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Introduction

Relay Tripping Curves-PRO It is a software that allows calculating, by means of
mathematical equations, the characteristic curves of the protections against phase overcurrents
(ANSI 50/51) and ground currents (ANSI 50N/51N), according to the different standards used by
the main manufacturers of protection relays that exist in the market, as well as representing these
curves on a chart with a Log-Log scale in a friendly and simple way.

This software arises from the need for engineers, technicians and electrical engineering
students to have a simple tool for representing these characteristic curves, since the data for the
curve graph is fed through mathematical calculations. With this software you can also represent
the trip data of a protection device and compare it with the setting curve and make a test report,
which includes protection relay setting data, a trip verification table and includes images.
Additionally, with this software you can compare the selectivity between two inverse curves and
optimize it.

In summary, with Relay Tripping Curves-PRO2 you can:

o Graph up to 30 curves of the ANSI 50/51 and ANSI 50N/51N function settings from the

different manufacturers of protection relays on the market.

o Perform numerical calculations of the graphed curve and print the results.

e Graph the protection relay trip points and compare with the adjusted inverse curve.

e Activate a cursor to show the Amps vs Time values along a graphed curve.

e Create areport that includes the relay settings data, the trip verification table, the curve

graph and include images.

e Calculate and optimize the selectivity between 2 graphed curves and make a report.

e Change from secondary to primary values.

¢ Change the scale of the log-Log chart as needed.

e Graph curves at different voltage levels.

¢ Change language: English to Spanish.

e Customize the Logo of the reports (Optional).

This document will explain in detail each of the features and functions of this software so that

the end user becomes familiar with it.

You can download this software at: www.protelectsa.net
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Who is it addressed to ?

Relay Tripping Curves-PRO2 is aimed at:

1.- Students:

1.1.- With this software, electrical engineering students will have help when learning the concepts
of construction of the inverse curves used by protection relays.

1.2.- Know and work with the formulas of the mathematical equations used for the construction of
the inverse curves.

1.3.- Work on the selectivity between two protection relays.

1.4.- Work on primary and/or secondary values in power systems.

1.5.- Learning the basic principles to carry out studies of protection coordination

2.- Electrical engineers and/or technicians

2.1.- Engineers and/or technicians will have a consultation tool to have first-hand how the curves
of the protection device settings of their plants and/or substations are represented.

2.2.- They will be able to quickly and easily know the selectivity between two specific devices and
take action in case any adjustment change is required.

2.3.- Conduct a study of protection coordination between downstream and upstream devices.
2.3.- Observe the behavior of the adjusted curve in the event of a trip and any test performed,
knowing the fault current values and trip time.

2.4.- Make a report that includes data on protection relay settings with a graph of its inverse curve.
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Control Panel and User Menu

The Control Panel contains the data modules and buttons necessary to carry out our tasks,

although there are also some pop-up windows depending on the operation we are doing.
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n Toolbar: Contains all the buttons necessary for the program to run, and is divided into three

groups:

Graph menu buttons: This contains all the functions necessary to graph the curves in the Log-
Log Plot, go from Secondary values to Primary values, change the scale of the Log-Log Plot, delete
the curve that is graphed, change the color of background Log-Log Plot, activate the cursor and go
to the windows to make the numerical calculations, calculate the selectivity between two curves

and graph the starting current of the loads.

Prim/Sec NI.-Jm Calc Ché_rtScaIe Graph Curves Delete Curve Change Color Go to Selectivity

Test menu buttons: This contains all the functions necessary to graph the trip points, delete the

plotted trip points and make a report.

Go to Report Graph Points  Delete Paints  Act Cursor
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General menu buttons: These buttons are used to graph Current/Time points, clear graphed trips
points, activate the cursor to display Current/Time values along the graphed curve, and go to the

report window.

M EX K

Save Chart Print Chart Help Language Exit

Drop-down menu: Contains the same buttons as the Toolbar, but in a drop-down way.

E Manufacturer Data: This MENU contains the options for the protection relay manufacturer

to choose from and for which we want to represent the settings and graph its

MANUFACTURER _ L _
curve. When selecting one of these manufacturers, a mimic will be displayed that

=W B iy ates the front display of the protection relay.

[ [
LABDQRATORIES

® Schneider If you select the SIEMENS option, 3 options will be displayed to choose from:
SIPROTECS5, SIPROTEC4 and Reyrolle with their respective mimics of their
front display.

< ',I Fultilin

CIMICOM Agﬂe If you select the ABB option, 2 options will be displayed to choose from: REF
Series and DPU2000 with their respective mimics of their front display.

all the data for the ANSI 50/51 or ANSI 50N/51N function settings
of the protection relay are entered:

ANSI 51 or ANSI 51N data:

Ip: This is the value of the pickup current for the operation of the

Ip: 08 A‘{ Noma: ANSI

TD: 002 S | Curva: LONG INVERSE

ANSI 51 function in Primary or Secondary Amps.

Td: Value of the time variable or Time Dial of the curve.
Standard: Here the standard used is chosen, for example: ANSI,
IEC, U.S Curves or IEEE, depending on the manufacturer selected
in Manufacturer Data.

Curve: Here the type of curve is selected according to the selected
STANDARD.

ANSI 50 or ANSI 50N data:

I>: It is the value of the instantaneous starting current or Pickup for the operation of the ANSI 50

function in Primary or Secondary Amps.
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TI>: Timing value for starting the ANSI 50 protection.

