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We quickly realizethat we canget faster ohms
1. OBJECTIVE reduction in ground resistance by installing multiple
ground rods. If we alsdury the interconnectingvire
The fundamentalobjective of this document is to below the soilsurface weare able to lowerthe ground
provide guidelines and practices for Ericsson site resistance below 200 ohms.
equipment grounding, with recommended methibds are
essential to protect personnel, minimize component failure, With these conditions as a point of reference, the
and optimize performance by reducing electrical noise.Ericsson site installation should exhibit betiean (beIOW)
Transientvoltage introduced into aystem often exceeds five (5) ohms resistandgetween any connectqmbint on
the operating parameters of electronic componentshas the groundbus and earth ground. Thexception tothis
destructive results. The fragileature ofsemiconductors requirement is noted at Section 2.1Ahtenna Structures
makes themeven more susceptible to these externallyon Tall Buildings.

induced transient voltages. i )
When making these measurements, an instrument

An effective ground system should include similar to the AEMCModel 3700 HD will be used. The
considerations that fulfill its purpose. These purposes are: measurements will be made using the instructimosided
with the YOKOGAWA or AEMC model 3700HD
e Protect personnel by reducing thHeazards of Ground Test Instrument.
electrical shock.

» Provide a non-destructidew inductance path to 12. SCOPE

ground for lightning strikes and currents. These guidelinesind practices are preparddr both

safety and damage prevention measures. The grounding,
bonding, and shieldingproceduresare implemented to
prevent damage to equipment, reduce Radio Frequency
spectrum pollution and as a safety measure for maintenance
and operating personnel.

* Provide a lowinductance path to grounfiom
cable shieldand other metadncased RRandling
devices (antennae etc.).

e Protect wiringand otherlectrical components

from damage. The prime source ofdanger anddamage is from

lightning currents which areoften conducted to the

 Reduce noiseand suppress damagingower X S
equipment by way of the coax transmission lines.

spikes.

This document is to be used as a guidetfar design
1.1. GROUND THEORY and installatiorfor protective bondingnd grounding of all
Ericsson radio and dispatch installations.

All communications facilities are related to ground or
earth either bycapacitive coupling, accidental contact or The isokeraunic (isobaevels) map shown in Figure 7
designed contact. If a conductirmath for alightning  attached to thislocument showthe mean annuaumber
stroke is provided between the point of contact of a strike tof days with thunderstorms in the United States.
an edificeand asuitable ground apparatus or electrode,
damage and shock hazards can be diminished.

NOTE
In theory, a ground rod ihch in diameter driven into The region with the highestrequency is
homogeneous 1000 ohm per meter (chm/meter) soil for one centered around south and central Elorida.

meter would present only 76&@&hms. Driving it another
meter into the soiltwo meters) would yieldt37 ohms.
Extending the depth to three metersuld yield about 309
ohms.

One of the better means to reduce the chance of
damage fronthis source is to provide a lownpedance
path to groundfor these currents withotaving the
By using three ground rodhat areeach one meter currents flow through the equipment.

long, and driven into the same soil area one mdgep and

one meter apart weould achieve a ground resistance of ~ AAnother means to control surge ingress via the
230 ohms. electrical utility service is hyinstalling a PolyPhasef®

Model PM240-BP (see Figure B Joslyn Model 1265-85
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or Ericsson approved equivalent AC MGwd avalanche d) The single point master ground bar will be cleaned
surge arrester on the incomimmwer lines. Additional to remove any oxidation tosure alow resistance
surge protection (PM240-BRBgee Figure P downstream of connection. To establish sufficient metal to metal
the breaker panelmay be added faxtra protection. contact, aranti corrosion or antioxidant material
Ericsson transmitting equipment égjuipped withinternal (paste) is added at connecting points where
avalanche and MOV protection. grounding conductorare terminated. Aomplete

description of the single point master ground is
1.3. GENERAL shown in detail in Appendix A, Figurk3.

The following needs constitute a justification for 1.4. RESPONSIBILITY
grounding:
Throughout thisdocument there will be references to
1) The need to control fast-rising electrical surges, whiclyround rods and grourmbnnections. Inall cases
producehigh voltage differences betwe¢he ends of mentioned there will b@nly oneground system at each
single conductors such as heavy copper wires and barsite, building, room, or communications shelteALL

i i GROUNDS ARE TIED TOGETHER (see Figure L
2) The need to equalize surge potentials by controlled

bonding of EricssonCommunications site ground There should be no separately maintainedground
elements. rods or ground systems thatare associated with the
communications shelter, site, building, or equipment
room. Adherence to these requiremertecomes the
performance standard withespect to Ericsson Private
Radio Systems communications facilities.

These elements include the following:

a) Non Isolated Ground Zones [GZ) equipment

grounds.
b) Surge Producers 1.4.1. Minimum Requirements
c) Surge Absorbers (provides path to ground) The purpose ofthis specification is to establish
minimum requirementfor a groundingsystemwhich will
d) 1GZ Grounds provide a measure of personmeld equipment protection.

, In the eventhat any item specifiesvithin this document
3) The need to reduceoltage differencesand control — cqnficts with the National ElectricaCode or local

surge currents by using single-point grounding, whichy, iging-grounding relatectodes, those codes may take
includes the following elements: precedence.

a) A common or master ground bar configuration for  protective measures to prevent equipment damage and
establishing a common voltage reference plange sonnel hazards against lightniaig incorporatesystem
(with respect taarth "true” groundjor the entire 4, nding andonding usingjood RF practiceswhile all
Ericsson communications signd for dispersing  conquctors and connections have some associated
lightning andpower surge activity rapidly ®arth  registance, the inductive reactance is normally much larger.
via the halo and ring ground system. All grounding and bonding conductors have low inductance

interconnections to minimize the inductiveoltage

b) A groundwindow bar $ee Appendix A, Figure transients.

