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FOREWORD

1 ThstxlmryStnndlrd is approved and mandatory for use by all Departments and Agencies of the
Department of Defense in accordance with Department of Defense Instruction 5000.2, dated 23 February 1991.

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of use in
improving this document should be addressed to: TIC/TIS, Scott AFB IL 62225-6343, by using the
sclf-addressed Standardization Document Improvement Proposal (DD Form 1426) appearing at the end of this
document or by letter.

3. Standards for all military communications are published as part of 8 MIL-STD-188 series of documents:
Military Communications System Technical Standards are subdivided into Common Loag Haul/Tactical
Standards (MIL-STD-188-100 serics), Tactical Standards (MIL-STD-188-200 series) and Long Haul Standards
(MIL-STD-188-300 sernies).

4. This document contains technical standards and design objectives to ensure the optimum performance of
ground-based telecommumications C-E equipment installations. This is accomplished by reducing noise and by
providing adequate protection against power system faults and lightning strikes. Thorough consideration must
be given to the grounding of equipment and facility installations, the bonding required, and the methods of
shielding and implementation needed for personnel safety and equipment control.

5. This standard is also recommmded for applicable use on any ground facility or equipment where grounding,
bonding, shielding, personnel snfety lightning and EMC are required. Exampies of such facilities are aircraft
simulators, computer centers, laboratory buildings, weapons checkout and assembly, etc

6. Paragraph 5.1, Grounding, for this standard is divided as follows:

I Detailed requirements for facilities, including buildings and associated structures used principally for
C-E equipment.

II.  Detailed requirements for C-E equipment which address grounding, bonding, and shielding for
tactical/long haul fixed ground transportables and military communications electronics equipment
instaliations and associated subsystems.

7. Detailed requirements for Bonding and Shielding are contained in 5.2 and 5.3.

8. This standard is further implemented by MIL-HDBK-419; Grounding, Bonding, and Shielding for Electronic
Facilities and Equipments.

9. Noutionslrenotusedinthismvisimwidenﬁfyd:ﬁgeswithrespedtodmpwviousismeduewdw
extensiveness of the changes.
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1. SCOPE
1~1 _____ . uuS s“—“—-u‘ M&-kl chac :he l.ui ————— o hasis :naqnuo—‘-‘-ngs and nna‘: fgr grcnmdmg’ mdmg, and

shielding of gmund -based telecommunications C-E equipment installations, subsystcms, and facilities including
buildings and structures supporting tactical and long haul military communication systems.

1.2 Content. This standard sddresses the facilitics ground systems, uwellasgroundmg bonding, and
shielding and lightning protection for telecommunications C-E facilities and equipments. Grounding for building
and structures is listed under the headings of Earth Electrode Subsystem, Fault Protection Subsystem, Lightning
Protection Subsystem and Signal Reference Subsystem.

1.3 Appiications. This standard shall be used in the design and engineering of new ground-based military
communication systems, subsystems, and equipment instaliations as well as those C-E facilities undergoing
major retrofit. This includes air traffic control and navigational aid facilities, radio, radar, satellite ground
terminals, telepbone central offices, microwave and data communications systems, as well as C-E
transportables, aircraft sxmuhtors computer centers, and weapon assembly facilities. When upgrading existing
facilities for installation of minor C-E equipments, the requirements of this standard shall be established on 2
case-by-case basis by the cognizant engineering agency. Use of this standard for other ground C-E facilities or
equipment is also encouraged. It is not to be used solely as the basis for retrofit of existing C-E facilities. It
does not apply to general construction such as barracks, administration buildings, dining facilities, warehouses,

and non-communications facilities, nor does it apply io mobiie uniis such as ianks, trucks, jeeps, eic

1.4 Objectives. The objectives of this standard are to provide for the protection of personnel, equipments,
buildings and structures against the hazards posed by electrical power faults and lightning strikes. It also
provides for the reduction of noise and electromagnetic interference caused by inadequate grounding, bonding
nnd shielding of ground based military communications installations to acceptable performance levels. It ghall
be required that the grounding, bonding, and shielding system be engineered to be compatible with the
supplemental requirements of the specific equipment or facility supporting these communications.

1.5 System Standards and Design Objectives. The parameters and other requirements specified in ihis
document are mandatory system standards if the word "shall” is used in connection with the parameter value or
requirement under consideration. Non-mandatory design objectives are indicated by parentheses after a
standardized parameter value or by the word “should” in connection with the parameter value or requirement
under consideration. For a definition of the terms “system standard” and "design objective” (DO), see

FED-STD-1037. " j' o

[
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2. REFERENCED DOCUMENTS

2.1 Governupept Documents.

1 [ PR ¥ S g [N Py . [ ¢ gRpTRp. | Wy (ipN YY1 Py NP PR ¥ g | Al .. £ Wy _.__*__ _ _ _tf . _.a
2.1.1 Specifications, Standards, sad Handbooks. Uniess otherwise specifiod, the following specifications,

ﬂmﬂcﬂ‘c mﬂ“"\ ”"Ahl\l\bc n‘ thia 1 i1eena lictad in that iconia Af tha Nanartmant Af Nafanecs Indar AFf Cranifratinna

3 AR ALCSAAL AL MRS ADTWL Vi IV ASLPEL WMARGLL Ul ASVIMIDV LRSVA Ul JPRALLILEMULLD

and Slg;nd.g_r(_l_s (DQDlSS) ;pgggﬁg_i in a golicitation form a part nart of thig standard to the eftent mﬁad harein

SPECIFICATIONS
FEDERAL
P-D<80 Dry Clcaning and Dafﬁaaﬁa Scivant
TT-P-1757 Primer Coating, Zinc Chromate, Low Moisture Sensitivity
STANDARDS
FEDERAL
FED-STD-1037 Glossary of Telecommunication Terms
FIPS PUB 94 Guideline on Electrical Power for ADP Installations
MILITARY
AN-735 Clamp, Loop Type Bonding
AN-742 Ciamp, Loop, Piain, Suppori, Aircraft
MIL-E-6051D Electromagnetic Compatibility System Requirements
MIL-STD-285 Attenuation Measurement for Enclosures, Electromagnetic Shielding, for
Electronic Test Purposes, Method of
MIL-STD-454 Standard General Requirements for Electronic Equipment
MIL-STD-4561 m;{c::u;miuu;p;; ;:1}:‘1::.‘:;:: Susceptibility Requiremenis for the Controi of
MIL-STD-462 Electromagnetic Interference Characteristics, Measurement of
MIL-STD-463 Definitions and Systems of Units, Electromagnetic Interference and
Electromagnetic Compatibility Technology
MIL-STD-1857 Grounding, Bonding and Shielding Demgn Practices
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MIL-C-83413 - Connectors and Assemblies, Electrical Aircraft Grounding: Type TV Jumper
Cable Assembly, Lead, Electrical
MIL-STD-188-125 - High Altitude Electromagnetic Pulse (HEMP) Protection for Ground-Based
CAI Facilities
HANDBOOKS

MIL-HDBK-232 - Red/Black Engineering Installation Guidelines
MIL-HDBK-419 - Grounding, Bonding, and Shielding for Electronic; Equipments and Facilities
MIL-HDBK-1195 - Radio Frequency Shicided Enciosures
FM-1 14874/ - Installation Practices: Communications
TO 31-1024 Systems Grounding, Bonding, and Shielding
2.1.2 Mmmwmw_ﬂm The following other Government
documents, - drawings, and publications form a part of this standard to the extent specified berein.
DOD Directive 1000.3 - Safety and Occupational Heum Policy for the Department of Defense
DOD Directive 3222.3 - Department of Dew.se Electromagnetic Compatibility Program

(Copies of specifications, standards, handbooks, drawings, and publications required by contractors in
connection with 'specific acquisition functions should be obtained from the contracting activity or as directed by
the contracting ofﬁoer ) ,

2.2 QOther &bhcatng_gg The following document(s) form s part of this standard io the extent specmeu berein.

The issues o fmedocumeutswmcnmmmcawansuuumpwdshnﬂbemewsueuswummcmm‘
DODISS and the suppicient thereto, if q:pu(‘a‘iblc
AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC 8326 - Specification for the Design, Fabriuﬁon and Erection of Structural Steel for
Buildings
(Application for copies of the AISC specification should be addressed to the American Institute of Steel
Construction, 400 North Michigan Avenue, Chicago IL 60611.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
ASTM B 32 - Standard Specification for Solder Metal (DOD Adopted)

(Application for the ASTM document should be addressed to the American Society for Testing and Materials,
1916 Race Street, Philadelphia, PA 19103.)

w




AMERICAN WELDING SOCIETY (AWS)

AWS A 5.8 - Specification for Brazing Filler Metal
(DOD Adopted, ANSI Approved)

ZA av

(Application for the AWS specification shouid be mreesea to the American Weiding Society, 550 Northwest

T leee . D) DA D ACINAN M. iAo hY
iLojcunc noaa, r.u. pox 301Uy, lvul.mx,rlunun }

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA No. 70 - National Electrical Code

(Industry association specifications and standards are generally available for reference from libraries. They are
also distributed among technical groups and using Federal agencies.)

23 s o . -Copies of Federal and military standards, specifications, and associaied & .
listed in the Departmeat of Defense Index of Specifications and Standards (DODISS), should be obiained from

the Standardization Order Desk, Bldg 4D, 700 Robbins Avenue, Philadelphia PA 19111-5094. To expedite a
customer's shility to obtain a document, acgmnuhnrademhoneOrderEnﬂ’vSvmeOES)hnsbem

T - iy o

mlementedwhnchvrovxdeatheambmtywplwcmoudetduealymtoﬂ)ecompmervuatouch-tonc

telephone. This system may also be used to receive immediate status or follow-up on a previously submitted
order. In order to use TOES yoi must obtain your customer number from previously ordered material. If a
customer number has not boen assigned, one can be obtained by calling AC (215) 697-2179 or DSN 442—2179

——— R PN

TOES can then be accessed by dialing AC (215) 679- 1187 or DSN 442-1187. It is imporiani io repiace the

o s
9-1
adba e a =aueael " e n latbas " ane
letter "Q" with the number 7" and the letter "Z" with the number "9" since the telephone dia! does not include

these letters.

