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IMPORTANT NOTICE:

The simulations may contain inaccuracies due to the
approximations made in the models or due to the estimated
parameters. In order to verify the results measurements with
actual system are recommended when possible. Authors do
not assume any liability to anyone for any loss or damage
caused by any errors or inaccuracies in this study.
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1.

1.1.

General

This is guide for VARC 953B power distribution process
simulator. This guide describe the operations of the simulator,
relay connection to computer using usb port and contains also
some examples about using simulator.

Simulator components

This power distribution process simulator model contains one
VAMP 52 feeder and motor protection relay. Three arc sensors
are installed into the simulator. The arc sensors in zone Z1 and
72 are connected to arc input S1 of the relay and arc sensor in
zone 73 is connected to arc input S2 of the relay. Figure 1.1-1
shows the arc sensor locations and the current measurement
point of the relay. On simulator display the leds indicate the
position of the circuit breaker. The leds are connected to the
trip output relay T1. Tripr output relay T1 must be chosen from
output martrix if some protection functions are wanted to
ignite the “breaker open” led when relay trips.

i A
l_ Z1{_).,L‘_|J

VAMP 52

Figure 1.1-1 Connections in simulator VARC 9538
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1.2. The Contirol Panel of the Simulator

The figure 1.2-1 shows the functions of simulator panel. Each
phase current (L1, L2 and L3) can be adjusted separate by
potentiometers. For simulate the earth fault situation, there is
adjust for earth fault current and residual voltage. A phase
shift between earth fault current and residual voltage can be
adjusted with a switch. Earth fault current can be adjusted
either 0 or 90 degrees phase difference with residual voltage.
Three arc sensors are installed to this simulation model. Arc
sensor in Z1 and Z2 zone are connected to arc channel S1 in the
relay and arc sensor in Z3 area to arc channel S2 in the relay.
In simulator panel have three push buttons which activates the
arc channel without torch light.

The leds in the panel shows the position of the breaker. The
circuit breaker (leds) can be opened and closed by switch on the
panel. The leds are connected to the trip output relay T1
Simulator contains two digital input switches which can be
programmed by using matrix and also for example setting
groups can be changed using virtual inputs. There is leds in the
panel for digital outputs.

Breaker position leds are
connected to trip output

e Status indication of outputs contacts
relay "T1

(T1, T2, T3, T4, C1)to LEDs

VARC 9538 /  Control of CB
- no# | /
s QUIFUTS ) "RC
- =AY }
voi @
4
- : 73. paN Buttons activate arc channel (Z1/Z2 are connected
N to arc channel 1 in relay and Z3 to arc channel 2
F
P : Phase shift adjustment switch
r1 }., <— (earth fault current 10 is 0 or 90
Compenscied £&. degrees ahead residual voltage)

Adjustable over current
DI1-2 status

(separate potentiometers for fems. Digital inputs are breaker
each phase) §) «— controlled (open/close) or

\ . .. . .
b using digital input switches

/ ° Controlled earth fault current
. {7 10 and residual voltage U0
VAmF' _

Figure 1.2-1 The view of VARC 953B simulator

from switches

I VAMP

VM953B.ENOO1 VAMP 24h support phone +358 (0)20 753 3264 5



VARC 953B

Power distribution process simulator VAMP Ltd
User's guide

2,

The Relay Connection to
Computer (VAMPSET) Using
USB-port

The VAMPSET program can use USB connection between relay
and computer communication. A standard USB-B cable can be
used for this connection. Also TCP/IP LAN connection can be
used, but then optional hardware is required. In this guide is
shown only the usb connection creating.

The computer create a virtual comport when the relay 1is
connected to a PC with usb-cable. The right serial port number
must check from “Control panel” of computer and then it is
selected from VAMPSET menu.

The USB serial port number of computer is found as follows:
Control panel > System - Hardware - Device Manager,
(Figure 2-1) = Ports (Com & LPT). The right usb serial port
number of the computer is COMS3 in this example (figure 2-1).

L, Device Manager

File Action WView Help
mFE @ A =xna

= = wa305D_TvIl ~
+ Iy Computer
+ g Disk drives
+ -g Display adapters
+ b DVDJCD-ROM drives
+| i=y Floppy disk controlers
+ S Floppy disk drives
+ (88 Human Interface Devices
+ 1= IDE ATA/ATAPL controllers
¥ 2 Keyboards
+7) Mice and other pointing devices
'
5

W Moniors
S Network adapters
S Parts (COM&LPT)
7 Communications Port (COM1)
' ECP Printer Pork (LPT1)
v
+ ¥ Processors
+ ﬂ'& Software Security Token
+ % Sound, video and game controllers
* o System devices v

Figure 2-1 The USB serial port number of the computer

The same port number than in computer must be chosen also
from Vamset communication settings. In this example the port
“COM3” 1s chosen and communication speed can be set up to
187500 bps when usb cable is used.

The communication settings of Vampset are found as follows:
Settings & Communication settings (figure 2-2 and 2-3).
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(=] Untitled - Vampset

)| 2312a(23120(2) Zalealas = HE] Eled Fo|
< > =
Open communication seitings diskg
Figure 2-2 The Vampset communication settings
Communication Settings rgl

..................... -
! port :
1 1
4 [COM3 - s
1 1
1 Local 1
{ Speed (EETHM ~| bes i
b s g e e o
Metwork

Address:

Port:

-

Timeout

Response timeout: 1200 ms
Sience timeout: EIO seconds
Message timeout fIOIO seconds

SPABUS transmit delay. ['E— me

(Remember o changs device speed also)

_ cocel|

[~ SPABUS mode

[— 1..899

[¥ Enable tast reading made

e

[V Refresh view after writing changes

[~ Disconnect after

Phone number:

Restore Delu.tsl

Figure 2-3 Choosing the right port and speed from communication settings

of the Vampset

After these settings are done, the connection can be done
pushing the “Connect” button (figure 2-4). The default
password of configurator is 2.

