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pressure than that of the room on the first cylinder inlet 2 07 

Wide. 

[\l5] 

\ The present invention was conceived to correct the above 

points^ind it is an object thereof to provide a piston prover 

which enables accurate measurement without imposing an 

excessive J^cad on the measuring piston and further, even in the 

case of the ]Vrge flow rate, by stopping the measuring piston 

at the predetermined measurement standby position. 

MEANS FOR SOLVING mE PROBLEMS 

[0016] \ 

To solve the abov^problems, a first technical means of 

the present invention aV a piston prover comprising a 

measurement cylinder having^|n upstream end and a downstream 

end; a hydraulic cylinder coup]\d with a side of the downstream 

end of the measurement cylinder;Xmeasuring 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 thekupstream 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 separatew constructed, 

wherein measurement standby position stop means l^aat stops the 

measuring piston at a predetermined upstream Measurement 

standby position is included, and when returning the measuring 

piston to the predetermined measurement standby position, the 

piston rod moves the measuring piston from the downstream l^Lde 

to the upstream side and the measurement standby position st^p 

means stops the measuring piston at the predetermined; 
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measurement standby position, after which only the piston rod 

^s caused to move from the upstream side to the downstream side 

a« is accommodated in the hydraulic cylinder. 

[oo\] 

^second technical means is the piston prover of the first 

technics^means, wherein the measurement standby position stop 

means inclines a first cylinder inflow passage that is connected 

to an upstreab side of an upstream end side peripheral portion 

of the measureflrat cylinder, a second cylinder inflow passage 

that is connected^to a downstream side of the upstream end side 

peripheral portionVf 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 p^yided 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 inVLow passage being blocked by 

the measuring piston, the measuring piston is stopped. 

[0018] \ 

A third technical means is the pisubn prover of the second 

technical means, wherein the measurement ̂ andby position stop 

means further includes a measurement rod^that is provided 

movably in the upstream end cover portion ofVhe measurement 

cylinder, and by pushing out the measuring j^Lston by the 

measurement rod after opening the return valve, tnW measuring 

piston is caused to move from the upstream side to the downstream 

side. X 

[0019] \ 

A fourth technical means is the piston prover of the f iret 

technical means, wherein the measurement standby position stop^ 
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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 

upswream end side peripheral portion of the measurement 

cylin^r, a measurement starting valve that is provided in the 

first cwinder inflow passage, and a measurement rod that is 

provided ̂ >vably in the upstream end cover portion of the 

measurementV:ylinder, the predetermined measurement standby 

position is atVposition of the first cylinder inflow passage, 

and by closing measurement starting valve with the first 

cylinder inflow passage being blocked by the measuring piston, 

the measuring pistols is stopped, and by pushing out the 

measuring piston by t^e measurement rod after opening the 

measurement starting val^fc, the measuring piston is caused to 

move from the upstream sideLto the downstream side. 

[0020] \ 

A fifth technical means isXhe piston prover of the first 

technical means, wherein the measurement standby position stop 

means includes a first cylinder inflo^Dassage that is connected 

to an upstream side of an upstream end \lde peripheral portion 

of the measurement cylinder, a second cylinder inflow passage 

that is connected to a downstream side of thVupstream end side 

peripheral portion of the measurement cylinder, a bypass tube 

by which the first cylinder inflow passage and ̂ upstream end 

cover portion of the measurement cylinder are ronnected, a 

return valve that is provided in the bypass tufite, and a 

measurement starting valve that is provided in theVsecond 

cylinder inf low passage, the predetermined measurement st\ndby 

position is at a position of the first cylinder inflow passag^, 

and by closing the return valve and opening the measuremenX 
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starting valve with the first cylinder inflow passage being 

flocked by the measuring piston, the measuring piston is stopped, 

arcf by opening the return valve and closing the measurement 

stalfcing valve, the measuring piston is caused to move from the 

upstrefem side to the downstream side. 

[0021] \ 

A si^th technical means is the piston prover of the first 

technical meakis, wherein the measurement standby position stop 

means includesaLfirst cylinder inf low passage that is connected 

to an upstream sd^te of an upstream end side peripheral portion 

of the measurement^^"linder, a second cylinder inflow passage 

that is connected to aVlownstream side of the upstream end side 

peripheral portion ofXthe measurement cylinder, a first 

measurement starting valVe that is provided in the first 

cylinder inflow passage, am a second measurement starting 

valve that is provided in the ̂ econd cylinder inflow passage, 

the predetermined measurement ̂standby position is at an 

intermediate position between the fItst cylinder inflow passage 

and the second cylinder inflow passag^Land by closing the first 

measurement starting valve and openingVhe second measurement 

starting valve with the measuring p:\rton being at the 

intermediate position, the measuring pistonVs stopped, and by 

opening the first measurement starting valve^and closing the 

second measurement starting valve, the measui\ig piston is 

caused to move from the upstream side to the down^ream side. 

[0022] \ 

A seventh technical means is the piston prover ofXny one 

of the first to the sixth technical means, wherein the measuring 

piston has a circumferentially embedded magnetic material, afcd 

the measurement cylinder has two detecting means that deteclV 
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the magnetic material embedded in the measuring piston at the 

predetermined distance apart from each other on the upstream 

le and the downstream side of the measurement cylinder. 

[oc\] 

eighth technical means is the piston prover of any one 

of the ^Lrst to the seventh technical means, wherein an 

openable/c^osable valve communicating with the external air is 

provided on l^th the upstream end and the downstream end of the 

measurement cyVinder. 

EFFECT OF THE INVEI 

[0024] 

According to the pVesent invention, an excessive load is 

not imposed on the measuring piston, and further, even in the 

case of the large flow rate, i^ae measuring piston can be stopped 

at the predetermined measurement standby position, thus making 

it possible to perform accurate\ieasurement. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] 

[Fig. 1] 

Fig. 1 is a front view depicting an external configuration 

example of a piston prover according to a firSfc 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 emb\iment 

of the present invention. 

