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Description
[0001] The invention relates to a sample processing
arrangement for processing a fluidic sample and a method of configuring a sample processing arrangement for
processing a fluidic sample in accordance with a user
selection.
[0002] US 4,990,130 discloses a device for imparting
sequentially centrifugal force or agitation to a fluid sample
placed in the device, comprising a source of power, reversible rotatable motor means, flow communication
means extending between said power source and said
rotatable motor means, control means in said flow communication means for controlling the direction of rotation
of said rotatable motor means, a drive shaft extending
from said reversible motor means, a first clutch mounted
on said drive shaft, said first clutch fixed for driving with
said drive shaft in a first direction, and freely rotatable on
said shaft in a second direction, a second clutch mounted
on said drive shaft, said second clutch freely rotatable
on said drive shaft in said first direction, and fixed for
rotation on said shaft in said second direction, a rotor
connected to said first clutch, a cam follower mounted
for rotation with said rotor, a cam connected to said second clutch, means connected to said control means and
movable for preventing rotation of said rotor with said
first clutch in said second direction of rotation, and means
for supporting fluid samples on each end of said rotor.
[0003] JP 2007-237036 discloses to provide a small
sized and lightweight agitating and spin-down device for
physical and chemical experiments. In this agitating and
spin-down device in physical and chemical apparatus,
an eccentric cam is provided at the lower face of a movable shaft, two inner and outer one-way clutches controlling rotation and non-rotation are provided between the
movable shaft and a rotor stage fit to the upper part, and
shaft alignment is performed by making an eccentric
amount zero by winding of the eccentric cam accompanied with the normal rotation of a power shaft. A head
rubber on the rotor stage is rotated by the rotation control
of the one-way clutch, the shaft alignment is released by
return of the eccentric cam to the original position accompanied with reverse rotation of the power shaft, the
head rubber is switched to vibration by the non-rotation
control of the one-way clutch to vibrate and agitate liquid
in a test tube on the head rubber, and then agitation liquid
attached to the inner face of the test tube is spun down
by switching the head rubber to rotation.
[0004] However, it may be cumbersome to combine
such conventional systems with other fluid processing
tasks.
[0005] US 2010/261595 A1 discloses an apparatus for
processing biological material. The apparatus comprises
in particular a centrifuge unit for centrifuging biological
material. The centrifuge unit comprises a centrifuge rotor
which is rotatable around a centrifuge spindle. Furthermore, the apparatus comprises a carrier system along
which a gripper and a pipetting unit is movable. A vessel
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of a vessel holder is grippable by the gripper.
[0006] WO 00/60362 A1 discloses an apparatus for a
preparation analyses of nucleic acids. The apparatus
comprises a centrifuge and indexer which positions the
nucleic acid plate in a mixer/shaker position, where the
reagents and samples are mixed.
[0007] US 2010/055766 A1 discloses a microfluidic
cartridge for separating target molecules. The microfluidic cartridge comprises chambers. A fluid flows through
the chambers, such that a target material of the fluid is
separated from impurities. Therefore, the microfluidic
cartridge is arranged onto an adapter which is rotatable.
The adapter may rotate the microfluidic cartridge by for
example 3.500 rpm in order to generate a desired centrifugal force.
[0008] US 2006/073584 A1 discloses a chemical analysing apparatus. A retaining disc is rotatably mounted
to a driving shaft. The driving shaft is driven by a highspeed motor. Injection modules are arranged onto the
retaining disc. By rotating the retaining disc, a respective
centrifugal force acts onto the inspection modules.JP 10
277 434 A discloses a small-sized centrifuge. The shaker
shaft is eccentrically fixed to an upper part of the rotor
shaft. The rotor shaft is connected to a shaft of a DC
motor. The rotating axis of the rotor shaft has an eccentric
distance to a rotating axis of the shaker shaft for providing
a shaker.
[0009] US 4,990,130 discloses a multiple motion centrifuge. An electric motor drives a drive shaft. A rotor disk
is coupled to the drive shaft. At each end of the rotor disk,
respective sample containing receptacles are mounted.
Additionally, roller clutches are positioned on the
shaft, wherein one clutch is mounted for movement with
the shaft in one direction and wherein the other roller
clutch is mounted for rotation with the shaft in the opposite
direction. Clutch is connected to a cylindrical cam and
clutch is connected to the rotor. Roller clutch fixes the
shaft to the rotor disk to rotate around axis, if the shaft
rotates in a first direction.
[0010] It is an object of the invention to efficiently enable mixing, separating and further processing fluidic
samples with a high level of flexibility.
[0011] In order to achieve the object defined above,
the subject-matter according to the independent claims
is provided. Further embodiments are shown by the dependent claims.
[0012] According to an exemplary embodiment of the
invention, a sample processing arrangement is defined
in claim 1.
[0013] According to another exemplary embodiment
of the invention, a method of configuring a sample
processing arrangement is defined in claim 13.
[0014] In the context of this application, the term "sample holder" may particularly denote any physical structure
delimiting a sample accommodation volume and hence
being configured for holding a fluidic sample or a fluidic
sample container. Examples are circularly arranged
sample containers, matrix-like well plates, or individual
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fluid containers such as vials of any shape and dimension.
[0015] In the context of this application, the term "fluidic
sample" may particularly denote a sample comprising a
fluid, i.e. a liquid and/or gaseous medium, optionally comprising solid particles as well. Examples for fluidic samples are chemical or biochemical solutions which may
comprise, for instance, one or more fractions of cells,
proteins, genes, etc.
[0016] In the context of this application, the term "orbital motion", particularly orientation-fixed orbital motion,
may particularly denote a motion along a trajectory which
is obtained when a structure is rotating with a first angular
frequency around a first central rotation axis with a superposed additional rotation with a second angular frequency around a second rotation axis, which may be parallel to the first rotation axis. The second angular frequency may have an opposite sign and may have the same
absolute value as the first angular frequency.
[0017] In the context of this application, the term "rotary
motion" may particularly denote a motion along a trajectory which is obtained when a structure is rotating with a
certain angular frequency around one rotation axis.
[0018] In the context of this application, the term "shaking" may particularly denote a treatment of the fluidic
sample for mixing components thereof. Shaking may be
performed in a contamination-free and gentle manner by
exposing the fluidic sample to an acceleration triggered
by orbital motion.
[0019] In the context of this application, the term "centrifuging" may particularly denote a treatment of the fluidic
sample for separating components thereof into different
fractions. Centrifuging may be performed in an efficient
manner by rotating the fluidic sample, thereby separating
components thereof due to different behavior of different
fraction upon exerting a centrifugal force.
[0020] According to an exemplary embodiment of the
invention, a fully modular and user-adaptable sample
processing arrangement is provided having in a center
thereof a rotor-based mechanism for selectively centrifuging fluidic samples in a rotary motion mode or shaking
the fluidic sample in an orbital motion mode. Such a rotorbased mechanism may perform the described tasks with
a single rotor driven by a single drive unit around a single
rotation axis (apart from the fact that the orbital motion
mode implements a second, slightly parallel shifted rotation axis which however is driven with the same drive
unit). Such a mechanism is an appropriate basis to handle sample containers of a sample holder by rotating them
until they reach a desired working position, simply by
operating the rotary motion mode only along a predefined
rotation angle. A particular sample container may then
be brought in spatial alignment with a sample processing
module to perform a specific sample processing task.
This architecture allows for an integrated sample
processing arrangement which implements, circumferentially distributed around the rotor-based mechanism,
several module accommodation positions or plug-in
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ports or docket stations, each configured for temporarily
receiving and accommodating a desired a sample
processing module. Thus, one or more sample processing modules appropriate for a specific application may
simply be plugged into (or connected in another way)
selectable ones of the module accommodation positions
to obtain a completely user-defined modular and freely
selectable configuration of sample processing modules
fulfilling in combination a selectable plurality of sample
processing tasks. The rotational symmetry of the orbital
shaking and sample separation mechanism in the center
in combination with the easily implementable sample
alignment feature cooperates synergetically with the rotationally symmetric arrangement of the module accommodation positions, thereby obtaining a highly compact
and rapidly operable integrated sample processing system. It is particularly dispensable to handle sample containers in a complex and time-consuming way for performing the individual sample processing tasks. In contrast to this, it is sufficient to simply surround the rotorbased mechanism including also the fluidic sample containers by the selecting specifiable sample processing
modules to establish a desired fluid processing configuration or protocol.
[0021] In the following, further exemplary embodiments of the sample processing arrangement and the
method will be explained.
[0022] In an embodiment, a user rearranges at least a
part of the plurality of sample processing modules over
the plurality of module accommodation positions for a
subsequent use of the system. Particularly, this rearrangement may be performed by detaching at least one
of the previously accommodated sample processing
modules from the respective module accommodation position and/or by accommodating another one of the plurality of sample processing modules in a previously unoccupied one of the plurality of module accommodation
positions. Thus, by a simple unplugging and re-plugging
operation, the user may reconfigure the system for another task. This allows to use one and the same sample
processing arrangement for very different applications
without the need of a time-consuming and complex completely new formation of an arrangement. In contrast to
this, it is sufficient according to exemplary embodiments
of the invention to simply use the various module accommodation positions for mounting thereon specific sample
processing modules fulfilling the tasks required for certain application.
[0023] In an embodiment, at least a part of the plurality
of module accommodation positions has a mechanical
interface configured for accommodating the respective
sample processing module by a form closure. Involving
such a form factor makes it impossible to erroneously
mount sample processing modules on module accommodation positions. The mechanical interface can be
formed by shaping the module accommodation position
so as to configure it in accordance with a counter-shape
of a sample processing module (i.e. having a mechanical
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counter-interface) to be received by this module accommodation position. In one embodiment, the module accommodation position may comprise a recess shaped
and dimensioned for receiving the corresponding sample
processing device. It is however also possible that the
module accommodation position has a protrusion which
receives a corresponding recess of a sample processing
module. By such corresponding form factors which require a match between a sample processing module and
a module accommodation position to establish a mechanical connection between the module accommodation position and the sample processing module avoids
an erroneous coupling between a non-fitting pair of module accommodation position and sample processing
module, thereby improving the operation safety.
[0024] In an embodiment, at least a part of the plurality
of module accommodation positions has a mechanical
interface configured for accommodating the respective
sample processing module by a force closure. It is for
instance also possible that the sample processing modules are connected to the module accommodation positions by a spring mechanism or by a magnetic mechanism.
[0025] In an embodiment, at least a part of the plurality
of module accommodation positions has an electrical interface configured for supplying electric energy and/or
configured for an electrical data exchange with the respective sample processing module (i.e. having an electrical counter-interface) when being accommodated in
the respective module accommodation position. Such an
electrical interface may have one or more of multiple purposes. A first purpose is the supply of electric energy
from the sample processing arrangement to an accommodated sample processing module. Therefore, the
sample processing modules may remain free of a separate intrinsic energy supply unit and can therefore all be
supplied with electric energy provided by the mounting
platform. Thus, the sample processing modules may be
configured with low weight, in a compact size and without
own energy supply resources. For example, it may be
sufficient that an electric cable of the mounting platform
is connected to a mains supply to thereby supply all connected sample separation modules as well as the rotor
mechanism with electrical energy. On the other hand,
the electrical connection may serve for a data communication (for instance for transmitting control commands,
or for sending detection data) from the mounting platform
to the modules, or vice versa. For example, a central
control unit may be integrated in the mounting platform
for the purpose of a unidirectional or bidirectional transmission of data.
[0026] The skilled person will understand that, additionally or alternatively to the provision of an electrical
interface for data exchange (in an unidirectional or bidirectional way), it is for instance also possible to handle
the data transmission by means of an optical interface
at the module accommodation positions allowing for an
optical or optoelectronic communication between an ac-
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commodated sample processing module and the mounting platform. It is also possible to perform data communication by a wireless data communication system such
as based on radiofrequency communication, Bluetooth,
etc.
[0027] In an embodiment, at least a part of the plurality
of module accommodation positions has a fluidic interface configured for an exchange of a fluid (such as a
liquid and/or a gas) with the respective sample processing module (which may therefore have a cooperating fluidic counter-interface) when being accommodated at the
respective module accommodation position. Hence, also
the supply of fluids may be performed via the module
accommodation positions. For instance, at least a part
of the module accommodation positions may comprise
a fluid supply interface configured for supplying fluid to
a sample processing module received in the corresponding module accommodation position. It is also possible
that at least a part of the module accommodation positions comprises a fluid drain unit configured for draining
fluid (such as a waste fluid or a sample fluid) from a corresponding one of the fluid processing modules accommodated in the corresponding module accommodation
position. Thereby, also the fluid supply of the fluid
processing modules may be handled via a universally
usable interface.
[0028] In an embodiment, the respective mechanical,
electrical, data communication or fluidic interface between the respective module accommodation position
and the respective sample processing module is activated by accommodating the respective sample processing
module in the respective module accommodation position. In other words, the module accommodation positions in combination with the correspondingly designed
sample processing modules may allow to establish a mechanical and/or electrical and/or data communication
and/or fluidic coupling between the mounting platform
and the fluid processing modules by simply plugging or
inserting the fluid processing modules into the corresponding module accommodation positions. In other
words, upon accommodating a fluid processing module
in the module accommodation position the mechanical,
electrical, data communication and/or fluidic coupling between the module and the platform is established. Hence,
a user may form one or multiple of such different kinds
of connections with a single intuitive action, i.e. the insertion of a fluid processing module into the corresponding module accommodation position.
[0029] In an embodiment, the plurality of module accommodation positions are circularly and concentrically
distributed around a rotor axis of the rotor mechanism.
More precisely, the arrangement of the fluid processing
modules may be concentric around a rotor axis assigned
to the rotary motion mode. Therefore, the distance between each of the sample processing modules and the
center of the rotor may be the same or basically the same.
[0030] In an embodiment, the fluidic sample, when accommodated in the sample holder, is arranged between
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the plurality of module accommodation positions and the
rotor axis. Particularly, multiple sample containers may
be distributed circularly and concentrically around the rotor axis (relating to the rotary motion mode). Also the
circular arrangement of sample containers may be concentric with the circular arrangement of the module accommodation positions. Therefore, a highly symmetric
configuration is achieved in which each individual sample
container can be brought in equidistant alignment and
therefore functional correlation with any desired one of
the fluid processing modules. The transport paths of fluidic sample towards a fluid processing module may be
therefore kept very small and constant regardless of
which sample processing module is presently used, also
allowing for a rapid fluid processing.
[0031] In an embodiment, at least a part of the plurality
of module accommodation positions is configured for accommodating the same sample processing module. By
configuring two or more of the module accommodation
positions in the same way, standard or universally usable
module accommodation positions may be provided.
Therefore, since the shape and dimension of two or more
of such module accommodation positions may be identical, each of them may receive the same fluid processing
module so that a user can configure a complete sample
processing arrangement in accordance with her or his
preferences.
[0032] In an embodiment, the plurality of module accommodation positions are grouped into multiple groups
of module accommodation positions, each group being
configured for accommodating only an assigned group
of same sample processing modules. For example, the
module accommodation positions of a first group may all
have the same shape and dimensions so as to be capable
of receiving the same type of fluid processing module. A
second group of module accommodation positions may
have another shape and/or dimension, thereby being capable of receiving another type of sample processing
modules. Hence, different groups of module accommodation positions may be distinguished which may intuitively guide a user to use appropriate sample processing
modules only in combination with appropriate module accommodation positions. Therefore, it may be possible to
intuitively guide even an unskilled user through a complex sample processing arrangement without the danger
that erroneous connections between modules and positions are made.
[0033] In an embodiment, the sample holder comprises a plurality of sample containers each configured for
accommodating a respective fluidic sample and each
configured for being rotatable around a common rotor
axis of the rotor mechanism. Sample holders of very different configurations may be implemented. It is for instance possible to use a microtiter plate or well plate as
sample holder in which multiple fluidic sample containers
are arranged in a matrix-like pattern, i.e. in rows and columns. It is alternatively also possible to use a plurality of
circumferentially arranged fluidic sample containers ro-
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tating concentrically around the rotation axis in the rotary
motion mode. The latter embodiment is particularly preferred, since it extends the rotationally symmetric arrangement of the rotor and of the module accommodation
positions and the assigned sample processing modules
also with regard to the sample containers. Therefore, a
distance between one of the sample containers and one
of the sample processing modules presently brought in
alignment with the sample container may be identical for
all sample containers, thereby allowing for a very simple
and universal operation of the system.
[0034] In an embodiment, the apparatus is configured
for selectively operating the sample holder in a module
alignment mode in which the rotor mechanism is operated to move a predefined one of the plurality of sample
containers in alignment with a predefined one of the plurality of module accommodation positions so as to spatially align the predefined sample container with a sample
processing module in the predefined module accommodation position for subsequently executing the assigned
sample processing task. The system may be further controlled so that, after the sample container has been
moved to flush with the sample processing module, the
sample container may cooperate with the sample
processing module for sample processing. As described
above, a rotor mechanism is required anyway in the sample processing arrangement so as to be capable of providing the rotary motion mode and the orbital motion
mode. The present inventors have identified that this
hardware already provides the basis for another operation mode which only requires a correspondingly adapted
control mechanism of the rotor mechanism. Namely, in
the alignment mode, the rotor may drive the sample holder towards a predefined target position in which a specific
sample container is brought into functional and positional
alignment with a target sample processing module in
which position a desired interaction or functional cooperation between sample processing module and aligned
sample container is enabled. Also for this purpose, the
rotationally symmetric arrangement of the sample
processing arrangement is advantageous.
[0035] In an embodiment, the sample processing arrangement comprises a control unit configured for operating the apparatus in the rotary motion mode, the orbital
motion mode and the module alignment mode and for
operating at least one sample processing module accommodated in an assigned module accommodation position
for executing the assigned sample processing task so as
to perform a fluidic sample processing in accordance with
a predefined processing protocol (which may involve
sample mixing, sample separation, and at least one further fluid processing task). Hence, a user may define a
desired processing protocol according to which a fluidic
sample is to be processed. Such a processing protocol
may be sent in the form of control commands to the control unit. The sample processing arrangement may be
correspondingly equipped with an appropriate number
of certain sample processing modules. After such a con-

