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(54) SUBMERSIBLE ELECTRIC MACHINE ASSEMBLY

(67)  The invention relates to a submersible electric machine assembly comprising a submersible electric machine
(2) having an integrated control unit (12) configured for monitoring and controlling the operation of the submersible
electric machine (2), an electric power connector (3), and an electric power cable (4) interconnecting the electric power
connector (3) and the submersible electric machine (2), and comprising at least one power wire for supplying power
from the electric power connector (3) to the control unit (12) of the submersible electric machine (2). The submersible
electric machine assembly is characterized in that the electric power cable (4) comprises at least one communication
wire and the electric power connector (3) comprises an operating panel, wherein the operating panel is connected to
the control unit (12) of the submersible electric machine (2) via said at least one communication wire.
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Description

Technical field of the Invention

[0001] The present invention relates generally to the
field of submersible electric machine assemblies espe-
cially configured for handling liquid, preferably liquid com-
prising solid matter. Further, the presentinvention relates
specifically to the field of submersible electric machine
assemblies especially configured and intended for treat-
ment applications, transport applications and/or dewa-
tering applications, and comprises submersible electric
machines such as pumps and mixers.

[0002] The submersible electric machine assembly
comprises a submersible electric machine having an in-
tegrated control unit configured for monitoring and con-
trolling the operation of the submersible electric machine,
an electric power connector, and an electric power cable
interconnecting the electric power connectorand the sub-
mersible electric machine and comprising at least one
power wire for supplying power from the electric power
connector to the control unit of the submersible electric
machine.

Background of the Invention

[0003] Submersible electric machines having an inte-
grated control unit, also known as intelligent drive, which
monitors and controls the operation of the submersible
electricmachine, are conventionally powered viaan elec-
tric power cable. Usually said electric power cable is rig-
idly connected, i.e. hardwired, to an external control cab-
inet located between the submersible electric machine
and the power mains. The control cabinet is necessary
for the operator to be able to control the submersible
electric machine by sending control signals from the con-
trol cabinetto the submersible electric machine viaa pow-
er/phase wire/conductor of the electric power cable. The
operator is able to turn the submersible electric machine
ON and OFF, respectively, at the control cabinet, and
conventionally the operator is also able to control at least
one of the functions of the electric machine and/or mon-
itoring the operating condition of the electric machine.
The control cabinet is more or less stationary. Thereto,
the control cabinet must be adapted to serve the specific
submersible electric machine, and thereto only person-
nel having a certificate qualifying them to connect the
electric power cable of the electric machine to the control
cabinet are allowed to install the electric machine.
[0004] However, some applications such as drain-
age/dewatering pumps intended for use at a mining/tun-
neling/construction site, i.e. configured for pumping liquid
comprising sand and stone material, such as drilling wa-
ter in mining/tunneling applications or surface water on
construction sites, require that the pump is truly mobile
and configured to be moved and connected to any suit-
able power supply by personnel not having electric cer-
tificate.
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[0005] Thereto, the operatoris usually notable toreach
the submersible electric machine during operation in or-
der to control the operation of submersible electric ma-
chine ortointeract with the submersible electric machine,
i.e. in order to change operational mode of the submers-
ible electric machine. In some applications there is a need
tobe able to change between different operational modes
of the submersible electric machine, for instance a con-
stant operation operational mode and an automatic
ON/OFF operational mode, respectively.

[0006] In mines, on construction sites, and the like ap-
plications, there is almost always a need to remove water
in order to secure a dry enough environment at the work-
ing site. In mining/tunneling applications a lot of drilling
water is used when preparing for charging before blasting
and if the drilling water is not removed at least the lower
parts of the mine will become flooded. Surface water and
groundwater will also add up to accumulation of water to
be removed.

[0007] Generally the personnel, as well as the actual
process at the working site, requires a constant low liquid
level and therefor it is often decided that the drainage
pump should be in constant operation even though there
is sometimes only little water available. Thus, in many
applications the drainage pumps are in constant opera-
tion, irrespective of water being pumped or not by the
drainage pump. Constant operation of the drainage pump
may damage the drainage pump and result in excessive
energy consumption. If there is no or little inflow of water
to the pit/dent housing the drainage pump, the drainage
pump will start to heat the water, an operational mode
referred to as boiling. During boiling, the elevated tem-
perature in the drainage pump and in the water is espe-
cially harmful for the seals, and eventually all water will
become evaporated. The combination of high operation-
al speed and snoring accelerates pump wear and signif-
icantly shortens the operative life of the drainage pump.
Constant operation is good and inevitable when there is
aconstantinflow of liquid to the pit/denthousing the drain-
age pump.

