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(57) Abréegée/Abstract:

The Inventive analysis device comprises a system for feeding an analysable material, an X-ray tube (20) whose X-ray beam Is
oriented towards the measuring area (b) of the feeding system, a control unit (30) for controlling the X-ray tube, an X-ray detector
(40) for measuring X-ray radiation interacting with the material or emitted thereby and a material sensor which detects whether the
material Is present In a measuring area or Is supplied thereto and generates a signal thereabout. In order to relieve from a shutter
without reducing the lifetime of the X-ray tube, the device Is characterised in that the material detector Is associated with the control
unit (30) and said control unit (30) controls the X-ray tube according to the signal of the material detector in one operating state
thereof, whereln a current heating the X-ray tube has the same order of magnitude In the two operating states and the acceleration
tension increases In the first operating state from 5kV to 100kV and is reduced by 10 kV In the second operating state.
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[Fortsetzung auf der nichsten Seite]

(57) Abstract: The inventive analysis device comprises a system for feeding an analysable material, an X-ray tube (20) whose
X-ray beam is oriented towards the measuring area (b) of the feeding system, a control unit (30) for controlling the X-ray tube,
an X-ray detector (40) for measuring X-ray radiation interacting with the material or emitted thereby and a material sensor which
detects whether the material is present in a measuring area or is supplied thereto and generates a signal thereabout. In order to relieve
from a shutter without reducing the lifetime of the X-ray tube, the device is characterised in that the material detector is associated
) with the control unit (30) and said control unit (30) controls the X-ray tube according to the signal of the material detector in one
operating state thereof, wherein a current heating the X-ray tube has the same order of magnitude in the two operating states and the

acceleration tension increases in the first operating state from 5kV to 100kV and is reduced by 10 kV in the second operating state.
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— it internationalem Recherchenbericht

(57) Zusammenfassung: Eine Vorrichtung zur Online-Analyse besteht aus einer Zufiihreinrichtung zum Zufiihren des zu analysie-
renden Materials, einer Rontgenrdhre (20), deren ROntgenstrahl auf einen MeBbereich (B) der Zufiihreinrichtung gerichtet ist, einem
Steuergerit (30) zum Ansteuern der RontgenrShre, einem Rontgendetektor (40), der ROntgenstrahlung misst, die mit dem Material
in Wechselwirkung getreten ist, oder von diesem emittiert wird, und einem Materialdetektor, welcher detektiert, ob Material im
MebBbereich vorhanden ist, oder diesem zugefiihrt wird und ein hiervon abhidngiges Signal generiert. Um auf einen mechanischen
Shutter verzichten zu kénnen, ohne die Lebensdauer der Rontgenrohre herabzusetzen, ist der Materialdetektor mit dem Steuergerit
(30) verbunden und das Steuergerit (30) steuert die Rontgenrdhre (20) in Abhéngigkeit vom Signal des Materialdetektors in einem
von zwei Betriebszustdnden an, wobei der Heizstrom der RGntgenréhre in beiden Betriebszustdnden in der gleichen Gro3enordnung

liegt und die Beschleunigungsspannung im ersten Betriebszustand zwischen 5 kV und 100 kV und im zweiten Betriebszustand klei-
ner 10 kV ist.
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ONLINE ANALYSIS DEVICE

Specification

Technical Field of the Inventio

e e gy i i b— ——-y——

The invention relates to an online analysis device including a feed conveyor for
supplying material to be analyzed, an X-ray tube with an X-ray beam directed toward
a measuring region on the feed conveyor, a control unit for actuating the X-ray tube,
an X-ray detector for measuring either the X-ray radiation that interacts with the
material, or the radiation emitted by the material and a material detector, which
detects whether material is present in the measuring region or is supplied thereto and

which then generates a signal dependent thereon.

Prior Art

The use of ionizing radiation for online analysis procedures is known. Such a
procedure involves for the most part the irradiation of a spatially delimited meas-

uring region of the conveyed material, so as to determine the interaction with this
material. In the process, the transmitted as well as the backscattered signal can
be used, or the signal emitted as a result of excitation. In the case of X-ray fluo-
rescence, for example, the generated characteristic X-ray luminescence radiation
~ is measured with the aid of one or several detectors, and a conclusion concern-

ing the material composition is reached on the basis of the measured spectrum.

