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in the field of electric contacts from
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3.4

5N, Kharin
Kazakh-British Technical University
KETL
Almaty, Kazakhstan

AbgrackThe mathematical model desoribing the naom-
swtionary temperature field in & bimetallic condac
comsisting of @ bemic malerial amnd a covering i
presented. It & based on the axially symnmetric heat
wipuation with the boundary condditions including an arc
heat fhix entering the covering surface and the ideal
heat condad on the interface hetween covering and the
hasic muaterial. The arc heat Mux comsists of the several
comapmends relating to the heating due to the eledron
andl ion beomabardnsend, are rad islion, inverse electrons .,
amdl coaling due to the eleciron emision, meling and
evaporation. The dynamics of all these componends is
caloulated for the briss condacls with the r"l.j.{'fﬂ'ﬂ

covering. It is found that the transition from the
mietallic mrc phasze to the gameous arc phase ooours due
o dynamical redistribution of the arc heal oomponents.
The resuling temperaiure fiekds in the hasic condacol
amdl the covering enable us to choose the parameters for
the opimal thickness of covering.

Keywords « elecirical comfacls; swface coaling; ar
erogon; mal lveovadical orod el

Mathematical model of the arc erosion in
bimetallic electrical contacts

H. Nouri
University of the West of England
Bristol. UK

B. Micdzinsky
[natitute of Innovative Technologies EMAG,
Katewice, Poland
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5.1

Impact of the contact material on the extinction
process of low voltage DC arcs

Matthias Streck Frank Nothnagsel
Depariment of Elecirical Engineering D partment of Electrical En gineering
and Information Technology and Information Technoksgy
Technische Universitit [mensu Technische Universitat [menau
lmenaw, Germany [ nann, Germany
muatthizs. streckii - ilmenawde frank. nothnagel@iu- ilmenaw de

Absgracs—One major challenge of the recently upooming M
netwaorks is the switching off process. Switching off a circuit
means to bring the flowing current stesdily down to zero. The
switching element of classical mechanical switchgear is an electnic
arc. By special measurs  within the switchgear the arc's
conductance is lowersd until the arc is extinguished. This paper
illstrates the dependency of the maximum rate of decresse of the
arc's conductanoe on the contact material. Three approaches are
presented to analyiee the arc's dynamic behavior and ©onapared
with each other. The obtained results of the different contact
materials are discussed.

Keywords—confact maieral; elocine are; DO dymamic
behavior; dreroval inertia; 8omve con gdand; switching o ff process

Frank Berger
Duepantment of Electrical Engineering
and [nformation T echnology
Technische Universitat Imenaw
[ meaw, Coermamy
frank berge rgitu-i lmenaw de
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5.3

Breaking performance of a dc contatcor for high-
voltage dc on-board powersystems

Hendrik Kopt, Emnst-Dieter Wilkening, Michael Kurmrat
University of Braunschweig
[nstitute for High Yolage Technelogy and Elecwical Power Systems
Braunschweig 38 1 (6, Germany
e-miail: - koepfE - braunschweig,

Abgirart — Fundamenial changes in energy supply have raised
an increasing demanad of DC lechnology for example in elecinic
wvehiches . These syslens operale in a vollage range up o several
humadred vaolis and nominal currents of several hundred amperes.
Lithiume-ian balleries are used as energy souroes in these sysiens,
which are capable of generaling Guli currends  of  several
kil oamapeeres . The elecinical reguire menis for swilching devices in
these syslems are lechnically challenging . As a conseyuence of the
demand for  high  performance powerlraing,  delailed
investigations are necessary o cope wilth more powerful lthiom-
ion batteries anad rising sy=lem vaoliages.

In the currend siuwdy an arcing chamber with a dowble contact
configuration has been designed Tor the application in an
aulomolive pawerlrain for a syslem vollage of 430 V. The
chamber i syuippsed with splitter plates. The breaking hehavior
afl the arcing chamber has been investigated for prospecive
currends up bo 2000 A @ well as different lime constanis up io
A nm. Dilferenl arcing chambers and their influence on the arc
harve been lested. Furthermore, different designs of the arcing
chamber and the effeclt on the arc movement and guenching
heehawior have been iy esligated.