Here you also select the number of the relay to which its adjustment curves will be represented and

ente s espective dentiication

For greater ease when entering the protection relay setting data, this is done through the simulated

image of its front panel. For each manufacturer there will be a mimic that simulates the front display

and will be displayed when selecting a manufacturer:

PLUNTOS PRUEBAS

Seg

EED =

* ANSIS0/51 @

Norma: ANS!

S | Curva: EREMELY MvERSE ~

O ANSI50/51  © ANSI 50NI5TN
GND TOC:
:[25]A sTo:[GETYPEMC

[ Ansi 51N ANS1 50510 anst sons 1 [ | PHLPTOCT
m g S sp-1:[ 31 |A Tms:[oce|s

Nomma: [EC : [115] 5 Curva: [1AC Very nvese
ITMS: 045 S Curva: Standacd Inv (ST/A) | v
Curva: |[EC Ext Inv

B> 2 A . PHHPTOC
A\ sop-1:| 15 |A mimEr: [0035]

T> 00) 'S
sop-2:[ 25 |A mme2 [0018]

=OE D
= @ gf
nEZE@

ANSI 51 (1080)
B 04 % Noma: IEEE
[TMS. 1.1 '8 Curvm [IEEE Mocersiey Inv. | =

ANS! 50-1 (1130)

B> 12 % T 00 800

P CurrentSet: | 22 | A

pms: [ 13] s

> Function: UK curves.

1>Curve: | UKLT Inverse

> Curent Set: | 10 |
: LD
ol | P>TimeDial. 002

> v >

©_o (e
@@@ > Time Dial: | s
(&)

© ANSIS0/51 O ANSI S0N/51N

@00 ®

the current injection values of a test case or the result of an event recorded by
the protection relay.

These points are plotted on the inverse curve plotted on the Log-Log chart, in
this way it is verified if the protection device acts within the range of the curve.

If any point falls within a range of 10% of the curve, this point will be placed in

green, but if the point falls above or is less than 10% of the curve, the point will
be placed in €.
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E Vn and Tc data box: in this menu you can enter:

.- Values of the current transformer (CT) ratio when
working with secondary values.
.- Values of the operating voltage of the protection

equipment and the reference value with which the inverse

curves will be plotted on the Log-Log chart (when working with primary values).

.- The equation of the curve is shown, according to the chosen standard.

E Log - Log Plot: This screen shows the inverse curves of the protection relay chosen, after
entering the settings data and clicking on the “Graph Curve”

\

N

3 button.

The trip points can also be graphed once the data has been entered in the “Test Points”

menu and the “Graph Points”

. |

button has been clicked.

This screen shows the cursor to detail the Amp/Time values along the graphed curve. To

activate/deactivate this, click on the “Act Cursor”

button.

The name of the protection relay to which the graphed curves belong is also identified, as

well as the reference voltage of the Log-Log chart in case of working with primary values.
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Numerical Calculations

The mathematical calculations of the graphed curves can be represented by the button:
Eﬁ this shows the results of the equations associated with the inverse curve with the data of the
entered adjustments, this can be printed in a report and saved in .PDF format.
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Log-Log Chart Scale

When graphing a curve, it will be graphed on a Log - Log chart on a standard scale of Imin: 0.1/
Imax: 100 and Tmin: 0.01 / Tmax: 100, this scale can be modified at the user's convenience by
clicking the Chart Scale button:u.__.
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A window will be displayed with the data required to change the scale of the Log-Log chart. When
entering the new values for Current and Time, click on the button:;:-?'_:f and the Log-Log chart will

have a new scale. If you want to delete the data, click on: ’
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j : I:I Log-Log chart.
Act/Des Cursor | Ir a Selectn Once enabled, it allows you to position a red crosshair cursor on
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How to graph the curves in Relay Tripping Curve — PRO2¢

With Relay Tripping Curves-PRO all the inverse curves of the ANSI 50/51 function settings

of any protection relay on the market can be graphed, taking into account the applied Standard:
ANSI, IEC, IEEE, these can be graphed both in primary values as well as secondary values of the
current transformers and even graphing several curves in the same Log-Log chart with different
values of reference voltage, the following are the steps to follow to graph these curves with

examples.

1. - Graph Curves in Secondary values: This option is the one that starts by default when opening
the program in the Control Panel window. The

|_|\_. Control Panel

Fle Graphics Options Help graphed curves will refer to the secondary

N v
A S U B values of the current transformer (CT) and have

Prim/Sec Num Cale Chart Scale  Graph Curves Delete Curve  Change Color Go to Selectivity

A Pt the following characteristics:

SRR R 1.- The current scale will initially have a

* ANSIS50/51 @
51P1P: A
51P1TD: s : be modified by means of the button: Chart

— . BEEE

MiCOM Agile 2.- The option to enter the CT ratio values

(Primary Amp and Secondary Amp) is enabled, this is for the purpose of being used in Numerical

maximum value of 100 Amp (although this can

mctric

Calculations.
3.- The option to enter the operating voltage and reference values of the Log-Log chart is
disabled, since this is enabled with the primary values option.

