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14a support (62), a drive element (66) rotatably mounted on the support (62), and a 

tray (61) designed for loading with the samples (69). The device also comprises a 
1 tray shaft (67) that is connected to the tray (61) and eccentrically mounted on the 

drive element (66), as well as an openable housing (64). The tray (61), the tray shaft 
(67), the drive element (66) and the support (62) are located in an interior space 
within the housing (64). The device also comprises a main drive shaft (63) which 
can be driven by the drive (65) and runs at least partially through the housing (64), 
orthogonal to the tray (61). The drive element (66) can be driven via the main drive 
shaft (63). The support (62), together with the tray (61), is pivotally mounted about 

12 !4b - the main drive shaft (63), such that the support (62), together with the tray (61), 
Fig.Ia can be pivoted at least partially out of the housing (64) in the open state.  

63 64 

(57) Zusammenfassung: Die Erfindung betrifft eine Vorrichtung zum Schitteln 
von Proben unfassend einen Trager (62), ein Antriebselement (66), das drehbar 
am Trager (62) gelagert ist, und ein Tablar (61) eingerichtet zur Beladung mit den 
Proben (69). Weiterhin unfasst die Vorrichtung eine Tablarwelle (67), die mit dem 

17 Tablar (6 1) verbunden und exzentrisch an dem Antriebselement (66) gelagert ist, 
1661 sowie ein dffenbares Gehause (64). Das Tablar (61), die Tablarwelle (67), das An

- e, triebselement (66) und der Trager (62) befinden sich inenem Innenraum innerhalb 
des Gehauses (64). Ausserdem umfasst die Vorrichtung eine durch einen Antrieb 

- 62 (65) antreibbare Hauptantriebswelle (63), die orthogonal zu dem Tablar (61) zu
7 mindest teilweise durch das Gehause (64) verlauft. Das Antriebselement (66) ist 

64b 6iber die Hauptantriebswelle (63) antreibbar. Der Trager (62) sant Tablar (61) ist 
um die Hauptantriebswelle (63) schwenkbar gelagert, sodass der Trager (62) sant 

Fig, 6c Tablar (61) zumindest teilweise aus dem Gehause (64) im geffneten Zustand her
aus schwenkbar ist.
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Device for shaking samples 

Field of the invention 

5 

The invention relates to a device for shaking samples, in particular a 

laboratory shaker, in particular for shaking and/or mixing samples containing liquid.  

Background 

10 

Shakers are used to shake and/or mix liquids, e.g. cell cultures, bio

fuels or blood samples, in vessels. The shaken unit often comprises a tray on which 

the vessels, e.g. Erlenmeyer flasks, test tubes or other ampoules, containing the sam

ples are placed. On the one hand, a high shaking frequency is desirable for good mix

15 ing. On the other hand, liquid can be spilled or splashed during the shaking process, 

whereby other components such as a housing around the tray and/or a drive of the 

shaker can also be contaminated. With conventional shakers, the trays can only be re

moved with considerable effort. This means that cleaning after contamination is also 

a considerable effort, especially as some components are difficult to access due to the 

20 housing. The poor accessibility of the trays and samples also makes automation more 

difficult with conventional shakers, e.g. manipulation of the samples using a robot 

arm.  

The task is therefore to provide a device for shaking samples that is 

easy to operate, whereby the trays are easily accessible and thus, in particular, the 

25 cleaning effort in the event of contamination is as low as possible and/or automated 

manipulation of the samples is possible.  

Disclosure of the invention 

30 This problem is solved by a device for shaking samples according 

to claim 1. By a sample is meant in particular a substance or a composition of sub

stances containing a liquid, e.g. a cell culture, a biofuel or a blood sample. The sam

ple is usually contained in a vessel, e.g. a test tube or a microtiter plate, which in turn 

can be held by a vessel holder or stand.  

35 The device comprises 

- a carrier: The carrier is especially designed to carry or support a 

tray;
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- a drive element that is rotatably bearing-mounted on the carrier: 

The drive element can, for example, comprise a hollow shaft or a drive pulley; 

- a tray for loading the samples: In particular, the tray is a planar el

ement on which the samples can be mounted. Advantageously, the tray comprises fas

5 tening elements for fastening at least one vessel with a sample or for fastening at least 

one vessel holder or stand; 

- a tray shaft which is connected, in particular firmly, to the tray and 

is bearing-mounted eccentrically on the drive element: Advantageously, the tray shaft 

is attached centrally to the tray, in particular close to a center of gravity of the tray or 

10 of the tray with an intended load of samples. The term "close" refers in particular to 

an area around the center of gravity of up to +/-10% of the length and width of the 

tray. Due to the central attachment, the tray shaft (with the intended load) supports the 

tray close to the center of gravity; 

The eccentricity (of the bearing) of the tray shaft on the drive ele

15 ment is the distance between an axis of rotation of the tray shaft and an axis of rota

tion of the drive element, which in particular run parallel to each other. The eccen

tricity determines the deflection of the tray (and therefore the samples) during shak

ing. In particular, the eccentricity of the bearing of the tray shaft on the drive element 

can be between 0.5 and 50 mm, in particular between 1 and 3 mm. This leads to a de

20 flection of the tray which is adapted for shaking samples in smaller vessels, e.g. test 

tubes or microtiter plates; 

- an openable housing, whereby the tray, the tray shaft, the drive el

ement and the carrier are located in an interior space within the housing: On the one 

hand, the housing can serve to close off the tray and samples from an environment of 

25 the device. On the other hand, the device can comprise a climate control element that 

is set up to control the temperature and/or humidity in an interior of the housing. For 

this purpose, and in particular to create ideal environmental conditions for the sam

ples, the climate control element may comprise, for example, a heater, a cooler, a hu

midifier and/or a dehumidifier, which may be attached to the housing. To openably 

30 close the housing and thus maintain the ideal ambient conditions, the housing advan

tageously comprises a door, e.g. a hinged door, in particular on a front side of the 

housing; 

- a main drive shaft which can be driven by a drive, e.g. comprising 

a motor, and which extends orthogonally to the tray at least partially through the 

35 housing: Advantageously, the main drive shaft extends vertically through the hous

ing, i.e. in particular orthogonally to a bearing surface of the housing, which may be
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provided, for example, by a plane through feet on the housing. The tray then runs hor

izontally in the housing, i.e. in particular orthogonally to gravity when used as in

tended. It is possible, but not necessary, for the main drive shaft to run through the 

tray or through a plane in the extension of the tray.  

