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Primary transients which keep us up at night are surges caused by
LIGHTNING!

World Light | per square
kilometer based onda ' e Tropical Rainfall
Measuring Mission satellite ’

About 2,000 thunderstorms at any given time produce about 100
Lightning flashes per second
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In the continental US there is on average

1.3 Lightning ner second

Number of Cloud-To-Ground Flashes Rank of Cloud-To-Ground Flash Densities
by State from 2006 to 2015 by State from 2006 TO 2015

State Flashes Average Flashes State lash A ge Flash State Ave. Flashes Flashes State Ave. Flashes Flashes

In 2015 2006 to 2015 In 2015 2006 to 2015 Per Year Per Square Mile Per Year Per Square Mile _
Alabama 730,828 747187 Nebraska 979186 74731 1. Florida 1192724 208 26. Pennsylvania 293,286 6.5
Arizona 704,526 606,742 Nevada 187,587 141,229 2. Louisiana 813234 176 27. New Jersey 48,688 6.4
Arkansas 654,797 853135 New Hampshire 16,487 24721 3. Mississippi 787,768 165 28, South Dakota 47445 6.2
California 162,935 84772 New Jersey 20,425 48.688 4. Arkansas 853135 16.0 29, Arizona 606,742 53
Colorado 629,581 523,788 New Mexico 1033.658 792,932 5. Oklahoma 1,088,240 156 30. Colorado 523,788 50
Connecticut 8.833 20,059 New York 103,018 194,497 6. Missouri 1,066,703 153 31. Wisconsin 276,142 49
Delaware 8249 13.922 North Carolina 415306 469,062 7. Alabama 747187 14.4 32. Michigan 260,915 a5
DC 795 683 North Dakota 335265 296,727 8. lllinois 792,479 141 33. Minnesota 361,808 43
Florida 1,412,565 192,724 Ohio 268,215 412,702 9. Kentucky 533,960 13.3 34. North Dakota 296,727 42
Georgia 735153 691,449 Oklahoma 1181718 1.088.240 10. Tennessee 537786 128 35. Connecticut 20,059 41
Idaho 122,876 82194 Oregon 58,623 53,420 11. Indiana 451,499 12,5 36. New York 194,497 4.0
Illinois 663,685 792,479 Pennsylvania 185,682 293,286 12. Kansas 1,022,120 12.4 37. Vermont 29,958 32
Indiana 395,847 451,499 Rhode Island 2728 2516 13. South Carolina 378,270 122 38. Massachusetts 24,823 3
lowa 591,417 674,486 South Carolina 291,590 378,270 14. lowa 674,486 12.0 39, Wyoming 279,632 29
Kansas 1179,272 1,022,120 South Dakota 690,465 474145 5. Georgia 691,449 n7 40. New Hampshire 24,721 27
Kentucky 527,869 533.960 Tennessee 451,210 537,786 16. Texas 2,878,063 10.9 41, Utah 215,298 25
Louisiana 864,949 813.234 Texas 4071174 2,878,063 17.DC. 683 10.1 42 Rhode Island 2,516 23
Maine 42,733 53,378 Utah 240682 215,298 18. Ohio 412,702 10.0 43 Montana 318,628 22
Maryland 7139 81,506 Vermont 15075 29,958 19. Nebraska 747,311 Q7 44. Maine 53,378 16
Massachusetts 15182 24,823 Virginia 256,350 309.273 20. North Carolina 469,062 95 45. Nevada 141,229 13
Michigan 166,378 260,915 Washington 24,789 25592 21, Maryland 81.506 8.2 46. Idaho 82194 1.0
Minnesota 448,363 361,808 West Virginia n8.212 185,192 22. Virginia 309,273 77 47, Oregon 53,420 0.6
Mississippi 649,035 787768 Wisconsin 190.593 276142 23, West Virginia 185,192 7.6 48. California 84,772 o5
Missouri 1.054,081 1.066,703 Wyoming 347,035 279.632 24, Delaware 13,922 70 49, Washington 25,592 0.4
Montana 307,545 318,628 25. New Mexico 792,932 6.5

