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57 ABSTRACT

A hydraulic power unit is disclosed that is selectively con-
nectable to a hydraulic tool. The hydraulic power unit auto-
matically detects the attached or detached state of the tool
and/or operates an unloading valve during activation of the
tool.




Patent Application Publication = May 24, 2012 Sheet 1 of 4 US 2012/0124989 A1

FIG. 1

RESERVOH

CONTROLLER




Patent Application Publication = May 24, 2012 Sheet 2 of 4

192\\

US 2012/0124989 A1l

Pump Stopped

Y

Fower TOGL DISCONNECTED

Unioading Vahe Open

108“\\
{

TOOL DEADHEADRED
Unlogding Valve Closed

Start
Cslibration %Ta;.}bra“ttcﬁ Error " Timeout {5 seconds}
Signa! Loroplete
M Tool
INACTIVE RANGE CALIBRATION Deactivated
Uinloading Valve i Manuas! Mode {Fiow in ol
8 inactive -
s N i Deadieaded
range} et 1
Teal . N {indtial fnersase
Cannecied ™ TN - in flow
o iy NEALT 110 ool N followed by no
{How DEADHEAD TIMEQLY Disnonnected Pump o e
increased Uniaading Valve Opan /} {continuous N\, Stapged W ‘3”3;‘%“
T N \ -, PrEssure
aff 1?;.:7 " / no fow and NN
?‘ i Tooi Deactivated fiigh pressure) ‘\
vapeed) o iHowinoreased) \, ",

N\

Tont Desctivated {flow in inactive range}

TOOL INCATIVE Timeout {30 seconds]

Unloading Valve Qpen

Tont Activatad {(How decreasad}

Tool Disconnectad (no fowd

S

TOOL ACTIVE
Unloading Valve Closed

\\104



May 24,2012 Sheet 3 of 4 US 2012/0124989 A1

Patent Application Publication

10

SIS S

o sy
Py
-

FIG. 3



May 24,2012 Sheet 4 of 4 US 2012/0124989 A1

Patent Application Publication

FIG. 4



US 2012/0124989 Al

HYDRAULIC POWER UNIT WITH
AUTO-LOAD SENSING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Not applicable.

STATEMENT OF FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.
BACKGROUND OF THE INVENTION
[0003] This invention relates to hydraulic systems. In par-

ticular, this invention relates to hydraulic systems in which a
hydraulic power unit drives a selectively connectable rescue
tool.

[0004] During car accidents or the like, injured individuals
may be trapped in difficult to access locations. For example,
a car that rolls off the road may incur body damage which
prevents rescue crews from easily accessing the inside of the
car. In these types of situations, emergency workers must
move quickly to extract the injured individuals from the
vehicle.

[0005] In many rescue operations, hydraulic tools are used
to cut, spread, or ram portions of the vehicle to provide access
to the injured individuals inside the car. Typically, the hydrau-
lic tools are connected to a hydraulic pump which pumps a
hydraulic fluid through hydraulic lines to power the con-
nected tool at a remote location.

[0006] However, it is often the case that more than one type
of tool will be needed during a rescue operation. Depending
on the particular hydraulic pump and tools being used, this
means that the original tool must be disconnected from the
pump and that the new tool must be connected. Changing the
tool wastes valuable minutes as the hydraulic pressure in the
system must be reduced, the original, tool disconnected, the
new tool connected, and the system brought back up to an
operating pressure. Further complicating matters is the fact
that the location of the hydraulic pump may remain at a higher
elevation than or at some distance from the tool being used.
When only a few rescue workers are available, this may mean
that a rescue worker will need to travel from the location of
the accident back to the vehicle on which the pump is carried
to initiate the sequence of events necessary to change tools.
[0007] Hence, a need exists for an improved hydraulic sys-
tem for rescue equipment and other hydraulic tools. In par-
ticular, a need exists for a faster way to change tools on a
hydraulic power unit.

