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i S - QU AL

N THE ALTERNATING CURRENT NETWORK ANALYZER AT THE ELECTRIC 50X1-HUM
POWER LABORATORY OF THE P?LVTECH?IC INSTITUTE IN WROCLAW
POLAND

"

Introduction

1. The growing industrialization of Poland and the demand
for electric energy connected with it have posed many
difficult electric grid problems for Polish experts in
this field. A gdlck solution was required for these
croblems. :Dr )J.v(OZUCHOWSKI, a professor at the Poly-
technlc Institute Wroclaw, in attempting to find a
solution, thought of* constructing an alternating
current network analyzer. In the autumn of 1949 the
design and the construction of such an analyzer was
ordered in the Laboratory for Prototypes of Electrical
Measuring Devices (PPAE) in Warsaw.

2. In the spring of 1950, after numerous difficulties con-
nected with organizing the construction of such large
equipment and obtaining the necessary materials, con-
struction of the analyzer started. Source designed the
analyzer, and shgervised its construction with the
assi ance of K.ATERLECKI in the mechanical assembly
and A.NKULAGOWSKI in the electrical connecting. Most
of the mponent parts were made in the PPAE. When the
parts were completed the analyzer was assembled in three
weeks and put into operation in February 1951. By
February 1952 the analyzer had been working almost
constantly for a year. Many measurements of the Polish
electric power grid and the development of new grid
conceptions had been made with the analyzer during
this time.

3. The importance of a continuous supply of electric
energy for factories and plants was clear to everyone
since a break in supply could cause considerable l1loss
to the national economy. The electrical engineers
who were in charge of the electric power grid to ensure
uninterrupted supply of electric energy to the cus-
tomers had to know the exact conditions under which the
rower system operated. This was a simple problem at
the time of open and small closed networks. The solu-
tion of these problems was very simple mathematically.
However, after the electrical grids were expanded and
included numerous meshes and Jjunction pointss, the
problem was difficult to solve mathematically because
it required a solution using equations with many
~unknown quantities. Moreover, the equations were
different for each new condition of the network. The
fransient phenomena of electrical grids further compli-
cated matters, because differential equations with the
same number of unknown quantities had to be used instead
of normal linear equations.

ENCLOSURE A
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L. These difficulties forced the scientists to find a new

method to solve this problem. The method consisted of
constructing a laboratory model of the analyzed electri-
cal network in which all the electrical quantities

would be replaced by corresponding scaled down quantities.
The model should have a versatile set of operating
conditions to accomplish many optional experiments such
as overloads, short circuits, breaks in the supply of
energy etc. and, in addition, would have many measuring
points which would be easily accessible. The alternating
current network analyzer was the resulting model.

5. In addition to the problems mentioned above it was pos-
sible to solve, with the analyzer, other problems which
were connected with the electric power grid as transient
phenomena, such as the influence of the particular loads
on the network, the best locations of new power sources,
etec. It was alsc possible to apply the analyzer to the
solution of many problems not connected with electricity
at all.

6. The maximum accuracy of the AC network analyzer was about
* 2%. This was completely sufficient for the electric
grid problems, since the data on loads, capacities, re-
sistances, inductances, etc. of a real electpric network

were generally less accurate. S
Nsoy A
The Alternating Current Network Analyzer of the’P lytechnic
Institute in Wroclaw T

7. According to the calculations, the analyzer was to have
as many as 600 Jjunction points. This requirement caused
many additional difficulties. In the first place, the
proper operating voltage and frequency had to be.chosen
to avoid the errors exceeding the assumed limits of the
analyzer accuracy. (Errors can be caused by the residual
resistance of the connecting wires and contacts, the
residual capacitance of wiring, and also they can depend
on the accuracy of the RCL model elements.)

8. Secondly, considering the necessity of using a large
number of model RCL elements, 1t was necessary to apply
the separate RCL model elements instead of the decade
units. Consdquently, a great economy of material and
space was obtained, since the RCL elements, whlch were
in operation, did not take up space in the analyzer.

In addition, they could be used for modeling another
part of the network. After experimenting 1t was possible
to model, because of thé above-mentioned system, three.
or four given networks simultaneously. The next very
important point was the possibility of measuring quickly

CORFRETIAL
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any necessary electrical quantity at any point of the
model network; this had to be accomplished in a way
which ensured no error. It was accomplished by the
total automatization of the measurements. After slight
training, it was quite easy to measure in about 40
seconds all the basic guantities such as active power,
reactive power, current, the voltage and phase angle of
the current, and the voltage. There were 1,841 measur-
ing points in the analyzer. The time necessary to con-
nect the measuring instruments tc any point of the
model network was no longer than four to five seconds.

General Degcription

g. The analyzer consisted of two basic parts. The first
part was a steel frame of 10.5 x 2.2 x 0.45 m. (32 ft.
long, 6 ft. 9 in. high, and 18 in. deep). The frame
was divided into 1,196 cells destined to place the

"1ine" and "load"™ units. There were also 23 model
generators placed in the frame. The other part was the
measuring table. Its dimensions were 1.8 x 1.0 x 0.6 m.
(6 £ft. long, 40 in. high, 24 in. deep). The entire
analyzer was placed :in a room 12 x 7.5 m. (40 £t. long
and 25 ft. wide). dee Figure 1, Enclosure B./ The
control devices and meters of the model generators were
placed on the front of the analyzer frame. The cells
of the "line" units and of the "load" units were
accesslible from the back of the frame.

10. The three-phase grid at 110 kv line voltage with the
maximum input power of 150 kva for each individual
supplying point was considered the base for determining
the electrical quantity scale of the analyzer, since
such a grid had been the one mostly frequently analyzed
(with the analyzer). After studying and calculations,
the following scale was adopted:

Values in the Corresponding Values

Real Grid in the Model Grid

Rated voltage 110 kv 63.5 v
Freguency 50 cps 500 cps
Tension 1 kv 143V
Current 1l a 0.2 ma
Power 1 mva 0.243 va
Registance 1 ohm 5 ohms
Impedance h 1 ohm 5 ohms
Reactive conductivity 1 mho 0.2 mhos
Inductance 1 mh 0.5 mh
Capacitance 1,000 mmf 20 mmf )

Wm?j@’ 109
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11. ,Resistors, inductors, and capacitors were used as the
line elements These elements were placed_in Bakelite
| boxes with plugs. /Figure 3, Enclosure 3;7 To set a
1 required model "line" unit of the individual RLC ele-
ments 1t was necessary to put them into one of the
special, small exchangeable "line" panels which had
corresponding sockets bullt in. These sockets were
connected in such a way that, after putting the RLC
elements and short circuit bars into the panel, a four
gol "oiM"-network resulted. Input and output of this
i"-network was connected with the five-pin plug
Qlaced in one end of the panel. /The circuit of the
-network_("line" unit) is illustrated in Figure 5,
Enclosure B./ The load elements were made similarly to
the line elements /Figure 3, Enclosure B/ but to
avold mistakes, the Bakelite boxes were of a different
color. To set a required load, the proper load ele-
ments were put into the correspondlng sockets of a
"1oad" panel. Z?igufc 6, Enclo ure 347 The analyzer
had 598 cells for the "line" units and 598 cells for
the "load" units (junction points). These cells were
numbered and had correspondlng sockets connected with
the measuring system. Each "load" cell had also a
Bakelite strip with four binding posts representing a
corresponding Jjunction polnt.

12. When setting a model network 1t was first necessary
to draw a plan of the electrical network to be measured
marking the lines, the Jjunction points, the loads, and
the generators with the corresponding numbers of cells
and model generators. Then the electrical quantities
of the lines, loads, and other component parts of the
real network would be determined on the model scale.
After the above procedure 1t was possible to begin
modeling. The first step was to place the correspond-
ing RCL elements and "load" elements into the proper

"1ine" and "load" panels. These "modeled" panels

would be connected with the flexible insulated wires
regarding the plane after pushing them into the corres-
ronding cells which were marked with their proper
numbers on the plan. Then all of the connected
generators would be set approximately according to
the plan. At this point test measuring could start
during which generators and autotransformers would
be adjusted several times to obtain the given power
value of each generator.

