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Introduction

The North American Electric Reliability Council (NERC) has defined standards for disturbance monitor-
ing and reporting requirements for transmission and generation systems. The primary standards are
PRC-002-1 and PRC-018-1 (both approved August 2006) which are to be replaced by PRC-002-2 when
approved. These standards, or versions from the eight regional reliability councils that are charged
with compliance enforcement of the NERC standard, establish requirements for installation of Distur-
bance Monitoring Equipment (DME).

DME is required to be installed at specific places within the generation and transmission infrastruc-
ture. DME capable of monitoring and recording system data pertaining to a wide variety of system

or equipment disturbances and must provide fault recording, dynamic disturbance recording (DDR),
and sequence of event (SOE) recording. Bitronics 70 Series monitoring and recording IEDs (intelligent
electronic devices) meet the requirements for DME within the current PRC-002-1 / PRC-018-1, and
PRC-002-2 in all of these areas.

NERC PRC-002-2 and the Need for Disturbance Monitoring Equipment (DME)

Key Elements of the Standard

NERC PRC-002-2 is attempting under “Project 2007-11 Disturbance Monitoring” to standardize the
regional reliability requirements concerning Disturbance Monitoring Equipment (DME). No date for
approval has been established and the project status is in “Informal Development.”

The purpose of the project is to establish requirements for installation of DME and reporting of
disturbance data to facilitate analyses of events and verify system models.

This project involves modifying two standards:
« PRC-002-1 — Define and Document Disturbance Monitoring and Equipment Requirements
« PRC-018-1 — Disturbance Monitoring Equipment Installation and Data

The project involves replacing “fill-in-the-blank” requirements currently assigned to the Regional
Reliability Organization, with requirements for North America that are applicable to other functional
entities. As envisioned, each region will supplement PRC-002-2 with a regional standard that will
include additional requirements.

The differences in PRC-002-2 are minimal compared to the already approved PRC-002-1 and PRC-018-1
standards so even if PRC-002-2 is not approved, existing requirements established under the two ap-
proved standards are driving compliance.

PRC-002 (-1 and -2) requires DME on nearly all lines of 200kV and up, as well as generation connected
to the grid at 200kV and above (in general, for transmission substations at 200kV and above and
generation connected to the grid at 200kV and above with single generation units of 500 MVA or total
nameplate capacity of 1500 MVA or greater). Prior standards generally required DME only on EHV lines
(345kV and up) and the nature of the recordings also differed.

PRC-002 describes three recording functions in detail:
+ Sequence of Events (SOE) logging

- Fault Recording (FR)

+ Dynamic Disturbance Recording (DDR)

While the first two are more widely available, DDR function is comparatively novel, more demanding,
and generally only available from newer DFRs such as 70 Series.

4 DME and NERC PRC-002-2
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Focusing on DDR, PRC-002-2 requires utilities to:

« Capture a continuous recording of up to nine measurements per line (per-phase volts and amps,
total MW and MVARs, and frequency) with high resolution (at least 960 samples per second to cal-
culate RMS quantities and at a rate of at least six times per second to store calculated RMS quanti-
ties) and make it available in Comtrade (C37.111) format using the “long file naming convention”
(C37.232).

+ Preserve a continuous record for ten days.

«+ Archive disturbances indicated as being of interest (Regional Reliability Organization-identified
events) for at least three years.

4@ NovaTech.

Although some modern protective relays may be able to be configured to provide the SOE points and
waveform capture required for PRC-002-2, none provide the combination of continuous recording
and memory storage required by DDR.

While the existing requirements are for 200kV and above, NERC has provided a draft definition of the
Bulk Electrical System (BES) under Project 2010-17 that defines applicability and exceptions at the
100kV level and above. So while not a certainty, there exists the possibility that the PRC-002-2 could
be extended below 200kV, and in fact Northeast Power Coordinating Council (NPCC) for one is look-
ing to apply PRC-002 to BES levels.
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Why This Matters Now?

Being able to comply with NERC and various regional reliability council requirements is becoming
increasingly important for transmission and generation operators as the time to comply in some
areas is already at hand. For example, the Regional Reliability Organization Reliability First Corpora-
tion approved PRC-002-RFC-01 in May 2009, meaning that partial compliance began in 2010, with the
majority of compliance required by 2014. Because the standards require DME in some cases where
no or minimal recording capabilities existed (installations starting as low as 100kV) operators are in
need now of cost-effective solutions that meet the current and upcoming standards.
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Bitronics 70 Series

4® NovaTeche

N
[=3
e
v
oo
o
S
]
e
(=
@
£
=
3
o
w
(=]
(=
=
(<]
=
[
o
=
(]
v
c
(]
2
S
=]
=
2
o

The 70 Series of IEDs consists of the M87x modular family and the M57x compact family. The M87x
family provides greater flexibility and increased 1/0 capability in a modular design, while the M57x
provides a more economical option with all hardware selected and built in at time of order. With
multi-mode recording and ability to make high speed, high accuracy measurements, both IED families
provide information necessary to analyze:

« Network faults such as short circuits, underfrequency, over/under voltage, etc.

- Reactions of the protective devices

« Dynamic response of the network

- Long-term trends

- Substation equipment performance

- Sequence of Events time stamped to Tms

70 Series serves SCADA metering and automation, control, and disturbance recording applications
in the substation including PRC-002 compliance. The 70 Series IEDs can provide automation where
electromechanical relays are still employed or can complement digital relays by providing additional
recording capability while providing enterprise-wide access to important event files without jeop-
ardizing the security of the protection system. The split-core CT option, described below, simplifies
retrofit of 70 Series in these applications and removes the need for an outage.