As a rule, either a radioactive emitter or an X-ray tube can be used for irradiating
the material. To protect against radiation, it is generally necessary to prevent
'_réys emitted by an X-ray or gamma-ray source from escaping if no material to be
| m'easured IS Iocatéd In the measuring region. A movable cover is used for this, a
so-called shutter, which is actuated by a material detector that detects the pres-
ence of material to be measured in the measuring region. When using a radio-
active gamma source, ii Is absolutely necessary to provide such a mechanical

shutter since a radioactive isotope naturally cannot be turned off. However,

shutters are also used if an X-ray tube is used as radiation source because a fre-



CA 02560145 2013-07-19

2

quent, complete shutdown of the X-ray tube would severely restrict its service

life.

In particular when used for industrial purposes, meaning under rough and dirty
environmental conditions, using a mechanical shutter can often cause problems

because this shutter can jam easily, which results in a malfunction of the meas-

uring device.

Subject Matter of the Invention

Starting with this premise, it is the object of the present invention to further modify
and improve a generic device of this type, which utilizes an X-ray tube as radia-

tion source, such that a mechanical shutter can be omitted without reducing the

service life of the X-ray tube.

In accordance with one aspect of the present invention, there is provided an online
analysis device, the device comprising: a feed conveyor for supplying material to be
analyzed, an X-ray tube configured to generate an X-ray beam directed toward a
measuring region on the feed conveyor; a control unit for actuating the X-ray tube;
an X-ray detector for measuring X-ray radiation that either interacts with the material,
or is emitted by the material, a material detector, which is configured to detect
whether material 1s present in the measuring region or is supplied thereto and to
generate a signal dependent thereon, wherein the material detector is connected to
the control unit and the control unit actuates the X-ray tube in one of a first and a
second operating state, in dependence on the signal from the material detector,
wherein an anode current of the X-ray tube in each of the first and second operating
states Is respectively adjusted such that a heating current of the X-ray tube has a
same order of magnitude for both the first and the second operating states, wherein
both acceleration voltage and the anode current are reduced in the second operating
state with respect to the first operating state, and wherein an acceleration voltage in
the first operating state ranges from 5 kV to 100 kV and in the second operating state

IS less than § kV, the first operating state being an active operating state, which is
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generated when material is detected by the material detector, and the second
operating state being an idle state, which is generated when no matenal is detected

by the material detector.

The improvement according to the invention is achieved as follows. The material
detector, which detects the presence or absence of material to be measured,
does not actuate a mechanical shutter, as is presently the case, but transmits a
respective signal to the control unit for the X-ray tube. The control unit can gen-
erate two different operating states of the X-ray tube, namely an active state
where the X-ray tube generates X-rays with the desired energy and intensity, as
well as an idle state where the X-ray tube does not emit any energy quanta
abové a specific energy. To prevent a considerable reduction in the service life
of the X-ray tube as a result of a frequent change between the two operating
states, the X-ray tube is not completely shut down during the idle state. Instead,
only its acceleration voltage is reduced considerably while the heating current of

the hot cathode is kept as constant as possible. Some fluctuations can be toler-

ated in this case. Changes in the heating-current intensity of up to 50%, de-
pending on the respectively used X-ray tube, can still be acceptable. For the
most part, however, the goal shouid be to achieve a constancy of + 10%. To
prevent space-charge effects, or at least keep these low, the acceleration voltage
is not lowered to zero, but only to a value that is harmless in view of the gener-
ated radiation, for example below 5kV.

With stabilized acceleration voltage power supply units, such as the ones used in
the field of measuring technology, it is not possible in that case to keep the heat-
ing current constant by using a separate circuit because a constant anode cur-
rent is generated by controlling the heating current. These supply units are
therefore provided with signal-voltage inputs, designed to preset the desired val-

ues for the acceleration voltage and the anode current.
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According to the invention, the X-ray tube is therefore connected such that the
acceleration voltage and the anode current are simultaneously reduced in such a way
that the heating current essentially remains constant. As a result, it is possible to
place the tube into a non-dangerous idie state without reducing its service life, as

compared to the constant operation.

