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(57)  The multi-stage Roots pump has a rotor hous-
ing having a plurality of axially spaced pump chambers
(39-43). A set of rotors (23-32) are arranged on respec-
tive shafts (19,20) in mesh with each other and acco-
modated in each of the pump chambers. The rotor hous-
ing includes a cylinder block (11) and a plurality of par-
tition walls (33-36) formed separately from and coupled

Multi-stage Roots pump and method of producing the housing

to the cylinder block to divide the cylinder block into the
pump chambers. The cylinder block includes a plurality
of block elements (17,18) parted along lines (L) extend-
ing parallel to the axes of the shafts and joined together
so as to form inner circumferential surfaces of the pump
chambers. The block elements and the partition walls
form, in combination, the rotor housing.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a multi-stage
Roots pump in which a plurality of rotatable shafts are
arranged in parallel, rotors are arranged on said rotata-
ble shafts with rotors on the neighboring rotary shafts
brought in mesh with each other, and axially spaced
pump chambers accommodating respective sets of ro-
tors in mesh with each other are formed in a rotor hous-
ing. The present invention also relates to a method of
producing a rotor housing therefor.

2. Description of the Related Art

[0002] In a multi-stage Roots pump disclosed in Jap-
anese Unexamined Patent Publication (Kokai) No.
8-14172, a rotor housing forming a plurality of pump
chambers arranged in the axial direction of the pair of
rotary shafts, is formed by joining a pair of outer shells.
Each outer shell has a plurality of partitioning walls
formed as a unitary structure. One outer shell and the
other outer shell are joined together with their partition-
ing walls being opposed to each other. The partitioning
walls joined together being opposed to each other, sec-
tionalize a plurality of pump chambers in the axial direc-
tion of the rotary shafts.

[0003] Rotors accommodated in the pump chambers
rotate in the pump chambers to deliver the fluid under
pressure. In order to efficiently pump the fluid with pres-
sure, however, it is important to highly precisely maintain
a very small clearance between the rotors that are ro-
tating and any part on the wall surfaces of the pump
chambers. The inner peripheral surfaces of the outer
shells forming the partitioning walls integrally together
must be machined for each of the pair of outer shells.
Circumferential surfaces are formed on some of the in-
ner peripheral surfaces of the pump chambers accom-
modating the rotors, and the pair of outer shells are
joined together at portions of the circumferential surfac-
es. When the inner peripheral surfaces of the outer
shells are separately machined, therefore, it becomes
difficult to maintain highly precisely machined circumfer-
ential surfaces after the pair of outer shells are joined
together to constitute the rotor housing. Further, the end
surfaces of the partitioning walls forming the wall sur-
faces of the pump chambers are machined by using a
side cutter requiring a difficult machining operation for
accomplishing a high degree of flatness. Itis further nec-
essary to machine the wall surfaces of the plurality of
pump chambers one by one, requiring a further extend-
ed operation time for machining.
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SUMMARY OF THE INVENTION

[0004] Itistherefore afirst object of the present inven-
tion to highly precisely form the wall surfaces of pump
chambers in the multi-stage Roots pump. A second ob-
ject of the present invention is to produce the rotor hous-
ing in a decreased period of time.

[0005] The present invention provides a multi-stage
Roots pump comprising: a rotor housing having a plu-
rality of axially spaced pump chambers formed therein;
a plurality of shafts parallely and rotatably arranged in
said rotor housing, said shafts having respective axes;
a plurality of sets of rotors arranged on said shafts, each
set of rotors being arranged on adjacent shafts in mesh
with each other and accommodated in each of said
pump chambers; and said rotor housing comprising a
cylinder block including a plurality of block elements
parted along at least one plane extending parallel to the
axes of said shafts and joined together so as to form
inner circumferential surfaces of said pump chambers,
and a plurality of partition walls formed separately from
and coupled to said cylinder block to divide said cylinder
block into said pump chambers, whereby said block el-
ements and said partition walls form, in combination,
said rotor housing.

