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FLUIDIC PULSE COUNTER 

The present invention relates to a fluidic pulse coun 
ters utilizing pure ?uidic elements. 
There have been proposed various ?uidic pulse 

counters utilizing pure ?uidic elements, but they are 
still unsatisfactory in operation and dif?cult to design 
and manufacture. As a principle they may count pulses 
but they are based upon a more or less undependable 
principle. Time lags are developed in the process of 
switching the ?ip-?ops for switching the output flows in 
the last stage because of the ?uid type so that the er 
ratic operations tend to occur. As the result the highest 
frequency at which the ?uidic pulse counter can count 
is limited. 

PRIOR ART 

The typical prior art ?uidic pulse counter illustrated 
in FIG. 1 is based upon the simplest principle. In a ?ip 
?op element 6 for switching the output flow encircled 
by the dotted lines in FIG. 1, control nozzles 3 and 3’ 
are connected to each other with passages 5 and 5' and 
an input pulse port 4 is opened at the midpoint of these 
passages 5 and 5'. Working ?uid emerges from a main 
jet nozzle 1 and is diverted to ?ow through either of the 
right or left output flow passages 2 or 2'. The output 
flow 2 or 2’ remains to ?ow through the right or left 
output flow passage in a stable manner'unless the signal 
?ow emerges out of the control nozzle 3 or 3' in the 
?ip-?op element 6. When the output ?ow 2 passages 
through the right output flow passage 2 as shown in 
FIG. 1, the negative pressure ?ow is formed in the con 
trol nozzle 3 due to the suction of the output flow 2 so 
that the ?uid circulates through the circulation passage 
3"—5 ’=—5—3ias indicated by the arrows. However, this 
circulating ?ow is not sufficient enough to switch the 
output ?ow 2 to flow through the left output ?ow 
passage 2'. When the input pulse is applied through the 
input pulse port 4, it is guided by the circulating ?ow 
and flows into the passage 5 as the signal ?ow 4. When 
the signal ?ow 4 is discharged from the control nozzle 
3, the output flow is switched. That is working ?uid 
now ?ows through the left output passage 2' as the out 
put flow 2’, and the output ?ow 2' remains ?owing 
through the passage 2’ even after the input pulse or 
signal ?ow 4‘ disappears while the circulating ?ow ?ows 
in the direction opposite to the direction indicated by 
the arrows. When the next input pulse arrives at the 
input pulse port 4, the output ?ow 2' is switched to flow 
through the right output flow passage 2 in a similar 
manner described above. That is, the ?ip-?op is 
returned to its initial state. Whenever the input pulses 
arrive at the input pulse port 4, above output ?ow 
switching operations are repeated, whereby the input 
pulses are counted in a binary mode. 
However the prior art fluidic pulse counter of the 

type shown in FIG. 1 has many problems when used in 
practice. The ?rst problem is that the matching range 
of the ?ip-?op element 6 for connection with an input 
pulse diverting element 6' is narrow so that the erratic 
operations tend to occur even when the pulse counter 
has a small manufacture tolerance, the design becomes 
dif?cult and a wide product variation tends to occur 
because the input pulse flow is diverted only by the 
control ?ow of the ?ip~?op element. 
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2 
A ?rst object of the present invention is therefore to 

provide an improved ?uidic pulse counter which may 
overcome the problems encountered in the prior art 
pulse counters and whose operation is reliable and de 
pendable with higher reproducibility. 

. A second object of the present invention is to pro 
vide an improved fluidic pulse counter whose function 
is exceedingly improved over the prior art pulse coun 
ters. ' 

When pure ?uidic pulse counters are connected in 
series in fan-out l or more or connected to other fluidic 
elements or devices and when the ?uidic element or 
device connected as the load of the ?uidic pulse 
counter has a minimum allowable input level, the 
?uidic element or device connected cannot operate at 
all or erratic operation occurs unless the pressure or 
flow rate of the output of the pulse counter. 
A third object of the present invention is therefore to 

increase matching range between a pure ?uidic pulse 
counter and a ?uidic element or device (which is not 
limited to the pure fluidic type) to be connected 
thereto in the next stage. ' - ' . 

