pressure than that of the room on the first cylinder inlet 207

The present invention was conceived to correct the above
points€\and it is an object thereof to provide a piston prover
which eNgbles accurate measurement without imposing an
excessive Nad on the measuring piston and further, even in the
case of the I€\rge flow rate, by stopping the measuring piston

at the predete®pined measurement standby position.

MEANS FOR SOLVING E PROBLEMS
[0016]

To solve the abov roblems, a first technical means of
the present invention 1\ a piston prover comprising a
measurement cylinder having §n upstream end and a downstream
end; a hydraulic cylinder coupl§d with a side of the downstream
end of the measurement cylinder; §measuring piston that moves
through a predetermined distance fim an upstream side toward
a downstream side through the meas{gement cylinder during
measurement due to a fluid flown from th&upstream end to eject
a reference volume of fluid; and a piston¥od that is movably
accommodated in the hydraulic cylinder,\and having the
measuring piston and the piston rod separate constructed,
wherein measurement standby position stop means tNgat stops the
measuring piston at a predetermined upstream asurement
standby position is included, and when returning the m§gasuring
piston to the predetermined measurement standby positidg, the
piston rod moves the measuring piston from the downstream Yide
to the upstream side and the measurement standby position st

means stops the measuring piston at the predetermined



measurement standby position, after which only the piston rod
i caused to move from the upstream side to the downstream side

a is accommodated in the hydraulic cylinder.

second technical means is the piston prover of the first
technica§ means, wherein the measurement standby position stop
means inclies a first cylinder inflow passage that is connected
to an upstreaNg side of an upstream end side peripheral portion
of the measuremgnt cylinder, a second cylinder inflow passage
that is connected\o a downstream side of the upstream end side
peripheral portion §f the measurement cylinder, a bypass tube
by which the first cyl\nder inflow passage and an upstream end
cover portion of the mejsurement cylinder are connected, and
a return valve that is pr§vided in the bypass tube, and the
predetermined measurement stndby position is at a position of
the first cylinder inflow pasdgge, and by closing the return
valve with the first cylinder inflow passage being blocked by
the measuring piston, the measuri piston is stopped.
[0018]

A third technical means is the pistn prover of the second
technical means, wherein the measurement S\andby position stop
means further includes a measurement rod\that is provided
movably in the upstream end cover portion of Yhe measurement
cylinder, and by pushing out the measuring Pgston by the
measurement rod after opening the return valve, th§{ measuring
piston is caused tomove from the upstream side to the dqnstream
side.

[0019]
A fourth technical means is the piston prover of the fi

technical means, wherein the measurement standby position sto



means includes a first cylinder inflow passage that is connected
to an upstream end cover portion of the measurement cylinder,

a\ second cylinder inflow passage that is connected to an

provided vably in the upstream end cover portion of the
measurement \gylinder, the predetermined measurement standby
position is at y position of the first cylinder inflow passage,
and by closing t measurement starting valve with the first
cylinder inflow pasgage being blocked by the measuring piston,
the measuring pistoN is stopped, and by pushing out the
measuring piston by t measurement rod after opening the
measurement starting valWy, the measuring piston is caused to
move from the upstream siddto the downstream sgide.

[0020]

A fifth technical means is\he piston prover of the first
technical means, wherein the measulNgment standby position stop
means includes a first cylinder infloWMpassage that is connected
to an upstream side of an upstream end j,de peripheral portion
of the measurement cylinder, a second cyNnder inflow passage
that is connected to a downstream side of thupstream end side
peripheral portion of the measurement cylindey, a bypass tube

by which the first cylinder inflow passage and a§ upstream end

measurement starting valve that is provided in the\second
cylinder inflow passage, the predetermined measurement styndby
position is at a position of the first cylinder inflow passa¥e,

and by closing the return valve and opening the measuremen
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starting valve with the first cylinder inflow passage being
locked by the measuring piston, the measuring piston is stopped,

by opening the return valve and closing the measurement

technical medgs, wherein the measurement standby position stop

means includes {first cylinder inflow passage that is connected
to an upstream si of an upstream end side peripheral portion
of the measurement linder, a second cylinder inflow passage
that is connected to a\gdownstream side of the upstream end side
peripheral portion of\the measurement cylinder, a first
measurement starting val§e that is provided in the first
cylinder inflow passage, a a second measurement starting
valve that is provided in the cond cylinder inflow passage,
the predetermined measurement €\gtandby position is at an
intermediate positionbetween the £Xcst cylinder inflow passage
and the second cylinder inflow passage\ and by closing the first
measurement starting valve and opening \he second measurement
starting valve with the measuring pi\ton being at the
intermediate position, the measuring pistonNis stopped, and by
opening the first measurement starting valveNnd closing the
second measurement starting valve, the measur¥\ag piston is
caused to move from the upstream side to the downs\ream side.
[06022]

A seventh technical means is the piston prover of
of the first to the sixth technical means, wherein the meas
piston has a circumferentially embedded magnetic material,

the measurement cylinder has two detecting means that detec
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the magnetic material embedded in the measuring piston at the
redetermined distance apart from each other on the upstream

e and the downstream side of the measurement cylinder.

eighth technical means is the piston prover of any one
irst to the seventh technical means, wherein an
sable valve communicating with the external air is
provided on P{th the upstream end and the downstream end of the

measurement cyNnder.

EFFECT OF THE INVE
[0024]

According to the p\esent invention, an excessive load is
not imposed on the measuriNg piston, and further, even in the
case of the large flow rate, e measuring piston can be stopped
at the predetermined measuremeny standby position, thus making
it possible to perform accurate€\geasurement.
BRIEF DESCRIPTION OF DRAWINGS
[0025]

[Fig. 1]

Fig. 1 is a front viewdepicting an exteNgal configuration
example of a piston prover according to a firog embodiment of
the present invention.
[Fig. 2]

Fig. 2 is a top view depicting the external conf
example of the piston prover according to the first emb
of the present invention.

[Fig. 3]

Fig. 3 1is a view diagrammatically depicting a
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configuration example of a proving system including the piston

rover according to the first embodiment of the present

4]

ig. 4 is a view depicting a configuration example of a

measuri
[Fig.

Fig. is a view diagrammatically depicting a
configuration Xgample of a piston prover according to a second

embodiment of th{ present invention.
[Fig. 6]

Fig. 6 is view diagrammatically depicting a
configuration example o0{ a piston prover according to a third
embodiment of the presentf\invention.
[Fig. 71

Fig. 7 1is a view iagrammatically depicting a
configuration example of a pistoMprover according to a fourth
embodiment of the present inventi
[Fig. 8]

Fig. 8 1is a view diagrammeNically depicting a
configuration example of a piston prover Yccording to a f£ifth
embodiment of the present invention.

[Fig. 9]

[Fig. 10]

of the piston prover according to the present inventio

[Fig. 11]

Fig. 11 is a view for explaining a standby for measuremen
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operation example of the piston prover according to the present
invention.
12]
Fig. 12 is a view for explaining a measurement action
of the piston prover according to the present invention.
[Fig. 1
Fig.\l3 is a diagrammatical view for explaining operation
of a piston Wrover described in Patent Document 1.
PREFERRED EMBODINENT OF THE INVENTION
[0026]
Preferred embo ents according to a piston prover of the
present invention will w be described with reference to the
accompanying drawings.
[0027]
(First embodiment)
Figs. 1 and 2 are viNws depicting an external
configuration example of a piston Nyover according to a first
embodiment of the present invention\ Fig. 1 is a front view
and Fig. 2 is a top view. In the figur§s, 1 denotes a piston
prover, 2 denotes a measurement cylinder, \denotes an upstream
end, 4 denotes a downstream end, 5 and 6 deno air vent valves,
7 denotes a fluid inlet, 8 denotes a fluid oXlet, 9 denotes
a measuring piston, 10 and 11 denote magnetic\switches, 12
denotes a hydraulic cylinder, 13 denotes a piston¥od, and dl
and d2 denote drains (drain valves).
[0028]
The piston prover 1 includes the measurement cylin
having the upstream end 3 through which a fluid flows in

the downstream end 4 through which the fluid flows out;
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hydraulic cylinder 12 coupled with a side of the downstream end
f the measurement cylinder 2; the measuring piston 9 that moves
ough a predetermined distance L from an upstream side toward
a d§mstream side through the measurement cylinder 2 during
measuNgment due to a fluid flown from the upstream end 3 to eject
a refereRge volume of fluid; and the piston rod 13 that is movably
accommodat§d in the hydraulic cylinder 12. The measuring
piston 9 is mgde of, for example, aluminum and the measurement
cylinder 2 is de of, for example, SUS (stainless steel).
[0029]

The measurindpiston 9 is inserted as a moving element
into the measurement linder 2 and, during the measurement,
this measuring portion R}is caused to move by a fluid pressure
of a fluid to be measured eject a reference volume of fluid.
The piston rod 13 is insert into the hydraulic cylinder 12
and this piston rod 13 is sli hrough the hydraulic cylinder
12 while being supported in a ligyid-tight manner by a journal
bearing (not depicted) disposed or\an outflow end face plate
making up the downstream end 4. The\air vent valves 5 and 6
and the drains dl and d2 are opeNable/closable valves
communicating with the external air\and are properly

opened/closed according to an action state othe piston prover

[0030]

The piston prover 1 according to the presen\ invention
has the measuring piston 9 and the piston rod 13 s¥parately
constructed, and includes measurement standby positi stop
means 14 that stops the measuring piston 9 at a predeteri\jned
upstream measurement standby position. Moreover, e

configuration is such that, when performing a return movemen
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of returning the measuring piston 9 to the predetermined

pstream measurement standby position, the piston rod 13 moves

measuring piston 9 from the downstream side to the upstream
sidqand the measurement standby position stop means 14 stops
uring piston 9 at the predetermined measurement standby
after which only the piston rod 13 is caused to move
from the \upstream side to the downstream side and is
accommodated\in the hydraulic cylinder 12.
[0031]

The measurdgent standby position stop means 14 of the
present embodiment Xacludes a first cylinder inflow passage 141
that is connected to upstream side of an upstream end side
peripheral portion 3b o the measurement cylinder 2, a second
cylinder inflow passage 1 that is connected to a downstream
side of the upstream end sXde peripheral portion 3b of the
measurement cylinder 2, a bypXgs tube 143 by which the first
cylinder inflow passage 141 and upstream end cover portion
3a of the measurement cylinder 2 2§e connected, and a return
valve 144 that is provided in the bypays tube 143. In the case
of the present example, the predetermirnN\d measurement standby
position is at a position of the first cyl\nder inflow passage
141, and the return valve 144 is closed with \he first cylinder
inflow passage 141 being blocked by the meas\ring piston 9,
thereby stopping the measuring piston 9 at the

measurement standby position. Note that, the meas

upstream end cover portion 3a of the measurement cylind
[0032]

