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and a route Is defined therein, the centrifugal separators being movable inside the base, and a movement mechanism that
sequentially move the centrifugal separators along the route in the base.
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ABSTRACT

A centrifugal separation apparatus includes a

contalning a sample therein, a base in which the
centrifugal separators are arranged in columns and stages
and a\rOUte 1s defined therein, the centrifugal separators
peing movable inside the base, and a movement mechanism
that.sequentially move the centrifugal separators along the

route 1n the base.
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CENTRIFUGAL SEPARATION APPARATUS AND CENTRIFUGAL SEPARATION

METHOD

FIELD

The present 1nvention relates to a centrifugal
separation apparatus employing a plurality of centrifugal
separators, and to a centrifugal separation method.

BACKGROUND

As a centrifugal separation apparatus for
centrifugally separating a sample such as blood, the
following type of apparatus is known in the art. The
apparatus employs a plurallity of buckets swingably attached
to the circumference of a disk-like rotator. Sample
contalners holding a sample to be processed are fitted in
the bﬁckéts, and the rotator 1s rotated at high speed for
centrifugal separation processing. (Jpn. Pat. Appln. KOKAI
Publication No. 2004-151024).

In the above apparatus, the sample containers are

sequentially conveyed from a processing line, where the
sample 1s subjected to biochemical analysis and various
pre—procéssing, to the rotators of a plurality of
centrifugal separators. When a predetermined number of
sample contailners have been conveyed, the rotators of the
centrifugal separators are rotated for centrifugal
separation processing. When the centrifugal separation
processing has been performed for a predetermined time, the

rotators are stopped, and the sample containers are
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sequentially taken out and returned to the processing line.

1T the number of sample containers is large, the time
requlred for conveying them to thé rotators and returning
them to the processing line is inevitably long. As a

result, the efficiency of the centrifugal separation

processing of the above-mentioned centrifugal separation
apparétus decreases. Accordingly, an object of the present
lnvention 1s to provide a centrifugal separation apparatus
and a centrifugal separation method which ensure high
processing efficiency.

The embodiment described herein enables enhancing the

processing efficiency of centrifugal separation processing.

BRIEF DESCRIPTION OF THE DRAWINGS

i

The accompanying drawings, which are incorporated in

20

and constitute a part of the specification, illustrate
empodiments of the invention, and together with the general
description given above and the detailed description of the

embodiments given below, serve to explain the principles of

the 1nvention.
FIG. 1 1s a perspective view of a centrifugal separation

apparatus according to one embodiment of the present

invention.

FIG. 2 1s a plan view of the centrifugal separation
apparatué.

FIG. 3 1s a plan view of a centrifugal separator of
the centrifugal separation apparatus.

FIG. 4 1s a perspective view showing part of the
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centrifugal separator.

FIG. 5 1s an explanatory diagram illustrating the

movement mechanism of the centrifugal separation apparatus.
FIG. © 1s an explanatory diagram illustrating the
movement mechanism of the centrifugal separation apparatus.

FIG. 7 1s an explanatory diagram illustrating the

movement mechanism of the centrifugal separation apparatus.
FIG. 8 1s an éxplanatory diagram i1llustrating the

movement mechanism of the centrifugal separation apparatus.

DETAILED DESCRIPTION

A centrifugal separation apparatus 1 according to one
empbodiment of the present invention will be described with
reference to FIGS. 1 to 8. FIG. 1 is a schematic plan view
of the centrifugal separation apparatus 1 of the first
embodiment of the present invention, and FIG. 2 is a plan
view illustrating the schematic structure of the
centrifugal separation apparatus 1. FIG. 3 is a plan view
1llustrating the structure of a centrifugal separator 10,

and FIG. 4 1s a perspective view illustrating the support

structure of a bucket 14 of the centrifugal separator 10.
FIGS. -5 through 3 are explanatory diagrams illustrating the
movement mechanism 30 of the centrifugal separation
apparatus 1. FIG. 5 being a plan ?iew, FIG. 6 being a front
view, and FIGS. 7 and 8 being side views. For illustrative

purposes, structures are 1llustrated on an enlarged or

reduced scale, and 1llustration of part of the structures

1s omitted. In the Figures, arrows X, Y and Z indicate
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three directions perpendicular to one another. The X
direction is the widthwise direction of the apparatus, the
Y direction 1s the front-back direction thereof, and the 7
direction is the vertical direction thereof.

As shown 1n FIGS. 1 and 2, the centrifugal separation
apparatus 1 comprises: a plurality of centrifugal
separators 10, a base 20 configured to contain the
centrifugal separators 10; a movement mechanism 30

configured to sequentially move the centrifugal separators

10 along a predetermined route Pa inside the base 20; a
conveyor line 50 provided on one side of the base 20;
transfer mechanisms 60, one for taking in sample containers
10 to be subjected to centrifugal separation from the
conveyor line 50 and conveying them into the base, and the
other for taking out sample containers subjected to the
centrifugal separation from the base 20 and conveying them
Lo the conveyance line 50; and a controller 70 for
controlling the centrifugal separators 10, the transfer
mechanisms 60 and the movement mechanism 30.

As shown 1in FIGS. 1 through 4, each of the centrifugal
separators 10 comprises a casing 11, a rotary motor 12
supported i1n the casing 11, a rotator 13 connected to the
maln shaft of the motor 12, and a plurality of buckets 14
swingably attached to the circumference of the rotator 13.
The motofs 12 of the centrifugal separators 10 are
connected to a common power supply source 19.

The casing 11 1s, for example, a rectangular box with
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an open top, and defines an inside space in which the motor

12 and the rotator 13 can be arranged.

Engagement projections 15, which are like columns
protruding outward, are formed on the opposed X-direction
end faces of the casing 11. The engagement projections 15
are located at the two Y-direction ends of each of the
opposed side walls. The engagement projections 15 are
insertable into hooks 35a and 36a of a movement frame 35
and a holding frame 36, which are to be described later,

and are engageable with an elevating frame and the holding

frame 36.

sngagement holes 16 depressed 1n the Y direction are

| — |

formed in the Y-direction end faces of the casing 11. The
engagement holes 16 are formed in such a manner that the
engagement pins 39a of an upper slide mechanism 33 and a
lower slide mechanism 34 can be inserted therein. The
engagemeﬁt holes 16 are engageable with a slider 39,

described later.

The motor 12 1s fixed to the bottom of the casing 11.
The motor12 comprlses a main shaft extending upward in the
Z dlrection, and the rotator 13 is connected to the main
shaft.

The rotator 13 is arranged on the motor 12, and 1s
connected to the main shaft of the motor 12, thereby
enabling'the rotator 13 to rotate. A plurality of slits 13a
are radially formed in the circumference of the rotator 13.

The slits 13a are open outward in the radial directions. In
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the present embodiment, the rotator 13 has twelve slits
13a, and twelve buckets 14 are swingably supported in the
SlitS\l3a.

Pivot support holes 13b are provided in the inner
walls facing the outer circumference of the rotator 13,
with the slit 13a interposed. A pailr of shaft pins 14d
extending from the opposed portions of the bucket 14 are

supported by means of the pivot support holes 13b. The

shaft pins 14d of the bucket 14 are inserted into the pivot
support holes 13b, and the bucket 14 is fitted in the slit
13a 1in a swingable manner. By the centrifugal force caused
by the rotation of the rotator 13, the bottom of the bucket
14 swings up outwardly. The bucket 14 is configured such
that the.axis of the bucket 14 can be made horizontal.

The bucket 14 1s a cylindrical aluminum tube. It has
an open top, defines a columnar insertion space l4a inside,
and has a bottom. A sample container 18 can be inserted
1nto the insertion space 14a of the bucket 14. A holding
mechanism 14b for holding a test tube 1s provided in the
insertion space l4a. The holding mechanism 14b is provided
with a plurality of holding pins l4c which are elastically

cdeformable 1n the radial direction. By the elastic force of
the holding pins 14c, the outer surface of a test tube are
held. A pailr of shaft pins 14d are provided on the outer
circumfe;ence of the upper portion of the bucket 14. The
shaft pins 14d protrude outward. With the shaft pins 14d

1nserted into the pivot support holes 13b, a sample holder
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53 1s Swingably held by the rotator 13.

The sample container 18 1is, for example, a test tube,
such as a vacuum blood-collecting tube in which blood or
plood serum can be contained as a sample. The sample
container 18 1s cylindrical and has a bottom. A removable
cap 18a is attached to the open top of the sample container
18. A label on which various kinds of data are printed as a
bar code or letters is pasted to the side portion of the
sample container 18.

As shown 1n FIGS. 1 through 8, the base 20 is provided
wilith a box-like case 21 having openings formed in the top
wall, and with lids 22 for covering the openings of the top
wall of the case 21. The case 21 is a rectangular case
including a plurality of wall members 2la, constituting
side walls and a bottom wall, and frame members 21b. The
case 21 defines a predetermined route Pa inside.

Route Pa 1s determined such that centrifugal

separators 10 in different columns and different stages can

be arranged. Route Pa starts at é take—-1n position P2 from
which a sample container 18 1s taken in and ends at a take-
out position P9 from which the sample container 18 is taken
out. In the present embodiment, two columns are defined in
the X-direction, and four stages are defined in the Z
direction, and the case 21 accommodates a total of eight
centrifugal separators 10. At all times, seven centrifugal
separators 10 are arranged inside the case 21, with the

area for one centrifugal separator being empty.
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Route Pa 1includes an ascending column and a descending
column which are juxtaposed in the X direction and in each
of which centrifugal separators 10 are arranged in the Z
direction. The uppermost stage of the descending column 1is
a take-in position P2, and the uppermost stage of the
ascending column is a take-out position PO9.

