TRAINING WITH THE POWER SYSTEM SIMULATOR AT TACOMA CITY LIGHT

By David A. Ward
Electrical Engineer

INTRODUCTION

During the mid-1980’s, Tacoma City Light, in Tacoma, Washington,
became aware of the need to implement a structured training program due to
a turnover of 60 percent of its Line Section field personnel in only five
years. Also, after completing the apprenticeship program, journey-level
personnel received no follow-up training for the rest of their careers.
After reviewing its training problem and assessing the training programs
of other utilities, City Light determined that a device which simulated a
three-phase, 12.5 kV overhead distribution system would best provide
hands-on, in-service training.

Once specific areas of needed training were identified, City Light
incorporated these areas of training into a three-phase power system
simulator that was designed and constructed in-house. These areas
included protective devices and their operation, regulators, and overall
system operation.

Besides teaching safe and efficient work practices, the simulator is
used to demonstrate system operation to engineering, field, operations,
and dispatching personnel. One of the greatest benefits has been the
improvement in communication between the sections involved in the training
program.

In addition, City Light partitioned off a storage area and remodeled
it into a training facility equipped with video projection equipment and
work benches. A training coordinator was hired to oversee the training at
the utility and committees were formed to provide direction for the
training program.

SYSTEM FEATURES

The power system simulator is composed of two separate units, each of
which consists of a circuit breaker, substation, and distribution training
board. These are referred to as Unit 1 and Unit 2; their functions will
be described below. The power supply is a three-phase, 120/208 V source.
Because of transients that can occur while demonstrating the simulator, an
auxiliary 120 V source is required for Tighting, digital panel meters, and
circuit breaker power supply. Current limiting resistors were installed
to 1imit any fault that may occur on the board to 30 amps or less. The
system is designed to be a hands-on training device. The simulator and
all of its associated devices are live and fully operational at
three-phase, 120/208 V.

A spare 15 kV vacuum circuit breaker installed in a cell serves as the
substation breaker for Unit 1. This allows the user to demonstrate
racking out the breaker, as is done at a substation in the field.



Substation A of Unit 1 consists of a voltmeter and ammeters,
electromechanical overcurrent relays {(phase and ground), breaker control
switch and indicator lights, and a reclosing relay. The overcurrent
relays are set to trip the breaker for faults that occur when the
simulator is demonstrated.

The distribution training board of Unit 1 is housed in a seven-foot-
high by eight-foot-long cabinet. The simulated distribution system is
made up of a main feeder with two three-phase laterals. As the user
closes switches on the board, the simulator lights each represented phase
independently with the use of fiber optic Tighting, allowing the user to
tell which sections are energized.

Some of the features of Unit 1 are:

1. Tap selector so the user can increase or decrease nominal voltage
in 2.5 percent increments.

2. Phase sequence selector so the user may change the phase sequence.

3. Fused cutouts, machined in the City Light machine shop, that are
fused with fuse links that coordinate with the substation relays’
settings. Under a faulted condition, they will drop open,
clearing the fault.

4. Twenty-two microprocessor-based digital panel meters with peak
storing memory are used to display volts, amps, watts, and vars at
various Tocations on the board. A voltmeter and an ammeter were
installed on the neutral on one of the three-phase laterals to
demonstrate the effects of an open neutral or a three-phase
imbalance.

5. Variable loading so the user can balance or unbalance either
three-phase lateral.

6. Fault switching so the user can select and initiate any
line-to-line or line-to-ground fault on either three-phase
lateral.

7. Motor load so the user may load one of the three-phase laterals
with small induction motors or with a fractional horsepower
motor. By connecting external capacitors, power factor
improvement can be demonstrated.

8. Binding posts were installed so a three-phase protective device
can be connected to the board and operated. City Light modified a
three-phase, hydraulic sectionalizer to operate on low current and
installed viewing ports in the tank to enable the user to observe
its internal operation. An electronic recloser and an electronic
sectionalizer also will be modified for use with the simulator.

9. Three-phase and/or single-phase switching so the user can
demonstrate the difference.



A vacuum circuit breaker also is used by Unit 2. The faceplate was
replaced by a clear plate so the user can see the operation of the springs
and charging motor. Unit 2’s Substation B has basically the same features
as Substation A except for the use of solid-state relays.

Constructed similarly to Unit 1, the distribution training board of
Unit 2 was completed in 1989 and is composed of a main feeder and two
single-phase laterals. Like Unit 1, its features include a tap changer,
variable loading, fault switching, and digital panel meters. It also
features:

1. A pole-mounted voltage regulator that was modified to regulate 120
volts AC can be connected to the board. Openings were cut in the
tank so that the user can see the tap changing operation of the
regulator. Digital voltmeters were installed on both sides of the
regulator so the change in voltage would be visible. The user
also can demonstrate the proper procedure for bypassing the
regulator.

2. Fused cutouts connected in series so the user can demonstrate fuse
coordination. Binding posts were also installed so a single-phase
recloser or sectionalizer can be connected in the circuit.

3. Single-phase transformers were installed at the end of each
lateral to enable the user to demonstrate paralleling.

By constructing two separate units, City Light can train its personnel
on the proper procedure for paralleling feeders and taking a substation
out of service.

TRANSFORMER TRAINING BOARD

A transformer training board has been constructed that enables the
user to perform any three-phase transformer connection that could be
encountered in the field. Its features include:

1. Primary voltmeter to simulate 7.2/12.5 kV high-side voltage
(actually is 1207208 V) and a secondary voltmeter.

2. Delta and wye variable loading.
3. Ammeter.
4. Switches to reverse the polarity and to simulate an open winding.

5. 1:1 ratio transformers were used so the user would be working with
secondary voltages that would be encountered in the field (120,
208, and 240 V).

The same type of transformers were installed in salvaged pole-top
transformer cans, connected internally to the bushings, and mounted as a
transformer bank. The user can perform connections on the board and on
the auxiliary bank and then demonstrate the proper procedure for
paralleling banks.



METER BOARD

A meter training board was designed and constructed to cover all
facets of metering that may be encountered in the field. The board is
divided into four different types of metering:

1. Contract industrial pulse

2. Three-phase, three-wire commercial
3. Single-phase residential

4. Three-phase, four-wire industrial

Unlike the other boards, the meter board has two working sides. The
user performs the necessary wiring in the back and then performs meter
testing in the front. Other features include variable loading, fault
switching, and phase shifting.

ADDITIONAL TRAINING BOARDS

City Light also plans to develop and construct a URD troubleshooting
board in 1990 that would be fed from the main simulator. This new board
may include a ferroresonance feature.

A network board may also be constructed to simulate the downtown
Tacoma network system.

CONCLUSION

By enhancing its simulator program with videotapes and classroom
instruction, Tacoma City Light has improved the quality and frequency of
training for its personnel. In addition to teaching safe and efficient
work practices, the program also has improved communication between the
sections involved in training.
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