5 The drive element can be driven via the main drive shaft. This 

means that the tray can be shaken by a drive, e.g. with a motor, via the main drive 

shaft and the drive element.  

In addition, the carrier together with the tray is pivotably bearing

mounted around the main drive shaft. The carrier can be mounted via a bearing, in 

10 particular on the main drive shaft itself or on the housing or a carrier element attached 

to the housing. The pivotable bearing provides better accessibility to the tray, e.g. for 

loading and unloading the tray with samples. In particular, this makes it possible to 

automate the operation of the shaker, e.g. via a computer-controlled robot arm. At the 

same time, better accessibility to the interior of the housing is achieved, for example 

15 by pivoting the tray out of the housing. This, in turn, makes it easier to clean the inte

rior and the components inside and thus to work under controlled, in particular sterile, 

conditions.  

Pivotable tray 

20 

The carrier together with the tray can be pivoted at least partially, in 

particular more than 50% or more than 70% of a surface of the tray, out of the hous

ing in the open state. In one embodiment, the carrier together with the tray can be piv

oted by at least 450, in particular at least 900, around the main drive shaft. These 

25 measures in turn improve the accessibility of the tray and the interior of the housing.  

Advantageously, the tray comprises an opening through which the 

main drive shaft passes. This enables a compact design of the device, in particular 

with several trays driven via the main drive shaft. Furthermore, it is advantageous that 

the opening is located in an edge region of the tray, in particular less than 20% of a 

30 length and/or width of the tray away from an edge of the tray. Due to such a position 

of the opening or the main drive shaft relative to the tray, the tray can be pivoted far 

out of the housing, i.e. in particular more than 50% or more than 70% of the surface 

of the tray. It is particularly suitable for the opening to be located in a corner area of 

the tray, in particular less than 20% of the length and width of the tray away from the 

35 edge of the tray. Preferably, the opening or the main drive shaft is located in the cor

ner area of the tray close to the door.
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Alternatively, the main drive shaft can also run outside the surface 

of the tray. In this case, a compact design of the housing can be achieved by running 

the main drive shaft close to the tray, in particular less than 20% of the length or 

width of the tray away from the edge of the tray. Preferably, the main drive shaft runs 

5 close to a corner of the tray near the door.  

In one embodiment, the tray has a rectangular shape. By "rectangu

lar" is meant any substantially rectangular shape, e.g. with rounded comers or a paral

lelogram or trapezoid. In particular, the tray can have a length of between 50 and 100 

cm and/or a width of between 30 and 70 cm, which makes it possible to load a large 

10 number of samples and to use conventional vessels and vessel holders.  

Furthermore, the carrier comprises a latch at the end remote from 

the main drive shaft for releasable attachment of the carrier to the housing or to a sup

port structure in the housing. This enables better fastening of the carrier, which sup

ports the tray, during operation. In particular, the latch is designed to prevent the car

15 rier (and thus also the tray) from pivoting around the main drive shaft. At the same 

time, the latch, which can include a plug-in lock or a latchable flap, for example, ena

bles the tray to be unlocked and swung out of the housing quickly and in a user

friendly manner.  

In addition, the device can comprise a belt that is set up to drive the 

20 drive element via the main drive shaft. In particular, in this case a first pulley is at

tached to the drive element and a second pulley is attached to the main drive shaft, 

over which the belt runs. Alternatively, a gear drive for driving the drive element via 

the main drive shaft is also conceivable.  

Advantageously, the tray is secured against rotation relative to the 

25 carrier, in particular so that it does not rotate or at least does not rotate significantly, 

in particular not by more than 10°, when the drive element rotates. Several variants 

are conceivable for securing the tray against rotation in this way: On the one hand, a 

mechanical guide that is attached to the housing and is set up to restrict the degrees of 

freedom of the tray to translations in the tray plane, e.g. via elastic elements such as 

30 springs, which act in particular in the edge area of the tray. On the other hand, the 

drive itself, e.g. via the belt, can be designed to secure the tray against rotation. For 

this purpose, the device can comprise a second tray shaft which is connected to the 

tray and is bearing-mounted eccentrically, in particular with the same eccentricity as 

the tray shaft, on the main drive shaft, e.g. on the second pulley. The double bearing 

35 of the tray also prevents rotation.
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In a particularly advantageous embodiment with first and second 

pulleys, first and second tray shafts and first and second drive elements, the tray com

prises a first tray part and a second tray part. The first and second tray shafts are con

nected, in particular firmly, to the first and second tray parts and are bearing-mounted 

5 eccentrically on the first and second drive elements. To prevent rotation of the tray, 
the first and second tray parts are connected to each other by a linear guide. Such a 

linear guide is designed in particular to ensure that the first and second tray parts can 

move relative to each other along an axis of the linear guide, but cannot rotate relative 

to each other. In other words, the linear guide restricts all degrees of freedom of the 

10 tray parts in relation to each other with the exception of a degree of freedom of trans

lation along the axis of the linear guide. The embodiment with two tray parts con

nected to a linear guide has the advantage that damaging forces on the bearing of the 

tray shafts, which are caused for example by thermal expansion of a one-piece tray, 
are prevented. This in turn enables higher shaking frequencies, a longer operating 

15 time and smoother running of the shaker.  

In a further advantageous embodiment, the device also comprises a 

carrier element attached to the housing. The carrier together with the tray is pivotably 

bearing-mounted on the carrier element via a bearing, in particular via a plain bear

ing. Advantageously, a pivot axis of the carrier coincides with the main drive shaft. In 

20 particular, the carrier is therefore not in mechanical contact with the main drive shaft.  

