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(57) A pneumatic tool motor (10) comprises a cylin-
der (2), a side cover (10) disposed on a front end of the
cylinder (2), and arear cover (60) disposed on arear end
of the cylinder (2). The side cover (10) includes two first
gas accumulation grooves (12) and two second gas ac-
cumulation grooves (14). Each of the first and second
gas accumulation grooves (12, 14) includes a gas accu-
mulation portion (121, 141) aligned with an associated

discharge passage (43) or inlet passage (41) and a gas
guiding portion (122, 142) shallower than the gas accu-
mulation portion (121, 141) Each of two exhaust ports
(64)andtwoinlet ports (62) of the rear cover (60) includes
a gas accumulation portion (641, 621) aligned with an
associated discharge passage (43) or inlet passage (41)
and a gas guiding portion (642, 622) shallower than the
gas accumulation portion (641, 621).
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a pneumatic
tool motor including a side cover with an airflow-guiding
structure and, more particularly, to an airflow-guiding
structure for a side cover of a pneumatic tool motor cyl-
inder, which reduces the wear caused by operation of
the vanes of the rotor and increases the airtight effect
through disposition of air accumulation grooves.

[0002] In operation of a pneumatic tool motor, high
pressure air is introduced into a pneumatic tool body and
passes through air guiding holes to drive vanes of a rotor
in the pneumatic tool body, thereby generating a rota-
tional power transmitted to a driving end of the pneumatic
tool for driving a tool. With continuous developments of
the products, designers try to obtain the maximum force
for driving the rotor at a fixed input air pressure. Namely,
the vanes of the rotor can withstand the maximum air
pressure by providing a better air supply condition for the
introduced high pressure air, thereby enhancing the out-
put power of the rotor. This is the majorissue inthe design
of pneumatic tool motors for a long time, and the design
pattern of increasing the rotor output power by increasing
the air input can be analyzed through analysis of historic
patent applications for pneumatic tool motors.

[0003] After introducing the high pressure air into the
pneumatic tool body, the high pressure airis filled through
air guiding holes into a cylinder chamber receiving the
rotor. However, in a case that the diameters of the outlets
of the air guiding holes are not changed, it is difficult to
instantly fill a large amount of high pressure air into the
cylinder chamber to drive the vanes for high-torque ro-
tation. To this end, U.S. Patent No. 2,424, 638 (‘638 pat-
ent) filed Nov. 8, 1994 discloses secondary ports 48
which are radially outside of the through-ports 52 and in
the form of grooves with larger volumes. The ‘638 patent
clearly discloses the air current from the through-ports
52 flows out of the secondary ports 48 and into the pneu-
matic tool body. Thus, high pressure air is guided by the
through-ports 52 and is filled into the cylinder chamber
for driving the rotor received in the cylinder chamber.
Although the ‘638 patent does not clearly teach the op-
eration of the secondary ports 48, a person skilled in the
art may easily understand its purposes of generating a
higher air pressure through filling a larger airflow into the
secondary ports 48.

[0004] U.S. Patent No. 3,472,323 (‘323 patent) filed
Oct. 24, 1967 also discloses an exhaust passage 12 in
FIGS. 5 and 6 and teaches that the gas passing through
the exhaust passage 121 flows out of a port 118 of a
groove which widens outward at an outer side of the ex-
haust passage 121 and is then guided into the pneumatic
tool body. Thus, the high pressure air can be filled through
the exhaust passage 121 into the exhaust chamber 54
to rotate the rotor 50 received in the exhaust chamber
54. 1t can be seen that providing a gas groove which
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widens outward at the edge of the exhaust hole of the
pneumatic tool cylinder body is a known design for in-
creasing the air pressure operation.

[0005] Furthermore, Swedish Patent No. SE 515533
C2 (’533 patent) discloses four air inlets 32, 33, 35, and
36 in FIGS. 2 and 3 to permit operations in reverse di-
rections, and gas grooves which widen outward are also
provided at edges of the air inlets 32, 33, 35, and 36 to
increase the inlet amount of air.

