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Description 
Title of Invention: SOLID-LIQUID SEPARATION DEVICE 

Technical Field of Invention 
[0001] The present invention relates to a solid-liquid separation device/separator which 

includes a plurality of fixed members, a plurality of movable members that are 

disposed between the adjacent fixed members, and at least one screw extending 

through the fixed members and the movable members in a state where the screw is not 

in contact with the fixed members and the movable members, with this screw being ro-

tationally driven about a center axis line thereof while an object to be treated that has 

penetrated into a solid-liquid separation portion demarcated by the fixed members and 

the movable members bring caused to move toward an outlet of the solid-liquid 

separation portion by rotation of the screw, and a filtrate separated from the object to 

be treated being discharged to the outside of the solid-liquid separation portion through 

filtrate discharge gaps between the fixed members and the movable members, and then 

the object to be treated that has a reduced water content ratio being discharged from 

the outlet to the outside of the solid-liquid separation portion. 

Background Art 

[0002] A solid-liquid separator of the above-described system in which a screw does not 

come into contact with movable members and fixed members (solid-liquid separator of 

a contactless system) is well known as one of solid-liquid separators suitable for 

separating a liquid from an object to be treated, for example, organic sludge such as 

soybean wastes, wastewater from food processing, sewage drainage, and wastewater 

discharged from hog farms, sludge obtained by decomposition of the aforementioned 

organic sludge with microorganisms, inorganic sludge such as waste liquid from 

plating, ink waste liquid, pigment waste liquid, and paint waste liquid, and also 

vegetable wastes, fruit peelings, food residues, and tofu refuse. 

[0003] JP-S59-218298-A discloses a screw-press dewatering apparatus in which a plurality 

of sliding plates disposed between fixed plates are integrally connected to each other, 

and a screw passes through holes in the fixed plates and the sliding plates. 

[0004] W000/32292 Al (page 5) describes a configuration in which a screw passes through 

an inner circumferential contour of a filtration tube in which fixed plates and movable 

plates are arranged alternately with mutual superposition, opening edges of the fixed 

plates form the inner circumferential contour, and the movable plates oscillate in a 

range in which the opening edges do not penetrate into the inner circumferential 

contour in the fixed plates. 

[0005] JP-2000-135595-A discloses a screw press device in which a screw passes inside a 

cylindrical space defined by the inner circumferential surface of a filtration tube having 
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Description 
Title of Invention: SOLID-LIQUID SEPARATION DEVICE 

Technical Field of Invention 
[0001] The present invention relates to a solid-liquid separation device/separator which 

includes a plurality of fixed members, a plurality of movable members that are 
disposed between the adjacent fixed members, and at least one screw extending 
through the fixed members and the movable members in a state where the screw is not 
in contact with the fixed members and the movable members, with this screw being ro-
tationally driven about a center axis line thereof while an object to be treated that has 
penetrated into a solid-liquid separation portion demarcated by the fixed members and 
the movable members bring caused to move toward an outlet of the solid-liquid 
separation portion by rotation of the screw, and a filtrate separated from the object to 
be treated being discharged to the outside of the solid-liquid separation portion through 
filtrate discharge gaps between the fixed members and the movable members, and then 
the object to be treated that has a reduced water content ratio being discharged from 
the outlet to the outside of the solid-liquid separation portion. 

Background Art 
[0002] A solid-liquid separator of the above-described system in which a screw does not 

come into contact with movable members and fixed members (solid-liquid separator of 
a contactless system) is well known as one of solid-liquid separators suitable for 
separating a liquid from an object to be treated, for example, organic sludge such as 
soybean wastes, wastewater from food processing, sewage drainage, and wastewater 
discharged from hog farms, sludge obtained by decomposition of the aforementioned 
organic sludge with microorganisms, inorganic sludge such as waste liquid from 
plating, ink waste liquid, pigment waste liquid, and paint waste liquid, and also 
vegetable wastes, fruit peelings, food residues, and tofu refuse. 

[0003] JP-S59-218298-A discloses a screw-press dewatering apparatus in which a plurality 
of sliding plates disposed between fixed plates are integrally connected to each other, 
and a screw passes through holes in the fixed plates and the sliding plates. 

[0004] WOOO/32292 A1 (page 5) describes a configuration in which a screw passes through 
an inner circumferential contour of a filtration tube in which fixed plates and movable 
plates are arranged alternately with mutual superposition, opening edges of the fixed 
plates form the inner circumferential contour, and the movable plates oscillate in a 
range in which the opening edges do not penetrate into the inner circumferential 
contour in the fixed plates. 

[0005] JP-2000-135595-A discloses a screw press device in which a screw passes inside a 
cylindrical space defined by the inner circumferential surface of a filtration tube having 
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a large number of annular fixed plates arranged successively with gaps therebetween 

and a large number of annular movable plates arranged in corresponding gaps. 

[0006] Other examples of patent documents disclosing solid-liquid separators of a con-

tactless system include JP-2005-230852-A, JP-4036383-B2, and JP-4374396-B1. 

[0007] In the solid-liquid separator of a contactless system, movable members perform a 

movement such as a circular movement, a reciprocating linear movement, or a recip-

rocating inclined movement with respect to fixed members. Therefore, solids can be 

prevented from clogging the filtrate discharge gaps between the fixed members and the 

movable members. Moreover as the movable members are not in contact with the 

screw, the movable members can be prevented from being rapidly worn out. However, 

a problem associated with the solid-liquid separator of a contactless system is that the 

efficiency of liquid removal from the object to be treated is low and the object to be 

treated cannot be subjected to liquid removal treatment with good efficiency. A reason 

therefor has been unclear for a long time. The inventors have conducted com-

prehensive tests to clarify the reason for the aforementioned problem and clarified the 

following facts. 

[0008] In the solid-liquid separator of a contactless system, where the movable members 

moving with respect to the fixed members interfere with the screw blade, the movable 

members are rapidly worn out or the movable members can be damaged by such in-

terference. Therefore, a configuration has been used in which the movable members 

move outside the outer circumferential edge of the screw blades at all times, thereby 

preventing the movable members from coming into contact with the screw. For 

example, JP-S59-218298-A describes the configuration in which the sliding plates 

perform a circular movement such that holes at both sides come into point contact. As 

has been mentioned hereinabove, W000/32292 Al (page 5) describes the con-

figuration in which the movable plates oscillate within a range in which the opening 

edges do not penetrate into the interior of the inner circumferential contour of the fixed 

plates. JP-2000-135595-A also describes the configuration in which the dimensions are 

set such that the opening edges of movable plates cannot narrow the inner circum-

ferential surface of the tubular space determined by a row of openings of the fixed 

plates when the movable plates oscillate. Where the movable members thus oscillate 

outside the outer circumferential edge of the screw blade, the movable members do not 

come into contact with the screw and therefore the movable members are prevented 

from being rapidly worn out. Therefore, such an approach has been a common 

technical knowledge. However, a large number of tests conducted by the inventors 

demonstrated that when a solid-liquid separator of a contactless system is configured 

on the basis of such common technical knowledge, the squeezing action that should be 

applied by the movable members to the object to be treated that is conveyed by the 
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a large number of annular fixed plates arranged successively with gaps therebetween 
and a large number of annular movable plates arranged in corresponding gaps. 

[0006] Other examples of patent documents disclosing solid-liquid separators of a con-
tactless system include JP-2005-230852-A, JP-4036383-B2, and JP-4374396-B1. 

[0007] In the solid-liquid separator of a contactless system, movable members perform a 
movement such as a circular movement, a reciprocating linear movement, or a recip­
rocating inclined movement with respect to fixed members. Therefore, solids can be 
prevented from clogging the filtrate discharge gaps between the fixed members and the 
movable members. Moreover as the movable members are not in contact with the 
screw, the movable members can be prevented from being rapidly worn out. However, 
a problem associated with the solid-liquid separator of a contactless system is that the 
efficiency of liquid removal from the object to be treated is low and the object to be 
treated cannot be subjected to liquid removal treatment with good efficiency. A reason 
therefor has been unclear for a long time. The inventors have conducted com­
prehensive tests to clarify the reason for the aforementioned problem and clarified the 
following facts. 

[0008] In the solid-liquid separator of a contactless system, where the movable members 
moving with respect to the fixed members interfere with the screw blade, the movable 
members are rapidly worn out or the movable members can be damaged by such in­
terference. Therefore, a configuration has been used in which the movable members 
move outside the outer circumferential edge of the screw blades at all times, thereby 
preventing the movable members from coming into contact with the screw. For 
example, JP-S59-218298-A describes the configuration in which the sliding plates 
perform a circular movement such that holes at both sides come into point contact. As 
has been mentioned hereinabove, WOOO/32292 A1 (page 5) describes the con­
figuration in which the movable plates oscillate within a range in which the opening 
edges do not penetrate into the interior of the inner circumferential contour of the fixed 
plates. JP-2000-135595-A also describes the configuration in which the dimensions are 
set such that the opening edges of movable plates cannot narrow the inner circum­
ferential surface of the tubular space determined by a row of openings of the fixed 
plates when the movable plates oscillate. Where the movable members thus oscillate 
outside the outer circumferential edge of the screw blade, the movable members do not 
come into contact with the screw and therefore the movable members are prevented 
from being rapidly worn out. Therefore, such an approach has been a common 
technical knowledge. However, a large number of tests conducted by the inventors 
demonstrated that when a solid-liquid separator of a contactless system is configured 
on the basis of such common technical knowledge, the squeezing action that should be 
applied by the movable members to the object to be treated that is conveyed by the 



3 

WO 2012/101980 
	

PCT/JP2012/000237 

rotating screw is insufficient. As a result the efficiency of liquid removal from the 

object to be treated decreases and the object to be treated cannot be subjected to liquid 

removal treatment with good efficiency. 

Disclosure of Invention 
[0009] Problem to be solved by Invention 

The present invention is based on the above-described new information and it is an 

object thereof to provide a solid-liquid separator of a contactless system in which 

movable members can be prevented from being rapidly worn out and the efficiency of 

liquid removal from the object to be treated can be greatly increased. 

Means for solving Problem 

[0010] The present invention provides a solid-liquid separator of a contactless system that 

has been described hereinabove in which at least some of the movable members are 

formed to move, while penetrating closer to the center axis line of the screw than an 

outer circumferential edge of the screw blade, without coming into contact with the 

screw. 

Effect/Function of Invention 

[0011] In accordance with the present invention the movable members do not come into 

contact with the screw and therefore the movable members can be prevented from 

being rapidly worn out. Furthermore, since at least part of the movable members move, 

while penetrating closer to the center axis line of the screw than the outer circum-

ferential edge of the screw blade, these movable members that move, while penetrating 

closer to the center axis line of the screw, apply a large shear force as they penetrate so 

as to cut into the object to be treated that is conveyed by the rotating screw. As a con-

sequence, the efficiency of liquid removal from the object to be treated is increased 

and the object to be treated can be subjected to liquid removal treatment with good ef-

ficiency. 

Brief Description of Drawings 
[0012] [fig.1]FIG. 1 is a front view, with a partial cross section, of a solid-liquid separator; the 

depiction of some members is herein omitted to facilitate the understanding of the 

figure and only end portions of the connecting rods, in the longitudinal direction 

thereof, are shown; 

[fig.2]FIG. 2 is a plan view of the solid-liquid separator; in this figure, the depiction of 

the fixed members, movable members, filtrate receiving members that receive the 

filtrate, stay bolts, and nuts screwed on the stay bolts is omitted; 

[fig.3]FIG. 3 is a perspective view illustrating part of the solid-liquid separator; 

[fig.4]FIG. 4 is a perspective view illustrating two adjacent fixed members, a movable 

member disposed between these two fixed members, and some members relating 
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rotating screw is insufficient. As a result the efficiency of liquid removal from the 
object to be treated decreases and the object to be treated cannot be subjected to liquid 
removal treatment with good efficiency. 
Disclosure of Invention 

[0009] Problem to be solved by Invention 
The present invention is based on the above-described new information and it is an 

object thereof to provide a solid-liquid separator of a contactless system in which 
movable members can be prevented from being rapidly worn out and the efficiency of 
liquid removal from the object to be treated can be greatly increased. 

Means for solving Problem 
[0010] The present invention provides a solid-liquid separator of a contactless system that 

has been described hereinabove in which at least some of the movable members are 
formed to move, while penetrating closer to the center axis line of the screw than an 
outer circumferential edge of the screw blade, without coming into contact with the 
screw. 

Effect/Function of Invention 
[0011] In accordance with the present invention the movable members do not come into 

contact with the screw and therefore the movable members can be prevented from 
being rapidly worn out. Furthermore, since at least part of the movable members move, 
while penetrating closer to the center axis line of the screw than the outer circum­
ferential edge of the screw blade, these movable members that move, while penetrating 
closer to the center axis line of the screw, apply a large shear force as they penetrate so 
as to cut into the object to be treated that is conveyed by the rotating screw. As a con­
sequence, the efficiency of liquid removal from the object to be treated is increased 
and the object to be treated can be subjected to liquid removal treatment with good ef­
ficiency. 

Brief Description of Drawings 
[0012] [fig. 1] FIG. 1 is a front view, with a partial cross section, of a solid-liquid separator; the 

depiction of some members is herein omitted to facilitate the understanding of the 
figure and only end portions of the connecting rods, in the longitudinal direction 
thereof, are shown; 
[fig.2]FIG. 2 is a plan view of the solid-liquid separator; in this figure, the depiction of 
the fixed members, movable members, filtrate receiving members that receive the 
filtrate, stay bolts, and nuts screwed on the stay bolts is omitted; 
[fig.3]FIG. 3 is a perspective view illustrating part of the solid-liquid separator; 
[fig.4]FIG. 4 is a perspective view illustrating two adjacent fixed members, a movable 
member disposed between these two fixed members, and some members relating 
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thereto; 

[fig.5]FIG. 5 is an enlarged vertical sectional view illustrating fixed members, movable 

members, and part of the screw extending therethrough; 

[fig.6]FIG. 6 is an enlarged cross-sectional view taken along the I-I line in FIG. 3; 

[fig.7]FIG. 7 is a cross-sectional view taken along the II-II line in FIG. 6; 

[fig.8]FIG. 8 is a cross-sectional view clarifying the circular movement of the movable 

member; 

[fig.9]FIG. 9 is a cross-sectional view clarifying the circular movement of the movable 

member; 

[fig.10]FIG. 10 is cross-sectional view for explaining the mutual arrangement of the 

screw and the movable members; this figure corresponds to a view obtained by cutting 

along the III-III line in FIG. 8A; 

[fig.11]FIG. 11 is an enlarged cross-sectional view in which the screw and movable 

members shown in FIG. 8A are taken out; 

[fig.12]FIG. 12 is a cross-sectional view which is similar to that of FIG. 8 and clarifies 

the operation of the movable member positioned in the region in which penetration is 

impossible; 

[fig.13]FIG. 13 is a cross-sectional view which is similar to that of FIG. 9 and clarifies 

the operation of the movable member positioned in the region in which penetration is 

impossible; 

[fig.14]FIG. 14 is a graph showing by way of example the relationship between the 

radius of the through hole of the movable member and the region in which penetration 

is possible; 

[fig.15]FIG. 15 is an explanatory cross-sectional view which is similar to that of FIG. 

10 and illustrates an example in which the region in which penetration is possible is 

narrower than that in FIG. 10; 

[fig.16]FIG. 16 is a cross-sectional view which is similar to that of FIG. 10 and 

explains how the movable member located in the region in which penetration is im-

possible cannot penetrate closer to the center axis line of the screw than the outer cir-

cumferential edge of the blade of the screw; 

[fig.17]FIG. 17 is an explanatory drawing illustrating how the movable member 

penetrates closer to the center axis line of the screw than the outer circumferential edge 

of the blade of the screw in the case where the center axis line of the through hole 

formed in the movable member does not coincide with the center axis line of the 

eccentric cam; 

[fig.18]FIG. 18 is an explanatory drawing illustrating how the movable member 

penetrates closer to the center axis line of the screw than the outer circumferential edge 

of the blade of the screw in the case where the center axis line of the through hole 
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thereto; 
[fig.5]FIG. 5 is an enlarged vertical sectional view illustrating fixed members, movable 
members, and part of the screw extending therethrough; 
[fig.6]FIG. 6 is an enlarged cross-sectional view taken along the I-I line in FIG. 3; 
[fig.7]FIG. 7 is a cross-sectional view taken along the II-II line in FIG. 6; 
[fig.8]FIG. 8 is a cross-sectional view clarifying the circular movement of the movable 
member; 
[fig.9]FIG. 9 is a cross-sectional view clarifying the circular movement of the movable 
member; 
[fig.lO]FIG. 10 is cross-sectional view for explaining the mutual arrangement of the 
screw and the movable members; this figure corresponds to a view obtained by cutting 
along the III-III line in FIG. 8A; 
[fig. 11]FIG. 11 is an enlarged cross-sectional view in which the screw and movable 
members shown in FIG. 8A are taken out; 
[fig.l2]FIG. 12 is a cross-sectional view which is similar to that of FIG. 8 and clarifies 
the operation of the movable member positioned in the region in which penetration is 
impossible; 
[fig.l3]FIG. 13 is a cross-sectional view which is similar to that of FIG. 9 and clarifies 
the operation of the movable member positioned in the region in which penetration is 
impossible; 
[fig. 14] FIG. 14 is a graph showing by way of example the relationship between the 
radius of the through hole of the movable member and the region in which penetration 
is possible; 
[fig.l5]FIG. 15 is an explanatory cross-sectional view which is similar to that of FIG. 
10 and illustrates an example in which the region in which penetration is possible is 
narrower than that in FIG. 10; 
[fig.l6]FIG. 16 is a cross-sectional view which is similar to that of FIG. 10 and 
explains how the movable member located in the region in which penetration is im­
possible cannot penetrate closer to the center axis line of the screw than the outer cir­
cumferential edge of the blade of the screw; 
[fig.l7]FIG. 17 is an explanatory drawing illustrating how the movable member 
penetrates closer to the center axis line of the screw than the outer circumferential edge 
of the blade of the screw in the case where the center axis line of the through hole 
formed in the movable member does not coincide with the center axis line of the 
eccentric cam; 
[fig.l8]FIG. 18 is an explanatory drawing illustrating how the movable member 
penetrates closer to the center axis line of the screw than the outer circumferential edge 
of the blade of the screw in the case where the center axis line of the through hole 
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formed in the movable member does not coincide with the center axis line of the 

eccentric cam; 

[fig.19]FIG. 19 is an explanatory drawing illustrating how the movable member cannot 

penetrate closer to the center axis line of the screw than the outer circumferential edge 

of the blade of the screw in the case where the center axis line of the through hole 

formed in the movable member does not coincide with the center axis line of the 

eccentric cam; 

[fig.20]FIG. 20 is an explanatory drawing illustrating how the movable member cannot 

penetrate closer to the center axis line of the screw than the outer circumferential edge 

of the blade of the screw in the case where the center axis line of the through hole 

formed in the movable member does not coincide with the center axis line of the 

eccentric cam; 

[fig.211FIG. 21 is an explanatory drawing illustrating the circular movement of the 

movable member with an oval through hole; 

[fig.22]FIG. 22 is an explanatory drawing illustrating through holes of movable 

members having quadrangular and triangular shapes; 

[fig.23]FIG. 23 is a cross-sectional view illustrating how a movable member having a 

protruding section formed in part of the circumferential edge of the movable member 

demarcating the through hole performs a circular movement; 

[fig.24]FIG. 24 is a cross-sectional view illustrating how a movable member having a 

protruding section formed in part of the circumferential edge of the movable member 

demarcating the through hole performs a circular movement; 

[fig.25]FIG. 25 illustrates a solid-liquid separator in which the center axis line of the 

through holes of some movable members does not coincide with the center axis line of 

the through holes of other movable members; 

[fig.26]FIG. 26 is a perspective view of a solid-liquid separator in which the con-

figuration shown in FIG. 21A is realized; 

[fig.27]FIG. 27 is a cross-sectional view corresponding to the cross section taken along 

the VI-VI line in FIG. 31; 

[fig.28]FIG. 28 is a cross-sectional view corresponding to the cross section taken along 

the VII-VII line in FIG. 31; 

[fig.291FIG. 29 is an enlarged cross-sectional view corresponding to the cross section 

taken along the VIII-VIII line in FIG. 26; 

[fig.30]FIG. 30 is an enlarged sectional view taken along the IX-IX line in FIG. 26; 

[fig.31]FIG. 31 is a cross-sectional view which is similar to that shown in FIG. 10 and 

illustrates the mutual arrangement of the movable members and the screw; 

[fig.321FIG. 32 is a cross-sectional view illustrating how the movable member 

performs a circular rotation; 
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formed in the movable member does not coincide with the center axis line of the 
eccentric cam; 
[fig. 19] FIG. 19 is an explanatory drawing illustrating how the movable member cannot 
penetrate closer to the center axis line of the screw than the outer circumferential edge 
of the blade of the screw in the case where the center axis line of the through hole 
formed in the movable member does not coincide with the center axis line of the 
eccentric cam; 
[fig.20]FIG. 20 is an explanatory drawing illustrating how the movable member cannot 
penetrate closer to the center axis line of the screw than the outer circumferential edge 
of the blade of the screw in the case where the center axis line of the through hole 
formed in the movable member does not coincide with the center axis line of the 
eccentric cam; 
[fig.21]FIG. 21 is an explanatory drawing illustrating the circular movement of the 
movable member with an oval through hole; 
[fig.22]FIG. 22 is an explanatory drawing illustrating through holes of movable 
members having quadrangular and triangular shapes; 
[fig.23]FIG. 23 is a cross-sectional view illustrating how a movable member having a 
protruding section formed in part of the circumferential edge of the movable member 
demarcating the through hole performs a circular movement; 
[fig.24]FIG. 24 is a cross-sectional view illustrating how a movable member having a 
protruding section formed in part of the circumferential edge of the movable member 
demarcating the through hole performs a circular movement; 
[fig.25]FIG. 25 illustrates a solid-liquid separator in which the center axis line of the 
through holes of some movable members does not coincide with the center axis line of 
the through holes of other movable members; 
[fig.26]FIG. 26 is a perspective view of a solid-liquid separator in which the con­
figuration shown in FIG. 21A is realized; 
[fig.27]FIG. 27 is a cross-sectional view corresponding to the cross section taken along 
the VI-VI line in FIG. 31; 
[fig.28]FIG. 28 is a cross-sectional view corresponding to the cross section taken along 
the VII-VII line in FIG. 31; 
[fig.29]FIG. 29 is an enlarged cross-sectional view corresponding to the cross section 
taken along the VIII-VIII line in FIG. 26; 
[fig. 30] FIG. 30 is an enlarged sectional view taken along the IX-IX line in FIG. 26; 
[fig.31]FIG. 31 is a cross-sectional view which is similar to that shown in FIG. 10 and 
illustrates the mutual arrangement of the movable members and the screw; 
[fig.32]FIG. 32 is a cross-sectional view illustrating how the movable member 
performs a circular rotation; 
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[fig.33]FIG. 33 is a cross-sectional view which is similar to that shown in FIG. 10 and 

illustrates the mutual arrangement of the movable members and the screw; 

[fig.34]FIG. 34 is a perspective view illustrating another solid-liquid separator; 

[fig.35]FIG. 35 is a vertical sectional view of the solid-liquid separator shown in FIG. 

34; 

[fig.36]FIG. 36 is a cross-sectional view illustrating the movement of the screw and 

movable members of the solid-liquid separator shown in FIGS. 34 and 35; 

[fig.37]FIG. 37 is a cross-sectional view illustrating the movement of the screw and 

movable members of the solid-liquid separator shown in FIGS. 34 and 35; 

[fig.38]FIG. 38 is a perspective view of yet another solid-liquid separator; 

[fig.39]FIG. 39 is a perspective view in which the solid-liquid separator shown in FIG. 

38 is viewed from the opposite side in the axial direction; 

[fig.40]FIG. 40 is a vertical sectional view of the solid-liquid separator shown in FIG. 

38; 

[fig.411FIG. 41 is a transverse sectional view of the solid-liquid separator shown in 

FIG. 40, this view illustrates the movement of the screw and movable members; 

[fig.42]FIG. 42 is a cross-sectional view which is similar to that of FIG. 41 and il-

lustrates a state in which the screw has further rotated from the position shown in FIG. 

41; 

[fig.43]FIG. 43 is a cross-sectional view which is similar to that shown in FIG. 41 and 

shows a solid-liquid separator having two screws; 

[fig.44]FIG. 44 is a cross-sectional view which is similar to that shown in FIG. 43 and 

illustrates a state in which the screw has further rotated from the position shown in 

FIG. 43; 

[fig.45]FIG. 45 is a cross-sectional view which is similar to that shown in FIG. 41 and 

shows a solid-liquid separator having three screws; 

[fig.46]FIG. 46 is a cross-sectional view which is similar to that shown in FIG. 45 and 

illustrates a state in which the screw has further rotated from the position shown in 

FIG. 45; 

[fig.47]FIG. 47 is a cross-sectional view of a solid-liquid separator in which the 

movable member performs a reciprocating movement in the horizontal direction; and 

[fig.48]FIG. 48 is a cross-sectional view illustrating a state in which the movable 

member has further moved from the position shown in FIG. 47. 

Embodiments for carrying out Invention 
[0013] The embodiments of the present invention will be described below in greater detail 

with reference to the appended drawings. 

FIG. 1 is a front view, with a partial cross section, of a solid-liquid separator. FIG. 2 

is a plan view of the solid-liquid separator. In this figure, the depiction of the below- 
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[fig.33]FIG. 33 is a cross-sectional view which is similar to that shown in FIG. 10 and 
illustrates the mutual arrangement of the movable members and the screw; 
[fig. 34] FIG. 34 is a perspective view illustrating another solid-liquid separator; 
[fig.35]FIG. 35 is a vertical sectional view of the solid-liquid separator shown in FIG. 
34; 
[fig.36]FIG. 36 is a cross-sectional view illustrating the movement of the screw and 
movable members of the solid-liquid separator shown in FIGS. 34 and 35; 
[fig.37]FIG. 37 is a cross-sectional view illustrating the movement of the screw and 
movable members of the solid-liquid separator shown in FIGS. 34 and 35; 
[fig.38]FIG. 38 is a perspective view of yet another solid-liquid separator; 
[fig. 39] FIG. 39 is a perspective view in which the solid-liquid separator shown in FIG. 
38 is viewed from the opposite side in the axial direction; 
[fig.40]FIG. 40 is a vertical sectional view of the solid-liquid separator shown in FIG. 
38; 
[fig.41]FIG. 41 is a transverse sectional view of the solid-liquid separator shown in 
FIG. 40, this view illustrates the movement of the screw and movable members; 
[fig.42]FIG. 42 is a cross-sectional view which is similar to that of FIG. 41 and il­
lustrates a state in which the screw has further rotated from the position shown in FIG. 
41; 
[fig.43]FIG. 43 is a cross-sectional view which is similar to that shown in FIG. 41 and 
shows a solid-liquid separator having two screws; 
[fig.44]FIG. 44 is a cross-sectional view which is similar to that shown in FIG. 43 and 
illustrates a state in which the screw has further rotated from the position shown in 
FIG. 43; 
[fig.45]FIG. 45 is a cross-sectional view which is similar to that shown in FIG. 41 and 
shows a solid-liquid separator having three screws; 
[fig.46]FIG. 46 is a cross-sectional view which is similar to that shown in FIG. 45 and 
illustrates a state in which the screw has further rotated from the position shown in 
FIG. 45; 
[fig.47]FIG. 47 is a cross-sectional view of a solid-liquid separator in which the 
movable member performs a reciprocating movement in the horizontal direction; and 
[fig.48]FIG. 48 is a cross-sectional view illustrating a state in which the movable 
member has further moved from the position shown in FIG. 47. 
Embodiments for carrying out Invention 

[0013] The embodiments of the present invention will be described below in greater detail 
with reference to the appended drawings. 

FIG. 1 is a front view, with a partial cross section, of a solid-liquid separator. FIG. 2 
is a plan view of the solid-liquid separator. In this figure, the depiction of the below-
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describe fixed members and movable members is omitted. FIG. 3 is a perspective view 

illustrating part of the solid-liquid separator. The solid-liquid separator shown in these 

figures is suitable for solid-liquid separation of various treatment objects including a 

liquid, but the explanation below will be performed with reference to the case in which 

a sludge including a large amount of water is dewatered. 

[0014] A solid-liquid separator of a contactless system shown in FIGS. 1 to 3 includes an 

inlet member 1 in which an inflow port 5 is formed in the upper portion and which is 

formed to have a hollow interior, an outlet member 2 having formed in the lower 

portion thereof a discharge port 11 for discharging a cake-like sludge obtained by de-

watering, a plurality of fixed members 3 disposed between the outlet member 2 and the 

inlet member 1, and movable members 4 disposed between the adjacent fixed members 

3. Each movable member 4 performs a circular movement as will be described 

hereinbelow. 

[0015] FIG. 4 is an exploded perspective view illustrating two adjacent fixed members 3 and 

one movable member 4 disposed between these two fixed members 3. FIG. 5 is an 

enlarged vertical sectional view illustrating some of a large number of fixed members 

3 and movable members 4. As follows from FIGS. 1, 4, and 5, the fixed members 3 

and movable members 4 are arranged in the axial direction in mutually parallel 

postures. A plurality of fixed members 3 are disposed concentrically with a clearance 

in the axial direction, this arrangement being set by small ring-shaped spacers 14 

disposed between the adjacent fixed members 3, and one movable member 4 is 

disposed between the adjacent fixed members 3. In the example shown in the figure, 

four spacers 14 are disposed between the adjacent fixed members 3. 

[0016] The fixed members 3 and the movable members 4 of the present embodiment are 

constituted by ring-shaped plates having round through holes 15, 16 formed therein. As 

shown in FIG. 1, an opening 8 is formed in a side plate 7 of the inlet member 1 on the 

side facing the fixed members 3 and the movable members 4, and an opening 10 is 

formed in a side plate 9 of the outlet member 2 on the side facing the fixed members 3 

and the movable members 4. As shown in FIG. 5, a hollow solid-liquid separation 

portion 21 demarcated by the through holes 15, 16 of the fixed members and movable 

members is formed inside the fixed members 3 and the movable members 4. As shown 

in FIG. 1, the openings 8, 10 formed in the inlet member 1 and the outlet member 2 are 

positioned correspondingly to the through holes 15, 16 of the fixed members 3 and the 

movable members 4. Thus, the solid-liquid separation portion 21 is demarcated by the 

fixed members 3 and the movable members 4 inside the fixed members and the 

movable members, and as shown in FIG. 1, the end portion of the solid-liquid 

separation portion 21 on the side of the inlet member 1 becomes an inlet port 22 of the 

solid-liquid separation portion 21, and the end portion on the side of the outlet member 

WO 2012/101980 

7 

PCT/JP2012/000237 

describe fixed members and movable members is omitted. FIG. 3 is a perspective view 
illustrating part of the solid-liquid separator. The solid-liquid separator shown in these 
figures is suitable for solid-liquid separation of various treatment objects including a 
liquid, but the explanation below will be performed with reference to the case in which 
a sludge including a large amount of water is dewatered. 

[0014] A solid-liquid separator of a contactless system shown in FIGS. 1 to 3 includes an 
inlet member 1 in which an inflow port 5 is formed in the upper portion and which is 
formed to have a hollow interior, an outlet member 2 having formed in the lower 
portion thereof a discharge port 11 for discharging a cake-like sludge obtained by de-
watering, a plurality of fixed members 3 disposed between the outlet member 2 and the 
inlet member 1, and movable members 4 disposed between the adjacent fixed members 
3. Each movable member 4 performs a circular movement as will be described 
hereinbelow. 

[0015] FIG. 4 is an exploded perspective view illustrating two adjacent fixed members 3 and 
one movable member 4 disposed between these two fixed members 3. FIG. 5 is an 
enlarged vertical sectional view illustrating some of a large number of fixed members 
3 and movable members 4. As follows from FIGS. 1, 4, and 5, the fixed members 3 
and movable members 4 are arranged in the axial direction in mutually parallel 
postures. A plurality of fixed members 3 are disposed concentrically with a clearance 
in the axial direction, this arrangement being set by small ring-shaped spacers 14 
disposed between the adjacent fixed members 3, and one movable member 4 is 
disposed between the adjacent fixed members 3. In the example shown in the figure, 
four spacers 14 are disposed between the adjacent fixed members 3. 

[0016] The fixed members 3 and the movable members 4 of the present embodiment are 
constituted by ring-shaped plates having round through holes 15, 16 formed therein. As 
shown in FIG. 1, an opening 8 is formed in a side plate 7 of the inlet member 1 on the 
side facing the fixed members 3 and the movable members 4, and an opening 10 is 
formed in a side plate 9 of the outlet member 2 on the side facing the fixed members 3 
and the movable members 4. As shown in FIG. 5, a hollow solid-liquid separation 
portion 21 demarcated by the through holes 15, 16 of the fixed members and movable 
members is formed inside the fixed members 3 and the movable members 4. As shown 
in FIG. 1, the openings 8, 10 formed in the inlet member 1 and the outlet member 2 are 
positioned correspondingly to the through holes 15, 16 of the fixed members 3 and the 
movable members 4. Thus, the solid-liquid separation portion 21 is demarcated by the 
fixed members 3 and the movable members 4 inside the fixed members and the 
movable members, and as shown in FIG. 1, the end portion of the solid-liquid 
separation portion 21 on the side of the inlet member 1 becomes an inlet port 22 of the 
solid-liquid separation portion 21, and the end portion on the side of the outlet member 
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2 becomes an outlet port 23 of the solid-liquid separation portion 21. Further, as shown 

in FIG. 1, the lower portion of the side plate 7 of the inlet member 1 is fixed to a stay 

12 of a support frame, and the lower portion of the side plate 9 of the outlet member 2 

is also fixed to a stay 13 of the support frame. 

[0017] As shown in FIGS. 4 and 5, four attachment holes 17 are formed in each fixed 

member 3, and stay bolts 18 extend through the attachment holes 17 and central holes 

of spacers 14 disposed between the adjacent fixed members 3. As shown in FIG. 1, 

these stay bolts 18 pass through the side plate 7 of the inlet member 1 and the side 

plate 9 of the outlet member 2, and nuts 19, 20 are screwed and tightened on the male 

threads formed at the end portions, in the longitudinal direction, of each stay bolt 18 

(see also FIG. 3). As a result, a plurality of fixed members 3 is integrally fixed and 

connected to each other, and the fixed members 3 are also fixed to the inlet member 1 

and the outlet member 2. In FIG. 2, the stay bolts 18 and the nuts 19, 20 screwed on 

the stay bolts 18 are omitted. FIGS. 8A, 8B and FIGS. 9A, 9B are explanatory cross-

sectional views clarifying the state in which the movable members 4 perform the 

circular movement as will be described hereinbelow, and these drawings make it 

possible to understand clearly the state of the fixed members 3, movable members 4, 

stay bolts 18, and spacers 14 when the solid-liquid separation portion 21 is viewed in 

the axial direction. 

