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Abstract: This paper presents a specialized current probériplementation into smart energy

metering devices. The probe allows accurate andls&meous measurement of currents with
small and high magnitude, while eliminating thedeéhigh gain amplifiers and high resolution
ADCs. The probe's higher band is obtained by intoaty a switched load. The switched load
can be developed either by a fully controlled etadt switch — MOSFET or by a simple

rectification diode. Analysis, computer modelingdawerifications through simulations are

presented for the suggested circuit.
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JABYPA3PAAEH TOKOB TPAHC®OPMATOP 3A UHTEJIMI'EHTHHA
N3MEPBATEJIHU CUCTEMHA
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Ab6cmpaxkm: Hactosiimata cratus TpPEACTaBs CHENUAIM3UpaH TOKOB TpaHChOpMaTop ¢
NPUJIOKEHHE CBBP3aHO C MHTEIUTCHTHUTE MU3MEpBATEIHH CUCTEMU. TOKOBHUSAT TpaHchOpMaTop
MI03BOJISIBA €THOBPEMEHHO M3MEpPBaHE HA MAJIKU U OJIEMH TOKOBE, KaTO C€ eIMMUHUPA HYXJaTa
OT YCUJIBATEJIU C TOJIAM KOE(UIIMEHT Ha YCUJIBAHE WJIM Ha BUCOKO Pa3psiJHH aHAJIOr0OBO LU(PPOBU
npeobpasyBaTenu. [IBypa3zpeneHOCTTa Ha MPeJICTaBEHUSAT TOKOBUAT TpaHCPOPMATOP c€ MOCTHUra
ype3 MpeBKJIIOYBaHE Ha ToBapa. [IpeBkirouBaHeTo Moke ga ObAE peaqu3upaHo KakTo upe3
HaAIBJIHO yrpaBisieM eliekTpoHeH kiod — MOSFET, Taka u upe3 OOMKHOBEH H3NpaBUTEIICH
Mo, 3a mpeJuloKeHaTa KOH(PUrypalus Ha TOKOBUST TpaHC(GOpMATOp ca MpeJICTaBEeHU aHau3,
KOMIIOTBPEH MOJEJl U CUMYJAIMs 4Ype3 YMUTO pe3ylTaTd € BepuuuupaH MNpUHIMIA Ha
JICHCTBUE.

Kniouoeu Oymu: VHTEIUTEHTHH W3MEpBATEIIHM CHUCTEMH, UW3MEpPBaHE Ha TOK, TOKOB
Tpanchopmatop

Introduction

Smart metering is a modern concept that involvetependent intelligent sensory units that
utilize advances in technology in order to meastagous parameters in both industrial and
household applications. A fast developing concleat involves smart metering is electric energy
metering. In smart digital electric energy meteraugrent and voltage of a specific consumer are
measured as their product over time gives the gneogsumed by the observed device. [1]
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Smart energy meters are usually used in electgiadlapplications. Their main advantage over
conventional electrical energy meters is that taBgw precise measurement, load prediction,
regulation, etc. Smart energy metering is set gwi@ity in the future development of the
European distribution systems [2]. This calls foe development of precise, yet cost effective
smart meters that can be integrated into houseshwithout higher additional costs for users or
distribution companies [3]. That justifies the deysnent of new and improved current and
voltage sensors that can be part of those smaerimgtdevices [4].

For current measurement an important feature igptssibility to register both small and high
magnitude currents, since devices connected teldwrical grid tend to have various working
regimes and thus a various current consumptiothignway it is required for the current probe to
have an accurate current measurement over a wide sand [5], [6]. Different structures exist
that allow increased measurement range [7],[8].

The current paper presents a concept for a spssihlcurrent probe that has high current
magnitude band and can operate accurately andtameolus for both currents with high and low
value. The suggested structure involves a switébad current transformer. Analysis, computer
modeling and simulation results are presented.

Suggested topologies

The structural diagram of the presented probesslaogvn respectively on figures 1 and 2. For
both structures the probe includes a conventionaleot transformer with a single secondary
winding, where the higher band is achieved throaighvitched load. The probe is burdened with
two resistors connected in series, where:

A. For thecircuit from figure 1
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Fig. 1 Structural diagram of the suggested curnemtbe using rectification diodes

An AC electronic switch made of two rectificatiorodes D1 and D2, connected in anti-parallel
shunts one of the load resistors (R2) and thusgdsathe output characteristics of the probe.
Diodes are switched based on the magnitude ofuhertt. They will be switched, depending on
the half-wave of the measured current, when th&agel on the load - in correspondence to the
magnitude of the current — exceeds the forwardagelton the diode. Based on the state of the
diodes — either on or off - two separate regimes lm distinguished: a high current one where
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the probe is loaded only with R1 and low currerg arere the probe is burdened with the serial
connected R1 and R2. Thus the probe can be defiredual band. At the given circuit the
voltage on the current transformer is measuredigles ADC. For this circuit care has to be
taken to correctly decipher the current based @ rdgime — this has to be handled by a
specialized digital signal processing algorithme™oltage drop of the diodes has to also be
subtracted from the final result.

B. For thecircuit from figure 2

A similar principle of operation is applied, withet difference that the AC electronic switch is
made of two low resistance MOSFETSs - S1 and Sthdrgiven diagram - figure 2 - the polarity
switching of the transistors is determined by adetomparators while the band switching is
determined by the dedicated band generator thattsethe appropriate regime, where the
switches are controlled:

* based on the polarity of the current - S1 is swatcfor the negative half-wave and S2 for
the positive half-wave, and
* based on the required regime - low current measeméor high current measurement.

