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DESCRIPTION

Technical field of the Invention

[0001] The present invention relates to a sterilization apparatus for sterilization of objects by means of a sterilization fluid, such
as e.g. steam.

Background of the Invention

[0002] WO2005113024 discloses a sterilization apparatus for sterilization of objects, said sterilization apparatus comprising: a
chamber for receiving said objects to be sterilized, said chamber having a sterilization medium inlet and a sterilization medium
outlet; an inlet flow control device connected to said sterilization medium inlet for controlling a supply of a sterilization medium to
said chamber; a drain system connected to said sterilization medium outlet of the chamber for controllable discharge of fluid from
said chamber; and a control unit connected to said inlet flow control device and said drain system and configured to control said
inlet flow control device and said drain system in accordance with a predefined sterilization scheme.

[0003] A common technique to sterilize objects used in e.g. hospitals, laboratories and the pharmaceutical industry is to use a
sterilization apparatus such as an autoclave. A sterilization apparatus typically comprises a chamber for receiving the objects to
be sterilized, a fluid system for supplying a sterilization medium to the objects inside the chamber and a drain system or vent path
for discharging the sterilization medium out from the chamber.

[0004] In steam sterilization, steam is introduced into the chamber and the temperature is increased to a sterilization
temperature. After a predefined sterilization time, which depends on the sterilization temperature used, the steam is evacuated
from the chamber through the drain system. The steam may then be condensed and discharged from the system. These above-
mentioned process steps may be referred to as a process cycle or a process scheme.

[0005] The discharge of sterilization medium from the chamber to the drain system is designed to conform to the other steps in
the process cycle. Therefore the discharge of sterilization medium from the chamber to the drain system is adapted to a certain
sterilization chamber and a certain sterilization process cycle. However, in some cases there is a need for increasing or
decreasing the discharged flow.

[0006] US 4,781,898 discloses a sterilization pressure chamber of an autoclave with two valve controlled vent paths. Afirst vent
path channels the sterilizing steam from the chamber into a condensing coil having an end which opens into a liquid reservoir.
When the pressure within the chamber drops to a predetermined level, a second vent path, having a flow rate which is greater
than the first path, opens and provides a channel for the rapid escape of the remainder of the steam from the chamber. Hence,
the autoclave may be vented in a faster manner.

[0007] It would be desirable to provide a sterilization apparatus where the drain system is able to discharge the sterilization fluid
from the chamber in an even faster manner.

Summary

[0008] An object of the invention is to overcome the above problems, and to provide a sterilization apparatus and a drain system
which provide for faster process cycles without damaging the load or its packaging material.

[0009] This and other objects, which will become apparent in the following, are accomplished by means of a sterilization
apparatus defined in the accompanying claims.

[0010] According to a first aspect of the invention, a sterilization apparatus for sterilization of objects is provided. The sterilization
apparatus comprises:

a chamber for receiving the objects to be sterilized, the chamber having a sterilization medium inlet and a sterilization medium
outlet;
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an inlet flow control device connected to the sterilization medium inlet for controlling a supply of a sterilization medium to the
chamber;

a drain system connected to the sterilization medium outlet of the chamber for controllable discharge of fluid from the chamber;
and

a control unit connected to the inlet flow control device and the drain system and configured to control the inlet flow control device
and the drain system in accordance with a predefined sterilization scheme;

wherein the drain system comprises:

a drain inlet connected to the sterilization medium outlet of the chamber;
a drain outlet connected to a vacuum system for evacuating the chamber;
a first conduit connecting the drain inlet and the drain outlet; and

a proportional valve arranged along the first conduit, the proportional valve being controllable by the control unit to partly restrict
fluid flow through the first conduit according to a predefined continuous relation between a control parameter and a valve opening
of the proportional valve.

[0011] The present invention is based on the realization that by providing a drain system comprising a proportional valve, the
fluid flow through the drain system may be controlled in a continuous manner, thus providing a faster and better controlled
discharge of fluid from the chamber. By providing a proportional valve, the number of valves in the drain system may be reduced
as the proportional valve may provide for a precise control of the flow through the first conduit over a wide flow range. For
example, if the predefined sterilization scheme is designed to admit a relatively small fluid flow to be discharged from the chamber
during a certain time in the process, and a relatively large fluid flow to be discharged from the chamber during another time in the
process, a drain system with more than one digital valve is needed in order to adapt the drain system for the different discharged
flows. By using a proportional valve, the number of valves used may be minimized. Hereby, the manufacturing cost of the drain
system may be reduced since fewer components are needed. The present invention is further based on the realization that by
controlling the proportional valve according to a predefined continuous relation between a control parameter and the valve
opening of said proportional valve, the predefined sterilization scheme may be made to conform to boundary conditions, or
constraints, by admitting a continuous fluid flow through the drain system, providing a fast and controlled discharge of fluid out
from the chamber.

