2223894 APPARATUS SUI TABLE FOR USE | N PROTECTI NG ELECTRI CAL | NSTALLATI ONS
FROM TRANSI ENTS This invention is concerned with apparatus suitable for use
Fn protecting electrical installations fromtransients, especially mains

power. installations. Electrical transients on known power e I« a
nﬁ?of’ fause of problens especially-1 In sensitive e§%§f§53§i§52
equi pmeqt . The higher the voltage |evel of an electrical transient which
reaches equi pnent to be protected, the nore |likely the equipnment is to be

damaged or adversely affected by the transient; for exanple, on 240 volt
A.C. mains supply, transient over voltages can be caused by sw tching,

renot e | i ght ni NgABbARKESs G901 TRBIEI H6R TSR TR BROPHBPINGBYREPREYAL' aNsi ent

over voltages of as much as 10 KITOVOITS, Tor exanple, and It 1S necessary
to ensure that the over vol tRgeanbathongaghen rhaenkeafTgqui pnment is reduced
substantially, preferably below 1000 volts, suitably below 700 volts.
Various proposals have been nmde to protect installations against
transi ent over voltages but these have often been expensive and/ or
not al t oget her This invention is concerned with apparatus suitable

for use in - protecting electrical installations from

transients, especially mains power installations.

Electrical transients on known power circuits are a
major cause of problems . especially in sensitive
electronic equipment. The higher the voltage level of an
electrical transient which reaches equipment to Dbe
protected, the more likely the equipment is to be damaged
or adversely affected by the transient; for example, on
240 volt A.C. mains supply, transient over voltages can
be caused by switching, remote lightning strikes and the
like. The mains supply may car:y transient over voltages
gvj of as much as 10 kilovolts, for example, and it is
necessary to ensure that the over voltage which reaches
the load equipménf is reduced substantially, preferably

below 1000 volts, suitably below 700 volts.

Various proposals have been made to protect
installations against transient over voltages but these

have often been expensive and/or not altogether



2 effective: for exanple in sone proposed protective apparatus, a | eakage
of a small current fromthe |ive conductor to earth nay occur, which is
undesirabl e. A voltage dependent resistor, known as a varistor, rated for
operation on 240 volt mains will leak a steady-state current of |ess than
1mk ‘However whilst diverting a 1kA transfent the varistor will develop in
excess of 900 volts across its termnals. A varistor (or conbination Kgled
in total for 190 volt A C wll develop only about 620 volts for the Sane
transient. Although the 190 volt rated conponent clearly offers better
protection, it cannot be used on 240 volt mains since the steady-state

| eakage cur  ogheuguldel eadoko QUelIcA! 110 ihdoSHEUGbLAR ObrbiBoXALSt O

It has been proposed to protect equl pne alnst “el'ectrica

transients byagguta€ss NG UdeBRagas ¥ sahaff 1 t uieseARd MAUd 20Re d9RGRIENt
resistors. or exanpfe GB2175156A descri bes one such apparatus but in

this apparat uson@ht8ge d6peadent magsbetars AhechOnBeGhadsdira®llly Retwveen

the live and neutral supply |eads and, therefore, will suffer fromcurrent
| eakage as outvblbageahimmenduntpr pesdetpogr KmirtChom ag@rDStok| Ve r al
transi ents. Furt her nore, t he protection agai nst

for operation on 240 volt mains will leak a steady-state
current of less than 1mA. However whilst diverting a 1kA
transient the varistor will develop in excess of 900
volts across its terminals. A varistor (or combination
rated in total for 190 volt A.C. will develop only about

620 volts for the same transient.

Although the 190 volt rated component clearly offers
better protection, it cannot be used on 240 volt mains
since the steady-state leakage current wbuld lead to

over-heating and destruction of the varistor.

It has beeh proposed to protect eleétrical equipment
against electrical transients by devices including gas
discharge tubes and voltage dependent resistors. For
example GB2175156A describes one such apparatus but in
this apparatus voltage dependent resistors are connected
directly between the live'and_neutral supply leads and,
‘therefore, will suffer from.current leakage as outlined
above, or provide poor protection against live/neutral

transients. Furthermore, = the protection_ ‘against



3 transients occurring between live and neutral conductors is relatively
i neffective, relying on the voltage dependent 5 resistors. US 4677518-A
descri bes another such apparatus but this is designed to give protection
bet ween only two conductors (live and neutral) and no direct protection
bet ween %ive and earth nor between neutra and earth conductors is
envi saged. 10 One of the objects of the present inventionis to provide
i nproved protection to mains power equi pnent agai nst electrical transients.
15 Anot her object of the invention is to provide apparatus effective to
reduce | ar get&ApFiengs PF§H§Féﬁgsb?%W%¢$oi&Y%nRﬂd nepdriady EANAYREXSviges a
devi ce suitabli Egr se.n Zoqgicnecti . electrical i nst al_| at

atiyel

from transi &R Yi dnefte Nfor KEFHEFRR RY §Hﬁtﬁ%&?§@eoﬁe98pagag
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conductors (live and neutral) and no direct protection
between 1live and earth nor between neutral and earth
conductors is envisaged.
10
One of the objects of the.present invention is to provide

improved protection to mains power equipment against

electrical transients.

15 Another object of the invention is to provide apparatus
- effective to reduce large amplitude transients to a low

level.

The invention provides a' device suitable for use in

o 20 protecting eléctrical installations from transients
comprising a network ihcluding a plurality of voltage

dependent resistors connected to live, earth and ngutral
conductors, and a single gas discharge tube which is

disposed so that there can be no connection between the

25 1live conductor and the neutral and earth'conduétors other

~than through the gas‘@ischarge tube.