[0018] A single screw 24 extending through the through holes 15, 16 of the fixed members 3 

and the movable members 4 that demarcate the solid-liquid separation portion 21 is 

disposed in the aforementioned solid-liquid separation portion 21. The screw 24 has a 

single blade 26 extending spirally and a shaft 25 formed integrally with the blade 26. 

The shaft 25 constitutes the central portion of the screw 24, and the center axis line X 

(FIGS. 2, 5, 8, and 9) of the shaft 25 becomes the center axis line of the screw 24 itself. 

In particular, as clearly seen in FIGS. 8 and 9, where the screw 24 is viewed from the 

direction of the center axis line X thereof, the outer circumferential edge 32 of the 

blade 26 of the screw 24 has a circular shape. 

[0019] As described hereinabove, a plurality of fixed members 3 and movable members 4 of 

the solid-liquid separator of the present embodiment have through holes 15, 16 formed 

therein, and the screw 24 extends through the through holes 15, 16 of the fixed 

members 3 and the movable members 4. 

[0020] The fixed members 3 that are spaced from each other by spacers 14 can be assembled 

so as to allow a very small play thereof. It is also possible to form the spacer integrally 

with one fixed member of the two adjacent fixed members, form by this spacer a gap 

between two adjacent fixed members, and dispose the movable member 4 in the gap. 

Further, in the solid-liquid separator shown in FIGS. 1 to 5, one movable member 4 is 

disposed between the two adjacent fixed members 3, but a plurality of movable 
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2 becomes an outlet port 23 of the solid-liquid separation portion 21. Further, as shown 
in FIG. 1, the lower portion of the side plate 7 of the inlet member 1 is fixed to a stay 
12 of a support frame, and the lower portion of the side plate 9 of the outlet member 2 
is also fixed to a stay 13 of the support frame. 

[0017] As shown in FIGS. 4 and 5, four attachment holes 17 are formed in each fixed 
member 3, and stay bolts 18 extend through the attachment holes 17 and central holes 
of spacers 14 disposed between the adjacent fixed members 3. As shown in FIG. 1, 
these stay bolts 18 pass through the side plate 7 of the inlet member 1 and the side 
plate 9 of the outlet member 2, and nuts 19, 20 are screwed and tightened on the male 
threads formed at the end portions, in the longitudinal direction, of each stay bolt 18 
(see also FIG. 3). As a result, a plurality of fixed members 3 is integrally fixed and 
connected to each other, and the fixed members 3 are also fixed to the inlet member 1 
and the outlet member 2. In FIG. 2, the stay bolts 18 and the nuts 19, 20 screwed on 
the stay bolts 18 are omitted. FIGS. 8A, 8B and FIGS. 9A, 9B are explanatory cross-
sectional views clarifying the state in which the movable members 4 perform the 
circular movement as will be described hereinbelow, and these drawings make it 
possible to understand clearly the state of the fixed members 3, movable members 4, 
stay bolts 18, and spacers 14 when the solid-liquid separation portion 21 is viewed in 
the axial direction. 

[0018] A single screw 24 extending through the through holes 15, 16 of the fixed members 3 
and the movable members 4 that demarcate the solid-liquid separation portion 21 is 
disposed in the aforementioned solid-liquid separation portion 21. The screw 24 has a 
single blade 26 extending spirally and a shaft 25 formed integrally with the blade 26. 
The shaft 25 constitutes the central portion of the screw 24, and the center axis line X 
(FIGS. 2, 5, 8, and 9) of the shaft 25 becomes the center axis line of the screw 24 itself. 
In particular, as clearly seen in FIGS. 8 and 9, where the screw 24 is viewed from the 
direction of the center axis line X thereof, the outer circumferential edge 32 of the 
blade 26 of the screw 24 has a circular shape. 

[0019] As described hereinabove, a plurality of fixed members 3 and movable members 4 of 
the solid-liquid separator of the present embodiment have through holes 15,16 formed 
therein, and the screw 24 extends through the through holes 15, 16 of the fixed 
members 3 and the movable members 4. 

[0020] The fixed members 3 that are spaced from each other by spacers 14 can be assembled 
so as to allow a very small play thereof. It is also possible to form the spacer integrally 
with one fixed member of the two adjacent fixed members, form by this spacer a gap 
between two adjacent fixed members, and dispose the movable member 4 in the gap. 
Further, in the solid-liquid separator shown in FIGS. 1 to 5, one movable member 4 is 
disposed between the two adjacent fixed members 3, but a plurality of movable 
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members 4 can be also disposed between the adjacent fixed member 3. At least one 

movable member 4 is disposed between the fixed members 3 adjacent in the axial 

direction. 

[0021] As shown in FIG. 5, the thickness T of each movable member 4 disposed between 

the fixed members 3 is set to be less than the gap width "G" between the fixed 

members, and a very small filtrate discharge gap "g", for example, of about 0.1 mm to 

1 mm is formed between the end surface of each fixed member 3 and the end surface 

of the movable member 4 corresponding thereto. These very small filtrate discharge 

gaps "g" serve to allow the water separated from the sludge in the below-described 

manner, that is, the filtrate, to pass therethrough. The thickness T of the movable 

member 4 is set, for example, to about 1.0 mm to 3 mm, and the gap width G to about 

1.2 mm to 5 mm, for example. The thickness t of the fixed member 3 is set, for 

example, to about 1.5 mm to 3 mm. The values of the very small filtrate discharge gap 

"g", thicknesses "T" and "t", and gap width "G" are set as appropriate with con-

sideration for the type of the object to be treated. 

[0022] As shown in FIGS. 1 and 2, the end portion of the shaft 25 of the screw 24 on the 

side of the outlet member 2 is drivably connected to a drive unit constituted by an 

electric motor 28 equipped with a reducer that is fixed to and supported by a side plate 

27 on the other side of the outlet member 2. The portion of the shaft 25 on the side of 

the inlet member 1 is rotatably supported by a bearing 55 at a side plate 29 on the other 

side of the inlet member 1. The drive unit constituted by the electric motor 28 serves to 

drive rotationally the screw 24 about the center axis line X thereof. 

[0023] As shown in FIGS. 5, 8, and 9, the outer diameter of the blade 26 of the screw 24 is 

set to be less than the diameter of the circular through hole 15 formed in the fixed 

member 3. Furthermore, even when the movable members 4 perform the circular 

movement, as will be described hereinbelow, the screw 24 does not come into contact 

with the inner circumferential surfaces of the through holes 16 formed in the movable 

members 4 and openings 8, 10 formed in the side plates 7, 9. Thus, the solid-liquid 

separator of the present embodiment is provided with the screw 24 extending through 

the movable members 4 and the fixed members 3, without being in contact with the 

movable members 4 and the fixed members 3, and the drive unit that rotationally 

drives the screw 24 about the center axis line X thereof. 

[0024] As shown by arrow A in FIG. 1, the sludge including a large amount of water flows 

from the inflow port 5 into the inlet member 1. In this case, the content ratio of water 

in the sludge before the treatment is, for example, about 99 wt%. A flocculant has been 

admixed to the sludge in advance and the sludge has been flocculated. When the 

sludge flows into the inlet member 1, the screw 24 is rotated by the operation of the 

electric motor 28 about the center axis line X of the screw. Therefore, the sludge 
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members 4 can be also disposed between the adjacent fixed member 3. At least one 
movable member 4 is disposed between the fixed members 3 adjacent in the axial 
direction. 

[0021] As shown in FIG. 5, the thickness T of each movable member 4 disposed between 
the fixed members 3 is set to be less than the gap width "G" between the fixed 
members, and a very small filtrate discharge gap "g", for example, of about 0.1 mm to 
1 mm is formed between the end surface of each fixed member 3 and the end surface 
of the movable member 4 corresponding thereto. These very small filtrate discharge 
gaps "g" serve to allow the water separated from the sludge in the below-described 
manner, that is, the filtrate, to pass therethrough. The thickness T of the movable 
member 4 is set, for example, to about 1.0 mm to 3 mm, and the gap width G to about 
1.2 mm to 5 mm, for example. The thickness t of the fixed member 3 is set, for 
example, to about 1.5 mm to 3 mm. The values of the very small filtrate discharge gap 
"g", thicknesses "T" and "t", and gap width "G" are set as appropriate with con­
sideration for the type of the object to be treated. 

[0022] As shown in FIGS. 1 and 2, the end portion of the shaft 25 of the screw 24 on the 
side of the outlet member 2 is drivably connected to a drive unit constituted by an 
electric motor 28 equipped with a reducer that is fixed to and supported by a side plate 
27 on the other side of the outlet member 2. The portion of the shaft 25 on the side of 
the inlet member 1 is rotatably supported by a bearing 55 at a side plate 29 on the other 
side of the inlet member 1. The drive unit constituted by the electric motor 28 serves to 
drive rotationally the screw 24 about the center axis line X thereof. 

[0023] As shown in FIGS. 5,8, and 9, the outer diameter of the blade 26 of the screw 24 is 
set to be less than the diameter of the circular through hole 15 formed in the fixed 
member 3. Furthermore, even when the movable members 4 perform the circular 
movement, as will be described hereinbelow, the screw 24 does not come into contact 
with the inner circumferential surfaces of the through holes 16 formed in the movable 
members 4 and openings 8, 10 formed in the side plates 7, 9. Thus, the solid-liquid 
separator of the present embodiment is provided with the screw 24 extending through 
the movable members 4 and the fixed members 3, without being in contact with the 
movable members 4 and the fixed members 3, and the drive unit that rotationally 
drives the screw 24 about the center axis line X thereof. 

[0024] As shown by arrow A in FIG. 1, the sludge including a large amount of water flows 
from the inflow port 5 into the inlet member 1. In this case, the content ratio of water 
in the sludge before the treatment is, for example, about 99 wt%. A flocculant has been 
admixed to the sludge in advance and the sludge has been flocculated. When the 
sludge flows into the inlet member 1, the screw 24 is rotated by the operation of the 
electric motor 28 about the center axis line X of the screw. Therefore, the sludge 
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passes through the opening 8 formed in the side plate 7 of the inlet member 1 and 

flows into the solid-liquid separation portion 21 constituted by the fixed members 3 

and the movable members 4, as shown by arrow B in FIG. 1. Thus, the sludge flows 

into the solid-liquid separation portion 21 from the inlet port 22 at one end side in the 

axial direction thereof. The depiction of the sludge in the figure is omitted. 

[0025] The sludge that has flown into the solid-liquid separation portion 21 as described 

hereinabove is conveyed toward the outlet 23 at the other end side in the axial direction 

of the solid-liquid separation portion 21, as shown by arrow C in FIGS. 1 and 5, by the 

screw 24 that is rotationally driven by the electric motor 28. In this case, the water 

separated from the sludge, that is, the filtrate is discharged to the outside of the solid-

liquid separation portion 21 through the filtrate discharge gaps "g" (FIG. 5) between 

the fixed members 3 and the movable members 4. The discharged filtrate is received 

by a filtrate receiving member 30 (not shown in FIG. 2) fixed to the stays 12, 13, as 

shown in FIG. 1, and then flows down through a filtrate discharge tube 31. 

[0026] The content ratio of water in the sludge inside the solid-liquid separation portion 21 

is thus reduced, and the cake-like sludge with reduced content of water is discharged 

from the outlet 23 on the other end side in the axial direction of the solid-liquid 

separation portion 21 as shown by arrow D in FIG. 1. The sludge discharged from the 

solid-liquid separation portion 21 falls down through the discharge port 11 located in 

the lower portion of the outlet member 2. The content ratio of water in the treated 

cake-like sludge is, for example, about 75 to 80 wt%. 

[0027] The solid-liquid separator of the present embodiment is provided with following con-

figuration in order to prevent the filtrate discharge gaps "g" (FIG. 5) between the fixed 

members 3 and the movable members 4 form being clogged by solids when the sludge 

is thus dewatered. 

[0028] As shown in FIGS. 1 to 3 and FIGS. 6 and 7, an eccentric cam 57 in which an outer 

circumferential surface 58 is formed to have a round shape is detachably attached, so 

as to be capable of rotating integrally with the shaft 25 of the screw 24, by a key 56 

(FIG. 7) fitted in a key groove to one end portion of the shaft 25 of the screw 24. In 

particular, as shown in FIGS. 6 and 7, the center axis line Y of the eccentric cam 57 is 

offset by a distance represented by (delta) with respect to the center axis line X of the 

shaft 25 of the screw 24, and the round outer circumferential surface 58 of the 

eccentric cam 57 is mated with a round cam hole 60 of a bearing 59 constituted by a 

sliding bearing. In this case, the round outer circumferential surface 58 of the eccentric 

cam 57 slidably abuts, directly or with a lubricant located therebetween, on the inner 

circumferential surface of the round cam hole 60 of the bearing 59. 

[0029] Further, the aforementioned bearing 59 is mated with an attachment hole 62 of the 

connection plate 61, and this bearing 59 is detachably attached, as shown in FIGS. 3 
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passes through the opening 8 formed in the side plate 7 of the inlet member 1 and 
flows into the solid-liquid separation portion 21 constituted by the fixed members 3 
and the movable members 4, as shown by arrow B in FIG. 1. Thus, the sludge flows 
into the solid-liquid separation portion 21 from the inlet port 22 at one end side in the 
axial direction thereof. The depiction of the sludge in the figure is omitted. 

[0025] The sludge that has flown into the solid-liquid separation portion 21 as described 
hereinabove is conveyed toward the outlet 23 at the other end side in the axial direction 
of the solid-liquid separation portion 21, as shown by arrow C in FIGS. 1 and 5, by the 
screw 24 that is rotationally driven by the electric motor 28. In this case, the water 
separated from the sludge, that is, the filtrate is discharged to the outside of the solid-
liquid separation portion 21 through the filtrate discharge gaps "g" (FIG. 5) between 
the fixed members 3 and the movable members 4. The discharged filtrate is received 
by a filtrate receiving member 30 (not shown in FIG. 2) fixed to the stays 12, 13, as 
shown in FIG. 1, and then flows down through a filtrate discharge tube 31. 

[0026] The content ratio of water in the sludge inside the solid-liquid separation portion 21 
is thus reduced, and the cake-like sludge with reduced content of water is discharged 
from the outlet 23 on the other end side in the axial direction of the solid-liquid 
separation portion 21 as shown by arrow D in FIG. 1. The sludge discharged from the 
solid-liquid separation portion 21 falls down through the discharge port 11 located in 
the lower portion of the outlet member 2. The content ratio of water in the treated 
cake-like sludge is, for example, about 75 to 80 wt%. 

[0027] The solid-liquid separator of the present embodiment is provided with following con­
figuration in order to prevent the filtrate discharge gaps "g" (FIG. 5) between the fixed 
members 3 and the movable members 4 form being clogged by solids when the sludge 
is thus dewatered. 

[0028] As shown in FIGS. 1 to 3 and FIGS. 6 and 7, an eccentric cam 57 in which an outer 
circumferential surface 58 is formed to have a round shape is detachably attached, so 
as to be capable of rotating integrally with the shaft 25 of the screw 24, by a key 56 
(FIG. 7) fitted in a key groove to one end portion of the shaft 25 of the screw 24. In 
particular, as shown in FIGS. 6 and 7, the center axis line Y of the eccentric cam 57 is 
offset by a distance represented by (delta) with respect to the center axis line X of the 
shaft 25 of the screw 24, and the round outer circumferential surface 58 of the 
eccentric cam 57 is mated with a round cam hole 60 of a bearing 59 constituted by a 
sliding bearing. In this case, the round outer circumferential surface 58 of the eccentric 
cam 57 slidably abuts, directly or with a lubricant located therebetween, on the inner 
circumferential surface of the round cam hole 60 of the bearing 59. 

[0029] Further, the aforementioned bearing 59 is mated with an attachment hole 62 of the 
connection plate 61, and this bearing 59 is detachably attached, as shown in FIGS. 3 
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and 6, to the connection plate 61 with a bolt (not shown in the figure) and a nut (also 

not shown in the figure) that is screwed on this bolt and tightened. The bearing 59 of 

the present embodiment is thus fixed to the connection plate 61, but the bearing 59 can 

be also rotatably fitted into the attachment hole 62 formed in the connection plate 61. 

In any case, the connection plate 61 is connected to the bearing 59 in a manner such 

that the connection plate 61 can perform the below-described circular movement. 

[0030] As shown in FIGS. 1 and 2, the above-described eccentric cam 57 and the bearing 59 

mated with the eccentric cam 57 are provided at the shaft 25 of the screw 24 on the 

side of the inlet member 1. In the solid-liquid separator of the present embodiment, an 

eccentric cam 157, a bearing 159, and a connection plate 161 configured similarly to 

the above-described eccentric cam 57, bearing 59, and connection plate 61 are also 

provided at the portion of the shaft 25 on the side of the outlet member 2. The center 

axis lines Y of the two eccentric cams 57, 157 coincide, and the eccentricity (delta) of 

the eccentric cams 57, 157 with respect to the center axis line X of the screw 24 is the 

same. 

[0031] The eccentric cams 57, 157, the bearings 59, 159 mated with the eccentric cams 57, 

157, and the connection plates 61, 161 are provided by one each at each portion of the 

shaft 25 on the outside, in the longitudinal direction, of the blade 26 of the screw 24. 

[0032] As shown in FIG. 2, attachment holes 64, 164 are formed in the pair of respective 

connection plates 61, 161 having the respective bearings 59, 159 fixed therein, at a 

ratio of two attachment holes per one connection plate. Further, as shown in FIG. 4, 

two attachment holes 65 are also formed in each of the plurality of movable members 

4. As shown in FIGS. 2 to 4, a pair of connecting rods 66 (see also FIGS. 8 and 9) 

disposed symmetrically with respect to the center axis line X of the screw 24 pass 

through these attachment holes 64, 164, 65, and nuts 67, 167 are screwed and tightened 

on the male threaded portions formed on each end, in the longitudinal direction, of 

each connecting rod 66. A pair of connecting rods 66 also extends through the side 

plate 7 of the inlet member and the side plate 9 of the outlet member 2. In FIG. 1, only 

the end portions, in the longitudinal direction, are shown with respect to the connecting 

rod 66. 

[0033] The connecting rods 66 of the present embodiment are fixedly connected to the 

connection plates 61, 161, but the connecting rods 66 can be also loosely connected to 

the connection plates 61, 161. 

[0034] As mentioned hereinabove, a pair of connection plates 61, 161 are connected by the 

pair of connecting rods 66, and a large number of movable members 4 are installed at 

the two connecting rods 66. Each connecting rod 66 may be tightly inserted, without a 

gap, into the attachment hole 65 of each movable member 4 and the connecting rod 66 

may be fixedly connected to each movable member 4, or the connecting rod 66 may be 
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and 6, to the connection plate 61 with a bolt (not shown in the figure) and a nut (also 
not shown in the figure) that is screwed on this bolt and tightened. The bearing 59 of 
the present embodiment is thus fixed to the connection plate 61, but the bearing 59 can 
be also rotatably fitted into the attachment hole 62 formed in the connection plate 61. 
In any case, the connection plate 61 is connected to the bearing 59 in a manner such 
that the connection plate 61 can perform the below-described circular movement. 

[0030] As shown in FIGS. 1 and 2, the above-described eccentric cam 57 and the bearing 59 
mated with the eccentric cam 57 are provided at the shaft 25 of the screw 24 on the 
side of the inlet member 1. In the solid-liquid separator of the present embodiment, an 
eccentric cam 157, a bearing 159, and a connection plate 161 configured similarly to 
the above-described eccentric cam 57, bearing 59, and connection plate 61 are also 
provided at the portion of the shaft 25 on the side of the outlet member 2. The center 
axis lines Y of the two eccentric cams 57, 157 coincide, and the eccentricity (delta) of 
the eccentric cams 57, 157 with respect to the center axis line X of the screw 24 is the 
same. 

[0031] The eccentric cams 57, 157, the bearings 59, 159 mated with the eccentric cams 57, 
157, and the connection plates 61, 161 are provided by one each at each portion of the 
shaft 25 on the outside, in the longitudinal direction, of the blade 26 of the screw 24. 

[0032] As shown in FIG. 2, attachment holes 64, 164 are formed in the pair of respective 
connection plates 61, 161 having the respective bearings 59, 159 fixed therein, at a 
ratio of two attachment holes per one connection plate. Further, as shown in FIG. 4, 
two attachment holes 65 are also formed in each of the plurality of movable members 
4. As shown in FIGS. 2 to 4, a pair of connecting rods 66 (see also FIGS. 8 and 9) 
disposed symmetrically with respect to the center axis line X of the screw 24 pass 
through these attachment holes 64, 164, 65, and nuts 67, 167 are screwed and tightened 
on the male threaded portions formed on each end, in the longitudinal direction, of 
each connecting rod 66. A pair of connecting rods 66 also extends through the side 
plate 7 of the inlet member and the side plate 9 of the outlet member 2. In FIG. 1, only 
the end portions, in the longitudinal direction, are shown with respect to the connecting 
rod 66. 

[0033] The connecting rods 66 of the present embodiment are fixedly connected to the 
connection plates 61, 161, but the connecting rods 66 can be also loosely connected to 
the connection plates 61, 161. 

[0034] As mentioned hereinabove, a pair of connection plates 61, 161 are connected by the 
pair of connecting rods 66, and a large number of movable members 4 are installed at 
the two connecting rods 66. Each connecting rod 66 may be tightly inserted, without a 
gap, into the attachment hole 65 of each movable member 4 and the connecting rod 66 
may be fixedly connected to each movable member 4, or the connecting rod 66 may be 
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mated with the attachment hole 65, so that a certain gap remains therebetween. 

Moreover, three or more connecting rods may be provided. 

[0035] The pair of connection plates 61, 161 and a plurality of connecting rods 66 constitute 

connection means for connecting a plurality of movable members 4, and the bearings 

59, 159 are respectively connected to the connection plates 61, 161 of this connection 

means. 

[0036] FIGS. 8 and 9 are cross-sectional views that clarify the relationship between the 

screw 24, movable members 4, and fixed members 3 (in the figures, the eccentric cams 

57, 157 are additionally shown by virtual lines). As shown in the figures, the center 

axis line of the through holes 16 of the movable members 4 of the present embodiment 

coincides with the center axis line Y of the eccentric cams 57, 157. For this reason, in 

the figure, the center axis line of the through holes 16 is also denoted by the reference 

symbol Y. As follows from the figures, the center axis line Y of the through hole 16 of 

the movable member 4 of the present embodiment is offset by the eccentricity (delta) 

with respect to the center axis line X of the shaft 25 of the screw 24. Further, since the 

through hole 16 formed in the movable member 4 of the present embodiment has a 

round shape, the center axis line Y thereof becomes the center of the circle forming the 

through hole 16. Further, the center axis line Y of the eccentric cams 57, 157 is also the 

center of the circle forming the outer circumferential surfaces 58, 158 thereof, and the 

center axis lines of the below-described eccentric cams are likewise also the centers of 

round outer circumferential surfaces thereof. 

[0037] As follows from the explanation provided hereinabove, the solid-liquid separator of 

the present embodiment is configured such that a plurality of movable members 4 can 

together perform a circular movement in the below-described manner. Therefore, the 

solid-liquid separator of the present embodiment includes the connection means for 

connecting a plurality of movable members 4, the eccentric cams 57, 157 that are de-

centered from the center axis line X of the shaft 25 of the screw 24 and rotate in-

tegrally with the shaft 25, and the bearings 59, 159 that are connected to the above-

mentioned connection means and provided with round cam holes 60, 160 mating with 

the round outer circumferential surfaces 58, 158 of the eccentric cams 57, 157. The 

round outer circumferential surfaces 58, 158 of the eccentric cams 57, 157 slidably 

abut, directly or with a lubricant located therebetween, on the inner circumferential 

surfaces of the round cam holes 60, 160 of the bearings 59, 159. 

[0038] Further, in the solid-liquid separator of the present embodiment, the eccentric cams 

57, 157 and the bearings 59, 159 mated with the eccentric cams 57, 157 are provided 

by one each at each portion of the shaft 25 on the outside, in the longitudinal direction, 

of the blade 26 of the screw 24. Furthermore, the connection means has a pair of 

connection plates 61, 161 connected to the bearings 59, 159, respectively, and a 
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mated with the attachment hole 65, so that a certain gap remains therebetween. 
Moreover, three or more connecting rods may be provided. 

[0035] The pair of connection plates 61, 161 and a plurality of connecting rods 66 constitute 
connection means for connecting a plurality of movable members 4, and the bearings 
59, 159 are respectively connected to the connection plates 61, 161 of this connection 
means. 

[0036] FIGS. 8 and 9 are cross-sectional views that clarify the relationship between the 
screw 24, movable members 4, and fixed members 3 (in the figures, the eccentric cams 
57, 157 are additionally shown by virtual lines). As shown in the figures, the center 
axis line of the through holes 16 of the movable members 4 of the present embodiment 
coincides with the center axis line Y of the eccentric cams 57, 157. For this reason, in 
the figure, the center axis line of the through holes 16 is also denoted by the reference 
symbol Y. As follows from the figures, the center axis line Y of the through hole 16 of 
the movable member 4 of the present embodiment is offset by the eccentricity (delta) 
with respect to the center axis line X of the shaft 25 of the screw 24. Further, since the 
through hole 16 formed in the movable member 4 of the present embodiment has a 
round shape, the center axis line Y thereof becomes the center of the circle forming the 
through hole 16. Further, the center axis line Y of the eccentric cams 57, 157 is also the 
center of the circle forming the outer circumferential surfaces 58, 158 thereof, and the 
center axis lines of the below-described eccentric cams are likewise also the centers of 
round outer circumferential surfaces thereof. 

[0037] As follows from the explanation provided hereinabove, the solid-liquid separator of 
the present embodiment is configured such that a plurality of movable members 4 can 
together perform a circular movement in the below-described manner. Therefore, the 
solid-liquid separator of the present embodiment includes the connection means for 
connecting a plurality of movable members 4, the eccentric cams 57, 157 that are de-
centered from the center axis line X of the shaft 25 of the screw 24 and rotate in­
tegrally with the shaft 25, and the bearings 59, 159 that are connected to the above-
mentioned connection means and provided with round cam holes 60, 160 mating with 
the round outer circumferential surfaces 58, 158 of the eccentric cams 57, 157. The 
round outer circumferential surfaces 58, 158 of the eccentric cams 57, 157 slidably 
abut, directly or with a lubricant located therebetween, on the inner circumferential 
surfaces of the round cam holes 60, 160 of the bearings 59, 159. 

[0038] Further, in the solid-liquid separator of the present embodiment, the eccentric cams 
57, 157 and the bearings 59, 159 mated with the eccentric cams 57, 157 are provided 
by one each at each portion of the shaft 25 on the outside, in the longitudinal direction, 
of the blade 26 of the screw 24. Furthermore, the connection means has a pair of 
connection plates 61, 161 connected to the bearings 59, 159, respectively, and a 
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plurality of connecting rods 66 connected to a plurality of movable members 4, and the 

connecting rods 66 are connected to respective connection plates 61, 161. 

[0039] As mentioned hereinabove, in the solid-liquid separator of the present embodiment, 

the center axis line of the through holes 16 of the movable members 4 and the center 

axis line of the eccentric cams 57, 157 coincide, and the center axis line Y of all of the 

movable members 4 also coincide. However, a configuration can be also used in which 

the center axis lines Y of the through holes 16 of the movable members 4 do not 

coincide, or the center axis line of the through holes 16 of the movable members 4 

does not coincided with the center axis line of the eccentric cams 57, 157 and these 

center axis lines are decentered from each other. Further, as will be described 

hereinbelow, the through holes 16 can be formed in a shape other than the round shape, 

and the through holes 16 can be also formed in a shape in which the center axis line of 

the through hole 16 is not defined. 

[0040] Where the electric motor 28 shown in FIGS. 1 and 2 starts operating and the screw 

24 rotates (revolves) about the center axis line X thereof, the eccentric cams 57, 157 

rotate following the rotation of the screw 24, while the center axis line Y of the 

eccentric cams 57, 157 describes a circle with a radius equal to the eccentricity (delta) 

of the eccentric cams 57, 157 about the center axis line X of the shaft 25 of the screw 

24, as shown by arrow E in FIG. 7. In this case, the eccentric cams 57, 157 are 

connected to the connection plates 61, 161, the plurality of movable members 4 are 

connected by the plurality of connecting rods 66 to the connection plates 61, 161, and 

the center axis line of the eccentric cams 57, 157 and the center axis line of the through 

holes 16 of the plurality of movable members 4 connected by the connection means 

coincide, as shown by the reference symbol Y representing both center axis lines. 

Therefore, simultaneously with the above-described rotation of the eccentric cams 57, 

157, the connection means constituted by the connection plates 61, 161 and the 

connecting rods 66 and the plurality of movable members 4 connected by the 

connection means perform a circular movement with a radius equal to the eccentricity 

(delta) of the eccentric cams 57, 157. As follows from FIGS. 8A, 8B, 9A, and 9B, 

since the center axis line Y of the eccentric cams 57, 157 rotates in the direction of 

arrow E about the center axis line X of the screw 24, the radius of the trajectory being 

the eccentricity (delta), the movable members 4 connected by the connection means 

also perform a circular movement such that the center axis line Y of the through holes 

16 describes a circle with a radius equal to the eccentricity (delta) of the eccentric cams 

about the center axis line X of the shaft 25 of the screw 24 in the order shown in FIGS. 

8A, 8B, 9A, and 9B. Since the center axis line Y of the eccentric cams 57, 157 and the 

center axis line Y of the through holes 16 of the plurality of movable members 4 

connected by the connection means coincide and the eccentric cams 57, 157 rotate 
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plurality of connecting rods 66 connected to a plurality of movable members 4, and the 
connecting rods 66 are connected to respective connection plates 61, 161. 

[0039] As mentioned hereinabove, in the solid-liquid separator of the present embodiment, 
the center axis line of the through holes 16 of the movable members 4 and the center 
axis line of the eccentric cams 57, 157 coincide, and the center axis line Y of all of the 
movable members 4 also coincide. However, a configuration can be also used in which 
the center axis lines Y of the through holes 16 of the movable members 4 do not 
coincide, or the center axis line of the through holes 16 of the movable members 4 
does not coincided with the center axis line of the eccentric cams 57, 157 and these 
center axis lines are decentered from each other. Further, as will be described 
hereinbelow, the through holes 16 can be formed in a shape other than the round shape, 
and the through holes 16 can be also formed in a shape in which the center axis line of 
the through hole 16 is not defined. 

[0040] Where the electric motor 28 shown in FIGS. 1 and 2 starts operating and the screw 
24 rotates (revolves) about the center axis line X thereof, the eccentric cams 57, 157 
rotate following the rotation of the screw 24, while the center axis line Y of the 
eccentric cams 57, 157 describes a circle with a radius equal to the eccentricity (delta) 
of the eccentric cams 57, 157 about the center axis line X of the shaft 25 of the screw 
24, as shown by arrow E in FIG. 7. In this case, the eccentric cams 57, 157 are 
connected to the connection plates 61, 161, the plurality of movable members 4 are 
connected by the plurality of connecting rods 66 to the connection plates 61, 161, and 
the center axis line of the eccentric cams 57, 157 and the center axis line of the through 
holes 16 of the plurality of movable members 4 connected by the connection means 
coincide, as shown by the reference symbol Y representing both center axis lines. 
Therefore, simultaneously with the above-described rotation of the eccentric cams 57, 
157, the connection means constituted by the connection plates 61, 161 and the 
connecting rods 66 and the plurality of movable members 4 connected by the 
connection means perform a circular movement with a radius equal to the eccentricity 
(delta) of the eccentric cams 57, 157. As follows from FIGS. 8A, 8B, 9A, and 9B, 
since the center axis line Y of the eccentric cams 57, 157 rotates in the direction of 
arrow E about the center axis line X of the screw 24, the radius of the trajectory being 
the eccentricity (delta), the movable members 4 connected by the connection means 
also perform a circular movement such that the center axis line Y of the through holes 
16 describes a circle with a radius equal to the eccentricity (delta) of the eccentric cams 
about the center axis line X of the shaft 25 of the screw 24 in the order shown in FIGS. 
8A, 8B, 9A, and 9B. Since the center axis line Y of the eccentric cams 57, 157 and the 
center axis line Y of the through holes 16 of the plurality of movable members 4 
connected by the connection means coincide and the eccentric cams 57, 157 rotate 
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following the rotation of the screw 24 so that the center axis line Y of the eccentric 

cams describes a circle with a radius equal to the eccentricity (delta) of the eccentric 

cams 57, 157 about the center axis line X of the shaft 25 of the screw 24, the plurality 

of movable members 4 connected by the connection means perform a circular 

movement such that the center axis line Y of the through holes 16 of the movable 

members describes a circle with a radius equal to the eccentricity (delta) of the 

eccentric cams 57, 157 about the center axis line X of the shaft 25 of the screw 24. 

[0041] As described hereinabove, in the present embodiment, the center axis line of the 

through holes 16 of the movable members 4 coincides with the center axis line of the 

eccentric cams 57, 157, and the center axis lines Y of the through holes 16 of all of the 

movable members 4 also coincide. However, the movable members 4 also perform a 

circular movement with a radius equal to the eccentricity (delta) of the eccentric cams 

57, 157 when, by contrast with the above-described configuration, the center axis line 

of the through holes 16 of the movable members 4 and the center axis line of the 

eccentric cams 57, 157 do not coincide, or the center axis lines of the through holes 16 

of the movable members 4 do not coincide with each other, and also when the center 

axis line of the through hole 16 of the movable member is not defined. Thus, the 

movable members 4 are connected to the eccentric cams 57, 157 so that in any of the 

cases the movable members 4 perform a circular movement with a radius equal to the 

eccentricity (delta) of the eccentric cams 57, 157. 

[0042] As described hereinabove, when the sludge is dewatered while moving inside the 

solid-liquid separation portion 21, the movable members 4 perform a circular 

movement in the aforementioned manner, whereas the fixed members 3 remain 

immovable. Therefore, the solid matter that has penetrated into the filtrate discharge 

gaps "g" (FIG. 5) between the mutually adjacent movable members 4 and the fixed 

members 3 is effectively discharged from the gaps g and the gaps are prevented from 

the being clogged by the solid matter. Further, since the blade 26 of the rotating screw 

24 does not come into contact not only with the fixed members 3, but also with the 

movable members 4, the movable members 4 can be prevented from being rapidly 

worn out. 

[0043] However, since the eccentric cams 57, 157 rotate so that the round outer circum-

ferential surfaces 58, 158 thereof slide along the inner circumferential surfaces of the 

round cam holes 60, 160 of the bearings 59, 159, the eccentric cams 57, 157 or the 

bearings 59, 159, or both the eccentric cams and the bearings unavoidably wear out 

with time, but the amount of this wear is reduced in the following manner. 

