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ABSTRACT

Since the passage of the National Energy Act, a growing number of
small power production facilities are being planned and built.
The interconnection requirements for this dispersed generation
have created a need for low cost multifunction relaying that will
allow these generators to safely connect to the utility system.
The PRIDE Relays were designed using microprocessor-based techno-
logy to satisfy the voltage and frequency relaying requirements
of this new industry.



INTRODUCTION

Since the enactment of the National Energy Act of 1979 a large
number of small private energy producers have been planning and
building small generation facilities in order to sell power to
the local utilities. Electric utilities across the country have
been planning for interconnection of these small generators and
the associated problems. Previously, the privately owned sources
of generation were typically large industrial plants with multi-
megawatt generators connected to the power system at a substation
through a dedicated line. Many of the new sites will be connec-
ted directly to the closest distribution circuit. With this
confiquration the parallel generator may now energize a distri-
bution line after the substation breaker or line recloser has
opened, In some cases the small generator could support the locad
and operate as an isolated system,

Protective relaying specifications for the interconnection of
these small generators generally require voltage and frequency
relays. These relays can detect when a line is isolated from the
system or if a fault has occurred. The PRIDE Relay was designed
to provide a multifunction relay in one package that would supply
the voltage and frequency relaying required for parallel genera-
tion and also be generally applicable for voltage and frequency
relaying,



RELAYING FUNCTIOHNS

A survey was conducted of the two hundred largest utilities and of
the IEEE Dispersed Storage and Generation (DSG) Working Group
concerning utility relaying policies relating to interconnection
of parallel generation. Upon completion of this survey, a second,
more specific survey was taken of those who responded to the first
survey., The second survey included a preliminary specification
for a relay intended to satisfy many of the interconnection relay-
ing requirements for small dispersed generators to the utility
grid. The results of the two surveys were formulated into a
design specification for a multi~function relay that would satisfy
many of the relaying reguirements that appeared to be common among
tne various interconnection schemes.

Three examples of typical specifications for interconnection
relaying are given in Figures 1, 2, and 3. These examples were
taken from major utility interconnection specifications. (See
References 1, 2, and 3).

The relaying functions chosen for the PRIDE Relay are indicated
inside the dashed lines in these figures. This part of the relay-
ing is targeted mainly at the problem of detection of isolation
of the small generator on a distribution circuit or at detecting
an abnormal condition on the distribution circuit and tripping the
small generator. In addition, the need for a single phase and a
three phase relay became apparent. The single phase relay needed
to be low-cost due to the economics of small single phase instal-
lations. Several compromises in flexibility were made in the
single phase design to meet the cost goals (i.e. no A/D converter).
The three phase relay was designed to retain as much operational
flexibility as possible. The relaying provided is listed in
Table 1.



FUNCTION SINGLE PHASE THREE PHASE

Over Frequency X X
Under Frequency X X
Overvoltage X X
Undervoltage X X
Voltage Unbalance - X
Time Delay on Over/Under X X

Frequency and Phase
Sequence (3-Phase)

Time Delay on Over/Under X X
Voltage and Voltage
Balance (3 phase)

Phase Sequence - X

Reconnect Time Delay X X

TABLE 1
PRIDE RELAY FUNCTIONS

The adjustment range and accuracy of each of the relaying
functions is listed in Table 2.



FUNCTION RANGE ACCURACY

Over Frequency 60.1 TO 65 Hz in +.,02 Hz
0.1 Hz increments
Under Frequency 59.9 TO 55 Hz in +.02 Hz
0.1 Hz increments
Overvoltage - Single Phase +3%, +4%, +5%, +6%, +10%, +2%
+15%, +20%
Three Phase +2% to +25% in 1% increments 1%
Undervoltage - Single Phase -3%, —-4%, -5%, -6%, -10%, +2%
~15%, ~20%
Three Phase -2% to -25% in 1% increments +1%
Voltage Unbalance +4% to +25% in 1% increments +2%
Frequency Trip Timer* 1 to 3600 cycles of the input +1 cycle

in 1 cycle increments.

Voltage Trip Timer* 1 to 3600 cycles of the input +2 cycles
in 1 cycle increments.

Phase Sequence Verifies proper phase sequence
prior to reconnection.

Reconnect Timer* 1 to 1000 seconds in 1 second
increments. **x

* The total time delay for the PRIDE Relay is calculated by adding
the measurement time delay to the timers specified above.

