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SUMMARY

I. Quite satisfactory results were. cbtained for the flrst pew
riod of operation of the twow-circuit 400 kV Kuibishev-Moscow

transmission systeme The power transmitted over the line was

raised to I200-I300 MW, The Kuibishev-Urals transmission line

was put inte service in I958. The length of 400 kV lipe eresc-

ted as of January I, 1959 amounted to 28I4 km.

2., It has been found possible to select the insulation level

© forx thé lines and sub-station eguipment on the basis of an
ihternalvuverV6iﬁagé value limited to 2,5 V phase.lun connec—~
tion with this the decision was taken to convert the 400 XV
lines now in operation and under comstruction for a rated vole
tage of 500 kV, and %o design new long-distance transmission
systems (with a load of 750 MW per circuit and higher) at

500 kV, This voltage level will increase the transmitting-caé
pacity of the network and reduce the capltsl expenditures as
well as the cperation costs The voltege 330 kV has besn adop-

ted for smaller capacity transmission systems.

3. Large development of extra~high-voltage trausmission sys-
tems is planned for in the Soviet Uniom. According to the se~
ven year plan(1959~I965} following work has to be done in this
field: comstruction of 7800 kmmﬁ'SOd kV iine and 7000 km of
330 kV line , consolidation of the largest power systems of
the Buropean part of the Soviet Unlon and creation of consow

lidated power systems in the Caucasus, in Middle Asiz and in

Central Siberia.
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4, Great research work on extra-long-distance ( 2000-

'3000 km ) and large transmitting capacity (2000~3000 MW)

systems at 650-750 kV a.c. and at £600 to % 700 kV d.c.

is being carried out in the Soviet Union,
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INTHRODUCTION

Rapid growth of the Soviet national economy, in which
the rate of development of the electric power industiry 1is
stressed, neccssitates tﬁe intensive develcpment of large po-
wer systems and networks of large trensmission capacities.As
power systems grow they become interccnnected in accordance
with the development plan for econcmic zones in which they
are located; afterwards power systems in neighbourimg econo-
mic zopnes will be interconnected, such as those in the Euro-

pean part of the Soviet Unilon, in ine Caucasus, in Middle Asia

in Central Siberia, etc. These power-pool systems servicing

vast areas will be crested in the course of the seven year pe-~
riod from J959 tc IS65 according to the approved plan,

A large number of complex technicel and economical pro=-
blems arise in connection with the transmission of large
blocks of power or transport of fuel over long distances.

When‘long—distance power transmission turns out to be more
economical than transporting fuei following additional advan-
tages can be obtained that must be taken inte account when
designing the interconnected power systems

a) Inter-system ties are provided, which reduce the tba

21 load peak and the reserve capacity required; moreover,
thermal and hydraulic resources are more economically explolit-
gd;

b) Power stations and networks along the route of the
transmicsion line may be connected to the latter and form: a

consolidated power syctem, thereby improving the reliabllity
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of these systems. This permits to build large mcre economical
power stations of IOCU MW and higher cepacity with big units
(of IO0 to 300 MW rating). |

¢) New areas are electrified.

“When determining whethér or not it is expedient to deve-
lop extra-high-voltage networks, the expenditura Tor erecting
local petworks for distributing the power transmitied over the
extra-high-voltage lines must be taken into account, In
several cases the cost of such networks may be greater than
the cost of networks for power st8tiouns constructed in the
receiving system. A rotating reserve must be provided for
the case of aun emergency tripping of the extra~tilgh~voliage
line during load peaks. The cost of the rotating reserve
required to plfevent disconnmection of consumers must be teken
into account when meking ap economical comparison of alter-
nativé schenes.

Work carried out in the Soviet Union showed thet the
posibility cf using single~phase automatic reclosing for
400~500kv lines which enables us to reduce the rétating T

'serve capaclity in the receiving system. It is necessary to use
high and extra~high-voltages for the conditiqns of the Saviet
Union with its vast territory. When intéreonnecting power
systems that are comparatively near to each other, the volta-
ge 530 kxV and sometimes 220 kV is used.

