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(57) Abrégée/Abstract:
An Integrator circuit for a current sensor such as a Rogowski coll. The integrator circuit includes an integrator having an input for
recelving a signal from a current sensor and having an output providing a voltage signal. A high-pass filter has an input coupled to
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(57) Abrege(suite)/Abstract(continued):

the output of the Integrator and substantially removes the DC content from the voltage signal. A feedback loop has an input
coupled to the output of the integrator and to the high-pass filter, and has an output providing the DC content of the voltage signal
back to the input of the integrator. The integrator circuit can detect large current steps in the line conductor being monitored and
can be used for line fault detection.
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FIG. 2

(57) Abstract: An integrator circuit for a current sensor such as a Rogowski coil. The mtegrator circuit includes an mtegrator having
an mput for receiving a signal from a current sensor and having an output providing a voltage signal. A high-pass filter has an mput
coupled to the output of the mtegrator and substantially removes the DC content from the voltage signal. A feedback loop has an n -
put coupled to the output of the mtegrator and to the high-pass filter, and has an output providing the DC content of the voltage sig -
nal back to the mput of the integrator. The mtegrator circuit can detect large current steps in the line conductor being monitored and
can be used for line fault detection.
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Scholastic indefinite integral calculus exercises ignore the integration constant, 1.e. make it

zero, and the challenge is now to extend this convenience to the present practical case.
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Accordingly, a need exists for an improved integrator for Rogowski coils or other

10 current sensors.

ENY T ,ﬁ%%% "V&}
o v IRTR ‘
SUMMARY

An integrator circudt for a current sensor, consistent with the present invention,

includes an integrator having an input for receiving a signal from a current sensor and

15 having an cutput providing 3 voltage signal. A high-pass filter has an input coupied to the

-----

-

the integrator and to the output of the kigh-pass filter, and has an output providing the DC

'-’.S.'.t.

The accompanying drawings ars ineorporated inand constitute a part of this

. v wos e T e e e e e T e e e e e .

specification and, together with the description, explain the advantages and principles of

25 FIG. 1 is adiagram of g priovart infegrating preamplifier for a Rogowskl coil
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a0 FIG. 4 isa graph of the amplitude response of the integrator cireut
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FIG: 6 isa graph of the line step current and impulse response of the integrator

circuit of FIG, 2.
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PDETAILED DESCRIPTION
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An improved integrator for a Rogowski coil sensor. or other current sensors, is
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currents in the AC powergrid. Developmentsin the smart grid infrastructure will require
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vast deployment of these sensors. Rogowski sensors are commercially available and

require a preamplifier 1o bring the coil amplitnde to an aceeptable level, Gensrally, a

Rogowski coll produces roughly 23 gV per ampere of line current, too weak to be directly
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amplified replica of the line current, 8 new integrator design is diselosed. This integrator
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ntaining three OPAMPs

P21 isa pure integrator having an

input recelving a signal from the Rogowski coil sensor at terminal 16 and having an output

20 {25 providing the signal . The inverting input of OPAMP 21 may have a pull=down

--------

high~pass fitter; formed by capacitor Ci and resistor o, having an input receiving the

I

signad ¥yand having ancoutput delivering a DC free version ol the mtegrated signal fo the
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L T T T T T T T R T

. « 5

30 content of the first OPAMP 21 output. Closing the DC feedback loop from the output ¥
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Integrator circuit 20 receives a sigual from a Rogowski cotl sensor, or other courrent

.........

S

a signal at terminal 24 related to the signal from the current sensor, for example a decaying

o

LAy

grid infrastructure monitoring such as line fanht analysis, forexample. Cireunt 20 canalso

-
........
Al

be used to nonitor and detect line faulis i three-p

hase cables.

The performance of eircuit 20 is shown in FIG, 3, companng a ine currerst

10 measured by a current transformer (Hammond CT5004A) and by integrator cirewit 20 my

FIG. 2. With the potentiometer Ry (variable resistor) in circuit 20 adjusted to a 1 mV/

...................
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The following provides harmonic analysis of the operation of cireuis 20, if the

18 now-inverting input voltage P+ is at ground potential, then the transter funclion of the tirst

- .

