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jsue efJeÐegle efJeYeeie keÀer lekeÀveerkeÀer Heef$ekeÀe ceW kesÀyeue (Cable), ueeFìefvebie (Lightning), HeeJej keÌJeeefueìer 

(Power Quality) SJeb ìer.Deej.[er. ceW peerHeerSme ³etmespe (GPS Usage) -  Fve kesÀ yeejs ceW lekeÀveerkeÀer HenuegDeeW Hej 

He´keÀeMe [euee ie³ee nw~

He´Lece uesKe ceW Cable Harness keÀe He´es[keÌMeve ³etefveì ceW He´³eesie SJeb Gme kesÀ efæ[pe]eFve (Design) pees 

DeeF&.meer.SHeÀ. (ICF) keÀes®e ceW Fmlesceeue nes jne nw Gme kesÀ yeejs ceW peevekeÀejer He´oeve keÀer ieF& nw~

efÜleer³e uesKe ceW Lightning kesÀ mebyebefOele ICE 62305 SJeb BS 6651 kesÀ meboYe&meefnle #eefle He´YeeJekeÀeefjlee 

(Damage Potential) keÀer efJemle=le ®e®ee& keÀer ieF& nw~

le=leer³e uesKe ceW Power Quality kesÀ yeejs ceW DeO³e³eve efkeÀ³es ie³es leLee Gme kesÀ neceexefvekeÀ ef[mìe@Me&ve 

(Harmonic Distortion) SJeb SmeSceHeerSme (SMPS) keÀer peevekeÀejer yeleeF& ieF&~

®elegLe& uesKe ceW keÀ<e&Ce efJelejCe (TRD) efJeYeeie cesb GPS keÀe He´³eesie SJeb Gme kesÀ mLeeHevee SJeb $egefì efveªHeCe 

(Fault Diagnosis/Localization) keÀes oMee&³ee ie³ee nw~

³eefo DeeHe Yeer jsue efJeÐegle efJeYeeie kesÀ efueS GHe³eesieer keÀesF& lekeÀveerkeÀer peevekeÀejer Yespevee ®eenles nw lees DeeHe Yespe 

mekeÀles nw - Gmes He´keÀeefMele efkeÀ³ee pee mekeÀlee nw~

DeeHe keÀes ³en DebkeÀ kewÀmee ueiee,  DeeHe kesÀ efJe®eejeW SJeb megPeeJeeW keÀe neefo&keÀ mJeeiele nw~
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Introduction

A cable harness is a string of cables and/or wires which 
transmit informational signal or operating currents 
(energy).  The cables are bound together by clamps, 
cable ties, lacing, sleeves conduit duct or a combination 
thereof.

Why cable harness?

Modern day cable harnesses provide several advantages 
over loose wires and cables.  For example, modern day 
Rolling Stock (like EMUs coaches) aircraft, automobiles, 
spacecraft, machinery contain huge masses of wires 
which would stretch over several kms if fully extended.  By 
binding many wires and cables into a cable harness, the 
wires/cables can be better secured against the adverse 
effects of vibration, abrasions and moisture. By 
constricting the wires into non-flexing bundle, usage of 
space is optimized and the risk of a short circuit 
decreased.  Since the installer has only one harness to 
install (as opposed to multiple wires) installation time is 
decreased and the process can easily be standardized.  
Binding the wires into flame retardant sleeve also lowers 
the risk of electrical fires.  

Harness Design

Designing of wiring harness for demanding applications 
such as Rolling stock, defence & aerospace is a complex 
business, where wire lengths may run into tens of metres.  
Many different parts need to be selected while taking 
account various environmental factor and moving/mating 
part conditions.  This is further compounded by the fact 
that in ICF itself, there are more than 20 different builds for 
which customized harness charts need to be made during 
design.

For example, in the Motor Coach of AC DC EMU (MRVC) 
there are 229 different harnesses with breakup as under:

Underframe - 82
Auxilliary & control - 44
Endwall & Aux. - 27
Roof - 47
Driver’s desk - 29

                                           —————-
Total: - 229  harness

       —————-

The cabling/harness design process involves both 
electrical and mechanical aspects and the following 
checklist would be of assistance.

Harness Design Checklist

By L. N. Prasad/CEE
 (Based on Project Report)

CABLE HARNESS FOR DIFFERENT COACHES IN 
PRODUCTION  UNITS

1.  CIRCUIT

Voltage

Current?

Circuit layout?

Is circuit integrity critical? 

What if the circuit fails?

3 Enrvironment

Exposed to sunlight?

Exposed to moisture?

Immersed?

Temperature extremes?

Temperature cycling?

Normal operating temperature?

Exposed to abrasion?

Exposed to mechanical abuse?

4 Connectors

Sealed or unsealed?

Made of plastic or metal?

Crimp or solder contacts?

Pins or sockets?

2. Geometry

Dimensions?

Point to Point or branched?

Exposed to dust?

Exposed to corrosive fluids

Exposed to flexing?

Repairable?

Circuit identification?

Cable identification?

Shielding effectiveness?

Magnetic-field-induced signals?

Mating frequency?

Keyway angle?

Exposed to electrical noise  ( EMI)?
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Prior to 1995 design was done manually using drawing 

boards.   Presently Auto CAD is being used.  Harness 

Design CAD software like Promise-E, E-3 Series etc are 

available with large manufacturers which can generate

• High quality engineering drawing

• Point to Point wiring lists

• Detailed parts list

• Assembly time estimates

• Lists of codes of practice

• Cable marker details

CABLE  HARNESS  AT  ICF:

The following types of coaches are manufactured at ICF:

Conventional - GS, SCN, SLR & LHB variants

AC coaches - ACCW, FAC, FACCW, ZAC & 

LHB variants

MRVC - MC, DTC, HC, TC

AC EMU - MC, TC

Kolkata Metro - DMC, NDMC, TC

DEMU - DPC, TC

DEMU (for Sri Lanka) - DPC, TC

IRCTC (EOG) - Presidential, Suite, Super 

Deluxe, Deluxe, Restaurant, 

Pantry Car.

ICF procures various types of cables from RDSO 

approved sources, which are inspected by RITES at firm’s 

premises.  On receipt at ICF, visual check & sampling HV 

tests are conducted after immersing in water.

Prior to 2005, all wiring was done on the coach itself which 
was cumbersome for workmen and time consuming.  
Thereafter, a separate work place for cable harnessing 
was utilized, where the cables are paved out from drums 
(on ground) & cut to lengths as per harness chart (given by 
designs) separately for power, control and auxiliaries.  
The cables are them crimped with properly calibrated 
tools, heat shrinkable sleeves provided along with ferrules 
Continuity check is undertaken for each cable one by one 
before dispatch of harness to production belt of shop floor 
for laying in the coach shell.  By this method, 2 days of 
production belt time was saved.

CABLE BEING PAVED OUT FROM DRUM FOR CUTTING

CABLE HARNESS BEING INSERTED INTO CONDUITS

3
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CABLE  HARNESS  FOR  AC/DC (MRVC) EMU

With the advent of AC DC EMUs (MRVC) & the asking 
rate of 4/5 rakes/month,  conventional methods of cable 
harness was found to be wholly inadequate since the 
circuits were far too many and complicated.

 

A full size Mock up (3 dimensional model) of the cab & HT 
room of EMU was made, (where each wire was measured 
out) & converted into 2 dimensional on a flux board with 
actual dimensions.Coaches Activities Capacity Area reqd. for

harnessing

Staff
strength
Members

GS,SCN,SDC Main roof, 6 4.0 coaches 30 x 10 
under frame = 300 sq.m
harness

Branch harness 9 4.5 coaches

NOTE: Yearly 25.8 man
capacity of the hours/coach
above setup is Capacity/day
1000 conven- is 4 coaches
tional coaches

AC coaches Roof, Under 11 2 days per 30 x 10 
frame & Cubicle coach = 300 Sq.m.

ACCW,FAC, harness
ACZAC

Audio-visual 3 2 days per
harness & L&F coach

5 pin coupler
harness

Capacity per
day is 0.5 
coaches

NOTE: Yearly
capacity of the
above setup is
150 AC caoches

DEPARTMENTAL CABLE HARNESS OF CONVENTIONAL 
AND AC COACHES 

PRODUCTION OF SELF PROPELLED COACHES

However, with the increased asking rate of cable harness 
for complicated MRVC coaches, it was absolutely 
essential to out-source part of this activity. After 
considerable deliberations, it was decided to undertake 
this work inside ICF premises, wherein the materials like 
cables, lugs etc. would be supplied by ICF to the agency.  
Due to complete control over supply of materials for Cable 
harness and work being undertaken by the agency inside 
the premises, quality can be easily maintained.  The 
agency chosen for harnessing was RDSO approved 
cable manufacturer who were well versed in this activity.

3-D MOCKUP OF CAB &  HT COMPT

AT ICF

Prior to 2008, cable harness for all types of coaches 
were done in-house departmentally.
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Cable drum lengths for harness:

A detailed study was undertaken for the various sizes of 
cables procured at ICF viz. 1.5, 2.5, 6.0, 10 sq.mm.  These 
cables are used in various circuits of coaches for which 
harness are made and drum length are 500 m.  It was 
noticed that the wastage is minimal (less than 2m per 
drum) for the above size cables, since the cut bits are 
utilized in different areas like driver’s desk, control boxes 
etc.

However, the study for 30 core (2.5 sq.mm) cable used for 
train line in MRVC coaches (AC DC EMUs) lead to 
interesting observations:

The break-up of 12 car rake where this cable is used as 
under:

Motor coach - 4 Nos. (4x31M) =  124M
Driving trailer coach - 2 Nos. (2x29M) =    58M
Handicapped coach - 2 Nos. (2x27M) =     54M
Trailer coach - 4 Nos. (4x27M) =   108M

----------------------------------
12 Car   Total:   =    344M
-----------------------------------

The cut bits cannot be utilized in any smaller circuits.  
Initially the drums received were cut for making cable 
harness in a random manner as per the chart given below:

By adopting proper cutting schedule, the scrap generated 
has been reduced after 12 rakes as per chart below:

3-D MOCKUP OF UNDERFRAME

Sl No. 

Drum 
Length 

in 
metres  

Cable 
Length 
used in 
metres  

Scrap in 
metres  

(W) 

Percentage 
scrap 

Value in Rs. 
(W x Rs.1850) 

1 405 404 1 0.25 1850 
2 294 294 0 0.00 0 
3 400 397 3 0.75 5550 
4 428 427 1 0.23 1850 
5 440 438 2 0.45 3700 
6 390 386 4 1.03 7400 
7 254 253 1 0.39 1850 
8 320 319 1 0.31 1850 
9 220 220 0 0.00 0 
10 152 149 3 1.97 5550 
11 279 278 1 0.36 1850 
12 300 299 1 0.33 1850 

TOTAL 3882 3864 18 0.46 33300 
 

Presently, software program is under preparation by 
which the wastage would be further reduced.

Supply of cable drums:

On detailed study of 30 core cable drums, it was noted that 
the lengths vary widely in each drum from 54 m upto 505m 
at random.  These cables are manufactured by M/s. 
Huber + Suhner in Switzerland and supplied by M/s. 
Siemens for the MRVC project.  Feasibility of supplying 
these cables in a few standard drum lengths is being 
explored to ensure standardization, programmed cutting 
schedule and thereby further reduced wastage.

5
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TESTING

Since cable harness is either done departmentally or 
undertaken inside premises by the agency with ICF 
supplied materials, the following procedure is followed:

NOTE: 

1. Departmental rate taken at Rs.110/hour along with 
other establishment charges.

2. The outsourcing cost is based on the accepted 
rate wherein all materials like cable,lugs, tapes 
etc would be made available to the agency along 
with requisite indoor space inside ICF premises.  
The agency has to arrange supervisors, 
manpower, tools, jigs/fixtures.

Some of the advantages of departmental activity are:

• Design changes (which was frequent) during first few 
rakes can easily be incorporated in the harness

• The departmental staff were well experienced in this 
activity.

• Change in production programme (takes place few 
times in a year) can easily be incorporated

The disadvantages are cost, wastage and inefficiency 
which to some extent was overcome by outsourcing inside 
ICF premises.

Harness at RCF/Kapurthala: 

RCF/Kapurthala makes the following different types of 
coaches for which harness needs to be made –

st• LHB AC EOG – Chair Car, 2 Tier, 3 Tier, 1  AC

• MEMU – Motor and Trailer coaches

• Conventional  - GS, SCN, SLR

• Power Cars

Prior to 2001, cable harness was done inhouse and about 
80 staff were involved in the activity.

With increased production requirement, the man power 
and space was diverted for core activity viz. coach building 
and the cable harness was completely outsourced with 
skeleton staff retained for undertaking harness for few 
special coaches.  Methodology adopted at RCF was that 
all items viz. cables, conduits, end fittings, insulation types 
etc. was to be procured by the harness manufacturer 
themselves from approved sources and documentary 
evidence to be maintained/submitted.

S.No. Test Type Routine Acceptance Remarks 
1 Visual inspection for 

proper assembly 
YES YES YES  

2 Electrical continuity YES YES YES Done manually 
3 Dielectric test NO NO NO Being done in coach 

after erection 
4 Insulation resistance NO NO NO -do- 
5 Originality of Bill of 

Material with proof of 
invoices 

NO NO NO Not necessary as all 
materials is supplied 
by ICF 

 

Note:  All the above tests are done at firm’s premises 
by RCF or the inspecting agency.

Manual testing process has the following drawbacks:

• Connection can be missed due to lapse in 
attention, an interruption or misreading the 
drawing

• In case of intermittent fault, the process of holding 
the probe may make the fault.

• Process is very slow and exhausting.
An auto test system (available in market costing between 
10-15 lacs) can carry out the above exhaustive tests in a 
few seconds.

• All connections are checked

• The harness is checked against a previously 
stored master 

• Test can be repeated for intermittent faults

• All possible shorts are checked

A comparison of the departmental cable harnessing 
for MRVC coaches vis-à-vis out-sourcing activity 
inside ICF premises is as per chart below.

DEPT/OUT 
SOURCED 

TYPE OF 
COACHES 

ACTIVITY STAFF CAPACITY COST PER 
12 CAR 
RAKE   Rs. 

AREA 
OCCUPIED 
SQ.M 

DEPT ACDC 
EMU OF 
MRVC 

COMPLETE 
CABLE HARNESS 
& COUPLER 
ASSEMBLY 

25 1.4 COACHES/DAY 
36 COACHES/MONTH 
3 RAKES/MONTH 

14,31,012 525 

OUT 
SOURCED 

-DO- -DO- 25 2.4 COACHES/DAY      
60 COACHES/MONTH              
5 RAKES/MONTH 

4,87,960 270 
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Quality control measures need to be adopted by the 

harness manufacturers which would be subject to 

periodical inspection and these harnesses would have to 

undergo the specified type, acceptance and routine tests.

Harness at M/s. Bombardier/Vadodara:

M/s. Bombardier/Vadodara who are undertaking 

manufacture of rakes for Delhi Metro are completely 

outsourcing the cable harness from two firms in India viz. 

M / s .  H u b e r  &  S u h n e r / N o i d a  a n d  M / s .  

Amphenol/Bengaluru.

Harness at M/s. BEML/Bengaluru.

It is ascertained that M/s. BEML who are manufacturing 

rakes for Delhi Metro in addition to coaches for IR  are 

getting cable harness done inhouse itself by using labour 

on contract basis.  Their entire design of cable harness 

along with the tray system is imported from M/s. 

Rotem/Korea for DMRC coaches.

ALU CABLE TRAY SYSTEM (COACH LENGTH)

The Aluminium tray system, designed & imported from 
Rotem Korea,is assembled on coach length trolleys at 
BEML,wire harness with branch circuits inserted into 
these trays and the assembled system (as a set) wheeled 
into production belt below the coach and clamped.

It is understood that M/s. Siemens(Germany) and M/s. 
Bombardier (Germany) outsource cable harness for their 
coach builds.

BRANCH CIRCUITS

MANUFACTURING OF CABLE HARNESS ABROAD
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Study of Cable Harness facility at M/s Tyco 
Electronics, Bengaluru:

M/s Tyco have developed modern facility for Cable 
harness for customers like GE (US),Boeing (US), Airbus 
(France), Dassault, ISRO and several other customers.  
They have also developed customized software for 
harness design. 

The facilities available are dust free environment,vertical 
and horizontal flux boards, cable cutting & stripping m/c, 
harness testing machines, label printing m/c  etc.

OTHER  FIRMS:

Cable harness industry with modern facilities is already well 
developed in the country and firms like M/s Amphenol India 
(Bengaluru), Samvardhana Motherson Group (Noida), RMG 
Tech (Bengaluru) manufacture cable harness for export and 
indigenous industries in Aerospace, Defense, Automobile 
etc.

CONCLUSION:

From analysis of above discussion, it can be inferred that:

• Major manufacturers of RS in India & abroad are 
outsourcing their cable harness

• Cable harnesses (due to its very nature) continue to be 
manufactured by hand and will remain so far the 
foreseeable future.

• Undertaking this activity in-house is uneconomical, 
wasteful and superfluous.

• Well developed cable harness industry available in the 
country.

RECOMMENDATIONS:

With increased demand for coaches every year, it is 
imperative that available resources like manpower and 
space is utilized for core activity of coach production and 
ancillary activity like cable harness is outsourced to a vast 
extent.  Only a skeleton team can be retained for special 
application and as a back up measure. However, it is 
essential that quality is maintained in wiring/cable harness.

The methodology adopted at RCF can be basis for ICF and 
the following eligibility criteria can be incorporated for cable 
harness manufacturers.

a. The firm must be ISO 9001 Certified for cable harness for 
Aero space/Rolling stock/Automobile industry with facility 
for design,manufacture & testing.

b. They must have supplied cable harness to reputed 
Rolling Stock/Aero space/Motor vehicle industry in the 
past three years to a value depending on value of tender.

c. They should have the following machinery in use : viz, 
cutting and stripping machine, pull force testing 
machines, harness testing machines, cable label  printing 
machines.

A committee of officers from RDSO & PUs can study the 
credentials of various firms and make an approved list.

 

CABLE LAYING, ROUTING & BUNCHING BOARDS

HARNESS TESTING MACHINE
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LIGHTNING  &  SURGE  PROTECTION

1.0 EXECUTIVE SUMMARY

1.1 Objective of this report

1.1.1The purpose of this report is to present the current 
status of Lightning and Surge protection in light of its 
growing need and importance due to increased usage of 
equipments with embedded electronics.

1.1.2The importance of this problem can be visualised 
from the fact that no special guidelines exist on the subject 
for “General Services” from RDSO except for reference to 
IS 2309 for Lightning Protection , IS 3070 for Surge 
Arrestors and IS 3043 for Earthing. These IS are of 1980 
vintage whereas a lot of changes have taken place in this 
area necessitating need for revision of standards. This 
can be appreciated from the fact that Lightning strikes 
would generally lead to surges and thus for complete 
protection of the premises and the housed equipments 
there is a need for holistic approach. Further the critical 
role of earthing cannot be undermined as it is implicit in the 
schemes for both Lightning and Surge protection. At 
IRIEEN  PCB’s, television sets and Lab Equipment 
failures took place during the monsoon period in the years 
2004 to 2007 even in the absence of a direct lightning 
strike. Unfortunately since records of such damages are 
seldom available, it is difficult to assess losses. Lack of 
understanding and awareness also partially accounts for 
assigning damages due to lightning and surges in 
miscellaneous account. In view of these factors the IEC 
has issued an integrated standard for Lightning and Surge 
Protection namely 62305 Part 1 to 4 in 2006. Though 
planned for issue in five parts it has been issued in four 
parts. IEC 62305 consists of the following parts, under the 
general title Protection against lightning and supersedes 
IEC 61024-1-1, first edition( 1993).

Part 1: General principles

Part 2: Risk management

Part 3: Physical damage to structures and life hazard

Part 4: Electrical and electronic systems within structures

Part 5: Services (To be Published)

1.1.3The discussions held with officers of Northern , 
Central , Western Railway RDSO, RAILTEL and DMRC 
highlighted the need for a document which could 
consolidate the current status and practices so as to 
facilitate development of in-house norms for Railway 
Installations. Though there are umpteen publications 
available — many like IEC and other Standards are priced 
documents with restricted access others though available, 
address only specific aspects of the issue. Discussions 
with various Vendors of Lightning and Surge protection 
equipment revealed the pressing need for an integrated IS 
on this subject on the same lines as IEC 62305. The 
current IS 2309 of 1989 is based on BS 6651 of 1985 
which stands superseded. Accordingly all vendors 
reference their equipment compliance to various 
International Standards e.g. Lightning protection NF C 17-
100, NF C 17-102, IEC 6102, UL96A & NFPA78O and for 
Surge/over-voltage standards EN 61643-11, EN 61643-
21, UTE C 15- 443 & UL 1449 or the integrated IEC 62305.

1.1.4  It is common misconception that Lightning 
protection systems structurally protects a building and the 
electrical and electronic systems within. This is not the 
case! Lightning poses a clear threat to a structure but a 
growing threat to the systems within the structure due to 
the increased use and reliance on electrical and electronic 
equipment. This report endeavors to bring to the fore

By Punkaj Gupta/Sr.Professor
 (Based on Project Report)
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how IEC 62305 series of standards clearly 
acknowledges this and accordingly structural 
lightning protection can no longer be in isolation from 
transient over voltage or surge protection of 
equipment. 