The Model Network Elements of the Analyzer

13. The model network elements include the following:

{‘QN s»f .aH 1“

Declassified in Part - Sanitized Copy Approved for Release 2013/03/22 : CIA-RDP80S01540R005600040013-8



- anonowronms TOLITTE A A

Declassmed |n Part Sanltlzed Copy Approved for Release 2013/03/22 : CIA- RDP8080154OR005600040013 8

Al

- l

ax

Resistors

LY ACAE BT
-

.
’ .

=5~

50X1-HUM

Inductors of X/R =5

Inductors of X/R =30 to 50

Capacitors

Autotransformers

Compensators

Actual loads

Inductive loads

a.

The resistors were manufactured in units of .5, 1,
2, 4, 7, 10, 20, 40, 70 ohms. The system of 1, 2,
4, 7, was applled because only this system allowed
the composing of each whole number from 1 to 10 (and
even to 11) using only two units. It was possible
to obtain any quantity between 1 and 110 ohms with
an accuracy of 1 ohm using only 4 of these elements.
In many cases the accubacy could be increased by
adding a .5 ohm element. The elements were made
with an accuracy of resistance oft!.5%. The resis-
tors were wound of constantan wire by a method
which ensured neglegible inductance. The maximum
working current for an element was .3 A,

The inductors were made in the same way as the
resistors. They were made in 2, 4, 10, 20, 40, 70,
100 and 200 ohms units (at f = 500 cps. ) as copper
wire coils with iron dust cores. The accuracy of
inductance was *1%. The inductance varied with the
current about 1% at maximum current. These induc-
tors were of @ =5 which was considered. a small
geometric size of these elements. In cases needing
better q, the elements described below were used.

The inductors of Q =30 to 50 Zﬁigure 7, Enclosure 57
were used to model the equivalent transformers and
generators of the real grids. These elements were
made in values from 2 to 200 ohms., Between 2 and

20 ohms they were made in steps of 2 ohms; between
20 and 200 ohms the steps were 20 ohms. This system
allowed the composing of any reactance between 2

and 220 ohms only of two elements with an accuracy
of 2 ohms., These elements were made as t0r01dal
coils on the iron dust cores. The accuracy of induc-
tance was®T 1%. '

c@m&@%ﬁm
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d. The capacltors were in values of .5, 1, 2, 4, 7,
10, and 40 ohms. They were made of silvered and
molded Bakelite mica condensers. The accuracy of
capacitance wast 1%.

e. The following data pertains to the regulated auto-
transformers:

Max1mum 10834.eevsse....15 va which corresponded to
220 mva 1in the real 110
kv grid

Range of regulation..... +~20% to -30% in steps of 1%
NO"'lOad lOSS ¢ 686 868 885000 -abOU.t .4%
Maximum efficiency......about 99.3%

The auvtotransformers could be used to match the
rated voltages for the loads or as the grid inter-
mediate transformers.

f. The compensators were made of styroflex and of mica
condensers in values corvesponding 1, 2, 3, 4, 5, 6,
7, 8, 6, 10, 20 and 30 mvAr at 110 kv.

g. The active loads elements (pure resistance) were
made in number of 600 units in values corresponding
at 110 kv to the powcr between 1 and 10 mw in steps
of 10 mw. _

h. The inductive loads elements were made at X/R=5
(cos = about .2) in the same values as the active
elements, but the upper limit was increased to 100
mvAr, The elements described in Subparagrarhs g.
and h. were placed in the Bakelite boxes as were
the line elements, but the boxes were of another
color to distingulsh one from the other.

The Generators

14,

Dedas&ﬂedn1Paﬂ

Each of the 23 model generators could replace a real
generator or power plant of the maximum power 150 MVA
at the rated voltage 110 kv. This power corresponded
to 10 va at 63.5 v rated voltage in the analyzer. The
generators_worked in the circult_of two coupled phase
shiftera_[ﬁigure 8, Enclosure B./ connected as illus-
trated /Figure 9, Enclosure B./. The rotation of the

coupled rotors gave continuous voltage control between
20 and 90 v. The adjustment of the phase angle was
controlled by the dial placed on the front panel of the

CONFDENTIAL
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generator. /Figure 10, Enclosure 3;7 The accuracy of
the adjustment was about ¥ 20 minutes. The voltage was
controled with an accuracy of 3% by the copper oxide
rectifier voltmeter also placed on the front panel of
the generator. 1t was necessary to connect each genera-
tor to the main measuring system to get a better accuracy
of the voltage. The course control of the generator
current was accomplished by the copper oxide rectifier
ammeter which could be connected temporarily by a push-
button switch. A short circult was normally placed on
cach ammeter to avoid the undesired voltage drop. The
inductance of the generating system was compensated with
a corresponding condenser C. 1t was made to avoid the
phase shift at the active load. The generators were
supplied from the common line 3 X 4o v - 500 cps.

The Measuring System

15. The analyzer was one of the largest AC analyzers in the
world. As mentioned above, so great a number of measur-
ing points made it necessary to design a system which
allowed the measuring system to be quickly connected to
any measuring point of the analyzer. At the same time
it was essential that this problem be accomplished with
regard to the low capacitance and low resistance of the
connecting wires and elements. '

16. The "calling" system of the measuring points was accom-
plished by telephone type relays. Siemens type, double
contact "flat" relays were used to ensure good results.
A special "cascade" connecting system of relays was
used to decrease the residual capacitance of the "hang-
ing" contact springs. This system gave in the poorest
instance only 26 parallel connected contact springs
which gave about 260 mmf residual ground capacitance,
since a single contact spring had only 10 mmf ground
capacitance. To the contact sprin% capaclitance add the
capacitance of the sockets in the line" and "load"
units, the capacitance of the measuring current and
voltage transformers, the capacitance of the wiring and
the coaxial cable which connects the measuring table
with the analyzer frame. Considering this, the sockets
in the "line" and "load" panels were made of very low
capacitance; this was obtained by partlal ailr insulation.
The measuring transformers also had a very low capaci-
tance between the windings and against the ground. All
wiring was arranged 1ln a speclal way to ensure the mini-
mum capacitance. As a result the total residual
capacitance was only 1,700 mmf for the most remote
measuring point which gave the loss of power only 20
mvAr (corresponding about .3 mvAr at 110 kv). .

CONFIDENTIAL
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The residual resistance was.also very small. Its value
was about .8 ohms for the most remote measuring point.
It gave a 20 mw loss of power (corresponding .3 mw at
110 kv) at maximim current 160 mA. These residual
values were neglegible in the measurements because they
were below the accuracy of the real electric grids.

The following points of the analizing network were
accessible to measurement:

a. The left side of the "pi"-network.........598 points
(current measuring) v

b. The right side of the "pi"-network........598 points
(current measuring) .

c. The junction point....... Ceteraseseneesasab98 points

(voltage measuring)

d. The ground potential...... tesessssecssesss 1 point
(voltage measuring)

e. The generators: voltage measuring........ 23 points
current measuring........ 23 points

Total..}B841 points

Each of these points was served by a relay (so-called .
"unit" relay). The relays which connected the voltage
points had only to connect the required model network
point to the measuring system. The relays serving the
current measuring points had to break the circult belng
measured and to connect the current measuring system
across the broken terminals. The relays were divided
into three groups each of 600 units. Two groups were
"eurrent" groups; one was the "voltage! group. All of
the relays were mounted in the 23 steel racks which were
placed behind the generators on the back of the analyzer
frame. /The relay racks without cover are visible in
the upper part of Figure 2, Enclosure 8;7

The Measuring Table

20.

The measuring table /Figure 11, Enclosure B./ of 1.8 x
1.0 x 0.6 m. (6 ft. long, 40 in. high and 20 in. deep),
was the brain of the analyzer. It_included the follow-
ing parts /Figure 12, Enclosure B./:

a. The measuring system which consisted of:

CORFDENTIAL
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(1) Three electrodynomometers which measured the
voltage, the current, and the power,

(2) The voltage and the current amplifiers.
(3) The DC power supplies for the amplifiers.
(4) The constant voltage transformers.

