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Steel in concrete foundation work is generally 3 by &S sleiabw e 319 eulSwls
protected against corrosion by the concrete and can / o U _ m .5)19. .

act as a satisfactory electrode, if provision is made Sl 48,5 H1HS o) VS HSge

to ensure electrical continuity and adequate Ol Jals slas )f.b.oz

conductivity, Steel in concrete has an S . g
electropotential similar to that of copper and may S8 (Lo aSu b 9 Ao 0 9 dduox

therefore be bonded to copper or copper-covered o)
earth electrodes. N

—-IEC62305

Furthermore, the steel reinforcement of the structure, if adequate, may serve as an electromagnetic
shield, which assists in protecting electric and electronic equipment from interference caused by

lightning electromagnetic fields according to IEC 62305-4.
IEEE 142 Green Book

4.2.3 Concrete Encased Electrodes. Concrete below ground level is a semi-
conducting medium of about 3000 Q em resistivity at 20 °C, or somewhat lower
than the average loam soil. Consequently, in earth of average or high
resistivity, the encasement of rod or wire electrodes in concrete results in
lower resistance than when a similar electrode is placed directly into earth.
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Chargea body
insulated from
ground

Charge (Q) = 6 microcoulombs
Capacitance (C) to ground = 0.01 microfarad
Voltage (V) 10 ground and uncharged boay = 600 volts

Uncharged body
insulaed from
ground

Charge (@)} = 0 microcoulombs
Capacitance (C) = 0.01 micro‘arad
Voltage (V) to ground = O volts
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Bond wire Bolh bodies bonded
together will share
the charge anc have . u
no potential ditference 9 AN
-
.
bonding Crgn GBlaaily
n - n
" H n
Charge (@) on both bodies = 6 microcoulombs Lﬂ b Lnb\
Capacitance (C) 10 ground for both bodies = 0.02 microfarad . ¢
Voltage (V) to ground = 300 volts
OSlbw
STV DIV DRIV ADTY ST AT I R e Sl R RTY DT R AR DS B R S AR RN R I NSRS 2 i i R NI A R A A R A0 TN B B e a
and grounded permit
the charge to flow to
ground
G ding
Charge (Q) on poth bodies = 0 microcoulombs
Capacitance (C) to ground = 0.02 microfarad
Voltage (V) to ground = 0 voits
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The electrochemical process consists of four
distinct parts :

METALLIC CONNECTION
1. Anode
2. Cathode
3. Electrolyte ELECTROLYTE
4. Metallic path

4= 4=

CATHODE ANODE

'Electrochemical Corrosion occurs only when
all four parts of the corrosion cell are present




Commercially Pure Magnesium
Magnesium Alloy (6% Al, 3% Zn ,0.15 % Mn

Zinc
Aluminum Alloy (5% Zinc )

Commercially Pure Aluminum
Cadmium
Mild Steel (Clean & Shiny)
Mild Steel (Rusted)
Cast Iron ( Not graphitized )
Lead

Stainless Steel

Mild Steel in Concrete

Copper ,Brass, Bronze

High Silicon Cast Iron
Titanium
Platinum

Gold

Carbon, Graphite, Coke

Potential Versus

Cu-CuSo4 (v) [33Y:J:SINETTE] (,5

2) Vo

) §
)

N0

1
T e 6 < > >

-0.5t0 +0.1
N
N
- Y
- Y

0to-0.1
+4.Y
+1.¥

—Practical Gal
Series for metals in
neutral soils & Water
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EXTERNAL CONNECTION
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FLOW OF
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Table 8, Suitability of materials for bonding together

Material assumed to have the larger surface area

Electrode material or item nssumlnd-m have the smaller

® = not suitable for bonding;
+ = suitable for bonding,

1) The galvanizing on the smaller surface may suffer

surface area
Steel | Galvanized steel C{ri'.lpcl' Tinned copper
Galvanized steel v - - -
Steel in concrete ® W -
Galvanized steel in concrete v 1) v
Lead v 1) » b
Key -

D

D n n n n n
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—Earthing & Corrosion OA0) @I ) ¢,53)08 (

