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1. Introduction

Lightning happens! While it can be a spectacular phenomenon to witness, it can also
cause damage to property, structures, and even be fatal to human life if not respected.
Without a doubt, expenses from lightning damage can be substantial—especially for
companies whose equipment is installed on tall structures (since lightning tends to strike
taller objects). The wireless antenna industry is particularly at risk with its multitude of
towers. With antenna equipment leaning more toward sophisticated designs (many with
integrated electronics), protecting the electronics adds another layer of costs to the overall
expenditures for a wireless site. These extensive overheads can make or break a business
opportunity in today’s highly competitive arena. Antenna OEMs are faced with the
importance to determine whether lightning protection is required and the level needed,
when considering new business ventures. This paper provides factors to consider, as well
as recommendations.

2. Lightning Background

Cloud-to-ground lightning strikes usually originate from thunder clouds in the form of a
leader, carrying negative charges traveling towards the Earth in a stepped fashion. This
negative downward leader provokes upward-moving positive streamers from objects
protruding from the ground (objects from the ground form intensified electric fields
beneath the negative downward leader). The upward streamers may form into a positive
leader, which then connects to the downward negative leader. The connection acts as a
huge switch closure and forges a path for the negative charges to drain to the Earth.
This type of lightning is referred to as negative lightning. Positive lightning (a leader
carrying positive charges from a thunder cloud down towards the Earth) occurs on a less
frequent basis, but consists of a higher level of energy.

Determining the most likely object to project the successful upward-bound leader will be
crucial for the placement and protection of antenna towers. The physics of lightning
show that upward streamers only occur when the local electric fields are very strong, and
that curved conductive surfaces intensify any ambient electric fields. Elevated structures,
such as antenna towers, provide these characteristics and produce the ideal environment
to attract lightning. Therefore, it becomes apparent that proper lightning dissipation be
designed into the towers, while considering factors that can diminish the probability of a
direct lightning strike.
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3. Protection Factors
Certain factors will help evaluate the need for protection for tower mounted electronics.

Lightning frequency and probability
Structure height

Installation landscape

Structure grounding

Equipment placement

3.1 Lightning Frequency and Probability

Figure 1 illustrates the number of lightning strikes in the U.S. from 1996 to 2000. Data
collected establishes the flash density (number of discharges per square kilometer per
year) for each area. The probability of lightning can be calculated by multiplying the
flash density by the attractive area of the structure [1, section 3.5.1]. The attractive area
of a structure reflects the ground area surrounding the structure that is susceptible to
lightning. The attractive area is exponentially proportional to the structure’s height. This
indicates that the higher the structure, the more likelihood it will trigger lightning.

From the theories mentioned above, similar antenna towers installed in an area with low
flash density will probably need little to no protection, while those in a high frequency
area will require a higher level of protection. The level of protection is proportional to the
need for protection. It is recommended that areas with flash density above 4 should be
considered high risk and a more stringent level of protection should be implemented.
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Figure 1. USA Flash Density Map. Courtesy of Global Atmospherics, Inc.

3.2 Structure Height

As indicated above, lightning tends to strike taller structures due to the intense
concentration of electric fields present at their most elevated points (triggering a lightning
path) [1, section 3.3]. Interestingly, collected data shows that lightning does not usually
strike structures under 100 meters in height [1, section 3.5]. Cellular antenna towers are
typically 20-75 meters (50-200 feet) in height, which makes them less susceptible to

lightning strikes.
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3.3 Installation Landscape

Another factor to be considered is that most city antenna towers are erected in landscapes
where other tall structures (such as buildings, light poles, power towers, etc) are also
located. These tall structures compete as lightning triggers; therefore, attracting lightning
to themselves, as well. Taller structures also provide a cone of protection [1, section
3.5.2], which provides protection for shorter elements in its cone from a direct strike. As
long as the antenna tower is less in height than its counterparts, its probability of getting a
strike is much less than if it was the only tall structure standing in the landscape.

