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Learning Objectives

o o this raining:
1 und srstandir ; how lightning can enter feeders on towers
- Risks of Lightning Damage

- Methods of Tower Bonding as per Industry Practices. Motorola R56, AT&T,
Verizon and K.56 Standards

- Methods of practical bonding of equipment on tower




Storm Cloud Electric Fields

" + + o+ Ty
+ 4 - + + Stepped leader moves
| + + + . Gb progressively from cloud
to ground and can follow
"\ 12k ﬁ one or several paths.
) 4 q’ ‘A‘
N\ .& :

2-1ti km

Cloud electrification — charge Down-leader approaches, E Upward leader propagates toward
particle separation, quasi static Field increases to point of down leader to complete ionised
E Field est. between cloud & initiation of upward streamers path between cloud & ground

ground
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How Lightning Enters Feeders on Tower Magnetic Fields

[

' apid rise

‘ma . "/\/ e tower. This

' ves ir ror 'thezy“ op of the tower to the
h m. It is well understood that when wires or electrical

“equipment are placed in rapidly changing magnetic fields,

this causes electrical currents to flow.

* |n the case of a telecommunications tower, these electrical
currents take the form of surge currents in
telecommunications and power feeders.

 Asitis acommon practice to have radio feeders, power of
ethernet and ethernet cable and power cables screened, a
large portion of this current flows in the screens of this
feeders.

Magnetic Field on a Tower During at one moment

during a lightning conduction

 Magnetic Field Cause Currents to Enter Feeders
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How Lightning Enters Feeders on Towel | '4-'*"
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> n'reaiity this currents primarily flows in the tower, however bt
shared paths of this currents happen to be the feeder trays, ;
radio feeders, d.c. feeder and ethernet or power of ethernet r

|

|
cables feeders.

|
{

Building or

The currents can enter these other feeders via a range of Shelter

methods. It can enter via the feeder screens that are grounded
at the top of the tower, via surge protective devices within or
external to tower mounted electronics, via side flashing to L
exposed connection points and other electrical mechanisms.

@S

v
1
]
'
1

CONFIDENTIAL — FOR INTERNAL USE ONLY

nvent



Why is Tower Bonding Important

l
Voltage, V

p— .
, . = - - X :
o
7 d " H P .
..-\‘ pow 4
\ x ~
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| require more Omplex modelling but in simple terms Voltage, V = L di/dt smaller resisti
o dr p capacmve effects in coax cable reduce this voltage

di/dt is in the order of 1000V/m hence large voltage can develop over distance and expect this
to be the dominant effect

When this voltage exceeds the insulation rating damage can occur
Bonding screen regularly over the length decreases this voltage

Bonding decreases the currents going into the building/shelter/cabinet (currents find
alternative path via screen ground to tower to the ground)

In sites with high resistance bonding become even more important because the currents in
feeders may be higher in magnitude

* Bonding Reduced Currents in Feeders
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International Telecommunication Union

ITU-T K.56

TELECOMMUNICATION (01/2010)
STANDARDIZATION SECTOR
OF I1TU

SERIES K: PROTECTION AGAINST INTERFERENCE

Protection of radio base stations against
lightning discharges




Steel frame honwded
to the parthing system
(Fee O03)

Buwmlding LPS
(zee G.13)

LPS rod honded to the

tower (see 5.1} —mM
e

Feoder cahble honde d

to the tower (see &.2.1) ——

ﬂ Antenna

Lir
Fepder way honded /
to the tower » |-
{soe 6.2 3) \

Liow impedatnce conmection
to earth (zee 7.1) LT

Feedexr cable and tray
bonded to the earthing bar

(see .23 I

Feeader cable homded
to the tower (see G.2.1)

Feeder tray bonded
to the tower (zsee 6.23)

Tower legs hondad
to the earthimgz systen

(5o 0 5)

.............