The top plate of the case 21 has two upper openings
2le juxtaposed in the X direction. The upper openings 2le
are located at positions corresponding to the take-in
position P2 and the take-out position P9. The lids 22 are
providéd Co open or close the uppér openings Z2le.

The lids 22 are located above the centrifugal

separator 10 at the take-in position P2 and the centrifugal

separator 10 at the take-out position P9, respectively. A

take-1n opening 22a and a take-out opening 22a, which are
shaped like an arch corresponding to the shape of the
sample contailner 18 and the bucket 14, are formed in the

lids 22. Through the openings 22a, container hands 61 can

be advanced into the base from above the 1lids 22; At the
time of take-in or take-out operation, the buckets 14 of
the centfifugal separators 10 1nside the base 20 can be
accessed by the contalner hands 61.

The movement mechanism 30 includes an elevating
mechanism 31 for sequentially elevating the centrifugal
separators 10 1n the ascending column, a lowering mechanism
32 for sequentially lowering the centrifugal separators 10

1n the descending column, an upper slide mechanism for
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sliding a centrifugal separator 10 from the uppermost stage
of the ascending column to the uppermost stage of the

descending column, and a lower Slide mechanism for sliding
a centrifugal separator 10 from the lowermost stage of the

descending column to the lowermost stage of the ascending

column.

The‘elevating mechanism 31 1s provided with a
plurality of movement frames 35 which are opposed to the X-
direction end faces of the centrifugal separators in the
ascending column, a plurality of holding frames 36 which
are arranged on the opposite side of the movement frames
35, with the engagement projections interposed, a driving
mechanism 37A for moving the movement frames 35 back and
forth 1n the Y direction and Z direction, and a driving
mechanism 37B for moving the holding frames 36 back and
forth 1n the Y direction.

The lowlng mechanism 32 1is provided with a plurality

of movement frames 35 which are opposed to the X-direction

end faces of the centrifugal separators in the descending
column a plurality of holding frames 36 which are arranged
on the opposite side of the movement frames 35, with the
engagement projections interposed, a driving mechanism 37A
for moving the movement frames 35 back and forth in the Y
direction and 7 direction, and a driving mechanism 37B for
moving the holding frames 36 back and forth in the Y

direction.

Fach of the movement frames 35 1s a plate-like member
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arranged on one side of the paired engagement projections
15 of the casing 11 and having a plurality of hooks 35a on
one edge thereof. The hooks 35a are recesses formed in the

one edge and can be engaged with or disengaged from the

engagement projections 15 when the movement frames 35 are
advanced or retreated with reference to the engagement
projections 15.

In the 72 direction, the movement frames 35 have a
length corresponding to three centrifugal separators, and
three hooks 35a are juxtaposed in the Z direction.

The hooks 35a are provided 1n correspondence to how
the centrifugal separators 10 are arranged along route Pa.
To be more specific, the hooks 35a are arranged at the same
pitch as the engagement projections 15.

The moving distance by which the movement frames 35
are elevated or lowered in the Z direction is determined
based on the pitch of the engagement projections 15.

The moving distance by which the movement frames 35

are elevated or lowered i1n the Y direction 1is determined
based on the insertion depth of the engagement projections
15 in~the Y direction. To be more specific, when the
movement frames 35 are advanced 1in the Y direction with
reference to the engagement projeetions 15, the hooks 3ba
engage with the engagement projections 15. When the

movement frames 35 are retreated 1n the Y direction, the

hocks 35a disengage from the engagement projections 15.

Each cf the holding frames 36 1s a plate-like member
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arranged on the other side of the paired engagement
projeétions 15 of the casing 11 and having a plurality of
hooks 35a 1n one edge thereof. The hooks 35a are recesses
formed on the one edge and can be engaged with or
disengaged from the engagement projections 15 when the
holding frames 36 are advanced or retreated with reference
Lo the engagement projections 15.

In fhe Zz direction, the holding frames 36 have a
length corresponding to two centrifugal separators, and two
hooks 3ba are arranged in the Z direction.

The hooks 3b5a are provided in correspondence to how

the centrifugal separators 10 are arranged along route Pa.

To be more speciflc, the hooks 35a are arranged at the same
pltch as the engagement projections 15.

The moving distance by which'the holding frames 36 are
elevated or lowered 1n the Z direction 1s determined based
on the pitch of the engagement projections 15.

The moving distance by which the holding frames 36 are

elevated or lowered 1in the Y direction is determined based
on the 1nsertion depth of the engagement projections 15 in
the Y direction. To be more specific, when the holding

frames 36 are advanced 1in the Y direction, the hooks 35a
engage with the engagement projections 15. When the holding
frames 36 are retreated 1n the Y direction, the hooks 3ba
disengagé from the engagement projections 15.

Driving mechanism 37A comprises a vertically-movable

cylinder 81lA fixed to the case 21 by means of a guide rail
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mechanism 85, a rotary motor 82A attached to the cylinder
shaft of the vertically-movable cylinder 81A by means of a
link member, a rack-and-pinion type driving force
traﬂsmission mechanism 83A which converts the rotation of
the output shaft of the rotary motor 82 into a
reclprocating motion in the Y direction and transmits the
reciprocating motion to the movemént frames 35, and a
plurality of gulide mechanisms 84A for guiding the movement
frames 35. Driving mechanism 37A permits the movement
frames 35 to be supported by the case 21 to be movable in
both fhe'Z direction and the Y direction.

Driving mechanism 37B comprises a rotary motor 82B
fixed to the case 21, a driving force transmission
mechanlism 83B which converts the rotation of the rotary
motor 82Z2B 1nto a reciprocating motion 1n the Y direction
and transmits the reciprocating motion to the holding
frames 36, and a gulide mechanism 84B for guiding the
holding frames 36. Driving mechanism 37B permits the
holding frames 36 to be supported by the case 21 to be

movaple 1n the Y direction.

Fach of the driving force transmission mechanisms 83A
and 83B is, for example, a rack—and-pinion type
transmission mechanism comprising‘a pilnlon gear connected
to the rotary motor 82 and rotated thereby and a rack gear
engaged with the pilnion gear. The gulide mechanisms 84A and
84B are, for example, rail mechanisms comprising guide

ralils extending in guide directions.
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Each of the upper slide mechanism 33 and the lower

slide mechanism 34 comprises: a pair of guide rails 38

formed on the case 21; a plurality of sliders 39 éngaged
with the guilide rails 38 and moving back and forth while
being guided by the guide rails 38; driving mechanism 37C
that moves the sliders 39 back and forth in the X
dlrectilon; engagement pins 3%9a provided on each slider 39;
and driving mechanism 37D that moves the engagement pins

39a 1n the Y direction relative to the sliders 39.

Fach rail 38 extends in the X direction between the

front and rear end portions of the base 20 and is located

petween the side walls of the base 20. Each rail 38 guides
the sliders 39 in the X direction. The sliders 39 are
engagéd wlth the rails 38 and are supported thereby to be
movable. The engagement pins 39a are provided on the Y-
direction inward portions of the sliders 39 and are
projected inward in the Y direction.

Driving mechanism 37C comprises a rotary motor 82C
fixed‘to the case 21 and capable of rotating in two
opposite directions, and a driving force transmission

mechanlsm 83C which converts the rotation of the output

shaft of the rotary motor 82C into a reciprocating motion
1n the X direction and transmits the reciprocating motion
to the sliders 39.

The driving force transmission mechanism 83C is, for
example, a screw type transmission mechanism including (i)

a screw shaft 83d having a spiral thread groove formed in
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the outer circumferential wall thereof and connected to the
rotating shaft of the rotary motor 82C and (11) screw holes
39b formed‘in the sliders 39 and having thread groove
engaged with the screw shaft 38d. When the screw shaft 83d
rotates 1in accordance with the rotation of the rotary motor
32C, the-sliders 39 move 1n the X direction.

Driving mechanism 37D comprises a rotary motor 82D

fixed to the sliders 39, and a rack-and-pinion type driving
force transmission mechanism 83D which converts the
rotation of the output shaft of the rotary motor 82D into a
reciprocating motion in the Y direction and transmits the
reciprocéting motion to the engagement pins 39%a.

In accordance with the rotations of the rotary motor
32 1n the two directions, the engagement pins 39a advance
or retreat between a hold position where the engagement
pins 3%9a are inserted into the engagement holes 16 of the
casing 11 and hold the casing 11 and a retreat position
where the engagement pins 39a are pulled off the engagement
holes 16 of the casing 11 and reléase the casing 11 from
the held state.

The upper slide mechanism 33 1s provided at each of
the Y-direction end portions of the top portion of the
apparatus. The lower slide mechanism 34 is provided at each
of the Y-direction end portions of the bottom portion of

the apparatus.

Fach of the take-in and take-out transfer mechanilisms

00 shown 1n FIGS. 1 and 2 comprises: a plurality of



10

15

20

25

CA 02937000 2016-07-22

- 1o =

container hands 61 including opening/closing claws 6la
capable of simultaneously holding adjacent sample-contained
sample containers 18 (s1x containers in the present
embodimeﬁt) and cylinder mechanisms 62 for opening or
closing the claws 6la; cylinder mechanisms 63 which
vertically move the container hands 61; and an
electrically-operated belt convevance mechanism 64 which
moves hand units (each made up of container hand 61 and
cylinder mechanism 63) back and forth in the Y direction by
a predetermined distance.