9

EP 3 013 480 B1

figuration or calibration, the sample processing arrangement processes the fluidic samples in accordance with
the predefined processing protocol, thus this process
may be partly or even entirely controlled by the control
unit (such as a microprocessor, central processing unit
or the like). Therefore, even complex combinations of
sample treatment sequences are possible.
[0036] In an embodiment, the sample processing arrangement comprises the plurality of sample processing
modules each being configured for being accommodated
in one or more of the plurality of module accommodation
positions. Therefore, by providing the sample processing
arrangement together with a set of fluid processing modules, a freely combinable system is provided which allows
a user to use any desired module combination to perform
fluidic sample processing tasks.
[0037] Still referring to the previously described embodiment, at least one of the plurality of sample processing modules may be configured for being accommodated
in at least two of the plurality of module accommodation
positions at the same time. Thus, it is possible to configure the arrangement so that sample processing modules
having a particularly high demand in terms of provided
services (for instance concerning accommodation
space, number and/or kind of supply energy interfaces,
data communication interfaces, fluidic interfaces, etc.)
can be plugged into multiple (particularly juxtaposed)
module accommodation positions (see for instance Fig.
39 to Fig. 41).
[0038] In an embodiment, the plurality of sample
processing modules comprise at least one of the group
consisting of a temperature adjustment module configured for adjusting a temperature of the fluidic sample, a
metering module configured for metering substance to
be inserted into the sample holder, a collection module
configured for collecting at least a part the fluidic sample
from the sample holder, a sensing module configured for
sensing at least one parameter of the fluidic sample in
the sample holder, an analysis module configured for analyzing the fluidic sample in the sample holder, a magnetic separation module configured for magnetically separating the fluidic sample in the sample holder, a waste
module configured for removing a waste substance from
the fluidic sample in the sample holder, and a storage
module configured for storing at least one substance.
Temperature adjustment may include heating, cooling or
regulating a temperature or temperature profile for a certain fluidic sample. This may also involve the application
of a complex temperature-time protocol as may be required for instance for biological treatments such as
polymerase chain reaction or the like. A metering or dosing module may allow to supply a predefined amount of
solid, liquid and/or gaseous components to the fluidic
sample and/or a defined withdrawal of sample material
from the sample containers. Collecting a certain amount
of fluidic sample from the sample containers, for instance
after a treatment, allows to perform a proper analysis of
the success or the result of a fluid processing task. A
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sensing module may sense or detect one or more parameters of a fluidic sample after treatment. Even a magnetic separation module may be added which is capable
of separating different components of the fluidic sample
based on different magnetic behavior of their components. Parts of the fluidic sample which are no longer
needed can be drained by a waste module into a waste
container. A storage module may allow to store buffers,
fluidic samples, or even solid or gaseous components to
be used for the fluid processing. The given list of sample
processing modules is not exhaustive and can be extended to further fluid processing tasks in the framework
of the modular architecture of embodiments of the invention.
[0039] In an embodiment, the sample processing arrangement comprises a sample and/or sample container
handling unit configured for handling fluidic sample with
regard to the sample holder and/or configured for handling one or more sample containers of the sample holder. Such a sample and/or sample container handling unit
may fulfil the task of equipping the sample holder with
sample containers on the one hand and/or may fulfil the
task of supplying fluidic sample into such fluidic sample
containers.
[0040] In an embodiment, the sample and/or sample
container handling unit comprises at least one of the
group consisting of a sample supply robot, a sample container handling robot, a pipetting system and a metering
pump. A sample supply robot may grip and handle sample containers using movable robot arms or the like. In a
similar way, a sample container handling robot may also
handle fluidic samples to transport them into the sample
containers of the sample processing arrangement and
away from them. A pipetting system may comprise one
or a plurality of pipettes being controllable so as to either
supply fluidic sample to one or more sample containers
of the sample holder or to withdraw sample material from
the sample containers for use apart from the sample
processing arrangement. A metering pump can be a syringe pump or the like which is capable of intaking fluidic
sample and subsequently supplying the metered fluidic
sample into fluid containers of the sample holder.
[0041] In an embodiment, the sample and/or sample
container handling unit forms at least one of the plurality
of sample processing modules. Therefore, in one embodiment, the sampling supply and draining may be integrated in the sample processing modules. However, in
an alternative embodiment, this task may be fulfilled by
an external handling arrangement such as a robot.
[0042] In an embodiment, the apparatus has a support
body (or stator) being stationarily mounted in the central
portion of the mounting platform and has an accessible,
particularly an openable and/or detachable and/or pivotable, lid covering the sample holder in a closed state and
exposing the sample holder with regard to an environment in an open state. In such an embodiment, the support body may form one common device with the mounting platform, thereby constituting the stator part of the
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sample processing arrangement. The sample holder is
coupled with the rotor mechanism so as to rotate within
this stator. However, it is advantageous to get easy access to the sample containers within the sample processing arrangement. For this purpose, a lid is attached in a
removable or movable way on the stationarily mounted
support body. By manually or automatically moving the
lid it can be actuated to get access to the sample containers. It can however also be closed so as to hermetically seal the fluidic containers in an interior thereof which
is for instance required for safety reasons in a centrifuging
mode or an orbital shaking mode.
[0043] In an embodiment, the lid has a recess (such
as an opening) in a top surface thereof which is selectively closable or openable by moving a slidable plate so
that the plate covers the recess in the lid in a closed state
and uncovers ore exposes the recess in the lid in an
opened state. The provision of a recess in a top surface
of the lid which recess is selectively coverable or covered
by a slidable plate or exposable or exposed by removing
the slidable plate from the recess provides an automatically operable system which allows both operation safety
in the closed state of the lid and easy automatic access
to sample containers within the lid and the support body
for sample handling and sample container handling purposes on the other hand.
[0044] In an embodiment, the plate comprises an actuation pin being operable (for instance being grippable
and slidable by a user) along a rotation trajectory for sliding the plate below an upper surface of the lid for exposing
an interior of the apparatus to an external environment
and for sliding the plate to cover the recess of the lid for
closing the apparatus. The actuator pin may be rigidly
coupled with the slidable plate so that motion and actuation of the actuation pin also actuates the slidable plate.
By moving the actuation pin along a first direction along
the rotation trajectory allows to open the recess by removing the plate therefrom, and motion in the opposite
direction allows to cover the recess by the plate to close
the lid.
[0045] In an embodiment, the sample processing arrangement comprises a lid actuation unit (particularly being motor-controlled) configured for actuating the lid to
convert the lid between the closed state and the open
state. In other words, a motor driven system of actuating
the actuation pin may be provided so that the covering
or uncovering of the recess in the lid can be integrated
in the sample processing protocol as well. Therefore, a
fully automatic sample processing system may be provided which meets all safety requirements.
[0046] In an embodiment, the lid actuation unit is a belt
drive mechanism. Such a belt driven mechanism allows
with a simple electric motor to transfer a rotation motion
of a drive shaft of the electric motor into an actuation
force which moves the cover plate in a forward or backward direction to selectively open or close the recess.
[0047] In an embodiment, the sample holder, the rotor
mechanism, the mounting platform and the plurality of
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module accommodation positions are arranged within a
volume delimited by the support body and the lid. Such
an embodiment provides for a very compact arrangement
in which damage of the components within the interior
volume by external influences is safely prevented as well
as a risk of injury for a user by these components when
being in operation. For example, the sample holder, the
rotor mechanism and the module accommodation positions including the accommodated sample processing
modules may be securely received within an outermost
casing of the apparatus.
[0048] In an embodiment, the lid has an actuator configured for actuating a movably mounted latch so as selectively lock the latch within an indentation in the slidable
plate (for instance an indentation at a circumference of
the plate) so that the latch locks the plate to the lid in a
closed state of the recess in the top surface of the lid.
Thus, the lid comprises an additional indentation (such
as a groove or a notch or a through hole or a blind hole).
This indentation, in combination with an actuator (such
as a lift solenoid) may allow to keep the lid in place during
operation of the system, particularly during a rotational
or an orbital motion of a sample carrier between support
body and lid. Hence, a user is only enabled to manually
open the lid when the lid is unlocked by the actuator. This
serves as an additional safety feature for protecting a
user from injury.
[0049] In an embodiment, the rotor mechanism of the
sample processing arrangement is configured for switching the sample holder accommodating the fluidic sample
between the orbital motion mode for sample mixing, particularly for shaking, and the rotary motion mode for sample separation, particularly for centrifuging. For this purpose, the rotor mechanism may comprise a gear element
being drivable by a drive unit to move (particularly to rotate) selectively in a first direction or in a second direction
being inverse to the first direction, an orbital motion generator configured for generating an orbital motion of the
sample holder when being operated in the orbital motion
mode, and a rotary motion generator configured for generating a rotary motion of the sample holder when being
operated in the rotary motion mode. A one-way clutch
arrangement is provided and (particularly a first part or
first one-way clutch of the one-way clutch arrangement)
is configured for selectively coupling the gear element
with the orbital motion generator to transfer a driving force
from the gear element to the orbital motion generator for
generating the orbital motion when the gear element is
driven in the first direction and to freewheel when the
gear element is driven in the second direction (i.e. the
corresponding functional part of the one-way clutch arrangement may freewheel without transmitting a force
when the gear element is driven in the second direction).
The one-way clutch arrangement (particularly a second
part or second one-way clutch of the one-way clutch arrangement) may be further configured for, in an alternative operation mode, selectively coupling the gear element with the rotary motion generator to transfer a driving
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force from the gear element to the rotary motion generator for generating the rotary motion when the gear element is driven in the second direction and to freewheel
when the gear element is driven in the first direction (i.e.
the corresponding other functional part of the one-way
clutch arrangement may freewheel without transmitting
a force when the gear element is driven in the first direction). In the context of this application, the term "gear
element" may particularly denote a physical structure capable of transmitting a force between two members which
are mechanically coupled by the gear element. Such a
gear element may be a hollow shaft coupling a first member accommodated within the hollow shaft with a second
member accommodated around the hollow shaft. Alternatively, such a gear element may be a reciprocating
element coupling a member coupled to one section of
the reciprocating element with another member coupled
to another section of the reciprocating element, etc. In
the context of this application, the term "drive unit" may
particularly denote a device capable of generating a mechanical driving force. Such a driving force may be applied by an engine drive unit as engine power, by a user
actuating a manual drive via muscle force, etc. In the
context of this application, the term "one-way clutch" may
particularly denote a clutch, i.e. a force coupling element,
which transmits a drive force between two connected
members in one motion direction (for instance in one rotation direction such as a clockwise rotation) but which
inhibits or disables transmission of a drive force in another, particularly opposite, direction (for instance in an
inverse rotation direction such as a counterclockwise rotation). In the context of this application, the term "freewheel" may particularly denote a characteristic of a oneway clutch to be incapable of transmitting a drive force
to a coupled member in a certain direction so that the
one way-clutch rotates freely around the certain direction
without taking along the other member. Hence, a mechanism is provided for activating either an orbital motion
mode (particularly an orientation-fixed orbital shaking
motion) or a rotary motion mode (particularly a centrifuging motion) merely by inversing a drive direction of a drive
unit which only provides the drive power. Particularly, a
one-way clutch arrangement couples a gear element selectively to an orbital motion generator assembly for generating an orbital motion or to a rotary motion generator
assembly for generating a rotary motion of a sample holder accommodating a sample. When the one-way clutch
arrangement couples the gear element to one of the orbital motion generator or the rotary motion generator for
force transmission, the respectively other motion generator is deactivated by a freewheeling of the one-way
clutch arrangement in this coupling direction. The selection whether the orbital motion mode or the rotary motion
mode shall be activated can be made merely by selecting
a rotation direction of a drive unit such as an electric
engine. Therefore, an easily operable dual-mode system
is provided allowing to flexibly switch between an orbital
mixing mode of the fluidic sample and a centrifuging
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mode of the fluidic sample merely by changing a rotation
direction of the gear element. Hence, both functions may
be integrated in a single device.
[0050] In an embodiment, the orbital motion generator
and the rotary motion generator may be at least partially
constituted by the same components (such as three cogwheels which contribute to the orbital motion generation
as well as to the rotary motion generation). In this embodiment, the orbital motion generator and the rotary motion generator may at the same time be at least partially
constituted by different components (such as a drive
shaft which contributes only to the orbital motion generation, but not to the rotary motion generation).
[0051] In an embodiment, the one-way clutch arrangement comprises a first one-way clutch configured for coupling the gear element with the orbital motion generator
to transfer the driving force from the gear element to the
orbital motion generator for generating the orbital motion
when the gear element is driven in the first direction and
to freewheel when the gear element is driven in the second direction. Such a one-way clutch arrangement comprises a second one-way clutch (being a separate physical structure than the first one-way clutch) configured for
coupling the gear element with the rotary motion generator to transfer the driving force from the gear element
to the rotary motion generator for generating the rotary
motion when the gear element is driven in the second
direction and to freewheel when the gear element is driven in the first direction. Hence, it is possible to constitute
the one-way clutch arrangement from two different oneway clutches - one coupling a first section of the gear
element with the orbital motion generator and the other
one coupling a second section of the gear element with
the rotary motion generator. In this scenario, always only
one of the two one-way clutches is active for force transmission and the respective other one is inactive or freewheels. This provides a mechanism which allows to select the motion mode merely by adjusting the rotation
direction of the gear element.
[0052] However, as an alternative to two separate oneway clutches, the one-way clutch arrangement may for
instance be also realized by a shiftable locking pin (or
any other kind of locking element) in combination with
two freewheeling bearings between the gear element on
the one hand and the orbital motion generator and the
rotary motion generator, respectively, on the other hand.
By engaging the locking pin between gear element and
orbital motion generator, these two components may be
rigidly coupled so that an orbital motion mode is selected.
At the same time, the locking pin has no influence on the
freewheeling bearing between the gear element and the
rotary motion generator so that the rotary motion mode
is deactivated in this configuration. Upon shifting the locking pin to another position in which it rigidly couples the
gear element with the rotary motion generator while allowing the orbital motion generator to freewheel relative
to the gear element by the freewheeling bearing, the rotary motion mode may be selected. The skilled person
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will understand that other alternatives for realizing the
function of the one-way clutch arrangement are possible.
[0053] In an embodiment, the first one-way clutch and
the second one-way clutch freewheel in opposite directions and lock in opposite directions. For instance, the
first one-way clutch may freewheel in a clockwise rotation
direction while locking in a counterclockwise rotation direction, or vice versa. The second one-way clutch may
then freewheel in the counterclockwise rotation direction
while locking in the clockwise rotation direction, or vice
versa. Therefore, by selecting a rotation direction of the
gear element, it is selectable which one of the one-way
clutches locks and which one freewheels.
[0054] In an embodiment, the gear element is configured as a hollow shaft. Such a hollow shaft, which may
have a tubular or hollow cylindrical geometry, may be
directly coupled to a drive unit for providing the driving
force or power, such as an electric motor.
[0055] In an embodiment, the first one-way clutch is
arranged between an interior surface of the hollow shaft
and an exterior surface of a drive shaft of the orbital motion generator. The second one-way clutch may be arranged between an exterior surface of the hollow shaft
and an interior surface of a movably mounted cogwheel
(or a tubular cogwheel extension shaft thereof) of the
rotary motion generator. Thus, an outer surface of the
hollow cylindrical shaft may be coupled for transmitting
rotary motion force, while an inner surface of the cylindrical hollow shaft may be coupled for transmitting orbital
motion force. However, the arrangement may be also
vice versa.
[0056] In an embodiment, the rotary motion generator
comprises a selectively lockable first cogwheel in an unlocked movably mounted state, coupled to the gear element via the one-way clutch arrangement and having a
plurality of first cogs arranged along an outer circumference of the first cogwheel, and a movably mounted second cogwheel having a plurality of second cogs arranged
along an outer circumference of the second cogwheel.
A coupling body is provided having a plurality of third
cogs arranged along an inner circumference of the coupling body. The coupling body is mounted with the first
cogwheel and with the second cogwheel to engage part
of the first cogs and part of the second cogs by part of
the third cogs to thereby generate the rotary motion of
the second cogwheel and a sample holder to be mounted
to follow a motion of the second cogwheel upon rotating
the gear element in the first direction. In the context of
this application, the term "cogs" may particularly denote
physical structures such as rips, teeth or any other kind
of protrusions of a physical body which are arranged in
a sequence for being subsequently (and optionally partially simultaneously) engaged by corresponding cooperating grooves or indentations of another cooperating
physical body for providing a force coupling between the
physical bodies. Upon activating the rotary motion mode,
the gear element may transmit a driving force to the movably configured first cogwheel which, via the coupling
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body, also drives the second cogwheel which in turn rotates the sample holder for centrifugation.
[0057] In an embodiment, the orbital motion generator
comprises the selectively lockable first cogwheel in a
locked stationarily mounted state and having a first
through hole, the second cogwheel having a second
through hole, and a drive shaft coupled to the gear element via the one-way clutch arrangement and having a
concentric first section and an eccentric second section,
wherein the first section is guided through the first through
hole and the second section is guided through the second
through hole, wherein the coupling body is mounted with
the first cogwheel and with the second cogwheel to engage part of the first cogs and part of the second cogs
by part of the third cogs to thereby generate the orbital
motion of the second cogwheel and a sample holder to
be mounted to follow a motion of the second cogwheel
upon rotating the gear element in the second direction.
In the context of this application, the term "concentric
shaft section" may particularly denote a portion of a shaft
in length direction which portion has a length axis being
aligned to or identical to the rotation axis. In the context
of this application, the term "eccentric shaft section" may
particularly denote a portion of a shaft in length direction
which portion has a length axis being parallel shifted or
laterally spaced or displaced with regard to the rotation
axis. Hence, by merely locking the first cogwheel to a
support body or the like to fix it, a rotation force is transmitted via the eccentric second section of the drive shaft
to the second cogwheel. By the weak coupling between
the first cogwheel and the second cogwheel mediated
by the coupling element, the orbital motion is then automatically generated.
[0058] In an embodiment, the mechanism further comprises a cogwheel locking element configured for selectively locking the first cogwheel in the locked stationarily
mounted state or for unlocking the first cogwheel in the
unlocked movably mounted state. Such a cogwheel locking element may be a locking pin which can be spatially
shifted so as to trigger a rigid coupling between the first
cogwheel and a support body or the like, or for decoupling
these two elements from one another by disengaging the
locking pin from the first cogwheel.
[0059] In an embodiment, the mechanism further comprises a shaft locking element configured for selectively
locking the drive shaft in a locked stationarily mounted
state or for unlocking the drive shaft in an unlocked movably mounted state. Also the shaft locking element may
be embodied as a shiftable pin which selectably allows
to lock the drive shaft to a support body or the like, or to
decouple these two components from one another.
[0060] In an embodiment, each of the first cogwheel
and the second cogwheel is a toothed belt disc and the
coupling body is a toothed belt. Such a toothed belt disk
may be a disk-shaped or cylindrical body having a curved
surface which includes a circumferential arrangement of
rips. Correspondingly, the coupling body may be a belt,
i.e. made of a flexible material and having indentations
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which have a shape corresponding to the rips of the first
and second cogwheels. Hence, engagement between
the rips and the indentations is possible to provide for a
form closure based force transmission.
[0061] In an embodiment, the mechanism comprises
a support body accommodating a part or all of the components of the mechanism and comprises a lid to be attached onto the support body, wherein the support body
and the lid are configured to correspond to one another
so that upon attaching the lid onto the support body, the
mechanism is triggered to be switched from the orbital
motion mode to the rotary motion mode. Particularly, a
lid attaching sensor may be provided at the lid and/or at
the support body which may be configured for sensing
attachment of the lid onto the support body and/or detachment of the lid from the support body. Such a provision acts as a safety feature while at the same time allowing a user to easily adjust the rotary motion mode or
the orbital motion mode. In this embodiment, when the
support body is uncovered (i.e. the lid is detached), the
orbital motion or shaking mode is activated. Upon attaching the lid to the support body, a switch may be actuated
(for instance based on a sensor signal) which changes
rotation direction of the gear element. Merely by taking
this measure, the motion mode is changed from the orbital motion mode to the rotary motion mode. Since centrifuging in the rotary motion mode involves in many cases significantly larger rotational forces and hence an increased risk in a lab, activating the centrifuging only upon
putting the lid on the support body also increases the
safety for a user.
[0062] In an embodiment, each of the first cogwheel
and the second cogwheel is a sprocket and the coupling
body is a sprocket chain. Therefore, several alternatives
to a toothed belt configuration of the cogwheels are possible. For instance, a regular arrangement of indentations
in a sprocket chain may cooperate with a corresponding
arrangement of protrusions in a circumferential surface
of a sprocket for force transmission.
[0063] In an embodiment, the coupling body is a flexible structure being deformable but basically non-elongatable (a slight elongation might be possible in view of
a slight flexibility of the material of the coupling body)
upon rotating the drive shaft so as to adapt its shape to
follow motion of the second cogwheel while maintaining
the coupling between the first cogwheel and the second
cogwheel. The term "deformable but non-elongatable"
may denote a characteristic according to which the shape
of the coupling body may be changed by applying a deforming force, but that the entire length along a circumference of the coupling body may remain constant or basically constant upon applying a deforming force. Hence,
the coupling body may have an inelastic behavior. By
manufacturing the coupling body as a slightly flexible,
but non-expandable structure, a weak coupling between
the two cogwheels is enabled which provides for the necessary force transmission to generate an orbital motion.
The coupling body may for instance be an annular struc-

