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Gas booster.

A first cylinder bore (7) for accommodating a
first piston (8), a plunger bore (20) for accom-
modating a plunger (21), and a second cylinder
bore (567) for accommodating a second piston
(58) are provided in this order from above. The
plunger (21) is fixed to the first piston (8). A
cushion chamber (61), provided below the sec-
ond piston (58), and an outlet (25b) of a second
check valve (25) for gas discharge are connec-
ted to each other via a communicating passage
(62). The second piston (58) is prevented from
moving upward in excess of a set extent by a
stopper (64) provided in the peripheral wall of
the second cylinder bore (57).
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a gas booster in
which connected in series are a large-in-diameter pis-
ton to be reciprocatingly driven by pressurized fluid
such as compressed air and a small-in-diameter
plunger inserted into a plunger chamber, a low-pres-
sure gas introduced into the plunger chamber being
boosted according to the sectional area ratio of the
piston to the plunger.

2. Description of the Prior Arts

A hydraulic clamp is commonly adopted as the
fluid-pressure clamp for fixing a die to a fixed base
such as an injection molding machine. The hydraulic
clamp is indeed superior in capability of yielding a
strong clamping force with a high-pressure oil of ap-
prox. 250 kgf/cm2, which allows the clamping device
to be compacted. However, it also allows the oil to
leak, although very small in amount, from the high-
pressure oil sealing packing, causing the atmosphere
to be contaminated therewith. For this reason, the hy-
draulic clamp has alimit in accomplishing the demand
of ultra-cleaning, which is growing pronouncedly in re-
cent years.

The present inventor has previously devised a
clamping system as described below with a view to
satisfying both the demand of cleaning mentioned
above and the compacting of the fluid-pressure
clamp. The clamping system is a technique that a
compressed air of approx. 5 kgf/cm?2 supplied from an
air compressor is boosted to approx. 40 kgf/cm?2 by a
gas booster and the resulting high-pressure air is
used as a working fluid for the fluid-pressure clamp.

The above-mentioned gas booster is so arranged
that a gas pump is driven by a pneumatic piston en-
gine, which is disclosed in U.S. Patent No. 4,042,311
or No. 4,812,109 previously proposed by the present
inventor.

More specifically, in this gas booster, an engine
chamber is provided above the pneumatic piston, to
or from which engine chamber compressed air is sup-
plied and discharged by a supply/discharge switching
means, while a plunger smaller in diameter than the
pneumatic piston is provided so as to downwardly
protrude from the pneumatic piston, and a plunger
chamber is provided below the plunger, with a first
check valve for gas intake and a second check valve
for gas discharge both connected to a lower portion
of the plunger chamber.

The gas booster operates in such a manner that
the downward fluid pressure acting on the pneumatic
piston from the engine chamber surpasses the up-
ward discharge reaction force acting on the plunger
from the plunger chamber to thereby downwardly
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drive the pneumatic piston; therefore, at the time of
high load, when a specified time period has elapsed
since the startup of the gas pump so that the dis-
charge pressure has increased to a sufficient extent,
the piston and the plunger are driven to descend at
low speed. The resulting descending inertia force of
the piston at the time of high load is so small that
when compressed air is discharged from the engine
chamber by the supply/discharge switching means at
a time point when the piston has descended almost
to the bottom dead point, the piston will be immediate-
ly turned over to an ascending return stroke.

In contrast to this, at the time of low load when
the discharge pressure is low, the piston and the
plunger are driven to descend at high speed; there-
fore, the descending inertia force of the piston is so
great that even though the piston is turned over to the
ascending return stroke almost at the bottom dead
point, the piston will downwardly overrun the bottom
dead point for high load, making the descending
stroke of the plunger excessively extend.

In connection with the technical background as
described above, a prior art known by the present in-
ventor is such that the depth dimension of the plunger
chamber is set so as to be slightly deeper than the de-
scending stroke of the plunger at the time of low load
to thereby prevent the plunger from colliding against
the bottom wall of the plunger chamber at a final per-
iod of the descending stroke of the first piston.

The prior art mentioned above has the following
problem.

That is, when the gas pump is at high load, the
bottom dead point of the piston is elevated higher
than itis at the time of low load, causing the clearance
between the bottom wall of the plunger chamber and
the bottom end of the plunger to be increased. This
in turn causes the compressibility of the plunger
chamber to be reduced, with the result that the
amount of discharged gas is reduced to an extent of
the decrement in the compressibility. The gas boos-
ter, as a consequence, is long in the pressure boost-
ing time.

SUMMARY OF THE INVENTION

An object of the present invention is therefore to
reduce the boosting time.

