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Significance and background
Part 7 — Mitigation Techniques

This document is included in the Annex of Part 7 as historical background of a well-intentioned task that
was completed at too slow a pace, missing its target date for serving as a reference for other in-process
IEC standards projects concerned with low-voltage surge-protective devices. For the sake of historical
accuracy and perspective, the document is presented here in its draft form, including typos and wishes
that turned out unfulfilled in the quest for the end of the rainbow.

This “working document” was prepared for and circulated to the members of a just-appointed (in 1995)
IEC Joint Working Group charged with developing a standard that would serve as a guide to several IEC
Technical Committees involved in developing standards related to SPD test procedures, performance
requirements, and application. The plan was to generate a comprehensive document that would provide
a common data base to SC28A (LV Insulation Coordination), TC 64 (Electrical Installations) and SC77B
(High-Frequency EMC), and TC91 (Lightning Protection), with the perception that if made available on a
short schedule, these committees might want to wait until completion of this task.

Thus, this document was intended to call attention to the unresolved issues with a hope that it might
indeed speed up the process of bringing consensus among the experts appointed for that purpose by the
targeted committees.

As it turned out, however, progress was slow and the intended target committees proceeded on their own
with developing and eventually releasing their documents at a faster pace. Nevertheless, the Joint
Working Group (eventually changed to a working group of TC64 alone) continued its work until an IEC
vote accepted the document in 2000. Unfortunately, editorial tweaking of the English version and
unavailability of a French translation resulted in IEC publishing an English-only Technical Report (62066-
2002) instead of the initial intent of a formal Standard.
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Introduction

Technically vaid and cog-effective surge protection of end-user equipment can only be achieved by matching the surge withstand capability
of equipment (with or without added protection) to the surge environment, the latter being generdly beyond the control of the end-user. Thus
three setsof questionsmug be answered by afedility engineer to arrive at ardiable gpproach:

1. Whaisthesurgethreet (voltageand current amplitudes, potentia for energy depasition, frequency of occurrence) and isthereany
possihility of mitigation beforeimpact onthe end-user saviceentrance ?

2. Whatistheaurgewithstand cgpability of connected equipment ?
3. What interface protective devices should be added to ensure that the threat does not exceed the withgand capabiility of the equipment ?

Inthefdlowing, the principles of effective surge protection are discussad in generd terms Because of the random neture of Surge occurrences
and the impossibility for dandards to cover dl Stuations this discusson mug remain at the leve of generd principles The "misson” of an
indalation aso influences the dediSon process where high rdighility hes to be baanced againg cod. Underganding these prindiples and
gpplying them to each particular Site can hdp achieve ahigh degree of rdligbility. Before going into more detals, three generd remarks should
bemede

For a given installation, if thereis alarge complement of equipment dready provided with built-in surge-protective devices (SPDs),
thereisapossihility thet the combined action of dl SPDs might be suffidient to mitigateimpinging surges. On the other hand, if only afew, or
asnge appliance is provided with a congpicuoudy low-clamping SPD, there is a possihility thet the Sngle SPD might atract dl of a"large
urge’ and be degroyed in the process

One factor to keep in mind is theincreasng use of "smart dectronics' equipment which is connected bath to the power sysemandto an
information sysem uch as tdephone, video, data processing, command and contrdl, etc. Exdusive dtention to providing surge protection
sparady to each port of the equipment may leave open the possihility thet differences in reference voltages - supposed to be a "ground
potentid” - would infact bea different voltages and thus gpply excessve sress acrossthe components of the equipment connected between the
power port and the communications port. Ironicaly in some cases this difference of reference valtages can be the Sde-effect resuit of the
otherwiseintended ection of an SPD.

As a final note, it should be kept in mind that other failure mechanisms are possble, which could be misdiagnosed as surge-rdated
falures Thus and generdly with some hindsight, invedtigations of "surgefailures' might benefit from opening the scope of apost-mortemto dl
possible causes, nat just thoserdated to presumed Surge overstress.

1. This attachment is a “living document” -- a snapshot of the author's experience and awareness of the work by
others in this field. As such, it should be considered as a working paper, not a "publication.” Comments and
suggestions for improvements are sincerely invited and will be incorporated into subsequent editions of this
document.



