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(67)  Thiselectrically driven supercharger comprises:
a compressor impeller; a motor configured to transmit a
drive force to the compressor impeller through a rotating
shaft; a rear casing facing the rear surface of the com-
pressor impeller with a gap therebetween and surround-
ing the rotating shaft; a bearing provided between the
rear casing and the rotating shaft so as to rotatably sup-
port the rotating shaft; and a mechanical seal located
between the rear surface of the compressor impeller and
the bearing in the axial direction of the compressor im-
peller and configured to seal the gap between the rotating
shaft and the rear casing.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to an electric su-
percharger.

BACKGROUND ART

[0002] Inanengine device of an automobile or the like,
to improve the engine fuel consumption and the efficien-
cy, an exhaust turbine is driven by exhaust gas dis-
charged from the engine to coaxially drive a compressor
disposed in an intake passage and compress intake gas
supplied to engine, which is called "supercharging".
[0003] In this supercharging using a turbocharger, the
torque and the output during low-speed rotation of the
engine may raise problems, due toresponse delay during
low-speed rotation of the engine, called turbo lag. A
known technique to make up for the response delay due
to turbo lag is a two-stage supercharging system which
includes a turbocharger driven by exhaust gas and an
electric supercharger driven by an electric motor (see
Patent Document 1).

Citation List
Patent Literature

[0004] PatentDocument1:JP2015-537162A (transla-
tion of a PCT application)

SUMMARY
Problems to be Solved

[0005] Meanwhile, in an electric supercharger, the
compressor is driven by a motor, unlike a turbocharger.
Thus, devices such as a motor and an inverter substrate
are disposed behind the compressor (between the com-
pressor impeller and the bearing).

[0006] Thus, when aleakage flow passes through the
gap between the back surface of the compressorimpeller
and the casing and enters the bearing side, the leakage
flow may affect devices such as the motor and the inverter
substrate.

[0007] In particular, in a case where a part of exhaust
gas is recirculated in a two-stage supercharging system
including an EGR and a case where anintermediate cool-
er is used, and a case where blow-by gas is returned to
the inlet of the compressor, for instance, air containing
condensed water is taken in from the inlet of the com-
pressor, and thus a leakage flow passing through the gap
between the back surface of the compressorimpellerand
entering the bearing side may cause trouble in operation
of devices such as the motor and the inverter.

[0008] Further,in particular,in a case where an electric
supercharger is applied to the high-pressure stage of a
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two-stage supercharging system, high-temperature and
high-pressure air flows in from the inlet of the compres-
sor. Thus, a leakage flow passing through the gap be-
tween the back surface of the compressor impeller and
entering the bearing side may cause trouble in operation
of devices such as the motor and the inverter.

[0009] At least one embodiment of the present inven-
tionwas made in view of the above conventional problem.
An object of at least one embodiment of the present in-
vention is to provide an electric supercharger capable of
suppressing entry of a leakage flow to the bearing side
via the gap between the back surface of the compressor
impeller and the casing.

Solution to the Problems
[0010]

(1) According to at least one embodiment of the
presentinvention, an electric superchargerincludes:
a compressor impeller; a motor configured to trans-
mit a driving force to the compressor impeller via a
rotational shaft; a back-surface side casing facing a
back surface of the compressor impeller via a gap
and surrounding the rotational shaft; a bearing dis-
posed between the back-surface side casing and the
rotational shaft so as to support the rotational shaft
rotatably; and a mechanical seal positioned between
the back surface of the compressor impeller and the
bearing in an axial direction of the compressor im-
peller and configured to seal a gap between the ro-
tational shaft and the back-surface side casing.
With the above electric supercharger (1), it is possi-
ble to suppress entry of a leakage flow from the gap
between the back surface and the back-surface side
casing (hereinafter, referred to as "back-surface
gap") to the bearing by using the mechanical seal,
and suppress inflow of the leakage flow into electric
devices such as the motor. Thus, it is possible to
suppress occurrence of malfunction or the like of the
electric devices, and operate the electric super-
charger stably.

(2) In some embodiment, in the above electric su-
percharger (1), the mechanical seal includes: a sta-
tionary ring supported on the back-surface side cas-
ing; a rotary ring protruding from the rotational shaft
toward an outer side in a radial direction of the com-
pressor impeller and facing the stationary ring so as
to be capable of being in contact with the stationary
ring in the axial direction of the compressor impeller,
the rotary ring being configured to rotate with the
rotational shaft; and a biasing member configured to
bias one of the rotary ring or the stationary ring to-
ward the other one of the rotary ring or the stationary
ring. A groove is formed on a facing surface which
is one of a surface of the rotary ring which faces the
stationary ring or a surface of the stationary ring
which faces the rotary ring.
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With the above electric supercharger (2), when ro-
tation of the compressor impeller is stopped, as the
biasing member pushes one of the rotary ring or the
stationary ring against the other one of the rotary ring
or the stationary ring, the mechanical seal functions
as a contact seal. Accordingly, it is possible to sup-
press entry of a leakage flow from the back-surface
gap to the bearing, and suppress inflow of the leak-
age flow into electric devices such as the motor.
Thus, it is possible to suppress occurrence of mal-
function or the like of the electric devices, and oper-
ate the electric supercharger stably.

Further, when the compressor impeller is rotating,
the pressure of gas inside the groove having a pres-
sure increased by a centrifugal force separates the
stationary ring and the rotary ring against the biasing
force of the biasing member. Accordingly, the sta-
tionary ring and the rotary ring separate from each
other (not in contact). Nevertheless, with the pres-
sure of the space on the inner side of the facing sur-
face being higher than the pressure of the space on
the outer side of the facing surface, it is possible to
suppress entry of a leakage flow from the back-sur-
face gap to the bearing. Accordingly, it is possible to
suppress inflow of the leakage flow to electric devic-
es such as the motor. Thus, itis possible to suppress
occurrence of malfunction or the like of the electric
devices, and operate the electric supercharger sta-
bly.

(3) In some embodiments, in the above electric su-
percharger (1) or (2), the back surface of the com-
pressor impeller has a plurality of ribs disposed on
the back surface at intervals in a circumferential di-
rection of the compressor impeller.

With the above electric supercharger (3), by provid-
ing the plurality of ribs, a centrifugal force toward the
outer side in the radial direction is applied to air in
the back-surface gap upon rotation of the compres-
sor impeller, and thereby it is possible to decrease
the pressure of the radially inner part of the back-
surface gap. Accordingly, it is possible to suppress
entry of a leakage flow from the back-surface gap to
the bearing, and suppress inflow of the leakage flow
into electric devices such as the motor. Further,
when applied to the above electric supercharger (2),
by reducing the pressure of the radially inner part of
the back-surface gap, it is possible to decrease the
spring force of the biasing member required to move
the stationary ring appropriately, which makes it pos-
sible to suppress development of wear due to friction
between the stationary ring and the rotary ring.

(4) In some embodiments, in the above electric su-
percharger (3), each of the ribs is disposed to so as
to extend along a direction which intersects with the
circumferential direction of the compressor impeller.
With the above electric supercharger (4), the plurality
of ribs extending in a direction orthogonal to the cir-
cumferential direction rotates with the compressor
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impeller, and thus it is possible to apply the centrif-
ugal force toward the outer side in the radial direction
effectively to air in the back-surface gap, and reduce
the pressure of the radially inner part of the back-
surface gap. Accordingly, it is possible to suppress
entry of a leakage flow from the back-surface gap to
the bearing, and suppress inflow of the leakage flow
into electric devices such as the motor.