To accomplish the foregoing object, the present
invention provides a gas booster constructed as fol-
lows. Afirst cylinder bore, a plunger bore smaller in di-
ameter than the first cylinder bore, and a second cy-
linder bore are formed in this descending order. Afirst
piston inserted into the first cylinder bore and a plung-
er inserted into the plunger bore are connected so as
to extend vertically while a second piston is inserted
into the second cylinder bore. To or from an engine
chamber formed between the top wall of the first cy-
linder bore and the first piston, a pressure fluid is sup-
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plied or discharged by a supply/discharge switching
means. A plunger chamber is formed between the
plunger and the second piston while a cushion cham-
ber is formed between bottom wall of the second cy-
linder bore and the second piston. Afirst check valve
for gas intake and a second check valve for gas dis-
charge are connected to an internal lower portion of
the plunger chamber. The cushion chamber and the
outlet of the second check valve are connected to
each other with a communicating passage. The sec-
ond piston is prevented from moving upward in ex-
cess of a set extent by means of a stopper.

The gas booster according to the present inven-
tion operates as follows.

With the load atlow level, the pressure of the out-
let of the second check valve and that of the plunger
chamber are so low that the first piston and the plung-
er are driven to rapidly descend, causing a great de-
scending inertia force of the first piston. On this ac-
count, at a final period of the descending stroke, the
bottom end of the plunger comes into contact with the
second piston, and subsequently the plunger pushes
the second piston down against the gas pressure of
the cushion chamber. On the other hand, when the
plunger is turned over to ascend, the second piston
returns to the ascending position from the descend-
ing position with the pressure of the cushion cham-
ber.

As the plunger repeats the above-described up-
down strokes, the pressure of the outlet of the check
valve gradually increases. The descending speed of
the first piston decreases accordingly, so that the in-
ertia force of each of the first piston and the plunger
becomes smaller when they descend, causing the
overrun of the bottom end of the plunger to gradually
decrease. With the decreasing overrun, the height
level of the second piston is elevated by the pressure
acting from the cushion chamber to the second piston
to thereby eliminate or reduce the clearance between
the bottom end of the plunger and the second piston.
This contributes to maintaining the compressibility of
the plunger chamber at a great value.

Since the gas booster of the present invention is
constructed and operates as described above, the
amount of gas discharge can be increased over the
whole range from low load to high load by increasing
the compressibility of the plunger chamber at the time
of high load, thus allowing the pressure boosting time
to be reduced.

Moreover, since the descending travel of the
plunger can be cushioned by compressing operation
of the cushion chamber, the descending travel is
gradually decelerated such as to result in small collid-
ing force due to collision between the plunger and the
second piston. In consequence, the gas booster pro-
duces only low level vibrations and noise.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 to 3 show a first embodiment of the pres-
ent invention,

Fig. 1 is a longitudinal sectional view of a gas
booster;

Fig. 2 is an operation explanatory view of a piston
engine of the booster;

Figs. 3 are operation explanatory views of a gas
pump of the booster;

Fig. 4, showing a second embodiment of the
present invention, is a segmentary view illustrat-
ing a brake means of a first piston;

Figs. 5 and 6 show a third embodiment of the
present invention,

Fig. 5 is a view equivalent to Fig. 4;

Fig. 6 is a view equivalent to Fig. 2; and

Fig. 7, showing a fourth embodiment of the pres-
ent invention, is a view equivalent to Fig. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(First Embodiment)

Figs. 1 to 3 show a first embodiment of the pres-
ent invention.

Referring to Fig. 1, a gas booster, designated by
numeral 1, comprises a pneumatic piston engine 2 to
generate reciprocating linear movement by making
use of compressed air, and a plunger type gas pump
3 to be driven by the engine 2 to boost the gas.

The engine 2 has an engine body 4 for converting
the pressure energy of compressed air into power, to
or from which engine body 4 compressed air is sup-
plied or discharged by a supply/discharge switching
means 5. These engine body 4 and supply/discharge
switching means 5 are fastened to the gas pump 3
with a plurality of tie rods 6.

The engine body 4 is constructed as follows.

Afirst piston 8 is inserted into a first cylinder bore
7 via a packing 10 so as to be hermetically and vert-
ically slidable. Between a top wall 7a, i.e. a first end
wall of the first cylinder bore 7, and the first piston 8
there is provided an engine chamber 9. When com-
pressed air is supplied to the engine chamber 9, the
first piston 8 is driven toward the bottom dead point.
In contrast to this, when compressed air is discharged
from the engine chamber 9, the first piston 8 is al-
lowed to return toward the top dead point.