(5) The calibrating circuit.

(6) The cathode ray tube with the corresponding
amplifier and the phase shifter to measure the
current and the voltage phase angle.

(7) The voltage measuring transformer and the
voltage divider.

b. The calling and signaling system with the rectifiers
giving 24 v DC to supply the relay circuits and the
24k v transformer to supply the signal lamps.

The electrodynomometers were in a horizontal position
under a glass plate in the middle front of :the table.
Their scales were lighted. The operating panel was
placed a little above. The push buttons operating the
analyzer were placed on it. The light control signaling
plates were above and on both sides of the operating
panel. The cathode ray tube with the phase shifter for

' measuring the phase shift was on the right side of the

measuring table.

The Measuring System

22,

The anaiyzer measuring system was designed to measure

the following quantities:

a. The current in both branches of each "pi'"-network
and in each generator :

b. The voltage between each Jjunction point and the ground,
or between each generator and the ground

¢. The voltage between any two Jjunction points, genera-
tors, or generator and junction point

d. Active or reactive power. as the result of any combi-
nation of the above mentioned voltages and currents

CONFDENTIAL
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‘e. The phase shift of any current or voltage in respect

to the basic voltage which has no phase shlft in
comparison to the generator voltage set on 0° of the
rhase angle.

f. Impedance 1nd1rectly according to the following

formula:
active power . reactive power
Z=R+ jX N +~ J
1= I~

The electrodynomometers which were used on the measurlng
table were of the astatic type with an accuracy ofx 5%

for the voltage and the current measurlng The power
measuring accuracy of the meter was¥ .2%. All of these
meters gave the full scale at a current of 20 mA. The
moving and the standing coil of the ammeter were connected
in series. The coils in the voltmeter were connected

in seriles with the voltmeter, and its standing coil
conhected in series with the ammeter. The meters, of
course; could not be directly connected to the model net- /
work since their considerable consumption of power would
have resulted in completely false measuring. "The values

of the power appearing in the model network were considered
extremely low,

To avoid having the meters influence the model network,
two measuring amplifiers were applied. One was used in
the current measuring system, the other in the voltage
measuring system. The current amplifier was a three-
stage amplifier with which was used a special kind of
negative feedback. Because of that the phase shift
between the input voltage coming from the current shunt
and the output current was wilthin 10! which was addition-
ally compensated. Also the amplification was almost
independent on the variation of the AC main voltage and
the characteristics of the tubes used in the amplifier.
The amplifier gave the full scale of the meters at 50 mv
input voltage. The input voltage came from the symetri-
cal current measuring transformer with the ratio of 1:5.
The transformer winding of a smaller number of turns was
connected across the variable shunt selected by the range
relays. There were 9 full scale ranges: 1,000, 500,

200, 100, 50, 20, 5 and 2 ma. The voltage drop on the
shunt for each range was 10 mv at the full load.

The other amplifier was similarly constructed and was
designed to work in the voltage measuring system. The
full scale was obtained at the .5 v input voltage
directly impressed to the grid of the first amplifier
tube. Because the input voltage came through the sym-
metrical voltage measuring transformer with the ratic of
10:1, the full scale of the meter was obtained at the

lowest input voltage of 5 v. . Between the transformer

Declassified in Part - Sanitized Copy Approved for Release 2013/03/22 CIA-RDP80S01540R005600040013-8
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and the first amplifier tube the voltage divider was
placed; it had five selected full scale ranges: 100,
50, 20, 10 and 5 v. The input impedance of the voltage
measuring system was 2 m constant for each range.
Between the input stage and two following stages of the
voltage amplifier, a resonance circuit tuned for 500

cps was placed. It was designed to obtain the 90° phase
shift at reactive power measuring. zﬁhe general circult
of the analyzer measuring system is 1llustrated in
Fibure 13, Enclosure 3;7 Each of the amplifiers had its
individual power supply and a constant voltage trans-
former. :

The maximum total error of the measuring system did not
exceed T 1%,

The measuring system could be calibrated at any time by
the 500 cps calibrating voltage which was impressed
through the corresponding voltage divider to the input
circuit of both amplifiers at the time of calibrating.
The calibrating voltage came from a bridge circuit
formed of two constant resistors and two thermistors.
The bridge was arranged in such a way that the input
voltage variation of 2 20% caused only ¥ .5% variation of
the input voltage.

A cathode ray tube with the corresponding one-stage
amplifier with gain control and an inductive phase
shifter with the 360O scale were used to measure the
phase shift. The accuracy of the phase shift measuring
was better thant 20!'.

After one year's experience the total error of the
analyzer did not exceed® 2%. Thus, the accuracy of this
analyzer is not less than the accuracy of the known
analyzers of other countries.

Calling and Signaling Syvstem

30.

The whole operation of connecting the measuring system
was accomplished by push-button switches mounted on the
operating panel which was placed horizontally on the
top part of the measuring table. Calling the required
measuring point was accomplished in the followin% ways:
after setting the analyzer to work, one of three group"
push buttons was pressed. The push buttons were .marked:
CURRENT A (which served 598 current measuring points of
the left branches in the line “pi"-networks), CURRENT B
- GENERATORS (which served 598 current points of the
right branches in the line "pi"-networks and 23 current

Ty ’ L R L e 1
'-\J?‘Fx\if A i ! xl'
EINAT Bt
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measuring points of the generators), and VOLTAGE (which

served 599 voltage measuring points - Jjunction points -

and 23 generator voltage measuring points). Then one of

the required points in the chosen group was called by

pushlng the corre sponding three push buttons from the

ten "calling" push buttons marked with the figures C to
9. After a current p01nt was called, 1t was possible to

switch the "calling" push buttons to the voltage group,

and to call a voltage point by pressing the VOLTAGE

"group" push button which did not cancel the previously

called current point. It was necessary to connect two

points of the model network system for measuring voltage.

One of these points could be the ground potential. Six

push buttons from the "calling" buttons had to be pushed,

one after another, to accomplish the measurement., The

first three connected the first voltage point and the

following three connected the next point.

31. All operations were controlled by lights on the glass
rlates placed on both sides of the measuring table. The
connection of the measuring system to one of the groups
of the measuring points wag signaled first. Next came
the lighted figures controling the ordinal number of the
called point. At last the control lamp lights signaled
that the corresponding "unit" relay acted. This relay
connected the measuring roint directly to the measuring
system. In addition, there were the lighted control
signs indicating whether or not a generator or Jjunction
point was measured and other signs which gave the direc-
tion of the current and the voltage.

32. The entire calling system based on relays was so designed
that there was no possibility of connecting, for example,
two current points simultaneously. To call another
measurlng point it was necessary to press only the proper

"sroup" push button. This operation canceled the last
connection and prepared the calling and the measuring
systems to call a new point.

33. After a required point was called, the meters had to be
set for the proper range. ThlS .was accomplished by
pushing one of the nine ranﬁe push buttons for the
ammeter and one of the five 'range' push buttons for the
voltmeter. The change of ranges was signaled on the
lighting plate placed above the calling panel. The
lighted signs gave, each time, the number of the milli-
amperes, volts, watts or VArs (reactive power units) per
one grade of the instrument scales. Thilis helped the
analyzer operator, because, after several hours of measur-
ing, he was tired and could easily make a mistake by ‘
taking the improper range. Canceling a connection with a
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' meaéufing automatically sets the instruments in the
least. sensitive range to avoild possible damage in
the event of a new connection.

34. Besides the devices, mentioned above, there were
additional push buttons on the measuring table with
which to change the current direction, to set the
power meter from active to reactive power measuring,

and to connect the measured voltage or current to

the phase shift meter. There was also a special
push button for giving the calilbrating voltage for
the calibration of the instruments. After pressing
that push button all of the instruments gave full

scale. The special potentiometers, tuned by a

screw driver, permit correction of eventual differ-

~ ences. The potentiometers were placed under the
operating panel. :

35. The details described above show that the analyzer
was designed with particular regard to obtaining
the greatest automatization and accuracy in measur-
ing. It was made in a way to allow the operator to
give his complete attention to reading the instru-

l ments.

