Fast Transientsin the Operation of an Induction Motor with Vacuum Switches.
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Abstract - Generally in industrial plants, overvoltages

of impulse type are not consider ed, hence the i mpulse test
of the equipment is not specified. This paper shows one of
these cases, but high and fast voltage transients can arise
ina2.3kV system, when the starting autotr ansformer of a
1750HP motor is operated through a vacuum switch, and
can explain the power failure of autotransformer.
A modd was built in the ATP for simulating switching
operations that are not easy tobetested in thereal system
or difficult to record such as multiple re-ignitions of the
arcin thecircuit breaker. MODEL Swas used to build the
control logic that ssmulates the multiple re-ignitions of
thearc.

Keywords: Vacuum Circuit Bregkers, Transents overvoltages,
Re-ignitions, EMTP/ATP, MODELS.

I.  INTRODUCTION

In an indugtrid plant, a severe failure occured when a motor
was operated through a starting transformer, and consequently
the bus transformer and the starting transformer were destroyed.

The purpose of this paper isto show the results of the study
made to determine the transent behavior that occurs during the
motor operation, and tries to explain the power falure of the
transformers.

It is worth mentioning that initidly the ingtallation hed air-
blast circuit bresker, and in an upgrade of the system, this circuit
breaker was replaced by vacuum switches.

Also it must be noted that as the industria plants are gener-
aly consdered to be dectricaly far away from transents gener-
ated for the lightning activity, then it is norma not to specify
impulse test to the equipment.

In the common case, when amotor is operated directly by the
circuit bresker, the occurrence of multiple reignitions when break-
ing the starting current can produce high frequency overvoltages,
that stressthe inter turn insulation of the motor.

When a starting transformer is used to operate the notor,
then it is the garting transformer, which must withstand this
solicitation. It is easy for the transformer manufacturer toobtaina
good insulation of the first coils to withstand this stress, but in
the case of industria equipment of low voltage, this requirement
is not always taken into account.

II. DESCRIPTION OF THE NETWORK.
InFig. 1, it is shown a single-wire of the network to be simu-

lated. The Didribution Company supplies energy through a
45 MVA transformer of 132/13.2 kV, but dso the industrid plant
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hasits own generator of 12.5 MV A, connected to the 13.2 kV bus
bar too.

Practicaly, induction motors form al the loads of the plant.
Only the motor under study has a gtarting transformer.

Thismotor is connected to the 2.3 kV through acable of 95 m
length, and the failed transformers are the TP1014A1 and the
garting transformer showed in the figure, both failures were on
the 2.3 kV cail. Thereis no cable between both transformers, the
connection isthrough bus bars.

The switch |2 isthe vacuum switch under study. 11 and I3 are
aso vacuum switches that complete the ingtdlation.

I1l. MODEL OF THE SYSTEM.

The main difficulty to build the model of the system was the
lack of certain important parameters of the eements of the net-
work. For example, the behavior of the arc and the recovery d-
electric strength between contacts of the circuit bresker are un-
known; neither the stray capacitance of the transformers nor the



necessary information for building a detailed modd for high fre-
quency transients.

That situation forces to use Smple modds, and to do some
smplifications, taking into account the sengtivity of the tran-
sents with respect to the parameters of the network. Here was
very important some previous experiences of our Inditute in
measuring and smulation of high frequencies transents[1], [2].

A description of the used modd follows.

V. THE EQUIVALENT CIRCUIT.

The main objective is to smulate the fast transents due to
possible reignitions of the arc in the vacuum switch, therefore a
good representation of the eements around the switch and the
behavior of the switch itsdlf is necessary.. The representation of
the other dements of the system, like the power supply and the
motor, are necessary though to obtain a good representation of
the steady State previous to the transients, and are ‘low frequen-
desmodes

A. Vacuumswitch

As the parameters that describe the behavior of thearcinthe
vacuum switch are not known, we did not use amodd in which it
is Smulated. We used a smple switch mode (type 13), which is
controlled by means of alogic imposad in MODELS, smulating
the multiplere-ignitions of thearciniit.