Copies of industry association documents should be obtained from the sponsor. Copies of all other listed
documents should be obtained from the contracting activity or as directed by the contracting officer.

2.4 Qrder of Precedence. Intheevmtof;conﬂictbetweenthetcxtofthisstandardlndthemfermcescited
berein, the text of this standard shali take precedence.
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For military commumications definitions, see¢ FED-STD-1037. Terms related to EM
in MIL-STD-453, The following are definitions of scronyms used in the standard
ADP - Automatic Data Processing

AWG - American Wire Gauge

C-E - Communications-Electronics

DO - Design Objective

EMC - Electromagnetic Compatibility

EMI - Electromagnetic Interference

FIPS - Federal Information Processing Standard

GFCl - Ground Fault Circuit Interrupter

HEMP - High-Altitude Electromagnetic Pulse

NEC - National Electrical Code

NFPA - National Fire Protection Association

TQES - Telephone Order Entry System
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4. GENERAL REQUIREMENTS

4.1 Gegeral. The need exists for effective grounding, bonding, and shielding of (1) electrical/electronic
equipments and (2) buildings and structures (facilities) in order to achieve improved equipment operating
efficiencies and increased safety practices. These requirements include the reduction of electromagnetic
interference (EMI) and noise by the proper grounding, bonding, and slueldmg of C-E facilities and equipments.
This requirement also is intended to protect personnel from hazardous voltages due to electrical power faults,
lightning strikes, and high level electromagnetic radiations associated with normal equipment operation and
maintenance. The facility ground system forms a direct path of known low impedance between earth and the
various power and communication equipments. This effectively minimizes voltage differentials on the ground
plane which exceed a value that will produce noise or interference to communication circuits. Personnel and
equipment protection is afforded when, during an occurrence of an electrical ground fault, the ground system
provides a path for rapid operation of protective overcurrent devices; or, during a lightning strike, provides a
low impedance path for current to earth. Personnel and equipment protection against power fault curreats, static
charge buildup and lightning flashover shall be provided both by protective ground wires and by bonding all
normally non~current carrying metal objects, including structural steel support members, to the facility ground
system. This ground system also provides low impedance paths between various buildings and structures of the
facility, as well as between equipments within the facility, to earth in order to minimize the effects of noise
curreats. For additional information refer to the supporting document MI1L.-HDBK-419.

4.2 Grounding.
4.2.1 General. The facility ground system consists of the following electrically interconnected subsystems:

a. The earth electrode subsystem, including the various interconnected metallic elements such as buried
fuel tanks, tower bases, fences, water pipes, etc

b. The fault protection subsystem.
c. The lightning protection subsystem.
d. The signal reference subsystem.

These items, in their entirety, compose the total ground system for the facility (See 5.1 and the Appendix).

4.2.2 Tactical Equipments and Facilities. The grounding, bonding, and shielding requirements for tactical
equipments and facilities are similar in concept to those for fixed C-E facilities. For specific applications, see
MIL-HDBK-419 and FM 11-487-4/TO 31-10-24.

4.2.3 Grounding in Arctic Regions. See MIL-HDBK-419 for information on ground procedures for arctic
conditions.

4.3 Bonding. A bond is an electrical union between two metallic surfaces used to provide a low-i ce
path between them. Bonding is the procedure by which the conductive surface of a subassembly or compoaeat is
electrically connected to another. This prevents development of electrical potentials between individual metal
surfaces for all frequencies capable of causing interferehce. (See 5.2).
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4.4 Shiclding. Shielding is required in electrical and electronic equipments to prevent the equipment from
propagating interference and toprotecttboequipment‘fromtheeffem;ofinmwpmp-gnedby other
electrical and electronic devices. (See 5.3). For individual equipment shielding requirements, see
MIL-STD-461 and MIL-STD-1857. Test procedures are provided in MIL-STD-462. If it is determined that
additional shielding in the form of a shielded enclosure (screen room) is required, see MIL-STD-285 and

MIL-HDBKs-419 and 1195. Facilities requiring HEMP shielding should refer to MIL-STD-188-125.
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5. DETAILED REQUIREMENTS
5.1 Grounding. The hcﬂxtygro\md symaonmaofﬁourdoetm:ally coanected subsystems: These are:

2. Earth electrode subsystem.

b. Fault protection subsystem.

c. Lightning protection subsystem.

d. Signal reference subsystem.
These subsystems compose the Facility Ground System and are addressed in detail in the following sections.
5.1.1 Building and Structure.
5.1.1.1 Barth Electrode Subsystem.

5.1.1.1.1 Gegperal. An earth electrode subsystem shall be installed by the respousible facilities engineering
activities at each C-E fnahtywpmvidealowmaimmepﬁhwunhfmﬁghmingmdpowerﬁnltcmmts and

ensure that hazardous voltages do not occur within the facility. This subsysicm shail be capabie of dissipating 0
Al ‘.lliﬁ ._-_i.y of £ 3 mnt Timblibnio o mkﬁ w’i‘u‘j Fis) .--In-"‘ J-.f-rl-hm w l‘-"f ms 3}’3’&%1":1 ohall alan

interconnect all driven electrodes and |mdnom:nd metal n"nmha nf the P-F fn{‘lhtv The earth slectrode

mbsynemshaﬂnotdegndcdnthtyofngmlsmthcmgndmmmseonmdodwu For more details
regarding instaliation practices, sce MIL-HDBK-419.

5.1.1.1.2 Easth Resistivity Survey. The design agency shall conduct an earth resistivity survey at fixed
permaneat sites before facility design. Survey data shall include ali data and information needed for facility
grounding design. The survey shall include measurement of earth resistivitics and recording of features such as

g‘-yﬁ Gl wu terrs .—’ rénfa}} in area w-m-mc man.mada .ﬁ-.hnes 1m~hﬁg A-rﬂ\w gmufl\l}!}l, and similar

ionificant factors,

Pt )

i’

5.1.1.1.3 Minimmum Configuration. The basic earth electrode subsystem configuration shall consist of driven
ground rods uniformly spaced around the facility and placed 0.6m (2 feet) to 1.8m (6 feet) outside the drip line
of structures. The rods shall be interconnected with & 1/0 AWG (American Wire Gage) bare copper cable
buried at least .45m (1.5 feet) below grade level. Larger size cables as well as greater burial depths shall be
specified where earth and atmosphere considerations so dictaie. The interconneciing cabie shall be brazsd or
woldedwuchgrotmdrodandshnﬂclooeonitselftoformaoompleteloopthhmeendsbnmdmwdded
together. (See Figures 1 and 2). Where ground wells are employed, acceptable compression type connectors

ST DRpEITE 2 SIS &) TYIRST VSRS T cmpR0yed, SECTRRDIC COTRTEORON Bype HUEDeAUED
may be utilized to bond the cable to the ground rod. Covmgeoftheurﬁelecnodesuhs_yswmbyuphdt
concrete, etc. shall be discouraged and kept to a minimum in an effort to maintain the effectivences of the

subsystem. Refer to MIL-HDBK-419 for additional information.

5.1.1.1.3.1 Resistapce to Earth. (DO) The resistance to earth of the earth electrode subsystem shouid not
exceed 10 ohms at fixed permanent facilities. Resistance to earth for tacticai and transportabie systems should
not exceed the DO established for the particular system.
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5.1.1.1.3.2 Additiopal Copsideratiops. Where 10 ohms are not obtained at fixed permanent facilities or the
required resistance established for tactical or transportable sysiems due to high soil resistivity, rock formations,
or other termin features, alternate methods for reducing the resistance to earth shall be considered. For

.32 ;dA_-l ..iai_.-am Py i}%ﬁi‘“‘.‘ svsath ~de as ;‘A'm" as ot "."‘MAJ‘% can MIL F“BK.419

5.1.1.1.4 Ground Rods. Ground rods shall be copper-clad steel, 2 minimum of 3m (10 feet) in length, spaced

apart not more than twice the rod length, and shall not be less than 1.9cm (3/4 inch) in diameter. Tbethxckness
of the copper jacket shall not be less than 0.3 mm (0.012 inch).

5.1.1.1.5 Comnecting Risers. Provisions shall be made for bonding the lightning down conductors, the

comecﬁngmbleéréquir&dbylhpsigndmfmcendﬁxﬂtpm(wdmmbsym,aswellnstheeqdpo!mﬁal
plane, and structural steel support members to separate risers of the earth electrode subsystem.

5.1.1.1.6 WMML Underground metallic pipes entering a facility shall be circumferentially
bonded io the building or facility eatrance plate whenover such connections arc acceptable to both the serving
suppliers and the wthonty having jurisdiction. The eatrance plate shall be bonded to the earth electrode
subsystem with two minim mmmmm length 1/0 copper cables (see Figures 3 and 4). The interconnecting cables shall
beweldedorbumdtotheeaﬂheiectmdcsubsyswm Adequate corrosion preventive measures shall be taken.
On shielded buildings, the periphery of the entrance plate shall be bonded to the building shicld. Structural
pilings, tanks, nndothcthrgeunde:gmundmeulhcmmswrmepmphayoﬂhcmmmdwshanbe
bonded in a like manner to the earth electrode subsystem. (See Figures 1 and 2.) Caution shall be used when

using clamps to ground metallic gas pipes.

