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Learning to Live With Lightning

The same conditions which make a structure or site desirable for two-way
radio make it a target for lightning. The highest spot in the area is guaranteed
to get “hit.”” Here are some pointers on how to protect valuable radio facilities.

By AK. “Kenny’’ Guthrie
Manager, Product Information and Training
General Electric Mobile Radio Department

I‘\'e been in land mobile communications — the two-
way radio business — for almost all of my working
career. | was enthusiastic about it in the beginning, and
after 30 vears in two-way, 1'm still enthusiastic.

So, as we approach the broad subject of lightning, you
won't be surprised that 1 reflect the interests and view-
points ot a specialist in the mobile radio field.

Lighining is a fascinating subject — one which can be
discussed and studied from many angles. My orientation
lcads me 1o address lightning in terms of two-way radio,
and myv experience causes me to focus upon lightning
damage 10 land-based 1wo-way radio facilities.

We'll talk a little about what lightning is, and the nature
and magnitude of the stresses which it exerts upon our
cqguipment. Unfortunately, 1 have no magic umbrella which

runize vour facilities from tMis unwelcome visitor.

., mv main thrust is upon some of the things vou

cun o do 1o improve vour chances of surviving a lightning
¢vent without catastrophic damage.

Lichining is a transient electrical current which equalizes

ditference of potential, and creates a lot of fireworks in
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Wind works on moisture, the moisture in clouds, and
the moisture falling as precupnallnn The wind tears the
droplets apart physically, ionizing them, or, separating
them into positive and negative ions. The force of the
wind drives the relatively light negative ions back into the
cloud. The positive ions, which are comparatively heavy,
fall to earth.

As the process continues, the cloud becomes increasingly
negative and the earth below becomes increasingiy posi-
tive. The positive area on earth is real, with charges held
in concentration by attraction of the cloud overhead.

Not only is this area positive with respect 1o the cloud,
it is also positive*with respect to distant earth. The positive
area on earth tracks the movements of the cloud above,
just like a shadow. (See Figure 1.)

When the potential difference between cloud and earth
exceeds the breakdown voltage of the atmosphere, there i
a discharge to earth. We call this vertical lightning,

The stroke current heats the ionized path to incandes-
cence and produces a visible flash. The air surrounding
the discharge path is heated and expands outvard al super-
sonic speed. The air then cools and moses back 1o cancel
the partial vacuum. The return trip is slower — 1t's 4t an
audible rate, We hear the sound of thunder.

Take two clouds, fairly close together. Wind works
on both of them. Both become negatively charged, but nne
more so than the other. Each has a positively charged area
tracking it on earth, but, again, one more so than the
other. There 1s a potenual diftference between each cloud
and earth. There is also a potenual difference between the
two clouds. If the atmosphere berween clouds breaks down
first, the discharge will be overhead, and we have horizontal
lightning.

Lightning has a regional flavor.
summarizes 30 years of history. The unit plotied s
“thunderstorm days per yvear.” It thunder s heard cven
once, that day is recorded as a ““thunderstorm dav' for
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that location. The gradient is from southeast to northwest,
and activity peaks up in coastal areas. The southeastern
part of the United States is singled out for special attention.

Considering individual thunderstorms, instead of thunder-

orm days, the spread is even more dramatic. (See Figure 2.)

Ouring these same 30 vears, Tampa recorded more than
1800 separate thunderstorms, while Seattle recorded fewer
than 190, 1f repairing lightning damage appeals to you as
a career, now you know where the action is.

Spots More Likely to be Hit

Not all spots within a general area have an equal
srobability of collecting a lightning stroke. An elevated
structure or natural elevation collects lightning which would
otherwise strike the surrounding earth. Anything which
rises above prevailing terrain protects a circle of earth
with radius about three times the height of the projection,
Ut protects its surroundings by taking the strokes itself.

And, when terrain isn't flat, it is effective height which
sounts. When a hill rises from flat terrain, the effective
height is that of the ciructure p/us the elevation of the hilltop.

Height makes a big difference. Take for example a
square mile of real estate in an area which typically experi-
znees four strokes per square mile per year,

One specific square foot could be marked off in that
area. If my Sears-Roebuck calculator hasn't let me down,
vou can look for a hit to this exact spot about once
every seven million years!

Put a 200-foot tower on that spot and the odds change.
The stick gathers in a million square feet worth of lightning.

ne event per six yvears is now a reasonable estimate,
set the same tower on a 400-foot rise, and you can
expect action every seven or eight months.