In addition, the measuring piston 9 has
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circumferentially embedded magnetic material 91. At a
osition which is spaced apart only a predetermined distance
L\long a longitudinal direction (upstream side and downstream
sidq of the measurement cylinder 2, the measurement cylinder
2 has {he magnetic switches 10 and 11 corresponding to two
detectirNy means that detect the magnetic material 91 embedded
in the meadyring piston 9. These two magnetic switches 10 and
11 detect th{y movement of the measuring piston 9 through the
predetermined §istance L. That is, the reference volume is a
fluid volume ejeXed by the movement of the measuring piston
9 through the preQetermined distance L. Note that, the
predetermined distanc®{ L between the magnetic switches 10 and
11 is variable so that e reference volume can be adjusted.
[0033]

Fig. 3 1is a i diagrammatically depicting a

and 16 denote magnetic ches, 17 denotes a

pneumatic/hydraulic pressure convert \ggunit, 18 denotes a flow
passage switching valve, 71 denotes a £X¢st cylinder inlet, 72
denotes a second cylinder inlet, 81 deno®s a first cylinder
outlet, and 82 denotes a second cylinder tlet. The fluid
inlet 7 is connected to the first cylinder inletW\1 via the first
cylinder inflow passage 141 and connected to the sdgond cylinder
inlet 72 via the second cylinder inflow passage 14 Further,
the fluid outlet 8 is similarly connected to the first\gylinder
outlet 81 and the second cylinder outlet 82 via a c\inder
outflow passage. In addition, the fluid inlet 7 and the Nuid
outlet 8 are connected to each other via the flow pass

switching valve 18.
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[0034]

The pneumatic/hydraulic pressure converting unit 17 is
cqfigured to include a pneumatic pressure supply source 171,
a itching valve 172 such as a four-way solenoid valve,
pneumdqic/hydraulic pressure converting portions 173 and 174,
and pres\ure feed ports 175 and 176. A supply destination of
a pneumatiqpressure from the pneumatic pressure supply source
171 is switciqd by the switching valve 172 to supply to either
the pneumatic/INdraulic pressure converting portion 173 or the
pneumatic/hydrauNc pressure converting portion 174. The
pneumatic/hydrauli ressure converting portion 173 converts
the pneumatic pressu supplied from the pneumatic pressure
supply source 171 into hydraulic pressure and supplies the
converted hydraulic pressu§e through the pressure feed port 175
into the hydraulic cylinder §2. This moves the piston rod 13
in a direction being close to\the measurement cylinder 2.
[0035]

Similarly, the pneumatic/hyd§aulic pressure converting
portion 174 converts the pneumatic pr§ssure supplied from the
pneumatic pressure supply source 171 in® a hydraulic pressure
and supplies the converted hydraulic pMNessure through the
pressure feed port 176 into the hydraulic linder 12. This
moves the piston rod 13 in a direction bein® away from the
measurement cylinder 2. Namely, the pneuma\ic/hydraulic
pressure converting unit 17 is a device that iNgroduces a
hydraulic pressure into the hydraulic cylinder 12 o jects a
hydraulic pressure from the interior of the hydraulic cWinder
12 by opening/closing the pressure feed ports 175 and 1 Je)
that the piston rod 13 is moved or kept in the hydraulic cylin

12. Note that, a hydraulic pump may be used instead of the
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pneumatic/hydraulic pressure converting unit depending on a

ort diameter of the measurement cylinder.

Moreover, a magnetic material not depicted is embedded
circul\ferentially around a head portion making up the piston
rod 13 that it can be detected by the two magnetic switches
15 and 1l6\disposed on an outer periphery of the hydraulic
cylinder 12 locate the position of the piston rod 13 in the
hydraulic cyliyder 12.

[0037]

Specifically\except the return movement of returning the
measuring piston 9 tqthe predetermined upstream measurement
standby position, the W\iston rod 13 is in a state of being
accommodated in the hydraf€lic cylinder 12 and, in this state,
one end side of the piston WNgd 13 is positioned in a vicinity
of the magnetic switch 16, thu\ turning the magnetic switch 16
into an on-state. It is theref&e specified if the magnetic
switch 16 is in the on-state that e piston rod 13 is in the
state of being accommodated in thlhydraulic cylinder 12.
Further, in the above return movement, e piston rod 13 moves
in the direction being close to the measurdygent cylinder 2, thus
turning the magnetic switch 16 from on to of It is therefore
specified if the magnetic switch 16 is in th§off-state that
the return movement causes the piston rod 13 to\pe in a state
of protruding from the hydraulic cylinder 1 into the
measurement cylinder 2. Then, when the measuring\piston 9
returns to the measurement standby position by this\return
movement, the magnetic switch 15 turns from off to on.
[0038]

As described above, the pneumatic/hydraulic pressur
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converting unit 17 performs a proper hydraulic control
according to the state of the piston rod 13 in the hydraulic

linder 12 so as to move or keep the piston rod 13.

n the piston prover 1 of the present embodiment, as
describqd above, the measuring piston 9 and the piston rod 13
are separXely constructed so that during the return movement,
the piston d 13 causes the measuring piston 9 to move from
the downstream\side to the upstream side. At this time, both
the flow passagiswitching valve 18 and the return valve 144
are opened. Then, §he measurement standby position stop means
14 stops the measuri piston 9 at the predetermined upstream
measurement standby poNtion. Specifically, the return valve
144 is closed from an operNgtate with the first cylinder inflow
passage 141 being blocked by§he measuring piston 9. This stops
the measuring piston 9 at th osition of the first cylinder
inflow passage 141. Note that, fluid flows from the second
cylinder inflow passage 142. Af€\er stopping the measuring
piston 9, only the piston rod 13 is\hen caused to move from
the upstream side to the downstream sNle and is accommodated
in the hydraulic cylinder 12.

[0040]

As described above, the measuring pisgon 9 after the
movement is stopped at the predetermined upstre measurement
standby position. In this state, the flow passa switching
valve 18 is opened and the return valve 144 is cloNed. When
starting the measurement, then, by closing the flow Wassage
switching valve 18 and opening the return valve 144, a \luid
flown from the fluid inlet 7 flows through the bypass tube \43

into the measurement cylinder 2. The pressure of this flui
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causes the measuring piston 9 to move to the downstream side

to perform measurement.

Adoption of the above structure enables a smooth movement
of th¥{ measuring piston 9 through the measurement cylinder 2
without€\gubjecting the measuring piston 9 to an excessive load
even thou the measuring piston 9 performs rotation, etc.
during the mqasurement, and further enables a reliable stopping
of the measur\ng piston 9 at the predetermined measurement
standby positior\even in the case of a large flow rate, thus
enabling an accurat\ measurement. Moreover, though a large and
expensive measuremen§\starting valve is provided in the second
cylinder inflow passagdin the structure of Fig. 13 described
above, the small and irNxpensive return valve 144 may be
provided instead of this asurement starting wvalve in the
structure of the present emboN\iment, thus being advantageous
also in terms of cost.

[0042]

Fig. 4 is a view depicting a cor{iguration example of the
measuring piston. The measuring pisto includes the magnetic
material 91 such as a magnet, a guide ring¥2 made of reinforced
Teflon (Teflon: registered trademark), etc\ an O ring 93 made
of NBR (nitrile butadiene rubber), etc., a aling member 94
such as an omni-seal, and a waste tap 95 for p\ston fitting.
In a conventional detection method of a detector€\signal, the
piston rod secured to the measuring piston was maddof invar
material with a need to groove this invar material or apply
a ceramic coating to the entire invar. Hence, it necessiNated
processing such as coating surface grinding or attachment\of

a detector switch, resulting in an increase in the number o
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manufacturing steps, whereas, the present invention has a
implified configuration where the measuring piston is provided
wXxLh the magnetic material which is detected by the magnetic
swi®h, thereby enabling a reduction in the number of
manufgturing steps.
[0043]

Furt©\er, in Fig. 3, at both the upstream end and the
downstream eNgd of the measurement cylinder 2, the piston prover
1 is provided With the air vent valves 5 and 6 as an example
of the openable/c¥psable valves communicating with the external
air. In addition, §ither one of the air vent valves 5 and 6
is used to enable a seq check between the measurement cylinder
2 and the measuring pistn 9. In a general seal check method,
every time the measuring p§ston performs the return movement,
a leak from the omni-seal of §he measuring piston and the slide
(piston) wvalve was automaticqly checked as a differential
pressure by applying a pressure o the gap therebetween. In
this case, a differential pressu generator is separately
needed, resulting in a complicated\structure which causes
troubles such as failures.
[0044]

A seal check method of the present emgodiment performs
the leak check by setting the measuring pistor\9, for example,
at a predetermined most downstream position of ti% measurement
cylinder 2 and manually operating the air vent va{ve 6 while
applying a pressure of an actual fluid from upstream. urther,

reversing upstream and downstream, the leak check

most upstream position of the measurement cylinder 2

manually operating the air wvent valve 5 while applying
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pressure of an actual fluid from downstream.
[0045]

In this manner, according to the above seal check method,
the is no need for a part such as the differential pressure
generaXor and it can be checked using only the air vent valve
of the megsurement cylinder whether a leak occurs, thus enabling
a reductioqin the number of parts and a reduction in the number
of manufactuNng steps. Moreover, in the parts replacement at
the periodic ch{g¢k, etc., the omni-seal of the measuring piston
has only to be r¥placed, making the maintenance, etc. easy.
[0046]

(Second embodiment)

Fig. 5 1is a iew diagrammatically depicting a
configuration example of iston prover according to a second
embodiment of the present inWgntion. Fig. 5(A) depicts a state
where the measuring piston is §\t the home position, Fig. 5(B)
depicts a state where the measuriyg piston is at the measurement
standby position, and Fig. 5(C) picts a state where the
measuring piston starts measurement.\ In the first embodiment
described above, in the case of a large £1§y rate, when the return
valve 144 is opened, the measuring pisto starts a movement
to start measurement, while in the case of small flow rate,
even when the return valve 144 is opened, the mM§gasuring piston
does not start the movement nor start the measul\yment in some
cases. Thus, in order to make this better, the asurement
standby position stop means 14 of the present embodimer further
includes a measurement rod 145 that is provided movablA\in the
upstream end cover portion 3a of the measurement cylind 2,
in addition to the first cylinder inflow passage 141, the secaogd

cylinder inflow passage 142, the bypass tube 143 and the retur
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valve 144.

00471

This measurement rod 145 is made of, for example, aluminum.