Figure 1 — General view of earthing and bonding procedures in the external area



ITU K56 APPENDIX 1 and BARBOSA PA

| arbosa et al.
a Paulista (Brazil) was

Y of - seve I |nst|tut|ons with different research
oro ect|on of telecommunication installations against

In this experiment the currents in radio feeders was measured during the incidence ‘
of a rocket triggered lightning. '

The paper concluded that when a metallic telecommunication tower is struck by
lightning, most of the return stroke current flows through the tower's metallic
elements (legs and cross-arms), and a fraction of the current flows through the
feeder cables.

In the experiments carried out with a standard radio base station complying with
ITU-T Rec.56 about 2% of the return stroke current flowed through each feeder

cable. o - N
. f{ | y——t .r
é: h . . v

To put a magnitude on this, the average lightning strike has 30kA current and an

extreme lightning strike has 200kA current. In which case the feeders would be

expected to have 0.6-4kA of the full lightning current.
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CURRENT DISTRIBUTION IN A TELECOMMUNICATION TOWER -
STRUCK BY ROCKET-TRIGGERED LIGHTNING : -

(' F. Barbosa. F.E. Nallin S. Person, A. Zeddam 4

CPgD Telecom & IT Solunons France Télécom R&D :
arcelio@ epqd.com br ahmed zeddam@ orange-figroup.com

5P-340, km 118 - Campinas - SP - Brazil

Fig .3 - Tower top with rocket platform



CURRENT DISTRIBUTION IN A TELECOMMUNICATION TOWER
STRUCK BY ROCKET-TRIGGERED LIGHTNING

C.F. Barbosa, F.E. Nallin S. Person, A. Zeddam
CPgD Telecom & IT Solutions France Télécom R&D
greelio@cpqd.com.br ahmed.zeddam(@orange-ftgroup.com
SP-340. ki 118 - Campinas - SP - Brazil

Wadl *

Fig.4 - Flash triggered at 4th Feb. 2005



CURRENT DISTRIBUTION IN A TELECOMMUNICATION TOWER
STRUCK BY ROCKET-TRIGGERED LIGHTNING

C.F. Barbosa, F.E. Nallin S. Person, A. Zeddam
CPgD Telecom & IT Solutions France Télécom R&D
greelio@cpqd.com.br ahmed.zeddam(@orange-ftgroup.com
SP-340. km 118 - Campinas - SP - Brazil

6 CONCLUSION

When a metallic telecommunication tower 1s struck by
lightning. most of the return stroke current flows through
the tower's metallic elements (legs and cross-arms). and
only a small fraction of the cwrrent flows through the
feeder cables. In the experiments carried out with a
standard radio base station complying with ITU-T Rec.56
[4]. about 2% of the return stroke current flowed through
each feeder cable. This value is in agreement with the
theoretical value predicted by Rec.K.56. indicating that
the current distribution 1s governed by the inductances of
the conductors, instead of the resistances. The wave shape
of the feeder current is influenced by the front time of the
return stroke current. as a short front time (relative to the
tower's transit time) leads to a pronounced peak on the
feeder current. and this peak 1s almost absent in the case
of a long front time. Apparently. the wvariation of the
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ITU K56 & BARBOSA EXPERIMEI : .

vors | : nng discha
#C62305 was 200kA at PL 1

EXPERIMENTALLY
And 2% of this could flow on feeders
on cable ladders then the expected

surge on the DC Feeds would be 4 kA

(experiment Used 3 Feeders no DC
Cables)




Motorola R56

«—Antenna

9.5 mm (0.375 in.) hole with stainless steel bolt
for attachment of bus bar to angle adapter

Stainless

«+— Ground Kit

]

J 9.5 mm (0.375 in.) hole for

attachment of compression
terminal from ground kit

35 mm? (#2 AWG) Solid or

- Grﬂund Klt Stranded Bare Tinned Copper
Conductor connected to tower

ground ring

oo oSO o000 d

T~ Exothermic weld

«— Ground Kit

i y Ground Kit Building

TGB \ /l

EGB

mféht



Feeder Cable Grounding

Feeder cables

L tor of coaxial cables, shields
(-/ ommunications like PoE, Cat6,

> tower (or to the feeder tray) via grounding bar,
; nnectlons ‘near the antenna.