\0
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\\ SHOULD BE AS SPECIFIED IN S.1.1.4.2.

g

—— EQUIPOTENTIAL PLANE MESH S1Z2E/SPACING ‘:f
N CTRUCTIRE ~ ( \

~

’\K'

NI P 4

S L L TN f?’l
. ~_~ | \T‘ ELECTRODE SUBSYSTEMS| — < e

L RN
GROUNDING FOR ﬁ,/
1

EQUIPOTENTIAL PLANE

METAL PIPES ENTERING
THE FACILITY SHOULD BE -——CROUNDING FOR
GROUNDED AT THE \ STRUCTURAL STEEL
FACILITY ENTRY POINT ——

Figure 1. Example of Equipoteatial or Multipoint Grounding to
Earth Electrode Subsystem for Overhead Plane
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STAUCTURE SHIELDING
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5.1.1.1.7 Resistance Checks. The resistance to earth of the earth electrode subsysiem shall be measured only
by the fall of poteatial technique. This shall be accomplished prior to the completion of construction of
associated buildings and structures. To assure adequate performance under all climatic conditions, resistance
measurements of the carth electrode subsystem to earth will be made at three month intervals for 12 months
following installation. The test configuration should be recorded and repeated for each subsequent
messurement. The times of such tests shall be chosen 50 as to demonstrate the adequacy of the earth electrode
subsystem over expected ranges of local temperature and precipitation. Resistance measurements of the earth
electrode subsystem to earth shall be accomplished every 21 months afier the initial 12 month period by the

facilities enginsering activity. For additional test information, see MIL-HDBK-419,

£ 1
J

. 1.1.2 Hault Drataction Suhavstam

A S 3 BV NI LN

5.1.1.2.1 General, The fault protection subsystem consists of a separate grounding conductor (green wire)' to
provide personnel and equipment protection against power fault currents and static charge buildup. Protection
from lightning flashover shall be provided by grounding all major non-current-carrying metal objects, including
main structural steel support members. A ground bus shall be provided in all switchboards and panelboards and
a separate connecting grounding (green)' wire shall be carried within the same raceway or cable with the ac
power conductors. The installation shall conform with the requirements of Article 250 of the National Electrical
Code. In all aress required to maintain communication security, equipment and power systems shall be
grounded in accordance with MIL-HDBK-419.

5.1.1.2.2 Building Structural Steel. All main metallic structural members (except rebar) such as the buiiding
columns, wall frames, and roof trusses of steel frame buildings and other metal structures should be made
electrically continuous and grounded to the facility ground system. Whenever vertical rebar is utilized to extend
the facility ground system, it shall be made electrically continuous and grounded.

5.1.1.2.3 Pipes and Tubes. As required, all metallic piping and tubing and the supports thereof should be

eiectricaily continuous and shall be grounded to the facility ground system. See Figures 3 and 4.

v continuous and

|11y it

5.1.1.2.4 Electrical Supporting Structures. Electrical m-npcmg structures ghall be electricall

grounded to the facility ground system through the fault protection subsystem.

5.1.1.2.4.1 Cogduit. All conduit, whether used for power distribution wiring, or for signal and control wiring,

shall he oroundad in accordance with the fn]lnwi_ng'

ML UV gV L e

8. All joints between sections of conduit, fittings, and busses shall be cleaned in accordance with
procedures in 5.2.8 and firmly tightened. The requirement for and use of conductive lubricant between bond
members shall be determined by the electronic/electrical equipment project engineers.

b. Cover plates of conduit fittings, pull boxes, junction boxes, and outlet boxes shall be grounded by
securely tightening all available screws.

¢. Conduit brackets and hangers shall be electrically continuous to the conduit and to the metal structures to
which they are attached.

'The grounding conductor (green wire) may be comprised of green, green with yellow stripes, or bare
with green tape.

14
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5.1.1.2.4.2 Cable Trays or Raccways. The individual sections ofnll metallic cable tray systemsshallbe
bondedtoeacbomcrlmdtomemyswmcnmeyauppm Auewanculyooaunmoonasmunem

accordance with the procedures and requiremeats specified in 5.2 through 5.2.8. Direct bonding methods of

IMm
5.2.6 are preferred.  All metallic cable tray assemblies shall be connected to ground within 0.6m (2 feet of each
end of the nm and at intervals not exceeding 15m (50 feet) along each run.

metal barrier.

5.1.1.2.4.4 Metailic P Cable Sheaihs. Metallic cabie sheaths on elecirical power cables shall be connecied
to ground at both ends. ’

5.1.1.2.5 Elecmml Power Systems. All electrical power distribution systoms shall be grounded in accordance
with the following:

5.1.1.2.5.1 Ag_mmmm AC power distribution systems shall have the neutral conductor
grounded at the distribution transformer and to the earth electrode subsystem of the facility. The size of the

(RPR I ¥

ground conductor from the first service disconnect means to the earth electrode subsystem shall be as specified

[P PRI N AA _CALTT YITADLY 0D oo T_Ll. AEN NA 8 tlen Wabimaan e ~o -.
in Tabie 1-20 of MIL-HDBK-415 or Tabie 250-34 of the National Electrical Code. In esch fac.},ty served b‘;’ &
A :»M

hution teancformer the nantral shall he diractlv connacted to the nearest mu\t of the earth

AL o
SAJLLIARULL UEIDLLIUUVHVL WalLDIVI AANvE y HUv Uviasial mll L2 \luw‘l} WATARR TS VS anas wra

electrode subsystem. Where delta-wye gvgglﬁ ccnvg:s;gg is employed, the service mtmnoc shall be a five-wire
system consisting of three phase conductors, a grounded (neutral) conductor, and a grounding (green)
conductor, In each facility, all power dnstnbuuonneumlssballbeuolatedﬁomthcc-lieqmpmxmmd
the structure elements so that no ac return current flows through the equipment and fault protection subsystem
or the signal reference, network. The fault protection subsystem grounding (green) conductor shall be installed
in accordance with: the National Electrical Code for all C-E equipment. Conduit shall not be used in lieu of the

separate grounding (green) wire.

ower Sources. All grounded (neutral) conductors shall be
grounded at the first service disconnect means of each source. For delta-wye conversions, a five- wire system
shall be utilized from each source. Delta systems shall employ four-wires fmm the source, consisting of three

phase conductors and a grounded conductor for grounding purposes.

5.1.1.2.5.1.2 Multipje Buildings with Single Power Source. Neutral conductors from multiple buildings being
serviced from a single commercial powersourocshaiibcgroundedatthesomceoniy The neutral shall be

isoiated at the first disconnect means. A five-wire sysiem shall be utilized from the source.

2.5 % Qtandhy AN Generators Maotor and esnerator frcm d tm

!5

shall he ormounded in

podat i)

accordance with Article 250 of the National Electrical Code. The generator neutral shall be grounded directly

to the carth electrode subsystem. Whengmentorsmconnecwdmpuﬂld thenemnlsshallbe
mterconnectedmdgroundedthhasmglegmundoondmr

"ci

5.1.1.2.5.3 AC Outlets. Grounding of receptacles and associsted grounding terminals shall meet the
requirements of Articles 250-74 and 250-94 of the National Electrical Code (1984 or later). However,

A o

aluminum and copper clad aluminum conductors pcrmmod by Articie 250-94 shaii not be used. When

necessary io controi noise probiems, grounding of grounding ierminals may be accomplished 1AW Excepti

f Act:nle YEN QA Ransiomdicns ~F amatallin Anélat aw nll st ha donandant nnan ser arvatad atrince or

P’

X 00 4
1. o .

AfiCie £oU-54. Urounaing o1 meisinic Ouiel 0OXes saau not be GEPERGEat UPpOn SSITawxs ou.yo Or Cl},m'*

Q
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5.1.1.2.5.4 Electrical Motors and Generators. The frames of motors, generators, and other types of electrical

Ahiabdd [ = m e Al e e e e 2 T EEEERy g o ee ey RS

rotating machinery shnllbegnmnded to the funtpmw:tion subsystem, according to AmdedﬁOofthe‘Nmom!
Electrical Code.

5.1.1.2.5.5 DC Power Sources. One leg of each dc power system shall be grounded with a single connection
dnectlytothcetnhelectmdesubsystcm Ihemofﬂxegmundxngmduetorahaﬂbcuspecxﬁedby;&rbcle

DUOIMN!UMIIEI&MWW wnemcrgmmweaumesoumorullw,nwpameammlm

Toad 80 thin cmesana abhall e stoad ¢~ camian tha An cmroeaeet flanarn te tha fonlt mevbantice o tha aiswmal
lmmlmwmmwmwmwmm I.llll 0o Gl lmtuuwamuwnnmtyxvmvumunw

rafarance enhovetam

AVIVI VIV CRAUT y el .

5.1.1.2.5.6 Metallic Battery Racks. Metallic battery racks shall also be grounded to the facility ground system
at the nearest point.

5.1.1.2.5.7 Ground Fault Circuit Interrupters. All 120 volt single phase 15 and 20 ampere receptacle outlets
shall use ground fault circuit mwmxpters (GFC[) for personnel protection (See NEC Article 210 and 215).
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power gvetems shall be grounded in sccordance with MIL-HDRK-419.