The presented circuit uses a single ADC to deteznile current. Here the regime is set
separately by the controller so if the resistarfcén® MOSFETS is low enough no special digital
signal processing is required.
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Fig. 2 Structural diagram of the suggested curnamtbe using MOSFET switches
Computer modeling
The suggested circuit topologies as presentedates 1 and 2 were modeled taking in account:

» Current transformer with transfer ratio 1:100 buiing a nanocrystalline toroidal core.
The model takes into account magnetic core saturati
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* The conduction and switching parameters of theeliathd the transistors.

» The required control logics.
* ADC modeled through a quantization block. A 10bR@ is used.
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Fig. 4 Model diagram of the suggested current probiag rectification diodes

The circuits are modeled using dedicated compud#tware. For the simulations a sinusoidal
current with grid frequency is analyzed. To test sets of currents are used: one with maximum
value of 0,2A — low current; and one with maximuaiue of 20A — high current. Both selected
currents are in the frames of what could be expeasea consumption from a domestic electrical
application. The models of both circuits are préserat figures 3 and 4. The difference in the
models is in the required control or digital sigpabcessing, as specified in the previous section.
For the structure from figure 3 a circuit for diodeltage drop omission is used, and for the
structure from figure 4 a dedicated control bloskused. Output results are respectively scaled
based on the current band, either by multiplyindghzytransformer coefficient (100) and dividing
either by the equivalent sum of the resistors Rd B& (for a low current band — diodes or
MOSFET off) or by R1 (for low current band — diodgsSMOSFET on).
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Load resistors for the simulations were calculatath values: R1= 8 and R2 = 10Q,
respectively their equivalent series resistanggeR1+R2 = 152

Verification through modeling and simulation

Using the models in a dedicated computer softwatige-trial version of PSIM — several set of
results that can verify and quantify the operatbpresented current probe were obtained. Those
results are respectively presented at figuresabds’.

Figure 5 presents a single band transformer, wtheréwo extreme regimes are presented. The
first graph (red) presents a low current over aV@ued resistor —,=0.2A over a & resistor —
resulting in a very low voltage drop therefore Emguantization level by the ADC and lower
accuracy. The second graph (green) shows a higarntwover a larger resistor myk=20A over a
20Q resistor — resulting in transformer saturatione TWo graphs are used as comparison points
for the suggested circuit topologies.

Figure 6 shows results using the suggested diodehsdual band current probe. Here the first
graph (red) shows a low current,(£0.2A). This current does not create a voltage drgh
enough to turn on the diodes. Therefore the cuisenbnducting through the higher equivalent
resistance R = 15 Q, thus creating a higher voltage drop that can &eoded with higher
accuracy by the ADC. The second graph (green) stooWwgh currentlgi=20A that creates a
voltage drop high enough to turn on the diodess Blibws the transformer to be loaded with the
smaller resistance of R1£% which prevents transformer saturation.
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Fig. 5 Single band transformer Fig. 6 Dual bandritséormer — diode switch
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Fig. 7 Dual band transformer — MOSFET switch

Figure 7 shows results similar to those of figureolly here the switches are switched in the désire
moment rather than when a certain current is rehdhe€an be observed for the first graph thatweeio
guantization level can be obtained in compariscah thie first graph from figure 6.

The suggested figures give a verification for thggested dual band current transformers. In thmphka
from figure 5 where a single band is used it casden that when having a low resistance that daw al
measurement of higher currents leads to high enrahe lower current region, while having a higher
resistance that can allow measurement of lowereatsr leads to transformer saturation. Those
disadvantages are omitted in both the suggesteditsir where swapping between high and low loading
resistance can be achieved.

Conclusions
Two types of topologies for dual band transfornr grecise current measurement are suggested. Both
circuits utilize load resistance switching. Thecuits and their required digital signal processarg

modeled and verified through simulation. Resultvghbat functionality of the concept and motivate
further studies through experimental and practreaification.

References

[1] S. Sreenadh, R. Depuru, Smart meters for payier Challenges, issues, advantages and
status, renewable and sustainable energy revieolsl¥, p - p 2736-2742

[2] Benchmarking smart metering deployment in the EUMXR a focus on electricity, Report
from the EU Commission, Brussels, 17.6.2014

[3] Country fiches for electricity smart metering, Repwom the EU Commission, Brussels,
17.6.2014

[4] Cost-benefit analyses & state of play of smart negedeployment in the EU-27, Report
from the EU Commission, Brussels, 17.6.2014

15



Crucanne ,Kommorspuu Hayku v komyHukanuu”, Tom 3, Ne 2 (2014)BECY, Byprac

[5] D. Mufioz, D. Pérez, Design and experimentaification of a smart sensor to measure the
energy and power consumption in a one-phase ACNieasurement, Elsevier, vol. 42, 412-419

[6] D. Slomovitz, A Santos, A self-Calibrating tnement current transformer, Measurement,
Elsevier, vol. 45, 2213-2217

[7] J. Kwiczala, A current transfer method and dpplication of calibrating a current
comparator, IEE Transaction on Instrumentation lsledsurement, Volume 38, Issue 5, p-p 979
- 983

[8] H. Brooks, The two stage current transformBransactions of the American institute of
electrical engineering, volume XLlI, p-p 382-393

16



