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(54) ELECTRIC PUMP APPARATUS

(57) [Problem] An electrical pump apparatus is pro-
vided in which a situation where a failure detection circuit
becomes inoperative before detection of a failure of an
electric system can be avoided, and the certainty of fail-
ure detection can be enhanced.

[Means for Resolution] An attaching portion 63 which
is to be attached to a vehicle body 61 is formed so that,
in a state where an electrical pump apparatus 1 is at-

tached to the vehicle body 61, a circuit board 51 of a
control device 5 is perpendicular to the horizontal direc-
tion. A control IC chip 53 which constitutes a microcom-
puter 72 for detecting a failure of the electric system is
placed on a circuit board 51 so as to be higher in the
direction of gravity from a lowest water level Hmin at
which flooding in a housing 2 causes the electric system
to be short-circuited.
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Description

Technical Field

[0001] The present invention relates to an electrical
pump apparatus which is to be mounted on a vehicle.

Background Art

[0002] In a vehicle provided with a so-called idling stop
function which, when the vehicle is temporarily stopped,
automatically stops an engine, conventionally, an oil
pressure supply to a transmission and the like is ensured
even in the case of idling stop, by a use of an electrical
pump apparatus. Such an electrical pump apparatus is
mounted in a limited space of a vehicle. Therefore, an
electrical pump apparatus is strongly requested to be
miniaturized. Conventionally, therefore, an electrical
pump apparatus has been proposed in which a pump
that generates an oil pressure, a motor that drives the
pump, and a control device that controls the operation of
the motor are housed in a common housing to be  inte-
grated with one another, thereby causing the electrical
pump apparatus to be miniaturized (for example, see Pat-
ent Document 1).
[0003] In the case where a vehicle runs along a water-
covered road, for example, there is the possibility that an
electrical pump apparatus may be submerged, and there-
fore rainwater and the like are prevented by a sealing
member or the like from entering a housing. When such
a sealing member deteriorates with age, for example,
rainwater or the like may enter the housing. As a result,
in an electrical pump apparatus in which a control device
is integrally formed as described above, there arises the
possibility that a failure may be caused by a short circuit
which occurs in an electric system that electrically con-
nects an electric power supply (battery) with a motor, or
by deterioration of a portion (wiring or the like) of the
electric system to which rainwater or the like adheres.
[0004] Assuming such a situation, usually, a control
device is provided with a failure detection function. Spe-
cifically, a control device has a microcomputer for con-
trolling the operation of a motor, and the microcomputer
detects the values of the current and voltage supplied to
the motor. When the detected current and voltage values
become an impossible or discontinuous value, the mi-
crocomputer determines that a failure occurs, and in-
forms the driver that an electrical pump apparatus breaks
down.

Prior Art Reference

Patent Document

[0005] Patent Document 1: JP-A-2010-112330

Summary of the Invention

Problem that the Invention is to Solve

[0006] In a conventional electrical pump apparatus, in
the case where flooding occurs in a housing, however,
an IC chip (failure detection circuit) which constitutes a
microcomputer having the failure detection function is
covered with water before detection of a failure of an
electric system, and therefore there is the possibility that
the failure of the electric system may not be detected. In
this point, there still remains a room for improvement.
[0007] The invention has been conducted in order to
solve the problem. It is an object of the invention to pro-
vide an electrical pump apparatus in which a situation
where a failure detection circuit becomes inoperative be-
fore detection of a failure of an electric system can be
avoided, and the certainty of failure detection can be en-
hanced.