[0012] During the introduction or discharge of fluid to and/or from the chamber, the pressure inside the chamber will change. If
the pressure inside the chamber changes too fast, the pressure change may cause harm to components inside the sterilization
apparatus and/or objects inserted into the chamber. Owing to this problem, technical standards with pressure change
requirements have been compiled. For example, the technical standard EN285 (European standard) states that the average
pressure change for any 3 s interval during the sterilization cycle shall not exceed 1000 kPa/min. Therefore, the rate of pressure
change in the sterilization scheme is adapted to comply with the regulations.

[0013] Moreover, if fluid is being discharged from the chamber the resulting pressure drop may cause fluids inside the chamber
to boil. For example, if an open container containing fluid is to be sterilized, the pressure drop may cause the fluid inside the
container to boil and be spattered inside the chamber. Thus, loss of potentially valuable fluid may occur.

[0014] When using a digital valve to reduce the pressure inside the chamber, a method where the valve is alternating between
an open state and a closed state for gradually lowering the pressure inside the chamber in a stepwise manner may be used.
However this method is associated with valve control difficulties. For example, since pressure drop in the beginning of the
discharge process is changing rapidly with a movement of the valve, the dynamics of the valve needs to be very fast and/or the
opening of the valve needs to be very small in order for the pressure drop to be acceptable. Furthermore, in the end of the
discharge process, the pressure difference between inside and outside of the chamber is lower and the pressure reduction is less
sensitive for a movement of the valve. Thus, it is preferred to have a large valve opening in order to quickly discharge the
remaining fluid from the chamber. This problem may be solved by having valves with different sizes and/or different dynamic
behaviour.

[0015] In order to comply with the above mentioned requirements for the rate of pressure change, and to avoid too large
pressure drops inside the chamber, the dynamics of the valve opening and valve closing are time-averaged in accordance with
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the requirements. However, there might still occur pressure drops which instantaneous lower the pressure below the requirements
for the rate of pressure change, since the reduction in pressure inside the chamber is carried out in a stepwise manner.
Furthermore, using time-averaged behaviour of the valve implies that a safety margin to the requirements for the rate of pressure
change needs to be applied. Hence, the process time for discharging fluid from the chamber is unnecessary long.

[0016] By using a proportional valve, there is no need to time-average the dynamic behaviour of the valve, instead it is possible
to comply with the requirements for the rate of pressure change in a continuous manner. Also, by using a proportional valve, the
valve opening may be very large in a fully open state and thus allow for a rapid discharge of fluid from the chamber during the
end of the discharge process, while still being small enough for a controllable outlet flow in the beginning of the discharge
process. Thus, the process may be carried out in a faster manner and the utilization of fluids may be higher, thereby reducing
costs.

[0017] The predefined sterilization scheme may comprise the steps of evacuating air from the chamber, introducing the
sterilization medium to the chamber, and evacuating the sterilization medium and/or air and/or another fluid from the chamber. It
should be understood that the sterilization medium provided to the chamber may be steam, superheated water, formalin and/or
formaldehyde. The fluid discharged from the system may be the sterilization medium, air and/or any other fluid present in the
chamber.

[0018] During either the evacuating of fluid from the chamber or the introduction of sterilization medium into the chamber, the
inlet flow control device and/or the drain system is controlled by the control unit to admit sterilization medium into and/or fluid out
of the chamber. For example, if the control unit controls the proportional valve in the drain system to restrict flow out of the
chamber, and the control unit controls the inlet flow control device to admit flow into the chamber, the pressure and/or
temperature in the chamber will increase. On the other hand, if the control unit controls the inlet flow control device to restrict flow
into the chamber, and the control unit controls the proportional valve in the drain system to discharge flow out of the chamber the
pressure and/or temperature in the chamber will decrease. A scenario is also possible where the control unit controls both the
inlet flow control device and the proportional valve in the drain system allowing flow both into and out of the chamber
simultaneously or subsequently.

[0019] The inlet flow control device may e.g. be a conventional valve such as a digital valve. It should be noted that the inlet flow
control device may comprise any type of valve or device being able to admit a fluid flow to the chamber in a controllable manner.