Memory options up to 512 MB easily allow the recording and storage requirements of PRC-002-2 to be
met. 70 Series IEDs provide features to reduce installation costs for faster PRC-002 compliance includ-
ing:

IEDs sized for single or dual line for maximum flexibility and scalability

« Wide-range temperature and universal power supply and wiring

Flexible mounting

Configurable ports and protocols

Split-core CTs that don’t require an outage to break into existing 5A circuits

The split-core CTs are available for the M571. Three individually calibrated, spring-tension mounted
CTs are provided replacing the internal CTs. They are 5A nominal and linear to 100A and give the same
accuracy as with the internal version.

6 DME and NERC PRC-002-2
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70 Series Detached Displays
The 70 Series family of detached displays is available to provide local indication of measured parameters
from the M87x and M57x IEDs.

The M570DA is used exclusively with the M57x from which it is powered. The M570DA is mounted up to
15 meters from the IED.

The M870D is self powered, allowing up to 15 displays to be connected to a single M57x or M87x IED.
M870D can be installed up to 1000 meters from the IED.

70 Series Software
70 Series application software is available for use with M87x and M57x family of IEDs.

70 Series utility software, which consists of the Configurator used for configuration and BiView used for
commissioning and file retrieval, are included with any M87x or M57x IED order. Within BiView, the Retriev-
er software allows the user to set up via a Windows task manager, automatic transfer and storage of record
files. Selected record files can be automatically retrieved daily, weekly, or monthly, or immediately upon
demand.

Wavewin® Bitronics® software is available for viewing and managing Comtrade record files.
This software is licensed from Softstuf, Inc.

Typical
4-Wire, 3-Element
(Y) Connection

SOURCE
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inthe direction
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Typical wiring of Bitronics M571 with Split-Core CTs in PRC-002-2 application
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Summary: Bitronics 70 Series Compliance to PRC-002-2 Requirements
Bitronics 70 Series IEDs are compliant with PRC-002 existing and upcoming standards in all three
recording areas. With memory option up to 512MB there is more than adequate storage to meet the
required number of recordings. They offer the ability to record both the time sync status as well as the
time sync error for the DDR. The biggest advantage for a 70 Series recorder is as a one-unit-per-line
device it can be retrofitted into existing substations much more easily and cost effectively than adding
a full-size DFR. The following table summarizes the requirements and Bitronics 70 Series compliance.

PRC-002-2 Requirement for SOE Equipment

Requirement Reference | Compliance | Notes

Record opening and closing of breaker auxiliary contacts R1, R2 v Up to 48 digital inputs per line
using M871

Record the time stamp to within four milliseconds of input R3 v Input Delay Time (from termi-

received for change in circuit breaker position nals): <100us

PRC-002-2 Requirement for Fault Recording

Requirement Reference Compliance | Notes

Record 3 phase-to-phase or phase-to-neutral voltages on R4.1,R5.1, Each IED can record all three

monitored line or bus or on Generator Step-up (GSU) trans- R5.4 phases on a line. M87x can

formers v record neutral current, M57x
records residual. Mx72 can
record two 3-phase lines.

Record three phase currents and the residual or neutral cur- R4.2,R5.2,

rents of each monitored line and transformer or on Generator R5.3 v

GSU transformers

Record at least two cycles of pre-trigger data R6.1 + Pre and Post-trigger record
configurable up to 2000

Record post trigger of at least 50 cycles or first three cycles of R6.1 + cycles.

an event and the final cycle of an event

Record at a minimum rate of 16 samples per cycle R6.2 + 128 samples per cycle typical,

256 samples per cycle max.

PRC-002-2 Requirement for Dynamic Disturbanc

e Recorder (DDR)

Recommended Practice for Naming Time Sequence Data Files

Requirement Reference Compliance | Notes
Record voltage and current from at least one phase (on the R7.1,R8.1, v Each IED can record all three
same phase) for all transmission lines at 200 kV or above R9.1, R10 phases on a line. M87x can
Record at least one phase-to-neutral or phase-to-phase volt- R7.3,R8.3, :Ezg:jsnzzzalaim&en;é I\CA:ZX
age of the high or low side for each GSU transformer and at R9.1, R10 v Idual. Vix/

record two 3-phase lines.
least one phase current (same phase as voltage)
Record frequency (at least one at the required substation) R7.2,R8.2,

R10

Record power and reactive power (MW and MVAR) on a three- | R7.4,R8.4,
phase basis (per each monitored line or transformer) R10
Sample data at a rate of at least 960 samples per second to R9.2, R10 7680 samples per second
calculate RMS electrical quantities + (60 Hz) used for all RMS

calculations
Store calculated RMS values of electrical quantities at a rate R9.3, R10 v Resolution configurable up to
of at least 6 times per second 10 times per second
Fault Recording and DDR data must be capable of being D1.5.1 Stored in Comtrade format
viewed and analyzed as COMTRADE (IEEE Std. C37.111-1997 v on IED. No off-line conversion
or successor) files required.
Data files shall be named in conformance with IEEE C37.232, D1.5.1 N4

8 DME and NERC PRC-002-2
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Customer Experience Using 70 Series for PRC-002

In 2009 Baltimore Gas & Electric (BGE), completed Disturbance Monitoring Equipment (DME) instal-
lation at Graceton substation. This project was part of BGE's overall plans to address NERC Standard
PRC-018 requiring all transmission owners have or install DME in accordance with the Regional Reli-
ability Organization’s (PRC-002) requirements.

Goals of the Graceton project were to design and install a system that would not only meet the
PRC-002-RFC requirements, but also realize design templates for future DME work and address some
aging infrastructure issues.
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The basic project achievements included:
« Met the PRC-002-RFC-01 requirements.
- Created templates for future DME work.
+ Reduced physical control wiring.
« Reduced aging infrastructure and maintenance.

- Installed a distributed recording solution that cost less than a conventional approach.

