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Introduction

Current shunts are employed to measure high cur-
rents under significant electromagnetic interference
conditions [1, 2]. Investigation of dynamic behavior
of the current shunt requires to measure small imped-
ance of the order of dozens or hundreds of mi-
croohms [3]. Classica methods for measurement of
small impedances need rather expensive metrological
equipment, which is available to a limited number of
specialized laboratories. There are also so called pulse
methods characterize high current shunt dynamic be-
havior. In this approach, the shunt input is affected by
a short current pulse [4]. The input and output shunt
signals are measured by means of reference current to
voltage transducer and a digital oscilloscope. Then a
frequency response functions are calculated using a
digital signa processing algorithm. The latter method
provides reduced requirements to a source of the input
test pulse signal of the shunt.

The object of this paper is the description of digi-
tal signal processing method for measuring frequency
response function of high-current shunt.

Deter mination of frequency response functions

In order to measure the frequency response func-
tion of high-current shunt, a short current pulse is
applied to the shunt input; input and output signals of
the shunt are recorded in a digita oscilloscope
memory; then spectra of these two signals are com-
puted. In practice, the test signal must be piecewise
continuous. The recorded input and output shunt sig-
nals are presented by N-element sequences readouts
of input signal x(t,) and output signal y(t,), wheretyis
an acquisition time for k-th sequence element (1< k <
N). Discrete Fourier transform, being applied to the
signals, produces spectra of the signals as complex
number vectors X(f,) and Y(f,) asfollows:

X(f)= 3 x(t,) 202,

j=1
N

Y(f)=2y(t ) £ {190,

j=1
fN =ie72ni/N ,
2n

where fy is a vector of frequencies corresponding to
complex vectors X(f) and Y(f) obtained using the
sampling length and Nyquist frequency; i isimaginary
unit.

Then, the shunt frequency response K(f,) can be
determined by means of the expression
Y (fi 2

K(fk)=x(f )

Then modulus of K(fy) is the frequency response
and argument of K(fy) is the phase response.

In order to determine the moving averaging time
windows for the input Wy and output Wy shunt sig-
nals, one should apply Fourier series expansion of the
sequences X(t,) and y(t,). Next stage is determination
of the spectral bands AFyx and AFy at level -10 dB.
Averaging time windows are inversely proportional to
the spectra bands. That is, we have the following ex-
pressions;

1 1
- W, = . 3
X AR, W AF, &

Then the smoothed initial signals are calculated by
the following formulae;

x(t)"

y(t"):v% Zf y(t) (4)

The discrete Fourier transform applied to the
smoothed signals allows to have their spectral compo-
sition:

Yﬂ(fk):iy(tl)f'ﬁlfl)(kfl) . (5)

j=1
Consequently, the accuracy of the proposed meth-
od can be increased by means of uniform ensemble
averaging over redizations of the smoothed signal

spectral components X (f,)and Y(f,)at fixed fre-

quencies f,. When carrying out n measurements of the
input and output shunt pulse signals, averaged spec-
tral signals components X(f,)andY(f) can be

found by using the following expressions:
Ay
_ 18 -~ IHZarg(xl(fk)]
X(f) =22 % (foe™ ,
j=1

ei%g;ag(Y‘ (1) . (6)

V(R =23V, (1)

Then, from expression (5), the shunt frequency re-

sponse (1) can be rewritten as follows:
K(f,)= ﬂ . (7
X(f)

Uncertainty of the method for measuring shunt
freguency response can be estimated by calculation of
the coherence function v, between the spectral densi-
ties output signal and the test signal as proposed

in[4]:
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j=1

?fy(fk) =

— 21— 2’
SI%, (LS (6)
= =
where i; is a j-th conjugate complex value of the
averaged signal spectral component.

(8)

Experimental studies of high-current shunt
frequency and phase responses

The proposed method was applied to experimen-
tally determine frequency response for a coaxia high-
current shunt that was designed for measurement of
pulse current up to 20 xA [2]. The resistance of the

shunt is about 170 uOhm.