2.0 Lightning phenomenon

Rarely does the power of nature strike an observer 

more forcibly than the sight for the first time of a tropical 

thunderstorm in its full fury. Most people, even those not 

frightened by thunderstorms as children, can appreciate 

that forces of great magnitude are unleashed and that 

some means of protection against the effects of lightning 

must be highly desirable. Lightning depending upon the 

point of view, is awesome, terrifying, beautiful, 

mischievous, destructive and uncontrollable. The last two 

characteristics need to be addressed as there are no 

known means available as yet to prevent formation of 

strokes or make definite areas stroke free. Protection is 

afforded by providing a preferential path to ground for the 

energy released in the struck object and thus to minimize 

its destructive effects. Lightning is still more or less 

unpredictable as to magnitude, time, frequency and place 

of occurrence ( Myths and Reality Annexure I ) Its severity 

varies over a wide range. Protection is based largely on 

statistical probabilities because compromises usually 

must be effected between the worst possible, the probable 

and economics. This is the root of lightning protection 

engineering.

3.0 Properties of lightning

Lightning is an electrical discharge at an 

enormous voltage that tries to equalize charge 

imbalances created by the thunder storms. It is the 

electrical breakdown of insulating air to provide a 

conductive path along which a current can run to 

neutralize the opposite charges.

A bolt of lightning can travel at a speed of 45 km/s 

(100,000 mph, 160,000 km/h). It can reach temperatures 

approaching 28,000 °C (50,000 °F — about five times the 

temperature on the surface of the sun ), hot enough to fuse 

soil or sand into glass channels. An average bolt of 

lightning carries a negative electric current of 40 kA, 

although some bolts can be up to 120 kA, and transfers a 

charge of five coulombs and 500 MJ, or enough energy to 

power a 100 watt light bulb for just under two months. The 

voltage depends on the length of the bolt: with the 

dielectric breakdown of air being three million volts per 

meter, this works out at about one billion (thousand 

million) volts for a 300m (1,000 foot) lightning bolt. With an 

electric current of 100 kA, this gives a power of 100 trillion  

watts.

On average lightning strikes the earth 100 times 

every second. Lightning has a tendency to preferentially 

strike taller Structures and Objects - as is commonly 

perceived. However strikes to ground are quite common 

where there is a distance between structures of more than 

twice their individual height.

4.0 Types of Lightning
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5.0 Lightning Theory

Formation of Thunder Storms

The formation of thunderstorms requires the three 

basic requirements: 

1. Moisture 

2. Air Movement 

3. Cool  Air

Moisture or water vapour in the lower layer of 

atmosphere is the basic fuel that provides energy for 

thunderstorms to build up. As we rise above ground level, 

it is necessary for the air temperature to cool off. The third 

is air movement unequal heating of earth surface that 

forces the change of air flows.

6.0 The damage potential of lightning

Direct Lightning strikes: - It will burn every thing 
whatever comes in its path of it.

Secondary Effects: - It is caused by the movement of 
electric charge from surrounding area to the point of 
lightning strikes. The movement of the charge caused by 
the difference in potential between the lightning strike 
point & the surrounding area produces an electrical 
current through the ground.

Electromagnetic Effect:-If a magnetic field is passed 
back and forth across a conductor, this will induce or 
create an electrical charge on the conductor. This ON and 
OFF arcing of the lightning strike which produces 
electromagnetic pulse will induce electrical current in 
conductive materials.

7.0 The devastating effects of lightning

Business, industry and public institutions depend on 

electronic data engineering. Networking of computers has 

given impetus to rapid expansion in business leading to 

what is now known as Computer Integrated Enterprise 

(CIE) in other words Complete Integration of all ranges of 

administration into a multi-EDP system. The future lies in 

the computer integrated business and administration. The 

“Networked World” with its growing dependence on 

electronic data processing is severely hindered by system 

failures which can turn out to be catastrophic.

As a storm cloud builds. The cloud builds charges 
within itself, positive on top and negative on the bottom. 
The cloud will induce an opposite charge on the ground 
beneath itself also. The more intense the cloud, the 
stronger the charge will build on the earth beneath it. As 
the ground charge builds up, it will accumulate on top of 
whatever is on the ground underneath the cloud. It may be 
buildings, towers, electric transmission lines, phone 
poles, houses, trees, etc.
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An American study in 1987 highlighted the 
seriousness of the situation according to which Banks 
would be able to manage without EDP for 2 days, Sales 
oriented enterprises for 3.3 days, manufacturers for 4.9 
days, insurance companies for 5.6 days and in general 
enterprises without functioning EDP would be on the 
verge of ruin after about 4.8 days. This risk will certainly 
continue to increase in future. Computer safety experts 
point out that nine out of ten enterprises will close if the 
computer fails for two weeks.

A few cases are cited below to highlight the seriousness of 
the issue :-

a) In October 1995 Lightning struck the Indonesian oil 
refinery Pertamina in Cilacap on the south coast of Java. 
The tank exploded setting fire to six more neighbourings 
tanks. There was standstill of about 18 months and since 
this refinery supplied 34% of the Indonesia’s inland need 
oil had to be imported during the restoration period.

c) In 1996 a lightning strike in New Jersey USA set fire 
to tank containing 300000 gallons of petrol.

d) Apart from causing damage to property lightning can 
also strike people.

b) In 1975 a lightning strike in Netherlands set fire to 
kerosene tank.

Lightning strike sets petrol tank on fire,
New Jersey, USA 1966

The torn clothing of a lightning strike
victim displayed on a mannequin

The reasons for these cases of damage are indicated 
below wherein lightning hits an almost closed Faraday 
Cage which has a hole. A line coming from a distant 
building and which is earthed enters this hole. Between 
the lightning struck Faraday cage and this “remote” earth 
a voltage drop develops that is caused by the lightning 
current leading to flashover and consequential damages 
depending upon the flammability of the material in close 
vicinity of the flashover
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8.0 Indian Scenario

According to the National Crime Record Bureau, India in 
the year 2001 around 1507 persons died because of 
lightning. In Orissa alone, about 277 persons were killed 
by lightning in 2004 and also, it is reported by the state 
government in Orissa that during 2001-2004, around 900 
persons were killed only due to thunderstorms.

Electrical equipments worth Rs. 2 lakhs, were damaged, 
when lightning struck the house of Volga Crasta at 
Kallianpur, Karnataka in October, 2006.

The telecommunication network in Kangra district, 
Himachal Pradesh was paralyzed after lightning struck i.e. 
the main telephone exchange at Jassur on 2 March, 2007. 
The lightning damaged telecommunication equipments 
worth lakhs of rupees in the main telephone exchange. 
15000 telephone lines out of 24, 000 lines were out of gear 
and 29 telephone exchanges of Kangra district remained 
suspended with headquarters at Dharamsala. These 
statistics indicate the severity of lightning strikes.

9.0 Need of Protection

A necessity: It is fascinating to look at the flash of 
Lightning but only from a safe distance. At close proximity, 
we can imagine its powerful destructive potential, the 
power of destroying buildings, splitting trees and loss of 
life. We clearly feel helpless when confronted with this 
force of nature. We cannot avoid thunderstorm or lightning 
but can always aim at protection against the dangers and 
damaging effects of direct lightning and indirect surges 
when handling electricity. Our need is to protect people 
and infrastructure.

10.0 Lightning and overvoltage I surge protection

Electrical equipments can suffer substantial damage on 
account of lightning strike either as a result of short term 
abnormal rise in the earth potential on account of direct 
strike which can cause damage to the equipments 
through the earth wire or because of lightning strike on the 
over head transmission lines transporting power, which 

can cause high voltage transient traveling through the 
power supply system and reaching the terminal 
equipments connected through the 2-Pin/3-Pin sockets.

Therefore, protection to the equipments are required both 
from direct strikes which can cause damage to the 
equipments through the earthing system as well as 
lightning strikes on transmission lines causing high 
voltage transient surges analogous to flash floods which 
can also damage the terminal equipments.

Thus, the lightning protection system envisages provision 
of rod type lightning conductor with suitable design to 
discharge high concentration of electric charge in the near 
vicinity and substantially reduce damage potential of 
Direct strike. Further, in the event of the lightning strike this 
conductor which is connected to the ground by means of 
flat copper strip terminated to an earthing pit of suitable 
design would quickly discharge the current in a very short 
time with short time rise in the earth potential. This type of 
protection on the building protects the building and an 
adequate area around the building from the risk of direct 
lightning strike damage.

The Surge Protection System envisages provision of 
suitable surge suppression devices in the incoming mains 
and distribution net works of the building wherein the 
protection is required to be provided. With the Surge 
Protection System installed the power supply would 
become immune to the surges in the incoming line.

11.0 Holistic approach

A protection is efficient and reliable when all the 
phenomenon’s are taken into consideration. This involves 
three aspects namely :-

I Protection from direct lightning strikes (direct 
effects)

II Protection from indirect effects e.g. Surges 
and Over-voltages and Transients.

III Equipotentiality of the Earthing system.
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I Lightning protection

The lightning protection or the “direct effects” consist of :-

a) Capturing the lightning, which constitutes a 
preferential impact point capture device, natural 
or specific (Franklin lightning conductor, meshed 
cage or tight strand).

b) Providing a low resistance path for the lightning 
current to earth.

c) Running out the current of the lightning to the 
ground by ensuring its dispersion in the ground 
with an “earth electrode lightning conductor”.

II  Overvoltage protection

The transient overvoltage protection or the “ indirect 
effects” consist of :-

a)  Preventing the lightning current from reaching 
the equipment, directing it to the earth with surge 
protective devices like a barrage which stops and 
channels the water flow.

b) Keeping a residual voltage compatible with the 
protected equipment.

c)  Flowing and discharging the current to earth.

III  Earthing Systems and Equipotentiality

An installation can be protected effectively only if -

a) The flow of the current to the earth and its 
dispersion in the ground is guaranteed using an 
earthing system of low impedance (i.e. which 
gives best conductivity).

b) All the metallic bodies of the building are 
connected electrically to the electric earth of the 
building.

c) “The equipotentiality” of the earth of the building 
and lightning conductor is done.

12.0  Keraunic level and Lightning Density

The study of lightning protection requires a study of the 
local geographical conditions, especially the exposure 
degree of the structure

a) To the lightning risk to assess the “potential for 
risk” useful in the specification of protection 
devices

b) To the winds, studying the structures architecture 
to determine the best mechanical design of the 
device.

13.0 Keraunic level NK

The keraunic level NK expresses the number of days per 
year where thunder is heard at a given place

14.0 Complete Protection Scheme

A complete protection consist of protection both 
internal & external protection system with dedicated 
Earthing & Bonding.
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15.0 A Typical Layout of Transient Voltage Surge 
Suppressor Installation

IEC 62305-2 (part 2) risk management approach, does not 
concentrate so much on the purely physical damage to a 
structure caused by a lightning discharge, but more on the 
risk of loss of human life, loss of service to the public, loss 
of cultural heritage and economic loss.

IEC 62305-3 (part 3) relates directly to the major part of 
BS6651. It differs from B56651 in as much that this new 
part has four classes or protection levels of Lightning 
Protection System (LPS), as opposed to the basic two 
(ordinary and high-risk) levels in BS6651.

IEC 62305-4 (part 4) covers the protection of electrical and 
electronic systems housed within structures. This part 
essentially embodies what Annex/Appendix C in B56651 
carried out, but with a new zoned approach referred to as 
Lightning Protection Zones (LPZ). It provides information 
for the design, installation, maintenance and testing of a 
Lightning Electromagnetic Impulse (LEMP) protection 
system for electrical/electronic systems within a structure.

17.0  Key differences between IEC 62305 and BS6651

The new standards bring many changes and additions 
over the existing BS 6651 - the sheer volume of 
information included in the new IEC 62305 standard 
presents approximately four times as much information 
compared to B56651.

It is not the scope of this paper to highlight all such 
changes but it will focus on the major ones— the key 
changes being that of risk assessment and the protection 
of electrical and electronic equipment. This latter subject is 
now covered in the main body of the standard and is 
advocated as part of a more complete approach to 
lightning protection as opposed to an Annex (Appendix C) 
of BS 6651. As such transient overvoltage protection can 
no longer be just considered as a possible secondary 
protection measure.

The main differences between BS 6651 and IEC 62305 
are summarised in Table 1. One of the first changes to 
realise is that a new approach to risk management looks at 
risk in a far broader sense than merely the physical 
damage that can be caused to a structure by a lightning 
discharge.

16.0  Status of current standards

The IS 2309 is based on BS 6651 and thus a comparison 
of the IEC 62305 with BS 6651 would suffice. (For those 
interested in the procedure as per IS 2309 extract of 
sample calculation is given in Annexure II. and risk 
calculation for IRIEEN Building in Annexure III)

IEC 62305 series consists of the following parts under the 
general title “Protection against lightning”. ( Refer 
Annexure IV for Protection concepts and Schemes as per 
IEC 62305 — relevant extracts)

Part 1: General principles

Part 2: Risk management

Part 3: Physical damage to structures and life 
hazard

Part 4: Electrical and electronic systems within 
structures

Part 5: Services

The approach these new parts impart, are much wider in 
their view, on protection against lightning, when assessed 
against BS6651.

IEC 62305-1 (part 1) is an introduction to the other parts of 
the standard and essentially describes how to design a 
Lightning Protection System (LPS) in accordance with the 
accompanying parts of the standard.
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R4 - Risk of loss of economic value, additionally it may be 
beneficial to evaluate the economic benefits of providing 
protection to establish if lightning protection is cost 
effective.

The process for determining the risk of lightning inflicted 
damage to a structure and its contents, is somewhat 
involved when considering all the factors that need to be 
taken into account. Comprehensive guidance to assist 
these evaluations is provided within IEC 62305-2. For a 
given building, the risk process starts by identifying all 
relevant losses to that structure or service as defined by 
L1-L4. For example, L3 - the loss of cultural heritage would 
only apply to buildings such as museums.

When each primary risk has been calculated, it is then 
compared to the relevant tolerable risk RT given in IEC 
62305-2 and shown below in Table 2. R4 is not equated to 
a tolerable risk RT but compares, amongst other factors, 
the cost of an unprotected structure to that with protection 
measures applied.

BS 6651 IEC 62305

Simple Risk Assessment Comprehensive Risk Management
(structural damage) Calculation based on four type of risk

(R1-R4)

Two levels of lighting Four levels of Lightning Protection
protection - ordinary and high System (LPS) I-IV

risk

Transient Overvoltage (Surge) Transient Overvoltage (Surge)
protection in Appendix C protection incorporated in main

(informative) standard - detailed in BS EN 62305-4

Table 1 : Key changes between BS6651 and new IEC 62305 standards

Under the Risk Assessment of BS 6651, simple 
calculation was made to assess the likelyhood of physical 
damage to the structure. Now, under IEC 62305, a much 
more comprehensive calculation concentrates four (04) 
types of risk:

Ri- Risk of Loss of human life (Li),

R2- Risk of Loss of service to the public (L2),

R3- Risk of Loss of cultural heritage (L3),

R4- Risk of Loss of economical value (L4).

Ri - Risk of loss of human life is relatively understandable 
and the most important risk to consider.

R2 - Risk of loss of services to the public initially implies 
that this is the impact and implication of the public losing its 
gas, water or power supply. This loss of service extends to 
the loss that can occur to its customers when a service 
provider (whether that be hospitals, financial institutions, 
manufacturers etc) cannot provide its service due to 
lightning inflicted damage. For example, a financial 
institution whose main server fails due to a lightning 
overvoltage occurrence will not be able to send vital 
financial information to all its clients. As such the client will 
suffer a financial loss due to this loss of service, as he is 
unable to sell his product into the open market.

R3 - Risk of loss of cultural heritage covers all historic 
buildings and monuments, where the focus is on the loss 
of the structure itself.

If all of the relevant risks calculated (for each identified 
types of loss) is less than their corresponding value of RT 
then the structure does not need any protection.

If however, the relevant risks are greater than their 
respective RT value then protection is required and further 
calculations are needed to determine exactly what 
protection measures are required to bring the value below 
that of RT. In summary the aim, by a series of trial and error 
calculations is to ultimately apply sufficient protection 
measures until the risk R is reduced below that of RT for all 
identified types of loss.

Types of loss RT / annum

Loss of human life or permanent injuries 1 x 10-5

Loss of service to the public 1 x 10-4

Loss of cultural heritage 1 x 10-4

Table 2 : Values of tolerable risk RT
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By sufficient protection measures the structure in question 
may need both structural LPS and a fully coordinated set 
of transient overvoltage protectors (Surge Protective 
Devices or SPDs as defined by the IEC 62305) to bring the 
risk below the tolerable level RT. This in itself is a 
significant deviation from that of BS 6651 and it is clear 
structural lightning protection can no longer considered in 
isolation from transient overvoltage protection.

18.0   Zoned protection concepts

Part 4 of IEC 62305 introduces a concept of Lightning 
Protection Zones (LPZ) that divides the structure in 
question into a number of zones according to the level of 
threat posed by the Lightning Electro-Magnetic Pulse 
(LEMP). The general idea is to identify or create zones 
within the structure where there is less exposure to some 
or all of the effects of lightning and to co-ordinate these 
with the immunity characteristics of the electrical or 
electronic equipment installed within the zone.

overvoltage protector’s ability to survive and achieve a 
suitable let-through voltage clearly depends upon the size 
of the transient it will be subject to. This in turn depends 
upon the protector’s location.

Figure 1
Location categories as defined by Appendix C of BS 6651

The concept of zoning was indeed recognised by 
Appendix C of BS 6651 in the form of three distinct 
location categories with differing surge exposure levels: 
C (most severe), B and A as shown in Figure 1. It is clear 
that lightning transients progressing through the power 
network of a structure become attenuated. The transient 

Figure 2 illustrates the basic LPZ concept defined by 
protection measures against LEMP as detailed in BS EN 
62305-4. Here equipment is protected against lightning, 
both direct and indirect strikes to the structure and 
services, with a Lightning Protection Measures System 
(LPMS) that comprises of spatial shields (LPS and 
shielded room) and co-ordinated SPD5.

The LPZ’s can be split into two categories — 2 external 
zones (LPZ OA, LPZ OB) and usually 2 internal zones 
(LPZ 1, 2) although further zones can be introduced for a 
further reduction of the electromagnetic field and lightning 
current if required.

LPZ OB is the area not subject to direct lightning strokes 
and is typically the sidewalls of a structure. However the 
un-attenuated electromagnetic field still occurs here and 
conducted unattenuated lightning currents and switching 
surges can occur here.

Internal zones

LPZ 1 is the internal area that is subject to partial lightning 
currents. The conducted lightning currents and/or 
switching surges are reduced compared with the external 
zones LPZ OA, LPZ OB.

Figure 2 
Basic LPZ Concept
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This is typically the area where services enter the structure 
or where the main power switchboard is located.

LPZ 2 is an internal area that is further located inside the 
structure where the remnants of lightning impulse currents 
and/or switching surges are reduced compared with 
LPZ1. This is typically a screened room or, for mains 
power, at the sub-distribution board area.

19.0 Protection with LEMP Protection Measures 
System (LPMS)

It must be clear by now that damage, degradation or 
disruption (malfunction) of electrical and electronic 
systems within a structure is a distinct possibility in the 
event of a lightning strike. Some areas of a structure, such 
as a screened room, are naturally better protected from 
lightning than others and it is possible to extend the more 
protected zones by careful design of the LPS, earth 
bonding of metallic services such as water and gas, and 
cabling techniques. However it is the correct installation of 
coordinated Surge Protection Devices (SPD’s) that 
protect equipment from damage as well as ensuring 
continuity of its operation — critical for eliminating 
downtime. These measures in total are referred to as a 
Lightning Protection Measures System (LPMS)

It is worthwhile to add a little clarification of exactly what is 
meant by “co-ordinated S PD’s”.

Co-ordinated SPD’s simply means a series of SPD’s 
installed in a structure (from the heavy duty lightning 
current SPD at the service entrance through to the 
overvoltage SPD for the protection of the terminal 
equipment) should compliment each other such that all 
LEMP effects are completely nullified.

This essentially means the SPD’s at the interface between 
outside and inside the structure (SPD 0/1) will deal with the 
major impact of the LEMP (partial lightning current from an 
LPS and/or overhead lines). The respective transient 
overvoltage will be controlled to safe levels by coordinated 
downstream overvoltage SPD’s (SPD 1/2). 

Co-ordinated SPD’s have to effectively operate together 
as a cascaded system to protect equipment in their 
environment. For example the lightning current SPD at the 

service entrance should handle the majority of surge 
energy, sufficiently relieving the downstream overvoltage 
SPDs to control the overvoltage. Poor coordination could 
mean that the overvoltage SPD5 are subject to too much 
surge energy putting both itself and potentially equipment 
at risk from damage.

Furthermore, voltage protection levels or let-through 
voltages of installed SPDs must be coordinated with the 
insulating withstand voltage of the parts of the installation 
and the immunity withstand voltage of electronic 
equipment.

Lightning poses a clear threat to a structure but a growing 
threat to the systems within the structure due to the 
increased use and reliance of electrical and electronic 
equipment. The new IEC 62305 series of standards 
clearly acknowledge this and thus structural lightning 
protection can no longer be in isolation from transient 
over-voltage or surge protection of equipment.

