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CHAPTER 6

ASSOCIATED ANTENNA COMPONENTS
The performance of any antenna system is dependent not only upon the antenna, but also
upon the components used with the antenna. Transmission lines, impedance matching
devices, dissipation and terminating devices, multicouplers, and lightning protection
devices must be properly designed and installed in order to achieve satisfactory antenna
performance.
6.1 TRANSMISSION LINES
The type of transmission line chosen for a particular application depends primarily upon
the operating power level, characteristic impedance, line losses, and susceptibility to

RF interference.

There are two basic types of transmission lines; balanced and unbalanced.

6.1.1 Balanced Transmission Lines

Balanced lines consist of two separate conductors operated at equal and opposite
potentials. Balanced lines are usually open-wire configurations except where shielding
may be a requirement; e.g., at building entry points, or for RF distribution inside the
building.

Open-wire lines provide good balance, constant characteristic impedance and low loss,
and they are capable of handling very high power levels. Although coaxial cable has
largely replaced open-wire lines at HF radio installations, open-wire lines still provide
a practical, relatively low-cost solution to RF-power transmission requirements. This
is particularly true for high-power applications when unusually long distances between
the transmitter and antenna are necessary.

a. Physical and Electrical Characteristics. The most commonly used balanced
transmission line is the 600-ohm open-wire configuration consisting of two No. 6 AWG
copper-clad steel wires spaced 12 inches apart, but there are variations, including those
illustrated in figure 6-1, which will provide greater power handling capability. For
example, compared to the two-wire line, the side-connected four-wire line has a lower
characteristic impedance, higher power handling capability, and lower attenuation. By
adjusting the wire size, and the number and arrangement of conductors the open-wire
transmission line can be designed with the desired power handling capability, character-
istic impedance, and attenuation. No. 6 copper-clad steel wire has the necessary tensile
strength and degree of conductivity; however, care must be taken during installation to
insure that the copper coating is not broken since such damage can result in rust and
ultimate failure of the line. Some naval shore stations have used No. 8 wires spaced
6 inches apart for interior runs to minimize coupling and conserve space. In such
cases the line is tapered gradually to meet No. 6 wires, spaced 12 inches apart, outside
the transmitter building, thus changing to the lower attenuation and greater tensile
strength of the larger diameter wire.

JUNE 1970 6-1



NAVELEX 0101, 104

S*SPACING BETWEEN
CONNECTORS I‘— S —'1
O @)

d= WIRE DIAMETER
—ddle—

TWO WIRE FEEDER.

S*HORIZONTAL SPACING s —
BETWEEN CONNECTORS

b=VERTICAL SPACING T
BETWEEN CONNECTORS b

d=WIRE DIAMETER l

—oldf—

FOUR WIRE SIDE — CONNECTED FEEDER.

S= HORIZONTAL SPACING |._ s __.l
BETWEEN CONNECTORS

b= VERTICAL SPACING
BETWEEN CONNECTORS
d= WIRE DIAMETER b '

—ldh—

FOUR WIRE CROSS—CONNECTED FEEDER.

Figure 6-1. Open-Wire Transmission Line Configurations
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(1) Power Losses. Losses from a balanced transmission line include direct
radiation from the line, insulation losses (leakage), and losses due to the resistance of
the wire (copper losses). Radiation losses are usually negligible if the line is termi--
nated at or near its characteristic impedance. Leakage losses are determined to a great
extent by the configuration, materials, and the care exercised in construction, and these
losses will also vary with the condition of insulators and with weather effects such as
icing. Leakage losses in a long open-wire transmission line can range from approxi-
mately 20 to 70 percent of the resistance losses which are determined by the wire size
and the frequency of the current in the wire. Attenuation of a two-wire copper line,
excluding insulator and radiation losses, is given by the expression:

a = 1_4'7:'z‘ﬁ_ dB/1000 ft. (6-1)
o
where a = attenuation in dB per 1000 feet of two-wire line
f = frequency in MHz
d = diameter of conductors in inches
Z, = characteristic impedance of the line

For the Navy standard 600-ohm line using No. 6 wire this reduces to:
a = 0.148 Vv = dB/1000 ft. (6-2)

This equation is plotted in figure 6-2 to illustrate how attenuation varies with frequency,
and to show the range of values to be expected over the HF band.

(2) Characteristic Impedance. The characteristic impedance of an open-wire
transmission line varies directly with the spacing between the wires, inversely with
the diameter of the wires, and inversely with the square root of the dielectric constant
of the insulating material. Since air is the insulating material and its dielectric con-
stant is 1, this factor is not normally considered in the design of open-wire lines. The
characteristic impedance can also be affected by the height of the line above ground but
the effect is negligible as long as the transmission line is suspended at least 10 feet
above the ground.

