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€9 Pneumatic cylinder assembilies.

@ Disclosed is an apparatus for controlling the rate of flow
of hydraulic fluid when used in hydraulic damping of a
pneumatic piston (1) moving in its cylinder (2), including a
hydraulic piston (5) contained in a cylinder {30), the said
piston (5) being driven by operation of the pneumatic piston
(1) causing fiuid to be displaced through a hydraulic circuit
from one side of the said piston (5) to the other, said circuit
including a fluid flow control consisting of a variable flow
control needle valve (12) and a low pressure governer (18)
located upstream of the said needle valve {12}.
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PNEUMATIC CYLINDER ASSEMBIES

The present invention relates to a method and apparatus for
controlling the rate of flow of £luid in a high pressure

hydraulic fiuid circuit and is especially concerned with
controiling the ram speed of a pisteon in @ pneumatic piston
and cylinder assembly incorporating hydraulic damping.

When it is necessary to control the rate of flow of fluid in

l,_l.

a hydraulic circuit the fluid is normally caused to pass
through an orifice whose size may be varied to regulate the
flow rate. A common example is in the use of hydraulic
damping to control ram speed, that is the speed of movement
of the piston, of z pneumatic cvlinder; this arrangement is
necessary because air, .being compressible, does not allow
control by flow restriction to be applied directly to the
pneumatic cylinder. &n example of such use is described and
iliustrated in my British patent F¥o. 1,320,335. In such
applications the operation of the pneumatic cylinder drives
the hydraulic cylinder, displacing oil from one side of the
hydraulic piston to the other side via an interconnecting circ&it..
If a metering orifice is located in the circuit to restrict the
oil flow, the thrust of the piston in a pneumatic piston and
cylinder assembly causes & build up of hydraulic pressure and

the resulting rate of flow is dependent upon the size of the

l.‘h
N

orifice and the pressure drop across it. . If the orifice size
is variable, for example by emploving a needle valve, the rate
of flow and therefore the ram speed of the pneumatic cylinder

may be controlled as required: for example to.control the feed

rate of a cutting tool.

Since reduction in size normally permits wider use of equipment,
the natural development in hydraulic systems is towards a
reduction in the size of components. The conseqguent reduction
in the surface areas o the pistons employed in the piston and
¢ylinder assemblies automatically leads to the use of higher

hydraulic pressures to operate the reguired forces, and
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pressures of the order of 100 X¢/sg cm are not uncommon. in
order to achieve low flow rates in the hvdraulic circuit,
and therefore low ram speeds of the paeumatic piston, at these
hydraulic pressures, the dimensions of the wmetering orifice
must be reduced to the sane oxrder as the size of particles
normally present in commercially available fine grades of
hydraulic fluids. Under these conditions the particles, which
may have a diameter of less than 5 microns, collect at the
orifice causing silting and resulting in intermitent and
erratic fiow rate. Thus the ram speed of the pneumatic
cylinder may be caused to slow down progressively along its
stroke and there could even be a total ioss of pneumatic
piston movement. Furthermore with the high pressures appiied

4]
O

at the control orifice, control is extremely sensitive a:
small adjustments of orifice size result in large changes in
flow rate.

I have now found that this problem may be ameliorated by »lacincg
a pressure reducing valve Il.e, a low pressure governer, into

the hydraulic circult upstream of the flow control orifice to
drop the pressure to a controlled low pressure, typically

about 7 kg/sq cm. Wnen low pressures of this order are

appiied to the flow conirol orifice, the low Zlow rates regalrid
to produce low ram speeds are oObta

enough to avoid the danger of silting and the control reoponizl
also less sensitive.to adjustments of orifice size. Thus oo
incorporation of a low pressure governer enabres low flow ratel
to be selected, maintained consistently and fine adjustmeont. oo

flow rates made without the need for minute adjustments o

- & -

orifice settings. It is haighly dezlirable that the Iow prec.irc

substantialily ind a

demanded flow rates. Furthermore, since this governer auos
aiso pass the oil

the pressure, it should also automaticaily clear itsels of anv

siiting.
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In a pneumatic piston and cylinder assembly incorporating
hydraulic damping, the hydraulic piston has a piston rcd on
one side and not on the other and therefore a hydraulic fluid
reservoir must be available to accept the difference in volume
on the retraction stroke and to return it on the extension
stroke, In order that the hydraulic fluid £rom the reservoir
may be returned to the cyiinder, the reservoir must be
pressurised, for example by a piston with spring loading oxr
by the application of external pressure such a&s a compressed
air supply. Since this reservoir pressure is present as a
back pressure on the downstream side of the control orifice,
it can be used to significantly reduce the pressure drop
across the control orifice thus assisting in maintaining low
and_consistent flow rates within the hydraulic circuit.

From one aspect, therefore, the present invention provides &
method for controlling the rate of flow of hydrzulic fluid in
a2 high pressure hydraulic fluid circuit in which hydraulic
f£luid under high pressure is caused to pass through a variable
flow control orifice to a nydradlic £fluid reserxrvoir contained
in the circuit wherein the hydraulic fluid under pressure I
first caused to pass through a low pressure govaerner whereby
the pressure drop across the saild flow control orifice is
reduced enabling more accurate control of the rate of flow oi
£iuid through said orifice.