At e time of starting measurement, by pushing out the
measuNng piston 9 by the measurement rod 145 after opening the
return v§lve 144, the measuring piston 9 is caused to move from
the upstregm side to the downstream side. This moves the
measuring pi\ton 9 smoothly even in the case of a small flow
rate, thus mak\ng it possible to start the measurement.
[0048]

In Fig. 5(A) Nboth the flow passage switching valve 18
and the return valve 4 are opened with the measuring piston
9 being set at the home pgsition. A hydraulic pressure is then
applied to the piston ro 3 in the hydraulic cylinder 12 to
move the piston rod 13 and n§ve the measuring piston 9 to the
predetermined upstream measurdgent standby position, and the
measuring piston 9 is stopped \gat the measurement standby
position. Specifically, the retu valve 144 is closed from
an open state with the first cylinderN\nflow passage 141 being
blocked by the measuring piston 9. Thi\leads to a state where
a fluid only from the second cylinder infl&y passage 142 flows,
and the measuring piston 9 stops at the posX\tion of the first

cylinder inflow passage 141. After stoppind the measuring

in the hydraulic cylinder 12. The state at this time iNdepicted
in Fig. 5(B).
[0049]

As described above, the measuring piston 9 stops at e

predetermined upstream measurement standby position. In thi
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state, the flow passage switching valve 18 is opened and the
eturnvalve 144 is closed. Then, when starting the measurement,
a\depicted in Fig. 5(C), by closing the flow passage switching
val 18 and opening the return valve 144, a fluid flown from
the £Nid inlet 7 flows through the bypass tube 143 into the
measuremgnt cylinder 2. Here, when the measuring piston 9 does
not start move, the measuring piston 9 may be pushed out by
the measure t rod 145. This causes the measuring piston 9
to move to the\downstream side to perform measurement.
[0050]
(Third embodiment)

Fig. 6 is view diagrammatically depicting a
configuration example 0{ a piston prover according to a third
embodiment of the preseNt invention. In Fig. 6(A), the
measurement standby positi stop means 14 includes a first
cylinder inflow passage 146 tINt is connected to the upstream
end cover portion 3a of the meaNrement cylinder 2, a second
cylinder inflow passage 147 that i\ connected to the upstream
end side peripheral portion 3b of thdmeasurement cylinder 2,
a measurement starting valve 148 that i\ provided in the first
cylinder inflow passage 146, and a measurdument rod 149 that is
provided movably in the upstream end cover€\portion 3a of the
measurement cylinder 2. Here, the predetermMNed measurement
standby position at which the measuring piston 9\is stopped is
at a position of the first cylinder inflow pass¥ge 146, by

closing the measurement starting valve 148 with e first

piston 9, the measuring piston 9 is stopped, and by pushin$ out
the measuring piston 9 by the measurement rod 149 after openMNg

the measurement starting valve 148, the measuring piston 9 i
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caused to move from the upstream side to the downstream side.

Note that, the flow passage switching valve 18 is opened with

t§e measuring piston 9 being stopped and the flow passage

swip¢hing valve 18 is closed with the measuring piston 9 being

6 (A7) . to the form of Fig. 6(A), the measurement
starting valve 148\is provided in the first cylinder inflow
passage 146 instead the return valve. Moreover, the first
cylinder inflow passa 146 is directly connected to the
upstream end cover portiorg3a of the measurement cylinder 2 and
hence the bypass tube is uiNgecessary.
[0052]
A modified example of the pgesent embodiment is depicted
in Fig. 6(B). In Fig. 6(B), the mdgsurement standby position
stop means 14 includes a first cylindeNinflow passage 146’ that
is connected to the upstream side of the\pstream end cover side
peripheral portion 3b of the measurement cglinder 2, the second
cylinder inflow passage 147 that is connecte§ to the downstream
side of the upstream end side peripheral pogtion 3b of the
measurement cylinder 2, the measurement startingalve 148 that
is provided in the first cylinder inflow passa 146’ , the
measurement rod 149 that is provided movably in thupstream
end cover portion 3a of the measurement cylinder 2, and ypass
tube 150 by which the first cylinder inflow passage 14 and
the upstream end cover portion 3a of the measurement cylin

2 are connected. Here, by closing the measurement startin
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valve 148 with the first cylinder inflow passage 146’ being
locked by the measuring piston 9, the measuring piston 9 is
pped, and by pushing out the measuring piston 9 by the
meadrement rod 149 after opening the measurement starting
valve N\ 48, the measuring piston 9 is caused to move from the
upstream\ side to the downstream side. Note that, the flow
passage sw\tching valve 18 is opened with the measuring piston
9 being stopp§d and the flow passage switching valve 18 is closed
with the measuf\ing piston 9 being moved.
[0053]
(Fourth embodiment
Fig. 7 is view diagrammatically depicting a
configuration example o\a piston prover according to a fourth
embodiment of the present \nvention. The measurement standby
position stop means 14 includgs a first cylinder inflow passage
151 that is connected to the uzgtream side of the upstream end
side peripheral portion 3b of t¥§e measurement cylinder 2, a
second cylinder inflow passage 15\ that is connected to the
downstream side of the upstream end sX\de peripheral portion 3b
of the measurement cylinder 2, a bypas{tube 154 by which the
first cylinder inflow passage 151 and th¥ upstream end cover
portion 3a of the measurement cylinder 2 are gnnected, a return
valve 155 that is provided in the bypass be 154, and a
measurement starting valve 153 that is providedN\n the second
cylinder inflow passage 152. Here, the pr{determined
measurement standby position at which the measurin iston 9
is stopped is at a position of the first cylinder inflow Nassage
151. By closing the return wvalve 155 and opening\ the
measurement starting valve 153 with the first cylinder inf Nw

passage 151 being blocked by the measuring piston 9, th
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measuring piston 9 is stopped. Further, by opening the return
valve 155 and closing the measurement starting valve 153, the
m§asuring piston 9 is caused to move from the upstream side to
the\downstream side. Note that, the flow passage switching
valve\l8 is opened with the measuring piston 9 being stopped
and the\flow passage switching valve 18 is closed with the
measuring iston 9 being moved.

[0054]

The conf€\guration is such that in the present embodiment
the measurement d for pushing out the measuring piston 9 is
unnecessary and op\ning/closing of the measurement starting
valve 153 and openiNg/closing of the return valve 155 are
controlled to thereby p&¢form operation of stopping and moving
the measuring piston 9.

[0055]
(Fifth embodiment)

Fig. 8 1s a view dip\grammatically depicting a
configuration example of a piston Wrover according to a fifth
embodiment of the present invention.\ The measurement standby
position stop means 14 includes a first §linder inflow passage
156 that is connected to the upstream si of the upstream end
side peripheral portion 3b of the measureMNgnt cylinder 2, a
second cylinder inflow passage 157 that is nnected to the
downstream side of the upstream end side periphe\al portion 3b
of the measurement cylinder 2, a first measuremeygt starting
valve 158 that is provided in the first cylinder infl® passage
156, and a second measurement starting valve 159 at is
provided in the second cylinder inflow passage 157. Here\ the
predetermined measurement standby position at which e

measuring piston 9 is stopped is at an intermediate positio
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between the first cylinder inflow passage 156 and the second

cylinder inflow passage 157. By closing the first measurement

arting valve 158 and opening the second measurement starting
val§e 159 with the measuring piston 9 being at this intermediate
posit§on, the measuring piston 9 is stopped. Further, by

opening\the first measurement starting valve 158 and closing

with the measuriNg piston 9 being stopped and the flow passage
switching valve 18Ns closed with the measuring piston 9 being
moved.
[0056]

The configuration i\ such that in the present embodiment
the measurement rod for pusi\ng out the measuring piston 9, the
bypass tube, and the retu valve are unnecessary and
opening/closing of the two measu\ement starting valves 158 and
159 are controlled to thereby perfoym operation of stopping and
moving the measuring piston 9.
[0057]

Figs. 9 to 12 are views for explaiNing action examples
of the piston prover according to the presen§invention. Fig.9
is a view explaining the initial movement, 10 is a view
explaining the return movement, Fig. 11 is a v¥ew explaining
a standby for measurement operation, and Fig. is a view
explaining the measurement action. Note that, here,
form of the measurement standby position stop means 14
explained by exemplifying the case of the second embodimen
5), basic action is the same even in other embodiments.

[0058]
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In the initial movement of Fig. 9, first, when the
easuring piston 9 is at a most upstream position (measurement
sgndby position) Pl in starting a fluid feed from the fluid
inl 7, the piston prover 1 closes the flow passage switching
valve and opens the return valve 144 to allow a £fluid to flow
in throud the second cylinder inflow passage 142 and the bypass
tube 143. S a result, as depicted in Fig. 9(A), the measuring
piston 9 mov to the downstream side by the fluid pressure.
At this time, wiINn the measuring piston 9 does not start to move,
the measuring pis€\on 9 may be pushed out by the measurement rod
145. Note that, e state of Fig. 9(A) is based on the
assumption that the iNterior of the measurement cylinder 2 is
not filled with fluid.
[0059]
In addition, when the nNasuring piston 9 is at a position
P2 between the magnetic switcl¥s 10 and 11, the flow passage
switching valve 18 is closed and ®&ge return valve 144 is opened
to allow a fluid to flow in througi\the second cylinder inlet
142, the bypass tube 143, and the firs§cylinder inflow passage
141. Asaresult, asdepictedinFig. 9(BY\, the measuring piston
9 moves to the downstream side by the flui§ pressure. Similar

to the case of Fig. 9(A), the state of Fig. \(B) is also based

2 is not filled with fluid.
[0060]

As depicted in Fig. 9(C), the measuring pistoN 9 moved
as described above is set at a downstream home position . In
both cases of Fig. 9(A) and Fig. 9(B), the return valve 1 is
already opened and hence remains opened also in Fig. 9(C) . NoOge

that, in all cases, the flow passage switching valve 18 remain
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closed. At this home position P3, the measuring piston 9 is
ept at substantially an intermediate position between the
st cylinder outlet 81 and the second cylinder outlet 82.
[00q ]
n the return movement of Fig. 10, as depicted in Fig.
10(a), e flow passage switching valve 18 is opened with the
measuring \piston 9 being set at the home position P3. A
hydraulic prq§ssure is then applied from the pressure feed port
175 to the pistn rod 13 to move the piston rod 13 as depicted
in Figs. 10(B) a (C) to move the measuring piston 9 from the
home position P3 to and further to the predetermined upstream
measurement standby sition P1l, and the measurement standby
position stop means 14\stops the measuring piston 9 at the
measurement standby posi\ion P1l. Specifically, the return
valve 144 is closed with t first cylinder inlet 71 being
blocked by the measuring pist 9. Here, the movement of the
piston rod 13 causes the magneti§ switch 16 to turn from on to
off. Then, when the magnetic swit 15 turns from off to on,
it is determined that the measuring Niston 9 has moved to the
measurement standby position P1. At tINs measurement standby
position P1l, the measuring piston 9 is k§pt at a position of
the first cylinder inlet 71.
[0062]

In the standby for measurement operation of§ig. 11, after
the measurement standby position stop means 148, stops the
measuring piston 9 at the predetermined upstream mep\surement
standby position P1l, a hydraulic pressure is applied f¥om the
pressure feed port 176, opposite to the case of Fig. 10, t§ the
pistonrod 13 toreturn the pistonrod 13 to its original positNn

in the hydraulic cylinder 12 as depicted in Figs. 11 (A) and (B)
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The flow passage switching valve 18 ig then closed as depicted
in Fig. 11 (B) to terminate the standby for measurement. In this
ate, the measurement cylinder 2 is filled with fluid. Here,

the§movement of the piston rod 13 causes the magnetic switch
15 to\furn from on to off. Then, when the magnetic switch 16
turns f¥pm off to on, it is determined that the piston rod 13
has returigd to its original position in the hydraulic cylinder
12.
[0063]

In the meas\rement action of Fig. 12, when the return valve
144 is opened to a\low a fluid to flow in through the bypass
tube 143, the measurNg piston 9 moves to the downstream side
by the fluid pressure depicted in Fig. 12(A). Note that,
when the measuring piston §does not start tomove, the measuring
piston 9 may be pushed out b\ the measurement rod 145. At this
time, when the measuring pistdy 9 arrives at a position P5, the
magnetic switch 10 is turned on tq{ start measurement therefrom.
Then, when the measuring piston further moves through a
position P6 as depicted in Fig. 12 (BNand the measuring piston
9 arrives at aposition P7 as depicted inX\ig. 12 (C), the magnetic
switch 11 is turned on. Consequently, t measuring piston 9
is regarded as having ejected a reference lume of fluid, to
terminate the measurement. The measuring pis\on 9 is then set
at the home position P3 depicted in Fig. 9(C) aboNe, after which
the return movement of Fig. 10, the standby for \geasurement
operation of Fig. 11, and the measurement action of F{g. 12 are
iteratively executed a required number of times.
[0064]

As set forth hereinabove, according to the pre t

invention, by virtue of the separate structure of the measurin
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piston and the piston rod, the measuring piston can move

moothly through the measurement cylinder without subjecting

measuring piston to an excessive load in measurement, and
er the measuring piston can be stopped at the predetermined
measurgment standby position reliably, thus enabling an
accuratAmeasurement. Further, by virtue of the simplified
structure

s compared with the conventional products, a

reduction in\the parts count and in cost is achieved.