(5) Insome embodiments, in the above configuration
(3) or (4), each of the ribs has an airfoil shape.
With the above electric supercharger (5), it is possi-
ble to form an airflow toward the outer side in the
radial direction effectively with the ribs having an air-
foil shape, in the back-surface gap upon rotation of
the compressor impeller. Accordingly, it is possible
to suppress entry of a leakage flow from the back-
surface gap to the bearing, and suppress inflow of
the leakage flow into electric devices such as the
motor.

(6) In some embodiments, in the electric supercharg-
er according to any one of the above (3) to (5), each
of the ribs is disposed so as to extend in a direction
inclined from a radial direction of the compressor im-
peller such that a radially outer end of the rib is po-
sitioned on an upstream side of a radially inner end
of the rib with respect to a rotational direction of the
compressor impeller.

With the above electric supercharger (6), with the
ribs beinginclinedinthe above direction, itis possible
to suppress inflow of air into the gaps between the
ribs from the outer side in the radial direction, during
rotation of the compressor impeller. Accordingly, it
is possible to suppress entry of a leakage flow from
the back-surface gap to the bearing, and suppress
inflow of the leakage flow into electric devices such
as the motor.

(7) In some embodiments, the electric supercharger
according to any one of the above (1) to (6) further
includes, between the mechanical seal and the back
surface of the compressor impeller, a rotary part pro-
truding from the rotational shaft toward an outer side
in a radial direction of the compressor impeller, the
rotary part being configured to rotate together with
the rotational shaft.

With the above electric supercharger (7), upon rota-
tion of the compressor impeller, a centrifugal force
toward the outer side in the radial direction is applied
to air in the back-surface gap in accordance with
rotation of the rotary part, and thereby it is possible
to decrease the pressure of the radially inner part of
the back-surface gap. Accordingly, it is possible to
suppress entry of a leakage flow from the back-sur-
face gap to the bearing, and suppress inflow of the
leakage flow into electric devices such as the motor.
Further, when applied to the above electric super-
charger (2), by reducing the pressure of the radially
inner part of the back-surface gap, it is possible to
decrease the spring force of the biasing member re-



5 EP 3 489 484 A1 6

quired to move the stationary ring appropriately,
which makes it possible to suppress development of
wear due to friction between the stationary ring and
the rotary ring.

(8) In some embodiments, the electric supercharger
according to any one of the above (1) to (7) further
includes an abradable coating layer formed on at
least a part of the back surface of the compressor
impeller, or at least a part of a surface of the back-
surface side casing which faces the back surface of
the compressor impeller.

With the above electric supercharger (8), in a case
where the abradable coating layer is formed on at
least a part of the back surface of the compressor
impeller, the abradable coating layer would be
ground upon rotation of the compressor impeller
even if the abradable coating layer formed on the
back surface of the compressorimpeller makes con-
tact with a surface of the back-surface side casing
that faces the back surface of the compressor im-
peller. Thus, it is possible to reduce the clearance
between the back surface and the back-surface side
casing.

Furthermore, in a case where the abradable coating
layer is formed on at least a part of a surface of the
back-surface side casing that faces the back surface
of the compressor impeller, the abradable coating
layer would be ground upon rotation of the compres-
sor impeller even if the abradable coating layer
formed on a facing surface of the back-surface side
casing thatfaces the back surface of the compressor
impeller makes contact with the back surface of the
compressor impeller. Thus, it is possible to reduce
the clearance between the back surface and the
back-surface side casing.

Accordingly, it is possible to promote a pressure de-
crease toward the inner side in the radial direction,
inthe back-surface gap. Thus, itis possible to reduce
the axial-directional pressure difference between the
pressure of the radially inner part and the pressure
near the bearing, of the back-surface gap, and thus
it is possible to suppress entry of a leakage flow to-
ward the bearing from the back-surface gap. Accord-
ingly, it is possible to suppress inflow of the leakage
flow into electric devices such as the motor and an
inverter. Thus, it is possible to suppress occurrence
of malfunction or the like of the electric devices, and
operate the electric supercharger stably.

Further, the compressor impeller receives a thrust
force toward the upstream in the intake direction of
air, in the axial direction, when air is compressed. In
the above electric supercharger, it is possible to re-
duce the pressure in the back-surface gap for the
compressorimpeller, and thusitis possible to reduce
the thrust force in the axial direction.

Further, by promoting the pressure decrease toward
the inner side in the radial direction in the back-sur-
face gap to reduce the pressure of the radially inner
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part of the back-surface gap, it is possible to de-
crease the spring force of the biasing member re-
quired to move the stationary ring of the mechanical
seal appropriately, which makes it possible to sup-
press development of wear due to friction between
the stationary ring and the rotary ring.

(9) In some embodiments, in the electric supercharg-
er (8), a ratio G/R of a size G of a gap between the
back surface of the compressor impeller and the
back-surface side casing to an outer diameter R of
the compressor impeller is less than 0.5%.

With the above electric supercharger (9), it is possi-
ble to promote a pressure decrease toward the inner
side in the radial direction, in the back-surface gap,
effectively. According to the inventors of the present
invention, when comparing a case where the abrad-
able coating layer is provided and the ratio C/Ri is
setto be 0.8% and a case where the abradable coat-
ing layer is not provided and C/Riis set to be 0.25%,
the former can reduce more pressure of the radially
inner part of the back-surface gap by 26% compared
to the latter.

(10) In some embodiments, the electric supercharg-
er according to any one of the above (1) to (9) further
includes an internal-pressure adjustment mecha-
nism configured to adjust a pressure inside the back-
surface side casing by bringing into communication
an inside and an outside of the back-surface side
casing.

[0011] With the above electric supercharger (10), in
the electric supercharger according to any one of the
above (1) to (9), even in a case where the pressure of
the radially inner part of the back-surface gap is low, it is
possible to stabilize the pressure balance across the me-
chanical seal by adjusting the pressure inside and out-
side the back-surface side casing by using the pressure
adjustment mechanism. Accordingly, itis possible to sup-
press entry of a leakage flow to the bearings through the
back-surface gap stably with the mechanical seal.

Advantageous Effects

[0012] According to at least one embodiment of the
present invention, it is possible to provide an electric su-
percharger capable of suppressing entry of a leakage
flow to the bearing side via the gap between the back
surface of the compressor impeller and the casing.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1 is a schematic diagram showing a schematic
cross-sectional view of an electric supercharger 2
according to an embodiment.

FIG. 2 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
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16 of a compressor impeller 4 of an electric super-
charger 2 (2A) according to an embodiment, showing
a configuration example of a mechanical seal 20.
FIG. 3is aview of acompressorimpeller 4 in rotation,
in the electric supercharger 2 (2A) depicted in FIG. 2.
FIG. 4 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2B) according to an embodiment.

FIG. 5 is adiagram showing a configuration example
of the ribs 44 depicted in FIG. 4, showing an example
of arrangement of the ribs 44 in an axial-directional
view.

FIG. 6 is a diagram showing a configuration example
of the ribs 44 depicted in FIG. 4, showing an example
of arrangement of the ribs 44 in an axial-directional
view.

FIG. 7 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2C) according to an embodiment.

FIG. 8 is a diagram showing a configuration example
of the rotary part 50 depicted in FIG. 7, showing an
example of the shape of the rotary part 50 in an axial-
directional view.

FIG. 9 is adiagram showing a configuration example
of the rotary part 50 depicted in FIG. 7, showing an
example of the shape of the rotary part 50 in an axial-
directional view.

