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(54) SHAFT SEALING DEVICE AND ELECTRIC ROTARY MACHINE

(57) In the shaft sealing device according to one em-
bodiment, a seal ring includes a machine-interior-side
seal ring member, and a machine-exterior-side seal ring
member. A ring gap is left between the machine-interi-
or-side seal ring member and the machine-exterior-side
seal ring member. A seal gap is left between an inner
peripheral surface of the machine-interior-side seal ring
member and an outer peripheral surface of the rotary
shaft and between an inner peripheral surface of the ma-

chine-exterior-side seal ring member and the outer pe-
ripheral surface of the rotary shaft. The inner peripheral
surface of the machine-interior-side seal ring member is
a flat surface that generally follows along the outer pe-
ripheral surface of the rotary shaft, and a groove extend-
ing along a direction of rotation of the rotary shaft is
formed in the inner peripheral surface of the machine-ex-
terior-side seal ring member.
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Description

FIELD

[0001] Embodiments of the present invention relate to
shaft sealing devices and electric rotary machines.

BACKGROUND

[0002] Electric rotary machines include a device such
as a turbine electric generator and are configured such
that a rotor rotates inside a stator, for example. In an
electric rotary machine, such as a turbine electric gener-
ator, the interior thereof is filled with a hydrogen gas, and
this filling hydrogen gas is used as a cooling gas that
cools a rotor and a stator. In an electric rotary machine,
a shaft sealing device is provided to prevent a cooling
gas, such as a hydrogen gas, from leaking to the outside.
[0003] An electric rotary machine 1 according to a re-
lated art will be described with reference to Fig. 12 of the
accompanying drawings. In Fig. 12, the right-left direction
is a horizontal direction (x) and substantially corresponds
to the axial direction extending along the center axis of
rotation AX of a rotor of the electric rotary machine 1. In
addition, in Fig. 12, the up-down direction is a vertical
direction (z) and substantially corresponds to a part of
the radial direction perpendicular to the center axis of
rotation AX.
[0004] As illustrated in Fig. 12, the electric rotary ma-
chine 1 includes a rotary shaft 4 that penetrates an elec-
tric rotary machine casing 3, and a shaft sealing device
10J provided between the electric rotary machine casing
3 and the rotary shaft 4.
[0005] In the electric rotary machine 1, a gas chamber
provided on a machine interior side IN (interior) of the
electric rotary machine casing 3 is filled with a cooling
gas. In the electric rotary machine casing 3, a pressure
PIN on the machine interior side IN is higher than a pres-
sure POUT (atmospheric pressure) on a machine exterior
side OT (exterior) (PIN > POUT). A stator (not illustrated)
is provided inside the electric rotary machine casing 3.
In the stator, a stator coil (not illustrated) is disposed on
a stator core (not illustrated).
[0006] The rotary shaft 4 has a columnar outer shape
and is rotatably supported by a bearing (not illustrated)
such that the axial direction of the rotary shaft 4 extending
along the center axis of rotation AX coincides with the
horizontal direction (x). The rotary shaft 4 has a rotor (not
illustrated). In the rotor, a rotor coil (not illustrated) is dis-
posed on a rotor core (iron core; not illustrated). The rotor
is housed, for example, in the stator, and the electricity
is generated, for example, as the rotor rotates along with
the rotary shaft 4. Inside the electric rotary machine cas-
ing 3, the rotor and the stator are cooled by the cooling
gas filling the machine interior side IN of the electric rotary
machine casing 3. For example, the rotor and the stator
are cooled as the cooling gas flows through a rotor cool-
ing channel (not illustrated) formed in the rotor and a

stator cooling channel (not illustrated) formed in the sta-
tor, respectively.
[0007] The shaft sealing device 10J is provided to seal
the cooling gas inside the electric rotary machine casing
3. The shaft sealing device 10J is a stationary member
and is disposed on the electric rotary machine casing 3.
The shaft sealing device 10J is interposed between the
rotary shaft 4 and the electric rotary machine casing 3
provided around the rotary shaft 4 to prevent the cooling
gas from leaking from the machine interior side IN to the
machine exterior side OT of the electric rotary machine
casing 3.
[0008] An example of the shaft sealing device 10J of
the electric rotary machine 1 according to the related art
will be described with reference to Fig. 13 of the accom-
panying drawings. Fig. 13 is an enlarged cross-sectional
view taken along a vertical plane (xz plane). In Fig. 13,
the right-left direction (x) corresponds to the axial direc-
tion, and the up-down direction (z) corresponds to a part
of the radial direction.
[0009] As illustrated in Fig. 13, the shaft sealing device
10J is of a floating type, and a seal ring 30 and a coil
spring 80 are housed in a seal casing 20. Details of the
components constituting the shaft sealing device 10J will
be described in order.
[0010] The seal casing 20 is an annular member and
is provided around the rotary shaft 4. Specifically, the
seal casing 20 is disposed to surround the rotary shaft 4
in a direction of rotation T (circumferential direction) at a
position closer to the outside than an outer peripheral
surface of the rotary shaft 4 in the radial direction (z). An
air gap G is left between an inner peripheral surface P20
of the seal casing 20 and an outer peripheral surface P4
of the rotary shaft 4.
[0011] A seal casing chamber 21 is formed inside the
seal casing 20. An oil inlet 211 is formed in the seal casing
20 at a position closer to the outside than the seal casing
chamber 21 in the radial direction (z). The oil inlet 211
communicates with the seal casing chamber 21. In the
seal casing 20, a sealing oil SO is supplied into the seal
casing chamber 21 through the oil inlet 211. The sealing
oil SO having a higher pressure than the cooling gas is
supplied, details of which will be described later.
[0012] A seal casing opening 22 is formed in the seal
casing 20 at a position closer to the interior than the seal
casing chamber 21 in the radial direction (z). The seal
casing opening 22 communicates with the seal casing
chamber 21. The width of the seal casing opening 22 in
the axial direction (x) is smaller than the width of the seal
casing chamber 21 in the axial direction (x).
[0013] The seal ring 30 is an annular member and is
housed in the seal casing chamber 21 of the seal casing
20 such that the seal ring surrounds the rotary shaft 4.
Specifically, similar to the seal casing 20, the seal ring
30 surrounds the rotary shaft 4 in the direction of rotation
T at a position closer to the outside than the outer pe-
ripheral surface of the rotary shaft 4 in the radial direction
(z).
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[0014] In the seal ring 30, a portion located outward in
the radial direction (z) and a portion located inward in the
radial direction (z) differ from each other in the width in
the axial direction (x). The width, in the axial direction (x),
of the portion located outward in the radial direction (z)
is greater than the width, in the axial direction (x), of the
portion located inward in the radial direction (z).
[0015] The portion of the seal ring 30 that is located
outward in the radial direction (z) is housed inside the
seal casing chamber 21. The portion of the seal ring 30
that is located inward in the radial direction (z) penetrates
the seal casing opening 22.
[0016] Although not illustrated, the seal ring 30 in-
cludes an upper half and a lower half, and the upper half
and the lower half are tightened and coupled to each
other with a tightening member, such as a bolt.
[0017] The seal ring 30 includes a machine-interior-
side seal ring member 30a and a machine-exterior-side
seal ring member 30b. The machine-interior-side seal
ring member 30a is located on the machine interior side
IN, which is the interior of the electric rotary machine
casing 3 in the electric rotary machine 1. In contrast, the
machine-exterior-side seal ring member 30b is located
closer to the machine exterior side OT, which is the ex-
terior of the electric rotary machine casing 3, than the
machine-interior-side seal ring member 30a in the axial
direction (x) of the rotary shaft 4. The machine-interior-
side seal ring member 30a and the machine-exterior-side
seal ring member 30b are disposed side by side in the
axial direction (x). A ring gap RG is left between the ma-
chine-interior-side seal ring member 30a and the ma-
chine-exterior-side seal ring member 30b. A seal gap SG
is left between an inner peripheral surface P30a of the
machine-interior-side seal ring member 30a and the out-
er peripheral surface P4 of the rotary shaft 4, and the
seal gap SG is also left between an inner peripheral sur-
face P30b of the machine-exterior-side seal ring member
30b and the outer peripheral surface P4 of the rotary
shaft 4.
[0018] The inner peripheral surface P30a of the ma-
chine-interior-side seal ring member 30a is a flat surface
that generally follows along the outer peripheral surface
P4 of the rotary shaft 4. In a similar manner, the inner
peripheral surface P30b of the machine-exterior-side
seal ring member 30b is a flat surface that generally fol-
lows along the outer peripheral surface P4 of the rotary
shaft 4.
[0019] In the ring gap RG, a portion located outward
in the radial direction (z) is tapered and formed such that
the width in the axial direction (x) decreases from the
outer side toward the inner side in the radial direction (z).
In the ring gap RG, a portion located inward in the radial
direction (z) has a constant width in the axial direction (x).
[0020] The coil spring 80 is located around the rotary
shaft 4 and housed in the seal casing chamber 21 of the
seal casing 20. The coil spring 80 urges the seal ring 30
toward the inner peripheral side in the radial direction (z).
[0021] Specifically, the coil spring 80 is housed in the

