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(54) SCREW ROTOR

(57) In a screw rotor, three points of a main trail-
ing-side lobe tip point B1, a gate leading-side lobe tip
point D2’, and an intersection point Q of a surface of a
casing 3 facing a main rotor 10 and a surface of the casing
3 facing a gate rotor 20 coincide with each other at a
specific rotation phase of the rotor. A main trailing lobe
face is formed by an epicycloid curve traced by the gate

leading-side lobe tip point D2’ in accordance with rotation
phase advancement from the specific rotation phase, and
a gate leading lobe face is formed by an epicycloid curve
traced by the main trailing-side lobe tip point B1 in ac-
cordance with rotation phase advancement from the spe-
cific rotation phase.
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Description

Technical Field

[0001] Embodiments described herein relate to a
screw rotor used in a screw compressor.

Background Art

[0002] A screw compressor includes two screw rotors
provided with helical grooves (interlobes) in the outer pe-
ripheries thereof, and a casing that contains the two
screw rotors. The two rotors mesh with each other and
rotate in synchronization.
[0003] The screw compressor is a device that rotates
the rotors to thereby narrow the space between the cas-
ing and the rotors to compress a fluid confined between
the casing and the rotors.
[0004] The lobe shapes of such screw rotors are de-
scribed in, for example, PTLs 1 to 5.
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Summary

Technical Problem

[0006] FIG. 1A to FIG. 1C are explanatory diagrams
of conventional screw rotors. FIG. 1A, FIG. 1B and FIG.
1C illustrate the process sequence of fluid compression.
[0007] Referring to FIG. 1A, FIG. 1B and FIG. 1C, each
of the two rotors includes a plurality of lobes or interlobes.
Respective rotors have shapes twisted around rotating
axes at twist angles matching with each other.
[0008] Hereinafter, in the present disclosure, of the two
rotors, the rotor having a plurality of lobes 1a is referred
to as "main rotor 1," and the rotor having a plurality of
interlobes 2a is referred to as "gate rotor 2."
[0009] In FIG. 1A, FIG. 1B and FIG. 1C, fluid confining
spaces 4 defined by the lobes 1a of the main rotor 1, the
interlobes 2a of the gate rotor 2, and a casing 3 are in-
dicated by the hatched areas. The cross-sectional shape
of the confining space 4 changes in the order of FIG. 1A,

FIG. 1B and FIG. 1C. The confining space 4 is squeezed
in the axial direction when the sectional area formed be-
tween the main rotor 1 and the gate rotor 2 eventually
becomes a minimum.
[0010] The confining space 4 moves in the axial direc-
tion as the main rotor 1 and the gate rotor 2 rotate. As a
result, a fluid is compressed as the confining space 4 is
gradually narrowed.
[0011] The positions at which the compressed fluid
leaks are indicated by lobe tip sealing surfaces "a" be-
tween the main rotor 1 and the casing 3 and between the
gate rotor 2 and the casing 3 in FIG. 1A, by the lobe tip
sealing surfaces "a" and an inter-rotor sealing line "b" in
FIG. 1B, and by the inter-rotor sealing lines "b" in FIG. 1C.
[0012] FIG. 2B is an explanatory diagram of a leakage
path.
[0013] As illustrated in FIG. 2B, the lobe tip of the main
rotor 1 (a main trailing-side lobe tip point B1, which is
discussed later) leaves the casing 3. Thereafter, a clear-
ance (hereinafter referred to as "blow hole") appears
among the main rotor 1, the gate rotor 2 and the casing
3 in a rotation phase until a lobe tip arc C2 of the gate
rotor 2 (a gate leading-side lobe tip arc 24b, which is
discussed later) comes in contact with a trailing lobe face
of the main rotor 1. The blow hole leads to the occurrence
of a leakage 5 of the compressed fluid, thus resulting in
lower efficiency of the compressor.
[0014] The present disclosure has been made to solve
the problem described above. More specifically, an ob-
ject of the present disclosure is to provide a screw rotor
capable of reducing a clearance (a blow hole) among a
main rotor, a gate rotor and a casing to thereby reduce
the leakage amount of a compressed fluid, thus permit-
ting higher efficiency of a compressor.

Solution to Problem

[0015] To attain this object, there is provided a screw
rotor including a main rotor and a gate rotor each having
a plurality of lobes or interlobes, and the main rotor and
the gate rotor being meshed with each other and rotatable
about a rotating axis of each thereof in an operating space
formed by a casing, wherein

(A) in a section perpendicular to the rotating axis,
the main rotor includes a main pitch circle and a main
lobe tip circle, and
the gate rotor includes a gate pitch circle that con-
tacts the main pitch circle at a pitch point P, and a
gate lobe bottom circle that contacts the main lobe
tip circle,
(B) each of the main rotor lobes includes:

a main leading-side lobe tip point A1 and a main
trailing-side lobe tip point B1, which are posi-
tioned on the main lobe tip circle,
a main leading-side lobe root point C1’ and a
main trailing-side lobe root point D1’, which are
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positioned on the main pitch circle, and
a main leading intermediate point E1 which lies
between the main leading-side lobe tip point A1
and the main leading-side lobe root point C1’
and which is positioned at the intersection point
of a leading lobe face of the main rotor lobe and
the gate pitch circle when the main rotor lobe
and the gate rotor interlobe directly face each
other,

(C) each of the gate rotor interlobes includes:

a gate trailing-side lobe root point A2 and a gate
leading-side lobe root point B2, which are posi-
tioned on the gate lobe bottom circle, and
a gate trailing-side lobe tip point C2’ and a gate
leading-side lobe tip point D2’, which are posi-
tioned on the gate pitch circle,