5

10

15

20

25

30

35

40

45

50

55

10

18

ture made of a bendable material such as rubber covered
by a non-expandable fabric or web so as to show, as a
whole, the described properties.
[0064] In an alternative embodiment, the coupling
body is a rigid, non-deformable structure which, upon
rotating the drive shaft, follows, as a whole, motion of the
second cogwheel while maintaining the coupling between the first cogwheel and the second cogwheel. In
contrast to the previously described embodiment, the
coupling body can also be configured as an undeformable solid body (for example made of plastic), for instance
a ring with an internal toothing.
[0065] In an embodiment, the coupling body is a closed
annular structure, particularly a structure being quasirotationally symmetric in a force-free state. Such a ringlike structure may be basically rotationally symmetric with
the particularity that the internal toothing provides for a
slight deviation as compared to a completely rotationally
symmetric arrangement.
[0066] In an embodiment, the coupling body is an annular structure having an inner diameter which is larger
than an outer diameter of the first cogwheel and the second cogwheel, particularly about one times of an eccentricity of the second section of the drive shaft larger. The
largest inner extension of the coupling body may be larger, by the eccentricity, than the diameter of one of the
cogwheels. The term "eccentricity" may denote a spatial,
lateral shift of the eccentric portion (more particularly of
a center of gravity thereof) as compared to the concentric
portion (more particularly of a center of gravity thereof)
and the rotation axis of the shaft.
[0067] In an embodiment, a number of the first cogs is
the same as a number of the second cogs. In this case
a smooth and low friction rolling of the two cogwheels on
one another, coupled by the coupling element, can be
obtained.
[0068] In an embodiment, the number of the first cogs
and the number of the second cogs is smaller than a
number of the third cogs. If the number of third cogs is
larger than the number of the first cogs and the number
of the second cogs, it can be ensured that in each operation mode only a portion of the first and second cogs is
contacted by the third cogs, thereby promoting the desired orbital motion.
[0069] In an embodiment, in the orbital motion mode,
a coupling force resulting from the form closure of the
coupling body with both the first cogwheel and the second
cogwheel is larger than a friction force (for instance a
bearing force or bearing load in bearings of the device)
between the first cogwheel and the second cogwheel.
The form closure is generated by an engagement of the
cogs of the cogwheels between cogs of the coupling
body. The friction force between the cogwheels has the
tendency to prevent relative motion between the cogwheels, while the coupling force triggers such a motion.
By configuring the bearings, materials, surface roughness, driving force, etc., correspondingly, the requirement of a coupling force exceeding the friction force can
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be met.
[0070] In an embodiment, in the orbital motion mode,
the coupling body is mounted with the first cogwheel and
with the second cogwheel so as to form a form closure
which superposes, to a rotating motion of the second
cogwheel transmitted by the drive shaft, a rolling motion
of the second cogwheel during which the second cogwheel rolls up on the coupling body limited by a rolling
motion during which the coupling body rolls up on the
first cogwheel. The two overlaid rotations of the second
cogwheel with two parallel rotation axes allows for the
generation of the orbital motion. This particularly holds
when the two rotational frequencies have the same absolute values but opposite signs.
[0071] In an embodiment, the mechanism comprises
a drive unit, particularly an electric motor, being configured for moving, particularly rotating, the gear element.
However, it is also possible that the drive unit is a handle
or the like which is operable by a user so as to initiate
rotation by muscle force.
[0072] In an embodiment, the mechanism comprises
a compensation weight mounted asymmetrically on the
drive shaft and being configured so as to at least partially
compensate for a mechanical load acting on the drive
shaft upon generating the orbital motion. By providing a
compensation weight which is mounted asymmetrically
on the drive shaft (for instance shaped as a half disk) it
is possible to compensate for unbalanced forces acting
around the circumference of the drift shaft in the orbital
motion mode. Therefore, by providing such a compensation weight, wear of the mechanism may be efficiently
suppressed. The system may also comprise a mechanism for spatially fixing the compensation weight upon
switching from the orbital motion mode to the rotary motion mode. Such a mechanism may be realized as a pin
on a lid for covering a support body, wherein covering
the support body with the lid may press the pin against
the compensation weight thereby preventing motion of
the compensation weight in the centrifuging mode.
[0073] In an embodiment, the force flow for the orbital
motion mode goes from the drive unit, via the gear element, one of the one way clutches, an eccentric drive
shaft, to the sample holder. The force flow for the rotary
motion mode goes from the drive unit, via the gear element, another one of the one way clutches, cooperating
cogwheels, to the sample holder.
[0074] In an embodiment, the mechanism further comprises a locking one-way clutch configured for coupling
a drive shaft of the orbital motion generator with a stationary housing so as to selectively lock the drive shaft
with the stationary housing to a locked stationarily mounted state when the gear element is driven in one direction,
or to freewheel in an unlocked movably mounted state
of the drive shaft when the gear element is driven in another (particularly the opposite) direction. In such an embodiment, the provision of a locking element (such as a
slidable pin drivable in a groove of the shaft) for locking
an eccentric drive shaft to prevent its orbital rotation dur-
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ing a rotary motion mode can be omitted. The simple
provision of a locking one-way clutch to prevent orbital
rotation of an eccentric drive shaft during a rotary motion
mode allows to automatically achieve such a locking effect without the need to actively control a slidable locking
element to drive in engagement with or out of engagement with the shaft.
[0075] In an embodiment, the stationary housing comprises a lid which is detachably connectable (or connected) to and/or pivotably mounted (so as to be pivotable
between a closed housing state and an open housing
state) on a spatially fixed support body of the stationary
housing, wherein the locking one-way clutch is configured for coupling the drive shaft with the lid. Thus, the
automatic locking arrangement may be easily accessible
at a top of the mechanism where a lot of space is available
for such a provision.
[0076] In an embodiment, the one direction equals to
the second direction and the other direction equals to the
first direction. Therefore, it can be ensured that the disablement of the eccentric shaft rotation occurs selectively
in the rotary motion mode, but not in the orbital motion
mode.
[0077] In an alternative embodiment (which does not
have a locking one-way clutch), the mechanism further
comprises a locking element configured for selectively
locking a drive shaft of the orbital motion generator in a
locked stationarily mounted state, particularly in the rotary motion mode, or for unlocking the drive shaft in an
unlocked movably mounted state, particularly in the orbital motion mode. Such an alternative embodiment has
the advantage that, whenever desired, a shaft motion
may be safely disabled - not limited to a situation in which
the shaft shall be prevented against rotation in an undesired direction. This provides a user with a high degree
of freedom to control of the entire mechanism in accordance with any user selections.
[0078] In an embodiment, the second one-way clutch
is arranged to circumferentially surround the first oneway clutch. This allows to obtain a very compact mechanism with a particularly low height. In view of the high
forces which may act on the mechanism during centrifuging and orbital mixing, such a flat construction offers
a high degree of safety in operation.
[0079] In an embodiment, the first one-way clutch and
the second one-way clutch are arranged concentrically
around a rotation axis of the mechanism, particularly
around a rotation axis of a concentric portion of a drive
shaft of the orbital motion generator. Particularly, the
mechanism may have a lower portion (i.e. juxtaposed to
a bottom of the device) with a concentric arrangement
and may have an upper portion (i.e. juxtaposed to the
sample holder) with an eccentric arrangement. The oneway clutch arrangement may entirely form part of the
concentric bottom arrangement which may keep the mechanical load acting on the one-way clutch arrangement
small.
[0080] In an embodiment, the first one-way clutch and
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the second one-way clutch are arranged at at least overlapping height ranges, particularly extend over the same
height range, in relation to a (particularly vertical) rotation
axis of the mechanism, particularly in relation to a rotation
axis of a drive shaft of the orbital motion generator. Also
this contributes to the compact construction of the mechanism.
[0081] In an embodiment, the one-way clutch arrangement is mounted so as to be immovable along a rotation
axis of the mechanism, particularly around a rotation axis
of a drive shaft of the orbital motion generator. By maintaining the one-way clutch arrangement spatially fixed
along a rotation axis of the mechanism during both the
rotary motion mode and the orbital motion mode, the
technical effort for moving components remains very
small. This allows to operate the mechanism with a low
amount of energy and keeps the construction simple and
robust against failure. Hence, the one-way clutches may
be assembled so as to be disabled to be displaced in a
translative way along the vertical or rotation axis. However, in the rotary motion mode one of the one-way
clutches rotates around the rotation axis of the hollow
shaft/of the drive unit, and in the orbital motion mode the
other one of the one-way clutches rotates around the
rotation axis of the hollow shaft/of the drive unit.
[0082] In an embodiment, the gear element comprises
a hollow shaft being located (particularly laterally) between the first one-way clutch and the second one-way
clutch so as to surround the first one-way clutch and to
be surrounded by the second one-way clutch. Therefore,
a simple tubular gear element may organize both operation of components within the first one-way clutch as
well as operation of components surrounding the second
one-way clutch merely by adjusting the present rotation
direction of the tubular gear element.
[0083] In an embodiment, the orbital motion generator
comprises a drive shaft having an eccentric section being
eccentric with regard to a rotation axis around which the
gear element is rotatable driven by the drive unit, wherein
the eccentric section extends through the sample holder,
particularly through a recessed sample holder plate of
the sample holder. Thus, the eccentric portion of the shaft
may act directly on the sample holder without any further
components in between. This results in a simple, failurerobust and spatially uninterrupted force transmission
from the eccentric shaft section to the sample holder rendering the mechanism compact, light in weight and accurate.
[0084] In an embodiment, the drive shaft has a concentric section being concentric with regard to the rotation axis, wherein at least a part of the concentric section,
but not the eccentric section, is surrounded by at least a
part of the one-way clutch arrangement. Thus, a clear
spatial separation between a concentric portion including
the force transmitting one-way clutches on the one hand
and an eccentric portion on the other hand can be implemented.
[0085] In an embodiment, the concentric section forms
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a bottom part of the drive shaft and the eccentric section
forms a top part of the drive shaft. The terms "bottom"
and "top" refer to an ordinary use position of the mechanism in which the sample containers are arranged
above the drive and force transmission components.
[0086] In an embodiment, the drive shaft extends over
or bridges the entire range from the drive unit to the sample holder. Therefore, a single stiff member may transfer
the driving force from the drive unit to the sample holder
to thereby ensure a failure robust orbital motion operation.
[0087] In an embodiment, the mechanism comprises
cooperating cogwheels forming part of both the orbital
motion generator and the rotary motion generator. A
force transmission via two cogwheels which may be coupled by a coupling body (such as a toothed belt) is a rigid,
simple and accurately reproducible way of transferring
force. More precisely, the coupling body transfers a rotative motion from a lower cogwheel to an upper cogwheel during the rotary motion mode (for centrifugation),
similar as in a belt drive. In the orbital motion mode, the
coupling body prevents a turning of the upper cogwheel
relative to the lower cogwheel. In other words, the upper
cogwheel maintains its spatial orientation with regard to
the lower cogwheel during the orbital revolution. Thus,
there is a force coupling between the cogwheels in the
orbital motion mode.
[0088] In an embodiment, the mechanism comprises
a drive shaft to be coupled to the gear element via the
one-way clutch arrangement and forming part of the orbital motion generator, but not of the rotary motion generator. Thus, construction of the partially eccentric drive
shaft may be focused specifically to the task of transmitting an orbital motion
[0089] In an embodiment, the sample holder comprises one or more accommodation sections each having an
accommodation recess each configured for receiving a
container including one or more fluidic samples. In one
embodiment, exactly one fluidic sample is treated by the
apparatus. Such a sample may be accommodated within
a vial or any other container. It is however also possible
that an arrangement of multiple fluidic samples is treated
for mixing and/or centrifuging in the same apparatus at
the same time. For instance, a circumferential arrangement of accommodation recesses and corresponding
samples may be provided. Alternatively, it is also possible
that for instance two dimensional arrays of samples are
treated by the apparatus such as well plates or the like.
For instance, a 96 well plate sample holder may be used
in conjunction with the apparatus. With regard to suitable
sample holders, it is possible to have four tubes, four well
plates, any other number of tubes or well plates, common
or separate structures for accommodating them, multiple
samples, etc.
[0090] In an embodiment, each of the one or more accommodation sections is mounted to be pivotable around
a pivoting axis being perpendicular to a rotation axis of
the orbital motion and the rotary motion so as to be piv-
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oted only upon exceeding a predefined rotation force. By
mounting the accommodation sections to be pivotable
allows to increase the centrifuging efficiency while rotating the sample holders.
[0091] It is also possible to operate the apparatus in
combination with an automatic sample transfer system.
For example, it is possible to pipette fluidic samples into
sample containers of the apparatus. It is also possible to
provide a temperature adjustment unit within the apparatus, for instance to perform PCR (Polymerase Chain
Reaction) with the fluidic samples. It is also possible that
the apparatus itself includes detector components such
as an optical detector for detecting separated components of the sample. Alternatively, it is possible to move
the apparatus into a separate detection system. For instance, a robot driven gripper arm may grip the apparatus
and may transfer the apparatus towards a detector position.
[0092] It is possible that the samples are cooled (for
instance by injecting an air stream into the interior accommodation space of the apparatus) or heated during
centrifuging and/or during mixing.
[0093] Merely as examples, apparatuses according to
exemplary embodiments of the invention may be realized
as one or more of the following: an orbital shaker for lab
containers; an orbital shaker for well plates with a flat
construction and a high mixing frequency; a combination
of an orbital shaker and a centrifuge for lab containers
(also well plates); a combination of orbital shaker, centrifuge and a homogenizer (such a function may be implemented, for instance by a linear motion of a rotor, for
instance reciprocating upwardly and downwardly); integration of an automatic container locking (for instance an
edge locking mechanism); an integration of a sample
supply and/or sample remove unit or a pipette device;
integration of an evaluation device (for instance an optical
detector); integration of a precise positioning unit for positioning fluidic sample containers (for example, the containers may be pivoted at defined points in order to provide for a sample supply or an evaluation here); integration of a temperature adjustment unit; etc.
[0094] The aspects defined above and further aspects
of the invention are apparent from the examples of embodiment to be described hereinafter and are explained
with reference to these examples of embodiment.
[0095] The invention will be described in more detail
hereinafter with reference to examples of embodiment
but to which the invention is not limited.
Fig. 1 shows a sample handling apparatus, which
may be implemented in a sample processing arrangement according to an exemplary embodiment
of the invention, for selectively operating a sample
holder accommodating fluidic samples in an orbital
motion mode for shaking or in a rotary motion mode
for centrifuging.
Fig. 2 shows a sample handling apparatus, which
may be implemented in a sample processing ar-
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rangement according to another exemplary embodiment of the invention, for selectively operating a
sample holder accommodating fluidic samples in an
orbital motion mode for shaking or in a rotary motion
mode for centrifuging.
Fig. 3 illustrates schematically a functioning principle
of mechanisms and apparatuses according to exemplary embodiments of the invention providing for an
orbital motion mode.
Fig. 4 illustrates part of a sample handling apparatus
according to an exemplary embodiment of the invention providing for an orbital motion mode.
Fig. 5 illustrates cooperation between two cogwheels and a toothed belt according to an exemplary
embodiment of the invention. It should be mentioned
that the cogs of components are not illustrated in Fig.
5.
Fig. 6 to Fig. 9 show plan views and cross-sectional
views illustrating cooperation between two cogwheels and a toothed belt in different angular states
according to an exemplary embodiment of the invention.
Fig. 10 illustrates a sample handling apparatus,
which may be implemented in a sample processing
arrangement according to an exemplary embodiment of the invention, in an operation mode in which
a lid is attached to cover an interior of a support body.
Fig. 11 shows the sample handling apparatus of Fig.
10 in an operation mode in which the lid is detached.
Fig. 12 shows an internal constitution of the apparatus of Fig. 10, wherein a support body is omitted to
expose various internal parts.
Fig. 13 shows a detailed view of the lid of the apparatus of Fig. 10.
Fig. 14 is a cross-sectional view of the apparatus of
Fig. 10 showing an internal constitution thereof.
Fig. 15 shows another view of the apparatus of Fig.
10 while the accommodation sections are in an upright position.
Fig. 16 shows another operation mode of the apparatus of Fig. 10, wherein the accommodation sections are in a pivoted position.
Fig. 17 shows a sample handling apparatus, which
may be implemented in a sample processing arrangement according to an exemplary embodiment
of the invention, in which well plates are selectively
shaken or centrifuged.
Fig. 18 is a cross-sectional view of the apparatus of
Fig. 17 illustrating the internal construction thereof.
Fig. 19 is a three-dimensional view of an apparatus,
which may be implemented in a sample processing
arrangement according to an exemplary embodiment of the invention, with removed lid.
Fig. 20 shows the apparatus of Fig. 19 in an operation
mode in which the accommodation sections are pivoted in response to an applied rotational force.
Fig. 21 shows geometrical conditions in a section of
a device according to an exemplary embodiment of
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the invention in which a rigid or a deformable coupling body interacts with two cogwheels.
Fig. 22 shows a plan view, a three-dimensional view
and a detail of a mechanism illustrating an interaction
between a coupling body and two cogwheels according to an exemplary embodiment of the invention.
Fig. 23 and Fig. 24 show a sample handling apparatus, which may be implemented in a sample
processing arrangement according to an exemplary
embodiment of the invention, in which well plates
can be shaken.
Fig. 25 shows a three-dimensional view of a sample
handling apparatus, which may be implemented in
a sample processing arrangement according to an
exemplary embodiment of the invention.
Fig. 26 shows a three dimensional cross-sectional
view of the sample handling apparatus of Fig. 25
together with two details illustrating certain features
thereof.
Fig. 27 shows a planar cross-sectional view of the
sample handling apparatus of Fig. 25 together with
two details illustrating certain features thereof.
Fig. 28 is a schematic plan view of a sample processing arrangement according to an exemplary embodiment of the invention implementing a mechanism/an
apparatus as described referring to the previous figures.
Fig. 29 is a schematic plan view of a sample processing arrangement according to another exemplary
embodiment.
Fig. 30 is a three-dimensional view of a sample
processing arrangement according to an exemplary
embodiment of the invention having all sample
processing tasks integrated within a casing formed
by a stationary housing and a cover lid.
Fig. 31 shows a sample processing arrangement according to an exemplary embodiment of the invention
with a cover lid which has an access recess being
shown in a state in which it is closed by a movable
cover plate.
Fig. 32 shows the sample processing arrangement
of Fig. 31 in an operation mode in which the recess
of the lid is opened to enable access to sample containers in an interior of the outer casing of the sample
processing arrangement.
Fig. 33 illustrates a sample processing arrangement
similar to Fig. 32 but additionally showing a belt drive
mechanism for operating and moving the cover plate
by a motor for selectively covering the recess of the
lid or exposing an interior of the sample processing
arrangement below the recess by sliding the cover
plate away from the recess.
Fig. 34 and Fig. 35 show details of the belt drive
mechanism of Fig. 33 for selectively covering or uncovering the lid.
Fig. 36 shows a plan view of a lid and Fig. 37 shows
a slidable cover plate cooperating with the lid of Fig.
36 for selectively covering or uncovering a through
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hole in the lid, wherein the lid has implemented a
latch mechanism for selectively disabling exposure
of an interior of a sample processing arrangement
according to an exemplary embodiment by locking
the cover plate to the lid in an active operation mode
of the sample processing arrangement.
Fig. 38 illustrates individual procedures of a complex
process to be carried out by a sample processing
arrangement according to an exemplary embodiment by correspondingly equipping module accommodation positions by appropriately configured sample processing modules.
Fig. 39 is a schematic plan view of a sample processing arrangement according to an exemplary embodiment of the invention in which all twelve module accommodation positions of identical dimension are
presently free of sample processing modules.
Fig. 40 is another view of the sample processing arrangement of Fig. 39 in which six module accommodation positions remain unoccupied by sample
processing modules, one module accommodation
position is presently occupied by one sample
processing module, two module accommodation positions are presently occupied by another sample
processing module, and three further module accommodation positions are presently occupied by
still another sample processing module.
Fig. 41 illustrates the sample processing modules
according to Fig. 40.
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[0096] The illustration in the drawing is schematically.
In different drawings, similar or identical elements are
provided with the same reference signs.
[0097] In the following, sample processing arrangements according to exemplary embodiments of the invention will be explained. These sample processing arrangements comprise mechanisms and apparatuses as
shown in Fig. 1 to Fig. 27. In Fig. 28 to Fig. 35, it will then
be described how such and other apparatuses and mechanisms can be implemented in sample processing arrangements in which they are integrated with a mounting
platform providing the opportunity of plugging selectively
combinable sample processing modules into plug-in positions of the mounting platform.
[0098] A basis for a sample processing arrangement
according to exemplary embodiments of the invention is
a rotor-based system (having a high degree of rotational
symmetry) enabling sample containers mounted on a
sample holder to be subjected to a rotary motion mode
for sample separation or an orbital motion mode for agitation of the sample. According to an exemplary embodiment, such a system is extended by a mounting platform
providing the opportunity of integrating multiple sample
separation modules of different type of functionality on
the same platform or even within the same casing. In
view of the rotor-based mechanism, the sample containers are already functionally coupled to a rotatable rotor
and can be moved and processed in different ways. Par-

