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FOREWORD

rrefrratofa ectrorechtca © TSSToN S—a—WotrrGdWwieae L atotf—rotr—stanct v © v prlSIng
ational electrotechnical committees (IEC National Committees). The object of IEC is 40 |promote
ational co-operation on all questions concerning standardization in the electrical and electronic flelds. To
end and in addition to other activities, IEC publishes International Standards, Technical,"\Specifications,
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to Jas “IEC
cation(s)”). Their preparation is entrusted to technical committees; any IEC National Gommittee irfterested
e subject dealt with may participate in this preparatory work. International, govefnmental gnd non-

Fnmental organizations liaising with the IEC also participate in this preparation. TEC collaborate

bment between the two organizations.

ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte
bnsus of opinion on the relevant subjects since each technical committee has representation
bsted IEC National Committees.

Publications have the form of recommendations for international™use and are accepted by IEC

cations is accurate, IEC cannot be held responsible for{the way in which they are used or
terpretation by any end user.

parently to the maximum extent possible in their¥national and regional publications. Any di
ben any [EC Publication and the corresponding national or regional publication shall be clearly ind
tter.

Ces carried out by independent certification bodies.
ers should ensure that they have the Jatest edition of this publication.

Bbility shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical committees.'and IEC National Committees for any personal injury, property dg
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fq
hses arising out of they publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to the /Normative references cited in this publication. Use of the referenced public]
bensable for theycorrect application of this publication.

tion is drawh.te the possibility that some of the elements of this IEC Publication may be the s
t rights. IEC shall not be held responsible for identifying any or all such patent rights.

in task of IEC technical committees is to prepare International Standards. How

technidal’\"¢committee may propose the publication of a Technical Report when it has cg
data o f i et i i
example "state of the art".

the International Organization for Standardization (ISO) in accordance with ‘conditions detern

mittees in that sense. While all reasonable efforts are made(to ensure that the technical conter

tself does not provide any attestation of cohformity. Independent certification bodies provide cd
5sment services and, in some areas, accéess to IEC marks of conformity. IEC is not responsibldg

closely
ined by

national
from all

National
t of IEC
for any

lications
ergence
cated in

nformity

for any

erts and
mage or
es) and
her IEC

ptions is

ibject of

pver, a
llected

ard, for

IEC TR 61328, which is a Technical Report, has been prepared by IEC technical committee
78: Live working.

This third edition cancels and

replaces the second edition published

in 2003 and

IEC TR 61911:2003. It incorporates some technical changes to update equipment work
methods and procedures, bringing them in line with the state of the art.

The text of this Technical Report is based on the following documents:

Enquiry draft
78/1145/DTR

Report on voting

78/1174/RVDTR
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Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
Terms defined in Clause 3 are given in italic print throughout this standard.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

o recenfirmed:

e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page-.of this publication indjcates
that if contains colours which are considered (to be useful for the cprrect
undergtanding of its contents. Users should theréefore print this document uging a
colour|printer.
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INTRODUCTION

With the increased difficulty of de-energizing existing overhead lines, installing conductors or
earth wire in circuits nearby, or crossing these existing circuits, creates hazards requiring
special considerations particularly with regard to earthing and bonding. It is also important to
provide protections against induced static charge due to atmospheric conditions, lightning
strikes, or accidental energization.

These potential electrical hazards demand that certain requirements be observed when
choosing equipment and work methods for the protection of personnel or equipment.
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LIVE WORKING - GUIDELINES FOR THE INSTALLATION

OF TRANSMISSION AND DISTRIBUTION LINE CONDUCTORS AND
EARTH WIRES - STRINGING EQUIPMENT AND ACCESSORY ITEMS

1 Sc

ope

This document, which is a Technical Report, provides recommendations for the selection and
testing where necessary of conductor stringing equipment and accessory items used for the

installgtion of bare and insulated overhead distribution conductors, bare .ov

transm

Proced
and pe
condud

The itgms of equipment under consideration in this document are used for transmissi

distribd

2 Nd

The fo
conten
cited a
any an

IEC 60
(availa

IEC 60
(availa

IEC 60

3 Terms and«definitions

NOTE
earth wi

ssion conductors and overhead earth wires.

ures are recommended for proper earthing in order to protect equipmett, comp
rsonnel from currents which can result from accidental contact with’*n€arby en

tion systems.

rmative references

lowing documents are referred to in the text in such a way that some or all

constitutes requirements of this document:" For dated references, only the
bplies. For undated references, the latest-edition of the referenced document (in
endments) applies.

050-466, International Electrotechnical Vocabulary — Chapter 466: Overhea
ble at www.electropedia.org)

050-651, International < Electrotechnical Vocabulary - Part 651: Live |
ble at www.electropedia.org)

743, Live working >~Terminology for tools, devices and equipment

'erminology for equipment and procedures associated with the installation of overhead condug
esvaries widely throughout the utility industry.

tors or from the induced or fault currents which can result in some.-circumstances$

erhead

onents
brgized

p .

pbn and

pf their
edition
Cluding

o lines

yorking

fors and

For th
IEC 60

050-651, IEC 60743 and the following apply.

€ purposes of this document, the terms and definitions given in IEC 60050-466,

ISO and IEC maintain terminological databases for use in standardization at the following

addres

Ses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1

anchor

anchor log

deadman

sledge

snub

device that serves as a reliable support to hold an object firmly in place

3.2

basket
bucket
device designed to be attached to the boom tip of a line truck, crane or aerial lift to support
workmen in an elevated working position

3.3
birdcaging
opening up of the outer layers of a conductor to form a bulge in the conductor

3.4

block
tackle
pulley
device| designed with one or more sheaves, a synthetic-plastic or metal shell, and an
attachment hook or shackle

3.5
bond
equipogential connection
connedtion

electriqal connection used to bring all persoennel and objects in the work area to thg same
potentipl

3.6
bullwhleel
wheel pr wheels incorporated(as an integral part of a puller or tensioner with multiplg offset
groovep allowing the continuous winding of a conductor or a rope to generate pulling or
braking tension, through friction

3.7

circuit
<of an|overhead\line> conductor or system of conductors through which an electric cufrent is
intendgd to flow

Note 1 t¢ eqtry: In transmission and distribution lines, a circuit usually consists of three phases for AC lihes, and
two poles for DC lines.

[SOURCE: IEC 60050-466:1990, 466-01-07]

3.8

clearance

minimum separation between two conductors operating at different voltages, between
conductors and supports or other objects, or between conductors and the earth

3.9

clipping-in

clamping-in

clipping

transferring of sagged conductors from the stringing blocks to their permanent suspension
positions and the installing of the permanent suspension clamps
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3.10

compression joint

conductor splice

sleeve

splice

tubular compression (or implosive) sleeves designed and fabricated from aluminium, copper
or steel compressed to join or terminate conductors or overhead earth wires

3.1

conductor

cable

wire

bare of insulated wire or combination of wires, suitable for carrying an electric current

3.12
condugtor bundle
set of |individual conductors connected in parallel and disposed in a uniferm geometrical
configdration, that constitutes one phase or pole of a line

[SOURICE: IEC 60050-466:1990, 466-10-20]

3.13
condugtor car
cable Quggy
cable dar
condudtor trolley
line ca
spacer|buggy
spacing bicycle
spacer|cart
device|designed to carry workmen ridingZon sagged single or bundle conductors, epabling
them t¢ inspect the conductors for damage or install spacers, dampers or other attachments

3.14
condugctor cover
line hose
line guprd
flexiblg or rigid protective cover used to shroud the conductor providing electrical protegtion

3.15
condugtor clamp
chicag® grip
condudtop grip
come-glong
come-along clamp
preformed, bolted or wedge-type device designed to permit the pulling or temporary holding of
the conductor or of the rope without splicing on fittings, eyes, etc.

3.16

connector link

pulling rope connector

link

peanut

fixed joint

rigid link designed to connect pulling ropes and usually designed to pass through the grooves
of bullwheels on the puller when under load
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3.17

cradle blocks system

system of cradle stringing blocks, spacer rope, pulling rope, a brake unit, and a radio
controlled motorized tug, which use the existing conductor as support when installing the new
conductor, to create a supporting protection in case of critical crossings

3.18

crossing structure
guard structure
H-frame

rider pole structure
scaffolding
temporjary structure
structure built of poles, tubes, or other specialized equipment, sometimes using 'ropg nets,
used whenever conductors are strung over roads, power lines, communications dircuits,
highwalys or railroads to prevent the conductor from contacting any of thesesfacilitieq in the
event gf equipment failure, broken pulling ropes, loss of tension, etc.

3.19
dead
de-enjgized
at an dlectric potential equal to or not significantly different frofi that of the earth at the work
site

[SOURICE: IEC 60050-651:2014, 651-21-09]

3.20
dead-¢nding
procedure which results in the termination of ¢enductors at an anchor structure

3.21
(local)|earth

(local) ground (US)
part of|the Earth which is in electric contact with an earth electrode and the electric potential
of whigh is not necessarily equal‘to zero

[SOURICE: IEC 60050-195:1998, 195-01-03]

3.22
earthing cable
flexiblg condugtor usually of stranded copper with a transparent cable protective sheath, and
attachgd at-both ends to clamps, designed to connect conductors or equipment to earth or to
an eartlh mat

3.23

earth clamp

clamp forming part of an earthing and short-circuiting device connecting an earthing cable, or
a connecting cluster to an earthing conductor, or an earth electrode or a reference potential

[SOURCE: IEC 60050-651:2014, 651-25-03]

3.24

earth mat

counterpoise

earth grid

system of interconnected bare conductors arranged in a pattern over a specified area on, or
buried below, the surface of the Earth
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3.25

earth rod

earth e

lectrode

rod driven into the Earth to serve as an earthing terminal

EXAMPLE Copper-clad steel rod, solid copper rod, or galvanized steel rod.

3.26

earth wire
shield wire
skywire

static wire

condugtm—mmd—mmnwﬂwmmh—irmmﬂded—maﬁr
necessarily above the line conductors to provide a degree of protection against \i

strikes

[SOURCE: IEC 60050-466:1990, 466-10-25]

3.27

earthirn
earthin
insulat
clamps

[SOUR

3.28

earthin
system
section

3.29

electrg
electro
phenor
magne

3.30
electri

g stick

g pole
ng component equipped with a permanent or detachable end fitting for in

CE: IEC 60050-651:2014, 651-25-05]

g system
consisting of all interconnected earthing*connections in a specific area, such a

magnetic induction

magnetic coupling

nenon that produces both an induced voltage and current either through ele
fic field induction

t field induction

capacifive coupling

proces
means

5 of genernating voltages and/or currents in a conductive object or electrical cif
of time-varying electric fields

put not
jhtning

stalling

, Short-circuiting bars or conductive extension components onto electrical installation

5 a pull

ctric or

cuit by

3.31

energized

alive

current-carrying

hot
live

at a potential significantly different from that of the earth at the work site and which presents
an electrical hazard

Note 1 to entry: A part is energized when it is electrically connected to a source of electric energy. It can also be

energize

[SOUR

d when it is electrically charged under the influence of an electric or magnetic field.

