


Engineerihg Features of the

Boulder Dam-Los Angeles Lines

Marking a new milestone in the history of
the transmission of electric power, the 275
kv system that will transmit power from
Boulder Dam to Los Angeles, Calif., em-
bodies many novel engineering features.
These features are discussed in this paper.
The paper includes not only a description
of the line and the terminal equipment
and facilities, but also a discussion of the
effects of the characteristics of each portion
of the system on the performance of the
system as a whole. The engineering
studies and laboratory research on system
stability, corona, high voltage impulses,
lightning, conductor vibration, tower
stresses, footing uplifts, and other factors
are described, and the use of such data
in the selection of line voltage, conductors,
insulation, clamps, lightning protection,
towers, and appropriate generating, frans-
forming, and receiving end equipment is
shown.

By
E. F. SCATTERGOOD Bureau of Power and Light,

FELLOW A.LE.E. Los Angeles, Calif.

: THE Boulder Dam transmission system
of the Bureau of Power and Light, Department of
Water and Power, of the City of Los Angeles, Calif.,
will serve to transmit its allotment of power from
Boulder Dam to Los Angeles, a distance of 266
miles, and consists of 2 60-cycle 3-phase circuits
with a nominal line to line voltage of 275 kv. In the
more or less built up section adjacent to Los Angeles,
40 miles of the line is carried on double circuit steel
towers. The remainder of the line is carried on
single circuit steel towers, with the conductors in
horizontal configuration. Two sectionalizing switch-
ing stations are located at 1/; points.
Approximately 60 miles of the single circuit tower
portion of line extends through mountainous terri-
tory, encountering 3 main mountain passes, at eleva-
tions of 4,862, 4,419 and 3,809 feet above sea level.
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Approximately 166 miles of the single circuit line is in
desert territory of a hilly or flat topography, with a
prevailing elevation of 2,000 to 3,000 feet. At least
225 miles of the line is subjected to the sparse and
erratic rainfall associated with the desert. Such
rainfall, at times, is of cloudburst proportions. The
remainder of the line is in territory having the sea-
sonal but sormiewhat limited rainfall experienced in
the coastal plain of southern California. The desert
section is subject to lightning storms at a frequency
of 20 to 30 storm days per year.

The desire to achieve the utmost in high standards
of continuous service, and the fact that this line will
provide a relatively large portion of the total system
power of the Bureau of Power and Light has made it
necessary to regard reliability as the foremost con-
sideration in the design of the line. A very liberal
policy has been followed in conducting research to
develop or verify and refine each step in the design of
the line, and in establishing safety factors in order
that the desired reliability might be assured. The
newly developed features of the line, therefore; not
only have a definite purpose, but have their perform-
ance well verified in advance by exhaustive investi-
gation. The care in design has been carried on into
the purchase and routine testing of the materials
before they are incorporated into the line.

SYSTEM VOLTAGE AND EQUIPMENT CHARACTERISTICS

The earliest preliminary thought about this
line centered on the use of 220 kv as the nominal
rated voltage. At that time the state of the elec-
trical art was such that the means of determining
the dynamic stability or power limit of a-transmission
system had not been developed, and the proper
method of determining the static power limit was a
subject of discussion. It was realized that the most
important factor in determining the voltage of the
line was the power limit.: In order definitely to
obtain the required reliability, the ability of the
system to withstand various types of disturbances
without losing synchronism had to be determined.
Such studies involve the terminal equipment and
lay the basis for the selection of such equipment as
well as line voltage. From a knowledge of the rela-
tive cost and the relative performance at each
voltage, came the decision to use 275 kv.

