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ABSTRACT

Accidents occur frequently in distribution network TV primary fuses blown, so it has a certain practical significance
to study the main reason for the fuse blown and prevention measures. This article first introduces the causes of TV
primary fuses blown are ferroresonance and low-frequency oscillation. Then it uses ATP-EMTP to establish the
mathematical model of 10kV distribution system and based on the simulation analysis of three influence factors of
TV primary fuses blown. Finally, it carries on the comprehensive comparison on the existing measures to prevent
TV primary fuses blown.

Keywords. Electromagnetic voltage transformer, Primary fusesroresonance, ATP-EMTP

INTRODUCTION

In the ungrounded distribution network, Bus gengraistalled on the electromagnetic voltage transker (TV),
which provides voltage for the backup protectiaut/ine protection and measurement of up one I&ef.when the
single-phase earth fault is eliminated, no-load bas closing or severe changes in system loaduémity TV
primary fuses blown accident will occut.does affect the measured value of the electrargy meter, also easy to
cause misoperation of relay protection device sty it still can not make the power grid safepst and reliable
[1], therefore, it is very necessary to study th@mreason for TV primary fuses blown and preventieeasures,
which has significant engineering value and pratsaynificance.

The Analysison the Causes of TV Primary Fuses Blown

After years of scholars' research, they found thatcause of TV primary fuses blown is so manyhsas the
ferroresonance; Low-frequency oscillation (LFO); Bvitrance capacitance current shock when the thstoden
weather; Power grid harmonic; TV secondary windislgsrt circuit, etd2]. Among them, that ferroresonance and
LFO is the main reason for the TV primary fusesasion medium voltage distribution network.
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Ferroresonance. The TV nonlinear excitation characteristics is thet cause of ferroresonance. When the system
is normal, TV excitation inductance will relativedylarge. When the system appear stimulate distagyaron core
tends to saturation. Due to TV nonlinear charasties of excitation inductance, TV excitation inthrce slash,
which leads it to match line-to-ground capacitaand stray capacitance of other electrical equipiméen it will
form the vibration circuit, eventually cause femsonance phenomenon.AHPeterson made the following
conclusions through the comprehensive study on dingulation test of ferroresonance: with the inciegs
impedance ratio ¥/Xe (Xco is line zero sequence capacitive reactangg,iX TV of impedance measurement
under the rated line voltage), successively it geties high-frequency resonance and fundamentaldrery
resonance and resonance frequency [3-5]. Fig.1 slioat TV volt-ampere characteristics of excitatiotuctance
are better, the iron core is saturated difficulthg resonance range will more easily move to i {6]. With the
change of grid zero sequence capacitive:¢/X . will also change, loop maybe change a state srrance into
another one.
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Fig.1 TV excitation inductance of volt-ampere characteristic curve and resonance area

L ow-frequency Oscillation (LFO). In recent years, that cables instead of overhewsas lis widely used in urban
distribution network makes the system to line-towgrd capacitance increased significantly, whickaiseyond the
scope of ferroresonance. But the field operatimwshthat TV primary fuses blown does not reduces hbecause
the system of capacitance is large, the singlegleasth fault eliminate disturbance and othersiiedpanother
electromagnetic oscillation, which is LFO. The #lation frequency score is lower than frequencynasce, but it
caused by TV primary windings current is much largen the latter, whose level is amps in the ahistage,
causing accidents such as TV primary fuses blown.

The Establishment of ATP-EM TP Simulation M odel

In this paper, the single-phase earth fault is usedxcite the oscillation process to make the fatan effect
obvious. Ferroresonance and LFO occur in zero segueircuit, the capacitance and TV three-phase are
symmetrical at that time. When the single-phasemgling fault occurs, voltage between phases wilichange [7],

so it can not be considered here. Simulation misdghown in Fig.2. If A phase occurs metallicitygle phase fault
and K simulate the grounding switch, Three-phasergposupply is 110kV voltage grade, magnetic saitumat
transformer uses A wiring variable ratio of 110/10kV. If the three-gde circuit parameters are symmetrical, each
phase conductor to ground capacitange0®05uF/km, each phase conductor impedange®425+j1.438); TV
adopts the JDZX19-10G type as Tab.1.
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Fig.2 Simulation model

Tab.1 JDZX19-10G type of TV excitation characteristic parameters

Number 1 2 3 4 5 6 7 8
i /A 0.001 0.002 0.004 0.005 0.010 0.017 0.039 0.068
¥ /Wb 4.50 9.00 18.01 25.97 36.01 39.84 45.02 47.72

The Influence Factorsof TV Primary Fuses Blown

The Total Length of Bus Feeder Line. The total length of bus feeder line can be charpealigh the changing of
the system capacitance value. Different resonaeserniulated when the single-phase earth faultinsimhted, so as
to explore the total length of bus line influendeTy primary windings current and the system resmmastate. In
this paper, the JDZX19-10G type of TV is simulatde simulation results such as TallBree-phase voltage and
current waveform of TV primary side for three moddstypical ferroresonance as Fig.3 and Fig.4. &hphase
voltage and current waveform of TV primary side E8¥O as Fig.5. Tab.2 shows that high frequencynasoe,
fundamental frequency resonance and low frequessyrmance occur in turn with the increase of 10 ¥ feeder
line length when single-phase earth fault elimin&then the feeder line length over the range abfesonance,
LFO will happen.