The voltage 500 kV has been selected for the consolida-

ted power system of thwe Buropean nart of the Soviet Union,

v Slberia, Tor Kiddle Asia and elsewheres. This voltage

Approved For Release 2009/02/18 : CIA-RDP80T00246A006500370003-7



Approved For Release 2009/02/18 : CIA-RDP80T00246A006500370003-7

o Ben

will elso be used at the outstart in creating the Consolida-
ted Power System for the entlire Soviet Union; in the future
a higher voltage of 60C to 750 kV will be fequired for this
purpose.

Our first 400 kV itransmission system—~ the Kuibisghev-
Moscow line, has been described in the literature ( see Ref.
1-9) and therefore we will only mention its baslc characterist

tics in this paper.

The 400 kV Kuibishev~Moseow Transmission Lins

Construction work om the 400 kV Kuibishev-Moscow line
was sterted in 1952, The first stage of the transmission ,
two parallel .circuits 815 and 890 km long on single-circuit
towers, with three switching stations and two receiving sube
stations in the Moscow area, were‘put into service in 1956,
In 1958 two additiomal 400 kV sub-stafions and the series-
capacitor installation were put inte serwics,

The 400 kV receiving sub-stations in the Moscow areas
have similar schemes, and have two banks of 400/110/11 kV,
270 MVA each of singlenphaSé transformers and two banks of
220/110/11 kV, 180 MVA tramsformers. The intermediate sub-
stations have 400/220/11 kV, 405 MVA autctransformer banks,

The series capacitor installation is located at the

second switching station, which is approximately in the
middle of the line. It cousists of three perallel circuits

having a total rating capacity of 486 MVAR, a rated current

Approved For Release 2009/02/18 : CIA-RDP80T00246A006500370003-7



Approved For Release 2009/02/18 : CIA-RDP80T00246A006500370003-7

el

of 2250 A and en impedance of ohms per phase. These

32
series capaclitors compensate 25% of the line reactance. They

‘are installed on metal platforms,which are insgulated to
ground by suspengion strings of porcelain insulators. .

The power transmitied to Moscow over two circuits in
1958 reached 1200 MW,

From the date the line was put into regular service on
May 4, 1956, %ill Januvary 1, 1959 more than 46 billiorn kwh
were delivered over the line to Mogcow.

The transmission system lg equipped with the necessary
equipment for regulating voltage and reactive power flow.
In addition to the possibility of changing the voltage on
the 400 XV bus-bars cf the step-up substation by meaus bf the
generators at the hyéro«electric $t5tion, the tfansmissiwn
system is equipped with shunt reactors {5 benks of 5C NVA
each), synchronous condensers (4 condensers of 75 MVA et each
receiving substation in the Moscow area) andén under load
tap-changing device in the power transformers {within &
12.5%4) at the receiving and intermediate sub-stations. Ope=-
rating experience has confirmed the necessity of using the
above listed means of regulation.

During trial operation period of the transmission
systgm and in the course of its first stege of commercial
operation, many different tests were conducted to determi-

ne the parameters of the line and equipment; to measurs

the corona losses , tlie radio and telephone interferences,
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the internal overvoltage levels; to check the relaying and
automatic reclosing devices; tests were made for self-
synchronizing the waterwwheel generators at the Volga hydro-
electric station. |

Inv195? tests were made for evaluating the steady?st&te
stability limit of the iransmission system. The transfer ce~
pacity 1imit of one circuit of line 815 km long working in ai
block scheme when the water-wheel generators were eguipped
with ordinary excitation regulators and no series capacitor
compensation was comnected amounted to 570 MW. In 1958 testeg
were conducted to determine the transfer capacity of the
Kuibishev~Moscow line when the water-wheel generators were
equipped with automatic “strong.action" excitation regulators.
The transfer capacity limit of one circuit of line 815 km
long at a voltage of 420 kV amounted to 720 MW with the
series~capacitor installation disconnected.

