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ABSTRACT

Fuses are sultable for preventing excessive damage to the contactor under short-circuit
conditions. Relatively high interrupling capabitity of vacuum contactor allows to oreate
fuse~contactor combination having an operating characteristic like that of a olircuit=-
breaker, The combination may be assemblied on the basis of the coordination principles
given in this paper. Defined also was a new parameter: contactor withstand on cut-off
current pulses, which allows to estimate a breakiyg capacity of the combination. These
coordination principles were confirmed in 1000V a.o. combination interrupling tests. In
take~over current region the breaking task is shared between centactor and fuses,
resulting the ilnterruption of a two-phase fault by the contactor. It may to lead to
revision of coordination principles. '

INTRODUCTION

In the last decade vacuum contactors have been suoccesfully replacing conventional air-
break ones, mainly in 1000V and 6000V a.o. motor cirouits, However, these contactors
exhibit tlie ability to perform very well under normal operating conditions and higher,
than air-break ones, capacity for withstanding the fault currents, their appliéation
in industrial installations at fault level above abt, 10kA is restricted. To extend
application of vacuum contactors, speclal H.R.C. back-up fuses are used to protect them
against high-level faults. Placed ahead of a contaotor or a panel of contactors, the
fuses should be coordinated with the contactors to act only on those faults that exceed
withstand or interrupting rating of the oontactor.

The fuse - vacuum contacter combinations are intended to be applied as an eoperating as
well as protecting devices simultaneously. Theze combinations find their applicatlien
specially in underground installatiens 1000/41140V and 6000 V in mining industry.

In the paper the problems of creating of the fuse~vacuum contactor combiration is
‘discussed and seme experimental results are given,

COORDIRATION CRITERIA AND SELECTION OF COMBINATIOR ELEMENTS

The time current characteristics of realy-operated fuse-contactor combinaticns are
presented in Figs.1a/ and b/.

The Fig., 1a/ presents the characteristic of the combination in which opening of the
contactor can bg initiated by an overload /inverse time/ relay.'In Pig. 1b/ opening of
the contactor oan be initlated by the overload or short-ocircuit /instantaneous/ relay.
The basic difference between these both characteristics are the current ranges at which
the contactor operates alone, preventing fuse to melt.The upper limit of this range
depends on breaking capability of the contactor. For this reason in the first combination
/Fig. 1/ are aga rulé used air-break contactors and in the second /Fig. 1b/ vacuum
ones, It 1s commonly known that breaking capability of vacuum contactors is several times
higher than of the air-break ones. This ability of the vacuum contactors allows to '
create a combination of which performaces and characteristic are the same as those of a
fuse-circuit-breaker combination /Fig. 1b/. As a back-up protection of vacuum contactors
are applied "aM" fuse-links /up to 1000 V a.c./ [1] or h.v. fuses for motor applioca-
tions [2] which are generally used to provide short-circuit protection only=in current
region above interrupting capacity of the contactor conjunctéd with. The contactor is
designed to interrupt overload currents up to its breaking current. The short-cirocuit
current in practice have less likelihcood to oocur in case of fault., The above mentioned
combination may be of interest from economical pdint o view since it allows taking better



advantage of the vacuum contactor interrupting performances,
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In Pig.2 are presented time-current gones of a fuse - vaocuum contaotor /overlead and
short-oircuit - operated/ combination.
t
Fig.2. Timew-current zoneg of a fuse-vgouum
tw t\# . . contactor combination type Fig.1b
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4% ourrents up to and not exceeding Ig/selectivity current [3] / the contactor operates
alone preventing the fuse-~link to melt. & take-over current value IB is determined after
I,EC Publ,for c.b gombinastions {3] . In some standards e.g. Pollish Standard the takew
over current is defined in peint' I, . /Fig.2 / Taking into account the width allowed
by the fuse standard zone, 1f the takewover current 1s defined in point Inax 008

cennot to create the combination [4,5] . Note that valne I in Fig.2 is equal to the
ISmax’ for which the ordinate is upper limit of a pre-aroing time tpmax /not shown in
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Fig.2/. For longer times, about 4080 ms 4 the pre-arcing time is nearly equal to the
"eperating time value /tpmax = t‘f. Within the current range Ig - I, the breaking task may
be shared between relay-operated oentactor and fuse, or one of these apparatuses may be
entrusted alone with the task of -interrupting the fault current only. Closer to the
current Is mozreé probable is operation of the contactor alone but closer to the Ic more
probable is breaking by the fuse only. ?he ;B current value should he lower than inter-
rupting capacity of the contactor. The meax value is concerned with the operating time
zone of relay=-contactor assembly; the widith of this zone depends on quolity of both
aparatuses, The best praotice 1s when components of the combination can be assemblled
togather by one manufacturer which is able to guarantee that the combination will operate
gsatisfactorily. Fevertheless, in some cases #8a rule in Polish practice/ the ocombination
oomponents may be grouped togather by systeﬁ desinger or user who must ochange the fuse
to another one, or to one made by other manufacturer.