Table 7. Corrosion resistance of some electrode materials related to soil parameters
Soil parameter Electrode material
Mild steel Galvanized steel Austenitic steol Copper
7430 )
BS o Resistivity in 2-m <7 nn n g g
Standar 7 to 40 n n i B
=40 ge £g £g gg
Redox potential in mV =400 g8 88 g8 g2g
200 to 400 g g Eg B
<200 nn nn nt n
Moisture content in % <80 g g g g
10 to 80 n n g g
<10 g gg g8 E8
Dissolved salts n n g n
chloride n h n n
pH acidic <6 n nn g n
neutral 6 to 8 gg gg gg g8
alkaline ot g n s g
Organic acids n i g nn
BE = corrosion resistance generally unaffected; ! ﬂS!lAH & 3107 LC (j‘A b‘ CLD LE.J) (9 !
g = corrosion resistance arfected only shghtly; i - (,% )Q_A_d» . )-29 ? . -).\D i
n - corrosion resistance affected; ; Gl )30 3 (598 Jale 1€ g iy Oyl 5
| nn_= marked reduction in corrosion resistance. T TTTTmmmmmmmmmmoossoommmmmmmmmomoes
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In TT systems, the PE must not be connected to
the PEN but with the local protective earth.

In TN systems, the PE must be connected to the
PEN before the RCD.

An insulation measurement in accordance with
Section 6.1 must be performed. In particular it
must be ensured that there is no connection be-
tween N and PE after the RCD.
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MODULE EARTH RING

TRANSFORMER NEUTRAL |
SECONDARY LINK e, :
s RESIETOR E

MOTOR | Fig.1 Earth fault loop impedance testing at socket outlet.
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Table 6.8.4
LS-Switch according DIN VDE 0641, Characteristic B
nom. Current | Short circuit curr. | loop resistance Tahle 6.8.3
BA 30A 7,66 Q Low voltage fuse
10A b0 A 46 Q according DIN VDE 0641, Characteristic gL
16 A 80 A 2,88 Q nom. Current | Short circuit curr.| loop resistance
25 A 125 A 1,84 2 B A 28 A 8210
35 A 175 A 1,31 Q 10A 47 A 489 Q
63 A 315 A 0,732 16 A 77 A 3.19Q
25 A 120A 192Q
Table 6.8.5 DA 173 A 1,33 Q
LS-Swich according DIN VDE 0641, Characteristic C 63 A 35TA 0,66 £2
nom. Current | Short circuit curr. | loop resistance
BA G0 A 3,83Q
10A 100A 2,3 Q
16 A 160 A 1,44 Q
25 A 250 A 0,920
35A 350 A 0,66 Q
63 A 630 A 0,37 Q
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I' The neutral conductor and the protective conductor are separate.
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m TN Id = 20 kA;

m T (27 fault): Id = 20 kA.
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Floating earth
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Single point
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'

SIGNAL REFERENCE SUBSYSTEM

FAULT PROTECTION
FAULT PROTECTION

EARTH ELECTRODE SUBSYSTEM

Unit
#:1

Typical Heavy-Gauge
Insulated Wires
(= 6 AWG)

Note:
Conductors in the range of
No. 2 through 500 kCM are
commonly used. Insulation is
usually in 600 Vac range.
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""’;‘”r‘)(d.'—E‘,’—:",”’t’;‘.’é‘.’.f"."'.‘,‘r?},’/‘.’»?.”n‘}?.’r?}?.'i—‘,‘_é‘.’f?.’fr‘,’{‘,’."4.’»5‘,’,:—‘.‘-14,'1»4.'{‘.‘.{‘,':é‘.'é‘,’é‘.’_»{‘.‘é‘.”.".’f-?,":",’é‘.’-?.’»?.NL’»:‘,%‘:,’{‘.’-I‘.’—?,’.—“."?.":(’."’fmmmz&mmmmmmm’:

Commonly Shared Grounding Deslignated
Medium cf Any Kind “Single-Point"
(Includes General Ground

Physical Surroundings)

Figure 2.5: Single point grounding configuration.
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Equipment acts as a conductor Equipment all grounded at
due to voltage between the same point, no voltage across
grounds. Bad!! system, no current flow through

equipment and wiring.

Lightning Strike
| ‘A Lightning Strike |
Inverter Battery Bank A

Generator Inverter

-"":-_»{f'i;.v Generator Baflefy Bank
- e Grom &
Generator Ground nve er roun Batterv Ground 4 :
WA Generator Ground ihyerier Stound Battery Ground
L.
Voltage Difference Voltage Zero Voltage difference across
Difference component grounds.
Figure 1- Multiple Point Ground System Figure 2- Single Point Ground System
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Figure 13 —Single-point ground system for low-frequency signals LJ)JO b ‘_,I’ L E“\me
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the signal eircuit to the station ground at only cne point. This grounding method 15 very effective and 15 S b m:ninmnm
adequate when dealing with equipment operating at frequencies below 300 kHz. (Various sources place this

frequency at anywhere between 100 kHz and 10 MHz. The equipment manufacturer should be consulted for et

each specific installation.) e
A disadvantage of the system 15 that 1t 1s meffective at high frequencies where signal wavelenpths approach

