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Earthing- Application CAPE

1. Earthing for safety (Automatic Disconnection of Power Supply
2. Voltage Reference of System (Neutral)

3. Dissipation of Lightning current

4. Base for Equipotentialisation

5. Shielding against Electro Magnetics

Wrong- Separate Connection to a low resistance earth electrodesail

Right- Separate and Low resistance connection to an earthgygtem

In this presentation we discuss about

A9QINIKAY3 F2NJ {FFSGe& FyR NBOdz2NYy 27F FI dz
5Aa02yySO0GA2y 2F LIRgSNI adzllLi & ¢

A System Earthing Neutral

A Base for Equipotentialisation Safety in Hospitals (NEXD11) or Telecom Equipment

A safetyc Automatic disconnection of Power Supply during a fault
A EarthingcRS i dzZNy/ OdzNNBy G ol O1 (2 &2dz2NDS +FyR SyadzN

A Howc Loop impedance shall be adequately lesser so that enough fault current flows within a sho

LV System Earthing: T8, TNS, TNGS, TT, IT CAPE

= NEEN

RAaA0O2yySOGAz2y 2F t26SN) {dzllLlt 8¢ Ay OlFasS 2¥% |

time so that protective device operate faster
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System earthing; Why?? CAPE

L1 [oce]

O

Q
Q

Source Terminals

Origin of Installation

L2

Q

Q

7 Earth g Soil)

%z
UN earthed System witt©CPD

There are two Lines. voltage between them drives the load
OCPD protecthe circuit from further failures by breaking the supply voltage

V1 and V2 are unstable.

System earthing; Why?? CAPE
o—kine o—{Tocrt]
£ s .
2 v § Live
:3 I 5 metallic
3 c
o =) bOdy
@ ¢]
O
\ \
Second Eartffiault ¢ Serious Short Circuit\ First Earth Fault NO problem

7

7 Earth eg Soil)

UN earthed System
First Fault do not create Hazard
Second Fault creates serious short circuits
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System earthing &Equipment Earthing CAPE

Q

Line [ocr |

Q
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5 & Live
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g 5 metallic
3 & body
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/] Z 7 Earth &g Soil)

Earthing one of the line created NEUTRAL and Stable voltage from each line to earth
91 NIl KSR { 2 dzNIE&RATstals@r B Snnectortéé NI Ko oF NI KAy3 SAl wda
earthedline6 SO2YS Ay ab9! ¢w! [¢& LRISYGAIT gAGK
OCP[Protects against Line to Neutral fault

Due to earthing of one of the line Earth fault will create electrocution

System earthing &Equipment Earthing CAPE
o—Line o—{Tocrd]
E g
g % L to Body
S o 2 fault
E % L toN fault
@]
T~ PEN ~
\J \J
Combined N and Body
# Earth g Soil) “LK Z

TN-C Networkg OCPD is the primary protector

EarthFault was solved by connecting the body to Neutral wire.
CircuitBreaker protects against for L to N and Earth fault

24-09-2017



cape electric

earthing basics

System earthing &Equipment Earthing CAPE
o—kine o—{Jocrd]
é % L to Bod
E 3 y
o 2 fault
S ¢ TN-C-Danger =
3 o L {oN fault
o 230V
T o PEN Neutral o |
ov
Break 2oV Combined N and Body
7 Earth &g Soil) —4: 7

TNCNeutralBreakd SEL}2 8 SR 02y RdzOGA PSS LI NIia o
Live Body of equipment in case of brokesmbined)N was more dangerous

System earthing &quipment Earthing CAPE

o—tHne [Toced]
° S L to Body
é % fault
:
g c L toN fault
: g

T N o S

~__PE 5
Separate Body to Source connection
/A 7z

L 7 Earth eg Soil)

TN-S Networkg OCPD is the primary protector

SLINFGS . 2R& (2 9INIKSR bSdzliNy & 2F &2 dz2NDS 4|
Fuse / OCPD continued to protect the circuit against L to N and Earth Faults

For public electricity distribution 3 (or 5) wires need to run form source to all consumers

¢écost of 34 wire¢
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System earthing &Equipment Earthing CAPE

o—tne Tocrd]
° s L to Body
£ : = fault
- 1S 3043: Indian TI$
g _ L toN fault
; g

T N O S

~__PE A
Separa\fé Body to Source ¢onnection
4 7 L Earth-l-Soil)

Indian TNS reduces Fault Voltage U) in PE conductor
U - created between Exposed conductive parts and Extraneous
conductive parts

System earthing &quipment Earthing CAPE
o [TocrpH{Tred]
L to Body
. o v < | fault
TT Network-RCD isa Y dza U €
L toN fault
16 N O T
O PE
7 Earth gg Soil) 4L Z

5dz2NAy3 mpTnQa w/5 6SIENIASNI9O[/.0 KIF& 068
RCD (RCCB/ELCB) measures the current in Line and Neutral.

If there is an unbalance (due to leakage) the device trips and opens the circuit

Instead of running Bwire (PE) from load to source, PE is connected to the local earth.
During earth fault_eakage current flows to local eartfRCD trips.
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System earthing &Equipment Earthing CAPE
o Line II Il
L to Body
fault
TN-GS Network
L toN fault
To—N < o S
PEN Conductor E[ PE
J

7 Earth eg Soil) 7L Z

TNGSis used in Public Electricity Network

Combined Neutral and PE conductor runs form Source to an installation (PEN conductor)
At the origin of installation, PEN is divided to PE and N

OCPD is the only primary protection.

System earthing &Equipment Earthing CAPE
o—kine | locrpH [red ]
L to Body
X fault
TN-GS with PME
L toN fault
T p N C ~ S
PEN Conductor ? PE
7 Earth gg Soil) 2L g LAL _l_

OCPD is the primary protector. RCD is an additidpadtector.
Earthing at theorigin of installation isin the scope of power 3
supplier. RCD required for load more than 2 KW (1 KW in fujure

24-09-2017



cape electric

earthing basics

LV System Protection Basics IT Network CAPE

ELECTRIC

L1

)
J

L2 T
First Earth faultg No problem \%
Z
| ¢ Unearthed Source T¢ Solidly earthed Installation

The impedance of the power system earth shall be such that on the occurrence of a sin
fault to exposed conductive parts or to earth, the fault current is of low value. Disconnec

' of the supply is not essential on the occurrence of the first fault. Protective measures m

however, prevent danger on the occurrence of two simultaneous faults involving differen
live conductors.

System Earthing Conditions CAPE

-Ll ) )
@I Current LOOP

Low Loop impedance = High fault current = Efficient operation of OCPI
Automatic Disconnection of Power Supply with in the prescribed time

II load Il

Loop Impedance i§ important in a network to ensure that tpevsvyitchgears are working andis
al dzi2YlF GAOI £t e RAaO2 \dufirg &faulkaydprotedt feom furthl @ilkiddJ & dzLJILJ

Acc to 1S3043 Thecharacteristicof the protective devicesand the crosssectionalareaof conductorsshallbe so
chosenthat if a fault of negligibleimpedanceoccursany where between a phase conductor and a protective
conductoror exposedconductivepart, automaticdisconnectiorof the supplywill occurwithin the minimum possible
safetime. Thetime of operation would dependon the magnitudeof the contactpotential. Asa generalrule, 65 V
may be clearedwithin 10 secondsand voltagesof the order of 240V and aboveshallbe clearedinstantaneously
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Functionality of a ShorCircuit Protective Device C

ELECTRIC

Occurs when any lines come in contact
with each other or the earth

e
g@é —S‘g e

Short-circuit

seconds

1 2 3 5 10 20 30
multiple of rated current——»

System Earthing Conditions TN-S Network CA

= = = o=

ive
etallic
body

Separate Body to Source connectio

——— ===

A 7

Z;x1,<U, or Z,<Uy! 1,

Z, = fault loop impedance,
I, = current ensuring the automatic operation of disconnectinigvice
U, = conventional voltage limits.

24-09-2017
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PEconductor immediately after installation CAPE

EEEEEE

PE conductor after 6 months of installation CAPE

earthing basics 10
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Accident- Example CAPE

L1

Live
metallic
body

Separate Body to Source connection

PE conductor

Low Loop resistance = More Fault current = Fast operation of Protective Device

Resistance of PE conductor plays a major role in aSTNetwork during an earth fault

Accident- Example CAPE
L1 joceq |
Live
metallic
body
T, N S
VAN VAN VAW VW

PE conductor

All joints corroded in 6 months
Corrosion will increase resistance of PE conductor
More resistance = Less fault current = More tripping time

Problem Nog 1: Switchgear will take more time to trip
Problem nog 2: Joints are not strong enough to handle Short Circuit current

(result ¢ fire, flash over, accident

24-09-2017
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System Earthing Conditiond T Network CAPE

ELECTRIC

ocrb {[rc

) =) )

@I Current LOOP l
T N Tl

4]__/‘__4

Raxla< U Or RasUc/ 1y

R, = resistance of the earthed system for exposed conductive parts,
I, = operating currents of the disconnecting series device or settings of shunt relays, and
U, = conventional voltage limit (32 V in case of relays with time lag).

LV NetworkApplication CAPE

Over head power distribution faesidential / commercial from a common
TT Transformer. Every installation shall have an RCD and an earth electrode
Origin of installation

Industrial / commercial / IT Buildings with electronic systems and

U Transformer with in facility (transformeaperated by the owner)

TNC Over Head Power Distribution up to Origin of an Installation.

