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ABSTRACT

Protection of power system equipments was traditionally done by using electromagnetic relay, static relays, and
numerical relays. At present the microprocessor based relays are replacing the old Electromagnetic relays
because of their high level accuracy and fast operation. RET670(Transformer protection relay ), an IED
(INTELLIGENT ELECTRONIC DEVICE) provides fast and selective protection, monitoring, and control of all
types of transformer. The configured IED is tested under different fault conditions simulated by using mobile test
kit to ensure IED’s reliable operation on site. With preconfigured algorithms, the TED will automatically
reconfigure the network in case of a fault, and a service restoration is carried out within milliseconds by giving
trip signal to the corresponding Circuit breakers. On receiving the trip signal the circuit breaker operates
providing quicker isolation of transformers under the fault condition. This enables to have a complete and an
adequate protection to the specified power transformer.

Keywords — Transformer protection, IED, RET670

I. INTRODUCTION
An Intelligent Electronic Device (IED) is a
term used in the electric power industry to describe
microprocessor-based controllers of power system
equipment, such as circuit breakers and transformers.

coverage for winding internal turn-to-turn faults,
based on the theory of symmetrical components.
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1. RET670 Introduction

RET670 provides fast and selective protection,
monitoring and control for two- and three-winding
transformers, autotransformers, generator-
transformer units, phase shifting transformers, special
railway transformers and shunt reactors. The
transformer IED is designed to operate correctly over
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A very fast differential protection function with
settable CT ratio matching and wvector group
compensation makes this IED the ideal solution even
for the most demanding applications. Since RET670
has very low requirements on the main CTs, no
interposing CTs are required. It is suitable for
differential ~ applications  with  multi-breaker
arrangements with up to six restraint CT inputs. The
differential protection function is provided with 2nd
harmonic and wave-block restraint features to avoid
tripping for magnetizing inrush current, and 5"
harmonic restraint to avoid tripping for over
excitation. The differential function offers a high
sensitivity for low-level internal faults. The unique
and innovative sensitive differential protection
feature of the RET670 provides the best possible

output and so on, is performed. The binary inputs are
heavily stabilized against disturbance to prevent
incorrect operations at for example dc system
capacitive discharges or DC earth faults. The
transformer IED can also be provided with a full
control and interlocking functionality including
Synchrocheck function to allow integration of the
main and/or a local back-up control. Out of Step
function is available to separate power system
sections close to electrical centre at occurring out of
step.

RET670 can be used in applications with the IEC
61850-9-2LE process bus with up to two Merging
Units (MU) as in figl.1. Each MU has eight analogue
channels, normally four current and four voltages.
Conventional and Merging Unit channels can be
mixed freely in your application.
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Fig.1.1 Rear side view of RET670
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1.1.1 Available functions of RET670

Differential protection, Distance protection,
Current protection, Voltage protection, Frequency
protection, Multipurpose protection, Control, Logic,
Metering, Monitoring, Station communication etc are
the functions carried out by RET670.

1. Block diagram
The block diagram in fig.2 shows the
implementation of RET670 in transformer protection
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Fig.2. Block Diagram of Implementation of RET670
in transformer protection.

PCM600 is a connectivity package which
provides the means for system products and tools to
connect and interact with the IED in an efficient way
as well as data to allow efficient engineering of
system products. RET670 supports IEC 61850
standard. Configuration of RET670 is done by using
signal matrix tool of PCM600, generating a .pcmi
file. After establishing communication with RET670
the .pcmi file is uploaded to RET670 and then the
parameter setting is done as per the required
transformer protection scheme.

The CT’s and VT’s will provide the necessary
actuating signals to RET670 under the fault
condition. Operation of RET670 gives the trip signal
to the physical trip coils. When once the IED is
configured for different protection schemes the fault
voltage is applied by simulating the fault condition
through Mobile test kit.)

2.1. Protection and Control Manager (PCM 600)
with Connectivity Package for Relay.

PCMB®600 is used to do complete engineering and
configuration activities needed for the IEDs. Product

type and version specific engineering data needed by
PCM600 for protection, control and communication
engineering of a particular IED is given in an IED
connectivity package. A PC with PCM600 can be
connected to any 670 series IED within a station
using the Ethernet connection. The connection allows
to reading and writing all configuration data needed
for proper operation from or to the IED. The IEDs
have communication interfaces for protocols and
media used for station communication. IED
IEC-61850 station communication files can export
from PCMG600 to station engineering tools for
engineering of station communication between bay
IEDs and station IEDs.

2.1.1 Tasks of PCM®600 in
process

IED engineering management ,Communication
engineering, Disturbance record management
Service management are the tasks of PCM600 in IED
engineering process.