CE: IEC 60050-651:2014, 651-21-08]
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equipotential
set of points all of which have the same potential

3.33
factor

of safety

ratio of ultimate strength or yield strength to the maximum allowable applied force or load

of this

de the

3.34

fault

physical condition that causes a device, a component, or an element to fail to perform in a
reqUIFP manner

3.35

fault cpirrent

earth fault current

currenf flowing at a given point of a network resulting from a fault at another point
networ

3.36

hold-dpwn block

block designed to prevent uplift and to maintain the pilot #0p€ or conductor(s) ins
sheavds of the stringing block installed on the tower

3.37

isolated

<devicg or circuit> disconnected completely from ‘other devices or circuits, and thus sej

physically, electrically and mechanically from alltSources of electrical energy

Note 1t

3.38
joint p
joint st
sleeve
splice
cover j
split s
compreé

3.39

jumper

dead e
condud

entry: Such separation may not eliminatesall effects of electromagnetic induction.

rotector
ffener
protector
protector
Dint

ssion joint from-bending or damage if the joint passes through stringing blocks

hd, leop

torthat connects the conductors on opposite sides of a dead-end structure

3.40
magne

tic field induction

inductive coupling
process of generating voltages and/or currents in an electrical circuit by means of time-
varying magnetic fields

arated

eeve which fits\_over a compression joint or splice, and is used to protgct the
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3.41

pilot rope

lead line/rope

leader

P-line/rope

straw line/rope

pre-pilot rope

lightweight rope, either wire rope or synthetic fibre rope, used to pull heavier pulling ropes
which in turn are used to pull the conductor

3.42
pilot rope puller
device|designed to payout and rewind pilot ropes during stringing operations

3.43
portabLe earth interrupter tool
portable switching device designed to break high circulating currents, andrwhich prevénts an
unmanpgeable large arc from occurring in the removal of the last earth in_an earthing system

3.44
pull segction
pull sefting
stringirjg section
section| of line where the conductor is being pulled into place by the puller and tensionef

3.45
pull site
puller g§et-up

location in a pull section where the puller, reel‘winder and anchors (snubs) are located

3.46
puller
drum
hoist
tugger
equipmnent designed to pull pulling ropes during stringing operations

[SOURICE: IEC 60743:2013, 14.1.3, modified — Admitted terms have been chlanged,
"conduptor(s)" has been deleted from the definition, and Notes to entry have been delefed.]

3.47
puller-tensioner
equipnient ‘designed to pull pulling ropes or conductor(s) or to hold mechanical fension
againstawpulling rope or conductor(s) during stringing operations

[SOURCE: IEC 60743:2013, 14.1.5, modified — Notes to entry have been deleted.]

3.48

pulling rope

bull line/rope

hard line/rope

sock line/rope

anti-twisting braided rope

high strength rope, normally steel wire rope or less frequently synthetic fibre rope, used to
pull the conductor, with formation and construction that ensure non-twisting capability under
pull operation
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3.49

pulling vehicle

pulling tractor

towing vehicle

piece of mobile ground or air borne equipment capable of pulling pilot ropes, pulling ropes or
conductors

3.50

reel stand
reel elevator
reel trailer
reel truck
drum srand
drum elevator
device|designed to support one or more reels and having the possibility of being\skid] trailer
or truck mounted

3.51
reel winder
takeup|reel winder
takeup|stand
takeup|winder
machine designed to work in conjunction with a bullwheel puller or puller-tensioner, |and to
serve gs a recovery unit for the pulling rope

3.52
running board
headbqard

pulling|device designed to permit stringing several conductors simultaneously with gl single
pulling|rope

[SOURICE: IEC 60743:2013, 14.2.3, modified — Notes to entry have been deleted.]

3.53
running earth
earthing roller
movind earth
rolling parth
travelling earth
portable device designed to connect a moving conductor or a pulling/pilot rope to an elgctrical
earth

[SOURCE:NEC 60743:2013, 14.2.1, modified — In the definition, "used" has been repldced by
"designed's/and Note 1 to entry has been deleted.]

3.54

sagging
process of pulling conductors up to their final tension or sag

3.55

slack stringing

method of stringing conductor(s) slack without the use of a tensioner, with some minimal
braking applied to the conductor reel

3.56

spacing

spacering

process of installing the spacers between the bundle subconductors in each phase
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3.57

splicing
jointing
process of joining the ends of conductor lengths to form a continuous mechanical and
electrical connection

3.58
stringi

ng

process of pulling pilot ropes, pulling ropes and conductors over stringing blocks supported on

structu

3.59
stringi
block

res of overhead lines

hg block

condugtor running block

dolly

running out block

sheavs

stringirjg sheave
stringirjg traveller

travellgr

pulley

sheavd, or sheaves, complete with a frame used separately 6r in groups and suspendg

structu

res to permit the stringing of conductors

[SOURICE: IEC 60743:2013, 14.2.2, modified — Note 1 to entry has been deleted.]

3.60
stringi

ng block earth

condudtor running block earth
sheavd earth
travellgr earth

portabl
pulling

3.61

e device attached to a stringing block and designed to connect a moving condd
pilot rope to an electrical earth

structure

pole
tower

tower gr pole which-supports the conductors on insulators, usually steel lattice or tubul
for trarjsmission-liné and wood, metal, synthetic, or concrete for distribution line

3.62
subco

hductor

d from

ctor or

ar type

each conductor in a conductor bundle arranged in a vertical, horizontal, square, round, or

other s

3.63
swivel

uitable configuration

bullet, swivel joint
device joining one pulling rope to a conductor or conductors to a running board relieving

torsion

al forces on conductors
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3.64

tension site

conductor payout station

payout site

reel set-up

tensioner set-up

location on a pull section where the tensioner, reel stands, conductor reels and anchors
(snubs) are located

3.65

tension stringing
process of using pullers and tensioners to give the conductor sufficient tension and positive
control| during the stringing operation to keep it clear of the ground surface and other
obstacles which could cause damage to the surface of the conductor

3.66
tensioher

bullwhgel tensioner
brake
retarder
equipmrent designed to hold mechanical tension against a pulling'rope or conductor(s)|during
the stringing operation

[SOURCE: IEC 60743:2013, 14.1.2, modified — Note 1 tolentry has been deleted.]

3.67
tractor
cat
crawle
sag tragtor
trackeq unit employed to pull pulling/pilét ropes, sag conductors, at clear pull and fension
sites aphd provide a temporary anchor

3.68
ultimate strength
breaking strength
strength of a member or_of\part of an assembly at which failure of that member or par{ of the
assembly occurs, with-the result that it can no longer support a load or perform its intended
functiop

3.69
working load-limit
aIIowatl:Ie load

maximym<oad
safe working Toad
limit of load that can be imposed safely on a member or assembly usually calculated by
dividing the ultimate or breaking strength by the accepted factor of safety

3.70

woven wire grip

kellem

mesh sock

sock

stocking

wire mesh grip

device designed to allow the temporary joining or pulling of conductors without the need of
special eyes, links or grips
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3.71

yield strength

strength of a member or of part of an assembly at which permanent deformation of that
member or part of the assembly occurs, with the result that it can no longer perform its
intended function

4 Understanding the hazard - Basic theory

4.1 General

The protection of personnel from injury during the process of installing conductors on
transmfssiomamddistributiomtimesismostimportant; botirforetectricatamdmectamicat risk.

For elgctrical risk, the personnel at the work site installing these new conductoers shall be
protected against induced voltages and currents caused by energized adjacent lings. The
personpel shall also be protected from the hazards which can result frem accidenial line
energization. Personnel protection can be achieved by properly applying ladequate prqgtective
earthing systems at the work area, by the use of correct work methods and spegialized
training, and by the use of equipment which incorporates devices¢tQ protect againsf these
types df hazards.

Electri¢al charges or voltage may appear on a conductor being installed, or on the other
equipment and components such as the ropes involved_ in‘the conductor stringing pfocess,
due to pne or more of the following factors:

a) electromagnetic induction (i.e. capacitive and/or inductive coupling) from agjacent
engrgized lines, or when crossing over energized lines;

b) acdidental contact of the conductor or repes being installed, with an existing a@jacent
engrgized line; this is the most likely cause of electrical hazard when workjng on
disfribution lines in crowded urban areas where existing circuits cannot be shut down;

c) eleftrostatic charging (i.e. conductive coupling) of the conductors or ropes by atmogpheric
corjditions or by an adjacent high‘voltage direct current (HVDC) transmission line;

d) switching error in which the conductor being installed is accidentally energized;

e) lightning strikes in the vicinity, or a lightning strike to the conductor being instglled or
other equipment and components such as the ropes involved in the stringing process.

The hgzards caused(by lightning strikes, accidental contact with a live line and switching
errors [are generally, understood. However, the hazards caused by induced voltageés and
currenfs are probably less understood and are therefore explained in some detail hefe. It is
importgnt to note that the basic difference between the hazard caused by induction, 3gnd the
other dources given above is that the induction is continuous as long as the source|line is
energifed,rather than instantaneous or transient in the case of lightning or a fault currdnt.

For mechanical risk, the personnel shall be protected against unexpected breaking of the
pulling line elements, movement of the equipment under load, handling of material, lifting of
material and tools on the tower, working activity at height.

NOTE In the following examples, induction is shown as occurring on a conductor; however, the same result and
hazard will occur for other components used in the conductor stringing process, such as conducting (metallic)
pulling or pilot ropes, or earth wires.

4.2 Electric field induction from nearby circuits
421 Overview

There are two common types of induction problems caused by nearby energized AC lines:
electric field and magnetic field. Each has both voltage and current implications.
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If the nearby line is an energized DC transmission line, the induced voltage is the result of ion
drift, and can result in even higher voltages than if the nearby line were an AC line. Magnetic
induction would only be related to the ripple effect, and is therefore much less than would be
the case if the nearby line were an AC line.

4.2.2

Induced voltage

The electric field around an energized conductor produces a voltage on an isolated and
unearthed conducting object nearby (see Figure 1).

The voltage produced depends on the source voltage magnitude and the geometry of the
system _but not on the length of the parallel between the energized line and the new conductor

being i

If the ¢
voltage
the ne
lower s

hstalled.

ircuit is unearthed, the induced voltage may be as much as 30 % of the .ehéergiz
. This induced voltage can be calculated, but it is generally not necessary to d

ed line
D so. If

v conductor being installed is earthed at any point, the charge is fedlced to @ much

teady state value, depending on the resistance to earth of the earth path.

T

Existing energized
line

Typical voltage
gradient

New conductors
being installed

< IEC

a) Pictorial view

Existing energized line

New.conductor
being installed ¢ ? \_mi

Stringing b_lock earth Ez;'th

or running earth

Open line entrance breaker
[ @ [ and switch (isolator)
1

Induced voltage
IEC

b) Diagrammatic view

NOTE These figures are simplified. The three phases of the existing energized line are involved in the induction.

Figure 1 — Electric field induction from nearby circuits — Induced voltage
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4.2.3

Induced current

With an AC system, the energized lines and the earthed conductor being installed act like the
plates of a condenser or capacitor, and a charging current flows across the air gap between
them (see Figure 2).

The two following aspects should be considered.

a) A current flows through the temporary earth from the conductor to earth. It is proportional
to the length of the parallel between the energized conductor and the new conductor being
installed. This current may amount to several amperes.

b) If the temporary earth becomes defective, is dislodged, or removed, the capacitive

oltage

is ihmediately re-established. Thus, if a worker is in fairly solid contact with the

ang
cur
a (
shd
ind
ste

the only earth is dislodged, the worker can be exposed to a dangerous volta
rent. If the worker attempts to contact the conductor or connected parts, hewill
angerous discharge current, followed by a steady-state current. Thus, the
Il avoid coming in close proximity to the conductor or connected. |parts sin
Liced voltage may be high enough to cause arc-over. Also, it shouldbe noted t
hdy-state capacitive current occurring after the contact may reach'a dangerous I¢

>

Existing energized
line

Current flow

S~ Temporary
= earth

New conductors
being installed
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a) Pictorial view

Existing energized line

5ystem
pe and
eceive
worker
ce the
hat the
pvel.

1~ 1l 1~
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Na A
being installed < T T —ié \_ECD_

Open line entrance breaker
and switch (isolator)

— Temporary

earth
IEC

b) Diagrammatic view

NOTE These figures are simplified. The three phases of the existing energized line are involved in the induction.

Figure 2 — Electric field induction from nearby circuits — Induced current
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4.2.4 Electrostatic charging

It should be noted that a potential hazard exists where a line to be worked on is still insulated
but has been isolated, as it may have a voltage due to electrostatic charging resulting from
atmospheric conditions, or trapped charges from switching. Therefore, before starting any
work operation on the distribution line, it shall be earthed at least at one point to discharge
the electrostatic charge.

4.3 Magnetic field induction from nearby circuits
4.3.1 Induced current

In additior another

effect is caused by the current flowing in the energized line.

The energized, current-carrying conductor and the nearby conductor being installed may be
looked|upon as the primary and secondary windings of an air-core transformer,

If the hew conductor is earthed at two places, it acts like the secondary of an gir-core
transformer, short-circuited through the earth. A circulating curtent will flow alohg the
new canductor, through one earth connection, back through the garth and up the othdr earth
to complete the loop (see Figure 3a).