FIG. 10 is a diagram showing a configuration exam-
ple of the rotary part 50 depicted in FIG. 7, showing
an example of the shape of the rotary part 50 in an
axial-directional view.

FIG. 11is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2D) according to an embodiment.

FIG. 12is a graph showing the relationship between
the radial-directional position R and the gauge pres-
sure P of the back-surface gap ’'g’. The dotted line
indicates an electric supercharger 2 (2A) not includ-
ing an abradable coating layer 90, and the solid line
indicates an electric supercharger 2 (2D) including
an abradable coating layer 90 formed on the facing
surface 21.

FIG. 13 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2E) according to an embodiment.

FIG. 14is a diagram showing an example of arrange-
ment of a communication hole 53 that serves as an
internal-pressure adjustment mechanism.

FIG. 15is adiagram showing an example of arrange-
ment of a communication hole 53 that serves as an
internal-pressure adjustment mechanism.

FIG. 16 is a schematic configuration diagram of an
engine device 100 to which an electric supercharger
2 (2A to 2E) can be applied preferably.
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FIG. 17 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2F) according to another embodiment.
FIG. 18 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2G) according to another embodiment.
FIG. 19is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2H) according to another embodiment.
FIG. 20 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (21) according to another embodiment.
FIG. 21 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2J) according to another embodiment.
FIG. 22 is a schematic diagram showing a schematic
cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric super-
charger 2 (2K) according to another embodiment.
FIG. 23 is a schematic configuration diagram of an
engine device 100 to which an electric supercharger
2 (2A to 2K) can be applied.

DETAILED DESCRIPTION

[0014] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings. ltis intended, however, that unless particularly
identified, dimensions, materials, shapes, relative posi-
tions and the like of components described in the em-
bodiments shall be interpreted as illustrative only and not
intended to limit the scope of the present invention.
[0015] Forinstance, an expression of relative or abso-
lute arrangement such as "in a direction", "along a direc-
tion", "parallel", "orthogonal", "centered", "concentric"
and "coaxial" shall not be construed as indicating only
the arrangementin a strict literal sense, but also includes
a state where the arrangement is relatively displaced by
a tolerance, or by an angle or a distance whereby it is
possible to achieve the same function.

[0016] For instance, an expression of an equal state
such as "same" "equal" and "uniform" shall not be con-
strued as indicating only the state in which the feature is
strictly equal, but also includes a state in which there is
atolerance or a difference that can still achieve the same
function.

[0017] Further, for instance, an expression of a shape
such as a rectangular shape or a cylindrical shape shall
not be construed as only the geometrically strict shape,
but also includes a shape with unevenness or chamfered
corners within the range in which the same effect can be
achieved.

[0018] Ontheotherhand, anexpression such as "com-
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prise", "include", "have", "contain" and "constitute" are
not intended to be exclusive of other components.
[0019] FIG. 1is a schematic diagram showing a sche-
matic cross-sectional view of an electric supercharger 2
according to an embodiment.

[0020] In an illustrative embodiment depicted in FIG.
1, the electric supercharger 2 includes a compressor im-
peller 4, a rotational shaft 6, an impeller casing 8, bear-
ings 10A, 10B, a motor 12, a back-surface side casing
14 (stationary member), and a mechanical seal 20.
[0021] Hereinafter, unless otherwise stated, the cir-
cumferential direction of the compressor impeller 4 is re-
ferred to as merely "circumferential direction”, the radial
direction of the compressor impeller 4 is referred to as
merely "radial direction", and the axial direction of the
compressor impeller 4 is referred to as merely "axial di-
rection".

[0022] The impeller casing 8 is formed so as to sur-
round the compressor impeller 4, and is configured to
guide intake air to the inlet of the compressor impeller 4
and discharge air compressed by the compressor impel-
ler 4.

[0023] The bearings 10A, 10B are configured as ball
bearings that support the rotational shaft 6 rotatably, and
as grease-lubrication type bearings which contain grease
as a lubricating agent sealed around balls held between
an inner race and an outer race which are not depicted.
The bearing 10A is positioned between the mechanical
seal 20 and the motor 12 in the axial direction, and is
positioned between the back-surface side casing 14 and
the rotational shaft 6 in the radial direction. The bearing
10B is positioned opposite to the bearing 10A across the
motor 12 in the axial direction, and is positioned between
the back-surface side casing 14 and the rotational shaft
6 in the radial direction.

[0024] The motor 12 is configured to transmit a driving
force to the compressor impeller 4 via the rotational shaft
6. The motor 12 is positioned between the bearing 10A
and the bearing 10B in the axial direction.

[0025] The back-surface side casing 14 faces the back
surface 16 of the compressor impeller 4 via a gap, and
is configured to surround the mechanical seal 20, the
bearings 10A, 10B, and the motor 12. Further, the back-
surface side casing 14 includes an inverter housing por-
tion 18 for housing an inverter (not depicted), on the op-
posite side from the motor 12 across the bearing 10B.
[0026] The mechanical seal 20 is positioned between
the back surface 16 of the compressor impeller 4 and the
bearing 10A in the axial direction, and is configured to
seal the gap between the rotational shaft 6 and the back-
surface side casing 14.

[0027] FIG. 2is a schematic diagram showing a sche-
matic cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric supercharger
2 (2A) according to an embodiment, showing a configu-
ration example of a mechanical seal 20. FIG. 3 is a view
of a compressor impeller 4 in rotation, in the electric su-
percharger 2 (2A) depicted in FIG. 2.
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[0028] In some embodiments, as depicted in FIGs. 2
and 3, the mechanical seal 20 includes a stationary ring
22, a rotary ring 24, and a biasing member 26.

[0029] The stationary ring 22 is formed to have an an-
nular shape along the circumferential direction, and is
supported on the back-surface side casing 14. The sta-
tionary ring 22 is at a position that is between the rotary
ring 24 and the back-surface side casing 14, and between
the back-surface side casing 14 and the rotational shaft 6.
[0030] The rotaryring 24 is disposed between the back
surface 16 of the compressor impeller 4 and the station-
ary ring 22, and is configured to have an annular shape
along the circumferential direction so as to face the sta-
tionary ring 22 so as to be capable of being in contact
with the stationaryring 22. The rotary ring 24 is configured
to protrude toward an outer side from the rotational shaft
6 in the radial direction, and rotate together with the ro-
tational shaft 6.

[0031] The biasing member 26 is configured to bias
one of the stationary ring 22 or the rotary ring 24 toward
the other one of the stationary ring 22 or the rotary ring
24. In the depicted embodiment, the biasing member 26
includes an elastic member (e.g., coil spring, disc spring,
or rubber), and is interposed between the stationary ring
22 and the back-surface side casing 14 so as to bias the
stationary ring 22 toward the rotary ring 24.

[0032] Furthermore, a groove 34 is formed on a facing
surface 32, which is one of a surface 28 of the rotary ring
24 that faces the stationary ring 22, or a surface 30 of
the stationary ring 22 that faces the rotary ring 24 (in the
depicted embodiment, the facing surface 32 is the sur-
face 28 of the rotary ring 24 facing the stationary ring 22).
As depictedin FIG. 2, the groove 34 on the facing surface
32 is formed so as to be in communication with a space
36 on the inner side of the facing surface 32 in the radial
direction (space between the stationary ring 22 and the
rotational shaft 6), and so as not to be in communication
with the space 38 on the outer side of the facing surface
32 in the radial direction (of the back-surface gap 'g’ be-
tween the back surface 16 and the back-surface side
casing 14, the outer portion of the stationary ring 22), in
a state where the stationary ring 22 and the rotary ring
24 are in contact. That is, in a state where the stationary
ring 22 and the rotary ring 24 are in contact, the groove
34 is disposed from a position on the inner side, in the
radially direction, of the radially inner end 40 of the con-
tact portion between the stationary ring 22 and the rotary
ring 24 on the facing surface 32 to a position that does
not reach the radially outer end 42 of the contact portion
between the stationary ring 22 and the rotary ring 24, on
the facing surface 32.

