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SUMMARY

Detection of operating problems in H.V. protection relays, breakers and
line disconnects requires continuous monitoring and recording of system
transients. Analog inputs in the form of line currents and voltages
contain harmonics and transient information requiring a recording band-
width in excess of one kHz. Event data must be monitored to give a time
resolution better than *1 mSec.

This paper describes a transient fault data acquisition system developed by
the Saskatchewan Power Corporation's Research and Development Centre. The
design is capable of meeting the very high data throughput requirements
imposed by the large number of data channels monitored in an electrical
switching station. Up to 64 analog channels and 256 event channels can be
monitored and recorded. The event time domain resolution is dependent on,
and is synchronized with, the analog sampling rate. All analog and event
inputs are isolated and filtered prior to being recoided.

The paper describes the software and hardware design and includes an
example of data collected from the unit while in service at the Saskatchewan
Power Corporation's Condie Switching Station.

GEC Canada and SPC signed a formal agreement in October, 1984, giving GEC
the exclusive right to manufacture and sell the recorder worldwide.
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INTRODUCTION

The advent of the 16-bit microcomputer has facilitated the incor-
poration of relatively sophisticated data processing capabilities
into relatively inexpensive systems. The range of functions
performed by these processor-based systems is essentially determined
by the design of the "real-world” interface and by the software
developed.

The monitoring of high voltage transmission systems during distur-
bances has traditionally been performed by optical strip chart
recorders producing a large amount of hardcopy on site (i.e. in the
utility switching station). Collection and interpretation of the
data has been a highly labour—-intensive task historically. Without
time synchronization between the various data collection points,
interpretation of sequential events on a transmission and distribution
system has proven to be almost impossible. This is unfortunate since
electrical system behaviour and event synchronization in the
immediate post transient time frame is of key interest for verifying
system protection behaviour and longer term dynamic stability
characteristics. Now, through the use of a satellite clock inter-—
face, time synchronization between recorders is possible.

In 1977, the Saskatchewan Power Corporation developed a Version 1
prototype fault recording system (l). The system was equipped with
one megabyte of data storage, using dual flexible disks, and was
capable of monitoring 16 analog and 16 event channels at a maximum
throughput rate of approximately 8,000 samples per second.

In a large switching station up to 100 analog quantities and perhaps
a greater number of event channels may require monitoring. Unlike
many industrial applications, the time constants of the system being
monitored are small, requiring a high sampling rate for accurate
signal reconstruction. Typical protection operation times vary from
approximately 12 mSecs to a few seconds depending on the type of
fault. Breaker operation times are measured in terms of a few
electrical cycles (30 - 120 mSecs). Conversely, failures in the
protection scheme can lead to large dynamic generator transients
lasting 30 seconds or more under marginally stable conditions. Thus,
monitoring equipment must be able to incorporate a wide signal
bandwidth (>1 kHz) and long-term recording capability. The vast
amount of data generated by a computer based data acquisition system,
and the consequent data throughput and storage problems, require some
sophisticated solutions.

The ability to select different sampling rates for pre-fault,
immediate post—fault, and longer term post-—fault periods reduces the
amount of data collected while retaining useful information. Pre-
fault information is mostly contained in a 60 Hz bandwidth. The
immediate post—fault interval (typically up to 300 mSecs) contains
high frequency transients and requires a fast sampling rate. The
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longer term information is mostly associated with dynamic stability
and can be monitored using a slow sampling rate. Fault data, once
recorded on disk can be edited, and transmitted via a telephone link
to a central facility for reproduction or further analysis. This is
an obvious extension to local data hardcopy capability; however,
local playback is retained as an option for compatibility with
existing equipment and operator protocols.

Time synchronization over a satellite clock link provides system=-
wide coordination with other recording units. When this time tagged
data is transferred to a central unit, more sophisticated analysis
techniques can be employed by central computer facilities (e.g.
dynamic model verification, automatic protection coordination checks,
fault location, etcs).

The Version 2 fault recorder presented in this paper is capable of
monitoring 64 analog channels and 256 event channels with continuous
throughput to disk in excess of 150,000 samples per second and a
burst capability to 250,000 samples per second. The total disk
storage is currently 35 Mbytes, with the ability to incorporate
higher density Winchester technology in the near future.. This
represents an approximately twenty-fold improvement in performance
over the original Version 1 prototype developed in 1977 (1).