Summary - Questions Requiring Answers

On this page, a summary is presented in the form of questions to be answered for effective implementation of a surge
protection scheme. The background of the questions is discussed in detail in the paragraphs indicated by reference to
[numbers] following the questions.

Non-technical questions

This type of questions cannot be answered by a technical discourse on good practices for surge protection, but gill need to
be answered according to the broad policies and operational gods of the organization. They involve trade-off between
reliability at any cost and acceptably imperfect but still high reliability at acceptable cost. A commercia instalation may
have varying degrees of protection against highly unlikely, but not impossible threats. National defense installations are
good examples of achievable protection, but at a cost that might not be acceptable for commercia purposes. Thus,
economic as well astechnical judgment enters the process.

Technical questions
. Environment

- Frequency of occurrence of lightning (flash density)
- Typical ground impedance val ues seen at the power system entrance
- Presence or absence of capacitor switching
- How far?
- How large ?
— Any record of pst problems ?
- Long cables with fuses at the end ?
- De-energizing transformers on the primary side ? -
Grounding configurations
— Dédliberate lightning protection system -
Incidentd lighting terminals
- If multi-port equipment:
— Power port protection provided ? -
Communications port provided ?

. Equipment characteristics
- Known surge immunity ?
- Inherent immunity (capacitor input) -
Built-in SPDs
- Clamping voltage
- Current handling capacity

- Unknown surge immunity
- Inquiry with manufacturer possible ?

- Susceptibility to disturbances other than surges ?
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1. Identification of Surge Threats

Surgesconducted by the power systemn canimpinge upon end-user equipment from two sources: externd aurges (direct and indiirect lightning, utility
system switching) and internd aurges (primetily load switching, induding dearing of faultsby fuses or dircuit breskers and dso direct lightning
drikesto thebuilding sructure).

Lightning surges are somewhat dependent upon geography and seeson, as well as on the utility didribution sysem design (grounding
impedance). A new devdopment in thisfidd isthe change from the trediitiond use of isokeraunic data (basad on the number of daysper year for
which occurrence of alightning sorm is reported), to the actud number of flaghes ooourring in any region of the United States thanksto a
network of lightning flash detection gations Thus much more redidic informetion is now avalable on the frequency of occurrence of lightning

acoording to geogrgphic area,

Switching surges indudethe energizing of cgpaditor banksthat can aregte rdatively low-frequency aurges (500 Hz to 5000 Hz) & rdaivdy
high valtages but lessthan lightning-induced surges De-energiizing capeditor banks can occasiondly be assodiated with restrikesthet cregtelarge
overvoltages (severd times the system voltage: this rare occurrence depends on the characteridtics of the switch usad, some vacuum switches
bang known to produce such everts.

Switching of loads by theend-user indudesinductive load switching as well as capeditive switching if the end-user is making use of power-
factor correction cgpaditor banks When the enduser part of the sydem indudes some form of a transformer, gep-down or isolation,
condderaion mugt be gvento the discharge of the core energy when such trandformer isswitched off.

For the limited but possible case of adirect lightning Sriketo abuilding, thereisagrowing recogrition in the engineering community thet
the so-cdled "lightning protection system’ (understood aslightning rods, down-conductars and earth decirodeintentiondlly indtdled) dsoindudes
evay madlic dement ontheroof of buildings (and sdesof tal buildings) typicaly hedting, ventilation, and air-conditioning equipment, aswel as
communications towers and dishes These invalve conductors: conduits and ducts going right through the heart of a building, rather then the
Odiberate down-conductors neatly ingtaled dong the outsde of the building walls A lightning drike to these dements will result in a curent
seking a peth to ground nat only through the building dructure, but do through the incoming utility grounding system. Depending upon the
impedance of the building grounding system, this current wiill creete Significant differences of voltage between the building grounding sysem —-
which indudes the incoming multiple-grounded neutrd -- and the line conductors Such a difference of valtege, if not limited by a sarvice-
entrance SPD, would mogt likdly produce a flashover between the building ground and the uiility lines Thus SPDs inddled & the sarvice
entrance have to provide suUffident current-handling capedity not only for incoming aurges on the power savioe, the case genardly condderad in
goplication notes, but dso for that part of an outgoing lightning current seeking ground by way of the utility grounds