[0033] With the above configuration, when rotation of
the compressorimpeller 4 is stopped, as depicted in FIG.
2, as the biasing member 26 pushes the stationary ring
22 against the rotary ring 24, the mechanical seal 20
functions as a contact seal. Accordingly, it is possible to
suppress entry of a leakage flow from the back-surface
gap ‘g’ to the bearing 10A, and suppress inflow of the
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leakage flow into electric devices such as the motor 12.
Thus, itis possible to suppress occurrence of malfunction
or the like of the electric devices, and operate the electric
supercharger stably.

[0034] Further, when the compressor impeller 4 is ro-
tating, the pressure of gas inside the groove 34 having
a pressure increased by a centrifugal force pushes the
stationary ring 22 into the side of the biasing member 26,
as depicted in FIG. 3. Accordingly, the stationary ring 22
and the rotary ring 24 separate from each other (not in
contact). Nevertheless, with the pressure of the space
38 on the inner side of the facing surface 32 being higher
than the pressure of the space 38 on the outer side of
the facing surface 32, it is possible to suppress entry of
a leakage flow from the back-surface gap ’g’ to the bear-
ing 10A. Accordingly, it is possible to suppress inflow of
the leakage flow into electric devices such as the motor
12. Thus, it is possible to suppress occurrence of mal-
function or the like of the electric devices, and operate
the electric supercharger stably.

[0035] Next, some modified examples of the electric
supercharger 2 will be described with reference to FIGs.
4 to 13. In the following modified examples, the same
configurations as those of the electric supercharger 2
(2A) are associated with the same reference numerals
to omit description, and the characteristic configurations
of the respective modified examples will be mainly de-
scribed.

[0036] FIG. 4 is a schematic diagram showing a sche-
matic cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric supercharger
2 (2B) according to an embodiment. FIG. 5 is a diagram
showing a configuration example of the ribs 44 depicted
in FIG. 4, showing an example of arrangement of the ribs
44 in an axial-directional view. FIG. 6 is a diagram show-
ing a configuration example of the ribs 44 depicted in
FIG. 4, showing an example of arrangement of the ribs
44 in an axial-directional view.

[0037] In some embodiments, as depicted in FIGs. 4
to 6, a plurality of ribs 44 are disposed at intervals in the
circumferential direction, on the back surface 16 of the
compressor 4. With the above configuration, by providing
the plurality of ribs 44, a centrifugal force toward the outer
side in the radial direction is applied to air in the back-
surface gap 'g’ upon rotation of the compressor impeller
4, and thereby it is possible to decrease the pressure of
the radially inner part of the back-surface gap 'g’. Accord-
ingly, it is possible to suppress entry of a leakage flow
from the back-surface gap 'g’ to the bearing 10A, and
suppress inflow of the leakage flow into electric devices
such as the motor. Further, by reducing the pressure of
the radially inner part of the back-surface gap ’'g’, it is
possible to decrease the spring force of the biasing mem-
ber 26 required to move the stationary ring 22 appropri-
ately, which makes it possible to suppress development
of wear due to friction between the stationary ring 22 and
the rotary ring 24.

[0038] Insome embodiments, as shownin FIGs. 5 and
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6 for instance, each of the ribs 44 is formed to extend
along a direction that intersects with the circumferential
direction. Further, in the embodiment depicted in FIG. 5,
the plurality of ribs 44 are disposed so as to extend in a
radial fashion along a direction orthogonal to the circum-
ferential direction (radial direction).

[0039] Withthe above configuration, the plurality of ribs
44 extending in a direction orthogonal to the circumfer-
ential direction rotates with the compressor impeller 4,
and thusitis possible to apply the centrifugal force toward
the outer side in the radial direction effectively to air in
the back-surface gap ’g’, and reduce the pressure of the
radially inner part of the back-surface gap 'g’. According-
ly, it is possible to suppress entry of a leakage flow from
the back-surface gap'g’ to the bearing 10A, and suppress
inflow of the leakage flow into electric devices such as
the motor.

[0040] Insomeembodiments,asshowninFIG.6,each
of the ribs 44 has an airfoil shape. With the above con-
figuration, itis possible to form an airflow toward the outer
side in the radial direction effectively with the ribs 44 hav-
ing an airfoil shape, in the back-surface gap 'g’ upon ro-
tation of the compressor impeller 4. Accordingly, itis pos-
sible to suppress entry of a leakage flow from the back-
surface gap 'g’ to the bearing 10A, and suppress inflow
of the leakage flow into electric devices such as the motor
12.

[0041] Insome embodiments, as depicted in FIG. 6 for
instance, each rib 44 is disposed so as to extend in a
direction inclined from the radial direction, such that the
radially outer end 46 of the rib 44 is positioned on the
upstream side of the radially inner end 48 of the rib 44,
with respect to the rotational direction of the compressor
impeller 4.

[0042] With the above configuration, with the ribs 44
being inclined in the above direction, it is possible to sup-
press inflow of air into the gaps between the ribs 44 from
the outer side in the radial direction, during rotation of
the compressor impeller 4. Accordingly, it is possible to
suppress entry of a leakage flow from the back-surface
gap ‘g’ to the bearing 10A, and suppress inflow of the
leakage flow into electric devices such as the motor 12.
[0043] FIG. 7 is a schematic diagram showing a sche-
matic cross-sectional view in the vicinity of a back surface
16 of a compressorimpeller 4 of an electric supercharger
2 (2C) according to an embodiment. FIG. 8 is a diagram
showing a configuration example of the rotary part 50
depicted in FIG. 7, showing an example of the shape of
the rotary part 50 in an axial-directional view. FIG 9 is a
diagram showing a configuration example of the rotary
part 50 depicted in FIG. 7, showing an example of the
shape of the rotary part 50 in an axial-directional view.
FIG. 10 is a diagram showing a configuration example
of the rotary part 50 depicted in FIG. 7, showing an ex-
ample of the shape of the rotary part 50 in an axial-direc-
tional view.

[0044] In some embodiments, as depicted in FIG. 7,
the electric supercharger further includes a rotary part
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50 which protrudes outward in the radial direction from
the rotational shaft 6, between the mechanical seal 20
and the back surface 16 of the compressor impeller 4,
and which is configured to rotate together with the rota-
tional shaft 6.

[0045] Withthe above configuration, a centrifugal force
toward the outer side in the radial direction is applied to
air in the back-surface gap ’g’ in accordance with rotation
ofthe rotary part 50, and thereby it is possible to decrease
the pressure of the radially inner part of the back-surface
gap 'g’. Accordingly, it is possible to suppress entry of a
leakage flow from the back-surface gap 'g’ to the bearing
10A, and suppress inflow of the leakage flow into electric
devices such as the motor 12. Further, by reducing the
pressure of the radially inner part of the back-surface gap
‘g, itis possible to decrease the spring force of the biasing
member 26 required to move the stationary ring 22 ap-
propriately, which makes it possible to suppress devel-
opment of wear due to friction between the stationary
ring 22 and the rotary ring 24.

