economically connected t o  the  d i s t r i b u t i o n  system o r  t o  ' t h e  
subtransmission system of a large u t i l i t y  network. Three a t t r ibu tes  
which tend t o  make DSGs different  from one another are: (1) some of DSG 
technologies a re  proven while others are s t i l l  maturing, (2) some DSG 
technologies use conventional turbine-generators for energy conversion 
while  o the r s  use e l e c t r o n i c  ac-dc-ac o r  dc-dc conversion t o  ob ta in  
utility-grade ac power, and (3) t he i r  individual control systems are  
qui te  different. Of course, cost factors may a l so  d i f f e r  significantly. 

Based on these ccmmonalities and differences among DSG technologies, it 
i s  evident that, for  a significant penetration, a large number of these 
DSGs w i l l  be  r e q u i r e d  and connec ted  a t  t h e  d i s t r i b u t i o n  o r  
subtransmission level of the u t i l i t y  power system. Their individual and 
aggregate behavior during system steadp-state or transient conditions 
w i l l  be different,  and the i r  des i rab i l i ty  o r  value as a source of power 
in  terms of busbar energy cost ($/k~,h)  w i l l  be different  since t h i s  
cost i s  dependent on the s tatus  and type of technology used i n  energy 
convers ion. 

The flow of real and reactive power i s  re lated t o  frequency and voltage. 
I f  a DSG has independent voltage control capability, it can be operated 
cooperatively with any method of voltage control on the existing power 
system. I f  the DSG i s  small, t h i s  can be done by local measurements and 
local control alone. Keeping the generation or consampt ion of reactive 
power within reasonable l imi t s  may be a suffioiont control algorithm. 

The ef fec ts  of voltage control in a power system with large generating 
p l a n t s  a r e  r o u t i n e l y  s tudied.  However, DSGs present  a new c l a s s  of 
problems s ince  t h e i r  s i z e  i s  smal l ,  s ince  t h e r e  a a y  be a l a rge  
mul t ip l ic i ty  of them scattered around the dis t r ibut ion network and the i r  
t e rmina l  c h a r a c t e r i s t i c s  a t  t h e  po in t  of inter-connect ion may be 
d is t inc t ly  different  from those of conventional generators. A study of 
the effect of D S  voltage control has not been performed in  any detai l .  

The objective of t h i s  study i s  t o  examine the effects  of voltage control - 
in  ut i l i ty- interact ive DSGs. To that  end, several D S  types have been 
mathematically represented according t o  c e r t a i n  assumptions and the  
impact of voltage control on real and reactive power flow and on power 
factor i s  evaluated. 



Relationship Between Voltage and Reactive P m r  

Consider an ac generator with output voltage EL6 supplying real power P, 
and reac t ive  power Q, t o  a load over a l i n e  of impedance R+jX a t  a 
tenninal voltage, v&, as shown in Figure 1-1. The relationship between 
the various quantities i s  shown in the vector diagram. of Figure 1-2. 



LOAD 

Figure 1-1. An ac Generator Supplying Power t o  a Load 
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F i r  12. Vector Diegram for Circuit of Figure 1-1 
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From Figures 1-1 and 1-2, it i s  found t h a t  

E2 = (V + RI cos 4 + XI s in  612 + (XI cos b - RI s in  612 

where b i s  the power factor angle and I i s .  the load current. 

But P = VI cos b 

and Q =  M s i n b  

Theref ore, 

For small 6, V + AV > 6V 

XP- 
6 = s i n -  ( ,Ra, 

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

Therefore from equations 1.1 or 13, it is evident tha t  the reactive 
yowez flow determines the voltage prof i le  throughout the power system. 
Conversely, the voltage control i s  equivalent t o  control of reactive 
power flow in  a power system. They are  interrelated. 

Whenever the magnitude of a par t icu lar  bus voltage is changed, @balance 
a t  tha t  bus i s  disturbed. That is ,  i f  there i s  a change in  Q  demand a t  
the bus, t h i s  demand must be matched local ly  a t  the bus i f  the voltage 
p m f i l e  is  t o  be maintained 

Relatioaahip Between Power and Frequency 

Constant impedance loads  and composite loads  vary w i t h  vol tage  and 
frequency. Their behavior can be described a s  follows [1-11 



Therefore, changes i n  real  and reactive power caused by small variations 
i n  frequency and voltage can be obtained by expressions 

and AQ = 3. af .A, + . A I V I  
. TvT ~ , 

The exact values of the pa r t i a l  derivatives in  1.3 and 1.4 w i l l  depend 
on the type of load. For incandescent lamps there i s  a considerable 
var ia t ion  in  eff ic iency with applied voltage. It i s  commonly assumed 
tha t  for  a tungsten fi lament incandescent lamp a 10% reduction in rated 
voltage w i l l  r e su l t  in a l i g h t  output of 7dW of rated value and a power 
consumption of 85% of r a t e d  With a 10% increase i n  voltage the output 
and power consumption increase t o  roughly 1409b and 1195, respectively. 

, .  , 

Flukres 'cent  lamps a r e  no t  n e a r l y  so  s e n s i t i v e  t o  app l i ed  vol tage.  
~ o u ~ h l y '  speaking, a one percent.  change ,above, or below the rated voltage 
w i l l  produce 'a one percent change ''in l igh t  output .and power consumption. 
Below about 90% there  may be diff . icqlty s tar t ing,  t he  fluorescent lamp 
and above about llU% there may be an overheating problem. ,,, . . 

Resistance heaters a re  very nearly c'onstant resistance, so t ha t  the 
energy input t o  such devices var ies  very nearly as the sqiinre of the 
applied voltage. Devices i n  t h i s  category would include the resistance 
heaters used fo r  home heating and home cooking as  well as  for  e l ec t r i c  
clothes drying and, in industry, fo r  various forms of process heat. 

Induction motors are  par t icu la r ly  sensi t ive t o  applied voltage ia terms 
of t h e  s ta r t ing  torque and s ta r t ing  current, but since the present study 
i s  concerned more with t h e i r  steady-state performance it may noted tha t  
t h e i r  f u l l  load current deoreases with increasing applied voltage such 
t h a t  R 10% i n c r e a s e  i n  appl iod  vo l t age  may r e s u l t  i n  a 10 t o  15% 
decrersa i n  t h e  f u l l  load ourrmt. Thoro may also  Be iiauc r;hauga in 
s l i p  although t h i s  w i l l  not d i rec t ly  affect  the power consumed 

Synchronous motars are not par t icu la r ly  sensi t ive t o  the applied voltage 
in  terms of t h e i r  power consumption since t he i r  speed and, hence, power 
rtre f i x e d  e x a o t l y  by t h c  frequency of the  power system, But t h c i r  
react ive demand may increase or  decrease in a manner s imilar  t o  that  for  
syn~hmainrs generators. It i s  d i f f i cu l t  t o  go in to  more de t a i l  f o r  th i s  
kind of l o a d  

For composite loads, the font pa r t i a l  Jwrivcrtivec of equations 1.3 and 
1.4 must be eva lua ted  empi r i ca l l y ,  s i nce  t h e i r  va lues  can n o t  be 
determined a n a l y t i c a l l y .  S tud i e s  w i t h  a t y p i c a l  composi te  load  
consisting of some induct ion motors, some synchronous motors and various 
other loads indicate the following average approximate values of three 
pa r t i a l  derivatives. 



The va lue  of t h e  f o u r t h  d e r i v a t i v e  i s  no t  a v a i l a b l e  and i s  of l e s s  
pract ical  importance. 

Figure 13 shows typical variations of real and reactive powers with the 
vo l t age  f o r  a composite load on a power system. I n  typ ica l '  power 
systems, power s ta t ion  operators control generator output voltage by 
f ixing the f i e l d  current. The output power i s  determined,. by the amount 
of mechanical energy being supplied t o  the generator. The power gr id i s  
fed through the specification of generator power and voltage while a 
load, i n  a s t a t i s t i c a l  sense, i s  cha rac t e r i zed  by i t s  power 

, requirements. 
. . 

It i s  the function of governor or  i t s  equivalent control system t o  keep 
t h e  frequency v a r i a t i o n s  w i t h i n  a smal l  range. Since DSGs under 
consideration in  t h i s  report w i l l  be u t i l i t y  interactive, it i s  assumed 
that  the frequency w i l l  be controlled by the u t i l i t y  and it w i l l  remain 
nearly constant. Therefore, frequency variat ions w , i l l  not be considered 
in t h i s  s tudy. 



PERCENT VOLTAGE 

Figure 1-3. Tgpical ~ h e r l ~ o l  tage Characteristics 
of Power System Load 



Load Flow Problems: General Approaah 

The term 'load flow problem' re fers  t o  steady s t a t e  calculations tha t  
provide power flows and voltages f o r  a specified power system subject t o  
constraints imposed by regulating capabili ty of generators, condensers 
and t a p  changing t ransformers  a s  w e l l  a s  n e t  in te rchanges  among 
indiv idua l  ope ra t ing  systems. Load f low s t u d i e s  a r e  performed f o r  
planning purposes and may encompass e i ther  normal o r  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 l'oad be specified i n  terms of real and reactive power consumption 
and the generators be s imilar ly spec i f ied  A t  some busses .a- voltage may 
be specified and there may be within the system . a  s lack bus a t  which 
only voltage. magnitude and phase angle are specified. A generator i s  
typically connected t o  such a bus t o  make up whatever real and reactive 
power i s  required a t  tha t  location. However. in the present study there 
are  somewhat fewer degrees of freedom and the additional constraint of a 
vo l tage  c o n t r o l l e =  o r  e x c i t e r  equat ion must be taken  care  of. 
Nevertheless,  an i t e r a t i v e  s o l u t i o n  i s  s t i l l  required. I n  o rde r  t o  
i l l u s t r a t e  the issues involved consider the system shown in  Figure 1-4. 
This example i s  taken from a power systems text book presently being 
written by Harold Kirkham of the J e t  Propulsion Laboratory, Walter,  J. 
Gajda Jr., of t he  Univers i ty  of N0tr.e Dame and Radhe S. L. Das of 
California S ta te  University, ~ong '  Beach. 

I n  t h e  example, t h e r e  a r e  two genera tors ,  a s i n g l e  load, and two 
r e s i s to r s  which represent ohmic losses in the transmission system. 



Figure 1-4. Power Systean Circuit Diagram and Values Used 
To Illustrate Solution Method 



Figure 1-4 i s  a dc example f o r  simplicity.  A s  a problem in  conventional 
ne twork  a n a l y s i s  w i t h  t h e  s o u r c e  v o l t a g e s  and r e s i s t a n c e  v a l u e s  
specified, t h i s  i s  a r a the r  straightforward problem. However, a s  a 
power system problem, analys is  i s  r a t h e r  circuitous.  

One may begin by specifying t h a t :  

a. The l e f t  generator w i l l  put  out 100 watts  and, 

b. Load must receive 150 watts  a t  100 vol ts .  

I t  may no ted  t h a t  t h i s  i s  n o t  t h e  normal way t o  s p e c i f y  a ne twork  
analysis problem, but such spec i f i ca t ion  would not be unusual i n  a power 
system. The problem i s  t o  determine both voltages V1 and V3 and the 
power developed by r i g h t  generator Pr. When these ' three  q u a n t i t i e s  a r e  
known, the operation of the generators w i l l  be completely spec i f i ed  i n  
t h a t  the  opcrator would h o w  the  f i e l d  currents  and powers required t o  
s a t i s f y  the load. . 

The load current i s  

Two expressions can be wr i t t en  f o r  I1. 

The V1, of the  l e f t  generator is  uniquely specif ied  because 

This may be solved d i r e c t l y  

vl = 100.99 

Of course, 

By ILirchoffts Current Law 

$ = I1 + I 3  and we solve I 3  

I3 " I2 - Il = 1 . 5  - .99 = .51A 

Further 

V3 = V2 + (1 ohm) (I3) = 100.51V 



Now the r igh t  generator's output can be found 

. The system model i s  completely analyzed. Power flows are: 

Power absorbed = P load + P losses 
= 150 + 38 + .26 
= 151.24W. 

These values balance t o  within the accuracy of the calculat ions 

The operator of the r i g h t  generator must burn suff ic ient  fue l  t o  yield 
an e l e c t r i c a l  gene ra t ion  r a t e  of 51.26 watts.  I n  addi t ion ,  he mast 
supply f i e l d  current t o  hold V3 a t  100.51 volts. The operator of the 
l e f t  generator must supply 100 watts a t  10039 volts. 

There are  f i v e  degrees of freedom in the c i r cu i t  to  Figure 1-4. By t h i s  
i s  meant tha t  the specification of five independent quant i t ies  serves t o  
t o t a l l y  determine the behavior of the circuit .  I n  the most familiar 
terms, t h e s e  f i v e  q u a n t i t i e s  c o n s i s t  of t h e  va lues  of t h e  two l i n e  
resistances, the load resistance, and the two generator voltages. When 
these  a r e  spec i f i ed ,  t h e  powers and c u r r e n t s  a r e  determined. This  
observa t ion  can be gene ra l i zed  t o  t h e  r ecogn i t i on  t h a t  t h e r e  a r e  b 
degrees of freedom in a c i rcu i t  made of b elements. I n  the power system 
above, the o i roui t  was characterized by f ive  values (as i s  essent ial  i f  
the unique solut ion is t o  be found) which were not traditional.  These 
consisted of the power of the l e f t  generator, load power and voltage, 
and t h e  two l i n e  r e s i s t ances .  The problem was then  completely 
oharaoter ieod  and i t  was poss ib l e  t o  so lve  f o r  t he  o the r  vol ta%es ,  
ourronto, and powers of interest.  

The five values chosen t o  specify the problem are  somewhat arbi t rary 
although they must be independent, tha t  is ,  any one of them must not be 
determined by any combination of the other faur. For example, three of 
t h e  q u a n t i t i e s  could not  be t h e  vol tage,  c s r r e n t  and r e s i s t a n c e  
associated with onc of the  transmission l ines  since these three do not 
form a s e t  of independent quantities. Specification of any two w i l l  
serve t o  f i x  the third. 

The apparent a rb i t ra ry  nature of the i n i t i a l  cboice of five quant i t ies  
is  fur ther  nmplif ied v i e  nnnthnt nnnlgsi n nf the same c i r cu i t  r ~ c i f  iorl 
d i f f e r e n t l y  a s  sketched i n  F igure  1-5. The a n a l y s i s  beg ins  w i t h  
knowledge of the power generated by the l e f t  generator, the two l i ne  
resistances, the power absorbed by the load and the voltage associated 
with the r igh t  generator. The method proceeds in a s t raightfornard 
fashion with a determination of the power t o  be supplied by the  right 
generator and the two remaining node voltages, V1 and V2. 





Substituting I o r  V1 I1 in t h i s  equation yields  one equation involving PI 
and it. can be used t o  determine the r igh t  generator's power output. The 
equation i s  a fourth Order polynomial in P, and numerical evaluation 
leads - to  

P = 51.25 watts 

The other values follow immediately: 

I3 = .5125 amps 

V2 = 99.487 vol ts  

I2 - 1.5077 mps 

1, = .9932 amps 

V1 = 100.483 vol t s  

The analytic complexity of the solution i s  masked by the few l ines  above 
indicating that  the equation i s  a fourth order polynomial i n  B. Other 
methods of c i r cu i t  analysis a l so  lead t o  complex expressions. I n  short, 
although t h i s  second problem appears t o  be a minor var iat ion of the 
f i r s t ,  and indeed the f inal  values fo t  C u r t a t  voltage and yuwer aru wL 
s i g n i f i c a n t l y  d i f f e r e n t ,  t h e  mathematical  complexi ty i s  such a s  t o  
require numerical techniques. I f  the problem i s  extended t o  the ac 
cquivalont, tho oo~nplegity of the solution becomes wen greater and 
numerical techniques would become even more necessary. 

Solution Methods 

Throo types of DSG systems were considered: (1) DSGs tising syncbmnous 
generators (e.g., so l a r  thermal e l ec t r i c  generating system), (2) DSGs 
using induc t ion  genera tors  (e.g., wind systems),  and (3) DSGs using 
dclac inverters (e.g., photovol t a i c  system). Steady -state ma thema t i c a l  
models f o r  each US system were used and e f f ec t s  of varying performance 
parameters on load terminal voltage and system VARs were evaluated. 



For each DSG system, some reasonable performance conditions are assumed. 
I n  order t o  obtain a complete s e t  of solutions for  the system equations, 
the value of one or two var iables  i s  guessed and values of a l l  variables 
are  obtained iteratively.  

Usually the value of system voltage was guessed sometimes along with one 
o t h e r  system var iab le .  I n  some genera tor  models, knowledge of t h e  
terminal voltage of the machine completely specified the conditions 
inside the machine. For example, a synchronous machine controlled with 
an exci ter  using voltage feedback operates so t ha t  the magnitude of the 
exci ter  voltage i s  completely specified by the terminal voltage. The 
machine power angle  d e l t a  i s  t h e  on ly  parameter  which can va ry  t o  
accommodate the required power output from the machine. Similarly, in  
the case of an induction machine, the model of the generator consis ts  
en t i r e ly  of passive components, and conventional network analysis can be 
used t o  solve for  the various current flows, given the terminal voltage 
on t h e  machine and a d j u s t i n g  t h e  s l i p  s o  a s  t o  accommodate t h e  
appropriate power output. 

I n  some of the generators, knowledge of the tenninal voltage does not 
specify the conditions within the generator, and i n  these cases the 
second parameter  guessed a t  would be t h e  angle  between t h e  vo l t age  
behind system reactance and terminal voltage. This angle i s  frequently Y .  

called beta. I n  such cases, the program i te ra ted  on the i n i t i a l  guessed 
terminal voltage and on the value of beta so  as t o  obtain convergence. 

I n  te rms  of t h e  a n a l y t i c a l  complexi ty  of t h e  s o l u t i o n  a s  i nd i ca t ed  
above, several of the combined generator load and power system models 
have 10 degrees  of freedom and p re sen t  s u f f i c i e n t  complexi ty  t o  
completely rule out the idea of developing closed form solutions. 



General Assompt ions 

In  the previous s e c t i o n ' i t  was shown tha t  the power system problem 
must ordinarily be solved iteratively, and methods of doing so were 
discussed. 

I f  reasonable assumptions are  made about the efficiency of the D S ,  i t  
might be possible t o  describe the variation of output power with input 
power. However, the variat ion of the output voltage cannot be handled 
so easily. In  the usual power system solution, loads and generators 
a re  described by t h e i r  real and reactive demands, and f o r  the DSGs 
studied here these parameters are not h o w n  Consequently, it becomes 
necessary  t o  model each DSG, load and power system as a complete 
e lec t r ica l  c i r cu i t  (rather than a one-line diagram) and t o  solve it 
using the equations of c i r cu i t  analysis. 

The remainder of t h i s  section w i l l  discuss the various models used and 
the numerical techniques used t o  solve the system problem. 

Power System Model 

Most portions of the generation side of a power system can be r e p r e  
sented, fo r  c i r cu i t  analysis, by a very simple Thevenin equivalent. 
For generation and transmission t h i s  equivalent would simply be an 
inductance in  ser ies  with a voltage source, as  shown in Figure 2-1. 



Figure 2-1. Thevenin Equivalent f o r  Generation or 
Transmission System 



Distr ibut ion systems d i f f e r  in a  number of ways from transmission - 
systems.  They a r e  g e n e r a l l y  much l e s s  i n t e r c o n n e c t e d  ( w i t h  some 
excep t ions )  and t h e  e q u i v a l e n t  c i r c u i t  f r e q u e n t l y  c o n t a i n s  a n  
a p p r e c i a b l e  r e s i s t a n c e .  Vol tage c o n t r o l  i s  r a r e l y  a p p l i e d  a t  t h e  
load, but is f requent ly  applied a t  d i s t r i b u t i o n  substa t ions  and along 
some feeders 

I f  we assume tha t  the load under consideration i s '  connected somewhere 
a long a  f e e d e r  ( a t  one p o i n t ) ,  t h e  f e e d e r  may be r e p r e s e n t e d  by a  
complex. impedance. The e f fec t  of voltage control  can the,n be modelled 
by a l l o w i n g  t h e  v o l t a g e  source  t o  t a k e  on a  range  of values .  The 
arrangement is  shown i n  Figure 2-2. 



Figure 2-2. Equivalent Circuit f% Distribution System 
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The parameter values in  Figure 2-2 are chosen t o  be representative of 
a typical system, in  per unit. 

Since design practice of d i s t r ibu t ion  systems varies  widely, it i s  
qui te  d i f f i c u l t  t o  give representative values for  the resistance and 
reactance of the power system as seen from the customer's terminals. 
Fnrthermore, design practice is u s u a l l y  based on cons ide ra t ion  of 
voltage drop rather than system impedance as it would be in  a trans- 
mission system. 

Nevertheless  some e s t i m a t e s  of t y p i c a l  va lues  can be made. The 
impedance of the dis t r ibat ion transformer might be in  the order of 2 
or 3 percent, the higher impedances being associated usually with the 
la iger  ratings. The d i s t r i ba t ion  t ransformer  impedance i s  most ly 
reactive, the res i s t ive  component being perhaps one quarter of the 
t o t a l  impedance. To th i s  complex impedance must be added an impedance 
representing the feeder and secondary l i ne  t o  the customer, and the 
service drop. 

The f eede r  and s e r v i c e  drops vary  somewhat w i t h  l i n e  design,  but  
c i r c n i t  conductors t y p i c a l l y  have an R t o  X r a t i o  i n  t h e  order  of 
one. r2-11 That i s  t o  say, they a re  equally res i s t ive  and reactive. 
The exact amount of resistance and reactance t o  be added in our model, 
of course,  depends on t h e  c i r c n i t  design and t h e  l e n g t h  of l i n e  
between the d is t r iba t ion  transformer (whose impedance was considered 
above) and the customer. 

The values taken as representative of the sum of transformer reactance 
and l i ne  resistance and reactance in  t h i s  study were R = .04 and X = 
0.l pu. The programs were a l so  run with half  t h i s  value as system 
impedance, producing r e su l t s  which were not substant ial ly  different.  
Some ver i f ica t ion  of the va l id i ty  of these numbers may be obtained 
from consideration of vol t  drop, as  i s  normally done in a dis t r ibut ion 
system design. I n  a residential  feeder a t  heavy load there may be 
th rekvo l t s  drop be tween the f i r s t  d i s t r iba t ion  transformer and the 
l a s t ,  and t h e r e  may be t h r e e  v o l t s  drop  i n  t h e  d i s t r i b u t i o n  
transformer. AuotLet Lhee and one-half vol ts  might be l o s t  i n  the 
secondary l i n e ,  and t h e  se rv i ce  drop under (maximum) load f o r  t h e  
consumer i s  ra re ly  above one volt. This gives a t o t a l  maxilpum vol t  
drop on a resident ial  feeder of 11 vol t s  or  .1 per  unit. I n  the base 
case caloulation of the studied power system where there i s  no DSG, 
the vol t  drop from the equivalent generator t o  the load a t  maximum 
load i s  about %, which i s  close t o  the maximum quoted above. The 
system is therefore qui te  representative of a d i s t r ibu t ion  system and 
a typical customer. The al ternate  case resul ts ,  with half  t h i s  system 
impcdance, might r ep ra seu t  a customer connected c l o s e r  t o  t h e  
d is t r iba t ion  substation. 

A r u r a l  f eede r  u s u a l l y  has about t h e  same t o t a l  v o l t  drop a s  a 
resident ial  feeder, but in the case of a na ta i  feeder more of the vol t  
drop ex i s t s  across the primary feeder and service drop and there is ,  
of course, typical ly  no secondary l i ne  a t  all. 



Load Model 

I n  t h e  s o l u t i o n  of t h e  s i n g l e  l i n e  v e r s i o n  of t h e  power system 
problem, the load i s  usually represented by a fixed rea l  and reactive 
demand. However, s ince  t h e  vol tage  on a load bas  may vary a s  t h e  
solution i s  approached, it i s  sometimes necessary t o  express the rea l  
and reactive loads as a function of voltage. Frequency ef fec ts  can be 
neglected i n  the steady s t a t e  load flow because governor action can be 
assumed t o  hold the frequency a t  i t s  nominal value. 

Clear ly ,  t h e  load  performance w i l l  depend on the  kind of load, a s  
discussed i n  Section 1. For example, the real power demand of motor 
loads i s  pract ical ly  independent of voltage, beorruse Lht iiiotor speed 
does not change .wi th  voltage. (There may be a very small change in  
the oase of an induction motor.) Reactive demand w i l l  vary, however. 

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

Other loads have other  properties, some being almost constant current 
for  example, so that  the problem of representing a load i s  by no means 
t r i v i a l .  

Experimental investigations have shown tha t  many aggregate loads can 
be r ep re sen ted  a s  s imple  func t ions  of vo l t age  such a s  P = kvn. 
Perhaps t h i s  i s  not too surprising, since for  n = 1 th i s  represents a 
l i n e a r  f u n c t i o n  which l i e s  between t h e  quadra t i c  dependence of 
constant impedance l&ds and the independence of motor loads. Figure 
2-3 shows the effect  of t h i s  load representation. 
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Fig~lre 2-3. Real and Reactive Power as a Function of Voltage for 
Two D i f  ferant Load Models, Normalized 



Both the load models shown i n  Figure 2-3 have been used in  t h i s  study. 
Both are  represented by equations of' the form: 

and 

For constant impedance loads, of course, n = 2 and the constants K1 
and 4 are f ixed by the load xes is tswe  and reactance, Tbe r ea l  part  
of current i s  given by 

SO t h a t  gl i s  s imply  t h e  equ iva l en t  ( p a r a l l e l )  conductance of t h e  
load. Similarly, K2 is the equivalent susceptance of the load. . . .  

For n # 2 the equations are equally simple, but the apparent impedance 
i n  d~pnnrlont nn the value of n 

D9G Models 

There i s  a large var ie ty  of DSGs tha t  could be modelled and included 
i n  t h i s  study. Indeed, the number of different  DSG types i s  so large 
tha t  some means of reducing the  s ize of the problem must be employed 
i f  an economical job is  t o  be done. 

Fortunately, the mathematical model need only extend as  f a r  as the 
power conversion device, and can be considered t c  be inhependent of 
the primary source of energy. Thus, for  example, i f  a synchronous 
generator i s  modelled, i t s  impact on system voltage, i n  the steady 
s tate ,  w i l l  be the same whether it i s  driven by a water turbine or by 
an industrial  cogeneration system. Similarly, the model used for  a ' 
dc-ac inverter  would be the same whether it i s  used i n  a photovoltaics 
ins ta l la t ion  o r  i n  a bat tery storage. Further jus t i f ica t ion  for  t h i s  
approach may be faund i n  the fact  that,  for  pract ical  machines, the 
dynamics of the exc i te r  are  always f a s t e r  than the dynamics of the 
input power and i t s  control system. 



The number of models required i s  therefore considerably l e s s  than the 
number of DSG types. Table 2-1 shows the models developed for  the 
study, and typical applications. 

T m  2-1. 

DSG MODELS AND TYPICAL APPLIMICNS 

Model Application 

Synchronous Machine Low Head Hydro 

Induction Generator Wind 'Ihrbine 

dc-ac Inverter Photovoltaics, Fuel Cell  

The synchronous machine and the inverter both have t h e i r  own control 
systems t h a t  determine t h e i r  performance. I n  t h e  case of t h e  
synchronous generator connected t o  a power system, for  example, the 
exci ter  system determines the reactive power output of the generator. 
Depending on what assumptions are made regarding the control system 
fo r  the exciter, different  models must be used t o  represent it. 

Synohnmous Generator 

Synchronous generators are used i n  many cogeneration applications, and 
a r e  a l s o  used i n  conjunct ion w i t h  water  turbines.  Unlike the  
induction machine, synchronous generators have a separate source of 
e x c i t a t i o n  t o  produce t h e  r o t a t i n g  magnetic f i e l d ,  and they  a r e  
capable of producing o r  consuming reactive power. 

Whether a synchronous generator consumes or  produces reactive power in  
a power systt~ii application depends upon lhr: e s i t a t i o a  Thia i n  turn 
depends,on the exci ter  control system. 

I n  our present stady the dis t r ibut ion system voltage i s  largely d e t e r  
mined by the  power system ( t h i s  i s  q u i t e  t y p i c a l  of power system 
application of synchronous machines) and the D9G exci tat ion system i s  
controlled by a feedback system. 

Three d i f f e r e n t  c o n t r o l l e r s  were modelled. One c o n t r o l l e r  model 
assumes an exciter set  t o  mainiaiu constant voltage (assumed t o  be one 
per unit)  a t  the terminals. This i s  a reasonable exci ter  control fo r  
a generator operating independently, and also seems t o  be the kind of 
control ler  called fo r  by the interconnection agreanents be tween same 
u t i l i t i e s  and DSG operators. 



A second exc i t e r  control model assumes tha t  the exci ter  i s  attempting 
t o  maintain constant reactive power a t  the terminals. Unity power 
factor  (i.e., zero reactive) was assumed in the study, but there i s  no 
reason why the same program could not be ased with other reactive 
power values. 

The th i rd  exc i te r  model i s  the simplest of a l l .  I n  t h i s  model the 
exc i te r  current i s  held constant. This may be taken as representative 
of a synchronous machine without exci ter  feedback. or of a permanent 
magnet type machine. 

The f i r s t  e x c i t e r  model assumes a s imple s t a t i c  feedback type of 
contml le r  i n  which the excitation i s  derived by amplifying an e r ror  
sigeol which represents the clifferenee between the tenninnl voltage 
and a reference voltage. Thus, i f  VT i s  the terminal voltage and VREF 
i s  the reference voltage, the exci tat ion i s  given by 

I % 

Vl = KG(VT - VREF) 
' 

where V1 i s  t h e  vol tage  behind genera tor  reactance,  :i.e., t h e  
excitation, and KG i s  a gain constant. (Note tha t  we are  .as.ing the 
same symbols here, without subscript, tha t  are ased in  the dmputer  
programs.) I n  t h i s  study a gain of 10 was assumed, as t h i s  allows the 
tenninal voltage t o  depart somewhat from the nominal ,valse without 
causing the exci ter  system t o  reach under- and ove texc i ta t ion  l imits ,  
s e t  a t  0.0 and 2.5, respectively. 

The second emit ,er  model assumes a oimple exoiter feedback system 
where the feedback signal i s  obtained by amplifying an error  signal 
which represents the difference between the output reactive power and 
a r e f e rence  r e a c t i v e  power. By s e t t i n g  t h e  r e f e rence  value f o r  
reactive power t o  zero, t h i s  control i s  equivalent t o  power factor  
contml with a reference power factor of unity. Unity power factor 
control, achieved as  described above, can be represented by 

Vl = K(Q - QRlFl 
where Q and QREE a r e  t he  r e a c t i v e  power output and t h e  re ference  
reactive power, respectively. (In t h i s  study, QREF = 0.) 

The penatmeet magnet exci ter  i s  simply represented by 

The constant v a l w  was chosen t o  produce unity power factor operation 
a t  f u l l  load a t  ra ted voltage. 

Ths system studied i s  shown i n  Figure 2-4. The same c i rcu i t  i s  used 
for the three exc i te r  types studied. 



Figure 2-4. Equivalent Circuit of Distribution .System with 
S y w b w s  Generator. (Tb!, same circuit i s  u t ~ d  for 
the three exciter types studied.) 



The solut ion method proceeds as  follows fo r  the constant voltage type 
exciter.  

- To s i m u l a t e  vo l t age  con t ro l  on t h e  d i s t r i b u t i , o n  system,,VS i s  
varied from 0.9 t o  1.1~~. 

- To simulate input power variations the value of PG, the input mech- 
anical power, is varied from 0.02 t o  0 . 2 0 ~ ~  This represents 20% 
penetration. 

- VT i s  taken as reference fo r  the calculations. The magnitude i s  
. not known a t  the outset, so a guess i s  made t o  provide an i n i t i a l  

s ta r t ing  point. The value of VT i s  then determined i terat ively.  

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

- Using t h i s  angle the vector Vl i s  detemined. Since the 
e x c i t e r  i s  assumed t o  be s e t  t o  con t ro l  t h e  t e r m i n a l  
voltage and hold it constant, a knowledge of the magnitude 
of VT immediately gives the magnitude of Vl. The angle of 
V 1  was guessed, and i s  updated i terat ively.  A t  t h i s  point 
the magnitude of M i s  checked t o  see i f  exci ta t ion l i m i t s  
a re  exceeded, and i f  so, l i m i t  values a re  substituted. 

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

- The power de l ive red  t o  t h e  t e rmina l s  can now be found, 
using I1 and VT. 

- The power l o s s  i n  R1 i s  added t o  t h e  de l ive red  power t o  
f ind  the required input power. 

- This input power i s  compared t o  the given shaft  power PM, 
and t h e  process  repea ted  i t e r a t i n g  on the  angle u n t i l  a 
power match 4.s obtained. 

- Onee t h e  power match is obtained fo r  t h e  geeerator. t h e  va lw  of IS 
can be found. 

- The volt-drop across ZS i s  found. 

- The valae of VS can be calculated. 

- The magnitude of t h i s  calculated value' of VS can be compared with 
the aiven value of  VS and tk process repeated, i t e ra t ing  on the 
i n i t i a l  guess of the value of VT. 

- Once convei.gence is obtained, the required terminal parameters are 
ooloulatab and printed. 

Vector diagrams f o r  the system are shown in  Figures 2-SA (VS = 
1.0 pa) and 2-SB (VS = 0.9 pa). 



Figure 2-5A VS = 1.0 pu 

.I ------ - - ---- 
-I -I.._ - - 

Figure 2-5B VS = 0.9 pu 

Scale - Voltage, 1 cm = 0.1 pn 
Current, 1 cm = 0.1  pu 

Figures 2-5A and R vector ~i&rams for Synchronous Machine with 
CcriistAtie Voltage Exciref and Heavy Laad. 



The solut ion method i s  shown in diagram form in Figure 2-6. 

I SET INPUI' H)WER 
I SET VS I - 

-. .- - I GrrPsS TERMINAL VCLTAGE I 
I IGUFSS GENERATOR mWER ANGIE I 

I I 

I I SXVE SYSXM F O R ~ W E R  i 
--I BALAN&, TO FIX ANGLE I 

I I 

I I SCaVE SYsrEbi FOR VCtTAGE I - I CI]NDITI(]NS - I 

Figure 2-6. Method Used t o  Solve the Distribution System/Synahionous 
Maohiae P r o b l ~  with the Bzoiter Controlled for Constant 
Terminal Voltage. 

The solut ion method f o r  the exci ter  controlling for  oonstant power 
factor a t  the generator terminals i s  very similar. The prinoipal 
differ'ence i s  i n  the relationship between the terminal voltage and the 
exci ter  voltage. 

Whereas, i n  t h e  ca se  of t h e  cons t an t  vo l tage  e x c i t e r ,  t h e  e x c i t e r  
equation generates an exci tat ioa depending on a reference voltage and 
the measured terminal voltage, for  the constant reactive oontrol ler  a 
r e f e rence  va lue  of r e a c t i v e  power was used. It happens t h a t  t h e  
resulting exc i ta t ion  i s  more nearly constant than in the case of the 
cons tan t  vo l t age  o o n t r o l l e r ,  w i th  t h e  r e s u l t  t h a t  we a r e  ab l e  t o  
increase the control ler  gain and reduce the steady s t a t e  error. I n  
t h i s  model a gain of 100 was used along with a reference value for 
reactive power of zero. 

The third model of synchronous machine is even simpler. I n  t h i s  model 
the exci tat ion voltage i s  held constant a t  such a value as  t o  produce 
uuity power factor  i n to  rated voltage a t  f u l l  power output from the 
DSG. 



It may be noted tha t  with th i s  kind of -exc i te r  the power system i s  now 
specified i n  a very conventional c i r cu i t  analysis' kind of way, that  i s  
t o  say, both generators' voltage magnitude i s  specified along with 
values of a l l  the system impedances. It might therefore be possible 
in principle t o  obtain a closed form solution for  the power flows. 
However, i t  i s  s imp le r  by f a r  t o  modify t h e  e x i s t i n g  coding and 
continue t o  solve the problem iteratively. This model -was implemented 
l a s t  and the program which solves it was derived from the previous 
two. , . 

. ,  . 

Induction Maohine 

An induct ion  machine can be operated a s  a genera tor  by d r iv ing  it 
above synchronous speed, tha t  i s  t o  say, with s l i p  negative. Since 
there i s  no inherent means f o r  producing excitation, the induction 
machine draws reactive power from the system t o  which it i s  connected. 
The equivalent c i rcu i t  of an iriduction machine i s  s imi la r  t o  that  of a 
transformer. with the transformer secondary sho r t  c i r c u i t e d .  The 
r o t o r  po r t  i on  of t h e  equiva len t  c i r c u i t  captains i slip-dependent 
resistance. which accounts conveniently for the fac t  that the machine 
i s  e i ther  developing mechanical o r  e lec t r ica l  power. 

The equivalent c i r cu i t  i s  shown in Figure 2-7. [2-2 1 



, . Figure 2-7. Equivalent circuit of an ~nduction' Machine 



The equivalent c i r c u i t  of Figure 2-7 w i l l  no t  be developed her,e. The 
c i r c u i t  i s  qu i t e  standard, and its der ivat ion may be found i n  any t e x t  
on electromechanical energy conversion Figure 2-8 shows t h e  generator 
connected t o  the  d i s t r i b u t i o n  system. 

The so lu t ion  method proceeds as follows: 

- To s i m u l a t e  v o l t a g e  c o n t r o l  on t h e  d i s t r i b u t i o n  system,  VS i s  
varied from 0.9 t o  1.1~~. 

- To s i m u l a t e  inpu t  power v a r i a t i o n s ,  which may be regarded  a s  
typical  of DSGs, the value of PG, the  input mechanical power, is 
varied from 0.02 t o  0.20~11, representing 20% pene t ra t ion  

- S i n c e  t h e  DSG t e r m i n a l s  a r e  t h e  l o c a t i o n  f o r  measurements of 
parameters such as power factor ,  voltage, power and so  on, VT i s  
t a k e n  a s  a r e f e r e n c e .  S ince  t h e  v a l u e  i s  n o t  known a t  t h e  
beginning of the  calcula t ion.  a reasonable guess i s  made. This 
guess is updated i tera t ively .  

- A v a l a e  of s l i p  i s  guessed. T h i s  v a l u e  i s  c o r r e c t e d  
i t e r a t i v e l y  t o  s o l v e  t h e  power b a l a n c e  f o r  t h e  DSG a s  

. follows: 

- A value is  found f o r  the '  p a r a l l e l  combination of 
(R2/s + jX2) and (RM + jXM). 

- This value is added t o  ( R l  + jX1) .  

- The voltage VT i s  applied t o  f i n d  11. 

- The drop across Z1 i s  calculated. 

- V1 i s  found from VT and Z1 drop. 

- I M  i s  found by applying V 1  t o  ZM. 

- I G  i s  found by adding I1 and I M .  

- Input power i s  found by multiplying and R2Is. 

- I f  t h i s  inpu t  power does n o t  match t h e  va lue  of PM, t h e  
value of s l i p  i s  corrected and t h e  process repeated. 

- Once the s l i p  i s  found, I2 i s  found by subtract ing I1 from IL. 

- The ZS drop i s  found. 

- VS i s  found by adding VT and t h e  ZS drop. I f  VS does not match the  
v a l a e  s e t  a t  t h e  o u t s e t ,  t h e  va lue  of VT i s  modi f i ed  and t h e  
procedure repeated. 

- Various required p a r m e t e r s  a r e  calculated and printed. 

A vector diagram for  the system is shown in Figure 2-9. 

The procedure i s  shown diagrammatically in Figure 2-10. 



Figure 2-8. Circuit of Induction Generator Connected t o  
Distribution System. 
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Figure 2-10, Solution Method for  the D i  s t r ibbt ion 
Systom/Induction Maehine Problem 

Induction Machine with Capacitor Campemsat ion 

A cr i t ic ism tha t  may be levelled a t  the induction generator i s  tha t  it 
consumes too mush recletive power, The amount of roaotivo powom coasumcd 
depends upon the  tenninal voltage and the output power, and i t  i s  not 
simple t o  give it in closed form. It  i s  en t i re ly  possible, however, 
t ha t  the u t i l i t y  t o  which t h i s  kind of D S  i s  connected w i l l  require 
tha t  the owner provide campensation for  the reactive power consumed. 
Normally t h i s  compensation would c o n s i ~ t  of a gowet faotor oorreotion 
capac i to r ,  s i zed  t o  b r ing  t h e  combined power f a c t o r  up t o  a va lue  
acceptab le  t o  t h e  u t i l i t y .  Since t h i s  i s  a gene r i c  study, we have 
chosen t o  correct the power factor  t o  unity when the DSG is operating a t  
rated power in to  rated voltage. This corresponds t o  the largest  power 
faotor oorreotion capaoitor tha t  may roasonnbly bo rcquirod. 

The computer program which calculates the resu l t s  f o r  the compensated 
induction machine is based on the uncompensated version. Once the 
cu r r en t  i n j e c t e d  by t h e  DSG i n t o  t h e  system i s  ca lcu la ted ,  a 



correction is applied t o  the imaginary component, such that  a t  rated 
power into the DSG and 1 per unit  terminal voltage, the imaginary 
component vcinishes . 
Inverter: Coastant Extinotion Angle (0 Control 

The constant  ex t inc t ion  angle  cont ro l  f requent ly  used f o r  l ine-  
cornmutated inverters may be represented in  a gross sense by a power 
injection with reactive demand equal t o  about 50% of the injected 
power. This w i l l  correspond t o  an extinction angle (gamma) of lSO 
which would be quite normal for a line-canmutated inverter. Such a 
representation does not allow the detailed workings of the inverter t o  
be modelled -- perhaps t h i s  i s  fo r tuna te  - but  an excel lent  

. representation of th? terminal donditrons may be obtainedfz-31 

The program which solves t h i s  model assumed that the inverter is 100% 
efficient and the output power i s  stepped from .02 to 3 per unit in 
the same way t h a t  the  input power of the  various o the r  models i s  
stepped. 

The solution method i s  somewhat s imilar  t o  the others. It begins by 
assuming a te rminal  voltage and from i t  ca lcu la t ing  an in jec ted  
current.  The load current  i s  found and consequently t h e  current  
required from the  power system i s  calculated.  This  cu r ren t  i s  
multiplied by the series  drop i n  the.power system t o  give a value for  
the power system voltage and the magnitude of t h i s  voltage is then 
compared with the known value of the VS. Any difference between the 
two is used t o  correct the i n i t i a l  guess for terminal voltage. 

When sufficient accuracy has been obtained, the values required fo r  
the output a r e  ca lca la ted  and printed. Since the re  is '  only  one 
i terat ive loop in th i s  program, it tends t o  run f a s t e r  than sane of 
the others. 

(XA Controller Ompensated a t  Full Load 
4 

A drawback of the previous type of DSG might be that  the DSG consumes 
SOk as much reactive power as it generates active power. The owner of 
such a DSG may be required t o  compensate the terminals of h i s  device 
for  th is  reactive consumption. The simplest way t o  do th i s  i s  with a 
capacitor. To model th is  canpensation, a capacitor value was assumed 
such that  10(lk compensation was obtained when the D9G was injecting 
its rated power into the power system a t  rated voltage. 

The computer program which solves th is  case i s  based on the uncompen- 
sated CEA inverter and d i f fers  only in that once the injected current 
is  ca lca la ted  a co r rec t ion  f a c t o r  is  applied t o  the  imaginary 
component of this  current before the power system contribution i s  
calcalated. The reanainder of the program i s  the same and the speed'at 
which it operates is similarly rapid. 



Photovoltaic-type Inverter  

While the d e t a i l s  of the operation of many of the inverters used with 
low power pho tovo l t a i c  a r r a y s  a r e  p rop r i e t a ry ,  some informat ion  
regarding t h e i r  external character is t ics  i s  available. A simple type 
of inverter in  current use has external properties unlike ei ther  of 
t h e  two i n v e r t e r s  descr ibed  above. I n  t h i s  i n v e r t e r  t he  r e a c t i v e  
power a t  f u l l  load i s  roughly the same as the CEA inverter (say 4(19b of 
t h e  r e a l  power) but  i t  drops only  s l i g h t l y  a s  t h e  r e a l  power 
decreases ( t o  say  XI of the rated power a t  zero r e a l  power). 

The program which solves t h i s  case i s  based on the program for the (ZA 
i n v e r t e r ,  t h e  d i f f e r e n c e  being t h e  way i n  which the genera tor  
reactive power i s  calculated. Execution i s  qtlite fas t .  

Base Case . , 

One of the programs was modified t o  represent the case of no inject ion 
from the DSG. Consequently the major loop ( that  which incremented the 
injected power) was not used and a, ra ther  diminished s e t  of calcula- 
t ions resulted. 

Again, it would be possible t o  calculate the required values i n  t h i s  
rather  simple s i tua t ion  in  closed form, but it was decided that  it 
would be more e f f i c i en t  t o  modify an existing program t o  solve the 
problem i terat ively.  Indeed, i n  view of the small s ize of the print- 
out and the speed with which convergence can be obtained, t h i s  c h i -  
is c lear ly  j u s t i f  ied. 

The principal use of the base case program i s  i n  finding the vol t  drop 
under va r ious  load  condi t ions  and w i t h  va r ious  va lues  of system 
h p e  danc e . 



, , . . .  
SECTION 'IHREE 

PRESPNTATIOPII AND DISCllSSION OF RESOLIS .. . . 

The resu l t s  of the various computer programs are  presented in  Appendix 
B, Tables B-I t o  ,B-XIV, organized as  follows: . . 

Tables B-I and B-I1 

Tables EIII and B-IV 

~ynchronms machine 
Constant voltage exci ter  
Light and heavy load 

Synchronous machine 
Constant reactive control 
Light and  heavy .load . 

.Tables B-V and B-V1: . Synchronous machine * 

Const ant eu: it a t ion  
Light and heavy load 

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

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

.,* 

' Tables %XI and B-XI1 Inverter  
CZA control . ,  .. 

Light and heavy load 

Tables B-XIII and B-XW Inverter  
( Z A  - compensated a t  f u l l  output 
Light and heavy load 

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

It may be noted tha t  the case oL the dclac inverter with unity power 
factor control was not expl ic i t ly  modelled. Since the control ler  i n  
t h i s  case causes the inverter t o  look l i ke  a synchronous generator with 
unity power factor control, the resu l t s  of tha t  case (Tables PI11 and 
B-IV) can be used. The synchronous machine on constant power factor 
control did not subject the exci ter  t o  any unusual conditions. 

I n  the remainder of t h i s  section, the r e su l t s  of the canputer programs 
a re  presented graphically. I n  a l l  t h e  graphs, the quantities are in yer 



u n i t  (system base).  The terms 'heavy' and ' l i g h t '  r e f e r  t o  loads  of 
0.8 + j0.6 pa and 0.08 + j0.06 pa respectively, and the parameter P i s  
the D9G input power. 

!3pchronous Machine : Constant Voltage 

The synchronous machine .with cons tan t  vo l t age  e x c i t e r  i s ,  a t  f i r s t  
s i g h t ,  a ve ry  reasonable s o r t  of DSG. Indeed, t h e r e  i s  a t  l e a s t  one 
u t i l i ty lqua l i fy ing  f a c i l i t y  agreement in  existence which requires small 
power producers t o  implement precisely t h i s  sor t  of control. 

Since aomo U9G types nse energy whose moment-to-moment ava i lab i l i ty  is 
uar~ertain. voltage f l icker  might be thought of as a possible problem 
area. However, i t  may be expected i k a l  wi th  a eonatant  v~ l I . tnge  
controller on the exciter,  variations of input power would not cause 
voltage fluctuations, and t h i s  is in  f ac t  the case. Figure 3-1 shows 
the variat ion of load voltage with DSG input power for the two valaes of 
load. It can be c lear ly  seen tha t  load voltage i s  independent of input 
power. 

There is a price t o  pay fo r  t h i s  kind of control. Figure 3-2 shows the 
reactive consumption o r  generation of the machine as a function of the 
system voltage. Since the generator i s  attempting t o  hold i t s  texminal 
vo l tage  cons tan t ,  and y e t  t he  power system is a c t u a l l y  dominant i n  
set t ing the  voltage, the D S  reactive reaches unreasonably large values 
f o r  moderate excursions of system voltage. 

The a c t u a l  magnitude of t h e  r e a c t i v e  demand will be l i m i t e d  by t h e  
machine ra t ing  and by the exci ter  rating. Since the model used in  the 
computer program i s  ulily a genorio represent~t inn ,  no de t a i l s  of machine 
or exc i te r  ra t ings  are ~ v a i l a b l o ~  However, i n  nrder to hold the exci ter  
currenl 3Srwi1, tho ounCtoller gnin  wns s e t  l ~ n  (KG = 10). It might be 
expected tha t  t h i s  could r e su l t  i n  a somewhat 'soft' voltage controi, 
and t h i s  i s  indeed the case. 

Figure 3-3 shows the variat ion of load voltage with system voltage for  
two valaes of load and two input powers. The DSG exci ter  controller 
does improve the system regulation, A change in  system voltage of 10W 
r e sp l t s  i n  a load voltage change of about 6 . 4  

This improvement in regulation, of course, i s  the resul t  of changes in  
DSG excitation. The uxoitation is shown in  Figure 3-4 as a function of 
system voltage. 



It can be ' seen tha t  the excitation decreases t o  qui te  low. values f o r  
values of system voltage above one per unit. However, since the maximum 
power tha t  can be extracted from a machine i s  dependent. on the magnitude 
of the e x c i t a t i o n ,  the  power t r a n s f e r  c a p a b i l i t y  of t h e  machine i s  
restr ic ted fo r  values of system voltage above one per unit. I n  the case 
of a lossless  machine, the maximum power ' i s  given by 

I n  the  model used i n  the  computer program, t h e  e f f e c t  of machine 
resistance was included, so the maximum power value i s  not so simple t o  
calculate. During the nmning of the program, it was noticed tha t  the 

. . .machine's power angle (delta) was reaching qui te  large values as the 
. . system vol tage  increased,  and s t a b l e  s o l u t i o n s  t o  t h e  genera tor  
. . equat ions  could' no t  be reached f o r  va lues  of system vo l t age  above 

1.02 pa with the power system l igh t ly  loaded and the DSG input power a t  
., 0.2 pu. 

The efficiency of the machine suffers because of the  large reactive 
f.low. While efficiency was not calculated explicit ly,  the effect  .can be 
seen in  Figure 3-5, which shows, the DSG output power as a function of 

, . . system voltage 

. Figare 3-5 shows tha t  the machine power mtput f a l l s  considerably for  
system voltages above one per unit ,  and r e su l t s  in the machine motoring 
when the input power i s  only 0.02 pu. This may be ,desirable from the 

. power system p o i n t  of view, bu t  i t  would probably be d i f f i c u l t  t o  
. ' persuade the owner of a 'DSG to  pay an ,energy b i l l  for  the privilege of 

. . .  improving system voltage regulatian!, 
. . 

Because.of the reactive flow, the DSG power factor i s  poor most of the 
time, being near unity only for  a very small range of .system voltage. 
This i s  shown in Figure 3-6. I n  Figure 3 6  the ordinate i s  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 t o  leading power 
factor o r  from generating t o  motoring. The same approach has been used 
for  a l l  power factor diagrams, 

I n  sp i te  of the fact tha t  the DSG power factor i s  poor, the system power 
factor i s  also poor, as shown in Figure.3-7. This somewhat paradoxical 
. resul t  a r i ses  because of the fact tha t  the system voltage and the DSG 
voltage are 'essent ial ly  'fighting' one another. When the system voltage 
rises,  fo r  example, and the DSG reactive consumption increases, t h i s  
reactive has t o  be generated by the system, as shown in Figure 3-8. The 
effect i s  par t icular ly noticeable a t  l i gh t  load because the power i s  so 
small. 
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Figure 3-8. System Reactive Power as a Function of System Voltage, 
Sphmnorrs Machine with Constant Voltage Exciter 



Synohronaas Machine: Constant Reactive 

The constant-vol tage exci ter  resulted in  an output voltage which was 
sensibly independent of the power output. It may be thought tha t  the 
constant react ive controller would not give such good resu l t s  i n  t h i s  
regard. Figure 3-9 shows the load voltage as a function of input power 
fo r  the constant reactive (unity power factor) generator. It can be 
seen tha t  the load voltage i s  s t i l l  f a i r l y  independent of the D9G input 
power. The load voltage i s  also somewhat lower than in  the constant- 
voltage case. 

The constant reactive synchronous machine model was or iginal ly  wri t ten 
as a model of the &lac inverter with unity power factor  control. I n  
order t o  be used t o  represent a synchronous machine, it was necessary 

.only t o  verify that the exci ter  would not be o v e r s t r e s s e d  Figure 3-10 
shows the . . exoiter  voltage ae a funotion of sysecm voltage. 

The e x c i t a t i o n  can be seen t o  be almost constant ,  increas ing  on ly  
s l i gh t ly  a s  the system voltage increases. The model can therefore be 
used for  the synchronous machine as well as the dc/ac inverter. Since 
the resu l t s  a re  presented here, they a re  not repeated under the heading 
'acldc inverter ' .  

Load voltage with th i s  kind of control ler  i s  somewhat more dependent on 
the system voltage than in the case of the constant-voltage exciter. 
This i s  shown i n  Figure 3-ll. 

A s  shown in Figure 3-11, a. 10% change in system voltage resu l t s  i n  about 
a l O l b  change i n  load voltage. Voltage regulation i s  therefore no worse 
than it would be without the D9G. 

DSG power , f ao to r  and system power f a o t o r  a ro  shown ae funot ione  of 
systkn voltago i n  Figareo 3=l2 a d  3-13, 

The DSG power f a c t o r  i s ,  of course,  uniformly good (even though a 
constant (zero) Q controller was used i n  the computer model rather  than 
a cons tan t  (un i ty )  power f a c t o r  c o n t r o l l e r ) .  The DSG power f a c t o r  
scarcely went below 0.88 and was above 0.96 for  a l l  except the lowest 
value of D9G input power. 

I , . '  . . 
System power factor,  on the other hand, becomes qui te  poor - reaching 
zero when the DSG input. power exactly matches the load. Under these 
conditions, the system i s  $upplying only reaotive power. 

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

There is l i t t l e  point in showing the D9G or system reactive power for  
the synchronous machine with t h i s  kind of controller. The DSG reactive 
consumption is,  as the name implies, approximately constant end the  load 
react ive power determines the system reactive output. 
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Figure 3-13. Systam Power Factor as a Function of System Voltage, 
Synchronous Machine with Const ant Reactive Epc it e t  
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Figure 3-14. DSG Power as a Function of System Voltage, 
Synchronous Machine with Constant Reactive Exciter 
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Synahronorur Machine: Constant Exaitation . . 

Since the .excitation for tAe constant reactive generator is more nearly 
constant than in  the case of the constant voltage controller,  it was 
thought worthwhile t o  examine the effect on the system of a generator 
with constant excitation, This might a l so  be taken as representative of 
a permanent magnet type generator. Once again, the ser ies  of graphs 
begins w i t h  a curve of t he  load vol tage  aga ins t  t h e  input power, a s  
shown in  Figure 3-15. It can be seen that  the load voltage is s t i l l  
f a i r l y  independent of the D S  input power. 

The load voltage varies with the system voltage in  a manner very much 
akin t o  the constant reactive generator. This i s  shown in Figure 3-16. 

The DSG power factor  is shown in Figure 3-17. It can be seen that  the 
power factor i s  qui te  reasonable fo r  values of machine power about 0.1, 
or 50% of the rat ing of the machine. For lower values of output power, 
the power factor becomes qui te  poor, especially under heavy load where 
the voltage on the system has gone down. This is not surprising since 
the excitation f o r  t h i s  machine was fixed so tha t  it would del iver  rated 
output a t  unity power factor into rated voltage. 

F igure  3-18 shows t h e  system power f a c t o r  as  a f u n c t i o n  of system 
voltage. A t  heavy load the power factor i s  qui te  good, being largely 
determined by the load on the systems, but a t  l i g h t  load, as the voltage 
changes, t he  system power f a c t o r  goes through some q u i t e  v i o l e n t  
excursions. This i s  because the system power i s  qu i te  small and the D S  
can be absorbing o r  genera t ing  r e a c t i v e  power, depending on t h e  
relationship between i t s  excitation and the system voltage. 

Figure 3-19 shows the DSG power as a function of system voltage. It can 
be seen in t h i s  f igure that  the effect of the wide variat ions in DSG 
power factor i s  some s l igh t  inefficiency as the system voltage drops 
below 1 per unit, the effect being more pronounced fo r  heavy load The 
inefficiencies are. however. very much smaller than the inefficiencies 
i n  t h e  case of t h e  constant  vo l tage  con t ro l l e r .  This  i s  perhaps 
surprising i n  viow of the oxtrcme simplicity of t h i s  control system. It 
should be borne in  mind tha t  the D S  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 i s  positive 
f o r  low va lues  of system vol tage,  because here  t he  machine i s  
effectively overexcited, and negative for  high values of system voltage 
because it i s  effectively under-excited. In  t h i s  respect i t  i s  somewhat 
s i m i l a r  t o  t h e  cons tan t  vo l tage  e x c i t e r ,  but t h e  v a r i a t i o n  i n  DSG 
reactive i s  much smaller than in  that oase. 

As a resul t  the system reactive varies  somewhat less, .  as i s  shown in 
Figyre 3-21. 
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Induction generator 

The rotating f i e l d  f o r  the 'excitation' of an indaction generator is 
drawn from the system t o  which the machine i s  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 DXi power might therefore be expected. The r e su l t s  are 
shown i n  Figure 3-22. 

It can be seen in Figure 3-22 tha t  the load voltage does vary with input 
power t o  some extent. It may be that  t h i s  is par t ly  because the DSG 

. reactive demand increases as the power output increases, thereby loading 
the system down with reactive current as it unloads the r ea l  power. 

This reactive power is shown in Figure 3-23. 

Figure 3-23 shows that  the DSG reactive consumption varies strongly with 
DXi 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 s l i p  of about -%, 
and for  some values of system voltage a t  heavy system load the DSG input 
power exceeded the peak power capabili ty of the machine. A s  a resul t ,  
convergence was not obtained for  system voltage below 1.0 pu, input 
power of 0.2 pu and f u l l  load on the system or below 0.92 pu vo l t s  with 
input power of 0.2 pu and l igh t  load on the system. Convergence was 
o therwise  s a t i s f a c t o r i l y  obtained,  i n d i c a t i n g  t h a t  t h e  machine 
parameters were appropriately chosen for an input power of 0.2 pu. 

Since a character is t ic  of the induction generator i s  t ha t  i t s  reactive 
demand increases as the r ea l  power output increases, and decreases as 
the terminal voltage increases, i t s  power factor  does not vary very much 
as these parameters vary. This i s  shown i n  Figure 3-25. 

The system power factor, as shown in Figure 3-26, i s  qui te  poor except 
when t h e  DSG i s  making o n l y  a s l i g h t  c o n t r i b u t i o n  t o  t he  load. The 
power factor is so poor because the D S  consumes reactive power. 

In  s p i t e  of the reactive demand, the load voltage var ies  with the system 
voltage in much the same way as  the constant Q generator. This i s  shown 
in  Figure 3-27 

The indac t ion  generator ,  l i k e  t h e  constant power factor  synchronous 
generator. is reasonably efficient.  A s  shown in  Figure 3-28. the DSG 
output power remains close t o  the input power, independent of the system 
voltage. 
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Canpensa ted Induction Generator 

The compensated induction machine gives a somewhat b e t t e r  perf omance in  
te rms  of load vol tage  aga ins t  input power than  the  uncompensated 
machine. This i s  shown in Figure 3-29. It may a l so  be added tha t  the 
load voltage for  both heavy and l igh t  load i s  somewhat higher than for  
t h e  uncompensated induc t ion  genera tor  becaase of t h e  power f a c t o r  
correcting capacitor. 

The DSG r eac t ive ,  i n s t ead  of being uniformly nega t ive  a s  i n  t h e  
uncompensated version, i s  now positive for  low output powers and may be 
positive or negative for  higher output powers, depending on the system 
voltage. Again t h e  e f f e c t  i s  c l e a r l y  due o n l y  t o  t he  power f a c t o r  
correcting capacitor. This is shown in Figure 3-30. 

Figure 3-31. shows' the s l i p  for  the colppensatBd 'induction 'generator. Of 
cours.e, any d i f f e rence  between t h e  s l i p  curves of t h e  compensated 
generator and the uncompensated generator are due t o  changes in the 
tenninal voltage and, since the s l i p  i s  largely determined by the power 
generated by the  machine, t hese  s l i p  curves a r e  not  s i g n i f i c a n t l y  
different  from the s l i p  curves f o r  the uncompensated generator. It may 
also be added that the same range of operation was obtained - that  i s  
t o  say, the improvement in terminal voltage due t o  the power factor 
co r r ec t ing  capac i to r  was not  s u f f i c i e n t  t o  extend the  range of t he  
generator below 1 pu system vol t s  a t  heavy load'and f u l l  power, or below 
0.92 pu system vol ts  a t  l igh t  load and f u l l  power. 

The US3  power factor i s  shown in  Figure 3-32. For f u l l  power, or 0.2 pu 
power on the generator, the DSG power factor  i s  uniformly good, and very 
c lose  t o  uni ty ,  becaase of t h e  co r r ec t ing  capac i tor .  However, a t  
smaller values of power output, the reactive drawn by the.-generator 
i t s e l f  i s  smaller and the system as a whole i s  overcorrected. As a 
resu l t ,  the DSG's apparent power factor i s  rather poor. 

The system power factor, shown in Figure 3-33, i s  reasonably good for  
most values of DSG power a d  system voltsee. Only when the DSG outpvt 
almost exactly balances the real component of load i s  the system power 
factor poor, so that unless the DSG power output i s  about 50% of i t s  
r a t ed  value,  i n  t h i s  example, t h e  system power f a c t o r  i s  q u i t e  
reasonable. 

The variat ion in load voltage with system voltage, shown i n  Figure 3-34, 
i s  quite similar t o  the variations for the uncompensated generator. The 
difference i s  that ,  in t h i s  case, the voltages are a l l  s l i gh t ly  higher. 

The variation in  DSG power with system voltage shown in  Figure 3-35 is 
very s i m i l a r  t o  t h e  v a r i a t i o n s  seen i n  t h e  case  of t h e  induct ion  
generator. This should not be surprising, since the only difference 
would be due t o  the s l igh t  change in s l i p  resulting rrom the s l igh t  
change in terminal voltage. 



Figure 3-36 shows the system reactive power for  l i gh t  load as  a function 
of t h e  system vol tage.  The system absorbs r e a c t i v e  power when t h e  
generator i s  putting oat l e s s  than rated power, and i s  not called on t o  
generate a s ignif icant  amount of react ive when the generator i s  a t  f u l l  
output. This contrasts with the case of the &compensated generator, 
where even a t  l i g h t  load the system i s  required t o  furnish between 0.1 
and 0.2 pa react ive power a l l  the time. 
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Figure 3-31. S l i p  as a Function of System Voltage, 
~ a a ~ e n s a t e d  Induction Generator 
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Figure 3-32. D S  Power Factor as a Function of Systan Voltage, 
Canpensated Induction Generator 
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Figure 3-36. System Reactive Power as a Function of System Voltage, 
Campensated Induction Generator 



DCIAC Inverter: Constant Extinction Angle Control . 

Constant e x t i n c t i o n  angle  (&A) c o n t r o l  i s  a pos s ib l e ,  perhaps even 
likely,  control method fo r  line-commut ated inverters. Sel f-commut ated 
i n v e r t e r s  a r e  r ep re sen t ed  i n  t h i s  s t udy  by t h e  u n i t y  power f a c t o r  
synchronous machine, which they generally resemble. 

The reactive demand of a CEA inverter i s  very nearly a constant f rac t ion  
of t h e  r e a l  power de l ivered .  For e x t i n c t i o n  angles  t y p i c a l l y  used, 
around 15O, t h i s  f r a c t i o n  i s  t y p i c a l l y  50W. As w i t h  t h e  induc t ion  
generator, th i s  reactive power demand does not cause a 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 presen ted  f o r ' t h e  o the r  DSGs cannot be der ived  f o r  t h e  CEA 
inverter. For example, the D3G power factor  i s ,  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 l i ke  the induction machine case. 

I 

Th-e machine efficiency cannot be examined thmagh the model used here. 

Because the DSG picks up"only' the rea l  component of the load, the system 
power factor  can be qu i te  poor over ,qui te  a broad.range of power levels, 
and actually becomes zero when the r ea l  power i s  precisely matched by 
the D S .  This is shown in Figure 3-39. D3G power factor  is  not shown 
since it is constant (by assumption). 
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Campensated (gA Inverter 

Capacitor compensation can be applied t o  the CEA inverter  t o  reduce i t s  
r e a c t i v e  demand. I n  t he  case examined here,  a capac i to r  was added 
across the terminals of the inverter  so that, a t  1 pu voltage and 1 pu 
input power, the DSG presented unity power factor  generation t o  the 
power system. As a resu l t  of t h i s  capacitor, the DSG i s  overcompensated 
f o r  a l l  lower values of input  power, and o p e r a t e s  a t  an (apparent)  
leading power factor. The power factor  a lso becomes samewhat v o l t a g e  
dependent. 

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

Figure 3-40 shows tha t  the compensated. CEA inverter  behaves somewhat 
d i f fe ren t ly  than the other .DSGS. Because of the fixed canpensation, a 
considerable amount of voltage support i s  provided, a t  low power inputs, 

l and the voltage a t  the load i s  qui te  high. As the DSG power increases 
t h i s  voltage support decreases and, in  sp i t e  of the' fact  that  the DSG i s  
s~pp ly ing  more power, the load voltage &creases. The reactive support 
i s  shown in Figure 3-41 as a function of system voltage and input power. 

As expected, the capacitive support i s  qui te  small fo r  rated power from 
the D S ,  and qui te  substantial for  small power output. 

. > 

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

The D9G power factor is, of course, excellent fo r  rated power from the 
DSG, and poor for  other, lower, values. System power factor  depends on 
the system load. A t  heavy load the system power factor  i s  f a i r  un t i l  
the DSG picks up a large amount of the r e a l  power - the system power 
factor  then gets  as low as about 0.6. With l i g h t  1,oad the system power 
factor  i s  remarkably constant. This i s  because of a coincidence i n  the 
choice of load impedance and the amount of reactive compensation in  th i s  
model. Other compensations yielded different  results.  
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Photovoltaio type Inverter 

In t h i s  type of invefter, which i s  used. with small photovoltaic arrays, 
the reactive power consynption i s  almost constant, increasing from 30% 
of the rated power a t  no (real  power) output t o  40W of the rated power 
a t  f u l l  load. This reactive power demand does not cause a problem in 
the load voltage as the 'power generated varies. This i s  shown in  Figure 
3-43. 

There is nothing musual 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 t o  show a l l  t h e  d e t a i l  p resented  f o r  t h e  o t h e r  DSGs. 
System power factor i s  shown in Figure 3-45. Machineaefficiency cannot 
be examined through the .model used here, but .must be quite poor a t  low 
power. Since the input energy with t h i s .  type of converter i s  l i ke ly  t o  
be so la r  (and therefore freej, low efficiency a t  low power i s  no t .  l ike ly  
t o  be a deterrent t o  the use of the system. 

a-sa 
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The e i g h t  DSG t y p e s ,  considered i n  t h i s  s tudy ev iden t ly  behave 
d i f fe ren t ly  a s  f a r  as  voltage effects  are  concerned. Obviously, t h i s  i s  
because of t h e  d i f f e r e n t  kinds of e x c i t e r  con t ro l  used, but i t  i s  
d i f f i c u l t  t o  see exactly what the differences w i l l  be i f  consideration 
i s  given only t o  the exci ter  equations. A be t t e r  understanding of the 
reasons for'"the d i f fe ren t  voltage effects  can be obtained by comparing 
t i e  way in which the generation or consumption of reactive power varies. 

. . 
. . . . . . .  ,&, ,  

Figure.3-46 'sliows the '  v a r i a t i o n  of r e a c t i v e  power f o r  t he  e i g h t  
. , 

DSGIexciter types studied, as a function of s y s t b  voltage. 
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As shown in Figure 3-46, there are basical ly  three kinds of behavior as 
' f a r  as Q-variation with system voltage i s  concerned. The compensated 

CEA inverter type and the constant power factor synchronous machine 
generate or consume re la t ive ly  l i t t l e  reactive power a t  t he i r  rated 
power output, and th i s  reactive power does not vary strongly with system 
voltage. 

The induction machine, the CEA inverter and the W type inverter consume 
a moderately large amount of reactive power a t  rated output and. in  the 
case of t h e  indnct ion  machine, t h i s  power increases  as  t h e  system 
vol tage  decreases.  This  i s  l i k e l y  t o  cause a f u r t h e r  decrease i n  
terminal voltage, and could lead t o  voltageinduced instabi l i ty .  

The cimpensated induct ion machine i s  intermediate .  It  consumes 
r e l a t i v e l y  l i t t l e  power a t  f u l l  output ,  l i k e  t h e  compensated CEA 
inverter, but i t s  reactive demand increases considerably as the system . 

voltage f a l l s ,  l ike the induction machine. 

The constant-voltage synchronous generator generates Q when the terminal 
volt.age i s  below i t s  s e t  point, and consumes Q when the vo1tage.rises 
above th i s  point, i n  an effor t  t o  hold the voltage constant. As we,have 
seen, the large reactive flow leads t o  considerable inefficiency & the 
machine. 

. .* ..... > , .   he p m a n e n t  magnet machine (cbnstant excitation) i s  rather l ike a low- 
gain constant voltage machine, o r  it may be regarded as intermediate 
between the const ant voltage and const ant reactive machines. 

..'Perhaps of equal concern i s  the variation of reactive power with real  
power. Figure 3-47 shows th i s  f o r  the eight DSGIexciter types. 
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I n  Figure 3-47 the  exc i te r  types a re  more l i ke  one another, but wi th  
some differences still. 

The cons tan t -vo l tage  synchronous machine, the  compensated induction 
machine, the compensated CEA inverter and the permanent magnet type 
machine generate reactive power. The two compensated DSGs do so  a t  low 
input power because they are ovetcampensated under these conditions. 
The constant voltage s y n c h n m s  generator does so  because the  terminal 
voltage tends t o  .drop as the DSG contribution t o  load power decreases. 

The constant42 con t ro l le r  natural ly  maintains very constant reactive 
demand. The CEA i n v e r t e r ,  the PV type  i n v e r t e r  and t h e  i nduc t i on  
machine both consume more reactive power as t h e i r  rea l  power input t o  
the system is increased. 

Again, the constant exc i ta t ion '  synchronous machine is intermediate i n  
performance,  between. t he  constan't v o l t a g e  and cons t an t  r e a c t i v e  
machines. 

The differences among t he  DSG/exciters c,m be seen i n  Table 3-1, which 
summarizes the information in Figures , .  3-46 and 3-47. 

. i 



TABLE 3-1 

SXN~R~WUS/CONSTANT LARGE, LARGE NEGATIVE POSITIVE 
VCkTAGE NBCATIVE POSITIVE 

sYNCEH1~OUS/COhlSTANI 0 !mAU. 0 SMALL 
REACrIVJ% NEGATIVE 

SYNCHRNOUSI WATIVE POSITIVE NEGATIVE POSITIVE 
msrm EXCITATION 

POSITIVE LAWiE NEGATIVE oc 
NECATIVEC 

INDUCTION POSITIVE NEGATIVEC NEGATIVE POSITIVE 
((XWENSATED) 

l3lvm . 0 NEGATIVE KEGATIVE 0 
CEA 

INVEKneW VERY SMALL SMALd, NBGATIVE POSITIVE 
aWFmSATPD POSITIVE 
03 

0 N E G A r n ,  NEGATIVE NBGmIVE 

a The slope of interest  i s  the slope of the parameler iii the range 
shown i n  F igures  3-46 and 3-47, i.e., 0.9 t o  1.1 pu vol tage  and 
no-load t o  rated power for the DSG. 

 he intdrcept of in te res t  i s  the effective intercept i n  Figures 
3-46 and 3-47# i.e., on the VS = 0.9 and PM = 0 axes. 

Approximated by a s t raight  l i ne .  



Table 3-1 shows tha t  no two DSDexciter combinations are  exactly alike. 
Most s imi la r  are  the canpensated CEA and the PV type inverter. Broadly 
speaking, systems, which are  s imi la r  with respect t o  voltage change are  
diss imilar  as  f a r  as power i s  concerned, and vice ve r sa  

Since the DSGIexciter combinations are  a l l  different  in some respect, a 
logical question t o  ask is 'which one i s  best?' It may be eas ie r  t o  
exam ine problems and disadvantages of various DSGIexc it e r  combinations 
before proceeding with tha t  question. 

