Electronic DC Circuit Breaker FIELD OF THE INVENTION This invention relates generally to a device for
connecting and breaking DC power, and for acting as a fast fuse. More patrticularly this invention relates
to an electric DC circuit breaker (E-DCB) that comprises a high power insulated gate bipolar transistor
(IGBT transistor) that is used for connecting and breaking DC power, and to act as an extremely fast
acting fuseckhenievBQtiOi-taiBRasiteintended to be used on drilling rigs with several motor drives on a
common DC-link. BACKGROUND OF THE INVENTION AND RELATED ART Circuit breakers that are
designed to break DC are commercially available. These commercial DC circuit breakers are typically
designedri@hprdfe BHRAXIMBENIRONET limit at approximately 1,5 kW. Some of these use mechanical

componeqts and some are only intended for use_in small applications suc{lh s house h kd electronics.
Another GIRSF LT HHGSPRRTENAIR BAEHER S TS ARs AR AR BTERLIE oo RS DHAR AL cos the
need of cempanémeeplacement and maintenance. The patent application US 6,738,246 B1 discloses an
electrical circuit breaker for protection against small and large over-currents. This invention operates in
the voltage range 100V - IkV. A micro relay switch is used in conjunction with a component for
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intended to be used on drilling rigs with several motor drives on a common DC-link.

BACKGROUND OF THE INVENTION AND RELATED ART

Circuit breakers that are designed to break DC are commercially available. These commercial
DC circuit breakers are typically designed to handle a maximum power limit at approximately 1,5
kW. Some of these use mechanical components and some are only intended for use in small
applications, such as house hold electronics. Another group of commercial DC circuit breakers
use explosives to break the circuit, which introduces the need of component replacement and

maintenance.

The patent application US 6,738,246 B1 discloses an electrical circuit breaker for protection
against small and large over-currents. This invention operates in the voltage range 100V — 1kV.
A micro relay switch is used in conjunction with a component for short-circuit current limiting.
The micro relay switch is a mechanical switch and switches off small over-currents, and the
component for short-circuit current limiting switches off very large over-currents. The use of the

component for short-circuit current limiting destroys the micro relay switch.

The patent application WO 2007/022744 A1 discloses a current limiting switch that contains a

mechanical switching unit.



WO 2007/020539 provides a current limiter circuit configuration for a battery charging circuit. This circuit
configuration rapidly detects and limits any current variation through a gate-controlled switching device.
The invention is intended to be used in portable and mobile devices. DE 199 55 682 Al discloses a
current limiting device for high voltages. This invention uses explosives to open a current path. The use of

explosivey OruiEs(hes Beeid depleaaeampenaritdaifeoainoptician ebihedavieaiandirsaintenance of

the system. Maintenance takes time and requires spare parts. During maintenance time the system can
not fully gﬂ?ésréi{é?‘iljé‘égt%‘f@&&f%@ Ygg‘@%éégdaf%ﬁ B%Yré‘h‘irﬁﬂ‘iiﬁ?féa%?&tgfﬁo%la h#difiod that is based

on the usentalsombinathfosé \edicimanic wndacyicatidse 0 pasisdelinAfteradlfoatt imopiecledidbe fast
switch opens in a very short time and transfers the current to the fuse, which is able to blow out, thereby
interrupting the short-circuit current. An automatic system takes care of replacing the blown-out fuse set
with a neREoNE Ahesgplosiiechased carteitlgmandé-ureddnsighd ot axéastvdtatvehtienpulication "A DC
Circuit Breaker. for an Electric Vehicle Battery Pack" by G. Walker discloses a static DC circuit breaker
that used TSP O SHTRRN N ILE Vo AR RS Y ARBL-S NG AEFAAR BPUSRAEIABIES of other

known sadutigaim aje:fafod d06hO4Ovidsichdisaiiasasnadodtactignaystamifneacsystemsnananthus is not
suitable for the DC a‘aﬁlicati s. US 2002/0030532 illustrates a solutglﬂéavoidin failures caused by heat

in a semlEIHUGREBPEWIEEH haViHE SRS BT SUNREG Sh A L.t b 8gHY a8 W known in the art. EP 1

811 665 discusses a gate controlled switch and the article by Krstic, S et al; "circuit breaker technology for
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switch.