5.1.1.3.1 General. hghmmgpmtecuonshaubepmvndednsmqmredforbmldmgsmdmuctmwm
accordance with the National Fire Protection Association (NFPA) No. 78, and the following:

€1 124 bt o et b alof] he masided oo meviioed fne hasildimoan and ~—
J.1.1.7.4 W uxumm PIGRUVL Bl UT PIUVIOOU w5 u‘ ©J Ul uu,uuulsb aua Raaned
" 3 i vm‘vhﬁmhm: snacified herein -nﬂ the snnlicsble

‘vuu SRS LEMIVES S et U PRV atwa waas mmate i SpUpAlteRe™ r"--.-"r'—' 22

NFPA No. 78. This protection shall be extended to all electrical, eléctronic, or other ¢lements which are a part
of, or are in support of all C-E facilities. Such elements shall include, but shall not be limited to, substations
(to the extent that additional protection beyond that provided by the electric utility is necessary), power poles,
towers, anlennas, masts, eic.
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§.1.1.3.3 Q_:_x_\v_g_ggm_qt_gs_ Where copper-clad steel down conductors are used on structures not greater than
23m (75 feet) in beight, the dc resistance of solid wires or stranded cables shall not be greater than 0.176 ohms
per 305m (1000 feet). On structures greater than 23m (75 feet) in height, the dc resistance of the wire or cable
shall not be greater than 0.088 ohms per 305m (1000 feet). The size of wires in copper-clad stranded cable
shall not be less than N6, 14'AWG.  (In cases where mechanical and installation situations warrant, a larger
(preferably No. 6 AWG c0pper) wire may be utiiized.) The copper covering of aii copper-ciad steei down
conductors shall be pemnnently and effectively welded to the steel core. The comiucuwty of copper- clad
conductors shall not be less than 30% of'a solid copper conductor of equivalent cross-sectional area. Down
conductors bends shiu be gradual and not have a radius less than 20cm (8 in). The lngle of any bend shall not
ha lace than 00 dpofm (see Figure 5). "Any metal object within 1. 8m {6 feet of the lmhtmnx download ghall be
bonded to the down conductor (see NEC Amcle 250) ‘Where practicable, a uepanuon of l.t least 1.8m (6 feet)
shall be maintained betweex ' open’'conductors ofi power and communications systems and. hghtmng down
conductors (ses NEC Article 800). On structures higher than 18m (60 feet) there ahall be at least one additional
down conductor for ‘each additional 18m (60 feet) of height fractions thereof, except t that the interval betweeu
down conductors around the perimeters shall not be iess than 15m (50 ieet) nor grum iban 50m {i00 feei).
Down conductors shall be continuous and shall be bonded in accordance with 5.1.1. 15-nd523tomeuth
electrode subsystcm or to a ground rod bonded to this subsystem installed as near as pucucable and within
1.8m (6 feet) from the stmcmm

R Radids of bend: '
not less than 8" _K

N L i/ _ \ ] ({\\o'
t

\ 1

N *_‘

Figure 5. Radius and Angle of Down Conductor Bends
5.1.1.3.4 Bonding. Ali bonds: betweea eicmeais of ihe lightning protsction wmysu:ﬁis shall be made by
welding or brazing or UL approved high oompmsxon clamping devices. Weldmg or brazing shall be used for
all bonds not readily accessible for inspection and maintenance. Soft solder shall not be used for bonding any
conductor in the lightning protection subsystem. A

5.1.1.3.5 mmm_smL Substantial metal structural elements of buildings nnd towers (including overall
building shield where it exists) shall be acceptable substitutea for lightning down conductors provided they are
permanently bonded in accordance with 5.2 and bonded to the earth electrode subsystem. Bonding straps across
all structural joints shall be JAW 5.2.3.3.1.

§ NI H

i nals (Lightmis Non-memlhc ob)ects extcnsxons, or protrusions requiring
protect.lon shall bave the fir temnmls designed and installed i in weordanco with requirements of NFPA No. 78,
chapters 3-9 and 3-10.
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5.1.1.2.7 Guards %chr&-ﬂvmum&n , the guay n_l_,-hn“h_-gl_g;j_qgg_l!v}_vmdednmchmd
of the _,,m-m tightning conductor. “Bach-inoisted secti _*uf conductive gusrds shall-atso be bonded to the

hghtnmgcmdncwr

5.1.1.3.8 Supporting Structyres. Lightning protection shall be provided for mdar, commamications or
mvigationqlnidunmmtowm, and similar supporting structures in accordance with the following:

TI_ el WV e A Qiblobo ool A cccdlh alontende coilcvratoce Ansfrcosinn bn earmvieasmentc 5 1

5.1.1.3.8.1 W All AU GISKCUO0C sUosy sl CONIUTHNY W IRulitiiEql s 1.1
through 5.1.1.1.7 shall be provided for all supporting structures. If a tower is adjacent to another structure such
that the minimmum distande hetween the tower and the structure is 6m (20 feet) or less, one earth electrode
mmmmw«mmm-ummum
memmommfea),mmmmmmumm Theee
wbsymdnllbemmmdfotmnnmuptom&u Two bare 1/0 AWG copper cables shall be
mwmwwmwmummmdumwumam
wbsyuemothmmgammmmmm,mx,mmmhmﬁmmﬁﬁciﬁwﬁiﬁ

3N __ ax AN £ o\ a=md 2
Wlﬂ!mm‘m 1S8%). \awrlguxw 1 &0G <.

5.1.1.3.8.2 Air Terminals. An air terminal shall be installed on the tower as specified in 5.1.1.3.6. A
minimum of two conductive paths shall exist between any two air terminals and between any air terminal and
the earth electrode subsystem (except for dead ends less than Sm (16 feet)).

5.1.1.3.8.3 Antenpas. Antennasinstalledonwwemorplatformuhallbewid:inal 1 zone of protection of an

air terminal. Large array type antennas such as rhombics, yagis, eic. shall be protected by 0.6m (2 fest) air

terminals installed on the top of the mast or structure FJvamu_g the antenna For additional in ormation sec

MIL-HDRK 419,

5.1.1.3.8.4 Dowp Conductors. As a minimum, down conductors shall meet the requirements of 5.1.1.3.3.
Each down conductor shall beicontinuous and shall be bonded to the carth electrode subsystem for the tower in
accordance with 5.2. For metal towers, where the structural elements are not used as down conductors, the
down conductors shall be bonded to the tower iogs at the base. Down conductors connecting cabies to the earth
elecuodembcystemshallbeprotecwdagainstmechmiulchmge Coanecting cables passing through

. PlPS.puptpia o b s abea am e _mmata
f__ e orF PN 5 hall I‘Ue .&-llaﬂ‘mPInmcm i~ dend

5.1.1.3.8.5 Waveguide Grounding. As a minimum, all waveguides shall be grounded as follows:

a. All waveguides to the antennas shall be grounded at three points: near the antenna, at the vertical-to-
horizontal transition near the base of the tower, and at the waveguide eatry port.

b. Mddhcmppomngnnwmmfmmvegmdaahaﬂbedwmuﬂyomummmdmubemm

Al oeba o ith .l...o.Gde ....I....’...o..... at tha ﬁml e A |--0 support wlllﬂ-ll! as a minimnm ‘nna \ln_‘f‘n' !A‘d ¢ ghall
I\A
o

a,_ufer.sgm’ble.

c. Wuvegmdeslhnﬂbemmdedwnhsohdcopperm:porcoppamulastequdtoNo 6 AWG.
The size of wires in this cable shall not be less than No. 14 AWG. Braid or finer-stranded wire than No. 14
AWG shall not be used. Aﬂbmdsofymdemdudmhﬂhveandxmofﬁan(%m)orputumdthe
angle of any bend shall not be lees than 90 degrees.

18
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d. Waveguides shall be properly bonded to the waveguide entrance panel and the pancl shall be connected

by the most direct route to the earth electrode subsystem using a 1/0 stranded copper cable. For additional

information see MIL—IHDBK-419.

5.1.1.3.8.6 Qggm_gﬂgw Coaxial cables shall be bonded to the building or facility entrance plate

and in tum to the carth eleetrode, subsystem. For additional information see MIL-HDBK-419.

£ 4 2 AT L N A TN I ¥ VORI oy pRoNEgiew macla o ot avwe b
5.1.1.3.5 Exierior Nogstructural Meta! Eleipents. All exterior hand rails, ladders, stairways, anteans pedestals,
ey |

5d anteona alements 4...3 at gr..ml notantial shall he honded to the hohtnmo mntecbm suhgvatem with a

Vv U usmrwes v wmaw asgpes: Pl et (8t s b=
J

No. 6 4 anmunrgmhrogr

PN YN Sppva Sias

SIIBIOEzm_m.msLQhIQ_

5.1.1.3.10.1 m Con*osxon—protec&edswel oondmtuhallbeuaedtooompletdyenclonequmblowmng
(notably outdoor or und«gmnnd mgnxl wmng not otherwise protected) to sme:u agnnm ugmmng or ngnmmg

} NP P | S semmd

induced currents and voitiges. Such conduit shall be eiectrically bonded from section 1o section with cofrosion-
...... stad Gﬁnqumluu uuul'is or ghall R welded or brazed a¢ eav‘nh‘jn.nf Pull hores : j\mﬁht’u.\. l\nvn: otr that
ars in n-tm' to }k. nmﬂnntmnﬂ -lmh-um"v N\ndad to the conduit ﬁhl“ be monrded as conduit. Mml mh()les
whmunad -hnllbebondedtothecondmt Nonmenlhcmmbolcsshnllbebndzedtopmvndenoommnous
electrical puth from one section of conduit to other sections of conduit entering or leaving a manhole. The

conduit shall be bogided‘lt e.eh end to the earth electrode subsystem of each terminating facility.

5.1.1.3.10.2 _M_Q;ggl__u;q_s_ Overhudgmrdmresahaﬂbemgndedumwmmﬂs Such wires
shall be spaced not less than im (3 feet) above nny ngmu or controi circuits being protecied. The munirpum
conducior size Snﬂl be 170 AWG gll‘\illnznu ‘‘‘‘‘ sicel. Overnead ‘u-.l‘d wires shall e ru‘:um““"" & the sarth
electrods ﬂ%}%m of asch tarminatine fasilitv, When the distance hetwean terminating facilities exceads 76m

(250 foet), the guard wires shall also be honded 1o 3 ground rod meeting the requirements of 5.1.1.1.4 at
intervals not exceeding 76m (250 feet). The top of the ground rod shall not be less than 0.3m (1 foot) below

grade level.

