This webinar brought to you by The Relion® Product Family
Next Generation Protection and Control IEDs from ABB

Relion®. The perfect choice for every application.

The widest range of products for power systems protection, control,
measurement and supervision. Interoperable and future-proof
solutions designed to implement the core values of the IEC 61850
standard. ABB’s leading-edge technology, global application
knowledge and experienced support network ensures complete
confidence that your system performs reliably - in any situation.
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ABB Protective Relay School Webinar Series
Disclaimer

ABB is pleased to provide you with technical information regarding protective
relays. The material included is not intended to be a complete presentation of
all potential problems and solutions related to this topic. The contentis
generic and may not be applicable for circumstances or equipment at any
specific facility. By participating in ABB's web-based Protective Relay School,
you agree that ABB is providing this information to you on an informational
basis only and makes no warranties, representations or guarantees as to the
efficacy or commercial utility of the information for any specific application or
purpose, and ABB is not responsible for any action taken in reliance on the
information contained herein. ABB consultants and service representatives
are available to study specific operations and make recommendations on
improving safety, efficiency and profitability. Contact an ABB sales
representative for further information.
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Presenter

Jack Chang is the regional technical manager for ABB Inc. in
the Substation Automation business serving customers in
Canada and northern regions. He provides engineering,
commissioning and troubleshooting support to customers
applying ABB’s high-voltage protective and automation
devices. Prior to joining ABB, Jack worked as a substation
P&C project engineer in two specialized consulting firms (now
JackChang  ABB and Quanta Services, respectively) and also as an
engineering consultant to a public owned utility in their
transmission expansion and upgrade projects. Jack is a
registered professional engineer in the province of Alberta,
Canada.
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Learning objectives

- Power Generation fundamentals

- Generator Faults

- Generator Abnormal Conditions

- Modern Generator Protective IED Capabilities

- Typical Generator Protection Functions
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Standards

= C37.101: Guide for AC Generator Ground Protection
= C37.102: Guide for AC Generator Protection

- |[EEE Tutorial On The Protection of Synchronous Generator
(PSRC)
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Typical Power Plant Components
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Typical Parts of a Power Plant

Busbar in HV Substation

HV - Breaker

E::l E::l HV Substation
T~
R

Main Transformer

v

Generator Breaker

Turbine valve

Turbine - Generator

Earthing System
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Different power plants electrical equipment layouts




Damage to the stator core in case of earth-fault
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Stator winding earthing practices
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Possible faults

Stator Earth Faults

Rotor Earth Faults

Stator Short Circuits

Stator/Rotor Interturn faults

Unit transformer faults

External faults
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Abnormal operating condition

= overcurrent/overload

- unbalanced load

= overtemperature

= over- and undervoltage

= over- and underexcitation
= over- and underfrequency
- over-fluxing

= asynchronous running

= out of step

= generator motoring

- failures in the machine control system
(i.e. AVR or governor failure)

- failures in the machine cooling system

= failures in the primary equipment
(i.e. breaker head flashover)
= open phase
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Allocation of protection functions

87G/870 Differential
59 Over-voltage

32 Reverse power

810/U Frequency Turbine

49S Stator over-load

B 21/51V Voltage/over-current

64S Earth fault stator
Inter-turn
50AE Accidental energizing

40 1DAldll C

40 Loss of excitation

78 Paole slinbnina

Stator
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Generator protection

Gen Diff + Back-up 12Al

'0 [ 60FL |
| sboRFUF |
[51/67] 31-> | [50AE [ Un> ] [22 T z< ][ 24 Jur]
| ocapToc [[ AEG GAPC | [ zmHPDIs | [ OEXPVPH |
[508F [31> BF] | 3I2 [ F:(— |[ 27 i 3u< |
| ccreBrRF |[ GopPDOP |[ uvzPTUV |
T T T
v 64R + RXTTE4 v [ 37 T p< ][ 59 [3u>]
| CV GAPC ,RW“ GUP PDUP || ovzPTOV |
T T T
[ cENPDIF [[T20 | o< |[ 59N [3U0>]
4 | Lexppis |[RrRoOvV2PTOV |
[a6 T 2> ][ a9 [ ] Meter.
[ nszpToc [[ TRPTTR | CV MMXU
Other functions available from the function library
59N | UN> _ [soTHDJU3AIN]
ROv3 PTOV > —rer iz | 25 | 50 [ 31>> |[5127Ju<n>]|[ 32N [ Po-> | [ 645 | Ree<
REG 670*1.2 — A20 SES RSYN PH PIOC CV GAPC SDE PSDE STTI PHIZ
= 52PD| PD |[51/67] 31> |[51v | 15U |[87CT [ 12an | [ 64R | Ree<
CC RPLD OC4 PTOC CV GAPC CCS RDIF ROTI PHIZ
Function alternatives for 87G/GEN PDIF
87T | 31d/ 87 | 1dN
T2W PDIF HZ PDIF
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Generator protection with 87T (870)
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Unit Trafo