[0008] In other applications, the drainage pump is op-
erated in an automatic ON/OFF operation, i.e. the pump
is stopped when the water level surrounding the pump
is low, for instance the drainage pump is stopped when
the drainage pump is snoring or is stopped by means of
a level sensor. The drainage pump is snoring when a
mixture of air and water is sucked into the drainage pump.
The drainage pump is stopped to decrease the use of
energy when the drainage pump is not able to perform
any positive duty, and to spare the pump from additional
wear.

[0009] An external and mobile control unit for control-
ling the operation of a pump is disclosed in EP2660474.
The operator is able to change between a few predeter-
mined operational modes of the pump and is able to ob-
tain alarms via an operating panel of the control unit. The
electric power plug belonging to the pump and located
at the end of the electric power cable of the pump is de-
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tachably connectable to an electric power socket of the
control unit, and an electric power plug of the control unit
is detachably connected to the power mains. Thus, the
control unit is configured not to be part of the pump and
the control unit has the obvious drawback that it easily
can get lost. The electric power cable of the pump is
constituted by three power/phase wires/conductors and
a ground/earth wire, wherein the signal transfer between
the control unit and the pump is performed via one or
more of the phase wires at the same time as power trans-
fer.

Object of the Invention

[0010] The present invention aims at obviating the
aforementioned disadvantages and failings of previously
known submersible electric machine assemblies, and at
providing an improved submersible electric machine as-
sembly. A primary object of the present invention is to
provide an improved submersible electric machine as-
sembly of the initially defined type that comprises a Hu-
man-Machine-Interface (HMI) fixedly connected to the
submersible electric machine and at the same time al-
ways accessible for the operator. It is another object of
the present invention to provide a submersible electric
machine assembly, wherein the operator may interact
with the control unit of the submersible electric machine
in order to control and monitor the operation of the pump.

Summary of the Invention

[0011] According to the invention at least the primary
object is attained by means of the initially defined sub-
mersible electric machine assembly having the features
defined in the independent claim. Preferred embodi-
ments of the present invention are further defined in the
dependent claims.

[0012] According to the presentinvention, there is pro-
vided a submersible electric machine assembly of the
initially defined type, which is characterized in that the
electric power cable comprises at least one communica-
tion wire and the electric power connector comprises an
operating panel, wherein the operating panel is connect-
ed to the control unit of the submersible electric machine
via said at least one communication wire.

[0013] Thus, the present invention is based on the in-
sight of using a HMI constituted by an operating panel
that is fixedly connected to the electric power connector
of the submersible electric machine, whereby the oper-
ator can interact by means of two-way communication
with the control unitthat is integrated into the submersible
electric machine.

[0014] Inapreferred embodiment of the presentinven-
tion, the electric power connector comprises a wireless
communication unit operatively connected to a microcon-
troller unit that is operatively arranged between the op-
erating panel and the communication wire, wherein the
wireless communication unit is configured for wireless
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communication between the microcontroller unit and a
remote operator device. Thereby at least any possible
alarm from the submersible electric machine can be pro-
vided to an operator situated remote from the specific
submersible electric machine assembly.

[0015] According to a preferred embodiment of the
present invention, the control unit of the submersible
electric machine comprises a master communication unit
and the microcontroller unit of the electric power connec-
tor comprises a slave communication unit, wherein said
master communication unit and said slave communica-
tion unit are operatively connected to each other via two
communication wires of the electric power cable. There-
to, it is preferable that said slave communication unit
comprises a capacitor, the master communication unit
being configured to transfer DC-power charge pulses to
said capacitor of the slave communication unit via the
two communication wires. Thereby, the operating panel
is powered by the submersible electric machine and the
power/phase wires of the electric power cable are only
used to power the submersible electric machine, includ-
ing the integrated control unit.

[0016] According to a preferred embodiment of the
present invention, the master communication unit and
the slave communication unit are configured for two-way
data communication via the two communication wires.
[0017] Further advantages with and features of the in-
vention will be apparent from the other dependent claims
as well as from the following detailed description of pre-
ferred embodiments.