This mechanical separation of the main drive shaft and the bearing of the carrier re

duces undesirable friction, wear and vibrations, especially at high shaking frequencies 

(and thus high rotation frequencies of the main drive shaft).  

25 Severaltrays 

In one embodiment, the device comprises at least one further tray 

together with a further tray shaft, a further drive element and a further carrier in the 

interior of the housing. In particular, the device can comprise at least five further 

30 trays, together with further tray shafts, further drive elements and further carriers in 

the interior of the housing. This increases the capacity of the device, i.e. in particular 

the number of samples that can be shaken simultaneously. Advantageously, the at 

least one further drive element or the at least five further drive elements can also be 

driven via the main drive shaft. In this way, a compact design with easy maintenance 

35 is achieved.
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Advantageously, the at least one further tray is pivotably bearing

mounted around the main drive shaft independently of the other tray or trays. In par

ticular, all trays can be pivoted independently of one another around the main drive 

shaft, e.g. out of the housing. This in turn improves the accessibility of the trays, e.g.  

5 when loading and unloading samples.  

In order to avoid an imbalance in the case of several trays, it is ad

vantageous that an angular position of a bearing of the additional tray shaft on the ad

ditional drive element deviates from an angular position of the bearing of the tray 

shaft on the drive element. Otherwise, especially when the trays are heavily loaded, 

10 an imbalance could act on the main drive shaft and cause the entire device to vibrate.  

This can be avoided in particular if the angular position of the bear

ings of the various tray shafts differ from each other by 360°/N, where N is the num

ber of trays in the device. This compensates for any imbalance on the main drive 

shaft.  

15 

Drive 

In one embodiment, the drive comprises a motor, e.g. an electric 

motor, which is mounted outside the housing. In particular, the motor is coupled to 

20 the main drive shaft via a gearbox. Mounting the motor outside the housing has the 

advantage that heat generated during operation of the motor is not introduced into the 

interior of the housing. For many applications or samples, temperature and/or humid

ity control, e.g. climate control as described above, is desirable. In particular, the hu

midity is kept close to the dew point, especially at a relative humidity of between 

25 80% and 100%. However, if the interior needs to be cooled at the same time, e.g. due 

to the heat input from an engine in the interior, the humidity locally exceeds 100% at 

the climate control or radiator and condenses out. Condensation is undesirable be

cause it can lead to an uncontrolled proliferation of foreign germs, which can be 

harmful to the samples. In particular, the interior of the housing should be thermally 

30 decoupled from the motor. This problem is solved by a motor mounted outside the 

housing.  

In particular, the motor can be attached to the underside of the hous

ing. This lowers the center of gravity of the device, i.e. closer to the bearing surface, 

and thus increases the stability of the device, especially at high shaking frequencies.  

35 The main drive shaft is advantageously guided through an opening in the underside of 

the housing.
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In general, it is advantageous that the shaking frequency of the tray 

as a result of the drive is at least 1000 rpm, in particular at least 1500 rpm, at least 

2000 rpm or at least 2500 rpm, e.g. at 3 mm diameter of the circular movement. Such 

a high shaking frequency is particularly suitable for shaking and mixing samples in 

5 small vessels, e.g. in test tubes or in microtiter plates. Similar forces on the samples 

are generated, for example, at a shaking frequency of 350 rpm and a diameter of the 

circular motion of 50 mm. In particular, high shaking frequencies of at least 1000 

rpm, at least 1500 rpm, at least 2000 rpm or at least 2500 rpm lead to better mixing of 

the shaken samples as well as to faster oxygen transfer from the gas phase to the liq

10 uid phase, which enables good growth of cell cultures in the samples.  

Interior of the housing 

To further simplify cleaning of the interior and create a controlled 

15 environment for the samples, the device can be designed in accordance with the spec

ifications for "Hygienic Design", as specified, for example, in the ISO 14159 standard 

"Safety of machinery - Hygiene requirements for the design of machinery" or in vari

ous articles of FDA CFR 177.  

In particular, the device can have the following advantageous fea

20 tures: 

- A part of the housing facing the interior can be at least 50%, in 

particular at least 75%, covered with stainless steel.  

- The part of the housing facing the interior can comprise rounded 

corners and edges. Advantageously, a radius of the comers and edges is at least 10 

25 mm, in particular at least 15 mm.  

- At least a part, in particular at least 70%, of an underside of the in

ner chamber can run at an angle to the bearing surface of the housing. As a result, 
splashed or spilled sample material collects in the deepest area of the underside, in 

particular the area closest to the bearing surface, and can be easily removed from 

30 there. Advantageously, the angle between the underside of the inner chamber and the 

bearing surface of the housing is between 1 and 30°, in particular between 5° and 

150.  

- In addition, it is advantageous that the housing comprises an outlet 

opening, in particular through the housing, in the area of the underside of the interior 

35 closest to the bearing surface. The outlet opening can also be closable with regard to 

possible climate control.
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Each of these features, alone or in combination with the other fea

tures, improves the cleanability of the interior and the components inside.  

The embodiments and features described are to be regarded as dis

5 closed in any combination as far as reasonably practicable. Especially with regard to 

easy handling and good cleanability, they have synergistic effects and advantages.  

