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vears in the ability to interconnect and in actual intercon-
nections of the continent's power systems. This has created

a need to study constantly increasing vower systems with

greater and greater accuracy. Great strides have been made Iin

mathematical techniques and the application of computers to
the study and nrediction of system behaviour under transient
condlitions., While progress has been made in the ability to
analvze very comnplicated relationships a very distinct gap
has remained in the knowledge of load behaviour in general as
well as during transient conditions. The reason for this has

been the difficulty in obtaining meaningful results as well as

o

the reguirement of wmost utilities To disturb power users as
little as possible., It was therefore undertaken to investi-
cate load behaviour under rapld volta changes of a small

e
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-
feta



4 description of the main types of loads, individual-
1y and in combination is given. Other authors'! work on

transient

The tests carried out

Hydro system are described. The

of loads both electrically and geographically is

el
The techniques used in analyzing the results are

the results are tabulated. Conclusions based on

obtained are given and limitations described,

I
%—.f‘ﬂ

o

load revpresentation is reviewed and summarized with

by the author

{2

intion

i

esc

-

reviewed,
detailed and

the data
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IHTRODUCTIOK

The behaviour of slectrical loads are well under-

o

gstood and described mathematically on an Individual basis,
However, the behaviour of electrical load in a modern utllity
system ig not adequately understood bscause of the random

nature of the load and the effect of the power system itself.

At present, studies have not been carried out in sufficient
detall to assess the load characteristics of power systems.
This 1s particularly true of the short term varlation of the
electrical load when subjected to a changing voltage or
frequency on the power system.

by other authors has

or confined to a gnall area., Decause

on can bes used

representati

tion is, therefore, primarily limited to the study of

Manitoba Hydro loads at major stations. It was decided %o

choose major stations because the results would a2lso include

ects of the sub-transmission system. AL present

1 el
!

the eff

whenever studies are carried out, individual loads of several

stations are lumped at the major station busses without any
attenpt to take Into effect the transmission lines and trans-

formers connecting the major and distribution stations.



ihese lines and transformers between the major and distri-
bution stations would tend to dampen out rapid voltage

b} - 1

changes and the conditions that the loads would actually

experience would not be as severe. The actual eifect of
placing the gubstation loads at the major stabtion busses

r4

ould depend on the load representation used. The load
behaviour in the transient region (first thirty cycles

2

after a disturbance) was selected for detalled investigation

[_Jn

n order to obtain a clearer understanding of the effect of

4

loads on a vower svsbtem during transient swings.

o

It is very important to represent loads correctly
Tor long range stability studies. If a representation is
chosen that shows the systenm to be more stable than it
actually is, overating problems will be encountered. Un-
expected equipment Tripoubts will occur and often the only
golution at that stage would be to imposgse load transier
limits on key lines. On the other hand if

representation gshows a system to be less stable than it

actually is, facilities are built that are not required and
therefore money is wasted,

Ho attempt was made to wribe a compubter orogram to
usge bthe findings in this study. Programs Tor transient sta-

Fal -1

bility studies of power systems are readily available and

i

any attempt to duplicabte these would be wastelful in bime

and effort.



Theory

Electrical loads can be divided into two main groups.
The first of these are the so-called static loads and the
second group are the rotating electrical loads,

As the word implies the static loads have no nmoving

parts., They are primarily represented by lighting and heat-

ing equipment. Another important component of these loads

+

are the many applications o tatic rectifiers., The main

(@]

-ty
[¢]

1.7 -3 4=

ds 1s the tendency for themn to ex-

©

.characteristic of atatic 1o
hibit a resistive nature., It is true that the nature of the

- ()

rectifier load depends on its control, however, there is
1ittle incentive to operate at low power Ffactors, A4As a

fact most utilities penalize customers with low pow-
er factors very severely., Hence, in practice most rectifier
loads consume little reactive power. Other static loa

such as fluoregcent lights may not naturally have a resistive
nature but are normally compensated for the reactive require-

ments This means that the »ower factor will be almost unity

for most static power system loads,

i

ilstorically, a resistive load has been very sasvy to
analyze, The current can be calculated simply by applying

Ohms Law:

(1 - 1)

-
]
i

+
P

current

]
i

o«
1

emf

e
B

resistance




The power dissipated by 2 resistive circult is simply:
P = IV (1 - 2)

or by substituting eguation (1 - 1) in (1 - 2)

P == (L - 3)

It 1s seen that the power dissipated by a resistive

-~

€

circult is proportional to the square of the volt tage. It

must also be recalled thaet a pure resistive circuilt containe

ing no inductive or capacitive reactive elements

time delay, even though this concept of o pure element is

k

"

only useful academically and cannot be obtained in nractice,
The power consumed by a hypothetical pure resistive load will
regpond instantaneously in proportion to the scuare of the
voltage.

In interconnected power systems problems are very

often experienced when elements are switched., This switche

relay action, HMalfunctions in the system such as short cir-
cuits, large machine trip-outs, or faulty protective equip-
ment may cause the whole electric system to go out of syn-

chronlism. This condition is detected by determining whether

the rotor of any machine on the system moves

ance without coming to a new stable angular displacement

measured from the second rovor. One of the main functions of
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a power gvstem engineer 1lg to predict which disturbances

will and which disturbances will not cause instability to

occur in the power gystem and to devise methods to improve
its overation. Network analyzers and elaborate computer

programnsg are emploved to study these conditions.
The assumption that all losds exhiblt constent resist-
ance characteristics has sonetimes been used in stability

studies. This agssumption olften shows a system more stable

than it actually is because the power dissipated varies as
the square of the voltage. This is, nowever, not always the
case since there are situations when a load varying as the

square of the voltage would give exactly the opposite effect.

.

A typical example of this condition the case ol two power

foda

el

systems interconnected by one tie-~line with an export of pow-

er from the Lirst systen to the second., If a fault should
occur on the tie-line under these conditions the power flow
will obviously be affected, If the fault is a single line-to-
ground or double line-to-ground fault the transfer capability

will be reduced., If a three phase short circuit should

cur no vpower transfer i1s possible. In any event, even

Q
[

ole or two vhase Taults, cilrcult breakers are normal-
nged to open all three phases simultaneousgly. Cccaslion-
ally on modern power systems single-vole breakers are used
to improve stability. When opening a ganged circuilt breaker
the ovower transfer 1s reduced to zero,.
of vower to zero, the syvstem which was exporting power has a
surplus of generating capacity and the system which was
receiving power will be in a deficlent position. Before any
actbion can be taken by governors the freguency will rise in

the system with surplus power and fall in the deficient one.
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Along with the freguency the voltage will rise in the surplus

o

gsystem and drop in the other

)
i

The existance of resistive locads on both of the sys-

teng of this example would dampen any under or overvoltages

after the fault has be digcomnected. As the voltage rises
in the generation rich systen the load would rise as the

ded load would reduce the volt-
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age by increasing the voltage drop, as well as dampen the

speed of the machines on the system. A stable operating point

would apain be reached at a higher voltage and frequency un-

less adjustments are made by governor action. ouring the

o

g\,

veriod before the fault is disconnected exactly the ovposite
will occur, hence an ambiguity arises as To which is & more
appropriate representation during the transient period.

In the deficient gystem a reduction in the voltage
level will reduce the load thereby causing a new stable

operating point as well.

Hotating Loads

In an actual system only a portion of the load ex-
hibits resistive characteristics. The other main component
of loads - the rotating constituent, does not exhibit resig-

ating loads can be further divided

O
¢t

tive proverties. These
into synchronous motors (including convertors) and induction
motors. On a steady state basis the motor loads behave es-
sentially like constant power devices. Under transient
conditions synchronous motors behave like constant power

°

devices while the behavicur of induction motors is more



Torque in per unit

complex as discussed later,

he power factor will vary

[l

wildly as the voltage changes, particularly, that of small

induction motors., Crary

1 , , . ,
i says that at about 705 voltage

induction motors will begin to stall. This is illustrated

=
in

figure 1.

TORQUE-SPEED CHARACTERISTIC
INDUCTION MOTOR
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It can be seen in the torque - speed characteristic

that then the voltape drops to 70% the operating point shifts

to the left, The motor slows down, however, even worse the

gtic corre-

o

full load torque on the rated voltage character
sponds to the maximum torque on the 70% characte ristic, The

motor will therefore stall.,

5

The representation of an induction motor must be
. . - . . 1 - .

changed to its starting impedance (say G x Tfull leoad imped-

ances; at a power facbor of 0.2) at 70% voltage., This occur-

5

ance would aggravate the condition which caused the

X low
voltage condition in the Ifirst vlace. It must however De

K]

remembered that many induction motors will be equipped with

d disconnect them Trom

3
O
ok
O
Q
i
1__!
2
n}
,3"
I"v
’:5‘
S
jovd
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undervoltage prc
service., The two conditions discussed have opposite effects

and tend to counteract each other, It must also be remember-
ed that operation at 70% voltage cannct in any sense be call-

ed satisfactory and should under steady state conditions not

%)

be continued because of the danger of damage to equioment.

Two points must be raised about the discussion in the

previous paragraph. wlrstly, i1f a disturbance iz so severe

‘,.Je

T

!40

dronped to 70% 5

8 stable condition no

matter what representation was used for the loads. secondly,
in the svent a disturbance, such as a fault reduces the volt-
age below say 705 on a small portion of the power syvstem any
incorrect revresentation of this portion of the system would

101 ystem to a great extent This may be

1.,4
_.!

not effect the -




s LR - o
illustrated by a fault on a sub-system which may be about 10%

of the total system. This systen could be connected by a

sub-sysben the supply line will 1ikely trip out. The effecth

his action on the sub-system is severe, however, the

ct

of
effect on the total system is not too great,
In analyzing the transient behaviour, it must be as-

sumed that controlling voltage devices such as regulators and

tapchanging transformers will have insufficient time to

operate. It is even guestionable whether the action of

governors on generators need be represented on account of
fo) N
5

this same reason. On the other hand with nodern fast excitba-

tion systems response nust be talen into account due to this

cause., With this assumption a ief discussion of motor per-
Tormance can now be carried out. Synchronous machines as

-t - - - 23 a 1
aocumented by Hore will perform on the average over the

whole veriod of the disturbance as consbtant mechanical power
sinks. There are, however, relatively Tew synchronous motors
on a system and those are usually confined to compressor

1

service in large indus

ek
3

ies. The great bulk of rotating load
will be composed of induction motors because of their simplic-
ity and therefore capital and operating cost savings.