From the precading generic identification of threats gpedific questions can be derived. Some will have generic answers ather may be highly
goplication or Ste-dependant. They are presented bdow according to the nature of the source under the heedings of lightning surges utility
switching surges, and interndlly-generated surges

A brief dscussion isdso presated on theissue of the possblenesd of surge reference equalizers for equipment invalving power portsand
communicationsparts Moredetals on the need for surge reference equdizars, aswell as severd Surge-pratedtion topics have been provided through
papers on surge pratection published by the author. The literature dso contains many relevant peapers by others desarving an adknowledgment.
However, for the purposes of the present discusson and smplifying the reeding, references to the literature have not been induded, with the
exoeption (and gpdogies because of the gppearance of exdusive SHf-references) of those papers cdllated in a 1985-1995 booki, provided
together with the present discussion, and identified inthetext as[Xyyl.
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Lightning Surges

A didinction must be made between the parameters of the lightning discharge itsdf (the common wisdom isto condder arests up to 200 kA as
probeble at the 5% or 2% level) and the currents that will gopear in the conductors of a power system. Even the wordt-case threet of adirect
atachment of alightning flash to the conductors of apower sysem must be conddered with adear view thet the high vaues of currentsquoted in
theliterature will produce multiple paths to ground, thus aredudtion to amuch lower levd for the surges gppearing a the sarvice entrance. Onthe
other hand, aconsarvative fadtor to kegp in mind isthat the attachment of alightning flash is not limited to overhead conductors A griketo earth
may result inlarge currents sssking nearby underground conductorsthat may be erroneoudy deemed as not exposad to lightning.

Where aaurge areder is goplied that depends on absorbing the energy associated with the lightning current (as mogt do), one mudt do keegpin
mind thet severd gtrikes ooour in a single flagh, producing an accumulation of heat in the arester. Many pedification sheets provided by
manufecturers especidly the so-cdled TVSS (for "Trangent V oltage Surge Suppressors') aimed a the consumer market, show aone-shat rating,
not amutiplesirike rating, This fact explainsin part the gpparent upward audtion of gregter current ratings” among SPD menufadure's wherethe
highvauesdted should not be ssen asan infarence that such high v ues are expected on site, but represent asefety margin for multiple strikes Thet
marginistentatively demongtrated in thelaboratory by asingle, higher test current. Few laboratories are equipped with asurge generator cgpeble of
ddivering multiplesurgesa thedoseinterva of anactud lightning flash.

Utility Switching Surges

Utility switching operations take place under two scenarios normd operation of a power system, and corredtive adtions under abnormd
conditions From the paint of view of sLrges; the most impoartant scenario isthet of switching capaditor banks When acgpaditor benk isenergized
a random time with respect to the power-frequency snewave, theinitid effect of the connection is aquas-shart dircuit on the power system, as
the uncherged capaditar gopears as alow impedance The sydem voltage expariences an aorupt dip thet can reech neer zero. An ogtllation then
endues with an amplitude and a frequency thet are determined by the sysem RLC parameters Thus the characteridics of thistype of srge are
vay Ste-gedfic, darting with thefirg quesioniswhether or not utility capeditor switching takes place"near” the Ste. Unfortunatdy, the definition
of "near” is not obvious Pgper [B3] narrates a case higory where switdhing a capedtor bank on a 23 kV sysem caused repedted failures of
vaigors incorporated in 480-V adjustable gpead drives located 3 km (2 miles) away. A noteworthy aspect of this case higory is thet the best
lution involved ingdlaion of an areder a the medium-valtage levd, rather then & the find low-voltage levd as arigindlly provided in the
equipment. The explangtion isfairly smple: given afixed amount of energy to be absorbed by avaridor, if thisisto be done & the low-voltage
leve, alarge curent will beinvolved, requiring alarge cross-section of the varistor thet could be achieved only with perdldl combination of discs
(nat atrivid matching chalenge). On the ather hand, abosorbing the same energy a ahigher voltage - il reguiring the samevolume of zinc-
oxide materid - resultsinathicker varistor disc of ressonablethickness/diameter apect ratio.

