
APPARATUS FOR DETECTION OF SOLIDS 

The present invention relates to an apparatus for detection of 

solids, particularly of explosive substances or drugs, 

comprising a carrier disk on which multiple screens are disposed 

with rotation symmetry, whereby an intake channel for drawing 

ambient air in through the screen, 	in each instance, 	is assigned 

to the screens in a first rotational position, 	and a first 

heating element for vaporization of particles of the solids to 

be detected, which particles were collected in the screen, 	in 

each instance, during intake, 	and an intake channel connected 

with an analysis device, 	for drawing off the vaporized 

particles, 	are assigned to the screens in a second rotational 

position. 

Such an apparatus is already previously known from EP 0 447 158 

A2. 	A carrier disk having a total of four screens is moved 

between different rotational positions, 	in this connection, 

whereby one screen is in engagement with every device to be 

used, 	in one rotational position, 	in each instance. 

Further solutions from the state of the art, 	for example 

according to DE 690 30 686 T2, 	having six screens in six 
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rotational positions, and according to GB 2 176 008 A, having 

three positions that have sample carriers, 	in each instance, 

have a similar structure. 

A corresponding solution is also previously known from DE 690 33 

217 T2. 	This involves a detection system for explosive 

substances, 	in which air is first drawn off from a spatial 

volume to be examined, and passed through a metal screen. 	Any 

solid particles that are drawn away with the air are captured by 

the metal screen, which is disposed on a rotating disk. 	Each 

metal screen passes through three rotational positions of the 

rotating disk, one after the other, whereby in a first 

rotational position, drawing off takes place out of the spatial 

volume to be monitored. 	In a second rotational position, the 

metal screen is heated using a heating element, 	so that the 

particles that settle on the metal screen are vaporized. 	The 

resulting vapor is passed to an analysis device that is able to 

characterize the particles contained in the vapor and can detect 

any substances being sought, 	such as explosive substances or 

drugs or the like. 	In a third position, 	further heating of the 

metal screen takes place, and the residual particles remaining 

in the metal screen, which have now been carbonized as a result 

of this further heating, 	are suctioned away. 
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A test for such solids usually takes place when passing from a 

non-secure to a secure area, 	as this takes place, 	for example, 

at airports. 	It is fundamentally possible, 	in this connection, 

to subject both objects and persons to such a test. 	In both 

cases, the object to be investigated is introduced into an air 

lock, to which an air stream is applied, which is drawn off by 

the apparatus described above. 	Until the end of the analysis, 

it must be ensured, 	in this connection, that the person or 

object remains identifiable at all times, 	so that the person or 

object must be detained during the analysis. 

This is easily possible, 	in the case of persons, 	in that the 

person enters into a spatial volume, 	for example in the form of 

an access lock, 	for the examination, 	that this lock is closed 

after the person enters it, and opened again only after the 

analysis is completed. 	According to the solution according to 

the state of the art, multiple screens are already disposed on 

the rotating disk for this purpose, with rotation symmetry, 	so 

that a complete revolution of the disk and complete passing 

through all three rotational positions is not necessary to 

finish processing a person. 	The third rotational position can 

be performed by the metal screen in question also during an 

interim step or at the same time, while another screen is being 

impacted. 
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Against this background, the present invention is based on the 

task of improving the efficiency of the known apparatus for 

detection of solids, and of increasing the capacity utilization 

and efficient utilization of the components used. 

This is accomplished by means of an apparatus for detection of 

solids according to the characteristics of the main claim. 

Further embodiments of this apparatus can be derived from the 

dependent claims. 