NGS Over head power distribution faesidential / (_:o_mme_rcial fro_m acommon
Transformer. RCD and earth electrode at origin of installation are optional.

T Hospitald IT installation for a building or part of a building. Not suitable for

different buildings with same supply

earthing basics 12
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Delay in Fault clearance result in fire / accident CAPE

o =N =l

- Practicec TT Network
TT¢ RCD is a must L (without RCD)

LA | ce [l

Legalk; TN-GS Network TNGS¢ RCD is optional
(RCD more than 2 KW)

Indian Regulations & Standards CAPE

CEA: Regulation

1. CEhAsafety Regulationmsist TN-GSnetwork for public distribution. Utilities are free
to decide.

2. As per CEA regulation, RCD is necessary for loads above i2 i amendment dratt regulation)

3. RCDs a must for TT network irrespective of Load &apacity.

4. Due to undefined networks, TT is used with out RCD

Problem: TT network with out RCD create safety Hazards

Indian Standard

1. IS 3043 Recommends to use-IMetwork for Industrial and Commercial application.
TNS with PME recommended in IS 3043 is one of the safest networks.

2. 1S 3043 recommends Double earthinggTransformer Neutral in an Industrial
premise, One connection to common EaBhsbarand another to PME grid

3. Double Earthing of a panglOne connection to PE conductor and another to PME g

4. 5DQ& bSdziN}f | yR ¢O®B&Earth Badznd shoth®ritdNIVE grig 3

Problem:Meaning of Independent Earth Electrode is not understood well. As
result every earth conductor is connected to one vertical electrode

earthing basics 13
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SAFETYTesting of L.V electrical installation CAPE

oo

R

continuity of conductors

insulationresistance

insulationresistance testing to confirm the effectiveness of protection by SELV, PEL
or electrical separation

insulationresistance testing to confirm the effectiveness of floor avall
resistance/impedance

polarity test

testingto confirm effectiveness of automatic disconnectionsapply
testingto confirm the effectiveness of additionptotection

test of phase sequence

functionaltests

voltagedrop

In Europe and USAL.V System is energized after this test

Test Report formats are uniform which is provided in relevant
National Sandards / IEC standards

Parameters tested and confirmed CAPE

= oo

@

T o553

. accessibilityof equipment for convenience of operation, identification and maintenand

method of protection against electric shock

presenceof fire barriers and other precautions against propagation of fire jatadection
againstthermal effects

selectionof conductors for currentarrying capacity

choice setting, selectivity and coordination of protective and monitoring devices
selection location and installation of suitable overvoltage protective devices (8R&g
specified

selection location and installation of suitable isolating and switching devices
selectionof equipment and protective measures appropriate to external influerssesb
mechanicaktresses

identification of neutral and protective conductors

presenceof diagrams, warning notices or similar information

identification of circuits, overcurrent protective devices, switches, terminals etc.
adequacyof termination and connection of cables and conductors

selectionand installation of earthing arrangements, protective conductors et
connections

measuresagainst electromagnetic disturbances
exposedconductiveparts are connected to the earthing arrangement
selectionand erection of the wiring systems

24-09-2017

14



cape electric

earthing basics

CAPE
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The concept of a single earth electrode

Lightning
-~ N rods

i

CAPE

Recommended configuration earth electrodes and earthing
network for Electronic Installations

Bonding necessary

for multi-story . .
structures Lightning
rods
Power & communications ———

earth as needed
A

CAPE

24-09-2017
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Earth Farm : 22 separated vertical earth electrodes CAPE

Separate for Neutral, Separate from Bagl§ nosfor 25 D Q adsformne Transformer,
ASLI NI GS F2NI 't {3 {SinbsNBODSHit F2 NI XXXXXX ¢

b .2

I 2YYSNDALE . dAf RAy3ay ¢nNt yvatznysnzCABE

Every client in a modern IT building need several separate earth electrodes
wSadzA GY {sAGOKASINI gAftft y23G GNRLI 02N Gl

24-09-2017
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bh {t!/9

XXXXXX[ SiGa

18S8L) Ad

o208 CRRE

ELECTRIC

-
o o

Neutral Earthing(Singlepoint Earthing)iszszratt c 201 & iecs036a4-44 CAPE

C.

d.

P e N
,p.rm..: Source 2
P¥a s

Source i

Earthing of
the sources Exposed-conductive-parts

Instaliation

Multiple sourcesystems

In case ofnappropriatedesign of an installation
forming part of a TN system withultiple sources
some of the operating current may flow through
unintended paths. These currents meguse

fire
corrosion
electromagneticinterference

No direct connectionfrom either transformer neutral points or generator star points to earth is

permitted.

The conductor interconnecting either the neutral points of transformers,or the star -points of
generators shallbeinsulated X X X X X X&Xhis conductoris like a PENconductor

Only one connectionbetweenthe interconnectedneutral points of the sourcesand the PEshallbe
provided Thisconnectionshallbe locatedinsidethe mainswitchgearassembly
Additionalearthingof the PEin the installationmustbe provided

TNmultiple sourcepower suppliesto aninstallation with connectionto earth of the star points at one and the same
pomt

24-09-2017
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Earthingg General Idea

Sphere of Influence

The resistance of a earthing system depends on

1. The resistance of the Electrode

2. The contact resistance of the electrode with soil
3. The resistance of soil surrounding Electrode

1
2.
3.

CAPE

Earth Conductor

Connector
Electrode

This is only a part of

Sphere of Influence

Electrode Resistance Development: IEEE 142

25Ft (7.6 m)

|e—10Ft(3m){

* These figures show that for the most practical reasons

the majority of the resistance to remote earth occurs

within 25 ft of the electrode, i.e., at 1000 ft the resistance is
only 17% higher than that of 25 ft.

CAPE

Distance from Electrode

Approximate

Surface (r) Percentage of
mm m Total Resistance
30.48 0.03 25
60.96 0.06 38
91.44 0.09 46
152.4 0.15 52
304.8 0.3 68
1524 1.5 86
3048 3.0 94
4572 4.6 97
6096 6.1 99
7620 7.6 100
(30480)* 30.5 (104)
(304800)* 305.0 (117)

Table: Electrode Resistance at a Radius rin m
from a 3 m Long, 16 mm Dia Rod
Total Resistance atr = 7.6 m = 100%

24-09-2017
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CAPE

Multiple Earth electrodes.

In this system more than one electrode is driven into the ground and connected in parallel to lower the resistanc

Each earth electrode has it's own sphere of influence and for additional electrodes to be effective the spacing of
additional rods needs to be at least equal to the depth of the driven rod.

Without proper spacing of earth electrodes the spheres of influence will intersect and the lowering of the resistar
will be minimal and of little value.

STEP VOLTAGE CAPE

LECTRIC

Indirect Impact

STEP VOLTAGEV 1-V2 People High voltages on the ground
Structures inductive and capacitiveoupling

current

Voltage

V1

V2 distance

=,

24-09-2017
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VOLTAGE CONTACT (Touch Voltage) CAPE

ELECTRIC

Indirect Impact

People High voltages on the ground
Structures inductive and capacitive joining

current

\ ‘oltac 2 CONTACT VOLTAGE: V1- V2
V1T~
V2
Distance
I >
IS 3043; Earth Resistance Value in a TT Network CAPE
TABLE 14

MAXIMUM EARTHELECTRODRESISTANCE FDIRFERENT TYRHS
CIRCUIBREAKER

TYPEOF . MAXIMUMEARTHELECTRODE
OPERATINGURREN

BREAKER RESISTANCGR)

RCD 300 mA 166

RCD 30mA 1666
T 500

In British Standard; Value more than 200 ohms treated as Unstable

24-09-2017

21



cape electric

earthing basics

ELECTRIC

hyS a2aiGSY XXXXXX hyf¢

A Earthing for safety

A Double earthing for redundancy and

reduction of fault loop resistance

IS3043: Code practice of Earthing

(Reaffirmed 2006)
g
Indian Standard
CODE OF PRACTICE FOR EARTHING
(First Revision)

IS 3043; took support from
CP1013 (British Standard)
IEEE 142
IEC 364

e Sprember 188

CAPE

INTERNATIONAL IEC
STANDARD 603641

24-09-2017
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1S3043 Safety CAPE

19. SELECTION OF DEVICES FOR AUTOMATIC
DISCONNECTION OF SUPPLY

19.1 General - In general, every circuit is provided with a means of
overcurrent protection. If the earth fault loop impedance is low enough to
cause these devices to operate within the specified times (that is,
sufficient current can flow to earth under fault conditions), such devices
may be relied upon to give the requisite automatic disconnection of
supply. If the earth fault loop impedance does not permit the overcurrent
protective devices to give automatic disconnection of the supply under
earth fault conditions, the first option is to reduce that impedance. It may
be permissible for this to be achieved by the use of protective multiple
earthing or by additional earth electrodes. There are practical limitations
to both approaches.