seal casing chamber 21. The coil spring 80 is provided
in the tapered portion of the ring gap RG in the seal ring
30 that is located on an outer peripheral side in the radial
direction (z). The coil spring 80 urges the machine-inte-
rior-side seal ring member 30a and the machine-exterior-
side seal ring member 30b inward in the radial direction
(z). In addition, the coil spring 80 urges the machine-
interior-side seal ring member 30a toward the machine
interior side IN in the axial direction (x) and urges the
machine-exterior-side seal ring member 30b toward the
machine exterior side OT in the axial direction (x).
[0022] Although not illustrated, the coil spring 80 urges
the upper half of the seal ring 30, and another coil spring
80 urges the lower half of the seal ring 30. The urging
force of the coil spring 80 that urges the upper half of the
seal ring 30 and the urging force of the coil spring 80 that
urges the lower half of the seal ring 30 differ from each
other. Typically, to support the seal ring 30, the urging
force of the coil spring 80 that urges the lower half of the
seal ring 30 is greater than the urging force of the coil
spring 80 that urges the upper half of the seal ring 30.
[0023] An operation of the above-described shaft seal-
ing device 10J will be described.
[0024] When the electric rotary machine 1 is operated,
the sealing oil SO is supplied into the seal casing 20 from
a supply source (not illustrated). In the seal casing 20,
the sealing oil SO is supplied into the seal casing cham-
ber 21 through the oil inlet 211. The sealing oil SO is
supplied into the seal casing 20 at a pressure higher than
the pressure of the cooling gas filling the interior of the
electric rotary machine casing 3. The pressure of the
sealing oil SO is, for example, higher than the pressure
of the cooling gas by approximately 0.05 MPa. Thus, a
resultant force of the urging force of the coil spring 80
and the pressure of the sealing oil SO is exerted on the
seal ring 30 in the shaft sealing device 10J.
[0025] Specifically, a resultant force Fx in the axial di-
rection (x) and a resultant force Fr in the radial direction
(z) are each exerted on the seal ring 30. The resultant
force Fx in the axial direction (x) is exerted on the ma-
chine-interior-side seal ring member 30a toward the ma-
chine interior side IN in the axial direction (x). In a similar
manner, the resultant force Fx in the axial direction (x) is
exerted on the machine-exterior-side seal ring member
30b toward the machine exterior side OT in the axial di-
rection (x). As a result, the portion of the seal ring 30 that
is located inward in the radial direction (z) makes tight
contact with the portion of the seal casing 20 that is lo-
cated inward in the radial direction (z) and in which the
seal casing opening 22 is formed. In other words, a side
surface S30a of the machine-interior-side seal ring mem-
ber 30a that is located on the machine interior side IN
makes tight contact with a side surface S22a of the seal
casing opening 22 that is located on the machine interior
side IN. In addition, a side surface S30b of the machine-
exterior-side seal ring member 30b that is located on the
machine exterior side OT makes tight contact with a side
surface S22b of the seal casing opening 22 that is located
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on the machine exterior side OT.
[0026] Aside from the above, the resultant force Fr in
the radial direction (z) is exerted on the machine-interior-
side seal ring member 30a and the machine-exterior-side
seal ring member 30b toward the inner side in the radial
direction (z). As a result, the seal ring 30 slides in the
radial direction (z) while being in tight contact with the
seal casing 20.
[0027] In the shaft sealing device 10J, the sealing oil
SO, after having been supplied into the seal casing cham-
ber 21, flows into the ring gap RG in the seal ring 30 from
the seal casing chamber 21. The sealing oil SO that has
flowed into the ring gap RG is supplied to the seal gap
SG left between the inner peripheral surface P30a of the
machine-interior-side seal ring member 30a and the out-
er peripheral surface P4 of the rotary shaft 4 and to the
seal gap SG left between the inner peripheral surface
P30b of the machine-exterior-side seal ring member 30b
and the outer peripheral surface P4 of the rotary shaft 4.
Thus, an oil film of the sealing oil SO is formed in the seal
gap SG. As a result, the shaft sealing device 10J can
seal the cooling gas into the machine interior side IN so
that the cooling gas does not leak from the machine in-
terior side IN to the machine exterior side OT. The seal
ring 30 is pressed toward the outer peripheral side by the
pressure of the oil film formed in the seal gap SG. Thus,
the seal gap SG is retained between the seal ring 30 and
the rotary shaft 4.
[0028] In the shaft sealing device 10J of a floating type,
a force such as a bearing counterforce is produced due
to the rotation of the rotary shaft 4, and thus the seal ring
30 may become eccentric with respect to the rotary shaft
4. In this case, the seal ring 30 moves in the radial direc-
tion (z) due to the pressure produced by the oil film formed
in the seal gap SG. As a result, in the shaft sealing device
10J, the alignment is corrected automatically to achieve
a coaxial state in which the center axis of rotation AX of
the rotary shaft 4 coincides with the center axis of the
seal ring 30.
[0029] For example, when the rotary shaft 4 moves
upward, the pressure of the oil film rises in the seal gap
SG located on an upper side of the rotary shaft 4, and
thus the seal ring 30 located on an upper side of the rotary
shaft 4 moves upward. Then, the pressure of the oil film
decreases in the seal gap SG located on a lower side of
the rotary shaft 4, and thus the seal ring 30 located on a
lower side of the rotary shaft 4 moves upward due to the
urging force of the coil spring 80. In other words, when
the rotary shaft 4 moves, the seal ring 30 also moves to
follow the rotary shaft 4. Accordingly, the alignment is
corrected automatically as described above.
[0030] As already described above, in the shaft sealing
device 10J of a floating type, the machine-interior-side
seal ring member 30a and the machine-exterior-side seal
ring member 30b of the seal ring 30 slide in the radial
direction (z) while the seal ring members 30a and 30b
are in tight contact with the seal casing 20 in the axial
direction (x), respectively. Therefore, friction is produced