Problems and D i s a d p t a g e s  

The synchronous machine equipped with an exci ter  compounded for  constant 
' 

terminal voltage may be desirable from the power system point of view, 
but it resu l t s  i n  an unacceptably large flow of reactive power in  the 
DSG. As a r e sp l t  of t h i s  reactive power, the DSG efficiency i s  10,w and, 
i f  the DSG i s  privately owned, it may become economically unattractive. 

It may be added here that  i f  the u t i l i t y  wishes t o  do voltage control on 
t h e  d i s t r i b u t i o n  system they  would no t  employ a s m a l l  genera tor  o r  
synchronous condenser t o  do it. Tap chang ing  t r a n s f o r m e r s ,  
au to t ransformers ,  and c a p a c i t o r  banks a r e  ,usually employed instead. 
Although there are  many techniques for  voltage control, none of which i s  
a general standard, it may be noted e a t  in  most power systems large 
genera tor  e x c i t e r s  a r e  not  u sua l ly  employed t o  s a t i s f y  vol tage  
constraints. It seems odd that  such a use would be required of a D S  
owner. I n  any event, aside from the question of machine efficiency, the 
f a c t  t h a t  t h e  machine e x c i t a t i o n  decreases  a s  t h e  system vo l t age  
inc reases  means t h a t  t h e  power t r a n s f e r  c a p a b i l i t y  of t h e  DSG i s  
r e s t r i c t e d  a t  h igh  system vol tage ,  and t h i s  must be regarded a s  
unacceptable. 

This  o r i t i c i s m  of t h e  c o n t r o l l e r  does no t  apply i n  t h e  case of t h e  
synchronous machine with a constant reactive power controller. This 
control ler  resu l t s  i n  a re la t ive ly  constant excitation, and there i s  no 
sign of a power l i m i t  being reached. The load voltage i s  more dependent 
on t h e  system vo l t age  than i n  t h e  previous case ( t h i s  i s  no1 a 
crit icism), but s t i l l  does not vary significatlt ly with input power, 

The cons tan t  e x c i t a t i o n  (permanent magnet) machine i s  e v i d e n t l y  
intermediate in performance between the constant voltage exci ter  and the 
constant reactive exciter. It i s  perhaps surprising t h a t  so simple an 
exci ter  could produce such a useful resul t .  The DSG reactive power i s  
positive a t  low voltage, and f a l l s  as the terminal vo l t s  r i s e  (but not 
so  r a p i d l y  a s  i n  t h e  case of t he  cons tan t  vo l tage  machine) and the  
reactive output f a l l s  with increasing power a t p u t  (again not so rapidly 
as in the constant voltage machine). 

The main cr i t ic ism of t h i s  exc i te r  i s  t ha t  the DSG power factor can be 
quite poor, resul t ing in decreased efficiency a t  low power and voltage. 



The. DSG power f a c t o r  i s ,  of course, always good, as a r e s u l t  of which 
the system power f a c t o r  becomes very poor a t  l i g h t  load. The s i tua t ion  
is somewhat l i k e  the  previous case i n  reverse - now there  are times when 
the power system is absorbing power and supplying react ive  power. This 
may be unacceptable t o  the  u t i l i t y  i f  the  D S  i s  p r iva te ly  owned, and 
the u t i l i t y  i s  paying for  the  input of power. 

The induction generator consumes react ive  power f o r  i t s  exc i t a t ion  a l l  
t h e  t i m e ,  and  i n  l a r g e  amounts a t  low system vo l tage .  The l a r g e  
react ive  consumption tends t o  f u r t h e r  decrease the  terminal voltage, 
which i s  exact ly  the  opposite of what is r e q u i r e d  This kind of DSG may 
be unacceptable from both. the  u t i l i t y  and the  DSG-owner point  of view. 
I t s  main advan tage  i s  s i m p l i c i t y  - i t  i s  e a s y  t o  s t a r t  ( w i t h o u t  
synchronizing, it could be s t a r t e d  as  a motor) and easy t o  operate (no 
control  system f o r  exc i t a t ion) .  

The compensated induction machine suffers  most of the  disadvantages of 
the uncompensated generator, with the  exception of i t s  apparent power 
fac to r  a t  f u l l  load. However, the  machine s t i l l  w i l l  not operate a t  
high power and low voltage, and causes voltage var ia t ions  as the  input 
power changes. 

The CEA inver te r ,  l i k e  the  induction machine, consumes more reactive 
power as i t s  r e a l  power output increases. As a consequence, the system 
power fac to r  i s  uniformly poor a t  l i g h t  load, and not very good a t  heavy 
load. 

I n  t h e  case of t h e  compensated CEA inver ter ,  which i s  equivalent t o  a 
CEA inver ter  and a f ixed powei-factor correct ion capacitor, the  system 
power f a c t o r  i s  much improved a t  f u l l  load, and mRy he acceptable a t  
l i g h t  load. It should be noted that ,  a s  with some of the o ther  DSGs a t  
tho point  where t h e  system power fac to r  i s  a t  i t s  worst, t h e  actual  
amount of r eac t ive  power involvcd may be qu i te  small. Thus, when the 
compensated CEA inver te r  r ea l  power output matches the  load, i n  Ult 
l i g h t  load case, the  system power f a c t o r  f a l l s  t o  zero. However, the  
react ive  power is a t  t h i s  time being absorbed by t h e  power system, and 
is l e s s  than 0 . 0 2 ~ ~ .  

The b i g g ~ ~ t  cr i t io j sm 6f t h e  compensated CEA inver te r  is t h a t  it may 
l e a d  t o  h igh-vo l tage  c o n d i t i o n s ,  and cou ld  a l s o  uIfect  hafmonics.  
Properly coo td imted  wilh the  d i s t r i b u t i o n  system it could be a useful  
addit ion t o  the power system. 

The PV type inver ter ,  l i k e  the  CEA inver ter ,  consumes more react ive  
power as  i ts  r e a l  power output increases. A s  a consequence, the syotem 
power f a c t o r  i s  uniformly poor a t  l i g h t  load, and not very good a t  heavy 
load. 



Connect ion . . 

Up t o  t h i s  p o i n t  i n  t h e  eva lua t ion  of t h e  va r ious  DSG . v o l t a g e  
controllers one important parameter has not been considered, and that  i s  
the effect  on the load voltage of merely connecting the  D S :  Without 
the DSG the load voltage w i l l  be determined by the magnitude of the load 
and the system voltage. . .  With 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 the i r  available p0we.r i s  1OW of . t h e i r  
ra t ing.  It i s  then possible t o  recalculate the load voltage. 

In  the steady s t a t e  (which i s  the condition computed) the l k d  voltage 
may be higher o r  lower a f t e r  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. I f  the difference under the two circumstances 
i s  large, the. addition of the D S  may cause obj ect,ionable lamp f l icker ,  
and resul t i n  voltage canplaints (presumably from the neighbors). This 
voltage f l i cke r  i s  not caused by the generator dynamics. 

It i s  assumed that  the s tar tup transient, i f  any, has died away. The 
exact nature of t h i s  t ransient  w i l l  depend on the design of the DSG and 
the  system. For many DSGs, p a r t i c u l a r l y  PV systems, t h e  dynamic 
character is t ics  vary very widely, depending on inverter  manufacturer and 
topology. Inclusion of transient effects  would have made d i f f i cu l t  our 
ob jec t ive  of providing r e s u l t s  of general  a p p l i c a b i l i t y .  O u r  main 
i n t e r e s t  i s  i n  the  s teady  s t a t e  e f f e c t s  i n  the  absence of a 
communication system. 

Small  DSGs opera t ing  without  a communication system may not  be 
con t inua l ly  manned -- i f  t he  DSG i s  manned t h e  ques t ion  of , vo l t age  
control may be moot in any. case. ,Small .antantitic .DSGs w i l l  presumably 
be programmed t o  operate as  long as operation i s  profitable. I n  ,the 
case of PV, for  example, the system should operate as soon as .enough sun 
i s  available t o  overcome internal losses. . I f  such a system were t o  come 
on- and o f e l i n e  a few times a minute, perhaps because of cloud cover, 
any voltage changes might be part icular ly objectionable. 

For t h i s  reason it i s  worthwhile t o  compare the various DSGs on a basis 
of the voltage change caused by the connection of the DSG a t  (an assumed 
reasonable s tar t ing power of) 1.05 of rated output. These r e su l t s ,  a r e  
shown in Table 3-2. 

Table 3-3 compares the voltage. changes which resu l t ,  fram increasing the  
power from the 105 connection value t o  f u l l  ra ted output. . 

. ... , 



. System Voltage 
DSGIExo it er Q p e  1.08 1.00 

Load Load 
Heavy Light Heav Light 

- -  - - 

Sync hronms 

Canst ant Val tage 0.8 -3.7 4.0 0 .7  
Unity Power Factor 0.0 0.0 0.0 0.0 
Constant Excitation 0.4 -0.2 2.0 0 .S ................................................................. 

Induct ion 

Uncompensated -0.2 -0.2 -0.2 -0.2 
Canpensated 0.9 3.1 0.8 1 .O ................................................................. 

Inverter 

=A 0 .o 0 .o -0.1 0 .o 
Canpensated (ZA 0.9 1.1 0.8 1 .O 
w type -0.5 -0.5 -0.6 -0.5 



- ' PERCENTAGE IBAD TVaTAGE VARIATION 
WETOCBANGEIN.INPUT~ 

FROM 0.02 TO 0.2 P.U. 

. . . # . . 
,. .,.,. System Voltage 

.... DSGIExc it er Type 1 08 si 1 .OO 
. . Load . . . . .  . Load 

Heavy Light Heavy . Light : - 
Synchronous ' , .  ? . .  , 

,' . . . 
a .  . . ... . , 

. . 

constant yoitage 0.2 .0.1 . : 0.3 0.1 
,UnityPowerFactor ,O.7 0.6,. , .  . . 0.7 0.7 . , 

Constant Excitation 0.4 0.3 0.4 . 0.3 ..;. ............................................................. 
4 .  

Induction , . . . 
" .  
Uncompensated -0.2 -0.1 -0.7 -0.3 :., 

Canpensated -0.3 -0.1 -0.6 -0.2 ................................................................ 
L. . 

Inverter . . .. , 

(ZA -0.1 -0.1 -0.1 -0.1 
Canpensated CPA -0.1 -0.1 -0.1 -0.1 

type 0.6 0.5 0.6 0 -5 



Tables 3-2 and 3-3 show t h e  impact' on voltage f o r  system voltages a t  
1.08 and 1.0. These values corresppnd t o  normal operation a t  heavy load 
and l i g h t  load respectively.  The value of 1.0 a t  heavy load may a l s o  be 
regarded as a representa t ion of brownout conditions a t -  heavy load, 

The constant voltage exc i t e r  and the  constant exc i t a t ion  machine 
show q u a l i t a t i v e l y  s i m i l a r  behavior in Table 3-2. Both a re  attempting 
t o  maintain t h e  tenninal  voltage. Thus, they both cause the  voltage t o  
increase when connected a t  heavy load, and they both cause the voltage 
t o  decrease when connected a t  l i g h t  load with system voltage of 1.08. 
The u n i t y  power fac to r  machine has  no impact when connected, f o r  any 
load and voltage combination 

The uncompensated induction machine causes a s l i g h t  (0.a) voltage droop 
when i t  i s  connected,  b u t  t h e  compensating c a p a c i t o r . .  'in . the  p.f. 
corrected.  ve rs ion  causes a voltage r i s e  (of. about 1%) when the  induction 
machine is connected, because it i s  then overcorrected. The voltage 
r i s e  i s  over  3W f o r  high voltage l i g h t  load conditions. 

The PV type of dc/ac inver ter  causes a more o r  l e s s  uniform vpltage 
droop when it i s  connected, the 'optimized' CEA inver te r  has p r a c t i c a l l y  
no impac t ,  and t h e  c a p a c i t o r  compensated v e r s i o n  causes  about  a 1% 
voltage r ise .  

It can be seen in Table 3-3 t h a t  a v a r i a t i o n  from p r a c t i c a l l y  no load t o  
f u l l  load on the DSG usual ly  r e s u l t s  i n  only a very small change i n  the 
terminal voltage f o r  each of these DSGs. The two worst DSGs a r e  the  
un i ty  power f a c t o r  machine and the simplest  PV inverter. I n  both these 
cases the  react ive  demand i s  almost constant as the  power input changes. 

Table 3-4 summarizes these rli scussions. 



TABLE 3-4 
CCWARISON OF DSGIEXCITERS 

DSGIEXCITW GOOD FEA- BAD FEATURm COMMENIS* 
- 

SYNCHRONOUS/ STABILIZES LOAD L(IW DSG EFFICIENCY UNDESIRABLE 
C€)NSrANT VOLTAGE MAY LIMIT POWER TO D S  OWNER 
VOLTAGE TRANSFER CAPABILI~ ....................................................................... 
CONSTANT Q MAXIMIZES DSG SYSml P(IWER F A O R  
(UNITY PF) EFFICIINCY POOR AT LIQiT LOAD 
SYNCH. OR 
INVWTER ....................................................................... 
SYNCHRONOUS/ SIMPLE TO OPERATE SY!Tll3 P(]HTER F A O R  POSSIBLE . 
CONSTANT HAS NO UMROLLER MAY BE POOR VOLTAGE JUMP 
EXCITATION AT START-UP. ........................................................................ 
INDUCTION SIMPLE TO OPERATE SYSll3 P(IVIER F A O R  UNDESIRABLE 
MACHINE HAS NO UMROLLER ' POOR.' lllW VMTAGE TO UTILITY 

CXNDITION MAY BE MAY BE 
AGGRAVm BY D S  UNDFSIRABLE 

TO DSG (SWNER ....................................................................... 
INDUCTION SIMPLE TO OPERATE aWLD LEAD TO POSSIBLE 
MACHINE HAS NO CONIROLLER HARMONIC RESONANCE VOLTAGE JUMP 
WI'RI OR KIQI-VMTAGE AT START-UP. 
alMPENSATIa C€NDITI(3NS CWENSATION 

MAY BE OOmY 
FOR DSG (SWNER ....................................................................... 

INVEmw SIMPLE, PROVE3 SY!n"Eli POWER FACTOR 
CEA c~mta DESIGN POOR ....................................................................... 
I N V m  - SIMPLE, PROVIN COULDIEADTO POSSIBLE 
CEA U M R M  DESIGN HARMONIC RES(NAN(IE VCLTAGE JIR,IP 
WITH UK HIbiVOL'I'ME A'r Sl'AKT-UP. 
COMPEUSATION CONDITIONS OOMPENSATION 

MAY BE OOSILY 
FOR D S  OWNER ...................................................................... 

INVEUER- SIMPLE AND SYSEM POWER FACTOR VCLTAGE DIP 
WTYPE CtIEAP MAY BE POOR AT START-UP. 

VULTAGE VARIES 
WIm P(IWW 

- - - 
*Whether or not a par t icu la r  DSGIexciter type i s  acceptable t o  a u t i l i t y  
or t o  the owner of the DSG depends upon many factors. It is assumed in 
t h i s  table that  the u t i l i t y  and DSG owner are separate en t i t i es ,  that  
the DSG owner i s  t o  be paid only for r ea l  power, and that  the u t i l i t y  
does not wish t o  chmge i t s  operating polioies. 



Table 3 - 4  suggests tha t  none of the DSG/exciter types studied would be 
universally acceptable. Among the best may be the constant Q (unity 
p.f.1 gene ra to r s  (whether self-commatated i n v e r t e r  o r  synchronous 
machine) which can only be c r i t i c ized  fo r  leaving the load reactive 
demand constant as it reduces the real power load on the power system, 
and the C M  type inverter. which has pract ical ly  no impact on the load 
voltage, e i t he r  as it i s  connected o r  as the input power varies. This 
r e su l t s  i n  a poor power factor  on the power system and, in the case of 
separate D9G ownership, could resu l t  in  the u t i l i ty ' s  'paying xor the 
privilege of supplying reactive power'. 

On the  other hand, many u t i l i t i e s  experience higkvoltage problems a t  
night, when the l i gh t  load o n .  the system (and i t s  l ines) resu l t s  i n  a 
surplus of reactive generation I f  t h i s  i s  the case, t h i s  kind of D S  
may be qui te  acceptable. 

On the basis  of voltage variations alone, the &A type inverter has the 
loast impaet on tho load voltage of a l l  tk. 9ype-s cnnsidarerl. 

Proposed New Erc it e r  Control 

While a l l  the D S  types studied behave different ly .in terms of t h e i r  
real i react ive power rat ios ,  as in Figure 3-47, they a l l  have one thing 
i n  common. The r e a c t i v e  power gene ra t ion  e i t h e r  decreases  o r  i s  
constant as r e a l  power output increases. None of the DSGs succeeds . i n  
generating reactive power in proportion t o  i t s  real. power generation 

This singular omission was rec t i f ied  by a modification of the constant Q 
-- program. R e s u l t s  a r e  g iven  i n  Appendix C, which a l s o  inc ludes  t h e  

program l i s t i n g  and description. The control system was modelled t o  
have no leap error  for  a loading power faetor of 08 .  Operation of t.he 
gei l t ra tor  was then  a t  approximately 0.83 p.f. ( leading) ,  the  @owe* 
factor  improving somewhat a t  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, t h i s  
one shows a d i s t i nc t  increase in the load voltage with input power fo r  
tullr heavy and l i gh t  loads. Tho roaoon i~ olear ly tha t  as the input 
power increases so does the amount of reactive power which i s  removed 
from the system. 

Figure 3-49 shows the excitation voltage varying with system voltage. 
Again, t h e  va lues  tire not unusual. increas ing  only s l i g h t l y  a s  t he  
system voltage increases. 

Figure 3-50 shows the load voltage as a function of system voltage. I n  
th i s  case the load voltage i s  more dependent on the input power than in 
some of the other cases, but i t s  dependence on system voltage, as shown 
here. i s  no worse than without the DSG. 

Figure 3-51 shows the D S  power as a function of system voltage. The D S  
i s  q u i t e  reasonably  e f f i c i e n t ,  independent of t he  value of system 



. . . . .  

:voltage. This. i s  t o  be expected since the power factor i s  uniformly 
, quite  good. , .  

It i s  not worthwhile t o  show'the variat ion in D3G reactive power as a 
function of rea l  power for t h i s  machine since the assumption behind the 
e x c i t e r  con t ro l  system i s  t h a t  t h e  power f a c t o r  i s  cons tan t  . a t  0.8 - 
leading. For the same reason the system reactive power ' i s  not shown, 
nor i s  the power factor  of the system or  the D9G. 

I n  view of the poor voltage regulation with t h i s  version of the DSG (it 
i s  in t h i s  regard the worst of a l l  the DSGs modelled), it i s  extremely 
d i f f i cu l t  t o  see w b  more e f for t  should be expended on i t s  development. 
The program and data are given in Appendix C. 
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E i g h t  d i f f e r e n t  k inds  of DSGIexciter  combination have been studied. 
.They were: 

Synchronous machine wi th  a constant voltage exciter .  
Synchronous machine with a un i ty  power fac to r  exciter .  . 

Synchronous machine wi th  a constant exc i t a t ion  exciter .  
Induct ion machine. 
Induct ion machine w.ith power factor  correct ing capacitor. 
Constant ext inct ion angle inver ter  wi'th t ap-changer. 
Constant ex t inc t ion  angle inver ter  with tap-changer and 

power fac to r  correcting capacitor.  
PV type inverter .  

Many of these DSGIexc i t e r  combinations have shortcom ings which mean tha t  
t h e i r  application t o  the d i s t r ibu t ion  system should be regarded with 
some care by e i t h e r  t h e  owner or  the  u t i l i t y .  

I n  t h i s  study, the e f fec t  of uncer ta int ies  i n  prime mover power was 
modelled by vary ing  t h e  inpu t  power t o  t h e  DSG model. I t  may be 
possible t o  regard t h i s  va r ia t ion  in  power ' a s  representa t ive  a l so  of 
varying penetrations of DSGs, bearing i n  mind t h a t  such an extension of 
t h e  o r i g i n a l  purpose  of va ry ing  t h e  inpu t  power might  sometimes be 
misleading. It may be observed t h a t  f o r  heavy load, maximum penetra t ion 
i s  2Ub, whereas f o r  l i g h t  load more than 100% penetration is e f fec t ive ly  
achieved. I n  fac t ,  a t  l i g h t  load, lO(7ib penetra t ion i s  achieved when the  
input power i s  0.08 pu. 

Problems on t h e  power system caused by poor power f a c t o r  o r  l a r g e  
r e l a t i v e  react ive  power consumption a t  l i g h t  load may not be serious 
because, a t  l i g h t  load, the  power system components a r e  (by def ini t ion)  
not pa r t i cu la r ly  stressed. However, i f  we take the l i g h t  load conditions 
as being representative of some fu tu re  high penetra t ion s i tuat ion,  then 
the system power fac to r  bccomes of more in teres t .  

I n  Section Three the  system power factor  behavior a t  l i g h t  l h d  .was 
shown t o  f a l l  i n t o  b a s i c a l l y  two c a t e g o r i e s .  I n  F i g u r e  3-7 f o r  t h e  
constant voltage e x c i t e r  and Figure 3-18 f o r  the  constant exc i t a t ion  
machine, the system power factor  a t  l i g h t  load was shown t o  go through 
violent  excursions a t  approximately one per  uni t  voltage. This a r i s e s  

, 

because the  DSG i s  e s s e n t i a l l y  t ry ing t o  maintain the terminal voltage 
constant, independent of the  power system t o  which it i s  connected. I f  
the u t i l i t y  were at tempting t o  reduce voltage, perhaps as a Commission- 
directed conservation measure, DSGs..,of t h i s  type would e s s e n t i a l l y  be 
f igh t ing  the power system. 

A l l  of t h e  other  DSGs resul ted i n  a system power fac to r .  which was more 
o r  l a s s  iridapadeiit of tlie system voltage. 



A t  low pene t r a t ion ,  heavy load, none of t h e  DSGs had a p a r t i c u l a r l y  
adverse e f fec t  on the system power factor or the terminal voltage a f t e r  
they were connected. There would seem t o  be no reason f o r  any u t i l i t y  t o  
prohibit  o r  l i m i t  the use of any of these DSGs on those grounds. On the 
other  hand, the  independent DSG owner may be reluctant t o  suffer  the 
l o s s e s  involved i n  t h e  cons tan t  vo l tage  machine o r  t o  pay f o r  t h e  
compensation t h a t  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 t o  take place ' a t  10% of the DSG rated 
power, which amounts t o  only 2% of the system rating, so it i s  c lear  
that any vo l t age  e f f e c t s  observed most be dne t o  r a ~ o t d v e  rawer, 
Voltage increases were seen f o r  the capacitor compensated USGs (because 
they were w e r  canpensated a t  lUlb power) and decreases were seen for  the 
DSGs which consume reactive power a t  l i gh t  load. 

The DSG which had t h e  l e a s t  impact on vol tage,  e i t h e r  a s  i t  was 
connected or '  when i t s  input power var ied ,  was t h e  optimized CEA 
inverter, which was modelled t o  have constant (lagging) power factor. 

The reason t h a t  t h i s  performed so well  as f a r  as terminal voltage i s  
concerned i s  clear. A s  it i s  synchronized a t  low power. it consumes or  
generates only a small amount of reactive power. As the power artput 
increases, which might cause a r i s e  i n  voltage, the reactive demand 
incteases and compensates f o r  th i s  effect. 

The power factor  in t h i s  case was between 0.8 and 0.9 lagging. It seems 
l i k e l y  t h a t  the value of power factor a t  which the load voltage w i l l  
change l ea s t  w i l l  depend on the load (whose power factor w i l l  i t s e l f  
ohange w i t h  DSG p e n e t r a t i o n  l e v e l )  and t h e  system impedance. 
Nonetheless, it i s  interesting that  t h i s  i s  bound t o  be a lagging power 
factor.  

I n  t h i s  s tudy  we have neglec ted  t r a n s i e n t  e f f e c t s ,  sach a s  cu r r en t  
inrush in to  the induction machines. Consideration of sach t ransients  
would have fur ther  complicated an already involved situation. It must 
be acknowledged, however, tha t  many kinds of DSG can cause start-up 
transients,  and these a l so  must be limited. 

It i s  our feel ing that any DSG which draws l i t t l e  reaotive power as it 
is synohmnized. and operates a t  a s l igh t ly  lagging power factor w i l l  
have minimum impaet on load voltage. a d  ucmld operate without ayetear 
coordinated voltage aontrol. 
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APPENDIX A 

PROGRAM LISTINGS 



TABLE A - I  

L I S T I N G  FOR SYNCHRONOUS -MACHINE,  CONSTANT VOLTAGE 

10 HEM VOLTAGE STUDY F I L E  B:SYNC 
20 HEM 
30 LPRINT " T H I S  PROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENERATOR" 
4 0  REM 
50 REM I N I T I A L I Z E  . . 

60 KEM 
7 0  REM SET THE VALUES OF THE VARIOUS PARAMETERS I N  THE SYSTEM 
80 REM 
90 REM 
100 RS = -04 
110 XS = . 1  
120 E l = -  1 
130 X l = l  
1 4 0  k::G=10 
150 VREF= 1 .104 
160 V L I M I T  = 2.5 
1 7 0  KV=-.4 
180 CZD = -10 
1 9 0  REM 
206 REM SET THE LOAD TYPE ( 1  FOR RESISTIVE, 2 FOR MORE REALISM) 
210 REM 
220 FOR LTYPE = 1 TO 2 STEP 1 
230 I F  ( LTYPE= 1 ) GOT0 270 
240 LPRINT 
250 LPRINT "REAL IST IC  LOAD REPRESENTATION" 
260 GOT0 330 
270 LPRINT "CONSTANT IMPEDANCE LOAD" 
280 HEM 
290 REM SET THE INPUT POWER 
300 REM I N  T H I S  PROGRAM T H I S  I S  THE OUTER LOOP 

REM NOT COUNTING THE LTYPE CHANGES AS & LOOP . 

320 REM 
3 3 0  FOR PG = . 0 2  TO .2 STEP . 0 2  
3 4 0  L P R l N T  
350 LPRINT 
368. LPRINT "SYS V P I N  DSG P DSG (I! DSG PF SYS P SYS (I! SYS PP LUAD 
V EXCITN"  
570 VT = .88 . . 

380 HEM 
3 9 0  HEM SET THE SYSTEM VOLTAGE 
4 0 0  HEM T H I S  I S  THE MAIN INNER LOOP 
4 1 0  KEM 
420 FOR vs = .9 TO 1. i STEP .02 
4.90 DELTA = 49 
4 4 0  V ITER = 0 . , 

4 5 0  DITER = (3 
4 6 0  REM . . . ' I  

4 7 0  REM START HERE WITH INTERNAL ITERATION LOOP FINDING ANGLE 
4 0 0  REM T H I S  I S  THE F I R S T  LOOP USED I N  THE SOLUTION 

.,490 REM 
5 0 0  DITER = DITER +1 



TABLE A-I, oont. 

L I S T I N G  FOR SYNCHRONOUS MACHINE, CONSTANT .VOLTAGE 

51'0 VITER = VITER +1 
520 V1 = KG* (VREF-VT) 
531 IF (Vl<:=O) GOT0 1660 
540 IF (VI<=VLIMIT) GOT0 570 
lrc - 
d4t-j PR INT "OVER EXCITATION" 
560 V1 = VLIMIT 
570 VIR = Vl*COS(DELTA*3.1416/180) 
580 V1 1 = Vl*SIN(DELTA+3.14159/180) 
590 A = V1R-VT 
6OcJ B = V1I 
610 C = Rl 
620 D = X 1  
630 GOSUB 1690 
640 IlR = DIVR 
650 I 1 1  = DIVI 
660 REM 
670 REM GOT CURRENT, NOW FIND THE POWER 
680 REM 
690 A = V1R 
700 B = VLI 
710 C = I1R 
720 D = - 1 1 1  
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 ";INPWK;" AND PG IS.";PG 
770 PWRERR= INPWR - PG 
780 IF ( ABS (PWRERR) < .00 1 ) GOT0 93U . 

790 DELTA = DELTA + KD*PWRERR 
800 IF DELTA <: 90 GOT0 850 
810 HEM THE NEXT LINE IS A DIAGNOSTIC 
820 PRINT "DELTA EXCEEDS STEADY STATE LIMIT, CASE TERMINATED" 
830 GOT0 1610 
840 REM THE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOPMENT 
850 HEM PRINT "DELTA = ";DELTA;"AND EXCITATION IS ";Vl;"AT ITERATION ";DITER 
860 GOT0 500 
870 REM 
880 REM FALL THROUGH HERE WHEN THE DELTA IS CORRECT 
890 KEM THIS IS THE END UF 'THE FIRST SOl,.UTION LOOP 
900 REM OR THE START OF THE SECOND SOLUTION LOOP 
9111 HEM 
920 REM THE NEXT LINE IS A DIAGNOSTIC USED IN PROGRAM DEVELOPMENT 
930 REM PRINT "DELTA ITERATED ";DITER;" TIMES" 
940 REM 
950 AEM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS 
960 REM 
970 REM FIRST FIND I2 BY ADDING X I  AND TL. 
980 HEM CALCULATE IL 
990 REM CHECK THE LOAD TYPE 
1000 REM 
1010 IF (LTYPE = 1) GOT0 1040 
1020 N = 1.3 
1030 GOT0 1050 
1040 N = 2 



TABLE A - I ,  cont. 
, . 

L I S T I N G  FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 

1050 I L K  =. 08* (VT'" (N-1)  ) ' . Ob* ( VT." (N- 1 
, I 

1060 I L I  =- 
. . 

1070 REM WITH I L  AND I 1  F I N D  I 2  
1080 12R = I L R  - I 1 R  
1090 I 21  = I L I  - . I 1 1  , ,  , 

. . 1 100 HEM 
1110 REM NOW FI.ND THE 'ZS DROP 
1 120 REM 
1130 A = I 2 R  
1 1 4 0  B = 121. 
ll3u C - HS 

. . .  
1160 D = XS 
1170 GOSUB 1690 
1 180 ZSDRR=, PRODR . . . , .  . . . . 
1190 ZSDRI= PRODI 
1200 REM 

, . 1210 REM NOW WE GOT THE VALUE OF US: 
1220 KEM 
1230 VSR = VT + ZSDRR . . 

1240 V S I  = +ZSDRI . 

1250 MAGUS= SQR (USA-2 + VS I ^2 )  
1260 REM 
1270 HEM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT I F  NEEDED 

' 1280 HEM . .- 
1290 VERR = MAGUS - VS 
1300 I F  ( ABS ( VERR) 4: .00 1 ) GOT0 1370 
1310 VT = VT + KV*VERR 
1320 REM THE NEXT L I N E  I S  A DIAGNOSTIC USED I N  PROQRAM DEVELOPMENT 
1330 REM P R I N T  "TERMINAL VOLTS " j V T j U  AT VOLTAGE ITERAT ION " ;V ITER 
1340 GOTO 490 
1350 RCH 
1.360 REM F A L L  THR0UGI-l HERE WHEN VOLTAGE CONDITIONS ARE CORRECT 
1370 REM T I M E  TO CALCULATE A L L  THE VALUES.NEEDED FOR THE PRINTOUT 
1380 HEM 
1390 HEM FLRST THE DSG PARAMETERS 
1400 REM 
1 4 1 0  A = VT 
1420 B = 0 
1 4 3 0  C = I I R  
IIIC) D - - r t x  
1 4 5 0  GOSUB 1690 
1 4 6 0  DSGP = PRODR 
1 4 7 0  DSGQ = PRODI 
1 4 8 0  DSGPF COS(ATN(DSGQ/DSGP)) 
.149CI REM 
1500 REM NOW FOR THE SYSTEM PARAMETERS 
1510 A = VT 
1520 B = 0 
1530 C = I 2 R  
1 5 4 0  D s -121 



TABLE A - I ,  cont. 

L I S T I N G  ,FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE . . . .  . .  

1550 GOSUB 1690 
1560 SYSP = PRODR 
1570 SYSD = PROD1 . . 
1580 SYSPF = COS(ATN(SYSD/SYSP)) 
1590 LPRINT USING "#.## ";VS; 
1600 LPRINT USING "#.### ";PG;DSGP;DSGQ;DSGPF;SYSP;SYSD;SYSPF;VT;Vl 
1610 NEXT VS 
1620 VT = .88 
163O NEXT PG 
1640 NEXT LTYPE 
1650 STOP 
1660 PRINT "NO EXCITATION, CASE TERMINATED~~ 
1670 GOT0 1610 
1680 REM 
1690 HEM SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS 
1700 PRODR = A * C - B + D 
171(3 PROD1 = Ec * C + A * D . . 

1720 DEN = C+C +D+D 
1730 DIVFLG = 0 
1740 IF (DEN=()) GnTn 1780 . . 

1750 DIVR = (A*C + B+D)/DEN 
1.760 DIVI = (B*C - A*D)/DEN 
1770 RETURN 
1780 DIVFLG = 1 
1790 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY , ,  , 

1800 RETURN 



TABLE A - 1 1  

L I S T I N G  FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 

10 KEM K I REHAM " S FAMOUS VOLTAGE STUDY F I L E  B: CONREACT 
20 KEN 
50 L-PRINT " T H I S  PROGRAM CHLC:ULATES THE CASE CIF A SYNCHRONOUS GENERAtOf?" 
40 L.PHI  NT " CONSTANT POWER FACTOR CONTROL" 
50 REM 
60 REM I R I I ' T I A L I Z E  
70 HEM 
80 KS = 04 
YO .XS = . I  
100 R i - .  1 
If(:) X 1 = 1  
12(:, C::G = I<:)(:) 
1.30 L!REF = O 
140 VL-IMIT = 2.5 
15(:) EV = -. c)()C)l+ 

1.60 C::B = - 3 
170 REM SET THE LOAD TYPE ( 1 FOR RESIST IVE ,  2 FOR MORE REALISM)  
1RO FClH L7'YPE = 1 TO 2 STEP I 
190 I F  (1-TYPE= 1,) GOT0 230 
20C) LPRIN'T 
210 L P R I N T  "REAL1S"f ' IC LOAD REPRESENTATION" 
22(j ~ 0 . ~ 0  250 
230 LPR I NT " CONSTANT IMPEDANCE -LOADH 
240 REM SET THE lNPUT POWER 
250 FOR PG = .02 TO .2  STEP .02 
260 LF'RINT 
270 L P R I N T  
280 L P R I N T  "SYS V P I N  DSG P DSG B DSG P F  S Y S ' P  SYS Q SYS P F  LOAD 
V E X C I T N "  
290 REM GUESS THE VALUE OF VT 
300 VT = -86 
310 REM GUESS THE AN6L.E OF VS...CALL I T  BETA 
32O BETA = 1 . 4 4 7  
330 HEM SET THE SYSTEM VOLTAGE 
340 FCJR VS = .9 7'0 1.1 STEP .C)2 
350 V I T E R  = O 
360 D I T E H  = 0 
370 DIT'ER = D I T E R  +I 
SBQ V I T E H  = V I T E H  +1 
390 REM CALCULATE I L 
400 KFM CHErC: THE I..nAD TYPE 
410 I F  (LTYPE = 1) GOT0 440 
420 N = 1.3 
430 ' GOT0 4 5 0  
440 N = 2 
450 I L R  = .8* (VT. " (N-1 ) )  
46r.1 ILL = -. 69 (v'I-.'~(N-I) ) 

470 HEN WITH IL, VS AND BETA F I N D  12 
480 VSH = VS*COS(BETA*3.14159/180) 
490 V S I  = VS+SIN(BETA*3.14159/180) 



TABLE A-11,  oont. 

LI!XING FOR SYNCHRONOUS MACHINE, CONSTANT REA(JT1VE 

500 A = VSR-VT 
510 B = V S I  
52Cr C: = RS 
530 D = XS 
540 GOSUB 1:3;50 
55iI I 2 R  = D I V R  
5h0 12'1 = D I V I  
570 HEM 
58(::) HEM NOW F I N D  I 1  
590 REM 
600 1 1 ~  = I L R  - I 2 R  
610 I11 = 11-1: - I 2 1  
620 HEM NOW WE GOT A VAL-UE FOR 1 1 ,  C:ULCLJLAl'E THE VAL-UE OF ' d l  
630 A = I l R  
6 4 0  I% = '111 

C = ,yl 
66C) D = X 1  
,570 (3OSUB 1330 
b U 0  Z l D R R  = PRODR 
690 Z 1 D R I  = PROD1 
700 V1R = VT + Z l D R R  
710 V 1 I  = Z l D R I  
720 REM --. - 
/A(.) HEM NOW WE GOT THE VALUE OF V1:  
740 REM . 
750 MAGV 1 = SQR ( V 1 R'"2 +. . V 1 1.'''2) 
760 KEM 
7 7 0  REM COMPARE THE CALCULATED VALUE OF DSCiQ W I T H  THE VRLUE: NEEDED ACCORDING TCJ 
THE CONTROLLE:R EQUATION, AND CORRECT I F  NEEDED 
780 REM 
790 A t= v7' 
800 B = t'j 

€3 1 0 C = I L K  
820 D = -111 
830 (3OSUB 1 3 3 3  
8 4 0  DSGP = PRUDH 
850 DSG[I! = PRrJDI 
860 PRINT'  WSGQ, MAGV1 
870 P R I N T  "TEHMINAL'VOLTS " ;VT ; "  AT VOLTAGE I T E R A T I O N  " ;VTTER 
080 REM USE THE CONTROLLER EQUA'TIUN 
890 V 1  = KG* (RREF-DSGB) 
' 3 0 0  REM P R I  N T  "L. I NE 885 V l  FROM .L! I S  " ; V 1  
910 VERR = MAGVl  - ~ 1 .  
920 P R I N T  " L I N E  9213 VERR 15 " ; V E k k  
930 I F  A B S ( V E R R ) < . 0 0 1  GOT0 980 . 

940 VT = v'r + ~:V+VERK 
9 4 5  P R I N T  " L I N E  945 UPDATED VT IS " ? V T  
95(j GOTO 360 
960 REM 
970 H E M S F & L L  THROUGH HERE WHEN VOLTf iGE C O N D I T I O N S  &RE CORRECT 
980 HEM T I M E  TO CALCULATE THE POWER BALANCE 
990 P R I N T  "STARTING POWER BQLhNCE" 



TABLE A-11, oont. 
\ 

LISTING FOR SYNCHRONOUS MACHINE, CONSTANT BEACTIVE 

1 iI)(:) (1) fi : Z  V l R  
1. : 1 1 H = V 1 I  
f 0 3:) (1: = 1 1 H  
10::50 D = -111 
1.040 (3(:)SIJH 13;5<:) 
1 i : I N = I:, I? C) D R 
1 (:)&(I) F3E:AR 2;: PC- - P :[N 

1079 f3R I NT " L I N E  10 '70 PERR I S  ";PERK 
1(:)~(:) IF ~ 1 x 3  (PE:RR)<::.(:)(:)(:)I GO-rn 113(:) 
1(:)91':, BE:-/"/a = BET{+ + t:::B*F'ERH 
1. 1. (:I (1) GOT Ll 37 0 

. 1.1 19 KEM F'IRS;I' 'THE USE ~ U W ~ H  F'ACTUR 
1 120 F'EM 
1. I :':';1:) I?SGPF = COS ( HTN i DSGQ /DSGP ) ) 

. . 1 14i'., PKIN'T "1-INE 1 1 4 0  BETf i  I S  " !BETA 
1 :L 5 (1:) RE. PI 
:I. 1 kB(:! l:?E t l  NOW FCIR THE SYSTEM PARAIqETENS 
i 1 ' 7  A := VT 
1. 1 i B Z: (:;) 
1. 1 (3 : c := 1; 313 , . 
I. 2 <: : :  D .; .- 1 2 I 
1211:) GC'j!sI.JB 1::;:5(:) 
I"-,)." ~y!;p =: pK"JDR .- ... t.? 

:1.23~1 SYS(;! = T-'KC:)I')I 
I s.1 < ) . = C;uS(A-r'N(SYSQ/SYSF:")) 

1.25r:) I...F:*RIN'I' lJCiIN(3 " # . # #  ";VS; 
5. ?hi:) 1.JF.K I N'T' LJS 1 NG " #. :### " ; PC; : DSGP; DSGc2; DSGPF 5 SYSP; SYS[I! 5 SYSPF 5 V'r 5 V 1 
:127r:) NE:X7' VS 
1, 8 (:;I 1 J - 1  -: . Ed 6 
12vr.\ NEXT PC; 
1:Si:)i::) NEXT 1.. I YF'E 
11 :5 1 (1) Ci 'T' (3 P 
:1 3 3 0 K E M ' 

133i':) REM SUBKOUT I NE TCI 1-1 ND COMPLEX PROI.)lJCTS AND ~d COMPLEX D I V I S  IONS 
I.:'2;4i:) F'R(]DK = H * C - Ec * D ~. 

1:35(3 PF;'(]I)I == * C + A Jc D 
l:SAi'') 1:)E;N " C:*C +D*D 

-.. ... 
A / < . ?  DI:VF-1-G = (1) 

I :S{3i:l T F' ( r)FN-O ) Cj(J7.Q 1 4 3 0  . . 

1390 D I V R  - (A+C + E+D) /DEN 
1 ;I(:)(:) 1) I V I = (b+C -- A*D) /DEN 
14 :I. i:S RETURN 
142i'i D It.lFLB - 1 
I. 430 RE-M CIiECt::: D IVFL..G ON D I V I S I O N S  BY VHR I ABLES ClNLY 
:14.40 RIZTI-IRN 



TABLE A-I1  I 
, . 

LISTING FOR SYNCHBONOUS MACHINE, CONSTANT EXCITATION . + . . > .  

> 

10 REM FAMOUS VOLTAGE STUDY FILE B:PMAG 
20 REM 
30 L P R I N T  " T H I S  PROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENERATOR" 
4 0  HEM 
50 HEM I N I T I A L I Z E  
60 HEM . . 
70 RS = .04 
80 XS = .1 
90 R1=. 1 
100 X ' l = l  
110 C::G=lO 
120 v1 = 1.038 
130 V L I M I T  = L. " J 

140 C:V=-. 8 
150 C::D = -150 
160 REM SET THE LOAD TYPE (1  FOR R E S I S T I V E ,  2 FOR MORE R E A L I S M )  
170 FOR L T Y P E  = 1 TO 2 STEP 1 
180 I F ( L T Y P E = I )  GOT0 220 
190 L.PRINT 
200 L P R I N T  " R E A L I S T I C  LOAD REPRESENTATION" 
210 GOT0 2 4 0  
220 L P R I N T  "CONSTANT IMPEDANCE LOAD" 
230 REM SET THE I N P U T  POWER 
2 4 0  FOR PG = .02 TO .2  STEP .02 
250 L P H I N T  
260 L P R I N T  
270 L P R I N T  "SYS V P I N  DSG P DSG Q DSG F'F SYS P SYS Q SYS PF LC 
V DELTA"  
280 VT = .88 
290 HEM SET THE SYSTEM VOLTAGE 
300 FOR VS = -9 TO 1.1 STEP .02 
310 DELTA = 1 1 
3 2 0 V I T E R = O  . 

. . 3130 D I  TEH. = 0 
3 4 0  REM START HERE W I T H  INTERNAL I T E R A T I O N  LOOP FINDING ANGLE 
350 Dr TEk = D I T E R  +I 
360 V I T E R  = V I T E R  +1 
370 V 1 R=V 1 *COS ( D E L T A * 3 . 1 4  161 1 8 0 )  
30(j v11: = V l * S I N  ( D E L T A * . 3 . 1 4 1 5 9 / 1 8 0 )  

. . 
390 A=VlR-VT 
400 B=V1 I 
4 I(:) ,C=:Rl 
4 2 0  D=X 1 
47 >(.) - CiClSUB 1 4 6 0 .  
4 4 0  I I R  = D I V R  
450 I 1 1  = D I V I  
L C 6 0  REM GOT CURRENT, NOW F I N D  THE POWER 
470 REM 
4RO A = V1R 
490 H = V 1 I  



TABLE A-111, oont. 

LISTING FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION 

\ 

500 C = I 1 R  
1 D = -111 
c7 JLO GOSUB 1 4 6 0  
530 INPWR = PRODR 
5 4 0  P R I N T  "CALCULATED INPUT POWER I S  " 5  INPWR;" AND PG I S  " j P G  
CC - JJU PWRERH= INPWR - PG 
560 IFtABS(PWRERR)<.000l)GOTO 710 
570 DELTA = DELTA + C:D*F'WRERR 
580 I F  DELTA < 90 GOT0 610 
590 P R I N T  "DELTA EXCEEDS STEADY STATE L I M I T ,  CASE TERMINATED" 
6C!(I GOTO 13E18 
6 1 0  KD = -50 
h2(3 XF DELTA <: 10 GOT0 680 
630 KD = -100 
640 XF DELTA < '3i:) GOTO 680 
650 KD = -2CSO 
660 I F  IIELTA C 50 GOT0 680 
6 7 ( j  C::D = -250 
680 P R I N T  "DELTA = ";DELTA;";"AT ITERAT ION " ;DITER 
69(3 GOT0 350 
700 REM F A L L  THROUGH HERE WHEN THE DELTA I S  CORRECT 
710 P R I N T  "DELTA ITERATED " ;DITER;"  T IMESN 
720 REM 
730 HEM NOW I T S  T I M E  TO F I N D  THE VOLTAGE CONDITIONS 
7 4 0  HEM . . 

7 5 0  REM F I R S T  F I N D  I 2  BY ADDING I 1  AND I L  
760 HEM CALCULATE I L  
770 REM CHECK THE LOAD TYPE 
780 I F  (LTYPE = 1) GOTO B10  
770 N = 1.3 
800 GOTO, 820 
810 N ,= 2 
820 XLR = . B * ( V T ^ ( N - l ) )  
830 11-1 = - .6* (VT. " (N-1 ) )  
8 4 0  REM WITH I L  AND 11 F I N D  I 2  
850 I 2 R  = I L R  - I l R  
860 I 21  = I L I  - I11  
870 REM 
880 REM NOW FIND THE Z 9  DROP 
890 REM 
900 A = XZR 
910 B = I21 
920 C = R 9  
930 D = XS 
9 4 0  GOSUB 1 4 6 0  
950 ZSDRR= PKODK 
960 ZSDRI= PROD1 
970 HEM 
980 HEM NOW WE GOT THE VALUE OF VS: 
990 REM 



TABLE .A-111,  cant. 

LISTING FOR SYNCHRONOUS MACHINE; C O N S T M  EXCITATION 

1000 VSR = VT + ZSDRR 
1010 V S I  = +ZSDRI 
1 020 MAGVS= SQR ( VSR"'2 + VS I."'2 
1(:)3(:) HEM 
1040 REM COMPARE THE VALUE OF VS AND MAGVS, AND CORRECT I F  NEEDED 
1050 HEM 
1060 VERR = MAGVS - VS 
1070 I F  ( ABS ( VERR ) c: . OO0 1 ) GOTO 1 130 
1080 VT = VT + k::V*VERR 
1090 PRINT  "TERMINAL VOLTS " ; V T j U  AT VOLTAGE ITERAT ION " ;V ITER . 
1 100 GOTO 330 
111(:3 REM 
1120 REM F A L L  THROUGH HERE WHEN VOLTAGE CONDITIONS ARE CORRECT 
11.30 REM T I M E  TO CALCULATE ALL  THE VALUES NEEDED FOR THE PRINTOUT 
1140 HEM 
1150 REM F I R S T  THE DSG PARAMETERS 
1 160 REM 
1170 A = VT 
1180 B = (1) 
1190 C = I 1 R  
12(5(:) D = -111 
1210 GOSUB 1460 
1220 DSGP = PRODR 
1230 DSGQ = PRODI 
1240 DSGPF = COS(ATN(DSGQ/DSGP)) 
1250 HEM 
1260 HEM NOW FOR THE SYSTEM PARAMETERS 
1270 A = VT 
1280 B = 0 
1290 C .= I2H 
1300 D = -121 
1310 GOSUB 1460 
1320 SYSP = PRODR 
1330 SYSB = PRODI 
1340 SYSPF = COS (ATN (SYSQ/SYSP) ) 

1350 L P R I N T  USING "# .## ";US; 
1360 L P R I N T  USING "#. ### " ; PG; DSGP; DSGQ; DSGPF; SYSP; SYSQ; SYSPF; VT; 
1370 L P R I N T  USING "## .##" ;DELTA 
1380 NEXT VS 
1390 VT = .88 
1400 NEXT PG 
1410 NEXT LTYPE 
1420 STQP 
1430 P R I N T  "NO EXCITATION,  CASE TERMINATED" 
1440 GOT0 1380 
1450 REM 
1460 KEM SUBROUTINE TO F I N D  COMPLEX PRODUCTS AND DO COMPLEX D I V I S I O N S  
1470 PRODH = A + C - B + D 
1480 PRODI = B * C + A * D 
1490 DEN = C*C +D*D 



TABU' A-111, oont. 

LISTING h~ ' SYNCHRONOUS MACHINE, CONSTAHT EXCITATION 

. . 
1500 DIVFLG = 0 . . 

1510 IF (DEN=O)GOTO 1550 
1 ~ 2 ~ : )  DIVR ' =  (A*C +.B*D):IDEN 
1530 DIVI = (B*C - A*D)/DEN 
1540 RETURN 
1550 DIVFLG = 1 
1560 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY 
1570 RETURN 



. ' T w E  A-IV 

LISTING FOR PIDUCl'ION MACHINB 

10 REM EIREHAM'S FAMOUS VOLTAGE STUDY F I L E  B: INDU 
2(:) REM . 

30 LPRINT  " T H I S  PROGRAM CALCULATES THE CASE OF AN INDUCTION GENERATOR" 
4 0  REM 
50 HEM I N I T I A L I Z E  . , 

hO REM 
7 0  RS = . 0 4  . . . . 

, , . . .  . . . . .  
80 XS = .l 
9 0  RL  = .8 
l o o  XL = .6 
110 C:V = -. 875 
I. 2r3 C:S = .I 
1 3 0  R 2  = .l 
1 4 0  R l  = . l  
1 5 0  X l  = 1 
160 X 2  = 1 
1 7 0  RM = 10 
180 XM = 40 
190 REM SET THE LOAD TYPE ( 1  FOR RESIST IVE ,  2 FOR MORE REALISM)  
2UO FOR LTYPE = 1 TO 2 STEP 1 
210 IF (LTYF 'E=1 )  GOT0 290 
2 2 0  L P R I N T  
2.30 L P R I N T  
240 LPRINT  
250 L P R I N T  
260 LPRINT  
2 7 0  L P R I N T  " R E A L I S T I C  LOAD REPRESENTATION" 
280 GOT0 310 
2 9 0  LPRINT  "CONSTANT IMPEDANCE LOAD" 
300 REM SET TI-IE INPUT POWER 
310 FOR PG = .02 TO .2 STEP .02 
320 LPRINT  
3 3 0  LPRINT  
3 4 0  LPRINT  "SYS V P I N  DSG P DSG L! DSG PF 10 * S SYS P SYS R SYS P 
F LOAD V "  
550 VT 1 
360 REM SET THE SYSTEM VOLTAGE 
370 FOR VS = .9 TO 1.1 STEP .02 
380 V ITER = (1) 
3 9 0  S I T E R  = (1 
4 0 0  REM START HERE WITH INTERNAL ITERAT ION LOOP F I N D I N G  S L I P  
4 1 0  S - - - . 00005 
4 2 0  REM F I N D  THE PARALLEL COMBINATION 
4 3 0  S I T E R  = S I T E R  +I 
4 4 0  V ITER = V ITER +1 
450 A = KM 
460 B = XM 
4 7 0  C = R 2 / S  
480 D = X 2  
490 GOSUB 1950 



TABLE A-IV, aont. 

LISTING FOR INDUCTION MACHINE 

500 NUMR = PRODH 
510 NUMI = PRODI 
520 REM GOT PRODUCT DO D I V I S I O N  
530 HEM 
5 4 0  A = NUMR 
550 B = NUMI 
560 C = RM + R 2 / S  
570 D = XM + X2  
580 GOSUB 1950 
590 ZPR = D I V R  
600 ZPI = D I V I  
610 REM GOT PAWALLEL COMBO NOW 
620 REM NOW ADD THE Z 1  TERMS 
630 REFF = ZPR + R 1  
6 4 0  XEFF = Z P I  + X i  
659 HEM 
660 REM NOW APPLY VT TO F I N D  I 1  
670 A = VT 
680 B = 0 
690 C = REFF 
700 D = XEFF 
710 GOSUB 1950 
720 I 1 R  = -DIVR 
730 I11 = - D I V I  
7 4 0  REM 
75CI REM 
760 REM NOW F I N D  DROP ACROSS Z l  
770 A = I 1 R  
780 B = I11 
7'70 &: = K 1  
800 D = X I  
810 GOSUB 1950 
820 D H l R  = PRODR 
830 DR11  = PRODI 
8 4 0  HEM 
850 HEM NOW WE KNOW VT AND THE Z l  DROP. SO L E T ' S  F I N D  V 1  
860 REM 
870 V1R = VT + D R l R  
880 V 1 I  = DhiI 
890 HEM 
900 REM NOW WE CAN F I N D  IM. THE SHUNT TERM 
910 HEN 
920 R = V I R  
930 B = V 1 I  
9 4 0  C = RM 
950 D = XM 
960 GOSUB 1950 
970 IMR = D I V R  
980 I M I  = D I V I  
990 REH 



TABLE A-IV, mnt .  

LISTING FOR INDUCI'ION MACHINE 

1O00 REM'NOW FIND IG BY ADDING I 1  AND IM 
1010 REM 
1020 IGR = IlR + IMR 
1030 IGI = I 1 1  + IMI 
1'040 REM 
1050 HEM NOW FIND THE INPUT POWER TO THE MACHINE 
1060 HEM 
1070 A = V1R 
1080 B = VII 
1090 C = IGR 
j 100 D = - IGI 
1 1 1 0  GOSUB 1950 
1120 INPWR = PRODR 
1130 PRINT "CALCULATED INPUT POWER IS ";INPWR;" AND PG IS "jPG 
1140 PWRERR= INPWR - PG 
1150 IF(ABS(PWRERR)<:.OOOO1)GOTTO 1210 
1160 S = S + KS*PWRERR 
1170 IF S<-. 1 GOT0 1920 
llfl0 PRINT "SLIP = ";S;"AT ITERATION ";SITER 
1190 GOT0 430 
1ZC)O REM FALL THROUGH HERE WHEN THE SLIP IS CORRECT 
1210 PRINT "SLIP ITERATED ";SITER;" TIMES" 
1220 REM 
1230 REM NOW ITS TIME TO FIND THE VOLTAGE CONDITIONS 
1240 HEM 
1250 REM FIRST FIND I 1  BY ADDING I 1  AND IL 

CALCULATE IL 1260 REM 
1270 REM CHECK THE LOAD TYPE 
1280 IF (LTYPE = 1 )  GOT0 1310 
1290 N = 1.3 
1300 BOTO 1320 
1310 N = 2 
1320 ILR = .08*(VT^(N-1)) I 

1330 ILI = -. 06* (VT^(N-1) ) 
1340 HEM WITH IL AND I 1  FIND, I2 
1350.12R = ILR - I1R 
1360 1 2 1  = ILI - 1 1 1  
1.370 REM 
1380 KEM NOW FIND THE ZS DROP 
1390 HEM 
1400 A = 12R 
1410 B = I 2 1  
1420 C = RS 
1430 D = XS 
1440 GOSUB 1950 
1450 ZSDRR = PRODR 
1460 ZSWRZ = PROD1 
1470 REM 
1480 REM NOW WE GOT THE VALUE OF VS: 
1490 REM 



TABLE A - N ,  cont. . . 

LISTING FOR INDUCTION MACEINE 
I , .  

1500 VSR = V T  + ZSDRR 
1510 V S I  = + Z S D R I  
1520 MAGVS = SQR ( V S R ^ 2  + VSI . "2)  
1530 REM 
1540 REM COMPARE THE VALUE O F  V S  AND MAGVS, AND CORRECT I F  NEEDED 
1550 HEM 
1560 VERR = MAGVS - V S  
1570 I F  ( ABS ( VERR) e: .000 1 ) GOT0 1630 
1580 \IT = V T  + KV*VERR . , 

1590 P R I N T  " T E R M I N A L  VOLTS " i V T i " , A T  VOLTAGE I T E R A T I O N  " ; V I T E R  
1&00 GOT0 590 
1610 KEM 
1620 HEM F A L L  THROUGH HERE WHEN VOLTAGE C O N D I T I O N S  ARE CORRECT 
1630 REM T I M E  TO CALCULATE A L L  THE VaLIJES NEEDED FOR THE P R I N T O U T  
1640 REM 
1650 REM FIRST THE DSG PARAMETERS 
1660 REM 
1670 A = v'r 
l 6F30  B = 0 
1690 C = I l R  
1700 D = -111 
1710 GOSUB 1950 
1720 DSGP = PRODR 
1730 DSGQ = P R O D I  
1740 DSGPF = COS ( A T N  (DSGQ/DSGP ) ) 

1750 HEM 
1760 REM 

-. , NOW FOR THE SYSTEM PARAMETERS 
17.70 A = V T  
1780 B = 0 
1790 C = I 2 H  
1809 D = -121 
1810 GOSUB 1950 
lesna SYSP = PRODR 
1830 SYSQ = P R O D I  
1840 SYSPF = COS(ATN(SYSG! /SYSP))  
1850 L P R I N T  U S I N G . " # . # #  ";VS; 
1860 L P R I N T  U S I N G  "#.### ";PG;DSGP;DSG~;DSGPF;~~*S;SYSP;SYSL!;SYSPF;VT 
1870 V T  = VT461.05 
1880 NEXT V S  
1890 NEXT P6 
1 QN) N F X T  L T Y P E  
1910 STOP 
1920 P R I N T  "NO CONVERGENCE -- CASE TERMINATED"  
1930 GUT13 1U/(J 
1940 REM 
1950 REM SUBROUTINE TO F I N D  COMPLEX PRODUCTS AND DO COMPLEX D I V I S I O N S  
1960 PRODR = A * C - H * D 
1970 P R O D I  = B * C + A * D 
J 9 A O  DEN = C*C +D+D 
1990 D I V F L G  = 0 



. . 

2000 IF ( DEN=0) GOT0 2040 
2010 DI.VR = (A*C + B*D) /DEN . . 

2020 DIVI = .(B*C - A*D)/DEN 
2030 RETURN . . . .. , 

2040 DIVFLG = 1 . ' 

2050 REM CHECK DIVFLG ON DIVISIONS BY VhRIhBLES ONLY. . . . 
2060 RETURN , . . . . . . 



TABLE A-V 

LISTING FOR INDUCTION MACHINE, PCMER FACrOR COBBECl'ED 

10 REM KIRC::HAN7S FAMOUS VOLTAGE STUDY F I L E  B:COMPINDU 
20 HEM 
30 LPRINT "THIS PROGRAM CALCULATES THE CASE OF AN INDUCTION GENERATOR" 
4 0  REM 

. ' 

50 REM I N I T I A L I Z E  
60 REM 
70 HS = . 0 4  
80 XS = .1 
3C) UL = .8 
1, (3C) Y Is., = ,, 4! 
110 KV = -. 8'75 

j,$%a CrS = .i 
130 R 2  = . 1  
1 4 0  R 1  = . I  
150 X 1  = 1 
160 X 2  = 1 
170 RM = 10 
180 XM = 4 0  
190 REM SET THE LOAD TYPE ( 1  FOR RESISTIVE, 2 FOR MORE REALISM) 

,200 FOR LTYPE = 1 TO 4 STEP 1 
210 I F ( L T Y P E = l )  GOT0 300 
2 2 0  I F  LTYPE = 3 GOT0 300 
230 LPRINT 
2 4 0  LPRINT 
250 LPRINT 
2 6 0  LF'RINT 
2 7 0  LPRINT 
280 LPRINT "REAL IST IC  LOAD REPRESENTATION" 
290 0070 320 
300 LPRINT "CONSTANT IMPEDANCE LOAD" 
310 REM SET.THE INPUT POWER 
320 FOR PG = . 0 2  TO .2 STEP .02 
330 LPRINT 
3 4 0  LPRINT 
350 LPHINT "SYS V P I N  DSG P DSGQ.DSG PF 10 it S SYS P SYSG! SYS P 
F LOAD V" 
360 VT = 1 
370 RCPl 3CT TIIE 3YOTCM VOLTAQE 
380 FOR VS = .9 TO 1.1 STEP .02 . 

. . . . 
390 VITER = 0 
4 0 0  S ITER = 0 
4 1 0  REM START HERE WITH INTERNAL ITERATION LOOP F INDING S L I P  
420 S - - -. 0005 
4 3 0  REM F I N D  THE PARALLEL COMBINATION, 

, . 
4 4 0  S ITER = SITER.  + l  
4 5 0  VITER = VITER +1 
4 6 0  A = RM 
4 7 0  ]El = XM 
4 8 0  C = R2 /S  
4 9 0  D = X 2  



TAEU A-V, oont. 

LISTING FOR INDUCTION 'MP;CHINE; P ~ R  F A ~ R  C O R R E ~ D  

500 GOSUB 2060 
510 NUMR = PRODR 
520 NUMI = PRODI 
530 REM GOT PRODUCT DO DIVISION 
5 4 0  HEM 
550 A = NUMR 
56(:) H = NUMI 
570 C = RM + R 2 / S  
580 D = XM + X2  
590 GOSUB 2060 
600 ZPR = D I V R  
610 Z P I  = D I V I  
620 HEM GOT PARALLEL COMBO NOW 
630 REM NOW ADD THE Z l  TERMS 
6 4 0  REFF = ZPR + R l  
650 XEFF = Z P I  + X 1  
660 REM 
670 REM NOW W P L Y  VT TO F I N D  I 1  
680 A = VT 
690 B = 0 
70(1 C = REFF 
710 D = XEFF 
720 GOSUB 2060 
730 I l R  = -D IVR 
7 4 0  I 1  I = - D I V I  
750 REM CORRECT THE DSG POWER FACTOR TO U N I T Y  
760 HEM AT F U L L  LOAD I N T O  RATED VOLTAGE 
770 111 = 111 - . 1 2 ( ~ 3 2 + ~ ~  
780 REM 
790 HEM 
800 HEM NOW F I N D  DROP ACROSS Z l  
8 1 1:) ? = I 1 R  
8; = I11 
83 C = R l  
8 4 t  D - x 1  
850 GOSUB 2060 
8 6 0  D R l R  = PRODR 
870 D R l  I = PRODI 
880 REM 
890 HEM NOW WE KNOW V T  AND THE Z l  DROP, SO L E T ' S  F I N D  V l  
90C) REM 
910 V1R = VT + D R l R  
920 V l I  = D R l I  
930 REM 
940 REM NOW WE CAN FIND IM, THE SHUNT'TERM 
950 REM 
960 CI = V l R  
970 B = V l I  
980 C = RM 
990 D = XM 



TABLE A-V, co nt . 
LISI'ING FOR INDU(;TION MACHINE, POWER F A O R  C0RRECl"ED 

1000 GOSUB 2060 
1 0 1 0 I MU = D I V R  
1020 I M I  = D I V I  
1(:)3(:) REM 
1 0 4 0  REM NOW F I N D  I G  BY ADDING I 1  AND I M  
1050 REM 
1060 I G R  = I 1 R  + IMR 
1 0 7 0  I G 1  Q 1 1 1  .I.. 1M1 
1080 REM 
1090 REM NOW F I N D  THE INPUT POWER TO THE MACHINE 
1 l(:)0 HEM 
1110 A = V1R 
1120 E3 =: V L I  
1130 C = IGR 
1 1 4 0  D = - I G I  
1 150 GOSUB 2060 
1 160 INPWR = PRODR 
1170 P R I N T  "CALCULATED INPUT POWER I S  " j INPWR;"  AND PG . I S  ";PG 
1180 PWRERR= INPWR - PG 
1190 IF(ABS(PWRERR)<: .0001)GOTO 1250 
1 2 ~ ~ 0  S = S + ES*PWRERR 
12 10 I F  SC-. 1 GOT0 2030 
1220 P R I N T  " S L I P  = " ;S;"AT ITERAT ION " ;S ITEH 
1230 GOT0 4 4 0  
1 2 4 0  HEM F A L L  THROUGH HERE WHEN THE S L I P  I S  CORRECT 
1250 PRINT  " S L I P  ITERATED " ;SITER;"  T IMES"  
1 2 6 0  REM 
1270 REM NOW I T S  T I M E  TO F I N D  THE VOLTAGE CONDITIONS 
12Br:) HEM 
1290 REM F I R S T  F I N D  I 1  B Y  ADDING I 1  AND I L  
130(:) REM CALCCIL-ATE I L. 
1.3 10 REM ' CHECK THE LOAD TYPE 
1320 I F  (LTYPE = 1) GOT0 1360 
1330 I F  L"rYBE = 3 GOTO 1360 
134C) N = 1.3 
1350 GOT0 1370 
1360 N = 2 
1 3 7 0  I L K  = . 0 8 * ( V T . " ( N - l ) )  
1380 I L I  = - . 0 6 * ( V T ^ ( N - l ) )  
1390 I F  LTYPE = 3 GOT0 1 4 4 0  
14f:)C) IF LTYPE . :.; ,4 (30TO 1 4 4 0  
1 4 1 0  I L R  = l (S * I LR  
1420 ILI, = l c r + I L I  
1 4 3 0  REM WITH I L  AND I 1  F I N D  I 2  
1 4 4 0  I 2 R  = I L R  - I 1 R  
1 4 5 0  I 21  = I L I  - 1 1 1  
1 4 6 0  HEM 
1 4 7 0  REM NOW F I N D  THE ZS DROP 
1 4 8 0  HEM 
1 4 9 0  A = 1 2 ~  





TABLE A-V, cont . 
LISTING FOR INDUCTION MACEINE, P(B'ER F A m R  CORBBCI'ED 

2000 NEXT PG 
2010 NEXT LTYPE 
2020 STOP 
2030 PRINT "NO CONVERGENCE -- CASE TERMINATED" 
2046) GOT0 1980 
2050 REM 
206~) REM SUBROUTINE TO FIND COMPLEX PRODUCTS AND DO COMPLEX DIVISIONS 

PRODR = A * C - B * D 
PRCDI = B + C + A % D 
BEN = e+c +D+D 
DIVFLG = 0 
IF (DEN=O) GOT0 2 150 
DIVR = (A*C + B*D) /DEN 
DIVI = cB*C - A*D)/DEN 
RETURN 

2150 DIVFLG = 1 
2160 REM CHECK DIVFLG ON DIVISIONS BY VARIABLES ONLY 
2170 RETURN 



TABLE A-VI 

10 REM THE FAMOUS VOLTAGE STUDY F I L E  B:DCINV 
20 REM 
30 L P R I N T  " T H I S  PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM" 
40 HEM 
50 REM 
60 HEM I N I T I A L I Z E  
70 HEM 
80 RS = . 0 4  
90 XS .= . 1 
100 KV = -1 
110 HEM SET THE LOAD TYPE ( 1  FOR R E S I S T I V E ,  2 FOR MORE REALISM)  
120 FOR LTYPE = 1 TO 2 STEP 1 
130 L P R I N T  
1 4 0  CPRINT "FULL  LOAD CASE" 
150 L P R I N T  
1 6 0  I F  LTYPE = 1 GOT0 190 
170 L P R I N T  " R E A L I S T I C  LOAD REPRESENTATION" 
180 GOT0 200 
190 L P H I N T  "CONSTANT IMPEDANCE LO6D" 
200 FOR PG = .02 TO .2 STEP .02 
210 QG = -.5* PG 
220 L P R I N T  
2 3 0  L P R I N T  
2 4 0  L P R I N T  "SYS V DSG P DSG Q DSG P F  SYS P SYS Q SYS 
250 VT = .9 
2 6 0  REM SET THE SYSTEM VOLTAGE 
270 FOR VS = .9 TO 1.1 STEP .02 
280 V I T E R  = 0 
290 HEM START HERE WITH THE ITERAT ION ON TERMINAL VOLTAGE 
300 V I T E R  = V I T E R  + 1 
310 REM CALCULATE 1 1  
320 6 = PG 
330 B = QG 
340 C = VT 
350 D = 0 
360 G,-,SUB ys(', 

3 7 0  I 1 R  = D I V R  
380 I 1  1 = - D I V I  
390 REM NOW C6LCULATE I L  
400 REM F I R S T  CHECK THE LOAD TYPE 
4 1 0  I F  LTYPE = 1 GOT0 4 4 0  
4 2 0  N = 1.3 
4 5 0  GOT0 4 5 0  
440 N = 2 
4 5 0  I L R  = .8+ (VTA(N-1 )  ) 

460 i L i  =-.b*(VT."(N-1) ) .  

4 7 0  REM 
4 8 0  REM NOW F I N D  THE ZS DROP 
490 REM 

P F  LOAD V "  



TABLE A-VI, oont. 

LISTING FOR INVEBTEB, CEA CONIBOL 

500 I 2 R  = I L H  - I l R  
510 121 = ZLI - I 1 1  
520 A = 1 2 ~  
C 7  - 4d.) I% = I 2 1  
5 4 0  C = US 
L z c  JJC) D = XS 
560 GOSUB 950 
570 ZSDRR = PRODR 
580 ZSDRI  = PHODI  
590 REM 
600 HEM NOW WE GOT ENOUGH TO F I N D  THE VALUE OF VS 
610 REM 
620 VSR = VT + ZSDRR 
630 V S I  = ZSDRI  
6 4 0  MAG.V.S . .= ..SQR (VSR:"2.. + . VS1.?2.) . . 
h5(:) REM 
66C) HEM CXIMPARE THE VALUE OF V S ' A N D  MABVS, AND CORRECT I F  NEEDED 
67C) REM 
680 VERH - MAGVS - VS 
690 I F  ABS (VERR) i .000 1 GOT0 750 
700 VT = VT + C:;V+VERH 
710 P R I N T  "TERMINAL VOLTS ";VT;"AT VOLTAGE I T E R A T I O N  " I V I T E H  
720 GOTO 300 
730 REM 
7 4 0  HEM F A L L  THROUGH HERE WHEN THE VOLThGE CONDITIONS MATCH 
750 REM S I N C E  T H I S  I S  THE ONLY ITERATION,  I T  MUST B E  T I M E  
760 WEM TO GO CRLCULUTE QLL THE VHLUkS N t t U t U  I-UH I H t  L I S T I N G  
770 HEM 
780 DSGPF = C O S ( A T N ( B G / P G ) )  
790 A = V t  
80U I3 = 0 
8 1 0 C = I 2 R  
820 D = -121 
830 GOSUB 950 
8 4 0  SYSP = PHODR 
l39(:) SYSU = PROD1 
860 SYSPF = COS ( ATN (SYSQ/SYSP) 1 
870 L P R I N T  U S I N G  "#.## ";US; 
880 I-PH 1 NT I.IS I Nli " #. ### ";PG~QG$nSFPFFSYSPiSYSG;IjSYSPF; 
890 L P R I N T  U S I N G  "#.### " i V T  
900 NEXT VS 
910 VT = .9 
920 NEXT PO . 
930 NEXT L T Y P E  
9 4 0  STOP 
955) HEM 
960 REM UNIVERSAL SUBROUTINE FOR COMPLEX ALGEBRA 
970 HEM 
980 PHODH = A*C-B*D 
990 PHODI = B*C+A*D 



TABLE A-VI, oont . 
LISTING FOR mmia, CEA CONlBOL 

1 0 0 0  DEN = CA2+DA2 
101O I F  DEN = 0 GOT0 1 0 5 0  
1 0 2 0  D I V R  = (A+C+B*D) /DEN 
1 0 3 0  D I V I  = (B*C-A*D) /DEN 
1 0 4 0  RETURN 
1 0 5 0  D IVFLG = 1 
1 0 6 0  RETURN 



TABLE A-VII 

LISTING FOR INVERTER, d - CWPmSATED 

. :  

10 REM THE FAMOUS VOLTAGE STUDY F I L E  B:COMPINV 
20 REM 
30 L P R I N T  " T H I S  PROGRAM CALCULATES THE CASE OF AN INVERTOR SYSTEM" . 

40 L P R I N T  
50 L P R I N T  
60 L P R I N T  "CEA CONTROLLER COMPENSATED AT F U L L  LOAD" 
70 REM 
80 HEM 
YO HEM I N I T I A L I Z E  
100 REM 
110 RS = .04 
120 XS = .1 
130 L':V = -1 
140 REM SET THE LOAD TYPE ( 1  FOR R E S I S T I V E ,  2 FOR MORE REALISM)  
1 5 Q  FOR LTYPE = 1 TO 2 STEP 1 
160 L P R I N T  
170 L P R I N T  
180 I F  L T Y P E  = 1 GOT0 210 
190 L P R I N T  " R E A L I S T I C  LOAD REPRESENTATION HEAVY LOAD CASE" 
ZOO GOTO 220 
210 L P R I N T  "CONSTANT IMPEDANCE LOAD HEAVY LOAD CASE" 
220 FOR PG = .02 TO .2 STEP .02 
230 QG = -.5* PG 
240 L P R I N T  
250 L P R I N T  
260 L P R I N T  "SYS V DSG P DSG Q DSG P F  SYS P SYS Q SYS PF LOAD V "  
270 V T  = .9 
280 REM SET THE SYSTEM VOLTAOE 
290 FOR VS = .9" TO 1.1 STEP .02 
300 V I T E R  = C) . . 