[0044] As described hereinabove, the round outer circumferential surfaces 58, 158 of the 

eccentric cams 57, 157 come into contact, directly or with a lubricant being interposed 

therebetween, with the inner circumferential surfaces of the round cam holes 60, 160 
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following the rotation of the screw 24 so that the center axis line Y of the eccentric 
cams describes a circle with a radius equal to the eccentricity (delta) of the eccentric 
cams 57, 157 about the center axis line X of the shaft 25 of the screw 24, the plurality 
of movable members 4 connected by the connection means perform a circular 
movement such that the center axis line Y of the through holes 16 of the movable 
members describes a circle with a radius equal to the eccentricity (delta) of the 
eccentric cams 57, 157 about the center axis line X of the shaft 25 of the screw 24. 

[0041] As described hereinabove, in the present embodiment, the center axis line of the 
through holes 16 of the movable members 4 coincides with the center axis line of the 
eccentric cams 57, 157, and the center axis lines Y of the through holes 16 of all of the 
movable members 4 also coincide. However, the movable members 4 also perform a 
circular movement with a radius equal to the eccentricity (delta) of the eccentric cams 
57, 157 when, by contrast with the above-described configuration, the center axis line 
of the through holes 16 of the movable members 4 and the center axis line of the 
eccentric cams 57, 157 do not coincide, or the center axis lines of the through holes 16 
of the movable members 4 do not coincide with each other, and also when the center 
axis line of the through hole 16 of the movable member is not defined. Thus, the 
movable members 4 are connected to the eccentric cams 57, 157 so that in any of the 
cases the movable members 4 perform a circular movement with a radius equal to the 
eccentricity (delta) of the eccentric cams 57, 157. 

[0042] As described hereinabove, when the sludge is dewatered while moving inside the 
solid-liquid separation portion 21, the movable members 4 perform a circular 
movement in the aforementioned manner, whereas the fixed members 3 remain 
immovable. Therefore, the solid matter that has penetrated into the filtrate discharge 
gaps "g" (FIG. 5) between the mutually adjacent movable members 4 and the fixed 
members 3 is effectively discharged from the gaps g and the gaps are prevented from 
the being clogged by the solid matter. Further, since the blade 26 of the rotating screw 
24 does not come into contact not only with the fixed members 3, but also with the 
movable members 4, the movable members 4 can be prevented from being rapidly 
worn out. 

[0043] However, since the eccentric cams 57, 157 rotate so that the round outer circum­
ferential surfaces 58, 158 thereof slide along the inner circumferential surfaces of the 
round cam holes 60, 160 of the bearings 59, 159, the eccentric cams 57, 157 or the 
bearings 59, 159, or both the eccentric cams and the bearings unavoidably wear out 
with time, but the amount of this wear is reduced in the following manner. 

[0044] As described hereinabove, the round outer circumferential surfaces 58, 158 of the 
eccentric cams 57, 157 come into contact, directly or with a lubricant being interposed 
therebetween, with the inner circumferential surfaces of the round cam holes 60, 160 
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of the bearings 59, 159 over the entire circumference thereof. As a result, the external 

force acting upon the round outer circumferential surfaces 58, 158 of the eccentric 

cams 57, 157 and the inner circumferential surfaces of the round cam holes 60, 160 of 

the bearings 59, 159 is dispersed and the contact pressure per unit surface area of both 

circumferential surfaces is low. Therefore, the amount of wear of the eccentric cams 

57, 157 or the bearings 59, 159 or both the eccentric cams and the bearings can be 

reduced, the service life thereof can be extended, and the replacement frequency of 

these parts can be reduced. Furthermore, since the connection plates 61, 161 are driven 

by the eccentric cams 57, 157 fixed to the shaft 25 of the screw 24, rather than by the 

pair, left and right, of eccentric cams, although the round outer circumferential surfaces 

58, 158 of the eccentric cams 57, 157 and the inner circumferential surfaces of the 

round cam holes 60, 160 of the bearings 59, 159 are in contact with each other over the 

entire circumference, the connection plates 61, 161 can be caused to perform an 

accurate circular movement even when the shape accuracy or installation accuracy of 

the eccentric cams 57, 157 and bearings 59, 159 is not that high. 

[0045] When the movable members 4 and the connection means perform a circular 

movement in the above-described manner, the connection plates 61, 161, connecting 

rods 66, and movable members 4 rotate (revolve) in the direction shown by arrow F in 

FIG. 8A about the center axis line X of the screw 24 under the effect of the external 

force applied to the connection plates 61, 161 of the connection means from the 

eccentric cams 57, 157, and the movable members 4 can abut on and damage the fixed 

members 3 or spacers 14 located between the fixed members. Accordingly, in the 

solid-liquid separator of the present embodiment, as shown in FIGS. 2 and 3, ring-

shaped guides 69 (not shown in FIG. 1) are detachably attached with a bolt and a nut 

(not shown in the figure) to the holes of the side plates 7, 9 through which the 

connecting rods 66 are inserted. When the connecting rod 66 performs the afore-

mentioned circular movement, the connecting rod 66 is guided while sliding along the 

inner circumferential surface of the ring-shaped guides 69, and the connecting rod 66 is 

prevented from rotating in the direction of arrow F shown in FIG. 8A. Thus, the guides 

69 are used to cause the connection means to rotate together with the plurality of 

movable members 4 connected by this connection means in the direction of arrow F 

around the center axis line X of the shaft 25 of the screw 24 and to prevent the 

movable members 4 from abutting on other members. 

[0046] In the above-described solid-liquid separator, the eccentric cams 57, 157 are con-

stituted as members separate from the screw 24, but the eccentric cams 57, 157 can be 

also formed integrally with the screw 24. Further, where the eccentric cams 57, 157 are 

detachably attached to the shaft 25 of the screw 24, as in the present embodiment, the 

eccentric cams 57, 157 can be taken off from the shaft 25 when the eccentric cams are 
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of the bearings 59, 159 over the entire circumference thereof. As a result, the external 
force acting upon the round outer circumferential surfaces 58, 158 of the eccentric 
cams 57, 157 and the inner circumferential surfaces of the round cam holes 60, 160 of 
the bearings 59, 159 is dispersed and the contact pressure per unit surface area of both 
circumferential surfaces is low. Therefore, the amount of wear of the eccentric cams 
57, 157 or the bearings 59, 159 or both the eccentric cams and the bearings can be 
reduced, the service life thereof can be extended, and the replacement frequency of 
these parts can be reduced. Furthermore, since the connection plates 61, 161 are driven 
by the eccentric cams 57, 157 fixed to the shaft 25 of the screw 24, rather than by the 
pair, left and right, of eccentric cams, although the round outer circumferential surfaces 
58, 158 of the eccentric cams 57, 157 and the inner circumferential surfaces of the 
round cam holes 60, 160 of the bearings 59, 159 are in contact with each other over the 
entire circumference, the connection plates 61, 161 can be caused to perform an 
accurate circular movement even when the shape accuracy or installation accuracy of 
the eccentric cams 57, 157 and bearings 59, 159 is not that high. 

[0045] When the movable members 4 and the connection means perform a circular 
movement in the above-described manner, the connection plates 61, 161, connecting 
rods 66, and movable members 4 rotate (revolve) in the direction shown by arrow F in 
FIG. 8A about the center axis line X of the screw 24 under the effect of the external 
force applied to the connection plates 61, 161 of the connection means from the 
eccentric cams 57, 157, and the movable members 4 can abut on and damage the fixed 
members 3 or spacers 14 located between the fixed members. Accordingly, in the 
solid-liquid separator of the present embodiment, as shown in FIGS. 2 and 3, ring-
shaped guides 69 (not shown in FIG. 1) are detachably attached with a bolt and a nut 
(not shown in the figure) to the holes of the side plates 7, 9 through which the 
connecting rods 66 are inserted. When the connecting rod 66 performs the afore­
mentioned circular movement, the connecting rod 66 is guided while sliding along the 
inner circumferential surface of the ring-shaped guides 69, and the connecting rod 66 is 
prevented from rotating in the direction of arrow F shown in FIG. 8A. Thus, the guides 
69 are used to cause the connection means to rotate together with the plurality of 
movable members 4 connected by this connection means in the direction of arrow F 
around the center axis line X of the shaft 25 of the screw 24 and to prevent the 
movable members 4 from abutting on other members. 

[0046] In the above-described solid-liquid separator, the eccentric cams 57, 157 are con­
stituted as members separate from the screw 24, but the eccentric cams 57, 157 can be 
also formed integrally with the screw 24. Further, where the eccentric cams 57, 157 are 
detachably attached to the shaft 25 of the screw 24, as in the present embodiment, the 
eccentric cams 57, 157 can be taken off from the shaft 25 when the eccentric cams are 
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worn out and new eccentric cams can be easily mounted on the shaft 25. 

[0047] In the above-described solid-liquid separator, a single screw 24 is used that has a 

single blade 26. However, it is also possible to use a screw having two or more blades, 

or to use two or more screws extending through the fixed members and movable 

members, as described in JP-4374396-B1. Furthermore, it is also possible to use the 

fixed members and movable members constituted by plates having recesses formed in 

the upper portions thereof as described in JP-4374396-B1. In this case, it is also 

possible to use at least one screw extending through the fixed members and movable 

members, without coming into contact with the fixed members and movable members. 

Further, in the case of the solid-liquid separator shown in the figure, the movable 

members 4 disposed between the adjacent fixed members are configured to perform a 

rotational movement, while maintaining the posture parallel to the fixed members 3, 

this movement being such that the center axis line Y of the through holes 16 thereof 

describes a circle around the center axis line X of the screw 24, but it is well-known 

that the movable members can be also configured to perform a reciprocating linear 

movement or reciprocating tilted movement, while maintaining the posture parallel to 

the fixed members (see JP-S59-218298-A, W000/32292 Al, JP-2000-135595-A, JP- 

2005-230852-A, and JP-4036383-B2, and JP-4374396-B1). Further, configurations 

described in these patent documents or other well-known configurations can be used as 

appropriate for driving the movable members. These specific configurations will be 

described hereinbelow in greater detail. 

[0048] As described hereinabove, the solid-liquid separator in accordance with the present 

invention includes a plurality of fixed members, movable members that are disposed 

between the adjacent fixed members and can move, and at least one screw extending 

through the fixed members and the movable members in a state without contact with 

the fixed members and the movable members, and this solid-liquid separator is 

configured such that the screw is rotationally driven about a center axis line thereof, 

while the object to be treated that has penetrated into a solid-liquid separation portion 

demarcated by the fixed members and the movable members is caused to move toward 

an outlet of the solid-liquid separation portion by rotation of the screw, a filtrate 

separated from the object to be treated is discharged to the outside of the solid-liquid 

separation portion through filtrate discharge gaps between the fixed members and the 

movable members, and the object to be treated that has a reduced water content ratio is 

discharged from the outlet to the outside of the solid-liquid separation portion. This 

basic configuration is common to the below-described solid-liquid separators of 

various forms. 

[0049] However, as has already been explained hereinabove, the drawback of the con-

ventional solid-liquid separators of this system is that the movable members that move 
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worn out and new eccentric cams can be easily mounted on the shaft 25. 
[0047] In the above-described solid-liquid separator, a single screw 24 is used that has a 

single blade 26. However, it is also possible to use a screw having two or more blades, 
or to use two or more screws extending through the fixed members and movable 
members, as described in JP-4374396-B1. Furthermore, it is also possible to use the 
fixed members and movable members constituted by plates having recesses formed in 
the upper portions thereof as described in JP-4374396-B1. In this case, it is also 
possible to use at least one screw extending through the fixed members and movable 
members, without coming into contact with the fixed members and movable members. 
Further, in the case of the solid-liquid separator shown in the figure, the movable 
members 4 disposed between the adjacent fixed members are configured to perform a 
rotational movement, while maintaining the posture parallel to the fixed members 3, 
this movement being such that the center axis line Y of the through holes 16 thereof 
describes a circle around the center axis line X of the screw 24, but it is well-known 
that the movable members can be also configured to perform a reciprocating linear 
movement or reciprocating tilted movement, while maintaining the posture parallel to 
the fixed members (see JP-S59-218298-A, WOOO/32292 Al, JP-2000-135595-A, JP-
2005-230852-A, and JP-4036383-B2, and JP-4374396-B1). Further, configurations 
described in these patent documents or other well-known configurations can be used as 
appropriate for driving the movable members. These specific configurations will be 
described hereinbelow in greater detail. 

[0048] As described hereinabove, the solid-liquid separator in accordance with the present 
invention includes a plurality of fixed members, movable members that are disposed 
between the adjacent fixed members and can move, and at least one screw extending 
through the fixed members and the movable members in a state without contact with 
the fixed members and the movable members, and this solid-liquid separator is 
configured such that the screw is rotationally driven about a center axis line thereof, 
while the object to be treated that has penetrated into a solid-liquid separation portion 
demarcated by the fixed members and the movable members is caused to move toward 
an outlet of the solid-liquid separation portion by rotation of the screw, a filtrate 
separated from the object to be treated is discharged to the outside of the solid-liquid 
separation portion through filtrate discharge gaps between the fixed members and the 
movable members, and the object to be treated that has a reduced water content ratio is 
discharged from the outlet to the outside of the solid-liquid separation portion. This 
basic configuration is common to the below-described solid-liquid separators of 
various forms. 

[0049] However, as has already been explained hereinabove, the drawback of the con­
ventional solid-liquid separators of this system is that the movable members that move 
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with respect to the fixed members are configured such that the movable members 

move at all times on the outside of the outer circumferential edge of the screw, thereby 

inevitably causing the decrease in efficiency of liquid removal from the object to be 

treated. 

[0050] Accordingly, in the solid-liquid separator in accordance with the present invention, at 

least part of the movable members are formed to move, while penetrating closer to the 

center axis line of the screw than an outer circumferential edge of the screw blade, 

without coming into contact with the screw. With such a configuration, the movable 

members that move, while penetrating closer to the center axis line of the screw, apply 

a shear force to the object to be treated that is conveyed by the rotating screw, as they 

penetrate so as to cut into the sludge. Therefore, the efficiency of liquid removal from 

the object to be treated is greatly improved. 

[0051] A specific example in which the above-described configuration, which is a charac-

terizing feature of the present invention, is used in the solid-liquid separator explained 

hereinabove with reference to FIGS. 1 to 9 will be explained below. 

[0052] As mentioned hereinabove, FIGS. 8A, 8B, 9A, and 9B are cross-sectional views il-

lustrating the circular movement of the movable member 4. In this figure, the portion 

denoted by the reference symbol 26A represents the cross section of the blade 26 

extending spirally. FIG. 10 corresponds to a cross-sectional view obtained by cutting 

along the III-III line in FIG. 8A. This is an explanatory figure in which the depiction of 

the fixing members is omitted to clarify the mutual arrangement of the screw 24 and 

the movable members 4. Conversely, FIG. 8A corresponds to a cross-sectional view 

taken along the IV-IV line in FIG. 10. FIG. 10 illustrates the relationship between 

movable members 4 and the screw 24, and in this figure the relative positions of the 

movable members 4 and the screw 24 and the screw shape do not perfectly match 

those shown in FIG. 5 (the same is true for FIGS. 15, 16, 31, and 33). 

[0053] Oblique hatching provided in FIGS. 8 and 9 represents a portion of the movable 

member 4 that penetrates closer to the center axis line X of the screw 24 than the outer 

circumferential edge 32 of the blade 26 of the screw 24. In FIGS. 8 to 10, this portion 

of the movable member 4 that penetrates closer to the center axis line X of the screw 

24 than the outer circumferential edge 32 of the blade 26 of the screw 24 is denoted by 

the reference numeral 51. As follows from FIG. 10, this portion 51 of the movable 

member 4 that penetrates closer to the center axis line X of the screw 24 than the outer 

circumferential edge 32 of the blade 26 of the screw 24 is positioned between two 

adjacent blade portions 33 so as to avoid interference with the blade 26 of the screw 

24. Where the attention is focused on a portion 52 of the movable member 4 positioned 

on the side opposite that of the portion 51 of the movable member 4 with respect to the 

center line X of the screw 24, as shown in FIG. 8A and FIG. 10, another portion 34 of 
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with respect to the fixed members are configured such that the movable members 
move at all times on the outside of the outer circumferential edge of the screw, thereby 
inevitably causing the decrease in efficiency of liquid removal from the object to be 
treated. 

[0050] Accordingly, in the solid-liquid separator in accordance with the present invention, at 
least part of the movable members are formed to move, while penetrating closer to the 
center axis line of the screw than an outer circumferential edge of the screw blade, 
without coming into contact with the screw. With such a configuration, the movable 
members that move, while penetrating closer to the center axis line of the screw, apply 
a shear force to the object to be treated that is conveyed by the rotating screw, as they 
penetrate so as to cut into the sludge. Therefore, the efficiency of liquid removal from 
the object to be treated is greatly improved. 

[0051] A specific example in which the above-described configuration, which is a charac­
terizing feature of the present invention, is used in the solid-liquid separator explained 
hereinabove with reference to FIGS. 1 to 9 will be explained below. 

[0052] As mentioned hereinabove, FIGS. 8A, 8B, 9A, and 9B are cross-sectional views il­
lustrating the circular movement of the movable member 4. In this figure, the portion 
denoted by the reference symbol 26A represents the cross section of the blade 26 
extending spirally. FIG. 10 corresponds to a cross-sectional view obtained by cutting 
along the III-III line in FIG. 8A. This is an explanatory figure in which the depiction of 
the fixing members is omitted to clarify the mutual arrangement of the screw 24 and 
the movable members 4. Conversely, FIG. 8A corresponds to a cross-sectional view 
taken along the IV-IV line in FIG. 10. FIG. 10 illustrates the relationship between 
movable members 4 and the screw 24, and in this figure the relative positions of the 
movable members 4 and the screw 24 and the screw shape do not perfectly match 
those shown in FIG. 5 (the same is true for FIGS. 15, 16, 31, and 33). 

[0053] Oblique hatching provided in FIGS. 8 and 9 represents a portion of the movable 
member 4 that penetrates closer to the center axis line X of the screw 24 than the outer 
circumferential edge 32 of the blade 26 of the screw 24. In FIGS. 8 to 10, this portion 
of the movable member 4 that penetrates closer to the center axis line X of the screw 
24 than the outer circumferential edge 32 of the blade 26 of the screw 24 is denoted by 
the reference numeral 51. As follows from FIG. 10, this portion 51 of the movable 
member 4 that penetrates closer to the center axis line X of the screw 24 than the outer 
circumferential edge 32 of the blade 26 of the screw 24 is positioned between two 
adjacent blade portions 33 so as to avoid interference with the blade 26 of the screw 
24. Where the attention is focused on a portion 52 of the movable member 4 positioned 
on the side opposite that of the portion 51 of the movable member 4 with respect to the 
center line X of the screw 24, as shown in FIG. 8A and FIG. 10, another portion 34 of 
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the blade 26 is positioned closer to the movable member portion 52. However, since 

the movable member portion 52 is set apart from the blade portion 34 of the screw 24 

in the radial direction thereof, the blade portion 34 does not interfere with the blade 26 

of the screw 24. 

[0054] Clarified hereinbelow are the conditions that allow the movable member 4 to 

penetrate closer to the center axis line X of the screw 24 than the outer circumferential 

edge 32 of the blade 26 of the screw 24, without interfering with the blade 26 of the 

screw 24. 

[0055] FIG. 11 is an enlarged explanatory cross-sectional view in which the screw 24 and 

the movable member 4 shown in FIG. 8A are taken out to facilitate the understanding 

of the drawings. As shown in FIG. 11, the shortest distance from the center axis line Y 

of the through hole 16 of the movable member 4 to a circumferential edge 35 of the 

movable member 4 that demarcates the through hole 16 is denoted by K, the radius of 

the screw 24 is denoted by S, and the distance through which the center axis line Y of 

the through hole 16 is decentered from the center axis line X of the screw 24, that is, 

the eccentricity thereof, is denoted by (delta) as described hereinabove. In the solid-

liquid separator of the present embodiment, since the through hole 16 has a round 

shape, the shortest distance K is the radius of the round through hole 16. 

[0056] As clearly follows from FIG. 11, the condition of K < S + (delta) should be fulfilled 

in order that the portion 51 of the movable member 4, which is hatched obliquely in 

FIG. 11, could penetrate closer to the center axis line X of the screw 24. Conversely, 

the condition of S - (delta) < K should be fulfilled in order to prevent the portion 52 of 

the movable member 4 from interfering with the blade portion 34. These conditions 

remain unchanged when the movable member 4 occupies another position with respect 

to the screw 24, as shown in FIGS. 8B, 9A, and 9B. Thus, the through hole 16 of the 

movable member 4 that performs a circular movement, while penetrating closer to the 

center axis line X of the screw 24 than the outer circumferential edge 32 of the blade 

26 of the screw 24, is formed such that the condition of S - (delta) < K < S + (delta) is 

fulfilled. This condition is the first condition for penetration of the movable member. 

[0057] As follows from FIG. 10, the movable member portion 51 that has penetrated closer 

to the center axis line X of the screw 24 than the outer circumferential edge 32 of the 

blade 26 between the two adjacent blade portions 33 of the screw 24 is positioned 

within the range of a region Z in the center axis line direction of the screw 24. The 

entire center axis line Y of the through hole 16 of the movable member 4 in the present 

embodiment is offset by the same distance (delta) in the same direction with respect to 

the center axis line X of the screw 24. In addition, the blade 26 of the screw 24 extends 

spirally. Therefore, for the movable member 4 positioned in a region W outside the 

aforementioned region Z, even if the through hole 16 is formed such that the afore- 
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the blade 26 is positioned closer to the movable member portion 52. However, since 
the movable member portion 52 is set apart from the blade portion 34 of the screw 24 
in the radial direction thereof, the blade portion 34 does not interfere with the blade 26 
of the screw 24. 

[0054] Clarified hereinbelow are the conditions that allow the movable member 4 to 
penetrate closer to the center axis line X of the screw 24 than the outer circumferential 
edge 32 of the blade 26 of the screw 24, without interfering with the blade 26 of the 
screw 24. 

[0055] FIG. 11 is an enlarged explanatory cross-sectional view in which the screw 24 and 
the movable member 4 shown in FIG. 8A are taken out to facilitate the understanding 
of the drawings. As shown in FIG. 11, the shortest distance from the center axis line Y 
of the through hole 16 of the movable member 4 to a circumferential edge 35 of the 
movable member 4 that demarcates the through hole 16 is denoted by K, the radius of 
the screw 24 is denoted by S, and the distance through which the center axis line Y of 
the through hole 16 is decentered from the center axis line X of the screw 24, that is, 
the eccentricity thereof, is denoted by (delta) as described hereinabove. In the solid-
liquid separator of the present embodiment, since the through hole 16 has a round 
shape, the shortest distance K is the radius of the round through hole 16. 

[0056] As clearly follows from FIG. 11, the condition of K < S + (delta) should be fulfilled 
in order that the portion 51 of the movable member 4, which is hatched obliquely in 
FIG. 11, could penetrate closer to the center axis line X of the screw 24. Conversely, 
the condition of S - (delta) < K should be fulfilled in order to prevent the portion 52 of 
the movable member 4 from interfering with the blade portion 34. These conditions 
remain unchanged when the movable member 4 occupies another position with respect 
to the screw 24, as shown in FIGS. 8B, 9A, and 9B. Thus, the through hole 16 of the 
movable member 4 that performs a circular movement, while penetrating closer to the 
center axis line X of the screw 24 than the outer circumferential edge 32 of the blade 
26 of the screw 24, is formed such that the condition of S - (delta) < K < S + (delta) is 
fulfilled. This condition is the first condition for penetration of the movable member. 

[0057] As follows from FIG. 10, the movable member portion 51 that has penetrated closer 
to the center axis line X of the screw 24 than the outer circumferential edge 32 of the 
blade 26 between the two adjacent blade portions 33 of the screw 24 is positioned 
within the range of a region Z in the center axis line direction of the screw 24. The 
entire center axis line Y of the through hole 16 of the movable member 4 in the present 
embodiment is offset by the same distance (delta) in the same direction with respect to 
the center axis line X of the screw 24. In addition, the blade 26 of the screw 24 extends 
spirally. Therefore, for the movable member 4 positioned in a region W outside the 
aforementioned region Z, even if the through hole 16 is formed such that the afore­
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mentioned first condition for penetration is fulfilled, the movable member 4 will 

interfere with the blade 26 of the screw 24. Therefore, the movable member 4 located 

in the region W cannot penetrate closer to the center axis line X of the screw 24 than 

the outer circumferential edge 32 of the blade 26 thereof. As shown in FIG. 16, 

assuming that the through hole 16 of the movable member 4 positioned in the region 

W is formed such that the aforementioned first condition for penetration is fulfilled, the 

portion 53 of the movable member 4 will interfere with the blade 26 of the screw 24. 

Therefore, the through hole 16 of the movable member 4 positioned in the region W 

actually cannot be formed such as to fulfill the first condition. 

[0058] In the explanation below, the region Z shown in FIG. 10 will be referred to as a 

region in which penetration is possible and the region W shown in the same figure will 

be referred to as a region in which penetration is impossible. 

[0059] FIGS. 12A, 12B, 13A, and 13B illustrate the relative positional relationship of the 

movable member 4 positioned in the region W in which penetration is impossible 

(shown in FIG. 10) and the screw 24. Similarly to FIG. 11, the fixed members are 

omitted and the cross section of the blade 26 of the screw 24 is denoted by the 

reference symbol 26A. FIG. 13A corresponds to the cross section taken along the V-V 

line in FIG. 10, these figures also illustrate how the movable member 4 performs a 

circular movement in which the center axis line Y of the through hole 16 of the 

movable member 4 describes a circle with a radius equal to the eccentricity (delta) 

around the center axis line X of the screw 24 in the order shown in FIGS. 12A, 12B, 

13A, and 13B. 

[0060] In this case, too, where the shortest distance K (in this example, the radius of the 

through hole 16) from the center axis line Y of the through hole 16 of the movable 

member 4 to the circumferential edge 35 of the movable member 4 that demarcates the 

through hole 16 is denoted by K and the radius of the screw 24 is denoted by S, the re-

lationship between K, S, and eccentricity (delta) fulfills the condition of K > S + 

(delta). This condition is called the movable member interference avoidance condition. 

As follows from FIGS. 12A, 12B, 13A, and 13B, where the interference avoidance 

condition is fulfilled, the movable member 4 does not penetrate closer to the center 

axis line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 

screw 24 and, therefore, the movable member 4 does not interfere with the blade 26 

when the movable member 4 present in the region W in which penetration is im-

possible occupies any position with respect to the screw 24. Thus, the through hole 16 

of the movable member 4 that performs a circular movement, without penetrating 

closer to the center axis line X of the screw 24 than the outer circumferential edge 32 

of the blade 26 of the screw 24, is formed to fulfill the condition K > S + (delta). 

[0061] In this case, the movable member 4 that can perform a circular movement, while pen- 
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mentioned first condition for penetration is fulfilled, the movable member 4 will 
interfere with the blade 26 of the screw 24. Therefore, the movable member 4 located 
in the region W cannot penetrate closer to the center axis line X of the screw 24 than 
the outer circumferential edge 32 of the blade 26 thereof. As shown in FIG. 16, 
assuming that the through hole 16 of the movable member 4 positioned in the region 
W is formed such that the aforementioned first condition for penetration is fulfilled, the 
portion 53 of the movable member 4 will interfere with the blade 26 of the screw 24. 
Therefore, the through hole 16 of the movable member 4 positioned in the region W 
actually cannot be formed such as to fulfill the first condition. 

[0058] In the explanation below, the region Z shown in FIG. 10 will be referred to as a 
region in which penetration is possible and the region W shown in the same figure will 
be referred to as a region in which penetration is impossible. 

[0059] FIGS. 12A, 12B, 13A, and 13B illustrate the relative positional relationship of the 
movable member 4 positioned in the region W in which penetration is impossible 
(shown in FIG. 10) and the screw 24. Similarly to FIG. 11, the fixed members are 
omitted and the cross section of the blade 26 of the screw 24 is denoted by the 
reference symbol 26A. FIG. 13A corresponds to the cross section taken along the V-V 
line in FIG. 10, these figures also illustrate how the movable member 4 performs a 
circular movement in which the center axis line Y of the through hole 16 of the 
movable member 4 describes a circle with a radius equal to the eccentricity (delta) 
around the center axis line X of the screw 24 in the order shown in FIGS. 12A, 12B, 
13A, and 13B. 

[0060] In this case, too, where the shortest distance K (in this example, the radius of the 
through hole 16) from the center axis line Y of the through hole 16 of the movable 
member 4 to the circumferential edge 35 of the movable member 4 that demarcates the 
through hole 16 is denoted by K and the radius of the screw 24 is denoted by S, the re­
lationship between K, S, and eccentricity (delta) fulfills the condition of K > S + 
(delta). This condition is called the movable member interference avoidance condition. 
As follows from FIGS. 12A, 12B, 13A, and 13B, where the interference avoidance 
condition is fulfilled, the movable member 4 does not penetrate closer to the center 
axis line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 
screw 24 and, therefore, the movable member 4 does not interfere with the blade 26 
when the movable member 4 present in the region W in which penetration is im­
possible occupies any position with respect to the screw 24. Thus, the through hole 16 
of the movable member 4 that performs a circular movement, without penetrating 
closer to the center axis line X of the screw 24 than the outer circumferential edge 32 
of the blade 26 of the screw 24, is formed to fulfill the condition K > S + (delta). 

[0061] In this case, the movable member 4 that can perform a circular movement, while pen­
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etrating closer to the center axis line X of the screw than the outer circumferential edge 

32 of the blade 26 of the screw 24, should be positioned within the region Z in which 

penetration is possible (shown in FIG. 10); this region Z in which penetration is 

possible is determined in the following manner. 

[0062] When the movable member 4 performs a circular movement such that the center axis 

line Y of the movable member 4 describes a circle with a radius equal to the ec-

centricity (delta) of the center axis line Y thereof around the center axis line X of the 

screw 24, as mentioned hereinabove, a point in which a straight line H that is drawn 

from the center axis line Y of the through hole 16 of the movable member 4 in the 

radial direction of the screw 24 toward the center axis line X of the screw 24 crosses a 

virtual tube I including the outer circumferential edge 32 of the screw 24 after passing 

beyond the center axis line X of the screw 24 is taken as an outer circumferential edge 

crossing point J, as shown in FIGS. 10 and 11. Where a straight line passing through 

the outer circumferential edge crossing point J and extending parallel to the center axis 

line X of the screw 24 is taken as a center parallel line L and crossing points of the 

center parallel line L with two blade portions 33 of the screw 24 that are adjacent in the 

direction of the center axis line X of the screw 24 are taken as blade crossing points M, 

a region of a predetermined width in the direction of the center axis line X of the screw 

24 that is narrower than the distance between the aforementioned two blade portions 

33 and includes a center point N of the two blade crossing points M will be the afore-

mentioned region Z in which penetration is possible. As mentioned hereinabove, the 

region Z in which penetration is possible is narrower than the distance between the two 

adjacent blade portions 33, that is, narrower than a pitch P. The aforementioned 

movable member 4 that performs a circular movement, while penetrating closer to the 

center axis line X of the screw 24 than the outer circumferential edge 32 of the blade 

26 of the screw 24, is positioned within the region of this width, that is, within the 

region Z in which penetration is possible. This condition is taken as the second 

conditions for penetration of the movable member. Where the aforementioned first and 

second conditions are fulfilled, the movable member 4 can perform a circular 

movement, while penetrating closer to the center axis line X of the screw 24 than the 

outer circumferential edge 32 of the blade 26 of the screw 24. 

[0063] The abovementioned region Z in which penetration is possible is determined by the 

pitch P of the blade 26 of the screw 24 shown in FIG. 10, the thickness d of the blade 

26, the aforementioned shortest distance K from the center axis line Y of the through 

hole 16 of the movable member, the aforementioned eccentricity (delta), and the radius 

S of the screw 24. FIG. 14 shows graphs representing the results of analysis performed 

by using an actual solid-liquid separator to determine how the region Z in which pen-

etration is possible changes according to the value of the shortest distance K (in this 
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etrating closer to the center axis line X of the screw than the outer circumferential edge 
32 of the blade 26 of the screw 24, should be positioned within the region Z in which 
penetration is possible (shown in FIG. 10); this region Z in which penetration is 
possible is determined in the following manner. 

[0062] When the movable member 4 performs a circular movement such that the center axis 
line Y of the movable member 4 describes a circle with a radius equal to the ec­
centricity (delta) of the center axis line Y thereof around the center axis line X of the 
screw 24, as mentioned hereinabove, a point in which a straight line H that is drawn 
from the center axis line Y of the through hole 16 of the movable member 4 in the 
radial direction of the screw 24 toward the center axis line X of the screw 24 crosses a 
virtual tube I including the outer circumferential edge 32 of the screw 24 after passing 
beyond the center axis line X of the screw 24 is taken as an outer circumferential edge 
crossing point J, as shown in FIGS. 10 and 11. Where a straight line passing through 
the outer circumferential edge crossing point J and extending parallel to the center axis 
line X of the screw 24 is taken as a center parallel line L and crossing points of the 
center parallel line L with two blade portions 33 of the screw 24 that are adjacent in the 
direction of the center axis line X of the screw 24 are taken as blade crossing points M, 
a region of a predetermined width in the direction of the center axis line X of the screw 
24 that is narrower than the distance between the aforementioned two blade portions 
33 and includes a center point N of the two blade crossing points M will be the afore­
mentioned region Z in which penetration is possible. As mentioned hereinabove, the 
region Z in which penetration is possible is narrower than the distance between the two 
adjacent blade portions 33, that is, narrower than a pitch P. The aforementioned 
movable member 4 that performs a circular movement, while penetrating closer to the 
center axis line X of the screw 24 than the outer circumferential edge 32 of the blade 
26 of the screw 24, is positioned within the region of this width, that is, within the 
region Z in which penetration is possible. This condition is taken as the second 
conditions for penetration of the movable member. Where the aforementioned first and 
second conditions are fulfilled, the movable member 4 can perform a circular 
movement, while penetrating closer to the center axis line X of the screw 24 than the 
outer circumferential edge 32 of the blade 26 of the screw 24. 

[0063] The abovementioned region Z in which penetration is possible is determined by the 
pitch P of the blade 26 of the screw 24 shown in FIG. 10, the thickness d of the blade 
26, the aforementioned shortest distance K from the center axis line Y of the through 
hole 16 of the movable member, the aforementioned eccentricity (delta), and the radius 
S of the screw 24. FIG. 14 shows graphs representing the results of analysis performed 
by using an actual solid-liquid separator to determine how the region Z in which pen­
etration is possible changes according to the value of the shortest distance K (in this 
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case, the radius of the through hole 16), when P = 100 mm and (delta) = 8 mm. In the 

figure, L1 shows the results obtained when d = 2 mm, L2 shows the results obtained 

when d = 4 mm, and L3 shows the results obtained when d = 6 mm. As follows from 

this graph, the width of the region Z in which penetration is possible increases with the 

increase in the radius of the through hole 16 of the movable member 4. FIG. 15 il-

lustrates an example in which the width of the region Z in which penetration is 

possible is decreased with respect to that in the case shown in FIG. 10. 