27

EP 3 013 480 B1

ticularly, it is possible to perform mixing procedures, separation procedures and to transport individual ones of
the fluidic sample containers in alignment with assigned
sample processing modules.
[0099] Since the sample containers are arranged on a
rotatable rotor, a simple positioning of the samples on a
circular trajectory is possible. This makes it possible to
position certain different processing stations or sample
processing modules along a perimeter of the system and
to move the samples by a simple rotation mechanism of
the rotor to the respectively next processing station or
sample processing module. No separate drive unit is required to perform this task, because the rotational drive
used for the mixing and centrifugation can be used as
well for positioning individual sample containers relative
to individual sample processing modules. The supply and
the extraction or sampling of substances (for instance for
metering) can for instance be performed via a single linear axis in connection with a pipetting unit or a metering
pump being arranged parallel to the rotor axis. Kinetic
energy required for mixing and separation can be provided via the same rotor and motor and can be transmitted to the fluidic samples in the sample containers attached thereto.
[0100] By this construction it becomes possible to combine important analytical tasks and methods in a very
compact device which using only two motion axes. Optionally and advantageously, further processes such as
for instance tempering and magnetic separation may be
integrated in the arrangement as well.
[0101] Just as an example, it is possible to integrate
the following and other modules for the following and
other purposes along a circumference of the device:
-
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trigger chemical reaction/tempering samples (for instance heating, cooling, mixing)
metering (for instance adding solid, liquid or gaseous
substances to a fluid container)
sample collection (for instance collection of substances from a fluid container)
characterization of sample by measurement techniques (for instance analytic, particularly optical detection)
magnetic separation
sucking off/disposal of auxiliary substances and
waste
storage (for instance containers of auxiliary substances, tempering of the auxiliary substances, etc.)
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[0102] The sample processing modules can be configured to be accommodated substitutably (for instance by
plugging them into plug-in positions). Electric interfaces
may be provided in the plug-in positions of the mounting
platform for supply of the sample separation modules
with electric power. Also, such electric interfaces can be
used for a communication of a sample separation module
with other sample separation modules or a central control
unit of the mounting platform. Moreover, mechanical in-