5.1.1.3.11 Upderground Guard Wires. Buried signal, power, or control wires or cables not otherwise
pmteaodbyfermuscondxxitinthemannerpmcﬁbedbys 1.1.3. IOishxiibeprotected'bya'bue i/0 AWG
coppergunmwueemneoueammesouwovempa:umwmewxm, cables or ducis. Ancguuuv‘v‘ifﬁihiﬂ

D A e £10 - - o -—
be laid & minimim of '45cm (18 in) below grade level and at least 25¢m (10 in) above the duct or uppermost

wire or cable. Whers the width ntﬂu dumtmthmd of the cable yun doez not exceed Im (3 faet\ one
mnrdmremnmmdavmlheductmmblemnshxllbemmﬂed Whaethzwre-dexceedslm(?}feet) two
zmrdmresshnllbe“\'ns'ed. Thevuhallbewedulenst’.iOcm(l2m)apu1mdnotlessthm30cm(12m)nor
more than 46cin (18 in) inside the outermost wires'or the edges of the duct bank. All guard wires shall be
Wn@@f’mmmammmofmmm‘mq The requirement and need for
undecground guard wirés shall be determined by the electronic/electrical squipment
pm)eamgmecrandﬂwhcmuugmeenngmmymdmuummmedmawemwamm
oepmamxupon‘mepnmwoxmemtmmemoxugnmmgmum

( 1 l 3 " Y inhtnina Avartnes Rynnocad -nl‘ wndararramd novuer ||m IIM M” mntnctnd .hll, }I’
S AMMME fMAYRIVER: SAPIORAL Ll

undsreround nower not nthes
nmy_lgd_gqt_h_'_ﬂ annroved lmhmmonmulhemntofmmnm mtothef‘c:htv mmmu
mmlled in ncoordmce ‘with Amale 280 of the Nmonnl Electrical Code and MIL-HDBK-419. (If a conflict

dmﬂdoccurbetwmtheNECmdthehmdbook the more stringent should apply.)

[
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5.1.1.3.13. Security/Perimeter Fepces. All security or perimeter fence shall be grounded IAW procedures
outlined m MIL-HDBK-419.

5.1.1.4 Sigpal Reference Subsystemn

5. 1 i.4.1 Gegersl. A signal reference sibsysicm shall be installed at sack facility to control static charges and

ise, and establish a common reference for signals between sources and losds. The desired goal is to
w‘i‘.‘h F\...A o o f.nmhcnsm:mmcfth-t minimizes 1ntor§a_g~nmlggm_g‘nnmg Where units are

distributed throughont the facility, the gignal reference ground subsystem should consist of an emnnommnl
ground plane.

5.1.1.4.2 Higher Frequency Network. Higher frequency networks may require an equipotential plane. The
equipotential plane shall be a solid sheet or may consist of 8 wire meeh. A mesh will appear electrically as a
aohdsheetulongasﬁxemeahopenmgsm1/8hmbdlorleuuthehxgbestﬁequenmesofoonc«n When it
is pot feasible to install a fine mesh to meet the 1/8 lambda criterion, a larger grid may instalied, but in no case
shall!hemeahwbegmtathm4mches Theeqmpotenudplmc,nfreqmred should be instalied under the
equipment, but for retrofit may be instailed overhead (see Figures 1, 2, and 6.) Signai, conirol, and power
cables snomaoemumumc:wcpmmmuywxmeqmpcﬁeﬁuupwnupuw with the signal and control cables

separated from power cables as far as practicable. The equipotential plane shall be connected to the building
structure shell and sarth slactrode subsystem at s many points sz nractical. For additional information see the
Appendix snd MIL-HDBK-419.

5.1.1.4.3 Lower Frequency Network. A lower frequency network will be installed at facilities employing
lowarﬁeqmcyeqmpmentsfmmdctoBOKhz,andmaomeusestoSOOKhz The purpose of this network is
wuolnebwﬁequmcyngmhﬁomdlothcrgmundwworksmcludmgmrﬂ safety, lightning and
power grounds. This network prevents stray curreats (primarily 60 Hz) from developing voltage potentials
between points on the ground network. mslmﬁeqmcynawmkmmmmwuwmmuowode
subsystem at one point only (smgle point) and must be configured to minimize conductor path leagth.

~La_ .2

Additionai information on iower frequency neiworks can be obiained from MIL-HDBK-415.

h—-m-‘:nnﬁms=n'}mw;% (CO_TN nnuinmf.

w
et
[

(l\

.1.2.1 Signsal Reference Subsvstem This subsystem provides the voltage reference point(s) for all signal

XABMNTL ASYANCLETANN 3 XX LY IIRCL e

orounding,
grounding.

5.1.2.1.1 Higher Frequency Network. The higher frequency (equipotential) network provides an equipotential
plmewxlhthemmmnnnmpedmcebetmtbeusomateddnwmccomponmm racks, frames, etc. To the

extent permitied by circuit design requirements, allrefmpomtsmdplnunhdlbedmwygmmdedtothc
chassis and the equipment case. Direct grounding is preferred; howcva,whmmdmduuammmunes
must be floated at a dc potential, capacitive grounding is. scceptabie. Where mounted in a rack, cabinet or
mclomm,theeqmpnmtu&eshaﬂbebondedwthen@k ubuuormclonm,mmmdawethh524 To
minimize the voitage mncmuuuuwompomxsmmcmgnexnequmcy signal reference Botwoik, the &
resisiance between any iwo poinis within & chassis Of equipmant cab.r.e:'seﬁ.ngasarcfmﬁxh:gm
frequency signals shall be less than 1 milliohm (0.001 ohm). Thegroundmgeonduetotthallnotpmm

eaiinment calinats ot Casss t..» '-t‘\na .l..ll ha w-n-t—d on ﬂu mn\d ﬁfnd rmnlmllv \IMIM to th m.l

hareiar
WL § I -

5.1.2.1.1.1 Signal Isolation. There shall be no isolation between equipment chassis and case for higher
frequency equipments except where stated in 5.1.2.1.1. '

LLL=s L
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5.1.2.1.1.2 Equipment Signal Ground Terminatiops. Each individual unit or piece of equipment shall cither be
bonded to its rack or cabinet in sccordance with 5.2.4 or shall have its case or chassis bonded to the nearest
point of the equipotential plane. Racks and cabinets shall also be grounded to the equipotential plane with a
copper strap. All equipment cases and all racks and cabinets shall

have a grounding terminal, as long as it permits convenient and secure attachment of the ground strap.

5.1.2.1.1.3 jeld ] ipati ia] apnd Other Hig ables. All connectors shall be of a
typelnddemgnthatprovndcalowxmpedanoepclhfromtheslgmlhnenhneldwthceqmpmtcase If the
signal circuit must be isolated from the equipment case, and if the shielding effectiveness of the case mmst not
be degraded, a connector of a triaxial design that properly grounds the outer cable shield to the case shall be
used. Shields of coaxial cables and shielded balanced transmission lines shall be terminated by peripherally
grounding the shield to the equipment case. Bmdmgofconnectorsshlﬂbemwcordmcewnh525 Coaxial

shields and connector shells shall be grounded at junction boxes, patch panels, signal distribution boxes and
other interconnection points along the signal path.

Signal and control cables

ignal and should be separated from power cables as far as practicable.

5.1.2.1.1.4 Overall Shields. Shields surrounding a cable containing individually shielded lower frequency
signal lines or containing only unshielded lines shall be grounded at each end and at junction boxes, patch
panels, distribution points and at other intermediate points along the cable run. Overall shields shall be
grounded to cases, cabinets or conducting surfaces.

21
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£« mom e 2w . swa IR s sl Y . Al e % o __a__ a3 L ___ . L.l L____3 __.2

d.1.2.2.1 Goperal. 1be Iault prolectiol SUDSYSICI enSures DAL personnel are prowecied ITom MOCK BAZATA and

the equipment is protecied from damage resulting from faults, including short circuits that may develop in the

clectrical supply and distribution systems. The ac YN‘M neutral is isolated from this subgystem throughout the
lity excent for one point of interface at the power service entry. (See 5.1.1.2).

AL AAL B MR vl

5.1.2.2.2 Personnel Protection. Mennsshnllbepmvndedbywh)chﬁweqmpmtponsmchupmls oovm,
knobs, switches, and connectors that are subject to human contact during normal operation and maintenance are

gmmddwpmmtmﬁombmmngdwmmﬂymmmdmmofpowhmhﬂu“wmpm
failures. All contacts, tetmmalsundhkcdckuhavmgdmgmuvolhgsdnﬂbemrded from accidental

mbymltmwmmwwmmmmmumwmmu

Ground Fault Circuit Interrupters (GFCI), installed on conveniance outlets as specified by 5.1.1.2.5.7 or the
National Electric Code Article 215, should be utilized.
5.1.2.2.3 AC Power Neutral. In all electrical and electronic equipment, the ac power neutral (white wire) shall

be insulated from the equipment chassis, case, and facility ground system except for one point at the facility
power service entry. With the circuit breaker open and the neutral disconnected, a minimum of 1 megohm dc
resistance shall exist between either side of the ac line and the equipment case (ground).

)

4 Y__ $°_ ‘. _ ¥t TM___.__ ¥ > __ YT 'l.___ ANy B Ve e L0 Rt b 3 e dea eaam

5.1.2.2.4 memmwmmwmymmmwnm
€ ) or tha amnimeant cane nr anclocurs
J-LWW“{ puja.nuwvl SANAUVDWRI .

5.1.2.2.5 Convenience Outlets. Where AC outlets are provided with equipment of equipment cabinets, they
shall be installed IAW the requirements of Articles 250-74 and 250-94 of ‘the National Electrical Code (1984 or
later). However, aluminum and copper clad aluminum conductors permitted by Article 250-94 shall not be
used. As these outlets are immediately associated with equipment instalied in racks or cabinets, they shall not
be used for powering any external equipment except that used for maintenance and testing of equipment in the
cabinet or racks.

1.2.26 Dartahls Roninmant . Paetahle slactrical ar elactmnic aoninment cages, nnplnm"ne and hnulnnm shall

o kodeades ANy AU yrgiy: B UL smuUaY WatAsisdms Vi £18Cironic SAfss il Smoes WUy st asss

be considered to be adequately grounded for ng_rsgm_ng! protection through the thnd wire (grounding) of the

power cord provided that continuity is firmly esmbhshed between the case, enclosure, or houamg and the
receptacle’s ground terminal. The third wire of the power cord shall not be used for signal ground.

i
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5.2 Bopdipg. (For Building, Structures, and C-E Equipment Installations).