The supply/discharge switching means 5, having
a supply/discharge valve 13, serves to make the en-
gine chamber 9 selectively connect to a supply port
14 or a discharge port 15 via the supply/discharge
valve 13. The supply port 14 is connected to an air
compressor 17 via a pressure reducing valve 16. The
discharge pressure of the compressor 17 can be set
in the range from 5.0 to 9.9 kgf/cm?2. The discharge
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port 15 is open to the outside. The supply/discharge
valve 13 is so arranged as to be switchable between
supply position X and discharge position Y (see Fig.
2) for compressed air via a pilot valve 18.

The plunger type gas pump 3 is constructed as
follows.

A plunger bore 20, smaller in diameter than the
first cylinder bore 7, is formed below the first cylinder
bore 7 in series. A plunger 21 is inserted into the
plunger bore 20 via a packing 22 so as to be hermet-
ically and vertically movable, the top thereof being
coupled to the first piston 8. Below the bottom end
21a of the plunger 21 there is provided a plunger
chamber 23. To a lower portion of the chamber 23,
the outlet 24b of a first check valve 24 for gas intake
and the inlet 25a of a second check valve 25 for gas
discharge are connected. Further, the compressor 17
is connected to the inlet 24a of the first check valve
24,

When the first piston 8 is driven to descend, the
plunger bottom end 21a goes into the plunger cham-
ber 23 to increase the internal pressure, thereby
pushing a valve member 26 of the first check valve 24
to be closed and simultaneously pushing a valve
member 27 of the second check valve 25 to be
opened, so that the compressed air increased in
pressure is discharged from the outlet 25b. Con-
versely, in the ascending return stroke, the valve
member 26 is pushed open by the pressure of the in-
let 24a of the first check valve 24, so that a com-
pressed air of approx. 5 kgf/cm? is introduced into the
plunger chamber 23, its pressure causing the plunger
21 to return the first piston 8 to ascend. The above-
described strokes will be repeated until the dis-
charged compressed air finally reaches at least 40
kgf/lcm?2 pressure.

A concrete arrangement of the supply/discharge
switching means 5 is now described with reference to
Fig. 1 and Fig. 2. The left half of Fig. 2 and the whole
Fig. 1 each show an initial state of the descending
drive stroke of the first piston 8 while the right half of
Fig. 2 shows an initial state of the ascending return
stroke of the same first piston 8.

The supply/discharge valve 13 is so constructed
that a cylindrical supply/discharge valve member 30
is inserted into a supply/discharge valve casing 29
fixed to the upper portion of the top wall 7a of the first
cylinder bore 7. The supply/discharge valve member
30, when pushed up, switches to the supply position
X in the left half of Fig. 2 and, when pushed down, to
the discharge position Y in the right half of Fig. 2.

The supply port 14 is communicated with the dis-
charge port 15 via a filter 37, a supply actuation
chamber 33, inside of a supply-side valve seat 29a, a
working chamber 32, inside of a discharge-side valve
seat 29b, a discharge chamber 34, a discharge hole
38, and an outlet chamber 39, in this order. The outlet
chamber 39 is internally provided with a muffler 40.
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Further, the supply actuation chamber 33 is commu-
nicated with a discharge actuation chamber 35 via a
cylinder bore 30d of the valve member 30. The dis-
charge actuation chamber 35 is partitioned from the
discharge chamber 34 by an O-ring 42.

As shown in the left half of Fig. 2, when the sup-
ply/discharge valve member 30 is pushed up switch-
edly to the supply position X, a supply actuation pres-
sure-receiving surface 30a provided at a lower por-
tion of the valve member 30 leaves apart from the
supply-side valve seat 29a, so that the supply actua-
tion chamber 33 and the working chamber 32 are
communicated with each other, while a discharge-si-
de pressure-receiving surface 30b provided at a mid-
height portion of the supply/discharge valve member
30 is seated on the discharge-side valve seat 29b to
seal the space between the working chamber 32 and
the discharge chamber 34.

Conversely to this, as shown in the right half of
Fig. 2, when the supply/discharge valve member 30
is pushed down switchedly to the discharge position
Y, the supply actuation pressure-receiving surface
30a is seated on the supply-side valve seat 29a so
that the space between the supply actuation cham-
ber 33 and the working chamber 32 is sealed while
the discharge-side pressure-receiving surface 30b
leaves apart from the discharge-side valve seat 29b
so that the working chamber 32 and the discharge
chamber 34 are communicated with each other.

The pilot valve 18, which is to switch the sup-
ply/discharge valve member 30 between supply pos-
ition X and discharge position Y, comprises a piston
type pilot valve casing 71, a spool 46 fixed to the first
piston 8, an O-ring type pressure-introduction valve
seat 48, a pressure-relief valve member 53, and a
pressure-relief valve seat 52.