[0006] U.S.PatentNo.6,250,399 B1(’399 patent) filed
Sep. 13, 1999 discloses two first ports 35, 37 and two
second ports 36, 38 (FIG. 9) to permit operations in re-
verse directions. FIG. 11 illustrates the inner housing 30
having a plurality of openings 31-34 which allow pressu-
rized air to pass from the valve housing 12 into the ports
35-38. The first ports 35, 37, either alone or in combina-
tion, drive the rotor in a first direction when pressurized
air is directed through the openings 31 and/or 33. Simi-
larly, the second ports 36, 38 drive the rotor in a second
direction, either alone or in combination, when pressu-
rized air is directed through the openings 32 and/or 34.
When two ports are receiving pressurized air, the tool
will be in an overdrive state. Namely, in ‘399 patent, the
first and second ports 35-38 intercommunicate with inner
grooves in the body of a side cover, such that pressurized
air can be guided to drive the rotor to thereby generate
a high-speed driving force. Although ‘399 patent does
not clearly illustrate enlarged guiding grooves extending
from the inlet ports, the difference is merely a measure
combining a conventional technique.

[0007] U.S. Patent Publication No. 2004/0197218 A1
(‘218 application) filed Mar. 8, 2004 discloses a pneu-
matic tool body in the form of a cylinder including air inlets
11 and back pressure air outlets 12, which are disposed
at a side wall of the cylinder, and an air outlet 13 is formed
on another side of the cylinder opposite to the air inlets
11 and the back pressure air outlets 12. When the rotor
2 spins a half cycle in the clockwise direction, the pres-
surized air within each air room C is expelled from the
air outlet 13 when the rotor reaches to the air outlet 13.
When the rotor 2 spins to a full cycle, the back pressure
airin each airroom C is expelled from the back pressure
air outlets 12. When the rotor 2 spins in the counterclock-
wise direction, the pressurized air is sucked in via the
back pressure air outlets 12 and is expelled via the air
outlet 13 and the air inlets 11 subsequently. As can be
seen from the figures of 218 application, gas grooves
which widen outward are disposed on outer edges of the
air inlets 11 and the back pressure air outlets 12 to in-
crease the inlet amount of air. Thus, ‘218 application can
be deemed as a derivative design of the conventional
technique.

[0008] FIG. 1 shows a pneumatic motor with dual air
intake disclosed in Taiwan Utility Model No. M541520
(’520 patent) which is a counterpart patent application of
EP 3,351,723 B1. The ‘520 patent discloses a pneumatic
cylinder 2 and a rotor 3. The pneumatic cylinder 2 in-
cludes a cylinder body 20 and an accommodating room
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22 located in the cylinder body 20. The cylinder body 20
has two air inletting paths 24, two air venting paths 26,
four air venting holes 28 and a front axial hole 29. The
cylinder body 20 includes a middle pipe 40, a front cover
50 disposed on a front end 40a of the middle pipe 40,
and a rear cover 60 disposed on a rear end 40b of the
middle pipe 40. The front axial hole 29 is provided on the
front cover 50. The four venting holes 28 are provided
on the top and bottom sides of the middle pipe 40. The
rear cover 60 has two air inlets 62 spaced from each
other by 180 degrees, two air outlets 64 spaced from
each other by 180 degrees, two rear air inletting grooves
66 provided on a front wall of the rear cover 60 and con-
nected with the two air inlets 62 respectively, two rear air
venting grooves 68 provided on the front wall of the rear
cover 60 and connected with the two air outlets 64 re-
spectively, and a rear axial hole 69.

[0009] The middle pipe 40 is provided on the rear end
40b thereof with two rear air inletting recesses located
correspondingly to the two air inlets 62 and communicat-
ing with the accommodating room 22, and two rear air
venting recesses 44 located correspondingly to the two
air outlets 64 and communicating with the accommodat-
ing room 22. The middle pipe 40 further has two air in-
letting channels 41 penetrating through the middle pipe
40 along an axis X of the cylinder 20 and connected with
the two rear air inletting recesses 42 respectively, two air
venting channels 43 penetrating through the middle pipe
40 along the axis X and connected with the two rear air
venting recesses 42 respectively, two front air inletting
recesses 46 provided on the front end 40a of the middle
pipe 40 and connected with the two air inletting channels
41 respectively, and two front air venting recesses 48
provided on the front end 40a of the middle pipe 40 and
connected with the two air venting channels 43 respec-
tively. The two front air inletting recesses 46 and the two
front air venting recesses 48 all communicate with the
accommodating room 22.