(3) VSWR. The VSWR of open-wire lines must not exceed 1. 1:1 over the oper-
ating frequency bandwidth.

(4) Power Handling Capability. Voltage, rather than current, is the principal
factor limiting the power on open-wire transmission lines. The maximum RF voltage
that can be applied safely on an open-wire line depends upon:

(a) The spacing of the wires
(b) The type, size, and condition of insulators

(c) Height above sea level, temperature, and humidity (which, in turn, affect
the voltage level where corona discharge and voltage breakdown occur).
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Figure 6-3 shows that the standard 600-ohm line constructed of No. 6 wire is capable of
handling average power inputs of about 90 kW. The data in figure 6-3 allow a 2.5 safety
factor which should accommodate most variations of temperature, humidity, and
atmospheric pressure. The 90 kW capacity of the standard two-wire line constructed
of No. 6 wire, with 12-inch spacing between conductors has been found to be sufficient
for most Navy installations. In the event that an inctallation requires an open-wire line
with greater power handling capability, the four-wire side- or cross-connected varia-
tions shown in figure 6-1 should be considered.

b. Installation and Construction Considerations. Installation of open-wire systems
is not contemplated for new facilities because all new transmitters and receivers are
designed for 50-ohm transmission lines. However, it is likely that existing open-wire
lines will continue to fulfill requirements for some time to come. For this reason and
for special requirement contingencies, the significant factors for installing and main-
taining a well-designed two-wire open transmission line are included here. Detailed
construction and installation information is contained in BUSHIPS Drawing RE 10F 2143
Rev. G, and the procedures for matching open-wire lines to half-wave antennas are
presented in appendix A.

(1) Choose wire of sufficient mechanical strength to withstand the stresses of
wind, ice, etc. (refer to table 7-5 for the breaking load of different wire sizes).

(2) Choose wire with acceptable resistance losses.

(3) Space the conductors adequately to prevent corona and voltage breakdown
between conductors. (Standard spacing for No. 6 copper-clad steel wire is 12 inches.)

(4) Keep the total length of each conductor of a balanced line exactly equal.

(5) Make no connections that will unbalance the line. If connectors or tie-wires
are installed on one conductor, install the exact duplicate on the other conductor at the
same electrical point.

(6) To minimize ground losses, install open-wire lines at least 10 feet above
ground.

(7) To minimize mutual coupling, maintain a vertical separation of at least 10
feet between transmission lines, and ensure that there is a horizontal distance of at
least ten line-spacings between centers of all lines.

(8) Avoid sharp turns or bends. Any necessary turn should take the form of a
gradually curving path.

(9) To avoid undesirable coupling, do not run open-wire lines under antennas or
parallel to pole-mounted power or telephone lines.

(10) To reduce the possibility of resonant line sections, stagger individual span-
lengths so that no parallel spans are the sanie length.

(11) For installation of new equipment designed for 50-ohm coaxial transmission
lines, use baluns to connect open-wire lines to coaxial lines inside the building.
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6.1.2 Unbalanced Transmission Lines

Coaxial cables used in HF transmitter and receiver installations operate with the center
conductor at a potential above ground and the shield (outer conductor) at ground
potential, and, therefore, are unbalanced transmission lines.

Even though coaxial cable is more expensive and has a higher attenuation per unit length
than the open-wire transmission lines, the advantages of coaxial lines normally out-
weigh those of the open-wire lines. Some of these advantages are the relative ease of
installation, simplicity of building entry, and elimination of noise pickup over the length
of the line. Coaxial lines also make possible a simplified method of switching between
transmitters and antennas.

Coaxial transmission lines are used almost exclusively at all receiving installations,
and in most transmitting applications. Fifty-ohm cable, the standard characteristic
impedance for Navy applications, is available in sufficient variety to meet the require-
ments for Navy HF transmitter and receiver installations.

Coaxial lines are normally buried for the length of the run from the point of antenna
termination to building entry. However, there are some cases in which installations
above ground are advantageous.

a. Physical and Electrical Characteristics. Three types of coaxial cables are used
for HF transmission lines: flexible, semi-flexible, and rigid. Flexible and semi- *
flexible cables are commonly used in receiver and transmitter installations, whereas
rigid cable is used only for certain applications inside transmitter buildings, and in
some very high power installations.