According to the invention, a rotating carrier disk is also 

present, on which a plurality of screens is disposed with 

rotation symmetry. 	Any suitable material can be used for the 

production of the screens, 	for example, metal screens, 	ceramic 

screens, and - to the extent that they are sufficiently heat- 

resistant - plastic screens can also be used. 	A preferred 

embodiment of the carrier disk provides for a total of three 

metal screens. 	In this connection, 	in a first rotational 

position of the carrier disk, 	one screen is in engagement with 

an intake channel through which ambient air is drawn in through 

the screen. 	Subsequently, 	the screen in question is brought 

into a second rotational position, where a first heating element 

is provided for vaporization of the particles captured in the 
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screen. The particles vaporized in this manner are brought 

through an aspirator channel, 	in the direction of an analysis 

device that examines the vaporized particles to determine 

whether they are critical particles, 	for example particles of 

explosive substances or drugs. 

An angle a lies between the first and the second rotational 

position, which angle is selected in such a manner that the 

angle distance between the two screens amounts to an even- 

numbered multiple of this angle a. 	In this way, when the 

carrier disk is rotated by one rotational position, 	in each 

instance, 	a switch takes place, 	at a rotational position, 

between a screen and a blind spot that lies in between. 	The 

devices that belong to each rotational position are therefore 

put into operation, 	in each instance, at every other change in 

rotational position of the carrier disk. 	By means of a 

corresponding configuration of the devices provided at the 

rotational positions, 	in each instance, 	it can be ensured that 

these are not put into operation at the blind spots, 	so that the 

related energy can be saved. 	Vice versa, 	it is also possible to 

eliminate a complicated control for recognizing a blind spot or 

a screen that is not needed at a specific time. 
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For cleaning of the screens, which can still be impacted by 

residual particles, a second heating element can be provided at 

a third rotational position, which element carbonizes the 

residual particles. 	Within the scope of the first heating, 

during which vaporization of the particles is supposed to be 

brought about, the screen is heated to approximately 180°C, 

while significantly greater heat, 	in the range above 300°C, 	is 

required within the scope of carbonization. 	Accordingly, a 

first heat radiator can be disposed at the second rotational 

position, which can possess a heat output of approximately 300 

watts, 	for example. 	Then, 	a second heating element in the form 

of a heat radiator is then disposed at the third rotational 

position, which possesses double the output, 	in other words 

preferably approximately 600 watts. 

To improve the efficiency, however, 	it is also possible to work 

with other heating methods. 	For example, 	it is particularly 

provided that the heating elements are induction coils, whereby 

induction loops are accordingly assigned to the screens, which 

loops are able to convert the current induced by the induction 

coils in the region of the screens into heat. 	These induction 

loops are preferably woven into the screen, 	in this connection, 

in order to allow ideal heat transfer to the material of the 

screen. 
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A particularly preferred embodiment of the invention provides 

for producing the screens from a ferromagnetic material, as 

metal screens, 	so that these metal screens as a whole act as an 

induction loop. 

These embodiments can be developed further in that the third 

rotational position with the second heating element is offset 

from the second rotational position by an odd multiple of the 

angle a. 	In this way, 	it is guaranteed that a screen is 

present, in each instance, 	at a specific point in time only at 

one of the two rotational positions provided with a heating 

element. 	If a screen is now present at the second rotational 

position, a current generator that is connected with the 

induction coil is operated at a lower output, while the output 

is increased when a screen is situated at the third rotational 

position. 

In this connection, 	it is practical if a material that does not 

react with the induction coil, 	in other words a non- 

ferromagnetic material, 	is disposed at the blind spots. 	This 

can be done, 	for one thing, 	in that the entire carrier disk is 

produced from a non-ferromagnetic material, 	for example an 

austenitic material. 	Alternatively, 	however, 	a shutter similar 
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in shape to the screens can be provided in the region of the 

blind spots, which shutters are also attached to the carrier 

disk with identical, 	raised frames, 	if necessary. 	Preferably, 

these blind spots are also situated 	with rotation symmetry, 	in 

each instance, distributed over the circumference of the carrier 

disk, 	centered between the screens. 

