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INTRODUCTION

Dynamics of power systems cover a w
spectrum of phenomcna, electrical, elect
~echanical und thermomechanical in natur
The power svsrem Nrocess cCan encompass e tire

the*efore, volve
a very hxgh dimension of 1nteract1ng sys ems

*ivro

with an immense array of variables.

An overview of the power system pro
was presented in Reference 1 where dynamic
problems were classified under the major
pories of (1) electrical machine and SVSJ

ess
cate-

dynamics, (I) system governing and gener
control, and (3) prime-mover energy supp
system dynamics and controls., Figure 1
trates the nature of problems in these ¢
anries.
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A convenient visualization of the p
showing coupling between major variables
developed in the block diagram of Figure |2
In this diagram, one of the interfaces b
mechanical and electrical systems is rec
nized in the shaft powers to generating u
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Figure 1. Cldisses of Power System

Dynamic Problems
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Figure 2. Schematic of Power

System and Controls

There are many categories of problems
which requlre emphasis on ¢ne or the other
side of this interface. For instance, in
electrical machine and netyork yranSLents
lasting a few seconds, the detail of the net-
work, loads and machines is paramount, while
varlatlons in shaft power play a minor part.
Simplifications in representation of the
mechanical system are justified in such cases.
On the other hand, where effects of signifi-
cance are system frequency and interchange
control lasting more than & mlnute, the amount
of detail of the network can be reduced while
the representatlun of the prise-mover/energy
supply systems becomes paramount.

Obviously, the degree of detail of repre-
sentation and the simplifying assumptions that
can be made are a function of the particular
problem. This fact places a great deal of
importance on a grasp of the over-all process
physics and a thorough understanding of the.
fundamentals,

Sometimes the interface between the areas
which can be grossly simplified and others
which must be detailed can shift considerably.
Examples involve problems of subsynchronous
resonance interactions with mechanical shaft
natural frequencies; fast valving for tran-
sient stability; load rejection transients
where prime mover overfrequency is an impor-
tant effect; disturbances resulting in severe
generation/load imbalances where the effects
of significance may dcvelop over many seconds.

Although the term '"'Power System Dynamics"
can encompass & tremcndous range of problems
and effects, there has been a tendency to '
assoclate these problems with the phenomena
of "Power System Stability,'" usually related
to the question of whether or not a system

~remains in synchronism aft¢r a credible dis-

turbance. The answer to such a question has
usually involved simulations of one or two
seconds in the normal system., The more diffi-

cult situativns, however, involve stability
problems thuat are less conventional and are
characterized by phienowmenua that develop over
several scconds. In these cases, load

N - gL

O,




»

characteristics, excitation controlls

and prinme

mover chavacteristics _are particularly signif-

fcant.  OUften, even iE instability
-

one
the loss
in oorder
which wi
ot the s
cquipmen

tha

muse

ascertalin svstem behavior

to properly desipn

stem us well as

NG

awer sSystem Dynamics’ is not
"transient stability." Some of the
euyineering aspects involving power
dvaamics can require highly complex
af system behavior. In these cases
important

¢

—

2) use computational tools tailored
ask, and (3) properly interpret the

SODELING DETAIL

The

does develop
The duestion does not %ond there but rather
tollowing
of svnchronism of onc of ifs pares
protectiive schemes
1 ensure the survival of the najority
5 minimize hazards to
[he point must, therefore,

be made

merely
major
system
analysis
it is very
to (1) use relevant process models,

to the
results,

variations in process modeling that

can be used depending on the phenomena of

dominant

importance are manyls¢ we |s

hall make

Our point by showing variations on modeling
detail on the part dealing merely wilth gen-

evators and networks,

recognizing thiat a wide

range of modeling alternatives can also apply
to phenomena involving other elements of the

power svstem;
tens

namely,
and prime mover systems.

1l involviag machine an
5 with the simple proo
1

Q.3

I

linear network made up
, uctance and capacitanc
igure ¢ extends
3-phase situation,
wWOTK as describable by linear differe
equations and the source z2s idsal vol
sources.