Section 2 of this paper describes the system hardware architecture;
Section 3 gives an overview of the system software structure.
Results obtained from a Version 2 unit installed in the Saskatchewan
Power Corporation's Condie Switching Station are given in Section 4.

SYSTEM HARDWARE

The transient fault data recorder consists of

- Processor, I/0 Processing Boards, Peripherals and Power Supply

- Winchester Disk and Flexible Disk Combination

-~ Analog/Status Isolation and Signal Conditioning Chasses

~ Optional Satellite Clock Receiver

- Termination Panels, CT Shunts, Test Blocks

A complete 64 analog/256 event FREUD can be housed in a free-standing
steel cubicle, complete with test blocks, CT shunts and terminal
blocks. Alternatively, a portable version can be supplied, with the

rack mounted chasses housed in a 31" high castered cabinet, inter-
connected via cable to external terminations and CT shunts.

The system hardware is presented in Figure 1.
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Signal Conditioning

Each signal conditioning chassis can house four horizontally-mounted
plug-in boards. Up to four of either 16 channel analog or 32 channel
event input modules can be accommodated per chassis. Up to three
chasses can be provided.

All processed outputs are run from the front of the analog and event
input boards. Event outputs are multiplexed to a 16-bit daisy
chained status bus. Each 16=bit port of event data is addressed from
the main processor via 6 board address lines and 2 port select lines.

Analog Input Signal Conditioning

The analog conditioning includes signal isolation, gain adjust,
selectable low—pass anti—aliasing filter (second order Butterworth
standard), and separate sample and hold for each analog channel. -

The AD294 isolation amplifier provides the common mode isolation
between the system input signals and the output. Incoming signals
may be attenuated or amplified by installing appropriate resistors at
the input section on pads provided. The isolation amplifier output
is routed to a state feedback, Butterworth, low—pass filter section.
The cut—off frequency of this filter is determined by the resistor
values chosen for stage feedback. One resistor D.I.P. pack is used
to select the corner frequency for four adjacent channels. Thus,
three phase and neutral values for a line or bus may be monitored
with identical filtering while other lines may have different filter
characteristics.

Inter-channel errors due to the interface circuitry may be eliminated
by trimming the D.C. offset, gain and filter characteristics.

The outputs from the filters are brought to individual sample and
hold amplifiers. All channels are held simultaneously and the values
then converted to digital format by the A/D converter. This approach
eliminates inter-—channel skew error due to the sequential scanning of
channels by the A/D sub-system.

Event Inputs

The event inputs can be configured to handle a wide range of input
signal levels. Typical configurations include +5V TTL, +24V D.C.,
48V D.C. and 129V station D.C. levels. Other levels are selected by
mounting an appropriate step—down resistor at the input to the opto-
isolator stage. Five kV isolation is provided by Fairchild FCD 830C
opto-isolators. Variable time constant signal debounce is provided
by the interface.

The output data is displayed on latched, L.E.D. indicator lamps. The
LED's may be triggered by a transition of either polarity depending
on the jumper configuration selected for individual channels, and
indicate to station personnel that a particular contact has operated
since last being reset.



2.4

2.5

2.6

2.7

2.8

Dual Port Interface Board (D.P.I.B.)

The digitized analog inputs and TTL-level status inputs are routed to
the D.P.I.B. card, and thence to the dual port on the dual port
memory board. The D.P.I.B. card provides three functions

ie Multiplexes and transfers event and analog data to the dual
port memory buffer.

ii. Monitors system operation and initiates system reset via
an on-board watchdog timer.

iii. Stores and passes control data to the analog input subsystem
for scan control.

Date/Time Clock Interface

An optional interface to a TRU-TIME (or compatible) satellite clock
is provided (via DRV-11J) to permit time-tagging of fault data. A
clock/calendar processor board KWV-1l is used when the satellite
clock is unavailable.

Processor and Peripherals

An IST 11/23 CPU with memory management and floating point options,
controls all acquisition and communications tasks. A 35 Mbyte
Winchester/Floppy disk combinaton provides fault data storage.

The floppy disk is used only for initial load of the system software
and as a portable media onto which fault files may be transferred.