This e]Jectromagnetic current is proportional to the curtent in the energized line Jand is
dependent on the geometry and impedance of the system)

If a sqries of earths is applied, a series of loops is formed, each carrying curremt (see
Figure |3b).

It would appear that the currents would cangel in the intermediate earths.

If therq is a great difference in impedance of the earths in adjacent loops, for examplel a lake
in the earth return of one, and rock in the other, the intermediate earth can carry almpst the
full cirqulating current.

If therg are transpositions in the energized circuit, the phase angle of the induced current will
be different along the(line and can also create large circulating currents in the earthing
system.

When work is being done in the vicinity of a heavily loaded energized line, or a fault oc¢urs on
the adjacent energized line, the current induced in the new conductor being installed [can be
very lafge and can affect the choice of earthing assemblies.
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NOTE

4.3.2

Contin
becom
earth,

essent
length

At the
broken
the cag

Current in
live conductor

Existing energized line 4—/

New conductor 4

being installed
Induced current Open line entrance breaker

and switch (isolator)

Temporary Temporary

earth earth
I1EQ

a) Two earths on new conductor allow circulating current to flow

Current in
live conductor

Existing energized line Q—/
New conductor
being |nsta|led :{> >
) C <l> ( Open line entrance breake

and switch (isolator)

Temporary earths
P y IEQ

b) Circulating currents-with multiple earths

Figure 3 — Magnetic field induction from nearby circuits — Induced current

Induced voltage

ally zero at the’/location of the remaining earth, and increases in proportion
pbf the paralleh(Figure 4a).

e.0f a long parallel between the energized line and the new conductor being in

[hese figures are simplified. The three phases of the existing energized line are involved in the induction.

ling the analogy of ‘an air-core transformer, if the new conductor being installed
bs earthed at one_point only, for example by the removal of the last but one tenjporary
an open circuit\secondary voltage to earth appears on the line. This volfage is

to the

moment of removing the last but one earth, the circulating electromagnetic cufrent is
and.a voltage appears across the gap. This voltage can become dangerously TS

igh, in
talled.

It may have To be Timited by a technique of sequential earthing, in which the new conductor is
subdivided by intermediate earths. The sections are then short enough to limit the open circuit
voltage because the earths are sequentially removed (Figure 4b).
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Current in
live conductor

Existing energized line q_/

New conductor <
being installed \_@
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Worksite
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earth

JEQ

a) Open circuit voltage with one earth only

Current in
live conductor

Existing energized line Q—J

New conductor

being installed CI> C{>
<}> <]> ( <l> Open line entrance breake

and switch (isolator)

Temporary earths

4 3 1 Apply
1 2 3 4  Remove

N

IEQ

In area qf high induction, removal of the last earth.should be done with a portable earth interrupter tool.

b) Temporary earths to be applied and removed sequentially

Figure 4 — Magnetic field.induction from nearby circuits — Induced voltage

4.4 Re-energization

Accidepntal contact with;an energized conductor, or a switching error, may occur. Thgrefore,
appropriate earthing.systems, such as equipotential earth systems, shall be applied on each
site, a$ it is not)sufficient to rely on remote earths applied when the line was regionally
isolateql and earthed.

4.5 Tllechanical risk

To avoid any unexpected breaking of the pulling line elements, it has to be considered that
the maximum pull applied usually is different from the one applied at the tensioner or at the
puller, depending on the design of the line and the orography of the line path. In particular, in
case of mountainous area, the maximum value of the pull force applied could be much
greater, as well as the balance between clipped conductor and conductor on blocks that are
totally different, and this requires care in the equipment selections. Moreover, tension values
should be close to the sagging tension values when crossing existing lines where limited
clearance must be respected.

To avoid unexpected movement of the equipment under load, the requirement provided by the
equipment manufacturer has to be carefully applied. It is evident that the weight of the
equipment is normally not enough to grant the stability under load, but it looks like this
elementary requirement is sometimes not really considered in the risk assessment.
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Operation involving handling of material, lifting of material and tools on the tower or working
activity at height are normally detailed in the safety procedure and instruction for all open job-
site activities; it is important to know them and to follow in detail the safety instruction to avoid
any danger situation.

5 Conductor stringing methods and equipment

5.1 General

The stringing methods used to install the conductor (including earth wire) currently employed
in the electric power industry are many and varied. Outlined below are the basic methods
currentty ruse; butthey arenmvariabty modifiedtoaccommuodate equipment Teadity gvailable.
The methods also depend somewhat on the type and size of the line to be buili,\gnd the
ground| over which the line is to be built.

Installdtion of transmission conductor is made by stringing one phasel,{(one of more
subconductors in bundle) at a time, by using a multi-conductor tensioner_and’ a running|board.
The ruphning board is smoothly shaped to pass through the stringing block and usually has a
flexiblg pendulum tail suspended from the rear to prevent the conduc{or bundle from twisting
during [the pulling process. The conductors and pulling rope are-normally connected| to the
running board with swivels to prevent twisting loads being transferred to the running|board.
The rope formation and construction shall grant non-twisting, capability under pull opgration.
Swivel$ are not designed to pass through the bullwheels of(@ puller or a tensioner under any
signifigant load.

Stringing blocks are sometimes bundled with a centte sheave for the pulling rope and|two or
more donductor sheaves, and used to string more’ than one conductor simultaneoudly. For
mechapical protection of conductors, sheavés are often lined with non-conductive or
semicdnductive polychloroprene, polyurethane or other elastomer, or polyamide. [Where
condudtivity of the stringing block is required; the lining should be made of aluminium.

Installgtion of distribution conductors€an be made one conductor (phase) at a time; hqwever,
it is ppssible to install all threesxphases plus neutral at one time with a multi-copductor
tensioner and a running board.~Msulated conductors may be in the form of three pr four
condugtors with a messengerwire twisted together as a bundle. This bundle is psually
installgd on the structures in the same manner as one conductor.

Temporary anchors are often used at pull and tension sites. The term anchor is nprmally
associated with cene, plate, screw or concrete anchors, but the terms snub, deadmpn and
anchorllog are usually associated with pole stubs or logs set or buried in the ground, t¢ serve
as terre]porary anchors. A sledge with blocks of concrete sitting on top of the ground|and of
sufficignt weight to hold the load has also served as a temporary anchor.

There are—somemechanicatand-—etectricatcharacteristics—which—are ;Illpultallt imrthre—choice of
stringing equipment. They are detailed in Clause 5.

5.2 Slack stringing method

The slack stringing method is illustrated in Figures 5a and 5b.

The slack stringing method is not recommended for installation of transmission line
conductors, because surface damage to or contamination of the conductor using this
installation process can be quite high, causing corona losses and excessive radio, TV and
communication interference.

The method shall be used for installation of distribution line conductors where applicable;
anyway, this method is not recommended in areas where high induction is possible.
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re two commonly used methods for slack stringing.

a) Stationary reel method

This method is when the conductor reels are located at one end of the pull section. The
conductor is dragged along the ground of the right of way by means of a towing vehicle
(see Figure 5a).

b) Roll

ing reel method

Another variation of the slack stringing method is when the reels are towed along the right
of way on a trailer behind a towing vehicle, and the conductor is deposited on the ground
(see Figure 5b).

The cgrauctor teefs—are tetd—im reelstanas either ptaced o the groumnd or mourte
trailer. [These stands are designed to support the reel on a shaft, permitting it to turn
condugtor is pulled out. Usually a braking device is provided to prevent overrunning
reel when the pulling is stopped.

When

stoppefl and the conductor placed in stringing blocks attached to ‘the structure
proceefding to the next structure.

] on a
as the
of the

he conductor is towed past each supporting structure or tower, the-“towing vehicle is

before

This method is chiefly applicable to the construction of rural distribution lines, where the line

right o

congedted urban locations where hazards exist from traffic orwhere there is danger of

with er
cannot
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way is easily accessible to a towing vehicle. The method is not practical to

ergized circuits. Nor is it practical in mountainous regions where the towing
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a) Installing conductor — Stationary reel
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Figure 5 — Slack stringing method
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hsion stringing method(isvapplicable for both transmission and distribution lings, and

b considered the state of the art of the conductor installation methods.

This mlethod is illustrated in Figures 6a to 6d for distribution lines and Figures 6e to[6m for
ssion lines.
his method, the conductor is kept under tension during the stringing process to keep

Using
the cof
will cal

ductor_from contacting the Earth surface or other obstacles between towers sirjce this

sg conductor surface damage. The tension in the conductor also allows it to pa

energiz

edcircuits, railway or major road crossings,. etc. without contacting them.

bS over

For multiconductor per phase lines, the tension stringing method requires the installation of a
light synthetic or metallic pilot rope into the stringing blocks. This is normally done using the
slack stringing stationary reel method by either a towing vehicle or a helicopter or a drone.
The pilot rope is used to pull in a heavier pulling rope, and the pulling rope is then used to pull
in the conductors.

For single conductor per phase installations, the pulling rope may be installed directly with a

towing

vehicle or by helicopter eliminating the use of a pilot rope completely.

All the subconductors of each bundle are strung at the same time and with the same tension
applied, to avoid difference sag behaviour once installed.
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The first and most common method for tension stringing conductors is to use one or more
tensioners, depending on the number of subconductors in a bundle, and one puller. This
methodology can be named as “1 by n”, where 1 means one pulling rope and n means the
number of subconductors of the bundle (see Figure 6i).

In case of a large number of subconductors in a bundle, another possible stringing
methodology is to provide a pulling rope for each conductor, by using one or more tensioners
and one or more pullers. This methodology can be named as “n by n”, where the first n means
the number of pulling ropes and the second n means number of subconductors in the bundle
(see Figure 6j).

Where a transmission line is to be reconductored, often the old conductor is used as a pulling
rope tp pull in the new conductor, and the puller machine becomes a puller<tepsioner
machine. This methodology is equivalent to the previous “n by n” method, where_ thq first n
means|the number of old subconductors used as a pulling rope and the second i"means the
numbef of subconductors in the bundle (see Figure 6k).

An altgrnative method for reconductoring operations, when the mechanical ‘'strength of the old
condudtor is not well predictable, is to use a pulling rope as a tensioning element while
recovefing the old conductor, in order to keep them suspended from the ground [and to
minimize the tension value in the old conductor. Then the installed rope can be used ag a pilot
or pulling rope for the new conductor installation. This methodelogy can be named as “h by 1”
method, where n means the number of old subconductors to'be recovered and 1 means one
tensior]ing rope to be used to keep tension in the old conductor bundle.

Since fthe mechanical strength of the old conductor, and particularly the compression| joints,
may bg very questionable, this procedure may require extra caution. Passing old joints pround
the bulfwheels of the puller-tensioner, where they, are bent and then straightened as the joints
pass from groove to groove on the bullwheelsj.can cause sudden failure of the joints and the
condudtor may drop, causing damage to the\conductor or the line structures, and ther¢fore is
not recommended. A common procedure.is to cut out the compression joint when it arfives in
front the puller-tensioner, and to_fit a woven wire grip on both ends of the severed
condudtor. This grip is passed through the bullwheels, and can be removed befqre the
condudtor is wound on the reel winder.

The same procedure is applied in case of earth wire replacement, when several sections of
earth wire are included inva'stringing section: the compression joints or the tension clagmps of
single gections should-be/removed and both ends of the earth wire should be connectgéd with
a woveln wire grip.

Recenf development of stringing technology has also allowed to adopt a combination| of the
two prgvioussmethods in stringing new power lines, in particular in case of a large number of
bundle|conductors (from 6 up to 8 or 10), so we can have a “2 x (1 x n)” method, whgre two
traditiopalV'stringing methods “1 xn” can be coupled to reach the total numper of
subconductors of the bundle (see Figure 6n).

Due to the increase of the number of subconductors in a bundle, in the previous
methodologies the use of a large number of stringing machines is requested.

All the machines working combined at the same station (example two or more tensioners at
the tensioner station, two or more pullers or puller-tensioners at the puller station) will be
provided with suitable electronic connection to allow them to be operated by a single operator
controlling all the working parameters, to avoid any unbalancing effect on each subconductor
of the bundle.