[0006] The constitution in which the cylinder block
constituted by a plurality of block pieces is separate from
the partitioning walls, makes it possible to highly pre-
cisely machine the wall surfaces in the pump chambers
and to produce the rotor housing in a decreased period
of time.

[0007] Preferably, the axes of said shafts lie in a first
plane, and said cylinder block comprises a pair of block
elements having parting surfaces joined together in a
second plane passing through a line located at a middle
position between said axes of said shafts and lying in
said first plane.

[0008] The cylinder block is parted into two and com-
prises a pair of block pieces that are joined together in
the second plane. The constitution in which the cylinder
block is parted into two is the simplest from the stand-
point of production.

[0009] Preferably, the second plane is the same as
said first plane.

[0010] The constitution in which the second plane is
the same as the first plane makes it easy to set the
shape of the pump chambers for enhancing the pump-
ing efficiency. However, the second plane can be per-
pendicular to the first plane.

[0011] Preferably, the cylinder block comprises a pair
of block elements having inner circumferential surfaces
identical to each other.

[0012] The pair of such block pieces are effective in
enhancing the efficiency for producing the block pieces.
[0013] Preferably, each of said partition walls com-
prises a pair of wall elements having parting surfaces
joined together in said second plane passing through
said line.
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[0014] The partitioning wall has a two-part constitu-
tion comprising a pair of wall pieces that are joined on
the second plane. The partitioning walls of the two-part
constitution are the simplest even from the standpoint
of production.

[0015] Preferably, a plurality of positioning grooves
are formed in parallel in the inner surfaces of said plu-
rality of block pieces, and said partitioning walls are fit-
ted into said positioning grooves.

[0016] The constitution in which the partitioning walls
are fitted into the positioning grooves makes it possible
to highly precisely guarantee a very small clearance be-
tween the rotors and the wall surfaces of the pump
chambers formed by the partitioning walls.

[0017] Preferably, the partitioning walls are forcibly in-
troduced into said positioning grooves.

[0018] The constitution in which the partitioning walls
are forcibly introduced into the positioning grooves is
most desired for easily assembling the cylinder block
and the partitioning walls.

[0019] The present invention also provides a method
of producing a rotor housing of a multi-stage Roots
pump which includes said rotor housing having a plural-
ity of axially spaced pump chambers formed therein, a
plurality of shafts parallely and rotatably arranged in said
rotor housing, said shafts having respective axes, and
a plurality of sets of rotors arranged on said shafts, each
set of rotors being arranged on adjacent shafts in mesh
with each other and accommodated in each of said
pump chambers. The method comprising the steps of:
preparing rough block elements constituting a plurality
of block elements for forming a cylinder block having an
inner surface forming inner circumferential surfaces of
said pump chambers; provisionally joining said rough
block elements together; grinding the inner circumfer-
ential surfaces of said rough block elements while main-
taining said provisional joining; releasing said provision-
al joining; and joining together said block elements con-
stituted by said rough block elements.

[0020] In a state in which rough block pieces of the
plurality of block pieces are joined together, the wall sur-
faces of a partly circular shape of the pump chambers
can be highly precisely machined at one time.

[0021] Preferably, the method further comprises the
step of forming positioning grooves in the block ele-
ments in which partition walls dividing the inner space
in the cylinder block into said pump chambers are to be
fitted, prior to or after the step of grinding the inner cir-
cumferential surfaces.

[0022] Preferably, the method further comprises the
step of press fitting wall elements constituting said par-
tition walls in the positioning grooves in said block ele-
ments, after the step of grinding the inner circumferential
surfaces and after the step of forming said positioning
grooves.