3.4 Structure Grounding

The proper grounding of the antenna tower and ground station, adds another factor to
protecting electronics. This is the most important factor to consider. If the tower and the
ground station are not properly grounded, no amount of protection will suffice if the
tower suffers a direct strike. The whole tower should be the down conductor that will
dissipate the lightning energy. The idea here is to make the whole tower the least
impedance path to ground. Once the energy traverses down the tower, it needs to be
divided down using ground rings and diverters.

A lightning strike to the tower can also produce Ground Potential Rise (GPR) where the
lightning energy causes the whole grounding system to elevate in potential. GPR can
damage electronic equipment if the equipment is not bonded (connected) to a low
impedance, single point ground [3].

Andrew Corporation document SP40-09 also provides specifications for grounding;
while the document does not address tower grounding specifically, it offers valuable
guidelines that are worth reviewing.

3.5 Equipment Placement

The tower design needs to consider placement of antennas and associated electronics.
Normally, antennas and electronics should be placed significantly below the highest point
on the structure for reasons stated above. The point here is to make the tower itself the
point for direct strike and not the equipment. Situations where the antennas serve as the
highest point will demand higher levels of protection.
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4. Protection Principles

The principles of protection are simple, and in many cases cost effective. Three principles
that apply to tower mounted electronics and ground station equipment:

e Control, by dividing energy before it gets to the equipment
e Implement a single point, low impedance system ground for electronics
e Isolate electrical equipment

4.1 Control by Dividing Energy

Lightning energy seeks the lowest impedance to ground. Since this energy can induce
surges upwards of 3000 amps and 60,000 volts [2], it is preferable to control the energy
by dividing it into more manageable quantities. The desired effect here is to provide
multiple paths for the energy to dissipate. This provides several advantages.

e Multiple paths remove risks associated with a single point failure. (e.g., If a single
path to ground fails, some to all of the energy would have to be absorbed in the
equipment. With multiple paths, the energy to be absorbed will be minimized.)

e Multiple paths require less current per path, which equates to smaller, less
expensive conductors. By taking advantage of the surface movement of electrons,
solutions can be quite cost effective by using wider, smaller gauge conductors
(braids) instead of thick heavy gauge ones.

e Multiple paths lower overall impedance to ground.

Depending on the factors discussed above, implementation can be as simple as using wire
braids soldered to the shield of cables and secured to the tower or as complex as using
surge arresting systems. All of these devices provide paths to ground as their main
function.

4.2 Low Impedance, Single Point System Ground

The purpose of having a low impedance, single point system ground is to equalize all
potentials. By having a single point ground, all electronics in the system are kept at the
same potential. Combined with a low impedance path, ground is close to zero potential
and not at a damaging level. The National Electric Code specifies impedance of less than
25 ohms, while the IEEE recommends less than 5 ohms for sensitive electronic
equipment [2].

4.3 Isolation

For the highest risk installations, isolation of tower and ground station paths will need to
be considered. Isolation prevents the transfer of energy directly, therefore providing
maximum protection. Optical technology and magnetics are often used to isolate
components.
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5. Recommendations for Tower Mounted Electronics

The recommendations shown below point to the risk level based on flash density. The
recommendations set forth in this section apply to tower mounted electronics with the
following prerequisites:

e Tower is not the highest structure in the landscape.

e Tower is less than 100 meters in height.

e Tower is properly grounded and serves as least impedance path to earth ground.
Low-impedance single point ground for electronics should be less than 5 ohms.

e Electronics and enclosures are mounted at least 2 meters below the highest point
of the tower.

If these prerequisites are not met (particularly for medium risk), it is recommended to use
the same protection as suggested for the high level.