IS 3043: Industrial and commercial Installation CAPE

22.1.2 Above 240 V should be designed as a PME system with separate
protective conductor. The neutral of the transformer should be connected to be
earth electrodes by duplicate connections and adequate number of earth
electrodes should be provided with interlinking earth bus for getting an optimum
value of the earth resistance depending upon the setting of the earth fault/earth
leakage relays and also to limit the extent of rise of potential. The earth fault
current can be of the order of symmetrical short-circuit current and hence the
thermal design of the earth bus and the earthing system should depend upon
the maximum symmetrical short circuit current available. The duration of the
earth fault current according to the existing design practice is 3 seconds.
However, in case of installations where adequate protective arrangements have
been incorporated so as to instantaneously isolate the system in the event of an
earth fault, a lesser duration can be considered for design purposes.

TN-S with PME
CNF YAaF2NYSNI dbSdziNI ¢ Hu O2yySOGA2Yy
Interlinking Earth Bus

Short Circuit duration can be less than 3 seconds

24-09-2017
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IS 3043: Industrial and commercial Installation CAPE

22.1.3 Asfar asthe value of the earth resistanceis concerned,the objectivefrom the
point of safety considerationis not to attain minimum value of the earth resistanceasis
sometimesunderstood But the considerationshouldbe whether there is adequate co-
ordination betweenthe practicallyobtainable value of the earth resistanceand setting
of the protective devices X.. Placementof electrode,area and sizeof grid dependon
electricalinstallation,earth grid continuity resistancewith in the limit. X X XHowever,in
the caseof a protective multiple earthing systemwhere the neutral of the supply
transformer and the non-current carryingmetal parts in the systemare interconnected
by the commonearth grid, whichis designedfor the prospectivefault current, there is
no reasonto designthe earth electrodesassumingthat total earth fault current is
dissipatedthrough the earth electrodes However dependingupon the value of the
earth resistivity,a percentageof the current may flow through the massof the earth as
wellX X X X X

9F NI K NBaAaldlryOSXxX O22NRAYyIFGSR (2

Gommon Earth Grid interconnects Neutral otransformerand Body of load
No need to design earth electrode for total fault current

IS 3043: Industrial and commercial Installation CAPE

22.2.1 The main earthing conductorwill be run in between standardearth electrodes
conformingto specificationsand distributed uniformly aroundthe workingarea All the

non-current carrying metal parts of the equipment, switchboards, etc., will be solidly
connectedto this earth grid and equipotential bonding conductor by duplicate earth

connectionsof adequatesize Forinterconnectingswitchboardsprotected by HRCfuses
to this earth grid, the sizeof interconnectionneed not be more than 75 mm?copperor

its equivalent In laying out the earth electrodesand the earth conductors all efforts

shouldbe madeto maintaina uniform potential gradientin and around the work area

The transformer neutral should be solidly connectedto this grid by duplicate earth

connections,one going directly to earth electrodes and other going to the common
earth bus Thesizeof the neutral earthingconductorshouldin no casebe lessthan that

of the sizeof the main earthingconductor

Double Earthing of equipment and switchboards
One to Grid, another to Earth Bonding Conductor (PE conductor)

DoubleEarthing ofTransformer
One to Grid, another to EartBus bar

24-09-2017
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IS 3043: Industrial and commercial Installation CAPE

22.2.2 The earth grid should be run at a minimum depth of 50 cm below ground
When bare conductorsare used as earth grid, this can also be assumedto dissipate
the fault currentto the massof the earth

22.2.3 The continuity resistanceof the earth return path through the earth
grid should be maintained as low as possibleand in no caseqgreater than
one ohm.

22.2.4 Inthe caseof EHTsubstationswherethere is possibilityof the groundpotential
attaining very high values(of the order of 5 kV and above)in the event of an earth
fault, the earth grid designshould be basedon the tolerable limits of the potential
gradient in the substation area, and the step and touch potential due to fault
conditions

Earth Grid is the Earth Electrode

Periodic inspection of Continuity Resistance of Earth grid ensures the metal gr
in soil is not corroded and disconnected

IS 3043: Industrial and commercial Installation CAPE

22.3.1 The earth electrodesare providedto dissipatethe fault current in caseof earth
faults and to maintain the earth resistanceto a reasonablevalue so asto avoid rise of
potential of the earthinggrid. Practice which hasbeenfollowed until now, isto designthe
earth electrodesfor the appropriatethermal withstand capacity,assumingthe total fault
currentto be passingthrough the earth electrodes Thisis true in the caseof an earthing
systemwhich is not interconnectedwith neutral earthing (TT/IT system) But with the
adoption of PMEsystemin industrial distribution where the neutral is solidly connected
to the earthing grid, the abovepracticerequiresrevisionashasalreadybeen pointed out
in 22.1.3in order to avoidredundancyandtherebyto avoidunnecessargxpenditure

One connection of Neutral to Earth Grid

earthing basics 25
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IS 3043: Section /Medical Establishments.

24.0.3 Generally a power supply system including a separated protective
conductor is required. (TN-S System) in medical establishment
(g9) IT system with Insulation monitoring for specific areas (eg Operation theatre)

IS : 3043 - 1987

PROVISIONS

)
PO

Pl

P2

P3

P4

TABLE 10 SAFETY PROVISIONS

(Clanse 24.1.1)

PRINCIPAL REQUIREMENTS
(2)
Duration of louch voltage restricted 1o a safe
limit
As PO but additionally : Touch voltages in
atient  environment  restricted 1o a safe
imit
As P1 but additionally : Resistance hetween
extraneous conductive parts and the protec-
tive conductor busbar of the room not

INSTALLATION MEASURES
3)
TN-S. TT or IT system (see 6.1.1)

Additional to PO Supply system with addi-
lional requirements for protective earth-
ing, etc

Additional to P1 : Supplementary equipo—
tential bonding

CAPE

exceeding -1 € <—

As Pl or P2 but additionally : Potential diffe-
rence  between exposed conductive parts
and the protective conductor busbar not
exceeding 10 mV in normal condition (see

PR

As Pl or P2 Measurement  necessary,
correclive action possibly necessary

Note)

As Pl or P2, Additional protection against
clectric shock by limitation of disconnect-
ing time

Continuity of the mains supply maintained
in case ofa first insulation fault to earth
and currents to earth restricted

Additional to P1 or P2 : Residual current
operated protective device

Additional to PI. P2 or P3: Isolated
supply system with isolation monitoring

NOTE — Normal condition means 'without any fault' in the installation

Special requirement EartResistance: 0.1 ohm
Special requirement less than 10 mV

IS 3043: Section YMedical Establishments.

CAPE

25.1.2.4 A main equipotential bonding with a main earthing bar shall be provided
near the main service entrance. Connections shall be made to the following parts
by bonding conductors:

a) lightning conductor;
b) earthing systems of the electric power distribution system;
c) the central heating system;

d) the conductive water supply line;
e) the conductive parts of the waste water line;

f) the conductive parts of the gas supply; and

g) the structural metal frame-work of the building, if applicable.

Note: DonMforget to ensure recommended safety measures in different areas of the hospital starting from massage room up
to Intensive care unit
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IS 3043: Section @Miscellaneous installations CAPE

28. EARTHING IN POTENTIALLY HAZARDOUS AREAS
28.2Permissible Type of Earthing System
28.2.1Guidance on permissible powsystems igjiven below:

a) if a power systemwith an earthed neutral is used, the type TN -S system with
separate neutral (1'.4) and protective conductor (PE) throughout the system is
preferred

The neutral and the protective conductor shall not be connectedtogether or
combinedin a singleconductorin a hazardousarea

A power systemof type Indian TN-C (havingcombinedneutral and protective
functions in a single conductor throughout the system)is not allowed in
hazardousrea

b) If IT power systemis usedin Zonel, it shallbe protectedwith a residualcurrentdevice

evenif it isan SEL \¢ircuit.
Thetype TTpower systemis not permitted in ZoneO.

IS 3043: Recommended approach for the earthing network (PME GRID) CAPE

e Earth electrode /-Ea_rthing network

/

IEC 1423/97

24-09-2017
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Recommended approach for the earthing network (PME Grid)

CAPE

e Earth electrode /-E arthing network
Lights
LV, ¥ Electric
equipment
[ | ..L 1 Electronic
Structures equipment
Motors
—_— . o ——
Neutral A
R S * -Voltage reference
EEEN : | & cable shields
000 | Plant { /
I process |
Power Cable L J'
Transformer
1
rays B e
IEC 1423/97

One Connection of Body and Neutral of Transformer to GRID

Where is the other connection??? & How Does it work???

24-09-2017
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Earthing of Generator: IS 3043 Single LV @out Synchronizing facility) CAPE

CHANGEOVER FACILITY
{AUTOMATIC OR MANUAL}

PRIME
INCOMING
MOVER GENERATOR N _ R ELEC BOARD
v > LV SUPPLY
- H
© W
._4ﬂ_€__a

LOAD

EXTRANEOUS
CONDUCTIVE
PARTS .