[0023] The rotors are incorporated in the assembly of
the block pieces and the wall pieces after the wall pieces
have been press fitted into the positioning grooves of
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the block pieces. The working procedure according to
which the rotors are incorporated in the assembly of the
block pieces and the wall pieces after the wall pieces
have been forcibly introduced into the positioning
grooves of the block pieces, helps enhance the opera-
tion efficiency for assembling the rotor housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The present invention will become more ap-
parent from the following description of the preferred
embodiments, with reference to the accompanying
drawings, in which:

Fig. 1 is a cross-sectional plan view illustrating a
multi-stage Roots pump according to the first em-
bodiment of the present invention;

Fig. 2 is a cross-sectional view of the pump of Fig.
1, taken along the line II-Il in Fig. 1;

Fig. 3A is a cross-sectional view of the pump of Fig.
1, taken along the line lIIA-IlIA in Fig. 1;

Fig. 3B is a cross-sectional view of the pump of Fig.
1, taken along the line IIIB-1IIB in Fig. 1;

Fig. 4 is a cross-sectional view of the pump of Fig.
1, taken along the line IV-1V in Fig. 1;

Fig. 5 is a cross-sectional view of the pump of Fig.
1, taken along the line V-V in Fig. 1;

Fig. 6 is a perspective view of a pair of rough block
pieces joined together;

Fig. 7 is a perspective view of the block piece and
the wall piece before the wall piece is fitted in the
block piece;

Fig. 8 is a perspective view of another block piece
and the corresponding wall piece before the wall
piece is fitted in the block piece;

Fig. 9 is a perspective view of the block pieces and
the wall pieces after the wall pieces are fitted in the
block pieces;

Fig. 10 is a perspective view of the block pieces and
the wall pieces according to the second embodi-
ment after the wall pieces are fitted in the block piec-
es;

Fig. 11 is a vertical cross-sectional view of the pump
according to the third embodiment; and

Fig. 12 is another vertical cross-sectional view of
the pump of Fig. 11.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] Embodiments of the present invention will now
be described with reference to Figs. 1 to 9.

[0026] Referring to Fig. 1, a multi-stage Roots pump
10 has a rotor housing 12, a front housing 13 joined to
the front end of the rotor housing 12 via a compartment
plate 14, and a rear housing 15 joined to the rear end of
the rotor housing 12 via a compartment plate 16. The
rotor housing 12 comprises a cylinder block 11 and a
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plurality of partitioning walls 33, 34, 35 and 36. Referring
to Fig. 4, the cylinder block 11 comprises a pair of block
pieces 17 and 18, and each of partitioning walls 33, 34,
35 and 36 comprises a pair of wall pieces 37 and 38.
Inner space in the cylinder block 11 is divided such that
a first pump chamber 39 is formed between the com-
partment plate 14 and the partitioning wall 33, a second
pump chamber 40 is formed between the partitioning
walls 33 and 34, a third pump chamber 41 is formed be-
tween the partitioning walls 34 and 35 and a fourth pump
chamber 42 is formed between the partitioning walls 35
and 36. A fifth pump chamber 43 is formed between the
partitioning wall 36 and the compartment plate 16.
[0027] A pair of rotary shafts 19 and 20 are rotatably
supported by the front housing 13 and the rear housing
15 via bearings 21 and 22. The two rotary shafts 19 and
20 are arranged in parallel with each other. The rotary
shaft 19 is inserted in an insertion holes 49 formed by
hole-forming walls 376 and 386 of the wall pieces 37
and 38, and the rotary shaft 20 is inserted in insertion
holes 50 formed by hole-forming walls 377 and 387 of
the wall pieces 37 and 38.