Keywords = swidchyear, direct cinmand, de, arc splitier bladrs,
Inigh=-vollage; amfomolive power brair, on-board power sysieors
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6.2

Experimental investigations on plasma pressure in
a narrow gap for short time currents

Tobias Kunge, Tobias Harmut Kopp, Michael Kurrat
Technische Universitii Braunschweig
[mstitwie for High Veltage-Technology and Elecirical Power
Systems - elenia
8106 Braunschweig, Germany
e - hraunse hweig. de

The experimemial research shows e presane of @ shont=8oe
plasama i g marrmw gap willt fwo anlled docks. The plasora pressane
is recorded by a pirzorleciric sevsor witlh a resomant fregaency of
HIQEH: and & presone murge of 889 har, Theee differem folal
crogs sections of the ol doct of 2 onn?,  ovoe? and 8 oor? are
drsied by applyirg a sorge corremd formad as an 820 gy anparlce
wilh amplitndes of ¥ kA, 1T kA and 23 BA. The reorded plasora
presse shows the belravioar  divring the ampalve amd  dhe
courrparisoar of e Efferrem reonded plasama presamres yields e
imfTaenee of the dfferemt comem amplitndes and owddel diwcts. The
knowlrdpr abowt the behaviowr and the infTrences of different
prouredries gives & fosd indiraion of poscibiliies & comiral $he
plasima pressnre.

Keyworde—singe  crent;  plooma  presanre;  spark gap;
Iphdmig profecion

Tim Krause, Jirgen Bewersdorff, Frank Lienesch
Physikalisch Technische Bundesanstalt
81 16 Braunschweig, Germany
Tim. Krausegipibade
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6.9

A new software-based control unit for fault
detection and isolation in LV DC systems

C . Klosinski, N.G. A. Hemdan, M. Kurmrat I Meisner. 8. Passon, F. Gerdinand
Technische Universitit Braunschweig Physikalisch-Technische Bundesanstalt. Braunsc hweig.
[nstituse for High Yoltage Technology and Electrical Power Germany
Systems — elenia E-T-A Elekirotechnische- Apparate GmbH
Braunschweig, Cermany Alidorf , Grermany
¢ klosinskif mu-brau nsc hweig.de, n.hemdan & - jehann meisner @ pibde , st phan. passon @ pth.de.
braunsc .'“, . T y . ST > ool T i =

Absiract — More loads in dala cenders, househalds, eleciric
vehicles, amd board nelworks are supplied by DO pawer.
Therefore, different ©hallenges in DC sysiens are need o he
laced. As the DT sysiem vollage inoresmses, efficient and cost
efleclive DC cirouil brekers with high swilching capacily are
required. Hence, the development of reliable indelligent DO
swilching componenis and  proleclion concepls & becoming
imcreasing by imporiant. In this research project a sollware-hased
comdral unil with distribuled swilches for bw-vallage NC sysiems
has been developed. The proleclion concepd is based on the
mezmurement of currend through the swilches and vollage acorms
them, using curreni and vaoliage sensors. A fauli detection and
allocalion algorilhm ha been propess] and implemented in
LabVIEW platform. As a resull, the control unil can specify the
misl suilalle swilching decisions. DilTerent faull locations and
Ly pees have been lested inthe laboralory . The faull deleclion lime
and faull walation lime have been lested in an experimental 24 W
D et selup with a specific network topalogy which has been
eslablished in the laboraiory. Hence, the funclionality of the
comdral unil hee been verified.