In this work, methods of calculation were devised!?
that followed the fundamental theory set up in
various papers on this subject®%4. Certain refine-
ments were taken into account by setting up the
circuits in terms of general circuit constants includ-
ing all line characteristics and the exciting current

and reactance characteristics of the terminal equip-

ment. In addition, -anh approximate but fairly ac-




curate method was devised of taking into account the
characteristics of the load, by having the power com-
ponent of the portion of the load admittance that
represented induction motor load to increase in-
versely as the square of the voltage during dis-
turbances, thus more closely representing the action
of such load in consuming constant power, and
drawing increased current as the voltage drops during
synchronizing action on the system. Such motor
load was assumed to comprise 40 per cent of the total
load. In making these studies, the problem was
reduced to a 2 machine problem, and the method of
calculation was one giving results directly without
making use of the point to point method of calcula-
tion and plotting time-angle curves.

Power limits are affected by many factors subject .-

to wvariation, such as mechanical and electrical
characteristics of the synchronous apparatus at each
end of the line, frequency, voltage, spacing of con-
ductors, location, type and duration of fault, number
of sectionalizing points and manner and time re-
quired in switching faulted sections, nature of load,
voltage drop between ends of line, reactance of
transformers, and many other less prominent vari-
ables. As the preliminary work progressed, certain
preliminary conclusions and assumptions became
quite obvious and narrowed down the field to be
investigated. These may be stated as follows:

1. The power limit is increased appreciably as the reactance be-
tween the internal voltages of the synchronous ma.cllme groups is
reduced.

2. Corolla.ry to the above, low reactance generators with large in-
ertia effects were found to increase the pawer limit more than 40,000
kw, which justified the assumption of using the most liberal design
of generators obtainable.

3. Sudden increasing of the reactance, such as occurs when a faulted
line section is switched out, reduces the power litnit very materially;
hence it is essential that results be obtained principally for this case.

4. Three line sections are necessary, as the increase in power
limit over that obtained by using 2 line sections is worth many times
the investment in an additional switching station.

5. Within practicable limits, changes of spacing, diameter, or re-
sistance of the conductors have negligible effects on the power
limit. .

6. Because of the effects of the equipment, the power limit varies
almost directly as the transmission voltage, for lines of this length.

7. The fastest possible switching is exceedingly desirable to increase
the power limit.

8. For the system arrangement contemplated for these lines, a
fault near the sending end bus and involving one section of line to be
switched out generally reduced the power limit to the lowest value.

9. Excepting for fault durations of less than 0.1 second the power
limits for 3-phase faults are so low that it would not be considered
economical to design the system to remain in synchronism for such
conditions.

The rating of the system, that is its reliable trans-
mitting capacity, of necessity depends on the
criteria set up as to the type of fault that the system
successfully must handle. Since a 3 phase fault is of
exceptional occurrence and would be still less likely
with reasonably rapid switching, and since it pro-
duced relatively low power limits, it finally was de-
cided that the system would be rated on the load it
could carry and not lose synchronism when subjected
to 2 conductor-to-ground faults at the most un-
favorable location, when the fault was removed by

switching out a section of line in 0.2 second. When

this switching duration was set it was considerably

more rapid than generally seemed possible of achieve-
ment. However, confidence in this possibility was
rewarded by switches and relays finally being
supplied that will limit the fault duration to less
than 0.11 second.

A single line diagram of a typical system setup is
given in figure 1. Every element shown in the dia-
gram was subject to variation in the study, which
makes the tentative list of assumptions too long to
include. The 2 groups of synchronous machines at
the receiving end were combined into one equivalent
machine. The load kept its separate identity.

In accordance with preliminary system studies,?
it was desirable to transmit a load of approximately
240,000 kw to one receiving station. The first
stability studies at 220 kv, using 2 circuits and 300,-
000 kva of low reactance generators, gave a theoreti-
cal power limit of the order of only 150,000 kw. If
the generator ratings had been reduced accordingly,
the value would have been still lower and more un-
satisfactory. Further studies indicated that where
under certain circumstances 3 220 kv lines would
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have a theoretical power limit of 280,000 kw, 2
275 kv lines would have a power limit of 265,000 kw
and would transmit power at a cost per peak kilowatt
of approximately 17 per cent less. Although more
power could be transmitted by using a higher voltage,
such as 330 kv, the use of such a voltage would result
in excessive costs, because of the large diameter of

- conductor required, and would not be as economical

2

per peak kilowatt. Since the 275 kv lines were the
most economical and fitted in best with the desir-
able size of receiving station already established, th15
voltage was selected.