Brief description of the drawings

[0018] A more complete understanding of the above-
mentioned and other features and advantages of the
present invention will be apparent from the following de-
tailed description of preferred embodiments in conjunc-
tion with the appended drawings, wherein:

Fig 1 is a schematic illustration of an inventive sub-
mersible electric machine assembly,

Fig.2 is a schematic illustration of one embodiment
of an electric power connector, and

Fig. 3 is a schematic illustration of the inside of the

electric power connector disclosed in figure 2.

Detailed description of preferred embodiments of the in-
vention

[0019] The present invention relates generally to the
field of submersible electric machine assemblies espe-
cially configured for handling liquid, preferably liquid com-
prising solid matter. The present invention relates spe-
cifically to the field of submersible drainage/dewatering
pumps especially configured for pumping liquid compris-
ing solid matter, such as water comprising sand and
stone material.

[0020] Referenceisinitially made tofigure 1, disclosing
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a schematic embodiment of a submersible electric ma-
chine assembly, generally designated 1. The inventive
submersible electric machine assembly 1 comprises a
submersible electric machine, generally designated 2,
an electric power connector, generally designated 3, and
an electric power cable, generally designated 4, wherein
the electric power cable 4 interconnects the electric pow-
er connector 3 and the submersible electric machine 2.
Thus, the electric power cable 4 is hardwired to the elec-
tric power connector 2 and to the submersible electric
machine 2, in order to provide a united/aggregated sys-
tem or assembly.

[0021] The submersible electric machine 2 is prefera-
bly constituted by a pump or a mixer, i.e. machines spe-
cifically configured and intended for treatment applica-
tion, transport applications and/or dewatering applica-
tions. In the disclosed embodiment the submersible elec-
tric machine 2 is constituted by a drainage/dewatering
pump. Hereinbelow, for sake of clarity, the term pump
will be used as fully equivalent with the generic term sub-
mersible electric machine, and it shall be realized that
also mixers are concerned, if nothing else is indicated.
[0022] The submersible electric machine 2 comprises
a a drive unit having an electric motor 5 and a drive shaft
6 and comprises a hydraulic unit having an impeller 7
connected to said electric motor 5 via said drive shaft 6.
In the disclosed embodiment the pump 2 comprises an
inlet 8, a pump housing 9 and an outlet 10, wherein an
outlet conduit 11 is connected to the outlet 10 of the pump
2. The outlet conduit 11 is releasably connected to the
pump 2, and the pump 2 is preferably of centrifugal pump
type. In a conventional way the hydraulic unit of the dis-
closed pump 2 has a pump chamber (not disclosed) ar-
ranged in the pump housing 9 and connecting the inlet
8 and the outlet 10. The electrical motor 5 is arranged in
a liquid tight part of the pump housing 9, and the drive
shaft 6 extends from the electrical motor 5 and into the
pump chamber. The impeller 7 is arranged in the pump
chamber and is connected to and driven in rotation by
the drive shaft 6 during operation of the pump 2, wherein
liquid is sucked into said inlet 8 and pumped out of said
outlet 10 when the pump 2 is active. The pump housing
9 and the impeller 7, and other essential components,
are preferably made of metal, such as aluminum and/or
iron/steel.

[0023] The submersible electric machine 2 comprises
an integrated control unit 12, also known as intelligent
drive, configured for monitoring and controlling the oper-
ation of the submersible electric machine 2, wherein the
electric power cable 4 comprises at least one pow-
er/phase wire 13 for supplying power from the electric
power connector 3 to the control unit 12 of the submers-
ible electric machine 2. The control unit 12, including a
Variable Frequency Drive (VFD) of the control unit 12, is
located inside a liquid tight part of the pump housing 9
and is operatively connected to the electric motor 5. The
submersible electric machine 2 comprises a liquid tight
lead-through receiving the electric power cable 4.
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[0024] Thus, the pump 2 is configured to be operated
at a variable operational speed [rpm], by means of said
control unit 12 that is configured to control the operational
speed of the pump 2. The operational speed of the pump
2 is more precisely the rpm of the electrical motor 5 and
of the impeller 7, and correspond/relate to a control unit
12 output frequency.