= Untitled - Vampsal

Fle Edt Vew Seftrgs Communistion Device Lbrary Disturbance Record Help
een
w1 | W Sy | ey | | g | g | B s | |

@ | L'-':l A |€E§} o ) il =d|=1|=d|=1 ?: wd| =]l |--| | | | | ,}| |
[ [connect]

~

~
£ »
Ready

Figure 2-4 The connection to the relay
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After communication is created the relay settings can be read
to Vampset (figure 2-5). When connection is created the
continious updating can be pressed on (figure 2-6). Then all
relay events and measurements are updated automatically to
vampset. The realy settings can be saved to vampset after
these steps. The settings are saved as VARC953B name in this
case (figure 2-6)

= Untitled - Vampset

Fle Edt Vew DSettrgs Communication Device Lbrary Mub-‘tv!ﬂh:l“l':l-b
@] ||| 53123 D) 235|528 ZE6Re) IS 215 El 2]
Fead o sathings From devics
< )v
Roady I

Figure 2-5 The settings from relay to Vampset
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Figure 2-6 Continious updating
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3.

The General Vampset Setlings

before the Simulation And

Some Features

Some relay settings are good to check before simulation.
Common settings and features are shown in this chapter.

The date and time of the day can be checked from “Device info”
of Vampset. The “feeder” mode is used as in application mode

when this distribution process simulator is used.

DEVICE INFO
|| Main location Vamp Oy
Sublocation VARC 9538
Hame for this device VAMP 50 series launch
|| Device name FEEDERMOTOR PROTECTION RELAY
Device type VAMP 52
grANmRAE -
Application mode : Feeder @
I = e L3
Enable language for PC L]
|| Serial numbe: 1256
Program veision Vie.31
Boot-code version
Minimum setting tool version 2.1.32
Cuiirent setting tool vei sion 2215
|| Date 2010-02-10
| Tine of day 12:23:52
| Display contrast 135
|| Display backlight ctr =
Panel access level USER
PC access level CONF
|| Tested by AK
Calibw ation date 2009-12-T
Change password ]
Figure 3-1 Device info

I VAMP

VM953B.ENOO1

VAMP 24h support phone +358 (0)20 753 3264

9



VARC 953B Power distribution process simulator VAMP Ltd
User's guide

The scaling of the current transformer is set to 500/5 A and the
ratio of residual current transformer is 50/5 on all examples in
this guide. The used voltage measurement mode is “U0” in
relay. This measurement mode makes possible the directional
earth fault protection. The Figure 3-2 shows the used scaling
settings and modes on examples in this guide.

SCALING

CT primary 500 A
CT secondary 5 A
Hominal input 5 A
Rated voltage 11000 WV
lod CT primary 50 A
lo1 CT secondary 50 A
Hominal lod input 1.0 A
VTo secondary 100000 W
Voltage meas. mode U

Frequency adaptation mode Auto

Figure 3-2 The scaling settings

Disturbance recorder setting example is shown in figure 3-3. In
the other things the recordable channels, sample rate and
recording length can be chosen from here.

DISTURBANCERECORDER

| Dist. rec. version 1.2

RECORDER CHANMELS
Ch IL1,IL2,IL3.l01,U0,DI,DO

Add recorder channel

Remove all channels

Recording mode Owverflow
Sample rate 110ms
Recording length 1M =
Pre trig time 50 %
Event enabling IF
Maximum time setting 55.64 =

Figure 3-3 Disturbance recorder settings
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Protection stages can be connected on or off by using “Valid
protection stage” menu (left figure below). The common change
of the setting group can be done there. Detailed settings of the
protection stages are defined using it own protection stage
menu. The status of the all protection stages are seen from
“Protection stage status” menu (right figure below). From there
1s seen the used setting group of the protection stage.

VALID PROTECTION STAGES PROTECTION STAGE STATUS
Enabled stages [
SetGrp commaon change 1 | ‘:lallletll stalges z o
ages load o
Current stages SetGrp common change 1
Enable for I> [
EnzblSioniey [ PROTECTION STAGE STATUS
Enable for 12> |_
Enable for I« u Off  OVERCURRENT STAGEI>  50/51 3% 1 -
Enable for If2> u Off  OVERCURRENT STAGEI>>  50/51 6% 1
Enable for Arcl> u Off  OVERCURRENT STAGE I>>>  50/51 6% 1
Off  UNBALANCE STAGE 12> 26 1% 1
Enith.fbullslages Off  ARC OVERCURRENT STAGE  50AR 10% -
:::::: ::: ::; F Off  UNDER CURRENT STAGEI< 37 1% 1
Enable for log> - Off  THERMAL OVERLOAD STAGET> 49 1% o
Enable for log>> r Off  2nd HARMONIC O/C STAGE If2> 51F2 6% -
Enable for lo>>> nu Off  EARTH-FAULT STAGE lo> 50M/51H 3% 1
Enable for fo>>>> [ Off  EARTH-FAULT STAGE lo>> 50M/51H 3% 1
E::::: ::: :::)"’ l': Off  DIRECTIONAL EF log>  67H 3% 1
e u Off  DIRECTIONAL EF log>> 671 3% 1
e Aol r Off  EARTH-FAULT STAGE lo>>> 50H/51H 3% 1
Off  EARTH.FAULT STAGE lo>>>> 501511 3% 1
Other functions Off ARC EARTH-FAULT lo1 STAGE 50HAR 10 % -
Enable for T> u Off  ZERO SEO. VOLTAGE STAGE Uo> 591 1% 1
:::::: ::Liz:“i"g ML; Off  ZERO SEO. VOLTAGE STAGE Uo>> 59 1% 1
e e Off  PROGRAMMABLE STAGE 1 3% 1
Enable for Prg1 u Off  PROGRAMMABLE STAGE 2 3% 1
Enable for Prg2 u Off  PROGRAMMABLE STAGE 3 3% 1
TGy el [ Off PROGRAMMABLE STAGE 4 3% 1
Enable for Prgd [ Off  PROGRAMMABLE STAGE 5 3% 1
E::::: ::: ::: |l: Off  PROGRAMMABLE STAGE 6 3% 1
i - Off  PROGRAMMABLE STAGE T 3% 1
Enable for Prgs r Off  PROGRAMMABLE STAGE § 3% 1
Off  CBFAILURE PROTECTION  50BF 3% -
Off  TRANSIENT INTERMITTENT EF 6711 3% 1
Reclose status Inhibit