veatt 'rproof connector shall make the connection to the feeder cable in order to
avoid corrosion, and the connection to the tower (or feeder tray) structure shall also be

protected to avoid ingression of moisture. Usually, the cable manufacturers provide {1 ) etk S
appropriated earthing kits for these connections. g, ,e' 2 DR e ‘ r :
The earthing kits shall have a connector to be attached on the bare outer surface of the Motorola R56

feeder (the feeder plastic outer jacket shall be removed), another connector to be
attached to the tower structure (paint shall be removed) and a conductor bonding the
two connectors. The earthing kit shall also contain protective coatings to be applied on
the connections.

Some types of antenna are inherently connected to the tower by design. In this case, it
is not necessary to use an earthing kit to bond the feeder to the tower (or feeder tray),
as it is already bonded through the antenna structure.

© 2018 nVent nvent



Motorola R56

.
Antenna Structure
Antenna Structures

Communication Site = ,;:17/ Ground Conductors
d____a-:__'_“'_.-::a Ground Conductors // 35 mm? csa (#2 AWG) or larger
_____--_’;_..-"' — / down conductor for runs 22.9 m
o T (75 ft.) or less.
fx:; B ,,.P-:/‘;/’ 5 67.43 mm? csa (#2/0 AWG) or
il T ___d__.-f' 35 mm*® csa (#2 AWG) or larger larger down conductor for runs
"'___,_d.--""' __;/’fd " down conductor for runs 22.9 m greater than 22.3 m (75 ft.).
- // (TS ft.) or Izess..
- - - / 67.43 mm* csa (#2/0 AWG) or ____ Structural Steel
\% larger down conductor for runs o —
// greater than 22.9 m (75 ft.). —— ﬁ

/ ,-ﬂ/ __— Main AC service feed into
/ ‘f_ I - building shall be bonded at —
i

| o entrance. Building
ding

__— Minimum 3 grounding rods
in bazement or garden if
available

AR
g




VERIZON NSTD46 — Tower Bonding

© 2018 nVent nvent
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VERIZON NSTD46 — Tower Bonding

RF CABLE LADDER MAX, 100" WTERVAL
BETWEEN BARS

Use tamper resistant
maunting hardware pera

RF CABLE STANDARD _ :

e GROUND KIT I KE I ]

\ "§<T. - ‘@é
N | [
\ e
‘ % SHELTER
L=11

| BONDING

7
/ﬁ 1 ..--"1"'--_-_ _____-_'__'————
e ——— ] £
— A NG 4" PVC 3547 PG
N, 24° MIN. 24" "‘-mj , 24
INTO GROUND GROUND /  INTO GROUND
S

= = ND RENG BUILDING EARTH GROUND SYSTEM

#2 bare tinned solid __...{1




VERIZON NSTD46 — Tower Bonding - Alternative M

20 o
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acilities

BURIED GROUND RIMG

EXOTHERMICALLY WELD

TO BURIED GROUND RING,

COMNECTIONS TO GROUND

RING SHALL BE AS DIRECT
AS POSSIBLE WITH MINIMUM
!:llh_rull:.]‘.:i.———"“\1

— ROUTE CONDUCTOR OUT
OF MONOPOLE AND DOWN
QUTZIDE TO BURIED GROUND
RING.

- CONCRETE

CONMECTION OF ANTENMA —
CABLE TO GROUND BAR \\
BY ANTENNA INSTALLER. TYE.

BOND CONDUCTOR TO —
LOWEST PQINT OF
GROUND BAR LUSING
EXOTHERMIC WELD.

®o- 0

C

EXOTHERMICALLY WELD

T0 BURIED GROUND RING.

CONNECTIONS TO GROUND

RING SHALL BE AS DIRECT
AS POSSIBLE WITH MINIMUM
BEMDS.

~ | _—MONOPOLE
-

- AMTENMA CABLE, TYP.

POINT WHERE ANTEMMA
CABLES EMIT TOWER AMND
EXTEND OWER TO BLDG..