Means for Solving the Problem

[0008] In order to solve the problem, it is the gist of a
first mode of the invention that, in an electrical pump ap-
paratus comprising: a pump which is configured to gen-
erate an oil pressure; a motor which is configured to drive
the pump; a control device which is configured to control
an operation of the motor; and a housing which houses
the pump, the motor, and the control device, and  which
has an attaching portion to be attached to a vehicle body,
a failure detection circuit which is configured to detect a
failure of an electric system that electrically connects the
motor with an electric power supply is disposed on a cir-
cuit board of the control device, and the failure detection
circuit is placed on the circuit board to be higher in a
direction of gravity than a lowest water level at which
flooding in the housing causes the electric system to
break down.
[0009] In the case where flooding occurs in a housing,
when a state where a failure detection circuit is sub-
merged is produced, namely, it is estimated that detec-
tion of a failure of an electric system is certainly disabled.
In this point, according to the configuration, the failure
detection circuit is placed so as to be higher in the direc-
tion of gravity than the lowest water level at which a failure
of the electric system occurs. In the case where flooding
occurs in the housing, therefore, a  part of the electric
system is submerged and short-circuited to cause the
electric system to break down, before the failure detec-
tion circuit is submerged and failure detection (operation)
is surely disabled. According to the configuration, more-
over, the failure detection circuit is placed in the higher
side in the direction of gravity. Even in the case where a
failure of the electric system does not occur, therefore,
adhesion of rainwater or the like to the part of the electric
system easily occurs in advance of adhesion to the failure
detection circuit. Before the failure detection circuit be-
comes unable to detect a failure, consequently, the part
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of the electric system deteriorates and breaks down. As
a result, the failure detection circuit can detect more sure-
ly a failure of the electric system, and the certainty of
failure detection in the system can be enhanced.
[0010] In the electrical pump apparatus, moreover, the
attaching portion may be formed so that, in a state where
the attaching portion is attached to the vehicle body, the
circuit board is perpendicular to a horizontal direction.
According to the configuration, the failure detection circuit
is placed while being largely upward separated in the
direction of gravity from the lowest water level at which
a short circuit of the electric system occurs. Therefore, it
is possible to surely prevent the failure detection circuit
from being submerged before a short circuit occurs in
the electric system.
[0011] In the electrical pump apparatus, moreover, the
failure detection circuit may be placed to be higher than
a range of 1/3 from a lower end of the circuit board in the
direction of gravity. According to the configuration, it is
possible to preferably prevent the failure detection circuit
from being submerged before a failure of the electric sys-
tem is detected.
[0012] Furthermore, the attaching portion may be
formed so that, in a state where the attaching portion is
attached to the vehicle body, the circuit board is in a hor-
izontal direction. In this attachment mode, the  failure
detection circuit is mounted on an upper surface of the
circuit board, whereby the circuit can be placed to be
higher in the direction of gravity than the lowest water
level.
[0013] Moreover, the electrical pump apparatus may
further comprise: a current detecting means which is con-
figured to detect a current supplied to the motor, and the
failure detection circuit may detect the failure of the elec-
tric system based on the current detected by the current
detecting unit. According to the configuration, a failure of
the electric system can be easily detected by a simple
configuration.
[0014] Moreover, the electrical pump apparatus may
further comprise: a voltage detecting means which is con-
figured to detect a voltage applied to the motor, and the
failure detection circuit may detect the failure of the elec-
tric system based on the voltage detected by the voltage
detecting unit. According to the configuration, a failure of
the electric system can be easily detected by a  simple
configuration.

Effects of the Invention

[0015] According to the invention, it is possible to pro-
vide an electrical pump apparatus in which a situation
where a failure detection circuit becomes inoperative be-
fore detection of a failure of an electric system can be
avoided, and the certainty of failure detection can be en-
hanced.

Brief Description of the Drawings

[0016]

[Fig. 1] Fig. 1 is a sectional view diagrammatically
showing the configuration of an electrical pump ap-
paratus of Embodiment 1.
[Fig. 2] Fig. 2 is a rear view of the electrical pump
apparatus of Embodiment 1 in a state where a cover
is removed.
[Fig. 3] Fig. 3 is a block diagram showing the elec-
trical configuration of the electrical pump apparatus
of Embodiment 1.
[Fig. 4] Fig. 4 is a sectional view diagrammatically
showing the configuration of an electrical pump ap-
paratus of Embodiment 2.

Mode for Carrying Out the Invention

[0017] Hereinafter, Embodiments 1 and 2 in which the
invention is embodied as an electrical pump apparatus
that is to be mounted on a vehicle to supply an oil pressure
to a transmission and the like will be described with ref-
erence to the drawings.

