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It has become very difficult for those selecting surge 
protection to choose the most reliable, yet 

cost-effective protection devices in the marketplace.

Making the right selection should be painless, and with a
sufficient knowledge and some common sense, it can be.

The following is a collection of topics relating to transient 
voltage suppression presented in a format 

that is concise and accurate.

The Truth
of the Matter



MCG Surge Protection Å 12 Burt Drive Å Deer Park, NY 11729  Å WWW.MCGSURGE.COM Å Phone (631) 586-5125 Å 1-800-851-1508

Contents  

FAQ on Surge Protection

Lightning and Transients Consideration
Anatomy of a Lightning Strike
Economic Justification for Surge Protection

Surge Protection Overview
System Protection Recommendations
Suggested òProduct Comparison Sheetó

Major Issues That You Need To Consider
Peak Current Capability
Protection Guidelines
òLet Throughó Voltage - Can It Be Reduced?
òLet Throughó Voltage - Wire Size Considerations
Micro-Z Concept - For Better Performance
Voltage Drops Along Power Cabling
High AC Line Voltage - Requires Several Strategies

Other Important Issues
Fuse and Thermal Disconnect Strategies
Redundancy - True vs. False Redundancy
Modular Design Considerations and Problems
Monitoring and Diagnostics
Life Expectancy
Environmental Factors
Enclosures - NEMA

Installation Notes
Installation Q & A
Wiring Diagrams/Phase Connections
Safety Disconnect Switch Considerations
Ground - The Single Point Concept

Promoted Ideas of Questionable Merit
Sine Wave Tracking and EMI/RFI Filtering
Hybrid Protection Circuitry
Test Equipment - Useful or Illusionary

Observing the Passing Scene
Open Technology - Why the Secrecy?
Advertising - Exotic Uses of the English Language

Standards
Standards - Industry and Safety
ANSI C62.41-2002 Waveforms

Glossary of Technical Terms
Warranty
Index

2

Page

3

5
6

7
8

9
10
11
12
13
14
15

16
17
18
19
20
20
20

21
22
23
23

24
25
26

27
28

29
30

31
31
32

Copyright 2008. ALL Rights Reserved.



MCG Surge Protection Å 12 Burt Drive Å Deer Park, NY 11729  Å WWW.MCGSURGE.COM Å Phone (631) 586-5125 Å 1-800-851-1508

FAQ: Surge Protection
Why Surge Protection?

The tremendous proliferation of the use of sensitive elec-
tronic equipment, sensitive by virtue of the circuit having 
literally millions of transistors on a single chip, predisposes 
any discussion on the NEED  for surge protection.

The increasingly vulnerable circuitry exists in an extremely 
hostile environment. It is subjected daily to potentially dis-
ruptive and destructive surges from industrial accidents, util-
ity network switching, and, of course, lightning strikes. The 
most logical and cost-effective defense is surge protection. 
To best serve your needs, deþ ne what you want to accom-
plish:

  Å  For blackouts, brownouts and dips, choose a UPS.
  Å  To protect a UPS, choose a surge protector.
  Å  For upset or damage by surges, choose a surge protector.
  Å  For I/O port damage, choose a data line protector.

What is the proper protector size?

A surge entering a facility will dissipate by subdividing 
throughout the buildingõs power distribution system.

The capability of a surge protector is determined by its in-
tended location. At the point of entry the energy contained in 
the surge is at a maximum. Fanning out on its journey through 
the system, it will offer less magnitude to each branch panel 
encountered. Finally, the least amount of damaging surge 
current will be experienced by outlets deep in the system.

MCG protectors range from point-of entry service panel 
protectors to low-proþ le protection for internal equipment 
protection.

Why Surge Protection by MCG?

MCG Surge Protection has specialized in the design, devel-
opment and manufacture of high quality lightning, surge and 
transient overvoltage protection devices since 1967. MCG 
pioneered many of the innovations that are commonplace 
today such as modularity, redundancy, very low impedance, 
òMicro-Zó wiring, extensive local diagnostics for ease of 
servicing, event monitoring, audible alarm, etc.

A really good surge protector is one that works well and lasts 
a long time. The SPD (Surge Protection Device) should have 
redundant protection, be of modular design, be reasonably 
priced and come with before and after sales support.

How do I choose a surge protector?

The speciþ er and user of an SPD has the unenviable task of 
sifting through the many and widely varied performance data 
from surge suppression manufacturers. One would be pru-
dent to question unrealistic or non òreal worldó claims. Spec-
iþ cation data should be documented and further substantiated 
with evidence such as scope traces verifying testing against 
deþ ned waveforms. Disclosure of technology should be in-
sisted upon and bashful manufacturers considered suspect.

How does an SPD work?