'O m| MODELS

W(t) | open B L0
close
signa

Switch Type 13
Fig. 2. Signds between MODELS and ATP

Thismode takesinto account the following qudities:

. The characterigtic recovery dielectric strength between
contacts when opening.
The ability of the circuit breaker to chop the current be-
foreits natural zero (“Chopping Current”).
The rate of decay (dope) of the current prior to current
zero, that the switch is able to interrupt. This vaue is
function of the time after contact separation, and may be
positive or negetive. However, the digtd modd consid-
ersthisvaue as constant.

The control logic implemented in MODELS, that dlows
smulations of multiple re-ignitions (scheme in Fig. 2), is the
fallowing:

. After mechanic separation of the contacts of the circuit
bresker, it is consdered that the didectric strength be-
tween them grows up linearly, with a definite dope.
This straight rise defines the transient recovery voltage

withstood between contacts for each instant after the
current interruption.

The voltage between contacts in each instant, ul(t)-u2(t)
in Fig. 2, is compared with the withstood voltage (de-
fined by the above mentioned dtraight rise) and in case it
is surpassed, aclosing signdl is given to the switch, so a
re-ignition of the arc issimulated.

If the re-ignition occurs, then two conditions should be ful-
filled for the switch to interrupt the current again:

a Thedope of the current through zero must be under a
definite vaue, and
b) The ingantaneous vaue must be smdler than that
which the circuit bresker can chop (“Chopping cur-
rent”).
Only in the case where both conditions are met, an opening sgnd
for the switch is produced.

The preceding logic is repested for each time step, and in this
way it is possble to smulate the multiple re-ignitions phenom-
ena

For the present study, the following values are used:

- Sopeof recovery srength = 20 kV/ms

- Chopping current =10 A

- Sope of the current, when passing through zero thet the
switchisableto interrupt = 150 A/ns.

These vadues were taken from [3], and from the experience
(1.2
B. Power Source

The generator was represented like an ided generator with
impedance of 20%.

The power supply is modeled with zero and positive equiva
lent impedance, obtained from the mono and three-phase short
circuit power values, that are 1800 and 2000 MV A respectively.

C. Transformers.

The moddsfor the transformers can be divided in two parts:

- The smple TRANSFORMER modd of the ATP, to
smulate the steady state previous to the switching of
the vacuum switch.

- Cgpacitance to ground to smulae the transformers for
high frequency transients.

The dtray capecitance vaue of the starting transformer is not
known, s0 it was used avaue of 2 nF for the 2.3 kV cails, that is
obtained from [4] and [5].

As regards the stray capacitance of the TP1014A1 trans-
former, we can adopt a Smilar value. However, it is noted that a
2.3kV bus bar other loads are connected, and it must dso be
taken into account the stray capacitance of the bus bar. So, the
tota stray capacitance on the source side of the vacuum switch
will be higher than the corresponding to the starting transformer.
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Fig. 2 Complete model of the system builder with the ATPDraw

D. Cablesand busbars.

A modd with distributed parameters was used to represent
the cables (two in parallel) that connect the motor to the starting
transformer. The used values were:

Zc=50w

v=180m/ng

Lengh=95m

For the representation of the bars that connect the transform-
ersto the vacuum switch, it was adopted a vaue of 20pr.

E. Equivalent circuit of the motor.

The equivalent modd of the motor is an impedance RHX,
which represents the motor in the starting state conditions. The
parameters of the motor used to obtain this equivalent ares

Un=23kV
Pn=1750HP
IN=385A
lar/in=6
Cosjar =0,15

After this preliminary calculation, the equivaent circuit for the
chosentypica case was modelled with the ATPDraw (Fig. 2).

V. TRANSENT SMULATIONS

The probabilities of occurrence of reignitions are related with
the dope of the recovery voltage strength between contacts and
with the trandent recovery voltage (TRV). The higher the dope
the less probability of reignitions and inversely, for the higher
TRV, the higher probability.

It is known that the interruption of the starting current of a
motor is one maneuver when the reignitions have more possibili-
ties to occur. That is why in this Situation there is not emf in the
motor, and then the TRV between contacts of the circuit breaker
isworst than in other cases.

In addition, since the TRV is the compostion of the voltage
at both terminals of the switch, it will depend on the arcuit at
both sides, principaly with the characterigtic impedance of the
load, and with the chopping current cgpacity of the switch.