5.2.1 Genenal. Bondmgmfenmd:eptmbywhwhalowxmpedmpuhfonheﬁwofandocmc
current is established between two metallic objects. Inmymdwncelewuncfnuhty,whodmnumlymc
pxweofeqmpmmtoranenmﬁmhty.nnmnmmmmmlhcobjmmbcmnkm
order to minimize electric shock hazards, pmvxdehghtmngpmtwuon, establish references for electronic
signals, etc. Ideally, each of these interconnections should be made so that the mechanicai and
dwmwpmpuuuofﬂwpuhmdmmmdbymcmmmdmbymcmm
Jjunction. rnnner,mmmmmnupﬁﬁﬁumuﬁ%-ﬁ“"fmmcﬁaww

pmgmmvedegndabm&omubaeqmtddmmhmthmghmmmmhomm In terms of

ﬂn. mnlh to he M‘\lﬂ\'lﬂ‘ lgmdmo 7.3 mnr fm' ﬂle fnllawmn TeAONS:

a. Protection of equipment and personnel from the hazards of lightning discharges.
b. Establishment of fault current return paths.

¢. Establishment of homogeneous and stable paths for electrical currents.

d. Minimization of voltage on enclosures and housings.

e. Protection of personnel from shock bazards.

f. Prcvention of static charge accumulation.

i eatmonts Surhocuwnmu.mclndmgmephungsprovwedfotaddodmabﬂnty
orcorxmonpmtecnon.mllofferhnghoonduchwty Phnnx'meulsdnllbedm-chemwdlyeompmblemth
the base metals. Unleasnnublypmtactedfmmlheam»sphmc silver and other easily tarnished metals shail
not be used to plate the bond surfaces.

5.2.3 Bond Protection, Allbondsexceptthouhstedm5232:hnﬂbenuublypmwcwdagunstwuﬂwr

= ab i biacas  wre

corrosive atmospheres, vibrations and mechanical é.‘.a‘.‘-g‘ Under dry conditions, a corrosion preventive or

RARIVERteR pe

mlamdnllbe:pphedwnhmﬂhoursofmmb)y ofthebondmnends Unduhxghhunndxtyoondmons
sealing of the bond shall be sccompliched within ene hour of joining.

5.2.3.1 m_mmmawwmcwlummmmbymgmm
metals to be bonded are galvanically compatible. Bonds shall be painted with a moisture proof paint conforming
to the requirements of Federal Specification TT-P-1757 or shall be sealed with a silicone or petroleum-based
sealant to prevent moisture from reaching the bond area. Bonds which are located in areas not reasonably
accessible for maintenance shall be sealed with permanent waterproof compounds. Anodized or other similarly
protected bonds shall not require painting to meet the requirements of this standard.

Compression bonds between copper conductors or between
aa—*“‘b}e aluminum alioys o located in readily accessible areas not gubiect to weather exposure, corrogive

JUes T T eemsasns SApwT=e Yy PLUSILSS

fumes or excessive dust shall not require sealing. This is subject to the approval of the responsible facilities

engineering acti activity or the local authorized approval remeeentnnve

5.2.3.3 Vibnation. Bonds shall be protected from vibration-induced deterioration by assuring that bolts and
screws are adequately torqued.




MIL-STD-188-124B

5.2.3.3.1 Bonding Straps. Bonding straps installed across shock mounts or other suspension or support devices
shall rot impede the performance of the mounting device. They shall be capable of withstanding the anticipated
motion and vibrational requirements without suffering metal fatigue or ‘other means ‘of failure. Extra care
should be utilized in the attachment of the ends of bonding straps to prevent arcing or other means of electrical
noise generation with movement of the strap. NOTE: Bonding straps with a width-to-length ratio
approximately 1-to-5 and thickness of approximately 0.76 mm (0.030 in) are better than wires, due to lower
inductance per unit length.

< PRI . PSP AN Lol e comneod anes i
5.2.4 Bond Resistance. All bonds for ground conductors whose primary function is to provide & path for

power, control or signal currents, and hghtnmgprotechon shall have a maximum dc resistance of 1 milliohm
(0.001 nt.m\ The resistance across joints or seams in metallic members required to provide electromagnetic

RO VRAAVY SR U JoRssss SO =oe SEREEEE

shielding dmll also be 1 milliohm or less.

5.2.5 Materjals. Unlessotbcrwmcq;ecnﬁed bonding materials shall be in accordance with 5.2.5.1 through
5.2.6.6.

5.2.5.1 Sweat Solder. Solder used for sweat soldering shall conform to ASTM B 32.

5.2.5.2 Brazipg Solder. Brazing solder shall conform to AWS AS.8.

5.2.5.3 Clamps. Where bonding clamps are not avoidable, they shall conform to AN735 or AN742.
5.2.5.4 Nuts, Bolts apd Washers. Nuts and bolts shall be adequately torqued. Flat washers shall not be

surface treated; they shall be plated as specified in 5.2.9 for corrosion control purposes. Star washers smaller
than 1.3cm (1/2 in) shall not be used.

5.2.6 Direct Bonds. Wherever possible, the bonding of metallic members to be interconnected shall be
nccomphdxedbydxmct’conwofthemﬁngmrfwewithmxttheunofmnuxﬂiaryomducmr Electrical

continuity is obtained by establishing a fused metal bridge across the junction by welding, brazing, or soldering,
or by maintaining a high pressure contact between the mating surfaces with bolts.

vt
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5.2.6.1 Welding. Permanent connections between ferrous materials shall be welded whenever required. Welds
of sufficient extent t0-support-the Joad demands .on the bonded members shall be considered to provide an
sdequate electrical bond when the following conditions are met:

. OnmembetswhmemmmnmdxmonlsSm(Zm)orleas,theweldshﬂlextmdcomletolymoas

- or f losnamt A —_nm

La ocda svarolin e
ine sue BRINABCO O1 MIETa Gillsao: Uk

b. On members whose largest dimension is greater than Scm (2 in) but less than 30cm (12 in), one weld
of at least S5cm (2 in) in length shall be provided.

c. Onnnmber:whosehrgwdimﬁonisgmmthm300m(12in) two or more welds, each not less
than Scm (2 in) in length, shall be uniformly spaced acroes the surface of largest dimension. Thclmx.lmnm
specing between successive wcldslhallnotexoeed 30cm (12 in).

d. At buit joinis, compleic peneiration welds shall be used on all members whose thickness is 0.6cm (1/4
in) or less. Where the thickness of the members is greater than 0.6cm (1/4 in), the depth of the weld shall not
be less than 0.6¢cm (1/4 in).

e. A fillet weld shall have an effective size equal to the
thickness of the members or as specified by AISC Specification S326.

f. At lap joints between members whose thickness is less than 0.6cm (1/4 in), double fillet welds shall be
provided.

5.2.6.2 Brazing and Silver Soldering. Brazing or silver soldering shall be acceptable for the permanent
bonding of copper and copper alloy materials.

5.2.6.3 Bonding of Copper to Stee]. Either brazing or exothermic welding shall be used for the permanent
bonding of copper conductors to steel or other ferrous structural members.

5.2.6.4 Soft Soldering. Soft soldering shall not be used for bonding purposes unless:
a. The joint is not subject to mechanical loads and stresses.
b. The conducting path is not subject to lightning or power fault curreats.

5.2.6.4.1 Sweat Soldering. Sweat soldering shall not be used for electrical bonding unless other fasteners such
a8 bolts or rivets are concurrently used to provide mechanical strength, and the requirement of 5.2.6.4 above is
met.

5.2.6.4.2 Sheet Metal or Duct Work, Where required, non-current carrying members such as air conditioning
and beating ducts, gutter spouts, canopies, swnings, screens, etc., normally held in place or supported with
sheet metal screws or mated mechanical joints shail be bonded by soft soidering.

5.2.6.5 Bolting. All bonds utilizing bolts and other threaded fasteners shall be adequately torqued. Inspection
shall be conducted periodically. Before joining, all faying surfaces shall be cleaned in accordance with 5.2.8
through 5.2.8.4. Particular care shall be taken to provide adequate corrosion protection to all electrical bonds
made with bolts and other threaded fasteners.
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5.2.6.6 Qﬂmgg_mﬂm_ C-Clamps and spring clamps shall not be used for permanent or
nemxpermlneﬂtbondmg*"

5.2.7 Indirect Bopds. threthednrectjonmngofmucmmaemm equipments, and electrical paths is
lmposmbleonmpnctlc‘bletoacMeve,bondmgstmpsorjunmmmocnngthereqmmmcntsofSZSBlshnll

used. If additional information is mnnrnd soe MIL-HDRK-419,

5.2.8 memm Anmmngmrfweswhnchcommethcbondahnnbethomghlyclmnedbefm
Jomgtommve~dust, gtusc -0il, moisture, noneondueuve protective finishes, and corrosion products.

1t
5.2.8.1 A&mgam@ ADbondmgwrfwesshallbecluoedovermanextendsdlustO&m
(l/4m)beyondnlln®sofﬂ:ebondedmonthehrgermba

5.2.8.2 Mt_ll_gmgv_a_L lets primers, mdotherorgamcﬁmsbesuhllbenmvad from the metal.
5.2.8.3 Inorganic Film ;\-,L.Lnn,g val. Rust, oxides, and nonconductive surface finishes such as anodize shall be
removed.

5.2.8.4 Fipal Cleaning. :After initial cleaning with chemical paint removers or mechanical abrasives, the bare
metal shall be wiped or brushed with dry clamng solvcnt meetmg the requirements of Federal Specification

P-D-680. Surfaces not requiring the use of meclnmcal abnswes or chemical paint removers shall be cleaned
with a dry cleaning solvent to remove grease, oil, corroslon prcvenuves, dust, dirt, and moisture prior to
bonding.