EXPLANATION OF RNFERENCE NUMERALS
[0065]
2..

l..piston prover, asurement cylinder, 3..upstream end,

3a..upstream end cover poytion, 3b..upstream end side peripheral
portion, 4..downstream end\5, 6..air vent valve, 7..fluid inlet,
71..first cylinder inlet, 7X.second cylinder inlet, 8..fluid
outlet, 81l..first cylinder out Ngt, 82..second cylinder outlet,
9mmeasuring'piston, 9l1..magnetic terial, 92..guide ring, 93..0
ring, 94..omni-seal, 95..waste for piston fitting,
10,11,15,16.magnetic switch, 12..hydr&lic cylinder, 13..piston
rod, l4..measurement standby pos\tion stop means,
141,146,146’ ,151,156..first cylinder inflow passage,
142,147,152,157..second cylinder it low passage,
143,150,154..bypass tube, 144 ,155.. reNurn valve,
145, 149.. measurement rod, 148,153,158, 1 Jnmeasurement
starting valve, 17.pneumatic/hydraulic pressure\gonverting
unit, 171l1..pneumatic pressure supply source, 172.8yvitching
valve, 173,174.pneumatic/hydraulic pressure conNerting
portion, 175,176..pressure feed port, and 18..flow pa

switching valve.



21

CLAIMS ACCORDING TO AMENDMENT UNDER ARTICLE 19

ccepted by the International Bureau on November 17, 2014]

A piston prover comprising a measurement

ing an upstream end and a downstream end; a

hydraulic cyl\nder coupled with a side of the downstream end

of the measuremn§nt cylinder; a measuring piston that moves

through a predeteryined distance from an upstream side toward

a downstream side rough the measurement cylinder during

measurement due to a £1%id flown from the upstream end to eject

a reference volume of £f1Nd; and a piston rod that is movably

accommodated in the hydigulic cylinder, and having the

measuring piston and the pisW\eon rod separately constructed,

wherein

measurement standby positi stop means that stops the

measuring piston at a predetermiNgd upstream measurement

standby position by closing a flow pasNage that is positioned

on an upstream side of the measuring piNton is included,

when returning the measuring piston t\ the predetermined

measurement standby position, the piston\rod moves the

measuring piston from the downstream side to thupstream side

and the measurement standby position stop mean§y stops the

measuring piston at the predetermined measuremen

standby

position, after which only the piston rod is caused to m§ye from

the upstream side to the downstream side and is accomm

in the hydraulic cylinder,

the measurement standby position stop means includes

first cylinder inflow passage that is connected to an upstream
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side of an upstream end side peripheral portion of the
easurement cylinder, a second cylinder inflow passage that is
cqgnected to a downstream side of the upstream end side
perNheral portion of the measurement cylinder, a bypass tube
by whifh the first cylinder inflow passage and an upstream end
cover po\tion of the measurement cylinder are connected, and
a return ve that is provided in the bypass tube, and
the prdetermined measurement standby position is at a
position of thafirst cylinder inflow passage, and by closing
thé return valve Yith the first cylinder inflow passage being
blocked by the medguring piston, the measuring piston is

stopped.

3. The piston prover a\ defined in claim 2, wherein
the measurement standQy position stop means further
includes a measurement rod tINt is provided movably in the
upstream end cover portion of t measurement cylinder, and
by pushing out the measuring\piston by the measurement
rod after opening the return valve, Yhe measuring piston is

caused to move from the upstream side tq{ the downstream side.

4. (Amended) A piston prover comprisiygg a measurement

cylinder having an upstream end and a dowNstream end; a

hydraulic cylinder coupled with a side of the dqwnstream end

of the measurement cylinder; a measuring piston §hat moves

through a predetermined distance from an upstream si toward

a downstream side through the measurement cylinder Yuring

measurement due to a fluid flown from the upstream end to e\ect

a reference volume of fluid; and a piston rod that is movab

accommodated in the hydraulic cylinder, and having the
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measuring piston and the piston rod separately constructed,

wherein

measurement standby position stop means that stops the

ring piston at a predetermined upstream measurement

position by closing a flow passage that is positioned

tream side of the measuring piston is included,

whenYeturning the measuring piston to the predetermined

measurement tandby position, the piston rod moves the

measuring pist from the downstream side to the upstreém.side

and the measurem\nt standby positioﬁ stop means stops the

measuring piston the predetermined measurement standby

position, after whichWnly the piston rod is caused to move from

the upstream side to thq§ downstream side and is accommodated

in the hydraulic cylinde

the measurement standy position stop means includes a

first cylinder inflow passage at is connected to an upstream
end cover portion of the measuremeNt cylinder, a second cylinder
inflow passage that is connected\to an upstream end side
peripheral portion of the measurement\cylinder, a measurement
starting valve that is provided in the¥irst cylinder inflow
passage, and a measurement rod that is pro\ided movably in the
upstream end cover portion of the measuremynt cylinder,

the predetermined measurement standby sition is at a
position of the first cylinder inflow passage, a\d by closing
the measurement starting valve with the first cyliNder inflow
passage being blocked by the measuring piston, the asuring
piston is stopped, and

by pushing out the measuring piston by the measureNent

rod after cpening the measurement starting valve, the measuri
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piston is caused tomove from the upstream side to the downstream

ide.

5. ended) A piston prover comprising a measurement

cylin®r having an upstream end and a downstream end; a

hydraull§ cylinder coupled with a side of the downstream end

of the megurement cylinder; a measuring piston that moves

through a pretermined distance from an upstream side toward

a downstream Nde through the measurement cylinder during

measurement due t\a fluid flown from the upstream end to eject

a reference volume fluid; and a piston rod that is movably

accommodated 1in the\hydraulic cylinder, and having the

measuring piston and t piston rod separately constructed,

wherein

measurement standby p&gition stop means that stops the

measuring piston at a predeNermined upstream measurement

standby position by closing a fl passage that is positioned

on an upstream side of the measurMNg piston is included,

when returning the measuring piXon to the predetermined

measurement standby position, the p{ston rod moves the

measuring piston from the downstream side o the upstream side

and the measurement standby position stop\means stops the

measuring piston at the predetermined measXement standby

position, after which only the piston rod is causeN\ to move from

the upstream side to the downstream side and is a®gommodated

in the hydraulic cylinder,

the measurement standby position stop means incNdes a
first cylinder inflow passage that is connected to an upst§{eam
side of an upstream end side peripheral portion of t

measurement cylinder, a second cylinder inflow passage that is
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connected to a downstream side of the upstream end side

eripheral portion of the measurement cylinder, a bypass tube

b€\which the first cylinder inflow passage and an upstream end
portion of the measurement cylinder are connected, a

valve that 1s provided in the bypass tube, and a

piston, the measurinqypiston is stopped, and
by opening the re®rn valve and closing the measurement
starting valve, the measur\ng piston is caused to move from the

upstream side to the downst$eam side.

6. (Amended) A piston prov comprising a measurement

cylinder having an upstream end \and a downstream end; a

hydraulic cylinder coupled with a siqe of the downstream end

of the measurement cylinder; a measur\ng piston that moves

through a predetermined distance from an Qpstream side toward

a downstream side through the measuremen®\ cylinder during

measurement due to a fluid flown from the upstr€\am end to eject

a reference volume of fluid; and a piston rod th{t is movably

accommodated in the hydraulic cylinder, and ving the

measuring piston and the piston rod separately conXructed,

wherein

measurement standby position stop means that stopsS\the

measuring piston at a predetermined upstream measureme\t
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standby position by closing a flow passage that is positioned

n an upstream side of the measuring piston is included,

when returning the measuring piston to the predetermined

meaNyrement standby position, the piston rod moves the

measung piston from the downstream side to the upstream side

and the \peasurement standby position stop means stops the

measuring Wiston at the predetermined measurement standby

position, af®r which only the piston rod is caused to move from

the upstream sXde to the downstream side and is accommodated

in the hydraulic

the measuremeqyt standby position stop means includes a
first cylinder inflowWgassage that is connected to an upstream
side of an upstream d side peripheral portion of the
measurement cylinder, a se§ond cylinder inflow passage that is
connected to a downstream \side of the upstream end side
peripheral portion of the asurement cylinder, a first
measurement starting valve thal\ 1s provided in the first
cylinder inflow passage, and a segond measurement starting
valve that is provided in the second linder inflow passage,
the predetermined measurement staqydby position is at an
intermediate position between the fir cylinder inflow
passage and the second cylinder inflow passa¥e, and by closing
the first measurement starting valve and opeNing the second
measurement starting valve with the measuring pi\ton being at
the intermediate position, the measuring piston stopped,
and

by opening the first measurement starting valWe and
closing the second measurement starting valve, the measu
piston 1s caused to move from the upstream side to t

downstream side.
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(Amended) The piston prover as defined in any one of
ims 2 to 6, wherein

the measuring piston has a circumferentially embedded -
magne®Nc material, and the measurement cylinder has two
detecti means that detect the magnetic material embedded in
the measur€\ng piston at the predetermined distance apart from
each other oi\the upstream side and the downstream side of the
measurement cy
8. (Amended) e piston prover as defined in any one of

claims 2 to 7, where

an openable/clos\ple valve communicating with the
external air is provided\pn both the upstream end and the

downstream end of the measu€\ement cylinder.



pressure than that of the room on the first cylinder inlet 207
side.
[0015]

The present invention was conceived to correct the above
points and it is an object thereof to provide a piston prover
which enables accurate measurement without imposing an
excessive load on the measuring piston and further, even in the
case of the large flow rate, by stopping the measuring piston

at the predetermined measurement standby position.