From another aspect the invention provides a pneumatic piston

and cylinder assembly inciuding means for controlling the
ram speed of the piston wherein said weans comprises a
hydraulic piston and cyiinder assembdly the hydraulic

piston being driven by the operation of the pneumatic pistorn

(S W P

0

ausing hydraulic fluid to e displaced from one side of the
said aydraulic piston to the other si

Q.:

e thereof via an
interconnecting hydraulic circuit, said hydraulic circuitc
including flow controlling means for controlling the rate oi
flow of hydraulic f£luid, therein whereby the ram speed of th

pneumatic piston is controlled, said flow controlling means

K
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including in said hydraulic circuit a variable flow control

orifice and a low pressure governer located upsktream of said
orifice, said hydraulic circuit further including a hydraulic
£luid reservoir located downstream of said variable flow

~orifice, which reservoir is maintained under constant pressure.

The low pressure governer may comprise a chamber having an
inlet and outlet for the hydraulic £luid and including a
movable wall connected to means for controlling the flow of
fluid into the said chamber in response to a movement of said
wall resulting from an increase in hydraulic pressure on the
outlet side of said chamber.

The above mentioned chamber may be formed £rom a cylinder
incorporating a piston and associated piston rod movable therein
said piston and piston rod having coaxial passageways

extending therethrough, the free end of the piston rod forming
one valve seat in a valve means having two co-operating

valve seats for controlliing the flow of hydraulic f£luid into

said cylinder and free end being urged away from the co-operating
valve seat by resilient means acting against said piston..

An apparatus employing one embodiment of the invention will rnow
be described by way of example only with reference to the
accanpanying drawing which is a diagrammatic cross-gectional
view through a portion of the pneumatic cylinder assembly and
hydraulic flow control valve assenbly according to the preseat
invention.

A pneumatic cylinder 1 has a piston 2 which slides within
cylinder 1 and is sealed by means of seal 3. The piston 2

is carried on a piston rod 4 which is free to slide within the
end pilece of the assembly (not shown). One end of the assensly
is sealed by a closure block 8.

A hydraulic damping cylinder assembly is provided within cylinder
1, the cylinder 30 being formed within '
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the pneumatic piston rod 4. A piston 5 is carried by the
hydraulic piston rod 6 and slides within the ecylinder 30 and
is sealed agairs t the cylinder 30 by means not shown, to
provide chambers 41 and 42 on either side of said piston.

Piston 2 is sealed against rod 6 by means of the sealing ring
7.

The right hand end of the cylinder assembly 1 is closed by
closure means 8 in which one end of the piston rod 6 is secured.
A hydraulic fluid bore 16 runs the length of the piston rod 6
from an inlet 33 on the right hand side of piston 5 to a chamber
32 in the closure block 8.

A passageway 17 connects chamber 32 with a pressure governer
generally indicated at 18, wvia inlet 19.

A hydraulic..bore passes the length of rod 6 from an outlet 34
positioned at the front of the piston rod and to the left of

piston 5 the other end communicating with an annular passage-

~

way 10, contained in closure block &, wh

«

cn is interconnected

i—h

h
1]

via passageway 1l with the outlet side o
valve 12.

flow control

The flow control valve 12 comprises a conical valve seat 13 with
which co-operates a needle valve 14 adjustable by means of
the knurled knob 1i5.

Pressure governer 18 comprises a cylindrical chamber 35 which

carries a hollow piston 22 having an end face 27, and which is

[N

sealied against the cylinder 35 by sealing ring 23, and a Irews

is freely movable within

(€3]
(62}

end 40. The associated piston rod
the annular ring 24 against which it is sealed by a rubber ring
{not shown}. The piston 22 and piston rod 36 contain an

axial hollow space 37 running the full length thereof, the

right hand end of the passageway 37 communicating with the

3
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space 28 between the end face 27 of the piston 22 and the
end wail of the cylincer 35, Outliet 20 communicates with
space 28 and via the passage 21, with the inlet side of the
flow control valve 12. The opposite end of the axial
passageway 37 communicates with inlet 19 via the annular
space 38. A rubber seal 26 is fixed to the end walil of the
cylinder 35 opposite the free end 40 of the piston rod 36.

% coil spring 25 is positioned between the annular ring 24
carrying the piston rod 36 and piston 22 to normally maintain
a gap 39 between the free end of the piston rod 36 and the -
seal 26.

In operation air is forced into the space 31 in cylinder 1 by
means not shown and causes piston 2 andé associated piston rod
4 to. move to the left. EHydraulic fiuid on the right hand oI
piston 5 is then forced into unit 33 and through passageway
16 in piston rod 6 into the space 32 znd then via passageway
17 and inlet 19 into the pressure governer 13. The hvdrauvlic

¥N

e

fluid flows through passagewav 37 in piston rod 36 and pisto:
22 into space 28 and out of pressure governer via outiet 20
and via passage 21 into the inlet side of the flow controli

valve 12.