[0028] A plurality of rotors 23, 24, 25, 26 and 27 are
integrally formed on the rotary shaft 19, and the same
number of rotors 28, 29, 30, 31 and 32 are integrally
formed on the rotary shaft 20. The rotors 23 to 32 have
the same shape and the same size, as viewed in the
direction of axes 191 and 201 of the rotary shafts 19,
20. The rotors 23, 24, 25, 26 and 27 have thicknesses
decreasing in this order, and the rotors 28, 29, 30, 31
and 32 have thicknesses decreasing in this order. The
rotors 23 and 28 have the same thickness, the rotors 24
and 29 have the same thickness, the rotors 25 and 30
have the same thickness, and the rotors 26 and 31 have
the same thickness. The rotors 27 and 32 have the same
thickness. The rotors 23 and 28 are accommodated in
the first pump chamber 39 in mesh with each other, and
the rotors 24 and 29 are accommodated in the second
pump chamber 40 in mesh with each other. The rotors
25 and 30 are accommodated in the third pump cham-
ber 41 in mesh with each other, and the rotors 26 and
31 are accommodated in the fourth pump chamber 42
in mesh with each other. The rotors 27 and 32 are ac-
commodated in the fifth pump chamber 43 in mesh with
each other.

[0029] Adrive unit44 is incorporated in the rear hous-
ing 15. The rotary shafts 19 and 20 protrude into the
drive unit 44 penetrating through the rear housing 15.
Gears 45 and 46 are fixed to the protruded ends of the
rotary shafts 19 and 20 in mesh with each other. The
rotary shaft 19 is rotated by a motor (not shown) in the
drive unit 44 in the direction of an arrow R1 in Figs. 2 to
5. The rotation of the rotary shaft 19 is transmitted to the
rotary shaft 20 through the gears 45 and 46, and the
rotary shaft 20 is rotated in the direction opposite to the
rotary shaft 19 as indicated by an arrow R2 in Figs. 2 to
5.

[0030] Referring to Figs. 1 and 7, a passage 371 is
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formed in the wall piece 37, and an inlet 373 of the pas-
sage 371 is formed in the end surface 372 of the wall
piece 37. Pair of partly circular circumferential surfaces
174 and 175 are formed in the inner surface of the block
piece 17. A plurality of positioning grooves 172 are
formed in parallel in the inner surface of the block piece
17, and the wall pieces 37 are press-fitted in the posi-
tioning grooves 172. Referring to Figs. 2 and 8, a pas-
sage 381 is formed in the wall piece 38, and an outlet
383 of the passage 381 is formed in the end surface 382
of the wall piece 38. Pair of partly circular circumferential
surfaces 184 and 185 are formed in the inner surface of
the block piece 18. A plurality of positioning grooves 182
are formed in parallel in the inner surface of the block
piece 18, and the wall pieces 38 are press-fitted in the
positioning grooves 182. The rotors 23 to 27 rotate with
a very small clearance relative to the circular circumfer-
ential surfaces 174 and 184, and the rotors 28 to 32 ro-
tate with a very small clearance relative to the circular
circumferential surfaces 175 and 185.

[0031] Referring to Figs. 2 to 5, the block pieces 17
and 18 have the same shape, and have the circular cir-
cumferential wall surfaces 174, 175, 184 and 185 of the
same shape. The parting surfaces 171 and 181 of the
block pieces 17 and 18 are joined in a plane S1, and the
parting surfaces 374 and 384 of the wall pieces 37 and
38 are joined in the plane S1. The passages 371 and
381 of the wall pieces 37 and 38 joined to each other,
are continuous to one another.

[0032] Referring to Figs. 2 and 8, a fluid introduction
port 183 is formed in the block piece 18 in communica-
tion with the first pump chamber 39. Referring to Figs.
5 and 7, a fluid exhaust port 173 is formed in the block
piece 17 in communication with the fifth pump chamber
43. The fluid introduced into the first pump chamber 39
through the fluid introduction port 183 is delivered under
pressure into the second pump chamber 40 due to the
rotation of the rotors 23 and 28, passing through the inlet
373 of the partitioning wall 33, passages 371 and 381,
and the outlet 383. The fluid introduced into the second
pump chamber 40 is delivered under pressure to the
third pump chamber 41 due to the rotation of the rotors
24 and 29, passing through the inlet 373 of the partition-
ing wall 34, passages 371 and 381 and the outlet 383.
Similarly, the fluid delivered under pressure from the
third pump chamber 41 to the fourth pump chamber 42,
and from the fourth pump chamber 42 to the fifth pump
chamber 43, i.e., pumped in order of decreasing vol-
umes of the pump chambers through the passages 371,
381 in the partitioning walls 35 and 36. The fluid pumped
into the fifth pump chamber 43 is discharged to the ex-
ternal side through the fluid discharge port 173.