Example # 1: Graph the ANSI 50/51 function curve of an SEL-751A relay:

SEL-751A Relay Settings

Main

RID Relay Identifier (16 characters)
|SEL-7514 |

TID Terminal Identifier (16 characters)
FEEDER RELAY |

CTR Phase (IA,IRB,IC) CT Ratio

CTRM Meutral (IN) CT Ratio




ANSI 50 setting:

Phase Overcurrent

Element 1

50P 1P Maximum Phase Owvercurrent Trip Pickup (amps sec.)
|10.00 | Range = 0.10 to 20.00, OFF

50P 10D Maximum Phase Overcurrent Trip Delay (seconds)
0.02 | Range =0.00 to 5.00

S0P1TC Maximum Phase Overcurrent Torgue Control (SELogic)
E

ANSI 51 setting:

Maximum Phase TOC

Element 1

51F1P Time Overcurrent Trip Pickup (amps sec.)
120 | Range = 0.10 to 3.20, OFF

51P1C TOC Curve Selection
||_|3 VlSEIE::t:LI1,LI2,LI3,LI4,LI5,CI,CE,C3,C4,C5

51P1TD TOC Time Dial
LE | Range = 0.50 to 15.00

In the Control Panel window:

.- Since it is the first curve, by default this will be Relay #1

.- Give the relay a name in the box: "Relay ID:"

.- In the "MANUFACTURER" menu, select "SEL", the mimic of an SEL relay will be displayed
with the settings data to be entered.

.- Enter the relay settings data for the ANSI 51 function: 51P1P, 51P1TD, Standard and 51P1C
.- Enter the relay settings data for the ANSI 50 function: 50P1P, 50P1D

.- Enter the current transformer ratio data in the "Vn and Tc data box."

.- After entering all the required data, click on the Graph Curves b\___ button: to graph the curve in
the Log — Log chart:
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|_'|\_. Control Panel
File  Graphics Options Help
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When graphing the curve, the color of the curve, the number and the name of the Relay will appear
on the upper left side of the Log-Log chart.

If it is necessary to indicate the voltage at which the equipment operates, you must work with
primary values and enter a value in Volt Ref Graphic and in Volt Nominal Relay.

Example # 2: Graph the curve of the ANSI 50/51 function of a relay SIEMENS - 7SJ62

SIEMENS - 7SJ62 Relay Settings

Power Systemn Data 1 *

Power System CTs |m |Breaker| F‘rot.Op.quarrt.I

Parametros:
W= Parametro Valor
0204 | CT Rated Primary Current 500 A
0205 | CT Rated Secondary Current oA
0217 | lgnd-CT rated primary current 500 A
0218 | lgnd-CT rated secondary current 54

[T tiostrar atros pardmetros

Acernca de |
Aceptar I Aplicar DIGSI - Egquipo Cancelar | Ayuda |
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ANSI 50 Settings:

50/51 Phase/Ground Overcurrent - Setting Group A *

General 50 |51 | 50N |5IN |

Parametros:
W= Parametro “alor
1217 | 50-3 Pickup 0o A
1218 | 50-3 Time Delay 0.00 sec
1202 | 50-2 Pickup 0o A
1203 | 50-2 Time Delay 0.00 zec
1204 | 50-1 Pickup oo A
1205 | 50-1 Time Delay 0.00 =ec

[~ Mostrar otros pardmetros

Acerca de |
Aceptar I Aplicar DIGS] -> Equipo Cancelar | Ayuda |

ANSI 51 Settings:

50/51 Phase/Ground Overcurrent - Setting Group A >

General |50 51 |s0n | 5N |

Parametros:
N® Parametro Walor
1207 | 51 Pickup 1.65 A
1209 | 51 Time Dial 1.20
1210 | Drop-out characteristic Instantaneous|
1212 | ANSI Curve Extremely Inverse|
1223 | 51V Voltage Influence MOl
1224 | 51V V< Threshold for Release Ip 750V

[~ Mostrar otros pardmetros

Acerca de |
Aceptar I Aplicar | DIGSI -» Equipo | Cancelar | HAyuda |

The curve of this equipment can be graphed in a new chart, just click on the Clear Curve button: B{
this eliminates the previous curve, then you can enter the data of the new curve, remaining as

Relay #1, but it can also be graphed in the same previous chart, for this you have to assign the
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new relay number in the #Relay box and a new name in "Relay ID:", for this example, the relay will
be #2 and will be called: FEEDER 2.

In the "MANUFACTURER" menu, select "SIEMENS" and then "SIPROTEC4", the mimic of a
SIPROTECA4 relay will be displayed with the setting data to be entered.

.- Enter the relay adjustment data for the ANSI 51 function: Ip, TD, Standard and Curve Type.

.- Enter the current transformer ratio data in the "Vn and Tc data box." of

that new relay. Then click on the button: Graph Curves, the curve of Relay #2 (FEEDER?2) will be
graphed on the Log - Log chart:

|_|\_. Control Panel - X

File  Graphics Options Help
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Here we observe that the setting value of the ANSI 50 function or Instantaneous Current is infinite
(00), that means that the values of I> and TI> are left blank, this allows the curve to be prolonged

and not have a point of cut in current and time.
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Example # 3: Graph a curve but in Definite Time, which we will call FEEDER 3 and use a relay
SIEMENS - 7SJ62

ANSI 50/51 Settings:

50731 Phase/Ground Overcurrent - Setting Group A X

Generd 50 |son | 5N |

Parametros:
Ne Parametro Valor
1217 | 50-3 Pickup oo A
1218 | 50-3 Time Delay 0.00 sec
1202 | 50-2 Pickup 20.00 A
1203 | 50-2 Time Delay 0.10 sec
1204 | 50-1 Pickup 400 A
1205 | 50-1 Time Delay 3.00 sec

I~ Mostrar otros parametros

Acerca de
Aceptar I Aplicar DIGS > Equipa Cancelar FAyuda

According to the settings, it is observed that they do not have an inverse curve, but rather a Definite
Time type, therefore in the “Standard” drop-down list we must choose the option: “Def. Time” this

option will be in the “Standard” drop-down lists of all Manufacturers.