Figure 5 evolves from the case g
Figure 4 to include nonlinearities sy
caused by saturation of magnetic elem
Here the solutien techniques which us
ponents are no longer applicable sing
position is not valid in nonlinear sy

o

Source Network

3 to 10 summarize aspec%s of

this problenr
Still preserving t

loads, excitation Sys-

network.
em of a

ernating ideal voltage source

of

e ele-
to the
he net-
ntial
tage

T

ch as
ents.

e com-

e super-
stems.

" Nature of
Results

Figure 6 expands the detail with the
represcentation ot the generatog by difteron-
tial equations in the J and qANCes accounting
for the transients in rotor and arMacture
currents and their erfect on voltage preducing
fluxes. Figure o represents the maximum of
detail in both machiae and neework.,  Such
effects as subsvnchronous resonance, harmonics
generated by saturatidn can be studied with
this representation.

-

Figure 7 shows the next step wherein the
network equations are reduced %o solution of E
the fundamental trequency effécts. This
represents reduction of the network differen-
tial equations to aluebraic equations solving
for the fundamental frequency voltages and
currents while preserving the time varying
(differential equation) nature of fluxes and
rotor speed giving rtise to varying magnitude
and frequency of generated voltages., [re- I

[ ———

quency effects on network impedances are in-
cluded.

Figure 8 follows from the model of Fig.
by neglecting the effect of frequency varia-
tions in the generated voltages and in the
network parameters. This is the degree of
detail generz.ly used in stability studies
where machine rotor flux behavior must be
accounted for both for their effect on syn-
chronizing anc damping- torques.

-3

and 10 ¢how successive simpli-
fications of the machine model with removal
of the rotor flux differential equations and
representation of source voltages as constant
values behind constant reactances. Figure 1¢
uses the classical representation of constanz
voltage behind a transient reactanco symmet -
rical in both axes.

Figures 9

These are merely examples of the wide

e | r— ~ — —

range of modeling detail that can enter into

a particular problem solution. The choice of
the adequate model for the problem in question
requires intimate knowledge of fundamentals
and orders of magnitude of effects,

Solution Methods
and Toals

Applications
f Limitations

Ideal sinusoidal
source tehind
constant induct-
ance with con-
stant or varying
frequency, single
phase.

differential
equations,

R,L,C linear 1
elements - -
treated by and currents.

nstantaneous time
olution of voltages

TNA, analog computer.
Digital computer
(with traveling

wave or lumped

Switching surges,
Tecovery voltages.
Applicable to
linear single phase

systems or to sym- paramecter solution
metrical 3¢ systems mechods). Digital
where transients do differential

not involve im- analyzer,

balances,

TR e paans | ey

I
i R, Ly R, L, : [
| T P
! ¢ < ! ,
! i I 1 F
| ' K
R |
F;l_gure 3 E
6




-

3 =
3 Nature of Applications Sqlution Methods
Source Metwork Results L Limitations and Toals

Ideal sinusoidal
balanced 39
sources behind
constant induct-
ances in each
phase with con-
stant or varying
frequency (source
inductance usual-
ly represented by
X.".

.

Source

R,L,C linear
elecments -

treated by

differential
cquations of
3 phases or
differential
equations of

50
Vo
T

stantanecous time
lution of phase

ltages and cur-

nts and/or a, 8

components.,

Switching surges,
recovery valtages,
short circuits,
Applicable to
linear 3§ systems
with or without
imbalances. Dura-
tion of transients

THA, analog computer,
Digital computer (with
travdling wave or
lumped parameter solu-
tion methods). Digital
Differential Analyzer.

Solution Methods
and Tools

ldeal sinusoidal
balanced 39
sources behnind
constant induct-
ances in each
phase with con-
stant or varying
frequency (source
inductance usually
represented by

l')

Xq").

