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our customers. Mr. Welton joined Beckwith Electric in 2016 as Director of Sales to provide strategic
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» North American Regional Manager for OMICRON starting in 1997.

» Regional Sales Manager with Beckwith Electric. He also served as National Sales
Director for Substation Automation with AREVA T&D.

» Written numerous articles on substation maintenance testing, and has conducted
numerous training sessions for substation technicians and engineers at utilities and
universities across North America.

» 20 year Senior Member of IEEE-PES, has been a contributor on a number of PSRC
working groups, and presented at a number of industry conferences specific to power
system protection and control.
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Technical Solutions and Engineering.
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M-7651A D-PAC for
DER Interconnection Protection

DER
Interconnection Protection
Overview
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Conventional DER

Industrial Gas Turbine Reciprocating Diesel

-

Microturbine Gaseous Fuel Reciprocating Gaseous Fuel

Reciprocating aka: Internal Combustion Engine (ICE)
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Depleted fuel and
product gases out

P-come
Conventional DER

Fuel Cell

Fuel in r Oxidant in

Depleted oxidant and
product gases out

Cathode
electrolyte

Fuel Cell I

(D) —» AC Output
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Renewable DER

Solar (Thermal)

parabolic
mirors

heat

exchanger
oil g

heat r

storage —

steam turbine
and generator
—

PV Array/
Battery —» —® AC Output
(0C)
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Renewable DER

Wind

= May be induction or
synchronous generator
output

= May be mixture of 9 1S
generator and inverter
output

Manure Mixing Tank

Power To Grid
Hot 4

Biomass

B cermo o me.
Renewable DER

Biod

-
\
L

iesel Tidal
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Renewable DER

Storage Battery

: T
sa

Intensium

Battery —» ACOutput
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Protection Elements and Use

—“The Five Food Groups”
* Loss of Parallel Operation (utility disconnected)
* Anti-Islanding

* Abnormal Power Flow
* Anti-Islanding

* Fault Backfeed Removal
* Detection of Damaging System Conditions
* Restoration

—Impact on interconnection protection

* Interconnection transformer configuration
* Various types of DERs
— Induction, Synchronous, Asynchronous (Inverters)
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Interconnection Protection
“The Five Food Groups”

= Loss of Utility Parallel (Anti-Islanding)
— Voltage and frequency (27, 59, 81-U, 81-0)
— Rate-of-change of frequency (81R, aka ROCOF)
» Based on load (real and reactive) not equaling generation

= Abnormal Power Flow (Anti-Islanding)
— Power (32F, 32R-U)

> Based on power flow violations across the PCC

Low Import Power: 32R-U

= 32R-U Relay pickup set to
= <):' ':> at least 5% of total
G Reverse Forward
Power Power connected generator rated
E] S, g“g vty KVA
= 32R-U Relay programmed
LOADS Relay |z F2o 2y to trip when imported _
£} g o power falls below the pick-
" eveconmectio S.iZCSJZ‘rZ'u.Iii up level

REVERSE UNDERPOWER (32R-U)

90
/ +P

= Switching off a large
amount of facility load
may cause nuisance

tripping

-P

L pickup = Generator Control should

Load Following
j Reverse Forward[ have proper bias power

margin set
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Low Import Power: 32R-U

Circuit breaker closed
Uiy Source / {Feoder Loads )
l Power Import

=l

All circuit breakers closed —
. } [ G e
» Generation adjusted to . \

Low Import Power (32R-U)

match local load with \ oy
bias equal to large Gen = Load - Bias
switched motor load 360 =400 - 40

¥ Import power is higher, 40kVA  360KVA 360 kvA
but application secure

Bias is made in the genset controller to ensure import of 40kW when
paralleled

32R-U is set lower with appropriate margin (trips if import goes below
genset control setpoint)
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Interconnection Protection
“The Five Food Groups”

Fault Backfeed Detection
* Phase and overcurrent (51V, 51), grounded systems
= Directional overcurrent (67) or impedance (21) may be used
* Ground overcurrent (50N/51N) for grounded systems
= Directional ground overcurrent (67N) may be used
* Ground over/under voltage (27N, 27N/59N) for ungrounded systems
* Negative sequence overcurrent (46)
* Based on abnormally high current or abnormally low/high voltage as a

result of faults

3/8/2019
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Direction vs. Non-Direction Elements at the PCC

* When applying non-directional phase or ground elements for fault
backfeed protection (50P, 50N, 51P, 51N), they must be coordinated for
faults in the facility and on the utility.

* This could lead to longer clearing times for utility faults.

* To speed up response of utility faults, use of directional elements (67,
67N, 21P), set to only trip in the utility’s direction, will provide maximum
trip speed.

Phase & Ground
Overcurrent
Directionalized

Protection
[rrotetion |

--------------
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Issues with Inverter-Based DER Protection

® |nverter-based DER produces very little fault current
* 1.0-1.3x rated current at full output
* Fault current even less when output is lower then rated

= Solar PV late in day; low irradiance = low output

= Fault backfeed protection (overcurrent) cannot be set
below load for fear of nuisance tripping

= Resultant large NDZ (non-detection zone)

3/8/2019
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Focused Directional Overcurrent (FDO) Concept

* Use of focused directional overcurrent (FDO) elements (67P, 67Q,
67N) for Distributed Energy Resource (DER) Interconnection
Protection (IP)

* Applicable at the PCC

EPS

PCC
\

\
\
[
[
} Facility
\
[
[

with DER

BECKWITH

Traditional Directional Element
* For DER IP, directionalization is a reliability and security enhancement to control
phase and ground overcurrent elements
¢ Used at the PCC, directionalization to the EPS blinds the overcurrent elements for
load and faults in the DER’s facility, thereby increasing the DER IP security
¢ |ntraditional 180° forward/reverse directional control, the overcurrent elements
are subject to tripping on the DER’s real power output.

+1 reactive

MTA=15°
Coverage = +/-90° = 180°

NO -V DR Operating

Current Flow TRIP . at Unity pf Current Flow
into Facility -1 real ; +I real into EPS

DER Operating
at +/- 0.9 pf

-1 reactive

3/8/2019
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Traditional Directional Element

Current Flow
5 o -l real
into Facility

MTA=115° y,
Coverage = +/-90° ™,

+1 reactive

+1 real

-1 reactive

* Increasing the MTA from 15° to 115° so the forward real power load
region is ignored exposes the overcurrent element to trip for load
flow and faults in the facility (reverse load area).

DER Operating at Unity pf

Current Flow
into EPS

DER Operating at +/- 0.9 pf

BECKWITH

Inverter Fault Current Level

No Coverage for Fault
Backfeed from DER into EPS

67P, Q or N Elements for
Fault Backfeed Coverage
into EPS from DER

>

141,Pri 1

* Inverters typically develop fault current of 1.1-1.3x rated current

* To avoid tripping on normal power output, the overcurrent
elements may be set above the DER’s rated output current

* For an inverter-based DER, this overcurrent pickup value is typically
1.2-1.4x the DER’s rated output current

3/8/2019
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Inverter Fault Current Level
* This tactic decreases sensitivity to detect DER fault infeed into the
EPS

* This current value is essentially the same as load with margin for
overload

* If the inverter-based DER is supplied by some variable source, such
as a PV array, and as the PV output decreases below rated, the
output current for both load and faulted EPS conditions also
decreases below rated, making fault detection even more difficult.

No Coverage for Fault
Backfeed from DER into EPS

67P, Qor N Elements for
Fault Backfeed Coverage
into EPS from DER

>

14T Pri 1
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Focused Directionality

* FDO allows the directional characteristic of overcurrent element to be tunable to
other than the traditional 180° forward/reverse decision

* Ex., the overcurrent element response angle may be restricted to 45° forward,
plus or minus 10°, for an effective response angle of 35° to 55°

+1 reactive

S8\ MTA = 45°
~ Coverage = +/-10° = 20°

DER Operating at Unity pf

Current Flow . Current Flow
8 o -I'real +1 real
into Facility into EPS

DER Operating at +/- 0.9 pf

-1 reactive

11
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FDO and Current Setting

* FDO elements allow settings as low as 0.15A secondary which should greatly
improve the sensitivity of the overcurrent elements

* The actual minimum primary current level detectable depends on the applied CT
ratio

* Ex., DERIP using a 500:5 CT and by employing a setting of 0.15 secondary amps
on the FDO element yields a sensitivity of 15A primary amps

A

No Coverage for Fault
Backfeed into EPS from DER

67P, Q or N Elements for
Fault Backfeed Coverage
into EPS from DER

0.15A sec. |

BECKWITH

FDO and Current Setting
* Sensitive overcurrent element pickup setting with a definite time characteristic
will coordinate with transmission protection and allow ride-through.

— Transmission protection is typically definite time Z with transfer trip aided clearing
times of 20-25 with 50BF margin

. No Coverage for Fault
A’ / Backfeed into EPS from DER
5 Time = transmission protection time +
. / pilot delay time + transmission interrupter

clearing time + margin

67P. Q or N Elements for Fault Backfeed
Coverage into EPS from DER

>

0.15A sec. 1

3/8/2019
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What about LEB?

+| reactive

MTA=45°
Coverage = +/-90°

DER Operating
at Unity pf

Current Flow \ “ Current Flow
-l real == +| real .
into Facility “ into EPS
NO \

&, DER Operating
at +/- 0.9 pf

-1 reactive

LEB is not a proxy for FDO.
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Application Considerations
An inverter, at its terminals, can only provide positive sequence current.

