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DEVICE FOR METERING A UREA SOULUTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to a device for meter 
ing a urea solution. 

BACKGROUND INFORMATION 

[0002] To reduce nitrogen oxides in the exhaust gas of 
motor vehicles, urea solution has in the past been sprayed 
into the exhaust gas during catalytic reduction. Urea is 
broken doWn into carbon dioxide and ammonia by chemical 
reaction on a hydrolysis catalyst. Ammonia then reacts 
selectively With nitrogen oxides to form nitrogen and Water, 
thus removing nitrogen oxides from the exhaust gas. 

[0003] For reliable reduction of nitrogen oxides With a 
urea solution, various parameters are important, in particular 
the urea concentration in the aqueous solution. 

[0004] Sensor applications knoWn in the past for measur 
ing the urea concentration in the ?elds of medicine and 
biology have used urease, Which enZymatically and selec 
tively breaks doWn urea to form ammonia. Sensors then 
detect the in?uence of the ammonia on the pH of the 
solution. Information regarding the urea concentration is 
obtainable in this Way. 

[0005] One disadvantage of this method of measuring the 
concentration of a urea solution is the instability of urease, 
in particular in an environment Where temperatures may 
vary greatly. HoWever, such temperature variations occur 
during use in motor vehicles, so that previous sensors 
according to the related art are not suitable for such an 
application. 

[0006] Therefore, the object of the present invention is to 
propose a device for metering urea solutions Which may be 
used reliably for reduction of nitrogen oxides, even under 
difficult conditions, e.g., Within broad temperature intervals. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, a device according to the present 
invention for metering urea is characteriZed in that a sensor 
unit is provided for monitoring a physical state variable of 
an enZyme-free urea solution. The sensor unit here prefer 
ably includes a measuring sensor. 

[0008] In this Way, a measurement is possible directly on 
the basis of the physical properties of urea in solution 
Without intermediate enZymatic breakdown. Accordingly, 
this measurement is not subject to the instabilities to Which 
an enZyme such as urease is subject. 

[0009] In an exemplary embodiment of the present inven 
tion, a measuring sensor is provided for detecting one or 
more electric state variables. Such a state variable may 
include, for example, the pH, the dielectric constant and/or 
the conductance of the solution. By measuring these or other 
electric state variables, it is possible to obtain information 
regarding the properties of the urea solution, e.g., its con 
centration. Measurement of these state variables is compara 
tively unproblematical and in particular it is possible to 
perform these measurements in situations of extreme tem 
perature variations. 
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[0010] TWo electrodes may be provided to detect the 
electric state variables, these electrodes protruding into the 
urea solution. By applying an electric do or ac. voltage to 
the electrodes, it is possible to determine directly the afore 
mentioned electric state variables, such as the pH, the 
dielectric constant, and/or the conductance. 

[0011] To improve the sensitivity of the measuring sensor 
the electrodes may be provided With a structure Which 
increases their surface area. Such a surface area enlarging 
structure may be achieved, e.g., by a comb-shaped design of 
the electrodes, Which additionally has the advantage that tWo 
electrodes designed in this Way may be arranged to inter 
mesh, so that a small distance betWeen the tWo electrodes is 
adjustable simultaneously With a comparatively large sur 
face area. Due to the large surface area, in particular in 
combination With the small distance, the test voltage and/or 
test current may be reduced and therefore the control and 
analyZing unit for a measuring sensor according to the 
present invention may be designed With small dimensions. A 
separate electrode may be provided for simultaneous deter 
mination of multiple state variables, if necessary. For 
example, by using such a third electrode, it is possible to 
determine the pH, While another state variable, e.g., the 
dielectric constant, is determined using the tWo aforemen 
tioned electrodes. 

[0012] In an exemplary embodiment of the present inven 
tion, a measuring sensor is provided for detecting one or 
more physicomechanical state variables of the urea solution. 

[0013] Such a physicomechanical state variable may be 
the viscosity or density, for example. 

[0014] Such physicomechanical state variables may be 
determined in a traditional manner, e.g., by Weighing the 
solution and/or a part of the solution or by measuring the 
buoyancy of a displacement body, etc. HoWever, in an 
exemplary embodiment the physicomechanical state vari 
able is detected by a dynamic sensor. Thus, a physicome 
chanical state variable may be measured With the help of a 
vibration generator, for example. The behavior of the urea 
solution When agitated With the help of mechanical vibration 
depends to a signi?cant extent on the physico-mechanical 
state variables to be detected, e.g., the density or viscosity. 
In an exemplary embodiment, this property may be detected 
directly on the vibration generator itself by measurement 
technology, e.g., by measuring the electric current, the 
frequency, etc. 