The analysis of the transient performance of an in-

mewhat more complex than thet of a syn-

[of)
jand
e
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1.1,
O
=
¥
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Assuming a disturbance occurs which could be a fault

the following sequence of events will likely occur, Decause
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t transients
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refore drop sharply. In turn, this

wtor falls. Because the mechani
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the motor remains constant the

g As the rot

in To rise again due ©
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na

S1ng

L)

a

r transient to the increa slip

eased s8liv the mechanical load on the

than the initial value. 4%

lepending on circuilt breaker speeds

&

cveles s 3 cycles under

.

sV}

the will likely be slightly

conditions It must bhe

be depressed so low that indu

This can alsoc happen 1f & fault is

The motors that survive the

o
i ;_1

fault h

oscillations have been damped out will

conditionsg.

machine

mobor will
Tault

may

remempered that

sturban

different
fault.

however,

surply current

C

(‘D

or speed

decay of

o the K]
Becausge of
be
clearance
vary
snec

lower than at
the voltage
ction motors
permitted to

ce will speed

been cleared and when all synchronous

return to the



A slight elaboration must be made on the induction
motor performance after the fauvlt clearance. The 8y orious
motors and generators on the syvstem will oscillate., Duri 13
the overswi period of a synchronous machine, induction

o

alte increased power due to the rising

ct

motors near it will
frequency and also a slight increase due to increased voltage.
On the other hand, the reactive power absorbed will increase

greatly due vo saturation at the higher voltage and vartly

~

due to the increase in freauency. It can be seen that unless

[©)

a of the

e

a motor 1s represented fully including the inert:
machine the damping effect will not be represented Properiv.
This damping effect can be simulated by representing the
motor as a constant impedance., The effect will be in the
right direction, however, it will be due to the changing volt-
age not freguency. This means the effect is correct but the
cauge is wrong. Moreover, bthe phasing of the power oscilla-

Tion will not be correct,

nduction machines

fte
D

During the disturbance period the

g
]_Ju

will slow down below the normal slip th respect to the syn-
chronous machines but will not speed up above normal slip
(unless there are machines which are unloaded or very lightly
loaded)., The output torgue is constant so the input to the

induction machine will be constant except for the small fall

in speed from the expression for torcue of an induction
1zchine in terms of volbtage and slin it can be seen that the
inversely proportional %o the square of the voltage.

»

illustrated by the following equation

32
:
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s = (1 - 5)
also since
Pec T (1 - 6)
Pz k¥ s (L - 7)
If the changs in sveed 1s small it can be seen thatb
power 1g approximately proportional to volbtage squared and

therelore approxinates a constant impnedance losd,

not like counstant impedance but like somethir
stant Impedance and constant current. Crarv ~ recommends Lo
repregent a load asg a constant impedance or a constant imped-
fault and constant power after the fault,

Hore suggests representing hizgh induction motor load

Lty

as constant impedance (agreeing with Crary r constant

impedance during fault and constant current after faulbt clear-
1k
s p. Py N - G B QPR . 1 + T
ing. This latter part differing somewhat from Crary
23
It seems that elther of Hore'ls suggestions are good

s
Q.
cr
o
@

vo represent induction motors for stablility studies a:

&)

choice left to the discretion of the individual carrying out

the study., One cautionary comment would be to check both

'_Jo

cular representation

representatlons in the svent that a pnart
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Joord
s
¢

gives an inconclusive result,

Aluminum Pot Lines

L3

Aluminum Pot Lines are used in the refining of

metallic aluminum., These are similar to other electry rolytic
30

refining operations™ . A4 chalky-white powder called

[

Alumina (A1203}, which 1s derived from the reddish-brown ore
called bauxite is fed inbto a reduction furnace or "ot ",

In this pot it dissolves in a bath of molten cryolite to
which aluminum fluoride has been added., The reduction fur-
nace which 1s about ten feet wide by sixteen feet long is

n

usually made of steel. The inner surface of

ot

his pot is
lined with a paste of coke which 1s baked until hard and
serves as the cathode. 4 block of carbon is suspended in
the hot molten eryolite and serves as the anode. As direct
current passes through this molten solution the alumina
separates into liquid aluminum and oxygen. The metal drops

s drained off while

fets

to the bottom of the pot from where it
the oxygen bubbles off from the surface after it is produced

at the anode.

Although there are no aluminum refineries in
Manitoba this type of load is important bto gain an insight

into other rectifier types of loads. Tests carried out in

o . 22 . .

Guebec in 1968 by Girdwood confirmed results previously
~0

. 20

@
§
:
+
i
@
[¢)

published by X vot lines were tested, a
i 2 &

o

ignitron rectifier line, a L0 MW igznitron line, and a

100

¢8 MW silicon rectifier line. There were no vower factor
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The test voltaze estricted to the ra nge be-

ges Wer
3

@
3

- o 3 () 3 .
tween 90% and 105% normal voltage in order not to disrupt
production. The voltage on the pobt lines was lowered suddenly
by switching vrocedures (in this case switching out circui

SUOU! ln“ a

rance 90%

to 105% voltage the representation of aluminun pot lines as
T

pedance load is quite acceptable. The error

obtai 5%,

bility studies it is felt that both
Girdwood ig results will show the loads damo-
ing oscillations - >sser extent before a fault is removed

and a greater extent alfter g Tault is removed because of the

steady-state nature of their investigation. In the transient

range (thirty cycles) and dynamic renge (one to two seconds)

es Will not have as great a demping effect as

1m

aluminum pot 1
tw

shown by the researchers by the re latively long time cone-

[4_.1

stant of pot lines (several seconds).

It must also be nointed out that depen

ne
Q
controls of reactifiers it ig vossible to change the character

istics of these loads. If a reactifier supplied an imporbant
load and it was necessary that the input to this load be
constant, high speed controls could be used. These controls
could simply advance the firing angle of the rectifier. In

o

this case the power supplied to the rechtifier would exhibit
a constant power nature until the voltare was depressed to

y

such an extent that the output power could not he maintained
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Flectric Furnaces

There are three basic types of electric

These are:
Resigtance type
Induction type

the

otl

]

er
be represented by a constant imp
type also exhibits a characteris
impedance. On the other hand, t©

what differently. The load of a

the whole voltage

Lo

S

-

v

rnace o

resistance type exhibits char-

resistance and can, therefore,

edance load. The induction
tic gimilar to a constbant
he arc furnace behaves some-

n arc rurnace 1is essentially

independent of voltage and 1f the voltage drops the current

will increase. This behaviour 1

or
drops below about 60%, the a

load will drop to zero., Bxc

5

5

that a fault is applied (5 - 10
1ikely to be low enough to cause
the system is probably so badly
ocbvious and the representation o

interest.

Composite Loads

It 1s well to study and

further complication is introduced, however,

8 classified as constant MVA,
If the volt-
rc cannot be maintained and
ept for the period of tinme
cycles) the voltage
arc extinction.
split up tha

f lecad ig onl

understand load characteristics



this helps to unders

Attt A T bagia ag
aivicdual Dagig as

0i the problem. It is however, rare that a single lo
single type of load is present on the system in a2 con
area, Usually there 1g a wide distribution of differ
It makes matters even more <ifficult that the composi
the individual loads 1s unknown, the operation of the
erratic and raendom and new loads of unknown magnitudes and

added.

of 1load

problen

agssunption is made in the paper

load is proportional to the dema

were carried out. They

in the IE

represen
that energy used

nd

ey

rig i1
Lale

Iy z
DYy &a

Transac-

of tha

then develop a

technidgue

bo relate metered energy to the composition of load.
many different substations are tested as there are d
types of loads. The composition of the load is then
to be a function of energy used. The response of

is then calculated.
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GERERAL DISCUSSION O LOAD-VOLTAGH TESTS

In a power system there are many quantities which can
be measured. The two independent gquantities which effect the
load are:

1. ZFrequency (1)
2. Voltage (V)

The effects caused by changing frequency are extrenely
important and deserve further study. In the lab this can
easlly be carried out, however, on an actual svebem there are
reagong are:

Location of Generators

-

The frequency can only be altered by changing the speed
of the generators. Generators are normally located physically
in convenient locations. These locations may be remote from
loads and it may be difficult or impossible to carry out the
necessary switching to isolate the loads in question on
selected generators,

2., Small Variation of Ffrequency Permitted

tion in fregquency. If the frequency is altered only & few
percent the danger of equipment damage is always present. A
good example of this was the recent outage in the liorth-Eastern

part of the North American continent where generators were
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damaged when operating onl:

guency. The Imvedance of rotating machines as well as other
ecuipment i1s reduced at lower freguences which can cause ex-
cessive currents, both fundanmental and harmonic to flow,

3. Automatic Eguipment Not &ffective

Even though it is possible to install automatic equip-
ment to record any disturbances and these have often been
used they are not very useful for this purpose., The reason
for this is that under violent disturbances many different
things occur, the frequency oscillates, the voltage surges up
and down, automatic protection devices operate, and electri-
cal equipment may shut down., It is not possible to differ-
entiate or to find out which effects were caused by what.
The two independent quantities acting on the load

will cause The three dependent guantities:

1. Current (I)

2. Power (P)

3. Reactive Power (Q)
to change appropriately. It is difficult to vary voltages
on a system basils, however, some locations lend themselves
to this purpose,
£

or this study and this report is

.

The basic reason

therefore to determine the variation of current, real, and

Q.

&

h o LThere are

[
%]
&

reactive power, whenever the voltage nge
S 9 &)

i..'a

bagically two considerations when assessing the relationship
of the three guantities mentioned with that of voltage.