The physical size of coaxial cables varies widely, and signal attenuation generally
decreases with increasing diameter. The outer diameter of flexible cable ranges from
approximately 1/8 to 1-1/4 inches; semi-flexible cable may be as large as 8 inches;

and rigid cable varies from 6 to 9 inches. At 30 MHz, the attenuation in dB per 1000

feet ranges from 2 to 30 for the 1/8 to 1-1/4 inch sizes, is approximately 0.4 for a 5-
inch semi-flexible line, and is approximately 0.3 dB for the 6- to 9-inch rigid sizes. The
attenuation rates for many of the conventional coaxial cables, calculated over a 1 to 100
MHz incremental frequency range, are listed in table 6-1. Obsolete cable types are
included in the table to aid in cross-reference identification with new cable data.

A nominal value of characteristic impedance is designed into each cable type. This
value, and other significant physical and electrical data on preferred RF cables are pre-
sented in table 6-2, and in reference 16. If it becomes necessary to determine the
characteristic impedance of a cable the calculation may be made by using the following
equations:

For air dielectric cable,

Zo = 138 log 1 5 (6-3)
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For solid dielectric cable,

S
N

where Z, = characteristic impedance
¢ = dielectric constant
s = inner diameter of outer conductor
d = outer diameter of inner conductor

Flexible and semi-flexible cables may be procured in continuous lengths to match the
length of transmission line needed to avoid splices, and they may be stored on reels
until time for installation. Rigid cable is manufactured in standard 20-foot lengths and
it comes equipped with interconnecting flanges.

Most rigid lines and some semi-flexible lines are first purged and then pressurized to
reduce attenuation and increase the maximum permissible voltage rating. Purging is
usually accomplished with dry nitrogen gas although dry air may be substituted when

the size of the cable makes the use of nitrogen extremely expensive. Once a coaxial
cable has been purged, pressure is usually maintained on the line with a dry air system.
Operating the cable under pressure also helps prevent moisture from entering the line
and thereby lowering the insulation resistance.

(1) Power Losses. Power losses in coaxial transmission lines are caused
primarily by the resistance of the center conductor. In a high quality coaxial cable,
attenuation loss is approximately three times that of a properly designed and installed
two-wire balanced line. Other factors which contribute to coaxial line power losses
are:

(a) Impedance mismatches in the line
(b) Excessive distance between the antenna and the transmitfer or receiver

(c) Installation deficiencies (sharp bends, improper splices, faulty end-seals
and connectors, etc.)

(2) Characteristic Impedance. For Navy applications, coaxial cable with a
characteristic impedance of 50 ohms has been adopted as standard in accordance with
BUSHIPS letter 9670/1- 2, serial 679D-34 of 2 February 1962, 'Radio Frequency
Coaxial Cable Transrmssmn Line; standardization on characteristic impedance of,"
Since the terminal impedance of various system components affects the design of other
components as well as the design and performance of the overall system, adoption of a
standard impedance is both technically and economically prudent.

(3) VSWR. The VSWR of coaxial transmission lines must not exceed 1.1:1 over
the operating frequency bandwidth.

6-8 JUNE 1970



Attenuation of Conventional Coaxial Cables in

Table 6-1.
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(4) Power Handling Capability. The average RF power than can be transmitted
through a coaxial cable is dependent upon the temperature rise that can be tolerated
within the cable and not cause insulation resistance breakdown. The heating effect in
coaxial cable is caused by electrical losses in the center conductor, the shield, and the
dielectric material. The power rating of a coaxial cable is defined as the input power
that will produce a maximum safe center conductor temperature under steady-state
conditions when the cable is terminated in its characteristic impedance.

Polyethylene dielectric flexible cables are used almost exclusively when the maximum
center conductor temperature will not exceed 85°C (185°F) (ref. 16). Cable type
RG-212/U, -213/U, and -214/U are typical of this group.

Teflon dielectric flexible cables are normally used in applications when the center
conductor temperature rise is expected to range from 85° to 250°C (185° to 482° F)
(ref. 16). Cable types RG-117/U, -118/U, and -119/U are typical of this group.

Table 6-2 categorizes the coaxial cable types as ''general purpose, ' "'special
characteristics, " "high temperature, " and 'pulse." The table may serve as a guide
for the selection of transmission lines to meet specific requirements.

Some recently developed semi-flexible coaxial cables not listed in table 6-2 have high
power ratings and have been put to Navy use. The HF Transmitter Facility, Naval
Communications Station, Northwest Cape, Australia, is a case in point. This Facility
uses RG-367/U, a 5-inch semi-flexible air dielectric cable, in a 200 kW (PEP)
application, and also uses RG-322/U, a 3-inch cable, similarly constructed, for the
40 kW (PEP) transmitter system. Both transmission line configurations are operated
as dry-air pressurized systems.