The Power Supply

36, The power supply consisted of a 500 va three-phase
generator working at the freguency 500 cps. The
rated voltage of the generator was 3 x 140 v. After
the generator was placed the three-phase low pass
filter cutting the harmonics until .8%. Then the
voltage was reduced by the corresponding transformers
to 3 x 40 v. This voltage fed the common three-
phase line supplying the model generators. This
supply was provisory, because in the Laboratory of
Electric Prototype Devices in Warsaw a special 500
cps. three-phase power generator of 10 kva was in the
last stage of construction. This generator was to
have the electronic stabilization of ‘the voltage
and the frequency with an accuracy of ¥ .1% of both.
The generator would be driven from a special direct

' current motor which was being constructed in the
. same laboratory.

TYINAGHNGD
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Bigure 1: General view of the alternating current network
. analyzer,

Figure 2: Rear view of the alternating current network

analyzer.
Figure 3: The model network elements.
Figure 4: The line panel with model p network.
Figure 5: The circulit of p network.
Filgure 6: The load panel. |
Figure T inductors with high Q.
Figure G: The coupled generators face shifters.

Figure 9: The circuit'of model generator.

Figure 10: The front plate of the model generator;
Figure 11: The measuring table.

Figure 12: Rear-view_of the measuring table.

Figure 13: General circult of measuring system.
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Analizator sieci pradu zmiennego
Zakladu Elekiroenergetyki Politechniki Wroclawskie

g
Releas

Pracownia Prototypéw Aparatéw Elekir. Politechnixi Wroclawskiej

Coraz  bardziej rosngce uprzemystowienie kraju
i zwigzane z tym zapotrzehowanie na energie elek-
tryezng wysuneto przed energetyke polska trudne pro-
hlemy sieci elektrycanych, dumagajace sig szybkiego
rozwigzania,

Zagadnienia te nasunely Dr. inz. J. Kozuchowskiemu,
Prof. Politechniki Wroctawskiej my$l zbudowania ana-
lizatora pragdu zmiennego, ktérego wykonanje zlecit je-
sienig 1949 r. swojej pracowni.

Po uplywie kilku miesigey, tj. na wiosne 1950 r.,
gdy dojrzata juz koncepcja rozwiazania konstrukeyj-
nego analizatora i pokonano trudnoéc; 2wigzane z za-
opatrzeniem materiatowym i budows tak duzego obiek-
tu, przystgpiono w Pracowni Prototypéw Aparatow
Elektrycznych (PPAE) do jego budowy.,

‘Autor artykulu opracowat projekt, catkowita doku-
mentacjg techniczng i kierowat budowsa analizatora.
Montaz mechaniczny prowadzit inz. K. Terlecki, kablo-
wanie i montaz urzadzen teletechnicznych — inz. A. Ku-
tagowski.

Prawie wszystkie czgsei analizatora zostaly wyko-
nane w PPAE. Nastepnie w rehordowo krotkin cza-
sie, bo zaledwie w ciggu trzech tygodni, analizator zo-
stal catkowicie zmontowany i uruchomiony w lu-
lym 1951. Wynik ten nalezy zawdzigczaé ofiarnej
pracy zespotu pracownikéw PPAE.

Obecnie mija rok od chwili uruchomienia anali-
zalora.

W ciagu tego calego czasu anslizator bez przerwy
byl i jest intensywnie cksploatowany. Przy jego po-
mocy dokonano juz catego szeregu pomiardw sieci elek-
tryeznych wielu okregow energetycznych kraju, jak
1owniez opracowano szereg wypadkéw awaryjnych
i zalozein projektowych rozbudowy sieci.

7 wainodei ciaglodci doplywu energii elektrycznej
do zakladéow produkeyjnych kazdy zdaje sobie sprawe.
Przerwa w doptywie energii elektrycznej naraza gospo-
darke krajowa na dusze straty. Inzynier energetyk ma-
jacy przed soba waine zadanie czuwania nad sprawna
pracg ukfadow energetycznych, zapewniajacych regu-
larny i nieprzerwany doplyw energii elektrycznej do
odbiorcéw, musi dokladnie znaé warunki panujace
w siecl. Zagadnienie to stosunkowo proste w dobie
sieci otwartych i matych sieci zamknigty ch, dawato sie
dosy¢ tatwo rozwiazac matematycznie.  Obecnie jed-
nak, gdy sicei elektryeme zostaly rozbudowane i obej-
muja wiele oczek i weztow, zagadnicnia te przedsta-
wiajy wiele trudnosci prey rozwigzywaniu droga ana-
lizy matematycznej: wymagaja bowiem rozwigzania
uhbla réwnan o wiclu niewiadomych, innego dla kaz-
degn stanu sieci. co pachlunia wiele cennego czasu,

2 Odbithi £ Cra~ pioms JKhcrgotvkas Nrodoly9sa,

Dla stanéw przejsciowych sprawa komplikuje sig
jeszeze bardziej, gdyz zamiast ukladu zwykltych réw-
nan o wielu niewiadomych trzeba rozwigzaé uklad réw-
nai rézniczkowych z 13 sama iloscig niewiadomych.

Trudnosei te zmusity energetykéw do opracowania
innego sposobu rozwigzywania tych zagadnien. Wyko-
nanie w laboratorium modelu sieci badanej, w ktérej
paramelry odpowiadajace sieci naturalnej bytyby
przedstawione w skali znacznie zmniejszonej, o tatwo
dostepnych punktach pomiaru zadanych wielkosci oraz
mozliwoéci  dowolnych eksperymentéw,  praecigzen,
zwaré, przerw w przesyle energii elektrycznej, dowol-
nej zmianie ohcigzes, linii itp. rozwiazaloby to trudne
zagadnienie. :

Model taki — to whasnie analizator sieci pradu
zmiennego.

Oprécz zagadnien podanych powyzej mozna na ana-
lizatorze pradu zmiennego rozwigzywaé wiele innych
zagadnien zwigzanych z energetyky, jak np. stany
przejéciowe, wplyw na sieé obcigien o szezegdlnych
chrakterystykach, uajlepsza lokacja nowych #rédet
energii i wicle innych, nic méwigc juz o zastosowaniu
analizatora colepwants pe Memlw 2 deicdiin
nie majacych nic wspélnego 2 elektrotechnikg,

Doktadnoéé osiggana przy pomiarach na analizato-
rach pradu zmiennego wynosi okoto 2%, co w zupet-
nosci wystarcza dla zagadnien sicciowych w praktyce,
gdyz dane rzeczywistych linii elektrycznych, obcia-
zelt itp. najezesciej leza znacznie ponizej tej doktad-
nosei.
pradu zmiennego
Politechniki Wroctawskiej

Analizator sieci

Ze wzgledu na to, ze wedltug . zatozenia analizator
mial posiadaé az 600 weztéw, musiano przy jego bu-
dowie rozwigzaé szereg dodatkowych zagadnien, a wiec
W pierwszym rzedzie dobrac odpowiednie napiecie
pracy 1 czestotliwoéci (bledy spowodowane oporno-
Sciami przewodéw i stykéw oraz pojemuosciami szko-
dliwymi uktadu musialy lezeé w granicach dokfodnosci
wykonania elementéw i dokladnogci pumiarow). Po
drugie ze wzgledu na potrzebe uzycia bardzo duzej

ilodci elementéw trzeba bylo zastosowaé metode od- ;

dzielnych elementow wymiennych, zamiast dakad. Uzy-
skano w ten  sposéh duza  oszezgdnosé  materiatu
i miejsca, poniewaz eletenty niewykorzystane nie zaj-
nujy miejsca w analizatorze, a wolne clementy mogg

bv¢ uzyte do odtworznia innego odcinka sieci lub oh-

cigzenia. Jak wykazata praktyka, mozna dzigki temu
systemowi zamodelowad i badaé lrzy & nawet catery za-
daie uktady sieci rawnoczednie, Innym punktew bar-
dzc wainym bylo umozliwienic szybkicgo  pomiaru zy-
dai veh wielkosei elekiryeznyeh w dowolym miejscy
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Rys. 1. Ogélny widok analizatora.

modelu sieci i to w sposéb, uniemozliwiajaecy po
mylki. Uzyskano to przez catkowite zautomatyzowanie
pomiaréw, tak Ze przy pewnej wprawie pomiar wiel-
kosci zasadniczych, tj. mocy czynnej, biernej, pradu,
napigcia oraz kgta fazowego pradu i napigcia zabiera
okolo 40 sekund. Wtaczenie systemu pomiarowego do
kazdego dowolnego punktu sieci (ogélna iloéé punktow

pomiarowych zaledwie roéwniez kilka

sekund.

