


synchronized by time, allowed
analysis of anomalies propagation
¥ Continuous recording of all
channels, including phase to
neutral and phase to ground
voltages, even in Delta networks,

revealed lightning  protection
issues
¥ Simultaneous monitoring

according to IEC 61000-4-30 and
cycle-by -cycle allowed analysis of
very fast phenomenal compliant
to EN 50160

Intermediate Conclusions:

¥ EN 50160 cannot provide any
indication to the source of failure
— failures occur in locations which
comply to EN50160 and in others
which don’t comply.

F Further investigation is required in
order to locate the reason for the
repetitive failures.

Multiple Simultaneous Analysis
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PQZIP compression technology and
continuous storing of
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=

all information at high
resolution is the ability
to  monitor  events
at several locations
synchronized by time.
Figure 5 shows the
phase L2 to neutral
voltageatall4locations.
Only the voltage dip at
4 was more than the
commonly used 10%
threshold. When using
a trigger-based logger,
the troubleshooting
engineer would have

100%

Figure 3: EN 50160 at the Main Service

Figure 3 shows the results of EN 50160
compliance at the main service (1).
Similar results were measured at each
one of the transformer secondary (2 &
3). The site not only complies with the

standard, it is even exceeds it.

Figure 4 shows the EN 50160 results
at the MCC (4), where many faults
were observed. However, similar faults
occur in points 2 and 3 as well, which
perfectly comply with EN 50160. The
obvious conclusion is that compliance
to EN50160 cannot provide the answer
to the source of failures, although it
indicates existence of voltage dips in
one location.

only a few cycles
before and a few cycles
after the event, from
location 4 only. The data from the
other three locations wouldn’'t be
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Figure 6: L2 Voltage Zoom

Figure 7 shows the voltages, currents,
kW, kVArand kVAtrends of atypical dip

ORJJHGK HUH I RUEHR X CEGG L | ¢, F x@tg MCC (4) which allows for deeper

to understand the event propagation
over the network.

Figure 5 shows the L2 voltage on all
locations. It shows two events — on
the left side an event started from 4,
to the transformer secondary (3), up
to the primary (1) and down to the
other’s transformer secondary (2).
However, the event on the right did
the opposite: from 2 to 1 and down
to 3 and 4. The lack of additional
measurement points prevents better
analysis of the source of failure and
how to prevent it from reoccuring.

Voltage Frequency: 100%

Supply Voltage Variations: 100%

Rapid Voltage Changes: 100%
Short Interruptions: 100%

Long Interruptions: 100%

Temporary Overvoltage: 100%

Harmonic Voltage: 100%
Flicker Severity: 100%

Supply Voltage Unbalance: 100%

Figure 6 zooms in on

the event propagation
by time, in addition
to the levels analysis
done above.

Figure 4: EN 50160 at MCC
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investigation. It clearly shows that
the dip is caused by a motor startup,
and it can easily be compensated
for by using the Elspec Equalizer —
the world’s fastest reactive power
compensation system. However, since
these dips occur every few minutes, it
is not likely the source of the repetitive
failures. Moreover, similar failures
occur at locations where the dips are
VLIQL,FDQWO\ VPDOOHU
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Figure 7: Typical dip at MCC
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Figure 8: Line-to-Ground Event

Intermediate Conclusions:
¥ There are voltage dips in each one
of the transformers.

¥ These dips can be reduced by

using Elspec Equalizer.

¥ These dips happens all the time
and they are not the source for
the repetitive failures.

¥ Further investigation is required in
order to locate the reason for the
repetitive failures.

Line-to-Ground Voltages

The site is connected using two Delta/
Wye transformers. Since the voltage
supply is Delta, the measurements
are commonly limited to line-to-line
voltages only. This is also what is
required in the different standards and
regulations. Elspec G4400 analyzers
record all the information all the time,
including line-to-neutral values. When
the network is Delta, and the neutral
is not connected, the line-to-neutral
values are the line-to-ground ones.

prevent also the

line-to-ground

events.

T The solution can
befrombothsides
of the meter —the
utilitycanimprove
its grid and/or
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measurements is shown in Figure 8.
Due to a short circuit between phase
L3 to the ground, the line-to-ground
voltages spiked to 26kV, rather than
the nominal 12.7kV (changes from 0%
to 205%). During the same failure,
the dip on the line-to-line voltage was
less than 1% from nominal and 3%
from the steady state level (21.8kV
with respect to 22.0kV and 22.4kV).
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monitoring  only  the line-to-line
voltages is that the line-to-ground
voltages do not go through the
transformer since it is D/Y. However,
the over-and-under voltages do affect
the transformer itself and reduce its

life expectancy.
Moreover, in sites
where there are
medium voltage
(MV) loads, this
voltage can

However, this averaging may hide
shorter phenomena. In some cases,
short events don’t have the required

energy to cause damage. However, it
depends on the weakness of the most
sensitive device. Figure 10 shows

FDXVYLJQL ¢ FEn® \ifferent results of the voltage

damage to the
loads as well.

Intermediate
Conclusions:

¥ To protect the
transformers, itis
recommended to

and current THD when calculating
every cycle (red) and according to
IEC 61000-4-30 (green). Rather
than maximum current THD of 19%,
the true value is 53%. Similarly, the
voltage THD is 12% and not 4%.