310 REM START HERE W I T H  THE I T E R A T I O N  ON TERMINAL VOLTAGE 
'7*'>(:, " I ' r E R  = V l ' ' f E K  + 1 
.->A. 

330 REM CALCULATE 11 
340 A = PG 
350 B = QG 
360 C = VT 
370 D = 0 
380 GOSUB 990 
590 I l R  = D I V R  
400 I 1  I = - D I V I  
410 I11  = I11 - .1*VT 
420 HEM NOW CALCULATE I L  
4 3 0  REM F I R S T  CHECK THE LOAD TYPE 
4 4 0  I F  L T V P E  1 OOTn ~470 
450 N = 1.3 
460 GOT0 480 
470 N = 2 
480 I L R  = . 8 * ( V T A ( N - 1 ' ) )  
490 I L I  =-.6*(VT.h(N-1) ) . 



TABLE A-VII, .oont.: 

LISTING FOR INVERTER, CEA - CWPBJSATED 

500 REM 
510 REM NOW F I N D  THE ZS DROP 
520 HEM 
5 3 0  I 2 R  = I L R  - I 1 R  
5 4 0  I 21  = I L I  - I 1 1  
e c JJO A = I 2 R  
560 I3 = 121 
570 C = RS 
580 D = XS 
590 GOSUB 990 
600 ZSDRR = PRODR 
610 ZSDRI = PRODI 
620 HEM 
630 HEM NOW WE GOT ENOUGH TO F I N D  THE VALUE OF VS 
6 4 0  REM 
650 VSR = VT + ZSDRR 
660 V S I  = ZSDRI 
670 MAGVS = SOR (VSR."2 + VS I^2)  
6BO REM 
690 REM COMPARE THE VALUE OF VS AND MAGVS. AND CORRECT I F  NEEDED 
700 REM 
710 VERR = MAGVS - VS 
720 I F  ABS (VERR) <: .000001 GOT0 780 
730 VT = VT + KV*VERR 
7 4 0  P R I N T  "TERMINAL VOLTS ";VT;"AT VOLTAGE ITERAT ION " :V ITER 
750 GOT0 320 
760 REM 
770 REM F A L L  THROUGH HERE WHEN THE VOLTAGE CONDITIONS MATCH 
780 REM S INCE T H I S  I S  THE ONLY ITERATION, I T  MUST BE T I M E  
790 REM TO GO ChLCULATE A L L  THE VALUES NEEDED FOR THE L I S T I N G  
800 REM 
810 DSGQ = - I l I * V T  
820 DSGPF = COS (ATN(DSGQ/PG) 
830 A = VT 
840 B = 0 
830 C = I 2 R  
860 D = -121 
870 GOSUB 990 
880 SYSP = PRODR 
890 SYSQ = PRODI 
900 SYSPF = COS(ATN(SYSQ/SYSP))  
910 L P R I N T  USING "#.## ";VS; 
920 L P R I N T  USING "#.### "; PG; DSGQ; DSGPF; SYSP; SYSQ; SYSPF; 
930 L P R I N T  USING "#.### ";VT 
940 NEXT VS 
950 VT = .9 
960 NEXT PG 
970 NEXT LTYPE 
980 STOP 
990 REM 



TABLE A-VII, cont. 

LISI'ING FOR -#IBB, W.- CCYdPBJSAmD . . 

1OOO HEM UNIVERSAL SUBROUTINE FOR COMPLEX ALGEBRA 
1 0 1 0  REM 
1 0 2 0  PRODR .= A*C-B*D . . . ~ 

1 0 5 0  PROD1 ' = B*C+A*D 
1 0 4 0  DEN ' = CA2+DA2 
1 0 5 0  I F  DEN = 0 GOT0 1 0 9 0  
1 0 6 0  D I V R  = ( A*C+B+D) /DEN 
1 0 7 0  D I V I  = (B*C-A*D) /DEN 
1 0 8 0  RETURN 
IIJYIS D I V F L G  = 1 
11QO RETURN, . . 



. . TABLE.A-VIII 

LISrING FOB 'PV TYPE ~ V E I L I ~ R  

. . 
10 HEM THE FAMOUS VOLTAGE STUDY 
20 REM 
.31) L P H I N T  " T H I S  PROGRAM CALCULATES THE CASE OF -AN INVEKTOH SYSTEM" 
4 0  HEM . . 
50 HEM 
60 HEM I N I T I A L I Z E  
70 HEM 
80 HS = .04 
90 XS = . 1 . . 

. , 100 c:v = -1 
1 I(:) HEM SET THE LOAD TYPE ( 1 FOR RESIST I VE, 2 FOR MORE REAL ISM ), 

120 FOR LTYPE = 1 TO 2 STEP 1 
130 L P H I N T  
1 4 0  L P H I N T  " F U L L  LOAD CASE" 
15C) L P R I N T  
160 I F  LTYPE = 1 GOT0 190 
170 L P H I N T  " R E A L I S T I C  LOAD REPRESENTATION'' 
180 GOT0 200 
190 L P R I N T  "CONSTANT IMPEDANCE LOAD" 
,200 FOR PG = . Q 2  TO .2 STEP .02 
2 1 0  QG = -. 06 - . 1*PG 
220 L P H I N T  
230 L P H I N T  
2 4 0  L P H I N T  "SYS V DSG P DSG Q . DSG P F  SYS P SYS Q SYS P F  LOAD V "  
250 VT = .9 
260 REM SET THE SYSTEM VOLTAGE 
270 FOR VS = .9 TO 1. 1 STEP .02' 
280 V I T E H  = C) 
290 HEM START HERE WITH THE I T E R A T I O N  ON TERMINAL VOLTAGE. 
300 V I T E R  = V I T E R  + 1 
310 KEM CALCULATE I 1  
7.T - ~ L ( J  A = PG 
330 H = QG 
3 4 0  C = VT 
350 D = 0 
560 OOSUB 950 " 

370 I1R = D I V R  
380 I11  = - D I V I  
390 HEM NOW CALCULATE I L  
4 0 0  HEM F I R S T  CHECK THE LOAD TYPE 
4 1 0  I F  LTYPE = 1 GOT0 4 4 0  
4 2 0  N = 1.3 
4 3 0  GOT0 4 5 0  
4 4 0  N = 2 
4 5 0  I L R  = .8+ (VT." (N-1) ) 

4 6 0  I L I  =-. 6+ (VT." ' (N- l )  ) 



TABLE A-VIII, oont. 

L I a I N G  FOR PV TYPE INVEgTBR 

470 HEM 
480 HEM NOW F I N D  THE ZS DROP 
490 HEM 
500 I 2 R  = I L R  - I 1 R  
510 I 2 1  = I L I  - 111 
520 A = I 2 R  
C 7  0 B = I 21  

. 540 C = U S  
CC 4-10 D = XS 
560 GOSUB 950 
970 2SDRR - PKODK 
580 Z S D R I  = PROD1 
590 REM 
600 HEM NOW WE GOT ENOUGH, TO F I N D  THE VALUE O F  VS 
610 REM 
620 VSR = V T  + ZSDRR 
& 3 0  V S I  = Z S D R I  
64(3  .MAG.S)S . =. . SQR (.VSR:':.2 .+  V.S1^2.) 
650 REM 
660 HEM COMPARE THE VALUE O F  VS AND MAGVS, AND CORRECT I F  NEEDED 
670 REM 
680 VERR = MAGVS - VS 
690 I F  AHS (VERFO C .0001 GOT0 750 
700 V T  = V T  + EV*VERR 
710 P R I N T  " T E R M I N A L  VOLTS " ;VT;"AT VOLTAGE I T E R A T I O N  " ; V I T E R  
720 GOT0 300 
730 REM 
740 HEM F A L L  THROUGH HERE WHEN THE VOLTAGE C O N D I T I O N S  MATCH 
750 HEM S I N C E  T H I S  I S  THE ONLY I T E R A T I O N ,  I T  MUST B E  T I M E  
760 REM TO GO CALCULATE A L L  THE VALUES NEEDED FOR THE L I S T I N G  
770 REM 
780 DSGPF = COS ( A T N  (C!G/PG) ) 

790 A = V T  
800 Ec = 0 
810 C = 1 2 R  
€320 D =: -121 
830 GOSUB 950 
840 SYSP = PRODR 
850 SYSa = PROD1 
860 SYSPF = C0S. t  A T N  (SYSQ/SYSP)  ) 

870 L P R I N T  U S I N G  "#.## . ";VSfi 
880 LPRINT US1 NG "#  . ### " 5  PG; QG; DSGPF; SYSP; SYSQ9 SYSPF; 
€390 LPRINT U S I N G  "#.### " ; V I  
900 NEXT V S  
910 VT . = .9 
920 NEXT P G  
930 NEXT L T Y P E  
940 STOP 



TABLE A-VIII, oont. 

LISTING M)R PV TPPB INVBBTEB 

990 REM 
960 REM UNIVERSAL SUBROUT I NE FOR COMPLEX ALGEBRA 
97C1 REM 
980 PRODR = AwC-E*D 
990 PROD1 = B*C+A*D 

, 1 0 0 0  DEN = C.'%2+D.'*2 
1 0 1 0  I F  DEN = 0 GOT0 1 0 5 0  
1 0 2 0  D I V R  = (A*C+B*D) /DEN 
1 0 3 0  D I V I  = (B*C-A+D) /DEN 
1 0 4 0  RETURN 
1 0 5 0  D IVFLG = 1 
1 0 6 0  RETURN 



TABLE A-IX 

LISTING FOR BASE CASE 

10 REM FAMOUS VOLTAGE STUDY F I L E  B:BASE 
--I - 
L(.) REM 
7 C .a(-) L P R I N T  " T H I S  PROGRAM CALCULATES THE BASE CASE OF NO DSG " 
40 REM 
50 KEM I N I T I A L I Z E  
60 KEM 
70 RS , = . (34 
8!:) XS = .I 
30 R1-. 1 
lo(:) X I - 1  
110 C::V = -.9 . . 
120 KEM SET THE LOAD TYPE (1  FOR R E S I S T I V E ,  2 FOR MORE REALISM) 
1:50 FOR LTYPE = 1 TO 2 STEP 1 
1 4 0  I I= i LTYPE= 1 ) GCJTCI 1.80 
150 L.F'RINT 
160 L P R I N T  " R E A L I S T I C  LOAD REPRESENTATION'' 
170 GCIT'O 220 
18b LF'RINT 
190 1-PR I NT . . . . 
200 L-PRINT "CONSTANT IMPEDANCE LOAD" 
210 ,REM !3ET THE INPUT POWER 
220 L P K I N T  
.?3(j L.pR I NT , . 

2 4 0  L P R I N T  "SYS V SYS P SYS Q SYS P F  LOAD V "  
25r:) VT = .88 
260 HEM SET THE SYSTEM VOLTAGE 
270 FOR VS = .9 TO 1.1 STEP .02 
280 V I T E R  = C) 
asfi DITER = c;r 
so(3 REM START HERE WITH INTERNAL ITERATION LOOP FINDING, ANC~LE 
:510 WlTEK - DLTKK +1 
:32( j  ?,ITER = V I T E R  +1 
.> 3 (:) REM 
3 4 0  REM NOW I T S  T I M E  TO F I N D  THE VOLTAGE CONDITIONS 
33C) K t M  
?;hO REI? CALCULUTE I L  
.370 REM CHECK THE LUAD TYPE 

3R(l  TF (LTYPE = 1 ) GOT0 410 
3?(2 N = 1.3 
4(30 GOT0 4 2 0  
4 1 0 N = 2 
1 I - .R*.(.!UT.'>(N--l))  
430 I L I  = -. 6* (VT."(N-1) ) 

4 4 0  REM 
4 5 0  REM NOW F I N D  THE ZS DRUP 
4 6 0  REM 
4 7 0  A = I L R  
4 8 0  El = I L I  
490 C = RS 



' TABLE':A-IX, cont. 

LISTING FOR BASE CASE 

e -  - a(-)(-) D = XS 
. . . . 510 GOSUB 900 

520 ZSDRR= PRODR 
e- - . . 
LIAU ZSDRI= PRODI ' 

540 REM 
S5O REM NOW WE GOT THE VALUE OF VS: 
560 REM 
570 VSR = VT + ZSDRR 
580 VSI = +ZSDRI 
590 MAGVS= SQR (VSR."2 + VS I T )  
600 HEM 
610 REM COMPARE THE. VALUE OF VS AND MAGVS, AND CORRECT IF NEEDED 
620 HEM. 
630 VERR = MAGVS - VS 
690 IF' ( ABS (VERR) s: .00(:) 1 ) GOT0 700 
650. VT = VT + KV*VERR 
660 PRINT "TERMINAL VOLTS ";VT;" AT VOLTAGE ITERATION ";VITER 
6Z(j GOT0 290 
680 HEM 
6 b  REM FALL 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 
733 A = VT 
740 B = 0 
750 c = ILR 
760 D = -1LI 
770 GOSUB 9(:)0 
780 SYSP = PRODR 
790 SYSQ = PRDDI 
800 SYSPF = COS (ATN (SYSQ/SYSP) ) 
810 LPRINT USING "#.## " ;VS; 
820 LPRINT USING "#. ### : " ; SYSP; SYSQ; SYSPF; VT 
€330 NEXT V9 
840 V'T =: .a6 . . 

850 NEXT LTYPE 
860 s'rw 
870 PRINT "NO EXCITATION, CASE TERMINATED" 
880 GOT0 1330 
890 REM 
900 HEM SUBROUTINE TO FIND COMPLEX PRODUCTS AND D0,COMPLEX DIVISIONS 
910 PRODR = fi * C - B * D 
990 PRODI = B * . C  + fi * D 
930 DEN = C+C +D*D 
940 DIVFLG = O _ . , .  e . l  

950 IF (DEN=0) GOT0 990 
960 DIVR = (A*C + B*D) /DEN 
970 D I V I  = ( B+C - A+D) /DEN 
980 RETURN 
YVO DIVFLG = 1 
1000 REM CHECC: DIVFLG ON DIVISIONS BY VARIABLES ONLY 
1 r:) 10 RETURN 





TABLE B-I 
. . 

DATA FOR SYNCHRONOUS ,MACHINE, CONSTANT VOLTAGE 
LIGHT LOAD C A S E  

C:ONEii'T'r?N'l" I I'1F'EL)ANCE L-OC?I!.I 

DSG C.;! 
(1) . Sbh 
C) . 4. '7 i:! 
(3. 2:-7 1 
(1) " 2 '7 <) 
O.  :L 68 
(1) (1:) 6 3 
-- .. i24(:) 
-. 146 
- -7 r'- .--, . 4:. ,:> ..:t 
..-. "'i. r I.., 

,. .2*:'tJ.L --. 1'$'73 

DEiG F'F 
(1). (:I29 
<j . (:) 1 C) 
i:) . (1) 1 2 
(1) . <::I 4 
(I!. 1595 
0 ., 2'75 
(:! . 4. :s (1) 
(.:I " !. 1 6 
(:J. 1 
(1) " 0 1. (YJ 

i:) . i:)i:):3 

SYS Q 
-. 512 
.-- .. 4 15. -. y515 
--. 2'3 
- .. 1 1 . 0  
- . (1) (:I 5 
. 1 i:) 1 

(:I . 2(,.!U 
(1) " r.5 1, -7 
(1) . 4 -7 
(3 . '5 ,,:,!-I 

EXC: I 'T'N 
1.546 
1 ,, 450 
1.352 
1.256 
1 . I bO 
1 . Ob5 
i:) . Y 7 0 
(1:) " C] '7 5 

0 . '7 8 1 
0. 4~87 
(:I . 5'74 

SYS P 
i') " (I! &J 8 
1:) . i j5 E3 
!:) . i')5(:) 

" Q4:. 
I..! . 1.1 4 2 
0.041 
i:) " (I! A!\ 2 
(1) ,, ("1 4 !> 
(1) . !:! 5 "J2 
C:) . i:) 5 9 
(.) . CJh9 

SYS Q 
5 ( j ' ; 7  

. 4 :l i:j 
'7 (1) 9 " .- 

--. . 2 (:I $3 
- . J. i:)4 
(:) ,, ij (1;) 
(1) ,. 1 0 h 
I:) . 2 :L .It 
(':, . :J 2 2 
0.432 
i:). 544 

DBG P 
0 .  i;)25 
(1) <j::; 6 
i:r . (345 
0 .  ij92 
i:) , (:)5(, 
0 . I:) 5 E3 
(-) . (:):.;a 
0.056 
0 . C)5Z 
<:! . i:) 4 t3 
i:!. 0::57 

Q 

--. 5t:)t 
-. . 403 
-. ::;(:)4 
. ;2 (:) ;,2 

- . i j(?Y 
(1) " <I?) 6 
0 . 1 1 2 
0 .  219 
1.3 :,. 328 
(j. 438 

I:' c' i:)..,dC) . 

'0 G F:, F.' 
!:!. (Ii83 
0.123 
(.I .. 1 t3 i 
I::) . T 7 3 
0 .  4 48 
0 .  851 
i j .  8(:)9 
0 * 4'2'2 
(1) " 255 
(1). 169 
(1) . 1 1 5 

LOND V 
0 .  95 1 
C:) . 9 6 0 
i:, . 97i3 
(1. '779 
0.7139 
0 .  998 
1 . (:! (1:) 13 
1.01.7 
1.026 
1 . ij36 
1 . 045 

EXCI 'T 'N 
1.534 
1. . .439 
1 ., ::549 
1.247 
:1 . 1.52 
1.  0 5 7  
5 ) .  963 
(:I . 1 6 9 
0 .  775 
(1) .. h €3 2 
(3. 5139 



TABLE B - I ,  cont. 

DATA FOR SYNCHRONOUS MACHINE, CONST ANT VOLTAGE 
LIGHT LOAD CASE 

SYS F'F 
Q . i:) 1. 4 
i:) " <:j (1 7 
(:I . (I! :z 5 
ir) (1) '7 '+' 

!:! . :L YI3 
(1) . 7 12 (1) 
i:) . 1 :-: ::: 
C). 055 
(5. Ci 1 9 
0.  i:)63 
0 . C:) 2 1 

SYCj ?, F' %I\[ 
0 .. 90 (1) 1 lzij 
: )  2 (1) . 1 2i3 
0.94 0.120 
i?.Cib 0.120 
0.78 (~,,I.:?!:I 
1 . i:)i::) 0 . 1 3:) 
1.02 <Ii.I:?!:l 
I. . i.! 4 (1) :[ 2 (1) 
:1 . 0 r j  c:i . I 172C) 
3..i38 0.12(:) 
1 . :i 0 <:) . 1. 3:) 

IJSG Q 
(I! . 5 4 .:; 
<:I " 4 4.3 
(1) . 3 4 4 
0. 24:; 
0 . 1 40 
0.036 
-. 069 
-. 1'76 
-. ., 284 
-- . ;$ C? -7 .... 8 

-- ::(:)L{. 

DSG F' 
(3. 126 
i:). 13.7 
0 .  145 
0.151 
(2. 155 
0.157 
0.156 
0.  153 
(3. 149 
0,142 
( 3 .  133 

DSG C.? 
(11, 532 
0.432 
0 . 3;5 .? 
(::) . 3 :z 1 
0, 128 
0.024 
-. C ) I 3 2  
-. is9 
-. 297 
-. 407 
--. 519 

SYS C:? --. "177 -. 376 -. 275 
-. :I73 
-- . 069 
0.CJ.56 
(5. 145 
0.251 
0 .  .:;6 1 
0 .  472 
0.5R5 

E X  1: :I "I' N 
1 " S Z h  

1.428 
f 7::'' . . I.._. ._I 

1 778 . ..-.a 
I.. 144 
1 . (:) 5C) 
0. 95'7 
0.864 
(3. 772 
(:, . bE.30 
!:I. 589 



TABLE B-I, cont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
LIGHT LOAD C A S E  

USG P 
(1) . 1 4 6 
i:) . 1 15'7 
0 .  1 h5 
< I .  1-71 
0. 174 
0,. 1'76 
i:) . 1 7 5 
<:) " 1 -7 ::; 
i:t . 1 &El 
(1) " :1 I% 1 
(:I ,, 1 52 

DSG 8 
ij. 5'76 
O . 4 . 2 6  
i:?. ;52h 
i:) . .', .-, r-. 

.L il \J 
. ,-. .-) 0 . .L .L 22. 

!j " c') 1 '7 
-- . iX38 . :L 96 

.... .. -- . ..:, i.14 
..... ,, 4 1 '=i 
-.- - 5 2.7 

SYS B -. 471 
--. 371 
-. 269 
-. 16'7 
--. 0613 
i:) . (:)42 
0 .  147 
0.258 
\::I. 366 
0.477 
(1). 592 

EXCITN 
1.523 
I .  426 
1.331 
1.236 
1 .  1.42 
1.049 
0 .  95h 
0.  8,513 
0 . -7 7 1 
(3.680 
U. SIJY 

SYS B 
--. 465 -. 364 - ':> 6 :7 

rn A. 

-. 161 
-.- . 056 
0 . 0 4, '7 
(3. 156 
0.265 
(1). 375 
0 .  407 
0 . 6 00 

SYS PF 
(3. lV '7  
0.271 
(:). 383 
0.577 
(1). R 9 0  . 9 2 
0 .  5H7 
0 . 330 
(3.263 
0. 187 
(3. 1.37 

DSG Q I 
0. 568 
(5. 4'72 
0 . 3 7 2 
(::I . 2 '7 1 
0 . 1.69 
, dl  :> 

-. 040 
-. 146 -. 254 -. 36:3 
--. 4'74 

SYS Q -. 51 1 
-.415 -. 315 
- '13 . & 

.- . 1 1 
- . {:)i.15 
(1) . 1 (3 1 
(:, . 2 (1) €3 
(3.316 
0.426 
0. :j38 

SYS PF' 
0. 176 
0.191 
O. 224 
0.238 
0 .  4'76 
('). 99h 
(1,. 524 
0.297 
0.213 
0 .  178 
0 .  158 

EXCI'T'N 
I . .  547 
1.451 
1.354 
1.257 
1 . 160 
1 . 0 6 3 5  
0.969 
0.873 
0.780 
0.686 
0.592 

DSCi F'F 
i:) . 0r:)7 
0. $3.33 
0 , 067 
0 . 1 1 8 
0.216 
(1). 543 
0 .  648 
(1). 235 
0. 124 
0.071 . 
0. (337 

B-4 

SYS P 
0 .  0'7 1 
0.060 
(;) . (~152 
0 .  046 
(1). 04.3 
0.041 
(1) . 04 2 
0.045 
0.050 
0.057 
0. (367 



TABLE B - I ,  cont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
L I G H T  LOAD C A S E  

SYS v 
0.90 
C) . 92 
0 . 9 4 
0.96 
0 .  7E1 
1 . 00 
1 . 02  I. (34 
1 . 06 
1. (38 
1.. 10 

DSG P 
0 . (:I 2 5 
(1). 036 
0.045 
(:J. 052 
0. 056 
0.  058 
0. 058 
0.056 
0. 052 
(3. 046 
0.  0x7 

DSG 8 
(3.537 
0. 461 
(3, 362 

(3 260 
0. 158 
0.054 
- : 05 1 
-. 158 
-. 266 -. '375 
--. 486 

DSG PF 
(3.044 
0.077 
(:I. 123 
0.194 
(1). 336, 
0.734 
(5.752 
(3.337 
0. 192 
0.1.21 
0.077 

SYS F 
o . 050 
0.040 
(:I . (1) 2 
(1). (326 
(1) . (:I 23 
0. 02 1 
(1) . (1) 2 2 
0.025 
(3. (3:: 1 
0.038 
o. ('47 

SYS CJ -. 501 -. 404 
-. 3(j4 
-- -7.'' r )  . .L t.1 .L -. 099 
(3. 006 
0 . 1 1.2 
0.219 
0 .  ,328 
0.498 
t:) . J5CJ 

SYS PF 
0 .  097 
0 . (1) 5'3 
0 .  105 
C). 128 
(3. 222 
0.965 
0.196 
0.115 
0. 093 
0.086 
0. 0136 

LOGD V EXCITN 
(:).g5c:) 1.54(:) 
0.960 1. .444 
0.9h9 1. " 347 
0.979 1.251 
0.9139 1..155 
0.998 1.059 
1.0(:)8 0.9h5 
1.017 0.870 
1.U26 0.776 
1.c:i:xb ( j . 6 ~ : ~  
1 .045 0.509 

SYS v 
0.90 
0.92 
c:) " '9 4 
0.96 
0.98 
1.00 
1. (32 
1.04 
1.06 
1.08 
1.10 

DSG P 
O. 045 
0. 056 
0 .  (365 
(5.072 
(3 . (:)76 
0. 078 
(3.078 
0. 076 
(1). (372 
0. 065 
0 . 05 7 

DSG Q 
9.552 
0. 456 
I:) . 356 
0.255 
(3.152 
0.048 
-. 057 
-. 164 
-. 272 -. 381 
-. 492 

SYS P 
(3 . O3(:) 
0. (:)"LO 
(3 . 4:) 1 2 
0 . 0 0 6 
(3 . 0~1.3 
0.002 
(1) ,, 003 
0. 006 
0.01 1 
U . 0 1 '7 
(1). (j28 

SYS II! -. 496 
-. 399 
-. 298 -. 197 -. 075 
0.01 1 
0 . 1 1 8 
0.229 
<j 3:34 
0.444 
(3.556 

SYS PF 
C) . (:)6(5 
(1) . {:) 4 C? 
i:) . 039 
0 .  03 1 
(1) . (:I29 
0 .  142 
0. 023 
0.026 
(1) . (1) .3 3 
0.042 
(:I. (:I5 1 

E X C I ' T N  
1.536 
1.44 1 
1. 344 
1.248 
1.152 
1 . (357 
0 .  962; 
o. €368 
0 .  775 
0.681. 
0.588 

SYS 'd 
0.90 
(3.92 
0 .  94 
0.96 
0 .  '78 
1 ; 1:h'J 
1. (32 
1. . ('34 
I. . (36 
1.08 
1. 10 

DSG P 
0. (366 
0. 0'77 
(1) (:)El5 
0 .  C)92 

, (1) . 096 
0 .  090 
(j. 098 
0.095 
0.0'?1 
0.084 
0. 076 

DSG Q 
0.547 
0. 450 
0.351 
0.249 
0. 147 
0.042 -. (:),53 
-. 170 -. 278 -. 388 
-. 499 

DSG PF 
(:) . 1 1 9 
0. 168 
0.236 
(3.346 
0.548 
(:I . 3 1 U 
0.841 
(5.490 
(3.311 
(3 . 2 1 3 
(3.150 

SYS 0 -. 490 -. 3y3 
-. 293 
-. 1'71 
-- .','j8.7 

0.017 
0. 124 
0. 2.31 
0. 340 
0.45 1 
0. 563 

USG P 
0. 086 
0.097 
0 . 4 05 
0. 112 
0.116 
0.118 
0. 1 1.7 
0.115 
(3. 1 1 C) 
0.904 
0. 095 

DSG 0 
0 .  545 
0.445 
(1). 345 
0.243 
0.141 
0.036 -. (369 
-.. 176 -. 21.35 
-. 395 
-. 506 

DSG PF 
0.155 
0.2 i2  
(3.292 
0. 417 
0 .  635 
0.955 
0.861 
0.546 
15. 361 
0.254 
0. 184 

SYS P 
- . 0 1 1 
-. 021 -. 028 
-. 034 
-. IjJ7 -. osn 
-. 0:36 
- .a33 
--. 027 
-. 020 
- . !:) 1 (1) 

SYS L3 
--. 489 
-. 388 
-. 287 
-. 185 
- . Of3 1 
(1. (32.3 
0 . 1. 30 
0. 238 
0 . .3 4 7 
(1). 457 
0. 57(:) 

SYS F'F 
(1). 022 
(I. 054 
0 . 07 9 
0. 179 
0 . 4 1 1 
O. 8.41 
(1) . 2 7 (11 
O. t 38 
0 .  079 
0.043 
0 . 0 1 8 

L..OCID V 
0 , '75 1 
0.961 
0 .  9.70 
(:) . 9 a(:; 
0. 989 
I). c?99 
1 . (:)(:I8 
1 . 15 1 7 
1 . 027 
1.056 
1 . 045 

EXC X 7'IV 
1.533 
1.435 
1.338 
1.243 
1. 1.48 
1 . c)cy-- . <J.28 

0 .  959 
i . j .  BhPi 
0.772 
iY3. 679 
(1) . 33 '7  



TABLE B - I ,  cont. 

DATA FOR SYNCHRONOUS MACHINE, C W S T  ANT VOLTAGE 
L I G H T  LOAD C A S E  

,..' \ .' '. 
: r : :  i' 
... <:- ... 
:...I " f' I...) 

t.:! ., 92 
,I) (;: i$ 

(.:) " i. 
! LJ 

,* .:.33 
1. " [ji.> 
;L a (>, ';, 

4-. 

1. a iI:a~'l 
1 (3 6) 
1 ,# I:::! E' 
:I. .. 2. f:! 

DSG Q 
(1) ,, 9:: -7 c+ 

..I I 

(,j " '$ :;; '+' 
i:) . 2:;9 
(1, " 2 3 7 
r:!. 1.35 
. 9 3 i:) 

-- ,. <:! -7 :; 
- . 1 :3:7 

,-, --. -5.9 1 
-- .a 4 (1) 1 
-- ., 5 :L 3 

SYS F' -. (331 
--. 041 
-. 040 -. (355 

-. Q5'7 
.- 057 
-. OSh --. ('"52 
-- " (:I47 
-- " u.-:,y 
-. (329 

SYS F'F 
(1) . 064. 
0. 106 
0 .  169 
0 .  2636 
(1) . 6 C) (1) 
0.808 
0.  380 
i,) , 2c:,y . 1. 3 1 
i:! . (:J 8 : X  
(1) . 05 (1) 

(::. . , :.. 
I v 
<::I " !? i:! 
,'j " 

7 .,:: 

!::) " " 4. 
i::) - <$ {> 

i:) c?3 
1. a (::! c::! 
:I, ,, (ii :;! 
3. ,, I:.:);?. 

:i. ,, ('2 
:I. " <..> E j  

:I. .. 1. C., 

DSCi I2 
(1) " L- -e '-7 

,..I ... I .-I 
ij. 433 
r] . 3::5:3 
<:I. 2;;1 
!:I . :1 :!Ej 
(1) . i.124 
-- . 8 2 

--. 189 
- ,. 2Yi3 
-- ., 4 i.) 3 

YI',.) -- . <.I .L 1 

SYS P -. 051 
-. . at> 1 
-- .. (:I h 8 
-- . (j '7 3 
-. 076 

.. i:) 7 7 
-. 075 
- . ,372 

-. !)hb 
... " . ('1) 5 8 

.-- .. 048 

SYS Q -. 477 -. 376 
- 375 
.A 

-. 17.3 -. 069 
i:) . (336 
(3. 143 
0.251 
0 .  360 
(1) . 4 -7 1 
0. 534 

SYS PF 
0 .  106 
0. 160 
(3 . 240 
0.389 
0 .  740 
0. 905 
(1). 466 
0.374 
0 .  180 
0.122 
(1) . iJ 8 2 

SYS Q --. 1'7 1 
-. 370 -. 2h9 --. 167 -. 063 
0 .  042 
(3. 149 
(1). 257 
0.367 
13. 4'79 
( 5 .  5'72 

F' I N 

I..:) . 1, cji:) 
(.:! 4 :I. (.I 9 
0 . :L i30 
r:) ., 3. 8 i") 
<'I ,, 1 {:I (1) 
i:! .. :L 80 
(3"  1[j(:) 
(::I " 1 i:) 
i:! 0, I, a:) 
i::! 1 8 (:.I 
(1) . :I. [3<) 

I:, p,1 

i.! . 2 (I! 0 
( 5 .  '.)Oil 
!I . ::tQO 
i:). 23(:) 
<:) ::!i':) (1) 
<:I " 2 (1) (1:) 
1:) . 1:; (:)i:) 

0 " 2 (::)(:) 
(1) . 2 i:) ij 
<') " >? (1) 0 

4::) ,, 2; (1) (1) 

DSG F' DSG ti! 
(3.1.hh i:).522 
c:, . :1 '7 7 (:I . 4 2 1 
(1. 1H5 (1)- :5:?1 
(::).lVC:, r:1.219 
(3.194 (l.116 
c:),.195 0.011 
: 1. ? 4 -- . 0 9 5 
i:") . 1 c? 2 - ,, .i ,- (-).::* .. -. 

,, 1. B h -- " :: 1 2 
0.1'73 -..424. 
(1) 7 .-- . S:?& 

SYS P 
- . (:)'3 1 
-- . 1 C:, 1 
-. 108 
-. 112 
-- . 1 1.5 -. 115 
-. 114 
- . 1 1. 0 
-. 104 -. C)Vh 
-. 085 

SYS Q 
-. 465 
-. 364 -. 263 

-. 160 -. 056 
0,. 049 
(1). 156 
(5.264 
!:) . :I -7 5 
0.486 
0 .  600 

SYS PF 
0. 192 
(:I . 2 6 s5 
(1). 378 
0.574 
0 .  897 
0.920 
0 .  588 
0.383 
(3. 26'7 
(1). 15'3 
0. 141 



TABLE B - I 1  

DATA FOR ,SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
HEAVY LOAD. C A S E  

C:i3NSl'clN'I" 1 IYF'EDaNCE LOAD 

DSG F' 
-. {:la9 
--. ah7 
- . 048 
-. 1331 
- . i:) 1 7 
. r j  i) 6 

(:) i:) i:) 4 
C) ,, (1) 1 1 
(.! . (1) X h 
i:, . i'j :L €3 
(3 . 0 1 '3 

DSG B 
(5 .  941 
(::I . €3 5 2 
0.  '760 
0.66E3 
(11 . 57:3 
0.4'78 
<l. 3t32 
0.284 
0 .  105 
(1). 985 
- . 0 1 7 

DSG F' 
--. O h 7  
--. i246 

" (1) 2 -7 
. 0 1 (1) 

i'l . (1) 0:5 
0 . 0 1 5 
(11 ,, (1) 2 4 
1:). i j3 1 
(I! " (:):5 6 
i'j ,, (:;)::[:? 
C) . i:) 39 

DSG L! 
(:I . y ::-: 6 
0.847 
0. 755 
(1). 662 
(1). 568 
(1). 473 
(1). 3-76 
(::) 2 '7 $3 

(3 . I. -7 9 
(1) (1:) '7 c? 
.- . (1) 2 3 

DSG PF 
0. !")72 
0.054 
f:!. cj:Sh 
(3 . (3 16 
0 . (:)!I6 
0 .  03 :L 
i:! . O A 4 
i::) . 1 1 ij 
(3. 13h 
0 .  45-7 
0 .  863 

SYS P 
0 .  '730 
c:r . 7 2 3 
0 . 7 1 El 
i'.) . 7 1 7 
0 . 7 1 7 
ij . '7 2i3 
0. 726 
i.) . 7 :3 
!") . 7 4.3 
(:). '755 
(1) . '7 7 (:I 

SYS L! 
-. 439 
-. 559 -. 236 
- 1, r7 -7 ... 
.- . ()2H 
1:) * (1) 7 (? 
0 .  1.86 
(1) " 2 9 :'j 
!:I. 405 
C:) . 5 1 h 
C!. 629 

SYS FZ'F 
0.857 
0.  ;to5 
0 . 9 3:) 
i::) . 9 13 3 
(3.999 
('1) . 9 9 4 
0 .  C.)h9 
(5. '+'2$3 
0, t'3'78 
(1:). 82b 
(:I. 774 

E X C I T N  
1.. 5'39 
2.. F41 
1.742 
1.645 
1.- 544' 
:I. . 454 
1. . 2;59 
1, '3 65 " *- 

:L . 1'72 
:, (:).T CT 

(3. 987 

SYS F' 
!:! . '7 0 y 
(:I . 7 i':, 2 
0 .  698 
i:). 63b 
i:, . 69'7 
(:I .- -7 i1) 1 
0 ,, 7 06 
1). '7 1 4. 
0 . 7:,:!4 

-7 :>- , 
2 &-I 

(3 .. ' 7 5 i )  

L O A D  V 
0.91 1 
(5 . q 21:) (' " '3 "3 !'? 
O ., c,?4(':, 
<-) . 9 8 2  .-I(-) 

,"' . c,> 3 

(3. Y h O  
(1) 973 

(:I. '?a7 
(::). 95'6 
1 . (I!!:) 6 

DSG P 
-- . (j:!4 
-. (j(j3 
0 . 0 1 5 
0 . (33 3. 
0. 045 
0 . 0 56 
0 ,  064 
0.07:  
0 . U 7 h 
(j. 0j8 
(:i. 078 

SYS F' 
0. A 8 8  
0. 6132 
0. 678 
(:). 676 
0. h77 
0.601 
(1). 686 
0.6'74 
(1) . 7 04 
(:I . 7 1 h 
0.731 

SYS L.? 
--. 427 
-- . 2'7 
-. '224 
--. 1 
- . 0 1 5 
(3.091 
(1). 199 
(:). 30E.3 
0 . 4 1 R 
0 .  529 
0.642 

SYS F='F 
(5 . 850 
0 . 9 C) 2 
i:r . 949 
0.985 
1 . (:)(j(:) 
O"OY1 
(3 . 6 1 
!) . 4 1 q 
0 . 
0 .  8U4 
(3.751 

LOAD V 
i:, . 9 1 1. 
C). 921 
0. 93 1 
0.  940 
(:, " y 5 (1) 
0.  y y y  
0 . 9 69 
0. 9'78 
(3 .  YE7 
i). qC?7 
I. . OcZh 

E X C I T N  
1.928 
1.831 
1. '753 
1.6136 
1.541 
1.. 446 
1. .352 
1 3t!!'C . ...... J ? 
I.. l b h  
1. . 0 7 ii. 
i'jm9f12 



TABLE B-11, cont. 

FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
HEAVY LOAD C A S E  

L O A D  V 
(3.912 
0.921 
(1). 931 
0.941 
0.950 
0.960 
0 .  969 
(3. 97E3 
0.788 
0. 997 
1, 2. (:)(:MI 

EXCITN 
1.923 
1. €326 
1.728 
1.632 
1.537 
1.442 
1.349 
1.256 
1.163 
1.071 
0.980 

DSG C.1 
(5. 920 
0.83ij 
i3.738 
0.645 
(3.551 
(3.455 
(1). :559 
0.260 
c.. 161 
0.060 
-. (341 

SYS P 
c., . 6hO 
(3.661 
0.658 
0.656 
0 .  657 
O. h6 1 
(1.667 
0.675 
(1). 685 
0.697 
Oi'712 

SYS B -. 421 -. 321 
-. 218 -. 114 -. 009 
0. 097 
(1). 205 
0.314 
0.424 
0.536 
0. 449 

SYS FF 
0. 846 
0. 900 
0 .  947 
0.985 
1 . 000 
0.  989 
0. 956 
0.907 
(1, . 850 
0.793 
0 .  739 

SYS v 
i:). 90 
i:) . 9 2 
0.94 
0.96 
(:) . sa 
1 . i:)<:) 

1 . (:)2 
1 . c.,4 
1. (36 
1 . (3E3 
I. w 1 0 

DSG Q 
(1) . 9 1 4 
0.825 
Q . 7 3 3 
0.639 
0.545 
0.449 
(1). 352 
0 .  254 
0 .  155 
0. 054 . 048 

DSG F'F 
(:) . 020 
0 .  047 
0 . 0'7 7 
o. 112 
0 .  155 
0. 209 
0.285 
0.  40 1 
0. 598 
(1) . 908 
0.926 

SYS P 
0.647 
0. 64 1 
( 5 .  637 
0.636 
I:). 638 
0.641 
0.64'7 
0.655 
(1). 665 
(3.678 
(1). 693 

LOAD V 
0.912 
0.922 
(3.932 
0.941 

, (3. 951 
0.960 
0.969 
C). 979 
0.988 
0.997 
1 . 006 

EXCITN 
1.918 
1.821 
1.724 
1.628 
1.533 
1.439 
1.346 
1. 253 
1.161 
1. . 069 
0.978 

SYS v 
0 .  '3:) 
(1). YZ 
(j. 94 
0.96 
0. ' 7 0  
1. 00 
1 . 02 
1.04 
1. "06  
1.QB 
I. . 1 0 

P PN 
0 .  1.20 
0.120 
ij. 12tj 
(j. 120 
(3. 120 
0 . 1 20 
0. 120 
ij. 120 
0 . I 20 
0.120 
i:,. 120 

DSG P 
0 . 0 1, 9 
0.039 
(:I . 057 
0.072 
(3. 085 
o . o 9 6 
(1). l ( j 5  
0.111 
(1) . 1 1 5 
0 .  1 1 7 
0. 117 

EXCITN 
1.915 
1.817 
1 . 720 
1 .  
1.53tj 
1.436 
I.. 343 
1.250 
1.158 
1.067 
0.976 

DSG C.1 
0. 708 
0.  8'19 
( ) .  727 
(1). 633 
(3.339 
0 .  443 
0. 346 
0.248 
0.148 
0. 048 -. 055 

SYS F:' 
0 .  627 
1'3 . 6 2 1 
0 . 6 1 '7 
0.616 
(3.618 
0 .  622 
0. 628 
0.636 
0. 646 
0.659 
0. 679 

SYS Q -. 409 
- - 3rIH 
-. 206 -. 1ij2 
(3 . 004 
O. 1 l u  
(:> . 2 1 8 
(3.327 
4:). 4:58 
0.549 
(1). h62 

SYS PF 
0.838 
0.896 
0.949 
0.9€37 
1 . (1)00 
0.985 
0 .  945 
0.889 
0.828 
0.768 
c j .  113 

DSG P 
(1) . 04 (1) 
r., . OLO 
0.078 
ij . U 9 :S 
0. 1c:rb 
0 . 1 1 6 
o. 125 
0,131 
0.  135 
0. 137 
0.137 

DSG PF 
(1.067 
0. 099 
(3. 135 
0.178 
0. 230 
U. 298 
(3.392 
0. 53cJ 
0. 737 
0.968 
0.931 

SYS P 
0 . 6(36 
0.6(50 
0.597 
0.597 
(3. 598 
0 .  6r:)2 
0 . 608 
0.616 
(3.627 
0. 64C) 
0. 654 

SYS Q -. 402. -. 302 
-. 199 -. 095 
0 . (3 1 (1) 
0.117 
0.225 
0.334 
0 .  444 
0.556 
,0. 669 

SYS PF 
c, . :r . . . 

-1 3 

0.893 
0.949 
0.988 
1 . 00(3 
0.982 
0.958 
0.879 
(1.816 
0.755 
0.699 

LOAD V 
V. 913 
0.923 
(3.932 
0.942 
0.951 
0.961 
0. 970 
0.979 
0.988 
0.997 
1 . 007 

EXCITN 
1.969 
1.812 
1.716 
1.621 
1.527 
1.133. 
1.340 
1.248 
1.156 
1.065 
0.974 

SYS '"1 

(1). 70 
0. 92 
C) . 9 4 . 96 
0. 98 
1 . 00 
1 . 0 2  
1. (34 
1 . 06 
1.1)8 
1 . 1 0 



TABLE B-11, . cont. 

DATA 'FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
HEAVY LOAD C A S E  

SYS v 
0 . 90 
Q). 92 
0 .  84 
(1) . 9 6 
(1) . .9 8 
1 . (I(:) 
1 . (112 
1 .:04 
1. " (:ik: 
1.. . i:) E3 
:I. . 1 0 

SYS c.2 
-- . 396 
-. 296 -. 193. 
-. 089 
(5 . 0 1 7 
0 . 1 2 :3 
(1). 2::; 1 
i:) " ::5 4 1 
!::, . 45 1. 
0.563 
0 .  h7'7 

SYS PF 
0 . ~ 2 3  
0.889 
(:) . '7 4 9 
(1). 989 
0 . YC?9 
0.9'74 
(1). 922 
(:I. 857 
0 .  789 
0.725 
0. h69 

LOAD V EXCITN 
0.914 1.9(:)0 
0.924 1.004 
0 .  933 1 709 
0.94:' 1.614 
0.952 1.521 
0.962 1.428 
0. 970 1 . 335 
0.989 1.244 
0.9139 1. 153 
(3.998 1.062 
1.0(1)7 0.972 

REAL- I S'T'I C LOAD KEFVi"SEN'1"HT'I C3N 

SYS V P I N  
(1) . 9 (11 (1) . (1) 20 
0.92 0.(32(j 
0.94 0.02ij 
0.96 0.020 
0.98 (j.028 
1 . 90 (::),, (333 
1 . I (11 . 020 
1.04 ij.i:)2C:) 
1 . ijb 0 . 020 
1.08 C1.02(] 
1 . 1 I (1) . 0 20 

DSG B 
(1) . 9 7 (1) 
(1). 875 
0. 784 
0. bE3E3 
T.1. :39 1 
i::) . 4 9:; 
(:) " 393 
(.I. 29:; 
(3. 190 
0 . C) 8 7 
- - (1) 1 8 

DSG FZ'F 
(1) . (1199 
(:) . (:)83 
(:i . (367 
(j . (1:) 5 1 
1.11 . 0 3 4 
0 . 0 1 5 
I:) . 1:)06 
i'). i335 
0 . 080 
0.  206 
(1. 730 

SYS PF 
(3.875 
0.918 
0.955 
0. 985 
(1). YYY  
(1) . 9 !7 5 
(5, 9'73 
(j . 9 :3 5 
(1). 888 
0.836 
0 .  784 

LOAD V 
0 . YC16 
0 . 9 1 7 
0. 937 
0. 9.37 
(:, . 94.7 
0. 957 
0.967 
0.976 
0.986 
0.996 
1 . 005 

SYS v 
0. 90 
0 . 92 
(3.94 
(3.96 
0 . '?8 
1 . 
1.02 
1-04.  
1 (116 
1.08 
1.10 

DSG F' -. 073 -. 051 
-. (:I32 
-. 014 
(1, . 00 1 
ij . 0 1 :5 
(1) . (1) 2 3 
c j .  ij:30 
0.035 
(:I . 038 
(3. (339 

DSG PF 
lyl. (1177 
(3.059 
0 . 040 
(1). 020 
(3 . (:I(:) 1 
(11 . 027 
(1) . 059 
( J .  1 (P-5 
0. 188 
0.428 
(1.854 

B-9 

SYS F' 
0.779 
0. 766 
(1). 757 
0.749 
(11. 745 
0. 743 
(11. 743 
U. 746 
(:I . 750 
(1). 757 
0.767 

SYS L! 
-. 436 
- -333 
-. 235 
-. 1.31 -. 026 
0 . 0 8 0 
(5 . 1 87 
0 .  295 
0 .  405 
0.516 
(11, 628 

SYS PF 
(3. i3'7:3 
(3.917 
(5.955 
(1). 985 
( 5 .  799 
0 .  994 
0; 770 
0.930 
0. 880 
0.827 
0.774 

LOAD V 
(-) . $'fL1'7 
0.917 
(3.927 
0.937 
(5.947 
0.957 
0.967 , 

0.977 
0. 986 
0.996 
1.009 

EXCITN 
' 1 .  9'71 
1.866 
1.767 
1.667 
1.567 
1.468 
1.3'70 
1.273 
1.177 
1.082 
0. 986 



TABLE B - 1 1 ,  wnt.  

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
HEAVY LOAD C A S E  

SYS v 
i:) . '? (1) 
(1) . '-;) 2, 
0.5'4 
0.96 
0 . !?I3 
1 . i:)<:) 

1. ( 5 2  
1 . 04 
1 . 06 
1. UE3 
I. . 1 (:) 

USG F' 
-- . ( )53 
-- " !I:) :; l:J 
- . i:) I i.:) 
i j  . <:)i:)7 
(1)" 022 
(1) " (:I34 
(1) " (:)4 :z 
i.1) (::I 5 1 
i:) ,, i:) 5 6 
i:! . (55E3 
i ' .  r:)SY 

DSG B 
(:I. 959 
!::I . 8 6 8 
0 .  7"7:3 
(5.677 
(1) . 580 
i:) . 4 8 1 
i : )  . .T 8 2 
(3 .  281 
c:! . 1 '7 Y 
(:I. ij75 
...- . i:) :'z (j 

Sy$ F' 
(1) . 7 "'H 

.J 

(1. ' 746  
0 .  736 
0 .  729 
ij . .7:25 
i:) . .722 
(:) .. 7 23 
0. ' 2 6  
(5 .  731 
(5 . '7:38 
0 .  '74'7 

SYS Q 
. 4 3 (I! 

-- - 3 :x 
-- . 22 y -. 125 
- . (:)2(:) 
0 .  i38h 
0 . 1 9 3 
(1) 3(:) 1, 
0 . 4 1 1 
(1). 522 
0 . 63 4. 

SYS PF:: 
ij. 87(:) 
i )  . 9 1 4 
r:, " 9 5 5  
(1. 98& 
1 . 0 c:,u 
i.). 993 
(1). 966 
C!. 724 
0 .  8'72 
(1) . 8 1 b 
0 .  762 

SYS 'J 
(: " '?(:) 
0 .  92 
(I! C? 

i::) . 9.h 
0.. 98 
1 . <j !;:) 
1 . C:, 2 
I. . 04. 
1 . i:i 
1. " (1:) H 
:I. ., I. i:i 

SYS F '  
cJ. h95 
0.683 
C) .. h 7 5 
0 . 66E3 
(2 . h 6 4 
0.6.52 
O .  hh3 
c':r . 6 6'7 
0 .  672 
0. 67C7 
i:) . !il t3 9 

SYS [I! 

-. 4.12 
-- :5 13 
- . 2 1 (:I 
-. 1.06 -. (:)(]I 
0 .  li:)5 
(1) " 2 ]. 2 
0 . ,-; 2 1 
(1). 43 1 
0 .54 .2  
i l .  654 



TABLE B - I 1  , cont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT VOLTAGE 
HEAVY LOAD C A S E  

!3 y 5 @.J 

,, (+'!I! 
i:) 9 2 
(':) " r;) '1 
i:- . <?(:I 
. 9 8 

I. * <:) (:) 

1 ,, (::) Z! 
I. . ('.I 4 
1 . (:)CI 
1 . OE3 
1 . 1. i:) 

SYS V 
i:) . cj 

0.92 
r:i . '74 
0. 96 
(::I . 9 8 
L . 0 i:) 
1. .. <j 2 
1. . Of+ 
1 . 06 
1. OH 
1. . 1 0 

!5YS V 
(1) . Yi:) 
Cj.92 
i:) (74 
(1. 96 
1::) . 9 
1 . ('1) (1) 
1 . (52 
1. (14 
.L . (36 
1. . OE3 
1 . 1 0 

DSG F' 
(:I! ,, (1) 5 4 
i::) ,, (1) 7 5 
(1) . 0'7 4 
<:) 3, :l i::! 
(I . 1.24 ' 
0.135 
0 .  144 
(1) " :1 5 Cr 
(1:- . 1 5 
0.  1.58 
0 .  15B ' 

1') S G 1::s 

(1) . (:)'761 
0 . i ) C ?  6 
i]. 115 
i:) . 1 3 :i 
0.144 
0 .  3.55 
(1). i 6 4  
(1) " 1 '7(':! 
0. 1.74 
(1). 176 
(1) " I, -76 

D$jG F' 

!:) ,, 09 7 
<:) ,, 1 1 7 
c j .  1:2;5 
(1) . 1 S 1 
0 . 1. ci 4 
(1) " 1 "7 5 

!:I . :L 133 
0 . 1 9 (::I 
0.  1.95 
0 .  195 
(1). 195 

DSG E!! 
(1) .. 9,5 &, 
i::i . 8 4 4. 
i:!. 74.9 
("! " 6 5 ;: 
0 .  556 
(:I. 457 
0.357 
1:). 256 
(''1 . 1 cfjz; 

(1:) " 0 4 C? 

-. 05b 

$;yS p 

!:,I. 653 
(1:) . 6 4 ::; 
(1) .. h::4 4 
0 .  623 
i:) . (j 2 4. 
(:). 623 
!:) " b24. 
t) . 6 2;: 8 
1:) ,, 6 ::; :z 
<:) . &J 4 1 
0 .  I55 1 

S'(S F' 

(1) ., h:9 3 
r::) . 6 2 2 
().&13 
(1) .. 6<)8 
0 . 604 
0. bQ3 
(3 . &(:)5 
i'). 608 
(1) " .6 1 4. 
(3.622 
0 .  6x2 

.. SY" 4 F' 
(3.613 
(1) . b Qa 
('1) 5!++:1 

0. 5@€3 
0. 584 
i::) . 584 
(5 .. 505 
0.583 
O ,, 594 
ij. 602 
(3.613 

SYS f:'F 
(3.853 
iI! . Y 06 
!I) . (y55 
(1. 985' 
1 . (:)(:)<:) 
3 . 9 8;:; 
(:I. 9.1. 1 
i::! . 08:5 
(1) . iil 1.9 
0. 756 
(1) . k2'3 0 

SYS PF 
i:). E349 
!::, . 904 
(1) " (:? 5 5 
(::) . Y c? i:;\ 

1. . (:)(:)(:) 
1.) . C7'7 9 
r : ) .  934. 
!'3 . 8 -7 2 
i:) , 80 6 
(1) . 7 4 1 
0 .  hE13 

SYS F"[" 

0 . 8 11 5 
0.907, 
(1). 955 
(1:- . Y 9 1 
(:I. 999 
!I. 9'7h 
(1). 926 
i:). 86 1 
1:). 792 
(1) . 7 2 t ~  
!I! . (360 

I.... 0 A 11 V ti: X C 'i "T' I'tJ 
7 :  1...944 
cr .. 92 i:) I. . E344 
!.).C?:3(3 1.744. 
i I .  ! 1. . 6 4 5 
(.).9.49 1.5117 
0.  '759 1.. 449 

0 .  '?hY 1.. 352; 
I..! 9 7 8  1 . 258 
(3. !?H8 1 . I. 63 
Cj.997 1..068 
1. " : 7 !:) ,, 9'7 5 



TABLE 0-11 I 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 
LIGHT LOAD C A S E  

CONSTANT IMPEDANCE LOAD 

SYS V 
(3. 70 
0.92 
(:) . 94 
(3.96 
0.78 
i . Csc:) 
1 . (:)2 
1. (54 
1.06 
1 .08 
1.10 

SYS v 
(1) . '3 (1) 
0.92 
(:) . 74 
0.96 
0. 98 
1.00 
1 . 0 2 
1. (34 
1 . U6 
1.08 
1.10 

YYS v 
(1) . 70 
0. 92 
0 . '74 
0.96 
0.78 
1 . (SC:, 
1 " 0 2  
1.04 
1 . O6 
1. on 
1 a 1 1:) 

SYS v 
(1 . Y (3 
0.92 
(1). 74 
0.96 
(1)- 78 
1 . (3 (1:) 
1 . (:I2 
1.04 
1. " (XI 
I. . 0E3 
1. 10 

P I N  
(:) . (1) 2(:) 
(3. 020 
(1) . (1) 20 
(3.020 
ij. 020 
Cl . 1:) 12 0 
O " i,' ;2 0 
C:, . 020 
(3. 020 
(j . (3 2 0 
(3. 020 

DSG P 
0 . 0 1 7 
0. 020 
(3. 020 
O. 020 
(3. 021 
(j . 020 
O ,, 02 L 
(1). 020 
(1) . 02 1 
0.020 
(1) . 0 2 (1) 

DSG P 
(:) . 039 
0. (340 
(1 . 040 
(2.  040 
(3. (340 
0.040 
(3.040 
0.040 
0 . 640 
0 . 04C) 
(3 . 040 

DSC3 P 
(3. 059 
0.060 
0 . 060 
(1). 060 
(1) . O 6O 
0. 059 
(3.059 
(3 . 059 
(3. 059 
0.059 
0.059 

DSG P 
0. 078 
(1). 08Cl 
(3. (380 
0. 079 
(1) . (1) 7 9 
0.079 
0. 079 
0. 079 
(3 . 079 
0. 079 
r:) . (1) 7 Y 

DSG (I! 

- .00Y -. 009 
-. 009 
- . 009 
- . (1) 1 0 
- . 0 1 0 
-.010 -. 010 -. (310 
-. 01 1 
-.011 

DSG (I! -. 009 -. 009 -. 009 
- . 009 
- . o 1 (3 -. 010 
.- . 0 1 0 
- . C) 1 (I 
-.01(3 
-. 01 1 -. 01 l 

US& Q 

- .009 -. 009 
- . 0(39 -. 010 
-. " (1) 10 
-. 010 
,,.. . C) 1 c., 
-.010 -. (310 
-.a11 -. 01 i 

DSG R -. 009 -. 009 
-. (309 
-. 0lcJ 
- . (1) 1 (1) 
-. 010 
- . (3 1 (:I 
- . 0 1 CJ 
- . C) 1 1 
- rn (1) 1 1 
- . 0 1 1 

DSG PF 
0.708 
0.912 
0.908 
0. 904 
0. 9 ~ ~ 8  
0.896 
i) - 9(-) I 
(1). 888 
0.892 
0.880 
(3.884 

DSG PF 
0.975 
0.975 
0.974 
0.973 
0. 972 
0.970 
0.969 
0. 968 
0.967 
0.966 
0.964 

DSG PF 
0.989 
0.989 
0.988 
0.988 
0.987 
0.986 
0.986 
0.985 
0.985 
0.984 
(9.984 

DSG PF 
(3.994 
0.993 
0.993 
0.993 
Cr . 992 
0.992 
C). 992 
0.992 
0 . 99 1 
0.991 
0.991 

B-12 

SYS P 
0.044 
0. 046 
0.049 
0. (352 
(3. 055 
O.C)59 
1:)- Clb1 
(1 . 065 
0.068 
0.072 
(3. 075 

SYS P 
o. (325 
0. 027 
0 . 030 
0.033 
0.036 
0.039 
0.042 
o.045 
0.049 
0. 052 
O.r)5h 

8YS P 
(1) . (3 05 
(3. 007 
(1) . Q 1 0 
(3.013 
0 . 0 1 ti 
0.019 
0.623 
0.026 
(:I" (1129 
0.033 
5) . (j36 

SYS P -. 014 
. .013 
- . Q 1 0 
-. 007 -. 003 
-. 000 
(3. (1103 
0.006 
0 . 0 1 0 
0.013 
0.017 

SYS Q 
0. 057 
0.05C? 
0. 06 1 
0.064 
0.066 
0.069 
0.071 
0. (374 
0.077 
0.079 
0.082 

SYS (I! 

(1) . (357 
0.059 
0.061 
0.064 
0.066 
0.069 
6. 07 1 
0.074 
(1. 077 
0. 079 
0 ,, 08 2 

SYS (I! 

0. 057 
0.059 
0. (:)62: 
0.064 
0 .  066 
0.069 
1:). (372 
0.074 
0.077 
0.080 
(1,. 082 

SYS Q 
(3. 057 
0.059 
0. 062 
0.064 
(1). 067 
0.069 
0. 072 
0.074 
0. 077 
0.080 
0. (1)82 

SYS PF 
0.618 
0.619 
(1.627 
0.635 
0.636 
0.649 
0 . 6 S Q  
0.661 
(3;;662 
0.672 
0.672 

SYS PF 
(3. 400 ' 

(3. 412 
0.434 
0.455 
0. 474 
0.492 
(3. 3:)B 
0.523 
0.536 
(I. 549 
0.560 

SYS PF 
0. 090 
(1) . 1 1 7 
8.1.5t3 
0.198 
(1. 295 

0. 269 
13 . :Sljt:) 
0.329 ' 

(1.355 
0.379 . 

0. 40 1 

SYS PF 
(3.245 
(1). 209 
0. 156 
0.103 
0.052 
(3. 004 
0.042 
0.085 
0.125 
(3. 162 
(3. 197 

LOAD V 
0.872 
0.911 
0.931 
0 ;  951 
0. 9'71 
0.991 
l iO11 
1.030 
1 . (:)SO 
1.070 
1.090 

LOf4D V 
(1). 893 
0 .  912 
0.932 
0.952 
0. 972 
0.991 
1.C)ll 
1-83 1 
1 . 05 1 
1.071 
1.090 

LOAD V 
0.893 
0.913 
0.993 
0.953 
0. '373 
0.992 
1. (312 
1.032 
1.052 
1.07 1 
i . 09 i 

LOAD V 
0.894 
0.914 
0.934 
0.954 
(3.973 
0.993 
1.013 
1.033 
1.052 
1.072 
1.092 

EXCITN 
C). 885 
0.906 
(3.923 
0 . 9'4 4 
0.964 
0.986 
1.1.,00 
1.022 
1.044 
1.061 
1 . 08 1 

EXCITN 
0.889 
0.907 
(3.926 
0.947 
0.968 
0.989 
1 . 0(1)6 
1. . C)25 
1.. 045 
1.064 
1. 084 

EXCITN 
(1). 893 
0 . 9 1 0 
1:) - 930 
0.951 
0.373 
C). 990 
1 . 0 9  
1.029 
1. (348 
1.0h7 
1.086 

EXCITN 
0.898 
0 .  Y 14 
0. 934 
0.956 
0. 970 
0.994 
1 . 0 1 3 
1.032 
1.051 
1.076 
1 . 089 



TABLE B - 1 1 1 ,  cont. 

SYS v 
(1) . 9 u 
0. 92 
0 . 9 4 

' 0.96 
(1). 98 
1 . i:)[j 
l . O ?  
1.04 
1.06 
1. (38 
1.10 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 
LIGHT LOAD C A S E  

DSG P 
0.098 
0.099 
0. 099 
0. 099 
0 . 099 
0.099 
0.099 
0. UC?9 
o. 098 
0. 098 
0 . 098 

DSG Q 
- . 009 
-. 009 
- . (:lo9 
- . O I O  
'. 010 -. 010 -. 010 
-.a10 -. 01 1 
-.011 -. 01 1 

DSG PF 
0.996 
0.996 
0. 996 
0.995 
0.995 
0.995 
0.995 

. 0.995 
(3.994 
0.994 
0.794 

SYS P -. 634 -. 032 
-. (329 -. 026 
-. 023 
-. 020 -. 016 -. 013 
- . 0 1 C) 
- . 006 
- . (:)(:)3 

SYS c.2 
0 . 057 
(3. 059 
0 .  062 
0.ij64 
(1). 067 
c). 069 
(3. 072 
C). 074 
o. 077 
(3.  080 
(3.083 

SYS PF 
(3 . 5 1 (1, 
(1.477 
(1). 428 
0.376 
0. 325 
0.274 
(11. 223 
0.174 
(j. 126 
0.079 
0. 034 

LOAD V 
0 .  895 
0.915 
(1) . (?3:; 
(S.YS4 
(3 . 9 7 4 
0.994 
I .  (314 
1.033 
1.053 
1. 073 
1 . 093 

EXCITN 
(1) " 9 (1) 3 
0.918 
0.9.39 
0 .  961 
(1). 983 
(I. 998 
1.017 
1.i356 
1.055 
1.074 
1.092 

SYS v 
(1) . 90 
0. 92 , 
0 . 9 4 
0 .  96 
0.98 
1 . 00 
1 . 02 
1 -04 
1.06 
1.08 
1.10 

DSG P 
0.117 
0.1 lC? 
0.119 
(3.  118 
(3.118 
0.110 
(1) . 1 1 8 
(3. 118 
(3.118 
0.1 10 
0 . 1 1 9 

DSG C.2 -. 009 
-. ooy 
- . (:)09 
-. o1o 
-. 010 
- . 0 1 C) 
- . C) 1 (1) 
--. 010 
- . (1) 1 1 -. o11 -. 01 1 

DSG PF 
(3. 99'7 
(1). 997 
0.897 
0.997 
0.997 
(1.996 
0.996 
0. 996 
(3.996 
0.996 
0. 996 

SYS P -. 053 
-. 052 
-. 049 -. 045 
- "  (1)42 
-. (3.39 -. 036 -. 032 
--. (:)29 
-. 026 -. 023 

SYS F'F 
(1). 681 
1. 655 
(1) . h 1 8 
0. 577 
(1). 535 
0 .  49 1 
0.445 
(3.399 
(1). 353 
(5.306 
0.273 

LOAD V 
(3.896 
0.916 
0 .  935 
0.955 
0.975 
0.  '795 
1.014 
1.. (354 
1.054 
1 . 07.3 
1 . (11'73 

EXCI'T'N 
(:I . 9 (1) 9 
0.928 
(3. 944 
(3. 967 
0.984 
I .  003 
1 . (j22 
1.040 
1.059 
1.077 
1 . 1.0 1 

SYS v 
(3.90 
0.92 
0 . '7 4 
(3.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.0E3 
1. l(3 

DSG P 
0.137 
0.138 
ij. 138 
0. 138 
0.138 
0.  1.38 
(3. 158 
(3. 137 
0.137 
0. 139 
0.139 

DSG L! 
-. (309 
- . 009 -. 009 -. OlCJ 
- . (1) 1 0 
-. 010 
-.010 -. 010 
-.a11 
-. 01 1 
- . 0 1 1 

DSG PF 
0. 998 
(1). 998 
0 .  998 
(3. 99a 
(1). 997 
0.997 
0.997 
0.797 
(3.997 
0.997 
0.997 

SYS P 
-, 073 
-. 071 -. 068 -. (365 -. (562 -. 058 -. 055 -. 052 
- . (1148 -. 046 -. 043 

SYS Q 
(3. (35'7 
(:I . (:) 6 (3 
(3.062 
(3 . (1) 6 5 
(3 . 067 
0.070 
(j. (372 
0.075 
(1) . (3 7 7 
0 . ij8C:) 
(3.  083 

SYS PF 
0.784 
(1). 765 
(3.738 
0.  709 
0. 677 
0.643 
(3.607 
(11. 570 
(:I. 530 
0. SO(:) 
0. 462 

EXCITN 
0.915 
0.934 
(:I . 950 
o. 97.3 
0. 990 
1.008 
1.027 
1.045 
1 . 063 
1.086 
1. . 106 

SYS v 
1:) . '70  
0.  92 
(3. ~4 
0.  Y6 
0. 98 
1.00 
1.02. 
1.04 
1 . Oh 
I .  00 
1. 1 0  

DSG P 
0. 156 
0. 15E3 
0. 15'7 
0.157 
0. X 57 
0. 157 
0.157 
(1). 157 
0. 158 
0.158 
(1). 158 

RSG L! 
- . 009 -. 0 9  
- . (:) 1 (1) 
-. o i o  
- . (1) 1 (1) -. 010 
- 0  010 
-.(>lo 
- " (1) 1 1 -. (31 I -. 01 1 

DSO PF 
(5.998 
0.998 
0. 998 
0 .  990 
0.9'78 
0.  998 
0 .  998 
0.998 
Q. 9'?8 
(3.998 
0.998 

SYS P 
- .092 -. 090 
-. OH7 -. 004 
-. (38 1 -. 078 -. 074 -. 071 -. (369 -. (366 -. (363 

LOAD V 
0.898 
cr a 9 1 ;' 
0. 9.37 
0.  957 
0.976 
0.996 
1 . 0 1 h 
1. (335 
1 . 055 
1.075 
1.095 

XU I "rN 
0. 922 
0. 940 
0.956 ' 

(3. 979 
0. 995 
I.. 014 
1 . 052 
1.050 
1.071 
1. (191 
1.111 



TABLE' B - 1 1 1 ,  C O U ~ .  

DATA FOR SYNCHRONOUS MACHINE, CCNSTANT REACTIVE 
LIGHT LOAD CASE 

SYS V P IN 
(1) . 9 0 . 1 80 
0.92 (:).18i') 
0.94 0.1BO 
i3.96 0.  18iJ 
0.98 (:).18(j 
1 . : )  0 . 1 8C) 
1.()2 (:).18(:) 
1.84 $.180 
l .Ob'  O..180 
1.08 0.18(3 
1.10 i3.100 

DSG P 
('1. 175 
0. 177 
(3. 177 
0.177 
(3. 176 
(1:) . 1 7 6 
(3. 1'76 
0.  1'77 
0 . 1 '7 7 
0. 178 
0 .  178 

DSG [I;! -. 009 
-. 009 
- . 0 1 0 
- . (1 I (3 
- . (3 1 c) 
- . (1) 1 (3 
- . C) 1 (11 
-. 01 1 -. (31 1 
- m (:I 1 1 
- . 0 1 1 

SYS P -. 111 -. 109 -. 106 
-. 1U3 
-. 100 -. 097 
- . 093 
-. 091 
- . 088 -. 085 
-. 082 

SYS Q 
(3. 058 
O. 060 
0 . (362 
0. 065 
( 5 .  067 
0. i j7(j  
(1) . (5 7 2 
O. 075 
(3 . 070 
0.080 
0 . 08 3 

SYS PF 
0.807 
0. 877 
Q: 863 
(1). 847 
(3.830 
0.811 
0.791 
0. 77.3 
(1.751 
0.727 
0. 702 

LOAD V 
0. 898 
0. 918 
(3.938 
0.957 
0.977 
0.997 
1 . 0 1 6 
1.036 
1.056 
1.076 
1.095 

EXC I ThI 
0.929 
0 .  94-7 
(5.962 
0.906 
1 . (:)o 1 I. 019 
1 . 037 
1 .'a54 
1 . 677 
1.096 
1. 116 

'SYSV P I N  
(:).'YO 0.20('.) 
0.92 i j . 2 0 ~ ~  
(3 . 94 (:I . 2(:1~j 
(1) . 96 0 . 200 
i j .y0 i:).2(j(:) 
1 . 01:) 0 . 2(::10 
1 . (1) 2 (:) . 200 
1.04 0.2oij 
1 . Oh C:) . 200 
1. 08 i:). 200 
1 . 1 ( )  0 .  200 

DSG P 
(3.195 
0.196 
(3. 196 
(3. 196 , 

(3- I Y6 
0.195 
(:I. 196 
0 . 1 '7'7 
0 .  197 
0.197 
(1) . 1 '78 

DSG Q 
- . ()09 
- . 0 1. I) 
- . 0 1 (1) 
-- " (1) 10 
- . 0 1 0 
-. i310 
-.OIO 
-.011 
-.a11 
- . O i l  -. 0 1  t 

DSG PF 
0 .  999 
(1). 999 
Q . 999 
0 .  79C? 
(3.999 
(3 .. 999 
0.999 
(3.999 
(3.998 
(j.998 
(I. 998 

SYS P -. 1.30 
--. 128 -. 1'25 -. 1'22 
-- . 'I. 1 9 -. 116 -. 114 -. 111 -. 1(:)8 -. 105 
- . 1 0 1 

SYS [5! 