between the seal casing 20 and the seal ring 30. Conse-
quently, the temperature rises locally therebetween, and
seizure may occur. As a result, the alignment may not
be corrected automatically, and the sealing of the cooling
gas may become insufficient.
[0031] To address these issues, a variety of techniques
are proposed. Examples include providing a groove hav-
ing a spiral shape or the like in an inner peripheral surface
of the seal ring 30 to increase the pressure effect and
forming a coating layer having a small friction coefficient
on a slide surface of the seal casing 20.
[0032] However, an increase in the capacity of the
electric rotary machine 1 has led to an increase in the
pressure of the cooling gas filling the machine interior
side IN of the electric rotary machine casing 3. In asso-
ciation therewith, the pressure of the sealing oil SO sup-
plied into the seal casing 20 is also increased. Accord-
ingly, the pressing force with which the seal ring 30 press-
es the seal casing 20 is increasing, and thus the frictional
force produced between the seal ring 30 and the seal
casing 20 is increasing. As a result, the alignment may
not be corrected automatically, and the sealing of the
cooling gas may become insufficient.
[0033] As described above, the pressure PIN on the
machine interior side IN filled with the cooling gas in the
electric rotary machine casing 3 of the electric rotary ma-
chine 1 is higher than the pressure POUT (atmospheric
pressure) on the machine exterior side OT located out-
side the electric rotary machine casing 3. Therefore, in
the shaft sealing device 10J, a difference (ΔPb) between
a pressure PS of the seal casing chamber 21 to which
the sealing oil SO has been supplied and the pressure
POUT on the machine exterior side OT of the electric ro-
tary machine casing 3 is greater than a difference (ΔPa)
between the pressure PS of the seal casing chamber 21
and the pressure PIN on the machine interior side IN (ΔPb
> ΔPa). Accordingly, the sealing oil SO more easily
moves to the outside through the gap between the ma-
chine-exterior-side seal ring member 30b and the rotary
shaft 4 than through the gap between the machine-inte-
rior-side seal ring member 30a and the rotary shaft 4,
and thus the oil film may not be formed sufficiently. As a
result, even when the alignment is automatically correct-
ed properly in the machine-interior-side seal ring member
30a, the alignment may not be automatically corrected
properly in the machine-exterior-side seal ring member
30b. In other words, the following performance of the
machine-exterior-side seal ring member 30b is lower
than the following performance of the machine-interior-
side seal ring member 30a. As a result, the sealing of the
cooling gas may become insufficient. This issue is be-
coming more prominent particularly with an increase in
the pressure of the cooling gas.
[0034] Accordingly, an object of the present invention
is provide a shaft sealing device that can effectively seal
a cooling gas, and an electric rotary machine that can
effectively seal the cooling gas.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Fig. 1 illustrates a primary portion of a shaft sealing
device in an electric rotary machine according to a
first embodiment of the present invention.
Fig. 2 illustrates another primary portion of the shaft
sealing device in the electric rotary machine accord-
ing to the first embodiment.
Fig. 3 illustrates still another primary portion of the
shaft sealing device in the electric rotary machine
according to the first embodiment.
Fig. 4 illustrates a pressure distribution of a sealing
oil introduced into a groove and an introduction por-
tion in a seal ring of the shaft sealing device accord-
ing to the first embodiment.
Fig. 5 illustrates a particular part of the pressure dis-
tribution of the sealing oil introduced into the groove
and the introduction portion in the seal ring of the
shaft sealing device according to the first embodi-
ment.
Fig. 6 illustrates another part of the pressure distri-
bution of the sealing oil introduced into the groove
and the introduction portion in the seal ring of the
shaft sealing device according to the first embodi-
ment.
Fig. 7 is a cross-sectional view illustrating a primary
portion of a shaft sealing device in an electric rotary
machine according to a second embodiment.
Fig. 8 illustrates a primary portion of a shaft sealing
device according to a modification of the second em-
bodiment.
Fig. 9 illustrates a primary portion of a shaft sealing
device in an electric rotary machine according to a
third embodiment.
Fig. 10 illustrates another primary portion of the shaft
sealing device in the electric rotary machine accord-
ing to the third embodiment.
Fig. 11 illustrates a portion in which a shaft sealing
device is provided in an electric rotary machine ac-
cording to a fourth embodiment.
Fig. 12 is a fragmentary cross-sectional view illus-
trating a primary portion of an electric rotary machine
according to a related art.
Fig. 13 illustrates a primary portion of the shaft seal-
ing device in the electric rotary machine according
to the related art.