[0046] Theshape oftherotary part50is not particularly
limited. For instance, the rotary part 51 may have an an-
nular shape as depicted in FIG. 8, or may have a plurality
of protrusions 52 (four protrusions 52 in the depicted em-
bodiment) protruding outward in the radial direction from
the annular shape as depicted in FIGs. 9 and 10. The
protrusions 52 may protrude in a radial fashion along the
radial direction as depicted in FIG. 9 for instance, or may
have a tapered shape protruding diagonally with respect
to the radial direction as depicted in FIG. 10.

[0047] FIG. 11is aschematic diagram showing a sche-
matic cross-sectional view in the vicinity of a back surface
16 of a compressor impeller 4 of an electric supercharger
2 (2D) according to an embodiment. FIG. 12 is a graph
showing the relationship between the radial-directional
position R and the gauge pressure P of the back-surface
gap’g’. The dotted line indicates an electric supercharger
2 (2A) not including an abradable coating layer 90, and
the solid line indicates an electric supercharger 2 (2D)
including an abradable coating layer 90 formed on the
facing surface 21. FIG. 13 is a schematic diagram show-
ing a schematic cross-sectional view in the vicinity of a
back surface 16 of a compressor impeller 4 of an electric
supercharger 2 (2E) according to an embodiment.
[0048] In some embodiments, as depicted in FIG. 11,
of the back-surface side casing 14, an abradable coating
layer 90 is formed on at least a part of the facing surface
21 facing the back surface 16 of the compressor impeller
4 (the entire facing surface 21 in the depicted embodi-
ment).

[0049] With the above configuration, the abradable
coating layer 90 would be ground upon rotation of the
compressorimpeller 4 evenifthe abradable coating layer
90 formed on the facing surface 21 makes contact with
the back surface 16 of the compressor impeller 4. Thus,
itis possible to reduce the clearance C between the back
surface 16 and the back-surface side casing 14 (distance
between the back surface 16 and the back-surface side
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casing 14). Accordingly, it is possible to promote a pres-
sure decrease toward the inner side in the radial direction,
in the back-surface gap 'g’, as described below.

[0050] FIG. 12 is a graph schematically showing the
relationship between the radial-directional position R and
the gauge pressure P of the back-surface gap 'g’. The
dotted line indicates an electric supercharger 2 (2A) not
including an abradable coating layer 90, and the solid
line indicates an electric supercharger 2 (2D) including
an abradable coating layer 90 formed on the facing sur-
face 21. Herein, the clearance C between the back sur-
face 16 and the back-surface side casing 14 of the electric
supercharger 2 (2D) is set to be smaller than the clear-
ance between the back surface 16 and the back-surface
side casing 14 of the electric supercharger 2 (2A).
[0051] As depicted in FIG. 12, in both of the electric
supercharger 2 (2A) and the electric supercharger 2 (2D),
the pressure decreases in the back-surface gap g, toward
the inner side in the radial direction. Particularly in a re-
gion where the radial-directional position R is small, the
pressure in the back-surface gap g’ in the electric super-
charger 2(2D) is reduced considerably compared to that
in the electric supercharger 2 (2A).

[0052] Accordingly, with the electric supercharger 2,
by promoting the pressure decrease toward the inner
side in the radial direction in the back-surface gap 'g’, it
is possible to reduce the axial-directional pressure differ-
ence between the pressure of theradially inner part (pres-
sure near the mechanical seal 20) of the back-surface
gap 'g’ and the pressure near the bearing 10A and thus
it is possible to suppress entry of a leakage flow toward
the bearing 10A (toward the mechanical seal 20) from
the back-surface gap ’g’. Accordingly, it is possible to
suppress inflow of the leakage flow into electric devices
such as the motor 12 and an inverter (not depicted). Thus,
it is possible to suppress occurrence of malfunction or
the like of the electric devices, and operate the electric
supercharger 2 stably.

[0053] Further, the compressor impeller 4 receives a
thrust force toward the upstream in the intake direction
of air (left side in the drawing), in the axial direction, when
air is compressed. In the above electric supercharger 2,
it is possible to reduce the pressure in the back-surface
gap ‘g’ for the compressor impeller 4, and thus it is pos-
sible to reduce the thrust force in the axial direction.
[0054] Further, by promoting the pressure decrease
toward the inner side in the radial direction in the back-
surface gap 'g’ to reduce the pressure of the radially inner
part of the back-surface gap 'g’, itis possible to decrease
the spring force of the biasing member 26 required to
move the stationary ring 22 appropriately, which makes
it possible to suppress development of wear due to fric-
tion between the stationary ring 22 and the rotary ring 24.
[0055] In an embodiment, in FIG. 11, the ratio C/Ri of
the clearance C between the back surface 16 of the com-
pressor impeller 4 and the back-surface side casing 14
to the outer diameter Ri of the compressor impeller 4 is
less than 0.5%.
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[0056] With the above configuration, it is possible to
promote a pressure decrease toward the inner side in
the radial direction, in the back-surface gap 'g’, effective-
ly. According to the inventors of the present invention,
when comparing a case where the abradable coating lay-
er 90 is provided and the ratio C/Ri is set to be 0.8% and
a case where the abradable coating layer 90 is not pro-
vided and C/Riis set to be 0.25%, the former can reduce
more pressure of the radially inner part of the back-sur-
face gap 'g’ by 26% compared to the latter.

[0057] In an embodiment, as depicted in FIG. 13, the
abradable coating layer 90 is formed on at least a part
of the back surface 16 of the compressor impeller 4. Fur-
thermore, the ratio C/Ri of the clearance C between the
back surface 16 of the compressor impeller 4 and the
back-surface side casing 14 to the outer diameter Ri of
the compressor impeller 4 is less than 0.5%.

[0058] With the above configuration, the abradable
coating layer 90 would be ground upon rotation of the
compressor impeller 4 evenifthe abradable coating layer
90 formed on the back surface 16 of the compressor im-
peller 4 makes contact with the facing surface 21 of the
back-surface side casing 14. Thus, itis possible toreduce
the clearance C between the back surface 16 and the
back-surface side casing 14. Accordingly, it is possible
to promote a pressure decrease toward the inner side in
the radial direction, in the back-surface gap 'g’.

[0059] Thus,itis possible to reduce the axial-direction-
al pressure difference between the pressure of the radi-
ally inner part of the back-surface gap 'g’ (pressure near
the mechanical seal 20) and the pressure near the bear-
ing 10A, and thus it is possible to suppress entry of a
leakage flow toward the bearing 10A (toward the me-
chanical seal 20) from the back-surface gap 'g’. Accord-
ingly, it is possible to suppress inflow of the leakage flow
into electric devices such as the motor 12 and an inverter
(not depicted). Thus, it is possible to suppress occur-
rence of malfunction or the like of the electric devices,
and operate the electric supercharger stably.

[0060] Further, itis possible to reduce the pressure of
the back-surface gap 'g’ by reducing the clearance C,
and thus it is possible to reduce the thrust force in the
axial direction in the compressor impeller 4.