More specifically, within the upper portion of the
supply/discharge valve casing 29 there is provided a
cylinder chamber 70a for a pilot cylinder 70, into which
cylinder chamber 70a the pilot valve casing 71 is in-
serted via an O-ring 72 so as to be hermetically and
vertically movable. Further, a pressure-receiving ac-
tuation chamber 70b formed in confronting relation
with the bottom face of the pilot valve casing 71 is
communicated with the discharge actuation chamber
35. The pilot valve casing 71 is adapted to be driven
upward against the urging force of a return spring 73
by virtue of the internal pressure of the pressure-re-
ceiving actuation chamber 70b. A support cylinder 31
downwardly protruding from the pilot valve casing 71
is inserted into the cylinder bore 30d of the sup-
ply/discharge valve member 30, and the valve seat48
is mounted from downside to a lower portion 49 of the
support cylinder 31. To the pressure-relief valve seat
52 provided within the upper portion of the pilot valve
casing 71, the pressure-relief valve member 53 is
downwardly urged by a valve-closing spring 54 so as
to be closed. A pressure-relief port 51 disposed above
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the pressure-relief valve member 53 is communicat-
ed with the discharge port 15.

When the spool 46, which is to descend along
with the movement of the first piston 8, is switched
from a state in which it is at the top dead point as de-
picted by solid line in the left half of Fig. 2 to a state
in which it is at the bottom dead point as depicted by
two-dot chain line in the same left half figure, first the
pressure-relief valve member 53 is seated on the
pressure-relief valve seat 52, rendering the pressure-
relief port 51 closed, and subsequently the outer cir-
cumferential surface of the spool 46 and the inner cir-
cumferential surface of the valve seat 48 will leave
apart from each other. Then the compressed air with-
in the supply actuation chamber 33 passes through
the valve-opening clearance between the spool 46
and the valve seat 48, a pilot valve chamber 45, and
a through hole 31a of the support cylinder 31, in this
order, so thatitis introduced into the discharge actua-
tion chamber 35 and the pressure-receiving actuation
chamber 70b.

By virtue of the internal pressure of the pressure-
receiving actuation chamber 70b, the pilot valve cas-
ing 71 is elevated against urging force of the two
springs 73 and 54, as depicted by solid line in the right
half of Fig. 2, causing the valve seat 48 to rapidly
leave apart from the spool 46. This in turn causes
compressed air to be rapidly introduced into the dis-
charge actuation chamber 35, the compressed air
serving to strongly push down the supply/discharge
valve member 30 switchedly to the discharge position
Y in the right half figure. As a result, the engine cham-
ber 9 is communicated with the discharge port 15 via
a supply/discharge hole 36, the working chamber 32,
the discharge chamber 34, and the discharge hole
38, thus allowing the first piston 8 to follow the as-
cending return stroke.

Incidentally, when the supply/discharge valve
member 30 is pushed down, upward back pressure
resistance that the supply/discharge valve member
30 receives will decrease from one force applied to
the pressure-receiving sectional area of the dis-
charge-side pressure-receiving surface 30b to an-
other applied to the pressure-receiving sectional area
of the supply actuation pressure-receiving surface
30a, on the descending way of the supply/discharge
valve member 30. This arrangement ensures that the
supply/discharge valve member 30 can be reliably
switched to the discharge position Y with its descend-
ing speed increased from a midpoint of the descent.

Conversely to the above case, when the spool 46
is switched, along with the ascent of the first piston
8, from the bottom dead point as depicted by solid line
in the right half figure to the top dead point as depict-
ed by solid line in the left half figure, first the outer cir-
cumferential surface of the spool 46 is brought into
sealing contact with the inner circumferential surface
of the valve seat 48, and subsequently the pressure-
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relief valve member 53 is made to leave apart from
the pressure-relief valve seat 52 against the valve-
closing spring 54 while the discharge actuation cham-
ber 35 is made to be communicated with the dis-
charge port 15 via the through hole 31a of the sup-
port cylinder 31, the valve-opening clearance be-
tween the valve seat 52 and the valve member 53,
and the pressure-relief port 51. This in turn causes
the supply/discharge valve member 30 to be pushed
up by the vertical differential pressure whereby it is
switched to the supply position Xin the left half figure.
Thus the engine chamber 9 is communicated with the
supply port 14 via the supply/discharge hole 36, the
working chamber 32, and the supply actuation cham-
ber 33, allowing the first piston 8 to start its descend-
ing drive stroke.

The gas pump 3 is constructed as follows.

As illustrated in Fig. 1, below the plunger bore 20
there is provided the second cylinder bore 57 having
the same diameter as the bore 20. The second piston
58 confronting the bottom end 21a of the plunger 21
is inserted into the second cylinder bore 57 via the O-
ring 59 so as to be hermetically and vertically mov-
able. Between the second piston 58 and a plug 60
there is provided the cushion chamber 61. The plug
60 forms a second end wall of the second cylinder
bore 57. The cushion chamber 61 and the outlet 25b
of the second check valve 25 are communicated with
each other via a communicating passage 62.