[0015] A quartZ oscillator may be used as the vibration 
generator. HoWever, any other knoWn or future means for 
inducing mechanical vibration is also conceivable. For 
example, a pieZoelectric crystal could also be used as Well 
as a high-speed out-of-balance motor or an electromagnetic 
coil in conjunction With a diaphragm based on the loud 
speaker principle. 
[0016] In an exemplary embodiment, a sensor unit is 
provided With a measuring sensor for an electric state 
variable and With a measuring sensor for a physicomechani 
cal state variable. The measured values of the tWo measuring 
sensors are used in an analyZer unit to determine the urea 
concentration in solution. By analyZing tWo independent 
state variables, this yields the possibility of a more accurate 
and more selective determination of the urea concentration. 

[0017] In addition, a device according to the present 
invention may be combined With a temperature sensor. Since 
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the state variables to be determined may under some cir 
cumstances be dependent upon temperature, correction of 
errors due to temperature variations is possible through 
simultaneous measurement and consideration of tempera 
ture in analysis of the state variable detected, e.g., for 
determination of the urea concentration in solution. 

[0018] In combination With a metering device for urea 
solution a ?lling level sensor may be provided for measuring 
the degree of ?lling of a storage container for the urea 
solution. In an exemplary embodiment, such a ?lling level 
sensor is combined directly With a measuring sensor accord 
ing to the present invention for detecting one or more 
physical state variables. 

[0019] The measuring sensor according to an exemplary 
embodiment of the present invention shoWs de?nite differ 
ences in the measurement in solution in comparison With the 
measurement in the gas phase, so a ?lling level may also be 
readily measured in this Way. To do so, various embodiments 
of the measuring sensor according to the present invention 
are again conceivable. For example, a measuring sensor 
according to the present invention may be mounted at a 
certain ?lling level and used as a threshold value sensor as 
the ?lling level passes the threshold value. For a more 
precise ?lling level measurement at different ?lling levels, a 
plurality of sensors may also be mounted at different levels. 
Such a sensor system may be mounted, e.g., in a sensor 
housing Which extends over the corresponding height or on 
a rod-shaped sensor mount, for example. 

[0020] A continuous ?lling level measurement may be 
achieved by designing the measuring sensor according to an 
exemplary embodiment of the present invention to extend 
over a corresponding height. The sensor signal here is a 
function of the ratio of sensor areas situated in the gas phase 
or in the liquid solution. These sensor areas in turn vary With 
the ?lling level, so that information about the ?lling level is 
obtainable from the sensor signal in this Way. 

BRIEF DESCRIPTION OF THE DRAWING 

[0021] FIG. 1 shoWs a schematic diagram of an exem 
plary embodiment of a measuring sensor according to the 
present invention. 

DETAILED DESCRIPTION 

[0022] Sensor unit 1 is mounted on a sensor plate 2. A 
comb-shaped electrode 3 is divided into tWo areas 4, 5. 
Individual teeth of the comb structure are spaced farther 
apart in upper area 5 than in loWer area 4. In upper area 5, 
another electrode 6 engages With a corresponding comb 
structure. The tWo electrodes 5 and 6 extend over a large 
area of sensor plate 2 and constitute a ?lling level sensor. A 
third electrode 7 is situated opposite loWer area 4 of elec 
trode 3. The comb structure of electrode 7 corresponds to the 
?ner comb structure of loWer area 4 of electrode 3, i.e., the 
teeth are not as far apart. 

[0023] Together With loWer area 4 of electrode 3, electrode 
7 forms a measuring sensor according to an exemplary 
embodiment of the present invention for measuring an 
electric state variable, e.g., the conductivity, the dielectric 
constant, etc. 

[0024] Electric terminals 8 for electrodes 3, 6, 7 are 
provided in the loWer area of sensor plate 2. These electric 
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terminals 8 may be connected via a plug connector in a 
manner not shoWn in greater detail here. 