(D) when the main rotor lobe and the gate rotor in-
terlobe directly face each other, a curve from the
main leading-side lobe tip point A1 to the main lead-
ing intermediate point E1 and a curve from the gate
trailing-side lobe root point A2 to the gate trailing-
side lobe tip point C2’ coincide with each other to
become the same arc whose center is the pitch point
P, and
a curve from the main leading intermediate point E1
to the main leading-side lobe root point C1’ of the
main rotor is a first epicycloid curve traced by the
gate trailing-side lobe tip point C2’ of the gate rotor,
and
(E) at a specific rotation phase of the screw rotor,
three points of the main trailing-side lobe tip point
B1, the gate leading-side lobe tip point D2’, and an
intersection point Q between a surface of the casing
facing the main rotor and a surface of the casing
facing the gate rotor coincide with each other, a curve
from the main trailing-side lobe tip point B1 to the
main trailing-side lobe root point D1’ is a second ep-
icycloid curve traced by the gate leading-side lobe
tip point D2’ in accordance with rotation phase ad-
vancement from the specific rotation phase, and a
curve from the gate leading-side lobe root point B2
to the gate leading-side lobe tip point D2’ is a third
epicycloid curve traced by the main trailing-side lobe
tip point B1 in accordance with rotation phase ad-
vancement from the specific rotation phase.

[0016] This arrangement minimizes an area of a blow
hole so that deterioration in the efficiency of a compressor
can be suppressed as much as possible.

Effects

[0017] According to the screw rotor described above,
at the specific rotation phase of the rotor, the three points
of the main trailing-side lobe tip point B1, the gate leading-

side lobe tip point D2’, and the intersection point Q be-
tween the surface of the casing facing the main rotor and
the surface of the casing facing the gate rotor coincide
each other. A main trailing lobe face is formed by the
epicycloid curve traced by the gate leading-side lobe tip
point D2’ in accordance with rotation phase advancement
from the specific rotation phase, and a gate leading lobe
face is formed by the epicycloid curve traced by the main
trailing-side lobe tip point B1 in accordance with rotation
phase advancement from the specific rotation phase.
Thereby, the blow hole is ideally closed so that deterio-
ration in the efficiency of the compressor attributable to
the leakage of a fluid from the part concerned can be
made slight.

Brief Description of Drawings

[0018]

FIG. 1A is an explanatory diagram of a conventional
screw rotor;
FIG. 1B is another explanatory diagram of the con-
ventional screw rotor;
FIG. 1C is yet another explanatory diagram of the
conventional screw rotor;
FIG. 2A is an explanatory diagram of a first leakage
path;
FIG. 2B is an explanatory diagram of a second leak-
age path;
FIG. 3A is an explanatory diagram of an ideal lobe
shapes in accordance with the present disclosure;
FIG. 3B is another explanatory diagram of the ideal
lobe shapes in accordance with the present disclo-
sure;
FIG. 4 is an explanatory diagram illustrating a meth-
od for reducing a confining space in accordance with
the present disclosure; and
FIG. 5 is an explanatory diagram of practical lobe
shapes in accordance with the present disclosure.

Description of Embodiments

[0019] The following describes in detail an embodi-
ment of the present disclosure with reference to the ac-
companying drawings. The same elements in the draw-
ings are assigned the same reference signs, and the
same description is not repeated.
[0020] FIG. 3A, FIG. 3B and FIG. 5 are explanatory
diagrams of the screw rotors in accordance with the
present disclosure, illustrating a section perpendicular to
the rotating axes of the screw rotors. Among the dia-
grams, FIG. 3A and FIG. 3B are the explanatory diagrams
illustrating ideal lobe shapes, and FIG. 5 is the explana-
tory diagram illustrating practical lobe shapes.
[0021] A screw compressor in accordance with the
present disclosure includes a main rotor 10 and a gate
rotor 20 meshed with the main rotor 10, the respective
rotors being configured to be rotatable about parallel ax-
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es in an operating space formed (e.g., airtightly) by a
casing 3.
[0022] The two rotors (namely, the main rotor 10 and
the gate rotor 20) each include a plurality of lobes or
interlobes, and are formed in shapes twisted around the
rotating axes at twist angles matching with each other.
[0023] For the convenience of explanation, it is here-
inafter assumed that the rotational centers (i.e. the rotat-
ing axes) of the main rotor 10 and the gate rotor 20 are
parallel to each other and horizontal. However, the
present disclosure is not limited thereto, and the rotation-
al centers may be vertical or inclined.
[0024] FIG. 3A, FIG. 3B and FIG. 5 each illustrate only
one lobe of each of a main rotor lobe 10a and a gate rotor
interlobe 20a. In this example, the main rotor 10 rotates
counterclockwise, while the gate rotor 20 rotates clock-
wise. When the main rotor lobe 10a and the gate rotor
interlobe 20a directly face each other, the lobe tip point
of the main rotor 10 (a main leading-side lobe tip point
A1) coincides with a lobe root point of the gate rotor 20
(a gate trailing-side lobe root point A2). The rotational
angles of the two rotors at this time are defined as the
reference positions, i.e. zero rotational angles.
[0025] Hereinafter, in the present disclosure, the front
side (the upper side in the drawings) in the rotational
direction of the main rotor lobe 10a is referred to as "the
leading-side." In the present disclosure, the lobe face
(the upper side in the drawings) of the gate rotor interlobe
20a that faces the leading-side of the main rotor lobe 10a
is referred to as "the trailing-side." In the present disclo-
sure, the opposite side (the lower side in the drawings)
from the leading-side of the main rotor lobe 10a, i.e. the
rear side in the rotational direction of the main rotor lobe
10a, is referred to as "the trailing-side." In the present
disclosure, the opposite side (the lower side in the draw-
ings) from the trailing-side of the gate rotor interlobe 20a,
i.e. the lobe face of the gate rotor interlobe 20a that faces
the trailing-side of the main rotor lobe 10a, is referred to
as "the leading-side."
[0026] Further, the leading-side lobe face is referred
to as "the leading lobe face," and the trailing-side lobe
face is referred to as "the trailing lobe face."
[0027] Referring to FIG. 3A, FIG. 3B and FIG. 5, the
main rotor 10 includes a main pitch circle 11 and a main
lobe tip circle 12. Further, the gate rotor 20 includes a
gate pitch circle 21, which is in contact with the main pitch
circle 11 at a pitch point P, and a gate lobe bottom circle
22 in contact with the main lobe tip circle 12.
[0028] The gate trailing-side lobe root point A2 and the
gate leading-side lobe root point B2 are positioned on
the gate lobe bottom circle 22.
[0029] The pitch point P is a point obtained by internally
dividing the segment, which connects the rotational cent-
er of the main rotor 10 and the rotational center of the
gate rotor 20, by the ratio of the number of the teeth of
the main rotor 10 (three in the example illustrated in FIG.
1A to FIG. 1C) and the number of the teeth of the gate
rotor 20 (six in the example illustrated in FIG. 1A to FIG.