A3J), or equivalent (Half-hard copper cable entry

bulkhead by PolyPhaser), to establish a local point

of reference potential forgrounding sensitive 1.5. PROCESS & DEFINTION

electronic equipmentThis is terminated on the

master grounavindow asthe single point ground As stated in the generalerview ofthis document, all

and voltage reference foall equipment at the elements of the groursystemandconducting elements in
Ericsson communications installation. near proximity to thesystemare connectedand bonded

together. Thisperforms the function ofmaintaining any
c) A single ground point in the Isolated Groufishe  and all parts of the radisite at the same ground integrity,
is at the master grounavindow. This again as related to true earth grourse¢ Figure L
insures thatpotential equalization is true to any
attached ground windows, and equipment.
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1.5.1. Coax and Transmission Line Grounding 1.6.1. Ground Rods

At Ericsson repeater sitesid antenngower locations, Where an Ericsson groursystem isinstalled, ground
our installers must attach a minimum of three lightningrods will be bare copper or copper-clad st&é, inch in
protection grounding kits to each coaxial linged at the diameter, and a minimum off8et inlength. As discussed
site. Where vertical cableins ontowers excee@00 feet, a in Section 1.3, General, multiple interconnected ground
grounding kit should be installed at 1060t intervals. rods are normally providedée Figure L

This process is illustrated in more detail in Figure 1,
specifically points 1, 2, & 3. To maintain the integrity of the groursystem, where

space permits, aninimum distancebetweenground rods
Eachcoaxrun will have a PolyPhaser (gas tutype),  will be 10 feet. Exothermic bond/weld connections will be
or equivalent,lightning arrestor installednto thecoax made at all ground rod connections.
near thecableentrance to the communications shelter or
room. These are the preferypesand arebelieved to be 1 7. CONDUCTORS
the best lightning arrestors presently available.

Conductorsthat areemployed belowground for the

These grounding kits will be terminated onto the . . ]
gurpose of connecting ground rods will use:

master ground bar. All connections to the master groun
bar window will be cleanand free of any oxidation to

. ) . a) Stranded bare copper wire, numbeAWG or
insure alow resistance connection. Each of these arrestors

larger.
are effective in limiting the amount of lightnimmpergythat g
can be transferred to the equipment viaitimer conductor b) Solid bare coppestrap, with minimum of 18
of the coax or transmission line. AWG and minimum width of two inches.

1.5.2. Equipment Grounding

Conductors usedabove ground for interconnecting
Each equipment rack, equipment cabinet, or equipmer@round rings, Halo's, equipment (racksd cabinets), and
shelf will be grounded to a site ground via thmer  other metal items will be:
building halo ground. In thecase of communications ) )
shelters, the equipment enclosures will be attached in the & Solid or stranded copper wire numbeAWG or

same manner to this system "Halo" ground. larger.
b) Solid coppestrap, with minimum thickness of 16
1.6. GROUND WIRE COMPOSITION AWG and a minimum width of one inch.
No grounds will berun inside metal conduitbecause Precautions against these of connections where

metal conduits increase the surge impedance of thdissimilar metals mightause deterioration of grounding
grounding cablesThe grounds which make up thialo  surfaces are observed.

ground will be of number 2WG or larger copper wire

coveredwith a non-conductive approved plastic covering. ~ Below are lists of metaldivided into groups. By
This covering islight green. Where the halo ground is avoiding theuse of metals from one group attached to a
attached to exit ground wires, these wire(s) will be solidmetal of another group we prevent ground consactace

tinned,bare copper, number 2 AWG or larger. deterioration.

A completegroundingsystem forthe antennaowers, Group A Group B Group C Group D
and buildings are provided. These includeternal and
external grounding systems for equipment in the Magnesium  Tin Stainless Steel Copper
communications buildings, grounding of thantenna Aluminum Lead Nickel Silver
towersand guys,transmission line, telephone limed AC Zinc Steel Iron

power line grounding, and grounding of the
Communications facility.
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Metal surface contact of metalstile same group may * The connection iable to withstand repeatdtgh
be used with the following stipulations: current surges [faults] without damage to the
connection or the conductor.
CONTACT INSIDE OUTSIDE
SURFACES (Weather Exposed) * No special skillsand minimum training is
required.
Within same group OK OK ) . ) )
* Installation time is the same as other kinds of
Adjacent groups OK* Weatherproof connector.
coating must be ) ) o
applied after direct Permanent Grounding Connection Specifications
metal-to- metal )
contact.* All grounding conductor to conductor, conductor to
ground rodand conductor to structurend fence post

— - connections of #6 AW@nd largeicopper conductorshall

D N.O liquid should be allowed toomeinto contact g permanent exothermicalyelded connections. Copper
with surface gaps of metal contacts from adjacenbrounding conductors spliced with exotherrnannections
groups. shall be considered as a continuous conductor, as stated in

NEC 250-81 Exception No. 1 and 250-91 Exception No. 3.

1.8. CONNECTIONS
All connections shall meet the applicable requirements

All ground connections shall be made with minimumof IEEE Std 80-1986. For this reason, t@adweld
length conductors, with straight vertical (or horizontal)exothermic connections aseiggested as theye approved
runs, if possible. Conductor bends, when required, will bén NEC 250-81, -91, -113, and -115.
greaterthan 12-inchradius. Connecting conductors will

alwaystransition in the direction of currefiow or toward Welding materialfor copper-to-coppeand copper-to-
earth ground, and approach the main ground at an angle%ﬁel connections shall contain copper oxide, aluminum and
roughly 45 degrees. not lessthan 3 percentin as awetting agent. Starting

material [if used]shall consist of aluminunand copper
All exothermic protection connections made to theoxides. Itshall not contain phosphorous or any caustic,
groundsystem,including test leads shall be made with antoxic or explosive substance.
exothermic protection exothermic welding process
specifically designed tgestrict heatenergy transfer to
surrounding objects.

Weld metal shall be controlled at the point of
manufacture and subjected to rigid quality control
inspection procedures.