DETAILED DESCRIPTION

[0036] A shaft sealing device according to an embod-
iment is disposed between an electric rotary machine
casing and a rotary shaft penetrating the electric rotary
machine casing. The pressure inside the electric rotary
machine casing filled with a cooling gas is higher than
the pressure outside the electric rotary machine casing.
The shaft sealing device tightly seals the cooling gas in-

side the electric rotary machine casing. The shaft sealing
device includes a seal casing and a seal ring. A seal
casing chamber is formed inside the seal casing, and a
sealing oil having a pressure higher than the pressure of
the cooling gas is supplied into the seal casing chamber.
The seal ring is housed in the seal casing chamber. The
seal ring includes a machine-interior-side seal ring mem-
ber and a machine-exterior-side seal ring member. The
machine-exterior-side seal ring member is located closer
to the exterior of the electric rotary machine casing than
the machine-interior-side seal ring member in an axial
direction of the rotary shaft. A ring gap is left between
the machine-interior-side seal ring member and the ma-
chine-exterior-side seal ring member. In addition, a seal
gap is left between an inner peripheral surface of the
machine-interior-side seal ring member and an outer pe-
ripheral surface of the rotary shaft and between an inner
peripheral surface of the machine-exterior-side seal ring
member and the outer peripheral surface of the rotary
shaft. The inner peripheral surface of the machine-inte-
rior-side seal ring member is a flat surface that generally
follows along the outer peripheral surface of the rotary
shaft. A groove extending along the direction of rotation
of the rotary shaft is formed in the inner peripheral surface
of the machine-exterior-side seal ring member. The seal-
ing oil is supplied into the seal gap from the seal casing
chamber via the ring gap. In addition, the sealing oil is
supplied into the groove from the seal casing chamber.

<First Embodiment

[0037] A shaft sealing device 10 according to a first
embodiment will be described with reference to Fig. 1,
Fig. 2 and Fig. 3.
[0038] Similar to Fig. 13, Fig. 1 illustrates a cross-sec-
tional view of the shaft sealing device 10 taken along a
vertical plane (xz plane). Fig. 2 illustrates an inner pe-
ripheral surface of a seal ring 30 of the shaft sealing de-
vice 10. In Fig. 2, the up-down direction substantially cor-
responds to an axial direction (x) extending along a center
axis of rotation AX. The upper side is a machine interior
side IN, and the lower side is a machine exterior side OT.
In Fig. 2, the right-left direction substantially corresponds
to a direction of rotation T. The left side is a forward side
Fw in the direction of rotation T, and the right side is a
backward side Bw. Fig. 3 illustrates a cross-sectional
view of the shaft sealing device 10 taken along the X-X
plane indicated in Fig. 2. In Fig. 3, the up-down direction
substantially corresponds to a radial direction (z), and
the right-left direction substantially corresponds to the
direction of rotation T.
[0039] As illustrated in Fig. 1 and Fig. 2, similar to the
device of the above-described related art (see Fig. 13),
the seal ring 30 of the shaft sealing device 10 includes a
machine-interior-side seal ring member 30a and a ma-
chine-exterior-side seal ring member 30b. The machine-
interior-side seal ring member 30a and the machine-ex-
terior-side seal ring member 30b are disposed side by
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side in the axial direction (x) with a ring gap RG left be-
tween the two ring members 30a and 30b.
[0040] Similar to the device of the above-described re-
lated art, an inner peripheral surface P30a of the ma-
chine-interior-side seal ring member 30a is a flat surface
that generally follows along an outer peripheral surface
P4 of a rotary shaft 4. In this embodiment, however, unlike
the device of the above-described related art, an inner
peripheral surface P30b of the machine-exterior-side
seal ring member 30b is not a flat surface that generally
follows along the outer peripheral surface P4 of the rotary
shaft 4. In this manner, the shaft sealing device 10 of this
embodiment differs from the above-described related art
in terms of a part of the configuration of the seal ring 30.
Other than this feature and features related thereto, this
embodiment is similar to the above-described related art.
Therefore, descriptions of matters that are duplicate of
those of the above-described related art will be omitted
as appropriate in this embodiment.
[0041] In this embodiment, unlike the device of the
above-described related art, a groove 40 and an intro-
duction portion 50 are formed in the inner peripheral sur-
face P30b of the machine-exterior-side seal ring member
30b (see Fig. 1 to Fig. 3). A plurality of grooves 40 and
a plurality of introduction portions 50 are formed in the
direction of rotation T.
[0042] The groove 40 is a groove (pocket groove)
formed in the inner peripheral surface P30b of the ma-
chine-exterior-side seal ring member 30b such that the
groove 40 extends along the direction of rotation T. The
groove 40 is located in the inner peripheral surface P30b
of the machine-exterior-side seal ring member 30b at a
position closer to the forward side Fw than the introduc-
tion portion 50 in the direction of rotation T. In addition,
the groove 40 is located in a middle portion of the inner
peripheral surface P30b of the machine-exterior-side
seal ring member 30b in the axial direction (x). A bottom
surface P40 of the groove 40 opposes the outer periph-
eral surface P4 of the rotary shaft 4 in the radial direction
(z) with a gap left between the bottom surface P40 and
the outer peripheral surface P4.
[0043] A distance HI across the gap between the bot-
tom surface P40 of the groove 40 and the outer peripheral
surface P4 of the rotary shaft 4 is constant in the direction
of rotation T.
[0044] An end surface S40 of the groove 40 located
on the forward side Fw in the direction of rotation T ex-
tends along the axial direction (x) and the radial direction
(z).
[0045] The introduction portion 50 is located closer to
the backward side Bw than the groove 40 in the direction
of rotation T in the inner peripheral surface P30b of the
machine-exterior-side seal ring member 30b. The intro-
duction portion 50 is provided to introduce, into the
groove 40, a sealing oil SO supplied to a seal casing
chamber 21. The introduction portion 50 includes an in-
troduction groove 51 and an introduction hole 53. The
sealing oil SO is introduced into the groove 40 through