(3. 058 
0. (S6(:) 
0 .  063 
0.065 
O. 067 
(1). 070 
(3 . 073 
0. (375 
(5 . 078 
0.081 
0. Q83 

SYS PF 
0 . 9 1 3 
0.905 
0.895 
0.. 883 
0.870 
0. 856 
0.843 
0. €327 
(3.810 
0.792 
(:). 773 

LOAD V 
(3.  899 
0.919 
0. y:s9 
(5.958 
0. 9.78 
(1.998 
1.017 
1.037 I. 057 
1.076 
1.096 

EXCITN 
(:I. 9.37 
0.954 
0 . 9 69 
C). 99.3 
1 . OCr8 
1.025 
1 . 042 
1.063 
1 . 082 
1 . 1 0 1 
1.121 

REAL- I ST I C LCIAD KEPRESEN'TAT I ON 

SYS v 
(1) . 9( j  
('3.92 
(1) . 9 4 
0. 96 
(;I.  98 
1 . 00 
1 . 0 2 
1 . 
1.06 
f -08 
1 . 1 0 

DSG Q 
- . ooy 
-. 009 
- . (:)a9 
- . 009 -. C)10. -. 010 
- . (3 1 (3 
- . 0 1 0 
-- . 1:) 1 tj 
- . O i l  -. 01 1 

SYS P 
0 . 050 
0.052 
0.053 
0.055 
0.057 
0. 059 
0. 06 1 
0.063 
0 . 065 
0.067 
o. 069 

SYS Q 
0.060 
0.062 
0.064 
0.066 
0.067 
a. 069 
0 . (:)" 1 
(, 0 .? . ,% 

0.074 
0.076 
0. 078 

SYS PF 
(1). 635 
(3. 638 
6.641 
0. 644 
(3.647 
0.650 
0. 65.3 
0.636 
0 .  659 
C). hh2 
0. 665 

LOAD V 
0.  I391 
0.91 1 
0.9.31 
0.951 
0.971 
(3.991 
1.011 
1.030 
1 . 050 
1 -070 
1 . (390 

EXCITN 
(1). 884 
0.905 
0.924 
0. 945 
0.962 
(1.983 
I . (jo I 
1.023 
1.044 
1.066 
1 . 013 1 

SYS v 
0 . 90 
(3.92 
0 . '74 
0.96 
(5 . '78 

Q 

1 . OC) 
1. (32 
1 . 04 
1 . (56 
1 . (I8 
1 . 1 0 

DSG' PF 
0 .  975 
0.975 
(3. 974. 
0. 97.3 
(1.972 
0.972 
0.969 
0.969 
0.967 
0.967 
0.964 

B-14 

SYS P 
0 . (330 
0.031 
0 . (j33 
0.035 
0.037 
0.038 
0.042 
0.043 
(3.046 
0.047 
0.050 

SYS L! 
0. (361 
0 .  (362 
0. OC4 
0.066 
0.067 
0.069 
0.071 
0.073 
0.074 
0. 076 
0. 078 

SYS PF 
0.443 
0.444 
(3' 4.59 
(3.472 
(1.483 
(3.485 
0.505 
(3. 507 
0.524 
0.525 
0.540 

LOAD V 
0. 892 
(3.912 
0.932 
o. 952 
0.. 972 
0.991 
1.(311 
1.031 
1.051 
1.071 
1.031 

EXC I Th 
0.888 
0.909 
(1). 926 
0.947 
(3.967 
0.986 
1 . 006 
1.027 
1 . 045 
1.069 
I. 084 



TABLE B - 1 1 1 ,  oont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 
LIGHT LOAD CASE 

SYS v 
(3. 90 
0 .  92 
0.94 
(3.96 
0.98 
1.00 
1 . (32 
1.04 
I.-. (36 
1.08 
1.10 

SYS v 
0 .. 90 
0.92 
(3.94 
0.96 
0 . 9 8 
1.00 
1 . (32 
1.04 
1.06 
1.08 
1.10 

SYS v 
(3. 90 
0.92 
0.94 
(1.96 
0.98 
1 . 00 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS v 
o. YO 
0.92 
(3.94 
0.96 
o. 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
I:). 059 
0.  060 
(3. (360 
0. 060 
O.060 
0.060 
0.059 
0.059 
(1.059 
(3.059 
(3 . t:) 5 9 

DSG P 
0. 078 
(3.079 
0.079 
0.079 
(3.079 
0.079 
O. 079 
0.079 
(3.079 
0. 07c? 
(3. 079 

DSG P 
o. 098 
o. 099 
C i .  (399 
0 .  099 
i., . 099 
(3 . (1) 9 9 
0.099 
0.  099 
0 . 09 9 
0.099 
CJ . 09 8 

DSG P 
o. 117 
0.119 
(3. 119 
0.118 
0.118 
0.118 
(3. 118 
0. 118 
(3. 118 
0.118 
0.118 

DSG C! 
-. 009 -. 009 -. 009 
-. 01o 
- . CJ 1 0 
-. 0l(j -. 010 -. 010 -. 010 
-. 01 1 -. 01 1 

DSG Q -. 009 
-. 009 
- . 0(S9 -. 010 
- . 0 1 0 
-. 010 
- . 0 1 0 
-. 010 -. 01 1 -. 01 1 -. (31 1 

DSG C.2 
- . 009 -. 009 
-. 009 -. 010 
-.Ol0 -. 010 -. (310 -. 010 
- . (1) 1 1 
-. 01 1 -. 01 1 

DSG Q -. (309 -. 009 -. 009 -. 010 -. 010 -. 010 -. 010 -. 010 -. 01 1 -. 01 1 
-.011 

DSG PF 
o. 989 

. 0.989 ' 

o. 988 
0.988 
0.987 
0.986 
0.986 
0.985 
0.985 
0.984 
(1.984 

DSG PF 
0,994 
0.993 
0. 9'33 
0.993 
0.992 
0.992 
0.992 
0.992 
0.991 
0.991 
(3.991 

DSG PF 
(3.996 
0.996 
o. 996 
C). 995 
0.995 
0.995 
0. 995 
0.995 
0.994 
(5. YC?4 
(3.994 

D8G F'F 
0.997 
0.997 
0.997 
0.977 
0.997 
0.9962 
0.996 
0.996 
0.996 
0.996 
0. 996 

B-15 

SYS P 
o . 0 i (:) 
0.011 
0.013 
0.015 
0.018 
0.020 
0. 023 
0.024 
0.026 
0.02€3 
(2 . (530 

SYS P -. 0(:)9 
-. 008 -. 006 -. 004 
-. 002 
0.000 
0.002 
0.004 
0. OO6 
0.009 
(3 . (:I 1 1 

SYS P 
-. 029 -. 028 -. 026 -. 024 
-. 022 
-. 019 
- . (1) 1 7 
-. 01s -. (:I13 
-. (31 1 -. 00Y 

SYS P -. U4R -. 047 -. (345 -. 043 -. 041 -. 039 -. 037 -. 035 -. 032 -. 0.30 -. (328 

SYS Q 
(3.061 
0.062 
0 . 064 
0.066 
0. 068 
0. 069 
0. 07 1 
Cl.  073 
(3. rJ75 
0.076 
(3.078 

SYS Q 
0.061 
0 .  062 
(3. 064 
0. O6ej 
0. 068 
O. 669 
0 . (11 '7 1 
0.073 
0.075 
0.076 
0 . 0 7 8 

SYS Q 
0 . ()6 1 
0.063 
(3. 064 
0.066 
0.068 
0.070 
(1). 07 1 
0.073 
0.075 
0 . 0 7 7 
(1) . (1) 7 8 

SYS Q 
0.061 
0.063 
0. 064 
0.066 
0.068 
0.070 
0.071 
0.075 
0. 075 
0.077 
0,. 078 

SYS PF 
0. 167 
(j. 179 
(3.204 
0.228 
0.251 
(11. 2713 
0~. 293 
0.312 
0.329 
ij. ,346 
0.362 

SYS PF 
(3. 151 
0. 1:32 
(3. 098 
0 .  063 
!:I . 1:) 3 (1) 
0.001 
0. (j31 
0.059 
0.086 
0.112 
0.137 

SYS PF 
0 .  427 
0 .  407 
0. 37.3 
i)  . .3 3 8 
0 . .'j (1) 3 
0.269 
(1). 236 
0. 203 
0 . 1 7 1 
0 . 1 4 1 
0.110 

EjYS PF 
0.619 
0.602 
0.575 
(3.546 
0.517 
(3.487 
0.457 
0.427 
0 .  397 
o. 367 
(3.337 

LOAD V 
0.893 
0. 91.3 
c j  93.3 
(3.952 
0.972 
0.992 
1.012 
1.0.32 
1 . 052 
1.372 
1 . (:I92 

LOAD V 
0 . 89 4 
(1.914 
0. 9:93 
0.953 
(1). 973 
0. 99.3 
1.013 
1.033 
1 .05:3 
1.073 
1.092 

LDAD V 
0 .  894 
o. 914 
0 .  934 
0.954 
0.974 
0.994 
1 . (:I 1.4 , 

1. (334 
1 . 053 
1 .07.3 
1 . 093 

LOAD V 
0.895 
0,925 
0.935 
0.955 
(3.  975 
0.995 
1.014 
1. (334 
1 . (1)54 
1. .074 
1.094 

EXCITN 
0. 892 
0.910 
(3. 93(:) 
(3.951 
0.972 
0 .  993 
1.U14 
1.029 
1.049 
1 . (368 
1 . 0B8 

EXCITN 
0 .  H97 
i )  . 9 1 4 
(1) . 9134 
0.955 
p.  977 
0.998 
I. . 0 1 3 
1.033 
1.052 
1.071 
1.091 

EXCITN 
0.909 
0.927 
(3 .~43  
0.965 
0.988 
1.003 
1. C)22 
1.041 
I. . Oh0 
1.079 
1 . 097 



TABLE B - 1 1 1 ,  cont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 
LIGHT LOAD CASE 

SYS v 
0. 90 
(i). 92 
0. 94 
0 . 96 
0. 9U 
1 . Cj i l  
1. (52 
1.. 04 
1 . (-1 h 
1.08 
1 . 1 0 

DSG P 
(5. 137 
U. 138 
(3. 138 
(1). 138 
0. 138 
i'). 128 
(1). 1:38 
0.  1:3E3 
(3 .  1x7 
ij. 1.37 
0 .  1:39 

DSG PF 
(1. 9'78 
0.998 
0 .  998 
0 . 998 
0. 997 
0.997 
(3. 997 
0.997 
1:) ., 997 
0. 997 
0 .  997 

SYS P 
-. (367 -. 067 -. 065 -. (363 
-. 060 -. (558 
- .056 -. 054 - LC52 
- . (35(:) 
-. 049 

SYS L! 
0. 061 
0. 063 
0. (365 
(2 . (5 6 6 
0. 068 
0. 070 
0. 07 1 
c., . 073 
(;I . 0'7 9 
I:). (377 
0.079 

SYS PF 
0.741 
0.728 
0.708 
0.686 
0. 664 
0.641 
0.617 
0. 593 
0.  EL0 
0.543 
0.527 

EXC I TN 
0.915 
0.933 
0.949 
0. 971 
0.994 
I. 008 
I . 027 
1.046 
1.0c4 
1.083 
1 . 105 

SYS v 
0 . 90 
(1) . 9 2 
(') . "34 
(1). 96 
(1). 98 
1 . (3I) 
1 . 0 2 
1.04 
1 . 06 
1.0a 
1 . 1 0 

9)" 9' 

0 . 90 
("1 . 9 2 

0 . '?4 
0.96 
1:) . '38 
1 . cji:, 
1 0 2  
1. (34 
1 Y (SL 
1 . OE3 
1.10 

SYS v 
(1) . y(:) 
(1) . 92 
(3. 94 
i.! . 96 
0. 98 
1 . ( j c j  
1 . (32 
1.04 
1. (36 
I .  08 
1 . 1 0 

DSC; .P 
0-  156 
0 .  157 
0. 157 
('3. 157 
0 . 1 5'7 
(3. 157 
0. 15'7 
0 .  137 
(3. 157 
I:). 158 
(3 .. 158 

DSG PF 
0. 9'38 
0. 998 
(3.998 
(3.998 
0.998 
(:,.?9€3 
(1). 998 
0.998 
0.998 
0.998 
0. 998 

SYS P 
-. 087 -. 086 
-. 084 -. 082 -. (1180 
-. 077 -. 075 -. 073 
-. 071 -. 070 
-. 068 

SYS L! 
(1) . 06 1 
0.063 
(3 . Oh5 
0.066 
0.068 
0.071) 
0. 072 
(11 . 0 7 3 
0. (375 
0. 07'7 
0.079 

SYS PF 
0.817 
0.807 
0. 792 
0.776 
0. 760 
0.743 
0.725 
0.706 
0.687 
0.674 
0.656 

EXCITN 
0.922 
0.940 
0.955 
0.977 
0.995 
1.014 
1 . 032 
1.051 
1.069 
1.091 
1.111 

SYY PI- 

C). 865 
0.858 
0.847 
0.835 
0.823 
0.810 
cr .797 
0.785 
i3.773 
0.759 
0.74% 

DSG C.2 -. 009 
- . 0 1 (3 
- . (1) 1 CJ 
-. 01.0 -. 010 
- . (3 1 
-. 010 
-.011 
- . (1) 1 1 
-.011 -. (:I1 1. 

DSG PF 
0. 999 
0.999 
0.999 
(3. YVY 
(3.999 
0.999 " 
0.999 
0.999 
0.998 
0.998 
0.998 

SYS P -. 125 -. 124 -. .I 22 -. 120 
-. 118 -. 116 -. 114 -. 11.3 
-. 111 -. 109 -. 107 

SYS G! 
0. 062 
0.063 
0). 065 
0. 0&7 
0.068 
(3.070 
0.072 
0.074 
0.075 
0.077 
0.079 

SYS PF 
0.897 
0.891 
0.883 
0.074 
0.865 
0.855 
0.845 
0.838 
0.827 
0.817 
0.806 

LOAD V 
0.899 
0.918 
0.938 
0.9513 
0.978 
0.998 
1.017 
1.037 
1 . 057 
1.077 
1.097 

EXCITN 
0.936 
0.953 
0.972 
0.991 
1 . 0(38 
1.025 
1.043 
1.060 
1.082 
1.103, 
1.121 



TABLE B-I-V 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 
HEAVY LOAD C A S E  

C:ONSTGN'T' :[ MPEDANCE L O A D  

' S Y S  V P I N  
(1) . 9 0 ij c) 2 (1) 
ij.92 0.020 
(3.94 0.020 
0.96 0.02Cj 
0. 98 0 .  020 
1.00 0.020 
l.C)2 (:).02(:) 
1.04 0. C I ~ O  
l .(j6 (>.(j2(:) 
1 . 08 0. 02~:) 
1 .11 (1).(520 

DSG P 
(1) . 06:) 
0 . 0 20 
ij . (3 2 (1) 
0 . 0 2 0 
(3. (j2(:) 
0. 03:) 
0 . (:) 2 (j  

0.020 
(1) . 020 
(1) . (1) 2 c:, . 0 2 (1) 

DSG P F  
0.926 
(:) . 9 2 3 
0.920 
0.917 
(3.914 
0.911 
(5 . 9 0 H 
o.  905 
(I. 902 
0. 898 
0.1395 

S Y S  P 
(3.522 
0.546 
(3. 5'7 1 
0. 597 
0.623 
0.649 
0. 676 
0.704 
(3.732 
0.760 
(3. 790 

S Y S  (I! 

0 . 4 1 5 
0.433 
0.452 
0.471 
0. 49 1 
0.51 1 
(3. 53 1 
0.552 
0.573 
0.595 
0.617 

S Y S  PF 
(3.783 
0.784 
0.7134 
0.785 
0.785 
0.786 
0. 786 
0 .  787 
0.787 
0'. 787 
0.788 

L O A D  V 
(3.823 
(3.841 
(:) . 860 
0.878 
(1). 89h 
(3.915 
0. 9.33 
0. 95 1. 
CJ-. 969 
0.988 
1 . 0(1)6 

E X C I T N  
(1) . 8 1 5 
0.833 
0. H52 
0. 870 
0.088 
0. 906 
0 .  924 
0.943 
(1). 961 
0.979 
(1). 998 

S Y S  V P I N  
0.90. O.C.,40 
0.92 i).040 
0 . 94 0 . 040 
0.96 (:).040 
(j.98 C)u(:14(:) 
1.00 0.04(:1 
1.02 (3.(340 
1'.(34 0.040 
1.06 0.040 
1.08 0.040 
I .  o.040 

DSG P 
0. 040 
(3. 040 
(5. 040 
0.040 
(1) . (j4t:) 
0 . 0 4 (::I 
(1) . 04 0 
0.040 
(1) . (1) 4 (1) 
(1) . C14 (5 
(3. 040 

I ISG  (I! 

- . 008 -. 008 
- . (:) 0 9 
.-. 009 
..-. 0(j9 
-. 009 -. 009 
- .()a9 
-. (510 
- . 0 1 0 
- . 0 1 0 

DSG PF 
0. 979 
0. 979 
0. 9'78 
0. 977 
(5.976 
( 5  . c? 7 5 
(3.974 
0.973 
(1). 972 
0.971 
0.97cJ 

S Y S  P 
0.504 
0. 528 
0 .  553 
0.578 
0.604 
0.631 
0.650 
0.685 
(3 . 7 1 :3 
0.742 
0.771 

S Y S  (I! 

B . 4 1 6 
(3. 4.34 
(3.453 
0.472 
(1.492 
0.512 
0.532 
0.553 
0 .  574 
(3. 596 
0.618 

S Y S  PF 
0.771 
0. 772 
0.773 
0.774 
0.775 
C). 776 
0. 777 
0.778 
0. 779 
0.780 
0. 78C) 

LOAD. V 
0.824 
(5.842 
0 .  86 1 
0.879 
(3. 897 
(1) . Y 1 5 
0.934 
0.952 
0 . 970 
0.988 
1 . 007 

E X C I T N  
0 . 820 
(3.838 
(:I. 056 
(3. a74 
(1). 892 
0.910 
0.92El 
0.946 
0.965 
(3. 90.3 
1.001 

S Y S  v 
(3.90 
0.92 
0.94 
0.96 
0 . 98 
1.00 
1 . 02 
1. .04 
1 . CS6 
1.08 
1 . 1 0 

DSG P 
0.  060 
0.  (360 
(3 . (1) 6 
0 . 0 6 0 
0. (:I60 
0.060 
(3. 060 
0 .  060 
0. 060 
0.060 
0.06(3 

DSG Q -. 008 
-. 008 -. 009 
- .oo9 
-. (:r(39 
.. 009 
- . 009 
-. 010 -. (310 
- . 0 1 (YJ 
- . 0 1 0 

DSG PF 
0.991 
0.990 
0. 990 
0.989 
(1) . 98.9 
0.988 
(1). 988 
0.988 
0.987 
0.987 
0.986 

S Y S  P 
0.485 
0. SOC? 
0.534 
0.560 
(11. 586 
0.612 
0.639 
0.667 
0.695 
0.723 
(3. 752 

S Y S  Q 
0.417 
0.435 
0. 454 
0.473 
0 .  493 
0.513 
0.533 
0.554 
0.575 
0.597 
0.619 

S Y S  PF 
0.759 
0. 760 
0.762 
0.764 
0.765 
0.766 
(3.768 
0.769 
0. 770 
0.771 
0.772 

L O A D  V 
(3.825 
0.84.3 
(2.862 
0. 880 
(1) .. 898 
1). 916 
(3 ..935 
0.953 
0.971 
0. 989 
1 . 008 

E X C L T N  
0.825 
(2.843 
0. 860 
0. 878 
0.896 
0.914 
(3.932 
0.950 
0.968 
0.987 
1.004 

DSG 0 -. 008 
...- . 000 
-. 009 -. 009 -. 009 -. 009 
-. 009 
-. 010 
-- . Cr I 0 
-. o l o  
- . 0 1 (j  

DSG PF 
0.995 
0.994 
0. 99 4 
0.994 
(5.994 
0.993 
0.993 
0.993 
cl)..e)YS 
0.992 
0.992 

B-17 

S Y S  P 
(3.467 
0'. 49 1 
0.516 
0.541 
0.567 
0.594 
0.621 
0.648 
(1.676 
0.705 
0.734 

S Y S  (% 

0.418 
0.436 
0.455 
0.474 
0.494 
0.514 
0.534 
0.535 
(3.576 
0.598 
0.620 

S Y S  PF 
0.745 
0.748 
0.750 
0.752 
0.754 
0.756 
0. 758 
0. 759 
0. 761 
0.762 
0.764 

L O A D  V 
0.826 
0.844' 
0.863 
0.881 
0.899 
0.917 
0.935 
0. 954 
0.972 
0.990 
1. o(38 

E X C I T N  
0.830 
0.848 
0.866 
0.884 
0 . 90 1 
0.919 
0.937 
0.955 
0,973 
0.991 
1.009 



TABLE B-IV, cont. 

DATA FOR SYNCHRONOUS MACHINE, CCNSTANT REACTIVE 
HEAVY LOAD CASE 

S Y S V  P I N  D S G P  
0.9C) 0.1(3(:) (3.099 
0.92 O.lij(:) 0.099 
0.94 o.100 ' 0.099 
o.c?6 (1.100 (j.099 
0.98 0.100 o . ( > t ? ?  

1.00 0.100 0.099 
1 . ~ ~ 2  0.100 (:).099 
1 . ~ ~ 4  0. 100 0.099 
1b06 1 0.099 
1.08 o.100 0.099 
1.10 0.lb(:) (:,.Or9 

S Y S  V P IN DSG P 
9 :  ( : ) . I ~ o  (3.118 
0.92 0.120 O.11U 
0.94 (1.120 0.118 
(l.96 (:).I30 0.118 
0 . 98 (1) . 1 20 (1) . 1 1 8 
1.00 0.120 0.118 
1.02 0. 120 0. 118 
1.04 0. 120 0. 119 
1 . 06 0 .  120 15. 1 19 
1.0~3 0.120 0.119 
1.10 5).120 (1.119 

SYS \! 

0.90 
0.92 
0 , Y 'I. 
0.96 
0.98 
1 . i:w 
1.02 
I .  (34 
1.Uh 
1mQ8 
1 . 1 

S V S  v 
\:I . '90 
0.92 
0. 94 
0.96 
0 .  913 
1 , 01) 
1 . 02 
1.04 
1.06 
1.08 
1 . 1 (1) 

DSG P 
0. 1:37 
0. 137 
(3. 138 
0. 138 
(1). 138 
(3. '1 :3~3 
(3. 138 
0.138 
(3. 1:za 
0.138 
(3.1ZB 

DSG P 
(1 . 1 5 / 
C). 157 
O . i S 7  
0.157 
0. 157 
<:)* j 57 
o. 157 
0.157 
(3. 157 
(3. 157 
0. 1513 

DSG Q 
-. 008 -. 009 -. (309 -. 009 -. oov -. 009 
- . 009 
-. (310 
- . 0 1 0 
-. 010 
- . 13 1 (1) 

DSG R -. O(38 
-. 009 -. (j(:)Y 
-. 009 -. 009 
- . ooy 
- , 0 0 9 
-. 010 
- . (5 1 (3 
- . 0 1 0 
- , (1) 1 0 

DSG Q 
.-. o09 
- - f 1 1 ( 1 9  -. 009 --. 009 
- . (joy 
-. 009 -. (310 
- - 0 1 (3 

.(;lo 
- . c) i (j -. C) 1cJ 

DSG (I! --. Cr09 -. OOC? 
--. ( 3 0 9  -. 009 
- . 009 
- . (:I(:) y 
- . 0 1 0 -. 010 
- . 0 1 0 
- . cj I o 
- . 0 1 0 

DSG PF 
0.996 
0. 996 
0.996 
0.996 
0.996 
0.996 
0.995 
0.995 
0.995 
0.993 
0.795 

DSG PF 
0. 997 
(3.997 
0.997 
0. 997 
0. 997 
0. 997 
0.997 
0 .  997 
0. 997 
(3. 996 
(5.99h 

DSG PF 
b .  99E1 
( 1 .  998 
(3.998 
0 .  998 
0. 998 
0.998 
0 .  998 
0.998 
4.897 
0.997 
[.I. 997 

DSG F'F 
(3. 999 
0.998 
(3.998 
0.998 
(3.998 
0.998 
(1.998 
0.998 
0.998 
0.998 
0.998 

S Y S  P 
0.449 
0.473 
0. 498 
0.523 
0.549 
0. 575 
(3.602 
0.630 
0.658 
0.686 
0.716 

S Y S  P 
0. 430 
0.455 
0.479 
0.505 
0.531 
0.557 
0. 584 
0.61 1 
0.640 
0 .  668 
0. 697 

SYS P 
U. 412 
o2  437 
0.461 
Cj. 487 
(:I . 5 1 2 
0.539 
(1). 566 
(3.593 
f). A 3 1  
0.650 
ej. b7v 

SYS P 
r J .  3'75 
0. 418 
0. 443 
6.468 
0 .  494 
(3.521 
(3.548 
0.576 
0.604 
0.633 
0.661 

S Y S  R 
0.419 
0.437 
(3.456 
0.475 
0.495 
0.515 
0.535 
0.556 
0.577 
0.599 
0. 621 

S Y S  Q 
(3. 420 
(3.438 
0. 497 
0.476 
0.4Y6 
0.516 
0.536 
0.557 
0.578 
(1). bO0 
0.622 

S Y S  Q 
(3.421 
0. 459 
0 . 458 
0 . 14 / '7 
(1). 497 
0 . 5 1 7 
0. 337 
0.558 
0. 579 
0.601 
(1) i L23 

SYS L! 
0.422 
0.440 
0.459 
0.478 
0.498 
0.518 
0.538 
0.539 
0. 58C., 
C.. '602 
0.624 

SYS P F  
0.731 
0.754 
0.737 
0.740 
0.743 
0.745 
0.747 
0.750 
0.752 
(3. '753 
0.755 

S Y S  P F  
0 . 7 1 6 
0.720 
0.724 
0.727 
0.731 
0.734 
0.737 
0. 739 
0.742 
0.744 
(1). 746 

S Y S  PF 
(:) . 7 (30 
0. '705 
0.710 
(3.714 
0.718 
0.722 
0.725 
(3.728 
0.731 
0.734 
0.737 

SYS PF 
0. fs82 
0.689 
0. 694 
0.700 
(3 1 705 
0.709 
0.714 
0.717 
0.721 
0.724 
0.727 

LOAD V 
0.827 
0.845 
0. A63 
0.882 
0. 900 
0.91U 
0.936 
0.954 
0.973 
(3. 9'7' 1 
1 . 009 

LOAD V 
(3.828 
0.846 
0.864 
0.882 
0. 901 
0.919 
0.937 
0.955 
(:I. 973 
0.992 
1.010 

LOAD V 
0. 839 
0 . 8 4 7 
0. IJ65 
i j " U Q 3  
0. 902 
0.920 
(2.938 
(3.956 
(3.974 
0.992 
1 . t-, 1 1 

LOAD V 
1:) . 830 
0.848 
0.866 
0.884 
0. 902 
0.921 
0.939 
0.957 
0.975 
0.993 
1.o11 

EXC I TN 
(:I. 845 
0.861 
0.878 
6.895 
0.913 
0.930 
0.947 
0.965 
0 .  983 
1.000 
I .  018 

EXCITN 
0.851 
0.868 
Ij.8t99 
0. C?02 
o. 919 
0.936 
0.953 
0.970 
O.988 1. OCJb 

1.Q23 

EXC I TN 
0.859 
0.874 
0 .  893 
0.907 
(3.929 
0'. 943 
0.959 
0.976 
(3.992 
1.009 
1 . 03(3 



TABLE B-Iv, oont 

DATA FOR SYNCHRONOUS MACHINE, C W S T A N T  REACTIVE 
HEAVY LOAD C A S E  

SYS V P I I V  DSG P 
(:).TO 0.1130 !:).17h 
0.92 0 .  18i:) 0. 176 
0.94 i:).luo (:).176 
0.96 (5. 18C') 0.  176 
(3.98 (5.180 0.176 
1 . j (1) . 1 f3i) i:) . 1 76 
1.02 0.1lilO (:).I76 
1.i34 5 0.176 
1.06 0.1HO 0.176 
1.(38 0.180 0.177 
1.11 0.1'80 (1.17'7 

DSG PF 
ij. 999 
(1.999 
0.999 
0.999 
(1). 997 
0. 999 
0.998 
0.998 
0 . 998 
0.998 
0.  '798 

SYS P 
0. 376 
0.401 
0. 425 
0. 450 
(1). 476 
0 . 503 
(11. 530 
0.558 
U.5H6 
0.613 
o. 642 

SYS L! 
r j .  423 
0.441 
(1). 460 
0.479 
0. 499 
0.519 
(5.539 
0.560 
(5. 581 
0.603 
0.629 

SYS PF 
0.665 
0.672 
0.678 
0.685 
0.691 
0.696 
0. 70 1 
0. 706 
0 . 7 1 0 
0.713 
0.717 

LOAD V 
0.831 
0.849 
0.867 
0.885 
0 .  903 
0.921 
c.,. 939 
(3.958 
0.976 
(3. 994 
1.012 

EXCITN , 

0.867 
0.882 
(I. yo0 
0.915 
(3. 936 
0.950 
(3.966 
0.982 
0.998 
1.018 
1 . ij36 

SYS v 
(1) . 9(:, 
'0.92 
(1) . 94 
0.96 
0 . '78 
I . c)ij 
1.02 
1.04 
1 .06 
1.08 
1 . 1 (1) 

DSG P 
(5 . 1. 9 5 
0 .  195 
0.  196 
0. 195 
0, 195 
0. 1.95 
0 .  195 
0 .  195 
0 . 1 '7 h 
0 .  196 
0 .  197 

DSG I.:! 
-. 009 -. ij09 
- . (515 9 
-. 009 
.- . (1109 
- . C) 1 0 
-- . (1) 1 (1) 
-. 010' 
- . (:) 1 1:) 
-. 010 -. 010 

SYS P 
0.:958 
(5.303 
(3 . 407 
0. 432 
0 .  459 
0.485 
0.512 
0.540 
0 .  567 
0.595 
0.624 

SYS (I! 
0. 424 
0.442 
0.461 
0.4H0 
(5. 500 
0.520 
0 . 5 40 
0.561 
(1). 582 
0.604 
0.626 

SYS PF 
0.646 
0.654 
0.662 
0.  669 
0. 676 
0.682 
0.688 
0.693 
0. h98 
ij. 702 
0.706 

LOAD V 
(3,832 
0.850 
0.868 
0.886 
0. 904 
0.922 
(3 . 940 
0.958 
(3.977 
0.995 
1.013 

EXCITN 
0. 873 
0.891 
0.908 
0.922 
0.944 
0.957 
0.972 
0.908 
1 . (10.3 
1.025 
1 . 042 

REALISTIC LOAD REPRESENTATION 

SYS v 
0 . 90 
(1). 92 
0.94 
(1). 96 
0. 9 R  
1 . oo 
1 . 02 
I .  04 
1 . c:) h 
1.08 
1.10 

D S G  P 
(:I . ( 1  2 (3 
O.01Y 
0. 02(3 
0.019 
o - Cr .I .7 
0 . 020 
0.  02(j 
(5.020 
(:) . (1) 20 
0.021 
0.021 

DSG L! 
- . 008 
-. 0(3E3 
- . 0(1)8 
-. 009 
- . (:1r:19 
-. 009 
-. 009 
-. 009 
- . 0 1 0 
-. 010 
- . 0 1 0 

DSG PF 
o .930 
0.917 
0 . '7 1 9 
0.912 
C)- 91 1 
(1). 9cj9 . 
0. 908 
0.907 
0. 905 
(1.904 
0.902 

SYS P 
(1) . "J9(:1 
0.610 
0. 629 
0.649 
0. 66s 
0.687 
0. 707 
0.726 
0.746 
0.766 
(3. 786, 

SYS (I! 
0. 466 
( 5 .  480 
0 .  495 
0. 5 ~ ~ 9  
f3. 524 
0.539 
(5.554 
0.569 
(1.584 
0.60CS 
0 . 6 1 5 

SYS PF 
0.785 
0.786 
0 .  786 
0.786 
0.787 
0.787 
0.7R7 
0.787 
0.7f37 
0.787 
0.787 

LOAD V 
0 . 8 1 2 
0.831 
0.851 
0.870 
0.890 
0.909 
0. 929 
0.948 
0.967 
0.987 
1.006 

EXCITN 
0.804 
0.826 
0.847 
0.864 
CI. 883 
0.902 
0.923 
0.937 
0.960 
0.980 
1 . 000 

SYS v 
0.96) 
0.92 
(3.94 
(5. 96 
0.98 
I .  0(j 
I .  02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.040 
CI  . (339 
ij . (339 
0.039 
ij . (1) 3 y 
0.040 
(5.040 
(:I, 040 
(3. 040 
0.040 
(3.041 

DSG Q 
- . 008 
- .008 
-. 008 -. 009 
-. (jcjy -. 009 
-. 009 
-. 009 -. (jl(:l 
- . (3 1 C) 
- . 0 1 0 

DSG PF 
0.980 
0.978 
0.977 
0.976 
(3.976 
0.975 
0.974 
0.974 
0. 973 
0.972 
0.9'71 

B-19 

SYS P 
r:). 571 
0.591 
0.61 1 
0.630 
(5.64v 
0.668 
0.688 
(2.707 
(3.727 
0.747 
0.767 

SYS Q 
0. 467 
0.481 
0 .  496 
0. 5 1 0 
0.523 
0.540 
(1.555 
0.570 
0.5R5 
0.600 
0.616 

SYS PF 
0.774 
0.776 
0.776 
0.777 
0.797 
0.778 
0.778 
0.779 
0.779 
0.779 
(1. 780 

EXCITN 
0.809 
(5.830 
0.849 
0.868 
0.1387 
0.906 
0.926 
0.941 
0.964 
0.983 
1 . O(53 



TABLE B - I V  c0 nt . 
FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 

HEAVY LOAD C A S E  
DATA 

SYS v 
0. 90 
0.92 
0.94 
0.96 
0. 98 
1.00 
1 .02 
1.04 
1.06 
1.08 
1.10 

svs v 
(:) . 9 0 
0.92 
0.94 
0. 96 
0. (78 
1.00 
1.02 
1.04 
1 ..a6 
1.08 .  
1 . 1 (:J 

SVS v 
(1). 90 
(j - C)z 

0. 94 
0 . 96 
(1). 98 
1 . UU 
1.02 
1.64 
1. Oh 
1.08 
1 . 1 0 

DSG P 
(3. 060 
0. 05~7 
(3. (j59 
0.059 
(11 . 059 
0.059 
0.060 
0. 060 
(3. CJ6Q 
0.060 
0 . 060 

DSG Q 
- (1) (1)8 
-. 008 
- . 009 
-. 009 -. 009 -. OOC? -. 009 -. 009 -. (210 -. 010 
-. 010 

DSG PF 
0. 99 1 
0.  990 
0.990 
0. 98c? 
(3.989 
0.988 
0.988 
0.988 
0.987 
0.987 
0. 9R6 

'SYS (5! 

(3. 468 
(1). 482 
0.496 
0.51 1 
(3.526 
0.541 
0. 556 
0. 57 1 
(-1 .. 5 A A  
0.601 
(1) . 6 1 6 

SYS PI= 
0 .  764 
0.765 
(3. 766 
0.  767 
(1.768 
0.768 
0.769 
0.770 
0- 771 
0.771 
0 . 7 7 2 

EXCITN 
(3.814 
(3.835 
(1). 854 
0.872 
(1)- El91 
0.910 
0.930 
0.946 
( 2 .  P6H 
0.987 
1 . 007 

DSG P 
13. 079 
0. 079 
(3. 079 
0. 079 
(3.079 
0.079 
(3. (379 
0. 080 
(3 . 080 
O.08(3 
(.b. OUB 

DSG Q -. rJU8 
-. 008 -. 009 -. OOC? 
- . 0 (:I 9 -. 009 
-. 009 -. 01(3 
- . 0 1 (:) 
- . 0 1 0 
- . (1) 1 (1) 

DSG L! -. ooe 
-. 038 -. 009 
-. 009 -. (:I09 
-. 009 
- . oT.19 
-.010 
33.010 
-. 010 
- . i) 1 0 

DSG PF' 
0 .  975 
0.994 . 

( 1 . ~ ~ 4  
0. 994 
(1.994 
0.993 
0.993 

0.993 
0.993 
ij. 992 
(3. 892 

D5G PF 
0.997 
0. 99b 
(3.996 
0.996 
0.996 
0.996 
r J . S Y Q  
0.995 
0.995 
0.995 
(3. 995 

SYS P 
(j. 534 
0.554 
0.573 
0.592 
0.611 
0.631. 
0. 650 
0.670 
0.689 
0.709 
0.729 

SYS P 
0.516 
er . 5.43 
0. 554 
(3.573 
(3 . 59'2 
0.612 
(1) . '63 1 
0.651 
0.671 
C). 691 
0.711 

svs a 
0.468 
o. 483 

' 0. 497 
0.512 
o.527 
0.541 
0. 556 
0.571 
0.586 
0.602 
0 . h 1 7 

SYS L! 
0 .  4hY 
0.484 
(3.498 
0.513 
0.  527 
0 .,542 
(3.557 
0.572 
0.507 
(3. 602 
(3.618 

SYS F'F 
0.752 
(3.754 
0.755 
(3. 756 
0.758 
0.759 
0 . 760 
0.761 
0.762 
0.763 
(1). 763 

SYS PF 
0.740 
0.742 
o. 744 
0.745 
(1). 747 
0.748 
0 - 75(3 
0.751 
0. 752 
0.754 
0.755 

LOAD V 
111 . 8 1 5 
0.835 
0.854 
0. 87.3 
0.893 
0.912 
(1). 93 1 
0.951 
0 . 9 '7 C) 
0.989 
1 . 009 

LOAD V 
0.816 
6.056 
(3. 855 * 

(3.874 
o, 894 
0.913 
0.932 
0.952 
0.971 ' '  

0 . 9 9 ~ ~  
1 . (1) 1 (1) 

SYS V 
0.90 
0.92 
0. 94 
0.96 
(3.98 
1.00 I. 02 
1.04 
1 . 06 
1.0E3 
1.10 

DSG P 
0 . 1 1 9 
0.118 
0.118 
0 .  118 
0.118 
0.118 
(1) . 1 1.8 
0.  119 
(3. 119 
0. 119 
0 . 1 1 9 

DSG (I! 
- . (:)<:)a 
- .009 -. (j(39 
-. 009 -. 009 
-. 009 
- . (:)(:I9 
-. 010 
- . (5 1 0 
- . 0 1 (1) -. 010 

DSG PF 
0.998 
0.997 
0.997 
0.997 
0.997 
0. 997 
C). 997 
0.997 
(5. 997 
0.996 
(3. 996 

B-20 

SYS P 
0.497 
0.517 
0.536 
9.555 
0 .  574 
0.  593 
(1) . 6 1 3 
0.632 
(3. 652 
0.672 
(3.692 

SYS Q 
(1) . 4 7 (1) 
0.484 
0 .  499 
0.513 
0.528 
(1.543 
0.558 
0.573 
0. 580 
0.  6(j3 
(3.618 

SYS PF 
0 .  726 
(3. '730 
( )  . 7 3 2 
0.734 
0.736 
0.738 
0.739 
0.741 
0 .  743 
0.744 
0.746 

LOAD V 
(:I . 8 1 7 
0.837 
(3.856 
(1). 875 
(1). 894 
0.914 
(1). 933 
0.952 
(1). 972 
0.991 
1 . 0 1 1 

EXCITN 
(1). 833 
0.854 
0. 87 1 
0.OOC) 
0 . 9 1 0 
0.928 
(3.945 
0.962 
0.978 
1.00 1 
1 . l:)2(:) 



TABLE B - I V ,  cont . 

SYS v 
0. 90 
0 .  92 
0.94 
0.96 
0. 98 
1.00 
1 . (j2 
1.04 
1.06 
1.08 
1. 1.0 

SYS v 
0. 90 
0.92 
(3.94 
(1). 96 
0 . 9 8 
1.00 
1.02 
1.04 
1.06 
I .  (38 
1 . 1 (1) 

SYS V P I N  
0.9U Cr.180 
0.92 (1).180 
0.94 c3.180 
0.96 0.18CS 
0 .  98 0. 180 
l.C)O C)..180 
1.02 (5.180 
1-04 0.1[30 
1.(3h' (:).'18(:) 
l.OE3 0.18(3 
1. l o  (3. 180 

SYS v 
0. Y O  
0.99 
0. 94 
(:I ; 96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT REACTIVE 
HEAVY LOAD CASE 

DSG P 
(3. 1 : s ~  
0. 137 
(3. 1.37 
(3. 137 
0.138 
0 .  138 
0. 138 
0. 1.38 
0.138 
0 . 1 38 
0.138 

DSCi P 
(3. 157 
0 .  157 
0 .  15'7 
0.157 
(3. 157 
0.157 
0. 156 
0. 157 
0.157 
0.158 
(1). 157 

DSG F' 
(3. 176 
0.176 
(3. 176 
0.176 
(3. 177 
0 .  176 
(3. 177 
(3. 17'7 
i ~ .  177 
0.177 
(3. 176 

DSG G! -. 008 -. 009 
- . (1) (3 9 
-- . oijc] 
-. 009 
-. 009 -. (:)I(] 
-. 010 
-. 010 
- . (3 1 
- . 0 1 0 

DSG Q -.. U08 -. 009 -. 009 -. 009 -. 009 
-- . 009 
- . (3 1 (1) 
-. 01C) 
- . 0 1 0 
-. oi(j  
-. o1o 

DSG L! -. O(39 
-. 009 -. (309 -. 009 -. 009 --. 009 
- . (3 1 C) 
-.a10 
- . (1) 1 0 
-. 010 -. 010 

DSCj B -. 009 -. 009 -. 009 -. 009 -. C ) O ~  -. 010 -. 010 -. 010 -. 010 -. 010 -. 010 

DSG PF 
C) . 9 98 
0.998 
0.998 
(3. 978 
0.998 
0 . 998 
0 . 990 
0.998 
0. 997 
0. 997 
0. 997 

DSG PF 
0.999 
0.  998 
(1). 998 
0.998 
(1). 998 
0. 9c70 
0. 998 
0. 998 
(3.998 
0.998 
0.990 

DSG PF 
(3.999 
0. 999 
(3.999 
0.999 
(1). 999 
0.999 
0.999 
0.998 
0.998 
0.998 
(3.998 

DSG PF 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 

B-2 1 

SYS P 
0.479 
0.498 
0.517 
0.536 
(3.555 
0.575' 
0.594 
0.614 
(3.633 
0.653 
0.673 

SYS P 
0.461 
0. 479 
(:I. 499 
0.518 
0. 537 
0.557 
0. 577 
0. 595 
0 . 6 1 6 
(3. 6.35 
(1). 656 

SYS P 
0. 443 
0.461 
0.480 
0.499 
0.518 
0.538 
(3.557 
U. 577 
0.597 
0.617 
0.637 

SYS P 
0,425 
0.443 
0.462 
U. 481 
0. 500 
0.520 
0.539 
0.558 
0.578 
0.598 
0.618 

SYS Q 
0 . 4 7 1 
(3.485 
!:) , 500 
0.514 
(:I. 529 
0.544 
0. 559 
0 .  574 
0.589 
0.604 
0 . 6 1 9 

SYS (5! 

0 .  472 
0.486 
(1) . 5(:)0 
0.515 
0.53Cj 
o. 544 
0. 559 
0.574 
0 .  589 
0.605 
.D. 62(j 

SYS 0 
0.473 
0.487 
0.502 
0.516 
0.531 
0.546 
0. S b  1. 
0.576 
0.59.1 
0.606 
0.621 

SYS PF 
0. 7113 
0.716 
(3.719 
0.722 
0. 724 
(3.726 
0.729 
0.731 
o. 733 
(1.734 
(3. 736 

SYS PF 
0. 699 
0.702 
0.706 
0.709 
(3.712 
0.715 
0.718 
0.720 
(1). 723 
0.724 
0.727 

SYS PF 
(3.684 
0. 688 
0.692 
0 .  696 
(1.699 
(3.702 
0 . 7 (115 
0.70€3 
0.71 1 
0:714 
0.716 

SYS PF 
Q. 668 
0.673 . 
0. 677 
0.682 
0.686 
0.690 
0.693 
0.696 
0.700 
0.702 
0. 705 

LOAD V . 8 1 8 
0.838 
0.857 
0.876 
(1) . 89 5 
(3.915 
0. 934 
0.953 
(3.973 
0.992 
1.C111 

LOAD V 
0.819 
0.839 
0.858 
0.877 
o. 896 
0.916 
o. 935 
0.954 
0.973 
0.993 
1 . 0 1 2 

LOAD V 
0. 820 
0.839 
0. 859 
0.878 
0.897 
0.916 
0.936 
0.959 
0 .  974 
0.994 
1.013 

LOAD V 
0.821 
0.840 
0.860 
0.879 
0.898 
0.917 
0.937 
0.936 
0. 9.73 
0 .994 
1.014 

EXCITN 
O. H4 1 
0.862 
0.878 
0.098 
(3.9 15 
0.933 
0.930 
(3. 968 
0. 985 
1 .002 
1.025 

EXCITN 
(1). 849 
0.870 
(3.882 
0.963 
0.922 
0. 9.39 
(1). 957 
0.97.3 
CJ. 992 
1.012 
1.030 

EXCITN 
0.858 
0.875 
0.890 
0.908 
0.929 
0.945 
0. 5'63 
0.981 
0.998 
1.014 
1.036 

EXCITN 
0.867 
0.884 
(6.901 
0.914 
0.933 
0.952 
0.970 
0.988 
1.008 
1.Q21 
1.042 



TABLE B-V 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION 
LIGHT LOAD C A S E  

C;CIIIIS'T'AI~~T :I PlI"f!DAN[ZE L(3AD 

13 SG 1':' 
C! ,, U 1. 13 
(I! ,, i::) :I. 
i:) . 0 1 Y 
<:) . <I:) 1 I-; 
(1) " <:)2(:) 
<;I ,, <:) ::'; i':) 
(1) " r:) 2 (:I 
i:) i:j ;:': i:~ 

(1) i:) C j  

(::) i':) zi::) 
(,:) . <:) :> (1) 

DSG L! 
(:! " 1 :1 El 
(1:) " :1 I:::) a'+ 

1 ' )  . i:! E3 9 
i::) ,, C) ';':? 
9. <:,57 

(1) L$ (1) 
0 " (j22; 
(.:, . (504 
- . (1:) :1 4 

.. .... -- (,.I .:J il. 

- ., (354 

SYS L' F :Ihl 
0 .. Vi:, 1::) . (1!4(3 
('3 . 9 ';? (:) . (::! 4 (::I 
(::! v A'+ !:) . (3 4 (1) 
(::) . 9 (, i"! i:!.c'+ i'j 

ij . (38 (1) . !1)4(:) 
1 . : :  0 . <:! 4 I;::) 
I . i'j 2: (11 . !") 4 (:) 
1 . i:) 9 . C) 4 i::) 
1 . (1) ,, 040 
I s ~':)EI ij . r3 4 0 
1 " 1 (11 (1) (::) 4 (1) 

I1 Eii O C.:! 
(::) ,, 1. 1 :; 

., :I. (2 1 
(5 . (1:) 8 6 
!::! . 0 7 
(1). (354 
<:! . (:I :s 7 
(1) . (1) 2 (1) 
r:) (:)(:) I. 
- ., (1) 1 El 
- ("):57 
-. (357 

SYS P 
C , .  033 . (3 31:) 
(1) . (1) :; 2 
0 .  i'1134 
(1) . (::) 3 7 
(1) " (1) 4 r j  
i:) . (':I 4 3 

" i:) 4 5 
1:) ,, 048 
(:, . (35'3 
(1) . 055 

SYS Q -. Ohh 
- . 3 i:r 
- "  (1153 -. 015 
(2. 0fj:Z 
(:I . (:,2 2 
I:). 042 
(1) (1) 6 ;: 
(1) . 084 
(1) . 1 (1 b 
0.1213 

SYS PF 
(:, . ::i#4. 
('1 5 1 -.7. 

.-8 

(I. 6Y9 
(3 . 9 1 '7 
0.776 
0 .  87 1 
(5 . 7 1 (3 
0.587 
0. 50 1 
(1). 437 
(1). 394 

DSG F' 
(1) . (:)58 
i." ,,. (1) 5 Eg 
(I! " (I! 5 v 
0 . <') 5 9 
(1) . 055' 
i::) (I! ,4 i:! 
i:) . i:)bfi 
C) . (1:) 6 i::) 

iI\&iI) 
(1) . i l6 
(1). 055' 

DSG PF 
0. 459 
0 . 5 1 .:; 
0 .  5'73 
(1)- (~61 
(1). 760 
t::) . E3 6 9 
0.965 
I::! . 9 =? 9 . 944 
i::) . 8 2 7 
i:) -7(:)0 

SYS Q -. 059 
-. <:I43 
-. . (1) 2 6 
-. 00E3 
(11 . 0 1 (2 
0 . 0 2 9 
(1). 049 
(3 . 070 
(1) . (119 I. 
ij . 1 1 3 
1:). 1.35 

SYS Pf- 
(:I. 198 
(1) " 2 2 2 
(1) . 2 '7 7 
0.527 
(:I. 227 
(11 . 0 1 1 
(j (:)6.3 
0. 086 
(1) . 099 
0 . 1 0E3 
(:I . 1 1 4 



TABLE B-V, oont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION 
LIGHT LOAD C A S E  

SYS v 
0. '30 
i:). 92 
0 . 9 4 
0.96 
0.913 
1 . i'JQ 

1 . 02 
1.04 
1 . (:!6 
1. . OE3 
1.10 

USG (% 
(1). :LO5 
0.  O Y O  
0. 075 
0.059 
i:) . 0.7 3 
0.  026 
0 . (:)(:)El 
-.011> 
- "  1:)ZCJ 
--. O4€3 -. Cl6S 

SYS P 
-- (j ':.I 2 
-. (:I27 
-- . (1)'&77 
-. 02cs 
- "  (:)22 
- . (1) 1. 9 
.- . 0 1 7 
-. 014 
- . 0 1 1 -. 00'7 
-. 004 

SYS B -. 055 
-. 039 
.:. 022 -. 004 
(1) . 0 1 4 
(1) C:):54 
(1, . 053 
0 . 0 7 4  
0 . c:, y 5 
0.  11'7 
(:I. 139 

SYS F'F 
C!. 4YCr 
() . ,&,I);$ 
0 ., 778 
0.987 
0 . 836 
0.500 
(3.29h 
0.181 
(1) . 1. I. (1 
C) .. 063 
0. (:):Lrg 

"YS v 
i:,. yo 
(1). 92 
(1.94 
(3.96 
. 98 

3. . 0(.5 
1 .02 
1 . (::I 4 
1. . Oh 
1 . \::) 
1 . :1 0 

DSG F'F' 
0 .  75'3 
0 . R(S8 
0.857 
C) . 9 I:) 6 
(3.95(5 
0 .  =?a4 
0 .  999 
i.) . 9 93 
0 .  963 
i:) . 9 :L 4 
(1). 852 

F' :r.N 
0 . 1. 4 0 
I). 14.0 
0. 140 
(1) - 1 4i3 
15 . 1 4 (:) 
.0. 14(j 
(:) j. i+ (:) 

i:). :L 40 
(1) . 1 4 0 
(1) . 1 4 (1:) 
I). 140 

SYS F:' 
- ,, <:)';r 1 
--. . c:) c j  

.- .. 1':) 6 b 
--. O h 4  
-- " Oh 1 
-.- " (:)Sf3 
-- . (35.5 -. 
-- " <:) ::; (1) 
- . (1:) 4. 7 . (1) 4 2; 

SYS v 
!:I . '7(:) 
i:) . 92 
0 .  '94 
0. 96 
0. 9 E j  
1 i:)C:) 
1 . 0 2  
1 . 04 
1 . Oh 
1.OE3 
1. " 1 (1) 

P I l\l 
0. 1 hO 
. 1 6i1) 

(1). 16[) 
0. 1 ho 
I:,. 1hO 
0 . 1. h C.) 
(::) . 1. (3 
O. 160 
0.  I&:). 
0 1 60 
0 . 1 60 



TABLE B-V, cont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT EXCITATION 
L I G H T  LOAD C A S E  

(:. , , . ~ , t 5 V  P I N  
<:) . (?<:I (1:) . :i (3!:) 
(1) . 9::' (1) 1 ~ 3 i j  
i> . 94 <I) . :i 13:) 
ij . 9 6 1:) ,, 1 t3 0 
8 !:3.180 
1, . i 0 . 1 80 
1 . i::! 2: (2 . :i {3 (:I 
1 . ij 4. :i $3 i::) 
I, ,, i::) k~ (3 . :L (3 (-1 
1, n s i  0 ,. I Ex.! 
1 . 1 i: (7 . I w:) 

SYS P 
- . 1 9 -. 107 
-. 105 
-. 102 
- "  1i:)c) 
- . ij Y 7 
- 4 .  094 
-,, 091 
..., .. (3 88 -. QU5 
- . (1,132 

SYS Q 
.-, 0:36 
- . 1 9 
- . ij02 
0 . 1:) 1 6 
(:) . i:) :3 4 
0 . i::, 5 3 
0 .  073 
ij . !:I 7 ;5 
O ,. I. ;1 5 
(3. 1:56 
U. 1 h Y  

SYS PF 
0 .  95 1 
0.984 
1 . 000 
0. 789 
(j . 9 4'7 

0.8'77 
0 .  791 
(1) 7 i j  i:) 

0 .; h 1 1 
0 5 :;ij 
. 4 : ~  

LOGD V DELTA 
(:).Yo9 10.19 
0.927 10.11 
(:).945 lf:).(:):3 
(3.963 7.94 
(11 . 913 1 '7.8b 
0. c?9Y 9.79 
1 . 0 1 6 9.72 
1 . 034 9.65 
I. . (352 9.33 
1 . !:)70 9.51 
1. ~:,HH 3.45 

SYS P -. 1.29 . 1 2 6 
-. 124 
s.... . 1 32 
-. I19  
-. 116 -. 113 -. 111 -. li38 -. 1 05 
- . 1 (1) 1 

SYS (5! -. (j30 -. ij1:3 
0 . C.,(::)4 
0.021 
0 . ij40 
(:I " <)59 
0. !379 
0.09Y 
0 . 1 2(:) 
(1. 142 
0 .  164 

SYS PF 
0 .  974 
0.994 
1 . (:)(:)0 
0.985 
(3.Y48 
(1). 893 
0 .  822 
(:I. 745 
0. 667 
0.593 
(1). 524 

LOAD V DELTA 
0.909 11.41 
(1.927 1 1. ;3U 
0.945 11.17 
0.963 11.C)9 
0. 9131 10. 99 
( 3 . ~ ~ 9 .  1.~j.90 
1 1 10. 81 
1.(j35 1.0.7:3 
1.(:)53 10.64 
1.071 I O . S ~  
1.080 1(:).4,€l 

SYS 'v' 
(1) . 9c:) 
,.I " y:? 
0.Y4 
(3 . 9l:l 
C:). 98 
1. . i:) 
:[ ,, ij 2 
I. . 04 
I. . 1) 6 
I. .. (:)E3 
1 . :i 0 

DSG R 
0 . 0'79 
0.065 
0 ,. (150 
0.  <,54 
0 . 0 1. 0 
0 .  (:)(I 1 
- . 0 1 7 
-- . 035 
-. 054 
-. (j73 
-. i:,93 

SYS i-' 
1:). 052 
(:,. 05.3 
(3 . 055 
(:, . ij56 
(-1 . ij 3 W 
0"OhO 
(1) , c:, 6 2 
( 2 .  Ob3 
0. Oh5 
0.067 
0. 069 

DSG B 
U .  117 
('1) . 1 04 
0 . OF3 9 
(:! , i') '73 
(1) . (j5.7 
(:I - fjh(:> 
0. 0 2 2  
CI.  Ol3.4 
- . 0 1 5 -. 034 
-. 055 

SYS v 
(:I . q(:) 
0.92 
i:r . 34 . 9 b 
0 . 9 8 
1 . <:)(I 
1 .02 
1 . 04 
1.06 
1. . (18 
1 " 1 0 

DSG Q 
0. 116 
0.101 
(:,. ClR6 
0.071 
(3. 054 
0.037 
0.019 
o. 001 
- . 0 1 8 -. 037 -. 058 

DSG PF 
0.313 
o. 356 
(1.41 1 
0. 486 
(3.589 
0.730 
0 .  898 
1. . 000 
o. 912 
0.727 
(3.56s 

SYS (I! -. 063 -. 047 -. 031 
-. 014 
0. 004 
0.023 
0.042 
0.061 
0.082 
0.103 
0 .  125 

SYS PF 
(3.455 
0.379 
0.751 
0.937 
0.994 
0.871 
0.708 
0.579 
(1). 4136 
0. 419 
(2.370 

LOAD V 
0.905 
0.924 
0. 94.2 
0.960 
0.978 
0.996 
1.014 
1.032 
1.050 
1.069 
1.087 

DELTA 
1.62 
1.70 
1.78 
1.85 
1.92 
1.99 
2.06 
2.12 
2.19 
2.25 
2.30 



TABLE B-V, .cant. 

DATA FOR SYNCHRONOUS MACHINE, CON ST ANT EXCITATION 
LIGHT LOAD C A S E  

SYS Q 
- . 0 6c., 
-. 044 -. 028 
-- . (3 1 1:) 

(1) . 0.7 
(1). 026 
0 . 045 
O ., 065 
0 . 08 5 
0 . 1 0 h 
0 .  128 

SYS PF 
0.202 
0 .  29E3 
0. 485 
0. 051 
0. 727 
0 . 6 1 4 
0.438 
0.344 
0 .  289 
(:I. 252 
0. 2127 

LOAD V 
(1) . 9 06 
0.924 
0 .  942 
0.960 
(1). '778 
(3. 79'7 
1 . 0 1 5 
1.0:33 
1.051 
1. . 069 
1 . 087 

DELTA 
2.85 
2.91 
2.96 
3.01 
3. 
3.11 
3. 16 
7 .J. ao 

. :3 .  24 
3.29 
.3 . 3.3 

SYS ' V  
(3 . '30 
c:, . y 2 
0 . 9 4 
0. 96 
(1). 98 
1.00 
1 . (:):?! 
1.04 
1 . OC,  
1. (38 
1 . 1 0 

DSG Q 
(1) . 1. OY 
0 . 095 
(1) " (1) -7 Y 
0. 064 
0 . !:,4'7 
(:) . i::) :s ('1 

(1). (:) 12. 
- . (SO6 
-- - 1:) 2 5 
-. 045 
--. 065 

DSG PF' 
0. 58 1 
0. 6.37 
0 " 7 0:: 
0.779 
(1) 3, 1:t55' 
(3. 9.34 
0. 9138 
C:). 997 
(3.954 
(3. 871 
0 . 7 7 3 

SYS P 
- " 0!:,7 
-. (jCj6 
- . 004 
- . 00;: 
-- (:)(:I 1 
(1. i ) O  1 
(1) . (:I!:, 2 
c., . 004 
0 . 006 
(1) . (](:I8 
cr . o 1. (:I 

SYS G 
-. 0541 
- . (1) 4 0 
-. 024 
-. (307 
0 " (1) 1. 1 
0 .  ()3C., 
0. 047 
0.069 
0.089 
0. 110 
0. 132 

SYS F'F 
0. 13r., 
0.146 
0 .  t 85 
0. 400 
!:I . i 1 5 
0.017 
(j  (1) /+ 7 
O . O h O  
(1). 068 
(:, . (1) 7 3 
0 . U 7 7 

LOAD V 
0.906 
(3. 925 
(1). 943 
0.761 
0. 979 
(1). 997 
1 . 0 1 5 
1 . 033 
1 . 05 1 
1 . 0 h 9 
1 . 087 

DSG PF 
0. 680 
0"  734 
U. 793 
(::) . 8 5 5 
0.916 
0.96'7 
0 .  996 
0.995 
0.960 
0.897 
0.820 

SYS P -. 027 
-. 026 
-. 024 
-- " (") ';? 7 - 6- -. 021 
- . (1) 1.3 
- . 0 1 '7 
-- . O 1 h 
- . 0 1 4 -. (312 
- . O 1 0 

SYS Q 
-. 052 
-. 036 
.- . (32 0 
- . () Q .3 
0 . 0 1. 5 
ij. 034 
0 . 053 
(.j. 073 
0. 09.3 
0.114 
0 .  136 

SYS PF 
0. 459 
0.576 
(1). 771 
(3. 993 
0 . 80 9 
PI. 496 
0 . 3 1. 3 
0 .  209 
0. 144 
c') .  100 
(3. 070 

SYS v 
, 9 (1) 

0 . y 2 
0 . 9 4 
0. 96 
(3.98 
1. (30 
1 . 02 
1 . (114 
1. (36 
1 . OE3 
1. l ( 3  

LOAD V 
0 .  907 
0.925 
(:! . 9 4 3 
o.961 
Cl. 979 
U. 997 
1.015 
1.034 
1 . 052 
1 . 070 
1 . (388 

DELTA 
5 . :50 
t7 
.J . S 1 
5.31 
5.32 
r 3. :53 
C 
. J .  34 
5 ., 35 
5.35 
C 
d. 35 
5.36 
5.37 

SYS v 
0. YO 
0. 92 
(.,. 94 
(3.96 
o. 98 
1. OC) 
1 . 02 
1.04 
1.06 
1.08 
1.10 

SYS P -. 047 -. 045 
-. 044 -. 042 
- . 04 1 
- .'US9 
- .03'7 --. (335 - . (1155 
.--. 0-7 1 
-. 029 

SYS Q -. 048 
-... . 052 
- . 0 1 5 
0. Cl02 
(3. (:)20 
0.038 
0 . 057 
0. 077 
0 .  097 
0.119 
0. 140 

SYS F'F 
0. 697 
0.817 
0 .  943 
0 . 999 
(3. 90 1 
0.714 
0.544 
0.415 

. ._. >.. , .> 2.5 
6:). 254 
0.203 

LOAD V 
(3. '707 
o. ~ 2 5  
0.943 
0.962 
0.980 
0. 998 
1.016 
1.034 
1 . (552 
1.070 
1 . 088 

DELTA 
6.5.3 
6.51 
6.50 
h. 48 
6 .. 47 
6.45 
6.44 
h .  43 
6.42 
6.40 
6.39 



TABLE B-V, cont. 

DATA FOR SYNCHRONOUS MACHINE; CONSTANT EXCITATION 
LIGHT LOAD C A S E  

SYS v F' II'J 
ij . 90 (11 . 1 dl.(:) 

(1) . 9 2 (3 . 1, 4 0 
O . Y ~  0.140 
(1) . c7.5 ij . 1 4 0 
(j.913 ij.l4(:) 
1 . 1  0.140 
1.02 ij.14<:, 
1.04 0.140 
1.13h (-)..I40 
1.ijE3 0.140 
1. 10 0. 140 

F" :K N 
(i) " 1 3 i"; 
. 1 E'(:.! 

i:) . 1 HO 
[::! ,, :1 $3 (::) 
0 ., :L ii15) 
I:) 1(3[;:) 
(:I " 1. & 
0. 180 

" 1 !'I (1) 
0 . 1 8(1) 
(.). 180 

DSG P 
0. 195 
0 .  1Y5 
(1). 195 
I:) ,, I. 9 h 
( 5 .  19tr 
0. 196 
0 .  19h 
0. 196 
(1) . 1 '7 b 
('1) ., 1 9 h 
!j. 196 

DSG F'F 
0. Hh4 
0.898 
0 .  9151 
('1) . 76 (1) 
(1) . '313::; 

99' 
0 .  999 
I:) . 9 8 9 
0. 965 
{j. C?"' 
(3. 084 

D5G [:*F 

0. 899 
(") " $9 :? '/ 
0 .  '35.3 
i1) " 9 ' 7 5  
(3. 99 1 
C). Y Y Y  
0 . 99E1 
0 .  987 
O .. Y hFi 
(1). 933 
0 . 8'74. 

DSG F'F' 
(3.925 
0.948 
0 . '3 6'3 
0.985 
0 .  996 
1 . 0 (:I i:) 
0 .  996 
I:). 984 
(1). 964 
0. 9% 
ij . 902 

B-26 

SYS P 
-., . OB 6 --. 084 

" (:I133 
- . (:)El 1 
.- . 073 
- . 078 
-. (I76 -. 074 
- " C!73 
- . (1) ';7 <:> 
. Or5 El 

c-ys .> I:" 

.- .. 1 0 5  

.. . . 1. r:~ ::: 
-,, 1 (:):! . 1 ('1) (::; 
-- . 0'7'3 
-. i:19"/ 
-- . gqg -. 09::-: 
- . (;,Y I -. 089 -. 087 

SYS P 
-. 124 
-. 123 
--. 121 
--. 120 
-- . 1. 1 8 -. 1 --. 114 
-. 113 
-. 111. 
.-. 109 
-- . :1 0.7 

SYS c.2 -. 038 
-. (:I22 
-- ," (1) c j  6 
0 . 0 1 1 
0 .  025' 
(.:) . (1) 4.8 
(1,. 067 
(1) , <:I37 
. 1 0 7 

i::) . 1 2 8 
(1) 1 si') 

SYS PF 
0.837 
0. $22 
(1). 986 
0.  Y(j'S 
(1) . 9 2 7 
I:) . 8 0 h 
0. 67.4 
I:). 556 
0. 459 
t-) . .AH 1 
0 . ,5 1 8 

SYS F'F 
0.91.4 
0 .  967 
O. 99Ei 
(1) . 9 9 (1) 
0 . 9 3 El 
(:I. 852 
(3 .  750 
!:) . h 4 9 
(:) . 5:5n 
C3 . 4 7 9 
(1) . n l  1 2; 

LOAD V 
(1) . 9 08 
0. 926 
c., . <?44 
0. 362 
(11 . 9 8(:) 
0. 998 
1 . 0 1 6 
I - 0;34 
1 . 052 
I .  
1 . 0!38 

LORD V 
(1) ';'!:)$i$ 
0 .  926 
C. 94.4 
1:). 362 
0 .  9 80 . 5'9E3 
I. . 0 1 7 
1 . i:,35 
1 . (:)5:3 
1.07'i 
1. . 089 

L-OAD V 
(1) . 908 
C:). 92h 
0 .  944 
(1:) . 7 6 2 
(1) 9, 38 :1 
0.999 
1.017 
1 . (135 
I. . 05 3 
1.071. 
1 . (:!El9 



TABLE B - V I  

DATA FOR .SYNCHRONOUS MACHINE, CONSTANT EXCITATION 

SYS ?I 
(1) . 9(:) 
i::) . 9 2 
i::) . 9 4 
i) . C ? c j  

0 .  98 
:I. . 
1 a (1) 1: 
I. i:)~?. 
1.06 
1. (28 
:1 . 1. 0 

SYS F' 
(1) 5; 5 (:! 
ii). 572 
(3 .. 595 
0.618 
0. ,642 
(1). 666 
(1). 6'7 1 
0 . 7 1 6 
0 . 7 4 2 
0. '768 
(1). 795 

SYS F'F 
0 .  '704 
1:) . 8 9:5 
(1,. 882 
9. 07 1 
0.861 
(1) . U 5 1 
iS . 84 1 
(1). 1352 
(1) . 8 '" '7 

.-._I 

(1) . 8 1 4 
(1). BOb 

LOAD 'J 
0 .  134 1 
9. 858 
0. E1'75 
(I) . E!92 
(3.  YO13 
1). 325 
0 .  '742 
0.959 
(1,. 9'76 
i:) . 9 9 2 
i . (:)(:)y 

DELT'H 
-- (1) . (1) 1 
i:! 1 
(1) . 2i:, 
11.21 
0 . 4 1 
(1) . 3 1 

" 6(1) 
0.68 
(1) . '7 7 
(1). €36 . 
i:i. 94 

SYS V F' I N  
!::) . (?ij (1) (1) 4 ij 
(:) . 9 2 i:) . <j 4 i:) 
I: . 4 0 . 040 
c:) . 9 6 0 . c.14 <:I 

(1) (7 B ij . (:) ;+ (11 
1. . ( 1  3:) . i) 4 C:) 
1 , ( 2  is , i114.0 
1 . 0 4. c:) * (:) 4 (:I 
1 . Oh (1) . 040 
1 . 0 ~ 3  i:) . i:)4\~) 
1 . 1 : (1) . i1j.l c:, 

DSG F' 
i.) . ij 3 6 
(1 . (,I 5 '7 
r:) . 0:3'7 
ij . 03E3 
(3 .  <):I0 
i::) . 0 3 9 
ij . 0 3'7 
(1) ,, (:);59 
(1,. 03 9 
0 . 0 4 r:, 
0 . C:)4r:) 

SYS c.2 
(1). 264 
0.292 
(1' -"" . 3 L.L 

ij. 352 
0. 583 
0.415 
0. 448 
0.481 
0 . 5 1 h 
0.551 
(3. 588 

SYS F'F 
(1). 895 
0. 884 
O .. 8'73 
C r  . 862 
(:I . (352 
(1). 042 
ij. 832 
0. €323 
0 , 8 1 4 
( 2 .  805 
(1). 777 

SYS v 
0 . 7 (1) 
i:). 92 
1:) . 9 4. 
('1) . 9 6 
(1). '7fl 
1 . i:)i::) 
3 . .  02 
1.04 
1 . (1)b 
1. i3U 
1 . 1 0 

DSG L! 
0.158 
(1). I 47  
(1). 135 
0 .  123 
(1) . 1 1 0 
(3 a i:)?h 
!:, . (:)a2 
i'). 068 
('1) . 0 85 3 
0 " 03'7 
c:,. (:I21 

DSG PF 
(3.334 
0.  ::559 
( )  . 390 
(1). 425 
(5.468 
0 . 5 1 9 
(3.583 
0.658 
0 .  749 
(:) , a"' " ..I u 
0 .  945 

SYS F' 
0 . 5 1 2 
0.534 
0. 557 
(3. 5YO 
(1) . 60 4 
i::) . 628 
(1. 653 
0.6'78 
('1 . 7 04. 
(1) * 7 :x (:> 
0. 75'7 

SYS Q 
(3.268 
0.296 
0. :I25 
(3. 356 
0 . 387 
. 4 1 C? 

(1)" 45 1 
I:). 4H5 
(1) : :; 2 (1) 
0.555 
(1). 592 

LOAD V 
(1). 843 
0 . 8 5 9 
(3.876 
0.893 
(3 . (3 1 0 
(;), 926 
i-) . 9 4 3 
0.9h0 
(1). 977 
Q .  993 
1. 0, (1) 1 (1) 

DSG F' 
i). 076 
0 . 7 (, 
<.) . 0 7 7 
r::, . 0 7 '7 
i:) . 0 '7 8 
0.  (:)78 
0. 0'7V 
0.()77 
(1) . (.I 7 9 
0 ; 7 9 
(1) . (1) 7 9 

SYS B 
1). 272 
(::) a :; (.) i:) 

" :53(.) 
(1) . 3 6 1:) 
(1). 1x91 
0. 423 
0. 456 
0. 409 
!-I -5'24 
i:). 560 
0 .  596 

SYS PF 
(1) .. 875 
(;) e 864 
(:I. 1353 
(:I) . 8 4 2 
(1) . 8;: 1 
(.) . 82 1 
0 . 13 1'2 
(j . 8(:)3 
0. '7'74 
(1). 786 
0. '778 

LOHD V 
r j .  943 
0. 86(1) 
(1). 8-;;'7 
(3. 393 
0 . 9 1 0 
0. Y27 
(I!. 944. 
<:) c? 60 
0. 97'7 
0.994 
1 . 0 1 1 



TABLE B-VI, cont. 

DATA FOR SYNCHRONOUS MACHINE, C(3N ST ANT EXCITATION 
HEAVY LOAD C A S E  

DSG P 
0. 096 
0 . 096 
(3. 097 
(1) . 1:197 
r:) . ( jy 7 
0. CIc?8 
0 .  098 
0. (398 
0 . (1)99 
I:) . (3 9 Y 
i:) (I)?(? 

DSG Q 
0.151 
"') 139 1. . 
0.128 
0.115 
(1) . 1 (j2 
0. (189 
0. 075 
0. o6o 
(1) * (1) 4 5 
6. (329 
0. 1 

DSG FF 
0.53b 
0. 3h7 
0 . 604 
(3 .  645 
(1) . 690 
C:). 74 1 
(3. 79'7 
0. €354 
0 . 9 1 1 
0. 959 
(3 ,. 'w'? 

SYS (5! 