[0010] The front cover 50 has two front air inletting
grooves 56 provided on a rear wall of the front cover 50
and communicating with the two air inletting channels 41
respectively, and two front air venting grooves 58 provid-
ed on the rear wall of the front cover 50 and communi-
cating with the two air venting channels 43 respectively.
Each of the air inletting paths 24 is composed of one of
the air inlets 62, one of the rear air inletting grooves 66,
one of the rear air inletting recesses 42, one of the air
inletting channels 41, one of the front air inletting recess-
es 46, and one of the front air inletting grooves 56. Each
of the air venting paths 26 is composed of one of the air
outlets 64, one of the rear air venting grooves 68, one of
the rear air venting recesses 44, one of the air venting
channels 43, one of the front air venting recesses 48,
and one of the front air venting grooves 58. In other po-
tential embodiments, the front cover 50 and the middle
pipe 40 may be formed integrally.

[0011] The air firstly passes through the two air inlets
62, and then divided into three parts. A first part of the
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air flows into the accommodating room 22 through the
two rear air inletting recesses 42. A second part of the
air enters the two rear air inletting grooves 66 and then
flows into the accommodating room 22. A third part of
the air passes through the two air inletting channels 41
and is divided into two parts. One part of the air flows
into the accommodating room 22 through the two front
air inletting recesses 46. The other part of the air enters
the two front air inletting grooves 56 and then flows into
the accommodating room 22. The air entering the ac-
commodating room 22 blows the vanes 34 to move, caus-
ing the vanes 34 to move out from the grooves 32 and
abut against the inner wall of the accommodating room
22. At this time, another portion of the air pushes the
extended-out vanes 34 to move, thereby driving the rotor
3 to rotate in the accommodating room 22.

[0012] The following is the detailed process that the air
leaves the accommodating room 22 through the two air
venting paths 26. Firstly, the air is partially vented through
the air venting hole 28 in the first air venting process.
Then, a part of the air directly enters the rear air venting
recess 44 and vented from the air outlet 64, another part
of the air enters the rear air venting groove 68 and vented
from the air outlet 64, and the remaining part of the air
enters the air venting channel 43 through the front air
venting recess 48 and the front air venting groove 58 and
then vented from the air outlet 64, so that the second air
venting process is accomplished.

[0013] However, the '520 patent has the following dis-
advantages. When the rotor 3 rotates in the accommo-
dating room 22 at a high speed and a high torque, the
vanes 34 move outward from the grooves 32 and abut
against the inner wall of the accommodating room 22 at
a high speed and a high pressure. At this time, the ex-
tended-out vanes 34 will pass through the two rear air
inletting recesses 42 and two rear air venting recesses
44 and reach the notches formed in the inner wall of the
accommodating room 22. After long-term operation, the
notches formed in the inner wall of the accommodating
room 22 will cause abrasion of corners at the top edges
of the vanes 34 under stress. The output of the rotor 3 is
related to the airtight extent between the rotating vanes
34 and the inner wall of the accommodating room 22.
The higher the airtightness, the better the driving efficien-
cy of the pressurized air. When the airtightness is re-
duced, the speed and the torque of the rotor will be re-
duced significantly, shortening the service life of the prod-
uct.

[0014] Thus, a need exists for a novel pneumatic tool
motor which mitigates and/or obviates the above draw-
backs.

BRIEF SUMMARY OF THE INVENTION

[0015] To solve the disadvantages of the prior art, an
objective of the present invention is to provide a pneu-
matic tool motor comprising: a cylinder including a cham-
ber, two inlet passages, two discharge passages, and
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two exhaust holes; a rotor received in the chamber and
including a plurality of channels receiving a plurality of
vanes; aside cover disposed on afrontend of the cylinder
and configured for guiding airflow, with two front inlet
guiding grooves provided on a rear wall of the side cover
and respectively intercommunicating with the two inlet
passages, with two front discharge guiding grooves pro-
vided on the rear wall of the side cover and respectively
intercommunicating with the two discharge passages;
and a rear cover disposed on a rear end of the cylinder,
with the rear cover including two inlet ports and two ex-
haust ports, with two rear input guiding grooves provided
on a front wall of the rear cover and respectively inter-
communicating with the two inlet passages, with two rear
output guiding grooves provided on the front wall of the
rear cover and respectively intercommunicating with the
two discharge passages.