4 In preferred devices in accordance with thée invention the gas di scharge
tube is connected with the live conductor 5 directly or via a voltage
dependent resistor. There is no connection between |ive and earth orf |ive
and neutral conductors, within the device, other than through the gas
di scharge tube. 10 1In a device in accorglance with the invention the -
spark-over |evel of the gas discharge tube (the voltage at which it hegones
conductive) represents the mninmumlet-through voltage of the device 'l e.
transients smaller than the spark-over voltage will not be attenuated by
t he devi ce. Ins5prefiesred depicass i efezatdance egith hbhecdoveokion timer e
preferably about 500 volts. Gas discharge tubes nmay be from any suitable
source. Sui 9aBl Aisahargs etybppilise Coneied cWitheihae Bive asgadugkorpeak
current hangling 10kA, fqr 8/20_us waveform In the preferred devices the
construc i ol LFECEI¥hOFh e Re VAL TRGE AgPepIeNt: 5PS15tCKeen THETR dF Re
conductors to mhi%h t he dgvice I.S..to be connq&ged. 2§.In one, pref rrﬁg

or Ili ra

device in aSOBPESREON,i PREVRED AR i 8Rd ear ve ‘and Pneut

conductors, within the device, other than through the gas

discharge tube.

10 In a device in accordance with the invention the spark-ovér
level of the gas discharge tube (the voltage at which it
becomes conductive) represents the minimum let-through
voltage of the device i.e. transients smaller than the
spark-over voltage will not be attenuated by the device.

15 This voltage is preferably less than 600 volts, more

preferably about 500 volts.

Gas discharge tubes may be from any suitable source.
Suitable tubes are supplied by Beswick, device 37/range;

20 | peak current handling 10kA, for 8/20 us waveform. \,ﬁ

'In the preférred devices the construction is such that the
device has véristbrs between '_each of the conductors to
which the device is to be connected.

25 .
In ohe preferred device ih_accordance with the invention
‘the gas discharge tube is a multipole, suitably a threepole
gas discharge tube having a number of poles corresponding

with the number of conductoré in thé



<

the gas discharge tube is a nulti'pole, suitably a threepol e gas discharge
tube havi ng a nunber of poles corresponding with the nunber of conductors
fn the. 5 electrical supply to which it is to be connected, each pole
having a termnal of a varistor connected to it, the other termnal being
conméct&d to an associated one of the conductors: thus the threepole
devi ce \yas pol es associ ated respectively with live, earth and neutral
conductors in a single phase supply. In a further device in accordance with
the invention the network is a star network conprising a plurality of

vari stors, one associated with each conductor, having one term nal

connect ed i n QMBI $liSpDyheb hafidmal ¢ caanegd edet @onhRcasAQCidfsy one
of the conductors, the varistor associated with the |ive conductor being

connect ed t o paljgolhavding lee t@amitiadc e ge viditias tan Wdimied® 5 14y cfhé S

connected to the live conductor. I n another device in accordance with the

i nvention t hetketmortermdnmml sdeimng/ari stor connect ed behneeteflhetaeudn al

and earth conductors, a varistor or varistors connected between earth and a

pol e of the associated ongasof the conductors: thus the threepole
device has poles associated respectively with live, earth

and neutral conductors in a single phase supply.

In a further_device in accordance with the invention
the network is a star network comprising a plurality of
varistors, one associated with eaéh conductor, having one
terminal connected in common and the other terminal
connected to the associated one of the conductors, fhe

varistor associated with i;rlive conductor being

connected to a pole of the gas discharge tube, another

pole of which is connected to the live conductor.

N " In another device in accordance with the -invention
the network comprises a varistor connected between the
neutral. and earth conductors, a varistor or varistors
connected between earth and a pole of the gas
discharge tube, and a varistor or varistors connected
between neutral and a pole of the gas discharge
tube. Suitably the varistor or varistors connected
between the earth and neutral conductors respectively,

and a pole of the - gas discharge tube are



di scharge tube, and a varistor or varistors connected between neutral and a
pol e of the gas di scharge tube. Suitably the varistor or

vari stors connected between the earth and neutral conductors respectively,
and a pole of the gas discharge tube are 6 connected to
t he ‘sane pole of the gas di scharge tube. ternatively, the .~ gas
di scharge tube may have three poles, one of which is connected to theLJ
associated live conductor and the two others of which are, respectively,
connected to the varistor connected to the earth conductor and the varistor
connected to the neutral conductor. In preferred devices in accordance

with the invgghheBtkhe {&t %h,evoéa.ageé;oqté nafofthtehggazér B358haRkeY ALy OF S
t he I a uct

ha
connect ed bet ween ive n earth con ors, angkthe_tota

vol tage ratingleérhleivaliySt @heor varistorsgganagabadrael Wadse s lHawe and
neutral conductors’is sufficiently high that, after a transient voltage has

passed, the dthebar pollesgie amasef whichndeCiconnectedeWd &ld aEuy idEE
- with the invention in which the discharge tube has two poles the tota

"vol tage live conductor and the two others of which are,
reépectively, connected to the varistor connected to the

earth conductor and the varistor connected to the neutral

conductor.

In preferred devices in accordance with the
invention the total voltage rating of the varistor or
varistors connected between the live and earth
conductors, and the total vqltage rating of the varistor
or varistors connected between the 1live and neutral
conductors is sufficiently high that, after a transient

voltage has passed, the discharge tube ceases to conduct.

In a device in accordance with the invention in
which the discharge tube has two poles the total voltage
ratings of the varistors connected directly between the
earth_and neutral conductors is preferably substantially
equal to the root meén'square vqltage-applied between the

live and neutral conductors.



rati ngs of the varistors connected difectly bet ween the earth and.neutral
conductors is preferably substantially equal to the root nean square

Vol t age. appl i ed between the |ive and neutral conductors. 7 1 n anot her
aspect the invention may be considered to provide apparatus suitable for
use in . protecting electrical installatifons conprising a plurality of

devi ces\&n accordance with the invention. A prefered apparatus in
accordance wth the invention conprises one or nore devices in accordance
with the invention as set out in the preceding paragraphs,

I nduct ances connected in series in the live and neutral conductors between

t he device or devi G8S & rdehtel}e Isgiae t ﬁ:riﬁ]ain%%ti:{o% mcaosynaeegtciﬁr%j}%e%aeld \éceo and

neutral conductors positioned wee e’ln ance

preferred appyahifd Saphlbhias CUUsIAS Varbs! Ohipd ONIRC! G- ARINAGH, ¢ he

earth conductor and the Tive and neutral conductors at a posi ween

the respectiveiididiGtaaicesiaBeal 18th8a8 Ofcchpioidiafe rati paudhficy engsd v

high to prevent any significant current |eakage in normal “operation of the
equl pnent devices in accordance with the invention. '