0 .  277 
i:, . 3C)S 
(3.534 
(1). 364 
(3.395 
0.427 
(I. 460 
0 .  494 
0 .  5'29 
0.564 
O,, Lot: 

SYS PF 
0.864 
0. €352 
1:). 84 1 
0.8:50 
0 . 820 
(3 . 8 1 0 
(3 . 80 1 
(5.792 
0.783 
0.775 
5,. 767 

DELTA 
E' 
.J. 28 
C 
.J. 2E3 
5.28 
5.29 
5.30 
5.31 
L- ---, 
,J . ..S L 
r 
,J. 32 
5. ;53 
'5.33 
5.34 

SYS v 
0. 90 
(1). 92 
0. 94 
(3. 96 
0 . '70 
1 . C) <:I 
1. (52 
I . ij4 
1 . (:I6 
1.OE3 
X , 1 (;I 

SYS '/ 
c j  . 17 i') 
('j . 9 2 
(11 . '74 
0.96 
(3 . 98 
1 . 0 0 
1 . 02 
1. (34 
1 . 06 
1.08 
1, h 1 (:I 

SYS v 
0 " Y 0 
0 . (7 2 
0 . '94 
0.36 
0 . 98 
1. (30 
1 . ("1 2 
i. .04 
1. . O h  
1 . OE3 
1. IO 

SYS v 
0. YO 
0.92 
0 . 74 
0.96 
(1). 98 
I. oo 
1 " 02 
1.04 
1 . (1) 6 
l.OE3 
1.10 

DSti P DSG L! 
0 .  115 0 .  146 
: . 1 6 i.) . 1. 35 
0. 116 0 .  123 
0.117 (:)*Ill 
0.1 .1 -7  Cr.(:)98 
0.118 0.084 
0.118 0.(:)70 
0 .  118 0.056 
1 (3.040 
0 .  119 0.025 
0 . 1 1 9 D . 0013 

DSG PF 
0 . 6 1 8 
0.653. 
8 ,  687 
(3.726 
0.768 
0.813 
0.1359 
0. 905 
0.947 
o. 979 
(1). 998 

SYS f" 
0.455 
0.477 
(3 . s(:)o 
0.  52:s 
0.547 
0.571 
0 . 5'?6 
0.621 
0. 647 
0. 673 
0 .  7013 

SYS 8 
0. 281 
0.310 
0. 339 
0.  369 
0 . 4 Of:) 
0.432 
0. 4.65 
(3. 499 
(1). 534 
0.569 
r:) . h06 

SYS F'F 
0.851 
0.839 
0.828 
0.817 
(1. 8(:)7 
0.797 
0.788 
(3.780 
0.771 
0.764 
(3. 756 

LOAD V 
0.844 
0.861 
0 .  878 
0.894 
0 . 9 1 1 
0.928 
0.945 
0.961 
0.978 
0.995 
.l. O i  1 

DELTA 
6.58 
6.57 
6.56 
6.54 
6.5.3 
6 - 5 1  
6. 50 
6.48 
6-47 
h. 46 
h .  44 

DSG P 
(1, 135 
(:I. 155 
0. 136 
tj.1.Ah 
I:). 13'7 
0. 1:57 
(3. 137 
(-) .. . .l 28 . 
(3.138 
0.138 
(11" 120 

DSG Q 
0. 142 
0 .  13~r 
(3. I 18 
0. I ( jh  
0. 093 
0.079 
0 .  
0. 051 
(:I . B;36 
(3. 02CS 
6 . (334 

DSG F'F 
0.689 
0. '721'.:1 
r:). 754 
6.76C) 
(1). 827 
0.865 
0.903 
0.938 
0 - 9bE1 
0.990 
1 . (330 

SYS F' 
( - 1 .  4% 
0. 458 
0.481 
0.504 
0 .  528 
0.552 
(3.577 
0.602 
0. 628 
0.654 
0. &I31 

SYS Q 
(1),, 287 
0 .  .ii 1 !?I 
0 .  344 
0.374 
o. 405 
0.437 
(3. 470 
0.SCJ4 
C,. 339 
0.574 
0" 151 1 

SYS PF 
0.836 
C). 824 
(:) . El 1 3 
0. 803 
0.  793 
0.784 
0 .  775 
0.767 
0. 7%' 
0.751 
U.'/44 . 

LOAD V 
0.815 
0.861 
O. A7A 
0.895 
(3.91 1 
0.928 
0 . 945 
0.962 
Oii 9/t3 
0 .  995 
1. (212 

DELTA 
7.90 
'7 .8h 
7.87 
7.78 
7.74 
7.71 
7. h7 
7-63 
' 7 . ~ 5 1  
7.57 
7.54 

f )SG F 
ci. 154 
0. 155 
(3. 155 
0.156 
0.156 
0.157 
(3. 1.57 
0.157 
0. 157 
0.157 
0.158 

DSG PF 
0. '749 
0.778 
0 . 8 (118 
(1). €340 
0. 872 
(1) . 9 0 3 
(j . 933 
0.960 
(3.982 
0.996 
1. cjoo 

SYS P 
0.417 
c).4rSY 
(2.462 
0.485 
0. 509 
0.533 
0.558 
0.583 
0.609 
0.635 
0.662 

SYS cs! 
0.292 
0.320 
(3.35rJ 
0.380 
0.411 
0.443 
0.476 
0.510 
0.544 
0.580 
0.616 

SYS PF 
0 . 8 1 Y 
0.808 
(3.797 
0.787 
0. 778 
0.769 
0.761 
0.79.3 
0.746 
0.739 
(3. 732 

DELTA 
9.21 
9.15 
9.09 
9.02 
8.96 
8.90 
8.84 
8.79 
8.74 
8.68 
13.63 



TABLE. B - V I ,  cont. 

DATA FOR SYNCHRONOUS MACHINE, CONSTANT E X C I T A T I O N  
HEAVY LOAD C A S E  

SYS P 
0.390 
( 2 .  4'20 
(:, "443 
0.4~56 
0 . 4 9 C) 
0.514 
0 .  5:3 9 
0.5h4 
0 . 5'740 
U . 6 1 ej 

(1:). 643 

SYS V P I N  
(:).YO 0.2(:)0 
0.92 0.2i;)i::) 
0.94 (:).2(30 
r:) . 9 b i::) . 3:) (1) 
0 . 9 El 0 . 2(3(:) 
1 . i  i:) . 2130 
:1.02 ().30C) 
1. . 0 4 0 . 2i:) (:I 
1.i'h 0.300' 
1.OE3 0.2ij(:) 
1 . 1 0 (1) . 2(:)(:) 

DSG CL! 
0 .  1. 25 
0.114 
0 ., 1 (32 
(:). 089 
0 . 076 
0. 06:3 
(3. 043 
(j. (j34 
(1) . 0 1 9 
(1). 004 
- . 1 :2; 

SYS c.2 
(1:) . 3 (1, 4 
(1) . .3 3 .Ti 
(j.362 
(j ., 392 
(7.423 
0.455 
O.4U8 
i). 521 

0 .  556 
0. 592 
(3. h:?8 

REAL I ST I C LOHD REPRESERITAT I C3bI , 

DSG P 
O . O 1 h 
0 . 0 1 6 
0 . (3 1 7 
0 . 0 1 8 
ij . (1) 1 8 
C:) . 0 1 9 
0 . I:) 1 9 
13. (519 
0 . 0 2 ( 3  
C). 02c3 
0. 020 

DSG C.2 I 
(5. 170 
0. 158 
0.146 
{j. 13.3 
(1) . 1 3:) 
c.1. 1 OB 
0 .  091 
0.076 
i j .  060 
(3.044 
0. 026 

SYS F' 
(3.614 
(:I. 613 1 
O.. 648 
0 .  665 
(1) . b83 
0. 700 
(:I . '7 1 8 
0.736 
0.754 
0.772 
0. 790 

SYS Q 
(1) . 303 
(1). 327 
(1). 353 
9.379 
i:) . 4 6) 
0.433 
(:J. 4.h 1 
(:). 490 
0 . 5 2 (1) 
0.55ij 
(5. 58 1 

SYS PF 
0. H'37 

,C). 888 
0 .  n7R 
0.8h9 
(3 . 86Q 
(j. 

(:I. 84 1 
(:} . f3 3 2 
0,823 
0.1314 
O . H06 

SYS v 
0 . 90 
0 .  92 
0.94 
(3.96 
0.98 
1.00 
1 . 0 2  
1.04 
1 . Ob 
1.08 
1.10 

DSG P 
(3. 0x6 
0.036 
0.037 
0.038. 
(3. 038 
0. cj.39 
(1) . OJy 
0. 0.39 
0. 039 
0.040 
0. (340 

DSG Q 
0. 167 
0.156 
0.143 
0 . 1 3 1 
(3. 117 
O. I (33 
(1) . (388 
0.073 
0.057 
0.041 
0.023 

DSG PFr 
(:) . 2 1 0 
t) ',. 22E3 

' o. 250 
C1. 277 
0.  309 
0. 350 
0 . 4 0 :3 
0.473 
(5.569 
0.699 
0.862 

B-29 

SYS P 
0 .  595 
0.612 
(3. 629 
0.646 
0.663 
0.681 
0.699 
0.716 
0.734 
0.753 
0.771 

SYS (5! 

0.3cJ6 
0. ,331 
0.356 
0.382 
0 . .4 9 
(3.437 
0.465 
0.494 
0.523 
0.554 
0.585 

SYS PF 
0.889 
0.880 
(3. 870 
0.861 
0. 85 1 
0. €342 
0.8.33 
( j .  823 
C) . 8 1 4 
0.806 
0.797 



TABLE B-VI, a n t .  . 

DATA FOR SYNCHRONOUS MACHINE, CCNSTANT EXCITATION 
HEAVY LOAD CASE 

SYS V 
C'i (7 ij 
9.92 
<;) . C?4 
0.96 
!2 ,, 9 El 
1. " (1:) 9 
1 , (1) 2 
1.04 
:L . 06 
1 . (:'?a 
1. . 1 (1) 

SYS ' 1  
(1) " I?(:) 

1.J . C? .:: 
(3. 'j4 
0.9(> 
r:) ,. 98 
1. ('30 
1 . (1) 2 
1 . 0.7. 
2 !")I$ 

I . (:! E3 
1 1 

5YS  '1 
. 90 

r:) . 9 2 
(11. 94. 
0. 96 
c:) . 9t3 
1 . 9Q 
1.03 
1.04 
1 . !:)tl 
1 . (:%3 
!. . 10 

DSG P 
ij . ij :; 6 
(1) 1::) 3 6 
ij ,. Ci57 
ij. 057 
. 0513 

<:) . ij5c3 
!':). 05'7 
i:l - (::I =i c? 

(1) . 05 9 
!.) . \:J 3 "9 
!j " ( j h O  

DSG F 
. Q 7 6 

i : ~ .  076 
0 . 07'7 
0. 077 
(1). 0'78 
C!. 
( 2 .  0'75' 
0.079 
Cr . (7.7 9 
(1) . i::) -7 =? 
0 . (3.79 

D9B F' 
(I! ., 095 
iil 

0 .  OYh 
0 .  09'7 
r:., . 097 
?T.). i jya 
i:, . 0 9 H 
(3. ('39.3 
0.039 
i:) " (:I 7 'I? 
(1). i:)3Y 

DSG F' 
!I . 1 1 5 
O . 1 1 6 
(1) . 1 1 6 
0 . 1 1 7 
0 . 1 1 7 
o. I l a  
(3. 118 
(5 .  118 
(5 .  118 
0 . 1 1 9 
0. 119 

1 '  L! 
0. 160 
0. 149 
(1,. 137 
0 .  124 
!I) . 1 1 (1) 
(3.09e; 
(3. on 1 
( 5 .  066 
(I!. 050 
0 . (j3.3 
(1) . o 1 6 

D S t i  [I 
rj. i s 6  
0.145 
(1). 1 ,:.> 
1:). 120 
(1). 106 
(1) . !) 9 2 
(:) . 0'7 7 
i:) . (1) 6 2 
0 .  046 
(9. !:i2Y 
(1) . 0 1 2 

D S G  Q 
(1). 152 
0 .  140 
0.128 
0.115 
(1) . 1 1:)2 
0.088 
(1) . (373 
(3.058 
0. (342 
(3. (j25 
!:) . (1) (:)a 

DSG PI.= 
o. 426 
0. 455 
(3 . 4.9 0 
(:). 530 
0. 576 
. 6::: 1 

0.69q 
( 5 .  767 
0. 845 
0.921 
0. 980 

DSG PF 
0. 320 
0.552 
0 .  5138 
(3.629 
0 . 6'7 6 
0.728 
0. 786 
0.84h 
0 .  906 
t.?. Y5Y 
0.993 

DSG F'F 
(3 . 602 
0.635 
0 .  671 
(3 . 7 1 1 
(I). 755 
0 .  802 
6 . 85 1 
0.899 
(5. 944 
0.979 
(1) . (f 98 

SYS 1:' 
0, 5'76 
i:). 593 
0 . 6 1 0 
';'). ,527' 
0. 644 
(1). 662 
i) . 679 
( 2 .  69.7 
(3 . 7 1 5 
0.  733 
C). 753 

SYS P 
r:, . 557 
0 . 5 7 :::; 
0. 59(1) 
6. 608 
(:I. 625 
0.642 
(3.660 
O. 678 
(1). 696 
(3.714 
(5.733 

SYS F. 
i3.557 
i:, . 554 
a. 5'91 
0 .  598 
(3 . 606 
0.623 
0 . 64 1 
0.653 
0 .  677 
0. L35 
0.713 

SYS P 
0 . 5 1 8 
(1:) . 5 3 5 
0 .  552 
0.569 
0s 587 
0.604 
(3.622 
0.640 
0.658 
0.676 
!3.694 

SYS Q 
0.314 
(j.338 
(1). 364 
(5.390 
( )  . 4 1 7 
0 . I '1 4 
(11. 473 
0.502 
0. 5:51 
0.562 
(1). 593 

YYS Q 
0.318 
(1). 343 
1). 968 
0 .  394 
0.421 
0 .  449 
0 .  477 
(:I . 5 0 6 
0 .  536' 
9. 566 
(5.597 

S','S Q 

(3. 323 
0.348 
(1). 373 
0. -399 
0 .  4 2 6  
0.454 
0 .  482 
0 . 5 1 1 
(1) . 540 
0.571 
0 .  602 

SYS PF 
0.871 
0.861 
0.851 
(3. 842 
0.832 
0. 822 
0.813 
0 .  804 
0.795 
0.786 
0.777 

SYS PF 
0 .. HA 1 
0.tlYl 
fi. 841 
0.831 
(3.821 
0 . 8 1 2 
(3. 13(:)2 
0.793 
0.784 
0.775 
0.767 

6 Y 9  PF' 
0.849 
0.  €339 
(3.829 
0.819 
o. 809 
0 .  SO0 
0. 790 
0.781 
.0; 773 
0.764 
0.755 

LOAD V DELTA 
0 .  834 2.61 
O. 851 2.66 
(3.869 2-73 
0 . 8 ~ 7  a. 79 
0. 904 2.84 
0.922 2. 9~:) 
0 .  940 2.95 
0.958 3. c~c? 
0.975 3.05 
(I. 99.3 3. 10 
l . ( J l l  3.15 

LOAD V 
0.834 
0.852 
0.870 
0.887 
0. 9(35 
0.923 
0.940 
0.958 
(1). 976 
0.994 
1,. o 1 1 

! nAD'V 
u. ass 
0. 852 
(11 m 870 
0.888 
0.906 
0. 923 
0. 94 1 
0.959 
0.976 
0.994 
1.012 

I..ClAD V 
(j . 835 
0.853 
0.871 
0.888 
0.906 
0,. 924 
0.941 
0. 959 
0.977 
0.994 
1.012 

DELTA 
3.94 
3.97 
4.01 
4.04 
4.07 
4.11 
4.14 
4.17 
4.19 
4.22 
4.24 

DELTA 
5.27 
5.27 
y.3F1 
5.29 
5.30 
5.33 
5.31 
C 
J. 32 
5.33 
5.33 
5.94 

DEI T A  
6.59 
6.58 
6.57 
6.55 
6.53 
6.32 
6.50 
6.48 
6.47 
6.46 
6.44 



TABLE B-VI ,  oont. 

DATA FOR SYNCHRONOlJS MACHINB, CONSTANT EXCITATION 
HEAVY LOAD C A S E  

LOAD V 
0.036 
0.853 
(1). 87 1 
0 .  €389 
0.  Y(36 
0.924 
0 .  942 
0.959 
0.977 
0.995 
1.013 

DELTA 
'7.92 
7 .  €38 
7.84 
7 .  80 
7.76 
7.72 
7.68 
7.64 
7.63 
7.57 
7' ,, 54 

SYS v 
('3 . '30 
i j .  92 
0 .  74 
0.96 
0.98 
1. . (j0 
1. . (:I2 
1-04  
1 . 06 
1. 0'8 
1 . 1 0 

P I N  
0 . 1 4 (:) 
0.140 
0.  140 
0 .  140 
0. 140 
0.140 
(1). 140 
0 .  140 
I). 140 
(:I . I 4 i j  
0 .  140 

DSG P 
(1. 134 
i j .  135 
C). 136 
0.  136 
(3.  137 
0.137 
0 .  137 
0.138 
(1. 1 . m  
0 .  138 
o. 138 

DSG [5! 

0. 147 
0 .  1:36 
(1). 133 
0 . 1 1 (5 
0 .  097 
Cj. ij83 
(1. 068 
0 .  053 
0 . 0 3'7 
0.020 
(:, . 

SYS F-' 
0 .  4'33 
0.516 
(1). 533 
(3 . 55ij 
0.567 
o. 585 
0.6OS 
(1. h2Cj 
(5.658 
i j .  657 
0.  675 

SYS I2 
(5 .  :528 
(11. 353 
0.  :578 
0.404 
0 .  413 1 
0.459 
0 .  487 
0.  516 
( j .545 
0.576 
0.607 

SYS PF 
o.836 
0.826 
( j . 8 l b  
0.806 
0 .  796 
0.787 
0 .  778 
0.767 
0.760 
i j .  752 
0.744 

SYS V 
0 . '7 0 
0.92 
0 .  94 
0.96 
o.sa 
1 . <)(:I 
1 . (1) 2 
1 . 04 
1. . 06 
1 . US 
1.10 

DSG F' 
0.  154 
0.154 
0 .  155 
0.156 
(3. 156 
0.156 
. 1 5'7 

0 .  15'7 
(3'. 157 
0.157 
6 ) .  158 

DSG B 
(5. 142 
0 . 1 30 
0.118 
0 .  l ( I5  
(1). (392 
0 .  078 
(1) . (1) 3 
0 . i:? 4 €3 
(:I . (:)3 2 
(5 . 0 1 5 
-- - (;)(jz 

DSG PF 
0.734 
0.764 
0 .  795 
(1). 828 
(1). 862 
0.896 
0 . 9 28 
0 .  C?57 
(j 9[3(j 
0.995 
1 . o(:) (:) 

SYS C.2 
(1) " :333 
1:, .I358 
0 .  T584 
( )  . 4 1 0 
(:!. 436 
c J . 4 ~ 4  
0.492 
0.521 
(1) . 5 5 1 
(1) .. 58 1 
0 . C7 1. 2 

SYS PF 
(1). 822 
0.81 1 
(1) . 8(1) 1 
r:, . .:7 9 3 
0.782 

LDAD V 
0. 836 
0.854 
0 .  87 1 
0.889 
O p  YO7 
(1) . 9 :7L 4 
(1). 942 
0 .  960 
(1). 9-77 
(3.995 
1 . (1) 1. 3 

DSG B 
0 . I :3 6 
i j  . :L 25 
(3. 113 
(1) . 1 i::) C) 
O . (1) 13 6 
i:) . i1i 7 2 
(;I. 057 
0.042 
(5.026 
(:) . 0 1 is 
..- . 00 F3 

SYS P 
0.  461 
( j  . 4 '7 8 
(3" 495 
i:, . 5 1 2 
0 . 5 ':."? 
I:). 547 
0 . 564 
(3. 58':) 
i:) . f, (1) 0 
0 . h 1 8 
0 .  63.7 

SYS v 
(1) . '3(:, 
i:). 92 
0 .  94 
(1). 9h 
0.98 
1 . ijC:) 

1. . (1) 2 
1 . (:I4 
1. . 06 
1 . i3E3 
1 . 1. 0 

DSG Q 
(1) . 1 30 
0.1 19 
0 .  1(]7 
(1) . OC? 4 
0. 080 
(3.. (166 
(:I, 052 
0.036 
(1 . 0 3:) 
(1) . (2 (1) 4 
- . 0 1. S 

DSG Pf= 
I:).  

(1). 851 
0 .  876 
0 . =?(:)C:) 
0.924 
0 .  947 
0.957 
0 .  983 
(3.995 
1. 1:~i'~l::l 

0 .  998 

SYS f '  
(.,I. 442 
0.459 
0.  47L 
!:). 493 
(2 . 5 1 (1) 
0.528 
(1). 546 
i.1. 563 
0 .  58 1 
i'j. LO(:) ' 
. 6) 1 8 

SYS fi 
0.346 
0 .  370 
!:) . 3 3 k )  
O . 4 2 2  
(1). 44El 
C ) .  476 
(3. 504 
(1)" 533 
(1) . 56.3 
(1) . :5 y ;5 
1:) ,, 6 :,2 4 

SYS PF 
(1). 788 
0.779 
1.). '769 
(3 . '7 6 (I 
i:) . 75 1 
(1) . '7 4 3 
(1) 7 3 z; 
(3.726 
( 1  . 7 1. 9 
(.., . 7 1 1 
r:) . -704. 



TABLE B - V I I  

DATA FOR INDUCTION MACHINE 

(-c)Iv.y-- LIGHT LOAD C A S E  
-3 I PINT' 1MF'EDANC::E t...(3AD 

1:) S G Cl! . (1) 1 9 
-- *, ,"')';7i") ... +. .. 
-- ,, (3 2 1 
-- (i) -:> '7 

L .L. 

(1) 2 2 
ij ':"':!; ,, 4- 

-- .. (I): 4 
" (1) 25 

-:s " (:)!>& 

-- i:)2-7 
.- . (" )33  

S'YS f' 
C? ,, 5).2 €3 
. <:I5 :1 

(1) . C!:5 4 
0 .  057 
(2 ,. (1) kl 1 
0 . 06 4 
0 . 087 
ij , i )  ';' 1 
0 .  (574 
i:) . fit T7$3 
0. 00 1 

Dr;jG F-8 

!>. 035 
i:). 035 
(I). C!:35 
<:) " (1) :z 
i:) . (I! 139 
0 . i1);34 
(1). 034 
0 " <j:: 4 
i'i) ,, (:)::4 
i:! . 0 3 3 
(1) ,. (1) 3 3 

SYS F 
(1) . (I):! 0 
0 . i:) 3 :I. 
(3 . (:) :3 4. 
0" (:Is8 
(:) . (5 4 b 
0 ., (344 
0 . 047 
0 (1) 5 1. 
(1. (354 
(3 . i:)58 
I) . (1) h 2 

SYS (I! 

(1) . (I! 7 0 
i) " [!'7 3 
(3 . (575 
0 . 07U 
0 . U13 1 
C) . 0 8 4 

(:)€I €1 
(1). 09 1 
(:I . 094 
0. 097 
ij . I (1) 1 

SYS r F 
(1, . 3 -7 5 
C). 395 
0.424. 
0. 432 
0 .. 448 
0 . 4 6 3  
( 3 .  4,'76 
0.489 
0.  3:) 1 
0. 51'1 
1:) %, 5'2 1, 

SYS v 
t:,. 90 
(1:) . 7 2 
(3.94 
<:I. 96 
(I). 98 
1 . 0(3 
1. ( 3 2  
1 . c:) 4. 
1. (36 
1.08 
1 m 1 (:) 

D S G  P 
(:, . 0 '75 
0. 075 
c:, . (3'74 
0 .  ,074 
0 . 0 7 4 
0. 074 
(:, . 07 4 
(:) . (1) 7 3 
(1) . (:)-7:3 
(j. 073 
(3 . (:)'7;5 

DSG L! DSG PF 10 * S 
-.(:)xi o.y(36 - . i (~)a 
-. 035 0, Y(jh -. 103 
-. 035 0. 905 -. (399 
- . j . 9 - . 1394 
-.(j:55 (:).Yr:)Z -.(:)YO 
- . 036 ij . YO0 -. 087 
- ,, 1336 (1). 898 -. 083 
-. i ~ s h  0.896 -.(:I80 
-. (337 c.). 893 -. 077 
-.(33'7 0.890 -.(I174 
-.(:).38 (:).El87 -.rS71 

&3? 

SYS [I! 
(:) . (:)82 
(3. 085 
0. 087 
0. (389 
(1). 092 
ij. (395 
0.097 
0 .  lO r J  
(1). 103 
0.106 
0 .  159 

SYS P F 
0.134 
0.096 
0. (358 
0.021 
0 . (I) 1 4 
0'. 049 
(:) . (1) 8 2 
0.115 
(3. 143 
0.172 
(I) . 1 99 





TAELE B-VII, cont. 

DATA FOR I N D U m I O N  MACHINE 
LIGHT LOAD CASE 

SYS.V P I N  
0-90  (1.18(:) 
0.92 0.180 
0.94 0. 180 
0.96 0.180 
(3. 98 0. 180 
1.08 0.180 
1.02 O.lt30 
1.04 0.180 
1 .  !:!.180 
1.OH (5,180 
1 . 1 (3 (1) . 1 80 

DSG Q 
-. 13'3 
-. 12'3 -. 115 -. 109 
-. 104 -. 100 
-. 097 -. 094 
- . 139 1 
-. (389 -. (187 

SYS P 
-. 108 --. 105 -. 1(:)2 
-. 099 
-. 096 
- .cr9.3 -. 0913 -. 086 
--. 1303 
-. 079 
-. U - ~ b  

SYS Q 
(1. 180 
0.172 
(1). 167 
0. 16.3 
(1. 160 
0. 159 
0.158 
ij. 157 
I:)~ 1 5 7  

(1). 158 
1:). 138 

SYS P F 
(3. 515 
0.522 
0.523 
(1). 520 
(3.514 
0.505 
1:). 494 
0.481 
(1). 466 
0. 450 
6.432 

! 

SYS P F 
0 . ,4 8 3 
0.509 
(1). 520 
(:I. 523 
r j .  522 
0.518 
(j. 51 1 
0.503 
(3.491 
0.479 

SYS V P I N  
(3.92 0.2(:)(3 
0.y4 (:).2ac:) 
(3 . 9 6 (1) . 2 (11 (1) 
0.98 0.200 
1 . (jo (:) . 20 (1) 
1.i32 i:i.21')(3 
1 . (34 ij. 2(5(:) 
1.06 (].ZQ(j 
1.(38 (:).2(3(:) 
1.10 C..2i:)0 

DSG P 
O. 188 
0 .  189 
0 . 1 90 

. 0.190 
(3 . 1 90 
0. 190 
(3 . 1 Y (11 
0.190 
0. 190 
(1) . :1 9 1:) 

DSG (I! 

-. 175 - 1"" . J .-I -. 141 --. 132 
-. 125 -. 119 -. 114 -. 110 
-- 107 
-- " 1 04 

DSG FF 
(5. 7:32 
0.777 
(3. 863 
(2.821 
(3.836 
(5. 847 
0.857 
0.865 
(1). 8'72 
(1). 877 

SYS P -. 124 
-. 121 
-. 118 -. 115 -. 112 -. 10s' 
-- 1(:)6 
-. 102 
-- . (599 
-. 095 

SYS [I! 
(:I. 224 
0 . 2(:)!5 
(5. 194 
0. 188 
(3. 103 
0.1E313 
0. 178 
U. 176 
(2. 175 
0.175 

REAL. I S7' 1 C LOAD REPRESENTATION 

DSG El 
-. UlY -. i:>2<j 
-. 021 
- . (j'2 2 
- " c):i>! 
-. 023 -. (:)24 
-. c,75 -. 026 -. 027 
-. 028 

SYSV P I N  
(:I . 9 0 0 . ~2i:) 
0.92 0.(:)21:, 
ij . (9 4 (3 . (1) 2 (:I 
0.96 0.020 
(5 . 9 H (1) (:>:? (1:) 
j 0.i;120 
1 . 02 ij . 020 
l . c J4  <0.92(:) 
1.06 0.(:)20 
1.ou 0.020 
1 . 1 0 i:) . (:) 3:) 

DSG P 
0 . (:):25 
0.  (335 
(3 . (j33 
0.035 
(3 . (:):55 
0. 034 
(3 .. 034 
0 . (334 
r:). 034 
0.053 
(3 . 033 

DSG L? -. (322 -. (:)23 -. 023  
-. 024 
- . (:)25 
-. . 026 
-. 026 -. 
-. 1:)28 
-. 029 
- . (:):zc) 

DSG F'F 
0.847 
(1). 839 
0. 83() 
('1) . 8 2 1 
0.81 1 
(3. 80 1 
(3. '790 
(1). 779 
o. 768 
i:, . 756 . 
0.744 

SYS F' 
(1) ()"" . . .-I .-. 
0. 036 
ij. 038 
ij . C)4.0 
0. 042 
0 . (3 4 5 
(:I. (547 
0. (349 
0. 1:)52 
0.054 
1:) . (1) J 6 

SYS B 
0. 074 
0.076 
0 . 070 
6 .  08(:1 
(3. 083 
0.085 
(3 . 08 7 
(3. 090 
(:) . 0 9 2 
0 .  094 
0. (397 

SYS P F 
(1) . 4 1 3 
(2.425 
(3. 437 
W .  44'7 
0.457 
0.466 
(3.474 
0.482 
(1). 4.89 
0.496 
0. 5(:)2 



TABLE B - V I I ,  cont. 

DATA FOR INDUCTION MACHINE 
LIGHT LOAD C A S E  

SYS V 
C:) . 90 
0.92 
i:) . '34 
0 .  96 
i:) . 9 8 
1 . i) o 
1 . 02 
1 . 04 
1. . 0 6 
I. . 08 
: i .  10 

SYS v 
ij . gc:) 
i:). 92 
5 ) .  94 
0 .  96 
0 .  9f1 
1 . t x : )  

1 . i:) 2 
1 .  C34 
1. . 0 b 
1 . (3E3 
1 . 1 0 

SYS v 
(:I " 91:) 
!:). 92 
( 5 .  94 
0 .9b  
0 .  913 
I . oc:) 
1 . 02 
1.04 
1 . 06 
1.  (50 
1 . 1 0 

DSG F' 
(1) . 055 
Q .  i:)s5 
('j . ij 5 5 
(1) . ('1 :, :< 
C! . (1) :'j 4. 
ij . 454 
!:, . 054 
(::) . i j5 4 
(1) . (553 
i:) . 053 
0.  (:)ST; 

13SG f' 
ij . ij '7 5 
0 .  075 
(2 . i:) '7 4 
(1). 074 
0 . 0 7 4 
i j  . (374 
(1) . ~ ' 7 4  
i3.073 
I:, . (:I '7 3 
0.073 
0 .  073 

DSG P 
(:I . 09 4 
0.094 
(3. 094 
0.094 
0. 094 
(1) . 093 
(3 . i j  (7 3 
(1) . 093 
ij . (1) '7 3 
ij . 0 y 3 
51. (:)92 

DSG P 
(3 . t 1 4 
i1) . 1 1 4 
ij . 1 1 .3 
(1) . 1 1 3 
(1) . 1 1 3 
(3.113 
0 . 1 1 3 
(11 . 1 1 3 
11) . 1 1 3 
O . 1 1 2 
i j .  I 12 

DSG C? ' DSG PF 
-. il27 (3.  8!'96 
-, 028  (j . 893 
-.i:)28 (:)..a89 
-.- I..) ?C? ., - .-. c) . 8E3S 
-- ,. <!39 - .- (j.831, -. i j3ij 0.876 
. (:I::.: (:i (1) . 8 7 1 

- . I  o.a66 
- .(:)?I2 0.860 
-. 032 0.854 
- .i:):z.; r:).848 

DSG Q 
-. 045 -. 044 
- . (1) 4 4 
-. 044 
-. 044 
-. 044 
-. 044 
.-. 044 --. 044 
-. 044 
- u  044 

DSG PF 
(1). 903 
U .  904 
0 .  966 
0.906 
0 .  907 
. 907 

(:I . Y (1) 6 
(1). 906 
(3. (?(35 
O. 90:3 
i j .  902 

DSG C.1 DSG PF  
--.O58 C:),,H9O 
-.057 0.894 
-. 056 0 .  €3'78 
-.055 (:),9ij(:) 
-.054 0.902 
- . o " J ~  0.904 
-.(:)El3 (:).y(:)S 
-.()53 (:).9(:)6 
-.052 (:).9(:)15 
-. 05.2 (1). 907 
-.C352 r:).9(:)& 

SYS F' 
0 . 0 1. 4 
(1) . (I 1 i> 
C) . 0 1 8 
(1) . (:? :2 t:; 
(1) . (i) 2 3 
i:) . 1:) 25 
(1) . ij 2 7 
0 .  ()29 
i:) . (1) :z 2 
0. (1134 
(1) . (3 3 6 

SYS F' 
.- . (1) (1) b 
- . i j04 
- . 0ij2 
(1) . i:sO 1 
r:) . 0 3 
0 .  005 
(1) . (:I (3 7 
(3 . 0 1 C3 
(3 . 0 1 2 
0.014 
(1) . 0 1 7 

SYS P -. (3'26 
- (27' " c 3 

- . 02 1 
- . (1) 1 9 
-- . 0 1 7 
- . 0 1 4 
-- . (1) 1 2 
- . Cl 1 -. 008 
-. (:,a5 
- . (:)(:I3 

SYS P 
- "  (:)&I=; -. (543 
-. 041 
- . 0x9 -. 036 -. 034 
- (-) -7 ' 

r - ... B L  -. 030 
- . cJ:z 7 
- "  025 -. (523 

SYS B 
(1) (1) 7 9 
(1). 08 1. 
(1) . (:)B:z 
0 . i j  8 5 
0 . 08 7 
(3 . iI) €3 9 
0 .  c:,CJ 1 
(j . 09:3 
0 . 096 
0.098 
(1) . 1 (1) (1) 

SYS (3 
(1) . 086 
0.08€3 
i:, . i j  y (:, 
(3. (39 1 
(3 . 0 9 : ~  
i:) . 095 
0 . 0'77 
C ) .  099 
!:) . 1 (3 1 
(3'. 10.3 
(3 . 1 05 

SYS Q 
0 . !:I? 7 
C:, . (398 
0 . (3 9 9 
0 .  100 
(3 . 1 0 1 
(3.  103 
0 .  104 
0. 1<:)6 
(:I . 1 (38 
i:) . s I (:J 

(1) . 1 1. 1 

SYS D 
0. 1 1 0  
0 . 1 1 0 
(1) . 1 1 (1) 
. 1 1 1 

0 . 1 1 2 
0. 113 
i:) . 1 I. 4 
0. 11s 
(1) . 1 1 h 
0.119 
(1) . 1 1 9 

SYS P F 
ij . 1 7 1 
0.  1 9 5  
ij ,, 2 1 4. 
0 .  2:5:3; 
(3" 2:53 
0. 269 
c:) . 285 
(1) . 3 (:) 1 
c:, . 3 1 5 
(1). 329 
(1) . :342 

SYS F' F 
Q . (3&3 
i j .  r343 
(5 . (3 17 
i j .  i)07 
(:I , (1) 3 1 
0. 954. 
0 .  076 
(3. 09E3 
(3 . 1 1 E) 
0 .  1.30 
!I. 157 

SYS P F 
(1). 256 
0.233 
(1) . 2 1 0 
0 .  1 C36 
(3.  163 
(1). 140 
0 . 1 1 6 
0 .  094. 
0 .  (371 
0.049 
(1) . (327 

SYS F F 
0 .  37'3 
(1). 363 
(:). 346 
0 .  
(1) . 309 
0 .  289 
0 .  269 
0 . 2 4 c? 
0 .  228 
0 .  207 
(1). 187 



TABLE B - V I I ,  cont. 

DATA FOR INDUCTION MACHINE 
LIGHT LOAD C A S E  

S Y 5  v 
i::) " (7 (1) 
(::I ,, =? 2 
<:I .  94 

" (?A 
(1). '?El 
1. ,, i'j c:) 
1. . 2 
I. . i.)4 

'I (;)L) 
1 . (3U 
1 . 1 (1) 

SYS V 
c:) ,, (? i:) 
I:) . 92 
0 . '34. 
0. Y h  
0 .. '38 
1 (jc:) 
1 . (:> 2 
1. . 114 
1 . (36 
I. s (::![!3 
1 . I 0 

EjVC; V 
(1) " C? (1) 
. 9 

(1) ,, 9 4. 
0. 96 
0 . '?8 
1. (:)i j 

L ,, c)r2 
1 . ('24 
1. . i:) h 
1. . CJH 
3. . I 0 

SYS v 
0.92 
0.94 
6. '76 
0. YO 
1 . (:)(:) 
1. (32 

I. (34 
1 . (116 
I . OEl 
1.10 

DS G I=' 
i::) " 1. :.5 2; 
0.13:; 
(1. 1.33 
0 -  137 
(1) " 1 :z:x 
(1) 1 7; ':,> .- A,. 
(j. 1.32 
i::) " 1 -5 ;? 
-. -.. ,-, 
(2 , !, .,F. ,+;, 
(:) . 1 3 2 
(3. 132 

USG F' 
C) . .l:5:2 
(j. 152 
(1) . " "' 

.J L 
(::) . 1 5 2 
(5 .  152 
0 .  152 
(1) . 1 ::; 2 
0 . 1. 5 2 
(1) . 1 5 1 
I:! . 1 5 :L 
i:) - I. 5 1 

DEG F' 
<:I. 17!j 
(2 . 1 '7 i 
0 ., 1. '7 1 

1 '7 1 
(1) $ 8  1 7 1 
i3 . 1 '7 1 
0 . 1 -7 1 
0. 1'71 
(2  " 1, ;7 L 

" 1 7 1 
(:) . 1 ,7 1 

DSCS P 
0. 188 
0.189 
(1 . 1 (?(I) 
(1). 190 
0 . 1 9 (1) 
0.190 
0. 190 
0. 19(5 
0. 190 
0.190 

DSG R 
- !::) '7 :; 
-- 07 
-.071 
--. 063 
-- . 067 
--. (1)h.S 
-. ., 065 
-.-. (:Sh4 
- ., Oh?; -. 062 --. (362 

DSG PF 
0 . 1370 
0.877 
0 . 8{3:3 
. E38E3 

0 .  892 
0. 895 
0 .  878 
0.  Vtjl 
i:r . 902. 
r:) . 9 4 
0 .  905 

DSG CJ --. 176 
-. 154 -. 141 -. 132 
-. 125 -. 119 -. 114 -. 110 -. 107 
-. 104 

DSG PF 
(1). 730 
0. 776 
0. 8r:)2 
0. 821 
0. 836 
0. €347 
(3. 857 
0. 865 
0.872 
0.877 

SYS P . 0 6 4 
-. (362 
-. . 060 
-. I158 
--. 056 
--. (354 
- ,. (:):3 1 
-. I:r49 
- . (547 
- 045 
-. 042 

SYS P 
- . OE13 
-. OU1 -. 077 
-. 077 
-. 075 
-. 0'73 
- "  07 1 
--. 069 
-. Oh6 
-. C!b4 
-. (.)t52 

SYS P -. 119 -. 117 -. 115 -. 113 
-. 111 
-. 109 -. 107 -. 105 -. 103 -. 101 

SYS ti! 
(3. 127 
(1). 126 
(1) . 1 :?.5 
~ j .  :i25 
0 . 1. 25 
0. 125 
(1). 126 
(1. 12Cs 
0.127 
0.128 
(1). 129 

SYS 8 
i j , ,  1 :50 
( 3 .  147 
0 .  144 
(1. 142 
0 . 1 4 1 
0. 14(:) 
(5. 140 
(1 . 1 4~3 
(:I" 14(3 
(1 . 1 40 
0. 141 

SYS ca 
0. 184 
( . J .  1 ,'5 
(5 . l. 69 
C:). 165 
0. 162. 
c::) . 1 5 Y 
TI.  157 
0.156 
0 ,, 1. 33 
C). 155 
(1). 154. 

SYS L! 
0.229 
0.208 
(1). 197 
0. 189 
1). 184 
0. 180 
0. 176 
0.174 
0.172 
0.171 

SYS F' F 
0.453 
C : ) .  443 
i:) . 4 5 3 
C:) . 4 2 :1 
i:). 408 
0.394 
0.379 
0 .  :3h3 
(5 .. 346 
(:I. 329 
(1) . 3 1 1 

SVS F F' 
(1). 487 
(1.486 
0 .  4132 
0.4'77 
(3. 470 
0.  461 
0.452 
0 . 4 4 1 
!:). 429 
(:) . 4 1 h 
i:) . 4t:Q 

sv.q p [Y 

r3.486 
(J ; 4, I:;# ';Y 

(1) . 5 i:) 2 
0.504 
(:) . 504. 
0 .  YU1 
0.497 
0. 491 
n., 483 
8 .  475 
0.466 

SYS P F 
0.461 
0.491 
0.506 
0.514 
0.518 
0.520 
0.519 
0.517 

.0.513 
0.508 

L O A D  V 
0. BSY 

909 
0 .  '.729 
i:). 949 
(1); 969 
c! . Y 9() 
1 . (11 1 0 
1 ..OJc., 
1 " (1) 5!:) 
1. . C)'70 
1 . (:)9r.) 

I.-oArj v 
(1). 887 
<:I . y 0 7 
i::) " '3 '2 El 
0. 948 
0 . 5' 6 9 
(:I . 989 
1. . 00 9 
1.029 
1 "04'3 
I. Oh9 
1 . 1SE19 

I nA13 U 
e). ue4 
(::I . c? i:) 3 
ij. 926 
0. '74.7 
0 .  967 
(-1. 988 
1 . 5)08 
? . Cj28 
1 .. 04H 
1.069 
1.OH9 

L O A D  V 
0. 9c.,0 
(j. 922 
I:). 944 
9.965 
0.986 
1. (306 
1 . 027 
1.047 
1.068 
1.088 



TABLE B - V I I I  

DATA FOR INDUCTION MACHINE 
HEAVY LOAD C A S E  

CONS'TANT 'IMPEDANCE LOAD 

SYS V P IN 
3 . : (1) . 020 
0. 92 0. 033 
1.1. 94 0. 02(3 
0.9b (:).(:I20 
(3.98 o.(:12(:) 
1 0.020 
1 .  (:).oao 
1.04 0.020 
I. . 06 0 . 0 20 
1.08 (1). 020 
1.10 0.020 

DSG P 
0 . (11 1 6 
0. 016 
(:I . o 1 6 
o. 016 
0 . (:I 1 5 
0.  013 
(3 . (1) 1 5 
0.015 
0.015 
0.014 
0 . 0 1 4 

DSG C.2 D S ~  PF -. 017 0. 696 
-.017 (3.678 
-.a18 (3.660 
-.0lC? 0.642 -. 019 0.624 
--.(:)20 0.605 
-. 02 1 (1). 586 -. 022 0.  568 
-, (-j'-- LL 0.549 -. 023 (11. 531 
-.024 0.512 

SYS P 
(11. 525 
0.549 
0.574 
0.599 
0. 626 
O .  652 
0. 679 
0. 707 
(1). 735 
0.764 
0.793 

SYS L! 
0.422 
ij. 441 
0.460 
0.480 
(1) . s(:l(:) 
0. 521 
(1). 54 1 
0.563 
0.585 
0 . h 0 7 
0. 629 

SYS P I= 
0 . 7 7 9 
(3 .  780 . 780 
0.781 
0.781 
15.782 
0.782 
0.782 
(3.7133 
0.783 
o. 783 

LOAI?  V 
(:>. 822 
(I. 840 
0.859 
0.877 
0.895 
0 . 9 1 3 
(1). 932 
0 . 9 5 0 
0.968 
0.986 
1 . 005 

SYS V F' IN 
0,9U 0.04(:1 
0.92 0.04(3 
0.94 0.040 
0.96 0. 040 
(3. (38 0. 04(:, 
1.(30 0.040 
1 . (112 (1) . (:)4(:1 
1.04 0.040 
1.06 (3.040 
1.08 0. 040 
1 .  0.040 

DSG P 
1:). (336 
0 .  0.36 
o . (1) 3 6 
0.035 
0.035 
0.035 
0 . (:) 3 5 
0.  (335 
0 .  c135 
0.034 
0. 034 

DSG (I! DSG PF -. 020 0.872 
-.021 0.866 
-.021 0.859 -. 022 0,852 -. 022 0.845 -. 023 0.837 -. 024 (3. 1329 -. (324 (j.821 
-. 025 (:I. 812 
-. 026 0.803 
-.026 0.793 

SYS P 
0. 506 
(j . 530 
0.555 
0.5130 
(3.607 
(1). 633 
0 . 660 
0.688 
0 . 7 1 6 
0.745 
0 .  774 

SYS L! 
0. 426 
0.445 
0. 464 
0.484 

. o. 504 
0.524 
0.545 
I:]. 566 
0. 5138 
0. 61(:, 
0.632 

SYS F' F 
0.764 
0.766 
(11. 767 
(3. 768 
0. 769 
0.770 
0.771 
0.772 
(3.775 
0.774 
0.774 

SYS V P IN 
0.9(:) (3.060 
0.92 0.060 
0.94 ij.(:)6(:) 
(3. 96 0.  060 
0.98 0.(:)6(:) 
i - '30 0. 060 
1 . 02 (:I . o6(1 
1.04 0.060 
1.(1)6 0.060 
1. on o. 060 
1.10 (5.C)hO 

DSG F' 
o.o"36 
0. 056 
(3. 055 
0.055 
o. 055 
0.055 
(3. 055 
0. 095 
0.054 
0.054 
(11. 054 

DSG I2 -. 026 
-. 027 
- .027 
-. 027 -. 027 -. 1228 
-. 028 -. 029 -. 029 
-. 030 -. 030 

DSG PF 
0.904 
CI. 902 
(3.900 
0.898 
(3.1395 
(J. 8Y2 
(3. R89 
o. 885 
o. 881 
0.877 
0.872 

SYS F' 
0.486 
0.511 
0.536 
0.  561 
r.1. 587 
(3.614 
0.641 
0.669 
(3.697 
0.726 
0. 755 

SYS P F 
(3. 747 
0.749 
(1). 752 
(3.754 
0 .  75h 
0.757 
0.759 
0.760 
(3.762 
0.763 
0.764 

LOAD V 
(1). El23 
0.841 
0.1360 
(3.878 
0 , 89 6 
0. 914 
0.933 
0 . 95 1 
0.969 
0. 987 
1 .oO6 

SYS v 
0 . 90 
0.92 
0.94 
0.96 
0 .  9H 
1 . oc:) 
1.02 
1 . CS4 
1. (3.5 
1 . OE3 
1 . 1 (1) 

DSG P 
0. 0-75 
0. 07s 
(:I . 075 
0. 075 
0. 075 
0.075 
0.074 
0.074 
0.074 
0.074 
0 .  074 

DSG R -. 035 -. 035. 
-. 035 
- .035 
-. (335 -. 035 
-. 035 
-. (335 
-. 035 
-. 036 
- . (j:36 

DSG PF 
0.905 
U. YO6 
(3. 906 
0.997 
(:I. 906 
0.906 
(5 . 905 
(3. 904 
(3.902 
0.901 
0.899 
B-37 

SYS P 
(3.467 
0.491 
0 . 5 1 6 
0.542 
0 .  568 
0.595 
0. 622 
0.647 
0.678 
0.706 
C). 736 

SYS L! 
(3.442 
0. 460 
(3.478 
0.497 
(5 . 5 1 7 
0.537 
0.557 
( 5  . 578 
o. 599 
0.621 
0. 643 

SYS P F 
0.726 
0.730 
0.734 
0.737 
0. 740 
1). 742 
0. 745 
0 .  747 
8.749 
0.751 
0 .  753 

LOAD V 
0 .  El23 
C). 841 
0 . 86 0 
0.878 
0.896 
C.1 . 9 1 5 
(1). 933 
0.951 
0.969 
0.988 
1 . 006 



TABLE B - V I I I ,  

DATA FOR INDUCPION MACHINE 
HEAVY LOAD C A S E  

SYS v 
(:) . 90 
(1). '32 
(::) . 9 4 
i:). C)b 
Ci. 98 
1 . i::, (1:) 
:1 " (1)2 
1. . (3 4 
1 . 06 
.l . 6E3 
1 . :1 0 

DSG P 
(j. 095 
(:) . 095 
i') . (j94 
i.:, . (1) C? 4 
i:) .. 094 
0 . (::I 9 4 
0 . (j'74 
0 .  094 
(1. 094 
c.1. o w 4  
ij. (593 

SYS 8 
(3.454 
0.471 
(1). 489 
0.508 
i'), 527 
0 . 546 
(1). 566 
0.586 
(1) . c107 
0 .  ,529 
0.651 

SYS P F 
(3. 701 
0. 707 
0 . 7 1 2 
0.717 
ij. '721 
0.725 
0 .  729 
0.732 
0.735 
0.738 
(3.  740 

DSG 8 
- . (340 
-. (547 
-. 046 
- ij 4 :? 
-. 045 
-. 044 
- . (1) 4 4 
-. 044 
-. 644 
-- ,, (I A 4 

-. 044 

DSG PF 
(1) . 89:5 
0 .  896 
0 .  0'39 
0.901 
i:) . 903 
0 .  905 
0 .  906 
o.  906 
(1) . y C-l '/ 
0 . 9 61 7 
(3 . 9(1)6 

10 * S SYS P 
-. I. 67 0 .  447 
-. 158 (1.471 -. 150 0 .  496 -. 143 ij. 522 
--.I37 0.548 -. 130 0.575 
- . I25 (j.602 
- 1 0. 630 -. 115 0.658 -. 110 0.687 
-. 106 0.716 

P IhI 
i:). 120 
ij . 1 2 (:I 
(1). 1 3 : )  
i:) . 1 20 
c:,. 120 

* 1 i2 (1 

(1)" 1 3 : )  
ij. 120 
i j .  120 
r:, . 1 20 
0.1ao 

DSG 8 -. 065 -. 063 
- . 06 1 
-. (559 
-. 05E1 
-. iir57 
-. 056 -. ij55 

--. (354. -. 054 -. 053 

DSG PF 
0 .  869 
0 .  877 
(3. 883 
0.887 
(3.892 
8.895 
0.878 
ij . C?ij(:, 
0.902 
O. YO4 
0 . 90 5 

SYS F' 
(1). 426 
0.451 
0.476 
0.502 
(:I. 528 
(3.555 
0.582 
0 . 6 1 () 
0 .  638 
0. 667 
0. 697 

SYS [% 

0.470 
0.486 
0 . "J (:, 3 
0.521 
0.539 
0. 5553 
(:I. 577 
0.597 
0.618 
O.  639 
0.660 

SYS P F 
0.672 
0.680 
9.687 
0.694 
0.700 
C) . 705 
0 . 7 1 0 
0.715 
0.719 
0.722 
0.726 

U S 5  F'F 
(1). 832 
0 .  845 
0.856 
(1). 865 
(1). 872 
0 .  878 
(1.884 
C ) ,  WE38 
0 .  892 
0.895 
(3.898 

SYS p F 
8.635 
0.647 
0.  h38 
C). 667 
0.675 
0.682 
0. 689 
0.695 
0. 1[':)0 
0.705 
1:) . 7 1 (:) 

SYS v 
0 . y (1) 
(1) . C? 2 
0 . '?4. 
0 . 96 
i.:l . 9 8 
1 " (::I (::I 

1 .  02 
I .  04 
1 .  (36 
1 . (:)8 
1 . 1 0 

P I N  DSGF' 
( 3 .  16(l 0. 151 
1 0  0.152 
cj.lh(j (:).;152 
(:).3.60 0.152 
I : J . I ~ O  0.152 
().Ih(:S (11.152 
(3.160 (j.152 
i . 1 6 i') . 1 52. 
0.  160 0. 152 
0.160 i:,.:~52 
1 :  0.152 

s\Is F' 
0.382 
0.408 
0.434 
C l .  460 
0.487 
0.514 
(1.541 
0 .  569 
0.598 
0 .  627 
(1). 656 

LOAD V 
0.816 
0 .  €336 
0 .  855 
0.874 
(5.893 
0.912 
0 .  93 1 
0 .  949 
(5.968 
0.987 
1 . (1) Q5 



DATA FOR RJDUCI'ION MACHINE 
HEAVY LOAD C A S E  

SYS v 
0.94 
0.96 
(3.98 
1.00 
1.02 
1.04 
1 . 06 
1.08 
1.10 

DSG P 
0; 1'69 
0.170 
0.171, 
0.171 
0. 171 
0.171 
0 . 1 7 1 
0.171 
(3. 171 

DSG Q 
-. 163 -. 141 -. 129 -. 121 -. 114 -. 109 -. 104 -. 101 -. 097 

DSG PF 10 * S 
0.720 -.416 
0.770 -.351 
0.797 -.315 
0.817 -.289 
0. I332 -. 269 
0.844 -.251 
(3. 853 -. 237 
0.862 -.224 
0.869 -.212 

SYS P 
C). 409 
0.437 
0.464 
0.492 
0 . 520 
0.548 
(1). 577 
0.606 
(3. 636 

SYS Q 
0.597 
0 .  597 
(3. 605 
0.618 
0.632 
0.648 
(3. 665 
0.683 
0. 702 

LOAD V 
(1). 850 
0.871 
0. BY1 
0.910 
0.929 
0. 948 
0.967 
0.9116 
1 . S)04 

S Y S V  P I N  D S G P  D S G Q D S G P F  1 0 * S  S Y S P  S Y S Q  S Y S P F  L O A D V  
1.0(:) 0.200 0.189 -. 168 0.747 -. 381 0.468 0.661 C) .  578 0.906 
1-02  0.200 0.189 -.I51 0.782 -.336 0.497 0.66h 0.598 0.926 
1.04 0.200 0 .  190 - 1 4  (3.804 -. 306 0. 526 0 .  677 0.614 0.946 
1.06 0.200 0.190 -. 132 0.821 -. 283 0.555 0.691 0.627 0.965 
1.08 ~J.L~o(:) 0.19) -.125 0.835 -.264 0.585 c ) . ~ o &  ~1.638 (3.984 
1.10 0.200 9.190 - . I20 0.84s -.249 0.615 0.723 0.647 1.003 

REALISTIC LOAD REPRESENTATION 

SYS V P IN 
(1). 90 (3. 020 
0.92 0.020 
0. 94 (3. (:)2(j 
0.96 0.020 
(3. 98 (1). 02(:) 
1.,00 0.020 
1.02 -0.020 
1.04 0.020 
1.06 (3.020 
1 . ~ ~ 8  0.02~:) 
1 . 1 1 5  (1) . (3 20 

SYS V P IN 
O . 9 c l )  0.046' 
0.92 0.04(3 
(1) . y 4 (3 . (:)4(:) 
0.96 0.040 
0.  98 o. (340 
1. 00 0.040 
1 . 02 0. 040 
1.04 cJ.cJ4Q 
1.06 0.040 
1.08 0.040 
1.10 0.040 

DSG P 
(5. (336 
0. C136 
0.036 
0.036 
(3. 035 
0.  035 
0. 035 
0.835 
0. 035 
o.  034 
(:, . (:)"54 

DSG B DSG PF 10 * S 
-.(:)I6 0.706 -.U32 
-. 017 0. 688 -. 03t:) -. 018 (3. 669 -. 0 2 ~  
-.018 0.65U -.028 
-. (1) 19 (3. 630 -. 027 
-.020 0.611 -.025 -. (32 1 0. 59 1 . (324 
-.021 (11.571 -.02:_s 
-. 022 0.551 -.u22 
-. 023 0.  531 -. (322 
-.(:I24 0.512 -.021 

DSG R 
-, fi5'(3 
--. 020 
-.021 
-. 022 -. (322 
-. (323 -. 023 
-- . 0.24 -. (325 
-. 025 
- . 026 

DSG FF 
C) .875 
.0.869 
0.862 
0.855 

' 0.848 
0 .  840 
0 .  831 
(3.822 
0. 8113 
0.803 
0.793 

SYS F' 
(1). 593 
0.612 
(3. 632 
0.  651 
0 . 670 
0.690 
( j .7 lo  
(1. 7 3 ~ ~  
(3. '750 
0 .  770 
0.791 

SYS P 
(3.974 
0.593 
0 . 6 1 2 
0 .  632 
0. 65 1 
0.671 
0.691 
C).71 1 
0.731 
(1. 751 
(3. '772 

SYS Q 
0.473 
0.488 
C) .. 5(:)3 
0.518 
0. 534 
0.549 
0. 5L4 
1). 586 
(1). 596 
0 . 6 1 2 
(3.628 

SYS [5! 

0.477 
0.492 
(:! . 507 
0.522 
0.537 
ij.552 
0.568 
0.583 
0.599 
0.615 
0. 6 31:) 

SYS F' F 
0.782 
0.  782 
0. 782 
0.782 
(3. 782 
0.783 
(3.703 
('j . "7 8::;; 
c j .  789 
0. 783 
0. 783 

SYS P F= 
0. 7h9 
0.770 
o. 770 
0.771 
(1) . 7 7 2 
0.772 
(1). 7-73 
0.77:5 
0 .  774 
0. 774 
0. 774 

LOAD V 
0 . (3 1 2 
ij. 831 
(3.850 
0. €370 
(1). 889 
0. 908 
0 .  928 
0.947 
0.967 
(3.986 
1 . (j03 



TABLE B - V I I I ,  oont. 

DATA FOR INDUCTION MACHINE 
HEAVY LOAD C A S E  

DSG Q DSG PF 10 * S' SYS F 
-. 026 0.905 - .097 0.555 
-. (32& 0.903 -. 092 0.574 
-. (327 0 .  90 1 -. 088 (3. 593 
-. 027 0. €399 -. 084 0.612 
- 7  (:).I396 -.(:)EJO (11.632 
-. 028 0.893 -. 077 0.652 -. 028 0.889 -. 073 0.671 
-.a23 0.886 -.070 0.691 -. 029 0. 882 --. (368 (1). 7 12 -. (330 0.877 -.-. 065 0. 732 
-.o;50 (1.872 -.(:)62 (3.752 

SYS Q 
0.484 
0.498 
0.513 
C). 528 
0.543 
(3.558 
0.573 
0.588 
0.604 
(1.619 
i:). 635 

DSG F' 
0 .  056 
0 . 05 h 
0.055 
0. 055 
(3. (1155 
(1, . 055 
(1). 055 
i) . 055 
. 054 

0.054 
(1). 054 

SYS F  F 
0 .  753 
0.755 
(3.756 
(1.758 
(3.759 
0. 760 
4.761 
0.762 
0.763 
0.763 
6.764 

LOAD V 
0. I312 
0.831 
(1.851 
0.870 
0.889 
0.909 
0.928 
(1.948 
0.967 
0.986 
i . (306 

SYS v 
0 . 9 (1) 
0.92 . '9 4 
0 .  96 
0. 98 
1.00 
1.02 
1 . C ) 4  
1 : 0 b 
1.08 
1 . I 0 

SYS v 
(3 . Y (:) 
0.92 
0.94 
(1) . Y 6 
(3.98 
1 .  ( 3 0  
1.02 
1.04 
1 - 06 
1 "  (28 
1.10 

P I N  
i j .  080 
0.08C) 
(3. 080 
O.0€3(':, 
(3. (:)I30 
0.080 
0. 080 
0.080 
0 . i;)sc:, 
o. 080 
(:) . 080 

DSG P 
(:) . 075 
0 . 075 
(3. 075 
0.075 
(1) . 07 5 
(1). 075 
0 . (1) 7 4 
0. 074 
0.074 
0. 0'74 
0; 074 

DSG Q DSG PF 
-.(:)36 0.904 -. (335 0.906 -. 035 (3.906 
-. 035 0.907 
-.035 (:).Yo6 
-. 035 0.90h 
- . o ~ g  0.905 -. 0.35 0. 904 
-.03!3 0.902 
-.036 0.901 -. 036 (3.899 

SYS F  
(1.535 
0.554 
0.573 
0.593 
0.612 
0.632 
0.652 
0. 672 
(1.692 
0.712 
0. '733 

SYS G! 
0 .  493 
0.507 
0.521 
0.536 
0.550 
0.565 
0.580 
0.595 
0.610 
0.625 
0.641 

SYS F  F 
0.735 
0.738 
0.740 
0.742 
0.744 
0.746 
0.747 
0.749 
0.75(3 
0.752 
ij.753 

LOAD v 
0.812 
0.831 
0.851 
0.870 
0.890 
0.909 
0. 928 
0.948 
0.967 
0.987 
1 . 006 

S Y S V  P I N  D S G P  
0.90 0 . 1 :  0.09g 
0.92 0.100 6.095 
0.94 0.100 (:).0Y5 
0.96 o.100 0.oC?4 
0.98 (3.100 0.074 
1 . :  0.10t:) 0.094 

, 1 . (32 0. 1 OQ 1:). 094 
'1.04 0.100 0.094 
1 . c:Jb ij. 100 (5. 094 
1.08 0.100 0.094 
1.10 0.100 0.(393 

D S G  (5! DSG PF -. 048 (3.890 
-. 047 0. 894 -. 046 0.898 
-.04h C1.901 -. 045 0.903 
-. 044 0.904 
- 1  (-).9(-)5 
-. 044 (1). 906 
-. 044 6. 907 
-.044 0.907 
-.c~44 (:).906 

SYS F' 
0.315 
6.544 
0.554 
0.573 
0.593 
0.613 
0.632 
0.652 
0.673 
0.693 
0.713 

SYS G! 
0.506 
0.519 
0.532 
0.546 
0.560 
0.574 
0.589 
0.604 
0.610 
0.633 
0.648 

LOAD V 
0.81 1 
0.831 
0.851 
0.870 
0.890 
0.909 
(3.928 
0.948 
0; 3L7 
0.987 
1.006 

S Y S V  F I N  DSGF'  
(5.90 0. 120 0. 114 
0.92 0.120 0.114 
0.94 o. 120 0.114 
0.96 0.120 0.114 

i0.98 0.120 0.114 
1.00 0.120 0.114 
1.02 0.120 (3. 113 
1.04 0.120 0.113 
1.06 0.120 0.113 
1.08 o. 120 0.113 
I. 10 0.120 0.113 

DSG G! DSG FF -. 066 0.865 
-.064 0.873 
-.062 0.880 
... .060 0.8[36 
-.058 0.890 -. 057 0.894 -. 056 0.897. 
-.055 0.900 -. 054 0.902 
-.054 0.904 -. 053 o .905 

SYS F  
0.495 
0.514 
0.534 
0.553 
0. 573 
0.593 
0.613 
0.633 
0.653 
0.673 
0.694 

SYS G! 
0.523 
0.535 
0.547 
0,560 
0.973 
0.587 
0.600 
0.614 
0.629 
0.643 
0.638 

SYS F  F 
0.687 
0.693 
0.698 
0.703 
0.707 
0.71 1 
0.714 
0.717 
0.720 
0.723 
0.725 

LOAD V 
0.810 
0.830 
0.850 
0. €369 
0.889 
0.909 
0.928 
0.948 
0.967 
0.987 
1.006 
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TABLE B-M 

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 
LIGHT LOAD C A S E  

C::ONSTARIV IMF'EDCil\lCE: 1.-CIAD 

SYS V 
ij .. 9 0 
i:) . 9 2 
i:, . 9 4 
. 9 6 

0 . c? 8 
1 i') i::) 

I .  02 
1. i j4 
1. . (2 t, 
1 . rjs 
1. . 1 0 

P I R I  
r::) . (1) 2 (:) 
0 . ('.) 2 i::) 
0. 020  
(::) . i j 2 (3 
(:I . (520 
o. ox{:) 
0 " (:!2(3 
i.:) . U ;.'U 
ij {i! 2 1:) 

" (1) 22 (:) 
(1) ., (1) 30 

DSG (5! 

(:) ., 0'78 
0 .  (:!132 
0 .  !:)8& 
ij i") 8 9 
Ci .. 093 
r:) . ij 7'7 
0 . 1 0 1 
O.1Qt5 
. :1 09 

(1) . 1 1 4 
0 . 1. 1. n 

T)SG F'F 

0 .  1613 
0. 1 SE3 
!I. 140 
i:). 139 
(:). 130 
0 .  122 
0 . 1 1. 4 
C!. 107 
(1) ,, (:)vY 
0 .  Cj93 
(3 . (513'7 

I0  9 !i' 
.- . 023 

-. 022 
-. 02 1 
-.- . (j Ti-) *.. ... 
- ., 0 1 Y 
- ,. (5 18 
- . 0 1 H 
- . C) 1 -7 
- 1:) 1 6 -. 015 
-- " (1) 1 5 

SYS F' 
(1) . 052. 
(:) . 05 5 
(:I ,, (:!5 8 
0 .  06 1 
0 .  065 
0 .  (368 
(1) . k:! 7 2 
Q, 075 
. - 
(-) . 079 
r:) . (383  
(1) . ::)f37 

SYS G! 
.- . 0 :5 (1) 
- .. Ci 3 1. 
-. (:)33 
. (1134 -. (j3h 

-. 037 
-. (537 
-- . <:)4(:) 
.-. 042 
-- . ::I 4. ;5 
-. 045 

LORD V 
0. 9(:)2 
(1). 922 
0.942 
C) . 9 h;.:! 
i.1 . 9(32 
1 . (:)(:)2 
:1 . r.)'?2 
1 . Cr42 
I.. . 0 6 2  
1.. 382 
1. . 1. (3 3 

LOWD ?/ 
<) " ';'(::! :! 
0.922 
(1). 942 
0.962 
(:I. 

1.092 
1 . (:)2:' 
1.042 
1 . Oh2 
1.982 
1 . 1 (1) 2 

I ) S G  Q DSG Fz'F 
c).(.I&~ ij.'753 
Q,.i:)bE3 ij.'729 
!I! " '7 .:J c:) " '7 (1) k; 
r :  j 7 7' i::) .. 6 F3 4 
i ( )  3 I. I:! . 6 6 2 
<:)mi:)gj& <:!,,S4.1 
i j .  Oyi:! (1). b19 
) ) c I:) . 59 !? 
r j  . (39'9 !::i ,. 5'7 9 
0 . :! r.:) 4 i:! . F.3 4, !:I! 
i.! . 1 1) 9 (3 . 5 4. 1 

B- 42 

SYS c.2 
-- . (1) 1 5 
- . 0 1 7 
- . 0 :1 9 
-. (1) :.2 1 -. <)24 
-. . i:)2& 
- <"),?I;] . I.. ..- 
.- . (:I 1::; (:) 

,") :: a-3 . ... -8 i 

- (3 1:: 4 )  

-- " (1) :I 6 



TABLE B - I X ,  ' c ~ n t  . 
DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 

LIGHT LOAD C A S E  

I:! 5;(:; r:' 
r::! . 1:) 9 3 
i::! ij c?:::; 

(1) . r:)(j 2 
(1) ,, 09':) 
ij . (1) '7 2 
(:!. 992 
(I! ,, (:)(? 1 
;:I. 09 :1 
(1) . (::) '7 (1) 
i::! i;)'? (:) 
(1) ,, (.)'?(j 

SYS G! 
- . (:!(:I 5 
-- . (1) i ]  €3 
. (1) 1 1 

- <:I 1 1:s 
-.. 016 
-. 018 
- . i>:z 1 
- <-) ,:> '7 

s - &..is 
,-)'?=j . .- A - , -  -. 028 

-- . (11 :3 (11 

SYS F' F 
0 .  982 
(3 . 9 5 1 
(3. 13'75 
ij . 3 0 Ej 
i:) . 6 8 :'. 
(3.524 
(1). 34.7 
(.:I . 1 '7 1 
0 . (:!08 
i.1 . 1 2 7 
0 .  :39 

SYS F' r= 
(1) . 9f38 
(3 .  9'76 
1 . (500 
0 . '798 
0.987 
( 5 .  964 
(1). 924 
(:I. 659 
(3.765 
0 .  65'7 
0 . 4.8'7 

LOAD V 
(3 . 90 1 
(1). 722 
ij . y 4 2 
0.962 
(3.982 
1 . r )  1) 2 
1, . (:) 2 2 
:I . 042 
1 . Oh2 
1 . (1182 
j, . 1 (:):?; 

SYS v 
i:, . 90 
i':,. 92 
(:I ,, Y4 
i::, . '?t3 

0.98 
1 . iJ(.., 

1 . 0 2 
I. " ('.:I ,(+ 

I. . (1) b 
1 . i3E3 
1, 0, 10 

DSG Q 
r:) . 024 
(.I . c:) 5 1 
(I! . (:):38 
. r:) 4.4 

1:). 0s 1 
0.057 
0 . 063 
0 .  i3b9 
(1, . (1) 7 4 
(:I (:)U(:) 
0 .  (1136 

DEiG F'F 
(1). YW3 

" y'7:3 
0 . 94, 1 
(1) . '9 4 ti3 
ij . 9 2; : I  
(I . 9 1. E3 
(3 " !7(:)2 
(:I. 805 
O ,, 868 
0.851 
(1). U53 

SYS F' 
.- .. Oh 8 --. (264 . i.,h 1 --. 05E3 
-. 054 
-. 1 -. 047 
-.- . i:) 4 4 
-- (:)4(:) 

(1) :;;;b 

.-. 03:2 

SYS Q 
(3. 024 
(::, . 0 19 
0 ., (1) 1 5 

* C! j. 1 
(3 . ( 1 ~ : )  7 
(1) . (.I04 
(1) " (:)(:I (1) 
.- . (:)(j.'J 
- . (11 r:, 7 
- . i j  I. (:) 
- . (1) 1 2; 

SYS P F 
!I) . Y 4. 1 
(:, . 95'7 
0 .  971 
(:). 782 
0 .  99 1 
(:) . 9 3 8 
1 . (3(:)(:) 
(1)" 977 
0 .  986 
(1) . 
0 ,, 9 28 

SYS V P I N  
(1) ,, 9(:, (:I 1 d ) ( j  
: :  ,, 9 0 . 1 b i-1 

( j . 94  (:).15(:) 
i::) . 96 0 . 1 b C:) 
i " ? Ej 0 . 1 (3 0 
1 . (30 C:). 1 hi:) 
1 . 0 2  Cl.1cLJC) 
1. . 6::) 4 (1) 1 h (1) 
11 (.)6 0 I. h0 
1 . ilE3 0 . 3. b (1) 
3. . 1 C) i.1 . 1 5iL) 

DSG F'F 
1. .. (:)(:)(:! 

0.997 
!I! ,, !? '7 2 
0 .  98.1 
0 . '? '7 5 
0 .  C?64 
i j .  (352 
i.). 9,2;i3 
0 . 724 
(j . <? 1 i::) 
(1) 8, 8'75 

SYS F' 
-- . (:!ti37 --. 004 
.- . 08 1 
-.- . 078 
-- . (1) '7 zp 
--. ii!7 1 
. (1) h -7 
, i;:) 6 ::2; 

--. C)&T.) 
-.-. 056 

,, 0 5 :> 

SYS Q 
r j  . 4 '7 
(1) C) 4 (3 
(1). 034 
(11 . i) 2 S 
(:) . (:)22; 
(:.) . ('3 1 E3 
!:I " (1) 1 4 
(y)  i::) I(::) 
ij . !:)r:!& 
i:) . (3 (1) 2 
.- . I:)(:) 2 

SYS F' F 
0.  f182 
0 .  Y 04 
(11. 923 
(1) 94i:) 
(2. 954 
(3.  Y5E3 
0 .  '777 
?:I . C) Ii3 8 
0 .  795 
(::, . 999 
(1,. 999 



TABLE B - 1 x 9  oont. 

DATA FOR INDUCTION MACH1NE;POWER FACTOR CORRECTED 
LIGHT LOAD C A S E  

DSG F' 
(3. 171 
(1:) . 1 7 1 
(2  " 1.7 1 
0 . 1 7 1 
(2. 171 
0. 17(:) 
(1) . 1 7 i:) 
ij. 170 
!I) . I .7 (1) 
(2 .  169 
0. 1 69 

DSG Q -. 032 
- ,, (1) 1 €3 
-- . (:S(36 
(1. iji35 
(1) . (1) 1 4 
(1) . (1 2 :5 
(1). 03 1 
0.  0.29 
0 .  047 
ij . i:)54. ' 
(1). 06 1 

DSG F'F 
5) .. 9 133 
0. 995 
0.999 
1 . ocj(1 
!:). (397 
0.991 
0.984 
0. 975 
o. 964 
0.953 
( 2 .  941 

SYS P 
--. 1L)7 
-. 104 
-. . 1.0 1: 
- . 0 9'7 -. 074 -. 0YC) -. OR7 -. 083 
-. fjgCj -. 076 -. (11.72 

SYS B 
0 . 0 80 
(1) . i:)68 
(3 " c.,59 
0 . 050 
0. 1j43 
0.  (j37 
(11 - (115 1 
0 .  (326 
0 . i') 2 ? 
C.) . (3 1 6 
!:I . (1) 1 

SYS F' F' 
i) . 
(::) . 8 3 7 
0.865 
0.888 
0. 908 
0. '925 
Q . '34 1. 
0.955 
0 .  9 h7 
I:). 9763 
(1) . Y 87 

LOAD V 
(3. 896 
0. 91'7 
(1). 93fj 
0 . 759 
5). 979 
1 . C) Oil) 
I, . (:):7i) 
1.041 
1.061 
1 . (-)R 1 
1. l(32 

SYS v 
(1) . Y 2 
0.94 
0 .  36 
i:). 98 
1 . (:I 
1 . (I):? 
1 . 04 
1.06 
1.08 
1 . 1 

DSG PF 
0.944 
0. 9'76 
0. 991 
0. 998 
1 . (:I (:)a 
i). YY9 
0.995 
0. 989 
o.782 
6:) . 9 7 13 

SYS F' -. 124 
-. 121 -. 117 -. 114 
-. 11(3 
-- l ( j .7 
-. 1.(1)3 --. 09'3 
-. 0V.s 
- - (") 93 

SYS Q 
0 .  116 
0 . 095 
(1). i:)8 1 
i:) , ij 7Ci 
ij , 06 1 
0.  i:,53 
(1) . (I 4 6 
0.  039 
0. 0:3:3 
(;') ,, 0 2E3 

SVS F' F 
(3.728 
0 . 7 8 4  

8'"3 - 6 
0 .  £35 1 
(1). 875 
(1). 096 
(:I . 9 1 4. 
( : I .  93<:1 
!:) . 9 4 4 
(1,. 95'7 

USG Q DSG PF' 
0.078 0.168 
(:).<:)El2 !:).I58 
0 . c S U b  0.148 
0.OE39 0 .  139 
: 3 :  ('1 . 1 30 
C).i:)97 (:).I22 
(1) m 1 (1) 1 , (11 z 1 1 4 
0 .  l(35 0. li:)7 
0. l(S'7 O m  05'9 
0. 114 O.C193 
0.1113 i:,.l587 

SYS P 
(3. (:)5.5 
0.059 
0. 06 1 
(1) . (1)6:.S 
O.O,$h 
O. 0.58 
0 . 67 1 
0.073 
(5 . 0 -7 h 
0.078 
(j 080 

SYS B -. 026 
-. 028 
-. (:);5Q -. (332 
- ., (:):35 
-. 0.57 
- . 04!3 -. 0.12 
-. 045 
--. 047 -. 