The Fig. 3 shows the dope of the recovery voltage strength
consdered in this study and the TRV between contacts of the
vacuum switch when the starting current of the motor is inter-
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Fig.3 Sope of recovery didectric strength
and TRV between contacts.

rupted, obtained with the assumed vaues of the parameters and
the digitd modd.

Fig. 3 show that the reignition will occur if the arc time, i.e,
the time between mechanicd separations of the contacts and the
instant of current chopping, isless than 0.8 ms approximately.

However, it is to be noted that we adopt estimated values for
the stray capacitance for the egquipment on the load side of the
switch. Then their characteristic impedance will be gpproximated
too. Also it must be considered the random nature of the chop-
ping current.

Both considerations have the effect of modifying the wave-
form and crest vadue of the TRV, and then the arc time to get
reignitions can be higher or lower than the previous vaue.

To get an egtimation of the trandents that can occur in this
system, we make the smulaions of reignitions for two extreme
vaues of thearctime.

In case @), the arc timeis gpproximately 0.8 ms, and in Fg. 4,
it is shown the resulted waveform of the voltage to ground, at
starting transformer terminals, and the current through the switch.

In case b), the arc time is gpproximately 0.25 ms, and in this
case the waveforms are shownin Fg. 5.
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Fig. 4. @) Voltage a sarting transformer, b) current through vac-
uum switch. Arctime= 0.8 ms

Both cases show the multiple reignition phenomena.

It is observed in case @), that after a few reignitions, the cur-
rent is interrupted and the voltage goes to zero through a low
frequency oscillation

However, in case b) thereis ahigher number of reignitions and
the current is not interrupted in this phase, because after the last
reignition, the current never meets the conditions imposed to the
modd.

Thefrequenciesinvolved in the transents are very high, and it
is known that the higher the frequencies, the higher the propar-
tion of the voltage that is applied to the first turns of the coil.

However, it isto be noted that this fast transients will depend
on gray capacitances and inductances around the vacuum switch,
that we do not know exactly and they have been egtimated. The
results are of the same quality astheinput.

There are ds0 other parameters that have influence on the
phenomenain generd, but we do not know and it is not possble
to know, like the variation of the damping with the frequency. It
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Fg. 5. @ Valtage & sarting transformer, b) current through vac-
uum switch. Arc time=0.25 ms

is difficult in the modd to get the correct damping for dl the
spreed of frequenciesinvolved.

It was considered more important to represent the damping
for the highest frequencies than for the lowest, that's why it is
observed alack of dampingin Figs. 4 and 5.

The values assumed in this study for some parameters, are
based on previous experiences of measurement and smulation of
fast transents[1], [2]. Reasonable variations of these vaues were
considered, without they are modified the obtained conclusions.

For transformers of 2.75kV, the IEC 76 Power Trans
formers standard has specified a crest vdue of 60kV for the
impulse test, with awaveform of 1.2/50n5.

In the smuldtions, crest-to-crest vaues of 50kV and time
front close to one microsecond have been obtained. This is a
severe dress to the inter-turn insulation of the coils and, what is
worgt, severd of theseimpulses can occur in only one meneuver.

The opening of the starting current of the motor is not a fre-
quent maneuver. In generd it occurs by wrong operation of over-



current protections, principally in theinitia state of new ingtala:
tions, like this case.

VI. CONCLUSIONS

With the aid of some simplifications, it was possible to con-
struct an acceptable digitd modd of the system.

The smulations made with this model show that, in case of
reignitions of the arc, the voltage to ground &t the starting trans-
former can be 25 kV, with frequencies of gpproximately one
megahertz.

The crest-to-crest value can aso be very high, up to 50kV
with the same frequency. The stress to the interturn insulation of
the coils can be similar to those obtained in the impul se test.

This is atypical case when the high frequency voltages are
not related with the lightning phenomena, and must be taken into
account at the moment of specifying the equipment tests, evenin

anindustria plant.

To obtain more precise results about the solicitations, it will
be necessary more and better information about certain stray
parameters. Fidd test will be necessary to dlow us to obtain
useful information about this subject.

However, with the obtained results it is useful to understand
that, to the new transformer, it is mandatory to spedify the im-
pulsetest of them.
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