The characteristics of the four modes of resonatate, respectively as follows

1) High frequency resonance: three-phase voltage at the same time and over the line voltage, iwban
achieve the system normal phase voltage 4~6 tifesmain harm is high overvoltage made in the systad the
system insulation weaker areas threaten insulation.

2) Fundamental frequency resonance: a phase vabagaluced, the other two phase voltage rise riap
line voltage, which is easy to appear virtual gphenomenon.

3) Low frequency resonance: with three-phase veltagreasing, the voltage is generally not more théimes
of the phase voltage. The risk of low frequencynesice is the largest in the ferroresonance.

4) LFO: voltage and current will decay after a agrfperiod of time. Current can be ampere leveillagon in
the initial stage.The greater the capacitance efesy is, the lower the oscillation frequency ane gineater the
degree of primary windings currents will be.
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Tab.2 Resonance state of the different total length of 10 kV busfeeder line

Capacitanceuf Feeder line length /km Resonant state
0.002 04 High frequency resonance
0.01~0.02 2~4 Fundamental frequency resonance
0.03~0.1 6~20 Low Frequency resonance
0.15~10.0 30~2000 LFO
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Fig.3 TV primary voltage wavefor ms when ferroresonance occur
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Fig.4 TV primary current wavefor mswhen ferroresonance occur
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(a) Three-phase voltage (b) Three-phase current

Fig.5 TV primary voltage and current wavefor mswhen L FO occur

TV Excitation Characteristic. Using two sets of TV with different excitation paraters comparing, we can
explore the influence of TV excitation charactécisin the TV primary side current and resonanestdthe system.
Two curves of TV excitation characteristic is shoinrFig.6, and TV1's linearity is obviously bett&TP-EMTP
simulated on two sets of TV, each TV primary wirgfircurrent maximum peak and its system resonaate ist
shown in Tab.3. Under the different of system cépace, the primary windings current of TV2 is ajwdess in
Tab.3. Especially during the LFO, three-phase @werent of TV2 is about a half of TV1. For poor T¥&citation
characteristic, its primary fuses is very easyusefand cause an accident. As can be seen fromobatystem
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resonance state, TV2 ferroresonance area is lessareasy to happen.
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Fig.6 Excitation characteristicof TV1and TV2
Tab.3 Thecontrast of TV1and TV2 primary windings current peak

TV1 TV2
C uF
ialA is/A idA Resonant state ialA is/A idA Resonant state
0.002 0.349 0.343 0.319 High frequency 0.0004 .02 0.030 Fundamental frequency
0.02 0.005 0.201 0.301 Fundamental frequency 0.115 0.112 0.119 Low frequency
0.1 0.462 0.384 0.522 Low frequency 0.220 0.153 188. LFO
2.0 1.263 1.443 1.361 LFO 0.675 0.697 0.701 LFO
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Fig.7 TV primary voltage and current waveformswhen DC resistanceis 100Q2 (L = 20 km)
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Fig.8 TV primary voltage and current waveformswhen DC resistance is 1000Q (L = 20 km)
The Primary DC Resistance of TV. The primary DC resistance of TV can also affectoiesonance and LFO
when single-phase earth fault is eliminated. Iis {haper, the simulation of the different DC resiseamake the

influence of the TV primary voltage and current. &dhthe feeder line length is fairly short, with therease of DC
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resistance, TV primary voltage and current ampétigddreduced, but the resonance condition is e}t gadamage.
When the feeder line length is longer, with theréase of DC resistance, TV primary current ampétisdreduced.
Voltage and current amplitude decay obviously. IBdihcreasing of damping in zero sequence cirsuiteneficial
to prevent TV primary fuses blown, harmonic elintioa device currently widely used is accordinghis tprinciple.
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Fig.9 TV primary voltage and current waveformswhen DC resistance is 1002 (L = 200 km)
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Fig.10 TV primary voltage and current waveforms when DC resistanceis 100022 (L = 200 km)

The Prevention Measuresof TV Primary Fuses Blown

The prevention generally has two aspects: onedsgihg the parameters of inductance and capacitandestroy
the resonance condition, another is the restraimespnance energy consumption by the damping [8F8].
thoroughly solve this problems, a better excitatibaracteristic of TV is certainly the most fundantad In addition,
the system neutral point grounded by arc suppreszd or low resistance have good suppressiort.dBuit it is a
comprehensive project with more investment and nem@nomic, and the price is too big if only to pev TV

primary fuses blown [10], which shall not be commyonse. Therefore, on the basis of the existingrifistion

network structure, some measures adopted to prahentTV primary fuses blown is realistic, which l=ss

additional impact of equipment and less investment.

