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(54) CONTROL AND PROTECTION DEVICE FOR LOW-VOLTAGE ELECTRICAL APPLIANCE

(57) Disclosed is a control and protection device for
a low-voltage electrical apparatus, comprising a pedestal
and a control and protection module. The control and
protection module may be plugged into the pedestal and
is replaceable. The pedestal comprises a base and a
housing, and is further provided with a moving contact,
a static contact, and a current conductor connected to a
main circuit current; a control electromagnet operation
mechanism for controlling close and open of the moving
contact and the static contact according to a control sig-
nal, and maintaining a close or open status of the moving
contact and the static contact; a manual operation knob
providing a control signal for controlling the close and
open of the moving contact and the static contact; a con-
trol contact connected to the manual operation knob; and
a current sensor for detecting a current that flows through
the main circuit current conductor and generating a sens-
ing signal. The control and protection device further com-
prises: a signal processing unit for controlling a state of
the control electromagnet according to the sensing signal
via an electrical circuit; and a tripping device for control-
ling actions of the operation mechanism with a mechan-
ical connection in response to the signal processing unit.

The current sensor has a secondary circuit connection
detection device.
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Description

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present invention relates to the field of low-
voltage electrical apparatuses, and more particularly, to
a control and protection device of a low-voltage electrical
apparatus, where the control and protection device of a
low-voltage electrical apparatus has a secondary loop
connection detection device.

2. Related Art

[0002] Breakers may be used in infrequent switching
of circuits and infrequent startup of motors, may be used
in distribution networks to distribute electricity, may be
used in the overload, short-circuit, and undervoltage pro-
tection of circuits and power supply equipments. Contac-
tors may be used in frequently close and open circuits,
and may connect, disconnect, and carrying regulated
overload currents. Contactors generally have the ability
of frequent operations and have long mechanical and
electrical lifetime.
[0003] Control and protection of electrical equipments
may be implemented by combinations of a plurality of
separate devices such as breakers, contactors, thermal
relays or motor protectors, and may also be implemented
by a multi-functional electrical apparatus having both
control and protection functions. A control and protection
device consisted of a plurality of separate devices has
the problem of coordination among each of the compo-
nents, and is complex in installation and connection. The
plurality of separate devices occupy a relatively large vol-
ume, increase costs of manufacture and usage, and are
not suitable for use in limited spaces having a relatively
small volume.
[0004] An electrical equipment having an device with
both functions of a contactor and a breaker is disclosed
in the Chinese Patent, entitled "Device Having Contactor
and Breaker Functions", and with an issue number
CN1258798C. The electrical equipment has a control
electromagnet and a protection device, each of which
functions on moving contacts via a multi-polar device in
response to manual control and electrical fault detection
respectively. An electromagnet tripping device is added
to a contact control mechanism. Preferably, a replacea-
ble protection device is connected to the magnet of the
relay via control circuits, and is connected to the control
mechanism via tripping circuits. The power supply of the
electromagnet is output to control circuits, and a tripping
signal is output to the tripping circuits when a fault occurs.
The electromagnet is DC type and the protection device
adjusts the power supply voltage of the electromagnet.
According to the solution disclosed in CN1258798C, the
electromagnet tripping device is added into the contact
control mechanism, the protection device is connected

to the electromagnet via the control circuits and is con-
nected to the control mechanism via the tripping circuits.
Since the tripping device is outside the protection device,
and the tripping device and the protection device are dis-
posed in different modules, their electrical connection
shall be conducted via external electrical connectors.
Transferring signals via connectors and electrical circuits
may cause decrease of reliability due to connection qual-
ity and electrical disturbance. CN1258798C also men-
tions, the protection device comprises a device for de-
tecting currents flowing through a power supply conduc-
tor. To detect currents flowing through the power supply
conductor, the power supply conductor must go through
a detecting device, which generates a large amount of
heat during usage and will greatly degrade the perform-
ance of electrical elements wthin the protection device
and use lifetime.
[0005] A switching electrical apparatus having control
and protection functions is disclosed in the Chinese Pat-
ent Application, entitled "Switching Apparatus Having
Control and Protection Functions", and with an publica-
tion number CN101494143. An AC-DC replaceable mod-
ular structure electromagnetic system is utilized, releas-
ers, auxiliary contacts, and communication modules are
respectively replaceable modules, and a plurality of aux-
iliary contact modules and communication modules may
be selectively accessed based on users’ requirements.
The system not only has characteristics and functions of
contactors that may be frequently operated and has long
lifetime, but also has characteristics and functions of
breakers that permits control, protection, and quick
break. The switching electrical apparatus of this invention
not only has the function of selecting releasers based on
voltage type and rated current, but also has the function
of voluntarily designing a turning ratio of overload and
short-circuit protection, releaser grade, and number of
stages of a load motor. The switching apparatus of this
invention may be well-adapted, and has excellent re-
placeability on accessory access, requires less product
types and less accessory varieties and types, has a com-
pact overall structure, small volume, and long lifetime,
greatly facilitates use and management of users, and in-
creases adaption scope and reliability of the product. The
switching apparatus having control and protection func-
tions as mentioned in CN101494143 has a switch con-
nected between a control power supply terminal and an
electromagnet, ON/OFF status of the electromagnet is
controlled by controlling the connected switch. The volt-
age type of the control power supply is AC voltage or DC
voltage, and the voltage type of the electromagnet is se-
lected based on the voltage type of the control power
supply terminal. Or on the other hand, the voltage type
of the electromagnet is AC voltage or DC voltage, and
the voltage type of the control power supply terminal is
selected based on the voltage type of the electromagnet.
Such requirements increase restriction conditions during
product usage, or increase number of varieties of prod-
ucts to meet usage requirements under different situa-
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tions, greatly increase production and management
costs, and narrow the scope of usage.
[0006] A multi-functional control and protection switch-
ing apparatus is disclosed in the Chinese Patent Appli-
cation, entitled "A Multi-Functional Control and protection
Switching Apparatus", and with a publication number
CN101924344. The switching electrical apparatus com-
prises a main circuit, a control electromagnet, a release
electromagnet, and a power module of an operation
mechanism. The operation mechanism controls ON/OFF
status of a power supply circuit of the electromagnet by
mechanically controlling a contact. The operation mech-
anism is mechanically correlated with a signaling contact
module and a release electromagnet, and conducts the
disconnection and connection of the main circuit via a
transmission mechanism. The operation mechanism
comprises a control and protection module and a power
supply module. The control and protection module com-
prises a release electromagnetic drive circuit, a current
sensor, and a signal processing control unit. The power
supply module respectively provides power supply to the
control electromagnet drive circuit, the release electro-
magnetic drive circuit, and the signal processing control
unit. The multi-functional control and protection switching
apparatus of this invention utilizes a all-in-one modular
structure design to provide a switching apparatus that
has control functions of a contactor, the short-circuit
breaking functions of a breaker, and the overload pro-
tection functions of an overload relay. The control and
protection module provided in CN101924344 comprises
a release electromagnet drive circuit and a current sen-
sor. A primary loop of the current sensor is connected to
the main circuit via a clamp or a plug, and an induction
signal of the secondary loop of the current sensor is con-
nected to the signal processing control unit, so as to de-
tect and determine the main circuit currents. Since the
control and protection module comprises the current sen-
sor, the heat generated during the usage of the current
sensor may influence the usage performance and lifetime
of neighboring elements. Since the primary loop of the
current sensor is connected to the main circuit via a clamp
or a plug, the way of connection increases resistance
and temperature at the connection position. The reliability
of connection will directly influence the measurement
precision of the current sensor so as to influence the
whole product.
[0007] A modularized multi-functional switching appa-
ratus is disclosed in the Chinese Patent Application, en-
titled "A Modularized Multi-Functional Switching Appara-
tus", and with a publication number CN101923988. The
switching apparatus comprises: a pedestal 1, a case 2,
an electromagnetic transmission mechanism 5, an oper-
ation mechanism 4, and a main circuit contact set 3. The
main circuit contact set 3 is equipped with a connector
terminal on its rear end, and may connect to a load via
a lead or a conductive row. An inner surface on the rear
end of the case 2 fits an inner surface of a rear end of
the main circuit contact set 3. The switching apparatus