SENDING END EQUIPMENT

‘The present system of the Los Angeles Department
of Water and Power operates on a frequency of 50
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Fig. 2. Stability curves for 60 cycle operation of
system with a 3 phase faul at sending end

cycles per second. There were many reasons, from
the standpoint of engineering and practical eco-
nomies for both the system and the consumer, that
made-a change-over to 60 cycles attractive. If such

a change were to be made, it obviously should be.

made at the time of bringing in such a large amount
of new power. Other reasons, of a nonengineering
nature, delayed the possibility of an early decision,
so that much of the work had to be done for both
frequencies and the earlier equipment specifications
and purchases had to be made so as to permit the
use of either frequency. '

A typical set of stability curves for 60 cycle opera-
tion is shown in figure 2. All curves are for the
condition where the fault is on a line section just out
from the high voltage bus at the sending end. -If no
line sections are lost, the short circuit would be on
the bus. All curves were calculated and drawn for
the 3 phase fault condition as this saved consider-
able work in calculation and served for comparative
purposes. In addition, a great many calculations for
2-phase-to-ground faults had indicated that for such

a system as this, the permissible duration of a 2-.

phase-to-ground fault for the shorter switching times

was 4/3 that of a 3 phase fault at the same load.
The curves, therefore, were made to serve for 2-
phase-to-ground faults by adding a new scale at the
right-hand side of the graph, giving such approximate
durations.

From the foregoing curves and other similar ones,
were plotted the data given in figure 3, where the
curves show power limits, in accordance with the
criteria set up for line rating. For the particular
system setup used, the inertia constant H used as
abscissa is given by the relation?

H_4XO.462XWR’(rpm Py R (rpm\e
- 250,000 1,000/ — "~ 1,000,000 \ 1,000

where W is the weight of the rotating parts of one
machine in pounds, R is the radius of gyration in
feet, and rpm is the synchronous speed of the genera-
tor in revolutions per minute. .

The lowest practicable transient reactance that
could be obtained in designing a generator for straight
80 or 60 cycle use was about 21 per cent, while a
generator suitable for operation at either frequency
would have reactances of 21 and 17.5 per cent at 50
and 60 cycles, respectively, if the rating were held at
the same value in both cases. The maximum value
of moment of inertia (WR?) that could be worked
into the design was a function of the runaway speed
of the water wheels, being larger for the lower speed.

A tabulation of data for the 5 typical generators is
given in table I.

An important point in the selection of the genera-
tors of table I is that the turbine used on the double
speed machine has such dimensions that its maxi-
mum overspeed is lower than that of a single speed
design with the same synchronous speed, which, to-
gether with.the reduced reactance, gave a more
favorable 60 cycle condition than a machine de-
signed exclusively for 60 cycles. The frequency
decision could not be settled at the time the genera-
tors were specified; however, as the most probable .
frequency would be 60 cycles, and as the power limit
at 50 cycles was adequate, the double frequency
machines fulfilled requirements very satisfactorily.
As the switching time has been decreased from that
shown in table I to 0.11 second, the power limits.
have been increased, still further. As these theoreti-
cal limits have no safety factor, the actual operating
capacity has been fixed at 80 per cent of the theoreti-
cal figure to allow for imperfection of assumptions in
calculation and to allow for general system hunting.
Such rating is 235,000 kw.