These are:
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l. Steady State
2. Transient
To measure the steady state variation it is sufficient
to measure the guantities in question before and after a

certain magnitude of voltage change. There is fundamentally

problem 1is gmetting sufficient accuracy to determine a rela-

A further word of explanabtion 1s necessary to explain
the previous paragraph during electric power system dig-

anywhere from zero to one hundred percent of the sunply volt-

'

— Falial Fal i X
age. It is entirely hat the effect of a 2% voltage
g o

o

true

d

variation will be different than that of a 20% to MO% voltage

When permission was Tirst obtained from Manitoba

Hydro to carry out these tests it was agreed that customers

4]

on the power system were not to be inconvenlienced and it wa
therefore also agreed that the voltage would not be varied

oof

more than 5% above or below the level found at each station.
It is not suggested in any way that a small voltag

change of less than 5% aiTects the load in the same way as a

drastic reduction in voltage lasting more than a few cycles
will Invariably trigger under-voltage relays which will dis-

connect some loads. It is still felt, however, that o know-

ledge of load wvariation with the voltage, even 1T it is small
(& i) s
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able. These include changing the excitation of a generator
supplyin 1

ulator or an on-load tapchanger. &lso available are methods
sueh as increasing or decreasing impedance between the source

and the load thereby changing the voltage drop and the switch-

ing

on or off of reactive load including synchronous condens-

e}

ers., For steady state conditions the only methods deemed

°

unacceptable are oneg employing the switching of reactive

ot 3 o3 )

10ads. The reason is simoplvy that the switching of reactive

studies, an accurate knowledge of loads will often determine
the stability of borderline gystems. It is important to know
not only the steady state effect of varying voltage but also
any difference in response during the initial half second. In
the tests carried out at Manitoba Hydro stetions an attempt

was made to assess not only steady state variation in load

caused by changes in voltage but also obtain some ldea of

Tn setting up the tests there were Two ways avallable
to obtain recordings of rapid changes in voltage. The Tirst of
these as the use of an oscilloscope, This device has the

advantage of varying time scales. No difficulty is presented
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in measuring a part of a 00 cycle waveform, This would be of
particular advantage in studying the Initilial response of load
to a rapid or step change in voltage. At first it would seen
that the advantages in the use of an oscilloscope would far
outweigh any disadvantages. However, this was not the case.
The use of an oscilloscope does present some unique
problems, It was felt that at least four guantities should be
recorded. These were voltage, current, real power and
reactive power. The oscilloscoves available had two traces,

e o S

To record four guantities accurately at least two oscillo-

scopes would be reguired. Even with the use of two scoves 2

o

relatively complicated problem would exist with triggering.

In the lab, trial and error techniqués are often used to
photograph the portion of a waveform of inberest. It was

felt on an electric power system mul%iple switching éf clircuilt
brealkers pfesented opportunities for errors and fér posgible
customer Qutagéée It was possible tb obtain a storage oscil-

did not present any advantages.

Ux

10800?95 however, thi
In the end it wag decided to use a galvanometér type
uitréviolet recorder, It was felt that’the response’time was
very satisfactory as an instrument of this type will record
accurately frequencies up to about 600 hertz. Power systen
characteristics change rore or less as step functions. These

eguipment protected by relays due to the isolation of defect-

ive components, and finally secondary switching caused by

°

overloading or instability. Zach of these conditions normmally
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lasts for three to five cycles since this corresponds to

circuit breaker opening times. Since the length of the steps
of a disturbance are generally in the 5 cyecle or 80 milli-
second range a recorder capable of measuring changes in the
1 to 2 millisecond range 1s adeguste.

Another advantage of the ultraviolet recorder is the

many channels available for recording.

Only four cuantities

were measured, however, up to 2L different quantities could

be measured,

Ultraviolet Recorder

The ultraviolet recorder cho

sen

for the testa re-

guired an input of 150 millivolts or less. Decause all meter=
ing circuits in Manitoba iHydro statlons are normally rated at
S amps and 120 volts, transducers were reguired for all quanti-

4

ties recorded.

da

real and react

currents

millivolt quantity was provided to the recorder,

type of set-up,

Hydro stations. After reviewing and analyzing the

The transducers converted voltage
ive power into milliampere quantities.

flowed through resistors as shown in figure 8.

s, currents,
These

A

Using this

recordings were taken at a number of Manitoba

results it

was felt that the results were not accurate enough and there-

fore totally unacceptable.

et

was that a

voltage had to be limited to 5% and
2%, This meant that with a 1% accura

The problem with these
111 -scale deflection corregponded to

vantity, lebts say 120 volts or 500 wabts.

v
Y

o

first tests
a nominal

The change in

in most cases was aboutb

vuilt intc 2 recorder

the changes in the guantities were in the same order of



magnitude as the possible error. It was also exceedingly
difficult to measure changes of one or twe millimeters with

any degree of accuracy.

Bilgs Circuits

To overcome the problems in accuracy and to be able
to measure changes easily 1t was decided to use a bias circuit
to bias each of the millivolt quantities representing voltage,
current, real and reactive power to zero., This meant that
before any change was made to the voltage, all quantities
would be reading zero., This also meant that only the change
in each quantity would be measured., Because these quantities
were small they were amplified with four galvanometer drive

amplifiers. The gain could be burned up on the amplifiers

until a reasonable change in each quantity was recorded,

D.C, Power Supplies

It was found that any D.C. power supply operating
from the A.C, source at each station would experience the
same voltage change as the load and therefore would be un-
acceptable for the purpose intended, Dry cells were conside-

ered, however, it was felt the drain across a voltage dividing

resistor would change the output voltage of a dry cell,

power supplies. These were not available. However, one
high sveed electronic regulator was avilable, It was there-

fore decided to improvise and use this A.C. regulator to



supply four 4.0./0.C. adapters which were designed to operate
transistor radios. These units had
very cheap and locally available. This set-up for blasing
the output of the transducers proved very effective and with-
out their use it is unlikely that any meaningful results

could have been obtained.

Pilter Circultbs

) o
L

e

ers

i“'

The transducers are esgentlally full-wave recti
that behave like a current source. The D.C. current of the
S

not a true D.C. but has a fair amount of ripple

D

caused by harmonics, The response time of the transducer is

excellent being in the range of 3 milliseconds for most units.
Because of the biasing technigue used and the amplification
of the output, the harmonics found in the output were alsgo

amplified, To overcome this situation manufacturers produce
some transducers with bullt-in filters to remove unwanted
harmonics. The filters are effective Iin removing harmonics
but they in turn increase the response time. HManufacturers
have decided that a good compromise between unwanted harmonics

2l
ER

and »oor response was to employ filters that increase the
£ A Az oJ

response btime to about 300 milliseconds which is stlll reason-
able end by doing this most of The harmonics are suppressed,

In the tests carried out, the only transducers avail-
sble were units which were unfiltered having & response time
of about 3 milliseconds.

It wag decided to build filters which would increase

the response time to nob more than about 300 milliseconds.



It was Tound in the tests that the remaini
were present were not objectionable.
As a further refinement and improvement to accuracy it

was decided to talke response characteristic curves for step

changss

U e

These curves could then be used to predict what
would have happened if there was no time delay. These response
curves are shown in Appendix C. From the curves it seems
that all the delay is in the recording ecuioment and the

load essentially responds as a step function to voltage.

HBeproduction of Ultraviolet Traces

LY

In compiling the results of this study it was felt

n

copies of the ultraviolet tTraces were reqguired for references

o

purposes, JWith this in mind, methods of reproducing these

z

traces were investigated and sample A1l the common methods

of reproduction such as photocopying, xerograephy, and off

)

w0

O]

o
e

were tried. There was no method that proved satisfactory.
Three problems wers encountered when coples were being
made, The first of these problems was light exposure. The

ultraviclet process inherently uses vhotosensitive paper.

Light turns the paver dark, It is possible to use stabilizers

darkening process. After two or three such coples are made the

original recording becomes almost useless for any further study.

3

A second, somewhat related problem, is the storage of

i,;

recordings for relaltively long periods of time., The traces
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will disappear eventually. If vermanancy is recuired then
Fagt o ef “

Oa
@

some TForm of copying is neede
The third problem encountered in maling copies was
the lack of contrast in the ultraviolet recording. Any cCopY

made was so poor 1t was not considered useable.

I_Jn

Because of the problems encountered in making copies
the only solution was to manually trace the recordings with
India ink, This method proved satisfactory from the point of
making copies, It nevertheless proved to be a very time

5

consuming and tedious method that required several weelks of

- 1
WO,

Acecuracy of RHesults

In any set of experiments the guestion of correctness

and precision of results always comes up. The instruments

O
=y

used were well suited with a guaranteed accuracy of ¢
1 percent at rated value., The readings were talen normally
at half deflection or less which would tend to decrease the

accuracy. Lven $0, the results should be more accurate than

normal data such as loads used in modelling a power system.

Very often it iz quite satisfactory to have an accuracy of

. Sy a ; o
=5% or even -10% for such quantities as loads.
From a perusal of the results of the tests it can Dbe

()

seen that thsey seem to be at least basicallv consistant i
£y o

not precise., It must be pointed out that the loads varied =z

great deal during the tests due to basic load varistions.

fa el

Once or twice the traces on the charts went off scale. This

3 o

means that judgement had to be used In assessing the values



of the before and a

It muast also be pointed out tThat when srrors occur

it would be expected that just as many high readings as low
would be found., In the results the findings were often

constant power, current, or impedance. As a rvle the loads
were nuch more sensitive to voltage changes than even congtant

impedance representation.

Y

Use of Data in Stability Studies
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There are two main stability studies whic

nower system investigations. These are:

%——’n
Yot
o

out
1. Transient bility Studies
2. oynamlic Stability Studies

The Tirst of these, the transient stability is charact-

o

erized by the "first swing’ criterion. That is if the Tirst

ga.id to be stable, The swing of The machine or =3
generally initiated by a major disturbance such as a fault.

Any input into control devices on the power system are large

3

because of the large changes on the system. Sometimes this

Ian

is referred to as '"large signal® stability studies. The
trangient period is about twenty To thirty cycles.

The second of these, the dynenic stability studies
have become of much more importance in recent Limes because
of the general interconnection of power systems and inter-

4

nitial
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gvstems., After the
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transient period control systems start to react to the initilal



disturbance to help the system stay in synchronism. Some-
times, these control sysbtems can cause oscillations or hunting
between systems., I these oscillations increase in magnitude
insgtablility will result. The input to the control systems

after the initial disturbance will be caused by swings which

are not as severe as the original disturbance., Hence, some-

I_J o

times the term "small signal' stability studies is used,

In obtaining data for stability studies a character-

istic such as shown in figure 2 is often realiged.

/8 Power - Voltage Characteristic

~
2 showing Small & large signo/
N response
I
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Voltoge (V) in RPer Unit
Frgure 2
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As can be seen the characteristic is non-linear. The triangle
drawn from the origin to point A depicts the type of response

required for a small change in voltage. The slope of the
curve is steepn. The slovce of the triangle from the origin
to point B shows a greatly different type of response required

for a large change, The two small triangles at point A and

o
I‘Ja

point B show the slope of the characteristic at these two

[
U

e

points or the power a&s a linear function of voltage at these
specific points.
Because of the non-linearity inherent in power systems

often compromises have to be made in choosing control systems.