may also comprise an auxiliary module, a thermal mag-
netic releaser, a digitalized controller, and an isolation
mechanism. The modularized multi-functional switching
apparatus utilizes a modularized structure design, se-
lects different modules to constitute different types of
products, and has a small volume. Coordination of control
and protection is implemented inside the product. The
product is convenient for wiring, has high reliability, saves
energy and material, and has relatively high economic
and social benefits. The modularized multi-functional
switching apparatus disclosed in CN101923988 utilizes
a thermal magnetic releaser to implement overload pro-
tection, but has the disadvantage that the number of prod-
ucts increases and the production and management
costs increase since protection of different scales of cur-
rent grades require thermal magnetic releasers of differ-
ent current scales. Further, the digitalized controller is
not only required to connect to the thermal magnetic re-
leaser, but also required to connect to a contact set ter-
minal via screws. This way of connection makes the mod-
ular assembling indirect and inconvenient, and may also
influence the reliability of connection.
[0008] The existing protection devices are all mechan-
ical switching electrical apparatuses having contactor
and breaker functions, thus the devices require a large
number of switches so as to meet the requirements of
different power supply voltages and currents of desired
protection scope. Further, by controlling the main contact
via an electromagnet, the switching electrical apparatus
having contactor and breaker functions has limited scope
of protection and cannot achieve high breaking ability of
breakers since the electromagnet cannot meet the de-
mands of quickly separating the main contact when func-
tioning as a breaker.
[0009] Besides, for a current detection device dis-
posed outside the protection module, the reliability of mu-
tual plug-ins between its secondary loop and the protec-
tion module is related to the operating reliability of the
control and protection switching apparatus and the safety
of a primary loop to which it belongs. One possible situ-
ation is: the whole control and protection switching ap-
paratus is in a closed status, but the secondary loop of
the current detection device is not reliably inserted with
the protection module so that the protection module can-
not obtain the reaction of a current transformer to primary
current. At this time, once a fault occurs in the primary
loop, the protection module will not detect a short-circuit
current. Therefore, it cannot send out a signal for break-
ing the primary loop and will cause an accident. There-
fore, it is necessary to detect the connection reliability of
the secondary loop of the current detection device.

SUMMARY

[0010] The present invention intends to provide a mod-
ularized, replaceable, and integrated electrical apparatus
having control and protection functions, the electrical ap-
paratus also has a secondary loop connection detection
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device.
[0011] According to an embodiment of the present in-
vention, a control and protection device of a low-voltage
electrical apparatus is provided. The device comprises
a pedestal and a control and protection module, the con-
trol and protection module is replaceable and is plugged
to the pedestal.
[0012] The pedestal has a base and a housing, within
the pedestal, it includes:

a moving contact, a static contact, and a current con-
ductor connecting to a main circuit;

a control electromagnet and an operation mecha-
nism, the control electromagnet and the operation
mechanism controlling the moving contact and the
static contact to close or open in response to a control
signal, the control electromagnet and the operation
mechanism maintaining the close or open statuses
of the moving contact and the static contact;

a manual operation knob, providing the control signal
for controlling the close or open of the moving contact
and the static contact;

a control contact connected to the manual operation
knob;

a current sensor, detecting a current that flows
through the current conductor connecting to the main
circuit and generating a sensing signal.

[0013] Within the control and protection module, it in-
cludes:

a signal processing unit, controlling the status of the
control electromagnet by electrical circuits in re-
sponse to the sensing signal;

a tripping device, controlling operations of the oper-
ation mechanism through mechanical connection in
response to the signal processing unit.

[0014] According to an embodiment, the base compris-
es therein:

a multi-polar contact including a static contact and a
moving contact;

a contact bridge on which the moving contact is dis-
posed;

a spring connected to the contact bridge, the spring
applying a spring force to the contact bridge so as
to drive the contact bridge and the moving contact
to move towards the static contact and make the
moving contact and the static contact close;

a contact support connected to the contact bridge,
the contact support making the static contact and
the moving contact open;

a first current conductor and a second current con-
ductor connecting to the main circuit, the static con-
tact being disposed on the first current conductor
and the second current conductor connecting to the
main circuit, a power supply terminal being disposed
on the first current conductor while a load terminal
being disposed on the second current conductor;

arc extinction chambers being disposed on both
sides of the moving contact and the static contact.

[0015] According to an embodiment, the base compris-
es therein: baffle plates disposed on the first current con-
ductor and the second current conductor, the baffle
plates isolating the moving contact, the static contact,
the contact bridge, the contact support, the arc extinction
chamber, the first current conductor, and the second cur-
rent conductor within the base.
[0016] According to an embodiment, the housing is
connected to the base, the housing is isolated with the
base via the baffle plates, the housing comprises therein:

a current sensor being secured on the baffle plates,
the current sensor connecting to a second power
supply conductor to form a primary loop, a secondary
loop of the current sensor outputting a sensing signal
to a signal processing control unit;

a control electromagnet comprising a coil and a
counterforce spring, the counterforce spring con-
necting to the contact support via a transmission
member, the counterforce spring applying a spring
force to the contact support via the transmission
member so as to make the moving contact and the
static contact open;

an operation mechanism, the operation mechanism
connecting to the contact support through a connec-
tion rod and the transmission member, the operation
mechanism applying a maintenance force to the con-
tact support via the connecting rod and the transmis-
sion member so as to maintain the moving contact
and the static contact open;

a control contact, the control contact connecting to
the manual operation knob, the status of the control
contact being associated with the status position of
the manual operation knob.

[0017] According to an embodiment, the housing fur-
ther comprises therein an auxiliary contact, a signaling
contact, and an alarm contact, where the auxiliary con-
tact, the signaling contact, and the alarm contact output-
ting status signals.
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[0018] According to an embodiment, the base has a
wiring terminal disposed thereon, the wiring terminal con-
trols a power supply voltage, an end of the wiring terminal
is connected to the control contact.
[0019] According to an embodiment, the manual oper-
ation knob rotates clockwise or anticlockwise, the manual
operation knob connects to the operation mechanism via
a driving mechanism, the status position of the manual
operation knob is associated with the positions of the
moving contact and the static contact, a releaser com-
ponent in the operation mechanism is reset by rotating
the manual operation knob anticlockwise. The status po-
sition of the manual operation knob is associated with
the control and protection module, the status position of
the manual operation knob is in a position that makes
the moving contact and the static contact open while the
control and protection module is in a pluggable status,
the manual operation knob is in a position that makes
the moving contact and the static contact close while the
control and protection module is in a locked status.
[0020] According to an embodiment, the manual oper-
ation knob is clamped into the control and protection mod-
ule; or the manual operation knob comprises a handle,
when the manual operation knob makes the moving con-
tact and the static contact close, the handle is clamped
onto the control and protection module so that the control
and protection module is locked, when the manual oper-
ation knob makes the moving contact and the static con-
tact open, the handle is separated from the control and
protection module so that the control and protection mod-
ule is pluggable.
[0021] According to an embodiment, the control and
protection module comprises therein:

a signal input connected to the current sensor, the
signal input receiving the sensing signal output from
the current sensor;

a signal processing unit connected to the signal in-
put, the signal processing unit receiving the sensing
signal of the current sensor from the signal input and
outputting a tripping instruction;

a tripping device connected to the operation mech-
anism via a mechanical member, the tripping device
actuating a releaser component in the operation
mechanism via the mechanical member in response
to the tripping instruction so as to make the moving
contact and the static contact open.

[0022] According to an embodiment, the signal
processing unit comprises:

an electrical protection device for protecting the trip-
ping device;

an electrical control device connected to the control
electromagnet, the electrical control device connect-

ing to a coil of the electromagnet via connection wires
and converting the status of the control electromag-
net.