In fixing the rating of the generators, one is faced
with the fact that if the rating were made in exact
accordance with the kilovoltamperes required for
normal peak, the machines would be smaller than
those of table I and no longer would permit the re-
quired power to be transmitted because of their
higher reactance. Therefore, the method of ob-
taining low reactance consisted partly of using in-
creased rating. This increased rating serves other
functions, namely, stand-by capacity in the power
plant and also for emergency operation, when
because of failures in other power sources it is desir-
able to transmit larger amounts of power over this
system, even at the risk of losing synchronism . if a
fault should happen. Such emergency rating is
300,000 kw delivered, requiring 4 82,500 kva
generators for the 2 circuits,

The generators finally selected are 40-pole vertical
water-wheel-driven machines, with main exciter and
pilot exciter on the same shaft, and are rated 150 /180
rpm, 13,800/16,500 volts, 50/60 cycles, 82,500 kw at
unity power factor. They are provided with amor-
tisseur windings and have the type of insulation
designated as Class B on the armature and field.
(Class B insulation consists of inorganic materials
such as mica and asbestos in built-up form combined
with binding substances.) At 50 and 60 cycles, re-
spectively, the short circuit ratios are 2.28 and 2.74
and the transient reactances are not more than 21
and 17.5 per cent. The flywheel effect of each

Table |—Generator Characteristics and Power Limit for 5

enerators :
Frequency, Theoretical
Cycles  Per Over- Power
per Cent Speed, speed, WR: Limit/(KW) at
Second Reactance Rpm Rpm Lb-(Ft)? H 0.15 Sec
50 .. 21 .. 150 ..280..127 X 10%,. 21.1 301,000
50 .. 21 .., 187.5 ..350.. 75 19.5 297,000
60 .. 21 .. 150 ..280.,127 21.1 273,000
60 ... 21 .. 180 ..335.. 80 19.2 271,000

50/60..21/17.5..150/180. .320. .110 -.18.3/26.3..201,000/280,000




generator will be not less than 105,000,000 pounds at
a radius of one foot. The load on the thrust bear-
ing is of the order of 13/, million pounds. The
total weight of the generator is about 2,000,000
pounds. Because of the long time constant of such
machines, and the rapid switching contemplated,
there was no need for the highest possible rates of
excitation, so the exciter response was set at 0.5.
The over-all diameter is 40 feet and the over-all
height above the generator floor line is 22 feet.
The rating of the turbines under the minimum head
of 420 feet is 90,000 horsepower, corresponding to a
generator output of 65,000 kw, which with 4 machines
provides for the normal reliable peak capacity of the
line. However, as the head is increased larger
outputs become available. For all heads in excess
of 525 feet the turbine can deliver the full rating of

the generator corresponding to an output of the

turbine of 115,000 horsepower.

Two generators are connected to each transformer
bank consisting of 3 55,000-kva water-cooled 287,-
. 500 Y/16,320-volt single-phase transformers. The
high voltage windings are of the circular coil non-
resonating type and are designed to withstand a
11/,x40 microsecond impulse voltage  sufficient to
flash over an 88 inch rod gap on the tail of the wave.
The impedance is as low as practicable and will not
exceed 10.75 per cent; the exciting current at
normal voltage is 4.5 per cent and the full‘load ef-
ficiency is 99.31 per cent. The transformers each
require a floor space 13 by 21 feet and their over-all
height is 32 feet. The total weight of each trans-
former is 385,000 pounds of which 150,000 pounds is
oil.

Receving END EQUIPMEN';[_‘

The generally accepted method of controlling
transmission line voltage is to operate with fixed
voltages at the sending and receiving ends. Voltage
regulators for the generator hold fixed voltage either
at the generator terminals or are compensated to the
high voltage bus at the sending end. Synchronous
condensers or other synchronous machines are re-
quired at the receiving end. The regulators for
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Fig. 4. Synchronous condenser corrective capacity

required for operation at 60 cycles (transformers
included)

