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() Pressure converting device.

) This pressure converting device comprises a
primary cylinder (1); a secondary cylinder (2) dis-
posed in line with and joined to the primary cylinder
(1), a low-pressure-side piston (7) reciprocably fitted
in the primary cylinder (1), a high-pressure-side pis-
ton (9) reciprocably fitted in the secondary cylinder
(2), a piston rod (8) coaxially mounting the low-
pressure-side piston and the high-pressure-side pis-
ton, a pilot-operated directional control valve (6) pro-
vided on a rear cover to supply the working fluid
alternately to the front and rear chambers (A,B) of

the primary cylinder (1), a pilot valve (5) for operat-
ing the directional control valve (6), and a shifting
rod (11) for operating the pilot valve (5) which is
connected to the rear piston rod (10) extending
rearwardly from the low-pressure-side piston (7) and
is concentrically accommodated in the pilot valve
(5). Due to such construction, the diameter and the
length of the primary cylinder (1) can be minimized
thus making the pressure converting device ex-
tremely compact.
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PRESSURE CONVERTING DEVICE

BACKGROUND OF INVENTION

The present invention relates to a pressure
converting device or a booster for increasing the
pressure of working fluid supplied thereto to dis-
charge the same at a higher pressure.

A conventional pressure converting device for
increasing the pressure of working fluid supplied
thereto to discharge the same at a higher pressure
is disclosed in, for example, Japanese Patent Pub-
lication (Kokoku) No. 62-21994.

This known pressure converting device sub-
stantially comprises a low-pressure-side cylinder, a
high-pressure-side cylinder disposed in line with
and joined to the low-pressure-side cylinder, a low-
pressure-side piston reciprocably fitted in the low-
pressure-side cylinder, a high-pressure-side piston
reciprocably fitted in the high-pressure cylinder, a
pilot-operated directional control valve provided on
a rear cover to supply the working fluid alternately
to the front and rear chambers of the low-pressure-
side cylinder, a pilot valve for operating the direc-
tional control valve and a limiter provided within a
space formed in a piston rod to operate the pilot
valve. The low-pressure-side piston and the high-
pressure-side piston are mounted on the piston
rod.

In the above construction, since the limiter for
operating the pilot valve is accommodated in the

piston rod, the diameter of the piston rod becomes

large and eventually the diameter of the low-
pressure-side cylinder and the high-pressure-side
cylinder which reciprocably accommodates the pis-
ton rod also become large. Therefore, this pressure
converting device becomes considerably large in
size.

The relatively large pressure converting device
is subject to restrictions on the manner of installa-
tion and requires a large space for its installation.

Furthermore, provided with reciprocating piung-
ers respectively on the opposite sides of the direc-
tional control valve which is operated by the pilot
valve, this pressure converting device, in some
cases, is unable to be started when the pressure of
the working fluid acts on both plungers.

Accordingly, it is an object of the present de-
vice to provide a pressure converting device which
can overcome these drawbacks of the conventional
pressure converting devices.

SUMMARY OF INVENTION

In summary, the present invention discloses
the pressure converting device which comprises a
primary cylinder, a secondary cylinder disposed in
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line with and joined to the primary cylinder, a low-
pressure-side piston reciprocably fitted in the pri-
mary cylinder, a high-pressure-side piston re-
ciprocably fitted in the secondary cylinder, a piston
rod coaxially mounting the low-pressure-side piston
and the high-pressure-side piston, a pilot-operated
directional control valve provided on a rear cover 1o
supply the working fluid alternately to the front and
rear chambers of the primary cylinder, a pilot valve
for operating the directional control valve, and a
shifting rod for operating the pilot valve which is
connected to the rear piston rod extending rearwar-
dly from the low-pressure-side piston and is con-
centrically accommodated in the pilot valve.

The pressure converting device of this inven-
tion is also characterized in that a spring is pro-
vided on one side of the slide spool of the direc-
tional control valve to bias the slide spool in one
direction, and a plunger is provided on the other
side of the slide spool so as to press the slide
spool in the opposite direction when the pressur-
ized working fluid is supplied.

BRIEF EXPLANATION OF THE DRAWINGS
Figures 1 and 2 are sectional views of a pres-
sure converting device of the preferred embodi-
ment in different operating modes according to
the present invention;

Figure 3 is a plan view of an essential portion of
the pressure converting device of Figs. 1 and 2
taken along line I-l of Fig. 1;

Figure 4 is a transverse sectional view taken on
line 1I-il in Fig. 3.

Figures 5 and 6 are explanatory views of the
hydraulic circuits for operating the pressure con-
verting device in different operating modes.

DETAILED DESCRIPTION OF THE PREFFERED

EMBODIMENT o

( Construction)

A pressure converting device in a preferred
embodiment according to the present invention will
be described hersinafter with reference to the ac-
companying drawings.