The publication “A DC Circuit Breaker for an Electric Vehicle Battery Pack” by G. Walker
discloses a static DC circuit breaker that uses a MOSFET. This solution handles voltages in the

range of hundreds of volts.

Examples of other known solutions are DE 4 108 049 which discusses a protection system for
AC systems and thus is not suitable for the DC applications. US 2002/0030532 illustrates a
solution avoiding failures caused by heat in a semiconductor switch having an IGBT mounted on
a circuit board, as is well known in the art. EP 1 811 665 discusses a gate controlled switch and
the article by Krstic, S et al; “circuit breaker technology for advanced ship power systems”,
Electric ship technologies Symposium 2007, ESTS apos;07. IEEE 21-23 May 2007, Pages 201-
208 which discusses a fast circuit switches based on IGBT and IGCT for use in ships.

OBJECTIVE OF THE INVENTION
It is an object of the present invention to provide an electronic device that is used for connecting

and breaking DC power. The present invention is based on the problem of finding an improved



SUMMARY OF THE INVENTION The above mentioned objects are solved by the present invention that
discloses a device, named E-DCB for short (Electronic DC Breaker), which handles high power during an
insulated gate bipolar transistor (IGBT transistor). The device acts as an extremely fast acting fuse so that
no other transistors on the same DC-distribution are influenced on an internal short-circuit in one

transistoe] ANGiReDIE viceuiabeainghio the nesenhselvinaghasdaneedfoiske paassaent ailmaintenance
of components, and is primarily intended to pe used on relatively large applications, like drilling rigs with
several rﬂ&sors%ﬁ\}@gt% IXBW%W%W&P%M&H r&)@tsgé’ﬁss‘?ﬁ 8GH af Bﬂﬁst.é,(\/\lﬁ‘ﬁ‘?]%{?\f@ral motor
drives onrdpgisapreabéirdisdribtiiqmdnha poeferred embodiment of the invention a device is provided for
connecting and breaking DC power comprising an input DC power arranged to be connected to a circuit

board and to the collector port of an insulated gate bipolar transistor. The insulated gate bipolar transistor
is arrang€htatoe corndoted thikasciimiishaasati Anaatithsiibéd podmcitbadrangeddoddepanyingcted to the
emitter port. of the insulated gate bipolar transistor and the circuit board. The circuit board is arranged to
be connécttdto the gate port of the insulated gate bipolar transistor, and the circuit board is designed to
monitor predetermined conditions of the input and output DC power. In yet a preferred embodiment of the

device acgcardi [ ' ignal transfer means are connected to the circuit board and arranged
to transrﬁlw&é%%%@ﬁ&mE)Iﬁe. In a preferred embodiment of the device according to the
present imieatione hensignal tlejestenimesinsdbe detinakébras:opdicahitaiss]drethedenaitireapedvide a
very saf tion. In a further red embadiment of the device according to the invention the
sional vt e BT & SreRana e eTAS At BF T AR Re R Alig to the
inventiorbipel sigrmkisessiEl Bieans has gditenievizel aticns| anstith@ pedfeired@np ddimenthat thee device

according o the invention, Eam er measuring means IS cgnnected to ttl1e circuit board for measuring
: { er transtls ors ??ht € same ydistribution-are 11 uf:nce on an dnterna shci _Cfr(fHIt 1&1 one .
heat sink emperature. I e measured hea SINg temperature exceeds a given limit, the device Is turned
off. transistor. And the device, according to the present solution, has no need for replacement or

maintenance of components, and is primarily intended to be used on relatively large applications,

like drilling rigs with several motor drives on a common DC-link, motor drives on ships or

industrial plants with several motor drives on the same DC-distribution.

In a preferred embodiment of the invention a device is provided for connecting and breaking DC
power comprising an input DC power arranged to be connected to a circuit board and to the
collector port of an insulated gate bipolar transistor. The insulated gate bipolar transistor is
arranged to be connected to the circuit board. An output DC power is arranged to be connected
to the emitter port of the insulated gate bipolar transistor and the circuit board. The circuit board
is arranged to be connected to the gate port of the insulated gate bipolar transistor, and the circuit

board is designed to monitor predetermined conditions of the input and output DC power.

In yet a preferred embodiment of the device according to the invention, signal transfer means are

connected to the circuit board and arranged to transmit control commands to the device.

