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PO3YEIIVIIOBAYI 3 EJIEKTPOTI'TAPABJITYHUM CIIOBIJIBHIOBAYEM SIK EOGEKTUBHA
AJIBTEPHATHUBA ITPU 3AXHUCTI BIJI CTPYMIB KOPOTKOI'O 3AMUKAHHS TA
HEPEBAHTAKEHHA

Binomo, mo aBToMaTH4Hi BuMuKadi (AB), siki BCTaHOBIIOIOTBCS B po3noinbHuX madax (PLLI), 6imbmn BioMi sIK «BEMHKaYi 3aKPUTOTO TUITYY, 3JIEXKHO
BiJl BUKOHAHHS, IPU3HAYEH] JUIL: 3aXHCT BiJl aBapiiHIX IIPOIECiB MepeK: IepeHanpyry Ta KopoTkoro 3aMukanHs (K3) abo maxiHHs HaNpyTrH HIDKYE JOITY-
CTUMOTO PiBHsI (K MPaBHJIO, BCTAHOBJCHI B MEPEXKi BUMUKA4l HE 3aBXIU 3a0e3Me4yIOTh 3aXHCT BiJl 3HIDKEHHS HAIIPYTH); 3aXHCT JBUTYHIB 3MIHHOIO
CTpyMy, & TaKOXX IPH KOMOIHOBAHOMY MOHTAXi 3 IHIIIMH €IeKTPHIHUMU IPUCTPOSIME (AB MOXyTb 00CIyroByBaTH CEKIil eTeKTpOMEpexi, a TAKOXK OK-
peMi IBUTYHH, K0 AB BHKOPHCTOBYIOTBCS UL 3aXUCTy JBUTYHA 3 (ha3sHUM POTOPOM ab0 MyCKOBHX HMPHUCTPOIB, BOHH MOBHHHI BKIIOUATH 3aXHCT Bil
MaiHHs HAIPYTH); - JUSl BAKOPUCTAHHS B SIKOCTI PO3'€HYBayiB MaricTpallbHUX MEPEX Ta MEPEXK KUBJICHHS. 3aXKCT BiJl CTPYMY [EPEBaHTAKCHHS BHKO-
HY€ETBCS 3aB/ISIKH OiMeTaneBoi IUTACTHHY, a eeKTPOMArHiTHHI po3uirumoBad 3abe3nedye 3axucT Bix K3. OCHOBHI HEJOMIKY, IO BIACTUBI I[bOMY TEXHId-
HOMY PIllIeHHIO 3aXHUCTY BiJ] CTPyMiB IIepeBaHTAKEHHS, BKIIOUAIOTh: - BIJHOCHA 3aJICXKHICTD Bijl TEMIIEpaTypy HABKOJIHIITHEOTO CEPEIOBHINA; - HEMOXKIIH-
BICTh LIBHJKOTO IIOBTOPHOIO BKIIFOYEHHS MiCIs CripalboByBaHHs AB; - HecTabiibHI YacoBo-cTpyMoBi xapakrtepuctiku KI1. HanionanbHuii TexHiqHHI
yHiBepcuTeT Ykpainu « KuiBcbkuii nomitexHivHui iHcTUTYT iMeHi Iropst Cikopeskoro» Ta «EINEXT YkpaiHay nponoHyroTh allbTepHATUBHE PIMICHHS 1T
KOHCTPYKLI eJeMeHTIB 3axucTy AB, 110 € iHTErpOBaHUM 3aXHCTOM BiJI IEPEBaHTAKCHHS Ta KOPOTKOTO 3aMUKAHHS OHOYACHO y BHITIIAI po3’eHyBaya 3
€IIEKTPOTi APaBIYHIM CTIOBLIbHIOBaYEeM. PO3YIILTIOBAY 3 €IEKTPOriAPABIiYHAM CIOBUTBHIOBAYEM MPU3BOIUTE [0 CIIPALIOBAHHS MeXaHi3My npuBoay AB,
SIKHH pO3MHKa€ KOHTAKTHY Ipyity AB mpu npoxo/pkeHHi gepes eIeKTpooOIaJHaHHs CTPYMy, IO TIEPEBHILYE BCTAaHOBJIEHE MAKCHMAIIGHO JOIyCTUME 3Ha-
YeHHsI (CTPYMH KOPOTKOTO 3aMHKaHHs abo nepeBaHTakeHHs). OCHOBHA YacTHHA IIHOTO PO3YEINIIOBaYa — eJIEKTPOMArHiT, KOTYIIKA SIKOTO BKIIIOYA€ThCS
MOCTTIOBHO POOOYMM KOHTAKTaM B KOJIO POOOYOro CTpyMy.