1C).
[0030] The main pitch circle 11 is an imaginary circle,
the center of which is the rotational center of the main
rotor 10 and which passes through the pitch point P. Fur-
ther, the gate pitch circle 21 is an imaginary circle, the
center of which is the rotational center of the gate rotor
20 and which passes through the pitch point P.
[0031] A part of the inner surface of the casing 3 (refer
to FIG. 1A to FIG. 1C) that faces the main rotor 10 is
formed of a circle adjacent to the main lobe tip circle 12.
Similarly, a part of the inner surface of the casing 3 that
faces the gate rotor 20 is formed of a circle adjacent to
the gate lobe tip circle 23.
[0032] The main rotor 10 and the gate rotor 20 rotate,
the main pitch circle 11 and the gate pitch circle 21 being
synchronized with each other. The synchronization is ef-
fected by the contact between the lobe face of each of
the main rotor lobes 10a and the lobe face of each of the
gate rotor interlobes 20a. There are cases where a sep-
arate gear for synchronization is provided.
[0033] Referring to FIG. 1A, FIG. 3A, FIG. 3B and FIG.
5, the main rotor lobe 10a includes the main leading-side
lobe tip point A1 and the main trailing-side lobe tip point
B1, which are positioned on the main lobe tip circle 12.
A main lobe outer peripheral surface (A1-B1) from the
main leading-side lobe tip point A1 to the main trailing-
side lobe tip point B1 forms an arc on the main lobe tip
circle 12, and forms the lobe tip sealing surface "a" be-
tween itself and the inner surface of the casing 3 that
encloses the main rotor 10.
[0034] A lobe of the gate rotor 20 includes the gate
leading-side lobe tip point D2’ or G2 and the gate trailing-
side lobe tip point C2’ or F2, which are positioned on the
gate lobe tip circle 23. The gate lobe outer peripheral
surface (D2’/F2-C2’/G2) from the gate leading-side lobe
tip point D2’ or G2 to the gate trailing-side lobe tip point
C2’ or F2 forms an arc on the gate lobe tip circle 23, and
forms the lobe tip sealing surface "a" between itself and
the inner surface of the casing 3 that encloses the gate
rotor 20.
[0035] Referring to FIG. 1B, FIG. 3A, FIG. 3B and FIG.
5, in addition to the above, the gate rotor interlobe 20a
forms the inter-rotor sealing line "b" between itself and
the trailing lobe face of the main rotor lobe 10a, at the
gate leading-side lobe tip point D2’ or in the gate leading-
side lobe tip arc 24b.
[0036] Referring to FIG. 1C, FIG. 3A, FIG. 3B and FIG.
5, the gate rotor interlobe 20a forms the inter-rotor sealing
line "b" between itself and the leading lobe face of the
main rotor lobe 10a, at the gate trailing-side lobe tip point
C2’ or in the gate trailing-side lobe tip arc 24a. In addition,
the gate rotor interlobe 20a forms the inter-rotor sealing
line "b" between itself and the trailing lobe face of the
main rotor lobe 10a at the gate leading-side lobe tip point
D2’ or the gate leading-side lobe tip arc 24b.
[0037] The description given above is the same among
FIG. 3A, FIG. 3B and FIG. 5.
[0038] An ideal lobe shape is described first in the fol-
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lowing, with reference to FIG. 3A and FIG. 3B.
[0039] The main rotor lobe 10a further includes the
main leading-side lobe root point C1’, the main trailing-
side lobe root point D1’, and the main leading intermedi-
ate point E1. The main leading-side lobe root point C1’
and the main trailing-side lobe root point D1’ are posi-
tioned on the main pitch circle 11. The main leading in-
termediate point E1 lies between the main leading-side
lobe tip point A1 and the main leading-side lobe root point
C1’ and is positioned at the intersection point of the main
leading lobe face and the gate pitch circle 21 when the
main rotor lobe 10a and the gate rotor interlobe 20a di-
rectly face each other.
[0040] The gate rotor interlobe 20a further includes the
gate trailing-side lobe tip point C2’ and the gate leading-
side lobe tip point D2’ positioned on the gate pitch circle
21.
[0041] When the main rotor lobe 10a and the gate rotor
interlobe 20a directly face each other, the arc from the
main leading-side lobe tip point A1 to the main leading
intermediate point E1 and the arc from the gate trailing-
side lobe root point A2 to the gate trailing-side lobe tip
point C2’ coincide with each other to become the same
arc whose center is the pitch point P. The radius of the
arc is the length from the pitch point P to the main leading-
side lobe tip point A1 (or the gate trailing-side lobe root
point A2).
[0042] Therefore, when the main rotor lobe 10a and
the gate rotor interlobe 20a illustrated in FIG. 3A directly
face each other, the main leading lobe face (A1-E1) and
the gate trailing lobe face (A2-C2’) coincide with each
other, thus eliminating the clearance between the leading
face of the lobe 10a of the main rotor 10 and the trailing
face of the interlobe 20a of the gate rotor 20.
[0043] Referring to FIG. 3A, a main leading lobe face
(E1-Cl’) from the main leading intermediate point E1 to
the main leading-side lobe root point C1’ is determined
as a first epicycloid curve traced by the gate trailing-side
lobe tip point C2’. More specifically, the first epicycloid
curve, which is traced by the trailing-side lobe tip point
C2’ in the rotation phase section from a rotation phase
at which the gate trailing-side lobe tip point C2’ coincides
with the main leading-side lobe root point C1’ to a rotation
phase at which the gate trailing-side lobe tip point C2’
coincides with the main leading intermediate point E1, is
the main leading lobe face (E1-C1’) from the main lead-
ing-side lobe root point C1’ to the main leading interme-
diate point E1.
[0044] The term "epicycloid curve" means a curve (the
curve (E1-C1’) in this example) in a coordinate system
fixed to one rotating rotor, the curve being drawn by a
point (the gate trailing-side lobe tip point C2’ in this ex-
ample) in a coordinate system fixed to the other rotating
rotor when the main rotor 10 and the gate rotor 20 rotate
in synchronization.
[0045] Accordingly, within the range of the rotation
phase concerned, the gate trailing-side lobe tip point C2’
and the main leading lobe face (E1-C1’) of the lobe 10a