In a further development of the apparatus, a fourth rotational 

position can also be present, which has an aspiration apparatus 

for drawing off carbonized particle residues. 	For this purpose, 

a second aspiration channel is present, which also, 	could be 

joined for example, with a central aspiration system, that also 

provides the aspiration of the air stream out of the spatial 

volume to be monitored. 

In order to be able to perform the aspiration despite the 

rotating carrier disk, 	it is necessary that the intake and 

aspiration channels, 	respectively, 	can be contacted with the 

carrier disk in every rotational position, whereby after the 

work step, 	in each instance, has been carried out, 	release from 

the carrier disk takes place again. 	This can take place, 	for 

example, 	in that a double-wall folded bellows is assigned to the 

intake and aspiration channels, 	respectively, which bellows has 

a connector in the end position, 	on the side that contacts the 
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carrier disk, which seals off the disk. 	To the extent that a 

frame is provided around the screens or the shutters that might 

be present, 	this frame can also be contacted using the 

connector. 

Contacting by means of the connector, which can be moved out 

using the folded bellows and brought into contact with the 

carrier disk or the frame, 	respectively, 	takes place by way of 

applying an excess pressure in the double-wall folded bellows, 

which unfolds as the result of this excess pressure and thereby 

straightens up in the direction of the carrier disk. 	As a 

result, a friction fit occurs between the connector and the 

carrier disk or frame, 	respectively, which fit can be released 

again by lowering the excess pressure, if necessary also by 

applying a partial vacuum to the double-wall folded bellows. 	In 

this connection, 	the excess pressure is applied between the two 

walls of the folded bellows, while the interior of the folded 

bellows forms an air channel provided for intake or aspiration. 

Of course, 	only the suction pressure is applied to this inner 

channel, 	during this process. 

The position control of the carrier disk takes place by way of a 

controlled drive, whereby this is an electrical drive, 	for 

example. 	In this connection, this drive can drive a gear wheel 
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that engages into a corresponding, gear-wheel-like knurling of 

the carrier disk in the region of its circumference. 	However, 

other possibilities of the drive of the carrier disk are 

possible, and are explicitly also covered by the invention. 

The spatial volume from which the air stream to be examined is 

drawn off can be an access lock, 	for example, which is closed 

off completely, 	in air-tight manner, to a great extent. 	Using a 

pump, an air stream j_ 	applied by way of air nozzles in the 

ceiling region of such an access lock, which runs through the 

access lock and the spatial volume enclosed by it essentially 

from top to bottom, and can be viewed as a type of air shower, 

in this regard. 	In the floor region, aspiration by way of an 

aspiration funnel takes place, which ends in the aspiration 

channel to which the screen is applied. 

To further increase the efficiency of such an arrangement, 	a 

second carrier disk, which functions synchronously, offset by a 

rotational position, 	can be provided, which disk is assigned to 

a second access lock with a second spatial volume. 	In this way, 

it is possible to use the analysis device and also further 

components, 	such as the heating system, 	for example, 

simultaneously at multiple positions, and thereby to clearly 

reduce the idle times of the individual components. 



The apparatus for detection of solids will be explained in 

greater detail below, using an exemplary embodiment. 

The figures show: 

Figure 1 	an access lock with an apparatus according to the 

invention, 	in a perspective representation, 	at a slant 

from above, 

Figure 2 	the apparatus according to the invention, in a view 

from outside of the spatial volume to be monitored, in 

a perspective view at a slant from above, with the 

cover removed, 

Figure 3 	the apparatus according to Figure 2 in a perspective 

view from within the spatial volume to be monitored, 

at a slant from above, with the cover removed, 

Figure 4a a double-wall folded bellows for contacting the intake 

or aspiration channel with the carrier disk, 	in a 

sectional representation, without pressure applied 

between the double walls, and 
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Figure 4b the folded bellows according to Figure 4a in a 

sectional representation, with pressure applied 

between the double walls. 