Figure 3-4 The valid protection stages and protection stage status

The wanted operations can be connected to start or to trip of
the some functions via “output matrix” menu (figure 3-5). The
breaker status leds on simulator display are connected to the
trip output relay “T'1” of Vamp 52. Then the trip output relay
“T'1” must be connected to the trip signal of the used protection
stages that on simulator display is seen when some protection
stage trips (breaker is opened = red led is on).

Figure 3-5 shows the output matrix connection example. The
trip of output relay has connected to trip of I> -stage. Then the
led on simulator panel which indicates the breaker status
ignites when I> -stage trips. Led “LA” is connected to ignite
when I> -stage starts and led “LLB” is connected to ignite when
I> -stage trips. Also the disturbance decorder starts when I> -
stage trips.

I VAMP
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OUTPUT MATRIX

™™ T2 T3 T4 A1 B0 LA LB LC LD LE DR VOl V02 VO3 V04 VO5 W06 LF LG LH RTRIP
® conne cted
o omeetimaned [ [ A AL] QK000 [

1> start ‘

1> trip

Figure 3-5 Output matrix

Digital inputs”’DI1” and”DI2” can be used for many different
purposes. For example digital inputs can be used releasing
latches (figure 3-6 digital inputs “DI2” is used). Then for
example the latched leds on relay display or trip output relays
can be released by switching digital input 2 on from the pane of
the simulator. The DI status switch on simulator panel must be
then “from switches” position (figure 3-7).

RELEASE OUTPUT MATRIX LATCHES

Release latches -
DI to release latches 0 |1

Figure 3-6 Release output matrix latches

VARC 9538 3

- ________:'};I"LI'E ARC Il\!‘_IJIS

: Feer :.\::1,:- "o . |

I B . 2 I}

Maof o "

4 - - @

: - _ DI1-2 status "from
/_H switches” position

VAMP
Figure 3-7 DI1-2 status position

The fault logs and counters can be cleared from “Protection
stage status 2” menu, see figure 3-8. When “clear” is chosen

this changes must to write to relay by bushing “Write changes
to device” —buttom on Vampset that the changes take effect.

I VAMP
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PROTECTION STAGE STATUS 2

Total # of starts
Total # of trips
Clear all SET cntrs

Clear fault legs

Clear

Clear

Figure 3-8 Fault logs and counters clearing

The relay mesurements can be seen from “Measurements”

menu of the Vampset (Figure 3-9).

MEASUREMENTS

Phase current IL1
Phaze eurrent IL2

Phase current IL3

103 A
1023 A
1013 A

Frequency
Adapted frequency

Io1 residual current
Calculated lo

Zero sequence voltage

001 A

5318 A

LU
49992 Hz
3.0 H:z

Figure 3-9 Relay measurements on vampset

Figure 3-10 shows the phasor diagram display on vampset. The
phase currents are unequal in left picture and equal in right
picture. From figure is seen that the phase shift is about 120
degrees between phases. The phase shift stays in the same

when phase currents are adjusted.

PHASOR DIAGRAM

Phase currents

PHASOR DIAGRAM

Phase currents

L1 Ampl: 0.43, Angle: #°

IL3 Ampl: 1.00, Angle: 118"

IL1 Ampk 1.00, Angle: 0°

IL3 Ampk: 1.00, Angle: 119°

Figure 3-10 Phasor diagram
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The consended general vampset settings before the simulation:
e Relay time checking and application mode to feeder

e Transformer scaling settings

e Protection stage chosen and settings
e Matrix connections

e Disturbance recorder activation

e Settings saving to Vampset

I VAMP
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4. The Simulation
Exercises/Examples

Some simulation exercises/examples are shown in this chapter.
The transformer scaling has set to 500/5 A in all examples.

4.1. Overcurrent Protection I>>>
Simulations (Exercise 1)

In this chapter overcurrent protection stage I>>> is simulated.
Overcurrent protection is used against short circuit faults and
heavy overloads. The inverse operation time has not in this
stage (I>>>). If inverse operation time is used the I> -stage
must be chosen. At first I>>> overcurrent protection is chosen
from “Valid protection stages” of the Vampset. This can be
chosen also from its own I>>> function.

VALID PROTECTION STAGES

Enabled stages 2

SetGrp common change 1

Current sta jes

Enable for I>
Enable for |>>
Enable for |=>>
Enable for 12>
Enable for I<
Enable for 2=

Enable for Arcl>

N o ¢

Figure 4.1-1 Current protection stage I>>> enabling

For example following settings of the overcurrent stage I>>>
can be used as in figure 4-2. Pick-up setting is set to 2,2 X In in
this example and then current limit is 1100 A (transformer
scaling has set to 500/5 A). Operation delay can be set to 0,1
second.