Exothermic Or Permanent Grounding Connections
1.8.1. Below Ground

Exothermic power and groundingconnections are
made with a pre-engineeresystem using a controlled Connections made to ground rods, or to conductors
exothermic chemical reaction. Exothermic connection®elow ground must be made using an exotherpriacess
offer the following advantages overother types of such as Cadweldr equivalent. This attachmeptocedure
connections: ensures firm, mechanically rigidnd maintenanciee
connections. Connectingnd interconnectingonductors
« The connection permanentlyelds everystrand of  are placed at the same depth as the top of the ground rods.

the conductor.
Cadweld is a bonding procefwat provides a metallic

« The connection is made with portable equipmentridge connectiorthat exhibits virtually no resistance and
which requires no outside source of heat or power.ts conductivity approximatesthat of the associated
conductors.
e Loosening or corrosion of the currgmaith cannot
occur.




LBI-39067

Doping Of Ground Systems Connections to toweguy wireswill use pressure
connections.
When unable to achieve grounglslow 10o0hms,some
doping of the earttmay be necessary. Onetbé best 1.9, SURGE SUPPRESSION DEVICES
methods used today ftocrease theconductivity (reduce

resistance) of the ground is anotidweld product called Manufacturer Surge suppressidavice types referred
“GEM®”. (ERICO” Ground Enhancement Material) If to in this document are recommendeshd may be
GEM is unavailable, a clay-salts compound calledsypstituted as long at the substitution is of the sauadity
“BENTONITE” may be used. ERICO Catalog A7J  and performs the same function. Consideration must be

provides more detailed information. given to voltage clamping level, response timed energy
o rating for the intended application.Power line surge
Application suppressors similar to thEolyPhaser PM240-BPsde

Figure 9 should be included at the service entrance breaker
ERICO GEM is a superior, conductiveaterial that panel

improves grounding effectiveness regardless of soll
conditions. It is an ideal material tse in areas qdoor 191,
conductivity soil, such acky ground, mountain tops and
sandy soil.GEM is added around a ground rod in an
augured hole or around a conductor in atrench. The
GEM material effectively increases the effective diameter of
the rod or conductor.

The Following Practices Are to bévoided!

a) Ground wireruns through metal conduit. If an
occasion presents itself whettee ground must be
carried through a metatonduit,the ground wire
must be bonded at each end of theonduit. The
use of PVC conduit ispreferred. (Where the
wire ground exits the communications room or
shelter;see Appendix A, Figure Al

Gem Specifications

Ground enhancement material shall ERICO GEM
having a constant curedsistivity of 12 ohm/cm or less. It b) Reliance on thehird wire (green wire) on ac
shall set up to dard, permanent material and shall not power lines for lightning ground.
decompose or dissolve ovieme. It shall not require any
maintenance after installation. It shall naly on the
continuous presence of wateor shall it add salts to the 2. EXTERNAL GROUNDING
earth which maycontaminate the ground water. The
material shall be packaged in 25 pourasand may be SYSTEM

added dry or pre-mixed in a slurry like cement. External grounding rings installed by Ericsson or

approved contractors will individually encircle thetenna

1.8.2. Above Ground tower, the building, or equipment shelter.

Where possible, connections maaleove ground, in Ground rods fothe towerandbuilding are installed so
areasexposed to weathethe Cadweld orsimilar process  that thetop of the rod(s) isninimum of 12 inchedbelow
will be employed. Ifenvironmental conditions prevent the soijl surface. The ground rodsr tower ground will be
use ofthe Cadweld processthe use of an appropriate installed so that theottomend of the rod is deep#ran
pressure-type connection will be used. the lowest part of the tower footing.

Where above ground pressurdype connections are Each groundring listed above,such as thetower,
employed,stranded wire will be used. Connections madepuilding, fence, or othevbjectwill be interconnected with
aboveground will be made with appropriate passivation ofag minimum oftwo stranded copper wires number 2 AWG
the matingsurfaces, or use speciaansition clamps such or larger. Where the PolyPhaser Earthed Entrance
asPolyPhaser Model J-1, J-2r equivalent. Panels” PEEP) is employed gee Figure § the copper

) . straps will be preparednd connected as shown in Figure

Connections of stranded conductors to equipment rack@' B9 & B10. Wherepossible, connections the ground

is made using lugs or pressure clamps consistent with th‘ﬁgswill be made using an exothermic (Cadweltcess
wire size,and groundingurface ofthe equipment being equivalentsee Appendix Byeld.
grounded.
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will be a minimum of 12 inchebelow soil surface. The
2.1. ANTENNA TOWER GROUNDS bottom of the ground rod will extend below tbeestpoint

Where monopole mastare employed, the ground of the anchor footing.

system will consist of aninimum of three ground rods,
connected together pparagraph 1.7Conductors:Below
Ground.

Number 2 AWG stranded copper wire is used to
connect each of thguy wires tahe ground rod at the guy
anchor. Each ground rod is to be tiegck tothe tower
"ground ring" belowground, using number 2 stranded

The mast connection to the grousgistem will be .
copper wire.

made with stranded wire number RWG orlarger.
Connections to the mast will be in accordance with the o
manufacturer's instructions or ue exothermicadweld 2:1.4. Antenna Support Structures On Buildings
method. The connections will be sharid direct with no

sharpbends. Typical interconnectiomse shown in Figure Radioantenna installationatop building will have the
5 tower, down conductors, transmissidine shields, and

other conductingobjects within 6 feet of the tower or

antennabase securely bonded togetiper paragraph 1.7,
Conductors: Below Ground and 1.8-1.82Connections:

Above Ground.

2.1.1. Wooden Antenna Poles

At installations wheravoodenantenngpolesmight be
employedthe groundingystem will consist of aninimum
of two ground rods connected togetlzard installed as per
paragraph 1.7, Conductors: Below Ground.

Atop steel-frame structures, where possible, the
common bond pointmay be bonded to building steel with
number 2 AWG orlarger, copper wire. If available, the

Atop the pole, ground connections to dretenna or tower may also be bonded at roof level ttamye metal,
earth grounded, cold water pipe.

antenna mast are made per manufacturer recommendations.
A number 2 AWG orarger strandedopper ground wire
will be run down the poleand away from all other
conductors to avoid possible flashover.