Since the time of thet indident, many studies have been performed by many researchers on capeditor switching, induding megnification and
reonance effectsif harmonicfiltersare presant inthe system. With progressin availbility of synchronous dosing, and concemson adverse effedts
of cgpeditor switching surges, some rdief is available, but a a cod thet might not gopear judtified in systems where only limited resources are
avalable

2. As opposed to the downward auction of claims for the lowest clamping voltage, mentioned later under the
discussion of appropriate interface surge-protective devices.
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Inthe case higory dited, the solution was easy to implement becauise the mediium-voltage system was under the contral of theindustrid enduser.
In the case where the interface betwean utility and end-user would not ocour until the low-voltage leve, a didogue betwean uiility and end-user
would be ussful for the purpase of finding the mogt cog-effetivie goproach to both parties rether then aunilaterd and occasondlly edversatid quest
of theminimum cogt to beincurred by each party adtingin golendid isolation.

Other uiility switching operationsindude loed shedding and fauits— during the fault and after dearing of thefauit. Theseeventsarenot negligible
fromthe paint of view of sagsand swells but do nat produce surges comparable to lightning or capeditor switching surges Thus if aninddlation
is provided with surge protection thet can dedl effectively with the latter two mgor threets; the ather utility switching surges are reedily covered
and need nat beinduded in the questions concaming the rge environmernt.

Internal surges

Inamanner Smilar to utility surges normal and abnorma operation of the end-user's power sysem can aregte rges Theseareinfluenced by the
physcd dimengons of the building thet determines the naturd frequency of osdillaions thet are dimulated by switching loads Although the
voltagelevds coud be high in sygems that do notindude any SPDs— arare situgtion nowedays— the potentid for energy depasition fromthistype
of surgeismuch lower then that of surgesimpinging at the sarvice entrance. The extreme case of such low energy isthe so-cdlled EFT Burg, a
train of 5/50 ns pulsesthet represent interference caused by the switching action of ar contectors Initialy develaped by the IEC, the Spedification
of en EFT Burd tet isnow induded inthe menu of " Additional Waves' of ANSI/IEEE C62.41 and therefore merits somediscussion.

The EFT Burgt reflects a concern about interference with datasprocessing equipment, not damege of equipmernt. Because it invalves avery fast
valtagerise, even bdow the damping threshald levels of SPDs; thet type of interference cannat be mitigated by SPDs filterswould be reouired if
mitigation were necessary to avaid interference: The voltage levds dited in the gandards destribing the EFT Burdt (up to 4 kV in the test
spedifications) should nat be interpreted as representing levels of actud occurrences They are levd s prestribed by the authors of the dandards,
besad on the key obsarvaion thet equipment thet can ride through the prestribed EFT regimen exhibit better noise immunity in the fidd then
equipmant which cannat ridethroughthe EFT Burst

In large fadilities supplied by the utiliies a didribution valtage levds (4 kV and up), or where the internd power digribution isdonea a480 Vv
level with subssguent gep-down to snglephese 120V branch dircuits theissue of trandormer de-energizing arises If agtep-down trandformer is
de-enargized on the primary Sde with light load on the secondary, the megnetic energy gored in the trandformer core mugt be discharged in
whatever impedance exigts on the sscondary. If thet impedanceisrdativdy highin relation to theenergy leve of the stored energy, hightransent
valtages might result. With the expanding practice of populating branch dircits with plugrin SPDs or with equipment incorporating built-in
SPDs the scenaio of high transient voltages has been replaced by a situation where the SPD with the lowest damping vdltage mugt be dileto
discharge the core energy. The manufacturer of the trandformer, or an expeart in trandormer technology should be conauited to assign aredidic
vaue to the amount of megnetic energy stored in the transformer. A review by the fadility enginer of the loeds eft connected to the transformer
ssoondary a the time of opening the primary will then dlow comparing the transformer sored energy and the SPD energy-handling capataility.
Among dl the SPDs effectively connected in paralld *in theingtallation, it will bethe SPD with lowest damping voltage thet will attract most of
theenergy, sothet it isimportart to identify which onewill beinvalved.