MEANS FOR SOLVING THE PROBLEMS
[0016]

To solve the above problems, a first technical means of
the present invention 1is a piston prover comprising a
measurement cylinder having an upstream end and a downstream
end; a hydraulic cylinder coupled with a side of the downstream
end of the measurement cylinder; a measuring piston that moves
through a predetermined distance from an upstream side toward
a downstream side through the measurement cylinder during
measurement due to a fluid flown from the upstream end to eject
a reference volume of fluid; and a piston rod that is movably
accommodated in the hydraulic c¢ylinder, and having the
measuring piston and the piston rod separately constructed,
wherein measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included, when
returning the measuring piston to the predetermined measurement
standby position, the piston rod moves the measuring piston from

the downstream side to the upstream side and the measurement



standby position stop means stops the measuring piston at the
predetermined measurement standby position, after which only
the piston rod is caused to move from the upstream side to the
downstream side and is accommodated in the hydraulic cylinder,
the measurement standby position stop means includes a first
cylinder inflow passage that is connected to an upstream side
of an upstream end side peripheral portion of the measurement
cylinder, a second cylinder inflow passage that is connected
to a downstream side of the upstream end side peripheral portion
of the measurement cylinder, a bypass tube by which the first
cylinder inflow passage and an upstream end cover portion of
the measurement cylinder are connected, and a return valve that
is provided in the bypass tube, and the predetermined
measurement standby position is at a position of the first
cylinder inflow passage, and by closing the return valve with
the first cylinder inflow passage being blocked by the measuring
piston, the measuring piston is stopped.

[0017]

A second technical means is the piston prover of the first
technical means, wherein the measurement standby position stop
means further includes a measurement rod that is provided
movably in the upstream end cover portion of the measurement
cylinder, and by pushing out the measuring piston by the
measurement rod after opening the return valve, the measuring
piston is caused tomove from the upstream side to the downstream
side.

[0018]

A third technical means is a piston prover comprising a

measurement cylinder having an upstream end and a downstream

end; a hydraulic cylinder coupled with a side of the downstream



end of the measurement cylinder; a measuring piston that moves
through a predetermined distance from an upstream side toward
a downstream side through the measurement cylinder during
measurement due to a fluid flown from the upstream end to eject
a reference volume of fluid; and a piston rod that is movably
accommodated in the hydraulic cylinder, and having the
measuring piston and the piston rod separately constructed,
wherein measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included, when
returning the measuring piston to the predetermined measurement
standby position, the piston rod moves the measuring piston from
the downstream side to the upstream side and the measurement
standby position stop means stops the measuring piston at the
predetermined measurement standby position, after which only
the piston rod is caused to move from the upstream side to the
downstream side and is accommodated in the hydraulic cylinder,
the measurement standby position stop means includes a first
cylinder inflow passage that is connected to an upstream end
cover portion of the measurement cylinder, a second cylinder
inflow passage that is connected to an upstream end side
peripheral portion of the measurement cylinder, a measurement
starting valve that is provided in the first cylinder inflow
passage, and a measurement rod that is provided movably in the
upstream end cover portion of the measurement cylinder, the
predetermined measurement standby position is at a position of
the first cylinder inflow passage, and by closing the
measurement starting valve with the first cylinder inflow

passage being blocked by the measuring piston, the measuring
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piston is stopped, and by pushing out the measuring piston by
the measurement rod after opening the measurement starting
valve, the measuring piston is caused to move from the upstream
side to the downstream side.
[0019]

A fourth technical means is a piston prover comprising
a measurement cylinder having an upstream end and a downstream
end; a hydraulic cylinder coupled with a side of the downstream
end of the measurement cylinder; a measuring piston that moves
through a predetermined distance from an upstream side toward
a downstream side through the measurement cylinder during
measurement due to a fluid flown from the upstream end to eject
a reference volume of fluid; and a piston rod that is movably
accommodated in the hydraulic cylinder, and having the
measuring piston and the piston rod separately constructed,
wherein measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included, when
returning the measuring piston to the predetermined measurement
standby position, the piston rod moves the measuring piston from
the downstream side to the upstream side and the measurement
standby position stop means stops the measuring piston at the
predetermined measurement standby position, after which only
the piston rod is caused to move from the upstream side to the
downstream side and is accommodated in the hydraulic cylinder,
the measurement standby position stop means includes a first
cylinder inflow passage that is connected to an upstream side
of an upstream end side peripheral portion of the measurement

cylinder, a second cylinder inflow passage that is connected
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to a downstream side of the upstream end side peripheral portion
of the measurement cylinder, a bypass tube by which the first
cylinder inflow passage and an upstream end cover portion of
the measurement cylinder are connected, a return valve that is
provided in the bypass tube, and a measurement starting valve
that is provided in the second cylinder inflow passage, the
predetermined measurement standby position is at a position of
the first cylinder inflow passage, and by closing the return
valve and opening the measurement starting valve with the first
cylinder inflow passage being blocked by the measuring piston,
the measuring piston is stopped, and by opening the return valve
and closing the measurement starting wvalve, the measuring
piston is caused to move from the upstream side to the downstream
side.

[0020]

A fifth technical means is a piston prover comprising a
measurement cylinder having an upstream end and a downstream
end; a hydraulic cylinder coupled with a side of the downstream
end of the measurement cylinder; a measuring piston that moves
through a predetermined distance from an upstream side toward
a downstream side through the measurement cylinder during
measurement due to a fluid flown from the upstream end to eject
a reference volume of fluid; and a piston rod that is movably
accommodated in the hydraulic c¢ylinder, and having the
measuring piston and the piston rod separately constructed,
wherein measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included, when

returning the measuring piston to the predetermined measurement
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standby position, the piston rod moves the measuring piston from
the downstream side to the upstream side and the measurement
standby position stop means stops the measuring piston at the
predetermined measurement standby position, after which only
the piston rod is caused to move from the upstream side to the
downstream side and is accommodated in the hydraulic cylinder,
the measurement standby position stop means includes a first
cylinder inflow passage that is connected to an upstream side
of an upstream end side peripheral portion of the measurement
cylinder, a second cylinder inflow passage that is connected
to a downstream side of the upstream end side peripheral portion
of the measurement cylinder, a first measurement starting valve
that is provided in the first cylinder inflow passage, and a
second measurement starting valve that is provided in the second
cylinder inflow passage, the predetermined measurement standby
position is at an intermediate position between the first
cylinder inflow passage and the second cylinder inflow passage,
and by closing the first measurement starting valve and opening
the second measurement starting valve with the measuring piston
being at the intermediate position, the measuring piston is
stopped, and by opening the first measurement starting valve
and closing the second measurement starting wvalve, the
measuring piston is caused to move from the upstream side to
the downstream side.

[0021]

A sixth technical means is the piston prover of any one
of the first to the fifth technical means, wherein the measuring
piston has a circumferentially embedded magnetic material, and
the measurement cylinder has two detecting means that detect

the magnetic material embedded in the measuring piston at the
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predetermined distance apart from each other on the upstream
side and the downstream side of the measurement cylinder.
[0022]

A seventh technical means is the piston prover of any one
of the first to the sixth technical means, wherein an
openable/closable valve communicating with the external air is
provided on both the upstream end and the downstream end of the

measurement cylinder.

EFFECT OF THE INVENTION
[0023]

According to the present invention, an excessive load is
not imposed on the measuring piston, and further, even in the
case of the large flow rate, the measuring piston can be stopped
at the predetermined measurement standby position, thus making

it possible to perform accurate measurement.

BRIEF DESCRIPTION OF DRAWINGS
[0024]
[Fig. 1]

Fig. 1 is a front viewdepicting an external configuration
example of a piston prover according to a first embodiment of
the present invention.

[Fig. 2]

Fig. 2 is a top view depicting the external configuration
example of the piston prover according to the first embodiment
of the present invention.

[Fig. 3]
Fig. 3 is a view diagrammatically depicting a

configuration example of a proving system including the piston
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prover according to the first embodiment of the present
invention.
[Fig. 4]

Fig. 4 is a view depicting a configuration example of a
measuring piston.
[Fig. 5]

Fig. 5 1is a view diagrammatically depicting a
configuration example of a piston prover according to a second
embodiment of the present invention.

[Fig. 6]

Fig. 6 is a view diagrammatically depicting a
configuration example of a piston prover according to a third
embodiment of the present invention.

[Fig. 7]

Fig. 7 is a view diagrammatically depicting a
configuration example of a piston prover according to a fourth
embodiment of the present invention.

[Fig. 8]

Fig. 8 1is a view diagrammatically depicting a
configuration example of a piston prover according to a fifth
embodiment of the present invention.

[Fig. 9]

Fig. 9isaview for explainingan initial movement example
of the piston prover according to the present invention.
[Fig. 10]

Fig. 10 is a view for explaining a return movement example
of the piston prover according to the present invention.
[Fig. 11]

Fig. 11 is a view for explaining a standby for measurement

operation example of the piston prover according to the present
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invention.
[Fig. 12]

Fig. 12 is a view for explaining a measurement action
example of the piston prover according to the present invention.
[Fig. 13]

Fig. 13 is a diagrammatical view for explaining operation

of a piston prover described in Patent Document 1.

PREFERRED EMBODIMENT OF THE INVENTION
[0025]

Preferred embodiments according to a piston prover of the
present invention will now be described with reference to the
accompanying drawings.

[0026]
(First embodiment)

Figs. 1 and 2 are views depicting an external
configuration example of a piston prover according to a first
embodiment of the present invention. Fig. 1 is a front view
and Fig. 2 is a top view. In the figures, 1 denotes a piston
prover, 2 denotes a measurement cylinder, 3 denotes an upstream
end, 4 denotes a downstream end, 5 and 6 denote air vent valves,
7 denotes a fluid inlet, 8 denotes a fluid outlet, 9 denotes
a measuring piston, 10 and 11 denote magnetic switches, 12
denotes a hydraulic cylinder, 13 denotes a piston rod, and dl
and d2 denote drains (drain valves).

[0027]

The piston prover 1 includes the measurement cylinder 2
having the upstream end 3 through which a fluid flows in and
the downstream end 4 through which the fluid flows out; the

hydraulic cylinder 12 coupled with a side of the downstream end
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of the measurement cylinder 2; the measuring piston 9 that moves
through a predetermined distance L from an upstream side toward
a downstream side through the measurement cylinder 2 during
measurement due to a f£luid flown from the upstream end 3 to eject
a reference volume of £luid; and the piston rod 13 that is movably
accommodated in the hydraulic cylinder 12. The measuring
piston 9 is made of, for example, aluminum and the measurement
cylinder 2 is made of, for example, SUS (stainless steel).
[0028]

The measuring piston 9 is inserted as a moving element
into the measurement cylinder 2 and, during the measurement,
this measuring portion 9 is caused to move by a fluid pressure
of a fluid to be measured to eject a reference volume of fluid.
The piston rod 13 is inserted into the hydraulic cylinder 12
and this piston rod 13 is slid through the hydraulic cylinder
12 while being supported in a liquid-tight manner by a journal
bearing (not depicted) disposed on an outflow end face plate
making up the downstream end 4. The air vent valves 5 and 6
and the drains dl and d2 are openable/closable valves
communicating with the external air and are properly
opened/closed according to an action state of the piston prover
1.