[0025] The components of the submersible electric
machine 2 are usually, directly or indirectly, cold down
by means of the liquid/media surrounding the submers-
ible electric machine 2. The submersible electric machine
2 is designed and configured to be able to operate in a
submerged configuration/position, i.e. during operation
be located entirely under the liquid surface. However, it
shall be realized that the submersible electric machine 2
during operation must not be entirely located under the
liquid surface but may continuously or occasionally be
partly located above the liquid surface. The pump 2 is in
the disclosed embodiment located in a basin 14 and is
intended to transport/pump liquid comprising solid matter
from said basin 14. The basin 14 may be a natural re-
cess/cavity/pit or a prepared recess/cavity/pit.

[0026] Reference is now also made to figures 2 and 3,
disclosing a preferred embodiment of the electric power
connector 3. The electric power cable 4 comprises at
least one communication wire 15, preferably two com-
munication wires, besides said at least one power wire
13. The electric power connector 3 comprises an oper-
ating panel, generally designated 16, wherein the oper-
ating panel 16 is connected to the control unit 12 of the
submersible electric machine 2 via said at least one com-
munication wire 15 in order to transmit signals and in-
structions between the control unit 12 and the operating
panel 16, i.e. two-way communication.

[0027] The electric power connector 3 may be consti-
tuted by a plug assembly, as in the disclosed embodi-
ment, or may be constituted by a joint assembly, not dis-
closed embodiment. In both embodiments the electric
power connector 3 is hardwired to the terminal end of the
electric power cable 4 that is hardwired to the submers-
ible electric machine 2.

[0028] The electric power connector 3 when realized
by a plug assembly, comprises in a conventional way a
sleeve 17 surrounding a set of pins 18, some of which
are connected to the power/phase wires 13 of the electric
power cable 4 inside the electric power connector 3. Such
an electric power connector 13 is a so-called male plug
and is preferably based on a standardized electric power
plug, such as 3P+E, 3P+N+E, 2P+E, etc., for instance a
CEE plug. Adapters are available that are arranged to fit
the standardized electric power plug and thereto com-
prises another standardized electric power plug or alocal
electric power plug, in order for the submersible electric
machine assembly 1 to be used at different loca-
tions/markets of the world. The adapters may alterna-
tively be arranged to fit the standardized electric power
plug and thereto comprise a short cable configured for
post-mounting of another standardized electric power
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plug or a local electric power plug. Said short cable does
not comprise any signal wire, unlike the electric power
cable 4. The electric power connector 3 of the disclosed
embodiment comprises only one cable inlet 19 that is
arranged to prevent the electric power cable 4 from being
pulled out of the electric power connector 3 and that is
arranged to prevent liquid from entering the electric pow-
er connector 3.

[0029] The electric power connector 3 when realized
by a joint assembly, comprises a second cable inlet in-
stead of the sleeve 17 and set of pins 18 of the disclosed
embodiment. A short cable configured for post-mounting
of a standardized electric power plug or a local electric
power plug, or a short cable having a standardized elec-
tric power plug or a local electric power plug, is arranged
at the second cable inlet. The second cable inlet is ar-
ranged to prevent the short cable from being pulled out
of the electric power connector 3 and is arranged to pre-
vent liquid from entering the electric power connector 3.
Said short cable does notcomprise any signal wire, unlike
the electric power cable 4. The power/phase wires of the
short cable are connected to the power/phase wires 13
of the electric power cable 4 inside the electric power
connector 3.

[0030] The electric power connector 3 comprises in
both embodiments an intermediate housing 20 wherein
the operating panel 16 is attached to said housing 20.
[0031] The electric power connector 3 comprises a mi-
crocontroller unit 21 operatively arranged between the
operating panel 16 and the at least one communication
wire 15. Thereto, the electric power connector 3 may
comprise a wireless communication unit 22 operatively
connected to said microcontroller unit 21 and configured
for wireless communication between the microcontroller
unit 21 and a remote operator device (not disclosed).
Thus, the remote operator device may comprise an im-
aginary operating panel having the same or at least some
of the abilities of the operating panel 16 of the electric
power connector 3. The remote operator device may be
constituted by for instance a mobile phone, a tablet or a
computer.