TNA, analog computer.
Digital computer (with
traveling wave or
lumped parameter
solution methods),
Digital differential
analyzer.

a, 83 and 0 short relative to
networks. flux decay time
constants of
generators,
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Figure 4
Naturc of Applications
Network Results & Limitations
R,L,C elements Instantaneous Switching surges,
with nonlinear time solution recovery voltages,
characteristics of| phase energization
(magnetic satura- voltages and transients, short
tion, thyrite currents, circuits. Appli-
resistors, etc.) cable to nonlinear
differential 3@ systems with or
equations of 3 without imbalances.
phases. Duration of tran-
sients short
relative to flux
decay time constants
of generators.
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= Hature of Applicating Soluting Mo thagds
Source d Metwork Resules fioLimitationsa and Toanga
Saurce represeated R,L,C elementes Instantancous time Switching Surues, Analog Compuge e
by cuuations of w1lth nonflidear solution of phase recovery voltages, (limited scope
flux behavior in d characterigtics voltages, currents, energization tran- nrobleny, Dipical
and a axes. In- (magnetic satura- powers, etc, sients, subsvnehro- computer, scaleg
stantancous terminal tion, thyrite nous resonances, model of machines
phase voltages de- resistors, letc,) short circuits, and network,
rived from d,q,0 described by dif- load rejection
transformation, ferential egqua- transients.
tions, Applicable to non-
lincar 3¢ systems b
with or without z
imbalances. Solu-
tion takes into
Account yeneratopr
flux effects and
is valid for short
or long durationas.
, 8
. w
Eey !
—— | " o
Machi del 'd ‘d N k R,L,C
achine mode s Networ L,
in d & q axes " vg?fi : Inverse elements with
(diff. equations i€ Eng €q d,q,0 nonlinearities
g§e£§¥:§s and X With Transf. (diff. eqgs.)
o du/de ¢
P —
4 [——— 1.
lq | d,a.0 L_; 1y
. , Transf. :
10 ] 11‘
Figure 6§
dature of Applications Solution Methods
Source Network Resuits & lLimitations and Tools
Source repre- 2(jw), Y(jw) elle- Fundamental fre- . Fundamental frequency Analog computer
sented by equa- menis with non- quency solutions transients following (small size
ticns of flux linear charactep- of phuase voltages load rejections or problen). Digital
Sehavior in 4 istics and fre-

and gq axes,
Terminal voltage
ottained as
fundamental
frequency positive
segquence phasor by
sultiplying flux
with speed. Arma-
ture and network
transients

quency dependence,
Network equatiens
described by com-

plex algebraic
equations.

and currents

other balanced network compute

expressed as disturbances where models
phasors. Machine frequency effects are and net
angles, powers, significant,

etc,

Applicable to balanced
39 systems for funda-
mental frequency
effects over several
seconds.

‘Network Z,Y
Inverse eal(ij elements with
d,a,0 frequency dependence

and nonlincarities

transf. | Pos,seq. but balanced,

i Gw)
al()w

neglected,
8 W
E
—E_).. 'yd eq
Machine model j><:
in d.§ q components e
(diff. eqs. of
fluxes and
inertia) bq eq:
X
L A .
i
L d d,q,o
transf,
i
Figure 7
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Network

Nature of
Resnltrs

Applications
f Limitatians

Solution Methads
and FEnile
ik

Source =

4

Source repre- (jw
sentation same ment
as in Fig, 7 out
¢xcept voltage ment
taken equal to equa

flux (speed
assumed rated). equa
and

network includes

mach

by complex algebraic

o)' Y(jwn) cle-
5 with or with-
nonlincar cle-
5. lietwork
tions described

tions. MNepative
Zero sequence

ine.

Fundamental fre-
quency solutions
of positive sec-
quence voltages
and currents as
phasors. Machine
angles, speeds,
powers (average),
(Negative and 0
sequence quanti-
ties can also be

Fundamental frequency
transicnts following
faults or other
disturbances., ‘achine
rotor angles, powers.
Applicable to 39 sys-
tems for fundamental
frequency effects

over several seconds.
Stability phenomena.

Analog computer
(small sizc prob-
fem), Digital
computer, Scaled
models of machines
and network,
Hybrid computers.

obtained).