§.2.8.4.1 Clad Metals. Clad metals shall be cleaned with fine steel wool or grit in such a menner that the

cladding material is not penetrated by the cleaning process. A bright, smooth surface shall be achieved. The
cleaned area ahall be wxped with dry cleaning solvent and allowed to air dry before completing the bond.

5.2.84.2 Algmnm_AleL Aﬁcrclumngalunnnummrfwestoabnghtﬁmsh abmshcoatmgofmodlzcor
otherslmnhreonducnveomnngshnllbeapphedtothemnngmrfwes

5.2.8.5 ngp]ﬂg;___‘hg_m If an intentional protective coating is removed from the metal surface, the
mating surfaces shallbe ]Omed within 30 minutes after cleaning.

529 MMQQ_S, Allnunngmrfnccmtcnnlsdntoompnseabondshdlbeidbuﬁﬁed Compression
bonding' with the use of bolts or clamps :hall‘vbp” nlmﬁ'onl“ between metals having. acceptable coupling values.
Whentheh-aemmlsfmmoouplesthnmhou'llowed thé“meulsshallbephted coated, or otherwise
*eéxﬁp’a“uu with each shall be inserted between the two base

protected with & conductive finish, ornmatenﬂ’ mpa
metals. It shall be constructed from, or plated ‘ th,‘ : [appmpnntcmtermedutemetd

5.2.9.1 Corrosion Prevention. Because ofganu‘nc‘ ‘ofrosion between dissimilar metals, the welded or brazed
joint shall be covered with pitch or other suitable waterproof compound.

oA an T . N L ot _a ] PN Prpny: Py crleamonras wmombirnal o Py
5.2.10 Enclosure Bonding. Subassemblies and equipmeat shall be directly bonded, whenever practical, at the

areas of physical contact with the mounting surface.
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5.2.10.1 Subassemblies Subacsemblies ghall be bonded to the chessix dnnu uhhnnv the maximum mbla contact

area. All feed-throughs, filters, and connectors shallbebondedwthemb.mmblv enclosure to maintain shield
effectiveness. Imerferenee suppression covers shall exhibit intimate contact around their periphery; such contact
shall be achieved and maintained through the use of closely spaced screws or bolts, or by the use of resilient
gaskets, or both.

5.2.10.2 Eguipments. T‘hechassis‘oruseoflnequipmcntthnﬁbedimctiybondedtoihemk, frame, or
cabinet in which it is mounted and in accordance with the iniended prirpose of the grounding methods as

--.:lu.} as ekl un.. .‘-_.I-.d A.lj..mt ...L._Abn -nA racks -l.-" L. kMAM to ..nh n}hn m-nm -nrfnm and

the contact surface on the Wrﬁno element -hnll be cleaned of all naint m other mml-hnv mhatnncm in

my}fd.nmmﬂrﬁmmtnmmuof528ﬂxmnh5284 mehﬂmmmnmfﬁuﬂmmmm
udeamtemrfneewnmmmmebmdmﬂmmmmtsof524 Tinnérman nuts and sheet motal
screws shall not be used for fasteners. Iftheeqmpmtmnsttennmopamomlwhmpamd]yoroompletely
wnthduwnfromxtsmotmtedponuon,ﬂ)ebondlhlllbemmumedbyamovmgmofcmmtorbyd:emeof
a flexible bonding strap. Flexible straps shall be permitted only whére necessary to maintain bonding during
adjustmenxsornmntmmoeorwhmometooummtspmmtmmtbommg megmtmmngconaucwrmunot

penetrate equipment cabinets or cases but rather shall be terminated on the ground stud peripherally welded to

s cnatal bhaceas
ui€ MCAal ORKITICT.

5.2.11 Comnector Mounting. SunduﬂMSWcmmctomuwdlnothanheuwmmdmnl
wmectmmnbemmwdwdxnmnmwmdhcmwummumedmmthemdmwhchmmwd
Bonding shall be sccomplished completely around the periphery of the flange of the connector. Both the flange
surface and the mating area of the panel shall be cleaned in accordance with 5.2.8 through 5.2.8.4. Afier
mounting of the connector, the exposed area of the panel shail be repainted or otherwise proiecied from
corrosion in accordance with 5.2.3.1.

sl\

2.12 Shield Terminations. Cable shields ghall be terminated in the manner specified in 5.1.2.1.1.3 and
§.1.2.1.1.4 and tightly fastened 1o the cable connector shell with a compression or soldered connection. The
cable shall be able to withstand the anticipated use without becoming noisy or suffering degradation in shielding
efficiency. Cowdwnnecbmshaﬂbeofamwnﬂthﬂmemmmmmtmmdmwuhmqmmt
10 of MIL-STD-454. Shield connections for cables using connectors shall be kept to less than 2.5cm (1 in) from
the point of breaksway from the shielded conductors of the cable. Foil shields are not acceptable for peripherai
bonding and do not provide mechanicai durability.

5.2.13 RE Gaskets, Conductive gaskets shall be made of corrosion resistant material, shall meet the resistance
requiremmiants of 5.2.4 and shall possess strength, resiliency, and hardnéss to maintain the shielding effectiveness
ofmmmmofmwmmﬂwmmumoﬁmdﬁuofodyﬁlm «cotrosion, moisture,
and paint. mgnsketnhanbeﬁrmlyafﬁxedtooncoftheboodmfwesby screws, conductive cement, or other
meanswhxchdonotmterferewﬂhtheeffecﬁvenecsof&heguka Thegaskaamlybcplwedmnnnlleddo(to
prevent lateral movemeat when the bond is disassembled. Gaskets shall be a minimum of 3mm (1/8 in) wide.
The gasket, as well as the contact surfaces, shall be protected from corrosion.
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nnmk"‘-hm eé &.% fannmt-l -m}m {1\ the lﬂtﬁffﬁﬂﬂﬂ ﬂml ‘ﬁv&l mv be reduced, (2) the m

susceptibility may be reduced, or (3\ thc attenuation of the uth or mﬂu over wlnch interference is transmitted
fmmsonroc torewp(ormaybemcreased Radutedmtsrfmoengnﬂsgmtedbyclecﬁomgnchcﬁelds
may be effectively attenuated by electromagnetic shielding, either at the source or at the receptor. Shielding,
when properly designed and implemented, offers significant wideband protection against electromagnaetic
ndnnon,whm"caourcemdrewptormnotmfﬁcnennyupanmdforadequncfreespwendunoumenmﬁon
It is mhnvelyeuy wounndudbotmadmgcnacuvmmntmqmcymgemve 100 Khz wiih a singie

P P IR W WL LA POV A% SRR, P -pn | | A__..s_..,.u._ Whane thie ia
WD D

smem.amvumnsmgn-s Iuanclnwooumwmmwvlmun;mumu uCUOmn. vwokic:

insdequate, double shialds are qu'"‘“)’ naad !"mv\qﬂinn nln-l:hnn values ag lnah ag 120 AR, Radistad energy

may still be coupled into a susceptible dnnm through a shield of inadeguate tlncknms through holes penetrated
for vennlnnon lnd other numoses and through mmerfectlv jointed slnelded sectionis. Precise calculation of
shielding effectiveness, even for perfectly joined solid shields, depends on the form of the shield and the type of
field for which the shielding is,to be used. Both electric and magnetic coupling can occur. Normally, it is
relatively easy to/provide electric shielding. Magnetic shielding, bowever, is more difficult to provide,
particularly at frequencies below 100 Khz. ‘

) . OLC_T3_ n-_.__-_‘_. 2 VLT o Sment all cmant tha acmnmlinall
S,

"‘“""“'m.ht}' and emission requirements of MII ~STD-461, AMig’m-lly' where required, the aquipment ghall

incorporate shields rmmmd,m protect p personnel from high level elect.romumetlc fields and X-rays which ma

be mmtxomllv or umntennomllv zenerated by the equipment.

5.3.1.2 Shielded Enclosures. Shielded enclosures shall only be specified when the power deasities of nearby
transmitters exceed the susceptibility levels of the C-E equipments programmed for installation.

5.3.2 Electromagnetic nicrference (EMD) Control. Shiciding shali be integrated wi basic intertercnce
--_tf.ul measiures amankh a8 lcdtanl—‘nzl.‘."il':e r\-:ﬁ-:n' M‘\}e md ci‘ncu;{ lgumrb’ agrﬁl prrmmnn snactrum hnl\fi\“’l’
and frequency assignment to.achieve operational compatibility of the equipment. The degree of shielding shall
be determined by the systems engineering process

5.3.2.1 Materials. Shields shall be constructed from material that provides the required degree of signal
suppression without incurring unnecessary expense and weight. The selection of materials shall be based upoa
the following: the amplitude and frequency of the signals to be attenuated, the characteristics of the
eiectmmugnetic field of the signal (i.¢., is the signai 'being coupied via inductive, capacitive, or free space

means), conngurlnon, the insialiation constraints, and the corrosion prupeﬁiés

5.2.2.2 Gaskets. Conductive cnxlmtx mfnnmno to 5.2.13 ghall be utilized g;_;(_)lnts SEATNS. ACCERS COVErs,
removable partitions, and other shield dwconnnmhes to the extent necessary to provide interference-free
opaunonoftheeqmpmmtlmdanormnl use and environmental conditions. Finger stock used on doors, covers,
or other closures subject to frequent openings shall be installed in 8 manner that permits easy cleaning and

repair.