A prefered apparatus in accordance with the
inventibn comprises one or more devices in accordaﬁce
with the invention as set out in' the preceding
paragraphs, inductances connected in series in the live
and neutral conductors between the device or devices and
the load, and a varistor connecting the live and neutral
conductors positioned between the inductances and the
load; a preferred apparatus also further comprises
varistors connected between the earth conductor and the
live and neutral conductors at a position between the
respective inductances and the load of a voltage rating
NS sufficiently high to prevent any significant current

leakage in normal operation of the equipment

To protect either single or multiphase electrical
supplies devices or apparatuses in accordance with the
-invention may be used. For multiphase supplies the

neutral and earth cohductors-will conveniently be common



To protect either single or nmultiphase el ectrical supplies devices or

apparatuses in accordance with the invention may be wused. For
mul ti phase supplies the neutral and earth conductors will conveniently be
common 8 for all phases and a device (or an apparatus) in accordance

with the invention will be associated with each Iive (phase) conduct or..
There now follows a detail ed description to be read wth reference ta jhe
acconpanyi ng drawi ngs of apparatus enbodying the invention suitable for use
in protecting electrical installations fromtransients, each conprisSing a
device itself enbodying the invention It will be realised that this

apparatus andeghes; feviggscbavenbecy sgLosked L JgRCr LBLLAR,

illustrate the 1nven exanpl e e acconpahyi ng g?awﬁﬁgs -

Figure 1 is 2,&iaRianeé! Q-th'heWtﬁE au?i’réﬁ@iéﬁd ‘ﬁq\i CeSWUdA addd H§‘Eh' n

apparatus enbodying the invention; Figure 2 is-a circuit diagramof one
appar at us enbggahnglege(pmygg;|@@ndﬁaggfes 3, 4 and 5 are diagramatic views -

of second,

There now follows a detailed descriptiﬁn to be read
with reference to the accompanying drawings of apparatus
embodying the invention ﬁuitable for use in protecting
electrical installations from transients, each comprising v/
e device itself embodying the invention .

| It will be realised that this apparatus and

these devices 'have been selected for description to

illustrate the invention by way of example.
‘In the accompanying drawings:-

Figure 1 is a diagramatic view of a preferred device

suitable for use in'apparatus embodying the invention; \',

Figure 2 is a circuit diagram of one apparatus

embodying the invention;

Figures 3, 4 and 5 are diagramatic views of second,
third and fourth devices suitable for use in apparatuses

embodying the invention;



third and fourth devices suitable for use in apparatuses enbodying the

I nventi on; 9 Figures 6 and 7 are circuit diagranms show ng, respectively,
‘series. and parallel devices enbodying the invention; Figure 8 is a circuit
di agram of a second apparatus enbodying ghe invention; and Figure 9 is a
circuit-diagramof a third apparatus enbbdying the invention for use with a
t hr ee- phase power supply. The apparatuses enbodying the invention described
hereinafter are all suitable for use in protecting electrical installations
connected to an a.c. mains power supply and conprise one or nore devices
suitable for use in protecting electrical .installations fromtransients

described herei nafigiradt g redgd enge £9e0n819EuEt9U&§§g}am§ énahdng, Each
of these devices conprises a network of voltage dependent resistors, herein

referred to Pespe@tivéDys" sekaeredmil bhf-awblamadﬂssm@@yiwethe l'ive,
earth and neutral conductors, the gas di scharge tube being associated with
the |live conthveémtion; :

-Figure 8 .is a circuit diagram of a second apparatus

embodying the invention; and

Figure 9 is a circuit diagram of a third apparatus
embodying the invention for use with a three-phase power

supply.

The apparatuses embod&ing the invention described
hereinafter are all suitable for use in protecting
electrical installations connected to an a.c. mains power
supply and comprise one or more devices suitable for use
in protecting electrical installations from transients

Y described hereinafter with reference to one of Figures 1,
3, 4 and 5. Each of these devices comprises a network of
voltage dependent resistors, herein referred to as
"varistors”, connected through a gas discharge tube to
live, earth and neutral conductors, the gas discharge

tube being associated with the live conductor.



10 The first, preferred, illustrative devi ce 15, shown in Figure 1,
conprises a nmulti-pole, nanmely a three pole, gas discharge tube 1 and three
varistors 2, 3, 4 each having one termnal connected to one pole . of

the discharge tube 1 and the other term pgl adapted to be connected with an

associ ated one of the conductors P, N, E "as indicated in Figure 1. The
second device shown in Figure 3 conprises a delta network having threg
varistors 5, 6, 7. The varistor 7 is arranged to be connected between the
neutral and earth conductors N, E whilst the varistors 5, 6 have one

term nal connected, respectively, to neutral and earth conductors N, E and

their other term mies i¥EELt pfleférseanvnldndteatieet déviieeOns podlgowh a
two pol e gas discharge tube 8, the other pole of which is arranged to be
connect ed toinhFilgure dgndwmiparides Ehenultir<pbaley ceame ko & ovipresgsoke § ype
of delta network including three varistors 5, -6, 7 and a gas discharge
tube 1. Theagasdilesbangge tulbe 1 el t hheeepyiead stiods s2si Al dr each hat

used in the first device. One of the poles is connected to the live
conductor P having one terminal connected to one pole of the

discharge tube 1 and the other terminal adapted to be
connected with an associated one .of the_conductors P, N,

E, as indicated in Figure 1.

The second device shown in Figure 3 comprisés a
delta network having three varistors &5, 6, 7. The
varistor 7 1is arranged to bé- connected between the
neutral and earth conducﬁors N, E whilst the varistors 5,
6 have one..terminal connected, respectively, to neutral
and earth conductors N, E. and their other terminals
connected in common and connected to one poecle of a two
pole gas'discharge tube.8, the,othér pole of which is

arranged to be connected to the live conductor P.