[0023] According to an embodiment, the current sen-
sor comprises a secondary loop connection detection de-
vice, the secondary loop connection detection device
comprises:

a three-phase current transformer disposed inside
the current detection device, a second end of each
transformer in the three-phase current transformer
connecting together to form a common end, a first
end of each current transformer in the three-phase
current transformer being independent from each
other;

first verification terminals disposed inside the current
detection device, each of the first verification termi-
nals being connected to each other;

a male terminal formed by the common end, the first
end of the three-phase current transformer, and the
first verification terminal;

a receiving terminal disposed inside the protection
module, the receiving terminal comprising a receiv-
ing terminal of the three-phase current transformer
and a receiving terminal of the common end;

second verification terminals disposed inside the
protection module, the second verification terminals
being independent from each other;

a female terminal formed by the receiving terminal
of the common end, the receiving terminal of the
three-phase current transformer, and the second
verification terminals;

wherein the female terminal matches the male ter-
minal, the receiving terminal of the common end
matches the common end, the receiving terminal of
the three-phase current transformer matches the
first terminal of the three-phase current transformer,
the first verification terminals matches the second
verification terminals.

[0024] According to an embodiment, within the sec-
ondary loop connection detection device: there are two
first verification terminals and the two first verification ter-
minals are disposed on both sides of the common end
and the first end of the three-phase current transformer;
there are two second verification terminals and the two
second verification terminals are disposed on the receiv-
ing terminal of the common end and both sides of the
receiving terminal of the three-phase current transform-
er.
[0025] According to an embodiment, within the sec-
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ondary loop connection detection device: the length of
the first verification terminals is shorter than the length
of the common end and the first terminal of the three-
phase current transformer; the length of the second ver-
ification terminals is shorter than the length of the receiv-
ing terminal of the common end and the receiving termi-
nal of the three-phase current transformer.
[0026] According to an embodiment, within the sec-
ondary loop connection detection device: connection de-
tection is performed on the second verification terminals
that are independent from each other so as to convert
the level status of an I/O port of a microprocessor in the
protection module, the level status of the I/O port is de-
termined by the microprocessor; under the situation that
the primary loop is disconnected, when the level is high,
the microprocessor sends a signal for connecting the pri-
mary loop; when the level is low, the microprocessor pro-
hibits sending the signal for connecting the primary loop;
under the situation that the primary loop is connected,
when the level is high, the microprocessor maintains the
present status; when the level is low, the microprocessor
sends a signal for disconnecting the primary loop; con-
verting the ON/OFF status of the primary loop by detect-
ing the connection of the secondary loop with the current
detection device.
[0027] According to an embodiment, within the sec-
ondary loop connection detection device: a resistor is
disposed between respective secondary winding coils of
the three-phase current transformer, the resistance of
the resistor meets the following requirements: sampling
currents at positions under normal plug-in status; main-
taining the connection of the secondary loop of the three-
phase current transformer under abnormal plug-in sta-
tus.
[0028] The control and protection device of a low-volt-
age electrical apparatus of the present invention may fully
coordinate contactor functions and breaker functions of
the device, the device has high breaking ability and long
mechanical and electrical lifetime, the device is adapted
to different control power supply voltage and may be ap-
plied in a variety of protection types, the device is able
to increases the reliability of electrical connection and
usage. A secondary loop connection detection device
therein may avoid potential damages to the security of
the primary loop to which it belongs and reliability of a
switching electrical apparatus that are caused by the un-
reliable plug connection of the current detection device
and the protection module. The secondary loop connec-
tion detection device requires less components, has high
reliability, and has the features of small volume and low
cost when used in the control and protection switching
electrical apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features, natures, and ad-
vantages of the invention will be apparent by the following
description of the embodiments incorporating the draw-

ings, wherein,

Figure 1 illustrates a structure diagram of a control
and protection device of a low-voltage electrical ap-
paratus according to an embodiment of the present
invention.

Figure 2 illustrates a structure diagram of a control
and protection device of a low-voltage electrical ap-
paratus according to an embodiment of the present
invention.

Figure 3 illustrates an outside diagram of a control
and protection device of a low-voltage electrical ap-
paratus according to an embodiment of the present
invention.

Figure 4 illustrates a schematic diagram of a sec-
ondary winding coil of a three-phase current trans-
former used in a secondary loop connection detec-
tion device according to an embodiment of the
present invention.

Figure 5 illustrates a schematic diagram of a con-
nection detection circuit of a current detection device
and a protection module in a secondary loop con-
nection detection device according to an embodi-
ment of the present invention.

Figure 6 illustrates a flow chart of a detection pro-
gram performed in a secondary loop connection de-
tection device according to an embodiment of the
present invention.

Figure 7 illustrates a schematic diagram of a protec-
tion circuit used in a secondary loop connection de-
tection device according to an embodiment of the
present invention.

Figure 8 illustrates a schematic diagram of a current
transformer signal processing circuit used in a sec-
ondary loop connection detection device according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] The main design idea of the present invention
is as follows:
[0031] A modularized, replaceable, and integrated
electrical apparatus having control and protection func-
tions is provided. A current detection device for detecting
a current flowing through conductors is in form of a cur-
rent sensor. A main circuit current conductor constitutes
a primary loop directly through the current sensor. A
sensing signal of a secondary loop of the current sensor
is connected to a signal processing control unit. The sig-
nal processing control unit comprises an electrical pro-
tection device and an electrical control device. The elec-
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trical protection device comprises a tripping device for
protection. An electromagnet control device for control
is connected to the electrical control device through con-
nection wires.
[0032] The electrical apparatus having control and pro-
tection functions comprises: a pedestal; and a pluggable
and replaceable control and protection module. The ped-
estal comprises a base and a housing; and further pro-
vided with a moving contact, a static contact, and a cur-
rent conductor connecting to a main circuit; a control elec-
tromagnet for controlling the moving contact and the stat-
ic contact to be closed or opened in response to a man-
made control signal; an operation mechanism for con-
trolling the moving contact and the static contact to be
closed or opened in response to a man-made control
signal; a manual operation knob with which the moving
contact and the static contact is controlled to be closed
or opened; a control contact, the close or open status of
the control contact is controlled by the manual operation
knob; and a current sensor for detecting a current that
flows through the main circuit current conductor and
transferring a detected signal to a signal processing con-
trol unit. The control and protection module is provided
with a tripping device for protection and a signal process-
ing control unit. The tripping device makes the moving
contact and the static contact to be closed or opened by
actuating the operation mechanism in the pedestal with
a mechanical actuation mechanism, in response to the
signal sent by the signal processing control unit in the
control and protection module. The signal processing
control unit may provide a power supply for controlling
the electromagnet and control the status of the electro-
magnet through electrical circuits.
[0033] The control and protection module is pluggable
and replaceable. A signal input of the control and protec-
tion module is connected to an output signal of the current
sensor, and is inputted with an electrical signal generated
based on the detection of a current that flows through
the current conductor. An output of the control and pro-
tection module may output two manners of status con-
version: one is a status conversion of mechanical oper-
ations, for controlling the status of the mechanical mem-
bers of the operation mechanism; the other is a status
conversion of electrical signals, for controlling status con-
version of the electromagnet. The current sensor of the
present invention is disposed in the pedestal so that the
current conductor connected to the main circuit directly
connects to the current sensor and extracts a sensing
signal of the secondary loop of the current sensor. The
input of a weak electric signal would not cause a sur-
rounding temperature rise inside the control and protec-
tion module and thus would not influence the perform-
ance and lifetime of related devices. Disposing the cur-
rent sensor in the pedestal may reduce the plugging force
of the plug-in module and facilitate enhancement of struc-
tural layout and mechanical performance.
[0034] Since the module is pluggable and replaceable,
different control and protection modules may be disposed