BGE falls under the Regional Organization sanctions of Reliability First Corporation (RFC). Their stan-
dard PRC-002-RFC-01 requires that DME be installed to monitor three-phase currents, three-phase
potentials, and breaker status on all lines and transformers in substations 200KV and above. Installed
DME must be capable of digital fault recording (DFR), dynamic disturbance recording (DDR) at loca-
tions meeting specific criteria, and sequence-of-events (SOE) recording.

The Graceton Substation is a 230 KV substation which terminates four transmission lines and a
230/115 KV transformer and was therefore affected by this standard. Graceton Substation did not have
any DME equipment installed and design concepts were put forth to address the issue.

The team approach to resolving the PRC-002-RFC requirements was unique in that it chose a design
concept of distributed recording, where multiple pieces of installed equipment were linked together
via communications to form a complete recording system.

The equipment selected was Bitronics 70 series IEDs (M871 and M571) which were installed on every
line circuit. To use the IEDs in distributed recording each IED was connected to an Ethernet switch al-
lowing communication of GSSE (UCA GOOSE) messages. If an IED recognized a system event it would
cross trigger all other IEDs to record at that instant, thus capturing all power system reactions at the

substation.

DME and NERC PRC-002-2 9
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Bitronics M571 recorders used for PRC-002 compliance mounted in back of cabinet
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Setup of UCA Network Time Sync which allows one IED to act as a time sync master

Part of the project required a mechanism to retrieve the individual meter records and compile the informa-
tion. BGE installed a secure work station that used vendor supplied software. The software allows the down-
loading of records and the sinusoidal traces of a recorded event from a group of meters can be combined to
form a DFR view of the event at the station.

DME and NERC PRC-002-2 11
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Combined waveform capture from multiple 70 Series IEDs

Implementing the integrated design and commissioning the equipment went seamlessly in very little time
due to careful planning and the use of developed setting templates.

Other highlights and benefits included the ability to report fault distance on the transmission circuits back
to the control center saving analysis time. The installed IEDs also allowed BGE to retire aging analog trans-
ducers, upgrade reported analogs to three phase digital readings and report billing metering on two of the
interconnect lines.

12 DME and NERC PRC-002-2
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= o Triggers snd lsrms ' Direct Line Impedance Phase Angle 0 Degreas
%’"‘ﬁ Tero Sequence Compensation Magnitude 1
Qmmmwm Zero Sequence Compensation Phase Angle 0 Degrees
h:r.'r_':n 't I Ling Distance 1 P
@ waeform Pl
£ T & Uit ¢f Distance P
[ — R
Changes Will Not Take EHect Untl the Device is Reboated E Caeel | LosdDelnas| Hep |

Fault Location setup in 70 Series Configurator

BGE realized savings by not installing expensive DFR equipment in using the distributive recording
approach and enhanced station metering as an additional benefit.
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Cost Reductions

The innovations detailed in the previous section led to reductions in field labor and time. The DME project
has been received well by BGE field personnel saving maintenance costs by replacing analog transducers
and meters with digital equipment thus extending maintenance intervals. The distributed fault recording
design has also saved thousands of dollars compared to installing a conventional digital fault recorder
solution.

« Substation Equipment Enhancement — The new DME equipment that was selected, the Bitronics 70
Series, has enhanced substation metering. The upgrade from analog to digital has provided more
accurate metering for both local and remote reporting. The functionality of the equipment also allows
for fault distance reporting on the transmission circuits, saving some up front analysis time.

« Reduction of Aging Infrastructure - BGE’s integrated design and carefully selected equipment has
allowed the retirement of analog metering transducers and analog meters within the substation.

70 Series Installation allowed removal of analog metering

14 DME and NERC PRC-002-2
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PRC-002 Solution for Natural Gas Plant

Recently, Exponential Engineering of Fort Collins, CO was asked to develop a PRC-002 compliant solution
for an 800 MW natural gas plant in Texas. They utilized the M871 in a Hoffman enclosure as shown in the
picture below.
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Exponential Engineering design of single line DME for PRC-002
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Example Configuration _((:9
How does the DDR work? O
o
) S
2 B
. © «
DDR uses both Disturbance Recorders (DR1 and DR2) > -
o S
-
- 2 c
70 Series Configurator v3.07 @ﬁ_g] “E‘
File Help ‘ 2
" Fault Location Line Settings = EDRM ‘Recorder v "g"
& M“D’:'r":‘;;'s"‘ Disturbance Recorder 1 (Triggered) =
Apparent Power (VA) Measurement to Record Min/Max Recorded (Primary) {j .§
: E Flicker 1 |RMS Voits A1 = 0/600 2 S
- lil, Harmonics ¥ = e ‘=
-5 Communication 2 |RMS Volts B 1 0/600 g
(M8 Detached Display 3 |RMS Volts C 1 i 0/600 2 s
- Port Assignments 4 |RMS Amps A1 2 0/10 ' g
| [#-X81 Protocols 5 |RMS Amps B 1 = 0/10 = g
6 |RMS Amps C 1 - 0/10 = 2
7 | RMS Watts Total 1 = -3,000 / 3,000 =l %
£L DNP 3 Measurement Type Filter Measurement Filter [a)
- Triggers and Alarms [ Instantaneous (V] Demands  [¥]Hamonics (V] Ratios [¥] Amps [IVokts  [¥] Power [¥] Miscellanecus
¥ Recorder Triggers Flash Drive Usage COMTRADE File Type
(B GSSE (Virtual 10) Tweddy oo rer Cycles per Sample 10 ~—
f of Fies (6]
|- Automatic Notification setting Distubance 1 ——(}—— 50 % 338 = Set alam when space used >= 75 %
Ly Timers Samples of Pre-Trigger 6
- Distubance 2~ () Measurement t -—
& @ Recording Modes & S0% 3% Type Samples of Post-Trigger 21.650
&2, Disturbance 10 % 0 ©@hstenteneous O Min8MaxdAvg Alow Re-Triggerng
T | | wedmz 0 0% 0
.} DRO2 Recorder Trendi b 0% 0 When Storage Space Full
= B el RO ©) Stop Recording ~ © Overwite Oldest
“ 1 »
Changes Will Not Take Effect Until the Device is Rebooted [ ok ][ cancel |[LoadDefaits] [ Help |

Configuration of the Disturbance Recorders used in the DDR

1. DR1 and DR2 alternates recording during successive hours. This is done to avoid any loss of data
during the time when one recorder would end and the other start. Manageable files of one - two
hours each are created, making locating fault files simpler.