Suppression of transient surges and overvoltages is achieved 
by the use of metal oxide varistors (MOV), installed in 
shunt with the AC power lines. The MOV, under normal 
conditions, is a high resistance element rendering it virtually 
invisible on the line. Any transient exceeding the threshold 
(typically 125% of nominal) will cause the MOVõs resistance 
to drop rapidly (in nanoseconds) to provide a very desirable 
path for the excess surge current. An effective SPD will di-
vert damaging transients harmlessly away from the sensitive 
load with nanosecond speed.

When an event occurs and suppression takes place, a remnant 
or òlet-throughó voltage will be what the protected equip-
ment will see. Obviously, it is desirable to limit this voltage 
to a low level. A major factor in achieving this is reducing 
impedance to the surge. This is where MCG shines. 

What exactly is meant by òMicro-Zó?

Any impedance between the power line and ground will in-
hibit the diversion of transient current to ground. Two condi-
tions are necessary for a surge diversion to be effective:
1.) Keep the surge impedance of the leads connecting the 
SPD to the AC power line low by making wiring short and 
direct. Dress all leads tightly together and tape the wire over 
the full length of the wire run. MCGõs proprietary Micro-Z 
cabling has 50% less drop than well-constructed conven-
tional cabling.

2.) The internal surge impedance of the SPD must be reduced 
by careful attention to design. Patented MCG Micro-Z cir-
cuitry has been designed to create a low impedance surge 
path through the protection device which signiþ cantly re-
duces the voltage drop across internal SPD wiring.
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Combining the beneþ ts of a low internal SPD impedance 
with a low impedance connection to the AC power permits 
MCG to use higher voltage MOVs without a sacriþ ce in the 
surge suppression performance. The additional headroom 
above the nominal +/- 10% power line voltage translates 
into longer SPD life.

Response Time - How fast should it be?

Claims are made of less than one nanosecond response (and 
occasionally) less than one picosecond to clamp a transient. 
This should prompt some thought. A nanosecond is one 
billionth (with a ôbõ) of a second. WOW! How does one 
physically measure this speed to verify the claim? A glance 
at published literature released by MOV manufacturers 
shows these numbers, but further reading will disclose they 
are based on the MOV element operating in lead-less, co-
axial environment. NOT REAL WORLD. It is only common 
sense that the MOV placed in an SPD must have leads to the 
power line and the resultant inductance makes the response 
times claims unrealistic. Organizations such as NEMA 
and Underwriters Laboratories have chosen to ignore this 
speciþ cation completely since MOVs have response times 
100 to 1000 times faster than any transient they are likely to 
encounter.

What is the difference between Threshold Voltage and 
Clamp Voltage?

Threshold Voltage is the point at which an SPD conducts 
when 1mA of current is being delivered to the input. By it-
self, this is an incomplete as a performance criterion. Clamp 
is the voltage measured, with an oscilloscope, at the SPD 
terminals when standard test waveforms, such as deþ ned by 
ANSI/IEEE C62.41-2002, are applied.

Underwriters Laboratories Standard UL 1449, 2nd Ed. 
establishes suppression ranges for comparing SPDs. Hard-
wired SPD units are tested at 6000V, 500Amps (8x20us 
waveform) and the SVR voltage is measured. As an ex-
ample, an established UL range is 400 Volts. If test results 
for  SPD were 340 Volts and another at 390 Volts, UL would 
classify both as 400 Volt units, keeping in mind that the UL 
rating is a range. The òactualó suppression levels as well 
should be noted when comparing SPDs.

What should I know about Energy Absorption?

A metal oxide varistor will divert, absorb and dissipate the 
energy of a transient. It follows that this activity should be 
measured in units of energy (joules). Joules, as a measure 
of SPD performance, can be useful when comparing units 
employing MOV technology. More joules generally trans-

lates to longer design life. However, a manufacturer should 
substantiate the published data.

If a surge protector has a rating of 4000 joules, (8x20us) and 
another has a rating of 2000 joules (8x20us), then the 4000 
joule protector has a life expectancy 10 times greater than 
that of the second protector. Joules matter!

What does òSurge Currentó (8x20us) really mean on an 
MCG data sheet?

These are life ratings. To illustrate, letõs take the bottom rat-
ing of 10,000 impulses at a 5000A level. This indicates that 
the SPD can divert a transient of 5000 Amps, ten thousand 
times. This translates to suppressing a 5000 Amp transient 
every single day (holidays included) for 27.4 years. Not bad! 
What is the likelihood of that occurring? Very unlikely. Con-
sequently the SPDõs life will be very long.

What is meant by òModes of Protectionó?

Modes of protection are MOVõs surge elements connected 
from line to neutral, line to line, line to ground and neutral to 
ground. For a wye system, this is 3-line to neutral, 3-line to 
ground and 1-neutral to ground, or 7 modes of protection.

Tracking the sine wave - real or myth?

