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the values given in Fig. 1.
ABSTRACT 10 Yo\tage \evTel in perf:en‘t

Network operators irdifferentcountries of the worldise

the public networks tsend control signalér managing
varioussystenoperations and for controlling certain loads

at different cuShseignaisalied i nst al
orippl e cont rits lcontrslifrggnemdyi @ wh en
between 1161z and 3000 H4n Endineb setwork, ripple

control signas aresent at a frequency of 1042 tdnd ; P Lo EEEEN
several times in a dayn the recent yearspme customers 01 1 10 100

ty
T

. . . .. . Frequency in kHz
complained ~about light flicker incidentsat - their Fig. 1: Limits on mains signalling voltage magnitude as
installationsthatare observd without any definite known per EN50160 standard

reason. Howevelin somecasesthe times of light flicker

incidents happen to synchronise with the time slots of The electricity demand varies throughout the day. For

send_ing of ripple co.ntrol signals. Hgnce, itis suspgcted that 1ousehold customers, the energy demand generally reaches
the ripple signals might have some influence gint filicker peak values in the evening; whereas many industries

incidents. To investigate the problem, a theoretical analysis demand large amouwsf electricity during the dagime. To

IS dong by smulatmg the same part of 't‘raiworkan.d optimize electricityproduction anch e t w draingnfission

ob servmg_the |nf|iuence afripple cont.rc.)I signal f_r om its capacityrequirementutilities introduce variable electricity

broadcasting ponltup t(.) the receiving terminal (at tariff (e.g. high tariff during peak load and low tariff during

cust omaladm. i nst off-peak period) to motivate the customers to restrict their
electricity demand during the peak hours. Therefore,

INTRODUCTION utilities connect and disconnect variolscgrical loads (as

In Europe, the network operators (utilites) provide 2greed wi th the customers bef
electricity to their customers at a supply frequency of 50Hz. reattime loading situationAlso, the time of switching of
Many ilities use the same public network to transmit Public lighting is sometimes controlled depending on
various control signals for system managenmmposes networ kos | oaRipplerogntral is B ddy toi ons .
and controlling certain types of loasisch asswitching on control dectricity demand by sending a frequency signal in
and offstreet lighs, tariff control, remote load switching,  the network (in the range of 110Hz to 3000Hz, as specified
etc. Those controkignals are superimposed on the supply in EN50160 standarddhatis superimposed on the stand.ard
voltage and transmt information in the public supply =~ S0HZz power supply. Theare generally sent for a duration
network andatt he ¢ ust o meTheéEroppan e mpPf§.g2sandare repeatedena period of 880s as shown
standard EN5016Q1] gives limit values regarding the in Fig. 2
mains signaling voltageandis classified in thregroups __T"“ e
1 Ripple control signal: superimposed sinusoidal
voltage signal in the frequency range of 110 Hz to
3000 Hz.
1 Powerline carrier signalsuperimposed sinusoidal
voltage signal in the frequency range of 3 kHz to
148,5 kHz.
1 Mains marking signals: superimposed short time
alterations (transients) at selected points of the

Magnitude of ripple signal

| wation o2
Duration of a day

Ton Ton
voltage waveform. L
Total period = 1 minute Total period = 1 minute
According to the EN5060 standard,of 99% of a day 3s og;oghou, oy;o!hm.r

mean value of signal voltages shall be less than or equal to  Fig. 2: Typicalripple control signal used butilities

CIRED2013 Session S2 Paper No 0256


mailto:Sharmistha.Bhattacharyya@endinet.nl
mailto:Sjef.Cobben@alliander.nl
mailto:Joost.Toonen@endinet.nl

CIRED 22 |nternational Conference on Electricity Distribution Stockholm, 10-13 June 2013

Paper 0256

It was observed from literature study that the mostcommon CUS TOMERGO6 S COIEREILATEDTTO
customerds compl aints ari siRPPPLE CONTROLISIGNALES control are |
flicker and noise from electricappliancesgrobablydue to ) ,

resonance effect§p]. The noise is generally intermittent !N the recent years, Endinet has registeseche power
depending on when ripple control signals are being quality (PQ) complaints from the customesach as light

transmittedin this papera part of the€€ n d i neswork is flicker, that are(most likely) related to mains controlling
simulated toanalyzethe transfer characteristic ofpfle signals Also, some complaints are related to the operation
control signathrough the networkirom thebroadcasting of double tariff mete(for controlling dayor peak tariff
pointt © t he cust o.nFarthémorepowes t a IMPLErANG rjghtor daltariff mete), that are not operating
quality measuremestare carried out atsome specified properly Approximately 10% oE n d i oustomirgboth
locationsand the resultsre discussedbriefly. Finally, small and large categoryses) havedouble tariff meter.
recommendationareproposed to solve the problem. The customers with aonnection capacity of <80A are

cal | ed useh whils custdmers with a connection
USE OF MAINS SIGNALL ING FREQUENCY IN capacity >80A ar e Theausiemkrs as 6