IED engineering

2.1.2 Available Protection
The following are the few among the various
protections which is provided to the above mentioned
transformer by an IED, RET670.
i Two winding differential protection.
ii. High impedance differential protection
(REF).

iii. Over current and Earth fault protection.

iv. Over excitation protection.

2 Transformer troubles.

1Hl. TWO WINDING DIFFERENTIAL
PROTECTION
The task of the power transformer differential
protection is to determine whether a fault is within
the protected zone, or outside the protected zone. The
protected zone is delimited by the position of current
transformers , and in principle can include more
objects than just transformer. If the fault is found to
be internal, the faulty power transformer must be
quickly disconnected. Thus the IED will always
internally measure the currents on all sides of the
power transformer with the same reference direction
towards the power transformer windings.

3.1 Configuration

The  functions  Transformer  differential
protection, two-winding (T2WPDIF) is provided with
internal CT ratio matching and vector group
compensation and when required zero sequence
current elimination is also made internally in the
software. T2WPDIF is the functional block of two
winding differential protection.
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Fig 3.1 : Two winding differential protection
functional block

The configuration of the particular functional
block

is as shown in fig.3.1.

1- T2WPDIF Analog inputs from SMAI.

2 - T2WPDIF output signals to SMBO.

3- Outputs which gives the magnitude of
fundamental frequency differential currents.

4 - OR logic functional blocks which gives the
indication for the presence of 2nd and/or 5"
harmonics.

5 - Output indicating the presence of harmonics.

Analog inputs from SMAI

Al_HV_1MS = Current reading from the HV side
CT obtained from SMAL

Al_LV_1MS - Current reading from the LV side CT
obtained from SMAI.

Output signals to SMBO
DIFF_TRIP _ General differential trip signal.
DIFF_RESTRAIN_TRIP = Trip signal under

restrained condition.

DIFF_UNRESTRAIN_TRIP = Trip signal under
unrestrained condition.

These trip signals are given to the trip logic and in-
turn goes to SMBO block.

3.2 Parameter setting

This is done in PCM600 by using Parameter
Setting Tool (PST) as in table 3.2The specified
settings for the parameters of the physical IED for
communication channels, CT and VT conversion
values of the transformer modules, presentation
parameters for local HMI, settings for protection and
control functions, number of setting groups etc., are
provided by using PST.

RET670 - Appiication Configuration ) RET670 - Parameter Setting |

Group [ Parameter Name 1ED Value PC Value Unit Min Max
DIFFERENTIAL_PROTECTION
Difterential protection
TransformerDiff2Wind(PDIl
% I |

RatedVoltagew1 22000 kv 0.05 2000.00
RatedVoltagew2 22 00 KV 005 2000 00
RatedCurrentW1 187 A 1 99999
RatedCurrentW2 1968 A 1 99999
ConnectTypeW1 WYE (¥)
ConnectTypeW2 WYE (¥)
ClockNumbenn2 0[0 deg]
ZSCurrSubtrw1 aff
ZSCurrSubtwz off
TeonfigF oW No
CT1RatingW1 2000
CT2RatingW1 2000

>

99999
99999

>

TeonfigFerw2 Ne

CT1RatingW2 3000 99999
CT2RatingW2 3000 A 1 99999
LocationOLTC1 Not Used

LowTopPosOLTC1 1 0 10
RatedTapOLTC1 6 1 100
HighTapPsOLTC1 n 1 100

>

= output

RET670 - Applcation Configuration  RET670 - Parameter Setting |

Group [ Parameter Name IED Value PC Value Unit | Min Max

CT2RatingW2 3000 A 1 99999
LocationOLTC1 Not Used
LowTapPesOLTC1 1 o 10
RatedTapOLTC1 6 1 100
HighTapPsOLTC1 1 1 100
TapHighVoltTC 1 1 1 100
StepSizeOLTC1 1.00 % 0.01 30.00
Setling Group1
Operation On
SOTFMode off
IDiffAlarm 0.20 B8 0.05 1.00
tAlarmDelay 0.000 s 0.000 60.000
IdMin 0.30 B 0.05 060
EndSection 125 1] 0.20 1.50
EndSection2 3.00 B 1.00 10.00
SlopeSection2 400 S 100 50.0
SlopeSection3 80.0 % 30.0 100.0
IdUnre 15.00 B8 1.00 50.00
12/11Ratio 150 Y% 50 100.0
15/11Ratio 2.0 % 50 100.0
CrossBlockEn Off
NegSeqDiffEn off

Table 3.2:Parameter Settings of Two winding
differential protection

3.3 Transformer Differential Protection Details

Description Setting

Trans.Rating 75MVA

Trans.Vector Group YYO

HV side full load current (pri) | 197A
HV side full load current (sec) | 0.985A
LV side full load current (pri) | 1972A
LV side full load current (sec) | 0.986A

Diff. Pickup ld>(restraint) 30% of full load

current

30% of full load
current

Diff. Pickup Id>(restraint)

10 Times of full
load current

Diff. Pickup 1d>(Unrestraint)

Slope Section 2 40%
Slope Section 3 80%
2nd Harmonic Blocking 15%
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3.4 Testing procedure

When once the complete configuration of an IED
is done it is tested for its operation and reliability by
using mobile test kit (Doable, Omicron).