In this example the equipment will be #Relay: 3, since it will be graphed in the same Log-Log chart
of the previous examples, and we will call it: FEEDER 3
After entering all the data, and clicking on Graph Curves, the Definite Time curve of the FEEDER

3 relay appears, along with the other curves graphed previously:
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2.- Graph Curves with Primary values:

This option is selected by clicking on: @=B Primary/Secondary Values , When selecting Primary
Values, the graphed curves will be referred to the primary values of the current transformer (CT)
and have the following properties:

1.- The current scale in the Log-Log chart will have a maximum value of 1000 Amp (although this
can be modified by means of the Scale Plane option) since the adjustment values will be higher.
2.- The option of the protection relay operating voltage values and the reference voltage value of
the Log-Log chart is enabled. This is very useful to compare the coordination of protections
between downstream equipment and upstream equipment of a power system with different
voltage levels.

3.- The option of the CT ratio values is disabled since, as it is referred to in primary values, this

data is not necessary.

Example # 4: Graph the inverse curves of the relays in the following one-line diagram:

Relay: ABB — REF615R

Ip: 45 Amp

Time Dial: 3

Curve: ANSI Normal Inversa
I instant = 600

T instant = 0.04 Seg

1000 KVA

13.8/6.3 KV
Relé: SIEMENS — 75J62
[] Ip: 88 Amp
Time Dial: 0.5
175/5 ( Curva: ANSI Normal Inversa
I instant = 800
T instant = 0.02 Seg

Step 1: With the primary values option activated, we enter the data required to graph the curve of
Relay “R1”

Settings data Relay “R1”: SIEMENS - 75J62

SIEMENS - 7SJ62: ANSI 50 Function:
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50/51 Phase/Ground Overcurrent - Setting Group A *

General 50 |51 | 50N |5IN |

Settings:
No. Settings Valug
1217 | 50-3 Pickup oo A
1218 | 50-3 Time Delay 0.00 zec
1202 | 50-2 Pickup oo A
1203 | 50-2 Time Delay 0.00 sec
1204 | 50-1 Pickup 200 A
1205 | 50-1 Time Delay 0.02 zec

[” Display additional settings

About

Aceptar I Aplicar DIGS] -x Device Cancelar | Ayuda |

SIEMENS - 75J62: ANSI 51 Function:

3031 Phase/Ground Overcurrent - Setting Group A *

General |50 51 |son | 5N |

Settings:

No. Settings. Value

1207 | 51 Pickup 83 A
1209 | 51 Time Dial 0.50
1210 | Drop-out characteristic Instantaneous|
1212 | ANSI Curve Inverse
1223 | 51V Voltage Influence NO)
1224 | 51V V= Threshold for Release Ip 750V

™ Display additional settings

About

Aceptar I Aplicar | DIGSI - Device | Cancelar | Ayuda |

NOTE: Remember that the system has two voltage levels: 6.3 KV (Downstream) and 13.8 KV
(Upstream), therefore, it must be kept in mind at which voltage level we are going to represent the
curves, generally it is performed at the level highest voltage of the system since they represent
lower magnitudes of current, therefore: Graphic Ref Volt = 13800 Volts, the voltage value where

the R1 relay operates must also be placed, in this case: Relay nominal Volt = 6300 Volts
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After entering all the data, and clicking Graph Curves [\ the curve of R1 is shown, which is at a

voltage level of 6.3 KV (Downstream) but referred to the voltage level of 13.8 KV (Upstream):
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Step 2: With the primary values option activated, we enter the data required to plot the curve of

Relay R2
Settings data Relay “R2”- ABB — REF615R
ANSI 50 Function:

Group / Parameter Name |IED Walue |PCVaIue | Unit |M|n | Max -
50P-1 (31=>1); PHHPTOCT: 1
3=>(1)
Operation on
Mum of start phases 1outof3
Minimum operate time 20 ms 20 60000
Reset delay time 20 ms 0 60000
Measurement mode COFT
Curve parameter A 28.2000 0.0086 120.0000
Curve parameter B 01217 0.0000 07120
Curve parameter C 2.00 0.02 200
Curve parameter D 2510 0.46 30.00
Curve parameter E 10 0.0 1.0
Setting Group 1 )
Start value 40.00 xln 0.10 40.00
Start value Mult 1.0 08 100
Time multiplier 0.05 15.00
Operate delay time 40 200000
v (Operating curve type
Type of reset curve
Setting Group 2 v
< >
Selected parameter: Three phase non-directional OC, high stage/3|= > (1)/Operating curve type
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ANSI 51 Function:

Group / Parameter Name |IED Value PC Value Unit Min Max -
51P (3l=); PHLFTOCT: 1
31=(1)
Operation on
Mum of start phases Toutof3
Minimum operate time 20 ms 20 60000
Feset delay time 20 ms 0 60000
Measurement mode COFT
Curve parameter A 28.2000 0.0086 120.0000
Curve parameter B 01217 0.0000 0.7120
Curve parameter C 2.00 0.02 2.00
Curve parameter D 2510 0.46 30.00
Curve parameter E 10 0.0 10
Setting Group 1
Start value 3.00 xln 0.05 5.00
Start value Mult 1.0 0.8 10,0
Time multiplier 3.00 0.05 15.00
Operste deley ime O “0 200000
v Operating curve type ANSI Nom. inv.
Type of reset curve E
Setting Group 2 v
£ >
Selected parameter: Three phase non-directional OC, low stage/31>(1)/Operating curve type

Remember that for this equipment we must place the voltage value in which it operates, since R2

is on the 13.8 KV side we must place Relay nominal Volt = 13800 Volts

Another important fact to take into account in this example is that the setting values of relay R2 are
in values (x In), where "In" is the value of the CT ratio, in this case CT = 75/5 = 15, therefore:

ANSI 50 Function:
Star Value (I>) =40 x In = 40 x 15 = 600 Amp

ANSI 51 Function:
Star Value (Ip) =3 xIn=3x15=45 Amp

Then the R2 curve is plotted referring to the voltage level of 13.8 KV:
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|_|\_. Control Panel -
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It should be noted the difference between the two curves, despite both being ANSI - INVERSE
STANDARD (see the equations of both curves), this is due to the criteria used by each

manufacturer.