A need to pagxtra energy bills when &doubletariff meter
ENDI NETOS NETWORK does not operate properiyhile they could profitvhen the
In Endineb service area, ripple control signal is sent at a meter is stuck on low tarifheter.During year 20042011,
frequency of 102Hz for approximately 21 times per day there are more than 30 complaints registered because of

(e.g. 15 times for controlling various loads andnéets for incorrectoperation of tariff meter. Sometimes customers
switching orandoff street lights)Theripple control signals also complain when the street lights do not switch on and
are sentfrom nine main distribution stationdocated at off properly (fa example: street lights are on during the day

different parts of thenetwork There are three groups of  time, while are off at night). Endinet gets an average of
signal train: a) test group, b) double tariff control group, ¢) around 5 complaintsn a year thatare related tothe
street light control groupln each case, the pulsain is incorrectoperation of street lights. All these complaints
sent for aotal periodof 60s(see Fig. 3)with each pulse have i mpact sewiceand magetatheysdristy
having a duration df,9s and a period &,8s. The sending Hence, the complaints are treated with full attention to solve
signal voltagesaries between-2.5% (n the three phases) themat the earliest andlsoto preventthemhappening
and is sent from &0kV station.The limit value of voltage repeatedly in the future

should bewithin 5% as per the EN50160 standaBeéfore

2011, theipple controlsignals sent from differeisending From a technical point of view, ripple signals are a potential
stations were not synchronize@ihis sometimes used to  source of interharmonicdlodern customers use various
have a negative impact on the control sigstrength power electronics devices, energy savings lamps and LED

(because of mutual damping effect due to phase differenceslamps, dimmer controlled lamps and assimilation lighting.
between the signals). Nowadays, control signals sent from All those devices demand nonlinear current and cause
different stations are synchronized which has made the current pollutions in the network. It is anticipated that th

limiting values.It wasalsonoticed that the occurrence of
| \ ‘ | the customero6s reported probl
L] . ‘ | | with the time slots of sending the ripple control signals. Itis
‘ N A i suspected that there might be some resonance occirring
the network which is aggravating the PQ problems at the
R I R B I A installation. In the literature [2], similar kind of problem
o . ' : — - was also reported.

ripple controlling more efficient and effectiddowever, the current pollutionproduced by thpower electronidevices
supply votage waveform becometightly deformed from might be enhancedvhen a supply voltage contairipple
its clean sinusoidalaveorm because of the superimposed control signals.One of the commercial customers has
ripple control signal. reported light flicker problem and some issues related to the
Mo e e w m w e om e e wf noise in the sound sysh intheinstallation. From the initial
PQ measurement at that installation, it was found that
Im W m flicker levels are within the limits as specified in EN50160
m rm 'ﬁ M standard. However, the 1521 and some other harmonic
- | ] voltages are found to be quite large,eading the standard
|

aseyy

TEST NETWORK FOR SIM ULATION

_ ) i _ _ A part of t he Endinetds me d
Fig. 3: Typicalform and duration ofipple control signals simulated in which the above mentiothe c ust omer i

sent in netwaki neto0s installation is located. The test network is shown in Fig. 4.
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Endinetds 10KkV n ethevextarnal grids
provided byarother network operatomhe 10kV cables are
connected to the main distribution boardaddls (reactory

to restrict the short circuit current in the local stations. Also,
there are four capacitor banfeach ofs,5kvar) connected

at the main distribution station. From the main distribution
station, several rings are connectBdch ring consists of
several MV/LVtransformers to supply electrictiy various
customers. The mairsignalling voltageis fed from tle
main distributiorstation tosend ripple control signals tioe
customergocated intheserings.
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=
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Fig. 4: Test network used for simulation

The custorar hasa MV/LV transformer at his installation.
Thetransformer supplies to lighting loadimostly energy
saving lamps and halogen lampsglmmers and sound
systems. Therefore, the connected loads have mainly
nonlinear characteristicAlso, it can be remréed here that

customer loads are of capacitive in nature and sometimes

exports reactivpowerin to the network (found from the
measurement)The test network is modelled in Vision (a
software devel oped by 6P
Netherlands).

