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(54) Vane Compressor

(57) A vane compressor which is capable of pre-
venting degradation of the sliding characteristics of its
rotor (2) due to tolerances of the rotor (2) and parts as-
sociated therewith, and at the same time reducing the
manufacturing costs and weights of the compressor.
The vane compressor includes a cam ring (1), a rotor
(2) rotatably received in the cam ring (1), a plurality of
vane slits (13) formed in the rotor (2), vanes (14) slidably
received in respective ones of the vane slits (13), and
side members (3, 6) secured to respective end faces of
the camring (1), at least the rotor (2) and the side mem-
bers (3, 6) being formed of an aluminium-based mate-
rial. Aspacer (70) of annular shape is arranged between
at least one of the end faces of the rotor (2) and a rotor-
side end face of a corresponding one of the side mem-
bers (3, 6). The spacer (70) is formed of a material which
is harder than the aluminium-based material and small-
er in outer diameter than an outer diameter of the rotor
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a vane compressor, and
more particularly to a vane compressor which is capable
of reducing possibility of seizure of its rotor.

Description of the Prior Art

Conventionally, vane compressor of this kind has
been proposed by Japanese Laid-Open Patent Publica-
tion (Kokai) No. 57-151091.

The proposed vane compressor includes a cam
ring, a rotor rotatably received in the cam ring, a drive
shaft on which is rigidly fitted the rotor, vanes slidably
received within a plurality of vane slits formed in the ro-
tor, a front side block secured to a front-side end face
of the cam ring, and a rear side block secured to a rear-
side end face of the cam ring. The rotor and the front
and rear side blocks are formed of an aluminum-based
material.

The cam ring, the front side block and the rear side
block are tightened in a longitudinal direction by through
bolts to form a one-piece assembly.

The vane compressor has one thin plate arranged
between the rear-side end face of the cam ring and a
rotor-side end face of the rear side block, and another
thin plate between the front-side end face of the cam
ring and a rotor-side end face of the front side block.
The thin plates are both formed of a ferrous material.
The thin plates keep both the end faces of the rotor from
contact with the rotor-side end faces of the side blocks,
whereby possibility of seizure of the rotor is reduced.

However, the proposed conventional vane com-
pressor suffers from the following problem: If the oppo-
site end faces of the rotor and the rotor-side end faces
of the side blocks are not machined with a required ma-
chining accuracy, particularly in respect of flatness
thereof, or if the rotor and the side blocks are not as-
sembled with sufficient accuracy (e.g. when the drive
shaft is not strictly perpendicular to the rotor-side end
faces of the side blocks), the end faces of the rotor are
partially brought into pressure contact with the thin
plates, which degrades sliding characteristics of the ro-
tor, causing abrasion of the end faces of the same.

Further, since each thin plate is required to have
such a large size as to cover the whole rotor-side end
face of each side block, it takes a considerable amount
of a ferrous material to form the thin plate, which results
in an increase in manufacturing costs of the compressor
as well as an increase in weight of the same.

SUMMARY OF THE INVENTION

Itis an object of the invention to provide a vane com-
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pressor which is capable of preventing degradation of
the sliding characteristics of its rotor due to tolerances
of machining of the rotor and component parts associ-
ated therewith, and at the same time reducing the man-
ufacturing costs and weight of the compressor.

To attain the above object, the present invention
provides a vane compressor including a cam ring, a ro-
tor rotatably received in the cam ring, a plurality of vane
slits formed in the rotor, vanes slidably received in the
vane slits, respectively, and side members secured re-
spectively to end faces of the cam ring, at least the rotor
and the side members being formed of an aluminum-
based material.

The vane compressor according to the present in-
vention is characterized by comprising a spacer having
an annular shape and arranged between at least one of
the end faces of the rotor and a rotor-side end face of a
corresponding one of the side members, the spacer be-
ing formed of a material which is higher in hardness than
the aluminum-based material and smaller in outer diam-
eter than an outer diameter of the rotor.