The convevyance line 50 1s a processing line for

executing biochemical analysis and pre-processing for

samples and 1s located, for example, on one side of the
base 20. The conveyance line 50 comprises, for example,
belt éonveyors 51 and guide rails 52, both extending along
Cwo conveyance lanes oSUa. Sample holders 53 for holding

sample contailners 18 1in the upright state are set on each

conveyance lane 50a and are sequentially moved. Each sample

holder 53 comprises, for example, a holder base having a
cylindrical insertion space inside, and the cylindrical
1nsertion space 1s configured to receive a sample container
18. Like a bucket 14, a holding mechanism for holding a
test tube 1s provided in the insertion space. The holding
mechanism 1s provided with a plurality of elastically-
cdeformable upright holding pins which are arranged
annularly. By the elastic force of the holding pins, the

outer surface of a test tube are held.
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The controller 70 1s connected to the detectors of the
centrifugal separation apparatus 1. It is also connected to
the motor 12, driving mechanisnms 37A to 37D and belt
conveyvance mechanism 64. The controller 70 drives the motor
12, driving mechanisms 37A to 37D and belt conveyance
mechanism 64 1n accordance with the detection data detected
at thé détectors and various data and predetermined
programs stored 1n a storage.

In the centrifugal separation apparatus 1 described
above, the centrifugal separators 10, the movement
mechanism 30, the driving elements of the transfer
mechanisms 60, i1ncluding motors 12 and driving mechanisms
37/A to 37D, and various types of mechanisms such as belt
conveyance mechanism 64, are connected to the controller 70
and operate at predetermined timings under the control of
the controller 70.

A centrifugal separation method according to the

present embodiment will be described with reference to

FIGS. 1 to 8. FIG. 7 i1llustrates a state where centrifugal
separators 10 are arranged 1n the lower three stages and

the lower slide mechanism 34 1s 1in engagement with the

centrifugal separators 10. FIG. 8 illustrates a state where
centrifugal separators 10 are arranged in the upper three
stages and the upper lower slide mechanism 33 1s 1n

engagement with the centrifugal separators 10. In the

states 1llustrated i1n FIGS. 7 and 8, the centrifugal

separators 10 are held by the movement frames 35, and the
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holding frames 36 are located at the release positions.

For centrifugal separation processing, the controller
/70 performs (1) movement processing in which the movement
mechanism 30 and transfer mechanisms 60 are driven to
sequentiélly move the sample contalners 18 or centrifugal
separators 10, and (ii) centrifugal separation processing
1n which the rotators of the respective centrifugal
separators 10 are rotated at predetermined timings for
centrifugal separation of samples.

As the movement processing, the take—in processing of
sample contalners 18 by the transfer mechanism 60, the
lowering processing by the lowering mechanism 32, the
sliding processing by the lower slide mechanism 34, the
elevating processing by the elevating mechanism 31, the
Cake-out processing of sample containers 18 by the transfer
mechanism 60 and the slide processing by the upper slide
mechanism 33 are performed at predetermined timings as a
series of operations. In other words, the operation of
taking in the sample containers 18 from the convevyance line
o0 to a centrifugal separator 10, the operation of taking
out the sample containers 18 from the centrifugal separator
10 to the conveyance line 50 and the operation of moving
the centrifugal separator 10, are'sequentially performed
for each of the centrifugal separators lO..

According to the present embodiment, sample contalners
18 are taken by the transfer mechanism 60 from the pickup

posltion- Pl on the conveyance line 50 into the centrifugal
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separator 10 located i1n the take-in poéition P2 (1.e., the
uppermost stage of the descending column) by way of the
opening of the lid 22 on the top plate of the base 20. The
lowering mechanism 32 moves each centrifugal separator 10
from the take-in position P2 to the lowermost position P5
of the descending column after passing through the second
stage position P3 and the third stage position P4. The
lower slide mechanism 34 moves each centrifugal separator
10 to the lowermost position P6 of the ascending column.
Subsequently, the elevating mechanism 31 moves each
centrifugal separator 10 to the uppermost take-out position
PY9 of the ascending column after passing through the second
stage position P7 and the third stage position P8. Then,
the take-out transfer mechanism'60 takes out each
centrifugal separator 10 from the'take—out position PY to
the setting position P10 on the conveyance line 50.

Take-out processing 1is executed for the centrifugal
separators 10 that have been moved from the take-in
position'P2 to the take-out position P9. Thereafter, the
centrifugal separators 10 are cilrculated such that they are
returned to the take-in position.

According to the present empbodiment, the controller 70
preforms different kinds of processing for the respective
seven centrifugal separators 10. Let us assume that the
state shéwn in FIG. 5 (in which the lowermost stage of the
descending column i1s empty) 1s a reference state. In this

reference state, the take-1n processing 1s executed for the
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centrifugal separator 10A located at the take-in position
P2. Simultaneous with this take-in processing, take-out
processing 1s executed for the centrifugal separator 10G
located at the take-out position P9. During the take-in
processing and take-out processing, centrifugal separation
processing 1s executed for the other centrifugal separators
10B-10F, 1n which the rotators 13 are rotated.

After centrifugal separator 10A is taken in, the three
centrifugal separators 10A, 10B and 10C in the descending
column are lowered, and centrifugal separétor 10G 1s slid
to the take-in position P2 which becomes empty as a result

of the lowering processing. Subsequently, the centrifugal

L+

separators 10D, 10E and 10F in the ascending column are

elevated. Since the lowermost position P6 of the ascending
column becomes empty as a result of the elevating
processing, centrifugal separator 10C is moved thereto from
the lowermost position P3 of the descending column. As a
result, the state of the apparatué returns to the reference
state, thereby ending one-turn processing. By repeating

thlis one-turn processing for centrifugal separators 104,

110G, 10F, 10E, 10D, 10C and 10B in this order, the one-
cycle*processing ends, and the centrifugal separation
processing 1s completed for the eighty-four buckets 14 of
the seven centrifugal separators. By repeating this one-
clrculation processing, the moving processing and the

centrifugal separation processing are executed for a

plurality of centrifugal separators 10, and simultaneous



10

15

20

25

CA 02937000 2016-07-22

— 20 —

with them the take-in processing and take-out processing

are executed.

<Take-In Processing>

The controller 70 drives the take-in transfer
mechanism 60 to take sample containers 18, which are to be
processed, 1n the centrifugal separatof 10 located in the
take—-1in position PZ2. By way of example, a description will
be given of the case where transfer processing executed in
two stages, 1n each of which a half (six) of the twelve
buckets 14 are taken. To be more Specific, the belt
conveyance mechanism 64 and the cylinder mechanisms 62 and
63 are driven to move the container hands 61 to the pickup
position Pl. The contalner hands 6l are moved down, and the
Sixth‘sample containers 18 linearly arranged 1n the pickup
position Pl are held or clamped by container hands 6l. The
container hands 61 are railised again and moved to the take-
in position P2. Subsequently, the container hands 61 are
moved down, by which sample containers 18 are taken i1nto a
half of the annually arranged buckets 14. Then, the motor
12 is driven so that the rotator 13 is rotated by half the
circumference and the remaining buckets 14 are arranged 1in
the take-1n position P2. By repeating the take-in

processing, sample contailners 18 are taken 1n the remalnling
buckets of half the circumference.

In the present embodiment, the pickup position Pl 1s
linear on the conveyance line 50. In place of this, the

opening/closing claws 6la may be arranged along a curved
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Line 1n accordance with the arrangement of the buckets 14
by adjusting the moving distances of the container hands o6l
1n the Y direction. By so doing, the pickup position is
changed from linear to arcuate, and take-in processing 1S
enabled for such an arcuate position as well. In the manner
mentioned above, twelve sample containers 18 are taken into
one centrifugal separator 10.
<Lowering Processing>

For lowering processing, the processor 70 drives the
lowering mechanism 32 in such a manner that the centrifugal
separators for which take-in processing is executed are
Sequentiélly Llowered to the lowermost stage. To be more
specific, the movement frames 35 are advanced until they
engage with the engagement projections 15 of the
centrifugal separators 10, and with the holding frames 36
retreated, the movement frames 35 are lowered by the

distance corresponding to one stage. After the centrifugal

separator 10 1s lowered by the one-stage distance, the

holding frames 36 are advanced until they engage with the
engagement projections 15, and with the movement frames 35
retreated, the movement frames 35 are elevated, by which
the lowering mechanism 32 is returned to the initial
position. In the manner described above, the lowering
processing for one stage 1is completed. By repeating the
above lowering processing, the centrifugal separators 10
are sequentially lowered by the one-stage distance while

being kept held. The paired lowering mechanisms located at
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the front and rear positions are coupled by a coupling
shaft 86 and operate 1n synchronism with each other.
<Lower Slide Processing>

For lower slide processing, the controller 70 drives
the lower slide mechanism 34 to move a centrifugal
separator 10 from the lowermost stage of the descending
column to the lowermost stage of the ascending column. To
be more specific, the lowermost casing 11 is kept held by
advancing the engagement pins 39%9a and inserting them into
the engagement holes. In this state, the slider 39 1s moved
1n the X direction so that the casing 11 is moved from the
descending column to the ascending column. The engagement
rins 3%9a are then retreated to release the lowermost casing
11 from the held state, and the slider 39 i1is moved in the Y
direction to the original position. A series of operations
for the lower slide processing are repeatedly executed at

predetermined timings. The pailred lower slide mechanisms

located at the front and rear are coupled by the coupling

shaft 86 and operate 1n synchronism with each other.