The second piston 58 is urged upward by a return
spring 63 installed in the cushion chamber 61. A
flange 66 provided at a lower portion of the second
piston 58 is brought from downside into contact with
a stopper 64 on the circumferential wall of the second
cylinder bore 57 to thereby prevent the second piston
58 from moving upward in excess of a set extent. A
notched groove of the flange 66 forms a throttle 68
of the communicating passage 62.

The second piston 58 and the cushion chamber
61, as shown in Fig. 3, operate as follows. Figs. 3 (a),
(b), and (c) show their operation at the time of low
load; Fig. 3 (a) depicts a state where the plunger 21
is at the top dead point, Fig. 3 (b) depicts a state
where the plunger 21 is in the course of descent, Fig.
3 (c) depicts a state where the plunger 21 has de-
scended to the bottom dead point. Further, Fig. 3 (d)
shows a state where the plunger 21 has descended
to the bottom dead point at the time of high load.

In the state of Fig. 3 (a), by virtue of the com-
pressed air introduced from the first check valve 24
into the plunger chamber 23, the plunger 21 has re-
turned to the top dead point. The second piston 58 is
urged upward by the resultant force of the two: a dif-
ferential pressure between an upward force due to
the compressed air introduced into the cushion
chamber 61 and a downward force due to the internal
pressure of the plunger chamber 23, and an urging
force of the return spring 63. Symbol S represents the
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stroke tolerance of the second piston 58.

As shown in Fig. 3 (b), when the plunger 21 de-
scends to thereby increase the pressure of the plung-
er chamber 23, the second check valve 25 is opened
so that the compressed air increased in pressure is
discharged through its outlet 25b. Then the pressure
acts on the cushion chamber 61 through the commu-
nicating passage 62, holding the second piston 58 at
its ascent position.

At this low-load time, since the pressure of the
outlet 25b of the second check valve 25 and that of
the plunger chamber 23 are so low that the plunger
21 will be driven to rapidly descend by the first piston
8 (see Fig. 1 or Fig. 2). Along with this movement, the
bottom end 21a of the plunger 21 is brought into con-
tact with the second piston 58, and subsequently the
plunger 21 pushes down the second piston 58 against
the pressure of the cushion chamber 61 and the re-
turn spring 63, as shown in Fig. 3 (c). Then the com-
pressed air within the cushion chamber 61 is further
compressed to pass through the communicating pas-
sage 62, pushed out to the outlet 25b of the second
check valve 25. Symbol C in the figure represents the
down stroke of the plunger 21 in this low-pressure dis-
charge state.

With the above-described compression opera-
tion of the cushion chamber 61, the descending
movement of the plunger 21 is cushioned such that
its speed can be gradually reduced, which contributes
to suppressing the impact force due to collision be-
tween the plunger 21 and the second piston 58. Also,
in this cushioning operation, the flowout speed of
compressed air, which is pushed out of the commu-
nicating passage 62 can be reduced by the flow re-
sistance that the throttle 68 provided in the commu-
nicating passage 62 gives, so that the pressure rise
ratio of the cushion chamber 61 increases to allow the
descending movement of the plunger 21 to be suffi-
ciently cushioned. Thus the vibrations and noise of
the gas booster can be reduced.

In contrast to this, in the ascending return stroke,
the plunger 21 goes up by virtue of the pressure of
the gas introduced into the plunger chamber 23 from
the first check valve 24. Then the second piston 58
returns from the descent position of Fig. 3 (¢) to the
ascent position as shown in Fig. 3 (a).

The plunger 21 repeats the above-described as-
cending and descending strokes so that the pressure
of the outlet 25b of the second check valve 25 grad-
ually increases. With increasing pressure of the out-
let 25b, the descending speed of the first piston 8
slows down, causing the inertia force of the first pis-
ton 8 and the plunger 21 at the time of descent to be
reduced, with the result of gradually decreasing over-
run of the plunger bottom end 21a. On this account,
in the case of high load as in Fig. 3 (d), the descend-
ing stroke D of the plunger 21 diminishes as com-
pared with the case of low load.
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Correspondingly to this operation, the pressure
of the cushion chamber 61 also increases with the in-
creasing pressure of the outlet 25b of the second
check valve 25, while the height position of the sec-
ond piston 58 at the final period of the discharge
stroke gradually goes up, so that the clearance be-
tween the bottom end 21a of the plunger 21 and the
second piston 58 is eliminated or reduced. Therefore,
the compressibility of the plunger chamber 23 can be
maintained at a great value, with the result of a large
amount of gas discharge even at the time of high load.