,,,,,,

ferent types of control for

each section., This type of control is illustrated in Tigure 3.
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Figure 3



voltage the response can be linear and represented a
at impeda: - H i 4 3 noadnt TS
stant impedance. setreen point 4 and point (1.1 ¢

the response begins to saturate 2nd can be represent

straight 1ine having a different slove. This wortion

curve could approximate 2 constant current behaviour

]

After point B on the characteristic the curv

2 -
G bj' a,
of th

out much more and becomes almost horizontal. This vortion

can be approximated by a horizontal straight line which is

another way of saying that vowver over the range of 1

1.3 peus voltage is constant power, lastly when the voltac
S i J

wereases beyond about 1.3 p.u. the characteristic s

is evident that conditions are grossly unacceptable
voltages are concerned and the system is lilkely unst

Similarly a characteristic can be drawn for voltage

wWwith several segments anproxinated bv straicht lines
& i o [&]

to indicate overvoltage

ne, however, by now it

able.

~
3

(L

Ly the load drovping off when disconnected b undervoltage

..

loads. This portion can



GENZRATL DISCUSSION OF RESULTS

In analyzing the results 1t seemed reasonable to
express the three quantities - current, real power and

reactive power as a function of the voltage raised to an

appropriate power,

X7
I =%k V- (3 - 1)
T
Pz VT (3 - 2)
P X0 -
o, = 1‘:0"{( (J - 3)

It is apparent that with the three common types of

loads, the exponents of the voltage would be as listed below:

Type of Load Zq Zr X
Constant Current O 1 1
Constant Power =1 0 G
Constant Impedance 1 2 2

liot only can the loads be represented by the three

-

methods listed but real and rsactive parts of the loads can be

.

represented differently. For example, the real power CoOMpPOn-

=

ent can be constant impedance and the reactive component

constant current or any other combination

-

1t can be seen Ifrom the tabulatvion of types of loads

o



on the preceeding page that The exponents Xys Eps and Eys

vary between -1 and 2 for all conceivable combinations of

loads., From this it would indicate thalt exponents greater
than 2 are not possible.

In all the 67 test cases carried out, on 9 independent
here were nc negative exponents found as can be seen
ndicate that constant power loads

s could easily be believed zince a

tyv of the loads tested were commercial, domestic,

Te heating and lighting component was not in the

majority at the Rosenfeld Station, since the majority oi

load was induction motors used at the Interprovincial

Piveline Pumping Station at Gretna.
Not only at Rosenfeld, but at all locations it was

found that the exponents as calculated by equations (3 - 1,
A% o 4

3 -2, and 3 - 3) often were larger than two. This at first

seemed impossible and unacceptable., However, on reviewing

research on this topic and searching published and unpub-

was found that other investigabors have found

pu}

lished work it

similar results. In the case of the reactive nower the large

exponents are likely caused by the sai

iron, a point that will be discussed further. The real power

on the other hand can be explained partially by the time

interval that the major change in load occurred in. As can
be seen by examining the traces the response curve lasts only
200 - 300 milliseconds, This fact is borne out by the

about
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timing trace at the extreme left hand side of the chart.

Inergy stored in electric or magnetic fields can have tim

several seconds. The transient swing of a

system would normally be over before these secondary effe

e

would occur. The natural load variation on the system would

tend to magk these relatively longer term effects,

It was also desired to test the system response t
tage variations at key major stations on the Manitoba
fa

Hydro system. These stations such as the Brandon 17th 5%

Zest Station suvply large areas such as the City of Brand

r
!
<,

the South-West area of Manitoba. By this means it was hope

the total load supplied from a particular station. By doing
this it is inevitable that the effect of transmission systenms
and transformers as well as conbrol equipment was being re-
corded ag well as the load.

In the case of the Brandon 66 &V area, the charts, a

3 Iai

sample of which is included in Appendix C shows that the volt-

4

age change caused by dropping o transformer

0
proportion to the change., This effect seems To be caused
the maintenance or almost consbtant voltage by relatively
large synchronous condensers at Boissevain,

It must also be pointed out 2% this cime ¢

6]

reet

on or

vank was minimal,

three dependent quantities varying as a power greater than

]
two when related to the voltage is not new. In Appendix

a letter is included for reference, This letter, written



bes tests carried out on

itoba Hydro system in 1908, The letter describes

@

currents and powers varving as the Fifth and third nowers of
the voltage. At that time it was felt that an error must
have been made in measurement or instrumentation. The tests

~

in 1968 measured actual guantities so it was relatively dif-

T to measure the change in a quantity. In the oresent
D in 1.

=
‘ .2
o
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tests the instruments recorded only the chan nge in a guantity.

lMeasuring a change in quantity in this fashion is inherently

-

more accurabe by at least two orders of macnitude because the

3 c A4 o7 o1 -
ntity is in the order of 1% to 2% of the ab-

L)

solute ouantity. The change in cuantity is then amplified

-

to obtain a reasonable deflection on the recorder.,

In the section on accuracy a discussion is made on
errors that can be expected. The eguipment used besides the
transducers is basically & of 1% accurate., In any evanb take

2 ~

ing any unforeseen continguency into account the accuracy

should be within 5% or at worst 10%. Accuracy i1s therefore
not a consideration vhen evaluating the results.

M N

ziven at the CEA Toronto

1eeting entitled "System Stability Performance ag Affected by
- : TY de oy e B o e PR Ao m g 3 o AT i ??18
Load Representation for Compubter Studies and Field Tests ¢

The two authors, C. R. Jesrosiers and J. C. Rov describe

tests taken on the Hydro Guebec syshbem from which they sug

ensient region the power varies as the square of

d.
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©
[w
e
e}
&
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the voltage and the reactive power as the cube of the voltage.




For the dynamic region they power variesg as

the first power and the rea sguare of the

In any event this paper confirms that variation of
load greater than the second power of the voltage has been
experienced by other investigators.

After the current tests on the Manitoba Hydro system
were conducted and were being analyzed it was brought to the
author's attention that two rpapers were available on this
topic., The first was entitled, "Demand Responses to C

T

h Wales System Tests” by

o

of Voltages -~ Report on Sou
¢, Shackshaft, 0. C. 3ymons and J. G. Hadwich™ . In ©
paper the authors describe the results of tests talken in Wales

which were basically similar to the ones carried out in

1id not vary to

Q,

Manlitoba, Ixcept for one case the real power
a preater degree than the second power with respect to the
voltage. However, the reactive power varied to as high as

the LLOth power, but normally 1t averaged between the Lith and

suggesting that the portion of the reactlive power requlr red
to excite both power and distribution transformers increases

very much more rapidly than the load portion of reactive

s

power., This in turn causing a large change in reactive

power whenever the voltage changes, particularly when the

- L.

load is light and the reactive power is predominantly used

The above observation can be deduced without formal




proof’ by the fact that transformers, part cularly modern
power and distribution transformers are being operated farther
along the non-linear portion of the characteristic as shown in

Curve
.
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t can be seen that the same voltage change in the non-
linear portion of the magnetizing curve will cause & nmuch
greater current and hence reactive load than if the trancs-

The decislon to overate transformers in the non-linear re-

curve i1s predicated by a desire

in turn leads to the reduction of the iron in each unit.

from the study of diversity on the Manitoba systen
in the past it was found that olten the transformer capacity
installed can be as great ag three times the load, If it is

assumed that the magnetizing component of the kVA demand is

about EJW'OL the transformer rating i1t is evident that the

or transiormer magnetization would be
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cially in rural areas. As a matter of fact leadin
factors are not uncommon. Needless to say reactive load
requirements at most bulk supply points are small, often

10% of the real power or legs., T
therefore becomes an important component in the total reac-
tive gsupply. At times it is possible that the reactive

supply is predominantly for transformer magnetization., It

therefore appears that in Manitoba as in Wales that the

}.Jn

ron saturation contributes greatly to the very high reactive

(Sl
load response to voltage changes.

The second of the two vapers was prepared by the

By
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CSomputer Analysls of Power Systems Working Group of the

omputer and Analvtical Subcommittee - Power Svstem
N Ry e/
ring Committes, In tests which were nduct-
ed at Barris the reactive power varied ag high as the Lth

npower of the voltage

&

about response times of loads — "In general it is valid

to conclude that residential loads have negligible inertia
Cime constants”™., This corresponds to the results found in
Manitoba where no real difference in results could be detect-

3 )

ed between actual step changes imposed on the recording

equinment and the response of the loads as recorded. Thig

p;

point 1s 1llustrated in ix C where the response curves
taken in the shop have almost exactly the same btime constant

ag Tthe load curves taken in the field. The response curves
in the shop were taken by shorting out current transformers

The conclusion that can be derived from this comparison is

that load response 1lg almost a step function when the voltage

change 1s a step function.

It 1g evident from the tests carried out on the

£

Hydro system as well as a number of papers vublished

Lay e

3

in the literature that reactive power can vary very greatly

71th the voltage. In the literature at least one case was

vower varied

particular case seems so extreme partly because of the large



gynchronous condensers connected at the speciiic location

where this was recorded. Jigregarding this specific location
reactive pover varyving as the 10th power of the voltage was
o

NOT UNCOomMmon.,

}... T
Q
oy
o
4]
-
o
o
63
o]
%.J
@
=
Y
ot
[O)
Qu
f.Je
[0}
oF
)
3
-
Cu
ch
O
=
<t
)
[0}

A point

HManitoba IHydro system was required for transient conditions.