[0064] In the example shown in FIGS. 8 to 13, the center axis line of the through hole 16 of 

the movable member 4 and the center axis line of the eccentric cams 57, 157 coincide, 

and the movable member 4 performs a circular movement, while the center axis line Y 

of the through hole 16 of the movable member 4 describes a circle around the center 

axis line X of the screw 24. In this case, the shortest distance K, as described 

hereinabove, becomes the shortest distance from the center axis line of the through 

hole 16 of the movable member 4 to the circumferential edge 35 of the movable 

member 4 demarcating the through hole 16. By contrast, where the case is included in 

which the center axis line of the through hole 16 and the center axis line of the 

eccentric cams 57, 157 do not coincide and the aforementioned shortest distance K is 

considered, this shortest distance K is defined as the shortest distance from the center 

axis line of the eccentric cams 57, 157 to the circumferential edge 35 of the movable 

member 4 demarcating the through hole 16 of the movable member 4. 

[0065] FIGS. 17A, 17B, 18A, and 18B are explanatory drawings illustrating the above-

described feature and showing a state of the region in which penetration is possible in 

the case in which the center axis line of the through hole 16 of the movable member 

and the center axis line Y of the eccentric cams 57, 157 formed with a round outer cir-

cumferential surface do not coincide. Here, for the sake of simplification of figures the 

through hole 16 of the movable member is shown by a two-dot-dash line, the eccentric 

cams 57, 157 are shown by a dot-dash line, the screw 24 is shown by a solid line, and 

the cross section of the blade 26 of the screw 24 is denoted by the reference symbol 

26A. In this case, since the screw 24 rotates (revolves) around the center axis line X 

thereof, the eccentric cams 57, 157 fixed to the shaft 25 of the screw 24 rotate in the 

order shown in FIGS. 17A, 17B, 18A, and 18B, while, as shown by arrow E, the center 

axis line Y of the eccentric cams describes a circle with a radius equal to the ec-

centricity (delta) of the eccentric cams 57, 157 around the center axis line X of the 

screw 24. A portion of the movable member that is obliquely hatched in FIGS. 17 and 

18 penetrates closer to the center axis line X of the screw 24 than the outer circum-

ferential edge 32 of the blade 26 of the screw 24. However, in this example, the center 

axis line of the through hole 16 does not coincide with the center axis line Y of the 

eccentric cams 57, 157 and in this aspect the aforementioned configuration is different 
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case, the radius of the through hole 16), when P = 100 mm and (delta) = 8 mm. In the 
figure, LI shows the results obtained when d = 2 mm, L2 shows the results obtained 
when d = 4 mm, and L3 shows the results obtained when d = 6 mm. As follows from 
this graph, the width of the region Z in which penetration is possible increases with the 
increase in the radius of the through hole 16 of the movable member 4. FIG. 15 il­
lustrates an example in which the width of the region Z in which penetration is 
possible is decreased with respect to that in the case shown in FIG. 10. 

[0064] In the example shown in FIGS. 8 to 13, the center axis line of the through hole 16 of 
the movable member 4 and the center axis line of the eccentric cams 57, 157 coincide, 
and the movable member 4 performs a circular movement, while the center axis line Y 
of the through hole 16 of the movable member 4 describes a circle around the center 
axis line X of the screw 24. In this case, the shortest distance K, as described 
hereinabove, becomes the shortest distance from the center axis line of the through 
hole 16 of the movable member 4 to the circumferential edge 35 of the movable 
member 4 demarcating the through hole 16. By contrast, where the case is included in 
which the center axis line of the through hole 16 and the center axis line of the 
eccentric cams 57, 157 do not coincide and the aforementioned shortest distance K is 
considered, this shortest distance K is defined as the shortest distance from the center 
axis line of the eccentric cams 57, 157 to the circumferential edge 35 of the movable 
member 4 demarcating the through hole 16 of the movable member 4. 

[0065] FIGS. 17A, 17B, 18A, and 18B are explanatory drawings illustrating the above-
described feature and showing a state of the region in which penetration is possible in 
the case in which the center axis line of the through hole 16 of the movable member 
and the center axis line Y of the eccentric cams 57, 157 formed with a round outer cir­
cumferential surface do not coincide. Here, for the sake of simplification of figures the 
through hole 16 of the movable member is shown by a two-dot-dash line, the eccentric 
cams 57, 157 are shown by a dot-dash line, the screw 24 is shown by a solid line, and 
the cross section of the blade 26 of the screw 24 is denoted by the reference symbol 
26A. In this case, since the screw 24 rotates (revolves) around the center axis line X 
thereof, the eccentric cams 57, 157 fixed to the shaft 25 of the screw 24 rotate in the 
order shown in FIGS. 17A, 17B, 18A, and 18B, while, as shown by arrow E, the center 
axis line Y of the eccentric cams describes a circle with a radius equal to the ec­
centricity (delta) of the eccentric cams 57, 157 around the center axis line X of the 
screw 24. A portion of the movable member that is obliquely hatched in FIGS. 17 and 
18 penetrates closer to the center axis line X of the screw 24 than the outer circum­
ferential edge 32 of the blade 26 of the screw 24. However, in this example, the center 
axis line of the through hole 16 does not coincide with the center axis line Y of the 
eccentric cams 57, 157 and in this aspect the aforementioned configuration is different 
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from that of the example shown in FIGS. 8, 9, and 11. 

[0066] Here, where the shortest distance from center axis line Y of the eccentric cams 57, 

157 to the circumferential edge 35 of the movable member that demarcates the through 

hole 16 of the movable member is denoted by K, the radius of the screw 24 is denoted 

by S, and the eccentricity of the center axis line Y of the eccentric cams 57, 157 from 

the center axis line X of the screw 24 is denoted by (delta), as shown in FIGS. 17A and 

18A, the condition of K < S + (delta) should be fulfilled in order that the portion 51 of 

the movable member could penetrate closer to the center axis line X of the screw 24, as 

shown in FIG. 17A. Conversely, the condition of S - (delta) < K should be fulfilled in 

order to prevent the portion 52 of the movable member from interfering with the blade 

portion 34, as shown in FIG. 18A. In this case, the through hole 16 of the movable 

member that performs a circular movement, while penetrating closer to the center axis 

line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 

screw 24, is also formed such that the condition of S - (delta) < K < S + (delta), which 

is the first condition for penetration the movable members, is fulfilled. In the example 

shown in FIGS. 8, 9, and 11, the center axis line of the through hole 16 coincides with 

the center axis line of the eccentric cams 57, 157. Therefore, the shortest distance K 

from the center axis line Y of the eccentric cams 57, 157 to the circumferential edge 35 

of the movable member that demarcates the through hole 16 becomes the shortest 

distance K from the center axis line of the through hole 16 to the circumferential edge 

35 of the through hole 16. FIGS. 8, 9, and 11 illustrate a special case of the example 

shown in FIGS. 17 and 18. 

[0067] Meanwhile, FIGS. 19A, 19B, 20A, and 20B are explanatory drawings similar to 

FIGS. 17 and 18 that show the state of the region in which penetration is impossible in 

the case in which the center axis line of the through hole 16 of the movable member 

does not match the center axis line Y of the eccentric cams 57, 157. The screw 24 

rotates in the order shown in FIGS. 19A, 19B, 20A, and 20B, and the eccentric cams 

57, 157 rotate, while, as shown by arrow E, the center axis line Y thereof describes a 

circle with a radius equal to the eccentricity (delta) of the center axis line Y around the 

center axis line X of the screw 24. As a result, the movable member having the through 

hole 16 performs a circular movement. 

[0068] In this case, too, where the shortest distance from center axis line Y of the eccentric 

cams 57, 157 to the circumferential edge 35 of the movable member that demarcates 

the through hole 16 of the movable member is denoted by K, the radius of the screw 24 

is denoted by S, and the eccentricity of the eccentric cams 57, 157 from the center axis 

line X of the screw 24 is denoted by (delta), in the same manner as in FIGS. 17 and 18, 

it is clear from FIG. 19A that the movable member which performs a circular 

movement without penetrating closer to the center axis line X of the screw 24 than the 
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from that of the example shown in FIGS. 8,9, and 11. 
[0066] Here, where the shortest distance from center axis line Y of the eccentric cams 57, 

157 to the circumferential edge 35 of the movable member that demarcates the through 
hole 16 of the movable member is denoted by K, the radius of the screw 24 is denoted 
by S, and the eccentricity of the center axis line Y of the eccentric cams 57, 157 from 
the center axis line X of the screw 24 is denoted by (delta), as shown in FIGS. 17A and 
18A, the condition of K < S + (delta) should be fulfilled in order that the portion 51 of 
the movable member could penetrate closer to the center axis line X of the screw 24, as 
shown in FIG. 17A. Conversely, the condition of S - (delta) < K should be fulfilled in 
order to prevent the portion 52 of the movable member from interfering with the blade 
portion 34, as shown in FIG. 18A. In this case, the through hole 16 of the movable 
member that performs a circular movement, while penetrating closer to the center axis 
line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 
screw 24, is also formed such that the condition of S - (delta) < K < S + (delta), which 
is the first condition for penetration the movable members, is fulfilled. In the example 
shown in FIGS. 8,9, and 11, the center axis line of the through hole 16 coincides with 
the center axis line of the eccentric cams 57, 157. Therefore, the shortest distance K 
from the center axis line Y of the eccentric cams 57, 157 to the circumferential edge 35 
of the movable member that demarcates the through hole 16 becomes the shortest 
distance K from the center axis line of the through hole 16 to the circumferential edge 
35 of the through hole 16. FIGS. 8, 9, and 11 illustrate a special case of the example 
shown in FIGS. 17 and 18. 

[0067] Meanwhile, FIGS. 19A, 19B, 20A, and 20B are explanatory drawings similar to 
FIGS. 17 and 18 that show the state of the region in which penetration is impossible in 
the case in which the center axis line of the through hole 16 of the movable member 
does not match the center axis line Y of the eccentric cams 57, 157. The screw 24 
rotates in the order shown in FIGS. 19A, 19B, 20A, and 20B, and the eccentric cams 
57, 157 rotate, while, as shown by arrow E, the center axis line Y thereof describes a 
circle with a radius equal to the eccentricity (delta) of the center axis line Y around the 
center axis line X of the screw 24. As a result, the movable member having the through 
hole 16 performs a circular movement. 

[0068] In this case, too, where the shortest distance from center axis line Y of the eccentric 
cams 57, 157 to the circumferential edge 35 of the movable member that demarcates 
the through hole 16 of the movable member is denoted by K, the radius of the screw 24 
is denoted by S, and the eccentricity of the eccentric cams 57, 157 from the center axis 
line X of the screw 24 is denoted by (delta), in the same manner as in FIGS. 17 and 18, 
it is clear from FIG. 19A that the movable member which performs a circular 
movement without penetrating closer to the center axis line X of the screw 24 than the 
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outer circumferential edge 32 of the blade 26 of the screw 24 fulfills the condition K > 

S + (delta) which is an interference condition of the movable member. As clearly 

follows from FIGS. 19A, 19B, 20A, and 20B, when such condition is fulfilled, even 

when the movable member that is present in the region W in which penetration is im-

possible occupies any position with respect to the screw 24, this movable member does 

not penetrate closer to the center axis line X of the screw 24 than the outer circum-

ferential edge 32 of the blade 26 of the screw 24 and, therefore, the movable member 

does not interfere with the blade 26. 

[0069] FIGS. 12 and 13 illustrate a special case of the example shown in FIGS. 19 and 20, 

that is, the case in which the center axis line of the through hole 16 and the center axis 

line of the eccentric cams 57, 157 coincide. 

[0070] The region Z in which penetration is possible can be determined in the same manner 

as explained hereinabove in relation to FIG. 10, including the case in which the center 

axis line of the through hole 16 and the center axis line of the eccentric cams 57, 157 

do not coincide. Thus, where a point in which a straight line H that is drawn from the 

center axis line Y of the eccentric cams 57, 157 in the radial direction of the screw 24 

toward the center axis line X of the screw 24 crosses the virtual tube I including the 

outer circumferential edge 32 of the screw 24 after passing beyond the center axis line 

X of the screw 24 is taken as an outer circumferential edge crossing point J, a straight 

line passing through the outer circumferential edge crossing point J and extending 

parallel to the center axis line X of the screw 24 is taken as the center parallel line L 

and crossing points of the center parallel line L with two blade portions 33 of the screw 

24 that are adjacent in the direction of the center axis line X of the screw 24 are taken 

as blade crossing points M, as shown in FIG. 10, the movable member 4 that performs 

a circular movement, while penetrating closer to the center axis line X of the screw 24 

than the outer circumferential edge 32 of the blade 26 of the screw 24, is positioned 

within the region Z in which penetration is possible and which has a predetermined 

width in the direction of the center axis line X of the screw and is narrower than the 

distance between the aforementioned two blade portions 33 and includes a center point 

N of the two blade crossing points M, regardless of whether or not the center axis line 

of the through hole 16 and the center axis line of the eccentric cams 57, 157 coincide. 

When the center axis line of the through hole 16 and the center axis line of the 

eccentric cams 57, 157 coincide, the straight line H is drawn from the center axis line 

of the through hole 16 toward the center axis line X of the screw 24, as in the afore-

mentioned special case. 

[0071] In the solid-liquid separator explained hereinabove, the through hole 16 of the 

movable member 4 has a round form, but as mentioned hereinabove, the through hole 

16 can have an appropriate shape other than the round shape, for example, an oval or 
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outer circumferential edge 32 of the blade 26 of the screw 24 fulfills the condition K > 
S + (delta) which is an interference condition of the movable member. As clearly 
follows from FIGS. 19A, 19B, 20A, and 20B, when such condition is fulfilled, even 
when the movable member that is present in the region W in which penetration is im­
possible occupies any position with respect to the screw 24, this movable member does 
not penetrate closer to the center axis line X of the screw 24 than the outer circum­
ferential edge 32 of the blade 26 of the screw 24 and, therefore, the movable member 
does not interfere with the blade 26. 

[0069] FIGS. 12 and 13 illustrate a special case of the example shown in FIGS. 19 and 20, 
that is, the case in which the center axis line of the through hole 16 and the center axis 
line of the eccentric cams 57, 157 coincide. 

[0070] The region Z in which penetration is possible can be determined in the same manner 
as explained hereinabove in relation to FIG. 10, including the case in which the center 
axis line of the through hole 16 and the center axis line of the eccentric cams 57, 157 
do not coincide. Thus, where a point in which a straight line H that is drawn from the 
center axis line Y of the eccentric cams 57, 157 in the radial direction of the screw 24 
toward the center axis line X of the screw 24 crosses the virtual tube I including the 
outer circumferential edge 32 of the screw 24 after passing beyond the center axis line 
X of the screw 24 is taken as an outer circumferential edge crossing point J, a straight 
line passing through the outer circumferential edge crossing point J and extending 
parallel to the center axis line X of the screw 24 is taken as the center parallel line L 
and crossing points of the center parallel line L with two blade portions 33 of the screw 
24 that are adjacent in the direction of the center axis line X of the screw 24 are taken 
as blade crossing points M, as shown in FIG. 10, the movable member 4 that performs 
a circular movement, while penetrating closer to the center axis line X of the screw 24 
than the outer circumferential edge 32 of the blade 26 of the screw 24, is positioned 
within the region Z in which penetration is possible and which has a predetermined 
width in the direction of the center axis line X of the screw and is narrower than the 
distance between the aforementioned two blade portions 33 and includes a center point 
N of the two blade crossing points M, regardless of whether or not the center axis line 
of the through hole 16 and the center axis line of the eccentric cams 57, 157 coincide. 
When the center axis line of the through hole 16 and the center axis line of the 
eccentric cams 57, 157 coincide, the straight line H is drawn from the center axis line 
of the through hole 16 toward the center axis line X of the screw 24, as in the afore­
mentioned special case. 

[0071] In the solid-liquid separator explained hereinabove, the through hole 16 of the 
movable member 4 has a round form, but as mentioned hereinabove, the through hole 
16 can have an appropriate shape other than the round shape, for example, an oval or 
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polygonal shape. The oval shape as referred to herein includes not only an elliptical 

shape, but also a shape obtained by collapsing a circle. 

[0072] Even when the shape of the through hole of the movable member is other than the 

round shape, the aforementioned first and second conditions for penetration of the 

movable members may be fulfilled in order to enable the movable members to perform 

a circular movement, while penetrating closer to the center axis line of the screw than 

the outer circumferential edge of the blade of the screw, without coming into contact 

with the screw. To be sure, a condition will be explained that relates to the case in 

which the center axis line of the through holes and the center axis line of the eccentric 

cams 57, 157 coincide and the through holes are ovals. Since the second condition for 

penetration of the movable members is absolutely identical to that described 

hereinabove, redundant explanation thereof is herein omitted, and the first condition 

for penetration of the movable members will be explained. 

[0073] FIGS. 21A to 21D are explanatory drawings that are similar to FIGS. 8 and 9 and il-

lustrate the relative positional relationship of the through hole 16 of the movable 

member positioned in the region in which penetration is possible and the screw 24. 

Here, the through hole 16 is shown by a two-dot-like line and the screw 24 is shown by 

a solid line to facilitate the understanding of the drawings. The reference symbol 26A 

in these drawings also denotes the cross section of the blade 26 of the screw 24. Since 

the through hole 16 of the movable member shown herein has an oval shape, the center 

axis line Y thereof is a crossing point of the long axis LA and short axis SA of the 

oval. In the same manner as in the example explained hereinabove, the movable 

member performs a circular movement in the order presented in FIGS. 21A to 21D, as 

shown by arrow E, while the center axis line Y of the through hole 16 describes a 

circle with a radius equal to the eccentricity (delta) of the center axis line Y of the 

through hole 16 with respect to the center axis line X of the screw 24. In this case, the 

obliquely hatched portion of the movable member in FIG. 21 also penetrates closer to 

the center axis line X of the screw 24 than the outer circumferential edge 32 of the 

blade 26 of the screw 24. 

[0074] In this configuration, the shortest distance from the center axis line Y of the through 

hole 16 of the movable member to the circumferential edge 35 of the movable member 

that demarcates the through hole 16 is denoted by K, the radius of the screw 24 is 

denoted by S, and the eccentricity of the center axis line Y of the through hole 16 with 

respect to the center axis line X of the screw 24 is denoted by (delta). Since the through 

hole 16 shown herein is an oval, the shortest distance K from the center axis line Y 

thereof to the circumferential edge 35 is 1/2 of the short axis SA of the through hole 

16. 

[0075] As follows from FIG. 21A, the condition of K < S + (delta) should be fulfilled in 
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polygonal shape. The oval shape as referred to herein includes not only an elliptical 
shape, but also a shape obtained by collapsing a circle. 

[0072] Even when the shape of the through hole of the movable member is other than the 
round shape, the aforementioned first and second conditions for penetration of the 
movable members may be fulfilled in order to enable the movable members to perform 
a circular movement, while penetrating closer to the center axis line of the screw than 
the outer circumferential edge of the blade of the screw, without coming into contact 
with the screw. To be sure, a condition will be explained that relates to the case in 
which the center axis line of the through holes and the center axis line of the eccentric 
cams 57, 157 coincide and the through holes are ovals. Since the second condition for 
penetration of the movable members is absolutely identical to that described 
hereinabove, redundant explanation thereof is herein omitted, and the first condition 
for penetration of the movable members will be explained. 

[0073] FIGS. 21A to 21D are explanatory drawings that are similar to FIGS. 8 and 9 and il­
lustrate the relative positional relationship of the through hole 16 of the movable 
member positioned in the region in which penetration is possible and the screw 24. 
Here, the through hole 16 is shown by a two-dot-like line and the screw 24 is shown by 
a solid line to facilitate the understanding of the drawings. The reference symbol 26A 
in these drawings also denotes the cross section of the blade 26 of the screw 24. Since 
the through hole 16 of the movable member shown herein has an oval shape, the center 
axis line Y thereof is a crossing point of the long axis LA and short axis SA of the 
oval. In the same manner as in the example explained hereinabove, the movable 
member performs a circular movement in the order presented in FIGS. 21A to 21D, as 
shown by arrow E, while the center axis line Y of the through hole 16 describes a 
circle with a radius equal to the eccentricity (delta) of the center axis line Y of the 
through hole 16 with respect to the center axis line X of the screw 24. In this case, the 
obliquely hatched portion of the movable member in FIG. 21 also penetrates closer to 
the center axis line X of the screw 24 than the outer circumferential edge 32 of the 
blade 26 of the screw 24. 

[0074] In this configuration, the shortest distance from the center axis line Y of the through 
hole 16 of the movable member to the circumferential edge 35 of the movable member 
that demarcates the through hole 16 is denoted by K, the radius of the screw 24 is 
denoted by S, and the eccentricity of the center axis line Y of the through hole 16 with 
respect to the center axis line X of the screw 24 is denoted by (delta). Since the through 
hole 16 shown herein is an oval, the shortest distance K from the center axis line Y 
thereof to the circumferential edge 35 is 1/2 of the short axis SA of the through hole 
16. 

[0075] As follows from FIG. 21A, the condition of K < S + (delta) should be fulfilled in 
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order that the portion 51 of the movable member, which is hatched obliquely, could 

penetrate closer to the center axis line X of the screw 24 than the outer circumferential 

edge 32 of the blade 26 of the screw 24. Further, the condition of K > S - (delta) should 

be fulfilled in order to prevent the portion 52 of the movable member from coming into 

contact with the blade 26 of the screw 24. As a result, the condition for enabling the 

movable member to penetrate closer to the center axis line X of the screw 24 is S - 

(delta) < K < S + (delta) and this condition matches the aforementioned first condition. 

Where the first condition is fulfilled, as shown in FIG. 21A to 21D, even when the 

through hole 16 of the movable member assumes any position with respect to the 

screw 24, the movable member can penetrate closer to the center axis line X than the 

outer circumferential edge 32 of the blade 26, without interfering with the screw 24. 

[0076] It follows from FIG. 21A that in order to avoid interference of the movable member 

positioned in the region in which penetration is impossible with the screw 24, the 

shortest distance K should be larger than the sum of the radius S and the eccentricity 

(delta) of the screw, that is, the condition of K > S + (delta) should be fulfilled. This 

condition matches the aforementioned interference avoidance condition. Where such 

condition is fulfilled, even when the movable member present in the region in which 

penetration is impossible occupies any position with respect to the screw 24, this 

movable member can perform a circular movement without interfering with the screw 

24. Other features and operations of the solid-liquid separator shown in FIG. 21 are 

similar to those of the solid-liquid separator explained hereinabove with reference to 

FIGS. 1 to 15. 

[0077] When the shape of the through hole of the movable member is other than round or 

oval, the region Z in which penetration is possible, region W in which penetration is 

impossible, first and second conditions for penetration, and interference avoidance 

condition can be determined in exactly the same manner as described above, and the 

movable member having the through hole of such shape can be used without any 

obstacle. As shown in FIG. 22A, when the through hole 16 of the movable member has 

a quadrangular shape, the length of one side is (a), and the length of the other side is 

(b), the crossing point of the lines equal to 1/2 of each side is the center axis line Y 

thereof. As shown in FIG. 22(b), when the through hole 16 of the movable member has 

a triangular shape, the center axis line Y thereof is the position of the center of gravity 

of the triangle. 

[0078] From the standpoint of increasing the conveying ability of the object to be treated in 

the solid-liquid separation portion and the dewatering efficiency thereof, it is more 

preferred that the through hole of the movable member have a round or oval shape than 

the polygonal shape. Further, a large number of zigzag protrusions and depressions can 

be also formed at the circumferential edge 35 demarcating the round, oval, or 
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order that the portion 51 of the movable member, which is hatched obliquely, could 
penetrate closer to the center axis line X of the screw 24 than the outer circumferential 
edge 32 of the blade 26 of the screw 24. Further, the condition of K > S - (delta) should 
be fulfilled in order to prevent the portion 52 of the movable member from coming into 
contact with the blade 26 of the screw 24. As a result, the condition for enabling the 
movable member to penetrate closer to the center axis line X of the screw 24 is S -
(delta) < K < S + (delta) and this condition matches the aforementioned first condition. 
Where the first condition is fulfilled, as shown in FIG. 21A to 21D, even when the 
through hole 16 of the movable member assumes any position with respect to the 
screw 24, the movable member can penetrate closer to the center axis line X than the 
outer circumferential edge 32 of the blade 26, without interfering with the screw 24. 

[0076] It follows from FIG. 21A that in order to avoid interference of the movable member 
positioned in the region in which penetration is impossible with the screw 24, the 
shortest distance K should be larger than the sum of the radius S and the eccentricity 
(delta) of the screw, that is, the condition of K > S + (delta) should be fulfilled. This 
condition matches the aforementioned interference avoidance condition. Where such 
condition is fulfilled, even when the movable member present in the region in which 
penetration is impossible occupies any position with respect to the screw 24, this 
movable member can perform a circular movement without interfering with the screw 
24. Other features and operations of the solid-liquid separator shown in FIG. 21 are 
similar to those of the solid-liquid separator explained hereinabove with reference to 
FIGS. 1 to 15. 

[0077] When the shape of the through hole of the movable member is other than round or 
oval, the region Z in which penetration is possible, region W in which penetration is 
impossible, first and second conditions for penetration, and interference avoidance 
condition can be determined in exactly the same manner as described above, and the 
movable member having the through hole of such shape can be used without any 
obstacle. As shown in FIG. 22A, when the through hole 16 of the movable member has 
a quadrangular shape, the length of one side is (a), and the length of the other side is 
(b), the crossing point of the lines equal to 1/2 of each side is the center axis line Y 
thereof. As shown in FIG. 22(b), when the through hole 16 of the movable member has 
a triangular shape, the center axis line Y thereof is the position of the center of gravity 
of the triangle. 

[0078] From the standpoint of increasing the conveying ability of the object to be treated in 
the solid-liquid separation portion and the dewatering efficiency thereof, it is more 
preferred that the through hole of the movable member have a round or oval shape than 
the polygonal shape. Further, a large number of zigzag protrusions and depressions can 
be also formed at the circumferential edge 35 demarcating the round, oval, or 
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polygonal through holes 16 of the movable members 4. 

[0079] FIGS. 23A, 23B, 24A, and 24B, similarly to FIGS. 8A, 8B, 9A and 9B, are cross- 

sectional views illustrating another example serving to clarify the circular movement 

of the movable member 4 positioned in the region in which penetration is possible. In 

FIGS. 23 and 24, the depiction of fixed members is omitted in the same manner as in 

FIG. 11. The through hole 16 of the movable member 4 shown herein has a round 

basic shape centered on the center axis line Y, a protruding section 36 is formed in the 

circumferential edge 35 of the movable member 4 demarcating the through hole 16, 

and the through hole is configured such that the protruding section 36 penetrates closer 

to the center axis line X of the screw 24 than the outer circumferential portion 32 of the 

blade 26 of the screw 24. More specifically, the movable member 4 that performs a 

circular movement, while penetrating closer to the center axis line X of the screw 24 

than the outer circumferential portion 32 of the blade 26 of the screw 24 is configured 

such that part of the circumferential edge 35 of the movable member 4 demarcating the 

through hole 16 of the movable member 4 protrudes closer to the center axis line Y of 

the through hole 16 than other circumferential edge portions, and this protruding 

section 36 penetrates closer to the center axis line X of the screw 24 than the outer cir-

cumferential portion 32 of the blade 26 of the screw 24. In FIGS. 23 and 24, the 

reference symbol 26A also denotes the cross section of the blade 26 integrated with the 

shaft 25 of the screw 24. 

[0080] In the case of the solid-liquid separator shown in FIGS. 23A, 23B, 24A, and 24B, the 

center axis line Y of the through hole 16 is also offset by (delta) with respect to the 

center axis line X of the screw 24, and the movable member 4 performs a circular 

movement in the order shown in FIGS. 23A, 24B, 24A, and 24B, while the center axis 

line Y of the through hole 16 thereof describes a circle having a radius equal to the ec-

centricity (delta) around the center axis line X of the screw 24, as shown by arrow E. 

In this case, the first and second conditions for penetration of the movable members 

that have been described hereinabove may be also fulfilled to enable the movable 

member 4 to perform a circular movement, without coming into contact with the screw 

24, while the protruding section 36 of the movable member 4 penetrates closer to the 

center axis line X thereof than the outer circumferential edge 32 of the blade 26 of the 

screw 24. Since the second condition is obtained in exactly the same manner as 

explained hereinabove, only the first condition for penetration of the movable members 

4 will be clarified below. 

[0081] In FIGS. 23 and 24, oblique hatching is also provided with respect to a portion in 

which the protruding section 36 of the movable member 4 penetrates closer to the 

center axis line X of the screw 24 than the outer circumferential edge 32 of the blade 

26 of the screw 24. As shown in FIG 23A and FIG. 24A, in this case, too, where the 
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polygonal through holes 16 of the movable members 4. 
[0079] FIGS. 23A, 23B, 24A, and 24B, similarly to FIGS. 8A, 8B, 9A and 9B, are cross-

sectional views illustrating another example serving to clarify the circular movement 
of the movable member 4 positioned in the region in which penetration is possible. In 
FIGS. 23 and 24, the depiction of fixed members is omitted in the same manner as in 
FIG. 11. The through hole 16 of the movable member 4 shown herein has a round 
basic shape centered on the center axis line Y, a protruding section 36 is formed in the 
circumferential edge 35 of the movable member 4 demarcating the through hole 16, 
and the through hole is configured such that the protruding section 36 penetrates closer 
to the center axis line X of the screw 24 than the outer circumferential portion 32 of the 
blade 26 of the screw 24. More specifically, the movable member 4 that performs a 
circular movement, while penetrating closer to the center axis line X of the screw 24 
than the outer circumferential portion 32 of the blade 26 of the screw 24 is configured 
such that part of the circumferential edge 35 of the movable member 4 demarcating the 
through hole 16 of the movable member 4 protrudes closer to the center axis line Y of 
the through hole 16 than other circumferential edge portions, and this protruding 
section 36 penetrates closer to the center axis line X of the screw 24 than the outer cir­
cumferential portion 32 of the blade 26 of the screw 24. In FIGS. 23 and 24, the 
reference symbol 26A also denotes the cross section of the blade 26 integrated with the 
shaft 25 of the screw 24. 

[0080] In the case of the solid-liquid separator shown in FIGS. 23A, 23B, 24A, and 24B, the 
center axis line Y of the through hole 16 is also offset by (delta) with respect to the 
center axis line X of the screw 24, and the movable member 4 performs a circular 
movement in the order shown in FIGS. 23A, 24B, 24A, and 24B, while the center axis 
line Y of the through hole 16 thereof describes a circle having a radius equal to the ec­
centricity (delta) around the center axis line X of the screw 24, as shown by arrow E. 
In this case, the first and second conditions for penetration of the movable members 
that have been described hereinabove may be also fulfilled to enable the movable 
member 4 to perform a circular movement, without coming into contact with the screw 
24, while the protruding section 36 of the movable member 4 penetrates closer to the 
center axis line X thereof than the outer circumferential edge 32 of the blade 26 of the 
screw 24. Since the second condition is obtained in exactly the same manner as 
explained hereinabove, only the first condition for penetration of the movable members 
4 will be clarified below. 

[0081] In FIGS. 23 and 24, oblique hatching is also provided with respect to a portion in 
which the protruding section 36 of the movable member 4 penetrates closer to the 
center axis line X of the screw 24 than the outer circumferential edge 32 of the blade 
26 of the screw 24. As shown in FIG 23A and FIG. 24A, in this case, too, where the 
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shortest distance from the center axis line Y of the through hole 16 to the circum-

ferential edge 35 of the movable member 4 demarcating the through hole 16 is denoted 

by K, this shortest distance K will be the distance from the center axis line Y of the 

through hole 16 to the protruding section 36. Further, where the radius of the screw 24 

is denoted by S and the eccentricity of the center axis line Y of the through hole 16 

with respect to the center axis line X of the screw 24 is denoted by (delta), in the same 

manner as described above, it follows from FIG. 24A that the condition of K < S + 

(delta) should be fulfilled in order that the protruding section 36 could penetrate closer 

to the center axis line X of the screw 24 than the outer circumferential edge 32 thereof. 

Further, as can be recognized in FIG. 23A, the condition of K > S - (delta) should be 

fulfilled in order to prevent the protruding section 36 from interfering with the blade 

26. As a result, in this case, too, where the first condition of S - (delta) < K < S + 

(delta) is fulfilled, the movable member 4 can perform a circular movement, while 

penetrating closer to the center axis line X of the screw 24 than the outer circum-

ferential edge 32 of the blade 26 thereof, without interfering with the screw 24. 

[0082] Further, in the embodiment illustrated by FIGS. 23 and 24, the condition of K > S + 

(delta) should be also fulfilled, as follows from FIG. 24A, in order to prevent the 

movable member positioned in the region in which penetration is impossible from in-

terfering with the screw 24. Where such condition is fulfilled, the movable member 

present in the region in which penetration is impossible can perform a circular 

movement without coming into contact with the screw 24. Other features of the solid-

liquid separator shown in FIGS. 23 and 24 are similar to those of the abovementioned 

solid-liquid separator shown in FIGS. 1 to 20. 

[0083] The solid-liquid separator explained hereinabove with reference to FIGS. 21, 23, and 

24 is configured such that the center axis line of the through hole 16 of the movable 

member and the center axis line of the eccentric cams 57, 157 (see FIGS. 8 and 9) 

coincide and the movable member performs a circular movement such that the center 

axis line Y thereof describes a circle with a radius equal to the eccentricity (delta) of 

the eccentric cams 57, 157 around the center axis line X of the screw 24. However, the 

explanation provided hereinabove clearly demonstrates that where the shortest distance 

from the center axis line of the eccentric cams 57, 157 to the circumferential edge 35 

of the movable member demarcating the through hole 16 of the movable member is 

denoted by K and the configuration is used in which the condition of S - (delta) < K < 

S + (delta) is fulfilled and the condition of K > S + (delta) is fulfilled, the movable 

member penetrates closer to the center axis line X than the outer circumferential edge 

32 of the screw 24, without interfering with the screw 24, even when the center axis 

lines of the movable members do not coincide, or the center axis line of the through 

hole 16 and the center axis line of the eccentric cams 57, 157 do not coincide, or the 
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shortest distance from the center axis line Y of the through hole 16 to the circum­
ferential edge 35 of the movable member 4 demarcating the through hole 16 is denoted 
by K, this shortest distance K will be the distance from the center axis line Y of the 
through hole 16 to the protruding section 36. Further, where the radius of the screw 24 
is denoted by S and the eccentricity of the center axis line Y of the through hole 16 
with respect to the center axis line X of the screw 24 is denoted by (delta), in the same 
manner as described above, it follows from FIG. 24A that the condition of K < S + 
(delta) should be fulfilled in order that the protruding section 36 could penetrate closer 
to the center axis line X of the screw 24 than the outer circumferential edge 32 thereof. 
Further, as can be recognized in FIG. 23A, the condition of K > S - (delta) should be 
fulfilled in order to prevent the protruding section 36 from interfering with the blade 
26. As a result, in this case, too, where the first condition of S - (delta) < K < S + 
(delta) is fulfilled, the movable member 4 can perform a circular movement, while 
penetrating closer to the center axis line X of the screw 24 than the outer circum­
ferential edge 32 of the blade 26 thereof, without interfering with the screw 24. 