The higher the structure, the more often you get hit. The
same conditions which make a structure or site desirable
for two-way radio, make it an attractive target for lightning.
Your facilities are protected if they're in the shadow of
something taller. Get the highest spot in the area, and you’ll
get the lightning — just as sure as death and taxes.

Two Kinds of Current

The realities of lightning cause us to consider two kinds
2f current, Vertical lightning involves a stroke current at
a point on earth, and, it’s pretty obvious that the.current
which is concentrated in the stroke must be distributed out-
ward in earth from the stroke point. Although horizontal
lightning confines its stroke current to the heavens, it, too,
produces distributed ground currents.

Stroke current equalizes the potential of the clouds. The
attraction of each cloud to positive charges on earth is
modified. The charges on earth then re-arrange themselves
according to the new situation. Positive charges move.
Moving charges constitute a current. There is a current in
=arth, coincident with the discharge overhead.

Stroke current to earth can enter our equipment
Airecily through connected facilities. A hit to the antenna

stem, the power feed, or connected freleplione lines, can
bring siroke current into the cabinet. Once in, it's going
out — hopefully through the cabinet grounding; if not
through the intended path, it will exit through a path of

its own choosing,

Ground currents enter our equipment indirectly, When a
structure takes a stroke, there is a corresponding current
into the earth, but the actual current is distributed.

On the left, in Figure 4, note the voltage drop which
results from current through the resistivity of the earth.
When there is current through intervening earth, a voltage
drop can be measured between two ‘‘grounded’ points.
On the right; we symbolize the magnetic field which
encircles any current path, be it in a physical conductor,
or part of a distributed current. This magnetic field exists
in earth, and it extends above the earth. A voltage is induce
into any conductor which is cut by this magnetic field.

The magnetic field from distributed ground current cuts
both conductors of a pair. The field cuts both conductors
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EXPERIENCE: 4 STROKES/YEAR/MI’

EFFECTIVE EXPECTED FREQUENCY
HEIGHT OF LIGHTNING HIT .
0 EACH 7,000,000 YEARS
200 FT. EACH 6 YEARS
600 FT. EACH .68 YEARS

Figure 3.
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Circle INFO CARD Number 34

| at the same instant and (o an equal extent. Thus, identical
| voltages — identical in both magnitde and phase — uare
induced into each wire,

GROUND CURRENT

Figure 4.

|
i This is a longitudinal effect. Although both wires may
rise hundreds or thousands of volis above ground, there is
no difference of potential across the pair. A remole con-
trol unit, across this line, does not register so much as a
click, unless something breaks down,

Stroke currents enter equipment through direct metallic
connections,

Ground currents make themselves felt indirectly, through
longitudinal rise of power and telephone lines, overhead
or buried,

The stroke current is where it all starts. Whai the
observer considers a single display of hehiming is calied
a *‘flash’ by the specialists. The flash s made up of
individual strokes — as few as one, and tvpically two or
three. Starting with zero current, there is a rapid rice
to crest and a slower decay down to zero. Successive
strokes are of declining peak amplitude. The duraton of the
entire sequence is 1 the range one-third 1o one-half second

Rise time is tvpically two microseconds, implving that
major energy content is well below the standard broadeast
band. Decay 1s slower, typically 40 microseconds to 50
percent of peak amplitude. The rise time isn't particularhy
impressive, but the current 1s brutal,
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All lightning strokes are not created equal. bigure !
summarizes a series of stroke current measurements taken
on the Empire State Building. Lightning is lighming,

| and the Empire State Building is a handy place to work



Choose Cardion Series 8000 for low cost

960 MHz or 2 GHz 1-way communication systems.
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One-hundred percent of the discharges measurce zcro
amps or more. (I trust this information is not a completc
surprise.) The surprise comes when vou observe that haif
the strokes measure more than 18,000 amps at crest. Tern
percent exceed 60,000 amperes. One-percent are off-scale
at more than 120,000 amps. With these magnitudes, it's
indeed fortunate that the duration is as <hort a< it is.

Constant-Current Circuit
Represents Situation

Stroke current is delivered from a constant current gen-
erator. 1t's a long way from the cloud to a point near the
earth. The impedance is high — high enough 1o set the cue
rent for the entire circuit. Series impedance at the poin
struck is small by comparison. Whether the last few feel
is through the legs of a tower or the legs of 4 cow, vou can
expect about the same current. {See Figure 6.)

Figure 6.
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This constant-current circuit represents the situation,
The source is the potential between clond and earth. 7 G
is the generator impedance from the cloud ro the obied
struck. It sets the current since it is much larger than /-1,
the impedance of the object struck.