With the arrangement that the return spring 63
is provided which urges the second piston 58 upward,
the second piston 58 can positively be urged against
the plunger bottom end 21a by the return spring 63
even when the gas pressure of the cushion chamber
61 is low at the time of low load, thus allowing the
compressibility to be increased. This enables the gas
booster 1 to be increased in compressibility over the
entire region of operation and in average discharge
amount.

Further, there is provided a brake means 75 for
decelerating the ascending speed in the first piston
8 when the first piston 8 has ascended nearly to the
top dead point.

More specifically, a third cylinder bore 76 is pro-
vided on the top wall 7a of the first cylinder bore 7
above the engine chamber 9. The third cylinder bore
76 is so formed as to be smaller in diameter than the
plunger bore 20. Also, a third piston 77 is hermetically
fitted into the third cylinder bore 76 via a packing 78
s0 as to be vertically disengageable. The third piston
77, disposed between the plunger 21 and the spool
486, is fitted so as to be movable along with the first
piston 8.

As shown in Fig. 2, at afinal period of the upward
return movement of the first piston 8, a brake cham-
ber 79 is formed above the third piston 77 within the
third cylinder bore 76. The brake chamber 79 and the
supply port 14 are connected with each other via a
communicating passage 81. An opening/closing
means 82 for opening and closing the communicating
passage 81 is composed of a groove 83 formed at the
lower part of the spool 46 and a through hole 84 of
the top wall 7a of the first cylinder bore 7.

The brake chamber 79 and the opening/closing
means 82 operate in the following manner.

Referring to the right half of Fig. 2, as the first pis-
ton 8 ascends from the bottom dead point as depicted
by solid line in the figure to the position as depicted
by dash-and-dotline, the third piston 77 also ascends
from the position as depicted by solid line in the figure
to the position as depicted by dash-and-dot line.

At an early to intermediate period of the ascend-
ing movement of the first piston 8, the compressed air
within the engine chamber 9 is discharged via the
supply/discharge hole 36, the working chamber 32,
the discharge chamber 34, and the discharge hole
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38, as shown by two-dot chain lined arrow. The brake
chamber 79 is communicated with the engine cham-
ber 9 while the upper external circumferential surface
of the spool 46 serves to close the through hole 84.
When the first piston 8 goes up nearly to the top
dead point, the third piston 77 is brought into sealing
contact with the packing 78, thereby partitioning the
brake chamber 79 from the engine chamber 9, while
the groove 83 of the spool 46 comes to confront the
through hole 84, thereby making the supply actuation
chamber 33 communicate with the brake chamber
79. Then the compressed air within the supply actua-
tion chamber 33 is introduced from the groove 83 into
the brake chamber 79, the pressure of the com-
pressed air serving to urge the third piston 77 down-
ward. As aresult, the ascending speed of the first pis-
ton 8 is decelerated such that the compressed air of
the outlet 24b of the first check valve 24 is gradually
introduced into the plunger chamber 23, to thereby in-
crease the intake pressure of the plunger chamber
23. Thus the push-up force acting from the plunger
chamber 23 to the plunger 21 overcomes the push-
down force derived from the brake chamber 79, caus-
ing the first piston 8 to move to the top dead point.
In this way, as the intake pressure of the plunger
chamber 23 increases, the next discharge amount
also increases. The increase in the discharge amount
will appear to be a remarkable advantage at the time
of low load when the pressure of the outlet 25b of the
second check valve 25 is low. That is, as previously
described, the gas booster 1 operates depending on
the balance between the descending drive force,
which acts from the engine chamber 9 onto the first
piston 8, and the discharge reaction force, which acts
from the plunger chamber 23 onto the plunger 21, so
that the pressure of the engine chamber 9 will in-
crease as the pressure of the outlet 25b increases. In
other words, the pressure of the engine chamber 9 is
lower at the time of low load than at the time of high
load. For this reason, with the low load, the back
pressure resistance within the engine chamber 9 is
small and the ascending return time of the first piston
8, short. As a result of this, the intake pressure of the
plunger chamber 23 decreases, the next discharge
amount also diminishing. With the brake means 75 of
the present invention, however, the next discharge
amount can be increased by heightening the intake
pressure of the plunger chamber 23 at the time of low
load, so that the average discharge amount is in-
creased to thereby allow the boosting time for reach-
ing a set pressure (approx. 40 kgf/cm? in this embodi-
ment) to be reduced. Needless to say, also with high
load, the next discharge amount increases as the in-
take pressure of the plunger chamber 23 increases.
The foregoing first embodiment can be modified
as follows.
The gas booster 1, instead of being arranged in
its longitudinal position, may also be positioned in a
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lateral or slanting position or in a vertically inverted
position.