According to this vane compressor, the annular
spacer formed of a material which is higher in hardness
than the aluminum-based material and smaller in outer
diameter than an outer diameter of the rotor is arranged
between the end face of the rotor and the rotor-side end
face of the corresponding one of the side members,
whereby a constant clearance is maintained between
the end face of the rotor and the rotor-side end face of
the side member, so that machining errors or tolerances
of the end faces of the rotor and the rotor-side end faces
of the side members as well as assembly errors or tol-
erances of the rotor and the side members are accom-
modated to reduce abrasion of the end faces of the rotor.
Further, the clearance between the end faces of the ro-
tor and the rotor-side end faces of the side members
can be made narrower than when the spacer is not em-
ployed, which makes it possible to improve the perform-
ance of the compressor. Moreover, since the outer di-
ameter of the spacer is smaller than that of the rotor, the
amount of material required to form the spacer is re-
duced compared with the conventional vane compres-
sors.

Preferably, the material which is higher in hardness
than the aluminum-based material is a ferrous material.

Alternatively, the material which is higher in hard-
ness than the aluminum-based material is a poly-
tetrafluoroethylene (PTFE)-based material.

Alternatively, the material which is higher in hard-
ness than the aluminum-based material comprises a
coating of a polytetrafluoroethylene (PTFE) -based ma-
terial.

Preferably, the rotor-side end face of the corre-
sponding one of the side members is formed with back
pressure grooves through which a first fluid is supplied
to a bottom of each of the vanes, and a low-pressure
chamber located radially outward of the back pressure
grooves, for supplying a second fluid having a lower
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pressure than the first fluid to compression chambers
each formed between ones of the vanes adjacent to
each other in a rotational direction of the rotor, the spac-
er being arranged between the back pressure grooves
and the low-pressure chamber.

According to the preferred embodiment, since the
spacer is arranged between the back pressure grooves
and the low-pressure chamber, it is possible to prevent
the first fluid from escaping from the back pressure
grooves to the low-pressure chamber, whereby pres-
sure exerted on the bottom of each of the vanes can be
maintained at a high level.

More preferably, the rotor-side end face of the cor-
responding one of the side members is formed with an
annular recess at a location between the back pressure
grooves and the low-pressure chamber, the spacer hav-
ing a shape of an annular disk, and being fitted in the
annular recess.

Alternatively, the spacer is arranged radially inward
of the back pressure grooves.

According to this preferred embodiment, the spac-
er, which is smaller in outer diameter than the rotor, is
arranged at a location radially inward of the back pres-
sure grooves, so that the outer diameter of the spacer
is even smaller. Therefore, the amount of material re-
quired to form the spacer is largely decreased.

More preferably, the vane compressor includes a
drive shaft on which the rotor is rigidly fitted, and the
corresponding one of the side members is formed with
a hole into which the drive shaft extends, the rotor-side
end face of the corresponding one of the side members
having a portion in which the hole opens, the portion
having an annular stepped portion formed in a manner
such that the hole is radially expanded, the spacer hav-
ing a shape of an annular disk, and being fitted in the
annular stepped portion.

Alternatively, the vane compressor includes a drive
shaft on which the rotor is rigidly fitted, a bearing ar-
ranged in the corresponding one of the side members
for rotatably supporting the drive shaft, and a ferrous
bushing cast in a space surrounding the bearing, the
spacer being formed by an extended portion of the bush-
ing, which slightly projects from the rotor-side end face
of the corresponding one of the side members.

Preferably, the corresponding one of the side mem-
bers is a rear-side side member arranged on a rear side
of the vane compressor, the spacer being arranged be-
tween a rotor-side end face of the rear-side side mem-
ber and a rear-side end face of the rotor.

According to the preferred embodiment, during op-
eration of the compressor, the rotor is urged toward the
rear side by the urging force of an electromagnetic
clutch, but the spacer holds the rotor substantially in the
center of the compressor in an axial direction, so that
the clearance between the rotor-side end face of the
rear head and the rear-side end face of the rotor is main-
tained substantially equal to that between a rotor-side
end face of a front head and a front-side end face of the
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rotor, whereby leakage of refrigerant gas is reduced as
a whole.