. . . . } . bl i

the equipment enclosure dimensions or the ground cable length. As equipment dimensions or ground cable e
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Figure 15—NMultiple-point ground system for high-frequency signals il el

A multiple-point ground system should be considered when grounding equipment that operates at s
frequencies over 300 kHz, or when long ground cables are used (see figure 15). Each circuit 1s connected to

eround at the closest pomt rather than routing all eround conductors to a smgle ground pomnt The ] e
advantages of this system are that circuit construction is easier, and that standing wave effects in the eround s Bogiech
system at lugh frequencies are avolded. However, the system needs to be well maintained to overcome the

effects of corrosion, vibration, and temperature change. Another disadvantage 15 that the system mav create e
multiple ground loops that may cause inadvertent common mode noise. ian Engineer
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The floating ground system 15 used to 1solate cireuits or equipment electrically from a common ground plane
or from common wiring that might introduce cirenlating curmrents and produce common mode neise. It 13
implemented by electnically nterconnecting the signal grounds, vet 1solating them from a common ground
plane (see figure 17). A hazard of this svstem 15 that static charpes may accumulate and eventually canse a
destruetive or noise-producing discharge current to flow. It 1s usuallv advisable to mmplement this system
with a bleeding resistor connected to ground to aveld the bwildup of static charges.
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5.4 Grounding of low-frequency control circuits based on susceptibility
5.4.1 Grounding for high-susceptibllity control clrcults

High-susceptibility control circuts are those circuits with low voltage levels (analog mput voltage between 5
mV and 1000 mV, thermocouples being the most common). These circuits are extremely susceptible fo noise
sourees, such as common mode voltages, crosstalk, and electric and magnetic felds. Extension winng on
these crrewts should be mdividually twisted and shuelded. Whenever practical, these circuts should be
mstalled in condutt, so that they are not subjected to excessive fexing or bending that might change their

characteristics. Fipure 18 shows a typical example of how such circwits should be shielded and then
arounded at the source end of the shield. Individual shields should be prounded separately.
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Figure 18—General control signal grounding
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5.4.3 Grounding for low-susceptibllity control clrcults

The following 15 a list of low-susceptibility control cireunts:

a)  Analog ontput current (current source): 4 mA <1< 20 mA
b)  Analog output voltage (voltage source): OV <V < 10V

c)  Digital output voltage: 5V, 24V, 28V 48V

d)  Digital output contact: (dry or mercury-wetted contact)

e)  Digital input voltage: 5V, 24 V, 28V, 48V

f)  Digital input contact: (dry or mercury-wetted contact)

These circuits are less susceptible to the noise sources, such as common mode voltages, crosstalk, and
electric and magnetic felds. Extension wiring on these cireuits should be individually twisted pairs with an
overall slueld (one per cable). Thev need not be installed in condmit. These circwts should be grounded as
shown 1n figure 18, Shielding and grounding should be idenfical to the method descnbed for hagh-

susceptibilitv control circuits.
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5.5 Grounding for high-frequency signals

High-frequency signals in an I & C system are generally signals with a lugh suscepubility to noise. These are et
video signals (e.g., video signals to CRT’s) that are transnutted on coaxial cables. The cables can be grounded R
gl &

or floated at either end. Shielded cables for low-frequency signals cannot be used to transfer RF signals,

Isolation transformers are generally used when CRTs are remote and referenced to a grounding point R
different from the display generator. g
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In general, cable shields should be connected to sround at both ends when the conductor length to signal -
wavelength ratio (L/4) 15 greater than 0.15). Thas 15 a result of the shield becoming a relanively efficient
antenna when L = /4 if only one end of the shield 1s connected to ground. Connecting the cable shield to
eround at only one end 1s effective mainly for low-frequency signals where the cable run is relatively short.