[0033] The rotor housing 12 is produced in the man-
ner as described below. First, rough block pieces 47 and
48 shown in Fig. 6, that are bases of the block pieces
17 and 18, are molded. In the inner surfaces of the rough
block pieces 47 and 48 have been formed, in advance,
rough, circular circumferential surfaces 471, 472, 481
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and 482 and rough positioning grooves 374 and 483.
The molded rough block pieces 47 and 48 are provision-
ally joined, as indicted by solid lines in Fig. 6. In this state
of being joined together, the rough, circular circumfer-
ential surfaces 471, 472, 481 and 482 and the rough
positioning grooves 473 and 483 are finished by grind-
ing. Upon executing the finishing, the circular circumfer-
ential surfaces 174, 175, 184 and 185 and the position-
ing grooves 172 and 182 are formed, as shown in Figs.
7 and 8.

[0034] Next, the wall pieces 37 and 38, which are
formed separately from the block pieces 17 and 18, are
press fitted into the positioning grooves 172 and 182,
after the provisional joining is released, as shown in Fig.
9. The wall pieces 37 are incorporated in the block piec-
es 17 and the wall pieces 38 are incorporated in the
block piece 18. Thereatfter, the parting surfaces 171 and
181 of the block pieces 17 and 18 as well as the parting
surfaces 374 and 384 of the wall pieces 37 and 38 are
finished by grinding. The fluid introduction port 183 and
the fluid discharge port 173 are formed thereafter.
[0035] The first embodiment exhibits the following ef-
fects.

(1-1) A strictly precise clearance must be ensured
between the circular circumferential surfaces 174
and 184 of the cylinder block 11 and the rotors 23
to 37 that rotate, and between the circular circum-
ferential surfaces 175 and 185 and the rotors 28 to
32 that rotate. In the step of finishing the circular
circumferential surfaces 174 and 184 and the circu-
lar circumferential surfaces 175 and 185 by machin-
ing the rough circumferential surfaces 471 and 481
and the rough circumferential surfaces 472 and 482
in the state where the pair of rough block pieces 47
and 48 are joined together, the circular circumfer-
ential surfaces 174 and 184 are continuously fin-
ished, and the circular circumferential wall surfaces
175 and 185 are continuously finished. Further, the
thickness of the rough block pieces 47 and 48 in the
state of being joined and held together is made uni-
form, and the distortion during the grinding is made
uniform in any circumferential direction of the inner
peripheral walls. Therefore, the circular circumfer-
ential surfaces 174 and 184 and the circular circum-
ferential surfaces 175 and 185 maintain the shape
of a high precision, and a very small clearance is
maintained with a high precision at any portion in
the circumferential direction of the circular circum-
ferential surfaces 174 and 184 and of the circular
circumferential surfaces 175 and 185.

(1-2) A strictly precise clearance must be ensured
between the rotors 23 to 32 and the partitioning
walls 33 to 37. For this purpose, the end surfaces
of the partitioning walls 33 to 37 opposed to the end
surfaces of the rotors 23 to 32 must have a high
degree of flatness and a high degree of parallelism.
It is easy to enhance the degree of flatness and the
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degree of parallelism of the end surfaces 372, 375,
382 and 385 of the wall pieces 37 and 38 constitut-
ing the partitioning walls 33 and 34 separate from
the block pieces 17 and 18, and flatness and paral-
lelism of high degrees are maintained on the end
surfaces of the partitioning walls 33 to 37.

(1-3) The circular circumferential surfaces 174, 184,
175 and 185 of the pump chambers 39 to 43 are
machined at one time. Therefore, the circular cir-
cumferential surfaces of the pump chambers 39 to
43 are machined requiring a decreased number of
steps and a shortened period of time. This makes
it possible to decrease the cost of the multi-stage
Roots pump 10.