To improve the selectivity between the two graphed curves, we must do it with the Selectivity
module: Ny

Example # 5: Graph an inverse curve with no instantaneous current value (I>)

Suppose that in the previous one-line diagram there is a relay called R3 (ABB — REF615R) at a
level upstream from R2, also at 13.8 KV but with the following settings:

ANSI 50 setting: disabled (i.e. has no instantaneous current 1>)
ANSI 51 setting: Star Value (Ip) =3 xIn=3x 15 =45 Amp
Time multiplier (TD) =5 Sec

Operating curve type = ANSI Norm. Inverse

After entering the necessary data, the curve would look like this:
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Consider that due to not having data in the 1>, Relay Tripping Curves-PRO by default will plot the
ANSI 51 curve from 1.1x Ip to 1000 Amp. As seen in the Log-Log chart.

If we want the ANSI 51 curve of R3 to be longer, we must enter a value greater than 500 Amp in

the I> box and leave the TI> box blank.

Examples
. - For a Value of I> = 2000 Amp and TI> = "Blank"
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. - For a Value of I> = 4000 Amp and TI> = "Blank"
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In summary, if we leave the time value of the ANSI 50 function "blank™ it is only to stretch the

inverse curves (ANSI 51) in the Log-Log chart when they do not have their instantaneous

adjusted.

23136



Selectivity between two curves in Relay Tripping Curve — PRO2¢

Relay Tripping Curves-PRO allows you to check the chronometric selectivity between two

graphed curves and even improve it. To do so, you must follow the following procedure:

Step 1.- In the Control Panel, we go from Secondary values to Primary values. This is
because, as we are going to work based on system voltage levels, with primary values,

mathematical calculations become easier.

Step 2.- Inthe Control Panel, in "Manufacturer Data", we select the protection equipment
to which the "Downstream” Relay belongs, which by default will always be: EE=2RN : and
enter the setting data.

Step 3.- Enter or name the “Downstream"” Relay (#Relay:1) in the box:

Step 4.- In "Vn and Tc data box." Enter in::Caeca  B'@ the value of the
reference voltage in which the "Downstream" Relay curve will be represented in the Log-Log chart,

and in: enter the nominal voltage of the circuit where the "Downstream”

Relay operates. Consider that, for circuits with different voltage levels, the curves must be

represented in the Log-Log plane at the highest voltage level of the system.

Step 5.- Then follow steps 1 to 4, click on the Graph Curves [\ button, the adjustment
curve of the "Downstream" Relay (#Relay:1) will be graphed in the Log-Log plane at the reference
voltage of the system.

Step 6.- Once the "Downstream” Relay curve (#Relay:1) is graphed, click on the Go to
Selectivity & button to open the selectivity pop-up window.

Step 7.- In the Selectivity window, we must enter the ImaxF value, which is the highest

fault current that the "Downstream” Relay (#Relay:1) sees.

Step 8.- With the ImaxF value already entered, we click on the Calculate AT Nl_ button,

so that it shows us the T1 time of the "Downstream" Relay (#Relay:1) for a value of ImaxF.

Step 9.- Without closing the Selectivity window, we return to the Control Panel window to

select the protection equipment to which the "Upstream” Relay curve belongs, but first we must

select: EESdEA-| and enter its name in: and follow Step 2 above.



Step 10.- Same as Step 4 above, we must enter the value of the reference voltage

C:Cee R in which the "Upstream" Relay curve will be represented in the Log-
Log chart and enter the nominal voltage of the circuit where the

"Upstream” Relay operates.

Step 11.- Once the curve of the "Upstream" Relay (#Relay:2) has been graphed, we go
back to the Selectivity window and click on the Calculate AT Ny button to calculate and show
us the time T2 for a value of ImaxF and the AT that represents the time difference between the

Downstream equipment and the Upstream equipment.

NOTE. The AT value must be between 0.2 and 0.4 Seg and will be represented in GREEN between

these values, it will be represented in [REB with values above 0.4 Seg and below 0.2 Seg.

Step 12.- In case we want to achieve an optimal AT value, we must go again to the
Control Panel window (without closing the Selectivity window) and modify the TD (Time Dial)
value in the "Upstream" Relay curve (Relay:2), graph that curve again with the Graph Curves button
and then in the Selectivity window we click again on the Calculate AT button, follow this step again
in case the AT value is not between 0.2 and 0.4 Seg.

Example # 1: Calculation of selectivity between two curves at the same voltage level

Vn: 13800 Volts

|£| SIEMENS — 75J82

Ip: 195 Amp

200/5 Time Dial: 1

Curve: ANSI Ext Inverse
linstant = Q0

| lcc: 1544 A

SIEMENS — 75J82

Ip: 157.5 Amp

Time Dial: 0.5

Curve: ANSI Ext Inverse
I instant = 1000

v Tinstant =0.012 Seg

Steps 1 to Step 5.- We select and graph the curve of the "Downstream” Relay (#Relay:1) with
its settings, remember not to skip Step 4, for this example the Reference voltage and the Nominal

voltage are the same, according to the single-line diagram.
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Step 6. - Click on the Go to Selectivity button to open the selectivity pop-up window.