The above and other objects, features and advan-
tages of the present invention will become more appar-
ent from the following detailed description taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-sectional view show-
ing the whole arrangement of a vane compressor
according to a first embodiment of the invention;
FIG. 2 is an end view of a front-side end face of a
rear head appearing in FIG. 1;

FIG. 3 is an enlarged sectional view of the FIG.2
rear head;

FIG. 4 is an end view taken on line IV-IV of FIG. 1;
FIG. 5 is an end view showing a front-side end face
of a rear head of a vane compressor according to a
second embodiment of the invention;

FIG. 6 is an enlarged sectional view of the FIG. 5
rear head;

FIG. 7 is an end view of a front-side end face of a
rear head of a vane compressor according to a var-
iation of the second embodiment of the invention;
and

FIG. 8 is an enlarged sectional view of the FIG. 7
rear head.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS

Next, the invention will now be described in detail
with reference to drawings showing preferred embodi-
ments thereof.

FIG. 1 shows a vane compressor, in longitudinal
cross section, according to a first embodiment of the in-
vention. FIG. 2 shows a front-side end face of a rear
head appearing in FIG. 1. FIG. 3 shows the rear head
in cross section on an enlarged scale, and FIG. 4 shows
a front-side end face of a cam ring appearing in FIG. 1,
taken on line IV-IV of FIG. 1.

The vane compressor is comprised of the cam ring
1, a rotor 2 rotatably received within the cam ring 1, a
drive shaft 7 on which is rigidly fitted the rotor 2, a front
head 5 secured to a front-side end face of the cam ring
1, the rear head (rear side member) 6 secured to a rear-
side end face of the cam ring 1 via an O ring 22, and a
front side block (side member) 3 received in the front
head 5. The cam ring 1, the front side block 3, the front
head 5 and the rear head 6 are tightened in a longitudi-
nal direction by through bolts, not shown, to form a one-
piece assembly. The drive shaft 7 has a front-side end
thereof rotatably supported by a radial bearing 8 ar-
ranged in the front-side block 3 and a rear-side end
thereof by a radial bearing 9 arranged in the rear head 6.

Component parts of the compressor, such as the
cam ring 1, the rotor 2, and the front and rear heads 5
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and 6, are formed of an aluminum-based material. As
the aluminum-based material, there is employed e.g. a
material coded as JDC14 according to JIS.

The front side block 3 has its rear-side end face se-
cured to the front-side end face of the cam ring 1 in a
manner closing a front-side opening of the cam ring 1.
A front-side end of the front side block 3 is rigidly fitted
in a boss 5b formed on a front-side end wall of the front
head 5 via an O ring 51. An inner wall surface of the
front head 5, an outer peripheral surface of the front-
side block 3, and the front-side end face of the cam ring
1 define a discharge chamber 10 to which high-pressure
refrigerant gas is delivered from a plurality of compres-
sion chambers, referred to hereinafter.

The rear head 6 is formed therein with a suction port
6a via which refrigerant gas is drawn into the compres-
sor, a suction chamber (low-pressure chamber) 11 into
which the low-pressure refrigerant gas is drawn via the
suction port 6a, a pair of refrigerant inlet ports 11a via
which the refrigerant gas (second fluid) within the suc-
tion chamber 11 is supplied to the compression cham-
bers, and a high-pressure chamber 61 to which high-
pressure oil/refrigerant is introduced from the discharge
chamber 10.

The rear head 6 has its rotor-side end face formed
therein with a pair of back pressure grooves 60 for sup-
plying back pressure as oil/refrigerant (first fluid) to the
bottom of each of vanes 14, referred to hereinafter.
High-pressure oil/refrigerant is introduced from the
high-pressure chamber 61 into the back pressure
grooves 60 through a high pressure-introducing pas-
sage 62. The high-pressure chamber 61 formed in the
rear head 6 communicates with a high-pressure cham-
ber (not shown) formed in the cam ring 1, which in turn
communicates with the discharge chamber 10.

Between the rotor-side end face of the rear head 6
and the rear-side end face of the cam ring 1, there is
mounted an annular disk-shaped spacer 70, which is
formed of a ferrous material or a polytetrafluoroethylene
(PTFE)-based material. The outer diameter of the spac-
er 70 is smaller than that of the rotor 2. The ferrous ma-
terial forming the spacer 70 is e.g. a Swedish steel. Al-
ternatively, the spacer may be a member coated with
the polytetrafluoroethylene (PTFE)-based material.