(Embodiment 1)

[0018] As shown in Fig. 1, an electrical pump appara-
tus 1 includes a housing 2 which is formed into an ap-
proximately cylindrical shape. In the housing 2, a pump
3 that generates an oil pressure, a motor 4 that drives
the pump 3, and a control device 5 that controls the op-
eration of the motor 4 are integrally housed. In the fol-
lowing description, a one axial end side (the left side in
Fig. 1) of the housing 2 is referred to as the front side,
and the other axial end side (the right side in Fig. 1) is
referred to as the rear side.
[0019] The housing 2 includes: an approximately an-
nular pump case 11; a pump plate 12 which is placed in
front of the pump case 11; a cylindrical motor case 13
which is placed in rear of the pump case 11; and a cover
14 which closes a rear opening end of the motor case
13. The pump case 11 and the pump plate 12 are made
of a metal material, and the motor case 13 and the cover
14 are made of a resin material. The pump case 11, the
pump plate 12, and the motor case 13 are coupled to one
another by bolts 15, and the cover 14 is fixed to the motor
case 13 by means of welding (vibration welding or the
like).
[0020] In the embodiment, a trochoid pump (internal
gear pump) is employed as the pump 3. A brushless mo-
tor of the sensorless type in which a rotation sensor for
detecting the rotation position of the rotor is not disposed
is employed as the motor 4 which is the driving source
for the pump 3, and rotated based on a three phase (U,
V, W) driving electric power which is supplied from the
control device 5.
[0021] In more detail, the pump 3 includes an outer
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gear 21 in which a tooth portion is formed on the inner
periphery, and an inner gear 22 in which a tooth portion
is formed on the outer periphery. The outer gear 21 is
rotatably housed in a housing hole 23 formed in the mid-
dle of the pump case 11, and the inner gear 22 is placed
on the side of the inner periphery of the outer gear 21. A
suction port 24 which is used for sucking hydraulic oil
into a gap between the outer gear 21 and the inner gear
22, and a discharge port (not shown) which is used for
discharging the hydraulic oil are formed in the pump plate
12 which closes the front end of the housing hole 23.
[0022] O-rings 16, 17 are interposed between the
pump case 11 and the pump plate 12, and between the
pump case 11 and the motor case 13, respectively. The
cover 14 is welded to the motor case 13. Therefore, the
portion other than a region through which the hydraulic
oil in the housing 2 is introduced is liquid-tightly sealed,
and rainwater or the like is prevented from entering the
portion from the outside.
[0023] In the pump case 11, a cylindrical supporting
portion 25 which is smaller in diameter than the motor
case 13 that rearward projects is formed coaxially with
the housing hole 23. In the supporting portion 25, an out-
put shaft 26 of the motor 4 which functions as a driving
shaft of the pump 3 is passed through in a state where
the output shaft projects into the housing hole 23, and
cantilever supported by a bearing device 27 which is dis-
posed in a rear portion of the supporting portion 25. In
the embodiment, the bearing device 27 is configured by
two rolling bearings which are anteroposteriorly adjacent
to each other. The inner gear 22 is integrally rotatably
coupled to the front end of the output shaft 26. A sealing
member 28 for preventing the hydraulic oil from leaking
from the housing hole 23 toward the motor case 13 is
disposed between a portion of the pump case 11 which
is more forward than the supporting portion 25, and the
output shaft 26.
[0024] The motor 4 includes a rotor 31 having the out-
put shaft 26, and a stator 32 which is fixed to the inner
periphery of the motor case 13. Specifically, the rotor 31
has a rotor core 34 which is fixed to the rear end of the
output shaft 26, and magnets 35 which are fixed to the
rotor core 34. The rotor core 34 is formed into a bottomed
cylindrical shape which radially extends from the rear end
of the output shaft 26, and which surrounds the support-
ing portion 25, and integrally rotatably coupled to the rear
end of the output shaft 26. The magnets 35 are fixed to
the outer peripheral surface of the rotor core 34 so as to
be opposed to the stator 32.
[0025] By contrast, the stator 32 includes: a stator core
39 consisting of a cylinder portion 37 which is annularly
formed, and teeth portions 38 which project radially in-
ward from the cylinder portion 37; and three-phase motor
coils 41 which are wound around the teeth portions 38
through an insulator 40, respectively. A pedestal portion
42 which extends from the rear end of the  cylinder portion
37, and to which the control device 5 is fixed is formed
in the insulator 40.