Step 7. - In the Selectivity window, we must enter the value of ImaxF, which is the highest fault
current that the "Downstream" Relay sees.

Step 8. - With the ImaxF value (For this example this value will be 1000 Amp, since it is the
maximum fault current) we click the Calculate AT button, then we observe the value of T1 in 0.42
Sec, for an ImaxF of 1000 Amp. of the downstream equipment: CELL 1

NOTE: If we want to mark the point of T1 on the Log-Log plane, we must click on: Graph Cut

Points & , after Calculating AT, do the same procedure for T2
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Note: It is recommended that the value of AT be between
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Step 9 to Step 11.- Without closing the Selectivity window, we go to the Control Panel window
and do the same steps above to graph the "Upstream" Relay (#Relay:2), Then, we go back to the
Selectivity window and click the Calculate AT button:
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Here we see that the value of T2 is 1.24 Seg for an ImaxF of 1000 Amp and the AT is 0.82 Seg
and highlighted in [l that is, above the recommended range.

If we want to optimize the value of AT , we must follow Step 12. In the Control Panel window, we
modify the TD value of the "Upstream” Relay (#Relay:2) from 1 Seg to 0.6 Seg, and we graph the

curve again and calculate the AT:
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Note: It is recommended that the value of AT be between
0.2 and 0.4 Sec

Here we see that the value of AT is within the allowed range.

To make a report of this study and to serve as support and history, what we do is click on:

and save in .PDF format
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The Report for Example #1 will look like this:

\ Relay Tripping Curves-PROZ

SELECTIVITY REFORT BETWEEN 2 CURVES

Diate:

08/11/2024

Hour: 1:01:48 p. m.

ImaxF @ Volt Ref Graph: 1000 Amp

100 Volt R:'E"f G:raph: :13I8I:II W
Upstream Relay i III 10 Curves 1
r{ Wn: 13800 I B — i-cEtoat -
T2: 074 5@ ImaxF \ \ =— 2.CELDA 2
(O— Rr2] 10 )
L
\‘
-~ \"
&
£ ALY
g
F W,
,
\‘\
Downstream Relay \-\
Vn: 13800 V
T1: 042 5@ ImaxF 01
0.0
10 100 1000 10000
AT: 0.32Seg
Current {Amp)
DOWNSTREAM EQUIPMENT SETTINGS UPSTREAM EQUIPMENT SETTINGS
Relay Name: CELDA1 Relay Name: CELDA 2
Brand: SIPROTEC 5 Brand: SIPROTEC 5
ANSI 51: ANSI 51:
Pickup (lp): 157.5 Pickup {Ip): 195
Time Dial (TD): 0.5 Time Dial (TD): 0.6
Standard: ANSI Standard: ANSI
Curve: EXTREMELY INVERSE Curve: EXTREMELY INVERSE
AMNS|fIEEE- EXT INVERSE ANS|fIEEE- EXT INVERSE
T= [J—zaf—m.m?]xm T= [J—zsf—m.m?]zm
() -1 () -1
ANSI 50: ANSI 50:
Pickup (I=): 1000 Pickup (I=): 3000
Time Delay (Tl=): 0.012 Time Delay (TI=): 0
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Example # 2: Calculation of selectivity between two curves with different voltage levels,
according to the following one-line diagram

34500 Volts

Relay: SEL751

Ip: 50 Amp
Time Dial: 5
75/5 " m Curve: U1 (Moderately Inverse)

linstant = Q0

3 MVA

34.5/13.8 KV

lcc: 15500 A 13800 Volts
Relé: SCHNEIDER-SEPAM 5S40
[] Ip: 125 Amp

Time Dial: 0.5
150/5 C Curva: IEEE Moderately Inverse

linstant = 850 A
Tinstant = 0.02 Seg

Steps 1 to Step 5.- We select and graph the curve of the "Downstream" Relay (#Relay:1) with
its settings, remember not to skip Step 4, For this example the Reference voltage is 34500 Volts
since itis the highest voltage of the system and the Nominal voltage where the "Downstream” Relay

operates is 13800 Volts
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Step 6. - Click on the Go to Selectivity button to open the selectivity pop-up window.

Step 7. - In the Selectivity window, we must enter the value of ImaxF referred to the Volt Ref of the
Log-Log chart, as the Icc of the associated bar is 15400 Amp @ 13.8 kV and the I> setting value
(Instantaneous current): 850 Amp @ 13.8 kV, in this case the ImaxF must be the same as the 1>



setting, but referred to a voltage level of 34.5 kV, we have two ways to calculate this value:

1.- Doing the calculation: 850 A x (13.8/34.5) = 340 A

2.- In the Control Panel, we enable the cursor, by means of the button: ACT Cursor, then we place
ourselves on the curve, exactly where the value of the 1> or instantaneous current begins, and we

observe at once the value of ImaxF since the curve is referred to a voltage level of 34.5 kV.

Step 8. - Now with the value of ImaxF (340 A, for this example), we click the button: Calculate AT
Then, the value of T1 is observed in 0.58 Sec, for an ImaxF of 340 A @ 34.5 kV of the equipment

NOTE: If we want to mark the point of T1 on the Log-Log plane, we must click on: Graph Cut
Points IS,'L_ , after Calculating AT, do the same procedure for T2

/
ANSI51 O ANSIS0S1 | . S @ ImaxF
Is: 125 A Norma: -

TMS: 05 S Gurva; Meceamsy nvers

A

moisa] "7

T o2 |8

13800 V
058 S @ ImaxF

aT:

ended that the value of AT be between

Step 9 to Step 11.- Without closing the Selectivity window, we go to the Control Panel window
and do the same steps above to graph the "Upstream" Relay (#Relay:2), Then, we go back to the

Selectivity window and click the Calculate AT button:
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Here we see that the value of T2 is 1.24 Sec for an ImaxF of 340 Amp and the AT is 0.86 Sec and
highlighted in red, that is above the recommended range.