KutrouoBi ciioBa: aBTOMaTHYHI BUMHKaYi, HArpiB, TipaBIIiyHi po3dimuoBadyi, OiMeTaneBa IIacTHHA, epeKTHBHICTh KOMYTalil, JOCIIPKEHHS IPOLECiB
Mepexi, KOMyTalliiiHe 00J1aJHAHHSL.
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RELEASERS WITH ELECTRO-HYDRAULIC RETARDERS AS AN EFFECTIVE ALTERNATIVE FOR
SHORT CIRCUIT AND OVERCURRENT PROTECTION

It is known that circuit breakers (CBs) installed in distribution cabinets (DCs), better known as “enclosed circuit breakers”, depending on the execution,
are designed for: - protection against emergency states of grids: overvoltage and short circuit (s/c) or voltage drop below the permissible level (circuit
breakers installed on the grid do not always provide protection against voltage reduction); - protection of AC motors, as well as for combined installation
with other electric devices (CBs can service by grid sections as well as separate motors if CBs are used to operate the wound-rotor motor or starting
devices, they must include voltage drop protection); - to be used as disconnectors for supply and trunk networks. Overcurrent protection is done by a
bimetallic plate, while an electromagnetic releaser provides s/c protection. The main features inherent in this technical solution of overcurrent protection
include: - relative dependence on ambient temperature; - inability to quickly switch on again after the CB is triggered; - unstable time-current charac-
teristics of the CB. National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute” and «E.NEXT Ukraine» offers an alternative
solution for the design of CB protection elements, which is an integrated overcurrent and short circuit protection at the same time in the form of a
releaser with an electro — hydraulic retarder. A releaser with an electro-hydraulic retarder triggers the CB actuator, which breaks the contact group of
the CB when the current exceeding the set maximum permissible value (s/c or overcurrent) is passing through electrical equipment. The main part of
this releaser is an electromagnet, whose coil is connected in series with working contacts in the circuit of the operating current.
Keywords: circuit breakers, heating, hydraulic release, bimetallic plate, switching efficiency, network process research, switching equipment.

Introduction. It is known that circuit breakers (CBs)
installed in distribution cabinets (DCs), better known as
“enclosed circuit breakers”, Fig. 1, depending on the exe-
cution, are designed for [1, 2, 3]:

— protection against emergency states of grids: over-
voltage and short circuit (s/c) or voltage drop below the
permissible level (circuit breakers installed on the grid do
not always provide protection against voltage reduction);

— protection of AC motors, as well as for combined in-
stallation with other electric devices (CBs can service by
grid sections as well as separate motors if CBs are used to
operate the wound-rotor motor or starting devices, they
must include voltage drop protection);

—to be used as disconnectors for supply and trunk net-
works.
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Fig. 1. General image of the CB.

Traditional design of overcurrent and short circuit pro-
tection in the form of enclosed CBs [2] is shown in Fig. 2.
Overcurrent protection is done by a bimetallic plate, while
an electromagnetic releaser provides s/c protection.
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Fig. 2. General image of the CB releasers

The main features inherent in this technical solution of
overcurrent protection include:

- relative dependence on ambient temperature;

- inability to quickly switch on again after the CB is
triggered;

- unstable time-current characteristics of the CB.

E.NEXT-Ukraine offers an alternative solution for the
design of CB protection elements [4], which is an inte-
grated overcurrent and short circuit protection at the same
time in the form of a releaser with an electro — hydraulic
retarder. The design of the CB releaser is shown in Fig. 3.