these machines usually are compensated to hold fixed
voltage at the load bus or the incoming voltage bus,
depending on system connections. The exact
amount or points of compensation have not been
decided. Such methods of operation are equivalent
to operating on a fixed voltage ratio circle on a re-
ceiving end circle diagram for the transmission line
and equipment between the constant voltage points.
From such a circle diagram, and the known char-
acteristics of the system load, it is possible to esti-
mate the required condenser capacity for all loads.
Such a set of curves for the Boulder Dam system is
given in figure 4. The curves are for full 2 circuit
operation and for operation with one section out,
designated as 1%/; circuits. The controlling points
are the lagging requirement at very light loads and
the leading requirement for the emergency rating of
300,000 kw delivered. Normal synchronous con-
denser design produces machines that have a lagging
rating of 40 to 60 per cent of their leading rating.
It is best, therefore, to select the voltage ratio be-
tween the 2 ends of the line of such value that ap-
proximately this adjustment is obtained. In this
system the voltage ratio of 1.05 approximately does
this and also approximately adheres to the estab-
lished voltage ratings of equipment where the maxi-
mum operating voltage is 115/110 of the nominal.
This latter ratio of 287,500 to 275,000 volts between
sending and receiving ends was adopted. On this
basis approximately 240,000 kva leading is required
to deliver 300,000 kw and 115,000 kva lagging is
required at zero load. There is the possibility that
when emergency loads are being carried the voltage
ratio can be increased, and approximately 200,000
kva of condenser capacity will be sufficient. This is
very close to the requirement necessary to transmit
the normal peak of 240,000 kw over the system with
one section of one line out of service. At 50 cycles
the requirements were about the same for high
loads, but about 20,000 kva less lagging capacity
was required at zero load. The capacity used to
permit of the emergency rating essentially gives
sufficient capacity to have the equivalent of a spare
machine during ordinary operation.



The stability problem also entered into the selec-

tion of the proper equipment characteristics at the
receiving end. For this purpose stability curves
were plotted showing the effects of reactance of the
autotransformers, reactance, and inertia of the
condensers, location of fault, and fault duration.
Some results were obtained without consideration of
the auxiliary or stand-by steam plant.

The section of line at the receiving end included
the same length of line as the other sections and, in
addition, included the reactance of the autotrans-
formers. Studies in connection with the generators
had indicated that a sending end fault represented
the worst operating condition. In studying the
receiving end equipment, variations were made in
such equipment and results obtained for faults at
each ‘of 3 locations, namely: sending end, losing
adjacent line section; receiving end, losing receiving
end line section; fault 180 miles (*/s point) from
generator, losing receiving end section. For any
given setup, the sending end fault gave the lowest or
controlling power limits or line ratings. The re-

ceiving end faults gave the highest power limits. .

The 180 mile fault gave limits slightly in excess of
those for the sending end. For fault durations of the
order of 0.1 second the power limits for the 180 mile
fault were almost equal to those for sending end
faults, and for quicker switching would be slightly
less and thus establish the rating. For the switeliing
times involved in this study, these results indicated
that the proper correlation had been obtained in
setting the electrical length or reactance of each
section.

Decreasing the reactance of the autotransformers
from 10 per cent to 7 per cent at 50 cycles increased
the theoretical power limit 11,000 kw for sending end

Fig. 5. Cross sec-
tion of conductor
selected
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faults and about 15,000 kw for 180 mile faults, for
the fault durations under consideration (0.14 and
0.11 second). For 60 cycles, decreasing such re-
actances from 12 to 8.4 per cent increased the power
limits 14,000 and 20,000 kw, respectively, for the
preceding 2 fault locations. Obviously such im-
provement is worth more than the increased cost of
low reactance transformers so autotransformers of
the lowest practicable reactance were purchased.