*% pDependent on the accuracy of the system frequency or +1 second,
whichever is greater.
TABLE 2

PRIDE RELAY ADJUSTMENT RANGES



FUNCTIONAL DESCRIPTION

In order to understand the operation of the microprocessor-based
relays, block diagrams in Figures 4 & 5, are shown., These dia-
grams indicate the mix of hardware and software and represent the
software in a logical form. These diagrams do not represent the
actual mechanization of the relays or the flow of the program.
However, they are useful in understanding how the various relaying
functions are combined, the hardware/software mix, and the overall
operation of the unit. Figure 4 is the single phase relay and
Figure 5 is the three phase unit,

The single phase relay (Figure 4) uses a low-cost AC/DC converter
and analog level detectors for the over and under voltage detec-
tion. This provides a low cost design at the expense of accuracy
and flexibility in changing the over and under voltage relaying
set points. The single phase over and undervoltage settings are
determined by precision resistors in the over and under voltage
circuits. The resistors must be changed to alter the relay set-
tings. The over and under frequency relaying and the time delays
are implemented in the microprocessor software, The limit set~
tings for the software functions are stored in the processor
memory. In order to change these settings, the memory can be
exchanged or can be changed by the customer. In the near future,
an optional control module will be available that will allow the
user to make the setting modifications using a keyboard and
display.

The three phase relay (Figure 5) incorporates an A/D converter and
an Analog Multiplexer controlled by the microprocessor. The
three phase voltages are converted to square waves at logic vol-
tage levels and are used by the microprocessor for frequency and
phase sequence calculations. The Analog card is a plug in module
that contains the A/D converter, analog multiplexer and the AC/DC
converter. These components are used to select one of the input
phase voltages and convert the AC amplitude information to a
binary number under microprocessor control.

The binary information is then input to the microprocessor and is
stored in the system RAM. The processor continuously sequences
through the three phase voltages and stores the binary data. The



voltage relaying then uses the binary voltage information to
perform the following functions:

OVERVOLTAGE
UNDERVOLTAGE
VOLTAGE BALANCE
INPUT LOSS

oo O

The overvoltage and undervoltage functions compare the binary
voltage data to the limits stored in the processor memory. The
voltage balance function calculates the maximum difference in the
phase voltages and compares this difference voltage to the limit
settings,

The input loss detection is used to determine if sufficient input
voltage is available for reliable operation of the squaring
circuitry. The frequency and phase sequence relaying requires
reliable reproduction of the period of the input AC potentials.
When an input voltage is below the level required for reliable
operation of the squaring circuitry, the frequency and phase
sequence relaying cannot be assumed to be operating properly.
When this occurs, these functions are disabled and the undervol-
tage relaying will trip the generator, preventing a false indica-
tion of frequency or phase sequence errors, and allowing the
voltage time delay to time out for a loss of input potential,
The input loss detection threshold is set below 40% and does not
interact with the undervoltage function.

The frequency and phase sequence functions use a counter in the
microprocessor to determine the period and relative phase angle
of the three inputs, The period is calculated after each cycle.
A digital filter in the processor software filters the period
data to reduce the effect of phase jitter on the measurement,
The filtered period data is then compared to the upper and lower
limits stored in the processor memory.

The phase sequence relaying uses the microprocessor to determine
the relative phase angle between the three phase voltages and
ensures that the A-B-C phase rotation is correct,

The time delays for tripping and reclosing use the system fre-
quency as a clock. The time delays in Figures 4 & 5 provide a
delay only on an input transition from a logic low to a logic
high, No delay is incorporated from a logic high to a logic low.
The voltage and frequency time delays are used to delay tripping,



ensuring that a transient condition will not cause an unnecessary
trip. The reclose time delay can be programmed for up to 300
seconds to ensure the system is stable before allowing the small
generator to reconnect,

TOTAL TIME DELAY

The total time delay for the PRIDE Relay to trip or close is
composed of two components.

(1) The trip time delays specified in Over/Undervoltage
Trip Timer, Frequency Trip Timer and Reconnect Timer.

(2) The measurement time for the internal circuitry to
detect the change in the input condition.

The measurement time must be added to the time delay specified
for the Over/Undervoltage Timer, Over/Under Frequency Timer, and
Reconnect Timers.