according to the situation and type of usage. Preferably,
the control and protection module may have different
types of modules according to different protection func-
tions, for example, modules having fundamental protec-
tion functions such as short-circuit protection, overload
protection, open-phase protection, direct startup are con-
figured as standard-type modules, while modules having
multi-functions such as communication, liquid crystal dis-
play, and double-power protection are configured as mul-
tifunction-type modules.
[0035] The present invention also provides an electri-
cal apparatus having control and protection functions.
The electrical apparatus has a lower base disposed at a
pedestal, the base is isolated with an insulating baffle
plate. The base is provided with power supply conduc-
tors, separable moving and static contacts, and arc ex-
tinction chambers associated with the separable moving
and static contacts. An operation mechanism is provided
with a transmission mechanism, the transmission mech-
anism on one hand transfers mechanical signals to a
manual operation knob, and on the other hand transfers
mechanical signals to the moving contact. The moving
contact is associated with the transmission mechanism
of the operation mechanism via a contact support. On
both ends of the operation mechanism of the apparatus
above the base and the insulating baffle plates, a control
electromagnet is disposed on one end while a current
sensor is disposed on the other end. Preferably, the con-
trol electromagnet is disposed on an upper input end of
the power supply conductor, and a current sensor is dis-
posed on a lower input end of the power supply conduc-
tor. A housing unit is used to correlate a base with the
operation mechanism, the control electromagnet, the
current sensor and related transmission mechanisms
and isolating members to form a closed pedestal, while
the base is provided to accommodate the moving and
static contacts, the arc extinction chamber, and a main
circuit power supply conductor.
[0036] The present invention also provides an electri-
cal apparatus having control and protection functions.
Preferably, an isolation structure is disposed in the ped-
estal, so that no extra isolation module outside the ap-
paratus is needed. With a manual control mechanism,
the moving and static contacts are kept at an open status
reliably, and the open distance between the moving con-
tact and the static contact meets the requirements of iso-
lation.
[0037] The present invention also provides an electri-
cal apparatus having control and protection functions.
The apparatus is provided with a communication module
having communication functions, a residual current con-
trol and protection module having residual current pro-
tection. The apparatus is connected to an outside auxil-
iary module and outside signal and alarm modules. Pref-
erably, the communication module is disposed in a multi-
functional control and protection module. A pair of aux-
iliary contacts and a pair of signaling contacts are built
in the device having control and protection functions. The
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outside auxiliary module and the outside signal and alarm
modules may be disposed at an upper end or both ends
of the electrical apparatus.
[0038] According to the above design ideas, the
present invention provides the following technical solu-
tion:
[0039] A control and protection device of a low-voltage
electrical apparatus, comprising a pedestal and a control
and protection module, the control and protection module
is pluggable and replaceable and is plugged into the ped-
estal.
[0040] The pedestal has a base and a housing, the
pedestal has disposed therein: a moving contact, a static
contact, and a current conductor through which a main
circuit current flows, a control electromagnet and an op-
eration mechanism, a manual operation knob, a control
contact, and a current sensor.
[0041] According to an embodiment, the base in the
pedestal has disposed therein:

a multi-polar contact comprising a static contact and
a moving contact;

a contact bridge on which the moving contact is dis-
posed;

a spring connected to the contact bridge, the spring
applying a spring force to the contact bridge so as
to drive the contact bridge and the moving contact
to move towards the static contact and make the
moving contact and the static contact close;

a contact support connected to the contact bridge,
the contact support making the static contact and
the moving contact open;

a first current conductor and a second current con-
ductor connected to the main circuit, wherein the
static contact is disposed on the first current conduc-
tor and the second current conductor that connects
to the main circuit, wherein a power supply terminal
is disposed on the first current conductor while a load
terminal is disposed on the second current conduc-
tor;

arc extinction chambers being disposed on both
sides of the moving contact and the static contact;

baffle plates disposed on the first current conductor
and the second current conductor, the baffle plates
isolating the moving contact, the static contact, the
contact bridge, the contact support, the arc extinction
chamber, the first current conductor, and the second
current conductor within the base.

[0042] According to an embodiment, the housing is
connected to the base, the housing isolates with the base
via the baffle plates, the housing has disposed therein:

a current sensor secured on the baffle plates, the
current sensor connecting to a second power supply
conductor to form a primary loop, a secondary loop
of the current sensor outputting a sensing signal to
a signal processing control unit;

a control electromagnet comprising a coil and a
counterforce spring, the counterforce spring con-
necting to the contact support via a transmission
member, the counterforce spring applying a spring
force to the contact support via the transmission
member so as to make the moving contact and the
static contact open;

an operation mechanism, the operation mechanism
connecting to the contact support through the trans-
mission member via a connecting rod, the operation
mechanism applying a maintenance force to the con-
tact support via the connecting rod and the transmis-
sion member so as to maintain the moving contact
and the static contact open;

a control contact, the control contact connecting to
the manual operation knob, the status of the control
contact being associated with the status position of
the manual operation knob;

an auxiliary contact, a signaling contact, and an
alarm contact, the auxiliary contact, the signaling
contact, and the alarm contact outputting status sig-
nals;

an control electromagnet and an operation mecha-
nism, controlling the moving contact and the static
contact to close or open in response to a control sig-
nal and maintaining the close or open status of the
moving contact and the static contact;

a manual operation knob providing the control signal
for controlling the moving contact and the static con-
tact to close or open, wherein the manual operation
knob rotates clockwise or anticlockwise, the manual
operation knob connects to the operation mecha-
nism via a transmission mechanism, wherein the sta-
tus position of the manual operation knob is associ-
ated with the positions of the moving contact and the
static contact. A releaser component in the operation
mechanism is reset by rotating the manual operation
knob anticlockwise. The status position of the man-
ual operation knob is associated with the control and
protection module. The control and protection mod-
ule is in a pluggable status when the status position
of the manual operation knob is in a position that
makes the moving contact and the static contact
open. The control and protection module is in a
locked status when the manual operation knob is in
a position that makes the moving contact and the
static contact close. To achieve the above functions,
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the manual operation knob may have the following
structure: the manual operation knob being clamped
into the control and protection module; or the manual
operation knob comprising a handle, when the man-
ual operation knob makes the moving contact and
the static contact close, the handle of the manual
operation knob being clamped onto the control and
protection module so as to lock the control and pro-
tection module; when the manual operation knob
makes the moving contact and the static contact
open, the handle of the manual operation knob being
separated from the control and protection module so
that the control and protection module is pluggable.

a current sensor detecting a current that flows
through the main circuit current conductor and gen-
erating a sensing signal;

a control and protection module with a signal
processing unit and a tripping device disposed there-
in, wherein the signal processing unit controls the
status of the control electromagnet via electrical cir-
cuits in response to the sensing signal, and the trip-
ping device controls operations of the operation
mechanism via mechanical connections in response
to the signal processing unit.

[0043] In an embodiment, the control and protection
module has disposed therein:

a signal input connected to the current sensor, the
signal input receiving a sensing signal output from
the current sensor;
a signal processing unit connected to the signal in-
put, the signal processing unit receiving the sensing
signal of the current sensor from the signal input and
outputting
a tripping instruction, the signal processing unit com-
prising an electrical protection device and an elec-
trical control device, the electrical protection device
protecting a tripping device, the electrical control de-
vice connecting to a control electromagnet, the elec-
trical control device connecting to a coil of the control
electromagnet via connection wires and converting
the status of the control electromagnet;
a tripping device connected to the operation mech-
anism via a mechanical member, the tripping device
actuating the releaser component in the operation
mechanism via the mechanical member in response
to the tripping instruction so as to make the moving
contact and the static contact open.