SYS v 
(:; . 30 
0.92 
0.34 
0 . 9 6 
0.98 
1. (30 
1. . (1) 2 
1 . 04 
1 . (1) 6 
1. C'i3 
:1 . 1 0 

DSG F' 
(:I. 033 
<) - i)z:;; 
(3.033 
0. (332 
(1) " (1):s 2 
(1) . 032 
(1). 032 . 03 I 
0 . (1) 3 1 
C!. 03 1 
(3. 0:30 

DSG R DSG F'F 
(11.0'76 0.403 
0.079 0 .  St34 
0. (:)El3 0. 366 
0. 087 0 .  349 
3 C).3:32 
(j.(:)95 0.317 
1 :  0.303 
: (3.289 
(j.108 Cj.2'76 
: . I  (3.263 
O. i 16 (3. 251 

J3-44 

SYS P 
(1) . 037 
( 1  " 0 3 9 
(1. 041 
0.044 
0 . 046 
0.048 
(1. (:151 
0 . 053 
0 .  056 
0. (j5E3 
0. Qb I 

SYS Q -. (j23 
-. 026 -. (:I28 
-. 030 
- . (:);43 -. (335 -. (j38 
- "  040 .-. (343 
. ( 5  4 6 

-. 048 

SYS P F 
0. 84.3 
0.  El35 
(1). 828 
(3. £322 
0.816 
0.809 
0 . 804 
0.798 
0 .  792 
0.7137 
0. 782 

L O A D  V 
<:) . 9 (:) 1 
0 . 3 2 1 
(1). 94 1 
0.961 
0.981 
1.. 002 
1.022 
1. . 04.2 
1 . 062 
1. (382 
1.. 102 



TABLE B - I X ,  cont. 

FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 
LIGHT LOAD C A S E  

SYS v 
o .. (7 (1) 
(::I 9 ::3 

& 

0 . '3 4. 
i:) . 96 
!.I . 93 
1. (1:) i::! 
1. . (1) '?' 
i .04 
1. . (1) h 
1 . (1)E3 
1. ., I. 0 

DSG F' 
(1) . 05 J 
ij . (j53 
(:I . (1) 5 3 
(j . ( j52 
(1) . C152 
0 . i:) :,'j 2 
(1) ij5 i . (1) :'j 1 
0 .  051 
i )  . o 5 c:) 

(3.05cJ 

DSG L! 
(1). 07 1 
0 .  0'75 
(:I. 0'79 
0 .  083 
(1) .. 0 8 7 
I:;. oy  1 
i:, -096 
cj. 1 ij'j 
(1) . 1 (1) 4 
0. 1.i:)y 
i:) . 1 1 3 

DSG PF 
(3 . 60 1 
(1) 5-77 
(:I. 555 
0 . 5 .z 4 
(1, . 5 1 2 
0.492 
(:) . 4 7 3 
(1) " 455 
0 .  43-7 
(1). 420 
0 . 4 04 

SYS F' 
(1) r:) 1 7 
i j  . i j  19 
(:) . (:) 1 
(3 .  ij2f+ 
0 . 026 
9. 1)2f3 
(1) (1) ::: 1 
. (1:) 3 :'5 

C., . (j;S& 
I:) . c j  ::s 8 
(:I . (1) 4 1 

SYS C.? 
-- 8, 0 1. a 
-- . (32 1 
- %, (:)2:5 
. C) 2 t ,  

-. 029 
. (:! 3 1 

.- . 0 ::5 4 
-. . 1.1 5'7 
-- ij 4 (1) -. (542 
- . (1) 4 5 

SYS P F' 
0 .  668 
0 .  6'7 1 
(:). 672 
9. ,573 
!:) . 6'7' 4 
r:!. 6-73 
(1). 67:3 
13. 672 
0 .  67 1 
(1). 6'70 
( 5 .  669 

I) S G C.;! 
(1). Oh4 
c). 068 
i'! . (1) 7 1:: 
0.  (j77 
0 . 013 1 
0 . 08 h 
!I) (:)v(:) 
0 . (3 9 5 
(1)" 1 (:)o 
(1). 104 
0 . 1 (119 

DSG F'F 
i'r . 754 
0 . '7 3 i::) 
(:) . 7 0 7 
(::) . 61 8 5 
(3 ., 602 
o. 641 
(:) . i5 1 Y 
0 .  599 
(1). 579 
0.559 
(3. 54 1 

L O A D  V 
0.9CiI. 
( j .922 
(j. 942 
(1). 9&2 
0 .  9132 
1 . 0 9::) 2 
1 . (:)22 
1.043 
1 . (:)&:I 
1.083 
1. l(33 

SYS v 
0 .. 9 0 
(:) . 9 2 
ij. '74 
(1). Y6 
(':, . 9 0 
1 * (j (1) 
1.  (32  
1 .(I4 
1 . (1) 6 
1 . (>E3 
1. 8, :1 C) 

DSG P 
0 . 09:3 
0 .  093 
(1) . (3 92 
(j. 092 
0 . (1) =f 2 
(1) . 7 2 
tj. (:)Y 1 
i:) . ijc? 1 
ij . (:)'3(:) 
(j. 091) 
(1) . c:, 90 

DSG ,L! 
(1) rn (1) 3 4 
0 .  (1159 
(3.  (1)64 
0 .  (569 
0 .  074 
i 078 

(1) . (1) 8 .I 
0 .  088 
(1) . 0'3 3 
(3.098 
(3 .  103 

DSG F'F 
( : I .  864 
0.844 
(:I. 833 
0.  €302 
0 .  781 
0.;'53 
(:I. -7::;y 
(3 . '7 1 €3 
0.6'37 
0.677 
I:). 65'7 

SYS F' -. ( 3 7 7  * .> 

-. 021 
.- . (1) 1 8 
. 0 16 

-. 014 
. 0 1 1 

-- ,, (:)( 3 9 
--. 006 
-- " (1) (") 4 
. 0 0 1 

ij . (::)(:) 1 

SYS L! 
--. ( j02 
-. 005 
- . (1) 0 1:) 
-. 012 -. 615 
.... . O i €3 

02 1 
-. 025 
-- . (1) 28 
-. 031 
- . i:) :I 5 

SYS P F 
(3.978 
0.  772 
(2 . 7 I. 2 
i:! . 8 1 i;:) 
o. 676 
(1). 526 
(5.381 
ij . :? 5 1 

, 0 .  137 
0 . 046 
o. 029 

SYS v 
(1). 90 
(1). 92 
0 . '? 4 
(1) . 9 6 
(1) . 9E1 
1 . cK:) 
1. (32 
1.04 
1 . i:)c) 
1.OE3 
:1 . 1 0 

DSG PF' 
0.939 
0 .  923 
0 . 906 
0 .  G 8 8  
0 . 870 
(3. 85 1 
i:). ~ : 3 2  
(i . 8 1.2 
0 .  793 
(1). 7'74 
0.754 

SYS F' 
- " (114:s 
-.- . 04 1 -. (j:38 

.. -* - . (-).:>(I 
- . (333 

-.ox1 
- . 029 
-. (526 
..- . (:I 2 4. 
-. 02 1 
-- . 0 1 9 

SYS L! 
0 . 0 1. 1 
(1) . O(37 
(1) . (1:) (1) 3 
-. . (:)i::) 1 
- . ij (1) f; 
-. (j09 
.- . t') 1. 2 
-. 016 
.-. . (:I 2 (1) 
-. 024 
- . 027 

SYS P 'F 
(1). 967 
(1). 305 
0 . 997 
1.000 
0.990 
0 .  964 
0 . 9 1 8 
(1) . 8 :'j 2 
(3.769 
0.672 
0.567 



TABLE B - I X ,  cont. 

DATA FOR INDUCTION MACHINE, POCJER FACTOR CORRECTED 
L I G H T  LOAD C A S E  

SYS v P :l 1\1 
(1) ,, 9 i:) (1) . 1 4 i:: 
0 # 'Y'" I.:: i3.;4i> 

i::, . (5.4 C:) . 1 4 0 
I.::) . v,+> (:I " :1 4. i:) 
i''> . '7 (!{ (1) . :i, .4 i:? 

1 )<..I <::) ,, 1 4 (1:) 1 ::: 
. -. ,-, ,i (,.I ,(:. (1) ,, 1 ~:i.(:) 
1 .. (1) 4 C! a :, 14 
1 . (:!.$, (3 ,, 1 4 0 
1 . (3 E3 <:J 1 4 ij 
1 1 i:! ("1 ,, L A$<:) 

BSG F=' 
ij. 152 
(.:) " 1. c:; ,T 

,., a,. 

C),, I. 52 
0 . 1 5 :I. . 1 5 1 
0 . 1 5 1 
(5 . 1 5 1 
0 .  1 5 0  
(5. 1.50 
<;\ .. 1 5 <;I 

0 .  1.49 

SYS F' -. (1182. 
-- r:! &':, 
-- i:!7@ 
-. 075 -. (j73 
-. 071 -. 068 --. 066 -. 063 
-- O A l  
-- . i:)58 

SYS P F' 
( 5 .  €352 
0 .  RE3 1 
!:I. 90h 
r:,. 9313 
(:I . 95(3 
0 .  968 
0. 9132 
0.993 
0.999 
C, . '799 
0. 994 

I"' IN 
i-1 . 1 H!) 
(1) 1 $3 (:.) 
(1) . 1 E 3 0  
i:) . 1 8 0 
I:) . :L 8 (j 
(:) :I. ?3 i::) 
(1) 1 ti?(:) 
(1) 1 (3 (1:) 
i:) ,, 1 {3(:) 
(1) " 1 Si.) 
(::) . 1 El (1) 

DSG P 
i). 19(j 
0 .  i C j ( j  

!:I) :1 '7 (1) 
(.:! 1 if (1;) 
(1) ., 1 3 (:I 
(j , 3. C? (:) 

(1) " 1 '+'(:) 

0 .  lt39 
0 -  1r39 
0 .  189 

DSG L;! 
. 06'7 -. 043 --. ij13.7 

-- " (1) 1. 1::; 
- . 00 1 
(1) " (:! (:, 9 
i:r . (:) 1 9 
0 .  (:,2fl 
(1). (:)57 
i:). 045 

IISG F'F 
(:I. 943 
( 5 .  '375 
(1). 9'70 
0 .  97E3 
1 . 000 
(3. 999 
0 .  995 
('). 989 
0 .  981 
0.973 

SYS F' --. 117 
-. 11.7 
.-. 115 
-- . 1 1 ;5 
- . 1 1 0 -. l(18 
-. 11:15 -. 103 
-. 101 -. !:I98 

SYS B 
(1) . 1 2 1 
0.  (:!YE3 
0 . OI3:5 
k::! . 0 7 1 
1:) . Oh 1 
C.). (352 
(:I . 044 
0 .  036 
0. 029 
(11 . (:!23 



TABLE B-X 

DATA FOR INDUCTION MACHINE, P m E R  FACTOR CORRECTED 
HEAVY LOAD C A S E  

C:ORIS"l-ARIT' :LMlz'E.L)AWCE 1.-.OC\L) 

DSG PF 
(1) . 2 1 1 
i::) 1 9 7 
0 .  1138 
<:I.  17.7 
(I) s 1 6.7 
(1). 156 
0 .  14'7 
0. 139 
0 . 1 ;5 1 
c.r . 1 2:3 
0.115 

cjy$; 13 IF' 

(1) * :3 4 (1) 
i:) . 3 4. i:) 
(3 .  134 1 
(? ,, €3 4. :I, 
!1) rn :3 4 1 
( ' 2 . 8 4 2  
(1) . 8 4 2 
0 . 8 4.21 
!:) . 84::; 
c j .  a4:3 
9.134.3 

L... T I  A I.) V 
i j .  a31 
i.! , $3 4 9 
i:) . U b H  
il . 1353b~ 
0 .  905 
i.!. 2 : ~  
!I) . I:, 4, ':> .,-. 
(:! . 9 6 (1) 
(I! . 5) 7 i3 
i':, .9?.7 

1 . 0 1. 5 

DSG Q 
(::! . i:? 6 3 
{.:) i,:) 6 '7 
(1) " (1) 7 (I! 
(1) (1) '7 ":!' 

/ .".& 

i.) . (1:) -7 '7 
c! 1:) 8 r.1 
(3 . ('!a4 
(::I i::) €3 '7 
0 i:)(? 1 
i1) " <:) '7 4 
!:I . (1) 9 8 

$i"($j ?/ 
i:! ,, 

(I:! . 5' 
(., . 94 
15 * 96 
(3. '418 

1. . i.? i.? 

:!. . (:)z 
I. " (2  4 
:! . (3 b 
I. " I:! €3 
:1 . :1 (1) 

1 i:) ,36 5; 
" 11, 2 '1 
. 1, :i. E3 

.- . 1 :i 2 
. 1. i3.7 
. :L (I) 2 

... '3 c:? E3 ., . 
-. ., 034 

" 0 V i-) 
,,,.. " (1) 8 (., 

('j E3 ,'"; 

.-- .. i:) (3 (1) 

S Y S  8 
i:! ,, ::!; (3 7 

a 1:-: Fj j. 

1 : )  . z : ( ? h  
I:) . 4 :I. 2 
(.I " 4213 
r:! . 4 ;I 4. 
C:) " 4.6) 1, 
\::: Lk -,?' p .  
(1) . 4 9 5 
<:I) ,, y.5 1 1:; 
c:! " :.; 2 :  1. 



TABLE B-X, cont. 

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 
HEAVY LOAD C A S E  

SYS 8 
(:j . 378 
<:, " :3 9 2 
0 . 4.0 7 
!::I . 4 2. 2 
(1,. 4;57 
(:I! " 4 5 3 
!:;). 469 
(;:I . 4 8 ti 
i., . 5 C I : 5  
<I. 521 
(1) . 5 :3 9 

SYS P F 
U. 7'72 
c j  . 7'7'7 
(5. 7132 
0.706 
(1) . '7 9 (1) 
i1!., 794 
(1). 797 
(:) " 8 (:) C) 
(1) - 8 (1) 2 

8 <::I 5 
(I! . Ei (3 7 

i:)SG P . 1 1 :3 
('1 :L 1 "?; ..- 
(I! . I I ,E; 

i:) ,, :1 1 ::; . 

. 1 1 :5 
i::j . 1 12 
(::I s 1. 1 2. 
!'I " 1 1 :? 
(3 . 1 1 2 
0.1:11 
r) - I 1. 1 

10 * S SYS F' 
,-, - - 4  !:).42;9 

--. 192 0. 464 
. - . I81  0.49(1) 

-- . 1 7 1 (3. 5 1. -7 
-. '1 63  (1). 3/14 
-. 135 (11. 5'71 -. 148 0. 599 
-. 141 <:].A27 
..-. 135 ' (1). 657 
-. 129 0. 686 
-. 124 0. 716 

SYS R 
(3.394 
ri! . 407 
(3.421 
(11. 4:35 
(3. 450 
(:I. 4 65 
0. 48 1 
(1). 437 
9.513 
(1). 530 
(1). 548 

SYS P F' 
(5. 744 
("1 . 7 yj 2 
0. 759 
(1) ,7 6 5 
(3 . 7 7 1 
0.776 
(3. 780 

,, 784 
0. 788 
0. 79 1 
0. 794 

L O A D  V 
(1) " 0 3 1 
(3.  BJO 
(1) . 86U 
0. E307 
0 . 906 
0 ,. 974 
(11. 943 
0 .  96 1 
0.980 
0.998 
1 . (I) 1 '7 

DSG M 
--. 1 )(.I4 
I') . (j05 
(1;) . 0 1 2 
0 . 0 1 9 
0 . 0 2 6 
0 .  032 
(:I . i:)::5 8 
<I a I:! ~3 
0.  050 
C) . U ~ C J  
0. 06 1 

SYS P F 
0. 708 
(1). '720 
i:) . 7:3!:) 
0.739 
0. 747 
0.754 
GI. 760 
( 1 .  766 
(1). 771 
C'. 775 
(3.780 

SYS V P I N  
: 0.160 
0.92 ('1).1[>(j 
0.94 (:).16(:) 
0.7.5 (3 .  160 
0.9a O.IhO 
1 . 00 16(3 
1 . 1 :  (5.16c.) 
1 . 4  Cr.160 
1.O6 O.16O 
1.OE3 0.160 
1 . 1 (1) (1) . 1 60 



TABLE B-X, 'cont. 

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 
HEAVY LOAD C A S E  

C i Y E j V  F ' I N  
(1) ,, '7 0 (1) . (.) 2 0 
ij . z.1 ij a (:) 2 <) 
(1) . 94. (11 " 020 
CI . 96 ij . ij 2C:) 
ij . 9 0 (1) . u 2 (1) 
1 . i i:) . ij 2 (:) 
1 . c>>: f-! . t::j :?(:) 
1 . c:, 4 . (1) :;:(:) 
1 . (:)A (:) 1:) 2(:) 
1 : i:) . (:I 2 i') 
1 . I u c j  . i:)2(:) 

SYS V 
0 .  30 
O .  92 
iJ . '7'4 
(1). 96 
( 5 .  98 
1 . i jC) 
1.02 
1.04 
1 . [1)6 
I . C J E ~  
1.10 

SYS F' 
0 .  585 
0 u 6C) 4. 
('1. 624 
0.. h44 
(3.664 
0. bULI 
(3. 704 
ij. '724 
0. 745 
(1). 765 
0.706 

SYS Q 
!:) . ,E;99 
('.:I . 4 10 
(3. 4 . 2 2  
(:I. 433 
(1) . 4 4 4. 
<:I. 455 
0 .  46'7 
!:I. 47s 
!:) . 490 
0.501 
. 5 1 -3 

L O A D  L' 
(1). 132 1 
0 ,  8.4 1 
(". 060 
0 .  88C) 
0 . (399 
0.919 
Q. 939 
0.958 
0 .  7'78 
0.99'7 
1. . (.I 1 7 



TABLE B-X, cont. 

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 
HEAVY LOAD C A S E  

SYS C? 
i:) 4 ( 1 ) 7  
9::) . 4 2 (1) 
(1: . 4:3 1 
C). 441 
< j m  4.52 
I:). , 465  
r3.474 
i:) . 4.05 
rg . 4. ';I 7 
(1) 5 (:!8 
1:) . 5 1 9 

'y 2 j V r:, :I: 

(2 7 t:) (1: . i:!& 

C) . 92 r3 . i : ! ~ ~ i : )  

(1) " (7 4. (1) . ::! ,5 (1) 
i:) . 96 <:I . (1) 6 (1:) 
(1) . 913 <I! . (:!,5i:I 

" I i : :  i::) ,, 0 h C) 
:L . (:i3 (1) . (::)hi:) 

1 4 i:) . !:)50 
.: (:)el i )  . (:!hi:) 

1 " Qtj <:;j . <:I 6 <) 
1.1( : )  t:).CiB4:) 

;::, j:p,i 

(1) . I::) (3 (1) 
(I! ,, (3 8 t:,l 
(:I . i ; ) i3G 
0 . (:)i30 
(::I " !:! i3 C! 
i::) ,, <:is (::i 

(::i t:)i3[:) . 
,::;I @ I::! cj i:) 
(:) (:)[!I i:) 

3;:) ,, (:I :$ c::i 

i:! i::!H!:) 

S Y 5: a 
!:) " :T::,(,.! 
I:) ,, .<I. .ti. ("' 

(1). i$S(:l 
(I! " 4 51 
C? ,, 4'59 
i':! . 4aa 
(::! . 4 9 1:) 
(::I . 5 I:! (::! 
i.! . 5 1. .t 
O,, 521 
i:) - t; ::< 2: 

sli'g V p xr,l 

,, (7 i:! . z. y,? I:! 

i") " 9 2 !") ,, :i :,z<:! 
(1 . (9 1 1  !I; ,, :I, :;(I! 
(1) . i:) :I. -r' 
I !  ] (::i . 1. 2i:! 

1 " ,::)I:::) (:I " 1. 2 I:) 
1. ,, i::! 2 I::! ,- 1. :? <) 

1. . i:) 4. I::) 1. Yi? (I! 
1. . O b (I! 6, 3. 3:) 
1, <:I! c! i::) ,, 1, i:;) 

1 . 1 0 (::! . :I. 2 0 



TABLE B-X, 'CO nt . 

SYES V 
i:) " (7 (1) 
1.::) . 9 2 
C! . ' 74  
(1). 96 
(j a '3E 
i i.1 <:; 
:I . i j  2 
1 ., C!i\ 
1 . O h  
1 ., 08 
1.10 

SyEj iJ 

(::) . yo  
i:l. 92 
!:) . 9 4 
0, C ? 6  

(1). 9E1 
1 . IICi 
1 . (1) 2: 
1.04 
1 . 06 
1.08 
1 . 1 (:I 

SYS v 
0 .  96 
0 . 90 
1. . ()O 
1. i n  

1. (114 
1. O h  
1 ,* 08 
1 " 1 (::) 

C" , ,-\ a r : 3  V 
I. m (1) (1:) 
1 * (:I>: 

1. 04 
1. ( 5 6  
1 (1)s 
1 , 1 .0  

DATA FOR INDUCTION MACHINE, POWER FACTOR CORRECTED 
HEAVY LOAD C A S E  

L)SG F' 
(1) " :[ ::: 3 
<:) :1 ::; 3 
(")* 1:2:3 
(1)" 1:53 
(11 1. 
I:) " :L 3 2 
i). 132 
(j " 1 2; 
C.i . 1 :3 1 
0.133. 
i:) :l 3 1 

1)SCG P 
(1). 152 
I:). 152 
(1. 152 
0.152 
(j. 152 
(3. 152 
(1). 152 
(3 . 1 5 :L 
i:) . 1 5 1 
(::I. 15 1 
0 . 1 5 1 

IISG F" 
i'! 1 '7 1 
0 . 1 7 1. 
!:) . 1 ;7 1 
0 . 1 7 1 
0.171 
0 . 1 7 1 
(:) ,, 1 7(:) 
(1) . 3. 7 C:) 

DSG F 
<:I 1 Ti::) 
'.:, . 190  
0.190 
0. 190 
i:) 1 '3i::) 
i l  . 1 Y 0 

D S G  B 
. 056 --. (335 

- . !j 2 (:I 
- . (309 
0 . 00 1 . 
(11 . (:I 1 (1) 
0 . 0 18 
0. 0 2 6 3  
(1) " (:):3 3 
. (:) 4 ij 

(:I . 047 

DSG L! -. (1151 -. 033 
-- . 0 I. 5' 
- . 007 
(;) " (1) (1 3 
i:, . i:) :i 3 
0 . (1) 2 1 
i:, " (1) 7; 0 

SY!? B 
(3 ., 4 7 1. 
0.477  
(1) . q.33 
i::) , 4 9 0 

" 45'8 
{j 5 ( j 7  

!:I . 5 1 5 
(1) . r-- -7 JL4 
i:!. 533 
(1). 543 
i:). 552 

[3YS Q 
0 . 5 1 5 
(.:I " 5 1 (1) 
0.51 1 
(.) . 5 1 5 
(1) . %2(:) 
i:). 52b 
(1)" 5:s: 
(3 . 54.1 
(1) .. 549 
Q .  558 
C). Sbb 

S'iS Q 
(1). 554 
C:). 552 
1:) .. 555 
0.557 
(1) ,, 5 h . X  
(1). 569 
O., 576 
$1). 58s 

S Y S  (2 
(::) " (2 (1) <:I 

,, 5'31' 
.-I 

i:). 592 
!:I. 595 
0.597 
(1). 604 

c; y 5 p 1:: 

0 . 7 1 h 
i.:) . '7 2 6 
r:), 735 
i:). 742 
C!. 7 . 4 9  
(j. 756 
0 . 7 61 1 
C! . 7 h .s 
(1. 7 7  :L 
0.775 
0 . 7 1 3 0  

SYS P F 
0 .  66b 
( 3 . 6 3 6  
(1) - 7il 1 
(1 . '7 1 2 
(1) . -7 "> 3 

/ LI- 

0.731 
(::I . '7 3 fi 
(3. '7 45  
(1). 752 
(1)" 757 
0 .  763 

S Y S  P F 
( )  .. 669 
I:) . h €3 6 
(11 " 71:\{;1 
(11 . 7 f l 
0 . 7 :i! (1, 
(j.728 
(1:; " - "-' / .:*6 
0.  ,743 

SyS F:' 

(1). 654 
(3. b74 
0. b u s  
!I) . 7 (j (1) 
(1) a 7 1 (1) 
i:) . -7 1 9 

L..C)AD ?/ 
0.1318 
0 .  t3:3$3 
1 3 , 8 5 9  
<.I . 979 
0 ,, 1 3 0 7  
(1) m 9 1 Y 
i::) . r? 12: 8 
0. 933 
(.I. 9-78 
(::I . 9 9 U 
1 . (1) 1 8 

LOAD V 
0 . 8 1 4 
Q., 835 
0 .  €356 
(1). 877 
0. El97 
i j  ,, 9 1 '7 
(:) t3:5:7 
(15. 95'7 
(1)" 9'77 
0. 977 
1. . 0 1 7 

1-OAT) ?I 
(11 " 13-73 
0 .  895 
(1) ,: (7 1 5 
0. 936 
0. 956 
(11. ? - 7 6  
(3 . (7'3t; 
I .  ij16 

L-OAD {J 
(1) . 9 1 1 
i1)" 7.33 
(1). 954 
0 .  975 
c'i] " 9 C? 5 

I . .  015 



TABLE B-XI 

DATA FOR WERTER,  CEA CONTROL 
CONeYrAN'T IMPEDANCE L O A D  LIGHT LOAD CASE 

SYS V DSCj P . 90 (3 . 020 
c3.92 (j.020 
0.94 0 . ~ ~ 2 0  
0.96 0.U20 
(:).YE3 O.C.,20 
1.00 c.,.020 
1.02 0.1:)20 
1.04 0.  C)20 
1.06 o.(jzo 
1.0E3 0.020 
l.l(:) 0.020 

DSG Q 
- . 0 1 (1) 
-. 010 -. 010 
- . o 1 o 
- . 0 1 0 -. a1o 
- . 0 1 0 

.o10 
- . (2 I 
- . 0 1 (3 
- . (1) 1 (1) 

DSG F'F 
0. 894 
(3.894 
0. 894 
0. 894 
(3.894 
(1.894 
0. 894 
0.89'1 
o. 894 
0 .  894 
0.894 

SYS P 
0. 044 
0.046 
C )  . (349 
0. 052 
0 . 055 
0.059 
(3.062 
0 0 OLS 
O. (:)&El 
(3. 0'72 
o. 075 

SYS I2 
(1) . CJ58 
0. 060 
(5 . 0 6 2 
0. (364 
0. 067 
CS.069 
0.071 
0.074 . 
0.076 
0. 079 
(1). ijB 1 

SYS PF 
cJ.603 
0.613 
0.  ,523 
0.632 
0.640 
0.647 
0 .  654 
0,. 647 1. 
0.6h7 
(3.673 
0.678 

SYS V DSG P 
0.'?C) 0.040 
(2.92 0.040 
0.94 0.040 
13-96 0.040 
[:).'?El (3.040 
1-00  0.040 
1.02 (j.040 
1.04 0.040 
l.,.c:)h 0.040 
1.1)€3 0.040 
1.10 (3.040 

DSG (5! -. 020 -. 020 -. 020 -. (320 
-- . 1120 -. 020 
-. (j20 
- " 020 
- . (320 -. 020 -. (j20 

DSG PF 
0.894 
(3.894 
(3.874 
0.894 
0 .'El94 
o. 894 
CI .894 
0.894 
0,894 
0.894 
0.894 

SYS P 
(:). 024 
(3.026 
0.029 
0.032 
0.035 
0 .  (338 
o. tj42 
0.045 
Q . 048 
0. (I52 
0.055 

SYS Q 
0. 06B 
0.070 
0. 072 
(j. 0'74 
(:I . 0 7 7 
0.079 
0.081 
0.084 
(I. 086 
0.089 
CI.091 

SYS PF 
0.329 
(3.354 
0.377 
0.399 
(3 . 420 
0.439 
0.  456 
(3.473 
0. 488 
0.503 
(1) . 5 1.6 

LOAD V 
0.1391 
0.91 1 
o. 931 
0.951 
0.971 
0.990 
1.010 
1.030 
1 .050 
1.070 
1 . (19(:) 

SYS V 
(1) . 7 0 
0.92 
0 .  94 
0.96 
(3. 78 
1.00 
I .  02 
1.04 
1 . 06 
I .  OE3 
1. . 1 0 

DSG P 
0. Oh(:) 
(3. 060 
I j . [:I 6 (:I 
0.060 
O. c:IhO 
0. OhU 
(>.a60 
O. 060 
(1). Oh0 
0. OLO 
('1. O h 0  

DSG PF 
0 . 89 4 
0.894 
0.894 
0.894 
(1). 894 
0.894 
0.894 
0. €394 
0.894 
0.891 
0. 894 

SYS P 
0. 004 
0.006 
(3 . c)(:19 
0. 
(3.015 
0.01@) 
0 . [:I22 
6.025 
(3. 028 
0.032 
0.035 

SYS Q 
0.078 
0. (3B0 
0.082 
0.084 
0.087 
0.089 
0. 09i 
0.0'74 
0.096 
0; 099 
0 . 1 0 1 

SYS PF 
(5 . 0 4 5 
0.080 
0.113 
0.144 
0. 175 
0.209 
0 .  2.31. 
(3.257 
0.2Rl 

- 304 
0.326 

LOAD V 
0.891 
0.91 1 
0.931 
0.951 
0.970 
0.990 
1 . 0 1 C) 
.030 

1.050 
1.070 
1.089 

SYS v 
C). 90 
o. 92 
el. 94 
0 . 9 h 
0.98 
1. o(5 
1.02 
1.04 
1 . 0 h 
1. (38 
1 " 1 (1) 

DSG P 
I:, . 080 
(3. 080 
0. 08(:, 
0.080 
0. 080 
0. 080 
0.080 
0. OH0 
0. (3130 
(:I . ~ S 8 O  
0. (380 

DSG I2 -. 040 -. 040 
- " (.I4(j 
-. 040 -. 040 
-. 040 
- . 1340 
- . 04(j -. 04C) 
-. 040 -. 04~:) 

DSG PF 
0.894 
0.894 
13. 894 
0.894 
0. 894 
0. 894 
o. 894 
0.894 
0.894 
0.894 
0. 894 

SYS P -. 017 
-. (314 
- . B 1 1 
- .008 
- . (1) 1:)s 
- . 0cJ2 
0. 002 
0.005 
0. (:)08 
0.011 
(1) . (1) 1 3 

SYS Q 
0.088 
0.090 
(1. 092 
0.094 
0.096 
0. (399 
0.101 
0. 104 
0 .  106 
(1. l (39 
(1) . 1 1 1 

SYS PF 
0.185 
0.150 
0.1 lL1 
0.082 
0. 049 
(3.016 
8.016 
(3.047 
0.076 
(3. 1CE 
(3.133 

LOAD V 
0. 891 
0.911 
0.931 
0.950 
(1). 970 
0.990 
1.010 
1.030 
1.050 
1.069 
1. C)89 



TABLE B-XI, cont. 

DATA FOR INVERTER, CEA CONTROL 
LIGHT LOAD CASE 

SYS v 
Cj . '7 C) 
0.92 
0 . 94 
0.96 
0. 98 
1.00 
1 . (52 
1.04 
1.06 
1.08 
1 . 1 (1) 

DSG -. 050 
-. 050 
- . (:I50 
-. 050 
.- . 050 
-. 050 
.-A. 05(3 
-. 050 -. 050 
- .050 -. 050 

DSG PF 
(3.894 
0. 894 
(5.894 
0.894 
(3.894 
0.894 
0.894 
0.894 
(3.894 
0.894 
(1) . 89 4 

SYS P 
- . 03'7 
-. 034 
- . 03 1 
-. 028 
-. (j25 
-. 022 -. 018 -. 015 -. 012 
-. 009 -. 005 

SYS L! 
0 . 098 
0 . 1 (:)(:I 
0 . 1 0 2 
0.104 
0.106 
0 .  109 
(1) . 1 1 1 
0.114 
0.116 
0.119 
(3. 121 

SYS PF 
0.351 
0.320 
0. 289 
0.258 
0 .  226 
(3. 195 
0.164 
i j .  13.3 
(3. 102 
0.072 
0.042 

LOAD V 
0 .  891 . 
0.910 
0.930 
0.950 
0. 970 
C) . 990 
1.010 
1. 030 
1.049 
1.069 
1.089 

SYS V 
0 . 9 0 
(.) . 92 
0.94 
0.96 
0 . '7 8 
1.00 
1 . 02 
1.04 
1 . 06 
1 .-(:)El 
1.10 

DSG LI? -. 060 -. 060 
-. Cl6O -. Oh0 -. 060 -. 060 -. 060 -. 06Q -. 06(3 -. 060 -. 060 

DSG PF 
0.894 
0.894 
(3.894 
0.894 
0.894 
0.894 
(3.894 
0.894 
0.894 
(3.894 
0.894 

SYS P 
-. 057 -. 054 -. 051 -. 048 -. 045 
-. 042 -. 038 
-. 035 -. 0.32 
-. 029 -. 025 

SYS a 
0. 108 
0.110 
(:I . 1 1 2 
0.114 
0 . 1 1 6 
0.119 
0.121 
0. 1.24 
0.126 
0.129 
0.131 

SYS PF 
(3. 466 
0. 440 
(3.413 
0.386 
0. 359 
0.331 
0.303 
0.274 
0. 246 
0.217 
0.188 

LOAD V 
0. 896 
(3.910 
0 .  930 
(1.950 
0 .  970 
0.990 
1.009 
1.029 
1.049 
1.069 
1.089 

SYS v 
0.90 
i j .  92 
0.94 
0.96 
C ) .  98 
1.90 
1.02 
1.04 
1. . O b 
1.08 
1.10 

DSG P 
0. 14C) 
C). 140 
(3. 140 
0.140 
0.140 
0.140 
0. 140 
0.140 
0.140 
0.140' 
0.140 

DSG PF 
(3. 894 
0.894 
(1.894 
0. 8.94 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 

SYS P -. 077 -. 074 -. 071 -. 068 -. 065 -. 062 
-. 059 -. 095 -. 052 -. 049 - .a43 

SYS 0 
0.118 
0.120 
0 .  122 
0.124 
0. 126 
0.129 
5 ) .  131 
0.134 
0.136 
0.139 
0.141 

SYS PF 
0. 546 
0.525 
0.502 
0. 480 
(3. 456 
0.432 
0.408 
0.382 
0.357 
.0.33 1 
0.309 

LOAD V 
0.890 
0.910 
0. 930 
0.950 
0.970 
0.989 
1.009 
1.029 
1.049 
1.069 
1.089 

SYS v 
0 .  90 
0.92 
(5.94 
0.96 
0.98 
1.00 
1 . 02 
1.04 
1 .06 
1.08 
1 . 1 C) 

DSG P 
0. 160 
0.160 
cJ.lh0 
0.160 
0.160 
o. 160 
(3. 1hO 
0. 16(3 
(I. 160 
0.160 
O.lh0 

DSG GI 
,- ,, (3813 -. 080 
- . (380 -. 080 -. 080 -. 080 
- .(I80 
-*.0€30 
- .080 -. 080 -. 080 

DSG PF 
C). 894 
0.894 , 
0.894 

.0.894 
0.894 
0.894 
0.894 
0.894. 
0.894 ' 

0.894 
0.894 

SYS P -. 097 -. 094 -. 092 -. 088 -. (385 -. 082 -. 07'3 -. 075 -. 072 
-. 069 -. 065 

SYS Q 
(5. 128 
0.1.30 
0.132 
0.134 
0. 136 
0.139 
0 . 1 4 1 
0.144 
0. 1.46 
(3. 149 
0.131 

SYS PF 
0. 604 
0.586 
0.567 
0.548 
0.528 
9.508 
0.48h' 
0.465 
0.442 
0.420 
(3.396' 



TABLE B-XI, cont. 

DATA FOR INVERTER, CEA CONTROL 
LIGHT LOAD CASE 

LOAD V 
0 . 1390 
(:) . 9 09 
0. 929 
(11. 949 
0 .  969 
0. 989 
1 . 0 9 
1.039 
1 . 049 
1.068 
1 .088 

DSG Q 
,, 9 i:) 

-- . i':)cj(:) 

-- ij9i:) 
- . s j  C? (1) 
- . ijyi:) 
-.- " c:) '7 (1:) 
.- . (1) 9 (1) 
-. 0yi:) 
-- . I : J ~ I : J  

- . i:)90 
-- . 0 7 (1) 

IISG F'F 
0 .  894 
0.  E394 
1:). 894 
0 .  894 
(S. 894. 
0.834 
0. 894 
cJ.894 
0.894 
0. €394 
(:I . 89 I 

SYS P 
-. 11'7 
-.. 114 
-. 111 
-. 108 
--. 105 
- . 1 ("1 2 
-. 099 
-. 095 
.. . (:) 9 2 
--. 089 
- . (1Qf; 

SYS Q 
0. 1 p;'7 
0 .  140 
0.142 
0 .  144 
0.146 
0.149 
0.151 
(j. 153 
0.156 
(3. 158 
Ci . 1 A r 

SYS V DSG P 
(::) ., 9 (1) 0 . 2 i:) o 
i::) 9 :? i3 :.:? 0 (::) 

c:) . Y 4 r j  . ill:) cs 
0 . 9 6 i:) . 2!:) 0 
0.'?8 Om2C.b(:) 
j. (:I) !:I 1::) . :2 i::)(::) 
3. ,, 0 2 0 . 2 i:, (1) 
:I. . <:) 4. (:I) . 2 (::)(:) 
1 ,  0.2C)O 
1. " <:)$j . 2(:)(:) 
:L . 1 (1) ' 0 . 20 (:I 

SYS P 
-. 137 
-. 134 -. 131 
.-. 128 
--. 125 -. 122 
-. 119 
-. 115 
.-. 112 
-. 109 
-. 165 

SYS (I! 

'0. 147 
(1). 150 
0.152 
0 .  154 
0. 156 
0. 159 
0.161 
0 .  16.3 
O. 166 
0 .  168 
6 . 1 7 1 

SYS PF 
O . h 8 0 
0.667 
(I). h53 
(3.639 
(3. 624 
0. 609 
0.595 
(2.577 
(3. 560 
(j.542 
0.524 

LOAD V 
0.889 
(). 909 
0. 929 
0.949 
0. 969 
o .989 
1 . 009 
1.028 
1 . 048 
1 . 068 . 
1 . 088 

RERL. I S ' T  X C: LOAD 

DSG r' 
1:) . U2CI 
i:) (1) z? i) 
I3 . (1) 
(:) " <:) 2 (::) 
(3.  020 
<:I . C) L?, <:) 

0 .  [:)2i:) 
C'l . (::I 2 (1) 
<j ,, ij 2: (:I 
0 .  020 
1:) . I:).:: I:) 

HYS P 
( 5 .  049 
(11 . 1 
0 .  053 
( 1 .  055 
0 .  057 
0. i159 
0. 06 1 
(j. 063 
r~ . i:~hz 
13 . (367 
(1) . (1) '7 (3 

S Y 9  PI: 
(3.6'21 
(5.627 
0.633 
0.639 
0. h44 
(1. 649 
(11. 653 
0 .  658 
0. LC52 
(3.666 
0.669 

LOAD 'd 
0.891 
0.5'11 
0.931 
6.951 
0.971 
0.  991 
1.011 
1.031 
1 . C)5 1 
1.070 
1 . 090 

DSG F" 
(1) . i:) ~1 (:I 

(3. 040 
(3. (:)4(:) 
<:r . (1) 4 i3 
0 . 04(j 
0 . i;r 4 ij 
0 . 040 
0 . (1) 4 i:, 
0 . (:) 4 (1) 
(1) . 04ij 
0 . (1:) 4 

DSG VF SYS P 
(1). I394 i:) . (1) 2 9 
0.894 0. 0.3 1 
i:, -894 (1) . 0 3 3 
1:) . 8 9 4 (3 . (1) 13 rj 
0.  BY^ s j  . o;:; 7 
0 .  €394. (1) . 0:59 
U. 834 (1) . 04 1 
0.894 (3. 043 
0 .  894 (3. 045 
(3.894 0. (547 
0 .  894 (:I . (:)5(:) 

B-54 

SYS (I! 

(1) . (:I 7 2 
0. 073 
0 . 0-7 5 
(11. 07c 
. u7n 

o .  079 
(3.081 
il. i382 
0.084 
0. 086 
0.087 

SYS PF 
0.373 
0.389 
(1) . 403 
(3.117 
0. 429 
(:I . 4 4 2 
(1). 455 
0.464 
0.475 
0.485 
0.494 

LOAD V 
0. 89 1 
0. 91 1 
(1). 93 1 
0.951 
0. 971 
(:) . '9 9 (3 
1 . 0 1 0 
1.030 
1 . 050 
I . 070 
1 . 090 



TABLE B-XI, cont. 

DATA FOR INVERTER, CEA CONTROL 
LIGHT LOAD CASE 

SYS V DSG F' 
0 . 90 (1 , (:)hi) 
i j .92 i:).(:)hc:, 
!:).Y4 (:).c:)hO 
(1.9C~ 0.06C:) 
(1). 98 0.060 
1..(30 0.060 
1 .  0 . 5 ) h O  
1. . (34 (:) . 060 
1.06 . U.Cj6O 
1 . 08 0 ,  ij6i:) 
1. a 1 : 0 . c.1 hO 

DSG Q 
-. 030 
- . (:).:;(:) -. 030 -. (230 -. 03(3 -. 030 
-- . (:13(') -. ( 3 3 : )  
-. . 0.30 
- . (330 
- . ( j3( j  

DSG PF 
0 .  894 
0 .  894 
(1). 894 
(3.894 
r:). 894 
0.894 
0 .  894 
0 .  E394 
0 .  894 
0.894 
(2.894 

SYS P 
(3 . (:I(:) Y 
0.011 
(3. (:)I3 
0 . 0 1 5 
(1 . (1) 1.7 
0.019 
(1. ~:)2 1 
0. (323 
(1. 025 
0.027 
0 .  027 

SYS L! 
0.082 
o . (1 8 .T 
(:). 085 
0.086 
0.OH8 
(:I . (2 89 
0.091 
(3 . (1) 9 2 
0 .  094 
0. 096 
0 .  097 

SYS PF 
(3. 107 
0.129 
0 .  150 
0 .  170 
c ) .  190 
0.208 
C l .  226 
0.245 
0.260 
0.275 
0 . 2'i' 1 

LOAD V 
0 . 8 9U 
(1.910 
0 .  9.30 
0.950 
0. 970 
(1. 990 
1 . 0 1 0 
1 . 0.30 
1.050 
1.070 
1.090 

SYS V 1)SG P 
i ( )  (1) . (:)8(:) 
0 . 9 2 0 . 0 80 
is .. 9 4 (3 . 0 13 0 
(1) . 96 .0 . (:)E30 
0 . 98 (:) . i:)@(:) 
1 . i : :  0 . (:) 8 (1:) 
1 . 02 (1) . i:)f30 
1 . 0 4 (1) . i:) f3C) 
:L.Oh !:).080 
1. . C:)8 ' 0 .  080 
1.10 0.080 

DSG F'F 
(3.894 
0 .  894 
(1). 894 
(3.894 
0 .  894 
0 .  894 
C l .  894 
(3.€394 
0. 894 
0. €394 
C) . 89 4 

SYS P 
- . 0 1 1 -. (109 --. U(j-7 
-. 005 
- . (:)(:I 3 -. (:)(:) 1 
(1) . C) C) 1 
<:) . (:)(I) .T 
O. ~ ~ j 5  
(1) . i:)(:)7 
i:, . 009 

SYS C% 
0. 092 
0.093 
0.095 
(1) . (5 9 6 
(1) . 098 
0 .  099 
0 . 1. 0 1 
(:) . 1 (1 2 
(3. 104 
(I. 106 
0 . 1.0 7 

SYS PF 
0 .  122 
0. 098 
(1) . i:) 7 6 
(:) . 0 5 3 
0 . ( j32 
(I . (1) 1 0 
(1 . (1) I (I 
i j .  031 
0. 050 
0 .  069 
0 .  088 

SYS v 
0 . 9(j  
(.I. 92 
0 . 9 4 
0.96 
. (9s 

1. . <:I c:) 
3. .U2  
1. " (::I [+ 
% . Oh 
:I. . (:I) E3 
:I. . s (::I 

DSG F'F 
r:) . EI Y 4. 
0 .  894 
0 .  894 
(3.034 
0 . 89 4 
(1). 894 
(.) . t l Y 4  
0 .  894 
0 .  €194 
0 .  894 
(I. 894 

SYS F' 
- . (:) :3 1 
-. (329 
- . 02-7 -. 025 
-. ~ 2 : 3  
-. (112 1 
- . (.) 1 9 
- . (3 1 '7 
- . (1) 1 5 
-.(315 
- . 0 1 1 

SYS Q 
0. 1(")2 
(1) . 1 0 ; 5  
C) . 1. (3 5 
0 . 1 0 h 
C., . 1 or3 
0 .  109 
V . 1 1. I. 
(1) . 1 1 2 
(1) . I. 1 4 

" 1 1 5 
0 . 1 1 -7 

SYS F'F 
0.294 
0.273 
(5.252 
0 . 2 ~ 1 .  
0 . 2 1 0 
C:) . 1. 8 9 
0 .  16%' 
0.149 
C') . 1. 29 
0.  109 
0 . 0 9 0 

LOAD V 
(3. 890 
(:) . 9 1 0 
Cj . 930 
0 .  950 
0 . 9-70 
0 . 99 (:I 
s (1) 1. '1 
1 . (j3(.) 
1 . (::) 5 0 
1 . 7 C) 
:I. . ow:) 

DSG L! 
'-.- . 06C) 
- . i.:)h(:1 

,, U&,(:) 
- . (.) (, <:) 

.- . !:)(SO 
-.- . 0 6 0 
.-. . i:) 6 (:I 
-. i:lh(I) 
--. . (1:) 6) (:) 
- . c:, kt:) 

- . ( 2 . 5 0  

DSC; F'F 
(3. H94 
0. SC?4 
i:) i394 
0 .  894 
0 .  8'94 
0 .  894 
0.894 
0 . 8 9 4 ,  
0 .  894 
0.894 
0.894 

SYS PF 
0.41.B 
(1). 399 
i j .  581 
0.363 
(1). 344 
(:I. .326 
(.) . .TO7 
0 .. 289 
0 . 27 1. 
(1)  2 5 2 

I:). 234 

LOAD V 
0 .  890 
0 . 9 1 0 
(:, . 9:5 (1) 
C). 950 
0 .  970 
0.990 
1 . 0 :1 O 
1. ( j30 
1 . (350 , 

1. U6Y 
1 . 089 



TABLE B-XI, coat. 

DATA FOR INVERTER, CEA CONTROL 
LIGHT LOAD CASE 

SYS v 
(1) y(:) 
(3. 93 
1':). 94 
i:). 96 
0 . '38 
1. i:)(;} 
1. . 0 2 
1 . 04 
I. . oh 
t TIW 
1 m 1 

SYS v 
0 . 90 
(1). 92 
(3.94 
0. Yh 
0. 98 
1 . 00 
1 . 02 
1 . 04 
1 . (36 
1. ('a 
1 . 1 (1) 

%YS V 
0.90 
C). 92 
0 .  94 
0. 96 
(1). 98 
f , 00 
1 . 02 
1.04 
1 . 06 
1.08 
1.10 

SYS v 
Q. 90 
(3.92 
0 .  94 
0.96 
0.98 
1 . (30 
1 . (-1) 2 
1.04 
1.06 
1.08 
1.10 

DSG P 
0 .  140 
0. 140 
0.140 
(1)- i 4 ( I  
0. 1.40 
0.140 
(1). 140 
0. 140 
(:la 140 
0.140 
ij 1415 

DSCS F' 
0 . 1 60 
( I .  160 
(3. 160 
0 . 1 60 
(3 . 1 60 
0'. 1 hO 
ij. 160 
0. 16C) 
0. 160 
0.160 
0. 160 

DSC; P 
0.1UO 
0.180 
i:). 1HO 
0,. 180 
0.  180 
0. 180 
0.180 
(1). 180 
0. lt3(1) 
CJ. 180 
O.1RC) 

DSG P 
0. 'Z(:)c) 
0.200 
0 .  200 
0.200 
1:). ZOO 
0.200 
0. 20Q 
0.200 . 
0. ZOC) 
0.200 
0 . 200 

DSG 0 
- . (:lo (j 
- . OE3(j 
-. 080 -. (j8i:) -. o8o -. 0630 
- . (380 -. 080 
- . 080 -. 080 -. oeo 

DSG CI! . (:)TC) 
-. 090 
- . C,YO 
-. 090 -. 090. 
-. 09(3 
- . Oy(:) 
-. 090 
- . (:)yo 
- . 090 
- . (j9tj 

DSG F'F 
(3.894 
(3. 894 
0. 894 
0.894 
0. 894 
(1). 894 
(1). 894 
0.894 
0 .  Oc?4 
0.87'4 
(3, .  894 

DSG PF 
0. 894 
0.894 
0. 894 
(1.894 
C). 894 
0. €394 
0. 894 
0.894 
(3.894 
0.894 
0.894 

SYS P -. 07 1 
-. 069 -. 067 -. 065 - . 06.3 
-.061 
- . 657 
-. (357 
.-. 053 -. 053 
- . O S i  

SYS FJ -. 091 -. (589 -. 087 
-. 083 
-. 083 -. 081 
-. 079 -. 077 -. 075 -. 073 -. 071 

DSG PF SYS P 
(3. B94 ..... . 1 i 1 
0.894 -. l(39 
(i). By4 -. i o i  
0.894 -. 105 
(3.894 -. 103 
(3.894 -. 101 
0.894 -. 099 
0.894 -. 097 
0. 894 -. 09% 
0.8'74. .-. 09.3 
(1). 894 - . 09 1 

SYS (I! 
(3. 1.22 
(3. 123 
0.125 
0 .  126 
0.128 
0 .  129 
0 . 1 3 1 
(1). 132 
0. 154 
0. 1.35 
0. 137 

SYS (2 
(1). 132 
15. 155 
0.135 
0. 136 
0.138 
0.139 
0.141 
0.142 
0. 144 
0.145 
0. 147 

SYS CI 
0.141 
0.143 
(3. 145 
0.146 
0.148 
0. 149 
0 . 1 5 1 
0.152 
0. 154 
0.165 
0.157 

SYS P SYS Q --. 131 0. 151 -. 129 0.153 -. 127 0.154 -. 125 0.156 -. 123 0. 158 -. 121 0.159 -. 119 0.161 -. 117 0.162 -. 115 0.164 -. 113 0.163 -. 111 C). 167 

SYS PF 
CI. 50h 
0.491 
(j. 475 
0. 459 
0.444 
0.428 
0.41.2 
0.395 
(1) . Y ' ' J t j J  

(2, 36.3 
(3.946 

SYS PF 
(3. 5'70 
0.557 
(1). 544 
0.531 
o. 517 
0.504 
0.490 
0.476 
0.462 
0.447 
0.433 

SYS FF 
O.hl8 
0.607 
0.596 
0.585 
0.573 
0.561 
0.549 
0.537 
0. 525 
0.513 
0. 5(:)(:) 

SYS FF 
0.655 
0.646 
0. 636 
0.626 
0.616 
0.606 
o. 595 
0.585 
0.574 
0.569 
0.552 

LOAD V 
0. 889 
0.909 
0. '329 
0 .  949 
0. 969 
(1). 9139 
1,. . (:) O Y 
1.029 
1.. 049 
1.069 
1 . 089 

LOAD V 
C). €389 
0 .  909 
0.929 
0.949 
0.969 
0.989 
1 .a09 
1.029 
1. (349 
1.069 
1. (389 



TABLE B-XI1 

DATA FOR INVERTER, CEA CONTROL 
CONSTANT IMPEDANCE LOAD HEAVY LOAD CASE 

SYS v 
0. 90 
0 .  92 
(1): 94 
0.96 
0.98 
1.o0 
1.02 
1.04 
1 .06 
1. (38 
1-10 

DSG P 
Q . U 20 
0.020 
0. (33:) 

0.020 
0. 020 
0.020 
0.020 
0.020 
0. 020 
0. (320 
0 . (1) 2 (1) 

DSG Q DSG PF -. 010 0. 894 -. 010 0.894 -. 010 0.894 
- . (1) 1 0 0.894 -. (310 (1). 894 
- . 0 1 0 0.894 
- . 0 1 0 0.894 
- . (3 1 0 0.894 
- . 0 1 (1) 0.894 
-. 010 0.894 - . (3 10 0.894 

SYS P 
0.522 
0.546 
(3.571 
0.597 
0.623 
0.649 
0.676 
0.704 
0.732 
0.760 
0.790 

SYS Q 
0.41'6 
0.435 
(3. 453 
0.472 
0.492 
0.512 
0.532 
0.553 
0.574 
0.595 
0.617 

SYS PF 
o. 782 
0.782 
0.783 
0.784 
0.785 
0.785 
0.786 
0.786 
0.787 
0.787 
0.788 

LOAD V 
0.823 
0.841 
0.860 
0.878 
0.896 
0.914 
0.933 
0.951 
0.969 
0.988 
1.006 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1 . (52 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
(3. 040 
0.040 
0.040 
.0. 040 
0.040 

DSG Q - . t:)2(:) 
-. 020 -. 020 -. 020 -. 020 
- .020 -. 020 -. 020 
- .020 -. 020 -. 020 

DSG PF 
0.894 
0.894 
(1). 894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 

SYS P 
0.502 
0.526 
0.551 
0.576 
0.602 
0.629 
0.656 
0.684 
0.712 
0.740 
0 .  769 

SYS Q 
0.426 
0.445 
0. 463 
0.482 
0.502 
0.522 
0.542 
0.563 
0.584 
0.605 
0.627 

SYS PF 
0.762 
0.764 
0.765 
0.767 
0.768 
0.770 
0. 7.71 
0.772 
0.773 
0.774 
0 .  775 

LOAD V 
0.823 
0.841 
0.860 
0.878 
0.896 
0.914 
0.933 
0.951 
0.969 
0.988 
1.006 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.060 
.0. 060 
0.060 
0.060 
0.060 
0.060 
Y. 06U 
0.060 
0.060 
0.060 
0.060 

DSG Q -. 030 
-. 030 -. 030 -. 0.30 -. 030 -. 030 -. 030 -. 030 -. 030 -. 030 -. 030 

SYS P 
0.482 
0.506 
cJ.SS1 
0.556 
0.582 
0.609 
0.636 
0.663 
0.691 
0.720 
0.749 

SYS Q 
0.436 
0.454 
0.473 
0.492 
0.512 
0.532 
0.552 
0.573 
0.594 
0.615 
0.637 

SYS PF 
0. 741 
0.744 
0.747 
0.749 
0.751 
0.753 
0.755 
0.757 
0.759 
0.760 
0.762 

LOAD V 
0.823 
0.841 
0.859 
0.878 
0.896 
0.914 
0.933 
0.951 
0.969 
0.987 
1.006 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1. or3 
1.10 

DSG P 
0.080 
0.080 
0. UEIO 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 

DSG Q -. 040 
-.. 040 -. 040 -. 040 -. 040 -. 040 -. 040 
- .040 -. 040 -. 040 -. 040 

DSG PF 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 

SYS P 
0.461 
0.486 
0.51 1 
0.536 
0.562 
0.589 
0.616 
0.643 
0.671 
0.700 
0.729 

SYS PF 
0.719 
0.723 
0.727 
0.730 
0.733 
0.736 
0.739 
0.741 
0.744 
0.746 
0.748 

LOAD V 
0.823 
0.841 
0.859 
0.878 
0.896 
0.914 
0.933 
0.951 
0.969 
0.987 
1.006 



TABLE B-XII, cont. 

DATA FOR INVERTER, CEA CONTROL 
HEAVY LOAD CASE 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1 . 00 
1.02 
1.04 
1.516 

. . 1.08 
1.1U 

DSG P 
0. l o o  
0.100 
0. 100 
0.100 
0 . 1 o(:) 
0.100 
0.100 
0.100 
r:~- lr:IO 
0.100 
U. 1iJC.l 

DSG Q 
- . (:)5(:1 
-. 050 -. 050 -. 030 -. 050 
-. 050 -. 050 -. 050 
- . r:)50 
-. 050 -. US0 

DSG PF 
0. 894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0. p94 
0.894 
15.1394 

SYS P 
0.441 
0.466 
0.491 
0.516 
0.542 
0.568 
0.596 
0.623 
0. A 5 1  
0.680 
0.709 

SYS Q 
0.456 
0.474 
0.493 
0.512 
0.531 
0.551 
0.572 
0.592 
0.613 
0.635 
0.6937 

SYS PF 
0.695 
0.701 
0.705 
o . 7 1 (3 
0.714 
0.718 
0.721 
0.725 
0. '728 
0.731 
0.934 

LOAD V 
0.822 
0.841 
0.859 
0.877 
0. I396 
0.914 
0.932 
0.951 
0.969 
(1.987 
1 . Csc) 6 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1. cacr I. 02 
1.04 
1 . Q6 
1 . 08 
1 . 1 0 

DSG P 
0.120 
(:I. L 20 
0.120 
C) . 1 2(:) 
o. 120 
(3,12cJ 
0.120 
0.12(3 
0. 120 
0.120 
(:). 120 

DSG [I! -. (360 
- . CIA0 -. 060 
- . f:I6f:) 
-. 060 -. 060 -. 060 
- .060 -. (360 -. Oh0 -. (340 

DSG PF 
0.894 
0.894 
0.894 
9.894 
0.894 
0.894 
(3.894 
0.894 
0.894 
0.894, 
(3.894 

SYS P 
0.421 
0.445 
0. 470 
0.496 
0.522 
0.548 
0.575 
0.603 
0.631 
0.660 
0.689 

SYS [I! 

0.466 
0.484 
0.503 
(I. 522 
0.541 
o. 561 
0. 582 
(3. 602 
(1) . 6 2 .z 
0.645 
0.667 

SYS PF 
0.671 
0.677 
(3.683 
0.689 
0.694 
0.6Y9 
(3. 703 
0. 708 
0.71 1 
0.715 
0.719 

LOAD V 
(1). 822 
(2.841 
(3.859 
(1.877 
0. 896 
0.914 
0.932 
0.951 
0. 969 
0.987 
1 . c j ( j  6 

SYS v 
\:I . 7\11 
0. 92 
0.94 
0 .  96 
0.98 
1 . 00 I. (32 
1. (34 
1 . [:)Is 

1 . ( 3 8  
1 . 1 0 

DSG F' 
(3. 146 
0. 140 
0. 14C) 
0 . 1 40 
(3. 140 
(3. i 4 0  
(1). 140 
0. 140 
0. 140 
0. 14i' 
0. 140 

DSG (% -. 070 -. 070 
- (:)7r) -. 070 -. 070 -. 070 -. 070 -. (:)7(3 
-. 070 -. 070 -. o i o  

SYS P 
(2 . 40 1 
0.425 
0.450 
0.476 
0. 502 
0.528 
0.555 
0.583 
(3.61 1 
0.640 
(5 .  A69 

SYS R 
0. 476 
0.494 
0.513 
0.5.32 
0.551 
0.571 
0.591 
0.612 
0.693 
0.655 
(3.677 

SYS PF 
0. L44 
0.652 
0. 660 
0.667 
0.673 
(1.679 
o. 684 
0.690 
0.1574 
0.699 
0. 703 

LOAD V 
0 .  822 
0.841 
(:I, €359 
0.877 
0.896 
0.914 
0,932 
0.950 
(3. '767 
0.987 
1. (365 

DSG P 
0. 160 
Q .  16(3 
0. 160 
0. 160 
0. 160 
CI. I&(:) 
0.160 
O.16C) 
0. 160 
0. 160 
0. 160 

DSG GI 
- .080 
- . (:)80 
-. 080 
-. 080 
- . 080 
- .080 
- . (1180 
-. 080 -. 080 
- . OU(5 -. (380 

DSG PF 
0. 894 
0.894 
0. 894 
0.894 
0.894 
6.894 
0.894 
0.894 
0.894 
0.894 
(3.894 

SYS y 
0. 381 
(3. 405 
0.450 
cJ . 45.5 
(1.481 
i) . 508 
(1). 5'55 
0.563 
0.591 
0.619 
0.649 

SYS O 
0.485 
0.504 
0.523 
(3.542 
0. 56 1 
0.5Ul 
(2. 60 1 
0.622 
0.643 
0.664 
0.686 , 



T A B L E  B-XII, h n t .  

DATA FOR I N V E R T E R ,  QIA CONTROL 
HEAVY LOAD C A S E  

LOAD V 
0.822 
(3.840 
0.859 
0 .  877 
0.895 
(3.5'14 
(1) . 4 3 2 
0.950 
0.969 
0.987 . 

1.005 

SYS v 
0 . 90 
(1). 92 
(3. 94 
(3.96 
5 ) .  98 
1 . oo 
1.02 
1.04 
1 . (36 
1. . 08 
1.10 

DSG P 
0. 180 
0.180 
(1 . 1 80 
0.180 
0. 180 
0 . 1 80 
0. 180 
(:I . 1 BO 
(1). 180 
(5 . 1 80 
0. 180 

DSG L! 
- . 09 0 
-. Cl90 
-. 090 
- . 09() 
-. 090 
-. 090 -. 090 
-. 090 
- .o90 
- . 09(:) 
- . 09(j 

SYS P 
(3. 36(j 
0 .'385 
(1) . 4 1 0 
0.435 
0.461 
0.488 
0.515 
0.542 
0.570 
0.599 
(3.628 

SYS Q 
(:I . 49 5 
0.514 
0.'532 
0.551 
0.571 
0.591 
(1) . 6 1 1 
0.632 
0.653 
0.674 
0.696 

SYS PF 
0.588 
(3. 6c)o 
0 . 6 1 (3 
(3.620 
0.628 
0.657 
0.644 
0.651 
0.658 
0.664 
0.670 

SYS v 
0. 90 
0.92 
0.94 
0. 96 
0. 98 
1 . 00 
1.02 
1.04 
1.06 
1.08 
1 . 1 (1) 

DSG P 
(3. Z(j0 
0. 20~3 
0.200 
(:I . 200 
0.200 
0. 200 
0 . 2C)tI 
0. 200 
0 . 2(:)0 
0. 200 
(1 . 2(:)(:) 

DSG I% -. 100 -. 100 -. rcio 
-. 100 -. 1(:)(:r 
-. loo -. ic)o 
-. 100 -. l(j0 
-. l(1)C) -. 100 

DSG PF 
0.894 
0. €394 
0. 894 
0.894 
0. 894 
(1.894 
0.894 
0.894 
0.894 
0.894 
(3.894 

SYS P 
(3. ,340 
0.365 
(3 . 390 
0.415 
0.441 
0.468 
0.. 495 
0.522 
0.550 
0,579 
0.608 

SYS Q 
0.505 
0.524 
0.542 
0.561 
0.581 
0.601 
0.621 
0.642 
0.663 
0.684 
0.706 

SYS PF 
0. 559 
0.572 
0.584 
0.595 
0. 605 
(3. 614 
0.623 
0.651 
0.639 
0.646 
0.653 

REALISTIC LOAD REPRESENTATION 

SYS V DSG P 
(3.90 C1.C.120 
0.92 0.020 
0.94 0.020 
0.96 0.020 
0.98 0.020 
1.QO 0.020 
1 . 02 0. (320 
1.04 0.02C) 
1 . (1) 6 (3 . 020 
1.08 (:).02(:, 
1 . :  0.020 

DSG Q 
- . (1) 1 (3 
-. 010 
- . (2 1 C) -. 010 -. 010 
-. 016 
- . (1) 1 c., 
-. 010 -. 010 -. 010 -. 010 

DSG PF 
0.894 
0.894 
(3. 894 
0.894 
0 .  894 
0. R 9 4  
-0. El94 
0.894 
0. 894 
0.894 
0.894 

SYS P . 
0 . 59 0 
0.609 
(3.628 
0.648 
(3.667 
0,687 
0. 706 
0.726 
0.746 
0.766 
0.787 

SYS PF 
0.784 
0.784 
0. 785 
0.785 
0.786 
9.786 
0.786 
0.787 
0. 787 
0.787 
0.788 

LOAD V 
(1.812 
0.831 ' 

0.851 
0.870 
0.890 
0.909 
0. 928 
(3.948 
(1). 967 
(3.987 
1.006 

SYS V D5G P 
(1).90 0.(:)40 
0.92 0.040 
0.94 0.040 
0.96 0. 040 
0.98 0. 040 
1.00 0.04(3 
1.02 0.040 
1.04 0.04Cr 
1.oa 0.040 
1.08 0.0i10 
1.10 0.040 

SYS Q 
0.478 
0.492 
(3.506 
0.521 
0.535 
0.550 
0.565 
0.580 
0.. 39.5 
0.610 
0.625 

SYS PF 
0.767 
0.768 
0. 769 
0.770 
(1). 771 
0.771 
0.772 
0.77.3 
0.774 
0.774 
0.775 



TABLE B-XII, con,. 

DATA FOR. INVERTER, CEA CONTROL 
HEAVY LOAD CASE 

SYS v 
0.90 
0.92 
0.94 
0.96 
(3. 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.060 
0.060 
0.060 
0. 060 
0. 060 
0.060 
(3.. 060 
0.060 
O . n h O 
0.0h0 
0. 060 

DSG Q -. 030 -. 030 -. 030 
- .030 -. 030 

.-. 030 -. 03tj 
-. 030 
-. 030 
-. 030 -. 030 

DSG PF 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
(3.894 
0.894 
(3.894 

SYS P 
0.550 
0.569 
0.588 
0.608 
0.627 
0.647 
0.666 
0.686 
cS.7cS6 
0.726 
0.746 

SYS Q 
0.488 
0.502 
0.516 
0.531 
0.545 
0.560 
0.575 
0.390 
0.605 
0.620 
0.635 

SYS PF 
0.748 
0.750 
0.752 
0.753 
0.755 * 

0.756 
0.757 
0.758 
0.760 
0.761 
0.7152 

LOAD V 
0.812 
0.831 
0.851 
0.870 
0.889 
0. ,909 
0.928 
0.948 
0.967 
0.987 
1.006 

DSG Q 
- . 040 
-. 040 
- . 040 
-. 040 
- .040 
- ,040 -. 040 -. 040 -. 040 -. 040 -. 040 

DSG PF 
0.894 
0.894 
(3.894 
0.894 
0.1394 
0.894 
0.894 
0.894 
0.894 
0.894 
0.874 

SYS P 
0.530 
0.549 
0.5613 
0.587 
0.607 
0.626 
0.646 
0.666 
0.686 
0.706 
0,726 

SYS Q 
0.498 
0.512 
0.526 
b .  541 
0.555 
0.570 
6.5BJ 
0.599 
0.614 
0.630 
0.645 

SYS PF 
0.729 
0.731 
0.734 
0.736 
0.738 
0.740 
0.742 
0.743 
0.745 
0.746 
0.748 

LOAD V 
0.812 
0.831 
0.850 
0.870 
0.889 
(3.909 
0. y28 

0.948 
0.967 
0.987 
1.006 

SYS v 
0.90 
0.92 
0.94 
0.96 
0 .  98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
(3.080 
0 . 08Q 
0.080 
0.880 
0.080 
0.080 
0.080 
0.080 
0.060 
0. 080 
0.080 

SYS v 
13. '90 
0.92 
C) * 94 
0.96 
(3.98 
1 .OO 
1 .02 
1.04 
1.06 
1.08 
1.10 

DSG P 
(3. I 00 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0.100 
0 .  100 
0.100 
0.100 

DSG Q 
-. 050 . 050 
-. 850 -. 050 -. 050 -. 050 

050 -'. 050 -. 050 -. 050 -. 650 

DSG PF 
0.074 
0 8 89-4 
0.894 
0.894 
(3.894 
0.894 
0.894 
0.894 
0.894 
0. €394 
0.894 

SYS P 
0.510 
0.529 
0.548 
0.567 
0.587 
0.606 
0 m 626 
0.646 
0.666 
0.686 
0.706 

SYS Q 
0.507 
0.522 
0.536 
0.550 
0.565 
0.580 
0.995 
0.609 
0.624 
0.639 
0.655 

SYS PF 
0.799 
0.712 
0.715 
0.718 
0.720 
0.723 
0.725 
0.727 
0.729 

LOAD V 
0.812 
0. M.5 1 

0.850 
0.870 
0.889 
0.909 
0.926 
0.948 
0.967 
0.986 
i . 006 

DSG FF 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 

SYS P 
0.490 
0.509 
0.528 
0.547 
0.567 
0.586 
0.606 
0.626 
0.646 
0.666 
0.686 

SYS PF 
0.668 
0.691 
0.695 
0.699 
0.702 
0.705 
0.708 
0.71 1 
0.713 
0.716 
0.718 



.TABLE B-XII, cont. 