[0016] The side cover includes two first gas accumu-
lation grooves associated with the two front inlet guiding
grooves respectively and aligned with the two discharge
passages. Each of the two firstgas accumulation grooves
includes a gas accumulation portion aligned with an as-
sociated discharge passage and a gas guiding portion
which intercommunicates with an associated front inlet
guiding groove and which is shallower than the gas ac-
cumulation portion of the first gas accumulation groove.
[0017] The side cover further includes two second gas
accumulation grooves associated with the two front dis-
charge guiding grooves respectively and aligned with the
two inlet passages respectively. Each of the two second
gas accumulation grooves includes a gas accumulation
portion aligned with an associated inlet passage and a
gas guiding portion which intercommunicates with an as-
sociated front discharge guiding groove and which is
shallower than the gas accumulation portion of the sec-
ond gas accumulation groove.

[0018] Each of the two exhaust ports includes a gas
accumulation portion aligned with an associated dis-
charge passage and a gas guiding portion which inter-
communicates with an associated rear output guiding
groove and which is shallower than the gas accumulation
portion of the exhaust port.

[0019] Each of the two inlet ports includes a gas accu-
mulation portion aligned with an associated inlet passage
and a gas guiding portion which intercommunicates with
an associated rear input guiding groove and which is
shallower than the gas accumulation portion of the inlet
port.

[0020] In an example, each of the two first gas accu-
mulation grooves) has an area greater than an associat-
ed discharge passage. Each of the two second gas ac-
cumulation grooves has an area greater than an associ-
ated inlet passage. The gas guiding portion of each of
the two first gas accumulation grooves is within an extent
of an associated gas accumulation groove. The gas guid-
ing portion of each of the two second gas accumulation
grooves is within an extent of an associated gas accu-
mulation groove. Each gas guiding portion of the rear
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cover is within an extent of an associated gas accumu-
lation groove.

[0021] The present invention will become clearer in
light of the following detailed description of illustrative
embodiments of this invention described in connection
with the drawings.

DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1is an exploded, perspective view correspond-
ing to FIG. 2 of Taiwan Utility Model No. M541520.
FIG. 2 is a partial, exploded, perspective view of a
pneumatic tool motor of a preferred embodiment ac-
cording to the present invention.

FIG. 3 is a perspective view of the pneumatic tool
motor of FIG. 2 after assembly.

FIG. 4 is a perspective view of an airflow-guiding
side cover of FIG. 2.

FIG.5 is a plan view of the airflow-guiding side cover
of FIG. 4.

FIG. 6 is another exploded, perspective view of the
pneumatic tool motor of FIG. 2.

FIG. 7 is a plan view of a rear cover of the pneumatic
tool motor of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Withreferenceto FIGS.2, 3, and 6, a pneumatic
tool motor according to the present invention comprises
a cylinder 20 having a chamber 20, four exhaust ports
28, and a middle tube 40. A side cover 10 for guiding
airflow is disposed on a front end of the middle tube 40.
A rear cover 60 is disposed on a rear end of the middle
tube 40. Two of the four exhaust ports 28 are disposed
on a side of the middle tube 40, and another two exhaust
ports 28 are disposed on another side of the middle tube
40 opposite to the side of the middle tube 40 and aligned
with the two of the four exhaust ports 28 respectively.
The rear cover 60 includes two diametrically disposed
inlet ports 62 and two diametrically disposed outlet ports
64. With reference to FIGS. 6 and 7, the rear cover 60
further includes a front side having two rear input guiding
grooves 66 intercommunicating with the two inlet ports
62 respectively. The front side of the rear cover 60 further
includes two rear output guiding grooves 68 intercom-
municating with the two exhaust ports 64 respectively.
The rear end of the middle tube 40 intercommunicates
with the chamber 22. The middle tube 40 further includes
two diametrically disposed inlet passages 41 each ex-
tending through the middle tube 40 along an axis parallel
to a central axis X of the middle tube 40. The two inlet
passages 41 intercommunicate with the two exhaust
ports 64 respectively. The middle tube 40 further includes
two diametrically disposed discharge passages 43 each
extending through the middle tube 40 along an axis par-
allel to the central axis X of the middle tube 40. The two



7 EP 4 403 311 A1 8

discharge passages 43 intercommunicate with the two
inlet ports 62 respectively.