Keywords = Smand  Modular  Swikchgear; IO sysieors;
proteciion coorlination; anteligent swilcling

ICEC 2016 11



6.10

A study of the Motion of High Current Arcs in
Splitter Plates using an Arc Imaging System

W MeBride'=, D Shin' T.Eull
"WUniversity of Southampton TaiCaan Technologies Lid,
Souwhampion, UK, 8017 [B] 2 Wenture Road,
University of Southampton Malaysia Campus Southampion Science Park,
MNousa jaya, TO2, Johor, Malaysia Southampion, Hampshire, 8016 THNP, UK

Ahstract Are modelling is a valuable tool in the evaluation of
the switching performance of low-voltage switching devices
{LVEDs} prior to testing real products. All modelling process
requires & validstion of the results sgainst experingental stodies.
In this study an arc imaging svstem is used to investigate the
arcing phenomena in splitter plates. The imaging syvstem is
applied to & fMexible test apparatus which allows the control of
important feature of a typical LVSD. The results show the
formation of the arc into the plates and the separation of the arc
ms @ restrike ocours in the main are chamber. The phenomena
results in & rapid redoction in the src volage before the are re-
enters the plates.

Keywordscomponens; Are fmaging, Splhger Mates,

ICEC 2016 12
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11.1 Accelerated Degradation Testing for Aerospace
Electromagnetic Relay in Long-Term Stockpile

WANG Zhao-bin"*, FU Sai’, SHANG Shang', ZHAI Guo-fu’

! School of Electron ics and Information
Jiangsu University of Science and Technology
Fhenjiang, PR China

“Post-Doctoral Research Center, School of Mechanical Enginecring and Automation

Abgraci—It s difficult to ohiain the f@ilure data of high-
reliahility and long-lifetime aermpace electromapnetic relay,
even il based on the traditional ascoelerated storage life testing
methal. Aiming at this issue Based on the reliability test
technique, the scheme of accelerated degradation testing for
acrmpace relay was designed. The test system of aerospace
clectromagnetic relay storage parameters under temperatures
accelerated stress was designed and developed. Taking a certain
acrmpace dlectromagnetic relay as the research ohject, the
acoelerated storage degradation testing (ASDT} was carried out.
The most past research on storage reliabdlity of relay only
focuses on the measurement of relay contaol resistance. Andl, the
relay time parameters {closing time, opening time, overtravel
time, rebound duration time} which reflect main performance
function was nol monitored. 5o, in this paper the relay time
parameters  amd  relay contact  resistance  were  deteched
simulaneously. The test system of relay storage parameters
could be implemented the function that the contacl resistances
amd time parameters of 40 aerospace relayvs under several
tempeeratures were monitored sutomatically st the same time.
And, the test system transmitted the test data to the hast
computer  for  processing. According to the  analysis
onexperiment  resulis of contact  resistance,  relay  time
parameters, the degpradation phenomena and  depradation
mechanism of arrmpace dectromagnetic relay in hng=term
storage are investigated. These stwdies provide the basis and
reference for latter aermpace electromagnetic relay storage life
prediction and using  the method of prognostics and  health
management.

Keyworde- siorage reliabiliny; accelerated degradation Sextirg:
elecironna gnedic relay; com@act resisiance; Gore paramefers:

Fhejiang Sci-Tech University
Hamgzhow, PR China
* Schaol of Electrical Engineering and Autmation
Harkin Instituke of Technology
Harkin, P.E.China
E-muail: wangzbéjusteducn
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11.2

Influences of Contact Opening Speeds and
Magnetic Fields on Break Arc Behaviors of
AgSnQO; Contact Pairs in DC Load Circuits

bMakoto Hasegmaa® and Himoya Sonobe
Faculty of Science and Techno kg y
Chitose [nstitute of Science and Technolegy
Chitose, Japan
*hasepawadiphoton.c hitose.ac . jp

Abstraci—RBoth  increases in conlacd opening  spesds amnd
application of extermal magnelic ekl are belieyved o be elfedive
for realizing redudclions in break arc durations. In this paper.
AgSnll: condacl pairs were aperaled in a DO inducive cirouil
{L=10mHp with 1 to 20 A& ol 4% under difTerent contacl opening
speeedds of lmm's amd 300mm's and wilh or withoul magnelic Geld
application of 1mT, aml break arc duralions were measured.
As @ resull, both inoresed condac opening speed amd applied
exlernal magnetic fGeld swrely coused cerlain shorbenings of
lreak arcs. However, each of them seems o exhibél different
influences an melallic phases aml gaseous phases, respeclively.