[0032] According to the disclosed and preferred em-
bodiment the control unit 12 of the submersible electric
machine 2 comprises a master communication unit 23
and the microcontroller unit 21 of the electric power con-
nector 3 comprises a slave communication unit 24. The
master communication unit 23 and said slave communi-
cation unit 24 are operatively connected to each other
via the two communication wires 15. Signals and instruc-
tions are transmitted between the master communication
unit 23 and the slave communication unit 24, i.e. two-
way communication. According to the disclosed embod-
iment, the slave communication unit 24 comprises a ca-
pacitor, the master communication unit 23 being config-
ured to transfer DC-power charge pulses to said capac-
itor of the slave communication unit 24 via the two com-
munication wires 15. Alternatively, the electric power
connector 3 comprises a power supply unit operatively
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connected to the slave communication unit 24 of the mi-
crocontroller unit 21. Said power supply unit may be con-
stituted by a battery or the like, or may be configured to
branch current from one of the power wires 13.

[0033] According to an alternative embodiment (not
disclosed) the microcontroller unit 21 of the electric power
connector 3 comprises a master communication unitand
the control unit 12 of the submersible electric machine 2
comprises a slave communication unit, wherein said
master communication unit and said slave communica-
tion unit are operatively connected to each other via the
two communication wires 15. In this embodiment the
master communication unit arranged in the microcontrol-
ler unit 21 of the electric power connector 3 may comprise
a capacitor, the slave communication unit of the control
unit 12 being configured to transfer DC-power charge
pulses to said capacitor of the master communication
unit via the two communication wires 15. Alternatively,
the electric power connector 3 comprises a power supply
unit operatively connected to the master communication
unit of the microcontroller unit 21. Said power supply unit
may be constituted by a battery or the like, or may be
configured to branch current from one of the power wires
13.

[0034] The communication between the control unit 12
and the operating panel 16 over the communication wires
15 is executed when no DC-power charge pulse is trans-
mitted over the communication wires 15, and vice versa.
The master communication unit 23 and the slave com-
munication unit 24 are configured for two-way data com-
munication via the two communication wires 15, inde-
pendently of which of the two units that is located in the
control unit 12 and in the microcontroller unit 21, respec-
tively.

[0035] The operating panel 16 of the electric power
connector 3 comprises a power supply switch 25, i.e. a
main switch for the submersible electric machine 2. The
operating panel 16 comprises at least one indicator 26
configured for indicating the condition of the submersible
electric machine 2, i.e. a status indicator. In the disclosed
embodiment the indicator 26 is constituted by three ele-
ments which can be individually lit, i.e. indicate that the
submersible electric machine 2 is OK, need service or is
out of order. Thereto the operating panel 16 may also
comprise a mode selector switch 27. By means of the
mode selector switch 27 the operator may choose be-
tween preset operating modes, for instance mode A and
mode B in the disclosed embodiment. The submersible
electric machine 2 may be configured to be driven in more
operating modes.

[0036] A first mode is constant operation. During this
mode the operational speed may be constant or adap-
tive/varying. A second mode is automatic ON/OFF oper-
ation, i.e. the pump 2 is controlled by level sensors to
start pumping at a liquid start level and stop pumping at
a liquid stop level, or the pump 2 is controlled to stop
pumping when the pump 2 is snoring, or the pump 2 is
controlled to start at preset time intervals, or a combina-
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tion thereof. Also in the automatic ON/OFF operation,
and when the pump 2 is active, the operational speed
may be constant or adaptive/varying. Any level sensor
is operatively connected to the control unit 12 of the pump
2.

[0037] The term "snoring" entails that the drainage
pump 2 sucks a mixture of air and liquid into the inlet 8.
The step of detecting whether the pump 2 is snoring or
not, may be performed using different techniques, inde-
pendently or in combination with each other. A preferred
embodiment to detect snoring is to monitor the power or
current consumption of the pump 2 using the control unit
12. If the power or current consumption of the pump 2
starts to widely fluctuate outside a predetermined range
and/or decrease below a predetermined threshold, the
pump 2 has started to snore and the control unit 12 de-
tects a snoring condition. An alternative embodiment to
detect snoring is to monitor the torque of the pump 2
using the control unit 12. If the torque of the pump 2 starts
to widely fluctuate outside a predetermined range and/or
decrease below a predetermined threshold, the pump 2
has started to snore and the control unit 12 detects a
snoring condition. Other alternative embodiments to de-
tect snoring constitute monitoring one or more of sounds,
vibrations, pressure at the outlet 10, etc. of the pump 2.