[0026] As shown in Figs. 1 and 2, a power IC chip 52
which constitutes a driving circuit 71 for supplying a driv-
ing electric power to the motor coils 41, and a control IC
chip 53 which constitutes a microcomputer 72 for con-
trolling the driving circuit 71 are mounted on a circuit
board (printed circuit board) 51 of the control device 5.
The control device 5 is fastened to the pedestal portion
42 of the insulator 40 by a plurality (in the embodiment,
six) of screws 54a to 54f, so that the control device is
fixed to the rear side of the motor 4.
[0027] As shown in Fig. 1, connection end portions 55
of the motor coils 41 of the respective phases are clamp-
ingly held between the circuit board 51 and the insulator
40, whereby the portions are electrically connected to
the control device 5. In more detail, lands 57 made of a
conductive material are disposed on the inner peripheral
surfaces of through holes 56 which are placed  in the
vicinity of the power IC chip 52, and through which three
screws 54c, 54d, 54e (in Fig. 1, only the screw 54d is
shown) are passed, respectively. The connection end
portions 55 of the motor coils 41 are clampingly held be-
tween the circuit board 51 and the insulator 40, and in
contact with the lands 57, whereby the portions are elec-
trically connected to the control device 5. As shown in
Fig. 2, the control device 5 is connected to an on-vehicle
power supply (battery) 59 through a connector portion
58 formed on the motor case 13.
[0028] The electrical pump apparatus 1 is attached to
the vehicle body 61 so that the circuit board 51 is per-
pendicular to the horizontal direction. Specifically, as
shown in Fig. 2, attaching portions 63 which project to
the radially outer side of the pump case 11, and which
have bolt holes 62 are formed in the pump plate 12. The
attaching portions 63 are formed so that, when fastening
bolts (not shown) are passed through the bolt holes 62,
and the electrical pump apparatus 1 is attached to the
vehicle body 61, the circuit board 51 is in a state where
the board is perpendicular to the horizontal direction, i.e.,
parallel to the direction of gravity.
[0029] In the thus configured electrical pump appara-
tus 1, the three-phase driving electric power is supplied
from the control device 5 to the motor 4, and the rotor 31
(output shaft 26) is rotated. Then, the inner gear 22 which
is coupled to the output shaft 26 is rotated, whereby the
pump 3 is driven and the oil pressure is supplied to the
transmission and the like which are not shown.
[0030] Next, the electrical configuration of the electrical
pump apparatus will be described.
As shown in Fig. 3, the control device 5 includes: the
driving circuit 71 (power IC chip 52) which supplies the
three-phase driving electric power to the motor coils 41u,
41v, 41w; and the microcomputer 72 (control IC chip 53)
which outputs a motor control signal to the driving circuit
71 to drive the motor 4. The control device 5  supplies
the three-phase driving electric power to the motor 4, by
performing the 120-degree rectangular-wave conduction
on the motor coils 41u, 41v, 41w of the respective phases.
[0031] In more detail, a well-known PWM inverter in
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which, while using a pair of series connected switching
elements as a basic unit (switching arm), three switching
arms corresponding to the motor coils 41u, 41v, 41w of
the respective phases are connected in parallel is used
in the driving circuit 71. Namely, the motor control signal
output from the microcomputer 72 defines the ON/OFF
states (the duty ratios of the switching arms of the re-
spective phases) of the switching elements of the respec-
tive phases constituting the driving circuit. The driving
circuit 71 operates in response to the input of the motor
control signal to supply the three-phase driving electric
power to the motor.
[0032] Voltages sensors 73u, 73v, 73w functioning as
a voltage detecting means which detects the terminal
voltages Vu, Vv, Vw of the motor coils 41u, 41v, 41w are
connected to the microcomputer 72. The microcomputer
72 estimates the rotation position (rotation angle) of the
rotor 31 based on the induced voltages (counter electro-
motive forces) of the motor coils 41 which are detected
by the voltages sensors 73u, 73v, 73w. Specifically, tim-
ings (zero cross points) when the induced voltages be-
come a reference voltage are detected, thereby estimat-
ing the rotation position of the rotor 31. Then, the micro-
computer 72 determines a conduction pattern which is a
combination of switching elements that are to be set to
the ON state in accordance with the estimated rotation
position of the rotor 31, i.e., a combination of voltages
that are to be applied to the motor coils 41u, 41v, 41w.
[0033] Furthermore, a current sensor 74 functioning
as a current detecting means which detects an actual
current value I that is flown to the motor 4, and a higher
level ECU which controls the operation of the transmis-
sion are connected to the microcomputer 72. The micro-
computer 72  performs a feedback control so that the
actual current value I follows a current command value
I* output from the higher level ECU, and determines the
duty ratio corresponding to the deviation between current
command value I* and the actual current value I. Then,
the microcomputer 72 outputs the motor control signal
indicating the conduction pattern and duty ratio which are
determined as described above, to the driving circuit 71.
As a result, the three-phase driving electric power is sup-
plied from the driving circuit 71, and the motor 4 rotates.