20.0 Technological Developments and the Road Ahead

Apart from the conventional technology of Franklin rod, 
the concept of Dissipation Arrays System (DAS) and the 
Early Streamer Emission ( ESE) are supposedly the 
technological advancements competing in a hotly 
debated environment. The International community is yet 
to settle on this issue, as the claims made by the 
proponents of these technologies pertaining to enhanced 
or wider protection zone in comparison to the conventional 
systems and is yet to find acceptance in the International 
Standards. Ironically both systems are finding widespread 
acceptance in the market

The internet is strewn with articles on the issue and as with 
any upcoming technology there is bound to be 
controversy till experimental or field data dispels doubts 
and provides rationale to support claims. Quoting William 
Rison Professor of Electrical Engineering New Mexico 
Institute of Mining and Technology Socorro “Charge 
Transfer Systems and Early Streamer Emission air 
terminals are modern incarnations of the “magic” 
wares peddled by Melville’s Lightning Rod Man — 
ornate devices with no independent evidence that 
they live up to their fantastic claims, sold by a slick
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salesman who preys on his customers’ fear of 
lightning and exploits their limited knowledge of 
lightning protection.”

Since there is not much that can be done to improve the 
design of a conventional lightning rod, there was little 
motivation to perform complicated tests to evaluate the 
efficiency of these rods as lightning attractors. It has 
always been recognized that conventional rods 
sometimes failed and that the reasons for failure were 
usually attributable to the complex unpredictable nature of 
the lightning discharge which is almost impossible to 
understand. With the appearance on the market of 
competing products (ESE devices that supposedly 
improve the attraction efficiency of a rod) have come 
questions about how these new devices work and how 
they can be tested to verify their performance. Lightning, 
in the meantime, remains as complicated as ever, and our 
understanding of lightning seems to progress only very 
slowly.

Considering the difficulty of the task, it appears that more 
of testing and data evaluation would need to be performed 
by individuals or organizations not identified with 
manufacturers of lightning protection systems.

Lightning is a complex, chaotic phenomenon that exhibits 
a broad range of behavior and characteristics that are 
predictably unpredictable. Any theory or assessment of 
lightning protection devices must take this fact into 
account. A plausible physical basis exists for ESE devices 
in the sense that they can enhance the probability for 
initiating an upward propagating streamer from an air 
terminal which is directed at an oncoming lightning stroke.

Sufficient indisputable information about both ESE and 
conventional air terminals to allow quantitatively 
meaningful comparisons about their relative performance 
in the natural environment is the need of the hour.

In conclusion, it could be said that there is yet more to be 
learned about lightning and about how lightning protection 
devices work or do not work. The road to better lightning 
protection is obviously strewn with controversy and it 
would appear that the path to resolution requires more 
enlightenment and less thunder.

Sl.No.

1

2

3

4

5

6

7

Myth

Lightning strikes the tallest 
object 

Lightning never strikes a 
place / building / structure 
twice 

If LP system is installed & 
maintained as per 
standards, lightning will not 
destroy building / structure 

You are safe inside a metal 
bodied car during lightning, 

Fact

Not necessarily. It generally hits 
the best conductor on the ground. 
The unpredictability aspect of 
lightning is truly amazing.

Another myth. 
Unpredictability aspect again! 
Empire State building was struck 
25 times in one year! 

Cannot really say. Damage due to 
lightning strikes depends on many 
factors such as severity of 
lightning strike, point of strike, 
efficacy of LP system & earthing, 
etc. In June 1998, 13 people were 
badly injured during a rock 
concert in Baltimore. This stadium 
was provided with LP.

Not completely true! A direct strike 
to your car will flow through the 
frame of the vehicle and usually 
jump over or through the tires to 
reach ground. Most lightning 
incidents to CMSRSL result in 
one or more flat tires and damage 
to the electrical system, but no 
injury to the occupants. If lightning 
does hit your car, stop and 
abandon it immediately. It's not 
uncommon for a strike to ignite 
fuel and result in a fire or 
explosion. If you keep one leg 
inside the car & another outside, 
the potential difference will exist 
and you can be struck.

Annexure-I
Lightning Myths & Reality

If LP is installed for the 
building where electronic 
system is installed, 
separate Electronic 
System Protection (ESP) is 
not required. 

All UPS systems has in-
built surge I transient 
protection. 

LP system once installed is 
virtually maintenance-free,

Another common myth! ESP 
protection should be separate. 

Not necessary. In fact, majorities 
of UPS equipment do not have 
Surge Protection Devices (SPDs). 

No. LP system for structures and 
buildings is to be tested every 12 
months as per standards and 
after every lightning strike. 
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In many cases, the need for protection may be self-
evident, for example;

-  where large numbers of people congregate;
- where essential public services are concerned;
- where the area is one in which lighting strokes are 

prevalent; 
- where there are very tall or isolated structures;
- where there are structures of historic or cultural 

importance.

However, there are many cases for which a decision is not 
so easy to make. Various factors effecting the risk of being 
struck and the consequential effects of a stroke in these 
case are discussed in 8.1.2 to 8.1.8.

It must be understood, however, that some factors cannot 
be assessed, and these may override all other 
consideration. For example, a desire that there should be 
no avoidable risk to life or that the occupant of a building 
should always feel safe, may decide the question in favour 
of protection, even though it would normally be accepted 
that there was no need. No guidance can be given in such 
matters, but an assessment can be made taking account 
of the exposure risk ( that is the risk of the structure being 
struck) and the following factors;

a) Use to which the structure is put;
b) Nature of its construction,
c) Value or its contents or consequential effects,
d) The location of the structure, and
e) The height of the structure (in the case of 

composite structures the overall height).

8.1.2 Estimation of exposure Risk

The probability of a structure or building being struck by 
lightning in any one year is the product of the ‘lightning 
flash density’ and the ‘effective collection area of the 
structure. The lightning flash density N g, is the number of 
flashes to ground per km 2 per year.

Note — For the purpose of this Code, the information 
given in Fig. 1 on thunderstorm days per year would be 
necessary to be translated in terms of estimated average 
annual density N g. The table below which indicates the 
relationship between thunderstorm days per year and 
lightning flashes per square kilometer per year;

Fact

No. The aerial should be within 
the zone of protection of the LP 
system. Additionally, the aerial 
should be bonded into the air 
termination network. 

Not predictable. At a Soccer 
match in Republic of Congo 
(October 1998), 11 team 
members were killed by lightning. 

No way! Contrary to popular 
school teachings, Mr. Franklin 
was very lucky to survive his 
experiment. The spark he saw 
was a product of the kite/key 
system being in a strong electric 
field. Had the kite/key actually 
been struck, Mr. Franklin would 
surely have been killed! 

Assess the risks due to lightning and surges against the 
kind of protection (like property or life, electronic 
equipment, application software, data reliability, etc.) you 
require. If the calculated overall lightning risk index is 
lesser than the defined risk exposure threshold ( as in 
1S2309, BS6651 or IEC 62305 ) then lightning protection 
LP is required. The next step is to design an integrated & 
effective building & electronic system protection to reduce 
the disastrous effects of lightning and surges/transients to 
a considerable extent.

Annexure II 

IS 2309 :  Extract of sample calculations

8.1 Need for Protection

8.1.1 General

Structures with inherent explosive risks; for example, 
explosives factories, stores and dumps and fuel tanks; 
usually need the highest possible class of lighting 
protective system and recommendations for protecting 
such structures are given in 15 and 16.

For all other structures, the standard of protection 
recommended in the reminder of the Code is applicable 
and the only question remaining is whether to protect or 
not.

Sl.No.

8

9

10

Myth

TV aerial used as a 
lightning conductor. 

Lightning never strikes a 
group of people 

Ben Franklin was struck by 
lightning 
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strikes to the structure per year [ see equation (2) in 8.1.2] 
the next step is to apply the 'weighting factors’ in Table 1 
and 2.

This is done by multiplying P, by the appropriate factors to 
see whether the result, the overall weighting factors, 

-5
exceeds the acceptable risk of P = 10  per year.

8.1.5 Weighting Factors.

In table 1A to 1E, the weighting factor values are given 
under healings ‘A’ to ‘E’, denoting a relative degree of 
importance or risk in each case. The tables are mostly self-
explanatory but it may be helpful to say something about 
the intention of Table 1C.

The effect of the value of the contents of a structure is 
clear; term ‘consequential effect’ is intended to cover not 
only material risks to goods and property but also such 
aspects as the disruption of essential services of all kinds, 
particularly in hospitals.

The risk to life is generally very small, but if a building is 
struck, fire or panic can naturally result. All possible steps 
should , therefore, be taken to reduce these effects, 
especially among children, the old, and the sick.

Table 1 Overall  Assessment  of  Risk

(Clauses 8.1.4 & 8.1.5)

Table 1 A Weighting Factor ‘A’ ( Use of Structure)

Use to Which Structure is Put. Value of ’ A’

Houses & other buildings of comparable size. 0.3

Houses & other buildings of comparable size with 0.7
Outside aerial.

Factories, workshops and laboratories. 1.0

Office blocks, hotels, blocks of flats & other 

residential Buildings other than the included below. 1.2

Places of assembly, for example, churches, 

halls, theaters, Museums, exhibitions, 

departmental stores, post offices, 1.3

Stations, airports, and stadium structures.

Schools ,hospitals, children’s & other homes. 1.7

1) Lightning Density Ng

The Lightning density Ng expresses the number of 
lightning flashes per km2 per year. (As per  IS  2309 1989) 

SI Thunderstorm lightning flashes per km2
days/year  per year 

Mean Limits
1 5  0.2 0.1-0.5
2 10 0.5  0.15-1
3 20 1.0 0.3-3
4 30 1.9 0.6-5
5 40 2.8 0.8-8
6 50 3.7 1.2-10
7 60 4.7 1.8-12
8 80 6.9 3-17
9 100 9.2 4-20

The effective collection area of a structure is the area on 
the plan of the structure extended in all directions to take 
account of its height. The edge of the effective collection 
area is displaced from the edge of the structure by an 
amount equal to the height of the structure at that point. 
Hence, for a simple rectangular building of length L, with 
W and height ( L + 2H ) metere and width ( W + 2 H ) 
metere with four rounded corners formed by quarter 
circles of radius H meters. This gives a collection area, A  C

(in m 2 ) of ( see 12.5.2.2

A =(LXW)+2(LXH)+2(WXH)+ H211 (1)C

The probable number of strikes ( risk ) to the structure per 
year is 

6
PA XN X1O  ... ... (2) c g

It must first be decided whether this risk P is acceptable or 
whether some measure of protection is thought 
necessary.

8.1.3 Suggested  Acceptable  Risk 

For the purpose of this Code, the acceptable risk figure 
-5

has been taken as 10 , that is , 1 in 100 000 per year.

8.1.4 Overall  Assessment  Risk

Having established the value of P. the probable number of 
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Table 1 B Weighting Factor ‘B’ (Type of Construction)

Type of Construction. Value of ’ B’

Steel framed encased with any roof other 

than metal * 0.3

Reinforced concrete with any roof other 

than metal 0.4

Steel framed encased or reinforced concrete 

with metal roof 0.3

Brick, plain concrete or masonry with any roof 

other than 

metal or thatch 1.0

Timber framed or clad with any roof other than 

metal or thatch 1.4

Brick, plain concrete or masonry timber 

framed but with 

metal roofing. 1.7

Any building with a thatched roof. 2.0

* A structure of exposed metal which is continuous down to 
ground level is excluded from, these tables as it requires 
no lighting protection beyond adequate earthing 
arrangements.

Table 1 C Weighting Factor ‘C’ (Contents or 
Consequential Effects)

Contents or Consequential effects. Value of ’ C’

Oridinary domestic or office Bldg. ,factory, 

& workshops Not containing valuable 

or specially susceptible contents. 0.3

Industrial & agricultural bldg., with specially 

susceptible 0.8

Power stations, gas works, telephone 

exchange, radio Stn. 1.0

Industrial key plants, ancient monuments & 

historic bldg.,Museums, art galleries or other 

bldg. with specially valuablecontents. 1.3

Schools, hospitals,children’s & other homes, 

places of assembly. 1.7

* This means specially valuable plant or materials 
vulnerable to fire or the results of fire.

Table 1 D Weighting Factor ‘D’ (Degree of Isolation )

Degree of Isolation Value of ’ D’

Structure located in a large area of structure 

or trees of the same or greater height,

 e.g. in a large town or forest. 0.4

Structure located in an area with few other 

structures or Trees of similar height. 1.0

Structure completely isolated or exceeding 

at least twice the height of surrounding 

structures or trees. 2.0

Table 1 E Weighting Factor ‘E’ (Type of Country)

Type of Country Value of ’ D’

Flat country at any level 0.3

Hill country 1.0

Mountain country between 300 m & 900 m. 1.7

8.1.6 Interpretation of Overall Risk Factor

The risk factor method put forward here is to be taken as 
giving guidance on what might, in some cases, be a 
difficult problem. If the result obtained is considerably less 

-5than 10  ( 1 in 100 000) then, in the absence of other 
overriding considerations, protection does not appear 

-5
necessary; if the result is grater than 10  ( 1 in 10 000) then 
sound reasons would be needed to support a decision not 
to give protection. When it is thought that the 
consequential effects will be small and that the effect of a 
lightning stroke will most probably be merely slight 
damage to the fabric of the structure, it may be economic 
not to incur the cost of protection but to accept the risk. 
Even though, this decision is made, it is suggested, that 
the calculation is still work while as giving some idea of the 
magnitude of the calculated risk being taken.

8.1.7 Anomalies

Structures are so varied that any method of assessment 
may lead to anomalies and those who have to decide on
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protection must exercise judgement. For example, a 
steel-framed building may be found to hava a low risk 
factor but, as the addition of an air termination and 
earthing system will give greatly improved protection, the 
cost of providing this may be considered workwhile.

A low risk factor may result for chimney made of brick or 
concrete. However, where chimneys are free standing or 
where they project for more than 4.5 m above the 
adjoining structure, they will require protection regardless 
of the factor. Such chimneys are, therefore, no covered by 
the method of assessment. Similarly, structure containing 
explosives or flammable substances are also not covered 
C see 8.2.2 ).

Results of calculations for different structures are given in 
Table 2 and a specific case is worked through in 8.1.8.

8.1.8 Sample Calculation of Need for Protection.

A hospital building is 10 m high and covers an area of 70 m 
X 12 m. The hospital is located in flat country and isolated 
from other structures. The construction is of brick and 
concrete with a non-metallic roof

Is lightning protection needed ?

a) Flashes / km 2 / year — Let us say, for the protection of 
the hospital a value for N g is 0.7.

b) Collection area — Using equation (1) in 8.1.2:

A c = (70x12) +2 (70x10) +2

(12x10) + ( π 100 )

= 840 + 1400 + 240 + 314
2= 279 M 

c) Probability of being struck — Using equation ) (2) in 
8.1.2:

-6P = A  X N  x 10  times per year.c g

= 2.794 x 0.7 x 10-6
-3= 2.0 x 10  approximately.

d) Applying the weighing factors.

A= 1.7

B= 0.8

C= 1.7

D= 2.0

E= 0.3

The overall multiplying factor = AxBxCxDxE = 1.7
-3Therefore, the overall risk factor = 2.Oxl.7x103 = 3.4x 10

Conclusion : Protection is necessary.

8.2 Zone of Protection

8.2.0  General

In simple terms, the zone of protection is the volume within 
which a lightning conductor gives protection against a 
direct lighting storke by directing the stroke to itself. For a 
vertical conductor rising from ground level, the zone has 
been defined as a cone with its apex at the tip of the 
conductor its base on the ground. For a horizontal 
conductor the zone has been defined as the volume 
generated by a cone with its apex on the horizontal 
conductor moving from end to end.

NOTE - This standard describes the cone-concept of 
protection. This is under review.

8.2.1  Protective Angle

The so-called ‘protective angle’ illustrate in Fig. 3 cannot 
be precisely stated. This is because it depends upon the 
security of the stroke and the presence within the 
protective zone of conducting object providing 
independent paths to earth. All that can be stated is that 
the protection afforded by a lightning conductor increases 
as the assumed protective angle decreases.

However, for the practical purpose of providing and 
acceptable degree of protection for an ordinary structure, 
the protective angle of any single component part of an air 
termination network, namely either one vertical or one 
horizontal conductor is considered to be 450 ( see Fig. 3A 
& 3 B). Between three or more vertical conductors, spaced 
at a distance not exceeding twice their height, the 
equivalent protective angle may, as an exception, be 
taken as 600 to the vertical; an example is given in Fig. 3C. 
For a flat roof, the area between parallel horizontal 
conductor is deemed to be effectively protected if the air 
termination network is arranged as recommended in 
12.1.2.
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12.5 Metal in or on a Structure.

12.5.1  General

When a lightning protective system is struck, its electrical 
potential with respect to earth is raised and unless suitable 
precautions are taken, the discharge may seek alternative 
paths to earth by side- flashing to other metal in the 
structure.

There are two different ways of preventing side-flashing, 
namely;

a)  isolation, &

b)  bonding.

Isolation requires large clearances between the lightning 
protective system and other metal in the structure. Its main 
drawbacks lie in the difficulty of obtaining & maintaining 
the necessary safe clearances & in ensuring that isolated 
metal has no connection with the ground, such as through 
water or other services.

In general, isolation can only be practiced in small dwelling 
houses and bonding is, therefore, the more commonly 
used method.

12.5.2. Isolation.

12.5.2.1 Estimation of clearance to prevent side-flashing.

a) General — The necessary clearance to 
prevent side-flashing depends upon the 
voltage sustained by the lightning protective 
system with respect to earth, which in turn 
depends upon the strength of the current in the 
lightning flash. The procedure is given in (b), 
(c) & (d) below

b) Determination of current - To determine the 
current in the lightning flash, the following 
steps should be taken

1) Estimate P—The risk of the structure being 
struck ( see 8.1.2 )

2) Devide the estimated risk, P, by the 
acceptable risk, P0 ( see 8.1.3.)

3) Decide from Fig. 25 the maximum current 
likely to occur.

c) Voltage sustained by lightning protective 
system –

This has two components; the product of the 
current and the resistance to earth and the 
product of the rate of change of current & the 
inductance of the down conductor. In the worst 
case, the simple addition of these two 
products gives the voltage which should then 
be used in calculations.

d) Flasher distance / voltage — Refer to fig. 26 & 
read off the flashover voltage against the 
spacing.

12.5.2.2 Example of calculations.

An example is given below of the calculation 
necessary to decide whether to bond metalwork 
to a lightning protective system;

Given — A cast steel down-pipe is positioned 2 m 
from the down conductor of the lightning 
protective system fitted to a block of flats 15 m 
high situtated in a region of high lightning activity , 

2
having 1.2 flashes km  / year. The block of flats is 
4OMx2Om on plan.

Assumption — Assume that the acceptable risk — 
-5

P  , is lx 10 , that the resistance of the earth 0

termination will be 10Ω and that the number of 
down conductors is four.

Question — Should the down-pipe which has a 
maximum height of 12 m , be bonded to the 
lightning protective system ?

Procedure — The plan of the collection area 
follows; L=40 m, W=20m & H=15 m.

Collection area A

=(LxWO)+2 (LxH)+2 (WxH)+ 11 H 2 (1)

=(40x20)+2 (40x15)+2 (20x15) + π x 152

=8000+1200+60+707
2 2

3.307M (say3.300M ) ...(2)

Possibility of being struck, P
-6=1.2x3 300x10 /year ... (3)

-3 -3
=3.96x10  (say 4x10  or once in 250 years) ... (4)

Acceptable risk, P  — This has been given as 0
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1x105

Which current to use ( see fig. 25).
-3 -5 2

P/P  = (4x10 ) /lx10 =4x10 =400A ... (5)0

0Because P is greater than 100 P  assume that the 
maximum lightning current of 200 kV will be 

0
achieved (For small value of P  the current will be 
1001og10 P/P  as shown plotted in fig. 25)0

Voltage between lightning protective system & 
earthed down-pipe at a height of 12 m

V=V +VRE L

Where

V  is the voltage drop due to the resistance to RE

earth, &

V  is the voltage drop due to the inductance of the L

down conductor.

There are four down conductors &, assuming that 
the current is divided equally among them, then 
the effective current is 200/4 = 50 kA in each 
conductor.

V  = 50x10 = 500 kV ... (7)RE

V  = rate of change of current (kA ps ) ( see Note 1) L

X height (m) of down-pipe x inductance of down 
conductor in pH/rn ( see Note 2).

NOTES

1 For a typical wavefront, the maximum rate of 
change of strike current is roughly 0.6X I 
peak ,so that for a current of 50 Ka the rate of 
change of current = 30 Ka / ps = 3 X 1010 A/s

2 The inductance of a typical down conductor 
be taken as 1.5 µH/m

V  = (rate of change of current) x length of L

conductor) x (µH/m) kV

= 30 x 12 x 1.5

= 540 kV ... (8) 
Therefore V RE + V  = 500 + 540 = 1040 kV .... (9)L

Flasher distance - Look up the flashover 
distance for the above voltage in fig 26. This 
distance is found to be 2.2m and, therefore, 
because the physical clearance is only 2 m, 
bonding should be employed.