[0029]

The piston prover 1 according to the present invention
has the measuring piston 9 and the piston rod 13 separately
constructed, and includes measurement standby position stop
means 14 that stops the measuring piston 9 at a predetermined
upstream measurement standby position. Moreover, the
configuration is such that, when performing a return movement

of returning the measuring piston 9 to the predetermined
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upstream measurement standby position, the piston rod 13 moves
the measuring piston 9 from the downstream side to the upstream
side and the measurement standby position stop means 14 stops
the measuring piston 9 at the predetermined measurement standby
position, after which only the piston rod 13 is caused to move
from the upstream side to the downstream side and is
accommodated in the hydraulic cylinder 12.

[0030]

The measurement standby position stop means 14 of the
present embodiment includes a first cylinder inflow passage 141
that is connected to an upstream side of an upstream end side
peripheral portion 3b of the measurement cylinder 2, a second
cylinder inflow passage 142 that is connected to a downstream
side of the upstream end side peripheral portion 3b of the
measurement cylinder 2, a bypass tube 143 by which the first
cylinder inflow passage 141 and an upstream end cover portion
3a of the measurement cylinder 2 are connected, and a return
valve 144 that is provided in the bypass tube 143. In the case
of the present example, the predetermined measurement standby
position is at a position of the first cylinder inflow passage
141, and the return valve 144 is closed with the first cylinder
inflow passage 141 being blocked by the measuring piston 9,
thereby stopping the measuring piston 9 at the predetermined
measurement standby position. Note that, the measuring piston
9 has only to block the first cylinder inflow passage 141, and
may be in contact or not in contact with an inner face of the
upstream end cover portion 3a of the measurement cylinder 2.
[0031]

In addition, the measuring piston 9 has a

circumferentially embedded magnetic material 91. At a
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position which is spaced apart only a predetermined distance
L along a longitudinal direction (upstream side and downstream
side) of the measurement cylinder 2, the measurement cylinder
2 has the magnetic switches 10 and 11 corresponding to two
detecting means that detect the magnetic material 91 embedded
in the measuring piston 9. These two magnetic switches 10 and
11 detect the movement of the measuring piston 9 through the
predetermined distance L. That is, the reference volume is a
fluid volume ejected by the movement of the measuring piston
9 through the predetermined distance L. Note that, the
predetermined distance L between the magnetic switches 10 and
11 is variable so that the reference volume can be adjusted.
[0032]

Fig. 3 1s a view diagrammatically depicting a
configuration example of a proving system including the piston
prover according to the present invention. In the figure, 15
and 16 denote magnetic switches, 17 denotes a
pneumatic/hydraulic pressure convertingunit, 18 denotes a flow
passage switching valve, 71 denotes a first cylinder inlet, 72
denotes a second cylinder inlet, 81 denotes a first cylinder
outlet, and 82 denotes a second cylinder outlet. The fluid
inlet 7 is connected to the first cylinder inlet 71 via the first
cylinder inflow passage 141 and connected to the second cylinder
inlet 72 via the second cylinder inflow passage 142. Further,
the fluid outlet 8 is similarly connected to the first cylinder
outlet 81 and the second cylinder outlet 82 wvia a cylinder
outflow passage. In addition, the fluid inlet 7 and the fluid
outlet 8 are connected to each other wvia the flow passage
switching valve 18.

[0033]
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The pneumatic/hydraulic pressure converting unit 17 is
configured to include a pneumatic pressure supply source 171,
a switching valve 172 such as a four-way solenoid wvalve,
pneumatic/hydraulic pressure converting portions 173 and 174,
and pressure feed ports 175 and 176. A supply destination of
a pneumatic pressure from the pneumatic pressure supply source
171 is switched by the switching valve 172 to supply to either
the pneumatic/hydraulic pressure converting portion 173 or the
pneumatic/hydraulic pressure converting portion 174. The
pneumatic/hydraulic pressure converting portion 173 converts
the pneumatic pressure supplied from the pneumatic pressure
supply source 171 into a hydraulic pressure and supplies the
converted hydraulic pressure through the pressure feed port 175
into the hydraulic cylinder 12. This moves the piston rod 13
in a direction being close to the measurement cylinder 2.
[0034]

Similarly, the pneumatic/hydraulic pressure converting
portion 174 converts the pneumatic pressure supplied from the
pneumatic pressure supply source 171 into a hydraulic pressure
and supplies the converted hydraulic pressure through the
pressure feed port 176 into the hydraulic cylinder 12. This
moves the piston rod 13 in a direction being away from the
measurement cylinder 2. Namely, the pneumatic/hydraulic
pressure converting unit 17 1is a device that introduces a
hydraulic pressure into the hydraulic cylinder 12 or ejects a
hydraulic pressure from the interior of the hydraulic cylinder
12 by opening/closing the pressure feed ports 175 and 176 so
that the piston rod 13 is moved or kept in the hydraulic cylinder
12. Note that, a hydraulic pump may be used instead of the

pneumatic/hydraulic pressure converting unit depending on a
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port diameter of the measurement cylinder.
[0035]

Moreover, a magnetic material not depicted is embedded
circumferentially around a head portion making up the piston
rod 13 so that it can be detected by the two magnetic switches
15 and 16 disposed on an outer periphery of the hydraulic
cylinder 12 to locate the position of the piston rod 13 in the
hydraulic cylinder 12.

[0036]

Specifically, except the return movement of returning the
measuring piston 9 to the predetermined upstream measurement
standby position, the piston rod 13 is in a state of being
accommodated in the hydraulic cylinder 12 and, in this state,
one end side of the piston rod 13 is positioned in a vicinity
of the magnetic switch 16, thus turning the magnetic switch 16
into an on-state. It is therefore specified if the magnetic
switch 16 is in the on-state that the piston rod 13 is in the
state of being accommodated in the hydraulic cylinder 12.
Further, in the above return movement, the piston rod 13 moves
in the direction being close to the measurement cylinder 2, thus
turning the magnetic switch 16 from on to off. It is therefore
specified if the magnetic switch 16 is in the off-state that
the return movement causes the piston rod 13 to be in a state
of protruding from the hydraulic c¢ylinder 12 into the
measurement cylinder 2. Then, when the measuring piston 9
returns to the measurement standby position by this return
movement, the magnetic switch 15 turns from off to on.
[0037]

As described above, the pneumatic/hydraulic pressure

converting unit 17 performs a proper hydraulic control
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according to the state of the piston rod 13 in the hydraulic
cylinder 12 so as to move or keep the piston rod 13.
[0038]

In the piston prover 1 of the present embodiment, as
described above, the measuring piston 9 and the piston rod 13
are separately constructed so that during the return movement,
the piston rod 13 causes the measuring piston 9 to move from
the downstream side to the upstream side. At this time, both
the flow passage switching valve 18 and the return valve 144
are opened. Then, the measurement standby position stop means
14 stops the measuring piston 9 at the predetermined upstream
measurement standby position. Specifically, the return valve
144 is closed from an open state with the first cylinder inflow
passage 141 being blocked by the measuring piston 9. This stops
the measuring piston 9 at the position of the first cylinder
inflow passage 141. Note that, a fluid flows from the second
cylinder inflow passage 142. After stopping the measuring
piston 9, only the piston rod 13 is then caused to move from
the upstream side to the downstream side and is accommodated
in the hydraulic cylinder 12.

[0039]

As described above, the measuring piston 9 after the
movement is stopped at the predetermined upstream measurement
standby position. In this state, the flow passage switching
valve 18 is opened and the return valve 144 is closed. When
starting the measurement, then, by closing the flow passage
switching valve 18 and opening the return valve 144, a fluid
flown from the fluid inlet 7 flows through the bypass tube 143
into the measurement cylinder 2. The pressure of this fluid

causes the measuring piston 9 to move to the downstream side
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to perform measurement.
[0040]

Adoption of the above structure enables a smooth movement
of the measuring piston 9 through the measurement cylinder 2
without subjecting the measuring piston 9 to an excessive load
even though the measuring piston 9 performs rotation, etc.
during the measurement, and further enables a reliable stopping
of the measuring piston 9 at the predetermined measurement
standby position even in the case of a large flow rate, thus
enabling an accurate measurement. Moreover, though a large and
expensive measurement starting valve is provided in the second
cylinder inflow passage in the structure of Fig. 13 described
above, the small and inexpensive return valve 144 may be
provided instead of this measurement starting valve in the
structure of the present embodiment, thus being advantageous
also in terms of cost.

[0041]

Fig. 4 is a view depicting a configuration example of the
measuring piston. The measuring piston 9 includes the magnetic
material 91 such as a magnet, a guide ring 92 made of reinforced
Teflon (Teflon: registered trademark), etc., an O ring 93 made
of NBR (nitrile butadiene rubber), etc., a sealing member 94
such as an omni-seal, and a waste tap 95 for piston fitting.
In a conventional detection method of a detector signal, the
piston rod secured to the measuring piston was made of invar
material with a need to groove this invar material or to apply
a ceramic coating to the entire invar. Hence, it necessitated
processing such as coating surface grinding or attachment of
a detector switch, resulting in an increase in the number of

manufacturing steps, whereas, the present invention has a
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simplified configuration where the measuring piston is provided
with the magnetic material which is detected by the magnetic
switch, thereby enabling a reduction in the number of
manufacturing steps.

[0042]

Further, in Fig. 3, at both the upstream end and the
downstream end of the measurement cylinder 2, the piston prover
1 is provided with the air vent valves 5 and 6 as an example
of the openable/closable valves communicating with the external
air. In addition, either one of the air vent valves 5 and 6
is used to enable a seal check between the measurement cylinder
2 and the measuring piston 9. In a general seal check method,
every time the measuring piston performs the return movement,
a leak from the omni-seal of the measuring piston and the slide
(piston) valve was automatically checked as a differential
pressure by applying a pressure to the gap therebetween. In
this case, a differential pressure generator is separately
needed, resulting in a complicated structure which causes
troubles such as failures.