Figure 1 shows an access lock 10 that separates a secure area 12 

from a non-secure area 13. 	A person passing from the non-secure 

area 13 into the secure area 12 must pass through a spatial 

volume 11 for this purpose, which volume is enclosed by the said 

access lock 10. 	For this purpose, 	the person first enters the 

spatial volume 11 from the non-secure area 13, 	and after that, 

the door 14 of the access lock 10 is closed. 	At this point in 

time, a second door on the side of the secure area 12 is also 

closed, 	so that the person is locked into the spatial volume 11 

at this point in time. 	Using a pump 16, 	an air stream is 

generated in the spatial volume 11, which stream essentially 

flows from the ceiling of the access lock 10 in the direction of 

its floor, and is drawn off by way of an intake funnel 15. 	The 

intake funnel 15 is part of a cover of the apparatus according 

to the invention, by way of which the person located in the 

access lock 10 is investigated with regard to carrying 

suspicious solids, particularly explosive substances or drugs, 

as follows. 
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Within the housing described above, there is the arrangement 

shown in Figure 2, which is shown without any housing part, 	for 

a better understanding. 	Essentially, 	this is a carrier disk 20 

on which a plurality of metal screens 30 are disposed. 	Using 

the carrier disk 20, 	the metal screens 30 are moved between 

different rotational positions. 	In this connection, 	the metal 

screens 30 are disposed on the carrier disk 20 in such a manner 

that a metal screen 30 alternates with a blind spot 11, 	in each 

instance. 	In the present example, a total of three metal 

screens 30 are provided on the carrier disk 20, 	so that a total 

of three blind spots 31 are present between these metal screens 

30. 	The carrier disk 20 can be turned using a drive 27 that 

moves a gear wheel 28 that engages into a knurling 29 of the 

carrier disk 20. 	From one rotational position 21 to 25 to the 

next, 	the carrier disk 20 moves over an angle a during this 

process, whereby this also involves the angle distance between a 

metal screen and an adjacent blind spot, 	in each instance. 	By 

means of the change from one rotational position 21 to 25 to the 

next, 	alternation between a blind spot 31 and a metal screen 30 

takes place at a rotational position 21 to 25 being considered, 

in each instance. 

In a first rotational position 21, 	aspiration as described above 

in connection with Figure 1 takes place. 	When the air is drawn 
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off from the spatial volume 11 to be monitored, this aspirated 

air passes through a metal screen 30, 	so that any particles 

present in the air stream are caught in the metal screen 30. 

After this impact of particles to be detected on the metal 

screen 30, 	rotation of the carrier disk 20 into a second 

rotational position takes place. 	Once the metal screen 30 

arrives at this second rotational position 22, 	it comes into 

engagement with a first heating element 40, which brings about 

heating of the metal screen 30. 	This first heating element can 

be an induction coil, 	for example, which excites an induction 

loop woven into the metal screen 30 and thereby heats the metal 

screen 30. 	The resulting vapor is drawn, 	using a first 

aspiration channel 43, 	to an analysis device 45 in which an 

analysis of the particles that have been vaporized in this 

manner, 	if applicable, 	takes place. 

In the present example, the metal screen 30 being considered in 

the following passes through two idle positions 25 before it is 

brought into the third rotational position 23. 	There, the metal 

screen 30 comes into engagement with a second heating element 

41, which brings about clearly stronger heating of the metal 

screen and thereby causes carbonization of any particles still 

present on the metal screen 30. 	In a fourth rotational 
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position, aspiration of any carbonized particles still present 

on the metal screen 30 finally takes place. 

Because of the use of blind spots at every other rotational 

position, these rotational positions are put out of operation, 

in each instance. 	As a result, 	intake and aspiration channels 

that are applied to the blind spots are closed, and suction is 

prevented. 	Furthermore, the shutters used at the blind spots 31 

can be shutters composed of a non-ferromagnetic material, for 

example an austenitic metal, which does not result in any 

heating when the magnetization of an induction coil is applied, 

so that in this manner the energy consumption is reduced, by 

means of the heating that is prevented as a result. 