"L‘.L.. EARTHING BAR

L g
INDEPENDENY EARTH ELECTRODE N_Ote: Neutral Lln_l( Need IEO be
disconnected while checking
1. Cable sheath earth if provided/ shown - - - loop impedance Line to Neutral

2. PNE link if provided/shown
3. Changeover switch could be 3-pole with linked neutral.

Gonnected to an Earthing Bus Bar
Bus Bar is connected to Earth Electrode

Multiple Generators CAPE

Standbygenerators(without mainsparallelingfacility) 3 methodsare practiced
All generatorneutrals connected(below fig) , Neutral earthing transformer & Alternator
star-point switching

RYBN

CHANGEOVER FACILITY
INCOMING
AUE\OMATIC OR MANUAL RaELEC BOARD
3 ﬁ: 22

(]
1
PRIME e
MOVER GENERATOR

Of

EXTRANEGUS ,'.]- _-.l_---
CONDUCTIVE M STE. R0 EARTHING BAR
PARTS

INDEPENDENT

EARTH ELECTRODE
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1S3043 Neutral earthingtransformer & Alternator star-point switching CAPE

NEUTRAL EARTHING
TRANSFORMER

PRIME NON-AUTOMATIC
MOVER  GENERATOR £ swires INCCMING ELEC
%@: IR

oo T ?.v suPPLY
2.2 ﬁ P
s %0‘

PRIME
MOVE R GENERATOR
e

EXTRANEOUS
CONDUCTIVE |
PARTS

I
d
—l
)
O,
©
%
o

._}_L‘.‘l:_ismmma 8aR t . Co(\
€ AnTh €LecTRODE 06 \S
0\ Yen
Odq WOUkE  ceneraTor
% R, INCOMING
\3(\6 Q : z : ELC Roaee,
‘(% rd e

CONDUCTIVE

we :
-2 S O " | 14—
a\\ (,’A"e o : GENERATOR i
\“ EXTRANEOUS : = - ‘@ﬁi

rEAR"ﬂNG BAR

TN-S Network with separate protective conductor CAPE
Line m

— L to Body
Q fault

S S

\ g L toN fault

'Y
T N S
PE I I

| vas 3wk x Opvvey SiapwoanaR

Two Parallel paths for the fault return current ensure Low loop impedance and fast

tripping of protective device
PE conductors should be installed in close proximity (i.e. in the same conduitg on
samecable tray, etc.plong with thelive cables of the related circuit
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metallic
body

metallic
body
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Applicationexamples. TANS network for IT installations

Equipctential bonding N L
canductor, If necessary e

\
E

B
13

e
N\

kS

Equipment 1

Signal of data cable

Equipment 2

CAPE

ELECTRIC

444.4.3.3

In existing buildings where the
complete low-voltage installation
including the transformer is operated
only by the user and which contain, or
are likely to contain, significant
amounts of information technology
equipment, TN-S systems should be

installed;

Pic: Avoidancef neutral conductor currents in a
bondedstructure byusing a TRS system

o downstream2 ¥ | O2y adzySNQa U
— transformer
oltage drop AU along the PE conductor under normal operation conditions
s of limited area formed by signal or data cables
Earthing IEC 60368-54 CAPE
C Extraneous-Conductive-part
C1 Water pipe, metal from outside
s Lps Cc2 Waste water pipe, metal from outside
c3 Gas pipe with insulating insert, metal from
outside
C4 Air-conditioning
C5 Heating system
C6 Water pipe, metal e.g in a bathroom
C7 Waste water pipe, metal e.g in a room
MDB Main Distribution Board
DB Distribution Board
MET Main Earth Terminal
SEBT | Supplementary Equipotential Bonding terminal
T1 Conc_rete-embedded foun_dation earth electrode
or soil-embedded foundation earth electrode
T2 Earth electrode for LPS if necessary
LPS Lightning Protection system (if any)
PE PE terminal(s) in the distribution board
PE/PEN_[PE/PEN terminal(s) in the main distribution board
e1c203 M Exposed-conductive part
1 Protective Earthing conductor (PE)
1a Protective C_onductor, or PEN conductor, if any,
from supplying network
2 Protective bonding conductor for connection to
the main earthing terminal
3 Protective bonding conductor for supplementary
Ground bonding
e 4 Down conductor of a lightning protection system
(LPS) if any
5 Earthing conductor

24-09-2017
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Earthing IEC 60368-54 CAPE

542.2.3 The following are examples of earth electrodes which may be used:

concrete-embedded foundation earth electrode;

NOTE For more information see Annex C.
soil-embedded foundation earth electrode;

metallic electrode embedded directly in soil vertically or horizontally (e.g. rods, wires,
tapes, pipes or plates);

metal sheath and other metal coverings of cables according to local conditions or
requirements;

other suitable underground metalwork (e.g. pipes) according to local conditions or
requirements;

welded metal reinforcement of concrete (except pre-stressed concrete) embedded in the
earth.

CAPE

Ve ~

hyS a2aidsSy XXXXXX hysS

Earthing for Lightning Protection

24-09-2017
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LPS EarthingType A arrangement (IS/IEC 62305) CAPE

This type of arrangement comprises horizontal or vertical earth electrodes installed outside the stru
to be protected connected to eaaown conductor. Ilype A arrangements, the total number of earth
electrodes shall be not less than twainimum 2 down conductors for a building)

Suitable forsmall building with electricityconnection

100

Type A -Horizontal

I} . |

I 50 cm depth

Type A -Vertical —|

Class Hiiy

[ 500 1000 1500 2000 280 3000

The minimum length of each ear#iectrode for each dowstonductor as per graph
¢ |, for horizontal electrodes, ag 0.51, for vertical (or inclined) electrodes, For combined (vertical or
horizontal) electrodes, the total length shall bensidered

Resistance of 10 OHM is also recommended, but can be ignored with the above length

LPS Earthing: Tyfarrangement (Ring / Foundation Earthing) CAPE

i 58 Type B arrangement
4 i (Ring Conductor)

This type of arrangement comprises either a ring conductor external to the structure to be
protected, in contact with the soil for at least 80 % of its total length, or a foundation earth
electrode.

Suchearth electrodes may also be meshed.

Recommendedor buildings with Electronic Installation

24-09-2017
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LPS Earthing: Tyf@arrangement (Ring / Foundation Earthing) CAPE

Conductor inside an RCGfructure (or under an RCC structure) cae used forEarthing &
equipotential bonding.

air-termination conductor

metal covering of the roof parapet
steel reinforcing rods

mesh conductors superimposed on the
reinforcement

joint of the mesh conductor

joint for an internal bonding bar
connection made by welding or clamping
arbitrary connection

steel reinforcement in concrete (with
superimposed mesh conductors)

10. ring earthing electrode (if any)

11. foundation earthing electrode

Eal Sl

©o~No:

atypical distance of 5 m for superimposed mesh conductors
b typical distance of 1 m for connecting this mesh with the
reinforcement

Nothing Exposed

J( ! |- 1 L - Do not affect aesthetics
(o M Most efficient for electronics
L : N ®
Use of Structural steel for earthing is not neiw India CAPE

IS 3043: SECTIANPOWER STATIONS, SUBSTATIONS AND OVERHEAL

At power stations and substationsthe steel reinforcement in
foundations and piles can be used to provide an effective
electrode system, without necessityto provide further buried
electrodes Where piles are used they should be bonded by
welding and connected to earth bonding bars at least four
points.
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Recommendedhpproach for the earthing network CAPE
e Earth electrode /-Earthin g network
Lights
\Y; \V; Electric
equipment
[ | 9 Electronic
-.|- I equipment
Structures
Motors
— : I\ o -—
Neutral A’ _ Vot .
b —— . -Voltage reference
coo I 1 / & cable shields
—e - | Plant |
[eXeTo) | an |
I process | /
i el A
1 p
rays B "o
IEC 1423/97

3 D schematic of the recommended approach for the earthing network CAPE

- o
s ® o i v
-7 »

R
N

Mol

el

AN [N

|

A )
/ /
' -/
e /.
< S S S S S S
N~ 7 S

Earth termination system

earthing basics 36



cape electric

earthing basics

Practical example as per IS/IEC 62305 and NR6

Metal comganent on the roof

-

Equipment Inter
~-.... on the roof

reeption mesh

LPZOa

w2z ()
l

LPZ0a

Shisided LPz1 Pz l
cabinet Camera
e Bending
weza () eminas |4l o
oy
= s £y r ™~ Metal facade

Stee:
reinforcement
in concrete

e

ez 1

i

H—8 _ Ground level
A

Sensibve

eloctron:
equipment

Pz2

Steel reinforcement

Pz

Extraneous metal servicas
Teiecom lines
0.4 KV power line

20 kY power line

Car parking

Metal cable conduit
(extended LPZ Ou)

v

CAPE

No extended vertical earth electrode in s
Transformer and Dg inside building
All 5 purposes of earthing is achieved

Further questions are
How to Earth HT side of transformer
How to connect UPS

How to connect sensitive equipment

Earthing of Transformer: Influences in LV Supply due to a fault in HV side CAPE

Possible connections to earth in substation and LV-installation and occurring overvoltage in case of faults

Substation l/ Uy LV Installation U
) N R e
e L | i
L2 i i
| !
L3 i |
i i
or N or PEN s H
————— et AE L B L L AR LY PR
i [ 1 —
i | I’ } I
......... = l_l'_._._._g?_._.l

Rz Transformer Body Earthing
Ry Star Point; Neutral earthing

R:and R connection method will have an influence in LT system

24-09-2017
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R:and R; connection method will have an influence in Isystem (TOV)

Types of
Types of earth
system connections Yy Uz Ut
earthing
T Re and Rg connected | U, Rexlg + U, 0"
Rg and Ry, separated Rg xlg + U, U, 0
Re and Rs connected U, U, Rexlg *%)
TN
Re and Ry separated R xlg + U, u,*) 0%
u [V
Re and Z connected o) Re <l * Uy )
R and Ry separated ‘ U3 ‘ Re x Ig + Ux 3 R, Iy
u. " u." R x|,
Re and Z connected ° ° EE
IT Re and Ra interconnected _
U, <3 U, =3 e
Re x e+ U, U, ) 0"
Re and Z separated £E ° °
Re and R, separated - _
Re x Ig + Uyx3 U, xv3 Gt
*) No consideration needs to be given.