[0061] Further, by promoting the pressure decrease
toward the inner side in the radial direction in the back-
surface gap ‘g’ to reduce the pressure of the radially inner
part of the back-surface gap 'g, itis possible to decrease
the spring force of the biasing member 26 required to
move the stationary ring 22 appropriately, which makes
it possible to suppress development of wear due to fric-
tion between the stationary ring 22 and the rotary ring 24.
[0062] In some embodiments, as depicted in FIGs. 14
and 15 for instance, the electric supercharger 2 (2A to
2E) further includes a communication hole 53 serving as
an internal-pressure adjustment mechanism, configured
to adjust the pressure inside the back-surface side casing
14 by bringing the inside and the outside of the back-
surface side casing 14 into communication. The commu-
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nication hole 53 may be disposed on the compressor
side of the back-surface side casing 14 as depicted in
FIG. 14, or on the inverter side as depicted in FIG. 15,
or on both sides. The position, shape, and dimension like
hole diameter of the communication hole 53 are to be
designed to be optimum in accordance with the size of
the electric supercharger 2. Further, in the embodiment
depicted in FIGs. 14 and 15, on the outer end portion
side of the communication hole 53, a waterproof ventila-
tion filter 55 is disposed, which protects the inside of the
back-surface side casing 14 from dust, water, oil, and
the like while adjusting the pressure and the temperature
inside the back-surface side casing 14.

[0063] With the above configuration, even in a case
where the pressure of the radially inner part of the back-
surface gap 'g’ is low, it is possible to stabilize the pres-
sure balance across the mechanical seal 20 by adjusting
the pressure inside and outside the back-surface side
casing 14 through the communication hole 53. Accord-
ingly, it is possible to suppress entry of a leakage flow to
the bearings 10A, 10B through the back-surface gap ’'g’
stably with the mechanical seal 20.

[0064] FIG. 16is a schematic configuration diagram of
an engine device 100 to which the above described elec-
tric supercharger 2 (2A to 2E) can be applied preferably.
FIG. 16 is a diagram of an embodiment of an engine
device 100 in a case where the electric supercharger 2
is used as a high-pressure stage supercharger of a two-
stage supercharging system.

[0065] The engine device 100 depicted in FIG. 16 in-
cludes, as depicted in the drawing, an engine 54, an in-
take passage 56 through which intake gas to be supplied
to the engine 54 flows, an exhaust passage 58 through
which exhaust gas discharged from the engine 54 flows,
a turbocharger 60, and the above described electric su-
percharger 2.

[0066] The turbocharger 60 includes an exhaust tur-
bine 64 disposed in the exhaust passage 58, a compres-
sor 62 disposed in the intake passage 56, and an exhaust
turbine shaft 63 coupling the exhaust turbine 64 and the
compressor 62. The turbocharger 60 is configured such
that the exhaust turbine 64 is driven by exhaust gas dis-
charged from the engine 54, and thereby the compressor
62 is coaxially driven via the turbine shaft 63, so as to
supercharge intake gas flowing through the intake pas-
sage 56.

[0067] The electric supercharger 2 is disposed on the
downstream side of the compressor 62 in the intake pas-
sage 56, and intake gas compressed by the compressor
62 of the turbocharger 60 is supplied to the compressor
impeller 4 of the electric supercharger 2. As described
above, the engine device 100 of the present embodiment
is configured as a two-stage supercharging system in
which the turbocharger 60 is provided as a low-pressure
stage supercharger and the electric supercharger 2 is
provided as a high-pressure stage supercharger.
[0068] A bypassintake passage 66 bypassingthe elec-
tric supercharger 2 is connected to the intake passage
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56. A bypass valve 68 is disposed in the bypass intake
passage 66. Further, by adjusting the valve opening de-
gree of the bypass valve 68, the flow rate of intake gas
flowing into the electric supercharger 2 is controlled.
[0069] Further, on the downstream side of the electric
supercharger 2 in the intake passage 56, an intermediate
cooler 70 for cooling intake gas to be supplied to the
engine 54 is disposed.

[0070] Furthermore, the engine device 100 includes
an EGR passage 72 that connects the downstream side
of the exhaust turbine 64 in the exhaust passage 58 and
the upstream side of the compressor 62 in the intake
passage 56. An EGR valve 74 is disposed in the EGR
passage 72. Further, by adjusting the valve opening de-
gree of the EGR valve 74, exhaust gas having a flow rate
corresponding to the valve opening degree returns to the
intake passage 56. Further, intake gas containing the
recirculated exhaust gas is supplied to the compressor
impeller 4 of the electric supercharger 2.

[0071] In the above engine device 100, the bypass
valve 68 is closed when the engine rotates atalow speed.
The intake gas pressurized by the turbocharger 60 serv-
ing as a low-pressure stage supercharger is supplied to
the electric supercharger 2 serving as a high-pressure
stage supercharger as indicated by the arrow ’a’, to be
pressurized further. Thus, compared to a case where the
electric supercharger 2 is disposed at the low-pressure
stage, the differential pressure between the radially outer
part and the radially inner part of the compressor in the
electric supercharger 2 becomes high, and high-temper-
ature and high-pressure intake air enters the above de-
scribed back-surface gap 'g’.

[0072] Furthermore, in the engine device 100, the by-
pass valve 68 is open and the electric supercharger 2 is
stopped when the engine rotates at a high speed. In this
case, the intake gas pressurized by the turbocharger 60
serving as a low-pressure stage superchargeris supplied
to the downstream side of the electric supercharger 2
through the bypass intake passage 66, as indicated by
the arrow ’b’. Thus, the boost pressure of the turbocharg-
er 60 creates a differential pressure between the radially
outer part and the radially inner part of the compressor
in the electric supercharger 2, and causes intake air to
enter the above described back-surface gap 'g’.

[0073] In this regard, by applying the above described
electric supercharger 2 (2A to 2E) to the engine device
100, it is possible to suppress entry of high-temperature
and high-pressure intake air to the bearing side via the
back-surface gap 'g’, and thus it is possible to suppress
occurrence of troubles in devices such as the bearings
10A, 10B and the motor 12, effectively.

[0074] Furthermore, normally, in a case where a part
of exhaust gas is recirculated to the upstream side of the
low-pressure stage supercharger by a two-stage super-
charging system including the above described EGR
passage, and a case where an intermediate cooler is
used, and a case where blow-by gas is returned to the
inlet of the electric supercharger, for instance, air con-
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taining condensed water is taken in from the inlet of the
electric supercharger, and thus a leakage flow passing
through the back-surface gap and entering the bearing
side is likely to cause trouble in operation of devices such
as the motor and the inverter.

[0075] In this regard, by applying the above described
electric supercharger 2 (2A to 2E) to the engine device
100, it is possible to suppress entry of high-temperature
and high-pressure intake air to the bearing side via the
back-surface gap 'g’, and thus it is possible to suppress
occurrence of troubles in devices such as the bearings
10A, 10B and the motor 12, effectively.

[0076] Embodiments of the presentinvention were de-
scribed in detail above, but the present invention is not
limited thereto, and various amendments and modifica-
tions may be implemented.

[0077] For instance, in the above described embodi-
ments, the back-surface side casing 14 surrounds the
mechanical seal 20, the bearings 10A, 10B, and the mo-
tor 12. Nevertheless, the configuration of the back-sur-
face side casing 14 is not limited to this. For instance,
the back-surface side casing 14 may surround only the
mechanical seal 20, and a casing other than the back-
surface side casing 14 may surround the bearings 10A,
10B and the motor 12. Alternatively, the back-surface
side casing 14 may surround only the mechanical seal
20 andthebearing 10A, and a casing other than the back-
surface side casing 14 may surround the bearing 10B
and the motor 12.