50

-

-

40

45

55

15

28

terfaces may be provided for attaching or fastening the
sample separation modules to the mounting platform. In
the sample processing arrangement, the sample
processing modules are placed around the rotor driving
one or more sample containers in the rotary motion mode
or in the orbital motion mode. Hence, a simple and flexible
adjustment of the entire system is enabled. Such a modular system with standardized modules allows to adapt
the system flexibly to different protocols and process
chains. By an intelligent combination of different modules, many different analytical methods may be carried
out. The system is particularly suitable for the execution
of complex and difficult sample preparation sequences
which have conventionally been performed manually
(see for instance Fig. 38).
[0103] The outer casing of such an arrangement can
be advantageously equipped with an automatically openable lid for integration in an automatic lab system (for
instance using a lab robot). For this purpose, the arrangement can be automatically equipped by an automatic lab
system (for example using a gripper or handling tool) with
sample containers (for instance tubes, vials, microtiter
plates, well plates, etc.). Particularly, removal of fluid from
the sample containers may also be automated. The system can then carry out complex sample preparation tasks
in an autonomous way. The above-mentioned lid may
serve as a mechanical protection of the entire system in
case of a possible damage by forces which result from
the execution of rapid rotation motions, as they occur for
instance during centrifugation but also during orbital mixing. On the other hand, this provides for the opportunity
to provide a closed incubation volume. The incubation
volume can be tempered or can be provided with a desired gas atmosphere (for instance CO 2, nitrogen substances) which may influence the incubation or reaction
in a desired way. In order to introduce fluidic samples
into the incubation volume or to remove samples therefrom, the automatically openable lid may be integrated
in the arrangement. The lid may be openable or closable
in a vertical and/or horizontal direction by means of drive
units (such as a linear motor, a stepper motor, a servomotor, etc.).
[0104] For the purpose of performing various biological
and biochemical treatments of fluidic sample, the sample
processing arrangement may be equipped with different
standardized modules (such as a handling unit, a pipetting unit, a temperature adjustment unit, an analysis unit
for read out of data, etc.).
[0105] Exemplary embodiments of the invention allow
operating an apparatus in an operation mode in which
an orientation fixed orbital motion is possible. A corresponding embodiment of the invention therefore relates
to a mechanism for transferring a rotation motion of a
driving motor into an orientation fixed orbital motion which
is advantageous for a contamination free mixing of samples in laboratory containers. In this kind of motion, a
shaking shelf board with at least one laboratory container
attached thereto is moved with an angular frequency ω1
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around a rotational axis of a drive unit. In order to keep
the spatial orientation of the lab container constant, the
shaking shelf board can additionally be rotated by an
angular frequency ω2 around an axis which is not identical
to an axis of the drive unit but which is parallel to this axis
with a distance r0 (eccentricity/orbital radius). In order to
maintain this spatial orientation of the shaking shelf board
during the rotation, it is advantageous that the condition
-ω1=ω2 shall be fulfilled.
[0106] In contrast to such an orbital motion, centrifugation denotes a sample separation procedure which is
based on a different behavior of different molecules in
the gravitational field. The gravitational field required for
separating such components thereby defines or determines the technical effort for realizing the separation.
Therefore, a sufficiently high gravitational force shall be
generated artificially. For this purpose, it is possible to
rotate the samples within the containers around a certain
spatial axis. In the thus generated centrifugal field, the
separation procedures are more efficiently and faster as
in the gravitational field of the earth, since the required
separation forces can be significantly higher. Also a separation of mixtures of fractions of a fluidic sample with
very small differences concerning density can be made
possible by this procedure.
[0107] In biotechnology, centrifugation can be used for
separating cells after fermentation, separating of cell
fragments after cell exposure, the separation of precipitated or crystallized products from liquids and the separation of liquid systems (extraction). Another application
of centrifugation in a biotechnological lab is to collect
sample amounts adhering to the surface of the container
after execution of tempering or mixture procedures by a
centrifugal force in direction of the bottom of the container, for sample collection.
[0108] Fig. 1 illustrates a sample handling apparatus
50 according to an exemplary embodiment of the invention.
[0109] The apparatus 50 comprises a sample holder
constituted by a recessed sample holder plate 14 and
tubes or test glasses 40 mounted on the sample holder
plate 14. As can be taken from Fig. 1, fluidic samples 38
such as biological liquids are accommodated within the
test glasses 40. The apparatus 50 combines two functions in one device, i.e. a shaking function by which the
liquid samples 38 are shaken for mixing purposes and a
rotary function by which the liquid samples 38 are centrifuged for separating components or fractions thereof.
[0110] The sample holder 14, 40 is coupled to a mechanism for switching the sample holder 14, 40 between
the orbital motion mode (for shaking) and the rotary motion mode (for centrifuging).
[0111] This mechanism comprises a hollow cylindrical
shaft 11 as a gear element which can be rotated selectively in a first rotation direction A or in a second rotation
direction B around a rotation axis 49. The second rotation
direction B is opposite or inverse to the first rotation direction A. The rotation can be powered by a drive engine
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(not shown in Fig. 1).
[0112] Reference numerals 2, 3, 4 and 5 denote components of an orbital motion generator which is configured for generating the orbital motion of the sample holder 14, 40 when the apparatus 50 is operated in the orbital
motion mode for mixing in accordance with the first rotation direction A. Furthermore, reference numerals 2, 4
and 5 denote components of a rotary motion generator
which is configured to generating a rotary motion of the
sample holder 14, 40 when the apparatus 50 is operated
in the rotary motion mode in accordance with the second
rotation direction B. Reference numerals 12 and 13 denote independently operating components of a one-way
clutch arrangement, embodied as a first one-way clutch
12 and a second one-way clutch 13. The skilled person
is aware of the fact that a one-way clutch may freewheel
in one rotation direction, thereby disabling a force transmission between two connected components, while it enables a force transmission between two connected components in the opposite rotation direction. The two oneway clutches 12, 13 freewheeling in opposite directions
are provided for switching between the centrifuging
mechanism and the orbital shaking mechanism. Coupling between the two one-way clutches 12, 13 is performed by the hollow shaft 11.
[0113] A detail in Fig. 1 shows an example as to how
a one-way clutch 12, 13 may be configured. A plurality
of circumferentially arranged balls 202 are connected via
biasing springs 204 to a central hub 200. The balls 202
are further sandwiched between the hub 200 and an exterior annulus 206. In clockwise direction, rotation of the
hub 200 is disabled (for reasons of form closure or force
closure), while it is enabled in counterclockwise direction.
[0114] As can be taken from Fig. 1, the first one-way
clutch 12 is arranged between the hollow shaft 11 and a
drive shaft 3. The one-way clutch 12 is configured in such
a way that the driving force from the rotated hollow shaft
11 can be transferred to the orbital motion generator 2
to 5 for generating the orbital motion when the hollow
shaft 11 is rotated in the first direction A. In other words,
the first one-way clutch 12 couples the hollow shaft 11
with the drive shaft 3 when the first motion direction A of
the hollow shaft 11 is activated. In contrast to this, the
first one-way clutch 12 freewheels when the hollow shaft
11 is rotated in the second direction B. In this operation
mode, no force transmission from the hollow shaft 11 to
the drive shaft 3 is possible.
[0115] The second one-way clutch 13 is configured for
coupling the hollow shaft 11 with the rotary motion generator 2, 4, 5, particularly with a first cogwheel 2 of the
rotary motion generator 2, 4, 5, to transfer the driving
force from the rotating hollow shaft 11 to the rotary motion
generator 2, 4, 5 for generating the rotary motion when
the hollow shaft 11 is driven in the second direction B. In
other words, in this operation mode, force is transmitted
from the hollow shaft 11 rotating in direction B via the
second one-way clutch 13 to the first cogwheel 2, more
precisely to a shaft extension 71 of the first cogwheel 2.
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In contrast to this, the second one-way clutch 13 freewheels, i.e. does not transmit a force from the rotating
hollow shaft 11 to the extension shaft 71 of the first cogwheel 2, when the hollow shaft 11 rotates in the first direction A.
[0116] Hence, by simply adjusting the rotation direction
of the hollow shaft 11, it is possible for a user to select
either the rotary motion mode or the orbital motion mode.
[0117] Most specifically, the rotary motion generator
2, 4, 5 comprises the selectively lockable first cogwheel
2. When the mechanism is operated in the rotary motion
mode, the first cogwheel 2 is unlocked by correspondingly operating a cogwheel locking element 9. The cogwheel locking element 9 is configured for selectively locking the first cogwheel 2 to a support body 1 (see operation
mode shown in Fig. 1) or for unlocking the first cogwheel
2 to assume the unlocked movably mounted state required for the rotary motion mode (in which the cogwheel
locking element 9 is not in engagement with the first cogwheel 2, not shown in the figure). In the rotary motion
mode, the cogwheel locking element 9 does not protrude
into a corresponding recess in the first cogwheel 2.
Therefore, the first cogwheel 2 can freely rotate relative
to the support body 1 in the rotary motion mode. The first
cogwheel 2 is coupled to the hollow shaft 11 via the second one-way clutch 13 and has a plurality of first cogs
(see reference numeral 80 in Fig. 6 to Fig. 9) arranged
along an outer circumference of the substantially diskshaped first cogwheel 2.
[0118] A second cogwheel 4, also contributing to the
rotary motion generator 2, 4, 5, is arranged on top of the
first cogwheel 2 and is mounted in a permanently movably way. Hence, the second cogwheel 4 cannot be fastened in the present embodiment, but can freely follow a
rotation motion when a corresponding rotation force is
exerted to the second cogwheel 4. The second cogwheel
4 also has a plurality of second cogs arranged along an
outer circumference of the second cogwheel 4 (see reference numerals 82 in Fig. 6 to Fig. 9).
[0119] Furthermore, a toothed belt 5, also contributing
to the rotary motion generator 2, 4, 5, is provided as a
deformable but non-elongatable coupling body which encloses or surrounds the entire circumference of both the
first cogwheel 2 and the second cogwheel 4. The toothed
belt 5 has, as can best be taken from reference numeral
84 in Fig. 6 to Fig. 9, a plurality of third cogs arranged
along an inner circumference of the toothed belt 5. The
toothed belt 5 is mounted with regard to the first cogwheel
2 and with regard to the second cogwheel 4 so as to
engage, in each state during the rotation, a corresponding part of the first cogs 80 and a corresponding part of
the second cogs 82 by a corresponding part of the third
cogs 84.
[0120] In this way, the rotary motion of the second cogwheel 4 and of the sample holder 14, 40 (rigidly connected to the second cogwheel 4 by fastening elements such
as screws 73) is generated when the hollow shaft 11 is
rotated in the second direction B. This transmits force
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from the hollow shaft 11 via the second one-way clutch
13 to the first cogwheel 2, and from the first cogwheel 2
via the toothed belt 5 to the second cogwheel 4 and from
the second cogwheel 4 to the sample holder 14, 40.
[0121] For centrifugation by the rotary motion, the locking device 10 connects drive shaft 3 with the support
body 1, whereas locking device 9 is not in engagement
with the first cogwheel 33. Via a rotary drive (direct drive
or transmission by means of gears) a rotation of the hollow shaft 11 in direction B is generated. The introduced
torque is transmitted at the exterior diameter of the hollow
shaft 11 via the second one-way clutch 13 locking in this
direction onto the cogwheel 2. The first one-way clutch
12 does not transmit any torque in this rotation direction
B and freewheels. Via the toothed belt 5, the torque is
transmitted towards the second cogwheel 4 which is
thereby brought into rotation. By means of drive shaft 3,
locked by means of locking device 10, a defined alignment of the drive shaft 3 is achieved during centrifugation,
on the other hand the equilibration mass or compensation
weight 7 fastened to the drive shaft 3 is prevented from
rotating (by bearing friction).
[0122] The orbital motion generator 2 to 5 is formed by
the first cogwheel 2, the second cogwheel 4, the toothed
belt 5 and additionally drive shaft 3. For executing the
orbital motion mode, the first cogwheel 2 needs to be
brought into a locked stationary mounted state as shown
in Fig. 1. This is performed by the cogwheel locking element 9, which is embodied as some kind of displaceable
pin, which is brought in engagement with a recess in the
first cogwheel 2 as shown in Fig. 1 so that the first cogwheel 2 is stationary locked to the support body 1 as a
result of the form closure with the cogwheel locking element 9.
[0123] As can furthermore be taken from Fig. 1, the
first cogwheel 2 has a central first through hole 30. Also
the second cogwheel 4 has a central second through
hole 32. The above mentioned drive shaft 3 is guided
through the first through hole 30 and is guided through
the second through hole 32 and is coupled to the hollow
shaft 11 via the first one-way clutch 12. The drive shaft
4 is constituted by different sections including a concentric first section 34 and an eccentric second section 36
(eccentricity r0). The first section 34 is guided through
the first through hole 30, whereas the second section 36
is guided through the second through hole 32.
[0124] The toothed belt 5 is mounted with the first cogwheel 2 and with the second cogwheel 4 so as to engage
part of the first cogs 80 and part of the second cogs 82
by part of the third cogs 84 also in the orbital motion mode
to thereby generate the orbital motion of the second cogwheel 4 and the sample holder 14, 40 upon rotating the
hollow shaft 11 in the first direction A. Again, the sample
holder 14, 40 follows motion of the second cogwheel 4
since it is permanently fastened to the second cogwheel
4 by means of the fastening elements, in the shown embodiment the screws 73. This transmits force from the
hollow shaft 11 via the first one-way clutch 12 to the drive
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shaft 3, and from the drive shaft 3 to the second cogwheel
4 and from the second cogwheel 4 to the sample holder
14, 40. The weak coupling between movable cogwheel
4 and fixed cogwheel 2 mediated via toothed belt 5 provides for two superposed rotation motions of the cogwheel 4, i.e. an orbital motion.
[0125] In the orbital motion mode, a coupling force resulting from the form closure of the toothed belt 5 with
both the first cogwheel 2 and the second cogwheel 4 is
larger than a friction force between contacting surfaces
of the first cogwheel 2 and the second cogwheel 4.
Hence, the toothed belt 5 is mounted with the first cogwheel 2 and with the second cogwheel 4 so as to form a
form closure which superposes, to a rotating motion of
the second cogwheel 4 transmitted by the drive shaft 3,
a rolling motion of the second cogwheel 4 during which
the second cogwheel 4 rolls up on the toothed belt 5
limited by a rolling motion during which the toothed belt
5 rolls up on the first cogwheel 2.
[0126] Fig. 1 also shows a non-rotationally symmetric
compensation weight 7 (for instance shaped as a half
disc) which is mounted asymmetrically on the drive shaft
3 and is configured to compensate for a mechanical load
acting on the drive shaft 3 upon generating the orbital
motion. The equilibration mass or compensation weight
7 is used for balancing out unbalanced masses. The compensation weight 7 is used for the shaking operation
mode only, but not for centrifuging, because in the centrifuging mode the opposing sample holder sections automatically balances out the effects of uncompensated
weights.
[0127] For mixing in the orbital motion mode, the locking device 9 connects cogwheel 2 with the support body
1, whereas locking device 10 is out of engagement with
drive shaft 3. Via a rotary drive (direct drive or transmission by means of an additional gear) a rotation of the
hollow shaft 11 in direction A is generated. The introduced torque is transmitted at an inner diameter of the
hollow shaft 11 via one-way clutch 12 locking in this direction onto the drive shaft 3 with the eccentric section
36, which also rotates in direction A. The second oneway clutch 13 which is fastened to the cogwheel 2 transmits no torque in this direction and freewheels. In view
of the toothed belt 5 being always in engagement, an
orientation fixed orbital motion results at the shaking shelf
board or sample holder 14. By the corotating equilibration
or compensation weight 7, an unbalanced mass is at least
partially compensated.
[0128] Thus, by the mere definition of the rotation direction (A or B) of the hollow shaft 11 powered by a not
shown drive unit such as an electric motor, the complementary arrangement of the one-way clutches 12 and 13
ensures that at each time either the orbital motion mode
or the rotary motion mode is activated. The apparatus 50
provides for a mechanism for generating an orientation
fixed orbital movement when the drive shaft 3 is driven.
In contrast to this, a centrifugation motion (rotation) can
be activated by changing the rotation direction of the hol-
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low shaft 11 by merely inverting the rotation direction of
the drive unit powering the hollow shaft 11. Therefore, a
single apparatus 50 is sufficient for providing both an
orbital motion for shaking the fluidic sample 38 or a rotary
motion for centrifuging the fluidic sample 38. Thus, the
apparatus 50 provides for both, a gentle mixing of a sensitive biological sample 38 with an orbital motion, and an
efficient separation of different fractions of the biological
sample 38 by centrifugation. For adjusting a respective
operation mode, a user merely has to adjust the rotation
direction of the drive unit for driving the hollow shaft 11.
The mechanism for generating the shaking motion along
an orbital trajectory can be realized by the two cooperating cogwheels 2, 4 driven by drive shaft 3, wherein the
cogwheels 2, 4 are weakly coupled by the toothed belt
5. By additionally providing the one-way clutches 12, 13
freewheeling into two opposite directions and therefore
also blocking into opposite directions, the shaking function can be integrated in the same apparatus 50 as a
centrifugation function. Thus, the operation of two separate devices is avoided and a sample transfer procedure
to be performed by a user or an automatic handling device can be omitted.
[0129] The actual drive unit (not shown) such as an
electric motor can be aligned with the axis of the drive
shaft 3. However, it is alternatively possible to arrange
the drive unit laterally displaced with regard to the drive
shaft 3, for instance by transmitting the drive force of the
drive unit via a force transmission belt or the like to the
drive shaft 3. Such a lateral geometry may result in a low
height of the apparatus 50.
[0130] Fig. 1 furthermore shows that an optional shaft
locking element 10 can be provided which can also be
embodied as a displaceable locking pin which can either
be brought, for the rotary motion mode, in engagement
with the drive shaft 3 for selective locking of the drive
shaft 3 to the support body 1 (as shown in Fig. 1), or
which can be brought, for the orbital motion mode, in a
non-engaging state for unlocking the drive shaft 3 with
respect to the support body 1.
[0131] As alternatives to the hollow shaft 11, another
gear element such as a cylinder or a pin or shank may
be implemented as well.
[0132] With regard to the cogwheel system, both cogwheels 2, 4 may have the same number of cogs or teeth.
The eccentricity r0 of the drive shaft 3, i.e. the axis distance of shaft section 36 with regard to the rotation axis
49, can be a multiple integer of the distance of adjacent
cogs or teeth on the circumferences of the cogwheels 2,
4. Some deviation from an integer value may be possible
so as to provide for some clearance as well. The toothed
belt 5 with the interior toothing may have a slightly larger
inner diameter (for instance larger by about the eccentricity r0) as compared to the outer diameter of each of
the cogwheels 2, 4. Then, the desired weak coupling between the two cogwheels 2, 4 can be mediated via the
toothed belt 5.
[0133] Drive shaft 3 has its eccentric section 36 being
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eccentric with regard to rotation axis 49 around which
the gear element 11 is rotatable when driven by the drive
unit 42. The eccentric section 36 extends through recessed sample holder plate 14 of the sample holder 14,
40. The drive shaft 3 further has its concentric section 34
concentric with regard to the rotation axis 49, wherein
the concentric section 34, but not the eccentric section
36, is surrounded by the one-way clutches 12, 13. The
concentric section 34 forms a bottom part of the drive
shaft 3 and the eccentric section 36 forms a top part of
the drive shaft 3. The drive shaft 3 bridges and extends
over the entire range from the drive unit 42 to the sample
holder 14, 40.
[0134] Fig. 2 illustrates an apparatus 50 according to
another exemplary embodiment of the invention.
[0135] In the embodiment of Fig. 2, the two one-way
clutches 12, 13 are substituted by bearings 77, 79. Both
bearings 77, 79 couple the hollow shaft 11 to the first
cogwheel 2 and to the drive shaft 3 so that no force is
transmitted via these freewheeling bearings 77, 79. In
other words, the bearings 77, 79 freewheel in both opposing directions.
[0136] In the shown embodiment, the one-way clutch
arrangement is realized by a one-way clutch pin 81 cooperating with the freewheeling bearings 77, 79. As can
be taken from a detail shown in Fig. 2, the one-way clutch
locking pin 81 can be brought in a first position 83 or in
a second position 85. By shifting the pin towards the first
position 83, the one-way clutch locking pin 81 rigidly couples the hollow shaft 11 with the first cogwheel 2, while
in this operation moment the hollow shaft 11 is continuously freely rotatable relative to the drive shaft 3. In contrast to this, in the operation mode 85, the one-way clutch
locking pin 81 has been shifted to the right hand side so
that the hollow shaft 11 can freely rotate relative to the
first cogwheel 2. In contrast to this, the drive shaft 3 is
now rigidly coupled with the hollow shaft 11. In other
words, the pin 81 in combination with the bearings 77,
79 freewheeling in both directions provide for the oneway clutch arrangement characteristic.
[0137] Furthermore, the optional shaft locking pin 10
is omitted in Fig. 2 but can be foreseen in this embodiment
as well. Although not essential, shaft locking pin 10 may
be advantageous as well since frictional forces in bearings might otherwise result in a rotation or torsion of the
shaft 3. In a low friction or frictionless state, shaft locking
pin 10 may be omitted.
[0138] Fig. 3 is a schematic illustration of an apparatus
50 according to an exemplary embodiment of the invention.
[0139] The mechanism shown in Fig. 3 is constituted
by a spatially fixed support body 1, a locked or lockable
first cogwheel 2 with a number z1 of cogs or teeth, and
a drive shaft 3 having an eccentric cross-section 36 and
a concentric cross-section 34. The concentric cross-section 34 is guided through the first cogwheel 2. Further, a
rotatably mounted cogwheel 4 with a number of cogs or
teeth z1 is mounted on the eccentric cross-section 36 of
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the drive shaft 3. Toothed belt 5 has a number of cogs
or teeth z2>z1. On the cogwheel 4, any desired shaking
shelf board 14 (for instance for lab containers, vials or
well plates) can be fastened. Cogwheel 2 is assembled
torque proof on the support body 1 (for instance by fixation 6).
[0140] Alternatively, it is also possible that the toothing
or cogging of the fixed cogwheel 2 is directly integrated
in the support body 1. Cogwheel 2 and support body 1
then form a common integral member.
[0141] When using a toothed belt 5, its shape always
deviates from a circular cross-section (x≠y in Fig. 5) due
to the eccentricity r0. In another embodiment it is also
possible that an interior toothed or cogged cogwheel
(particularly from plastic material) is used rather than a
toothed belt, so that in this scenario it is also possible
that the condition x=y applies.
[0142] In order to at least partially equilibrate unbalanced masses, it is possible to provide the equilibration
mass 7.
[0143] As an alternative to the arrangement of toothed
belt 5 and cogwheels 2, 4, it is also possible to use two
externally toothed and one internally toothed cogwheels,
i.e. three cogwheels.
[0144] For instance, cogwheel 2 may have z=60 teeth
or cogs, and cogwheel 4 may have z=60 teeth or cogs.
The toothed belt 5 may for instance have z=62 teeth or
cogs. The tooth pitch p may be characterized by p=2 mm,
and the eccentricity or the orbital radius r0 may be 2.0
mm (in practice, the value of the eccentricity may vary,
for instance may be 1,9 mm or 1,95 mm or 1,85 mm to
provide for a slight clearance between the components).
For the sake of providing a certain clearance, also for
example r0=1.9 mm is possible.
[0145] In the scenario Fig. 3, the cogwheel 2 is fixed,
and the cogwheel 4 remains orientation fixed during the
entire rotation. Toothed belt 5 rotates at each rotation by
two teeth or cogs in the rotation direction of the drive
shaft 3.
[0146] Fig. 4 shows a practical realization of an apparatus 50 according to the schematic illustration of Fig. 3.
[0147] Fig. 5 shows a plan view of the cogwheels 2, 4
and of the toothed belt 5 as well as of the drive shaft 3.
It should be mentioned that the cogs of components 2,
4, and 5 are not illustrated in Fig. 5.
[0148] Fig. 6 to Fig. 9 shows the relative orientation
and cooperation of the cogwheels 2, 4 and the toothed
belt 5 during an entire rotation. In this illustration, the
spatially fixed support body 1 corresponds to the cogwheel 2. The interaction between the cogs 80, 82 and 84
can be retraced based on Fig. 6 to Fig. 9.
[0149] In the following, referring to Fig. 10 to Fig. 16,
an apparatus 50 according to an exemplary embodiment
of the invention will be explained. This apparatus 50 is
compact in size and combines an orbital shaker with a
centrifuge, for up to four sample containers (for instance
Eppendorf Safelock 2,0 mm).
[0150] Apparatus 50 comprises the support body 1, a
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lid 45 and a rotor 89, see Fig. 10 and Fig. 11. The lid 45
is detachably connectable to the support body 1 by pairs
of permanent magnets. Advantageously, it is possible to
further increase the safety of the user by a mechanical
locking element (for instance a bayonet closure). At the
support body 1, a turning knob 91 for a user-defined adjustment of the revolution speed of the apparatus 50 is
provided. Each of four accommodation sections 90, 92,
94, 96 is capable of accommodating a respective sample
container.
[0151] In the following, an operation mode of using the
apparatus 50 for an orbital motion (mixture of a fluidic
sample) will be explained. The lid 45 is detached from
the support body 1, see Fig. 11. In an edge of the support
body 1, a Hall switch 93 is provided, see Fig. 12. In another edge, a locking device 95 is provided, which is shifted upwardly by a pair of permanent magnets 97. By this
mechanism, disk 99 is connected to the support body 1.
[0152] The locked disk 99 is fixedly connected (for instance screwed) with the hollow shaft having toothed belt
toothing 4, see Fig. 14. A drive engine 42 rotates in one
direction. The hollow shaft 11 which is directly connected
to the engine shaft has a one-way clutch 12 which transfers a torque onto the drive shaft 3 in this direction. The
drive shaft 3 has a concentric cross-section and an eccentric cross-section. The second one-way clutch 13
which is assembled in the hollow shaft 11 freewheels in
this direction and does not transfer torque. By the drive
shaft 3, cogwheel 4 fastened via a ball bearing on the
eccentric cross-section, as well as the equilibration mass
7 are orbitally elongated, wherein the two cogwheels 2,
4 are always connected via toothed belt 5. At the upper
cogwheel 4, the rotor 89 is fastened.
[0153] For centrifugation, lid 45 is attached to the support body 1, see Fig. 15. One or more permanent magnets 107 integrated in the lid 45 unlock locking device 95
via opposingly (or antiparallel) poled permanent magnets
(disk 99 and cogwheel 4 can be rotated with regard to
the support body 1), see Fig. 13. Additionally, the equilibration mass 7 and consequently the drive shaft 3 with
the eccentric cross-section 36 are connected to the lid
45 and the support body 1 in a torque proof way. As can
be seen in Fig. 13 and Fig. 15, a pin 103 protrudes from
a top plate 105 of the lid 45 and has an actuator 101 at
an end thereof. By means of the actuator 101, a locking
of the equilibration mass 7 to the lid 45 may be initiated.
Hall switch 93 detects a permanent magnet 107 in the
lid 45 and changes the rotation direction of the driving
engine 42. Hollow shaft 11 transmits torque via one-way
clutch 13 to cogwheel 2. Via the toothed belt 5, the introduced torque is transmitted onto the cogwheel 4 and
hence to the rotor 89. One-way clutch 12 freewheels in
this direction, i.e. no torque is transmitted to drive shaft
3. Rotor 89 rotates itself and the sample containers therein around its symmetry axis, whereby a centrifugation is
started, see Fig. 16.
[0154] Fig. 17 shows an apparatus 50 according to
another exemplary embodiment of the invention in which
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the sample holder is realized by a plate 111 having positioning edges 113 in each of the edges of the apparatus
50 for clampingly engaging a well plate (not shown in Fig.
17) carrying various fluidic samples under examination.
[0155] Fig. 18 shows a cross-section of the internal
constitution of apparatus 50 of Fig. 17. The principles as
shown and described above referring to Fig. 1 to Fig. 16
can be implemented here as well.
[0156] Fig. 19 and Fig. 20 show a further feature of an
apparatus 50 according to an exemplary embodiment of
the invention. As can be taken from dashed lines in Fig.
19 and Fig. 20, the (in this case four) accommodation
sections 90, 92, 94, 96 are mounted to be pivotable
around a pivoting axis (dashed sections) which are perpendicular to a vertical rotation axis of the orbital motion
and of the rotary motion so as to be pivoted upon exceeding a predefined rotation force. As shown in Fig. 19,
when the rotation of the rotor 89 is slow or the mechanism
is in orbital motion mode, the centrifugal force acting on
the accommodation sections 90, 92, 94, 96 is small as
well. However, upon exceeding a predefined threshold
value of the centrifugal force, the accommodation sections 90, 92, 94, 96 will move upwardly as shown in Fig.
20 so that the centrifugation can be performed efficiently.
Thus, the accommodation sections 90, 92, 94, 96 are
foldable and tilt upon exceeding a certain centrifugal
force. Optionally, permanent magnets or other biasing
force elements may be provided which tend to keep the
accommodation sections 90, 92, 94, 96 in the position of
Fig. 19 in orbital motion mode.
[0157] The vertical alignment of the accommodation
sections 90, 92, 94, 96 may be maintained in the orbital
motion mode by permanent magnets or resetting elements. In an embodiment, the accommodation sections
90, 92, 94, 96 do not pivot upon mixing, but only upon
centrifuging (with a sufficiently high centrifuging force).
[0158] Fig. 21 shows geometrical conditions in a section of a device according to an exemplary embodiment
of the invention in which a rigid coupling body 5 (see left
hand side) or a deformable coupling body 5 (see right
hand side) interacts with two cogwheels 2, 4.
[0159] If the coupling body 5 is a rigid structure (such
as an internally toothed pinion or gearwheel) the scenario
2100 is obtained.
[0160] If the coupling body 5 is a deformable structure
(such as a toothed belt) the scenario 2150 is obtained.
[0161] The inner diameter D (or more precisely the
largest inner extension) of the coupling body 5 is larger,
by the eccentricity r0, than twice of the radius r1 of the
cogwheels 2, 4:

[0162] Fig. 22 shows a plan view 2200, a three-dimensional view 2230 and a detail 2260 of a mechanism illustrating an interaction between coupling body 5 and two
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cogwheels 2, 4 according to an exemplary embodiment
of the invention.
[0163] For a proper orbital motion, the following conditions should be fulfilled:
5

