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Abstract-In the article the AC voltage sensor of industrial
frequency — the signal former of the analogue controller with
pulse-width modulation which, in its turn, controls the high-
frequency electronic pulse AC voltage stabilizer, is considered.

I. INTRODUCTION

Regulation of the sinus shape AC voltage including its
stabilization similarly as for DC voltage can be implemented
applying a pulse regulator operating on the PWM principles
[1,2]. But for stabilization system performing a good feed-
back voltage sensor must be applied producing DC signal
proportional to the magnitude of the AC sinus shape voltage.
At that to obtain a better stabilization the feed-back signal must
follow the AC voltage changing with extreme processing
speed.

Operation principles of such sensor can be different but in all
cases the checked voltage is applied in form of the two-wave
unidirectional voltage in output of rectifier [3]. Solution based
on integrating RC-circuit is popular counting voltage across
capacitor plates at the end of each wave. If diode is inserted in
circuit of RC a DC voltage proportional to the magnitude of the
sinus shaped AC voltage but only if time constant of circuit is
much smaller as length of half-cycle of voltage considered.
However after fixing the level of signal capacitor must be
discharged for proper considering of the next half-cycle. It’s
possible to apply for the goal as analogue (on base of OP) as
also digital (ADC/DAC) integrating devices.

However in all presented realization cases input signal of
sensor is obtained in sequence of discreet levels links of uni-
polar voltages. Obviously duration of each link is equal to the
half-cycle of voltage measured. As result such a feed-back
signal has a stepwise changes but that is drawback for control
of analogue PWM possible to arise a self-oscillations in
system. To eliminate them it’s necessary complemented sensor
with inertial link which reduce processing speed. At that all
these improvements are difficult for realization.

Taking into account above mentioned in this paper is
described another version of sensor with simplest construction
and much higher processing speed. In essence capacitive link
can be supplied with DC signal and high frequency AC ripple
but such solution also in some extent reduces processing speed
in dynamics. Relations between

ripple size, their frequency and time constant t of the
smoothing filter at parallel connection of capacitor and resistor
can be described as [3,4]:
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where p is number of ripples in output voltage of diode rectifier
scheme supplied with evaluated sinus shape AC with angular
frequency o;
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Expression (1) corresponds to filter capacitor discharging
process from voltage Uy t0 Upip.

On Fig.1 is presented computer modelling scheme for sensor
with two-wave rectifier. Here sensor is presented as voltage-
down transformer with centre tap diode rectifier in secondary
circuit. At primary voltage can be stepwise increased and
decreased using for that supplementary transformer.
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Fig.1. Scheme of computer modelling of sensor with two-wave rectifier

Parameters of R; and C; (see Fig.1) are accepted in
accordance with (1) at AUsy= 5% in stationary case. From
diagrams Fig.2a,b is seen that output signal VP2 in case of
step-down of measured voltage is lagging by 9...10 cycles
(Fig.2,a).
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Accepting at output larger capacitor providing AUs= 1%,
processing speed is more worse (Fig.2,b). It can be concluded
that for rising of processing speed capacitance must be
decreased but providing same relative ripple AUq, with
multiplication of ripple number p in cycle which corresponds
to expression (1).
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Fig.2. Investigation of sensor with two-wave rectifier in dynamics: a) dynamics
response at step-down of input voltage and accepted AUy=5%; b) dynamic
response at accepted AUy,=1%.

II. OPERATION PRINCIPLE OF THE SENSOR AND ITS
CONSTRUCTION

In Fig.3 is presented a calculated time constants at p=2, 4, 6,
10, 18. As comment it must be said that at p=10 and p=18
ripple level AUy= 5% can be obtained without any filtering
devices.
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Fig.3. Time constant versus number of ripples

As it can be seen from Fig.3 processing speed can be
improved essentially rising number of ripples up to 18 (in 20

times compare to two ripple case). Such rising of ripple
number can be reached using multi-phase rectifying schemes:
p=4 can be reached in four-phase one-wave scheme;

p=6 in three-phase bridge scheme;

p=10 in five-phase bridge scheme;

p=18 in nine-phase bridge scheme.