Figure 3 shows the same arrangement as Figure 2, 	seen from the 

inside of the spatial volume 11. 	As a result, 	the drive 27 that 

puts the carrier disk 20 into rotation about its axis of 

rotation 26, 	using its knurling 29, 	can be clearly seen. 	The 

aspiration channels 43 and 44, which are brought into contact 

with the carrier disk 20 in the region of this disk, using 

folded bellows 34, 	can also be clearly seen. 

This is shown in greater detail in Figures 4a and 4b. 	The 

folded bellows 34 are structured with a double wall, 	in other 
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words have an inner wall 35 and an outer wall 36. 	Connectors 33 

are affixed at the ends of these folded bellows 34, which 

connectors can enter into contact with the carrier disk 20 or a 

frame 32 possibly disposed on the metal screen 30, 	forming a 

seal. 	If the carrier disk 20 now reaches a rotational position 

21 to 25 and comes to a stop, the space between the inner wall 

35 and the outer wall 36 has an excess pressure applied to it. 

As a result, the situation of the folded bellows 34 changes from 

the state of Figure 4a to the state of Figure 4b. 	Because of 

the excess pressure between inner wall 35 and outer wall 36, 	the 

folded bellows 34 is expanded and thereby moves in the direction 

of the carrier disk 20. 	In this connection, the movement path 

is limited by the connector 33, which cannot move any further 

after making contact with the carrier disk 20. 	Aspiration or 

intake of the air can then take place between the double walls, 

independent of the prevailing excess pressure between inner wall 

35 and outer wall 36. 	Before the carrier disk 20 is turned 

further, either the excess pressure between the two walls of the 

folded bellows 34 can be lowered, or it can actually be 

converted to a partial vacuum, 	so that the folded bellows is 

returned to the state as shown in Figure 4a. 
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REFERENCE SYMBOL LIST 

10 access lock 

11 spatial volume 

12 secure area 

13 non-secure area 

14 door 

15 intake funnel 

16 pump 

20 carrier disk 

21 first rotational position 

22 second rotational position 

23 third rotational position 

24 fourth rotational position 

25 idle position 

26 axis of rotation 

27 drive 

28 gear wheel 

29 knurling 

30 metal screen 

31 blind spot 

32 frame 

33 connector 

34 folded bellows 



35 inner wall 

36 outer wall 

40 first heating element 

41 second heating element 

42 intake channel 

43 first aspirator channel 

44 second aspirator channel 

45 analysis device 
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CLAIMS 

1. 	Apparatus for detection of solids, particularly of 

explosive substances or drugs, 	comprising a carrier disk 

(20) 	on which multiple screens are disposed with rotation 

symmetry, wherein an intake channel 	(42) 	for drawing 

ambient air in through the screen, 	in each instance, 	is 

assigned to the screens in a first rotational position 

(21), 	and a first heating element 	(40) 	for vaporization of 

particles of the solids to be detected, which particles 

were collected in the screen, 	in each instance, during 

intake, 	and an aspiration channel 	(43) 	connected with an 

analysis device 	(45), 	for drawing off the vaporized 

particles, 	are assigned to the screens in a second 

rotational position 	(22), 

characterized in that the angle distance between two 

adjacent screens of the carrier disk 	(20) 	amounts to an 

even-numbered multiple of an angle a, which the carrier 

disk 	(20) passes through during the transition from one 

rotational position of the carrier disk 	(20) 	to an adjacent 

rotational position, 	and that the carrier disk 	(20) 	is 

structured with rotation symmetry, 	in such a manner that as 

the result of rotation of the carrier disk 	(20) by the 

angle a, 	from one rotational position to the next, 	a switch 
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from a screen to a blind spot (31), in each instance, or 

vice versa takes place at a rotational position, 	so that 

the intake and aspiration channels 	(42, 	43) 	are closed off 

by the blind spots 	(31) 	in every other rotational position. 