2. The resolution of 10 Cycles per Sample (see arrow) at 60Hz produces six samples per second on
the recording required by PRC-002.

3. Each RMS measurement is calculated by a Digital Signal Processor operating many times faster
than the minimum sample rate needed for PRC-002 compliance.

4. Arecord Length of 21,650 samples (see arrow) at 6 samples/sec = 1 hour plus a few seconds of
overlap at each hour transition between recorders.

5. Ten days of on-board storage (the PRC-002 requirement) of 24 one-hour-long recordings requires
a capacity of only 240 files. The recorder in the above image is indicating 338 DR1 + 338 DR2
records = 28 days capacity on a 256MB CF card. A 512MB CF card is also available if more memory
is desired.
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4@® NovaTech.

DR1 and DR2 alternate by using “Periodic Triggers”
which were added to accomplish a continuous 7x24 recording

[a]
o
ot
v
E 70 Series Configurator v307 qu
- Fle Help
) [T o) Demanas + % Recorder Triggers
: g Apparent Power (VA) THiGgars,
@ Ficker
c . Harmonics Event Measurement to Trigger On Sign Value Hysteresis | Min Duration (ms) *
[T} & Communication 1 - = P= N mEl
£ g o 2 | Penodic Trgger 2 = - 1 m [}
,E- @ Protocols k 3 | SNIP Time Sync =l = 15 i) 0
= B iiﬂ;z:nrﬂm" 4 | Time Syne Error (msec) =] < = 2 0| 0
o a-'lmg""“””‘ 5 | Virtual Output 1 - 1.7] NA 0.
w & SNTP Measurement Type Fiter Measurement Fiter
(<)) & DNP [#Ihstontancous (V] Demands [V Hamonics (V] Ratos: ¥ Amps @Ivets  [Power (9] Miscetancous.
c ¢ Triggers and Alarms seten
o= E s [T Wavefomn Racorder 1 Reoet Measif 7 erie ¢ tor v307 2
fu s onfigurator v: k ﬁ
=) (B GSSE (Virtual 1/0) = [7] Waveform Recorder 2 fle Help
i = i i i ) 1
'E -y Timers Distusbence Recorder 2 el Demands + % Recorder Triggers.
o & @, Recording Modes [7] Digtal Output () Apparent Power tvA) Triggers
| Disturbance ] Vetual Output Automatic Nl ) Flicker - - - -
= 1 ORI Recorder PlsocEay [ L. Hormenics Event| Measurement to Trigger On Sign Value Hysteresis | Min Duration (ms)
2 OR02 Recorder = L & ¥ Communicstion 1| Periodic Trigger 1 = = 1= WA 0
(] @\ Waveform [l Reamt (@8 Detached Display
g sy ||| Do 7 pocsssmens : I O :
T Voltage Fluctustion Threshold: ~ @ 3 Protocols 3 | SNTP Time Sync = 1 N/A 0
© Ll m ' £S89 4 | Time Sync Ermor (msec) = < E 2| 0 0
2 "~ UCA Time Syne
|=- Changes Will Not Take Effect Unlil the Device is Rebooted % RGE 5 | Vinual Output 1 - - 1.2 WA 0.
A SNTP Mesurement Type Flter
";" -A. DNP [l instartaneous (4] Demands (| Homonics  [¥] Ratios. [FlAmps  [FIVots  [JIPower [ Miscelaneous
o— & - Triggers and Alarms Action
[a] 4 Recorder Triggers 1) Worehom Becesdir Reset Messurement Dital Outont Viual Outnt
GSSE (Virtual 'O} [7] Wavefom Recorder 2 - ﬂr,:% Bt GSSE
= s 1 - []Send GSSE
Q'a Timers ¥ Disturbance Recorder 2 Gl ] ForiType  Por
& @ Recording Modes 7] Digtal Outpet E
&k Disturbance 7] Vitusal Output. Automatic Notficaton
| DROL Recorder [ SOE Ertry 5|
Lo e .
£ Trending e . 1 Vursle Tiggess ) ORtogether
% Voltage Fluetuation Threshold: ~ 77 Fauk Ansiyss enme | AND together
g}
Changes Will Not Take Effect Until the Device is Rebooted [ ok ][ cancel Load Defauts Help
e e

Use of Periodic Triggers for continuous recording

DR1 and DR2 run in alternate hours in order to insure no interruption in data at the transition between
the end of one record and the beginning of the next.

One-hour-long records occupy about 200kB of memory each and are a convenient interval length
because of the time it takes to download files, the ease of locating exactly the recordings that are
of interest, and because the performance of most commercial Comtrade viewer software (such as
Wavewin) begins to suffer if more than a few hours are appended into a single continuous record.
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Four independent Periodic Triggers are provided.
Only two are required to accomplish the DDR function.