In case of double (or multiple) circuit power lines, it is becoming popular to operate with one
of the circuits energized and the other circuit being strung or reconductored (see Figure 6m).
The nearby energized circuit will generate severe induced current effect on the line being
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strung and therefore the equipment shall be installed and used by assuring the equipotential
condition of the entire working area.

In case of wind, take care of the displacement of conductors and the possibility of reducing
the clearance between the moving conductors and the live conductors to prevent any arcing.

N
NN
NN

Tensionerend - \1\\\ Stringing blpck earth, Type F
ANIRN one every fifth structure
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Stringing block \\ Synthetic pilot ropes A 5 blocks on each structure from
g tensioner end to puller end Qﬂ b

(i (1

Mount payout spindle,
pilot rope firum,
and rope fn first Conductor
structure gt tensioner end. cover

One spindle and drum L
per phase|plus neutral.

1 m minimum——>, / N v
each side Vs E%ﬁ%\ -
Existing ﬁ NN ~ -
energized AN o
circuit N >

o S IEC

a) Distribution — Installing pilot rope on structure
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N
ANRAN Stringing block earth, Type F ) Puller end
ANANN - Swivel
NS one every fifth structure
N
Stringing block /

Synthetic pilot
Synthetic pulling rope
/

Drum puller

Move pilot rope drum and rope
from structure to tensioner.

Conductor

Pilot rope pulls pulIIing rope from cover ! N
puller end to tensioner end. N NN
N L =
}J J \\\ N = Equipment eartlr:)
[ AL S Type A -
Drum tensigner 1'm minimum / / E@%\ U
each side Existing
Conductor energized Lo Earth rod .
circuit Earth mgt, Type G
U if requirgd around
all equipnent and
eartt] rods
Equipment earth,
Type A —
Earth rod ) ////////
pulle B A
" Upto1800fmpulls
Q *\\ Earth mat, Type G if required _—
around all equipment and //////
earth rods /////
— IEC

The pullgr and tensioner shall be located at a minimum distance from the first and last structures of three ffmes the
height of the stringing block above the machines.

b) Distribution — Installing the pulling rope

AN . A
A Stringing block earth, Type F
one évery fifth structure Swivel Puller end

NN Conductor,
. \ \ /

Synthetic pulling rope

Drum puller

Tensipner end

Conductor

R{inning earth. a cover Ny
or} conductor; y N R i . s
Tyre B ( \ S e Equipment earth,

Nae 1 m minimum —> A NN Type A |

Conductor reet

N S ¥
each side / > g% 4
Existing AR - S
energized NS \\W/l/
circuit L S Earth rod ™ Earth mat, Type G

if required around
all equipment and
earth rods

Equipment earth,
Type A

Earth rod

Drum tensioner

p to 1 800 m pulls

<. Earth mat, Type G if required
around all equipmentand B
earthrods

IEC

The puller and tensioner shall be located at a minimum distance from the first and last structures of three times the
height of the stringing block above the machines.

c) Distribution - Installing conductor
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N }//?
New conductors ) / —

being installed

N

1 m minimum

Exis{ing energized conductors moved sideways
on tefporary insulated extension arms to provide
cleprance for new conductors being installed

Existing energized
conductors

d) Distribution — Reconductoring project with existing‘circuit energized

Tensioner site

Stringing block Alternative method

of installing pilot
Finger rope ropes-helicopter
(synthetic)

Pilot ropes-one per phase
plus earthwire

Non-conducting link
to isolate tractor

block earths
Type F, if
required

each metallic pilot \

installing pilot ropes rope Type B

Earth mat Type G, -
if required, around
all equipment

e) Transmission - Installing the pilot ropes

Reel elevators,
- reel stands, or

IEC

pilot rope
t rope

IEC
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Puller site

Equipment earth
Type A

Running earth on earth wire Tensioner site
Type B

Swivel _ Running earth X
Pilot rope  on metallic pilot rope Pilot rope, or
Type B earth wire puller

Earthwire reel stand
Earth wire
tensioner

Each metallic pilot rope
earthed Type A

Stringing block earths
Type F, if required Each metallic pilot

rope earthed Type A

Earth mat Type G,
if required, around all
equipment and anchors

Earth mat Type G, —
if required, around all
e . equipment and anchoOts

IEC

Pullef site

Tensioner site

Each metallic pilot rope
and equipmlent earthed
Type A

Each metallif pilot rope
earthed Typ¢ A

‘f Stringing block earths

2

v

§ Pilof rope puller
Running earth on
metallic pilot rop
Type B Y

<~ Metallic pilot rope
—<—— and equipment earth Type A
\

Earth mat Typg G, ~ \ \

if required, aropind al '

equipment and
Earth mat Type G, —%
if required, around all
equipment and anchors

Approximately 5 km

. IEC

g) Transmission — Installing pulling rope in first phase
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Puller site
Tensioner site

7 Stringing block earths
Type F, if required

Pilot rope Pilot rope puller
/

Running earth on metallic
pulling rope Type B ‘

Earthrod |

Earth mat Type G,
if required, around all
equipment and anchors

A imately 5 ki Reel stands or
pproximately s km Earth mat Type G, jeel carfiers
I / if required, around all —\\
equipment and anchors
IEC
h) Transmission - Installing conductor in first phase
IEC

FIN— : - 4 P - + "
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IEC

j) Transmission — n x’n stringing method

s re e — . ——
— ST ol e
£ ,-f-".
= » TE
:i;En : ] == ik
— |
e _
= =
‘-'“"‘--._‘ e
IEC

k) Transmission — n x n reconductoring stringing method
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1) Transmission — 2 x (1 x n)\{gnging method

IEC

m) Transmission — Reconductoring operation on double circuit power line with one circuit live

Figure 6 — Tension stringing method
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5.4 Stringing equipment
5.4.1 General

Subclause 5.4 deals with the equipment used in the tension stringing method of installing
conductors, and gives some general criteria for choosing these machines, including safety
measures for protection of personnel from electrical hazards. The same basic criteria will also
apply to this equipment used with the slack stringing method.

5.4.2 Tensioners

5.4.2.1 Overview

For diitribution conductors, where the tension used to string conductors is usually‘less than
5 kN, drum type tensioner or reel stand is normally used. The conductor reel iself is
inserted in the machine and the reel is retarded or braked to the stringing tension.

For didtribution conductors, where the tension needed to string the conductor is morge than
5 kN, gnd for transmission conductors, tensioners are usually bullwheel type.

There are two types of bullwheel tensioners:

a) multigroove tensioners with two bullwheels having four or, mote grooves per subcopductor
on the bullwheel (see Figure 7a and 7b) — The number ©f'grooves for each subcopductor
shgll be sufficient to prevent the outer layer of wires of/multilayer conductors from glipping
ovdr underlying layers. This is achieved by gradually increasing the tension jpon the
conductor on the grooves of the bullwheels by using low friction materials instead|of soft
material, and it is extremely important for trapezoidal wire (TW) typology of congluctors
and new generation of high temperature low>sag (HTLS) conductors. A minimum fpumber
of [four grooves is required for aluminjum conductor steel reinforced or tragitional
conductors, while for TW or HTLS conductors a minimum of six grooves is required. In
cade of some ACSR conductors and.for TW and HTLS conductors, to avoid birdcaging, a
higher number of grooves is recommended, in order to transfer the stress of th¢ outer
surface of the conductor to the ¢ore of the conductor. The total number of groovep to be
usqg for each sub-conductor iscalso related to the maximum tension required.

b) V-droove tensioners with 6nge bullwheel having a single V-groove — Machines havge been
mafde with two or more .bullwheels each having a single V-groove. Use of V-{groove
tensioners is not recommended for multilayer conductors, due to the fact that birdcaging
of the conductor has-a greater possibility of occurring because the stress on the cofpductor
dug to the tensiening process is transferred to the conductor over a shorter length than is
the|case with-multigroove bullwheels

5.4.2.2 General criteria

Genergl.and desirable characteristics that apply to bullwheel tensioners are the following.

a) It is important that the conductor be installed smoothly without jerking or bouncing, to
avoid any sudden overload on machines and equipment and grant a safe and quality
stringing. Therefore fully hydraulic braked tensioners are recommended. The braking
system should provide for a constant tension in the conductor at all stringing speeds and
should hold this tension even when the pull is stopped. Mechanical braking of the
tensioner bullwheels is not recommended because it gives a less smooth control of the
tension than does full hydraulic braking.

b) For multiconductor per phase (bundle) installations, all subconductors need to be installed
at the same time and the same tension should be applied. The tensioning system needs to
incorporate the ability to do this: a preferred procedure is to use machines with
independent control of bullwheels, due to the better control of each tension line with
respect to machines with single control of bullwheels. The subconductors in a bundle
being installed together should preferably all be taken from the same manufacturer's
production run or lot.


https://iecnorm.com/api/?name=c859bd2c23f6b524e734d4a4054a3006

IEC TR 61328:2017 © IEC 2017 - 35—

5.4.2.3 Choosing the correct capacity of the tensioner

Tensioners are usually rated by the maximum tension that can be accomplished for each
conductor or subconductor in the case of a multiconductor tensioner.

The tensioner chosen for each project should have the capacity to tension the conductor with
sufficient clearance from the ground between towers or other obstacles to be crossed. It is
recommended to choose a tensioner with at least 15 % to 20 % overcapacity with respect to
the expected maximum tension line estimated, to grant the ability to properly manage
unexpected situations in which an extra tension may be required (see also 6.3.2.2).

5.4.2.4 Other criteria for the selection of tensioners

The fo]lowing specific criteria should be considered in the correct choice of a tensiangr to be

used fqr a particular project.

a)

b)

d)

f)

i)

The bullwheel grooves are lined with a material which will prevent damage“to the gurface
of the conductor and allow the conductor to set itself on the bottom ofithe groove, tp avoid
torgional stress that can generate birdcage damage. Material like_pelyamide or thermally
and chemically treated steel are recommended, because they minimize the side [friction
effect, and are used in case of TW conductors or HTLS condugtors.

The minimum bullwheel diameter at bottom of groove is 35.times the conductor diameter.

The minimum bullwheel groove diameter is 1,1 times the~conductor diameter, to allow the
megh sock joint installed on the conductor’s head to pass through the groove in the|proper
way.

In gase of bullwheel with soft lining material, such.as adiprene or neoprene or similar, they
shquld preferably provide for reeving and *stringing the normal right-hand oufer lay
corjductor. This means that, standing behind/the tensioner looking toward the towef in the
dirgction of stringing, the conductor should enter the tensioner bullwheels on the |eft, be
wolind on the bullwheel pair from left to-right, and exit to the tower on the right. This will
tend to tighten the outer layer of normal right-hand lay conductor as the conductor passes
through the bullwheels.

Meghanical connection between-the two bullwheels of the same pair is suggested|(gears
are| preferred — see Figure 7¢); to avoid different speed of the two bullwheels of th¢ same
paif and consequent overstress of the conductor.

It i$ recommended that'the conductor be guided into the correct groove of the bujiwheel
linihgs from the conductor reel with fairlead sheaves or rollers placed below and on each
side of the conductor. For TW or HTLS conductors, rollers should be designed in ajway to
mirlimize the cenductor angle between reel-stand and tensioner side (see Figure 7d)).

Fairlead guiding rollers provided in front of the tensioner are not recommended bgcause
thely act<oh the conductor under tension, and therefore should have at least thg same
diameterrequired for the stringing blocks (see 5.4.9.2)

There-shall he a hnlding brake in(‘nrpnrafpd in the drive train for each bhullwheél pair,
which is usually a hydraulic off spring applied type so as to hold the conductor at stringing
tension in case of a drive train or hydraulic component failure. The operator shall also be
able to apply and release the holding brake from the control console. In certain
applications, such as per conductor stringing by helicopter to pull the conductor, a proper
logic of safe operation of the holding brake shall be provided, to avoid a critical situation
involving closure of the brake while tensioning.

The tensioner control console should have a tension indicating gauge or gauges showing
the tension in each conductor or subconductor.

The tensioner control console should be located so that the operator has good visibility of
the conductor reel and the stringing process. Remote operated controls can be used to
allow a better vision of the working area, but the operator needs to remain at the same
voltage potential as the tensioner machine, in case of an accidental electrical contact or
where induction is occurring. Therefore a proper installation grid with equipotential area
and proper earth connection has to be provided around the machine.
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The tensioner frame should incorporate adequately sized anchor lugs for attachment of
ground anchors to hold the machine in place on the job site. Since tensioners are typically
trailer mounted, and will move easily on wet or unstable ground, holding anchors are
strictly required.