Feasible modifications of the Invention

[0038] The invention is not limited only to the embod-
iments described above and shown in the drawings,
which primarily have an illustrative and exemplifying pur-
pose. This patent application is intended to cover all ad-
justments and variants of the preferred embodiments de-
scribed herein, thus the present invention is defined by
the wording of the appended claims and thus, the equip-
ment may be modified in all kinds of ways within the scope
of the appended claims.

[0039] It shall also be pointed out that all information
about/concerning terms such as above, under, upper,
lower, etc., shall be interpreted/read having the equip-
ment oriented according to the figures, having the draw-
ings oriented such that the references can be properly
read. Thus, such terms only indicates mutual relations in
the shown embodiments, which relations may be
changed if the inventive equipment is provided with an-
other structure/design.

[0040] It shall also be pointed out that even thus it is
not explicitly stated that features from a specific embod-
iment may be combined with features from another em-
bodiment, the combination shall be considered obvious,
if the combination is possible.

Claims

1. A submersible electric machine assembly (1) com-
prising:
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- a submersible electric machine (2) having an
integrated control unit (12) configured for mon-
itoring and controlling the operation of the sub-
mersible electric machine (2),

- an electric power connector (3), and

- an electric power cable (4) interconnecting the
electric power connector (3) and the submersi-
ble electric machine (2), and comprising at least
one power wire (13) for supplying power from
the electric power connector (3) to the control
unit (12) of the submersible electric machine (2),

the submersible electric machine assembly being
characterized in that

the electric power cable (4) comprises at least one
communication wire (15) and the electric power con-
nector (3) comprises an operating panel (16), where-
inthe operating panel (16) is connected to the control
unit (12) of the submersible electric machine (2) via
said at least one communication wire (15).

The submersible electric machine assembly accord-
ing to claim 1, wherein the electric power connector
(3) comprises a microcontroller unit (21) operatively
arranged between the operating panel (16) and the
at least one communication wire (15).

The submersible electric machine assembly accord-
ing to claim 2, wherein the electric power connector
(3) comprises a wireless communication unit (22)
operatively connected to the microcontroller unit (21)
and configured for wireless communication between
the microcontroller unit (21) and a remote operator
device.

The submersible electric machine assembly accord-
ing to claim 2 or 3, wherein the electric power cable
(4) comprises two communication wires (15).

The submersible electric machine assembly accord-
ing to claim 4, wherein the control unit (12) of the
submersible electric machine (2) comprises a mas-
ter communication unit (23) and the microcontroller
unit (21) of the electric power connector (3) compris-
es a slave communication unit (24), wherein said
master communication unit (23) and said slave com-
munication unit (24) are operatively connected to
each other via the two communication wires (15).

The submersible electric machine assembly accord-
ing to claim 5, wherein the slave communication unit
(24) comprises a capacitor, the master communica-
tion unit (23) being configured to transfer DC-power
charge pulses to said capacitor of the slave commu-
nication unit (24) via the two communication wires
(15).

The submersible electric machine assembly accord-
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ing to claim 4, wherein the microcontroller unit (21)
of the electric power connector (3) comprises a mas-
ter communication unit and the control unit (12) of
the submersible electric machine (2) comprises a
slave communication unit, wherein said master com-
munication unit and said slave communication unit
are operatively connected to each other via the two
communication wires (15).

The submersible electric machine assembly accord-
ing to claim 7, wherein the master communication
unit comprises a capacitor, the slave communication
unit being configured to transfer DC-power charge
pulses to said capacitor of the master communica-
tion unit via the two communication wires (15).

The submersible electric machine assembly accord-
ing to claim 7, wherein the electric power connector
(3) comprises a power supply unit operatively con-
nected to the master communication unit.

The submersible electric machine assembly accord-
ing to any of claims 5-9, wherein the master commu-
nication unit (23) and the slave communication unit
(24) are configured for two-way data communication
via the two communication wires (15).

The submersible electric machine assembly accord-
ing to any preceding claim, wherein the operating
panel (16) of the electric power connector (3) com-
prises a power supply switch (25) and at least one
indicator (26) configured for indicating the condition
of the submersible electric machine (2).