Artificial obtaining of small power multi-phase rectifying
schemes is possible on base of symmetric multi-phase voltage
which can be obtained from single-phase measured voltage
using bridge mode phase shifting scheme (Fig.4).
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Fig.4. Scheme of bridge mode phase shifting device

When bridge is operating in no-load regime

&01: % 'eiﬂ//l 2)
and Un = % "2 , (3)

where v is phase shift of voltage U, in respect to input voltage
U. From vector diagrams for phase shifting bridge
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Calculating by (4) a parameters of phase-shifting RC link in
accordance with requested number of phases in symmetric
voltage system, it’s possible to obtain the multi-phase rectifiers
for operation in sensor mode at no-load conditions [5]. As
example on Fig.5 is presented computer modelling scheme
with according input VP1 and output VP2 voltage diagrams for
five-phase bridge rectifier. Initial transient process can be
observed in duration of one cycle and after it a stationary
operation begins.

Considering processing speed of the presented five-phase
rectifier a computer modelling at step-up and step-down input
voltage leaps was elaborated (Fig.6). From Fig.6 we can see
that output voltage follows to changes of input one with
minimal delay. At that resistance of resistor RS for considering
a no-load condition was accepted as



R_>>R.
5 1,
where R; is resistance of the phase-shifting links.
III. LOADED OPERATION OF ELABORATED SENSOR

As it was declared for simplification a no-load regime was
accepted.  Such assumption means that at really loading of
sensor obtained simplified phase shifting angles should not be
preserved. Therefore it’s necessary to calculate sensor at some
certain loading inside it which means that in hereafter.
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Fig.5. Modelling scheme of five-phase rectifier and input-output voltage
diagrams
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Fig.6. Modelling scheme of five-phase rectifier-sensor and output signal
diagram at stepwise change in input voltage

Analysis of loaded artificial scheme of multi-phase voltage at
loading is rather complex task. Simplest way is calculate
parameters of phase-shifting bridge link (on base of given
phase shifting angles), loading each link of shifted voltage with
resistive load across diagonal of the bridge.

On Fig.7 is shown analysed scheme of phase-shifting
junction with one phase-shifting RC link. Voltage measured is
connected through voltage-down transformer the secondary
winding of which is centre tapped.
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Fig.7. Calculation scheme of loaded phase-shifting link

Calculating the scheme applying Kirchhoff’s Law with
symbolic method we can obtain [6]
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Converting in more convenient form without imaginary
numbers in denominator
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Accepting in (5) U = U where U is a real number phase
shifting angle y of Uj in respect to the voltage U is

il 00
R 00

w = arctg (7)



It means that in accordance to the (6),(7) can be obtained
necessary parameters of multi-phase voltage system taking as
basis necessary angles y 1, Vy,... so on. Multi-phase rectifier
scheme with parameters chosen in accordance with above
given equations and internal load is presented on Fig.8. For
better equalization of shifted voltages Uy, Uy, ...so on, in
practical calculations can be proposed choice the resistance R,

equal in all links and keep RO >> 1z

where z; = I Rl,2 + Xczi ; can be proposed also to keep z =~

const for all links. ButR <<R, | where Ry is probable load of

multi-phase rectifier.

In such way obtained artificial voltage system voltages of
links Ug;, Uy ..Uy will be proper shifted but also rather
different by their magnitude (see Fig. 9,a). For their
equalization a load resistors of links Ry can be realized as
voltage dividers taking to rectifier symmetric multi-phase
voltages (see scheme 8 and diagram Fig.9,b). On Fig.9,c is
shown obtained output DC signal VP7 connected with
measured voltageVP1.
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Fig.8. Scheme of multi-phase sensor with internal load

For better equalization of rectifiers input voltages the internal
load resistors were realized as voltage dividers with different
nominal (see. Fig.8). Above described scheme with inside
loading was investigated also in dynamics (Fig.9).
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Fig.9. Investigation of the scheme in dynamics

Dynamic response at step-drop of input voltage lasts some
two periods of input voltage. At step rising of input voltage
response is much faster — less as one cycle time. Optimizting
an output filters of rectifier it’s possible to get more faster
processing at smaller ripple range in stationary operation case.