TOTALS 23,634,058 22,214,643

These cloud-to-ground flashes were ed by the National L D k* (NLDN") over the These cloud-to-ground lightning flashes were r by the L g D! i k* (NLDN") over the

land area inside state borders. The NLDN does not cover Alaska or Hawaii. The NLDN is owned and operated by Vaisala. land area inside state borders. The NLDN does not cover Alaska or Hawaii. The NLDN is owned and operated by Vaisala.
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The Formation of Lightning

As hot air rises in a thunderhead ice particles are formed and
these cold air columns then fall. These rising and falling air

columns cause constant collisions between the ice particles
and static charges builds up

Eventually the static charge becomes
large enough to cause the air to break
down

An initial small charge breaks out
seeking and ideal path, primarily either cloud to-cloud or cloud-to
earth
Once the path is established a series of strokes
which comprise a flash follows
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Research data compiled during the past
40 years characterizes a typical lightning event as a flash
composed of multiple strokes with the possibility of
many lower-current return strokes which can be a
significant source of damage due to poor grounding

The total flash lasts less than 0.2 seconds
and each flash is composed multiple strokes (4+)
which are separated by about 40 micro-seconds

The lapse between strokes is what causes the
lightning to seem to flicker




The typical rise time to peak current per stroke is about
1-10 micro-seconds

The typical event will carry currents in the
10-50 kilo ampere (kA) range

Fourier analysis characterizes a typical event as
having energy in the DC-1 MHz range

About 75% of the energy from a flash is dissipated as heat
and can raise the temperature of the typical 3 km long

lightning channel by 15,000 to 30,000 °C

But there’s still plenty of energy to wreak havoc!
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When your site takes a lightning strike
proper grounding and bonding s critical for the transient
suppression devices to work properly
The Grounding should provide a low
resistance return path to the earth
for transient surges

In some cases this requires a distributed
grounding system to help dissipate the
energy over a larger area

For distributed systems try and minimize the differential
ground potential and isolate sensitive circuits so high current
transients won’t use them as a path to ground




RF telemetry systems -
AC power systems —

DC power systems B N ‘_., :
Analog data systems . AN )
Digital data acquisition systems

GPS systems

The grounding and transient suppression systems primary
function is to limit differential voltages across the Inputs and
Outputs of these systems or devices while conducting as
much event current as possible to earth ground
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KEPCO PRM 28-17
28 VDC 15A

Ferroresonat
Power Supply

| 0| «f

| < ~ <

DC Input

ExelTech XP250
120 VAC 60 Hz
Inverter

AC Output
Battery Bank #1

Grp 24 or Grp 27
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MOVs

Traditional Spark Gaps

(SP® SIGNAL TRANSFORMER A=\
o DPC - 20 - 500

115/230v 50-500Hz
P1 10V/20vVCT

CLASS B
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The first stage uses gas tubes which are extremely fast and
have good bulk current capability

The second stage utilizes MOV’s(metal oxide varistors)
because of their good bulk surge capability. They are isolated
from the first stage by inductors which cause a voltage drop
and allow the gas tubes to fire even though the MOV’s have a

lower clamping voltage.

The final stage uses silicon avalanche type devices which have
good clamping action. They are isolated from the second
stage by resistors, inductors or a transformer. If the surge

current is excessive they will fail safe by shorting out.
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% Fair-Rite Products Corp. Documents & Certificates | Ask The Advisor = eBizLogIn = Contact Us

Your Signal Solution

Products | Capabilities | Design Tools | Requests | AboutUs Search Fair-Rite Q Check Stock

Dimensions: Top numbers are in millimeters, All Materials / Freqs
bottom numbers are in nominal inches.
+ = Test Frequency

Max
Part Number | Fig. o T Cable
Equivalent Range D e
Low

Frequency
0475181651 2 2675023002 200 kHz-30
MHz (75
material)

13.00 05.10
(0.5127) (0.2017)
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