For this experiment, a simple pulse current source
was designed. Pulse current source yields a current
pulse up to 20 kA with duration 150 ps. The experi-
mental setup is shown in Figure 1.
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Fig. 1. The experimental setup diagram to determine
the shunt frequency response

Figure 2 shows typical waveforms obtained from
outputs of the reference current transformer (curve 1)
and shunt under test (curve 2); for the sake of clarity
the signalsin Figure 2 are reduced to the same scale.
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Fig. 2. Output waveforms of reference current trans-
former (curve 1) and shunt under test (curve 2)

Further, according to the proposed algorithm aver-
aged spectra of signals from outputs of the reference
current transformer (curve 1) and shunt under test
(curve 2) were determined. These spectra are shown
in Figure 3.
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Fig. 3. Spectra of the signal's of reference current
transformer (curve 1) and shunt under test (curve 2)

Figure 4 shows final outcomes of application of
the proposed agorithm to the experimental data; it
can be seen that in the bandwidth up to approx.
200kHz the shunt under test has a linear gain
about -75.5 dB.
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Fig. 4. Frequency (a) and phase (b) response func-
tions of the high-current shunt

Conclusion

Pulse method for analysis of high-current shunts
dynamic behavior has been proposed and experimen-
tally investigated. The method includes ensemble av-
eraging of spectra components of the pulse signals
that results in increase of shunt frequency response
measurement accuracy.
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Beegenne

HepCHeKTI/IBHI:IM HalpaBJICHUEM B aBTOMaTH3a-
LMA METPOJIOTUYECKUX HCCIIEIOBAHUI SBIISETCS H-
CTAaHIIMOHHAs KaJMOpOBKa CPEICTB M3MepeHHi. [lu-
CTAaHIIMOHHAsT KaJMOpPOBKAa MPENOCTAaBISET CIEAYIO-
mue pyHKIHOHAIBHBIE BO3MOXKHOCTH [1]:

e  yNAJECHHOE YINpPaBICHHE H3MEPUTEIBHBIM
000pyIOBaHUEM M €70 MOHHTOPHHT;

e  IIPOBEJICHHEC M3MEPEHUI Ha CTOPOHE KIHCH-
Ta, YHOpaBJICHUEC KOTOPBIMHU MNPOUCXOAUT IAUCTAHUU-
OHHO C TOMOILBIO CHEUUAIBHOTO KaTUOPOBOYHOIO
000opyaoBaHUS.

I'maBHBIM HCIOCTaTKOM MHOTHUX CUCTCM Kanuo-
POBKHU SABJIACTCA TO, YTO OHH NPCAHA3HAYCHBI JIA
MPUMEHEHHUS JHIIb B KOHKPETHBIX OPraHU3alusaX Ui
KaJIMOpPOBKM KOHKPETHOTO 00OpyJOBaHMSA, a ajamnTa-
U TIPOrPaMMHOTO OOECHeUeHNs] TaKHX CHUCTEM K
JpyTUM NPHOOpaM HEBO3MOKHA JIMOO 3aTPyTHUTEIb-
Ha.

B nanHO#1 cTaThe mpeacTaBIeHa CHCTEMa JANUCTaH-
IIHOHHON KalTMOPOBKH CPEACTB M3MEPEHUil, peanns3o-
BaHHadg ¢ MOMOIIBIO TCXHOJIOTMU BUPTYAJbHBIX MPHU-
6opos LabVIEW.

Onucanne cucTeMbl JUCTAHUMOHHOW KaJIno-
POBKH

B Hacrosimee Bpems Ha Kadenpe KommnbproTepHbIX
U3MEpUTENBHBIX cucteM U Metponorun (KHUCM)
TIIY peanu3zoBaHa cucreMa, MO3BOJISIONIAs IPOBO-
JUTh JUCTAHIIMOHHYIO KaJMOPOBKY CPEICTB M3Mepe-
HHUH 3JIEKTPUIECKUX BEIMYHH.