With this in mind readings were taken to reflect conditions

during the 20 - 30 cycle veriod after a disturbance. If bona
fide steady state readings were taken the variation of real,

reactive powsr, and current would not have been as great,
however the variations would still be Tar in excess of the

maximum theoretical values which would be given by a constant

a a

out wag that the real, reactive power and current not only
were a function of voltage but were also a functlon of the
change in voltage. This statemnent has to be constrained by

that voltagze changes were small,

[

the TacH
Because there are no means of varying the voltage in
some svstematic fashion only voltage changes of a Iixed
amount determined by bank impedances were possible. It can
e seen Trom the data and the following two curves that as

i 3

the voltage change increases In magnitude the other changes

&

decrease as & percentage of the starting values. It would

seem Trom this observabion that in a vower gystem the loads

provide a large damping effect Tor very small voltage



diminishes, It 1s anticipated that there ig a 1imit to the
decrease in the damping of the loads. This limit would be

very important to the power system 1if any means existed to

In a power gsvstem 1t would be important to obtain
ormation on the damping =ifTect of loads during large

voltagse variaetions because an assumption made based on dis-

turbances causing small voltage variatlons could be in-
accurate for largze change Since small disturbances ars

not represent critical situa

oregentation of loads during such cconditions would be only
of academic interest. The accuracy of load representation
under large voltage variations 1s of utmost importance be-

o ®

cause these are the conditions under wnich instability
ocours.
At present there are no means of varyin

£

more than a few nercent about nominal. Iven if 1t were pos-
sible to rapidly vary the voltage by a large amount it is
guestionable whether this could be tolerated without severe

customer relations problems,.

iy

One solution to the obtalining of data under large

voltage excursicns is To install automatic recording equip-
ment which is triggered by disturbances on the system. This
at first seems like the optimum solution On more detailed

investigation it is found that disturbances on a power

system are caused by phenomena such as faults and equipment




disconnection. Inveriably whenever the voltage 1s increased

creagsed the frequency also increases or decreases.

joF
[

or
There does not seem Lo be any means to dli
the voltage and the frecquency effects., This 1s the reason
v automatic equipment has not been installed for this
VUrpose.,

Two graphs were produced showing the type of function
that the real and reactive power are of the voltage. A4All
the tests were treated as 1f they were readings on the sane
load. DBecause of gome varliation between readings caused by
the game ecuilpment being switched out average values for
n group of tesbts were used. Therelore some stations will
have more than one value for voltage variation and load varia-

tion, The average valueg plotted on the graphs are ta

in Table 1. These graphs are shown in Tisures 5 and 6.

After reviewing the data it was felt that possibly
some more sophistlicated approach should be used for curve

fitting., A computer program employing the least squares

O
ot

method was used to it two different curves both for the

<3

ive power. The problem with curve {itting is that
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the type of function depicted has to be chosen first and
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e calculated. The procedure

>,

does not establish the function. After eliminating data

o

t

%

Trom Brandon which were oubt of lins with the rest of the
data, two functions were chosen for curve fitbting. These

were of the Tfollowing nature:
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¥ 2 AxT 4 Bx + O (3 -« 5)

Both of these curves it the data quite adeguately
e W

between about 0,5% Lo 2.5% voltage change. Both curves

rend in the resnonse of the real and
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reactive power as the change in voltage increases, Without

would indicate that the real power is a function of the volt-
age and The reactive power is a function of the voltage to

the third sower. It is felt that the real power is probably

[..J ®

a function of the voltage to the 0.8 power w larger volt=
age changes, however, thilis cannot be proven by the data
available.

The responge of the real and reactive power coculd be

4

aporoximated by representing the real power as constant cur-

ve power ag constant impedance. It would

e

xnd the react

i

®

[

o
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o

Pl

seemn that the above relation would be valid until the voltagse
dropped to the point where motors would stall, arcs would ex-

tinguish, loads would be disconnected by relays, etc,

Procecures in Obtaining Data and Samole Calculation

T

<

In Chapter II a discussion was given on the time

delaey present in the transducer circult. Decause this time
delay of about 300 milliseconds is caused primarily by the
filtering circuits the ultraviolet traces were used to obtain

readings in the 300 to 350 millisecond range. This is shown

sure 7. Without this time delavy of the transducer

v

el

circuits the response ol the load would be almo a astep



Change in Volfage (AV) in Volts

function.

3

The average value in the 300 - 350 millisecond area

L5

for the varying quantity was used. In the examnple the change

in voltage (AV) was 3 volts. The voltage before the commence-

ment of the test was 120 volts.,

Therefore the percent change was:

o Ac AV 3 o
ZAV = = X 100 = fé&T % 100 = 2.5% (3 = 6)

Responce Characteristic

4 . .
measuring interva/
~~

2

1

0

! 2 3 4 5 & 7 = 8 1o
Y - . "y
Time jn milliseconds x 10 2
-2 ——~
1 st 100 msec.
-3 selttled down
period
-4

Figure 7



In a similar fashion the percent changes in the other
guantities were obtained.
In determining what function each of the dependent

vantities were of the voltage the following manipulations

were carried outbt:

B = kpv,E (3 -7)

where PO = power before voltage change
k, = constant relating power to volbage

=<
tH

voltage before change

unknown exponent relating power to voltage

4
d
L3

“p o
o e - \
W = ].{PVF (:}) ] O)
where Pp = power aflter voltage change
k? = constant relating power to voltage
V, = voltage after change
Xp = uninown exponent relating power to volta
from the above a ratio can be established:
bid
) eV P
0 PO
P (3 - 9)
B PR

=

By cancelling and cross-multiplying the following is obtained:

Q

X X
P

] e m P
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Taling the natural logarithm of both sides of the

sguation the following expression is obtained:

xp In Vp = 1n Py (3 - 13)
and finally,
L oAn P ,
it (3 - 1)
= i 3
B Vg

This ecuetion solveg for the unknown exponent Tpe

The Effsct of Time on the mffect of Voltage Change

-

It was felt that possibly time had an effect on the

o]

s = el

relationship of current, real and reactive power. This
type of relationship could be expressed by the following

expressions:

(3 - 16)

et
»l

The effect of time could be sxpected to s

>

g up in

C

$
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two places. The Tirgt is illustrated by Tthe curved portion
of the curves in Appendix C. Thig effect would have a short

time constant A longer term efTect would be & gradual

g

L3

change in a dependent guantity cver several or many seconds,
Another way of saying this would be that this second effect
has a long time constant.

As can be seen by the response curves taken in the
shop and comparing these to the curves taken in the fileld,
the short range effects are almost instantaneous as almost
all the time delay is in the metering circultry. On the
other hand any longer range slower changes to the current,

real and reactlv ower are completely hidden by the normal

Q@
o]

nh no doubt time has an efflect

random load changes., ISven thoug

this effect would be of secondary importance,




able 1. ne voltage was re-
Guced and raised seven times Prom the normal value, Since
there are only two transformers of identical desig:
magnitude of voltage change vas possible by dropping btrans-
tormer banks or in other words switching one of two parallel

unites 1 froTe e - S o .
+Us out, increasing the impedance and voltage drop, therefore

lowered

vanoead v vy P e It A FL ' S A i
fenged lrom a reduction of 2,82% to 3,229, The voltage was
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increased by aprroximately

veried Trom 2.83% to 2,924,
F L .

rom table 1 1t can be seen that the current

varied from W i 169 + i - 5 7
a rom a low of 2,10% to a high of 2,52% in the vositive

Lor seven tests., The real power varied somewhat more, ranc-

PO TK SN s £y o s
rom a maximum of 3.0L% in the negative direction o

The variation of the reactive power was much more
sensitive to the change in voltage. This can be seen bv the
change in reactive powver varying from -9,.25% to 8, 25%,

Because the magnitude in vo tage change cauged by

bank dropping was fixed, there was not anv wav to produce a
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series of voltage changes of varying magnitudes at the

tude of the veoltage change itsell eifects the degree of the

Also in table 1 can be seen tThat Lrom the tests Taken

v

at this station the real power varied as the voltage to the
1.12 power on the average., The reactive power on the other
nand varied as the voltage to the 2.0l power. With these
two observations in mind it could be argued that a good re-
presentation of loads at the Kirkfield Station would be

constant current for the real component and constant inmped-

ance for the reactive component.
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Station are shown in table 1 and samples of typical traces
of the load variation in Appendix C.

It can be seen from table 1 that the change in volt-
age wag in the order of 1%, This change in voltage caused a
change in current varying from a low of le635 in the positive
direction to a high of 2.11% in the negative direction. The

real power change caused by the voltage change varied from

a low of 2.,07% in the positive direction to a high of 2.75%

_To

in the same direction. The average being in the 2,35% area.

Aigain as in the case of the Kirkfield Statlon the

reactive power was much more sensitive to voltage variations
3

than real power. The range being from a low ol 3.29% in the

pogitive direction to a high of 7.17% also in the positive

A
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direction., The average being 5.,17%.

Table 1 also shows the power of the volbtage, that
the current, the real and reactive power are functions of., It

can be seen that iIn the case of the real power the range was
between 1,9 and 2.87. The average would not be far from

the behaviour agsocliated with constant Impedance. Again it
can be seen from the table that the reactive component varies
a great deal more than the real power., The range of variations
being 3.2 to 79u6 with an average of 5.31. The current
exponent varied betwsen the range of 1.71 to 2,58 with an
average of 2.19.

A very Interesting vhenomenon can e geen in The
copiles of the traces of real and reactive power and current.
Very large swings of a low frequency were experienced when-
sver the voltage was raised (not lowered) particularly for
the reactive power. This could not at Tirst be explained
and 1t was felt that some malfunction in recording equipment
wag causing these swings. The equipment tested out accurately
ags well as no similar swings of such a magnitude were experi-
enced anywhere else in the ftests taken. It was believed

3 3

llation which died out after a

[_Je

that the low freguency osc
number of cvecles wag causged by the tuning of the transiormers

4 % e 172 b - K3 - Eal
and 66 ¥V St. Vital System with the trensformers and large

capacitor bank (8. MVAR) on the 2 kV system. This could

o

easily have been proven or disproven at the time of the tests
if 1t had been suspected at the time. 3Jince a similar occur-

ance did not happen anywhere else it was not felt lmportant to



reorganize the tests

5:1
o

v
ga

n. The low Ireguency oscillations
were very similar to those that sometimes are set up betueen
neighbouring electric systems. The oscillation between
electric systems do not dampen out as quickly. Their cause

is algo different - being the changing rotor angles of the

<!

machines on the two systems. In the case of the St, Vital
System there is a relatively large transformer Iin series

with a capacitor in parallel with tThe rest of the svstem.
When the transformer which was switched out was switched back
in, the charged capacitor discharged into The inductive
impedance of the transformer, The magnitude of the swing
depends on when during the voltage sine wave the switch is
closed, In a perfect lossless system the stored energy
would alternately swing from the capacitor to reactor then
back to the capacitor indefinitely. In the actual case be-

cauge of the effect of resistance present the oscillation

dies out quickly.