<Elevating Processing>

For elevating processing, the controller 70 drives the

elevating mechanism 31 to sequentially elevate the
centrifugal separators 10 in the ascending column to the
take-out position PY. To be more specific, the movement
frames 35 are engaged with the engagement projections 15 of
the céntrifugal separators 10, and with the holding frames

36 retreated to the release position, the movement frames



10

15

20

25

CA 02937000 2016-07-22

— 73 —_

35 are ralsed to elevate the centrifugal separators 10.
After the centrifugal separators 10 are elevated by the
one-stage distance, the holding ffames 36 are advanced
until they engage with the engagement projections 15, and
wlith the movement frames 35 retreated, the movement frames
35 are lowered, by which the elevating mechanism 31 is

returned to the initial state. By repeating the above

elevating processing, the centrifugal separators 10 are

sequentially elevated by the one-stage distance while being
kept held. The paired elevating mechanisms located at the
front and rear are coupled by the coupling shaft 86 and
operate 1n synchronism with each other.
<Upper Slide Processing>

For upper slide processing, the controller 70 drives
the upper slide mechanism 33 to move a centrifugal
separator 10 from the take-out position P9 to the take-in

poslition P2. To be more specific, the controller 70 keeps

holdiﬁg the uppermost casing 11 by advancing the engagement
pins 39a and inserting them into the engagement holes. In
this state, the slider 39 1s moved 1n the X direction so
that the casing 11 1s moved from the ascending column to

the descending column. The engagement pins 39%9a are then

retreated to release the uppermost casing 11 from the held

state, and the slider 39 1s moved 1n the X direction to the
origlnal position. A series of operations for the upper
slide processing are repeatedly executed at predetermined

timings. The paired upper slide mechanisms 33 located at
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the front and rear are coupled by the coupling shaft 86 and
operate 1in synchronism with each other.
<Centrifugal Separation Processing>

The controller 70 drives the motor 12 such that the
rotators 13 of the centrifugal separators 10 for which the
take-1n processing has been executed but the take-out
processing has not vet been executed are rotated at
predetermined timings. The timings are determined to enable
centrifugal separation processing to be executed in
parallel-for the respective centrifugal separators 10.
According to the present embodiment, when the take-in
processing has been completed for the centrifugal separator
10 located at the take-in position P2, the motor 12 1is
driven to start centrifugal separation. The centrifugal
Separation processing 1s kept executed for a predetermined
t1lme until the centrifugal separator 10 is moved to the
take-out position P9 by the movement processing. When the
centrifugal separator 10 reaches the take-out position P9,

the rotator 13 1s stopped, and thé sample contailiners 18 are
sequentially taken out and returned to the processing line.
The centrifugal separation apparatus of the present
embodiment advantageous 1n the following points. Since a
plurality of centrifugal separatofs 10 are sequentially
circulated along route Pa inside the base 20, a large
numper of sample containers 18 can be received 1n the base
20 and subjected to centrifugal separation processing. The

processing efficlency can be enhanced, accordingly. Let us
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consider the case where a large number of sample containers
18 (e;g.; forty sample containers 18) are taken in,
centrifugal separation processing is executed after all
sample contalners 18 are taken in, and the sample
containers 18 are taken out after the centrifugal
separation processing is executed. In this case, the
centrifugal separation processing cannot be performed when
the Sampie contalners 18 are being taken 1in or taken out,
and the time loss 1s considerable. In contrast, the
centrifugal separation apparatus 1 of the above embodiment
enables centrifugal separation processing to be executed
for sample containers 18 when the take-in operation or
take-out operation 1s being executed for the other sample
containers 18. Accordingly, the wait time can be shortened,
and the time loss can be reduced.-

In addition, the centrifugal separators 10 are
arranged 1n the base 20 in stages and columns. This

structure helps reduce the installation space.

The present 1nvention 1s not limited to the above-
described embodiment, and can be modified in various
manners 1in practice without departing from the gist of the
1nvention.

For example, each of the driving mechanisms 37A to 37D
1s not necessarily a driving mechanism comprising a rotary
MOLtor ana a driving force transmission mechanism. In place
of such a driving mechanism, a cylinder mechanism or a

variety of other types of driving mechanism may be
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employed. In addition, the cylinder mechanisms employed in
the above embodiment may be replaced with a rotary motor
and a driving force transmission mechanism, or with another
type of driving mechanism. The driving force transmission
mechanism is not limited to a pinion-and-rack type but may
pe a screw type or another type of transmission mechanism.
Likewlse, the Screw—type.driving force transmission
mechanism of the aforesaid embodimenp.may be replaced with
a pinion-and-rack type or another type of transmission
mechanism.

Some of the structural elements of the above-mentioned
embodiment may be omitted, and the shape and/or structure
of each structural element may be changed. Furthermore,
various 1nventions can be made by properly combining the
structure elements disclosed 1n the above embodiment.

The present invention 1s not limited to the
above-described embodiments. In practice, varlious
modifications may be made without'departing from the spirit
of the 1nvention. Further, various inventions may be made
by suiltably comblining a plurality of components described
1n connection with the foregoing embodiment. For example,
some of the components according to the foregoing
empodiment may be omltted. Furthermore, components
according to different embodiments may be combined as

required.
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WHAT IS CLAIMED IS:

1. A centrifugal separation apparatus comprising:
a piurality of centrifugal separators each comprising
a rotator which supports a plurality of sample contailners

containing a sample therein;

a base 1n which the centrifugal separators are
arranged 1n columns and stages and a route 1is defined
therein,.the centrifugal separators belng movable inside
the base; and

a movement mechanism that sequentially move the
centrifugal separators along the route in the base.

2. The centrifugal separation apparatus according to
claim 1, further comprising a controller which executes
movemént-processing 1n which the centrifugal separators are
sequentially moved and centrifugal separation processing in
which the rotator is rotated for centrifugal separation
processing of the sample.

3. The centrifugal separation apparatus according to

claim 2, wherein the route includes a descending column, an
ascendiné column, a take-in position located 1n an
uppermost stage of the descending’column, and a take-out
position located 1n an uppermost stage of the ascending
column,

further comprising:

a take-1n transfer mechanism which transfers the
sample containers to be processed to the centrifugal

separator located at the take—-1in position;
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a take-out transfer mechanism Which transfers the
sample containers from the centrifugal separators located
at the take-out position,

wherein the movement mechanism includes an elevating

mechanism which sequentially elevates the centrifuga:

separétors 1n the ascending column, a lowering mechanism
which sequentially lowers the centrifugal separators in the
descending column, a slide mechanism which slides a
centrifugal separator between the ascending column and the
descending column,

the controller repeatedly executes the movement
processing, 1including take-in processing in which the take-
1n transfer mechanism takes in the sample containers to be
processed 1nto the centrifugal separator located at the
take-1n position; lowering processing 1n which the lowering
mechanism sequentially lowers the taken-in centrifugal
separators to a lowermost stage; lower slide processing in
which the Slide mechanlism moves a centrifugal separator

from a lowermost stage of the descending column to a
lowermost column of the ascending column; an elevating
processing 1n which the elevating mechanism sequentially
elevates the centrifugal separators in the ascending column
to thé take-out position; take-out processing in which the
take-out transfer mechanism takes out the sample containers

from the centrifugal separator located at the take-out

position; and upper slide processing 1n which the slide

mechanism moves the centrifugal separator subjected to the
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Ctake-out processing to the take-in position again, and the
controller also executes the centrifugal separation
processing 1n which the rotator i1s rotated, for the
centrifugal separators for which the take-in processing is
executed and the take-out processing i1s not executed.

4. The centrifugal separation apparatus according to
claim 3, wherein each of the elevating mechanism and the
lowering mechanism comprises a holding frame which holds
the centrifugal separators and a movement frame which
elevates the centrifugal separators in a state where the
centrifugal separators are held, and

the slide mechanism comprises a slider which 1s moves
pack and forth between the ascending column and the
descending column in a state where the slider is in
engagément with one of the centrifugal separators.

5. A centrifugal separation method for a route
comprising a descending column and an ascending column, 1n
each of which a plurality of centrifugal separators are
arranged, each of the centrifugal separators comprlsing a
rotator configured to support a plurality of sample
contalners contalining a sample therein, the route also
comprising a take-in position located in an uppermost stage

.

of the descending column and a take-out position located 1n

an uppermost stage of the ascending column,
said centrifugal separation method comprising:
executing movement processing including:

taking sample containers, which are to be
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processed, 1n a centrifugal separator located at the take-
1n position;

lowering the centrifugal separator, in which the
sample contalners are taken, to a lowermost stage;

moving the centrifugal separator from the
lowermost stage of the descending column to a lowermost
stage of the ascending colunn;

sequentially elevating centrifugal separators in
the ascehding column to the take-out position;

taking the sample contaliners out from the
centrilfugal separator located at the take-out position; and

moving the centrifugal separator, from which the
sample containers are taken out, to the take-in position,
and

simultaneous wilith the movement processing, rotating

the rotator of each of the centrifugal separators for which
the take-1n processing has been executed and the take-out

processing has not vyet been executed.