[0044] An exemplary embodiment of the control and
protection device of a low-voltage electrical apparatus
according to the present invention is illustrated accom-
panying with Figures 1-3. Figure 1 illustrates a structure
diagram of a control and protection device of a low-volt-
age electrical apparatus according to an embodiment of

the present invention. Figure 2 also illustrates a structure
diagram of a control and protection device of a low-volt-
age electrical apparatus according to an embodiment of
the present invention. Figure 3 illustrates an outside di-
agram of a control and protection device of a low-voltage
electrical apparatus according to an embodiment of the
present invention.
[0045] As shown in Figures 1-3, the control and pro-
tection device of the low-voltage electrical apparatus
comprises a pedestal 100, and a pluggable and replace-
able control and protection module 200.
[0046] The pedestal 100 comprises a base 70 having
multi-polar contacts disposed therein. These multi-polar
contacts include a moving contact 10 and a static contact
11. The moving contact 10 is disposed on a contact
bridge. The moving contact 10 closes with the static con-
tact 11 under the spring force of a spring 16, and opens
from the static contact 11 under the force applied on a
contact support 17. The static contact 11 is disposed on
a first power supply conductor 13 and a second power
supply conductor 14 that flow through a main circuit. A
power supply terminal 135 connects to the first power
supply conductor 13. A load terminal 246 connects to the
second power supply conductor 14. An arc extinction
chamber 12 is correlated with the moving contact 10 and
the static contact 11, and is disposed in a cavity of the
base 70. Baffle plates 18, 19 are disposed on the first
power supply conductor 13 and the second power supply
conductor 14 in the base 70. The baffle plates 18, 19
isolate the moving contact 10, the static contact 11, and
the arc extinction chamber 12 and associated compo-
nents within the base 70.
[0047] The pedestal 100 further comprises a housing
71 that is correlated with the base 70. A current sensor
15 is disposed in the housing 71. The second power sup-
ply conductor 14 directly passes through the current sen-
sor 15 to form a primary loop. A sensing signal of a sec-
ondary loop of the current sensor 15 is connected to a
signal processing control unit in the control and protection
module 200 via a connector 101. The current sensor 15
is secured on the baffle plate 19. A control electromagnet
20 is disposed in the housing 71. The control electromag-
net 20 comprises a coil 21 and a counterforce spring 22.
The force of the counterforce spring 22 is applied to the
contact support 17 via a transmission member 42 so as
to separate the moving contact 10 from the static contact
11. The control electromagnet 20 is such designed that
the required power supply voltage is independent of a
rated control power supply voltage, in other words, the
rated control power supply voltage may be AC or DC.
For example, when the rated control power supply volt-
age is selected from 24V or 220V, it is not necessary to
change the coil 21, only the selection of control and pro-
tection modules 2 with different voltage levels may meet
the requirements. The housing 71 has an operation
mechanism 30 disposed therein. A connecting rod 32 on
the operation mechanism 30 applies a maintenance force
to the contact support 17 via the transmission member
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42 so as to separate the moving contact 10 from the static
contact 11 and maintain the open status of the moving
contact 10 and the static contact 11. The housing 71 also
has a control contact 63 disposed therein. The status of
the control contact 63 is associated with the status posi-
tion of a manual operation knob 40. The housing 71 may
also have disposed therein a pair of auxiliary contacts
60, a pair of signal contacts 61, and a pair of alarm con-
tacts 62 for the device to output status signals. The hous-
ing 71 may also has an isolation structure disposed there-
in. The position of the isolation structure is related to sta-
tus positions of the moving contact 10 and the static con-
tact 11. The status position of the isolation structure may
be changed by the manual operation mechanism.
[0048] The pedestal 100 further comprises a manual
operation knob 40 which may rotate clockwise anticlock-
wise. In an embodiment, the manual operation knob 40
may be replaced with two buttons. The manual operation
knob 40 is correlated with the operation mechanism 30
via a transmission mechanism 41. The status position of
the manual operation knob 40 is associated with the sta-
tus positions of the moving contact 10 and the static con-
tact 11. The status position of the manual operation knob
40 is also associated with the status position of the control
contact 63. The manual operation knob 40 may be used
to control ON and OFF status of the device. The status
position of the manual operation knob 40 may also be
associated with the control and protection module 200.
When the status position of the manual operation knob
40 is located at a position that makes the moving contact
10 and the static contact 11 at an open status, the control
and protection module 200 is in a pluggable status. When
the manual operation knob 40 is at a position that makes
the moving contact 10 and the static contact 11 at a close
status, the control and protection module 200 is in a
locked status. This function may be achieved by clamping
a structural member in the manual operation knob 40 into
the control and protection module 200. Alternatively, this
function may be achieved by setting a handle of the man-
ual operation knob 40 to a certain length, a portion of the
handle of the manual operation knob 40 is clamped onto
the control and protection module 200 when the manual
operation knob 40 makes the moving contact 10 and the
static contact 11 close. The control and protection mod-
ule 200 is not pluggable when the moving contact 10 and
the static contact 11 are close. The above two configu-
rations may be used in combination to fasten the clamp-
ing.
[0049] The pedestal 100 also comprises a wiring ter-
minal 80 for controlling the power supply voltage. The
wiring terminal 80 may be configured as one group or
two groups. A control contact 63 is disposed on an end
of the wiring terminal 80. The power supply voltage is
provided to the control and protection module 200 via a
connector 102. When the wiring terminal is configured
as one group, e.g., the wiring terminal 80 is consisted of
A1/A2 terminal, a control contact may be connected ex-
ternal to the A1/A2 terminal, e.g., a control button is con-

nected external to the A1/A2 terminal. The control button
may be used to control the status of the power supply
voltage. The wiring terminal may also be configured as
two groups, e.g., being consisted of two groups of termi-
nals A1/A2 and A3/A4, where the power supply voltage
inputted by one terminal group A3/A4 is directly provided
to the control and protection module 200, another termi-
nal group A1/A2 is similarly configured as the situation
that only one group of terminal is used. Under such con-
figuration, when the externally connected control contact
is OFF, the status of the control and protection module
200 will not be influenced by the status of the external
control contact, but remains consistent with A3/A4.
[0050] The control and protection module 200 is plug-
gable and replaceable, and comprises a signal input 101
that is connected to an output signal of the current sensor
15. The signal input 101 is used to receive electrical sig-
nals associated with a current that flows through a second
current conductor 14 of the main circuit to the signal
processing control unit. The signal processing control
unit comprises an electrical protection device 51 and an
electrical control device 52. The electrical protection de-
vice 51 comprises a tripping device 50 for the purpose
of protection. The tripping device 50 is applied to a signal
processing unit that detects signals. A mechanical mem-
ber 31 of the tripping device 50 is associated with the
operation mechanism 30, the mechanical member 31
changes the status of the tripping device 50 upon the
signal processing unit detects a fault signal. The mechan-
ical member 31 on the tripping device 50 actuates a re-
leaser component in the operation mechanism 30 to open
the moving contact 10 and the static contact 11 quickly
via a correlated transmission mechanism 41 and the con-
tact support 17. By rotating the manual operation knob
40 anticlockwise, the releaser component in the opera-
tion mechanism 30 is reset. The electrical control device
52 comprises a control unit applied to a control electro-
magnet 20, the electrical control device 52 connects to
a coil 21 of the control electromagnet 20 via a connection
wire 103. The electrical control device converts the status
of the control electromagnet 20 by sending a signal in-
struction from a control component in the signal process-
ing control unit. To reduce interference between strong
electrical signals and weak electrical signals, the signal
processing control unit may at least be configured as
including two separate parts for disposing strong electri-
cal components and weak electrical components respec-
tively. A connector 501 is used to transfers the power
supply and signals between the two parts.
[0051] The control and protection module 200 is plug-
gable and replaceable. Different control and protection
modules 200 may be disposed according to the require-
ments and type of usage. The control and protection mod-
ule 200 is provided with modules that are adapted to dif-
ferent power supply voltages, for example, DC24V,
AC24V, DC48V, AC48V, DC100V, AC110V, DC220V,
and AC220V. In this embodiment, the control and pro-
tection module 200 is configured as an AC/DC universal
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type, that is, only different voltage levels are selected
regardless of the AC/DC type of the voltage. Different
types of the control and protection modules 200 may be
selected according to different protection functions, for
example, modules having fundamental protection func-
tions such as short-circuit protection, overload protec-
tion, open-phase protection, direct startup are configured
as standard-type control and protection modules 200,
while modules having multi-functions such as communi-
cation, liquid crystal display, and double-power protec-
tion are configured as multifunction-type control and pro-
tection modules 200. A control and protection module
200 having special protection functions may be custom-
ized based on a special situation of usage, for example,
being adapted for fire control usage. To facilitate product
management and reduce production and management
costs, it is useful to separate extended functions from
fundamental functions of the signal processing control
unit and integrate the extended functions in separate part
53, a connector 502 may be used to transfer the power
supply and signals therebetween.
[0052] In the control and protection device of a low-
voltage electrical apparatus of the present invention, a
pair of auxiliary contacts 60 and a pair of signaling con-
tacts 61, 62 may be built in. Extended modules such as
an auxiliary module, a signaling module, an alarm mod-
ule, a reversible module, a voltage control and protection
module may be connected external to the control and
protection device. These modules may be disposed on
an upper end or left/right ends of the electrical apparatus,
or may be disposed on front/rear ends of the electrical
apparatus or may be separately installed in parallel.
[0053] The above-mentioned current sensor 15 com-
prises a secondary loop connection detection device, the
secondary loop connection detection device comprises:

a three-phase current transformer disposed inside
the current detection device, a second end of each
transformer in the three-phase current transformer
connecting together to form a common end, a first
end of each current transformer in the three-phase
current transformer being independent from each
other;

first verification terminals disposed inside the current
detection device, each of the first verification termi-
nals being connected to each other, usually two first
verification terminals being disposed on the common
end and both sides of the first terminal of the three-
phase current transformer;

a male terminal formed by the common end, the first
end of the three-phase current transformer, and the
first verification terminal;

a receiving terminal disposed inside the protection
module, the receiving terminal comprising a receiv-
ing terminal of the three-phase current transformer

and a receiving terminal of the common end;

second verification terminals disposed inside the
protection module, the second verification terminals
being independent from each other, usually two sec-
ond verification terminals being disposed on the re-
ceiving terminal of the common end and both sides
of the receiving terminal of the three-phase current
transformer;

a female terminal formed by the receiving terminal
of the common end, the receiving terminal of the
three-phase current transformer, and the second
verification terminals;

where the female terminal matching the male termi-
nal, the receiving terminal of the common end match-
ing the common end, the receiving terminal of the
three-phase current transformer matching the first
terminal of the three-phase current transformer, the
first verification terminals matching the second ver-
ification terminals.

[0054] In general, the male terminal is consisted of six
terminals, while the female terminal is also consisted of
six terminals. These six pairs of terminals are considered
as a whole integrity. However, it is to be noted that the
technical solution of the present invention is not limited
to six pairs of terminals. Those configurations that may
reflect the plug-in status of the current detection device
and the protection module should be considered as being
within the scope of the present invention.
[0055] The length of the first verification terminals is
shorter than the length of the common end and the length
of the first terminal of the three-phase current transform-
er. Accordingly, the length of the second verification ter-
minals is shorter than the length of the receiving terminal
of the common end and the length of the receiving ter-
minal of the three-phase current transformer. Thus, when
verification terminals that are located at both sides are
well plugged in, it is ensured that the four pairs of termi-
nals in the middle are well plugged in (the four pairs of
terminals in the middle are much longer), meanwhile it
is ensured that the secondary loop of the current detec-
tion device is well connected.
[0056] Connection detection is performed on the sec-
ond verification terminals to detect the connection status
of the second verification terminals that are arranged in-
dependently from each other so as to change the level
status of an I/O port of a microprocessor in the protection
module. The microprocessor determines the level status
of the I/O port as follows:

under the situation that the primary loop is discon-
nected, when the level is high, the microprocessor
sends a signal for connecting the primary loop; when
the level is low, the microprocessor prohibits sending
a signal for connecting the primary loop;
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under the situation that the primary loop is connect-
ed, when the level is high, the microprocessor main-
tains the present status; when the level is low, the
microprocessor sends a signal for disconnecting the
primary loop.

By detecting the connection of the secondary loop
of the current detection device, the ON/OFF status
of the primary loop is changed to as to ensure an
safe operation of the whole control and protection
switching electrical apparatus.

[0057] In an embodiment, a resistor is disposed be-
tween respective secondary winding coils of the three-
phase current transformer. The resistance of the resistor
meets the following requirements:

sampling currents at positions under normal plug-in
status;

maintaining the connection of the secondary side
loop of the three-phase current transformer under
abnormal plug-in status.

Upon configuring the resistor, by selecting appropri-
ate resistance, the resistor would not influence the
current sampling under normal plug-in status of the
current detection device and the protection module
in one hand, one the other hand, the resistor would
ensure the connection of a secondary side loop of
the current transformer under abnormal plug-in sta-
tus so as to avoid very high voltage induced on the
secondary winding coils that may threaten the safety
of the current detection device and humans.

[0058] Specific implementations of the secondary loop
connection detection device are introduced in connection
with the accompanying figures. It shall be noted that,
these specific implementations intend to facilitate under-
standing of the present invention, and more clearly show
the positive effects of using the secondary loop connec-
tion detection device. These specific implementations,
however, are not considered as limitations to the present
invention.
[0059] The secondary loop connection detection de-
vice comprises a current detection device and a protec-
tion module connection detection circuit.
[0060] Figure 4 illustrates a schematic diagram of a
secondary winding coil of a three-phase current trans-
former used in a secondary loop connection detection
device according to an embodiment of the present inven-
tion. The three-phase current transformer is disposed in
the current detection device. The current detection de-
vice is disposed in a power pedestal, where CT1, CT2,
CT3 are three secondary windings of the three-phase
current transformer, Signal_L1, Signal_L2, Signal_L3
and Signal_Common are four terminals of the secondary
windings of the three-phase current transformer, and

Signal_Common is a common end among them.
[0061] Figure 5 illustrates a schematic diagram of a
connection detection circuit of a current detection device
and a protection module in a secondary loop connection
detection device according to an embodiment of the
present invention. The detection circuit comprises: a mi-
crocontroller M, a crystal oscillator Y, a connecting ter-
minal Pmale (male terminal), a connecting terminal Pfe-
male (female terminal), resistors R1, R2, an N channel
MOS transistor Q, and a capacitor C.
[0062] Pin Number 2 of the resistor R1 is connected
to the power supply Vcc, and Pin Number 1 of the resistor
R1 is connected to Pin Number 1 of the connecting ter-
minal Pmale. Pin Number 2 of Pmale is connected to Pin
Number 2 of Pfemale. Pin Number 3 of Pmale is con-
nected to Pin Number 3 of Pfemale. Pin Number 4 of
Pmale is connected to Pin Number 4 of Pfemale. Pin
Number 5 of Pmale is connected to Pin Number 5 of
Pfemale. Pin Number 6 of Pmale is connected to Pin
Number 2 of resistor R2 and Pin Number 2 of the N chan-
nel MOS transistor Q. Pin Number 1 of the resistor R2 is
connected to Pin Number 3 of the N channel MOS tran-
sistor Q and is grounded. Pin Number 1 of the N channel
MOS transistor Q is connected to Pin Number 1 of the
capacitor C and Pin Number 2 of the controller M. Pin
Number 2 of the capacitor C is connected to Pin Number
1 of the controller M and is connected to the power supply
Vcc. Pin Number 1 of the crystal oscillator Y is connected
to Pin Number 6 of the controller M. Pin Number 2 of the
crystal oscillator Y is connected to Pin Number 7 of the
controller M. Pin Number 1 of Pfemale is connected to
Pin Number 6 of Pfemale. The connecting terminal Pfe-
male is positioned in the power pedestal, while other de-
vices are positioned in the protection module. It is to be
noted that the positions of the devices may vary. The
connecting terminal Pfemale may be positioned in the
protection module while other devices may be positioned
in the power pedestal. The microcontroller M is powered
by an output signal of a switching power supply, where
Vcc and GND are signals output by the switching power
supply. When the connecting terminal Pfemale is reliably
plugged-in with Pin Number 1 and 6 of the connecting
terminal Pmale, Pin number 1 and number 6 of Pmale
are connected. Voltage Vcc is divided by resistors R1,
R2 and generates a high level on Pin Number 2 of the
resistor R2, the N channel MOS transistor Q is ON and
its ON pressure drop is less than 0.02V and is negligible
compared to Vcc. Thus, Signals SGND and GND are
connected, that is, GND of the microcontroller M is con-
nected to GND output by the switching power supply so
that the microcontroller M is powered and functions nor-
mally so as to perform various control and protection
functions. When the connecting terminal Pfemale is not
reliably plugged-in with Pin Number 1 and 6 of the con-
necting terminal Pmale, Pin number 1 and number 6 of
Pmale are disconnected. Voltage Vcc cannot be divided
via resistors R1, R2 and generates a low level on Pin
Number 2 of the resistor R2, the N channel MOS tran-
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sistor Q is OFF. Thus, GND of the microcontroller M is
disconnected with GND output by the switching power
supply so that the control and protection switching elec-
trical apparatus cannot be connected and the primary
loop cannot work, so as to avoid potential damages to
reliability of a control and protection switching electrical
apparatus and potential damages to safety of the primary
loop that are caused by the unreliable plug-ins of the
current transformer and the protection module.
[0063] Figure 6 illustrates a flow chart of a detection
program performed in a secondary loop connection de-
tection device according to an embodiment of the present
invention. Figure 6 discloses the procedure for detection:
[0064] First of all, a program in the microprocessor de-
termines a level status of an I/O port: when the level is
high, it means that the secondary loop is reliably con-
nected and the program in the microprocessor remains
the present status; when the level is low, it means that
the secondary loop is not reliably connected.
[0065] At this time, when the microprocessor detects
a disconnection of the primary loop, the program prohibits
sending a signal for connecting the primary loop; when
the microprocessor detects a connection of the primary
loop, the program sends a signal for disconnecting the
primary loop
[0066] Thus, the primary loop cannot work so as to
avoid potential damages to reliability of a control and pro-
tection switching electrical apparatus and potential dam-
ages to safety of the primary loop that are caused by the
unreliable plug-ins of the current transformer and the pro-
tection module.
[0067] Figure 7 illustrates a schematic diagram of a
protection circuit used in a secondary loop connection
detection device according to an embodiment of the
present invention. Figure 7 is a further schematic diagram
of a protection circuit. The circuit is consisted of a con-
necting terminal Pct and resistors R_L1, R_L2 and R_L3.
Pin Number 1 of the terminal Pct is connected to Pin
Number 1 of the resistor R_L1. Pin Number 2 of the ter-
minal Pct is connected to Pin Number 1 of the resistor
R_L2. Pin Number 3 of the terminal Pct is connected to
Pin Number 1 of the resistor R_L3. Pin Number 4 of the
terminal Pct is connected to Pin Number 2 of the resistor
R_L1, Pin Number 2 of the resistor R_L2 and Pin Number
2 of the resistor R_L3. All the elements are positioned in
a power pedestal. The connecting terminal Pct is con-
nected to four terminals of secondary windings of the
three-phase current transformer as shown in Figure 1.
The resistances of resistors R_L1, R_L2, and R_L3 meet
the requirements: sampling currents at positions under
normal plug-in status; maintaining the connection of a
secondary side loop of the three-phase current trans-
former under abnormal plug-in status. Upon configuring
the resistors, appropriate resistances are selected so that
the resistors would not influence the current sampling
under normal plug-in status of the current detection de-
vice and the protection module and would ensure the
connection of a secondary side loop of the current trans-