In a preferred embodiment of the device according to the present invention, the signal transfer

means are optical fibres. Optical fibres, in their nature, provide a very safe connection.



In a preferred embodiment of the device according to the present invention said control commands are
either on or off. In yet a preferred embodiment of the invention the device is arranged to isolate a failure in
a converter on a common DC-distribution before neighbour converters are disturbed. In still a preferred
embodiment of the present invention, the device is arranged to send measurements to the signal transfer

means. Iha pieiesireeamnbedintait ot five aiokdhedsnaaste e ity aeoneasningdDEarotéage, DC-In,
outgoing DC-voltage, DC-Out, current, IE DcB and heat sink temperature. If these measured variables
exceed d'BtedetEr [fecPYBIEIS: the device is turned off. In further a preferred embodiment of the present
invention the device is arranged to handle high power, such as 1,5 Mega Watts. This high power provides
bodiment of the present invention thide\/iﬁe is arranged to

ausein ﬁrgﬁeI appli atice)ifs. \? g@referreﬁ] e
be used gaepéﬁ%ﬁﬁe BROLOURCLE YrifthgHYS, IHSET BRiR DS ATSB OB RRALIBISATE RY)8t a
preferrechesphodime otfiibe. present invention the device is arranged to control one DC-capacitor battery
towards the DC-distribution. BRIEF DESCRIPTION OF THE DRAWINGS

In still a preferred embodiment of the device according to the invention, temperature measuring

means is connected to the circuit board for measuring heat sink temperature. If the measured heat

sing temperature exceeds a given limit, the device is turned off.

In a preferred embodiment of the device according to the present invention said control

commands are either on or off.

In yet a preferred embodiment of the invention the device is arranged to isolate a failure in a

converter on a common DC-distribution before neighbour converters are disturbed.

In still a preferred embodiment of the present invention, the device is arranged to send

measurements to the signal transfer means.

In a preferred embodiment of the invention the measurements are incoming DC-voltage, DC-In,
outgoing DC-voltage, DC-Out, current, Iz pcp and heat sink temperature. If these measured

variables exceed a predetermined value, the device is turned off.

In further a preferred embodiment of the present invention the device is arranged to handle high

power, such as 1,5 Mega Watts. This high power provides a use in large applications.

In a preferred embodiment of the present invention the device is arranged to be used in large

application, such as drilling rigs, motor drives on ships or industrial plants.

In yet a preferred embodiment of the present invention the device is arranged to control one DC-

capacitor battery towards the DC-distribution.



The drawings will now be further described in more detail in the following detailed description by
reference to the appended drawing. Fig. 1 illustrates the structure of the electric DC breaker (E-DCB).
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS Referring to Fig. 1, the task of the E-DCB
is to connect and disconnect DC-Out to DC-In according to received control signals. Fig. 1 shows the
E-DCB, which comprises an insulated gate bipolar transistor (IGBT) used for connecting and breaking DC
power, and that a s an extremely fast acting fuse. The principles of an IGBT transistor are known for a
person sﬁ%iﬁ%@tﬁgcig&r%@e&ﬁﬁr éﬁéﬁ%ﬁ%ﬂ%@é—powm DC-In is connected to a circuit board 1 and the
collector prytdcawianr KaB hoAmnetiptt e paner il Gréudiasdingetesiinving asndited pestipabithe IGBT
and the ircuiﬁ board 1. The circ%it board 1 is connected to the gate port G of IGBT, and the circuit board
1 monitocpg EEGERSFHBE BRRRSheBV A& input and output DC power DC-In, DC-Out. A temperature
measurement device 2, measuring heat sink temperature, is also connected to the circuit board 2. Internal
DC-DC-canverters on the circuit board 1 in the E- conve igh DC-voltage, DC-In, to necessary
internal ﬁﬁa@eg{w}fﬁﬁs&’ﬂg&%fﬁ%‘& ?%éf%eiie t&%@é%%%?@%&p@ﬁ%?‘supply to perform this conversion.
The circuit board 1 measures the incoming DC-voltage, DC-In, the outgoing DC-voltage, DC-Out, the
current, B, and peratur Vi es the heat sink temperature. The
circuit bctlgladprC f‘-%a%é%a%ﬁzggu &#9&?’@@@%%%%%@ é‘l&g@&i hich the E-DCB is controlled. Optical
fibres praéderiimsthelrigatutes asleoy gafe dOBdstioroihesampinablibeesBGauind@Giner end

connected to g.main control board, not shown, where On/Off commands are
according to received control signals.