(1-4) The cylinder block 11 has a two-part constitu-
tion comprising a pair of block pieces 17 and 18
joined in the plane S1. The cylinder block 11 having
the two-part constitution is the simplest from the
standpoint of producing the cylinder block 11 having
a plurality of pump chambers 39 to 43.

(1-5) The pumping efficiency in the pumping cham-
bers 39 to 43 increase with an increase in the an-
gular range 081 of the circular circumferential surfac-
es 174 and 184 having the axis 191 of the rotatable
shaft 19 as a center and with an increase in the an-
gular range 02 of the circular circumferential surfac-
es 175 and 185 having the axis 201 of the rotatable
shaft 20 as a center. The rotors 23 to 32 are incor-
porated in the pump chambers 39 to 43 after the
block pieces 17 and 18 and the wall pieces 37 and
38 are assembled as shown in Fig. 9. The constitu-
tion in which the parting surfaces 171 and 181 of
the block pieces 17 and 18 are joined in the plane
S1 facilitates the incorporation of the rotors 23 and
32 in the pump chambers 39 to 43, and makes it
possible to maximize the degree of freedom for set-
ting the shapes of the pump chambers 39 to 43. This
large degree of freedom for setting the shapes of
the pump chambers 39 to 43 makes it possible to
set the shapes of the pump chambers 39 to 43 hav-
ing increased angular ranges 61 and 62. Therefore,
the constitution in which the parting surfaces 171
and 181 of the block pieces 17 and 18 are joined in
the plane S1 facilitates the setting of shapes of the
pump chambers 39 to 43 for accomplishing a high
pumping efficiency.

(1-6) A straight line L is located at a middle position
equidistant from the axes 191 and 201 in the plane
S1 that passes through the axes 191 and 201 of the
parallel rotatable shafts 19 and 20, and is in parallel
with the axes 191 and 201. The shapes of the pair
of block pieces 17 and 18 are symmetrical relative
to the straight line L except the fluid discharge port
173 and the fluid introduction port 183, i.e., symmet-
rical as they are turned by 180° with the straight line
L as a center. The rough block pieces 47 and 48
which are the bases of the block pieces 17 and 18
of the main shape except the fluid discharge port
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173 and the fluid introduction port 183, can be mold-
ed by using the same metal mold. Therefore, the
symmetry in the main shape of the block pieces 17
and 18 enhances the efficiency for producing the
block pieces.

(1-7) The partitioning walls 33 to 37 have the two-
part constitution comprising a pair of wall pieces 37
and 38 joined in the plane S1. The partitioning walls
33 to 37 of the two-part constitution is the simplest
from the standpoint of producing the rotor housing
12 having a plurality of pump chambers 39 to 43.
(1-8) The constitution in which the parting surfaces
374 and 384 of the wall pieces 37 and 38 are joined
in the plane S1, facilitates the incorporation of the
rotatable shafts 191 and 201 in the insertion holes
49 and 50.

(1-9) The pair of wall pieces 37 and 38 have the
same shape, and are symmetrical relative to the
straight line L except the passages 371 and 381, i.
e., symmetrical as they are turned by 180° with the
straight line L as a center. The wall pieces 37 and
38 having such a shape can be molded by using the
same metal mold maintaining an enhanced efficien-
cy.