6.1 Cable shield requirements

Connection of the shield to ground at multiple points rather than just at the ends may be required to prevent
resonance effects. Althongh mulaple-ground points can be effective, groundmmg a shield at mtermediate
points increases the possibility of cable damage during mstallation and mav make the cable more susceptible
to moistire damage.
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*API-RP2003-1998: Protection against Ignitions Arising Out Of Static, Lightn
and Stray Currents
*NFPA780-2000: Standard for the Installation of Lightning Protection Systems

, *BS6651 -1999: Code of Practice for Protection of Structures against Lightning : o
i *IPS-E-EL-100-Appendix I: Earthing, Bonding and Lightning Protection i R
' *NFC 17-102-1995: Protection of Structures and Open Areas against Lightning ! b
' Protection Using Early Streamer Emission Air Terminals ! e
1 «[EC1024-1.1-1993: Protection of Structures against Lightning : |
, ©IEC61024-1.2-1998: Protection of Structures against Lightning : e
i *|[EC1312-1-1995: Protection against Lightning Electromagnetic Impulse i ]
1 «JIS A4201-Japanese Industrial Standard: The protection of structures against ! i
: Ilghtnlng : nianEJ.\gineeril
O e s
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i IEC 1024 Updated to IEC62035-1 /2/3/4 - 2003 : B
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Physical damage to structure through mechanica
forces and heat

Inductive coupling can still cause transient

problems for equipment Thomas:iBetts
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LPS provides safe low resistance path but surges have higher
energy. Structure is SAFE, equipment is NOT!

Fit transient protection on all cables that enter/leave buildings and y
critical external equipment (CCTV). Fit protection local to critical
equipment within building.
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First Step:

Lightning Risk Assessment

Iif LPS is recommended
and/or necessary then
Lightning Protection Level
LPL
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Table 2 - Maximum values of rolling gphere radius, mesh size and protection angle
corresponding to the type of LPS [see 5.2.2)

dsclo

Protection method
Type of LPS Rolling sphere Mesh size M |  Protection
radius R m angle
m o’
| 20 5x5
I 30 10x10 See figure
T 45 15%15 below
IV 60 20x20
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Air Termination

Z

R Radius of the rolling sphere according 1o table 2

NOTE - Air-termination LPS conductors are installed on all points and segments which are in
contact with the

rolling sphere, whose radius complies with the selected lightning protection level.

Figure F.16a — Design of an LPS air-termination according to the rolling sphere
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OCP ( OVER CURRENT ROTECTION )

RCD ( RECIDUAL CURRENT DEVICE )
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An RCBO is a single device which combines the functions of an ¢
MCB (over current and short-circuit protection) and an RCD (Earth
leakage protection).

A Residual Current Circuit Breaker provides only residual current protection - o
for supplementary protection against direct contact with live parts this must
have a residual current rating of 30mA or less. If it supplies a Miniature

Circuit Breaker, correctly rated to provide over current protection for the

circuit concerned, then you have all the protection you need.

A Residual Current circuit Breaker with Overload protection does both jobs.
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ELCB is a voltage operated device. RCCB is a current operated device.|
ELCB, Trip coll is connected between system ground and non current
carrying part of the machines. RCCB having CBCT(Core Balanced Current
Transformer).CBCT consists of 2nos of primary winding (P1,P2) and one
secondary winding(S1).Primary windings are in series with the load and
secondary winding connected to Trip colil. In case of healthy time, voltage in
both the primary windings will be cancelled and hence no voltage on
secondary winding. During the leakage or If any body touch the live wires of
the machines, current will passing through the body and connected to
ground. It will cause the voltage difference in primary windings and induced

voltage in secondary operates the trip coil(operating time 50ms).

ELCB earth leakage circuit breaker RCCB residual current circuit breaker
which operates when there is a difference in current between any two

phases. This differential current is called residual current.
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from penetrating!
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Fig. 19: screening effect of a metallic enclosure.
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Telephone cable
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(two steel bands)
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Fig. 35.

Medium voltage power transmission cable
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K = (2F - F2) 100

i ineeri

where K = coverage, % f R
F = NPd It
sin a oy

N = number of strands per carrier {(ends) “}};
P = picks per inch R
d = diameter, carrier, single end, inches ;ﬁ
a = angle of shield with axis of conductor, degrees ;B;
Tan a = 2+ (D + 2d4) P = 3.1416 l;{
e

C = number of carriers Ef{
e

D = diameter of core under shield, in. g
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radiating wire. The efficiency of a wire or other conductor as either a recetving or a radiating antenna is a

