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Fuses are suitable for preventing exoessive damage to the oontaotor under short-cirouit 
oonditions. Relatively high interrupling oapability of vacuum oontaotor allows to create 
fuse-contactor oombination having an operating oharacteristic like that of a oirouit
breaker. The oombination may be assemblied on the basis of the coordination prinoiples 
given in this paper. Defined also was a new parameter: oontactor withstand on cut-off 
ourrent pulses, whioh allows to estimate a breakiQ8 oapaoity of the combination. These 
ooordination prinoiples were oonfirmed in 1000V a.c. combination interrupling tests. In 
take-over our rent region the breaking task is shared between omntactor and fuses, 
resulting the interruption of a two-phase fault by the oontactor. It may to lead to 
revi8ion of ooordination prinCiples. 

INTRmDUCTION 
In the last deoade vaouum oontaotors have been suocesfully replaoing conventional air
break ones, mainly in 1000V and GOOOv a.o. motor oirouits. However, these contaotors 
exhibit tije ability to perform very well ~nder normal operating oonditions and higher, 
than air-break ones, capacity for Withstanding the fault ourr~nts, their application 
in industrial installations at fault level above abt. 10k! is restrioted. To extend 
applioation of vaouum oontaotors,speoial H.R.C. back-up fuses are used to protect them 
against high-level faults. Plaoed ahead of a oontaotor or a panel of oontaotors, the 
fuses should be coordinated with the oontaotors to act only on those faults that exoeed 
withstand or interrupting rating of the oontaotor. 
The fuse - vaouum oontaotor oombinations are intended to be applied as an operating as 
well as proteoting devioes simultaneously. These oombinations find their application 
speoially in underground installations 1000/1140V and GOOO V in mining industry. 
In the paper the problems of creating of the fuse-vaouum contaotor oombination is 
disoussed and seme experimental results are given. 

OOORDINA~ION ORITERIA AND SELECTION OF OOMBINATrON ELEMENYS 
The time current oharaoteristics of realy-operated fuse-oontaotor oombinations a~e 
presented in Figs.1a/ and b/. 
The Fig. 1a/ presents the charaoteristio of the oombination in whioh opening Of the 
oontaotor oan b~ initiated by an overload /inverse time/ relay. In Fig. 1b/ opening of 
the oontactor oan be initiated by the overload or short-oirouit /instantaneous/ relay. 
The basic differenoe between these both charaoteristios are the ourrent ranges at whioh 
the oontaotor operates alone, preventing fuse to melt. The upper limit of this range 
depends on breaking oapability of the oontactor. For this reason in the first oombination 
/Fig. 1a/ are a1a rule. used air-break oontaotors and in the seoond /Fig. 1b/ vaouum 
ones. It is oommonly known that breaking oapability of vaouum oontactors is several times 
higher than of the air-break ones. This ability of the vaouum oontaotors allows to 
oreate a oombination of whioh performaces and oharaoteristio are the same as those of a 
fuse-cirouit-breaker oombination /Fig. 1b/. As a baok-up proteotion of vaouum oontaotors 
are applied "aM" fuse-links /up to 1000 V a.o./ [1J or h.v. fuses for motor applioa
tions L2J whioh are generally used to provide short-cirouit protection only-in current 
region above interrupting oapaoity of the oontaotor oonjunoted- with. The contactor is 
designed to interrupt overload currents up to its breaking current. The short-oirouit 
ourrent in practioe have less likelihood to ocour in oase of fault. The above mentioned 
combination may be of interest from economical peint 0 view sinoe it allows taking better 
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advantage of the vaouum oontactor interrupting performanoes. 
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Fig.i. Time-ourrent oharaoteristio of fuse· 
vaouum oontaotcr oombinations 

aI oontaotor with aD inverse time relay only 
bl oontaotor with innrse t'ime and lnstaneous 

relals 
1 - fuse; 2 - vaouum oontaotor; 3 - inverse time 
/overload/ relay; 4 - vaouum oontaotor/or c.b./ 
with overload and short-oiroui t relay; Is, Ie'" 
take-over ourrents; In - oontaotor continuoaa 
ourrent loverload relay ourrent setting/. 