The insulation of the line and equipment in the 400 kv

transmission system was designed in accordance with follow-

ing principles:

The neutrals of.the 400 kV power transformers are so-
1lidly grounded;

the 400 kV transmission line is protected along its
entire route against direct lighfing strokes by two ground
wires with a protective angle of 200;

the tower footing resisténce under normal soil condi-

tions does not exceed 10 ohms;
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the sub-stations are protected against direct lighting
strokes by surge-diverters;

autovalve lighting arrestors are installed at the sub- -
stations.

The induétrial frequency (50c/s) test voltage level was
determined assuming a 3 times phase voltage value of inter—

nal overvoltage across the main insulation. The 50 c/s wet

flash-over test voltage was taken to be 700 kV r.m.s. for

the substation equipment and 775 kV r.me.s. for the line
insulation.

The full-wave 1.5/40 microsecond impulse voltage has a
peak value of 1500 kV for the substations equipment, 1900 kV
between the disconnecting switch contacts and 1800-2000 kv
for the line insulation.

Series of tests were carried out for studying internal
overvoltages in the 400 kV system. Overvoltages were studied
when disconnecting a 400 kV transformer at no-load as well
as a shunt reactor , and also when switching various sec-
tions of the line in and 6ff, as well as when clearing short
circuits on the 400 kV line.

The following are the maximum voltages measured when
testing the line without the series capacitor installation:
across the main insulation -~ 2.4 Vphése; between the breaker
coﬁtacté -~ 2.6 Vphase, |

Large overvoltages were observed only under extremely

unfavorable conditions which were not provided for the normal
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working scheme of the tran mission system.

In schemes with series capacitarvcompensaticn the over—
voltages were naturally higher. Their value was limit@d‘by
‘arrestors, shunting the battery of capacitors. This enables
the overvoltage across the main insulatlon to be held down
to about 3 Vphase. Across the circuit bresker contacts these
overvoltageb attained values up to J.4 Vphase.

Despite the numercus lightning storms along the line
route, in 1956 and 1957 there was no case of line faults on
this account. In 1958 the Kuibishev-Mosccw line weas tripped
twice due to lightning faults. Nome of the other 400 kV 1i~
nes put into operation in 1957~1958 have been tripped due to
lightning. Thus the specific fault occurance due to light- )
ning of 400 kV transmission lines in the USSR ls 0.0%4a per
100 kilometer-years.

Increasing the Voltsge of 400 kV Trensmission

ILines in Service

The experience gained 1in designing the Volga Hydrosta-
tion-Moscow transmission system as well as the Volga Hydro-
station-Urals and Stalingrad Hydro«station_ﬁascmw systems
indicates that costly measures have to be‘taken to ansure
stability of the 400 k¥ line when tremsmitting 500 to 800 !
per circuit over a distance of about 1000 km and greater.

This fact urged us to meke a carefull analysis of the
expediency of employing a higher voltage 500 kV. A comparison
of the technical and economic characteristics for a trans-

mission syétem transferring 700~800 MW per circuii over
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distances of 800 to 1000 km showed that the voltage 500 kV
would reduce capital expenditure by 5 to 10% and 6peration.
costs of power transmission by 8 to 13%.

When using the voltage 500 kV we may do away with
series qapacitor compensation and thereby reducé the inter-—
nal overvoltages value.

The following factors were also taken into consideration
when solving this problem:

the overvoltages actually measured on the transmission
line Volga Hydrostation-Moscow without series capacitor
compensation;

the development of the extra»high«voltage network and
the presence of intermedliate substations and ties with
’local systems; this re&uces the internal overvoltage level;

the progress achieved at present in circuilt breaker
design, which enables to reduce the overvoltages during
swifching by using shunt resistors and to eliminate breakers
arg -back. | |

the possibility of 2imiting the value of overvoltages by

installing special arrestors, which were developed at our

research Institutes.

As a result it was declded that we had all the gfounds
to select the insulation level for 400-500 kV transmission
systems on the basis of an internsl overvoltages level of

'2.5 Vphase instead of 3 Vphése, which was originslly acdopted

for 400 kV networks.
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Since ths internal overvoltage level was reduced, il was
found possible to transfer the existing 400 kV lines Yo a vole
tage of 500 kV and to use the 400 kV sub-statlons equipment
at 500 kv aftervsom@ minor alternations.

