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Description

Method for measuring a current, and current-measuring device

The 1nvention relates to a method for measuring a current by

means of a current-measuring device.

Current—-measuring devices, also referred to as current

sensors, are used 1n order to measure or determine currents at

speclfic polnts within electrical installations. In this

context, a sensor arrangement for a current—-measuring device
and a corresponding evaluation method are considered, which

enable an energy-efficient measurement of currents between

400A and 10kA without a flux concentrator (flux circuit). This
sensor arrangement dispenses with a ferromagnetic circuit and

enables an improved susceptibility to interference from the

fields of parallel i1nterfering conductors, as are common 1n a
three-phase current system, by comparison with the prior art.
Such current sensors may find use 1n converters for low and

medium voltages or 1n battery monitoring. Primarily,

converters for ship and rail drives or wind turblnes move 1n
this current range and are frequently constructed 1n such a
compact manner that high external fields, but also
superimposed 1nternal fields (conductor rail feedback) are
common at the current measurement site. Owing to the “open
loop” operation, the measurement range of the sensor
arrangement 1s limlited by the measurement range of the
individual sensor. Moreover, the magnetic field sensors, which
possess the measurement range necessary for the maximum fields

(approx. 50mT), have a relatively great offset error of

consliderably above 1% of the maximum value. It 1s almost
exclusively Hall sensors, known for their offset errors, which

operate 1n this field range. Since the offset error of the
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individual sensors changes with the temperature and over time,

an additional analogue or digital offset stabilisation 1s

difficult.

Until now, the current has been measured e.g. usling shunt

reslistors, toroids, Rogowskl colls or individual field probes

(Hall probe or GMR sensor). In the previously known
measurement setups, the comparatively great offset error and

the low accuracy assoclated therewith 1s accepted at low

currents. It should be mentioned here that a simple direct

compensation of the observed offset error 1s only possible

with difficulty due to 1ts non—-deterministic time behaviour

and the significantly non-linear temperature behaviour. The

measurement range of the sensor arrangement resulted from the
measurement range of the avallable i1individual sensors. Since
the available Hall-technology sensors, with a measurement
range of approx. 20mT and greater, enable a very good accuracy
and the MR technology avallable as an alternative only enables
sensors with a measurement range up to 1mT, for a long time
there was a great gap 1n the measurement range for “chip-
scale” magnetic field sensors. Moreover, the MR sensors
decallbrated at fields of greater than approx. 20mT to an

extent that the accuracy 1s considerably deteriorated.

Current-measuring devices wilith magnetic field sensors are

known from US2010/001716, US2005/156587 and US2014/218018.

The 1nvention 1s based on the object of specifying a current-
measuring device which enables a higher accuracy when

measuring a current.

This object 1s achilieved by a method for measuring a current by

means of a current-measuring device, whereln the current-
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measuring device has at least two sensors of a first type at

least two sensors of a second type, wherein the sensors of the

first type are flux—-gate field sensors and the sensors of the

second type are Hall sensors, whereln the sensors of the first

tyvpe have a higher sensitivity than the sensors of the second

type, wherein the first sensors are arranged with radial

symmetry on a first circumferential path, 1n particular an

ellipse or a first circular path, and the second sensors are

arranged with radial symmetry on a second cilrcumferential

path, 1n particular an ellipse or a second circular path,

wherein 1n each case a sensor of the first type 1s arranged

adjacent to a sensor of the second type, wherein 1n order to

determine the current 1ntensity at least one of the sensors of

the first type 1s evaluated, 1f the measurement values of at

least two sensors of the first type lie within the measurement

range and otherwlise at least one sensor of the second type 1s

evaluated.

Further advantageous embodiments of the 1nvention are

speclified 1n the dependent claims.

