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A sampling valve comprises two fixed elements (10), (14), and a movable element (12) held between these fixed elements, In

which a flow-In passage (Q) Is provided at one fixed element so as to communicate with at least one of metering passages (P1),
..., plural flow-out passages (R1), (R2), ... are provided at the other or one fixed element so as to communicate with different
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In the sampling valve. In the sampling valve for aspirating and pushing liguid specimens such as blood In cylindrical shape and
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ABSTRACT OF THE DISCLOSURE

A sampling valve comprises two fixed elements (10),
(14), aﬂd a movable element (12) held between these fixed
elements, in which a flow—-in passage (Q) is provided at
one fixed element so as to communicate with at least one
of metering passages (Pl), ..., plural flow-out passages
(R1l), (R2), ... are provided at the other or one fixed
element so as to communicate with different metering
passages individually, and relay passages (Sl), ... are
provided at the one or other fixed element so as to nmutually
connect the metering passages (Pl), (P2), ... 1n specified
combinations. In such constitution, plural sampling routes
are formed in the sampling valve., In the sampling valve
for aspirating and pushing liquid specimens such as blood
in cylindrical shape and taking out guantitatively, only
the portion necessary for measurement may be selected and

sampled.



SPECIFICATION

TITLE OF THE INVENTION

SAMPLING VALVE

BACKGROUND OF THE INVENTION

The present invention relates to a sampling valve
for aspirating and pushing a liquid specimen such as blood
in cylindrical shape, and sampling quantitatively, and more
particularly to a sampling valve for sampling by selecting
only a portion of sample necessary for measurement.

The apparatus for counting blood corpuscles such as
erythrocytes, the apparatus for classifying leukocytes, and
the apparatus for counting reticulocytes are known well.
Besides, the apparatus assembling these plural functions
into one (multifunctional apparatus) is also known. The
multifunctional apparatus is capable of obtaining measuring
results of multiple items by one sampling operation.
Depending on the specimen, however, unnecessary items are
also measured, and the samples and reagents are spent
wastefully.

To eliminate such waste, it requires a function for
sampling only a necessary sample for each specimen and
taking into the apparatus to analyze (discrete test

function). For example, in the field of biochemical
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examination, the sampling method is to aspirate a necessary
amount of sample from the pipette, and discharge the sample
into a reaction veSsel. This method is simple in structure,
but the precision is poor. In particular, it 1s a problem
when handling a highly viscous sample such aé blood.
Accordingly, in the blood cell counting apparatus, the
specimen is sampled by aspirating and pushing the speclimen
in cylindrical shape by means of a sampling valve, and
taking out gquantitatively.

Referring now to Fig. 1 and Fig. 2, the structure and
operation of a general sampling valve are briefly described
below. Usually, a sampling valve consists of two fixed
elements 10, 14 and a movable element 12 enclosed by the
fixed elements 10, 14. Fig. 1 and Fig. 2 show two states
of the sampling valve. In Fig. 1, the specimen flows 1in
the direction of arrow A, that is, from a pipette 16 to
a flow-in passage Q, metering (measuring quantity) passage
P&, and flow-out passage Rl, and fills up the metering
passage Pl of the movable element 12 (which is called the
first state). As the movable element 12 moves from the
first state, it comes to the state in Fig. 2 {(which is
called the second state), and the specimen filling up the
metering passage Pl in the first state is pushed out, and
is transferred outside the sampling valve, together with

the liquid such as diluent in the direction of arrow B



2079436

from the passage T2 to the passage Tl.

In the apparatus for sampling a specimen by means of a
”sampling valve, there has been a keéh desire for a samplihg
valve applicable to discrete test in order to realize such
discrete test as mentioned above (for sampling only a

necessary portion in each specimen and analyzing).

OBJECT AND SUMMARY OF THE INVENTION

It is hence a primary object of the invention to
present a sampling valve appliéable to discrete test
capable of selecting only a necessary portion of sample
required for measurement and sampling quantitatively.