Considering thét it is technically and economically exe-
pedient to increase the transmltting capacity of lines when
the gxtranhighmvélﬁage network and the capacity transferred
over it 1s imn the process of rapid growth, the decislon was
taken to convert the 400 kV networks being erected and Ixn ser-
vice in the Soviet Union for a rated veltage of 500 kV, and to
design all new loumg-dictance transmission systems, apd in par-
ticular the Siberian ocmes, for 500 kV from the outstart,

Fig.l gives a diagram for the Kuibish§v~moscaw and Sta-
lingrad-ifoscow transmission éystems when connected for operate

tion at 500 kV.

Further Development of Extra«ﬁighmVOItagevLimes in the USSR

After the erection of the 400 kV Kulbishev«Moscow trans—
mission line, construction work got umder way im 1957 om the
' extramhigh-#oltage Stalingrad-doscow and Kuibishevaréls lines
as well as on several other linmes in the Urals,

In I958 construction work was started om 500 kV lines in

Siberia; in 1959 on the I 400 XV Stalingrad-Moscow d.c. trans-—

mission lime, and the first link im the Ural transmissior mnel-
work from Kuibishev to Zlatoust (761 km long) was put into ser-
vice, |

In the Buropeam part of the Soviet Union as of 1959 there

‘are 28I4 km of line and 9 sub-stations at 400 kV in service.
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The first 500-kV line, one circuit of the Stalingrad-
Moscow transmission, will be put into service in I959. |

By 1965,'during the second stage in creating the extra-
high-voltage systems, another 7800 km of line and 25 step~up
and step-down sub-stations at 500 kV will be constructed. The

voltage 330 kV will be used in some areas of the Soviet Union

and during the coming seven=-year period about 7000 km of line

and over 50 sub-statioms at 330 kV will be constructed. Con~
struction work on the first lines of this‘vOltage ﬁas started
in 1958, '

Fig.2 gives a diagram for extra—high—voltage networks in
the European part of the Soviet Union as of 1965, It was com=
‘piled on the basis of data from design bureaus.

Technical Problems for Power Transmission at Extra-High-—

Veltages

A. The Scheme of the Transmission System

Since there were no clearly held concepts on the effectis
veness of several measures for improving the steady-state and
transient stability of the transmission system, it was deci~
ded to use all of the measures known at the time for increa-~
sing the transmitting capacity of the line when designing the
first 400 kV transmission system so as to gain experience;
these are: |

I) The use of bundle conductors;

2) The use of series=capacitor compensafion;

3) The reduction of the reactances of power transformdéé

and water-wheel generators;
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4) The use of switching sub-stations sectionalizing the
line into four parts;

5) Special design of excitation regulators for the wataeye
wheel generators at the Volga hydro-electric station
having a highex ceiling and a faster rate~of~rise of
the excitation voltage;

The installation of "strong action® excitation regula-
tors used in the Vﬂchrunoua condense rs at the recei=
ving submstationﬁ as well as in the generatorsg

The uwse of high-speed relays and circuit breakers clea
ring faults in the 400 kV network within Q.12 seconds;
'Thﬁ use of electyical énd mechanical devices for brake—
ing the water-wheel generators.

Analysis of test results and operating experience have
shown that resducing the reactance and increasing the inertia
constant for the water-wheel generator not Justified ecg=
nomically.

Whether or not it is expedient to use mechanical and glec~=

trical devices Tor braking the water-wheel generators will be

determined after tests will have been made.

Automatic “"strong action” excitation regulators ‘have
shown themselves to be very effective. They enable the voltage
to be held constant not only at the gemerators, but alsc on the
400 kV silde.

Shunt reactors are inﬁtalléd tm.keep the voltage within
required limits, to reduce line losses and to lower internal
overvoltages. Some of these reactors must be conne cted on th

high~voltage side (at 400~500 kV), while others may be connec—
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ted on the secohdary voltage buses at the intermediate sub-
stations (at 35 or II0 kV).