NOTES ACCOMPANYING FIGURE 1
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h)  Metal entering or leaving a structure in the form of sheathing, 
armouring or piping for electric, gas, water, rain, steam, 
compressed air, or any other service should be bonded as directly 
as possible to the earth termination. This should be clone near to 
the point at which the service enters or leaves the structure.
No precise recommendations can be made because of the large 
variation in system designs. However, it should be noted that 
problems may arise where pipes/cables are protected with 
thermal or electrical insulation. In such cases bonding should be 
made to the nearest point where the metallic part of the pipe/cable 
becomes exposed. The bond should then be taken by as direct a 
route as pracicab1e to the lightning earth outside the building.
This is more likely to apply in an insulated building to which the 
services are connected. However, where the building is 
surrounded by steel-work carrying an interconnected array of 
pipework, this in itself may well be a suitable point to which the 
earth connection should be made.

g) Masses of metal in a building, such as a bell-frame in a church 
tower, all clamped apparatus, equipment, which is connected to, or in 
contact with the mains water or electrical supplies, and/or which is 
itself earthed, if only by reason of the relevant code for electrical 
installations (see IS 732 1989) should be bonded to the nearest down 
conductor by the most direct route available.

Plan view
of zone of
protection
at ground 
level

Fig. 3  PROTECTIVE ANGLES AND ZONES OF PROTECTION FOR VARIOUS FORMS OF AIR TERMINATION

(C) Four vertical conductors showing
      protective angles and associated
      zones of protection
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Sample Risk Calculations for IRIEEN

IRIEEN Main Building

Ng 0.3 3

Length(m) = 72 72

Breadth(m)= 53 53

Height(m) = 11 11

A =(LXW)+2(LXH)+2(WXH)+2

(PIEXHXH) =  6946.182 6946.182

P=A*Ng*0.000001= 0.002084 0.020838546

MULTILE OF ACCEPTABLE 

RISK FACTOR = 208.39 2083.85

A= 1.2 1.2

B= 1 1

C= 0.3 0.3

D= 0.4 0.4

E= 1.3 1.3

OVERALL Multiplying Factor = 0.1872 0.1872

OVERALL RISK = 39.00976 390.0975811

IRIEEN Electronics complex

Ng 0. 3 3

Length(m) = 28 28

Breadth(m)= 10 10

Height(m) = 10 10

A =(LXW)+2(LXH)+2(WXH)+2

(PIEXHXH) = 1374.2 1374.2

P=A*Ng*0.000001= 0.000412 0.0041226

MULTILE OF ACCEPTABLE 

RISK FACTOR 41.23 412.26

A= 1.2 1.2

B= 1 1

C= 0.3 0.3

D= 0.4 0.4

E= 1.3 1.3

OVERALL Multiplying Factor = 0.1872 0.1872

OVERALL RISK = 7.717507 77.175072

Annexure III

Type of structure 
according to 
function andJoi- conte 
rita 

Farm building 

Theatre, 
Hotel, School 
Department store 
Sports area

Dank 
insurance company 
Commercial 
company. etc. 

Hospital 
M.irsmg home 
Prison 

industry 

Museums and 
archeological sites 
Church 

Telecommunications 
Power plants

Firework factory 
Munition works

Chemical plant 
Ref mery 
l&clear plant 
Biochemical 
laboratories and 
plants 

Sources and types of damage to a structure 
The lightning current is the source of damage. The following 
situations shall be taken into account, depending on the 
position of the point of strike relative to the structure 
considered
— Si: flashes to the structure; 
— S2: flashes near the structure; 
— 83: flashes to the services connected to the structure;
— S4: flashes near the services connected to the structure

Annexure IV

Protection concepts - Extracts IEC 62305 

Table I — Effects of lightning on typical structures

Puncture of electrical installations, fire and material damage 
Damage normally limited to objects exposed to the pout of 
strike or to the lightning current path 
Failure of electrical and electronic equipment and systems 
iost.alled (e.g. TV sets. computers, modems, telephones, etc.) 

Primary risk of fire and hazardous step voltages as well as 
material damage Secondary risk due to loss of electric 
power, and life hazard to Ivestock due to failure of 
electronic control of ventilation and fond supply systems, 
etc. 

Damage to the electrical instalations (e.g. electric 
Ighting) likely to cause panic Faure of fire alarms 
resultiog in delayed f We fighting measures

As above, plus problems resultlig from loss of 
communication, failure of cilomputers and loss of data

As above, plus problems of people in intensive care, 
and the difficulties of rescuing immobile people 

Additional effects dependiog on the contents of 
factories, ranging from mror to unacceptable damage 
and loss of production

Loss of irreplaceable cultural heritage 

Unaeceptable loss of services to the public 

Consequences of fire and explosion to the plant and Its 
surroundligs 

Fie and malfunction of the plant 4th detrinental 
consequences to the local and global envtonment 
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As result, the lightning can cause three basic type of 
damages:

— D1: Injury of living beings due to touch and step 
voltages; 

— D2: Physical damage (fire, explosion, mechanical 
destruction, chemical release) due to lightning 
current effects including sparking; 

— D3: Failure of internal systems due to LEMP.

Types of loss

For the purposes of this standard the following types of 
loss are considered:

— L1: loss of human life;

— L2: loss of service to the public;

— L3: loss of cultural heritage;

— L4: loss of economical value (structure and its 
content, service and loss of activity).

Damages and loss in a service according to 
different points of strike of lightning 

Point of Strike Source of damage Type of damage Type of loss

Service S3 D2 / D3

Near the service S4 D3 L2, L4

Supplied structure S1 D2 / D3

Typical values of tolerable risk RT

Types of loss R1(Y1)

Loss of human life or permanent injuries 10-5

Loss of service to the public 10-3

Loss of cultural heritage 10-3

Lightning protection levels (LPL)

For the aim of this standard, four lightning protection levels 
(I to IV) are introduced. For each LPL a set of maximum 
and minimum lightning current parameters is fixed.

NOTE 1 Protection against lightning whose maximum and 
minimum lightning current parameters exceed those 
relevant to LPL I is not considered in this standard.

NOTE 2 The probability of occurrence of lightning with 
minimum or maximum current parameters outside the 
range of values defined for LPL I is less than 2 %.

The maximum values of lightning current parameters 
relevant to LPL I will not be exceeded, with a probability of 
99 %. According to the polarity ratio assumed (see Clause 
A.2), values taken from positive flashes will have 
probabilities below 10 %, while those from negative 
flashes will remain below 1 % (see Clause A.3).

The maximum values of lightning current parameters 
relevant to LPL I are reduced to 75 % for LPL II and to 50 % 
for LPL Ill and IV (linear for I, Q and di/dt, but quadratic for 
W/R). The time parameters are unchanged.

The maximum values of lightning current parameters for 
the different lightning protection levels are given in Table 5 
and are used to design lightning protection components 
(e.g. cross-section of conductors, thickness of metal 
sheets, current capability of SPDs, separation distance 
against dangerous sparking) and to define test 
parameters simulating the effects of lightning on such 
components (see Annex D).

The minimum values of lightning current amplitude for the 
different LPL are used to derive the rolling sphere radius 
(see Clause A.4) in order to define the lightning protection 
zone LPZ which cannot be reached by direct strike (see 

Type of
loss

Risk
R1

Risk
R2

Risk
R3

Risk
R4

Loss of
economic

values

Loss of
cultural
heritage

Loss of
service to
the public

Loss of
human 

life

injuri of
living

beings

injuri of
living

beings

Physical
damage

Physical
damage

Failure of
electrical &
electronic
systems

Failure of
electrical &
electronic
systems

Failure of
electrical &
electronic
systems

Physica 
damage

Physica 
damage

Type of
damage

Type of loss resulting from types of damage and the
corresponding risks are reported in Figure 1.

1) Only for structures.

2) Only for hospitals or other structures where failure on 
internal systems immediately endanger human life.

3) Only for properties where animals may be lost.



29
IRIEEN JOURNAL VOL-21, NO.2, 2010

8.2 and Figures 2 and 3). The minimum values of lightning 
current parameters together with the related rolling 
sphere radius are given in Table 6. They are used for 
positioning of the air-termination system and to define the 
lightning protection zone LPZ 0B (see 8.2).

Figure 2 - LPZ defined by an LPS

Relatiion between lightning protection levels (LPL) 
and class of LPS (see IEC 62305-1)

LPL Class of LPS

I I

II II

III III

IV IV

1 Structure S1 Flash to the structure
2 Air termination system S2 Flash near to the structure
3 Down conductor system S3 Flash to a service connected to
4 Earth termination system the structure
5 Incoming services r Rolling sphere radius

s Separation distance against 
dangerous sparking

Ground Level
Lighting equipotential bonding by means of SPD

Direct flash, full lightning current
LPZ OA Direct flash, full lightning current
LPZ OB No direct flash, partial lightning or induced current
LPZ 1 No direct flash, limited lightning or induced current

Protected volume inside LPZ1 must respect 
separation distance

▼
○

1 Structure (shield of LPZ 1) S1 Flash to the structure

2 Air termination system S2 Flash near to the structure

3 Down conductor system S3 Flash to a service connected to
4 Earth termination system the structure

5 Room (shield of LPZ 2) r Rolling sphere radius

6 Services connected to d Safety distance against too 
the structure high magnetic field

Ground Level

Lighting equipotential bonding by means of SPD

LPZ OA Direct flash, full lightning current, full magnetic field

LPZ OB No direct flash, partial lightning or induced current,
full magnetic field

LPZ 1 No direct flash, limited lightning or induced current,
damped magnetic field
Protected volume inside LPZ1 and LPZ2 must 

respect safety distances

Figure 3 - LPZ defined by p

▼

○
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Table 6 — Minimum values of lightning parameters and 
related rolling sphere radius corresponding to LPL 

           Interception criteria      LPL

Symbol Unit I II III IV

Minimum peak current I kA 3 5 10 16

Rolling sphere radius r m 20 30 45 60

From the statistical distributions given in Figure AS, a 
weighted probability can be determined that the lightning 
current parameters are smaller than the maximum values 
and respectively greater than the minimum values defined 
for each protection level (see Table 7).

Table 7 — Probabilities for the limits of the lightning 
current parameters

Probability that lightning         LPL

Current parameters I II III IV

Are smaller than the maximum 0.99 0.98 0.97 0.97
values defined in Table 5

Are greater the minimum values 0.99 0.97 0.91 0.84
defined in Table 6

The protection measures specified in IEC 62305-3, IEC 
62305-4 and IEC 62305-5 are effective against lightning 
whose current parameters are in the range defined by the 
LPL assumed for design. Therefore the efficiency of a 
protection measure is assumed equal to the probability 
with which lightning current parameters are inside such 
range.

Fixing the minimum lightning current parameters

The interception efficiency of an LPS depends on the 
minimum lightning current parameters and on the related 
rolling sphere radius. The geometrical boundary of areas 
which are protected against direct lightning flashes can be 
determined using the rolling sphere method.

Following the electro-geometric model, the rolling sphere 
radius r (final jump distance) is correlated with the peak 
value of the first short stroke current. In an IEEE working 
group report (5), the relation is given as 

0.65
r = 10I 

Where

r is the rolling sphere radius (m);

I is the peak current (kA).

For a given rolling sphere radius r it can be assumed that 
all flashes with peak values higher than the corresponding 
minimum peak value 1 will be intercepted by natural or 
dedicated air terminations. Therefore, the probability for 
the peak values of negative and positive first strokes from 
Figure AS (lines 1A and 3) is assumed to be the 
interception probability. Taking into account the polarity 
ratio of 10 % positive and 90 % negative flashes, the total 
interception probability can be calculated (see Table 7).

Amplitude density of the lightning current according to LPL 

1 Long stroke 400 A 0.5 s

2 First short stroke 200 kA 10/350 µs

3 Subsequent short stroke 50 kA 0.25/100 µs

4                                    Eveloping curve

Maximum values of rolling sphere radius, mesh size and 
protection angle corresponding to the class of LPS

Protection method

Class of LPS Rolling sphere radius r Mesh size W Protection angle
m m d

I 20 5 x 5

II 30 10 x 10 See figure below

III 45 15 x 15

IV 60 20 x 20

80a°

70

60

50

40

30

20

10

0
0 2 10 20 30 40 50 60

Class of
LPS

IVIIIIII

NOTE 1 Not applicable beyond the values marked with
only rolling sphere and mesh methods apply in these cases. 
NOTE  2  H  is the height of air-termination above the reference plane 
of the area to be protected. 
NOTE 3  The angle will not change for values of If below 2 m.
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Lightning protection zones (LPZ)

Protection measures such as LPS, shielding wires, 

magnetic shields and SPD determine lightning protection 

zones (LPZ).

LPZ downstream of the protection measure are 

characterized by significant reduction of LEMP than that 

upstream or the LPZ.

With respect to the threat of lightning, the following LPZs 

are defined (see Figures 2 and 3):

LPZ O zone where the threat is due to the direct A

lightning flash and the full lightning 

electromagnetic field. The internal systems 

may be subjected to full or partial lightning 

surge current:

LPZ O zone protected against direct lightning flashes B

but where the threat is the full lightning 

electromagnetic field. The internal systems 

may be subjected to partial lightning surge 

currents;

LPZ 1 zone where the surge current is limited by 

current sharing and by SPDs at the boundary. 

Spatial shielding may attenuate the lightning 

electromagnetic  field;

LPZ 2…n zone where the surge current may be further 

limited by current sharing and by additional 

SPDs at the boundary. Additional spatial 

shielding may be used to further attenuate the 

lightning electromagnetic field.

NOTE 1 In general, the higher the number of an individual 

zone, the lower the electromagnetic environment 

parameters. 

General information relating to SPDs

The use of SPDs depends on their withstand capability, 
classified in IEC 61643-1 [6] for power and in    
1EC61643-21 for telecommunication systems.

SPDs to be used according to their installation position are 
as follows:

a) At the line entrance into the structure (at the boundary 
of LPZ 1, e.g. at the main distribution board MB):

 SPD tested with I (typical waveform 10/350, e.g. 
SPD tested according to Class I)

SPD tested with I, (typical waveform 8/20, e.g. 
SPD tested according to Class II).

b) Close to the apparatus to be protected (at the 
boundary of LPZ 2 and higher, e.g. at secondary 
distribution board SB, orata socket outlet SA):

SPD tested with I, (typical waveform 8/20, e.g. 
SPD tested according to Class II)

SPO tested with a combination wave (typical 
current waveform 8/20, e.g. SPD tested according 
to Class III).

Design and installation of a LEMP protection 
measures system (LPMS)

Electrical and electronic systems are subject to damage 
from the lightning electromagnetic impulse (LEMP). 
Therefore LEMP protection measures need to be provided 
to avoid failure of internal systems.

Protection against LEMP is based on the lightning 
protection zone (LPZ) concept: the volume containing 
systems to be protected shall be divided into LPZ. These 
zones are theoretically assigned volumes of space where 
the LEMP severity is compatible with the withstand level of 
the internal systems enclosed (see Figure 1). Successive 
zones are characterized by significant changes in the 
LEMP severity. The boundary of an LPZ is defined by the 
protection measures employed
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NOTE This figure shows an example for dividing a 
structure into inner LPZS. All metal services entering the 
stncture are bonded via bonding bars at the boundary of 
LPZ 1. In addition, the conductive services entemg LPZ 2 
(e.g. computer room) are bonded via bonding bars at the 
boundary of LPZ 2.

Figure 1

General principle for the division into different LPZ

Earth-termination system

General

When dealing with the dispersion of the lightning current 
(high frequency behaviour) into the ground, whilst 
minimizing any potentially dangerous overvoltages, the 
shape and dimensions of the earth-termination system are 
the important criteria. In general, a low earthing resistance 
(if possible lower than 10 π when measured at low 
frequency) is recommended.

From the viewpoint of lightning protection, a single 
integrated structure earth-termination system is 
preferable and is suitable for all purposes (i.e. lightning 
protection, power systems and telecommunication 
systems).

Earth-termination systems shall be bonded in accordance 
with the requirements of 6.2.

NOTE 1  The conditions of separation and bonding of 
other earth-termination systems are usually determined 
by the appropriate national authorities.

NOTE 2 Serious corrosion problems can occur when 
earthing systems made of different materials are 
connected to each other.

Earihing arrangement in general conditions

For earth-termination systems, two basic types of earth 
electrode arrangements apply.

(a)  Type A arrangement

This type of arrangement comprises horizontal or vertical 
earth electrodes installed outside the structure to be 
protected connected to each down-conductor.
In type A arrangements, the total number of earth 
electrodes shall be not less than two.
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Figure 2

 Minimum length L of each earth electrode 
according to the class of LPS

The minimum length of each earth electrode at the base of 
each down-conductor is

 l — for horizontal electrodes, or1

— 0,5 l  for vertical (or inclined) electrodes,1

where is the minimum length of horizontal electrodes 
shown in the relevant part of Figure 2. For combined 
(vertical or horizontal) electrodes, the total length shall be 
considered.

The minimum lengths stated in Figure 2 may be 
disregarded provided that an earthing resistance of the 
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earth-termination system less than 10 0 (measured at a 
frequency different from the power frequency and its 
multiple in order to avoid interference) is achieved.

NOTE 1 Reduction of earthiig resistance by the extension 
of earth electrodes is practicaly possible up to 60 m. 

NOTE 2 For further infonnation, refer to Annex E.

Type  B  arrangement 

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. Such earth electrodes may 
also be meshed.

For the ring earth electrode (or foundation earth 
electrode), the mean radius r  of the area enclosed by the e

ring earth electrode (or foundation earth electrode) shall 
be not less than the value l 1

r ≥  l   --- (1)e  1 

where l  is represented in Figure 2 according to LPS class 1

I, II, Ill and IV.

When the required value of l  is larger than the convenient 1

value of re, additional horizontal or vertical (or inclined) 
electrodes shall be added with individual lengths 'r 
(horizontal) and 1, (vertical) given by the following 
equations:

l = l -  r  - - - (2)r  1 e  

l =  (l -  r ) 2    - - - (3)v  1  e

It is recommended that the number of electrodes shall be 
not less than the number of the down-conductors, with a 
minimum of two.

The additional electrodes should be connected to the ring 
earth electrode at points where the down-conductors are 
connected and, for as many as possible, equidistantly.

Installation of earth electrodes

The ring earth electrode (type B arrangement) should 
preferably be buried at a depth of at least 0.5 m and at a

distance of about 1 m around the external walls.

The earth electrodes (type A arrangement) shall be 
installed at a depth of upper end at least 0.5 m and 
distributed as uniformly as possible to minimize electrical 
coupling effects in the earth.

Earth electrodes shall be installed in such a way as to 
allow inspection during construction.

The embedded depth and the type of earth electrodes 
shall be such as to minimize the effects of corrosion, soil 
drying and freezing and thereby stabilize the conventional 
earth resistance. It is recommended that the upper part of 
a vertical earth electrode equal to the depth of freezing soil 
should not be regarded as being effective under frost 
conditions.

NOTE Hence, for every vertical electrode, (0.5 m should te 
added to the value of the length l  calculated in 5.4.2.1 and 1

5.4.2.2.

For bare solid rock, only type B earthing arrangement is 
recommended.

For structures with extensive electronic systems or with 
high risk of fire (see IEC 62305-2), type B earthing 
arrangement is preferable.

LPS materials and conditions of use

Copper Solid Solid Solid Good in many Sulpher
Stranded Stranded Stranded environments compounds     -

As coating as coating Organic
materials

Hot Solid Solid Solid Acceptable in air High chlorides Copper
galvanized Stranded Stranded Stranded in concrete and in content
steel being soil

Stainless Solid Solid Solid Good in many High chlorides     -
steel Stranded Stranded Stranded environment content

Aluminium Solid Unsuitable Unsuitable Good in Alkaline Copper
Stranded atmospheres Solutions

containing low
sulphur and
chloride

Lead Solid Solid Unsuitable Good in Acid soils Copper
As coating As coating atmosphere with Stainless

high concentration steel
of sulphates

Use Corrosion

Material In open air In earth In concrete Resistance Increased by

May be
destroyed

by 
galvanic
coupling

with
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NOTE 1 This table gives general guidance only. In special 
circumstances more careful corrosion immunity 
considerations are required (see Annex E).

NOTE 2 Stranded conductors are more vulnerable to 
corrosion Than solid conductors. Stranded conductors are 
also vulnerable where they enter or exit earth/concrete 
positions. This is the reason why stranded galvanized 
steel is not recommended in earth.

NOTE 3 Galvanized steel may be corroded in clay soil or 
moist soil.

NOTE 4 Galvanized steel ii concrete should not extend 
into the soil due to possible corrosion of the steel just 
outside the concrete.

NOTE 5 Galvanized steel ii contact with reinforcement 
steel ii concrete may, under certain circumstances, cause 
damage to the concrete.

NOTE 6 Use of lead in the earth is often banned or 
restricted due to environmental concerns.

Surges relevant to services connected to the 
structure :-

The selection of the l 1 mp value can be based on values 
given in Table E.2 where the preferred values of l 1 mp are 
associated with the lightning protection level (LPL).