[0024] With reference to FIGS. 4-7, the side cover 10
includes two front inlet guiding grooves 16 disposed on
a side wall of the side cover 10 and respectively inter-
communicating with the two inlet passages 41 of the mid-
dle tube 40. The side wall of the side cover 10 further
includes two front discharge guiding grooves 18 respec-
tively intercommunicating with the two discharge passag-
es 43 of the middle tube 40.

[0025] Thus, the pneumatic tool motor includes two in-
let passageways and two discharge passageways. Each
of the two inlet passageways is comprised of one of the
inlet ports 62, one of the two rear input guiding grooves
66, one of the two inlet passages 41, and one of the front
inlet guiding grooves 16. Each of the two discharge pas-
sageways is comprised of one of the two exhaust ports
64, one of the two rear output guiding grooves 68, one
of the two discharge passages 43, and one of the front
discharge guiding grooves 18.

[0026] The side cover 10 includes two first gas accu-
mulation grooves 12 associated with the two front inlet
guiding grooves 16 respectively and aligned with the two
discharge passages 43 of the middle tube 40 respective-
ly. Each of the two first gas accumulation grooves 12 has
an area covering an associated discharge passage 43
of the middle tube 40. Each of the two first gas accumu-
lation grooves 12 includes a gas accumulation portion
121 aligned with the associated discharge passage 43
of the middle tube 40 and a gas guiding portion 122 which
intercommunicates with an associated front inlet guiding
groove 16 and which is shallower than the gas accumu-
lation portion 121 of the first gas accumulation groove 12.
[0027] Furthermore, the side cover 10 includes two
second gas accumulation grooves 14 associated with
the two front discharge guiding grooves 18 respectively
and aligned with the two inlet passages 41 of the middle
tube 40 respectively. Each of the two second gas accu-
mulation grooves 14 has an area covering an associated
inlet passage 41 of the middle tube 40. Each of the two
second gas accumulation grooves 14 includes a gas ac-
cumulation portion 141 aligned with the associated inlet
passage 41 of the middle tube 40 and a gas guiding por-
tion 14 2 which intercommunicates with an associated
front discharge guiding groove 18 and which is shallower
than the gas accumulation portion 141 of the second gas
accumulation groove 14.

[0028] Each of the two exhaust ports 64 is aligned with
an associated discharge passage 43 of the middle tube
40 and has an area covering the associated discharge
passage 43. Each of the two exhaust ports 64 includes
a gas accumulation portion 641 aligned with the associ-
ated discharge passage 43 of the middle tube 40 and a
gas guiding portion 642 which intercommunicates with
an associated rear output guiding groove 68 and which
is shallower than the gas accumulation portion 641 of the
exhaust port 64.

[0029] Each of the two inlet ports 62 is aligned with an

10

15

20

25

30

35

40

45

50

55

associated inlet passage 41 of the middle tube 40 and
has an area covering the associated inlet passage 41.
Each ofthe two inlet ports 62 includes a gas accumulation
portion 621 aligned with the associated inlet passage 41
of the middle tube 40 and a gas guiding portion 622 which
intercommunicates with an associated rear input guiding
groove 66 and which is shallower than the gas accumu-
lation portion 621 of the inlet port 62.

[0030] In the preferred embodiment of the present in-
vention, each gas guiding portion 122, 142, 622, 642 is
within the extent of an associated gas accumulation
groove 121, 141, 621, 641.

[0031] The rotor 3 is rotatably received in the chamber
22 of the cylinder 2 and includes a plurality of channels
32 receiving a plurality of vanes 34 respectively. A front
axle 36 extends forward from the rotor 3 and extends
beyond the cylinder 2 to abut against the front cover 50.
A rear axle 38 extends outward from the rotor 3 and ex-
tends beyond the cylinder 2 to abut against the rear cover
60.

[0032] By the provision of the first and second gas ac-
cumulation grooves 12, 14 on the side cover 10 and the
gas accumulation portions 621, 641 on the rear cover
60, high pressure air currents can be filled into the cham-
ber 22 via the gas accumulation portions 122, 142, 621,
641 to actuate the vanes 34 of the rotor 3. Furthermore,
a portion of the air currents is guided by the gas guiding
portions 122, 142, 622, 642 into a central portion of the
chamber 22 to generate back pressure acceleration for
outward movement of the vanes 34 to abut against the
inner wall of the chamber 22, thereby enhancing the air-
tightness.

