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(57) Abrege/Abstract:
The Invention relates to a sequence valve for use In a hydraulic plant, which sequence valve has a pressure-controlled slide valve
(5) with a spring return and in a starting position defines a first cavity (10), which cavity iIs connected with a tank and the hydraulic

-, :,\,-". q .-téh\:@\;\""'..

C an a d a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 4 CIPO
BRIV NN




CA 2709318 C 2016/05/17

anen 2 109 318
(13) C

(57) Abrege(suite)/Abstract(continued):
plant, and in a second, pressurised position closes off the connection with the tank. The cavity Is connected to a second cavity (18)

via a channel (15, 16, 17) in the slide valve, and the second cavity is adapted to be connected with a pump via a throttle (20) and Is

positioned on the same side of the slide valve as the spring (7). The sequence valve has a third cavity (19), which Is adapted to be
connected with the pump and Is positioned on the opposite side of the slide valve from the spring, and the second and the third
cavity are connected with each other via a fixed throttle with a short flow channel. The invention also relates to downhole tractor

with the seguence valve.
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(54) Title: A SEQUENCE VALVE AND A DOWNHOLE TRACTOR

(57) Abstract: The invention relates to a sequence valve for use in a hydraulic plant, which sequence valve has a pressure-controlled
slide valve (5) with a spring return and in a starting position defines a first cavity (10), which cavity is connected with a tank and the
hydraulic plant, and in a second, pressurised position closes off the connection with the tank. The cavity is connected to a second
cavity (18) via a channel (15, 16, 17) in the slide valve, and the second cavity is adapted to be connected with a pump via a throttle
(20) and is positioned on the same side of the slide valve as the spring (7). The sequence valve has a third cavity (19), which is
adapted to be connected with the pump and is positioned on the opposite side of the slide valve from the spring, and the second and
the third cavity are connected with each other via a fixed throttle with a short flow channel. The invention also relates to downhole

tractor with the sequence valve.
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A SEQUENCE VALVE AND A DOWNHOLE TRACTOR

Field of the Invention

The present invention relates to a sequence valve for use in a hydraulic system,
which sequence valve has a pressure-controlled sliding part with a return spring
and in a starting position defines a first cavity, which cavity is connected with a
tank and the hydraulic system, and in a second, pressurised position closes off
the connection with the tank. The cavity is connected to a second cavity via a
channel in the indihg part, and the second cavity is adapted to be connected
with a pump via a throttle and is positioned on the same side of the sliding part
as the spring. The invention also relates to a downhole tractor.

Background Art

It is known to control hydraulic engines in a hydraulic system by means of
control valves or sequence valves, which are coupled in between the engines
and the respective pumps. A sequence valve to be used in this connection has a
pressure-controlled sliding part with a return spring and in a starting position
defines a first cavity, which cavity is connected with a tank and the hydraulic
system, and in a second, pressurised position closes off the connection with the
tank. The cavity is connected to a second cavity via a r.:hannel in the sliding part,
and the second cavity is adapted to be connected with a pump and is positioned
on the same side of the sliding part as the spring. When starting the pump, oil is
led to the above-mentioned cavity which both directs oil to the engines and to
the tank into a pressure means which is connected with the pump and which
brings the sliding part to its pressurised position.

Known sequence valves have required the use of throttle able to withstand up
to approximately 200 bar, which entails that the throttle must be relatively

narrow and thus easily clogs up.

Summary of the Invention

An object of the present invention is, at least partly, to overcome the above
disadvantages and drawback of the prior art and to provide an improved

#1328312
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sequence valve which enables the pump to start slowly, which again enables the
engine driving this pump to start lightly at low energy consumption {power
consumption), thus making it cheap to run {economic run).

This is accomplished by a solution in accordance with the present invention by a
sequence valve for use in a hydraulic system, which sequence valve has a
pressure-controlled sliding part with a return spring and in a starting position
defines a first cavity, which cavity is connected with a tank and the hydraulic
system, and in a second, pressurised position closes off the connection with the
tank, the cavity being connected to a second cavity via a channel in the sliding
part, and the second cavity being adapted to be connected with a pump via a
throttle and positioned on the same side of the sliding part as the spring,
wherein the sequence valve has a third cavity, which is adapted to be connected
with the pump and is positioned on a side of the sliding part opposite the spring,
and wherein the second and the third cavity are connected with each other via a
throttle with a flow channel.

It is thus obtained that, when starting the pump slowly, the fluid flowing
through the throttle, which constitutes a short flow channel, is independent of
the viscosity. A diaphragm is thus formed from which the fluid flows to the first
cavity and thus to the tank and the connected engines in the hydraulic system.
As the pressure is built, the sliding part is forced in the opposite direction from
the spring, by which the connection to the tank is closed off and the hydraulic
system is filled and finally brought to operate.

In one embodiment, the throttle may be positioned centrally in the sliding part.

The invention further relates to a hydraulic system for running both a large and
a small engine or a plurality of large and small engines, which via each their
pressure-controlled sequence valve are connected with a large pump and a
small pump, respectively. The sequence valves have a spring functioning as a
return spring.