Fig. 1 shows the E-DCB, which comprises an insulated gate bipolar transistor (IGBT) used for
connecting and breaking DC power, and that acts as an extremely fast acting fuse. The principles

of an IGBT transistor are known for a person skilled in the art.

As seen in Fig.1, input DC-power DC-In is connected to a circuit board 1 and the collector port C
of an IGBT. An output DC power DC-Out is connected to the emitter port E of the IGBT and the
circuit board 1. The circuit board 1 is connected to the gate port G of IGBT, and the circuit board
1 monitors predetermined conditions of the input and output DC power DC-In, DC-Out. A
temperature measurement device 2, measuring heat sink temperature, is also connected to the

circuit board 2.

Internal DC-DC-converters on the circuit board 1 in the E-DCB converts the high DC-voltage,
DC-In, to necessary internal voltages for the electronics. There is no need for extra power supply
to perform this conversion. The circuit board 1 measures the incoming DC-voltage, DC-In, the
outgoing DC-voltage, DC-Out, the current, Ig_pcp, and the temperature measurement device 2

measures the heat sink temperature.

The circuit board 1 has a pair of optical fibres 3 connected to it, through which the E-DCB is
controlled. Optical fibres provide, in their nature, a very safe connection. These optical fibres 3

are in the other end connected to a main control board, not shown, where On/Off commands are



given and sent to the E-DCB and status can be read. Optical fibres 3 are used to control the EDCB
because it provides a very safe connection. No other connections than the optical fibres 3 are necessary.
It is also possible to use e.g. opto couplers or any signal transfer means with galvanic isolation instead of
optical fibres 3. Opto couplers can be used in any case except when they do not fulfil the isolation

requiremgints diiesomticahiEas GBranbmiteaniidceomm @i MdBHie mrinednyebhgardhorhe E-DCB,
and the E-DCB continuously sends measurements (incoming DC-voltage, DC-In, the oytgoing

DC-volta 5%%“6‘&&6 HmBrShy Eht YE'D ?ﬁ8‘é‘l‘%‘iHQ'lerNBé1t§%r%oﬁ%CHﬂﬂié%fht c‘i’BPfaLi/ﬁBFﬁ?éthermal
model)) ardrstaiisasignals(@sb eRMblOtiRkiB. setipto toibemainagrifahbaandthraughs thatoptical fibres 3.

The signal that is. transmitted through th tica| fibres 3 to the E-DCB is either the status signal On or the
status SIGAREH RO HECISHHCRD TRHEN SR7ERmiL RO SROB AR THL B ik EAcitor i

the circuthbpdrdnst chHped thebitigh pulsirgihied=-THeBwithl siwts Arranhcootmiiedconyniangals, until one
on-interval lasts more than 10 microsec (5 itho tg? I ached its curren Iimig&%e. . 3500A) - then
e B U 130 B SR PO S AL AL Frao B LA S e AP A TIRAT reached
through 1¢viaingemoOndstigeidderdd, biyeatirpeindaWCaepwadunAs euonds, dinecahdige-phase stikerminated
and a failure report is returned.to éhe conirol board. Vl#r%en tg -DCB is on, it ifors.various variables.
e £ DR e A T S RS R d aL eS ard e  Prontorec
current israkovié: 350Afain varedhboaddthniargsaaooptscdf fiteandnimresi guurenitis akav@iab@0A for more
than 2 miputes, that is, utjlization factor i ¢1 ve 103%, if the monito ei? heat sink temper is above
60C. ThaBIRL e RSALA IR b oo SH B P R L SRR A o obvious
for a person skilled in the art that these limits can be adjusted. Whenever the E-DCB is turned off due to
o e L DR A0 TR RoB e WRSna e FiBGRiegeves an

circuit board is charged through pulsing the E-DCB with short current controlled on-intervals,

until one on-interval lasts more than 10 microseconds without having reached its current limit

(e.g. 3500A) - then the E-DCB is reported on. If the E-DCB does not reach the acceptance

criteria (no current limit reached through 10 microseconds registered by a timer device) within 2

seconds, the charge phase is terminated and a failure report is returned to the control board.