Brief description of the drawings 

10 Further embodiments, advantages and applications of the invention 

are apparent from the dependent claims and from the following description with refer

ence to the figures. Showing: 

Fig. 1a a perspective view of a device for shaking samples accord

ing to one embodiment of the invention; Fig. lb a top view of the device of Fig. la; 

15 Fig. 1c a perspective view of a device for shaking samples according to a further em

bodiment of the invention; 

Fig. 2 a schematic section through a device for shaking samples 

with an internal motor according to the state of the art; 

Figs. 3a and 3b schematic sections through a device for shaking 

20 samples with an external motor according to embodiments of the invention; 

Fig. 4a a top view of an embodiment of the device according to the 

invention; Fig. 4b a schematic section along the line AA' in Fig. 4a; Fig. 4c a detailed 

view of the comer area B of Fig. 4b; 

Fig. 5 a schematic side view of an embodiment of the device ac

25 cording to the invention with several trays; 

Fig. 6a a schematic vertical section through a device for shaking 

samples according to one embodiment; Fig. 6b a detailed view of region C of Fig. 6a; 

Fig. 6c a schematic vertical section through a device for shaking samples according to 

a further embodiment; 

30 Fig. 7 a horizontal section or top view of a tray and a counterweight 

according to an embodiment of the invention; 

Figs. 8a, 8b and 8c Schematic drawings of a liquid sample in a ves

sel with increasing shaking frequencies; 

Fig. 9 a schematic section through a bearing with which the tray is 

35 bearing-mounted on the main drive shaft according to one embodiment; 

Fig. 10a a perspective view of a pivoting tray with a latching mech

anism, which is shown enlarged in Fig. 10b, according to one embodiment;
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Figs. 1la, 1lb and 1Ic an embodiment with a split tray in a perspec

tive view (Fig. 1la), a schematic horizontal section (Fig. 1Ib) and a schematic verti

cal section (Fig. 1Ic).  

5 Ways to carry out the invention 

Figs. la and lb show a device for shaking samples, a so-called 

shaker, according to one embodiment. Fig. la is a perspective view of the device, 

while Fig. lb shows a top view. The device comprises a tray 11 that can be loaded 

10 with samples. The tray 11 is mounted on a carrier 12 (not visible in Figs. la and Ib) 

and is supported by it. The carrier 12 and with it the tray 11 can be pivoted about a 

main drive shaft 13. For this purpose, the carrier 12 is connected to the main drive 

shaft via a bearing 13a. In addition, the tray 11 has an opening 11a at its edge area, 

through which the main drive shaft 13 passes. The opening 11a is larger than a diame

15 ter of the main drive shaft 13, depending on the eccentricity of the bearing of the tray, 

in particular on the deflection of the shaking movement.  

The tray 11 advantageously comprises an easy-to-clean surface, e.g.  

made of metal, at least on its upper side, i.e. the side facing the samples. This enables 

sterile operation of the device. Furthermore, the tray 11 can have a standard size of 

20 850 mm x 470 mm.  

The tray 11 in the folded state 11' and at least part of the main drive 

shaft 13 are enclosed by a housing 14, which comprises a door 14a for opening and 

closing. The housing 14 generally fulfills several functions: Firstly, it forms a station

ary frame which can be placed, for example via feet 14b, on a table, in a laboratory or 

25 generally on a base. The shaking movement of the tray takes place relative to this sta

tionary frame. Secondly, the housing provides protection of the environment of the 

device, e.g. from splashing or spilling of samples or from vapors, which is particu

larly desirable for harmful samples or in a sterile laboratory. Thirdly, controlled con

ditions, e.g. in terms of temperature and/or humidity, can be set in an interior of the 

30 housing, as is advantageous for many samples. For this purpose, the device may com

prise a climate control for the interior (not shown in Figs. la and 1b).  

In Figs. la and Ib, the tray is shown in two positions: on the one 

hand (marked 11) swung out of the housing 14, and on the other hand (dashed, 

marked 11') swung into the housing in an operational state. In the figure, the angle be

35 tween the two positions is 900. In general, however, an angle of at least 45 is already 

advantageous, as it improves the accessibility of the tray 11 and the interior of the 

housing 14.
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Furthermore, it can be seen in Figs. la and lb that an attachment of 

the main drive shaft 13 in the edge area or even corner area of the tray (as defined 

above) is advantageous for the pivotability and accessibility of the tray. Alternatively, 

the same advantage can be achieved by the main drive shaft 13 extending outside the 

5 tray 11 near its edge area (not shown in Figs. la and Ib). In this case, the opening 11a 

in the tray 11 is superfluous and the carrier 12 projects horizontally beyond the tray 

11. In general, the pivotability of the tray out of the housing improves the accessibil

ity of the samples. In particular, a pivoting tray enables automation of the sample fill

ing and removal process, as a robot arm, for example, can operate the device more 

10 easily under computer control.  

The aforementioned advantages are also achieved by the modified 

mounting of the carrier 12 together with the tray 11 as in Fig. Ic. In contrast to the ar

rangement in Fig. l a, the carrier 12 is bearing-mounted here via a bearing 15a, in par

ticular a plain bearing, on a carrier element 15, which can be part of the housing 14 or 

15 attached to the housing 14. This mechanically decouples the carrier 12 from the main 

drive shaft 13. This results in smoother running and less wear on the device.  

Fig. 2 shows a schematic sectional view of a shaker according to the 

state of the art. A tray 21 is driven by a motor 25, which is located inside a housing 

20 24. The arrangement of the motor 25 in the interior of the housing 24 has the disad

vantage that heat generated by the motor 25 directly heats up the interior and thus the 

samples located therein. For some samples, however, it is necessary to air-condition 

the interior, in particular to control the temperature and/or humidity, for example via 

an air conditioning control 26. As described above, this can lead to condensation of 

25 moisture in the interior, in particular on the air conditioning control 26 or the cooler, 

which in turn can damage the samples. An internal motor 25 contributes to this prob

lem, as the heat generated by the motor 25 must be removed from the interior by the 

air conditioning control 26.  

30 Figs. 3a and 3b illustrate a further aspect of the invention with a 

schematic section through one embodiment of the shaker in each case. In contrast to 

Fig. 2 (prior art), the tray 31 can be driven here via a main drive shaft 33 by a motor 

36, which is mounted outside the housing 34. The main drive shaft 33 runs orthogo

nally to the tray 31 and for the most part inside the housing 34, while a smaller part of 

35 the main drive shaft 33 runs outside the housing. The positioning of the motor 36 be

low the housing 34 is advantageous with regard to a low center of gravity of the de

vice.
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Fig. 3b shows a section through an embodiment of the device, in 

which the carrier 32 is bearing-mounted via a bearing 36a on a carrier element 35, 
which is attached to the housing 34. As in Fig. Ic, this achieves a mechanical decou

pling of the bearing/mounting of the carrier from the drive, in particular from the 

5 main drive shaft 33.  