[s051] 31> | [s08F [3I1> BF]

Overall Diff + Back-up 12Al

[ ocapTtoc [| ccRrerr |
[60FL | [ 8a | <
| soorFUF [ sAaPTUF |
[[78 Jucos ][ 81 [ = ]
[ PsppPPam || saPTOF |
T
(21 [ 2= |[ 2 | um |
[ ZIMH PDIIS | [ oEX ::’VPH |
[870 [ 3an [ 32 [ pe |[ 27 [ 3u<]
| T2wPDIF || cop PDOP | [ Uv2PTUV |
T T T
64R [ Re< | 0 s [37 ] p< ][ 59 [3u>]
CV GAPC [ supPpuP | [ ovzPTOV |
T
[ 20 [ <;>< ] [ 59N | 3U0> |
[ Lexppis | [RovzPTOV |
[46 T 2> ][ 40 T mn ] |50IAE| s [ iMeter.l
[ NszpTOC [[ TRPTTR | [ AEG eapc || cvmmxu |

[ 59N | uN> | [59THD[U3d/N]

[ rovz PTOV [[ STEF PHIZ |

REG 670*1.2 — A20




Function allocations with older generation relays

Table 3: Example on relay functions divided into two function groups

Type of fault ‘AN S| ‘Protection function System
Generator stator A B
Short circuit 875G Generator differential X
- O I d er type Of d eS I g n : 21 Minimum impedance or alternativ_ely X
51727 Overcurrent/undervoltage for thyristor X
magnetisation
. 51 Overcurrent X
L M 1 an d M 2 Wlth Dissymmetry 46 Negative sequence overcurrent X
. . Stator overload 49 Thermal overload X
d |ﬂ:ere nt fu nCtIOn Stator earth fault 59 95% stator earth fault X X
. Loss of excitation 40 Reactive current and phase angle X
al | Ocatl 0 n S Motoring 3z Reverse power _ X
Redundant protection used for large X X
generators
Cverspeed 81 Max. frequency X
Turbine blade fatique 81 Min. frequency X
Interturn fault 59 or 51N X (X)
Cvervoltage 59 QOvervoltage X
COver magnetization 24 VIHz X
Low voltage 27 Undervoltage X
Inadvertent breaker closing 50727 Overcurrent with low voltage X
(Dead-machine protection)
Shaft current - Overcurrent, fixed time X
Generator rotor
Rator overload 49 Thermal overload X
Rator earth fault 64R Injected AC X
Injected DC X
Step-up (Block) transformer
Short circuit/earth fault 87T Differential protection X
Overcurrent 50151 Time overcurrent with instantaneous X
function
Breaker failure protection 50BFR X
© ABB Group Earth fault differential prot. 87D X
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Complete Protection Scheme

- Generator M1 & M2 protection

- Two identical IEDs with 87G
(low/high impedance based)

- Complete Unit Protection for Smaller
Machines

= One with 87G
= One with 87T or 870

© ABB Group A"
JJJJJJJ | Slide 18



Generator protection & optional transformer protection

Unit Trafo

[s0551] 31> | [508F [31> BF|

Gen Diff + Back-up 24Al

50/51| 31>

[ ocapToC [ ccRrerF_| v
5IN | IN> _ [ 87~ [aann | 87T [ 3ian |
EF4 PTOC | RerPDIF | [ TawPDIF |

r'y

OC4 PTOC

Auxiliary Trafo
Excitation Trafo

Auxiliary Bus

[s051] 31> ]

v
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Back-up Protection

Main Protection

[6oFL | | [[81

[< ][ [ = ]

[51/67] 31-> ] [50AE [ un> ]

| spop RFUF | T | saptur [[ sapPtoF ]

21 [ z< |[ 24

ur> |

| ocapTOC [[ AEG GAPC |

64R Re<

+ RXTTE4
CV GAPC

[[a6 T 12> ][ 49 [ wn ]

[ zmHPDIs | [ OEXPVPH |

[s08F [31> BF] [ 32 [ Pe [ 27 i3u<]

| CC RBRF H G?P PD?P H uv2 ll'—’TUV ‘
[37 [ P< [ 59 | 3u>]

A

87G | 3Id/I

[ sup PouP |[ ovzpPTOV |
T

[ cenpoiF |[ 40 | o< | [ 59N i3uo>]
y

| LtexPpis_|[ROV2PTOV |

Meter.