I VAMP
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OVERCURRENT STAGE I>>>  50/51

| Enable for [>>> IF
Max. of IL1IL2 IL3 1006 A
Status -
Start counter 0
Trip counter 0

Set group Dl control -

Group 1
Pick-up setting 1100 A
Pick-up setting 2.20 xin
Operation delay 010 s

Figure 4.1-2 The settings of the overcurrent stage I>>> on exercise 1

The output matrix settings in exercise 1 are shown in figure 4-
1-3. Trip output relay “T'1” and led “LLB” are goes on when I>>>
stage trips. The trip output relay “T'3” and led “LA” goes on
when I>>> stage starts (these two connections are latched).
Disturbance record is programmed to start after I>>> stage

starts.

QUTPUT MATRIX
T BO LA LB LC LD LE DR V01 VO? VO3 VO4 V05 V06 LF LG LH RTRIP

oo A AADDIE Q09099030300 I

1> start
1> trip

15> start
12> trip

125> start
152> trip

Figure 4.1-3 The output matrix settings on exercise 1

After these settings L1 phase current (for example) is increased
until relay trips. DI1-2 status switch must be in “from Q0"
position that the breaker positon can be cecorded to
disturbance decording.

I VAMP
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VARC 9538 i

CUTPUTS ARC INPLITS

11

"
Lr ]
rif .

| & |

R 2

| |

I — e DI1-2 status from QO (breaker)
Phase current L1is T e
icreased L T
00000

vVAMP

Figure 4.1-4 Current increasing on exercise 1

Figure 4.1-5 shows the overcurrent protection (I>>>) fault log
on exercise 1. In the other things the date, fault type and fault
currents is seen from fault log. Two faults are recorded to fault
log in figure. Phase current L1 is increased to over set limit on
fault log 1 and phase currents L1 and L2 are increased to over
set limit on fault log 2.

FAULT LOG

2010-02-18 08:02:45.587 1 2,40 xIn 1.61 xin

2010-02-18 08:01:45.077 1 1-2 10.52 xIn 1.98 xin

Figure 4.1-5 Overcurrent protection (I>>>) fault log on exercise 1

Figure 4.1-6 shows the disturbance recording on excercise 1.
From figure is seen that relay trip when the current of the
phase L1 goes over the set limit 1100 A. The maximum current
of phase L1 1s 1174,4 A. The digital inputs DI1 and 2 are shown
the breaker position. When the value of the DI1 is 1 breaker is
closed and when the value of the DI2 is 1 breaker is open. It is
seen from disturbance decord that trip output relay “T'3” and
led “LA” changes to 1 values when relay starts. The trip output
relay “T1” and led “LLB” changes to 1 values when relay trip. It
1s seen also that the disturbance record has started when I>>>
stage starts.

I VAMP
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] }
e EDDDA b
el BDOOA Vb
____________________________________________
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socoomn Hl b e o odbessnssnaleaneeneadeanneaneabenassosadaseascasdeeossossobooscoscodpennsnnss|dbocnssn dennsnnsnd
B S O S HN N S SO

! UL 011748 A
IL2 1000.0 A ! IL2 512.52 A

' CUILE0 A0 A

LE

DR:|I===$§20start

|:|DDS -4.500 = -4000= -E500= 3000 s -2500=  -Z000s -1.800s -1o00 s -0.500 = 0.0g0 s 0.500 5 1.00
L T S (ST T (S [P R T S T T P R |

Figure 4.1-6 Disturbance recording on excercise 1

4.2. ARC Overcurrent (Arcl>) Stage
Simulations (Exercise 2)

ARC overcurrent stage is simulated in this case. This function
trips if both arc and overcurrent in some phases is detected at
the same time (overcurren at east as much the pick up setting).
The arc sensors in zone Z1 and Z2 are connected to arc input S1
of the relay and arc sensor in zone Z3 is connected to arc input
S2 of the relay. Then both arc activate buttoms “Z1” and “Z2”
are activated the same arc input S1 of the relay.

At first ArcI> stage is enabled and all the others stages are
disabled. The settings arc overcurrent stage is shown in figure
4.2-1. The red circles are shown the settings which are
changed. Pick-up setting is set to 0,5 pu in this example and it
means that the phase current must be at least 250 A that arc
makes relay to trip (scaling on Vampset 500/5 = 500 x 0,5 =

I VAMP
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250 A) In practise the current limit depens on the properties of
the measure transformers and then current limit is not exactly
the calculated value. The S2 is chosen to arc input in this
example, S2 or both S1/S2 could be chosen also. In simulation
model the arc sensor S2 is connected to Z3 area.

ARC OVERCURRENT STAGE  50AR
| Enable for Arct- :lv : |+ Enable Arcl> stage
Ma of IL1IL2 IL3 250 A
Status
L= counter 1
Start counter 1
Trip counter o
Pick-up setting % i . Pick-up setting to 0,5 pu and S2
L LGP arc input in use

Figure 4.2-1 ARC overcurrent stage settings (Exercise 2)

Following output matrix settings were used in exercise 2. The
start of the ArcI> function is connected the trip relay “T'3” and
led “LA” (both signal are latched in matrix). The trip of the
ArcI> function is connected trip relay “T1” and led “LB”. Also
the disturbance decorder is activated when ArcI> function

starts.