A motor mounted outside the housing, particularly as in Fig. 3a, 
generally has the advantage that the heat generated by the motor is not introduced into 

the interior of the housing and therefore does not heat it up. This means that less cool

ing power is required to keep the interior at a constant temperature. As a result, less 

10 moisture condenses in the interior, e.g. locally on the climate control unit or the radia

tor, which could be harmful to the samples. This makes it easier to create controlled 

environmental conditions in the interior, in particular a constant temperature and high 

humidity, e.g. between 80% and 100% relative humidity.  

15 Figs. 4a to 4c show a further aspect of the invention which im

proves cleanability by means of a top view of the device (Fig. 4a), a sectional view of 

the device (Fig. 4b, tray and main drive shaft not shown) and a detailed view of a cor

ner area of the interior (Fig. 4c).  

In the top view of Fig. 4a, a housing 44 comprising a door 44a is 

20 shown in the open state. In addition, the tray 41 and the main drive shaft 43 are indi

cated by dashed lines.  

Fig. 4b now illustrates the vertical section along the line AA' from 

Fig. 4a. The housing 44 comprises feet 44b arranged to support the housing 44. The 

feet 44b define a bearing surface, in particular as a plane through the feet 44b. With 

25 the feet 44b or the bearing surface, the device can be placed on a surface, e.g. a table.  

The interior of the housing 44 comprises rounded corners and edges 

44c, see the corner area B in Fig. 4b and its detailed view in Fig. 4c. It is advanta

geous if at least a majority of the corners and edges 44c of the interior are rounded.  

"Rounded" means in particular that a rounding radius R of the corners and edges 44c 

30 is at least 1 mm. Advantageously, the rounding radius R is at least 10 mm, e.g. 15 

mm. This prevents sample material or dirt from accumulating in the comers and 

edges, which would be difficult to clean. For example, the interior can be sufficiently 

cleaned by spraying, e.g. with the spray nozzle 46.  

On the other hand, the underside 44d of the interior can also be in

35 lined, i.e. run at an angle to the bearing surface of the housing. As a result, liquid 

collects in the interior at the lowest point of the underside 44d, i.e. closest to the bear

ing surface. An outlet opening 44e is located there through the housing 44, through
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which the liquid can flow out. This also improves the cleanability of the device, e.g.  

through the possibility of simply spraying out the interior.  

Fig. 5 illustrates a shaker with several, in particular six, trays 51 

5 which are drivable in a housing 54 with door 54a by a single main drive shaft 53.  

Thus, all trays 51 are drivable by a motor (not shown in Fig. 5), which in turn is 

mounted outside the possibly air-conditioned interior of the housing 54, as described 

above. Advantageously, the main drive shaft 53 again extends through the trays 51 in 

the edge region, in particular in the corner region, for optimum pivoting of the trays 

10 51.  

Figs. 6a and 6b focus on the mechanical aspect of how a tray 61 is 

pivotably attached to the main drive shaft 63 via a carrier 62 with a bearing 63a (Fig.  

6a), as well as details of the drive of the tray 61 via a drive element 66 (Fig. 6b). Fig.  

15 6c shows an alternative solution for mounting the tray 61 via a carrier 62 with a bear

ing 166a, in particular a plain bearing, on a carrier element 166, which is part of the 

housing 64 or attached to it. In principle, the mechanisms described can also be ap

plied to several trays, e.g. to the shaker according to Fig. 5.  

The tray 61 is set up to be loaded with one or more samples 69, for 

20 example in microtiter plates, which are to be shaken. For this purpose, the tray 61 

preferably has fastening elements, e.g. for a vessel stand, in order to hold the samples 

69 or vessels, in particular microtiter plates, stationary relative to the tray 61 during 

the shaking process.  

The tray 61 is rotatably bearing-mounted on the drive element 66 

25 via a fixed tray shaft 67. The drive element 66 is in turn rotatably attached to the car

rier 62, which is pivotably bearing-mounted on the main drive shaft 63 via the bear

ing 63a. The bearing of the tray shaft 67 in or on the drive element 66 is eccentric, so 

the axis of rotation of the tray shaft 67 does not coincide with the axis of rotation of 

the drive element 66. This eccentricity of the tray shaft 67 results in a circular move

30 ment when the drive element 66 rotates, on which the tray 61 rotates, and thus the de

sired shaking of the tray 61 together with the samples 69.  

Optionally, the tray 61 is enclosed by a housing 64 when swiveled 

in, which serves as splash protection and/or for air conditioning the samples as de

scribed above. The main drive shaft 63 extends, in particular vertically, i.e. in the di

35 rection of gravity, through the housing 64 and is freely rotatably bearing-mounted on 

it. Furthermore, a motor 65 for driving the main drive shaft 63 is attached, preferably 

externally, to the housing 64.
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In addition, the housing 64 (as already described with reference to 

Fig. 1a) may comprise feet 64b adapted to support the weight of the device. Gener

ally, the feet may also be adapted for attachment to a support, such as a laboratory 

bench.  

5 Fig. 6b is an enlarged view of section C in Figs. 6a and 6c. The tray 

61, which can be loaded with samples 69, for example in a microtiter plate, is rotata

bly bearing-mounted on the drive element 66 via the tray shaft 67. The drive element 

66 preferably comprises a pulley which is driven by the main drive shaft via a belt 68.  

For this purpose, a second pulley is attached to the main drive shaft and the belt 68 is 

10 tensioned over the two pulleys. Advantageously, the tray 61 is also eccentrically bear

ing-mounted on the second pulley in the same way as on the first pulley on the drive 

element 66. This provides an anti-rotation lock for the tray 61, since its freedom of 

movement is thus restricted to a circular translation. In addition, as described above, 
the anti-rotation tray can comprise two tray parts which are connected to each other, 

15 for example by a linear guide. Such an embodiment is shown in Figs. 11a, 1lb and 

1Ic, see below.  