Parkdale Station

Before the tests were undertaken 1T was felt that
the most useful tests would be taken at Parkdale. This was
because of the switching arrangement at this station. Two
radigl 33 kV systems are supplied by two transiomiers each.
In turn each of the 33 kV supplies are regulated by two volt-
age regulators. It was hoped to parallel the two regulalted
supplies and raise the tap position on one regulator while

lowering the tap of the other. It wag also hoped to obtain

0o

least five and preferably ten
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percent, OCalculations were done to determine the 'circulat-
ing por " which was expected, Under medium loads it was
. P

of regulators would flow, As 1T turnsc

tests was cold with a heavy gystem load, It was estimated that

. , , . Vs e . . 7
he load on the resulators with dissimilar taps would be 250%

of rating or higher. Because of this and the fact that each

of the regulators had to be repaired the previous summer

clearance could not be obtained from the System Jispatche
for the planned tes with the nlanned voltage differential.

egad 1t was agreed vo drop transiormer banks,

i 93

03]
cf

-

Because of the relatively large size (L x 15/20 MVa)
of the transformers and the relatively small lcad (13.0 ¥Va)

the voltage changes caused by the bank dropring were small,

Most of the changes were of a magnitude of 0.25% to 0.30

percent, It may be that a voltage variation of 0.,25% may
have no relationship to that of a voltage variation of 10%.

The findings are nonetheless reported as indi of the

5
@
2]

in mind the limitations of the data. The

2 gy : ° x & ~7
accuracy of the test ecuipment was .t of 1%. This, however
ig for rated conditions., It is estimated that for very small

deflections the accuracy could be %30%.

Table 1 shows that a 0.25% voltage variation causes
the real power to vary roughly 1.00%. As found in all pre-
vious ses the reactive power 1s more sensitive to voltage
variations and changes by 1.53% on the average. The current

»

variation 4id not match either of the above rates changing




only about C.777%.

Also in table 1 the exponents which the three depend-

5

ent quantities are a function of the voltage of are listed.

The real power exponent varied between 2.21 and 6,98 with

o

an average of L.21l., The average of the current sxponent

wag 3.11l. It can again be seen that the reactive exponent

o N / o R T N
is larger averaging 0.13. Very roughly it can be said that

v

Iy

the current and real power exponsnts are of the same magni-

tle influence bescausgse of

[wi

tude, The reactive vpower has 11

its small size at Parkdale.

Rogsenfeld Station

ed a predominantly large

[N

The RHosenfTeld Station suppl

g

4

motor load, In observing the traces ol the tests talken at
this station it can be seen that a slight ogcillation is set
up by a voltage variation. This oscillation was caused by
the nature of the load —— the reaction of large rotating
masgses to rapid changes in voltage and therelfore torque and
load,

The transformers used at Rosenfeld were identical to
Parizdale., Again 1t could be predicted that volt
age variations would be small., 4As it turned out the actual

rder of 0.25 o 0.45%. This wa
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appointingly small, however, no other means for voltage vari-
ations are possible at the vresent time at Tthis station.

The voltage change at this station caused a current
change in the order of 0.70% while the real and reactive

power changed a great deal more. The real power varying



- 9D =
between a low of 1.206% in the positive direction and to a
high of 11.59% in the negative direction and the reactive
power Deing a low of 5.11 and a high of 799a
Table 1 also shows which power the dependent guanti-
ties are functions of the voltage. The range for the current

is between 1.81 and 2.87.
5,10 and 10.15 with an average
tion, again larger than the others

23,9,

Brandon 17th Street East Station

The Brandon Station proved

3

ation

w
ct

fact that two distinct 1

be tested separately. It

S

one set-un. The

ferent loads Trom

caused the Brandon Statlion to bhe of

ef'fect of a synchronous condenser

-

seems that an almost infinitessin

an extremely large change in

to be the

oads exist at this

on

all the other gquant

nower changed between
PIl/ 1 " .
«50, The reactive varia-

was between 15,1l and

most interesting

The first of these wasg

station which
ible to test two dif-

situation which

such interest was the
[ a4 . . kN
the 00 %V system. It

mal voltage change causes

ities. It

is believed this was caused by the instant response and reg-

ulating ability ol the
which

ve

able change

- 4 f

stween a 1low ©

ase of the tests on the 56 kv

could be realized

in the other three guen

P «8.85 to a high

synchronous condensers,

system the

was only 0.10.2 to

ry small change caused an almost unbeliev-

tities. The current
of 9,80%. The real
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power changed from & low of =0,7h% to 2 high of -06.95%, The

greatest response by far was that of the reactive power,
changing from a low of 17.5% to a high of «19.7%., These re-

In the case of exponents, table 1 shows extremely

large numbers. The current exponents ranged from MOeéO to

1

T . o i '
6'305 while the real power ranged Ifrom 30.51 to a high of

'_Jc
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3
¢5@969 The reactive power was again a great deal nor
tive to voltage change being between 73.73 and 1106.71. These
results were at first considered meaningless until severzal

3 a Il

references were found, particularly one diliscussed in the
general discussion
The 33 kV supply at the Brandon station provided

plausible results particularly the current and real power
results. In the first set of tests on the 33 kV the voltage
variation was approximately O. 75%. The change in current

. On the other hand the real powser

varied approximately O 85% and the reactive power varied on
o7
the average 3,010,

The comparison of exponents showed that the current

wag a function of the voltage raised to the approximate 0.9

=

power., The real power and reactive power were Ifunctions ©
the voltage to the 1.13 and 3.92 powers on the average.

In the second stage of the tests on the 33 kV supply
a voltage change of about 1.5% wag realized. This gave an
approximate 1l.5% change in the current, a 1.91% change in

real power and 2 7.23% in reactive power,
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The exponents in table 1 show that with the 1.5%

nt 1s a function of the voltage

10}

voltage variation the curr
to the 1.0 power. The real power and reactive power are

functions to the 1.25 and .59 powers.

Raven Lake Station

In setting up the ecquipment at the Haven Lake Station

ome initial difficulties were experienced, 1T had been hored
to record the total load at the station before and alter drop-
ping one of the two transformer banks. This proved impossible
because each of the two banks were being metered independently
with a different current transformer ratio. Since the current
transformers are situated in the bushings of the transformers

it was not simple to do the necessary tap changes in the time

allotted, It was therefore decided to take readings on the

d‘

3

ing from Raven Lak

G

two 33 kV circuits emmana
Another difficulty experienced at this station was
the measurement of relatively small loads, The load at the
station is not large, however, when each Ifeeder was measured
separately the load recorded was basically half as large.
Because this los2d was smaell the amplifiers had to be used
near their saturation limit, possibly not reducing the ac-

°

curacy, bub in any event magnifying unsuppressed harmonics

n the transducer circuits. The inherent load variations

=0

and changes were much more broublesome than at other stations.

By watching the lights of the recorder it could be seen that

o

CQ

the normal load variations caused by ndom circumstances



were of the same magnitude as the load changes due to volt-
age variation.

Becauge of the different ratings of Tthe two banks
(7.5 MVA and 15 MVA) two different voltage changes were nos-
sible on each ol tThe two lines.

Tn the first series of tests on Line 86 a voltage
change in the order of 0,322% caused a real power average
change of 0.560%, As before, the reactive power was nore
sensitive with a change in the 3% range, The current ap-
oropriately was in the C.L5% area.

T

In the second stage of

<

voltage of 1,2.% was attained. This voltage change caused

average.

of the dependent cuantities being functions ol the voltage

to some power, the results are 1llustrated In table 1.

In the cagse of the 0.322% voltage change the real

power seems to be a functilon of the voltage raised to the

1.73 power., This power exponent remains about the same a2t

1,76 when the voltage is varied by 1.21% in the second part
of the test on Line 86, The reactive power on the other
hand seemg to have a dovmward trend with larger voltage
variation. Because the real power ig a large component of

the complex power the current follows the real power more

closely than the reactive,
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The same sort o oltage variations were neriformed
on the load suppli 7 Line 88. The results are listed in

table 1,
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varied by about 0,225%., In the second rart of the tests the

voltage was varied by slightly over 1j2s As can be geen by

the tabulations a small decrease in the regsponse was found
&g the change in voltage increased. It is likely that if the
voltage was veried by as much as 5% that a more predictable

result would have been found.

Neepawa Station

The last station chosen to carry out tests at was

ion. Similar regsults were found at this

much more than predictable changes iIn the current, and
reactive power. Real power appeared to be in line with
what was expected. Because two natehing transformers supply

the lNeepawa load only one negnitude of voltage change was

possgibls,

In table 1 it can be seen that a vol tage variation

of 0.79% on the average causes an average change in power

of 0.839%. This is also reflected by the tabulation of table

1 which shows the real power a function of the volts ge ralged
toc the zpproximate first power. This means the real power

is provorticnal to the volta age or constant current,
he reactive power varies very drastically. Because
of the size of the reactive vower the current also varies

very drastically with the voltage. It can be seen that the



% change in voltage causes an average 12%
change in the reactive power and an average 12.3% change in
Table 1 also shows that the reactive power varies as

the fourteenth power on the average and the current as the

4

tifteenth power.

4

For ease in comparing the results Ifrom the

[ox

ferent

|
F

stations at which tests were taken table 2 ig included,
This table compares the average change in current, real and

el
¥

reactive power both in percentage and in exponential Torm.
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The tests from which data tabulated here was obtained

and any conclusions derived from

fact that the voltaze changes wer
5 o7 . T . 2
less Than 5%. ith this in mind,

1, The reactive power is muc

reactvive power responded more o

real power. There is also ample

31, 3h

to suvport this statenent .

stant current representation for

impedance representation for the

them are constrained by the

e small, all changes being

o

)

Tindings were:

h more sensitive to voltage

on the Manitoba System the
voltage changes than the
evidence in the literature
Many vwtilities use & con-
the real power and a constant

reactive power,

2. The real and reactive power are both more sensitive

to voltage change than was expect
tional load renresentation.

This is evident from the
reactive power normally varying t©

voltage tha

,_/

two, and the real po
2

power of the voltage than one.