Flash Density Risk/Level of Recommendation of Protection
Protection
0 to less than 1 Low Built-in protection in electronics is

adequate. Recommended cable grounding:

1) at top of tower; 2) at bottom of tower; 3)
at the entrance to the ground station shelter
1 to less than 4 Medium All recommendations for low risk, plus: 1)
cable grounding every 60 meters; 2) cable

grounding at every antenna sector; 3) surge
arrestors for ground station electronics

4 and above High All recommendations for medium risk,
plus: 1) surge arrestors at tower top

Exceptions: 1) Tower | Highest All recommendations for high risk, plus:

height >100 meters; 1) surge arrestors every 30 meters;

2) lone standing 2) isolation

tower in >4 flash
density area

Note: The lightning strike probability calculation (attractive area x flash density) of a 100
meter high structure is used for the table above. Since the structure height stays fixed,
only the flash density is significant.
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6. Conclusion

For the wireless antenna industry, lightning protection has become even more necessary
as a growing number of sophisticated electronic equipment is mounted on towers, which
are more susceptible to direct strikes. Determining the level of protection that makes
business sense requires considering factors that can reduce the probability for lightning
strikes and decrease the level of protection; in turn, lower the overall cost of tower
mounted systems.
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8. Appendix

The following figures illustrate Andrew Corporation tower mounted Antennas and
Teletilt® electronics in various configurations. Each configuration indicates the lightning
protection level recommended from low to high.
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Option 1 Lightning Protection — ATC200 System

Whlte PO per (Continued)

Example cable lengths shown. \|
Coax cables for remaining DIN
connectors on antennas are not
shown.
Notes:
1. 17 = Earth ground.
2. Daisy-chained and
ground every sector. fenna
Field Installed Actuator
ATM200 Series
N Cable Assembly
ATCB-B01-006
Cable Assembly RET Grounding Kit
Cable Assembly _/
ATCB-B01-060 Cable Assembly
| ret rounding kit /. ATCB-801-002
Hanger Kit Accessories -y ATGK-001 BTS
or Cable Ties (40417) Equipment
Cabin
) Local Control Interface
Antenna Control Unit ISk Not Supplied
ATC200-1000
Tower Gmund\rﬁ ATC200-LITE T

Ethernet
(10 Base T)

Single Point ! P:wcer
Low Impedance Groundi__—_~""

Figure 2. Antenna with RET, Low Protection Level.
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Option 2 Lightning Protection — ATC200 System

Whlte PO per (Continued)

Example cable lengths shown.
Coax cables for remaining DIN
connectors on antennas are not
shown.

Notes:
1. 17 = Earth ground.
2. Daisy-chained and

ground every sector. fvEnae
Field Installed Actuator
ATM200 Series
N Cable Assembly
ATCB-B01-006
Cable Assembly RET Grounding Kit

Lightning Protection Unit

Cable Assembly —/ ATLP200-001

ATCB-B01-060 Cable Assembly
ATCB-B01-002
Hanger Kit Accessories —/ BTS

or Cable Ties (40417) Equipment

Cabin

- Local Control Interface
Antenna Control Unit ISk Not Supplied

ATC200-1000
ATC200-LITE

Ground T
602299 Ethernet

Tower Ground\rﬁ l
10Base T
e ( )

Single Point :
Low Impedance Ground '._Piwﬂ

Figure 3. Antenna with RET, Medium Protection Level.
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Option 3 Lightning Protection — ATC200 System

Example cable lengths shown.
Coax cables for remaining DIN
connectors on antennas are not

Addtional Products:
ATGK-001 RET Grounding Kit (used for cable runs over 60m)

shown.
Notes:
1. 1y = Earth ground.
2. Daisy-chained and
ground every sector. Antenna
Field Installed Actuator
ATM200 Series
Cable Assembly
ATCB-B01-006
Cable Assembly Lightning Protection Unit
ATCB-B01-001 1 ATLP200-001
/ Ground
’ 602299
Cable Assembl _/
/ ATLP200-001 Cable Assembly
7 ATCB-B01-002
Hanger Kit Accessories BTS
or Cable Ties (40417) Equipment
= Cabin
5 Local Control Interface
[‘ Antenna Control Unit Sisteke Not Supplied

ATC200-1000
ATC200-LITE

Tower Ground\rﬁ l

Single Point
Low Impedance Ground

Ground

602299 Ethernet

(10Base T) =

Figure 4. Antenna with RET, High Protection Level.
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Option 1 Lightning Protection — ATBT Smart Bias Tee System
(External Bottom Bias Tee)

White Paper (Continved)

Exampie cabie kengths shown
Coux cabies for remaining DIV

COfvecliors o0 arnfennas arng nol

sitowm.