The 1nvention 1s based on the knowledge that the measurement
accuracy of an annular arrangement of 1ndividual sensors 1s

improved by sensors of different types being arranged at the

measurement poilnt or the measurement points 1n each case, such
that the sensors on the one hand are as directly close to one
another as possible and on the other hand all sensors of one

tyvpe form an 1ndependent measurement arrangement which has the

greatest possible radial symmetry. In this context, both

sensors of different types are arranged adjacent to one

another at a measurement point. This means that the spacing

between them 1s lower than an extent of one of the sensors. In

addition to an improvement of the measurement accuracy, 1t 1s
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also possible for the measurement range to be extended by this

arrangement. In thilis context, the sensors of different types

may be arranged adjacently 1n a tangential or radial manner.

Sensitivity, also referred to as resolution, 1s understood as
the property of belng able to capture a change 1n a
measurement value. The higher the sensitivity, the smaller the

changes of the measurement variable are able to be captured

thereby.

The extension of the measurement range, as well as the
increasing of the measurement accuracy by the current-

measurilng device, can be achieved by a method for measuring a

current. In thils context, these advantages can be achieved by
an advantageous swilitching method between the sensors of

different types. By way of examlinations on the basilis of real

measurement data, taking into consideration 1nterferences due
to further current-carrying conductors, 1t 1s possible to show
that a type-based sensor switchover 1s superior to all other

methods by a significant extent. The type-based sensor

switchover takes place 1n such a manner that all sensors of

the first type with a high sensitivity are then always used to

calculate the current wvalue, 1f a plurality of sensors, 1.e.

at least two sensors, of the first type supply i1ndividual

valid values within 1ts measurement range 1n each case. In
this context, 1ndividual valid measurement values are those
which lie within the permissible measurement range of the
sensor. Otherwise, the sensors of the second type are always
used to calculate the current wvalue. This means, 1f at least

two sensors of the first type are situated within 1ts magnetic

field measurement range simultaneously, then the signals of

the sensors of the first type are used to calculate the

current; otherwise, the signals of the sensors of the second
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type are used to calculate the current.

Here, the sensors of the first type and of the second type 1n

cach case form two concentric annular arrangements of sensors

with parallel orientation of the field-sensitive direction. If

an 1ndividual sensor 1s overloaded, however, no switchover

takes place 1n terms of sensors. In order to achieve good

measurement results, a type-based switchover 1s carried out.

The advantages of this method lie 1n an extension of the
measurement range, a general 1ncrease 1n the accuracy and a

possible reduction of the offset error.

The sensors of the first type are flux—-gate field sensors and

the sensors of the second type are Hall sensors. These sensors
are avallable on the market at a reasonable cost. Moreover,
the i1nstallation size thereof 1s accordingly small, meaning
that they can be 1ntegrated into a measuring device 1n a

simple manner.

The person skilled 1n the art knows, as described i1in the

freely accessible encyclopedia Wikilipedia for example, that the
measurement range 1s the range of a measurement variable 1n
which the measurement deviations lie within stipulated
boundaries. The stipulated error boundaries are only valid 1n

the defined measurement range. Bevond the measurement range,

nothing 1s guaranteed 1n terms of accuracy. Even 1n flux—gate
field sensors and Hall sensors, the measurement range 1s

speclfied 1n the data sheet.

In the advantageous embodiment of the invention, the sensors

of the first type have a sensitivity which 1s higher by the

factor 5 to 20 compared to the sensors of the second type. It

has been shown that this enables a particularly low offset
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error to be achieved. If the sensitivity of the sensors of the

first type 1s greater by the factor of 5 to 20 compared to the
sensors of the second type, then a very low offset error can
be achieved 1n practice 1n relation to the measurement range.

Thus, the measurement ranges of the individual sensors of

different types can be staggered 1n a sensilible manner, 1n

order to keep the measurement error low.

In a further advantageous embodiment of the 1nvention, 1in
order to determine the current 1ntensity, at least one of the

sensors of the first type 1s evaluated, 1f the measurement

values of all sensors of the first type lie within the

measurement range and otherwise at least one of the sensors of

the second type 1s evaluated.