[0033] Due to provision of the gas accumulation
grooves 12, 14 of the side cover 10 and the gas accu-
mulation portions 621, 641 on the rear cover 60, the
chamber 22 is free of notches contacting with the vanes
34. This reduces rotational loss of the rotor 34 and main-
tains excellent airtightness, which is more durable and
provides enhanced effect.

[0034] Thus since the invention disclosed herein may
be embodied in other specific forms without departing
from the spirit or general characteristics thereof, some
of which forms have been indicated, the embodiments
described herein are to be considered in all respects il-
lustrative and not restrictive. The scope of the invention
is to be indicated by the appended claims, rather than by
the foregoing description, and all changes which come
within the meaning and range of equivalency of the claims
are intended to be embraced therein.

Claims

1. A pneumatic tool motor comprising: a cylinder (2)
including a chamber (22), two inlet passages (41),
two discharge passages (43), and two exhaust holes
(28); a rotor (3) received in the chamber (22) and
including a plurality of channels (32) receiving a plu-
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rality of vanes (34); a side cover (10) disposed on a
frontend ofthe cylinder (2) and configured for guiding
airflow, with two front inlet guiding grooves (16) pro-
vided on a rear wall of the side cover (10) and re-
spectively intercommunicating with the two inlet pas-
sages (41), with two front discharge guiding grooves
(18) provided on the rear wall of the side cover (10)
and respectively intercommunicating with the two
discharge passages (43); and a rear cover (60) dis-
posed on a rear end of the cylinder (2), with the rear
cover (60) including two inlet ports (62) and two ex-
haust ports (64), with two rear input guiding grooves
(66) provided on a front wall of the rear cover (60)
and respectively intercommunicating with the two in-
let passages (41), with two rear output guiding
grooves (68) provided on the front wall of the rear
cover (60) and respectively intercommunicating with
the two discharge passages (43), characterized in
that:

the side cover (10) includes two first gas accu-
mulation grooves (12) associated with the two
front inlet guiding grooves (16) respectively and
aligned with the two discharge passages (43),
each of the two first gas accumulation grooves
(12) includes a gas accumulation portion (121)
aligned with an associated discharge passage
(43) and a gas guiding portion (122) which in-
tercommunicates with an associated front inlet
guiding groove (16) and which is shallower than
the gas accumulation portion (121) of the first
gas accumulation groove (12),

the side cover (10) further includes two second
gas accumulation grooves (14) associated with
the two front discharge guiding grooves (18) re-
spectively and aligned with the two inlet passag-
es (41) respectively, each of the two second gas
accumulation grooves (14) includes a gas accu-
mulation portion (141) aligned with an associat-
ed inlet passage (41) and a gas guiding portion
(142) which intercommunicates with an associ-
ated front discharge guiding groove (18) and
which is shallower than the gas accumulation
portion (141) of the second gas accumulation
groove (14),

each of the two exhaust ports (64) includes a
gas accumulation portion (641) aligned with an
associated discharge passage (43) and a gas
guiding portion (642) which intercommunicates
with an associated rear output guiding groove
(68) and which is shallower than the gas accu-
mulation portion (641) of the exhaust port (64),
each of the two inlet ports (62) includes a gas
accumulation portion (621) aligned with an as-
sociated inlet passage (41) and a gas guiding
portion (622) which intercommunicates with an
associated rear input guiding groove (66) and
which is shallower than the gas accumulation
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portion (621) of the inlet port (62).

The pneumatic tool motor as claimed in claim 1,
characterized in that: each of the two first gas ac-
cumulation grooves (12) has an area greater than
an associated discharge passage (43), and each of
the two second gas accumulation grooves (14) has
an area greater than an associated inlet passage
(41).

The pneumatic tool motor as claimed in claim 1,
characterized in that: the gas guiding portion (122)
of each of the two first gas accumulation grooves
(12) is within an extent of an associated gas accu-
mulation groove (121), the gas guiding portion (142)
of each of the two second gas accumulation grooves
(14) is within an extent of an associated gas accu-
mulation groove (141), and each gas guiding portion
(622, 642) of the rear cover (60) is within an extent
of an associated gas accumulation groove (621,
641).
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