By a large and a small engine is meant that there is a first engine which is larger
than a second engine, and by a large and a small pump is meant that there is a
first pump which is larger than a second pump. The first pump drives the first
engine or engines and the second pump drives the second engine or engines.

#1328312
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The sequence valve of the first pump is a sequence valve as described above,

whereas the sequence valve of the second pump is controlled by the pressure of
fluid between the sequence valve of the first pump and the corresponding first
engine or engines.

In a known system for running several engines, the rather large pressure
created by the first sequence valve (non-return valve) was able to initiate the
flow to the first engines and the second sequence valve positioned between the
large pump and the large engines. Such a system requires a rather large amount
of energy already to begin with.

According to the invention, the sequence valve of the small or first pump can be
a sequence valve according to the invention, where the pump via a pipe is
connected with a third cavity on the opposite side of the sliding part from the
spring, whereas the second and the third cavity are connected with each other
via a fixed throttle with a short flow channel, and whereas the sequence valve
of the large or second pump is controlled by the pressure of fluid between the
sequence valve of the small or first pump and the corresponding small or first
engines.

In this system, the small or first pump will be able to start at low energy, while
the fluid flows through the throttle to both the small or first engines and the
tank, until the pressure in front of the throttle becomes so large that the
sequence valve closes off the connection with the tank and the pressure behind
the throttle becomes large enough to drive the small or first engines and, at the
same time, activate the sequence valve connected with the large or second
pump. When the latter sequence valve is activated, its connection with the tank

is closed off. The pressure in the pipes leading towards the large or second
engines is thus increased to such an extent that the large or second engines may

be driven as desired.

Brief Description of the Drawings

The invention and its many advantages will be described in more detail below
with reference to the accompanying schematic drawings which, for the purpose
of illustration, show some non-limiting embodiments and in which

Fig. 1 shows a cross-section of a sequence valve according to the invention, and

#1328312
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Fig. 2 shows a diagram of a hydraulic system according to the invention.

Both the drawings are schematic and not necessarily to scale, and they show
only those parts necessary to elucidate the invention, other parts being omitted
or merely suggested.

Detailed description of the invention

The sequence valve shown in Fig. 1 comprises a housing 1 with an axial bore 2
extending as a hole into the housing from one end of the housing. At the
bottom of the bore is a part of the bore having a slightly larger diameter
followed by a coaxially continuing extension 4 of the bore having a slightly
smaller diameter. A sliding part 5 is arranged in the bore 2 and held in place by
means of a locking ring 6 provided in a corresponding groove close to the
entrance of the bore 2. The sliding part 5 is pressed against the locking ring 6 by
means of a spring 7 arranged in the extension 4 of the bore 2 and abutting the
innermost end of the sliding part 5.

Both the housing 1 and the sliding part 5 are in the form of solids of revolution
that are rotationally symmetric around a common axis 8. On its outside, the
sliding part 5 has a circumferential recess 9 which together with the inside of
the bore 2 forms a first cavity 10. The recess 9 has such an axial extension so as
to be connected with radially through-going holes 11, 12, 13, 14 in the housing 1
in each of its ends when the sliding part 5 is in a starting position where it is
pressed against the locking ring 6 by means of the spring 7. The holes 11, 12,

which are adapted to be connected with a tank, are positioned closest to the
locking ring 6, whereas the holes 13, 14, which are adapted to be connected

with a number of engines to be driven by means of hydraulic fluid, are
positioned furthest away from the locking ring 6.

When the sliding part 5 is moved away from the plant towards the locking ring
6, it is brought into a functioning position (not shown) in which the connectton

with the holes 11, 12 leading to the tank is closed off. The recess 9 in the sliding

part 5 is connected with a second cavity 18 via a number of radially extending
holes 15, 16, 17, which second cavity is in direct contact with the bore 2 at the

end of the sliding part abutting the spring 7. In the end of the sliding part 5
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opposite the spring 7, a third cavity 19 is positioned which is in direct contact
with the side of the sliding part which in the starting position abuts the locking
ring 6. The adjacent end of the housing 1 is adapted to be connected with a
pump in @ way which is not shown. The second 18 and the third cavity 19 are
connected with each other centrally in the sliding part 5 by means of an opening
in the form of a diaphragm 20, which has a short axial extension and which
during use leads the fluid flowing into the third cavity 19 from the pump
through a throttle when the fluid passes into the second cavity 18. The
diaphragm 20 has a size and an axial extension-making the passage of fluid
independent of the viscosity.

During use of the sequence valve, fluid flows from the pump into the third

~cavity 19 from which it, when the pump is started slowly, flows through the

diaphragm 20 and into the second cavity 18 and further on into the first cavity
10 from where it flows both to the tank via the holes 11, 12 and to the
connected hydraulic engines via the holes 13, 14. As the pump and the
respective engine are heated, pressure is built in the third cavity 19 moving the
sliding part 5 towards the spring 7 causing it to compress the spring. The
connection of the sequence valve with the tank is thus closed off, and the
connected hydraulic engines are started. The sequence valve according to the
invention thus enables a start of the pump and the respective engine at low
energy consumption (power consumption). It is thus possible to slowly heat the
pump and the engine until they are well suited to drive the connected hydraulic
engines, such as pistons or the like.