[Fig. 3] 

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

trover according to the first embodiment of the present 

rention. 

4] 

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

measuring piston 

[Fig. 5] 

Fig. x a view diagrammatically depicting a 

configuration 3|cample of a piston prover according to a second 

embodiment of th^ present invention. 

[Fig. 6] 

Fig. 6 is a\ view diagrammatically depicting a 

configuration example o\a piston prover according to a third 

embodiment of the presenl\invention. 

[Fig. 7] 

Fig. 7 is a view \Lagrammatically depicting a 

configuration example of a pistoJ^prover according to a fourth 

embodiment of the present invent: 

[Fig. 8] 

Fig. 8 is a view diagrammatically depicting a 

configuration example of a piston prover\ccordinq to a fifth 

embodiment of the present invention. 

[Fig. 9] 

Fig. 9 is a view for explaining an initial mo^gment example 

of the piston prover according to the present indention. 

[Fig. 10] 

Fig. 10 is a view for explaining a return movement Ifccample 

of the piston prover according to the present inventioi 

[Fig. 11] 

Fig. 11 is a view for explaining a standby for measurement 
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operation example of the piston prover according to the present 

invention. 

[Wg. 12] 

X Fig. 12 is a view for explaining a measurement action 

example of the piston prover according to the present invention. 

[Fig. l\ 

Fig^13 is a diagrammatical view for explaining operation 

of a piston\rover described in Patent Document 1. 

PREFERRED EMBOD^ENT OF THE INVENTION 

[0026] \ 

Preferred emboaWnents according to a piston prover of the 

present invention will^>w be described with reference to the 

accompanying drawings. ^ 

[0027] \ 

(First embodiment) X 

Figs. 1 and 2 are viVws depicting an external 

configuration example of a piston plover according to a first 

embodiment of the present invention^ Fig. 1 is a front view 

and Fig. 2 is a top view. In the figu^fes, 1 denotes a piston 

prover, 2 denotes a measurement cylinder, 3kdenotes an upstream 

end, 4 denotes a downstream end, 5 and 6 denote air vent valves, 

7 denotes a fluid inlet, 8 denotes a fluid oi*let, 9 denotes 

a measuring piston, 10 and 11 denote magneti^switches, 12 

denotes a hydraulic cylinder, 13 denotes a pistonVod, and dl 

and d2 denote drains (drain valves). X 

[0028] \ 

The piston prover 1 includes the measurement cylinlter 2 

having the upstream end 3 through which a fluid flows in ̂ ad 

the downstream end 4 through which the fluid flows out; the^ 
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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 

through a predetermined distance L from an upstream side toward 

a downstream side through the measurement cylinder 2 during 

measurement due to a fluid flown from the upstream end 3 to eject 

a refere^e volume of fluid; and the piston rod 13 that is movably 

accommodalTld in the hydraulic cylinder 12. The measuring 

piston 9 is nmde of, for example, aluminum and the measurement 

cylinder 2 isXade of, for example, SUS (stainless steel). 

[0029] \ 

The measurini\piston 9 is inserted as a moving element 

into the measurementVrylinder 2 and, during the measurement, 

this measuring portion 3k is caused to move by a fluid pressure 

of a fluid to be measured reject 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 li^iid-tight manner by a journal 

bearing (not depicted) disposed orkan outflow end face plate 

making up the downstream end 4 . Th^air vent valves 5 and 6 

and the drains dl and d2 are operable/closable valves 

communicating with the external air\and are properly 

opened/closed according to an action state oVthe piston prover 

1. \ 

[0030] \ 

The piston prover 1 according to the presei\ invention 

has the measuring piston 9 and the piston rod 13 sltoarately 

constructed, and includes measurement standby position stop 

means 14 that stops the measuring piston 9 at a predetermined 

upstream measurement standby position. Moreover, Bjae 

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

^pstream measurement standby position, the piston rod 13 moves 

t^g measuring piston 9 from the downstream side to the upstream 

sideband the measurement standby position stop means 14 stops 

the me^uring piston 9 at the predetermined measurement standby 

positio:^af ter which only the piston rod 13 is caused to move 

from the Vpstream side to the downstream side and is 

accommodatecmn the hydraulic cylinder 12. 

[0031] \ 

The measurement standby position stop means 14 of the 

present embodiment occludes a first cylinder inf low passage 141 

that is connected to aki upstream side of an upstream end side 

peripheral portion 3b o\ the measurement cylinder 2, a second 

cylinder inflow passage lie that is connected to a downstream 

side of the upstream end s^de peripheral portion 3b of the 

measurement cylinder 2, a bypass tube 143 by which the first 

cylinder inflow passage 141 and atoi upstream end cover portion 

3a of the measurement cylinder 2 sVe connected, and a return 

valve 144 that is provided in the bypafes tube 143 . In the case 

of the present example, the predetermir\d measurement standby 

position is at a position of the first cylVider inflow passage 

141, and the return valve 144 is closed with\he first cylinder 

inflow passage 141 being blocked by the mea^oring 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 passag^L41, and 

may be in contact or not in contact with an inner face^f the 

upstream end cover portion 3a of the measurement cylinder 2. 

[0032] \ 

In addition, the measuring piston 9 has ^ 
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circumferentially embedded magnetic material 91. At a 

Position which is spaced apart only a predetermined distance 

LVlong a longitudinal direction (upstream side and downstream 

sidak of the measurement cylinder 2, the measurement cylinder 

2 has^fche 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 thlk movement of the measuring piston 9 through the 

predetermined o^stance L. That is, the reference volume is a 

fluid volume ejeofced by the movement of the measuring piston 

9 through the predetermined distance L. Note that, the 

predetermined distan^fe L between the magnetic switches 10 and 

11 is variable so that pie reference volume can be adjusted. 