Keywords—comlact opeming spead; magnelic fuld; break amc;
AgSmllz; velallic phase; gasrours phase

ICEC 2016
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11.3

Electric Circuit with Passive Elements for
Suppressing Arc Ignition in DC Contacts

Moboru Wakatsulka
Faculy of Scienee and Enginecring
[shinemaki Senshu University
Minamisakai, [shinomaki Japan 986-B580
Email: wakatukid@isenshu-u.ac jp

Abstraci— The authors have studied the melting phenomena
ol hreaking eledric contacts, When the list stage of contacling
currend shuts down, a micro seconds order delay of the rising
oondact voliage from the melling condact volage L to arc
vollage Vais able to intercepd amc ignilion. This paper proposes
an improved circuit of only passive elements (two diodes, a
registor and & capaciorf connected in parallel with electrical
contacts. The roll of an additional diode and a resistor i to
discharge the capacitor by the next making operation of the
condacts. We describe here the interpretation of  phoysical
phenamiena and the design principle of the circuil . We shaow the
experimental confirmation of & relay, a thermal switch and a
ourrent fuse.

Keywords—Elrchric  comlacts, Arc  ignition, Relay, Fose,
Theromal swich, Foitdal are, Transiemd corremd swidch

Takashi Saito
Faculy of Science and Enginecring
[shinemaki Senshu University
Minamisakai, [shinomaki Japan %86-B580

ICEC 2016
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12.2

Model of an Electric Arc for Circuit Analysis

1. Andrea, M. Boumat E. Landfned, Ph. Teste 5. Weber, P Schaeitzer
Estedize Poner Sysems Creels, UMR CMRES £307 Comtm e Sapeiboc Ll versité de Loemime - letivot Jeam Lamncer
S omdary Flacerical Dissribetion Dhpa rement Ulesiv. Paris-Sed, Usiv. Pors-Socky, Usiv Paris & WLAE i
Sarralke, Framee i mer ¥ vetie, Promes e v, Frram oz
o beoarma B me e ol Bex.c o e e s e mrabe e e i i s e i o e - oo e

Abgiraci— This paper presenis a mathematical model which
dlesc ribees the behawior of the dectric anc in drodis. The mode is
compared wilh the dasical Mayr-Adype model. Simulations and
reals arcing cwes are  disowssed for three common ancing
siluations. Resulls shaw the good performances of the presented
madel] com pared to May r-iype models.

Keywords—Eleclnc Ar; Electric Are Model, Circwit; Mayr
Model; Shavemaker Model; Circod Breaker; Are fanli; High
Vollage Arcing;

ICEC 2016 17
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12.4

Thermo-Mechanical Stress in Electrical Contacts

due to Arcing Events

Time Mikzel, Michac| Bender, Frank Hering haus

Ui are AL & Co. KOG
Hamau-‘Waollgang, Germany
Hms et ee] G e umik are com

Abgracs—Silver tin oxide (AgSnih} contact materials are
widely wsed for relays and contmcor applications. A general
trend in thee applications is the steady ministuriestion of
switching devices. resulting in growing energy densities to he
handled. The higher aming energy densities in such new designs
are inducing inoressed themma-mechanical stresses in the contact
mesterial. Ax these stresses cannat he messured., FEM simulstion
was applied to make them visible for heavy duty break arcs
Bamed on these simulations and the understanding of the maternial
stress hehavior of the complete system {sub-assembly) significant
imgprev ements can he achieved.

As contaet materials are procss driven products, & new
generstion of Ag/Snld; mateniak with sdopted siress release
behavior was developed. Basis for thee developments were
therme-mechanical FEM simulstions on material behavier
during processing and application. A particular fecus in this
aplimdzation was placed on the milling and dsdding processes s
final production steps. The significant improvements by
aptimized Ag'Sn(: contsct materiak were finally pmven hy
heavy duty endurance tests in contactor applications and have
heen benchmarked sgainst sther productien technologies, eg
sintered AgSnih contecs.