QUTPUT MATRIX
T T2 T3 T4 Al BO LA LB LC Lb LE DR VOl V02 VO3 VO VOS5 V06 LF L6 LH

oomcimieees A AAITDEN Q@303 009003Q03Q0Q300

Arel> start

Arch> trip

Figure 4.2-2 Output matrix settings at exercise 2

Figure 4.2-3 shows the operations on display of the simulator at
case 2. At first all or one phase current is increased more than
pick-up setting. The phase current must increased at least to
250 A in this example. Then ARC puttom “Z3” is pressed (this
buttom activates the arc input channel). Simultaneous arc and
over current makes the relay trips.
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Arc sensor in Z3 zone is connected to the input S2 of the relay

DI1-2 status from QO (breaker)

Phase current L1 is set at
least to 250 A

VAMP .

Figure 4.2-3 Simulator operations on exercise 2

Figure 4.2-4 shows the disturbance recording on excercise 2.
From figure is seen that the arc overcurrent stage makes the
relay trip when the current in some phase is over the set limit
and arc input starts in the same time. The digital inputs DI1
and 2 are shown the breaker position. When the value of the
DI1 is 1 breaker is closed and when the value of the DI2 is 1
breaker is open. It is seen from disturbance decord that trip
output relay “T'3” and led “LLA” signals are changed to 1 values
when ArcI> -function starts. The trip output relay “T'1” and led
“LB” signals are changed to 1 values when ArcI> -function
trips.

I VAMP

20 VAMP 24h support phone +358 (0)20 753 3264 VM953B.ENOO1



VAMP Ltd Power distribution process simulator VARC 953B
User's guide

IL1 119.41 A

copo DOOOOA [ O b eeeeees R Ao Lot I
| IL10...250.40 A | - ! i i

R, SO | R S

ILZ . ILZ 42 334 A

_________________________________________________________________________________

_______

H ILZ 0. 80271 A
IL2 : SD.DD.T\ II7342.8£1E!A: : : : : : ________ E_________%________J:___

IL30...80.088

o
1= T 1T/ 1

DR:Arol=$20start

| 41.5?0 s -4 D?D s —3.5?0 s 2 D?D s —2.5?0 s -2 D?D s —1.5?0 s A .D?D s —D.S?U s 0.000 = o EDID s 1.00|0 s 1 SDID E

Figure 4.2-4 Disturbance recording on excercise 2

4.3. Unbalance Stage 12> Simulations
(Exercise 3)

The unbalance stage (I2>) protection is simulated in this case.
The purpose is to detect unbalanced load conditions, for
example a broken conductor of a heavy loaded overhead line in
case there is no earth fault.

In figure below is shown the used settings in this example.
Pick-up setting K2 is set to 10 % and operation delay is set to
minimum 1 second. The details of the “K2” are explained on
Technical description of VAMP 50 manual.
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UNBALANCE STAGE 12> 46
| Enable for 12 [v |
Current -seq./+seq. 0.0 %
Status Trip
Start counter 17
Trip countér 17
Set group DI control -
Group 1
e
Pick-up setting K2 I 0 %
Operation delay : 10 s 10.0 s

Figure 4.3-1 ARC overcurrent stage settings on Exercise 3

Figure 4.3-2 shows the output matrix settings on exercise 3.
The output relay “T1” and led “LLB” are activated when 12> -
stage trips and the output relay "T'3” and led “LA” are activated
when 12> -stage starts. Disturbance decorder activates when
12> starts.

OUTPUT MATRIX
T T2 T3 T4 Al BO LA LB LC LD LE DR VOl VO2 VO3 VO4 VO5 V06 LF LG LH RTRIP

o ommanimaenes 71 [7] [ [ [7] [ PRXIPXPIILKIPIOIIRIRIER ]

12> start
12> trip

Figure 4.3-2 Output matrix settings on Exercise 3

Figure 4.3-3 shows the operations on display of the simulator
on exercise 3. Unbalance stage detects unbalanced load
conditions. The relay trips when unbalance between phase
currents has more than settings.
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VARC 9538 3
_________ QUIPUTS ARC INPUTS &
puoifee no o @ ¥d)
] O . 1
L J " i
- 12 . 2 Qr\}
ey -
Yy D @
|_ e __J C )
L= I}
mmé‘,} DI1-2 status from QO (breaker)
Campaniatad A‘\\ .::r
Unbalance is caused P onagons

between phases

VAMP .

Figure 4.3-3 Simulator operations on exercise 3

Figure below shows the unbalance stage (I2>) fault log on
exercise 3. In this example the phase current L1 was decreased
until unbalance was more than the set limit 10 %. From figure
1s seen that unbalance was 11 % before trip.

FAULT LOG

[1] 200-02-18 12:09:43.358 1 11 % 100 %

Figure 4.3-4 Unbalance stage (12>) fault log on exercise 3

Figure 4.3-5 shows the disturbance record in exercise 3. The
phase current (L1) is decreased until unbalance function trips.
From figure is seen that the breaker is opened (DI2 goes to 1)
after 0,8 seconds when I2> function starts (led A). The
operation delay was set to one second.
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L1 00RO Bt L1 BEE 12 A

IO ApzEs A

L2 inonns,_ . ILE534.54 A

00000 At :

e Aania s

OR:2=$20start

?DD = -4.5?0 s -4.0?0 = -3.5?0 £ -3.0?0 = -2.5?0 = -2.0?0 = -1 .5?0 = =l .D?D = -0.5?0 = 0.000 = D.SDID = 1.00‘0 = 1.50|U = 2.DDI

Figure 4.3-5 Disturbance recording on excercise 3

4.4. Directional Earth Fault Protection 10>
-Stage Simulations (Exercise 4)

It is possible to use two different network models in the
simulator. The compensated or neutral isolated network can be
used. Both network models are used in this exercise when
earth fault protection is simulated. At first the compensated
network situation has simulated and after that the network
has changed to neutral isolated. Earth fault situation can be
simulated by adjusting the zero sequence voltage and the
residual current.