CA 02937000 2016-07-22

P
\ wp M“.“)w_._\’"_’.%i.“..”“ lew.-ﬁw

3

1t

--I

.,«‘]

N A e

o,

RNy o
4

FI1G. 1



CA 02937000 2016-07-22




CA 02937000 2016-07-22

AAAABAAT A i A
VWVAAAANAMAAAEAAAAAAAAN/

AARS,
x A AN -

Al NS Y WA AN VR NS

VAN
UL A AA AN Ay

B L T S R L B Vs SN ¥ oY

i qa-‘"*.gf

A

]1111‘;’

143t i bd bbbl i d-dath b ad - didd ddaddd -t

il YT Al WM e e ek el ARl el e ey

11111

TrPeY S T T T T T T I T T T T TP T YT Y

Nr.ﬁ-
S S

W W M O e W e S Lesa el was- Saa e [ “}.
LA Calal ol s Landand e

Mﬂ

4 vy ore

gy WA S A LY A NN S

VAL SV
X
be
B a e s e

M\m

\Uqaexﬁu‘*th
A,
\%
0 b
. 3
£
» it e WA 8, 0, o A o o o oy {4 AP

)

SALALALAL A AR S .
¢
< A

o g@' WA WAl O GG (e e e (V3

orw v }'
r/.vm‘ﬂ?p:.-‘.'nw”nﬁm-.“«ﬁ«

F1G. 3



CA 02937000 2016-07-22

F1G. 4



CA 02937000 2016-07-22

e
cO

N .\Q@v:1;v4;:.':;\'.'.'.'01/,':#.‘”‘

VYT T YTV Y YT YTy AP WM W NN o, 0 00, 00 0, o, AT

<I
P

“‘\-t, '
Seanag /.'.WA"'.‘

L o

]

WV VT L 3R AW VR TV SRR 1Y D e AV e a s s e A A A AAAA fAr 8 A AR AAL P Y

4
- :

V¥ PRSP COE: DM PR ROUPPRNERNCPRURP RPNV UNSNT S TV
:

o0
o

"-y.(MF(v

“_.'»
-

i
1

B

................

G 9Ol14

" C

AP AN A A A A A A A -

(daaaddlddddodddL] 1.(\)-...a.f....f((.)\5..........J....................o...1...((:.\{\\\\\).\\..

\

N N W S I

|
!
1

F o
.
...:l

u-
>

AT

LA

L B *j‘;‘“
I,
NE

o aa 00

L.

]

I

|
J

t

.

i3

34

.-

el mecmd b e me = - - - - g o — g P = ) W

 dnanig. 2] iy
m - = > . WY a. PR e . S . A A A e e e Ny W e yarl VR W, W WA e w, e . e e e AW Grillrtn AN
. m e . vam = am B R eRL s N YWV A AN e vek e e e B — Ai.l . Hl — ~
: Sameiiicadt e Y R Il - I, A A - SN TR P G G P S Ve ==
- A ooy . - ' 3 b =\ TR
: I 3 A [ - 3 r Y -~ u" < ﬂo.. ) - ( m
m IS " u. .m.ll — . w— ..t.ﬂlrl e v ww r J - w X Tas e -i\a b SN ..f.r D et T e el A S S — -y v T ¢ Yy
. o . m : " m. “ r\{\t o - vv u\-y\\. [ T T S U T A N L S Y A hi.,.s) , %{--.Wt..a.rr ...............
: ; A ey b : b . d & 7 R
B n—— —— M ¢ : po— o < P 3
D L4 . v
. JIJ-I .'4/ ¢ ron m - \v/\.‘ -3
y K ..\.3).. ‘. HE e -3
! A ] _ ‘ v B e TR AP KRR Y et
b Je ot A e e oo o B B 0 B o T S L S - T DA e £
t pi D3 2 it
> ’ v . . »
Sy P 3 e it
ol b
m n 4 ‘. d
X ;Y : {7
- i \ - n.w
- ¢ ' AT AN A m
e - ¢ g il
l...u\-.s]..ll.l‘lfal.l(( D qqq.im.m. . Mw i
-, - .u W . w...nﬂﬂ\.-...v
2 < o ~ H \l.\ 5 a ¥
J\f}*‘h) -‘1'%. nr h‘i‘\' m _ w u.H
v s i -~ bt p—"
ESTVEN SRR —ca - Il.it.ll\l 4 C
l(-ll‘ltll .”- .u ™ 4.:0.@ ’ ".\ m
N : H
vl : - e . Jf..tl-ﬁlul&l..l..(ltli p i
3 W : m .9\' N l»l(. . m ‘
o - ¢ .(l\. ) . un.\ R4
3 : . ; ~ -
3 I.?...!..lL i :
{i / ", N
\}Irl;lcln.! ol ! PR RN T T Y Y S PS8 008 8 87,8 8 8 A0 SR ML et AR e vy e - .
3 g F " i h "
u . m .-rvf.s..v.s.r.r.”\.li...r.\-.'.\-.-.\sv-.r.s.-.-..r.r.'.r.\(r ATy SV PR N M1< ARR. X—
2 : p . o
u" v & w K
3 : - & w. !
: m ; . olc,\.\ A A A, )!(J.I h;\l-v_ M\ j..w_
: oy 1 S I
K . Vb e
g . ; o
" v P i \.ﬂ...\
N vt ] N,
‘ v w ' e .m
" v m : _J }.M\(}.}..Mtt
th Lk m 1S3 3
. . H e b A d
i I AT ; 1 :
"” . '3 ] . _
iy | : |
- v e N 1 -
) TN TS Qw 3 21
e : fol g mm : 3
e =it il |
..{..,l. H o ”.‘ \s\» . . m i
| aa = —— o ' ¢ —a . - S w
1 2 taaad 1 4\.1\- K] - b K s
P . R v b . v .
. -~ . - " s s
..1\?1]...1\.5 _.s}).tljn Wttt ii}l{q...lw ; "” b 3 M
B 2 R :
m .m i f rH\t\\‘bl i H. " e - N M * b, m
z N x K sy, o . : i o M o m 3
d B . K ot \ : & — i : :
§ 4 K : - ,f/ m £ 3 :
- K < M e ‘. .
S—_— m v I i % 1
- y n. e X Ry e s e ey Wy e an ’“ KR . ‘
. £ H : %, it : F
R P A AL AN AN A A \...r..»{..... x by > oy o m - 0 -
. oA e %. - — ok M m u 3 .v m
.\- s o ’ . f < HN . i
. M [, ] ., :
5 3 -7 e/. 3 = : -
b : . Ny 'J L > . -
v o h . . v
3 p F o 9 1o : “m
: w X hl g il :
. : . $ S : ¥
i 3 : § %3 2 s
i ? b s V gl $ . .
] w I - w FEES . .
3 t 4 : YIRS :
% w ~ W” o’ - “"
: w $ om0 it B :
L ¢ ; | L I :
r— o, — v ¥ oz - A
4 3
X .
33
£
¥
N
v

,-- emmyy I va

Anmd A A
-.{_‘

: m Y e
Y e l‘r-
{

e
zm L
'
L
< 4
e relley e Ay w—
e i T B
N

(
(" 71

o “]I

Ty

i
e agl

-i'
3t

§FSE T & W

i

]| ,
oy
F

“ .
M - ]
i "
Lo < =
S SR VLR L Y e e .
S I T A C AR R / /
- <4
-
N B S o
w’ ruv A ol d uﬂl s Aol LLN PN I
A V- R Ay AR e WA WA Ve L v
v -
. N Pty
P 3
' .

2+
-

#p:-.-.ivrr-.;-}))i))i.. Ady

L)
S
1
};j
/
s
e e

A

S|

L §
RRT" DER
v pex

Z:'.W('('('(#'."."J1

v e,
>_V_NA
t'

wessLeninanas

ey e

AP

4
lamwwuaw(m

o

”.
AF VR L. R RAAA S, = 4L L L ARTER IR TRRL -,
4 T PR et M
E\‘\” AR A L,

£

LIIISL N NS b

i

-rts--o‘--o‘--o‘l’a’o‘-a’- ey (dYasYivrauruursssravsses

RPN PR

e e L A L L e e e e L R P AL L LA RN R LA LE LR TR L ..ﬂ.;.);l).(r)....l}:orls\r{..\..& n
u(rl((.c‘f A N ALY, W e sl el s o [ — — AR e MAL AR NALS L AN, AT N W
e
-
3
-
<
' - vy ey iy —— . T,
4
~
>,
ﬁ N
S % P
~ v P .
0 u % N y 3
B ] ww 3 7 :
- ' o 2% e )
o f s
! T R
! ) . et i
i

Sassws EE
M'--..-n--.--.--.--. YEES R

- LY N Ar =@ TV e AR A LS -

PN T PN LN TV |

.aw. M eemad « . . .

W Ry AT S S . Pt et g Tt A St 2
v 5
v

L

D R SO AN AR AN

Ponan

N

r\I

l- e
NS An e IR~ Ar %i\,\. L
.

{

) o
A -

v

Y

{

B s LT T TR
sasssassnsasnsnnanEnaEnne l-.&-.

?
X

s

LW

b
e
-‘.A

P i\.f’}
e . A
.