SUMMARY OF THE INVENTION

[0008] A significant problem with prior hydraulic systems
having connectable tools is that the hydraulic power units
were not smart. That is, the hydraulic power units did not
sense whether a tool was connected and, if a tool was con-
nected, whether the tool was in operation. Ultimately, this
made those systems less efficient in that the system would rise
to significant pressure after the connection of the tool,
whether the tool was active or not.

[0009] A hydraulic power unit is disclosed that is selec-
tively connectable to a hydraulic tool. The hydraulic power
unit detects the attached or detached state of the tool and/or
operates an unloading valve during activation of the tool to
provide the tool with power when the tool is active.
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[0010] Theseand still other advantages of the invention will
be apparent from the detailed description and drawings. What
follows is merely a description of a preferred embodiment of
the present invention. To assess the full scope of the invention
the claims should be looked to as this preferred embodiment
is not intended to be the only embodiment within the scope of
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1 is a schematic of a hydraulic power unit with
a hydraulic tool attached;

[0012] FIG. 2 is a control state diagram for the hydraulic
power unit;
[0013] FIG. 3 is a perspective view of the hydraulic power

unit to which a sensor and control manifold is coupled; and
[0014] FIG. 4is aperspective view of the sensor and control
manifold.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0015] Referring first to FIG. 1, ahydraulic schematic illus-
trates a hydraulic system including a hydraulic power unit 10
to which two hydraulic tools 12, 14 are coupled via hydraulic
pressure hoses 16, 18 and return hoses 20, 22. In the form
shown, the pressure hoses 16, 18 and the return hoses 20, 22
are separately connectable, on one end, to one of the sets of
quick release couplings 24, 26 on the hydraulic power unit 10
and, onthe other end, to a set of quick release couplings 28, 30
on the hydraulic tools 12, 14. These hoses are typically 30 to
150 feet in length such that the tools 12, 14 may be operated
at a distance from the hydraulic power unit 10.

[0016] The hydraulic tools 12, 14 may be hydraulic hand
tools powered by pressurized hydraulic fluid. These tools 12,
14 may any of a number of type of tools including for
example, hydraulic rescue tools used in road-side rescue
operations. In the form shown in FIG. 1, each of the hydraulic
tools 12, 14 include a forward-inactive-reverse control valve
32, 34. These valves 32, 34 are operable by a user to control
the tools 12, 14 when the tools 12, 14 are connected to the
hydraulic power unit 10. Depending on the state of the control
valve 32, 34, the flow of hydraulic fluid is directed through
each of the tools 12, 14 to operate the tool in the particular
manner desired or to maintain the tool an inactive state. Even
in the inactive state however, some amount of hydraulic fluid
will circulate through the tool 12, 14.

[0017] In the form shown in FIG. 1, the hydraulic power
unit 10 includes two sets of couplings 24, 26 for the attach-
ment of two hydraulic tools 12, 14. However, the hydraulic
power unit 10 may be configured to receive one or more than
two hydraulic tools. Those of skill in the art will appreciate
that a hydraulic power unit may be readily adapted to connect
and operate more than two tools, given sufficient power, by
duplicating one of the two hydraulic circuit portions
described below.

[0018] Turning now to the hydraulic power unit 10, a motor
36 energizes two hydraulic pumps 38, 40 via rotary motion of
a shaft connected to the motor 36 and the hydraulic pumps 38,
40. The motor 36 may be a gas, diesel, or electric motor. When
the hydraulic pumps 38, 40 are energized, they pump a
hydraulic fluid from a reservoir 42 through the hydraulic
circuit attached to the pumps 38, 40. The pumps 38, 40 for this
hydraulic power unit 10 are each two stage pumps having a
first, low pressure, stage which transports hydraulic fluid at,
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for example, 245 cubic inches per minute at 3,200 psi and
second, high pressure, stage which pumps hydraulic fluid at,
for example, 85 cubic inches per minute at 10,500 psi.
[0019] For each set of tool connections or couplings, the
hydraulic circuit includes a separate segment or loop of simi-
lar hydraulic structure. Each of the pumps 38, 40 have a
hydraulic pressure line 44, 46 that leads from the pump 38, 40
to a corresponding pressure hose coupling. Hydraulic return
lines 48, 50 lead from each of the return hose couplings to the
reservoir 42. In the form shown, the reservoir 42 is a shared
reservoir which receives the returned hydraulic fluid from all
of the segments of the circuit.