This means that as soon as a measurement value of one of the

sensors of the first type leaves 1ts measurement range, the
current 1s calculated by at least one sensor of the second
type, 1n particular by a weilghted sum across the sensors of

the second type. Only 1f the measurement values of all sensors

of the first type originate from the valid range, will the
current value be calculated across at least one of the sensors

of the first type, 1n particular via a welghted sum across the

sensors of the first type. Thus, all sensors contribute to the

improved determination of a current and a measurement value

can be determined with particularly high accuracy.

In a further advantageous embodiment of the 1nvention, during
the determination of the current i1ntensity by the sensors of

the first type, a correction value for the offset of the

sensors of the second type 1s ascertalned as a function of the
measurement values from the sensors of the second type, 1n

particular additionally as a function of the current 1ntensity
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determined by the sensors of the first type. If the valid

current value of the sensors of the first type 1s presently

being calculated, then the current of the sensors of the

second type 1s also calculated 1in parallel 1in a type of

additional calculation. In this context, the calculation can
take place i1n both, and 1in one of the cases, vlia a weilghted
sum of the measurement values of the i1ndividual sensors. From

this, a prevailing correction value for the offset of the

sensor arrangement of the second type 1s then ascertalned.
Here, the current measured by the sensors of the second type

1s determined as

- type ll otypell
leype 11 = 2. a; Sj — Ioff,II — Koff,H .

An 1ndividual wvalue for the correction factor results from

this as

type 11 type 11 type type
Koff,l] =), a; 'Sj — Ioff,II — (Z a; 'Sj — Ioff,]) -
Advantageously, the correction value for the offset of the

sensor arrangement of the second type Kyrrp 1s ascertained in a

greatest possible range of valid values of the sensor

arrangement of the first type. For the correction of the

current value with the valid calculation over the weilighted sum
across the sensors of the second type, the average value of

the final correction values are then used for the offset of

the sensor arrangement of the second type Kyrrr -

The 1nvention 1s described and explained 1n more detall below
on the basis of the exemplary embodiments shown 1in the

figures, 1n which:

FIG 1 shows a filrst exemplary embodiment of a current-
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measuring device,
FIG Z shows a second exemplary embodlment of a current-
measuring devilice and
FIG 3 shows a possible 1mplementation of a method for offset

correction.

FIG 1 shows a first exemplary embodiment of a current-

measuring device 1 around an electrical conductor 2. Here, the

current-measuring device 1 has a multiplicity of sensors 11 of

a first type and, adjacent to thilis i1in each case, a plurality

of sensors 12 of a second type. In thilis exemplary embodiment,
adjacent means that the spacing between two sensors 1s smaller

than the smallest extent of the sensors. The types differ, for

example, 1n thelr measuring principles 1n this context. The

sensors of different types are arranged on a common clrcular

path K. In this context, the arrangement takes place such that
the field orientation 20 which can be measured by the

respective sensor 1s orlented tangentially to the circular

path. In order to be able to evaluate the measurement signals

of the 1ndividual sensors, the current-measuring device 1 has

an evaluation electronics unit 13. In order to arrange the
measuring device 1 around the electrical conductor 1n a simple
manner, 1t has proved advantageous 1n the cilrcular
construction of the current-measuring device 1 to provide an
angular opening 21. The more flexible the current—-measuring
device 1, the smaller 1t 1s possible to embody the angular

opening 21.

FIG 2 shows a further exemplary embodiment of the current-

measuring device 1. For the avoidance of repetition, reference

1s made to the description relating to FIG 1 and to the

reference characters introduced there. In this exemplary

embodlment, the sensors of the different types are 1n each
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case arranged adjacently on different, concentric circular

paths Ki, Kz. In this exemplary embodiment, adjacent means that

the spacing between two sensors 1s smaller than the smallest

extent of the sensors. In this arrangement too, 1t 1s possible
for a comparably good measurement result to be achieved, as 1n

the construction of the exemplary embodiment explained above.