Fig. 6c also shows - independently of the different mounting of the 

carrier to Fig. 6a - an advantageous design of the mounting of the tray 61 on the car

rier 62. In addition to the drive element 66 and the tray shaft 67, the device comprises 

20 a second drive element 166 and a second tray shaft 167. The tray 61 is thus connected 

both to the tray shaft 67 and to the second tray shaft 167, which are bearing-mounted 

eccentrically - namely with the same eccentricity - on the drive elements 66 and 166 

respectively. To ensure that the two drive elements 66 and 166 rotate synchronously, 
they are mechanically coupled to one another, for example via a toothed belt 168.  

25 This mounting of the tray 61 on the carrier 62 prevents undesired rotation of the tray 

61 during the desired orbital movement during shaking.  

In general, it is advantageous to compensate for imbalances that oc

cur on rotating components of the device. In addition to the main drive shaft, cf. the 

30 section "Multiple trays" above, this applies above all to the drive element 66. Particu

larly at high shaking frequencies and therefore speeds, e.g. of over 1000 rpm, over 

1500 rpm, over 2000 rpm or over 2500 rpm, e.g. with a 3 mm diameter of circular 

movement, as the device can achieve, an imbalance otherwise leads to vibrations, to 

increased wear of the bearings and mountings and to excessive noise generation.  

35 Fig. 6b shows an arrangement of a counterweight 66a on the drive 

element 66, which particularly simply and effectively compensates for an imbalance
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caused by the eccentric mounting of the tray 61 (with samples 69) on the drive ele

ment 66. It is advantageous that the center of gravity SP2 of the counterweight 66a is 

located in the same plane orthogonal to the axis of rotation of the drive element 66 as 

the center of gravity SP Iof the tray 61 together with the intended load of samples 69.  

5 According to Fig. 6b, this can be solved in such a way that the tray 61 comprises an 

upward protrusion 61a, under which at least a part of the counterweight 66a is lo

cated. The torques exerted by SP1 and SP2 when the drive element 66 rotates about 

the axis of rotation should generally just cancel each other out. With the arrangement 

shown, both a static and a dynamic imbalance can be compensated. This makes it 

10 possible to achieve high shaking frequencies of over 1000 rpm, in particular over 

1500 rpm, over 2000 rpm or over 2500 rpm, with a circular movement diameter of 3 

mm, for example, with a space-saving design.  

In the embodiment of Fig. 6c, counterweights are also advanta

geously arranged on the drive elements 66 and 166 for the same reasons. These coun

15 terweights are again (analogous to the above description) adapted in such a way that 

they compensate for both a static and a dynamic imbalance during the orbital move

ment of the tray 61.  

Fig. 7 shows a top view of or a horizontal section through a tray 91 

20 with counterweight 96a. Two microtiter plates with a plurality of samples 99 are 

mounted on the tray 91, for example by means of vessel holders. As described above 

in connection with Fig. 6b, the counterweight 96a is attached to the drive element 96, 

so that an imbalance caused by the eccentric mounting of the tray 91 (with samples 

99) on the drive element 96 is compensated particularly simply and effectively. As 

25 shown, the counterweight 96a can be attached to the drive element 96, for example 

with screws. Again, the center of gravity of the counterweight 96a is located in the 

same plane orthogonal to the axis of rotation of the drive element 96 as the center of 

gravity of the tray 91 together with the intended load of samples 99.  

Advantageously, the counterweight 96a comprises an opening 

30 through which the tray shaft 97 extends. In addition, the counterweight 96a can ad

vantageously be shaped similar to a sector of a circle when viewed from above. Both 

embodiments enable the largest possible volume and thus the largest possible mass of 

the counterweight 96a, whereby the counterweight 96a can nevertheless rotate with 

the drive element 96 in the protrusion of the tray 91. This maximizes the space availa

35 ble for the samples 99 on the tray 91.
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Figs. 8a, 8b and 8c illustrate the effect of different shaking frequen

cies ni, n2 and n3 on a liquid sample in a vessel, e.g. a test tube or a microtiter plate.  

The sample volume V is the same in each of the illustrations: VI = V2 = V3.  

In Fig. 8a, the sample is at rest, i.e. shaking frequency ni = 0. The 

5 sample liquid has an approximately flat and horizontal surface. The sample liquid fills 

the vessel to a height HI. This height can be taken as a measure of the diffusion dis

tance dl that oxygen must travel from the surrounding gas into the sample: dl = HI.  

In Fig. 8b, the sample is shaken at a shaking frequency n2 > 0, e.g.  

at n2 = 1000 rpm. The liquid is pressed upwards at the edge of the vessel and a me

10 niscus, i.e. a concave surface of the sample liquid, is formed. While the surface area 

increases compared to the situation in Fig. 8a, the diffusion distance d2= H2-h2 de

creases: d2 < dl. Both result in oxygen entering the sample more quickly.  

In Fig. 8c, the sample is shaken much faster, n3 > n2, e.g. with n3= 

2000 rpm. The sample liquid is "pulled" far up the edge of the vessel. The surface 

15 area increases further as a result of the increasing meniscus and the diffusion distance 

d3 = H3-h3 decreases further: d3 < d2. Oxygen transport into the sample is therefore 

further improved.  

This demonstrates one of the major advantages of the device de

scribed, which can achieve shaking frequencies of over 1000 rpm, in particular over 

20 1500 rpm, over 2000 rpm or over 2500 rpm: The oxygen transport from the gas phase 

into the liquid phase, i.e. into the sample, is greatly increased. In particular, cells can 

be cultivated with a similar rapid growth rate and produce a similar amount of bio

mass as when cultivated in a bioreactor. Such a device can therefore be used to carry 

out initial tests during cell cultivation under conditions similar to those later used in 

25 the mature process, particularly in the bioreactor.  