The third device also comprises a type of delta
network including three varistors 5, 6, 7 and a gas
discharge tube 1. The gaé discharge tube .1 has three
poles and is similar to that used in the first device.
One of the poleé is connected to the live conductor P
whilst one of the other poles is connected to a terminal

of the varistor 5 and the final pole is connected to a



&

whi | st one of the other poles is connected to a terminal of the varistor 5
and the final pole is connected to a term nal of the varistor 6 the
other term nals of which are connected respectively to the neutral and live
conductors N, E; the final varistor 7 is connected between the neutral and
earth conductors N, E. The fourth device, 1dhown in Figure 5, is a star

net work \gnd conprises a plurality of varistors 2, 3, 4 one associated with
each conductor P, N, E respectively. The varistors each have one term na
connected in comon and the other term nal connected to an associ ated one
of the conductors P, N, E. The varistor 2 is associated with the live or

pha_se CondUCt&qIPana'le ﬁr lt.ﬁteor ?i'lvgt'lté}ﬁ:: tgguyt; neq'lxjncltn%rl eognd (L

varistor 4 w ear condu e varls associ a vm?tF he
| ive conductorg R | S £d dMFy oft@ t f“'g@é d| @argfvéube
1 simlar to the tube 1 of the secon devi ce; e poIe IS

connected 10 odfifuctdre AONAust ortheFagh n@h tbﬁr‘i‘%‘éb‘i'eS?Shi?!m bonkeOtégs 1,
3, 4 and 5 is intended for use in protecting |load installations from

el ectrical trasiwddn the aeiffradldnd\ darthidonduPpdys N, E.

The fourth device, shown in Figure 5, is a star
network and comprises a'plurality of varistors 2, 3, 4
one associated with each conductor P, N, E respectively.
The varistors each have one terminal connected in common
and the other terminal connected to an associated one of
the conducters P, N, E. The varistor 2 is associated with
the live of phase conductor P, the varistor 3 with the
neutral conductor N and the varistor 4 with the earth
conductor E. The varistor 2 associated with the live
conductor P is connected to one pole of a two pole gas
discharge tube 1 similar to the tube 1 of the second
\%; device; the other pole is connected to the 1live

conductor.

Each of the devices shown in Figures 1, 3, 4 and 5
is intended for use in protecting load installations from
electrical transients on a 240 volt A.C. mains supply;

however, similar devices may be used in connection with



however, similar devices may be used in ¢connection with

arranged to

becone conducting when the potential difY%rence between the poles

exceeds a

di scharge t|

| eakage current nust be |ess

pre-selected level, in the illustrative devices 500 vqlj}s.
After a transient has been di scharged through the array of discharge Tube
1, 8 and varistors 2, 3, 4; 5 6, 7 the tube 1; 8 nust cease to conduct:
thus the varistors 2, 3, and 2, 4 in the first and fourth devices and the
varistors 5, I Ng o] thi e chosen.such fhat.at peak
mai ns vol taéaeﬁ%'he?/&Pgéﬁgg c%%rr%e%%te*egg t@#g%a?. ﬁatahﬁ‘ e‘glu?f%ﬁe? Xﬁ%ﬁ?égﬁ t he
Wioviadd ! NtRatondpgli ve : I the il tratiyve devices this
P d‘t;lﬁ a %tntﬁ'gakg?}ai r#gilé?/ol 'a%"ecg?gThﬁget he

vol tage rat idiisrsir tWe VAIdS1&Ete®] cONDi nation of varistors adapted to be
connected between live and neutral or live and earth via the gas discharge

an 1

In the devices shown in the .drawings the gas
discharge tubes 1, 8 are of a type which is arranged to
become conducting when the potential difference between
the poles exceeds a pre-selected level, in the

illustrative devices 500 volts.

After a transient has been discharged through the
array of discharge tube 1:; 8 and varistors 2, 3, 4; 5, 6,
7 the tube 1; 8 must cease to conduct: thus the varistors
2, 3, and 2, 4 in the first and fourth devices and fhe
varistors 5, fS in the second and third must be chosen
such that at peak mains voltage they leak a current less
than that required to maintain the discharge tube 1, 8 in
a conductive state. In the illustrative devices this
leakage current must be less than 1 amp at peak mains
voltages. Thus the voltage ratings of any varistor, or
combination of varisfors adapted to be connected between
live and neutral or live and earth via the gas diséharge

tube must not be rated below a minimum voltage rating

12 A C. supplies
operate at different voltages provided that the conponents
of the devices are appropriately selected. In the devices shown in the
drawi ngs the gas discharge tubes 1, 8 are of a type which is arranged to

7

s

-



tube nmust not be rated bel ow a mini mum vol tage rating 13 dependent on
the maxi num acceptabl e | eakage current. In the illustrative devices this
m ni mum vol tage rating is 180 V.r.ms. The current ratings of all the
varistors used in the illustrative devices is 6.5kA for an 8/20 us
test waveform (i.e. arise time to peak & 8 us and a tine to half peak
current pf 20 us). However, varistors with different current ratings
could be used, if desired. The Sienens S20K range of varistors are
suitable. In the device shown in Figures 1 and 5 the sum of the voltage
ratings of the varistors 2 and 3 and the varistors 2 and 4 is selected to

var istors 3 Aspeptiene o B el HoleSOibLe TohRhgh Bhrants th ™

or. varls ors

Li kewi se t hea._r%t i fﬂ&&érﬁéf@e Oﬁeu.?.‘é garg téjrlﬁl 1ml§m' ol 8 gdeYat q_%gs(l}(ym in

Figures 3 an IS sult about 190 volts. e varlstors connecte
bet ween eart h goar ey /Al conductors shoul d not conduct a large current if

there is a fault, for exanple a short, between the |ive conductor P and one
of the earth or neutral ’ :

The current ratings of all the varistors used in the
illustrative devices is 6.5kA for an 8/20 us test

waveform (i.e. a rise time to peak of 8 us and a time to

< half peak current of .20 us). Howgver, varistors with
different current raﬁings could be used, if desired. The
Siemens S20K range of varistors are suitable.