When the E-DCB is on, it monitors various variables. The E-DCB is turned off if the following
examples of limits for the variables are exceeded:
- if the monitored current is above 3500A for more than 10 microseconds,
- if the monitored current is above 2500A for more than 2 minutes, that is, utilization factor
is above 103%,

- if the monitored heat sink temperature is above 60°C.

The above mentioned limits are only an example of limits for turning off the E-DCB. It will be

obvious for a person skilled in the art that these limits can be adjusted.

Whenever the E-DCB is turned off due to any of the above mentioned criteria, it stays off for 300

milliseconds. When the E-DCB receives an Off-command from the optical fibres 3 it is



immediately turned off. To turn the E-DCB on again, the Off-command must be removed and a new
On-command must be received after the 300 milliseconds. If a full short-circuit in the load is detected, the
E-DCB interrupts the current within 30 microseconds. Accordingly, other DC capacitor batteries with their
power electronic converters only see a dip in the DC-voltage of less than approximately 50V, that is, they
are not ainadhelisitelgadrbydtoer sHortugiichi MINTED dawbyineigbloriiceaRaaiDraite ) Aldd @DaithHe
operation uninterrupted. The E-DCB needs a minimum of approximately 400V to operate (a lower voltage
sets the %ﬁ'ﬁ%‘%’@ﬁﬂ SNt ﬁfé%ﬁﬁ‘ﬁr?@o‘ﬂfﬁﬁ%%?%ltage is approximately 1250V, and the
maximum peak voltage is approximately 1600V for 100 microseconds. These specification voltages are
DC-In ang DC-Out versus. DC minus_ These values adjusted by selecting different IGBT' s and
current QoI SRE SRR AT po LTI B3 L B GHEFHGH VRS S S ol adapted crcuit
boards, thecrossdinied XodadgengalueseaDOe uianiadbricontinshtartpevicadidorrahrieotiosiesircuit
breakers t%at use mechani I(tjjare kers, rre circuit breaker a c%[&ﬂ to the present inventjon uses
eloctron @ LN e STAR TG ABTBL HET A SRR D i L ek A EAURAAe of the IGBT
that makesiitibsefby ithéha@lesi@nidibriedkenibyitrirosshoility ipatianageasnaigh vatueopépdaer, typically
1,5 Mega We%ltts. The IGBT is capable of managing very high values of power due to its inner structure
which allBVEHUIEHigher voltage classes with still low conduction loss. In comparison, a MOSFET
transistor can only manage powers around 1,5 kilo Watts because its conductive resistance has a
quadratic_inc with increasing voltage class. The IGBT is able to use its over-current and
overoIthE EASES A1 & BRIy DR DY COVA 2O 6 L1 OHEr B RS terene S present
inventionGBsiihkstGihEdnmoda)y thiat thexiramsi stattipiaiecisltagl iagainskovateloli2f@V Bechihse the
IGBT, and thus the E-DCB, can handle.a vtef¥ pé'%\y?ltag the industriﬁ?l Iication.'P n%uch broader
than by unsli‘lr)\(énél.lg g"*ﬁﬂ%ﬁ 2 Or OIS SIifaY transistrs. The AdUstia Saipp Ication cair be for large
applicatioo#tdiks drdlIDG-ligandDOQlivesson Bhipsisis. Ahethenhdyantalgeadiike bR isite high speed
of the fus actiom, T function as,8 high.speed fse s proviried by (e patire of the IGRT, fiassive fuses
acts typically within PinifIUnT 105 100 MlisSeon S, but'the fast ac mB EBCBTasead speeogln the
order of Mii&'dseaahasapitedxtnarhelydashachiaigitnsd actiagdingliosthanfjreserhivdention provide for that
no other transistors on the same DC-distribution are influenced on an internal short-circuit in one
transistor. This very large gap in speed, from milliseconds to microseconds, implies that the EDCB fuse
accordinintootiteapresdret tind@nticn ¢kactsnso amaci basteerthéhntewg. mquhssivel fusekhat ihblasaompletely
different possibilities and lications. .Isolation of the E-DCB with respect signals is handled
through QAR o e e e s Sy M cam o RS RO
IGBT to idetatenagainshtihe BeaCHN kA P advanioss of diedCiBA dvaayniktkét heausimkihorladiiohithe IGBT is
mounted, The temperature .of this heat sink is.measured by the temperatur as ent.device 2. Loss
that need i e A Ly B e S O S R T o e
E-DCB. TG8'EibCBatdeviresnazepavaty mgasahieg capdeedioontrab camdristadditiowhochvabiemor an air
cooled heat sink. . The weight,and physical,volume qof the E-DCR is moderate, a t of the E-DCB
o relati e S S S S R s B L, B T 08 e
for turningathen 5-D@B gnpamc ficolihis IisS dakiWdonbdoypsel @stiog dBB TE scanthooeient sgnasbmsiwith
suitable sizes. A typical application for t%e E- is,in.y0 fed power electronic converters with
cistbura B S B O el e
DC-distribaptibmjtthat ispaneveE-DX@Bhpepi0Odrapdeitorabeastevyr Béheh sapavtats. Dhwapsacitor battery is