44.1. Earth Fault and Compensated Network
(Exercise 4.1)

In this exercise is simulated earth fault protection when the
network is compensated. Then “Res” mode must be selected.
The figure 4.4..1-1 shows the used settings in this case. All the
others protections stages are not in use. Zero sequence voltage
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limit is set to 5 % and the residual current limit to 0,2 pu (10 A)
and the operation delay is one second.
DIRECTIONAL EIF log> 67N ‘

|Emhlefor log> |7 ] ‘

Set D control -

Gm:wp g —— el Used settings

Direction mode ResCap ResCap

Char ctrl. in ResCap mode Res 4| Res " "

e w1 "Res” mode when compensated
Pick.up setting 9200 pu 0200 pu network and "Cap” mode when
Uo setting for loDir> stage 5 % 10 % earth isolated network is used
Angle offset 0o 0o

Pick up sector size 88 fio 83 io

Delay curve family T oT

Delay type DT T

Operation delay 100 s 100 s

Inverse delay (20x) s -8

Inverse delay (4x) s s

Inverse delay (1x) 5 s

Figure 4.4.1-1. Directional earth fault protection 10®> -stage settings when
compensated network

Figure 4.4.1-2 shows the output matrix settings on exercise 4.
The output relay “T'1” and led “LLB” are activated when 109> -
stage trips and the out put relay "T3” and led “LA” are
activated when I0®> -stage starts (latched). Disturbance
decorder activates when I0®> -stage starts.

QUTPUT MATRIX
T T2 T3 T4 Al BO LA LB LC LD LE DR VOl V02 VO3 VO4 VOS5 V06 LF LG LH RTRIP

oomnimimes A AADALTN QIR ITYIIKQR O

loDir> start ‘

ToDir> trip

Figure 4.4.1-2 The output matrix settings on exercise 4.1 when network is
compensated

Figure 4.4.1-3 shows the operations of the simulator on exercise
4.1. Zero sequence voltage and the residual current are
increased to over set limits.
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VARC 953B g
—— O !
P QUIPUTS ARC INPUTS 3
: 208 m’r‘: n o . . \i”}
S| Wy - )
L J T b, . ?c‘i:{ T

"0 =14
(so? [~ -
| | i3
! ‘ ? | (] .
[ —

O— e _

s Ze -+ Compensated network is used
:cn'oemcmui-l ) E

Dil-2status 2

om0 : «— DI1-2 status from QO (breaker)

Figure 4.4.1-3 Simulator operations on exercise 4.1 when network 1s
compensated

Figure below shows fault log on exercise 4.1. From fault log is
seen that both residual current and zero sequence voltage are
gone over set limit.

FAULT LOG |

[11 2010-02-18 13:4%:34.818 1 .35 pu -da 6.7 % 100 % |

Figure 4.4.1-4 Directional earth fault protection (I0D>) fault log on exercise
4.1

Figure 4.4.1-5 shows the disturbance record in exercise 4.1. The
both I0 and UO are increased to over setting limits on
simulator. It is seen from figure that both values 10 and U0
must exceed the setting limits before the directional
overcurrent stage trips. The zero sequence voltage is over set
limit in all time but function trips only when residual current
increase over set limit also. From figure is seen that the
fuction starts when residual current increases over set limit
and the trip comes after the set delay (1 second).
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IL10..1005.2 A
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ILZ0..1023.8 A
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_______________________

101 0.7 440 A
Uo : L Uo 35662 %
e - eep— FUR— M —— [— e ——— FU— Jr—
________ U S O S U SRS SR
S, 2 L1 1L R S ——— b deieeas [ R S b deieeas
00000%,_‘ _____________________________
Uo 066711 %
D11
DIz
T
L3
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OR:loDir=$20start 1 1 1 1 1 1 1 1 _'_I 1

00 = -4.5?0 = - .D?D = -3.5?0 = -3.0?0 = -2.5?0 = -2.0?0 = -1 .5?0 = .D?D = -0.5?0 = 0.000 = D.SDID = 1.UDID = 1.50|D =

Figure 4.4.1-5 Disturbance recording on excercise 4.1 when network is
compensated

4.4.2. Nevutiral Isolated network and earth fault
(Exercise 4.2)

The network is changed to neutral isolated in simulator. Then
“Cap” mode must be selected on I0P> -stage of the Vampset.
The other settings are same than in previous exercise 4.1. The
Matrix settings of the relay can be kept the same than in the
previous exercise.
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DIRECTIONAL EIF lop> 67N ‘

'Endilefor lop> |7 ] ‘

Set group DI control -

Group 1

LosE L......ResCap .. Best
Char ctil. in ResCap mode : cap - Res Mode is changed to "Cap”
Pick-up setting 10.00 A 10.00 A
Pick-up setting 0.200 pu 0.200 pu
Uo setting for loDir> stage 5 % 10 %
Angle offset 0o 0 o
Pick up sector size 88 ho 88 o
Delay curve family DT DT
Delay type DT DT
Operation delay 1.00 s 1.00 s
Inverse delay (20x) s -8
Inverse delay (4x) s - s
Inverse delay (1x) s -8

Figure 4.4.2-1 Directional earth fault protection 10®> -stage settings when
compensated network

The network is changed to neutral isolated in simulator (the
changing switch is shown in the figure 4.4.2-2). Then 10 and U0
are increased until relay trips. After that the network can be
changed back to compensated in simulator and now the I0®> -
stage should not to trip if I0 and UO are increased a little bit
over the set limit because the I0d> -stage setting of the
Vampset is in “Cap” mode.