3. This is a situation that should not be confused with the issue of SPDs connected in cascade, where there is an
upstream SPD and a downstream SPD. Cascade coordination issues are discussed in papers [B14], [B15], [B18].
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Ancther aurge threet was identified in the early dghties and for some time reflected in draft danderds This threet involves the scenaio of en
indallation with long cables supplying severd dirauitsat the user end. If afault in one of theseend-dirauitsis deared by acurrent-limiting fuse, the
enargy asodaed with the fault current flowing in the cable indudance will be dumpad in the ather end-dirauiits Tests and computaions were
paformed thet demondirated thet uch ascerario is possible The Garman gandards organization (VDE) actuly prescribed atest of 21001300 uus
urgegpplicableto indudrid equipment, and thet test wasfor severd yearsdited inacomprehensiveliding of testsunder considerationinthe IEC.
However, tests performed by theauthor and computationsby hisco-author [B 10], [B 13, [B 17] demongtrated thet suchasoenaio must bevery rare
becausg, if frequent, the millions of varistors now indaled in low-voltage power sysemswould fall upon oocurrence of such an event — hencethe
premise thet it is frequernt is flaved. The latet draft revison of the IEC surge immunity tests haes dropped this particular test requirement.
Neverthdess it might be prudert for the fadility engineer to verify thet the configuration of the particular sysem is unlikdly to produce such a
Secy (o)

2. Inheent Surgel mmunity of Equipment

Any eguipment, regardess of itsdesign, hasathreshold of sressbeyond which falureislikdy. Whenreferring to "surgeimmunity” theideaiisto
expressacharacteridtic that makestheeguipment immuneto common levesof dress— avery subjedtive assesamant. Sandardswiiting bodiesare
attempting to bring order to this poorly defined conoept by pecifying test protoodls and minimum dresslevelsfor equipmernt, not only for surges
but for dl types of dedtromagnetic disurbances Thisprocessisfar from complete, and enforcement isonly at the beginning, o thet two types of
equipment will befound onthe market: thosewith, and those without Spedified surgeimmunity.

The Rare Bird: Equipment with Specified | mmunity

Under theinfluence of inteméationdl Sandards driven to alarge extent by the ELropeen organizations ecuipment marketed worldhwide after January
1996 will bear the CE mark implying conformity to dectromegnetic compatibility reguirements; induding surge immunity. However, these
requirementsare generdly expressed interms of surge voltage withstand, not necessatily interms of surge current withgtand, unlessimplied by the
spadification of a paticular type of surge generator. At the present time, equipment offered on the U.S. market is not regulated by mandatory
gandardsof surgeimmunity. Thechaiceisleft to menufacturersfor providing and publishing spedificimmunity levels

Two different cases must be conddered: the equipment hes an inherent high immunity, or the immunity is ensured by incorporation of abuilt-in
D. An example of the fird case is typicd data-processng equipment powered through a "switchimode power supply” thet indudes an
intermediiate DC capaditor link supplied by a full-wave bridge rectifier. Seen from the AC Sde, such adrauit gppears as a cgpacitor connected
acrossthe line - an exadlent surge absorber. The saoond case indudes equipment where a consarvative and prudant manufacturer might have
provided an SPD that may or may not have suffident surge current handing capebility. Thet issue, involving concepts of cascaded SPD
coordingtion, isdiscussad intheliterature aswel asinthe paperscited in the preceding footnote 3.

Inany case, when the effective equiprment immunity isidentified, it isthen possbleto mekean informed decision on the nesd to provide additiondl
aurgeprotection. A questionwill haveto be asked, however, whether this added protection hasto be sdected taking into condderation the presence
of anintegrd SPD, onceagain raising theissue of cascade coordination. Thisagpect will be discussad a greater length in the next section covering
the need for surge mitigation.
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The Common Variety: Equipment with Unspecified | mmunity

In contragt to the rare bird, typica equipment found on the U.S market & this time does not have congpicuous and published spedifications of
aurge immunity. In some cases; theinformetion may be obtained from the manufacturer, in some cases nat. ThisStugtion can leave the end-user
insverd degressof disaray:

e Thetotdly ignorant end-user might have no conoan a dl or have aninherent trust thet dl will be wel, until dissgter strikes a which
paint panic retrafitsareimplemented.

e The patidly informed endusr will seek preventive surge protection, but not necessarily basad on sound and cogt-effective
enginegring. Thisisasituation akinto the purchese of insurance coverage, areasonable and not unusud strategy.

e Thewdl-informed end-user will be in a podtion to optimize the cog/bendfit ratio, induding an awareness that unoartainties are Hill
unavoidable but can be narrowed.