In Fig.2 are presented time-ourrent zones of a fuse - vaouum oontaotor loverload and 
short-oircuit - operatedl oombination. 

Fig.2. Tlme-ourrent zones of a fuse-vaouum 
oontaotor oombination type Fig.1b 
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At ourrents up to and not exoeeding Is/seleotivity ourrent lJ] I the oontaotor operates 
alone preventing the fuse-link to melt. A take-over ourrent value IB is determined after 
I.EC Publ.for o.b oombinations [3J • In some standards e.g. Polish Standard the ta'e
over ourrent 1s defined in point' T_ /Flg.2 I. Taking into aooount the width allowed --.smex 
by the fuse standard zone, if the take-over ourrent is defined 1n point T_ , one . --.smax 
cannot to oreate the oo.blnation [4,5] • Note that value lJ3 in Flg.2 is equal to the 
ISmaxf for .hioh the ordinate 1s upper limit of a pre-aroing time t /not shown in pmax 



Flg.2/. For longer times t about _0-80 ms ~ the pre-aroing time Is nearly equal to the 
operating time val •• Itpmax • tw/ • Within the current range Is - Ie the breaking task may 
be shared between relay-operated oontaotor and ftts~ or one of these apparatuses may be 
entrusted alone with the task of interrupting the fault ourrent only. Closer to the 
ourrent IS mo~e probable Is operation. of the oontaotor alone but oloser to the Ie more 
probable is breaking by the fuse only. The Is current value should be lower than inter
rupting oapaoity of the oontaotor. The T_ value Is oonoerned with the operating time -.Bmax 
zone of relay-contaotor assembly; the width of this Bone depends on quolity of both 
aparatuses. The best praotioe is when oomponents of the oombination oan be assemblied 
togather by one manufaoturer which is able to guarantee that the oombination will operate 
satisfaotorily. Nevertheless t 1n some Case. IllS a rule in Pol,ish praotioel the oombination 
oomponents may be grouped together by system desinger or user who must ohange the fuse 
to another one t or to one made by other manufaoturer. 
For this purpose the following dat@ are needed; 

at relal-vaouum. oontaotor assembly: 
- breaking ourrent I. 
- peak .ithstand current Iwithout fusel i sz 
- pulse withstand ourrent Iwith fusel ip 
- maximum time-current oharaoteristio t1 = fIll 

bl fuse data 
- time-current zone tp - tw = fIll 
- out-off· current oharaoteristio io • fIll 

The value i sz is given by the oontaotor manufacturer as an'Jaleotrodynaml0 withstand. 
When the oontaotor is used with fuse, the oontaoior withstand value varies greatly. 
After authors~IDvestigationsthe pulse withstand value of Polish BV type vaouum 
contaotors Ip' is 1.5 - 2 times higher. than peak one i sz • SimIlar value is alsO given 
by Saputo [6 J • 
The oombination ooordination prinoiples can be desoribed by means of the following 
relations: 

111 I ~ Is It1 < t-/ 
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where: iu - peak short-cirouit current 
io - cut-off current of a fuse-link 

for other symbols - see Pig~1. 

When the value Ip for a oontaotor is not given in the r~lation lsI one substitutes 
instead of Ip the i sz ourrent value. In suoh oase the breaking oapaoity of oombination 
will be lower IPig.)1 
The relation /11 evaluates a minimum rated ourrent of the fuse-link t and the relations 
12/-/51 the maximum rati~ of the fuse-link. The intention of designer is to seleot the 
fuse-link rated with so'great ourrent as it is possible. 
Breaking oapaoity of oombination may be found from oharaoteristios shown in Fig.3. 
In this Figure are assembl1ed time - and out-off ourrent charaCrteristios. HaYing 
t1me-c~rrent oharaoteristio and oontaotor breaking oapaoity the breaking oapaoity of 
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combination Iwa mB7 be estimated and 1nverserly: 1~ the Iws value has been fixed, the 
main gates ~or time - ourrent oharairteristio, ne.ded by fl1se-l1.nkj designer, mat be 
estimated from F1g.3. 
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Pig.,). Bvaluation O'f a coillbiDation 
break1vg aapaoit1 from a fuse and 
oentaotor ahsraoterist1cs 

for t i , tp' twand Ia - see Pig.2; 
In - t-I zone and oat-off oharaoteristio of 

the In-rated fuse; i sz ' ip peak and pulse 
withstand ourrents of a oontaotorj 
Iw -contaotor short-circuit breakiDg 
oapaoi ty; I wz-colllblnation short-cIrou:U 
breakIng capaoity. 