70 Series Configurator v3.07 m

Eile Help

Timers

Periodic Trigger 1 Periodic Trigger 2

Timer Period 2 = H 0 +|Mn Timer Period 2 []H 0 [2{Mn

Start Time 0 [ 0 M Stat Teoe 1S {0

=- 8 Synchronization

db: UCA Time Sync T

% NGB

k. SNTP

..... 4. DNP fencekc Taooe 3 Rk R

- Triggers and Alarms

% Recorder Triggers

GSSE (Virtual /'O)

a Automatic Notification setting

e StatTime 0 [S/H 0 [2Mn Stat Time 0 [SH 0 [ Min

EQ Recording Modes
@-F2 Disturbance
-\ Waveform
&= Trending
.7 Voltage Fluctuation Threshold: «

| m ] »

Timer Period 0 [{H 0 |[5{Min Timer Period 0 [5H 0 [5{Min

Changes Will Not Take Effect Until the Device is Rebooted ([ ok ][ cancel | [LoadDefauts| [ Hep |

Two Timers used for DDR staggered by one hour

On the preceding page we saw that Periodic Trigger 1 initiates DR1 and Periodic Trigger 2 initiates
DR2. The image above shows how the two periodic triggers are configured.

Periodic triggers operate as a “soft” binary point that changes state, dwells for about ten milliseconds,
then returns to its initialized state.

Observe how both triggers have a two-hour interval, that is, they fire every two hours, but the start
times are staggered by one hour, so the one trigger operates in each alternate hour.

18 DME and NERC PRC-002-2
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< . . .
e By assigning the same name to PT1 and PT2, the Disturbance Records
o . . o
8 ~ DR1 and DR2 can be appended into multi-hour continuous recordings
(=3
| E
O
x 10 seri 2
> a 70 Series Configurator v3.07 LW
- ol
le Hel
(@) S File Help —
Z c -8 Identity ~ | User Defined Meas Names
] ~@ Passwords =
£ B4 User Defined Meas Names| User Defined Measurement Names
‘ [-% - Hardware
v ‘5 (22 Instrument Transformer Default M Name User Defined Measurement Name =
I.IOJ- - #P Fault Location Line Settings Average Amps Bus1
-, Messiiremnenis DNP Active Connections
g‘ Be) Demands
= A] Apparent Power (VA) Periodic Trigger 1 0 g
g i o= iodic T
".é k1. Hurmonis | Periodic Trigger 2 Clock Trigger
<) []-‘g Communication K Periodic Trigger 3
= 8 Detached Display Periodic Trigger 4
] . Port Assignments =
E & X8I Protocols RMS Volts A 1 Harmonic
g =5 Synchroni.zation RMS Volts B 1 Harmonic
5 : ::uc;;""“ e RMS Volts C 1 Harmonic
@ e SNTP RMS Volts AB 1 Harmonic
a Cd DD RMS Volts BC 1 Harmonic
=] 4|E Triggers and Alarms T @
%% Recorder Triggers RMS Volts CA 1 Harmonic -
[B] GSSE (virtual V0) . e
% TA::::;I-: Notification setting L hpu @ & @ . ) [ Amps [7]Voks ] Power il
< | m ] »
Changes Will Not Take Effect Until the Device is Rebooted [ ok ][ cencel | |LoadDefauits| [ Hep |

Using Defined Measurement Names makes it easier to append separate records

The trigger (either PT1 or PT2) appears as one of the binary traces in each Comtrade file. That is PT1

appears in each DR1 file and PT2 appears in each DR2 file. Since the same trace has a different name
in DR1 and DR2, the two recordings would not normally be able to be appended by most Comtrade

viewer software (like WaveWin). But by manually assigning the same name to both traces, users can

string together up to four Comtrade files into a single contiguous recording.

Note, because of the large amount of data, the smooth performance of Comtrade viewer software can
be degraded by appending more than a few one-hour-long records together.
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Logic (1): Local indication that the recorder is active. e
O ~
_ 2 () S
70 Series Configurator v3.07 ﬂ I °|
v )
Eile Help (U E
3 Protocos = % Recorder Triggers > P
=& Modbus Tnggers O e
-
£ Scale Factors Event Measurement to Trigger On Sign Value Hysteresis | Min Duration (ms) * 2 5
& 3 | SNTP Time Sync — = 1= N/A 0 £
DNP Point Assignments
: DNP Scale Fuctors 4 | Time Sync Error (msec) B4 < 2 0 0 ‘ .%
£ Vigual Quiput 1 =] = 1= 7N i v o
w
¢ L [l Disturbance 1 Recorder Active o = 12 N/A 0 ] o
- - - = c
oK symhm"mmn 7 |Disturbance 2 Recorder Active 1 N/A 0. =
3 .... 4. UCA Time Sync Measurement Type Fitter Measurement Fiter 3
& RIG-B [¥] Instantaneous [ Demands  [¥] Hamonics [¥] Ratios [¥] Amps [¥] Voks [¥] Power [¥] Miscellaneous -E
a’.L SNTP [-]
.k DNP [*] Wavefom Recorder 1 Virtual Output s
=] @ Triggers and Alarms [C] Wavefomm Recorder 2 [ GSSE 8
[ S Disturbance Recorder 1 (] Send GSSE c
. GSSE M,t“mo) N 2 Nurrber Paint Ty_pe Pant -g
-3 Automatic Notification setting Digital Output v S
iy Tlrr!ers Recorders :'] OnValue  Off Value 12
= Q Recur.dlng Modes SOE Entry ( - l Trigger Type Logic E
&£ Disturbance Reset M Edge Level -
@\ Waveform [ Automatic Notficati SOE Btk i
) Trending i Message ‘ Multiple Triggers OR together
“.&f* Voltage Fluctuation Thresholds + [k A AND together
< (] ] »
Changes Will Not Take Effect Until the Device is Rebooted [0k [ Cancel | [LoadDefauts| [ Hep |

Setting up digital output for visual evidence that recorder is active

Local indication (LED lights on front of M871 unit) is optional, but very useful feedback for operators.

Logic (1): Local indication that the recorder is active.

