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HYDRAULIC INTENSIFIERS, BOOSTERS AND/OR CONTROLLERS

TECHNICAL FIELD
(0017 Embodiments of the invention relate to hydraulic intensifiers and/or
boosters, in particular for boosting pressures in a hydraulic curcuit to which

hydraulic components are connected.

BACKGROUND

[002] Hydraulic intensifiers are arranged to receive mcoming hydraulic {lud
from a low-pressure source and transform this pressure to an cutgoing high-pressure
that may be fed to a high-pressure line that may activate hydraulic actuators and/or
devices. Such hydraulic intensifier devices may employ one or more actuators
and/or devices.

[003] Hydraulic intensifiers may be used in a variety of applications such as for
propelling hydraulic jacks, activating work holding devices and hydraulic presses or
e.g. for providing lifting forces that are otherwise not possible with the existing
systems' tubing and its low-pressure source.

[004] US 3952516 provides one example of a hydraulic intensifier where a low
pressure driven hydraulic motor actuates a high-pressure pump that increases the
pressure of the oil and communicates onwards for further use by utilities. The low-

pressure o1l {rom the utilities later returns to the supply source.
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SUMMARY

[005] The following embodiments and aspects thereof are described and
illustrated in conjunction with systems, tools and methods which are meant to be
exemplary and tllustrative, not imiting in scope.

[006] In an embodiment of the invention provided there i1s a hydraulic
intensifier and/or booster (HIB) for transforming an incoming hydraulic pressure at
a relative low-pressure up to about 100 Bar or possibly up to about 70 Bar to an
amplified outgoing hydraulic pressure at a relative high-pressure, the HIB
comprising a hydraulic motor and an intensifying mechanism, possibly a hydraulic
screw pump mechanism, wherein the hydraulic motor being arranged to output
power, and the intensifying mechanism being arranged to receive the outputied
power from the hydraulic motor and transform it to linear power of a piston,
wherein the intensifying mechanism via the pision being arranged to build the
amplified outgoing hydraulic pressure at the high-pressure line.

16071 In certain embodiments there is also provided a hydraulic controller for
hydraulically controlling the logic of the operation of the work holding devices on a
hydraulic work holding fixture by transforming wncoming hydraulic pressure at a
relative low-pressure to a plurality of outgoing hydraulic pressure routes at relatively
higher pressures, the controller comprising a plurality of sequence valves each being
configured to permit {luid to pass onwards downstream only after pressure upsiream
exceeds certain pre-defined, possibly adjustable, thresholds, wherein each sequence
valve has a different threshold.

[00%] Possibly such controliers may be stand-alone devices arranged to be
releasably coupled to external tools and/or devices that can be activated by hydraulic
power, such as those of a work holding fixtures (HWF) or the like.

[609] In addition to the exemplary aspects and embodiments described above,
further aspects and embodiments will become apparent by reference to the figures

and by study of the following detatled descriptions.
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BRIEF DESCRIPTION OF THE FIGURES

[010] Exemplary embodiments are lustrated n referenced figures. It is
intended that the embodiments and figures disclosed herein are to be considered
tllustrative, rather than restrictive. The invention, however, both as to organization
and method of operation, together with objects, features, and advantages thereof,
may best be understood by reference to the following detailed description when read
with the accompanying {igures, in which:

1011] Fig. 1 schematically shows a hydraulic diagram illustrating an
embodiment of a hydraulic intensifier and/or booster (HIB) of the invention;

[012] Fig. 2 schematically shows an embodiment of a hydraulic mtensifier
and/or booster (HIB) of the invention;

[013] Figs. 3A and 3B schematically show perspective views of an
embodiment of a hydraulic miensifier and/or booster (HIB) of the invention
generally similar to that in Fig. 2;

[014] Fig. 4 schematically shows another embodiment of a hydraulic mtensifier
and/or booster (HIB) of the invention;

[015] Figs. 3A amnd 5B schematically show perspective views of an
embodiment of a hydraulic intensifier and/or booster (HIB) of the invention
generally similar to that in Fig. 4;

[016] Fig. 6 schematically shows an embodiment of a hydraulic controller (HC)
based on the invention;

[017] Figs. 7TA and 78 schematcally show perspective views of a hydraulic
controller generally similar to that in Fig. 6;

[O18] Figs. 8A to 8E schematically show possible use of an embodiment of a
hydraulic controller (HC) coupled in communication with a hydraulic work holding
fixture (HWF) in a machine tool, here a computer-controlled (CNC) machining

center; and
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[019] Figs. 9A to 9D schematically show possible use of an embodiment of a
Hydraulic Intensifier/Booster (HIB) m communication with components {orming
therewith a hydraulic controller (HC) embodiment — arranged for controlling a
hydraualic work holding fixture (HWF) in a machine tool, here a computer-controlled
CNC machming center.

{020] It will be appreciated that for smmplicity and clanity of illustration,
elements shown in the figures have not necessarily been drawn to scale. For
example, the dimensions of some of the elements may be exaggerated relative to
other elements for clarity. Further, where considered appropriate, reference

numerals may be repeated within the figures to indicate like elements.

BETAILED DESCRIPTION

1021} Attention is first drawn to Fig. | illustrating in part an embodiment of a
hydraulic intensifier and/or booster (HIB) of the invention, which may be arranged
to receive incoming low pressure, here from a low-pressure pump 1001 providing
up to about 100 Bar or possibly up to about 70 Bar — and transform this pressure to
an outgoing high pressure that may be fed to a high-pressure line 1015,

1022} The ‘dash-dotted’ lines 77 marked in Fig. 1 bounding/delimiting
“components” of ‘low-pressure pump’ and ‘high-pressure line’ - indicate the option
of these “components” not necessarily being part of the HIB embodiments described
herein but rather external “components” with which at least certain HIB
embodiments may be fitted to be in {luid communication. Nevertheless, certain HIB
embodiments may on the other hand be arranged to include these “components”
integrally therein.

1023] A principle possibly applicable to most HIB embodiments may be use of
hydraulic power for control/activating of transitions within the HIB resulting in
outgoing changes in pressure which are configured to urge changes in externally
coupled components/apphiances (such as Work Supports, Hydraulic jack and the

like). Such hydraulic control/activation instead of e.g. electrically activated or
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controlled mechanisms — may be more suitable for certain environments such as
environments where {luids such as oil or water may be present and/or environments
where moving parts may render use of electrical wiring (or the like) less suitable. In
at least certain embodiments, such transitions within the HIB may be due to changes
in ncoming low pressures into the HIB from a low-pressure pump resulting in
provision of outgoing higher pressures for the activation of externally coupled
components/appliances.

10241 Pump 1001 may be arranged to supply power by urging hydraulic {luid to
flow downstream. Pump 1001 has a ‘P’ (pressure) side/port mdicating a direction
towards which fluid is urged o move wto a hydraulic circuit and a T (tank)
side/port indicating a side receiving fluid back from the circuit. Fluid power
provided downstream may be delined, inter alia, by fluid pressure [N\m 2} and flow
rate {m”™3\sec].