of the main rotor 10 constantly contact each other while
rotating. Thereby, an inter-rotor clearance at the inter-
rotor sealing line "b" (refer to FIG. 1A to FIG. 1C) in the
part concerned can be kept slight.
[0046] As illustrated in FIG. 3B, at a specific rotation
phase of the rotors, the three points, namely, the main
trailing-side lobe tip point B1, the gate leading-side lobe
tip point D2’, and the intersection point Q between the
surface of the casing 3 facing the main rotor 10 and the
surface of the casing 3 facing the gate rotor 20, coincide
with each other. From this phase, as the rotation pro-
ceeds, the main trailing lobe face (B1-D1’) from the main
trailing-side lobe tip point B1 to the main trailing-side lobe
root point D1’ is determined as a second epicycloid curve
traced by the gate leading-side lobe tip point D2’.
[0047] Therefore, within the range of the rotation
phase, the gate leading-side lobe tip point D2’ and the
trailing lobe face (B1-D1’) of the main rotor lobe 10a con-
stantly contact each other while rotating. Thereby, an in-
ter-rotor clearance at the inter-rotor sealing line "b" in the
part concerned can be kept slight.
[0048] Similarly, the gate leading lobe face (B2-D2’)
from the gate leading-side lobe root point B2 to the gate
leading-side lobe tip point D2’ is a third epicycloid curve
traced by the main trailing-side lobe tip point B1.
[0049] Therefore, within the range of the rotation
phase, the main trailing-side lobe tip point B1 and the
gate leading lobe face (B2-D2’) of the gate rotor interlobe
20a constantly contact each other while rotating. There-
by, an inter-rotor clearance at the inter-rotor sealing line
"b" in the part concerned can be kept slight. In FIG. 3A,
on the gate leading lobe face (B2-D2’), a ratio L1:L2 be-
tween a distance L1 from B2 to B1 and a distance L2
from B1 to D2’ may be set within the range of 2:8 to 7:3.
The main trailing-side lobe tip point B1 contacts the gate
leading lobe face in the range from B2 to D2’ on the gate
leading lobe face (B2-D2’).
[0050] In the screw rotor having the foregoing ideal
lobe shape, the three points, namely, the main trailing-
side lobe tip point B1, the gate leading-side lobe tip point
D2’, and the intersection point Q of the surface of the
casing 3 facing the main rotor 10 and the surface of the
casing 3 facing the gate rotor 20, coincide with each other
at the specific rotation phase of the rotors (this phase
being referred to as "the three-point coincidence phase").
Hence, in the screw rotor having the ideal lobe shape,
the lobe tip of the main rotor 10 and the lobe tip of the
gate rotor 20 form seals between the lobe tips and the
casing 3 in the rotation phase until immediately before
the three-point coincidence phase. In the screw rotor hav-
ing the ideal lobe shape, the seals are continuously
formed between the main trailing-side lobe tip point B1
and the leading lobe face of the gate rotor interlobe 20a
and between the gate leading-side lobe tip point D2’ and
the trailing lobe face of the main rotor lobe 10a in the
rotation phase immediately following the three-point co-
incidence phase. Ideally, this arrangement closes the
blow hole so that deterioration in the efficiency of the
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compressor attributable to the leakage of a fluid can be
made insignificant.
[0051] Further, in the screw rotor having the ideal lobe
shape, in FIG. 3A, the phase of the trailing lobe face (B1-
Dl’) with respect to the leading lobe face (B2-D2’) may
be set such that the confining space that appears be-
tween the trailing lobe face (B1-D1’) of the main rotor 10
and the leading lobe face (B2-D2’) of the gate rotor 20 is
minimized when the main rotor lobe 10a and the gate
rotor interlobe 20a face each other.
[0052] Next description is given of the practical lobe
shape in FIG. 5.
[0053] The lobe 10a of the main rotor 10 is modified
by the following (1) to (4) on the basis of the ideal lobe
shape illustrated in FIG. 3A and FIG. 3B.

(1) The leading lobe face and the trailing lobe face
are offset inward by a distance r1.
(2) The main lobe bottom circle 13 is set to be smaller
than the main pitch circle 11 by a radius difference
Δr1.
(3) The main lobe tip circle 12 is made smaller by
the radius difference Δr1.
(4) The leading lobe face and the trailing lobe face
are connected to the main lobe bottom circle 13 by
a main leading-side lobe root arc 14a that has the
radius r1 and whose center is the main leading-side
lobe root point C1’ and a main trailing-side lobe root
arc 14b that has the radius r1 and whose center is
the main trailing-side lobe root point D1’.