Both, actually.

The purpose is to eliminate electrical ònoiseó and this is 
usually accomplished by adding capacitors to the protection 
circuitry. Since electrical noise generally is local in origin 
(copiers, ÿ uorescent lights, vacuums, etc.) the real place to 
effectively solve this problem is at the equipment level. Pro-
tecting against noise at the building point of entry (before the 
noise) would appear to be something of a myth.
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Anatomy of a Lightning Strike

What You Can Expect*

Your First Line of Defense - Building Entry Protection

One of the largest lightning transient currents recorded was 210kA with a duration in the tens of nanoseconds. 
By far, the greatest threat to sensitive equipment is from lightning strikes to overhead AC power lines which then 
couple the transient into a facility.

Your Second Line of Defense

Other very common sources of transient voltage spikes occur deep within a building and are caused by elevators, 
copiers, air conditioners, arc-welders, etc. A suitably-sized surge protector located at the branch panel will very 
effectively suppress locally-generated transients. Any transient voltages arriving at a protected service panel will 
be limited to safe voltage levels.

*Surge Protection: Where and How Much? - Dion Neri/MCG Electronics in EC&M, Mar. 1997, page 58.

5



MCG Surge Protection Å 12 Burt Drive Å Deer Park, NY 11729  Å WWW.MCGSURGE.COM Å Phone (631) 586-5125 Å 1-800-851-1508

Economic Justiþ cation for Surge Protection

Surge Protectors come in different sizes.

Building entry surge protectors must provide a very substantial current diverting capability, whereas equip-
ment deep in a building can be þ tted with a much smaller protector to deal with residual lightning effects 
and locally-generated transients.

A direct lightning strike can have surge currents up to 200kA.

These very high amplitude lightning transient current impulses are, fortunately, relatively few in number. 
These possible - but somewhat improbable events - should be taken seriously if a site has a history of direct 
strikes, nearby strikes to tall towers, strikes to industrial smoke stacks or strikes in the parking lot. These 
situations require a very substantial surge protection device capable of quickly and reliably diverting very 
large currents safely at the building entry point.

Fortunately, most lightning strikes are of a more moderate size

However, they occur much more frequently, with surge currents of 5kA to 20kA and not uncommonly 
100kA in amplitude. It has been estimated that lightning strikes the lower 48 states at a frequency of 9 to 20 
million strikes per year.

Another factor to consider is economic costs associated with damaged or upset 
equipment and the loss of production capability and worker productivity. These unexpected costs in a criti-
cal facility, such as banks, airports, manufacturing plants, ofþ ce buildings, etc., would be many times the 
cost of the largest surge protectors. A heavy duty surge protector, costing $3650, using a ten year life calcu-
lation (actual life = 20+ years), will provide superb 24-hour surge protection at a cost of $1.00 per day.

Smaller-sized surge protectors can be employed deeper within the 
building  at considerably lower protection cost per day.
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This chart shows a typical power distribu-
tion system within a building and sug-
gest the proper size of protectors to use 
throughout.

The most severe surges (lightning, utility 
switching, etc. ) are most likely to be en-
countered at the building entry or distribu-
tion panel.

A siteõs lightning probability, the kVA rat-
ing of the distribution transformer serv-
ing the building, and the þ nancial risk 
associated with downtime will determine 
the proper protection recommendation 
(160kA+). Consult MCG for engineering 
evaluation.

In the mid-building area, additional tran-
sients are typically caused by cycling on 
and off, or start-up and shut down of large 
inductive loads (i.e. elevators and air con-
ditioners) as well as fuse or circuit breaker 
operations. A mid-sized (100 to 150kA), 
plug-in, pluck out modular surge protector 
at the branch panel is a good choice.

At the local service panel, many of the 
surges result from the operation of ofþ ce 
equipment, i.e. copy machines, ÿ uorescent 
lighting and air conditioners. A smaller 
protector in the 80kA or 40 kA class is best 
suited.

For OEM applications, use an in-line AC 
surge protector rated at 10kA that includes 
þ lter network within.

System Protection Recommendations
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Location

Model
Rated Voltage (50/60/400Hz)
Service (phase, wye/delta, etc.)
MCOV

Performance Capability
Suppression Voltage: 3kA (8x20us)
Suppression Voltage: 10kA (8x20us)
Response Time
Energy (Joules) 8/20us
UL 1449 Listed 
(Including the requirements of Feb. 9th 2007)

Surge Life (8x20) @ I Peak
1 Event - NEMA LS-1 Rated
10,000 Events

Diagnostics
Transient Event Counter
Front Panel LED Indicators
Internal LED Indicators
Audible Alarm
Remote Alarm Capability

Safety
Fuse/MOV Coordination
Thermal Disconnect

Maintainability
Redundant Protection
Field Replaceable Modules and Fuses
Design Life (minimum)

Environmental
Operating Altitude
Operating Temperature

Mechanical
Enclosure Type (NEMA 4, 12)
Mounting Dimensions
Shipping Weight

Warranty
Unit Replacement
Replacement Modules and Fuses

Protection Comparison Sheet
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MCG Competitor Comments
Bldg.
Entry

Mid-
Bldg.