[0078] Furthermore, while the above described electric
supercharger 2 (2A to 2E) includes the mechanical seal
20, the electric supercharger 2 may not necessarily in-
clude the mechanical seal 20 in another embodiment.
[0079] FIG. 17 is aschematic diagram showing a sche-
matic cross-sectional view in the vicinity of a back surface
16 of a compressorimpeller 4 of an electric supercharger
2 (2F) according to another embodiment. FIG. 18 is a
schematic diagram showing a schematic cross-sectional
view in the vicinity of a back surface 16 of a compressor
impeller 4 of an electric supercharger 2 (2G) according
to another embodiment. FIG. 19 is a schematic diagram
showing a schematic cross-sectional view in the vicinity
of a back surface 16 of a compressor impeller 4 of an
electric supercharger 2 (2H) according to another em-
bodiment. FIG. 20 is a schematic diagram showing a
schematic cross-sectional view in the vicinity of a back
surface 16 of a compressor impeller 4 of an electric su-
percharger 2 (21) according to anotherembodiment. FIG.
21 is a schematic diagram showing a schematic cross-
sectional view in the vicinity of a back surface 16 of a
compressor impeller 4 of an electric supercharger 2 (2J)
according to another embodiment. FIG. 22 is a schematic
diagram showing a schematic cross-sectional view in the
vicinity of a back surface 16 of a compressor impeller 4
of an electric supercharger 2 (2K) according to another
embodiment.

[0080] The basic configuration of the electric super-
charger 2 (2F to 2K) is similar to that of the electric su-
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percharger 2 depicted in FIG. 1, except that the mechan-
ical seal 20 is not provided. Thus, the same configura-
tions are associated with the same reference numerals
to omit description, and the characteristic configurations
of the respective modified examples will be mainly de-
scribed.

[0081] In some embodiments depicted in FIGs. 17 to
19, the electric supercharger 2 (2F to 2H) further includes
a rotary part 76 which protrudes outward in the radial
direction from the rotational shaft 6, between the back-
surface side casing 14 and the back surface 16 of the
compressor impeller 4, and which is configured to rotate
together with the rotational shaft 6. Further, the radially
outer end 78 of the rotary part 76 is positioned on the
outer side of the radially inner end 80 of the back-surface
side casing 14 in the radial direction.

[0082] Although the shape of the rotary part 76 is not
particularly limited, the respective shapes of the rotary
part 50 described with reference to FIGs. 8 to 10 may be
applied. Furthermore, the rotary part 76 may be disposed
at a distance from the back surface 16 of the compressor
impeller 4 as depicted in FIG. 17, or in contact with the
back surface 16 of the compressorimpeller 4 as depicted
in FIGs. 18 and 19, or integrally with the compressor im-
peller 4 or a non-depicted sleeve engaged with the rota-
tional shaft 6. Further, as depicted in FIGs. 18 and 19,
the rotary part 76 may protrude toward the back surface
16 past the facing surface 21 of the back-surface side
casing 14 that faces the back surface 16. Furthermore,
in a case where a recessed portion 82 is formed on the
back surface 16 of the compressor impeller 4, the rotary
part 76 may include a protruding portion 84 protruding in
the axial direction so as to enter the inside of the recessed
portion 82 as depicted in FIG. 19.

[0083] Inthe embodimentdepictedinFIG. 20, the elec-
tric supercharger 2 (21) includes a seal unit 9 instead of
the mechanical seal 20 of the electric supercharger 2
(2B) depicted in FIG. 4. In the electric supercharger 2
(21), similarly to the electric supercharger 2 (2B), a plu-
rality of ribs 44 are disposed at intervals in the circum-
ferential direction, on the back surface 16 of the com-
pressor 4.

[0084] Furthermore, the seal unit 9 includes a sleeve
86 and at least one piston ring 88 (in the depicted em-
bodiment, two piston rings 88). The sleeve 86 is disposed
such that an end side of the sleeve 86 is in contact with
the back surface 16 of the compressor impeller 4, in a
state where the sleeve 86 is engaged with the rotational
shaft 6. The piston ring 88 is engaged with an annular
groove disposed on the outer peripheral surface of the
sleeve 86 and is in contact with the back-surface side
casing 14, thereby sealing the gap between the rotational
shaft 6 and the back-surface side casing 14.

[0085] Also with the above configuration, by providing
the plurality of ribs 44, a centrifugal force toward the outer
side in the radial direction is applied to air in the back-
surface gap 'g’ upon rotation of the compressor impeller
4, and thereby it is possible to decrease the pressure of
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the radially inner part of the back-surface gap 'g’. Accord-
ingly, it is possible to suppress entry of a leakage flow
from the back-surface gap ’g’ to the bearing 10A, and
suppress inflow of the leakage flow into electric devices
such as the motor.

[0086] Inthe embodimentdepictedinFIG. 21, the elec-
tric supercharger 2 (2J) includes a seal unit 9 instead of
the mechanical seal 20 of the electric supercharger 2
(2D) depicted in FIG. 11. In the electric supercharger 2
(2J), similarly to the electric supercharger 2 (2D), of the
back-surface side casing 14, an abradable coating layer
90 is formed on at least a part of the facing surface 21
facing the back surface 16 of the compressor impeller 4
(the entire facing surface 21 in the depicted embodi-
ment).

[0087] Also with the above configuration, by promoting
the pressure decrease toward the inner side in the radial
direction in the back-surface gap 'g’, it is possible to re-
duce the axial-directional pressure difference between
the pressure of the radially inner part of the back-surface
gap ‘g’ (pressure near the seal unit 9) and the pressure
near the bearing 10A and thus it is possible to suppress
entry of a leakage flow toward the bearing 10A (toward
the seal unit 9) from the back-surface gap 'g’. According-
ly, it is possible to suppress inflow of the leakage flow
into electric devices such as the motor 12 and an inverter
(not depicted). Thus, it is possible to suppress occur-
rence of malfunction or the like of the electric devices,
and operate the electric supercharger 2 stably.

[0088] Further, the compressor impeller 4 receives a
thrust force toward the upstream in the intake direction
of air (left side in the drawing), in the axial direction, when
air is compressed. In the above electric supercharger 2
(2J), it is possible to reduce the pressure in the back-
surface gap g’ for the compressor impeller 4, and thus
it is possible to reduce the thrust force in the axial direc-
tion.

[0089] Inthe embodimentdepictedinFIG. 22, the elec-
tric supercharger 2 (2K) includes a seal unit 9 instead of
the mechanical seal 20 of the electric supercharger 2
(2E) depicted in FIG. 13. In the electric supercharger 2
(2K), similarly to the electric supercharger 2 (2E), the
abradable coating layer 90 is formed on at least a part
of the back surface 16 of the compressor impeller 4.
[0090] Also with the above configuration, by promoting
the pressure decrease toward the inner side in the radial
direction in the back-surface gap 'g’, it is possible to re-
duce the axial-directional pressure difference between
the pressure of the radially inner part of the back-surface
gap 'g’ (pressure near the seal unit 9) and the pressure
near the bearing 10A and thus it is possible to suppress
entry of a leakage flow toward the bearing 10A (toward
the seal unit 9) from the back-surface gap 'g’.

[0091] Further, the compressor impeller 4 receives a
thrust force toward the upstream in the intake direction
of air (left side in the drawing), in the axial direction, when
air is compressed. In the above electric supercharger 2
(2K), it is possible to reduce the pressure in the back-
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surface gap g’ for the compressor impeller 4, and thus
it is possible to reduce the thrust force in the axial direc-
tion.