Two types of synchronous condensers were con-
sidered, one having a transient reactance of 35 per

cent and a moment of inertia (WR?). of 1,500,000
pounds at a radius of one foot, and the other having
50 per cent reactance and a moment of inertia of
1,250,000 pounds at a radius of one foot. In all
cases, whether considered with or without auxiliary
steam plant at the receiving end, it was found that
the smaller high reactance machine gave the higher
power limits. In either case the difference was small,
being of the order of 3,000 kw. Under such cir-.
cumstances, the lagging requirements controlled
the selection of the condensers ; and as the 50 per
cent reactance machine satisfied these requirements,
there was no object in purchasing more liberal
equipment. . :
Within the range of the switching times con-
sidered, and for the final resulting system setup, the
improvement ‘in theoretical power limit is about
3,000 to 5,500 kw for each 0.01 second reduction in
fault duration. On the basis of such improvement
in performance, the selection of the muost rapid
switches, developed with an over-all switch and relay -
time of not more than 5!/, cycles, was made. With
such switches the theoretical power limit in accord-
ance with criteria previously referred to is 292,000
kw. A more detailed description of all the receiving
equipment will be given in connection with the
consideration of the receiving station. :

Dr1aMETER OF CONDUCTOR

For the voltages under consideration for this line,
the primary consideration in the choice of conductor
diameter is corona loss. In general,  the diameter
that will give an economical value of corona loss
will be large enough but the amount of material re-
quired to construct such a conductor is likely to be
more than is needed for conducting the currents that
will exist in such a line.

No corona loss data were available for cables
larger than approximately 1.1 inches in diameter.¢
Such. tests indicated that existing corona loss for-
mulas did not give accurate results for cables of such
large diameter, particularly in the low loss portion of
the curve which is the part a designer is most inter-
ested in. Accordingly, tests were made at the Ryan
high voltage laboratory at Stanford University on
stranded cables with diameters of 1.125, 1.49, and
2.00 inches to study the effects of diameter, condition
of surface, spacing, atmospheric conditions, effects
of cleaning, and other factors that would be per-
tinent to the selection of corductors for voltages
ranging from 220 to 330 kv.” Further data on
effects of surface conditions, temperature, humidity,
and barometric pressure were provided by graduate
student investigations in the same laboratory.®®

Such laboratory tests cannot be conducted under
exactly the conditions that will be encountered along
the line, that is, the temperatures and barometric
pressures will be different, as well as other less well
known variables such as dust, humidity, and surface
conditions. Furthermore, unless a great many
cables were tested, it is likely that none of the sizes
tested would be the final choice. In order to make
use of fewer tests and in order to be able to make the
design fit the line conditions, it was desirable to



derive a method of calculating losses that would agree
with the tests and that could be used with some as-
surance for all the conditions anticipated along the
line.10

A preliminary study of various designs of con-
ductors was made to form the basis of an economic
study to determine the proper conductor diameter
to use. From data pertaining to the lighter designs,
complete estimates of annual cost were made, after
having determined the most economical combina-
tion of span and tension for each form and size of
cable under consideration. The effects of conductor
weight, strength, and diameter on tower and insula-
tor costs were included, as well as those things
directly pertinent to the conductor such as con-
ductor cost, resistance, and corona losses. In this
study the probable elevations and temperatures of
the*line were taken into account.

In the region of minimum cost, the annual cost of
the conductor varies very gradually with the diame-
ter. The corona tests had indicated that some
uncertainties creep into the conditions that affect
~ corona, so it is desirable to use some safety factor in
the selection of the diameter. The economic choice
in general comes near the knee of the corona loss
curve. At such a point a small change in the uncon-
trollable and least known conditions makes large
changes in the corona loss and could increase the
annual cost possibly 30 per cent. Because of the
relatively flat form of the cost curve, it was deemed
advisable to be liberal by selecting a conductor diame-
ter 0.1 inch larger than the theoretical but slightly
uncertain diameter economy would dictate. From
these studies the diameter of the conductor was fixed
at 1.4 inches. .

These preliminary corona and conductor studies
provided appropriate information for making line
estimates at various voltages when voltage selection
was under way.