Atop reinforced concrete buildings, the comntamd
point should be connected via number 2 AWGlayger,
stranded coppeatown conductors. These may be bonded to
the earth groundecbld watermain in thebasement of the
2.1.2.  Self Supporting Lattice Towers building or bonded tothe building groundystem. If

available, theower should also be bonded at roof level to a

The self supporting lattice towegrounding system |arge metal, earth grounded, cold water pipe.
consists of a ground rod at each tower leg. If necessary,
additional ground rods may be used to decrgesand Guy wires associated with towers atop buildings should
resistance where needed, or be used to rethecelistance be grounded at their anchor points tcomnmon bond point
between rodsGround rods must be connected together pein the samenanner ador grounding terrestrial towers. A
paragraph 1.7ConductorsBelow Ground. Eachower leg  dissimilar metal interconnedevice will be usedetween
is connected to the groundisgstemwith number 2 AWG the guy wire and the groungvire. Where the groundire
stranded wire or larger. Connections to tbwer leg will  from multipleguysare daisy-chained, there will be at least
be short and direct with no sharp bends. a three inch"play" loop between guy-to-guyground
connections.

2.1.3.  Guyed Lattice Towers

In the above caseheretall building grounds are in
f use, the ground resistance should be maintaipeldw

The guyed lattice towergroundingsystem consists o X
three ground rods at thewer base. These ground rods (P€tter than) ten (10) ohms between any equipment
connected ground buss and earth ground.

must be connected together paragraph 1.7Conductors:
Below Ground. The ground conductoused connect the . .

) . . When making these measurements, an instrument
grounding system will be number 2 stranded wire or larger,

. . . ) sSimilar to the AEMC Model 3700 HD will be used to
Connections to théower will beshort and direct with no .
sharp bends. make these measurements. The measurements will be

made using the instructions provided with &&MC 3700

In addition to thetower leggrounding, a ground rod HD Ground Test Instrument.
must be installed at eagjuy anchor point approximately
one foot from the anchor footing. The top of the ground rod
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lightning. Fences which are around the syit,outside 8
2.2. EQUIPMENT BUILDINGS feet ofthe perimeter grounds should be groundefiftat

ExternalHalo ground is the groundingystemaround (50) feet intervals along its length.

thg exterior of the communications shelter or building. A minimum 8&foot 5/8 inchcopper or copper-clad
This groundsystem consists ofground rod at each corner 415nq rod shall be installed into the ground within one

of the building. As necessary, additional grour_ld rods wilkyot of the fence, near afixed gate hinge post where
be added such that the distance between rods @890  ,nrgpriate. The top of the ground rod will be a minimum

feet. of 12 inches belovthe groundsurface $ee Figures 3 & 4
for similar connectionsor at the samkevel asthe external
r%round ring to which it will be connected. Additional
ground rods may hestalled for each 5feet of fence, at
equal spacing outside feet of the groundsystem but
surrounding the facility.

A ground rod is installed directlyelow the coax
transmission line entrance to the building. Ground rods a
spaced approximately 2 feet out frahe perimeter of the
building.

2.3. BULKHEAD PANEL Each ground rod will be connected underground by the
most directpath to the nearesbwer or building ground

A weatherproof metal bulkhead panel should being using a strandedopper wire, number 2 AWG or
installed on the building equipment wdflee Figure 10). larger Eee Figure R
The panel will be comparable to tAedrew Type 204673
or the PolyPhaserEarthed Etrance Panels (PEEREd Above ground connection will be made by use of
Figures B6 & B8 and/or Figure)anodels. The size should €xothermic weld or a pressure clamgar thebottom of the
be determined by the numbendsize of transmission lines metal post. If below ground connections are used, it will be
interconnecting through itsée Figure 8 for demensigns Made by exothermic weld (CadweldYinned copper

Insure that appropriate cable boots @sed to weatherproof ground strap (braid) issed to connect metéénce gate(s)
the connections. to the mairmpost. Pressure clamps are emplowith these

connections.

The external panel must include a ground bar for
transmission line shield ground connections ang.4.1. Nearby Metal Objects;
connections to the external grousgstem ¢ee Figures 10
& B7). The ground bar should be fabricated awoid The following componentsare connected to the
dissimilar metal connections as stated in this docunseet ( external groundingsystemusing a number 2WG (or
Appendix A Figure A3; see also paragraph 1.7larger) stranded copper wire.
Conductors: Above Ground.)The ground bar sge
Appendix AFigure A3 must be connected to the building a) The transmission line entrwindow into the

external ground system by number 2 AWG (2 conductors or building, as this is the entry point into the
copper strapsnay be employed to formlew inductance equipment area. All transmission lines are
path to the system ground). grounded to thiswindow, and extrecare is
employed toensure avery low inductance path to
An internal sub panel PEEP gge Figures 10 & B ground.

bolted directly tothe bulkhead panel with multipkolts
may be used tomount the transmission line surge b) Ice shield andexterior cable tray betweeower

suppresser specified paragraph 2.6, Coaxi&uppressor. and building.
The subpanel must beecurely fastenedvith a low
resistance,low inductance path to théulkhead panel c) Emergency generatorand any generator
(stranded No. 2 AWG or larger). supporting platform or base.
24  FENCES d) Fuel tank(s), above or below ground.
e) Other large metal or conductive objewatishin 6

Where possible to do smetal fenceswithin 6 feet of feet ofthe communications sheltéower, or the

any ground ring or any groundedjectwill be grounded at system ground.