VARC 953B

(itty w7 1
QUTPUTS MRC IN{’PTS §
o @ O
7
o @ -0

0f m o m i
. . <—10 and U0 is increased to over set limit

Figure 4.4.2-2 Simulator operations on exercise 4.2 when network is neutral
1solated

I VAMP

28

VAMP 24h support phone +358 (0)20 753 3264 VM953B.ENQO1



VAMP Ltd

Power distribution process simulator VARC 953B
User's guide

Figure 4.4.2-3 shows the fault log of earth fault protection
function. Fault current has been 0,48 pu, fault voltage 6,7 %

and fault angle has been 82 degrees before trip.
FAULT LOG |

11 2010-02-19 09:22:09.458 1 .48 pu 820 6.7 % 100 % |

Figure 4.4.2-3 Directional earth fault protection (I0P>) fault log on exercise
4.2

The disturbance record (figure 4.4.2-4) shows that I0®> -
function trips when I0 and UO are increased over the set limits
(T3 and led LB changes from 0 to 1). The zero sequence voltage
is increased to over set limit at first and then residual current
1s increased until relay trips.

IL1B35.17 A

A0S0 _A

: CUIL0. 10883 A

ILZ B11.72 A

CUILE 010288 A

IL3 604 72 A

' T 0o 0L BT 1S b

DFR:loDir=$20start
n

?DD = -4.5?0 = -4.0?0 = -3 .5?0 = -3.0?0 = -2.5?0 = -2.0?0 = -1 .5?0 = .D?D = -D.S?D = 0.000 = D.SDID = 1.DDID = 1.50|D =

Figure 4.4.2-4 Disturbance recording on excercise 4.2 when network is earth
1solated
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4.5,

4.5.1.

Auto-Reclosing Simulations (Exercise

5)

Two auto-reclosing simulations are done in this exercise. At
first case the auto-reclosing is activated when directional earth
fault protection trips and overcurrent protection I>>> stage
activates the auto-reclosing function in second case.

Auto-Reclosing Activates When Directional
Earth Fault Protection (10®>) Trips

At first the auto-reclosing must be activated from “Valid
protection stages” (figure 4.5.1-1) or from it own function (Auto

reclosing, figure 4.5.1-2).
VALID PROTECTION STAGES

Enabled stages 2
SetGrp commeon change 1

Other functions

Enable for T>

Enable for CBFP
Enable autoreclosing
Enable AR for 2 grp. “AR
Enable for Prgi
Enable for Prg2
Enable for Prg3
Enable for Prg4
Enable for Prg5
Enable for Prgé
Enable for Prg7

1

?

—

1 &

Enable for Prgé

Figure 4.5.1-1 Autoreclosing activation

Autoreclosing function activation
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AUTO RECLOSING 79

Enable autoreclosing ARon
Dl for ARon/ARoff
Enable AR for 2 grp. ARoff

Breaker object in use
Breaker 1 object
Breaker 2 object

Input for selecting CB2

Reclose status Locked
AR shot number END

| Reclaim time 500 s |

I Block by external synchrocheck - I

| ARinfo for mimic display [v] |

I Clear counters 5 |

Figure 4.5.1-2 Auto reclosing function

The autoreclosing setting menu is shown in figure 4.5.1-3. The
shots 1, 2 and 3 of the AR 1 are activated in this example. Then
reclosing is tried three times before the final trip. The dead
time 1s set to 0,3 seconds in shot 1 and to 60 seconds in shots 2
and 3. Reclaim time is varied. If the reclaim time is varied
between the shots the cross must be under “Use shot specific
reclaim time”. If the cross has not the reclaim time is same to
all shots (in this example it would be then five seconds).
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AR Shot settings 79
Use shot specific reclain time |7
Reclaim time 500 s
—
/ Shot 1
On 1 00250 ,........ 000587 0.02s 5005
Off 2 0025 0.30 5 0.02 5 5.00 5
off 3 0025 0.3 s 0.02s 5008
O 4 0.02 = 0.30 5 0.02 s 5.00
y Shot 2
on 1 = @000 - 025 20.00 s
o 2 60.00 5 0.02s 20.00 5
Off 3 60,00 5 002 s 20,00 5
off 4 60.00 5 002 5 20.00 5
P
4 Shot3
on 1 - 60.00s * 002 20008
LA
off 2 60.00 = 0028 20.00 5
off 3 60,00 5 0028 2000 5
Off 4 60,00 5 0.02s 20,00 5
y Shot 4
off 1 = 5005 0028 10.00 =
Off 2 5.00s 0.02s 10.00 5
off 3 5.00 5 0025 10.00 5
off 4 5008 0.02s 10,00
y Shot5
Off 1 - 500 5 002 s 10,00 5
off 2 5005 0028 10.00 s
Off 3 5.00s 0.02s 10.00 5
Off 4 5.00 5 0,025 10.00 5

Figure 4.5.1-3 AR shot settings on exercise 5.1

Figure 4.5.1-4 shows one connection example on auto-reclosing
matrix. In the figure the auto-reclosing function is connected to
activate when directional earth fault protection —stage (I0Dir>)
trips. The relay trip or start of any stages can be used to auto-
reclosing function activation.

