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Differential Protection
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X/1

Differential Protection

Zone of protection defined by current transformers (CT’s)
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Differential Protection

Non-trip zone for phase differential protection
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Differential Protection
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Symmetrical Components
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Properties of Negative Sequence
Currents

1. Fictitious source of negative sequence current is the point of fault

2. Negative Sequence current distribute through the negative
sequence network

3. Negative Sequence current obey Kirchhoff’s law



Principle of Internal/ External Fault
Discriminator

e Fault position (internal / external) can be determined by
comparing the direction of flow of the negative sequence
currents on all sides of the transformer

e External fault: the negative sequence currents will have a
relative phase displacement of 180°

e |Internal fault: the negative sequence currents will have a
relative phase displacement of about 0°




Impact of Transformation Ratio and
Phase Shift

* Negative sequence current components are
compensated for power transformer vector group and
turns ratio

 The 0° / 180° criterion is still valid
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Negative Sequence Contributions for an External Fault
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External Fault--- Directional Comparison
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Impact of CT Saturation

— During heavy faults, CT saturation might cause the measured
phase angle to differ from 180° for external faults, and from
about 0° for internal faults

— At heavy faults, approximately 5ms time-to-saturation of the
main CT is sufficient in order to produce a correct
discrimination between internal and external faults



External Fault with Transient CT Saturation
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Internal Fault with Transient CT Saturation
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Evolving Faults: External Fault
Followed by Inter-turn Fault
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Evolving Faults: External Fault Followed by Inter-
turn Fault

Ewolving faults: an external fault followed by an internal fault.
Power transformer HV side (primary) currents
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Fault Discrimination for 3-Phase
Symmetric Faults

* The Internal / External fault discriminator works
equally well for symmetrical 3-phase faults

— When a symmetrical 3-phase fault occurs, negative
sequence currents (the negative sequence current source)
will be present until the dc component in the fault currents
die out

— This interval of time is long enough for the internal /
external fault discriminator to declare either an internal or
an external fault



Symmetrical 3-Phase Internal Fault
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Negative Sequence Contributions in 3-phase
Symmetric Fault
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Differential Current Profile for 3-Phase
Symmetric Fault

Differential currents for a symmetrical internal fault in a Yd1d5b transformer
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Traditional Transformer Differential

Protection
Blocking condition: &
2" harmonic, 5" harmonic ®
waveblock, cross block
——— | restrained >1 TRIP
unrestrained
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Improvement in Traditional Differential
Protection

— Unrestrained negative sequence differential protection in conjunction with traditional
transformer differential protection (Fast and Reliable)

Blocking condition:
2" harmonic, 5" harmonic
waveblock, cross block
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Improvement in Traditional Differential
Protection

— Sensitive negative sequence protection (Inter-turn Faults)

Blocking condition:
2" harmonic, 5" harmonic
waveblock, cross block
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Implementation at Markham TS #4 Station

P45

Buttonville 230kV Transmission Lines Parkway
TS TS

P46

\v 230KV Disconnect

Bus Tle

SS1 SS

]

Switches
Transformer L/u Trarlsfo"rmer
“T4" T2

TP T1R T2P T2R

Ju
Breaker e'k Breaker l Breake(l_L e\Breaker T
i ] 1 |

R Bus | |

*Transformer Specifications:
e 230 kV to 27.6kV

. Lol L]
: \é\:,ly; ;irg-;z:gySecondary [f)( L{)( L!f q rT{ (!—( [|j |) ﬁf (F( flj L((
e Cooling - ONAN/ONAF/ONAF l l I ) ) ) 7\:
* Rating 75/100/125 MVA T \ l l I \ I

Cap
Bank Feeder Feeder Feeder Feeder Feeder Feeder Feeder Feeder Feeder Feeder Feeder Feeder Rank

A M1 M3 M5 M7 M11 M6 M8 M10  M12 “B”




Main & Backup Transformer Protection
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Function Block for Improved Differential Protection
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File Edit View Tools Format Inset IED  Debug