[0082] Further, in the embodiment illustrated by FIGS. 23 and 24, the condition of K > S + 
(delta) should be also fulfilled, as follows from FIG. 24A, in order to prevent the 
movable member positioned in the region in which penetration is impossible from in­
terfering with the screw 24. Where such condition is fulfilled, the movable member 
present in the region in which penetration is impossible can perform a circular 
movement without coming into contact with the screw 24. Other features of the solid-
liquid separator shown in FIGS. 23 and 24 are similar to those of the abovementioned 
solid-liquid separator shown in FIGS. 1 to 20. 

[0083] The solid-liquid separator explained hereinabove with reference to FIGS. 21, 23, and 
24 is configured such that the center axis line of the through hole 16 of the movable 
member and the center axis line of the eccentric cams 57, 157 (see FIGS. 8 and 9) 
coincide and the movable member performs a circular movement such that the center 
axis line Y thereof describes a circle with a radius equal to the eccentricity (delta) of 
the eccentric cams 57, 157 around the center axis line X of the screw 24. However, the 
explanation provided hereinabove clearly demonstrates that where the shortest distance 
from the center axis line of the eccentric cams 57, 157 to the circumferential edge 35 
of the movable member demarcating the through hole 16 of the movable member is 
denoted by K and the configuration is used in which the condition of S - (delta) < K < 
S + (delta) is fulfilled and the condition of K > S + (delta) is fulfilled, the movable 
member penetrates closer to the center axis line X than the outer circumferential edge 
32 of the screw 24, without interfering with the screw 24, even when the center axis 
lines of the movable members do not coincide, or the center axis line of the through 
hole 16 and the center axis line of the eccentric cams 57, 157 do not coincide, or the 
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center axis line of the through hole 16 is not defined. 

[0084] Explained hereinabove is the solid-liquid separator in which the center axis lines Y of 

the through holes 16 of all of the movable members 4 coincide and the movable 

members perform a circular movement, while the center axis lines Y thereof describe a 

circle with a radius equal to the eccentricity (delta) of the center axis line Y of the 

through hole 16 of the movable member 4 around the center axis line X of the screw 

24, but as mentioned hereinabove a configuration in which the center axis lines of the 

movable members 4 do not coincide can be also used. Furthermore, in another possible 

configuration, as shown schematically by a broken line and a two-dot-dash line in FIG. 

25A, all of the center axis lines Y of the through holes 16 of some movable members 

coincide, all of the center axis lines YA of the through holes 16A of other movable 

members also coincide, the center axis line Y of the through holes 16 of some movable 

members does not coincide with the center axis line YA of the through holes 16A of 

other movable members, and the part of the plurality of movable members and other 

movable members perform circular movements, while the center axis lines Y, YA of 

the through holes 16, 16A thereof describe circles with radii equal to the eccentricities 

of the center axis lines Y, YA of the through holes 16, 16A of the movable members 

with respect to the center axis line X of the screw around the center axis line X of the 

screw 24 shown by the solid line in FIG. 25A. 

[0085] FIG. 25A shows movable members of two types, namely, a movable member 

provided with the through hole 16 having the center axis line Y and a movable member 

provided with the through hole 16A having the center axis line YA that does not 

coincide with the center axis line Y, but movable members of three or more types in 

which the center axis lines do not coincide can be also provided. FIG. 25B illustrates a 

solid-liquid separator including a first plurality of movable members provided with 

through holes 16 having a center axis line Y, a second plurality of movable members 

provided with through holes 16A having a center axis line YA, and a third plurality of 

movable members provided with through holes 16B having a center axis line YB. The 

center axis lines Y, YA, YB are decentered from the center axis line X of the screw 24, 

and the center axis lines Y, YA, YB do not coincide with each other. The movable 

members of three types perform circular movements, while the center axis lines Y, 

YA, YB thereof describe circles with radiuses equal to the eccentricities of the center 

axis lines Y, YA, YB of the through holes 16, 16A, 16B of the movable members 

around the center axis line X of the screw 24. 

[0086] As follows from FIGS. 25A and 25B, the solid-liquid separator can be configured to 

have a plurality of eccentric cams with center axis lines Y, YA, YB that do not 

coincide. The center axis lines Y, YA, YB of the plurality of eccentric cams are de-

centered from the center axis line X of the screw 24, and the plurality of eccentric 
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center axis line of the through hole 16 is not defined. 
[0084] Explained hereinabove is the solid-liquid separator in which the center axis lines Y of 

the through holes 16 of all of the movable members 4 coincide and the movable 
members perform a circular movement, while the center axis lines Y thereof describe a 
circle with a radius equal to the eccentricity (delta) of the center axis line Y of the 
through hole 16 of the movable member 4 around the center axis line X of the screw 
24, but as mentioned hereinabove a configuration in which the center axis lines of the 
movable members 4 do not coincide can be also used. Furthermore, in another possible 
configuration, as shown schematically by a broken line and a two-dot-dash line in FIG. 
25 A, all of the center axis lines Y of the through holes 16 of some movable members 
coincide, all of the center axis lines YA of the through holes 16A of other movable 
members also coincide, the center axis line Y of the through holes 16 of some movable 
members does not coincide with the center axis line YA of the through holes 16A of 
other movable members, and the part of the plurality of movable members and other 
movable members perform circular movements, while the center axis lines Y, YA of 
the through holes 16, 16A thereof describe circles with radii equal to the eccentricities 
of the center axis lines Y, YA of the through holes 16, 16A of the movable members 
with respect to the center axis line X of the screw around the center axis line X of the 
screw 24 shown by the solid line in FIG. 25A. 

[0085] FIG. 25A shows movable members of two types, namely, a movable member 
provided with the through hole 16 having the center axis line Y and a movable member 
provided with the through hole 16A having the center axis line YA that does not 
coincide with the center axis line Y, but movable members of three or more types in 
which the center axis lines do not coincide can be also provided. FIG. 25B illustrates a 
solid-liquid separator including a first plurality of movable members provided with 
through holes 16 having a center axis line Y, a second plurality of movable members 
provided with through holes 16A having a center axis line YA, and a third plurality of 
movable members provided with through holes 16B having a center axis line YB. The 
center axis lines Y, YA, YB are decentered from the center axis line X of the screw 24, 
and the center axis lines Y, YA, YB do not coincide with each other. The movable 
members of three types perform circular movements, while the center axis lines Y, 
YA, YB thereof describe circles with radiuses equal to the eccentricities of the center 
axis lines Y, YA, YB of the through holes 16, 16A, 16B of the movable members 
around the center axis line X of the screw 24. 

[0086] As follows from FIGS. 25A and 25B, the solid-liquid separator can be configured to 
have a plurality of eccentric cams with center axis lines Y, YA, YB that do not 
coincide. The center axis lines Y, YA, YB of the plurality of eccentric cams are de-
centered from the center axis line X of the screw 24, and the plurality of eccentric 
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cams rotate, while the center axis lines Y, YA, YB thereof describe circles with radii 

equal to the eccentricities of the eccentric cams around the center axis line X of the 

screw 24. Such a configuration can be used regardless of whether or not the center axis 

line of the movable member and the center axis line of the eccentric cams coincide. 

[0087] FIG. 26 is a perspective view of a solid-liquid separator in which the configuration 

shown in FIG. 25A is realized. In this figure, the outlet member 2 shown in FIG. 1 is 

simplified and some elements such as the electric motor 28 shown in FIG. 1 is omitted. 

FIG. 31 illustrates the mutual arrangement of the movable members and the screw 24 

in this solid-liquid separator. This figure is an explanatory cross-sectional view similar 

to that of FIG. 10, and the depiction of fixed members herein is omitted. FIG. 27 is a 

view corresponding to the cross section taken along the VI-VI line in FIG. 31. FIG. 28 

is a view corresponding to the cross section taken along the VII-VII line in FIG. 31. 

These figures are cross-sectional views similar to those of FIGS. 8 and 9. FIG. 29 is an 

enlarged cross-sectional view corresponding to the cross section taken along the VIII-

VIII line in FIG. 26. FIG. 30 is an enlarged sectional view taken along the IX-IX line 

in FIG. 26. 

[0088] The basic configuration of the solid-liquid separator shown in FIGS. 26 to 31 is not 

different from that of the solid-liquid separator explained hereinabove. Thus, the solid-

liquid separator of the present embodiment also has a plurality of fixed members 3, and 

the adjacent fixed members 3 are arranged at a distance from each other that is de-

termined by spacers 14 disposed therebetween, as shown in FIGS. 26 to 28. The 

plurality of fixed members 3 are fixed to each other by four stay bolts 18 extending 

through the fixed members 3 and the spacers 14, and movable members 4, 4A are 

disposed between the adjacent fixed members 3. The round through hole 15 is formed 

in the fixed member 3, the round through holes 16, 16A are formed in the movable 

members 4, 4A, and the solid-liquid separation portion 21 is demarcated by the 

through holes 15, 16, 16A. A single screw 24 having one blade 26 extends through the 

through holes 15, 16, 16A of the fixed members 3 and the movable members 4, 4A, 

without coming into contact with the fixed members 3 and movable members 4, 4A. 

[0089] Sludge is pumped in from the inflow port 5 of the inlet member 1 shown in FIG. 26 

and flows into the solid-liquid separation portion 21 shown in FIGS. 27 and 28. In this 

case, the screw 24 is rotationally driven about the center axis line X thereof by an 

electric motor (not shown in FIG. 26). As a result, the sludge is conveyed toward the 

outlet 23 of the solid-liquid separation portion 21, the filtrate is discharged to the 

outside of the solid-liquid separation portion 21 through a filtrate discharge gaps 

between the fixed members 3 and the movable members 4, 4A, and the sludge with a 

reduced content ratio of water is discharged to the outside of the solid-liquid separation 

portion form the outlet 23. Similarly to the screw described hereinabove, the screw 24 
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cams rotate, while the center axis lines Y, YA, YB thereof describe circles with radii 
equal to the eccentricities of the eccentric cams around the center axis line X of the 
screw 24. Such a configuration can be used regardless of whether or not the center axis 
line of the movable member and the center axis line of the eccentric cams coincide. 

[0087] FIG. 26 is a perspective view of a solid-liquid separator in which the configuration 
shown in FIG. 25A is realized. In this figure, the outlet member 2 shown in FIG. 1 is 
simplified and some elements such as the electric motor 28 shown in FIG. 1 is omitted. 
FIG. 31 illustrates the mutual arrangement of the movable members and the screw 24 
in this solid-liquid separator. This figure is an explanatory cross-sectional view similar 
to that of FIG. 10, and the depiction of fixed members herein is omitted. FIG. 27 is a 
view corresponding to the cross section taken along the VI-VI line in FIG. 31. FIG. 28 
is a view corresponding to the cross section taken along the VII-VII line in FIG. 31. 
These figures are cross-sectional views similar to those of FIGS. 8 and 9. FIG. 29 is an 
enlarged cross-sectional view corresponding to the cross section taken along the VIII-
VIII line in FIG. 26. FIG. 30 is an enlarged sectional view taken along the IX-IX line 
in FIG. 26. 

[0088] The basic configuration of the solid-liquid separator shown in FIGS. 26 to 31 is not 
different from that of the solid-liquid separator explained hereinabove. Thus, the solid-
liquid separator of the present embodiment also has a plurality of fixed members 3, and 
the adjacent fixed members 3 are arranged at a distance from each other that is de­
termined by spacers 14 disposed therebetween, as shown in FIGS. 26 to 28. The 
plurality of fixed members 3 are fixed to each other by four stay bolts 18 extending 
through the fixed members 3 and the spacers 14, and movable members 4, 4A are 
disposed between the adjacent fixed members 3. The round through hole 15 is formed 
in the fixed member 3, the round through holes 16, 16A are formed in the movable 
members 4, 4A, and the solid-liquid separation portion 21 is demarcated by the 
through holes 15, 16, 16A. A single screw 24 having one blade 26 extends through the 
through holes 15, 16, 16A of the fixed members 3 and the movable members 4, 4A, 
without coming into contact with the fixed members 3 and movable members 4, 4A. 

[0089] Sludge is pumped in from the inflow port 5 of the inlet member 1 shown in FIG. 26 
and flows into the solid-liquid separation portion 21 shown in FIGS. 27 and 28. In this 
case, the screw 24 is rotationally driven about the center axis line X thereof by an 
electric motor (not shown in FIG. 26). As a result, the sludge is conveyed toward the 
outlet 23 of the solid-liquid separation portion 21, the filtrate is discharged to the 
outside of the solid-liquid separation portion 21 through a filtrate discharge gaps 
between the fixed members 3 and the movable members 4, 4A, and the sludge with a 
reduced content ratio of water is discharged to the outside of the solid-liquid separation 
portion form the outlet 23. Similarly to the screw described hereinabove, the screw 24 
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of the solid-liquid separator of the present embodiment has the blade 26 and the shaft 

25 that is formed integrally with the blade 26 and constitutes the center portion of the 

screw. Thus, the basic configuration and operation of the solid-liquid separator of the 

present embodiment are not different from those of the solid-liquid separator explained 

hereinabove. 

[0090] As mentioned hereinabove, the solid-liquid separator of the present embodiment has 

a plurality of movable members 4 and also a plurality of movable members 4A shown 

in FIGS. 26 to 31, but if necessary the former movable member 4 can be referred to as 

"some movable members" and the latter movable members 4A can be referred to as 

"other movable members". As follows from FIGS. 27, 28, and 31, the center axial lines 

Y, YA of the round through holes 16, 16A of these movable members 4, 4A are both 

offset by (delta) with respect to the center axis line X of the shaft 25 of the screw 24, 

but all of the center axial lines Y of the through holes 16 of some movable members 4 

coincide with each other, and all of the center axial lines YA of the through holes 16A 

of the other movable members 4A coincide with each other. However, the center axial 

lines Y of the through holes 16 of some movable members 4 do not coincide with the 

center axial lines YA of the through holes 16A of the other movable members 4A. 

[0091] As shown in FIGS. 26, 29, and 30, in the solid-liquid separator of the present em-

bodiment, similarly to the solid-liquid separator shown in FIGS. 1 to 15, the eccentric 

cams 57, 157 with round outer circumferential surfaces 58, 158 are detachably attached 

at end portions, in the longitudinal direction, of the shaft 25 of the screw 24, and the 

round outer circumferential surfaces 58, 158 of the eccentric cams 57, 157 are mated 

with the round cam holes 60, 160 of the bearings 59, 159 constituted by sliding 

bearings. The center axis line Y of the eccentric cams 57, 157 is offset by (delta) with 

respect to the center axis line X of the shaft 25 of the screw 24, and the round outer cir-

cumferential surfaces 58, 158 of the eccentric cams 57, 157 slidably abut, directly or 

with a lubricant located therebetween, on the inner circumferential surfaces of the 

round cam holes 60, 160 of the bearings 59, 159. The center axis lines Y of the two 

eccentric cams 57, 157 coincide. The bearings 59, 159 mate with the attachment holes 

62, 162 of the connection plates 61, 161 and are detachably attached and connected to 

the connection plates 61, 161. 

[0092] As shown in FIG. 26, two connecting rods 66 are detachably attached by nuts 67, 167 

to the connection plates 61, 161, and the two connection plates 61, 161 are fixedly 

connected by the two connecting rods 66. The two connecting rods 66 extend through 

the attachment holes 65 (see also FIGS. 27 and 28) formed in the part of the plurality 

of movable members 4. Thus, in the case of the solid-liquid separator of the present 

embodiment, a pair of connection plates 61, 161 and the connecting rods 66 also 

constitute a connection means for connecting the part of the plurality of movable 
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of the solid-liquid separator of the present embodiment has the blade 26 and the shaft 
25 that is formed integrally with the blade 26 and constitutes the center portion of the 
screw. Thus, the basic configuration and operation of the solid-liquid separator of the 
present embodiment are not different from those of the solid-liquid separator explained 
hereinabove. 

[0090] As mentioned hereinabove, the solid-liquid separator of the present embodiment has 
a plurality of movable members 4 and also a plurality of movable members 4A shown 
in FIGS. 26 to 31, but if necessary the former movable member 4 can be referred to as 
"some movable members" and the latter movable members 4A can be referred to as 
"other movable members". As follows from FIGS. 27, 28, and 31, the center axial lines 
Y, YA of the round through holes 16, 16A of these movable members 4, 4A are both 
offset by (delta) with respect to the center axis line X of the shaft 25 of the screw 24, 
but all of the center axial lines Y of the through holes 16 of some movable members 4 
coincide with each other, and all of the center axial lines YA of the through holes 16A 
of the other movable members 4A coincide with each other. However, the center axial 
lines Y of the through holes 16 of some movable members 4 do not coincide with the 
center axial lines YA of the through holes 16A of the other movable members 4A. 

[0091] As shown in FIGS. 26, 29, and 30, in the solid-liquid separator of the present em­
bodiment, similarly to the solid-liquid separator shown in FIGS. 1 to 15, the eccentric 
cams 57, 157 with round outer circumferential surfaces 58, 158 are detachably attached 
at end portions, in the longitudinal direction, of the shaft 25 of the screw 24, and the 
round outer circumferential surfaces 58, 158 of the eccentric cams 57, 157 are mated 
with the round cam holes 60, 160 of the bearings 59, 159 constituted by sliding 
bearings. The center axis line Y of the eccentric cams 57, 157 is offset by (delta) with 
respect to the center axis line X of the shaft 25 of the screw 24, and the round outer cir­
cumferential surfaces 58, 158 of the eccentric cams 57, 157 slidably abut, directly or 
with a lubricant located therebetween, on the inner circumferential surfaces of the 
round cam holes 60, 160 of the bearings 59, 159. The center axis lines Y of the two 
eccentric cams 57, 157 coincide. The bearings 59, 159 mate with the attachment holes 
62, 162 of the connection plates 61, 161 and are detachably attached and connected to 
the connection plates 61, 161. 

[0092] As shown in FIG. 26, two connecting rods 66 are detachably attached by nuts 67, 167 
to the connection plates 61, 161, and the two connection plates 61, 161 are fixedly 
connected by the two connecting rods 66. The two connecting rods 66 extend through 
the attachment holes 65 (see also FIGS. 27 and 28) formed in the part of the plurality 
of movable members 4. Thus, in the case of the solid-liquid separator of the present 
embodiment, a pair of connection plates 61, 161 and the connecting rods 66 also 
constitute a connection means for connecting the part of the plurality of movable 
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members 4. Further, the center axial lines Y of the round through holes 16 of the part 

of the plurality of movable members 4 coincide with the center axial lines Y of the 

eccentric cams 57, 157. Thus, the eccentric cams 57, 157 provided in the solid-liquid 

separator of the present embodiment and the aforementioned elements associated 

therewith are not substantially different from the eccentric cams 157, 157 of the solid-

liquid separator shown in FIGS. 1 to 15 and the elements associated therewith. 

[0093] In the solid-liquid separator of the present embodiment, a second eccentric cam and 

elements associated therewith are provided, as explained hereinabove, in addition to 

the aforementioned eccentric cams 57, 157. Therefore, the aforementioned eccentric 

cams 57, 157, bearings 59, 159, connection means, and connection plates 61, 161 and 

connecting rods 66 constituting the connection means will be referred to as the first 

eccentric cams 57, 157, first bearings 59, 159, first connection means, and first 

connection plates 61, 161, and first connecting rods 66, respectively. 

[0094] As mentioned hereinabove, in the solid-liquid separator of the present embodiment, 

as shown in FIGS. 26, 29, and 30, second eccentric cams 57A, 157A are detachably 

attached to the end portions, in the longitudinal direction, of the shaft 25 of the screw 

24, and these second eccentric cams 57A, 157A also have round external circum-

ferential surfaces 58A, 158A formed therein. Furthermore, the center axial lines YA of 

the second eccentric cams 57A, 157A coincide, and the center axis line YA is offset by 

(delta) with respect to the center axis line X of the screw 24. Further, the center axis 

line YA of the round through hole 16A of the other movable members 4A coincides 

with the center axis line YA of the second eccentric cams 57A, 157A. As shown in 

FIGS. 27 to 30, the center axis line Y of the first eccentric cams 57, 157 does not 

coincide with the center axis line YA of the second eccentric cams 57A, 157A. 

[0095] As shown in FIGS. 29 and 30, the round external circumferential surfaces 58A, 158A 

of the second eccentric cams 57A, 157A are also mated with the round cam holes 60A, 

160A of the second bearings 59A, 159A constituted by sliding bearings, and the round 

outer circumferential surfaces 58A, 158A of the second eccentric cams 57A, 157A 

slidably abut along the entire circumference thereof, directly or with a lubricant located 

therebetween, on the inner circumferential surfaces of the round cam holes 60A, 160A 

of the second bearings 59, 159A. Further, the second bearings 59, 159A are mated with 

the attachment holes 62A, 162A of the second connection plates 61A, 161A and de-

tachably attached and connected to the respective second connection plates 61A, 161A. 

Two connecting rods 66A are fixed by nuts 67A, 167A shown in FIG. 26 to the re-

spective second connection plates 61A, 161A, and the second connection plates 61A, 

161A are fixedly connected by the two second connecting rods 66A. As shown in 

FIGS. 27 and 28, the two second connecting rods 66A extend through the attachment 

holes 65A formed in the other part of the plurality of movable members 4A. Thus, a 
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members 4. Further, the center axial lines Y of the round through holes 16 of the part 
of the plurality of movable members 4 coincide with the center axial lines Y of the 
eccentric cams 57, 157. Thus, the eccentric cams 57, 157 provided in the solid-liquid 
separator of the present embodiment and the aforementioned elements associated 
therewith are not substantially different from the eccentric cams 157, 157 of the solid-
liquid separator shown in FIGS. 1 to 15 and the elements associated therewith. 

[0093] In the solid-liquid separator of the present embodiment, a second eccentric cam and 
elements associated therewith are provided, as explained hereinabove, in addition to 
the aforementioned eccentric cams 57, 157. Therefore, the aforementioned eccentric 
cams 57, 157, bearings 59, 159, connection means, and connection plates 61, 161 and 
connecting rods 66 constituting the connection means will be referred to as the first 
eccentric cams 57, 157, first bearings 59, 159, first connection means, and first 
connection plates 61, 161, and first connecting rods 66, respectively. 

[0094] As mentioned hereinabove, in the solid-liquid separator of the present embodiment, 
as shown in FIGS. 26, 29, and 30, second eccentric cams 57A, 157A are detachably 
attached to the end portions, in the longitudinal direction, of the shaft 25 of the screw 
24, and these second eccentric cams 57A, 157A also have round external circum­
ferential surfaces 58A, 158A formed therein. Furthermore, the center axial lines YA of 
the second eccentric cams 57A, 157A coincide, and the center axis line YA is offset by 
(delta) with respect to the center axis line X of the screw 24. Further, the center axis 
line YA of the round through hole 16A of the other movable members 4A coincides 
with the center axis line YA of the second eccentric cams 57A, 157A. As shown in 
FIGS. 27 to 30, the center axis line Y of the first eccentric cams 57, 157 does not 
coincide with the center axis line YA of the second eccentric cams 57A, 157A. 

[0095] As shown in FIGS. 29 and 30, the round external circumferential surfaces 58A, 158A 
of the second eccentric cams 57A, 157A are also mated with the round cam holes 60A, 
160A of the second bearings 59A, 159A constituted by sliding bearings, and the round 
outer circumferential surfaces 58A, 158A of the second eccentric cams 57A, 157A 
slidably abut along the entire circumference thereof, directly or with a lubricant located 
therebetween, on the inner circumferential surfaces of the round cam holes 60A, 160A 
of the second bearings 59, 159A. Further, the second bearings 59, 159A are mated with 
the attachment holes 62A, 162A of the second connection plates 61 A, 161A and de­
tachably attached and connected to the respective second connection plates 61 A, 161 A. 
Two connecting rods 66A are fixed by nuts 67A, 167A shown in FIG. 26 to the re­
spective second connection plates 61 A, 161 A, and the second connection plates 61 A, 
161A are fixedly connected by the two second connecting rods 66A. As shown in 
FIGS. 27 and 28, the two second connecting rods 66A extend through the attachment 
holes 65A formed in the other part of the plurality of movable members 4A. Thus, a 
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pair of second connection plates 61A, 161A and second connecting rods 66A 

constitute second connection means connecting the other part of the plurality of 

movable members 4A. Further, in FIGS. 27 and 28, the above-described first eccentric 

cams 57, 157 and second eccentric cams 57A, 157A are additionally shown by two-

dot-dash lines. 

[0096] As mentioned hereinabove, the center axis line Y of the first eccentric cams 57, 157 

and the center axis line YA of the second eccentric cams 57A, 157A do not coincide, 

the center axis line Y of the through holes 16 of the part of the plurality of movable 

members 4 and the center axis line Y of the first eccentric cams 57, 157 coincide, and 

the center axis line YA of the through holes 16A of the other part of the plurality of 

movable members 4A and the center axis line YA of the second eccentric cams 57A, 

157A coincide. Therefore, the center axis line Y of the through holes 16 of the part of 

the plurality of movable members 4 and the center axis line YA of the through holes 

16A of the other part of the plurality of movable members 4A do not coincide. 

[0097] In the solid-liquid separator shown in FIGS. 26 to 30, where the screw 24 is rotated 

by an electric motor (not shown in the figure) and the screw 24 revolves around the 

center axis line X thereof, as shown in FIG. 27, the first eccentric cams 57, 157 rotate, 

while the center axis line Y thereof describes a circle with a radius equal to the ec-

centricity (delta) around the center axis line X of the shaft 25 of the screw 24, as shown 

by arrow E. The part of the plurality of movable members 4 follow this rotation and 

perform a circular movement, while the center axis line Y thereof describes a circle 

around the center axis line X of the screw 24. At the same time, as shown in FIG. 28, 

the second eccentric cams 57A, 157A also rotate, while the center axis line YA thereof 

describes a circle with a radius equal to the eccentricity (delta) around the center axis 

line X of the shaft 25 of the screw 24, as shown by arrow EA. The other part of the 

plurality of movable members 4A follow this rotation and perform a circular 

movement, while the center axis line YA thereof describes a circle around the center 

axis line X of the screw 24. In this case, since the center axis lines Y and YA do not 

coincide, the part of the plurality of movable members 4 and other part of the plurality 

of movable members 4A perform circular movements with different phases. In the 

example shown in the figure, the movable members perform circular movements with 

a phase difference of 180 degree. The circular movements of the movable members 4, 

4A prevent solid mater from clogging the space between the movable members and the 

fixed members 3. 

[0098] As mentioned hereinabove, the solid-liquid separator shown in FIGS. 26 to 30 

includes the first connection means for connecting the part of the plurality of movable 

members 4 so that the part of the plurality of movable members 4 can perform together 

a circular movement, the first eccentric cams 57, 157 that are decentered from the 
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pair of second connection plates 61 A, 161A and second connecting rods 66A 
constitute second connection means connecting the other part of the plurality of 
movable members 4A. Further, in FIGS. 27 and 28, the above-described first eccentric 
cams 57, 157 and second eccentric cams 57A, 157A are additionally shown by two-
dot-dash lines. 

[0096] As mentioned hereinabove, the center axis line Y of the first eccentric cams 57, 157 
and the center axis line YA of the second eccentric cams 57A, 157A do not coincide, 
the center axis line Y of the through holes 16 of the part of the plurality of movable 
members 4 and the center axis line Y of the first eccentric cams 57, 157 coincide, and 
the center axis line YA of the through holes 16A of the other part of the plurality of 
movable members 4A and the center axis line YA of the second eccentric cams 57A, 
157A coincide. Therefore, the center axis line Y of the through holes 16 of the part of 
the plurality of movable members 4 and the center axis line YA of the through holes 
16A of the other part of the plurality of movable members 4A do not coincide. 

[0097] In the solid-liquid separator shown in FIGS. 26 to 30, where the screw 24 is rotated 
by an electric motor (not shown in the figure) and the screw 24 revolves around the 
center axis line X thereof, as shown in FIG. 27, the first eccentric cams 57, 157 rotate, 
while the center axis line Y thereof describes a circle with a radius equal to the ec­
centricity (delta) around the center axis line X of the shaft 25 of the screw 24, as shown 
by arrow E. The part of the plurality of movable members 4 follow this rotation and 
perform a circular movement, while the center axis line Y thereof describes a circle 
around the center axis line X of the screw 24. At the same time, as shown in FIG. 28, 
the second eccentric cams 57A, 157A also rotate, while the center axis line YA thereof 
describes a circle with a radius equal to the eccentricity (delta) around the center axis 
line X of the shaft 25 of the screw 24, as shown by arrow EA. The other part of the 
plurality of movable members 4A follow this rotation and perform a circular 
movement, while the center axis line YA thereof describes a circle around the center 
axis line X of the screw 24. In this case, since the center axis lines Y and YA do not 
coincide, the part of the plurality of movable members 4 and other part of the plurality 
of movable members 4A perform circular movements with different phases. In the 
example shown in the figure, the movable members perform circular movements with 
a phase difference of 180 degree. The circular movements of the movable members 4, 
4A prevent solid mater from clogging the space between the movable members and the 
fixed members 3. 

[0098] As mentioned hereinabove, the solid-liquid separator shown in FIGS. 26 to 30 
includes the first connection means for connecting the part of the plurality of movable 
members 4 so that the part of the plurality of movable members 4 can perform together 
a circular movement, the first eccentric cams 57, 157 that are decentered from the 
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center axis line X of the shaft 25 of the screw 24 and rotate integrally with the shaft 25, 

the first bearings 59, 159 that are connected to the first connection means and provided 

with round cam holes 60, 160 that mate with the round outer circumferential surfaces 

58, 158 of the first eccentric cams 57,157, the second connection means for connecting 

the other part of the plurality of movable members 4A so that the other part of the 

plurality of movable members 4A can perform together a circular movement, the 

second eccentric cams 57A, 157A that are decentered from the center axis line X of the 

shaft 25 of the screw 24 and rotate integrally with the shaft 25, and the second bearings 

59A, 159A that are connected to the second connection means and provided with 

round cam holes 60A, 160A that mate with the round outer circumferential surfaces 

58A, 158A of the second eccentric cams 57A, 157A, the center axis line Y of the first 

eccentric cams 57, 157 and the center axis line YA of the second eccentric cams 57A, 

157A do not coincide, the round outer circumferential surfaces 58, 158 of the first 

eccentric cams 57, 157 slidably abut on the inner circumferential surfaces of the round 

cam holes 60, 160 of the first bearings 59, 159 over the entire circumference thereof, 

the round outer circumferential surfaces 58A, 158A of the second eccentric cams 57A, 

157A slidably abut on the inner circumferential surfaces of the round cam holes 60A, 

160A of the second bearings 59A, 159A over the entire circumference thereof, the 

center axis line Y of the first eccentric cams 57, 157 coincides with the center axis line 

Y of the through holes 16 of the part of the plurality of movable members 4 connected 

by the first connection means, the center axis line YA of the second eccentric cams 

57A, 157A also coincides with the center axis line YA of the through holes 16A of the 

other part of the plurality of movable members 4A connected by the second connection 

means, the first eccentric cams 57, 157 rotate following the rotation of the screw 24, 

while the center axis line Y of the first eccentric cams describes a circle with a radius 

equal to the eccentricity (delta) of the first eccentric cams 57, 157 around the center 

axis line X of the shaft 25 of the screw 24, as a result of this rotation the part of the 

plurality of movable members 4 connected by the first connection means perform a 

circular movement, while the center axis line Y of the through hole 16 thereof 

describes a circle with a radius equal to the eccentricity (delta) of the first eccentric 

cams 57, 157 around the center axis line X of the screw 24, the second eccentric cams 

57A, 157A rotate, while the center axis line YA thereof describes a circle with a radius 

equal to the eccentricity (delta) of the second eccentric cams 57A, 157A around the 

center axis line X of the shaft 25 of the screw 24, and the other part of the plurality of 

movable members 4A connected by the second connection means perform a circular 

movement, while the center axis line YA of the through hole 16A thereof describes a 

circle with a radius equal to the eccentricity (delta) of the second eccentric cams 57A, 

157A around the center axis line X of the screw 24. 
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center axis line X of the shaft 25 of the screw 24 and rotate integrally with the shaft 25, 
the first bearings 59, 159 that are connected to the first connection means and provided 
with round cam holes 60, 160 that mate with the round outer circumferential surfaces 
58, 158 of the first eccentric cams 57,157, the second connection means for connecting 
the other part of the plurality of movable members 4A so that the other part of the 
plurality of movable members 4A can perform together a circular movement, the 
second eccentric cams 57A, 157A that are decentered from the center axis line X of the 
shaft 25 of the screw 24 and rotate integrally with the shaft 25, and the second bearings 
59A, 159A that are connected to the second connection means and provided with 
round cam holes 60A, 160A that mate with the round outer circumferential surfaces 
58A, 158A of the second eccentric cams 57A, 157A, the center axis line Y of the first 
eccentric cams 57, 157 and the center axis line YA of the second eccentric cams 57A, 
157A do not coincide, the round outer circumferential surfaces 58, 158 of the first 
eccentric cams 57, 157 slidably abut on the inner circumferential surfaces of the round 
cam holes 60, 160 of the first bearings 59, 159 over the entire circumference thereof, 
the round outer circumferential surfaces 58A, 158A of the second eccentric cams 57A, 
157A slidably abut on the inner circumferential surfaces of the round cam holes 60A, 
160A of the second bearings 59A, 159A over the entire circumference thereof, the 
center axis line Y of the first eccentric cams 57, 157 coincides with the center axis line 
Y of the through holes 16 of the part of the plurality of movable members 4 connected 
by the first connection means, the center axis line YA of the second eccentric cams 
57A, 157A also coincides with the center axis line YA of the through holes 16A of the 
other part of the plurality of movable members 4A connected by the second connection 
means, the first eccentric cams 57, 157 rotate following the rotation of the screw 24, 
while the center axis line Y of the first eccentric cams describes a circle with a radius 
equal to the eccentricity (delta) of the first eccentric cams 57, 157 around the center 
axis line X of the shaft 25 of the screw 24, as a result of this rotation the part of the 
plurality of movable members 4 connected by the first connection means perform a 
circular movement, while the center axis line Y of the through hole 16 thereof 
describes a circle with a radius equal to the eccentricity (delta) of the first eccentric 
cams 57, 157 around the center axis line X of the screw 24, the second eccentric cams 
57A, 157A rotate, while the center axis line YA thereof describes a circle with a radius 
equal to the eccentricity (delta) of the second eccentric cams 57A, 157A around the 
center axis line X of the shaft 25 of the screw 24, and the other part of the plurality of 
movable members 4A connected by the second connection means perform a circular 
movement, while the center axis line YA of the through hole 16A thereof describes a 
circle with a radius equal to the eccentricity (delta) of the second eccentric cams 57A, 
157A around the center axis line X of the screw 24. 
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[0099] Furthermore, in the solid-liquid separator shown in FIGS. 26 to 30, the first eccentric 

cams 57, 157 and the first bearings 59, 159 mated with the first eccentric cams 57, 157 

are provided by one each at each of the portions of the shaft 25 that are outside, in the 

longitudinal direction, of the blade 26 of the screw 24, the first connection means has a 

pair of first connection plates 61, 161 connected to respective first bearings 59, 159 

and a plurality of first connecting rods 66 connected to the part of the plurality of 

movable members 4, each first connecting rod 66 is connected to the respective first 

connection plate 61, 161, the second eccentric cams 57A, 157A and the second 

bearings 59A, 159A mated with the second eccentric cams 57A, 157A are provided by 

one each at each of the portions of the shaft 25 that are outside, in the longitudinal 

direction, of the blade 26 of the screw 24, the second connection means has a pair of 

second connection plates 61A, 161A connected to respective second bearings 59A, 

159A and a plurality of second connecting rods 66A connected to the other part of the 

plurality of movable members 4A, and each second connecting rod 66A is connected 

to the respective second connection plate 61A, 161A. 