1841)

trwa

Opis ogdlny

Analizator sktada si¢ zasadniczo z dwéch czgdci
Pierwsza czgéé -~ to konstrukeja zelazna o wymiarach
10,5 X 2.2 X 0,45 m  podzielona na 1196 komérck
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przeznaczonych do wsuvaania szufladek z elementami— wykonane s3 z bakelitu o inuym kolorze. 1 tu podobnic
odtwarzajacymi  parametry sicci. W konstrukeji tej  jakh przy zestawianiu czwornika. zgdany .odbior uzy-
umieszezone sy lez modele 23 generatorow. Druga  skuje si¢ przez wethnigeie odpowiednich dlementon od-
cagéé - to Stk pomiarowy o wymiarach 18 3 1.0 >0 biorowych do gniszd szufladki odbiorowej™ trys.60.
¥ 0.6 m. Catos¢ umieszezona jest w sali o wymiarach

12 X 7,5 m. Widok ogélny analizalora przedstwia
rys. 1.

Na froncie konstrukeji umieszczone sg organy regu-
lacyjne i mierniki kontrolne modeli generatoréw. Do
step do komérek 2z szufladkami przewidziany jest od
tytu konstrukeji analizatora (rys. 2). '

Przy ustalaniu skali wielkosci elektrycznych analiza-
tora przyjeto za podstawe normalne wartoéci sieci elek-
tycznej tréfazowej o napieciu miedzyprzewodowym
110 kV jako sieci najczgiciej odwzorcowywanej na
analizatorze, o mocy maksymalnej dla poszczegélnego
punktu zasilania do 150 MVA. ;

. Po rozwazeniu i przeliczeniach wstgpnych wybrano
nastepujgca skalg:

Sicé normalna Sieé¢ modelowa

napigcie nominalne 110 kV 635V Rys. 4. Szufladka ,liniowa“ z zamodelowana linig elek-

czestotliwoéé A es 300 cfs tryczna.

napigcie LkV 13V

prad 1A 0.2nA Analizator obejmuje 598 przegrodek na szufladki
: moc 1 MVA 023 VA * liniowe i tylez samo przegrodek na szufladki odbiorowe

opér czynny 1 om 5 om (wezty). Przegrodki te maja odpowiednio numerowane

» Dbierny 1 om 5 om gniazda wielokrotne, polaczone z ukfadem pomiaro-

przewodnosé bierna 1S 025 wym; przegrodki odbiorowe maja ponadto wyprowa-

indukcyjnosé T mH 0,5 mH dzenia czterozaciskowe umniieszezone na listwach bake-

pojemnosé 1000 p¥ 20 pF. litowych, stanowigcych odpowiedniki weztéw sieci.

Aby wykonaé uktad modelowy badanej sieci, nalezy
najpierw narysowa¢ ukltad badany, oznaczajgc linie
i wezly oraz generatory i odhiory odpowiednimi nume-
rami komoérek i generatoréw analizatora. .

Nastgpnie nalezy wyrazié wielkosci linii rzeczywi-
stych, odbioréw i innych elementéw w skali analiza-
tora. Majac taki schemat, mozna przystgpié do mode-
lowania. Rozpoczyna si¢ od odtwarzania linii przez
wtykanie odpowiednich elementéw do gniazd szufladek
liniowych, a nastgpnie w ten sam sposéb odtwarza sie
odbiory i inne wielkosci. Po wsunigciu szufladek juz
zamodelowanych do odpowiednich komérek (zaznaczo-
nych numerami na schemacie), taczy si¢ odpowiednie
zaciski zamodelowanych wielkosci przy pomocy gigt-
kich przewodéw.

Po nastawieniu wlgczonych w uklad modelowany
generatoréw na wartosci zblizone do danych, rozpo-
czyna si¢ wstepne pomiary i nastepnie korvgujgc kilka-
krotnie nastawienie generatoréw i autotransformato-

Elementy sieri stanowia opory rzeczywiste. induk-  réw, otrzymuje sie zadany rozplyw mocy.
cyjne i pojemnoéciowe. Elementy te umieszczone sg
w pudetkach hakelitowych 2z zaprasowanymi wtyez-
kami {rys. 3). Aby z pojedynczych elementéw utozyé
zadany czwérnik zastepujgey pewng linie elekirvezng. i
wlika si¢ clementy o odpowiednich wartodeiach do l
gniazd wymiennej szufladki liniowej™ (rys. 41, pray  _J
czym gniazda te sg na stafe potaczone w ten sposéh. ze A
po wetknigeiu elementow i zwicraczy na miejsca wolne.
niezajete przez elementy. powstaje czwornik typu .pit. .
Wejicie 1 wyjicic tego czwérnika doprowadzone jest -
do wtyezki wiclokrotnej umieszezonej na  szufladee.

Uktad potaezen czwornika przedstawia rys. 3.

Rys. 3. Elementy liniowe i obcigzenia.
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Podobnie wykonane g clementy odbioréw (rys.3);
aby jednak nie popetniaé omytek, pudelka bakelitowe Rys. 5. Uklad polaczen czufladki Unowej.
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Flementy sieci analizatora

Do madelowania zostaty wykonane nastepujgee ro-
dzaje elementow:

1. opory reeczywiste,
. opory indukeyjne o stosunku VR = 5.
. opery indukevine o stosunku ¥ R = 30 do 50,
. elementy pujemnosciowe.
. autotransformatory.
kompensatory,
. odbiory rzeczywiste,
. odbiory indukcyjne.

[\

X 1S Wb W

Rys. 6. Szufladka obcigzeniowa.

L. Opory rzeczywiste wykonane zostaly w wielko-
{ciach: 0,5, 1, 2. 4. 7, 10, 20, 40, 70 omow. Ukliad 1.
2,4, 7 zostat prayjety dlatego. ze tylko w tym ukladzie
moina z dwéch clementéw tego uhtada utworzyé
wszystkic liczby catkowite od 1 do 10 (a nawet do 11,
Z clementéw tych uzywajae najwyiej 4 elementow, uto.
zy¢ mozna dowolng wartosé od 1 do 110 vmédw z do-
ktadnoscia do 1 oma, przy czym w nicktorych wypad-
kach moina uzyskaé wickszg doktadnoié przez uiycie
clementu 0.5 oma. Dokladnoéé wykonania elementéw
wynosi * 0.5 %¢. Opory do elementéw nawinigte sy
drutem konstantanowym 1metodg zapewniajacg mata
indukcyjnoéé. Maksymalne obcigienie clementéw wy-

nosi 0,3 A,

2. Opory indukcyjne wykonane <3 w pudobnym
uktadzie jak opory rzeczywiste. Prayjete zostaly naste-
pujace wiclkosci: 2, 4, 10, 20. 40, 70, 100 i 200 om.
Elementy wykonane sg jako cewki nawinigte druten
miedzianyin emaliowanym ua rdzeniach proszkowyeh
typu zamknigtego: doktadnoéé wykonania jest rzedu
H 10w Zalemnod¢ indukeyjnogei od pradu phyngeego
W uzwojeniu nie preekracza przy maksymalnym praydzie
w najgorszym wypadku L. Stosunck oporu induk-
evjnego do oporu rzeczswistego  dla 300 c's wy-
nesi- 5. Tak niski stosunek zostad preyjety celem uzy-

Rys. 7. Flemnty merioes e o gz} debrocd

skavin matseh wymiaréw clementaw. Wowy padhach,
Kedy wymagauny jest duzy stosunck VK. stosuje sig
elerventy specjulne, opisane poniZej.