function of the length of the wire relative to the wavelength of the signal

/30 15 chosen to represent the length below which a conductor does not perform effectively as an antenna. 2 Exginee
6.4 MINIMIZATION TECHNIQUES. Signal interaction, ie., interference, can be minimized by reducing the R
coupling between the signal systems by medifying the signal systems in such a manner that mteraction between r'l *E:;‘r:;:
the systems does not produce interference in either one, by eliminating the source of the mterference, and by ]
filtering the interference out of the susceptible signal system.
| gl S
6.4.1 Reduction of Coupling. The techniques for reducing coupling include minimizing the impedance of the K
reference plane, increasing the spatial separation between the signal systems, shielding the systems from each
other. reducing the loop area of each signal system. and balancing the signal lines in each system. :'.;n-lwa‘
 Engineer
6.4.1.2 Spatial Separation. Inductive or capacitive coupling can be reduced by increasing the physical .
distance between signal circuits. As can be seen from Equation 6-6 and Equations 6-11 and 6-16. increasing the ot
separation between the interfering circuit and the susceptible circuit exponentially decreases the wvoltage nEngineeri
coupled mto the susceptible circuit. .
6.4.1.3 Reduction of Circuit Loop Area. Reducing the loop area of either the interference source circuit or | kg
the susceptible circuit will decrease the inductive coupling between the circuits. Equation 6-6 shows that the e
inductively coupled voltage can be mimmized by reducing the length (L) or the width (r, - ;) of the susceptible
circuat. This width can be munimized by running the signal retumn adjacent to the signal conductor and. hence, f gebpp &
reducing the loop area of the susceptible circuit. A preferable approach is fo twist the signal conductor with itz Ky
return. The use of twisted wires reduces the inductively coupled voltages since the voltage induced in each R
small twist area 15 approximately equal and opposite to the voltage induced in the adjacent twist area. Sl kg &
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6.4.14 Shielding. Another effecttve means for the reduction of coupling 15 the use of shields around the
circutts and around interconnecting Imes. Principles of shielding are presented 1 Chapter 8.

64.1.5 Balanced Lines.

In simations where signal circuits must be grounded at both the source and the load. and hence, establish
conductive coupling paths, the use of balanced signal lines and circunts 15 an effective means of munimzing the
conductively coupled interference. In a balanced circwt, the two signal conductors are symmetrical with
respect to ground. At equivalent pomts on the two conductors the deswed signal 15 oppostte in polarity and
equal in amplitude relative to ground. A common-mode voltage will be in phase and will exhibit equal
amplitudes on each conductor and will tend to cancel at the load. The amount of cancellation depends upon the

degree to which the two signal lines are balanced relative to ground.
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Combination Material
] I
» Solid tube Homogeneous
* Longitudinal tape » Copper
= Spiral tape « Aluminum
= Foil » Steel
= Serve » Silver
= Braid » bumetal
I « Amomphous alloys
» Conductive plastics
Special features
» Soams
= Gaps Composite
» Owerlaps » Copper clad steel
« Shortings * Copper clad aluminum
* Folds Tinned copper

Silver clad copper
Plastic coated aluminum
Plastic coatad steeal
Plastic coated copper

The cable shield 15 a part of an electromagnetic barrier that separates the shielded circuits from the external sources of
EMI (or confines EMI effects to the shielded volume). An electromagnetic barrier 1s a closed surface made up of
shields and other elements to exclude (or confine) electromagnetic waves propagating i space or gmded along
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Figure 11—Corrugated tape shield

5.8 Overall shields

Overall shields are used primarily with multiconductor cable in the following types of applications:

—  Telemetering
— Communications
— Instruments

—  Supervisory
— Control

—  Electromc
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5.10 Shield and armor options

The shielding properties of shields and armors vary over a wide range. Spiral wound metal tapes provide very little
electromagnetic shielding—they behave as solenoids—but they can provide low-frequency shielding agamst electric

fields. Longitudinal tapes provide better electromagnetic shuelding, but may be less flexible and have poor flexural ;;:tm
durability unless a bonded structure 15 used. Braided wire shields provide good electromagnetic shielding and flexural
durability. They are somewhat more expensive, and their shielding at high frequencies (above about 1 MHz) 1s poorer e
than that of tubular shields [although their shielding at low frequencies 1s better than that of tubular shields (and thin i

| gokip &
Metal armor may also be applied to cables for mechanical protection. Exterior cables for power and -

telecommunications applications frequently use the shield and/or armor for an electrical role (power neutral or

telephone cable shield) as well as mechamical protection. Interior cables that are exposed to contact or stress may also Lt
be armored for mechamical protection. Rigid or flexible condwit and braided steel wire or strip may be used as armor.
The quality of the armor as an electromagnetic shield may vary from very poor to very good. The armor may be a very
poor electromagnetic shield if 1t 1s an interlocked-spiral flexible conduit or served with a single layer of wire. It can be e
very good 1f 1t 15 a welded. corrugated armor/shield or a longitudinally folded tape. Table 3 provides some of the
important properties of cable armors.
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28.1.1 Step Voltage Safety Limt. The maximum safe step voltage depends upon the duration of the

indrvidual’s exposure to the voltage and upon the resistivity of the earth at the surface. The maximum safe step
voltage for a shock duration of from 0.03 to 3.0 seconds has been expressed (2-3) as