A fourth object of the present invention is to provide 
a pure ?uidic pulse counter whose function is stable 
without being disturbed by the external disturbance 
such as the load variation. 
A ?fth object of the present invention is to provide a 

pure ?uidic buffer ampli?cation method so that the 
output ampli?cation especially at a high frequency may 
be made in a positive manner and the function will not 
be lowered by the load variation. 
A sixth object of the present invention is to provide a 

pure ?uidic buffer ampli?cation method of the type 
described above in which matching adjustment 
between a ?uidic element or device and a monostable 
element to be connected in the next stage may be 
facilitated especially at high frequencies. 
A seventh object of the present invention is to pro 

vide a set and reset method so that a pure ?uidic pulse 
counter may set and reset positively regardless of the 
presence or absence of the input signal ?ow and the 
minimum pressure of the set and reset signals are inde 
pendent upon the presence and absence of the input 
signal ?ow. 

Briefly stated, the present invention provides a pure 
?uidic pulse counter characterized in that a'bistable 
pure ?uidic element including a main jet source, con 
trol ports and output ?ow passages is provided with a 
?rst circulation passage having an input pulse source in 
communication with said two control ports, a second 
circulation passage connecting said input pulse source 
with one point of each ofv said two output ?ow passages, 
and a third circulation passage formed in the proximity 
of a main jet dividing or diverting edge of said'element 
so as to pass therethrough at least one portion of the 
main jet, whereby the circulating ?ow may be positive 
ly formed either or both of ‘said ?rst and second circula 
tion passages. The counting ability and reliability of the 
pure ?uidic pulse counter may be remarkably im» 
proved over the prior art counters. 
The present invention further provides various aux 

iliary circuits for further improving the pulse counting 
capability and reliability of the pure fluidic pulse 
counter of the type described above. 
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The present invention will become more apparent 
from the folowing description of the preferred embodi 
ments thereof taken in conjunction with the accom 
panying drawings. 

FIG. 1 is a diagrammatic view of the prior art pure 
?uidic pulse counter; 

FIG. 2 is a diagrammatic view of a pure ?uidic pulse 
counter in accordance with the present invention for 
accomplishing the ?rst object thereof; 

FIG. 3 is a graph of the data obtained by the experi 
ments for explanation of the effect of the pure ?uidic 
pulse counter shown in FIG. 2; 

FIG. 4 is a diagrammatic view for explanation of the 
‘principle of forming the circulating flow in the ?uidic 
pulse counter shown in FIG. 2; 

FIG. 5 is a diagrammatic view for explanation how 
the circulating ?ow is formed in order to accomplish 
the second object of the present invention; 

FIG. 6 is a view illustrating the fundamental ?uid 
passage con?guration of the present invention when it 
is applied to a'fluidic pulse counter; 

FIG. 7 is a diagrammatic view of a pure ?uidic pulse 
counter for accomplishing the second object of the 
present invention; 

FIGS. 8 and 9 are graphs of the data obtained by the 
experiments of the pure ?uidic pulse counter shown in 
FIG. 7; 

FIG. 10 is a view for explanation of the matching 
range of the pulse counter proper of the pure fluidic 
pulse counter shown in FIG. 7; 

FIG. 11 is a diagrammatic view of one embodiment 
of the present invention for accomplishing the third 
and fourth objects thereof; 

FIG. 12 is a graph for explanation of the effect of the 
element shown in FIG. 11; 

' FIGS. 13 and 15 are diagrammatic views of the prior 
art output ampli?er elements; 

FIGS. 14 and 16 show the waveforms for explanation 
of the modes of operation of the elements shown in 
FIGS. 13 and 15; - 1 

FIG. 17 is a fundamental circuit con?guration for ex 
planation of the output ampli?cation method in ac 
cordance with the present invention; _ 

FIG. 18 shows the waveforms for explanation of the 
mode of operation of the element shown in FIG. 17; 

FIG. 19 shows the waveforms for explanation of the 
effect at a high frequency of the element shown in FIG. 
17; 
FIG. 20 is a diagrammatic view of one embodiment 

of the present invention; 
FIG. 21 shows the pressure waveforms for explana 

tion of the element shown in FIG. 20; 
FIG. 22 is a graph for explanation of the effect of the 

output ampli?cation method in accordance with the 
present invention; 