[0100] Further, in the solid-liquid separator shown in FIG. 26, similarly to the solid-liquid 

separator shown in FIGS. 1 to 15, the ring-shaped guides 69, 69A are detachably 

attached by bolts and nuts (not shown in the figure) to the holes in the side plates 7, 9 

of the inlet member 1 and the outlet member 2 through which the first and second 

connecting rods 66, 66A pass. When the first and second connecting rods 66, 66A 

perform a circular movement, the first and second connecting rods 66, 66A are guided, 

while sliding along the inner circumferential surfaces of the ring-shaped first and 

second guides 69, 69A, and the first and second connecting rods 66, 66A are prevented 

from rotating about the center axis line X of the screw 24 (see arrow F in FIG. 8A). 

Thus, the solid-liquid separator of the present embodiment has the first guide 69 that 

prevents the first connection means from rotating together with the part of the plurality 

of movable members 4 connected by the first connection means around the center axis 

line X of the shaft 25 of the screw 24 and the movable members 4 from coming into 

contact with other members, and the second guide 69A that prevents the second 

connection means from rotating together with the other part of the plurality of movable 

members 4A connected by the second connection means around the center axis line X 

of the shaft 25 of the screw 24 and the movable members 4A from coming into contact 

with other members. 

[0101] Described hereinabove with reference to FIGS. 25 to 30 is an example in which the 

configuration having the first eccentric cams 57, 157 and the second eccentric cams 

57A, 157A is applied to the solid-liquid separator in which the center axis line of the 

first eccentric cams 57, 157 and the center axis line of the through holes 16 formed in 

the part of the plurality of movable members 4 coincide and the center axis line of the 
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[0099] Furthermore, in the solid-liquid separator shown in FIGS. 26 to 30, the first eccentric 
cams 57, 157 and the first bearings 59, 159 mated with the first eccentric cams 57, 157 
are provided by one each at each of the portions of the shaft 25 that are outside, in the 
longitudinal direction, of the blade 26 of the screw 24, the first connection means has a 
pair of first connection plates 61, 161 connected to respective first bearings 59, 159 
and a plurality of first connecting rods 66 connected to the part of the plurality of 
movable members 4, each first connecting rod 66 is connected to the respective first 
connection plate 61, 161, the second eccentric cams 57A, 157A and the second 
bearings 59A, 159A mated with the second eccentric cams 57A, 157A are provided by 
one each at each of the portions of the shaft 25 that are outside, in the longitudinal 
direction, of the blade 26 of the screw 24, the second connection means has a pair of 
second connection plates 61A, 161A connected to respective second bearings 59A, 
159A and a plurality of second connecting rods 66A connected to the other part of the 
plurality of movable members 4A, and each second connecting rod 66A is connected 
to the respective second connection plate 61 A, 161 A. 

[0100] Further, in the solid-liquid separator shown in FIG. 26, similarly to the solid-liquid 
separator shown in FIGS. 1 to 15, the ring-shaped guides 69, 69A are detachably 
attached by bolts and nuts (not shown in the figure) to the holes in the side plates 7, 9 
of the inlet member 1 and the outlet member 2 through which the first and second 
connecting rods 66, 66A pass. When the first and second connecting rods 66, 66A 
perform a circular movement, the first and second connecting rods 66, 66A are guided, 
while sliding along the inner circumferential surfaces of the ring-shaped first and 
second guides 69, 69A, and the first and second connecting rods 66, 66A are prevented 
from rotating about the center axis line X of the screw 24 (see arrow F in FIG. 8A). 
Thus, the solid-liquid separator of the present embodiment has the first guide 69 that 
prevents the first connection means from rotating together with the part of the plurality 
of movable members 4 connected by the first connection means around the center axis 
line X of the shaft 25 of the screw 24 and the movable members 4 from coming into 
contact with other members, and the second guide 69A that prevents the second 
connection means from rotating together with the other part of the plurality of movable 
members 4A connected by the second connection means around the center axis line X 
of the shaft 25 of the screw 24 and the movable members 4A from coming into contact 
with other members. 

[0101] Described hereinabove with reference to FIGS. 25 to 30 is an example in which the 
configuration having the first eccentric cams 57, 157 and the second eccentric cams 
57A, 157A is applied to the solid-liquid separator in which the center axis line of the 
first eccentric cams 57, 157 and the center axis line of the through holes 16 formed in 
the part of the plurality of movable members 4 coincide and the center axis line of the 
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second eccentric cams 57A, 157A and the center axis line of the through holes 16A 

formed in the other part of the plurality of movable members 4A coincide. The con-

figuration having a plurality of eccentric cams can be also applied to the solid-liquid 

separator in which the center axis line of the first eccentric cams 57, 157 and the center 

axis line of the through holes 16 formed in the part of the plurality of movable 

members 4 do not coincide and the center axis line of the second eccentric cams 57A, 

157A and the center axis line of the through holes 16A formed in the other part of the 

plurality of movable members 4A do not coincide, and also to the solid-liquid 

separator in which the center axis lines of the part of the plurality of movable members 

4 do not coincide with each other and the center axis lines of the other part of the 

plurality of movable members 4A do not coincide with each other. In this case, the 

basic configuration is not different from that shown in FIGS. 25 to 30. Thus, the first 

eccentric cams 57, 157 that are decentered from the center axis line X of the shaft 25 of 

the screw 24 and have a round outer circumferential surface and the second eccentric 

cams 57A, 157A that are also decentered from the center axis line X of the shaft 25 of 

the screw 24 and have a round outer circumferential surface are fixed to the shaft 25 of 

the screw 24, the center axis line of the first eccentric cams 57, 157 and the center axis 

line of the second eccentric cams 57A, 157A do not coincide, the part of the plurality 

of movable members 4 are connected to the first eccentric cams 57, 157 such that the 

part of the plurality of movable members 4 perform a circular movement with a radius 

equal to the eccentricity (delta) of the first eccentric cams 57, 157, and the other part of 

the plurality of movable members 4A are connected to the second eccentric cams 57A, 

157A such that the other part of the plurality of movable members 4A perform a 

circular movement with a radius equal to the eccentricity (delta) of the second 

eccentric cams 57A, 157A. Further, the following configuration is used in this solid-

liquid separator. Thus, the solid-liquid separator is provided with the first connection 

means that connects the part of the plurality of movable members 4 so that the part of 

the plurality of movable members 4 together perform a circular movement and the first 

bearings 59, 159 that are connected to the first connection means and provided with the 

round cam holes 60, 160 that mate with the round outer circumferential surfaces 58, 

158 of the first eccentric cams 57, 157. The solid-liquid separator is also provided with 

the second connection means that connects the other part of the plurality of movable 

members 4A so that the other part of the plurality of movable members 4A together 

perform a circular movement and the second bearings 59A, 159A that are connected to 

the second connection means and provided with the round cam holes 60A, 160A that 

mate with the round outer circumferential surfaces 58A, 158A of the second eccentric 

cams 57A, 157A. The round outer circumferential surfaces 58, 158 of the first 

eccentric cams 57, 157 slidably abut on the inner circumferential surfaces of the round 
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second eccentric cams 57A, 157A and the center axis line of the through holes 16A 
formed in the other part of the plurality of movable members 4A coincide. The con­
figuration having a plurality of eccentric cams can be also applied to the solid-liquid 
separator in which the center axis line of the first eccentric cams 57, 157 and the center 
axis line of the through holes 16 formed in the part of the plurality of movable 
members 4 do not coincide and the center axis line of the second eccentric cams 57A, 
157A and the center axis line of the through holes 16A formed in the other part of the 
plurality of movable members 4A do not coincide, and also to the solid-liquid 
separator in which the center axis lines of the part of the plurality of movable members 
4 do not coincide with each other and the center axis lines of the other part of the 
plurality of movable members 4A do not coincide with each other. In this case, the 
basic configuration is not different from that shown in FIGS. 25 to 30. Thus, the first 
eccentric cams 57, 157 that are decentered from the center axis line X of the shaft 25 of 
the screw 24 and have a round outer circumferential surface and the second eccentric 
cams 57A, 157A that are also decentered from the center axis line X of the shaft 25 of 
the screw 24 and have a round outer circumferential surface are fixed to the shaft 25 of 
the screw 24, the center axis line of the first eccentric cams 57, 157 and the center axis 
line of the second eccentric cams 57A, 157A do not coincide, the part of the plurality 
of movable members 4 are connected to the first eccentric cams 57, 157 such that the 
part of the plurality of movable members 4 perform a circular movement with a radius 
equal to the eccentricity (delta) of the first eccentric cams 57, 157, and the other part of 
the plurality of movable members 4A are connected to the second eccentric cams 57A, 
157A such that the other part of the plurality of movable members 4A perform a 
circular movement with a radius equal to the eccentricity (delta) of the second 
eccentric cams 57A, 157A. Further, the following configuration is used in this solid-
liquid separator. Thus, the solid-liquid separator is provided with the first connection 
means that connects the part of the plurality of movable members 4 so that the part of 
the plurality of movable members 4 together perform a circular movement and the first 
bearings 59, 159 that are connected to the first connection means and provided with the 
round cam holes 60, 160 that mate with the round outer circumferential surfaces 58, 
158 of the first eccentric cams 57, 157. The solid-liquid separator is also provided with 
the second connection means that connects the other part of the plurality of movable 
members 4A so that the other part of the plurality of movable members 4A together 
perform a circular movement and the second bearings 59A, 159A that are connected to 
the second connection means and provided with the round cam holes 60A, 160A that 
mate with the round outer circumferential surfaces 58A, 158A of the second eccentric 
cams 57A, 157A. The round outer circumferential surfaces 58, 158 of the first 
eccentric cams 57, 157 slidably abut on the inner circumferential surfaces of the round 
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cam holes 60, 160 of the first bearings 59, 159 over the entire circumference thereof, 

and the round outer circumferential surfaces 58A, 158A of the second eccentric cams 

57A, 157A slidably abut on the inner circumferential surfaces of the round cam holes 

60A, 160A of the second bearings 59A, 159A over the entire circumference thereof. 

Following the rotation of the screw 24, the first eccentric cams 57, 157 rotate, while 

the center axis line thereof describes a circle with a radius equal to the eccentricity 

(delta) of the first eccentric cams 57, 157 around the center axis line X of the shaft 25 

of the screw 24. As a result, the part of the plurality of movable members 4 connected 

by the first connection means perform a circular movement with a radius equal to the 

eccentricity (delta) of the first eccentric cams 57, 157. The second eccentric cams 57A, 

157A rotate, while the center axis line thereof describes a circle with a radius equal to 

the eccentricity (delta) of the second eccentric cams 57, 157A around the center axis 

line X of the shaft 25 of the screw 24. As a result, the other part of the plurality of 

movable members 4 connected by the second connection means perform a circular 

movement with a radius equal to the eccentricity (delta) of the second eccentric cams 

57A, 157A. 

[0102] The part of the plurality of movable members 4 and the other part of the plurality of 

movable members 4A of the above-described embodiments are also configured such 

that at least part of the movable members perform a circular movement, while pen-

etrating closer to the center axis line X of the screw 24 than the outer circumferential 

edge 32 of the blade 26 of the screw 24, without coming into contact with the screw 

24. In this case, the aforementioned first condition and second condition for pen-

etration of the movable members should be fulfilled in order that the movable 

members 4, 4A could penetrate closer to the center axis line X of the screw 24 than the 

outer circumferential edge 32 of the blade 26 of the screw 24. To be sure, the first and 

second conditions will be explained with respect to all of the examples relating to the 

cases in which the center axis line of the first eccentric cams 57, 157 and the center 

axis line of the through holes 16 formed in the part of the plurality of movable 

members 4 coincide, or these center axis lines do not coincide, and the cases in which 

the center axis line of the second eccentric cams 57A, 157A and the center axis line of 

the other part of the plurality of movable members 4A coincide, or these center axis 

lines do not coincide. 

[0103] FIG. 31 is a cross sectional explanatory drawing that is similar to FIG. 10 and il-

lustrates an example of the relationship between the movable members 4, 4A and the 

screw 24 in the solid-liquid separators of the above-described embodiments. In this 

figure, the depiction of the fixed members is omitted and the arrangement state of the 

movable members 4, 4A and the screw 24 does not coincide with that shown in FIG. 

26. In FIG. 31, five of the some movable members 4 and five of the other movable 
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cam holes 60, 160 of the first bearings 59, 159 over the entire circumference thereof, 
and the round outer circumferential surfaces 58A, 158A of the second eccentric cams 
57A, 157A slidably abut on the inner circumferential surfaces of the round cam holes 
60A, 160A of the second bearings 59A, 159A over the entire circumference thereof. 
Following the rotation of the screw 24, the first eccentric cams 57, 157 rotate, while 
the center axis line thereof describes a circle with a radius equal to the eccentricity 
(delta) of the first eccentric cams 57, 157 around the center axis line X of the shaft 25 
of the screw 24. As a result, the part of the plurality of movable members 4 connected 
by the first connection means perform a circular movement with a radius equal to the 
eccentricity (delta) of the first eccentric cams 57, 157. The second eccentric cams 57A, 
157A rotate, while the center axis line thereof describes a circle with a radius equal to 
the eccentricity (delta) of the second eccentric cams 57, 157A around the center axis 
line X of the shaft 25 of the screw 24. As a result, the other part of the plurality of 
movable members 4 connected by the second connection means perform a circular 
movement with a radius equal to the eccentricity (delta) of the second eccentric cams 
57A, 157A. 

[0102] The part of the plurality of movable members 4 and the other part of the plurality of 
movable members 4A of the above-described embodiments are also configured such 
that at least part of the movable members perform a circular movement, while pen­
etrating closer to the center axis line X of the screw 24 than the outer circumferential 
edge 32 of the blade 26 of the screw 24, without coming into contact with the screw 
24. In this case, the aforementioned first condition and second condition for pen­
etration of the movable members should be fulfilled in order that the movable 
members 4, 4A could penetrate closer to the center axis line X of the screw 24 than the 
outer circumferential edge 32 of the blade 26 of the screw 24. To be sure, the first and 
second conditions will be explained with respect to all of the examples relating to the 
cases in which the center axis line of the first eccentric cams 57, 157 and the center 
axis line of the through holes 16 formed in the part of the plurality of movable 
members 4 coincide, or these center axis lines do not coincide, and the cases in which 
the center axis line of the second eccentric cams 57A, 157A and the center axis line of 
the other part of the plurality of movable members 4A coincide, or these center axis 
lines do not coincide. 

[0103] FIG. 31 is a cross sectional explanatory drawing that is similar to FIG. 10 and il­
lustrates an example of the relationship between the movable members 4, 4A and the 
screw 24 in the solid-liquid separators of the above-described embodiments. In this 
figure, the depiction of the fixed members is omitted and the arrangement state of the 
movable members 4, 4A and the screw 24 does not coincide with that shown in FIG. 
26. In FIG. 31, five of the some movable members 4 and five of the other movable 



37 

WO 2012/101980 
	

PCT/JP2012/000237 

members 4A are arranged alternately in the direction of the center axis line X of the 

screw 24. 

[0104] In FIG. 31, a point in which the straight line H drawn from the center axis line Y of 

the first eccentric cams 57, 157 (see FIGS. 29 and 30) or from the center axis line Y of 

the through holes 16 of the part of the plurality of movable members 4 in the radial 

direction of the screw 24 toward the center axis line X of the screw 24 crosses the 

virtual tube I including the outer circumferential edge 32 of the screw 24 after passing 

beyond the center axis line X of the screw 24 is taken as an outer circumferential edge 

crossing point J. Where a straight line passing through the outer circumferential edge 

crossing point J and extending parallel to the center axis line X of the screw 24 is taken 

as a center parallel line L and crossing points of the center parallel line L with two 

blade portions 33 of the screw 24 that are adjacent in the direction of the center axis 

line X of the screw 24 are taken as blade crossing points M, a region of a prede-

termined width in the direction of the center axis line X of the screw 24 that is 

narrower than the distance between the aforementioned two blade portions 33 and 

includes a center point N of the two blade crossing points M will be a region Z in 

which penetration of the movable members 4 is possible. The movable member 4 that 

performs a circular movement, while penetrating closer to the center axis line X of the 

screw 24 than the outer circumferential edge 32 of the blade 26 of the screw 24, is po-

sitioned within the region Z in which penetration is possible. In the example shown in 

FIG. 31, the portions 51 of the three movable members 4 got closer to the center axis 

line X of the screw 24 than the outer circumferential edge 32 of the blade 26 thereof. 

This is the second condition under which the movable members 4 can penetrate and 

this conditions is not different from that explained hereinabove. 

[0105] Further, for the movable members 4 present in the region Z in which penetration is 

possible to penetrate closer to the center axis line X than the outer circumferential edge 

32 of the blade 26, without coming into contact with the screw 24, the shortest distance 

K (in this case, the radius of the round through hole 16) from the center axis line Y of 

the first eccentric cams 57, 157 or the center axis line Y of the through holes 16 of 

some movable members 4 to the circumferential edge 35 of the movable members 4 

demarcating the through hole 16, the radius S of the screw 24, and the eccentricity 

(delta) of the through hole 16 should fulfill the relationship S - (delta) < K < S + 

(delta). This is also the first condition for enabling the penetration of the movable 

members 4 described hereinabove. 

[0106] In FIG. 31, the movable members 4 positioned in the region W, which is outside the 

above-described region Z in which penetration is possible and represents a region in 

which penetration is impossible, is specifically assigned with the reference numeral 54, 

and the through hole 16 of this movable members 54 is formed such that the condition 
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members 4A are arranged alternately in the direction of the center axis line X of the 
screw 24. 

[0104] In FIG. 31, a point in which the straight line H drawn from the center axis line Y of 
the first eccentric cams 57, 157 (see FIGS. 29 and 30) or from the center axis line Y of 
the through holes 16 of the part of the plurality of movable members 4 in the radial 
direction of the screw 24 toward the center axis line X of the screw 24 crosses the 
virtual tube I including the outer circumferential edge 32 of the screw 24 after passing 
beyond the center axis line X of the screw 24 is taken as an outer circumferential edge 
crossing point J. Where a straight line passing through the outer circumferential edge 
crossing point J and extending parallel to the center axis line X of the screw 24 is taken 
as a center parallel line L and crossing points of the center parallel line L with two 
blade portions 33 of the screw 24 that are adjacent in the direction of the center axis 
line X of the screw 24 are taken as blade crossing points M, a region of a prede­
termined width in the direction of the center axis line X of the screw 24 that is 
narrower than the distance between the aforementioned two blade portions 33 and 
includes a center point N of the two blade crossing points M will be a region Z in 
which penetration of the movable members 4 is possible. The movable member 4 that 
performs a circular movement, while penetrating closer to the center axis line X of the 
screw 24 than the outer circumferential edge 32 of the blade 26 of the screw 24, is po­
sitioned within the region Z in which penetration is possible. In the example shown in 
FIG. 31, the portions 51 of the three movable members 4 got closer to the center axis 
line X of the screw 24 than the outer circumferential edge 32 of the blade 26 thereof. 
This is the second condition under which the movable members 4 can penetrate and 
this conditions is not different from that explained hereinabove. 

[0105] Further, for the movable members 4 present in the region Z in which penetration is 
possible to penetrate closer to the center axis line X than the outer circumferential edge 
32 of the blade 26, without coming into contact with the screw 24, the shortest distance 
K (in this case, the radius of the round through hole 16) from the center axis line Y of 
the first eccentric cams 57, 157 or the center axis line Y of the through holes 16 of 
some movable members 4 to the circumferential edge 35 of the movable members 4 
demarcating the through hole 16, the radius S of the screw 24, and the eccentricity 
(delta) of the through hole 16 should fulfill the relationship S - (delta) < K < S + 
(delta). This is also the first condition for enabling the penetration of the movable 
members 4 described hereinabove. 

[0106] In FIG. 31, the movable members 4 positioned in the region W, which is outside the 
above-described region Z in which penetration is possible and represents a region in 
which penetration is impossible, is specifically assigned with the reference numeral 54, 
and the through hole 16 of this movable members 54 is formed such that the condition 
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K > S + (delta) (interference avoidance condition) is fulfilled. As a result, the movable 

members 54 can perform a circular movement, without coming into contact with the 

screw 24 or penetrating closer to the center axis line X than the outer circumferential 

edge 32. 

[0107] FIGS. 32A to 32D are explanatory drawings illustrating the relative arrangement of 

the through hole 16 of the movable members 4 positioned in the region Z in which 

penetration is possible and the screw 24, and also the circular movement of the 

movable members 4. In this case, the reference symbol 26A also denotes the cross 

section of the blade 26 of the screw 24. Further, the portion of the movable members 4 

that is shown by oblique hatching is shown to have penetrated closer to the center axis 

line X of the screw 24 than the circumferential outer edge 32 of the blade 26 thereof. 

These figures clearly demonstrate that the movable members 4 perform a circular 

movement, while penetrating closer to the center axis line X of the screw than the cir-

cumferential outer edge 32 of the blade 26 thereof. 

[0108] Meanwhile, in FIG. 31, in the same manner as described hereinabove, a point in 

which a straight line HA drawn from the center axis line YA of the second eccentric 

cams 57A, 157A (see FIGS. 29 and 30) or from the center axis line YA of the through 

holes 16A of the other part of the plurality of movable members 4A in the radial 

direction of the screw 24 toward the center axis line X of the screw 24 crosses the 

virtual tube I including the outer circumferential edge 32 of the screw 24 after passing 

beyond the center axis line X of the screw 24 is taken as an outer circumferential edge 

crossing point JA, and a straight line passing through the outer circumferential edge 

crossing point JA and extending parallel to the center axis line X of the screw 24 is 

taken as a center parallel line LA. Where the crossing points of the center parallel line 

LA with two blade portions 33A of the screw 24 that are adjacent in the direction of 

the center axis line X of the screw 24 are taken as blade crossing points MA, a region 

of a predetermined width in the direction of the center axis line X of the screw 24 that 

is narrower than the distance between the aforementioned two blade portions 33A and 

includes a center point NA of the two blade crossing points MA will be a region ZA in 

which penetration of the movable members 4A is possible. The movable member 4A 

that performs a circular movement, while penetrating closer to the center axis line X of 

the screw 24 than the outer circumferential edge 32 of the screw 24, is positioned 

within the region ZA in which penetration is possible. In the example shown in FIG. 

31, the portions 51A of three movable members 4A have penetrated closer to the 

center axis line X of the screw 24 than the outer circumferential edge 32. This is the 

second condition under which the movable members 4A can penetrate. 

[0109] Further, for the movable members 4A present in the region ZA in which penetration 

is possible to penetrate closer to the center axis line X than the outer circumferential 
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K > S + (delta) (interference avoidance condition) is fulfilled. As a result, the movable 
members 54 can perform a circular movement, without coming into contact with the 
screw 24 or penetrating closer to the center axis line X than the outer circumferential 
edge 32. 

[0107] FIGS. 32A to 32D are explanatory drawings illustrating the relative arrangement of 
the through hole 16 of the movable members 4 positioned in the region Z in which 
penetration is possible and the screw 24, and also the circular movement of the 
movable members 4. In this case, the reference symbol 26A also denotes the cross 
section of the blade 26 of the screw 24. Further, the portion of the movable members 4 
that is shown by oblique hatching is shown to have penetrated closer to the center axis 
line X of the screw 24 than the circumferential outer edge 32 of the blade 26 thereof. 
These figures clearly demonstrate that the movable members 4 perform a circular 
movement, while penetrating closer to the center axis line X of the screw than the cir­
cumferential outer edge 32 of the blade 26 thereof. 

[0108] Meanwhile, in FIG. 31, in the same manner as described hereinabove, a point in 
which a straight line HA drawn from the center axis line YA of the second eccentric 
cams 57A, 157A (see FIGS. 29 and 30) or from the center axis line YA of the through 
holes 16A of the other part of the plurality of movable members 4A in the radial 
direction of the screw 24 toward the center axis line X of the screw 24 crosses the 
virtual tube I including the outer circumferential edge 32 of the screw 24 after passing 
beyond the center axis line X of the screw 24 is taken as an outer circumferential edge 
crossing point JA, and a straight line passing through the outer circumferential edge 
crossing point JA and extending parallel to the center axis line X of the screw 24 is 
taken as a center parallel line LA. Where the crossing points of the center parallel line 
LA with two blade portions 33A of the screw 24 that are adjacent in the direction of 
the center axis line X of the screw 24 are taken as blade crossing points MA, a region 
of a predetermined width in the direction of the center axis line X of the screw 24 that 
is narrower than the distance between the aforementioned two blade portions 33A and 
includes a center point NA of the two blade crossing points MA will be a region ZA in 
which penetration of the movable members 4A is possible. The movable member 4A 
that performs a circular movement, while penetrating closer to the center axis line X of 
the screw 24 than the outer circumferential edge 32 of the screw 24, is positioned 
within the region ZA in which penetration is possible. In the example shown in FIG. 
31, the portions 51A of three movable members 4A have penetrated closer to the 
center axis line X of the screw 24 than the outer circumferential edge 32. This is the 
second condition under which the movable members 4A can penetrate. 

[0109] Further, for the movable members 4A present in the region ZA in which penetration 
is possible to penetrate closer to the center axis line X than the outer circumferential 
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edge 32 of the blade 26, without coming into contact with the screw 24, the shortest 

distance K (in this case, the radius of the round through hole 16A) from the center axis 

line YA of the second eccentric cams 57A, 157A or the center axis line YA of the 

through holes 16A of the other movable members 4A to the circumferential edge 35 of 

the movable members 4A demarcating the through hole 16A, the radius S of the screw 

24, and the eccentricity (delta) of the through hole 16A should fulfill the relationship S 

- (delta) < K < S + (delta). This is the first condition for enabling the penetration of the 

movable members 4A. 

[0110] In FIG. 31, the movable members 4A positioned in the region WA, which is outside 

the above-described region ZA in which penetration is possible and represents a region 

in which penetration is impossible, is specifically assigned with the reference numeral 

54A, and the through hole 16A of this movable members 54A is formed such that the 

condition K > S + (delta) (interference avoidance condition) is fulfilled. As a result, the 

movable members 54A can perform a circular movement, without coming into contact 

with the screw 24 and penetrating closer to the center axis line X than the outer cir-

cumferential edge 32. 

[0111] FIGS. 32E to 32H are explanatory drawings illustrating the relative arrangement of 

the through hole 16A of the movable members 4A positioned in the region ZA in 

which penetration is possible and the screw 24, and also the circular movement of the 

movable members 4A. In this case, the reference symbol 26A also denotes the cross 

section of the blade 26 of the screw 24. Further, the portion of the movable members 

4A that is shown by oblique hatching is shown to have penetrated closer to the center 

axis line X of the screw 24 than the circumferential outer edge 32 of the blade 26 

thereof. These figures clearly demonstrate that the movable members 4A perform a 

circular movement, while penetrating closer to the center axis line X of the screw than 

the circumferential outer edge 32 of the blade 26 thereof. In the example shown in 

FIGS. 32A to 32H, portions of the movable members 4 and movable members 4A that 

face each other with a phase difference of 180 degree are closer to the center axis line 

X than the circumferential outer edge 32 of the screw 24. 

[0112] Explained hereinbelow with reference to FIGS. 26 to 32 is a specific example of the 

configuration shown in FIG. 25A, that is, the solid-liquid separator having movable 

members 4, 4A of two types with center axis lines Y, YA that do not coincide and also 

having the first and second eccentric cams with center axis lines Y, YA that do not 

coincide. However, a solid-liquid separator having movable members of three or more 

types and eccentric cams of three or more types with center axis lines Y, YA, YB that 

do not coincide, as shown in FIG. 25B, can be also configured in the same manner as 

described hereinabove. Thus, in the case of the configuration shown in FIG. 25B, 

eccentric cams of three types with center axis lines that do not coincide are used. 
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edge 32 of the blade 26, without coming into contact with the screw 24, the shortest 
distance K (in this case, the radius of the round through hole 16A) from the center axis 
line YA of the second eccentric cams 57A, 157A or the center axis line YA of the 
through holes 16A of the other movable members 4A to the circumferential edge 35 of 
the movable members 4A demarcating the through hole 16A, the radius S of the screw 
24, and the eccentricity (delta) of the through hole 16A should fulfill the relationship S 
- (delta) < K < S + (delta). This is the first condition for enabling the penetration of the 
movable members 4A. 

[0110] In FIG. 31, the movable members 4A positioned in the region WA, which is outside 
the above-described region ZA in which penetration is possible and represents a region 
in which penetration is impossible, is specifically assigned with the reference numeral 
54A, and the through hole 16A of this movable members 54A is formed such that the 
condition K > S + (delta) (interference avoidance condition) is fulfilled. As a result, the 
movable members 54A can perform a circular movement, without coming into contact 
with the screw 24 and penetrating closer to the center axis line X than the outer cir­
cumferential edge 32. 

[0111] FIGS. 32E to 32H are explanatory drawings illustrating the relative arrangement of 
the through hole 16A of the movable members 4A positioned in the region ZA in 
which penetration is possible and the screw 24, and also the circular movement of the 
movable members 4A. In this case, the reference symbol 26A also denotes the cross 
section of the blade 26 of the screw 24. Further, the portion of the movable members 
4A that is shown by oblique hatching is shown to have penetrated closer to the center 
axis line X of the screw 24 than the circumferential outer edge 32 of the blade 26 
thereof. These figures clearly demonstrate that the movable members 4A perform a 
circular movement, while penetrating closer to the center axis line X of the screw than 
the circumferential outer edge 32 of the blade 26 thereof. In the example shown in 
FIGS. 32A to 32H, portions of the movable members 4 and movable members 4A that 
face each other with a phase difference of 180 degree are closer to the center axis line 
X than the circumferential outer edge 32 of the screw 24. 

[0112] Explained hereinbelow with reference to FIGS. 26 to 32 is a specific example of the 
configuration shown in FIG. 25A, that is, the solid-liquid separator having movable 
members 4, 4A of two types with center axis lines Y, YA that do not coincide and also 
having the first and second eccentric cams with center axis lines Y, YA that do not 
coincide. However, a solid-liquid separator having movable members of three or more 
types and eccentric cams of three or more types with center axis lines Y, YA, YB that 
do not coincide, as shown in FIG. 25B, can be also configured in the same manner as 
described hereinabove. Thus, in the case of the configuration shown in FIG. 25B, 
eccentric cams of three types with center axis lines that do not coincide are used. 
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Likewise, a solid-liquid separator can be also configured by using eccentric cams of 

four or more types with center axis lines that do not coincide. 

[0113] As follows from above, where the movable members 4, 4A of two or more types that 

differ from each other in the direction in which the center axis line of the through hole 

is decentered from the center axis line X of the screw 24 are used, the number of 

movable members penetrating closer to the center axis line X than the outer circum-

ferential edge 32 of the screw 24 can be increased and the effect of squeezing water 

from the sludge can be further increased. 

[0114] FIG. 33 shows the solid-liquid separator shown in FIGS. 26 to 30 in which the 

regions Z, ZA in which penetration of the part of the plurality of movable members 4 

and the other part of the plurality of movable members 4A is possible are enlarged. 

This solid-liquid separator is configured such that the region ZA in which penetration 

is possible, that is, the region in which the other part of the plurality of movable 

members 4A can perform a circular movement, while penetrating closer to the center 

axis line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 

screw 24, is positioned adjacently to the region Z in which penetration is possible, that 

is, the region in which the part of the plurality of movable members 4 can perform a 

circular movement, while penetrating closer to the center axis line X of the screw 24 

than the outer circumferential edge 32 of the blade 26 of the screw 24. All of the 

movable members 4, 4A located in the regions Z, ZA in which penetration is possible 

perform a circular movement, while penetrating closer to the center axis line X of the 

screw 24 than the outer circumferential edge 32 of the blade 26 of the screw 24. In the 

case of this embodiment, since all of the movable members 4, 4A perform a circular 

movement, while penetrating closer to the center axis line X of the screw than the outer 

circumferential edge 32 of the blade 26 of the screw 24, the effect of squeezing water 

out of the sludge can be increased to a maximum limit. 

[0115] Other features and operations of the solid-liquid separator shown in FIGS. 26 to 33 

are not different from the features and operations of the solid-liquid separator shown in 

FIGS. 1 to 15. In the solid-liquid separator shown in FIGS. 26 to 33, the through holes 

16, 16A of the movable members 4, 4A can be also formed to have an oval shape or a 

polygonal shape, and the movable members 4, 4A having protruding sections similar to 

the protruding section 36 shown in FIGS. 23 and 24 can be also used. Further, a large 

number of zigzag protrusions and depressions can be also formed at the circumferential 

edge 35 demarcating the through holes 16, 16A. These features can be also applied to 

the solid-liquid separator of the below-described embodiments. 

[0116] The movable members 4, 4A that are present in the regions Z, ZA in which pen-

etration is possible in the above-described solid-liquid separators can be configured, if 

necessary, such as not to penetrate closer to the center axis line X than the outer cir- 
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Likewise, a solid-liquid separator can be also configured by using eccentric cams of 
four or more types with center axis lines that do not coincide. 

[0113] As follows from above, where the movable members 4, 4A of two or more types that 
differ from each other in the direction in which the center axis line of the through hole 
is decentered from the center axis line X of the screw 24 are used, the number of 
movable members penetrating closer to the center axis line X than the outer circum­
ferential edge 32 of the screw 24 can be increased and the effect of squeezing water 
from the sludge can be further increased. 