In the Gdansk Branch of Eleotroteohnioal Institute new low power-1m s fuse-links for 
.. ' baok-up proteotion O'f vaOuum oontactors 1000 V and 60l'lO V a.o. 

have been designed. 
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F1g.4. fime-current zones of aM 
fuses for baok-up pro.teotion 
of 1000V a.o. vaouum oontaotors 
types SV5 and SV7 

The tOOO/1140V "aM" oategory fuse-links /Flg.4/ tlpe WoSV5-1: rated 125, 160 and 200A, 
type WoSV7-1: rated 200, 250 and 315 A,are oapable of Int.erruptivg fault ol1lrrents I1lP to 
SOkA. The power-losses ot these fuse-links are very low 1.e.: below 23\'1 ffJt' 200A fuse'" 
links. and 41W tor 3154fuse-links .. j. maximum temperature-rise on fuse terminals is not 
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higher than 40K. This is partioularly important for ooal-min.e 8witoh-gears in whioh the 
fuse-oontaotor oombinations are in speoial explosion-proof oasings. Environment tempera
ture inside of the casing is often above 500C. The new fuse-links have substantially 
high ourrent - limiting ability !Fig.5! and resistanoe to pulse overloads 1.e.: 
a/ Copper strip fuse elements -

- 50 pulses with test ourrent k1.In!4IuI, pulse duration 1513, interval between 
pulses 45013; lafter new VDE [7] I 

bl silver strip fuse elements - eo pulses with current value and duration same as ai, 
interval between pulses 90s. 
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Fig.5. Out-off ourrent 
.har~terist10 of 100V a.o. 
baok-up fuses for Sf5 and 
SV7 types contaotors 

The oop~er fuse - elements fulfil the requirements for "aM" fuses of normal exeoution, 
the silver ones fulfil more severe requirements for. minimg exeoution. 
New designed h.v.-fuse-links type WoHSV7-1 for motor oirouits Ipartial rangellFig.6/, 
rated 160, 200, 225 and 250A fulfil requirements .o1J lEO .Publ. 644 [2] • 
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F1g.6. T1me-ourrent zone of partial range fuses 
for baok-up proteotion of 6000V a.o. vaouum 

oontaotors type HSV7. 

The fuse-elements of these fuses may be of silver or copper strips. Coefficient K, 
estimated after lEC Publ 644 [2] , speoif1es overload ou~e. After this ourve, the fuse
link when submitted to overload oyolio pulses should not operate. The K value for 
ooppeB strip-elements is 0.62, and for the silver ones: 0.66. 
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The WoHSV7-1 type fuse-links are destinatedfor industrial and ooa1 __ ine power systems 
with fault power up to 400 MYA. Ourrent - limiting properties of thes. fuse-links are 
shown in ll'1g. 7. 
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Fig.7. Cut-off current charaote
ristio of 6000V a.o. back
up fuses for HSV? type 
oontactors. 

/Their maximum interrupting capability, up to now has not been verified/. fhe power 
losses of these fuse-links are relatively low, i.e.: 100 W for 160A and 150 , for 225A 
fuse-links; temperature rises on terminals - 20K and 28K respeotively. 

FUSE AND VACUUM.CONTACTOR COORDIN!ATION IN FAULT COKDIT10NS 
In. order to ver~fy the coordination prinoiples Irelation 1-5/ short-circuit tests O,f 

1000V a.o. oombinations have been oarried out. These tests contained also verification 
·of short-circuit withstands /without and with fuse/ of vaouum contaotors [6] • A ourrent 
flowing through the olosed oontaots of contactor causes an eleotrodynamio foroe to aot in' 
theopposlte direction to the mechanical force to maintain contacts. This leads to sapa
tlon of oontaotor oontacts and oan develop substantial aroing and heat whioh cause 
contacts welFlng. The eleotrodynamio foroe aoting between oontaots is proportional to the 
square of the current; the energy oonverted to heat 1n the vioinity of·the separated 
oontaots, when aroing, is proportional to the time duration. For th~s reason the value 

2 of 1 t was taken as a oharacteristic parameter of oontacts welding phenomena. 
The Table 1 presents withstands of vaouum contaotors types SV5 and 3V7. 