) See 442.2.1 second paragraph.

[ With existing earth fault in the installation

U, ¢ Line Voltage

U;: Power frequency Fault Voltage

U,: Over voltage at Source

CAPE

U,: Over Voltage at Load

7

N

hyS a2aisSy XXXXXX

Equipotentialisation

CAPE

hy$
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Conducted and Radiated Surges Equipotentialisation & ZONAL Concept CAPE

ELECTRIC

|/ H- Radiated Surges

LPS + Shield LPZ 1 Shielding required

Shield LPZ 2
-
SPD SPD
Equipment (SB) (MB}
(object of i
damage) O Q
U /- Conducted Surges
b, Ui, h Ua. fo SPD required
Housing -
ightning
current

Equipotentialisation i NO Potential difference between metallic installations / parts
Equal at every ZONE Boundaries

Single / Isolata§ Earthing ??7? CAPE

LECTRIC

50 kV ( \

50 kv 1 EaleE 50 kv

24-09-2017
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Single / Isolat@g Earthing ??7?

CAPE

ELECTRIC

50 kV

50 kV

Surge Protective Device (SPD). What is inside an SPD ?? CAPE

SPD6s ar e devi cateastanéhnan-Lenea componentswhich is intended
to limit surge voltage and divert surge current

{Ay3fS t2NI {t5Qa

Spark Gap / GD tube

Bkt

{t5Q0a I NB O2yySOGSR Ay

GD tube & MOV in series

SAD / ABD

tINFffSEtd ¢KSe NB
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¢e&LS 2F {t5Qa

Voltage limiting Component

o

Voltage switching in series with

voltage limiting Component

o8 /2yainNdoirzy  CAPE

Voltage switching Component

P

A

|

I

Voltage switching in parallel with = ~
voltage limiting Component

How SPD works ?7??

L

/SAD o

U
v Spark Gap [T~ !
4 / GD tube

i

[ S B N
' (s)

CAPE

/ \ Surge Voltage Several times Nominal Voltage

Voltage Clamping (limiting) device SPD that has a
high impedance when no surge is present, but will
reduce it continuouslywith increasedsurge current

and voltage

Limits the Voltage depending upon the Surge Curren

Voltage Switching Device SPD that has a high
impedance when no surge is present, but can have
a sudden change impedanceto a low value in
response to a voltagsurge

t

Eg- Short-Circuit during transient Voltage

24-09-2017

41



cape electric

earthing basics

Basic functions of SPDs CAPE

A In theabsence ourges theSPD shall not have a significamftuence ornthe
operational characteristics of the system to which it is applied
Problem¢ah+ 61 aSR {t5d ¢hz Qa-cirdukih SPDRAY Ff dzSy OS {t 5

A Duringthe occurrence of surges: the SPD responds to sibgésweringits
impedance and thus diverting surgearrert through it to limit the voltage tats
protectivelevel. The surges could initiate a power follow current through the. SPD

Problemg SparkGap based SPD. Follow current may create dangerous situation

A After the occurrence of surges: the SPD recovershigkimpedance statafter

the surges and extinguishes any possible power folomwent
Problemg SparkGap based SPD. Follow current may create dangerous situation

Additional requirement

A protection of SPDs against direcontact
A safetyin the event of SPD failures.

Test pulses asa per IEC 616UB CAPE

100

50

i (1)

= 14 0
Quors0= 72 limp

— 1 2
Elosso = Yalimp
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Test pulses asa per IEC 61eUB CAPE

OO OO O O O O O O ) ) e e e e e ) e e e e o e e e e ]

10/350ps
Voltage Protection Level
Connection diagram for SPD for 3 phase 4 wire network CAPE
Connection 3 + 1 Before RCCB
R F1
Y F2
B F3
F4 FS. FS.
E E
n -
PE
F1,F2,F3  -:Incoming ACB/MCCB/SFU
F4,F5,F6 -1 Back up fuse for Surge Arrester
PE - : Panel Earth
For backup fuse rating refer manufacturers catalogy
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Connection diagram for SPD for 3 phase 4 wire network CAPE
Connection R,Y,B,N to PE After RCCB
Y F2
L
B F3
L
—— -

-

FS‘ F6| F7- F8|

— B

PE

F1,F2,F3  -:Incoming ACB/MCCB/SFU
F4,F5,F6 -1 Back up fuse for Surge Arrester
PE - : Panel Earth

For backup fuse rating refer manufacturers catalogy

Connection diagram for SPD for 3 phase 4 wire network

Connection3 + 1

|
— L

=

10

|

92}
(=}
QD
2
2
Q
Q
(=}
>
Z
3
@
[%2]
7]
0]
@
2]
<3}
)
(0]
(@]
o
>
2,
(o}
@
Q
0]
o

F1,F2,F3  -:Incoming ACB/MCCB/SFU
Voltage protection level of arrester = 1000 volts F4,F5 F6 - Back up fuse for Surge Arrester
PE - : Panel Earth

For backup fuse rating refer manufacturers catalogu
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Connection diagram for SPD for 3 phase 4 wire network

Connection R,Y,B,N to PE

F1,F2,F3  -:Incoming ACB/MCCB/SFU
Voltage protection level of arrester = 1000 volts F4,F5 F6 - Back up fuse for Surge Arrester
PE -: Panel Earth

For backup fuse rating refer manufacturers catalogu

Connection diagram for SPD for 3 phase 4 wire network

Connection R,Y,B,N to PE

withstand level

18 (]

To Load which can withstand 2500 volts
Voltage protection level of arrester
should be less than the equipment

F1,F2,F3  -:Incoming ACB/MCCB/SFU
F4,F5,F6 -1 Back up fuse for Surge Arrester
PE - : Panel Earth

For backup fuse rating refer manufacturers catalogu
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50 kV

Equipment is safe

50 kV

50 kV

50 kv
f-sPD
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Single Integrate

arthing with SPD is the best

50 kV

50 kV

50 kV

50 kV

50 kV

50 kV

f-sPD

Conducted and Radiated Surges Equipotentialisation & ZONAL Concept

Radiated

disturbances

impinging upon

enclosure
//

Control-centre building

—

Computer taorm

Radiated Sensitive
disturbances
coupling
into extermal
cabling

Conducted  § ]
disturbances 3 Hasanonnnonn
— &

aaaaaa

Zone 0,
Shielding of
buikding amour
P
Zone 1
Shielding of
he: room Zone 2

Zone 3
Shielding of
the equipment
Zone 4
Sensitive
quip
:

CAPE

LECTRIC

External lightning
protection system

}‘ Bonding according
p<— to building height

Shielding of
- building armour

Shielding of
the room

Shielding of
the equipment

z Earth electrode
system

—
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Protection of Equipment in an office complex
(IS/IEC 62305) CAPE

Equipment Interception mesh
an the oo

IS 62305 - 4

whzos

. HV Transformer inside Large Buildings
oy Generators inside structure

S Lightning Protection
g o Electrical System
e Electronic System
1 STILL ONE EARTHING
I Concrete Embedded Foundation Earthing
B | ‘ | (— Ground level
Sensitiv /
et e _f::::::mmws Remember i Water proof membrane under foundation

LPZ1

Extended 0,4k power line
Pz on
wz2 20 kY power line

Matal cable conduit
{extended LPZ Oa)

Structural Earthing; Testing Provisions need to be provided at top and CAPE
bottom e
I
O )
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corrosionBi-Metallic & Galvanic effects CA

ELECTRIC

Electro chemical influence on and between earth
electrodes

Metals laid in soil or water may be corroded by the
followinginfluence

A DCLeakageurrentin the soil

A Chemicakomponentsand their concentrationin soil or
water

A Galvanicellsformed by interconnectedearth electrodes
of different metals

Protectionby meansof non metallic coveringof electrodes
is not suitable becauseof the high electrical resistanceof
suchmaterials

Veryimportant is the casewhere the earth electrodesform galvaniccellswith other earth
electrodesor with buried steel pipesand conduits With undergroundmetallic structuresor
building foundationsprovidedthey are metallicallyinterconnected

corrosionBi-Metallic & Galvanic effects CA
Potential Difference of metals in electrolyte

S84-C Potential differences of metals in electrolytes [5, 6, 7]

in soil with
e content
|

Cupric-sulphate, Cu/Cu SO,,
comparison electrode

! Values acc. to
| E. Hénninger, Graz

- — LIS
.. —015¥
s =0

:{ Steel in humus : —0,6 Vi — 035
Steel in clean sand -04 V...—05 ¥V
in concrete —0,1V...-03V| —005V..—-02 V

1S 3043 The possibilityon damageto cablesand other underground
servicesand structuralmetalworkin the vicinity of earth-electrodedue
to electrolytic action between dissimilar materials should not be
overlooked when the material for earth-electrodes is selected
Materialscompatiblewith other metal structuresin the vicinity should
be selectedor other remedialactiontaken