[ ns2PTOC [[ TRPTTR |

CV MMXU

[son Tun>T]

__ [s9THD[UsAN]

[Rovz PTOV |

T sTEFPHIZ [T

REG 670*1.2 — B30

Other functions available from the function library

25 | 50 | 31>> |[5127 | u</>| [ 645 | Ree< || 87T [ 310/
SES RSYN PH PIOC CV GAPC STTI PHIZ T2W PDIF
52PD | PD |[87cT] 12d/ 51v | 11U 64R | Ree< || 32N [ PO->
CC RPLD CCS RDIF CV GAPC ROTI PHIZ SDE PSDE
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Complete generator-transformer unit protection

Generator and block transformer protection 24A1

[ 60FL | [[ 59 [3u> ]| [Meter. ]
| sborFUF [[ ovzPTOV |[ cvMmmxu |
[ 87~ T 1dnn | [ 508F [31> BF] [s0551] 31> ][ a0 T 1th ]
| rerpDiF || ccrerF | v [ ocaptoc [[ TRPTTR |

87T | 3ld/I
T2W PDIF
A 4

S0N/5IN|  IN> [ 4 870 | 3Idh
EF4 PTOC T3W PDIF

A A

Unit Trafo

50/51 | 31>

OC4 PTOC

[[60FL | [[ 81 [ < ] [ 78 Jucos][ 81 | & |
[ sobrRFUF || sAPTUF | [ PsppPPam | [ saPTOF |
[51/67] 31-> H50AE | U> |— [ 21 [ 2< |[ 24 i ure> |
[ ocapToc [[| AEG GAPC | [ zmH PDIs | [ OEXPVPH |
T I T
[soBF[a>BF| [ 32 [ P« |[ 27 [ 3u<]
| ccreBRF || GopPpoP || uvzPTuV |
T I T
I [rle][= o]
876 | sian | [ GUP PDUP || ovzPTov |
I I T
GENPDIF_|["20 | @< |[ 59N |3Uo>]
A [ LexPpis |[RrRovzPTOV |
Other functions available from the function library
[a6 T 2> ][ a9 T ] Meter.
[NszpToc || TRPTTR | SV MMIXU 25 | 50 [ 3>> |[5127[u<i>][ 32N [ Po> ][ 645 | Ree<

SES RSYN PH PIOC CV GAPC SDE PSDE STTI PHIZ

52pD| PD |[5167] 31> 51v [ 1>U |[87CT [ 12d/t | [ 64R [ Ree<
59N UN> 59THD| U3d/N
- - CC RPLD oc4 PTOC CV GAPC CCS RDIF ROTI PHIZ

ROV2 PTOV T sTEFPHIZ [T

Grounding
Transformer

REG 670*1.2 — C30
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Generator terminal short circuit
Xd” Xd, Xd

E” X4’ - Subtransient Reactance
E’ = X4 - Transient Reactance
t

Xy4 - Synchronous Reactance

= The fault current from the

] generator change during fault
~ﬂ sequence

- Change of generator reactance
Xd’, _> Xd, _> Xd

_’ “ ‘“ AR - Dependent of the excitation
T U VY VYV VYV system

Current

‘l ne np
X ROpE®
Time



Stator short circuit

= Consequence of stator short circuit
= Insulation, windings and stator core can be damaged

- Large forces, caused by large fault currents, can give
damage to other components in the plant

= Risk of explosion and fire

= Mechanical stress on generator- and turbine shafts
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Detection of stator short circuits

- Protection functions
= Generator differential protection
= Block (unit) differential protection
= Directional negative sequence overcurrent protection
- Under impedance protection
- Phase overcurrent protection (sometimes not effective)
= Voltage dependent phase overcurrent protection
- Under voltage protection
- Phase overcurrent protection of the block transformer
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Generator differential protection

- Unstabilized differential protection level
- Stabilized differential protection level

= Harmonic blocking
- Negative sequence unrestrained

- Combination: bias differential and negative sequence
internal/external discriminator; increases speed and
security

- Negative sequence sensitive differential protection

© ABB Group
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Differential protection characteristics

operate current

[gen. rated curr.]