In the device shown in Figures 1 and 5 the sum of
the voltage ratings of the varistors 2 and 3 and the
varistors 2 and 4 is selected to be about 190 volts; for
example varistor 2 could be rated at 60 volts and
varistors 3 and 4 at 130 volts or varistors 2, 3 and 4 at

\ ¢ 95 volts. Likewise the ratings of each of the varistors

5, 6 in the devices shown in Figures 3 and 4 is suitably
about 190 volts. The varistors connected between earth
and neutral conductors-shouid not conduct a large current
if there is a fault, for example a short, between the
live ‘conductor P and one of the earth or neutral
conductors E, N. Thus, in those devices (Figures 3 to 5)
where varistors between neutral and earth are not

connected +via the discharge _tube, but directly,



conductors E, N. Thus, in those devices (Figures 3 to 5) where varistors

bet ween neutral and earth are not connected via the discharge t ube,

but directly, 14 preferably the total voltage ratings of the varistors .
connected between the earth and neutral conductors is substantially equal

to the root nean square voltage applied bktween the live and neutral L,
conductors P, N. In the device shown in Figure 5 the sumof the voltage
ratings of wvaristors 3, 4 is 260 volts and, in the devices shown™n
Figures 3 and 4 varistor 7 is rated at 260 volts. A network device of the

type shown in Flgure 5is shown in Flgure 6 connected in series in the

I I h d N, E t | In th
tevi ce " ne yaPFERRFERANL CRECUAALE Foede RaBthnn B PR vl disn < o
4 each have vBLhadgtkd! | BeewBlnl¥he Olcbt-tn % . nddtdl o8nhlBRBLEN,

bet ween the live conductor P and either neutral or ear gﬁddﬁcws

N E exceedi ng,#aedht3891900 o4ialls ol | £hBUSFobBE fifin ol SElRLL® Jdiitag 1O
beconme conducting and the trgﬁ3|ent will be d?scharged t hi ou % tr“f%ié%

varistors 2, applidd between the live and neutral conductors P, N. In
the device shown in Figure 5 the sum of the voltage
ratings of varistors 3, 4 is 260 volts and, in the

devices shown in Figures 3 and 4 varistor 7 is rated at

260 volts. ‘ - _ o

A network device of the type shown in Figure 5 is
shown in Figure 6 connected in series in the 1live,
neutral, and earthhconductors P, N, E as outlined above.
In this device the varistor 2 has a voltage rating of 60
volts and the varistors 3, 4 each have voltage ratings of
130 volts. Thus, in use, a transient between the live
conductof P and either of the neutral or earth conductors
N, E exceeding abouf 500-600 volts will cause the gas
discharge tube 1 to become conducting and the transient
will be discharged through the varistors 2, 3 or 2, 4
respectively. Should a transient arise between the
neutral and earth conductors exceeding aboﬁt 260 volts,

this will be discharged through the varistors 3, 4;

Figure 7 shows a similar device but in a parallel

configuration.



respectively. Should a transient arise between the neutral and earth
conduct ors, exceedi ng about 260 volts, this will be discharged through the
varistars 3, 4. Figure 7 shows a simlar device but in a parallel
configuration. 15 Instead of the devifﬁ shown in Figure 5 devices as
shown i any of Figures 1, 3 or 4 may be Used to achieve simlar effects.

I n practUece, the current carrying capacity of the varistors 2, 3, 4 1is
restricted. A transient of |large anplitude will cause |large currents to

fl ow through the varistors 2, 3, 4. The voltage across these devices w ||
rise to an unacceptably high level to provide adequate protection for sone

load installati ongnghead df tRePERVi%R HIRfH Oin PFOEGREE! 8Nde¥ibkLShe
il lustrative apparatus, for exanple, as shown in Figure 2, conprises a

cascade arrappeowmntirofarsy ndt arigayesel, Ploreame bty it adhiaWvd N
Figure 1: such a cascade apparatus is capable of diverting |arger transient
currents thasimidemgledfeictaui t, whil st maintaining a | ow transient

over-vol tage reaching any load installation.

In practice, the current carrying capacity of the
varistors 2, 3, 4 is restricted. A tiansient of large
amplitude will cauée large currents to flow through the
varistors 2, 3, 4. The voltagé acrosé these devices will
rise to an unacceptably high level to provide adequate

protection for some load installations.

In order to provide superior protection, a. first

illustrative apparatus, for example, as shown in Figure

2, comprises a cascade arrangement of similar devices,

for example the device shown in Figure 1: such a cascade

'\ - apparatus is capable of diverting larger +transient
) éurrents_than a single circuit, whilét'maintaining a low
transient over-voltage reaching any load installation.

Such a preferred apparatus is shown in Figure .2

comprising three protection de&ices_lS as shown in Figure

1. In use, when a transient over-voltage arises between

the live conductor P and one.or both of the neutral and

earth conductors N, E, the transient will initially cause

the discharge tube 1 of one of the three devices 15 to



Such a preferred apparatus is shown in Figure 2 conprising three
protection devices 15 as shown in Figure 1. In use, when a transient
over-vol tage arises between the |live conductor P and one or both of the
neutral and earth conductors N, E, the tﬁipsient will initially cause the
di scharge tube 1 of one of the three devices 15 to 16 becone conductive
and current will flow through the varistors in series with the tube 1; ;

di scharging the current associated with the transient voltage. However, in
sone cases the operation of any one of the devices will not be sufficient
tolimt the transient over- voltage and the potential difference between

the live condpesetie P condudeivéheind onsliodei® Wil WiAllow ORbirBUght Othe
increase: if this occurs, and sufficient current flows, the voltage

Wi || cause theatispeodts ofira serdsd oFithe tdayi eebel 01hecEeHEadyGl | YReand
If arise continues then the third device will finally become operational.
It has been feurxenhapsshredéetedcividdyi tike &rensifehitciwsltdge prHvkdeer,
adequate protection to load installations, limting transients to |ess
than 700 voIt%“réﬁﬂﬁr@Fﬁﬁ% thed operationi ofs any 2danevolft theC. dewices
suppl i es. will not be sufficient to 1limit the transient over-
voltage and the potential difference between the live
conductor P and the other oonductqrs N, B will éontinue
to increase: if | this occurs, and sufficieht current
flows, the voltage will cause the tube 1 of a secon& of
the devices to become conductive and if a rise continues
theh the third device will finally become operational. It
has been found that three_sﬁch devices are sufficient to
provide adequate protection to 1load . installations,
limiting transients to less.than 700 volts reaching the
load  installations in 240 volt A.C. mains supplies.
However, if  greater protection is required then it would,
of course,. be'possible to include further devices in the
cascade arrangement. In practice best performance is
achieved if all the sub-circuitg (and each of the devices

in the preferred apparatus comprising a cascade of

devices) are substantially identical.