Given a constant current generator and mwo parallelcd
loads, the lower impedance draws more of the rolal curren;
and the higher impedance draws less. Every ampere deliv
ered by the generator does go 1o ground. Everv ampere
accepted by rthe lower impedance s one amp which wifl
never enter the higher impedance. This fundamenta! hee
comes our kev principle. To find a way 1o “live wih™
lightning, we will build upon this idea ot “"current division
according to impedance ratio.” .

Shunt, then isolate. We protect Z-2 (see Froure 7) by lower-
ing the impedance of Z-1. An ampere taken throvgh Z-1
to ground is one we can forget about in 7-2

We can further protect Z-2 by adding an isolating imped
ance, Z-P. As the impedance of the vulnerable branch i«
built-out, current is diverted trom Z-2 and pushed back 10
ground via Z-1. Isolation, alone, can’t do the job. it 7-|
isn't there, 100 percent of the current will tlow throueh
7Z-2. the build-out impedance notwithstanding. If a shunt
path is provided, an 1solating impedance wiil miake 1
more ¢ffective, Without a shunt path — not a chunoe



THEN 12
ISOLATE
- (Add Zp) —
1 : Figure 7.
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The top of a base station antenna is usually the highest
ind most valnerable spot in an entire radio svstem. Stroke
surrent collected by the antenna can flow right down the
soaxial cable, with the bulk of it traveling down the outer
conductor, The top of the antenna is the first opportunity

voshunt current away from the equipment vou want to
protect. All other factors being equal, choose an antenna
vith elements divectly grounded to the tower structure,
vnd, make sure vou have a solid bond between the
crounded elements of the antenna and the tower. The
rower is a good path toward ground. Make use of it.

kheep tower grounding resistance as low as you can. The
<troke current belongs in the structure, not on the trans-
mission line. My advice is: **Ground until you run out of

as or run out of monev!™ Every amp which goes through
ne tower to ground is one amp which cannot enter the
cquipment, If one zround rod is good, two are better and
three are still better. Not much better, perhaps, but. . . better,
[he magic number seems to be six feet. If vou can
separate paralleled ground rods by at least six feet, it pays
to double them up.

At the spot where the coax leaves the tower, you can
shunt and isolate, applying both of our protection principles,
Make a solid bond between tower and coax sheath at the
noint of takeoff. Given jacketed cable and a bond at the
tep only, the enare voltage drop of stroke current through
the tower 1s avatlable to drive current down the coax, When
the sheath is bonded at the bottom, the driving voltage

- ondy five to 10 percent of the total voltage drop across
the tower. The manutacturers of coaxial transmission hne
offer grounding kits, even for jacketed cable. It's unfortu-
nate thev sell o few of them.

Introduce Cliange of Direction

By bringing the line off the tower with the sharpest bend
nornnitied by the cable construction, we introduce the first
isufating impedance. It results from the spot impedance of
an abrupt change of direction to an extremely high current,
Check the minimum bending radius of the cable, and use it
— noonore and no less. This impedance isolates — i
beeps eurrent out of the line — and that's what we want.

mtinueing down the transmission line run, introduce a
cange of ditection at the minimum permissible cable
Sendine radius at every reasonable opportunity. And, pro-

fudi crodnding 1o sheath whenever possible,
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ZONE By. ﬁurch Falkner

This montk our focus will Bbe on the relationship between
dealer and manufacturer This topic 1s obviously of more
-ntnrrcf to existing dealers and potential dealers than itisto

P user However the relationship between manufac-
turer anc dealer 15 critically i/mportant end user
Actually. a dealer and end user look for many of the same
features in analyzing the benefits of a manutacturers product

10 the

Cuality assurance of rehable service and price are frequent-
v ranked as the three most important cansiderations made
betore purchasing a product. Quality has the same meaning
to customer and dealers alike. Service actually covers two
- maintenance and support. From a customer view-
maintenance should be available when required at a
reasonable cost Support would cover services provided by
the dealer such as assistance in FCC licensing. technical
planning etc. The dealer's definition of service would con-
sider the ability of the manufacturer to deliver the productin
a reasonable period of ime_ease of maintenance and rapid
availability of spare parts/or replacement elements The
dealer's detinition of support would be relative to the manu-
facturers ability to provide programs and training to assist
the dealer in becoming mare proficient in their day te day
activilies