OCHOBHBIMH KOMITOHEHTAMH CHCTEMBI SIBIISIOTCS:
KaguOpyeMoe CpeICTBO H3MEpeHHid — HupOBOM
mynsTaMeTp NI PXI-4072, paGoumii 3TanoH — yHH-
BepcayibHbIN KanmuOpatop Fluke 5520A, mepconanb-
Helii koMmmbioTep (IIK) co cmemmanm3mpoBaHHBIM
nporpaMMHBIM obecnieuerneM (I10) — mporpammoii,
paspaborannoii Ha kapenpe KUCM mnst mpoBeneHns
JUCTAaHIIMOHHON KaanOpoBKU. B3amMopelicTBie Mex-
Iy KanuOpoBo4yHBIM oOopymoBanueM u IIK ocy-
mectsisiercs yepe3 GPIB unrepdeiic.

Cuctema BBINOJIHEHA B ApPXUTEKTYpE «KIUEHT-
cepBep», MO3BOJSIOIIEH OpPraHU30BaTh INPOBEJCHUE

HE3aBUCHMBIX H3MEpPEHHH Ha YHaJeHHBIX H3MepuTe-
JSIX C OJJHOTO KOMITBIOTEpPAa U OOMEH KaJIHMOPOBOYHOM
nndopmanueii. Pabouee MecTo KineHTa BKIIOYAeT B
cebs tompko [IK ¢ KIMEHTCKON 9acThIO MPOTPaMMEL.
Ha cTopone cepBepa HaxoAATCS U3MEPHUTEIBLHOE 000-
pynoBanue u IIK ¢ cepBepHOW 4acThiO MPOrpaMMbl.
Bremrauii BuA cHCTEMBI AUCTAHIIMOHHOW KaJTMOPOBKH
mynsTaMeTpa NI PXI1-4072, paGoTaromero B pexmmMe
M3MEPEHUs] IEPEMEHHOTO HANPSDKEHHS, MPEACTABICH
Ha pucyHke 1.

Puc. 1. BHemnuii Bug CUCTEMBI JUCTAHIIMOHHON Ka-
moposku myapTumeTpa NI PX1-4072 mo mepemen-
HOMY HATIPSDHKCHHIO

IIporpamma i1 cUCTEMbl JUCTAHLIMOHHOW Ka-
nMOpOBKM ~ HamucaHa B cpele  pa3paboTKu
LabVIEW [2]. TIporpamma BkjrO4YaeT B cebs jaBa
BUpTyasibHbIX npubopa (BII): «Cepsep-BIl», 3amyc-
kaemoro Ha [IK, HemocpenCTBEHHO COEIMHEHHOM C
nu3MepHuTeNbHbpIM o0opynoBanueM, U «Kiuent-Blly»,
KOTOPBIH 3aITycKaeTcsi Ha paboyeM MecTe KIMeHTa.

Jns xoppektHO#t padotsr «Cepsep-BIl» cepsep-
ueiii [1IK TpeOyeT yCTaHOBKM HpPOTPaMMHOU CpeIbl
LabVIEW ¢ HabopoMm crienuanbHBIX ApaiBepOB IS
KOHKPETHOTO 00O0pYIOBaHMUs, y4acTBYIOIIErO B IPO-
ecce KaauOpoBKH. J[paiiBepa HaXOAATCS B OTKPBHITOM
JIOCTYTIE ¥ MOTYT OBITh HalJCHBI HA CaiiTeé KOMITAHUH
National Instruments (NI) [3].

«Kimment-BII» MoxeT OBITh OTKPHIT U 3aIyIIECH Ha
T000M KOMITBIOTEpE, UMEIONIEM BBHIXOA B MHTEpHeT.
IIpu sTom xnmmentckuii I[IK He TpeOyeT HOmONTHUTENB-
HOW yCTaHOBKHU Kakoro-iubo [1O wmu npaiiBepos.

Jloruka B3auMOJEHCTBUS CEPBEPHOM U KIUEHT-
CKOM 4acTH HpOrpaMMbl OMHUCHIBAETCS CIIEAYIOIIMM
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