[025] It 1s noted that reference(s) to low pressure pump(s) when used in various
embodiments herein - may possibly refer 1o a pump arranged to generally provide
the above cited pressure ranges. In addition, it is noted that reference to hydraulic
fluid when used herein may in a typical example refer to oil, such as ISO 32 oil
possibly suttable for use in common power supphies and work-holding components
{and the like);

[026] The fluid power provided by pump 1001, when being directed to flow
according to the left stage of directional valve 1017, may be arranged to arrive
substantially sunultaneously at a sequence valve 1003 and a pilot-operated check
valve 1004 of the HIB. Sequence valve 1003 of the HIB can be configured to permit
fluid to pass onwards downstream only after pressure upstream of the valve 1003
exceeds a pre-defined, possibly adjustable, threshold. Sequence valve 1003 in one
example may include an adjustable spring-loaded mechanism for resisting opening
of the valve until pressure upstream (here provided by pump 1001) builds-up and

overcomes the spring and consequently opens the valve for downstream flow. This
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description may possibly be suitable for substantially all sequence valves described
herein.

10271 Still before sequence valve 1003 opens, {luid power exiting port ‘P of
the pump may flow downstream via the pilot-operated check valve 1004 of the HIB
to {ill the high-pressure line 1015 in {luid communication with the HIB. Pressure
hne 1015 may be arranged to feed and provide fluid pressure to hydraulic
components/appliances 999, which are in {luid communication with line 1015,

1028] Appliances/components 999 powered by various HIB embodiments may
be: Hydraulic Work Supports, Hydraulic jack, Hydraulic power pack, Torque
wrenches, Nut sphitters (etc.). Such appliances/components 999 may be {or use in
any one of the following applications: work holding, oil/gas drilling {(dnll rig),
oil/gas pipe handling, railroad welding, railroad tools, railroad maintenance work,
hydravlic  rescue/breaching tools, submarine/under water wire cutling,
submarine/under water - seal testing, submarine/under water - linear valve override
tool, demolition, crusher bucket, hook hft trailer, excavators & mini-excavators,
hydraulic jack, hydraulic power pack, bolt tensioners, nut splitters, torque wrenches,
test stands (and the like).

[029] Thus, such appliances/components 999 may be exposed in many cases (o
external loads and providing incoming high pressures o such elements 999 may
urge such elements 999 to withstand the external loads they are subjected to, and by
that perform their intended purpose. For example, an appliance/component 999 in
the form of a hydraulic work support may typically be exposed to external load of an
object it 18 designed to support without substantially retreating — and providing the
hydraulic work support with incoming high pressure from upstream, may enable the
work support to withstand the external load e.g. without a possible plunger included
therein substantially retreating.

0301 In at least most HIB embodiments, fluid entering pressure line 1015
through check valve 1004 encounters a downstream side of an intensifier pision

1009 of the HIB and then fills the hydraulic circuit line, including all hydraulic
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components 999 connected to i, with hydraulic fluid. In addition, fluid filling
pressure line 1015 may be urged to fill an accumulator 1006 in {luid communication
with hine 1015, Accumulator (such as 1006) as referred to herein in the various
embodiments may also be a single acting, spring return cylinder (see, e.g., spring
return 16 in embodiment of Fig. 3B).

1031} An aspect applicable (o at least most embodiments, relates to mechanisms
utilized in various embodiments described herein (of either HIB or HC utilities) -
being arranged to include so-called ‘zero leak mechanisms’, possibly relying on
dynamic seals (such as seal 99 marked in Fig. 2) for sealing between moving parts
during the mtensification process and on check valves\pilot operated check valves
for sealing between two sections of a hydraulic line. After high pressure has been
achieved geometry of possible lead screw threads of intensifying mechanism may
prevent the release of the intensifying piston (self-locking) and thus the dynamic
seal, now in static position, maintains the high-pressure achieved wn high-pressure
hine. Such reliance on a so-called ‘zero leak mechanisms’, permits use of
substantially un-filtered hydraulic fluid that does not undergo substantial filtering
prior to being communicated to the utilities. This may be in contrast to utilities
relaying on other {ypes of sealing mechanisms, such as Spool Valves that rely on
tight tolerance between moving parts for sealing — which may typically require prior
filtering of hydraulic fluids used in such uiilities.

1032] In the illustrated example, hydraulic pressure may build up substantially
simultanecusly and uniformly wn the hydraulic circuit line between port "P" and
adjustable sequence valve 1003 and in the hydraulic circuit line between port "P"
and leading up to a downstream side of intensifier piston 1009, mcluding high-
pressure line 1015 and elements 999 in communication therewith.

[033] In some examples, applicable to the present invention, pressurized
hydraulic {luid in high-pressure line 1015 may meet a downstream face of the
intensifier piston and consequently load it. Such loaded piston in at least certain

embodiments may exert an axial force on possible threads of a lead screw (such as
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those of the lead screw connecting spline shaft 12 and piston 14 in Fig. 2) creating a
force of friction between these threads and corresponding internal threads of a lead
nut. As line pressure on intensifier piston face increases, the aforementioned
frictional force may increase possibly proportionally to the hne pressure. The
frictional force may subsequently load the hydraulic motor output shaft.

1034] Since all hydraulic components connected to high pressure line 1015 are
already substantially filled with hydraulic fluid and "trapped” between the pilot-
operated check valve 1004 and intensifier piston 1009, as described above, any
imcrease in pressure made by intensifier piston 1009, derived in this example from
the rotation of the spline shaft/lead screw may be arranged to directly affect the
hydraukic components 999 in floid commumication with pressure line 1015,

1035] Once upstream line pressure exceeds the threshold set in sequence valve
1003, the sequence valve 1003 may open and the hydraulic fluid may flow
downstream towards the hydraulic motor. Since the output shaft of the hydraulic
motor is already loaded as described above, the pressure of the hydraulic fluid
line between port "P" and hydraulic motor 1005 builds up.

[036] Once upstream line pressure formed by pump 1001 and communicated
downstream via port "P" exceeds the pressure set i sequence valve 1003, hydraulic
fluid passes valve 1003 and reaches hydraulic motor 1003 to begin its operation.
The hydraulic motor receives power {rom the hydraulic {luid in the form of pressure
[N\mA2] and flow rate [m”3\sec} and may supply power in the form of torgue [Nmj]
and angular speed [rad\sec]. This power may be communicated dowunstream via a
gear 1007 of the HIB to intensifier piston 1009,

10371 The output shaft of the hydraulic motor may now rotate. A mechanism
may be arranged to convert this rotational power in the form of torque [Nm] and
angular speed [rad\sec] wnto linear power at intensifier piston, in the form of force
[NT and stroke speed [o\sec]. This movement of intensifier piston 1009 may bear

against the external loads applied upon apphiances/components 999 and rise of
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pressure 1 line 1015 may urge the apphiances/components 999 to overcome the
external loads applied on them to perform their intended use/purpose.

[038] Pump 1001 1n at least certain embodiments may be set in advance to stop
supplying hydractic fluid when pressure exposed on its port "P" {rom downstream
reaches a given ‘pump pressure limit’ (e.g. between about 40 and 70 Bar). Such
setting of the ‘pump pressure it may be via a toggle or the like possibly available
on the pump and/or via response to a pressure gauge monitoring pressure of the
pump. In certain embodiments, pressure rising wn line 1015 against the external
loads applicd on components 999, at a certain level may reach a “molor pressure
hmit” where hydraulic motor 1005 stops to rotate and advance its piston to build
further pressure in line 1015. In embodiments where the ‘pump pressure limit’ 1s set
to be a higher than ‘motor pressure limit” — the pump may continue to build pressure
until pressure at its port “P” will reach the “pump pressure limit” resulting in pump
1001 substantially stopping its operation. If pressure on pump 1001 drops for some
reason, the pump may resume operation automatically and build up pressure again.
[039] In certain embodiments, geometry of possible lead screw threads of
mechanism 1009 may prevent the release of the mtensifying piston (self-locking)
and thus maintains the high-pressure achieved in high-pressure line 1015.