Ao

s viewed by the consumer as the lowest initial cost
continued cost of operation The gealer 1s essentially
nen with Trn same requirements SHowever, the dealer
i jitional constderation of 217 a regspnabple
L,cnm price to the consumer while simultaneously consider-
profit margins Ir\ retrospect it would appear very simple
3 manufactur 1o estabhsh a s plan. All that I1s
Jirea s the bc.\s\ product. backed oy a good reputation
Then, sell it to the consumer at the lowest price and to the
ier at the migher discount while simultaneously offering

tsupport for customer and dealeralike Unfortunately,
nas ever succeeded and for *nat reason there are

nar ~mpetitors N today's marke!
-
Fiostromes Corp s one of the newer smaller manufac-
ars specializing inserving the reguirements of the person-
ications segment ot 1t market [EC umguely
ali combining the technologies of radio and
gphone nterconned! to provige a custormized system

M equal -"r1|mr1::'ur 5 IEC's commitms "ﬂ to “r‘!\l\.lrm the

support progr

3.8, i arture rom the [ L
fo [ VEC Ierature s aimed a1 addressing cus-
lasl direments and applving spe [ r\("f'\F“IT': rather

the virtues §

ittle intergst (o anvone

i techmeal 4eatures which are of

It yvou are an existing dealer. or rrmwrnﬂlam ent@rmg the

noerry  we inyite your mguiry toe 1 an the

IEC dealsr program |f vou are:a potential us YT LMY=
gaupment we also solicit oy the hoanes

Ay rinlerest may be conveyerd ! FACAIESt renresens

tative We think you'll ke the IEC way of doing Dusiness

f detalls are avalable from EC Eiectror Cort

104 Norton Street - Newark, New Yo “351

Circle INFO/CARD Numper 37

As a minimum, make it a point 10 graund o points whe

the line is supported on poics and where it enters a hml ding

It's wise to take at least part of the transmission lik
run through conduit, The conduit appears as a continuou,
shorted turn to the magnetic field created by transient
stroke current. The conduit itself serves as a very effectiv
build-out (or isolating) impedance.

Going from hard line to RG® or RGS8 at the equipment
end, wind the surplus semi-flexible line into a cofl. This
is vour last chance to introduce inductance where 1t will do
some good. At this point, inductance ceases being a friend,
and becomes your enemy,

“One Point” Grounding
|s Preferable Approact

Whatever vou do, don’t bring the transmission hi
into the cabinet at a point removed from cabinet ground,
assuming the stroke current which enters the cabinet does
exit through cabinet ground, the only route is through the
verv equipment you want to protect.

And, note that you can get a voltage drop across the
impedance of the cabinet. This puts unnecessary stress
between equipment bolted to the top of the rack and that
bolted to the bottom.

The preferable approach “‘one point’’ grounding.
Bring the coax into the cabinet adjacent to the grounding
conductor where yvou can make a good, low-impedance,
bond. This keeps the current outside the cabinet, where it
does no harm, or, at least, harms something other than
yvour equipment. This gets us to the subject of cabine:
grounding. (See Figure 8.)

Figure 8.
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ALMOST PURE INDUCTANCE

Consider 10 feet of number 12 wire, small
inductance is substantial. Even at frequencies the
standard broadcast band, the impedance is almost pure
inductance. To the lightning stroke current waseform, thi
wire isn't a conductor. . .il's an inducror. Four-poini-sis
microhenries doesn't sound like much, does
happens when we introduce lightning-style transient cur-
rents. (See Figure 9.)

Voltage drop across an inductor is L times D=l over D-

TesIsIanco 18
helow

D Look whal

D-1 is current at crest. We've assumed 8GO0 ampores
10 percent of a median lis:hlnim.1 strokz. D-T is the rise
time, two micro-seconds fromi zero o crost, The dooy
across 10 feet of wire 15 4100 volts,

This can happen in practice, and it doc

This antenna collects 2 median lightning sirok RN

amps at crest, Half of the strokes are even more poicnt
There are two paths to ground. We assume a good shunt
path through the tower to ground. It tahes 90 porced
of the current, leaving 10 percent, 180G amps, 10 ride donn




1a¢ mahsmission line.

Eizhteen hundred amps flow into the cabinet, and 1800
amps are going out! There’s only one intended exit — 10
feer of number 12 wire — almost pure inductance to the

wning ransient. The voltage drop across that wire is more
wnan 4,000 volts. The cabinet, and everytning in it, is suddenly
4,000 volts above its own ground reference,

Ii - 1800A Figure 9.
/‘*j’
E, = di
- 1 St
T dt
! = 1800 X 4.6 X 10~
2 X 10~°
L= 4.6
LHY 4140 V

-

The power transformer core and, perhaps, the secondary
alse, rises along with the cabinet, One side of the primary
is connected to AC-neutral, a remote ground, usually of
respectable quality. Four-thousand volts tries to break down
the insulation of the transformer and the wiring on the
primary side. I7 the insulation isn't good for 4,000 volts,
vou just lost a transtformer, or something else.