Fig. 2 shows a plant where a sequence valve according to the invention may be
employed. It shows a diagram of two pumps 21, 22 which are adapted to be
driven by means of a common engine 23. One of the pumps 22 is a relatively
small pump, whereas the other pump 21 is a relatively large pump adapted to
drive a number of large engines 28-31.

The small or first pump 22 is connected with a sequence valve according to the
invention via a pipe 32. The sequence valve in question is a two-way valve 33
connected with a throttle 34. The sequence valve including the throttle is
indicated by means of the dotted line 35. This sequence valve is connected with

the engines 24-27 via a pipe 36.
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The large pump 21 is connected with a sequence valve 38 in the form of a two-
way valve via a pipe 37. This sequence valve 38 is a known frequency valve, and
it Is controlled by means of the pressure in the pipe 36 via a pipe 39. The
sequence valve 38 is connected with the large engines 28-31 via a pipe 40.

When the engine 23, and thus the small pump 22, are started slowly, fluid flows
towards the sequence valve 35 where the hydraulic fluid or hydraulic liquid to
begin with flows both to the tank and towards the connected engines 24-27
until the connection with the tank is closed off and the pressure rises in the pipe
36. When the pressure in the pipe 36 reaches a predetermined level, the small
engines 24-27 are activated. At the same time, the increasing pressure will
affect the sequence valve 38 via the pipe 39 until the connection of the
sequence valve 38 with the tank is closed off and the pressure in the pipe 40 can
be built up, when the large pump 21 is activated, until the large engines 28-31
can be activated, too.

The shown system is suitable for use in a so-called downhole tractor, such as a
Well Tractor® which is marketed by the present applicant. The small engines 24-
27 are a number of pistons for pushing out a corresponding number of arms
which, upon activation, swing out around a hinged connection with the housing
of the Well Tractor® itseif. The free ends of the arms are each provided with a
wheel, and the wheels are driven by the large engines 28-31 which, according to
the present system, are only activated when the wheels contact the inside of a
pipeline. The Well Tractor® can thus be brought to move forwards or backwards
in the pipeline.

The dimensions of the throttle in the axial direction and with respect to
diameter are adapted to fit the power of the spring 7 and the area around the

entrance of the bore 2. If e.g. the diameter of the entrance of the bore 2 is 10
mm and the power of the spring is 2-10 N, the throttle 34 will have a diameter
of approximately 0,3-0,7 mm, which is a rather large hole when hydraulics is
concerned. Such a hole will allow for the passage of dirt etc. The axial extension
of the throttle 34 will be approximately the same as the diameter, i.e. 0,3-0,7

mm .

The first cavity 10 is connected to a second cavity 18 via a channel 15, 16, 17 In
the sliding part 5, which channel being a hole in the sliding part 5.

#1328312
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By a return spring is meant a spring able to return the sliding part to its initial
position.

In the description, the invention is disclosed as a system comprised of several
small or first engines and several large or second engines; however, the
invention also relates to a system comprising only one first or small engine and
one second or large engine.

Although the invention has been described above in connection with a
preferred embodiment, it will be evident for a person skilled in the art that
several modifications are conceivable without departing from the invention.

#1328312
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Claims

1. Sequence valve for use in a hydraulic system, which sequence valve has
a pressure-controlled sliding part (5) with a return spring and in a starting
position defines a first cavity (10), which cavity is connected with a tank and the
hydraulic system, and in a second, pressurised position closes off the connection
with the tank, the first cavity being connected to a second cavity (18) via a
channel (15, 16, 17) in the sliding part, and the second cavity being adapted to
be connected with a pump via a throttle and positioned on the same side of the
sliding part as the spring (7),

wherein the sequence valve has a third cavity (19), which is adapted to be
connected with the pump and is positioned on a side of the sliding part opposite
the spring, and wherein the second and the third cavity are connected with each
other via the throttle with a flow channel.

2. Sequence valve according to claim 1, wherein the throttle is positioned
centrally in the sliding part.

3. Hydraulic system for running both a first (28-31) and a second engine
(24-27), the first engine being larger than the second engine, which engines via

“each their pressure-controlled sequence valve (35, 38) are connected with a first

pump (21) and a second pump (22), respectively, wherein the sequence valve of
the second pump is a sequence valve according to claim 1 or 2, whereas the
sequence valve of the first pump is controlled by the pressure of fluid between
the sequence valve of the second pump and the corresponding second engine.

4. Hydraulic system according to claim 3, comprising a plurality of first
engines and a plurality of second engines.

5. Downhole tractor comprising a sequence valve according to claim 1 or

6. Downhole tractor comprising a hydraulic system according to claim 3 or 4.

#1328312
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