[0020] It should be understood that the vacuum system is for evacuating the chamber. This may be achieved by providing a
lower pressure outside the chamber compared to inside the chamber, thus allowing fluid to be discharged from the chamber.
According to one embodiment of the invention, the vacuum system comprises a heat exchanger, such as e.g. a condenser. The
condenser may cool and/or condensate the discharged fluid from the chamber by using a flow of coolant. For example, if the.fluid
discharged from the chamber is steam, condensing the steam in the condenser by using the flow of coolant will result in volume
change of the fluid and thus, a lower pressure outside the chamber compared to inside the chamber. The vacuum system may
comprise a pump, such as e.g. a vacuum pump. The pump may then provide for the lower pressure outside the chamber
compared to inside the chamber. The vacuum system may comprise both a heat exchanger, such as e.g. a condenser, and a
pump, such as e.g. a vacuum pump.

[0021] Accordingly, various embodiments of the present invention provide drain systems which are able to discharge fluid from
the chamber of the sterilization apparatus in a continuous manner using a proportional valve.

[0022] The sterilization apparatus may comprise a sterilization medium providing device connected to the sterilization medium
inlet for providing the sterilization medium to the chamber. The sterilization medium providing device may e.g. be a steam
generator.

[0023] The control unit may be connected to other parts and devices in the sterilization apparatus other than the inlet flow
control device and the proportional valve in the drain system. The control unit may be connected to the chamber for e.g.
detecting the pressure inside the chamber. Thus, according to at least one embodiment of the sterilization apparatus of the
present invention, the control parameter may be based on a pressure inside the chamber. Thus, the chamber may be provided
with a pressure sensor connected to the control unit. Hereby, the control system may control the pressure inside the chamber in
such way that the pressure increases or decreases in accordance with the predefined sterilization scheme. For example, if the
pressure inside the chamber is to be increased, the control unit may control the inlet flow control device to admit more sterilization
medium into the chamber. Likewise, if the pressure inside the chamber is to be decreased, the control unit may control the
proportional valve in the drain system to admit more fluid to be discharged from the chamber.
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[0024] The control unit may also be connected to the vacuum system. According to at least one embodiment, the vacuum system
is arranged to cool the evacuated fluid using a flow of coolant, and the control parameter may be based on a temperature of the
coolant. The vacuum system and/or the flow of coolant may be provided with a temperature sensor connected to the control unit.
The temperature sensor may be connected to the flow of coolant leaving the vacuum system. Hereby, the temperature of the
coolant may be controlled such that it is kept within a desired range. For example, if the temperature of the coolant is approaching
a maximum allowable temperature, the control unit may control the proportional valve in the drain system to restrict the discharge
of fluid out of the chamber. It is also within the scope of the present invention that the control unit may be detecting various
parameters, such as e.g. both the pressure inside the chamber and the temperature of the coolant, in order to operate the
sterilization apparatus in accordance with the predefined sterilization scheme.

[0025] Furthermore, the control unit may be connected to the sterilization medium providing device for optimizng the supply of
sterilization medium in accordance with the predefined sterilization scheme. It should be noted that the control unit may be
connected to any suitable part or device of the sterilization apparatus. Hereby, the control unit may control the sterilization
apparatus in accordance with the predefined sterilization scheme in different ways.

[0026] In embodiments of the present invention, the drain system may further comprise a second conduit separated from the first
conduit, connecting the drain inlet and the drain outlet, and a further valve arranged along the second conduit to allow control of
a flow through the second conduit. Hereby, an additional path for controlling the discharge of fluid out from the chamber is
introduced. Thus, the further valve may be open to admit discharge of fluid from the chamber regardless of whether the
proportional valve is open, closed or partly closed.

[0027] Furthermore, a cross section of the second conduit may be substantially smaller than a cross section of the first conduit.
Each of the cross sections may be a cross-sectional area perpendicular to a main direction of a fluid flow, in each of the first and
the second conduit. Furthermore, the second conduit may be provided with a throttle. Hereby the flow through the second conduit
may be adapted to be relatively small compared to flow through the first conduit, while still providing for an evacuation path for
steam and/or condensate from the chamber. Thus, the control of discharged fluid from the system may be facilitated.