10401 Reversing the action of the hydraulic circuit, by changing the circuit flow
duection, for example by a possible directional control valve 1017, operated
manually (as also shown in Fig. 1) or by solenoid, may permit unloading of the
pressure within pressure hine 1015, The {luid power provided by pump 1001 may
now be arranged, when being duected to flow according to the right stage of
directional valve 1017, to armrive substantially simultaneously at a sequence valve
1002 and a pilot-operated check valve 1004 of the HIB.

[041] In at least certain embodiments, still before sequence valve 1002 opens,
fluid power exiting post ‘P’ of the pump may flow downstream towards the HIB s
pilot-operated check valve 1004 and urge it to open and release pressure at a

downstream side of pressure line 1013, Thrust on hydraulic motor 1005, gear 1007
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and mechanism 1009 may be released substantially simultaneously together with the
pressure release.  In certain embodiments, the above may be the case by
appropriately defining a reduction ratio of pilot to check pressure for release (5:1 in
one example) of pilot operated check valve 1004. In certain embodiments, it may be
set w advance that an opening pressure of the check valve may be less than an
opening pressure set for sequence valve 1002 - so that the release of pilot-operated
check valve 1004 may occur before sequence valve 1002 opens.

1042] Once upstream line pressure exceeds the threshold set in sequence valve
1002, the sequence valve 1002 may open and the hydraulic fluid may flow
downstream towards the hydraulic motor 1005. Since the output shaft of the
hydraulic motor may substantially not be loaded, as possibly described above, the
hydraukic fluid may flow via a sequence valve 1002 of the HIB towards hydraulic
motor 1005 to urge it to rotate in a reverse direction, retracting the piston, while at
least one of accumulator, single acting spring return cylinder 1006 - may replenish
the volume of hydravhic fluid utlized in the intensification stroke, possibly
preparing it for the next intensification cycle. This may ewnsure that the
intensification stroke will start and end at approximately the same points wn the
intensification cylinder from cycle to cycle. By this reverse action, the hydraulic
components/appliances 999 in comumunication with pressure line 1015 may be de-
activated.

[043] The description above substantially relates to a first operation cycle of the
HIB. From the second cycle onwards, all hydraulic circuit lines and components
may be substantially filled with hydraulic {luid at about atmospheric pressure. Such
a condition of the circuit lines being substantially full upon commencement of a
subsequent second {(or following) cycle may decrease the response time of pressure
rise in high-pressure line 1015 and of the HIB as a whole. Thus, typically a faster
action may be envisioned since the lines start the operation cycle full of hydraulic
fluid and pressure buddup starts substantially tmmediately. The role of the

accumulator\ single acting, spring return cyhinder 1006 may be to replenish the

10
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volume of hydraulic {luid utilized in the intensification stroke, preparing it for the
next intensification cycle. This may ensure that the intensification stroke will start
and end at approximately the same points in the intensification cylhinder from cycle
to cycle. The aforementioned principle of faster response times for pressure build
ups at the high-pressure line, {from a second cycle of operation and onwards, and the
principle of power transfer from the beginning at the pump, to us end at the high-
pressure  activated components which under external load, throughout all
mechanisms and components in between them, may be applicable to at least most
embodiments described herein and therefore will not be repeated.

10441 Altention 15 drawn to Fig. 2 idlustrating an embodiment of a hydraulic
intensifier and/or booster (HIB) 501 of the tnvention. A low-pressure pump 1 has a
‘P’ {pressure) side/port indicating a direction towards which {luid may be urged to
move nto a hydraulic circuit and a “T7 (tank) side/port indicating a side receiving
fluid back from the circuit. Fluid power provided downstream may be deflined, inter
alia, by fluid pressure [NAm”2] and f{low rate [m"3\sec].

[045] The fluid power provided by pump 1. when being directed to flow
according to the left stage of directional valve 17, may be arranged to arrive
substantially simultaneously at a sequence valve 3 and a pilot-operated check valve
4 of HIB 501. Sequence valve 3 of HIB 501 may be configured to permit fluid to
pass onwards downstream only after pressure upstream of the valve 3 exceeds a pre-
defined, possibly adjustable, threshold. Sequence valve 3 in one example may
include an adjustable spring-loaded mechanism that resists opening the valve until
the pressure upstream (here provided by pump 1) manages to overcome the spring
and consequently open the valve for downstream flow.

[046] Still before sequence valve 3 opens, {luid power exiting port ‘P’ of the
pump may also flow downstream via the pilot-operated check valve 4 of HIB 501 to
fill a high-pressure line 15 in communication with the HIB. Pressure line 15 may be
arranged to feed and provide {hud pressure to hydraulic components/appliances 999,

which are in fluid communication with line 15. The fluid entering pressure line 15

11
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through the pilot-operated check valve 4 may encounter a downstream side of an
intensifier piston of the HIB. The {luid entering pressure line 15 may then {ills the
hydravhic circuit hine 15, including substantially all hydraulic components 999
connected to it, with hydraulic flsid. In addition, fluid filling pressure line 15 may
be urged to fill an accumulator\single acting, spring return cylinder 16,

10471 Once upstream line pressure exceeds the threshold set in sequence valve
3, the sequence valve opens and the hydraulic fluid flows downstream (o operate a
hydraukic motor 5 of the HIB. The hydraulic motor may supply power in the form
of torque [Nm] and angular speed [rad\sec]. This power may be communicated
downstream here via a planetary gearbox 7 of the HIB to mechanism 90, which
imncreases pressure of the hydraulic fluid 1 pressure line 15.

048] Mechanism 90 in this example 1s seen including thrust 9 and radial 10
bearings, a stopper 8, a spline bushing 11, a spline shaft 12 which may be connected
to a lead screw with piston 14 connected to it as shown. Piston 14 is embodied in
this figure in a split view 1n order to illustrate the {ull stroke that the piston may
traverse during a pressure intensification process. The upper half of piston 14 1s
seen at a relative rear state and the lower half of piston 14 at a relative forward state
after completion of a stroke activated by the mechantsm.

[049] Since substantially all bydraulic components connected to high pressure
line 15 may already be substantially filled with bhydraulic {luid and "trapped”
hetween the pilot-operated check valve 4 and intensifier piston 14, as described
above, any increase in pressure made by mechanism 90 may be arranged to directly
affect the hydraulic components 999 in communication with pressure line 15.

0501 Pump | in at least certain embodinents may be set in advance (o stop
supplying bydraulic fluid when the pressure built on port "P" reaches a given ‘pump
pressure linit’ (e.g. between about 40 and 70 Bar). Such seiting of the ‘pump
pressure limit’ may be via a toggle or the like possibly available on the pump and/or
via response {0 a pressure gauge moniloring pressure of the pump. In certain

embodiments, pressure rising in hne 15 against the external loads applied on
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components 999 at a certain level may reach a ‘motor pressure limit” where
hydraulic motor 5 stops to rotate and advance its piston to build further pressure in
line 15. In embodiments where the ‘pump pressure limit’ is set to be a higher than
‘motor pressure limit” — the pump may continue to build pressure until pressure at its
port “P” will reach the ‘pump pressure hmit’ resulting in pump 1 substantially
stopping its operation. Il pressure on pump 1 drops for some reason, the pump may
resume operation automatically and build up pressure again.