typically & paftOf A€ PRI IS, SIS HRNESRIVELISE HAHOY ISCARAIYver-voltage. Because
the IGBT, and thus the E-DCB, can handle a very high voltage, the industrial application is much
broader than by using e.g. a MOSFET or other similar transistors. The industrial application can

be for large applications like drilling rigs, motor drives on ships etc.



According to the present invention, the E-DCB is primarily intended to be used on drilling rigs with several
motor drives on a common DC-link. The present invention is also intended to be used on motor drives on
ships. Thrusters and main propulsion from the same DC-distribution is connected with the E-DCB to
protect the main propulsion from failures in the thrusters drives. Another application for the E-DCB is on

industrialgwanie thplhagseyeialioes iHN@%@h@}%@BBf@tBM%KiMiWhMMMMH@meQd operation

on the remaining drives in the case of failur he drives (equivalent to the above mentioned ship
applicatiéﬂ?e%%?ﬁéﬁﬁ%d B! Bﬁ%ﬂfg@}%?@%ﬁ %a}?ﬁlvﬁ %ﬁé?g@%%&a SURIREHNE R capacitor

to the DCIbenkL(Itmﬂlm@&%hesnBﬁemasiaad@ﬂe)mwﬂmm@rwms&nmIﬂﬁcbﬁdurf@ﬂtmmmeﬁdg; specified
limits. The E-DCB i te? ts a fuil load sh rt Clrcﬂé t without bein damagﬂd gnd without the need for
replacin QW’H&?@ d 8y 88eraaae° Pé’ntloc SRE ST AN %IIfBFO SRR LB ¥aKing DC power
comprisingaisiopuiiite pamie DO aniangeeliidlbencombaciethteraatishuit-biaid (d)oasd to the collector
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DCB fuse according to the present invention reacts so much faster than e.g. a passive fuse that it

has completely different possibilities and applications.

Isolation of the E-DCB with respect to the signals is handled through opto fibre or other types of
signal isolation. Standard internal ceramic isolation is used in the IGBT to isolate against the
heat sink. Power loss is directed away in the heat sink, on which the IGBT is mounted. The
temperature of this heat sink is measured by the temperature measurement device 2. Loss that
needs to be cooled away in the heat sink is approximately 2%o of the effect flowing through the

E-DCB.

The E-DCB requires a separate measuring card and control card in addition to water or an air
cooled heat sink. The weight and physical volume of the E-DCB is moderate, and the cost of the

E-DCB is relatively small or moderate.

It is easy to adjust the E-DCB to different currents and adjusting the limits for turning the E-DCB

on and off. . This is easily done by selecting IGBT’s and current sensors with suitable sizes.

A typical application for the E-DCB is in voltage fed power electronic converters with distributed
DC capacitors, where the E-DCB controls each separate DC-capacitor battery towards the DC-
distribution, that is, one E-DCB per DC-capacitor battery. Each separate DC-capacitor battery is

typically a part of a separate power electronic converter around this capacitor.