[0114] FIG. 33 shows the solid-liquid separator shown in FIGS. 26 to 30 in which the 
regions Z, ZA in which penetration of the part of the plurality of movable members 4 
and the other part of the plurality of movable members 4A is possible are enlarged. 
This solid-liquid separator is configured such that the region ZA in which penetration 
is possible, that is, the region in which the other part of the plurality of movable 
members 4A can perform a circular movement, while penetrating closer to the center 
axis line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 
screw 24, is positioned adjacently to the region Z in which penetration is possible, that 
is, the region in which the part of the plurality of movable members 4 can perform a 
circular movement, while penetrating closer to the center axis line X of the screw 24 
than the outer circumferential edge 32 of the blade 26 of the screw 24. All of the 
movable members 4, 4A located in the regions Z, ZA in which penetration is possible 
perform a circular movement, while penetrating closer to the center axis line X of the 
screw 24 than the outer circumferential edge 32 of the blade 26 of the screw 24. In the 
case of this embodiment, since all of the movable members 4, 4A perform a circular 
movement, while penetrating closer to the center axis line X of the screw than the outer 
circumferential edge 32 of the blade 26 of the screw 24, the effect of squeezing water 
out of the sludge can be increased to a maximum limit. 

[0115] Other features and operations of the solid-liquid separator shown in FIGS. 26 to 33 
are not different from the features and operations of the solid-liquid separator shown in 
FIGS. 1 to 15. In the solid-liquid separator shown in FIGS. 26 to 33, the through holes 
16, 16A of the movable members 4, 4A can be also formed to have an oval shape or a 
polygonal shape, and the movable members 4, 4A having protruding sections similar to 
the protruding section 36 shown in FIGS. 23 and 24 can be also used. Further, a large 
number of zigzag protrusions and depressions can be also formed at the circumferential 
edge 35 demarcating the through holes 16, 16A. These features can be also applied to 
the solid-liquid separator of the below-described embodiments. 

[0116] The movable members 4, 4A that are present in the regions Z, ZA in which pen­
etration is possible in the above-described solid-liquid separators can be configured, if 
necessary, such as not to penetrate closer to the center axis line X than the outer cir­
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cumferential edge 32 of the blade 26 of the screw 24 outside a certain range. In other 

words, a configuration can be used in which only the movable members in a certain 

desired range penetrate closer to the center axis line X than the outer circumferential 

edge 32 of the blade 26 of the screw 24. In this case, the movable member that moves, 

while penetrating closer to the center axis line X of the screw 24 than the outer circum-

ferential edge 32 of the blade 26 of the screw 24, is positioned in a region R2 

downstream, in the movement direction of the treatment object, of the position corre-

sponding to 1/2 the length R (FIG. 1) of the solid-liquid separation portion 21 in the 

movement direction of the treatment object. The sludge passing through the solid-

liquid separation portion in the region R1 upstream of the 1/2 length usually includes a 

large amount of water, and even if the movable members 4, 4A apply a shear force to 

the sludge, while penetrating so as to cut into the sludge, the effect of squeezing out the 

water cannot be sufficiently increased. Since the content ratio of water in the sludge 

present in the downstream region R2 has already been decreased, where the movable 

members 4, 4A penetrate so as to cut into the sludge and apply a large shear force to 

the sludge, the effect of squeezing out the water can be sufficiently increased. This 

feature can be also applied to the solid-liquid separators of the below-described em-

bodiments. 

[0117] Described hereinabove is an example in which the present invention is applied to a 

solid-liquid separator in which eccentric cams connected to the end portions of the 

shaft 25 of the screw 24 are connected to the movable members and the movable 

members are caused to perform a circular movement by rotationally driving the screw 

24. However, as mentioned hereinabove, the present invention can be also broadly 

applied to solid-liquid separators in which movable members disposed between the 

adjacent fixed members are moved by another appropriate means. 

[0118] For example, JP-559-218298-A discloses a solid-liquid separator including a 

plurality of fixed members, movable members disposed between the adjacent fixed 

members, and a screw extending via the through holes formed in the movable members 

and fixed members, without coming into contact with the through holes. The plurality 

of movable members are fixed by fixing rods, eccentric cams are inserted in a pair of 

round cam holes formed on the left and right sides, so as to sandwich the screw, of the 

movable members positioned at both ends in the axial direction, and the movable 

members are caused to perform a circular movement by rotationally driving the pair of 

eccentric cams. It is possible to apply the present invention to such a solid-liquid 

separator and obtain a configuration such that the movable members perform a circular 

movement, while penetrating closer to the center axis line of the screw than the outer 

circumferential edge of the blade of the screw, with the movable member being in no 

contact with the screw. 
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cumferential edge 32 of the blade 26 of the screw 24 outside a certain range. In other 
words, a configuration can be used in which only the movable members in a certain 
desired range penetrate closer to the center axis line X than the outer circumferential 
edge 32 of the blade 26 of the screw 24. In this case, the movable member that moves, 
while penetrating closer to the center axis line X of the screw 24 than the outer circum­
ferential edge 32 of the blade 26 of the screw 24, is positioned in a region R2 
downstream, in the movement direction of the treatment object, of the position corre­
sponding to 1/2 the length R (FIG. 1) of the solid-liquid separation portion 21 in the 
movement direction of the treatment object. The sludge passing through the solid-
liquid separation portion in the region R1 upstream of the 1/2 length usually includes a 
large amount of water, and even if the movable members 4, 4A apply a shear force to 
the sludge, while penetrating so as to cut into the sludge, the effect of squeezing out the 
water cannot be sufficiently increased. Since the content ratio of water in the sludge 
present in the downstream region R2 has already been decreased, where the movable 
members 4, 4A penetrate so as to cut into the sludge and apply a large shear force to 
the sludge, the effect of squeezing out the water can be sufficiently increased. This 
feature can be also applied to the solid-liquid separators of the below-described em­
bodiments. 

[0117] Described hereinabove is an example in which the present invention is applied to a 
solid-liquid separator in which eccentric cams connected to the end portions of the 
shaft 25 of the screw 24 are connected to the movable members and the movable 
members are caused to perform a circular movement by rotationally driving the screw 
24. However, as mentioned hereinabove, the present invention can be also broadly 
applied to solid-liquid separators in which movable members disposed between the 
adjacent fixed members are moved by another appropriate means. 

[0118] For example, JP-S59-218298-A discloses a solid-liquid separator including a 
plurality of fixed members, movable members disposed between the adjacent fixed 
members, and a screw extending via the through holes formed in the movable members 
and fixed members, without coming into contact with the through holes. The plurality 
of movable members are fixed by fixing rods, eccentric cams are inserted in a pair of 
round cam holes formed on the left and right sides, so as to sandwich the screw, of the 
movable members positioned at both ends in the axial direction, and the movable 
members are caused to perform a circular movement by rotationally driving the pair of 
eccentric cams. It is possible to apply the present invention to such a solid-liquid 
separator and obtain a configuration such that the movable members perform a circular 
movement, while penetrating closer to the center axis line of the screw than the outer 
circumferential edge of the blade of the screw, with the movable member being in no 
contact with the screw. 
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[0119] The present invention can be also applied to the solid-liquid separator shown in 

FIGS. 34 and 35. The solid-liquid separator shown in these figures also includes a 

plurality of fixed members 3 disposed with a small clearance therebetween formed by 

spacers 14, movable members 4 disposed between the adjacent fixed members 3, and a 

screw 24 extending through the through holes 15, 16 formed in the fixed members 3 

and the movable members 4. The through holes 15, 16 are formed such as to avoid 

contact with the screw 24. Further, a large number of fixed members 3 are fixed to the 

inlet member 1 and the outlet member 2 by a plurality of stay bolts 18 and nuts, the 

end portion of the screw 24 on the side of the inlet member 1 is rotatably supported by 

a bearing on the inlet member 1, the end portion of the screw 24 on the side of the 

outlet member 2 is drivably connected to the electric motor 28 (FIG. 34), and the 

electric motor 28 is fixedly supported on a gear box 74 fixed to the inlet member 2. In 

FIG. 35, hatching representing the cross section of the fixed member 37 is omitted and 

the cross section of the movable member 4 is painted black to facilitate the under-

standing of the drawing. 

[0120] FIGS. 36, 37A, and 37B, in which illustration of fixed members are omitted, are ex-

planatory cross-sectional views illustrating how the movable member 4 performs a 

circular movement following the rotation of the screw 24 shown in FIGS. 34 and 35. 

As shown in these figures, the movable member 4 is formed to have a round outer cir-

cumference, and three eccentric cams 71 fixed to support shafts 70 abut on this round 

outer circumferential surface. As shown in FIGS. 34 and 35, the end portions, in the 

longitudinal direction, of the support shafts 70 are rotationally supported by bearings 

on the inlet member 1 and the gear box 74. As shown in FIG. 36 and 37, angular 

positions of the eccentric cams 71 in the circumferential direction differ from each 

other, and the phases of the eccentric cams 71 differ from each other. 

[0121] Further, as shown in FIG. 35, a drive gear 72 is fixed to the shaft 25 of the screw 24 

and this drive gear 72 is meshed with a driven gear 73 fixed with the support shaft 70 

of the eccentric cams 71. 

[0122] Where the electric motor 28 is actuated, the screw 24 is rotationally driven around 

the center axis line X thereof, this rotation is transmitted by the drive gear 72 and the 

driven gear 73 to the support shaft 70 of the eccentric cams 71, and the eccentric cams 

71 rotate in the direction shown by the arrow in FIGS. 36 and 37. In this case, since the 

phases of the eccentric cams 71 differ from each other as described hereinabove, when 

the eccentric cams 71 rotate in the direction shown by the arrow, the movable members 

4 perform a circular movement and also rotate (revolve) around their own center axis 

line. 

[0123] Sludge (not shown in the figure) is supplied from the inflow port 5 of the inlet 

member 1, as shown by arrow A in FIG. 35, flows into the solid-liquid separation 
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[0119] The present invention can be also applied to the solid-liquid separator shown in 
FIGS. 34 and 35. The solid-liquid separator shown in these figures also includes a 
plurality of fixed members 3 disposed with a small clearance therebetween formed by 
spacers 14, movable members 4 disposed between the adjacent fixed members 3, and a 
screw 24 extending through the through holes 15, 16 formed in the fixed members 3 
and the movable members 4. The through holes 15, 16 are formed such as to avoid 
contact with the screw 24. Further, a large number of fixed members 3 are fixed to the 
inlet member 1 and the outlet member 2 by a plurality of stay bolts 18 and nuts, the 
end portion of the screw 24 on the side of the inlet member 1 is rotatably supported by 
a bearing on the inlet member 1, the end portion of the screw 24 on the side of the 
outlet member 2 is drivably connected to the electric motor 28 (FIG. 34), and the 
electric motor 28 is fixedly supported on a gear box 74 fixed to the inlet member 2. In 
FIG. 35, hatching representing the cross section of the fixed member 37 is omitted and 
the cross section of the movable member 4 is painted black to facilitate the under­
standing of the drawing. 

[0120] FIGS. 36, 37A, and 37B, in which illustration of fixed members are omitted, are ex­
planatory cross-sectional views illustrating how the movable member 4 performs a 
circular movement following the rotation of the screw 24 shown in FIGS. 34 and 35. 
As shown in these figures, the movable member 4 is formed to have a round outer cir­
cumference, and three eccentric cams 71 fixed to support shafts 70 abut on this round 
outer circumferential surface. As shown in FIGS. 34 and 35, the end portions, in the 
longitudinal direction, of the support shafts 70 are rotationally supported by bearings 
on the inlet member 1 and the gear box 74. As shown in FIG. 36 and 37, angular 
positions of the eccentric cams 71 in the circumferential direction differ from each 
other, and the phases of the eccentric cams 71 differ from each other. 

[0121] Further, as shown in FIG. 35, a drive gear 72 is fixed to the shaft 25 of the screw 24 
and this drive gear 72 is meshed with a driven gear 73 fixed with the support shaft 70 
of the eccentric cams 71. 

[0122] Where the electric motor 28 is actuated, the screw 24 is rotationally driven around 
the center axis line X thereof, this rotation is transmitted by the drive gear 72 and the 
driven gear 73 to the support shaft 70 of the eccentric cams 71, and the eccentric cams 
71 rotate in the direction shown by the arrow in FIGS. 36 and 37. In this case, since the 
phases of the eccentric cams 71 differ from each other as described hereinabove, when 
the eccentric cams 71 rotate in the direction shown by the arrow, the movable members 
4 perform a circular movement and also rotate (revolve) around their own center axis 
line. 

[0123] Sludge (not shown in the figure) is supplied from the inflow port 5 of the inlet 
member 1, as shown by arrow A in FIG. 35, flows into the solid-liquid separation 
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portion 21 demarcated by the through holes 15, 16 of the fixed members 3 and the 

movable members 4, and is conveyed by the rotating screw 24 in the direction shown 

by arrow C. In this case, the filtrate flows down through filtrate discharge gaps 

between the fixed members 3 and the movable members 4, and the sludge with a 

reduced water content is discharged from the solid-liquid separation portion 21 to the 

outlet member 2 and falls down from the discharge port 11 of the outlet member 2. 

[0124] When the sludge is subjected to solid-liquid separation in the above-described 

manner, since the movable members 4 perform a circular movement due to the rotation 

of the eccentric cams 71, solid matter of the sludge is prevented from clogging the gaps 

between the movable members 4 and the fixed members 3. 

[0125] In this case, as clearly follows from FIGS. 35, 36, 37A, and 37B, the movable 

member 4 present in the region Z in which penetration is possible (FIG. 35) and which 

has been explained in the preceding embodiments performs a circular movement, while 

penetrating closer to the center axis line X of the screw 24 than the outer circum-

ferential edge 32 of the screw 24. In FIGS. 36 and 37, the portion 51 of the movable 

member that has thus penetrated into the blade 26 of the screw 24 is represented by 

oblique hatching. The movable member 4 present in the region in which penetration is 

impossible and which is represented by the reference symbol W in FIG. 35, does not 

penetrate closer to the center axis line X of the screw 24 than the outer circumferential 

edge 32 of the screw 24. Solid-liquid separation of the sludge can thus be conducted 

with good efficiency. 

[0126] The basic configuration of the solid-liquid separator shown in FIG. 34 to 37 has been 

well known as described in WO 00/32292 A1. 

[0127] FIG. 38 is a perspective view illustrating yet another solid-liquid separator. FIG. 39 

is a perspective view, as viewed from the opposite side in the axial direction, of the 

solid-liquid separator shown in FIG. 38. FIG. 40 is a vertical sectional view of the 

solid-liquid separator shown in FIG. 38. Hatching that represents cross sections is 

removed to simplify the drawings. The solid-liquid separator shown in these figures 

also includes a plurality of fixed members 3 disposed with a small clearance 

therebetween formed by spacers 14, movable members 4 disposed between the 

adjacent fixed members 3, and a screw 24 extending through the through holes 15, 16 

formed in the fixed members 3 and the movable members 4. The through holes 15, 16 

are formed such that the fixed members 3 and the movable members 4 do not come 

into contact with the screw 24. Further, a large number of fixed members 3 are fixed to 

the inlet member 1 and the outlet member 2 by a plurality of stay bolts 18 and nuts, the 

end portion of the shaft 25 of the screw 24 on the side of the inlet member 1 is 

rotatably supported by a bearing on the inlet member 1, the end portion of the shaft 25 

of the screw 24 on the side of the outlet member 2 is drivably connected to an electric 
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portion 21 demarcated by the through holes 15, 16 of the fixed members 3 and the 
movable members 4, and is conveyed by the rotating screw 24 in the direction shown 
by arrow C. In this case, the filtrate flows down through filtrate discharge gaps 
between the fixed members 3 and the movable members 4, and the sludge with a 
reduced water content is discharged from the solid-liquid separation portion 21 to the 
outlet member 2 and falls down from the discharge port 11 of the outlet member 2. 

[0124] When the sludge is subjected to solid-liquid separation in the above-described 
manner, since the movable members 4 perform a circular movement due to the rotation 
of the eccentric cams 71, solid matter of the sludge is prevented from clogging the gaps 
between the movable members 4 and the fixed members 3. 

[0125] In this case, as clearly follows from FIGS. 35, 36, 37A, and 37B, the movable 
member 4 present in the region Z in which penetration is possible (FIG. 35) and which 
has been explained in the preceding embodiments performs a circular movement, while 
penetrating closer to the center axis line X of the screw 24 than the outer circum­
ferential edge 32 of the screw 24. In FIGS. 36 and 37, the portion 51 of the movable 
member that has thus penetrated into the blade 26 of the screw 24 is represented by 
oblique hatching. The movable member 4 present in the region in which penetration is 
impossible and which is represented by the reference symbol W in FIG. 35, does not 
penetrate closer to the center axis line X of the screw 24 than the outer circumferential 
edge 32 of the screw 24. Solid-liquid separation of the sludge can thus be conducted 
with good efficiency. 

[0126] The basic configuration of the solid-liquid separator shown in FIG. 34 to 37 has been 
well known as described in WO 00/32292 Al. 

[0127] FIG. 38 is a perspective view illustrating yet another solid-liquid separator. FIG. 39 
is a perspective view, as viewed from the opposite side in the axial direction, of the 
solid-liquid separator shown in FIG. 38. FIG. 40 is a vertical sectional view of the 
solid-liquid separator shown in FIG. 38. Hatching that represents cross sections is 
removed to simplify the drawings. The solid-liquid separator shown in these figures 
also includes a plurality of fixed members 3 disposed with a small clearance 
therebetween formed by spacers 14, movable members 4 disposed between the 
adjacent fixed members 3, and a screw 24 extending through the through holes 15, 16 
formed in the fixed members 3 and the movable members 4. The through holes 15, 16 
are formed such that the fixed members 3 and the movable members 4 do not come 
into contact with the screw 24. Further, a large number of fixed members 3 are fixed to 
the inlet member 1 and the outlet member 2 by a plurality of stay bolts 18 and nuts, the 
end portion of the shaft 25 of the screw 24 on the side of the inlet member 1 is 
rotatably supported by a bearing on the inlet member 1, the end portion of the shaft 25 
of the screw 24 on the side of the outlet member 2 is drivably connected to an electric 
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motor 28, and the electric motor 28 is fixedly supported on a gear box 74 fixed to the 

inlet member 2. 

[0128] FIG. 41 is an enlarged transverse sectional view of the solid-liquid separator shown 

in FIG. 40. FIG. 42 is a cross-sectional view similar to that shown in FIG. 41 and 

shows the state attained after the screw 24 has further rotated from the state shown in 

FIG. 41. In these drawings, the outer circumferential edge 32 of the blade 26 of the 

screw 24 is shown by a two-dot-dash line (same in FIGS. 43 to 48). The reference 

symbol 26A in FIGS. 41 and 42 denotes the cross section of the blade 26 of the screw 

24. 

[0129] In FIGS. 38 to 40, some movable members of a large number of movable members 4 

(three movable members in the example shown in the figure) are assigned with a 

reference symbol 4B. Arms 75 are fixed to these movable members 4B by bolts and 

nuts (not shown in the figure). Holes 76 are formed in the arms 75. A shaft 77 passes 

through the holes 76. An eccentric cam 78 detachably attached to the shaft 77 is po-

sitioned in each hole 76. As shown in FIG. 40, end portions, in the longitudinal 

direction, of the shaft 77 are rotatably supported by bearings on the inlet member 1 and 

the gear box 74. Further, FIG. 40 also shows that a drive gear 80 is fixed to the shaft 25 

of the screw 24, and this drive gear 80 is meshed with a driven gear 81 fixed to the 

shaft 77. 

[0130] In each arm 75, cam followers 79 constituted by rollers are rotatably supported on 

both sides of the shaft 77. Further, as shown in FIGS. 38 and 39, end portions of a pair 

of support rods 82 are fixed to the inlet member 1 and the outlet member 2, a guide 

roller 83 is rotatably supported on each support rod 82, and these guide rollers 83 abut 

on the opposing surfaces of the arm 75. In FIGS. 41 and 42, the depiction of the 

support rods 82 and the guide rollers 83 is omitted. Further, as shown in FIGS. 40 to 

42, a connecting rod 84 extends through all of the movable members 4, 4B, and all of 

the movable members 4, 4B are connected by the connecting rod 84. 

[0131] Sludge (not shown in the figure) is supplied from the inflow port 5 of the inlet 

member 1, as shown by arrow A in FIG. 40, flows into the solid-liquid separation 

portion 21 demarcated by the through holes 15, 16 of the fixed members 3 and the 

movable members 4, and conveyed by the rotating screw 24 in the direction shown by 

arrow C. In this case, the filtrate flows down through filtrate discharge gaps between 

the fixed members 3 and the movable members 4, and the sludge with a reduced water 

content is discharged from the solid-liquid separation portion 21 to the outlet member 

2 and falls down from the discharge port 11 of the outlet member 2. 

[0132] When the sludge is subjected to solid-liquid separation in the above-described 

manner, the rotation of the shaft 25 of the screw 24 is transmitted by the drive gear 80 

and the driven gear 81 meshed therewith to the shaft 77. As a result, the eccentric cams 
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motor 28, and the electric motor 28 is fixedly supported on a gear box 74 fixed to the 
inlet member 2. 

[0128] FIG. 41 is an enlarged transverse sectional view of the solid-liquid separator shown 
in FIG. 40. FIG. 42 is a cross-sectional view similar to that shown in FIG. 41 and 
shows the state attained after the screw 24 has further rotated from the state shown in 
FIG. 41. In these drawings, the outer circumferential edge 32 of the blade 26 of the 
screw 24 is shown by a two-dot-dash line (same in FIGS. 43 to 48). The reference 
symbol 26A in FIGS. 41 and 42 denotes the cross section of the blade 26 of the screw 
24. 

[0129] In FIGS. 38 to 40, some movable members of a large number of movable members 4 
(three movable members in the example shown in the figure) are assigned with a 
reference symbol 4B. Arms 75 are fixed to these movable members 4B by bolts and 
nuts (not shown in the figure). Holes 76 are formed in the arms 75. A shaft 77 passes 
through the holes 76. An eccentric cam 78 detachably attached to the shaft 77 is po­
sitioned in each hole 76. As shown in FIG. 40, end portions, in the longitudinal 
direction, of the shaft 77 are rotatably supported by bearings on the inlet member 1 and 
the gear box 74. Further, FIG. 40 also shows that a drive gear 80 is fixed to the shaft 25 
of the screw 24, and this drive gear 80 is meshed with a driven gear 81 fixed to the 
shaft 77. 

[0130] In each arm 75, cam followers 79 constituted by rollers are rotatably supported on 
both sides of the shaft 77. Further, as shown in FIGS. 38 and 39, end portions of a pair 
of support rods 82 are fixed to the inlet member 1 and the outlet member 2, a guide 
roller 83 is rotatably supported on each support rod 82, and these guide rollers 83 abut 
on the opposing surfaces of the arm 75. In FIGS. 41 and 42, the depiction of the 
support rods 82 and the guide rollers 83 is omitted. Further, as shown in FIGS. 40 to 
42, a connecting rod 84 extends through all of the movable members 4, 4B, and all of 
the movable members 4, 4B are connected by the connecting rod 84. 

[0131] Sludge (not shown in the figure) is supplied from the inflow port 5 of the inlet 
member 1, as shown by arrow A in FIG. 40, flows into the solid-liquid separation 
portion 21 demarcated by the through holes 15, 16 of the fixed members 3 and the 
movable members 4, and conveyed by the rotating screw 24 in the direction shown by 
arrow C. In this case, the filtrate flows down through filtrate discharge gaps between 
the fixed members 3 and the movable members 4, and the sludge with a reduced water 
content is discharged from the solid-liquid separation portion 21 to the outlet member 
2 and falls down from the discharge port 11 of the outlet member 2. 

[0132] When the sludge is subjected to solid-liquid separation in the above-described 
manner, the rotation of the shaft 25 of the screw 24 is transmitted by the drive gear 80 
and the driven gear 81 meshed therewith to the shaft 77. As a result, the eccentric cams 
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78 rotate about the center axis line of the shaft 77 as shown by an arrow in FIGS. 41 

and 42. Therefore, the eccentric cams 78 apply a pressure to the cam followers 79, and 

the cam followers move reciprocatingly, while rotating, in the directions shown by 

arrows El, F1 in FIGS. 41 and 42 together with the arms 75 and movable members 4B 

fixed thereto. As a consequence, all of the movable members 4 connected by the 

connecting rods 84 move reciprocatingly in the direction of arrows El, Fl. When the 

sludge is thus subjected to solid-liquid separation, the movable members 4 move recip-

rocatingly with respect to the fixedly disposed fixed members 3. Therefore, solid 

matter of the sludge does not clog the clearances between the movable members 4 and 

the fixed members 3. 

[0133] In this case, as clearly follows from FIGS. 40 to 42, the movable member 4 present 

in the region Z (FIG. 40) in which penetration is possible and which has been 

explained in the preceding embodiments performs a reciprocating movement, while 

penetrating closer to the center axis line X of the screw 24 than the outer circum-

ferential edge 32 of the blade 26 of the screw 24. In FIGS. 41 and 42, the portion 51 of 

the movable member that has thus penetrated into the blade 26 of the screw 24 is rep-

resented by oblique hatching. In this case, too, the movable member 4 present in the 

region in which penetration is impossible does not penetrate closer to the center axis 

line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 

screw 24. Solid-liquid separation of the sludge can thus be conducted with good ef-

ficiency. 

[0134] The solid-liquid separator shown in FIGS. 38 to 42 has a single screw 24, but two or 

more screws can be also provided. FIG. 43 is a cross-sectional view of a solid-liquid 

separator in which two screws 24, 124 extend through the through holes 15 formed in 

the fixed members 3 and the through holes 16 formed in the movable members 4, 4B, 

and sludge is conveyed by the rotation of these screws 24, 124. The screws 24, 124 do 

not come into contact with the fixed members 3 or the movable members 4. FIG. 44 is 

a cross-sectional view illustrating a state attained when the screws 24, 124 have further 

rotated from the state shown in FIG. 43. In FIGS. 43 and 44, hatching representing the 

cross section of each member is omitted (same in FIGS. 45 to 48). 

[0135] FIG. 45 shows a solid-liquid separator having three screws 24, 124, 224. The screws 

24, 124, 224 also extend via through holes formed in these members 3, 4, 4B and are 

rotationally driven in the direction shown by respective arrows, without coming into 

contact with the fixed members 3 or the movable members 4, 4B. FIG. 46 is a cross-

sectional view illustrating the state attained after the screws 24, 124, 224 have further 

rotated from the state shown in FIG. 45. 

[0136] Other features of the solid-liquid separator shown in FIGS. 43 to 46 are not sub-

stantially different from those of the solid-liquid separator shown in FIGS. 38 to 42, 
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78 rotate about the center axis line of the shaft 77 as shown by an arrow in FIGS. 41 
and 42. Therefore, the eccentric cams 78 apply a pressure to the cam followers 79, and 
the cam followers move reciprocatingly, while rotating, in the directions shown by 
arrows El, F1 in FIGS. 41 and 42 together with the arms 75 and movable members 4B 
fixed thereto. As a consequence, all of the movable members 4 connected by the 
connecting rods 84 move reciprocatingly in the direction of arrows El, Fl. When the 
sludge is thus subjected to solid-liquid separation, the movable members 4 move recip­
rocatingly with respect to the fixedly disposed fixed members 3. Therefore, solid 
matter of the sludge does not clog the clearances between the movable members 4 and 
the fixed members 3. 

[0133] In this case, as clearly follows from FIGS. 40 to 42, the movable member 4 present 
in the region Z (FIG. 40) in which penetration is possible and which has been 
explained in the preceding embodiments performs a reciprocating movement, while 
penetrating closer to the center axis line X of the screw 24 than the outer circum­
ferential edge 32 of the blade 26 of the screw 24. In FIGS. 41 and 42, the portion 51 of 
the movable member that has thus penetrated into the blade 26 of the screw 24 is rep­
resented by oblique hatching. In this case, too, the movable member 4 present in the 
region in which penetration is impossible does not penetrate closer to the center axis 
line X of the screw 24 than the outer circumferential edge 32 of the blade 26 of the 
screw 24. Solid-liquid separation of the sludge can thus be conducted with good ef­
ficiency. 

[0134] The solid-liquid separator shown in FIGS. 38 to 42 has a single screw 24, but two or 
more screws can be also provided. FIG. 43 is a cross-sectional view of a solid-liquid 
separator in which two screws 24, 124 extend through the through holes 15 formed in 
the fixed members 3 and the through holes 16 formed in the movable members 4, 4B, 
and sludge is conveyed by the rotation of these screws 24, 124. The screws 24, 124 do 
not come into contact with the fixed members 3 or the movable members 4. FIG. 44 is 
a cross-sectional view illustrating a state attained when the screws 24, 124 have further 
rotated from the state shown in FIG. 43. In FIGS. 43 and 44, hatching representing the 
cross section of each member is omitted (same in FIGS. 45 to 48). 

[0135] FIG. 45 shows a solid-liquid separator having three screws 24, 124, 224. The screws 
24, 124, 224 also extend via through holes formed in these members 3, 4, 4B and are 
rotationally driven in the direction shown by respective arrows, without coming into 
contact with the fixed members 3 or the movable members 4, 4B. FIG. 46 is a cross-
sectional view illustrating the state attained after the screws 24, 124, 224 have further 
rotated from the state shown in FIG. 45. 

[0136] Other features of the solid-liquid separator shown in FIGS. 43 to 46 are not sub­
stantially different from those of the solid-liquid separator shown in FIGS. 38 to 42, 
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the eccentric cams 78 rotate following the rotation of the screws 24, 124, 224, and the 

movable members 4, 4B are thereby caused to perform a reciprocating movement in 

the directions of arrows El, F1 in the same manner as in the solid-liquid separator 

shown in FIGS. 38 to 42. 

[0137] In this case, parts of the blades 26, 126 of the screws 24, 124 are positioned in a state 

of overlapping, when the screws 24, 124 shown in FIGS. 43 and 44 are viewed in the 

direction of the center axis line thereof. Thus, when two screws 24, 124 are provided, 

the mutually adjacent screws 24, 124 should be rotated in the mutually opposite di-

rections as shown by arrows in FIGS. 43 and 44 in order to prevent the blades 26, 126 

of these screws 24, 124 from interfering with each other. 

[0138] In the case of the solid-liquid separator shown in FIGS. 45 and 46, blades 26, 126, 

226 of the mutually adjacent screws 24, 124, 224 partially overlap. Therefore, the 

mutually adjacent screws 24, 124, 224 are caused to rotate in the mutually opposite di-

rections as shown by the arrows. 

[0139] As shown by oblique hatching in FIGS. 43 to 46, the movable members 4, 4B present 

in the region in which penetration is possible perform a reciprocating movement, while 

penetrating closer to the center axis line than the outer circumferential edge of the 

screws 24, 224. In this case, in the example shown in the figure, the movable members 

4, 4B do not penetrate into the blade of the screw 124 positioned adjacently to the 

screws 24, 224. 

[0140] As follows from FIGS. 43 and 44, a cross-sectional portion 26A of the blade 26 of 

one screw 24 and the cross-sectional portion 126A of the blade 126 of the other screw 

124 face in the mutually opposite directions. Therefore, when the movable members 4, 

4B descend as shown in FIG. 43, the cross-sectional portion 26A of the blade 26 faces 

down, and the upper portions of the movable members 4, 4B penetrate into the blade of 

the screw 24, the cross-sectional portion 126A of the blade 126 of the other screw 124 

faces up. Therefore, the upper portions of the movable members 4, 4B do not penetrate 

into the blade of the other screw 124. Thus, when the movable members 4, 4b are 

configured to penetrate into the blade of one screw from among the adjacent screws 

24, 124, the solid-liquid separator should be configured such that the movable 

members 4, 4B do not penetrate into the blade of the other screw. 

[0141] The same is true for the solid-liquid separator shown in FIGS. 45 and 46. When the 

movable members 4, 4B are configured to penetrate into the blades of the two screws 

24, 224, the configuration is such that the movable members 4, 4B do not penetrate 

into the blade of the central screw 124. Conversely, where the movable members 4, 4B 

are configured to penetrate into the blade of the central screw 124, the configuration 

should be such that the movable members 4, 4B do not penetrate into the blades of 

both side screws 24, 224. 
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the eccentric cams 78 rotate following the rotation of the screws 24, 124, 224, and the 
movable members 4, 4B are thereby caused to perform a reciprocating movement in 
the directions of arrows El, F1 in the same manner as in the solid-liquid separator 
shown in FIGS. 38 to 42. 

[0137] In this case, parts of the blades 26, 126 of the screws 24, 124 are positioned in a state 
of overlapping, when the screws 24, 124 shown in FIGS. 43 and 44 are viewed in the 
direction of the center axis line thereof. Thus, when two screws 24, 124 are provided, 
the mutually adjacent screws 24, 124 should be rotated in the mutually opposite di­
rections as shown by arrows in FIGS. 43 and 44 in order to prevent the blades 26, 126 
of these screws 24, 124 from interfering with each other. 

[0138] In the case of the solid-liquid separator shown in FIGS. 45 and 46, blades 26, 126, 
226 of the mutually adjacent screws 24, 124, 224 partially overlap. Therefore, the 
mutually adjacent screws 24, 124, 224 are caused to rotate in the mutually opposite di­
rections as shown by the arrows. 

[0139] As shown by oblique hatching in FIGS. 43 to 46, the movable members 4, 4B present 
in the region in which penetration is possible perform a reciprocating movement, while 
penetrating closer to the center axis line than the outer circumferential edge of the 
screws 24, 224. In this case, in the example shown in the figure, the movable members 
4, 4B do not penetrate into the blade of the screw 124 positioned adjacently to the 
screws 24, 224. 

[0140] As follows from FIGS. 43 and 44, a cross-sectional portion 26A of the blade 26 of 
one screw 24 and the cross-sectional portion 126A of the blade 126 of the other screw 
124 face in the mutually opposite directions. Therefore, when the movable members 4, 
4B descend as shown in FIG. 43, the cross-sectional portion 26A of the blade 26 faces 
down, and the upper portions of the movable members 4, 4B penetrate into the blade of 
the screw 24, the cross-sectional portion 126A of the blade 126 of the other screw 124 
faces up. Therefore, the upper portions of the movable members 4, 4B do not penetrate 
into the blade of the other screw 124. Thus, when the movable members 4, 4b are 
configured to penetrate into the blade of one screw from among the adjacent screws 
24, 124, the solid-liquid separator should be configured such that the movable 
members 4, 4B do not penetrate into the blade of the other screw. 