The same stress tries to break down the series combina-

oof control panel and telephone line protector. The
nrotector is designed to break down — it does so at about
1,000 volts at this waveform. Unless the control panel can
survive longitudinal stress at around 3,000 volts, it just bit
the dust.

We expect the telephone and power facilities to carry
metallic and longitudinal stresses into our equipment, and
we make provision in design to protect the equipment from
them. You can now see the situation working in reverse.
Because ef less-than-ideal grounding of the cabinet, we're
In a4 position to exert stress back into the power and
telephone facilites,

Controlled Gap Relieves Stress
On Power Transformer -

You can relieve the siress on the power transformer and
primary wiring with a controlied gap — @ gas tube, lor
example — between cabinet and AC-neutral. The gap breaks
down before the coodies, brings AC-neutral to near cabinet
wotential, and pasces the transient to the power company.
(I you are the power company, it passes o another
department), Codes and other rules permitting, a solid
metalhe hond rrom AC-neutral 1o cabinet does even more,
and it does it with less.,

The same approach works to protect the control panel.
Two single-element gas tubes or one three-element gas tube

eve the siress on the control panel. Stroke current by-
Pitsses the panel as it does its thing with the telephone
DrOEeTOT
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aurselves rom the conseyuences of

Evenif our
hase station
antennas
cost
more,

The highest quality base station
antennas you can buy don’t have
to cost more. We know. We make
them. Lesser quality might save a
little at purchase time but gener-
ally this type of antenna results in
on-going maintenance cost or
early replacement expense and,
since the cost of replacing an
antenna is always nhigher than the
original price, why not buy the very
best first, especially where the best
costs nomore?

For fine base station antennas
that cost you ng more, look inta
Phelps Dodqc, Stationmasters,
Super Stationmasters, broadband,
coaxial, cardioid. ground plane, yagi,
corner reflector, parabolic and
others. Our new BO-page catalog has
the full story. Ask for a copy: Phelps
Dodge Communitations Company,
Telephone

Route 79, Marlboro,
201-462-1880 lplﬂd Lo

New Jersey 07746,
Communications @8Company
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Figure 10.
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voltage stress, we should attempt to reduce the magnitude
of the stress. (See Figure 10.)

Since voltage drop varies directlv with inductance, it
behooves us to reduce the inductance of the cabinet ground-
ing. Inductance varies directly with length and inversely
with diameter, but length has the most leverage, by far.

Hal{-length drops inductance by 55 percent. Double-
diameter, which means four times the copper and four times
the money, drops inductance only nine percent. It follows,

.at ground wires should be short and ground wires
should be fat, but it is much more critical that they be short.

It is important, too, that ground wires be straight.
High current resist a change in direction. A right angle
bend constitutes a spot impedance. When you must
change direction with a ground run, make the most sweep-

ing arc which the circumstances will allow,

Keep grounding runs in the clear, Mutual inductance to
other conductors will increase the apparent inductance of
your own ground lead.

Double up on ground wires when possible. Two wires
are always better than one. Two wires are much better
than one when they are separated by at least six inches
to minimize mutual inductance.

In running ground wires, avoid <harn bend< like the
plague. Never bundle or cable a ground wire with anything.
Most especially, do not cable a grounding wire with vour
own power or telephone facilities. You don't want io
couple stroke discharges back into your equipment by
another route.

Can vou think of a worse cabinet ground than the thirg
wire of an AC power cord? It's not short, fat or straight.
It is tightly coupled to the AC feed to the station. The
third wire is justified for personnel safety, but it should
be paralleled with a decent lightning-quality ground

A ground wire run along metal may as well be clipped
*for all the good it will do. Mutual inductance from the
metallic wall raises the impedance to lightning discharge
currents. Ditto for a ground wire run inside conduit. A
ground wire through conduit is like a ground wire through
a low-pass filter, The conduit, itself, is a much better
grounding for lightning protection than is a wire contained
within the conduit.

While I can’t offer immunity from lightning and its
effects, I have given you some simple preventative ap-
proaches: ground cabinets adequately, shunt, and then
isolate. These tips will help you *‘live with lighining.”
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SUB-MINIATURE TOUCH
TONE ENCODERS

MODEL SME — Smallest available
Touch Tone encoder, Thin, only .05"
thick, keyboard mounts directly to
front of hand-held portable, while sub-
miniature tone module fits inside, This
keyboard allows use of battery chargers.