[0020] A hydraulic bypass line 60, 62 having relief valves
64, 66 sclectively links the hydraulic pressure line 44, 46 to
the hydraulic return line 48, 50 depending on the state of an
unloading valve 52, 54. The unloading valve 52, 54 is located
on a hydraulic bypass line 60, 62 upstream of the relief valves
64, 66. The unloading valves 52, 54 are moveable between (1)
aclosed state in which the unloading valve 52, 54 is energized
and in which all hydraulic fluid running through the corre-
sponding hydraulic pressure line 44, 46 is directed to the
pressure hose coupling (for transport to an attached tool 12,
14) and (2) an open state in which the unloading valve 52, 54
is de-energized and in which hydraulic fluid may flow from
the hydraulic pressure line 44, 46, through a hydraulic bypass
line 60, 62 having relief valves 64, 66, to the hydraulic return
line 48, 50.

[0021] Looking further at the hydraulic pressure lines 44,
46, each of the hydraulic pressure lines 44, 46 have a high
pressure transducer 56, 58 before the downstream pressure
hose coupling. The high pressure transducers 56, 58 have a
6,000 psi range and measure the pressure in the correspond-
ing hydraulic pressure line 44, 46.

[0022] Each of the hydraulic pressure lines 44, 46 are also
connected to a system relief line 68, 70 leading back to the
reservoir 42 with a system relief valve 72, 74. In the form
shown, the system relief valves 72, 74 are set at 10,500 psi. In
an extreme over-pressure condition, these system relief
valves 72, 74 will open to direct fluid from hydraulic pressure
lines 44, 46 into the reservoir 42 thereby decreasing the line
pressure.

[0023] The hydraulic return lines 48, 50 in the hydraulic
power unit 10 each include a low pressure transducer 76, 78
located upstream of a return flow restrictor check valve 80,
82. The low pressure transducers 76, 78 have a range of O psi
to 200 psi. The return flow restrictor check valves 80, 82
includes an orifice and a check valve in parallel with one
another in which the check valve opens at upstream pressures
above 210 psi. As will be apparent from the description below
of'the mode of operation, the combination of the low pressure
transducers 76, 78 and the return flow restrictor check valves
80, 82 effectively function as a flow meter.

[0024] With respect to the connectivity of the hydraulic
bypass lines 60, 62 between the hydraulic pressure lines 44,
46 and the hydraulic return lines 48, 50, the hydraulic bypass
lines 60, 62 connect to the hydraulic return lines 48, 50 at a
location downstream of the low pressure transducers 76, 78
and the return flow restrictor check valves 80, 82. Thus, when
open, the unloading valves 52, 54 in the hydraulic pressure
lines 44, 46 place the hydraulic pressure lines 44, 46 in com-
munication with the corresponding hydraulic return lines 48,
50 at a point downstream of the corresponding flow meter
(comprising the low pressure transducer 76, 78 and the return
flow restrictor control check valve 80, 82).
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[0025] A temperature sensor 84 monitors the temperature
of the hydraulic fluid in the reservoir 42. As the viscosity of
the hydraulic fluid or oil in the circuit may be temperature
sensitive, the inclusion of the temperature sensor 84 allows
the hydraulic power unit 10 to compensate particular opera-
tional parameters such that the parameters are appropriate for
fluid operating at the sensed temperature.

[0026] A speed sensor 83 may be used to monitor the speed
in engine powered units. As the motor speed changes, the
inclusion of the speed sensor 83 allows the hydraulic power
unit 10 to adjust operational parameters at various speeds.
[0027] Although the connectivity is not explicitly shown, a
controller 85 is connected to the pressure transducers 56, 58,
76, 78, the unloading valves 52, 54, the temperature sensor
84, and, if present, the speed sensor 83. As will be described
in more detail below with respect to the operation of the
hydraulic system, the controller 85 will take the readings of
the pressure transducers 56, 58, 76, 78 and the temperature
sensor 84 and will control the state of the unloading valves 52,
54. Accordingly, the controller 85 is provided with logic and
circuitry to allow the hydraulic power unit 10 to operate in the
manner now described.