[0141] The same is true for the solid-liquid separator shown in FIGS. 45 and 46. When the 
movable members 4, 4B are configured to penetrate into the blades of the two screws 
24, 224, the configuration is such that the movable members 4, 4B do not penetrate 
into the blade of the central screw 124. Conversely, where the movable members 4, 4B 
are configured to penetrate into the blade of the central screw 124, the configuration 
should be such that the movable members 4, 4B do not penetrate into the blades of 
both side screws 24, 224. 
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[0142] In the solid-liquid separator shown in FIGS. 47 and 48, a large number of fixed 

members 103 having a recess 85 formed in the upper portions thereof are disposed 

with a clearance in the axial direction formed by spacers 114, movable members 104 

are disposed between the adjacent fixed members 103, and recesses 86 are also formed 

in the upper portion of the movable member 104. A plurality of fixed members 103 are 

fixedly connected by stay bolts 118, and two screws 24, 124 extend through the 

recesses 85, 86 of the fixed members 103 and the movable members 104 in a state 

without contact with the fixed members 103 and the movable members 104. These 

screws 24, 124 are also positioned in a state of partial overlapping, when viewed in the 

axial direction thereof. Therefore, in this case, too, the screws 24, 124 are rotationally 

driven in the mutually opposite directions, as shown by arrows, in order to prevent the 

screws from interfering with each other. The upper portions of the screws 24, 124 are 

covered with a cover 87. 

[0143] When the screws 24, 124 are rotated, sludge is conveyed in a solid-liquid separation 

portion 21 demarcated by the recesses 85, 86 of the fixed members 103 and the 

movable members 104 and the cover 87, the filtrate flows down through the filtrate 

discharge gaps between the fixed members 103 and the movable members 104, and the 

cake-like sludge with a reduced water content ratio is discharged from the outlet port 

of the solid-liquid separation portion 21. The basic configuration of such solid-liquid 

separator is described in detail in JP-3638597-B and JP-4036383-B2. 

[0144] The plurality of movable members 104 shown in FIG. 47 are connected by the 

connecting rod 84, and an arm 175 is integrally attached to some movable members 

104B from among the plurality of movable members 104. A cam follower 179 is 

rotatably supported by the arm 175. An eccentric cam 178 is fixed to a rotationally 

driven shaft 177, and when the eccentric cam 178 is rotationally driven, the cam 

follower 179 and the movable member 104B move reciprocatingly in the direction 

shown by arrows El, F1 in FIGS. 47 and 48. As a result, all of the movable members 

104 move reciprocatingly. Solids of the sludge are thus prevented from clogging the 

gaps between the fixed members 103 and the movable members 104. 

[0145] As shown by oblique hatching in FIGS. 47 and 48, in this solid-liquid separator, the 

movable members 104, 104B present in the region in which penetration is possible 

move reciprocatingly, while penetrating closer to the center axis line of the screws 24, 

124 than the outer circumferential edge of the screws. Therefore, in this case, the 

sludge can be also dewatered with good efficiency. 

[0146] The basic configuration of the solid-liquid separator shown in FIGS. 38 to 48 is by 

itself publicly known, as described in JP-4374396-B1. 

[0147] Specific applications of the present invention to solid-liquid separators of various 

types are described hereinabove, but the present invention can be also applied to solid- 
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[0142] In the solid-liquid separator shown in FIGS. 47 and 48, a large number of fixed 
members 103 having a recess 85 formed in the upper portions thereof are disposed 
with a clearance in the axial direction formed by spacers 114, movable members 104 
are disposed between the adjacent fixed members 103, and recesses 86 are also formed 
in the upper portion of the movable member 104. A plurality of fixed members 103 are 
fixedly connected by stay bolts 118, and two screws 24, 124 extend through the 
recesses 85, 86 of the fixed members 103 and the movable members 104 in a state 
without contact with the fixed members 103 and the movable members 104. These 
screws 24, 124 are also positioned in a state of partial overlapping, when viewed in the 
axial direction thereof. Therefore, in this case, too, the screws 24, 124 are rotationally 
driven in the mutually opposite directions, as shown by arrows, in order to prevent the 
screws from interfering with each other. The upper portions of the screws 24, 124 are 
covered with a cover 87. 

[0143] When the screws 24, 124 are rotated, sludge is conveyed in a solid-liquid separation 
portion 21 demarcated by the recesses 85, 86 of the fixed members 103 and the 
movable members 104 and the cover 87, the filtrate flows down through the filtrate 
discharge gaps between the fixed members 103 and the movable members 104, and the 
cake-like sludge with a reduced water content ratio is discharged from the outlet port 
of the solid-liquid separation portion 21. The basic configuration of such solid-liquid 
separator is described in detail in JP-3638597-B and JP-4036383-B2. 

[0144] The plurality of movable members 104 shown in FIG. 47 are connected by the 
connecting rod 84, and an arm 175 is integrally attached to some movable members 
104B from among the plurality of movable members 104. A cam follower 179 is 
rotatably supported by the arm 175. An eccentric cam 178 is fixed to a rotationally 
driven shaft 177, and when the eccentric cam 178 is rotationally driven, the cam 
follower 179 and the movable member 104B move reciprocatingly in the direction 
shown by arrows El, F1 in FIGS. 47 and 48. As a result, all of the movable members 
104 move reciprocatingly. Solids of the sludge are thus prevented from clogging the 
gaps between the fixed members 103 and the movable members 104. 

[0145] As shown by oblique hatching in FIGS. 47 and 48, in this solid-liquid separator, the 
movable members 104, 104B present in the region in which penetration is possible 
move reciprocatingly, while penetrating closer to the center axis line of the screws 24, 
124 than the outer circumferential edge of the screws. Therefore, in this case, the 
sludge can be also dewatered with good efficiency. 

[0146] The basic configuration of the solid-liquid separator shown in FIGS. 38 to 48 is by 
itself publicly known, as described in JP-4374396-B1. 

[0147] Specific applications of the present invention to solid-liquid separators of various 
types are described hereinabove, but the present invention can be also applied to solid-
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liquid separators of other types, for example, solid-liquid separators described in JP- 

2000-135595-A and JP-2005-230852-A. Further, the present invention is not limited to 

the configurations described in the aforementioned embodiments and can be modified 

in a variety of ways. 

List of Reference Symbols 

[0148] 3, 103 fixed member, 

4, 4A, 4B, 54, 54A, 104, 104A, 104B movable member, 

15, 16, 16A, 16B through hole, 

21 solid-liquid separation portion, 

23 outlet port, 

24, 124, 224 screw, 

25 shaft, 

26, 126, 226 blade, 

32 outer circumferential edge, 

33, 33A blade portion, 

35 circumferential edge, 

36 protruding section, 

57, 157, 57A, 157A eccentric cam, 

58, 158, 58A, 158A outer circumferential surface, 

59, 159, 59A, 159A bearing, 

60, 160, 60A, 160A cam hole, 

61, 161, 61A, 161A connection plate, 

66, 66A connecting rod, 

69, 69A guide, 

"g" filtrate discharge gap, 

"H", "HA" straight line, 

"I" virtual tube, 

"J", "JA" outer circumferential edge crossing point, 

"K" shortest distance, 

"L", "LA" center parallel line, 

"M", "MA" blade crossing point, 

"N", "NA" center point, 

"R" length, 

"S" radius 

"X", "Y", "YA", "YB" center axis line, 

"Z", "ZA" region of possible penetration, 

"(delta)" eccentricity 
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liquid separators of other types, for example, solid-liquid separators described in JP-
2000-135595-A and JP-2005-230852-A. Further, the present invention is not limited to 
the configurations described in the aforementioned embodiments and can be modified 
in a variety of ways. 
List of Reference Symbols 
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23 outlet port, 
24, 124, 224 screw, 
25 shaft, 
26, 126, 226 blade, 
32 outer circumferential edge, 
33, 33A blade portion, 
35 circumferential edge, 
36 protruding section, 
57, 157, 57A, 157A eccentric cam, 
58, 158, 58A, 158A outer circumferential surface, 
59, 159, 59A, 159A bearing, 
60, 160, 60A, 160A cam hole, 
61, 161, 61A, 161A connection plate, 
66, 66A connecting rod, 
69, 69A guide, 
"g" filtrate discharge gap, 
"H", "HA" straight line, 
"I" virtual tube, 
"J", "JA" outer circumferential edge crossing point, 
"K" shortest distance, 
"L", "LA" center parallel line, 
"M", "MA" blade crossing point, 
"N", "NA" center point, 
"R" length, 
"S" radius 
"X", "Y", "YA", "YB" center axis line, 
"Z", "ZA" region of possible penetration, 
"(delta)" eccentricity 
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Claims 
[Claim 1] A solid-liquid separation device comprising a plurality of fixed 

members and movable members that are movably disposed between the 

adjacent fixed members, and moreover at least one screw extending 

through the fixed members and the movable members in a state where 

the screw is not in contact with the fixed members and the movable 

members, with this screw being rotationally driven about a center axis 

line thereof, while an object to be treated that has penetrated into a 

solid-liquid separation portion demarcated by the fixed members and 

the movable members being caused to move toward an outlet of the 

solid-liquid separation portion by rotation of the screw, and a filtrate 

separated from the object to be treated being discharged to the outside 

of the solid-liquid separation portion through filtrate discharge gaps 

between the fixed members and the movable members, and then the 

object to be treated that has a reduced liquid content ratio being 

discharged from the outlet to the outside of the solid-liquid separation 

portion, wherein 

at least one part of the movable members is designed to move, while 

penetrating closer to the center axis line of the screw than an outer cir-

cumferential edge of a blade of the screw, without coming into contact 

with the screw. 

[Claim 2] The solid-liquid separation device according to claim 1, wherein one 

screw is provided, with this screw having one blade extending spirally, 

respective through holes are formed in the fixed members and the 

movable members, the screw extends through the through holes of the 

fixed members and the movable members, the center axis line of the 

through holes of the movable members is decentered from the center 

axis line of the screw, the movable members perform a circular 

movement while the center axis line of the through holes of the 

movable members describes a circle with a radius equal to an amount 

of an eccentricity by the decentering around the center axis line of the 

screw, and in a case where a point in which a straight line that is drawn 

from the center axis line of the through hole of the movable member 

toward the center axis line of the screw in a radial direction of the 

screw crosses a virtual tube including the outer circumferential edge of 

the screw after passing beyond the center axis line of the screw is taken 

as an outer circumferential edge crossing point, a straight line passing 
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Claims 
[Claim 1] A solid-liquid separation device comprising a plurality of fixed 

members and movable members that are movably disposed between the 
adjacent fixed members, and moreover at least one screw extending 
through the fixed members and the movable members in a state where 
the screw is not in contact with the fixed members and the movable 
members, with this screw being rotationally driven about a center axis 
line thereof, while an object to be treated that has penetrated into a 
solid-liquid separation portion demarcated by the fixed members and 
the movable members being caused to move toward an outlet of the 
solid-liquid separation portion by rotation of the screw, and a filtrate 
separated from the object to be treated being discharged to the outside 
of the solid-liquid separation portion through filtrate discharge gaps 
between the fixed members and the movable members, and then the 
object to be treated that has a reduced liquid content ratio being 
discharged from the outlet to the outside of the solid-liquid separation 
portion, wherein 
at least one part of the movable members is designed to move, while 
penetrating closer to the center axis line of the screw than an outer cir­
cumferential edge of a blade of the screw, without coming into contact 
with the screw. 

[Claim 2] The solid-liquid separation device according to claim 1, wherein one 
screw is provided, with this screw having one blade extending spirally, 
respective through holes are formed in the fixed members and the 
movable members, the screw extends through the through holes of the 
fixed members and the movable members, the center axis line of the 
through holes of the movable members is decentered from the center 
axis line of the screw, the movable members perform a circular 
movement while the center axis line of the through holes of the 
movable members describes a circle with a radius equal to an amount 
of an eccentricity by the decentering around the center axis line of the 
screw, and in a case where a point in which a straight line that is drawn 
from the center axis line of the through hole of the movable member 
toward the center axis line of the screw in a radial direction of the 
screw crosses a virtual tube including the outer circumferential edge of 
the screw after passing beyond the center axis line of the screw is taken 
as an outer circumferential edge crossing point, a straight line passing 
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through the outer circumferential edge crossing point and extending 

parallel to the center axis line of the screw is taken as a center parallel 

line, and points of the center parallel line crossing two blade portions of 

the screw that are adjacent in the direction of the center axis line of the 

screw are taken as respective blade crossing points, the movable 

member that performs the circular movement, while penetrating closer 

to the center axis line of the screw than the outer circumferential edge 

of the blade of the screw, is positioned within a region in which pen-

etration is possible that includes a center point of the two blade 

crossing points and has a predetermined width in the center axis line 

direction of the screw, with the predetermined width being narrower 

than a distance between the two blade portions, and in a case where the 

shortest distance from the center axis line of the through hole of the 

movable member to a circumferential edge of the movable member that 

demarcates the through hole is denoted by "K", the radius of the screw 

is denoted by "S", and the eccentricity is denoted by "(delta)", the 

through hole of the movable member that performs the circular 

movement, while penetrating closer to the center axis line of the screw 

than the outer circumferential edge of the blade of the screw, is formed 

such that S - (delta) < K < S + (delta) is satisfied. 

[Claim 3] The solid-liquid separation device according to claim 1, wherein one 

screw is provided, with this screw having one blade extending spirally, 

respective through holes are formed in the fixed members and the 

movable members, the screw extends through the through holes of the 

fixed members and the movable members, the screw has a shaft formed 

integrally with the blade, the shaft constitutes a center portion of the 

screw, eccentric cams having a round outer circumferential surface are 

fixed to the shaft of the screw, with these cams being decentered from 

the center axis line of the shaft of the screw, the movable members are 

connected to the eccentric cams so that the movable members perform 

a circular movement with a radius equal to an eccentricity of the 

eccentric cams, and in a case where a point in which a straight line that 

is drawn from the center axis line of the eccentric cams toward the 

center axis line of the screw in a radial direction of the screw crosses a 

virtual tube including the outer circumferential edge of the screw after 

passing beyond the center axis line of the screw is taken as an outer cir-

cumferential edge crossing point, a straight line passing through the 

outer circumferential edge crossing point and extending parallel to the 
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through the outer circumferential edge crossing point and extending 
parallel to the center axis line of the screw is taken as a center parallel 
line, and points of the center parallel line crossing two blade portions of 
the screw that are adjacent in the direction of the center axis line of the 
screw are taken as respective blade crossing points, the movable 
member that performs the circular movement, while penetrating closer 
to the center axis line of the screw than the outer circumferential edge 
of the blade of the screw, is positioned within a region in which pen­
etration is possible that includes a center point of the two blade 
crossing points and has a predetermined width in the center axis line 
direction of the screw, with the predetermined width being narrower 
than a distance between the two blade portions, and in a case where the 
shortest distance from the center axis line of the through hole of the 
movable member to a circumferential edge of the movable member that 
demarcates the through hole is denoted by "K", the radius of the screw 
is denoted by "S", and the eccentricity is denoted by "(delta)", the 
through hole of the movable member that performs the circular 
movement, while penetrating closer to the center axis line of the screw 
than the outer circumferential edge of the blade of the screw, is formed 
such that S - (delta) < K < S + (delta) is satisfied. 

[Claim 3] The solid-liquid separation device according to claim 1, wherein one 
screw is provided, with this screw having one blade extending spirally, 
respective through holes are formed in the fixed members and the 
movable members, the screw extends through the through holes of the 
fixed members and the movable members, the screw has a shaft formed 
integrally with the blade, the shaft constitutes a center portion of the 
screw, eccentric cams having a round outer circumferential surface are 
fixed to the shaft of the screw, with these cams being decentered from 
the center axis line of the shaft of the screw, the movable members are 
connected to the eccentric cams so that the movable members perform 
a circular movement with a radius equal to an eccentricity of the 
eccentric cams, and in a case where a point in which a straight line that 
is drawn from the center axis line of the eccentric cams toward the 
center axis line of the screw in a radial direction of the screw crosses a 
virtual tube including the outer circumferential edge of the screw after 
passing beyond the center axis line of the screw is taken as an outer cir­
cumferential edge crossing point, a straight line passing through the 
outer circumferential edge crossing point and extending parallel to the 
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center axis line of the screw is taken as a center parallel line, and points 

of the center parallel line crossing two blade portions of the screw that 

are adjacent in the direction of the center axis line of the screw are 

taken as respective blade crossing points, the movable member that 

performs the circular movement, while penetrating closer to the center 

axis line of the screw than the outer circumferential edge of the blade of 

the screw, is positioned within a region in which penetration is possible 

and which includes a center point of the two blade crossing points and 

has a predetermined width in the center axis line direction of the screw, 

with the predetermined width being narrower than the distance between 

the two blade portions, and in a case where the shortest distance from 

the center axis line of the eccentric cams to a circumferential edge of 

the movable member that demarcates the through hole of the movable 

member is denoted by "K", the radius of the screw is denoted by "S", 

and the eccentricity is denoted by "(delta)", the through hole of the 

movable member that performs the circular movement, while pen-

etrating closer to the center axis line of the screw than the outer circum-

ferential edge of the blade of the screw, is formed such that S - (delta) < 

K < S + (delta) is satisfied. 

[Claim 4] The solid-liquid separation device according to claim 2 or 3, wherein 

all of the center axis lines of the through holes of the one part of the 

movable members coincide; all of the center axis lines of the through 

holes of the other part of the movable members also coincide; the 

center axis lines of the through holes of the one part of the movable 

members and the center axis lines of the through holes of the other part 

of the movable members do not coincide with each other; and the one 

part of the movable members and the other part of the movable 

members perform circular movements while the center axis lines of the 

through holes thereof describe circles with a radius equal to the ec-

centricity of the center axis lines of the through holes of the movable 

members around the center axis line of the screw. 

[Claim 5] The solid-liquid separation device according to claim 3, comprising a 

plurality of eccentric cams having center axis lines that do not coincide 

with each other, and the plurality of eccentric cams rotate while the 

center axis lines thereof describe circles with a radius equal to the ec-

centricity of the center axis lines of the eccentric cams around the 

center axis line of the screw. 

[Claim 6] The solid-liquid separation device according to claim 2, wherein the 

WO 2012/101980 

51 

PCT/JP2012/000237 

center axis line of the screw is taken as a center parallel line, and points 
of the center parallel line crossing two blade portions of the screw that 
are adjacent in the direction of the center axis line of the screw are 
taken as respective blade crossing points, the movable member that 
performs the circular movement, while penetrating closer to the center 
axis line of the screw than the outer circumferential edge of the blade of 
the screw, is positioned within a region in which penetration is possible 
and which includes a center point of the two blade crossing points and 
has a predetermined width in the center axis line direction of the screw, 
with the predetermined width being narrower than the distance between 
the two blade portions, and in a case where the shortest distance from 
the center axis line of the eccentric cams to a circumferential edge of 
the movable member that demarcates the through hole of the movable 
member is denoted by "K", the radius of the screw is denoted by "S", 
and the eccentricity is denoted by "(delta)", the through hole of the 
movable member that performs the circular movement, while pen­
etrating closer to the center axis line of the screw than the outer circum­
ferential edge of the blade of the screw, is formed such that S - (delta) < 
K < S + (delta) is satisfied. 

[Claim 4] The solid-liquid separation device according to claim 2 or 3, wherein 
all of the center axis lines of the through holes of the one part of the 
movable members coincide; all of the center axis lines of the through 
holes of the other part of the movable members also coincide; the 
center axis lines of the through holes of the one part of the movable 
members and the center axis lines of the through holes of the other part 
of the movable members do not coincide with each other; and the one 
part of the movable members and the other part of the movable 
members perform circular movements while the center axis lines of the 
through holes thereof describe circles with a radius equal to the ec­
centricity of the center axis lines of the through holes of the movable 
members around the center axis line of the screw. 

[Claim 5] The solid-liquid separation device according to claim 3, comprising a 
plurality of eccentric cams having center axis lines that do not coincide 
with each other, and the plurality of eccentric cams rotate while the 
center axis lines thereof describe circles with a radius equal to the ec­
centricity of the center axis lines of the eccentric cams around the 
center axis line of the screw. 

[Claim 6] The solid-liquid separation device according to claim 2, wherein the 
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screw has a shaft formed integrally with the blade, this shaft constitutes 

a center portion of the screw, the center axis line of the through holes of 

the movable members is decentered from a center axis line of the shaft 

of the screw, the solid-liquid separation device further includes 

connection means for connecting the plurality of movable members 

such that the plurality of movable members can together perform a 

circular movement, eccentric cams that are decentered from the center 

axis line of the shaft of the screw and rotate integrally with the shaft, 

and bearings connected to the connection means and provided with 

round cam holes mating with round outer circumferential surfaces of 

the eccentric cams, round outer circumferential surfaces of the eccentric 

cams slidably abut along the entire circumference thereof on inner cir-

cumferential surfaces of the round cam holes of the bearings, the center 

axis line of the eccentric cams and the center axis line of the through 

holes of the plurality of movable members connected by the connection 

means coincide with each other, the eccentric cams rotate following the 

rotation of the screw while the center axis line of the eccentric cams 

describes a circle with a radius equal to the eccentricity of the eccentric 

cams around the center axis line of the shaft of the screw, and as a 

result of this rotation the plurality of movable members connected by 

the connection means perform a circular movement while the center 

axis line of the through holes thereof describes a circle with a radius 

equal to the eccentricity of the eccentric cams around the center axis 

line of the shaft of the screw. 

[Claim 7] The solid-liquid separation device according to claim 2 or 4, wherein 

the screw has a shaft formed integrally with the blade, this shaft con-

stitutes a center portion of the screw, the center axis line of the through 

holes of the movable members is decentered from a center axis line of 

the shaft of the screw, all of the center axis lines of the through holes of 

one part of the plurality of movable members coincide with each other, 

all of the center axis lines of the through holes of another part of the 

plurality of movable members coincide with each other, the solid-liquid 

separation device further comprises first connection means for 

connecting the one part of the plurality of movable members such that 

the one part of the plurality of movable members can together perform 

a circular movement, first eccentric cams that are decentered from the 

center axis line of the shaft of the screw and rotate integrally with the 

shaft, first bearings connected to the first connection means and 
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screw has a shaft formed integrally with the blade, this shaft constitutes 
a center portion of the screw, the center axis line of the through holes of 
the movable members is decentered from a center axis line of the shaft 
of the screw, the solid-liquid separation device further includes 
connection means for connecting the plurality of movable members 
such that the plurality of movable members can together perform a 
circular movement, eccentric cams that are decentered from the center 
axis line of the shaft of the screw and rotate integrally with the shaft, 
and bearings connected to the connection means and provided with 
round cam holes mating with round outer circumferential surfaces of 
the eccentric cams, round outer circumferential surfaces of the eccentric 
cams slidably abut along the entire circumference thereof on inner cir­
cumferential surfaces of the round cam holes of the bearings, the center 
axis line of the eccentric cams and the center axis line of the through 
holes of the plurality of movable members connected by the connection 
means coincide with each other, the eccentric cams rotate following the 
rotation of the screw while the center axis line of the eccentric cams 
describes a circle with a radius equal to the eccentricity of the eccentric 
cams around the center axis line of the shaft of the screw, and as a 
result of this rotation the plurality of movable members connected by 
the connection means perform a circular movement while the center 
axis line of the through holes thereof describes a circle with a radius 
equal to the eccentricity of the eccentric cams around the center axis 
line of the shaft of the screw. 

[Claim 7] The solid-liquid separation device according to claim 2 or 4, wherein 
the screw has a shaft formed integrally with the blade, this shaft con­
stitutes a center portion of the screw, the center axis line of the through 
holes of the movable members is decentered from a center axis line of 
the shaft of the screw, all of the center axis lines of the through holes of 
one part of the plurality of movable members coincide with each other, 
all of the center axis lines of the through holes of another part of the 
plurality of movable members coincide with each other, the solid-liquid 
separation device further comprises first connection means for 
connecting the one part of the plurality of movable members such that 
the one part of the plurality of movable members can together perform 
a circular movement, first eccentric cams that are decentered from the 
center axis line of the shaft of the screw and rotate integrally with the 
shaft, first bearings connected to the first connection means and 
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provided with round cam holes mating with round outer circumferential 

surfaces of the first eccentric cams, second connection means for 

connecting the other part of the plurality of movable members such that 

the other part of the plurality of movable members can together 

perform a circular movement, second eccentric cams that are de- 

centered from the center axis line of the shaft of the screw and rotate 

integrally with the shaft, and second bearings connected to the second 

connection means and provided with round cam holes mating with 

round outer circumferential surfaces of the second eccentric cams, 

wherein the center axis line of the first eccentric cams and the center 

axis line of the second eccentric cams do not coincide with each other, 

the round outer circumferential surfaces of the first eccentric cams 

slidably abut along the entire circumference thereof on inner circum- 

ferential surfaces of the round cam holes of the first bearings, the round 

outer circumferential surfaces of the second eccentric cams slidably 

abut along the entire circumference thereof on inner circumferential 

surfaces of the round cam holes of the second bearings, the center axis 

line of the first eccentric cams and the center axis line of the through 

holes of the one part of the plurality of movable members connected by 

the first connection means coincide with each other, the center axis line 

of the second eccentric cams and the center axis line of the through 

holes of the other part of the plurality of movable members connected 

by the second connection means also coincide with each other, the first 

eccentric cams rotate following the rotation of the screw while the 

center axis line of the first eccentric cams describes a circle with a 

radius equal to the eccentricity of the first eccentric cams around the 

center axis line of the shaft of the screw, and as a result of this rotation 

the one part of the plurality of movable members connected by the first 

connection means perform a circular movement while the center axis 

line of the through holes thereof describes a circle with a radius equal 

to the eccentricity of the first eccentric cams around the center axis line 

of the shaft of the screw, the second eccentric cams rotate while the 

center axis line of the second eccentric cams describes a circle with a 

radius equal to the eccentricity of the second eccentric cams around the 

center axis line of the shaft of the screw, and as a result of this rotation 

the other part of the plurality of movable members connected by the 

second connection means perform a circular movement while the center 

axis line of the through holes thereof describes a circle with a radius 
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provided with round cam holes mating with round outer circumferential 
surfaces of the first eccentric cams, second connection means for 
connecting the other part of the plurality of movable members such that 
the other part of the plurality of movable members can together 
perform a circular movement, second eccentric cams that are de-
centered from the center axis line of the shaft of the screw and rotate 
integrally with the shaft, and second bearings connected to the second 
connection means and provided with round cam holes mating with 
round outer circumferential surfaces of the second eccentric cams, 
wherein the center axis line of the first eccentric cams and the center 
axis line of the second eccentric cams do not coincide with each other, 
the round outer circumferential surfaces of the first eccentric cams 
slidably abut along the entire circumference thereof on inner circum­
ferential surfaces of the round cam holes of the first bearings, the round 
outer circumferential surfaces of the second eccentric cams slidably 
abut along the entire circumference thereof on inner circumferential 
surfaces of the round cam holes of the second bearings, the center axis 
line of the first eccentric cams and the center axis line of the through 
holes of the one part of the plurality of movable members connected by 
the first connection means coincide with each other, the center axis line 
of the second eccentric cams and the center axis line of the through 
holes of the other part of the plurality of movable members connected 
by the second connection means also coincide with each other, the first 
eccentric cams rotate following the rotation of the screw while the 
center axis line of the first eccentric cams describes a circle with a 
radius equal to the eccentricity of the first eccentric cams around the 
center axis line of the shaft of the screw, and as a result of this rotation 
the one part of the plurality of movable members connected by the first 
connection means perform a circular movement while the center axis 
line of the through holes thereof describes a circle with a radius equal 
to the eccentricity of the first eccentric cams around the center axis line 
of the shaft of the screw, the second eccentric cams rotate while the 
center axis line of the second eccentric cams describes a circle with a 
radius equal to the eccentricity of the second eccentric cams around the 
center axis line of the shaft of the screw, and as a result of this rotation 
the other part of the plurality of movable members connected by the 
second connection means perform a circular movement while the center 
axis line of the through holes thereof describes a circle with a radius 
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equal to the eccentricity of the second eccentric cams around the center 

axis line of the shaft of the screw. 

[Claim 8] The solid-liquid separation device according to claim 3, comprising: 

connection means for connecting the plurality of movable members so 

that the plurality of movable members can together perform a circular 

movement; and bearings connected to the connection means and having 

round cam holes that mate with round outer circumferential surfaces of 

the eccentric cams, wherein 

the round outer circumferential surfaces of the eccentric cams slidably 

along abut along the entire circumference thereof on inner circum-

ferential surfaces of the round cam holes of the bearings, and following 

the rotation of the screw the eccentric cams rotate while the center axis 

line thereof describes a circle with a radius equal to the eccentricity of 

the eccentric cams around the center axis line of the shaft of the screw, 

and as a result the plurality of movable members connected by the 

connection means performs a circular movement with a radius equal to 

the eccentricity of the eccentric cams. 

[Claim 9] The solid-liquid separation device according to claim 3 or 5, wherein 

first eccentric cams formed with a round outer circumferential surface 

are fixed to the shaft of the screw by being decentered from the center 

axis line of the shaft of the screw, and second eccentric cams formed 

with a round outer circumferential surface are also fixed to the shaft of 

the screw by being decentered from the center axis line of the shaft of 

the screw, the center axis line of the first eccentric cams and the center 

axis line of the second eccentric cams do not coincide with each other, 

the one part of the plurality of movable members are connected to the 

first eccentric cams so that the one part of the plurality of movable 

members perform circular movement with a radius equal to the ec-

centricity of the first eccentric cams, and the other part of the plurality 

of movable members are connected to the second eccentric cams so that 

the other part of the plurality of movable members perform circular 

movement with a radius equal to the eccentricity of the second 

eccentric cams. 

[Claim 10] The solid-liquid separation device according to claim 9, comprising 

first connection means for connecting the one part of the plurality of 

movable members so that the one part of the plurality of movable 

members can together perform a circular movement, first bearings 

connected to the first connection means and having round cam holes 
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equal to the eccentricity of the second eccentric cams around the center 
axis line of the shaft of the screw. 

[Claim 8] The solid-liquid separation device according to claim 3, comprising: 
connection means for connecting the plurality of movable members so 
that the plurality of movable members can together perform a circular 
movement; and bearings connected to the connection means and having 
round cam holes that mate with round outer circumferential surfaces of 
the eccentric cams, wherein 
the round outer circumferential surfaces of the eccentric cams slidably 
along abut along the entire circumference thereof on inner circum­
ferential surfaces of the round cam holes of the bearings, and following 
the rotation of the screw the eccentric cams rotate while the center axis 
line thereof describes a circle with a radius equal to the eccentricity of 
the eccentric cams around the center axis line of the shaft of the screw, 
and as a result the plurality of movable members connected by the 
connection means performs a circular movement with a radius equal to 
the eccentricity of the eccentric cams. 

[Claim 9] The solid-liquid separation device according to claim 3 or 5, wherein 
first eccentric cams formed with a round outer circumferential surface 
are fixed to the shaft of the screw by being decentered from the center 
axis line of the shaft of the screw, and second eccentric cams formed 
with a round outer circumferential surface are also fixed to the shaft of 
the screw by being decentered from the center axis line of the shaft of 
the screw, the center axis line of the first eccentric cams and the center 
axis line of the second eccentric cams do not coincide with each other, 
the one part of the plurality of movable members are connected to the 
first eccentric cams so that the one part of the plurality of movable 
members perform circular movement with a radius equal to the ec­
centricity of the first eccentric cams, and the other part of the plurality 
of movable members are connected to the second eccentric cams so that 
the other part of the plurality of movable members perform circular 
movement with a radius equal to the eccentricity of the second 
eccentric cams. 

[Claim 10] The solid-liquid separation device according to claim 9, comprising 
first connection means for connecting the one part of the plurality of 
movable members so that the one part of the plurality of movable 
members can together perform a circular movement, first bearings 
connected to the first connection means and having round cam holes 
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that mate with round outer circumferential surfaces of the first eccentric 

cams, second connection means for connecting the other part of the 

plurality of movable members so that the other part of the plurality of 

movable members can together perform a circular movement, and 

second bearings connected to the second connection means and having 

round cam holes that mate with round outer circumferential surfaces of 

the second eccentric cams, wherein 

the round outer circumferential surfaces of the first eccentric cams 

slidably abut along the entire circumference thereof on inner circum-

ferential surfaces of the round cam holes of the first bearings, the round 

outer circumferential surfaces of the second eccentric cams slidably 

abut along the entire circumference thereof on inner circumferential 

surfaces of the round cam holes of the second bearings, and following 

the rotation of the screw the first eccentric cams rotate while the center 

axis line thereof describes a circle with a radius equal to the eccentricity 

of the first eccentric cams around the center axis line of the shaft of the 

screw, as a result the one part of the plurality of movable members 

connected by the first connection means perform a circular movement 

with a radius equal to the eccentricity of the first eccentric cams, and 

the second eccentric cams rotate while the center axis line thereof 

describes a circle with a radius equal to the eccentricity of the second 

eccentric cams around the center axis line of the shaft of the screw, as a 

result the other part of the plurality of movable members connected by 

the second connection means perform a circular movement with a 

radius equal to the eccentricity of the second eccentric cams. 

[Claim 111 The solid-liquid separation device according to claim 7 or 10, 

comprising: a first guide that prevents the first connection means from 

rotating about the center axis line of the shaft of the screw together with 

the one part of the plurality of movable members connected by the first 

connection means and preventing the movable members from abutting 

on other members; and a second guide that prevents the second 

connection means from rotating about the center axis line of the shaft 

of the screw together with the other part of the plurality of movable 

members connected by the second connection means and preventing 

the movable members from abutting on other members. 
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that mate with round outer circumferential surfaces of the first eccentric 
cams, second connection means for connecting the other part of the 
plurality of movable members so that the other part of the plurality of 
movable members can together perform a circular movement, and 
second bearings connected to the second connection means and having 
round cam holes that mate with round outer circumferential surfaces of 
the second eccentric cams, wherein 
the round outer circumferential surfaces of the first eccentric cams 
slidably abut along the entire circumference thereof on inner circum­
ferential surfaces of the round cam holes of the first bearings, the round 
outer circumferential surfaces of the second eccentric cams slidably 
abut along the entire circumference thereof on inner circumferential 
surfaces of the round cam holes of the second bearings, and following 
the rotation of the screw the first eccentric cams rotate while the center 
axis line thereof describes a circle with a radius equal to the eccentricity 
of the first eccentric cams around the center axis line of the shaft of the 
screw, as a result the one part of the plurality of movable members 
connected by the first connection means perform a circular movement 
with a radius equal to the eccentricity of the first eccentric cams, and 
the second eccentric cams rotate while the center axis line thereof 
describes a circle with a radius equal to the eccentricity of the second 
eccentric cams around the center axis line of the shaft of the screw, as a 
result the other part of the plurality of movable members connected by 
the second connection means perform a circular movement with a 
radius equal to the eccentricity of the second eccentric cams. 

[Claim 11] The solid-liquid separation device according to claim 7 or 10, 
comprising: a first guide that prevents the first connection means from 
rotating about the center axis line of the shaft of the screw together with 
the one part of the plurality of movable members connected by the first 
connection means and preventing the movable members from abutting 
on other members; and a second guide that prevents the second 
connection means from rotating about the center axis line of the shaft 
of the screw together with the other part of the plurality of movable 
members connected by the second connection means and preventing 
the movable members from abutting on other members. 