Kepvarde—contacd  matenial:  sher dn avide  dharmes
mral anical sress

M -Planck- Instinun fiir Eten forse hung GmbH

Duancheng Ma

Diisseklorl, Ciermumy

ICEC 2016
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13.1

Silel Chen, Xingwen Li, Jlayu Xiong

State Key Laboratory of Ekctrical Insulation and Power

Equipmin
Ki'an liaotong L niversity
XKi'an, PR China
swligimail xjiweducn

Abgrag—38¢ries arc faul  that frequently osoours  in
photovaliaic PV generation system  greatly reduwces saflely,
economy and stability level of the operating system. However,
factors as time-varyving PV sounce caused by weather, ouiside
eleciromagnetic interference especially from the inverter make
PY series arc fault more comaplex to be detected.

This paper aims o providing & relatively reliable method for
@ new smaart device called are Gt cirowit intermupler (AFCT) to
prevent FY system from threats by arc fault. In this paper,
norml el ectric signals, fault deciric signak and fault-like electric
signals have heen acguired via an e perinental plaiform with PY
system and different loads. Bringing PV series arc fault into the
system, fault eleciric signals appear transient-siate stage and
stentdy-slate siage which is alzo sdjusted by inverter waorking
mode. Fault=like eleciric signak have nearly the same transient
process as fault eleciric signalks. Euler method based on electric
change and short time Fourier transformation {3TFT} hased on
harmonic change are chosen to disgnese this kind of fault. A
relatively salislying synthetic algorithma besed on & detection
variable from each methasd has been proposed o identify fauli
condilions regardless of interference by fauli-like conaditions.

Keywords—photovollaic senies are faunl; symihelic defection
ametlvod; fanll-Dkr condifiomws idemtification

A Synthetic Method for Photovoltaic Series Arc
Fault Detection with Different Loads and Its
Identification

Chan Wang
School of Science
XKi'an University o f Technol goy
Xi"an, PR .China

ICEC 2016

20



13.2

Impact of Arc Root Mobility on Electrical Contact
Life of Ag/SnQ, Composite Rivets in DC Relay

Jonas Schyeiber . Tobiz Rohde . Volker Behsens. Thomas Honig . and An Guojian (%)
LU0 GmbH. Plorzheim, Germany and {*) DODUOO (China) Co., Ladt., Tianjin, China

E-Mail:

Abstrag = To chedk the possible influence of arc rool mo biity
an the mnlad ermion of compaosite rivels in B auiomaolive relay
applicaliong a model swilch i designed 1o messure the arc rool
s tiom with high time resolution. Seven difTerent silverflin ocide
malerials are examined under TOA inductive loal = six of them
manufaciured by internal o xidation, one by powder medallurgy .

The experiments reveal a maledal transfer from ansle 1o
calhale for all materials. For mosi of the malerials the resulis
shaw @ lendency o lower anode condacl emszion with higher
anale arc rool mobility.

Comparing the materials o sach other the finding & jusi vice
versa: lhe mlerials with higher anode ermion show  higher
anmsle arc rool mobility. Thus il i conchuded that the nmin
parameiers for anode erosion are condact malerial properiies as
axitde conlend, manufaciuring  proces, addilives amd  oxide
parlicle distribudion.

While keeping these paramelers consland. higher arc mobdily
usually comes along wilth lower conlacl erosion.