Notes:

1. rt7 = Earth ground

2 Daisy-chaimad and

wound evary secior. Antenna
. Cable Assembly
I
T e oK ATCE-B01-001
Male DIM
Cable Assembly Female DIN
ATCB-B01-006 Hole AlSG
Cable Assembly Male DIN
ATCB-B01-001
Female DIN Coax Cable
Female AISG
Smart Bias Tee, Top Unit Smart Bias Tee, Bottom Unit
ATBT-TOP-24V ATET-BOTTOM-24V
Coax Ground /
{Outer Cond ) }, “Al Local Control Interface
Tewer Ground i f Antenna Control Unit
\. [ 71 ATC200-1000 or
Ground 1

ATC200-LITE

ikl il
602298

Cabile Assambly
ATCB-801-001

Single Point—s=r17 | 9
Low Impedance Ground .

{10 Basa T)

Figure 5. Antenna with RET/Bias-Tee (Outside BTS), Low Protection Level.
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Option 1 Lightning Protection — ATBT Smart Bias Tee System
Eﬁ (Internal Bottom Bias Tee)

White Paper (Continved)

Example colike lengths shown,
Coax cabées for remaining Dt
CONNEEiars on aennas ane mf
showrn.

Mates;

1. 7 = Earth ground

2 Daisy-chained and
round avery Seclon

Antenna

eSS
Male DIN
Cable Assembly
ATCB-B01-008 Female DIN
Cable Assembly Male AISG
| Groung  ATCB-B01-001 T

G602288
Female DIN Coax Cable
Female AISG

Smart Bias Tee, Top Unit
ATBT-TOP-24V

Coax Ground ———
{Cuter Cond.,) ? BTS
: Rack

Tmeund—\ =
L . S -7 C200-1004 or
= el A TCo00-LITE

Smart Bias Tea, Bottom Unit
ATBT-BOTTOM-24Y
Eqpuiprmeant

Cabin

Local Contral Interface

Single Point — e/ (I Powe
Low Impedance Ground | 1508

Figure 6. Antenna with RET/Bias-Tee (Inside BTS), Low Protection Level.
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Option 2 Lightning Protection — ATBT Smart Bias Tee System

Example colike lengths shown,
Coax cabées for remaining Dt
CONNEEiars on aennas ane mf
showrn.

Mates;

1. 7 = Earth ground

2 Daisy-chained and
round avery Seclon

Male DIN

Female DIN

t—-‘ Ground

Female AISG
Smart Bias Tee, Top Unit
ATBT-TOP-24V (or -12V)

Coax Ground
{Outer Cond ) v
Cable Assembly M

ATCB-B01-001
Tower Ground —h:)

Ground— Lightning Protection Linit

anoogn L ATLP200-001
Single Point Low Impedance Ground

(External Bottom Bias Tee)

Cable Assembly

Field Installed Actuator ATCE-B01-001

ATM200 Senes

Femate DIN
Male AISG

Cable Assembly
ATCB-B01-006

Cable Azsambly
ATCB-BO1-001

602208
Coax Cable

Coax Surge Arresior
APTDC-BOFDF-DB

Smart Bias Tee, Bottom Unit

aTs ATET-BOTTOM-24V (or -12V)

Equipment
Cabin

BTS
Rack

Antenna Controd Uinit
ATC200-1000 ar
ATC200-LITE

Local Control Interface
Mot Supplied

(10 Base T)

Figure 7. Antenna with RET/Smart Bias Tee (Outside BTS), Medium Protection Level.
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Option 2 Lightning Protection — ATBT Smart Bias Tee System