At the end it must be complemented as optimal number of
phase for rectifier also is subject of improvement of the
scheme.

IV. CONCLUSIONS

1. Applying of multi-phase rectifier is useful for obtaining a
fast processing sensor for measurment of input sinus shape
voltage’s magnitude.

2. Obtaining of multi-phase symmetric voltage can be realized
using phase-shifting RC bridges.

3. For lessening of sensor’s external load influence i’s
preferable to install an internal load of RC phase-shifting links.
4. Optimization of number of phases as also realization mode
of filters at output of sensor is optimization task actual for
elaboration of sensor.
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Cimanis V., Hramcovs V., Rankis 1. Investigation of the operation speed of AC voltage sensor
In the article the AC voltage sensor of industrial frequency — the signal former of the analogue controller with pulse-width
modulation which, in its turn, controls the high-frequency electronic pulse AC voltage stabilizer, is considered. It is shown, that
the necessary for controller feedback signal in the form of DC voltage can be received by means of the multiphase rectification
scheme. The multiphase symmetrical voltage system is formed from a controlled single-phase voltage, using the phase-shifting
bridge with several RC-circuits. Speed of such sensor depends on output circuit time lag, i.e., on a smoothing filter time constant.
In steady-state modes a variable component of the output signal is governed with output filter condenser capacity and quantity of
voltage pulsations on an rectifier schema’s output during controlled voltage period as well. The more the number of pulsations
for the period, the less is the capacity of the filter condenser, which limits sensor’s speed with a controlled voltage change. In the
work the dependence of a time constant on a quantity of pulsations of the rectified voltage with reference to 1 % and 5 % to
pulsations at a output signal of the sensor is received. With help of computer simulation of the changes of voltage amplitude,
sensor’s processing speed in an idling mode is estimated. The calculation methods were developed for phase-shifting circuits
during the work of a sensor with variable loading. As an example the results of tests of speed of the loaded sensor with three-
phase bridge rectifier scheme are also received.

Cimanis V., Hramcovs V., Rankis I. Sinusoidala sprieguma sensora atrdarbibas izpeéte

Raksta tiek aplikots riapnieciskas frekvences sinusoidala sprieguma sensors — signala devéjs impulsu platuma modulacijas
analoga kontrollera vadiSanai, kas savukart vada augstfrekvences impulsu reguléSanas maipsprieguma elektronisko
stabilizatoru. Paradits, ka kontrolleram nepieciesamais atgriezeniskds saites lidzsprieguma signals ir iegiistams ar vairakfazu
taisngrieza palidzibu. Spriegumu daudzfazu simetriska sistema tiek izveidota no kontroléjamd vienfazes sprieguma, izmantojot
fazu griesanas tilta slegumu ar vairakiem RC-posmiem. Tada veida sensora datrdarbibu nosaka izejas kédes inertums, t.i.,
kapacitiva gludinatajfiltra laika konstante. Stacionaros rezimos lidzsprieguma signala relativo mainkomponenti tiesi nosaka ka
gludinatajfiltra kondensatora kapacitate, ta art iztaisnota sprieguma pulsaciju skaits kontrolejama sprieguma perioda laika. Jo
vairak ir pulsaciju perioda, jo mazaka var buit filtra kondensatora kapacitate, kas savukart, mainoties kontrolejamam
spriegumam, ierobezo sensora atrdarbibu. Darba iegiita filtra laika konstantes sakariba ar taisngriezta sprieguma pulsaciju
skaitu perioda attiecinata uz sensora signala 1% un 5% relativam pulsacijam. Noverteta dotda sensora atrdarbiba tuksgaitas
rezima, datormodelésand imitéjot kontroléjama sprieguma kritumus un uzmetienus. Izstradata fazes nobidisanas posmu aprékina
metodika, fazu griesanas tiltam (t.i., sensoram) stradajot slogota rezimda. Piepemot par paraugu maksligo trisfazu tilta
taisngrieSanas shemu slogotaja sensord, ar datormodelésanas palidzibu veidojot parejas procesus kontroléjama sprieguma puse,
iegiiti sensora atrdarbibas izméginajumu rezultati.