TvyrE oF CONDUCTOR

Conductor studies had indicated that when all
features of cost were considered, the most economical
cross section of a copper conductor of 1.4 inches in
. diameter was of the order of 500,000 circular mils,
and that the maximum tension should be 40 per cent
of the ultimate strength. The main influences on
these values were those involving mechanical loading.

Essentially 6 different designs.of cable were offered
to meet the requirements of the line conductor:

Type A. A copper conductor weighing 2.226 pounds per foot, made
up of a 7 wire strand surrounded by 6 twisted I beams with a single’
layer of round wires over all, this outer layer containing 30 wires
each 0.125 inch in diameter.

Type B. A copper conductor, weighing 2.545 pounds per foot,
made up with an inner structure composed of a central tube sur-
rounded by layers of smaller tubes, with a single outside layer of 37
solid round wires each 0.104 inch in diameter; a wvariation of this
conductor having thinner walled tubing and weighing 2.387 pounds
per foot also was considered.

Type C. A hollow copper conductor weighing 1.57 pounds per foot,
made up of 10 interlocking segments forming a self-supporting tubu-
lar structure; a similar conductor of heavier section weighing 2.3
pounds per foot also was considered.

Type D. An aluminum conductor, steel reinforced, weighing 1.852

pounds per foot containing 66 aluminum wires 0.1355 inch in diame-
ter and 19 steel wires 0.117 inch in diameter; a conductor weighing
1.44 pounds per foot similar to this, excepting that a hemp filler of
0.213 inch radial thickness is used between 19 0.086 inch steel wires
and 50 0.1355 inch aluminum wires, also was considered.

Type E. A copper conductor weighing 2.667 pounds per foot, of
standard single-twisted I-beam construction, having 2 layers con-
taining 66 wires 0.1077 inch in diameter.

Type F. A hollow copper conductor, weighing 1.80 pounds per
foot, made up of 12 segments, grooved to take an oval wire acting
as a tongue between adjacent segments.

Typical cross sections of these various cables are
shown in figure 1 of a paper entitled “Corona Losses
From Conductors of 1.4 Inches in Diameter.”” 1

In selecting the conductor, comprehensive and
accurate estimates of annual costs were worked out

MOVABLE ‘SOUNT TO ENLARGE OR REDUCE IMAGE SIZE Fig. 6. Schematic dia-

_— / LIGHT SOURCE - gram of 2-element vi-
LENS : bration recorder
===
i JJ><‘. ™
35-MM
FILM L
VEND SECTION SHIM STEEL SHUTTERS WITH
MOVABLE FOR FOCUSING J~ NEEDLE PUNCHED APERTURES

SPRING BALL JOINTS

C ] ]
CLAMP EXTENSION-" 1/ :
: CABLE CLAMP
1
) ‘

for each type for various tensions and span lengths,
so that comparisons would be made between the
most economical uses of each type. The lighter con-
ductors showed savings of the order of 121/; per cent
over the heavier types, partly due to conductor price
and partly due to the higher cost of towers and
supports for the heavier conductors.

Comparative corona tests were made!! and type C,
the interlocked segmental type of hollow copper
conductor, showed the lowest losses and preferable
characteristics, although all conductors, as was an-
ticipated, had low losses at the operating voltage,
even with some allowance for elevations.

Because of the low weight for the diameter in-
volved in all these cables, it was thought necessary to
give due regard to the tendency for conductors to
vibrate in light winds'® 1* %, As a preliminary test
to assist in the selection of conductors, a wind tunnel
was used that provided an orifice 50 feet long and 2
feet high which was so baffled and controlled as to
produce a quite uniform wind velocity across cables
hung in front of the opening. In this manner the
tendency of the cable to vibrate under the same type
of forces and at the same tensions as in actual
practice was simulated closely. Although from its
diameter-weight relation, the light hollow copper
cable might be expected to give greater amplitudes
under such conditions, it actually gave the same
amplitudes as the heaviest I beam type of con-
ductor; this indicated a considerable degree of
self-damping, a fact that was confirmed by later

- tests.