former under abnormal plug-in status so as to avoid very
high voltage induced on the secondary winding coils that
may threaten the safety of the current detection device
and humans.
[0068] Figure 8 illustrates a schematic diagram of a
current transformer signal processing circuit used in a
secondary loop connection detection device according
to an embodiment of the present invention. This circuit
is consisted of resistors Ra, Rb, Rc, and diodes Da1,
Da2, Db1, Db2, De1, Dc2. Pin Number 1 of resistor Ra
is connected to Pin Number 2 of diode Da1, Pin Number
1 of diode Da2, Pin Number 1 of resistor Rb, Pin Number
2 of diode Db1, Pin Number 1 of diode Db2, Pin Number
1 of resistor Rc, Pin Number 2 of diode Dc1, Pin Number
1 of diode Dc2. Pin Number 2 of resistor Ra is connected
to Pin Number 1 of diode Da1 and Pin Number 2 of diode
Da2. Pin Number 2 of resistor Rb is connected to Pin
Number 1 of diode Db1 and Pin Number 2 of diode Db2.
Pin Number 2 of resistor Rc is connected to Pin Number
1 of diode Dc1 and Pin Number 2 of diode Dc2. All the
elements are positioned in the protection module. When
all the pins of the connecting terminal Pfemale and the
connecting terminal Pmale are reliably plugged-in, sig-
nals Signal_L1, Signal_L2, Signal_L3 and
Signal_Common on the connecting terminal Pct (i.e., sig-
nals of the three-phase current transformer) that is within
the power pedestal may be reliably transferred into the
protection module. At this time, the respective resistanc-
es between Signal_Common and Signal_L1, Signal_L2,
Signal_L3 are R_L1*Ra/(R_L1+Ra),
R_L2*Rb/(R_L2+Rb), R_L3*Rc/(R_L3+Rc). These re-
sistances all meet the design goals of current sampling.
Signal_L1, Signal_L2, and Signal_L3 are transferred via
subsequent processing circuits to the microcontroller M,
which may achieve various control and protection func-
tions. When the connecting terminal Pfemale is not reli-
ably plugged-in with Pin Numbers 2-5 of the connecting
terminal Pmale, Signals_L1, Signal_L2, Signal_L3,
Signal_Common on the connecting terminal Pct posi-
tioned within the power pedestal cannot be transferred
into the protection module. At this time, since there are
no resistors R_L1, R_L2 and R_L3, Signal_L1, Signal_L2
and Signal_L3 are disconnected with Signal_Common,
that is, the secondary loop of the current transformer is
not connected so that the current transformer and hu-
mans are threatened. In this embodiment, resistors
R_L1, R_L2 and R_L3 are respectively inserted between
Signal_Common and SignL_L1, Signal_L2 and
Signal_L3 so that the resistances in the secondary wind-
ings of the three-phase current transformer are respec-
tively R_L1, R_L2, and R_L3. These resistances meet
the design goals of security of the current transformer
and humans so as to avoid potential damages to security
of the current detection device of the control and protec-
tion switching electrical apparatus and humans that are
caused by unreliable plug-ins of the current detection de-
vice and the protection module.
[0069] The control and protection device of a low-volt-
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age electrical apparatus of the present invention may fully
coordinate contactor functions and breaker functions of
the device, the device has high breaking ability and long
mechanical and electrical lifetime, the device is adapted
to different control power supply voltage and may be ap-
plied in a variety of protection types, the device is able
to increases the reliability of electrical connection and
usage. A secondary loop connection detection device
therein may avoid potential damages to the security of
the primary loop to which it belongs and reliability of a
switching electrical apparatus that are caused by the un-
reliable plug connection of the current detection device
and the protection module. The secondary loop connec-
tion detection device requires less components, has high
reliability, and has the features of small volume and low
cost when used in the control and protection switching
electrical apparatus.
[0070] The above embodiments are provided to those
skilled in the art to realize or use the invention, under the
condition that various modifications or changes being
made by those skilled in the art without departing the
spirit and principle of the invention, the above embodi-
ments may be modified and changed variously, therefore
the protection scope of the invention is not limited by the
above embodiments, rather, it should conform to the
maximum scope of the innovative features mentioned in
the Claims.

Claims

1. A control and protection device of a low-voltage elec-
trical apparatus, comprising:

a pedestal, the pedestal having a base and a
housing, the pedestal including therein:

a moving contact, a static contact, and a
current conductor connecting to a main cir-
cuit;
a control electromagnet and an operation
mechanism, the control electromagnet and
the operation mechanism controlling the
moving contact and the static contact to
close or open in response to a control signal,
the control electromagnet and the operation
mechanism maintaining the close or open
statuses of the moving contact and the static
contact;
a manual operation knob, providing the con-
trol signal for controlling the close or open
of the moving contact and the static contact;
a control contact connected to the manual
operation knob;
a current sensor, detecting a current that
flows through the current conductor con-
necting to the main circuit and generating a
sensing signal;

a control and protection module, the control and
protection module being pluggable and replace-
able, the control and protection module being
plugged in the pedestal, the control and protec-
tion module including therein:

a signal processing unit, controlling the sta-
tus of the control electromagnet by electrical
circuits in response to the sensing signal;
a tripping device, controlling operations of
the operation mechanism through mechan-
ical connection in response to the signal
processing unit.