* Transformer winding and grounding at the PCC and EPS energization status at the
DER IP play pivotal roles in directionalization and application of FDO.
* Ground Faults (67N):

— In order to apply FDO for ground faults, the interconnection transformer winding at
the Utility-side of the point-of-common coupling must be a grounded wye

FEEDER (EPS)
A
4 A\
SUBSTATION

Feeder Feeder

Breaker Recloser
c— 1

J

13
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Interconnection Protection
“The Five Food Groups”

= Damaging System Conditions

— Open phase condition or load imbalance (46, 47), negative sequence current and
voltage

— Phase sequence reversal (47), negative sequence voltage
— Loss of synchronism (78)

— Instantaneous overvoltage (59I)

» Based on current or voltage imbalance (including reverse phase rotation), power
system and DER going out-of-step, or ferroresonance

= Facilitate proper restoration
— All elements reset, voltage and frequency within limits
— Reconnect timer (79) (all DER)
— Sync check (25)

* Synchronous generators and some self-commutating inverters

BECKWITH

Conditions for Ferroresonance

Feeder that DER is connected to must be isolated from the utility
* (Islanded condition)

KW load in the island must be less than 3 times DER rating

Capacitance must be greater than 25% and less than 500% of DER
rating

There must be a transformer in the circuit to provide nonlinearity

3/8/2019
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Ferroresonance: New York Field Tests- 1989
Test CI rcu It Setu p Field Test Circuit

Conditions:
Wye-Wye Transformers, 100kVAr capacitance, 60kW generator, 12kW load

BECKWITH
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Advanced Convergent Protection Application

[SS———— uTILITY
©O -
lor3 )
369
5 ‘-IGQIQL»JJ O Fault Backfeed Removal

@ @ 51G rY"Y']
SEE ogle By O Damaging Conditions

—3 (O Loss of Utilty Paralel

V1, V2, Va W vy

(Anti-Islanding)

mmmmmmmmmmmmmmmmmmmmm

1

e EEs

........

O Abnormal Power Flow

/
7

3
Iz la g

2 (:_2 Restoration

LOAD BUS

Protection Element Usage

3/8/2019
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:fi:m::D'“-m 7651A D-PAC & 7679 Recloser Control

= Usage:
- Feeder/Switchgear Protection
- Recloser Control
- DER Interconnection Protection

» Protection Applications (example):
- Reverse Interlock (Fast Bus Protection)

- Maintenance Mode (fast, sensitive tripping of the Mains/Tie
when personnel are working on the switchgear; decreases
arc flash incident energy)

- Breaker Failure (Trip Mains/Tie when Feeder CB fails)
- Breaker Circuit Monitoring (Trip and Close Circuits)
- Alternate Settings for Backfeeding

- Directional Protection (Ph. & Gnd.) to prevent motor fault
backfeed nuisance tripping "

] J=co.mc. 7651A D-PAC & 7679 Recloser Control

= Metering, PQ Monitoring & Protection Applications:
- All measure quantities
Complex calculated quantities (W, VAR, kVA, kVAR)
Energy and Demands (+W/Hr, -W/Hr, Min., Max.)
Harmonic Spectra Recording to 63 (Graphic and Tabular)
THD Alarm (%)
THD Trip (%)
TDD Alarm (%)
TDD Trip (%)
ITIC Curve Plotting for all Trips
= Communication Based Protection Solutions
- Peer-to-Peer for Transfer Trip, Breaker Failure, Interlocking
- DMS to Relay for Profile Changes, Setpoint Changes
- IEC 61850, DNP, MODBUS *

3/8/2019
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:fi:f.?.z:D-W- INC. Why New Protection and Why Now?

Key Reasons:

1. Information for Operations and Analysis made
possible thanks to technological advances in software
microprocessors and memory.

¢ Advanced Metering, PQ, DME DFR Records, High Visibility SOE,
Data Storage, Data Filtering, Data Presentation, etc.

2. Demand for Advanced Communications
e True Ethernet, Dual MAC, IEC 61850, SD, USB

3. Regulatory Compliance
e NERC & IEEE Cyber Security Compliance

4. Simplicity to Execute Complex Applications

33

] J=co.mc. 7651A D-PAC & 7679 Recloser Control

Applications: Feeder, Switchgear, Recloser, DER

= Provide Full Suite of Voltage, Current, Directional
Current, Directional Power, Load Shed and
Restoration Elements

= Simple to Apply Preprogrammed Distribution
Protection Schemes

= Complex Scheme Graphical Logic for Custom
Applications

= Seamless Integration into Existing and Future
Practices

34
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7651A Protection Functions

Communcatens sonwm

Y Y

) (

Fault Locator ] [ pmgrammable Logic
) (
) (

e

Cold Load Pickup PQ Monitoring
Load Encmachmem Demanu/Energy
IRIG-B Time_
Synchronization (TTL) TobaUs

EEEIE]

Feerey  Frewens Osvolage  Nogatve  Underage
Siange  “Under [ Phoseto Galence D ENIE onase

Trip/Close Coil Monitor

(
(
[ HotLine Tag/
(
(

Digital 86 Lockout e

W) JE)

[Tnp and Target Counters|

Breaker
Wear Monitor

)
)
)
[Dlgnd Faul ( Wavehrm)]
( )
)
( )

THD/TDD Monitoring,
Alarming and Protection

)

SOURCE
M-7651A D-PAC
Protection, Automation and Control System for Power Distribution Applications L)
V)
Data Logging 7 )

Vyy, Vizr Vs, Vi (3Vo)

RN R ——

3
Iy, I, I, In (310)

DNP 30 SAv2
L”“sﬁ“gr'g;z":“e"‘ DNP 30 SAvSp Drocional - VTFuse  Lossal Inverse Time Time Overcurton  Eeaker Negative  Directional
Smart P2P (Peerto-Peer) solme Loss Field Overcurent pnase Falre  sedlenco rowr
IEC 61850 + s vmqa cmmv et Gofinit Time
Self Diagnostics IEC 60870-5-104 +p Neg. Sea. erse Tim
Nedral
>
(C37.118-2) s
Web Browser Interface [ Phantom Voltage @ @ 51G
Sequence of Directonal Inverse Time
lode [ Events Recording Overcurrent Overtirent Ouercurent
Ground, SEF  Ground SEF  Ground, SEF
nverse Time

Overvoltage  Undervoltage
MultShot Auto Recloser
Three Phase Ganged Operation +

I /SEF

52

Breaker

1or3 ¢ ®

Serial Fiber

020

+ Optional Feature

Sync Check
A Feature available at future date via frmware update

I I I I T o
&

Pot2” Pot3* Porta® Front Port IRIG-B
Eneret Cinermet T2 Type B USB
Fiber Optic Fiber Optic TIA-485 SD Card
or or
Copper Copper Serial Fiber

—3H

Vi, o,
Va1, Vzz, Va3, Van (3Vo)

LOAD

ey

-og0T
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7651A Connections

'd C

Power Supply

Standard
ontact Sensing Inputs (DI)
12VDC & [LO or HI]

and Contact Outputs(DO)

Extended
Inputs

FW: DXXXX VOOOO 00 SN XXXXXX

WARNING! CONTAGT WITH TERMINALS.
MAY CAUSE ELECTRIC SHOCK
FOR CONTACT RATINGS SEE INSTRUCTION MANUAL

P/S=90-315==, 90-280~ 60 Hz, DIG. INPUTS=90-300=
I@-—SA lg=5AVy=120~ Vz1=120~

(W.W,VE Wy e TN e,
12 |13 17 15 16 |\

5[7

Extended

O L BECK

LARGO, FL _ 727-544-2326 _www.beckwithelectric.com

Current Inputs Voltage Inputs

IAI IBI ICI IG VM VBI vCr VGI Vzu VZ

36
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B cevman] J=co.inc. 7651A CT/VT Inputs

= Voltage/Current Inputs available on the M-7651A:

(T 5 I
“VOLTAGE TNPUTS

(4) LEA High or VT Voltage Inputs (300 Vac Max) He

(4) LEA-Low Voltage Inputs (12 Vac Max) ¥
|3) LEA-Low Voltage Inputs (12 Vac Max) + (1) LEA-High or VT Voltage Input (300 Vac Max)

(5) LEAHigh or VT Voltage Inputs (300 Vac Max)

(6) LEALow Voltage Inputs(12 Vac Max)

(3) LEA-Low Voltage Inputs (12 Vac Max) 4 {3) LEA-High or VT Voltage Inputs {300 Vac Max)

Xt
e

&

M-7651 A-XX XXX X P/8=90-315-=, 90-280~ 60 Hz, DIG. INPUTS=90-300=
FW: D-XXXX V00.00.00 SN:2XXXXXX I@=5A, lg=5A,Vy=120~ Vz1=120~

I I I Vy, Vy, Vy, Ny Vz |[NOTUSED| Nz

hres | 1 2] 3 4 '536|§Igs|9 10 11 12|13 14 715 16
)0 o ) o o o s O

e e e e e e e ]

BECKWITH ELECTRIC CO.INC. LARGO,FL  727-544-2326 www.beckwithelectric.com

PHASE CURRENT INPUTS
14 Curment inputs (3] I | ]
[5A Current inputs (3} | I | |

11]
s 5 o s o | s | s}

GROUND CURRENT INPUTS
[14 I Cument Input

1

(54 g Current Input 11
00mé, SEF Iy Currer Input *Notu 1 H
S6mé. SEF Iy Curnert input (1
10mA SEF Iy Curman Input

37

:f‘;ﬁ‘;‘;’,:D-co- INC. Contact Sensing Inputs & Contact Outputs

Four programmable inputs (DI) and four programmable outputs (DO) (2
Form “A” & 2 Form “C”)

- Inputs are externally wetted and can be individually configured for high or low
voltage

- Low Voltage, 18~60V, or, High Voltage, 80~300V

INT | IN2 | IN3 | IN4 |[OUT1|OUT2| OUT ouT4
= el = = el ol ol i o |
N+ |+ + |+ 1 7|‘HH’|1 3“!‘1’ 3