To achieve the above object, 'the sampling valve of
the invention comprises two fixed elements in stationary
state, and a movable element held and moving between
these fixed elements, having plural sample metering
passages disposed in the movable element, and moving
the movable element while contacting with the surface of
the fixed elements so as to have a first state of filling
the metering passages with sample and a second state of
pushing out thé filling sample in cylindrical shape and
transferring outside, which further comprises

a flow-in passage disposed in one fixed element for
communicating with at least one metering passage 1in the

first state,
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plural flow-out passages disposed 1n other oOr one
fixed element so as to communicate with mutually different
metering passages, and

relay passages disposed in one or other fixed element
for mutually connecting the metering passages in specifiled
combination, wherein

at least one relay passage is connected with any one
of the flow-in passage, flow-out passages, and other relay
passages to form plural sampling routes in the sampling
valve, thereby sampling the specimen by selecting a
specific metering passage.

In this sampling valve, the passages are disposed soO
that plural metering passages may be connected 1in series,
or passages are disposed so that plural metering passages
may be connected in parallel, or passages are disposed sO
that plural metering passages may be connected 1in
combination of series and parallel.

Meanwhile, the flow-in passage is the passage serving
as the inlet for leading the specimen into the sampling
valve from outside as the time of aspirating the specimen,

and the flow-out passage is the passage serving as the

outlet for sending out the specimen once led into the

sampling valve to the outside.

i

When using the sampling valve of the invention, a

pipette is connected to the flow-in passage, and suction
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(aspiration) means is connected to flow-out passages.

In the first state, the pipette is dipped in the sample
Bigquid, and the suction means is operated. At this

time, an aspiration pressure is applied by selecting

only a certain flow-out passage by, for example, a
changeover valve. This aspiration pressure reaches the
flow-in passage and pipette through the specified passage
within the sampling wvalve, and the sample is aspirated
from the pipette. The sample, depending on the connection
state of passages in the sampling valve, flows through a
certain sampling route, and the metering passage 1in that
sampling route is filled up. In other sampling routes,
the sample does not flow and is not determined quan-
titatively. When an aspiration pressure is applied to
other flow-out passage, the other metering passage 1s
filled with sample.

In this way, by applying an aspiration pressure by
selecting one of the plural flow-out passages, a different
sampling route is selected, that is, a metering passage is
selected, so that the sample may be taken out. The passages
in the sampling valve may be meanwhile composed 1in an
optimum connection state depending on the purpose.

When the aspiration of the sample is over, the sampling
valve falls in the second state, and the sample is pushed out

in cylindrical shape, and is transferred to the measuring
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part disposed outside of the sampling valve. Successively,
the sampling valve returns to the first state, and each

passage is cleaned with the cleaning liquid (syringe ligquid)

from a cleaning liguid tank.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory sectional view showing a
first state of filling a metering passage with sample in a
general conventional sampling valve.

Fig. 2 is an explanatory sectional view showing a
second state of pushing out and transferring the sample 1n
a general conventional sampling valve.

Fig. 3 is an explanatory sectional view showing an
embodiment of a sampling valve of the invention.

Fig. 4 is an explanatory sectional view showing other
embodiment of a sampling valve of the invention.

Fig. 5 is an explanatory diagram showing a different
embodiment of a sampling valve of the invention.

Fig. 6 is a perspective view showing a first state of
filling a metering passage with sample in the sampling valve
shown in Fig. 3.

Fig. 7 is a perspective view showing a second state of
pushing out and transferring the sample in the sampling

valve shown in Fig. 3.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reﬁerring now to the drawings, some of the preferred
embodiments of the invention are described iﬁ detall below.