3. The change in real and rea

sensitive to voltage as the chang

H
o
i
IoF
3
)
I
o
ot
‘-—- 5
<
0]

The changes in rea

ed or predicted by conven-

o a greater vower ol the

wer varying to a greater

]

active power becomes legs

e in voltage increases.

vy

power are functions of the
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ocut on the svstem tested a trend seemad to be established

that indicated greater percentage changes in smaller varia-

<t

i.Jn

{

]

g in voltage and congiderably less change in the 2 - 3%

region. The curves of change in real and reactive power

igures 5 and 6.

e

o
9

i

level cut in the 2 - area as shown in
It is possible to install automatic recording egquip-

ment to measure guantities required during system disturb-

ances. Circuits such as those used in "delta - omegsa'l

for modern generators are sultable for measuring

rapid changes in frequency. There has been some regearch

- ’}O peape
carried out along these lines Ontar W"%ro)’e Voltage
recording edquivment for measuring rapid voltage variations is

readily available and can be operated automatically. The
main difficulty in installing automatic recording equilipment

is that normally there are voltage and freduency excursions

occurring simultaneously. A good example of such an occur-
ance isg a fault on a system. Generators near the fault

electrically, will speed up causing the frequency to increase.

caused by the voltage change and which by the frequency

change.
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L. For large voltage changes the real and reactive
power functions approach the relationshipns:
P o= k) (5 - 1)
A
Q= v (5 - 2)
%

Representaing the real power as constant current and
reactive power as consgbtant impedance would give results that
would normally show a svsten a 1little less stable than it
would be under actual conditions., This is probably the type
of representation that would please most system analysts
since it is simple and an average for the whole system. Also
many digital stability programs will not converge when 2
system 1s subjected to a severe disturbance unless the load

is a function of voltage.

¢
it
[
¥

£

5., The time consvant for loads is much shorter
previously assumed,

N

The curves showing both real and reactive power

}-.Jk

variation with voltage have time constants in the 300 msec
renge. 1t was found that almost all this delay was in the
netering circuits., The time constant of the load is actual-

1y in the 1 - 2 cycle area. 1t would be a good approximation

o
L

to say that for the transient time perlod which on the aver-

age may be about half a second after a disturbance the load
has already reached its new steady state value,
It is evident from the tegts carried out on the

Manitoba Hydro system that the behaviour and composition

of loads varies a great deal. This can readily be understood




when it 1s recalled that loads are sszenblially
in a random fashion geographically, devending on the loca-

tion of nabural resources, transportation facilltles, govern-

1&
o
jov]
ci
O
[0]
[}
[_J
O
=y
Q
¢t
)
[©)]
3
N
D
)
2
O
it
[943

ment action, clinate, and a g
Besides the actual location of loads the composition of then

P

depends on a great deal of other variables. These variables

Ta

are as diverse as the standard of living, accedptance of new
technigues or products, availablility of competing products
and advertising. It can be seen that because of the many

N

variables loads in some areas can be almost purely resistive

while 1in other areas large motor content means large reactive
requirenents. RBecsuse of this load mix it is not possible

to ever define loads precisely for all systems, even all
loads on the same system. It is, however possible to deline
loads at major stations. In most stability studies these
major ztatlons have equivalent loads represented on thelr
bus. It 1s guite common to reduce systems further, oiten
to the point where the Manitoba system would be represented

-

by only a handful of machines, impedances

f...)
o
d..
0]
K
(@]
Q
<
3
[}
l¢]
o
[©]
O
l_l

and loads.

To obtain accurate resulits voltage changes starting

u
[
5

from sav 1% up to 10% should have been made, This t¥7 o
experiment iz pogsible in a lab, however thers 1s no means

of varving the voltage by successively larger steps at major

s “DO Ly ”JOLQES e

wag decided to

In translient




stability studies the system 1s not normally represented

beyond these major supply voints. It would also be a very

large nroject to carry out any comprehensive tests on The

several hundred substations in Manitoba, HNonetheless, ine
formation obtained on individual substations could be ob-
tained using sampling techniques., Most urban substations

- Nay

are equipped with on-load tap-changers and maay of the new

rural substations are now also 8o equipped. The regulating

range is *10% so that stepped voltage changes can be obtained
by parallelling two transformers on dissimilar taps. his

would be an excellent future research arsa.
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This information is included as backup to data and
information on measurements.
5 - . ot LI £ - A K 7. - Lo
Galvanometer Sensitivity 0,50l v/inch or 1.7 inches/volt
Voltage Sensitivity 110 mvDG/volt 115 volts = Lhe5 vOQ
R e 4- H mvy G/ amy 5 amy = ) ind My
Current 900 mvIlG/amp,. amps, = lL.h vl
Reactive Power " Il mvDC/VAR 1000 VARs = [t viC
Real Power " lol mvDC/watt 1000 watts = lid vOC
Voltage Sensitivity of a L Volt Change:
Amplifier Gain Potential Difference Deflection
(in millivolts) (in inches)
x 1 Lo 0.0708
x 2 80 0,136
x 5 200 .35k
% 10 Loo 0,708
Current Sensitivity of a 1 Amvere Chance:
Amplifier lain Potential Difference seflection
{(in millivolts) (in incheg)
V4
x 1 200 1.00
x 2 1800 3,20

x 5 11500 8,00

x 10 9000 16,00
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Amplifier Gailn Potential Difference
(in millivolts)
x 1 It oly
x 2 8.8
x 5 22,0
x 10 Ll .0
x 20 88.0

A

1

eal Power Sensgitivity of a 1 Watt Change:

Potential Difference

Amplifier Gain
(in millivolts)

MM
N
@ =
@ 3
(5 JN g

x 5 22.0
x 10 Il o0
x 20 88.0

De
4
4

flection
in inches)
0,007
0,01l
0.035
0,070

0,10

b (D

}_l
B
}.J
B0
O
b“ |te
w3
g

0,007
0,01l
0,035
0.070
0o1lL0
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or the actual voltage avplied. The biag voltage for each
of the quantities was increased from zero unbil 1t exactly

sgualed the voltage output from the transducers. The biased
quantities therefore represent the starting condi ions o

zain is tabulated to

et
=

the varving quantities. The amplifie
document the degree of amplification required for each

qu ity., The multiplier is simply the product of current

ra

and potential transformers in use at each station.

TR
ABLE 3

3

Biaged Loads, Gainsg, and Multipliers

Kirkfield Station (2L kV)

Biaged Readings Anplifier Gain Multiplierx
(Secondary Guantities)

32,000
32,000

O
o~
[
®
(&
ot
P
@
U

200

!.....)
F oy
=
-]
(@]

= <
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3 - ISs

d- »
0

I U O h

160




RS

Biased Readings Amplifier Gain Multiplier
(Secondary Quantities)
£ VA Ra 5 3
100@? VARs ol .)39 000
960,0 Watts 5 33,000
123.5 Volts 5 550
Lol Amperes 2 60
Parkdale Station (33 kv)

Biased Readings Amplifier Cain Multiplier
(Secondary Quantities)
188.0 VARs 10 16,500
770.0 Watts 10 16,500
126, Volts 10 275
3.3 Amperes 10 60

Rogenfeld Station (60 kv)

Biaged Readings

g Amplifier Gain
(Secondary Quantities)

€,

Multiplier

91.0 VARs 10
860.0 wWatts 10
126.2 Volts 10

IL,1 Amperes 10

16,500
16,500
550

30



Bilased Headings Hultivlier

{(Secondary Guantities)

68.0 VARs 5 36,000

70lL,0 “atts 5 36,000
116.0 Volts 10 600

3.5 Amperes 5 60

Brandon Station (33 k)
Biased Readings Amplifier Gain Multiplier
(Secondary Quantities)

15,0 VARs 10 2l, 800
1060.0 Watts 10 32,000
126,0 Volts 10 275

2.2 Amperes 10 120

Raven Lake Station (33 kVv) - Line 88

Biased Readings Amplifier Gain Fultiplier
(Secondary GQuantities)
136.,0 VARs 10 8, 280
Shli.0 Watts 10 8, 280
128.0 Volts 10 275
L9 Amperes 10 30




2
= (O o

TABLE 3 (continued)

Raven Lake Station (33 kV) - Line 86

Biased Readings Amplifier Galin Fultiplier
(Secondary GQuanbtities)

91.0 VARs 10 9, 280
72,0 Hatts 10 3,280
126,0 Volts 10 275

5.6 Amperes 10 20

. L& A -
Heepawa Station (00 kV)

Biased Leadihqs Amplifiier Gain Multiplier
(Secondary GQuantiti

Iyl Amperes 10 1.0
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TEST BOARD (SEE WIRING DIAGRAM)
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MANITOBA HYDRO

X1-1910
InTER-OFrice MEMORANDUM
17//
From _W, J. Tishinski To _Mr. C. d, Goodxvi¢ﬁ/%ager
Transmission Planning FEngineer Electrical P;@ﬁﬁiﬁé?ﬁepartment
Syvstem Planning Division System Plamiing Diyision
File No. _2~-1A1-4 Date April 15, 1968
Subject _ LOAD TESTS UNDER STEP VOLTAGE CHANGES,

The recent tests which were taken at Harrow Station to determine
load behaviour under transient conditions were reviewed and analyzed.,

Three methods used to represent loads at present are:
. Constant impedance

Constant current
. Constant power

Lo

In the first case the current varies directly as the voltage
and the power varies as the square of the voltage,

In the second case the current is constant and the power varies
directly as the voltage.

— . . FRVE TS iy G

In the third case the current varies as=thre=sguare—=ef the voltage
and the power is constant.

The tests taken at Harrow showed that the current varied
approximately as the 5th power of the voltage and the power varied approximately
inversely as the 3rd power of the voltage.

Since in an actual system there is a combination of the 3 types
of basic loads the power and current should (as has been proven by tests
done by other people) varied somewhere between the lst and 2nd power of
the voltage. The power of 1.6 has been used quite often in literature,

Comparing our results with what theoretically should have happened
we can only conclude that either something was fundamentally inaccurate with
the method the tests were carried out or the metering or test equipment was
not adequate.

Off hand, it would appear that the step voltage change was not
greater enough to cause sufficient meter deflection., When tests are
carried out at Parkdale, where we feel we can obtain greater voltage
changes, this factor should be eliminated.

VdS/cr

cc: Mr, F, A, Jost
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AlrikiTield Terminal Station

The Kirkfield Terminal Station is situated on

2

Saskatchewan Avenue in Winnipeg just west of the Perimeter

Highway immediately north of the Assiniboia Racetrack,

~to
o]

The Terminal Station is supplied from a double circuit
115 &V line beteen the Rosser and the ILa Verendrye Stations.
Only one of the two circuits is tapped, The 115 %V bus is

designed to operate ultimately as a ring., In the meantime

the bus i1s operated radiallv with a circult breaker on sach

o}

4

of the two banks only,
The two power transformers in the station transfomm
the voltage from the 115 %V level to the sub-transmission

2LkV. Zach bank has a self cooled rating of 30 MVA., Bank 2

[

()

is also equipped with fans to provide a forced rating of
Lo mva,

The Station has a 2 &V radial bus with five 2 kv
lines leaving the station. An 8. MVAR capacitor bank is
installed with load current control and voltage override,

The 2l %V circuits sucply a number of stations in
The St. James - Assiniboiz area of Winnipeg and are networked
into the McPhillips, Harrow, and Mohawk 2L %V supplies.