twenty footintervals along its length or at a minimum of
each corner postnd ateach gate metal support post. This f) To other groundsystems provided byelephone
is to provide additional shockazard protection from company, othe electric utility provider(s).Local
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electric codesshould be observedhen making 27 TOWER-TOP PREAMPLIFIERS
this attachment. o
In cases where tower-t@mplifiers areemployedthat
use DC supplied via the coaxial transmission line, Ericsson
2.5. TRANSMISSION LINES will insure that an impulse suppressor similar to the
PolyPhaser I1S-DC50LN DC “injection” type is used.
Thefollowing applies tahe antenna and transmission Certaintower top amplifiersare already equipped with this
lines outsidehe communications shelter or buildindfiere  type protectiongee Figure 2
entry is made into the equipment shelter. These

requirements do not apply tantenna and transmission PolyPhaser type IS-GC50LN “pick-off” surge
lines that areontained entirely within the equipmesibm  suppressor should be installed according the manufacturers
or communications sheltes€e Figure BY. instructions as an additional protective measure at the input
ports of thetower-top amplifiers or preamplifiers. This
25.1. Shield Grounds protection is in addition to the Ericssorternal amplifier

protective devicesAll tower-toppreamplifier chassis must

The outer conductors of coaxial transmissiables be grounded to the tower.
must be grounded with an appropriate coaxable )
grounding kit. These grounding kits are installed at three  Where penetration of cable entry bulkheads a part

points on the cable. The grounding locations are as followf the coaxialcables betweethe tower top amplifier and
the Ericsson communications equipment, an added

1) Immediately outsidethe cable entrance to the protection device may beequired. ThePolyPhaser IS-
equipment room, shelter, or building. This ground iSDC50LNZ pick-off and re-injector (PICKOR) may be
attached prior to the phaser type lightning suppressor.employed. Figure 2 provideslustrated details for the

installation of thes®olyPhaser DC inserticend DCpick-

2) At the bottom ofthe verticalun ofcable, at a point off devices.
near andabovethe bend onto the ice-bridge or support
tressel. This grounding point should be rsar the Where possible,DC ground, shunifed antennas
ground as possible. should be used as additional protection thoe tower-top

preamplifiers. Antenn@able attachments to the antennas

3) The top end of the verticatable run near the are kept as short as possible.
termination or antenna. This point is grounded or

bonded tahetower by means dhe clamp supplied as 28 TOWER-MOUNTED MICROWAVE
part of the grounding kit AND REPEATER EQUIPMENT

All three points should be grounded in accordance with
the recommendations provided in the grounding kit For tower top repeaters, tirut andoutput points are
instructions. These instructions are included in kits similafh® most important to protect. Tower, telephone or control
to the Andrew type 204989 or the PolyPhaser “Uni-Kit lines are often overlooked. Coaxine protectors are
2” Cable Grounding Kits (see Figures B11 & B12). employed inthe Ericsson repeater inpw@ad outputs, and
the preamp front endPowerline protectors must becal

Additional information is shown at points labeled 1, 2,and single poingrounded at the top with the equipment.

& 3in Figure 1. The needfor power protection is doubled for tower top
repeater and preamp installations where 120 or 240 VAC is
2.6. COAXIAL SUPPRESSOR being fed up the tower.

Above 18 GHz, microwave equipment usualhas a
Gunn (microwave diode) down converter located on the
back ofthe dish, beingpoweredthrough one otwo coaxial
fines. These lines also handle the uplarid down link
frequencies as well as AFC (Automatic Frequency Control)
error information.

Poly-Phaser type 1S-B50 or equivalent lightning
suppressor should be installed at ttear the insideable
entrance of the building or communications shelter. Thi
suppressor should be bondedhenearby groundbus plate
to remove surgeurrents from the center inductor of the
cable.

Protectorssimilar to thePoly-Phaser 1S-MD50LNZ
should be employed at the tapd bottom to properly

10
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protect the equipment. dAevicesimilar tq thePonPhaser 292  CABLE TRAYS
IS-DC50LNZ is anothertype of protection used in these
applicationsand isfully transparent to all existingoltages Cable trays will be attached to timternal ground halo
and signals from microwave equipment. via number 2 AWG otarger strandedopper wire. Where
mechanical connections (lugs, boltre made to
2.9. COMMUNICATIONS EQUIPMENT interconnect cable tray sections, an additional connection
ROOM INTERNAL GROUNDING will be employed between cable tray sectiosse(text at
Figure 1) to ensure good electricalground connection
A Halo ground should be employeihside the (see Appendix A, Figure AdNumber 6 or larger, stranded
communications shelter. Thidalo ground must be copper wire will be used
installed in the form of a "ring" in such manner as to
enable theise of shortengthconductors attached from the
equipment racks, cabinets, cable tragsd equipment
shelves to the ground ring (Halo).

Grounds between cable trays, equipment cabinets,
equipment racksand ACultility power enclosures will be
via number 2 AWG or larger stranded copper wire.

When compressiotype connectorareemployed at an
Ericsson installed site ®ystem,the Burndycompression
system should be used. Thigstem consists of connectors
for taps, splices, cable to ground re@ahd structurasteel
termination's. These connectorsay be used in some

Where the room or communications sheles less ~ Ericsson sites ground applications. The Burrajstem
than 100 feet of perimeter, a minimum dbur (4) ground connectors are listed withnderwriters Laboratories
risers are used. In any case, Wl'mesib|e, a groundser under Standard UL467. Most connectors have been
is used at each corner tife perimetersee Appendix A, successfully testedccording to the requirements IGFEE
Figures Al & A2. In installations where the perimeter of Standards 837
the equipment roonexceedsl00 feet perimeter, a ground
riser will be attached avery twenty(20) feet of perimeter

This Halo is made ohumber 2 AWGstrandedcopper
wire attached to standoffsde Appendix A, Figure Aat
approximately eight (8feet abovethe equipmentoom
floor.

(see Appendix A, Figure AZThese ground risers are made 3. PLANS AND

of number 2 AWGSOLID copper which exithe room, or DOCUMENTATION

building via poly-vinyl conduits (seePVC exit method in

Appendix A, Figure Al Drawings and Groundreference documentation will

reflect the following items:

2.9.1. Grounding Of Equipment Cabinets, Racks, And ) .
Shelves a) Grounding and bonding plan

Each equipment cabinet or rack shall be equipped with b) Ground rods
a ground bughat is attached to the halo ground and the 0)
externalsystemground. Each equipment chassecured in
a cabinet or rack is connected to the cabinet or rack ground d) Bulkhead panel types
bus. Equipment mountingails are the preferred ground
connection points within the cabinets or racks. e) Coaxial cable grounding kit(s)

Surge suppression devices

Attachments from the equipment cabinets and A prepared planfor lightning andsurge protection
enclosures to thénternal ground halo are made usingmeasures implemented into an Ericsson communications
number 6 (or larger) strandedpper wire gee Figure 1) system is submitted as part of the overall system
Connections from these enclosures to the halo greiihd  specifications This plantakes into account such items as
be made using the shortepath length to diminish the radio installation anequipment to be protected and
inductance. local conditions.This plan mustmeet all requirements

covered inthis specification, unless a specific written
waiver is provided by the customer and agreed by Ericsson.