[0028] With additional reference to FIG. 2 and in view of
the hydraulic system of FIG. 1, the operation of the hydraulic
power unit 10 is described. In describing the hydraulic power
unit 10, it should be appreciated that specific values may be
provided which describe aspects of the particular system
illustrated (i.e., particular pressures, dimensions, durations of
time, and so forth). These particular values and ranges are for
the purposes of illustration and may be modified to provide a
system which operates in a similar way but having different
operational requirements based on the application.

[0029] Initially, the hydraulic power unit 10 is powered on
and placed in a disconnected state 102 in which no tools are
attached. When no tool is connected, the pump circulates the
hydraulic fluid through the connected hydraulic circuit via the
bypass line 60, 62 through the open unloading valve 52, 54.
The hydraulic configuration is such that, under the flow con-
ditions described above when no tool is connected, the low
pressure transducers 76, 78 are substantially isolated from the
flow of hydraulic fluid (by the return flow restrictor check
valves 80, 82) and provide a no-flow pressure reading to the
controller 85.

[0030] When one of the tools 12, 14 is hooked up to one of
the pair of couplings 24, 26, the hydraulic power unit 10 is
able to detect that a tool has been attached and is placed in a
tool inactive state 104 in which the tool is known to have been
connected, but is currently inactive. When the tool 12, 14 is
attached, but inactive, some flow through the forward-inac-
tive-reverse valve 32, 34 will occur which results in the read-
ing of 1.5 psi to 30 psi at the low pressure transducer 76, 78.
This return pressure reading at the low pressure transducers
76, 78 indicates that there is flow through the portion of the
hydraulic circuit including the tool 12, 14 (i.e., through the
now-connected hoses and tool).

[0031] To ensure a false positive is not detected, in order to
establish the connection of one of the tools 12, 14, a low
pressure reading greater than a no-flow level may need to be
established at the flow meter in the return line 48, 50 over
some duration of time such as, for example, 250 milliseconds
and, if a speed sensor 83 is present, a minimum motor speed
may also need to be established.

[0032] Forreference, when atool 12, 14 is connected a feed
pressure in the hydraulic pressure line 44, 46 may be detected
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by the high pressure transducers 56, 58 to be between 100 psi
and 275 psi. In this attached, but inactive state 104, the
unloading valve 52, 54 is instructed by the control to be or to
remain open such that the hydraulic pressure line 44, 46 is in
fluid communication with the hydraulic return line 48, 50 via
the hydraulic bypass line 60, 62.

[0033] When the tool 12, 14 is connected to the hydraulic
power unit 10 and is in a tool inactive state 104, one of two
things might happen. Either (1) the tool 12, 14 could be
disconnected from the hydraulic power unit 10 or (2) the tool
12, 14 may be activated by operation of the forward-inactive-
reverse control valve 32, 34. When either event occurs, the
pressure detected at the low pressure transducer 76, 78 will
drop indicative of a reduction in the flow through the flow
meter in the hydraulic return line 48, 50.

[0034] When this pressure drop is detected at one of the low
pressure transducers 76, 78, the controller 85 instructs the
corresponding unloading valve 52, 54 to close (i.e., energize)
and the pump 38, 40 to pump at the first stage rate in the tool
active state 106 in FIG. 2. The closing of the unloading valve
52, 54 routes the pumped hydraulic fluid through only the
hydraulic pressure line 44, 46 and not the hydraulic bypass
line 60, 62 thereby causing pressure to build in the hydraulic
pressure line 60, 62. Once the unloading valve 52, 54 is
closed, over approximately the next 250 milliseconds, a line
pressure builds which will be detected to be in the range of
between 400 Psi and 2100 psi at the high pressure transducer
56, 58. Then, depending on the pressure detected at the low
pressure transducer 76, 78, the controller 85 will be able to
establish whether the tool 12, 14 has been disconnected or
activated.