Ed
9
Efd ¢
—-~——=~ Machine equations v, e Network Z,Y
in d & q components d g e, (juo) elcments at
(Rotor flux diff. Inverse 1 rated freq. C“’c.»)
eqs. d,q,0 Phasor +ve, -ve
Inertia swing Wq'ed PR (Fos.seq) and 0 seq.
P eqs.) transf,
n .
S —
N
i
d . :
d,q,0 1al(J“’o)
. transf. Phasor
xq (Pes.seq.)
Figure 8§
Solution
Nature of Applications Methods
Source Network Results & Limutaticrs and Tools
Source represented Z(juw )y Y(juw ) Fundamental fre- Fundamentai frequehcy Digital
as constant voltages elem@nts witl or quency solutions network conditions, computer
behind appropriate without nonlinecar of sequence cur- Symmetrical short
reactances in d and elements., Network rents and voltages. circuit currents (bal-
q axes. * can be equation: described If machine swing anced aand unbalanced).

subtransient,

" transient,

' or steady-state
(synchronous)
depending on problem.
Machine saliency
included.

by complex algebr
equations. Negat
and zero “equence
network i cludes

aic equations are

ive included, rotor
angle transients
are obtained

With rroper choice of
machine reactances,

may be used for stability
calculations., Applicable

machine. (stability) to 3 systems for funda-
mental frequency efiects,
Used generally for condi-
tions at some instant in
time depending on value of
source reactance and
voltage used. If swing
equations are solved
(stability) transient
reactance values are used
and solution approxinmates
conditions in first half
second.
| e
Machine as constant L.
sources behind e e (ju) Network Z,Y
reactances. q ay -] elcmsngs at
ated {req.
X3 Inverse | Phasor T q
d +ve, -ve and
ey 2.0 Pos.seq. 0 seq.
transf.
;
q
i
T d d,q,0 . o)
i transf. aI(J“o
q
Phasor
Figure 9
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Nature
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Solution Methads

S Limytncions and Tools

Source repre-
sented as
constant voltage
behind an equiv-
alent reactance.

:(jwe)‘ Y(jun) eles
ments with or with<
out nonlincar cle-
ments, Network

equations described

Fundament.al
quency solutions
of sequence cur-
rents and voltapes,
- It wachine swing

fre- Applicadle for short A-C network
circuit studies analyzer,
(balanced and un- Digital
balaaced) and first computer,

swing stabilicy

Machine saliency by couplex algebraile ¢quiations are studies,
neglected. equation, Negative included, rotor
and zero sequence angle transients
network includes aTte. obtained 2
machine, (stability-classical H
solution),
Machine as constangt Network Z,Y
source behind . (jwo) elements 8 rated
single (symmetrical) 1 freq. (uo)
P reactance, +ve, -ve and
e Xt 0 seq.
()omr
i, (juw,)
31 Q
Figure 10
0D CHARACTERISTICSS’G nected load resulting in an eventual rise in
system frequency rather than an expected drop
The sensitivity of results to load char- in trequency.
acteristics increases markesdiy in ceses where ] L L
the design of the power system is dictated by When realistic load characteristics are
statility consideratioas. In many situations modeled, with a certain percentage made up of
stability may not be governing. Locadion of ° induction moter loads, gven more surprising
loads ana generation often results in |extremsly results can develop. The induction motor load
stiif systems where stability could only pre- can exhibit an effective admittance about 4 to
: - . . b b
sent a problem for ratier severe disturbance 5 times normal depencing on the extent and
criteria such as a 39 fault for 10 cydles. In duration of a voltage dip which could cause
such systems which essentially exhibit minor motors to stall. This is another Stablllty
variations in voltage during realistid dis- type phenomenon where results are radically
turbances, accuracy of load representdtion different depending on whethgr or not the
may be relatively unimpertant. disturbance was ssvere enough to cause motor
stalling. Conceptually, one could think of
On the other hand, in systems where trans- the case as involving a single event, as the
mission design is pushed to limits dictated oy initial disturbance or a sequence of events )
stability, the dynamic behavior of loads be- where the initial disturbance is rapidly fol
comes as significant as the disturbance cri- lowed by another involving a dT?St}C 1nc;ease
teria (severity and duration of fault)l. in load admittance. The point 1is Lhat_t e
transition from one case to the other is so
Figure 11 illustrates the sensitivity of abrupt and leads to so widely differing results
certain results to assumptions on load charac-  that system designers exier;enc;ng C°“d1§;°“5
teristics. The curves show the frequency be- on the optimistic side of t € chasm TGY old be
navior of a load area supplied by a significant lulled into a sense of security :n1c1 gg 1oad
amount of remote generation following [the loss drastically altered by a minor change
of this remote regeneration, Figure 1T shows assumptions.
how assumptions of load characteristics can L. .
o H i ins
alter the results of frequency behavior for Modeling of load characteristics ng?
this occurrence. With more than 75% of the one of the most important aspects 05 P?”morc
real part of the load assumed to vary directly system dynamics, deserving a great 93 voted
‘ith voltage, the net result is a collapse in attention and research than has been de
rstem voltage and a drastic reduction| in con- by the industry to date.
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real part of load -
constant X for iragipary
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Figure 11. Frequency Variation Following
Loss of Remote Generation