[0033] \ 

Fig. 3 is a viewV diagrammatically depicting a 

configuration example of a proving system including the piston 

prover according to the present pivention. In the figure, 15 

and 16 denote magnetic sw^ches, 17 denotes a 

pneumatic/hydraulic pressure converting unit, 18 denotes a flow 

passage switching valve, 71 denotes a fVst 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 inlel^tfl via the first 

cylinder inf low passage 141 and connected to the safcond cylinder 

inlet 72 via the second cylinder inflow passage 14^^ Further, 

the fluid outlet 8 is similarly connected to the f irslVrylinder 

outlet 81 and the second cylinder outlet 82 via a cwinder 

outflow passage. In addition, the fluid inlet 7 and the Bluid 

outlet 8 are connected to each other via the flow passive 

switching valve 18 . ^ 
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[0034] 

W The pneumatic/hydraulic pressure converting unit 17 is 

configured to include a pneumatic pressure supply source 171, 

a smtching valve 172 such as a four-way solenoid valve, 

pneumatic/hydraulic pressure converting portions 173 and 174, 

and pressure feed ports 175 and 176. A supply destination of 

a pneumatiakpressure from the pneumatic pressure supply source 

171 is switcnfed by the switching valve 17 2 to supply to either 

the pneumatic/Hydraulic pressure converting portion 173 or the 

pneumatic/hydrauVic pressure converting portion 174. The 

pneumatic/hydrauliokpressure converting portion 173 converts 

the pneumatic pressure supplied from the pneumatic pressure 

supply source 171 into X hydraulic pressure and supplies the 

converted hydraulic pressi^ce through the pressure feed port 175 

into the hydraulic cylinderV2 . This moves the piston rod 13 

in a direction being close toVthe measurement cylinder 2. 

[0035] \ 

Similarly, the pneumatic/hydraulic pressure converting 

portion 174 converts the pneumatic p^ssure supplied from the 

pneumatic pressure supply source 171 inlb 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 bein\ away from the 

measurement cylinder 2. Namely, the pneumaVic/hydraulic 

pressure converting unit 17 is a device that introduces a 

hydraulic pressure into the hydraulic cylinder 12 on^^jects a 

hydraulic pressure from the interior of the hydraulic c\Linder 

12 by opening/closing the pressure feed ports 175 and 1^6 so 

that the piston rod 13 is moved or kept in the hydraulic cylincrer 

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

yport diameter of the measurement cylinder. 

\p36] 

P Moreover, a magnetic material not depicted is embedded 

circumEerentially around a head portion making up the piston 

rod 13 sW that it can be detected by the two magnetic switches 

15 and 16Xdisposed on an outer periphery of the hydraulic 

cylinder 12 locate the position of the piston rod 13 in the 

hydraulic cyloader 12. 

[0037] \ 

Specif icall^kexcept the return movement of returning the 

measuring piston 9 tokthe predetermined upstream measurement 

standby position, the jy_ston rod 13 is in a state of being 

accommodated in the hydraVLic cylinder 12 and, in this state, 

one end side of the piston ̂ Cd 13 is positioned in a vicinity 

of the magnetic switch 16, thuV turning the magnetic switch 16 

into an on-state. It is therefore specified if the magnetic 

switch 16 is in the on-state thatXhe piston rod 13 is in the 

state of being accommodated in th^hydraulic cylinder 12. 

Further, in the above return movement, Vhe piston rod 13 moves 

in the direction being close to the measurement cylinder 2, thus 

turning the magnetic switch 16 from on to of^ It is therefore 

specified if the magnetic switch 16 is in tnlk off-state that 

the return movement causes the piston rod 13 tc^pe in a state 

of protruding from the hydraulic cylinder l\ into the 

measurement cylinder 2. Then, when the measuringVpiston 9 

returns to the measurement standby position by thisVreturn 

movement, the magnetic switch 15 turns from off to on.X 

[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 

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

[o\9] 

\Cn 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 downstreamside to the upstream side. At this time, both 

the flow passag^switching valve 18 and the return valve 144 

are opened. Then,Vhe 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 opei^tate with the first cylinder inflow 

passage 141 being blocked b^pie measuring piston 9 . This stops 

the measuring piston 9 at th^position of the first cylinder 

inflow passage 141. Note that,^a fluid flows from the second 

cylinder inflow passage 142. Ai\er stopping the measuring 

piston 9, only the piston rod 13 is\;hen caused to move from 

the upstream side to the downstream sa|de and is accommodated 

in the hydraulic cylinder 12. X 

[0040] \ 

As described above, the measuring piston 9 after the 

movement is stopped at the predetermined upstr^kn 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^oassage 

switching valve 18 and opening the return valve 144, a lEluid 

flown from the fluid inlet 7 flows through the bypass tube T^13 

into the measurement cylinder 2 . The pressure of this f lud^L 
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causes the measuring piston 9 to move to the downstream side 

to perform measurement. 

\o41] 

^ Adoption of the above structure enables a smooth movement 

of tnk measuring piston 9 through the measurement cylinder 2 

without^eubj ecting the measuring piston 9 to an excessive load 

even thouMi the measuring piston 9 performs rotation, etc. 

during the irmsurement, and further enables a reliable stopping 

of the measuiVng piston 9 at the predetermined measurement 

standby positioiVeven in the case of a large flow rate, thus 

enabling an accurate measurement. Moreover, though a large and 

expensive measuremenV starting valve is provided in the second 

cylinder inflow passagakin the structure of Fig. 13 described 

above, the small and ii^cpensive return valve 144 may be 

provided instead of this measurement starting valve in the 

structure of the present emb^iiment, thus being advantageous 

also in terms of cost. X 

[0042] \ 

Fig. 4 is a view depicting a configuration example of the 

measuring piston. The measuring piston^ includes the magnetic 

material 91 such as a magnet, a guide ring^B2 made of reinforced 

Teflon (Teflon: registered trademark), etcV an O ring 93 made 

of NBR (nitrile butadiene rubber), etc., a smaling member 94 

such as an omni-seal, and a waste tap 95 for p^ton fitting. 