3. TheNead for SUrgeMuitigation

Srgemitigationisgenerdly ootained by appropriate gpplication of SPDsand, to the extent possible, by sound enginesring practicesonwiringand
grounding the equipment. As mentioned for switching surges, some preventive mitigetion is aso possble by sdedting switchgeer with low
likelihood of causing switching Surges

Surge-Protective Devices

When compaison of the surge environment and the surge withgand capehility of the eguipment reved tha the margin between the two is
inaufficent, SPDsare gpplied to provide the necessary mitigation. Theided Stuation, found in the hightvoltage world of dedtric utilities, proceeds
inreverse orde: aslitable arge areder isfir st sdected that can achieve awd|l-defined protectivelevd for the power system ("Basic Insulation
Levd" —-BIL) after which equipment connected to the system is spedified with an gopropriate margin ébove the BIL. In effect, the BIL
edtablished by the SPDsbecomestheoverdl surge environment of the power system.

In the low-valtage end-user world, the situgtion is different: even the wdl-informed individud end-user heslittle leverage on the menufecturers
dedsonto provideagivenimmunity levd, o thet thislevd tendstobea de facto studion, after which SPDs are spedified if necessary.
Theoverdl environment remeainsuncontrolled.

Animprovement can be mede, however, intheinitialy uncontrolled surge environment of theend-user by ingtdling an gppropriadte SPD  at the
service entrance. Theend-usar does have contral of thet device, and thus can s2t a surge environment Situation akin to thet etablished by the
utility BIL. Thiswinning Stuation hes only recently emerged because a misguided concept promulgeted by the IEC and embraced by severd
organizations hed encouraged the reverse, a higher vdltage a the sarvice entrance. Thet concept, now rgected, wes firg proposed in IEC
publication 664, presenting a descending "darcass’ of vdtages from the uncontrolled environment outside of the building to lower and lower
aurgelevdsfurther oninddethebuilding. Acocording to that conogpt, asarvice entrance arrester would edtablish afirgt leve, say 4000V for a120-
V sydem, progressively decressing by discrete depsdown to say, 800V a the end of branch dircuits Encouraged by this conogpat, promulgeted
by a aredible source, equipment manufacturers and in particular SPD manufacturers proposed a protection scheme where the sarvice entrance
SPD hed ahigher damping voltage then SPDsfurther downstreemin the bilding. Thuswas created the controversy of cascade coordinetion.
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Cascaded SPD Coordination

With the advert of ggpless arresers and the gpplication of new numericd Smulaion tods for varigor gpplications it became gpparent thet the
down-daircase sought by |EC 664 was anilluson. IN the scenario where a sarvice entrance SPDsisinddled with adamping levd subgantialy
above the levd of downdream SPDs the latter will tend to "protect” the upsream SPDs by drawing most of the surge current. Numerical
examples of this Stugtion are givenin{B14], [B 15], and [B 18]. The shorter the distance between the two SPDs and the dower therise of the
aurge themoreenergy will go to the downstream device

However, this scenario of an unooordineted cascede, where the downdream device (presumebly with less cumant-hendling capecity then the
upstream device) is not the recipe for disadter: actudly, it isthe prevaent situetion in mogt of the U.S. househdlds where no savice-entrance is
provided, but the oocupart inddls plugHin TVSSs andlor the eguipment contains builtin SPDs We know thet this arangement, while not
enaring the utmost protection, does not resuilt in intolerable rates of eguipment failure The sarvice-entrance arester with higher voltage in fact
doesnat contributeto the pratection, but doesno herm. Theonly abjectionisthat itisawaste of resources

In contrast, a well-chosen service-entrance SPD with appropriate low clamping voltage will assume the role of
effective guardian at the service entrance, avoiding the circulation of large surge currents toward the internal SPDs
(an undesirable situation from the point of view of EMC), and providing stress relief for the internal SPDs. For the
industrial or large commercial end-user, where the entrance of the service is done at a voltage higher that the end-
use voltage, depending on a service entrance arrester operating on the higher system voltage has the advantage
cited in case history [B3] of more favorable and feasible aspect ratio of varistor discs. The cascade coordination by
selection of clamping voltages of course will involve the step-down ratio of the power transformer. Furthermore, the
step-down transformer will inherently provide additional impedance to decouple the downstream SPD from the
upstream SPD, a key factor in a successful cascade.