SIMULATION RESULTS

Three simulations are dobg using Vision simulation tool

This fraguercyiseldse tb the mains signalling frequency.
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Fig. 5: Impedance spectrum with existing capacitors
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This resonance point can be shiftedattower or higher
frequency range by addimgnningcapacitor or an indtior,

as shown in Fig. 6However, this type of modification
needs detail analysis to understand its impact on different
network conditions.
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Fig. 6: Impedance spectrum with large tunngapacitor
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Mains signdling frequency transfer

The transfer of ripple control voltage signal at different
points of the network is noted from simulation and is shown
in Table 1.1t can be noticed that ripple signal voltage

a) Impedancdrequency spectrum: to check the magnitude gets amplified when it reaches at the cuestond s
sensiivity of the network with frequency and to  installation, especially wherthe customer has some
find resonance poist capacitive loads at his installation.

b) Mains signalling frequency transfer characteristic
through the networkto investigate the increase/ Table 1: Ripple signal voltage magnitude at different
decrease of ripple control signal magnitude from points in test networkf Fig. 4
the sending end up to N "€ ObSeHatidn PofME I P S Ripplk SignaVollagd T | O N

c) Harmonicspectrumat t he customejlr6s install af i o0 nmmagnitude (%)
can indicate the amount afurrent pollutions Main distributionboard 2,55
injected by the devices in tbhe network (sending end of ripple signal

Local station 2,71
Impedancefrequency spectrum Customeros 2.79
Fig. 5 shows the impedandeequency response of the test connection (10kV side)
network. It shows that there exists a parallel resonancein Cust omer 6s i1 3,63
the network atin the frequencyrange of about 950Hz sidewith capacitive loads
1300Hz depending on the loading conditiofthe network. 10kV station guppergrid) 2.2
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Har moni c spectrum at t h ethecamingperindeamudnger of synchronised ineastiréments
Harmonic analysis is done considerivarious mnlinear are planned: one at the sending station, second one at a

l oads (such as rectifiers) Mddlenoiptin the feederanddhirdope at thesemeof | 5 ¢ j
simulation, it is found that 15and 2% order harmonic the installationlt is expected that this typd synchronised

voltages exceed the standard limit vajuesshown in Fig. measurement can gi\(e some more insight about the problem

7. The same obsertian was also made in the power quality (whether the ripple signal magnitude gets enhanced or not

measurement at the installatjonentioned below while pasing through the network).

Harmorisc! he spanningen

MITIGATION OPTION

) The specificcat omer 6s i nstallation
“ quite sensitive tahe probableeffects of ripple control

signals The dimmers used in the installation is sensitive to

g the additional zero crossing points in the voltage signal and

E cause flickerThis customedoes not use double tariff meter

f and hence does not need to receive ripple control signal

b - RN 4 his premiseTherefore, to solve the light flicker and noise

K disturbances at this installation, it is probably wise to block

the ripple control signals at the poof connection of this
installation. A ripple blocking filter can be used to stop

Fig. 7: Harmonic voltawé:“spectm at cust o mépplesggnalsentering into thestallation The cost of such
installation (compared with standard limits) type of filter can vary betweerb@0-4000 euros depending
on the required capacity of the filter.

POWER QUALITY MEASUR EMENTS AT
CUSTOMER®S | NSBNALLAT CONCLUSION

Power quality reasurements were done at the LV side of Endinet registersomec ust omer 6s compl ai n
the transformer as well as next to the dimmer to check disturbance caused by ripple control signdt.is noticed

various voltage quality indicatark was noticed that flicker ~ that ripple control signal strength at the sending station is

level are quite low (average 0,4) and meets the EN 50160 quitesmall as compared thelimits specified iEEN50160

standard limits of 1f¢r all the10 mirutes data for 95% of ~ Standard. Howeverdue tosome speci fic n
the measured time). However, it was noticed that harmonic ¢ 0 nf i gurati on and c uthéseaner s
currents are quite high and some occasions harmonic have a negative impact on ripple control signal at the

voltages exceed the standard lingispecially forl5" and customer 0s Inancestieme situgtione npple
found from network analysis that in the considered case,
SCOPE CURSOR ripple control signal is indeed getting enhanced at the
customerds installation to s
50.01Hz T 0001 A -2X T

ARz R : customer has many nonlinear lodhbatare quite sensitive

: : : to voltage signal waaform(and itszero-crossing point)in

this specificcase, a ripple blocking filter can probably be
the best solution to stop ripple signal related problem.
Further, a detailed analysis based on synchronised
measuremest at different parts of the networks
recommeded to get an insight to the problem.
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