[0043]

A seal check method of the present embodiment performs
the leak check by setting the measuring piston 9, for example,
at a predetermined most downstream position of the measurement
cylinder 2 and manually operating the air vent valve 6 while
applying a pressure of an actual fluid from upstream. Further,
reversing upstream and downstream, the leak check may be
performed by setting the measuring piston 9 at a predetermined
most upstream position of the measurement cylinder 2 and
manually operating the air vent valve 5 while applying a

pressure of an actual fluid from downstream.
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[0044]

In this manner, according to the above seal check method,
there is no need for a part such as the differential pressure
generator and it can be checked using only the air vent valve
of the measurement cylinder whether a leak occurs, thus enabling
a reduction in the number of parts and a reduction in the number
of manufacturing steps. Moreover, in the parts replacement at
the periodic check, etc., the omni-seal of the measuring piston
has only to be replaced, making the maintenance, etc. easy.
[0045]

(Second embodiment)

Fig. 5 1is a view diagrammatically depicting a
configuration example of a piston prover according to a second
embodiment of the present invention. Fig. 5(A) depicts a state
where the measuring piston is at the home position, Fig. 5(B)
depicts a state where the measuring piston is at the measurement
standby position, and Fig. 5(C) depicts a state where the
measuring piston starts measurement. In the first embodiment
described above, in the case of a large flow rate, when the return
valve 144 is opened, the measuring piston 9 starts a movement
to start measurement, while in the case of a small flow rate,
even when the return valve 144 is opened, the measuring piston
does not start the movement nor start the measurement in some
cases. Thus, in order to make this better, the measurement
standby position stop means 14 of the present embodiment further
includes a measurement rod 145 that is provided movably in the
upstream end cover portion 3a of the measurement cylinder 2,
in addition to the first cylinder inflow passage 141, the second
cylinder inflow passage 142, the bypass tube 143 and the return

valve 144.
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[0046]

This measurement rod 145 is made of, for example, aluminum.
At the time of starting measurement, by pushing out the
measuring piston 9 by the measurement rod 145 after opening the
return valve 144, the measuring piston 9 is caused to move from
the upstream side to the downstream sgide. This moves the
measuring piston 9 smoothly even in the case of a small flow
rate, thus making it possible to start the measurement.
[0047]

In Fig. 5(A), both the flow passage switching valve 18
and the return valve 144 are opened with the measuring piston
9 being set at the home position. A hydraulic pressure is then
applied to the piston rod 13 in the hydraulic cylinder 12 to
move the piston rod 13 and move the measuring piston 9 to the
predetermined upstream measurement standby position, and the
measuring piston 9 is stopped at the measurement standby
position. Specifically, the return valve 144 is closed from
an open state with the first cylinder inflow passage 141 being
blocked by the measuring piston 9. This leads to a state where
a fluid only from the second cylinder inflow passage 142 flows,
and the measuring piston 9 stops at the position of the first
cylinder inflow passage 141. After stopping the measuring
piston 9, only the piston rod 13 is then caused to move from
the upstream side to the downstream side and is accommodated
in the hydraulic cylinder 12. The state at this time is depicted
in Fig. 5(B).

[00438]

As described above, the measuring piston 9 stops at the

predetermined upstream measurement standby position. In this

state, the flow passage switching valve 18 is opened and the
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returnvalve 144 is closed. Then, when starting the measurement,
as depicted in Fig. 5(C), by closing the flow passage switching
valve 18 and opening the return valve 144, a fluid flown from
the fluid inlet 7 flows through the bypass tube 143 into the
measurement cylinder 2. Here, when the measuring piston 9 does
not start to move, the measuring piston 9 may be pushed out by
the measurement rod 145. This causes the measuring piston 9
to move to the downstream side to perform measurement.
[0049]

(Third embodiment)

Fig. 6 1is a view diagrammatically depicting a
configuration example of a piston prover according to a third
embodiment of the present invention. In Fig. 6(Aa), the
measurement standby position stop means 14 includes a first
cylinder inflow passage 146 that is connected to the upstream
end cover portion 3a of the measurement cylinder 2, a second
cylinder inflow passage 147 that is connected to the upstream
end side peripheral portion 3b of the measurement cylinder 2,
a measurement starting valve 148 that is provided in the first
cylinder inflow passage 146, and a measurement rod 149 that is
provided movably in the upstream end cover portion 3a of the
measurement cylinder 2. Here, the predetermined measurement
standby position at which the measuring piston 9 is stopped is
at a position of the first cylinder inflow passage 146, by
closing the measurement starting valve 148 with the first
cylinder inflow passage 146 being blocked by the measuring
piston 9, the measuring piston 9 is stopped, and by pushing out
the measuring piston 9 by the measurement rod 149 after opening
the measurement starting valve 148, the measuring piston 9 is

caused to move from the upstream side to the downstream side.
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Note that, the flow passage switching valve 18 is opened with
the measuring piston 9 being stopped and the flow passage
switching valve 18 is closed with the measuring piston 9 being
moved.
[0050]

In the above, the measuring piston 9 stops in an attitude
of being in contact with an inner face of the upstream end cover
portion 3a of the measurement cylinder 2 as depicted in Fig.
6 (A). According to the form of Fig. 6(A), the measurement
starting valve 148 is provided in the first cylinder inflow
passage 146 instead of the return valve. Moreover, the first
cylinder inflow passage 146 is directly connected to the
upstream end cover portion 3a of the measurement cylinder 2 and
hence the bypass tube is unnecessary.

[0051]

A modified example of the present embodiment is depicted
in Fig. 6(B). In Fig. 6(B), the measurement standby position
stop means 14 includes a first cylinder inflow passage 146’ that
is connected to the upstream side of the upstream end side
peripheral portion 3b of the measurement cylinder 2, the second
cylinder inflow passage 147 that is connected to the downstream
side of the upstream end side peripheral portion 3b of the
measurement cylinder 2, the measurement starting valve 148 that
is provided in the first cylinder inflow passage 146', the
measurement rod 149 that is provided movably in the upstream
end cover portion 3a of the measurement cylinder 2, and a bypass
tube 150 by which the first cylinder inflow passage 146’ and
the upstream end cover portion 3a of the measurement cylinder
2 are connected. Here, by closing the measurement starting

valve 148 with the first cylinder inflow passage 146’ being
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blocked by the measuring piston 9, the measuring piston 9 is
stopped, and by pushing out the measuring piston 9 by the
measurement rod 149 after opening the measurement starting
valve 148, the measuring piston 9 is caused to move from the
upstream side to the downstream side. ©Note that, the flow
passage switching valve 18 is opened with the measuring piston
9 being stopped and the flow passage switching valve 18 is closed
with the measuring piston 9 being moved.

[0052]

(Fourth embodiment)

Fig. 7 1s a view diagrammatically depicting a
configuration example of a piston prover according to a fourth
embodiment of the present invention. The measurement standby
position stop means 14 includes a first cylinder inflow passage
151 that is connected to the upstream side of the upstream end
side peripheral portion 3b of the measurement cylinder 2, a
second cylinder inflow passage 152 that is connected to the
downstream side of the upstream end side peripheral portion 3b
of the measurement cylinder 2, a bypass tube 154 by which the
first cylinder inflow passage 151 and the upstream end cover
portion 3a of the measurement cylinder 2 are connected, a return
valve 155 that is provided in the bypass tube 154, and a
measurement starting valve 153 that is provided in the second
cylinder inflow passage 152. Here, the predetermined
measurement standby position at which the measuring piston 9
is stopped is at a position of the first cylinder inflow passage
151. By closing the return valve 155 and opening the
measurement starting valve 153 with the first cylinder inflow
passage 151 being blocked by the measuring piston 9, the

measuring piston 9 is stopped. Further, by opening the return
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valve 155 and closing the measurement starting valve 153, the
measuring piston 9 is caused to move from the upstream side to
the downstream side. Note that, the flow passage switching
valve 18 is opened with the measuring piston 9 being stopped
and the flow passage switching valve 18 is closed with the
measuring piston 9 being moved.

[0053]

The configuration is such that in the present embodiment
the measurement rod for pushing out the measuring piston 9 is
unnecessary and opening/closing of the measurement starting
valve 153 and opening/closing of the return valve 155 are
controlled to thereby perform operation of stopping and moving
the measuring piston 9.

[0054]
(Fifth embodiment)

Fig. 8 1is a view diagrammatically depicting a
configuration example of a piston prover according to a fifth
embodiment of the present invention. The measurement standby
position stop means 14 includes a first cylinder inflow passage
156 that is connected to the upstream side of the upstream end
side peripheral portion 3b of the measurement cylinder 2, a
second cylinder inflow passage 157 that is connected to the
downstream side of the upstream end side peripheral portion 3b
of the measurement cylinder 2, a first measurement starting
valve 158 that is provided in the first cylinder inflow passage
156, and a second measurement starting wvalve 159 that is
provided in the second cylinder inflow passage 157. Hére, the
predetermined measurement standby position at which the
measuring piston 9 is stopped is at an intermediate position

between the first cylinder inflow passage 156 and the second
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cylinder inflow passage 157. By closing the first measurement
starting valve 158 and opening the second measurement starting
valve 159 with the measuring piston 9 being at this intermediate
position, the measuring piston 9 is stopped. Further, by
opening the first measurement starting valve 158 and closing
the second measurement starting valve 159, the measuring piston
9 is caused to move from the upstream side to the downstream
side. Note that, the flow passage switching valve 18 is opened
with the measuring piston 9 being stopped and the flow passage
switching valve 18 is closed with the measuring piston 9 being
moved.

[0055]

The configuration is such that in the present embodiment
the measurement rod for pushing out the measuring piston 9, the
bypass tube, and the return valve are unnecessary and
opening/closing of the two measurement starting valves 158 and
159 are controlled to thereby perform operation of stopping and
moving the measuring piston 9.

[0056]

Figs. 9 to 12 are views for explaining action examples
of the piston prover according to the present invention. Fig.9
is a view explaining the initial movement, Fig. 10 is a view
explaining the return movement, Fig. 11 is a view explaining
a standby for measurement operation, and Fig. 12 is a view
explaining the measurement action. Note that, here, though the
form of the measurement standby position stop means 14 will be
explained by exemplifying the case of the second embodiment (Fig.
5), basic action is the same even in other embodiments.
[0057]

In the initial movement of Fig. 9, first, when the
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measuring piston 9 is at a most upstream position (measurement
standby position) Pl in starting a fluid feed from the fluid
inlet 7, the piston prover 1 closes the flow passage switching
valve 18 and opens the return valve 144 to allow a £luid to flow
in through the second cylinder inflow passage 142 and the bypass
tube 143. As a result, as depicted in Fig. 9(A), the measuring
piston 9 moves to the downstream side by the fluid pressure.
At this time, when the measuring piston 9 does not start to move,
the measuring piston 9 may be pushed out by the measurement rod
145. Note that, the state of Fig. 9(A) is based on the
assumption that the interior of the measurement cylinder 2 is
not filled with fluid.

[o058]

In addition, when the measuring piston 9 is at a position
P2 between the magnetic switches 10 and 11, the flow passage
switching valve 18 is closed and the return valve 144 is opened
to allow a fluid to flow in through the second cylinder inflow
passage 142, the bypass tube 143, and the first cylinder inflow
passage 141. As a result, as depicted in Fig. 9(B), the
measuring piston 9 moves to the downstream side by the fluid
pressure. Similar to the case of Fig. 9(A), the state of Fig.
9(B) is also based on the assumption that the interior of the
measurement cylinder 2 is not filled with fluid.

[0059]

As depicted in Fig. 9(C), the measuring piston 9 moved
as described above is set at a downstream home position P3. In
both cases of Fig. 9(A) and Fig. 9(B), the return valve 144 is
already opened and hence remains opened also in Fig. 9(C). Note
that, in all cases, the flow passage switching valve 18 remains

closed. At this home position P3, the measuring piston 9 is
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kept at substantially an intermediate position between the
first cylinder outlet 81 and the second cylinder outlet 82.
[0060]

In the return movement of Fig. 10, as depicted in Fig.
10(a), the flow passage switching valve 18 is opened with the
measuring piston 9 being set at the home position P3. A
hydraulic pressure is then applied from the pressure feed port
175 to the piston rod 13 to move the piston rod 13 as depicted
in Figs. 10(B) and (C) to move the measuring piston 9 from the
home position P3 to P4 and further to the predetermined upstream
measurement standby position P1, and the measurement standby
position stop means 14 stops the measuring piston 9 at the
measurement standby position P1l. Specifically, the return
valve 144 is closed with the first cylinder inlet 71 being
blocked by the measuring piston 9. Here, the movement of the
piston rod 13 causes the magnetic switch 16 to turn from on to
off. Then,' when the magnetic switch 15 turns from off to omn,
it is determined that the measuring piston 9 has moved to the
measurement standby position P1. At this measurement standby
position P1l, the measuring piston 9 is kept at a position of
the first cylinder inlet 71.