S0LID COPPER GROUND
BAR PROVIDED BY
ANTENNA INSTALLER,

_— §2 AWG SOLID BARE TINNED
COPPER COMDUCTOR,
SECURE TO COMMUNICATION
STRUCTURE EVERY 3 FEET
MIMIMLIM.

- CONCRETE PAD “—~ BURIED GROUND RING

nvent



COaX CABLE

ATT-TP-76416 - Grounding and Bonding

Requirements for Network Facilities

F‘ \5" RADIUS
éi (MINIMUM)
i ~1:}-—-—r
— STANDARD CABLE SHIELD GND KIT. ™~ ——crounome
/ GROUND TO GROUND BAR AT q CONDUCTOR
WAVEGUIDE ENTRY QUTSIDE SHELTER ENTRANCE L ’
; UPPER HATCH PLATE
‘ e s e 1 | ............ 2 HOLE
........... e ;. 2 HOLE n
” MAIN COAX CABLE — \
— ~ SHELTER WALL | oL
8 | RF SURGE ARRESTOR- #q IDE Wi CABLE, TYP.
J—— ) \5 AWG STRANDED GREEN CU / o
i WIRE — COWNMECT TO "P"
SECTION OF CRGB
GROUNDING
STRAP, TYP.

Figure 7-18 RF Surge Arrestor Detail

FROVIDE STAIMLESS
STEEL BOLTS, LOCK
WASHERS AND NUTS,
TYPICAL FOR ALL
EXTERIOR

CONMECTIONS.
Cadweld

#2 Tinned to Ground Ring

CONMECTOR, TYP.

NGTESQ B _HATCH PLAT

(1) SOLID COPPER GROUND BAR (1/4"D x 4"W x LENGTH REQUIRED)
(CABLE ENTRY PORT GROUND BAR)

{2) TWO HOLE CONMNECTORS WITH #2 AWG SOLID BARE TINNED COPPER.

(3) PROVIDE #2 AWG SOLID BARE TINNED COFPER GROUND CONDUCTOR.
ﬂ




Motorola R56

Vertical Mount Horizontal Mount

© 2018 nVent



EXAMPLE - Monopole Tower Bongdi

cessories

Ground wire
connected to
tower flange
using Telecom
Flamge Clamp

Cellular ——e
Antenng

Remaote Radio Unit

Telecom Flange Clamp
Application: Straight Edge Lattice Tower

Traditional
Ground Bar

A P AiCro EvE
Antenna

Mounted Ground Bar
[ETMAGSDET)

Ground wire
connected to
Ground Electrode
[Optional)

Telecom Flange Clamp
Application: Curved Flannge on
Monapole




Example - Monopole Tower

nVent EF ~ ~
ETMAGS

MOUNTED ON RADIO
HEADFRAME

Ground wireto
Grownd Bar,
ETMATDET or
Remate Radio Unit

Flange inside
windaw of Manopele
Tower

© 2018 nVent nvent
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Ground Bar
Tinned
Copper or
Tinned
Aluminum

Tower Bonding — Ground Bar & Clamp Details
Round Tower Member

© 2018 nVent nvent
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Example Tower Bonding — Ground Bar & TFC2L Details
Angle Line Tower Member

© 2018 nVent nvent



Example OTHER TOWER MOUNTED GROUNDING

nvent



Obstruction and Warning Lights

Cable supplylng power to thejtower
_lights

- >j > USE supp ymg ower
e tower shall be
ened and the screen earthed to
the tower to protect from the lightning
current by one of the options
described in this clause. This cable
shall be earthed at the bottom of the
tower and to the Feeder Earth Bar

before it enters the building. Bonding

Surge protection on this cable is
recommended at the point of exit
from the shelter or building.

31

© 2018 nVent
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Shielded & Unshielded Cables

Un-Shielded cable

b

—— -
‘ B

]
\(.