11
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SMOOTH BENDS

"RICSSON Z

Separate "hone—runs’ 1o ground window from each

cable ladder. Use copper to copper ground crimps

or Cadweld fo attach each cabinet ground. Ground 3
"home—run” to each section of cable ladder/tray. «

Protective ice grid installed over/shelters

u for special applications.

ATTACH GROUNDS TO CABLE TRAYS,

This drawing

conduit nipples (PVC).

/ c . <
g Pt 7l —ZoaZ . A 2
[
N o 8”X10"X1/4" Co
CABINETS & RACKS. G)"Ouho‘ \A/H’WO‘OW
COPPHR STRAP MAY BE WSED
INSTEAD OF # 2 AWG| WIRE
CIIPPER STRAP PROVI A
LIIWER INDUCTANCE TH 70
GROUND.
‘\\ S
e CADWELD i
CADWELD
Attach ground rods to inside halo. Use 1 Aftach ground at to coax at cable entry panel
L # 2 tinned, solid copper and make smooth to building.
bend dt . N h bends! Mak
qﬁhfusmqsn ﬂoxrr;: fheoscsmirpd\'r:cniosn Orq © 2 Attach shield to tower/ground at the point where
toward the ground window. DO NOT allow coax begins vertical run.
loose contact by ground wire(s) to metal 3 Aftach shield of coax to tower ground at top of
conduits or other metal objects. the vertical run, before coax mackes a turn away
from tower leg or cable ladder.
Exit ground leads through walls to outside
ground ring (HALO) should be via non—metal NOTE: Keep all cable bends and turns smooth. No sharp

bends. Use the same rule when making ground

lead bends and turns.
Use grounding kits similar to those shown in photo(s) 6A & 6B
of this document.

Figure 1 - Grounding Techniques

techniques described ithis document.

depicts howthe

illustratessome of the
In addition it (PolyPhaser PEEPand copper strap (2, 4, or 6 inch
inside anautside Halo grounds are widths), may be substituted fdhe insidecopper ground

grounding Note also that a copper cable entry bulkhead

interconnected. Notthat allwire bendsand turns in the bar and the # 2 or 2/0 copper exit wire.
Halo ground ring are smooth with no sharp points or bends.

This same rule applies to the wires (shown in corners of the

communications roomphat interconnect the internalalo

to the outside ground ring.
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DC Pick—off point
for Tower—top Amp.

ﬁ‘i RF Port
¥ ~%—— PolyPhaser

SURGE PROTECTED SURGE A
o Tl
el | | o= s

RF & DC eomblned on single coaxlal cable.

\ GROUNDED
PEEP or
Copper
SHELTER v+ &
Bulkhead Parel.
P
RF Port  © RF_& DC_Coaxial Cable = RF & DC Coaxial Cable
DC T S —— -
Injection RF & DC combined
Point ——F I el
-
PolyPhaser PolyPhaser
IS-DC50LN IS-DC50LNZ \.
EQUIPMENT
CABINETS
AND RACKS
ERICSSON # Private Radio Systems
Mountain View Raod

Lynchburg, Virginia 24502

\/Exuem‘c vekded copper straps or H2/D ANG o HALD® cround.

Figure 2 - DC Power Supply Connections

This figure depicts the method employed when supplying DC voltage to tower-top amplifier(s) using the PolyPhaser
injection and pick-off devices.
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O X X N\

FENCE /

Ground fence every S0 feet. P .

Attach fence to 87 X 5/87  grund gﬁdfémggﬁfm“m of 2
copper—clad ground rods,
Top of rods 127 below
surfoce, CADWELD,

Attach fence to

SELF
SUPPORTING

TOWER
OVERVIEW

0/

(X
/

e

~——TJo building "HALO” ground.

"

Cadwe ld to:

¥ Tower base

¥  Ground rod
¥  Ground ring

€

Ground ring is #2 or larger,
solic Tinned copper wire,
Ground ring buried 12 inch
12 inch minimum below surface.

Figure 3 - Typical Transmit/Receive Site

This drawing illustrates #ypical transmit/receive site. Notgeas ofence whichcome in close proximity tthe tower
and building grounds. All grounds are connected together. There are no separate ground systems at the same location.

%
CadWeld #2 AWG 7 Tower leg or Monopole.
copper to 'UFER" 77
and to tower. /
Doukle nut s=— "CadWeld” to base-plate or tower leg
Use #2 AWG or larger copper wire,

,Lover top of ground rod(s)
2"With minimum 177 of soil.

LR

&
AR
SR S
"‘lll'll'&ll X ! Attach system ground
RN ) TR | : (“HALD’, Equipment, & Bloa,
X R N ! Y here. Cadweld for best

connection,

NOTE: Al ground rods are

8 feet long. Maximum distance
between ground rods should
not exceed 16 feet.

I

K

"UFER” Ground
Figure 4 - “UFER” Ground

“UFER” ground refers to steahd metabars imbedded into concrdteors or tower foundationg-he “UFER” ground
should never be relied as the exclusive or stand-alone site ground system.
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Figure 5- Typical “exothermic” welds made using the Cadweld method.

MINI-EZ

Figure 6 - Examples Of The Tools Used To Make Exothermic Welds
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—

o e

Puerto Ricg

Figure 7 - Isokeraunic Map

The isokeraunic map shown here shows mean annual number of days with thunderstorms in the United States.