Card 0 Card 1 Card 2

O0Osss

o[
e
clele

[ [l el 1]l @le
Card 0, Output 1 = DR1 is active

Card 0, Output 2 = DR2 is active

LED on Digital I/0 Module indicates that DDR is functioning
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€] o . o . .
c Logic (2): Local indication of time sync status.
o F
I o 70 Series Configurator v3.07
1
> o | FauhLocstionineSettings - |4 Riecorder Triggers
‘6 - Measurements Th
O - | [&] Demands riggers
Z E : Apparent Power (VA) Ewntl Measurement to Trigger On Sign Value Hysteresis | Min Duration (ms) *
g @ Flicker 1 | = 1= NA
‘ o Ea-,§ -thmw‘;_;“ ] 2 | Time Sync Emor (msec) = < = 2 0
" 4 3 @8 Detached Display 3 | Time Sync Error (msec) 3 2 0
g ¥ Portssignenents 4| Vitual Output 1 o - 1= A
g‘ Ea—-g:n:mon 5 | Disturbance 1 Recorder Active X = 1= MrA
= A UCA Time Sync Measurement Type Fiter Measurement Fiter
o | % WG-8 [@)startaneous 7] Demands  [|Hamonics (7] Ratios [@Amps  [WVoks  [V]Power 7] Mscelaneous
‘e A SNTP e
-] L& pne 3 [7] Waveform Recorder 1 Reset Measursment Digital Output Virtual Outpet
= & & Triggers and Alarms [7] Wawefom Recorder 2 [ | Card Bit GSSE
(] |4 Recorder Triggers [] Disturbance Recorder 1 e e -] - [F) Send G5SE
v | = Poirt Type Point
c (5] GsSE (virtual 1/0) [ Distubance Recorder 2 = Climch on g we Pt
[} rs Automatic Notification setting| [ Digtal Output :a ? - User Status ~ | |1 [
'I:-, Q?;T:“m 7] Vitual Output Automatic Notfication oo Z OnVae  Off¥ahe
= ording es. = nigger Type: | -
E @12 Disturbance :;iﬁiﬂ' l )| @ Edge Level [10_, L]
@\ Waveform - ©) No Logic
a L& Trending B chcmetic Nolicallr e S0 | Multple Tiggers () OR together
L %P Voltage Fluctustion Thresholds - | L Fout Andlyss —— ® ANDtogether
4 [ ] »
Changes Will Not Take Effect Until the Device is Rebooted (oK ][ Concel ||[LosdDefouits| [ Hep |

Using AND Logic to determine time sync is active and within spec

Event 1 is a binary condition that indicates when an SNTP server is connected and the M871 is receiving a
valid signal (does not distinguish accuracy of the server).

Events 2 and 3 are analog measurements that measure the difference between the clock on the SNTP
server and the clock on the M871. PRC-002 requires time sync to be +/-2ms or better.

Event 1, 2 and 3 all have the same configuration: Virtual Output 1 will operate only when the AND logic is
satisfied.

On the next page, the results of Virtual Output 1 operating is described.
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Logic (2): Local indication of time sync status.

70 Series Configurator v3.07 m
File Help
" #F Fault Location Line Settings  ~ | %) Recorder Triggers
=-<¥ Measurements =
i Demands Tnggers
Apparent Power (VA) Event Measurement to Trigger On Sign Value Hysteresis | Min Duration (ms) l,j
E Flicker 1 | SNTP Time Sync - = 1= N/A 0
---lil, Harmonics 7 - >
&% Communication 2 | Time Sync Error (msec) < 2 0 0
[ Detached Display 3 | Time Sync Error (msec| N > = = 0 0
. Port Assignments ,,[_ PRl Virtual Output 1 -] = 1= NIA 0 ]
& Smrfrotcol 5| Disturbance 1 Recorder Active L [ WA 0.
= ‘5 Slynchmmzntlon
dh. UCA Time Sync Measurement Type Filter Measurement Filter
% RIG-B [ Instantaneous ] Demands [V|Hamonics [V Ratios [¥] Amps [IVoks  [¥] Power [¥] Miscellaneous.
b SNTP
b DNP L [7] Waveform Recorder 1 Vitual Output
¢ Triggers and Alarms [[]Wavefom Recorder2 | GSSE
% Recorder Triggers \ [ Distubance Recorder 1 [[]Send GSSE
(] GSSE (Virtual VO) \ 2 e Paint Type Paint
3 Automatic Notification setting [¥] Digtal Output :]
Q"‘& Timers Recorders [ -] OnValue  OffValue
=3 Recording Modes [£] SOE Entry Trigger Type =
" X Ic
@£ Disturbance Reset M [ [ @ Edge Level = E]
@ Waveform - SOE @ No Logic
L& Trending [C) Automatic Netfication . [ I Multiple Triggers ) OR together
L - Message
- Voltage Fluctuation Threshold: ~ Eal ks -t AND together
<[ m ] »
Changes Will Not Take Effect Until the Device is Rebooted [ ok ][ cancel | |LoadDefauts| [ Hep |

Setup for local indication of time sync status

When the AND-logic is satisfied, Virtual Output 1 operates, causing the Digital Output 4 on Card 0 to
operate, closing the contact and illuminating an LED for positive indication the clock on the M871 is
synchronized with the SNTP server.

Logic (2): Local indication of time sync status.

)] I

elojeeloeae

(o]
W o o o o]
L [ 1 [l el el Il @l
Card 0, Output 4 = SNTP is active AND At < 2ms.
LED showing time sync active and within spec
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What does it look like?