2 |cuct and this
re length. The duct shall

7 east at |ts upper end. The length of cable
_ 1 outside the metallic duct shall be as short as possible.
eferably, the cable should run inside the metallic duct up to the

lighting hardware. The metallic duct can be made of galvanized steel
and shall have a cross-section area not less than 16 mm2. The
openings in the duct shall be adequately sealed in order to prevent
the ingression of moisture. The metallic duct shall also be bonded to
the earthing bar installed near the feed-through window.

The use of unshielded cable installed without a metallic duct requires
the installation of adequate SPDs close to the lighting hardware and
connected between the conductors and the tower structure. Another
set of SPDs is also required at the point where the lighting conductors
enters the building and these SPDs shall be bonded to the earthing

bar installed below the feed-through window.

N PR z
.
Rl ¥

A shielded cable can be in:

the tower, i.e., without a metalli
shield of the cable shall be elec
continuous for its entire length anc
bonded to the tower at its upper end. The
shield shall be terminated as close as possible
to the lighting hardware and shall be bonded to
the earthing bar installed near the feed-through
window.

l"l"-.-;'rEI"It
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Feeder Tray

Feeder tray

> : re

= Jt> ‘\; kept continuous in
S 1 \--— shall be onded to the tower by its

) dw: ews clamps or welding). In the upper side
e tow . the feeders shall leave the feeder tray as close as possible
to the antennas The feeder tray shall be continuous when it leaves the
tower towards the building, preferably using a curved section. In the Baslis
trajectory between the building and the tower, the feeder tray shall be Feed-through  earthing bar Tower frame
continuous and bonded to the tower and to the earthing bar located '
near the feed-through window of the building. The objective of this
bonding is to provide a path to the lightning current in parallel to the
feeders, which reduces significantly the current carried by the feeders.
The bonding shall be made at least in the two sides of the tray, as
shown in Figure 8. On the tower side, the bonding between the feeder _
and the tower frame is normally achieved by mounting clamps or bolts. .
On the building side, it is necessary to install bonding conductors
between the feeder tray and the earthing bar.

Feeder tray B .
onding to

v f

tower frame

Bonding to
earthing bar

© 2018 nVent nvent



Indoor MGE or Master Ground Bar

v, Steel frame bonded Internal Perimeter
to ground ground bus conductor or

-] Indoor Secondary

Bonding Bar or Rack

Ground Bar

P
F
s
7’

External Ground Bar or Feeder
Ground bar, FGB External
shelter/cabinet

__ Main Ground
conductors

Fd
”
rl
e = = - —— e o e o e = o om

METHOD 1 : INDOOR Ground Interface with External Ground

Telecom ground electrode
system

7’ 1 Steel frame bonded

P ’ to ground
”

ground bus conductor or
Indoor Secondary Bonding

Indoor MGB or Master Ground Bar

Internal Perimeter

Bar or Rack Ground Bar

2l A

METHOD 2 : INDOOR Ground Interface with External Ground

Indoor MGE or Master Ground Bar I

Steel frame bonded

toGround

METHOD 3 : INDOOR Ground Interface with External Ground

N

Feeder Ground Bar, FGB
, External Groudn Bar
/" [shelter/cabinet)
|/

Main Ground conductors

™
, — QOutdooer Primary Ground
v ™~ gar (shelter/cabinet)
’

Telecom ground electrode
system

e

External Ground Bar or Feeder

, Ground bar, FGB External
/ shelter/cabinet

/

Main Ground
[ conductor




Surge Protection Scheme Complimegt
(Does not Replace It)

a|cordia GR3177

L

MDF Equipment Racks

Equipment Racks

bl I
Distribution

L‘\
\_ 5¢8

a.c. PROTECTIVE
EARTH ELECTRODE

. | |
[Soo00]

Base
Station

Equipment Optical Fiber

owes Bonding

i : L 1 i
" ANTENNA

REMOTE RADIO UNIT RRU

AN

DC SUPPLY to RRH

———

SERVICE EARTH
ELECTRODE

—
Lq;

00000
FEB
U MISCELLANEOUS

CIRCUITS , .. POE

Note 1: Preferred Location of these SPDs is external. It can be
mounted internally if kept less than 3 meters away from SEB

N ‘

mféht
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