a) Inner diameter D (in case of a rigid coupling body
5)or largest extension (in case of a deformable coupling body 5) of the coupling body 5 should ideally
be the sum of the outer diameter of one of the cogwheels 2, 4 (d1 = r1 + r1) plus the eccentricity r0, i.e.
D = r1 + r1 + r0 = d1 + r0.
b) The number z2 of teeth of the coupling body 5
should be larger, by at least one tooth, than the
number z1 of teeth of the cogwheels 2, 4: z2 ≥ z1 + 1
c) The eccentricity r0 should be larger than the height
h of the teeth (in order to enable a decoupling of the
teeth from the coupling body 5): r0 > h
d) The eccentricity r0 should be selected so that the
number z2 of teeth of the coupling body 5 is integer
(plus some clearance, as the skilled person will understand): r0 = (L - z1 ∗ p) / 2, wherein L = z2 ∗ p is
the circumferential length of the coupling body 5 and
p is the tooth pitch.
[0164] Fig. 23 shows a plan view and Fig. 24 shows
detailed views of a sample handling apparatus 2300 according to an exemplary embodiment of the invention in
which well plates (not shown) can be shaken.
[0165] The functionality of the sample handling apparatus 2300 equals to that of the embodiment of Fig. 17,
i.e. it is an orbital shaker with a flat construction for handling well plates. The shown embodiment has implemented the function "shaking by orbital motion". In contrast to
the embodiment of Fig. 17, the embodiment of Fig. 23
has a direct driving mechanism for drive shaft 3, wherein
Fig. 17 and Fig. 18 implement an indirect drive. Additionally, the positioning edges 113 have an edge locking
mechanism (of the type as disclosed in WO
2011/113858). In this embodiment, a compensation
weight 7 (not shown) can be advantageously attached
on drive shaft 3.
[0166] Fig. 25 shows a three-dimensional view of a
sample handling apparatus 50 according to another exemplary embodiment of the invention. Construction of
the sample handling apparatus 50 is similar to Fig. 10.
The sample handling apparatus 50 has a support body
1 and a removable lid 45. However, the lid has a recess
in a top surface thereof which is selectively closable
openable by moving a slidable plate 2502. In the shown
configuration, plate 2502 covers the recess in lid 45 so
that the lid 45 is in a closed state. By operating an actuation pin 2504 along a rotation trajectory 2506, the plate
2502 is slid below the outer surface of the lid 45, thereby
exposing an interior of the sample handling apparatus
50 to an external environment. This also allows to handle
sample containers in accommodation sections 90, 92,
94, 96.
[0167] Fig. 26 shows a three dimensional cross-sec-
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tional view of the sample handling apparatus 50 of Fig.
25 together with two details 2620, 2640 illustrating certain
features thereof. Fig. 27 shows a corresponding planar
cross-sectional view of the sample handling apparatus
50 together with two details 2720, 2740 illustrating certain
features thereof.
[0168] In the following, reference is made to the differences of the embodiment of Fig. 26 and Fig. 27 as compared to the embodiments described above. In the embodiment of Fig. 26 and Fig. 27, a shaft locking element
10 is omitted. In contrast to this, the sample handling
apparatus 50 further comprises a locking one-way clutch
2602 configured for coupling drive shaft 3 of the orbital
motion generator 2 to 5 with lid 45 on support body 1 so
as to selectively lock the drive shaft 3 with the lid 45 on
the support body 1 to a locked stationarily mounted state
when the gear element 11 is driven in direction B (compare Fig. 1), or to freewheel in an unlocked movably
mounted state of the drive shaft 3 when the gear element
11 is driven in the other direction A.
[0169] As in the above embodiments, the second oneway clutch 13 is arranged to circumferentially surround
the first one-way clutch 12. The first one-way clutch 12
and the second one-way clutch 13 are arranged concentrically around a rotation axis of drive shaft 3 of the orbital
motion generator 2 to 5. The first one-way clutch 12 and
the second one-way clutch 13 are arranged at overlapping height ranges in relation to the rotation axis of the
drive shaft 3 of the orbital motion generator 2 to 5. As in
the previously described embodiments, the gear element
11 comprises a hollow shaft being located between the
first one-way clutch 12 and the second one-way clutch
13 so as to surround the first one-way clutch 12 and to
be surrounded by the second one-way clutch 13.
[0170] Also in Fig. 25 to Fig. 27, the mechanism comprises cooperating cogwheels 2, 4 forming part of both
the orbital motion generator 2 to 5 and the rotary motion
generator 2, 4, 5. Drive shaft 3 which is to be coupled to
the gear element 11 via the one-way clutch 12 forms part
of the orbital motion generator 2 to 5, but not of the rotary
motion generator 2, 4,5.
[0171] In contrast to the previously described embodiments, the Fig. 26 and Fig. 27 embodiment omits shaft
locking element and implements instead of this a third
one-way clutch, i.e. locking one-way clutch 2602. The
outer ring of the locking one-way clutch 2602 is connected to the stator housing (here lid 45, alternatively support
body 1) of the sample handling apparatus 50 in a rotatably
fixed or torque-proof way. Clamping elements of the locking one-way clutch 2602 run on drive shaft 3. By the locking one-way clutch 2602, rotation of the drive shaft 3 is
disabled in one direction and is enabled in the opposite
direction. In order to enable the locking one-way clutch
2602 to fulfil the function of the shaft locking element 10,
locking one-way clutch 2602 freewheels in the same direction as the second one-way clutch 13 and freewheels
in the opposite direction than the first one-way clutch 12.
An advantage of the shown embodiment in contrast to
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the provision of shaft locking element 10 is that an automatic (i.e. without the need of an active control) locking
and unlocking of the drive shaft 3 with regard to the stator
housing is made possible with simple means.
[0172] In the following, referring to Fig. 28, a sample
processing arrangement 2800 according to an exemplary embodiment of the invention will be explained. Fig. 28
shows the sample processing arrangement 2800 in a
plan view.
[0173] The sample processing arrangement 2800
comprises a plurality of sample containers 40, here in
the form of basically cylindrical tubes being closed at a
tapering bottom, each being configured for accommodating a corresponding amount of fluidic sample (for instance in a range between 500 mm to 10 ml). The sample
containers 40 are circumferentially distributed, angularly
spaced by 45° with regard to the next neighbors, around
a rotation axis 2812 of the sample processing arrangement 2800. As an alternative to an angle of 45°, another
angle may be implemented which is dependent on the
number of container positions within the rotor. The rotation axis 2812 relates to the rotary motion mode of the
rotor mechanism illustrated schematically in Fig. 28
which may for instance be implemented as shown in Fig.
1. It is noted that a further rotary axis is arranged slightly
displaced but parallel to the rotor axis 2812 and relates
to an orbital motion mode. Both the rotor axis 2812 and
the slightly parallel shifted other rotor axis (not shown in
Fig. 28) extend out of the paper plane of Fig. 28. As indicated by a dashed circle, the sample containers 40 are
concentrically arranged around the rotor axis 2812, i.e.
each having the same radio distance from the rotor axis
2812.
[0174] The rotor mechanism forms part of an apparatus 50 (compare the previously described embodiments)
being configured for selectively operating the sample
containers 40 either in the orbital motion mode for sample
mixing or in the rotary motion mode for sample separation
by centrifuging.
[0175] Furthermore, a mounting platform 2802 is provided having a support body or a solid basically rectangular ground plate. Other shapes than a rectangular
ground plate are possible. A central portion of the mounting platform 2802 around a center of gravity of the ground
plate is equipped with the apparatus 50. It is however not
necessary that the rotation axis is positioned in a center
of gravity of the ground plate. The rotation axis can rather
be arranged apart from a center of the ground plate.
Moreover, in the shown embodiment eight plug-in positions 2804 are circumferentially distributed in a symmetric way around the rotor axis 2812 in a circumferential
portion of the mounting platform 2802. As mentioned
above, the rotor with the sample containers 40 mounted
thereon can be rotated around rotor axis 2812. In the
present state of the sample containers 40, each of the
sample containers is spatially aligned with a respective
one of the plug-in positions 2804. However, by further
rotating the rotor 50 by 45°, each of the sample containers
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40 is aligned to another, adjacent one of the plug-in positions 2804. As can be taken from Fig. 28, the arrangement of the plug in positions 2804 is also concentric
around the rotor axis 2812. The plug in positions 2804
and the sample containers 40 are furthermore arranged
so that when one of the containers 40 is in alignment or
in flush with one of the plug-in positions 2804, each other
of the sample containers 40 is also in alignment or in
flush with a respective other one of the plug-in positions
2804.
[0176] Fig. 28 furthermore shows schematically various sample processing modules 2806 which are shown
basically as "black boxes" symbolizing blocks which, in
view of their not shown interior constitution, are capable
of fulfilling certain sample processing tasks. Such
processing tasks may include sample pipetting into the
fluid containers 40, temperature adjustment of the fluidic
samples in the sample containers 40, analysis of reaction
products resulting from chemical reactions involving the
fluidic sample within the sample containers 40, etc.
[0177] The modular configuration of the mounting platform 2802 in combination with the sample processing
modules 2806 allows to detachably accommodate a respective sample processing module 2806 in a selectable
one of the plug-in positions 2802. As can be taken from
Fig. 28, two different kinds of sample processing modules
2806 are provided which differ regarding their form factor,
shape and dimension. Thus, a first type of sample
processing modules 2806’ can be plugged into a first type
of plug-in positions 2804 arranged in the four corners of
the rectangular plate constituting the mounting platform
2802. A second type of smaller sample processing modules 2806" is to be received in four smaller plug-in positions 2802 arranged along the sides of the rectangular
plate constituting the mounting platform 2802. Since only
sample processing modules 2806 having a certain form
factor can be received in corresponding plug-in positions
2804 having a matching corresponding form factor, erroneous combinations of sample processing modules
2806 and plug-in positions 2804 may be safely prevented.
[0178] The shape of a sample processing module 2806
must match to a corresponding counter-shape or inverse
shape of a corresponding plug-in position 2804 to establish a mechanical connection. Moreover, as can be taken
from Fig. 28, electrical interfaces 2810 are arranged within the plug-in positions 2804. Hence, plugging a respective sample processing module 2806 (having an electric
counter-interface, see reference numeral 2850) into a
matching plug-in position 2804 will also establish an electrical connection between the sample processing module
2806 and the corresponding plug-in position 2804. Via
the matching electrical interfaces 2810, 2850, both an
energy supply of the plugged in sample processing module 2806 (which may itself be free of an internal energy
supply unit) and/or a data communication between the
plugged in sample processing module 2806 and the
mounting platform 2802 can be established.
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[0179] As can be taken from Fig. 28, the centers of the
plug-in positions 2804 are arranged positioned along a
circumferential surrounding of the rotor axis 2812, concentrically therewith. Therefore, the rotationally symmetric geometry of the rotor is repeated by the circumferential
arrangement of the plug-in positions 2804 and, in a
mounted state, of the sample processing modules 2806.
By taking this measure, the distance between the sample
processing modules 2806 and the fluidic samples in the
sample containers 40 to be processed using the sample
processing modules 2806 is kept very small so that the
processing of the fluids by means of the sample processing modules 2806 can be performed rapidly and accurately.
[0180] Fig. 28 furthermore shows a control unit 2814
which may be embodied as a microprocessor or a central
processing unit (CPU). The control unit 2814 centrally
controls operation of the entire sample processing arrangement 2800. Particularly, the control unit 2814 may
control operation of the sample processing arrangement
2800 in three different operation modes. A first operation
mode is the rotary motion mode for sample separation,
for instance by centrifugation. A second operation mode
is the orbital motion mode in which the fluidic samples in
the sample containers 40 are mixed by an orbital motion.
A third operation mode is a sample container alignment
mode in which the rotor mechanism is rotated until a defined one of the sample containers 40 is aligned to or
faces an assigned one of the sample processing modules
2806. Thus, by a selective rotation of the sample containers 40 around a predefined rotation angle selected
specifically to bring a specific sample container 40 in
alignment with an assigned sample processing module
2806, any desired processing protocol may be worked
off. Thus, one and the same sample in a sample container
40 may be subjected to sample separation, sample mixing and/or sample processing by a selectable one of the
plugged in sample processing modules 2806. It is also
possible that a specific sample container 40 is brought
in the alignment subsequently with different ones of the
sample processing modules 2806 to thereby undergo a
freely definable sequence of processing steps.
[0181] The integrated sample processing arrangement 2800 may be operated in combination with a sample
handling robot 2816 which is schematically illustrated in
Fig. 28 and can be operated to supply a sample to the
sample holder 14 or to sample containers 40 located
therein. The sample handling robots 2816 may also remove sample from the sample holder 14 or from sample
containers 40. Thus, only sample supply and removal
has to be handled by the sample handling robot 2816,
whereas all other fluid processing tasks are performed
by the integrated sample processing arrangement 2800.
[0182] A sample processing arrangement 2800 according to another exemplary embodiment of the invention shown in Fig. 29 particularly differs from the sample
processing arrangement 2800 shown in Fig. 28 in that
the plug-in positions 2804 in Fig. 29 additionally comprise
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fluidic interfaces 2900. More precisely, each of the plugin positions 2804 is provided with a fluid supply interface
for supplying fluid to the sample processing module 2806
when being plugged in the corresponding plug-in position
2804, and another of the fluidic interfaces 2900 is provided for draining fluid from the attached sample processing module 2806 towards a waste container (not shown).
[0183] Fig. 30 shows a sample processing arrangement 2800 according to yet another exemplary embodiment of the invention. Particularly, a pipetting unit, a stirring unit, a microscope unit, and a tempering unit are
provided as examples for sample processing modules
2806 plugged in the respective plug-in positions 2804 of
the sample processing arrangement 2800. As can be furthermore taken from Fig. 30, all components described
referring to Fig. 28 and 29 (except the sample handling
robot 2816) are mounted within a two-part casing constituted by a stationary support body 1 and a lid 45 covering the support body 1. Thus, the interior volume delimited by the stationary support body 1 and the lid 45 is
hermetically sealed with regard to an environment.
Therefore, particularly during centrifugation and mixing,
the sample containers 40, which may move with a frantic
speed, are kinetically decoupled from the environment
of the sample processing arrangement 2800, therefore
providing a high degree of operation safety. Particularly,
the entire mounting platform 2802, the entire plug-in positions 2804 and the entire mounted sample processing
modules 2806 may all be located between the stationary
support body 1 and the lid 45.
[0184] As can be taken from Fig. 31, the lid 45 covering
the support body 1 may completely separate an interior
of the sample processing arrangement 2800 against an
environment. In the operation mode shown in Fig. 31, a
slidable cover plate 2502 completely covers a recess in
an upper surface of the lid 45 to therefore disable access
to an interior volume delimited by the lid 45 and the support body 1.
[0185] An actuation pin 2504 can be gripped and actuated manually by a user so as to slide plate 2502 along
a rotation trajectory 2506. When an end stop of the actuation pin 2504 is reached, the plate 2502 has been
completely removed from the recess 3300 so that an interior of the sample processing arrangement 2800 is now
accessible. The latter described state is illustrated in Fig.
32.
[0186] Fig. 33 shows a belt drive mechanism 3400
configured for automatically actuating the cover plate
2502 to automatically convert the sample processing arrangement 2800 between an open lid state (corresponding to Fig. 32 and Fig. 33) and a closed lid state (corresponding to Fig. 31). Fig. 34 and Fig. 35 show details of
the belt drive mechanism 3400.
[0187] Fig. 33 shows a motor driven lid motion mechanism. A corresponding drive motor may apply torque
via a belt gear mechanism having a belt pulley 3402, a
belt 3404 and a further belt pulley 3406. By this force
coupling mechanism, the force is transmitted in a syn-
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chronized way to slidable or rotatable plate member 3408
being constituted by the plate 2502 and a recessed portion 3410. The plate member 3408 and the belt pulley
3402 are connected to one another to enable force coupling therebetween. More specifically, the plate member
3408 is coupled via asymmetrically mounted spring-like
elements 3600 with asymmetrically arranged bores 3412
of the belt pulley 3406. These components form a gliding
coupling which separates, in case of an overload, belt
pulley 3406 from plate member 3400. By means of this
kind of sliding coupling it becomes possible to either open
or close the lid 45 manually or automatically. Furthermore, this gliding coupling prevents injury of a user when
the lid 45 is erroneously closed.
[0188] By the asymmetric bores 3412, the belt pulley
3406 and the plate member 3408 are coupled to one
another only in one defined mutual position so that in
case of an automatic motion of the plate member 3408
following a manual motion the appropriate end positions
are reached rapidly.
[0189] An integrated Hall sensor (or any other appropriate sensor for position detection) may continuously
detect whether the lid 45 is opened or is closed. Also this
guarantees safety for a user and juxtaposed other apparatuses.
[0190] Fig. 36 shows a lid 45. Fig. 37 shows a slidable
cover plate 2502 cooperating with the lid 45 for selectively
covering or uncovering a recessed portion of the lid 45.
The lid 45 has a latch mechanism for selectively disabling
exposure of an interior of the corresponding sample
processing arrangement by locking the cover plate 2502
to the lid 45 in an active operation mode of the sample
processing arrangement (i.e. when a centrifugation or
mixing of the sample(s) is performed).
[0191] For this purpose, the lid 45 is provided with an
actuator 3600 in form of a lifting solenoid configured for
moving forwardly or backwardly to thereby actuate a
movably mounted latch 3602. The latch 3602 may be
moved inside an indentation 3700 or outside the indentation 3700 of the cover plate 2502. Hence, it is possible
to selectively lock the latch 3602 within the indentation
3700 in the slidable plate 2502 so that the latch 3602
locks the plate 2502 to the lid 45. In order to allow a user
access to an interior of the sample processing arrangement as a result of a sliding operation of the slidable plate
2502, it is possible to selectively unlock the latch 3602
by retracting the latch 3602 from the indentation 3700.
[0192] Fig. 38 illustrates individual procedures of a
complex process to be carried out by a sample processing arrangement 2800 according to an exemplary embodiment by correspondingly equipping module accommodation positions 2804 by appropriately configured
sample processing modules 2806.
[0193] Each of the procedures described in the following can be carried out by a respective one of multiple
sample processing modules 2806. Each of these sample
processing modules 2806 has to be placed at an appropriately located module accommodation position 2804,
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compare for instance Fig. 28.
[0194] In a procedure 3800, a blood and lysis buffer
solution is prepared. For this purpose, a blood sample
and a lysis buffer are inserted into a sample holder. In a
subsequent procedure 3802, mixing is performed while
blood cell lysis takes place. In a subsequent procedure
3804, a lysed sample in a sample container is obtained.
In a subsequent procedure 3806, a centrifugation task is
performed. The lysed blood sample is centrifuged, and
a cell pellet (for instance leucocyte) may be generated
during the centrifugation. Hence, as can be taken from
reference numeral 3808, a cell pellet is formed. In a subsequent procedure 3810, supernatant is removed. The
supernatant may be guided into a waste container. In a
subsequent procedure 3812, a wash buffer is added. In
a subsequent procedure 3814, resuspension by mixing
is performed. In other words, the cell pellet is dissolved
in the wash buffer by mixing. In a subsequent procedure
3816, the prepared sample is obtained. In a subsequent
procedure 3818, a first cell counting procedure is carried
out, i.e. the number of cells is estimated. In a subsequent
procedure 3820, an incubation with magnetic nanoparticles is performed, and the solution is mixed. The magnetic particles may serve as markers. In a subsequent
procedure 3822, a magnetic separation is carried out.
Magnetic separation of those cells is performed which
have accommodated the marker. In a subsequent procedure 3824, a second cell counting procedure is carried
out. The number of marked/separated cells is estimated
here.
[0195] Fig. 39 is a schematic plan view of a sample
processing arrangement 2800 according to an exemplary embodiment of the invention in which all twelve module
accommodation positions 2804 of identical dimension
are presently not occupied by sample processing modules.
[0196] Fig. 40 is another view of the sample processing
arrangement 2800 of Fig. 39 in an operation mode in
which six module accommodation positions 2804 are
presently not occupied by sample processing modules,
one module accommodation position 2804 is presently
occupied by one sample processing module 2806 (denoted as M1), two module accommodation positions
2804 are presently occupied by another sample processing module 2806 (denoted as M2), and three further module accommodation positions 2804 are presently occupied by still another sample processing module 2806 (denoted as M3).
[0197] Fig. 41 illustrates the sample processing modules 2806 according to Fig. 40, denoted as M1, M2 and
M3.
[0198] Hence, Fig. 39 to Fig. 41 show that it is also
possible in an embodiment of the invention to place a
single sample processing module 2806 onto multiple
module accommodation positions 2804. Thus, it is possible in an embodiment that one sample processing module 2806 occupies more than one module accommodation position 2804. Such an embodiment is advantageous
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when a certain complex module requires more space,
more communication channels, more fluid channels
and/or a higher electric power than provided by a single
module accommodation position 2804.
[0199] It should be noted that the term "comprising"
does not exclude other elements or features and the "a"
or "an" does not exclude a plurality. Also elements described in association with different embodiments may
be combined.
[0200] It should also be noted that reference signs in
the claims shall not be construed as limiting the scope
of the claims.

Claims
1.

(A) or in a second direction (B) being inverse to
the first direction (A);
an orbital motion generator (2 to 5) configured
for generating the orbital motion of the sample
holder (14, 40) when being operated in the orbital motion mode;
a rotary motion generator (2, 4, 5) configured for
generating the rotary motion of the sample holder (14, 40) when being operated in the rotary
motion mode;
a one-way clutch arrangement (12, 13) comprising:

5

10

a first one-way clutch (12) configured for
coupling the gear element (11) with the orbital motion generator (2 to 5) to transfer the
driving force from the gear element (11) to
the orbital motion generator (2 to 5) for generating the orbital motion when the gear element (11) is driven in the first direction (A)
and to freewheel when the gear element
(11) is driven in the second direction (B);
a second one-way clutch (13) configured for
coupling the gear element (11) with the rotary motion generator (2, 4, 5) to transfer
the driving force from the gear element (11)
to the rotary motion generator (2, 4, 5) for
generating the rotary motion when the gear
element (11) is driven in the second direction (B) and to freewheel when the gear element (11) is driven in the first direction (A),
wherein the first one-way clutch (12) and
the second one-way clutch (13) freewheel
in mutually opposite directions and transmit
force in mutually opposite directions.