The measurement time can be determined using the LED indicators
on the front panel. The measurement time is defined as the time
between the change in the input condition (i.e. the voltage or
frequency shift) and the front panel LED turning "OFFY (or alter-
nately turning "ON" for an input condition shifting into range).

The intentional time delay programmed in the Over/Undervoltage
Trip Timer, the Over/Under Frequency Trip Timer, or the Reconnect
Timer can be determined by measuring the time delay between when
the LED changes state and when the relay contacts change state.
This time includes a minimum time of 1 cycle for the output relay
to operate.

A technique to determine a c¢lose estimation of what the measure-
ment time delay will be for various input conditions is described
in the following sections.

VOLTAGE MEASUREMENT TIME (Single Phase)

The time required for the unit to detect an over or under-
voltage condition is dependent on the voltage level before and
after the voltage change and the setpoint of the over/under
voltage detector. 1In case the potential input drops to zero
volts from its nominal 100% value, the following time delays for
measurement can be expected.



Undervoltage Setting Measurement Time Delay (Maximum)

5% 3 Cycles
10% 4 Cycles
20% 6 Cycles

Longer measurement delays can be expected if the input change is
less., For example if the input voltage drops from 100% to 75%
and the undervoltage setting is 80%, a measurement delay of 20
cycles can be expected.

The time delay for either under or overvoltage measurement can
be calculated from Figure 6. This figure can be used for either
an increase or decrease in the input voltage if the voltage set-
point is between the initial voltage and the final voltage.

The following two examples are shown to clarify this technique.

Example 1. Initial Voltage = 120 V
Final Voltage = 140 Vv
Setpoint = 130 V

Vstep = 20 V
Vset = 10 V

Vset _ (130-120) _ 10 _ g.5

Vstep ~ (140-120) 20

Td (from Figure 6) = 0.16 sec. (9.6 cycles)
Example 2. Initial Voltage = 120 V

Final Voltage = 100 Vv

Setpoint = 108 V

Vset . (120-108) _ 12 _ 5 ¢

Vstep (120-100) 20

Td (from Figure 6) = 0.19 sec, (11.4 cycles)
VOLTAGE MEASUREMENT TIME (Three Phase)

The unit voltage measurement time delay can vary from 2 to 16
cycles of the power input as follows:



Time Delay (Cycles)

Minimum Maximum
Single Phase - Over/Undervoltage 2 16
Two Phase - Qver/Undervoltage 2 11
Three Phase =~ Over/Undervoltage 2 6

FREQUENCY MEASUREMENT TIME

The time required for the single phase or the three phase to
detect an Over or Under Freguency condition is dependent on the
frequency before and after the input frequency change and the
setpoint for the Over/Under Frequency detector. The frequency is
measured each cycle of the potential input (phase A only for
three phase ). A digital filter is used in the microprocessor to
filter the data. This filter can add time delay dependent on how
the input changes relative to the set point. Figure 7 shows how
the filter output changes for a step change in input frequency.
If the setpoint was 62 Hz, the measured delay time is 1 cycle.
However, if the setpoint is 64.5 Hz, the delay time is 4 cycles.,

Using the vertical scale of Figure 7 (labeled % of Input Change)
the measurement time delay for any frequency step change can be
determined., Negative frequency step changes are treated the same
as positive changes.

| Final Frequency - Frequency Setting

¢ of Change =
Final Frequency - Intial Frequency

A step change from 60 Hz to 55 Hz with an under frequency setting
of 58 Hz would be detected in the next cycle after the change.

SYSTEM SOFTWARE DESCRIPTION

The PRIDE Relay software runs under a2 "mini" real-time operating
system. The operating system is divided into three main parts.
The interrupt handlers, the controller, and the kernel.

INTERRUPT HANDLERS

The INTERRUPT HANDLERS are small routines to service the incoming
interrupts. Each interrupt routine will schedule, through the
operating system, its appropriate control task (i.e. the zero-
crossing interrupt will schedule the frequency measurement task).



CONTROLLER

The CONTROLLER'S main purpose is to process data passed to it
from the interrupt handlers or from other tasks. The controller
can be broken down into four processes:

(1) Relay control

(2) Input conditioning and processing
(3) Timers and counters

(4) Self tests.

These processes each have a priority assigned to them by the
operating system according to their importance to overall system
flow,

Relay Control

The RELAY CONTROL controls the state of the output control
relays.