[0035] If the tool. 12, 14 has been disconnected, then no
pressure/flow will be detected downstream of the tool 12, 14
by the low pressure transducer 76, 78 as no fluid is flowing
through the hoses 16, 18, 20, 22 and tool 12, 14. If no pres-
sure/flow is detected by the low pressure transducer 76, 78,
this is indicative that the corresponding tool 12, 14 has been
disconnected and the controller 85 will instruct the unloading
valve 52, 54 to open (i.e., de-energize) to reestablish the
hydraulic bypass line 60, 62 connection via the bypass line
60, 62 at low pressure. In this event, the hydraulic power unit
10 returns to the tool disconnected state 102. At this point, the
hydraulic power unit 10 may begin to monitor again for tool
connection.

[0036] On the other hand, if the tool 12, 14 has been acti-
vated, the tool 12, 14 will, begin to be actuated and a pressure
will be detected at the low pressure transducer 76, 78, indi-
cating flow in the hydraulic return line 48, 50 downstream of
the tool 12, 14. Typically, when the tool 12, 14 is active, the
return pressures detected by the low pressure transducer 76,
78 will be outside of the inactive range which is 100 psi+/-20
psi for the first stage of pump operation and 50+/-10 psi for
the second stage of pump operation. If tool activation is
detected, then the unloading valve 52, 54 remains closed
under this condition, directing hydraulic fluid into the tool 12,
14.

[0037] As the tool 12, 14 experiences an increase in load,
the pressure in the hydraulic pressure line 44, 46 will rise to
meet load conditions. Given that the pumps 38, 40 are two
stage pumps, the hydraulic power unit 10 is configured to
monitor the pressures to establish when the pumps 38, 40
should be shifted to the next stage of operation. Likewise, a
detected drop in pressure may result in a shift from the second
stage of operation back down into the first stage of operation.
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[0038] ifthe system relief pressure is approached, which in
the particular system illustrated is more than 6,000 psi, after
the tool has been activated the flow/pressure detected at the
low pressure transducer 76, 78 will, drop and approach zero,
thereby indicating that hydraulic fluid is no longer returning
from the tool 12, 14. As the high pressure transducers 56, 58
have a maximum range of 6,000 psi, once the detected pres-
sure at the high pressure transducers 56, 58 is detected at
6,000 psi, it is suggestive that a deadhead condition 108 is
being approached. When flow stops to the hydraulic return
line 48, 50, the low pressure transducer 76, 78 will detect no
pressure, indicating no return flow from the tools 12, 14.
When the maximum pressure is detected at the high pressure
transducer 56, 58 and no pressure is detected at the low
pressure transducer 76, 78, the controller 85 maintains the
corresponding unloading valve 52, 54 in the closed position
for a period of five seconds before entering a deadhead tim-
eout state 110 in which the unloading valve 52, 54 is open to
route fluid through one of the hydraulic bypass lines 60, 62
thereby allowing the pressure in the hydraulic pressure line
44, 46 to drop.

[0039] The controller will remain in the deadhead timeout
state 110 until an increase in flow/pressure at the low pressure
transducer 76, 78 is detected, indicating that the cool valve 32,
34 has been returned to the center, inactive, position. Then,
the controller will return to the tool inactive state 104, and it
will be ready again to detect the reactivation or disconnection
of the tool.

[0040] When the operation of the tool 12, 14 is stopped by,
for example, the re-centering of the forward-inactive-reverse
control valve 32, 34 while the unloading valve 52, 54 is
closed, then the return pressure detected at the low pressure
transducer 76, 78 will return to the inactive range (typically
80 psi to 120 psi). If the tool 12, 14 remains inactive for a
duration of time such as, for example, 3 seconds, then the
corresponding unloading valve 52, 54 opens (i.e., de-ener-
gizes). A re-activation of the tool 12, 14 within this time frame
(e.g., within 3 seconds of deactivation) indicated by the detec-
tion of active ranges of pressure in the low pressure transducer
76, 78, will reset the timer and, at least temporarily, prevent
the corresponding unloading valve 52,54 from opening at the
return to the tool inactive state 104. Once the tool 12, 14,
re-enters the inactive state 104, then the controller 85 will
again monitor for flow through the return line 48, 50 by
monitoring the pressure at the low pressure transducer 76, 78
to indicate either a disconnection or activation of the tool 12,
14.