1051] In certain embodiments, geometry of possible lead screw threads of
mechanism 90 may prevent the release of the intensifying piston (self-locking) and
thus maintain the high-pressure achieved in high-pressure fine 15.

1052] Reversing the action of the hydraulic circuil, by changing the circuit
flow direction, for example by a directional control valve 17, operated manually (as
also shown in Fig. 2) or by a solenoid, may permit unloading pressure within
pressure line 15. The fluid power provided by pump 1, when being directed to flow
according to the right stage of directional valve 17, may now be arranged to arrive
substantially simultaneously at a sequence valve 2 and a pilot-operated check valve
4 of the HIB.

053] Still before sequence valve 2 opens, {luid power exiting port ‘P’ of the
pump may flow downstream towards the pilot-operated check valve 4 of the HIB
and urge it 1o open and release pressure at a downstream side of pressure line 135.
Thrust on hydraulic motor 5, gear 7 and mechanism 90 may be released substantially
simultaneously together with the pressure release. In certain embodiments, the
above may be the case by appropriately defining a reduction ratio of pilot to check
pressure for release (5:1 in one example) of piot operated check valve 4. In certain
embodiments, it may be set wn advance that an opening pressure of the check valve
may be lesser than the opening pressure set for sequence valve 2 - so that the release
of pilot-operated check valve 4 may occur before sequence valve 2 opens.

[054] Once upstream line pressure exceeds the threshold set in sequence valve

2, the sequence valve 2 may open and the hydraulic {luid may flow downsiream
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towards the hydraulic motor 3. Since the output shaft of the hydraulic motor may
substantially not be loaded, as possibly described above, the hydravhc fluiid may
flow via a sequence valve 2 of the HIB towards hydraulic motor 5 to urge it to rotate
in a reverse direction, retracting the piston, while at least one of accumulator, single
acting spring return cylinder 16 - may replenish the volume of hydraulic {luid
utilized in the intensification stroke, possibly preparing it for the next mtensification
cycle. This may ensure that the intensification stroke will start and end at
approximately the same points in the intensification cylinder from cycle to cycle.
By this reverse action, the hydraulic components/appliances 999 in communication
with pressure hine 15 may be de-activated.

055] Figs 3A and 3B provide perspective views of the embodiment of HIB
501, while the partial cross-sectional view at the lower side of Fig. 3B of a
downstream side of mechanism 90 - dlustrates possible provision of accumulator 16
at an end of mechanism 90 in this example embodied in a cylinder formation. High
pressure line 15 s here seen branching off from mechanism 90 of HIB 501 from n
between accumulator 16 and the piston 14 — so that e.g. hydraulic fluid from line 15
while being applied to load piston 14 from downstream may also urge accumulator
16 here to the right-band side to accumulate an amount of flumd required for
operation of the HIB as already discussed.

[056] Attention 18 drawn to Fig. 4 idlustrating an embodiment of a hydraulic
intensifier and/or booster (HIB) 502 of the invention. A low-pressure pump 100 has
a ‘P’ (pressure) side/port indicating a direction towards which fluid may be urged to
move mto a hydraulic circuit and a ‘T {tank) side/port indicating a side receiving
fluid back from the circuit. Fluid power provided downstream may be defined, inter
alia, by fluid pressure [NAm”2] and f{low rate [m"3\sec].

10571 The {luid power provided by pump 100, when being directed to flow
according to the left stage of directional valve 117, may first arrive substantially
simultaneocusly at a sequence valve 103 and a pilot-operated check valve 104 of HIB

502. Sequence valve 103 of HIB 502 may be configured to permit fluid o pass
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onwards downstream only after pressure upstream of the valve 103 exceeds a pre-
defined, possibly adjustable, threshold. Sequence valve 103 in one example may
imnclude a spring-loaded mechanism that resists opening the valve until the pressure
upstream (here provided by pump 100) manages to overcome the spring and
consequently open the valve for downstream {low.

058] Still before sequence valve 103 opens, fluid power exiting port ‘P’ of the
pump may also flow downstream via a check valve 104 (possibly a pilot check
valve) of HIB 502 to fill a high-pressure line 115 in communication with the HIB.
Pressure line 115 may be arranged to feed and provide flud pressure to hydraulic
components/appliances 999, which are in {luid communication with line 115, The
flutd entering pressure line 115 through piot-operated check valve 104 may
encounter a downstream side of an intensification mechanism here embodied by a
mechanism 900 of the HIB and hence the downstream side of mechanism 900 i this
example may be a piston 114. The fluid entering pressure line 115 then fills the
hydraulic circuit line 115, including all hydraulic components 999 connected to it,
with hydraulic {luid. In addition, {luid filling pressure line 115 may be urged to fill
an accumulaton\single acting, spring return cylinder 116.

[059] Once upstream line pressure exceeds the threshold set in sequence valve
103, the sequence valve opens and the hydraulic fluid flows downstream to operate
a hydraulic motor 105 of the HIB. The hydraulic motor supplies power in the form
of torque [Nm] and angular speed [rad\sec]. This power may be communicated
downstream here via a reduction gearbox 700 of the HIB to mechanism 900 (bere
including cog-wheels 106, 107), which increases pressure of the hydraulic {luid in
pressure line 115.

[060] Mechanism 900 in this example s seen including thrust 109 and radial
110 bearings, a stopper 108, a sphine bushing 111, a spline shaft 112 which may be
connected o a lead screw with piston 114 connected to it as shown. Piston 114 1s
embodied in this figure 11 a split view 1n order to illustrate the full stroke that the

piston may traverse during tntensification. The left-hand side of piston 114 1s seen
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at a refative rear state and the right-hand side of piston 114 at a relative forward state
after completion of a stroke activated by the mechanism.

1061] Since all hydraulic components connected to high pressure line 115 are
already f{illed with hydraulic fluid and "trapped” between the pilot-operated check
valve 104 and intensifier piston 114, as described above, any increase in pressure
made by mechanism 900 wmay be arranged to directly affect the hydraulic
components 999 in communication with pressure line 115.

1062] Pump 100 1n at least certain embodiments may be set in advance (o stop
supplying hydraulic fluid when the pressure built on port "P" reaches a given ‘pump
pressure finit’ (e.g. between about 40 and 70 Bar). Such setting of the ‘pump
pressure limit” may be via a toggle or the like possibly available on the pump and/or
via response (0 a pressure gauge monitoring pressure of the pump. In certain
embodiments, pressure rising in line 115 against the external load on components
999 at a certain level may reach a ‘motor pressure himit” where hydraulic motor 105
stops to rotate and advance its piston to butld further pressure in line 115, In
embodiments where the ‘pump pressure lumit’ is set to be a higher than ‘motor
pressure limit” — the pumip may continue to build pressure until pressure at its port
“P” will reach the ‘pump pressure limit’ resulting in pump 100 substantially
stopping its operation. If pressure on pump 100 drops for some reason, the pump
may resiime operation automatically and build up pressure again.