According to the present invention, the E-DCB is primarily intended to be used on drilling rigs

with several motor drives on a common DC-link.



connected to the circuit board (1), an output DC power (DC-Out) is arranged to be connected to the
emitter port (E) of the insulated gate bipolar transistor (IGBT) and the circuit board (1), the circuit board
(1) is arranged to be connected to the gate port (G) of the insulated gate bipolar transistor (IGBT), the
circuit board (1) is designed to monitor predetermined 10 conditions of the input and output DC power
(DC-In, DGeQuiien? iy elauiad PacofaiRgdelaa by dsewbareintsighpld ansfiehmerna @) saiedcaalected to
the circuit boayd (1£(and rran efaﬁt:o rAran, mit cantrol comman%s to Ell?%o%vice. 153. A device according to
claim 2, Wé’ﬂe(ﬁ’\ofh ) f?é%% AR e picdPABrLE. the b DG Fe Qs UedaRfim B claim 2,
wherein giemgignal ansfenmaeansd)aiseptdoasplers. 5. A device according to claim 2, wherein the
signal transfer means (3) have galvanic 20isolation. 6. A device according to claim 1, wherein means for

measuring temperature (2) is connected to the circuit board (1) for measuring heat sink temperature. 257.
A device accnedingplac aiten GbthBeORDTRi shrdi edus v grents Shit leanieoteonmmands vweon the

same DC-distribution, with uninterrupted operation on the remaining drives in the case of failure

in one of the drives (equivalent to the above mentioned ship application).

Summarized, the E-DCB connects, with an initial charge phase, the distributed DC-capacitor to
the DC-link, conducts the necessary load current, and interrupts the load current if it exceeds
specified limits. The E-DCB interrupts a full load short-circuit without being damaged and

without the need for replacing any parts to regain operation.



either on or off. 8. A device according to claim 1, wherein the device is arranged to handle high power,
such as 1,5 Mega Watts. 30 9. A device according to claim 1, wherein the device is arranged to be used
10. A device
according to claim 1, wherein the device is arranged to control one DC-capacitor battery towards the
DC-distributiGatent gl2inyse of a device according to claim 1, wherein the device is arranged to isolate a
failure in 5a converter on a common DC- distribution before neighbour converters are disturbed. 12. Use

in large application, such as drilling rigs, motor drives on ships or industrial plants.

of a device agco%r;%in to.claim 1, Whe%i%th e is arranged to send rem %%?
transfer means 61 UL B RAE R B’c?r gt 11’%?1%28}8}8 8&5&? At
DC- arranged to be connected to a circuit board (1) and to the collector port (C) of an insulated

the signal
S are incoming

5  gate bipolar transistor (IGBT), the insulated gate bipolar transistor (IGBT) is arranged to be

connected to the circuit board (1), an output DC power (DC-Out) is arranged to be connected

to the emitter port (E) of the insulated gate bipolar transistor (IGBT) and the circuit board (1),

the circuit board (1) is arranged to be connected to the gate port (G) of the insulated gate

bipolar transistor (IGBT), the circuit board (1) is designed to monitor predetermined

10  conditions of the input and output DC power (DC-In, DC-Out).

2. A device according to claim 1, wherein signal transfer means (3) are connected to the

circuit board (1) and arranged to transmit control commands to the device.

15 3. A device according to claim 2, wherein the signal transfer means (3) are optical fibres.

4. A device according to claim 2, wherein the signal transfer means (3) are opto couplers.

5. A device according to claim 2, wherein the signal transfer means (3) have galvanic

20  isolation.

6. A device according to claim 1, wherein means for measuring temperature (2) is connected

to the circuit board (1) for measuring heat sink temperature.

25 7. A device according to one of the claims 2, 3, 4 or 5, wherein said control commands are

either on or off.

8. A device according to claim 1, wherein the device is arranged to handle high power, such

as 1,5 Mega Watts.
30

9. A device according to claim 1, wherein the device is arranged to be used in large

application, such as drilling rigs, motor drives on ships or industrial plants.

10



voltage, DC-In, outgoing DC-voltage, DC-Out, current, IB DcB and heat sink temperature.

10

10. A device according to claim 1, wherein the device is arranged to control one DC-

capacitor battery towards the DC-distribution.

11. Use of a device according to claim 1, wherein the device is arranged to isolate a failure in

a converter on a common DC-distribution before neighbour converters are disturbed.

12. Use of a device according to claim 1, wherein the device is arranged to send

measurements to the signal transfer means (3).

13. Use of a device according to claim 12, wherein the measurements are incoming DC-

voltage, DC-In, outgoing DC-voltage, DC-Out, current, Iz pcp and heat sink temperature.
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