FIG. 23 is a circuit con?guration when the output 
ampli?cation method in accordance with the present 
invention is applied to a feedback type pulse counter; 

FIG. 24 is a circuit con?guration when the present 
invention is applied to one-shot multivibrator; 

FIG. 25 shows the pressure waveforms for explana 
tion of the mode of operation of the multivibrator 
shown in FIG. 24; ' , 

FIG. 26 is a circuit con?guration when the present 
invention is applied to an AND circuit; 
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4 
FIG. 27 shows the pressure waveforms for explana 

tion of the AND circuit shown in FIG. 26; 
FIG. 28 is a circuit con?guration of a shift register; 
FIGS. 29, 30 and 31 are circuit con?gurations of 

oscillators; 
FIG. 32 is a diagrammatic view for explanation of the 

prior art method for setting and resetting a pulse 
counter; 

FIG. 33 is also a diagrammatic view illustrating the 
prior art method for setting and resetting a pure ?uidic 
pulse counter; 

FIG. 34 is a diagrammatic view for explanation of the 
principle of the present invention for accomplishing the 
seventh object thereof; 

FIG. 35 is a graph for explanation of the mode of 
operation of the element shown in FIG. 33; 

FIG. 36 is a graph for explanation of the effect of the 
element shown in FIG. 34; 

FIGS. 37 and 38 are also circuit con?gurations for 
accomplishing the seventh object of the present inven 
tion; and. 

FIG. 39 is a circuit con?guration in which the ele 
ment or method illustrated in FIG. 34 is applied to a 
pure ?uidic pulse counter of different type. 

Referring to FIG. 2, a pure fluidic pulse counter of 
the present invention for attaining the ?rst object 
thereof will be described. The pure ?uidic pulse 
counter is characterized in that in addition to a circula 
tion passage 3-5-5'-3’ (to be referred to as “the first 
circulation passage") in communication with control 
ports of a flip-flop element 6 for switching the output 
flow in a pure fluidic pulse counter shown in FIG. 1, 
there is provided at least one pair of second circulation 
passages 7 and 7'. The second circulation passages 7 
and 7’ are branched from two output ?ow passages 2 
and 2' of the flip-?op element 6 respectively and joined 
to the ?rst circulation passage at 5 and 5’ respectively. 
That is, the second circulation passages are designated 
by 5-7 and 7'-5' respectively. The ?uid ?owing 
through these second circulation passages is fed back 
to the output ?ow passage of an input signal pulse 
branching element. Therefore, when the output ?ow is 
emerging from the output port 2, the liquid flows in the 
directions indicated by the solid arrows at 5 and 5'. 
However, when the input pulse is applied through an 
input port 4, it is diverted in the directions indicated by 
the broken arrows and a portion of it reaches a control 
port 3 of a ?ip-?op element for switching the output 
?ow. The input pulse 4 is suf?cient enough to switch 
the output flow to the opposite side, and the switched 
output ?ow 2 is discharged through an output port 2' 
and is stabilized. Thereafter, the output ?ow is stably 
discharged even when no input pulse 4 is applied and 
the liquid is circulated in the directions opposite to 
those indicated by the arrows in FIG. 2. That is, the 
condition is reversed. When the next input pulse is ap 
plied, the output flow is switched in a similar manner so 
that the pulse counter is returned to its initial state. 
Thus the pulse counter reverses its state from one to 
the other, whereby the input pulses may be counted. 
According to the present invention, the input pulse is 

positively and rapidly diverted by both of the control 
?ow and the second circulation flow and the switching 
of the output ?ow by the ?ip-?op element 6 in response 
to the input pulse is also effected at both of the control 
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port and the diverting point of the second circulation 
passage. Therefore, the switching operation may be sta 
bilized and switching time may be minimized, whereby 
the function and reliability of the ?uidic pulse counter 
may be much enhanced. 