As shown in Fig. 1 and Fig. 2, a secondary
cylinder ( a high-pressure-side cylinder) 2 is co-
axially connected to a primary cylinder ( a low-
pressure-side cylinder) 1 by way of a partition wall
3. The inside diameter of the secondary cylinder 2
is designed to be smaller than that of a primary
cylinder 1. The rear end of the primary cylinder 1
is closed by a rear wall 4.

A pilot valve 5 is provided within the rear wall 4
on the rear extension of the primary cylinder 1, and
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a pilot-operated directional controi valve 6 which is
controlled by the pilot valve 5 is mounted on the
upper surface of the rear wall 4.

A low-pressure-side piston 7 is fitted in the
primary cylinder 1 for reciprocation so as to define
a front chamber A and a rear chamber B in the
primary cylinder 1. A piston rod 8 is formed integ-
rally with the low-pressure-side piston 7 so as to
extend frontwardly.” A high-pressure-side piston 9 is
fitted in the secondary cylinder 2 for reciprocation
and is mounted on the front piston rod 8.

The interior of the secondary cylinder 2 is
partitioned into a front chamber C and a rear cham-
ber D by the high-pressure-side piston 9.

A rear piston rod 10 is formed integrally with
the low-pressure-side piston 7 so as to extend
rearward from the low-pressure-side piston 7. A
shifting rod 11 is screwed in the rear end of the
rear piston rod 10 coaxially with the same.

A flange 12 is formed on the rear end of the
shifting rod 11. A mechanical spool 13 is mounted
on the shifting rod 11 so as to be axially movable
with an inner flange 13-1 thereof in contact with the
rear end surface 10-1 of the rear piston rod 10 or
the flange 12 of the shifting rod 12. A spool case
14 receiving the mechanical spool 13 therein has
valve chambers a, b, ¢ and d.

The shifting rod 11, the mechanical spool 13
and the spool case 14 are the components of the
pilot valve 5.

The mechanical spool 13 is provided with an
annular groove 15 in its outer circumference. The
rear end of the pilot valve 5 is closed with a rear
plug 16.

The high-pressure-side piston 9 is provided
with a high-pressure-side passage 17 along its
axis. A check valve 20 consisting of a ball 18 and a
spring 19 is provided at the rear end of the high-
pressure-side passage 17.

Shown also in Fig. 1 are a ball stopper 21 for
stopping the ball 18 of the check valve 20, a
connecting passage 22 connecting the rear cham-
ber D of the secondary cylinder 2 to the high-
pressure-side passage 17, a high-pressure-side
discharge passage 23 connecting the rear chamber
D to a high-pressure-side discharge port 24 to
discharge the high-pressure working fluid from the
rear chamber D through the high-pressure-side dis-
charge port 24, a check valve 25 provided within
the upper wall of the secondary cylinder 2, and a
passage 26 extended under the check valve 25 o
supply the working fluid to the front chamber C of
the secondary cylinder 2.

The check viave 25 has a ball 27, a spring 28,
a valve seat 29 and a cap 30.

A supply passage 31 is formed through the
circumferential wall of the secondary cylinder 2, the
partition wall 3 and the circumferential wall of the
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primary cylinder 1 and in the rear wall 4 to connect
the check valve 25 {o a discharge passage 32
formed in the rear wall 4.

A front supply passage 33 is formed through
the partition wall 3 and the circumferential wall of
the primary cylinder 1 to connect the front cham-
ber A of the primary cylinder 1 to the directional
control valve 6. A rear supply passage 34 is
formed through the rear wall 4 to connect the rear
chamber B of the primary cylinder 1 to the direc-
tional control valve 6.

The directional control valve 6 has a slide
spool 35 integrally provided with lands 36 and 37.

The slide spool 35 is fitted in a spool case 38
having valve chambers e, f, g, h and i arranged in
that order from left to right. A spring 39 is placed in
the right-hand end of the spool case 38 to bias the
slide spool 35 continuously to the left. Indicated at
40 is a spring seat, and at 41 is a plug.

A plunger 42 is provided on the left side of the
slide spool 35. The working fluid acts on the plung-
er 42 to push the slide spool 35 to the right.
Indicated at 43 is a plunger support cylinder, at 44
is a plunger operating chamber, at 45 is a plunger
case, and at 46 is a plug. The valve chamber e of
the directional control valve 6 is connected to the
discharge passage 32 by a passage E.

The valve chamber e opens into a discharge
port T. The valve chamber f is connected to the
rear supply passage 34 by a passage F. The valve
chamber g is connected to the valve chamber ¢ of
the pilot valve 5 by a passage G and also to an
inlet port P for receive the working fluid.