the introduction hole 53 and the introduction groove 51
in order.
[0046] Of the introduction portion 50, the introduction
groove 51 is located on the backward side Bw of the
groove 40 in the direction of rotation T and communicates
with the groove 40. Similar to the groove 40, the intro-
duction groove 51 is located in a middle portion of the
inner peripheral surface P30b of the machine-exterior-
side seal ring member 30b in the axial direction (x). The
introduction groove 51 is formed to have the same width
as the groove 40 in the axial direction (x).
[0047] The introduction groove 51 includes a bottom
surface P51, and the bottom surface P51 opposes the
outer peripheral surface P4 of the rotary shaft 4 in the
radial direction (z) with a gap left between the bottom
surface P51 and the outer peripheral surface P4. The
introduction groove 51 is formed such that a distance H2
across the gap between the bottom surface P51 of the
introduction groove 51 and the outer peripheral surface
P4 of the rotary shaft 4 is constant in the direction of
rotation T. The distance H2 across the gap between the
bottom surface P51 of the introduction groove 51 and the
outer peripheral surface P4 of the rotary shaft 4 is greater
than the distance HI across the gap between the bottom
surface P40 of the groove 40 and the outer peripheral
surface P4 of the rotary shaft 4. In other words, the in-
troduction groove 51 is deeper than the groove 40.
[0048] In the introduction groove 51, an end surface
S51a (upstream end surface) located on the backward
side Bw in the direction of rotation T extends along the
axial direction (x) and the radial direction (z). In a similar
manner, in the introduction groove 51, an end surface
S51b (downstream end surface) located on the forward
side Fw in the direction of rotation T extends along the
axial direction (x) and the radial direction (z).
[0049] Of the introduction portion 50, the introduction
hole 53 penetrates the inner peripheral surface P30b of
the machine-exterior-side seal ring member 30b in the
radial direction (z). The introduction hole 53 includes an
oil inlet 53A and an oil outlet 53B. The sealing oil SO
flows into the introduction hole 53 through the oil inlet
53A, and the sealing oil SO flows out through the oil outlet
53B.
[0050] The oil inlet 53A of the introduction hole 53 is,
for example, circular and is provided in an outer periph-
eral surface P31b of the machine-exterior-side seal ring
member 30b.
[0051] Similar to the oil inlet 53A of the introduction
hole 53, the oil outlet 53B of the introduction hole 53 is
circular, for example. The oil outlet 53B is formed in the
inner peripheral surface P30b of the machine-exterior-
side seal ring member 30b and communicates with the
introduction groove 51. The oil outlet 53B is located on
the backward side Bw of the introduction groove 51 in
the direction of rotation T. The oil outlet 53B is formed
such that an end portion of the oil outlet 53B that is located
on the backward side Bw in the direction of rotation T
coincides with the end surface S51a of the introduction
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groove 51 that is located on the backward side Bw in the
direction of rotation T.
[0052] An operation of the above-described shaft seal-
ing device 10 will be described.
[0053] In the shaft sealing device 10, similar to the de-
vice of the above-described related art, the sealing oil
SO, after having been supplied into the seal casing cham-
ber 21, flows into the ring gap RG in the seal ring 30 from
the seal casing chamber 21. The sealing oil SO that has
flowed into the ring gap RG is supplied to the seal gap
SG left between an inner peripheral surface P30 of the
seal ring 30 and the outer peripheral surface P4 of the
rotary shaft 4. Specifically, the sealing oil SO is supplied
to the seal gap SG left between the inner peripheral sur-
face P30a of the machine-interior-side seal ring member
30a and the outer peripheral surface P4 of the rotary
shaft 4, and the sealing oil SO is also supplied to the seal
gap SG left between the inner peripheral surface P30b
of the machine-exterior-side seal ring member 30b and
the outer peripheral surface P4 of the rotary shaft 4. Thus,
an oil film of the sealing oil SO is formed in the seal gap
SG.
[0054] As described above, a difference (ΔPb) be-
tween a pressure of the seal casing chamber 21 to which
the sealing oil SO has been supplied in the shaft sealing
device 10 and the pressure on the machine exterior side
OT of the electric rotary machine casing 3 is greater than
a difference (ΔPa) between the pressure of the seal cas-
ing chamber 21 and the pressure on the machine interior
side IN (ΔPb > ΔPa). Therefore, the sealing oil SO more
easily moves to the outside through the gap between the
machine-exterior-side seal ring member 30b and the ro-
tary shaft 4 than through the gap between the machine-
interior-side seal ring member 30a and the rotary shaft
4. Thus, the oil film of the sealing oil SO may not be
formed sufficiently. As a result, the automatic alignment
correction may not take place sufficiently in the machine-
exterior-side seal ring member 30b as compared to the
machine-interior-side seal ring member 30a.
[0055] In this embodiment, however, the groove 40 and
the introduction portion 50 are formed in the inner pe-
ripheral surface P30b of the machine-exterior-side seal
ring member 30b, and the sealing oil SO is supplied into
the groove 40 via the introduction portion 50. Therefore,
the alignment is automatically corrected properly in the
machine-exterior-side seal ring member 30b, as in the
machine-interior-side seal ring member 30a.
[0056] Specifically, in the machine-exterior-side seal
ring member 30b, unlike the device of the above-de-
scribed related art, the sealing oil SO supplied to the seal
casing chamber 21 flows into the introduction groove 51
after having passed through the introduction hole 53.
Then, the sealing oil SO that has flowed into the intro-
duction groove 51 is introduced into the groove 40. Ac-
cordingly, the sealing oil SO is further supplied to the seal
gap SG between the inner peripheral surface P30b of
the machine-exterior-side seal ring member 30b and the
outer peripheral surface P4 of the rotary shaft 4, and thus