The tensioner frame shall incorporate an earthing lug or bar, free of paint or other coating
or surface contamination which would prevent a good electrical connection, specifically
when attaching an earth clamp, and needs to be connected to the equipotential grid
around the machine.

If the tensioner has an operator's cab, engine or other component with rubber mounts to
isolate noise or vibration, then an earthing strap shall be installed from the isolated
component to the frame.

The¢ operator's ability to clearly hear work instructions while the tensioner is operating is
impgortant. A suitable communication system with ability to communicate clearly With the
puller operator and other persons participating in the stringing process shall be-proyided.

In ¢ase of larger bullwheel diameter machines and/or larger operating tension valpe, the
dimension of the tensioner machines should become larger and héavy. Therefore, a
moHular design is recommended to allow the machine to be separated in singl¢ parts
(sep Figure 7e), especially where transportation and assembling.of the units is mpde by
hellcopter.

IEC

b) Multigroove tensioners with multiple pairs of bullwheels

IEC

c) Mechanical connection between the two bullwheels of the same pair
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e) “Modular” tensioner 6\

Figure 7 — Bullwheel teléners

5.4.3 Pullers ‘\\§\

\\S\Q

Four blajic types of conductor pullers exls\@$

5.4.3.1 Overview

a) drum pullers, with either single d,@\ or one for each rope to be pulled (see Figure Ba);
b) bullwheel pullers with separqtebeel winder (see Figure 8b);
c) bullwheel pullers with inte@reel winder (see Figure 8c);

d) puller-tensioners (see@@ure 8d).

The firgt three types qﬁiesigned to primarily act as pullers only for the pilot rope or|pulling

rope. .
D

Puller- ensio@ can be either of the drum type, which are normally used just for work on
distribytion with limited distance to be covered, or of the bullwheel type for work ¢n both
distribdti d transmission lines, in particular for reconductoring operation.

Puller-tensioners can act as pullers for a pulling rope and, acting at the other end of the pull
section, the same machine can be used to tension out the conductor as a tensioner. When
acting on a reconductoring job, the puller-tensioner can also recover the old conductor that is
used as a pulling element to string the new conductor.

Usually the diameter of the bullwheels for a puller-tensioner is larger than that of a puller only,
and the bullwheels for a puller-tensioner will have the grooves lined with a material which will
prevent damage to the surface of the conductor, since this machine may also be used for the
tensioning of the conductor (see 5.4.2.4 a).

5.4.3.2 General criteria

General and desirable characteristics that apply to pullers are the following.
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It is important that the conductor be pulled smoothly without jerking or bouncing.
Therefore, puller speed changes should be smooth.

The puller shall have sufficient pulling power to start the conductor moving at full stringing
tension after a stop.

5.4.3.3 Choosing the correct capacity of puller

Drum pullers are usually rated by output torque. This output torque rating should be converted
to maximum linepull at the diameter of the pulling rope on the drum when the drum is fully
wound with the rope.

Bullwheel pullers are usually rated according to the maximum linepull that can be
accomplished at a lower stringing speed, normally rated at approximately 2,5 km/h, while the

maximym operating speed is normally rated at approximately 5 km/h.

The puller size chosen for any particular project shall take into account the~stringing fension
per conductor and the number of conductors per phase to be pulled atyone time,| which
determJ:ne the total stringing tension value, and the length and the path, of the pull dection,

which

etermine how much the total tension value has to be incremented to be able to pull the

line. It]is recommended to choose a puller with at least 20 % t0. 25 % overcapacity with
respect to the expected pulling line, to grant the ability to pfoperly manage uneXpected

overlogd on the line that may arise for any reason (see also 6.3:2.2).

5.4.3.4 Other criteria for the selection of pullers

Other griteria for the selection of pullers are as followsy

a)

b)

c)

d)

f)

The puller bullwheels should have hardened steel grooves for maximum wear
chdracteristics if the puller is to be usedwith steel pulling rope. Connector linkq which
haye bigger size than the pulling rope, when passing through the bullwheel grooyes will
indpce a much higher tension in the pulling rope: the groove geometry and the material
treatment should support and minimize the overload effect.

Fo1 the puller-tensioner, bullwheel material like thermally and chemically treated $teel is
the| best solution, because they:minimize the side friction effect when stringing copductor
and grant wear resistancescharacteristic when stringing steel rope. An alternative qolution
is golyamide, as per the tensSioner bullwheels.

The diameter of theSpuller bullwheels is not as important as that of the tensioner.
Hoyever, it is not reecommended to use a puller with bullwheel diameter less than 2p times
the| rope diameter-for a steel pulling rope or 20 times the rope diameter for synthetic
roples; smaller, diameters will reduce the working life of the pulling rope. With somég types
of $teel pulling ropes, a larger ratio of rope to bullwheel diameter may be desirabje, and
the|manufacturer of the rope should be consulted.

A pulfer-tensioner to be used in reconductoring operation to pull out the old conductor,
which\is used as a pulling rope to pull in the new conductor, should have a bullwheel
diameter of at least 35 times the conductor diameter, as per the tensioner design, or
higher, considering that the old conductor condition and behaviour is not really
predictable. Smaller diameters will increment the stress on the old conductor being pulled
and could create issue in case of undisclosed defects.

It is required that the bullwheel drive system be provided with mechanical connection
between the two bullwheels of the same pair (gears are preferred — see Figure 7c), to
avoid different speeds of the two bullwheels of the same pair and consequent overstress
of the rope or conductor.

A holding brake is incorporated in the puller drive train. This can be a hydraulic off spring
applied type so as to hold the pulling rope at stringing tension in case of a drive train
failure, or during a normal stop sequence. The operator shall also be able to apply and
release the holding brake from the control console.

The puller control console should preferably have a linepull indicating gauge including an
overload device, which can be preset by the operator to a maximum pulling value. Pullers
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g)

h)

fitted with an overload device shall automatically stop when this level of linepull is
reached. This will prevent the puller from continuing to pull up to dangerous levels if the
conductor, rope or running board become snagged and held somewhere along the pull
section. A double overload system is recommended and the second one can be achieved
by hydraulic or electronic control of the unit.

The controls for the reel winder should be incorporated in the control console of the puller
for bullwheel type pullers. This will give the puller operator full control of the pulling rope
winding operation.

The pulling rope should be guided into the correct groove of the bullwheel from the reel
winder with fairlead sheaves or rollers placed below and on each side of the pulling rope.
Similar fairlead rollers should be used to guide the pulling rope between the bullwheels
angthe—strueture—the-workdrgeangle—doesrhotaHow-therope—te-sel-guide—inte—the;proper

gropve of the bullwheels.

Forl drum type pullers, a level winder is recommended to ensure that the puwiling fope is
guifled from the structure to the pulling rope drum, and evenly wound across”the width of
the|drum. This makes for smooth pulling and eliminates tangles with the-fope on thg drum.

tengsion in the pulling rope.

The puller control console should be located so that the operatorthas good visibility of the
reel winder and the stringing process.

Th}puller control console should have a tension indicating gauge or-.gauges showjng the

Remote operated controls can be used to allow a better vision of the working area, put the
opegrator needs to remain at the same voltage potential ‘@s the puller machine, in ¢ase of
an |accidental electrical contact or where induction™is occurring. Therefore a [proper
installation grid with equipotential area and propér ‘éarth connection has to be pfovided
around the machine.

The puller frame incorporates adequately,sized anchor lugs for attachment of earth
anghors to hold the machine in place on(the job site. Since pullers are typically trailer
molnted, and will move easily on wet or.unstable earth, holding anchors are requirgd.

The puller frame incorporates an earthing lug or bar, free of paint or other codting or
surface contamination which would, prevent a good electrical connection, specifically when
attaching an earth clamp.

If the puller has an operator's cab, engine or other component with rubber mounts to
isolate noise or vibrationj_then an earthing strap shall be installed from the isolated
component to the frame.

The operator's ability) to clearly hear work instructions while the puller is opergting is
important. A suitable communication system with ability to communicate clearly with the
tenjsioner operator and other persons participating in the stringing process shall be
provided.

In ¢ase efilarger bullwheel diameter machines and/or larger operating tension valpe, the
dimension of the tensioner machines should become larger to avoid easy transpgrtation
and ‘wiovement. Therefore, a modular design is recommended to allow the maching to be
separated in single parts.

The same concept applies to machines that need to be used in areas that cannot be
reached with traditional road transportation methods. The units have to be transported by
helicopter, detached in separate elements respecting the working load of the helicopter
being used, and provided with proper devices to be reassembled by using the same
helicopter as a working crane (see Figure 8e).
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U5

a) Drum puller, two single drums (IEC 60743)

IEC

c) Bullwheel puller with integral reel winder (IEC 60743)
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IEC .(.19

A C) e) “Detachable” puller

O® Figure 8 — Bullwheel pullers

5.4.4 | Reel win@eo
5441 O @%w

Reel win &-ﬂ? are used to wind up a pulling rope behind bullwheel pullers. They are not
require drum pullers. T

Reel winders are usually incorporated on the same frame as the bullwheel pullers, but
sometimes, for larger pullers, the reel winder is a completely separate machine to reduce the
overall weight of each component.

They can have their own power source for driving the rope drum, or more frequently they may
be powered from a hydraulic drive on the puller by means of hydraulic hose connections.

In any case, they are always driven so that they tend to wind up the pulling rope faster than
the puller is able to feed the rope to the reel winder. This ensures that the pulling rope always
remains taut between the puller and the reel winder so that the rope does not loosen on the
puller bullwheels.
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Criteria for choosing reel winders

teria for choosing reel winders are as follows.

C 2017

a) Reel winders have a levelwind system to help to wind the pulling rope evenly across the
rope drum and prevent uneven build-up that could cause snarling of the rope on the drum.

b) The reel winder should be able to accommodate the size and weight of the pulling rope
drum to be used on the project. Normally the rope lengths to be used on the project are
multiple, and therefore the reel is changed when full of rope and replaced with a new one
empty; in this case the pulling rope is provided with proper connector to detach or connect
between the single section lengths. Larger reels will reduce or eliminate the need to
change reel every section or rope, but will increase the overall weight of the reel winder.

c) The reel winder circuit is normally arranged to allow the stringing process when the

ro,

is being installed from the puller end to the tensioner end of the pullsec

preivent the rope drum from continuing to turn when the rope pulling 6perati
stopped. In some case the take-up drive can be disconnected, and this requires an
ovdgrspin mechanical brake on the transmission.

d) Th
dri
the

re shall be a holding brake or reverse motion brake incorporated in the reel

puller bullwheels in case of a drive train failure, or during a_normal stop sequen

e) If the reel winder is not an integral part of the puller, the“reel winder frame

inc
pla
mo

ve easily on wet or unstable earth, holding ancharsfare strictly required.

f) If the reel winder is not an integral part of .the puller, the reel winder fram

inc
wh
cla

5.4.5
5.4.5.1

Reel s
tensior]
can be|
the ree

One re

For dis
can be
small

ch would prevent a good electrical connection, specifically when attaching a
mp.

Reel stands
General

fands are used to hold the,conductor reels. They are usually positioned beh
er, and used to wind off the conductor from the reel as it is fed to the tensione
self-loading, and therefore called reel-elevators, but usually the reels are load
stands by crane, enother lifting means.

el stand is required for each subconductor of the phase.

used\to directly tension the distribution conductor when such conductors a

being i

hstalled and existing energized conductors.

pulling
ion, to
bn has

winder

e train so as to hold the pulling rope at normal tension between the reel winder and

e.

should

brporate adequately sized anchor lugs for attachment of ahchors to hold the madghine in
Ce on the job site. Since separate reel winders are typically trailer mounted, gnd will

e shall

prporate an earthing lug or bar, free of paint\er other coating or surface contarrlination

earth

nd the
. They
ed into

tribution_lines reel stands or reel carriers are used to hold the conductor reel§. They

e very

legs“than 13 mm) and there is no possibility of contact between the new corllductor

Reel stands are rarely incorporated on the same frame as the tensioner, but usually only for
single conductor tensioners.