[063] In certain embodiments, (as already noted with respect to some
embodiments above) geometry of possible lead screw threads of mechanism 900
may prevent the release of the intensifying piston (self-locking) and thus maintain
the high-pressure achieved in high-pressure line 115.

[064] Reversing the action of the hydraulic circuit, by changing the circuit
flow direction, for example by a directional control valve 117, operated manually (as
shown in Fig. 4) or by a solenoid, may permit unloading pressure within pressure
line 115. The fluid power provided by pump 100 may now be arranged, when being

duected to flow according to the right stage of directional valve 117, to arrive
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substantially simultanecusly at a sequence valve 102 and a pilot-operated check
valve 104 of the HIB.

065] Still before sequence valve 102 opens, fluid power exiting port ‘P’ of the
pump may flow downstream towards the pilot-operated check valve 104 of the HIB
and urge it to open and release pressure at a downstream side of pressure line 115
since the reduction ratio of pilot to check pressure for release (5:1 in one example)
was set w advance so the pilot will operate before sequence valve 102 opens.

[066] Once upstream line pressure exceeds the threshold set in sequence valve
102, the sequence valve 102 may open and the hydraulic fluid may flow downstream
towards the hydraulic motor 105. Since the output shaft of the hydraulic motor may
substantially not be loaded, as possibly described above, the hydravhc fluiid may
flow via a sequence valve 102 of HIB 502 towards hydraulic motor 105 to urge it to
rotate in a reverse direction, retracting the piston, while accumulator\ single acting,
spring return cylinder 116 may replenish the volume of hydraulic {luid utilized in the
intensification stroke, possibly preparing it for the next itensification cycle. This
may ensure that the intensification stroke will start and end at approximately the
same points in the intensification cylinder {rom cycle to cycle. By this reverse
action, the hydraulic components/appliances 999 in communication with pressure
line 115 may be de-activated.

10671 The illustrations provided in Figs. 5A and 5B provide a view of the HIB
embodiment 302 just described, where the low-pressure pump line (here 100) and
the high-pressure line (here 115) have been added in dotted lines. Accordingly, in
various embodiments, these lines may not necessarily be part of a hydraulic
intensifier and/or booster (HIB) device but rather may be externally connected (o
such HIB device together with relevant components. In other embodiments, such
lines and/or componentis may accordingly be integral to the HIB.

[068] It is noted that a wide variety of HIB performance characieristics may be

achieved by altering combinations of parameters: such as Hydraulic motor
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parameters (ouiput torque & angular speed), gearbox parameters (reduction ratio)
and/or piston parameters (stroke & area).

[069] Attention 15 drawn to Fig. 6 dllustrating an embodiment of a hydraulic
controller (HC) 5003 of the invention suitable for controlling hydraulic work
holding fixtures (HWF). Hydraulic controller (HC) 5003 may encompass at least in
part functionally and/or principles of operation and/or mechanisms and/or
components of the above-mentioned HIB embodiments. The hydraulic controller
may be a stand-alone device arranged to be releasably coupled to external tools
and/or devices that can be activated by hydraulic power, such as those of a work
holding fixtures (HWFE).

1070] A principle possibly applicable to most HC embodiments may be use of
hydraulic power for control/activating of transitions within the HC resulting in
outgoing changes in pressure which are configured to urge changes in externally
coupled components/appliances (such as work holding fixtures (HWF) and the like).
Such hydraulic control/activation instead of e.g. electrically activated or controlled
mechanisms may be more suitable for certain environments such as environments
where {luids such as otl or water may be present and/or environments where moving
parts may render use of electrical wiring (or the like) less suitable. In at least certain
embodiments, such transitions within the HC may be due to changes in incoming
low pressures into the HC from a low-pressure pump resulting in provision of
outgoing higher pressures for the activation of externally coupled
components/appliances.

[071] In an embodiment, HC 3003 may be arranged to communicate power
along three hydraulic circuits, while ensuring that the fixture coupled to the
hydraulic circuits operate in a proper order and at proper timings so as to properly
activate workpiece clamping and support devices. Thus, HC 5003 w these
embodiments may enable operation of high pressure work supports and devices
while being fed from an incoming integral to the machine or external of the machine

low-pressure power source.
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1072] A first hydraulic circuit P1 communicating power out of the HC may be
defined for activation of a {irst set of components e.g. datum clamps of or associated
to a hydraulic work holding fixture. A second hydraulic circuit P2 communicating
power out of the HC may be defined for activation of a second set of components
e.g. secondary clamps of or associated to a hydraulic work holding fixture. And a
third HP (high pressure) hydraulic circuit communicating power out of the HC may
be defined for activation of a third set of components 999 e.g. work supports of or
associated o a hydraclic work holding fixture, which are in {lsid communication
with a high-pressure line 1115.

1073] A low-pressure pump 1011 1o fluid communication with HC 5003 has a
‘P’ (pressure) side/port indicating a direction towards which fluid is urged to move
into a hydraulic circuit and a “T” (tank) side/port indicating a side receiving {luid
back from the circuit. Fluid power provided downstream may be defined, inter alia,
by {luid pressure [N\m*2] and flow rate [m”3isec].

[074] Activation of pump 1011 to urge fluid out of port ‘P’, urges fluid to flow
first, when being directed to flow according to the left stage of durectional valve
1117, via the first hydraulic circuit P1 to activate in the discussed example “datum
clamps’ in {fluid communication with HC 5003, The {lwmid power provided by punip
1011 may also be arranged to arrive substantially simultaneously at three sequence
valves 1031, 1032 and 1033 of controller 5003 each being configured to permit fluid
to pass onwards downstream only after pressure upsiream exceeds certain pre-
defined, possibly adjustable, thresholds. Sequence valve 1031 may be defined as
having a threshold Tsi; sequence valve 1032 a threshold Ts2 and sequence valve
1033 a threshold Ts;. In an embodiment of the invention the thresholds of these
three sequence valves may be defined as satisfying a relation of Ta1 < Ta2 < T33 - so
that sequence valve 1031 may be arranged to open first, then sequence valve 1032
and finally sequence valve 1033.

[075] Once upstream line pressure exceeds threshold Tsi, sequence valve 1031

may open to permit the hydraulic fluid to flow downstream via a pilot-operated
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check valve 1044 of the controller to fill a high-pressure line 1115 in
communication with the HC controller. The fliid entering pressure line 1115
through pilot-operated check valve 1044 may encounter a downstream side of an
intensification mechanism here embodied by a mechanism 9000 of the HC and
hence the downstream side of mechanism 9000 i this example may be an
intensifying piston. The fuid entering pressure line 1115 may then fill the hydraulic
circutt line 1115, including substantially all hydraulic components 999 connected to
it, with hydraulic fluid. In addition, {luid [illing pressure line 1115 may be urged to
fill an accumulator\single acting, spring return cylinder 1066.

1076] As pressure upstream continues to rise and exceeds threshold Ta,
sequence valve 1032 may be the second one (o open permitting hydraulic fluid to
flow downstream via a possible pressure limiter 1034 (can be either fixed or
adjustable) of the controller to arrive at a hydraulic motor 5000 of the controller.
Pressure limiter 1034 may permit pressure to drop and/or may function 1n at least
certain scenarios to prevent pressure buildup in the wntensifier’s cylinder so that it

may not exceed a maximal desired, possibly pre-defined, hydraulic pressure in that

line.
1077] Since in this example substantially all hydraulic components connected to

high pressure line 1115 are already substantially filled with hydraulic {luid and
"trapped” between the pilot-operated check valve 1044 and intensifier piston 9000,
as described above, any increase in pressure made by wtensifier piston of
mechanism 9000, derived in this exanmiple from the rotation of the spline shaft/lead
screw - may be arranged to directly affect the hydraulic components 999 i fluid
communication with pressure line 1115.