The power rating of a coaxial cable should be carefully evaluated against the anticipated
operational environment. Some of the factors which can influence power ratings follow:

(a) VSWR. A mismatch between load and line impedance will produce standing
waves along the line and will limit the amount of power than can be
transmitted. In such a case, the average power rating of the line should
be derated to compensate for the VSWR as follows:

_ Rated Power _
Derated Power = —— oo (6-5)

(b) Modulation. Amplitude modulation of the transmitter also causes the
power input to exceed the cable power handling capability because sideband
power is added to the initial carrier power. In the case of amplitude
modulation, the total power transmitted is:

P 70 Modulation )

total -~ T carrier (1 * 200 (6-6)
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Therefore, the power rating should be reduced by the factor:

1
1 + % Mod
200

(6-7)

For military applications, modulation of 40 percent is used as a standard.
Therefore, the allowable power would be:

Derated Power = Ra_teldzgw

(c) Duty Cycle. Duty cycle refers to the percentage of time that power is
applied to the cable. Since the basic power rating applies to a steady-state
condition, a minor upgrading in cable power rating may be applied when
transmitters are on the air only intermittently, or where modulation is
applied only occasionally. However, the manufacturer's specifications for
the particular cable must be carefully checked to determine to what extent
overloading in this manner is permissible.

(d) Frequency. Dielectric absorption (i.e., dielectric heating) increases as
frequency is increased. Because of this, frequency is a factor in the rating
of coaxial cable. For some solid dielectrics, there are charts available
that give approximate cable power rating adjustments, provided the power
rating at one frequency is known ( ref. 16).

(e) Location. Most coaxial transmission lines are buried because burial
limits the amount of temperature variation caused by external conditions
and affords a degree of physical protection. For adequate heat dissipation,
lines buried in a common trench should be separated as recommended in
paragraph 6.1.2.b(5).

b. Coaxial Cable Installation Considerations. Installation considerations for coaxial
transmission lines are partly dependent upon the individual requirements and environ-
mental factors at each site. Basic considerations are:

(1) Transmission Line Length. If other siting considerations permit, the higher
frequency antennas should be located nearest the transmitter or receiver building
(since attenuation losses increase with line-length and frequency).

(2) Cable Storage. Cable-ends are to remain sealed during storage, and until
final permanent connections are made, to prevent moisture and dirt from entering the

cable.

(3) Cable Bending Radii. Bending radii must not be smaller than ten times the
cable diameter, and the bend should be in one direction only (no reversals). If a degree
of flexure is considered necessary, cable that provides the adequate inner conductor
and shield flexibility, and dielectric elasticity, should be selected. Right angle changes
of direction in rigid and semi-flexible cable should be accomplished only by cutting the
cable and installing appropriate flanges, elbows, and fittings.
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(4) Connecting Cable Lengths. A continuous length of coaxial cable should be
used for the entire run if at all possible. When this is not possible, approved splicing
kits available from cable manufacturers should be used to splice the cables..

(5) Trenching and Cable Placement. When coaxial cable is to be buried, the
trench depth depends upon soil conditions, the frost line, and upon other uses of the
land area through which the trench must pass. Usually a depth of 2-1/2 feet provides
sufficient cable protection. Pending the development of specific criteria for cable
separation distances, the general rule to ensure adequate separation is to separate
cables by a distance equal to twice the diameter of the largest cable. Figure 6-4
illustrates a typical trench layout. Sand should be used as the cable bed in case the
trench bottom is rocky or uneven, and should cover the cables to a depth of 6 inches.
A 1-1/2 inch plank, treated to resist insect damage and burial deterioration, is placed
on top of the sand as added protection. The remainder of the trench is then tamped and
backfilled.

If buried lines are to cross under primary access roads, adequate provision for main-
tenance and protection from physical damage must be made. Cable to be routed under
traffic areas other than primary access roads should be placed in galvanized iron
conduit buried at least 30 inches.

Where buried lines are to be routed under cultivated fields, an added safety margin of
trench depth should be considered.

(6) Cable Route Marking. Buried transmission line routes must be clearly
identified with permanent concrete or steel markers. These markers should be placed
at each road crossing, bend or splice, and at 200-foot intervals along the transmission
line route. One type of marking stake is shown in figure 6-5.

(7) Cable and Cable Fittings. All coaxial cables and fittings are to be selected in
conformance with the standards in reference 16.

(8) Above-Ground Installation of Transmission Lines. Where soil or terrain
conditions make excavation of trenches impractical, coaxial transmission lines can be
"installed" above ground in a manner that affords protection similar to burial. One
line, or a group of lines, can be placed on a layer of sand approximately 3 inches deep
on the ground surface between the antenna and the transmitter or receiver building.
The line and sand bed are then covered with concrete covers for the length of the line.
The same general considerations for cable separation, identification and access apply
to above-ground installation as for below-ground installation. Plans and details for one
method of above ground transmission line installation are given in NAVFAC Atlantic
Division Drawing 1198055.