[0092] Further, while the electric supercharger 2 (2A
to 2E) is described as preferably applicable as a high-
pressure stage supercharger of a two-stage supercharg-
ing system in the embodiment depicted in FIG. 16, the
electric supercharger 2 (2A to 2K) may be used as a low-
pressure stage supercharger of a two-stage supercharg-
ing system as depicted in FIG. 23.

[0093] Hereinafter, the engine device 110 depicted in
FIG. 23 will be described. Of the configuration depicted
in FIG. 23, the configurations similar to those depicted in
FIG. 16 is associated with the same reference numerals
to omit description, and what is different from the config-
uration depicted in FIG. 16 will be mainly described.
[0094] In the engine device 100 depicted in FIG. 23,
the electric supercharger 2 is disposed on the upstream
side of the compressor 62 in the intake passage 56, and
intake gas compressed by the electric supercharger 2 is
supplied to the compressor 62 of the turbocharger 60.
As described above, the engine device 110 is configured
as a two-stage supercharging system in which the tur-
bocharger 60 is provided as a high-pressure stage su-
percharger and the electric supercharger 2 is provided
as a low-pressure stage supercharger.

[0095] Abypassintake passage 66 bypassingthe elec-
tric supercharger 2 is connected to the intake passage
56. A bypass valve 68 is disposed in the bypass intake
passage 66. Further, by adjusting the valve opening de-
gree of the bypass valve 68, the flow rate of intake gas
flowing into the electric supercharger 2 is controlled.
[0096] Further, on the downstream side of the com-
pressor 62 in the intake passage 56, an intermediate
cooler 70 for cooling intake gas to be supplied to the
engine 54 is disposed.

[0097] Furthermore, the engine device 110 includes
an EGR passage 72 that connects the downstream side
of the exhaust turbine 64 in the exhaust passage 58 and
the upstream side of the electric supercharger 2 in the
intake passage 56. An EGR valve 74 is disposed in the
EGR passage 72. Further, by adjusting the valve opening
degree of the EGR valve 74, exhaust gas having a flow
rate corresponding to the valve opening degree returns
to the intake passage 56. Further, intake gas containing
the recirculated exhaust gas is supplied to the compres-
sor impeller 4 of the electric supercharger 2.

[0098] In the above engine device 110, the bypass
valve 68 is closed when the engine rotates atalow speed.
The intake gas pressurized by the electric supercharger
2 serving as a low-pressure stage supercharger is sup-
plied to the compressor 62 of the turbocharger 60 serving
as a high-pressure stage supercharger as indicated by
the arrow ’c’, to be pressurized further. Thus, the boost
pressure of the electric supercharger 2 is applied to the
gap between the radially outer part and the radially inner
part of the compressor in the electric supercharger 2, and
causes intake air to enter the above described back-sur-
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face gap 'g’.

[0099] Furthermore, in the engine device 110, the by-
pass valve 68 is open and the electric supercharger 2 is
stopped when the engine rotates at a high speed. In this
case, as indicated by the arrow 'd’, intake gas is supplied
to the compressor 62 through the bypass intake passage
66, and thus substantially no intake air enters the back-
surface gap 'g’ of the electric supercharger 2.

[0100] As described above, by applying the above de-
scribed electric supercharger 2 (2A to 2K) to the engine
device 110, it is possible to suppress entry of high-tem-
perature and high-pressure intake air to the bearing side
via the back-surface gap ’g’, and thus it is possible to
suppress occurrence of troubles in devices such as the
bearings 10A, 10B and the motor 12, effectively.

Reference Signs List
[0101]

2 (2A to 2K) Supercharger
4 Compressor impeller

6 Rotational shaft

8 Impeller casing

9 Seal unit

10A, 10B Bearing

12 Motor

14 Back-surface side casing
16 Back surface

18 Inverter housing portion
20 Mechanical seal

21, 32 Facing surface

22 Stationary ring

24 Rotary ring

26 Biasing member

28, 30 Surface

34 Groove

36, 38 Space

40, 48, 80 Radially inner end
42, 46, 78 Radially outer end
44 Rib

50, 76 Rotary part

52 Protrusion

53 Communication hole

54 Engine

55 Waterproof ventilation filter
56 Intake passage

58 Exhaust passage

60 Turbocharger

62 Compressor

63 Turbine shaft

64 Exhaust turbine

66 Bypass intake passage
68 Bypass valve

70 Intermediate cooler

72 Passage

74 Valve

82 Recessed portion
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84 Protruding portion

86 Sleeve

88 Piston ring

90 Abradable coating layer
100, 110 Engine device

Claims

1.

An electric supercharger, comprising:

a compressor impeller;

a motor configured to transmit a driving force to
the compressor impeller via a rotational shaft;
aback-surface side casing facing aback surface
of the compressor impeller via a gap and sur-
rounding the rotational shaft;

a bearing disposed between the back-surface
side casing and the rotational shaft so as to sup-
port the rotational shaft rotatably; and

a mechanical seal positioned between the back
surface of the compressorimpeller and the bear-
ing in an axial direction of the compressor im-
peller and configured to seal a gap between the
rotational shaft and the back-surface side cas-

ing.

2. The electric supercharger according to claim 1,

wherein the mechanical seal includes:

a stationary ring supported on the back-surface
side casing;

a rotary ring protruding from the rotational shaft
toward an outer side in a radial direction of the
compressor impeller and facing the stationary
ring so as to be capable of being in contact with
the stationary ring in the axial direction of the
compressor impeller, the rotary ring being con-
figured to rotate with the rotational shaft; and

a biasing member configured to bias one of the
rotary ring or the stationary ring toward the other
one of the rotary ring or the stationary ring, and

wherein a groove is formed on a facing surface which
is one of a surface of the rotary ring which faces the
stationary ring or a surface of the stationary ring
which faces the rotary ring.

The electric supercharger according to claim 1 or 2,
wherein the back surface of the compressorimpeller
has a plurality of ribs disposed on the back surface
atintervals in a circumferential direction of the com-
pressor impeller.

The electric supercharger according to claim 3,
wherein each oftheribs is disposed to so as to extend
along a direction which intersects with the circum-
ferential direction of the compressor impeller.
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5.

10.

The electric supercharger according to claim 3 or 4,
wherein each of the ribs has an airfoil shape.

The electric supercharger according to any one of
claims 3 to 5,

wherein each of the ribs is disposed so as to extend
in a direction inclined from a radial direction of the
compressor impeller such that a radially outer end
of the rib is positioned on an upstream side of a ra-
dially inner end of the rib with respect to a rotational
direction of the compressor impeller.

The electric supercharger according to any one of
claims 1 to 6, further comprising, between the me-
chanical seal and the back surface of the compressor
impeller, a rotary part protruding from the rotational
shaft toward an outer side in a radial direction of the
compressor impeller, the rotary part being config-
ured to rotate together with the rotational shaft.

The electric supercharger according to any one of
claims 1 to 7, further comprising an abradable coat-
ing layer formed on at least a part of the back surface
of the compressor impeller, or at least a part of a
surface of the back-surface side casing which faces
the back surface of the compressor impeller.

The electric supercharger according to claim 8,
wherein aratio G/R of a size G of a gap between the
back surface of the compressor impeller and the
back-surface side casing to an outer diameter R of
the compressor impeller is less than 0.5%.

The electric supercharger according to any one of
claims 1to 9, further comprising an internal-pressure
adjustment mechanism configured to adjust a pres-
sure inside the back-surface side casing by bringing
into communication an inside and an outside of the
back-surface side casing.
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FIG. 5
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FIG. 6
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