200 e e e 8 )

QDD DADDDPLDEDDDD D

= Extended 110 (optional} adds additional 8 programmabie inputs (DI} plus 8
programmable outputs (DO) (4 Form “A” & 4 Form “C”)

2| e |ve|pve|

QuTg ouT 10 QuT 11 QouT 12
[Py ety ] [P 8 ] KT S o

2@ Dl

SMART MODEL NUMBER: |u.7€5!a.]'|'u. l‘] by | " | 2 l‘[ - | 3 | n l ' I
10 OPTIONS
Standard D) - (4) LV (3-50 Vde) inputs and (3] Dry Typs Outputs
Standard 110 - (8) HV (30-300 Vde) Inputs and (4] Dry Type Outputs
[Ecpanded U0 = Standard U0 plus addional (8) LV {8~60 Vdc) Inputs and (8] Dry Type Outputs
|Excpanded V0 - Standand IO plus additicnal (8) HV {39-300 Wdc) Inpuis and {B) Dry Type Qutput

19



e J=co.me. Power Supply

LI 1
TB2 TBS@@@

ST et | (T2 =1 D I

POWER SUPPLY

Law Voltage (1860 Vic) ] | S IO 0 O O V] ) |
High Voltage [50.200 Vac | 90.315 Vdc)

= Two power inputs

= Main power supply (P/S) available in two ranges
- LowV: 18~62VvV DC
- High V: 80~325V AC/DC

* Independent backup power input: 12V DC

- Common voltage employed in radios used for
communications

39

i Power Supply, V/I, DI/DO : Ratings

24/48 Vde 18-80 Vde 12 VA *Rides through 12V for 1 sec.
F 50-280 Vac
2
125/220 Vde/Vac (Optional) 90-215 Vde 15 VA
Table 3 Power Supply Specificarions  *Addtional 12VDC Input, operates in parallel (‘best of’)
AC Voltage Inputs
D
Line to Neutral 120 vac 300 Vac 600 Vacfor 105 M0
Low Energy Analog 4 \Vac 12 Vac 300 Vacfor10s MO
Table 6 AC Valtage Input Specifications
AC Current Inputs
Plisse Gitrrent 1A 3A 100 A for 1 second =0.021 VA
54 15A 500 A for 1 second <0.20 VA
B Gt 14 3A 100 A for 1 second <0.021 VA
5A 15A 500 A for 1 second =020 VA
Cansiiie Barth 10 mA 03A 100 A for 1 second < 0.001 VA
Fault (SEF) 50 mA 15A 100 A for 1 second =10.002 VA
200 mA BA 100 A for 1 second =001 VA
Table 7 AC Current Input Spectfications
. Output Contacts
IEEE C37.90 30 A make for 0.2 seconds at 250 Vdc Resistive
InpiRt DC Piclup Range 8 A carry at 120 Vac, 50060 Hz
Low 9 - 60 Vdc 6 Abreak at 120 Vac, 50/60 Hz
High B0 - 300 Vde 0.5 A break at 48 Vdc, 24 VA
= 0.3 A break at 125 Vdc, 37.5VA
Table 8 Digital Input Specifications 0.2 A break at 250 Vde, 50 VA

40
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oo 1D LN Advanced Communications
RX @ Rk TX TiA-232
] =
=/ = = == 0
PORT1 FORTZ FORL3 J PORT4
__jm
+ - IRIG B
= Up to 4 rear ports available: » Protocols Supported:
- Port1 Serial (Std) - Modbus, Modbus over TCP/IP
+ RS-232 or RS-485 or Serial Fiber - DNP3.0, DNP over TCP & UDP
- Port2 Ethernet (Optional) - IEC-61850 (Optional)

- |EC-60870-5-104 (Optional)
- 2179 (Optional)
Dual MAC Ethernet port offers full auto-
negotiable 10/100Mbps auto-detect
communication with multi user and multi
protocol support
= |RIG-B; Demodulated, TTL Level, Isolation 1,500V

* RJ-45 Ethernet (Copper) or FO
- Port3 Ethernet (Optional)

* RJ-45 Ethernet (Copper) or FO
- Port4 Serial (Optional)

¢ RS-232 or RS-485 or Serial Fiber
or Bluetooth

Protocols
Serial Ports - MODBUS®, DNP3.0
Ethernet Ports — MODBUS over TCP/IP and UDF, DNP3.0 over TCP/IP and UDP; IEC 61850,

SmartP2P (Peer to Paer)a, IEC 0870-5-104/101a (optional) #
ELECTRIC Overall Software Flow

SRE

mady | hetn ety ()| Pauk Type: | Fok Distance | 4| IRIGD | P L3O 10.00

21
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Set Up

Monitor | Setup

Select Active Profile 3

Configuration 3 |

Setpoints
Alarms

Recloser Wizard
Data Logging
Oscillograph
Sequence of Events
Display /O Map

Front Panel Functions

43

BECKWITH

System | input | Virtual Input | Output | User Lines |

Settings

Recloser Type: Three Phase Ganged

Teminal Vy:1 2 3

Phase Assgrmert

PhaseCTRao 1000 1 1 «
Gound CTRato 1000 11
Lockout Operation

Reset Before Close:

Power Supply Type

@ Low Votage DC ©) High Votage AC

Nominal Frequency: Hz CT Secondary Rating A Ground CT Rating: A

Nominal Cument 25 100 « » 20000 (&)

Pe

Do e P

» 10000

» 10000
HCL Operating Current Ref.

© 30 @ G

69 Switch OperationThree Phase

@) High Votage DC

Set Up

“‘Relay’s
Environment”

44
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BECKWITH

D—co. INC.

ELECTRIC

Vohage Inpun Confiquistion
LA Hadware - 4

iy mice vobage transducens: @ VT
Wy Side (VT)

Wik

Vi e volage beneducess. @ VT
Vi Sde VT

Vel )

PR: 40 10

MR 40 0

Secondwy Meminal Voliage &900 5000 «

LEA HIGH

VT Confguration:  [WYE =

Wk )

700008 0 0
LEAHGH

VT Corfiquation:  [WYE B

» W00

30000 (Vig)
wic)
R
=

Set Up

“‘Relay’s

Environment”

45

BECKWITH

ELECTRIC

Contact (Voltage) Sensing Inputs

DCD. INC.

System Setup

‘ System ‘ Input ‘Vmual Input | Output | User Llnes‘

B

Active State
Close:
Input 1 @
Input 2 @
Input 3 @
Input 4 @
Input 5 @
Input 6 @
nput7 @
Input 8 @
Input 9 @
Input 10 @
Input 11 @)
Input 12 @

Function
Open {Inverted)

]

o[

3|8

L D L L L e e e e
]

General

General

General

General

General

General

General

General

General

General

Debounce
(0 - 5000 ms)
10
10
10
10

10

Input Wetting
©® DC © AC
@ DC (O AC
@ DC © AC
@ DC © AC
@ DC © AC
@ DC © AC
@ DC O AC
@ DC © AC
@ DC O AC
@ DC © AC
@ DC © AC

@ DC © AC

Can mix high and low voltages

46
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Outputs

System Setup

| System [ Input | Virtual Input | Output | User Lines

W

Operation Pulse Width/Seal-In Function Enable
Direct Laiched Puised = Ramor
Output 1 ® 007 s [Tofhesesric -] @
Ourpus 2 007 s [Oeefracsic -] @
Output 3 007 s
O 4 007 S === R
Output 5 007 s [ o] @
Output & 007 s
Output 7 007 e
Output 8 0.07 s
Oudpud 9 oo s [Ged -] @
Output 10 007 s
Output 11 € 007 s
oupilz @ O O 007 s
Manual Close Delay )] 0 b S0is)
N )
BECKWITH H
ELEGTBICDco' mec- Profiles
Profile Manager Ed
Profile 1 (Max 20 Characters} Profile 5 (Max 20 Characters}
) )
Setting Profiles: 8
Profile 2 (Max 20 Characters) Profile 6 (Max 20 Characters)
[ALT_1 RECLOSER MCDE | bewoce ] :
* These can be invoked by
contact input, communication
Profile 3 {Max 20 Characters) Profile 7 (Max 20 Characters) input, button input or measured
Frfe 7
parameter levels (ex., 32F vs.
32R)
Profile 4 (Max 20 Characters} Profile 8 (Max 20 Characters)
Profic § + Each profile may be labeled for
Operator and Technician use
Maximum Number of Profiles | 6 ~
» 7679 only; When role modes
o . o are changed, protection menus
change to match the role
» Recloser
» Switch
i ifi H » Sectionalizer
User Profile Identification
48
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CO. INC.

Profile and Elements

Setpoints

View Siyle

Elements in a Profile

8 Profiles

User manes will be displayed here

@ Becoview ()
r Profie 1 | Profile 2. Profile 5 | Profile 6 | Profie 7 Other Setpoints |
Lan )] s ] [ | [sr ] [ ] x5 ] [ae ] [.m
Phase Phase Phase Phase Inverse Phase Sync Check Cold Load Recloser Relay
Undervoltage Overvoltage Inst./Def. Time ime Directional Pickup
Overcument Overcument Overcurent
27pp 59PP 46DT 46T [ ea ] [ 32 | [ W1 ] [79Seauence]
Phase to Phase to Neg. Seq Neg. Seq Neg. Seq Directional Hot Line Tag Trip Recloser
Phase Phase Definte Time Inverse Time Directional Power Sequence
Undervottage Overvoltage Overcument Overcument Overcurent
27 59V 50G 51G 67G 508F Restors 79 Lockout
I3 Ve Overvottage Ground Ground Inverse Ground Breaker Failure Auto 79 Dive to
Undervotiage Inst./Def. Time Time Drectional Restoration Lockout
Overcument Overcument Overcument
27 BSVS 59N 50N [sN ] [ em ] 81 79 5UPV
Bus Side Residual Residual Resicual Residual Frequency 79 Supervision
Voltage Overvoltage Inst /Def. Time Inverse Time Directional Functions
Supervision Overcument Overcurert Overcurent
5G5S 5168 S
Negative Sen. Ground Sen. Ground Sen. Ground Rate of
Sequence Inst /Def. Time Inverse Time Directional Change of
Overvottage Quercument Overcument Qvercurert Frequency

Element Programming by Clicking Element Number

49

7679 Profiles to Change 8 Profiles

Operating Mody

User manes will be displayed here

Setpeants

/

a7

il
Phis Ph
Undsrvotage

Indervotage

RECLOSER MODE hT

1 RECLOSER MODE  ALT_2 RECLOSER MODE  SWITCH MODE  SECTIOMALIZER MODE DG MODE  Common Setpownts

25 CLP ™

g
i

Peak.