The user's CRT terminal is connected to one of four available serial
ports. It consists of a black and white graphics terminal and slaved
graphics printer for local hard copy of the fault data. A second
serial port or a carrier-controlled local/remote switch may be
provided and allow remote access via a user—selectable asynchronous
modem. This allows a CRT/printer, a TFDR, or a computer typically
located at a remote central site to interface directly for data
transfer and system interrogation.

Real Time Programmable Clock

A programmable real time clock incorporating optional clock/calendar
with battery backup is used to set the channel sampling rates
selected by the operator.

Analog to Digital Converter/Dual Port Memory

The A/D board and dual port memory board significantly enhance the
performance and flexibility of the system. Under fault conditions,
data is automatically collected by the A/D board and transferred to
memory buffers on the dual port memory via the dual port interface.
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This leaves the processor and all Q-bus devices free to perform other
system tasks. When a memory buffer is filled, subsequent data is
stored in a second buffer while the first buffer is transferred
directly to disk. This allows short~term throughput of up to 250,000
samples per second (up to a maximum of 64,000 samples) with continuous
throughput of approximately 150,000 samples per second. To accommodate
the fast burst mode the user may program pre—~fault, immediate post-—
fault, and long-term post—fault sampling rates independently.

SYSTEM SOFTWARE

The transient fault data recorder (TFDR) rumns under the RT-11 Version
IV extended memory operating system. The host processor consists of
a 1LSI-11/23, 64 Kbytes of main memory, and 128 Kbytes of dual ported
memory. The command interface for the TFDR consists of a virtual
operating system (VOS) implemented "on~top" of the normal RT-11
system. The configuration of the VOS is illustrated in Figure 2.

The inner-most ring represents the actual host processor and its
associated peripherals, such as A/D converters, disk drives, etc.

The second ring represents the various primitives RT-11 uses to
"talk"” to the peripherals. These primitives consist of device
handlers, and system subroutines for device and job communication.
The third ring represents the RT-11 system utilities (compilers,
editors, etc.) and user application programs. All of these utilities
use the second level primitives to communicate with hardware devices
and other processes.

The fourth ring is the RT-11 command interface. Normally, users
entered their instructions to the operating system at this level.

The operating system decodes these commands, and runs the appropriate
utilities to accomplish the requested task. Some typical commands at
this level are COPY, DELETE, and RUN.

The outer—-most ring is the TFDR command interface or "shell". When
the system is being used as a fault recorder, an operator enters
commands at this level rather than the normal RT-11 command level.
This allows a set of specific fault recorder commands to be defined.
As a result, the operator does not require any knowledge of the RT-11
operating system to operate the TFDR. The shell simply translates
the English-like commands of the TFDR to an equivalent set of RT-11l
instructions. The RT-11 system is then responsible for running the
appropriate utility or application program.

Examples of typical TFDR commands are AUTOBOOT, MONITOR, CHANGE,
SAVE, DISPLAY and BYE.

The TFDR command shell and associated utility programs include an
extensive help facility. If the operator is in doubt at any point a
simple key stroke will display an appropriate help file. The
operator is also prompted for any required parameters not supplied on
the original command line.
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This shell structure offers several advantages over the simple RT-11
command interface.

1. Access to the TFDR is password driven. Only authorized users
are able to log in, and alter the configuration.

2. A record of all users log—ins is maintained.

3. Simple English~like commands are available rendering a knowledge
of RT-11 unnecessary.

4. Opefating system integrity is not compromised since the operator
has access to only fault recorder commands.

5. The shell loads a program into memory only when needed. As
a result, large portions of main memory are not permanently

reserved for any one program.

Basic Recorder Operation

FREUD has several modes of operation. In the MONITOR mode, all
analog and event channels are scanned, and a fault detection
algorithm is run for each triggerable channel. At the same time, a
pre—-fault buffer is maintained for all "armed” analog and event
channels.

The FREUD switches to the RECORDING mode when the triggering
condition has been satisfied. The COMMAND mode is used for setup of
channel names, scaling factors, sampling rates, etc. The DISPLAY
mode allows display and manipulation of fault data.

The basic recorder operation is shown in Figure 3. The general mode
of operation consists of monitoring the analog and event channels for
the onset of transient conditions. If an operator desires to check
on the recorder's status or modify some recording parameters, a
control key is struck at the local or remote terminal. This causes
an entry to a mini-executive, which will only accept the EXIT or
STATUS command. Any other response will cause the recorder to return
to its monitoring operation. Failure to respond within a set time
period will also cause a return to the monitoring.