(Failure detection)

[0034] Next, the failure detection in the electrical pump
apparatus of the embodiment will be described.
The microcomputer 72 includes a failure detection func-
tion which detects a failure of an electric system that elec-
trically connects the motor 4 with the electric power sup-
ply 59. Specifically, the microcomputer 72 is configured
so that, when the actual current value I  detected by the
current sensor 74 becomes an impossible or discontin-
uous value, the microcomputer determines that a failure
occurs in the electric system, and informs the driver that
the electrical pump apparatus 1 breaks down. In the em-
bodiment, namely, the microcomputer 72 (control IC chip

53) corresponds to a failure detection circuit. The electric
system is configured by including the driving circuit 71,
the connection end portions 55 of the motor coils 41, and
wirings 75, 76 between the electric power supply 59 and
the driving circuit 71, and between the driving circuit 71
and the connection end portions 55.
[0035] When, in a state where the O-rings 16, 17 de-
teriorate with age, the vehicle runs along a road which is
covered by water due to heavy rain, for example, the
electrical pump apparatus 1 is submerged, and rainwater
or the like may enter the housing 2. At this time, when
the control IC chip 53 having the failure detection function
is covered with water, there arises the possibility that a
failure of the electric system may not be detected. Par-
ticularly, it is estimated that, when the control IC chip 53
is in a submerged state, detection of a failure of the elec-
tric system is certainly impossible.
[0036] Considering this, as shown in Fig. 2, the control
IC chip 53 is disposed at a position which is on the circuit
board 51, and which is separated from the power IC chip
52, and placed so as to be higher (in the upper side in
Fig. 2) in the direction of gravity than a lowest water level
Hmin at which, in the state where the electrical pump
apparatus 1 is attached to the vehicle body 61, a short
circuit occurs in the electric system. In more detail, the
control IC chip 53 is placed so as to be higher than a
range of 1/3 from the lower end of the circuit board 51 in
the direction of gravity, and higher in the direction of grav-
ity than the screws 54c, 54d, 54e to which the connection
end portions 55 of the motor coils 41 are connected, and
the power IC chip 52. In the embodiment, the position
where a plurality of terminals 52a downward extending
in the direction of gravity from  the power IC chip 52 are
placed is at the lowest water level Hmin. According to
the configuration, in the case where rainwater or the like
enters the housing 2, the terminals of the power IC chip
52 are submerged in advance of the control IC chip 53
having the failure detection function as described above,
and a short circuit occurs in the electric system.
[0037] As described above, the embodiment can attain
the following functions and effects.

(1) The attaching portion 63 to be attached to the
vehicle body 61 is formed so that, in the state where
the electrical pump apparatus 1 is attached to the
vehicle body 61, the circuit board 51 of the control
device 5 is perpendicular to the horizontal direction.
Then, the control IC chip 53 which constitutes the
microcomputer 72 for detecting a failure of the elec-
tric system is placed on the circuit board 51 and so
as to be higher in the direction of gravity than the
lowest water level Hmin at which flooding in the hous-
ing 2 causes the electric system  to be short-circuited.