Expected surge overcurrents due to lightning flashes

  

Brief on Surge Protection Devices

Transient Protection

Transients (momentary spikes in voltage or current) can 

disrupt or damage the products connected to signal or 

power lines. Common sources of transients energy 

coupled from lightning, electrostatic discharge and circuits 

experiencing a sudden change in current due to a switch 

opening or a short occurring.

Transient protection devices attempt to re-direct the 

energy in these transients by taking advantage of the 

differences between the transient waveform and the 

intended signal or power waveform. The most common 

transient protection schemes limit the voltage amplitude, 

current amplitude or transition times on the circuit they are 

protecting.

Voltage-Limiting Devices

Figure 1 illustrates how a voltage limiting transient 

protection device might be used to protect an input of a 

VLSI component mounted on a printed circuit board. At 

normal signal or power voltages, the device has a high-

impedance and does not significantly affect the operation 

of the circuit. However, if the voltage across the device 

exceeds a threshold, the impedance across its terminals 

decreases suddenly diverting current from the component 

being protected.

Low voltage systems Telecommunication lines

Flash to Flash near Near to or on the Flash to the Flash near the Near to, or on the
the service the service structure service service structure

Source of Source of Source of damage Source of Source of Source of damage
LPL damage S3 damage S4 S1 or S2 (induced damage S3 damage S4 S2 (induced

(direct flash) (indirect flash) current only for S1) (direct flash) (indirect flash) current
Waveform: Waveform: Waveform: 8/20 µs waveform: measured: Waveform: 8/20 µs
10/350 µs 8/20 µs (kA) 10/350 µs 5/300 µs (kA)

(kA) (kA) (kA) (estimated: 8/2
0 µs
(kA)

III-IV 5 2.5 0.1 1 0.01 (0.05) 0.05

I-II 10 5 0.2 2 0.02 (0.1) 0.1

For shielded lines, the values of the overcurrents given in 
Table E.2 can be reduced by a factor of 0.5.
NOTE It is assumed that the resistance of the shield is 
approximately equal to the resistance of all service 
conductors in paralleal.

Figure 1. 
Voltage-limiting transient protection on a 

printed circuit board.

Annexure V

Table E.2
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Diodes

Diodes are perhaps the most common protection device 
for low-voltage applications. An unbiased diode generally 
has a high impedance when the potential across its 
terminals is below about 0.5 volts. The impedance drops 
quickly at higher voltages. Diodes can be combined in 
series to reach higher threshold voltages or reversed-
biased Zener diodes can be employed. Generally, diodes 
are used in applications requiring a threshold voltage of 
anywhere from 0.5 to a few volts.

Diodes are voltage limiting devices, which means they 
conduct just enough current to hold the voltage to the 
threshold level. They are relatively fast acting with 
response times fast enough to protect sensitive 
semiconductor inputs. However, diodes are generally 
incapable of dissipating much energy before they fail. A 
failed diode may look like an open circuit or a short circuit, 
but is more likely to fail short.

Varistors

Varistors are another type of voltage limiting device often 
made from metal oxide powder. Varistors can be designed 
to have threshold voltages anywhere from 0.5 volts to 10s 
of volts. They are generally capable of dissipating more 
energy than diodes, but they are also likely to have more 
parasitic capacitance, which may make them unsuitable 
for high-speed signal applications. Like diodes, they are 
more likely to fail short than open.

Thyristors

Thyristors are semiconductor devices like diodes. They 
are generally capable of dissipating much more energy 
than diodes however, and they can be found with a variety 
of threshold voltages. Unlike diodes and varistors, 
thyristors are crowbar devices, which means that they 
effectively “short out” when their threshold voltage is 
exceeded and the voltage across them drops to near zero.

Gas Discharge Devices

Lightning protection for early telephone equipment in 
homes consisted of two pointed pieced of metal in close 
proximity. When the voltage across these metal pieces 
exceeded the threshold, the air between the metal pieces 

would break down forming an arc. This is still an effective 
transient protection scheme for large voltages, but today's 
devices are enclosed in a glass or plastic tube filled with a 
gas that breaks down more predictably than air.

Gas discharge tubes are capable of dissipating relatively 
large amounts of energy without being damaged. They 
also have relatively low capacitance, so they are less likely 
to distort fast or high-frequency signals. They are 
generally designed with threshold voltages anywhere 
from lOs to lOOs of volts and are crowbar devices like 
thyristors.

Gas discharge tubes are likely to fail open making it 
difficult to tell whether they are working properly. However, 
a failed discharge tube will not interfere with normal 
operation of the device it is connected to. Neon bulbs 
behave like gas discharge tubes and can be an 
inexpensive way to provide primary transient protection 
(threshold m70 volts) for many applications.

Current-Limiting Devices

Devices such as fuses, circuit breakers and thermal 
protection devices are triggered by current rather than 
voltage. These devices are placed in series with the power 
or signal lines leading to the equipment being protected. 
They normally have a very low impedance, but open 
(become a high impedance) when too much current flows 
through them. Once they are triggered, current limiting 
devices block power from reaching the equipment being 
protected without having to dissipate that power as heat. 
Therefore, there is virtually no limit to the amount of energy 
(or power) that they can handle. However, current-limiting 
devices do not generally respond fast enough to protect 
equipment from the fast transients generated by lightning 
or electrostatic discharge.

Transition-Time Limiting Devices

Voltage and current limiting devices take a finite amount of 
time to respond. If the transient is fast, the damage may 
occur before the protection device has a chance to 
operate. Often, the best transient protection is a simple 
capacitor or ferrite bead designed to slow any change in 
voltage or current due to an induced transient.
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Figure 2 illustrates how a capacitor on a sensitive input to a 
VLSI component can slow the risetime associated with 
any transients induced. Often, integrated circuit inputs will 
respond to very fast transients even when this is not 
required for the proper operation of the device. For 
example, the reset input on a microprocessor is not 
generally switched on a frequent basis. When it is 
switched, it normally doesn't matter if the switching occurs 
in microseconds or milliseconds. Nevertheless, these 
inputs often respond to transients on the order of 
nanoseconds. Slowing these inputs by adding a shunt 
capacitor, can eliminate problems due to very fast 
transients (e.g. those resulting of ESD) without having any 
adverse effect on the operation of the device.

Ferrite beads or resistors can be used to provide 
transition-time limiting transient protection for low-
impedance (e.g. high-capacitance) inputs. Ferrite beads 
have the advantage that no DC voltage is dropped across 
them. However, when using a ferrite bead, it is important to 
ensure that the signal or power currents do not saturate 
the ferrite material.
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Figure 2

Using a filter capacitor to slow the 

response of a fast input

Capacitors have several advantages over other transient 
protections devices. They are relatively small, inexpensive 
and their linear behavior is relative easy to predict and 
model. They have a relatively large energy storage 
capacity compared to the devices they protect, so they are 
not likely to fail if properly sized. Although capacitors 
generally behave like short circuits when exposed to 
voltages higher than their rated value, their behavior under 
these conditions is not reliable; so capacitors should not 
be used as voltage-limiting transient protection devices.
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STUDY  OF  POWER  QUALITY  &  RELATED  ISSUES

1.0 Introduction

The use of electrical gadgets in modern society is 
increasing day-by-day. We can not think of managing 
without electricity in home, office and public places. The 
failure of electrical equipments with or without apparent 
reason is also on increasing trend. One major cause of 
undefined poor performance or failure of electrical 
gadgets is the poor quality of Electrical Power.

The awareness of issues relating to electrical power 
quality is gaining importance. An effort is made in this 
report, to deliberate upon some common Power Quality 
Problems like :- Harmonic Distortion, Voltage Dip & 
Surges, Unbalance, Flicker and Transients. Both reasons 
and remedies of these disturbances are explained with the 
help of necessary diagrams.

It is expected that, this report on “Power Quality 
Issues” shall be of immense help in increasing the basic 
awareness about Power Quality in the minds of electrical 
engineers of Indian Railways.

2.0 Power Quality - 

Power Quality is defined as the correctness of sinusoidal 
waveform of power-supply, consistently. A perfect-quality 
power supply would be one that is :-

• always available, 

• is always within voltage tolerances,

• is always within frequency tolerances,

• and has a pure noise-free sinusoidal wave shape. 

Just how much deviation from perfection can be tolerated, 
depends on the user’s application, the type of equipment 
installed and his view of his requirements.

2.1 Power Quality defects – 

Power quality defects or the deviations from 
perfection fall into five categories: –

1. Harmonic distortion 

2. Dips (or sags) and Surges (or swells)

3. Unbalance

4. Flicker 

5. Transients 

Responsibility to ensure Power Quality –

It is practically and economically not feasible for Power-
Generation and Utility Company to ensure the high-quality 
power all the time to all its customers, due to unforeseen 
problems like gale or storm affecting overhead lines or 
cable damage due to road digging etc. It is therefore more 
of consumer’s responsibility to take steps to ensure that 
the quality of power delivered to his own process is good 
enough, with the clear implication that this quality level 
may well be higher than that delivered to the plant by the 
supplier. Ensuring good power quality requires good initial 
design, effective correction equipment, cooperation with 
the supplier, frequent monitoring and good maintenance. 
In other words, it requires a holistic approach and a good 
understanding of the principles and practice of power 
quality improvement.

2.2 Electric Power Quality is gaining importance 
because of following factors :-

1. The society is becoming increasingly dependent on 
electrical supply, and the end users’ awareness in power 
quality issues has increased.

2. New equipments are more sensitive to power quality 
variations.

By A. A. Phadke/Sr. Professor
(Based on Project Report)
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3. New power electronic equipments, such as variable 
speed drives and SMPS, have brought new disturbances 
into the supply system.

4. Traditionally, the generation, transmission, 
distribution and retail services had been bundled into one 
regulated company, which was  responsible for the quality 
of power. In a deregulated environment, who will be 
responsible for the power quality?

5. The deregulated environment may reduce the 
maintenance and investments into the power system and. 
Hence, may affect the investments required for improving 
power-quality.

6. Emerging of distributed generation as a side effect of 
the deregulation, distributed generation changes the way 
how the utility grid is operated and introduces new power 
quality challenges. 

7. New instruments and modern methods of power 
quality measurements are now available.

2.3 Repercussions of poor Power Quality -

Electrical power is an important raw material for all 
commercial operations and, like any other raw material, 
the quality of supply is very important. The repercussions 
of poor power-quality are summarized as under:-

1. Repercussions of Harmonic Distortion :-

Harmonic distortion caused by non-linear loads on the 
electricity supply system, result in currents in the system 
that are of higher magnitude than expected and contain 
harmonic frequency components. These currents cannot 
be adequately measured by some of the lower cost 
portable test meters commonly used by installation and 
maintenance technicians, leading to current levels being 
seriously under-estimated – sometimes by as much as 40 
%. This error in magnitude alone can result in circuits 
being installed with conductors that are too small. Even if 
the current is within the capacity of the over-current 
protection device, conductors run at higher temperatures 
and waste energy – typically 2-3 % of the load. Frequently 
the over-current protection device rating is too close to the 

real load current (because it was under-estimated) and the 
circuit is prone to so-called nuisance tripping.

The harmonic frequency components cause greatly 
increased eddy current losses in transformers because 
such losses are proportional to the square of the 
frequency. Because the losses are higher, the operating 
temperature of the transformer is higher and the lifetime is 
considerably shortened. Even moderately loaded 
transformers supplying IT loads will have much lower 
lifetimes than expected unless proper precautions are 
taken.

The economic effects of harmonics are shorter 
equipment lifetime, reduced energy efficiency and a 
susceptibility to nuisance tripping. The cost of nuisance 
tripping, like any other unplanned shortage, can be very 
significant. Shorter equipment lifetime can be very 
expensive. Equipment such as transformers is usually 
expected to last for 30 or 40 years and having to replace it 
in 7 to 10 years can have serious financial consequences. 
The cost of avoidance is relatively small, requiring only 
good installation practice and proper equipment selection. 
Installing cables that are one to two sizes greater than the 
calculated minimum, reduces losses and operating costs 
at very little increase in initial cost.

2. Repercussions of Black Out  & Interruptions :-

The most obvious power defects are complete interruption 
(which may last from a few seconds to several hours). 
Naturally, long power interruptions are a problem for all 
users, but many operations which are very sensitive to 
interruptions are:

a) Continuous process operations, e.g. steel or paper 
manufacturing, where short interruptions can disrupt the 
synchronization of the machinery and result in large 
volumes of semi-processed product. A typical example is 
the paper making industry where the clean-up of 
unfinished paper & pulp is long and expensive.

b) Multi-stage batch operations, where an interruption 
during one process can destroy the value of previous
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operations. An example of this type is the semiconductor 
industry, where the production of a wafer requires a few 
dozen processes over several days and the failure of a 
single process is catastrophic.

c) Data processing, where the value of the transaction is 
high but the cost of processing is low, such as share and 
foreign exchange dealing. The inability to trade can result 
in large losses that far exceed the cost of the operation.

3.  Repercussions of Voltage Dip :-

There are huge costs for what might seem to be trivial 
events lasting less than a second. The problem is that, 
since the response of individual items such as data 
processing equipment, or variable speed motor drives to 
dips is undefined, the behavior of a system is impossible to 
predict or control. For continuous processes, such as 
papermaking, the effect of a dip is just as serious as a 
complete blackout, with the same cleanup costs, raw 
material losses and lost production. For computer based 
operations the time taken to re-boot a large number of 
workstations and recover pending transactions and 
unsaved documents can take several hours. The 
semiconductor industry is particularly vulnerable because 
wafers require two dozen or so manufacturing stages to be 
completed over several days. If a wafer is spoiled towards 
the end of the process all the value of the work done is lost. 
The rate of development in semiconductors is now so fast, 
competition so intense and product life cycles so short that 
the loss of product is a major concern not only to the 
suppliers but also to their customers who cannot build and 
ship their own products.

4. Repercussions of Transients :-

The damage that results may be instantaneous, such as 
the catastrophic failure of electrical plant or appliances, or 
the corruption of data within computers or on network 
cabling, or it may be progressive with each event doing a 
little more damage to insulation materials until 
catastrophic failure occurs. The cost of replacing the failed 
equipment and the cost of the downtime involved must be 
considered. Damage from transients can be sneaky.

Though there have been catastrophic failures, such as a 
direct lightning strike to a building’s wiring, they are more 
often failures resulting from the repetitive chipping away of 
the silicon material inside semiconductors or the dielectric 
material of capacitors, erroneous data transfers or 
corrupted data stored in memory.

3.0 HARMONIC  DISTORTION

Harmonic distortion is the availability of power system 
frequencies that are integral multiples of the fundamental 
supply frequency, i.e. for a fundamental of 50 Hz, the third 
harmonic would be 150 Hz and the fifth harmonic would be 
250 Hz etc. Figure 1 below shows a fundamental with 70 
% third harmonic and 50 % fifth harmonic added and the 
resultant distorted waveform.

Distorted Current Waveform

The resultant waveform is clearly not a sinewave and it 
means that normal measurement equipment, such as 
averaging-reading rms-calibrated type multimeters, will 
give inaccurate and lower than actual readings. It may 
also be noted that, there are six zero crossing points per 
cycle instead of two, so any equipments that use zero-
crossing as a reference will malfunction. The waveform 
contains non-fundamental frequencies and has to be 
treated accordingly. When talking about harmonics in 
power installations it is the current harmonics that are of 
most concern because the harmonics originate as 

Figure 1
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currents and most of the ill effects are due to these 
currents. When harmonics propagate around a 
distribution system, that is, to branch circuits not 
concerned with carrying the harmonic current, they do so 
as voltages. It is very important that both voltage and 
current values are measured and that quoted values are 
explicitly specified as voltage and current values.

3.1 Causes of Harmonics :-
How Harmonics are generated in an ideal clean 
power system :-

The ideal current and voltage waveforms are pure 
sinusoids. In practice, non-sinusoidal currents result 
when the current flowing in the load is not linearly related 
to the applied voltage. In a simple circuit containing only 
linear circuit elements - resistance, inductance and 
capacitance - the current which flows is proportional to the 
applied voltage (at a particular frequency) so that, if a 
sinusoidal voltage is applied, a sinusoidal current will flow, 
as illustrated in Figure 2. The load-line is the relationship 
between the voltage applied and the current that results in 
the load; that shown in Figure 2 corresponds to a linear 
load. Note that where there is a reactive element there will 
be a phase shift between the voltage and current 
waveforms; the power factor is reduced, but the circuit can 
still be linear.

Figure 3 shows the situation where the load is a simple full-
wave rectifier and capacitor, such as the input stage of a 
typical switched mode power supply. In this case, current 
flows only when the supply voltage exceeds that stored on 
the reservoir capacitor, i.e. close to the peak of the voltage 
sinewave, as shown by the shape of the load line.

Current waveform in a Non-Linear load

Any cyclical waveform can be deconstructed into a 
sinusoid at the fundamental frequency plus a number of 
sinusoids at harmonic frequencies. Thus the distorted 
current waveform in Figure 3 can be represented by the 
fundamental plus a percentage of second harmonic plus a 
percentage of third harmonic and so on, possibly up to the 
thirtieth harmonic. For symmetrical waveforms, i.e. where 
the positive and negative half cycles are the same shape 
and magnitude, all the even numbered harmonics are 
zero. Even harmonics are now relatively rare but were 
common when half wave rectification was widely used. 

The harmonic currents generated by the load – or more 
accurately converted by the load from fundamental to 
harmonic current – have to flow around the circuit via the 
source impedance and all other parallel paths. As a result, 
harmonic voltages appear across the supply impedance 
and are present throughout the installation.

Figure 3

Current waveform in a linear load

Figure 2
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3.2 Harmonic Indices :-

Certain Definitions and index value limits given by IEEE 
519-1992 “Recommended Practices and Requirements 
for Harmonic Control in Electrical Power Systems” help us 
assess the quality of service as it relates to distortion 
caused by the presence of harmonics. These values, or 
harmonic indices, serve as a useful metric of system 
performance. The two most frequently used are Total 
Harmonic Distortion (THD) and Total Demand Distortion 
(TDD). They are measures of the effective value of a 
waveform and can be applied to both current and voltage 
values.

3.3 Point of Common Coupling (PCC)

Def. 1 - “Point of common coupling (PCC) with the 
consumer-utility interface.” (Current harmonic emphasis)

Def. 2 - “Within an industrial plant the point of common 
coupling is the point between the nonlinear load and other 
loads.” (Voltage harmonic emphasis).

3.5 Total Demand Distortion (TDD) - 
A small current can have a high THD but not be a 
significant threat. For example, many adjustable-speed 
drives will exhibit high THD values for the input current 
while operating at very light loads. This shouldn’t be a 
concern, because the magnitude of harmonic current 
would be low in this instance, even though its relative 
current distortion is quite high. Responding to such 
scenarios, some analysts have referred to an Index as the 
fundamental of the peak demand load current rather than 
the fundamental of the present sample. This is called total 
demand distortion, or TDD. The ratio of root-sum-square 
of harmonic current distortion to root-mean-square of 
maximum demand load current, in percent of the 
maximum demand load current at the fundamental.  (15 or 
30 min demand).

I  / I  - The ratio of the short-circuit current available at the SC L

Point of Common Coupling (PCC), to the maximum 
fundamental load current.

3.4 Total Harmonic Distortion (THD) or Distortion 
Factor (DF) - The ratio of the root-mean-square of the 
harmonic contents to the root-mean-square value of the 
fundamental quantity, expressed as a percent of the 
fundamental.

Mathematical Definition of Total Demand Distortion (TDD)
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Relation between TDD & THD :- TDD equals the 
THD of the nonlinear load, multiplied by the ratio of 
nonlinear load to the total (demand) load:

   KVANL

TDD = THD  ——————-NL

   KVATL

Where TDD = TDD of the system
THD   = THD of the nonlinear loadsNL

KVA   = kVA of Nonlinear LoadNL

KVA   = kVA of Total Load (nonlinear + linear)TL

4.0  Types of Equipment that generate Harmonics :-

Harmonic load currents are generated by all non-linear 
loads. These include:

(A) Single phase loads, e.g. :-

· Switched Mode Power Supplies (SMPS) 
used in Computers etc.

· Electronic Fluorescent Lighting Ballasts 
(EFLB), used in CFL etc.

 (B) Three phase loads, e.g. :-

· Variable speed drives

· Large UPS units

4.1 Switched Mode Power Supplies (SMPS) :-

The majority of modern electronic units like PCs, use 
switched mode power supplies (SMPS). These use direct 
controlled rectification of the supply to charge a reservoir 
capacitor from which the direct current for the load is 
derived by a method appropriate to the output voltage and 
current required. The advantage – to the equipment 
manufacturer – is that the size, cost and weight is 
significantly reduced but the disadvantage – to everyone 
else – is that, rather than drawing continuous current from 
the supply, the power supply unit draws pulses of current, 
typical of a non-linear load, which contain large amounts of 
third and higher harmonics and significant high frequency 
components shown in below chart (see Figure 4).

Harmonic spectrum of a typical PC

Figure 4

Basic for Harmonic Current Limits

SCR at PCC Maximum Individual Related Assumption
Frequency Voltage

Harmonic (%)

10 2.5-3.0% Dedicated system

20 2.0-2.5% 1 to 2 large customers

50 1.0-1.5% A few relatively large
customers

100 0.5-1.0% 5 to 20 medium-size
customers

1,000 0.05-0.10% Many small customers
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A simple filter is fitted at the supply input to bypass the high 

frequency components from line and neutral to ground but 

it has no effect on the harmonic currents that flow back to 

the supply. Single phase UPS units exhibit very similar 

characteristics to SMPS. For high power units there has 

been a recent trend towards so-called power factor 

corrected inputs. The aim is to make the power supply load 

look like a resistive load so that the input current appears 

sinusoidal and in phase with the applied voltage.