DATA FOR INVERTER, CEA CONTROL 
HEAVY LOAD CASE 

SYS v 
0. 90 
0.92 
0.94 
0.96 
0.98 
1.00 
1. (32 
1.04 
I .  06 
1.08 
1.10 

DSG P 
0.140 
0. 140 
0.140 
0.140 
0. 14C) 
0.140 
0. 140 
0. 140 
0.140 
0. 140 
0.1415 

DSG [% -. 070 -. 070 -. 070 -. 070 
- . 070 
- .070 
- . 0 7 0 -. 070 -. (370 -. 070 -. 070 

DSG .PF 
(1.894 
0.894 
o. 894 
0. 894 
0 . 89 4 
0.884 
0.894 
0.894 
0.894 
0.894 
(3.894 

SYS P 
0.470 
0.489 
0 . 508 
0.527 
0.547 
0.566 
(3.586 
0.606 
0.626 
0.646 
0.666 

SYS Q 
0.527 
0.541 
0.556 
0.570 
(1). 585 
0.600 
0.614 
0.629 
0.644 
0.659 
0.674 

SYS PF 
0.665 
0.670 
0.674 
0.679 
0 .  683 
0.687 
0.690 
0.693 
(3.697 
0 .  700 
0. 7(53 

LOAD V 
0 . 8 1 1 
o. 831 
(3.850 
0.870 
0.889 
0.908 
0.928 
0. 947 
0. 967 
0.986 
1 . (306 

SYS v 
0.90 ' 

0 .  92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
I .  08 

. 1.1C) 

DSG P 
0.160 
0. 160 
(3. 160 
0. 160 
0.160 
0.160 
c). 160 
0. 160 
0. 16C) 
(3.160 
0.160 

DSG Q 
- . 1j80 -. 080 -. 080 -. 080 
- . 1380 -. 080 -. 080 -. 080 
- .o80 -. 080 -. 080 

DSG PF SYS P 
0.894 0. 450 
0.894 0.468 
0.894 (1). 488 
C). 894 0.507 
(5.894 0.526 
0.894 0.546 
0.894 0.566 
0.894 0.586 
i). 894 0.606 
0.894 0.626 
0.894 0.646 

SYS Q 
0.537 
0.551 
0.566 
0.580 
0.595 
0.609 
(3. 624 
0.639 
0.654 
0.669 
0.684 

SYS PF 
0.642 
0.647 
(5.  653. 
0.658 
0.66.3 
0.667 
0.671 
0.676 
0.679 
0.683 
0.686 

LOAD V 
0. 81 1 
0.831 
(5.850 
0.869 
0.889 
0.908 
0.928 
0.947 
0. 967 
0.986 
1.006 

DSG P 
0. 180 
0.180 
0.180 
0.180 
0.180 
0.180 
C) . 1,BC) 
0.180 
0.186 
0.180 
0.180 

DSG Q -. 090 -. 090 -. 090 -. 090 
- . ()90 
-. 090 -. 090 
- . (390 -. 090 -. 090 -. 090 

DSG PF 
0. 894 
0.894 
0.894 
0.894 
0. 894 
0.894 
(3 .  B94 
0.894 
0.894 
0.894 
0.894 

SYS P 
0.429 
(3. 448 
0. 467 
0.487 
0.506 
0.526 
0.566 
0.565 
0.585 
0.605 
0.626 

SYS Q 
o. 547 
0.S61 
0.576 
0.590 
0. 605 
0.619 
0.634 
0.649 
0.664 
0.679 
0.694 

SYS PF 
0.617 
0.624 
0.630 
0.6.36 
0.642 
0.647 
(1). 652 
0.657 
0.661 
0.665 
0.669 

LOAD V 
0.81 1 
0.850 
0.l350 
0.869 
0.889 
0.908 
0. 928 
0.947 
0.967 
0.986 
t . (jc)~i 

SYS v 
0.90 
0.92 
8.94 
0.96 
0.98 
1.00 
1.02 
1.04' 
1 . (36 
1 .of3 
1.10 

DSG P 
0.200 
0.200 
0. 200 
0.200 
0.200 , 

0.200 
0.200 
0.200 
0.200 
0 , 26(:1 
0.200 

DSG 0 -. 140 -. 100 
-. 100 -. 100 -. 100 -. 100 -. 100 -. 100 
- . 1 OO -. 100 -. 100 

DSG PF 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 
0.894 

SYS P 
0.409 
0.428 
0.447 
0.467 
0.486 
0.506 
0.525 
0.545 
0 .  565 
0.5E39 
0.606 

SYS Q 
0.957 
0.571 
C).5S§ 
0.600 
Q. 615 
0.629 
0.644 
0.659 
0.674 
C). 699 
(5.704 

SYS PF 
0.592 
0.600 
0.607 
0.614 
0.620 
0.626 
0.632 
0.638 
0.643 
0.647 
0.652 

LOAD V 
0.81 1 
0.830 
0. €350 
0. ,869 
0.889 
0.908 
0.927 
0.947 
o. 966 
6.986 
1 . c.,OS 



TABLE ~ X I I I  

DATA FOR INVERTER; CEA - C ~ ~ P E N S A T E D  

(x [) bi:;''; (2,I\l-r 11: IV! i-11:) {h r,i ('' [i L.,, PI 1;) 
LIGHT LdAD CASE 

5 ; y s  (3 
.- i-) 3 3 " - 2-. L 

.- " (:! '2 4 
- i:! 2 F.5 
-. 5127 

,, (1) 2 €3 
-. . (:);S!:) 
"-. . l:) 2; 2: 
-. . !33;5 
- (") 7:. C-. " .. .-I .J 

- " (:) 7-7 7 
-.. 0x8 

L.. C) C\ I:! 'J 
(1). yQ(] 
(:I '7'2 (2 
i:! . 9 4 1 
0.961 
r )  . 93 1 
1. > (I(:) 1 
1 " 1::) 2 1 
1 rn (::I 4. 1 
1 . (:!hi 
1 .(I81 
1 . 1 0 1 

Ci Y V 1:) 6 G F' 
i:: ,, ? 0 . 04i1) 
(;, ,, <-.a- 

.f > i:) ,, (:)dl. <] 

r.:) . 9 4. (:) - (11) 4. i::) 
<:i ,, '? k, i:) ,, (1) 4% (1) 
(:I '::) Ej <;:I ,, i j  4 i::) 
:L " (I! c., (1) . 0 4 r:, 

.. '.) 1. . iJd. (1) (:)*I,<::) 
1, " 4 (1) . (.) 4 (1) 
1 . r )  b (1) . 0 4. (1:) 
:i ,, (1:) [I (1) ,, <:I ;+ (1) 
:I, " :I ("! I::! a c:) 4 

SYS F'F 
1). 094 
0.894 
i:) . Bc?4 
0 .  &I94 
(:I. 874 
(1) . El94 
I). 834 
0 .  094 
0 . El94 
(:) . 8 9 L l .  
(1) . E394 

DSG P 

ij . (:)hO 
1:) " (:) 6 (1) 
(1) . i:) A i:) 
i:) . i:)hO 
0 . 0 6 0 
I.) . iJ6C) 

(:) . (1) h 
(1) . i:ibiS 
0 " (:)hU 
(:) . i'j 6 (1) 

SYS (3! 
-- . (jC!2 
-. . (:)04 
-. (:)05 
-. (:)(:)7 -. OCiH 
- . (1) 1 (1) 
.-. 012 
- . (-! 1 3 
. (1) 1 5 

- . 0 1 7 
-. is18 



DATA FOR INVERTER, CEA - CCMPDISATED 
LIGHT LOAD CASE 

SYS v 
(1) " 9<:1 
(j " '72 
0 . 9 4 
(3. !?h 
(3.98 
1 . TJ!S 
1 .  ( j2 

1 . 04 
1. . (1) b 
1. . CiE3 
1 . 1 

c.\ (" a J v 
(1) . y(:) 
. 9 '2 

0.94 
0 . 9 6 
1). 98 
1 . c:>u 
1 <:)2 
1 .. <:)XI. 
:1 . (.)A 
1 . UEI  
1 . 1.1) 

S'f!'i V 
0.90 
(1. '72 
('1) . 9 4 
(1) " '?& 
(3.98 
1 i:)(:) 

1 (::I L? 
l, " 1:)4. 
1. " 06 
:L . 08 
1 . :1 0 

SY!Ii v 
i.j. YO 
0 . 9 2 
(1). 94 
(3 .96 
0.98 
1 . 1)O 
1. . (j:? 

1 ,. 04 
1.06 
Y .OW 
1. . I 0 

IIS13 F' 
0.  100 
0 .  I<'(:) . ' 1 (:)(:) 
(3 . 1 (1) c j  
0 . 1 (;:I (:) 
i j .  1(:)0 
(:I . 1. oo 
(1) . I. 
(1) . 1 (3 0 
(3 . 1 00 
0. 1 (:)(:I 

D!3C+ F' 
i). 12<j 
(3 . 1 20 
0 . 1. 20 
<j . :I. 2 ~ )  
ij. 1,.zc:, 
0. 120 
i j .  13:) 
0 .  12t:, 
(3 .. 1 2 (:;, 
(3 . 1. 20 
(1) 1 Xc:) 

I)SG p 

(3. 140 
(3. 140 
9 " 1 40 
(1:) . 1, 4 (1) 
. 1. 4 (1:) 

0.  140 
i':) " 1 4 <::I 

ij " 1 (-1 

(1). 140 
(1) . I, i+(l 
0. 14(l 

I) SG F" 
c.1 . 1 bc) 
0 .  160 
(1:) . 1. h (.:I 
!:, . :1 h O  
i:). 160 
(1) . 1 hO 
0.160 
Ci. 1 hO 
0. 160 
i:) . 1 hi:) 
0 . I 6C.r 

DSG I2 
(3 . C) 1 1 
('1) . (1) 1 4 

" (1) 1 8 
0 .  022 
0 . 1126 
( j  .. t:)30 
(1) . 1:1:3;4 
:':) .. 6 3 8 
(1). 042 
(., . 0 4 7 
(1) (1:) 5 1 

DSG F'F 
0.955 
0 .  945 
0 " 9 :3 4 
(j.. 922 
(j . 909 
!:). 895 
(:I. 88(:) 
0 .  865 
(3. 849 
0.832 
(1) . 8 1. !5 

DSG PF 
0.  9E3S 
0 . Y 8 1:) 
0 ,, 97::; 
0.966 
r:, . C?58 
(1, ., 9 4.9 
0. 9:S9 

i::l ., 9 2 R 
0.91.7 
0 .  904 
CS . f39 2 

SYS P 
' -  ( ' -C  . ..).Ad 
-- . (1332 
-. 029 -. 026 
-. (j23 
-. 020 
- . 0 1 7 
-. 013 
-. Ot(3 
- . (:)(:I 7 
-- . (:)(:):J 

U6G PF S Y S  P 
0.  997 -. 075 
(j. 995 -- . 072 
0.992 -. 063 
i). 988 --. 066 
0 .  98:X --. i363 
(5. 9'78 -. oe,o 
(::, . $ '7 2 -. (:I57 
0 .  9hS -. (1154 
0.957 - . (j5C) 
0.  949 - . 04'7 
i:) . 94iS --. 043 

S Y S  B 
0.018 
0 . 0 1.6 
0.015 
0. 01:3 
(5 . o 1 2 
0 : 0 1 C., 

0.  008 
0. (1)07 
(1) . 0 05 
(:, . 00 J 
(1) . (1) (1) 2 

S Y S  L! 
C) " (j38 
(1) . (:):S& 
0 .'(j35 
(1) . 0 3 25 
(:I. 032 
0 . 03!5 
i:). 028 
9. 027 
0 ,  ij'z5 
(1). 023 
c j .  i j22 

SYS F'F 
0 .  894 
0.  €394 
cr. 834 
0. 894 
0 .  894 
(3. 834 
(3.894 
0.834 
c:, . 594 
0 . 8 9L!. 
0 .  894 

SYS PF' 
(3.834 
O., 894 
0.894 
0 .  f3C?4 
1:) . 8 C? ') 
0 .  894 
( j .894 
(1) . 139 4. 
O. a94 
0 .  a94 
0.894 

SYS F'F 
1?. 894 
(1). 891 
0 .  094 
0 .  894 
f3.894 
0 .  a94 
0 .  H34 
! ) .  894 
0.894 
0 .  894 
ij ,. 894 



TABLE B-XIII ,  cont. 

; f 
r:) . 9 (1:) 
(::I . 9 2 
(1, . 94 
i::) . 9 6 
0.9E3 
1, * (:) i::) 

1 I::)::: 
:I, ,. i:; 4. 
1. . 1::) t l  

:1 . (::I 3 
1-10 

DATA FOR INVERTER, CEA - COMPaJSATED 
LIGHT LOAD CASE 

I?SG B 1 )  1:: - !'3 \{S F" SYS cr, 
-- m (1) i j '7 (1) . c?Vc? -. 115 0 . C!58 
-. ,, (:)(I) ($, 1, * (:!(:)(:I -- . 1 1, . (1) 56 
.- ,, (1:) i:) 2. 1 . (::)<::I i"! - . 1 1 0 I:::) :; 5 
i:! ,, (1) i:) :;! :l . ijOc:) -. 106 !:I " (1) 5 7: 
0 . (:)<:I& rj. y=?y ,, 1 <j :-5 (::I . i:) 5 2 
!:) . <:I 1 r::) (:) -- . 1. (1) i:! (1) . (j50 
ij ., i:; 1 4. 9'77 . (1) 9 7 0 . 0 4 E3 
i::! ,, (::I I. FJ (1, 995 -- ,, 094 (1) . 4 7 
1:') (:I) :,? :> ('1 . 9 9 13 .- . (1) (1) . <:) 4 5 
r:) ,, i:) 2: 6 i:) (7 a Y .- . 08.7 i:). 043 
(-) . i.J.3 1 i:?. 986 -. t:)89 15. t54.2 

DSG F'F SYS F-' 
I:) .. 995 -.- I 1 :T - u J  c 

0 .  '397 .-. 1.3:3 
0.798 -. 1:50 
0 .  Y'?C?' -. 1Zej 
1 i::) (3 (1) -. 123 
1 . 0(1)(j --. 121:) 
1 . i)cj(:~ -. 11.7 
0. 999 -. 114 
( 1 ) .  998 -. 1 10 
0. 997 -. 107 
(3 . 995 -. 103 

SYS 0 
(1). 068 
O. (1)bh 
<:I . (565 
(1) . (:I63 
(:I . (j62 
(:I . (1) 6 (j 
(:I . 058 
0 . (:)5 7 
0. (j55 
0 . C!53 
0.  (352 

RERL- I I3'T'I (2 1-OAD REF'HESEbITAT'I T.)N I TriHT L..OAD CASE 

SVS v 
11) . '7 1:) 

0 .  Pi2 
<:I ,. 9 4. 
0.  SB 
0 . '7€! 
1 . i30 
1 . 0 2  
1 . (14 
1. . Vb 
1.1:50 
1.10 

SYS v 
(1) . '3:) 
0.92 
. 9 4 

0.96 
0 .  98 
1 . i:)C) I. 03 I. 04 
1 .06 
1.08 
1.10 

D S G  PF 
0 . 2 7 1 
0.759 
0. 247 
(1) . 236 
(j. 226 
cr. 217 
(:) . 3:) 8 
(3. 199 
0.191 
(3. 1 E l d l  

1:). 177 

DSG FF 
0. 549 
0.526 
C1 . 9(:15 
0.485 
0. 465 
0.447 
0.429 
0.413 
0.397 
0.1382 
0.367 

8-64 

SYS Q 
- " t.J 1 
- . a t  
- . 0 2 3 -. (325 -. 028 
-. (-)3C) 
-. 033 

- -s -. cJ.3.~ -. 038 -. 640 -. 043 

SYS Q 
-. 009 
- . O i l  
- . (1) 1 3 
-. 015 -. 018 -. 020 
- .023 -. 025 -. 028 -. 030 -. 033 

SYS PF 
0.894 
0.894 
0.894 
0.894 
0 .  894 
0.894 
0.894 
0. 894 
0.894 
0.894 
0.894 

SYS PF 
( -1 .  9Jh 
(3.928 
0.920 
(1) . 9 1 1 
0.903 
0.894 
0.886 
0.877 
0.869 
0.861 
0.853 

SYS PF 
0.960 
0.947 
0.933 
0.920 
0.907 
0.894 
0.882 
0.870 
0;858 
0.847 
0.836 

LOAD V 
0.898 
0.'318 
0 .  938 
0. 959 
(2.979 
0.999 
1.019 I. O ~ Y  
1.059 
1.079 
1.099 



TABLE B - X I I I ,  c6nt. 

DATA FOR INVERTER, CEA - COMPaJSATED 
LIGHT LOAD CASE 

SYS v 
(3 . ( j  (1) 
(3. 92 
i:) . 34 
!) . 96 
0.7R 
1 i::) c) 
:L ., (3 2 
1.04 
1 . OC, 
1 . (:)El 
1 .. 10 

DSG P 
(.) . (1160 
i:) ij 6 (1) 
0 . C j  6 i:) 
(1) <j 6 (1) 
Ci.  060 
i::) . (::I A l l  
(1) ,, c::) h (:) 
( 5 .  Obc., 
0 . i) 6 0 
<:) . i':) 6 i;) 
i:) . i:)6(1) 

DSG Q 
(1) . (35 1 
ij . (:) 5 5 
(1) . 058 
ij . (1) CJ 2 
0 .  1)66 
(1:) i r ~  '7 ij 
c:, . C:) 7 4 
ij . 0'75 

i:)82 
(1) . (:)a7 
(1) " C)(? 1 

SYS L! 
(1) . (")(:) 1 
--, " i':) (1) :I. 
. i:) (1) ::; 

-- . i)Cj5 
-. . 0 (:)a 
.- " 0 1. i:, 

. (1) 1. ,: 
.- . ij j. 5 
- . i:) 1 El 
. ( 1  2 <:, 

-. . (2 2:3 

LOAD V 
( 5 .  899 
0.930 
(1) . 94 (:) 
(3 . 9613 
0 . 9 8 0 
1 . ij (1) 0 
1 . (320 
1.041 
1 . Oh 1 
1. (381 
1 . 1 i:) 1 

SYS L' 
(1). 90 
(1) # '72 

0 .  94 
0. 96 
0 .  98 
1 (30 
1 . 02 
,I. (14 
1 . (1) 6 
1 . ()a 
1 . 1 (1) 

DSG P 
(1) . c)8(:) 
15 . I:)E3i:) 
(1) . (:)t30 
0 . 080 
(1 (:I 8 (:) 
(1) i:) no 
0 . (3 8(:) 
(1). O8ij 
(1) . (:)8i:) 
(1) . 0 8(5 
0.080 

DSG Q 
(1) " (:) 4. 1 
0 . (::I 4 5 
r:) . 0 4 El 
(:). 052 
(1) . 05 
ij . (:I) 6 (1) 
(1) . 064 
(1). 068 
(1) . (1) 7 2 
0.  0'7'7 . 
O :OH 1 

SYS P 
- . (1) 1 (1) 
-- i j( j8 
- . (:)(I) h 
- . (1) (1) 4 
- . o!:) 2 
- (j(:)O 
(:) . (1) (j 2 
( )  . 004 
0. 006 
0 . (3 (:)8 
(1) . (:I 1 1. 

SYS L! 
0 . 0 1 1. 
0 . i:) C., 9 
(1) . 0 (1, 7 
(1 . (1, (1) 5 
0. oo2 
0 . (:I (1) (5 -. (:)a2 
-. (:)a5 
- . (:){j8 
- . (:) 1 (1) 
-. . (1) 1 3 

SYS PF 
0. 671 
(1). 666 
0. 662 
O. h 5 E  
(1) . h 5;: 
0 .  EjSS 
0. 644 
0 .  640 
0 .  h3h 
0. 6.32 
0. 628 

SYS v 
(1) : 9 (1) 
0. .92 
0.94 
0 .  9h 
0 . 9 8 I. oo 
1.02 
1.04 
1 . 06 
1. ('38 
1 . 10. 

DSG P 
(1) . I ij(j 
0. 100 
(3. 1(1)0 
O . l O ( j  
(:) 1 (1) (1 
(1) . 1 
c). I ( j f j  

0. I(>(:) 
0.  1(:)Q 
0. 1(j0 
i.) . 1 OC., 

DSG (I! 

o. (12; I 
(1, . (534 
(1. (338 
0,042 
(:I . 046 
0.050 
(1) . (154 
(j. 058 
(3. (362 
0 .  067 
0.071 

DSG PF 
0. 9% 
0.943 
(1) . 9 :.r4 
(:). 922 
i:, . 909 
0.895 
0 . 880 
0. Uh4 
0 .  848 
0 .  832 
o.815 

SYS PF 
0 . 8 I. 7 
(1). 826 
0 . 838 
ij. 853 
0.871 
(1). 894 
6. '322 
C). 954 
0. 986 
(5. 999 
0. 947 

LOAD V 
0. 899 
(1) . 9 1 9 
0 .  939 
0 .  959 
0. 980 
1 . 0(:)0 
I . (320 
1 . 040 
1 . 060 
1 . (18 (1) 
1 . 1 0 1 

SYS v 
0 . 90 
o. 92 
0.94 
0.96 
(1.98 
1.00 
I. 02 
1.04 
1.06 
1.08 
1. 10 

DSG P 
(3.  12\5 
(3 . 1 20 
0. 120 
0.120 
0. 12tj 
0. 120 
0. 120 
0.120 
0.120 
0.120 
0.120 

DSG Q 
(:I. i jz 1 
0.024 
o . cr 2 8 
0.032 
(1.036 
0.040 
(1. 044 
0.048 
(1. 052 
0.05'7 
(3 . rJ6 1 

DSG PF 
0. 985 
o . 980 
(3. 5'74 
0.966 
(1). 958 
(1.949 
0. 939 
0.928 
0 . 9 1 6 
o. YO4 
0 .  89 1, 

SYS P -. 05(:) 
-. 048 -. 046 --. (344 -. 042 -. 040 -. 038 -. 036 -. 034 - " (3322 -. (j29 

SYS (I! 
0. 03 1 
0.029 
0 .  (:i27 
(1) . 025 
0 . (1) 2 2 
o. 020 
c) . (1 I 8 
0. (115 
0.012 
I::) . 0 1 (1 
(3 .  007 

SYS PF 
0. 848 
0.855 
(:I. 863 
0.872 
0 . 1382 
0.894 
0 . 908 
(1. Y 2.3 
13.939 
0.756 
0. 974 

LOAD V 
0. 899 
0 . 9 1 9 
ti). 939 
0.959 
c.,. 979 
1. O(1O 
1 . (j20 
1 . 04CJ 
1.060 
I .  080 
I . I, f:)(:) 



TABLE B-XIII ,  oont. 

DATA FOR INVERTER, CEA - COMPENSATED 
LIGHT LOAD CASE 

SYS V DSG F' 
(:) . 90 1:) . :L 40 
i) . 9 2 (11 1 4 C:) 
(j.134 ' 0 .  1.40 
0.96 (5.14i3 
0.98 (3.140 
1.ijij (j,,140 
1..!32 !:)-14i:) 
1.04 0.140 
1. ,, (3 6 . (:I . :1 4 ('I 
1.08 0.3.4i1) 
1 .  10 0 .  14C! 

,iiy ,,) DSG F' 
c:) . 90 !:I . 1 (>(:I 

!:I) . 9 2 i:) . 1 6 <:! 
(I! . 9 4 - :l (~i:) 

<:I . C? 6 i j  1 6 i::) 
i::) . (?El (':) . 1. 6 (1) 
1 0.160 
:L . !5 2 i j  . :L ,5 (1) 
1 .  (.!.160 
1 ,. O t) ,, 1. 6i.I 
3. . i::) 8 c:) ,, 1 &J (:I 
! 1. I:) . :l ia O 

SYS F' 
-. . (1) 7<:1 
-. Oh8 -. O b h  
-. (364 
-. 062 
- . {:)A(:) 
-- . 058 
. 056 

-- . C:)54 
-. (1152 
--. . ij4 '7 

SYS L! 
(1) . 04 1. 
(1). 033 
0, (j57 
i::) . (j:x:: 
0 .  (:!33 
(1) . ij 3 I:) 
0 . (j28 
0. C125 
(1) . (1) 2 :L' 
0 . ij 1::'ij 

(1) a (:) 1 '7 

SYS Q 
(1) . 0'7 2 
0 .  (569 
(1) . (3 h 7 
(1) . (1165 
0. (363 
1:) " (:)&(I) 
0. (358 
(1). 055 
(1) . 052 
0.050 
0 . 647 

SYS PF 
r:). 862 
0 .  86'7 
0.872 
0. 873 
0 .  1386 
0.894 
(1) . 9 (1) 3 
(1) . 9 1 3 
0. 923 
(3.934 
(1) . 9 4 6 

SYS PF 
0 . 1369 
1:) . 8 7 3 
(1) . 13713 
!I). 883 
(1). 888 . 8 94 
(1). 90 1 
(1) ,, 9 (1) 8 
9 . 7 1 (3 
(1). 924 
C), '?32 

SYS F'F 
(1). 877 
0. 880 
0. 8133 
(1). SEl6 
0 . 138(:) 
0.894 
0.879 
(3. 9(33 
0 . 908 
(I! . 9 1 3 
(3.919 



TABLE B-XIV 

DATA FOR INVERTER, CEA - CWPENSATED 
?NT IMPEDANCE LOAD HEAVY LOAD CASE 

SYS v 
0. YO 
(3.92 
0.94 
0.96 
0. 98 
1 . I>(:) 

1.02 
1.04 
1.06 
1 . (i);,8 
1.10 

DSG P' 
0.020 
0. 020 
0.020 
0.020 
0.020 
u. 020 
0.020 
.a. 02(j 
0.020 
0 . 020 
0.020 

DSG G! 
0.059 
0.062 
0.065 
0.068 
0.072 . 
0. (375 
0.079 
0 . 082 
0.086 
(3. (389 
0.093 

DSG PF 
0.321 
0.307 
0.293 
0.280 
0.268 
0.257 
0.247 
(3.237 
0.227 
0.219 
0.2'10 

SYS P 
0.532 
0.556 
0.582 
(1). 608 
0.634 
0.661 
0.689 
0.717 
0.745 
0.774 
0.804 

SYS (3! 

0.355 
0.370 
0.386 
0.402 
0.419 
0.436 
0.453 
0.470 
0.488 
0.907 
0.525 

SYS PF 
0.832 
0.833 
0.833 
0.834 
0.834 
0.835 
0.836 
0.836 
0.836 
0.1337 
0.837 

LOAD V 
0.830 
0.849 
0.867 
0.886 
0.904 
0.923 
0.941 
0.960 
0.978 
0.997 
1.015 

SYS v 
0.90 
0.92 
0.94 
c:r . 96 
0.98 
1.00 
1.02 
1.04 
1-06 
1.08 
1.10 

DSG P 
0.040 
0. 040 
0. 040 

'(3. (:)4(:) 
0. 040 
0. (340 
0.040 
(3.040 
0.040 
0.040 
0. 040 

DSG G! 
0.049 
0.052 
0.055 
0.058 
0.062 
0 . 065 
C). 069 
0.072 
0.076 
0. 079 
0.083 

DSG PF 
0.635 
0.609 
0.587 
0.565 
0.544 
(1. 52.3 
0.504 
0.485 
0.467 
0.450 
0.434 

SYS P 
0.512 
(1.536 
0.562 
0.588 
0.614 
0.64.1 
0.669 
0. 697 
0.725' 
0.754 
0.784 

SYS (2 
0.365 
0.380 
0. ,396 
0.412 
0.429 
0.446 
0.463 
0.480 
0.498 
0.516 
0.535 

SYS PF 
0.814 
0.816 
0.817 
0.819 
0.820 
0.821 
0.822 
0.823 
0.824 
0.825 
0.826 

LOAD V 
0.830 
0.849 
0.867 
0.886 
0.904 
0.923 
0.941 
0.960 
0.978 
0.996 
1.015 

DSG P 
0.06o 
0.060 
0.060 
0.060 
0.060 
0.0hO 
0.060 
0. 060 
0.060 
0. 060 
0.06(3 

DSG G! 
0.039 
0.042 
0.045 
0.048 
0.052 
13. 055 
0.059 
0.062 
0.066 
0 .  06Y 
0.073 

DSG PF 
0.839 
0.819 
0.799 
0.778 
0.757 
U. '736 
0.716 
0. 69.5 
0.675 
0.655 
0.635 

SYS P 
0.491 
0 . 5 1 6 
0.542 
0.567 
0.594 
0.621. 
0.648 
0.676 
0.705 
0.734 
0'. 7.64 

SYS R 
0.375 
0.390 
0.406 
0.422 
0.439 
.0. 456 
0.473 
0.490 
0.508 
0.526 
0.545 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1 . 04 
1.06 
1.08 
1.10 

SYS PF 
0.795 
0.798 
0.800 
0.802 
0.804 
0.806 
0.808 
0.810 
0.81 1 
0.813 
0.814 

LOAD V 
0.830 
0.849 
0.867 
0.886 
0.904 
0.923 
0.941 
0.959 
0.978 
0.996 
1.015 

SYS v 
0.90 
0 .  92 
0.94 
0. 96 
0.98 
1.00 
1.02 

. 1 . 04 
1.06 
1.08 
1.10 

DSG P 
0.080 
(3.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 
0.080 

DSG G! 
0.029 
0. i ~ S 2  
0.035 
0.038 
0.042 
0 . (1) 4 5 
0.049 
0.052 
0.056 
0.059 
0.063 

DSG PF 
0.940 
0.928 
0.915 
0.901 
0.887 
0.871 
0.855 
0.838 
0.821 
0.804 
0.786 

SYS (3! 

0.385 
0.400 
0.416 
0.432 
0.449 
0.465 
0.483 ' 

0.500 
0.518 
0.536 
0.555 

SYS PF 
0.775 
0.778 
0.782 
0.785 
0.788 
0.790 
0.793 
0. -795 
0.798 
0.800 
0.802 

LOAD V 
0.830 
0.849 
0.867 
0.886 
0.904 
0.922 
0.941 
0,939 
0.978 
0.996. 
1.015 



DATA FOR INVERTER, CEA - CMPBISATED 
HEAVY- LOAD CASE 

SYS V DSG P 
0.90 0.100 
0.92 0.100 
0.94 0.100 
0.96 0. 100 
0.98 0.100 
1.00 0.100 
1.02 0.100 
1.04 0.100 
1.Ub 0.10C~ 
1 . 8  0.100 
1.10 0.100 

SYS V DSG P 
0.90 0.120 
0.92 0.120 
0.94 0. 120 
0.96 0. 120 
0.98 0.120 
1.00 0.120 
1.02 0.120 
1.04 0.120 
1.06 0.120 
1.0B 0.129 
1 . 1  0.120 

SYS V DSG P 
0.90 0.160 
0.92 0.160 
0.94 0.160 
0.96 0.160 
0.98 0.160 
1.00 0.160 
1.02 0.160 
1.04 0.160 
1.06 0.160 
1.08 0.160 
1.10 0.160 

DSG 8 
0.019 
0.022 
0.025 
0.028 
0.032 
0.035 
0.039 
0. 042 ' 
4.648 
0. 049 
0.053 

DSG G! -. 001 
0.002 
0.005 
0.008 
0.012 
0.015 
0.018 
0.022 
0.026 
0.029 
0.035 

DSG 0 -. 01 1 
- .008 -. 005 -. 602 
0.002 
0.005 
0.008 
(1) . (:) 1 2 
0.016 
0.019 
0.023 

DSG PF 
0.983 
0.977 
0.970 
0. 962 
0.955 
0.944 
0.933 ' 

0.922 
6.910 
0.897 
0.884 

DSG PF 
0.997 
0.995 
0.992 
0.988 
0.984 
0.979 
0.975 

0.966 
0.959 
0. 9513 
0.942 

DSG PF 
1.000 
1 . 000 
0.999 
0. 998 
0.997 
0.994 
0.991 
0.988 
0.984 
0.979 
0.973 

DSG PF 
0.998 
0.999 
1.000 
1.00U 
1.000 
1 . 000 
0. ,999 
0.997 
0.995 
0.993 
0.990 

SYS r 
0.451 
0.476, 
0.501 
0. 527 
0.554 
0.581 
0.608 
0.636 
0.665 
0.694 
0.724 

SYS P 
0.391 
0.415 
0.441 
0.467 
0.495 
0.520 
0.548 
0.576 
0.604 
0.634 
0.663 

SYS R 
0.394 
0.410 
0.426 
0.442 
0.459 
b.475 , 

0.493 
0.510 
0.528 
0.546 
0.565 

SYS Q 
0.404 
0.420 
0.436 
0. 452 
0. 468 
0. 483 
0.503 
(1). 520 
0.538 
(1) 33S;h 
0.575 

SYS Q 
0.424 
(3.440 
0.456 
0.472 
0.488 
0.505 
0.522 
0.540 
0.358 
0.576 
0.595 

SYS PF 
0.753 
0.758 
0.762 
0.766 
0.770 
(1.774 
(2,777 
0.780 
0.703 
0.786 
0.788 

SYS PF 
0.729 
0.736 
0.741 
0.747 
0.751 
0. 756 
0.760 
(1.764 
(1.768 
0.771 
0.774 

SYS PF 
0.677 
0.687 
0.695 
0.703 
0.71 1 
0.717 
0.724 
0.729 
0.735 
0.74(3 
0.745 

LOAD V 
0.830 
0.849 
0.867 
0.885 
0.904 
0.922 
0.941 
0.959 
0.970 
0.996 
1.015 

LOAD V 
0.830 
0.848 
0.867 
0.885 
4.964 
0.922 
0.941 
0.959 
0.978 
0.996 
1.015 

LOAD V 
0.830 
0.848 
0.867 
0.883 
0.904 
0.922 
0.941 
0.959 
0.977 
0.996 
1.014 



TABLE B-XIV, writ. 

+ DATA FOR INVERTER, CEA - COMPENSATED 
HEAVY LOAD C A S E  

SYS V. DSG P DSG Q 
0.90 0.180 -. 021 
0.92 0.180 -. 018 
0.94 0.180 -. 015 
0.96 0.180 -. 012 
0.98 0.180 -. 008 
1.00 0.180 -. 005 
1.02 0.180 -. 002 
1.04 0.180 0.002 
1.06 0.18Cl 0.006 
1.08 0.180 0 . 009 
1.10 0.180 0.013 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.200 
0.200 
0.?00 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 

DSG Q -. 051 -. 028 -. 025 -. 022 -. 018 -. 015 -. 012 -. 008 -. 004 -. 001 
0.003 

DSG PF 
0.995 
0.995 
0.997 
0.998 
0.999 I. o00 
1.000 
1.000 
1.000 , 

0.999 
0.997 

DSG PF 
0.988 
0.990 
0.992 
(3. 994 
0.996 
0.997 
0.998 
0.999 
1.000 
1. (300 
1.000 

REALISTIC LOAD REPRESENTATION 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1 " 02 
1.04 
1.06 
1.08 
1.10 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 . 
1.00 
1.02 
1.04 
1.06 
1.08 
1-10 

DSG P 
0.020 
0.020 
0.020 
0.020 
0. 020 
0.020 
0.020 
o. 020 
0.020 
6.020 
0.020 

DSG P 
0. (:I40 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 

DSG Q 
0.057 
0.060 
0.064 
0.067 
0.071 
0.074 
0.07El 
0.082 
0.085 
0.089 
0.093 

DSG Q 
0.047 
0.050 
0.054 
0.057 
o. 06 1 
0.064 
0.068 
0.072 
0.075 
0.0'79 
0.083 

DSG PF 
0.330 
0.314 
0.299 
0.285 
0- 272 
0.260 
0.249 
0.238 
0.228 
0.219 
0.210 

'DSG PF 
0.647 
0.621 
0. 597 
0.573 
0.551 
0.529 
0.508 
0.488 
0.469 
0.451 
0.433 
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SYS P 
0.370 
o. 395 
0.421 
0.447 
0.473 
0.500 
0.528 
0.556 
0.584 
0.613 
0.643 

SYS P 
0.350 
0.375 
0.400 
0.426 
0.453 
0.480 
0.507 
o. 5.35 
0.564 
0.593 
0.623 

SYS P 
0.598 
0.617 
0.636 
0.656 
0. 676 
0.696 
0.715 
0.736 
0.756 
0.776 
0.797 

SYS . P 
0.57R 
0.597 
0.616 
0.636 
0.656 
0.675 
0.695 
0.71 h 
0.736 
0.756 
0.777 

SYS Q 
0.434 
0.450 
(3.465 
0.482 
0.498 
0.515 
0.532 
0.550 
0.568 
o. 586 
(3.604 

SYS Q 
0.444 
(3.459 
0.475 
0.491 
0.508 
0.525 
0.542 
0. 560 
0.578 
0.596 
(3.614 

SYS Q '  
0.406 
0.417 
0.429 
0.440 
0.451 
0.462 
0.474 
0.485 
0.496 
0.508 
0.519 

SYS Q 
0.416 
0.427 
0. 4.39 
0.450 
0.461 
0.472 
0.484 
0.495 
0.506 
0.518 
0.529 

SYS PF' 
0.649 
0.660 
0.671 
0.680 
0.689 
0.697 
0.704 
0.71 1 
0.717 
0.723 
0.729 

SYS PF 
0.619 
0. 632 
0.644 
0.655 
0.665 
0.675 
0.683 
C). 691 
0.699 
0.706 
0.712 

SYS PF 
0.827 
0.828 
0.829 
0.831 
0.832 
0.833 
0.834 
0.835 
.0. 836 
0.837 
0.838 

SYS PF 
0.81 1 
0.813 
0.815 
0.816 
0.818 
0.819 
o. 821 
0.822 
0. 824 
0.825 
(3.826 

LOAD V 
0. €329 
0.848 
0.866 
0. 885 
0.903 
0.922 
0.940 
0.959 
0.977 
0.996 
1.014 

LOAD V 
0.829 
0. 848 
0.866 
0.885 
0.903 
0.922 
0.940 
0.959 
0.977 
0.996 
1.014 

LOAD V 
0.820 
0.839 
0.859 
0.879 
0 898 
0.918 
0.937 
0.957 
0.977 
0.996 
1.016 

LOAD V 
0.820 
0.839 
0.859 
cJ. 878 
0.898 
0.y18 
0.937 
0.957 
0.977 
(3.Y96 
1.016 



TABLE B-XIV, cont. 

. DATA FOR INVERTER, CEA - COMPmSATED 
HEAVY LOAD CASE 

SYS v 
0.90 
0.92 
0 .  94 
0.96 
(3. 98 
1.00 
1.02 
1.04 
1-06 
1. (30 
1.10 

SYS v 
0, -9.0 
0.92 
0 .  94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1'. 10 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1 . (36 
1.08 
1.10 

SYS v 
0 . 90 
(2.92 
0.94 
0. 96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0 . (:I h (1) 
8.060 
(:I . 06(:) 
0 . 060 
0.060 
0 .  060 
0. 060 
0.060 
0 .  060 
0. 0L(:) 
0.060 

DSG P 
0.080 
0.080 
o .080 
0.080 
0.080 
0.080 
0. 080 
0.080 
0.080 
0.080 
0.080 

DSG P 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 

DSG Q 
0. 037 
0.040 
(3. 044 
0. 047 
(3.051 
0.054 
0.058 
0.062 
0.065 
0 i Oh'? 
0.073 

DSG Q 
..O. 027 
0.030 
0; 034 
0.037 
0.041 
0.044 
0.048 
0.052 
0.055 
0.059 
0.063 

D S G  Q 
O . $3 1 7 
0.020 
0.024 
0.027 
0. 03 1 
0.034 
0.038 
0.042 
0.045 
0.049 
0. OSS 

DSG Q 
0.007 
0..010 
0.014 
0.017 
0.1321 
0.024 
0.028 
0.032 
0.035 
0.039 
0.043 

DSG , PF 
0. 850 
0. €329 
(3.808 
0.786 
0. 764 
0.742 
o.72o 
6.698 
0.676 
0. C95  
o. 634 

DSG PF 
0 .  ,947 
0.935 
(3.921 
0.907 
0.892 
0.875 
0.858 
0.841 
0.822 
0.804 
( 3 .  7R5 

D S G  PF 
0.9se 
0.980 
0.973 
0.965 
0.956 
0.946 
0.935 
0.924 
0.911 
0.897 
0.883 

DSG PF 
0.998 
0.996 
0.994 
0.990 
0.986 
0.980. 
0.974 
0.967 
0.959 
0.951 
0.941 

SYS P 
0.558 
0.577 
0.596 
0.616 
0.636 
0.655 
o. 675 
0.695 
0.716 
0.73h 
0. 757 

SYS P 
Q..53@ 
0.557 
0.576 
0.596 
(3.615 
0.635 
0.655 
0.675 
0.696 
0.716 
n- 7 3 A  

SYS P 
0.517 
0.537 
0.556 
0.576 
0.595 
0.625 
0.635 
0.655 
0.675 
0.696 
0.716 

SYS P 
(3.497 
0.517 
0.536 
0.556 
(2.575 
0.595 
0.615 
0.635 
0.655 
0.676 
0.696 

SYS Q 
0.426 
0.437 
0.448 
0.460 
0.471 
0.482 
0. 494 
0.505 
0.516 . 
4.328 
0.539 

SYS c! 
6..436 
0.447 
0.458 
0.470 
0.481 
0.492 
0.504 
0.515 
0.526 
0.538 
0.549 

SYS Q 
0.456 
0.467 
0.478 
0.490 
0. YO1 
0.512 
0.524 
0.535 
0.546 
0.558 
0.569 

SYS PF 
0.795 
0.797 
0.799 
0.801 
0.803 
0.805 
0.807 
0.809 
0.81 1 
0.813 
0.814 

SYS PF 
a. 777 
0.780 
0.783 
0.785 
0.788 
0.790 
0.793 
0.795 
0.797 
0.800 
0.802 

SYS PF 
0.788 
0.761 
0.765 
0.768 
(1.772 
0.775 
0.778 
0.780 
0.783 
0.786 
6.788 

SYS PF 
0.737 
0.742 
0.746 
0.750 
0. '754 
0.758 
0.762 
0.765 
0.768 
0.771 
0.774 

LOAD V 
0. 820 
0.839 
0. 859 
0. €378 
0.898 
0.918 
0.937 
T). '757 
0.977 
0.996 
1.016 

LOAD V 
c, . E.4 1 9 
0.839 
0. 859 
0.878 
0.898 
0.918 
0.937 
0.957 
0.976 
0.996 
1. Qlcb 

LOAD V 
0. Q19 
0.839 
0.859 
0.878 
0.898 
0.917 
0.937 
0.997 
0.976 
0.996 
1.016 

LOAD V 
0.819 
0.839 
0.858 
0.878 
0.898 
0.917 
0'. 937 
0.957 
0.976 
0.996 
1.016 



DATA FOR INVERTER, CEA - COMPENSATED 
HEAVY LOAD C A S E  

SYS V DSG P 
0.90 (:).I40 
0.92 0.140 
0.94 0.14C) 
0.96 <:).14(:) 
0.98 0.140 
1.00 0.140 
1.02 0.140 
1.04 0.140 
1.06 0.140 
1 .  0.140 
1.10 0.140 

SYS V DSG P 
0.90 (1.160 
0.92 0.160 
0.94 0 .  160 
0.96 0 .  160 
0 .  98 0 .  16r:) 
1 . 3  0.160 
1.02 0.160 
1.04 0 .  160 
1.06 0.160 
1.08 0.16(3 
1.10 0.16O 

SYS V DSG P 
0.90 o.18c) 
0.92 0.180 
0.94 0.180 
0.96 0.180 
0.98 0.180 
1;06 0.18(> 
1 . 2  0.180 
1.04 0.180 
1.06 (3.180 
1.08 0.180 
1 . 1 C )  (3. i 80 

SYS V DSG P 
().99 0.2iJ0 
0. 92 0.200 
0.94 0.200 
0.96 0.200 
0.98 0.200 
1.00 0. 200 
1.02 0.200 
1.04 0.200 
1 . 0  i).z(:)o 
1.08 0.200 
1.10 0.2rJi) 

DSG (I! -. 0(j3 
0 .  000 
(3. (304 
0.007 
0.01 1 
0. 014 
0.018 
0. 02 1 
.0.  025 
0.029 
0.033 

DSG 12 
- . (1) 1 3 
- . 0 1 (3 
- . O(36 
- . 00.3 
(:) . 00 1 
0.004 
0 . (:)08 
0.01 1 
0.015 
0.019 
(3. 023 

DSG R -. 023 
-. 020 -. 016 
-. 013 -. (:)09 
-. 006 -. (:)02 
0.001 
(3. 005 
0.009 
0.013 

DSG Q -. (333 
- . 030 -. 026 -. 023 -. 020 -. 016 -. 012 -. 009 -. i)05 --. 00 1 
0.003 

DSG PF 
1 . 000 
1.000 
1.000 
0.999 
0.997 
0.995 
0. 992 
0.988 
(3.984 
0.979 
0.973 

DSG PF 
0.997 
0.998 
0.999 
1 .  0rJ0 
1 . (300 
1.000 
(1). 999 
0.997 
0.995 
0.993 
0.990 

DSG PF 
0.992 
0.994 
0.996 
0.997 
0.999 
0.999 
1.000 
1.000 
1 . o C ) o  
0.999 
0. 997 

DSG PF 
0.987 
0.989 
0.991 
0.99.3 
0.995 
q. 997 
0.998 
0.999 
1 . 000 
1.008 
1.000 

SYS P 
(1.477 
0.496 
0.516 
0 .  "-7" a34 
(3.555 
0.575 
0 . ~ 9 5  
0.615 
0.635 
0.656 
0 .  676 

SYS P 
0.457 
0.476 
0. 496 
0.515 
(3.535 
0.555 
0.575 
0.595 
(3.615 
0.636 
0.656 

SYS P 
0.437 
0.456 
(3.476 
0.495 
0.515 
0.535 
(>.S!Z~ 
0.575 
0.595 
0.615 
o. 636, 

SYS P 
0.417 
0.436 
(3.456 
0.475 
0.495 
0.515 
0. 555 
0.555 
0.577 
0.595 
0.616 

SYS Q 
0.466 
0.477 
0.488 
0.500 
0 . 5 1 1 
0.522 
(1) . 533 
(3.345 
0.556 
(3.568 
0.  579 

SYS R 
0. 476 
0.487 
0.498 
(3.509 
0 .  52 1 
0.532 
o. 543 
0.555 
0 .  566 
0.578 
0.589 

SYS (5! 

0.486 
0.497 
0.508 
(3.519 
0.531 
0.542 
0.553 
0.565 
0.576 
0.587 
0.599 

SYS R 
0.496 
0.507 
0.518 
0.529 
0.341 
0.552 
0 .  563 
0.575 
0.586 
0.597 
o. 609 

SYS PF 
0.716 
0.721 
(3.726 
0.731 
(1). 736 
0.740 
0.745 
(3.749 
0 .  752 
0.756 
0.760 

SYS PF 
0 .  6913 
0.699 
0 .  705 
0.711 
i). 717 
0.722 
0.727 
0.751 
0. 736 
0.740 
0 :744 

SYS PF 
0. 669 
(3.676 
0.683 
0.690 
0.696 
0. '702 
0.708 
0.713 
0.718 . 
0 .  723 
0.728 

SYS PF 
0.644 
0.652 
0 .  660 
0.668 
0.675 
0.682 

.0 .  688 
(3.695 
(3. 700 
0.706 
0. 71 1 

LOAD V 
0.81V 
0.839 
c.,.f15\3 
0.878 
0.  El98 
0.917 
(5. 937 
0 .  956 
0 .  976 
0.996 
1 . (1) 1 5 

LOAD V 
0.819 
0.8.39 
0 .  858 
(3.878 
0 .  897 
0.917 
0 .  9.37 
0.956 
0.976 
0.996 
1.015 

LOAD V 
0 . 8 1 9 
0.838 
0.858 
0.878 
0.897 
0.917 
i). 937 
(3.956 
(3.976 
0.996 
1 .  (315 

LOAD V 
0.819 
0.838 
o. 858 
0.879 
0 .  897 
0.917 
0.936 
0.956 
0. 976 
0.995 
1.015 



TABLE B-XV 

CONSTANT IMPEDANCE LOAD 
DATA FOR PV INVERTER 

LIGBT WAD CASE 

S Y S  v 
(1) . 90 
0. 92 
0.94 
0. 96 
(3.98 
1.00 ' 

1.02 
1.04 
1 . O h  ' 

I. . era 
1.10 

DSG P 
0.020 
0.020 
0 . 02C) 
0.020 
0.020 
0.020 
0. 020 
0.020 
0.020 
0.020 
0.020 

S Y S  V DSG P 
0.90 0; 040 
0. 92 0.040 
0.94 , 0.040 
0.96 0.040 
0.98 0.040 
1.00 0.040 
1 . 02 0. 040 
1 . 04 0.040 
1. ($6 0.04U 
1.~18 ~1.040 
1 .  0.040 

9 Y S  V DSG P 
0 .  90 0.060 
0.92 U.cJ6c'J 
0.94 0,060 
0. 96 0.060 
0.98 0.060 
1.00 0.060 
1.02 0nQ6(2 
1.04 0.060 
1.06 0.060 
1.08 0.060 
1.10 0.060 

S Y S  V DSG F 
0.90 0.080 
0.92 0.080 
0.94 0.080 
0.96 0.08Q 
0.98 0.080 
1.00 0.080 
1.02. 0.080 
1.04 0.080 
1.06 0.080 
1.08 0.080 
1.10 0.080 

DSG Q -. (:)62 
-. 062 -. 062 
-. 062 -. 062 -. 062 -. 062 -. 062 
- b  862 -. 062 -. 062 

DSG Q -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 
- .Oh4 

DSG Q -. 068 -. 068 -. 068 -. 068 -. 068 -. 068 -. 068 -. 068 -. 068 -. 068 -. 068 

DSG PF 
0.307 
0. 307 
0. 307 
0.307 
0.307 
0.307 
0.307 
0.307 
0. 307 
0.307 
0. 307 

DSG P F  
0.550 
0. 5.30 
0.530 
0.530 . 
0.530 
0.530 
0. 530 
0.530 
0.530 
0.530 
(-1. 530 

PSG P F  
(9.674 
0. 6'73 
0.673 
0.673 
0.673 
0.673 
C),h73 
0.673 
0.673 
0.673 
0.673 

DSG P F  
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 

S Y S  P 
0.043 
0.046 
0.049 
0.052' 
0.055 
0.058 
0.061 
0.064 
0.067 
0.071 
0.074 

S Y S  P 
0.023 
0.026 
0. 029 
0.032 
0.035 
0.038 
0.041 
0.044 
0.048 
0.051 
0.054 

SYS B 
0.003 
0.006 
0.009 
0.012 
0.015 
0. W l t 3  
0.021 
0.024 
0.028 
0.031 
0.034 

S Y S  P -. 017 
-.014 -. 01 1 -. 008 -. 009 -. 002 
0.001 
0.004 
0.008 
0.011 
0.014 
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S Y S  Q 
0.109 
0.111 
(3. 113 
0.116 
0. 118 
0.120 
0. 123 
0. 125 
0.128 
0. is0 
0.133 

S Y S  0 
0.111 
0.113 
0.115 
O .  118 
o. 120 
0.122 
0. 125 
(3. 127 
0 .  130 
0.132 
(1. 135 

S Y S  Q 
V. 113 
0. 113 
0.118 
0.120' 
0.122 
0.124 
99 127 
0.129 
0.132 
0.134 
0.137 

S Y S  Q 
0.115 
0.117 
0.120 
0.122 
0.124 
0.126 
0.129 
0.131 
0.194 
0.136 
0.159 

S Y S  P F  
0.365 
0.380 
0.394 
0.407 
0.420 
0.433 
0.445 
0.456 
0.467 
0. 47n 
0 .  488 

S Y S  PF 
0.201 
0.221 
0.241 
0.260 
o. 278 
0.295 
0.312 
0.328 
0 .  344 
0.359 
0.374 

SYS PF 
(3.026 
0.030 
0.074 
0.097 
o. 120 
0.142 
0.164 
6.185 
0.205 
0.225 
0.244 

S Y S  PF 
0.146 
0.119 
0.093 
0.067 
0.041 
Or 016 
0.009 
0.033 
0.057 
0.081 
0.104 

LOAD V 
0 .  886 
0.906 
C). 926 
0.946 
0.966 
0.986 
1. (305 
1.025 
1.045 
1. UbS 
1.0135. 

LOAD V 
0.886 
0.906 
0 .  926 
0.946 
0.966 
0.986 
1 . (:)C)6 
1.026 I. 046 
1.066 
1 ,086 

LOAD V 
0.888 
0.908 
0.928 
0.948 
0.967 
0.987 
1.007 
1.027 
1.047 
1.067 
1.087 



TABLE B-XV, ~ o n t .  

IUTA FOR W INVEgTER 
LIGHT LOAD CASE 

SYS v 
0 . 9(5 
0.92 
0 .  94 
0.96 
0. 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS V 
(1) . 90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1. (32 
1.04 
1 .06 
1.08 
1.10 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1-10 

DSG F' 
O. lc.,O 
0.100 
0.100 
0.100 
(1) . 1 (1) C) 
0.100 
Q . 1 01:l 

0. l(3O 
0.100 
0.100 
0 .  100 

DSG P 
0. 120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0. 12C) 
(3. 120 

DSG P 
0.140 
0. 140 
0.140 
0.140 
0. 140 
0.140 
0.140 
0.140 
0.140 
0. 140 
0.140 

DSG P 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 

DSG L! -. 070 
- . 070 
- . (1) 70 
-. (370 -. 070 -. 070 -. 070 -. 070 -. 070 -. 070 -. 070 

DSG 0 -. 072 -. 072 -. 072 -. 072 -. 072 -. 072 ' -. 072 -. 072 -. 072 -. 072 -. 072 

DSG Q -. 074 -. 074 -. 074 -. 074 -. 074 -. 074 
-.074 -. 074 -. 074 -. 074 -. 074 

DSG G! 
- .076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 

DSG PF SYS. .P 
0.819 -. 037 
0.819 -. 0.34 
0.819 -. 031 
0.819 -. 028 
0.819 ' -. 025 
0.819 -, 022 
0.819 -. 019 
0.819' -.a16 
0.819 -. 012 
0.819 -. 009 
(1) . 8 1 9 -. 005 

DSG PF 
0.857 
0.857 
(3.857 
0.857 
0.857 
0.857 
0.857 
0.857 
(3.857 
0.857 
0.857. 

DSG PF 
(3.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 

DSG PF 
0.903 
0.903 
0.903 
0.903 
0.903 
0.903 
0.903 
0.903 ' 

0.903 
0. $07 
0.903 

SYS P -. 057 -. 054 -. 051 
- .048 -. 045 -. 042 -. 0.39 
- .035 -. 032 -. 029 -. 025 

SYS P -. 077 -. 074 -. 071 -. 068 -. 065 -. 062 -. 059 -. 053 -. 052 -. 049. -. 045 

SYS P -. 097 -. 094 
-.a91 -. 088 -. 085 -. 082 -. 078 -. 075 -. 072 -. 869 -. 065 

SYS Q 
0.117 
0.120 
0.122 
0.124 
0.126 
0.129 
0. 1.31 
0.133 
0.136 
0.138 
0.141 

SYS Q 
0.119 
0.122 
0. 124 
0.126 
0.128 
0'. 131 
0. 1.33 
(3. 135 
0.138 
0.140 
0.143 

SYS Q 
0.121 
0.124 
0. 126 
0. 128 
0.130 
0.133 
C). 135 
0.137 
0.140 
0.142 
0.145 

SYS PF 
0.429 
0.405 
0.381 
0.356 
(1) . 33 1 
0.305 
0.279 
0.253 
0.227 
0.201 
(3. 175 

SYS PF 
0.534 
0.513 
0.491 
0.468 
0.4'45 
0.422 
0.398 
0.373 
0.348 
0.323 
0.298 

SYS PF 
0,616 
0.598 
0.579 
0.559 
0.539 
0.518 
0.497 
0.475 
0.452 
0.429 
0.405 , 

L O A D  V 
0.888 
0.908 
0.928 
0.948 
0.968 
0.988 
1 . 00.8 
1.028 
1 . 047 
1.067 
1.087 

L O A D  V 
0.890 
0.910 
0.929 
0.949 
0.969 
0.989 
1.009 
1.029 
1.049 
1.068 
1.088 



TABLE B-XV, cont. 

RATA FOR PV. INVEgTER 
LIGHT LOAD CASE 

SYS V DSG P 
0.90 (3. 180 
0.92 0.180 
0.94 (:).I80 
0.96 0.180 
(3.98 (1.180 
1.00 0.180 
1.02 (3.180 
1.04 0.180 
1 . 6  (3.180 
1.'08 0.1.HO 
1 . 1 0 (1) . 1 80 

DSG 0 
- . 078 -. 078 -. 078 -. 078 -. 078 
-. 078 -. 078 -. 078 -. 078 -. 078 -. 078 

DSG PF 
0.918 
0.918 
(3. 918 
0.918 
(3.918 
0.918 
0.918 
0.918 
(5.918 
0.918 
0. Y l t l  

SYS P -. 117 
-. 114 -. 111 
-. 108 -. 105. -. l(j2 
- . 098 -. 095 -. 092 
-. 088 -. r-rQ5 

SYS Q .  
0.126 
0.128 
0. .I 30 
0.132 
0. 134 
0.137 
0.139 
0. 142 
0.144 
(3. 147 
0. 149 

SYS PF 
0. 680 
0.665 
0.648 
0.632 
0 . 6 1 4 
0.596 
(1). 577 
0. 558 
(3.537 
0.517 
0.4'5'5 

LOAD V 
0. 891 
0.91 1 
0.931 
0.950 
0.970 
0.990 
I .  (>lo 
1.030 
1 . 050 
I .  070 
l . r J O 9  

SYS v 
0. 90 
0. 92 
(1) : 94 
0. 96 
0. 98 
1 . C)O 
f . 0 2  
1 . 04 
1 . 06 
1.08 
1.10 

DSG P 
0 . 2(:)(:r 
0. 200 
(1) . aoo 
(1) . 2(:)(:) 
0 . 3:) (:I 

(3 . 200 
0. 200 
0. 200 
0. 200 
(I. 2~30 
(3. 2(:)(j 

DSG L! 
- . 080 
- . 08(1) 
-. (:)ElO 
- .080 
-. (1180 
-. 080 
-. 080 -. 08(:) -. (38(j 
- . 080 
- . 0f)O 

DSG PF 
o. 928 
0.928 
0 .  92H 
0.928 
0.928 
0.928 
0.928 
0.928 
o. 928 
0.928 
(3.928 

SYS P -. 136 
-. 134 -. 131 -. 128 -. 125 -. 121 -. 118 -. 115 -. 112 -. 108 -. 1U5 

SYS R 
0.128 
0. 130 
0.132 
0.134 
(5. 137 
0.139 
(1) . 1 4 1 
0.144 
0.146 
0.149 
0.151 

SYS PF 
0. '730 
0.717 
0. 703 
0.689 
0. 674 
0.658 
(3.642 
0.625 
0. 607 
0.589 
0.570 

LOAD V 
0. 89 1 
(3.91 1 
0. '731 
0.951 
0.971 
0.991 
l . o l l  
1.030 
1 . U5(3 
1.070 
1 . 090 

REALISTIC LOAD REPRESENTATION 

DSG Q 
-. 062 
- 063 . & -. 062 
-. 062 
- . 062 -. 062 -. 062 -. 062 -. 6412 -. 062 -. (1162 

LUAD V 
0. 885 
0.905 
0.925 
0.945 
0. 965 
0.985 
1.005 
1.025 
1.045 
1.066 
1.086 

LOAD V 
0.886 
0.906 
0.926 
0.946 
0.966 
0.986 
1.006 
1.026 
1.046 
1.066 
1 . (386 

SYS v 
0. 90 
0.32 
0.94 
0.96 
0. 98, 
1 . 00 
1.02 
1.04 
1 . 06 
1.08 
1. 1O 

DSG F' 
0. 040 
c). 040 
(1) . (1) 40 
0.  040 
(1) . 04 (:I 
0.040 
o. (340 
0. 040 
0. 040 
0.040 
0.040 

DSG 0 -. 064 -. 064 -. (1164 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 -. 064 

DSG PF SYS P 
0.53C.1 (1) . 028 
0.530 0.030 
(1). 530 0.032 
0.530 0.034 
0.530 (1) . (j36 
0.530 0.039 
0. 530 0.041 
0.530 0.043 
0.530 0.045 
0.530 0 .  (347 
0. 5.30 0. 049 

B- 74 

SYS L! 
0.115 
0.117 
0.118 
0,120 
0.121 
0.123 
0.124 
0.126 
0.128 
0.129 
0.131 

SYS PF 
(2.239 
0.251 
0. 264 
0.27h 
0. 288 
0.299 
0.310 
0.321 
0.331 
0.341 
0.351 



TABLE B-XV, oont. 

DATA FOR W INVEgTEB 
LIGET U)AD CASE 

SYS v 
(1). 90 
0.92 
o. 94 
0.96 
0.98 
1.00 
1 . 02 
1.04 
1.06 
1.08 
1.10 

DSG P 
(3. 060 
0. 060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0. 060 
0. 060 
0. 060 

DSG L! -. (366 
- .066 
- .(I66 -. 066 -. 066 -. 066 
- . 066 
- .066 
- .066 -. 066 -. 066 

DSG PF 
(3.673 
0.67.3 
(3. 67.3 
0.673 
0.673 
0.673 
0.673 
0.673 
0.673 
0.673 
0.675 

SYS P 
(1 . 008 
0.010 
0 . (1) 1 2 
0.014 
0.017 
0.019 
C) . 02 1 
0.023 
0.025 
0.027 
0.029 

SYS a 
0. 117 
(3. 119 
0. 120 
0.122 
0.123 
0.123 
o. 127 
0.128 
0. 130 
0.131 
0.133 

SYS PF 
0.071 
0.087 
0. 103 
0.118 
0.133 
0.147 
0 . 1 6 1 
0.175 
0 .  188 
0. 201 
0.214 

LOAD V 
0.886 
C). 906 
0.926 
0. 94'6 
0. 967 
0.987 
1.007 
1.027 
1.047 
1.067 
1 . 087 

SYS v 
0.90 
0.92. 
0.94 
0.96 
(3.98 
1.00 
1.02 
1.04 
1 .06 
1.08 
1 . 1 (1) 

DSG P 
0 .  080 
0. 080 
0. 080 
0.080 
0. 080 
(3.080 
0.080 
0.080 
0. 080 
0.080 
0 .  080 

DSG Q -. 068 -. 068. -. 068 
- .068 -. 068 -. 068 
- .068 
- .068 
- .068 -. 068 -. 068 

DSG PF 
(3. 762 
0. 762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 

SYS P -. 012 -. 010 -. OC)7 -. 005 -. 003 -. 001 
0. 00 1 
0.003 
0. 005 
0.007 
0. 009 

SYS Q 
0.119 
0.121 
0.122 
0.124 
0.125 
0.127 
0.129' 
0.130 
0.132 
0.133 
0.135 

SYS PF 
0.096 
0.879 
0.0;bl 
0.044 
0.027 
0.010 
0.006 
0.022 
0.038 
0.053 
0.068 

LOAD V 
0.887 
0.907 , .  

0.927. ; 

0.947 
0.967 
0.987 , ,  

1.007 
1.027 
1 . U47 
1.067 
1.887 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.1C) 

DSG P 
0.100 
0.100 
0. 1(:)0 
0.100 
0.100 
0.100 
0.100 
0. 100 
(3 . 1 t:)0 
0. 100 
0.100 

DSG Q -. 070 -. 070 -. 070 
- . 070 -. 070 -. 070 
- . O f 0  
- .070 -. 070 -. 070 -. 070 

DSG PF 
0.819 
0.819 
0.819 
0.819 
0.819 
0.819 
0 . 8 1 9 
0.819 
0.819 
0.819 
0.819 

SYS P -. 031 -. 029 -. 027 -. 025 -. 023 
-- 021 -. 019 -. 017 -. 015 -. 013 -. 01 1 

SYS Q 
0.121 
0.123 
0.124 
0.126 
0.127 
0.129 
0.131 
0.132 
0.134 
0.135 
0. 137 

SYS PF 
0 . 25 1 
0.233 
0.215 
0.198 
0.180 
0.163 
0.145 
0.128 
0.111 
0.095 
0. 078 

LOAD V 
0.888 
0.908 
0.928 
0.948 
0.968 
6.988 
1.008 
1.028 
1 .048 
1.068 
1.088 

SYS v 
0. YC) 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0. 120 
0.120 
0.120 
o.l.20 
0.120 

DSG Q -. 072 -. 072 -. (372 -. 072 -. 072 -. 072 -. 072 -. 072 -. 072 -. 072 -. 072 

DSG PF 
0.857 
0.857 
0.857 
0.857 
0.857 
0.857 
0.857 
0.857 
(3.837 ' 

0.857 
0.857 

SYS PF 
0.384 
0.368 
0.351 
0.334 
0.317 
0.300 
0.283 
0.266 
0.249 
0.232 ' 

0.216 

LOAD V 
0.888 
0.908 
0.928 
0.948 
0.968 
0.988 
1. boa 
.l. 028 
1.048 
1.068 
1.088 



TABLE B-XV, oont . 
U T A  FOR ' W INVEgTEB 

LIGHT LOAD CASE 

SYS v 
0 . 90 
0.92 
(3 . 94 
0.96 
0. 98 
1 . (j(j 
1 . 02 
1.04 
1.06 
1.00 
1 . 1 0 

SYS v 
0. 90 
0.92 
0.94 
0. 96 
0.98 
1 . oo 
l.C)2 
1.04 
1.06 
1 08 
1 . 1 0 

SYS v 
0.90 
0.92 
(1). 94 
0.96 
0.98 
1.00 
1.02 I. 04 
1.06 
1.08 
1 . 10 

SYS i )  
o. 90 
0.92 
Q. 94 
0. 96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0. 140 
0. 140 
0. 140 
(3. 140 
0.140 
(3. 140 
0. 140 
0.140 
0. 140 
(3.140 
0 .  140 

DSG P 
0. 160 
0.160 
0. 160 
0. 160 
0 . 1 60 
0.160 
0.160 
0.160 
0. 16C) 
0. 160 
(1). 16cJ 

DSG P 
(2 1. m:) 
0. 180 
(1). 180 
0 .  180 
0 . 1 80 
(11. 1 80 
0. 180 
0.180 
0. 18C) 
U. 18t5 
0. l eo  

BSG P 
0.200 
0.200 
0. 2c~0 
0.200 
0 .  2(30 . 
0. 200 
(3.200 
0. 200 
0.200 
0 .  200 
0. 200 

DSG (% -. 074 -. 074 -. 074 -. (174 
-. 074 -. 074 -. 074 -. 074 -. 074 -. (a74 -. 074 

DSG Q -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 
-, 076 -. 076 

DSG o! -. 078 -. 078 
-. 078 -. 078 -. 078 -. 078 -. 078 -. 078 -. 078 =. 0'7-8 -. 078 

DSG L! 
- . (380 -. 080 -. 080 -. 080 -. om0 -. 080 -. 080 -. 080 -. 080 -. 080 -. 080 

DSG PF 
0.. 884 
0.8R4 
0.884 
0.884 
0.884 
0.884 
0. 884 
0.884 
0.884 
0.884 
0.884 

DSG PF 
0. 903 
0.903 
(3. 90.3 
0.903 
0.90s 
0.903 
0.903 
0.903 
0.903 
0.903 
0.903 

SYS P -. 071 -. 069 -. 067 -. 065 -. 063 -. 061 -. 059 -. 057 -. 055 
-. 053 -. 051 

SYS P -. 09 1 
- .089 -. 087 -. 085 -. 083 -. 081 -. 079 -. 077 -. 075 -. 073 -. 071 

F>F SYS P 
0.918 -. 111 
0.918 -. 109 
0.Yi8 -. 10'7 
0.918 -. 105 
(I. 918 -. 103 
0.918 -. 101 
0.918 -. 099 
8.918 - m  097 
0.918 -. 095 
0.910 ..,, 035 
0.918 - a  091 

SYS Q 
0.125 
0,127 
0.129 
0.130 
0.132 
0.133 
0.135 
0. 1.36 
U. IS8 
0.139 . 
0.141 

SYS c! 
,0. 128 
0.129 
0.131 
0.132 
0. 134 
0. 1.35 
0 .  137 
0.138 
0.140 
0.141 
0.143 

SYS Q 
0. 130 
0.131 
0. 193 
0.134 
0.136 
0.137 
0.139 
0.140 
0.142 
0.144 
0.145 

DSG PF 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 

SYS BF 
0.494 
0.479 
0.464 
0.449 
0.433 
0.417 
0.402 
0.386 
0.370 
(3.354 
0. '338 

SYS PF 
0.582 
0.569 
0.556 
0.542 
0.528 
0.514 
0.500 
0.486 
0.472 
0.457 
0.442 

LOAD V 
0.889 
0.909 
0.929 
0.949. 
0.969 
0.989 
1.009 
1.029 
1.049 
1.069 
1.089 

LOAD V 
0.890 
0.910 
0.930 
0.950 
0.970 
0.990 
1.010 
1.029 
1.049 
1.069 
1.089 

LOAD V 
0.890 
0.910 
0.930 
0.950 
0.970 
0.990 
1.010 
1.030 
1.050 
1.070 
1 090 



TABLE B-XVI 

DATA FOR W INVEKI'EB 
BEAW IBAD CASE CONSTANT IMPEDANCE LO6D 

SYS v 
0. 90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

DSG Q -. 062 -. 062 -. 062 -. 062 -. 062 -. 062 
- .(I62 -. 062 -. 062 -. 062 ' -. 062 

DSG PF 
0. 307 
0.307 
0.30'7 
0.307 
0. 307 
0.307 
0.307 
0.307 . 

0.307 
0.307 
0.3c17 

SYS P 
0 . 5 1 4 
0.539 
0.564 
0.589 
(1.615 
0.642 
0 .  669 
0.696 
0.724 
0.755 
0.782 

SYS Q 
0.463 
0.481 
0 . 500 
0.519 
0.538 
0.558 
0 ..578 
0.599 
0.620 
0.642 
0.664 

SYS'  PF 
0 .  743 
0.746 
0.748 
0.750 
0.753 
0.754 
0.756 
0.758 
0.760 
0.761 
0.763 

LOAD V 
0. 817 
0.836 
0.854 
0. 873 
0.891 
0.909 
0.928 
0.946 
C) .965 
0.983 
1 . (:)(:) 1 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0. 040 
0.040 
0.040 
0.040 
0.040 

DSG Q -. 064 
- .064 -. 064 
- .064 -. 064 
- ,064 
- .(I64 -. 064 -. 064 -. 064 
- .064 

DSG PF 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 

SYS P 
0.495 
0.520 
0.545 
0.570 
0.596 
0.623 
0.650 
0.677 
0.705 
0.734 
0.763 

SYS Q 
0.465 
0.484 
0.503 
0.322 
0.541 
0.561 
0.581 
0.602 
0. 623 
0. 644 
0.666 

SYS PF 
0.729 
0.732 
0. 735 
0.738 
0. 740 
0.743 
0.745 
0.747 
0.749 
0.751 
0.753 

LOAD V 
0.818 
0.836 
0.855 
0.873 
0.892 
0.910 
0.Y28 ' 

0.947 
0.965 
0.984 
1 . 0(52 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 

DSG Q -. 066 -. 066 -. 066 -. 066 -. 066 -. 066 -. 066 
- .a66 -. (366 -. 066 -. 066 

DSG PF 
0.673 
0.673 
(1). 673 
0.673 
0.673 
0.673 
0.673 
0.673 
0.673 
0.673 
0.675 

SYS P 
0.476 
0. 50 1 
0.526 
0.551 
0 .  577 
0.604 
0.631 
U. 638 
(3. hRh 
0.715 . 

.C). 744 

SYS Q 
0.468 
0.487 
0.5c15 
0.524 
0.544 
0.564 
0.584 
0.6CIS 
0.626 
0.647 
0.669 

SYS PF 
0 . 7 1 3 
0.717 
0. 721 
0.724 
0.728 
0.731 
0.734 
0.736 
0 .  7.39 
0.741 
0.744 

LOAD V 
0.819 
0.837 
0.856 
0.874 
0.892 
0.911 
0. 929 
B. '947 
0.966 
0.984 
1 . (303 

SYS V DSG P 
0.90 0.080 
0.92 0.080 
0.94 0.080 
0.96 0.080 
0.98 0.080 
1.00 0.080 
1-02 0.080 
1.04 0.080 
1.06 0.080 
1.08 0.080 
1.10 0.080 

DSG Q 
- . 068 -. 068 
- .068 -. 068 -. 068 -. 068 . -. 068 -. 068 -. 068 -. 068 -. 068 

DSG PF 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 

SYS P 
0.457. 
0.482 
0. 507 
0.552 
0.558 
0.583 
0.612 
0.659 
0.667 
0.696 
0.725 

SYS Q 
0.471 
0.489 
0.508 
0.527 
0.547 
0.566 
0.587 
0.607 
o'. 628 
0.650 
0.672 

SYS PF 
0.697 
0.702 
0.706 
0.710 
0.714 
0.718 
(1). 722 
0.725 
0.728. 
0.731 
0.754 

LOAD V 
0 e 820 
0.836 
0 .  856 
0.875 
0.895 
0.911 
0.930 
0.948 
0.966 
0. 985 
1 . 003 



TABLE B-XVI, oont. 

M T A  FOR PV INVEIII'ER 
HEAVY LOAD CASE 

SYS v 
0.90 
0. 92 
0 .  94 
0. 96 
(3. 98 
1. C10 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS v 
(1) . 90 
0.92 
0.94 
0.96 
0. 98 
1, 00 
1.02 
1 .04 
1 . (16 

-.' 1.08 
1.10 

SYS v 
0.90 
6.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1. lC1 

SYS v 
0 . 90 
0.92 
0.94 
0. 96 
0. 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0. 100 
0. 100 
0. l(:)O 
0. 100 
0. 1(:)0 
0.100 
0.100 
0.100 
0 . 1 00 
0. 100 
0.100 

DSG P 
0.120 
0. 120 
0.120 
0.120 
0.120 
0. 120 
0. 120 
0.120 
0.120 
0.120 
0.120 

DSG P 
0' 140 
0.140 
0. 14C) 
0. 140 
0.140 
0.140 
(3. 140 
0.140 
0.140 
0. 140 
(:I . 1 40 

DSG P 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0. 160 
0.160 
0.160 

DSG Q 
- .070 -. 070 -. (570 -. 070 -. (570 -. 070 -. 070 -. 070 
- 9  978 -. 070 -. 070 

DSG Q -. 072 -. 072 &. 072 
-.072 -. 072 -. 072 -. 072 -. 072 -. 072 -. 072 -. 072 

DSG Q -. 074 -. 074 -. (574 -. 074 -. 074 -. 074 
-.a74 -. 074 -. 074 -. 074 -. 074 

DSG I2 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 

DSG PF SYS P 
0.819 (1). 438 
.0. 8 1.9 0.463 
0 .' 8 1 9 0.488 
0.819 0.513 
0.819 0. 539 
0.819 0.566 
0.819 (3.593 
0.819 0.620 
0.819 (1). 648 
0.819 . 0.677 
0.819 0.706 

DSG PF 
0.857 
0.857 
0.837 
0.857 
0.857 
0.857 
0.857 
0.857 
0.857 
0.857 
0.857 

DSG PF 
0.004 
0.881 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 
0.884 

SYS .P 
0.419 
0.444 
0.469 
0.494 
0.520 
0.547 
0.574 
0.601 
0.629 
0.658 
0.687 

SYS P 
0.400 
0.425 
0.430 
0.473 
(5.501 
0.528 
0.355 
0.582 
0.610 
0.639 

. 0.668 

DBO PF SYS P 
0.903 0.381 
0.903 0.406 
0.903 0.431 
0.903 0.456 
0.905 0.482 
0. YO3 0. 509 
0.903 0.53b 
0.903 0.563 
0.903 0.591 
0.903 0.620 
0.903 0.649 

SYS Q 
0 .  474 
0.492 
0.511 
0.530 
0.549 
0.569 
0 .  589 
0.610 ,. 631 
0.653 
0.675 

SYS Q 
0.476 
0.495 
0.513 
0.533 
0.552 
0.572 
0.592 
0.613 
0.634 
0.655 
0.677 

SYS Q 
0.479 
0,498 . 
0.516 
0. 535 
0.555 
0.575 
0.595 
0.616 
0.637 
0.638 
0.680 

SYS Q 
0.482 
0.500 
0.519 
0.538. 
0.538 
0.577 
0.598 
0.618 
0.639 
0.661 
0.683 

SYS PF 
0.679 
0.685 
0.691 
0.696 
0.700 
0.705 
0.709 ' 

0.713 
0.716 
0.720 
0.723 

SYS PF 
0.661 
0.668 
0.674 
0.680 
0.686 
0.691 
(1.696 
0.700 
0.704 
0.708 
0.712 

SYS PF 
0.641 
0.643 
0.637 
0.664 
0 .'670 
0.676 
0.682 
0.687 
0.692 
0.697 
0.701 

SYS r F  
0.620 
0.630 
0.639 
0.647 
0.654 
0.1561 
0.667 
0.673 
0.679 
0.684 
0.689 

LOAD V 
0.820 
0.839 
0.857 
0.875 
0.894 
0.912 
0.930 
0.949 
Tr.9h7 
0.985 
1. UU4 

LOAD V 
0.821 
0.839 
0.858 
0.876 
0.894 
0.913 
0.931 
0.949 
0.968 
0.986 
1.004 

LOAD V 
0.822 
0. Q4(J 
0.859 
0.877 
0.893 
0.913 
0.932 
0.950 
0.968 
0.987 
1.003 

CQAD V 
0.823 
0.841 
0.859 
0.878 
0.896 
0.314 
0.932 
0.951 
0.969 
0.987 
1.006 



TABLE B-XVI, cont. 