A releaser with an electro-hydraulic retarder triggers
the CB actuator, which breaks the contact group of the CB
when the current exceeding the set maximum permissible
value (s/c or overcurrent) is passing through electrical
equipment. The main part of this releaser is an electromag-
net, whose coil is connected in series with working contacts
in the circuit of the operating current. Schematic design of
the releaser with electro-hydraulic retarder is shown in Fig.
4. Let us consider the operating principle of an electromag-
netic releaser with hydraulic retardation, which provides an
inverse-time delay of the releaser in the overload zone, Fig.
5. The releaser automatically disconnects the CB at over-
load currents and short-circuit currents, regardless of
whether the control lever “on / off” is on. The releaser con-
sists of a relay, a rocker arm, a rail and a free-release mech-
anism.
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Fig. 3. Releaser with electro-hydraulic retardation

The relay of a hydraulic retardation releaser is an elec-
tromagnetic system with two moving parts: the armature
and the plunger. The armature and the plunger are part of
the magnetic circuit. The plunger and spring are moved in-
side the tube. The tube is placed inside the coil of the elec-
tromagnet. The tube is filled with silicone fluid, slowing
down the movement of the plunger due to its chemical
properties.
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1 - Non-magnetic cover; 2 — Plunger; 3 - A cylindrical glass; 4 -
Cavity filled with organosilicon liquid; 5 - Rotational spring; 6 -
The coil; 7 - Pole tip; 8 - Armature
Fig. 4. A sketch of the CB releaser with hydraulic retardation
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a - release response from the “cold” state at overload currents;
b - release response from the “warm” state at overload currents;
¢ - release response at short circuit currents.
Fig. 5. Time — current characteristics of actuation with hydraulic
retarder (a) and with bimetal plate (b)

During overcurrents, the electromagnetic force of the
release coil increases and becomes sufficient to overcome
the counteracting force of the rotational spring, so the
plunger begins to move to the pole of the core. The arma-
ture, in turn, is attracted to the pole of the core at the over-
load current, in the instant, when the plunger, reducing the
resistance of the magnetic circuit when moving inside the
core, affects the value of magnetic induction in the air gap
required to draw the armature to the pole of the core. At s/c
currents, the plunger does not move, in the event of short
circuit the value of magnetic induction in the air gap is suf-
ficient to retract the anchor without delay. The force of the
releaser armature is transmitted through the rocker arm to
the rail, which is a link in the free — release mechanism.
The armature and the rail return to the original position by
means of rotational springs.

As the retarder of the CB releaser, organosilicon fluid
used has small loss tangent (at 25° C<0.0001), besides

organosilicon liquid is more resistant to mold and has rela-
tively low hygroscopic quality and higher heat resistance.

Organosilicon fluid is characterized by low dependence
of viscosity from temperature. Little magnitude of intermo-
lecular interaction forces determines their low viscosity
and, consequently, negligible compared with others liquid
dielectrics change in viscosity due to lower temperature.
For instance, when the temperature goes down from 100°C
to -35°C, the viscosity of organosilicon fluid increases only
sevenfold, while for mineral oils this increase is 1800 times
(at the same initial viscosity). The advantages of organosil-
icon fluid listed above make it an indispensable structural
element in instrumentation, radio engineering and other in-
dustries electrical engineering.

Traditional design of overcurrent and short circuit pro-
tection in the form of enclosed CBs dependent on ambient
temperature. This graphical dependence is shown in Fig. 6.
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Fig. 6. The dependence of the rated current of automatic
ambient temperature switch

Fig. 7. The figure shows the thermal imaging of the circuit
breaker heating, with a bimetallic plate, when operating in nomi-
nal mode (the maximum heating temperature is indicated in the
upper left corner)

Conclusions. The scientific novelty of the work is in
the comparison of two technical solutions for the imple-
mentation of overcurrent and short circuit protection, one
can conclude that the use of a releaser with an electro —
hydraulic retarder gives CBs certain advantages over the
use of a traditional releaser — a bimetal plate:

- arelative independence of the releaser on the ambient
temperature;

- fast re-activation after being triggered in case of an
emergency mode;
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- shorter actuation time in the event of an overload (de-
crease in the performance of the AV, confirmed by re-
peated practical studies);

- stability of time-current characteristics of the CB;

- instead of two functional elements we have one mul-
tifunctional, which leads to a constructive reduction of the
internal volume of the structure and weight of the CB;

- resistance to vibration.

Considering the advantages of using a releaser with
electrohydraulic retardation in CBs, it should be noted that
an alternative technical solution to protection against over-
currents and short — circuit currents shows promise of de-
velopment in this area of electrical technical engineering.
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