According to one preferred embodiment, the control unit is provided with respectively
two circuits for realizing the two operating states, wherein these circuits generate the
signal voltages for the acceleration voltage and the anode current. A relay that is

actuated by the material detector functions to switch between these two states.

Additional and preferred embodiments follow from the other dependent claims, as
well as the exemplary embodiment below which is explained further with reference

to the drawings, wherein:
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Short Description of the Drawings
Figure 1 Shows a schematic representation of an online analysis device for

the element analysis; and
Figure 2 Shows a schematic representation of a control unit and the X-ray

tube actuated by means of this control unit.

Description of Preferred Embodiments

Figure 1 shows a device for realizing an element analysis as example for an on-
line analysis. A material M is conveyed on the conveyor belt 10, which in this

case functions as feed conveyor, wherein the material M is initially flattened by

means of the plow 12.

The X-ray tube 20 irradiates the measuring region B on the material M. An X-ray
detector 40 is also directed toward the measuring region B for measuring the X-
ray fluorescence radiation. The spectra obtained in the process are used for de-

termining the composition of the material M.

Upstream of the measuring region B, as seen in conveying direction, a micro-
wave measuring section i1s arranged, which comprises a microwave transmitter
52 as well as a microwave receiver 54. This measuring section is designed for
determining whether or not the material M is located on the conveyor belt 10. Of
course, other types of detectors can also be used to meet this requirement, for
example capacitive sensors. If the voltage in the idle state is only reduced
enough so that the detector still receives a signal, then the signal generated by
the X-ray detector 40 can be used for determining the presence or absence of

material. The X-ray detector 40 would then simultaneously function as material

detector within the meaning of this application.
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The microwave receiver 54, which In this case functions as material detector,
determines whether or not material M is located on the conveyor belt 10, based
on the attenuation and/or phase displacement of the microwave signal. A signal,

dependent thereon and delayed so as to correspond to the transporting speed of

the belt, is subsequently transmitted by the microwave receiver 54 to the control

unit 30 of the X-ray tube 20.

The control unit 30 generates the heating current and the acceleration voltage for
the X-ray tube 20. Depending on the signal of the microwave receiver 54, the
control unit 30 generates two different operating states for the X-ray tube 20.
First of all, this is the active state where the acceleration voltage has a value
between 15 and 25keV, for example, wherein 2A here is a typical value for the
heating current of the hot cathode. This operating state is triggered if material is
detected on the conveyor belt by the microwave measuring section. If no mate-
rial is detected on the conveyor belt 10, then the control unit switches to the sec-
ond operating state. While switching to the second operating state, the heating
current is kept as constant as possible while the acceleration voltage is lowered

considerably to a predetermined value, for example 3000 volt.

Figure 2 schematically shows an exemplary embodiment of a control unit 30,
wherein the two operating states are realized by generating fixed acceleration

voltages for each state, the operating state and the idle state with corresponding

anode currents.

The X-ray tube must be switched to the idle state when the belt is empty or is
stopped, wherein this information is provided by potential-free contacts. In a cir-
cuit, these contacts are arranged in line with the relay coil S of a double relay

with two switching states and provided with contacts K1, Ky, and Ky, Ks.
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An indicator light can furthermore be installed in this circuit for signaling. An ad-
ditional potential-free contact should be installed in series to signal the state of

the safety circuit and to ensure that the indicator light is turned off when the

safety circuit is open.