If we want to optimize the value of AT, we must follow Step 12. In the Control Panel window, we
modify the TD value of the "Upstream” Relay (#Relay:2) from 5 Sec to 3 Sec, and we graph the
curve again and calculate the AT:

Volt Ref Graph: 13300
T T
oCurves | 13800 V

— 1.CELDAT ~
— 2.CELDA2 074 S @ ImaxF

13800 V

042 S@ImaxF
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Here we see that the value of AT is within the allowed range.

To make a report of this study and to serve as support and history, what we do is click

on: and save in .PDF format

-
.

o\ Relay Tripping Curves-PROZ

SELECTIVITY REPORT BETWEEN 2 CURVES
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ANSI 51:
Pickup {Ip): 50
Time Dial (TD): 3
Standard: U.S. Curves
Curve: U1 (Moderately Inverse)

[BE)== us- (u1-MOOERADS INVERSA)

00104
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ANSI 50:
Pickup (I=): 0

Time Delay (TI=): 0
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INTRODUCTION TO Relay Tripping Curves-PRO© SOFTWARE

Graph test points on Relay Tripping Curve — PRO2¢

One of the advantages of Relay Tripping Curves-PRO is the possibility of graphing the trip

points of the protection relay and comparing it with the adjusted inverse curve, this is done by
entering the current and time values in the TEST POINTS module.

Example: There is a SIEMENS protection relay, model 7SJ635, which requires current injection
tests to verify trips. A FREJA 300 relay testing system is used. At the time of the tests, the protection
team does not execute the automatic reset, therefore, the tests must be done manually by injecting
a certain current value and noting the value of the protection relay trip time, in order to verify with
the curve set for the ANSI 50/51 function.

ANSI 50 function settings

Proteccion sobreintensidad - Grupo A de pardmetros X

General Sf'H-dEf-fase|Sf’|t.in\r.fase 5/1t def tiem | S/1tinv tier

Parametros:
N Parametro Walor
1217 | Intensidad de arrangue l==> oo A
1218 | Temporizacion T l==> 0.00s
1202 | Inten.arrangue 6 atta intens. == 00 A
1203 izacion, escaldn atta intens.T == 0.00s
1204 | Inten. que, escalon intensidad. I 20.00 A
1205 | Temporizacion, escaldn intensidad. T 1= 00Zs

™ Mostrar otros parametros

Acerca de |
Aceptar I Aplicar DIGSI -» Equipo Cancelar | HAyuda |
ANSI 51 function settings:
50/51 Phase/Ground Overcurrent - Setting Group A *
Generdl | 50 51 |s0N | 5N |
Parémetros:
Ne Parametro Walor
1207 | 51 Pickup 1.65 A
1209 | 51 Time Dial 1.20
1210 | Drop-out char isti Instantanecus|
1212 | ANSI Curve Extremely Inverse|
1223 | 51V Voltage NO|
1224 | 51V V= Threshold for Release Ip 750V

[~ Mostrar ctros pardmetros

Acerca de |
Aceptar I Aplicar DIGS] -» Equipo Cancelar | HAyuda |

33/36



INTRODUCTION TO Relay Tripping Curves-PRO© SOFTWARE

1.- Using the protection relay data, graph the ANSI 50/51 function setting curve:

m Panel de Control = x

Archivo  Grafico  Opdones  Ayuda

ws N NN TR NN M M e A @l

Prim/Sec  CalNum Escala Plano Graficar Curvas Borrar Curva Cambiar Fondo  Ir Selectividad Hacer Reporte  Graficar Ptos  Borrar Ptos  Ad Cursor  Guardar Graf  Imprimir Graf  Ayuda  Idioma  Salir

FABRICANTE #Rele l:! ID Rele: |[CELDA1 Volt Ref Graph:

* SIEMENS

0 | IDCurvas
ST | — 1-cELDAT

-[ZXEm
LIMICOM Agile
s I

PUNTOS PRUEBAS

Tiempo (Sea)

Amp  Seg

X1}
-®
=
=@
=@
= ®
I. 9 SIEMENS  ANSI- NORMAL INVERSA.
] @ 89341

. @ (fIp)=e38 = 1

+0 17966' xTD Corriente (Amp)

2.- In the TEST POINTS module, the values of the current injection points must be entered, but
first the number of tests performed must be selected. In the example, 5 points were injected, the
current injection values and the results of the protection relay tripping time are entered, then click
on Graph Points.b_

[ Panel de Control - %
Archivo  Grafico  Opciones  Ayuda
= 1 > -
R NN N M E e R
aC I = b_ | - I}h.‘_ - [ ] -y X
Prim/Sec  Cal Num Escala Plano Graficar Curvas  Borrar Curva  Cambiar Fondo I Selectividad  Hacer Reporte  Graficar Ptos  Borrar Ptos  Act Cursor Guardar Graf Imprimir Graf Ayuda  Idioma Salir
FABRICANTE ID Rele: CELDAT Wolt Ref Graph:
o i
+ SIEMENS [
| urvas
| — 1-CELDAY

LIMICOM Agile
s T

PUNTOS PRUEBAS

Tiempo (Seg)

Amp  Seg

61

100

Corriente (Amp) PRETIECTsA

These points are plotted on the inverse curve plotted on the Log-Log chart, in this way it is
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verified if the protection equipment acts within the range of the curve. If any point falls within a
range of 10% of the curve, this point will be placed in green, but if the point falls above or below
10% of the curve, the point will be placed in 8.