Input Conditioning and Processing

This process is the largest and most complicated of those listed.
The actual correlation and computation of input data and the
decisions on whether a given measurement is within the setpoint
range is accomplished here. This capability for high speed
processing and ability to dynamically change the weight of input
conditions is the main justification for the incorporation of the
microprocessor,

Timers and Counters

This process increments the various timers for voltage, frequency
and reconnect, and makes the time-out decisions based on setpoint
values stored in the ROM.

Self Tests

On POWER UP, the relay will run through a series of self tests to
determine if the hardware and software will function properly
when brought on-=line,

The relay will also perform tests on a low priorty basis in its

idle time. If no other test is pending, the self test task will
continuously run., Failures of any of these tests will result in

g O



tripping the generator off-line. A front panel LED will flash
indicating an error condition. The self test errors will be
described in more detail in the next section.

KERNEL

The nucleus of the operating system is the KERNEL. The KERNEL is
composed of 2 parts:

(1) The Scheduler
(2) The Dispatcher

Scheduler

The scheduler is flagged from an interrupt driver requiring
service. Status bits are set by the scheduler to indicate that a
task is pending, and then control is returned to the running
task. Each task, when started, will run until completion except
the self-test task which can be unconditionally preempted.

Dispatcher

When a task is completed, control returns to the dispatcher where
it picks up a vector to the highest priority pending task.

The self test task is the lowest priority and is also permanently
pending. Therefore, if the system is not busy the relay is
constantly checking itself.

Because each task is scheduled on a cycle by cycle basis the
operating system can be considered to be operating in real time.
On any given power line cycle, system processing takes up
approximately 10% of the time leaving 90% for self tests and
future capabilities. The high speed operation and processing
power make the microprocessor ideally suited for incorporation
into a general purpose multifunction relay.

SYSTEM ERROR INDICATIONS

The self test tasks consist of a power up sequence and a contin-
uously operating test that runs during the idle time of the
processor. The LED indicators on the front panel are used to
indicate self test failures. The following error types are
indicated to help in resolution of any failures. (Refer to
Figure 8.) The LED indicators will flash at approximately 2
cycles/second if an error is detected.
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RAM/ROM FAILURE - Indicates that the internal microprocessors RAM
or external Read Only Memory (ROM) has failed.

OPERATING SYSTEM FAILURE - This failure mode indicates that the
normal processing flow hag been upset.

VOLTAGE SAMPLE FAILURE ~ Indicates that the voltage potential
cannot be read properly.

CONFTIGURATION FAILURE - The three-phase relay does not find the
proper accessory cards in the expansion bus (i.e. A/D card miss-
ing or inoperativel,

FREQUENCY SAMPLE FAILURE - Signaled by a loss of zero crossings
on the freguency measuring input to the microprocessor. Caused
by an unconnected or extremely low voltage on the potential
input, or a grossly out of specification freguency measurement.

A/D FAILURE = Indicates the A/D converter has failed to complete
a conversion in the time allocated by the A/D watchdog timer.

A/D LIMIT FAILURE - The A/D converter has receilved an erroneous
result in the A/D scaling and offset test.

ELECTRICAL DESCRIPTION

The block diagrams for the single phase and three phase relays
are shown in Figures 8 & 10. The following brief discussion
describes the basic operation of the circuiltry.

POWER SUPPLY

The POWER SUPPLY provides the voltages necessary for operation of
the digital and analog circuits. Voltage loss detectors are also
incorporated that reset the processor and trip the generator if
one of the internal voltages fails.

WRTCEDOG TIKER

The WATCHDOG TIMER performs the function of overlooking the
program flow of the microprocessor. The watchdog will reset the
microprocessor back to an orderly startup sequence if the program
flow is upset or if the software does not perform an operation
within the allotted time period., The microprocessor will period-
ically update or "refresh”™ the watchdog to keep it out of a reset
condition.

m%gm



POWER ON CLEAR

The POWER ON CLEAR block is an RC circuit which insures proper
power—up when power is first applied to the unit,

SQUARING CIRCUIT

The SQUARING CIRCUIT converts the sinusoidal inputs to square
waves., The microprocessor can use these inputs to determine the
period (and thus frequency) of the A.C. input.