The submersible electric machine assembly accord-
ing to any preceding claim, wherein the electric pow-
er cable (4) is hardwired to the electric power con-
nector (3) and to the submersible electric machine

@).

The submersible electric machine assembly accord-
ing to any preceding claim, wherein the control unit
(12) ofthe submersible electric machine (2) compris-
es a Variable Frequency Drive (VFD).

The submersible electric machine assembly accord-
ing to any preceding claim, wherein the submersible
electric machine (2) is constituted by a submersible
pump, preferably a submersible drainage pump.

The submersible electric machine assembly accord-
ing to any preceding claim, wherein the submersible
electric machine (2) comprises a drive unit having
an electric motor (5) and a drive shaft (6) and com-
prises a hydraulic unit having an impeller (7) con-
nected to said electric motor (5) via said drive shaft
(6), the control unit (12) being operatively connected
to the electric motor (5).

10

15

20

25

30

35

40

45

50

55

12



EP 3 477 114 A1

/)J

1~ 10

PR

ﬁ

N
0O

[~ "\_/5

e N Y
000000

-~ 000030
OQO0000

J 7 S S

2




EP 3 477 114 A1

€ 04 / /
ST r— €1
g —61
“
271 /
N N
N N
v TV
N N
N //
N N
/A4 /A
/| /
“ A~ /1
/| %
L N L

o2

61

91

~ /L1

10



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3477 114 A1

Application Number

EP 17 19 8309

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X,D |EP 2 660 474 Al (SULZER PUMP SOLUTIONS AB ([1-5,7, INV.
[SE]) 6 November 2013 (2013-11-06) 9-15 FO4D13/06
* figures 2, 3, 5, 6 * FO4D13/10
----- HO1R13/66
A JP 2005 171880 A (SHIN MEIWA IND CO LTD) 1-15 FO4D15/00
30 June 2005 (2005-06-30)
* abstract * ADD.
* figures 1, 2 * HO1R13/70
A CN 205 646 300 U (FUJIAN NANAN CITY XIAMEN|1-15
ELECTRONIC EQUIPMENT FACTORY)
12 October 2016 (2016-10-12)
* abstract *
* figures 1, 2 *
A EP 2 713 191 Al (SIEMENS AG [DE]) 1-15
2 April 2014 (2014-04-02)
* paragraphs [0010], [0016] - [0018];
figure 1 *
A US 2007/154322 Al (STILES ROBERT W JR [US][1-15 TECHNICAL FIELDS

ET AL) 5 July 2007 (2007-07-05)

SEARCHED (IPC)

* figure 4 * FO4D

* paragraph [0056] * HO1R
----- FO4B

The present search report has been drawn up for all claims

Place of search Date of completion of the search Examiner

The Hague 18 April 2018

de Verbigier, L

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

1"




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3477 114 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 17 19 8309

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

18-04-2018
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 2660474 Al 06-11-2013  BR 102013011077 A2 30-06-2015
CA 2808939 Al 04-11-2013
CN 103382933 A 06-11-2013
EP 2660474 Al 06-11-2013
US 2013294931 Al 07-11-2013

JP 2005171880 A 30-06-2005 JP 4503277 B2 14-07-2010
JP 2005171880 A 30-06-2005

CN 205646300 U 12-10-2016  NONE

EP 2713191 Al 02-04-2014 BR 102013025265 A2 19-04-2016
CN 103715646 A 09-04-2014
EP 2713191 Al 02-04-2014
US 2014093247 Al 03-04-2014

US 2007154322 Al 05-07-2007 AU 2007332716 Al 19-06-2008
CA 2672459 Al 19-06-2008
EP 2122172 A2 25-11-2009
US 2007154322 Al 05-07-2007
US 2007154323 Al 05-07-2007
US 2011091329 Al 21-04-2011
US 2012100010 Al 26-04-2012
US 2013251542 Al 26-09-2013
US 2015030463 Al 29-01-2015
US 2015204334 Al 23-07-2015
US 2015211531 Al 30-07-2015
US 2016153456 Al 02-06-2016
WO 2008073413 A2 19-06-2008
WO 2008073436 A2 19-06-2008
ZA 200904849 B 28-07-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

12




EP 3 477 114 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 2660474 A [0009]

13



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