15

A sample processing arrangement (2800) for
processing a fluidic sample, the sample processing
arrangement (2800) comprising:
20

a sample holder (14, 40) for accommodating the
fluidic sample (38);
an apparatus (50) having a rotor mechanism and
being configured for selectively operating the
sample holder (14, 40) in an orbital motion mode
for sample mixing or in a rotary motion mode for
sample separation;
wherein the orbital motion of the sample holder
(14, 40) defines a motion along a trajectory
which is obtained when being rotated with a first
angular frequency around a first central rotation
axis with a superposed additional rotation with
a second angular frequency around a second
rotation axis, which may be parallel to the first
rotation axis,
a mounting platform (2802) having a central portion on which the apparatus (50) and the sample
holder (14, 40) are mounted and having a surrounding portion circumferentially surrounding
the central portion; and
a plurality of module accommodation positions
(2804) circumferentially distributed in the surrounding portion to surround the rotor mechanism and the sample holder (14, 40);
wherein each of the module accommodation positions (2804) is configured for detachably accommodating a selectable one of a plurality of
sample processing modules (2806), each being
configured for fulfilling an assigned sample
processing task, by accommodating the respective sample processing module (2806) in the respective one of the module accommodation positions (2804),
wherein the apparatus (50) comprises:
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2.

The sample processing arrangement (2800) of claim
1, wherein at least a part of the plurality of module
accommodation positions (2804) has a mechanical
interface (2808) configured for accommodating the
respective sample processing module (2806) by a
form closure and/or by a force closure.

3.

The sample processing arrangement (2800) of claim
1 or 2, wherein the sample holder (14, 40) comprises
a plurality of sample containers (40) each configured
for accommodating a respective fluidic sample (38)
and each configured for being rotatable around a
common rotor axis (2812) of the rotor mechanism.

4.

The sample processing arrangement (2800) of any
of claims 1 to 3, comprising the plurality of sample
processing modules (2806) each being configured
for being accommodated in one or more of the plurality of module accommodation positions (2804),
wherein in particular at least one of the plurality of
sample processing modules (2806) is configured for
being accommodated in at least two of the plurality
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a gear element (11) being drivable by a drive
unit (42) to rotate selectively in a first direction
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9.

of module accommodation positions (2804) at the
same time.
5.

The sample processing arrangement (2800) of any
of claims 1 to 4,
wherein the apparatus (50) has a support body (1)
being stationarily mounted in the central portion of
the mounting platform (2802) and has an accessible,
particularly openable and/or detachable and/or pivotable, lid (45) covering the sample holder (14, 40)
in a closed state and exposing the sample holder
(14, 40) with regard to an environment in an open
state.

6.

The sample processing arrangement (2800) of any
of claims 1 to 5, wherein the gear element (11) is
configured as a hollow shaft.

7.

The sample processing arrangement (2800) of claim
6, wherein the first one-way clutch (12) is arranged
between an interior curved surface of the hollow
shaft (11) and an exterior curved surface of a drive
shaft (3) of the orbital motion generator (2 to 5),
and/or
wherein the second one-way clutch (13) is arranged
between an exterior curved surface of the hollow
shaft (11) and an interior curved surface of a movably
mounted cogwheel (2) of the rotary motion generator
(2, 4, 5).
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8.

The sample processing arrangement (2800) of any
of claims 1 to 7, wherein the rotary motion generator
(2, 4, 5) comprises:
a selectively lockable first cogwheel (2) in an
unlocked movably mounted state, coupled to the
gear element (11) via the one-way clutch arrangement (13) and having a plurality of first
cogs (80) arranged along an outer circumference of the first cogwheel (2);
a movably mounted second cogwheel (4) having
a plurality of second cogs (82) arranged along
an outer circumference of the second cogwheel
(4);
a coupling body (5) having a plurality of third
cogs (84) arranged along an inner circumference of the coupling body (5);
wherein the coupling body (5) is mounted with
the first cogwheel (2) and with the second cogwheel (4) to engage part of the first cogs (80)
and part of the second cogs (82) by part of the
third cogs (84) to thereby generate the rotary
motion of the second cogwheel (4) and the sample holder (14, 40) to be mounted so as to follow
a motion of the second cogwheel (4) upon rotating the gear element (11) in the second direction (B).
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The sample processing arrangement (2800) of claim
8, wherein the orbital motion generator (2 to 5) comprises:
the selectively lockable first cogwheel (2) in a
locked stationarily mounted state and having a
first through hole (30);
the second cogwheel (4) having a second
through hole (32);
a drive shaft (3) coupled to the gear element (11)
via the one-way clutch arrangement (12) and
having a concentric first section (34) and an eccentric second section (36), wherein the first
section (34) is guided through the first through
hole (30) and the second section (36) is guided
through the second through hole (32);
wherein the coupling body (5) is mounted with
the first cogwheel (2) and with the second cogwheel (4) to engage part of the first cogs (80)
and part of the second cogs (82) by part of the
third cogs (84) to thereby generate the orbital
motion of the second cogwheel (4) and the sample holder (14, 40) to be mounted so as to follow
a motion of the second cogwheel (4) upon rotating the gear element (11) in the first direction
(A).

10. The sample processing arrangement (2800) of claim
8 or 9, further comprising a cogwheel locking element (9) configured for selectively locking the first
cogwheel (2) in the locked stationarily mounted state
or for unlocking the first cogwheel (2) in the unlocked
movably mounted state and/or
further comprising a shaft locking element (10) configured for selectively locking the drive shaft (3) in a
locked stationarily mounted state, particularly in the
rotary motion mode, or for unlocking the drive shaft
(3) in an unlocked movably mounted state, particularly in the orbital motion mode.
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11. The sample processing arrangement (2800) of any
of claims 8 to 10, wherein each of the first cogwheel
(2) and the second cogwheel (4) is a toothed belt
disc and the coupling body (5) is a toothed belt,
wherein in particular the coupling body (5) is a flexible
structure being deformable but non-elongatable upon rotating the drive shaft (3) so as to adapt its shape
to follow motion of the second cogwheel (4) while
maintaining the coupling between the first cogwheel
(2) and the second cogwheel (4).
12. The sample processing arrangement (2800) of any
of claims 1 to 11, further comprising a locking oneway clutch (2602) configured for coupling a drive
shaft (3), particularly an eccentric drive shaft (3), of
the orbital motion generator (2 to 5) with a stationary
housing (1, 45) so as to selectively lock the drive
shaft (3) with the stationary housing (1, 45) to a
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locked stationarily mounted state when the gear element (11) is driven in one direction (B), or to freewheel in an unlocked movably mounted state of the
drive shaft (3) when the gear element (11) is driven
in another direction (A).

5

13. A method of configuring a sample processing arrangement (2800) for processing a fluidic sample in
accordance with a user selection, the method comprising:

10

accommodating the fluidic sample (38) in a sample holder (14, 40);
selectively operating the sample holder (14, 40)
accommodating the fluidic sample (38) in an orbital motion mode for sample mixing or in a rotary
motion mode for sample separation using an apparatus (50) having a rotor mechanism and being mounted, together with the sample holder
(14, 40), on a central portion of a mounting platform (2802); wherein the apparatus (50) comprises:
a gear element (11) being drivable by a drive
unit (42) to rotate selectively in a first direction
(A) or in a second direction (B) being inverse to
the first direction (A);
an orbital motion generator (2 to 5) configured
for generating the orbital motion of the sample
holder (14, 40) when being operated in the orbital motion mode,
wherein the orbital motion of the sample holder
(14, 40) defines a motion along a trajectory
which is obtained when being rotated with a first
angular frequency around a first central rotation
axis with a superposed additional rotation with
a second angular frequency around a second
rotation axis, which may be parallel to the first
rotation axis;
a rotary motion generator (2, 4, 5) configured for
generating the rotary motion of the sample holder (14, 40) when being operated in the rotary
motion mode;
a one-way clutch arrangement (12, 13) comprising:

to the rotary motion generator (2, 4, 5) for
generating the rotary motion when the gear
element (11) is driven in the second direction (B) and to freewheel when the gear element (11) is driven in the first direction (A),
wherein the first one-way clutch (12) and
the second one-way clutch (13) freewheel
in mutually opposite directions and transmit
force in mutually opposite directions; and
detachably accommodating selected ones
of a plurality of sample processing modules
(2806), each being configured for fulfilling
an assigned sample processing task, in a
plurality of module accommodation positions (2804) being circumferentially distributed in a surrounding portion of the mounting platform (2802) circumferentially surrounding the central portion to surround the
rotor mechanism and the sample holder
(14, 40);
processing the fluidic sample (38) by the
sample processing modules (2806) being
accommodated in the module accommodation positions (2804).
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a first one-way clutch (12) configured for
coupling the gear element (11) with the orbital motion generator (2 to 5) to transfer the
driving force from the gear element (11) to
the orbital motion generator (2 to 5) for generating the orbital motion when the gear element (11) is driven in the first direction (A)
and to freewheel when the gear element
(11) is driven in the second direction (B);
a second one-way clutch (13) configured for
coupling the gear element (11) with the rotary motion generator (2, 4, 5) to transfer
the driving force from the gear element (11)
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Probenverarbeitungsanordnung (2800) zum Verarbeiten einer fluidischen Probe, wobei die Probenverarbeitungsanordnung (2800) umfasst:
einen Probenhalter (14, 40) zur Aufnahme der
fluidischen Probe (38);
eine Vorrichtung (50), die einen Rotormechanismus aufweist und eingerichtet ist zum wahlweisen Betreiben des Probenhalters (14, 40) in einem Umlaufbewegungsmodus zum Vermischen von Proben oder in einem Rotationsbewegungsmodus zur Probentrennung;
wobei die Umlaufbewegung des Probenhalters
(14, 40) eine Bewegung entlang einer Trajektorie definiert, die erhalten wird, wenn er mit einer
ersten Kreisfrequenz um eine erste zentrale
Drehachse mit einer überlagerten zusätzlichen
Drehung mit einer zweiten Kreisfrequenz um eine zweite zentrale Drehachse gedreht wird, die
parallel zur ersten Drehachse sein kann,
eine Montageplattform (2802) mit einem zentralen Abschnitt, auf dem die Vorrichtung (50) und
der Probenhalter (14, 40) montiert sind, und einem umgebenden Abschnitt, der den zentralen
Abschnitt umfangsmäßig umgibt; und
eine Vielzahl von Modulaufnahmepositionen
(2804), die in Umfangsrichtung an dem umgebenden Abschnitt verteilt sind, um den Rotormechanismus und den Probenhalter (14, 40) zu
umgeben;
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wobei jede der Modulaufnahmepositionen
(2804) eingerichtet ist zum lösbaren Aufnehmen
eines auswählbaren aus einer Vielzahl von Probenverarbeitungsmodulen (2806), die jeweils
dafür eingerichtet sind, eine zugeordnete Probenverarbeitungsaufgabe zu erfüllen, indem
das
jeweilige
Probenverarbeitungsmodul
(2806) in der jeweiligen der Modulaufnahmepositionen (2804) aufgenommen wird,
wobei die Vorrichtung (50) umfasst:
ein Getriebeelement (11), das von einer Antriebseinheit (42) antreibbar ist, um sich
wahlweise in eine erste Richtung (A) oder
in eine zweite Richtung (B) zu drehen, die
zu der ersten Richtung (A) invers ist;
einen Umlaufbewegungsgenerator (2 bis
5), der zum Erzeugen der Umlaufbewegung
des Probenhalters (14, 40) eingerichtet ist,
wenn er im Umlaufbewegungsmodus betrieben wird;
einen Drehbewegungsgenerator (2, 4, 5),
der zum Erzeugen der Drehbewegung des
Probenhalters (14, 40) eingerichtet ist,
wenn er im Drehbewegungsmodus betrieben wird;
eine Einwegkupplungsanordnung (12, 13),
umfassend:
eine erste Einwegkupplung (12), die
zum Koppeln des Getriebeelements
(11) mit dem Umlaufbewegungsgenerator (2 bis 5) eingerichtet ist, um die
Antriebskraft von dem Getriebeelement (11) zum Umlaufbewegungsgenerator (2 bis 5) zum Erzeugen der Umlaufbewegung zu übertragen, wenn
das Getriebeelement (11) in der ersten
Richtung (A) angetrieben wird, und
zum Freilauf eingerichtet ist, wenn das
Getriebeelement (11)) in der zweiten
Richtung (B) angetrieben wird;
eine zweite Einwegkupplung (13), die
zum Koppeln des Getriebeelements
(11) mit dem Drehbewegungsgenerator (2, 4, 5) eingerichtet ist, um die Antriebskraft von dem Getriebeelement
(11) zum Drehbewegungsgenerator (2)
zum Erzeugen der Drehbewegung zu
übertragen, wenn das Getriebeelement (11) in der zweiten Richtung (B)
angetrieben wird, und zum Freilauf eingerichtet ist, wenn das Getriebeelement (11) in der ersten Richtung (A) angetrieben wird,
wobei die erste Einwegkupplung (12)
und die zweite Einwegkupplung (13) in
zueinander entgegengesetzten Rich-
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tungen frei laufen und eine Kraft in zueinander entgegengesetzte Richtungen übertragen.

5

2.

Probenverarbeitungsanordnung (2800) nach Anspruch 1, wobei wenigstens ein Teil der Vielzahl von
Modulaufnahmepositionen (2804) eine mechanische Schnittstelle (2808) aufweist, die zum Aufnehmen des jeweiligen Probenverarbeitungsmoduls
(2806) durch einen Formschluss und/oder durch einen Kraftschluss eingerichtet ist.

3.

Probenverarbeitungsanordnung (2800) nach Anspruch 1 oder 2, wobei der Probenhalter (14, 40)
eine Vielzahl von Probenbehältern (40) umfasst, die
jeweils zur Aufnahme einer jeweiligen fluidischen
Probe (38) und jeweils zur Rotation um eine gemeinsame Rotorachse (2812) des Rotormechanismus
ausgebildet sind.

4.

Probenverarbeitungsanordnung (2800) nach einem
der Ansprüche 1 bis 3, umfassend die Vielzahl von
Probenverarbeitungsmodulen (2806), die jeweils
dafür konfiguriert sind, in einer oder mehreren der
Vielzahl von Modulaufnahmepositionen (2804) aufgenommen zu werden, wobei insbesondere wenigstens eines der Vielzahl von Probenverarbeitungsmodulen (2806) derart konfiguriert ist, dass es gleichzeitig in wenigstens zwei der Vielzahl von Modulaufnahmepositionen (2804) aufgenommen ist.

5.

Probenverarbeitungsanordnung (2800) nach einem
der Ansprüche 1 bis 4, wobei die Vorrichtung (50)
einen Trägerkörper (1) aufweist, der stationär in dem
zentralen Abschnitt der Montageplattform (2802)
montiert ist und einen zugänglichen, insbesondere
zu öffnenden und/oder abnehmbaren und/oder
schwenkbaren Deckel (45) aufweist, der den Probenhalter (14, 40) in einem geschlossenen Zustand
abdeckt und den Probenhalter (14, 40) in einem offenen Zustand in Bezug auf eine Umgebung freilegt.

6.

Probenverarbeitungsanordnung (2800) nach einem
der Ansprüche 1 bis 5, wobei das Zahnradelement
(11) als Hohlwelle ausgeführt ist.

7.

Probenverarbeitungsanordnung (2800) nach Anspruch 6, wobei die erste Einwegkupplung (12) zwischen einer inneren gekrümmten Oberfläche der
Hohlwelle (11) und einer äußeren gekrümmten
Oberfläche einer Antriebswelle (3) des Umlaufbewegungsgenerators (2 bis 5) angeordnet ist, und/oder
wobei die zweite Einwegkupplung (13) zwischen einer äußeren gekrümmten Oberfläche der Hohlwelle
(11) und einer inneren gekrümmten Oberfläche eines beweglich gelagerten Zahnrads (2) des Drehbewegungsgenerators (2, 4, 5) angeordnet ist.
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ments (11) in die erste Richtung (A) folgen.

Probenverarbeitungsanordnung (2800) nach einem
der Ansprüche 1 bis 7, wobei der Drehbewegungsgenerator (2, 4, 5) umfasst:
ein wahlweise verriegelbares erstes Zahnrad (2)
in einem unverriegelten, beweglich gelagerten
Zustand, das über die Einwegkupplungsanordnung (13) mit dem Zahnradelement (11) gekoppelt ist und mehrere erste Zähne (80) aufweist,
die entlang eines Außenumfangs des erstes
Zahnrads (2) angeordnet sind;
ein beweglich gelagertes zweites Zahnrad (4)
mit mehreren zweiten Zähnen (82), die entlang
eines Außenumfangs des zweiten Zahnrads (4)
angeordnet sind;
einen Kopplungskörper (5) mit mehreren dritten
Zähnen (84), die entlang eines Innenumfangs
des Kopplungskörpers (5) angeordnet sind;
wobei der Kopplungskörper (5) mit dem ersten
Zahnrad (2) und dem zweiten Zahnrad (4) derart
montiert ist, dass ein Teil der ersten Zähne (80)
und ein Teil der zweiten Zähne (82) durch einen
Teil der dritten Zähne (84) in Eingriff stehen, um
dadurch die Drehbewegung des zweiten Zahnrads (4) und des Probenhalters (14, 40) zu erzeugen, die derart montiert werden sollen, dass
sie einer Bewegung des zweiten Zahnrads (4)
beim Drehen des Zahnradelements (11) in die
zweite Richtung (B) folgen.
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9.