4.2 Fluorescent  lighting  ballasts :-

Electronic lighting ballasts have become popular in recent 

years following claims for improved efficiency. Overall they 

are only a little more efficient than the best magnetic 

ballasts and in fact, most of the gain is attributable to the 

lamp being more efficient when driven at high frequency 

rather than to the electronic ballast itself. Their chief 

advantage is that the light level can be maintained over an 

extended lifetime by feedback control of the running 

current - a practice that reduces the overall lifetime 

efficiency. Their great disadvantage is that they generate 

harmonics in the supply current. Compact fluorescent 

lamps (CFL) are now being sold as replacements for 

tungsten filament bulbs. The harmonic current spectrum is 

shown in Figure 5 as bar chart.

4.3 Three phase loads :-

Variable speed controllers, large UPS units and DC 
converters used for induction furnaces etc. are in general 
usually based on the three-phase bridge, also known as 
the six-pulse bridge because there are six pulses per cycle 
(one per half cycle per phase) on the DC output. The six 
pulse bridge produces harmonics at 6n +/- 1, i.e. at one 
more and one less than each multiple of six. So minimum 

thharmonic is 5 . In theory, the magnitude of each harmonic 
is the reciprocal of the harmonic number, so there would 
be 20 % fifth harmonic and 9 % eleventh harmonic, etc. A 
typical spectrum of 6-pulse Bridge is shown in Figure 
below.

Figure 5

Harmonic Current Spectrum of a typical CFL

5.0 Effects of Harmonics within the installation :-
There are several common problem areas caused by 
harmonics: -
(A) Problems caused by harmonic currents:

· overloading of neutrals
· overheating of transformers
· nuisance tripping of circuit breakers
· over-stressing of power factor correction 

capacitors
· skin effect

Figure 6

Typical Harmonics Found for Different Converters
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(B) Problems caused by harmonic voltages:
·     voltage distortion
· induction motors
· zero-crossing noise

(C) Problems caused when harmonic currents reach the 
supply:-

When a harmonic current is drawn from the supply 
it gives rise to a harmonic voltage drop proportional to the 
source impedance at the point of common coupling (PCC) 
and the current. Since the supply network is generally 
inductive, the source impedance is higher at higher 
frequencies. Of course, the voltage at the PCC is already 
distorted by the harmonic currents drawn by other 
consumers and by the distortion inherent in transformers, 
and each consumer makes an additional contribution. 
Clearly, customers cannot be allowed to add pollution to 
the system to the detriment of other users, so in most 
countries the electrical supply industry has established 
regulations limiting the magnitude of harmonic current 
that can be drawn.

(A)  Problems caused by harmonic currents  and 
Remedies :-

1. Neutral conductor over-heating -

In a three-phase system the voltage waveform from each 
phase to the neutral star point is displaced by 120° so that, 
when each phase is equally loaded, the combined current 
in the neutral is zero. When the loads are not balanced 
only the net out of balance current flows in the neutral. In 
the past and even present, general practice is installing 
half-sized neutral conductors. However, although the 
fundamental currents cancel out, the harmonic currents 
do not - in fact those that are an odd multiple of three times 
the fundamental, the ‘triple-N’ harmonics, add in the 
neutral. Figure 7 shows the effect. In this diagram the 
phase currents, shown at the top, are introduced at 120° 
intervals. The third harmonic of each phase is identical, 
being three times the frequency and one-third of a 
(fundamental) cycle offset. The effective third harmonic 
neutral current is shown at the bottom. In this case, 70 % 
third harmonic current in each phase results in 210 % 
current in the neutral.

Case studies in commercial buildings generally show 
neutral currents between 150 % and 210 % of the phase 
currents, often in a half-sized conductor, and therefore at 
least equal size conductor is recommended for neutral to 
avoid its heating while feeding non-linear loads.
2. Effects on transformers :-
Transformers are affected in two ways by harmonics. 
Firstly, the eddy current losses, normally about 10 % of the 
loss at full load, increase with the square of the harmonic 
number. In practice, for a fully loaded transformer 
supplying a load comprising IT equipment the total 
transformer losses would be twice as high as for an 
equivalent linear load. This results in a much higher 
operating temperature and a shorter life. The eddy current 
loss depends on the square of the conductor dimension 
perpendicular to the leakage flux field. Reducing 
conductor size reduces the percentage eddy current loss 
but, increases the ohmic loss. Using multiple strands per 
winding reduces both eddy current loss and ohmic loss, 
but because the conductors are of unequal length, 
circulating currents are generated which cause excess 
loss. This can be avoided by the use of continuously 
transposed conductors, shown in Figure 8, for the high 
current winding. Small transformers inherently have small 
conductor sizes due to low currents.

Triple-N currents add in the neutral

Figure 7

Continuously transposed conductor
Figure 8
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The ‘K-factor’ Transformer: - There are different 
approaches to accounting for additional losses in 
selecting a transformer. The first, devised by transformer 
manufacturers, is to calculate the factor-increase in eddy 
current loss and specify a transformer designed to cope 
with that; this is known as the ‘K-factor’.

Many power quality meters read the K-factor of the load 
current directly. Once the K-factor of the load is known, it is 
a simple matter to specify a transformer with a higher K-
rating from the standard range of 4, 9, 13, 20, 30, 40, 50 
etc.

Note that a pure linear load – one that draws a sinusoidal 
current – would have a K-factor of unity. A higher K-factor 
indicates that the eddy current loss in the transformer will 
be K times the value at the fundamental frequency. ‘K-
rated’ transformers are therefore designed to have very 
low eddy current loss at fundamental frequency. 

Non-sinusoidal currents cause excessive heating in 
transformers due to the increase in the losses, especially 
the eddy current losses. Where existing or standard 
transformers are used to supply non-linear loads, they 
should be de-rated in a manner appropriate to their 
construction. For new installations, specially constructed 
(or K rated) transformers should be selected if possible, 
otherwise appropriate de-rating should be used.

The second effect concerns the triple-N harmonics. When 
reflected back to a delta winding they are all in phase, so 
the triple-N harmonic currents circulate in the winding. The 
triple-N harmonics are effectively absorbed in the winding 
and do not propagate onto the supply, so delta wound 
transformers are useful as isolating transformers. Note 
that all other, non triple-N, harmonics pass through. This 
circulating current has to be taken into account when 
rating the transformer.

3. Nuisance tripping of circuit breakers :-

Residual current circuit breakers (RCCB) operate by 
summing the current in the phase and neutral conductors 
and, if the result is not within the rated limit, disconnecting 
the power from the load. Nuisance tripping can occur in 
the presence of harmonics for two reasons. Firstly, the 
RCCB, being an electromechanical device, may not sum 
the higher frequency components correctly and therefore 
trips erroneously. Secondly, the kind of equipment that 
generates harmonics also generates switching noise that 
must be filtered at the equipment power connection. The 
filters normally used for this purpose have a capacitor from 
line and neutral to ground, and so leak a small current to 
earth. This current is limited by standards to less than 3.5 
mA, and is usually much lower, but when equipment is 
connected to one circuit, the leakage current can be 
sufficient to trip the RCCB. The situation is easily 
overcome by providing more circuits, each supplying 
fewer loads. Nuisance tripping of miniature circuit 
breakers (MCB) is usually caused because the current 
flowing in the circuit is higher than the expected from 
calculation or simple measurement due to the presence of 
harmonic currents. Most portable measuring instruments 
do not measure true RMS values and underestimate non-
sinusoidal currents by 40 %. 

4. Over-stressing of power factor correction 
capacitors :-

Power factor correction capacitors are provided in order to 
draw a current with a leading phase angle to offset lagging 
current drawn by an inductive load such as induction 
motors. Figure 9 shows the effective equivalent circuit for 
a PFC capacitor with a non-linear load. The impedance of 
the PFC capacitor reduces as frequency rises, while the 
source impedance is generally inductive and increases 
with frequency. The capacitor is therefore likely to carry 
quite high harmonic currents and, unless it has been 
specifically designed to handle them, extensive damage 
to PFC can result.

h = h

h = 2

max

K = Ó h
h
I2 2

where:

h = harmonic number

I  = the fraction of total rms load current at harmonic number hh
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A potentially more serious problem is that the capacitor 
and the stray inductance of the supply system can 
resonate at or near one of the harmonic frequencies 
(which, of course, occur at 100 Hz intervals). When this 
happens very large voltages and currents can be 
generated, often leading to the catastrophic failure of the 
capacitor system. Resonance can be avoided by adding 
an inductance in series with the capacitor such that the 
combination is just inductive at the lowest significant 
harmonic. This solution also limits the harmonic current 
that can flow in the capacitor.

5. Increased skin effect :-

Alternating current tends to flow on the outer surface of a 
conductor. This is known as skin effect and is more 
pronounced at high frequencies. Skin effect is normally 
ignored because it has very little effect at power supply 
frequencies but above about 350 Hz, i.e. the seventh 
harmonic and above, skin effect will become significant, 
causing additional loss and heating. Where harmonic 
currents are present, designers should take skin effect 
into account and de-rate cables accordingly. Multiple 
cable cores or laminated busbars can be used to help 
overcome this problem. Note also that the mounting 
systems of busbars must be designed to avoid 
mechanical resonance at harmonic frequencies.

(B)  Problems caused by Harmonic Voltages :-

1. Voltage Distortion :- Because the supply has source 
impedance, harmonic load currents give rise to harmonic 

voltage distortion on the voltage waveform (this is the 
origin of ‘flat topping’). There are two elements to the 
impedance: that of the internal cabling from the point of 
common coupling (PCC), and that inherent in the supply at 
the PCC, e.g. the local supply transformer. The former is 
illustrated in Figure 10.

Equivalent circuit of a non-linear load with a PFC capacitor

Figure 9

Voltage distortion caused by a non-linear load

Figure 10

The distorted load current drawn by the non-linear load 
causes a distorted voltage drop in the cable impedance. 
The resultant distorted voltage waveform is applied to all 
other loads connected to the same circuit, causing 
harmonic currents to flow in each of them - even if they are 
linear loads. The solution is to separate circuits supplying 
harmonic generating loads from those supplying loads 
which are sensitive to harmonics as in Figure 11. 

Figure 11

Separation of linear and non-linear loads
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Here separate circuits feed the linear and non-linear loads 
from the point of common coupling, so that the voltage 
distortion caused by the non-linear load does not affect the 
linear load. When considering the magnitude of harmonic 
voltage distortion it should be remembered that, when the 
load is transferred to a UPS or standby generator during a 
power failure, the source impedance and the resulting 
voltage distortion will be much higher. Where local 
transformers are installed, they should be selected to have 
sufficiently low output impedance and to have sufficient 
capacity to withstand the additional heating, in other 
words, by selecting an appropriately oversized 
transformer. Note that it is not appropriate to select a 
transformer design in which the increase in capacity is 
achieved simply by forced cooling – such a unit will run at 
higher internal temperatures and have a reduced service 
life. Forced cooling should be reserved for emergency use 
only and never relied upon for normal running.

2. Increased losses & heating in Induction Motors :-

Harmonic voltage distortion causes increased eddy 
current losses in motors in the same way as in 
transformers. However, additional losses arise due to the 
generation of harmonic fields in the stator, each of which is 
trying to rotate the motor at a different speed either 
forwards or backwards. High frequency currents induced 
in the rotor further increase losses. Where harmonic 
voltage distortion is present, motors should be de-rated to 
take account of the additional losses.

The positive sequence values are those that could cause 

the motor to rotate in the same direction as the 

fundamental frequency, whereas the negative 

sequencing components would try to turn the motor in the 

opposite direction. The net result is heat in the motor, 

which again causes premature aging of the motor.

3. Zero-crossing noise :-

Many electronic controllers detect the point at which the 

supply voltage crosses zero volts to determine when loads 

should be turned on. This is done because switching 

reactive loads at zero voltage does not generate 

transients, so reducing ElectroMagnetic Interference 

(EMI) and stress on the semiconductor switching devices. 

6.0  VOLTAGE  DIP  OR  SAG

A voltage dip is a short-term reduction in, or complete loss 

of, RMS voltage. It is specified in terms of duration and 

retained voltage, usually expressed as the percentage of 

nominal RMS voltage remaining at the lowest point during 

the dip. In the case of dip or sag, the sudden, large 

increase in the current required from a source will cause a 

larger voltage to be developed across the source 

impedance. This will result in a reduction in the voltage, as 

seen by the load. A voltage dip means that the required 

energy is not being delivered to the load and this can have 

serious consequences depending on the type of load 

involved. Motor drives, including variable speed drives, 

are particularly susceptible because the load still requires 

energy that is no longer available. 

IEEE 1159-1995 “Recommended Practice on Monitoring 

Electric Power Quality” has defined them as follows:

- Sag or Dip - is a decrease to between 0.1 and 

0.9 pu in rms voltage or current at the power 

frequency for durations of 0.5 cycles to 1 minute.

- Swell or Surge – is an increase to between 1.1 

pu and 1.8 pu in rms voltage or current at the 

power frequency durations from 0.5 to 1 minute.

+ +
ABC

Three Phase Vectors equals the sum of the 
Positive Sequence + the Negative Sequence + the Zero Sequence vectors.

In many systems, the harmonic components can be associated with the different
sequencing vectors. The table below shows which type of sequencing component that
each harmonic is.

HARMONIC

SEQUENCE

1ST
FUND

2ND 3RD 4TH 5TH 6TH 7TH etc

+ - 0 + - 0 +

C C

C

B
B

B

A
A A

=
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single line-to-ground. The 3-phase faults are the most 
severe, but are relatively unusual. “Single line-to-ground 
faults on the utility system are the most common cause of 
voltage sags in an industrial plant”. Preliminary results 
from the EPRI study indicate that most important cause of 
momentary voltage sags is lightning strikes. In the majority 
of sags, the voltage drops to about 80% of nominal value 
on the parallel feeders, while the faulted feeder may have 
a lower sag value, or may result in an outage if the fault 
cannot be cleared. Distribution system sags tend to cluster 
around several duration ranges based on the fault 
protection schemes: 6-20 cycles (typical distribution fault 
clearing times, 30-60 cycles (the instantaneous reclosing 
time for breakers) or 120-600 cycles (the delayed 
reclosing time for breakers).

Sudden increases in the current requirement can have the 
same effect within a facility’s wiring as on a utility 
distribution system. Voltage sags can be caused by fault 
conditions within the building, or the start up of large 
inductive loads, such as motors, that create a temporary in 
rush current condition. The starting of large horsepower 
motors that would draw adequate current are typically 
longer in duration than 30 cycles, and the associated 
voltage magnitudes are not as low as with a utility fault. 
The voltage sag condition lasts untill the large current 
demand decreases, or the fault is cleared by a protective 
device. In the plant, this will typically be a fuse or a plant 
feeder breaker.

There can be two main classifications of causes of voltage 
dips :- 

· Starting of large loads either on affected site, or on 
the same circuit, and 

· Faults on other branches of the network.

6.2   Dips caused by starting of large loads :-

When heavy loads are started, such as large drives, the 
starting current can be many times the normal running 
current. Since the supply and the cabling of the installation 
are dimensioned for normal running current the high initial 
current causes a voltage drop in both the supply network 

6.1   Causes of voltage dips :-

The causes of voltage sags on a transmission level 
system are similar to those on a distribution system. They 
include the weather (especially lightning), construction 
accidents, transportation accidents, birds, animals or a 
fault on another part of the system causing “sympathetic” 
sags. There have been recorded instances of the nesting 
habits of large birds in the towers resulting in phase-to-
ground faults when the insulators were “shorted out” by 
bird droppings that were made into a conductive path 
during rain storms. 

Lightning is often attributed with being the most common 
cause of faults on overhead transmission and distribution 
lines. The fault can occur by lightning directly striking a 
phase conductor, or by striking a grounded object, such as 
shield wire or tower, which is called a backflash. A 
flashover develops from the voltage path across the 
phase conductors to ground or to another other phase, 
resulting in flow of fault current. Transmission-related 
voltage sags are normally shorter in duration than 
distribution voltage sags. This is attributed to the fact that 
the fault clearing mechanisms (the relay/breaker 
schemes) must react faster, because of the large amount 
of energy in transmission faults. Total time for fault 
detection and breaker operation is 3-6 cycles on older 
systems, with newer breakers having fault clearing times 
within a cycle.

Similar to the transmission system causes, weather 
(lightning, wind, ice), animal Contact, contamination of 
insulators, construction accidents, motor vehicle 
accidents, falling or contact with tree limbs can result in 
voltage sags. Such faults may be 3-phase, line-to-line, or 

Figure 12
Classification of voltage variations
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and the installation. The magnitude of the effect depends 
on how ‘strong’ the network is, that is, how low the 
impedance is at the point of common coupling (PCC) and 
on the impedance of the installation cabling. Dips caused 
by starting currents are characterized by being less deep 
and much longer than those caused by network faults.–

6.3   Dips originating from network faults :-

The supply network is very complex. The extent of a 
voltage dip at one site due to a fault in another part of the 
network depends on the topology of the network and the 
relative source impedances of the fault, load and 
generators at their common point of coupling. Figure 13 
shows an example.

they are affected by Level 1 and level 2 faults. Loads at 
Level 2 and 1 are progressively less sensitive to faults at 
Level 3. 

The ‘closer’ the load is to the source, the fewer and the 
less severe the dips will be. The duration of the dip 
depends on the time taken for the protective circuits to 
detect and isolate the fault and is usually of the order of a 
few hundred milliseconds. Since faults can be transitory, 
for example when caused by a tree branch falling onto a 
line, the fault can be cleared very soon after it has 
occurred. If the circuit were to be permanently 
disconnected by the protection equipment then all 
consumers on the circuit would experience a blackout until 
the line could be checked and reconnected. 

Auto-reclosers can help to ease the situation, but also 
cause an increase in the number of dips. An auto-recloser 
attempts to reconnect the circuit a short time (less than 1 
second) after the protection equipment has operated. If 
the fault has cleared, the auto-reclose will succeed and 
power is restored. Loads on that circuit experience a 100 
% dip between disconnection and auto-reclose while 
other loads see a smaller, shorter dip between the fault 
occurring and being isolated, as discussed above. If the 
fault has not cleared when the autorecloser reconnects, 
the protective equipment will operate again. The process 
can be repeated according to the program set for the 
particular autorecloser. Each time the autorecloser 
reconnects the faulty line another dip results, so that other 
consumers can experience several dips in series. 
Minimising the statistic of the average ‘customer minutes 
lost’, taking into account interruptions exceeding say one 
minute, has resulted in the widespread application of 
autoreclosers and an increase in the probability of dips. In 
other words, long term availability has been maximised 
but at the expense of quality.

6.4 Characteristics of equipment sensitivity to 
Voltage-sag

• Electronic equipment power supplies, such as those 
used in personal computers (PC) and programmable 
logic controllers (PLC) employ a reservoir capacitor 
to smooth out the peaks of the full wave rectified 

A fault at position F3 results in a dip to 0 % at Load 3, a dip 
to 64 % at Load 2 and to 98 % at Load 1. A fault at F1 will 
affect all users with a dip to 0 % at Load 1 and to 50 % for all 
other loads. Notice that a fault at Level 1 affects many 
more consumers more severely than a fault at Level 3. 
Loads connected at Level 3 are likely to experience many 
more dips than a load connected at Level 1 because there 
are more potential fault sites.

The cause of voltage dips

Figure 13
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waveform, so they should be inherently resilient to 
short duration dips.

• Variable speed drives can be damaged by voltage 
dips and are usually fitted with under voltage 
detectors that trip at 15 % to 30 % below nominal 
voltage.

• Induction motors have inertia so they may help to 
support the load during a short dip, regenerating 
energy as they slow down. This energy has to be 
replaced as the motor re-accelerates and, if the 
speed has reduced to less than 95 %, it will draw 
nearly the full start-up current. Since all the motors 
are ‘starting’ together, this may be the cause of 
further problems.

• Relays and contactors are also sensitive to voltage 
dips and can often be the weakest link in the system. 
It has been established that a device may drop out 
during a dip even when the retained voltage is higher 
than the minimum steady state hold-in voltage. The 
resilience of a contactor to dips depends not only on 
the retained voltage and duration but also on the 
point on the waveform where the dip occurs, the 
effect being less at the peak.

• Sag of duration longer than three cycles is often 
visible in a reduction in the output of lights. Sodium 
discharge lamps have a much higher striking voltage 
when hot than cold, so that a hot lamp may not restart 
after a dip. The magnitude of dip that will cause a 
lamp to extinguish may be as little as 2 % at the end of 
life or as high as 45 % when new.