Although apparatus as shown in Figure 2 comprising a
simple cascade of devices of the type shown in for

example Figures 1, 3, 4 or 5§, is satisfactory for dealing



However, if greater protection is required then it would, of course,. be
p055|ble to include further devices in the cascade arrangenent. In practice
best perfornance is achieved if all the sub-circuits (and each of the
devices in the preferred apparatus conprising a cascade of devices) are
substantially identical. Al though apparatlfs as shown in Figure 2 conprising
a sinphg,cascade of devices of the type shown in for exanple Figures 1, 3,

4 or 5, is satisfactory for deal i ng 17 with transient over voltages on

t he mai ns supply which may arise for exanple fromlightning strikes, sone
transients e.g. switching transients, are of nuch shorter duration and the

| t f di gh t ub 1.8
{ini to transitindh EFRBIVERGT FYFT o BRERRES: im TRE ABARSORHRMIY bbb ne

becoms. conduciye St ci i | SRl iR SFLER PRl O aiEh oy Hon

Thi o 1§ koni o0 IR o SRS e%‘é%‘?%ﬁé’&?;% bR SEoHAK oliobLBI P

reference to duirl¥forl and the voltage rise is often more rapid. As the

- gas dicharge tubes 1, 8 have a finite transition time
reqﬁi;ed to chahge' from the non-conductive to the
conductive state there is a risk that the discharge tubes

1, 8, may not become conductive sufficieﬁtly rapidly to

deal with sqmé transients adequately.

Accordingly, a second preferred apparatus is shown
in Figure 8. This, 1likewise, comprises a cascade of
devices of the type described with reference to Figure 1
which may, however, instead uﬁilise devices of thg type
shown in either Figures 3, 4 or 5 if desired. In this
second' illustrative apparatus inductances 10, 11 are

A/ included in the live and neutral eonductors P, N
respeoti#ely between the cascade of protective devices
and the load installation to which the conductors are.
cohnecfed at the point indicated L. By suitably selecting
the value of the inductances 10, 11, an electrical
transient over voltage will meet a high impedance.ét the
"inductances 10, 11 and the flow of unwanted current
towards the load installation L will be deterred;

furthermore, the voltage which will be developed across



whi ch may,

however, instead utilise devices of the type shown in either

Figures. 3, 4 or 5if desired. In this second illustrative apparatus
i nductances 10, 11 are included in the live and neutral conductors P; N
respectively between the cascade of protective devices and the | oad

installation to which the conductors are d&nnected at the point indicated

L. By suitably selecting the value of +the inductances 10, 11, %@

el ectri cal

transi ent over voltage will neet a high inpedance at the

i nduct ances 10, 11 and the fl ow of unwanted current towards ;he Ipad-
installation L will be deterred; furthernore, the voltage which mnll be

d | oped acr d an 11 will encqurage as
d?gghafge tubggﬁi %g&EgEEﬁgbgoﬁ dct?ge g& 5983§ﬁ§§(ﬁ¥ ké??r h§FEﬁFgas

betveen the Lvend heuts aboqnee | Fieteve Tand e, Hinfharednatar n

between the live and neutral, live and ‘earth an
conduct ors rexjreiid My 49 Jégépp‘ge@s%i@;lé@s scharging any transient over

vol t ages whi ch pass the inductances 1

e varistors 12, 13, 14

providing a | ow i npedance path for the transient during

Furthermore varistors 12, 13, 14 are disposed
between the live and neutral, the live and earth and the
neutral and earth conductors respectively to fﬁrther

assist in discharging any transient over voltages which

pass the inductances 10, 11, the varistors 12, 13, 14

providing a low impedance path for the transient during
the time taken for the devices 15 to become conductive.
For ekample, transient reaching the inductances 10, 11
will rapidly induce a higher potential difference between
the 'live.and neutral conductors P, N upstream of the
inductanceé 10, 11 of for example 1500 volts, thus
causing the cascade of devices to become opérational more

quickly than would otherwise be the case.

The second illustrative apparatus, shown in Figure 8
where the varistors 2, 3, 4 are rated at 95 volts could

reduce a 6000 volt transient depicted in international

- standards to under 600 volts.

Y



the tine taken for the devices 15 to becone conductive. For exanple,
transient reaching the inductances 10, 11 will rapidly induce a higher

- potential® difference between-the |live and neutral conductors P, N upstream
of the inductances 10, 11 of for exanple 1500 volts, thus causing '
t he cascade of devices to becone operatil®nal nore quickly than would

ot herwise be the case. The second illustrative apparatus, shown in Figure 8
where the varistors 2, 3, 4 are rated at 95 volts could reduce a 6000 volt
transi ent depicted in international standards to under 600 volts. 19 I f

tre Lnducéances 10, 11 were to be omtted fromthe circuit of Figure 8, a
slight reduction ] rfaornmance for fast transients would arise he val ue
of the induct anﬁegpag et H& t@"ﬁﬁft%rf@f |t1|]l 1S ngﬁ\(lz\?’ n YL I EPed as
necessary to_achieve the desired.r | t t he cqr ter] j selected
to give suff’f‘té?entmﬁ@é’tl%di s%#pa?i‘&ﬁégs \7\8/eﬂl %s tlgg]r%ces%%%/@lﬂn uct g%ce.

dust " core RETEHAFRSECD PR erdRFeReY BB AT Le LY v eurt the

_ a I's preferred. n a volt mains circuit the
ratings of '
The value of the inductances aﬁd'the core material
in the inductances is selected as necessary to achieve
_ the desired results, the core material being selected to
'\'-/ '

give sufficient heat dissipation as well as the necessary
inductance. Suitably the inductances 16 and 11 have a
value of 7-10 uH and iron dust core material is
preferred. In a 240 volt mains circuit the ratings of
the varistors 12, 13, 14 are conveniently 260 volts, and
these will perform satisfactorily provided the current
reaching theh does not exceed a few hundred amps - since
the devices 15 will fire before the voltage rises
significantly above 500 volts this will not occur.