In an ided world, a successful cascade would be edablished by garting at the sarvice entrance with a damping levd competible with the
characteridics of the incoming power. From there, progressively increesing damping valtages would be assgned to downgream SPDs
Unfortunetely, the rel world hed proceeded inreverse. Initia equipment failureswhen the firgt solid-state gppliances were introduced has cregted
adimate of concam, which in fact hes been somewha exaggerated and dso encouraged by TVSS vendors The fact of the matter is that
nowadays, mogt dectronic gopliances have an inherent immunity level of & lesst 600V to 800V, 0 thet the damping voltages of 330V widdy
offered by TVSS manufacturers are redlly not necessary. Objective assessment of the Situation leeds to the condusion thet the 330 V damping
leve, promoted by afew manufacturers, wias encouraged by the promulgation of UL Sd 1449, showing thet voltage asthe lowest ina series of
possible damping valtages for 120V dircuits Thuswas cregted the downward auction of "lower is better” notwithstanding the objectionsraised
by sverd researchers [B8] and wl-informed manufacturers One of the consequences of this downward auction can be premature ageing of
TVSSthat arecdled uponto carry surge currents astheresult of rdatively low trandent voltagesthat would not put equipment injeopardy. At this
point, thereis near-zero probehility thet the trend will bereversad. The only possible course of action opento thefadlity enginesr isto seetoit thet
plugrin devices inddled by end-usars adting as independent agents are sdected from vendors thet offer an unconditiond warranty for their
product. This agpect quickly tums into the question "Which brand should one purchese for the best protection, of for the mog cog-effective
protection ?* Such aquesion could only beansivered at the outcomeof en exnaudivetest saries performed by anindependent laboratory. A Nationd
Laboratory is not chertered to perform product rating tests Notwithstanding the regrettable low threshold established by UL 11409, that Sandard
hes the unusld cheracteridic of induding both sfety-oriented tests (the usudl god of UL dandardy) and some paformence tests amed &
demondrating astated damping leve and someindication of endurance The origind UL 1449 had not induded tests of failure modes--themind
st wasgmply thet fallurewasafailure A new edition of UL 1449 will cdl for testsdemongtrating the bsence of hezardswhen afalureoocursas
theresuit of onormd overdress
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For the Hection of asarvice entrance arredter, epadidly if a amediumrvoltage, the Stugtion is better because the design and gpplication of these
devices are more directly influenced by utility design philosophy then by consumer messmarket drategies The colledtive experience of dectric
utiliiesand thair traditional suppliers of digribution-levd SPDs hasrefined the sdlection of damping voltage and meximum continuous operding
voltageto aredigicand rdigblelevd.

Surge Reference Equalizers

Qurge reference equdizer is the name given to a family of plugrin devices now offered on the merket to assure surge protection of dectronic
gopliances thet fegture a power port and acommunication port. When an SPD provided on one of the systems — power or communications —
Operates upon occurrence of a aurge, the resuiting surge current in the power sygam or the grounding sysem conductors a voltage shift
ooccurs at the ports of the gppliance. Depending upon the design of the gppliance, such ashift can produce fallures Some numerica examplesare
gvenin pgpers[B 19] and [B20]. The posshility of such ascenaio (areview of the arangement of the systlems should be mede by the fadlity
enginer inthe cage of complex, muitiple gppliance ingdlations) doesmekeacase for providing an SPD & the paint of end-usg, evenif thesarvice
entrance SPDs have esablished an acogptable levd of residud surgesin the differentid mode (for ingance, lineto-neutrd for the power port and
tip-ring for atdephone port).

A wide varidy of surge reference equdizers is now avalaie on the market. Unfortunatdy, no standard hes yet been developed to provide
guidance on sHlecting an gopropriate device Hereagain, aUL liging under file 1449 isat leest credible evidence thet ressoneble performance, in
addition to safety, will be provided by the device. Egtablishing liaisons among sandard bodies gopliance menufacturers and surge reference
equdizer manufacturersshould beapressing god, but it hesnat yet ooccurred.

Installation Practices
Almogt “nedlessto say, inddlation practices should not negete the expected benefitsfrom SPDs An exadlent SPD can bemede usdlessby poor

indallation practices in particular excessvelead length and impedance of the ultimate ground connection. Thel EEE Emerald Book provides
ddailedinformation onthesepoints
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