2. The control and protection device of a low-voltage
electrical apparatus according to claim 1, wherein
the base comprises therein:

a multi-polar contact including a static contact
and a moving contact;
a contact bridge on which the moving contact is
disposed;
a spring connected to the contact bridge, the
spring applying a spring force to the contact
bridge so as to drive the contact bridge and the
moving contact to move towards the static con-
tact and make the moving contact and the static
contact close;
a contact support connected to the contact
bridge, the contact support making the static
contact and the moving contact open;
a first current conductor and a second current
conductor connecting to the main circuit, the
static contact being disposed on the first current
conductor and the second current conductor
connecting to the main circuit, a power supply
terminal being disposed on the first current con-
ductor while a load terminal being disposed on
the second current conductor;
arc extinction chambers being disposed on both
sides of the moving contact and the static con-
tact.

3. The control and protection device of a low-voltage
electrical apparatus according to claim 2, wherein
the base comprises therein:

baffle plates disposed on the first current con-
ductor and the second current conductor, the
baffle plates isolating the moving contact, the
static contact, the contact bridge, the contact
support, the arc extinction chamber, the first cur-
rent conductor, and the second current conduc-
tor within the base.

4. The control and protection device of a low-voltage
electrical apparatus according to claim 1, wherein
the housing is connected to the base, the housing is

25 26 



EP 2 800 220 A1

15

5

10

15

20

25

30

35

40

45

50

55

isolated with the base via the baffle plates, the hous-
ing comprises therein:

a current sensor being secured on the baffle
plates, the current sensor connecting to a sec-
ond power supply conductor to form a primary
loop, a secondary loop of the current sensor out-
putting a sensing signal to a signal processing
control unit;
a control electromagnet comprising a coil and a
counterforce spring, the counterforce spring
connecting to the contact support via a trans-
mission member, the counterforce spring apply-
ing a spring force to the contact support via the
transmission member so as to make the moving
contact and the static contact open;
an operation mechanism, the operation mech-
anism connecting to the contact support through
a connection rod and the transmission member,
the operation mechanism applying a mainte-
nance force to the contact support via the con-
necting rod and the transmission member so as
to maintain the moving contact and the static
contact open;
a control contact, the control contact connecting
to the manual operation knob, the status of the
control contact being associated with the status
position of the manual operation knob.

5. The control and protection device of a low-voltage
electrical apparatus according to claim 4, wherein
the housing further comprises therein an auxiliary
contact, a signaling contact, and an alarm contact,
where the auxiliary contact, the signaling contact,
and the alarm contact outputting status signals.

6. The control and protection device of a low-voltage
electrical apparatus according to claim 4, wherein
the base has a wiring terminal disposed thereon, the
wiring terminal controls a power supply voltage, an
end of the wiring terminal is connected to the control
contact.

7. The control and protection device of a low-voltage
electrical apparatus according to claim 1, wherein,
the manual operation knob rotates clockwise or an-
ticlockwise, the manual operation knob connects to
the operation mechanism via a driving mechanism,
the status position of the manual operation knob is
associated with the positions of the moving contact
and the static contact, a releaser component in the
operation mechanism is reset by rotating the manual
operation knob anticlockwise;
the status position of the manual operation knob is
associated with the control and protection module,
the status position of the manual operation knob is
in a position that makes the moving contact and the
static contact open while the control and protection

module is in a pluggable status, the manual opera-
tion knob is in a position that makes the moving con-
tact and the static contact close while the control and
protection module is in a locked status.

8. The control and protection device of a low-voltage
electrical apparatus according to claim 7, wherein,
the manual operation knob is clamped into the con-
trol and protection module; or
the manual operation knob comprises a handle,
when the manual operation knob makes the moving
contact and the static contact close, the handle is
clamped onto the control and protection module so
that the control and protection module is locked,
when the manual operation knob makes the moving
contact and the static contact open, the handle is
separated from the control and protection module so
that the control and protection module is pluggable.

9. The control and protection device of a low-voltage
electrical apparatus according to claim 1, wherein
the control and protection module comprises therein:

a signal input connected to the current sensor,
the signal input receiving the sensing signal out-
put from the current sensor;
a signal processing unit connected to the signal
input, the signal processing unit receiving the
sensing signal of the current sensor from the
signal input and outputting a tripping instruction;
a tripping device connected to the operation
mechanism via a mechanical member, the trip-
ping device actuating a releaser component in
the operation mechanism via the mechanical
member in response to the tripping instruction
so as to make the moving contact and the static
contact open.

10. The control and protection device of a low-voltage
electrical apparatus according to claim 9, wherein
the signal processing unit comprises:

an electrical protection device for protecting the
tripping device;
an electrical control device connected to the
control electromagnet, the electrical control de-
vice connecting to a coil of the electromagnet
via connection wires and converting the status
of the control electromagnet.

11. The control and protection device of a low-voltage
electrical apparatus according to claim 1, wherein
the current sensor comprises a secondary loop con-
nection detection device, the secondary loop con-
nection detection device comprises:

a three-phase current transformer disposed in-
side the current detection device, a second end
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of each transformer in the three-phase current
transformer connecting together to form a com-
mon end, a first end of each current transformer
in the three-phase current transformer being in-
dependent from each other;
first verification terminals disposed inside the
current detection device, each of the first verifi-
cation terminals being connected to each other;
a male terminal formed by the common end, the
first end of the three-phase current transformer,
and the first verification terminal;
a receiving terminal disposed inside the protec-
tion module, the receiving terminal comprising
a receiving terminal of the three-phase current
transformer and a receiving terminal of the com-
mon end;
second verification terminals disposed inside
the protection module, the second verification
terminals being independent from each other;
a female terminal formed by the receiving termi-
nal of the common end, the receiving terminal
of the three-phase current transformer, and the
second verification terminals;
wherein the female terminal matches the male
terminal, the receiving terminal of the common
end matches the common end, the receiving ter-
minal of the three-phase current transformer
matches the first terminal of the three-phase cur-
rent transformer, the first verification terminals
matches the second verification terminals.

12. The control and protection device of a low-voltage
electrical apparatus according to claim 11, wherein
within the secondary loop connection detection de-
vice:

there are two first verification terminals and the
two first verification terminals are disposed on
both sides of the common end and the first end
of the three-phase current transformer;
there are two second verification terminals and
the two second verification terminals are dis-
posed on the receiving terminal of the common
end and both sides of the receiving terminal of
the three-phase current transformer.

13. The control and protection device of a low-voltage
electrical apparatus according to claim 12, wherein
within the secondary loop connection detection de-
vice:

the length of the first verification terminals is
shorter than the length of the common end and
the first terminal of the three-phase current
transformer;
the length of the second verification terminals is
shorter than the length of the receiving terminal
of the common end and the receiving terminal

of the three-phase current transformer.

14. The control and protection device of a low-voltage
electrical apparatus according to claim 11, wherein
within the secondary loop connection detection de-
vice:

connection detection is performed on the sec-
ond verification terminals that are independent
from each other so as to convert the level status
of an I/O port of a microprocessor in the protec-
tion module, the level status of the I/O port is
determined by the microprocessor;
under the situation that the primary loop is dis-
connected, when the level is high, the micro-
processor sends a signal for connecting the pri-
mary loop; when the level is low, the microproc-
essor prohibits sending the signal for connecting
the primary loop;
under the situation that the primary loop is con-
nected, when the level is high, the microproces-
sor maintains the present status; when the level
is low, the microprocessor sends a signal for dis-
connecting the primary loop;
converting the ON/OFF status of the primary
loop by detecting the connection of the second-
ary loop with the current detection device.

15. The control and protection device of a low-voltage
electrical apparatus according to claim 11, wherein
within the secondary loop connection detection de-
vice:

a resistor is disposed between respective sec-
ondary winding coils of the three-phase current
transformer, the resistance of the resistor meets
the following requirements:

sampling currents at positions under normal
plug-in status;
maintaining the connection of the second-
ary loop of the three-phase current trans-
former under abnormal plug-in status.
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