G

>

Fescual
It Dl Tiemer
Ivereument

5055

Sery Greursd
bt /Dl Tiemn
vercarend

L1
Fhase kverse
Time

SN
Fesidunl
Froerse Tme
Creereument |

1G5
Sen, Ground |
Freerse Tme
Ceercument |

Syne Check Cold Load
. )
2
HLT
Drectonal
il Hot Lne Tag
o Restore.
Loas of Fed T
[T
506F
Breaker Faie | e
PSops
8
C LEL
Load
Eremacheen
| Loge
IR e
Flate of ERAERE
Charge of Mander

|Rmh-uﬁdq'

W/ SECT
| Sectiorulzer |

ez Hash
| e Flash

Roles include Recloser, Switch, Sectionalizer
Elements available to match mode selected

50
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CO. INC.

Setpoints

View Style
@ Becoview () Explorer

Profic 1 | Profile 2 | Profile 3 | Profie 4 | Profie 5 | Profile 6 | Profie 7 | Ngfile 8| Other Setpoiris |

PSBC
Power

Supply/Battery
Charger Manitor

Tiip/Close Circuit
Monitor

Fuse-Loss
Detection

THD

Total Harmonic
Distortion

Programming

Global Settings

51

CO. INC.

51P-Phase Inverse Time Overcument #1 | 51P-Phase Inverse Time Overcumert #2 | 51P-Phass \n\rerseTmaO\rermrrem#BISTP-Fhase Inverse Time Qv * | *
Phase ABC
Enable Settings
Primary Value 35 Pickup 3.50 010 « D r 16.00 (A)
Curve |IEEE Extremely Inverse '] [Vlew Graph ]
Time Multiplier (Dial) 1.00 010 < m r 2500
Time Adder  0.00 000 <« [ 300005
Min. Response Time Adder 0.00 0.00 < D r 1.00()
Electromechanical Reset [7]
QOutputs Blocking Inputs
1 2 3 4 5 6 7 8 % 101112 12 3 4 5 6 7 8 9101 12 FH
2} o o e e e o e

52
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B ceTmen J=co. me. 51P TOC

51P-Fhase Inverse Time Overcurrent #1 | 51P-Phase Inverse Time Ovsroument #2 | 51P-Phass Invese Time Overcurrent #3 | 51P-Phase Inverse Time Ov/ * |

Phase ABC
Ensble Settings
Primary Value  4.05 Fickup 405 01 « [ b 16.00(8)

Curve !EEE E HE o View Graph

| Time Mulipier (Oal) ||EEE Beremely verse | ) + 2500
Time Adder | 107 () b 30006}
Min. Response Time Adder 103 (17) v 100(s)
Blsctromechanical Reset \1%:&: 7l
106 (4)

0112 AL
OoQOm:

=

O~
O e
o=
O
Oe
O~
Oe
O«
o

O

55

Oe
B~
Fe=
O«

53

KRoTRIC TOC Curve Display

= & 3 g Y

b Print [ | Prit Preview | Refiesh 4 @, |8, Composte Guph Time Mutihsr I8 Time Adder (Se¢) 000 MRTA (Sec) 000
0o

LILll

L

Time [

a1

1

1l

om T T ————r—T T T P ————— T T ™TT"T 77T

21 1 10 00

*Show setting 51P o
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50P-Phase Instantaneous/Definite Time Overcurrent

l= ] i

50P-Phase Instantaneous/Definite Time Overcurent #1

50P-Phase Instantaneous/Definite Time Overcurrent #2 | 50F-Phase Instantaneous./Definite Time * | *

Fhase ABC =
ings
Enable ey Vaue 15 Fickup 1500 o1« [ » 100.00 (&)
Definte Time 035 000 « [ + 60000 )
Outputs Blacking Inputs
12 3 4 5 6 7 8 85 10112 12 34 56 7 8 91012
FOODOODOOODOOODOODOD DCO0O0OO0O0OO0O0O0OE8CO0O0O0O8
High Cument Lockout
Phase Settings
HCL Phase Enable
Ref.Curent  17.70 050 < [ » 500.00 (A)
Time Delay ~ 0.05 000 <« [ 60000 (5)

55

BECKWITH

ELECTRIC

Directional Overcurrent

67P, 67Q, 67N (67P shown below)

Phase AEC
Polanization Volage |1 | Enabled Drectien le
M. Polertzation Village L1 20« _ + MO of Mormnal Votage
|Bock  w| ¥helow M Polairtion Vetnge
Max Senativiy Ange 45 [Jrajm] 1] 258 ([agree]
7l Arghfand> W 5 SR | Drecsonsity view
@ Defirnte Ivense
Defrite Time
Primory Pckup S0 Pokp 03 025 < v 100,008
Defrite Time 100 o « v 60000 f)
A Becibe s Vel ront
Sl R R | BRSBTS
F 3
ilhdu'ﬂdmﬁ | Save =] |

56
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B cevman] J=co.inc. Directional Overcurre
67P, 67Q, 67N (67P shown below)

67 Directionality View

imaginary
50

x; MG Max Sensitivity Angle (MSA ). 45 {deg)

k-

Angle Band + 90 Ideg)

0
[

M Trp Region

I Restrain Region
—— Zero Sensitivity Line
—— Max Senstivity Angle

__ Bnge Band

Apply

57

diome eeve  Directionalization

Phase Directional Characteristic

67 Directionality View

X
Imaginary
50
Max Sensitivity Angle: (MSA ) (deg)
Angle Band +- (deg)

I
Real
B Tip Region
B Restrain Region
-— Zero Sensitivity Line

—— Max Senstivity Angle

——  Angle Band

270
Apply

58
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= Qutput I/0O Map helps minimize logic programing by visually displaying
which function and which setpoints are programmed to each output and
which inputs are programmed to block

= /O Map tool allow copying of logics to other profiles

= For testing purposes individual protection elements can be disabled
without deleting its programming. In this case the functions will be greyed

out.

= Custom IPSlogics also appear here.

Output I/O Map

KRoTRIC Custom Schemes: IPSlogic
T —
n | m e s e = [ . WXa soa@, S, o B=3 Bbe|,

60
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ELECTRIC

27_1C_PICKUP o ©
LG

59_1A_PICKUP o ©
g l——— |
59 1B_PICKUP g |

1B, O

0

O
3

59 1C_PICKUP r

=l

61

ELECTRIC

Protective element logic:

67P_3A_PICKUP
| 67P_3B_PICKUP II'C'

67P_3C_PICKUP C = 3 2 le_1 Logi

[[Tp 1A TiMEOUT]
—
THD_18 TIMEOUT ]|
| CHD S TiMeouT] o

62
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BECKWITH

ELECTRIC Custom Schemes: IPS'OgIC

BECKWITH

seemed e Gustom Schemes: [PSlogic

*Open IPSlogic, add gate, show state simulator 64
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CO. INC.

Secondary

Show loadflow
metering

¥ Vrtu ineuts Foutt Destence
! CTE T e
—
R
Cumerts (A) Vokages (V) Sequence Components
Phase Yide  Phase ZSde” Cermx Vickages (V)
e BN Y - BENRCEEE - | Y% Zse
EEE . mwmm - Fus. Seq. | EEIENN IEEEE
N e - EEm tieg. Se<. | TN TN