As shown in FIG. 2, the spacer 70 is received in a
recess 70a formed on the rotor-side end face of the read
head 6 between the pair of back pressure grooves 60
and the refrigerant inlet ports 11a in a manner surround-
ing the back pressure grooves 60 and separating the
same from the refrigerant inlet ports 11a. The spacer 70
has an axial thickness slightly larger than the depth of
the recess 70a. That is, the spacer 70 slightly projects
toward the front side from the rotor-side end face of the
rear head 6 so as to keep the rotor-side end face of the
rear head 6 from contact with the rear-side end face of
the rotor 2. The spacer 70 has an inner periphery thereof
provided with a stopper 71 which is engaged with one
of the back pressure grooves 60 to thereby inhibit the
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spacer 70 from rotating.

A pair of compression spaces 12 are defined by an
inner peripheral surface of the cam ring 1 and an outer
peripheral surface of the rotor 2, at respective diametri-
cally opposite locations as shown in FIG. 4. The rotor 2
has its outer peripheral surface formed therein with a
plurality of axial vane slits 13 at circumferentially equal
intervals, in each of which a vane 14 is radially slidably
fitted. The compression spaces 12 are divided by the
vanes 14 into compression chambers, the volume of
each of which is varied with rotation of the rotor 2.

Further, the cam ring 1 is formed therein with the
discharge spaces (discharge valve-receiving cham-
bers) 1c, each of which accommodates discharge
valves 19, referred to hereinafter. A front-side end of
each discharge space 1c is open to the discharge cham-
ber 10. FIG. 1 shows only one of the discharge spaces
1c. Two pairs of refrigerant outlet ports 16 are formed
through opposite lateral side walls of the cam ring 1,
which separate the discharge spaces 1c and the com-
pression spaces 12 from each other, in a fashion corre-
sponding to the compression spaces 12 (only one pair
of the refrigerant outlet ports 16 are shown in FIG. 1).
When the refrigerant outlet ports 16 open, high-pressure
refrigerant gas is delivered from compression chambers
via the refrigerant outlet ports 16, and flows into the dis-
charge chamber 10 through the discharge spaces 1c.

Each discharge space 1c accommodates a valve
stopper 32 arcuate in cross section, with the discharge
valves 19 also arcuate in cross section mounted on the
outer peripheral surface of the valve stopper 32, as best
shown in FIG. 4. The discharge valves 19 and the valve
stopper 32 are fixed to an inner wall surface of the dis-
charge space 1c¢ by two bolts 33 screwed from outside
through respective through holes formed in the cam ring
1.

Next, the operation of the vane compressor con-
structed as above will be explained.

As torque is transmitted from an engine, not shown,
to the drive shaft 7, the rotor 2 is driven for rotation. Re-
frigerant gas flowing out of a refrigerant outlet port of an
evaporator, not shown, is drawn into the suction cham-
ber 11 via the suction port 6a. The refrigerant gas is
drawn into the compression spaces 12 from the suction
chamber 11 via the refrigerant inlet ports 11a.

The compression spaces 12 are each divided by the
vanes 14 into five compression chambers, each of
which is varied in capacity with rotation of the rotor 2,
whereby refrigerant gas trapped in each compression
chamber is compressed, and the compressed refriger-
ant gas opens the discharge valves 19 to flow out via
the refrigerant outlet ports 16 into the discharge space
1c.

The high-pressure refrigerant gas flowing into the
discharge spaces 1c further flows into the discharge
chamber 10, followed by being discharged via a dis-
charge port 5a formed in the front head 5.

According to the first embodiment described above,
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the annular disk-shaped spacer 70 formed of a ferrous
material or a PTFE-based material is arranged between
the rotor-side end face of the rear head 6 and the rear-
side end face of the cam ring 1, so that a constant clear-
ance is maintained between the rear-side end face of
the cam ring 1 and the rotor-side end face of the rear
head 6 as well as between the front-side end face of the
cam ring 1 and the rotor-side end face of the front side
block 3. As a result, machining errors or tolerances of
the end faces of the rotor 2 and the rotor-side end face
of the rear head 6 as well as assembly errors or toler-
ances of the rotor 2 and the rear head 6 are accommo-
dated, whereby abrasion of the end faces of the rotor 2
is reduced. Further, the clearance between the rear-side
end face of the cam ring 1 and the rotor-side end face
of the rear head 6 and that between the front-side end
face of the cam ring 1 and the rotor-side end face of the
front side block 3 can be made narrower than when the
spacer 70 is not employed, which makes it possible to
improve the performance of the compressor.