165 + g
vstep (safe) = ~yT (2-55)
If we consider
ro=10ohm.m

For a 30 millisecond or shorter duration, the maximum safe step voltage 1s 1000 volts, and for durations greater
than 3 seconds. it 1s 100 volts.

paragraphs. It should be noted that step voltages depend upon electrode geometry as well as upon earth

resistivity and current magnitude.
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15 the minimum voltage (with respect to infinity) at the edge of the gnd. so that the gnd simply translates the
dangerous voltage gradient to the periphery of the gnd (2-3). = %;;
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A porous clay, bentomte (also known as well drillers mud) can absorb water from surrounding soil and has
hydration as well as water refention properties. When placed around ground rods and their interconnecting
cable, 1t greatly increases the effective area of the rod and cable which in turn reduces the resistance of the
earth electrode subsystem to earth (2-14. 2-15). Bentonite 1s generally available in drv (powder) form, must be
saturated with water after imitial mstallation and should be topped with a 12-inch laver of excavated soil
Caution 15 urged when using bentonite in areas that will ultimately be paved as 1t can expand to several times
its dry volume when saturated. This can also prove to be a disadvantage of bentonite since 1t expands and
contracts so much with moisture content, 1t can pull away from the ground rod and surrounding soil when
moisture 15 lost. A much better backfill around ground rods 15 a muxture of 75 percent gvpsum, 20 percent
bentonite clay. and 5 percent sodmm sulfate. The gypsum. which 15 calcium sulfate. absorbs and retams
moisture and adds reactivity and conductivity to the muxture. Since it contracts very little when moisture is
lost, 1t will not pull away from the ground rod or surrounding earth. The bentonite msures good contact
between ground rod and earth by its expansion, while the sodium sulfate prevents polanzation of the rod by
removing the gases formed by cument entering the earth through the rod. This muxture 15 available from
cathodic protection distributors as standard galvamic anode backfill and 1z relatively mmexpensive. The backfill
mixture should be covered with 12 mches of excavated soal This muxture 1s superior to chemical salts since 1t
15 much more endunng.
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293 Chenucal Salting. Reduction of the resistance of an electrode may alse be accomplished by the addition
of ion-producing chemucals to the soil immediately surrounding the electrode. The better known chemucals mn

the order of preference are:

a.  Magnesium sulphate (Mg804) - epsom salts.

b.  Copper sulphate {CuS04) - blue vitriol.

¢.  Calcum chlonide (CaClg)

d.  Sodmm chlonde (NaCl) - common salt.

e.  Potassium mitrate (KNOg4) - saltpeter.
Magnesum sulphate (epsom salts). which is the most common material used, combines low cost with high
electrical conductivity and low corrosive effects on a ground electrode or plate. The use of common salt or
saltpeter 15 not recommended as either will require that greater care be given to the protection against

corrosion. Additionally. metal objects nearby but not related to grounding will also have to be treated to
prevent damage by corroston. Therefore, salt or saltpeter should onlv be used where absolutely necessary.
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8.4 Equipment selection and installation consideration
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8.4.1.3 Grounding methods
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8.5 Grounding considerations

All metal equipment parts such as enclosures. racks, raceways and conduits, equipment
grounding conductors, and all grounding electrodes shall be bonded together into a continu-
ous electrically conductive system. All grounding electrodes used for grounding of the power
system, grounding of communications systems. and grounding of lightning protection sys- =t
tems shall be effectively and permanently bonded to each other as required by the NEC and
NFPA 780-1997 (see Figure 8-6). All metallic systems shall be bonded to the power system

grounding electrode system at the service entrance and at each separately derived power sys- :l:l::tr:

tem on the premises. Specific metallic systems included in this requirement are the main and
interior cold-water piping systems. the structural building steel system, and any other earth i
grounding electrodes that may be present on the premises. =
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8.5.1 Grounding electrode system

The installation of separate grounding electrodes that are intentionally not bonded to the
power systemn grounding electrode system 15 strictly forbidden by the NEC. Such separate
groundmg electrodes typically take the form of drrven ground rods that are installed i an
unapproved attempt to isolate certamn pieces of equipment from the power svstem ground.
This installation technigue violates the NEC and may cause extreme and hazardous voltage
conditions to exist between differently grounded metal objects during power syvstem faults
and lightning actrvity.