| .The illustrative apparatuses give improved.
protection to load installations agaihst transient over
voltages and can reduce high' energy transients to an
over-voltage level lower than heretofore possible using
varistor technology alone. Further this is achieved
without any substantial leakage of current between the
phase and neutral or earth éonductors and at relatively

low cost by comparison with previous proposals. The



the varistors 12, 13, 14 are conveniently 260°'volts, and these will perform
satisfactorily provided the current reaching them does not exceed a few

hundred anps - since the devices 15 will fire before the voltage rises
significantly above 500 volts this wll r% occur. The illustrative
appar at uses gi ve | nproved protection™o |load installations against

transi ent over voltages and can reduce high energy transients to an ol
over-voltage |l evel |ower than heretofore possible using varistor _
technol ogy al one. Further this 1is achieved without any substanti al

| eakage of current between the phase and neutral or earth conductors and at

rel atively | auuisiatior 06Bar+SDEt wé 1y PNYW 0P8t PAEPSH iBtok and28as
conbi nation of relatively lowrating varistors and gas discharge tubes is

relatively idisqlengeec tabds nise afdflaiived it hainexpéRyivel's araar abyees
for achieving the same purpose. Although the illustrative apparatuses are

concer ned wi teffsatyive pbhse suppevioussi apparapusasi floas aelyiéeingedheo
protect mnulti-phase nains supplies by appropriate connection of gas
di schar ge tulR8RearpURRPS&levi ces bet ween

Although the illustrative apparatuses are concerned
with single phase supplies, similar principles may be
used to protect multi-phase mains supplies by appropriate O/
connection of gas discharge tube/varistor devices between

the various phases.

The third illustrative apparatus (see Figure 9) is
arranged to prote;t a three-phase supply. having three
live conductors P1l, P2, P3, and comprising three
jdentical devices 15 as described previously, one
associated with each phase. Thus the varistors 3, 4 .of
each of the three devices 15 are connected to the neutfal_
and earth lines N,E respectively, whilst the varistors 2
are connected to the associated one of the live
conductors Pl, P2, P3._ Of course, instead of using a
single device 15 to protect each phase, three apparatuses
embodying the invention each comprising a cascade of
devices (for example as described herein with reference
to Figure 2, or to Figure . 8) may be used,. one such

apparatus being associated with each live conductor P1,



the various phases. The third illustrative apparatus (see Figure 9) is
arranged to protect a three-phase supply having three |live conductors P1,
P2, P3, and conprising three identical devices 15 as described previously,
one associ ated with each phase. Thus thg varistors 3, 4 of each of the
three devices 15 are connected to the ne fral and earth |ines N, E
respectl&ely, whil st the varistors 2 are connected to the associ ated one of
the live conductors Pl, P2, P3. O course, instead of using a single
device 15 to protect each phase, three apparatuses enbodying the invention
each conprising a cascade of devices (for exanple as described herein with

reference togy gupg, 2, AH?] Itpgalgie%lil s&k;-é%g&é}&%iﬁgil()%% S&%ls&pfécf‘t us

bei ng associated wth eac I've conduct or

phase/ phase tyiaDSiediith Wanld /6% dhetihlicbinduSestd AN OkhBeUtdBdvant
conductors and the rel evant devi ces 15.

devices 15.

\J



CLAIM5 5 1.

A deviée suitable for use in protecting electrical

installations from transients conprising a network including a

plurality ent resistors connected to live, earth and
neutrai o WINYIRIRARREN

hat there 0 ccamn be nmo connection between the |ive conductor and the.

neutral and earth tonductors other than %%rough the gas discharge tub
A device according to C aimLwherein the gas discharge 15 tube is a

i ngl e gas di scharge tube which is disposed so

t hreepol e gas di scharge tube, each pole having a term nal of a voltage
dependent reg}gfmg connected to it, the other term nal being _
connected to an associ ated one of the conductors. 20 3. A devi ce

according to Caim1 wherein the network is a star network conprising a.

plurality of varistors, one associated with each conductor, having one
term nal sconbect enl idevdeaTsu ftablde forhaisd i fi Wot@amﬁ edréetiNeal

associ ated one of the conductors, the vol tage 25 dependent

géfz.

resi stor assimstaklatiohst hefﬁom/e tnadsd“eatsbeidstgnptﬁwmg eda 0 Aep@bekOf a
gas di scharge tube, another pole of which is connected to the live

conduct or.

10

15

20

1nc1ud1ng a plurality of voltage dependent resistors
connected to live, earth and neutral conductors, and a
single gas diséharge tube which is disposed so that.there
can be no connectidn between the live conductor and the
neutral and earth conductors other than through the gas
discharge tube.
¢

2. A device according to CIaimeherein the gas discharge
tube is a threepole gas discharge tube, each pole having a
terminal ofua_VOltage dependent resistor connected to it,
the other terminal beiﬁq ' connected to  an

associated one of the conductors.

3. A device according to Claim 1 wherein the network is

a star network comprising a plurality of varistors, one

associated with each conductor, having one terminal

connected in common and the other terminal connected to the

- associated one of the conductors, the o voltage

25

. the .
dependent resistor associated with azlive conductor being

connected to a pole of a gas discharge tube, another pole

of which is connected to the live conductor.



4. A device according to Claim1 whérein the network conprises a voltage
dependent resistor connected between the neutral —-and—earth conductors, a
vol t age. dependent resistor or voltage dependent resi.stors connected bet we

eartfh and a pole of the as di scharge t Hm ﬂu m ﬂm\ﬂﬂﬂe
depe“dent resistor or voltage dependent ggsitors neutr al
and a pele of the gas di scharge tube. evice accordlng
to Caim4 wherein t he vol t age dependent reS|stor voltage
dependent resistors connected between the earth and neutral conductors

respectively and a pole of the gas di scharge tube are connected
to the same pole of the gas discharge tube. 6. A devi ce according to
Claim4 vvhergr n the dpydicl senaegdinghdchafElakped pdianeigt Wee chesnork
associ ated one is connected to the | ive conductor, one to a

vol tage depeP@RRFipes; & yr Gﬁﬁe&eé!f”tdt?’%%er%%ﬁh‘”éoﬁﬂBEFBFe‘énHeBHEePo a

vol t age depe ent_res onnec he neutral conpduct-or
devi ce accor 'ﬁg ‘?‘bt%ﬁ?; of?® "gi"f':f)t%r%\}hef"elYlo tage FSPSPdeVGI t age

;g}{ﬂg;ndOf r£31sto vogEQSQdSependgnksgg t%%gn%%%%%ctegt%% wee%he_

earth and a pole of the ’ ‘ as discharge tube, and a
voltage dependent resistor or voltage dependent resitors
,

connected between neutral and a pole of the : - gas

discharge tube.