[0038] According to the configuration, in the case
where flooding occurs in the housing 2, a part of the elec-
tric system is submerged and short-circuited to cause
the electric system to break down, before the control IC

7 8 



EP 2 662 568 A1

6

5

10

15

20

25

30

35

40

45

50

55

chip 53 is submerged and failure detection (operation) is
surely disabled. According to the configuration, moreo-
ver, the control IC chip 53 is placed in the higher side in
the direction of gravity. Even in the case where the elec-
tric system is not short-circuited, therefore, adhesion of
rainwater or the like to the part of the electric system
easily occurs in advance of adhesion to the control IC
chip 53. Before the control IC chip 53 becomes unable
to detect a failure, consequently, the part of the electric
system deteriorates and breaks down. As a result, the
control IC chip 53 can detect more surely a failure of the
electric system, and the certainty of failure detection in
the system can be enhanced.
[0039] (2) Since the attaching portion 63 is formed so
that, in a state where the attaching portion is attached to
the vehicle body 61, the circuit board 51 is perpendicular
to the horizontal direction, the control IC chip 53 can be
placed while being largely upward separated in the di-
rection of gravity from the lowest water level Hmin at
which a short circuit of the electric system occurs. There-
fore, it is possible to surely prevent the control IC chip 53
from being submerged before a short circuit occurs in
the electric system.
[0040] (3) The control IC chip 53 (microcomputer 72)
detects a failure of the electric system based on the actual
current value I. Therefore, a failure of the electric system
can be easily detected by a simple configuration.
[0041] (4) Since the control IC chip 53 is placed to be
higher than the range of 1/3 from the lower end of the
circuit board 51 in the direction of gravity, it is possible
to preferably prevent the control IC chip 53 from being
submerged before a failure of the electric system is  de-
tected.
[0042] The embodiment may be implemented in the
following modes in which the embodiment is adequately
changed.

• In the embodiment, the control IC chip 53 is placed
so as to be higher than a range of 1/3 from the lower
end of the circuit board 51 in the direction of gravity,
and higher in the direction of gravity than the screws
54c, 54d, 54e to which the connection end portions
55 of the motor coils 41 are connected, and the power
IC chip 52. However, the embodiment is not limited
to this. The control IC chip 53 is requested to be
placed so as to be higher in the direction of gravity
than the lowest water level Hmin. For example, the
control IC chip may be placed so as to be higher than
a range of 1/3 from the lower end of the circuit board
51 in the direction of gravity. Alternatively, for exam-
ple, the control IC chip 53 and the power IC chip 52
may be placed so as to be higher than a straight line
connecting the screws 54c, 54e, and the power IC
chip 52 may be placed so as to be higher than the
control IC chip 53. In the alternative, the position of
the straight line connecting the screws 54c, 54e is
the lowest water level Hmin.

[0043] • In the embodiment, the microcomputer 72 de-
tects a failure of the electric system based on the actual
current value I. However, the embodiment is not limited
to this. When the terminal voltages Vu, Vv, Vw detected
by the voltages sensors 73u, 73v, 73w become an im-
possible or discontinuous value, the microcomputer may
determine that a failure occurs in the electric system.
[0044] • In the embodiment, the attaching portion 63 is
formed so that, in the state where the electrical pump
apparatus 1 is attached to the vehicle body 61, the circuit
board 51 is perpendicular to the horizontal direction.
However, the embodiment is not limited to this. The at-
taching portion may be formed so that the circuit board
51 is oblique to the horizontal direction.

(Embodiment 2)

[0045] Fig. 4 shows an electrical pump apparatus of
Embodiment 2. Embodiment 2 is configured similarly to
Embodiment 1 except the manner of attachment of the
control device 5, and therefore detailed description of the
portions is omitted.
[0046] In Embodiment 2, the attaching portions are
formed so that, in the state where the electrical pump
apparatus 1 is attached to the vehicle body, the circuit
board 51 is in the horizontal direction. The circuit board
51 is fixed to the motor case 13 and the pump case 11
through the screws 54. The control IC chip 53 is mounted
on one surface of the circuit board 51, the power IC chip
52 is mounted on the other surface, and the control IC
chip 53 is placed so as to be higher in the direction of
gravity than the power IC chip 52. In the embodiment,
the position where the plurality of terminals projecting
from the power IC chip 52 is at the lowest water level
Hmin. The cover 14 is fixed to the pedestal portion 42 of
the motor case 13 by other bolts 60, and  closes the
control device 5 and the lower open and.
[0047] The functions and effects of Embodiment 2 are
similar to those of Embodiment 1. According to the con-
figuration, in the case where flooding occurs in the hous-
ing 2, namely, a part of the electric system is submerged
and short-circuited to cause the electric system to break
down, before the control IC chip 53 is submerged and
failure detection (operation) is certainly disabled. Accord-
ing to the configuration, the control IC chip 53 is placed
in the higher side in the direction of gravity. Even in the
case where a short circuit of the electric system does not
occur, therefore, adhesion of rainwater or the like to the
part of the electric system easily occurs in advance of
adhesion to the control IC chip 53. Before the control IC
chip 53 becomes unable to detect a failure, consequently,
the part of the electric system deteriorates and breaks
down. As a result, the control IC chip 53 can detect more
surely a failure of the electric system, and the certainty
of failure detection in the system can be  enhanced.
[0048] The application is based on Japanese Patent
Application No. 2011-000123 filed January 4, 2011, and
its disclosure is incorporated herein by reference.