1078] Once upstream line pressure exceeds the threshold set in sequence valve
1032, the sequence valve 1032 may open and the hydraulic fluid may flow
downstream towards the hydraulic motor. The hydraulic motor supplies power in the
form of torgue [Nmi and angular speed [rad\sec]. This power may be

communicated downstream via a gear 7000 of the controller to an wntensifier piston,
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here preferably embodied as part of mechanism 9000 of the controller, which
increases pressure of the hydraulic fluid within pressure hne 1115, including
substantially all hydraulic components 999 in communication with pressure line
1115.

1079] Since high pressure in line 1115 builds up against the external load on
components 999 (here work supports) eventually causing the hydraulic motor to stop
from rotating, pressure upstream continues to rise and exceeds threshold Taa.
Sequence valve 1033 may now be the third valve to open, permitting hydraulic {luid
to flow downstream towards hydraulic circuit P2 communicating the {luid out of the
controller for possible activation in this discussed example of secondary clamps.
Thus, the HC 5003 i various embodiments may be a stand-alone device configured
for outputting three pressure commands for activating appliances external to the
controller.

{0801 Pump 1011 in at least certain embodiments may be set in advance to stop
supplying bydraulic fluid when the pressure built on port "P" reaches a given ‘pump
pressure linit’ (e.g. between about 40 and 70 Bar). Such seiting of the ‘pump
pressure limit’ may be via a toggle or the like possibly available on the pump and/or
via response (0 a pressure gauge monitoring pressure of the pump. In certain
embodiments, pressure rising in line HP against the external load on components
999, at a certain level may reach a ‘motor pressure lomit” where hydraulic motor
5000 stops to rotate and advance its piston to build {urther pressure in line 1115, In
embodiments where the ‘pump pressure lumit’ is set to be a higher than ‘motor
pressure limit” — the pumip may continue to build pressure until pressure at its port
“P” will reach the ‘pump pressure limit’ resulting w pump 1011 substantially
stopping its operation. If pressure on pump 1011 drops for some reason, the pump
may resiime operation automatically and build up pressure again.

0817 In certain embodiments, geometry of possible lead screw threads of
mechanism 9000 may prevent the release of the mtensifying piston (self-locking)

and thus maintain the high-pressure achieved 1n high-pressure line 1115,
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1082] Reversing the action of the hydraulic circuit, by changing the circuit {low
direction, for example by a directional control valve 1117, operated manually (as
shown in Fig. 6) or by a solenoid, may permit release of pressure within pressure
hines i the controller. The {luid power provided by pump 1011 may now be
arranged, when being directed to flow according to the right stage of directional
valve 1117, to arrive substantially simultanecusly at a sequence valve 1022 and a
pilot-operated check valve 1044.

083] Still before sequence valve 1022 opens, {luid power exiting port ‘P of
the pump may flow downstream towards the pilot-operated check valve 1044 and
urge it 1o open and release pressure at a downstream side of pressure tine 1115 since
the reduction ratio of pilot to check pressure for release (5:1 1n one example) was se
in advance so the pilot will operate before sequence valve 1022 opens. Thrust on
hydravlic motor shaft 5000, gear 7000 and mechanism 9000 is being released
simultaneously together with the pressure release.

0841 Once upstream line pressure exceeds the threshold set in sequence valve
1022, the sequence valve 1022 may open and the hydraulic fluid may flow
downstream towards the hydraulic motor 5000. Since the output shaft of the
hydraulic motor may substantially not be loaded, as possibly described above the
hydraulic {luid may flow via a sequence valve 1022 of hydraulic controlier (HC)
5003 towards hydraulic motor 5000 and urge it rotate W a reverse direction,
retracting the piston, while accumulator\ single acting, spring return cylinder 1066
may replenish the volume of hydraulic {luid utilized in the wntensification stroke,
preparing it for the next intensification cycle. This may ewnsure that the
intensification stroke will start and end at approximately the same points wn the
intensification cylinder from cycle to cycle. By this reverse action, the hydraulic
components/appliances 999 in communication with pressure line 1115 may be de-
activated. Pressure gauges 1036, 1068 may be arranged for providing pressure
indication and/or feedback from a vicinity of motor 5000 and pressure line 1115,

respectively.
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[085] Altention 1s drawn to Figs. 7A and 7B illustrating perspective views of an
embodiments of a hydraulic controller generally similar to that discussed with
respect to Fig. 6.

[086] Attention 1s drawn to Figs. 8A to BE illustrating possible use of a
hydraukic controller (HC) 5005 generally similar to the aforementioned embodiment
of HC 5003 in controlling a hydraulic work holding fixture (HWF) 6000 that 1s
mounied to a machine tool, here a computer-controlled machining center (CNC)
8000.

[O87] Figs. 8A and 8B, illustrate the hydraulic controller (HC) 5005 coupled
together with the hydraulic work holding fixture (HWF) 6000, which in turn holds
onto a part 171 being produced in a manufacturing process. Figs. 8C to 8D illustrate
6000 mounted on a CNC machine 8000.

088] A fixture designer may make use of such embodiment(s) of the hydraulic
controller (HC) to sumplify the task of designing the work holding fixture, so that
the designer can concentrate on designing the work holding fixture with its three
circutts: ‘Datum Clamp Circuit’, “Work Supports Circuit’ and ‘Secondary Clamps
Circuit’.

[089] By employing embodiment(s) of hydraulic controller and connecting the
hydraulic circuits in the work holding fixture to corresponding ports in the
coniroller, the fixture designer may ensure that the fixture's three hydraulic circuits
will preferably operate in a proper order and at a proper timing so as (o properly
activate workpiece clamping and support devices.

F000] Such operation{s} may accordingly be enabled by various HC
embodiments being arranged to facilitate operation of outgoing high-pressure work
supports and devices while same HC embodiments being fed by low pressure power
source(s) preferably devoid of any leaks and vulnerability to contaminants.

10917 In certain cases, a user, e.g. a {xture designer, designing the [ixture

conirols himself/herself, may employ the use of various standalone Hydraulic
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Intensifier/Booster (HIB) embodiments described herein in a fixture to boost the
Hydraulic Pressure in work support circuit(s).

1092] In such case a user may design {ixture hydraulic controls such that the
high-pressure hine of the fixture may be filled with hydraukic fluid prior to activating
a Hydraulic Intensificr/Booster embodiment. In such an application the control
elements for the fixture may be incorporated into the fixture by the designer and
mounted on the fixture wsell.

[093] Attention 15 drawn to Figs. 9A to 9D to illustrate such cases where a HiB
such as 301 seen n Fig. 2, 3A and 3B may be used to form an embodiment of a
work holding fixture controller — providing substantially same control functionality
as hydraulic controller (HC) 5003.