Furthermore, the load resistance of the input pulse 
branching element is reduced so that the matching 
range of the two elements is increased. As a con 
sequence the reproducibility is much increased while 
the range of variability of manufactured elements is 
much minimized as compared with the prior elements. 
The advantageous feature of the second circulation 

passages will become more apparent when reference is 
made to FIG. 3 in which the upper waveforms are the 
output pulses P0 while the lower waveforms, the input 
pulses Pi. It is seen that when the second circulation 
passages are provided in the prior art element which 
cannot count as shown on the left in FIG. 3, the 
maching range between two elements is much in 
creased whereby counting may be accomplished easily. 
As described hereinbefore, in the improved fluidic 

pulse counter shown in FIG. 2, the direction of the 
input pulse is determined by both of the ?rst and 
second circulating ?ows so that the input pulse is 
rapidly and securely directed, thus eliminating the cr 
ratic operation. In addition, the circulating ?ow is com 
pensated to some extent by the second circulating flow 
so that the design of the control nozzles of the ?ip-?op 
element 6 and its adjacent portions may be mainly 
directed toward the attainment of the smooth and posi 
tive switching characteristics. Thus, the matching of 
the ?ip-?op element 6 may be easily attained. There 
fore, as compared with the prior art element shown in 
FIG. 1, the ?uidic pulse counter of the present inven 
tion is easy to design and less in the range of quality 
variability, but its function is not satisfactorily im 
proved over the prior art element. 

SECOND EMBODIMENT 

The second embodiment of the present invention has 
for its object to greatly improve the function of the 
?uidic pulse counter shown in FIG. 2 as will become 
apparent from the following description. 

In both of the ?uidic pulse counters shown in FIGS. 1 
and 2, the circulation ?ow is provided by the negative 
pressure produced by drawing of the output ?ow. That 
is, only when low-pressure eddy ?ows 9 and 10 are 
formed under effect as shown in FIG. 4, the circulation 
flow is produced. Thus there develops some time lags 
and the maximum count frequency is limited. 
To overcome this problem, the present invention 

contemplates to provide the positive generation of the 
circulating flow. The feature of the second embodi 
ment of the present invention resides in the fact that, as 
shown in FIG. 5, the third circulation passage Ill is 
formed through a main jet divider 8 so that at least one 
portion of the output ?ow 2 or 2' may be branched into 
the third circulation passage 11. That is, when fluid is 
?owing through the right output ?ow passage 2 as 
shown in FIG. 5, the ?uid also ?ows into the third cir 
culation passage ill in the direction indicated by the 
arrow and thereafter into a left control nozzle 3' and 
left nozzle 7' in the second circulation passage 2', 
whereby the positive pressure flow is produced. There 
fore in the ?uidic pulse counter of the present inven 
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6 
tion, the circulation ?ow is generated positively not 
only by the drawing by the output ?ow at the second 
circulation passage 7 or 7' and a control nozzle 3 or 3' 
but also by the positive pressure ?ow ?owing into the 
control nozzle 3' or 3 and the second circulation 
passage 7' or 7 from the third circulation passage 11. 
As a consequence, the quantity of circulation flow is in 
creased, and the circulation ?ow velocity is also in 
creased so that the positive and rapid distribution or 
divergence of the input pulse may be ensured. 
The circulation passage pattern shown in FIG. 6 is a 

variation of the fundamental circulation passage pat 
tern shown in FIG. 5. That is, an land 12 which is shown 
in FIG. 6 as having a horse-shoe shape (in practice it is 
not limited to this shape) and constituting one of the 
walls of the third circulation passage 11 is eliminated. 
The positive formation of the third circulation ?ow in 
the circulation passage pattern in FIG. 6 is also ensured 
so that the same effect as that of the pattern shown in 
FIG. 5 may be attained. Furthermore, the passage pat 
tern shown in FIG. 6 is simpler than that shown in FIG. 
5 so that the manufacture of the pulse counters may be 
much facilitated. 
Next referring to FIG. 7, the mode of operation of 