NOTE
The region with the highest frequency is centered around south and central Florida.
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: VEATHER 3007
TYPICAL OB~ ] :@: :@:

ADJUSTABLE BUILT-IN 44

== HAND ACCESS AREA
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NN QNSTOE 300T)

,,,,, g GROUNDING KIT

t—ENTRANCE
PORTS

© 4

CIPPER STRAPS T 1L oo srree (HGE, SPGB VENTHER 300 _|
by 4en (o) Lo DI 8RS Enle cocs QiR LI
y‘ (e B i - ] COPPER PLATC CROUNDING STRAP

H u \L% e HULTIPLE 6 INDH
COPPER STRAPS

- T (> —

EVTTHERNIC or LUG LEDPPER GROLND ‘Lgxmwa PLRIETCR

COMECTIONS STRAP BIR RN SYSTEN

Figure 8 - Typical Installation Of The Polyphaser PEEP.

Where walls exceed a usable depth, an insidioutside panetay beinstalled.Usenumber 2 or 2/0 stranded wire as
a bond between the inside and outside panels.
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Figure 9 - MOV Type

The device showrhere is an example of thdOV type used talip or suppress power surgdsat could otherwise
damage equipmensée Sections 1.2 & 1.9
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Copper “thru—wall” bulkhead "PEEP’ or equivalent.
Bulkhead mounted protfectors
atfached fo each coaxial cable.

LSuperflex jumper cables to

%\/ combiners and fransceivers.
Cable Ladder; NOTE jumpers across

ladder section splices.

Cable ladder \}\\\
attached to ground. =
2

Home run ground #
Cabinet ground drops #

AWG copper wire.

lCOPPER STRAP FROM
"PEEP” TO GROUND
SYSTEM.

mde

Yol
= oxie?

i

&@ é@ﬁ‘(ﬁ 0

Figure 10 - Ground Attachments in Installation

This drawing illustrates methodmmployedwhen attaching groundand cable protective devices in an Ericsson
installation. Note that some installations will have copper strap between the bulkhead entangdaheHalo groundring.
By using multiple conductors of # AWG copper wire or coppetrap, inductance in the ground conductogisatly
reduced.

19



LBI-39067

20



Appendix A



LBI-39067

"c" TAP
T & B #54730

point blunt

end towards

primary cable

entry plate  1/8" MIN.
1/4 MAX.

8"R MIN.
ALL AXES

/

#2 GRN

#6 GRN  point blunt #5 GRN
end towards
primary cable
entry plate 1/8" MIN.
1/4" MAX.
/ 8'R MIN.
ALL AXES

/

If exit to external ground,
use # 2 tinned, solid copper.

SILICONE RTV

FIG_E1 GER/Sr/ERICSSON

USING "SPIHT—BOLT”

24" SPACING

(TvP) j

] NYLON CLAMP
to grounded item \ R #8876T16
\\ 24" SPACING [TYD)J
HALO RING GROUND TAP | HALO CORNER DROP
typical /
/ | SPLIT BOIT CONNECTOR #7 GRN
I T & B #71
/ \
s s / |
o s g |
[} [ 1
5 £ / } point blun #2 TINNED soL
17 | s T
g | entry plate
- - \
////// } /§LLR A@ES
- < \
PVC NIPPLE R N } /
installation detm’\1 }
(FLooR) | ALTERNATE CORNER DROP o o
|
|
|
L

The drawing shown here describes methods used to attach inside Halo ground ring to the external ground ring (halo).

Figure Al - Halo Attachments

NOTE

The PVC nipple is filled with silicone rubber or a sealant as a moisture barrier and pest deterrent.
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\ g
#2 GRN (TYP) &R MIN GRN (TYP)
ALL AXES ALL AXES
DOUBLE CRIMP "'C" TAP (TYP) CADWELD
T & B 54740 MOLD # SccCimviv
HANDLE # L160
STARTER MAT. # 65
DOUBLE CRIMP "C” TAP (TYP)
T & B 54740
#2 TINNED (TYP)
n ”n » 1
HALO DROP A HALO DROP "B
Typical drop using crimp connections. Typical drop using crimp & "CADWELD" connections.
TY—RAP
T&B TY24M
42 GRN
BRACKET
PANDUIT PP2S—S10-X \
// —
1/8" MIN ‘ ‘ ‘1” + 1/8‘ "c" TAP
1/47 MAx T T I | T & B #54740
(seam visible)
f HALO SPLICE
where required — only one permitted
45 GRN
10 x 1-1/2" HHW
PLATED SHEET METAL SCREW
CUT EXCESS
HALO GROUND INSTALLATION
ERICSSON/BUX/9/21/94

Figure A2- Internal “HALO” Connections

The drawingbelowillustrates various means of connecting toittternal“‘HALO” or ground ring. Thelrop at “A”
denotesghe mannei&B crimps areused toattach an exit ground drop from the insidelALO.” The drawing at “B”
makes use of a better connection using the “CADWELD” or exothermic connecting method.

NOTE

Only one “HALQO?” splice may be installed per ground ring. Other attachments are to be made using the drop
connections shown in these drawings.

NOTE
The illustration “HALO GROUND INSTALLATION” depicts one method used to attach the inside Halo to the wall.
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INSULATED
WALL MOUNTING PVC TUBING HOULDER
1/4-20 x 1 BRACKET WASHER
HEX BOLT /\\7/ :
FLAT 7 FLAT
WASHER s WASHER
LOCK
WASHER
3/8 X 4 LAG
1/4-20 X 1
HEX BOLT GROUND BAR
TBNE ” oy
INSULATOR A B
GROUND BAR
— 2 HOLE LUG
/ — 1/4=20 HEX BOLT
#6 GRN OR #2 GRN — —
6 GRN OR #2 GRN — T
\ /
\
\ _— 1/4" FLAT WASHER
-
o [\ m.
0o
- 1/4" EXT. TOOTH
PRIMARY GROUND BAR/ LOCKWASHER
MARY GRO Al
METAL ENCLOSURE @“*—¥ 1/4—-20 HEX NUT
#6 or #2 GRN to ground bar or flat surface
|ﬂ31f@]ﬂﬂ(]]ﬁo|ﬁ N]Ofes # 6 is used primarily as cabinet to bus link.
a. select bolt length to provide a minimum of two exposed threads.
b. burnish mounting surface to remove paint in the area of lug contact
c. apply anti-oxidont compound to mating surfoce of lug and wipe cleon excess compound.
d. use solid copper wire and mechanical 2-hole lug for all exterior grounding
GROUND BAR AND GROUNDWIRE ATTACH NOTES.
GER/Sr/ERICSSON

Figure A3 - Two Examples For Ground Bar Installation

When using a copper ground bar as a common poimtiemal shelter groundingise one ofthe two methods shown
below to attach the ground bar to communications shelter wall.