Further, since the outer diameter of the spacer 70
is smaller than that of the rotor 2, it is possible to reduce
the manufacturing costs and weight of the compressor.

Still further, since the spacer 70 is arranged in a
manner surrounding the back pressure grooves 60 and
separating the same from the refrigerant inlet ports 11a,
oil/refrigerant is prevented from escaping from the back
pressure grooves tothe refrigerant inlet ports 11a, which
enables constant back pressure to be supplied to the
bottoms of the vanes 14.

FIG. 5 shows a front-side end face of a rear head
of a vane compressor according to a second embodi-
ment of the invention. FIG. 6 shows the rear head in
cross section on an enlarged scale. Component parts
and elements corresponding to those of the first embod-
iment are designated by identical reference numerals,
and description thereof is omitted.

The second embodiment is distinguished from the
first embodiment in which the spacer 70 is arranged at
a location radially outward of the back pressure grooves
60 in that a spacer 170 is arranged at a location radially
inward of back pressure grooves 160, as best shown in
FIG. 6. More specifically, the spacer 170 is fitted in an
annular stepped portion 170a formed on a portion of the
rotor-side end face of the rear head 6 in which opens a
hole 7a into which the drive shaft 7 extends, such that
the hole 7a is radially expanded.

Further, in the present embodiment, the spacer 170
has an outer periphery thereof provided with a stopper
171 which is engaged with one of the back pressure
grooves 160 to thereby inhibit the spacer 170 from ro-
tating, as shown in FIG. 5.

The spacer 170 has an axial thickness which is
slightly larger than an axial depth of the stepped portion
170a, such that the spacer 170 slightly projects toward
the front side from the rotor-side end face of the rear
head 6 so as to keep the rotor-side end face of the rear
head 6 from contact with the rear-side end face of the
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rotor 2.

The second embodiment can provide the same ad-
vantageous effects as obtained by the first embodiment,
except that it is impossible to prevent oil/refrigerant from
escaping from the back pressure grooves 160 to the re-
frigerant inlet ports 11a.

Further, the spacer 170 also plays the role of center-
ing means to hold the rotor 2 in the center of the com-
pressor, so that leakage of refrigerant gas is reduced,
and hence the performance of the compressor is im-
proved. More specifically, during operation of the com-
pressor, the rotor 2 is urged toward the rear side by the
urging force of an electromagnetic clutch, not shown.
However, the spacer 170 prevents the rotor from coming
into contact with the rotor-side end face of the rear head
6, so that the clearance between the rotor-side end face
of the rear head 6 and the rear-side end face of the rotor
2 is maintained substantially equal to that between the
rotor-side end face of the front head 5 and the front-side
end face of the rotor 2, whereby leakage of refrigerant
gas is reduced as a whole.

FIG. 7 shows a front-side end face of a rear head
of avane compressor according to a variation of the sec-
ond embodiment of the invention. FIG. 8 shows the rear
head in cross section on an enlarged scale. Component
parts and elements corresponding to those of the above
embodiments are designated by identical reference nu-
merals, and description thereof is omitted.

In this variation, a radial bearing 9 is formed of a
ferrous material, while a rear head 206 is formed of an
aluminum-based material. The rear head 206 has a
space 206a formed therein in a manner surrounding the
bearing 9, and aferrous bushing 231 is castin the space
206a so as to prevent the bearing 9 from becoming
loose due to a difference in thermal expansion between
the bearing 9 and the rear head 206. The ferrous bush-
ing 231 has a portion (abutting portion) 270 which slight-
ly projects toward the rotor 2 from the rotor-side end face
of the rear head 206. The abutting portion 270, which
has an annular shape in cross section as best shown in
FIG. 7, is formed at a location radially inward of back
pressure grooves 260, similarly to the spacer 170 in the
second embodiment.

The vane compressor according to this variation
can provide the same effects as obtained by the com-
pressor of the second embodiment. Further, itis capable
of preventing the radial bearing 9 from becoming loose.

Although in each of the above embodiments, the
spacer is provided only in the rear side of the compres-
sor, this is not limitative, but another spacer may be pro-
vided in the front side of the same.