TV Primary Neutral Point Gounded by Har monic Elimination. Harmonic elimination is the nonlinear resistance
and this measure is so far the most commonly upeeteent TV primary fuses blown. The principleiimidar to the
linear resistance, which has the effect of enemysumption and increase the damping. Using nomnliresistance
make harmonic elimination, the heat capacity igdarand the damping effect is better. However, loaim
elimination access will lead to the zero sequenckage output of TV secondary reduced, which affettte
sensitivity of the grounding indicating device. Jipaper adopts the LXQ(M).10 type of harmonic elimination to
simulate, TV primary voltage and current waveforisishown in Fig.11. It can be seen the suppressifact of
harmonic elimination is great. Over-current ampgléwdecrease from 1.45A to 0.55A, and rapidly decay.
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Fig.11 TV primary voltage and current wavefor ms (L= 400km)

TV Primary Neutral Point Grounded by Single Phase TV. This connection is equivalent to improve the
excitation characteristics of TV core, so the dereot easy to appear saturated and the groundgtgictions have
enough sensitivity. In the same grid, if you havdtiple sets of TV, it will be effective accordinig the connection
mode for each one, and TV neutral point to eartttage will be also raised. After single phase T\¢ess, TV
primary voltage and current waveforms is shownimI2. In the larger capacitive current systens theasure can
not avoid the resonance, and has larger oscillativrer-current amplitude decrease from 1.45A tdbA,%nd
generally this measure is not better than harmelimaination.
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Fig.12 TV primary voltage and current wavefor ms (L= 400km)

The Damping Resistance in the Broken Corner of TV Secondary Delta Connection. The damping resistance
can consume resonance energy of zero sequencé dgir¢dhe broken corner of TV secondary delta catios,
equivalent to parallel resistor on the primary sidehe coil. When durative single-phase earthtfaappens, the
zero sequence voltage in the broken corner of Toérsdary delta connection will be 100V. The resistavalue is
very small, so it will produce very large circutati easily burned TV windings. When damping resistdoo small,
on the one hand, resistance may be burning itselftd overheating, on the other hand TV may alsburaing due
to excessive current. When flow occurs, it will bleort circuit in the broken corner of TV secondalsita
connection, which will increase the flow of value.

To avoid the above situation, it is usually adoptedlamping resistance instant access when théegigse earth
fault eliminate. In this paper, the simulation @naping resistance value is @1TV primary voltage and current

waveforms is shown in Fig.13 and Fig.14.

From Fig.13, when the damping resistance instacess; it will produce a high amplitude impact cotrevhich is
only lasted half a cycle, so it is not enough toseaTV primary fuses blown and the suppressiorceifevery good.
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From fig.14, when the damping resistance delayeddaaccess, resonance happens before resistaress adnder
the long time action of over current, TV primargés blow extremely easily, so the investment tifrihie measure
is not improper,which would be risky, and it ne&asher perfect in principle.

‘M“H“ Ii “‘\MW‘H‘HTH‘W\”\M[HIN ]

\_ I A ww I “\"\‘H il

” MMH il ’“W\\‘“NH\“M“

+ T T T T T ! -1.0 T T T T T T
0.0 0.4 0.8 12 1.6 [s] 20 0.0 04 08 12 1.6 [s] 20
(file FF O = # % 1A JE i1 B2 .pld; x-var t) v:XX0044 v:XX0050  v:XX0052 4(f|le FFO = A3EAE R pl4; x-vart) c:XX0044-XX0176  c:XX0050-XX0178  c:XX0052-XX0180

Fig.13 TV primary voltage and current wavefor ms when the damping resistance instant access
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Fig.14 TV primary voltage and current wavefor ms when the damping resistance delayed access

CONCLUSION

Ferroresonance and LFO in the distribution netwsank lead to TV primary fuses blown, and cause grepact on
the safe and stable operation of power system.dBasghe mathematical model of ATP-EMTP, it is siated the
main influence factors and rules of TV primary feiddown when the single-phase earth fault elimihatehich
provide the basis of prevention and control meastoe further research. Furthermore, to make a cehgnsive
comparative analysis of existing various preventio@asures, it helps to improve and optimize itsgHich has
significant engineering value and practical siguifice.
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