OVERVOLTAGE DETECTOR (Single Phase Only)

Based on properly chosen component values, the OVERVOLTAGE
DETECTOR will trip, signaling the microprocessor of an over-
voltage condition,

UNDERVOLTAGE DETECTOR (Single Phase Only)

The UNDERVOLTAGE DETECTOR works in the same manner as the
overvoltage detector, signaling the microprocessor of an
undervoltage condition.

AC to DC (Single Phase Only)

This block converts the sine wave inputs to a D.C. value propor-
tional to the amplitude of the sinusoidal input.

LED and RELAY DRIVE

Because of the microprocessor's low current-sourcing capability,
added drive is needed for powering the LED indicators and relays.

STATUS LED's

A1l LED's will remain lit when conditions are within specified
limits and will go out when a fault occurs. 1In addition, the
PRIDE Relay has a self-checking feature that will indicate an
error condition by flashing the LED's. The self-test feature
will automatically reset and retest to assure that the error
condition is still present.

m‘ﬁam



MICROPROCESSOR and ROM

The microprocessor gathers all the external inputs, calculates
and processes the data, drives the status indicators and ener-
gizes the relays. The microprocessor contains various on-chip
functions for frequency measurement and time delay synchroniza-
tion.

The ROM Card (Read Only Memory) contains the program for the
microprocessor. The ROM also stores the setpoints programmed at
the time of manufacture. The ROM is of the ultraviolet erasable
type and can be erased if the window is uncovered and exposed to
ultraviolet light.

EXPANSION BUS

All PRIDE Relays contain an EXPANSION BUS for future options.
Expansion cards can be plugged into the bus to add new capabili-
ties. Software changes will also be supported by changing or
adding ROM boards via the expansion bus.

THREE PHASE PRIDE

The three phase PRIDE Relay, shown in Figure 10 incorporates
several features not included in the single phase version. The
over and under voltage detection is done in software using the
A/D converter card in the expansion bus. Three squaring circuits
are used. Frequency measurement is done on Phase A. Phase B and
Phase C are used for the phase sequence relaying.

USER ADJUSTHENTS

Three methods of adjusting the relay settings will be available
after the unit is installed by the user.

1. Exchange of Memory Boards.

2. Optional Control Module.

3. User modification of EPROM settings using a PROM
programmer.

When the relay is purchased, the user should specify the desired
limit settings. These settings will be stored in the program
EPROM before the relay is shipped to the user. In many cases
there will never be a need to change the settings, however if a
change is desired, either of the above listed options may be
employed.
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MECHANICAIL DESCRIPTION

The Relay packaging was designed for the maximum protection of
the electronic components from the electrical environment. The
steel box is compartmentalized (as shown in Figure 11). The
inputs and outputs enter the unit at the bottom in a power input
compartment where the output relays and transformers are mounted.
This compartment contains no components that are sensitive to
voltage transients or electromagnetic interference (EMI).

The transient suppression required to meet the ANSI SWC testing
and the proposed Fast Transient Test is also located in the power
input section. The power and potential transformers in this
compartment connect the 120 V ac inputs to the lower levels used
by the PRIDE Relay. The signals from the input section pass
through EMI filters in an internal bulkhead before entering the
power supply and processor/logic section.

The EMI filters serve a dual purpose. The external interference
on the power and potential inputs is prevented from entering the
sensitive circuit area. Also, the inherent noise generated by
the microprocessor and switching regulator is prevented from
leaving the relay and interfering with other equipment.

The inputs and outputs to the relay may be disconnected using the
connector at the top of the power input section. This allows for
testing of the unit in place by attaching an external test device
in place of the internal cable.

The PRIDE Relay (shown in Figure 12) can be surface mounted or
semiflush mounted. Many small generator applications will use a
weather—-proof box with the PRIDE Relay, manual disconnect and a
contactor for the interconnection relaying. In these systems the
relay wil be surface mounted. Other systems will require semi-
flush mounting using a rectangular cutout in a relaying panel or
swinging door.
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CONCLUSION

The PRIDE Relays were designed to provide the voltage and
frequency relaying required for interconnection of dispersed
generation, The relays utilize a microprocessor with a real time
operating system to provide several simultaneous protective
relaying functions. The PRIDE Relays use a minimum amount of
hardware functions, implementing the majority of the relaying in
software. This mechanization allows for future expansion of
capabilities and for easy changes in the relaying algorithms
without extensive hardware redesign. In the future, micro-
processors will continue to find new applications in the field of
protective relaying.
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