=

-

ol

Zer oo, | TN I

65

BECKWITH
Function Status = oy =<
Function Pickup/Tripped  © Pickup @ Tripped [T Target
le® s e® XM ©® 50PA R4 @@ 460T 24 e SN o® 5CH 9 ETPARD oo tmN @@ IPSHE
@@ 27A8 ©© A  |(OO5PBE @O KDTH  OO5INT @ONAH @O LFBR @e6NE @O IPsH
®® 27 1 CU¥TEA @@ 50PCH | @@ 508F @@ SINA @058 M @O 6PCHl @@ 61 @@ PS8
®® 2 ®® 3z ©® 50PA LS ®® 51PAS1 ©® 5INES @ 5XH @& 6TPARL SO 60 a & PSM
@0 277AR 8 RAD @©®5PEES @@ 5IPBS1 @@ 51GA @& 59A K @O cPEE @@ 6 @ GIFL
©o 2Bm ©® 32813 ®® 50PC 75 ©@ 51PCH ©® 51Gm S ® 59 m @O ETFCH @& TCH @O FAR
100 27T 0O XA @@ 50N #1 @O 5IPAS o0 51643 OO 5CH OO ETPAHS (-1 Yeo ]
Qe 27A1 @0 A 1@©® 50N 22 e 51PEA ©0 5G4 @@ 55FPA @0 B IS eeann
©e 278 e® 2854 @@ 50N 73 @9 51PC A2 e 51635 ® 55FPB ® 67PCH5 oo 81mn
1882 e® X @@ 50N 24 @& 51PAM3 @@ 46T @ ® 55PPC CL R R LLRIE)
S®27AR o 50PAM @O 50N 5 @® 51PB A3 @O 46T 22 @@ 55N @9 TN e 8
OO 7B R4 o 50Pe# & 50G 21 ©® 51PCH @ H6ITH ©® 59w CUXE) © o 8IR#
@@ 2 ed ©O5FCHI  [@O5GHR  O@S5IPAZ @O HITH 0047 @@ M ®® IR
[@@27PPA @O SPAR  (0@5GM  [@@5IPIM @O LM @GEPAN  (@OCMIS  @eclP
©o 27FPE ©O5PBE2 @O 5GAL ®@5IFCal @@ 59AE @O 67FBEl @8 6/GH ©eIPsa
@@ IFPC @@ 50PCH2 (@@ 50GHS @@ 5IPASS  |@® 5B F @O ETPCH @8 671G H2 ©0 IPs
©0 2V ©® 50PAE3 @ ® 460T 2 ©®51PESS ©® 55C ©® ETPAT2 LR RS ®eIPs:
©0 2AH ©O5PEA} @O 4EDTH2 |@@S5IFCH @@ 59AR2 @O LrEHR @0 6hA ®0 PSed
@® 2B ©e50PCa @@ 40T S 5N ©® 5% @@ 6IFC A2 @9 /G HS Se PSes
puts
(= 2 3 4 5 3 T——% 3 0 kil 2z FL
Outputs
T3 4 5 6 7 f] C} B i 2 [(Reset |
Backstory:
* Four 27 elements are set
+ 27/4is set at 0.7pu, 20 cycles
« 27/, 2, 3 are set closer to nominal, but with longer time delays
» Voltage on Phase A is dropped to 0.5pu.
» 27/4 trips; all other 27s in pickup on Phase A as long as low voltage is present and
CB status indicates closed

66
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Ereormie Jmco-me. Demand & Energy Metering

Demand Metering E=R|EcE ==
Demand Interval
® 15 Minues © 30 Minutes © soMnues [ Aoot Set Rated Load for
WMax E:ﬁ:;dv:f: Curent (L) / TDD Meter'ng
20000.00 Phase A 20.00 002 « [ + 100004
20000.00 Phase B 20.00 002 « [ + 100004 /
20000.00 Phase C 20.00 002 « [ + 100004
Demand
ftem Value Unit \j
Demand la = _~
i o *» Demand and Energy
Demand Ig
Demerd Y1 / - Present
7:Nem Value Urit Date/Time / Ii/ - H iStoricaI
Demand la Max -
Demand la Min - Min/Max
Demand b Max
Demand b b - All with date and time
?Tnand Ic Min _ , < stampl ng
T ftem Value Unit Date/Time =
Wait Hrs Fwd A -
Rev Watt Hs A R
Lag Var Hre A Energy
Lead Var HrsA o
Vet Hos Fud B (Bidirectional Registers)
Rev Watt Hs B -
| i )
Click to Toggle Feset H Reset Metenng

67

BECKWITH 2 )
ELECTRIC Set Up Oscﬂlography Trlggers
Setup Oscillograph Recorder ()
Settings
Samples/Cycle 128 Samples/Cycle Trigger Selection
Post Trigger Delay: 45 5 ¢ [l v 95(%)
lengthof OSC: 300 60 « [] 480 (Cycles) — =]
o

Functions Mo Fiter -

| UndoRefresh | sve [ B | S =
Disable Trigger: Enable Tigger
IPS 24 Timeout Dropout - Output Dropout 1
IPS £5 Timeout Dropout Output Dropout 2
IPS 6 Timeout Dropout S0PA &1 Timeout
IPS &7 Timeout Dropout 50PB &1 Timeout
IPS 28 Timeout Dropout S0PC 21 Timeout
60FL Timeout Dropout SON #1 Timeout
TCM Timeout Dropout 50G #1 Teneout
(CCM Timeout Dropout S51PA £1 Timeout
PSM Timeout Dropout S1PB 21 Timeout
FAR Timeout Dropout S1PC 21 Timeout
THODA #1 Timsout Dropout SIN 21 Timeout
THOB 21 Timeout Dropout 51G &1 Tmeout
THOC #1 Timeout Dropout E7PA 21 Tmeout
THDA %2 Timeout Dropout 67PB 21 Tmeout
THOB #2 Timeout Dropout 67PC 21 Timeout
THOC &2 Timeout Dropowt 67N &1 Timeout
Input Pickup 1 £7G &1 Timeout
Input Pickup 2
Input Pickup 3
Input Pickup 4
Input Pickup 5 -

Move Al | [ Move Selected [ Coxm |
[ Undo/Refresh [ see | Ea
68
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:f‘ég:.z:D-m INC. Metering & Phasor Diagram

» Secondary Metering: Loadflow at 1.0pf

Secondary Metering
Cuments (A) Voltages {V) Sequence Components
Phase YSde  Phase ZSide” L

Phase A IR » B 2 B Pos. Seq
e .
e —

Ground
*~ Selected Orientation
Power
Phase A Phase B Phase C
Real (W)
Reactive fvar) | o5 |
Apparent {va) )
Power Factar 1.00
|Inputs | | | ‘ ‘ ‘ | Virtual Inputs Fautt Distance
3 2 3 4 5 6 7l 8 M A i
[T T [ w [ 2 [’ - - - o
Frequency
Outputs Y Side Z Side
O 0 O =T I | B Frequency () HNCICHEEN TN
[T e w2 ROCOF (Ha/s)
» Note V Sequence sets: = Note I Sequence sets: = Powers
= V1=Total Current = I1=Total Current = Watts = KVA
= V2=0 = 12=0 = VAR=0
= V0=3 = 10=3 69

BECKWITH

ELECTRIC Metering & Phasor Diagram

= Primary Metering: Loadflow at 1.0pf

e (=2 |
Currerts (4} Votages (V) Sequencs Components
Phsss Y Sidh Phase 7 Side * Camei i Vekinaes: (V)
Phase A Tmi e — Pos. Seq YSde  ZSde
. Neg. Seq
c IEEEE Zero Seq
ground [N 310, [N
* Selected Orientation
Fower
Phase B
Real (W)
Reschve G
Apparert {va)
Power Factor
Inputs ;
= | 5 | | m | 5 = = e Virtual Inputs Fault Distance
O B 2 1 e T e
Cuputs R ¥ Side 7 Side
[T T2 TsTa s & [ 7 Te Frequency () [HECCONN TN
R ROCOF (Ha/s)
= Note V Sequence sets: = NoteI Sequence sets: = Powers
= Vi1=Total Current = I1=Total Current = Watts = KVA
= V2=0 = 12=0 = VAR=0
« V0=3 = 10=3 70

3/8/2019

35



3/8/2019

BECKWITH

ELECTRIC Metering & Phasor Diagram

» Vector Diagram: Loadflow at 1.0pf

Phasor Diagram (== =]

Reference ~  Secondary -~ Z ~ ZeroonRight - Freeze

Cument

= A |40 00°
b (A [400 1200°
e 400 1200°

[ Voltage

v [893 017
vab (4] [693 12000
Ve A [g92 12007
- Moo
vil(l[E= o |
v
vo [

* Show loadflow vector diagram 7t

BECKWITH

ELECTRIC Metering & Phasor Diagram

» Vector Diagram: Loadflow at 0.8 pf lag
Phasor Diagram = =]r=]

Reference ~ | Secondary ~ Z v ZeroonRight - Freeze

[ Cument

b 7 [4w 0
b A [400 1195
ICW

] Voltage

) CEE
Vb [ [692 1560°
Vic A [633 8207
W1 D—
vz |
vo ] |

72
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3/8/2019

Metering & Phasor Diagram

» Vector Diagram: Loadflow at 1.0pf,
* “C” Phase Current Rolled

Phasor Diagram

Reference ~ | Secondary - |Z ~| Zero on Right =

[E=HEoR =)

Freeze

[ Cument

B 7 [+ 000
b A [¢00 2007
lc M [400 007
o O [omo 1so0 |

Voltage
EErr—

73

BECKWITH
ELECTRIC

2

Y. - -
125 Open | Agply Filler  Clear Filles
Progem Version: o
No Date & Time: Event Tnggered

11732074 185128 844 PM

STPA 81 Mo ITIC_Evertadl

1014 1253 25865 FM STPA 21 Tocut OUTPUTSCHANGE 1ITE Everiak,

SOE Showing Trip

oo e

Sequence of Everts Detalled Recced #1 11/02004 185328844 PM

]
@ Sacenday Premary. 1O Staha

tem Wahot Unt ] No  Everts
etrom Prolie 1 1 meuT
Cumert A Max. 0488 2 meUTS
Cueed &bt (] 1 meun?