The reel stand will require a brake to hold a tension in the conductor between the reel stand
and the tensioner. This brake should be of sufficient size to hold this tension at normal
stringing speeds until the reel has been emptied of conductor. Hydraulic braking systems are
preferred in order to reduce jerking or bouncing at the conductor, and normally the drive

system

is fed directly by the tensioner machine.
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5.4.5.2 Criteria for choosing reel stands
Criteria for choosing reel stands are as follows.

a) The reel stand shall be able to accommodate the size and weight of the conductor reel to
be used on the project.

b) The reel stand frame should incorporate adequately sized anchor lugs for attachment of
earth anchors to hold the machine in place on the job site. Anchor lugs and anchors are
especially required if the reel stands are trailer mounted, since wheeled trailers will move
easily on wet or unstable earth.

c) The reel stand frame shall incorporate an earthing lug or bar, free of paint or other coating

or surface contamination which would prevent a goad electrical connection_specifically

when attaching an earth clamp.
5.4.6 Pilot rope puller

Pilot rdpe pullers will have essentially the same characteristics as those of-a |conductol puller
(see 5]4.3). They are used on the larger transmission line construction™projects to pull the
pulling|rope from the puller end to the tensioner end of the pull section.

Pilot rdpe pullers used to construct distribution lines are usually thie,removable drum type, and
sometines they are powered from the tensioner or puller-tensionér.

Pilot rgpe pullers are rarely used to pull in the earth wire{while they cannot be used tq pull in
the opfjcal ground wire (OPGW), which needs a dedicated tensioner.

5.4.7 Pilot rope, pulling rope

A pulling rope for transmission line work is usually a high strength steel wire rope specially
constrycted for this purpose. High strength.synthetic ropes have been used for this plirpose,
but usyally only for pulling single conductor per phase.

A pilotrope can be either a steel wire-rope or a high strength synthetic rope.

Pilot ropes and pulling ropes_for distribution line work are usually high strength synthetic
ropes, |specially constructed for this purpose. Each pilot rope should be a different colour for
each phase plus neutrall(if' used), so that the pilot rope is always put in the same| phase
stringing block during nstallation.

One of the most important characteristics of a pilot or pulling rope is its non-fwisting
capability, especially since the rope is stretched over long distances when used. THe rope
should|not impart twist or spin to the conductor or the running board.

Steel nopes—are—normallymade by several-independent-strands—braidedbetwesen—them to
reach the non-twisting capacity; the number of individual strands is 8 or 12, in some large
ropes even up to 18 strands. The material is normally high-resistance steel grade with the
capacity to withstand fatigue effect related to the use on the multiple bullwheel grooves.

The rope manufacturing process needs to implement the capacity to grant the equal
distribution of the stress in all the individual strands, to avoid dangerous overload and bad
behaviour of the rope under load.

The rope (particularly for steel ropes) should have a smooth outer surface to minimize
vibration and wear as the rope passes around bullwheels and over stringing blocks.

Steel pulling rope is normally pre-greased when manufactured; the puller machines need to
grant the proper gripping effect by providing a sufficient number of grooves and proper control
of the reel winder. Steel pulling rope dry or with no grease can grant a better gripping on the
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bullwheels of the puller, but it will generate a serious decrease of the working life of the rope
due to fatigue damage.

Where synthetic ropes are used as pulling or pilot ropes, they should not be considered as
insulating. They may initially present a high resistance electrical path, but experience has
shown that over time and with use the surface of the synthetic rope becomes sufficiently
contaminated to be conductive, particularly in wet conditions.

The use of synthetic ropes is becoming popular, but it requires particular care in handling and
operating the rope on the job site, because the rope can be easily damaged, and therefore
can create a situation of danger in case of unexpected breaking.

Syntheltic ropes used as pulling or pilot ropes should be chosen to have a ,strg¢tch or
elongajion equivalent to that of the steel ropes, therefore not exceeding 3 %(af ‘the rope
breaking strength; common practice is to calculate the elongation from a load applied gqual to
4 % of|the supposed breaking load, to allow the self-adjusting effect of the)structure] of the
rope. [xcessive stretch means the rope stores considerable elastic energy which tan be
dangerpus in case of rope breakage, can damage the bullwheel structiyre due to the felease
of the plastic energy involved and requires heavy storage reels to resist the crushing|forces
resultirg from this elastic energy.

The re¢ommended factor of safety for pulling and pilot ropes is‘as follows.

o Stegl ropes: the rope breaking strength shall be notiless than three times the exXpected
makximum working load.

e Synthetic ropes: the rope breaking strength shall:not be less than five times the eXpected
makimum working load. Some high strength synthetic ropes have been used successfully
at a breaking strength of four times the expected maximum working load, but the[manu-
facfurer should specifically approve the maximum working load on these ropes.

NOTE [n some jurisdictions, safety codes may require a working load to breaking strength ratio higher fthan the
above vilues.

Normally the pulling ropes are provided with spliced eyes at each side of the section, tp allow
the copnection of multiple sections by using the proper links (fixed joints) or to allpow the
connedtion of the proper swivel joint in front of the head section connected to the| single
condudtor or to the headboard. The breaking strength to be considered is intendged with
presence of the splicedyeyes, and the rope manufacturer shall declare this data|in the
technidal specification.

5.4.8 Woven ‘wire grip

It is importantto select the woven wire grip according to the type of the conductor.

edtefulfitthe breakdewn-oefthe outer

The wa rletna land ~fF tha wanvnm; aairn arin chall ha ~Anlay
g oo GOt C—wov e v oot ot tarcura

layer of the conductor; in case of doubt, preliminary tests are recommended.

Using long woven wire grip, the value of the breakdown should be extended to whole
conductor capacity and be bigger.

5.4.9 Stringing blocks
5.4.9.1 Overview

Stringing blocks are hung on each tower, usually at the end of each phase insulator string and
at the earth wire position. They are used to position and pass the conductor as it is being
strung.

On heavy angle towers, the stringing block may be hung directly from the towerbridge
or crossarm. In this case, if the stringing block has a lined conductor sheave, it is
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recommended that the stringing block be isolated from the tower structure with an insulating
link, or use a stringing block earth.

To allow the conductor to be always sat on the bottom of the groove of the wheels, in the
correct position for stringing operation, the stringing blocks need to be suspended in a way
that they can self-adjust the working position. On heavy angle towers, the stringing blocks
should be tied up to the tower structure such that they hang at the normal swing angle which
they will assume when they come under load from the pulling rope, or the conductor. During
stringing operation this position can change while passing from pulling rope to conductors, so
the tied-up position should be further adjusted.

Stringing blocks for distribution conductor usually have an unlined sheave with a smooth
groove| surface to protect against damage to the conductor. Blocks with an elastomef lining
are alsp used.

Stringing blocks for transmission are normally made by casting wheel with conductor heave
linings| Single casting blocks are preferred to composed casting blocks)) due to a| better
stability and mechanical behaviour under load.

Condugtor sheave linings are used to protect the surface of the conductor from scrat¢hes or
other damage as the conductor moves through the stringing block/ Linings may be of fubber,
polychloroprene, polyurethane or other elastomer, polyamide oraluminium, normally applied
on the| bottom of the groove (see Figure 9a, 9b and 9c);)Polyamide or aluminiunm lining
providgs better treatment on the outer layer of the conductor due to the reduced 1riction,
which pllows the conductor to easily self-adjust on-the bottom of the groove, whgre the
condudtor is supposed to work in any stringing configuration.

Polyurg¢thane, polyamide or aluminium lining neéd to be used where both the pulling rope and
the copductor will pass through the same_sSheave, such as on single conductor siringing
blocks|or for the pulling rope sheave ontoedd number subconductors per phase siringing
blocks [(e.g. three subconductors per phase). Rarely, for transmission lines with more than
one cdnductor per phase, stringing blocks consist of a pulling rope sheave which may be
unlined, and lined conductor sheayes'— one for each subconductor.

The sheave lining material should not be considered as conductive even if it confains a
condudtive element. Experience has shown that so-called conductive linings Hecome
essentfally non-conductiverafter a period of use. An exception is represented by aluminium
lining gr unlined sheayes;y which can be considered fully conductive.

It is re¢commended-that the stringing block sheaves be provided with high quality roller|or ball
bearings to minimize the rolling and frictional resistance of the block during stringing. The
bearings sheuld be either of the sealed type, greased by the manufacturer, or regreasegble by
means|of/a‘grease fitting.

The load rating specified by the manufacturer for the stringing block shall not be exceeded.
Special care shall be taken with the stringing blocks used on angle towers to ensure they are
not overloaded in the sagging operation; these blocks are usually chosen with a larger load
rating and a larger sheave diameter. In some cases more than one stringing block is used in a
tandem block application on heavy load towers, to better distribute the load on each wheel
(see Figure 9d).

To allow installation of pilot rope by helicopter, stringing blocks can be designed with open
frame design and proper finger guides, to automatically position the rope on the central wheel
and to ensure the correct positioning of the rope during stringing operations (see Figure 9e).

5.4.9.2 Criteria for choosing stringing blocks

Criteria for choosing stringing blocks are as follows.
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a) For best results during the stringing and sagging operations, the minimum diameter at the
bottom of each conductor sheave groove (sometimes called root diameter) should be:

b)

c)

d)

Ds =20DC

where Dg and D, are in millimetres and D, is the diameter of the conductor to be installed.

On stringing blocks located on the angle structures with more than 30° breakover angle
and on the structures in front of the puller and tensioner, due to the loads imposed, larger
diameter blocks or tandem solution shall be used.

NOTE 1 Conductor manufacturers may require a different ratio for specific conductors, such as TW or HTLS.

NOTE 2 The above ratio may be different as required by some countries, codes.
The minimum depth of the sheave groove should be:
Dy =125D;
Theg minimum groove radius at the bottom of the groove should be;
11D,
2
Thg groove profile and the groove radius should be wide enough to allow pasgage of
conlductor swivels and woven wire grips without.these riding high in the grooye and
imparting a shock load to the sheave. It is important also to consider the shiape of
thelsheave groove if it is desired to make, conductor mid-span joints in front|of the
tengioner and pass these through the stringing blocks by using cover joint protectpr. The
joinlt protector usually has split rubber collars or cones at each end to protg¢ct the
conlductor from damage where it exits at\the end of the sleeve. In this case a wide gheave
gropve should be considered. For safety reasons, it is not possible to let the mid-span
joint pass through blocks without cover joint protector.
The sides of the groove shouldvallow the passage of swivels, conductor compfession

joints, conductor woven wire (grips, mid-span joint with cover joint, etc. without ¢
jerding or bumping effect{ Side grooves normally flare 3° to 5° from the vertica

sh
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be
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ave linings are applied on the bottom of the groove, and the grooves are desig
w mid-span joint te-pass through the blocks by using cover joint protector.

stringing block frame should allow for opening of the top or side for easy rem
conductors during the clipping-in operation.

throat of\the stringing block, or the area where the conductor passes through,
designed.to allow for the smooth passage of a running board in the case of

car1not rmake any contact with the block frame.
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IEC c
a)l Stringing block with b) Stringing block with c)> Stringing block with
neoprene lining (IEC 60743) polyamide lining (IEC 60743) aluminium lining (IEC 60743)

IEC

IEC

d) “Tandem block application e) Helicopter stringing block

Figure 9 — Stringing blocks

5.4.10 L Stringingrollers

Stringing rollers are a possible alternative to the traditional stringing blocks, in particular when
large radius is required.

They are made by a series of rollers, placed on an equivalent radius equal to the expected
diameter of a stringing block, arranged with self-orientation possibility, to reach the required
configuration when stringing (see Figure 10a and 10b).

Material of rollers and lining should be as per the traditional stringing blocks. Anyway
particular care is needed due to the highest rotation speed of the rollers and the involved
wear of the linings; hard linings such as polyamide or metallic are recommended.

The groove profile and the groove radius should be wide enough to allow passage of
conductor swivels and woven wire grips without these riding high in the groove and imparting
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a shock load to the rollers. It is important also to consider the shape of the sheave groove if it
is desired to make conductor mid-span joints in front of the tensioner and pass these through
the stringing rollers by using cover joint protector. In this case a wide sheave groove should
be considered.