the ?uidic pulse counter in accordance with the present 
invention will be described. Working fluid enters into 
the main jet nozzle 1 and is directed into either of the 
right of left output passage 2 or 2'. The ?uid flow in the 
passage 2 or 2' is stable as far-as no signal ?ow emerges 
through the control nozzle 3 or 3'. When the working 
?uid is flowing through the right output passage 2, the 
negative pressure flow is produced due to the drawing 
or suction by the output ?ow. In the right control noz 
z_le_3 and the right second circulation passage 7, ?uids 
?ow as indicated by 3 and 7, and previously or simul 
taneously at least one portion of the output ?ow 2 is di 
vided by one of the main jet divider 13 to form the third 
circulation ?ow II, at least some portion or almost all 
of which flows into both or either of the left control 
port 3' and the left second circulation passage 7', 
thereby forming the positive pressure ?ow 3' and 7' as 
shown in FIG. 7. Thereafter they meet in the passage 5 
to form the circulation ?ow 5'5 in the passages 5'-5. ‘ 
Now when the input pulse 4 is applied through the 
input pulse port 4, it is diverted toward the direction of 
the circulation ?ow. When it flows out of the control 
nozzle 3, working fluid ?ow 2 is switched to flow from 
the right output passage 2 into the left output passage 
2’ and is stabilized. (See broad dotted line 2'). That is, 
the ?ows are reversed from those shown in FIG. 7. 
When the next input pulse is applied, the input pulse 
flow 4 ?ows out of the control nozzle 3' and the work 
ing liquid flow 2' is switched. Thus, the pulse counter'is 
returned to its initial state. It is seen that binary count 
ing of input pulses is made when the operations 
described above are repeated. 

According to the present invention, the circulating 
flow which diverts the input pulse ?ow is generated not 
only by the negative pressure flow which has been also 
used in the prior art but also the positive pressure flow 
due to the third circulation ?ow, so that the circulation 
?ow rate may be increased while the input pulse flow 
may be positively directed. In addition time lag in the 
process of formation of the circulating ?ow is re 
markably minimized whereby counting at high frequen 
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cy becomes possible. Thus the function of the pulse 
counter is remarkably improved as shown in FIG. 8 in 
which the diameter in milimeter of the ori?ce of the 
load of the counter is plotted against the abscissa while 
the circulation flow rate against the ordinate. When the 
working fluid (air) under the pressure of 0.1 kg/cm2 is 
made to flow through the main nozzle 1. It is seen that 
the flow rate is much increased than that of the ?uidic 
pulse counter shown in FIG. 2 and that whereas the cir 
culation flow in the pulse counter shown in FIG. 2 is 
generated only by the negative pressure flow, the circu 
lation ?ow in the pulse counter shown in FIG. 7 is 
mainly generated by the positive pressure ?ow so that 
the positive formation of the circulation flow is 
enhanced and the time required for forming the circu 
lation flow is much minimized. 

FIG. 9 is a graph giving the maximum count frequen 
cies of the three pulse counters described hereinabove. 
In the experiments the working ?uid (air) under the 
pressure of 0.3 kg/cmz was made to flow through the 
main nozzle, and the input pulses were so adjusted that 
the number of pulses counted became highest. In the 
pulse counter in accordance with the present invention, 
the input pulses were made constant over the whole 
range so that it is expected that the number of pulses to 
be counted may be much increased. From FIG. 9, it is 
seen that the function of the ?uidic pulse counter in ac 
cordance with the present invention is remarkably in 
creased. ' 

When a number of pulse counters are connected in 
series in fan-out 1 or more or when they are connected 
to other ?uidic elements or the like as the loads of pulse 
counters, the latter are not actuated when the output 
pressure or ?ow rate of the pulse counters are not suf? 
cient enough to meet the minimum allowable value of 
the input level of the ?uidic control elements or the like 
connected. In some cases, erratic operation will occur. 
Not only the pure ?uidic pulse counter- of the type 
shown in FIG. 1 but also the fluidic pulse counters of 
the present invention of the type shown in FIGS. 2 and 
7 have this problem as will become more apparent from 
the following description by reference to FIG. 10. 