Humanuc B., Xpamyoe B., Panvkuc H. Hcenedosanue ovicmpooeiicmeus 0amuuka CUHYCcouOaIbHo20 HANPAIHCEHUA

B cmamve paccmompen oamuux cumycouddanbHO20 HANPSNCEHUST NPOMBIULEHHOU Yacmombl — opmMuposamens cueHaia s
AHAN0208020 KOHMPOLLEPA C WUPOMHO-UMIYIbCHOU MOOYIAYUel, KOMOPbIl, 8 CE0I0 0Yepedb, YNPAGIsLem GblCOKOUACMOMHbBIM
INEKMPOHHBIM UMNYIbCHBIM CIMAOUTUZAMOPOM RepeMenH020 Hanpsdicenus. Tlokazano, umo HeobX00uMblll 05t KOHMPOIEpa
cueHan o0Opamuou CeA3U 6 GUOe NOCHOSHHOZ0 HANPSNCEHUs. MOJicem Oblmb NOAYYEH € NOMOWbIO MHO20QA3HOU CXeMbl
suinpamienus. Muozoghaznas CcUMMEMPUYHAsL CUCMEMA HANPSXNCEHUll 00pazyemcs u3 KOHMPOIUPYEMO20 O0OHOPA3ZHO20
Hanpsicerust, UCnoav3ys gazoepawamensrulii mocm ¢ neckoavkumu RC-36envsamu. bvicmpoodeticmeue maxozo cencopa 3agucum
Om UHEPYUOHHOCIU GbIXOOHOU Yenu, m.e., OM NOCMOSHHOU 8peMeHu cenadxcugaiouezo guibmpa. B cmayuonapmnuix pesxcumax
NEePEMEHHYIO COCMAGTISIIOUYI0 8bIXOOH020 CUSHALA 00YCIAGIUBAEN UMEHHO EMKOCMb KOHOEHCamopa 6blX0OH020 (uibmpad, a
MaKdice KOMUYECmao nynbCayuil HaAnPpINCeHUsl Ha BbIX00€ GbINPIMUMENbHOU CXeMbl 34 NEPUOO KOHMPOTUPYEMO20 HANPIICEHUSL.
Yem 6Gonvuie 4UCIO NYIbCAYU 34 NEPuUOd, mem MeHbule Modcem Oblmb EMKOCHb KOHOeHcamopa Guibmpa, Komopas u
ozpanuuueaem dvicmpooeticmaue OamyuKa npu U3MeHeHUsIX KOHMpOoAupyemo20 Hanpsicenust. B pabome nonyuena 3a8ucumocnms
NOCMOAHHOU 8peMeHl OM YUCIA NYAbCAYULL BLINPAMIEHHO20 Hanpaxicerus npumernumensuo K 1% u 5% nynscayusam y 6b1X00H020
cuenana oamuura. Amumupysi KOMRbIOMEPHbIM MOOETUPOBAHUEM CKAYKOOOPA3HbIE USMEHEHUsSL KOHMPOIUPYEMO20 HANPSICEHUS,
oyeHeno bvicmpooelicmsue 0amuuUKa 6 pexcume xoiocmozo xooa. Paspabomana memoouxa pacuéma gazocosuearoumux 36eHves
npu pabome oamuuxa ¢ 6apvbUpPyeMoli HaspysKkou. B kauecmee npumepa nonyuenvl maxoce pe3yibmamvl UCHbIMAHUL
bvicmpooeticmeus HASPYHCEHHO20 damuyuxa c mpéxghasznoii MOCMO801 BLINPAMUTNENLHOL cxemot.