For this purpose the following datyg ere needsd:

a/ relay.vaouum. centactor assembly:

- breaking ocurrent Iu

-~ peak withstand current /without fuse/ igz

=~ pulse withstand ourrent /with fuse/ 1

- maximum time-current characteristic ty = £/1f
b/ fuse data

- time-ourrent zone t_ = t, = £/1/

- out-off current characteristic 10 = £/1/
The value iss is given by the contaotor manufacturer as anieleotrodynamic withstand.
When the contaotor is used with fuse, the contaotor withstand value varies greatly.
After authors'investigations the pulse withstand value of Polish SV type vacaum
contaqtérs i1_ 18 1.5 - 2 times higher. than peak one isz‘ Similar value is slso given
by Sapute [6] .
The combination coordination prinoiples can be desoribed by means of the following
ralations:

. x/\<\:{s It <y

/2 %QI"; IYIB [ty =t/
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/4/ t, é 10ms Meg > 4/
/5/ % 42\ 10ms 1y 2 1o

w
wherat iu ~ peak short-circuit current

1° - cut-off current of a fuse-link
for other symbols - see Figel,

When the value i_ for az contactor is not given in the ralation /5/ one substitutes
instead of 1_ the 1“ current value., In such case the breaking capacity of combination
will be lower /Fig.3/

The relation /1/ evaluates a minimum rated ocurrent of the fuse-link, and the relations
/2/~/5/ the maximum rating of the fuse-link, The intention of deaigner is to select the
fuse-link rated with so great ocurrent as 1% is possible. :
Breaking capacity of combination may bs found from characteristics shown in Fig.3.

In this Plgure are assemblied time - and cut-off ourrent charasuteristies, Having
time~ourrent characterlistic and contactor bresking ocapacity the breaking capacity of



combination I wz B3Y be estimated and inverserly: if the 1,z value has been fixed, the
main gates for time - ourrent charasteristio, needed by fuse-linka designer, may be
estimated from Fig.3.
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BACK « UP FUSES
In the Gdafisk Branch of Elecirotechnical Institute new low powsr-less fuse-links for
: back-up pretection of vsouum conitactors 1000 V and 6000 V a.a.

have been designed.
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The 1000/1140V "aMM" gategory fuse~links /Pig.4f type WoSV5=-1: rated 125, 160 and 206&,
type WoSV7-1: rated 200, 250 and 315 Ajare capable of interrupting fault currents up to
50kA. The power-losses of these fuse-linke sre very low 1,e.: below 237 fa 200A fuse-
links. and 41W for 3154 fuse~links. & maximum temperature-rise oo fuse termirnals is noi



higher than 40K, This is particularly important for coal-mine switch-gears in which the
fuse~contactor combinations are in special explesion-proof casings. Environment tempera-
ture inside of the casing is often above 50°¢, The new fuse-links have substantially
high ourrent - limiting ability /Pig.5/ and resistasnoce to pulse overloads f.6.8
a/ Copper strip fuse elements ~

- 50 pulses with test current k,.I /41/, pulse da.ration 155, interval between

pulses 450s; /after new VDE [7] /

b/ silver strip fuse elements - 80 pulses with current valus and duration same as a/,

intervasl between pulses 90s,
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The copper fuse - elements fulfil the requirements for "aM* fuses of normal execution,
the sllver ones fulfil more severe requirements for minimg exscution.
New designed h.ve-fusa-links type WoHS¥7=1 for meotor circults /partial range/ /Fig.6/,
rated 160, 200, 225 and 2504 fulfil requirements 62 IEC Publ, 644 (2] ,
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contactors type HSV7.

The fuge~elements of these fuses may be of silver or copper strips., Coefficlent KX,
estimated after IEC Publ 644 [2] s 8paoifies overload curve. After thils ocurve, the fuse-
livk when submitted to overload oyolle pulses should not operate., The K valus for
copper strip-elements 1s 0,62, and for the silver ones: 0,66,



The WoHSV7-1 type fuse~linke are destinated for industrial and coal-mine powsr systems
with fault power up to 400 MVA. Current — limiting properties of these fuse-links are
shown in Fig.7. ’ -
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/Theiy naximum interrupting capabllity, up to now has not been verified/. The powar
losses of these fuse~links are relatively low, i.e.: 100 W for 1604 and 150 ¥ for 2254
fuse-links; temperature rises on terminals - 20K and 28K respectively.