(a)‘ Lack of damping of machine oscil-
lations causcd primarily®by weak
transmission and uggravated by voltage
repulator action, f(eortain svstem
conditions can exist which produce
negative damping in machines even
without action from veoltage regula-
tors.> This happens particularly in
situations where a large load is
served mainly by remote seneration,
with the local gencration being a
relatively small portiog compared
with the remote genevation. The
damping of the local generation can
be negative in such cases. Ficure 13
shows the case of undamped oscilla-
tions typical of such dynamic insta-
bility cases. It must be emphasized
that the condition is a function of
the state of the system following the
disturbance rather than the transien
X <shock of the disturbance itself., In

: " {other words, if the end state is ob-

\ \
4 T h : ST
J} ,Y;p.ﬁ %{“ tained with the switching of a lirne,
M2 NN ; A ‘ ; :
\ y,ﬁ’,_y;,phe instability characterized with
Y et wpuild-up of oscillaricns will cccur
. ) i 645M0’V regardless of whether the switching
INTERPRETATION OF RESULTS DESHAEY of the line was preceded by a line
) ] . . e fault. The shock of the fault would
The interpretation of stability perform- YU\ / merely cause the oscillations to grow
ance from simulation results of machine angle gt 22y from larger initial amplitudes.
swing curves is at times difficult, especially °70 Ve
in cases where the problem of instabilfity D0, F Dynamic instabilizv can result

develops beyond the first swing.

A discussion of some typical effects as

avealed in stability swing curves follows:

1. First Swing Stability

The most clear-cut manifestation of 7 .
instability is the pulling out of] step in

the first swing (Fig. 12).

UHSTABLE =
STABLE ——

MACHINE
ROTOR
ANGLE

Figure 12. Machine Rotor Angle
Transients Following Llectrical Faulg

ol

2. Instability Followinv the Pirst Swing

Xy
S A ; et :
& ¢ in oscillaticns grewing to a magni-
_ tude where eventual pull-out results.
\~x3 Sometimes the oscillations will grow

P

to & certain maghitude and then sus-

X . S
< ;_-\{% tain themselvas ot that magnitude.
P This can occur where the Jlack of
S A, damping is produced hy vcltage regu-

lator action. As oscillations in-
crease, the regulators and exciters
begin to hit limits and ceilings and
the effective gain of these devices
is dezreased. These situations
result in so-called, limit cycles.
Although in these cases pull-out and
loss of synchronism may not occur,
the performance of the power system
is intolerable.

Several phenomena which might ¢
instability orvr what appearvs to be in-
stability on subsequent swings arc:

cause SAY RN S S

LT RIS E

P S haAd

TS (boumeca jramee

Figure 13
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(b) In some instnnccs, several modes
of oscillation are cxcited by the
disturbane such that, at some point
beyvond the firse swing,|a super-
position ol modes Tesults in larger
anele deviations and eventual pull-
out of one or more Plants.  The loss
of Synchronizing power leading to
pull-out is dye to an excessive angle
excursion reached some time after the
first swing through an amplification
effect due to superposition of modes,
Figure 14 shows an examplle of this
phenomenon. In this case, the dis-
turbance was a1 3¢ fault followed by
the switching of a3 line section.
Figure 15 shows that a 1¢ss severe
fault (29 ground fault), followed by
the same switching operation results
in stabie conditions as the amplitude
of subsequent angle swings dJdid not
reach the point where losls of syn-
chroni:ing POWer occurs. | This is in
contrast to the phenomenoh of lack of
damping explained in (a) above where
the phenomenon is a sustajned growth
in amplitude of individual modes of
oscillations leading to e entual loss
of synchronism OT To 1 sustained
state of oscillations, the magnitude
of the disturbance affecting only the
length of time before the 0scilla-
tions reach ga certain levell or before
pull-out occurs, In comparing
Figure 15 with Figure 14, it should
be noted that the time scalles are
different sn the two sets of figures,

The phenomenon of amplification
of angle eXcursions beyond the first
swing through Superposition of dif-
ferent modecs is obviousiy g3ravated
by paoor damping of these nodes, since
if gocdchmping eXists3, the amplitude
of the individua] modes would be well
reduced beyond the firse swing.