Differential protection test is classified based on
the parameters which are to be checked. They are,
i. Pick up test
ii. Stability test
iii. Slope test

3.4.1. PICK UP TEST

Pick up test is done to verify the pick-up value of
the relay on both HV and LV side of the
transformeras in fig 3.4.1 & 3.4.1.1.
For a 75SMVA, 220kV/22kV power transformer,
HV tripping value = 0.985A
We have Idmin = 0.3
Therefore, HV pick up = 0.985 * 0.3 = 0.295A
Similarly,
LV tripping value = 0.984A
We have Idmin =0.3
Therefore, LV pick up =0.984 * 0.3 = 0.295A

This value of current is injected to the relay for
each one of the phases and also for all the three phase
by using Doble or omicron test kit and is checked for
its reliability. Pick up value of current is been
injected to the R phase of HV as in table3.4.1.2 & for
LV side as in table 3.4.1.3. As soon as the injected
current exceeds 295mA the relay gets tripped.

 F6 Control Panel - [C\Program Files (xB6\Doble) FECP\detault 16x-GEMERIC)
® Fie Edit View Device Tools Summary Help

> Y
Sic Agginade Fhas Frequency  Range  On Ensale
-inglbplumpn-wnp vauk 1-phase primary
ot [odOF smomdany fide E & pick up value
e 0.295%200~-59
o) PO [ [ E &
pomoo . [pus [emon - 7 [
pomon . fsoo  [snmon - [ [
pomon . [moo  [fmon - 7 [
P g o
[l 5 : [ o
5 i i = = . Acton Fi
; =| =Ll p 3 t 1@ rurring
i I - = 3 V
. i i " 1 | - Stopped
[ | [ - 4B & = s Sop Faser
F | I = - 'y |
T~ Masier D Mastor Enatle [
FaampSet Saure:
Fo . F T Woge
Ouput XXX
- o =
" P e eSS SeS N — - e
4 Chenge Farg/Sel

e
5

Sansry " F Frase FYRA

s— I = =
BR[| C Py

Table 3.4.1Testing procedure for 1- Phase

rEEEEEE:

Table 3.4.1.1 Testing procedure for 3- Phase

3.4.1.2 PICK UP TEST MEASURED IN 1®

INJECTION

Phase | INJECTE | OPERATIN | DIFFERENTIA | BlAS
D G L CURRENT CURR
CURREN | TIME(MS) ENT
T(HV
SIDE)

R-PH | 0.295 26.3 59 59.09

Y-PH | 0.296 29.3 59 59.18

B-PH 0.295 27.2 59 59.99

TABLE 3.4.1.2 PICKUP TEST TABULATION ON HV

SIDE

Phase | INJECTED | OPERATIN | DIFFERENTIA | BIAS
CURRENT | G L CURRENT CURR
(LV SIDE) | TIME(MS) ENT

R-PH | 0.294 26.1 59 59.29

Y-PH | 0.293 29.8 59 59.37

B-PH | 0.295 27.1 59 59.93

TABLE 3.4.1.3 PICKUP TEST TABULATION ON LV
SIDE

3.4.2. STABILITY TEST

This test is done to check the stability of the
relay. The transformer under consideration is a Y-Y
connected transformer with O degree phase shift. An
equal current of magnitude 1A is been injected to
both HV and LV (when both HV and LV has CTs of
same ratio) or current of magnitude equal to the pick-
up value of HV and LV respectively is been injected.
The phase angle of any one of the phases of either
HV or LV is changed. When once the current goes
out of phase the relay is tripped. This is indicated by
indication LED as in the Figure 3.4.2. 75MVA,
220kV/22kV power transformer has different CT
ratios of HV and LV is different. Hence, the actuating
value of 0.295A is been injected for R phase of HV
and LV. Since the phase angles are balanced the relay
is under stable state.When once the phase angle of
either HV or LV is changed the currents become out
of phase issuing atrip.
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TABLE 3.4.2 TESTING PROCEDURE FOR STABILITY
TEST
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3.4.21 STABILITY TEST RESULTS

Phase INJECTED INJECTED STABI
CURRENT(HV CURRENT(HV | LITY
SIDE) SIDE)
CURR PHASE | CURR | PHASE
ENT (DEG) | ENT (DEG)
R-PH | 1A 0° 1A 180° OK
Y-PH | 1A 240° 1A 60° OK
B-PH | 1A 120° 1A 300° OK