Ded SR =@

EE calEEL % -PRGENNERDE E/ic |3 0

o D

[T/} Project Explorer T1RET 670 - Application Configuration | T1RET 670 -Parameter Setting | + 4 b X | | Object Properties vix
i) -
Z | Plant structure | i =
M ﬂ Powerstram MTS“ 3 THREE WINDING 87T PROTECTION B Misc
3 e T‘&‘r Sﬁﬁmmn M Cycle Tme 8
- = fand Voltage Level Description EventFunction
o ;_3‘ T'E"Sf;;fg{eérm Execution Orde 2910
E
& Locked False
:_J IED Configuration Type EVENT
* Application Corfiguration = ) y
5o Ap User Defined N EVENT
- b5 OVERVIEW
HV_AI a
LV1_Al
V2 Al HV_CT_87_12P =1 BPWICTI TRP#—> E7T_TRIP
— GRP_OFF Z +——1® BPWICTZ TRIPRES M— > E7T_TRIFRES
DIFF_87N LV1_CT_EB7_IZP S ——-y® BPW2CTI TRIPUNREM— > E7T_TRIPUNRES |-
DIFF PROTN GRP_OFF Z »——{® BPWICTZ TRNSUNA®——> B7T_NSU
%_Dfﬁ'eremim protection LVZ_C'I('E_:;_E)BFPFD— 8 BPWICTI TANSSENSM— > S7T_NSSE
! % BPWICTZ PICKLP
B % TransfomerDiff3Wind(PDIF 87T) INTZERQ Sp——1s TAPOLTC! PU_AS——s> TD3_PU_A
- ! INTZERQ =——1& TAPOLTC PUS#—> TDZ_PU_EB
-------- Endl TIWPDIF(E7T): 1 FALSE S+—# OLTCI1AL FU_CM—> TDZ_PU_C
% Logic FALSE 5 1w OLTCIAL BLYZ8 87T _BLKZH
. WV PROT FALSE = »—{e 8LOCK BLKIH As
= FALSE Z_#——_® BLHRES BLKZH Ei
£ LV1_PROT FALSE S+—1% BLKUNRES BLKZH.C:
i L2 PROT FALSE STe——1® BLANSUN BLKSHS 87T_BLKSH
w8 TRIP FALSE Z——1e SLANSSEN BLGH A
BLKIH C:
i BINARY_I0 BLERM———> S7T_BLKWAY
[ LOGIC BLKWAV_A
i E] NERS St&"ﬁfﬂ
£ DREP
IDALARAS
[ COMMON OPENCT—> E7T_OPENCT
- 8 LON_COM TEEd
- ® TZRETST0 [
= E‘ Bushar ID_Cé
£~ 1 & REDphaseREB 670 A ErTibMAGE
:J IED Cerfiguration DMAG_C#——<> 87T_IDMAG_C
&3 Application Corfiguration IDMMIBE ﬁg: S gg‘igﬂfe NS
=l u WHITEphase REEGTD — - T
& (o 1< 1] ] [y
:_J |ED Configuration e ——————————
#3 Application Corfiguration
[SES BLUEphaseREBETD
:_J IED Configuration
#3 Application Corfiguration
- ||| Misc
[ T | 3
QVERVIEW |. HV_AT | Lv1 AL | Lv2 AT | DIFF_87N"._DIFF_PROTH |. HV_PROT |. LV1PROT |. LV2_PROT | TRIP | BINARY IO ¥ 4 b
Wjw) 7 IGO0 "DIF(E7T): | Aplcaton Conigration|
= output |

Friday. December 07, 2012 9:45:40 A ARBB




Settings for Improved Differential Protection

=) Local Server\Powerstram MTS4 (3) - P
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Conclusions

Existence of high Negative Sequence Currents are indication
of system disturbance

Even for 3-phase symmetric faults, negative sequence
currents are present for some time, during the DC offset

Internal/ External Fault Discrimination based on negative
seguence currents is fast (6-8ms) and reliable

Improves the traditional differential protection by bypassing
the blocking and restraining criteria.

Effective for Evolving faults and CT saturation conditions
Better sensitivity for low level inter-turn faults

Improves stability of traditional differential protection
schemes



Questions ?
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