W WAVEWIN EZ - [120217,065959421338,0,345_66KV_Transformer_IED, DI Description, DI Owner, DI Location, DR2_0250.DAT - 17/02/2012 - 07:00:00.312 - Primary - (Peak T] (= e
¥i File Data Channels View Values Window Help [=]=]=]
EvtSystem | B M B | OBack & Files @ Devices <) Stations -7 Faulls I [ m2n17/2012 040832 PM
T I - T R - T - U e B T I T I S R R
CH[H« | |+ =]~ Tile AMs  [oX] |
RMS Vots A1 204746.323
RMS Voits B 1 204727.933
RMS Volts C 1 205345.701
RMS Amps A1 2377
RMS Amps B 1 220251
3 RMS Amps C 1 220404
7 RMS Watts Total 1 93615519.881
8 |oye e A P ittenain For P, W g W P AMS VAR Total 1 98342836:650
9 Frequency Volts A1 60.027
— T P o B
10 S — ‘—l_" Time Sync Error (msec) 1135
e TTas Ty T3 T 5555 T T T T 5555 TIE ~
7 = 2 = 20 2 = = = = & 345766k Transformer 345KV CB &' switc ~
1 4 DIOHO Outout 1
12  DIDHO Outout 2
13 & DIOHO Outout 3
i & DIDRO Outout 4
16 4 Vitual Outout 4
18 4 GOOSE Binar Inout - Ind2
20 & GOOSE Binary Input - Inds -
345/66KV_Transformer_IED [ Fri- 17/02/201207:0004 419138 Delta X: 4164 secs (249888 cyc @ 60 hz) [fs: 6.002Hz |AS: ++ [Defta ¥: No Bars
-

Single record of nine measurements required in DDR plus status points

Note the following:

1. Traces are RMS, not oscillographic: it's a DDR, not a fault record.

2.

Digital Trace #16 is the sync status, the virtual output that represents the result of the AND-Logic
described in the previous page. Trace #14 mimics #16 because we are using the virtual point to
drive a digital output contact (lights an LED on the panel) as an outward indication of sync status.
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®
B¢ WAVEWIN £2 e (o[ e | e
Dota_Chonnels View Values Window Help (@) ~
Open... O Back @ Files @ Devices 49 Stations - Fauks I [ 021772012 04:17.56 PM q) 8
Append Open Files » Discard Commen Times.. = & | D] il ‘ I ‘ T OB ‘ W o I_ 9
Merge Open Files > Back to Back... T
et e P B T o 3 (¢ «
View Raw Data File... > -
Savelds ' - —— RMS Volts 4 1 205726903 O L
Window Propertes. RIMS Volts B 1 207061 184 -
perties... Ty ey TIYPTTTTY g T ™| RMS Vit C 1 204805 441 Z (=
Recorded Channels... F2 RMS Amps A 1 226085 (1)
Summary.. 3 [ o i RMS Amps B 1 23778 £
. Ao RMS Amps C 1 zi8 s
Print » RMS Wiatts Total 1 34439479125 ) 2
Prirtter Sebu oo Y RMS VARs Total 1 100479547.433 >08.00 hour =
pe. ]
Frequency Vols A1 59.991 o
Email Active File... | s Time Sync Eiror(meec) 3627 w
[___To0 1540 1108 11280 11470 LT 11550 2150 | (<)}
Close File Ctrl-F4 (=
T H
14
i =
2 5
120217,065950421338,0,345 66KV " IED, iption,DI Owner, DI Location,DR2_0250.DAT - 17/02/2012 - 07:00:00.312 - Primary - (Peak Type) < =
CH [ « | (== g
1 fer c
2 (]
3 e -]
4 5
5 L 4
5 Z0 642 0000 220842 “w
7 vl meeooe2430 0000 938622824 .
8 - v|se7zm138520 w000 serzeraes: >O7-OO hour o
3 0027 N 50027
10 Legif] 1135 180000 1135
T T T T T T T T T T e
ﬁ—@_ o £ 2 e £ £c] £ £ ) T T
s DIGHY Qutod |
12 & DIOH) Outoud 2
13 1 DI0 Durou 3
1 & DIDH0 Outot &
18 & Yiual Outoud 4
18 s GODSE Binary Inout - Ind2
2 4 GODSE Einary Inpu - Indd 4] y

Wic.
345/66kV_Transformer JED

Fri - 17/02/2012 08:00:04.167599 |Delta X: 4.167 secs (250.032 cyc @ 60 hz)

[fs: 5999Hz |AS:++ |Delta¥: No Bars d
Appending DDR records in Wavewin

Using WaveWin® software, successive records can be appended by opening both files and selecting
“Append Open Files” under the File menu.

Note the use of the long file naming convention (file name of the lower recording is
120217,065959421338,0,345_kV_Transformer_IED,DI Description,DI Owner,DI Location,DR2_0250.DAT):

120217 = 2012, February 17
065959421338 = 06:59:59 (other digits take time-stamp down to the microsecond)
0 = time zone (not supported)

Other fields are populated from the Identity page in the Configurator
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®
d= anmu-umiﬁamammzm"-"' siption Ot DA Location DR2 0250.04T - 17/02/2012 - 07:00:00.312 - Primary - (Peak T} [
——— e
U ~ ® file Data Channels Yiew Vglus Window Help [-]&]x
(D) ° Easpiom | B M B | Obsck @ Fes  @yDevkes DSwions o Fals i [ @niamz wate ||
= ) e .- H | R B R OO B QG e %] ¥ B W
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-E_ 3 et B = M Voks C1 2
)" 4 3
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w 'mwm S A AT 2
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= s AMS Aaps B 1 2
] . .
‘s Mine reguired
) © [y v i e A 3 measurements
= nlus status
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Appended DDR records in Wavewin

The result of appending 2 one-hour-long disturbance recordings. See the status change from Digital
Output 13 (on to off) to Digital Output 12 (off to on) in the center of the screen capture at 08:00, with
the 8-second overlap removed.