MODEL DTM — Completely self-con-
tained miniature encoder for hand-
held portables. Only 5/18" thick. Three
wire connection. Automatic PTT key-
ing optional.

TOUCH TONE ENCODER
WITH ANI

MODEL 204 — Completely self-con-
tained 12-digit Touch Tone encoder
with automatic generation of ANI.
Only 5/16" thick, for use on hand-
held portables.

MODEL 205 — 16-digit keyboard allows
for 12-digit manual encoding with auto-
matic pushbutton keying of 4 eight
digit ANI or telephone numbers. For
hand-held portable operation.

2805 ENCODERS
FOR PORTABLES

MODEL 311 — At last, a sub-miniature,
1-1/2" x 2" x 5/16" completely self-
contained, 2805 encoder for use with
all hand-held portables. Has memory
for redial of last number.

CONTROL HEAD TOUCH
TONE ENCODER WITH ANI

MODEL 227 — Mount over rotary dial
cavity. Cable connected for front in-
stallation. Telephone style keyboard.
Manual dialing plus two AN| sequences.
Four eight digit numbers for ANI or
telephone dialer optional.

MODEL 237 — Mount over rotary dial
cavity. Front installation, telephone
style keyboard. Manual dialing plus 3
ANI sequences. Compatible with

‘Fan-Tron ANI format.

DATA SIGNAL, INC.
2403 Commerce Lane
Albany, GA 31707
912-883-4703
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Lightning Comments

Mr. Guthrie’s article, **Learning to
Live With Lightning', in the May
issue was informative and useful.

I do think, however, that he should
have pointed out the advantage of
flat copper strap for grounding in-
stead of round wire., The self induct-
ance can be reduced from 35 to 45
percent for the same weight of copper.

Taking the standard medium-fre-
quency self inductance formulas (Ter-
man, Radio Engineering Handbook,
1st Ed. p. 49 Eq. [16], and p. 51 Eq.
[26]), the self inductance for a No. 6
wire of 0.02062 sq. in. cross section
and for a 2" wide copper strap
0.01031"" thick, 0.02062 sq. in. cross
section works out for various lengths
as indicated in the chart below.

Reduction
Length Ly L¢ inL,Round

Ft. uH uH toFlat, %
10 5.67 3.22 43
20 12.18 7.29 40
30 19.01 11.67 38.6
40 26.05 16.27 37.5
50 33.25 21.01 36.8

Copper flashing used for roofing
is good for this purpose, and we have
found this works very well using
several wide strips as short as possible
on the tower base and equipment
cabinets and, as Mr. Guthrie advises,
avoiding sharp bends.

One of the common horror stories
we see often are cases where masts
have been mounted on roof tops in
some cases without even a prelense
of grounding except accidentally
through conduits or guy wires.

R.W. Johnson, P.E.
Consulting Engineer
Ben Lomond, Calif. 95005

Mr. Guthrie replies:

The “‘name of the game”’ is to re-
duce the self inductance of ground-
ing conductors. In general, one should
make the choices which tend roward
making them short, fal, straight, and

Letters

isolated from other conductors and
conducting surfaces.

And, as Mr. Johnson points out,
geometry does make a difference.
Flat strap does give you better ground-
ing per pound of copper than does
round wire. Although copper strap
isn't readily available from the sources
which supply most radiomen, the
suggestion to go to the ‘‘friendly
neighborhood’ roofer is a good one.

I would add the suggestion that the
distributors which serve the (building)
lightning protection industry are an
excellent source of conductors, hard-
ware and tools.

Yes, indeed. The sight of antenna
support structures which are com-
pletely devoid of intentional ground-
ing can give you a bad case of the
“shakes.’’ I’'m almost as shaken upon
seeing a station which is grounded
only by the third wire in an AC cord.

Dealers’ Conference

Dear Judy:

1 would like to thank you for the
opportunity of serving as a guest
panelist at the National Business
Radio Dealers’ Conference. 1 have had
several phone calls and letters from
others attending the meetings and all
agree it was one of the most informa-
tive, well organized conferences held
in a long time.

I look forward to such a conference
becoming an annual event. You cer-
tainly made everyone feel comfortable;
the meetings provided a good time
as well as a learning experience.
Thanks again.

Jerry D. Miller
Miller Communications Inc.
Fisk, Missouri 63940

Our next Dealers’ Conference will
be held March 20-22, 1978 at the
Regency Inn in Denver, in conjunc-
tion with the IEEE Vehicular Tech-
nology Group meeting. These (wo
groups will form the nucleus of activities
Jor an industry-wide Land Mobile
Radio Week. — Editor.