/
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Figure 14
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Figure 15§

(c¢) The superposition of modes dis-
cussed in (b) azbove can also give
rise to what appears to be dynamic
instability discussed in (a). Here,
although the amplitude of the oscil-
lations are initially not large
enough to exhibit the nonlinear
characteristics associated with the
phenomenon of loss of synchronism,
they appear to grow in amplitude,

If the simulation run is terminated
too soon, the. real nature of the
phenomena may not be revealed.
Figure 16 shows this type of effect
which is a 'hegt" phenomenon,

Evidently, where these cases
occur, the system has marginal )
damping sincs for beats to be eri-
dent the modes of oscillation must
last a long time.

! TOR (3ecoads) e

Figure 16
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3. Sepnsitivity of Resu

et

Figure 17) for a particular situation.

T

S

#

Whenever marginal stability cases
noted, exhibiting any of the phenomen
discussed above, it is appropriate to
establish the scnsitivity of the resu
to various factors and assumptions.
marginally stable situation, especial
where the instability phenomena are
caused by poor or negative damping, 1
onc that must be avoided by measurcs
which cstablich a very decided degree
stability. .

Figure 17 can be compared with
Figure 13 to show the effects of the
assumption on load characteristics
(constant current for the real part f{
Figure 13 versus constant impedance f

TIME (Seconds)mmmmpe

Figure 17

are

1ts

Ly

of

or
or

A poorly damped system although the-
oretically stable by mathematical defini-
tion, may be unacceptable from a system

performance point of view.

Random dis-

turbances can keep the system in constant
oscillations which at the frequency |of
about 1 Hz are intolerable to industrial

and residential customers.

The top curves of Figure 18 show

the

swing performance of a large intercon-
nected system following a severe disturb-

ance.
sponds to the identical disturbance
except that here the generators werg
lated with wmodern static excitation
tems and stabilizers. This is an en
pathetic demonstration of the potent
benefits that can be derived from ex
tion systems designed to provide dam

Evaluation of damping effects in
increased Jdemands on detail of model
of synchronous machines, excitation
tems and prime mover systoms.

The bottom set of curves corye-

simu-
Sys-
ial
cita-
ping.

poses
ing
sys-

13

»
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Figure 18

NEW TRENDS IN SOLUTION METHQDS

Exploration of power system dynamic
effects is critically a function of the
ability of engineers to predict by simulation
the behavior of systems. THhe less this abil-
ity the more conservative must be the design
criteria and the greater must be the margins
imbedded into designs. Most of the discus-
sions on effects to be considered in power
system dynamics become academic unless
engineering solution method$ are available
to yield results within the constraints of
time, cost and human enduramce which are part
of every real-life situatiom. The subject of
new techniques in solution of power systen 8
problems, therefore, assumes$ major importance.

The digital computer has probably had far
more impact on the technical nd economic az-
fairs of mankind than any single invention in
the last 100 years. But, like most inventions,
it has gone through a very rapid evolution as
have our concepts of its logical applications.
The rate of evolution has ipcreased manyfoid
in the last few years, and the management of
computer resources has become 2 major factor
in the realization of large engineering pro-
jects,

In order to appreciate the factors in-
volved, let us review briefly the evolution
of computation and the recent new directions
that it is taking.

In the 1950's, for example, when large-
scale computers were seeing their first real
boom, the extremely high cgst of hardware and

the awesome complexity of the computer/engineer

interface led to almost togal centralization
of computer functions and bred a whole new
generation of professional “interpreoters,”
computer c¢enters, programaing departments,
cte. Since the eavly 1050's, the pace of
computer evolution has beenm stapgering, and
those working close to this field have grown
usced to sceing <changes in size, speed, effi-
ciency, ctc. of orders of magnitude in just a
few vcars. The development of high-level
software permitting direct engineer/computer
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communicition has also been extremely signifti-
cant,  The initiat pgraweh was entir ly in the
dlvection of size and EHpeed, but in the late
1000 's several manulacturors heouan to "think
smasl.”  The result was the first mini-com-
puters and an even more accelerated progress

in performuance.