The connection scheme, the layout and the design of the
switchgear at the 400-500 kV switching sub-stations make it
possible to develop the latter in the.future into IIQ or
220 kV receiving subnstationé for supplying the adjacent

area with electric power.

B. Transmission Lines

The transmitting capacity of one circuit of 500 kV 1i=
pe should be not less than 500~750C MW. With the economlc

current density of ACSR conductors equal to 0.5-0.6 A/mmz,

the cross sectiom of the aluminum current-conducting part of
the conductor should be at least I200-I600 mm2 per phase,

Bundle conductors are used so as to retain standard
cross sections of the conductors, aS"well'as to reduce the
line reactance, the corona losses and radio interference,
Three conductors in & bundle lccated at the apexes of an
equilateral triangle which are 400 mm away from each other
i3 the design praciice imn the Soviet Union.

Special specifications are in force in the Soviet Union
for 400-500 kV lines, which are somewhat more stringent as
to mechanical strength requirements when compared with the
design code for II0 and 220 kV'lines, Special attention is
given to ensuring their reliabilitj.during strong winds and
" gleet conditions.Reduction of the design loads for the sus—
pension towers was an important measure in obtaining an eco-
nomical design for the 500 kV lines, sincé these towers com— '

prise 90% of all towers used.
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For this purpose releasing clamps or clamps with a lie
mited holding capsacity may be used, In any case, the force
applied to the suspension Hfower should not exceed 1.5 &0 2.0
tons in the event of rupture of the three conductors of the
rhase. Thus the fower design is determined by normal ¢peras
tion conditions when all the conductors are intact.Relea-
sing clamps of specilal construction were used in the first
400 kV lines in the USSR. They were designed for a three-—
conductor phase bundle. These clamps were tested at the test.
stand and now have a good performance on the Kuilbishev-idcscow
line., The disadvantage of releasing clamps is the necessity
of having to use strain towers (usually angle~strain Lowers)
every 7-I0 km to limit the line section in which the wio
may fall to the ground when all three conductors of‘a
bundle break,

In order to do without strain tdwers, clamps with limie
ted holding capacity are now used instead of releasing
Here, the conductors upon breaking slide in the clahps
by limiting thé forces applied to the suspension tower
limiting the faulty line section. At presenit clamps of this
type have passed tests successfully and are used in the new
500 kV lines being constructed.

In the first 400 kV lines H-frame suspension towers
(fig.3) were used with pillars, solidly anchored tc their
foundations and hinged to the cross—arm, The distance bet—
ween adjacent phases is 10.5% meters; the height‘to the insu-

lator suspension point is 27 meters, The tower weighs from

]

7.3 tons (for geed weather areas) to &.5 tons (for areas with

strong winds).
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Suspension tower foundations for all new lines under
construction permit work to be carried out throughout the
year, These foundations are either pre~fabrica£ed reinforced
concrete mushroom shaped footings (8 footings I.I6 m each)
or reinforced concrete piles (8 piles 0.3 by 0.3 by 7.0 me=-
ters per tower).

In many 500 kV lines suspension towers with guy wires
are used with their pillars hinged to their foundations.The~
sé towers save metal,(their weight is 7.2 tons for stroﬁg
wind areas) and simplify the design of the foundations (its

volume is reduced from 8 4 9 m3 to 3 m3

per tower). It was
found possible to use ordinary hard fixing clamps on these
towers since the deviation of the suspension point in the ca-
se of a phase rupture permits the force applied to the to-
wer to be reduced to a safe value,

Towers for lines from 220 to 500 kV have been designed
using centrifugal pre;stressed reinforced concrete pipes.At
present several factories are being built that will manufac—
ture these towers,

Strain;angle towers for 400-500 kV lines with tension
insulator strings are of the bar typé for all lines under
construction, Very severe requirements are imposed on the de-
sign ﬁf these towers, for they must be capable of operating
as dead-end towers andalso of taking on the load when two pha-

ses (6 conductors) covered with sleet are broken.