[0041] If the controller 85 remains in the tool active state
106 continuously for more than the specified timeout time, for
example 30 seconds, then the hydraulic power unit 10 will
return to the tool inactive state 104.

[0042] Thus, the disclosed hydraulic power unit is able to
detect whether a tool is attached/detached to the hydraulic
power unit and, further, if a tool is attached, whether the tool
has been activated. This hydraulic configuration allows those
attaching and detaching tools, such as rescue or emergency
workers, to be able to quickly switch tools on the hydraulic
power unit and/or start or stop a tool without the need to
manually start or stop one of the pumps and wait while the
pressure in the hydraulic circuit is adjusted.

[0043] With additional reference to FIGS. 3 and 4, a
hydraulic system is shown in which the hydraulic power unit
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10 separately includes a pressure source 86 and a manifold
88. A chassis 90 may support the manifold 88 and pressure
source 86.

[0044] As mapped onthe hydraulic schematic of FIG. 1, the
pressure source 86 includes the pumps 38, 40, the reservoir
42, and the system relief lines 68, 70 having system relief
valves 72, 74. The manifold 88, which is connected to the
pressure source 86, houses the remaining portions of the
hydraulic circuits and includes one half of the couplings for
attachment to the hoses 16, 18, 20, 22 of the tools 12, 14. As
best seen in FIG. 4, the manifold 86 includes the set of quick
release couplings 24 (including pressure coupling 24a and
return coupling 245) for the first hydraulic tool 12 and the set
of quick release couplings 26 (including pressure coupling
26a and return coupling 265) for the second hydraulic tool 14.

[0045] In the form shown, the system also includes a
manual override feature for the unloading valves 52, 54.
While the system is preferably operated in a smart mode in
which the system automatically senses flow to determine the
connected state and/or the operational state of the tool(s),
there may be conditions under which the system may need to
be set to manual operation. For example, having an override
provides an important safety feature in the event that the
auto-detection features are not properly working or needs to
be disabled given the particular working conditions.

[0046] To activate the manual override, a user first
depresses an emergency stop button 92 on the top of the
manifold 88. At this point, the auto-detection features are
disabled and the system can be run as though it were a manu-
ally operated system. To direct the flow of one of the hydraulic
circuits to the attached tool, the user operates a valve manual
override 94, 96 for the corresponding circuit. In the form
shown, the valve manual override 94 will control the flow to
the first tool 12 through the couplings 24a and 245 (which
share the same side of the manifold 88) and the valve manual
override 96 will control the flow to the second tool 14 through
the couplings 26a and 265. To close the valve manual override
94, 96 and the corresponding unloading valve 52, 54, the end
of the override 94, 96 is lifted against a biasing force toward
the manifold 88 and twisted to temporarily lock the override
94, 96 in place (in a motion similar to the manner in which a
bayonet-style connection is formed). To re-open unloading
valve 52, 54 using the valve manual override 94, 96, the valve
manual override 94, 96 is twisted in the opposite direction and
the biasing force causes the corresponding unloading valve
52, 54 to open.