Dy almost any standard of meas rement,
computational costs have come down y a fac-
ror of 10 in just the last four years, and
the trend is s5till downward. But, in addi-
tion to this, econcomies of scale in computers
have disappeared for many applications.

With hardware costs becoming less signi-
ficant, over-all costs are influcnced by those
features that permit increase in human effi-
ciency. It matters little how fast |and
cheaply a load flow is performed if |access to
results is obtained with a day's time lapse
instead of minutes.

With this in mind, it is apparent that
computers should be as closely coupled to the
person or function they serve as possible:
Time-sharing was a significant step |in this
direction. The applications of autonomous
dedicated computers is another.

A mini-computer today has the speed of
the most advanced modern large computers and
a nemory size comparable to large machines of
only a few years back.

Concurrently, a Tevolution has taken
Place in computer software, Whereas| communi-
cation with computers used to require special
machine language and the employment of
recialized staff in such languages, |today
computer languages are easy to use and Kknown
by every new graduate engineer. Dir ct com-
munication between engineer and comnuter is
a mode of operation which is becoming increas-

irgly popular.

This factor of eliminating a now| super-
fluous human link between the engineer and
the computer is probably as significant as the
climination of turn-around time throurh the
use of dedicated interactive facilities.

Figure 19 shows the composition |of a
dedicated computer facility especially fitted
with a complete set of interactive power sys-
tem analysis programs. Interactive programs
are designed so that emrgineers can exlamine
results as the run progresses, make changes
and adjustments, and essentially treatt the
problems as one would on an AC network analy-
zer or analog computer where there is|a direct
coupling without appreciable delay between the
engineer's question and the analyzer or com-
puter's answer. By having the abilit¥ to con-
verse through a keyboard CRT and to examine
the results on the 'screen, rapid experimenta-
tion caa be made and the results outputted on
hard copy only when a valid solution needs to
e documented., In addition to printed output,
an X-Y plotter provides means of presenting
plotted results, such as are frequently needed
in load flow studies and for the interpreta-
tion of dynamic simulation results,

The Capacity of the interactive power sys-
tem analysis nrogramna handled Hv he mint-

computer Facility iwn gujre Laree,  Five hun-
dred bus Load flow problens, dvpamic stmula-

tions of power svitops with 30 eenerators ang
250 bhuses lncludinn excitation and sovernor
control effects are currently being
wi;h'such speed that the bottlencek is now the
ability of the engineer to Jdivest the resules
The dedicated Facility s alsa usod in the '
same role as 3 general-purpose analog computer
for thg solution of dynamic problems, such as
analysis of excitacion and gcvernor controls,

excouted

plant hydraulic hydraulic transients, etc.
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Dedicated Interactive Computer
System for Power System Analysis
CONCLUSIONS
b aab I RELA ]

The technological challenges of supplying
the demands for electric energy in the present
and foreseeable future require planning and
design effort of scope and complexity unmatched
in other industries.

Much of the complexity arises from the
fact that in widespread interconnected systems
analysis of any segment of the system additions
must consider cffcets throughout thc whole in-
terconnected system. THis is particularly the
case where the size of each system addition is
a significant fraction of the over-all system
as is happening in developing nations.

The schedules inherent in much of this
engineering work, often aggravated by surprises
in equipment availability, load growth, and
other unforesecen factors, has placed a very
high premium on the speed and accuracy of solu-
tions,
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view of the subject

In presenting an over
& have had th

system dynamics,

j= 2 9

T .power y ™ C
.rtunity of accentuating aspects which we
.eve arc of major importance.

These aspects involve:

(1) Thorough understanding of the |funda-
mentals, which is essential for the choilce of
ihe vight medel for the problem at hand, an
for the interpretation of results.

(2) Accuracy of load modeling, especial-

1y in system configurations where stability is

a governing criterion.

(3) The key requirement of providing

computational tools designed for the task of

dvnamic
and rapid access to results is essential.
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