In the 500 kV lines that @o not use strain towers with

tension strings, H-frame angle towers have been designed
for turn angle up to 20°, with the conductors held in sus—

pension strings.
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330 kV lines are degigred with a single conductor per
phase and also with a two-conductor phase bundis. Tests
have shown that the 330 kV transmisslon lines with the
gsingle~conductor phase may be more widely used then 1t was
expected until now., A design for single-circuit H-frame
towers with guy wires has been worked out that is similar
to the 5C0 kV towers described above. These iowers .waigh

to 7 ton and they are desigoed for a two-conductor phiase

bundle (type ASO-480 1s to be used). A distance of 8.2 me~-

ters between phases has been adopted.

A twowcircuit tower has also been designed with the
phases arranged in a "baxrrel” scheme with two grownd wires.
The height of this tower is about 40 meters. It ls designed
to carry two  comnductcrs per phase of ACO-330 type. The
vertical disténce between the cross-arms is 6 meters, and
the phases are spaced 2 meters from each other along the

horizontal, This tower weighs about 7 tons.

Co 400 ~ 500 kV Substations

Economical and at the same tlme relisble triangular
and square comnection schemes are employed for the receiving
substations. The "transformer-busbar® arrangement has been
\ﬁ;selécted as the connection scheme for the substations in the.
Moscow ring of the Volga Hydrdwstation«Moscaw transmission
syétem.
The #400~-500 kV receiving substations locéted near large

load centers step the power right dowm

L}

Approved For Release 2009/02/18 : CIA-RDP80T00246A006500370003-7



Approved For Release 2009/02/18 : CIA-RDP80T00246A006500370003-7

] o

stations usually have two pransformer or autotransformer banks
of 270 MVA each (fig.4).

For less concentratediloads and also when the substation
is to be used as a reversible ome the voltage is stepped
down to 220 kV and one or two autotransformer bamks of 405 MVA
each are installed there;

The 500 kV bay is 28 meters wide, the line bay is 161
heters_long and the distance beiween phases is 6 meters. A
' phase bus is made of. two hollow copper conduétons of 300 mm2
cross section located in the horizontal plane 400 mm away from
each other. |

The equipment foxr 330 - 500 kV substatién is menufactured

by the electrical industry of the USSR.

Transmission Systems of Higher Voltages

The voltage 400 kV has been put imo - service in the
Soviet Union and almost three years of operating experience
has been gained. Development of 500 kV 1s the task for the

immediate future. As it was already mentiomed, the first

transmission system at this voltage will be put in%o cpere-

tion in 1959.
The voltage 500 kV permits 750 to 1000 MW to be trans-
mitted over 1000-1200 kilometers per 3inglg cireuit of line,
The growth of the national economy of the Soviet Uniom,

the task of creating e consolidated power system tc service

all the territory of our country, the gxploitation of rich
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hydraulic and coal resources of Siberia sets forth a problem
that must-be solved in the not too far off future, the problem
of creating more powerful aand longer transmission systems than
the 500 kV lines that would be capable‘of transferring 2000

to 3000 MW per circuit over 2000 to 3000 kilometers. Transmi-
ssion systems of such e large scale can be made either by using
alternating current at 650 to 750 kV or by using direct current
at £ 600 to ¥ 750 kV.Great research snd design work in this
field is being carried out in the Sbviet Union.An important sta
ge on the way to develcping powerful transmission systems is

to collect construction,andbopefation experience from the 500
kV lines as well as from the 400 kV, 750 MW, 500 km Stalingrad-
.Donbas dec. transmission systems '

Research work in the field of long-distance a.c. transmi=-
gsion at 650-750 kV is being carried out at test installatiocns
to determine the dielectric strength of large air gaps, inves—
tigation of corona losses, sheblllity and transmitiing capacity
of the system, the insulation level, the magnitude of intermal

overvoltages and other problems, Work on developing new de -~

signs for transmissionvlines and high-voltage equipment is ale-

80 being carried out.
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