The sampling valve of the invention, as explained by
reference to Fig. 3 to Fig. 7, comprises twé fixed elements
10, 14 in stationary state, and a movable element 12 held
and moving between these fixed elements, having plural
sample metering passages PlL, P2, ... disposed in the
movable element 12, and moving the movable element 12
while contacting with the surface of the fixed elements
10, 14 so as to have a first state of filling the metering
passages with sample and a second state of pushing out the
filling sample in cylindrical shape and transferring
outside, which further comprises

a flow-in passage Q disposed in one fixed element for
communicating with at 1east one metering passage in the
first state,

plural flow—out passages RlL, R2, ... disposed in other
or one fixed element so as to communicate with mutually
different metering passages, and

relay passages Sl, ... disposed in one or other fixed
element for mutually connecting the metering passages Pl,
P2, ... in specified combination, wherein

at least one relay passage is connected with any one of

the flow-in passage Q, flow-out passages Rl, R2, ..., and
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other relay passage to form plural sampling routes in the
sampling valve, thereby sampling the specimen by selecting
a specific metering passage.

When using the sampling valve of the invention, a
pipetté 16 is connected to the flow-in passége Q, and
suction (aspiration) means 18 1is connected to flow~out
passages Rl, R2, ... 1In the first state, the pipette 16 1is
dipped in the sample liquid, and the suction means 18 is
operated. At this time, an aspiration pressure is applied
by selecting only a certain flow-out passage by, for
example, a changeover valve. This aspiration pressure
reaches the flow—in passage Q and pipette 16 through the
specified passage within the sampling valve, and the sample
is aspirated from the pipette 16. The sample, depending on
the connection state of passages in the sampling valve,
flows through a certain sampling route, and the metering
passage in that sampling route is filled up. In other
sampling routes, the sample does not flow and is not
measured quantitatively. When an aspiration pressure 1is
applied to other flow-out passage, the other metering
passage is filled with sample.

When the asbiration of the sample is over, the sampling
valve falls in the second state, and the sample 1is push out
in cylindrical shape, and is transferred to the measuring

part disposed outside of the sampling valve. Successively,
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the sampling valve returns to the first state, and each
passage is cleaned with the cleaning liquid (syringe liguid)
frdﬁ a'cleaning'liquid'tank 20 .

Fig. 3 shows a case in which four metering passages are
disposed, and these metering passages P1l, Pé, P3, P4 are
connected in series, and three sampling routes are mutually
overlapped in part. More specifically, symbol Q denotes a
flow~-in passage, Sl1, S2, S3 are relay passages, Rl, RZ2, R3
are flow-out passages, and the relay passage Sl connects
with the flow-out passage R1l, and the relay passage 53
connects with the flow-out passage R2Z.

When a valve V1 is open, and valves V2, V3 are
closed, by changing over a three-way valve V4 so that
aspiration means 18 and valve V1 communicate with each
other, the sample flows from pipette 16 through passages
Q, P1l, Rl (the first sampling route), and is measured
quantitatively in the passage Pl.

When the valve V2 is open, and the valves V1, V3
are closed, the sample flows ffom the pipette 16 through
passages Q, Pl, Sl, P2, S2, P3, R2 (the second sampling
route), and is measured gquantitatively in the passages Pl,
P2, P3.

When the valve V3 is open, and the valves V1, V2
are closed, the sample flows from the pipette 16 through

passages Q, Pl, S1, P2, s2, P3, S3, P4, R3 (the third
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sampling route), and is measured quantitatively in the
passages PlL, P2, P3, P4.

Fig. 4 shows a case in which six metering passages
are disposed, and these metering passages Pl, P2, P3,
P4, P5, P6 are connected parallel (partly ih series,
however, in this embodiment), and three sampling routes
are in parallel relation. More specifically, symbol Q
denotes a flow—-in passage, S1, S2, S3, S4, S5 are relay
passages, Rl, R2, R3 are flow-out passages, and the relay
passages Sl1, S4 are connected with the flow—-1in passage Q.
Meanwhile, the relay passage Sl may be connected with the
flow-in passage Q, and the passage S4 with passage Sl.