Local
Panel

Independent, 3rd party tested.Independent, 3rd party tested.

Not an issue.------

V

V

A

A

yesyes

yesyes

yesyes

yesyes

yesyes

yesyes

yesyes

20 years20 years

to 13,000 ft.to 13,000 ft.

-40o to +70 to +70oC

20 years20 years

Free for life.Free for life.
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Peak Current Capability - How Much Do You Need?

There is no simple answer. The number of lightning strikes occurring in the lower 48 United 
States ranges from 9 to 20 million strikes per year. What visually appears to be a single lightning 
bolt may be as many as 2 to 23 separate impulses, with different peak currents and wave shapes. 
The peak current (I peak) is the most visible speciþ cation that a surge suppressor possesses. A 
surge protector size, located at the building entry, depends on geography, power line characteris-
tics and the economic risks one is willing to accept. Smaller surge protectors can be effectively 
employed at branch and local service panels. A þ ve minute conversation with an MCG
engineer can save hours of design time.

Lightning impulse currents come in many sizes - from small to very large

Nature, every now and then, will produce a lightning impulse current in the 200kA to 300kA 
range. However, the great majority of peak currents will occur from 5kA to 20kA. In the USA, 
telephone central ofþ ces have successfully standardized on surge protectors with 20kA, 8/20us 
impulse ratings. Where lightning will strike is unpredictable. Targets such as open þ elds, golf 
courses, mountains, tall buildings, towers, utility smoke stacks and very frequently, overhead 
power lines. The greatest threat, by far, to equipment will come from lightning strikes to the 
power lines.

How is lightning deþ ned?

Electrical engineers and physicists in the USA, Europe and Asia have deþ ned amplitudes and 
waveforms to model the parameters of the lightning stroke. Factors considered were geography, 
the existing power systems and the experiences of people in the þ eld. For a building entry, the 
IEC Standards Group settled on a 10/350us waveform, whereas the IEEE group (later ANSI 
C62.41) settled on the 8/20us current waveform. It appears the IEC group chose a very high 
energy waveform to protect against every conceivable lightning strike. The ANSI C62.41 Stan-
dards Group chose the lightning current waveforms that were most likely. There is considerable 
disagreement within the IEC community as to the validity of the 10/350us waveform. Within 
the ANSI C62.41 community, there is very high agreement as to the usefulness of the 8/20us 
waveform. 

The USA Approach: ANSI C62.41 - 2002
The European Approach: IEC Standard 61643

What Standard does MCG use and why?

The ANSI C62.41 Standard has yielded excellent results for the sizing of surge protectors for 
use at the building entry and further within the building.

In addition, MCG employs the NEMA LS-1 Standard to certify its modules and building surge 
protectors (XT Series and LS Series) to meet 200kA 8/20us impulse successfully - without dam-
age. These devices are tested by an independent third party testing organization.

The Proof is in the Pudding

The number of MOV-based surge protectors now protecting sites in the US and around the world 
is very high - in the millions and growing. Protector failures have been infrequent and primarily 
due to inadequately regulated power systems. MCGõs use of high headroom varistors virtually 
eliminates protector failures due to common utility voltage swells.
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Protection Guidelines - CBEMA Standards

Equipment Susceptibility to Transient Damage
Computer manufacturers do not acknowledge the sensitivity thresholds of their equipment. Their reluctance to be 
forthcoming is understandable since this information can and probably will be used by their competitors - to their 
detriment. 

FIPS Guidelines
The Federal Information Processing Standards (FIPS) publication, òGuidelines on Electrical Power for Automatic 
Data Processing Installations,ó (FIPS Pub. DU294) includes a susceptibility proþ le (CBEMA curve) that is a de-
sign objective for computer hardware designers. The proþ le shows the relationship between maximum permissible 
suppressed voltage levels, system voltage and surge duration.

CBEMA Standard
The Computer and Business Equipment Manufacturers Association provided a performance proþ le for computer 
equipment known as the CBEMA curve. The curve illustrates the allowable peak transient voltage allowable when 
the AC line voltage and transient duration are considered.

Are published surge protector clamp levels realistic?
No. Surge protection manufacturers generally report only on the clamping capability of their surge protectors at the 
6ó (~16cm) wiring connection cable to the protector. This is a UL 1449 requirement to standardize measurement 
comparison between surge protector manufacturers. No concern is made of the very large voltage drops that will 
occur on the actual cabling between the surge protector and the service panel.
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