the oil film is formed sufficiently. As a result, in the shaft
sealing device 10, the alignment is automatically correct-
ed properly in the machine-exterior-side seal ring mem-
ber 30b, as in the machine-interior-side seal ring member
30a, and the sealing performance improves.
[0057] Workings and effects of the above-described
device will be described in further detail with reference
to Fig. 4, Fig. 5, and Fig. 6.
[0058] Fig. 4 to Fig. 6 each illustrate a pressure distri-
bution of the sealing oil SO introduced into the groove
40 and the introduction portion 50 in the machine-exte-
rior-side seal ring member 30b. In Fig. 4, a cross-sec-
tional view taken along the X-X plane indicated in Fig. 2
(similar to Fig. 3) is illustrated in the upper part of the
drawing, and the pressure distribution of the sealing oil
SO along that cross-section is illustrated in the lower part
of the drawing. With regard to the pressure distribution
illustrated in the lower part of Fig. 4, the vertical axis rep-
resents the pressure P (pressure), and the horizontal axis
represents the position in the direction of rotation T. Fig.
5 illustrates a pressure distribution at a portion r0 (the
end surface S51a of the introduction groove 51 that is
located on the backward side Bw in the direction of rota-
tion T) indicated in Fig. 4. The vertical axis represents
the pressure P (pressure), and the horizontal axis repre-
sents the position in the axial direction (x). Fig. 6 illus-
trates a pressure distribution at a portion r1 (the end sur-
face S51b of the introduction groove 51 that is located
on the forward side Fw in the direction of rotation T) in-
dicated in Fig. 4. The vertical axis represents the pressure
P (pressure), and the horizontal axis represents the po-
sition in the axial direction (x). With regard to the hori-
zontal axes of Fig. 5 and Fig. 6, b2 is the position of one
end surface of the introduction groove 51 that is located
closer to the ring gap RG, and b1 is the position of another
end surface (opposite end surface) of the introduction
groove 51 that is located farther from the ring gap RG.
[0059] In the machine-exterior-side seal ring member
30b, the sealing oil SO flows from the introduction hole
53 into the introduction groove 51 having a greater chan-
nel area than the introduction hole 53 (see Fig. 4). The
introduction hole 53 is formed on the side of the end sur-
face S51a (portion r0) of the introduction groove 51 that
is located on the backward side Bw in the direction of
rotation T. Therefore, the flow rate of the sealing oil SO
increases on the side of the end surface S51a (portion
r0), and the sealing oil SO is introduced into the introduc-
tion groove 51 without a decrease in the pressure P of
the sealing oil SO.
[0060] As illustrated in Fig. 5, at the end surface S51a
(portion r0) of the introduction groove 51 that is located
on the backward side Bw in the direction of rotation T,
the pressure P of the sealing oil SO is higher inside the
introduction groove 51 (the range from b1 to b2) than
around the introduction groove 51 (outside the range
from b1 to b2). The pressure P of the sealing oil SO inside
the introduction groove 51 is uniformly distributed in the
axial direction (x).
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[0061] In the introduction groove 51, the sealing oil SO
flows along the direction of rotation T of the rotary shaft
4. In other words, in the introduction groove 51, the seal-
ing oil SO flows from the end surface S51a (portion r0)
located on the backward side Bw in the direction of rota-
tion T toward the end surface S51b (portion r1) located
on the forward side Fw (see Fig. 4). When the sealing oil
SO flows in this way, the pressure P of the sealing oil SO
rises along the direction of rotation T.
[0062] As illustrated in Fig. 6, at the end surface S51b
(portion r1) of the introduction groove 51 that is located
on the forward side Fw in the direction of rotation T, the
pressure P of the sealing oil SO is higher inside the in-
troduction groove 51 (the range from b1 to b2) than
around the introduction groove 51 (outside the range
from b1 to b2). The pressure P of the sealing oil SO inside
the introduction groove 51 is uniformly distributed in the
axial direction (x).
[0063] As described above, in the machine-exterior-
side seal ring member 30b, the pressure P of the sealing
oil SO introduced into the introduction groove 51 is higher
than the pressure of an oil film formed around the intro-
duction groove 51. As a result, the sealing oil SO forming
the oil film around the introduction groove 51 is less likely
to enter the introduction groove 51 from the machine in-
terior side IN. Accordingly, the cooling gas filling the in-
terior of the electric rotary machine 1 is less likely to leak
through the introduction groove 51.
[0064] Thereafter, the sealing oil SO supplied to the
introduction groove 51 is introduced into the groove 40.
In the groove 40, the sealing oil SO flows along the di-
rection of rotation T of the rotary shaft 4. When the sealing
oil SO is introduced from the introduction groove 51, the
pressure P of the sealing oil SO decreases along the
direction of rotation T. When the sealing oil SO reaches
the end surface S40 (portion r2) of the groove 40 that is
located on the forward side Fw in the direction of rotation
T, the kinetic energy of the sealing oil SO is converted
to the pressure energy. Therefore, the pressure P of the
sealing oil SO, after having decreased along the direction
of rotation T, rises as the sealing oil SO approaches the
end surface S40 of the groove 40 that is located on the
forward side Fw in the direction of rotation T. Accordingly,
unlike the machine-interior-side seal ring member 30a,
the pressure of the sealing oil SO in the groove 40 is
further exerted on the machine-exterior-side seal ring
member 30b, and thus the machine-exterior-side seal
ring member 30b is pressed further toward the outer pe-
ripheral side in the radial direction (z) than the machine-
interior-side seal ring member 30a.
[0065] Accordingly, unlike the device of the related art,
in the inner peripheral surface P30b of the machine-ex-
terior-side seal ring member 30b according to this em-
bodiment, the sealing oil SO is supplied into the groove
40 via the introduction portion 50. In this embodiment,
the alignment is automatically corrected properly in the
machine-exterior-side seal ring member 30b, as in the
machine-interior-side seal ring member 30a, and thus

the sealing performance of the shaft sealing device 10
improves.
[0066] In this embodiment, unlike the inner peripheral
surface P30b of the machine-exterior-side seal ring
member 30b, the inner peripheral surface P30a of the
machine-interior-side seal ring member 30a is a flat sur-
face that generally follows along the outer peripheral sur-
face P4 of the rotary shaft 4. In other words, unlike the
inner peripheral surface P30b of the machine-exterior-
side seal ring member 30b, the inner peripheral surface
P30a of the machine-interior-side seal ring member 30a
has neither the introduction portion 50 nor the groove 40
formed therein and is not configured such that the sealing
oil SO is supplied into the groove 40 via the introduction
portion 50. Therefore, in this embodiment, an increase
in the sealing oil SO is suppressed as compared to a
case in which the introduction portion 50 and the groove
40 are formed in each of the inner peripheral surface
P30b of the machine-exterior-side seal ring member 30b
and the inner peripheral surface P30a of the machine-
interior-side seal ring member 30a, and thus the sealing
oil SO can be used effectively.