In a conventional detection method of a detectoi^ignal, the 

piston rod secured to the measuring piston was madlkof invar 

material with a need to groove this invar material or apply 

a ceramic coating to the entire invar. Hence, it necessitated 

processing such as coating surface grinding or attachmenl\pf 

a detector switch, resulting in an increase in the number o\ 
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manufacturing steps, whereas, the present invention has a 

^simplified configuration where the measuring piston is provided 

w^fch the magnetic material which is detected by the magnetic 

switch, thereby enabling a reduction in the number of 

manufafcturing steps. 

[0043] \ 

Furt\er, in Fig. 3, at both the upstream end and the 

downstream em of the measurement cylinder 2, the piston prover 

1 is provided ̂ th the air vent valves 5 and 6 as an example 

of the openable/c^psable valves communicating with the external 

air. In addition, Vither one of the air vent valves 5 and 6 

is used to enable a se^i check between the measurement cylinder 

2 and the measuring pisubn 9. In a general seal check method, 

every time the measuring piston performs the return movement, 

a leak from the omni-seal ofXhe measuring piston and the slide 

(piston) valve was automatic^ily checked as a differential 

pressure by applying a pressureVo the gap therebetween. In 

this case, a differential pressure generator is separately 

needed, resulting in a complicateaVstructure which causes 

troubles such as failures. 

[0044] \ 

A seal check method of the present embodiment performs 

the leak check by setting the measuring pistoiro, for example, 

at a predetermined most downstream position of tBfe measurement 

cylinder 2 and manually operating the air vent vaVve 6 while 

applying a pressure of an actual fluid from upstream. \Further, 

reversing upstream and downstream, the leak check \iay be 

performed by setting the measuring piston 9 at a predetermined 

most upstream position of the measurement cylinder 2 afcLd 

manually operating the air vent valve 5 while applying 
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pressure of an actual fluid from downstream. 

k[ 0 04 5 ] 

X 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 reductio\in the number of parts and a reduction in the number 

of manufacturing steps. Moreover, in the parts replacement at 

the periodic cnmck, etc. , the omni-seal of the measuring piston 

has only to be replaced, making the maintenance, etc. easy. 

[0046] \ 

(Second embodiment) 

Fig. 5 is a Vew diagrammatically depicting a 

configuration example of ctopiston prover according to a second 

embodiment of the present indention. Fig. 5 (A) depicts a state 

where the measuring piston isVt the home position, Fig. 5(B) 

depicts a state where the measuring piston is at the measurement 

standby position, and Fig. 5(C) ̂ tepicts a state where the 

measuring piston starts measurement In the first embodiment 

described above, in the case of a large f l\w rate, when the return 

valve 144 is opened, the measuring pistoim9 starts a movement 

to start measurement, while in the case of ak 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 ̂ asurement 

standby position stop means 14 of the present embodiment further 

includes a measurement rod 14 5 that is provided movabl^Ln the 

upstream end cover portion 3a of the measurement cylinder 2, 

in addition to the first cylinder inf low passage 141, the secobd 

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

LT0047] 

X This measurement rod 14 5 is made of, for example, aluminum. 

At \he time of starting measurement, by pushing out the 

measuring piston 9 by the measurement rod 145 after opening the 

return ̂ LLve 144, the measuring piston 9 is caused to move from 

the upstream side to the downstream side. This moves the 

measuring pjVton 9 smoothly even in the case of a small flow 

rate, thus maJ^ig it possible to start the measurement. 

[0048] \ 

In Fig. 5 (A) Xboth the flow passage switching valve 18 

and the return valve \d4 are opened with the measuring piston 

9 being set at the home ̂ sition. A hydraulic pressure is then 

applied to the piston roaVL3 in the hydraulic cylinder 12 to 

move the piston rod 13 and n^/e the measuring piston 9 to the 

predetermined upstream measurement standby position, and the 

measuring piston 9 is stopped^Lt the measurement standby 

position. Specifically, the retu\ valve 144 is closed from 

an open state with the first cylinde^inf low passage 141 being 

blocked by the measuring piston 9. Thi^Leads to a state where 

a fluid only from the second cylinder inflqw passage 142 flows, 

and the measuring piston 9 stops at the pos^.ion of the first 

cylinder inflow passage 141. After stoppings the measuring 

piston 9, only the piston rod 13 is then causea^to move from 

the upstream side to the downstream side and is accommodated 

in the hydraulic cylinder 12 . The state at this time i^depicted 

in Fig. 5(B). 

[0049] \ 

As described above, the measuring piston 9 stops at obe 

predetermined upstream measurement standby position. In thi^ 



24 

state, the flow passage switching valve 18 is opened and the 

•return valve 144 is closed. Then, when starting the measurement, 

aVdepicted in Fig. 5 (C) , by closing the flow passage switching 

valine 18 and opening the return valve 144, a fluid flown from 

the f\iid inlet 7 flows through the bypass tube 143 into the 

measuremfent cylinder 2 . Here, when the measuring piston 9 does 

not start move, the measuring piston 9 may be pushed out by 

the measureiimnt rod 145. This causes the measuring piston 9 

to move to theVdownstream side to perform measurement. 