Table 3.2.2.1 Stability Test Tabulation

3.4.3. SLOPE TEST

The operate restrain characteristic has three
regions. One is non operating region in which the
relay won’t operate. Operating region in which the
relay operates but conditionally. The unrestrained
region in which the relay is operated unconditionally.
This operation of the relay is verified by conducting
slope test as in fig3.4.3.

rate current
Operate

oper
[times IBase ]
2 l unconditionally

| p

1
Section 1 Section 2 / Section 3
/'- |
el i - SlopeSection3,
1 SlopeSection2’ Restrain

0 1 2 3 4 L]
EndSection1 restrain current
[ times IBase |
—_— ey

EndSection2

3.4.3 Fault currents with DC offset during an
external fault Slope = (Aloperate/ Alrestrain) *100

3.4.3.1 SLOPE TEST(HV&LV) RESULTS FOR
SLOPE-1
Current injected as below:

Injected Injected
Current Current Differential | Bias Tripping
PHASE | (HVSIDE) | (LVSIDE) | Current(A)| Current(4)

Current | Phase | Current | Phase
(4) (deg) [ (4) (deg)
R-PH [171A | 0° | 1A [180°

Operated

YPH |171A [2407| 1A | 607 | 97303A | 347gg |Operated

B-PH |[171A [120°] 1A [300° Operated

Current injected at HV side and LV side 2 times
of full load current and LV side current is reduced.

Injected Injected

Current Current Differential | Bias Tripping
PHASE [ (HVSIDE) |(LVSIDE) | Current(4)| Current(d)

Current | Phase | Current | Phase

(4)  [(deg) |(4) (deg)
RPH [276A | 0° | 2A |180"| 1375A Operatad
Y-PH [276A 2407 2A [ 607 | 1375A |43812 Operated
B-PH |[276A [120°] 2A |300°| 1375A Operatad

Table 3.4.3.1 Slope-1 Test Results

3.4.3.2 CALCULATION:

o _IDLL=IDL2
SYOP€=Tp1_1B2
137.5 — 97.503

100

slope = 2o 1534783 "

slope = 43.09%;

3.4.3.3 SLOPE TEST(HV&LV) RESULTS
FOR SLOPE-2
Current injected as below:

Injected Injected
Current Current Differential | Bias Tripping
PHASE | (HVSIDE) [(LVSIDE) | Current(4)| Current(4)

Current | Phase | Current | Phase

(4) (deg) | (4) (deg)
RPH [477A ) 0¢ | 3A |180°| 1230A Operated
Y-PH [475A |240°[ 3A |60° | 12304 1882 | Operated
BPH [474A |120°] 3A [300°| 1230A Operated

Current injected at HV side and LV side 2 times of
full load current and LV side current is reduced.

Injected Injected

Current Current Differential| Bias Tripping
PHASE | (HVSIDE) | (LVSIDE) | Current(d)| Current(4)

Current | Phase | Current | Phase

(&) [(deg) |(4) | (deg)
RPH (7714 [ 0° | 47A[180°| 14254 Operated

YPH | 7704 |40 47A| 60 | WA | ypp74 |Operated

B-PH |771A [120°] 474 |300°| 14254 Operated

Table 3.4.3.3 Slope-2 Test Results

3.4.3.4 CALCULATION:

joo,_ IDLLZIDL2

SYOP€= 1 _1B2

: 1425-1230
= %

SHOP€ = 5157 1882

slope = 79.59%;

IV. APPLICATIONS

The protection and control IEDs have many
functions included. They included self supervision
with internal event list function block provides good
supervision of the IED. The fault signals make it
easier to analyze and locate a fault.

Both hardware and software supervision is
included and it is also possible to indicate possible
faults through a hardware contact on the power
supply module and/ or through the software
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communication. Internal events are generated by the
built-in  supervisory functions. The supervisory
functions supervise the status of the various modules
in the IED and, in case of failure, a corresponding
event is generated. Similarly, when the failure is
corrected, a corresponding event is generated.

V. CONCLUSION

The Protection Scheme with a particular rating of
the transformer has been designed. For that rating of
the transformer the CT ratio on primary and
secondary sides are calculated and by using that ratio
HV and LV tripping values are calculated. Now by
using PCM600 Connectivity Package the
configuration is done.

In PCM600 there are different functional blocks
by using those functional blocks the configuration for
different faults is done according to the scheme .The
harmonic effect and stable operation regions are also
taken into consideration. once the configuration is
done it is tested using doble or omicron and
parameter setting are done. The test involves pickup
test, slope test, stability test etc..the protection for
different faults have been done. Hence by doing this,
the protection system has become more reliable and
efficient. The transformer is protected against
different faults by Intelligent electronic device.
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