Pk ot
Ne  Everds
1 STPA BT Pclag

Timeout Rt

-

74
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Oscillography

Up to 8 Seconds per Record

B Secofot - (M-7679 Disc C4sesibecn, shows\Deskiog M CISC recondeM- TETSSN1228 05 03 2018 14,11 32 neccy] - o

Z) Fe Veew Settngs Wiedow Help
Eﬂuun»@.&J"

o H.HH \r —— I

Tm Hlﬂ IihllhllLlLl"llh'plllllh“Lr"ﬁ“l “Wd"'” IJI '.l f'l,rl'gl'lll"l |l|1| 'f.f.|'.I ‘Jn'. ‘."lll |I_|I||‘|“I'|I'|Illr|'l'II||l|||f|||ll|'|.'|I|.']II'|Ir'l.['|r'l.lllulﬂl Ih rLI Iql"l Iﬂ| |rl ql)[llll |ﬂl n|ulq
:: l!.'”' T .“||"|'h"n"|""'|“|' MM .I,Ir"'lp'.,' W ':' FI .F .’\ W ul’ k"lle.“ule."u".ul“] |"|u|'1qﬁ U i\ |“.j VW |J"|_.|'!!J!"I_."'1§,' J'” WAV I"LI"'L
V’E‘M ] I|I Illl"lllfluh'lyl'llnli,l, '1,'1|'I|J|'| I',lrl||'|1||"|||,|II

__f»mnﬂnfv i

Stat Time: CU/D4/078 10126708 Mark 1. GWOLT0IR WILSTTS Mark & DVGL0E 1411 TE

100 Records

75

BECKWITH
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Oscillography

O-O Fault with DC Offset (Raw Waveform)

[T (& W oo ®a R
ik 1
Q e
=
< -
o _J - In 7 \(r /\ \ /) 7 \f\ 'J\.
L . "VV f\ \‘"(\p‘u' YAY .\u \,'(\\,f \
-
- = \ A
L &
o &
— "
>
o )
o0 B
> —
<
>
M simodine
[ = i — 4
& | et s
m 2008 A o
[ q - e R e 1 00
U;t ST N e ey o e o . |
i) e = = 5
) —i I I : I
> — 1 I : ]
(=% ] -
5 = i . ’
=" T } t
9 " —
3 3 |
Js + wp———
S ——— po—
: b - 76
taagy St T STV 1156 TS0 et & 597120, 1A (e & 03V 20IN TSP o
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Oscillography

O-O Fault with DC Offset (Fundamental View)

- e ARAAaNR
I8) S [
—_ =
3 I3 — \
= - f —"
i—L il \
'_<'( o i
L &R TR
. [P e U IS [\
>U — [=e 7
g g |
& = 7
> 7 Y J
s \ /
~ o F
= A \ 7
— R —— —_— b r‘,
O 2 Fhedial e
) ] e o e 2
- ¥
o] 4 -
w T ————— e
~ — l“
U;( ———— e — L]
£
S
e
b
o o ST 181390 Mk | VUL 1LORTRAR, Mok 3 SV IR | 77
BECKWITH

ELECTRIC

DOD. INC.

O-O Fault with DC Offset (RMS)

2

L R
w

B
]

[
|
i

e 3

1 3 DAL 1
-Ph=GFault-witt Be;e.ﬂsei...EM“E.—.-n.-mluumn s VRIS R | WM

Oscillography

78
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B e - [M-1679 Osc Cilsasibecn shows\Deskoopi.
Z) Fe Vew Settings Window Help
[0 R =T

Oscillography
Up to 8 Seconds per Record

Tian {15 pmcoedyM- TETSSN1224 08 03 2078 14,11 32 pscefg) - o

ﬂ’ 'I’Il it ||l|1l L ', |'-I ||1 Ii‘llj‘lljr\l

g g

]I|Iu|'|| lLI|I|I II;““h“LI Jﬁ\,'hlﬁl I

I' l. |r|r||]| |I llblllbl |ﬂ||I I| I||||'|

I\ --... . '.r',|"lr'|rl' Wt 1FI P'|II|J|"||nI|IIﬂI'p||"| 'I \/ III| I{'..i;llr; A | AR Wil '.i-'.;

YUNYYYYYY ‘H'

| T
I||l|||||||I
A
A

AN

Wi

W0 o
¥ T
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BECKWITH

M-7651A:
DER Interconnection Application

EPS

SSA = 10kA

3vg-3Y

PCC VIR=115 |3 6N
e

rtse §—  32rvarl,
3y B

32R-U],
32Fw 1

REAL POWER

REACTIVE POWER

~tll==REVERSE===FORWARD==I>

Facility + LJ
with DER
+P

|

|

|

|

|

|

|

|

|

|

: PoC I
[ [ DER | Load Load
|

|

|

|

|

\

C

13.8kv:480V

e PV-based Inverter Max Load = 2MW
e 1,000kVA, 0.9pf (2,000kA)

e 480V

o X' = 1(100%)

o Xg= 1(100%)

e Xg= 1(100%)

BECKWITH

M-7651A:
DER Interconnection Application
"ga : a&D vnetion

* 32F-VAR: Inadvertent VAR Export for Exporting
DER

* 32R-U: Minimal Import Power for Non-
Exporting DER

* 32F-Watt: Inadvertent Forward Overpower

3/8/2019
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:me-m.mc.
M-7651A Settings:
DER Interconnection Application

VTR = 115:1

VT Type: 3Y-3Y

Rated Secondary Voltage = 69V,
CTR = 100:5 = 20 (3Y)

Inverter Power = 1,000kVA

Inverter FRA =1 = kVA/1.73*kV
=1=1,000/1.73* 13.8
=1=41.88A = 42A

Note: “FRA” = Full Rated Amps

BECKWITH

M-7651A Settings: 32F-VAR
DER Interconnection Application

Ira = 42A
Inom = Irra / CTR

Line-to-Ground Voltage:

° — 42 /20 Pnom = 3 ¢ VoM * INOM (Secondary Nominal Power)
. _ Primary Power (Three-Phase)
° = 2 ]_A Pickup = + Prom<VIR<CTR

Formula for “Relay Pyom”
n 3% 69 % 2.1 =434.7W, = 435W, = 1pu

3/8/2019
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M-7651A Settings: 32F-VAR
DER Interconnection Application

Relay W= 435Wr 1pu 2.1A
INV "S" Out pu Seconday Current @ pu
1000 1.00 2.1
900 0.90 1.89
800 0.80 1.68
700 0.70 1.47
600 0.60 1.26
500 0.50 1.05
400 0.40 0.84
300 0.30 0.63
200 0.20 0.42
100 0.10 0.21
0 0.00 0

* Minimum sensitivity of relay is 0.01A
* We are good to 15% of inverter power

M-7651A:
CT Dimensioning

* (T Limitations

Device Setpoint
Number Function Rang

Directional Instantaneous/Definite Time Overcurrent (Cont'd.)

Inverse Time:

Pickup

1ACT/Gnd CT 0.02t0320A 0.01 A +0.02 A or £3%
5ACT/Gnd CT 0.10to 16.00 A 0.01 A +0.1 Aor£3%

*  Minimum Sensitivity of Inverse Time Element: 67Q, N, P

* 5ACT,0.1A,,

* The relay in this application can detect faults to 10% of
inverter rating (10% rating = 0.21A

sec )
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M-7651A:
CT Dimensioning

* CT Limitations
AC Current Inputs

AC Current | I Nominal [ I Continuous | I Short duration Burden
P — 1A 3A 100 A for 1 second <0.021 VA
5A 15A 500 A for 1 second <0.20VA
G de t 1A 3A 100 A for 1 second <0.021 VA
TS R 5A 15A 500 A for 1 second <020 VA

* SSA =10kA (10,000A)
= System SSA contribution is greater than Facility with DER
= 10,000/40 = 250; <500A; OK
* Max. Load of Facility with DER (DER off) = 2MW
» 2MW = kVA/(1.73 * kV) = 2,000/ (1.73 * 13.8) = 83.8
= 83.8/100=0.83A; OK

System Setup

System Setup X

Sysem bput  Veuol iput Ouiput User Lines

MNominal Frequency- £ Hz CT Secondary Raing: 5 A Ground CTRang: 5
Semngs
Mominal Curert |~ 210 100 « > 20000
Recloses Tyee Theee Phase Ganged Dl Actve Prolie 1 -
Teemiral w1 23
Phase fssgreert. A B C v
Voltage Irgnt
Cortguritn
Phase Rotabon  ABC hd
Phase CT Rato E < >
Ground CT Ratr 1000 < > 10000
Power Supply Type
) Low Voltage DC ) High Veliage AC ) High Votage DC
Unda/Refonsh Save Ext

3/8/2019
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ELECTRIC

D-oo.mc.

System

Veltage Input Configuration

LEA Hordwarm M4

Setup

Secondary Mol Volage [ 6 | %000 < 3 30000 Vigh
Vi sde volage Vareducens. () VT ) LEA HIGH
Wy Sde (VT)
VT Conburation | WITE =
Wik W2k Wit
PR nso 180 < > 000 nso - > 00000 150 10 < » 100060
Viz e wollnge armducers (@) VT () LEA HIGH
Vi Sde (VT)
VT Confguaton.  |WTE -
Vil A
MR o 10 < > 0000
Lndo.Pest S e
BECKWITH
ELEG‘I’HIGDW"N':'
For both connections,
VA@0° with IA@0° & VB@-120 with IB@-120° & VC@-240° with IC@-240°
= 100% forward real power flow
E WECO
" n! ' . H
. 2 " S——
s [ g i -0} o
14 ol s o
[ c o : . 'y V3,
: ; T I el D
HE l H H J_
U ser = v OTEST 4 1
: 1AISA : SET -
H CT Configuration H 1AI5
H & Al ' €T Configuration
: | aed oo
" . E .
P i i 8O DN
8 P
H 1 co NGB
: = —1
' e : . 0Lve T
E __________ : | S
Test Set Notes: Test Set Nates:

«  Each phase’s neutral connected together intemally.
= One commen neutral for all phases available for external
connection

«  Each phase’s neutral available for connection.
= Neutrals should be externally commened together.

3/8/2019
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BECKWITH
ELEG‘I‘HIcnm' NG,

M-7651A D-PAC for
DER Interconnection Protection

32F-VAR
Element Application

BECKWITH

M-7651A Settings: 32F-VAR
DER Interconnection Application

RELAY POWER Line-to-Ground Voltage:

Pnom = 3 ¢ VoM * INOM (Secondary Nominal Power)

¢ I:)NOM =3%*69*2.10 . Primary Power (Three-Phase)
=438 VA = 1pu Pickup = = 5 VTR CTR

* Normal pf = +/- 0.9 (25 degrees)

= Sin 25° = 0.4226 1 reactive supply

= Cos 25°=0.9 S
« kWat0.9 = 438 * cos 25

- = 394W 222VAR| 185VAR 0o DER Operating at - 0.9 pf
+ VARs at 0.9 = 438 * sin 25 Areal I I —= ‘\:a‘?"”"'"”"’