The fundamental principle of this effect have been known for many years.
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corrosionBi-Metallic & Galvanic effects CAPE

A DCcurrent betweenanodeand cathode

in the electrolyte results form the o AR
influence of the potential difference of U dton —’.
the galvaniccell (fig 54-8), formed by the A el

different materialsof the earth electrodes
by the electrolyte of the moisture content
of the soil, and through the bonding of

~[o0c0g0 08088

& 53]
o (o b5a
)
8
s
2
-4
°

the anodicand cathodicearth electrodes :ig’ o /
With in the anodic range, this current -t -
leaves the surface of the electrode / //

DN

S 7

towards the electrolyte, thus dissolving F /// / s2a°f s

the metal of the anode This current | '%”,’“‘”"I P
enters the metallic surface of the /f G540

1P el

electrodein the cathodicarea y ; I i
%5"}?/; 7,

electrolyte soil

N\

This electrolytic current passeslossesof
the massof the anodic earth electrode
The speed of the the metallic looses l Figure 54-8 Earthing installation forming a galvanic cel
(corrosion rate) depends mainly on the

voltageof the galvaniacell

corrosionBi-Metallic & Galvanic effects CAPE

Interconnectionof all earth electrodesfor different purposewith other earthed
constructionis recommendedfor increasedelectricalsafety Hectricalisolation
of various electrodesis no solution for protection of the electrodesagainst
corrosive effect. The only reliable solution is the correct selection and
installation of electrodes The basicof this selectionrule is the knowledgeof
the potential differenceof different metalsin an electrolyte

A new experienceis however that the metallic reinforcement of building

foundations may likewise becomea cathode of an electrolytic cell and thus

causedamageto other metallicpartsin the soil. Egto water pipes,conduitsor

earth electrodes With the ever increasing size of buildings and their

foundationsand the relatively reducedfree metallic surfaceof pipesor earth

electrodesin the soil, the surfacerelationshipof anodeto cathodebecomes
increasinglyunfavorable The dangerof corrosion must necessarilyincrease
whenusingmetalswith largepotential differencesaccordingo table 54-C

Courtesy: Safety of electrical installation up to 1000 volts by Mr. Wilhelh Rudol
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corrosionBi-Metallic & Galvanic effects CAPE

Metallurgy (anodic Index) (courtesy i www.corrosion-doctors.org) Index (Volt)
Gold, solid and plated & Gold-platinum alloy 0.00
Silver, solid or plated, monel metal & High nickel-copper alloys 0.15
Nickel, solid or plated, titanium and alloys & Monel 0.30
Copper, solid or plated, low brasses or bronzes, copper-nickel-chromium 0.35
alloys :
Brass and bronzes 0.40
High brasses and bronzes 0.45
Lead, solid or plated, high lead alloys 0.70
Iron, wrought, gray or malleable, plain carbon and low alloy steels 0.85
Hot-dip-zinc plate, galvanized steel 1.20
Zinc, wrought, zinc-base die-casting alloys, zinc plated 1.25
Magnesium & magnesium-base alloys, cast or wrought 1.75

Corrosion is an electrochemical process. Copper plated materials are less corrosive
than Galvanised steel. Corrosion resistance of copper plated material is equal to or
better than copper (due to Nickel copper alloy)

Anodic Voltage of GI 1 1.2V
Anodic Voltage of copper i 0.30
Due to 0.9 to 1 volt difference copper (or steel in concrete) will absorb Gl in soil

Selection of Materials for Structural Earthing CAPE

(ref IS/IEC 62308)

E4.3.4 Materials

mhe Galvanised Material inside concrete is a problem otection

purposes sieel, mila steel, gaivaniZewleel, slalniesssieel, copperanacoppercoateasieel .

Thebehaviorof a galvanizedayeron steelin concreteis very complicated particularlyin concretewith chlorides,
the zincwill corrode quicklyon contactwith the reinforcement,and canunder certainconditionscausedamageto
the concrete Galvanizedsteel shouldtherefore not be usedin coastalareasand where there may be saltin the
groundwater. Asthe useof galvanizedsteelin concreterequiresevaluationof manyexternalfactorsthis material
shouldbe usedonly after carefulanalysis With this in mind the useof the other mentionedmaterialsis preferred
overthe useof galvanizedsteel

In order to avoid confusionbetweenthe different types of steelrods in concrete, it is recommendedthat round
steel rods of at least8 mm diameter with a smooth surfacebe usedas additional conductorsin contrastto the
ordinary ribbed surfaceof the reinforcingrods.

Galvanic corrosion between steel in RCC and steel in soil
FromClauseE5.4.3.2
A further problem arises from electrochemical corrosion due to galvanic currents Steel in concrete has
approximatelythe samegalvanicpotential in the electrochemicakeriesascopperin soil. Therefore, whensteelin
concreteis connectedto steelin soil, a driving galvanicvoltageof approximatelyl V causesa corrosioncurrent to
flow through the soilandthe wet concreteand dissolvesteelin soil.

Copper / Stainless Steel / Copper coated Steel are the best
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Schematic plan view of a typical earth electrode for an industry / building complex CAPE

—
l—s
—-3

‘O Metallic frame

Q Standalone apparatus or system 1) building with meshed network of thesinforcement
‘Q Building 2) tower inside the plant
Q High or mediumvoltage tower inside the plant 3) standaloneequipment
“ High or mediumvoltage tower near the plant 4) cabletrenches
" Fence
CAPE

Signal Earthing
Communication / Sensitive electronic Equipment Earthir

microprocessobased systems such @2 Y LJdzi SNE X t [ / QA&
industrialprocess pland / { Q& =
telecommunicationsystems,
medicaldiagnostidmaging
other related sensitive electroniequipment
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IEEE 142: CAPE

Isolated equipmentground:

Aninsulatedequipmentgroundingconductor(EGCJun in the sameconduitor
raceway as the supply conductors This conductor is insulated from the
metallicracewayandall groundpointsthroughoutits length. It originatesat an
isolated ground type receptacle or equipment input terminal block The
conductormay passthrough one or more panelboardswithout connectionto
the panetboard groundingterminal, and terminatesat an EGQerminal at the
applicablederivedsystemor service

TNS system. Two electronic devices connected with a communication cabh APE
powered form the same source

L N |
N N EQl
3 pE__ 4 __________ PE_ ___ __ J
5 | | )
o (0]
0 | | 2
| [ @
I I ©
= | 5
| =
I Q
I E
| IS
| 1S
! 3
|
|
| L
e ——
: g EQ2
L PE

Microprocessors in sensitive electronic equipment operate at very low voltage. They ne
reference voltage. Reference of voltage is mostly the Earth Terminal of the equipment.
PE conductor used for safety purpose will substitute signal reference also during norma
operation
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Signal Earthing requirement. CAPE
L ——> L |
N <N EQ1
§ PE__ | e __PE __\] H a+é
3 : : L 4+é 12GSYyGALt RNEBLJ RdzRefelefce O dZNNB
%) I Al through PE 1| potential
I | o shift
j— |
- L
| - EQ2
| L Q
L __PE__]

Underseveral conditions signal reference may change due to measurable voltage
difference in the earth conductor.
EgConnection between N and PE near EQ1. Partial Neutral current flows back to sour
through PE conductor

G @2tidF3S RNRBLI Ay t9 O2yRdz0G2NJ A& ONB
CKAE LRGSYGALIf RATFSNBYOS azxé Aa SELISNJ
of the equipment changes

Reference potential shift creates an undesired current flow in the signal cable.

Quote from IEEE42: CAPE

It is not unusualto find the branchcircuit distribution panelneutral
bus bar connectedto the metallic panelframe (ground, whichis a
violation of the NEC One study showed 20% of the neutral
conductors accidentally faulted to ground in circuits supplying
lighting fixtures. With multiple connectionsof the neutral conductor
to groundon the samepower system,a portion of the load current
flowed on the equipmentgroundingsystemto which the electronic
equipment was referenced This current flow transferred voltages
into the grounding system of the electronic equipment, causing
errorsor worse
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Quote from IEER42; CAPE

Electronicequipment Like the electrical power supply system, electronic equipment has
diversifiedsystemso be grounded,asfollows:

a) Signal common grounding. The signal common is also referred to as the dc signal
common The zero reference systemfor data lines, and the signalportion in general,
representsthe sensitiveneutral of the electronicequipment Thisis one of the systems
that is sensitiveto transientvoltagesand requiresa stablereferencepoint, with respect
to avoltagepotential.

DC power supply reference ground bus The electronic equipment may have several

different dc voltagesystemssuchas+12/ 0/ ¢12V,+5/ 0/ ¢5V.

¢) Equipment ground bus. This is the metallic enclosure, or frame, of the electronic
equipment Thismayincludethe chassiof the electronicequipmentelements,aswell as

the outer enclosureor cabinet Someelectronic equipment manufacturersrefer to the
equipmentgroundbusasthe safetygroundbus

b)

In addition to these terms for the various ground bus systems, you may encautbrterms
as:acsafety (mains) grounds, computer reference ground, dc signal coneadh,common
dc ground bus, dc master groupdint, andpowersupply commomground point.It appears
that each electronic equipment company has generated its own fermariousgrounded

parts of their systems. There is no uniformity in teeminology, althoughas you will see
later, they all must end up connected together.