FUSE AND VACUUM CONTACTOR COORDINPATION IN FAULT CONDITIONS

In order to veriiy the coordination principles /relation 1-5/ short-cirouit ieSts of
1000V a.c. oombinations have been varried out. These tests contained also verification

- of short-circuit withstands /without and with fuse/ of vacuum contactors [6] « A current
flowing through the oclosed contacts of contactor causes an electrodynamic foroe to aot in’
the opposite direction to the mechanical force to malntain centacts. This leads to sepa-
tion of contactor contacts and can develop substantisl arcing snd heat which cause
ocontacts welding. The electrodynamic force acting between contacts 1s proporticnal to the
square of the current; the energy converted to heat in the vicinity of the separated
contacts, when areing, is proportional to the time duration. For this resson the value
of 12t was taken as a characteristic parameter of contacts welding phenomena.

The Table 1 presents withstands of vacuum contactors types SVS and SV7.

Table 1. Results of short~ciroult withstand tests of vacuum contactors

Type Rated Breaking Power el.dynamic withstand getitgrough
current capaclity factor oule s
I ' 1 ’ P ’ ;ithoui wi:h fuse, integral,
n ] cos use, i, p 12t
L

- A XA T.m.8, - kA peak | kA peak | x 10°4%s
svs 100 2,5 0,35 -9 1% 15
V7 250 §,0 0,35 12 43 40

Taking into sccount the i_ current values given in the Table 1, from the Fig.5, the short
- circuit breaking capacity of the combination I_, / see relation /5/ and Pig.2/ may be
estimaeted as follows:

8V5 combination:s abt., 24kA r.m.s,.

SV7 combination: above 60kA r.m.s.

The present fault ourremt level iz Polish cozl-mine 1000V power systems is not higher



than 11k4, for this reason the combinations as above were verified with the test
current up to 15k4& only.

The short-ocircuit tests in take~over ocurrent region I - Ic,Fig.z,hava ghown that the
performences of the contactor are much better than could be expected on the basls of
Fig.2. The characteristic 1in Fig.2 is for single~phase symmetriocal current [4,5] «

In a threse-phase fanlt oirouit, at leasst in ithe two-phases asymmetrical current is flo~
wing. Henoe the operating Joule s integral of the fuse in these two phases differs from
the one where symmetriocal current ccours, This why in a three-phase clrouit the shorter
operating time, than in time-ourrent characteristic, may be expectad.

Maximum and minimus possible relative r.m.s. values of asymmetrical current Iz/I versus
time are presented in Fig.8:
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where: Ia - r.lM.8, asymmetriosl ocurrent
I - r.m.s. symmetrical ourrent
ia - instantaneous asymmetriocal current
13 - instantaneous symmetrlosl ourrent

From Flg.8 the possible walu._es of take-over ourrent can be obtained i.e.:
For oontao@or operating time t1 = 40ms the take-over current may be within limits
/1-1,5/ 153 for t, = 1ms the teke~over current may be /0,01~1/Ip.

When Iz > I, in one of the phases the fuse operates as the firet, then the three-phase
fault inverts into a two-phase fault, The latter may be easily interrupted by a :
contactor-twe contaots operats in series. This explains that if aven the coordination
oriterion /2/ is not fulfiled, i.e. I; > I,, the contactor is able %o interrupt the
take=over ourrent satisfactorily. It leads to the oonclusion that in the relation /2/,
ingtead of the breaking capacity value I , e.g after [3] 4 other value may be used,
estimated in two~phase interrupting testz, as this is recommended by Polish Standard{s].

CONCLUSIONS .

s The fuse-vacuum contactor combinations may be used in power circuits at fault power of
400 MVA /1000 volts/ and 250MVA /6000 volts/, respéotively. The majority of faults may
be interrupted by oontactor, what is very important for a continuity of service

e The combination above may be applied ss an operating and short-oircuit protective davice,
gnd in this case no additional oircult-breaker is needed.
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*0n the basis of the glven coordination principles the bresking-~capaoity of the combination
can be evaluated by the designer. The =sdditional contactor psrameter has been introduced:
the contactor withstant for cut-eff current pulse.

¢*The tests and analysis of fuse-contactor coordination method in reglon of take-over
ourrent, shows that the bregking current value, whioch is compared with the tske-over
ourreat , may be verified /higher/ on the basis of the contactor two-phase interrupting
testa, It leads to 8 higher covordinsted fuse rating.
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