0941 In the example shown (see in particular Fig. 9A) the following elements
will be exemplified and/or marked where in some cases dual numerals may be
provided for certain elements, to indicate how an element in HIB 501 may be
designed to provide functionally generally simiar to that in HC 5003. For example,
in Fig. 9A sequence valve 2 of HIB 301 may also be marked as 1022 to indicate its
role in a controller providing substantially similar control functionally as HC 5003.
[095] HIB 501, accordingly includes two sequence valves 2/1022 and 3/1032, a
pilot operated check valve 4/1044,) a hydraulic motor 5/5000, a gearbox 7/7000 and
an intensifying piston/cylinder 9/9000.

[096] The remaiming control elements wn Fig. 9A are here exemplified
incorporated into the fixture so that:

10971 the datum clamp circuit may be activated upon activation of the low-
pressure pump 1011,

098] A sequence valve 1031 fitted to the fixture subsequently may be arranged
to open to allow hydraulic fluid to pass through the pilot operated check valve
4/1044 on the standalone hydraulic mtensifier HIB 501 to {ill the high-pressure line

with hydraulic fluid.
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10991 Sequence valve 3/1032 on the standalone intensifier may be arranged to
open to allow for the operation of the hydraulic motor on the intensifier thereby
increasing the hydraulic pressure in the high-pressure line according to the limit
governed by the pressure limiting valve 1034 on the fixture.

(0100} Sequence valve 1033 on the fixture can then open to activate the
secondary clamps on the fixture.

{01011  Release of the clamped part may be done by changing the position of the
directional control valve (manual or electric) of the low-pressure pump.

(0102} Fluid {flowing now as if it would leave from the "T" port of the HIB to
the pilot operated check valve 4/1044 on the standalone hydraulic intensifier may be
arranged to unseal the check valve allowing pressure to drop in the high-pressure
hne 1115.

{01031 At the same tme {luid may flow from the low-pressure pump to sequence
valve 2/1022 on the standalone hydraulic intensifier, When the pressure at sequence
valve 2/1022 reaches the set threshold in the valve, bydraulic fluid may be allowed
to flow to the hydraubic motor 5/5000 which rotates the power train made up of the
gearbox {planetary or spur gear reduction), the spline shaft lead screw thereby
retracting the wtensifying piston.

(01047  Hydraulic {luid may then be arranged to flow back to the tank of the low-
pressure pump thereby deactivating all of the hydraulic elements 999 on the high-
pressure line 1115,

[01051  In the description and claims of the present application, each of the verbs,
“comprise” “include” and “have”, and conjugates thereof, are used to mdicate that
the object or objects of the verb are not necessarily a complete listing of members,
components, elements or parts of the subject or subjects of the verb.

[01061  Furthermore, while the present application or technology has been
illustrated and described 1n detail in the drawings and foregoing description, such
tllustration and description are to be considered illustrative or exemplary and non-

restrictive; the technology is thus not hmited to the disclosed emboduments.
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Variations to the disclosed embodiments can be undersiood and effected by those
skilled in the art and practicing the claimed technology, from a study of the
drawings, the technology, and the appended claims.

(01071 In the claims, the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude a plurality. A single
processor or other unit may fulfill the functions of several items recited n the
claims. The mere fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of these measures can not be
used to advantage.

[0108]  The present technology s also understood to encompass the exact terms,
features, numerical values or ranges etc., if in here such terms, features, numerical
values or ranges etc. are referred to in connection with terms such as “about, ca.,
substantially, generally, at least” etc. In other words, “about 37 shall also comprise
“3” or ‘“‘substantially perpendicular” shall also comprise “perpendicular”. Any
reference signs in the claims should not be considered as limiting the scope.

[0109]  Although the present embodiments have been described to a certain
degree of particularity, it should be understood that various alterations and
modifications could be made without departing from the scope of the invention as

hereinafter claimed.
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CLAIMS:
. A hydraulic mtensifier and/or booster (HIB) for transforming an incoming
hydraalic pressure at a relative low-pressure to an amplified outgoing hydraulic
pressure at a relative high-pressure,

the HIB comprising a hydraulic motor and an intensifying mechanism, possibly
a hydraulic screw pump mechanism,

wherein the hydraulic motor being arranged {rom the mcoming hydraulic
pressure (o output power, and

the intensifyimng mechanism being arranged to receive the outputted power
from the hydraulic motor and transform it to linear power of a piston, wherein

the intensifying mechanism via the pision being arranged to build the

amplilied cutgoing hydraulic pressure.

2. The HIB of claim | and being arranged to receive the incoming hydraulic

pressure {rom a low-pressure punmp.

3. The HIB of claim 2, wherein the low-pressure pump can be powered

hydraulically or electrically.

4. The HIB of claim 3 and being arranged to communicate the amplified
outgoing hydraulic pressure to a high-pressure line, possibly in communication with

hydraulic components/appliances.

5.  The HIB of claim 1 and comprising an mncoming port P and a tank port T,
wherein building of hydraulic pressure from the incoming hydraulic pressure is

when hydraulic {luid enters via incoming port P and exits towards the tank port T.

6. The HIB of claim 5 and comprising a [irst sequence valve {or communicating

incoming hydraulic pressure enlering via incoming port P towards the hydraulic
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motor, wherein the first sequence valve being arranged to pernmt fluid to pass
onwards downstream only after pressure upstream of the valve exceeds a pre-

defined, possibly adjustable, threshold.

7. The HIB of claim 6 and comprising a seccond sequence valve for
communicating mcoming hydraulic pressure entering via tank port T towards the
hydraulic motor, wherein the second sequence valve being arranged to permut fluid
to pass onwards downstrearn only afier pressure upstream of the valve exceeds a

pre-defined, possibly adjustable, threshold.

8. The HIB of claim 7, wherein the hydraulic fluid before {lowing passed the
second sequence valve towards the hydraulic motor, i1s configured to first urge open
a pilot operated check valve i communication with a high-pressure line receiving
the amplified outgoing hydraulic pressure and consequently release pressure at the

high-pressure hine.

9. The HIB of claims 1, wherein the hydraulic motor being arranged (o receive
power in the form of pressure [MN\m”*2} and flow rate [m”"3\sec] and provide output

power in the form of torque [Nm] and angular velocity [radisec].
18. The HIB of claim 9, wherein the intensifying mechanism being arranged to

receive power n the form of torque [Nm} and angular velocity [rad\sec] and provide

output power in the form of force [N] and stroke velocity [misec].

11, The HIB of claim 4, wherein the intensifving mechanism is arranged to build

pressure between a pilot operated check valve of the HIB and the piston.
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12. The HIB of claim 11, wherein the hydraulic components/appliances being

located between the pilot operated check valve and the piston.

13. The HIB of claim 8, wherein the mntensifying mechanism is arranged to buld
pressure between a pilot operated check valve of the HIB and the piston, and
wherein hydraulic fluid {lowing passed the second sequence valve towards the
hydraulic motor urges a retraction\set back of the intensifving mechanism towards
its starting posttion and additional drop i pressure in the outgoing hydraulic

pressure.

14. The HIB of claim 4 and comprising an accumulator in {luid communication
with high-pressure line, wherewn possibly the accumulator is in form of a single

acting, spring return hydraulic cylinder.

15. The HIB of claim 14 wherein the accumulator being arranged for replenishing

hydraulic fluid towards the high-pressure line.