The stringing rollers frame should allow for opening of the top or side for easy removal of the
conductors during the clipping-in operation.

The throat of the stringing rollers, or the area where the conductor passes through, should be
designed to allow for the smooth passage of a running board in the case of bundle rollers, or
conductor mid-span joints, swivels, pulling rope eyes, etc. All these items cannot make any
contactwith the rollers frame

IEC

o
&

N

IEC

b) Stringing rollers for bundle conductor

Figure 10 — Stringing rollers

5.4.11 Stringing block earth

Stringing block earths are attached to the stringing block, and are placed on moving
conductors or pulling/pilot ropes and used to provide an electrical path to earth. They are
primarily used to provide safety for personnel during construction or reconstruction
operations. This device is placed on the stringing block at a strategic location where an
electrical earth is required.

Some important characteristics of a stringing block earth are the following.

a) It shall be capable of withstanding a current of 20 000 A symmetrical for 20 cycles.

b) It shall have an earthing bar, free of paint or other coating or surface contamination which
would prevent a good electrical connection, specifically when attaching an earthing cable
with earth clamp (see Figure 12f in 6.2).
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c)

d)

Compression joints, woven wire mesh joints with swivels, or rope joints shall pass through
or over the stringing block earth easily. The stringing block earth shall be held tightly on
the rope or conductor.

The sheaves are normally of aluminium for the part of the earth contacting the conductor,
and of hardened steel for the part of the earth contacting the steel pulling/pilot rope.

Blocks arranged with aluminium casting groove or aluminium lining sector are considered
integrally conductive, so they should not need an external earth system, depending on the
earthing level required (see also 6.2.9).

5.4.12 Running earth

Running earths are placed on moving conductors or pulling/pilot ropes and used to proyide an

electrigal path to earth. They are normally used at the pull and tension sites.

Some important characteristics of a running earth include the following.

a)
b)

c)

d)

5.4.13| Hold-down block

It shall be capable of withstanding a current of 20 000 A symmetricalfor 20 cycles.

It shall have an earthing bar, free of paint or other coating or surface contamination which
wollld prevent a good electrical connection, specifically when_attaching an earthing cable
with an earth clamp (see Figure 12b in 6.2).

It ghall be of such a design that conductor compression_joints, woven wire mesh joints
with swivels, or rope joints will pass through the running earth without having to be
renpoved from the conductor or rope. The running earth shall be held tightly on the fope or
conductor.

handened steel for running earths used on steet pulling/pilot rope.

The running earth shall have an attachment point for an anchor rope which will hpld the
earnth stationary while the conductor orirope moves through it. The earthing cable shall
never be used as an anchor.

Th%sheaves are normally of aluminium for running earths used on conductors, [and of

As the| pilot rope is much lighterthan the conductor(s), during the stringing an uplift could
occur at some towers. The, hold-down block is used to maintain the pilot rope ins|de the

sheavgs of the stringing hlock of the tower.

The hgld-down block\hias an attachment hook or shackle to hold it down and gengrally a

device|allowing totake it off during the stringing without necessity to climb up the tower].

5.4.14| Conductor car

5.4.14.1. . Overview

A conductor car is a special cage or device designed to carry one or more workmen and ride
on a single or bundle conductor to inspect these conductors or, more normally, to install
spacers, spacer dampers, or other attachments, where required.

Conductor cars are used also as a live line tool for maintenance of conductors.

Conductor cars are constructed in three basic types.

a)

Non-powered conductor cars consist of a cage hanging from wheel supports on the
conductor, with no engine means of propulsion. The conductor car is either pulled along
the conductor by the car operator, or towed from the ground by means of a synthetic rope
attached to the conductor car. This kind of conductor car can be made with two axles
(see Figure 11a), available just for the spacer installation operations, or with four axles
(see Figure 11b), available also for inspection on existing power lines; this car has the
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ability to move past spacers by having always at least three axles in contact with the
conductor bundle, allowing the operator to remain in the car.

Manual powered conductor cars can be constructed in a form similar to a bicycle
(see Figure 11c). The conductor car is suspended below the conductors from wheel
supports. These wheels get their propulsive force from a mechanical transmission and
pedal type drive. The operator faces rearward so he can install spacers from his pedalling
position.

Powered conductor cars consist of a cage hanging from wheel supports on the conductor,
with an engine as means of propulsion. Normally, powered conductor cars are designed
with a four-axle configuration (see Figure 11d) to be able to move around the conductor
support clamp on the end of the insulator or past spacers, having always at least three

axles—eentactwith-the—eone aHowire-the-operatortorematr—nthe—eqr
\.
IEC ®$
Q\
a) |Non-powered two-axle type condu@r car b) Non-powered four-axle type conductoi car

G = U - : ; IEC

c) Bicycle-type conductor car d) Powered four-axle type conductor car

Figure 11 — Conductor cars

5.4.14.2 General criteria

The wheels on a conductor car serve three purposes:

1) they provide support on the conductor for the operator and cage hanging below;

2)

some of the wheels will provide tractive power or propulsion for powered conductor cars;
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3) along with idler wheels they will provide the correct spacing of bundle conductors so that
the spacer can be installed easily.

The wheels, or the wheels and their supports, are usually designed to swing away from the
conductor to assist in placing the car on the conductor initially, or to allow the car to be
passed around insulator supports.

For powered conductor cars, drive wheels should be lined with an elastomer which
will provide the necessary friction to drive the car and also protect the surface of the
conductor from damage. The wheel lining should not be considered as an earthing path, since
elastomer will usually have a high resistance to the passage of electricity.

Non-pgwered conductor cars and those specifically to be used for live working will psually
have uplined support wheels.

The grpove of the wheels should be such that the conductor will tend to track-in the cgntre of
the wheel, with adequate clearance at the sides to prevent pinching of thHeyconductof in the
groove} and to allow it to pass easily over conductor compression joints.

A powered conductor car should be designed to climb slopes of up to 30° with adequate
additiopal safety against slipping backward under all conditions,mwet conductor included.

Powerg¢d conductor cars usually have a gasoline engine for totive power. Therefore, extreme
care shall be taken in the handling of fuel for the engine-Diesel engines have been usgd, but
only rarely because of their weight disadvantage.

It is recommended that power from the engine be’transmitted to the drive wheels of other
mechanpisms by means of a hydraulic system. This eliminates open chains, gears, or belts in
the driye train.

The coptrol lever for powered conductoricars should be of the “fail safe” type, returning to the
neutralfstop position if released.

The engine should be located in;such a way that the operator cannot easily contact hotlengine
parts or rotating parts, but still hHave reasonable access to a pull start rope and the fuel tank.

The control console of-a_powered conductor car shall have a large, visible panic buttog which
will shyt off the engine-

Hydradlic and engine controls (throttle) should be located in an easily accessible position for
the ope¢rators-€onductor cars are usually designed to work on one configuration (number of
condudgtors\per phase) and conductor spacing only. The use of the conductor car on anly other
configyration than that for which it has been designed is not recommended withoyt prior
authorization from the manufacturer. Some car designs have the ability to adjust to different
conductor spacings and numbers of conductors per phase.

Electrical drives are becoming popular, but it is recommended that the battery life be sufficient
for a realistic working interval. A safe release system is provided to move the car in case of
loss of power in midspan.

The weight of the conductor car is very important, particularly if the conductor car is to be
used for live working. When the car is loaded with operator and material to be used for the
work, the car should not pull the conductor so low that inadequate clearance to energized
lines or guard structures (rider poles) crossing under the conductor being worked on will
result. The same holds true for crossing over roads, rail lines, etc.
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In addition, particularly if the conductor car has to be manually lifted around insulator
supports, lightness will be desirable. So it is important that the conductor car be light, yet
strong, and have good carrying capacity.

The design of the conductor car should take into account the weight of the operator, or
operators, tools, and materials to be carried. Also, if a tow rope is to be used, the design
should take into account the downward component of the tow rope forces.

A load capacity plate with “not to exceed” rating shall be attached to the conductor car frame
in a conspicuous location.

OO CTOTCars C Ve—a—Tatntamryoperatet—Troraim S, Wit w cratmp ireCtIy
conductor, and two locking devices independent from each other. The brake 'can also
work a$ a locking device.

For acturate positioning in the span of spacers or spacer/dampers, a resettable d|stance
counte[ with drive wheel contacting the conductor is recommended.

Condugtor cars should have lifting attachments at suitable points on the frame to allow ropes
or slings to be attached when the car is to be lifted and placed oncthe conductor.

The cognductor car should have at least one safety rope withieach end connected to [he car
frame @t adequate anchor points, and long enough to be looped over the conductor($). The
rope will keep the car suspended should it come dffythe conductor(s). Larger ppwered
condugtor cars should have two safety ropes, one at each end of the car.

Each sgafety rope should be strong enough to held the weight of the operator, the togls and
the car], with a working load limit of one tenth,of\the rope breaking strength.

The safety rope should have safety snap.-hooks at least on one end for easy removal from an
anchorpoint.

The ogerator of the conductor.car should loop his fall protection line over the condyctor(s)
while riding in the car. Bicycle)type conductor cars should also have a safety belt pystem
attachgd to the frame which will hold the operator in position on the seat.

The cdge on non-bicycle-type conductor cars is usually constructed of an aluminium frame
with a |heavy duty_wire mesh floor, and a wire mesh or solid aluminium sheet kick bgard all
around|the based@t.least 12 cm high to prevent loss of tools, etc.

It is recommended that powered conductor cars have a small multi-purpose fire extinguisher
and an|approved first aid kit located in an easily accessible position.

Conductor cars with lined wheels should also have an induction bonding wheel which will be
an all aluminium wheel contacting one of the conductors and with a low electrical resistance
path to the car frame.

It is recommended that conductor car operators be equipped with a radio-communication
system, particularly for work on long span crossings over water, in mountainous areas, etc.
where the operator may at times be out of sight of ground personnel.

It is recommended that the car have a clean and dry rope made of an insulating material, of
such length as to reach the ground so that equipment can be lifted to the car and to allow the
operator to rappel to ground level from the car in case of emergency. Such rope should be
attached to the car with an insulating link. The rope will have a working load limit of one tenth
of the rope’s breaking strength to accommodate the lifted loads anticipated.
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NOTE General criteria for conductor car are provided in EN 50374.
5.4.14.3 Conductor cars for live working

Conductor cars used as a maintenance tool for live working deserve special mention. These
conductor cars will generally conform to the above requirements except in the following areas.

a) All parts of the car shall be manufactured from a conductive or non-conductive material.

b) Light weight is extremely important for conductor cars used in this application to ensure
the conductor is not pulled down to inadequate clearance from another live conductor or
other objects that could cause a flashover.

These gars-are-usuallvunpowered.—and-with-unlined-wheels
J Ll 7

Special caution shall be taken to ensure that the tow rope or chain is truly insulating. This tow
rope should be kept in a clean and dry condition at all times.

5.5 Communications

The abfility of the equipment operators, supervisory personnel and observers at critical points
in the pull section (such as at energized line crossings) to communicate clearly and [quickly
with orle another is extremely important when using the tensiom stringing method of ingtalling
condudgtors.

These |personnel shall each have a radio system with~a. channel that is free from ¢utside
interfelence and is located at their operating position{Ineluded in this communication dhannel
should|be the puller operator, the tensioner operator, the supervisor(s) and, if applicable, the
person| following the running board as it moves' from tower to tower, and perspns at
intermgdiate check points.

Failurel of any radio in the system shall;be cause for immediate stoppage of the |pulling
operatipn.

The radlio or telecommunication system used by the puller operator and the tensioner operator
shall e a portable set with-\earphones and microphone, but with no conductivie wire
connedtion to the machine, whieh could become a dangerous electrical path to the opefator in
case of electrical contact during stringing and if the operator were to leave the bondgd area
with hi$ radio still attached-to his person.

6 Special earthing requirements

6.1 Seneral

Clausel| 6 \provides recommended temporary earthing systems for each of the work prodedures
used in the installation of conductors.

Most of the earthing protection described below applies to bare distribution and transmission
conductors. However, it is important to realize that a covered overhead distribution conductor
is subject to many of the same hazards during installation.