Because its end area is very small, the force applied to the
free end of piston rod 36 by the high pressure at inlet 16 is
small. Consequently, the pressure increasing in the space 28
builds up the force on face 27 of piston 22, until it over-
comes the opposing force of the spring 23, thereby forcing the
piston 22 and piston rod 36 to the left until the free end oi
piston rod 36 contacts the seal 26 and halts the fiow of

hydraulic fluid. The conirol pressure in the space 28 and ac

P

the outlet 20 of the pressure governer is therefore deteriwined
by the force of coil spring 25. In practice the piston 22

and associated rod 36 will normallyv take up a position within
cylinder 35 which will vary according to any changes in
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pressure on either the Input or output sides of the governer )
to give a stable output pressure. this

of the hydraulic pressure available in the hvdrau

-

i U
is dropped across the narrcw space onetween the free end of

1.

4 ~

piston rod 36 and the seal 26 leaving only the low controllied
cutput pressure (tvpicallv 7 kg/sc cm) to be dropped across
the flow control valve 12. Should silting occ h
space at the free end of piston xod 36, the pressure in the

outlet space 28 nmust fzll, causing the spring 25 to move the

u
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rpiston 22 and piston rod
&l

36 ¢
he free end of piston rod 36 and automaticaily clearing the

: - . -

s apparatus the hycéraulic Liuid reservoir 41 Is formed by
er 30 on the left hand side of piston
5 and is pressurised by means of a spring loaded piston

located at the end of the said chambder or by an external supply

of compressed air as descrided in patent Fo. 1,320,335.
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What I claim is:
1. 2 method for controlling the rate of flow of hvdraulic

fluid in a high pressure hydraulic fiuid circuit in which
hydraulic f£luid under hicgh pressure is caused to pass through
a variable flow control orifice to a nvdraulic fiuid reservoir
contained in the circuit, characterised in that the hvdraulic
fiuid under pressure is first caused to pass through a low
pressure governer whereby the pressure drop across the said

——

- ]
fiow control orifice is reduced enabling more accurate control

0

i
£ the rate of flow of fluid through said orifice.

A Y
™)
| 22
o]

2. A pneumatic piston and c¢v der assembly {1,2) characterised
in that it includes a aydraulic pistcen {3) and cylinder assembly

{30} for controlling the ram specd of the pneumatic piston (1},

the hydraulic piston (5) Leing driven by the operation of the

pneumatic piston (1) causing hvéraulic fliuid to be displaced
rom one side of the said hydraulic piston (5) to the other

side thereof via an interconnecting hydraulic circuit, said
hydraulic circuit including flow controlling means for controlliing

the rate of flow of hvdraulic fliuid therein whereby the ram sseed
L
A

aydrauvlic £luid reservoir (40) meincained under constant pressure

and located downstream of s3zid variablie fiow orxiiice

-

3. An assemdly according to claim 2 characterised in that the
variable flow control orifice (13) is a needle

4, 2An assembly according to claim 2 or clair a
in that the low pressure governer (18) comprises a chamber (35)
having an inlet and outlet for the hydraulic fluid and including
a movable wall (22) connected to the means (25,26,40) for

controlling the flow of fiuid intoc the said chamber in response
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to a movement of said wall resulting from an increase in
hydraulic pressure on the outlet side of said chamber (35).

5. An assembly according to claim 4 characterised in that

5 said chamber is a cylinder (35) incorporating a piston (22)
and associated piston rod (26) movable therein, said piston
(22) and piston rod({36) having coaxial passageways (37)
extending therethrough, the free end (40) of the piston rod
forming one valve seat in a valve means having two co-cperating

10 valve seats (40,26) for controlling the flow of hydraulic

fluid into said cvlinder said free end (40) being urged away
from the co-operating valve seat by resilient means (25) acting
against said piston.

6. A pneumatic piston and cylinder assembly according to any

15 one of claims 2 to 5 characterised in that the said assenbly
comprises a pneumatic cylinder (2)) a pneumatic piston (1) and
piston rod {4) slidable therein; a hydraulic cylinder
assembly interconnected with said pneumatic cylinder assembiy
and including a hydraulic piston (5) and piston rod {5)

20 slidable therein, said hydraulic piston {(5) providing on
opposite sides thereof, first and second chambers (41,42)
within said hydraulic cylinder {(30); a hydraulic circuit inter-
connecting said first and second chambers (41,42) in the
hydraulic cylinder (30); a variable flow control valve (12)

25 located in said hydraulic circuit between sald first and second
chambers (41,42) and a low pressure governer (18) located in
said hydraulic circult in series with said fiow coatrol valve
{(12) and one of said first and second chambers (41,42) in said
hydraulic cylinder (30).

30 7. An assembly according to any one of claims 2 to 6 charac-—
terised in that the hydraulic piston and cylinder assembly is
located within the pneumatic piston rod (4), the cylinder (30)
of the said hydraulic piston and cylinder assembly being formed
by the said pneumatic piston rod {(4).
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An assembly according to any one of claims 2 to 7 charac-

-

in that the hydraulic fiuid reservoir
£
[

DV & piston acting against said hydraulic f£iluid under the
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