The control voltages for acceleration voltage and anode current are derived with
the aiad of 4 potentiometers from a reference voltage, which should equal the
maximum control voltage Umax. R1 and R2 are used to obtain the control volt-
ages for the operating and idle state of the acceleration voltage while R3 and R4
are used to obtain the control voltages for the operating and idle state of the an-
ode current. These are fed via the relay contacts K4, K4, and K», K5 to the con-
trol iInputs 31a, 31b for the acceleration voltage and the anode current of the ac-
celeration voltage generator 31. FOIIowing the adjustment of the control voltages
for the desired acceleration voltage and the desired anode current in the operat-
Ing state, as well as for the desired acceleration voltage in the idle state, the
heating current or voltage drop in the operating state is measured at the tube
heater and the anode current is adjusted in the idle state, such that the heating
current and/or the voltage drop at the heater has the same value as for the oper-
ating conditions. The acceleration voltage in this case cannot be adjusted to any
low level since the control for the anode current must be operated in the control

range. A voltage of less than 5kV, however, is generally easy to reach.

Of course, the required voltages can also be generated in different ways, for ex-

ample with a microprocessor-controlled DA converter.

The safety circuit for the control unit 30, which shuts down the current to the X-

ray tube completely in case of an interruption, is not shown herein.
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Patent Claims:

1. An online analysis device, said device comprising:

a feed conveyor for supplying material to be analyzed;

an X-ray tube configured to generate an X-ray beam directed toward a
measuring region on the feed conveyor,

a control unit for actuating the X-ray tube;

an X-ray detector for measuring X-ray radiation that either interacts with the
material, or is emitted by the material;

a material detector, which is configured to detect whether material is present in
the measuring region or is supplied thereto and to generate a signal dependent
thereon,

wherein the matenal detector Is connected to the control unit and the control unit
actuates the X-ray tube in one of a first and a second operating state, in dependence
on the signal from the material detector,

wherein an anode current of the X-ray tube in each of the first and second
operating states is respectively adjusted such that a heating current of the X-ray tube
has a same order of magnitude for both the first and the second operating states,

wherein both acceleration voltage and the anode current are reduced in the
second operating state with respect to the first operating state, and

wherein an acceleration voltage in the first operating state ranges from 5 kV to
100 KV and in the second operating state is less than 5 kV, the first operating state
being an active operating state, which is generated when material is detected by the
material detector, and the second operating state being an idle state, which is

generated when no material is detected by the material detector.

2. The device according to claim 1, wherein the first and second operating states

in the control unit are generated with the aid of two circuits, wherein a relay switches

each of the two circuits between the first and second operating states.

3. The device according to claim 1, wherein the first and second operating states

are adjusted via analog outputs of a microprocessor-controlled system.
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4. The device according to claim 1, wherein the control unit comprises an
acceleration voltage generator provided with a digital interface for controlling the
acceleration voltage and the anode current, and wherein both the first and second

operating states are adjusted by means of the digital interface.

. The device according to claim 1, wherein the X-ray detector is configured to
detect radiation transmitted through the material, and the online analysis is realized with

the aid of a transmission measurement.

6. The device according to claim 1, wherein the X-ray detector i1s configured to
detect radiation reflected by the material, and the online analysis is realized with the aid

of a backscattering measurement.

/. The device according to claim 1, wherein the X-ray detector is configured to

detect X-ray fluorescence.

8. The device according to claim 1, wherein a signal light indicates the operating

state of the tube.

9. The device according to claim 8, wherein the signal light goes out when the tube

1S In the idle state and a circuit is open.

10. The device according to claim 1, wherein a fluctuation in the heating-current in
the second operating state, as compared to the heating-current in the first operating

state, is less than 50%.

11.  The device according to claim 10, wherein the fluctuation in the heating-current
in the second operating state, as compared to the heating-current in the first operating

state, is less than 10%.
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0.
12.  The device according to clamm 11, wherein the first and second operating states

in the control unit are generated with the aid of two circuits, wherein a relay switches

each of the two circuits between the first and second operating states.

13.  The device according to claim 11, wherein the first and second operating states

are adjusted via analog outputs of a microprocessor-controlled system.

14.  The device according to claim 10, wherein the first and second operating states
in the control unit are generated with the aid of two circuits, wherein a relay switches

each of the two circuits between the first and second operating states.

15.  The device according to claim 10, wherein the first and second operating states

are adjusted via analog outputs of a microprocessor-controlied system.
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