[0028] According to at least one embodiment of the present invention, the proportional valve comprises a movable part and a
controllable actuator connected to the movable part for controlling a position of the movable part between a closed state and a
fully open state. Thus, the proportional valve is configured to allow various fluid flows through the drain system. For example, in
the closed state, the movable part restricts all flow through the first conduit and sterilization medium may be introduced into the
chamber, increasing the pressure inside the chamber. On the other hand, in the fully open state, the movable part allows flow
through first conduit and the pressure inside the chamber may be reduced. In the fully open state, a relatively large flow may be
discharged from the chamber since the valve opening may be large. Thus quick discharge of the remaining fluid from the
chamber is possible, even though the difference in pressure inside and outside of the chamber is small. This implies that the
process time may be fast and that the utilization of fluids may be high.

[0029] In embodiments of the present invention the proportional valve may be configured in such a way that a given change in
position of the movable part when the proportional valve is close to the closed state results in a first change of the valve opening,
and the given change in position of the movable part when the proportional valve is close to the fully open state results in a
second change of the valve opening, the second change being greater than the first change.

[0030] Thus, the change in valve position may be controlled differently depending on the position of the movable part. That is,
when the movable part is close to the closed state, a change in position of the movable part will result in a relatively small
increase in the valve opening, implying that a precise flow control is possible even though the difference in pressure inside and
outside the chamber is large. On the other hand, when the movable part is close to the fully open state, the same change in
position of the movable part will result in a relatively large increase in the valve opening, implying that a rapid evacuation of the
chamber is possible even though the difference in pressure inside and outside the chamber is small. For example, after the
objects have been sterilized, the pressure inside the chamber is close to the maxmum pressure in the sterilization scheme.
Hence, the difference in pressure inside the chamber and the pressure outside the chamber is at its largest point, and a small
increase in the valve opening will results in a large increase of fluid flow out of the chamber and thus a large pressure drop inside
the chamber. A large pressure drop may imply that components inside the chamber may be harmed. Also, the boiling point of a
fluid contained inside an open container in the chamber may be reached and that fluid may be spattered inside the chamber.
Such a large pressure drop is therefore undesired. By having a proportional valve which may control the valve opening differently
depending on the position of the movable part, as described above, such a large pressure drop may be avoided. Furthermore,
when the pressure inside the chamber has been reduced, the risk of large pressure drops inside the chamber in response to fluid
flow out of the chamber is reduced since the pressure difference inside and outside of the chamber is smaller. Hence, it is desired
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to increase the fluid flow out of the chamber in order to minimize the process time. By having a proportional valve which may allow
for a large valve opening and a large discharge of flow out of the chamber as described above, such desired features may be
achieved.

[0031] According to at least one embodiment of the invention, the drain inlet, the first conduit, the second conduit and the drain
outlet may be comprised in a cast manifold. Hereby a compact design is achieved. Hence, the drain system will occupy less space
and may thus be adapted to various different types of sterilization apparatus. Also, the manufacturing cost of the drain system
may be reduced since less material is needed.

[0032] According to at least one embodiment of the invention, the proportional valve may be connected to the cast manifold.
According to at least one embodiment of the invention, the further valve may be connected to the cast manifold. For example,
actuators of the proportional valve and the further valve may be directly mounted on the cast manifold. Hereby an even more
compact design is achieved.

[0033] According to further embodiments, the drain system may further comprise an air detector for detecting non-condensable
gases. Having an air detecting system in the drain system may help to early detect if non-condensable gases are present inside
the chamber. Non-condensable gases may hinder the sterilization medium inside the chamber to reach the object and thereby
preventing a complete sterilization of the objects. Non-condensable gases are therefore undesired inside the chamber. The air
detector may be comprised in the cast manifold, possibly connected to the first conduit. Hereby, the air detector may be
comprised in the drain system in a compact manner.

[0034] According to further embodiments, the drain system may comprise a steam supplier for supplying steam to the chamber
for sterilizing bio-hazardous waste inside said chamber. The steam supplier may be connected to a steam generator, wherein the
steam generator supplies the steam to the steam supplier. Thus, the steam supplier may provide for an additional path for steam
to the chamber compared to the conventional inlet of the sterilization medium to the chamber. The bio-hazardous waste may be
any material comprising an infectious substance.

[0035] According to at least one embodiment of the invention, the sterilization medium may be steam and/or superheated water.
Hereby, a cheap and easy handled sterilization medium is achieved. According to another embodiment of the invention, the
sterilizatoin medium may be formalin and/or formaldehyde. Hereby, the sterilization medium may be provided at a lower
temperature and/or pressure compared to when steam or superheated water is used.