5. A device according to Claim 4 wherein the voltage
dependent resistor or voltage dependent resistors
connected between the earth and neutral conductors
‘respectively and a pble of the f :gas discharge tube

are connected to the same pole of the gas discharge tube.

6. A device according to Claim 4 wherein the

A gas discharge tube has three poles of which an associated
| one is connected to the " livé conductof, one to a
~ voltage dependent. resistor connec£ed to the earth
conductor and one to a voltage depegdent resistor

connected to the heutral conductor.

7. A device according to any one of Claims 3 to 5
wherein the total voltage _ratings of the voltage

dependent resistors connected between the earth, and



24 * C L M S * neutral conductors is substantially equal to
the root nean square voltage between the |Ilive conductor and the
neutral—eendueLQL—_éL___ApdeV|ce according to any one of the preceding
Clainms wherein the total voltage rating of the voltage dependent resistor
or vol tji m H u ﬁﬂl"llllem stors connecd®d between the live and _earth
neut sufficiently high that, after a transient Q&i
passed t he dlscharge t ube.. ceases to conduct. 9. Appar at us sui tabl e*for
use in protecting electrical installations conprising a plurality of
devi ces according to any one of the preceding clains. 10. Appar at us

suitable. for gﬁgrhgl ééﬁé&é{ggseuggtgl stahQSt Ieuééﬁgﬁl gﬁngln%ﬁone or

more devi ces accor 0 any one “of ai s R&ct ed

in series ing %Pﬂ ligyRaded RRiitdle CONGLICLS S Pﬁ&“BinLhec%%ﬁhg%o devi ces

r
and the insta atlons to be protected, a voltage dependent resistor
connected between the | hya 2aRd ReuUkral eeRdusiters p05|t|oned bet ween t he

|nductances and t he | oad, and vol tage dependent resistors connected between
8. A device according to any one of the preceding
Claims wherein the total voltage rating of the voltage

~ dependent resistof or voltage dependent resistors

connected Dbetween the live and earth or neutral &/

conductors is sufficiently high that, after a transient

has passed, the discharge tube ceases to conduct.
"9, Apparatus suitable for use in protecting electrical
installations comprising a plurality of devices according

to any one of the preceding claims.

10. Apparatus suitable for use in protecting electrical

installations comprising one or more devices according to A -

ahy one of Claims 1 to 8, inductances connected in series
in. the live and neutral conductors between the device or
deyices and the installations to be protected, a voltage
dependent resistor cdnnected between the live and neutral
‘conductors positioned between the inductances and the

load, and voltage dependent resistors connected between

“n



1 .
* C L M S * 25 the earth conductor and the live and neutr al

conductors at a position between the respectlVE_THHUETEﬁCES‘aﬁd~%he | oad. 5
11. A device according to aim1 in which one di'schar ge
tube is connected either di ml’m m,["@g a vol tage
dependent resistor to a |live conductor, d the d®ther pOin Ies of

which are 10 connected to two voltage de€pendent resistors one of which is
Connected to a neutral conductor and the other of which is
connected to an earth conductor. 15 12. A device suitable for use in

protecting Qleidd o ddiRiutidct 4P éﬂé’rﬂitxié‘rh%cfrﬁe%txcé)f‘%dri&%}%ﬂ ranged

and adapted to operate substantially as hereinbefore described wth

reference t @ fgdiiittich bétwekh thé gexpeetsvet ahlictahcescand HOtRSHd.NY
electrical installations fromtransients, constructed arranged and adapted

to operabe substantially as hereinbefore described with reference to Figure
3. 14. A device suitable for use in protecting electrical
11. A device according to Claim 1 in which one pole of the
gas discharge tube is ' connected either
directly or through a voltage dependent resistor to a live
donductor, and the other pole or poles of which are

10 connected to two voltage dependent resistors one of which

is - gonnected to a neutral conductor and the
other of which 1i$ ‘ connected to an earth
conductor.

15 12. A device suitable for use in protecting electrical
installations from transieﬁts, constructed arranged and
adapted to operate substantially as hereinbefore described
with reference to Figure 1.

-\%’ 20 13. A device suitable for use in protecting electrical

installations from transients, constructed arranged and
adapted to operate substahtially as hereinbefore described

with reference to Figure 3.



= I nstallations fromtransients, constructed arranged and adapted to

operate _substantially —as— hereinbefore described with reference to
Figure 4. 15. A device suitable for use in protecting electrical

install ati ““ ““ML , constructed arranged and adapted to
oper at e mmum her ei nbef or&® described with reference to.
Figure 5. 16* Mppar aftus® suitable for use in protecting electrical &J-

instal lations fromtransients constructed arranged and adapted to
oper at e substantial ly as hereinbefore described with reference to
Figure 2. 17. Apparatus suitable for use in protecting electrical

installationsyfromt F?ib%gtss% Gt ugégdu%r ;?ﬂfeﬁgﬁgw?ﬂgﬁfgﬁsﬁeéé%

oper at e substanti a ere| nbefor e

Figure 8. 18.id\WPRl Bdt'Sors! rHd {PAnYSENL grfgﬁ&éﬁyd%} é*i é%?oand

installations fromtransients construct e

l(g_pel’at e9 subsdpted! | o aopdiaita nb%ﬁﬂ{g&g@&i@lﬁﬁd Wt h ﬁgggiﬁﬂgﬁohg
i gure 9.

described with reference to Figure 4,

156. A device suitable for use in protecting electrical
installations from transients, constructed arranged and .
adapted to operate substantially as hereinbefore

described with reference to Figure 5.

16. Apparatus suitable for use in protecting electrical
ihstallations from transients constructed arranged and
adapted to operate substantially as hereinbefore

described with reference to Figure 2.

17. Apparatus suitable for use in protecting electrical
installations ‘from transients constructed arranged and
adapted to operate substantially as hereinbefore

described with reference to Figure 8.

18. Apparatus suitable for use in protecting electrical
installations from trénsients constructed arranged and
adapted to operate substantially as hereinbefore

described with reference to Figure 9.
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