LESSENING LIGHTNING'S
EFFECTS

By A. K. “Kenny” GUTHRIE
COMMUNICATIONS EDITOR

To paraphrase our founding fathers in this bi-
centennial season, "All lightning strokes are
not created equal!" Just how unegual they are
is indicated by this data taken during exten-
sive observations on the Empire State Building:

exceed 0 amps at crest
exceed 18,000 amps
exceed 58,000 amps
exceed 120,000 amps

strokes
strokes
strokes
strokes

of the
50% of the
10% of the

1% of the

100%

Although the fact that all strokes exceed zero
amperes shouldn't come as a complete shock, we
start reasoning from this point. If you have
an installation which is a real "deg" and can
survive no more than zero amps, you can look
forward to a wipeout EVERY TIME your site is
visited by lightning. But, if you "beef up"
the installation so that it can survive an
18,000 ampere stroke (which is no big deal),
HALF of the strokes will go to ground without
doing damage. Get to the point that the in-
Istallation can survive a 58,000 amp discharge,
and NINE OUT OF TEN of the lightning strokes
which come your way can be ignored.

There are a whole lot more "little" strokes
than big ones! FEvery action which pushes the
survival point up the ampere scale, even if
slightly, gives a LEVERAGED improvement in the
interval between damaging strokes. You will
never know the exact crest current which your
installation can survive, and you will never
know the exact magnitude of the current which
finally creams it. But, you do know that
every constructive action which you take im-
proves the probability of survival (or in-
creases the interval of peace between the
incidents of trouble).

Though the crest current is massive, its dur-
ation is brief. The typical stroke reaches

crest in 2 microseconds; it decays to 50 per-
cent of crest value in about 40 microseconds.

You can look at the lightning source as a con-
stant current generator. The driving voltage
is the potential developed between cloud and
earth--nothing yol can do about that! The
source impedance is the loss through the atmos-
phere between cloud and a point near earth--
that's beyond your control also. The imped-
ance of the object struck is a miniscule part
of the total and has little effect upon the
current.

jany filtering task:

The stroke current, at whatever value it is,
can enter your equipment directly via a "hit"
to the antenna system or to connected power or
telephone facilities. Once "in" it's going
out, hopefully through the grounding provided.
We hope, too, that the current will chocse a
non-damaging path between point of entry and
point of exit.

Stroke current can affect your apparatus
indirectly as distributed currents couple in-
ductively to overhead or buried telephone or
power facilities. The consequence of this
coupling is longitudinal voltage stress be-
tween circuits connected to these facilities
and the grounded portions of the gear.

It adopting a "survival" philosophy, the most
critical point is the antenna system. If it
is at a good VHF site, it's the highest thing
around. The same factors which make it at-
tractive for communication make it an attract-
ive target for lightning. To make matters
worse, this attractive target is directly con-
nected to the equipment by a rather solid
conductor--the coaxial cable shield.

You're faced with a filtering job. There is a
constant-current generator, poised to deliver
a brief but brutal shot to the antenna system.
There is a heavy conductor, waiting to move
this current, or a portion of it, into the
equipment. Briefly stated, our objective is
to keep this current out of the goodies!
Equally brief, our approach is common to
SHUNT, THEN ISOLATE.

'most

Every ampere taken to ground through a shunt
path is one ampere which doesn't have to be
dealt with inside the vulnerable equipment.

Since the shunt current is inversely propor-
tional to the shunt impedance, we try for the
lowest impedance we can reasonably get, on
every shunt path to ground.

Having provided shunt paths--a predetermined
preferred route for the stroke current--we
multiply their effectiveness by adding isolat-
ion in series with the undesired paths. We
deliberately increase the impedance of the
path we want the stroke current to avoid--the
path which leads to our equipment.

IEEE Vehicular Technology
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Inductance is the prime element of these im-
pedances. Inductance can be friend or foe.
We want low inductance in the shunt (ground-
ing) conductors. We want high inductance in
the path which leads toward vulnerable gear.
There is a paradox here. We may recommend
techniques in some cases which we avoid like
the plague in others! The inductance used or
avoided (as the case may be) may be lumped as,
for example, a few turns wound in semi-flex
coax cable. It may be distributed, as we

run conductors in conduit. If may be the
spot effect afforded by an abrupt change in
direction of a conductor which carries high
current.