[0025] Beneath loWer area 4 of electrode 3, i.e., beneath 
electrode 7, a quartZ oscillator 9 is shoWn as an oscillation 
generator for detecting a physicomechanical state variable, 
e.g., viscosity or density. QuartZ oscillator 9 is also contacted 
via terminals 8. 

[0026] In an exemplary embodiment, sensor plate 2 may 
be designed at least partially as a PC board on Which the 
electrodes are implemented in the form of ?at printed 
conductors. In exemplary embodiment, hoWever, sensor 
plate 2 may function as a mounting plate for mountable 
electrodes. 

[0027] With the help of sensor unit 1 according to FIG. 1, 
one or more electric state variables such as the dielectric 

constant, the conductivity, the pH or the like, as Well as one 
or more physicomechanical state variables such as density or 
viscosity may be detected. At the same time, sensor unit 1 
also functions as a ?lling level sensor because of the extent 
of upper area 5 of electrode 3 and opposing electrode 6. 
Sensor unit 1 is therefore mounted in the interior of a 
container for a urea solution, so that electrodes 3 and 6 are 
at least partially immersed in the urea solution. 

[0028] With the help of sensor unit 1 according to the 
exemplary embodiment of the present invention, it is pos 
sible to reliably monitor the state of a urea solution even 
under adverse conditions, e.g., over a Wide temperature 
interval. Such a sensor unit 1 is therefore suitable for use 
even in the area of exhaust gas processing of motor vehicles. 

[0029] List of Reference Numbers: 

[0030] 1 sensor unit 

[0031] 2 sensor plate 

[0032] 3 electrode 

[0033] 4 area 

[0034] 5 area 

[0035] 6 electrode 

[0036] 7 electrode 

[0037] 8 terminals 

[0038] 9 quartZ oscillator 

What is claimed is: 
1. A device for metering a urea solution, in particular for 

spraying the urea solution into the exhaust gas stream of an 
internal combustion engine, 

Wherein a sensor unit is provided for monitoring one or 
more physical state variables of an enZyme-free urea 
solution using a physical measuring sensor (3, 6, 9). 

2. The device as recited in claim 1, 

Wherein the measuring sensor (3, 6) is designed for 
detecting an electric state variable. 

3. The device as recited in one of the preceding claims, 
Wherein the measuring sensor (3, 6, 7) is designed for 
detecting the pH, the dielectric constant, and/or the conduc 
tance of the enZyme-free urea solution. 

4. The device as recited in one of the preceding claims, 
Wherein the measuring sensor (3, 6, 7) includes at least tWo 
electrodes. 
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5. The device as recited in one of the preceding claims, 
Wherein at least one electrode (3, 6, 7) has a structure for 
increasing the surface area. 

6. The device as recited in one of the preceding claims, 
Wherein tWo electrodes (3, 6) have an intermeshing comb 
like structure. 

7. The device as recited in one of the preceding claims, 
Wherein at least one third electrode (7) is provided for 
detecting at least one second electric state variable. 

8. The device as recited in one of the preceding claims, 
Wherein the measuring sensor (9) is designed for detecting 
a physicomechanical state variable. 

9. The device as recited in one of the preceding claims, 
Wherein the measuring sensor (9) is designed for measuring 
the viscosity and/or density of the enZyme-free urea solu 
tion. 

10. The device as recited in one of the preceding claims, 
Wherein a vibration generator (9) is provided. 

11. The device as recited in one of the preceding claims, 
Wherein the vibration generator includes a quartZ oscillator 
(9) and/or a pieZoelectric crystal. 

12. The device as recited in one of the preceding claims, 
Wherein a sensor unit (1) having a measuring sensor (3, 6, 7) 
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for an electric state variable of the urea solution and having 
a measuring sensor (9) for a physicomechanical state vari 
able is provided, an analyZer unit being provided for deter 
mining the urea concentration from the tWo measured val 
ues. 

13. The device as recited in one of the preceding claims, 
Wherein a temperature sensor is provided. 

14. The device as recited in one of the preceding claims, 
Wherein a ?lling level sensor is provided for a storage 
container. 

15. The device as recited in one of the preceding claims, 
Wherein the ?lling level sensor is a measuring sensor accord 
ing to one of the preceding claims. 

16. The device as recited in one of the preceding claims, 
Wherein a plurality of ?lling level sensors is provided. 

17. An internal combustion engine having catalytic 
eXhaust gas treatment, 

Wherein a device for metering a urea solution according to 
one of the preceding claims is provided. 