As shown in Figs. 1,3 and 4, the valve chamber
h is connected to the front supply passage 33 by a
passage H. The valve chamber i is connected to
the supply passage 31 by a passage J. The plung-
er operating chamber 44 is connected through a
passage 47 and a passage 48 to the valve cham-
ber b of the pilot valve 5. The valve chamber a of
the pilot valve 5 is connected through a passage
49 and the passage E to the discharge port T.

As shown in Figs 1 and 2, the mechanical
spool 13 is provided with a through hole 50. Pac-
kings 51,52,53 and 54 are fitted respectively in an
annular groove formed in the circumference of the
low-pressure-side piston 7, an annular groove
formed in the inner circumference of the partition
wall 3, an annular groove formed in the circum-
ference of the rear end of the partition wall 3, and
an annular groove formed in the outer circum-
ference of the high-pressure-side piston 9.

A tubular valve seat 55 is fitted in the bore of
the high-pressure-side piston 9.

( Manner of Operation)

The manner in which the pressure converting
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device of the present invention is operated is
hereinafter explained in conjunction with Fig. 5 and
Fig. 6 which shows the hydraulic circuit of the
pressure converting device as well as Fig. 1 and
Fig. 2.

When the low-pressure-side piston 7 and the
high-pressure-side piston 9 connected to the low-
pressure-side piston 7 are shified rearward (to the
left as viewed in Figs. 1 and 2) as shown in Fig. 2
and Fig. 5, the rear end 10-1 of the rear piston rod
10 comes into contact with the inner flange 13-1 of
the mechanical spool 13 to move the mechanical
spool 13 rearward.

Consequently, the valve chambers b and ¢ of
the pilot valve 5 are disconnected from each other
to take a position shown in Fig. 6.

In this state, the working fluid supplied through
the inlet port P into the directional control valve 6 is
unable to flow beyond the valve chamber ¢, and
the slide spool 35 is pushed rearward by the spring
39 as shown in Fig. 1 and Fig. 6.

Then, the working fluid supplied through the
inlet port P flows through the valve chambers g
and f, the passage F and the rear supply passage
34 into the rear chamber B of the primary cylinder
1.

Consequently, the low-pressure-side piston 7 Is
pushed frontward (to the right as viewed in Figs. 1
and 2) by the working fluid. The axial force W ;4
that acts frontward on the low-pressure-side piston
P is expressed by:

Wi = (Q1 - Q2 x Py

where Qy is the sectional area of the low-pressure-
side piston 7, Q 2 is the sectional area of the rear
piston rod 10, and P4 is the pressure of the work-
ing fluid.

Thus, the high-pressure-side piston 9 is shifted
frontward in the secondary cylinder 2 to exert a
pressure on the working fluid filling the front cham-
ber C by the axial force W 1 and, consequently, the
pressure of the working fluid is increased. The
discharge pressure P> of the working fluid dis-
charged from the secondary cylinder 2 is ex-
pressed by:

Pg =W1 /Q4.

where Qu s the sectional area of the high-pressure-
side piston 9.

The high-pressure working fluid flows through
the high-pressure-side passage 17, the check valve
20, the rear chamber D and the high-pressure-side
discharge passage 23 and is discharged from the
high-pressure-side discharge port 24.

As the low-pressure-side piston 7 is shifted
frontward, the shifting rod 11 connected to the rear
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piston rod 10 is shifted gradually frontward, shifting
the mechanical spool 13 frontward with the flange
12 of the conirol rod 11 engaging the rear end 13-2
of the inner flange 13-1. '

Consequently, the condition of the pilot valve 5
is changed over to take a position shown in Fig. 5
to allow the valve chambers b and ¢ to commu-
nicate with each other.

Then, the working fluid flows through the pas-
sage G, the pilot valve 5 and the passage 48 into
the plunger operating chamber 44.

Then, the working fluid pushes the plunger 42
to the right against the resilience of the spring 39
to shift the slide spool 35 to the right, so that the
directional control valve 6 is set in a state as shown
in Fig. 2. Then, the working fluid flows through the
front supply passage 33 into the front chamber A
of the primary cylinder 1, so taht the low-pressure-
side piston 7 is shifted rearward.

Consequently, the working fluid filling the rear
chamber B of the primary cylinder 1 is returned
through the rear supply passage 34 and the valve
chamber f of the diretional conirol valve 6 to the
valve chamber c.

Meanwhile, in the secondary cylinder 2, the
working fluid forces the check valve 25 to open and
flows into the front chamber G and, consequently,
the working fluid in the rear chamber D is pressed
by the high-pressure-side piston 9. Force W » that
urges the high-pressure-side piston 9 rearwardly is
expressed by:

W, = (Q1-Q3)XP1

where Q: is the sectional area of the low-pressure-
side piston 7, Q 3 is the sectional area of the front
piston rod 8, and Py is the pressure of the working
fluid.