NOTE

At “A” insulators are used to support ground bar, while insulated “shoulder washers” are use at “B” to support the
ground bar. In either case, the ground bar should be isolated from the shelter walls, support members, and studs.
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CABLE LADDER BOND CABLE LADDER BOND

extend across every ladder—ladder connection extend across every adder—ladder connection

DOOR TRIM
T TO HALO RING /
SEE DETAIL G4

METAL DOOR FRAME

2—HOLE

1/4 X 1 BOLT
& 1/4 FLAT WASHER

LUG
T&B 54205\

DOOR

JOOx

X

IO ON

25!

X%

=
%S

%

2

B

SN

HIIRR
SRR

9%

2
%

e
o

%>
KL

HINGE LINE DOOR BONDING STRAP

DOOR BONDING STRAP CABLE LADDER BOND

install on exterior doors extend across every ladder—ladder connection

ERICSSON/BUX

Figure A4 - Bonding Cable Trays and Metal Doors

This drawing illustratesarious techniques used when bonding cable tazgs metatloors. These connections are
necessary to preserve ground integrity to all metal objects within the communications shelter.
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TO GND CLAMP

OR HALO
S GRND RING
TYP GROUNDING CLAMP
%)
= CMT CONDUIT
=3
oy
0wz 2
O
£ =
&)
=
O
O
~ COUPLING #6 GRN
5
Q ;ﬁ
=
5 -
O z -
2 o= z|%
o - = 0| <
O I N
CONDUIT BOND CONDUIT BOND
from halo ring typ across all EMI couplings

Figure A5 - Typical Conduit Grounding

This drawing illustrates typical conduit grounding examples.

NOTE

No sharp bends in ground wires or conduits can be tolerateld bends and turns shall be smooth.
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Cover CADWELD metal

Mold

r—————

Starting Crucible

Material

CADWELD
Weld Metal Stoel Dick Molecular bond
Tap Hole of cable strand
Cable sleeved by ends to
g CADWELD metal CADWELD
avity beyond weld for
: metal
mechanical
strength
Photo courtesy CADWELD®,
Figure B1- lllustration of Exothermic Welding Figure B2 - Cut-a-way Depiction of an Exothermic Weld Process.
STEP 1

Setting the mold and preparing the connection for
exothermic welding.

STEP 2

Ignition of the exothermic weld compound (processing)
which fuses the connection.

STEP 3

Remove the mold and inspect the new connection.

Figure B3 - Steps of an Exothermic Weld
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Figure B4 - ACCEPT

A clean and smooth flow of the molten (fused) metals indicates a good weld.

Figure B5 - REJECT

Metals not fused and with intermixed slag coating indicate a poor connection and should be rejected.
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Photo courtesy “PolyPhaser"Corp

Figure B6 - Polyphaser Earthed Entrance Panels

The copper cable bulkhead Polyphaser Earthed Entrance Panels (PEEP) referenced in Figures 1, 2 & 10. An example of
how the PolyPhaser copper coax cable bulkhead magdialled. Once in placéhis type panelallows easy access to cable
connectors and lightning arrestors. Open access assures that changing a spent arrestor is not a difficult task.

Another feature of theopper bulkhead cable entrytigat itspresence allows it to be usedths “groundwindow” or
ground-bar. Theise of coppestrap can be attached to the panel @adweld tahe externaHalo ground to provide a low
inductance path for lightning to travel to ground.
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Figure B7 - Exterior View Of Coax Cable Multiport Entry Bulkhead

Note the grounding fingers that allow easy grounding of coax shield using only a threaded clamp.
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Figure B8 - Ground Straps

Installation of‘low inductance” ground straps are encouraged vetmetwherever possible. Note al#te coax cable,
multi-port bulkhead entry. Where contact is maatweenthe copper ground straps and thelkhead panelno-oxy or
copper based paste is used to prevent oxidation and to provide added conductivity (see next photo).

NOTE
Copper straps are attached to a copper bar below surfaeg@thdrmic welded to the Halo ground.
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Figure B9 - Doping Connections

Doping connections betwedow inductance coppestrap and belovgoil copper bar. Copper bar tisen exothermic
welded (Cadweld) to the ground ring (Halo). This useasbxyjoint paste is necessary to prevent corrosion, oxidation, and
surface breach due to dissimilar metal confébis practice isstrongly recommended in areas where soil acidityigh.

The photo on the following page provides an illustration of the final steps for the copper strap installation before Cadweld
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Figure B10 - Connection of Ground Straps

Connecting the “low-inductance” ground straps to the ground bar to be exotheshied (Cadweld) to the
underground Halo ground.
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Figure B11- Universal Cable Grounding Kits

Universal cable grounding kits are employed according the metal attachments shown in the table below.

Type of metal to be grounded (Top clamp shown) Grounded to (bottom end shown) PolyPhaser Kit
Copper or Brass Aluminum, Tin, or Galvanized UNI-KIT 2CT
Copper or Brass Copper or Brass UNI-KIT 2CC
Aluminum, Tin, or Galvanized Aluminum, Tin, or Galvanized UNI-KIT 2TT
Aluminum, Tin, or Galvanized Copper or Brass UNI-KIT 2TC

Figure B12 - Use of the Universal Cable Grounding Kits

This photo illustrates these ofthe universatablegrounding kits withcables from?25 to 2 inches. These grounding
kits also fit elliptical cables (hardlines) that are employed with microwave systems.
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