[0047] The hydraulic power unit 10 may also have a cali-
bration sequence to establish operational parameters. Now
with reference back to FIG. 2, the calibration sequence will be
described. To calibrate each pump 38, 40, the hydraulic power
unit 10 and the controller 85 are powered on and allowed to
run for at least three minutes. During this warm up period, the
tools 12, 14 are connected and operated a few times. Then, the
tools 12, 14 are disconnected so that the hydraulic power unit
10 is placed in the tool disconnected state 102. At this point,
the temperature sensor 84 is unplugged and the user waits for
the red LEDs 98 to flash four times. The temperature sensor
84 is then reconnected within 10 second of the final flash of
the LEDs 98 to initiate the calibration mode 112. If the cali-
bration mode 112 is entered then the red LEDs 98 will stay
solid and lit, otherwise the temperature sensor 84 may need to
beunplugged again and reconnected to again try to initiate the
calibration mode 112.
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[0048] Once the calibration mode 112 has been entered (as
indicated by the red LEDs 98 remaining lit), then the hoses for
the pump 38, 40 to be calibrated are connected to the appro-
priate couplings (typically only one pump will be tested at a
time). To ensure accurate calibration, the tool 12, 14 should be
connected using hoses of 100 feet in length, preferably, or, if
hoses of that length are not available, then using hoses of the
longest length available. After the tool 12, 14 has been con-
nected the LED 98 corresponding to the pump that is not
connected to by a tool will turn off. At this point, the user
should turn on the valve manual override 96, 98 on the pump
to be calibrated. The LEDs 98 for that pump 38, 40 will
remain lit during calibration and turn off once the pump 38, 40
has been calibrated. Once the LEDs 98 are off, the user should
turn off the valve manual override 96, 98. Now the user should
depress the emergency stop button 92 to turn off the controller
85, wait five seconds, and reset the emergency stop button 92.
[0049] At this point, the tool can be tested to ensure the
calibration of the pump has been properly completed using
five tests. First, the tool should be extended and stopped in
mid-stroke. The pump should time out after 3 to 5 seconds and
the hydraulic power unit will unload. Second, the tool should
be retracted and stopped in mid-stroke. Again, the pump
should time out after 3 to 5 seconds and the hydraulic power
unit should unload. Third, the tool should be extended until
the tool bottoms and the pump dead heads. In this condition,
the hydraulic power unit should unload after 5 to 10 seconds.
Fourth, the pressure side should be disconnected. The corre-
sponding pump should momentarily load and unload. Finally,
the pressure hose should be reconnected with the unit run-
ning. If any of these tests malfunction, then the calibration
mode 112 should be reentered to recalibrate the unit.

[0050] Thus, by placing the portions of the hydraulic power
unit which are responsible for load detection in the manifold
88, a manifold 88 may be provided for connection to a pres-
sure source 86 which otherwise would not have auto-load
sensing capabilities of the manner described above. This is
particularly advantageous because a manifold 88 containing
the load detection components may be retro-fit onto a pres-
sure source which alone would not, be capable of automatic
load detection to establish a connected/disconnected tool
state and an active/inactive tool state when a tool is connected.
[0051] It should be appreciated that various other modifi-
cations and variations to the preferred embodiments can be
made within the spirit and scope of the invention. Therefore,
the invention should not be limited to the described embodi-
ments. To ascertain the full scope of the invention, the fol-
lowing claims should be referenced.

What is claimed is:

1. A hydraulic power unit for selective connection to a

hydraulic tool, the hydraulic power unit comprising:

a pressure source;

a hydraulic circuit coupled to the pressure source, the
hydraulic circuit including a pressure line extending to a
pressure connector and a return line extending from a
return connector for selective connection to the hydrau-
lic tool, the hydraulic circuit further including an
unloading valve for selectively placing a pressure line
and a return line in fluid communication with one
another via a bypass line; and

a flow meter in fluid communication with the hydraulic
circuit.
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2. The hydraulic power unit of claim 1, wherein the flow
meter is located along the return line between the return
connector and a connection between the bypass line and the
return line.

3. The hydraulic power unit of claim 2, wherein the return
line includes a pressure transducer and a downstream orifice
that comprise the flow meter.

4. The hydraulic power unit of claim 2, wherein the return
line includes a pressure transducer and a downstream return
flow restrictor check valve that comprise the flow meter.

5. The hydraulic power unit of claim 2, wherein, when the
hydraulic power unit is powered on and no tool is connected,
the unloading valve is open to place the pressure line and the
return line in fluid communication via the bypass line.