Jawﬁaauaalua.ausuaaaa SALLAAMAEREREA '4 lr;‘ Rt L LY WARARRAE .- . g - A Ay L NN . -~ RO
[

. PO -
o : : $ "3
" . ‘ :
¥ “ : s ”
, , : X
: : 3 H N -t -
M : 1 “ ' " -
: i E § : S
H .._ [ ’ . 3 . : s &
¢ e LI . H . s I s
. == . ‘ . — it -m .
H \.ql..-h.v 3 ; . ~a, PO ——
. : § : ' ity
< F w ‘ : PR
i h : : N, i
2 e ) : ../.r Y
: i L : : b T
: ’ ’ . Dage Y NS
: ’ ‘ : % 1
1 ’ v ’
Ik o i PRSI S 5
. ’ . . e
: : : : At ., N 17%¢
H . ! ~ : !
H ’ LN e u.ﬂ.
g : % e
..m m / ] Ms Jr._.(
4 . . :
3 K, ) : % i
il £ 3 : T 21T
PR N ‘ H ~ « 34
s u‘“ .4.\...l..sﬁlf-ljlln-nffa.'ﬁ.l’/iluL..ljl’i.ﬁ.‘uE‘ﬁ...” AL SR LNA AA LA nn-lunnnf.ff”..I’JJQ...’f‘...fs.-nn-lunf-l.‘.-\ ..-\lff‘.-‘ R SARRACHLERE LR LUEAS A L AN SRR T R S 0 S lu...&‘l{.l- (LN R SR B R R R A ¢ ’u fn .- -
FJA “ v ﬂ - “\_. - rww g “ : W b ot
2 ,_N r N <
i \\ S L
um — w /.J o~ mM
i -, ", v
. -
<
<

S W T S e e e e e e e e e e e N e g el e a

Comnnnvan

!
Ct

svrrsvrrrrannnrdas

O §

vilsasane

b

.
.
.
.
.
.
v
v
.
v
v
.
.

Adraa o (YR

v\-uvt
asasasmnnBanan U .
EERVN

o

m:v(. N, *

OO e A A A A A A A A

i
s
3

zlr

",
L ad VYTV Vo -y CUr v vy erees s vV o!.

|

I LA

1

BAAG By B A BB A A4S B SN A LY,
N

4

R AR ER RS D IR S R
B

:
¢
<
<
b < T- w < - -
p— u $ 3¢ § 'y “ 3
: o —— { = Io?(l‘ by m prrAnA AL e . .\./.1? m.. STEIN
iy 2 ¥ 1 Rt r § 0 s S - : 3
¢ \v..(av / u " - vrrvverYy addtiide bl e o = L M A e - .,.v\-.i) s = }
. K TANYAAIAAA ; AARAS A AL A S AAR\AAIS R AR A ' A H s - T S
SO I s 14 M h * RIS VIR RO~y DAS g bt L A A L R L KO g L gLy — I N T NS I e g s £ e et . v .v}v“ ¥ 2 - » ——-—
e § ) : s b i N W [ 4 &L
N N I > NI . : w 4 - § &
.li ~ v 2 : v .‘ .n o iy b i : Wﬂ ¥ .- m
e ORI B ; e Y ¥ . : { S 22 — . oy ity
: . DY PO B e L y SN “ nn.}/.r ' & 1 m F 3 ¢ < ~ 2 ¢ ‘ £ ol
9 w o e~ 4 3 M s > .\.(;.- w 2 ¥ YL- T s he . 5 \ ‘ -~ V 2 M
: : v " i P 4 Rl Sananed [ i, > : . PoinE ) o’ 4 : AT N AT
m X000 W ATV T — A ——————— | {—— {——— J\'I(r ST S T AV VA e L AL e e — s - e r— — - - Yo rrrev ey end .\v. LR " «/ H .\ I <
3 v -« 3 T T 2 eV kﬁ ; o S
~ - - ‘ - — ¥ uﬂﬂ. m o : S at lMu«. i P .vv L & : nw m ~.\ w e %
st I \ m: ' i ) ol ) g : ) A et A A : 3
H W T ”- ll-”. v e v . JI’.:IM.I;M.V:.( e e M QT’I.'“I L N B, Vo M M .Qr“.\ .*-. --n.&r e T e it Y v ..ll.alul.l- N |m o .Dﬁ..rlw| M1| .m sv\ VS).JMS(VIII AN A A v B e VA A A e e A ' ¥ e uv g -vﬁ
,. ; X e : 2 v T , v ‘
. v - - Ldadd ad Laal <o J - ~ . — — —— w— . w— —— — — ' r— - . o il A (A . S . o B
: u~ g .“ 0. .M s ,‘. Ch . e oA ,.!.. J?.c. v W D s.-l.bl* - !1!.‘. " 11.. s SN o T S ¢ N - f - > - Y Sp——— v A - o~ PP o e AN AL AN P R 0 NN AL A S - e oo o
- - had et m e b e ey W CAmE WA W e WP WY Ve v L B A S SO e L Tahe tema mm Ahal ks mm e e e aadds Taad A VYV W YN A A e e e e e ek " 4 g
Sviertdortds bt Slabibarid og e I TR N T R s . e o <

‘.A"I'V‘-

R PR e
gy e p— g p— g e ——— STy y— = g A Ak OO X Tl R Ve o u A

b

RS Sl RO

- .
- P
D V.‘

v

§
:
7

L]

\..ﬂ).%;.g;.ri....
-
3

A A P A A A A S A A

X

I

"
e
LA J&’.\;’?-...)\T\...j..r.r)..r....).‘.ji\\.ﬁ*\.i..rlgili.\\(i}.p/(\(r;g..lliigf\itks{).;(
" '
“
-~
<

/

e e e 'y

CA e AAL

+

F e TR
:
:
:

;
i

£

v . m..m . T e, m p u: - LS
TS - ey g 2o ; o3 bl
H . t, ' . :
HE Em ﬂ : : : P ; P :
~E Ny ‘ : T A AT
_ - "w J .- .1 a - - 0 . .
S e % INT B G R S b R o
Yii o ow i ] “~ 1 . 1 b e ! 3 bo o
i S : Y 1 [ i K e it Gk o e, & m M . &.&_...I.\
,..mwm 2 W T == 2 Y, il i T i | i A
B - . . e L -
e v..\m | i _ : 3 { t = ,*“
% m £ : 1 _ : F 4 w : ; i t e
y v o o e S T A hl : o W s e R ke e i mw :
h.lWMm p- PRl B B ol —ll e e N W e A A e W lm A v ww  ew e 12 2 ;
3 o I T _ : S D ,. usenanl
R ] . - . ’ ' . - .; :
: m 4 R 'Y o e e &o\ =~ uV. R W-.l — Fﬂ R — — m\l [ .JM N L - . A Onh — — rw e Vs ma\ m.n.
- W N e A v v - v, - ap Hll -— ST ST 2 ll\ s | R T e e o e S e 3 o
-: . 4 N . : C
i w Ve : Y |_ § r ; it §4 e 4 ik
T : N y : b " o ’ —~— &
. w. ] L O IIJS Lo 4 e L . ..r.nv - —— - ....L s.\nﬁu s’ m ,..
I ™, v T AR v & T
- -f - e M A ..“. P - ' P o,
- n : ' m + - 7 < o »h..n .m"
S 3 \ F i =
..u “n ua\.-.-.ﬂf:r-:-\\.-\- DS S RNV TP DO 4 Aa..-....-.r-\r. CE Y L T A . — < - — .
R X A . ¥
) . ' 4 u
i1 ¢ Y : : & ;!
: . '~ o g -~ g
3 4 b} : E : o
4 \..I-\vf.r.. {} Q : : Q M \ltk‘b’. e e )}} - E
: 3 : P —_— 3 T
P t
1

e

~

-

~

s

"A-

P I Y PR TP RTE )
S AN Y Y N Y W

SAALAsASsASTARERES

rerrasessannn e e

W

tanee sy e b

u
-

Sl md S mmfe mmd - -




CA 02937000 2016-07-22

......... ~X 9l egs 68 mm a/§ e6¢ 9l

Aw
¢
N

u

3
{
hﬁ <
iy e 9 apl bl b oLk .-W.a. AT LT TN '\\\ \\\% lllll - .mn 2z
M v
; 4
M
g
A,
{

Q
~Y)
CD
Cil
O
O
o

[ e [N T T peprpaa—. T P v Ay A — -~y pg— & © \y VYT Ay -YVm rY v v v v

j ;

M' | TETE, .’-\t'«w--m""h.’h

> \%{W\ S AR (™
ed
- ¥
vV
-,
N
-
v
o
" A a9

1
1
k
M.
b
:
v

0

—

)
-
¥
&

AL N A

——— (Ll ala DNTY ap-
iji; - R AL AT TUIRN T A IOGIOIIOOIIOING v lN
] - RS .
- .
A