It 15 easier to provide a reliable grounding system for electronic load egquipment housed in
buildings constructed of structural steel. Buildings constructed of reinforced concrete are not
as effective for grounding and intersystem bonding separately derived sources located
remotely from the service entrance. This is compounded in some modern facilities that utilize
nonmetallic means for interior water piping. Where wilding steel is accessible, it should be
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From a personnel safety standpoint, properly grounded system components minimize poten-
tial differences that mav exist between various system components under steady-state and
transient conditions. From a system protection standpoint, properly grounded svstem compo-
nents provide a low impedance path for ground fault currents and promote the timely opera-
tion of overcurrent protective devices in case of ground faults.

Recommended practice 15 to use insulated (non-bare) equipment grounding conductors
mstalled in grounded metal conduit and mun with the other circuit conductors feeding elec-
tronic load equipment. Although the installation of an insulated equipment grovnding con-
ductor to supplement the grounded raceway or conduit is not required by the NEC, this
additional equipment grounding conductor is vital for circuits serving electronic load equip-
ment. The imntent of the equipment grounding conductor is twofold. In standard equipment

the electronic load equipment to the power system or separately derived system. The
grovnded metallic conduit acts as an electromagnetic shield for the circuit serving the elec-
fronic load equipment. In either case, the insulated equipment grounding conductor(s) shall
be rum in the same raceway or conduit as the phase and neutral conductors. Grounding config-
urations provide equalizing of potential between grounded objects at 60 Hz. But as the fre-
quency increases, other grounding means must also be considered to cover frequencies in
higher ranges.

8.5.3.1 Standard equipment ground configuration

The standard equipment ground configuration uses an insulated equipment grounding con-
ductor, typically green in color, mn with the phase and neutral conductors to supplement
grounded metal raceway and conduit. The conduit and raceway svstems may rely solely on
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There are different tvpes of conduit systems that offer better shielding and grounding proper-
fies than others. In all cases, the recommended practice 15 for grounding tushings (and asso-
ciated grounding conductors) to be installed to supplement the mechanical connections at
each location that the conduit system is connected to metal enclosures. These different tvpes
of conduit systems, their recommended installation practices, and the application of ground-
g bushings are discussed in more detail in 8 4.8,

8.5.3.2 Isolated ground configuration

The isolated ground configuration also uses an insulated equipment grounding conductor,
typically green in color with yellow stripe, mun with the phase, neutral, and standard equip-
ment grounding conductors from the electronic load equipment to the equipment grounding
terminal of the power system or separately derived system. As opposed to the standard equip-
ment grounding configuration, this additional insulated equipment grounding conductor typi-
cally connects the 1solated ground receptacle (IGE) only to the equupment grounding terminal
or bus of the power system source or separately derived system. This equipment grounding
conductor extends radially downstream to the chassis of the electronic load equipment with-
out contacting any grounded metal surfaces such as metal conduits and raceways. panel-
boards, and outlet boxes for receptacles (see Figure 8-17 and Figure 8-18) When this
equipment grounding configuration is used, the enclosing metal raceway must still be prop-
erly grounded. This type of equipment grounding configuration is only intended to be used
for reducing common-mode electrical noise on the electronic load equipment circuit as
described m the NEC. It has no other purpose and its effects are variable and controversial.
The use of the traditional orange-colored isolated grounding receptacle for the express pur-
pose of identifving computer grade power is not allowed per the NEC. If unacceptable elec-
fromagnefic interference is found to be active on the circuit, an isolated grounding receptacle
circuit may be considered as one potential mitigation method. Robust design of the electronic
load equipment for immunity to disturbances on the grounding circuit is another method. Par-
ticularly for distributed computing and telecommunications electronic loads, using optical
signaling interfaces reduces susceptibility to disturbances on the grounding circuit.
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Figure 8-17—lIsolated grounding conductor pass through distribution panel
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The isolated grounding configuration is only directly applicable to metal-enclosed wiring
means and has no usefil purpose with nonmetallic wiring systems. Nonmetallic winng sys-
tems are at least partially constructed as if they are 1solated grounding types, since no metal
conduit or raceway 1s involved in the wiring path to be bonded to the equipment grounding
conductor of the circuit. An exception 15 where the branch circuit outlet is locally bonded to a
grounded metallic object. In any case. the nonmetallic wiring system does not provide elec-
tromagnetic shielding for the enclosed circuit conductors and should not be used. Safety and
performance concerns related to the length of the nonmetallic wiring system are simular to
those described for the isolated grounding receptacle circudt.

bl e
Iranian Engineer
.