[0054] The distance r1 is equal to the radius r1 of the
main leading-side lobe root arc 14a and the radius r1 of
the main trailing-side lobe root arc 14b, and also equal
to the radius difference Δr1 of the main lobe bottom circle
13 and the radius difference Δr1 of the main lobe tip circle
12. Each of the distance, the radius and the radius dif-
ference with the reference sign r1 takes a value that is,
for example, larger than 0% of the distance between the
rotating axis of the main rotor 10 and the rotating axis of
the gate rotor 20 and 20% or less of the distance between
the rotating axis of the main rotor 10 and the rotating axis
of the gate rotor 20.
[0055] Further, the interlobe 20a of the gate rotor 20
is modified by the following (5) to (8) on the basis of the
ideal lobe shape illustrated in FIG. 3A and FIG. 3B.

(5) The leading lobe face and the trailing lobe face
are offset outward by a distance r2.
(6) The gate lobe bottom circle 22 is set to be larger
by a radius difference Δr2.
(7) The gate lobe tip circle 23 is set to be larger than
the gate pitch circle 21 by the radius difference Δr2.
(8) The leading lobe face and the trailing lobe face
are connected to the gate lobe tip circle 23 by a gate
trailing-side lobe tip arc 24a that has the radius r2
and whose center is the gate trailing-side lobe tip
point C2’ and a gate leading-side lobe tip arc 24b

that has the radius r2 and whose center is the gate
leading-side lobe tip point D2’.

[0056] The distance r2 may be equal to the radius r2 of
the gate trailing-side lobe tip arc 24a and the radius r2 of
the gate leading-side lobe tip arc 24b, and also equal to
the radius difference Δr2 of the gate lobe bottom circle
22 and the radius difference Δr2 of the gate lobe tip circle
23. Each of the distance, the radius and the radius dif-
ference with the reference sign r2 takes a value that is,
for example, larger than 0% of the distance between the
rotating axis of the main rotor 10 and the rotating axis of
the gate rotor 20 and 20% or less of the distance between
the rotating axis of the main rotor 10 and the rotating axis
of the gate rotor 20.
[0057] Referring to FIG. 5, the main rotor lobe 10a is
created according to the foregoing procedure (the fore-
going modification) on the basis of the lobe shape illus-
trated in FIG. 3A and FIG. 3B. Here, the radius of the
main lobe bottom circle 13 is smaller than that of the main
pitch circle 11 by the radius difference Δr1. Further, the
points of the leading lobe face and the trailing lobe face
on the main pitch circle 11 are connected to the main
lobe bottom circle 13 by the main leading-side lobe root
arc 14a and the main trailing-side lobe root arc 14b.
[0058] Similarly, the gate rotor interlobe 20a is created
according to the foregoing procedure (the foregoing mod-
ification) on the basis of the lobe shape illustrated in FIG.
3A and FIG. 3B. Here, the radius of the gate lobe tip circle
23 is larger than that of the gate pitch circle 21 by the
radius difference Δr2. Further, the points of the leading
lobe face and the trailing lobe face on the gate pitch circle
21 are connected to the gate lobe tip circle 23 by the gate
trailing-side lobe tip arc 24a and the gate leading-side
lobe tip arc 24b.
[0059] With this arrangement, the contact with the main
rotor 10 at the gate rotor lobe tip is changed from the
edge contact to the arc surface contact to thereby reduce
the contact surface pressure at the seal part, so that the
wear on the inter-rotor sealing line can be reduced. In
FIG. 5, on the gate leading lobe face (B2-G2), a ratio
La:Lb between a distance La from B2 to B1 and a distance
Lb from B1 to G2 may be set within the range of 1:9 to
6:4. The main trailing-side lobe tip point B1 contacts the
gate leading lobe face in the range from B2 to G2 on the
gate leading lobe face (B2-G2).
[0060] In addition to the characteristics of the foregoing
screw rotor, the radius difference Δr1 of the main lobe
bottom circle 13 of the main rotor 10 and the radii r1 of
the main leading-side lobe root arc 14a and the main
trailing-side lobe root arc 14b may be set to be larger
than the other radius difference Δr2 and the radius r2 (i.e.
the radius difference Δr2 of the gate lobe tip circle 23 and
the radii r2 of the gate trailing-side lobe tip arc 24a and
the gate leading-side lobe tip arc 24b). In other words,
the radius difference Δr1 of the main lobe bottom circle
13 of the main rotor 10 and the radii r1 of the main leading-
side lobe root arc 14a and the main trailing-side lobe root
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arc 14b are set such that the main rotor lobe 10a is offset
(shifted) to a side on which the main rotor lobe 10a is
diminished or to a side on which the gate rotor interlobe
20a is enlarged, by a width that is adequate for avoiding
the mutual interference between the lobe face of the main
rotor lobe 10a and the lobe face of the gate rotor interlobe
20a.
[0061] With this arrangement, the interference can be
suppressed when the distance between the two rotor ax-
es varies.
[0062] FIG. 4 is an explanatory diagram illustrating the
method for reducing the confining space.
In addition to the characteristics of the screw rotor de-
scribed above, in FIG. 4, the phase of the trailing lobe
face with respect to the leading lobe face is set such that
the confining space that appears between the trailing
lobe face of the main rotor 10 and the leading lobe face
of the gate rotor 20 is minimized when the main rotor lobe
10a and the gate rotor interlobe 20a directly face each
other. Thereby, the flow passage area of the leakage of
a fluid at the part concerned is minimized so that deteri-
oration in the efficiency of the compressor can be sup-
pressed.
[0063] FIG. 4 illustrates the main rotor lobe 10a and
the gate rotor interlobe 20a directly facing each other.
[0064] The arc between the two sealing lines "b" illus-
trated in FIG. 1C corresponds to the arc between E1 and
d2 in FIG. 4. At this time, the leading lobe face of the
main rotor 10 and the trailing lobe face of the gate rotor
20 coincide with each other in the range of A1 to E1, and
there would be no clearance in an ideal case.
[0065] In FIG. 4, B1’ denotes a main trailing-side lobe
tip point when the main trailing-side lobe tip point is set
at a phase (position) relatively close to the main leading-
side lobe tip point A1. In FIG. 4, d1’ and d2’ denote a
main trailing-side lobe root point and a gate leading-side
lobe tip point, respectively, when the main trailing-side
lobe tip point B1’ is set. Further, in FIG. 4, reference sign
26 denotes the confining space when the main trailing-
side lobe tip point B1’ is set. In FIG. 4, A1 denotes a main
leading-side lobe tip point common to both of the case
where the main trailing-side lobe tip point is set at B1’
and the case where the main trailing-side lobe tip point
is set at B1. In FIG. 4, A2 denotes a gate trailing-side
lobe root point that lies at the same phase in the foregoing
both cases.
[0066] FIG. 4 illustrates the relative positions of the
lobe tip circle and the trailing lobe face (A1-d1’) of the
main rotor 10 and the lobe bottom circle and the leading
lobe face (A2-d2’) of the gate rotor 20 in the confining
space 26 between the trailing lobe face of the main rotor
10 and the leading lobe face of the gate rotor 20 when
the main leading-side lobe tip point A1 and the main trail-
ing-side lobe tip point B1’ are at relatively close phases.
When the shape is changed from this state in a direction
in which the phase difference between the leading lobe
face and the trailing lobe face increases (such that the
phases of the main leading-side lobe tip point A1 and the