6.5 Measures to reduce the impact of Sag or Dip :-

• Use of UPS & Voltage Regulators :- In the case of low 
power loads, such as IT equipment, un-interruptible 
power supplies (UPS) have been used to protect 
against both dips and short interruptions. The energy 
store is usually a rechargeable battery so they are 
not suitable for long durations. For shallow dips, 
where there is considerable retained voltage, there 
are several established automatic voltage regulator 
(AVR) technologies including electro-mechanical 

and electromagnetic devices. Because there is no 
need for stored energy, these devices can be used for 
long duration events such as under and over voltage. 
Where heavy loads or deep dips are concerned a 
Dynamic Voltage Restorer (DVR) is used. This 
device is series coupled to the load and generates the 
missing part of the supply; if the voltage dips to 70 %, 
the DVR generates the missing 30 %. DVRs cannot 
be used to correct long term under and over voltage.

• Low tower earth resistance and use of surge 
arresters.

• Tree trimming programmes.

• Preferring wye-wye or delta-delta configuration of 
transformer.

The following table shows what the transformer secondary 
voltages would be with SLTG (Single Line to Ground) 
faults :-

Utility companies can add dynamic voltage restorers, 
static condensers, fault current limiters, and/or high-
energy surge arresters. Since these are beyond the 
control of the end user of the electricity, the following 
concentrates on “in-the-facility” solution. These include: 
ferroresonant transformers, magnetically controlled 
voltage regulators (3-10 cycle response); electronic 
tapswitching transformers (1-3 cycles); shielded isolation 
transformers; static transfer switches (within 4 
milliseconds); static UPSs; and, rotary UPSs
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To determine that the sag is the result of a utility system 
operation, knowledge of the fault-clearing scheme used 
by utility, along with an accurate monitoring of the voltage 
and current waveforms is needed. By determining if the 
current amplitude stayed constant, increased slightly, or 
decreased during the voltage sag, it can usually be 
determined that it was a source-generated sag, not a load-
generated sag. With most switch-mode power supplies 
(SMPS) that are not heavily loaded, the voltage sag will 
reduce in input voltage to the power supply to a value less 
than the voltage level on the filter capacitor after the 
rectifying circuit. While this condition remains, no current 
will be drawn. When the voltage on the capacitor is 
depleted below the voltage of the sag, then current will 
again be drawn. With a linear load, the current draw will go 
down proportionally to the decrease in the voltage. 
Constant power devices will increase the current drawn 
slightly, to maintain a constant power with the decreased 
voltage of the sag. Knowing the transformer configuration 
at the service entrance (or any secondary transformer in 
series back toward the source), can also provide useful 
information in determining if it was a source generated 
sag. If current is not monitored, there are some other clues 
that point to the source of the sag being a utility protection 
scheme operation. Since the contacts do not open or close 
cleanly, there will often be some voltage transients 
observed during the cycle at each end of the fault. Another 
clue is that the voltage usually drops abruptly and recovers 
abruptly. Since most industrial loads do not cycle on for 3-
10 cycles only, and a motor start results in a voltage sag 
that recovers gradually, this type of fault is often readily 
discernible.

Voltage Swells  are less common than voltage sags, but 
are usually associated with system fault conditions. A 
swell can occur due to a single line-to-ground fault on the 
system, which can also result in a temporary voltage rise 
on the un-faulted phases. This is especially true in 
ungrounded or floating ground delta systems, where the 
sudden change in ground reference result in a voltage rise 
on the ungrounded phases. On an ungrounded system, 
the line-to ground voltages on the ungrounded phases will 
be 1.73 pu during a fault condition. 

Swells can also be generated by sudden load decreases. 
The abrupt interruption of current can generate a large 
voltage, as per the formula: v = L di/dt.

Switching on a large capacitor bank can also cause a 
swell, though it more often causes an oscillatory transient.

7.0  UNBALANCE

Definition :- A three-phase power system is called 
balanced or symmetrical if the three-phase voltages and 
currents have the same amplitude and are phase shifted 
by 120° with respect to each other. If either or both of these 
conditions are not met, the system is called unbalanced or 
asymmetrical.

Quantification :- The unbalance ratios u  (voltage) and u IV

(current), between the magnitudes of negative(n) and 
positive(p) sequence components of voltage and current 
respectively are a measure of the unbalance (in %):

u  = [V  / V ] x 100 %V n p

An easier, approximate, way to calculate the unbalance 
voltage ratio is:

u  = [S  / S ] x 100%V L SC

This ratio only uses the apparent power of the load S  and L

the short-circuit power S  of the supply circuit.SC

Limits :-

International standards (e.g. EN-50160 or the IEC 1000-3-
x series) give limits for the unbalance ratio as < 2 % for LV 
and MV systems and <1 % for HV, measured as 10-minute 
values, with an allowed instantaneous maximum of 4 %.

7.1 Causes of unbalance :-

The system operator tries to provide a balanced system 
voltage at the PCC between the distribution grid and the 
customer’s internal network. Under normal conditions, 
these voltages are determined by the:

• terminal voltages of the generators

• impedance of electricity system

• currents drawn by the loads throughout 
the transmission and distribution grid.

The system voltages at generation site are generally 
highly symmetrical due to the construction and operation
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of synchronous generators used in large centralized 
power plants. Therefore, the central generation does not 
in general contribute to unbalance. Even with induction 
(asynchronous) generators, as used for instance in some 
types of wind turbines, a balanced three-phase set of 
voltages is obtained. However, where small-scale 
distributed or embedded generation, installed at the 
customer’s site, has become more popular and taken up a 
significant share of the electricity production, the situation 
is different. Many of these relatively small units, such as 
photovoltaic installations, are connected to the grid at LV 
by means of single-phase power electronic inverter units. 
The connection point has a relatively high impedance (the 
short-circuit power is relatively low), leading to a 
potentially larger unbalance of the voltage. 

The impedance of electricity system components is not 
exactly the same for each phase. The geometrical 
configuration of overhead lines, asymmetric with respect 
to the ground for instance, causes a difference in the 
electrical parameters of the line. Generally, these 
differences are very small and their effect can be 
neglected when sufficient precautions, such as the 
transposition of lines, are taken.

In most practical cases, the asymmetry of the loads is the 
main cause of unbalance. At high and medium voltage 
level, the loads are usually three-phase and balanced, 
although large single or dual-phase loads can also be 
connected, such as AC rail traction or induction furnaces. 

Unbalance is a serious power quality problem, mainly 
affecting low-voltage distribution systems, as for instance 
encountered in office buildings with abundant PCs and 
lighting. Low voltage loads are usually single-phase, e.g. 
PCs or lighting systems, and the balance between phases 
is therefore difficult to guarantee. In the layout of an 
electrical wiring system feeding these loads, the load 
circuits are distributed amongst the three-phase systems, 
for instance one phase per floor of an apartment or office 
building or alternating connections in rows of houses. Still, 
the balance of the equivalent load at the central 
transformer fluctuates because of the statistical spread of 
the duty cycles of the different individual loads.

Abnormal system conditions also cause phase 
unbalance. Phase-to-ground, phase-to-phase and open-
conductor faults are typical examples. These faults cause 
voltage dips in one or more of the phases involved and 
may even indirectly cause over-voltages on the other 
phases. The system behavior is then unbalanced by 
definition, but such phenomena are usually classified 
under voltage disturbances and the electricity grid’s 
protection system should cut off the fault early.

7.2 Consequences of Unbalance :-

Unbalanced voltages at the low voltage level are not 
transferred upwards to HV  due to the relatively high 
impedance of power transformers (and low source 
impedance at higher system voltages).    Voltage  
unbalance  at  higher voltages is, however, transferred to 
lower voltages.

The sensitivity of electrical equipment to unbalance differs 
from one appliance to another. A short overview of the 
most common problems is given below:

•  Induction Machines:-

These are AC asynchronous machines with internally 
induced rotating magnetic fields. The magnitude is 
proportional to the amplitude of the direct and/or inverse 
components. The rotational sense of the field of the 
inverse component is opposite to the field of the direct 
component. Hence, in the case of an unbalanced supply, 
the total rotating magnetic field becomes ‘elliptical’ instead 
of circular. Induction machines face three kinds of 
problems due to unbalance. 

First, the machine cannot produce its full torque as the 
inversely rotating magnetic field of the negative-sequence 
system causes a negative braking torque that has to be 
subtracted from the base torque linked to the normal 
rotating magnetic field. Figure 4 shows the different 
torque-speed characteristics of an induction machine 
under unbalanced supply. The actual steady-state curve is 
the weighted sum of these curves with the squared 
unbalance ratios as weights as the torque scales with the 
square of the load. It can be seen that in the normal 
operating region, being the almost straight line section of 
Td (the part starting at the top of the curve, eventually 
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crossing the horizontal axis at synchronous speed), Ti and 
Th are both negative. These characteristics can be 
measured with the motor connected as shown in      
Figure 14.

(Subscript :- d=direct due to +ve sequence, i=inverse due 
to –ve sequence, h=homopolar due to zero sequence 
components)

manufacturer, which can be used to select a larger 
system, capable of handling the load.

•  Transformers :-

Transformers subject to negative sequence voltages, 
transform them in the same way as positive-sequence 
voltages. The behavior with respect to homopolar 
voltages depends on the primary and secondary 
connections and, more particularly, the presence of a 
neutral conductor. If, for instance, one side has a three-
phase four-wire connection, neutral currents can flow. If at 
the other side the winding is delta connected, the 
homopolar current is transformed into a circulating (and 
heat-causing) current in the delta. The associated 
homopolar magnetic flux passes through constructional 
parts of the transformer causing parasitic losses in parts 
such as the tank, sometimes requiring an additional de-
rating.

•  Electronic power converters :-

These are present in many devices such as adjustable 
speed drives, PC power supplies, efficient lighting and so 
on. Due to Unbalanced Supply, they can be faced with 
additional, uncharacteristic, harmonics although, in 
general, the total harmonic distortion remains more or less 
constant. The design of passive filter banks dealing with 
these harmonics must take this phenomenon into 
account. 

The devices discussed above are obviously three-phase 
loads. Of course, single-phase loads may also be affected 
by voltage variations on the supply resulting from 
unbalance effects.

7.3 How can unbalance be mitigated?

To decrease the effects of unbalance, several actions can 
be taken, with different degrees of technical complexity. 
The first and most basic solution is to rearrange or 
redistribute the loads in such a way that the system 
becomes more balanced. For certain applications, there is 
a possibility of reducing unbalance by changing the 
operating parameters. In order to reduce the influence of 
negative sequence currents, causing negative sequence 
voltage drops, on the supply voltage, low internal system

Secondly, the bearings may suffer mechanical damage 
because of induced torque components at double system 
frequency. 

Finally, the stator and, especially, the rotor are heated 
excessively, possibly leading to faster thermal ageing. 
This heat is caused by induction of significant currents by 
the fast rotating (in the relative sense) inverse magnetic 
field, as seen by the rotor. To be able to deal with this extra 
heating, the motor must be de-rated, which may require a 
machine of a larger power rating to be installed.

•  Transformers, cables and lines :-

The capacity of transformers, cables and lines is reduced 
due to negative sequence components. The operational 
limit is in fact determined by the RMS rating of the total 
current, being partially made up of ‘useless’ non-direct 
sequence currents as well. This has to be considered 
when setting trigger points of protection devices, 
operating on the total current. The maximum capacity can 
be expressed by a de-rating factor, to be supplied by the 

Supply schemes to feed an induction motor with a certain unbalance component

Figure 14
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impedance is required. This may be achieved by 
connecting the unbalanced loads at points with higher 
short circuit level, or by other system measures to reduce 
the internal impedance.

Another type of mitigation technique is the use of special 
transformers, such as Scott- and Steinmetz transformers:

• The ‘Scott-transformer’ consists of two single-
phase transformers, with special winding ratios, 
hooked up to a three-phase system. They are 
connected in such a way that at the output, a two-
phase orthogonal voltage system is generated 
allowing the connection of two single-phase 
systems. This set-up presents a balanced three-
phase power to the grid.

• A ‘Steinmetz-transformer’ is in fact a three-phase 
transformer with an extra power balancing load, 
consisting of a capacitor and an inductor rated 
proportional to the single phase load. When the 
reactive power rating of the inductor and the 
capacitor equals the active power rating of the 
load, divided by √3, the three-phase grid sees a 
balanced load. The three-phase rated power of 
the transformer equals the single-phase load’s 
active power. Note that balancing is only perfect 
for loads with an active power equal to the value 
used to design the system.

Finally, special fast-acting power electronic circuits, such 
as ‘Static Var Compensators’ can be configured to limit the 
unbalance. These behave as if they were rapidly changing 
complementary impedances, compensating for changes 
in impedance of the loads on each phase. Also, they are 
capable of compensating unwanted reactive power. 
However, these are expensive devices, and are only used 
for large loads (e.g. arc furnaces) when other solutions are 
insufficient.

8.0  FLICKER

Flicker is the impression of unsteadiness of visual 
sensation, induced by a light stimulus, which fluctuates 
with time. Usually, it applies to cyclic variation of light 
intensity of lamps caused by fluctuation of the supply 
voltage. Since flicker generally does not interrupt a

process or cause equipment failures, it hasn’t received the 
attention that sags, harmonics and transients have. 
However, as businesses realize that their employees are 
their most valuable assets, keeping those “knowledge 
assets” running at full productivity level is increasingly 
becoming important.

Flicker is a symptom of voltage fluctuation which can be 
caused by disturbances introduced during power 
generation, transmission, or distribution, but are typically 
caused by the use of large fluctuating loads, i.e. loads that 
have rapidly fluctuating active and reactive power 
demand. If there are voltage subharmonics in the range of 
1-30Hz, the effect on lighting is called flicker. This is 
especially true at 8.8Hz, where the human eye is most 
sensitive, and just 0.5% variation in the voltage is 
noticeable with some types of lighting.

8.1 WHAT  IT  IS ?

•   flicker is the perceived change in light output from a 
lamp,

•   caused by the fluctuation of the supply voltage in the 
frequency range of 0.5   

     To 30 Hz

• as little as a quarter of a percent voltage fluctuation at 
9Hz can be perceived

• voltage fluctuations or modulations of the RMS 
envelope follow the same   

• basic rules as the RMS variations that result in sags 
(dips) or swells.

•   usually the result of a change in load current

• which causes a change in the voltage drop across the 
source impedance,

• which then results in a change in the voltage supply

• The frequency of the voltage fluctuation can be the 
direct result of the frequency of the current draw by 
the load

• the result of folding back of higher frequencies 
modulating with 50/60 Hz

fundamental or their harmonics, which produces
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sidebands around the fundamental or harmonic 
frequency.

FACTORS  AFFECTING  SEVERITY  OF  FLICKER

• frequency of the voltage fluctuation (how often it occurs)

• magnitude of the voltage fluctuation (how much of a 
change)

•  type of lighting (incandescent, fluorescent, HID)

• ambient light level

• amount of the surface illuminated,

• type of activity and the eye-brain characteristics of the 
individual person

EFFECTS  OF  FLICKER

•  normally perceived as an annoyance and distraction.

• may induce discomfort in the form of nausea or 
headaches.

• usually are not severe enough to disrupt most 
manufacturing processes,    though may cause 
different colors (light shades) of woven fabric

8.2   MEASUREMENT  OF  FLICKER

The perception of the light flickering is usually measured 
by two parameters, Pst and Plt.

•  Pst is the short term perception index,

• Plt is the long term perception index.

• A value of 1 being assigned to the lower bound of the 
observable flicker

Perception curve for 60W incandescent light bulbs.

• The larger the number, the more perceptible it is.

Monitoring for flicker is usually done for one of two 
reasons:

• determining the source,

• determining compliance with limits

• generally begins at the point of common coupling

• change in current vs. change in voltage help determine 
the source

8.3   SOURCES OF FLICKER

Common sources of flicker include:

•  lamp dimmers

• resistance welding machines

• rolling mills

• large electric motors with variable loads

• arc furnaces and arc welders

• switching on and off of PF correction capacitors

• medical imaging machines (X-ray, MRI, CAT Scan)

•  large capacity copy machines

• motors in heat-pumps or air conditioning, including 
refrigerator chambers 

• household appliances

8.4   SOLUTIONS

• reducing the magnitude and/or changing the 
frequency of the current draw,

• reducing the source impedance,

• changing the type of lighting

9.0   TRANSIENTS

Transient over-voltages are brief, high-frequency 
increases in voltage on AC mains. 

Broadly speaking, there are two different types of transient 
over-voltages: 

1.  Low frequency transients of a few-hundred-hertz 
region, typically caused by capacitor switching, etc.

2. High-frequency transients with frequency in few-
hundred- KHz region typically caused by lightning and 
inductive loads supplied by phase-controlled rectifiers. 

Low frequency transients   - are caused when a 
discharged power-factor-correction capacitor is switched 
on across the line. The capacitor then resonates with the 
inductance of the distribution system, typically at 400 - 600 
Hz, and produces exponentially damped decaying 
waveform (Figure 15).
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An oscillatory transient is one where there is a ringing 

signal or oscillation following the initial transient. The 

switching of PFC capacitors is considered the most 

prevalent type of oscillatory transient. The large inrush of 

current into the uncharged capacitor produces a sharp 

reduction in voltage. But since the distribution lines have a 

large inductive component in their impedance, the sudden 

addition of significant capacitance results in a temporary 

resonance condition, hence the decaying oscillation 

appears on waveform.
High frequency transients  - are caused by lightening, 

and by inductive loads turning off. Typical rise times are on 

the order of a microsecond; typical decay times are on the 

order of a tens to hundreds of microseconds. Often, the 

decay will be an exponential damped ringing waveform, 

with a frequency of approx. 100 kHz, which corresponds 

to the frequency of equivalent inductor/capacitor model of 

low voltage power lines. Typical surges or peak voltages 

for end-use applications are hundreds of volts to a few 

thousand volts, several thousand amps of current may be 

available. 

Extremely fast transients, or EFT’s, - have rise and fall 

times in the nanosecond region. They are caused by 

arcing faults, such as bad brushes in motors, and are 

rapidly damped out by even a few meters of distribution 

wiring. Standard line filters, included on almost all 

electronic equipment, remove EFT’s. 

Voltage transients, formerly referred to as impulses, can 

also be categorized as either impulsive or oscillatory.

Lightning striking a distribution line is normally an 

impulsive transient, where there is a large deviation of the 

waveform for a short duration (µs) in one direction, 

followed possibly be a couple of much smaller transients 

in both directions. Instantaneous short circuit of two SCRs 

during the commutation period also causes impulsive 

transients. 

Summary of Power Quality Variation Categories

Figure 15
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10.0 Various Standards on Power Quality 

(References)

• The most popular Standard amongst the industry 

the world over, is the IEEE 519 – 1992 

“Recommended Practices and Requirements for 

Harmonic Control in Electrical Power Systems”. 

• IEEE Standard 1159-1995, Recommended 

Practice for Monitoring Electric Power Quality :- 

Monitoring of electric power quality of AC power 

systems, definitions of power quality terminology, 

impact of poor power 

• quality on utility and customer equipment, and the 

measurement of electromagnetic phenomena are 

covered.

• IEEE Standard P1531- is known as harmonic 

filter design guide.

• IEC Standard 61000-3-2 (1995-03)- It specifies 

limits for harmonic current emissions applicable to 

electrical and electronic equipment having an 

input current up to and including 16 A per phase.

• IEC Standard 61000-4-7-  deals with the 

requirements     for monitoring and measuring 

harmonics.

• IEC Standard 61000-4-15- defines the 

measurement  p rocedure  and mon i to r  

requirements for characterizing flicker.

• IEC 61000-4-30- an overall guide defining the 

requirements for power quality monitoring 

equipment.

• IEEE Standard P1564- gives the recommended 

indices and procedures for characterizing voltage 

sag performance and comparing performance 

across different systems.

 IEEE Standard 1100-1999, Recommended Practice for 

Powering and Grounding Sensitive Electronic Equipment 

- Recommended design, installation, and maintenance 

practices for electrical power and grounding of sensitive 

electronic processing equipment used in commercial and 

industrial applications.

"Save the Energy for Future"
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SYNOPSIS

Railway is an expanding organisation with all the 

sophistications keeping in mind the good old and 

traditional discipline and punctuality in every step of 

advancement.

This project deals the methods of localisation of a failure 

which may not be indicated in the normal way and even 

could not be noticed by an observer to convey the same for 

remedial action.

The new device based on the shock pulse vibration to 

sense the abnormality is on the high way to get perfected.

This will prove its reliability after getting approved.

The detailed theory portions are not described for 

simplicity and for the fact that the basis and fundamental 

phenomena are very well known already to those in hands 

this report is reaching and for the belief the points of 

discussion will be co-related.

Progressive Railway Electrification

Electrical department is gaining importance in its fast 

growing developments of Railway Electrification. By the 

major routes and lengthy tracks got electrified this 

department has emerged from a status of minor 

department in the fifth decade to the present position of 

having a member in the Railway Board.

Thanks go to the Railway Electrification.

Speedy and steady progress of RE (Field Data) is as 
below :

RAILWAY ELECTRIFICATION

Period Route KMS Electrified

Upto 1980 4918

VI Plan (1980-85) 1522

VII Plan (1985-90) 2812

1990-91 831

1991-92 726

VIII Plan (1992-97) 2708

IX Plan (1997-2002) 2484

X Plan (2002-07) 1809

2007-08 502

2008-09 670

TOTAL 18982

The above table proves the extreme necessity of rail 

routes getting electrified or otherwise there may have 

been a dent in the progress.

The importance of explaining the railway electrification is 

always followed by the same level of its sophistication.