- > b

PO VAN Ay
-
» o
-
-
4 -
-
.
N,
ybm
v
o v .
"*w A A
1
;v«\\A\\\-\\\\s\.\~\~w~qq~q\q
i'm

f ; ) :
» . ] ‘. .
A ‘iv\\;%én\-.}?{ Sl .4 v Sy, + A AT RNV UNRATY L A WA R N ’\ W LIS SN O ENNSPPL L TINOSNE PN A A AL Ay o N R W 1 VAW YR T 1 S T S T W N T e T S S R ) SRR A L B A B PR R R, T LT LT g, SRS R § A L S AR, B A AL b A WAL L e I's .
. : . -~ + <. - -, o \ur = oK > o oA R 3 7 2 : H .
e S I 3 & . & , .. , 2 , e 2 : : P . P .. :
5 4 % . X 3 ﬂ» ,m,w : S " a 3 . s » &3 1% R wy e P o Uy R <r o e, “e S - s 2 e
y . v VI ey s TAATEVAAAN P W VLT L e YAY S oy e e b 3 ) : P
: JRVENEIIS % b - M PRIV SO ~ Y - . T v b FYVTRRTVVEYRRERE M b h A R M Ay
S e 2 R LN | EE I H . I » 4 . 4 - . .%- i H s =
" . N - . 4 * ‘ r e s K - 4 : e -
2 N s - - ] . . = i ' * L4 - - .
g : : z : I8 e b N NI " 1 -
- } : M m ¢ i LENN L] < N
.3-.. -,\. ....3))))}/)) ¥ . 4 - 1 4 - PV N N ANy 1 M ’ i w N
v— u.. b T - AR A AN DA LA LA LA LA TR R S A AR A p— 4 - "9 ¥ Py Y YwYy § ey VT S YV SV v b rwrvruy e - LRl T T A T ALE P VVY R VY Ty s Yy vy w———v— v
’ n\ ; 4 < o« D . Cubud? o - Ol ) . “ »
3 b ‘n ~- ’ A r b 4 . .A "
by .....q..i....,x.,.{)( e W Tos AP T VT, o ot < S - s < 2&.. -t ! : N :
- »'* 4 ARE Y P ——— - - ‘b ‘-l
H ’ % -ﬂ

” L S e Vet ..Uabhouii)) i RALP LT = LR st& &).‘gk\;g% ...-“ .. }rﬂl.sll.hl vy ; ane . [ PR . ~ -

r M e Vo s sy £ ~ * \t.l\s.! * E U\‘ -t A~ )wv. q . Julu. DA [ k4 M-W.V/.n\.s.(v - m

: m m l.._vﬂ. - S . v Zoivivissis's ..ﬂ . ..u. m

V.DD..".I.I.I\ m r>f&x * . 1.*1!..)1. sevwasmany ey v Jrcl..l.’ + m : }.?J_ror.hcl..t m w

.
|
|
f
|
\
1
i
£
)
Ko
-
s
i
.y
. %
=
f

R

smasasad
e |
L ket
ll"s.

1
T
L
Lo
\
5
LLT
£
A

v
§enwme g

e
———
&
-
3
e ) A,
- 9

a——
-
—
4 sprnnn
-
a
N
arAans e
d Sy
[EXEEELE]
.Aa.tl.-.l -
-
.
g
L e S
rod
-
bl
-

edesddedecncsnceedeccccccncencleccdeclldancdddad

I{_.,‘.-- eebeSliebannninnIng ..-..

P 4
.
MR

s
-

¥
}
}

T .
IR RN

L
i
L0 LD
) *c“i" v 3
pive
e

£ i i m it .
S5 ,m : Lr:. “ : ﬂlﬂl ] AT :
gL L : o o - .n ; ~c “m LY AT wl e Rad m m v 3 " N m
SO I o B W Q < tw s v 1 il PR g
HL w mzmh T m OM — “ Pl Iw e /1 ” T : ,"m.m S bt}
My -4 { ’ i R R . Cony iy FEEE B N ne 4
s GE “_ N art -’ AT ¢ aat TR P Wi i ORY
Py 5 4 gy LN B e MR E ot i 3 3 S LI N
mwm. m ”\ .NI.AJ | w. wm 2 .v..l..n...) wﬂ e m wﬂﬁ.ﬂnﬂ (o.:c.l.-w.." m w“a.,lu..{. y u.w Q)w.&.
bt T M, {1} g i A PN 1 Qir!h AR - A
A T I A e d\m m SR D BN B v, C m T AT AN st
o : : A A : S TR f Por ol
. - : : . ! I B - e i Pyt : : N IS B
¥ 3 : _ SR R T A R S : : § 0§ 1 3 3
. » ‘ ‘ SR S S % oy 3 | : H P T
.,.H:...aw E v : { S r.w., - 4 M ; : : . ¢ TE et
. v R ) : ro L : . y f . :
: P E BRI A NI
al&.‘l, m ;.J._ v ...-M-.i. WM : AJL © (.s_‘v..r-).h._to. m ."..m...).‘.b-.r. A4 m.\m
T e 2 P b
e ° TN a’i‘{cxman. 1 i . H N it ot~ T
.«..Jvl.? g P ! 'y ] 4 3 S
{1 T . SR Pl g i
m e EEEY | : i3 b, N -
< m . !..)D;ll.:wm..# ' m.d.dsxjm D . .m ) ; p “- v ..,.{c(\l\).w R ERARNE T TV ’ e B . I !
§is i . : ; j o > ” . : P PRy
21 0F ; VOLETN - e S M _ ; w3 ey : : .. z 38
iy w LN TS e e YT N PGy el P
wal.'lls. ;H m. ] Mv i ‘.o < .Vr -n ." oS = v .‘1..'.\?)(!'. [ ) ._ .l P . M . v .... H H b~ - .».J.W..\rwn.v“
—~ N B Y TRy X ¢ b > . S 3 > 4 . - [% u M - ] .- ) ”n
: .w M ¢ : bl R i B - S A Y \\.u m 1T YV b N ] TT 18 3
T T e . i : T ; P FoF 3 : & 3 i ..
b G g Y, ; ; [ % 2 11} 5 i Y ™ 4 : I
i i : > " ‘ S ! , w ™ § _ﬁw.)w R A < T, f.... rd M w :f PR
1 Wl TN SN : i ¥ N S b G | BES
1 \G g % 7 ¢ < : ¥ Moot oL N £ %% &y i , _ R A
14 AL T oAt M AN IR S o 4 e I
n.” e . i w ’ W <. N ,\;I . \."‘\.’ \A.JL NSy LM..- M L - by Q.” 7 . l\lll«b‘ .r\ * 3 i .Vﬂ.(u. R m
o e o % b AR PN S W s
T R~ e “. . : S . LS mk Rk 4 ™, N R : Bh e TR
mw L& vl v ol mq K h.a,../.f } 1 w 7 o b = b e A / ff/, m } ! e mxunly £ \lmm
e’ s : " o~ &1 WL 0% Fiofn : S I It
“.J.\...s ....w s 3 FI -~ r\ > ’ T, v/.,.l.\.. o T -~ Rl o3t n.;}“m 3 z ook H § w i TP L N N \\\.\. _w. ‘ : R o3
1 N A ' . 4"0' » uA .D\!\Jl-\ . M LY | § B ot - < u L . '~ - .J N,* 27 r s O
o - ; ).Of. —_— 3 "\ (1!.[.?».{ - p : n um g i d M I m-.__«m M N ™ ﬁ.«& 4 \I!.o{lu ...u.(mv ‘  p—
L 3P, %} e i 1 fidd k 5 i 1% Fidd ... { e F it R
Oes mw i f f.f 3 e 3 3 § St B 4 wdt %y £ i . ﬂ. % v gt M SR Looeg i
{ n 1ol £ ¢ P2 : s iit o
"_ S ME o/ “M S F e x: 3 W u“ 5% L 43
—— vy . H = - - MR ARt WY/ . I P M . b SR )
. —— el RIS / y T el nﬁﬂ\ el ~"% _mu §F oL L P ¢ S —
. ‘ m -3 ." v m l;l{l\c S . & ¥s «m ﬁ Tl “. ' uv o 7 3 w
: vy . ’ N 3 m e signd i : ] Tred o 1 H : 3
: f!.sflll.lxlqlltst.l_l|l— w.. " I“i.. £ 3 B * ¥ [} Qm“vf i Wm LEAEE ¥ : \)”
'lhf. u “m _,v. ; \)\@.Yl.({\ mm hw t A..A \d.I. mﬁl&\r\ -\{t((
el £ wﬂ Ry i$ i biii = ol It MR W
H . I.;f “"s g e s~ : 7 ;...w\(\. . r m A.. m .ﬂi&\’” :
: : 3 - W~ 2. # s iy _.ﬂ (..\tk. { H : v
N | . d . ' s 4 v
Tl Mia RO S S . p ¥ : : ; :
mm R e I R o-r- S . T o “ A :
_ R L TN e T e i g _ Trame ;¢ : T
gigi 3 W.{% . 5 oy e we. -~ . e s N NM.I" ‘.M‘.dﬂ.l ........ A c = mm w. Y lc.l...-\.
J. o saaa .w{. N 4 £y > vevv.vsﬁl&?r.szn}.ﬂ.‘fiur;\ u-. - v Ir“ﬂ.x..- J.DI.\.ull *r 44HJ<MWW{:<JH.WM.W1%§ l. . .h‘. RONREL AN, v-.ﬂ.-. e " “ u.'d» H _,.l.w.._“.m-..l-v
: boog . P i 5 ’ > : i / :
a - = "¢ - " \P | Saad T IEP IO VC PP TR UL e S el re—————————————————————————————— T\ Ny A ui\}..w.-!}..........:......:..........t - ” " - WM
u” W . . . i 3 : X m :
o w R | iz D « 5 : ,. :
g ook . : ; 2 . ’ . - . <
; - PN .w et - | m. 1 \
- - v ; . w @ rd Vé w- a %‘« &“ & * s Jf’w\aﬂ) I-.lﬂ. gé\}? %%K\\Ax ) . - AL N EBBBEARAAS, N e s N e L L P A ((.15...”“JJJI...(;....-.....-.-\(:....-.-.{((....l\.{r.t(u-rJl{...'.-......rf..-.).r-......-.t)...\\\(........\‘-..\\-.\....-...)-.S.)-cl.r.-..\-...J.Uc;.)y)-.-\i.f/))-r..‘-.r.r-.(...,.),m. ﬁmr
P : £ e e ik 80 “ £ N £ L& . & g 3 & 3 3 3 £ o S ¥ ¥ S 5 & by £ F %
W. . > Jm- 3 gl mﬂ Grraas l-.ﬂ -A .V..-I > M.1<<<1< rop— !m5)1;5‘\(,\gljiw(r/;(;;...r..a. - VAL e St ata bttt : 14m| — m
mm . j L - - MO il O PO O ) O — : — o A v ..- : m M w
‘. g - : ROPRS ] S
R . . . § ‘- > p 5 { y Y m W mi!n r
: L : by : ) , ¢ 3 3 Y ¥ : ! . | “
; i { d y S i : a { : : { :
“ P M . 3 ‘ Au “v " .M ¢ f \ ] TS O, :
. N e " « < H
m. ] .MW ,.m An u m 2 } M_ . 7
' . $ 1 & b }
- X 2