main trailing-side lobe tip point B1’ are set farther away
from each other), the relative positions thereof also
change, as indicated by the lobe tip circle and the trailing
lobe face (A1-d1) of the main rotor 10 and the lobe bottom
circle and the leading lobe face (A2-d2) of the interlobe
20a.
[0067] In this example, the area of a confining space
25 that appears along A1-B1-d2 is smaller than the area
of the confining space 26 that appears along A1-B1’-d2’.
This means that the confining space that appears be-
tween the trailing lobe face of the main rotor 10 and the
trailing lobe face of the gate rotor 20 is changed by chang-
ing the phase of the trailing lobe face with respect to the
leading lobe face, and the area of the confining space 25
can be minimized by setting the phase to an optimum
phase.
[0068] Thus, the phase of the trailing lobe face with
respect to the leading lobe face is set such that the con-
fining space 25 enclosed by the curve (A1-d1) and the
curve (A2-d2) is minimized.
[0069] With this arrangement, the deterioration in the
efficiency of the compressor can be suppressed by min-
imization of the clearance between the main rotor 10 and
the gate rotor 20 in the phase at which the main rotor
lobe 10a and the gate rotor interlobe 20a directly face
each other.
[0070] The screw rotor according to the foregoing em-
bodiment may be described by any one of the following
configurations 1 to 4.

(Configuration 1)

[0071] A screw rotor includes a main rotor and a gate
rotor each having a plurality of lobes or interlobes, and
the main rotor and the gate rotor being meshed with each
other and rotatable about a rotating axis of each thereof
in an operating space formed by a casing, wherein

(A) in a section perpendicular to the rotating axis,
the main rotor includes a main pitch circle and a main
lobe tip circle, and
the gate rotor includes a gate pitch circle that con-
tacts the main pitch circle at a pitch point P, and a
gate lobe bottom circle that contacts the main lobe
tip circle,
(B) each of the main rotor lobes includes:

a main leading-side lobe tip point A1 and a main
trailing-side lobe tip point B1, which are posi-
tioned on the main lobe tip circle,
a main leading-side lobe root point C1’ and a
main trailing-side lobe root point D1’, which are
positioned on the main pitch circle, and
a main leading intermediate point E1 which lies
between the main leading-side lobe tip point A1
and the main leading-side lobe root point C1’
and which is positioned at the intersection point
of a leading lobe face of the main rotor lobe and
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the gate pitch circle when the main rotor lobe
and the gate rotor interlobe directly face each
other,

(C) each of the gate rotor interlobes includes:

a gate trailing-side lobe root point A2 and a gate
leading-side lobe root point B2, which are posi-
tioned on the gate lobe bottom circle, and
a gate trailing-side lobe tip point C2’ and a gate
leading-side lobe tip point D2’, which are posi-
tioned on the gate pitch circle,

(D) when the main rotor lobe and the gate rotor in-
terlobe directly face each other, a curve from the
main leading-side lobe tip point A1 to the main lead-
ing intermediate point E1 and a curve from the gate
trailing-side lobe root point A2 to the gate trailing-
side lobe tip point C2’ coincide with each other to
become the same arc whose center is the pitch point
P, and
a curve from the main leading intermediate point E1
to the main leading-side lobe root point C1’ of the
main rotor is a first epicycloid curve traced by the
gate trailing-side lobe tip point C2’ of the gate rotor,
and
(E) at a specific rotation phase of the screw rotor,
three points of the main trailing-side lobe tip point
B1, the gate leading-side lobe tip point D2’, and an
intersection point Q between a surface of the casing
facing the main rotor and a surface of the casing
facing the gate rotor coincide with each other, a curve
from the main trailing-side lobe tip point B1 to the
main trailing-side lobe root point D1’ is a second ep-
icycloid curve traced by the gate leading-side lobe
tip point D2’ in accordance with rotation phase ad-
vancement from the specific rotation phase, and a
curve from the gate leading-side lobe root point B2
to the gate leading-side lobe tip point D2’ is a third
epicycloid curve traced by the main trailing-side lobe
tip point B1 in accordance with rotation phase ad-
vancement from the specific rotation phase.