6. The hydraulic power unit of claim 4, wherein the flow
meter is configured to monitor a flow in the return line of the
hydraulic circuit to establish a connectivity state of the
hydraulic tool.

7. The hydraulic power unit of claim 6, wherein the hydrau-
lic power unit is configured such that, when a hydraulic tool is
connected and a flow decrease is detected by the flow meterin
the return line, then the unloading valve is closed so that the
pressure line and the return line are not in fluid communica-
tion via the bypass line.

8. The hydraulic power unit of claim 7, further comprising
apressure transducer in the pressure line configured to detect
a deadhead condition of the hydraulic tool.

9. The hydraulic power unit of claim 8, wherein the hydrau-
lic power unit is further configured such that, after the unload-
ing valve is closed, if the flow decrease is a sustained no-flow
condition and the pressure transducer on the pressure line
detects a pressure exceeding a pressure associated with the
deadhead condition, then the unloading valve is opened as the
hydraulic tool has been disconnected.

10. The hydraulic power unit of claim 8, wherein the
hydraulic power unit is further configured such that, after the
unloading valve is closed, if the flow increases initially, fol-
lowed by a no-flow condition and the pressure transducer on
the pressure line detects a pressure exceeding a pressure
associated with the deadhead condition, then the unloading
valve is opened as the hydraulic tool is in a deadhead condi-
tion.

11. The hydraulic power unit of claim 1, wherein the
hydraulic power unit is adapted to receive more than one
hydraulic tool.

12. The hydraulic power unit of claim 1, further comprising
a controller in electrical communication with the flow meter
and the unloading valve;

wherein said controller is configured to detect at least one

of a connected/disconnected state of the hydraulic tool
and an active/inactive state of the hydraulic tool and is
further configured to actuate the unloading valve
between an open state and a close state.

13. The hydraulic power unit of claim 12, further compris-
ing an emergency stop configured to disable the controller
and permit the hydraulic power unit to be manually operated.

14. A hydraulic power unit for selective connection to a
hydraulic tool, the hydraulic power unit comprising:
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a pressure source for pumping hydraulic fluid from a res-
ervoir;
at least one hydraulic circuit including:

a pressure line extending from the pressure source to a
pressure coupling for the hydraulic tool, the pressure
line having a first pressure transducer attached
thereto;

a return line extending from a return coupling for the
hydraulic tool to the reservoir, the return line having a
flow meter;

a bypass line for selectively placing the hydraulic pres-
sure line in fluid communication with the return line at
a location downstream of the flow meter, the bypass
line having an unloading valve thereon which is
moveable between an open state in which the bypass
line places the pressure line in communication with
the return line and a closed state in which all fluid is
pumped toward the pressure coupling.

15. The hydraulic power unit of claim 14, further compris-
ing a controller in electrical communication with the first and
second pressure transducers and the unloading valve;

wherein said controller is configured to detect at least one
of a connected/disconnected state of the hydraulic tool
and an active/inactive state of the hydraulic tool and
actuate the unloading valve between an open state and a
close state.

16. The hydraulic power unit of claim 14, wherein the flow
meter is a second pressure transducer and a return flow
restrictor check valve downstream of the second pressure
transducer.

17. The hydraulic power unit of claim 14, wherein the flow
meter is a second pressure transducer and an orifice down-
stream of the orifice.

18. A sensor and control manifold for attachment to a
hydraulic power unit, the manifold comprising:

apressure line extending from a coupling a pressure source
to a pressure coupling for the hydraulic tool, the pressure
line having a first pressure transducer attached thereto;

a return line extending from a return coupling for the
hydraulic tool to coupling to a reservoir of the pressure
source, the return line having a second pressure trans-
ducer attached thereto and a return flow restrictor check
valve downstream of the second pressure transducer;

a bypass line for selectively placing the hydraulic pressure
line in fluid communication with the return line at a
location downstream of the return flow restrictor check
valve, the bypass line having an unloading valve thereon
which is actuateable between an open state in which the
bypass line places the pressure line in fluid communica-
tion with the return line and a closed state in which the
pressure line is not in fluid communication with the
return line.