Fig. 9 shows how a tray 71 can be bearing-mounted on a main drive 

shaft 73 via a carrier 72. Such a mounting is compatible, for example, with the em

bodiments of Figs. Ia/b, 3, 5 and 6a/b. As in Figs. 6a/b, the tray 71 is bearing

30 mounted eccentrically on a drive element (not shown) with a first pulley. The drive 

element or the first pulley is rotatably bearing-mounted on the support 72 and is ar

ranged to be driven via the belt 78. The belt 78 also runs over the second pulley 75, 

which is attached to the main drive shaft 73 and is accordingly driven by the drive or 

motor via the main drive shaft 73.  

35 The carrier 72, which is designed to support the weight of the tray 

71 together with the load of samples, is bearing-mounted on the main drive shaft 73
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via a bearing 73a, e.g. a ball bearing. In this way, the support 72 can remain station

ary, for example by being locked via a latch as in Figs. 10a/b, while the main drive 

shaft 73 rotates. Preferably, the bearing 73a is located below the second pulley 75.  

Optionally, the carrier 72 together with the tray 71 can alternatively 

5 or additionally also be bearing-mounted above the second pulley 75 on the main drive 

shaft 73 via a bearing 73b. In general, care must be taken to ensure that the tray has 

sufficient clearance for its circular translation, which is caused by the eccentric bear

ing. In particular, an opening in the tray 71 through which the main drive shaft 73 

passes in a preferred embodiment must be larger than the diameter of the main drive 

10 shaft 73 or than the second bearing 73b, if present, by at least the eccentricity of the 

bearing.  

With a bearing 73a or 73b, several carriers can also be pivotably 

bearing-mounted one above the other on a main drive shaft 73 and driven simultane

ously.  

15 

Figs. 10a and 1Ob illustrate a possibility of locking a tray 81, which 

(as described, for example, in connection with Figs. 6a/b and 9) is attached to a car

rier 82 via a drive element (not visible), for the shaking process in the housing or on a 

support structure 86 in the housing, so that it is temporarily not pivotable about the 

20 main drive axis. The support structure 86 can be part of the housing or a separate 

component that is attached to the housing. For the pivoting of the tray 81, the support 

82 is in turn pivotably bearing-mounted on the main drive shaft 83 via a bearing 83a, 

see e.g. Fig. 9.  

Fig. 10b shows the section D of Fig. 10a enlarged. This comprises a 

25 first locking element 82a as a latch at or near its end remote from the main drive 

shaft. As a counterpart to the first locking element 82a, a second locking element 82b 

is attached to the support structure 86. The first and second locking elements 82a and 

82b are in particular designed to establish a detachable connection upon contact. As a 

result, the carrier 82 can be connected to the support structure 86 for the shaking pro

30 cess and, in particular, pivoting of the carrier 82 about the main drive shaft 83 can be 

prevented. In addition, part of the weight of the carrier 82 and tray 81 together with 

the samples can be bome by the support structure 86, which reduces the load on the 

bearing 83a on the main drive shaft.  

In general, the latching means comprises, for example, mechanical 

35 or magnetic components for releasably connecting the carrier 82 to the support struc

ture 86. For example, the latching elements 82a and 82b may comprise magnets 

which are adapted to latch the carrier 82 to the support structure 86 by their mutual
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attraction. Alternatively, the locking elements 82a and 82b can be designed as a snap 

lock or as a hinged lock, in which a detachable connection is produced mechanically.  

Figs. 11a, 1lb and 1Ic illustrate an embodiment of the shaker with a 

5 divided tray, whereby a particularly simple and reliable anti-rotation device for the 

tray can be achieved. Fig. 11a is a perspective view analogous to Fig. la; Fig. 1lb is a 

schematic section through the shaker in the plane of the drive elements analogous to 

Fig. lb; Fig. 1Ic is a schematic vertical section analogous to Fig. 6a. The features de

scribed for the previous embodiments are analogously applicable here.  

10 The shaker comprises a housing 114 with a door 114a, which is ar

ranged to open and close a front side of the housing. In Figs. 11a and 1Ib, the door 

114a is shown in the open state. Furthermore, the shaker comprises a main drive shaft 

113, which can be driven by a motor 115. A carrier 112 is rotatably bearing-mounted 

on the main drive shaft 113, which can be engaged on the housing, for example by 

15 means of a latching mechanism (as described above). In turn, a first drive element 

116a and a second drive element 116b are rotatably bearing-mounted on the carrier 

112. The first drive element 116a is coupled to the main drive axle 113 via a first belt 

118a and is driven by the latter. The second drive element 116b is coupled to the first 

drive element 116a via a second belt 118b and is thus also driven. It is important that 

20 the two drive elements 116a and 116b run synchronously. For this reason, a toothed 

belt is advantageously used at least for the second belt 118b.  

A first tray shaft 117a or a second tray shaft 117b is eccentrically 

bearing-mounted on or in the first drive element 116a or the second drive element 

116b. A first tray part 111a or a second tray part 11lb is in turn attached to the first 

25 tray shaft 117a or to the second tray shaft 117b, in particular in a non-rotatable man

ner. Samples 119 can be placed on the tray parts 111a and 11lb as described above, 

for example in test tubes or microtiter plates.  

A particularly simple and reliable anti-rotation device for the two 

tray parts 111a and 11lb can now be achieved by means of a flexible connection be

30 tween the two tray parts (not shown in Figs. la-c). Advantageously, this connection 

comprises a linear guide between the first tray part 111a and the second tray part 

11lb. The linear guide may, for example, be fixedly attached to one tray part while 

allowing the other tray part to slide along the guide. Such a flexible connection avoids 

damaging forces on the bearings of the tray shafts and drive elements, e.g. as a result 

35 of thermal expansion, in particular of the support 112.
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While preferred embodiments of the invention are described in the 

present application, it should be clearly noted that the invention is not limited thereto 

and may be practiced in other ways within the scope of the following claims.