6.2 DISSIPATION DEVICES

In HF antenna systems, dissipation devices may be used to provide a substitute or

dummy load to absorb transmitter power, or to provide a terminating impedance for
traveling-wave antennas.

A dummy load presents to a transmitter an impedance equal to that of the antenna, and
is used to absorb the transmitter power when antenna radiation is undesirable.
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Figure 6-5. Buried Cable Marker
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A termination device is installed at the forward end of an antenna, and is used to absorb
power that would otherwise cause reflected waves. This terminating impedance is a
major consideration for rhombic and vee antennas. Although the forward direction
radiation pattern is little affected by the presence or absence of the termination, radia-
tion in the backward direction is directly dependent upon whether or not power is
absorbed at the forward end of the antenna. If no termination is used, about one-half

of the transmitted power will be radiated in the forward traveling wave, and one-half in
the reflected wave. On the other hand, a resistive termination at the forward end of the
antenna will absorb the power that would be radiated in the reflected wave. The result-
ant backlobe suppression gives the desired unidirectional pattern, reduces undesirable
radiation, and thereby reduces the probability of interference with other nearby antennas
and communications devices.

There are two basic types of dissipation devices: distributed and lumped.

6.2.1 Distributed Dissipation Devices

Distributed dissipation devices, commonly known as dissipation lines, have their
attenuating resistance distributed along the length of the line. These dissipation lines
are actually transmission lines specially designed to have a high attenuation per unit
length. Dissipation lines, used primarily to provide termination impedance for
traveling-wave antennas, are capable of absorbing the output of very high power
transmitters.

a. Physical and Electrical Characteristics. Dissipation lines are usually fabricated
from No. 10 to No. 14 AWG solid, stainless steel wire. These wire sizes and types
provide the heat dissipation and impedance characteristics required, and they are highly
resistant to weather damage. The dissipation line is shorted and grounded at the end
distant from the power source to terminate the line at zero potential. Figure 6-6
illustrates a typical rhombic antenna dissipation line arrangement. Detailed construc-
tion and installation plans may be found in NAVELEX Drawing RW 66D 295.

The following characteristics are usually specified for dissipation lines:

(1) Height. Minimum height above ground should be 12 feet to prevent personnel
from contacting the line.

(2) Attenuation and Dissipation. Lines for low- and medium-power transmitters
are inexpensive. For this reason they should be designed to dissipate the full, over-
driven transmitter output. Lines for transmitters operating in excess of 50 kW average
power should be designed on the basis of rated average power and the radiation effi-
ciency at planned operating frequencies.

(3) Characteristic Impedance. Characteristic impedance is normally 600 ohms
for balanced configurations, but it may vary according to application.

(4) VSWR. Should not exceed 1.1:1 over the operating frequency band.
(5) Wire Spacing. Spacing between individual wires of the dissipation line must

be maintained in the same manner as the open-wire transmission line to ensure a con-
stant characteristic impedance.
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Figure 6- 6. Typical Dissipation Line Arrangement
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(6) Balance. Line balance requirements may vary according to the application,
but balance must be within 10 percent for rhombic antennas.

6.2.2 Lumped Dissipation Devices

Lumped devices provide a means of termination and power dissipation in a manner
similar to that of a dissipation line. The principal difference is that in a lumped device
the attenuating resistance is lumped and installed in an enclosure which is located at
the antenna or in a position convenient to the transmitter output switching matrix,
depending on whether it is to serve as an antenna termination or a transmitter dummy
load.

a. Physical and Electrical Characteristics. Lumped devices are basically non-
inductive resistors and are available commercially in power ratings from low to very
high power ranges. The lumped devices used in very high power transmitter systems
normally require a cooling system for effective heat dissipation. For most dummy load
applications, lumped attenuation devices may be procured as auxiliary components of
the transmitter, with selection being made on the basis of transmitter characteristics:
power rating, characteristic impedance, VSWR, frequency range, etc.

Generally, the cost of lumped dissipation devices does not compare favorably with the
cost of dissipation lines for application in the high and very high power ranges because
sophisticated cooling systems are required to maintain resistive characteristics of the
load. For this reason, consideration should be given to a combination of lumped and
distributed devices that will overcome distributed capacity effects. In this type of
combined termination impedance, a dissipation line can be truncated and terminated in
a lower power lumped device. This type of dissipation arrangement is capable of pro-
viding the necessary power dissipation, impedance, VSWR, frequency range, and
balance characteristics.