[0050] \ 

(Third embodiment)\ 

Fig. 6 is a\ view diagrammatically depicting a 

configuration example CTfc a piston prover according to a third 

embodiment of the present invention. In Fig. 6(A), the 

measurement standby position stop means 14 includes a first 

cylinder inflow passage 14 6 tnfet is connected to the upstream 

end cover portion 3a of the measurement cylinder 2, a second 

cylinder inflow passage 14 7 that iX connected to the upstream 

end side peripheral portion 3b of thekmeasurement cylinder 2, 

a measurement starting valve 14 8 that ink provided in the first 

cylinder inflow passage 14 6, and a measurement rod 14 9 that is 

provided movably in the upstream end coveiportion 3a of the 

measurement cylinder 2. Here, the predetermined measurement 

standby position at which the measuring piston ̂ s stopped is 

at a position of the first cylinder inflow passage 146, by 

closing the measurement starting valve 14 8 with Itfie first 

cylinder inflow passage 14 6 being blocked by the measuring 

piston 9, the measuring piston 9 is stopped, and by pushinVout 

the measuring piston 9 by the measurement rod 14 9 after opening 

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

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

oke measuring piston 9 being stopped and the flow passage 

swjp:hing valve 18 is closed with the measuring piston 9 being 

movedV 

[0051] \ 

In t\e 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 \he measurement cylinder 2 as depicted in Fig. 

6(A) . AccordingVto the form of Fig. 6(A), the measurement 

starting valve 14 8vi-s provided in the first cylinder inflow 

passage 146 instead the return valve. Moreover, the first 

cylinder inflow passagfe 146 is directly connected to the 

upstream end cover portion^a of the measurement cylinder 2 and 

hence the bypass tube is unnecessary. 

[0052] \ 

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 cylindeminf low passage 146' that 

is connected to the upstream side of the^pstream end cover side 

peripheral portion 3b of the measurement ̂ fLinder 2, the second 

cylinder inflow passage 147 that is connected to the downstream 

side of the upstream end side peripheral potion 3b of the 

measurement cylinder 2, the measurement startingValve 14 8 that 

is provided in the first cylinder inflow passagml46', the 

measurement rod 14 9 that is provided movably in th^upstream 

end cover portion 3a of the measurement cylinder 2, and akbypass 

tube 150 by which the first cylinder inflow passage 146V and 

the upstream end cover portion 3a of the measurement cylinater 

2 are connected. Here, by closing the measurement starting^ 



26 

valve 148 with the first cylinder inflow passage 146' being 

flocked by the measuring piston 9, the measuring piston 9 is 

slipped, and by pushing out the measuring piston 9 by the 

measurement rod 14 9 after opening the measurement starting 

valveli48/ the measuring piston 9 is caused to move from the 

upstream^side to the downstream side. Note that, the flow 

passage s^tching valve 18 is opened with the measuring piston 

9 being stopped and the flow passage switching valve 18 is closed 

with the measuVlng piston 9 being moved. 

[0053] \ 

(Fourth embodiment 

Fig. 7 is aV view diagrammatically depicting a 

configuration example o\a piston prover according to a fourth 

embodiment of the presentmLnvention. The measurement standby 

position stop means 14 includes a first cylinder inflow passage 

151 that is connected to the uptetream side of the upstream end 

side peripheral portion 3b of t\e measurement cylinder 2, a 

second cylinder inflow passage 15V that is connected to the 

downstream side of the upstream end sMe peripheral portion 3b 

of the measurement cylinder 2, a bypaslVtube 154 by which the 

first cylinder inflow passage 151 and tnV upstream end cover 

portion 3a of the measurement cylinder 2 are connected, a return 

valve 155 that is provided in the bypass Dkibe 154, and a 

measurement starting valve 153 that is providea^in the second 

cylinder inflow passage 152. Here, the p^determined 

measurement standby position at which the measurin^piston 9 

is stopped is at a position of the first cylinder inf low j^is sage 

151. By closing the return valve 155 and openingVthe 

measurement starting valve 153 with the first cylinder infJbw 

passage 151 being blocked by the measuring piston 9, the^ 
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measuring piston 9 is stopped. Further, by opening the return 

valve 155 and closing the measurement starting valve 153, the 

nmasuring piston 9 is caused to move from the upstream side to 

theVdownstream side. Note that, the flow passage switching 

valveVL8 is opened with the measuring piston 9 being stopped 

and theXflow passage switching valve 18 is closed with the 

measuring^oiston 9 being moved. 

[0054] \ 

The configuration is such that in the present embodiment 

the measurement Itod for pushing out the measuring piston 9 is 

unnecessary and owning/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. X 

[0055] \ 

(Fifth embodiment) X 

Fig. 8 is a view diagrammatically depicting a 

configuration example of a piston jyrover according to a fifth 

embodiment of the present invention .X The measurement standby 

position stop means 14 includes a firstprlinder inflow passage 

156 that is connected to the upstream sicmof the upstream end 

side peripheral portion 3b of the measurement cylinder 2, a 

second cylinder inflow passage 15 7 that is qonnected 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 inflp passage 

156, and a second measurement starting valve 159 \frat is 

provided in the second cylinder inflow passage 157. Her^the 

predetermined measurement standby position at which Xie 

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

cylinder inflow passage 157. By closing the first measurement 

Starting valve 15 8 and opening the second measurement starting 

valVe 159 with the measuring piston 9 being at this intermediate 

positXon, the measuring piston 9 is stopped. Further, by 

openingV:he first measurement starting valve 158 and closing 

the seconcMiieasurement starting valve 159, the measuring piston 

9 is causedNto move from the upstream side to the downstream 

side. Note tna^t, the flow passage switching valve 18 is opened 

with the measuri^ piston 9 being stopped and the flow passage 

switching valve 18Xs closed with the measuring piston 9 being 

moved. X 

[0056] \ 

The configuration such that in the present embodiment 

the measurement rod for puslXng out the measuring piston 9, the 

bypass tube, and the retusi valve are unnecessary and 

opening/closing of the two measurement starting valves 158 and 

159 are controlled to thereby perfcXm operation of stopping and 

moving the measuring piston 9. X 

[0057] \ 

Figs. 9 to 12 are views for explaining action examples 

of the piston prover according to the presenXinvention. Fig. 9 

is a view explaining the initial movement, E\g. 10 is a view 

explaining the return movement, Fig. 11 is a v^w explaining 

a standby for measurement operation, and Fig. Si is a view 

explaining the measurement action. Note that, here, Vhough the 

form of the measurement standby position stop means 14^ill be 

explained by exemplifying the case of the second embodiment (Fig. 