3. Opory indukeyjne o duzej dobroci tX:R - 30

S0 {ry<. 71 <tuza do modelowania transformatorow
i generatordw wiastepujacych w osieciach rzeezy wistych.
Wikonane sa one w wiclkosciach od 2 do 200 omoéw;
od 2 do 20 omow co 2 omy, od 20 do 200 oméw co
20 oméw. Uklad ten poswala na zestawienie kazdej do-
wolnej wiclkodei od 2 do 220 aindéw z dokladnoscia
do 2 omidw tlke z dwich elementow. Elementy te wy-
konane sy na toroidalnych rdzeniach proszkowych. Do-
ktadno$é wykonania + 1 ‘¢,

4. Elementy  pojemnofciowe  wykonane zostaly
w wielkoSciach: 0.5, 1, 2, 4, 7, 10, 20 i 40 mikrosimen-
sow. Do wiykonania tyeh elementow uiyto kondensato-
row mikowych srebrzomveh lub zaprasowanych w ha-
kelicie. Dokladunié wykonania: 0 1 ¢,

3. Autetransfermatory majg nastgpujgee dane:
Ohcigzenie maksymalne 15 VA, co odpowiada 220 MV A

dla sieci 110 kV.

Zakres regulacji: + 20 ¢¢ do -30 ‘¢ regulowane
col %.

Napigeie rnamionowe: 63.3 V.

Straty bhiegu jatowego okoto 0.4 ¢/,

* Sprawnoéé maksymalna: ukolo 99,3 €7,

Rys. 8. Zespét przesuwnikow fazowych generatora mo-
delowego, -

Autotransformatory te moga by¢ stosowane dla do-
brania znamionowego napigcia dla odbioréw lul) tez
jaka transformatory migdey systemowe,

6. Kompensatory wykenane sg w wielkosciach odpo-
wiadajgeveh 102, 3,003, 0. 7, 8,9, 10, 20 i 30 MVAr
pray 110 kV. Du wykonania ich uzyto kondensatorow
styroflelsowyel i ikowyeh.

7. Elemeaty odbiorowe moey  czynnej  (aporowes
wilosei 600 ~atuk odpowiadajace dla 110 kV napigcia
mecy od L ds 10 MW w wielhodeiach co 1 MW, a pu-
wiyzep TOMW do 50 MW co 10 MW,

8 Elewerty odbiorowe indukevjoe pray AR o< 5
(oo o 020w wickhodciacl podabnie jak elementy
aporowe, jednak 7 rozsseraoniony zakeesu az o do
100 MVAr

Fleawsiy waniinsme w e 71 8 wikonane sg P
dobriie juk soposwicdrie chwenty Bnjewe w pudetkach
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hakelitowych z tym. z¢ dla tatwego odroznicnia zasto-
sowano inny kolor bhakelitu.

Generatory

Kazdv 2 23 generatorow moze zastapié generator
rzeczywisty o mocy maksymalnej 150 MVA prey na-
pigeiu znamionowsym 110kV. Odpowiada to w wyke-
naniu modelowym mocy 10 VA pray napieciu znaraio-
nowym 63,3 V.

Hyiscie
2090V 500cxs
0-360°

§
R S 1
Rys. 9. Ukiad polaczen generatora modelowego.

Generatory te pracujg w ukfadzie dwéch przesuw-
nikéw fazowych sprzezonych ze sobg (rys. 8) potaczo-
nych jak na rys. 9. Ohzét wirnikow sprzezonych ze sobg
pozwala na ptynne przesuniecie fazy w granicach od 0
do 360°, natomiast obrét przeciwsobny stojanéw pree-
suwnikéw fazowych daje plynna regulacje napiecia
w granicach od okoto 20 do 90 V. Nastawienie kyta
fazowego mozna odczytaé na skali umieszczonej na
froncie generatora (rys. 10), przy czym doktadnosé na-
stawienia zamyka si¢ w granicach okoto * 20. Na-
pi¢cie odezytuje si¢ na wbudowanym woltomierzu ma-
gnetoelektrycznym 2 prostownikiem, z doktadnoseia
okoto + 3 ¢%; dla doktadnicjszego odczytu napiecia
trzeba generator wigezyé do ukladu pomiarowego
stotu. Przy nastawianiu generatora moina skontrolo-
wac prad generatora przy pomocy whudowanego ampe-
romierza, wlaczanego przyciskiem. Amperomierz ten
jest normalnie zwarty, aby unikngé niepozgdanego
spadku napigcia na nim. Indukeyjnosé ukladu jest
skompensowana kondensatorem C odpowicdniej wicl-
koéci, aby zapobiec spadkowi napigcia przy ohcigie-
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Rys.

uin induheyinym i przesunicciu fuzoweno przy ohedi-

zeniu_omowym. Generatory zasilane <a ze wspolnyeh

san 3 V- 500 e,
System pomiarowy.

Opisany avalizator jest jednym z najwigkszych
analizatoréw produ zmiennego,  Jak juz przedtem za-
znaczono, twk duza iloéé punktow pumiarowych stwo-
rzyta konieeznodé opracowania takiogo systemu pomia-
rowego, ktory puzwala na bardzo szybkie wlaczanie
ukfadu pomiarowego w dowolny punkt pumiarowy sieci
modelowej. Rownoczesnie musiano zwrécié szcezegolng
uwage na matopojemnoseiowe rozwigzanie tego zagad-
nicnia. jak réwniez na osiagniecie matych oporow prze-
woddw pomiarowych, tacznie z oporami stykow.

System wywolujgey punkty pomiarowe rozwiazany
zostal przy pomocy przekaznikow teletechnicznych. Aby
zapewnié¢ dobre dziatanie uktadu, zastosowano prze-
kazniki ptaskie, dwustykowe typu Siemens. W celu
uniknigcia szkodliwej pojemnodci »Wiszgeych sprezyn
przekainikow zostal zastosowany system ,kaskadowy*
taczenia prackainikéw, co daje w najgorszym wypadku
réwnoczesne potgczenie 26 sprezyn réwnolegle. Ponic-
waz pojemmos¢ jednej sprezyny do masy wynosi okoto
10 pF, praeto caly uklad spreiyn w najgorszym wy-
padku ma okoto 260 pF pojemnosci szkodliwej. Do po-
jemnosci spreiyn dochodza jeszeze: pojemnodé gniazd
w szufladkach liniowych j odbiorowych, pojemnosé
transformatoréw pomiarowych {(napigciowego 1 prado-
wego) oraz pojemnosé polgczen kablowych wraz 2 po-
jemnoécig kabla pomiarowego aczacego stét pomia-
rowy z konstrukcja analizatora. Uwzgledniajac to, za-
stosowano w szufladkach gniazda o bardzo malej po-
jemnosci z czgsciows izolacjg powietrang i specjalne
transformatory pomiarowe posiadajgce réwnies bardzo
malg pojemnosé. Oprécz tego przestrzegano mozliwie
malopojemnosciowego ktadzenia przewodow oraz zasto-
sowano specjalny kabel pomiarowy. Dazieki tym ostroz-
nosviom udato sig uzyskaé sumaryczng pojemnosé wy-
noszgey zaledwie okoto 1700 pF dla najdalej leigcego
punktu pon:iarowego, co odpowiada stracie mocy okoto
20 mVAr (odpowiadajgce okoto 0,3 MVAr dla 10 kV ).

Podobnie przedstawia sie sprawa opornosei szkodli-
wej, ktéra w najgorszym wypadku dla najdtuzszych
przewodéw wynosi okoto 0,8 oma. Daje to przy maksy-
malnym pradzic 160 mA strate mocy okolo 20 mW
fodpowiadajgcg okoto 0,3 MW dla 110 kV.)

Poniewaz wielkosci te lezg poniiej dokladnoéci da-
nych sieci elektrycanych, mozna je przy pomiarach na
analizatorze pomingé.