[0061]

In the standby for measurement operation of Fig. 11, after
the measurement standby position stop means 14 stops the
measuring piston 9 at the predetermined upstream measurement
standby position P1, a hydraulic pressure is applied from the
pressure feed port 176, opposite to the case of Fig. 10, to the
pistonrod 13 toreturn the pistonrod 13 to its original position
in the hydraulic cylinder 12 as depicted in Figs. 11(A) and (B).

The flow passage switching valve 18 is then closed as depicted
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in Fig. 11 (B) to terminate the standby for measurement. In this
state, the measurement cylinder 2 is filled with fluid. Here,
the movement of the piston rod 13 causes the magnetic switch
15 to turn from on to off. Then, when the magnetic switch 16
turns from off to on, it is determined that the piston rod 13
has returned to its original position in the hydraulic cylinder
12.
[0062]

In the measurement action of Fig. 12, when the returnvalve
144 is opened to allow a fluid to flow in through the bypass
tube 143, the measuring piston 9 moves to the downstream side
by the fluid pressure as depicted in Fig. 12(A). Note that,
when the measuring piston 9 does not start tomove, the measuring
piston 9 may be pushed out by the measurement rod 145. At this
time, when the measuring piston 9 arrives at a position P5, the
magnetic switch 10 is turned on to start measurement therefrom.
Then, when the measuring piston 9 further moves through a
position P6 as depicted in Fig. 12(B) and the measuring piston
9 arrives at aposition P7 as depicted inFig. 12(C), the magnetic
switch 11 is turned on. Consequently, the measuring piston 9
is regarded as having ejected a reference volume of fluid, to
terminate the measurement. The measuring piston 9 is then set
at the home position P3 depicted in Fig. 9(C) above, after which
the return movement of Fig. 10, the standby for measurement
operation of Fig. 11, and the measurement action of Fig. 12 are
iteratively executed a required number of times.
[0063]

As set forth hereinabove, according to the present
invention, by virtue of the separate structure of the measuring

piston and the piston rod, the measuring piston can move
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smoothly through the measurement cylinder without subjecting
the measuring piston to an excessive load in measurement, and
further the measuring piston can be stopped at the predetermined
measurement standby position reliably, thus enabling an
accurate measurement. Further, by virtue of the simplified
structure as compared with the conventional products, a

reduction in the parts count and in cost is achieved.

EXPLANATION OF REFERENCE NUMERALS

[0064]

l.piston prover, 2.measurement cylinder, 3..upstream end,
3a..upstream end cover portion, 3b..upstream end side peripheral
portion, 4..downstream end, 5,6..air vent valve, 7..fluid inlet,
71..first cylinder inlet, 72..second cylinder inlet, 8..fluid
outlet, 81l..first cylinder outlet, 82..second cylinder outlet,
9..measuring piston, 9l.magnetic material, 92..guide ring, 93..0
ring, 94..omni-seal, 95..waste tap for piston £fitting,
10,11,15,16.magnetic switch, 12..hydraulic cylinder, 13..piston
rod, l4..measurement standby position stop means,
141,146,146',151,156.first cylinder inflow passage,
142,147,152,157..second cylinder inflow passage,
143,150,154..bypass tube, 144 ,155..return valve,
145, 149..measurement rod, 148,153,158, 159..measurement
starting valve, 17.pneumatic/hydraulic pressure converting
unit, 171.pneumatic pressure supply source, 172..switching
valve, 173,174..pneumatic/hydraulic pressure converting
portion, 175,176.pressure feed port, and 18..flow passage

switching valve.
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CLAIMS

1. A piston prover comprising a measurement cylinder having
an upstream end and a downstream end; a hydraulic cylinder
coupled with a side of the downstream end of the measurement
cylinder; a measuring piston that moves through a predetermined
distance from an upstream side toward a downstream side through
the measurement cylinder during measurement due to a £fluid f£lown
from the upstream end to eject a reference volume of f£luid; and
a piston rod that is movably accommodated in the hydraulic
cylinder, and having the measuring piston and the piston rod
separately constructed, wherein

measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included,

when returning the measuring piston to the predetermined
measurement standby position, the piston rod moves the
measuring piston from the downstream side to the upstream side
and the measurement standby position stop means stops the
measuring piston at the predetermined measurement standby
position, after which only the piston rod is caused to move from
the upstream side to the downstream side and is accommodated
in the hydraulic cylinder,

the measurement standby position stop means includes a
first cylinder inflow passage that is connected to an upstream
side of an upstream end side peripheral portion of the
measurement cylinder, a second cylinder inflow passage that is
connected to a downstream side of the upstream end side

peripheral portion of the measurement cylinder, a bypass tube
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by which the first cylinder inflow passage and an upstream end
cover portion of the measurement cylinder are connected, and
a return valve that is provided in the bypass tube, and

the predetermined measurement standby position is at a
position of the first cylinder inflow passage, and by closing
the return valve with the first cylinder inflow passage being
blocked by the measuring piston, the measuring piston is

stopped.

2. The piston prover as defined in claim 1, wherein
the measurement standby position stop means further
includes a measurement rod that is provided movably in the
upstream end cover portion of the measurement cylinder, and
by pushing out the measuring piston by the measurement
rod after opening the return valve, the measuring piston is

caused to move from the upstream side to the downstream side.

3. A piston prover comprising a measurement cylinder having
an upstream end and a downstream end; a hydraulic cylinder
coupled with a side of the downstream end of the measurement
cylinder; a measuring piston that moves through a predetermined
distance from an upstream side toward a downstream side through
the measurement cylinder during measurement due to a fluid flown
from the upstream end to eject a reference volume of fluid; and
a piston rod that is movably accommodated in the hydraulic
cylinder, and having the measuring piston and the piston rod
separately constructed, wherein

measurement standby position stop means that stops the

measuring piston at a predetermined upstream measurement
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standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included,

when returning the measuring piston to the predetermined
measurement standby position, the piston rod moves the
measuring piston from the downstream side to the upstream side
and the measurement standby position stop means stops the
measuring piston at the predetermined measurement standby
position, after which only the piston rod is caused to move from
the upstream side to the downstream side and is accommodated
in the hydraulic cylinder,

the measurement standby position stop means includes a
first cylinder inflow passage that is connected to an upstream
end cover portion of the measurement cylinder, a second cylinder
inflow passage that is connected to an upstream end side
peripheral portion of the measurement cylinder, a measurement
starting valve that is provided in the first cylinder inflow
passage, and a measurement rod that is provided movably in the
upstream end cover portion of the measurement cylinder,

the predetermined measurement standby position is at a
position of the first cylinder inflow passage, and by closing
the measurement starting valve with the first cylinder inflow
passage being blocked by the measuring piston, the measuring
piston is stopped, and

by pushing out the measuring piston by the measurement
rod after opening the measurement starting valve, the measuring
piston is caused to move from the upstream side to the downstream

side.

4. A piston prover comprising a measurement cylinder having

an upstream end and a downstream end; a hydraulic cylinder
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coupled with a side of the downstream end of the measurement
cylinder; a measuring piston that moves through a predetermined
distance from an upstream side toward a downstream side through
the measurement cylinder during measurement due to a fluid flown
from the upstream end to eject a reference volume of fluid; and
a piston rod that is movably accommodated in the hydraulic
cylinder, and having the measuring piston and the piston rod
separately constructed, wherein

measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upstream side of the measuring piston is included,

when returning the measuring piston to the predetermined
measurement standby position, the piston rod moves the
measuring piston from the downstream side to the upstream side
and the measurement standby position stop means stops the
measuring piston at the predetermined measurement standby
position, after which only the piston rod is caused to move from
the upstream side to the downstream side and is accommodated
in the hydraulic cylinder,

the measurement standby position stop means includes a
first cylinder inflow passage that is connected to an upstream
side of an upstream end side peripheral portion of the
measurement cylinder, a second cylinder inflow passage that is
connected to a downstream side of the upstream end side
peripheral portion of the measurement cylinder, a bypass tube
by which the first cylinder inflow passage and an upstream end
cover portion of the measurement cylinder are connected, a

return valve that is provided in the bypass tube, and a
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measurement starting wvalve that is provided in the second
cylinder inflow passage,

the predetermined measurement standby position is at a
position of the first cylinder inflow passage, and by closing
the return valve and opening the measurement starting valve with
the first cylinder inflow passage being blocked by the measuring
piston, the measuring piston is stopped, and

by opening the return valve and closing the measurement
starting valve, the measuring piston is caused to move from the

upstream side to the downstream side.

5. A piston prover comprising a measurement cylinder having
an upstream end and a downstream end; a hydraulic cylinder
coupled with a side of the downstream end of the measurement
cylinder; a measuring piston that moves through a predetermined
distance from an upstream side toward a downstream side through
the measurement cylinder during measurement due to a £luid flown
from the upstream end to eject a reference volume of f£luid; and
a piston rod that is movably accommodated in the hydraulic
cylinder, and having the measuring piston and the piston rod
separately constructed, wherein

measurement standby position stop means that stops the
measuring piston at a predetermined upstream measurement
standby position by closing a flow passage that is positioned
on an upétream side of the measuring piston is included,

when returning the measuring piston to the predetermined
measurement standby position, the piston rod moves the
measuring piston from the downstream side to the upstream side
and the measurement standby position stop means stops the

measuring piston at the predetermined measurement standby
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position, after which only the piston rod is caused to move from
the upstream side to the downstream side and is accommodated
in the hydraulic cylinder,

the measurement standby position stop means includes a
first cylinder inflow passage that is connected to an upstream
side of an upstream end side peripheral portion of the
measurement cylinder, a second cylinder inflow passage that is
connected to a downstream side of the upstream end side
peripheral portion of the measurement cylinder, a first
measurement starting valve that is provided in the first
cylinder inflow passage, and a second measurement starting
valve that is provided in the second cylinder inflow passage,

the predetermined measurement standby position is at an
intermediate position between the first cylinder inflow
passage and the second cylinder inflow passage, and by closing
the first measurement starting valve and opening the second
measurement starting valve with the measuring piston being at
the intermediate position, the measuring piston is stopped,
and

by opening the first measurement starting valve and
closing the second measurement starting valve, the measuring
piston is caused to move from the upstream side to the

downstream side.

6. The piston prover as defined in any one of claims 1 to
5, wherein

the measuring piston has a circumferentially embedded
magnetic material, and the measurement c¢ylinder has two
detecting means that detect the magnetic material embedded in

the measuring piston at the predetermined distance apart from
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each other on the upstream side and the downstream side of the

measurement cylinder.

7. The piston prover as defined in any one of claims 1 to
6, wherein

an openable/closable valve communicating with the
external air is provided on both the upstream end and the

downstream end of the measurement cylinder.