5), basic action is the same even in other embodiments. X 

[0058] \ 
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In the initial movement of Fig. 9, first, when the 

pleasuring piston 9 is at a most upstream position (measurement 

swmdby position) PI in starting a fluid feed from the fluid 

inlet 7, the piston prover 1 closes the flow passage switching 

valveXs and opens the return valve 144 to allow a fluid to flow 

in through the second cylinder inflow passage 142 and the bypass 

tube 143. \s a result, as depicted in Fig. 9(A) , the measuring 

piston 9 movers to the downstream side by the fluid pressure. 

At this time, wlmn the measuring piston 9 does not start to move, 

the measuring pis^n 9 may be pushed out by the measurement rod 

145. Note that, Ifiae state of Fig. 9(A) is based on the 

assumption that the interior of the measurement cylinder 2 is 

not filled with fluid.X 

[0059] \ 

In addition, when the measuring piston 9 is at a position 

P2 between the magnetic switcnfcs 10 and 11, the flow passage 

switching valve 18 is closed and Wae return valve 144 is opened 

to allow a fluid to flow in througnLthe second cylinder inlet 

142, the bypass tube 143, and the f irs\cylinder inf low passage 

141. As a result, as depicted in Fig. 9 (BV, the measuring piston 

9 moves to the downstream side by the fludX pressure. Similar 

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

on the assumption that the interior of the measurement cylinder 

2 is not filled with fluid. X 

[0060] \ 

As depicted in Fig. 9(C) , the measuring pistoV 9 moved 

as described above is set at a downstream home positionp . In 

both cases of Fig. 9(A) and Fig. 9(B) , the return valve 1^4 is 

already opened and hence remains opened also in Fig. 9 (C) . Ncjfce 

that, in all cases, the flow passage switching valve 18 remains^ 
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closed. At this home position P3, the measuring piston 9 is 

|kept at substantially an intermediate position between the 

Pkrst cylinder outlet 81 and the second cylinder outlet 82. 

[ooS^] 
Vn the return movement of Fig. 10, as depicted in Fig. 

10 (A) , pe flow passage switching valve 18 is opened with the 

measuringXoiston 9 being set at the home position P3. A 

hydraulic pipjsure is then applied from the pressure feed port 

175 to the pisubn rod 13 to move the piston rod 13 as depicted 

in Figs. 10(B) aim (C) to move the measuring piston 9 from the 

home position P3 top and further to the predetermined upstream 

measurement standby pbsition PI, and the measurement standby 

position stop means 14Xstops the measuring piston 9 at the 

measurement standby posjpLon PI. Specifically, the return 

valve 144 is closed with first cylinder inlet 71 being 

blocked by the measuring pistokL 9. Here, the movement of the 

piston rod 13 causes the magnetjX switch 16 to turn from on to 

off. Then, when the magnetic switXh 15 turns from off to on, 

it is determined that the measuring Vston 9 has moved to the 

measurement standby position PI. At tims measurement standby 

position PI, the measuring piston 9 is iXpt at a position of 

the first cylinder inlet 71. X 

[0062] \ 

In the standby for measurement operation ofpig. 11, after 

the measurement standby position stop means l\ stops the 

measuring piston 9 at the predetermined upstream measurement 

standby position PI, a hydraulic pressure is applied ̂ tom the 

pressure feed port 176, opposite to the case of Fig. 10, 1pthe 

piston rod 13 to return the piston rod 13 to its original positpn 

in the hydraulic cylinder 12 as depicted in Figs. 11 (A) and (B)^ 
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The flow passage switching valve 18 is then closed as depicted 

in Fig. 11 (B) to terminate the standby for measurement. In this 

State, the measurement cylinder 2 is filled with fluid. Here, 

th^movement of the piston rod 13 causes the magnetic switch 

15 toVurn from on to off. Then, when the magnetic switch 16 

turns f^rti off to on, it is determined that the piston rod 13 

has returned to its original position in the hydraulic cylinder 

12. P 
[0063] P 

In the measurement action of Fig. 12 , when the return valve 

144 is opened to aVLow a fluid to flow in through the bypass 

tube 143, the measurpg piston 9 moves to the downstream side 

by the fluid pressure depicted in Fig. 12(A) . Note that, 

when the measuring pistonXdoes not start to move, the measuring 

piston 9 may be pushed out ̂ kthe measurement rod 14 5. At this 

time, when the measuring pist<p 9 arrives at a position P5, the 

magnetic switch 10 is turned on t\start measurement therefrom. 

Then, when the measuring pistonp further moves through a 

position P6 as depicted in Fig. 12 (BXand the measuring piston 

9 arrives at a position P7 as depicted inp_g. 12(C), the magnetic 

switch 11 is turned on. Consequently, tp measuring piston 9 

is regarded as having ejected a reference plume of fluid, to 

terminate the measurement. The measuring piiXon 9 is then set 

at the home position P3 depicted in Fig. 9 (C) abop, after which 

the return movement of Fig. 10, the standby forpeasurement 

operation of Fig. 11, and the measurement action of rVg. 12 are 

iteratively executed a required number of times. P 

[0064] P 

As set forth hereinabove, according to the pre^nt 

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

Smoothly through the measurement cylinder without subjecting 

tp measuring piston to an excessive load in measurement, and 

furper the measuring piston can be stopped at the predetermined 

measupment standby position reliably, thus enabling an 

accurat^measurement. Further, by virtue of the simplified 

structure p.s compared with the conventional products, a 

reduction iipthe parts count and in cost is achieved. 