MONITOR Mode

Monitoring can be initiated in one of two ways. The first method
involves an "auto-boot" from a power-on reset, or a watchdog timer
reset condition. If a reset is received, the fault recorder will
begin booting RT~11l. Once RT-11 has been loaded, a test is made to
see if an automatic restart of the recorder is enabled. If yes, the
recorder begins the monitoring operation. If auto-restart is not
enabled, the shell will be started.

The second method of initiating monitoring involves issuing a MONITOR
command explicitly from the COMMAND level.
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While in the MONITOR mode, all "armed"” analog and event channels are
scanned. A pre-fault buffer is maintained for all channels "tagged”
for recording. Although the size of this pre-fault buffer is fixed,
approximately 10 cycles of waveform data can be stored under maximum
configuration conditions using acceptable pre-fault sampling rates.
When a fault has been detected, this pre—-fault buffer is saved until
RECORDING takes place.

Triggering

Two algorithms exist for analog fault detection. Either or both
algorithms can be specified for any individual channel. The first
algorithm initiates a recording operation if the instantaneous
sampled value exceeds a previously set peak for that channel. The
second algorithm initiates a recording operation if the percentage
change on a cycle to cycle basis (60/50 Hz) exceeds a set threshold.

Analog channel triggering can be armed or disarmed. If a channel is
armed, the selected algorithms are run on that channel. As a result,
any armed channel has the capability to initiate a recording action.
Channels which are disarmed are not monitored for a fault condition.
Although a channel is disarmed, it can still be "tagged” for
recording if desired.

All analog and event channel parameters are stored in a disk file,
which is not lost during power failures. Any parameter in this file

can be easily modified using the fault recorder's CHANGE command.

Event Channel Fault Detection

Any event channel can be monitored for one of two conditions. The
first condition is a transition of an event channel from a logical O
state to a logical 1 (open to closed). The second condition is a
transition from a logical 1 state to a logical O (closed to open). A
recording operation is initiated only if the specified transition is
detected, and the channel is armed.

RECORDING Mode

When a fault is detected, the FREUD switches into the immediate post-
fault recording mode, and the sampling rate is increased to a value
preset by the operator during the initial setup of the recorder. All
fault data collected during this phase is routed via the dual port
interface board to the dual port memory (DPM) using a double
buffering scheme. The processor co-ordinates data transfer from the
DPM to the disk via the processor Q-bus. The recording period for
immediate post~fault data can be set to any reasonable value within
the limitations of available disk storage. Using a 35 Mbyte
Winchester combination, more than 200 seconds of uncompressed fault
data can be collected.
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A second post-fault recording mode can also be selected by the
operator, if long term recording at lower sampling rates is desired
following the immediate post—fault record. On completion of
recording, the fault file is closed and the system returns to
MONITORING.

The fault files generated during recording include time and date
information in the fault directory. = Parameters such as channel
names, scaling factors, and "offending” channel indices are stored in
the fault file. The size of the file varies depending on the number
of analog and event channels, the sampling rates for each recording
phase, and the desired number of cycles in each recording phase.

COMMAND Mode

The COMMAND mode allows set up for the number of channels in use, the
channel names, scaling factors (to allow direct measurements/
indication in primary quantities), triggering algorithms, sampling
rates, record lengths, date, time, passwords, etc. Fault files can
also be "saved" onto another location, or copied onto floppy for
portability. Entering the COMMAND mode is password protected for
securitye.

DISPLAY Mode

From the COMMAND mode, it is possible to enter the DISPLAY mode, used
to selectively display and manipulate a fault record. Each analog
and groups of 16 event channels can individually be selected to be
displayed, allowing the development of a custom record showing only
those channels of interest. The fault record time base can be
expanded to view the data for a particular period of interest.
Measurements of times and magnitudes can be made on the display via
movable cursors. The internal processor calculates times and
magnitudes digitally, such that no measurement error is introduced.
Vertical and horizontal lines and labels can be added to highlight
and identify the record.

Once manipulation of the fault record is complete, a hard copy of the
display can be recorded on a printer via keyboard command.