It is generally recognized that the insulation on these conductors should not be relied on for
protection of equipment and personnel if a direct contact with an energized conductor occurs.
Also, during the stringing process, the core of a covered conductor is exposed at the pulling
end where a metallic woven wire grip is often used.

Where special techniques are required for insulated overhead distribution conductors, they
will be mentioned herein.
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The degree of earthing protection required for a given conductor installation project depends
upon the exposure to electrical hazards which exists within the particular work area on the
project.

In 6.3, the requirements are defined as "Minimum" and "Maximum": When new conductors are
installed in an area remote from other energized lines or parallel adjacent lines, and with no
thunderstorm activity present, the minimum earthing requirements, at least, shall be used.
These minimum requirements include bonding and earthing of all equipment involved at pull
and tension sites. In addition, running earths should be installed on all metallic pulling or pilot
ropes, and on the conductor or earth wire in front of the pulling and tensioning equipment.
When minimum earthing requirements are used, it should be noted that protection of workers
from step and touch potential does not exist.

In confrast to the above, for a project located in a congested area involving exposure to
numerqus energized parallel lines or the crossing of existing energized lines,‘and/orf where
there i$ a high probability of thunderstorm activity and adverse weather conditions, mgximum
earthing requirements shall be used.

Such mpaximum earthing requirements include bonding and earthing, of.equipment, the|use of
running earths, earth mats at work sites, and stringing block earths:. These earths and mats
shall be sized and designed for a fault current where direct contact with an energized line is
possible.

Sizing pf the individual earth clamps, earthing cable, or earth rods are not detailed herg|.

Figure$ 12a to 12h show the recommended earthing procedures for the conductor siringing
sequer]ce of the work, where the electrical hazards due to any of the possibilities desciibed in
Clause|4 are severe and require maximum earthing requirements.

In addition to making sure switches on the>new line under construction are open, earthing and
other grotective measures shall be employed to ensure reasonable and adequate prdtection
to all personnel. The best safety precaution is to consider all equipment as if it could Qecome
energized at any time. The degree of protection provided for a specific project shajl be a
decisign made by the project supervisor, subject only to the applicable regulations in fqrce for
that sifuation, and based on ‘aJclear understanding of the potential hazards. However, this
document gives recommendations on earthing systems that have been developed [over a
numbefl of years, and have proved effective.

When working in populated areas where onlookers could inadvertently wander into work site
areas, [additionalmeasures for isolating the work site, such as safety observers and warning
signs, gre required. Work sites shall be surrounded with fence and warning signs prontinently
posted|to alert onlookers to the danger.

6.2 Woerksiteearthingsystems

6.2.1 Overview

For transmission conductor activities earthing is required at the work site for conductors,
overhead earth wires, pulling ropes and pilot ropes. Hereinafter for brevity, the word
conductor will also include procedures that apply equally to overhead earth wires, metallic
pulling and pilot ropes, unless specifically stated otherwise.

Subclauses 6.2.2 to 6.2.10 give specific earthing system recommendations for the equipment
and other components used in the conductor stringing process.

For distribution conductor activities, where a system neutral conductor which is already
earthed is available on an adjacent circuit, it is preferable to interconnect the earth mat, the
conductors and the equipment earths to this existing system neutral, since the neutral
provides a known low resistance path to earth. Normally, an earth mat is bonded to earth rods
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driven around and within its perimeter to increase its earthing capabilities and provide
convenient connection points for earthing devices. The primary purpose of the mat is to
provide safety for workmen by limiting potential differences within its perimeter to safe levels
in case of high currents which may flow if the circuit or conductor being worked became
energized for any reason. Metallic surface mats and gratings are sometimes utilized for this
same purpose. When used, these mats are employed at pull, tension and midspan splice
sites.

6.2.2 Use of earth rods

6.2.2.1 General

Wherefmmrmmmmm tested
(meggered) to ensure the resistance of the earth rod is less than 25 Q.

NOTE [t is important to check that the protection on any energized line which could contact the .Conducjor being
installed|is designed to clear the fault current if the impedance of the earth rod is as high as 25)|Q:

If an earth rod resistance of less than 25 Q cannot be obtained, an earthimat (see Figufe 12h)
at the work site shall be used if the work site is at ground level, or an-equipotential earthing
system used in elevated work sites.

In addifion, if there is the possibility of an electrical contact during the work process, then any
energized line which has the possibility of contact with the line being worked on shall Have its
reclosing device locked out.

In order to ensure that the different earth rods at eaech work site have the same potential, they
shall be bonded together with full sized earth clamps and earthing cables.

When installing earth rods, caution should be ‘taken to avoid all underground utilities quch as
existing energized underground electric. lines, gas, sewer, and water pipes, communigations
cables]| etc. A check of underground utility services in the area may be needed beforg earth
rods are installed.

6.2.2.2 Use of earthing sticks

All eafth clamps used shall° be designed so they can be applied and removed With an
insulated earthing stickcThe earthing stick is made of fibreglass, reinforced plastic or gimilar,
with a particular, highly)Fesistant connection and is of sufficient length to allow safe gripping
and ingtallation of garth clamps.

6.2.2.3 Cleaning of connections

Since the value of the earthing system depends on a low resistance path, a good elgctrical
contactshall be ensured hetween the earth clamp and the surface to which it is to be applied.

6.2.2.4 Installation/removal of earth clamps

Earth clamps and cables shall first be connected to the earth rod or earthing source, and then
to the object to be earthed. When removing earths, the earth clamp shall first be removed
from the earthed object and then from the earthing source or earth rod. The object being
earthed shall not be damaged from using the earth clamp.

When applying the earth clamp with an earthing stick, the clamp shall be held in position near
the conductor, then snapped on quickly and firmly, and tightened. If an arc is drawn, the
clamp shall not be withdrawn, but kept on the conductor, thus earthing the conductor.

In cases of maximum hazard from induction, earth clamps shall be installed and removed
sequentially as detailed in 4.3.2.
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6.2.3 Equipment earths

All equipment used in the process of stringing conductors should have at least one earth
attachment point, usually at some convenient point on the frame. It is recommended that a
special earthing bar be welded to the frame of all conductor stringing equipment during
manufacture for attachment of the earth clamp.

A typical earth clamp, cable and earth rod for earthing of equipment at the pull and tension
sites, or other work locations, are shown in Figure 12a. This earth clamp should also be
bonded via an earthing cable to the earth mat and running earths where used.

6.2.4 Earths for conductor, earth wire, metallic and synthetic rope

It is rgcommended that a running earth be used on each conductor being installed. This
running earth is placed on the conductor immediately in front of the tensioner at\the fension
site, and on the metallic pulling rope in front of the puller at the pull site. The, rnning earth
should|also be bonded to the earth mat and equipment earths.

A typicpl running earth, cable and earth rod arrangement is shown in Figure 12b.

Where|a synthetic rope is used as a pulling rope or as a pilot rope) the use of running| earths
or stririging block earths is not recommended where it is knowh/there will be inductign from
adjacept energized lines. Over time it has been found that synthetic ropes have beconpe high
resistapce conductors. Also, the surface of the rope may become wet from rain during yse.

If runnj)ng earths or stringing block earths are used:on synthetic ropes, they will be thle focal
point for draining to earth of the electric field induced current. Experience has shown|that, if
the synthetic rope is stretched from the pull site>to the tension site and is allowed to git for a
period jof time, localized heating of the surface.of the rope will occur at all contact poirts with
an earth. In severe cases, this will cause lecalized burning of the rope, and may resplt in a
rupturg of the rope while under tension.

Also, iff a synthetic rope is used to pull a metallic rope or a conductor which is earthed with a
running earth, an insulating link(Cshould be used to connect the two. Otherwise, lofalized
heating and burning of the synthetic rope eye due to induction will occur.

6.2.5 Earths for earth'mat, conductors or earth wires

A typicpl earth clamp, cable and earth rod for earthing of the earth mat, or conductors qr earth
wires gt the puller,and tension sites are shown in Figure 12a. This earth clamp should also be
bonded via thecearthing cable to the equipment and running earths.

6.2.6 Earths for mid-span joining of conductors or earth wires

A typical earth clamp, cable and earth rod system for earthing of the conductors, when making
mid-span compression joints, is shown in Figure 12c.

In this process, the conductor is pulled to the earth in mid-span with a non-conductive rope.
The temporary mesh socks used to join the conductors are removed, and a permanent
compression joint between the conductor ends is made.

The earths are always placed on each conductor with an earthing stick, before any workman
makes contact with any conductor. If this is not done, the workman could find himself placed
in a series connection with the conductor ends and be subject to dangerous levels of voltage
and current from induction.
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6.2.7 Earths for clipping in the conductors or earth wires

A typical earth clamp, cable and tower connection system for earthing of the conductors,
when removing the conductor from the stringing blocks and placing it in the insulator clamps,
is shown in Figure 12d.

6.2.8 Earths for installation of jumper loops for the conductor

A typical earth clamp, cable and tower connection system for earthing of the conductor, when
making jumper loops in the conductor at dead-end structures, is shown in Figure 12e.

6.2.9 Stringing block earths

A typidal earth clamp, cable and tower connection system for earthing of the condudtors or
pulling|rope, via a stringing block earth, is shown in Figure 12f.

Stringing block earths are sometimes used on stringing blocks with ansheave linjng, at
intermediate towers, to drain to earth the effect of excessive induction from agjacent
energized circuits.

If the §tringing block has unlined metallic sheaves, with a good jearthing path throygh the
sheavd to the block frame, then it is usual practice to earth<the frame only and nof use a
stringing block earth.

When induction effects are severe, as per stringing phase with a parallel energized cifcuit, it
is recommended that the earthing devices are made taking in consideration the over-heating
effect involved with the current draining; a reasonable value applied on the field reqyires to
limit the overheating to 50 °C in one hour with 150"A per single conductor drained throdigh the
earthing device. In this typical stringing config@ration, on the towers installed at the beginning
and at| the end of each section, special stringing blocks are normally applied, rat¢d and
designed to drain the induced currentCwith the previous parameter involved. A |typical
configyration provides whole aluminium sheaves or sheave with aluminium linings|and a
currenf drain system made by electrical brushes and a bronze collector disc; this is to pllow a
path for the current bypassing the-sheave’s bearing (see Figure 12g)

Usually, the stringing block is Suspended from the insulator string, however, on heavy angle
towers| the stringing block\may be hung directly from the tower bridge. If the stringing block
has a ljned conductor sheave, it is recommended that the stringing block be isolated from the
tower gtructure with_an_insulating link, or use a stringing block earth.

6.2.10| Earthmat

A typigal ,éarth mat system with double barrier is shown in Figure 12h. Other eafth mat
design$-Wwith a different mesh size and construction are acceptable provided they meget the
followingcriteria:

The earth mat is a system of interconnected bare conductors, and a metallic mesh with earth
rods. The earth mat is placed on the ground under the equipment at pull, tension and
compression joint sites.

The purpose of the earth mat is to provide equipotential protection for personnel, and the mat
itself shall never be installed in such a way that it could carry fault current.

Four earth rods shall be used, i.e. one at each corner of the earth mat.

The mat should be of sufficient size that all conductor stringing equipment can be situated
entirely on the mat, and is contained within the inner barrier, and allow the required work to
be accomplished.


https://iecnorm.com/api/?name=c859bd2c23f6b524e734d4a4054a3006

- 58 - IEC TR 61328:2017 © IEC 2017

The matting material and earthing cables shall be of sufficient size and durability to withstand
both the physical requirements of the movement, and the support of the equipment.

Mat conductors and earth rods shall be interconnected. All equipment, structures, anchors,
pulling ropes, pilot ropes, conductor and earth wires within the mat area shall be bonded to it.
The equipment shall be connected by type A earths to the earth rods directly, and not via the
earth mat mesh.

There shall be a double barrier, as shown in Figure 12h, around the earth mat, with restricted
access to the inner earth mat area over an insulating mat. The double barrier prevents contact
between a person or object inside the mat area and someone outside the mat area.

Earth mats shall be used at pull and tension sites and at any point in the pull section where
groundtlevel work is being carried out. They are to be used when there is any_paossibility of
contact with an existing energized conductor, switching error, or if induction is present.
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