When a valve V1 is open, and'valves V2, V3 are closed,
by changing over a three-way valve V4 so that aspiration
means 18 and valve V1 may communicate with each other, the
sample flows from a pipette 16 through passages Q,'Pl, R1
(the first sampling route), and is measured quantitatively
in the passage Pl.

When the valve V2 is open, and the valves V1, V3
are closed, the sample flows from the pipette 16 through
passages Q, S1, P2, 52, P3, S3, P4, R2 (the second sampling
route), and is measured quantitatively in the passages PZ,
P3, P4.

When the valve V3 is open, and the valves V1, V2 are

closed, the sample flows from the pipette 16 through
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passages Q, S4, P5, S5, P6, R3 (the third sampling route),
and is measured quantitatively in the passages P5, P6.

Fig. 5 shows a case in which three metering passages
are disposed, these metering passages PlL, P2, P3 are
connected in combination of series and parailel, and the
three sampling routes are overlapped in part and parallel
in part. More specifically, symbol Q denotes a flow-1in
passage, S1, 52 are relay passages, RlL, RZ2, R3 are
flow-out passages, and the relay passages Sl, 52 are
connected with the flow-out passage Rl. Meanwhile, the
relay passage S1 may be connected with the flow-out
passage Rl, and the passage S2 with passage Sl.

When a valve V1 is open, and'valves V2, V3 are
closed, by changing over a three-way valve V4 so that
aspiration means 18 and valve V1 may communicate with each
other, the sample flows from a pipette 16 through passages
Q, Pl, Rl (the first sampling route), and is measured
quantitatively in the passage Pl.

When the valve V2 is open, and the valves V1, V3
are closed, the sample flows from the pipette 16 through
passages Q, Pl, Sl, P2, RZ2 (the second sampling route),
and is measured guantitatively in the passages Pl, P2.

When the valve V3 is open, and the valves V1, V2
are closed, the sample flows from the pipette 16 through

passages Q, Pl, S2, P3, R3 (the third sampling route),

- 11 -
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and is measured quantitatively in the passages Pl, P3.

Referring next to Fig 6 and Fig. 7, the invention is
further described below. Fig. 6 and Fig. 7 are respecﬁivé
views of practical examples of the sampling valve shown
in Fig. 3. Fig. 6 denotes the first state,.and Fig. 7
represents the second state. In both Fig. 6 and Fig. 7,
the passages are partly omitted. This is for the ease of
understanding of the drawing and explanation. 1In Fig. 6,
transfer passages Tla, Tlb, ..., T4b shown 1in Fig. 7 are
omitted (so are in Figs. 3, 4, 5), and in Fig. 7, the
passages Q, Sl, S2, S3, Rl, R2, R3 shown in Fig. 6 are
omitted.

Referring first to Fig. 6, the sample aspiration 1s
explained. Fixed elements 10, 14, and movable elements
12 are in disc form. In the center of elements 10, 12,
14, penetration holes 22, 24, 26 are formed, and a shaft
(not shown) is passed in the penetration holes 22, 24, 26 .
At the upper side of the fixed elements 10, 14, notches 28,
30 are provided, in which a support (not shown) for fixing
igs fitted. The movable element 12 is held between the
fixed elements 10, 14 and rotates by a specific angle.

The means for keeping the fixed elements 10, 14 1in static
stéte and moving the movable element by a specific extent
while contacting with the surface of the both fixed

elements is known (for example, the Japanese Laid-open
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Patent Hei. 1-138421). The mutually contacting surfaces
of the elements 10, 12, 14 are planes polished to an
extremely high precision.

The movable element 12 is, for example, provided with
four passages Pl, P2, P3, P4 for determining (measuring
quantitatively) the sample. The metering passages Pl, P2,

P3, P4 are passages penetrating through the movable

element 12.