EXPLANATION OF I^ERENCE NUMERALS 

[0065] P 

l...piston prover, 2. .Measurement cylinder, 3...upstream end, 

3a...upstream end cover pcption, 3b...upstream end side peripheral 

portion, 4...downstream endp5, 6...air vent valve, 7...fluid inlet, 

71...first cylinder inlet, 7p.second cylinder inlet, 8...fluid 

outlet, 81...first cylinder outpt, 82...second cylinder outlet, 

9...measuring piston, 91...magneticpLterial, 92...guide ring, 93...0 

ring, 94...omni-seal, 95...waste p? for piston fitting, 

10 ,11,15 ,16...magnetic switch, 12...hydrplic cylinder, 13...piston 

rod, 14...measurement standby posVtion stop means, 

141,146,146' , 151,156...first cylinder Pinflow passage, 

142,147 ,152 ,157...second cylinder iiplow passage, 

143 ,150,154...bypass tube, 144 ,155...r^^rn valve, 

145,149...measurement rod, 14 8 ,153 ,15 8 , lEp..measurement 

starting valve, 17...pneumatic/hydraulic pressurep:onverting 

unit, 171...pneumatic pressure supply source, 172..p?itching 

valve, 173,174...pneumatic/hydraulic pressure conprting 

portion, 175,176...pressure feed port, and 18...flow pa^ige 

switching valve. P 
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CLAIMS ACCORDING TO AMENDMENT UNDER ARTICLE 19 

accepted by the International Bureau on November 17, 2014] 

2. (Ameno^d) A piston prover comprising a measurement 

cylinder haying an upstream end and a downstream end; a 

hydraulic cylinder coupled with a side of the downstream end 

of the measurenVnt cylinder; a measuring piston that moves 

through a predetermined distance from an upstream side toward 

a downstream side llfcrough the measurement cylinder during 

measurement due to a f]p.d flown from the upstream end to eject 

a reference volume of flu^d; and a piston rod that is movably 

accommodated in the hyd 

measuring piston and the pisxon 

ic cylinder, and having the 

rod separately constructed, 

wherein 

measurement standby positip stop means that stops the 

measuring piston at a predetermined upstream measurement 

standby position by closing a flow parage that is positioned 

on an upstream side of the measuring p_d\ton 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 th<\upstream side 

and the measurement standby position stop meai\ stops the 

measuring piston at the predetermined measureme\ standby 

position, after which only the piston rod is caused to rri^/e from 

the upstream side to the downstream side and is accommcXated 

in the hydraulic cylinder, 

the measurement standby position stop means include: 

first cylinder inflow passage that is connected to an upstream 
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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 whipi the first cylinder inflow passage and an upstream end 

cover portion of the measurement cylinder are connected, and 

a return Alve that is provided in the bypass tube, and 

the predetermined measurement standby position is at a 

position of thpfirst cylinder inflow passage, and by closing 

the return valvel^th the first cylinder inflow passage being 

blocked by the mepuring piston, the measuring piston is 

stopped. X 

3. The piston prover aV defined in claim 2, wherein 

the measurement stanpy position stop means further 

includes a measurement rod tlmt is provided movably in the 

upstream end cover portion of tp measurement cylinder, and 

by pushing out the measuringrDiston by the measurement 

rod after opening the return valve, Phe measuring piston is 

caused to move from the upstream side tVthe downstream side. 

4. (Amended) A piston prover comprispg a measurement 

cylinder having an upstream end and a dowrstream end; a 

hydraulic cylinder coupled with a side of the cpmstream end 

of the measurement cylinder; a measuring pistonphat moves 

through a predetermined distance from an upstream sip toward 

a downstream side through the measurement cylinder puring 

measurement due to a fluid flown from the upstream end to erect 

a reference volume of fluid; and a piston rod that is movabV/ 

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

^herein 

X measurement standby position stop means that stops the 

meaXiring piston at a predetermined upstream measurement 

standX position by closing a flow passage that is positioned 

on an ujVtream side of the measuring piston is included, 

wherXreturning the measuring piston to the predetermined 

measurement Xstandby position, the piston rod moves the 

measuring pistXi from the downstream side to the upstream side 

and the measurenmnt standby position stop means stops the 

measuring piston sV the predetermined measurement standby 

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

the upstream side to th\ downstream side and is accommodated 

in the hydraulic cylindeiX 

the measurement standp position stop means includes a 

first cylinder inflow passage Xat is connected to an upstream 

end cover portion of the measuremep: cylinder, a second cylinder 

inflow passage that is connecteaVto an upstream end side 

peripheral portion of the measuremenXcylinder, a measurement 

starting valve that is provided in theXirst cylinder inflow 

passage, and a measurement rod that is proVlded movably in the 

upstream end cover portion of the measurement cylinder, 

the predetermined measurement standby ]Xsition is at a 

position of the first cylinder inflow passage, aWd by closing 

the measurement starting valve with the first cylinder inflow 

passage being blocked by the measuring piston, the measuring 

piston is stopped, and X 

by pushing out the measuring piston by the measurement 

rod after opening the measurement starting valve, the measuripj-



24 

piston is caused to move from the upstream side to the downstream 

^ide. 