For termination impedance applications, the following characteristics are usually
specified for lumped dissipation devices:

(1) Attenuation and Dissipation. Lumped devices should be capable of dissipating
the average power output of the associated transmitter. These attenuating resistors
must also have a high enough impulse rating to prevent changing resistance caused by
induced currents from lightning.

(2) Characteristic Impedance. Characteristic impedance is normally either 50
or 600 ohms according to the impedance level of the installation.

(3) VSWR. The VSWR should not exceed 1.1:1 over the operating frequency band.

(4) Balance. Balance should be within 10 percent for rhombic antennas.
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6.3 LIGHTNING PROTEC TION

Since antennas are usually located at a height above other structures at a transmitter

or receiver site, they are likely to be in the path of lightning discharges to earth. They
should, therefore, have suitable direct-stroke lightning protection as well as a static-
charge drain so that such a lightning discharge will not pass through vulnerable system
components. Protection systems should be capable of preventing lightning strokes from
breaking down dielectric materials in antennas and transmission lines, and should also
prevent damage to all other components in the transmitting and receiving systems. In
any system of lightning protection, a path to ground must be provided that will offer
less resistance and inductance than any other alternate paths.

Grounded metal towers and support structures create a lightning protection effect called
the cone of protection. Since a direct lightning stroke tends to take the lowest resistance
path to ground, these tall, grounded structures will draw lightning strokes and thus
protect surrounding objects from a direct hit. This protection is usually effective for
objects within a cone centered on the grounded structure and with a base radius of one to
two times the tower height. Thus, metal towers can provide a degree of protection for
the antennas they support as well as for transmission lines within the immediate area.

6.3.1 Lightning Rod Systems

Lightning rod systems are relatively simple protective grounding systems used to pro-
vide a low-resistance, low-inductance path to the earth. Their principal application is
on wooden support poles. A typical installation consists of a lightning rod mounted on
the top of the pole, a down-conductor wire, and a ground rod as shown in figure 6-7.

Lightning rod systems are not necessary on metal support towers if the resistance of
the tower structural members, measured from top-to-base, is 10 ohms or less. A
tower may be grounded by connecting any convenient point on the tower to a ground rod
of the type shown in figure 6-7.

A satisfactory lightning rod system can be obtained by édhering to the following:

a. Lightning Rod. Fabricate the lightning rod from copper or copper-clad steel rod
at least 3/4-inch in diameter, and 5 feet long. Install the rod so that it will project two
feet or more above the top of the pole.

b. Down-Conductor Wire. For the down-conductor wire, use at least No. 2 AWG
copper or copper-clad steel wire to afford the necessary low-resistance, low-inductance
path to ground.

The down-conductor wire must be a straight, continuous length from the lightning rod
connection to the ground rod. On wooden poles, this continuous length should never be
broken up with discharge gaps since an arcing gap could set the pole afire. At connec-
tion points, and points where changes of direction are unavoidable, bending radii of the
wire must be at least 8 inches, and the bend must be no greater than 90°.
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c. Other Metal Objects. If other metal objects such as hoisting-arms or obstruction
lights, are installed on top of the pole, ground them by connecting them to the down-
conductor with wire of the same size and type as the down-conductor. Run power wiring
to these objects in metal conduit bonded to the down-conductor at random intervals of
not more than 10 feet.

d. Connectors. Use copper or bronze bolted-type connectors to secure the down-
conductor to the lightning and ground rods.

e. Ground Rod. Fabricate the ground rod from copper-clad steel rod at least 3/4
inches in diameter and 10 feet long. Ideally, the rod should be set in the ground so that
its entire length is below grade as shown in figure 6-7. In the event that the desired
depth cannot be reached and the depth of refusal is so shallow that the ground rod will
be ineffective, an acceptable protective ground termination can be made by wrapping at
least 25 feet of No. 2 AWG (or larger) copper wire around the base of the structure at
the lowest point possible below grade.

Interconnection of the down-conductor and ground rod should be made below grade as
shown in figure 6-7.

6.3.2 Discharge Gaps

Discharge gaps, installed at the junction of the antenna and transmission line, are used
to protect HF antennas and their associated components against high-voltage surges
resulting from lightning. Gaps should also be installed across the terminating resist-
ance of terminated antennas and at the point of building entry of open-wire transmission
lines.

There are three basic types of discharge gaps: point, ball, and horn gap. All three
serve the same purpose, in that the gap resistance breaks down and permits current
flow to the earth in the event of a lightning strike, thus providing a degree of over-
voltage and current protection to connected equipment.

The point gap device will break down at a lower voltage than the others, so it is gener-
ally well-suited for receiving antennas. The ball gap has roughly three times the break-
down voltage rating of the point gap, and it may be used on either receiving or trans-
mitting antennas. The horn gap is the most commonly used of the three types. It has
approximately the same breakdown voltage rating as the ball gap, and it is also self-
quenching; that is, an arc across the electrodes will not be sustained by transmitter RF
power.