Do pomiaréw dostepne sa nastepujgce  punkty
ukladu:
L. lewa gataz

czwornika (poniar pradu) 598 punktow
2. prawa gataz

czwérnika t pumiar pradu) 508,
3. wezet (pomiar napigeia) 598
4. masa (pomiar napigcia) 1,
5. generatory  a. pomiar napiecia 23 .,

b. pomiar pradu 23,

¥
1 841 punktow
Kazdy z tych punktow obstugiwany jest przez jeden
przckainik (tzw. jednostkowy). Zadanicmn przekasni-

razem
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kow taczacyeh punkty napiceivwe jest tylho whaczenie
danego punktu sicei modelowey do uktadu pomiaro-
wego, natomiast przekazuiki obstugujpee punkty po-
wiaru pradu muszg precewad obwod i whaczyé w Lo
mniejsce ukkad mierzacy prad.

Przekazniki zostaly podziclone na trzy grupy: dwie
pradowe i jedug mapigriowa. kazda po 60O sztak
w ukladzie dziesigtkowym. Wsazystkic te przekaznihi
~2 zimontowaune na 23 ramach selaznych, umieszezonych
po tylnej stronie konstrukeji analizatora, za gencrato-
rami. Ramy te sg widoczne na rys. 2 u gory, gdzie
¢ dwach ram zdjete sg ostony.

St6l pomiarowy
Stof pomiarowy (rys. 11 o wymiarach 180010007
% 600 mm jest mozgicmn analizatora. W jego wnytreu
(rys. 12) znajdujg sie:
a) uktad pomiarowy, w sklad ktérego wehodzy:

I. trzy prazrzady wychylowe elektrodynamiczue,
mierzace napigeie, prad i mog,

N

wzmacniacze: pradowy 1 napicciowy,

';A:

zasilacze do wzmacniaezy.

?ﬂ

stabilizatory clektromagnety czne,
uklad do cechowania przyrzgdow poniiarowych.

. lampa oscylograficzna ze wzmaceniaczem i prze-
suwnik fazowy do pomiaru przesunigeia faco-
zowego pradu i napigeia,

tratesfos snalor potniarewy napirciony i dzpefial

o

papee
I ukbwd wywotawezy §=vgnadizacsy juy wiaz 7 prostow-
nikami o napigein 21V zasilajacy mi obwady prze-
kaznikow 1 transformatorem zasilajacyme fampki
syvpnalizaey jue,

Rys. 12, Widok otwartego stohl pomiarowego.

Prayrzady powiarowe clektrodynamiczne sy utniesz-
czone w pozs i poziome] pod szklang phytg na froncie
stote. Skale ich =a dla wygody obstugujacego oswic-
tlone. Nieco powviej znajduje sig pulpit manipula-
cyvjny. gdzie wmicszezone sy prayeiski stuzace do ob-
stugi analizatora. Nad i po obu stronach pulpitu, za-
instalowane sa tublive 2 urzadzeniami Swietlnymi, na
ktorych ukazujy =i houtrolne napisy éwictlne. W pra-
wej, poziomej czgbei pulpitu, umieszezona jest lampa
asevlograficzna wraz 2 przesuwnikiem fazowym, stuzaca
do pomiara preesunieeia fazowego.

Uktad

Uktad pomiarowy analizatora pozwala na pomiary
nastepujacych wielkosei:

a) pomiarowy

I. pradu w kazdej galezi wszystkich  ezwornikow

i w generatorach,

napigeia wzgledem masy kaidego wezta i kazdego

generatora,

3. napigcia miedzy dowoloymi wyztami, generatorami
luly generatorem i weztem,

1 dowalnej muey czynnej i biernei wynikajaceq z hom-
binacji wyzej podanseh praddw i napieé,

przesunigeia fazowego dowaliego napipeia lub pradu,

D
waglpdent pewnego napiyeia podstawowego. beda- .
cepo w fazie 2 napigciami peneralorow na~tawicmvch
na zera przesunivein fazowego.
0. zawady posteduio wedtug wzoru:
. , wista  .moc hierna
VAR (e N .
Vi v cerlinge wysoka dokdadpod® e
fow. zastosewman o provrzady wavelnione vichtuiad i

i cedabye o, dla poiarée preln g

e dh pondar ey Kiumy 020 Wy =K
Serstene woaren dooabab potee wae
A ey ey praes venka
Py fadin

Fliss £
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i woltomierz ma cewki ruchome i nieruchome potgczone
w szereg. Watomicrz ma cewke nicruchomg polaezona
w szereg z amperamierzem, a cewke ruchomg w szereg
z woltomierzenm. Oczywiscie, ze przyrzady e nie wogy
byé  bezposrednio  whyezone w  uktad pomiarowy,
20 wzgledu na znaczny pobdr mocy, kiory cechuje tego
rodzaju prayready. a Kiory zupelnie znieksztaleithy wy-
niki pomiaru - ze wzgledu na bardzo mate moee
w ukfadach modelowych sicei.

Aby wphw ukladu pomiarowego na wiclkosci mie-
rzone sieci modelowej uczyni¢ znikomym, zastosowano
wzmacniacze. Jeden z nich obstuguje ukfad pradowy,
a drugi napigciowy. Wzmacniacz pradowy jest trzy-
stopniowy, z zastosowaniem specjalnego ukfadu odpreg-
gajacego. Dzigki temu, przesunigeie fazowe miedzy na-
picciem wejdciowym (z bocznika pradowego) a pra-
dem wyjéciowym wynesi zaledwic okolo 11, co jest
dodatkowo skompensowane, a oprécz tego wzmocnienie
jest prawie niezalezne od napigeia sicc zasilajacej
i charakterystyk lamp wzmacniacza. Wzmacniacz daje
petne wychylenie przyrzadu przy napieeiu wejsciowym
50 mV. Napigcie wejéciowe olrzymuje sig przez syme-
tryzujacy transformator pomiarowy o przektadni 1:5,
ktorego pierwotne uzwojenic zataczone jest na bocznik
przetgezany prackainihami zakresow.  lose zakresow
pradowych wynosi 9, a mianowicie: 1. 0.5, 0.2, 0,1 A
i 50, 20, 10, 5, 2 mA dla peluego wychylenia przyrzydu.
przy czym spadek napiecia na boczniku dla kazdego
zakresu wynosi przy pelnym obcigzeniu 10 mV.

Drugi wzmacniacz podobnic skonstruowany obstu-
cuje uklad napieciowy. Pefne wychylenie przyrzydu
uzyskuje sig przy napieciu wejsciowym 0.5 V. Napig-
cie -wejéciowe doprowadza sie przez symetryzujaey
transformator napieciowy o przekfadni 10:1, tak ze
najmniejsze napigcie badane dajace catkowite wy chy-
lenie wskazowki przyrzadu wynosi 5 V. Za transforma-
torem (w obwodzie siatki sterujacej lampy wejsciowej)
ajduje sie przetaczany dzielnik napiecia, dajacy
5 zakreséw pomiarowych, a mianowicie: 100, 50, 20,
10 i 5 V przy pelnym wychyleniu wskazéwki przy-
rzagdu. :

Opér wejsciowy wzmacniacza jest staly dla wszyst-
Lich zakreséw i wynosi przeszfo 2 Megaomy.

Miedzy pierwszvm a pozostahvui dwoma stopniami
wzmacniacza znajduje sty ublad rezonansowy, zestro-
jeny na S00 /%, ktory dla pomiaréw macy biernej po-
zwala otreymaé preesuniveie fany napigtia o 90 .
blohowy  uktudu

<chenat podaje

rys 13

ponHarow ego

Kazdy ze wzmacniaczs posiada oddziclny zasilacs
1 stabilizator papigeia sicciowego.

Maksvmalny biad uktady pomiarowega nie prze
krarza < 1 7.

Ay mied momodé kazdotazowej kontroli uktadu
pomiarowegu. zastosuwany napiceic wzorcowe SO0 ¢fs
o state] wartoéei, ktore przez odpowiedni dzielnik na-
piecia doprowadza si¢c w momencie cechowania uktadu
pomiarowego na wejécia obu wzmacniaczy. Do olrzy-
mania tego napigcia zastosowany zostat specjaluy uktad
mostkowy skladajaey sig 2z dwéch oporow niezalezny ch
od phynacego przez nie pradu i dwoch oporow zalez.
nych od pradu. Opory te sa tak dobrane, Ze przy na-
pieciu wejéciowym na uktad mostkowy, zinieniajgeym
sie w granicach + 20 ‘¢, napiecie wyjscione pozo-
daje stale w granicach ponidej = 05 (7.