<Second Embodiment>

[0067] A shaft sealing device 10 according to a second
embodiment will be described with reference to Fig. 7.
Similar to Fig. 2, Fig. 7 shows an inner peripheral surface
of a seal ring 30 of the shaft sealing device 10.
[0068] A depicted in Fig. 7, the inner peripheral surface
P30b of the machine-exterior-side seal ring member 30b
of the seal ring 30 of this embodiment is partially different
from that of the first embodiment (see Fig. 2). Except for
this difference and associated differences, this embodi-
ment is similar to Embodiment 1. Thus, the duplicated
description between the first embodiment and the second
embodiment will be omitted as appropriate in the follow-
ing passages.
[0069] In this embodiment, a waste oil groove 45 is
formed in the inner peripheral surface P30b of the ma-
chine-exterior-side seal ring member 30b. The waste oil
groove 45 communicates with the groove 40 at a position
on the forward side Fw in the direction of rotation T. The
waste oil groove 45 is configured to discharge the sealing
oil SO to the machine exterior side OT (exterior) of the
electric rotary machine casing 3 from the groove 40. In
this embodiment, the waste oil groove 45 extends along
the axial direction (x), and its inlet and outlet are located
at the same position when viewed in the direction of ro-
tation T.
[0070] The operation and advantages of this embodi-
ment will be described.
[0071] In the first embodiment, as shown in Fig. 4, the
pressure of the sealing oil SO in the groove 40 of the
machine-exterior-side seal ring member 30b is high at
the end surface S40 that is located on the forward side
Fw in the direction of rotation T. The pressure of the seal-
ing oil SO at the end surface S40 is higher than the pres-
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sure of the sealing oil SO in the seal casing chamber 21.
At the end surface S40 of the groove 40 that is located
on the forward side Fw in the direction of rotation T, there-
fore, the sealing oil SO tends to flow to not only the ma-
chine exterior side OT of the electric rotary machine cas-
ing 3 but the machine interior side IN of the electric rotary
machine casing 3. As a result, the sealing oil OS enters
the gap between the inner peripheral surface P30a of the
machine-interior-side seal ring member 30a and the out-
er peripheral surface P4 of the rotary shaft 4 from the
groove 40 of the machine-exterior-side seal ring member
30b, and an amount of the sealing oil SO increases. As
an amount of the sealing oil SO increases, an amount of
the hydrogen gas, which is the cooling gas, to be ab-
sorbed by the sealing oil SO increases. Accordingly, an
amount of the hydrogen gas, i.e., the cooling gas, to be
consumed increases.
[0072] In this embodiment, however, the sealing oil OS
exits to the machine exterior side OT (exterior) of the
electric rotary machine casing 3 from the waste oil groove
45 of the groove 40 that is located on the forward side
Fw in the direction of rotation T. In this embodiment,
therefore, an amount of the sealing oil OS that flows to
the machine interior side IN of the electric rotary machine
casing 3 from the groove 40 of the machine-exterior-side
seal ring member 30b decreases.
[0073] Thus, this embodiment can demonstrate the
same advantages as the first embodiment, and can also
suppress the increase in the amount of consumption of
the hydrogen gas, i.e., the cooling gas.
[0074] In the above-described embodiment, described
is a configuration in which the waste oil groove 45 extends
along the axial direction (x), and its inlet and outlet are
located at the same position when viewed in the direction
of rotation T. The second embodiment is not limited to
this configuration.
[0075] A shaft sealing device 10 according to a modi-
fication to the second embodiment will be described with
reference to Fig. 8. Similar to Fig. 7, Fig. 8 shows an inner
peripheral surface of a seal ring 30 of the shaft sealing
device 10.
[0076] As shown in Fig. 8, the extending direction of
the waste oil groove 45 may incline relative to the direc-
tion of rotation T such that the inlet of the waste oil groove
45 is located closer to the forward side Fw than the outlet
of the waste oil groove 45 when viewed in the direction
of rotation T. Similar to the extending direction of the
waste oil groove 45, the end surface S40 of the groove
40 of the machine-exterior-side seal ring member 30b
that is located on the forward side Fw in the direction of
rotation T may incline relative to the direction of rotation
T. With this configuration, a resistance to the flow of the
sealing oil SO drops. As a result, it is possible to further
advantageously decrease an amount of the sealing oil
SO that flows to the machine interior side IN of the electric
rotary machine casing 3 from the groove 40 of the ma-
chine-exterior-side seal ring member 30b. This modified
embodiment, therefore, can suppress the increase in the

amount of consumption of the hydrogen gas, i.e., the
cooling gas, in a more effective manner.

<Third Embodiment

[0077] A shaft sealing device 10 according to a third
embodiment will be described with reference to Fig. 9
and Fig 10. Similar to Fig. 1, Fig. 9 illustrates a cross-
sectional view of the shaft sealing device 10 taken along
a vertical plane (xz plane). Similar to Fig. 2, Fig. 10 illus-
trates an inner peripheral surface of a seal ring 30 of the
shaft sealing device 10.
[0078] As shown in Fig. 9 and Fig. 10, the inner pe-
ripheral surface P30b of the machine-exterior-side seal
ring member 30b of the seal ring 30 of this embodiment
is partially different from that of the first embodiment (see
Fig. 1 and Fig. 2). Except for this difference and associ-
ated differences, this embodiment is similar to Embodi-
ment 1. Thus, the duplicated description between the first
embodiment and the third embodiment will be omitted as
appropriate in the following passages.
[0079] In this embodiment, a waste oil opening 46 is
formed in the inner peripheral surface P30b of the ma-
chine-exterior-side seal ring member 30b such that the
waste oil opening 46 is provided in a portion closer to the
machine exterior side OT than the groove 40. The waste
oil opening 46 is formed in the ring shape along the di-
rection of rotation T.
[0080] Because of the waste oil opening 46, the por-
tion, which is closer to the machine exterior side OT than
the groove 40, of the inner peripheral surface P30b of
the machine-exterior-side seal ring member 30b is more
distant from the outer peripheral surface P4 of the rotary
shaft 4 than a portion, which is closer to the machine
interior side IN than the groove 40, of the inner peripheral
surface P30b of the machine-exterior-side seal ring
member 30b. In other words, a distance Hb between the
inner peripheral surface P30b of the machine-exterior-
side seal ring member 30b that is located closer to the
machine exterior side OT than the groove 40 and the
outer peripheral surface P4 of the rotary shaft 4 is longer
than a distance Ha between the inner peripheral surface
P30b of the machine-exterior-side seal ring member 30b
that is located closer to the machine interior side IN than
the groove 40 and the outer peripheral surface P4 of the
rotary shaft 4.
[0081] In this embodiment, as described above, the
waste oil opening 46 is formed in the portion of the inner
peripheral surface P30b of the machine-exterior-side
seal ring member 30b that is closer to the machine ex-
terior side OT than the groove 40. Thus, the seal gap SG
between the machine-exterior-side seal ring member
30b and the rotary shaft 4 is greater in the portion, which
is closer to the machine exterior side OT than the groove
40, than in the portion, which is closer to the machine
interior side IN than the groove 40. Thus, the sealing oil
SO supplied to the groove 40 of the machine-exterior-
side seal ring member 30b tends to flow to the machine
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exterior side OT than to the machine interior side IN. As
a result, in this embodiment, an amount of the sealing oil
SO that flows to the machine interior side IN of the electric
rotary machine casing 3 from the groove 40 of the ma-
chine-exterior-side seal ring member 30b decreases.
[0082] This embodiment, therefore, can suppress the
increase in the amount of consumption of the hydrogen
gas, i.e., the cooling gas, as understood from the descrip-
tion of the second embodiment.