Solution: Single Point Earthingcourtesy IEEE142) CAPE

3—PHASE PANEL

7N ISOLATED
°o GROUNDING
CONDUCTCR .
|
ML 5 o w,
™ ‘.
7N\ ‘

oy o o ' ﬂ
Lasov |_ .
PRIMARY /

BOX

B L GROUNDING

et

NEUTRAL W N 1 CONDUCTOR

GROUND BUS f;—PASi-Ei

= ¢ PE |/ THROUGH ALL
— INTERMEDIATE

C_Y TR PANELS AND

BOXES

D AT SOURCE GROUND TERMINA
ND ELECTRODE

To prevent stray continuous currents or circulating currents from affecting the electronic
equipment signalsand operation, it is necessaryto keepthe electronicequipment ground

systemseparatefrom the equipment ground componentsand connectedtogether at only
onepoint
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Recommended practice in NBQ016

agrodPE

o

7.
8.
9.
10.
11.

12.

a.

b.

CAPE

Isolation Transformer

Core

Shield

All earthing connections made at a point
Connection to building steel / earth pits / ring
earthing

Conduit earthing

Neutral (approximately 60 to 100 % larger than
phase conductor)

230/ 400 volt power panel

Neutral BUS *

Earth BUS *

Earth Connection for Socket / work station /
computers

3 pin sockets with isolated earth pin

* both bus bardsolated from panel enclosure. No
bonding connection between Neutral and Earth.

Note:

Each Branch circuit shall have a separate neutra
and earth wire. No daisy Chaining Permitted
Only computer or control system should be
served from this panel

Case StudiesExamples

CAPE

Special Installations
Hospitals & IT Installations

Wrong- Separate Connection to a low resistance earth electrode in soil

Right- Low resistance and separate connection to an earthing system
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Reference from CA

ELECTRIC

ISO/IEC 30129

Ediion 1.0 201510 American National Standard
INTERNATIONAL
STANDARD ~Y | ANSI/NECA/BICSI
' &S07-2011
[ 7F 1\-|-==mm..nl=-::: nd Grounding

for Commercial Bulldings

bonding networks for buildings
and other structures

Separate and Low resistance connectitmEarthing system CA

ELECTRIC

Telecommunications Bonding and Grounding Planning and Installation ~ NECA/BICSI 607
Methods for Commercial Buildings

a) Trim the insulation back so that the bared
conductor 1s shightly longer (recommended not to
exceed 1.6 mm [0.0625 m] of the barrel) than the
barrel (see figure 11).

Figure 11. Example of trimmed insulation from a

Figura 9. Example of an exothermic connection and a i

two-hole lug connection to a busbar
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Separate and Low resistance connectitmEarthing system CA

ELECTRIC

conductor. The two-hole lug shall also be the long
barrel type with an inspection port (see figure 10).

Figure 10. Example of a two-hole lug

7.5.2 Installation

7.5.2.1 Crimp connection of a two-hole lug toa
bonding conductor

Select the lug size, configuration. and material applic-

) Atter applying an antioxidant compound on
the exposed conductors, insert the conductor so that
it “butts up” against the end of the barrel as viewed
through the inspection port. The inspection port
allows the nstaller to visually ensure appropriate
conductor mnsertion (see figure 12).

Figure 12. Example of a conductor seen through the
inspection port

c) Ensure the end of the conductor remains at the
end of the barrel; make the first cnmp nearest the
tongue end (flat end), working toward the conductor
with the remaining crimps (see figure 13). The lug
manufacturer’s instructions shall be followed for the

ber of crimps and their location on the barrel (see

able to the conductor size and fastening ¢ t

The following steps ensure a reliable connection
between the two-hole lug and the bonding conductor
using a crimp connection:

Jfigure 14).

Separate and Low resistance connectitmEarthing system CA

ELECTRIC

NECAJ/BICSI 607 Telecommunications Bonding and Grounding Planning and Installation
Methods for Commercial Buildings

Figure 13. Example of crimping a conductor in the
barrel of the lug

Figure 15. Example of a mold for an exothermic weld
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Separate and Low resistance connectitmEarthing system CAPE

ELECTRIC

c) Close the handle clamp, lock the mold and then
insert the disk into the mold (see figure 16).

Figure 14. Example of a barrel with three crimps

7.5.2.2 Exothermic weld of a two-hole lug to a bond-
ing conductor

The following steps ensure a reliable connection
between the two-hole lug and the bonding conductor
using an exothermic weld:

a) Select the mold and weld metal applicable to

the conductor size and lug configuration. Figure 16. Mold being locked and disk inserted

] Clean and torch-dry the conductor and the d) Pour the weld metal into the mold. Sprinkle

mold. Then insert the conductor and lug mto the mold  starting matenial over the weld metal and on the lip of

(see figure 15). the mold (see figure 17).

Low resistance connection CAPE

LECTRIC
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Separate and Low resistance connectitmEarthing system

Table 5 — TBB conductor sizing

CAPE

ELECTRIC

Table B.1 - Bonding conductor cross-sectional areas

Conductor cross-sectional Nominal Nominal
Maximum PBB-SBB length Conductor cross-se area international AWGINEC
i area specified in this standard conductor conductor?®
minimum mm? mm?
m (see Annex B;
A 4 12
=4 B B 16 6
4<]<86 c [ 25 4
6</<8 D D 35 3
8<7<10 E E 35 2
10<7<13 F F 50 1
G 60 1/0
13</<186 G
H 70 2/0
H
16 <1< 20 3 o5 310
20</s26 J K 120 4/0
26 <] =32 K L 150 250 kemil
32<1<38 L M 150 300 kemil
38 < /<46 M N 185 350 kemil
46 < | < 53 N P 250 500 kemil
Q 300 600 kemil
53</<76 P
AWG = American Wire Gauge
76 <191 Q
NEC = National Electrical Code (US).
For lengths in excess of those shown above, the 2 These non-Sl values have been added for the convenience of the
cross-sectional area should be calculated as 3,3 mm® f user.

General principles for bonding of various apparatussystems tothe earthing network

o Earth electrode /-Earthing network
Lights
7 N/ Electric
equipment
| = 1]y Electronic
equipment
Structures
— e
Neutral
—— oo o.'
000 "/
Power
Transformer

t

|

Bonding Networks for sensitive Equipment

CAPE

LECTRIC

/--Voltage reference
& cable shields
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Hospitalg Earthing and Bonding CAPE

Rules- 1IS3043 and NEC: 2011

Electrical& Electronicsystemsdesignin health care facility is an extraordinary
challenge Requiredtechnicalknowledgeexceedgypical residentialand industrial
construction

Patients may be undergoingsurgeryand in life support systems Any break in
electricalsupplyfor more than few secondscould be fatal for them.

Further some patients may have conductive instruments in contact with the
bloodstream or heart muscle where the possibility for serious injury and/or
deathif that metal becomesenergized(evento a very low level). Other dangers
include wet areas, hazards due to flammable liquids and the presence of
oxygen

Technicarequirementof equipmentare not considered/ providedwhile designingelectricalsystem
Most equipmentare connectedto redundantUPS Generatorsto take carein caseof a supplyfailure,

but we forget to think what will happenif a circuit breakertrips due to a fault. Thismeanselectrical
work mustbe designedandinstalledto anunusuallevelof safetyandredundancy

Hospitalg Earthing and Bonding CAPE

Rules- 1S3043 and NEC: 2011

Similarto normal buildings,groundingand bondingissuescreate much confusion Earthing
and bonding systemsdistinctly differ from residentialand industrial wiring systems NEC
2011 (NationalElectricCode- Bureauof Indian standards)explainsa hospitalenvironment
as

AThepatient maynot be in a conditionto reactnormallyto the effectsof hazardousevents

AThe electrical resistanceof the skin, which is normally an important protection against
harmful electriccurrentsis bypassedn certainexaminationsor treatments

AMedical electrical equipment may often be used to support or substitute vital body
functions,the breakdownof which may causea dangeroussituation

ASpecifidocationsin medicalestablishmentsvhere flammableatmosphereexists,call for
specialtreatment

AElectric and magnetic interference may disturb certain medical examinations or
treatments
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SCHEMATIRRESENTATION OF PROTECTIVE CONDUCTEREWIDENTIALC A P
BONDINGN OPERATING THEATRES

2 3
it et 4 e e e e+ e e e+ e £ e e L1
1 ki
L3
JPE

Ed
I——Ecﬁ‘ﬂ—n———l 2

PE = protective conductor

EC = equipotential bonding
L,, L, L, = phase conductors
N = neutral conductor

25 = Operation

26 = Warning

27 = Green

28 = Red

29 = Buzzer

30 = Stop button for buzzer
31 = Test button

Legend

1 = Feeder from the main service entrance
(main distribution board)
2 = Distribution of the floor
3 = Operating theatre distribution panel
4 = Safety supply system
5 = Medical isolating transformer
6 = Insulation monitoring device
7 = Special safety supply system, E,
8 = Special safety supply system E,
9 = Central heating
10 = Metal window-frame
11 = Metal cabinet for instruments
12 = Meal washing-basin and water supply
13 = Ceiling stand with outlets for gas supply
14 = Ceiling stand with mains socket outlets
(with terminals for equipotential bonding,
enclosure connected to the protective
conductor bar)
15 = Alarm device for the insulation monitoring
device (example)
16 = Operating table (electrically driven)
17 = Operating lamp
18 = Ampere meter for special safety
supply system
19 = X-ray eguipment
20 = Sterilizer
21 = Residual-current protective device
22 = Protective conductor bar
23 = Equipotential conductor bar
24 = Terminals for equipotential bonding

Hospital¢ Earthing and Bonding

1S3043& NEC2011- Recommendations

CAPE

LVEarthingTN-Swith PMEdoubleearthing 1T earthingfor specificareas

A Ground potential equipotentialisation in critical care areas using special bonding

Techniques

A 1T systemearthingincreaseseliability of power supplyin areaswhere an interruption of
power supplymaycausehazardto patient.