A typical horn gap installation for antenna down-leads is illustrated in figure 6-8.

The gap electrodes are made from nickel-plated brass rod or hard-drawn solid copper
at least 1/4 inch thick, and the electrodes are connected to antenna down-leads, down-
conductor wires, or other conductors, with copper or bronze bolt-type connectors.
The requirements for the down-conductor and the ‘ground rod are the same as those for
a lightning rod system.
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The minimum voltage at which the gap will break down and divert current flow to ground
is determined by electrode spacing. The desired breakdown voltage is attained by
spacing the electrodes at the distance for which the full power output of the transmitter
(at 100 percent modulation) produces an arc and then increasing the spacing an addi-
‘tional 1/4 inch.

6.4 GUYWIRES AND INSULATORS

In any HF antenna system, guys and insulators can affect antenna operating efficiency.
The type of guys used (metal wire or non-conducting materials), placement of guys
relative to radiation fields, and positioning of insulators on metal guys must be con-
sidered in order to achieve desired antenna efficiency. Most HF antenna poles and
metal towers are supported by several guys attached to different points on the structure
and anchored in the ground. Guys made from metal wire may be resonant at some
operating frequencies and, therefore, may act as reradiating or parasitic antennas.
Detrimental effects of guywires usually can be prevented by observing the following
precautions:

a. Guywire Location. Place guywires in a location where the radiation field from
the antenna is weakest.

b. Break-Up Insulators. Place break-up insulators at random intervals on the guy-
wire to interrupt the resonant lengths. This is particularly important if the guys cannot
be located in a weak radiation field. The longest uninterrupted length should not exceed
0.1 wavelength at the highest design frequency of the antenna.

c. Non-Conducting Guys. In some antenna installations, the use of break-up
insulators to prevent resonance of metal guys may be expensive and impractical. If a
large number of break-up insulators is required, consideration should be given to using
guys made from nonconducting materials. Although the cost of nonconducting guys is
normally more than for stranded steel wire of comparable strength, the overall cost,
with the high tensile strength insulators eliminated, could favor nonconducting materials.
Mylar and fiberglass are suitable nonconducting materials for guywire applications.
Manila rope may also be used, but only for temporary guying arrangements.

6.5 BALUNS

A balun is a type of transformer that can be used both for impedance matching and for
interconnecting balanced and unbalanced transmission lines. They are often used for
balanced-to-unbalanced interconnections regardless of whether an impedance transfor-
mation is required to match impedances for maximum power transfer. That is, the
impedances of the interconnected lines, or other components, may be equal or they may
differ. In the case of differing impedances, the necessary impedance transformation is
incorporated in the balun.

A core-type RF balun is used in most Navy HF antenna systems to attain the desired

impedance transformation between balanced antennas (typically 600 chms) and unbalanced
transmission lines (50 chms). Other types of baluns are described in reference 14.
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Both transmitting and receiving antennas employ baluns for the impedance transforma-
tion at the interconnection point between the antenna and the transmission line. Baluns
can also be used at building entry points to change from balanced open-wire lines to
coaxial lines; however, most Navy transmitter sites that are still using open-wire lines
have them run directly into the transmitter.

Some antennas are purchased complete with balun matching devices. In such cases, the
antenna manufacturer selects a device in conformance with Navy-furnished system
performance specifications.

Other antennas, notably rhombics, use HF balun transformers such as the CU-1699/
FRT Line Coupler for transmitting, and the CU-1706/FRR for receiving applications.
Standard installation plans for balun transformers on both transmitting and receiving
antennas are contained in NAVELEX Drawing RW 66D 295.

6.5.1 Transmitting Balun Performance Specifications

Typical system performance specifications for transmitting baluns are as follows:

Power handling capability . .......... Transmitter continuous average power
output with load VSWR of 2.5:1 when loaded
with "white noise" (noise with a spectrum
continuous and uniform as a function of
frequency), and when intermodulation
requirements are met.

Frequency range ... .. .. eove0ees . The design frequency band of the antenna.

Impedance transformation . .. ........ Dictated by system design; usually a 12:1
balance-to-unbalance ratio.

Insertion VSWR . . .. .t vt vt v v v en .. 1.25:1 maximum (with 1:1 VSWR load).
Load VSWR............. et e e e 2.5:1 maximum (continuous operation).
Insertionloss . .......... . 0.15 dB maximum over the operating

frequency range at rated power.

Unbalance ... ......0c0 e eeeuns 5 percent maximum over the operating
frequency range.