Brief description of the drawings

[0036] These and other aspects of the present invention will now be described in more detail, with reference to the appended
drawings showing example embodiments of the invention, wherein:

Fig. 1 is a block diagram schematically illustrating a sterilization apparatus;
Fig. 2a is a perspective view of an exemplary drain system;

Fig. 2b is a plane cutaway view of the drain system in fig. 2a;

Fig. 3 is a graph illustrating the valve characteristic in the drain system; and

Fig. 4 is a graph illustrating an exemplary sterilization process.

Detailed description of an example embodiment

[0037] In the following description, the present invention is mainly described with reference to a sterilization apparatus for
sterilizing objects inside a chamber, and more particularly to a drain system configured to discharge fluid from the chamber.
Furthermore, the invention is described with reference to the control of a proportional valve comprised in the drain system in
accordance with a predefined sterilization process.

[0038] It should, however, be noted that this description by no means limits the scope of the invention, which is equally applicable
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to, for example, drain systems with other configurations using a proportional valve for discharging fluid from a chamber according
to a predefined sterilization process.

[0039] Fig. 1 illustrates an exemplary sterilization apparatus 1 for sterilizing objects using a sterilization medium, such as a fluid
e.g. steam, superheated water, formalin or formaldehyde. The sterilization apparatus 1 comprises a chamber 2 having an inlet 3a
and an outlet 3b, a steam generator 4 connected to the inlet 3a, a drain system 6 connected to the outlet 3b, a vacuum system 8
connected to the drain system 6, a flow of coolant 10 connected to the vacuum system 8, a controllable inlet 14 connected to the
steam generator 4 and the inlet 3a, and a control unit 12 connected to the drain system 6, the controllable inlet 14, a temperature
sensor 16 in the flow of coolant 10, and a pressure sensor 18 in the chamber 2. The steam generator 4 may be integrated in the
sterilization apparatus 1 or it may be provided externally.

[0040] The drain system 6 is arranged for being able to control the discharge of the fluid, e.g. steam from the chamber 2 through
the drain system 6, and the vacuum system 8 is arranged for evacuating the steam from the chamber 2 and condensing the
evacuated steam using the flow of coolant 10. The vacuum system 8 may comprise a heat exchanger, such as e.g. a condenser.
The vacuum system 8 may comprise a pump, such as e.g. a vacuum pump. Moreover, the vacuum system 8 may comprise both a
heat exchanger and a pump, such as e.g. both a condenser and a vacuum pump.

[0041] The control unit 12 controls the flow of steam to the chamber 2 from the steam generator 4 via the controllable inlet 14,
and the discharge of steam from the chamber 2 to the vacuum system 8 via the drain system 6. As illustrated in fig. 1, the control
unit 12 receives a signal from the temperature sensor 16 arranged to detect the temperature in the flow of coolant 10 after the
flow of coolant has been used to cool the fluid in the vacuum system 8. Hereby, the control unit 12 may control the drain system 6
and/or the controllable inlet 14 in order to provide for steam inlet/outlet to and/or from the chamber 2 in accordance with a
predefined sterilization scheme and where there is a restrain on the maximum temperature of the coolant flow 10. For example,
the control unit 12 may use the information received from the temperature sensor 16 to allow the controllable inlet 14 to admit
steam to enter the chamber 2. Likewise, the control unit 12 may use the information received from the temperature sensor 16 to
allow the drain system 6 to admit steam/condensate to exit the chamber 2. A scenario where the control unit 12 controls both the
controllable inlet 14 and the drain system 6 simultaneously and/or subsequently is also possible. Of course, the control unit 12
may receive other signals as inputs than the temperature in the flow of coolant 10, such as e.g. the pressure inside the chamber
2 using the pressure sensor 18 arranged to detect the pressure inside the chamber 2.

[0042] The drain system 6 will now be described in greater detail with reference to fig. 2a. Fig. 2a illustrates an exemplary drain
system 6 comprising a drain inlet 60 for connection with chamber 2, a drain outlet 62 for connection to the vacuum system 8, a
first conduit 64 connecting the drain inlet 60 and the drain outlet 62, a proportional valve 66 arranged along the first conduit 64, a
second conduit 68, separated from the first conduit 64, connecting the drain inlet 60 and the drain outlet 62, and a further valve
70 arranged along the second conduit 68. As illustrated in fig. 2a, the drain system may further comprise couplings 72, 74 for
connecting additional components, such as e.g. an air detector (not shown) for detecting non-condensable gases in the chamber
2 and in the drain system 6, or a steam supplier (not shown) for supplying steam into the chamber 2 for sterilizing bio-hazardous
waste inside the chamber 2.