FIG 3 shows a flow diagram for an advantageous measurement

method for an offset correction. In a first step 101, the

measuring of a current takes place by way of the sensors of

the first and the second type. In a decision 102, 1t 1s

checked whether all measurement values of the sensors of the

first type are situated 1n the permitted measurement range. If

this 1s not the case, then the method returns to the first

step 101 1n the path N (for “no”) and new measurement values

are recorded. In the other case Y (for “vyes”), 1n which the

measurement values of the sensors of the first type then 1lie
in the permitted range, the offset Kyfp 1is determined from the
values of the sensors 12 of the second type 1n step 103. Only
when a minimum quantity of values for Ky 1s reached, 1s an

offset value for the sensors of the second type stipulated 1n
step 105. Otherwilse, the decision 104 ensures that the method
continues with the determination of new measurement values 1n

step 101 once more.

In summary, the 1nvention relates to a current-measuring

device. In order to i1mprove the measurement accuracy, 1t 1s
proposed that the current-measuring device has at least two

sensors of a first type and at least two sensors of a second

type, wherein the sensors of the first type have a higher

senslitivlity than the sensors of the second type, wherein the

first sensors are arranged with radial symmetry on a first

circular path and the second sensors are arranged wilith radial
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symmetry on a second circular path, wherein 1n each case a

sensor of the first type 1s arranged adjacent to a sensor of
the second type. The 1nvention further relates to a method for
measurilng a current by means of such a current—-measuring

device, whereiln 1n order to determine the current 1ntensity at

least one of the sensors of the first type 1s evaluated, 1f

the measurement values of at least two sensors of the first

type lie withiln the measurement range and otherwise at least

one sensor of the second type 1s evaluated.
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Patentkrav

1. Fremgangsmade til stremmaling ved hjaelp af en stremaleindretning, hvor
stremmaleindretningen (1) har

- mindst to sensorer (11) af en farste type

- mindst to sensorer (12) af en anden type, hvor sensorerne (11) af den farste
type har en sterre felsomhed end sensorerne (12) af den anden type, hvor
sensorerne (11) af den farste type er anbragt radialsymmetrisk pa en farste
rundtgaende bane, isaer en ellipse eller en farste cirkelbane (K1), og senso-
rerne (12) af den anden type er anbragt radialsymmetrisk pa en anden rundt-
gaende bane, iszer en ellipse eller en anden cirkelbane (K2), hvor der er an-
bragt hver sin sensor (11) af den ferste type ved siden af en sensor (12) af den
anden type,

kendetegnet ved, at sensorerne (11) af den farste type er Flux-Gate feltsen-
sorer, og sensorerne (12) af den anden type er Hall-sensorer, hvor sensorerne
(11) af den ferste type har en falsomhed, der er 5 til 20 gange h@jere end
sensorerne (12) af den anden type, hvor mindst en af sensorerne (11) af den
farste type evalueres med henblik pa at bestemme stramstyrken, hvis male-
vaerdierne af mindst to sensorer (11) af den farste type ligger inden for male-
omradet, og der ellers evalueres mindst en sensor (12) af den anden type.

2. Fremgangsmade ifelge krav 1, hvor mindst en af sensorerne (11) af den
farste type evalueres med henblik pa at bestemme stramstyrken, hvis male-
veerdierne af alle sensorer (11) af den farste type ligger inden for maleom-
radet, og sensorerne (12) af den anden type ellers evalueres.

3. Fremgangsmade ifalge et af kravene 1 eller 2, hvor der under fastlaeeggelsen
af stremstyrken ved hjeelp af sensorerne (11) af den farste type fastlaegges en
korrigeringsveerdi for forskydningen af sensorerne af den anden type af-
haengigt af malevaerdierne fra sensorerne (12) af den anden type afhangigt af
den stremstyrke, der er bestemt af sensorerne af den farste type.



DK/EP 3589961 T3

1/2

13

13




DK/EP 3589961 T3

2/2

- 101

(BS1_TypI B Bmax_Typ\)

FIG 3

N &(Bso 1ypI <Brmax Typi) 107
Y

- :
Y

- :




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - CLAIMS
	Page 14 - DRAWINGS
	Page 15 - DRAWINGS