Thus, the high-pressure-side piston 9 is shifted
rearward in the secondary cylinder 2 by the force
W, to exert pressure by the high-pressure-side
piston 9 on the working fluid in the rear chamber D.
The discharge pressure P 3 of the working fluid
discharged from the secondary cylinder 2 is ex-
pressed by:

Ps = W2/ (Qq-Q3)

where Qu is the sectional area of the high-
pressure-side piston 9, Q 3 is the sectional area of
the front piston rod 8, and W > is the force urging
the high-pressure-side piston 9 rearwardly.

The high-pressure working fluid flows through
the high-pressure-side discharge passage 23 and
is discharged through the high-pressure-side dis-
charge port 24.

Thus, the low-pressure-side piston 7 and the
high-pressure-side piston 9, which are connected
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integrally, repeat reciprocation respectively in the
primary cylinder 1 and the secondary cylinder 2 to
discharge the high-pressure working fluid continu-
ously through the high-pressure-side discharge
port 24.

As has been described heretofore, the pres-
sure converting device of this invention has follow-
ing advantages.

(@) In the pressure converting device of this
invention, as described above, the shifting rod
for operating the pilot valve is concentrically
accommodated in the pilot valve. Due to such
construction, the rear piston rod may be formed
in a small diameter, hence each of the primary
cylinder and the secondary cylinder can- be
formed in a small size and, consequently, the
pressure converting device can be constructed
in a small size. Accordingly, the relatively small
pressure converting device facilitates the selec-
tion of place for the instaliation thereof and
simplifies the installation thereof.

(b) Furthermore, since the slide spool of the
directional control valve is biased continuously
in one direction by the spring provided on one
side of the slide spool and the plunger is pro-
vided on the other side of the slide spool, the
directional control valve can be controlled, by
supplying the working fluid only to control the
plunger, which simplifies the construction of the
directional control valve and machining opera-
tion for forming the passages in the directional
control valve, facilitates the control of the direc-
tional control valve, and ensures the reliable
operation of the directional control valve.

(c) Still further, the spring provided on one side
of the slide spool of the directional control valve
returns the slide spool to its initial position when
the pressure converting device is stopped so
that the pressure converting device is able to be
started smoothly.

Claims

1. A pressure converting device comprising:
a) a primary cylinder (1),
b) a secondary cylinder (2) disposed in line
with said primary cylinder (1) and having an
inside diameter smaller than that of said
primary cylinder (1);
c) a low-pressure-side piston (7) having a
front piston rod (8) and a rear piston rod
(10), said piston (7) axially reciprocalbly dis-
posed in said primary cylinder (1) so as to
partition the interior of said primary cylinder
(1) into a front chamber (A) and a rear
chamber (B);
d) a high-pressure-side piston (9) mounted
on the front end of said front piston rod (8)
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2.

4.

and axially reciprocably disposed in said
secondary cylinder (2) together with said
low-pressure-side piston (7) so as, to parii-
tion the interior of said secondary cylinder
(2) into a front chamber (C) and a rear
chamber (D), said rear chamber (D) com-
municating with a high-pressure discharge
port (24);

e) a directional control valve (6) provided on
the rear wall (4) of the primary cylinder (1)
to connect an inlet port (P) alternately to
said front chamber (A) and said rear cham-
ber (B) of said primary cylinder (1) so that
the pressurized working fluid is supplied
alternately to said front chamber (A) and
said rear chamber (B);

f) a pilot valve (5) provided in said rear wall
(4) for operating said directional controi
valve (6), said pilot valve (5) concentrically
accommodating a shifting rod (11) which is
connected to a rear end of said rear pision
rod (10), said shifting rod (11) being ca-
pable of operating said pilot valve (5) cor-
responding to the reciprocating movement
of said rear piston rod (10) extending be-
hind the low-pressure-side piston (7);

g) a check valve (25) provided in a supply
passage (31) for supplying part of the work-
ing fluid discharged from said directional
control vaive (B) to said front chamber (C) of
said secondary cylinder (2); and

h) a check valve (20) provided in a high-
pressure-side passage (17) interconnecting
said front chamber (C) and said rear cham-
ber (D) of said secondary cylinder (2).

A pressure converting device according o
Claim 1, wherein said shifting rod (11) forms
an integral part of said rear piston rod (10).

A pressure converting device according to
Claim 1, wherein said directional control valve
(6) has a slide spool (35), a spring (29) pro-
vided on one side of said slide spool (35) to
bias said slide spool (35) in one direction, and
a plunger (42) provided on the other side of
said pilot spool (35) to push said pilot spool
(35) in the opposite direction when the pres-
surized working fluid is supplied.

A pressure converting device according to
Claim 1, wherein said directional control valve
(B) is separably mounted on said rear
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