[0043] In fig. 2b, which is a plane cutaway view of a part of the drain system 6, the interior of the proportional valve 66 is shown.
As illustrated in fig. 2b, the proportional valve 66 comprises a movable part 80, an actuator 82, a pneumatic air connection 83,
and a valve control unit 84. Furthermore, in fig. 2b, the further valve 70 connected to the second conduit 68 is shown.

[0044] The movable part 80 restricts the fluid flow through the first conduit 64 as the fluid flows from the drain inlet 60 to the
drain outlet 62. The movable part 80 is controlled by the actuator 82 and the valve control unit 84. The valve control unit 84 is
controlling air flow through the pneumatic air connection 83 to and from the actuator 82 in such way that the movable part 80 may
move between a closed state and a fully open state. The second conduit 68 is in the illustration in fig. 2b arranged in parallel with
the first conduit 64, thus allowing a fluid flow to bypass the proportional valve 66. The fluid flow through the second conduit 68 is
controlled by the further valve 70. The further valve 70 may be a digital valve.

[0045] The proportional valve 66 will now be described in greater detail with reference to fig. 3. Fig. 3 is a graph showing the
relation between the valve opening (Y-axis) and the position of the movable part 80 (X-axis). It should be understood that the
valve opening is the opening defined by the movable part 80 and the first conduit 6 as seen from the drain inlet 60 to the drain
outlet 62. Furthermore, it should be noted that the position of the movable part 80 may move between a closed state CS and a
fully open state OS of the proportional valve 66.

[0046] As illustrated in fig. 3, the proportional valve 66 has the characteristic that for a given change in the position of the
movable part 80, when the proportional valve 66 is close to the closed state CS results in a first change of the valve opening. The
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same change in the position of the movable part 80, when the proportional valve 66 is close to the fully open state OS results in a
second change of the valve opening. As illustrated in the graph, the second change is greater than the first change.

[0047] This implies that the fluid flow through the first conduit 64 may be controlled differently depending on the position of the
movable part 80. For example, when the movable part 80 is close to the closed state CS, a change in position of the movable part
80 will result in a relative small change of the valve opening, implying that a precise flow control is possible through the first
conduit 64 even though the difference in pressure inside and outside the chamber 2 is large. On the other hand, when the
movable part 80 is close to the fully open state OS, the same change in position of the movable part 80 will result in a relative
large change of the valve opening, implying that a rapid evacuation of the chamber 2 is possible even though the difference in
pressure inside and outside the chamber 2 is small. Owing to this, the proportional valve 66 having a characteristic as shown in
fig. 3 implies that the magnitude in the change of the valve opening is less dependent on a change in position of the movable part
80 when the proportional valve 66 is close to its closed state SC compared to when the proportional valve 66 is close to its fully
open state OS.

[0048] Fig. 4 is a graph illustrating a schematic example of a sterilization process scheme by describing the relation between
pressure P inside the chamber 2 (Y-axis) and time t (X-axis). The X-axis intersects with the Y-axis at the chamber pressure of 1
atm, implying a pressure below atmospheric pressure below the X-axis. The solid line in the graph represents an example
sterilization process scheme controlled by the control unit 12, and the thick dashed line represents an ideal decrease of pressure
during the discharge of fluid out of the chamber 2 to the vacuum system 8, which is comprised by e.g. a condenser and/or a
vacuum pump, via the drain system 6 controlled by the proportional valve 66. The ideal decrease of pressure is represented by a
sterilization scheme in accordance with the European standard EN285, described above. The thin dashed line represents the
behavior of pressure during the discharge of fluid out of the chamber 2a using a conventional drain system with one or several
digital valves. Steam is used as sterilization medium and the vacuum system 8 is connected to a flow of coolant 12 similar to what
was described above in connection with fig. 1.