Kepwords — AgiSmld; comac! materials, amiomolive relays, arc
rood mobildty, oraterad rmnsfer, imiermal o odo o
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14.3

Mechanism analysis of the electronic connector
failure caused by micro-arc

Hui Wi Liangun Xu
Beijing University of Post and Telecommunications
BUPT

Beijing, China
Email: weihuwi 20d@bupt cducn
lizw@bupt educn

Absriger—»~As we k.lL-::-'.'n'. clectric erosion caused h_'.- are woild
affect the reliability of contact, and there are many related
rescarches and analysis results. But generally in the condition
of low voltage and low current, the influences of arc are
ignored. In this paper, a failure phenomena which happened
on some clectronic device was shewn and  the failure
mechanism was analyzed. The resulis show that even woliage
is lower 5%, arcing effect would alse cause comtact failune
under centain conditions,
Keywords—are condact; falure; carbonize: lehrcani
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15.1

Contactless Connectivity

Drirk-Jan Riczebes, Gied Habraken, Peter Jacger, Winand van Gils
Auvamesd Development Industrial
TE Cammactivity
‘S=Herlopenbosch, the Metherlamds
e ne. oo

Abgract— Emerging technologies are applied to create a new
category of "contasctless couplers”. Various coupling eptions have
bheen  compared: wltresound, high & low  frequency  RF,
capacitive, optical, infrared and inductive coupling for power
well s dwta. TE Connectivity integrated state of the art
Indudtivdy Coupled Power Transfer {ICPT) technaobegy with BF
technele gy for data transfer inte a M1l sived coupler-to-coupler
protetype, snd developed snd relessed & N30 zized coupler
systene. This new connedtivity system ne longer has the
limitations of physical contad hased connectors, ean increase
productivity of evisting indusirial sapplications, and enshles new
applications. Latest developments focus on & higher frequemcy
RF soupling capahle of of beast handling 1 Ghps dets mtes

Keywards— Comactless, Connavivity, foduarively Coupled
Paver Transfer (1CPT).
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16.3

Abstraci—In  elecirical power syslems amd networks an
immediale inlerruplion & reguired al a f@ull in general. The
inderrupion shoukl kead to & safe siale or Lo damage limilation
for the imstallation and il applicabde Tor service or mainlenance
slall too. However, under cerlain condilions, an interruplion
canna | e exeouled in lime or all hasards cannal be contralled. In
these cases, a permanen! shorl-cirouil & prepared or a safe
interruplion & inilialed by a defined shorl-cirouil. For self-
proleclion of the elecirical apuipment used in installations,
praviding of & shorl-cirowil siale may be reguired in addition e

In pariicular surge proleciive devices (SPI} for high-capacily
syslems with shorl-cirouil currends in the range of several 10 kA
refuire in some cees @ shorlscirowiter. The reguirements for
level anmad duration of sharl-circuil currends are desoribed, which
mu=l he handled in faull cases. During normal aperation, high
impubke currends with already memtioned range of several 10 kA
must b condducted several limes safely, withouwl compromising
the funclimnalily of the powerful shori-cirouiling device.

The woplimization of a conlacl arrangement for reliable
cunducling of impuke and shori-cirouil ocurrends in case of Guli
g carried] oul. Also the condinuous current-carrying capacily of
such arrangement by dlosing and conducling of high shori-cirouil
ourrenis i invesligalbed, (pimization of foroes reguined for the
spring drive of the moving condacl during flowing of high
ourrenis, which & bemel on FEM caloulstions, is shown., Tao
evaliaie the characlerslics of armangement, specific lesis were
performed in Bborasiory with high impuke and shor-cirouit
ourrenis.

In aladition o overlaml proteclion fundlion of overvoliage
prolective device further applications of such swilchgear solution
el o shori-cirouil funclian are represe nled.

Keywords—shont-circuiler, spring drive, aroving comlac sydan
ampurlee cowrremd, shord-circmil cowremd, comlimmors coremd, FEM
calcmbatior , Loraz force

Device Optimization of Short-Circuiter
for high AC and Impulse Currents

Arnd Ehrhardt Eduard Shulzhenko, Michael Bock
DEHN + SOHNE GmbH + Co. KG Grroug for Lightning and Overveltage Protection
N eumarkt, Germany Tochnische Universitt [lmenase, German y
amad. chrhardt@tec hnik dehn. de ediard shulzhe nkogEmu-ilme nau. de
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