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Electromagnetic Actuators for Ultra-fast Air Switches
to Increase Arc Voltage by Increasing Contact Speed

Ali Eadivar
Depastmest of Transmissio Lizg a=d Substation Equipment
‘TNiroo Raesearch Bnstimuts (W), Tobran, iran
Akadivargnn ac ir
Dipartzant of Electric Power Exginwering, NTNU, Trondheizs, Norway
alikadivar@mim no

_Abstraci—Ia this arvicle, the previousky knews Thomsen coil
has been wsed 2 am acruator for open-close of 5 protetype power
switch imstead of 2 comventioml sprimg mechansim that can be

i mmmm'nchuh-sni

the opeming
speed 1 50 m's wmd if: momenrum conirol & dizcased throuzn
fisite element method simularion:. Dyeamics of Thomson drive iz
simulaied, and speed depemdencies to the frequency and stored
energy are extracted in few disgrams to facilitate acmator tene-up
to reack thiz comsiderable zpoed for a rather beavy dizk

The contact speed im am experimenml profosype switch it
imcreased up to 125 m's, and the dependencies of the arc voltage

commatation fime for higher fanlt curreats are possible in bybrid
FCLs or HVDC breakers.

opening speed and its effect on the arc volage are the matter of
this ressarch

At first, dynamics of the Thomson drive is simmilated There
are plenty of different desizns of Thomsen drive including coe
or doubled disk [7]. snzle-sided Thomson coil (TC). dowble-
ndlddmecm](DSC)[ﬂ].mdwmmﬂipl!ssm!hﬁzrds
[9]. A practical actaator was patented by ABB in 2018 [10].

Few papers from 70 to the racent years have presented this

considernz s mmpact on the arc weltage [9. 11, 12] A
theoretical 'mderstandinz of a f@st-acting cirouit breaker
mechanism: operated by Thomson coil has been presented in
[12] for the first time. Resonance frequencies up to 80 kHz and
capaciter voltages of § KV were usad to reach the conmct speed
of 140 m's in theory and without current mterruption.

Eeywords— Fasr-elongating arcs; Fault Iim rc.r,l on mechanical i e
Far @rcs; Faals current Hmier distance contraller for the contact pesition was presented in [13]
Finite element medhod (FEM): Thomson P posi L m._olms]
Ulbra-Fast air switches; Variable-lemgth air plesma; was published in [14]
L Ivmmooucmion Fewresarches on the affacts of Ezametry, coil hms
Surveys published in [1, 2] show the most affordable and  Sumber, the distnce berwesn the moving contact, the
technically fasible way o capacity fult qorent limiters  diameter of the wire, the inner radis of the codl. the mmmber of
(FCL) desizn, for the ime bemsz, is using two fypes of hybrid  layers, and the mumber of conductors per layer, a a5
systems; the first uses semiconductors combined. mpn_;.._m distance between coil fims wers executed gh finite

caloulation of instantaneous arc voltage at comnmiation time,
and it is dependent on many factors like switch peometry,
cooling contact material arc current, and opening speed. Other
dependencies were stadied in [§]. tur investgating the feasible

element method (FEM) simulation and
spead range of less than 40 m's [11, 15-20].

Fault curent infemuption with an mnovative &t switch has
been reported i [17-19] for the first dme Ar wvoltage
measursment was published only m [14. 17]. Mechanical load
anﬂd:zgngvnl;ps varied to characterize
pﬂ'ﬁmmnoe ﬁleacnmmlog_vm[ﬂ]\nueefm
ing smdy oo actiator
pammasm ﬁnd)nzﬁcutpmmsimq]mmgmeﬂﬁqgn
from the practical point of view.
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A Novel Algorithm for Improving the Overcurrent
Relay Coordination with the consideration of EV
Charging Station