Incidental: Trace 10 is of some interest: See how the time sync error rises and falls, with occasional
losses of sync (when trace #16 =0). This occurred because we used an internet-connected SNTP server
in the demo. In a real substation with a clean network from the SNTP server to the recorders, trace 10
would be pretty flat, but this illustrates the functionality of the time-sync logic in use.

File Retrieval

BiView and the Retriever function within BiView can be used for manual or automatic file retrieval of
SOE, Waveform, and Disturbance Records required to meet PRC-002.
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Diate F Time

SOELOG.THT 5431/ 2 20060
DR2_in622F SRR 2 1056 AM
DRZ_NE3AP ! B2 2 1256 AWM
DRZ_ME4AF SV 2 1256 AM
DR2_0NESAFP S/ 257 PM
DR2_0neEAP BA/a02 45680
DRZ_N4TAFP BN E 456 PW
DR2_0148.2F " S20/AN 2 6SEAM
DA _0204. 2P 30E3  SA2N2 32T AM
WRI_02M.AP SN2 905 AM
DRZ_0N43.2F S0VANE &S PW
DR1_0Z1 2P 280 52172002 208 AM
OA1_0205.2F 3025 SN2 15PM
WR1_0205.AP BASAM2 115 PM
DR _020E 2P SN2 ISP
WR1_020E 2P S22 1116 PM
DR2_n5.aF BARAAN 2 1256 AM

BA0SANZ &30 AM

SN E B3 AM

SN0/2012 841 AM

BA0/A02 B2 AM

4@ NovaTech.
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) Generate Comtrade Files E
=) IJ Sequence of Events v
() Vector tagram : ) Eror Log =
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| Trend ' Rusn Task Now

| Sequence of Events " Edit Existing Task

T | | Vottage Fluctuation Table » Dielete Task
SOELOG.TXT S/31/2012 200 &M I [ -
ORZ_ME22P | Debug Messapes Fl | view anTasks
DRZME3IZF

Using the Automated File Retrieval (Retriever) function within BiView
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Types of Recorder. to Download
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BiView Retriever allows you to select the record files you want to download

When to Connect

Select when to download files

Starting D ate Starting Time

B4 142012 11:53PW - =

Frequency

) Daily (%) wWeekly ) Monthly

[ < Back ]L Finizh J[ Cancel J

BiView Retriever lets you select the time/date and frequency to automatically download record files
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NovaTech Utility Systems and Services

Overview and Capabilities

NovaTech has been successfully designing, delivering, and supporting utility systems and services for over
30 years, including custom panels and installation services for Bitronics instruments. The Utility Systems
and Services staff in Lenexa, Kansas includes project engineers, SCADA engineers, panel assemblers,
software engineers, quality engineers and training instructors. The Lenexa staff works with other NovaTech
locations - in Bethlehem, PA; Owings Mills, MD; Aiken, SC; Shelby, NC and Quezon City in the Philippines -
to coordinate field installation and commissioning.

4® NovaTeche

Our 37,000 square foot facility in Lenexa features a professionally designed climate controlled manufactur-
ing area, state of the art testing laboratories, and fully equipped engineering areas.
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« Mounting and wiring

SCADA and HMI Engineering

+ Conventional (PC-based) and Web-based SCADA
- Database generation

- Communications engineering

« HMI screen development

- RTU engineering

- Project Engineering

Distribution Automation Systems Engineering
- Configuration for fault isolation and restoration
- Configuration of load checking logic

« Simulation and testing

« Communications / radio engineering

- Project Engineering

Radio Systems Engineering

- Site survey

« System design

« Coordinate work with installation contractor

Electrical Mechanical Relay “Upgrade”

- Services to configure, install, and commission Bitronics
instruments alongside E/M relays to provide SCADA
and recording.

Onsite Installation and Configuration Services

« Work with Utility personnel to install Bitronics and
Orion products

- Perform point-by-point checkout

« Debug communications systems

.001Hz Certification Service

- To satisfy NERC requirements for generation sites

- Return Bitronics instrument for testing and certifica-
tion

Systems and Engineering Services: Support and Training Services:
Programmable Logic Controller (PLC) Engineering NCare Services Agreement
 Logic generation, testing, and documentation « Training and support

» Annual protocol licenses

- Extended life-cycle

- Universal configurations

+ Supply Chain and procurement programs

Educational Services
+ Customized Training
- Conducted on-site or at one of our training locations
+ Technology Courses
Product Courses
+ Orion Automation Processor
« Distributed 1/0O Products
« Bitronics 70 Series IED
Application Courses
+ SEL® Relay Integration
+ Email
+ Math and Logic
+ Webpage Design
« SER and Alarms Configuration
Technology Courses
« Ethernet in Substations
- DNP3
+ Serial Communications
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About NovaTech

NovaTech designs and manufactures power measurement, communication, and automation products
including the Bitronics® Instruments, Orion Substation Automation Platform, and the D/3° Distributed
Control System. NovaTech has experienced solid growth as a result of our commitment to customer
service, innovative products, and a level of customization unmatched by the competition. With global
presence and over thirty years of experience, we are proud to be a trusted resource to clients in electric
utility T&D, smart power distribution, agriculture, brewing, pharmaceuticals, bio-sourced and specialty
chemicals, plastics, metals, and other essential industries. For additional information about NovaTech, LLC,
please visit www.novatechweb.com.
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Contact:
Copyright © 2012 NovaTech, LLC. All rights reserved. NovaTech and r A
Bitronics are registered trademarks of NovaTech, LLC. Wavewin is a reg- NovaTech, LLC T:610.997.5100
istered mark of Softstuf, Inc. SELis a registered trademark of Schweitzer Bitronics Measurementand Recording F: 610.997.5450
Engineering Laboratories, Inc. The information in this literature is sub- 261 Brodhead Road E: bitronics@novatechweb.com
ject to change without notice and is not to be construed as a warranty. Bethleh PA 18017 techweb
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