As a small contribution with the available opportunity 

given, the project of the project on the "ADVANCED 

METHODS AND USAGE OF GPS IN TRD/OHE 

INSTALLATIONS FOR FAULT LOCALISATION AND 

QUICK  RESTORATION" evolved.

By L.M.J. Lazar/ADEE
 (Based on Project Report)

ADVANCED  METHODS  AND GPS USAGE IN TRD/ 
OHE INSTALLATION FOR FAULT LOCALISATION & 
QUICK  RESTORATION
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How sophisticated we are?

Present method Traction assets control is by SCADA 
system which has more advantageous factors than that of 
previous versions.

Auto tension devices available in Bangalore - Jolarpet 
Section

OHE Depot Main Line In Remote/ % of Main Line
Population Ghat Section Population

Bangalore 115 5 4.348

Whitefield 170 20 11.764

Bangarapet 206 12 5.825

Kuppam 131 24 18.320

Considerable locations are in vulnerable places.

Block Diagram of Remote Control Centre is shown below :

Pin point faulty spot can be located or pre located before 
its further developments.

Before handing over the OHE it should be complete in all 
respects.

Our motto is not to stop any train on OHE account.

The world is advancing with very high techniques lime 
usage of wireless communication, OFC, GSM technique, 
etc.

Parallel these railway sophistications also to go in hand.

REGULAR / BREAK  DOWN  ATTENTION  TO  OHE

TRD maintenance depots are located at specific stations.

Their jurisdictions are demarked for maintenance and 
break down attentions.

However in the event of any abnormalities adjacent or far 
located depots also to involve in activities.

Tower wagons of different types and break down vehicles 
are aided for utility.

Depot staffs with all necessary tools and plants and 
materials are to move to the required spot any one or more 
vehicles with minimum possible time.

21”VDU 21”VDU 21”VDU 21”VDU 21”VDU

Server

Main

Server 

Standby

FEP1 FEP2

Modem Modem Modem Modem

RTU RTU RTU RTU RTU

Workstation-1 Workstation-2

Printer Printer

LAPTOP

16-port

LAN

HUB

 

SOPHISTICATION

Any system in i ts development also needs 
accompaniment of sophistication along with its volume 
increase.

Like an engineering branch failure the traffic cannot be 
restorted with by providing a clamp and passing trains on 
Caution Drive.

BANGALORE CITY OHE DEPOT AND
BREAK DOWN VEHICLE

4 WHEELER TOWER WAGON

WHITEFIELD MAJOR OHE DEPOT

FULLY EQUIPED 8 WHEELER TOWER WAGON
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Entire OHE is dived into many sections known as sub-
sectors and elementary sections.

In the event of any transient earth fault the feeder circuit 
breaker trips. It recluses automatically by (ARC-Auto 
Reclose Circuit). As the fault clears within a fraction of a 
second the circuit breaker holds without any further 
tripping.

When fault persists the feeder circuit breaker will not close 
after tripping but locks out.

TPC goes for fault localisation and isolation and finally 
declares the faulty section.

Further on TPC carries out the mobilisation of man power 
with necessary materials to the required site.

WHAT  GOES  UNNOTICED

Certain cases fault/abnormality on OHE could not be 
detected by the conventional methods.

They are brought to the notice by a railway employee or 
passer by and only after that TPC takes appropriate 
action.

Many times such failures gets aggravated by trains 
moving on section and causes serious interruptions to 
ministerial monitored trains like Shatabdi Express or 
Duronto Express.

HOW THEY ARE

Here are the examples of such failures.

A snap of Anti Creep Wire at the Anti Creep Centre (ACC) 
wire results fall of the (ACC) wire on anchor side. This 
makes all possibilities of the fallen wire entangled with the 
moving train.

A bracket insulator break will cause silently OHE to come 
down for entanglement with the moving object at outside 
curves.

A snapped catenary wire in between dropper span may 
entangle with the pantograph.

The above failures will not make any tripping practically 
and they are aggregated dangerously.

VIBRATIONAL  EFFECTS  ON  OHE  STRUCTURES

An OHE structure will experience different types of 
vibrations on its body under normal circumstances.

They are :

(1) When passing of goods trains with heavy or light 
loads and at different speeds.

vBY TRACTION POWER CONTROLLER AT

TRACTION POWER CONTROL
BY MEANS OF SCADA SYSTEM

vBY MANUAL OPERTATION AND 
INFORMATION  IN CASE OF REMOTE
CONTROL FAILURE

On OUTSIDE curve 
location 

when bracket 
insulator breaks 

suspension bracket 
assembly comes 

down and 
bracket tube 

with remaining 
broken portion of 
insulator hangs 

to make an 
entanglement with 

pantograph
(No feeder CB 

tripping
in one case 

experienced)

PRESENT SYSTEM OF MONITORING

A failure  without
 involving  Feeder 

Circuit Breaker 
tripping

observed by a 
passerby

and intimated 
to control
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(2) When passing of Mail/Express trains with heavy or 
light loads and at different speeds.

(3) When passing of material trains with heavy or light 
loads and at different speeds.

MECHANICAL  EFFECTS  OF  DISTURBED  OHE  WIRE

Under abnormal circumstances anchor locations will have 
a specific shock effect.

Snapping results tension loss on the particular wire and 
correspondingly the compensating plate holding the wire 
tilts with jerk.

At this instance the anchor mast feels the mechanical 
jerky shock impulse at the anchored point.

A careful analysis at a particular location will say what the 

normal vibrations are and how they are indicated in the 

vibration sensors.

The equipment under discussion would be of a 

combination of vibration/jerk wave sensor-converter to 

transmit signals.

The structure of this equipment would be of size of a 

walkie-talkie with solar power charged working battery 

contained in a rugged metallic non-corrosive container 

with clamps to fix on the top of the mast structure.

The bottom (receiving) equipment would be of a 

similar type receiver fixed at emergency phone socket 

dwarf mast mounting and cables connected to the RE 

cables. If there is no such emergency phone socket 

available a separate similar post can be erected to mount 

the receiver equipment. It would also possible to transmit 

the signals of GSM system apart from via RE cable. Thus 

an un-sensed fault not detected by chance in existing 

SCADA  system is detected and intimated to TPC. 

COUNTER WEIGHT

GUY
ROD GUY

ROD

GUY
ROD

GUY
ROD

ANTICREEP WIRE
(19/2.5 G.S) 93sq.mmIN SPAN 

JUMPER(AC)
(19/1.8)TERMINATION 

OF REGULATED
OHE CATENARY

WIRE CdCu
65sqmm (19/2.1)

CONTACT WIRE
107 sqmm

REGULATING 
EQUIPMENT
PULLEY BLOCK
TYPE

TERMINATION 
OF REGULATED
OHEAXIS OF

MAST

350 Mtrs. ( MAX)

DIRECTION OF TRAFFIC

SCHEMATIC ARRANGEMENT OF REGULATED OVER HEAD EQUIPMENT

(RDSO Drg.No. ETI / OHE / G / 02101)

WIRE SNAP AT 
THESE POINTS 
GIVE JERKS AT 
ANCHOR 
LOCATIONS

RE clevis/SS wire 
failure also gives 
same effect

DIFFERENTATION OF IMPACT/JERK 

SHOCKS/VIBRATIONS
THE EQUIPMENT and TRANSMISSION

TRANSMISSION OF SIGNALS

SHOCK PULSE

Equipments shown 
are indicative only

To
TPC

RE TELECOMMUNICATION
CABLE

Receiver

Transmitter

Bottom
Equipment

Top Equipment

IN ELECTRIFIED 
SECTIONS  

EMERGENCY PHONE 
SOCKETS ARE 

PROVIDED AT EVERY  
1 KM INTERVALS

Emergency
Telephone

Socket
Dwarf Post
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GPS sensors and transmitters shall be installed on the Road 
Vehicle/Tower Wagon.

By this all moving batches will be linked to GPS system for 
quick locating of their Track/land mark positions.

Further movements can be easily directed by the 
officers/TPC at Traction Power Control.

Result is the advanced fault localisation and earlier 
restoration of OHE to normal.

ADVANTAGES  IN  THIS  METHOD

Even without feeder circuit breaker tripping Traction Power 
Controller is indicated about the failure.

Since the failure is indicated well in advance further 
aggravations of OHE damages by means of entanglement 
with pantograph or by a moving train can be well avoided.

In case of regulating equipment stainless steel wire snap it 
can be replaced at the quickest time before contact wire 
getting abnormal wear by passing pantograph movement 
since it is not possible to know immediately in the existing 
SCADA system.

It is also useful even in the case of an isolated faulty sub-
sector to locate the tension length in which the failure has 
occurred.

CONCLUSION

All possible ways of advancement are to be analysed. Had it 
not been done in the beginning the Morse Code Remote 
Control System (MCRCS) would not have developed to this 
level at all. 

We don't expect accident at all in our fool proof system. Yet 
we go for LHB coaches in which the money spent goes to the 
portion for anti over either the coach or the arrangement for 
safety cannot be reused.

Many such examples in the present Indian Railway working 
system can be shown with not reusability.

Yet the present project will serve wonderfully in spite of its 
initial cost involvement.

This system not only helps to intimate the failure un detected 
but also useful in pin pointing the exact tension length in an 
isolated faulty sub-sector.

Pioneers are there waiting for progressive growth of our 
Railways. Let them put their advanced technological 
thoughts in the proper perspective view.

A TYPICAL GPS SIGNAL TRANSMISSION

TRACTION POWER CONTROL

GPS SAT 
(indicative)

POSITION DETECTION OF MOBILISATION UNIT
BY GPS

Day to day maintenance batches move to the work spot by 
their Break down Vehicles/Tower Wagons.

They get informed of their position only by telephonic 
conversations with TPC.

There will be a critical delay in the event of a break down in 
times spent to conclude what movement to be performed by 
a moving unit.
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Sl

WEEKS FROM TO

1 IRIEEN23
23TH IRIEEN BATCH OF IRSEE
PROBATIONERS

 SPE IRSEE PROB

2 IRIEEN24
24TH IRIEEN BATCH OF IRSEE
PROBATIONERS

 SPE IRSEE PROB

3 IRIEEN25
25ND IRIEEN BATCH OF IRSEE
PROBATIONERS

 SPE IRSEE PROB

IC1 INTEGRATED COURSE 10 5-Apr-10 11-Jun-10 SPG GR.B. AEE/DEE

IC2 INTEGRATED COURSE 10 19-Jul-10 24-Sep-10 SPG GR.B. AEE/DEE

IC3 INTEGRATED COURSE 10 4-Oct-10 10-Dec-10 SPG GR.B. AEE/DEE

IC4 INTEGRATED COURSE 10 10-Jan-11 18-Mar-11 SPG GR.B. AEE/DEE

SPDP1
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 5-Apr-10 16-Apr-10
SPAC

JAG/SG

SPDP2
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 17-May-10 28-May-10
SPAC

JAG/SG

SPDP3
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 28-Jun-10 9-Jul-10
SPAC

JAG/SG

SPDP4
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 30-Aug-10 9-Sep-10
SPAC

JAG/SG

SPDP5
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 27-Sep-10 8-Oct-10
SPAC

JAG/SG

SPDP6
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 15-Nov-10 26-Nov-10
SPAC

JAG/SG

SPDP7
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 24-Jan-11 4-Feb-11
SPAC

JAG/SG

SPDP8
SR.PROFESSIONAL DEVELOPMENT
COURSE

2 21-Mar-11 1-Apr-11
SPAC

JAG/SG

DIT1

DEVELOPMENTS IN TECHNOLOGY FOR
SAG OFFICERS

8 5-Apr-10 28-May-10 SPA SAG

DIT2

DEVELOPMENTS IN TECHNOLOGY FOR
SAG OFFICERS

8 7-Jun-10 30-Jul-10 SPA SAG

DIT3

DEVELOPMENTS IN TECHNOLOGY FOR
SAG OFFICERS

8 9-Aug-10 1-Oct-10 SPA SAG

AIMM1

ADVANCES IN MAINTENANCE
MANAGEMENT FOR SAG OFFICERS

8 4-Oct-10 26-Nov-10 SPA SAG

AIMM2

ADVANCES IN MAINTENANCE
MANAGEMENT FOR SAG OFFICERS

8 29-Nov-10 21-Jan-11 SPA SAG

ADVANCES IN MAINTENANCE

AIMM3 MANAGEMENT FOR SAG OFFICERS
8 31-Jan-11 25-Mar-11 SPA SAG

7 IRSME2

ELECTRONICS COURSE FOR IRSME
PROB

3 14-Jun-10 2-Jul-10 PE

TRS1 SPL. COURSE ON TRS 2 17-May-10 28-May-10 AP JS/SS

TRS2 SPL. COURSE ON TRS 2 28-Jun-10 9-Jul-10 AP JS/SS

TRS3 SPL. COURSE ON TRS 2 13-Sep-10 24-Sep-10 AP JS/SS

TRS4 SPL. COURSE ON TRS 2 29-Nov-10 10-Dec-10 AP JS/SS

TRS5 SPL. COURSE ON TRS 2 7-Mar-11 18-Mar-11 AP JS/SS

TLAC1 SPL. COURSE ON TL&AC 2 31-May-10 11-Jun-10 SPE JS/SS

TLAC2 SPL. COURSE ON TL&AC 2 26-Jul-10 6-Aug-10 SPE JS/SS

TLAC3 SPL. COURSE ON TL&AC 2 18-Oct-10 29-Oct-10 SPE JS/SS

TLAC4 SPL. COURSE ON TL&AC 2 17-Jan-11 28-Jan-11 SPE JS/SS

TLAC5 SPL. COURSE ON TL&AC 2 21-Feb-11 4-Mar-11 SPE JS/SS

TRD1 SPL. COURSE ON TRD 2 26-Apr-10 7-May-10 PL JS/SS

TRD2 SPL. COURSE ON TRD 2 12-Jul-10 23-Jul-10 PL JS/SS

TRD3 SPL. COURSE ON TRD 2 15-Nov-10 26-Nov-10 PL JS/SS

TRD4 SPL. COURSE ON TRD 2 3-Jan-11 14-Jan-11 PL JS/SS

TRD5 SPL. COURSE ON TRD 2 21-Mar-11 1-Apr-11 PL JS/SS

EMU1 SPL. COURSE ON EMU/MEMU 1 2-Aug-10 6-Aug-10 AP JS/SS

EMU2 SPL. COURSE ON EMU/MEMU 1 7-Feb-11 11-Feb-10 AP JS/SS

12 MED1 MEDITATION 10 days 15-Dec-10 24-Dec-10 LC
OFFICERS

 

OF

 

ALL

SPL. COURSE ON COMPUTERS 2 10-May-10 21-May-10 PCCOMP1

OFFICERS OF 
ALL 

DEPARTMENTS

COMP2 SPL. COURSE ON COMPUTERS  2 20-Sep-10 1-Oct-10 PC
OFFICERS OF 

ALL 
DEPARTMENTS

COMP3 SPL. COURSE ON COMPUTERS 2 17-Jan-11 28-Jan-11 PC
OFFICERS OF 

ALL 
DEPARTMENTS

ELECT1 SPL. COURSE ON ELECTRONICS 2 12-Jul-10 23-Jul-10 PE JS/SS

ELECT2 SPL. COURSE ON ELECTRONICS 2 22-Nov-10 3-Dec-10 PE JS/SS

ELECT3 SPL. COURSE ON ELECTRONICS 2 21-Feb-11 4-Mar-11 PE JS/SS

AUDIT1 ENERGY AUDIT 2 6-Sep-10 17-Sep-10 PL JS/SS/JAG/SG

AUDIT2 ENERGY AUDIT 2 21-Feb-11 4-Mar-11 PL JS/SS/JAG/SG

16 MS MATERIAL SCIENCE 1 17-May-10 21-May-10 SPG IRSEE PROB

14

11

15

9

5

10

13

4

6
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Sl  TRAINING CALENDAR OF IRIEEN FOR 2010-2011 (Page-2) 
COURSE 
NUMBER

COURSE TITLE
DURATION COURSE 

DIRECTO
CATEGORY

WEEKS FROM TO

17
LHB1 MAINTENANCE OF LHB COACHES 1 21-Jun-10 25-Jun-10 SPE JS/SS/JAG/SG

LHB2 MAINTENANCE OF LHB COACHES 1 29-Nov-10 3-Dec-10 SPE JS/SS/JAG/SG

18
LAW1

SPL. COURSE ON LAW 1 4-Oct-10 8-Oct-10 PL JS/SS/JAG/SG/SAG

19
CONTRACT1 CONTRACTS & ARBITRATION 1 9-Aug-10 13-Aug-10 SPE JS/SS/JAG/SG

CONTRACT2 CONTRACTS & ARBITRATION 1 3-Jan-11 7-Jan-11 SPE JS/SS/JAG/SG

20
PD1 PERSONALITY DEVELOPMENT 1 31-May-10 4-Jun-10 SPAC JS/SS/JAG/SG

PD2 PERSONALITY DEVELOPMENT 1 16-Aug-10 20-Aug-10 SPAC JS/SS/JAG/SG

PD3 PERSONALITY DEVELOPMENT 1 14-Mar-10 18-Mar-10 SPAC JS/SS/JAG/SG

21 ETM1 Emerging Technologies for Metros 1 9-Aug-10 13-Aug-10 PL JS/JAG/SAG

22
DIDO1 Development &Improvement in Design in OHE

1 18-Oct-10 22-Oct-10 PL JS/SS/JAG

DIDO2 Development &Improvement in Design in OHE
1 7-Feb-11 11-Feb-11 PL JS/SS/JAG

23 ECBC
One Day Seminar on ENERGY
CONSERVATION BUILDING CODE

One Day 25-Jun-10 25-Jun-10 PL
ALL 

ELECTRICAL 
OFFICERS

24 CDM
One Day Seminar on CLEAN
DEVELOPMENT MECHANISM

One Day 28-Jan-11 28-Jan-11 PL
ALL 

ELECTRICAL 
OFFICERS

25
ENCES1

Exploitation of Non - Conventional Energy 
sources

1 5-Jul-10 9-Jul-10 SPAC JAG/SAG

ENCES2
Exploitation of Non - Conventional Energy 
sources

1 25-Oct-10 29-Oct-10 SPAC JAG/SAG

26 SJ1
SPL. COURSE FOR 1984 BATCH OFFICERS 3 DAYS 16-Feb-11 18-Feb-11 SPAC SAG

27
ETO1 Electric Traction Operations 1 3-May-10 7-May-10 SPG JAG/SAG

ETO2 Electric Traction Operations 1 18-Oct-10 22-Oct-10 SPG JAG/SAG

ETO3 Electric Traction Operations 1 28-Mar-11 1-Apr-11 SPG JAG/SAG

28
QITP1 Quality of Inspection & Testing Principles 1 14-Jun-10 18-Jun-10 SPG JS/SS/JAG

QITP2 Quality of Inspection & Testing Principles 1 14-Feb-11 18-Feb-11 SPG JS/SS/JAG

29 SPE1 Statistical Performance Evaluation 1 9-Aug-10 13-Aug-10 PC JAG/SAG

30
PAM1 Passenger Amenities & Moderisation 1 26-Jul-10 30-Jul-10 SPAC JS/SS/JAG

PAM2 Passenger Amenities & Moderisation 1 7-Feb-11 11-Feb-11 SPAC JS/SS/JAG

31
DTMP1

Development in Technologies For Motive
Power

1 7-Jun-10 11-Jun-10 PE JAG/SAG

DTMP2

Development in Technologies For Motive
Power

1 14-Mar-11 18-Mar-11 PE JAG/SAG

32
EL1 Electric Lighting 1 26-Apr-10 30-Apr-10 SPAC JS/SS/JAG/SG

EL2 Electric Lighting 1 10-Jan-11 14-Jan-11 SPAC JS/SS/JAG/SG

33
REF1

REFRESHER COURSE FOR IRSEE
OFFICERS

1 7-Mar-11 11-Mar-11 SPE JS/SS

34 TOT1

TRAINING OF TRAINERS (At IRIEEN) 1 10-May-10 14-May-10 LC
Gazetted 

Principal/vice 
Principal

TOT2
TRAINING OF TRAINERS(AT Thakurli) 1 31-Jan-11 4-Feb-11 LC

Non- Gazetted 
Instructors

35 IRTS1
APPRECIATION COURSE FOR IRTS PROB 1

DATES TO BE DECIDED IN 
CONSULTATION WITH 

RESPECTIVE CTIs
PC PROBATIONERS

36 IRAS1
APPRECIATION COURSE FOR IRAS PROB 1

37 IRPS1
APPRECIATION COURSE FOR IRPS PROB 1

38 IRSE1
APPRECIATION COURSE FOR IRSE PROB 1

39 IRSSE1

APPRECIATION COURSE FOR IRSSE
PROB

1

40 IRSS1
APPRECIATION COURSE FOR IRSS PROB 1

41 IRSME1

APPRECIATION COURSE FOR IRSME
PROB

1

SPA SR.PROFESSOR(ADMN) PL PROFESSOR(LOCO)

SPAC SR.PROFESSOR(Acadamic) PC PROFESSOR(COMPUTER)

SPG SR.PROFESSOR(G) PE PROFESSOR(ELECTRONICS)

SPE SR.PROFESSOR(EMU) LC LECTURER

AP ASSTT.PROFESSOR
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