..... S T

roalistically at a very low frequency with extremely high amplification, It the pnimary

...............................
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) N o BT .. .«

20 application forms an integrator for a 60 Hz signal, as in this exemplary case, then the
integration of low frequency noise results i a slowly varyving drift with large amplitude

that becomes a nuisance. This nuisance can be avoided by occastonally resetting the
iitegrator DO state or by Hinditing the amplification at low frequencies that are not of

common remedy o Hmit the amplitication at low frequencies is to place a large foedback

resistor Ry across capacitor € so that the amplification at DC 18 at most equal fo the ratio

RiRy of resistors Ryand Ry, In practics; this ratio is still much larger than unity so that the

\' .

30 slow drift nuisance is diminished but not removed. Further improvement can be obtained

...........
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2.as the following harmonic analysis demonstrates.
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and with all resistors £'s having equal valuest
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Removing current { from equations {4) and (3):
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Clearly, equation (7) approaches an ideal integrator if 1z => 11 and & result reveals itself it
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The total transter function in equation (8) becomes an excellent integrator when the
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following two condilions ar both fulfilled:
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TESpOnses: ui tht-‘; transfer funct m‘r;iffi'ﬁ;éie;;;um101‘: (8? as iiiuﬂsti‘atad in FIGS. 4 and 5 1?1:@:;
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Fora 60 Hz AC Hine current integrator, a design consideration can be to let fie not
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The frequencies an and @ are evaluated as complex conjugates:
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property described by a first order differential equation. Impulse responses then have the

14

With woreal and positive and with Laplace transform:
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The inverse Laplace transformed impulse response of cireuit 20 15 provided ivequation {7

with the input impulse content of ¥ wo = 3 L with M the Rogowski voil coetficient of
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demonstrates the integrator cireuit stability with alyvays decaying impulse res
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FIG 613 agraph of the line current step response of cireuwit 20, showing an actuat

for example, a particular application of cirenit 20, When a component is described as

‘other components for electrical communication among them. The term input fo a

------ \
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component can include a single output or multiple outputs.
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1. Anintegrator cirouit for a curent sensor, comprising:

" ... . : -' ......

an integrator having an fnput for receiving a signal from a current sensor and

5 ‘a high-pass {filter having an input coupled o the output of the mtegrator and having:

------- 0 -

..... ‘

an output, wherein the high-pass filter substantially removes a DC content from the

-----

......

output of the high-pass filter and having an output providing the [XC content of the voltage

18 signalto the inputof the integrator.

- -

...............

2. The integrator cireuit-of claim 1, further comprising a voltage follower coupled

15 3 The integrator cireuit of claim 2. wherein the voitage tollower nas an output

4, Theiategrator cireuit of claim 1, wherein the feedback loop comprises a difference

20 coupled to the output of the high-pass filter, and the cutput providing the DC content,

------

3, The integrator circuit of ¢laim 1, wherein the input of the integrator 15 configured
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7. Anintegrator ¢ircuit for a current Sensor, COMprismgs

M e

an integrator having an input for receiving a signal froma current sensor aud

. -

- .

3 high-pass filter having an input coupled to the output of the integrator and having

an oulput, whersin the high-pass filter substantially removes a DC content from the

voltage signalt
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& voltage follower having an input coupled to the outpwt of the high-pass tilter and

......

..............

.....................

content of the voltage signal to the input of the mtegrator,

. U] b . .
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frorn the Clrrént seso,

o

8. The integrator cireuit of claim 7, wherein the inpot of the integrator is configured

aad

.....

............

.......................

..........

13, Asystem for monitoring current, Comprising:

.................

a current sensor located proximate:a current conductor for detecting enrrent in the

...............

an integrator circuit coupled 1o the cutrent sensor, comprising:

%

animtgﬂmih&wng&nm}mﬂmrecc ;’a lng a\‘ighdl froim the current sensor

a high-pass
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19

and & capacitor -::cmplcd in parallel with the operational amplitier.

[

19, The system of claimy 16, wherein the integrator circult resonance property provides

e

....................

a'rin sf,m.,g szmai al the Umpm terminal i response to @ current step in the current
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integrator output [V]
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FIG. 3

10
Current Transformer
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