[0072] FIG. 2A is the explanatory diagram of a leakage
path that is different from the one illustrated in FIG. 2B.
As illustrated in the drawing, at the rotation phase at
which the main leading-side lobe tip point A1 and the
gate trailing-side lobe root point A2 coincide each other
(i.e. when the main rotor lobe and the gate rotor interlobe
directly face each other) as illustrated in FIG. 1C, a clear-
ance to the adjacent space, the volume of which increas-
es, is left between the main rotor 1 and the gate rotor 2.
The clearance leads to the leakage of a compressed fluid,
resulting in deteriorated efficiency of a compressor.
[0073] As a solution thereto, the following configuration
2 may be adopted to implement a screw rotor capable of
reducing the clearance that appears when the main rotor
lobe and the gate rotor interlobe directly face each other,

thereby reducing the leakage volume of a compressed
fluid with resultant higher efficiency of the compressor.

(Configuration 2)

[0074] In configuration 1 described above, a phase of
a trailing lobe face of the main rotor with respect to a
leading lobe face of the gate rotor is set such that a con-
fining space that appears between the trailing lobe face
and the leading lobe face is minimized when the main
rotor lobe and the gate rotor interlobe directly face each
other.
[0075] With this arrangement, the deterioration in the
efficiency of the compressor can be reduced by minimi-
zation of the clearance between the main rotor and the
gate rotor at the phase at which the main rotor lobe and
the gate rotor interlobe directly face each other.

(Configuration 3)

[0076] In the foregoing configuration 1 or the foregoing
configuration 2, the leading lobe face and the trailing lobe
face of the main rotor lobe are offset inward by a distance
r1, the main lobe bottom circle is set to be smaller than
the main pitch circle by a radius difference Δr1, the main
lobe tip circle is made smaller by the radius difference
Δr1, the leading lobe face and the trailing lobe face are
connected to the main lobe bottom circle by a main lead-
ing-side lobe root arc that has a radius r1 and whose
center is the main leading-side lobe root point C1’ and a
main trailing-side lobe root arc that has the radius r1 and
whose center is the main trailing-side lobe root point D1’
as the center thereof, and
the leading lobe face and the trailing lobe face of the gate
rotor interlobe are offset outward by a distance r2, the
gate lobe bottom circle is set to be larger by a radius
difference Δr2, the gate lobe tip circle is set to be larger
than the gate pitch circle by the radius difference Δr2, and
the leading lobe face and the trailing lobe face are con-
nected to the gate lobe tip circle by a gate trailing-side
lobe tip arc that has a radius r2 and whose center is the
gate trailing-side lobe tip point C2’ and a gate leading-
side lobe tip arc that has the radius r2 and whose center
is the gate leading-side lobe tip point D2’.
[0077] With this arrangement, the lobe tip of the gate
rotor interlobe that contacts the main rotor lobe is
changed from the edge to the arc, so that the wear on
the inter-rotor sealing line can be reduced.

(Configuration 4)

[0078] In the foregoing configuration 3, the radius dif-
ference Δr1 of the main lobe bottom circle of the main
rotor and the radii r1 of the main leading-side lobe root
arc and the main trailing-side lobe root arc are set to be
larger than the radius difference Δr2 and the radius r2,
and the lobe face of the main rotor lobe or the gate rotor
interlobe is offset to a side on which the main rotor lobe
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is diminished or to a side on which the gate rotor interlobe
is enlarged, by an adequate width for avoiding the inter-
ference between the lobe face of the main rotor lobe and
the lobe face of the gate rotor interlobe.
[0079] With this arrangement, the interference can be
suppressed when the distance between the two rotor ax-
es fluctuate.
[0080] The present disclosure is not limited to the em-
bodiment described above, the scope of the disclosure
being indicated by the appended claims, and all changes
which come within the meaning and range of equivalency
of the claims are intended to be embraced therein.

Reference Signs List

[0081]

a: Sealing surface between casing and rotor lobe tip
b: Inter-rotor sealing line
A1: Main leading--side lobe tip point
A2: Gate trailing-side lobe root point
B1: Main trailing-side lobe tip point
B2: Gate leading-side lobe root point
C1’: Main leading-side lobe root point
C2’: Gate trailing-side lobe tip point
D1’: Main trailing-side lobe root point
D2’: Gate leading-side lobe tip point
E1: Main leading intermediate point
F1: Main leading-side lobe root point
F2: Gate trailing-side lobe tip point
G1: Main trailing-side lobe root point
G2: Gate leading-side lobe tip point
P: Pitch point
Q: Intersection point of surface of casing facing main
rotor and surface of casing facing gate rotor
Δr1, Ar2: Radius difference
r1, r2: Radius
1: Main rotor
1a: Lobe
2: Gate rotor
2a: Interlobe
3: Casing
4: Confining space
5: Leakage
10: Main rotor
10a: Lobe
11: Main pitch circle
12: Main lobe tip circle
13: Main lobe bottom circle
14a: Main leading-side lobe root arc
14b: Main trailing-side lobe root arc
20: Gate rotor
20a: Interlobe
21: Gate pitch circle
22: Gate lobe bottom circle
23: Gate lobe tip circle
24a: Gate trailing-side lobe tip arc
24b: Gate leading-side lobe tip arc

25, 26: Confining space

Claims

1. A screw rotor comprising a main rotor and a gate
rotor each having a plurality of lobes or interlobes,
and the main rotor and the gate rotor being meshed
with each other and rotatable about a rotating axis
of each thereof in an operating space formed by a
casing, wherein