Mostafa Goodarz, Bita sadat Mouprvar, Armen Safaei Mohammad Mozaffad
Transmizsion and Substation Equipment Research Department
Niroo Ressarch Institate
Tehran, Imn
meoodarsigieri acis. asafaeiginri ac ir

Absiraci—Concerns sbout the envirsnmenial iszues smch
as OOy emivsions and sir pollaton have imitisied the
injecties of the slectric vebicle: (EV:) into the ranspartatien
secter. With ths ion of the EV: ity the distril
system, 8 varmety of problem: will emerge. One of the
wm.mdlhnm-mpm

on of the relays’ o i
:rln:luﬂ'md:b 'z, To improve cesrdinaton with the
eziztence of EVs, a meovel alzorithm, based on the semetic
algarithm (GA) it +uggested for optimirisg the relay:’
operating tme. Thee, the effect of the EV:" pnh-l capaciry
is imvesdgated on the relay:’ pickup and circuit
current, and the operating dme.

fon_system; EV: relay;
soun&nlim Mahwﬂn aperating fime

I IvRoDucTION

By the mpid usage of the eleciric vehicles (EV), it is
estimated that their penewration miv the automotive wea
will incease in the years to come. The electric vehicles
reduce CO., emissions genemted by the tmmsportation
sectar, mmmgmeamlnmefﬂ’:edlmlog)
because of the associated environmental sues. EWVs
significant advantages are their low enerzy consumption
and ooz, along with their zero emdssions. However,
increase in the usage of EV: will result in the need to
comstruct the EV charging stadems (EVCSs) in the
comventional distmbution system, meaning that the inirial
step is to upgrade the system for EVCS: consmuction.
EVs can chargs their batteries with an off-board source
like the power system. Moreover, they can deliver snergy
to the power system during the discharging process. Thiz
iz called the V2 abiliry, which comresponds to the EVs
behaving m a diztributed gensmtion (DGs) mode. [1-3].

Thup'plmnunfEVstlleadmﬂunegm:!nf
some significant elactrical fssues inchading protection,
reliability, stability mdpann.allrsrlfwmm.]ll&a
sudden dizcharge of ensrpy may cause 2 voltage swell at
the related dismribution point of the connection. Among
memmnmedlssn&mepu'mmas_m:tphysa
significant role which nesds serious

researches [1]. Overcument protection iz ane of the most
crucial areas of procection in any distribution system. The
overcurrent relays must be coordinated property with each
ather to prevent power devices from damazes due to fault
owrents. The inmreazing meagration of EVs ln:hpow!r
erids can have severs impact om

coordination of relays. A.Lm.mml:nauemmem'benf
faults in the power syst=m, and comssquently the EV's
protection faihres, can camse farther damages to the
power system. The main problem: m the protection of
EVs are:

1) Improper and nom-opamal comventional setimgs
Jfor evercurrent relgys in the exisience of the ET5.

3) The evercwerent relay:” operanng time [T guite
Tong that can e harmfll to the pawer fystem.

These problems are the dawback: of lacking a proper
coordination techmigue when the EV are connecrad to the
enid. Hence, optimization iz nesded for the improvement
of the coordination process. GA bazed optimization
techniques are avadable for reducing the operatmg time of
relays and enbanang the relay coordination. This aspect
is m the scope of the pressnt paper.

The main contribution of tus paper is in the analysis
of overcurrent relay operation., their coordination. and the
shom cipouit lewel of the power system with the
imterference of the EV. Besides, the EV: parking
capacity’s effect on the relays" operation is investizated.
To this end a nowvel alporithm based on the GA i
proposed and implemented on the IEEE 33- bus system.
The suggested algarithm’s main steps are as follows:

1. Simmlation of the comesponding charging load.
The lead that is nesded for the charging of EVs
is 2 function of factors including: battery size,
charging rate, type of the EV, and enargy
Consumption per umit distance, the behaviar of
the EV owmers such as the covered distance. the
enmy and exit time, tc.
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