9 10 



EP 2 662 568 A1

7

5

10

15

20

25

30

35

40

45

50

55

Industrial Applicability

[0049] According to the invention, it is possible to pro-
vide an electrical pump apparatus in which a situation
where a failure detection circuit becomes inoperative be-
fore detection of a failure of an electric system can be
avoided, and the certainty of failure detection can be en-
hanced.

Description of Reference Numerals and Signs

[0050] 1 ... electrical pump apparatus, 2 ... housing,
3 ... pump, 4 ... motor, 5 ... control device, 11 ... pump
case, 12 ... pump plate, 13 ... motor case, 14 ... cover,
21 ... outer gear, 22 ... inner gear, 26 ... output shaft, 31 ...
rotor, 32 ... stator, 34 ... rotor core, 35 ... magnet, 39 ...
stator core, 40 ... insulator, 41, 41u, 41v, 41w ... motor
coil, 51 ... circuit board, 52 ... power IC  chip, 53 ... control
IC chip, 55 ... connection end portion, 59 ... on-vehicle
power supply, 61 ... vehicle body, 63 ... attaching portion,
71 ... driving circuit, 72 ... microcomputer, 73u, 73v,
73w ... voltages sensor, 74 ... current sensor, 75, 76 ...
wiring, Hmin ... lowest water level.

Claims

1. An electrical pump apparatus comprising: a pump
which is configured to generate an oil pressure; a
motor which is configured to drive the pump; a control
device which is configured to control an operation of
the motor; and a housing which houses the pump,
the motor, and the control device, and which has an
attaching portion to be attached to a vehicle body,
characterized in that
a failure detection circuit which is configured to de-
tect a failure of an electric system that electrically
connects the motor with an electric power supply is
disposed on a circuit board of the control device, and
the failure detection circuit is placed on the circuit
board to be higher in a direction of gravity than a
lowest water level at which flooding in the housing
causes the electric system to break down.

2. The electrical pump apparatus according to claim 1,
characterized in that the attaching portion is formed
so that, in a state where the attaching portion is  at-
tached to the vehicle body, the circuit board is per-
pendicular to a horizontal direction.

3. The electrical pump apparatus according to claim 1
or 2, characterized in that the failure detection cir-
cuit is placed to be higher than a range of 1/3 from
a lower end of the circuit board in the direction of
gravity.

4. The electrical pump apparatus according to claim 1,
wherein the attaching portion is formed so that, in a

state where the attaching portion is attached to the
vehicle body, the circuit board is in a horizontal di-
rection, and the failure detection circuit is mounted
on an upper surface of the circuit board, whereby
the failure detection circuit is placed so as to be high-
er in the direction of gravity than the lowest water
level.

5. The electrical pump apparatus according to any one
of claims 1 to 4, characterized by further compris-
ing: a current detecting means which is configured
to detect a current supplied to the motor, wherein
the failure detection circuit detects the failure of the
electric  system based on the current detected by
the current detecting means.

6. The electrical pump apparatus according to any one
of claims 1 to 4, characterized by further compris-
ing: a voltage detecting means which is configured
to detect a voltage applied to the motor, wherein the
failure detection circuit detects the failure of the elec-
tric system based on the voltage detected by the
voltage detecting means.
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