(1-10) The positioning grooves 172 and 182 formed
in the inner peripheral surfaces of the block pieces
17 and 18, form annular grooves circulating one
turn along the inner peripheral wall surface of the
cylinder block 11. It is easy to increase the degree
of parallelism of the plurality of positioning grooves
172 and 182 and, hence, the annular grooves com-
prising the positioning grooves 172 and 182 feature
a high degree of parallelism. The constitution in
which the wall pieces 37 and 38 are fitted into the
plurality of highly parallel positioning grooves 172
and 182, helps increase the degree of parallelism
between the end surfaces 382, 382 and the end sur-
faces 375, 385 that serve as wall surfaces for form-
ing a pump chamber. It therefore becomes possible
to maintain a very small clearance with high preci-
sion between the rotors 23 to 32 and the end sur-
faces 372, 382, 375 and 385 of the wall pieces 37
and 38 serving as wall surfaces for forming the
pump chambers 39 to 43. (1-11) The constitution in
which the wall pieces 37 and 38 constituting the par-
titioning walls 33 to 36 are press fitted into the po-
sitioning grooves 172 and 182, is best suited for fa-
cilitating the assembling of the block pieces 17, 18
constituting the cylinder block 11 together with the
wall pieces 37 and 38 constituting the partitioning
walls 33 to 36.

(1-12) The rotors 23 to 32 are most efficiently incor-
porated in the cylinder block 11 while joining the as-
sembly of the block piece 17 and the wall pieces 37
to the assembly of the block piece 18 and the wall
pieces 38. The operation for assembling the rotor
housing 12 is improved owing to the assembly of
the block piece 17 and the wall pieces 37 after the
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wall pieces 37 and 38 have been forcibly introduced
into the positioning grooves 172, 182 of the block
pieces 17 and 18, and owing to the procedure for
incorporating the rotors 23 to 32 in the assembly of
the block piece 18 and the wall pieces 38.

[0036] The second embodiment of the present inven-
tion will now be described with reference to Fig. 10. The
same constituent portions as those of the first embodi-
ment are denoted by the same reference numerals.
[0037] Inthis embodiment, pins 51 are press fitted into
the boundaries between the parting surfaces 171 and
181 of the block pieces 17, 18 and the parting surfaces
374 and 384 of the wall pieces 37 and 38 fitted in the
positioning grooves 172, 182. The wall pieces 37 and
38 fitted in the positioning grooves 172 and 282 are se-
cured to the positioning grooves 172 and 182 as the pins
51 are press fitted therein. The wall pieces 37 and 38
are easily secured to the block pieces 17 and 18 by for-
cibly introducing the pins 51.

[0038] Next, the third embodiment of the present in-
vention will be described with reference to Figs. 11 and
12. The same constituent portions as those of the first
embodiment are denoted by the same reference numer-
als.

[0039] In this embodiment, the cylinder block 53 form-
ing the rotor housing 52 is constituted by a pair of block
pieces 54 and 55 that are joined in a second plane S2
that intersects the first plane S1 atright angles and pass-
es through the straight line L. The wall pieces 37 and 38
constitute partitioning walls as the recessed portions
378 and 389 thereof and the protruded portions 388 and
379 thereof are press fitted to each other. The wall piec-
es 37 and 38 are fitted to the positioning grooves 541
and 551 in a state where the wall pieces 37 and 38 are
coupled together permitting the rotary shafts 19 and 20
to pass through.

[0040] This embodiment too, exhibits the same ef-
fects as those mentioned in (1-1) to (1-4), (1-6), (1-7)
and (1-9) to (1-11) of the first embodiment.

[0041] The following embodiments can also be real-
ized according to the present invention.

(1) The cylinder block is constituted by joining three
or more block pieces about the axes of the rotatable
shafts.

(2) In the first embodiment, the circular circumfer-
ential surfaces 471, 481, 472 and 482 of the rough
blocks 47 and 48 without positioning grooves 473
and 483, are ground to finish the circular circumfer-
ential surfaces 174 and 184 and, then, the position-
ing grooves 172 and 182 are formed by grinding.
(3) Insertion holes 49 and 50 for inserting the rotat-
able shafts 19 and 20 are formed after the rotor
housing 12 has been assembled.

(4) In the second embodiment, the wall pieces 37
and 38 are secured to the block pieces 17 and 18
without forming the positioning grooves 172 and
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182 but using the pins 51 only.