16. A hydraulic controller for hydraulically controlling logic and/or sequence of
operation of work holding devices on a hydraulic work holding fixture by
transforming incoming hydraulic pressure at a relative low-pressure to a plurality of
outgoing hydraulic pressure routes at relatively higher pressures, and

the controller comprising a plurality of sequence valves each being configured
to permit {luid to pass onwards downstream only after pressure upstream exceeds
certain pre-defined, possibly adjustable, thresholds,

wherein each sequence valve has a different threshold.

17. The hydraulic controller of claim 16, wherein a {irst one of the sequence

valves having the lowest thresheld i1s arranged to communicate the mcoming
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hydravlic pressure onwards downstream towards a high-pressure line in
communication with hydraulic components of the work holding fixture.

18. The hydrashic controller of claim 17, wherem a second one of the sequence
valves having a threshold higher than that of the [irst valve 1s arranged to
communicale the incoming hydraulic pressure onwards downstream towards a
hydraalic motor that receives power in the form of pressure [N\m"2] and {low rate
fm”3\sec] and outputs power in the form of torque [Nm] and angular velocity

frad\sec].

19. The hydraulic controller of claim 18 and comprising an mtensifying
mechanism arranged (o receive the outputted power from the hydraulic motor and
transform 1t to linear power of an intensifyving piston in the form of force [N} and
stroke velocity [m\sec], wherein the intensifying mechanism via the intensifying
piston being arranged to build ocutgoing hydraolic pressure communicated towards
the hydraulic components of the work holding [ixture, possibly located between a

pilot operated check valve of the controller and the intensifying piston.

2. The hydraulic controller of claim 18, wherein a third one of the sequence
valves having a threshold higher than that of the second valve s arranged to
communicate the mcoming hydraslic pressure onwards towards the work holding

fixture, for possibly activating secondary clamps at the work holding lixture.

21. The hydraulic controller of clatm 20 and comprising a fluid line for
communicating the incoming hydraulic pressure directly, possibly not through a
sequence valve having an opening threshold, towards the work holding fixture, for

possibly activating datum clamps in the work holding fixture.
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22. The hydraulic controller of claim 21 and being arranged to be fitted on a

machine tool, preferably together with the work holding [ixture.

23. The hydraulic controller of claim 22 and comprising at least certain elements

of the hydraulic intensifier and/or booster (HIB) of claim 1.

24. A method for transforming an incoming hydraulic pressure at a relative low-
pressure to an amplified outgoing hydraulic pressure at a relative high-pressure,
comprising the steps of:

providing a hydraulic intensifier and/or booster (HIB) comprising a hydraulic
motor and a hydraulic screw pump intensifying mechanism,

utilizing the incoming hydraulic pressure 0 urge an output power from the
hydraulic motor that is then transformed by the intensifying mechanism to linear

power of a piston in order to build the amplified outgoing hydraulic pressure.

25. The method of claim 24 and being arranged to receive the incoming hydraulic

pressure {rom a low-pressure punip.

26. The method of claim 25, wherein the low-pressure pump can be powered

hyvdraulically or electrically.

27. The method of claim 24 and being arranged to communicate the amplified
outgoing hydraulic pressure to a high-pressure line, possibly 1 communication with

hydraulic components/apphances.
28. The method of claim 24 and comprising an imncoming port P and a tank port T,

wherein building of hydraulic pressure from the incoming hydraulic pressure is

when hydraulic fluid enters via incoming port P and exits towards the tank port T.
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29. The method of claiam 28 and comprising a first sequence valve for
communicating incoming hydraulic pressure entering via incoming port P towards
the hydraulic motor, wherein the [irst sequence valve being arranged to permit {luid
to pass onwards downstrearn only afier pressure upstream of the valve exceeds a

pre-defined, possibly adjustable, threshold.

30. The method of claim 29 and comprising a second sequence valve for
communicating incoming hydraulic pressure entering via tank port T towards the
hydraulic motor, wherein the second sequence valve being arranged to permit fhnd
to pass onwards downstream only after pressure upstream of the valve exceeds a

pre-defined, possibly adjustable, threshold.

31. The method of claim 30, wherein the hydraulic fluid before flowing passed the
second sequence valve towards the hydraulic motor, is configured to first urge open
a pilot operated check valve i communication with a high-pressure line receiving
the amplified outgoing hydraulic pressure and consequently release pressure at the

high-pressure line.

32. The method of claims 24, wherein the hydraulic motor being arranged to
receive power in the form of pressure [N\m"2] and {low rate [m”3\sec] and provide

output power in the form of torque [Nm] and angular velocity [rad\sec].

33. The method of claim 32, wherein the intensilying mechanism being arranged
to receive power in the form of torque [Nm] and angular velocity [radisec] and

provide output power in the form of force [N} and stroke velocity [misec].

34. The method of claim 24, wherein the miensilying mechanism is arranged to

build pressure between a pilot operated check valve of the HIB and the piston.
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35. The method of claim 34, wherein the hydraulic components/appliances being

located between the pilot operated check valve and the piston.

36. The method of claim 31, wherein the mtensifying mechanism is arranged to
build pressure between a pilot operated check valve of the HIB and the piston, and
wherein hydraulic fluid flowing passed the second sequence valve towards the
hydraulic motor urges a retraction\set back of the intensifying mechanism towards
its starting posttion and additional drop i pressure in the outgoing hydraulic

pressure.

37. A method for controlling logic and/or sequence of operation of work holding
devices on a hydraulic work holding fixture by trapsforming incoming hydraulic
pressure at a relative low-pressure to a plurality of outgoing hydraulic pressure
routes at relatively higher pressures, the method comprising the steps of

providing a hydraulic controller comprising a plurality of sequence valves each
being configured to permit fluid to pass onwards downstream only after pressure
upsiream exceeds certain pre-defined, possibly adjustable, thresholds, wherein each

sequence valve has a different threshold.

38. The method of claim 37, wherein a {irst one of the sequence valves having the
towest threshold is arranged to communicate the incoming hydraulic pressure
onwards downstream towards a high-pressure line in communication with hydraulic

components of the work holding fixture.

39, The hydraulic controller of claim 38, wherein a second one of the sequence
valves having a threshold higher than that of the first valve is arranged to
communicate the incoming hydraulic pressure onwards downstream towards a

hydraulic motor that receives power in the form of pressure [N\m”2] and flow rate
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Im”3\sec] and outputs power in the form of torque [Nm] and angular velocity

frad\sec].

40. The method of claim 39 and comprising an intensifying mechanism arranged
to receive the outputied power from the hydraulic motor and transform it to hinear
power of an intensifying piston in the {orm of force [N} and stroke velocity [misec],
wherein the intensifying mechanism via the mtensifying piston being arranged to
build outgoing hydraulic pressure communicated towards the hydraulic components
of the work holding fixture, possibly located between a pilot operated check valve

of the controller and the intensifying piston.

41. The method of claim 40, wherein a third one of the sequence valves having a
threshold higher than that of the second valve is arranged to communicate the
ncoming hydraulic pressure onwards towards the work holding lixture, for possibly

activating secondary clamps at the work holding fixture.

42. The method of clatm 37 and comprising 2 [luid hine for communicating the
ncoming hydraulic pressure directly, possibly not through a sequence valve having
an opening threshold, towards the work holding fixture, for possibly activating

datum clamps in the work holding fixture.

43. The hydraulic controller of clatm 37 and being arranged to be fitted on a

machine tool, preferably together with the work holding fixture.
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