In FIG. 10 the characteristics of the pure ?uidic 
pulse counter of the type shown in FIG. 7 are illus 
trated. In the ?rst quadrant the relation between the 
diameter of the ori?ce of the load connected to the 
bistable pure fluidic element and the output pressure 
Po and the switching control pressure swPc required 
for ‘switching the working ?uid. The length of .the ori 
lice is constant (7 mm). In the second quadrant, the 
relation between the input signal pressure Pi and the 
pressure PD of the working fluid when it flows into the 
control nozzle of the bistable ?uidic control element is 
shown. When the pure fluidic pulse counters are con 
nected in series in fant-out l, the matching range is 
very much limited as shown in FIG. 10. It is seen that 
the input signal pressure Pi from the preceding pulse 
counter is about 32 percent of the supplied pressure Ps 
from the output pressure curve of the fan-out 1 bistable 
pure ?uidic elements shown in the ?rst quadrant. In 
this case, fan-out 1 corresponds to the diameter hr of 
0.8 mm, and the process for obtaining the input signal 
pressure Pi is indicated by the arrow ( —> ). From the 
switching control pressure curve swPc of the bistable 
pure fluidic element, it is seen that the minimum input 
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8 
signal pressure Pi of the counter is about 25 percent of 
the supplied pressure Ps. Therefore the matching range 
of the pure ?uidic pulse counters in fan-out l is only 7 
percent of the input signal and only 2.5 percent when 
converted into the control signal pressure of the bista 
ble pure fluidic element. The process of obtaining these 
values is indicated by the arrows ( <— ) in FIG. 1. 

It is considered that the above narrow matching 
range might be within the product variation, so that the 
yield of products would become worse. Furthermore, 
even when the characteristics of the pure ?uidic pulse 
counter are slightly changed due to the accumulation 
of foreign matters and aging, the next pulse counter will 
fail to function. That is the pure ?uidic pulse counters 
of the type described hereinabove are still unreliable 
and undependable in operation. 
The ?uidic pulse counter which accomplishes the 

third and fourth objects of the present invention is dia 
grammatically shown in FIG. 11. A pure ?uidic ?ip 
flop element 15 is cascaded to a pure fluidic pulse 
counter proper 14 which has the characteristics 
described above to constitute a pure ?uidic pulse 
counter 16. The characteristics of the pure ?uidic pulse 
counter 16 are illustrated in FIG. 12, and the matching 
range may be obtained from these diagrams. That is, 
the FIG. 12-a shows the characteristics of the pure 
fluidic pulse counter proper shown in FIG. 10 while the 
FIG. 12-b shows the relation among the output pressure 
P’o, the switching control pressure swPc and the sup 
plied pressure P'_s (FIG. 1 l, l’) of the pure ?uidic pulse 
counter connected to a load in fan-out l. 

The range A in FIG. 12-a indicates the matching 
range of the pure ?uidic pulse counter proper 15 con 
nected in series in fan-out 1 while the range B, the 
matching range enlarged by the connection of the pure 
?uidic ?ip-?op element 15. When the pure ?uidic ?ip 
?op element is connected to the pure ?uidic pulse 
counter proper, the above bistable pure fluidic element 
is connected to a load with br= 0.08 mm in diameter so 
that from FIG. l2-a it is seen that the switching control 
pressure swPc is 12 percent of the supplied pressure Ps 
and the output pressure P0 is 27 percent. Therefore the 
minimum input pressure is 23 percent. The minimum 
supply pressure min P's (0.65 Ps) required for operat 
ing the next pulse counter is obtained by drawing the 
straight line from the intersection where Pi = Fe in 
parallel with the abscissa. The intersection between this 
straight line and the output curve of the pure ?uidic 
?ip-?op element 15 indicates the minimum supply 
pressure min P's. Next the intersection between the 
switching control pressure of the ?uidic ?ip-?op and 
the output pressure curve of the bistable pure fluidic 
element when the ori?ce of the load hr = 0.8 mm in 
diameter (the resistance of the control nozzle of the 
pure ?uidic ?ip-?op element) which curve is displaced 
in parallel with the abscissa, is obtained to obtain the 
maximum supply pressure max P's required for the 
pure fluidic ?ip-?op element to cause the fluid to ?ow 
precisely through the pure ?uidic pulse counter proper. 
The maximum supply pressure maxPs' is 1.8 Ps in FIG. 
12. Therefore, the pure ?uidic pulse counter may be 
matched even when connected in series in fan-out 1 
when the supply pressure P's of the ?uidic flip-flop ele 
ment is within the range (0.65-1.8 Ps) obtained in the 
manner described above when the supply pressure Ps 


