(5) The invention is applied to a multi-stage Roots
pump having rotors mounted on three or more ro-
tary shafts.

[0042] According to the present invention as de-
scribed above in detail, the cylinder block forming the
circumferential surfaces of the pump chambers is
formed separately from a plurality of partitioning walls
that sectionalize the neighboring pump chambers, the
cylinder block being constituted by joining a plurality of
block pieces in a direction to surround the axes of the
rotatable shafts, and the rotor housing being constituted
by combining the plurality of block pieces and the plu-
rality of partitioning walls together. Therefore, the wall
surfaces of the pump chambers of the multi-stage Roots
pump are formed highly precisely, and the rotor housing
is produced in a decreased period of time.

Claims
1. A multi-stage Roots pump comprising:

a rotor housing having a plurality of axially
spaced pump chambers formed therein;

a plurality of shafts parallely and rotatably ar-
ranged in said rotor housing, said shafts having
respective axes;

a plurality of sets of rotors arranged on said
shafts, each set of rotors being arranged on ad-
jacent shafts in mesh with each other and ac-
commodated in each of said pump chambers;
and

said rotor housing comprising a cylinder block
including a plurality of block elements parted
along at least one plane extending parallel to
the axes of said shafts and joined together so
as to form inner circumferential surfaces of said
pump chambers, and a plurality of partition
walls formed separately from and coupled to
said cylinder block to divide said cylinder block
into said pump chambers, whereby said block
elements and said partition walls form in com-
bination said rotor housing.

2. A multi-stage Roots pump according to claim 1,
wherein said axes of said shafts lie in a first plane,
and said cylinder block comprises a pair of block
elements having parting surfaces joined together in
a second plane passing through a line located at a
middle position between said axes of said shafts
and lying in said first plane.

3. A multi-stage Roots pump according to claim 2,
wherein said second plane coincides with said first
plane.
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4. A multi-stage Roots pump according to claim 2,
wherein said second plane is perpendicular to said
first plane.

5. A multi-stage Roots pump according to claim 1,
wherein said cylinder block comprises a pair of
block elements having inner circumferential surfac-
es identical to each other.

6. A multi-stage Roots pump according to claim 5,
wherein each of said partition walls comprises a pair
of wall elements having parting surfaces joined to-
gether in said second plane passing through said
line.

7. A multi-stage Roots pump according to claim 1,
wherein each of said block elements has an inner
surface, said inner surface having parallel position-
ing grooves in which said partition walls are fitted.

8. A multi-stage Roots pump according to claim 1,
wherein said partition walls are press fitted in said
positioning grooves.

9. A method of producing a rotor housing of a multi-
stage Roots pump which includes said rotor hous-
ing having a plurality of axially spaced pump cham-
bers formed therein, a plurality of shafts parallely
and rotatably arranged in said rotor housing, said
shafts having respective axes, and a plurality of sets
of rotors arranged on said shafts, each set of rotors
being arranged on adjacent shafts in mesh with
each other and accommodated in each of said
pump chambers, said method comprising the steps
of:

preparing rough block elements constituting a
plurality of block elements for forming a cylinder
block having an inner surface forming inner cir-
cumferential surfaces of said pump chambers;
provisionally joining said rough block elements
together;

grinding the inner circumferential surfaces of
said rough block elements while maintaining
said provisional joining;

releasing said provisional joining; and

joining together said block elements constitut-
ed by said rough block elements.

10. A method of producing a rotor housing of a multi-
stage Roots pump according to claim 9, further
comprising the step of forming positioning grooves
in the block elements in which partition walls divid-
ing the inner space in the cylinder block into said
pump chambers are to be fitted, prior to or after the
step of grinding the inner circumferential surfaces.

11. A method of producing a rotor housing of a multi-
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stage Roots pump according to claim 10, further
comprising the step of press fitting wall elements
constituting said partition walls in the positioning
grooves in said block elements, after the step of
grinding the inner circumferential surfaces and after
the step of forming said positioning grooves.
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