[0049] Part Ain fig. 4 represents the part of the sterilization scheme where air and steam are evacuated from the chamber 2 and
where steam is partly introduced into the chamber 2. This part is represented by three minima of the solid line where the pressure
inside the chamber is at its lowest points P2, P4, P6. In the first pressure reduction, represented by the solid line ranging from
point P1 to point P2 in the graph, only air is evacuated from the chamber 2 by using e.g. a vacuum pump. Subsequently, steam is
introduced into the chamber 2, raising the pressure inside the chamber 2, represented by the solid line ranging from point P2 to
point P3. Then, more air, and some of the steam introduced in the previous step, are evacuated from the chamber 2, represented
by the solid line ranging from point P3 to point P4. These procedures, introducing steam to the chamber 2 and subsequently
evacuating air and/or steam from the chamber 2 may be followed by one or more similar steps, represented e.g. by the solid line
ranging from point P4 to P5 to P6, until substantially no air is present inside the chamber 2.

[0050] When substantially no air is present inside the chamber 2, more steam is introduced into the chamber 2, represented by
the solid line ranging from point P6 to point P7. Part B (the solid line ranging from point P7 to point P8) represents the part of the
sterilization scheme where steam has been introduced into the chamber 2 and where temperature and pressure inside the
chamber 2 are high enough for the sterilization of the objects to occur. The sterilization temperature may be e.g. a temperature
between 105 °C and 140 °C, such as 121 °C. For example, the sterilization temperature may be 121 °C in 15 minutes.

[0051] Part C represents the part of the sterilization scheme where steam is discharged from the chamber 2 to the vacuum
system 8 via the drain system 6 using the proportional valve 66.

[0052] As illustrated in the enlarged view in fig. 4, for a sterilization apparatus with a conventional drain system using a digital
valve, the decrease in pressure is carried out in a stepwise manner (thin dashed line) during the discharge of steam from the
chamber 2, since no continuous control of the fluid flow through the drain system is possible. Instead, the thin dashed line
represents a digital valve which is alternating between a closed state and an open state. This type of valve behavior results in a
decrease of the pressure inside the chamber 2 by a series of pressure drops D. As illustrated in the enlarged view in fig. 4, the
pressure drops D may lower the pressure inside the chamber with a rate of pressure change which deviates from the ideal
decrease of the pressure. Such pressure drops D may result in that components inside the chamber may be harmed and/or that
the boiling point of a fluid contained in an open container inside the chamber may be reached and that fluid may be spattered
inside the chamber.

[0053] By having a proportional valve 66 which may control the fluid flow differently depending on the position of the movable
part 80, as described above with reference to figs. 2 and 3, such pressure drops D may be avoided. Accordingly, the decrease in
pressure during the discharge of steam from the chamber 2 may follow the ideal decrease in pressure as indicated by the solid
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line, if a proportional valve 66 is used in the drain system 6.

[0054] The part of the curve furthest to the right, where the process scheme, represented by the solid line ranging from point P9
to point P10, diverges from the ideal decrease of pressure, may represent a process scheme where the discharge of fluid from
the chamber is restricted by e.g. the temperature of the cooling flow 10. If the temperature of the cooling flow 10 is approaching
its maximum limit, the control unit 12 may detect the temperature by the temperature sensor 16 and control the proportional valve
66 to reduce the valve opening in the first conduit 64. Hence, the fluid flow out of the chamber and to the vacuum system 8 via the
drain system 6 may be reduced. Thus, less energy needs to be withdrawn from the vacuum system 8 by the coolant flow 10 and
the temperature of the coolant flow 10 may be prevented from increasing above the maximum limit.

[0055] Additionally, variations to the disclosed embodiments can be understood and effected by the skilled person in practicing
the claimed invention, from a study of the drawings, the disclosure, and the appended claims. For example, the drain system may
comprise a proportional valve with a different characteristic than presented here, which may vary the valve opening in the first
conduit in a different way.

[0056] 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. The mere fact that certain measures are recited in mutually different dependent claims does not indicate
that a combination of these measured cannot be used to advantage.
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PATENTIKRAYV

1. Sterilisationsapparat (1) til sterilisation af genstande, hvilket sterilisationsapparat
(1) omfatter:

et kammer (2) til at modtage genstandene, som skal steriliseres, hvilket kammer (2)
har et sterilisationsmiddelindlgb (3a) og et sterilisationsmiddeludigb (3b),

en indlgbsstrgmningsstyringsindretning (14) forbundet til sterilisationsmiddelindlgbet
(3a) til at styre en tilfgrsel af et sterilisationsmiddel til kammeret (2),

et dreeningssystem (6) forbundet til sterilisationsmiddeludlgbet (3b) af kammeret (2)
til styrbar udledning af fluid fra kammmeret (2), og

