Serveron White Paper: TBM Frequently Asked Questions

O: What is the principle of operation and how does it differ from other techniques?

A: The power factor (PF) or Tan 6 calculation in the TBM Live (and the SOS) system is based on
the conventional and fundamental Schering Bridge used in laboratories. Data is acquired under
software control from transducers connected to the test objects associated with a transformer and
then the data is compared to data from another reference standard to produce a power factor
value. Our sensor monitoring these minute phase and voltage changes has been proven to detect
the incipient fault days before other competitive systems in side by side tests conducted by more
than one Industry studies.

The Schering bridge concept is used, where a voltage reference is taken from a bushing that
simulates a reference capacitor. The reference device in our design does not have to be
associated with the same phase, since the virtual Schering bridge (software algorithm) for the
TBM Live, will automatically make the proper phase angle adjustments. Relative measurements
and evaluation can reduce the affect of influences such as ambient temperature, operating
voltages, loading conditions, different aging characteristics, different designs, operating
conditions, etc.

The software permits entering the PF value of the last offline test (preferred) nameplate PF
values for each sample under test. Using this value, the PF is normalized to a PF result, which is
comparable to an off-line test value.

The current sum method is another concept used in the market. It uses the sum of the 3 phases
and compares it to the neutral current. This method is very involved, has its limitations in
identifying the exact failing bushing, and it has proven to be less sensitive in independent testing
of bushing failures.

The common type of bushing failure problem occurs due to a failure in the internal bushing
capacitive layers. These failures occur slowly over time with one layer slowly failing and
burning through the Kraft paper. Serveron’s method of monitoring the voltage is very
responsive, and can detect these millivolt level changes. The changes are too small for a current
probe to react to them. This failure does not get in to the ground until it is very late in the failure
mode for the current probes to detect it. This fact was also verified by statements made by
researchers at a major Canadian Hydro facility, based on their use of a current probe using the
Current Sum method.
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0: Do the TBM Live products need a reference voltage?

A:

The TBM Live calculates the PF of a unit as a relative value compared with a reference voltage
from another device that is in service, thereby eliminating the need for a standard capacitor.
Please refer to the explanation in the previous question discussing the Schering Bridge.

: What is the impact of fluctuations of line voltage and harmonics on the readings/results from

the TBM Live System? This should also relate to how this affects the alarm conditions on the
unit.

: The Schering bridge method is used to directly compare the voltage signals from the monitored

bushings. Changes due to load variations will be common between the phases and will therefore
be factored out. The Fourier analysis performed on the signals looks at the fundamental
frequency only and is not affected by harmonics.

As an example of the voltage changes, note that the capacitive ratio between the bushing tap and
the high side of the bushing results in a small change in the measured voltage at the test tap. For
example an 83 volt change on a S00KV bushing results in a ImV change at the test tap.

The Alarm Conditions is a figure of merit, calculated using several statistical analysis techniques
on several samples. Since there are more than 10 samples used for this calculations, the impact
of fluctuations of the line voltages and harmonics is totally eliminated.

: What is the possibility of operating the TBM Live family of products in the frigid arctic

environment?

: The TBM Live families of products are certified to test at temperatures down to —50° C. The

certified tests were conducted by an independent laboratory, which has verified proper
operations over a temperature range of ~50" to 65° C.

: What is length of leads provided with each sensor? Exactly what kind of wire is it?

: The sensors for the TBM Live and TBM Live Plus come with 50’ of cable attached. The cable as

specified in the instruction manual is:

Single STP: rated for 2 kV AC insulation levels (Belden 1039A or equivalent).
Minimum shield/drain gauge > 0.7 mm’
Minimum core gauge > 0.7 mm’

Individual and overall STP bundles with several individually shielded pairs in each.
Overall shielding with drain wire.
Minimum drain wire gauge > 1.0 mm’
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0: How is the bushing/transformer protected from an accidental open circuit conditions at the
bushing tap coupler?

A: The bushing tap coupler has an internal capacitor that creates a voltage divider with the bushing
capacitance, C1. This voltage division limits the output of the bushing tap coupler to
approximately 115Vrms so that it is at a safe level if it gets disconnected from the rest of the
system. We also have a 400V spark gap, SG1 across the output of the bushing tap coupler that
will limit the output in case of surges or an over-voltage condition. A schematic representation of
the circuit is shown below.
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0: You say that if I walk up to your TBM Live system, I will get a reading just like the reading 1
would get if I used a Doble or On-Line Monitoring off-line power factor test set. Is this a true
statement, and how do you do this?

A: This statement is correct. Once the TBM Live is installed and configured, the user walks up with
a laptop with our software and hardware installed on it and can take a live PF reading at rated
voltage. (But it is an On-Line Monitoring test, not a DOBLE test)

The requirement is for configuring each sample at the initial installation. The configuration
program of the TBM Live software provides entering the PF value, preferably of the last offline
test for each sample being connected. Using this value, the readings are normalized to a PF
result, which is comparable to an off-line test value. The option to get the readings as Tan 0 is
also available, instead of the PF.

0: If all of the bushings are deteriorating at the same rate, how is your system going to see a
difference in the power factor reading based on a visit to this site once every three to six
months?