Table 1. Results of short-cirouit withstand tests of vaouum ~ontaotors 

Type Rated Breaking Power el.dynamio withstand Let-t~ough 
ourrent, oapacity, factor, without with fuse, joule s 
In I. oosf integral. 

fuse, 1sz ip 
12t w 

~ p- .1 leA r.m.s. - kA 'Deak kA Deak .x 105AZs 
SV5 100 2,5 0,35 9 1, 15 
3V7 250 4,0 0,35 12 4) 40 

Taking Into aocount the ip ourrent values given in the Table 1, from the F1g.5, the short 
- oircuit break1ng oapaoity of the 09mbination lwz I see relation /5/ and Fig.2/ may be 
est1mated as tollows: 
SV5 combination: abt. 24kA r.m.s. 
SV7 combination: above 60kA r.m.s. 
The present fault current level 1n Polish coal-mine 1000V power systems is not higher 
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than 11kA, for this reason the oombinations as above were verified with tbe test 
ourrent up to 15k! only. 
The short-cirouit tests in.take-over ourrent region IS - 1c,Fig.2,bave shown that the 
performenoes of the oontaotor are muoh better than oould be expeoted on the basis of 
Fig.2. The charaoteristio in Fig.2 is for single-pbase symmetrical ourrent [4,5J • 
In a three-phase f~lt oirouit, at least in the two-phases asymmetrical current is flo
wing. Hence the operating Joule's integral of the fuse 1n these two phases differs from 
the one where symmetrioal ourrent ocours. This why 1n a three-pbase oirouit the shorter 
operating time, than in time-current charaoteristic, may be expeoted. 
Maximum and minim t.m possible relative r.m. s. values of aaymmet'rical ourrent 1,,/1 versus 
time are presented in Ftg.a: 
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Fig.S. Maximum 8D4 minimum 
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of asymmetrioal ourrent 
1,,/1 in three-phase 
oirouit. 

t - time measured from a fault 
instant 

From Fig.8 the possible walQ~ee of take-over ourrent oan be obtained i.e.: 
For oontaotor operating time t1 • 40ms the take-over current may be within limits 
/1-1.5/ I.e; for t1 • 1_ the take-over ourrent may be /O.01-1II.e. 
When I. > It in one of the phases the fuse operates as the first, then the three-phase 
fault inverts into a two-phase fault. fhe latter may be easily interrupted by a 
oontactor-two oontaots operate in series. 'his explains that if even the ooordination 
oriterion /2/ is not fuUlled, 1.e. I.e > I", the oontaotor is able to interrupt the 
take-over ourrent satisfaotorily. It leads to the oonolusion that in the relation /2/, 
instead of the breaking oapaoity value I., e.g aiter [3J t other value may be used, 
estimated in two-phase interrupting tests, as this is reoommended by Polish Standard[a]. 

CONCLUSIONS 
-The fuse-vaouum oontaotor oombinat1ons may be used ~n power oirouits at fault power of 

400 IVA /1000 volts/ and 250MVA /6000 volts/, respeotively. The majority of faults may 
be 1nterrupted by oontaotor, what is very important for a continu1ty of service 

• The oombination above may be applied as an operating andshort-c1rouit proteotive devioe, 
and in this oase no add1tional cirouit-breaker is needed. 
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• Ott ~be buis ~ the sivea ooord1J1atiOzl pr1nciple. tbe breaking-oapaoit;r ot tbe oOlllb1natlon 
OaD be evaluated b;r the designer. !he additional oontaotor parameter has been 1J1troduoe4: 
tbe oontaotor wtthstaat tor out-ott ourrent pulse. 

-The tests and anal;rsis of tuse-oontaotor coordination met80d in region ot take-over 
ourrent, shows that the breaking ourrent value, whloh 1. compared with the take-over 
ourre.t , ma;r be verifled /hlgher/ on the basis. of the oontaotor two-ph ••• interrupting 
tests. It leads to a higher ooordlnated fuse rating. 
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