en styreenhed (12) forbundet til indigbsstremningsstyringsindretningen (14) og dree-
ningssystemet (6) og konfigureret til at styre indlgbsstramningsstyringsindretningen (14)
og dreeningssystemet (6) i overensstemmelse med en forud bestemt steriliseringsplan,

kendetegnet ved, at dreeningssystemet (6) omfatter:

et dreeningsindlgb (60) forbundet til steriliseringsmiddeludigbet (3b) af kammeret
(2),

et draeningsudlgb (62) forbundet til et vakuumsystem (8) til evakuering af kamsnmeret
(2),

en fgrste kanal (64), som forbinder dreaeningsindlgbet (60) og draeningsudlgbet (62),
0g

en proportionalventil (66) anbragt langs den farste kanal (64), hvor proportionalven-
tilen (66) kan styres af styreenheden (12) til delvist at begraense fluidstrgmning gennem
den fgrste kanal (64) i overensstemmelse med et forud bestemt kontinuerligt forhold mel-
lem en kontrolparameter og en ventildbning af proportionalventilen (66).

2. Sterilisationsapparat (1) ifglge krav 1, som desuden omfatter en sterilisationsmid-
deltilvejebringende indretning (4) forbundet til sterilisationsmiddelindlgbet (3a) for at tilve-
jebringe sterilisationsmidlet til kammeret (2).

3. Sterilisationsapparat (1) ifglge krav 1 eller 2, hvor kontrolparameteren er baseret
pa et tryk inden i kammeret (2).

4. Sterilisationsapparat (1) ifolge ethvert af de foregdende krav, hvor vakuumsyste-
met (8) er anbragt til at kgle den evakuerede fluid under anvendelse af et kglemiddel (10),
og hvor kontrolparameteren er baseret pd en temperatur af kglemidlet (10).

5. Sterilisationsapparat (1) ifglge ethvert af de foregdende krav, hvor draeningssy-
stemet (6) desuden omfatter en anden kanal (68), som er adskilt fra den fgrste kanal (64),
og som forbinder draeningsindlgbet (60) og drasningsudlgbet (62), og en yderligere ventil
(70) anbragt langs den anden kanal (68) for at muligggre styring af en stréemning gennem
den anden kanal (68).

6. Sterilisationsapparat (1) ifglge krav 5, hvor et tveersnit af den anden kanal (68) er
vaesentligt mindre end et tvaersnit af den fgrste kanal (64).

7. Sterilisationsapparat (1) ifglge ethvert af de foregdende krav, hvor proportional-

Awa#159811
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2

ventilen (66) omfatter en beveegelig del (80) og en styrbar aktuator (82) forbundet til den
beveegelige del (80) for at styre en position af den beveegelige del (80) mellem en lukket
tilstand og en fuldt dben tilstand.

8. Sterilisationsapparat (1) ifglge krav 7, hvor proportionalventilen (66) er konfigure-
ret pd en sddan made, at en given andring i position af den bevaegelige del (80), ndr pro-
portionalventilen (66) er neer ved den lukkede tilstand, resulterer i en fgrste aendring af
ventildbningen, og hvor den givne andring i position af den bevaegelige del (80), ndr pro-
portionalventilen (66) er neer den fuldt bne tilstand, resulterer i en anden aendring af ven-
tildbningen, hvor den anden andring er stgrre end den farste sendring.

9. Sterilisationsapparat (1) ifglge ethvert af de foregdende krav, hvor draeningsindlg-
bet (60), den farste kanal (64), den anden kanal (68) og draeningsudlgbet (62) er inde-
holdte i et stgbt forgreningsrgr.

10. Sterilisationsapparat (1) ifglge krav 9, hvor proportionalventilen (66) er forbun-
det til det stgbte forgreningsrar.

11. Sterilisationsapparat (1) ifelge ethvert af de foregdende krav, hvor dreeningssy-
stemet (6) desuden omfatter en luftdetektor til at detektere ikke-forteettelige gasser.

12. Sterilisationsapparat (1) ifglge ethvert af de foregdende krav, hvor dreeningssy-
stemet (6) desuden omfatter en damptilfgrsel til at tilfgre damp til kammeret (2) for at
sterilisere miljgskadeligt affald inden i kammeret (2).

13. Sterilisationsapparat (1) ifglge ethvert af de foregdende krav, hvor sterilisati-
onsmidlet er damp og/eller overophedet vand.

14. Sterilisationsapparat (1) ifglge ethvert af kravene 1 til 12, hvor sterilisationsmid-

let er formalin og/eller formaldehyd.
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