5. pmended) A piston prover comprising a measurement 

cylinater having an upstream end and a downstream end; a 

hydraulX 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 Xde through the measurement cylinder during 

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

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

accommodated in theX hydraulic cylinder, and having the 

measuring piston and tip piston rod separately constructed, 

wherein X 

measurement standby ppition stop means that stops the 

measuring piston at a predetermined upstream measurement 

standby position by closing a flp passage that is positioned 

on an upstream side of the measur\g piston is included, 

when returning the measuring piXon to the predetermined 

measurement standby position, the pkston rod moves the 

measuring piston from the downstream sideXo the upstream side 

and the measurement standby position stojXmeans stops the 

measuring piston at the predetermined measXement standby 

position, after which only the piston rod is causemto move from 

the upstream side to the downstream side and is aXommodated 

in the hydraulic cylinder, X 

the measurement standby position stop means incXdes a 

first cylinder inflow passage that is connected to an upsiXeam 

side of an upstream end side peripheral portion of 

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

peripheral portion of the measurement cylinder, a bypass tube 

b^kwhich the first cylinder inflow passage and an upstream end 

covltar 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 thakfirst cylinder inflow passage, and by closing 

the return valve ard opening the measurement starting valve with 

the first cylinder d^^low passage being blocked by the measuring 

piston, the measurin^piston is stopped, and 

by opening the relbrn valve and closing the measurement 

starting valve, the measu:raig piston is caused to move from the 

upstream side to the downstlkeam side. 

6. (Amended) A piston pro^Lr comprising a measurement 

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

hydraulic cylinder coupled with a sj\e of the downstream end 

of the measurement cylinder; a measumig piston that moves 

through a predetermined distance from an Upstream side toward 

a downstream side through the measurements cylinder during 

measurement due to a fluid flown from the upstiXam end to eject 

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

accommodated in the hydraulic cylinder, and \aving the 

measuring piston and the piston rod separately constructed, 

wherein X 

measurement standby position stop means that stop^the 

measuring piston at a predetermined upstream measurement 
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standby position by closing a flow passage that is positioned 

km an upstream side of the measuring piston is included, 

X 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 theVneasurement standby position stop means stops the 

measuring^piston at the predetermined measurement standby 

position, aflfer which only the piston rod is caused to move from 

the upstream sXje to the downstream side and is accommodated 

in the hydraulic\cylinder, 

the measurement standby position stop means includes a 

first cylinder inflowVassage that is connected to an upstream 

side of an upstream akid side peripheral portion of the 

measurement cylinder, a semond cylinder inflow passage that is 

connected to a downs trearri^side of the upstream end side 

peripheral portion of the nmasurement cylinder, a first 

measurement starting valve thaV is provided in the first 

cylinder inflow passage, and a s^ond measurement starting 

valve that is provided in the second a^linder inflow passage, 

the predetermined measurement standby position is at an 

intermediate position between the fir\t cylinder inflow 

passage and the second cylinder inflow passame, and by closing 

the first measurement starting valve and ope^ng the second 

measurement starting valve with the measuring poVton being at 

the intermediate position, the measuring piston Ife stopped, 

and X 

by opening the first measurement starting va]Ve and 

closing the second measurement starting valve, the measuring 

piston is caused to move from the upstream side to 

downstream side. 1 
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(Amended) The piston prover as defined in any one of 

c\aims 2 to 6, wherein 

the measuring piston has a circumferentially embedded 

magnefltc material, and the measurement cylinder has two 

detecting means that detect the magnetic material embedded in 

the measunXng piston at the predetermined distance apart from 

each other orkthe upstream side and the downstream side of the 

measurement c^kLnder. 

8. (Amended) lie piston prover as defined in any one of 

claims 2 to 7, where; 

an openable/closlyple valve communicating with the 

external air is provided^n both the upstream end and the 

downstream end of the measurement cylinder. 
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pressure than that of the room on the first cylinder inlet 2 07 

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 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 
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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 to move 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 
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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 valve, 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 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 
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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 valve, 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 view depicting 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 is 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 is a view diagrammatically depicting a 

configuration example of a piston prover according to a fifth 

embodiment of the present invention. 

[Fig. 9] 

Fig. 9 is a view for explaining an 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 fluid flown from the upstream end 3 to eject 

a reference volume of fluid; 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 inf low 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 is 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 converting unit, 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 inf low 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 via a cylinder 

outflow passage. In addition, the fluid inlet 7 and the fluid 

outlet 8 are connected to each other via 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 valve, 

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 is 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 cylinder 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 0 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 is 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 inf low 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 14 5 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 side. 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). 

[0048] 

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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return valve 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 is a view diagrammatically depicting a 

configuration example of a piston prover according to a third 

embodiment of the present invention. In Fig. 6(A), the 

measurement standby position stop means 14 includes a first 

cylinder inflow passage 14 6 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 14 8 that is provided in the first 

cylinder inflow passage 14 6, and a measurement rod 14 9 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 14 6 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 14 9 after opening 

the measurement starting valve 14 8, 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 14 8 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 inf low passage 14 6' 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 14 7 that is connected to the downstream 

side of the upstream end side peripheral portion 3b of the 

measurement cylinder 2, the measurement starting valve 14 8 that 

is provided in the first cylinder inflow passage 146', the 

measurement rod 14 9 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 14 9 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 is 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 is 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 valve 159 that is 

provided in the second cylinder inflow passage 157. Here, 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 15 8 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) PI 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 fluid to flow 

in through the second cylinder inf low 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. 

[0058] 

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 PI, and the measurement standby 

position stop means 14 stops the measuring piston 9 at the 

measurement standby position PI. 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 on, 

it is determined that the measuring piston 9 has moved to the 

measurement standby position PI. At this measurement standby 

position PI, 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 PI, a hydraulic pressure is applied from the 

pressure feed port 176, opposite to the case of Fig. 10, to the 

piston rod 13 to return the piston rod 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 return valve 

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 to move, the measuring 

piston 9 may be pushed out by the measurement rod 14 5. 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 a position P7 as depicted in Fig. 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, 81...first cylinder outlet, 82...second cylinder outlet, 

9...measuring piston, 91...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, 14...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, 

14 5,149...measurement rod, 14 8 ,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 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 
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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 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 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 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 



40 

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 cylinder 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. 