The supply/discharge switching means 5 may
also be of the type described in the above-mentioned
U.S. Patents No. 4,042,311 or No. 4,812,109 or the
like.

The plunger bore 20 and the second cylinder
bore 57 are preferably made into the same diameter
from a viewpoint of their manufacture, but may be of
different diameters.

Below the first piston 8 there may be added a re-
turn spring for ascending and returning the first piston
8.

It is possible to omit the return spring 63 that has
been provided in the cushion chamber 61. However,
since the return spring 63, provided as in the above
embodiment, allows the second piston 58 to be urged
into contact with the plunger 21 by the return spring
63 in the low-load operation, the compressibility at
the time of low load becomes also great to elevate the
average compressibility.

Working fluid of the gas pump 3 may be nitrogen
gas or helium gas in place of compressed air. Further,
the gas increased in pressure by the gas pump 3 may
be of the kind other than the one supplied to the en-
gine 2.

The respective packings 10, 59, and 78 of the cy-
linder bores 7, 57, and 76 may be X-rings or U-pack-
ings in place of O-rings.

Fig. 4, Figs. 5 and 6, and Fig. 7 illustrate second
to fourth embodiments, respectively, where like com-
ponents and members having the same construction
as in the first embodiment are designated by like nu-
merals in principle.

(Second Embodiment)

In this embodiment, the brake means 75 is modi-
fied as follows.

As shown in Fig. 4, the space between the
through hole 84 of the cylinder top wall 7a and the
spool 46 is sealed by a packing 86. Further, the open-
ing/closing means 82 is composed of a check valve
member 87 and a valve-opening rod 88 protruding
downwardly from the valve member 87. Acheck valve
seat 89 formed from an O-ring is received by a sup-
port cylinder 90 from below.

When the first piston 8 has ascended nearly to
the top dead point, the first piston 8 pushes up the rod
88, causing the check valve member 87 to leave apart
from the O-ring 89. As a result, the compressed air
within the supply port 14 is introduced into the brake
chamber 79 via the communicating passage 81.

(Third Embodiment)

In this embodiment, the brake means 75 is modi-
fied as shown in Figs. 5 and 6.
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Asin Fig. 4, the space between the spool 46 and
the through hole 84 of the cylinder top wall 7a is
sealed by a packing 92. The brake chamber 79 is
communicated with the engine chamber 9 via a throt-
tling clearance 93 formed from a fitting clearance be-
tween the third cylinder bore 76 and the third piston
77.

The brake chamber 79 and the throttling clear-
ance 93 operate as follows.

In the right half of Fig. 6, as the first piston 8 as-
cends from the bottom dead point as depicted by solid
line in the figure to the point as depicted by dash-and-
dot line, the third piston 77 also ascends from the
position as depicted by solid line in the figure to the
position as depicted by dash-and-dot line.

At an early to intermediate period of the ascend-
ing movement of the first piston 8, the compressed air
within the engine chamber 9 is discharged to outside
via the supply/discharge hole 36, the working cham-
ber 32, the discharge chamber 34, and discharge hole
38inthis order, as indicated by two-dot chain lined ar-
row. The brake chamber 79 is open to the engine
chamber 9.

When the first piston 8 has ascended nearly to
the top dead point, the third piston 77 is fitted into the
third cylinder bore 76 so that the internal pressure of
the brake chamber 79 is increased by virtue of the
throttling effect of the throttling clearance 93. The in-
ternal pressure being applied to the top surface of the
third piston 77 as a back pressure, the ascending
speed of the first piston 8 is reduced so that the com-
pressed air at the outlet of the first check valve (not
shown) is gradually introduced into the plunger cham-
ber 23, to thereby increase the intake pressure of the
plunger chamber 23. Then the push-up force acting
from the plunger chamber 23 onto the plunger 21
overcomes the push-down force applied from the
brake chamber 79, thus causing the first piston 8 to
move up to the top dead point.

Accordingly, even with low load, the plunger
chamber 23 takes in a sufficient amount of gas to in-
crease the pressure of the plunger chamber 23, so
that the next discharge amount is increased. As are-
sult, the gas booster has a greater average discharge
amount, capable of reducing the boosting time to
reach a set pressure (approx. 40 kgf/cm?2 in this em-
bodiment).

Moreover, achieving the above-described advan-
tage only requires the third piston 77 to be fitted into
the third cylinder bore 76, permitting a simplified con-
struction.

(Fourth Embodiment)

In this embodiment, the brake means 75 in Fig.
5 and Fig. 6 is further modified as follows.

As shown in Fig. 7, the space between the third
cylinder bore 76 and the third piston 77 is sealed from
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each other by a packing 95 while the brake chamber
79 and the engine chamber 9 are communicated with
each other via an exhaust passage 96, in which ex-
haust passage 96 there is provided a throttle valve 97
formed from a needle valve.