<Fourth Embodiment>

[0083] An electric rotary machine 1 according to a
fourth embodiment will be described with reference to
Fig. 11. Similar to Fig. 1, Fig. 11 illustrates a cross-sec-
tional view of a portion of the electric rotary machine 1,
on which the shaft sealing device 10 is provided, taken
along a vertical plane (xz plane).
[0084] As shown in Fig. 11, a protrusion 300 is formed
on the outer peripheral surface P4 of the rotary shaft 4
of the electric rotary machine 1 in this embodiment. Ex-
cept for this configuration and associated structures, this
embodiment is similar to Embodiment 1. Thus, the du-
plicated description between the first embodiment and
the fourth embodiment will be omitted as appropriate in
the following passages.
[0085] The protrusion 300 stands (protrudes) in the ra-
dial direction (z) of the rotary shaft 4, and has a ring shape
that extends in the direction of rotation T.
[0086] In this embodiment, the protrusion 300 is pro-
vided on the outer peripheral surface P4 of the rotary
shaft 4 at a portion closer to the machine interior side IN
of the electric rotary machine casing 3 than the groove
40 of the machine-exterior-side seal ring member 30b.
Specifically, the protrusion 300 is provided at the portion
of the outer peripheral surface P4 of the rotary shaft 4
that faces the ring gap RG.
[0087] In this embodiment, therefore, the flow of the
sealing oil SO supplied to the groove 40 of the machine-
exterior-side seal ring member 30b, which is directed to
the machine interior side IN of the electric rotary machine
casing 3, is hindered by the protrusion 300. As a result,
in this embodiment, an amount of the sealing oil SO that
flows to the machine interior side IN of the electric rotary
machine casing 3 from the groove 40 of the machine-
exterior-side seal ring member 30b decreases.
[0088] This embodiment, therefore, can suppress the
increase in the amount of consumption of the hydrogen
gas, i.e., the cooling gas, as understood from the descrip-
tion of the second embodiment.
[0089] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-

ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims

1. A shaft sealing device disposed between an electric
rotary machine casing and a rotary shaft penetrating
the electric rotary machine casing, an interior of the
electric rotary machine casing being filled with a cool-
ing gas such that the interior of the electric rotary
machine casing has a higher pressure than an ex-
terior of the electric rotary machine casing, the shaft
sealing device configured to seal the cooling gas in
the interior of the electric rotary machine casing, the
shaft sealing device comprising:

a seal casing having a seal casing chamber
formed therein, such that a sealing oil having a
higher pressure than the cooling gas is supplied
to the seal casing chamber; and
a seal ring housed in the seal casing chamber,
the seal ring including:

a machine-interior-side seal ring member;
and
a machine-exterior-side seal ring member
located closer to the exterior of the electric
rotary machine casing than the machine-in-
terior-side seal ring member in an axial di-
rection of the rotary shaft,

a ring gap being left between the machine-inte-
rior-side seal ring member and the machine-ex-
terior-side seal ring member, and a seal gap be-
ing left between an inner peripheral surface of
the machine-interior-side seal ring member and
an outer peripheral surface of the rotary shaft
and between an inner peripheral surface of the
machine-exterior-side seal ring member and the
outer peripheral surface of the rotary shaft,
the inner peripheral surface of the machine-in-
terior-side seal ring member being a flat surface
that generally follows along the outer peripheral
surface of the rotary shaft, and a groove extend-
ing along a direction of rotation of the rotary shaft
being formed in the inner peripheral surface of
the machine-exterior-side seal ring member,
and
the sealing oil being supplied into the seal gap
from the seal casing chamber via the ring gap,
and the sealing oil being also supplied into the
groove from the seal casing chamber.

2. The shaft sealing device according to claim 1, where-
in an introduction groove is formed in the inner pe-
ripheral surface of the machine-exterior-side seal
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ring member to introduce the sealing oil to the groove
from the seal casing chamber, and
the introduction groove is located closer to a back-
ward side than the groove in the direction of rotation.

3. The shaft sealing device according to claim 2, where-
in a waste oil groove is formed in the inner peripheral
surface of the machine-exterior-side seal ring mem-
ber to discharge the sealing oil to the exterior of the
electric rotary machine casing from the groove, and
the waste oil groove is located on a forward side of
the groove in the direction of rotation.

4. The shaft sealing device according to claim 3, where-
in the waste oil groove inclines relative to the direc-
tion of rotation such that an inlet of the waste oil
groove is located closer to the forward side than an
outlet of the waste oil groove when viewed in the
direction of rotation.

5. The shaft sealing device according to claim 1 or 2,
wherein the seal gap is greater in a portion, which is
closer to the exterior of the electric rotary machine
casing than the groove, than in another portion,
which is closer to the interior of the electric rotary
machine casing than the groove.

6. An electric rotary machine comprising:

an electric rotary machine casing, an interior of
which is filled with a cooling gas such that the
interior of the electric rotary machine casing has
a higher pressure than an exterior of the electric
rotary machine casing;
a rotary shaft penetrating the electric rotary ma-
chine casing; and
a shaft sealing device disposed between the
electric rotary machine casing and the rotary
shaft, and configured to seal the cooling gas in
the interior of the electric rotary machine casing,
the shaft sealing device including:

a seal casing having a seal casing chamber
formed therein, such that a sealing oil hav-
ing a higher pressure than the cooling gas
is supplied to the seal casing chamber; and
a seal ring housed in the seal casing cham-
ber,

the seal ring including:

a machine-interior-side seal ring member;
and
a machine-exterior-side seal ring member
located closer to the exterior of the electric
rotary machine casing than the machine-in-
terior-side seal ring member in an axial di-
rection of the rotary shaft,

a ring gap being left between the machine-inte-
rior-side seal ring member and the machine-ex-
terior-side seal ring member, and a seal gap be-
ing left between an inner peripheral surface of
the machine-interior-side seal ring member and
an outer peripheral surface of the rotary shaft
and between an inner peripheral surface of the
machine-exterior-side seal ring member and the
outer peripheral surface of the rotary shaft,
the inner peripheral surface of the machine-in-
terior-side seal ring member being a flat surface
that generally follows along the outer peripheral
surface of the rotary shaft, and a groove extend-
ing along a direction of rotation of the rotary shaft
being formed in the inner peripheral surface of
the machine-exterior-side seal ring member,
and
the sealing oil being supplied into the seal gap
from the seal casing chamber via the ring gap,
and the sealing oil being also supplied into the
groove from the seal casing chamber.

7. The electric rotary machine according to claim 6,
wherein a protrusion that protrudes in a radial direc-
tion of the rotary shaft is formed on the outer periph-
eral surface of the rotary shaft at a portion closer to
the interior of the electric rotary machine casing than
the groove.
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