Then, we can make a report that includes the relay data, the trip verification table and the
cure graph by clicking on: Go to Report |\j_

Make a Report with Relay Tripping Curve - PROe

With Relay Tripping Curves-PRO We can also make a report by clicking on the Make

Report button: this takes us to a pop-up window that includes:

- TEST RESULTS: This is a table with the results of the comparison between the test points
and the graphed curve. For each point, the fault current injected with the relay tripping time is
indicated, as well as the theoretical time for the specific point of the fault current, the maximum
tolerance and the % difference between the relay tripping time and the theoretical time, as well as
the value of the fault current in primary values and finally the status of the test. The TEST RESULTS
TABLE also shows the Status. This indicates when a test is within the tolerance range of £10%
with a mark (V) and with an ( X ) when it is out of range.

.- INSTALLATION DATA, PROTECTION EQUIPMENT DATA and TEST EQUIPMENT
DATA: Here we enter the relevant data of the Relay under study, its location, as well as the data of
the equipment used for the tests.

.- TYPE OF FAULT: Here we select the type of fault we are testing.

.- NOTES: We can add any relevant comments.

.- By clicking on the IMAGE boxes we can select any photo relevant to the test.

Points Ifail (A) T Trip (S) T Theor.(S)  Tol.%

| 2 [ 23 | 2351 [ w0 | 266 |

INSTALLATION DATA PROTECTIVE DEVICE DATA
Name: KXXHHHHHHA [NET IS Cell A Anillo 6-B

Address: A OGO ANSI 50(N)/51(N) S\EMENS

Substation: S/E PRINCIPAL - XXXXX [t [e3s[=I 7582 - SIPROTEC 5

Cell/Cubicle: Anillo 6- B Serial:  lEERESREESS

TYPE OF FAULT TEST DEVICE DATA
® TWO-PHASE @ GROUND Brand: PROGRAMMA

.
I Model: FREJA 300
L2
L3 Serial RXHHXXXR,

NOTES Test Date: 24/05/24

- CB OPENING.... OK
- TRIP|INDICATION

JCONTRERAS R.MOSQUEDA F.PRATRIZ




INTRODUCTION TO Relay Tripping Curves-PRO© SOFTWARE

After entering all the protection relay data, installation data and test equipment data, we click on
Preview button, the report is created which we can then save in PDF format.

The Report includes:

1. - All the data entered in the Report window (DATA OF THE INSTALLATION, DATA OF THE TESTING
EQUIPMENT, NOTES and Time / Date of the Tests).

2. - Time and Date the report is printed.

3. - DATA OF THE PROTECTIVE EQUIPMENT (this comes from the data entered in the Control Panel,
before graphing the curve)

4. - TESTS RESULTS TABLE (This will indicate the verification of Trip-Time, that is, the results of the test
points vs. the theoretical values of the plotted inverse curve).

5. - Graph of the inverse curve in the Log-Log Plot.

6. - The Current Transformer Ratio (Value Entered in the Control Panel).

&R:Iuy Tripping Curves-PROZ2 Fer.ha 031172024
REPORTE DE PRUEBAS Hora: 142:32p. m.

INSTALLATION DATA

Nombre: 00000000 100 —
Direccion: Av 30000000 10 Curvas
Subestacion: S/E PRINCIPAL - 330X — 1-Relay #1
Celda/Cubicule: Anilo 8- B 1 1 1

HHH

DATOS DEL EQUIPO DE PROTECCION
MNombre: Cell & Anillo 6-8

Tipo:  ANSISO{NYS1{N) Y
Marca: SIEMENS AN
Modelo: 7SJ82 - SIPROTEC 5 N
Serial: ELUEE RS

DATOS DEL EQUIPO DE PRUEBAS g 1
Marca: PROGRAMMA

Modelo: FREJA 300

Serial: 000000

DATOS DE LOS AJUSTES DEL RELE 0.1
ANSI 51

Ip: 080 A [ 480 APrim]

TD: 0.08 Seg

Norma: ANSI

Curva: ANSINIEEE-LONG INVERSE 0.

T= EIE'.U&+ 10.9296] « T 0.1 1 10 100

(1) -1 Coiante {Amp)

ANSI 50

|:|> 1000 A [ 6000 APim]
TI= 01 Seg

[l» 30.00 A [ 1800.0 APrim]
Tl== 0.02 Seg

TIPODE FALLA

TRIFASICA
Fecha Prueba: 24/05/24 L1

H Prueba: 404p m. E
lora 1= p-m L2
L3

Punto 1 falla (A} T Disp (5) T Tedrico (5) Tol. % Dif. % Amp Prim Estatus
L'.T) 2 2.3 237151 10 -2.66 120
L'E,‘ 1.7 1.69099 10 0.53 180
3] 1.28 1.43580 10 -12.17 240
L':a) 1.22 1.21986 10 0.01 360
f5) 1.13 1.12389 10 0.54 480
(1]
7
=1
g

NOTAS

-- APERTURA DEL INTERRUPTOR.... OK
.- INDICACION DE DISPAROS........ OK

o @ |4 [
TR =Rk

REALIZADO POR: J.CONTRERAS REVISADO POR: R.MOSQUEDA APROBADO POR: F.PRATRIZ
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