Here's how to apply the "SHUNT, THEN ISOLATE"
technique, starting from the antenna and

working down: o um PECHNIQUES

@ Use an antenna with directly grounded
elements

e Solidly bond the grounded portion of the
antenna to the grounded support structure
(special attention to outriggers)

e Optimize tower grounding--ground until you
run out of ideas or run out of money

e Ground cocax cable shield to the tower at
point of takeoff (essential when jacketed
cable is used)

® Andd auxiliary grounds to transmission line
as convenient (especially at supports and
building entries)

ISOLATION TECHNIQUES

® Bring coax cable off tower with minimum
bending radius permitted by cable spec's

e Introduce as many right angle bends in the
cable run as you can

e Route cable through conduit

e Wind semi-flexible cable into a coil of
several turns and any convenient diameter
near entry into equipment cabinet

1f you apply these technigues, you'll have
fewer amperes to dispose of in the equipment
and you'll enjoy longer intervals between
disasters. But...some strokes will still de-
liver current, and this current is going to
go somewhere.

Once admitted to the cabinet, this residue of
stroke current can choose (or divide) between
three possible sinks:

® AC Neutral, after breaking down a power
transformer or the primary wiring;

e Telephone Line Protector Ground, after
breaking down your control panel and a line
protection gap; or

e A cabinet grounding conductor.

Given a choice, I recommend the last one!

Every cabinet which has an antenna connected
should have an effective ground. To be ef-
fective, it must be able to handle the current
(#6 AWG Solid is reasonable), and its induct-
ance should be minimized. GROUND WIRES SHOULD

BE:
® SHORT. Inductance increases with length.
e FAT. Inductance decreases with diameter

{but the major leverage is in length)

® STRAIGHT. Avoid bends which approach a
right angle. When you must change direct-
ion, make the most sweeping arc which the
realities of the installation will permit.

® IN THE CLEAR. Avoid mutual inductance
effects. Keep grounding wires out of
conduit, away from metal surfaces, and
away from other wiring.

Above all, DON'T bundle grounding conductort
with power or telephone conductors. The last
thing you want is a path which couples the

effect of stroke current back into your gear.

Try as you will, your grounding will have some
inductance and there will be a voltage drop
(E = diL/dt) across it. Under Stroke condit-
ions, the cabinet voltage will rise above its
own ground reference, and certainly above the
remote AC neutral ground and the remote tele-
phone protector ground. This puts longi-
tudinal stress from the cabinet toward these
remote grounds, again putting stress across
AC wiring in the station (including transfor-
mers) and the control panel.

A quick and effective way to remove stress on
the AC side is to tie AC Neutral directly to
the chassis. This transfers the stress to

the AC supply wiring. You may blow a meter
ring off the pole, but the station survives!
If a solid connection doesn't appeal to you, a
gas tube between AC neutral and chassis is
also effective.

Control panel protection calls for a pair of

single-element gas tubes (or a three-terminal
gas tube) connected between each side of the

telephone line and chassis. A stress between
chassis and the telephone line protector will
break down the gas tube, instead of wrecking

the control panel.

This leave us with only one major stress
mechanism--the effect inside the cabinet as
stroke current moves from point of entrance
to point of exit. There is a chance of burn-
ing a conductor open; there is a possibility
of developing damaging voltage drops within
the cabinet. The easy way to "solve" this
problem is to avoid it. Keep the current

out of the cabinet. Bring the coaxial cable
into the cabinet adjacent to the ground wire
{usually at the bottom). Then, bond the coax
shield to the ground wire at the cabinet
entry.

The major stresses in most installations are
those which result from disposing of the
current collected by the antenna system. Much
of our damage arises as we deliver these cur-
rents to our power company and our telephone
company. The techniques discussed will mini-
mize both the current magnitude and our own
internal damage.

Of course, it isn't wise to ignore the trans-
ients which come the other way--from the

power and telephone networks into our boxes.
Whole families of protective devices of proven
efficacy are available--space doesn't permit

a survey of them in this article. For now, we
merely point out that a little series induc-
tance in the power and telephone lines can
have a very heneficial effect.




There's no point in wiring telephone connect-
ions like one was wiring a substation! Small-
diameter twisted jacketed pair is somewhat
inductive, and is the thing to use. It helps
to run it in conduit.

On the power side, running the feed through
conduit for at least 20 feet will multiply

the effectiveness of a quick-response
transient protector on the load side, and will
tend to protect it from catastrophic damage.
You can introduce inductance by tieing several
hard knots in a power cord (for an interesting
exercise, try calculating the flux linkages).
A voltage regulating transformer provides
transient protection in addition to its other
significant benefits.

There's no one "magic wand" of overwhelming
significance in this writeup. It's just a
bunch of "little things." But, "Every little
thing helps."”