Further, although the spacer is provided with a stop-
per for preventing the spacer from rotating, it is possible
to dispense with the stopper and permit the spacer to
rotate in unison with the rotor.

It is further understood by those skilled in the art
that the foregoing is the preferred embodiment of the
invention, and that various changes and modification
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may be made without departing from the spirit and in the annular recess.

scope thereof.

the side members (3, 6) is formed with an annular
recess between the back pressure grooves (60) and
the low-pressure chamber (11), the spacer (70) be-
ing in the shape of an annular disc and being fitted

7. Avane compressor according to any of claims 1 to
4., wherein the rotor-side end face of the corre-
Claims 5 sponding one of the side members (3, 6) is formed
with back pressure grooves (60) through which a
A vane compressor including a cam ring (1), a rotor first fluid can be supplied to a bottom of each of the
(2) rotatably received in the cam ring (1), a plurality vanes (14), and wherein a low-pressure chamber
of vane slits (13) formed in the rotor (2), vanes (14) (11) is located radially outwardly of the back pres-
slidably received in respective ones of the vane slits 70 sure grooves (60), for supplying a second fluid hav-
(13), and side members (3, 6) secured to respective ing a lower pressure than the first fluid to compres-
end faces of the cam ring (1), at least the rotor (2) sion chambers (12) each formed between respec-
and side members (3, 6) being formed of an alumin- tive ones of the vanes (14) adjacent each other in
ium-based material, a rotational direction of the rotor (2), the spacer (70)
characterised in that a spacer (70) havingan 15 being arranged radially inwardly of the back pres-
annular shape and arranged between at least one sure grooves (60).
of said end faces of the rotor (2) and a rotor-side
end face of a corresponding one of the side mem- 8. A vane compressor according to any preceding
bers (3, 6) is formed of a material which is harder claim including a drive shaft (7) on which the rotor
than said aluminium-based material and smaller in 20 (2) is rigidly fitted, wherein a corresponding one (6)
outer diameter than an outer diameter of the rotor of the side members (3, 6) is formed with a hole (7a)
(2). into which the drive shaft (7) extends, the rotor-side
end face of the corresponding one (6) of the side
A vane compressor according to claim 1, wherein members (3, 6) having a portion into which the hole
the material which is harder than the aluminium- 25 (7a) opens and which has an annular stepped por-
based material, is a ferrous material. tion (170a) formed such that the hole (7a) is radially
expanded, the spacer (170) being in the shape of
A vane compressor according to claim 1, wherein an annular disc and being fitted in the annular
the material which is harder than the aluminium- stepped portion (170a).
based material is a polytetrafluoroethylene (PTFE) 30
- based material. 9. A vane compressor according to any preceding
claim including a bearing (9) arranged in a corre-
A vane compressor according to claim 1, wherein sponding one (206) of the side members for rotat-
the material which is harder than the aluminium- ably supporting a orthe drive shaft (7), and aferrous
based material comprises a coating of a poly- 35 bushing (231) cast in a space (206a) surrounding
tetrafluoroethylene (PTFE) - based material. the bearing (9), wherein the spacer (270) is formed
by an extended portion of the bushing (231), which
A vane compressor according to any preceding projects slightly from the rotor-side end face of the
claim, wherein the rotor-side end face of the corre- corresponding side member (206).
sponding one of the side members (3, 6) is formed 40
with back pressure grooves (60) through which a 10. A vane compressor according to any preceding
first fluid can be supplied to a bottom of each of the claim, wherein a corresponding one of the side
vanes (14), and wherein a low-pressure chamber members is a rear-side side member (6, 206) ar-
(11) is located radially outwardly of the back pres- ranged on a rear side of the vane compressor, the
sure grooves (60), for supplying a second fluid hav- 45 spacer (70, 170, 270) being arranged between a ro-
ing a lower pressure than the first fluid to compres- tor-side end face of the rear-side side member and
sion chambers (12) each formed between respec- a rear-side end face of the rotor (2).
tive ones of the vanes (14) adjacent each other in
a rotational direction of the rotor (2), the spacer (70)
being arranged between the back pressure grooves 50
(60) and the low-pressure chamber (11).
A vane compressor according to claim 5, wherein
the rotor-side end face of the corresponding one of
55
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