DATA FOR PV INVERTER 
HEAW LX)AD CASE 

DSG PF 
0.918 
0.918 
0.918 
0.918 
0.918' 
0.918 
0.918 
0.918 
0. 918 
0.. 918 
0.918 

SYS P 
0.362 
0.387 
0.412 
0.457 
0 .  463 
0.489 
0.517 
0.544 
(1). 572 
Uc.60 1 
0.630 

SYS Q 
0.485 
0.503 
0.522 
0.541 
0.560 
0.580 
0.600 
0.621 
0.642 
0% 664 
0.686 

SYS PF 
0. 599 
0.609 
0.619 
0.629 
0.637 
0.645 
0.652 
0.659 
0.665 
0.67.L 
0.677 

LOAD V 
0.823 
0.842 
0.860 
0.878 
0.897 
0.915 
0.933 
0.951 
i). 970 . 
0.988 
1.006 

SYS v 
0.90 
0.92 
0.94 
0'. 96 
0.98 
1.00 
1.02 
1.04 
1 .06 

.. 1 . 08. 
1.10 

DSG P 
0. 180 
0 .  180 
0 .  l8C) 
C1. 180 
0.180 
0.180 , 

0.180 
0.180 
0. 180 
0.180 
0.180 

DSG Q -. 078 -. 078 -. 078 -. 078 -. 078 -. 078 -. 078 -. 078 -. 078 
.- i 078 
-. 078 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1 . 1 0 

DSG P 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 . 

0.200 

DSG Q 
- .080 -. 080 -. 080 
- .080 
- .080 -. 080 -. 080 -. 080 -. 080 -. 080 -. 080 

DSG PF 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.  928 

SYS P 
0.343 
0.368 
0.393 
0.418 
0.444 
0.470 
0.498 
0.525 
0.553 
0.582 
0.61 1 

SYS Q 
0.487 
0.506 
0.524 
0.543 
0.563 
0.583 
0 .  603 
0.624 
0.645 
0.666 
0.688 

SYS P F  
0.576 
0.588 
0.599 
0.610 
0.619 
0.628 
0.  636 
0.644 
0.651 
0.658 
0.664 

LOAD V 
C). 824 
0.842 
0.861 
0.879 
0.897 
0.915 3 

0.934 
0.992 
0.970 
0.989 . 

1.007 

REALISTIC LOAD REPRESENTRTION 

SYS v 
0.90 
0.92 
0.94 
0.96 
0 . 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

DSG Q -. 062 -. 062 
- .062 -. 062 -. 062 -. 062 -. 062 -. 062 -. 062 -. 062 -. 062 

DSG PF 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 
0.307 

SYS P 
0.584 
0.603 
0.623 
0.642 
0.662 
0.681 
0.701 
0.721 
0.741 
0.761 
0.781 

SYS Q 
0.515 
0.5% 
0.544 
0.558 
0.573 
(3.588 
0.603 
0.618 
0.633 
0.648 
0.663 

SYS PF 
0.750 
0.752 
0; 753 
0.754 
0. 756 
0.757 
0.758 
0.759 
0.760 
0.762 
0 .  762 

LOAD v 
0.806 
0.825 
0.845 
0.864 
0.884 
0.904 
0.923 
0.943 
0.962 
0.982 
1 .  it01 

DSG P 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.0,40 
0.040 
0.040 

DSG Q -. 064 -. 064 -. 064 -. 064 -. 064 
- .064 -. 064 
- .064 -. 084 
- .064 -. 064 

DSG PF 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 
0.530 

SYS P 
0.565 
0.584 
0.603 
0.623 
0.642 
0.662 
0.682 
0.702 
0.722 
0.742 
0.762 

SYS Q 
O. 518 
0.532 
0.547 
0.561 
0.576 
0.590 
0.605 
0.620 
0.635 
0.650 
0.666 

SYS PF 
0.737 . 
0.739 
0.741 
0.743 
0.745 
0.746 
0.748 
0.749 
0.751 
0.752, 
0.753 

LOAD V 
0.807 
0.826 
0.846 
0.865 
0.883 
0.904 
0.924 
0.943 
0.963 
0.982 
1.002 



TABLE B-XVI, cont . 
RATA FOB PV INVWTER 

HEAVY M A D  CASE 

SYS v 
0 . 90 
0.92 
0 .  94 
0.96 
0.98 
1.00 
1.02 
1,04 
1.06 
I. 00 
1.1C) 

DSG P 
0.060 
0.060 
0. 060 
0 . 060 
0 . 060 
0. 060 
0. 060 
0.060 
0.060 
6.04Cl 
0.060 

DSG Q 
- .066 
- .066 -. 066 -. (366 -. 066 -. 066 
- . 066 -. 066 -. 066 
-. OhC, -. 066 

DSG PF 
0.673 
0.673 
0. 673 
0.673 
0.673 
0.673 
0.673 
0.673 
C~.673 
0,673 
0.673 

SYS P 
(3.546 
0.565 
0.584 
0.604 
0.623 
0.643 
0.662 
0.682 
0.702 
0.723 
o. 743 

SYS Q 
0.520 
0.535 
0.549 
0.564 
0.578 
0.593 
0.608 
0.623 
6) . 638 
0.653 
U.66tJ 

LOAD V 
0.808 
0.827 
0.847 
0 866 
0.886 
0.905 
0.925' 
0.944 
0.964 
0.983 
1.003 

SYS v 
(1) , 90 
0.92 
0. 94 
0.96 
0.98 
1 . 00 
1.02 
1.04 
1.06 
1.08 
1.1C) 

DSG P 
0.0130 
O. 080 
C) . (:)8(:) 
0. 080 
0. 080 
0. 080 
0 . 080 
0 . 0 8 (1) 
0 . 080 
0. 080 
0. 080 

DSG 0 
- . (368 
-. 068 
- . (368 -. 068 -. 068 
- .068 
- .(I68 
- .068 -. 068 -. 068 
- . (368 

DSG PF 
0.762 
0.762 
0.762 
0.762 
0.762 
0.762 
0. 762 
0.762 
0.762 
0.762 
0.762 

SYS P 
0.527 
0.546 
0.565 
0.584 
0.604 
0.623 
0.643 
0.663 
0. 683 
0.703 
0.724 

SYS Q 
0.523 
0.537 
0.552 
0.566 
0.581 
0.596 
0.610 
0.625 
0.640 
0.655 
0. 671 

SYS PF 
0.710 
0 .  715 
0.715 
0.718 
0.721 
0.723 
0.725 
0.728 
'0.730 
0.732 
0. 73.3 

LOAD V 
0.808 
0.828 
0.847 
0.867 
0.886 
0.906 
0.925 
0.945 
0.964 
0.984 
1.003 

LOAD V 
0. 809 
0.829 
0.848. 
0.868 
0.887 
0.907 
(3.926 
0.946 
0.965 
0.985 
1.004 

DSG P 
Cl .  100 
0. 100 
0.100 
0. loo 
0 . 1 oo 
0. 100 
0. 100 
0.100 
0.100 
0. 100 
(:). 100 

DSG Q - .070 -. 070 -. 070 -. 070 -. 070 
- .070 
-. 070 
. . .  . 070 -. 07C) 
..,. . 070 -. 070 

DSB PF SYS P 
0. B19 0.308 
0.819 U. 327 
0.819 0.546 
0.819 0.565 
0.819 (3.585 
0.819 0.604 
0.819 0.624 
(3. 8 1.9 0.644 
0.819 0 .  664 
0.819 0.684 
0.819 0. 704 

SYS Q 
0.526 
0.540 
0.554 
0.569 
0.583 
0.598 
0.613 
0.628 
0.643 
0.658 
0.673 

SYS PF 
0.695 
0.e48 
0.702 
0.705 
0.708 
0.71 1 
0.713 
0.716 
0.71t3 
0.721 
(5,723 

DSG P 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 

SYS PF 
0.679 
0.683 
0.687 
0.691 
0.694 
0.698 
0.701. 
0.704 
0.707 
0.709 
0.712 

LOAD V 
6.810 
0.829 
0.849 
0.868 
0.888 
0.907 
0.927 
0.946 
0.966 
0.985 
1.005 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1. 0C) 
1.02 
1.04 
1.06 
1.08 
'1. 10 



TABLE B-XVI, dont. 

WTA FOR PV INVEBTER 
HEAVY LOAD CASE . 

SYS v 
0. 90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 

, 1.06 
1.08 
1.1C) 

DSG P 
0.140 
0.  140 
(1). 140 
0.140 
0. 140 
0.140 
0.140 
0.  140 
0.140 
0.140 
0. 140 

DSG Q -. 074 -. 074 -. 074 -. 074 -. (374 -. 074 -. 074 -. 074 
-. 074 -. 074 -. 074 

DSG PF SYS P 
0. 884 0. 469 
0.884 0.488 
0.884 0. 507 
0.884 0.527 
0.884 0.546 
0.884 0.566 
0.884 . 0.585 
0.884 0.605 
0.884 0.625 
0.884 0.645 
0.884 0.666 

SYS Q 
0.531 
0.545 
0.559 
0.574 
(3. 589 
0.. 603 
0.618 
0. 633 
0.648 
0.663 
0.678 

SYS PF 
0.662 
0.667 
0.672 
0.676 
0. 680 
0.684 
0.688 
0.691 
0.694 
0.697 
0.700 

LOAD V 
0.81 1 
0.830 
0.850 
0.869 
0.889 
6.908 
0.927 
0.947 
0.966 
0.986 
1.005 

SYS v 
0.90 
0.92 
0.94 
0.  96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1. 10 

DSG F' 
0 .  l6C) . 
0.160 
0.160 
0.160 
0 . 1 60 
0.160 
0. 160 
0. 160 
0.160 
0.160 
0.160 

DSG Q 
- . 076 
-. 076 
-. (376 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 -. 076 

DSG PF 
0. 903 
0.903 
0.903 
0.903 
o. 903 
0.903 
0. 903 
0.903 
0.903 
0.903 
0.903 

SYS P 
0.450 
C). 469 
0.488 
0.507 
0.527 
0.546 
0.566 
0.586 
(3. 606 
0.626 
0.646 

SYS Q 
0.533 
0.548 
0.562 
0.577 
0.591 
0.606 
0.621 
0.635 
0.650 
0.666 
0.681 

SYS PF 
0.645 
0.650 
0.656 
0.661 
0.665 
0.670 
0.674 . 
0.678 
0.682 
0.685 
0.689 

LOAD V 
0.812 
0.831 
0.850 
0.870 
0.889 
0.909 
0.928 
0. 948 
0.967 
0.987 
1.006 

SYS v 
0. 90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
I .  06 
1.08 
1-10 

DSG P 
0.180 
0.180 
(3. 180 
0.180 
0.180 
0.180 
0.180 
0.180 
0. 180 
0.180 
0.180 

DSG Q -. 078 -. 078 -. (378 -. 078 
-. 078 -. 078 -. 078 -. 078 
-.a78 -. 078 -. 078 

DSG PF 
0.918 
0.918 
0.918 
0.918 
0.918 
0.918 
0,918 
0.918 
0.918 
0.918 
(3.918 

SYS P 
0.431 
0.450 
0.469 
0.488 
0.508 
0.527 
0. Pi47 
0.567 
0 .58 '7  . 
0.607 
0.627 

SYS Q 
0.536 
0.550 
0.565 
0.579 
(3. 594 
0.608 
5 ) .  la23 
0.638 
0.653 
0.668 
0.683 

SYS PF 
0.626 
0.635 
0.639 
0.644 
0.650 
0.655 
0.6b0 
0.664 
0.668 
0.672 
0.676 

LOAD V 
0.813 
0. €332 
0.851 
0.871 
0.890 
0.909 
0.929 
0.948 
0.968 
0.987 
1.007 

. SYS v 
0.90 

. 0.92 
0.94 

., ;.' 0.76 
. 0.98 

1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0.200 
0,200 
0.200 

DSG Q -. 080 
- .080 -. 080 -. 080 -. 080 -. 080 -. 080 -. 080 
- .080 -. 080 -. 080 

DSG PF 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 
0.928 

SYS P 
0.412 
0.430 
0.450 
0.469 
0.488 
0. SO8 
0.528 
0.547 
0.567 
0.587 
0.608 

SYS Q 
6.539 
0.553 
0.567 
0.582 
0.596 
0.611 
0.626 
0.641 
0.655 
0.671 
0.686 

SYS PF 
0.607 
0.614 
0.621 
0.628 
0.634 
0.639 
0.645 
a. 650 
0.654 
0.689 
0.663 

LOAD V 
6.813 
0.833 
0.852 
0.871 
0.891 
0.910 
0.930 
0.949 
0.968 
0.988 
1.007 



TABLE XVII 

CONS'TANT IMPEDANCE LClQD 

S Y 5  V . S Y S  P .  S Y S  (5! S Y S  P F  
0 . 9 (:I 0.(364 4 8  0.800 
0:. 92 0.(.)66 0.(550 0.800 
0 .  94 0.(:)&9 (j.:(:)52' (3.130(:) 
( j .96 .  (:).072. (3.034 cJ.€3oO 
0 . Y 8 (3.075 0,(:)57 6.800 
) , ij.tj79 b.0Sr? O.QOU 
1; 02 0.082 0.061 0.800 
1.04 0.085 0.064 0.800 
1.06, . 0.OH8 0.066 (l.8(30 
1 .08 0.092 0.069 0.8(:)0 
1.10. C1.095 0.071 0..80(> 

R E A L I S T I C  I....OAD HEPRESENTAT I ON 

S Y S . , V  S Y S  P 
0.90 0. (I69 
(3,. 82 0. (57 1 
(5 :94 0.073 
(3.96. ij.. 0'75 
0. %U (3.0'77 
I. . 0 (1) 0. 079 , 
1.. 02 0.081 
1.04 ij ..()83 
1.06 (3.005 
I . . Q ~ . .  O . C ~ A ~  
1.10 0 . oso 

SYS PI- 
0 . 800 
0. 800 
0.800 
6 . 80i:\ 
(:) . 8QO 
(3 . 800 
(3 . 800 
(1). 900 
f:) . &U(:) 
0. HC)O 
0.800 



TABLE B-%VII 

DATA FOR BASE CASE 
HEAVY LOAD 

CI1INS"l'ANI' I MF'E:DANE:E LCIAD 

SYS V 
(1 . 
(j.C?2 
0.74 
U. 96 

" '?8 
1 . 0(:) 
1 . (1) 2 
1.04 
1 . 06 
1 . OE3 
1.10 

SYS F'F 
0.800 
(j. $300 
CS . 8 0() 
0.800 
0 . 800 
0.800 
0 . 13 (3 (1) 
0 . 800 
0. 800 
0. 8(30 
0.800 

REALISTIC LOAD t?EF'fiESENTATION 

SYS v 
0.9(j 
(5.92 
0.94 
0.5'6 
0.98 
1 . 00 
1-02 
1.04 
1.06 
1.08 
1.1cr 

SYS F' 
0. h ' l O  
0.629 
0.  648 
0.668 
0. 687 
0 . '7.0 7 
(1). 726 
0.746 
0.76~5 
0.786 
(1). 8C>7 

SYS L! 
(5.458 
0. 472 
0.486 
(1). 5(5 1 
(3 .. 5 15 
(1). 5x0 
0. 545 
0 . 560 
0.579 
(1) . 59 (1) 
0.605 

SYS PF 
0.800 
(3 . a(:)[) 

' 0. 800 
(3 . 8 0(:) 
(I. 800 
0 . I300  
0.800 
(3. 8(:)() 
0.800 
0. 800 
0. 800 

LOAD V 
0.823 
0.841 
0. 860 
0. €378 
0.85'6 
(3 . 1 5 
0. ")33 
(3.951 
(3.969 
0.988 
1.006 





The case of constant power factor control of DSGs using synchronous 
generators was not included i n  the main t e x t  of t h i s  report because it 
was a special s i tua t ion  and did not represent a. common mode of control. 
However, it i s  an interesting case from the point of view of u t i l i t i e s .  
U t i l i t i e s  would l i ke  t o  be reasonably sure tha t  the power factor does 
not deteriorate and f luctuate  when DSGs are  interconnected into the i r  
systems. This case, t he re fo re ,  was s tud ied  and t h e  r e s u l t s  a r e  
tabulated here. Graphical resu l t s  a re  given a t  the end of Section 3. 

The control strategy uses a simple exci ter  feedback tha t  i s  obtained by 
amplifying an error  signal which represents the difference between the 
output r e a c t i v e  power and a re ference  r e a c t i v e  power. The case of 
constant power factor  control a t  uni ty power factor  (i.e. zero reactive 
power) was analyzed and presented in, Sec t ions  2 and 3. Since power 
factor  i s  cosine of arctangent of the r a t i o  of reactive power t o  rea l  
power, the reference reactive power may be s e t  equal t o  tan 4 times 
power input t o  the machine or  t o  tan  4 times power output of the DSG, 
where d i s  t h e  des i r ed  power f a c t o r  angle. Therefore,  t hese  two 
strategies  .give exci tat ion equations 

V1 = KG ( t an  4. PG-QDSG) 
or V1 = KG ( tan 6. PDSCtQDSG), 
Where KG i s  a gain const ant. 

The solution method proceeds a s  follows (Figure 2-41. 

- To simulate voltage control on the d is t r ibu t ion  system, VS i s  
varied .from 0.9 t o  1.1 pa. 

- To simulate input power variat ions the value of PM, the input 
mechanical pnwsr. i s  v a r i e d  from 0.02 t o  0.20 yu. This  
represents 2Ub penetration. 

- VI' i s  taken as reference fo r  the calculations. The magnitude 
is not known a t  the outset, so a guess i s  made t o  provide an 
i n i t i a l  s ta r t ing  point. 'The value of VT i s  then .determined 
i terat ively.  

- A value is guessed f o r  the angle B of VS 

- Knowing the load (terminal) character is t ics  and VT, 
IL is calcalated 

- Knowing VT and VS, IS i s  calculated 

- Knowing IL and IS, I1 i s  caloulated 



- Knowing VT, 211, and 11, V1 i s  calculated - Using VT and 11, PDSG and QDSG are  calculated 

- bowing PG or H)SG and QDSG, exci ta t ion voltage V 1  
is calculated 

- With the e r ror  between the two values of magnitude 
of V1, the value of VT is updated 

- With  t h e  upda ted  v a l a e  of VT, a l l  e a r l i e r  
c a l c u l a t i o n s  a r e  repea ted  u n t i l  t h e  convergence 
c r i t e r ion  on voltage e r ror  i s  sa t i s f ied  

- With known phasors VT and V1, I1 is  calculatsd t o  f ind 
e r ro r  between the input and calculated v a l w s  of real 
power. 

- Based on t h i s  error ,  the angle $ i s  updated. 

- With the updated valae of $ and previously obtained value of 
VT, e a r l i e r  s teps a re  repeated uu t i l  the  convergence c r i t e r ion  
on r e a l  power e r ro r  i s  satisfied. 

- Once c o m p l e t e  conve rgence  i s  obtained,  t h e  requi red  
perf onnance parameters are  calculated and printed. 

The solut ion method is shown in diagram form in Figure El. 

' 

Table EI presents the'program l i s t ing ,  and Table CLII the data obtained 
by running Llre program. 



I SET INmJT KWER I 
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I I 

' I I  
I I 
I  I  
I I  I I  
I I I SOLVE SYSlW FOR I 
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I I I 
I  
I 
I 
.I 
I I I 
I I SOLVE SYsrPM FOR I 

I WWW BALANCE, TO I 
I FIXANCLE I 

I I 
IcALmaEI 
I AND PRINT I 
I RmJLTS I 
I  I 

Figure C-1. ~ e t h o d  Used t o  Solve the Distribution System/Synchronoas 
Machine Problem with the Exciter Coatsolled for Constant, 
Power Factor 



LISrING OF CXNSTANT (WING) POWW FACIDR PROGRAM 

10 KEM K I RKHAM' S FAMOUS VOLTAGE STUDY F I L E  R:CONPF-THREE 
20 REM 
30 1-PRINT " T H I S  PROGRAM CALCULATES THE CASE OF A SYNCHRONOUS GENERATOR" 
40 L..F'KTNT " CONSTANT POWER FACTOR CONTROL" 
50 RFM 
60 HEM I N I T I A L I Z E  
'71:~ REl-1 
81) K S  = . (34 
90 X S = - 1  
I(](:) R 1 =. 1 
110 X I - l  
1 3:) K:G = 1 (:)(I) 
.L 51:) UREF ::: i j  

1 4 0  V L I M I T  = 2.5 
15(:) I.::v - -.002 
16(j C::B = - 5 
1 7 0  HEM SET THE LOAD TYPE ( i FOR RESIST IVE ,  2 FOR MORE REALISM) 
1 8 ~ 3  FOR LTYF'E = 1 TO 4 STEP 1 
190 I F ( L T Y P E = l )  GOTO 225 
191 I F  LTYPE = 3 GOT0 225 
20(l L P R I N T  
210 LPRINT u ~ ~ A ~ ~ ~ ~ ~ ~  LOAD  REPRESENTATION^ 
220 GOT0 250 
225 L P R I N T  
22& :,PRINT 
CI- L . ~ O  LPR I NT "CONSTANT IMPEDANCE LOUD" 
240 HEM SET THE INPUT POWER 
250 FOR PG = .02 TO .2 STEP .02 
260 L P K I N T  
270 L P R I N T  
280 L P R I N T  "SYS V P I N  DSG P DSG B DSG P F  SYS P SYS B SYS P F  LOAD 
V E X C I T N "  
290 HEM GUESS THE VALUE OF VT 
z(:)o VT = . 86 
310 REM GUESS PHE ANGLE OF US. . . CALL I T  BET'& 
320 BETA = 1 . 4 4 7  
330 HEM SET THE SYSTEM VOLTAGE 
34.1:) F n R  VS = . Y  TO 1 ., 1 STEP .92. 
350 V I T E R  = O 
360 D I T E R  = I] 

370 D I T E R  = D ITER +1 
380 V I T E H  = V I T E H  + 1  
390 REM CALCULATE I L  
4 0 0  UEM CHECK THE LOAD TYPE 
4 1 0  I F  (LTYPE = 1 )  GOT0 4 4 0  
4 1 5  I F  LTYPE = 3 GOT0 44(:11 
4 2 0  N = 1.3 
430 GOT0 4 5 0  
4 4 0  N ' 7  . . . - 



TABLE. C I  contd. 

LISING OF .<KNSTANT (LJ~DING) KWER FACPOR PROGRAM 

4 5 0  I L K  = . 0 8 * ( ~ ~ , " . ( N - l ) )  
4 6 0  I L I  = - . 06 * (VT " (N -1 ) )  , 

4 6 1  I F  LTYPE = 3 GOT0 4 6 4  
4 6 2  I F  LTYPE = 4 GOT0 4 6 4  
4 6 3  GOT0 4 7 0  
4 6 4  I L R  = 1 0 * I L R  
4 6 5  I L I  = l O + I L I  
4 7 0  REM.WITH IL, VS AND BETA F I N D  I 2  
480 VSR = VS*COS (BETAw3.14 159,' 1 8 0 )  
4 9 0  VS I = VS*S I N ( BETA*3.14 159/ 1 8 0  ) 
c - a(.)CJ A = VSR-VT 
510 B = V S I  
520 C = US 
5 3 0  D = XS . . 
5 4 0  GOSUB 1330 
5 5 0 1 2 R  = D I V R  

. . 
560 I 2 1  = D I V I  
5 7 0  REM 
580 REM NOW F I N D  I 1  
590 HEM 
6 0 0 I l R  = I L R - I 2 H  
610 I11 = I L I  - I21  

' 620 REM NOW WE GOT A VALUE FOR 11, CALCULATE THE VALUE OF V 1  
630 A = I 1 R  
6 4 0  B = I11 
650 C = R l  
660 D = X 1  
670 GOSUH 1330 
680 ZlDRR = PRODR 
690 Z 1DRI  = PRODI 
700 V ~ R :  = VT + ZlDRR 
710 V 1 I  - Z l D R I  
720 REM 
730 REM NOW WE GOT THE VALUE OF V1: 

. . 
740 REM 
750 MAGVl= SRR(VlR."2 + V l I ' ' 2 )  
760 REM 
770 REM COMPARE THE CALCULATED VALUE OF DSGR WITH THE VALUE NEEDED 'ACCORDING TO 
THE CONTROLLER ERUATION, AND CORRECT I F  NEEDED 
.780 HEPI 

790 A = VT 
800 B I. CJ 

810 C = I 1 R  
820 D = -111 
830 GOSUB 1330 
8 4 0  DSGP = PRODR 
850 DSGR = PRODI 
860 PRINT  DSGR,MAGVl 
870 PRINT  "TERMIN/AL VOLTS ";VT;" f lT  VULTnGE ITERAT ION " ;VITER 
El80 REM USE THE CONTROLLER EQUATION 
885 BREF = .75*DSGP C S  
890 V 1  = KG* (BREF-DSGQ) 



TABLE C I  contd. 

LIsrING OF C(NSTAw (LEADING) P(]WW F A m R  PltaRAM 
910 VERR 3 M A G V l  - V 1  
920 P R I N T  " L I N E  920 VERR I S  ";VERR 
930 I F  ABS (VERR) <: -000 1 GOT0 980 
9 4 0  V T  = VT  + KV*VERR 
945 P R I N T  " L I N E  945 UPDATED VT  I S  " ; VT 
950 GOTO 360 
960 REM 
970 HEM F A L L  THROUGH HERE WHEN VOLTAGE C O N D I T I O N S  ARE CORRECT 

> .  

980 REM T I M E  T(3 CALCULATE THE POWER BALANCE 
. . 

990 P H I  N T  "START I NG POWER BALANCE" 
1 @ = 6'lF: * 

1 0 1 0 B = V 1 I  
1 02 (:) C = I l R  
1030 D = -111 
1040 GOSIJB 1.330 
i c ) 5 0  PIN = PRODR 
1060 F'ERR = PG - P I N  
1070 P R I N T  " L I N E  1070 PERR I S  "; PERR 
1U8O I F  ABS (PERR)  i . 000 1 GOT0 1 130 
1090 B E T A  = B E T A  + KB*PERR 
1 100 GOTO 370 
1110 HEM F I R S T  THE DSG POWER FACTOR 
1 120 HEM 
1130 DSGPF = COS(ATN(DSGQ/DSGP) )  
1140 P R I N T  " L I N E  1140 BETA I S  " ;BETA 
115C) REM 
1 16C:) HEM NOW FOR THE SYSTEM PARAMETERS 
1 1 7 0 A .  = V T  
11RO B = (:I 
1 :  C; = IZR 
1200 D = -121 
121(j GOSUE( 153(:) 
1220 SYSP = PRODR 
1230 SYSQ = P R O D I  
1 .240 S Y S P F  = C O S ( A T N ( S Y S Q / S Y S P ) )  
1250 L P R I N T  U S I N G  "#.## "gVS;  
1260 L P R I N T  U S I N G  "#. ### "; PG; DSGP; DSGQ; DSGPF; SYSP; SYSQ; SYSPF; VT; V 1  
1270 NEXT VS 
1280 V T  = .8& 
1290 NEXT PG 
1300 NEXT I...TYPE 
1310 STOP 
i:sau ~ t m  
l;S.X(> HEM SUBROUTINE TO F I N D  COMPLEX PRODUCTS AND DO COMPLEX D I V I S I O N S  
1340 PRODR = A * C - H * D 
1350 P R O D I  = B * C + A * D 
1360 DEN = C*C +D*D 
1270 D I V F L G  = 0 
1380 I F  (DEN=(:)) GOT0 1420 
1390 D I V R  = (A*C + B*D) /DEN 
14.00 D I V I  = (B*C - A * D ) / D E N  
14 10 RETURN 
1420 D I V F L G  = 1 
1430 HEW CHECK: D I V F L G  ON D I V I S I O N S  BY V A R I A B L E S  ONLY 
1440 RETURN 

(3 
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TABU CII contd. 
DATA FOR msrm '(IEADINC) H I I R E B ' F A ~ R  CASE 

DSG Q 
(3. 120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.. 120 

DSG PF 
0.824 
0.824 
o. 824 
0.825 
0. 825 
0.825 
0.826 
0.826 
0.826 
0.827 
0.827 

SYS P -. 108 -. 105 -. 103 -. 100 -. 097 -. 094 
-.091 -. 088 -. 085 -. 082 -. 078 

SYS Q -. (370 -. 068 -. 066 -. 064 -. 061 -. 059 
- .056 
-'. 054 -. 051 -. 049 -. 046 

SYS PF 
0.838 
0.840 
0.842 
0.843 
0.845 
0.847 
0 .. 850 
0.852 
0.855 
0.857 
0.861 

SYS v 
(3.90 
0.92 
(3.94 
0.96 
(3.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
(3. 175 
0.175 
0.175 
0.175 
0. 175 
0.176 
0. 176 
0.176 
0.176 
0. 176 
0.176 

LOAD V 
0.912 
0.932 
0..951 
0.971 
0.990 
1.010 
1.029 
1.048 
1.068 
1.087 
1.107 

SYS V P IN 
0.90 0.2(30 
0.92 0.200 
0.94 (3.200 
0.96 0.200 
0.98 0.200 
1 .OO .0.200 
1.02 0.200 
1.04 0.200 
1 . 06 (1. 2 ~ ~ 3  
1.08 0.200 
1.10 0.200 

DSG Q 
0. 134 
0.134 
0. 134 
0.134 
0. 1.34 
0. 1.34 
(3. 134 
0.134 
0.134 
0.134 
0.134 

DSG PF 
(3. 822 
0.822 
0.822 
0.823 
0.823 
0.823 
0.824 
0.824 
0.824 
0.824 
0.825 

SYS P -. 126 -. 124 -. 121 -. 118 -. 116 -. 113 -. 110 -. 107 -. 103 -. 100 -. 097 

SYS PF 
0.833 
0.835 
0. '836 
0; 837 
0.839 
0.840 
0.842 
0.844 
0.846 
0.847 
0.850 

LOAD V 
0.915 
0.934 
0.953 
0.973 
(1 .992 
1.012 
1.031 
1.051 
1.070 
1.089 
1.109 

EXCITN 
1.100 
1.115 
1.130 
1.146 
1.162 
1.177 
1.193 
1.209 
1.225 
1.242 
1.258 

REALISTIC LOAD REPRESENTATION 

SYS V P IN 
0.90 0.020 
0.92 0.020 
0.94 0.020 
0.96 0.020 
0.98 0.020 
1.00 0.020 
1.02 0.020 
1.04 0.020 
1.06 0.020 
1.08 0.020 
1.10 0.020 

DSG P 
0. 020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 

DSG Q 
0.006 
0.006 
0.006 
0.005 
0. o(35 
0.005 
0 u 005 
0.005 
0.004 
0.004 
0.004 

DSG PF 
0.958 
0.961 
0.963 
0.966 
0.968 
0.970 
0.972 
0.974 
0.976 
0.978 
0.981 

SYS P 
0.049 
0.051 
0.053 
0.055 
0.057 
0.059 
0,061 
0.063 
0.065 
0.067 
0. 0.70 

SYS Q 
0. (346 
0.048 
0. 04'9 . 
0 . 0 ~ 1  
0.053 
0.054 
0.056 
0.058 
0. 060 
0.061 
0.063 

SYS. PF 
0.731 
0.732 
0.733 
0.734 
0 ..735 
0.736 
0.737 
0.738 
0.739 
0.740 
0.741 

SYS PF 
0.685 
0.690 
0.694 
0.698 
0.701 
0.704 
0.707 . 
0.710 
0.713 
0.715 
0.717 

LOAD V 
0.893 
0.913 
0.932 
0.952 
0.972 
0.992 
1.012 
1.032 
1.052 
1.072 
1.092 

EXCITN 
0.902 
0.921 
0.941 
0.960 
0.980 
0.999 
1.017 
1.03B 
1.058 
1.078 
1.097. 

SYS V P IN 
0.90 (:1.040 
0.92 0.040 
0.94 0.040 
0.96 . 0.040 
0.98 0.040 
1.00 (3.040 
1.02 0.04(5 
1.04 0.040 
1.06 0.040 
1.08 0.040 
1.10 0.040 

DSG P 
0.040 
0.040 
C).040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
01 040 
0.040 

DSG Q 
0.021 
0.020 
0.020 
0.020 
0.020 
0.020 
0.020 
0.019 
0.019 
0.019 
0.019 

DSG PF 
0.888 
0.890 
0.892 
0.893 
0.895 
0.896 
0.898 
0.900 
0.902 
0.903 
0.905 

SYS P 
0.030 
0.032 
0.054 
0.036 
0.038 
0.040 
0.042 
0.044 
0.046 
0.048 
0.050 

LOAD V 
0.895 
0.915 
0.935 
0.955 
0.975 
0.999 
1.014 
1.034 
1.054 
1.074 
1.094 

EXCITN 
0.924 
0.942 
(3.961 
0.981 
1.000 
1.019 
1.038 
1.057 
1.076 
1.096 
1.115 



TABLE.CII contd. 
DATA MIR (XNSTANT .(IEADING). WlPW FACIDR CASE 

SYS v 
0. 90 
(3.92 
0. 94 
0.96 
0.78 
1 . oo 
1.02 
I. (34 
1.06 
1.08 
l.i(S 

SYS v 
0.90 
0.92 
(1.94 
0.96 
0.98 
I . (10 
1 . 02 
I. 04 
1.06 
1.08 
1 . I(:) 

SYS v 
0 . 90 
0.92 
1:). 94 
0.96 
(3.98 
1.00 
1.02 
1.04 
1. OG 
1.08 
1.1C) 

SYS v 
0.90 
0.92 
0.94 
0.96 
(3.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
(1). 059 
0.059 
0.059 
0.060 
0 . 06C! . 
(1.059 
0. 06(1) 
0.059, 
0.059 , 

0.060 
0 : 060 

. DSG P 
0 . 07 Y 
0.079 
(3. 079. 
0. 079 
0 . 07 9 
0.079 
(3. 079 
0.079 
0. 079 
0.079 
0. (579 

DSG P 
(3.098 
0.098 
(3.099 
0.098, 
0.099 
0.099 
0. 099 
0.099 
0. 073 
0.099 
(3. (377 

DSG P 
0.117 
0. li8 
0.118 
0.118 
(3. 118 
0.1 it3 
0.118 
0.118 
0.118. 
0.118 
0.118 

DSG,(S! DSG PF 
0. (335 (3. 861, 
0.035 0.862 
0 .  035 0. 863 
0.035 0.864 
0.034 0.865 
0.034 0.867 
0.034 0.868 
0. 034 0.869. 
. (3.870 
0.054 0.t371 
Q. 033 0.872 

DSG Q 
0. 049 
0.049, 
0. 049 
0.049, 
(3 . 0 4 9 
0.049 
0.049 
0.048 
0.048 
0.048 
(3. 048 

DSG (J! 

0. 064 
0.064 
0. (364 
0.063 
0. 063 
0.063 
0.063 
0.063 
(3. OC7 
0.063 
0.063 

DSG Q 
0.078 
0.078 
0.078 
0.078 
0.078 
0.078 
0.077 
0.077 
0.077 
0.077 
0.077 

DSG PF  
0. 847 
0.848 
0.849 
0.850 
0. 850 
0.851 
0.852 
0.853 
(3.854 
0.855 
0.856 

DSG PF  
0.839 
0.839 
0. 840 
0.841 
0.841 
0.842 
0.843 
0.843 
(3.044 
0.849 
0.045 

DSG P F  
0.835 
0.8S4 
0.834 
0.835 
0.835 

. 0.836 
0.836 
0.837 
0.837 
0.838 
0.839 

SYS G! 
(2. (3 17 
0.019 
(3 . 020 
(3. 022 
0.024 
0. 025 
0. 027 
0.029 
0.091 
0.659 
0. 834 

S Y S P  S Y S Q  
- . C)09 (3.003 
-.007 0.004 -. 005 0.006 
-.003 0.008 -. (:)o~ 0. 009 
0.001 0.011 
0.003 0.013 
0.005 0.015 
0.007 0.016 
0.009' 0.018 
(S.011 0.02C) 

SYS P -. 028 -. 026 -. (:I23 
-. 022 -. 020 
-.018 
-.017 -. 015 
--. . 0 12 -. 010 .-. 008 

SYS P -. 047 -. 045 -. 043 -. 042 -. 040 -. 038 -. 036 -. 034 -. 032 -. 030 -. 028 

SYS PF  
0.51 1 
0.543 
0.568 
0.588 
(:I. 609 
0.620 
(3.632 
0.642 
0.651 
0.658 
(3. hh'r 

SYS PF 
0.955 
0.853 
0.657 
0.398 
(3. 129 
0.071 
(1.216 
0.312 
0.386 
0.446 
(3.489 

SYS B SYS PF 
-.011 0.929 
-.Q1Q 0.938 
-.OD8 0.949 
-.006 0.961 -. 005 0. 974 
-.003 0.987 
-.001 0.996 
0.000 1.000 
0.002 0.PB7 
0.004 0.939 
0.005 0.842 

SYS Q -. 025 -. 024 -. 022 -. 021 -. 019 
- a  017 -. 016 -. 014 -. 012 -. 01 1 -. 009 

SYS PF 
0.881 
0.886 
0.891 
0.896 
0.903 
0.909 
0.916 
0.924 
0.933 
0.942 
0.953 

LOAD V 
0.898 
0.917 
0.937 
0.957 
0.977 
0.997 
1.016 
1.036 
1.056 
1.076 
1.096 

EXC I TN 
0.945 
0.964 
0.982 
1.001 
1.020 
1.038 
1.057 
1.076 
1.095 
1.114 
1.153 

LOAD V EXCITN 
0.900. 0.967 
0.920' 0.985 
0.940: 1.003 
0.959 1.022 
0.979 1 .040 
0.999 1.058 
1.019 1.077 
1.038 1.095 
1.058 1.114 
1.078 1.132 
1.098 1.151 

LOAD V EXCITN 
0.902 0.989 
0.922 1.007 
0.942 1.025 
0.962 1.042 
0.981 1.060 
1.001 1.078 
1.021 1,096 
1.041 1.114 
1.060 1.132 
1.080 1.150 
1.100 1.1r59 

LOAD V 
0. yo5  
0.925 
0.944 
0.964 
0.984 
1 i 003 
1.023 
1.. 043 
1.062 
1.082 
1.102 

EXC I TN 
1.011 
1.028 
1.046 
1.063 
1.080 
1.098 
1.115 
1.133 
1.131 
1.169 
1.186 



DSG G! 
(3 . (1192 
0.092 
(3 . 09 2 
0.092 
(3.092 
0.092 
0.092 
0.092 
0. 092 
0.091 
0.091 

DSG PF 
(3.829 
0.830 
(3.830 
0.830 
0.831 
0.831 
(3.832 
0.832 
0.833 
0.833 , 

0.834 

SYS P -. 066 -. 064 
- . (362 -. 061 -. 059 -. 097 
- . 055 -. 053 -. 051 -. 049 -. (347 

SYS PF 
0.860 
0.862 
0.865 
0.868 
0.822 
0.875 
0.879 
0.883 
0.887 
0.892 
0.897 

SYS v 
o '. Y (1) 
0.92 
(3 . 94 
0.96 
0. 98 
1.00 
1.02 
1.04 
1. (36 
1.08 
1.10 

DSG P 
(3. 137 
0. 1.37 
(3. 137 
0.137 
0. 137 
0.137 
0.137 
0.137 
0. 138 
0. 138 
(3. 138 

LOAD V EXCITN 
0.907 1.033 
0.927 1.050 
0.946 1.067 
0.96b 1.084 
9.986 1.100 
1.005 1.118 
1.025 1.135 
1.045 1.152 
1.064 1.170 
1.084 . 1.187 
1.104 1.205 

SYS v 
0. 90 
0.92 . 
0. 94 
(3.96 
0. 98 
1.00 ' 

1 . 02 
1.04 
1 . (116 
1.08 
1.10 

DSG P 
0. 156 
0.156 
(3. 156 
0. 156 
(3. 156 
0.157 
(3'. 157 
0. 157 
0. 157 
0.157 
0. 157 

DSG (52 

0. 106 
0.106 
(1. 106 
(3. 106 
(3.106 
0. 106 
(3. 106 
0.106 
(3. 106 
(3. 106 
(3. 106 

DSG PF 
(3.826 
0.826 
(3.827 
0.827 
(3. 828 
0.828 
(1). 828 
0.829 
0.829 
0.830 
0.830 

SYS P -. 0135 -. 083 -. 081 -. 079 -. 078 -. 076 -. 074 -. 072 
- . 070 -. 068 -. 066 

SYS Q -. 053 -. 052 -. 050 -. 049 -. 047 -. 045 -. 044 -. 042 
-.041 -. 039 -. 037 

SYS PF 
0.848 
0.849 
0.851 
0.853 
0.855 
0.858 
0.860 
0.862 
0.865 
0.868 . 

0.871 

LOAD V EXCITN 
0.910 1.056 
0.929 1.072 
0.949 1.088 
0.968 1.104 
0.988 1.121 
1.008 1.138 
1.027 1.154 
1.047 1.171 
1.066 1.188 
1.086 1.205 
1.106 1.223 

SYS P -. 104 -. 102 -. 100 -. 098 -. 096 -. 095 
- .093 
-.091 
-. 089 -. 087 -. 085 

SYS G! -. 067 -. 065 -. 064 -. 062 -. 061 -. 059 -. 058 -. 056 -. 055 -. 053 -. 051 

SYS PF 
0.840 
0.841 
0.843 
0.844 
0.845 
0.847, 
0.849 
0.830 
0.852 
0.  854 
0.856 

LOAD V 
0.912 
0.931 
0.951 
0.970 
(3.990 
1.010 
1.029 
1.049 
1.068 
1.088 
1.108 

EXCITN 
1.078 
1.093 
1.109 
1.125 
1.141 
1.158 
1.174 
1.190 
1.207 
1.224 
1.241 

SYS v 
0.90 
(3.92 
0.94 
0.96 
(1). 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0.175 
0.175 
0.175 
0.175 
0.175 
(3. 176 
(3. 176 
0.176 
(3. 176 
0.176 
0. 176 

DSG PF 
(3.824 
0.824 
0.824 
0.825 
(3.825 
0.825 
0.826 
0.826 
0.826 
0.827 
0.827 

LOAD V EXCITN 
0.914 1.100 
0.334 1.115 
0.953 1.130 
0.973 1.146 
0.992 1.161 
1.012 1.177 
1.031 1.193 
1.051 1.209 
1.070 1.226 
1.090 1.242 
1.110 1.259 

SYS v 
0.90 
0 .92  
(1) . 94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
(3. 193 
0.194 
0.194 
0.194 
0.194 
0.195 
(3. 195 
0. 195 
0.195 
0.195 
0.195 

DSG (52 

0.134 
0. 134 
(3. 134 
0.134 
0.134 
0.134 
0.134 
0.134 
0.134 
0.134 
0.134 

DSG PF 
0.822 
0.822 
0.822 
0.823 
0.823 
0.823 
0.824 
0.824 
0.824 
0.824 
0.825 

SYS P -. 122 -. 120 -. 1 is -. 117 -. 115 -. 113 -. 1 1 1  -. 110 -. 108 -. 106 -. 104 

SYS Q -. 081 
- a  079 -. 078 -. 076 -. 075 -. 073 -. 072 -. 070 -. 068 -. 067 -. 065 

SYS PF 
0.835 
0.836 
0.837 
0.838 
0.839 
0.840 
0.841 
0.842 
0.844 
0.845 . 

01847 



TABU3 CII contd. 
DATA FOR C4MSI'M (IEADING) HHER F m R  CASE 

CONSTANT IMPEDANCE LOAD 

SYS v 
0.90 
0.92 
0.94 
0.96 
0.98 
1.00 
I .  02 
1.94 
1.06 
1.08 
1.10 

DSG P 
0.020 
0.020 
0.020 
0.020 
0. (320 
0.020 
(3. (320 
0.020 
r) . r)7B 
(3,020 
0.020 

DSG Q 
0. 007 
0.006 
(3.006 
0.006 
0.006 
0.006 
0 . (:lo6 
0.005 
8.005 
0.005 
0.005 

DSG PF 
0.949 
0.952 
0.955 
0.957 
0.959 
0.961 
0.963 
0.966 
rJ e 968 
0.970 
0.972 

SYS P 
0.524 
0.549 
0.574 
0.599 
0.625 
0.651 
0.678 
0.706 
0.734 
0.763 
0.792 

SYS c2 
0.402 
0.420 
0.439 
0.458 
0.478 
0.498 
0.518 
0.539 
0.560 
0.582 
o. 604 

SYS PF 
0.794 
0.794 
(3.794 
0.794 
0.794 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 

LOAD V 
0.825 
0.843 
0.861 
0.880 
0. 898 
0.916 
0.934 
0.952 
0.971 
0.989 
1.007 

EXCITN 
0.836 
0.853 
0.871 
0.889 
0. 907 
0.925 
0.943 
0.960 
0.978 
0.996 
1.014 

SYS v 
0.90 
0.92 
(3.94 
0.96 
(1) . 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG PF 
0.882 
0.884 
0.885 
0.887 
0.888 
0.890 
0.892 
0.893 
0.893 
0.896 
0.898 

SYS P 
(1) . 508 
0.532 
(1.557 
0.582 
0.608 
0.635 
0.662 
0.689 
0.717 
0.746 
0.775 

SYS B 
(3.390 
0.408 
0.427 
0.446 
0.466 
0.486 
0.506 
0.527 
0. 548 
0.570 
0.592 

SYS PF 
0.794 
0.794 
(1.794 
0.794 
0.794 
0.794 
0.794 
0.795 
0.795 
0.795 
0.795 

LOAD V 
0.827 
0.846 
0.864 
0.882 
0. 900 
0.918 
(3.937 - 
0.955 
0.973 
0.991 
1.009 

EXCITN 
0.859 
0.876 
0.894 
0.91 1 
0.928 
0.946 
0.963 
0.981 
0.998 
1.016 
1.033 

EXC J TN 
0.8632 
0.899 
0.916 
0.933 
0.950 
0.967 
Om 981 
1.001 
1. O l t l  
1.035 
1.083 

SYS v 
8.90 
0.92 
(:I . 94 
0.96 
0.98 
1.08 
1. (52 
1.84 
1.06 
1.08 
1.10 

SYS V P IN 
0.90 0.080 
0.92 0.080 
0.94 0.080 
0.96 0.080 
0.98 0.080 ' 

1.00 0.080 
1.02 0.080 
1.04 0.080 
1.06 0.080 
1.08 0.080 
1 . 10 0. (380 

DSG P 
0.079 
0.077 
0.079 
0.079 
0.079 
0.079 
0.079 
0.079 
0.079 
0.079 
0.079 

DSG Q 
0.050 
0.050 
0.050 
0.050 
0.049 
0.049 
0.049 
0.049 
0.049 
0.049 
0.049 

DSG PF 
0.844 
0.845 
0.846 
0.847 
0.847 
0.848 
0.849 
0.850 
0.850 
0.851 
0.852 

SYS P 
0.476 
0.500 
0.525 
6.550 
0.576 
0.602 
0.629 
0.657 
0.685 
0.714 
0.743 

e12 

SYS G! 
0.366 
0.384 
0.403 
0.422 
0.442 
0.462 
0.482 
0.503 
0.524 
0.546 
0.568 

SYS PF 
0.793 
0.793 
(1.793 
0.793 
0.794 
0.794 
0.794 
0.794 
0.794 
0.794 
0.794 

LOAD V 
0.832 
0.850 
0.869 
U. HE37 
0.905 
0.923 
0.941 
0.959 . 

0.977 
0.995 
1.014 

EXCITN 
0.906 
0.923 
0.939 
0.953 
0.972 
0.988 
1 . C)05 
1.022 
1.038 
1.055 
1.072 



TAME CII contd. 
DATA FOR CONSTANT (LEADING) POWER F A O R  CASE 

SYS V P IN 
(3.90 (3.100 
(3.92 0.100 
0.94 (3.1(:)0 
(3.96 0. 100 
(3.98 0.100 
1.~30 0.100 
1.02 (:).loo 
1.04 0.100 
1.06 0.1(:)0 
1.0~3 0.100 
1 .1~ )  * (3.10~) 

SYS v 
(1) . 90 
0.92 
(3.94 
(3.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS v 
0 . 90 
0.92 
(3. 94 
0.96 
(3. 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS v 
o. 90 
0.92 
0.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

DSG P 
0. (398 
0.098 
0 . 09 8 
U. 098 
(1) . (1) 9 8 
0.098 
(3. 099 
0.098 
0 . CJ(78 
0.099 
(3.099 

DSG P 
0.117 
0.117 
0 . 1 1 7 
0.117 
0.118 
0.118 
(3. 118 
0.118 
0.118 
0.118 
0. 118 

DSG P 
0.136 
0.136 
0.136 
0.137 
0.137 
0.137 
0.137 
0.137 
0.137 
0.137 
0 .  137 

DSG P 
0.155 
0.155 
0.155 
0.156 
0. 156 
0.156 
(3. 156 
0.156 
0.156 
0.157 
0.157 

DSG G! 
(3. 064 
0.064 
0. 064 
0. 064 
0. 064 
0.064 
0.064 
0.06.3 
o. 063 
0.063 
0.063 

DSG Q 
0. 078 
0.078 
(3. 078 
0.078 
(3. 078 
0.078 
0.078 
0.078 
0.078 
0.078 
0.077 

DSG C! 
0.092 
0.092 
0.092 
0.092 
(3.092 
0.092 
0.092 
0.092 
0.07'2 
0.092 
0.092 

DSG Q 
0.106 
0.106 
0.106 
0.106 
0.106 
0.106 
0.106 
0.106 
0. 106 
0.106 
0. 106 

DSG PF 
(3. R36 
0.837 
0. 8.38 
0.838 
0.839 
0. 8.39 
0.840 
0.841 
0.841 
0.842 
0.843 

DSG PF 
0.831 
0; 832 
(3.832 
0.833 
0.833 
0.834 
0.834 
0.835 
(3.835 
0.836 
(3.836 

DSG PF 
0.828 
0.828 
0.828 
0.829 
0.829 
(3.830 
0.830 
0.830 
0.831 
0.831 
0. ,832 

DSG PF 
0.825 
0.825 
0.825 
0.826 
i:, .826 
0.826 
(3. 827 
0.827 
0.828 
0.828 
0.828 

SYS P 
0.459 
0.484 
(3. 3:)9 
0.534 
0.560 
0.586 
0.613 
0.641 
0.669 
0.697 
0.726 

SYS P 
0.444 
0.468 
0.493 
0.518 
0.544 
0.570 
0.597 
0.625 
0.653 
0.681 
0.710 

SYS P 
0.428 
0.452 
0.477 
0.502 
0.528 
0. 554 
0.581 
0.609 
0.637 
0.665 
0.694 

SYS P 
(3.412 
0.436 
0.461 
0.486 
0.512 
0.538- 
(1.565 
0.593 
(3.621 
0.649 
0.678 

SYS Q 
0.354 
0. .372 
0.391 
0.410 
(3. 43c:) 
0.450 
0.470 
0.491 
0.512 
0.534 
(3. 556 

SYS I=! 
(3.342 
0.361 
0.379 
0.398 
0.418 
0.438 
0.458 
0.479 
0.500 
0.522 
0.544 

SYS G! 
0.331 
0.349 
(3.368 
0.387 
0.406 
0.426 
0.447 
0.467 
0.488. 
0.510 
0.532 

SYS Q 
0.319 
0.337 
0.356 
0.375 
0.395 
0.415 
0.435 
0.456 
0.477 
0.498 
(3.520 

SYS PF 
0.792 
0.793 
0.793 
0.793 
0.793 
0.793 
(1). 794 
0 .  794 
0.794 
0.794 
0.794 

SYS PF 
0.792 
0.792 
(1.792 
0. 793 
0.793 
0.793 . 

0.793 
0.793 
0.794 
0.794 
0.794 

SYS PF 
0.791 
0.792 
0.792 
0.792 
0.792 
0.793 
0.793 
0.793 
0.793 
0.794 
0.794 

SYS FF 
0.791 
0.791 
0.791 
0.792 
0.792 
0.792 
0.793 
0.793 
o. 793 
0.793 
(3.794 

LOAD V 
(:I. 835 
0.85.3 
(3. 871 
0.889 
( 1  . 9 (3 7 
0.925 
0.943 
0. 96 1 
(3.979 
0.997 
1.016 

LOAD V 
0.837 
0. 855 
0.873 
0.891 
0. 909 
0.927 
0.945 
0.963 
0.981 
0.999 
1. (318 

LOAD V 
0.840 
0.858 
0.875 
0.893 
0.91 1 
0.929 
0.947 
n. 965 
0.984 
1.002 
1.020 

LOAD V 
0.842 
0.860 
(3.878 
0.896 
0.914 
0.932 
0. 950 
0.968 
(1.986 
1.004 
t "022 

EXCITN. 
0. 930 
0. 946 
(1.961 
0.977 
(3.993 
1.009 
1.026 
1.042 
1 . 058 
1.075 
1.091 

EXCITN 
(2.954 
0.969 
0.984 
1.000 
1.015 
1.031 
1.047 
1.063 
1. (378 
1.094 
1.111 

EXCITN 
0.978 
0.992 
1.007 
1.022 
1.037 
1.052 
1 . 068 
1.085 
1.099 
1.114 
1.130. 

EXCITN 
1 . 00 1 
1.015 
.1 . 030 
1.044 
1.059 
1.074 
1.089 
1.104 
1.119 
1.134 
1.149 



TABPB C-I1 oontd. 
DATA FOR CONSTM (WING) P(IIRER F W R  W E  

SYS v 
0.90 
0.92 
(3. 94 
0.96 
0. 98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

SYS v 
0.90 
0.92 
(3.94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1 . 1 0 

HEAL IS 

SYS v 
o. c?n 
0.92 
0.94 
0.96 
0. Q8 
1.00 
I. 02 
1.04 
1.06 
1.08 
1.10 

SYS v 
0.90 
0.92 
0. 94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1.08 
1.10 

P IN 
0.180 
0.180 

,0. 180 
0.180 
(3. 180 
0.180 
0.180. 
0.180 
o. 180 
0.180 
0.180 

P IN 
0.2c~0. 
0.200 
0.200 
0.200 
0.2(30 
0.200 
0 .  200 
0.200 
0.200 
0.200 
(3.200 

TIC LOAD 

P IN 
0.820 
0.020 
0.020 
0.020 
0 i:)?c) 
0.020 
U. 026 
0; 020 
r j  . (320 
0.020 
(1.020 

P IN 
0.040 
0.040 
0. 040 
0.040 
0.040 
0.040 
(3. 040 
0.040 
0.040 
0.040 
(3. 040 

DSG P 
0.174 
0.174 
0.174 
0.174 
o. 175 
0.175 
0.175 
0.175 
0.175 
0.176 
0.176 

DSG P 
(3. 192 
0.193 
0. 1,93 
0.193 
(3.193 
0.194 
0.194 
0.194 
(3. 194 
0.194 
0.195 

DSG t% 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 
0.120 

DSG t% 
0.134 
0.134 
(5.  134 
0.134 
0. 1.34 
0.134 
(3. 134 
0.134 
(3. 134 
0.134 
0.134 

REPRESENTATION 

DSG P 
(3. (32(3 
0.020 
0.020 
0. 020 
(1). 02Q 
0.020 
0.020 
0.020 
13. (J2(j 
0.020 
n. 020 

DSG P 
0.040 
0.040 
0. 040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 
0.040 

DSG L! 
0. (I07 
0.067 
0.006 
0.006 
0. 006 
0.006 
0.006 
0.005 
0 .  C)05 
0,005 
0.005 

DSG A 
0.021 
0.021 
0.021 
0.021 
0.021 
0.020 
0.020 
0.020 
0. 020 
0.020 
0.019 

DSG PF 
0.823 
0.823 
0.823 
0.824 
o. 824 
0.824 
(3.824 
0.825 
0.825 
0.823 
o. 826 

DSG PF 
0.821 
0.821 
0.821 
0.822 
0.822 
0.822 
0.822 
0.823 
0.823 
0.823 
0.823 

DSG PF 
0.948 
0. YS1 
0.953 
0.956 
0.958 
0.960 
0. 962 
0.966 
o. sae 
0.970 
(1.972 

DSG PF 
0.881 
0.883 
0.885 
0.886 
0.888 
0.890 
0.891 
0.893 
(1). 895 
0.896 
0.898 

SYS P 
0.396 
0.421 
0.445 
0.470 
0.496 
0.523 
0.550 
0.577 
0.605 
0.633 
o. 662 

SYS P 
o. 381 
0.405 
0.430 
0.455 
(3.481 
0.507 
0.534 
0.561 
0.589 
0.618 
0.647 

SYS P 
0.5Y2 
0.81 1 
(3.630 
0.650 
0.649 
U. 6td8 
0.708 
0.728 
0.748 
0.768 
(3.788 

SYS P 
0.575 
0.594 
(1.613 
0.632 
0.652 
0.671 
0.691 
0.71 1 
0.730 
0.750 
0.771 

SYS L! 
(3. 308 
0.326 
0.343 
0.364 
0.583 
0.403 
0.423 
0.444 
0. 465 
0. '187 
0.508 

SYS A 
0.296 
0.314 
(3.333 
0.352 
(3. 372 
0.391 
(3. 412 
0.432 
0.453 
0.475 
(3.497 

SYS A 
0 .  432 
0.4L7 
(1.481 
0.496 
0.51 1 
0..325 
0.540 
0.556 
0.571 
0.586 
(3.601 

SYS [I! 
0.440 
0.454 
0.469 
0.483 
0.498 
0.513 
0. 528 
0.543 
0.558 
0.573 
0.588 

SYS PF 
(3.790 
0.791 
0.791 
(1.791 
0.792 
0.792 
(1.792 
0.793 
0 .  793 
0. 793 
0.7Y3 

SYS PF 
0.789 
0.790 
0.799 
0.791 
0.791 
0.792 
0.79? 
0.792 
0.792 
0.793 
(3.793 

SYS PF 
0.735 
0.785 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 

SYS PF 
(3.794 
0.794 
0.794 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 
0.795 

LOAD V 
0.844 
0.862 
0. 880 
0.898 
(1.916 
0.934 
0.952 
0.970 
0.988 
1.006 
1.024 

LOAD V 
(3. 846 
0.864 
(1). 882 
0.90C) 
(3.918 
0.956 
0.954 
0.972 
0.990 
1.008 
1 . 025 

LOAD V 
0.814 
0- R 3 3  
0.853 
0.872 
0.891 
0.911 
0.930 
0 .  745' 
0. 969 
0.988 
1.008 

LOAD V 
o.817 
0.836 
(3.855 
0.874 
(5.894 
0.913 
0.932 
0.952 
(2.971 
0.991 
1 . 0 1 0 

EXCITN 
1.025 
1.039 
1 . 052 
1.067 
1.081 
1.095 
1.. 110 
1.124 
1.139 
1.154 
1.169 

EXC I TN 
1 . 049 
1.062 
1 . 075 
1.089 
1.103 
1.116 
1.131 
1.145 
1.159 
1.174 
1.189 

EXC I TN 
0. A25 
0.844 
0.863 
0.881 
0.90(3 
0.919 
0.938 
0.957 
(1.976 
0. Y Y 6  
1.015 

EXCI'I N 
0.849 
0.867 
0.885 
0.904 
0.922 
0.941 
(5.959 
0.978 
0.996 
1.015 
1.034 



T m  *I1 contd. 
DATA FOB CONSTANT (IEADING) PIllREB F m R  CASE 

SYS v 
0. YO 
(1) . 92. 
0 .  94 
0.96 
0. 98 
1.00 
1 . (112 I. 04 
1 . 06 
1. (38 
1 . 1 0 

DSG P' 
(1). 059 
0.059 
(1). 059 
0. (359 
o . 059 
0 . ~ ~ 5 9  
0.059 
0.059 
0.060 
0.060 
(3. 059 

DSG G! 
0. 036 
(3. 0.36 
0. (:I35 
0.035 
(3. 035 
0.035 
c:r . 035 
0. 035 
(3. 0.34 
0.034 
0. 034 

DSG PF . 

(3.856 
0.858 
0.859 
0.860 
(1). 86 1 
0.862 
(3.863 
0.864 
(1). 865 
0.866 
0.868 

SYS P 
0.558 
0.577 
(3. 596 
0.615 
0.634 
0.654 
o. 674 
i3. 693 
(3.713 
0.733 
0.753 

SYS G! 
o. 427 
0.442 
(1.456 
0.471 
0.489 
0.500 
(3.515 
0.530 
0.545 
0.560 
(1.575 

SYS PF 
0.794 
0.794 
0.794 
0.794 
(3.794 
0. 794 
0.794 
0.794 
0 .  795 
0.795 
0.795 

LOAD V 
(3.819 
0.839 . 

(3.858 
0.877 
0.896 
0.916 
0.935 
0.954 
(1.974 
0.993 I. (312 

EXCITN 
0.873 
0.891 
o . 908 
0.926 
(3.944 
0.962 
0.980 
0.998 
1 . 0 1 7 
1.035 
1 . 053 

SYS v 
(1) . 90 
(1). 92 
0 . 9 4 
0.96 
0. 98 
1.00 
1 .02 
1.04 
1 (36 
1 . 08 
1 . 1 0 

DSG P 
0 . (:) 7 9 
0.079 ' 

(:I . 079 
0.079 
(3. 079 
(3. 079 
0. 079 
(3. 079 
0. 079 
0.079 
0.079 

DSG Q 
0.050 
0.050 
(3. (350 
0.050 
0.050 
0.049 
(3.049 
0. 049 
0. (349 
0.049 
(3. 049 

DSG PF 
(1). 844 
0.845 - 
0.845 
0.846 
0. 847 
0.848 
0. 849 
0.850 
(3. 85o 
0.851 . 

0.852 

SYS P 
(3.541 
0.560 
0.579 
(3. 598 
0 . 6 1 7 
(3. 637 
(3.656 
0.676 
0.696 
0.716 
(1.736 

SYS G! 
0.415 
0.429 
0.444 
0. 450 
0.473 
(1.487 
o. 502 
0.517 
(3.532 
0.547 
0.563 

SYS PF 
(1.794 
0.794 
0.794 
0.794 
0.794 
0.794 
0. 794 
0.794 
0.794 
0.794 
0.794 

LOAD V 
0.822 
0.841 
0. 860 
0.880 
0.899 
0.918 
0.937 
0.956 
0.976 
(5.995 
1.014 

EXCITN 
(3.897 
0.914 
0.931 
0.949 
0.966 
0.984 
1 . 00 1 
1.019 
1.037 
1.055 
1. (373 

SYS v 
(11 . 9<:, 
o. 92 
(1) . 94 
0.96 
(1). 98 
1.00 
1 .02 
1.04 
1 06 
1.08 
1.10 

DSG P 
(3. 098 
0.098 
o. (398 
0.098 
(3. 098 
0.098 
(1). 098 
0.098 
(3. (375) 
0.099 
(3. 099 

DSG G! 
0.064 
0.064 
0. Oh4 
0.064 
(3. (Yh 4 
0. 064 
(1.064 
0.063 
0. (989 
0.06.3 
0.063 

SYS P 
0.525 
0.549 
( 5 .  562 
0.581 
0.600 
0.620 
0.639 
(3.659 
8.679 
0.698 
0.719 

SYS (I! 
0. 403 
0.417 
0,431 
0.446 
(3. 460 
0.475 
r).49c., 
0.505 
0. sz(:) 
0.535 
0.550 

SYS PF 
0.793 
0.793 
0.793 
0.794 
0. 794 
0.794 
0.794 
0.794 
(3.794 
0.794 
0.794 

LOAD V 
(3.825 
0.844 
(3. B63 
(1.882 
0. 90 1 
0.920 
(3.940 
0.959 
0.978 
0.997 
1.017 

EXCITN 
(1). 92 1 
0.938 
(3.954 
0.971 
0.988 
1.005 
1.022 
1 .04CJ 
1 . 057 
1.075 
1.092 

SYS V P IN DSG P 
0.90 0.120 0.117 
0.92 0.120 0.117 
9 4  0.120 0.117 
0.96 0.120 0.117 
0.98 0. 120 0. 118 
1.00 0.120 0.118 
1.02 0.120 0.118 
1.04 0.120 0.118 
1.U6 0. 120 0. 118 
1.08 0.120 0.118 
1. 10 0. 120 0. 118 

DSG Q 
0.078 
0.078 
(3. u7t3 
0.078 
0.078 
0. 07.8 
0. (378 
0.078 
0.078 
0.078 
0.077 

DSG PF 
o. 831 
0.832 
C). a32 
0.833 
(3.833 
0.834 
0.834 
0. 835 
0.835 
0.836 
(3.836 

SYS P 
0.508 
0.527 
0.546 
0.565 
0.584 
0.603 
0. 622 
0.642 
0.662 
0.681 
0.701 

SYS G! 
0.391 
0.40% 
0.419 
0.433 
0.448 
0.462 
0.477 
0.492 
0.507 
0.522 
0.537 

SYS PF 
0.793 
0.793 
0. 793 
0.793 
0.793 
0.793 
0.794 
0.794 
0.794 
0.794 
0.794 

EXCITN 
(3.945 
0.961 
0.977 
0.994 
1. (310 
1.027 
1.044 
1.060 
1.077 
1.094 
1.111 



TABLE CII aontd. 
DATA FOB C(1NSANT (IEADING) RMER FACTOR CASE 

SYS v 
0.90 
0.92 
(3. 94 
(3. 96 
0 .  98 
1. 0C) 
1.02 
1 .6)4 
1 . 06 
1 . UtJ 
1.10 

SYS v 
0 . 90 
0.92 
0 .  94 
0.96 
0 ,  98 
1 . o(:) 
1 .02 
1.04. 
1.06 
1.08 
1 . 1 0 

DSG P 
(3. 136 
0.136 
(3. 136 
0.137 
(3. 137 
0.137 
(3. 137 
0.137 
0 .  137 
0. I57 
(3. 137 

DSG P 
0 .  155 
(:I. 155 
0 .  155 
0.156 
(3. 156 
(3. 156 
(3. 156 
( 2 .  156 
0 .  156 
(3. 156 
0. ,157 

DSG tS! 
0.092 
0.092 
0. 092 
(3.092 
(3. rj92 
0. Q92 
0. 092 
0.092 
0.092 
c:, . OQ2 
(3. (:)92 

DSG B 
0. 106 
(3. 106 
0. 1c:)h 
0. 106 
0. 106 
0. 106 
4:) . 1 06 
0. 106 
(:I . 1 06 
(3 . 1 06 
0. 106 

SYS V P I N  DSG P DSG 0 
V. 91:) 0. 100 (:la 17'1 0. 121:1 
0.92 (3. 18cJ (1). 174 0.  120 
0.94 . 0.174 t''.12(5 
0.96 (3. 180 0. 174 0. 120 
(3.98 0. 180 (3. 175 0. 120 
1.00 O. 180 0.175 0.120 
1 . 02 0. 18(l 0. 175 0. 12C) 
1.04 cl. 180 0.173 0.120 
1.06 0.180 7 5  0.1~c:r 
1.09 0.180 0.175 8.120 
1 . it:) (1). 180 (:). 176 (3. 120 

DSG PF 
0.827 
(1.828 
0. El28 
0.829 
0. 829 
0.829 
0.830 
0.830 
0.831 
5) . A 3  1 
0.832 

DSG PF 
(3.825 
0.825 
0. 825 
o. 826 
(3.826 
0. I326 
(1). 827 
0.827 
(3.828 
0.828 
(3.828 

DSG PF 
(3.  829 
(3.823 
0 .  823 
0.823 
( 5 .  824 
0.824 
(3.824 
Cl. 825 
0.825 
0.825 

I326 

SYS P 
0. 492 
0.510 
(3.529 
0 .  548 
(3.567 
0.586 
0.606 
0. 625 
0.643 
0.664 
0 .  6134 

SYS P 
0 .  475 
0.494 
0.512 
(3.531 
0 . 55c., 
0.569 
(3.589 
0.608 
0.628 
0. 648 
(3.667 

SYS F' 
0.459 
0.477 
13.436 
0'. 515 
(3.534 
0.553 
(3. 572 
0.591 
6.611 
0.631 
0.650 

SYS G! 
0. 378 
0.393 
c., . 4 0 7 
0.421 
(3. 435 
0.450 
0. 465 
0.480 
(5. 494 
0.509 
0.525 

SYS B 
(3. 366 
0. 300 
0.395 
0. 409 
0.423 
0.43R 
0.452 
0.467 
0.4132 
0. 497 
C). 312 

SYS L! 
0.354 
0.368 
B. 9t33 
0.3Y7 
0 . 4 1 1 
0.425 
0 .  440 
0. 455 
(3 . 4.'7\:1 
0.485 
(-1. 499 

SYS B 
(3,545 

0.356 
(:). 370 
0.385 
0.399 
0.41'1 
(1). 428 
0.443 
0 .  457 
0.472 
0.487 

SYS PF 
0.792 
0.793 
0.793 
0.793 
0.793 
'0.793. 
(1.793 
0.793 
(3. 773 
0.794 
(3.794 

SYS PF 
0.792 
0.792 
0.792 
0.793 
o. 793 
(1.793 
0 .  793 
0.799 
0 .  793 
0.793 
(3.793 

SYS PF 
0.791 
cJ.  792 
1:). 792 
0.792 
(3.792 
0.792 
0.793 
0. 793 
1:). 793 
0.793 
(4.793 

SYS PF 
r3. '791 
0.791 
(3.791 
0.792 
0.792 
0.792 
0.792 
0.792 
0.793 
C). 793 
(3.793 

LOAD V 
(3. 830 
0.849 
0 .  868 
0.887 
(3. 906 
0.925 
0.944 
0.963 
0. (a82 
1.002 
l.CJ2l 

LOAD V 
(3.832 
0. F35 1 
0. 870 
0.889 
(1). 908 
0.927 
(1). 946 
(3.965 
(1). 985 
1.004 
1 . rj23 

LOAD V 
0.835 
0.854 
(1 07.3 
0. €392 
0 . 9 1 1 
0.930 
0 .  949 
0.968 
cJ.ow7 
1.006 
1 u 025 

LOAD V 
0. U.9'9 
0 .'€I56 
(3.875 
0.894 
0 . 9 1 3 
0.932 
0 .  95 1 
0.970 
(3. 989 
1. 008 
1 . 027 

EXCITN 
0.970 
0 .  985 
1 . 00 1 
1. (317 
1 . 032 
1.049 
1.065 
1.081 
I. . fr9R 
1.114 
1.151 

EXCITN 
0 .  994 
1.009 
1 . 024 
i .039 
1 . 055 
1.070 
1 . 086 I. 102 
1.1fb 
1.134 
1.151 

EXCITN 
1 . 0 1 8 
1.1352 
1 . 047 
1 .Oh2 
1 . 077 
1.092 
1 . 107 
1.123 
1.13P 
1.154 
1 . 1.70 

EXCITN 
1 . (342 
1.056 
1 . (1170 
1.084 
1. (399 
1.113 
1.128 
1.143 
1.159 
1.174 
1. 1'70 
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