19 

Claims 

1. Device for shaking samples comprising 

- one carrier (62), 

5 - a drive element (66), which is rotatably bearing-mounted on the 

carrier (62), 

- a tray (61) arranged for loading with the samples (69), 

- a tray shaft (67), which is connected to the tray (61) and is bear

ing-mounted eccentrically on the drive element (66), 

10 - an openable housing (64), wherein the tray (61), the tray shaft 

(67), the drive element (66) and the carrier (62) are located in an interior space within 

the housing (64), 

- a main drive shaft (63) drivable by a drive (65), which extends or

thogonally to the tray (61) at least partially through the housing (64), 

15 wherein the drive element (66) is drivable via the main drive shaft 

(63), 

wherein the carrier (62) together with the tray (61), in particular 

with a bearing (63a, 166a), is pivotably bearing-mounted about the main drive shaft 

(63), 

20 wherein the carrier (62) together with the tray (61) is at least par

tially pivotable out of the housing (64) in the open state.  

2. Device according to claim 1, 

wherein the carrier (62) together with the tray (61) is pivotable out 

25 of the housing (64) to more than 50% of a surface of the tray (61) in the open state.  

3. Device according to one of the preceding claims, 

wherein the carrier (62) together with the tray (61) is pivotable 

through at least 450, in particular at least 90°, about the main drive shaft (63).  

30 

4. Device according to one of the preceding claims, 

wherein the tray (11, 61) comprises an opening (11a) through which 

the main drive shaft (13, 63) passes, 

wherein the opening (11a) is located in an edge region of the tray 

35 (11, 61), in particular less than 20% of a length and/or width of the tray (11, 61) away 

from an edge of the tray (11, 61).
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5. Device according to one of claims I to 3, 

wherein the main drive shaft (63) extends outside the surface of the 

tray (61).  

5 6. Device according to one of the preceding claims, 

wherein the carrier (62, 82) comprises a latch (82a) at the end re

mote from the main drive shaft for releasably securing the carrier (62, 82) to the hous

ing (64) or to a support structure (86) in the housing.  

10 7. Device according to one of the preceding claims, further compris

ing 

- a belt (68) arranged to drive the drive element (66) via the main 

drive shaft (63).  

15 8. Device according to one of the preceding claims, 

wherein the tray shaft (67) is centrally attached to the tray (61).  

9. Device according to one of the preceding claims, 

wherein the tray (61) is secured against rotation relative to the car

20 rier (62).  

10. Device according to claim 9, 

wherein the tray comprises a first tray part (111a) and a second tray 

part (111b), 

25 wherein the first tray part (IIIa) and the second tray part (111b) are 

bearing-mounted eccentrically on a first drive element (I16a) and a second drive ele

ment (I16b) via a first tray shaft (17a) and a second tray shaft (17b), respectively, 

which are connected to the first and second tray parts, respectively, 

wherein the first drive element (1I16a) and the second drive element 

30 (116b) are rotatably bearing-mounted on the carrier (112) and can be driven via the 

main drive shaft (113), 

wherein the first and second tray sections are connected to each 

other by a flexible connection, in particular by a linear guide.  

35 11. Device according to one of the preceding claims, further com

prising



21 

- at least one further tray (51, 61), in particular at least five further 

trays, together with a further tray shaft, a further drive element and a further carrier in 

the interior of the housing, 

wherein the at least one further drive is drivable via the main drive 

5 shaft (53, 63).  

12. Device according to claim 11, 

wherein the at least one further tray (51, 61) is pivotably bearing

mounted about the main drive shaft (53, 63) independently of the other tray or trays.  

10 

13. Device according to one of claims 11 to 12, 

wherein an angular position of a bearing of the further tray shaft on 

the further drive element deviates from an angular position of the bearing of the tray 

shaft on the drive element, 

15 in particular where the angular position of the bearings of the vari

ous tray shafts differ from one another by 360°/N, where N is the number of trays in 

the device.  

14. Device according to one of the preceding claims, 

20 further comprising a climate control element for controlling the 

temperature and/or humidity in the interior of the housing.  

15. Device according to one of the preceding claims, 

wherein the drive (65) comprises a motor which is mounted outside 

25 the housing (64), in particular on an underside of the housing (64), 

in particular wherein the main drive shaft (63) extends through an 

opening in the underside of the housing (64), and/or 

in particular wherein the interior of the housing (64) is thermally 

decoupled from the motor.  

30 

16. Device according to one of the preceding claims, 

wherein an eccentricity of the bearing of the tray shaft (67) on the 

drive element (66) is between 0.5 and 50 mm, in particular between 1 and 3 mm.  

35 17. Device according to one of the preceding claims,
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wherein a shaking frequency of the tray (61) as a result of the drive 

(65) is at least 1000 rpm, in particular at least 1500 rpm, at least 2000 rpm or at least 

2500 rpm.  

5 18. Device according to one of the preceding claims, 

wherein the tray (61) has a rectangular shape, 

in particular wherein the tray (61) has a length of between 50 and 

100 cm, and/or 

in particular wherein the tray (61) has a width of between 30 and 70 

10 cm.  

19. Device according to one of the preceding claims, 

wherein a part of the housing (64) facing the interior is at least 50% 

covered with stainless steel.  

15 

20. Device according to one of the preceding claims, 

wherein the part of the housing (44, 64) facing the interior com

prises rounded corners and edges (44c), 

in particular wherein a radius (R) of the corners and edges (44c) is 

20 at least 10 mm.  

21. Device according to one of the preceding claims, 

wherein at least a part, in particular at least 70%, of an underside 

(44d) of the interior extends inclined relative to a bearing surface of the housing (44, 

25 64), 

in particular wherein an angle between the underside (44d) of the 

interior and the bearing surface of the housing (44, 64) is between 1 and 30°, in par

ticular between 5° and 15°.  

30 22. Device according to claim 21, 

wherein the housing (44, 64) comprises an outlet opening (44e), in 

particular through the housing (44, 64), in the region of the underside (44d) of the in

terior closest to the bearing surface, in particular wherein the outlet opening closable.  

35 23. Device according to one of the preceding claims, further com

prising 

- a carrier element (166) attached to the housing (64),
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wherein the carrier (62) together with the tray (61) is pivotably 

bearing-mounted on the carrier element (166) via the bearing (166a), in particular via 

a plain bearing, 

in particular wherein a pivot axis of the carrier (62) coincides with 

5 the main drive shaft (63).
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