A: The TBM Live gathers the data and it can be viewed graphically or numerically. If PF values on
any bushing change, it will be visible in the graphs and data, since it will not correlate with its
previous data. Any changes will be noticeable from the previous test. While it is possible that all
bushings could change at exactly the same rate it is very unlikely, the system will show a smaller
change in data if this does occur, but it will be noticeable.
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0:

Is the trend reading you will be evaluating with the TBM Live really an indication of what is

A:

o

happening to the individual bushing?

Yes. The power factor (PF) calculation in the TBM Live Plus system is based on the
conventional Schering Bridge used in laboratories. Data is acquired under software control from
the transducers connected to the test objects associated with a transformer and then the data is
compared to data from another electrical phase to produce a power factor value.

The problem occurs due to the common type of bushing failure, which is a failure in the internal
bushing capacitive layers. These failures occur slowly over time with one layer slowly failing
and burning through the Kraft paper. Serveron’s method of monitoring the voltage is very
responsive, and can detect these millivolt level changes. The changes are too small for a current
probe to react to them. The failure does not get in to the ground until it is very late in the failure
stages for the current probes to detect it.

Would there be a way that you could install a system on both the high and low side bushings

and use calculations to give a power factor reading of the transformer itself similar to the
conventional way we do with the Doble or AVO’s off line sets?

Not at the present time, but we are investigating other on-line tests that can be performed using
the bushing taps.

: The TBM Live Data is only instantaneous when polled by an operator at site. Can you provide

us the capability of data storage for periods between tests that can be retrieved on a monthly

basis, or longer?

The TBM Live Plus can easily be installed in place of the TBM Live to perform this function..

: Why can’t you just install the capacitance tap sensors at each site, run wiring to box and not

install TBM Live unit at installation? The proposed concept would be to save money by
carrying out a TBM Live unit as well as your computer software to the site and hook up for
the evaluation.

Could the cost be reduced to $1000 (USS$) per point? You would only need as many TBM Live
units as you have personnel to evaluate.

That is basically what we have done. The hardware reduces the signal to less than 10Vrms so the
operator can safely operate the unit by creating a voltage divider between C1 of the bushing and
the hardware in the TBM Live.
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0: For the TBM Live Plus alarms, do we only trigger on difference of levels reached or do we

also analyze ‘rate of change’ as a criteria for alarm?

A: The “Condition Value” is the actual condition of the bushing based on a 4 step statistical
process that has been proven to be very secure. It is really a new figure of merit based on our
algorithm, which has proven successful on several occasions where catastrophic failures have
been prevented.

The analysis is used to provide alarms based on the Condition Value which is based on;
rate of change

historical average of the data

comparison to a like bushing exposed to the same environment

comparison to its own reference window of data

0: Why can’t you make your device communicate with any software systems protocol?

A: We provide the IEC 61850 (UCA2) protocol as our primary means of communication. A
competitive device from Doble, the “IDD-Bushing Monitor” does not provide IEC 61850
interface.

We also provide alarm relay outputs to SCADA, and can report by exception via email or FAX
through the serial port links.

0: Can a customer install into conduit, and use his own wiring?

A: The customer can install the wire in conduit, and can purchase his own cable as long as it meets
the specifications in the instruction manual.

0: What is maximum wire length from sensors to the TBM Live cabinet?

A: As outlined in the Instruction Manual (see 810 1786 00 _A), this distance can be as long as 1,000
feet for each BTC device.

0: What can be programmed on the TBM Live Plus?

A: The majority of configuration and operational information is pre-programmed in the TBM Live
products. The TBM Live product requires more user inputs than the TBM Live Plus product.
The following is a short list of items required by the TBM live product;

e System configuration data if different from default values
e Substation — Transformer — Device name and operational parameters
e Data export selection of specific parameters to be included

A complete listing of all required initial setup and configuration data is explained in each of the
products User Manuals. Please refer to the TBM Live Instruction manual (p/n 810-1786-00A)
and the TBM Live Plus Instruction manual (p/n 810-187-00A) respectively.
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Q: In TBM Live Plus unit, what and how many outputs are provided for alarming, if any?

A: AOUTI1 & AOUT?2 - These are 2 analog output voltages (0 to 5 Vdc) available.

monitored.

e Output voltage 1 (AOUT1) is the average Condition Value of all devices being

Output voltage 2 (AOUT2) is the highest Condition Value of all devices being

monitored.

A1 - Normally open.
A2 - Normally open.
A3 - Normally open.
A4 - Normally open.
A5 - Normally open.

value.

e A6 - Normally closed.

Six (6) alarm relay contacts (rated at 200VDC max. @ 1 Amp);

Will close if condition of device changes from green to yellow.
Will close if condition of device changes from yellow to red.
Will close if the signal from a single unit is down.

Will close if signals from a vector group (3 units) are down.
Will close if the memory on the PC is below the specified

Will open if the Monitoring program malfunctions.

Four (4) serial ports are available for RS232/485 communications. Ports 1 to 3 are RS232 only,
while Port 4 is RS232/485. 1EC 61850 and serial ASCII data is available on these serial ports.
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or Serveron Corporation.

BETTER POWER LINES

Blﬂnl. Hillsboro, OR 97124-7101

Phone: (503) 924-3200

Toll-free: (800) 880-2552 (USA and Canada only)
Fax: (503) 924-3290

http://www.serveron.com

Serveron Corporation, A BPL Global Company
lm 3305 NW Aloclek Drive
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