Probenverarbeitungsanordnung (2800) nach Anspruch 8, wobei der Umlaufbewegungsgenerator (2
bis 5) umfasst:
das wahlweise verriegelbare erste Zahnrad (2)
in einem verriegelten, stationär montierten Zustand und mit einem ersten Durchgangsloch
(30);
das zweite Zahnrad (4), das ein zweites Durchgangsloch (32) aufweist;
eine Antriebswelle (3), die mit dem Getriebeelement (11) über die Einwegkupplungsanordnung (12) gekoppelt und einen konzentrischen
ersten Abschnitt (34) und einen exzentrischen
zweiten Abschnitt (36) aufweist, wobei der erste
Abschnitt (34) durch das erste Durchgangsloch
(30) geführt und der zweite Abschnitt (36) durch
das zweite Durchgangsloch (32) geführt ist;
wobei der Kopplungskörper (5) mit dem ersten
Zahnrad (2) und mit dem zweiten Zahnrad (4)
derart montiert ist, dass ein Teil der ersten Zähne (80) und ein Teil der zweiten Zähne (82)
durch einen Teil der dritten Zähne (84) in Eingriff
stehen, um dadurch die Umlaufbewegung des
zweiten Zahnrads (4) und des Probenhalters
(14, 40) zu erzeugen, die derart montiert werden
sollen, dass sie einer Bewegung des zweiten
Zahnrads (4) beim Drehen des Zahnradele-
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10. Probenverarbeitungsanordnung (2800) nach Anspruch 8 oder 9, ferner umfassend ein Zahnradverriegelungselement (9), das zum wahlweisen Verriegeln des ersten Zahnrads (2) im verriegelten, stationär montierten Zustand oder zum Entriegeln des
ersten Zahnrads (2) im entriegelten, bewegbar gelagerten Zustand eingerichtet ist, und/oder
ferner ein Wellensperrelement (10) umfasst, das
zum wahlweisen Verriegeln der Antriebswelle (3) in
einem verriegelten, stationär montierten Zustand
eingerichtet ist, insbesondere im Drehbewegungsmodus, oder zum Entriegeln der Antriebswelle (3) in
einem entriegelten, beweglich montierten Zustand
eingerichtet ist, insbesondere im Umlaufbewegungsmodus.
11. Probenverarbeitungsanordnung (2800) nach einem
der Ansprüche 8 bis 10, wobei sowohl das erste
Zahnrad (2) als auch das zweite Zahnrad (4) eine
Zahnriemenscheibe ist und der Kopplungskörper (5)
ein Zahnriemen ist,
wobei insbesondere der Kopplungskörper (5) eine
flexible Struktur aufweist, die beim Drehen der Antriebswelle (3) verformbar, aber nicht dehnbar ist,
um seine Form an die Bewegung des zweiten Zahnrads (4) anzupassen, während die Kopplung zwischen dem ersten Zahnrad (2) und dem zweiten
Zahnrad (4) beibehalten wird.
12. Probenverarbeitungsanordnung (2800) nach einem
der Ansprüche 1 bis 11, ferner umfassend eine verriegelnde Einwegkupplung (2602), die zum Koppeln
einer Antriebswelle (3), insbesondere einer exzentrischen Antriebswelle (3), des Umlaufbewegungsgenerators (2 bis 5) mit einem feststehenden Gehäuse (1, 45) eingerichtet ist, um die Antriebswelle
(3) mit dem feststehenden Gehäuse (1, 45) wahlweise in einen verriegelten stationär montierten Zustand
zu verriegeln, wenn das Getriebeelement (11) in eine
Richtung (B) angetrieben wird, oder zum Freilauf in
einem entriegelten, beweglich gelagerten Zustand
der Antriebswelle (3) eingerichtet ist, wenn das Getriebeelement (11) in eine andere Richtung (A) angetrieben wird.
13. Verfahren zum Konfigurieren einer Probenverarbeitungsanordnung (2800) zum Verarbeiten einer fluidischen Probe gemäß einer Benutzerauswahl, wobei das Verfahren umfasst:
Aufnehmen der fluidischen Probe (38) in einem
Probenhalter (14, 40);
wahlweises Betreiben des Probenhalters (14,
40), der die fluidische Probe (38) aufnimmt, in
einem Umlaufbewegungsmodus zum Vermischen der Probe oder in einem Drehbewe-

57

EP 3 013 480 B1

gungsmodus zur Probentrennung unter Verwendung einer Vorrichtung (50) mit einem Rotormechanismus, die zusammen mit montiert ist
der Probenhalter (14, 40) an einem zentralen
Abschnitt einer Montageplattform (2802); wobei
die Vorrichtung (50) umfasst:
ein Getriebeelement (11), das von einer Antriebseinheit (42) antreibbar ist, um wahlweise
in eine erste Richtung (A) oder in eine zweite
Richtung (B) zu drehen, die zu der ersten Richtung (A) invers ist;
einen Umlaufbewegungsgenerator (2 bis 5), der
zum Erzeugen der Umlaufbewegung des Probenhalters (14, 40) konfiguriert ist, wenn er im
Umlaufbewegungsmodus betrieben wird,
wobei die Umlaufbewegung des Probenhalters
(14, 40) eine Bewegung entlang einer Trajektorie definiert, die erhalten wird, wenn er mit einer
ersten Kreisfrequenz um eine erste zentrale
Drehachse mit einer überlagerten zusätzlichen
Drehung mit einer zweiten Kreisfrequenz um eine zweite zentrale Drehachse gedreht wird, die
parallel zur ersten Drehachse sein kann;
einen Drehbewegungsgenerator (2, 4, 5), der
zum Erzeugen der Drehbewegung des Probenhalters (14, 40) eingerichtet ist, wenn er im Drehbewegungsmodus betrieben wird;
eine Einwegkupplungsanordnung (12, 13), umfassend:
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Revendications
1.

Agencement de traitement d’échantillon (2800) destiné à traiter un échantillon fluide, l’agencement de
traitement d’échantillon (2800) comprenant:
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eine erste Einwegkupplung (12), die zum
Koppeln des Getriebeelements (11) mit
dem Umlaufbewegungsgenerator (2 bis 5)
eingerichtet ist, um die Antriebskraft von
dem Getriebeelement (11) zum Umlaufbewegungsgenerator (2 bis 5) zum Erzeugen
der Umlaufbewegung zu übertragen, wenn
das Getriebeelement (11) in der ersten
Richtung (A) angetrieben wird, und zum
Freilauf eingerichtet ist, wenn das Getriebeelement (11)) in der zweiten Richtung (B)
angetrieben wird;
eine zweite Einwegkupplung (13), die zum
Koppeln des Getriebeelements (11) mit
dem Drehbewegungsgenerator (2, 4, 5) eingerichtet ist, um die Antriebskraft von dem
Getriebeelement (11) zum Drehbewegungsgenerator (2) zum Erzeugen der
Drehbewegung zu übertragen, wenn das
Getriebeelement (11) in der zweiten Richtung (B) angetrieben wird, und zum Freilauf
eingerichtet ist, wenn das Getriebeelement
(11) in der ersten Richtung (A) angetrieben
wird,
wobei die erste Einwegkupplung (12) und
die zweite Einwegkupplung (13) in zueinander entgegengesetzten Richtungen frei laufen und eine Kraft in zueinander entgegen-

gesetzte Richtungen übertragen; und
abnehmbares Aufnehmen von ausgewählten aus einer Vielzahl von Probenverarbeitungsmodulen (2806), von denen jedes dazu eingerichtet ist, eine zugeordnete Probenverarbeitungsaufgabe zu erfüllen, in
mehreren
Modulaufnahmepositionen
(2804), die umfangsmäßig in einem umgebenden Abschnitt der Montageplattform
(2802) verteilt sind, den zentralen Abschnitt
in Umfangsrichtung zu umgeben, um den
Rotormechanismus und den Probenhalter
(14, 40) zu umgeben;
Verarbeiten der fluidischen Probe (38), indem die Probenverarbeitungsmodule
(2806) in den Modulaufnahmepositionen
(2804) aufgenommen sind.

5

20

58

35

40

45

50

55

30

un porte-échantillon (14, 40) destiné à loger
l’échantillon fluide (38);
un appareil (50) comportant un mécanisme de
rotor et configuré pour actionner sélectivement
le porte-échantillon (14, 40) dans un mode de
mouvement orbital pour mélanger l’échantillon
ou dans un mode de mouvement rotatif pour séparer l’échantillon;
sachant que le mouvement orbital du porteéchantillon (14, 40) définit un mouvement le long
d’une trajectoire qui est obtenue lorsqu’il est mis
en rotation à une première fréquence angulaire
autour d’un premier axe de rotation central avec
une rotation supplémentaire superposée à une
deuxième fréquence angulaire autour d’un
deuxième axe de rotation, lequel peut être parallèle au premier axe de rotation,
une plateforme de montage (2802) présentant
une partie centrale sur laquelle l’appareil (50) et
le porte-échantillon (14, 40) sont montés et présentant une partie périphérique entourant circonférentiellement la partie centrale; et
une pluralité de positions de logement de module (2804) distribuées circonférentiellement
dans la partie périphérique pour entourer le mécanisme de rotor et le porte-échantillon (14, 40);
sachant que chacune des positions de logement
de module (2804) est configurée pour loger de
manière détachable un module sélectionnable
parmi une pluralité de modules de traitement
d’échantillon (2806), chacun étant configuré
pour remplir une tâche de traitement d’échantillon assignée, en logeant le module de traite-
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2.

L’agencement de traitement d’échantillon (2800) de
la revendication 1, sachant qu’au moins une partie
de la pluralité de positions de logement de module
(2804) comporte une interface mécanique (2808)
configurée pour loger le module de traitement
d’échantillon (2806) respectif par liaison par complémentarité de forme ou par liaison par adhérence.

3.

L’agencement de traitement d’échantillon (2800) de
la revendication 1 ou 2,
sachant que le porte-échantillon (14, 40) comprend
une pluralité de contenants d’échantillon (40) configurés chacun pour loger un échantillon de fluide (38)
respectif et configurés chacun pour pouvoir tourner
autour d’un axe de rotor (2812) commun du mécanisme de rotor.

4.

L’agencement de traitement d’échantillon (2800) de
l’une quelconque des revendications 1 à 3, comprenant la pluralité de modules de traitement d’échantillon (2806), chacun étant configuré pour être logé
dans une ou plusieurs de la pluralité de positions de
logement de module (2804), sachant qu’en particulier au moins un de la pluralité de modules de traitement d’échantillon (2806) est configuré pour être logé en même temps dans au moins deux de la pluralité de positions de logement de module (2804).

5.

L’agencement de traitement d’échantillon (2800) de
l’une quelconque des revendications 1 à 4,
sachant que l’appareil (50) présente un corps de
support (1) qui est monté de manière fixe dans la
partie centrale de la plateforme de montage (2802)
et présente un couvercle (45) accessible, en particulier ouvrable et/ou détachable et/ou pivotable, recouvrant le porte-échantillon (14, 40) dans un état
fermé et exposant le porte-échantillon (14, 40) par
rapport à un environnement dans un état ouvert.

40

6.

L’agencement de traitement d’échantillon (2800) de
l’une quelconque des revendications 1 à 5, sachant
que l’élément d’engrenage (11) est configuré comme arbre creux.

45

7.

L’agencement de traitement d’échantillon (2800) de
la revendication 6,
sachant que le premier embrayage unidirectionnel
(12) est agencé entre une surface courbe intérieure
de l’arbre creux (11) et une surface courbe extérieure
d’un arbre d’entraînement (3) du générateur de mouvement orbital (2 à 5), et/ou sachant que le deuxième
embrayage unidirectionnel (13) est agencé entre
une surface courbe extérieure de l’arbre creux (11)
et une surface courbe intérieure d’une roue dentée
(2) montée de manière mobile du générateur de
mouvement rotatif (2, 4, 5).

8.

L’agencement de traitement d’échantillon (2800) de

ment d’échantillon (2806) respectif dans la position respective parmi les positions de logement de module (2804),
sachant que l’appareil (50) comprend:
5

un élément d’engrenage (11) qui est entraînable par une unité d’entraînement (42)
pour tourner sélectivement dans une première direction (A) ou dans une deuxième
direction (B) inverse à la première direction
(A);
un générateur de mouvement orbital (2 à 5)
configuré pour générer le mouvement orbital du porte-échantillon (14, 40) lorsqu’il est
actionné dans le mode de mouvement orbital;
un générateur de mouvement rotatif (2, 4,
5) configuré pour générer le mouvement rotatif du porte-échantillon (14, 40) lorsqu’il
est actionné dans le mode de mouvement
rotatif;
un agencement d’embrayages unidirectionnels (12, 13) comprenant:
un premier embrayage unidirectionnel
(12) configuré pour coupler l’élément
d’engrenage (11) avec le générateur de
mouvement orbital (2 à 5) pour transférer la force d’entraînement de l’élément d’engrenage (11) au générateur
de mouvement orbital (2 à 5) pour générer le mouvement orbital lorsque
l’élément d’engrenage (11) est entraîné dans la première direction (A) et
pour tourner en roue libre lorsque l’élément d’engrenage (11) est entraîné
dans la deuxième direction (B);
un deuxième embrayage unidirectionnel (13) configuré pour coupler l’élément d’engrenage (11) avec le générateur de mouvement rotatif (2, 4, 5) pour
transférer la force d’entraînement de
l’élément d’engrenage (11) au générateur de mouvement rotatif (2, 4, 5) pour
générer le mouvement rotatif lorsque
l’élément d’engrenage (11) est entraîné dans la deuxième direction (B) et
pour tourner en roue libre lorsque l’élément d’engrenage (11) est entraîné
dans la première direction (A),
sachant que le premier embrayage unidirectionnel (12) et le deuxième embrayage unidirectionnel (13) tournent
en roue libre dans des directions mutuellement opposées et transmettent
de la force dans des directions mutuellement opposées.
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l’une quelconque des revendications 1 à 7, sachant
que le générateur de mouvement rotatif (2, 4, 5) comprend:
une première roue dentée (2) verrouillable sélectivement dans un état déverrouillé monté de
manière mobile, couplée à l’élément d’engrenage (11) via l’agencement d’embrayages unidirectionnels (13) et présentant une pluralité de
premières dents (80) agencées le long d’une circonférence extérieure de la première roue dentée (2);
une deuxième roue dentée (4) montée de manière mobile présentant une pluralité de deuxièmes dents (82) agencées le long d’une circonférence extérieure de la deuxième roue dentée
(4);
un corps de couplage (5) présentant une pluralité de troisièmes dents (84) agencées le long
d’une circonférence intérieure du corps de couplage (5);
sachant que le corps de couplage (5) est monté
avec la première roue dentée (2) et avec la
deuxième roue dentée (4) pour mettre en prise
une partie des premières dents (80) et une partie
des deuxièmes dents (82) par une partie des
troisièmes dents (84) pour générer ainsi le mouvement rotatif de la deuxième roue dentée (4)
et du porte-échantillon (14, 40) devant être monté de manière à suivre un mouvement de la
deuxième roue dentée (4) lors de la rotation de
l’élément d’engrenage (11) dans la deuxième
direction (B).
9.

L’agencement de traitement d’échantillon (2800) de
la revendication 8, sachant que le générateur de
mouvement orbital (2 à 5) comprend:
la première roue dentée (2) verrouillable sélectivement dans un état verrouillé monté de manière fixe et présentant un premier trou traversant (30);
la deuxième roue dentée (4) présentant un
deuxième trou traversant (32);
un arbre d’entraînement (3) couplé à l’élément
d’engrenage (11) via l’agencement d’embrayages unidirectionnels (12) et présentant une première section (34) concentrique et une deuxième section (36) excentrique, sachant que la première section (34) est guidée à travers le premier trou traversant (30) et la deuxième section
(36) est guidée à travers le deuxième trou traversant (32);
sachant que le corps de couplage (5) est monté
avec la première roue dentée (2) et avec la
deuxième roue dentée (4) pour mettre en prise
une partie des premières dents (80) et une partie
des deuxièmes dents (82) par une partie des
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troisièmes dents (84) pour générer ainsi le mouvement orbital de la deuxième roue dentée (4)
et du porte-échantillon (14, 40) devant être monté de manière à suivre un mouvement de la
deuxième roue dentée (4) lors de la rotation de
l’élément d’engrenage (11) dans la première direction (A).

10. L’agencement de traitement d’échantillon (2800) de
la revendication 8 ou 9, comprenant en outre un élément de verrouillage de roue dentée (9) configuré
pour verrouiller sélectivement la première roue dentée (2) dans l’état verrouillé monté de manière fixe
ou pour déverrouiller la première roue dentée (2)
dans l’état déverrouillé monté de manière mobile
et/ou
comprenant en outre un élément de verrouillage
d’arbre (10) configuré pour verrouiller sélectivement
l’arbre d’entraînement (3) dans un état verrouillé
monté de manière fixe, en particulier dans le mode
de mouvement rotatif, ou pour déverrouiller l’arbre
d’entraînement (3) dans un état déverrouillé monté
de manière mobile, en particulier dans le mode de
mouvement orbital.
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11. L’agencement de traitement d’échantillon (2800) de
l’une quelconque des revendications 8 à 10, sachant
que chacune de la première roue dentée (2) et de la
deuxième roue dentée (4) est un disque à courroie
dentée et le corps de couplage (5) est une courroie
dentée,
sachant qu’en particulier le corps de couplage (5)
est une structure flexible qui est déformable mais
non allongeable lors de la rotation de l’arbre d’entraînement (3) de manière à adapter sa forme pour
suivre le mouvement de la deuxième roue dentée
(4) tout en maintenant le couplage entre la première
roue dentée (2) et la deuxième roue dentée (4).
12. L’agencement de traitement d’échantillon (2800) de
l’une quelconque des revendications 1 à 11, comprenant en outre un embrayage unidirectionnel de
verrouillage (2602) configuré pour coupler un arbre
d’entraînement (3), en particulier un arbre d’entraînement (3) excentrique, du générateur de mouvement orbital (2 à 5) avec un logement (1, 45) fixe de
manière à verrouiller sélectivement l’arbre d’entraînement (3) avec le logement (1, 45) fixe dans un état
verrouillé monté de manière fixe lorsque l’élément
d’engrenage (11) est entraîné dans une direction (B),
ou pour tourner en roue libre dans un état déverrouillé monté de manière mobile de l’arbre d’entraînement (3) lorsque l’élément d’engrenage (11) est
entraîné dans une autre direction (A).
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13. Procédé de configuration d’un agencement de traitement d’échantillon (2800) destiné à traiter un
échantillon fluide conformément à une sélection
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d’utilisateur, le procédé comprenant:
le logement de l’échantillon fluide (38) dans un
porte-échantillon (14, 40);
l’actionnement sélectif du porte-échantillon (14,
40) logeant l’échantillon fluide (38) dans un mode de mouvement orbital pour mélanger
l’échantillon ou dans un mode de mouvement
rotatif pour séparer l’échantillon moyennant un
appareil (50) comportant un mécanisme de rotor
et monté, conjointement avec le porte-échantillon (14, 40), sur une partie centrale d’une plateforme de montage (2802);
sachant que l’appareil (50) comprend:
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un élément d’engrenage (11) qui est entraînable par une unité d’entraînement (42)
pour tourner sélectivement dans une première direction (A) ou dans une deuxième
direction (B) inverse à la première direction
(A);
un générateur de mouvement orbital (2 à 5)
configuré pour générer le mouvement orbital du porte-échantillon (14, 40) lorsqu’il est
actionné dans le mode de mouvement orbital,
sachant que le mouvement orbital du porteéchantillon (14, 40) définit un mouvement
le long d’une trajectoire qui est obtenue lorsqu’il est mis en rotation à une première fréquence angulaire autour d’un premier axe
de rotation central avec une rotation supplémentaire superposée à une deuxième
fréquence angulaire autour d’un deuxième
axe de rotation, lequel peut être parallèle
au premier axe de rotation;
un générateur de mouvement rotatif (2, 4,
5) configuré pour générer le mouvement rotatif du porte-échantillon (14, 40) lorsqu’il
est actionné dans le mode de mouvement
rotatif;
un agencement d’embrayages unidirectionnels (12, 13) comprenant:
un premier embrayage unidirectionnel
(12) configuré pour coupler l’élément
d’engrenage (11) avec le générateur de
mouvement orbital (2 à 5) pour transférer la force d’entraînement de l’élément d’engrenage (11) au générateur
de mouvement orbital (2 à 5) pour générer le mouvement orbital lorsque
l’élément d’engrenage (11) est entraîné dans la première direction (A) et
pour tourner en roue libre lorsque l’élément d’engrenage (11) est entraîné
dans la deuxième direction (B);
un deuxième embrayage unidirection-
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nel (13) configuré pour coupler l’élément d’engrenage (11) avec le générateur de mouvement rotatif (2, 4, 5) pour
transférer la force d’entraînement de
l’élément d’engrenage (11) au générateur de mouvement rotatif (2, 4, 5) pour
générer le mouvement rotatif lorsque
l’élément d’engrenage (11) est entraîné dans la deuxième direction (B) et
pour tourner en roue libre lorsque l’élément d’engrenage (11) est entraîné
dans la première direction (A),
sachant que le premier embrayage unidirectionnel (12) et le deuxième embrayage unidirectionnel (13) tournent
en roue libre dans des directions mutuellement opposées et transmettent
de la force dans des directions mutuellement opposées; et
le logement, de manière détachable, de
modules sélectionnés parmi une pluralité de modules de traitement d’échantillon (2806), chacun étant configuré
pour remplir une tâche de traitement
d’échantillon assignée, dans une pluralité de positions de logement de module (2804) distribuées circonférentiellement dans une partie périphérique de
la plateforme de montage (2802) entourant circonférentiellement la partie
centrale pour entourer le mécanisme
de rotor et le porte-échantillon (14, 40);
le traitement de l’échantillon fluide (38)
par les modules de traitement d’échantillon (2806) logés dans les positions de
logement de module (2804).
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