2.  Apparatus according to claim 1, 	characterized in that in a 

third rotational position 	(23), 	a second heating element 

(41) 	for carbonization of any particles still present on 

the screen is assigned to the screens. 

3.  Apparatus according to claim 2, 	characterized in that the 

heating elements 	(40, 	41) 	are heat radiators, 	whereby the 

second heating element 	(41) 	possesses a greater output, 

preferably twice the output of the first heating element 

(40). 

4.  Apparatus according to claim 2, characterized in that the 

heating elements 	(40, 	41) 	are induction coils, 	wherein an 

induction loop is assigned to the screens, 	in each 

instance, preferably woven into the screen. 

5.  Apparatus according to claim 2, characterized in that the 

heating elements 	(40, 	41) 	are induction coils and that the 
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screens are metal screens (30), which latter function as 

induction loops. 

6.  Apparatus according to claim 4 or 5, 	characterized in that 

the third rotational position 	(23) 	is offset relative to 

the second rotational position 	(22) by an odd multiple of 

the angle a, 	and that the induction coils are supplied by a 

generator that is switched to a higher, preferably twice 

the output whenever a screen is situated at the third 

rotational position 	(23). 

7.  Apparatus according to one of the preceding claims, 

characterized in that a shutter is provided at the blind 

spots 	(31) 	on the carrier disk 	(20), 	in each instance, 

between two screens, 	in each instance, which shutter is 

similar in shape to the screens. 

8.  Apparatus according to claim 7, 	characterized in that 

shutters and screens are attached to the carrier disk 	(20) 

by means of identical, 	raised frames 	(32). 

9.  Apparatus according to one of claims 7 or 8, 	characterized 

in that the shutters are composed of a non-magnetic 

material, preferably an austenitic material. 
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10.  Apparatus according to one of the preceding claims, 

characterized in that in a fourth rotational position (24), 

an aspiration apparatus for drawing off carbonized particle 

residues by way of a second aspiration channel 	(44) 	is 

assigned to the screens. 

11.  Apparatus according to claim 	10, characterized in 

that an intake or aspiration channel 	(42, 	43, 	44), 

respectively, 	in each instance, 	is assigned to the 

screens, at least in the first, 	second, 	and fourth 

rotational position 	(21, 	22, 	24), 	which channel contacts 

the carrier disk 	(20) 	around the screen, 	in each instance, 

sealing it, 	at least to a great extent, 	and is released 

again before the rotational position, 	in each instance, 	is 

departed from. 

12.  Apparatus according to claim 11, characterized in that the 

intake or aspiration channels 	(42, 	43, 	44), 	respectively, 

comprise a double-wall folded bellows 	(34), 	in each 

instance, 	and have a connector 	(33), 	in the end position, 

that contacts the carrier disk (20) 	around the screen, 

forming a seal, wherein the folded bellows 	(34) 	can have an 

excess pressure applied to it for contacting of the carrier 



- 23 - 

disk (20), and a partial vacuum applied to it for releasing 

the carrier disk 	(20). 

13.  Apparatus according to one of the preceding claims, 

characterized in that the carrier disk 	(20) 	is knurled 

along its outer circumference, and is driven by means of a 

gear wheel 	(28) 	connected with an electrical drive 	(27), 

which engages into this knurling 	(29). 

14.  Apparatus according to one of the preceding claims, 

characterized in that the intake channel 	(42) 	opens into a 

closed spatial volume 	(11) 	that preferably forms an access 

lock 	(10). 

15.  Apparatus according to claim 14, characterized in that a 

second carrier disk, 	which functions synchronously, 	offset 

by a rotational position, 	is provided, the screens of which 

disk have ambient air applied to them by way of an intake 

pipe that opens into a second spatial volume, wherein 

preferably, 	the analysis device 	(45) 	communicates with the 

screens of both carrier disks. 