At the lower side of the fixed element 10, a pipe-
shaped pipette 16 is attached. The pipette 16 communicates
with a flow-in passage Q in an L-shape opening at the
polished surface 10a side of the fixed element 10. Instead
of the pipette 16, a fine pipe like a syringe needle may be
connected through a tube to form a sample aspiration part.
The passage Q communicates with the metering passage Pl.

On the polished surface l4a of the fixed element 14, groove-
shaped relay passages Sl, S3 are provided, and a loop-shaped
relay passage S2 is formed outside of the fixed element 10,
The relay passage Sl connects the metering passages Pl and
P2, the relay passage S2 connects the metering passages P2
and P3, and the relay passage 83 connects the metering
passages P3 and P4. That is, the relay passages Sl, 52,

S3 connect plural metering passages in series. 1In the
portions of the relay passages Sl, 53, flow-out passages

Rl, R2, penetrating through the fixed element l4 are

- 13 -
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provided. In the fixed element 10, a flow-out passage R3
connecting with the metering passage P4 is provided. The
flow-out passage R3 is also the paSsage for penetrating
through the fixed element 10.

Numeral 18 is aspiration means, which is, for example,
a syringe type capable of generating an aspiration pressure
and discharging the cleaning liguid. Numeral 20 1s a
cleaning liquid (diluent liquid) tank filled with liguid
for cleaning (dilution) inside. A three-way valve Vi
changes over the aspiration means 18 between the sampling
valve side and the cleaning liguid tank side. Two-way
valves V1, V2, V3 are disposed between the syringe 18 and
flow-out passages Rl, R2, R3, and select the route. The
cleaning liquid is also used as diluent liguid.

Thus, in the sampling valve, three sampling routes are
formed, that is, the first sampling route having the flow-
in passage Q as the inlet and flow-out passage Rl as the
outlet, the second sampling route having the flow~1n passage
0 as the inlet and the flow-out passage R2 as the outlet,
and the third sampling route having the flow-in passage Q
as the inlet and the flow-out passage R3 as the outlet. By
opening any one of the valves vl, V2, V3, and closing the
others, one of the three sampling routes may be selected.

Next is explained the sample transfer by reference to

Fig. 7. From the first state in Fig. 6, the movable element

- 14 -
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12 rotates by a specific angle to become the second state
in Fig. 7. 1In the fixed element 10, transfer passages Tla,
T2a, T3é, T4a‘penetrating through the fixed elemeht 10 are
provided so as to communicate with the metering passages
Pl, P2, P3, P4, respectively. Also in the fixed element
14, transfer passages Tlb, T2b, T3b, T4b penetrating
through the fixed element 14 are provided to communicate
with the metering passages Pl, P2, P3, P4, similarly. As
the diluent liquid discharge means Cl, C2, C3, C4 are put
in action, a 5pecific'volume of diluent liquid is supplied
in the direction of arrow from the transfer passages Tlb,

T2b, T3b, T4b of the one side, and the sample determined

(measured) quantitatively in the passages Pl, P2, P3, P4 1s

transferred from the passages Tla, T2a, T3a, Té4a into the
measuring parts Bl, B2, B3, B4 together with the diluent
liquid. At this time, the diluent liquid discharge means
operates depending on the selected sampling route. That
is, when the first sampling route is selected (the sample
is determined quantitatively in the passage Pl only), only
the diluent liquid discharge means Cl is put in action.
When the second sampling route is selected (the sample 1is
determined quantitatively in the passages PlL, P2, P3), the
diluent liquid discharge means Cl, C2, C3 are put in action.
When the third sampling route is selected (the sample 1is

determined quantitatively in the passages Pl, P2, P3, P4),

...15....
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all diluent liguid discharge means Cl, C2, C3, C4 are put
in action.