With this arrangement, when the first piston 8 as-
cends nearly to the top dead point with the third pis-
ton 77 hermetically fitted into the third cylinder bore
76, the internal pressure of the brake chamber 79 is
increased by virtue of the throttling effect of the throt-
tle valve 97, decreasing the ascending speeds of the
first piston 8 and the plunger 21. As a result, the in-
take pressure of the plunger chamber increases to
thereby increase the next discharge amount corre-
spondingly, allowing the boosting time to be reduced.
Moreover, since the exhaust speed from the brake
chamber 79 can be controlled by the throttle valve 97,
the brake force applied to the first piston 8 can be
finely adjusted advantageously.

It is noted that the exhaust passage 96 may al-
ternatively be communicated with the supply/dis-
charge hole 36 or the like instead of being communi-
cated with the engine chamber 9.

Although the present invention has been fully de-
scribed by way of example with reference to the ac-
companying drawings, it is to be noted here that va-
rious changes and modifications will be apparent to
those skilled in the art. Therefore, unless otherwise
such changes and modifications depart from the
scope of the present invention as defined by the ap-
pended claims, they should be construed as included
therein.

Claims

1. A gas booster having a fluid-pressure piston en-
gine (2) provided on a first end side and a plunger
type gas pump (3) provided on a second end side,
characterized by comprising:

a first cylinder bore (7) having a first end
wall (7a), a plunger bore (20) smaller in diameter
than the first cylinder bore (7), and a second cy-
linder bore (57) having a second end wall (60),
the bores being formed in this order from the first
end side toward the second end side;

a first piston (8) inserted into the first cy-
linder bore (7);

a plunger (21) inserted into the plunger
bore (20) and coupled with the first piston (8);

a second piston (58) inserted into the sec-
ond cylinder bore (57);

an engine chamber (9) formed between
the first end wall (7a) and the first piston (8), to
or from which engine chamer a pressurized fluid
is supplied or discharged by a supply/discharge
switching means (5);

a plunger chamber (23) formed between
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the plunger (21) and the second piston (58);

a cushion chamber (61) formed between
the second end wall (60) and the second piston
(58);

a first check valve (24) for gas intake and
a second check valve (25) for gas discharge hav-
ing an outlet (25b), the check valves being con-
nected internally to the second end portion of the
plunger chamber (23);

a communicating passage (62) for con-
necting the cushion chamber (61) to the outlet
(25b) of the second check valve (25); and

a stopper (64) for preventing the second
piston (58) from moving toward the first end side
in excess of a set extent.

A gas booster as claimed in claim 1, wherein a re-
turn spring (63) is further provided in the cushion
chamber (61) for urging the second piston (58) to-
ward the first end side.

A gas booster as claimed in claim 1 or 2, wherein
a throttle (68) is further provided in the commu-
nicating passage (62).

A gas booster as claimed in any of claims 1 to 3,
wherein

a third cylinder bore (76) is further provid-
ed in the first end wall (7a) of the first cylinder
bore (7) in confronting relation with the engine
chamber (9); a third piston (77) inserted into the
third cylinder bore (76) is coupled with the first
end portion of the first piston (8); a brake cham-
ber (79) is formed between the first end wall (7a)
and the third piston (77); and wherein there is fur-
ther provided means for increasing the internal
pressure of the brake chamber (79) at a final per-
iod of movement of the first piston (8) toward the
first end side.

A gas booster as claimed in claim 4, wherein

the third piston (77) is hermetically fitted
into the third cylinder bore (76) at a final period
of movement of the first piston (8) toward the first
end side; a communicating passage (81) is pro-
vided for connecting the supply port (14) of the
supply/discharge switching means (5) with the
brake chamber (79); and wherein an open-
ing/closing means (82) is interlocked and coupled
with the first piston (8) for closing the communi-
cating passage (81) at an early to intermediate
period of movement of the first piston (8) toward
the first end side and for opening the communi-
cating passage (81) at a final period of the same
movement.

A gas booster as claimed in claim 4, wherein
the third piston (77) is fitted into the third
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cylinder bore (76) at a final period of movement
of the first piston (8) toward the first end side by
opening a throttling clearance (93), and the
brake chamber (79) is communicated with the en-
gine chamber (9) via the throttling clearance
(93).

A gas booster as claimed in claim 4, wherein

the third piston (77) is hermetically fitted
into the third cylinder bore (76) at a final period
of movement of the first piston (8) toward the first
end side; an exhaust passage (96) is further pro-
vided in the first end wall (7a) so as to be com-
municated with the brake chamber (79); and
wherein a throttle valve (97) is provided in the ex-
haust passage (96).
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