The use of the isolated ground configuration may provide beneficial effects to circuits that
supply electronic load equipment that do not otherwise connect to grounded objects. The con-
duit acts as a shield for the circuit conductors and the i1solated equipment grounding condue-
tor against radiated noise. In addition, conducted ground currents are discouraged from
entering the electronic load equipment. However, if the electronic equipment contains other
connections to grounded objects, the integrity and purpose of the isolated grounding confign-

ration 15 defeated. These connections to ground mav be either infentional or unintentional. ;‘E:;:;
8.5.3.2.3 Routing of isolated grounding conductors
s
All 1solated equipment grounding conductors should be sized per the requirements of the e
NEC and are required to be routed within the same metallic conduit or raceway as the associ-
ated phase, neutral, and standard equipment grounding conductors for the entire length of the AL
wvolved circuit. Terminations of the isolated equipment grovnding conductors similarly shall n‘;;::;
desirable paths such as through electronic load equipment and associated data cables. The use
of any separate or isolated form of earth grounding electrodes for use as a point of connection T
of the isolated equipment grounding conductor 15 a violation of the NEC. Such an improper o
1solated grounding scheme does not meet code requirements for effective grounding. The :
generally percerved need for an isolated earth grounding electrode scheme in relation to the
1solated method is not based on good engineering judgment. In the past, this unsafe method gl
of grounding has been erroneously promoted in both advertisements and articles in various 2 Engineer
trade publications, and in obsolete technical information provided by misinformed vendors. 1
More recent publications do not promote this erroneous method and tend to point out the fal- R
lacy of this method. Bl el
Iranian Engineer
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Improper installation of an isclated form of grounding electrode for the isolated equipment
grounding conductor has two major Haws:
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a) Under ground fault conditions. this path forms a high impedance return path which
may desensitize or prevent the operation of overcurrent protective devices.

b) There is an inherent inability to limit the potential developed between the isolated
equipment grounding electrode, the connected equipment, and other accessible

grounded objects.
Lightning commenly creates condifions of several thousands fo tens of thousands of volts i el
between two {or more) such earth grounding electrodes according to FIPS PUB 94-1983. e e

System ground faults may create similar problems in relation to the power system’s nominal
line-to-ground voltage and the fault-current magnitude. These conditions result in problems
ranging from personnel hazard to equipment malfunction to component damage. g &

8.5.4 High-frequency grounding configuration

A signal reference structure (SES) should be emploved as the basic means of achieving a ;';;::;
high-frequency common ground reference for all equupment within a contiguous area. A .
properly designed and installed SES effectively equalizes ground potential over a broad

range of frequencies from dc through the megaheriz range. Accordingly, although it 15 often g

referred to as a lugh-frequency ground reference structure, it mav be best described as a 2 Engineeh
broadband ground reference system. The SES tvpically can be economically and effectively :
constructed in the form of a signal reference grid. The use of a signal reference plane may be

recommended for some applications where the subject system operates at a higher frequency g

than the typical signal reference grid design cut-off frequency. n Engineeri
Hybrid forms of SES emploving mixtures of signal reference grid and signal reference planes

for varied construction and improved overall performance are also useful. Thev are used ke
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Recommended practice for ngh-frequency referencing of electronic load equipment does not
volve the earth or any earth grounding electrode system except for electrical and fire safety
purposes as described in the NEC and NFPA 780-1997. Earth and earth-related paths are not
a desired or effective part of the signal path. Higher-frequency grounding principles are fur-
ther discussed i Chapter 4.

An SRS may be typically constructed using one of the following four methods (in decreasing
order of effectiveness):

—  Solid covening of sheetmetal
—  (Gnd of copper straps
—  (Grid of copper or aluminum wire

—  Raised flooring substructure

When 1t 1s not practical or feasible to utilize the above means (specifically when equipment is
located in areas oufside equipment rooms), other possibilities for SRS involve the use of
welded steel mesh such as that used 1n concrete reinforcing, galvanized steel sheet floor deck-
ing, welded galvanized steel screen with 6-13 mm (0.25-0.5 ) openings, or very thin cop-
per or aluminum foils [0.375 mm (0.015 m) to 0.75 mm (0.03 1n) thick] applied directly to
the structural subfloor via adhesive or other suitable means. A sheetmetal signal reference
plane or grid formed from thin foil may be installed directly beneath carpeting or similar floor
covering, without being appreciably noticeable. Figure §-19, Figure 8-20, Figure 8-21, and
Figure 8-22 illustrate various methods of creating signal reference grids in these cases.
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8.5.4.1 Solid covering of sheetmetal .

The most effective (and most costly) SRS is one which is completely solid. This can be fabri ; o W e
cated by using solid sheetmetal and solidly connecting all equipment directly to the sheet '
metal using low-inductance means. This form works well m applications such as meta