5.3.2.3 Filter Integration. Filters on power, control, and signal lines shall be installed in 8 manner that

maintains the integrity of the shieid. Power line fiiters shali be compietely shieided with the filter case

groundad in accordance with 5.2.10. Filters oo power contvol and signal lines shall be placad as close as
£ AT

ble to the point of penetration of the case in order to avoid long, unprotected paths inside the equipment.
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5.3.2.4 r‘mb.!nl of Am-t‘-un‘-'s’ Ummnm anertures ehall be =\vleid4f|' vu})’ thros q-‘je!d t‘}'\.ﬁ;ﬁal"., naadsad to
achieve proper functioning and operation of the equipment shall be provided.

a. Controls, switches, and fuse holders shall be mounted such that close metal-to-metal contact is
maintained between the cover or bousing of the devices and the case.

b. Whemncnoonducuveoontrohhﬁlmmq lwnvegmde-belcw-cntoﬁmehldeeve (for the
mgheanequencyotoonwn)muuepenpmnuyoomeawmccuewrmemm

4 AW VUWILL LIOyuRarvy 07 ‘& W-vv;qg;w SEARIL UV = WUXY SILEESE WAL SAJUILFIAMAL U WA Sl g
frequency. The length of the slee e__!‘beuc!a.u_thmd!_‘;hﬂnégdi.w;

d. Pilot lights shall be filtered or shiclded as ncoded to maintain the required degree of shiclding

e promble,venuluuonanddmmgeholesmnnotpantmtencomumun If necessary, such

PR R P e A 90 L _ A L __ a_

boles shall utilize waveguide-below-cutoff honeycomb or other appropriate acreening. Care shall be taken to

assure tha LMA}'WML asnd sCreens are wd} handad (733 lkn a‘- nlr‘ wmnl“.‘y alﬂ\)rnt' tha M-nnn FM Mam-I

5.3.2.5 Wire and Cable Routing. Theroutmgmdhyoutofwxresmdublesdnllbeporfmmedmam'
tbztdoesnot_)eopardmcthemtegntyoftheeqmpmmtdndd Cablés of wires carrying high level signals shall
be routed as far as feasible from low level signal lines. Power lines and control lines subject to large transients
shall be routed away from sensitive digital or other susceptible circuits.

N
5.3.2.6 Telephone Cable Shiclds. The be shields of all talephone cables entering s C-E facility mmist be bonded o
each other and ¢o the earth electrode ﬂ'!i“i"f':ﬂ"f“fh"\}'g,‘} the gteal eatry nlntp This meagure eliminates harmful
dlﬁmmmgfmgﬂ_b&wqm_mm telephorie cables enten‘ghthcfmhty It is imiportant that electrical
oonnmntyofnlle‘bledneldsmmmmned Cuemnstbeuken to ensure that shields of aerial telephone cables
mbondedwmyoonnecnngbunedorundergmnduble shields. This provides a path to ground for lightning
and power currents and provides an effective noise shield.

"’
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MII-STD-18R-124B
APPENDIX - Discussion of Signal Ground Systems

10 General. The following methods can be used to ground signal reference subsystoms within-a piece of
electronic equipment, or within a facility containing several pieces of equipment: floating point, single point,
and multiple-point (also known as multipoint or equipoteatial plane). However, due to personnel hazards, the
floating point method is not generally utilized.

20 Single Point Ground Systery, In the singie point ground sysiem (for usc ai jower frequencies)’, all signal
circuit grounds are referenced to a single point; this reference ground is then connected to the facility ground or

PUNPIPGOt IR IRy

& special ground connection provided for this purposs. In 2 cabinet, all electromic circuits (including the
chassis) are bonded to a ground which is isolated from the cabinet and are then bonded to the one reference
point. This isolates the cabinet sand prevents any conducted, circulating currents in the facility ground from
producing potential (noise) drops within the equipment. Conversely, no conducted circulating currents arc
introduced into the facility ground from the cabinets. Ground curreats can produce voltage drops within the
facility ground, and this can be a source of interference. However, the magnitude is generally small enough
that it doesn’t cause the signal-to-noise ratio to become intolerable.

While the cable or bus to the single point ground offers the most effective low impedance path for lower
frequency signais, its impedance ai higher frequencics prevenis it from being an effective ground at frequancies
sbove 300 Khz. In some instances, it may even be an ineffective ground at frequencies above 30 Khz. A
single wire ground bus, even though terminated in 2ero impedance, assumes the characteristics of a ingle wire
unbalanced transmission line. The impedance of such a line can be calculated by taking into account such
parameters as length, height above ground (radiation effects) and finite earth conductivity. Since one end of the
ground bus is not terminated, it can be accurately represented as an open-ended transmission line.

From this, it can be assumed theinmednnocofthegwundingsyswmisvcryhighthrwghomme,&eq\mcy
specﬂum,exceptinverymrmwfmquencymgeswhmtheimpedmoechmzessigns. Consequently, a ground
distribution system which performs adequately for dc or lower frequencies prescnts an eniirely different
characteristic at higher frequencies.

‘I.awerﬁuqumcies-includesnllvolngesmdcunentswhetbercigml,conu'ol,orpuwafromdctoSOKhzmd
myum@mmmwngmmammmmdphyﬁcdwofthcoquipnmt, subsystem,
and/or facility involved. (Audio and tone signaling devices operate in the lower frequency ranges).

The paths of copper that connect the single reference point become longer as the systems become larger and begin
to generate appreciable unavoidsble ground loops which, in turn, increase the magitude of the noise. The
effectiveness of this type of system must then be weighed against other possibie soiutions.
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The equipotential planc (for use at higher frequeacies)’ shall be bonded to
the _ﬁhe!gem_xc_lgg_xbgystu;li‘nmﬂunlenomxs Such an equipotential plane exists in a building with a metal or
msedﬂoororoahngmdeleomcauybondedtogether or.mlbuﬂdmgmxhaooncreteﬂoormthagrmmd
grid imbedded in it, connected to the facility ground. Equipment cabinets are then connected to the
equipotential plane. Chassis are connected to the equipment cabinets and all components, signal return leads,
etc., lreeonnccwdwthechnsms meeqmpotmudphncxsdwnwtmmnedwtheunhelectmdembsymw

mrepenonnelufetymdalownmped&nccpammgm\m Pianes are not required in areas of ihe faciiity
PR T W IR T P |

anmb~neqmpnmtuﬁrmuwmm1m

Athxghfreq\mmes,‘ latgeomducungmfweqnbeddedmormtheﬁoor\mdertheeqmpmtstobe
m@,pmn.mmmcmdmwm:mnlem even if both were improperly

termmatodbeansetbcchnnctcmucxmpedmee(z,)lsaﬁmchonofuc Asﬁ:eapaclunoetouxﬁx
mcrum,Z,dectuses o

Normally, the cup.clunceof[pmetalhcnheettoearthuhxgherthanthﬂofm If the size of the sheet 18
mcrused nndnuowedtoencompass more area, mecapacmnce increases. Aiso, the unit jength induciance
wxm W“ldlh W‘hlch lg-ALeK_ PP Z }f :he In =t ovam Gf & metallic ahaat ...m.....‘ _— 6:'\"“"“#6!}' (..‘s

in the case of a md-mhﬁg nIb_ﬂMr\ the choranteristic imnedance mrhec s very low value  In thig case,

BANIE gy SRaml EA A ATTE Y AASMpSweeTmAS Y Shp s womewaswas

even if improperly wrmmatu‘i"‘thc impedance would be quite low throughout a lxrgc portion of the spectrum.
This, in turn, would establish an equipotential reference plane for all equipments bonded to it. With this
reference plane bonded to earth, the following advantages are obtained:

a. Any "noisy” cable or conductor connected to the receptor through or along such a ground plane will
have its field contained between the conductor and the ground piane. The noise fieid can be "shorted out” by
mtersmabonnmpsoecmsememmcewwmmese *transmission line" conductors is very small. Shorting

Lo o £33 Lo aha 2aloollo a8l aaman s an Y - ot
out the noise field has the desirable effect of keeping noise current from flowing over the receptor case and

b. Filters at the interface terminals of equipment can operate more effectively when both terminals of their
equivalent "transmission line” are available. As in paragraph 30.a. above, a large conducting surface makes it
possible to contain the field carried by the offending conductor in such a way that it can be more easily
prevented from traveling fusther.

ato L __ =17 _

c. A large conduciing surface will aiso iend

TUEDCT ITOYUCIICICE = UIVIUUCS

auv
lower to 30 Khz, depending on the electromagnetic and physical aspects
1

b St 2 8
involved, (Digital equipments, i.c., teletype, data, and other binary signalling devices operate at higher
frequencies). All military communication stations are treated as higher ﬁ'etmencv cy facilitics.

ztr el B intas  iaaledas 211
1

33



APPENDIX

30.1 Eguipotential Plane. The equipotential plane may be a solid sheet or may consist of a wire mesh. A
nnshmlluppeuMunysnnhdﬁeuulmgudwmhwmhn&mlmhmbdanm
hxgheaﬁaquencmofconcem Whmﬂunotin&bletomﬂaﬁnemdx(qmerwahudmmderthe
eqmpmt)lhrgergndmlybemmﬂed b\neventhmthemahmchouldbenndeumnumble
In all cases, the "Design Objective” (DO)m&oknepthcmthmtohsthanllBhnbdantheMM

frequencies of concern.

30.2 Types of Equipotential Planes. Conducting media that can be utilized for ground distribution networks are
Q-cell fioor (if available) or sub-floor of aluminum, copper, or sheet metal laid underneath the floor tile.

Smcnhmewhdwﬂu&unnﬁmmyndbemmﬂyfmﬂeformmﬂﬂhbm.nnmd
reference plane, made up of a copper grid, should be considered. Ooppet-chddedmmd:uvmhdl
crossovers brazed are commercially svailable. TheyareobtnmblemmedxmofﬁnmSto&cm@to
24 in) squares, in AWG wire sizes Nos. 6, 8, 10, and 12. It is normally furnished in 3.7m (12 foot) rolls, but
can be obtained in various widths up to 5.5m (18 feet). Electrically continuous stringers of raised floors may
aiso be used to serve as an equipotential piane. Ground connections can be made io either the grid or siringer
bydlmczbomdmgormanuftcumdgrmnd "buses" and give grounding access at the floor surface. Normally, if
thegndwembeddedmnooncreteﬂoor the latter method provides the easiest grounding source. Equipotential
plmesforemgﬁcmnesmybemmlledﬂormrthecahngaboveﬂmC-Eeqmpment All equipotential
planes should be bonded to the facility ground system and the earth electrode subsystem.
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