Intermodulation . . ................ 50 dB minimum below transmitter average
power output (with load VSWR of 2.5:1 and
loaded to rated power with ""white noise').

The CU-1699/FRT is typical of balun transformers which will meet the preceding
performance specifications. It is an oil-filled transformer capable of operating from 2
to 32 MHz at power levels up to 50 kW (PEP). The transformer is contained in a
cylindrical aluminum tank that is suitable for pole or tower mounting. Internal cooling
is accomplished by natural convection with transformer oil. The transformer is cooled
externally by natural convection of surrounding air. :
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6.5.2 Receiving Balun Performance Specifications

Receiving baluns are physically and electrically similar to transmitting baluns except
for the smaller physical size and lower power handling capability. The following system
performance specifications are typical:

Insertion loss and dynamic range . ... .. 0.3 dB maximum over the operating
frequency range (with an input between 2
microvolts and 2 volts).

Impedance transformation........... 12:1 over the operating frequency range.

Insertion VSWR . . .. .. .. .......... 1.2:1 maximum over the operating
frequency range.

Load VSWR. .. .. ..ttt i it ie vt e 3:1 maximum over the operating frequency
range.

Dynamic input range .............. 60 dB minimum (at a 2-volt reference level).

Unbalance. . .. ... v v v v v onneenan 5 percent maximum over the operating

frequency range.

Intermodulation.......... e e e 50 dB minimum below the desired signal
level over the operating frequency range.

The CU-1706/FRR is typical of receiving balun transformers that will meet the above
performance specifications. It is capable of providing the necessary balance-to-
unbalance transformation over a 4 to 24 MHz frequency range.

6.6 HF MULTICOUPLERS

Multicouplers are used in both transmitting and receiving applications to allow more
effective utilization of available antennas. They permit the output of more than one
transmitter to feed a single antenna and permit operation of as many as eight receivers
from a single antenna with excellent RF signal quality.

Transmitting multicouplers are capable of providing separate impedance-matched paths
for the transfer of RF power from two or more transmitters to a common antenna for
simultaneous operation. The usual method of isolating one transmitter from another
employs frequency-separating bandpass filters within the multicoupler as shown in
figure 6-9.

All transmitting multicouplers are passive networks consisting of reactive and resistive
elements in which no signal amplification occurs. Receiving multicouplers, on the
other hand, may be either passive or active.

Pass?ve multicouplers are not widely used in HF receiving systems because they do not
amplify the RF input from the antenna, and because interchannel isolation is likely to
drop below 40 dB if more than two output channels are coupled from the unit.
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Active multicouplers such as the CU-656/U, which employs electron tube circuitry,
and the CU-1382( )/FRR, a transistorized unit, are widely used in HF receiving
systems. They are capable of power gains sufficient to compensate for line losses,
usually from 1 to 3 dB over the 2 to 32 MHz frequency band, and they provide the cor-
rect impedance match between the transmission line and receivers. For the most part,
procurement of HF receiving multicouplers is now limited to transistorized units that
conform to MIL-A-28729A (EC), "Antenna Coupler Group (HF Broadband, Wide
Dynamic Range)". A typical receiving multicoupler circuit flow diagram, showing one
RF input and 8 outputs, is illustrated in figure 6-10.

6.6.1 Transmitting Multicoupler Performance Specifications

In most cases, transmitting multicouplers are selected as part of a transmitting system
in conformance with Navy-furnished performance specifications. All transmitting
multicouplers are required to meet the following minimum performance specifications:

Frequency range . .. ........ ««.... Allfrequencies in the 2 to 30 MHz range
regardless of the number of inputs.

Power handling capability ...... ..... System rated power levels (with the load
VSWR as high as 2.5:1).

Input and output impedance ..... «.... 50 ohms (unbalanced).

VSWR ........... et s e e e e 1.2:1 maximum between the input channel
and transmitter over the channel bandpass
frequency.

Channel isolation . .. .............. 45 dB minimum between channels.

Insertionloss .......... et e e 0.5 dB maximum over the total passband

(with a 1:1 insertion VSWR).

6.6.2 Receiving Multicdupler Performance Specifications

Active receiving multicouplers are required to meet the following minimum performance
specifications:

FrequenCy range . .. ..« ceo oo e v oo 2 to 30 MHz.

Impedance ........... N 50 ohms (unbalanced), input and output.

VSWR .. ittt it ieetan oo «+... 2:1 maximum over the input frequency
range.

Channel isolation . . . .. ............ 40 dB minimum between outputs.

Intermodulation .. .. .. e e e 60 dB minimum below the output level
(measured against a 0.5-volt input test
signal).

L= 1 Between 1 and 3 dB over the 2 to 30 MHz

frequency range.
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