= = 185 VAR NO

TRIP

+ Normal VAR Export Max. = 185 VAR

« 20% Margin = 185 * 1.2 = 222 VAR I reactive sk
+ Setting = VAR / 1pu VA
= 222 /438 = 0.5077 = 0.51 pu
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BECKWITH
ELECTRIC

CO. INC.

M-7651A Settings: 32F-VAR
DER Interconnection Application

Forward UnderyAr

Forward OvervAr

P —

Farward OverVar

ya
¥ -a
Reverse OverVAr :
La +1 reactive supply
TRIP
P P L4 s
7 17 22 VARI 185 VARI = X\DEROpmnnga -0.9pf
sizkup — (Supplying VAR)
-l real + real
a ¥a
NO
+Q = VAr into Utility TRIP
-Q =VArinto DER
DER Operating at Unity pf
-1 reactive sink
BECKWITH
CO. INC.
ELECTRIC
-
32F-VAR Setpoints
32-Directional Fower - x
= =2 = =
Pruase ABC
Settings
£ Enatie oo [ 081 300 ¢ > 3006w
DefrieTme | 200 | 000 « > 600006
Operating Power () Real ® Rescive
) Underpower () Chver power
Outputs Blockng lrputs. Youml bpat
12 3 4 12 3 4 L1 23
000 oooo B OO0
EPS
S5A= 10kA
DT R N
| I
Forward OverVAr | PCC z—‘ t !
+a I 1 £% :
4 | 32FvaRl, |8 §§ |
&
| 32R-U|, wl
32FwW | 2 l‘_. |
| - 4 G85)
/| Pick up | Facility * L g § |
| with DER === 138kV480V |
P —e e +P | + (W"] ‘ |
| poc I I
|
| m Load Load ]
| o PVbasedImerter  Max Load= 2MW |
| . OOKVA, 0.9pf (2,000kA) |
Y Q [ . = 1(100%) |
| o Xy= 1(100%) |
| o Xo= 1(100%) |
\ e ___ —_

3/8/2019
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Ereormioa] oo me.
Testing the 32F-VAR Element

Inom (2.1) X Vnom (69) = 144.9W
144.9 X .51 (PU) Pick up = 73.9W

Analog Outputs
Phase A e

Real (W)

Jeactive (var)
Apparent (va)
Power Factor

Rotate 3-ph currents

Meter reactive VAR’s in Secondary rip1 [@ 1021 s
Metering

Check pick up and trip time
Output 1 will pulse

BECKWITH
ELEcrmcD-W' —

M-7651A D-PAC for
DER Interconnection Protection

32R-U
Element Application

3/8/2019

48



3/8/2019

M-7651A Settings: 32R-U
DER Interconnection Application

RELAY POWER Line-to-Ground Voltage:

Pnom = 3 ¢ VoM * INOM (Secondary Nominal Power)
¢ Pyom =3%69*2.1 Pickup = Primary Power (Three-Phase)
=438 VA = 1pu Pnom+ VTR « CTR

« Wyon = 3 * 69 * 2.1 * (Cos 0°)
= 438 VA = 1pu
.« Wyoul0% = 3 * 69 * 2.1 * (Cos 0°) * (0.1)
= 43.5W
» Luiowy at 1.0pf = 43.5/ (3 * 69 * Cos 0°)
= 0.21A

 Desire to trip if real power imported into the Facility with DER is less
then 10% of the DER's rated output

+ At unity pf, minimal amps coming into facility with DER must be
equal or greater than 0.21A, or 21mA

M-7651A Settings: 32R-U
DER Interconnection Application

REVERSE UNDERPOWER EPSS;A o
e hY
|
3Yg-3Y

: PCC ViRe s ggL‘ t :
| 0 5.
| a2 & orvl, |3 §§ |

| T 32U, s TB
I 32FwW | 2 l‘_. |
- A CEg|
| Facility £ 28%
= | with DER =——— 13.8kV:480V T |
l Pw:t up I~ : é r\pﬂ ‘ |
/ AT PoC | [
Reverse l - Relay - ¢ Forwarg | |
« Negative P:ckup : o reed It Loa:wd Lond ZML\:ad :

. /-based Inverter X =
* Underpower | « 1,000kVA, 0.9pF 3(2:;)0“) |
o 480V
| Xy = 1(100%) |
| o Xg= 1(100%) |
| o Xo= 1(100%)

|

\_ )
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BECKWITH
ELECTRIC S R
-
32R-U Setpoints
32-Directional Power — X
m m om o
Phase ABC r
£ Enatie Pdap [ 00 | am < 3 300y
Defrta Tme | 30000 | 000 ¢ 3 600008
Operating Power () Real © Reactve
@) Underpowss () Over pomer
Outnts Bochng outs Vetual ot
12 3 4 12 3 4 o1 23
OO0O8E0 HEE OO 8 000
EPS
SSA = 10kA
Note: A o

Blocking Inputs 1 and 2 are used to block the 32R-U
element if either the PPC CB or DER CBs are opened.
Do not select blocking for “element only” testing.

cn‘zxign 1 SzF-vART,
bl 32R-U),
32Fw |

REAL POWER

REACTIVE POWER

<l REVERSE~~~FORWARD >

Facility + Ll
with DER
+MM

PoC 1
m Load Load

PV-based Inverter  Max Load = 2MW
1,000kVA, 0.9pf (2,000kA)
480V

X'y = 1(100%)

Xy = 1 (100%)

Xo= 1(100%)

13.8kV:480V

99

BECKWITH

ELECTRIC S

M-7651A Settings: 32R-U
Test Procedure

Analog Outputs Analog Outputs

69.00V
69.00V  -12000°  £0.000 Hz
69.00V 12000°  80.000 Hz
2100 mA | -180.00° |  60.000 Hz
2100 mA | -300.00° | £0.000 Hz
210.0 mA -60.00° | 60.000 Hz

1) Pre-fault, Clears the Target 2) Ramp 3 ph. Currents down on
Monitor | Setup Uity Help 10mA steps

Primary Metering
Secondary Metering
Phaser Disgram
Function Status

C@wAE @& e

3) Verify trip time and function

‘,FM:—,?,T[ status Trip3 . ; 2.016s
Outputs 100
[

3/8/2019
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BECKWITH
ELEcrmcD‘m' NG,

M-7651A D-PAC for
DER Interconnection Protection

32F-Watt
Element Application

BECKWITH

M-7651A Settings: 32F-W
DER Interconnection Application

RELAY POWER Line-to-Ground Voltage:
PnoM = 3 * VNOM * INOM (Secondary Nominal Power)

* Pyom =3%69*2.1 Pickup = + Primary Power (Three-Phase)

=438 VA = 1pu Pnow * VTR « CTR
« Wyom = 3 * 69 * 2.1 * (Cos 0°)

=438 VA = 1pu
« Wyom25% = 3 * 69 * 2.1 * (Cos 0°) * (0.25)

= 108.6W

* Twase, at 1.0pf 108.6 / (3 * 69 * Cos 0°)

0.525A

* Desire to trip if real power exported out of the Facility with DER is
greater than 25% of the DER's rated output

« At unity pf, maximum amps flowing into the EPS at unity pf must be
equal or greater than 0.525A, or 525mA
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BECKWITH
ELECTRIC

T-come
M-7651A Settings: 32F-W

DER Interconnection Application

¥ Pick up b
. ] P
1 rr /"7'/’2)
Reverse ] --- Relay --- .aJFgr\‘.ya;_rE/
] « Positive Pickup 7

*  PV-based Inverter Max Load = 2MW
o 1,000kVA, 0.9pf (2,000kA)

. 480V

o X = 1(100%)

o Xy= 1(100%)

o Xo= 1(100%)

EPS
SSA = 10kA
D e a N
FORWARD OVERPOWER : - t :
Bt Il S | PCC VIR=115 3 6NV
% > ] g8 |
NO & | il% 1 32rvarl, ] §§ |
7 " e
o 4 hEE
‘ //r/ : M;‘:;’ZtEyR . lju 13.8KkV:480V & :
! <M vi
ﬁ : PoC I I
: Load Load :
! |
' |
| |
|

« QOverpower L

:f‘émD-co.mc.
32F-W

32-Directional Power
#1 &2 H #4

Phase ABC Settings
SEiE Pickup [ 025 300 < > 300 (pu)
Definte Time: 100 000 < > 600.00 =)
Operating Power (@) Real () Reactive
(O Under power @ Over power
Outputs Blocking Inputs Vitual Input
1 2 3 4 5 6 7 8 9 10112 1 2 3 45 6 7 8 9 10N 1L 1 2 3
Ooooxmboboobooobono bobooooobooooooon ooo
SSA = 10kA
______________________ <
pCC t
£%
w2 F—  32Fvarl, E%g
3 32R-U), wio
327w | H l:
Facility ES 3 EE
Setting is 25% of In (2.1) y— =&
4 v

PoC—— l
[ Der | Load Load

« PV-basedInverter  Max Load= 2MW
. 1,0&/01{\//&, 0.9pf (2,000kA)

. 48
o X'y=1(100%)
o Xy= 1(100%)

1
|
1
1
|
1
1
|
: with DER
|
|
1
|
1
1
|
] * Xs= 1(100%)