(A) in a section perpendicular to the rotating axis,
the main rotor includes a main pitch circle and
a main lobe tip circle, and
the gate rotor includes a gate pitch circle that
contacts the main pitch circle at a pitch point P,
and a gate lobe bottom circle that contacts the
main lobe tip circle,
(B) each of the main rotor lobes includes:

a main leading-side lobe tip point A1 and a
main trailing-side lobe tip point B1, which
are positioned on the main lobe tip circle,
a main leading-side lobe root point C1’ and
a main trailing-side lobe root point D1’,
which are positioned on the main pitch cir-
cle, and
a main leading intermediate point E1 which
lies between the main leading-side lobe tip
point A1 and the main leading-side lobe root
point C1’ and which is positioned at the in-
tersection point of a leading lobe face of the
main rotor lobe and the gate pitch circle
when the main rotor lobe and the gate rotor
interlobe directly face each other,

(C) each of the gate rotor interlobes includes:

a gate trailing-side lobe root point A2 and a
gate leading-side lobe root point B2, which
are positioned on the gate lobe bottom cir-
cle, and
a gate trailing-side lobe tip point C2’ and a
gate leading-side lobe tip point D2’, which
are positioned on the gate pitch circle,

(D) when the main rotor lobe and the gate rotor
interlobe directly face each other, a curve from
the main leading-side lobe tip point A1 to the
main leading intermediate point E1 and a curve
from the gate trailing-side lobe root point A2 to
the gate trailing-side lobe tip point C2’ coincide
with each other to become the same arc whose
center is the pitch point P, and
a curve from the main leading intermediate point
E1 to the main leading-side lobe root point C1’
of the main rotor is a first epicycloid curve traced
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by the gate trailing-side lobe tip point C2’ of the
gate rotor, and
(E) at a specific rotation phase of the screw rotor,
three points of the main trailing-side lobe tip
point B1, the gate leading-side lobe tip point D2’,
and an intersection point Q between a surface
of the casing facing the main rotor and a surface
of the casing facing the gate rotor coincide with
each other, a curve from the main trailing-side
lobe tip point B1 to the main trailing-side lobe
root point D1’ is a second epicycloid curve traced
by the gate leading-side lobe tip point D2’ in ac-
cordance with rotation phase advancement from
the specific rotation phase, and a curve from the
gate leading-side lobe root point B2 to the gate
leading-side lobe tip point D2’ is a third epicy-
cloid curve traced by the main trailing-side lobe
tip point B1 in accordance with rotation phase
advancement from the specific rotation phase.

2. The screw rotor according to claim 1, wherein a
phase of a trailing lobe face of the main rotor with
respect to a leading lobe face of the gate rotor is set
such that a confining space that appears between
the trailing lobe face and the leading lobe face is
minimized when the main rotor lobe and the gate
rotor interlobe directly face each other.

3. The screw rotor according to claim 1 or 2,
wherein the leading lobe face and the trailing lobe
face of the main rotor lobe are offset inward by a
distance r1, the main lobe bottom circle is set to be
smaller than the main pitch circle by a radius differ-
ence Δr1, the main lobe tip circle is made smaller by
the radius difference Δr1, the leading lobe face and
the trailing lobe face are connected to the main lobe
bottom circle by a main leading-side lobe root arc
that has a radius r1 and whose center is the main
leading-side lobe root point C1’ and a main trailing-
side lobe root arc that has the radius r1 and whose
center is the main trailing-side lobe root point D1’ as
the center thereof, and
the leading lobe face and the trailing lobe face of the
gate rotor interlobe are offset outward by a distance
r2, the gate lobe bottom circle is set to be larger by
a radius difference Δr2, the gate lobe tip circle is set
to be larger than the gate pitch circle by the radius
difference Δr2, and the leading lobe face and the trail-
ing lobe face are connected to the gate lobe tip circle
by a gate trailing-side lobe tip arc that has a radius
r2 and whose center is the gate trailing-side lobe tip
point C2’ and a gate leading-side lobe tip arc that
has the radius r2 and whose center is the gate lead-
ing-side lobe tip point D2’.

4. The screw rotor according to claim 3, wherein the
radius difference Δr1 of the main lobe bottom circle
of the main rotor and the radii r1 of the main leading-

side lobe root arc and the main trailing-side lobe root
arc are set to be larger than the radius difference Δr2
and the radius r2, and the lobe face of the main rotor
lobe or the gate rotor interlobe is offset to a side on
which the main rotor lobe is diminished or to a side
on which the gate rotor interlobe is enlarged, by an
adequate width for avoiding the interference be-
tween the lobe face of the main rotor lobe and the
lobe face of the gate rotor interlobe.

5. A screw compressor comprising:

a casing;
a main rotor which is housed in the casing and
which includes a plurality of lobes; and
a gate rotor which is housed in the casing and
which includes a plurality of lobes and a plurality
of interlobes,
wherein, when the main rotor and the gate rotor
are at a first rotation phase, a lobe tip point of
one lobe included in the main rotor, a lobe tip
point of one lobe included in the gate rotor, mu-
tually-facing surfaces of the casing and the main
rotor, and mutually-facing surfaces of the casing
and the gate rotor coincide with each other,
in a second rotation phase which is a rotation
phase up to immediately before the first rotation
phase, a seal is formed between the lobe tip
point of the main rotor and the casing and be-
tween the lobe tip point of the gate rotor and the
casing, and
in a third rotation phase which is a rotation phase
from immediately after the first rotation phase,
a seal is formed between the lobe tip point of
the main rotor and the interlobe of the gate rotor
and between the lobe tip point of the gate rotor
and a lobe face which includes the lobe tip of
the main rotor.

6. The screw compressor according to claim 5,
wherein a confining space between the lobe face of
the main rotor and the interlobe of the gate rotor is
minimized when one lobe of the main rotor and one
interlobe of the gate rotor directly face each other.
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