Since the Kirkfield Station is one of the stations on

the Manitoba Hydro Svstem which are networked with other

scurces 1t was necessary to open the network at kkey locations.
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Without the ocpening of the looped systenm any tendency for

voltage to change at the Kirirfield supply would cause a

greater amount of VARs to flow from the other stations. This

would tend to maintain at their previous levels as

<
O

}.._J
o
i

e
)

w

well as change the reactive power flows. There would be small

»

changes in real vpower flows as well, It is hard to generalize
but essentially the anmount of real power supplied from each
station would depend on the relative impedances connected
beyond the looped stations and the load, The problem is
overcome by isolating loads so that thev are supplied by only

o

one stabion.

the Kirkfield Station by opening only two 2l kV circuit break-

St. Vital Stati

The 3t. Vital Terminal Station is located near the
southeastern edge of the City of Winnipeg on P.T.H. 59 south
of the Trans Canada Highway,

The terminal station is supplied by a network of many
lines from Sellkirk CGenerating Station and Trangcona, Harrow,

Terminal Stations. The Teraninal Station provides

& supply both to the 2 &V and 66 kv V sub-transmission systens,
The 66 %V sub-tr ansmisgion system supplying
part of Manitoba was used in the tests.

The 115 XV switchyard at the St. Vital Station is in

the form of a double bus arrangement with one supplying all




elements and the auxiliary bus normally energized through a
bus-tie breaker acting as standby. The supply to the 60 kv

system 1s from 2 - 30/L0 MVA power transformers.

on is in the form

l-«'o

The 66 1V bus at the St. Vital Stabl
of a ring. TFor switching purposes two circult brealkers had to

be opened to trip a transformer. This could have been accon-

oy

plished by tripping a high side breaker, however this was
not done because of the systems dispatchers! preference to do
switching on the low side of transformers. There are no

¢}

. P P A 1 s
capacitor banks on the 0606 kV bus, however, there is an J.h

MVAR banl on the 2L &V bus, again with load current control

al supplies the area from
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ugald east ©
Red River. There are tile-lines to adjacent systems, however
these are normally operated open and therelore there was no

need to isolate any of the system.

Parkdale Terminal Station

2 O3

The Parkdale Station is one of the older stations in

Manitoba situated on P.T.H. & north of the Winnipeg perimeter

Parkdale is supplied at 115 kV by two lines Irom
Pine Falls, and two frowm Great Falls Generating Station via
the Maplebton Zubstation and the Sellkirk Generating Station.
The station serves as main supply point at 115 &V with two
lines emanating to lNeepawa, one to Portage la Prairie, and

two To Rosser,
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Ags well &
66 1V area and a 33 KV

a, Both of

Parlkdale Station supplies a
area
volbages are confined orimaril

of the

ese sub-transmigsion
v to

A A .

00 kV also supplies vortions o

ity of
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2 The
I the northern
Winnipeg.

outskirts of the
Because the 33

kV system
RERS

upplies only the T
decided to record

Interlaie
record the characteristics o
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switching arrangement at the Parkdale Station
n that e

h voltage level
nig

o

is
ig di
e Tolded ring while the 606 kV bus ig a2 classical
errangenent., The 33 &V supply on the other hand
a radial bus supplying two othe
radial busses.

separately

g
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ousg

'his arrangement permits the
distinct areazs with different

regulated

supply of two
oltage levels,

The supply to both sub-transmission voltages 1s by
means of four 15/20 MVA duval-voltag

66 ¥V winding has the same

ower transformers,

The
rating as the transformer while
the 33 &V is only rated at 5/0.67 MVA.

Again as at St. Vital the low side circult breakers
were used for svyitching. There are no capscitors at Parkdale
for power correction or voltage control

Rogenfeld 3tation
The senfeld Terminal Station 1s located near the
town of Rosenfeld which is on P.T.H. 1l between Letellie
and HMorden.
Rosenfeld

2
in

()_x
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the ILa Verendrye Station - one direct and the other via
Horden Corner. The 115 kV switching arrangement has recently
been modified into a ring arrangement.

The 115 %V supplies both a sub-transmission 66 xV and
33 kV system with 2 - 15/20 MVA transformers identical to
the units at Parkdale,.

Both the 33 &V and 66 &V busses at Rosenfeld are
radial, however both sub-transmission systems are Iinterconnect-
ed with adjacent terminal stations. Because of this it was
necessary to first ilsolate Rosenfeld from any other source in

order not to maglk the load behaviour by VAR transfers from
ou

- Morden area with a major load at the Interprovincial
Pipeline Gretna Pumping Station. This is almost all compozed
of large induction motors and as such 1is very interesting as

lo2d response 1ls concerned, Since these

e
&
B
®
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®
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cr

far as b1

s £
larze mot are supplied by the 00 kV this supply was chosen

’/}

for the tests at Rosenfeld,
There are no capacitors at the Hosenfeld Itation, how-
ever, a banlk i1s permanently installed to the terninals of sach

motor at the opumping station for power Lactor correction.

Brandon - 17th Street East Station

The Brandon - 17th Street Zast Station is located at
the intersection of Victoria Avenue and 17th Street Hast on
the eastern outskirts of the City of Brandon. The Brandon

Generating Station is situated about 1 mile further sast and
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this is the supply point of the 17th Street Hast 3tation
via 3 - 115 &V circuits.

It was decided to taxe tegts at this station for
several reasgsons. One of these wag that 1t was possible to
monitor two distinct loads. One of these the 33 kV system
‘hich has some outlying load, however, is coniined almost
entirely to the City of Brandon area. Because of the size
of the load compared to the rest of the loads In the western
nart of the province and 1ts unique nature -— basically an
urban area, it was decided to record thls load independently.

The second leoad which is supplied by the Brandon - 1716
Street Hast Station is the 006 iV system. This area is basgic-
ally the rural area beyond the immediate City ol Brandon
vicinity which is served by the 33 kV. The load is charact-
eristically rural, farms both small and large as well as small

and larger rural towns,

There is also an Interprovincial

Pipeline Pumping Station served by this system, however the
load is smell compared to other pumping stations because
large motors 2t this station are supplied by the 230 kV
svstem.

There '7as no need to isolate sither the 33 LV or 066 xV

plies from other terminal stations as these are normally

operated radially.

ne 66 1V bus arrangement at the Brandon - 17th Street
Fast Station is in the form of a ring. Switching was perform-
ed by % opening & low gide circullt breaxer edjacent to a
transformer bank thereby splitting the ring. The second step




4

was to open & second circult breaker on the opprosite side
of the transformer to the one that was already onen.

The 33 4V bus at this station is a standard radial
scheme with one brealzer on each element. This makes 1t easy

4

n that only one circuit breaker need be opened to disconnect

e

a trangformer banik. The 33 &V at this station was of more
interest than normal because of the three transformers which

are located there. Two of these are 15 MVA units and one is

2 30 MVA unit. Because of unequal rating and the fect that
the transiformers have essentially the same impedance on thelr

own base several step changes in impedance and thereiore vollt-

D

age are possible

A

]

-3

D

here are no capacitor banks at the Brandon - 17th

Street Tast Station, however numerous banks exlist on the

1

distribution system. No atbempt was made to control these

Raven Lake 3tation

'3

Raven Lake Station is located four miles south of

]

Shoal Lalke along P.T.H. 21. This station is supplied by two

115 %V transmission lines. One line comes from Heepawa via
innedosa, while the second one 1s an express circuilt fron
the Dauphin-Vermilion Station. A third 115 &V line continues
the Birtle area and to loop south to Virden.

The supply to the 33 &V sub-transmission system at

Raven Lake is by & 15 MHVA and 7.5 MVA bank operated in parallel.
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ferent current transiormers were in use
and addinge these would give a meaningle result 1t weas
therefore decided to record the loads on two independent 33 «V
sub-transmission circuits. The loads on the lines were much

smaller than previous measured loads, however 1t was felt the

area south of Riding Mountain Hational Park supplied by Raven
Lake was cuite unigue and worthy of studye.

Because of the different size of the two transiormers

!

e
Lg

!._Jn

t was possible to get two different voltage changes.

9

however, was found that both changes were small.

)

The Raven Lake load area is nmainly of a rural nature.
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feepawa Station is located east of the town of HNeepawa
alons P.T.H. L, This station has two 115 kV supply lines from
to

the Parkdale Station with one outfeed line Minnedosa and

-

then to Raven Lake. A fourth line connects with the Brandon

Generating Station which acts as an outfeed or infeed line
iepending on whether Brandon Generating Station is on or not.

The 115 %V bus at the Neevawa Station is in the form

of a ring with two elements being 15 ¥

A transiormers suppPlie-

<

. . AT
ing a radial 66 kV bus.
411 66 1V lines out of the ieenawa Station are normally

-

operated radial except the tle-line to Minnedosa which 1s

4

looped in. In order not to get any false readings this tie
was ovened at HMinnedosa prior to the commencement of the tests.
The Neepawa area load consists of small and mediun

sized rural towns as well as a good Tarming area.



[
i

- 120 -



- 121 -

List of Fguilpment Used in Tests
1. Cambridge Ammeter (RM 12)

2o

-
&

0.5/1/2/5/10 amp - Serial L399LL7

-

Cambridzge Voltmeter (R

)
7.5/15/30/75/150 volt - Serial 1L0L730

-~

General ©Zlectric Poly-dattmeter (R 18)

- . - - , P . s () L
Type P3, 5/10 amp 150 volts - Serial S78¢L8

Honeywell Visacorder (RM 90)
2l channel, model 1508AT24670JL00

Landis & Gvr Current Transducer

o

Landis & Gyr Voltage Transducer

rating 500 watts

outout 1 ma DC into LILOO ohms
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Nensral Blectric wWatt

Type 11701 AC watts o
~ -

rating 500 watts

outout 1 ma DC into Ll00 ohms

Series I - sub-miniature, Type Ho. 3300

<
o]

Sorensen AQ Repulator - model 1001 - RH 2113

variable resistors (500 ohns)

i
i

N
i

2ll0 ohm resistors

2 -~ 910 ohm resistors

8 ~ 3300 ohm resgistors

o

- 10 M capacitors

Teat DBoard

i - Jana AC adapters - model JJ - 10508

1 g 4 e e
input 117 volts - 50/60 ¢/s - 5 watts

output 9 volts - 250 ma
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