O
X
O
p—
ranann
g

-

BB €€ (£8/0c8 6E B6E 91 8

FRAAAAAAGwIIIYYRILYY

e ..

: % :
3 .
. ? b : :
. > - (4] N <
. 4 r (5 . .
v % . '3 H .
; v . ~ : .
v - . ‘e ' 0
- ¥ ) 0 4 .
. v
£ ha s : :
’ . o i N .
4 P s H H
. K [ . .
’ wod o ! ‘
. * . o \ 1
= > e M 4
Y 2 ’ e N ‘
- 4 -
: M “ » .
5 s W ﬂn s .
4 * < . A
a.lIIJ.D - v H
’ -
. - s . ‘W ¢ .
v K] W ey YV Yy, ’ 4 ’ H
) . . m .
r vvv - *
’
u H ’ ]
) n ’
3 ! :
N am A s H [ m ’
] H :
: G :
. < b s
‘ < 3 .
‘ < .
- < ﬂ .
‘ « b A :
. < 2 ’
. ¢ % : ’
’ . . ’
. ¢ o >
’ . 3
’ - T . :
: 2 i ‘
o - E’)\ ] “m T
- Y e, [ ‘q H
. > L .
: 3 Hhpaaan { : :
' . :
- L 4 B e —————————— S— — — s e e e e i . '
- < L .\.- - 3 i Mbdaa sl W VYV F & e e R R AT A AR b e e e e ey e AT : DO DUOONCE R OO R O : g ]
> - 3
. ) V— ) —
. )
-
N



CA 02937000 2016-07-22

y M AA L O s gy - AT AR .. .. ..
v < AL IAL
LALA R AL DAL - =] vy v reve e i W — A N

PSP PPITIATITTIAS SIS SRS TIPSO ISRARBBRP DA AL AAAL A

- SELPIEPPETIPIII SN S SESEIETELE SIS IE NNL NSO D LILSD D

e 308

[ : * M M
3 M O eI W MR M M A A A A W i o0 AN, A AP R A A iy, -~
3 m > ' 3 ..ass N w

3
e .. o “
L t 4
- p.ii‘(((}“ /J{é -

. . o
o) w T O

)

bl o o o W'y A W ALY

B T S

3
.nvm Nt et LA ek the . v.m.. &WJP WO, W A e e .l.w. M
P

{
m ’ ; n.ml...ﬂk - ¥
!

1
i.!ilt.]:llo.lrm
f
1
lll-;]tql!l.lfmrqh; " “ " Liw ..w .
]
i
i

. S . . *
.M £ 5 P 3

...((.u.). !j:i!.\’-a&\
, ‘ .

RN

<
e e e sae. dwm. s ot R o . om v P
] - VA A e s .?.A (.4. t.M Ay .\(! e A T

3 ; m

-

O T T S )
3
-

¥
i
i
o
.
s
t
K
r
t
f
r
e

f
f
RIAL

'Tln'/.' AT AN

“--:-w-t“u-.-.-ns}g- AR A

7 lllb.r.\E\F ”

. . n
N v VIR AR TV AT A AN AW TRV ._. T V...,!.Q wv M| 1 .m cw.. .nlm A“. o o
iy B

g h” C AR MVE WA ARA e s —— - Argn g i Lbﬁf. e T oA v v \.." A WV Ab A -
. T f - Mﬂ”i i ’ »tmﬂ.

R B D .
1Y |

’ f
g d g
¥

1

BAAMALAR AL AN PR PR P S R PR

T AN N A I AR L AN ST S A LI AT AL A D D e ety bbb

g

0 "
v . ‘ 3
>
. 3 ?
L3 > - 4 * . . ’ - o
M LS S T e Sha AL AT A e s wwwr wer vy W W WL Ve AA, JVT)\Q&V. P WV R P UL A ) AAAAAALAR M Asaas oaas g mn # 2 M £ - ’ ‘
. v = ' T
. -
. A Pl . . . . b A
4 ’y - y - ” W u A DO .-
v 2} ¢ ey h .
v 4 “ e : - : : : i .
&g K ' 1 . K )
. : . ' N
i 1 ¥ n u.. “u

o I | |
.lllld«l-d.?aa!uﬂvuoc!e.xt?&?&?]whllliilll‘i’ llllllll : m m A a
: I \J u . :
¥ / i -
o A SN © W I S S -
4\.1](&. W) . o 1“ d ..I..[[I}M ¥ 3 — \\\m.. M d H
e . g Al A e v - N L — AT AR . YWBASAMAMANIAM AR A e ssadosa o p z
| | | [ SO B S (o

S
E‘v
b
E
A

~

353
83D
P 4\%" ot

A 4 A AAw N Y ne .
¥y o ds
3 1 D -
\‘6

1
4
E
r
:
3

F1G. 7



CA 02937000 2016-07-22

N~

‘amaaaaaa s o s o oo dd ryvryryives e erereredhuh - e ey e i e
' SRS Yy o W W W T T A A A A e W A IR e et dhaddudad A . " v — S e’ R PR e ey ) RN TR R R R S RN S RS REE T T SRR P PR P

. ) %
D S . o
. K ¢

R ' e .. - P
. ‘ o ) . - G L EN W . alele v el kel e kel - . A

oy . : sz :
- - A aly . . . - .. - . . - s
’. - ~. N . . . . Y WA WA VA YR A O L B s 2L o, s v
4 . ' " N 4 “ “
. HEE T -
. ¢ :
2 < : PR i

g

4

W. el S >
. £
..“-\‘{i’i.}uv
>
7
£
*

W R
.o . . - s
' -l £

5 A e St S Rl G P S 7z,

v

3
T v
! tﬁ.m

;g

84

‘ - “ . . VIV OWEY A WA AL WL AN AL CA AT oA e dy s s s v wT v v rvw T TV e v 4.%.41.4414:4 y
9 roqm.‘i ¢ 3 al i o)/. : M §
_ % Mo i o 5 O
x m AT AT T T S VA M 0N g, . e ke k. - .QW WL W o v e W ey ;Mz)l........J.a lraimlli
P SRR AN 3 3 g i : g3 N
AP T e i 3 e A ¢_ I ) g — ‘
el £ “ 3 ww $ ; i £
’ ! R v ¢ b : :
— t e A { Wi kb Awt AN -»l. —— N . www. ey M-! ﬁ.! Kay s Al eas cmas meda e e e .n“
() , : Eog Y R e ] 0 :
. 3 A A . .. F i ’ 1
‘ruﬂ!lalsﬁollul)\\ m v FTor — — i — I.(t - - Wy 4 Vo om0 A0 e e e J-M. Sl bk e P et w— e — — — AP
D : i ﬂ I S S S ;) : :
..IIII‘I[ e g m— WS W 4r . 3 - P . 5 ¢ - ¢ m w M K
> . WUV s ol o A kil ol £ v o . - o 07 - 0 Ka sy in g m—? s
¥ o : ot ra
) r X M..s. 0 T Ml Proske © - - g — — O ;\m W, /N W v Py caa m M
; _ A o
] v~

AR Y ST S

i
1%
{ |

1A

|

|
f
|

b B e o o e o
o .
[
: t
RN RVIIND PP
{
LT Ly P LY

H
‘V
t
*

1

Ay .y NNV SNBSS ST I IS I AP IR I SIS I BB IS BDSDNEBD DI NS PN IS IS Hﬁt‘k
An)
- il— A
- Te. -
R - -, wes
[
[w

~4o VNI I I IARS I NI BBI ST I I NN PIIRD T

39a )

g
&

.r.w .-

T s AN R LT

-

| 83A B4A ]
36a

39

s 3
A

30|

a
{/
33 39

AL AL g a
A [
aaa -
)
luuuu
84

WA R e e s et d A S e
- e o -:'\v!-!l\'.'--o-ss -.-_--.- .
~ e o

W e o St N Yy

I
|
37D

F1G. 8



24b -1l




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - abstract drawing