Figure 9: THD and 5th Harmony

™

the customer = g

can install - ‘\

better  lightning ! .

arrestors. s
¥ This phenomena e

affects the MV

only, and it is not

the source of the &0

failures. & e e g
f Further

investigation is o 40

requiredin orderto F 30

locate the reason R

for the repetitive 20 mmaximum

failures. 10 | ]
IEC  61000-4-30 A T
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generatorsofharmonic E - i
pollution, mainly o 1 mirddiv
the 5th  harmony.
The loads generate Figure 10: Cycle-by-cycle and

harmonic current which create voltage
pollution. Figure 9 shows a typical
condition - maximum 3.3% THD
maximum 20% THD I, 6.5V and 140A
at 5th harmony.

measurements are
in accordance to IEC
61000-4-30. This standard requires
an averaging of all parameters over a
200 ms period (10 cycles at 50Hz or
12 cycles at 60Hz).

Normally,

IEC 61000-40-30

THD

Why is it Important?

Due do superposition, the network
is represented at the 5th harmonic
differently than in the fundamental
(Figure 11). The load functions as
current source (IH). Normally, the
network equivalent impedance (Zs
= ZSOURCE = utility network plus
transformer) is the lowest, and the
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network which can withstand the



Intermediate Conclusions: of the graphs to IEC for extensive

fThe source of failure is explanations about these repeated
probably due to temporary simultaneous phenomena which occur
resonance at 5th harmony at a few hours pattern. In accordance
F7RSUHY HAQKWMD L O X D \H G to the measurement results so far, we
A SDVVLYH ¢OWHU LV UH BXhdVidi® to keep operating Elspec’s
Sensitive analysis systems. The requested
i | The Solution payment seems reasonable. "
5 H Load To prevent the resonance, a
SDVVLY®GIWWKR X @@ XV H G Inaddition, Mr. David Lustiger, Karpri’'s
7KH ¢ OWHNWR X OKD Y HO R ZCEO, said, “So many engineers, such
impedance at the 5th harmony along time and so much money spent
and be installed as close as without a successful identification of
possible to the transformer. the cause for the failures... Elspec’s
. . . Therefore, when a situation as solution proved to be the most
Figure 11: _S/mp//ﬁed Network d ibed ab h the | ¢ hensi t t0 iml i
Representation at 5th Harmony escribed above happens, the lowes comprehensive yet easy to implemen
LPSHGDQMMKHEDVV LLYAHWZAKUL F Kand most importantly — the only one
. . can withstand the harmonic current, that worked ! "
pollution. Ho_wever, N some cases and the sensitive loads will not be
the network |_mpedan;e 'S |ncr_eased affected. It is not possible to install Conclusion
©g. connection or d|sconr_1ect|on of FRQWURGCOMHEE D VYV LRUD FW L Y$tandards were created to provide
capacitors) and the harmonic current ecause the fastest ones have at least an equal starting point to the
.A RZ W FW KERZ HNR/_\S HGD QA F Kyne cycle reaction time. power quality analysis and to help
is a_sensmve I(_)ad. In addition, due to meters show the same values.
the increased impedance, the current .DUSULQVWDWDR@VSHE[HG However, in many cases limiting the
source cannotsupp_lythe sameamount SDVVLYOWHWXQHWRWKH WK information to standards prevented
of current, gnd during this resonance harmony (tuned to 235 Hz). After the troubleshooting engineer from
the current is smaller. WKH QVWDO CROWMLKH) O W H@WR monitoring the anomalies, not to
. additional failures were reported. mention identifying their source.
Normally, har_monlcs are averaged Moreover, some of the loads that were
becaus_e the Importance is t_he total disconnected when not in use in order The Elspec G4k series, equipped
energy in the harmonl(_:s. In this case, to protect them, were left connected with PQZip compression technology,
the peak power of this resonance is continuously. provides continuous measurement

3kVA (Figure 12). Obviously, the 200

. . ) of available information in a 1024
ms average is less, but it was still

sample/cycle. There is no limit on the

enough to cause damage. Moreover, References . :

sensitive loads probably fail before In his letter to the customer available data, since no thresholds

the 200 ms period is over (ref. 900-031 from 5-11-06), the or setups are usgd. In addition, it
) measures both in accordance to

consultant engineer said, “The
power quality analysis system,
installed at the plant by Elspec
I Ltd. was successful in locating
B i, Lo— — _ | anomalies which the local
A utility (Israeli Electric Company
- IEC) could not locate the
— entire time their instruments
were installed at the site.
{ Furthermore, according to
L the provided graphs, it can be
' clearly observed that the rising
I . in harmonics THD capacity

IEC 61000-4-30 and cycle-by-cycle in
order to guarantee a complete view of
the electrical network.

Using the Elspec G4k for power quality
analysis assures that anomalies not
only be monitored, but their causes
DOVR EH LGHQWL/,HG

i occurred simultaneously with
4 cvcles/div temporary external changes
in the IEC 22KV network
Figure 12: Temporary Resonance which indicates that there is an

existing correlation between the two
phenomena. We shall send a copy
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