(Internal Bottom Bias Tee)
Example cable lengis shown.
Coax calies for rarmaining DIN
conneciors on anteanas ae nof
ahown
Nofes:
1. 7 = Eavih ground,
2 Daigy-chamed ang !
grownd overy sechor
—
Male CHN i
Male DIN

i
602299
Female DIN Coax Cable 0
Fsmag AISG ) Coax Surge Amestor .
ETT:}“T%?;&S' thig ‘é?}‘ i iR Smart Bias Tee, Bottom Unit
L ¥ -1 i
ar=1en] ATBT-BOTTOM-24V (or -12V)

White Paper (Continved)

Amenna
le Assambly
Field Installed Actuator
ATM200 Series ATCB-B01-001
Cable Assembly
ATCB-B01-006 Female DIN

J Cable Assembly
ATCB-BO1-001

Ceoax Ground

{Cuiber Cond.) Local Control Interface

ot Supplied

Antanna Control Unit

ATC200-1000 or
[T TR ATC200-LITE

ATCE-BOT-001

Tower Ground —}I:_J
dc

o
Single Point Low Impedance Ground——" ' | _Power

{10 Base T)

Figure 8. Antenna with RET/Smart Bias Tee (Inside BTS), Medium Protection Level.
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Option 3 Lightning Protection — ATBT Smart Bias Tee System

Example colike lengths shown,
Coax cabées for remaining Dt
CONNEEiars on aennas ane mf
showrn.

Mates;

1. 7 = Earth ground

2 Daisy-chained and
round avery Seclon

Cable Assembly
ATCB-BO1-

Maile DIN

Female DN
Female &1SG
Smart Bias Tee, Top Umit
ATBT-TOP-24V (or -12v)

Coax Ground
{Duter Cond )
Cable Assembly b

N

A7
&
e Ground

(External Bottom Bias Tee)

Antenna

Cable Assembly

Fietd Installed Actuator ATCB-BO1-001

ATM200 Senes

Lightning Protection Linit
ATLP200-001

Cable Assambly
ATCB-B01-001

G02299

Coax Surge Arestor

i !

ATCB-BO1-001
Tower Ground —h:)

Coax Cable

-APTDC-BOFDF-DB

Smart Bias Tee, Bottom Unit
ATBT-BOTTOM-24V (or -12V)

BTS
Equipment

Cabin
Local Control Interface
BTS
Mot Supplied

ATC200-1000 or
ATC200-LITE

Lightning Protection Linit

Ground— & B200-001

602259

Single Point Low Impedance Ground

(10 Base T)

Figure 9. Antenna with RET/Smart Bias Tee (Outside BTS), High Protection Level.
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Option 3 Lightning Protection — ATBT Smart Bias Tee System
(Internal Bottom Bias Tee)

White Paper (Continved)

Example cabie langths shown
Coax cables for rematning CDIN
conneciors o antennas are nod
showm
Noles:
1. 7 = Earth pround,
2 Dalsy-chained and
round every sector s
Field installed Actuator Cable Assembly
Cable Assembly ATM200 Series ATCB-BO1-001
ATCB-BO1-
Male DN
Lightning Protecton Unit
A ATLP200-001 Female DIN

Cable Assembly Make 415G

e groung ATCE-801-001

i 602298
Coax Cable

Male DIN

Smart Bias Tee, Bottom Unit

Female DIN ATET-BOTTOM-24V (or -12V}

Coax Surge Amestor

o : APTOC-BDFOF-D8
Smari Bias Tee, Top Unit BTs
ATBT-TOP-24V {or -12V) Equipment
Coax Ground - + Cabin Locsl Conirol intack
1= cal Con BCE
(Outer Cond.) Y BTS Mot Supplied
/ ————— A | Rack

| Antenna Control Unit

ATC200-1000 or

Tower Ground _-_rg’ S

"

T |
Single Point Low Impadance GmndJ | Power

(10 Base T)

Figure 10. Antenna with RET/Smart Bias Tee (Inside BTS), High Protection Level.
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