REMOTE FAULT ANALYSIS

The programming of FREUD (COMMAND Mode) and the manipulation of fault
data (DISPLAY Mode) can be performed either locally or remotely by

connecting a terminal and printer via a modem to FREUD. Alternatively,

with a master station, fault files can be transferred from remote
FREUDs into the master for analysis at one central location.
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Figure 5 shows a plot of a single line to ground fault that occurred
on the Saskatchewan Power transmission system. A Y phase-to—-ground

lightening strike is shown, with fault clearance in under 3 cycles,

and successful auto-reclose 0.684 seconds after fault occurrence.

The CRT terminal was used to quickly access and scan the fault
record, zero—-in on the parameters and time period of interest, label
various points, etc; in other words, quickly configure a custonm
display of the fault data and produce, via a single keyboard command,
a hard copy record of the data of interest.

CONCLUS IONS

The transient fault recorder described in this paper incorporates a
flexible triggering and recording system, capable of the high data through-
put rates required to meet electrical system monitoring bandwidth require-
ments. Use of off-the-shelf sub-systems at the board level minimize custom
design requirements and associated development overhead costs.

A highly successful recorder system design has resulted from the design
perspective of the user. It is an instrument designed by power utility
staff for a power utility application.

REFERENCES

1, Clewes, T.W., Hardy, R.H.S., McCuskee, L.B., Moffat, R.P., Norum, W.E.,
"A Digital Transient Recorder for Power System Monitoring and Analysis”,
I.E.E.E. Trans. Winter Power Meeting 83WM090-8 pp. 2186-2193.



16~Channel 32-Channel Tru-Time
Analog Input Status Input Satellite
Interface Interface Clock
k) 48-Bit Date/
Time Clock
Aux. ) Interface
Monitoring 16 Bit Chanpel Count Bus
Output Analog Bus
\,/ i] \/
Program- 64~Channel Custom Dual Port 64-Bit
mable 250 KHZ Status/ Memory Parallel
Clock A/D Analog 1/0
Converter Mux 128 KBytes
LSTI 11 - Q-Bus
35 MByte LSI 11/23 64 KByte
Winchester 4~Channel CPU with RAM
/1.2 MByte RS-422 M.M.U. & Memory
Flexible Serial KEF-11
Disc Comb.
I
Local/Remote Switch
] Telephone
Link
Local Modem v | Modem
Disc Controller Graphic
CRT
Terminal
| |
Central Site CRT
Graphic Terminal, Recor-
Printer der, or Computer

FIGURE 1 - SYSTEM HARDWARE CONFIGURATION




TDFR Command Level

RT-11 Command Level

A
R

,, Utilities
RT-11 ™

Primitives N

# A
; 7 kY
i
\ /

FIGURE 2 - SOFTWARE ORGANIZATION




{ POWER ON ) RESET

RT-11 STARTUP
LOAD HANDLERS
MAKE LOGICAL
ASSIGNMENTS

NO AUTO YES
START

START SHELL LOAD CHANNEL
ENTER LOGIN PARAMETERS
SEQUENCE
+ START
Yo MONITORING
CHANNELS
ONE LOGGING
( conTROL-X )
Y
[rgG:NALE ENTER MINI
o | PRINT FAULT Sﬁ%gulégE
e {RECORDER STATUS R OTMAND
3
NO
TATUS
COMMAND
X0 ALl A
COMMAND
?
EXIT
COMMAND
?
APPROPRIATE
] PROGRAM
NO PROG

DONE
?
- FIGURE 3

TFDR SOFTWARE OVERVIEW



Phase 2 Phage 3
Phase 1 Immediate long Term
“Monitoring” Post Fault Post Fault

Sanple
Analog & Lmmed
Event Cycles
Channels <0
Set to Set o
Immed P.F. L.T. P.F.
Test Sampling Rate Sampling Rate
Analogs '
Sample & Store Sarple & Store
Analog & Event Analog & Event
() -
No
Test
Events
No
Update
FIFO

Figure 4 : FPhases of Recorder Operation



LNOLINI¥d L70AVd TYIIdAL - G F¥NII4

AL
(DZd) dC06

~IN
(32d>1£06

H.Vf\tf\/\;f\vr\/\\f\/\.r

(32d> 7106

|
1
1
|
1
}
|
i
i
|
-«
i
|
I

035 $89°0 035 10-36¢k"0 |
3507103N0LNY=> Q3YITO LINYA=>,
92:80:02 OZ-NNM-+861 '

18q " 0Z3NNC