A Separate circuits shall be provided foray, electrotherapy, diathermy,

A

electrocardiographetc

Main Earthing Terminal for individual rooms as well as Local Equipotential bonding fo

patient environments.
Screeningequirements against interference in rooms where measurements of

o

bioelectric potentials ar@erformed.
A Electricawiring inside walls, floor and ceiling of rooms should be screened by means
metal shielding of cables to reduce Interference Caused by Maéthsed Electri€ields
A Roomscreening inside wall structure for ECG and EBE@itoring.
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Hospital¢ Special Earthing Requirements

CAPE

SpeciaBondingand Earthingrequirementsare mandatoryfor hospitalsas per NEC-
2011 & 1S 3043 But are generally not followed due to unawarenessof system
requirements Implementingthese specialbonding requirementsis easyif structural
PMEearthingmeasuresareimplementedwhile constructingthe building

Implementing these bonding and earthing requirements, LJ- ( A $xpas@eito
unwanted voltage on normally non-current-carrying conductive surfaces can be
controlled so that their lives and health are not endangeredby the electrical
environment

Hospital¢ Special Earthing Requirements

Safety Provisions

CAPE

# ProvS|S|on Principal Requirements Installation Measures
i Po Durat_ior_1 of touch voltages restricted to a TN-S, TT or IT system
safe limit
As Py but additionally: Touch voltages in|Additional to PO: Supply system with
i) P patient environment restricted to a safe  |additional requirements for protective
limit earthing, etc.
/As P1 but additionally: Resistance
i P, between extraneous conductive parts and|Additional to P1: Supplementary
the protective conductor bus bar of the  |equipotential bonding
room not exceeding
As P1or P2 but additionally: Potential
difference between exposed conductive |As P1 or P2: Measurement
iv) P parts, extraneous conductive parts and  |necessary, corrective action possibly
the protective conductor bus bar not necessary
exceeding 10 mV in normal condition
As Pl. or P2. AdlelopaI_protectlon against Additional to P1 or P2: Residual
V) P4 electric shock by limitation of ) i
. T current operated protective device
disconnecting time
Continuity of the mains supply maintained - .
Vi) Ps in case of a first insulation fault to earth Additional to P1, P2 or P3: IT supply

and currents to earth restricted

system with insulation monitoring
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Hospital¢ Special Earthing Requirements

Safety Provisions

CAPE

# | Provisions Principal Requirements Installation Measures
vi) Pe Reduction of fgult currenFs land tquch voltages in ?rgglst;g:rile'r:iuoprplljyziﬁg’\/lsggﬁiéis\zlcﬁgﬁ/ piece
case of a fault in the basic insulation :
of equipment
Prevention of dangerous touch voltages in  |Additional to P1 or P2: Supply with
viii) P7 o L " ’
normal condition and in single fault condition medical safety, extra low voltage
No interruption of the power supply of the
ix) GE essential circuits of the hospital for more than  |Safety supply system
15s
No interruption of the power supply of life- .
X) B supportingpequipmentaor more‘:r‘:gn 15s Special safety supply system
i) E, No inte;rruption of the power supply of the Special safety supply system for operating
operating lamp for more than 0.5 s lamp
xii) A Prevention of explosions, fire and electrostatic |Measures concerning explosion and fire

charges

hazards

i)

No exercise interference from electric and

magnetic fields

Layout of building and installation,
screening

Hospital¢ Special Earthing Requirements

CAPE

Examples of Application of Saftey Provisions
. . Safety SuppllExplosior Meas_ures
# Medically Used Room Protective Measures . Against
System | s & Fire p
EM Fieldg
Po/Py| P, | P3| Py | Ps | Ps| P/ | GE| E1| E2 A |
i) Massageoom M | O o] X
i) |Operating wash room M | X o] X
iii) |Ward general M | O o] X
iv) |Delivery room M | X X0 O| X|O[|X o o
v) [ECG, EEG, EMG room M | X X O] X X
vi) |[Endoscopic room M | X X o] X 6]
vii) |Examination or treatmentroom| M | O X| O o] X ¢}
viii) [Labour room M | X X| O o] X o
ix) |Operating sterilization room M | O X o] X
X) |Urology room M | X X o] X 6]
Radiological diagnostic and
.. {therapy room, other than
X)) menti%ed under Sl No. (xx) ar M1 X X 0] X
(Xxiv)
Xii) [Hydrotherapy room M X X 0|0 X
Xiii) [Physiotherapy room M X X 0O ol X
M = Mandatory measure, X = Recommended measure, X1 adimixallyinsulation resistance
measurement, O = Additional measure, may be considered desirable.
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CAPE

Examples of Application of Saftey Provisions

. . Safety Suppl)Explosior| Megsures
# Medically Used Room Protective Measures - |Against EN
System | s & Fire A
Fields
P/Po | P | P3| Ps| Ps | Ps| P | GE|E1| E2 A |
Xiv) JAnaestheticoom M X | X| X | X O| X| X| X (@] (6]
Xv) |Operating theatre M X X[ X| X O X | X|X X X
xvi) |Operating preparation room M XXX X O X | X|X X X
xvii) |Operating plaster room M X X | X O] X | X|X X X
xviii) Operating recovery room M X X[ X| X O X | X|X X X
xix) |Outpatient operating theatre M X X | X O X | X|X X X
xx) |Heart catheterization room M X | X | X | X O| X| X| X X
xxi) |Intensive care room M X|O| X| X O| X| X| X X
xxii) Intensive examination room M X|O| X | X Ol X| 0| O X
xxiii) Intensive monitoring room M X|O| X| X O| X| X| X X
xiv) |JAngiographic examination room| M X|O|X|X O X|O|O O
xxv) [Hemodialysis room M X[ X | X | X X

xxvi)|Central monitoring room M X|O|X|X o X O

M = Mandatory measure, X = Recommended measure,
measurement, O = Additional measure, may be considered desirable.

X1adamallyinsulation resistance

exampleof a large building

TEB for

PBB- primary bondingbus bar
SBB secondary bonding busar

BBG backbonebondingconductor

d.c.resistance control

Secondary TBB for —
impedance control

TBG telecommunicationsbonding conductor
TBB- telecommunicationsbondingbackbone

BBC for d.c.resistance control

ISO / IEC 30129: IT infrastructugelelecommunication Bonding Network CAPE

Secondary BBC for impedance control

| SBB =

TBC

SBB

SBB

SBB

Zone containing dispersed

telecommunications equipment
and areas of telecommunications equipment concentration

earthing basics
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Table 5 — TBB conductor sizing

CAPE

Maximum PBB-SBB length Conductor cross-sectional Bonding conductor cross-sectional area
4 area
minimum Table B.1 relates the letter references of this standard to the typically available products in
m (see Annex B) various markets
1<4 B Table B.1 - Bonding conductor cross-sectional areas
4<I<6 c Conductor cress-sectional Nominal Hominal
area international | AWG/NEC
6<1<8 D specified In this standard conductor | conductor”
= mme m
8<i<10 E A ‘ "
[ 16 [
10<«71<13 F [ 25 4
o 3 3
13<I1<16 G - = S
16 <1220 H F £ !
2 50 "
20<1=<26 J H 70 210
26<1 <32 K J » A
3 120 am
32<1<38 L L 150 250 kemil
[ 150 300 kemil
38 </<46 M N 186 350 kemil
46 < 1< 53 N P 260 500 kel
a 300 00 kel
53 <176 P AWG = Amencan Wire Gauge
NEC = National Electncal Code (US)
<
76 <I1<91 Q = These non-Sl values have been added for the convenience of the
For lengths in excess of those shown above, thg conductor
cross-sectional area should be calculated as 3,3 mm~ per meter

ISO /IEC 30129, ANSI 702:

telecommunicationsequipmentdistribution and associated bonding connections

Local connections

(==l

,_|

Areas of telecommunications equipment
distribution

li

=]

= [
L]

Areas of telecommunications equipment
concentration

(= |

(= |

Backbone connections

Local connections
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ISO/ |EGOlngquipotentialBonding NetworksSTAR BN (STAR TOpO|Ogy) CAPE
High High
potential potential
difference difference
» > »
Disturbed cable b > . [ d
Equipment Equipment Equipment Equipment
Tb No.1 Signal No.2 No.1 Signal No.2
mC ® cable cable
High impedance PENC ¢ PENC
if PBNC is long Large loop
------ =Sy —mey
More vulnerable to electromagnetic disturbances
Can be used for Residential / Less Electronics
1
ISO/ |EGOlngquipotentialBonding NetworksS TAR; BN (STAR TOpO|Ogy) CAPE

with Supplementary Bondingonductors
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