Do pomiaru kgla fazowego zastosowana zostata
lamipa oscylograficzua ze wzmacniaczem jednostopnio-
wym o regulowanym wzmocnieniu i przesuwnik fazowy
zo skala od 0 do 360" Dokladnos¢ pomiaru kata fazo-
wego lezy w granicach t 20"

Jak wiykazalo roczne dodwiadezenie. sumaryczny
htad przy pomiarach na analizatorze nie przekracra
4+ 2 ¢ a wiec nie jest wickszy od bledéw innych ana-
lizatoréw zagranicznych.

Uktad wywolawczy i sygnalizacyjny

Cala manipulacja tgczenia ukladu pomiarowego ob-
stugiwana jest przez przyciski znajdujace si¢ na pul-
picie stolu pomiarowego. Wywolanie zadanego punktu
pomiarowego odbywa sig w nastgpujacy sposéb: po uru-
chomicniu caloéci naciska si¢ jeden z trzech przy-
ciskéw, oznaczonych ,,PRAD A, ktory obstuguje
grupe 598 punktéw pomiarowych pradowych lewych
galezi czwoémikéw, ,PRAD B — GENERATORY*",

ktory obstuguje 598 punktow pomiarowych pradowych

Zmgng Pomiar
Keruniu mar i’
napiecia
pradu fad
P
o 5v
: 10V
02A
1A maunigez |99 02 \nemacriocaf0Y
“ o] xoromy  |PUYYIY | wtepny
ImA 4 taze 090° 44
100Y
AhnA
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Rys. 13. Blokowy ukiad polgczen systemu pomiarowcgo.
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prawych gatezi czwornikow i 23 punkty pradowe gene-
ratorow lub praycisk ,NAPIECIE™, obstugujacy 399
punktéw pomiarowych napigcia (wezty i masa) i 23
punkly pomiarowe napigcia generatoréw. Nastgpnie
wywoluje sig jeden z zgdanych punklow w grupie, na-
ciskajge odpowiednic 3 preyciski z grupy dziesieciu
przyciskow  wywolawezych oznaczonych cyframi od
U do 9. Jesli najpierw wywotywany byt prad, mozna
teraz nacisngwszy przyeisk ,napiecie” przerzucié¢ uklad
wywolawezy ma grupe punktlow pomiarewych napiecia,
hez ckasowania poprzedniego  wywolania jednego
7 punktéw pomiarowych pradowych. Do pomiaru na-
pigeia potrzebne jest pulgezenie ukludu pomiarowego
£ dwoma punktami zamodelowanej sieci, 2 ktorych
jeden moze byé ,,masy”. Otrzymuje sig to przez holejne
nacisniecie 6 przyciskow wywolawcezych, z ktoryeh 3
pierwsze wywoluja punkt picrwszy, a 3 nastgpne punkt
drugi. migdzy ktorymi napiecie ma byé mierzene.
Wszystkie manipulacje sg kontrolowane napisami
Swietlnymi na tablicach znajdujgeych sig pu obu stro-
nach pulpitu. Przy manipulacjach zapalajy si¢ napisy
sygualizujace pofgczenie uktadu wywolujacego z odpo-
wiednig grupg punktow pomiarowyeh, nastgpuie cyfry
‘wietlne kontrolujace, czy zostal nacidniety wlasdciwy
przycisk i lampka kontrolna. wskazujgca na zadziala-
nie ostatniego przekaznika obstugujacego bezposrednio
odpowiedni punkt pomiarowy. Oprocz tego ukazujg siy
napisy éwietlne podajace, czy badana jest linia czy tez
generator i strzatki wskazujgce kierunkowosé napigcia
i pradu. Caly system wywolawezy oparly réwnici na
przekainikach jest tak opracowany, 7e nie istnieje mo-
Zliwos¢ zatgczenia np. dwéch punktow pradowych na-
raz itp. Cheage wywolaé inny punkt pomiarowy w igua-
nej grupie pomiarowej, wystarczy nacisna¢ odpowicdui
przycisk grupowy, co powoduje natychmiast skasowa-
nie istnicjgcego polaczenia i przygotowanie ukladu wy-
wolawczego do mozliwosci wywolania innego punktu.
Po wywotaniu punktéw pomiarowych, nalezy wig-
czy¢ przyrzgdy pomiarowe na odpowiedni zakres. Od-
bywa sig to przez kolejne naciskanie przy ciskow zmie-
niajgeych zakresy amperomnierza w ilosci 9 i zakresy
woltomicrza w ilosci 5. Zmiana zakresow sygnalizo-
wana jest $wietlnie na tablicy umieszezonej nad pulpi-
tem pomiarowym. Ukazujace sig napisy Swietlne po-
dajg za kazdym razem ilosé miliamperow, woltéw i wa-
tow lub wardw na jedng dziatke przyrzadu. Jest to du-
#ym utatwieniem dla obstugi, ktora po kilkugodzinnyin

hawwicboe Zablady Clatecer Mebolins

ride o

rage TG RBTZ

pomiarze, moze latwo wskutck zmeczenia popelnié
omytke przy ustalaniu skali przyrzadéw. Aby zabez-
picczyé  przyrzady  przed mozliwoscig uszkodzenia
wskutek przecigienia w momencie wlgczenia nowego
punktu pomiarowego, nastgpuje przy kasowaniu row-
noczesne automatyczne wlaczenie przyrzadow ua naj-
mnicej czuty zakres.

Oprocz tych elementow na pulpicie pumiarowymn
majdujg si¢ jeszeze dodatkowe przy ciski stuzgee do
zmiany kierunku pradu, przestawienia pomiarow wato-
mierza z mocy czynnej na bierng i przyciski fgezgee
uklad do pomiaru kgta fazowego w obw od pragdowy lub
napigciowy punktu badancgo. Nalezy jeszcze wspom-
nieé o przycisku oznaczonym LCECHOWANIE”, kto-
yego uiycie pozwala na kazdorazowe sprawdzenie ce-
chowania ukladu pomiarowego. Naciskajge ten przy-
cisk wprowadza si¢ na wejécie ukladu pomiarowego na-
pigcie wzorcowe, przy ktorym wszy stkie trzy przyrzgdy
powinny wychyli¢ sig do koiica skali. Réznice wskazan
mozna usunaé przez regulacje wamocnienia odpowied-
nich wzmacniaczy przy pomocy Oporow zmiennych
umieszczonych pod piyta pulpitu, dostepnych do mani-
pulacji érubokretem.

Jak z powyiszegu opisu widaé, przy projektowaniu
analizatora zostal potozony specjalny nacisk na jak
najdalej idgee zautomatyzowanie i pewnosé pomiarow.
Ma to na celu umozliwicnie obstugujacemu skupienic
catkowitej uwagi na wykonywanym na analizatorze za-
daniu i odezytlach przyrzgdéw.

Uktad zasilajgey

W obeenej chwili analizator zasilany jest z genera-
tora trojfazowego o mocy okolo 500 VA i 500 ¢ s: na-
pigcie 3 X 110V doprowadzone jest do filtra trojfazo-
wego tlumigcego wyzsze harmoniczne generatora do
okoto 0.8 ¢¢. Nastgpnie napiccie zostaje zmniejszone
transformatorami do 40 V i doprowadzone do szyn
zhiorczych zasilajgeveh generatory modelowe analiza-
tora. Regulacja napigcia kontrolowana jest woltomie-
rzem umieszczonym przy stole pomiarowym.

Zasilanie to nalezy traktowaé jako chwilowe, gdyZ
oheenie jest na ukoticzeniu wykonywany w PPAE spe-
cjalny generator trojfazowy 500 c¢fs o mocy okoto
10 KVA, napedzany motorem pradu statego z lampows
tabilizacjg napiccia i obrotéw w granicach + 0,1 ‘.
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