AUTO-RECLOSING MATRIX
Critical AR1 AR2 AR3 AR4

loDir= start »
loDir> trip »

Figure 4.5.1-4 Auto-reclosing matrix connection examples on exercise 5.1

The position of the breaker must connect to the output relays in
output matrix. Then the relay recognizes the breaker position
and auto-reclosing function can operate.
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(TS TEARES m T2 T3 T4 Al BO LA LB Lc LD LE DR Vo1 V02 VW03 V04 VOS5 V06 LF LG LH RTRIP
o comeeisnaienes 7] 7] [ [ 1 [7] IR UJ‘
Figure 4.5.1-5 The output matrix settings on exercise 5.1
The directional earth fault protection (I0®>) function is
activated and same settings are used as in exercise 4.2. The
used network is neutral isolated in simulator. Then zero
sequence voltage and residual current are increase to over set
limits. When directional earth fault protection trips three
reclosing should be making after that should come the final
trip. In figure below are shown the auto-reclosing counter
display from auto-reclosing function when directional earth
fault protection has tripped and it is seen that all three shots
are done before final trip.
TOTAL COUNTERS
AR start counter 3
AR fail counter
Shot1 start counter 1
Shot? start counter 1
Shotd start counter 1
Shotd start counter L1
Shoth start counter 0
Request from AR
Shot1 start counter 1
Shot2 start counter 1
Shotd start counter 1
Shotd start counter 0
Shoth start counter L1
Figure 4.5.1-6 Auto-reclosing counter
4.5.2. Auto-Reclosing Activates When Overcurrent

Protection I>>> Trips

First the overcurrent protection function I>>> is activated and
the others functions are not used. Auto-reclosing shot settings
are changed as in figure 4.5.2-1. The shots 1 and 2 of the AR 1
are activated in this example. Then reclosing is tried two times
before the final trip. The dead time is set to 0,3 seconds in shot
1 and to 60 seconds in shot 2.
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AR Shot seftings 79
'mmmamm [+
‘ Rectaim time 580 8 !
r Shot 1
on 1 = oZs [T wozs 5w
O Fd B8F s 03h s ol e B s
o 3 (X2 0,38 w 002 s 5. 8
o 4 0028 0.3 s a.n2s S s

on 1 e ©0.00 s 2 s 2080 8
ot ey “000n 0825 20005
o 3 000 8 [ 2000 5
o 4 000 5 0azs 2000 5

Shet 3

Enable AR baSmc  Oesdtme  Oscrimingontme  Recamume
o 1 . 60005 042 s 20005
off 2 6000 [ 2000 8
off 3 G080 5 002 s 20005
o 4 6000 8 04z s 20,00 3

Shot 4

off 1 5008 047 3 00 8
o 2 S0 s 082 s 1000 5
o 1 5408 047 s 1000 5
o 4 5400 8 082 s RLEIE]

Shet §

of 1 5408 0als 10,00 5
Off 2 S0 s 0082 5 1080 =
off 3 500 8 0azs 1000 5
o 4 500 5 082 s 080 s

Figure 4.5.2-1 AR shot settings on exercise 5.2

The autoreclosing matrix settings are changed so that auto-
reclosing function activates when overcurrent protection (I>>>)
trips (figure 4.5.2-2). The same output matrix settings are used
than in exercise 5.1 (figure 4.5.2-3).

AUTO-RECLOSING MATRIX
Critical AR1 AR2 AR3 AR

Fs Fs Fs

I=>> start - ‘

12> trip

Figure 4.5.2-2 Two auto-reclosing matrix connection examples on exercise
4.5.2

QUTPUT MATRIX
T T2 T3 T4 BO LA LB LG LD LE DR VOl V02 VO3 V04 V05 V06 LF LG LH RTRIP

o omaamamnes A AADEN Q038330080 1

Object1 open
Objeett close

Figure 4.56.2-3 The output matrix settings on exercise 5.2

Overcurrent protection function is activated and the same
settings are used than in exercise 1. After trip of the
overcurrent protection the auto-reclosing should start and two
reclosing should be done before the final trip.
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4.6.

Current Transformer Supervisor
Simulating (Exercise 6)

When Current transformer supervisor function is activated the
relay supervises the external wiring between the relay terminal
and current transformer and in addition the function
supervises the current transformer.

The current transformer supervisor function measures the
phase currents. The function starts if one of the three phase
currents decreases below Imin< setting and in the same time
other phase current increases over Imax> setting. The Imax —
setting has used 300 A (0,6 x In) and Imin —setting has used
100 A (0,2 x In) in this example. The operation delay is set to
three seconds. The settings are shown in figure 4.6-1. It is seen
from figure that ct supervisor function has started when the
setting limits are exceeded.

CT SUPERVISOR

| Enable for CT alarm I?
CT supervisor status Start
Max. of IL1IL2 IL3 M3 A
Min. of IL1IL2 IL3 5 A
Imax> setting e A
Imin= setting 100 A
Imax> setting .60 xin
Imin=< setting 0.20  xin
Operation delay 3N s
CT supervisor event on |7
CT supervisor event off I?

Figure 4.6-1 Current transformer supervisor settings

Figure 4.6-2 shows the fault log of the ct supervisor. The start
time, Imax and Imin are seen from that fault log.

FAULT LOG |

[11 2010-02-10 12:52:34.798 M3 A 85 A |

Figure 4.6-2 Fault log of the current transformer supervisor
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The start of the current transformer supervisor function can be
set to make the relay trip by using output matrix. One example
1s shown in figure below. T1 trip output relay is connected to
the breaker in the display of the simulator. Then the breaker
goes open when ct supervisor operates.

QOUTPUT MATRIX
M T2 T3 T4 Al BO LA LB LC LD LE DR VOl V02 VO3 VO4 VOS5 V08 LF L6 LH RTRIP

Figure 4.6-3 The output matrix settings on excercise 6
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