-icleéning of the passages is explained next by referring
to Pig. 6. From the second state in Fig. 7, the movable
element 12 reversely rotates by a specific angle to return
to the first state in Fig. 6. In the case of cleaning, too,
considering same as in the case of transfer described above,
the passages are cleaned according to the selected sampling
route. That is, when the first sampling route is selected
(the sample is remaining in the passages Q, Rl), only the
valve V1 is opened and the aspiration means 18 is put in
action. 1In this way, the aspiration means 18 exhibits the
functions of both aspiration and cleaning means. When the
second sampling route is selected (the sample is remaining
in the passages Q, S1, S2, R2), only the valve V2 is opened.
When the third sampling route is selected (the sample is
remaining in the passages Q, Sl, S2, S3, R3), only the valve
V3 is opened. In such manner, however, cleaning of passage
Sl is insufficient.in-the first sampling route, cleaning of
passages-Rl, 33 is insufficient in the second sampling route,
and cleaning of passages Rl, R2 1s insufficient in the third
sampling route, and therefore, when the first sampling route
is selected, it is desired to open the valve V2 as well as
the valve V1, and when the second sampling route or third

sampling route is selected, it is desired to open the valves

- 16 -
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V1, V2, V3. Besides, when the valves V1, V2, V3 are
manipulgted in consideration of the sample remainder in
each'passage, dleaning may be done more efféctively within
specified time, and at specified flow rate. For example,
when the first sampling route 1s selected, the valves V1,
V2 are opened and closed alternately repeatedly (however,
the opening time of the valve V1 should be set longer).
When the second sampling route or third sampling route 1is
selected, the valves V1, V2, V3 are alternately opened and
closed.repeatedly (however, the opening time of the valve
V2 should be set longer than that of the valves V1, V3 in
the case éf second sampling route, and the opening time of
the valve V3 should be set longer'than that of the valves
V1l, V2 in the case of third sampling route). As the
practical cleaning method, other varilous manners may be
considered and may be properly selected depending on the
actual configuration of the apparatus.

Being thus composed, the invention brings about the
following effects.

(1) Plural flow-out passages are provided, and each
passage in the sampling valve is connected in a desired
state, and therefore plural sampling routes may be formed
in the sampling valve, so that only a necessary sample may
be selected and taken quantitatively without any waste of

sanmnple.



(2) Since only the necessary sample is selected
and taken quantitatively, only the necessary portion 1is
séﬁpled-for each speéimen and is anélyzed, that is, it
is possible to be applied to so-called discrete test.

Having described preferred embodiments of the
invention with reference to the accompanying drawings,
it is to be understood that the invention is not limited
to those precise embodiments, and that various changes
and modifications may be effected therein by one skilled
in the art without departing from the scope or spirit of

the invention as defined in the appended claims.

- 18 -
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CLAIMS:

1. A sampling valve comprising two fixed elements
in stationary state, and a movable element held and moving
between these fixed elements, having plural sample
metering passages disposed 1n the movable element, and
moving the movable element while contacting with the
surface of the fixed elements so as to have a first state
of filling the metering passages with sample and a second
state of pushing out the filling sample in cylindrical
shape and transferring outside, which further comprises

a flow-in passage disposed 1in one fixed element for
communicating with at least one metering passage 1n the
first state,

plural flow-out passages disposed 1n other or one
fixed element so as to communicate with mutually different
metering passages, and

relay passages disposed in one or other fixed element
for mutually connecting the metering passages 1n specified
combination, wherein

at least one relay passage 1s connected with any one
of the flow-1in passage, flow-out passages, and other relay

passages to form plural sampling routes in the sampling

_ 19
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valve, thereby sampling the specimen by selecting a

specific metering passage.

2. A sampling valve of claim 1, wherein the relay

passages are provided so that plural metering passages may

be connected in series.

3. A sampling valve of claim 1, wherein the relay

passages are provided so that plural metering passages may

be connected in parallel.

4 . A sampling valve of claim 1, wherein the relay

passages are provided so that plural metering passages may

be connected in combination of series and parallel.

- 20 -
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