3/8/2019
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Analog Outputs

0.00°
69.00V  -120.00
69.00 V 120.00 *
300.0 mA 0.00°
500.0 mA | -120.00 °
500.0 mA 120,00 °

Pre-fault values

In (2.1) x .25 = .525mA

Test

Ramp up in 50mA steps, . > 2 sec. per step

Verify trip time and pick-up

Analog Outp!
Direct
69.00 V 0.00 *
69.00%  -120.00 "
69.00 V 120.00 *
525.0 mA 0.00 *
5250 mA | -120.00°
323.0 mA 120.00 °

O,

BECKWITH
ELECTBICDCO' e

3/8/2019

53



53 1Pseom
File | Communication  Utility Help

¥ M-T6T9 Recloser Control

| M-T651AD-PAC System

Impaort spf File

Compare

Exit

Creating NEW File

M-TESIA *
Srte= Tiow
Frrmucars Verson. | 01.06.05 =
Noswnal Frequency. () SOM: i @
Secordery CTRang (0 14 ®5A
Edorced 0 () Diatie ) Erable

GoudCTRgng (14 @858 O 200mA O Sma (O 10ma

Adsrncioss (Jphase Cosmton) (@) Dasble () Enable

‘akage input Opton.
O @ Ouw O O Ol O
Commurscation Purchase Opton

(ECETS0 @ Duatie 0 Eratle

[M751A6_5_5_F4_Sx 0.CC_ 010635 e ]

o =
107
BECKWITH
Opening EXISTING File
85 IPScom
File | Communication  Utility Help
New »
Impert spf File
Compare
Exit
B open *
4+ & » ThisPC + Documents w &  SewchDocuments 2
Ovganize » Tew foider - m 9
& Oned ™ Hame Date modided Suie
B This PC
B Desitop
= Decurnents
& Downloads : 22000
J Music HT/2017 02 AW 21
= Puctues
B Videes
e Windows (C1)
= HP_RECCVERY (
- HPTOOLS (E)
T i »
Pl o (M stz ERCEC ) 7
Gl
109
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BECKWITH

ELECTRIC

A o - THTA TSRS35, )44 50_0.CC_10634,te

e 7 G
e
VT g WS
-
mle ve » -
Lt B

Set Up System

109

BECKWITH
ELECTRIC

e £ THATA QTSI
Fia  Commuscation Memter | Sehep |
aawn

Relay Setpoints

Setpoim

T
& m o= om

Frofla | Frolie 3 Frofie] Prolied Prolie® Frolied Frotie 7 Prolie | Commen Sesorts

]
Lo of Pt

Sou
| e P |

fhefes 12| o1 |

110

3/8/2019

55



BECKWITH

ELECTRIC

M5 o - TH31A U enigrootend Docamemstr TS A A M
s Comesication Mentesr | Sensp | NSy Help
aaevwn

Display 1/0 Map

[ e——————

BECKWITH
ELECTRIC

W PScom 5-TA51A (C3Lisers\jgrooters| Documenss\MT6514_SN2 38 sup)
Fle  Communication  Monitor | Setup | Ublity  Help
Baw Select Active Prefile

Configuration

Setpoint Summary

Dsplay Al Setungs o x
ol Prst |, Privn Prevaess
M-T651A Display All Setpoints
el b "
Dieves ALSIA
Formwws Voo VoI eds
Compny s
Loesn
ey Mt Bckuh Limoww: Co I
etz
Dt T whom 5L B sl
A
R ———
crnation of thia ST Sle Dakarvia L i
ek
Factory
Faciuey
Secondary 7 Baemg. iy
Copund T Raeng 1A
Nomeal Froquency () “
Voltape Ioput Oiption vT
System Setup

Senp
Siomrl Voltage: (¥ bg) oo
| s e A 500
Racleser Type: Theve Phase Gusged
N Rset Berfory Clove: Dhatied
Lockest Operat. e Bosat Bt Clone
5 Sunih Openeen: These Passe
VT Config: Lo To st
Dt Astoy Peakile 1

ABC

112
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[T R TR —_e—r g e
Fia  Commusicaion  Moster | Setup | WSty Help

Preermr—
Conbgarstion

[ BB

SOE Set Up

3500 SOE stored
in nonvolatile memory

Merve Salacted

Enable Tngoer:
27A 81 Pkog
324 51 Podop
ZTAE1 Tmeout
A1 Tmeout
MC VA
mcve
meve

Cowr 4

113

I 1PScom 576518 (04 bsenjgrooieer Docaments M85 LA_SN2380p)
Fle  Communicatisn  Manaor | Setup | Uity  Help
e % n

Condigunstion

Oscillography Set Up

Setup Ocillograph Recorder

100 OSC files stored
in nonvolatile memory

i Tam

114
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File G

Bawn

Secondary Metering
Phasor Disgram
Function Sastus

Primary Metering
And
Component Metering

Riclessr Siatus Monitorng
Dernand Metering
Harmonscy
Sy Seope
Countery
Live Cscillograph
Battery Chaeger Menitoring !
Bresher Accumulsior St Cumerts (4 Vokages (1) Seqmnce Comporents
Cumerts (A) ‘Volages (V)
mase + [IETTENL e « [IIETH Pos Seo [EDEM e oo NEEEE
rase BETEN Pt BEEEE e s NI e s NG
fhaee ¢ [HETEEN erace . [EEEEEN ZeoSes NIz 5. EE
Gond [ v EE o IEE v IEEE
e Prisse 4 Phase § Prase € Three Phase
fed ) IS T TN T
Reacve b [T EEEETEEN EEEETEEE ST
et NI BT BT BT
P NS TN RN TN
i == L == Ppcy
FLE (O S SR 7 7 ' Froquery iz [
5 w o n o 2 R rocor tes) TN
Cutpats Vetad buts
[ 3 4[5 & b B 2 1 z ]
E} 0 n i+ Fanll Dintarce
T
115
1) IPScom S-7651A - 10/0.0.188 (Modbus Ethernet Chi) .
it Communiaion [ Monkr | Seup Uity g Secondary Metering,
28wl Primuaey Mishezing .
Secondery arrs Components Metering,
Phaser Disgram
Funcion S and Status
Recloser Status Monitoring
Bemand Metesing
Harmaonics
Syme Scope
Counters
Live Ozcillograph
Eattery Charger Monitoring
Brasker Accusmulstar Staus Cumerts (&) Vektages [V Sequance Comporent
om0 Vikages (1)
Prose s HEEIEE ~ Precer BEEE ossec NN e o EENEON
praset IEEEE et BEEE  veo Sec I ;s EEE
PraseC KRR R s | Zers e [ 2o ec R
Geuns [ v o [EEE o [IENEN
i Phase A Phusse 8 Phase Trine Prase
e R EEETEE T T
Fecete) I EEETEEE BTSN TR
Aoee o) TR EEETIE BT TR
Fewfeze IS NN TN TR
Irputs Frequercy
1 2 3 i 3 T F Frocuency ) [
) ] " 7 R ronof sy [
Ot \hd_hl_‘l__
2 | I E 0 AT ] € 7 [l ! 2 3
T e om | u Fat Ditarce
T
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BECKWITH

.l 1PScom S-T651A - 10.0.0.188 (Modbus Ethemet Chl)
File Communication | Monitor | Setup  Utility Help
B @ % [E | PrimeyMeeing

Secondary Metering

Function Status \
Recloser Status Monitoring

Dermand Metering
Hamnenics

Syme Scope

Counters

Live Oscillograph

Battery Charger Manitoring
Breaker Accumulator Status

Sa

Phasor Diagram

Fhasor Disgram

Reference = | ZeroonRight =

All corresponding voltages
and currents in phase
(loadflow at unity pf)

==

i

8

] Cumet
b HM[a7 a¢
b [ [47 123
k H[a7 T
L

8
O

O

E4] Volage

Vo M [sE5 000
w [ 687 125
Y M@ e
vl (4
M
w O
w 0O

s B

1

e
~

.l 1PScom S-T651A - 10.0.0.188 (Modbus Ethemet Chl)
File  Communication | Monitor | Setup  Utity  Help
B @ % [E | PrimeyMeeing

Secondary Metering

Function Status \
Recloser Status Monitoring

Dermand Metering
Hamnenics

Syme Scope

Counters

Live Oscillograph

Battery Charger Manitoring

Phasor Diagram

Breaker Accumulator Status

+ All corresponding
voltages and currents in
phase (loadflow at unity
pf)

» Phase A current wired
180° from Phase A
voltage

===
Freeze
[=-E
s (AT mr

E5=sssggsr=ar

118
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BECKWITH

.l 1PScom S-T651A - 10.0.0.188 (Modbus Ethemet Chl)
File  Communication | Montor | Setup  Utility  Help
B @ % [E | PrimeyMeeing

Secondary Metering

Phasor Diagram N

Phasor Diagram

Function Status

Dermand Metering
Hamnenics

Syme Scope

Counters

Live Oscillograph

Battery Charger Manitering
Breaker Accumulator Status

Recloser Status Monitoring \

Sa

e

| Reference = | ZeracnRight =

+ All currents lag
corresponding voltage by
10°

+ Loadflow with lagging
power factor

[ESen =]

Freeze

B tonent

b RA[® ar
D= et
k. B[momwr
L] 0

T )| D

Yo B[Ercr
w B [EE
Ve @6 wr
vl [ ]

w O
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.l 1PScom S-T651A - 10.0.0.188 (Modbus Ethemet Chl)
File  Communication | Montor | Setup  Utility  Help
B @ % [E | PrimeyMeeing

Secondary Metering

Phasor Diagram N

Phasor Diagram

Function Status

Dermand Metering
Hamnenics

Syme Scope

Counters

Live Oscillograph

Battery Charger Manitering
Breaker Accumulator Status

Recloser Status Menitering \

Pheser Dagan
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