T

Operate

unconditionally

D[ loperate
slope = --------m--m---- * 100 %

UnrestrainedLimit

M

DLl lrestrain

The restrained
characteristic
is defined by
the settings:
Fekkkkkkkkkkddokkkkk IdMin
1. IdMin

2. EndSectionl
3. EndSection2
4. SlopeSection2

5 anannr‘rian

—

Operate
conditionally

P

Section 1

>
Wl

Section 2

P /Section 3

Y
A

A 4
A

—<

SlopeSection3

SlopeSection2

Restrain

1

EndSectionl

A\ 4

EndSection2

5

v

6
restrain current

[gen. rated curr.]
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Generator unit (overall) differential protection
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- Identical to transformer differential protection
= Zero sequence current elimination
- Vector group compensation
= Transformer ratio compensation
- Unstabilized differential protection
= Stabilized differential protection

= Harmonic blocking
- Waveform blocking

- Negative sequence unrestrained

- Combination: bias differential and negative sequence
internal/external discriminator

- Negative sequence sensitive differential protection



Phase to phase fault in the stator winding

- Endangering condition
= Overcurrent
- Protected object
= Stator winding
- Consequences
= Heating
- Forces
- Smelted stator core

Main Protection Function ]
Reserve Protection Function L1
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Unit Trafo

87N [ 1dN/

50BF (31> BF

50/51| 3I>

49 Ith Meter.

REF PDIF CC RBRF oc4 PTOC TR PTTR CV MMXU
sssssss [ N> 870 | 3ld/
EF4 PTOC T3W PDIF
A A
50/51] 31>
0OC4 PTOC
59N [ 3U0>
ROV2 PTOV
60FL | 81 | f< 78 | Ucos
SDD RFUF SA PTUF PSP PPAM
s51/67 | 31-> [{ 50AE ] un> |— 21 < 24 | un>
oc4 PToC ||| AEG GAPC ZmH PDIS OEX PVPH
T
50BF |3> BF] [ 32 [ pe 27 [ 3u<
CC RBRF GOF' PDOP UVv2 PTUV
T
64R [ Ree< 37 [ P< 59 | 3u>
ROTI PHIZ 87G | 31d/l GUF' PDUP OvV2 PTOV
T
+ REX060, REX061 GEN PDIF 40 | q>< 81 | >
LEX F'DIS SA PTOF
46 12> 49 ith [ Meter.
NS2 PTOC TR PTTR CV MMXU
vT 50N | UN> 59THD| U3d/N
o <3
ROV2 PTOV STEF PHIZ
64S | Rse<
[ Ree + REX060
STTI PHIZ

REG 670*1.2

AL HD ED
FRap iy



Phase to phase fault in the XFMR, and bus work

- Endangering condition

= Overcurrent
- Protected object
« XFMR, bus work

- Consequences
= Heating
- Forces
- Smelted trafo core

Main Protection Function ]
Reserve Protection Function
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Unit Trafo

87N [ 1dnn | [ 508F 31> BF 50/51 [ 31> 49 ith Meter.
REF PDIF CC RBRF OC4 PTOC TR PTTR CV MMXU
sssssss [ N> 870 | 3ld/I
EF4 PTOC T3W PDIF
50/51| 31>
oCc4 PTOC
59N [ 3Uo0>
ROV2 PTOV
60FL | 81 | f< 78 [ Ucos
SDD RFUF SA PTUF PSP PPAM
51/67 | 31> H 50AE| U/i> —i 24 | U
oca PTOC || AEG GAPC ZMH PDIS OEX PVPH
i T
50BF [31>BF|[ 32 | P¢ 27 [ 3u<
CC RBRF GOP PDOP Uv2 PTUV
T I T
64R | Rre< v 37 | P< 59 [ 3u>
ROTI PHIZ 376 | 3ian || cup PbuP || ovapPTOV
T I T
+ REX060, REX061 GEN PDIF 40 | d< 81 | >
A4 LEX PDIS SA PTOF
I I
46 | 12> 49 ith [Meter.
NS2 PTOC TR PTTR CV MMXU
vT 50N | UN> _ [soTHD[usdN] _
ROV2 PTOV T stEFPRHIZ [T
64S Rse<
[ Ree + REX060
E—d STTIPHIZ




Under-impedance protection

= Backup protection for
internal short circuits in the
generator or the unit
transformer

= Backup or main protection
for fault at the busbar
where the plant is
connected to the power
system

= Backup protection for line-
faults at lines out from the
power plant

= Up to 3-zones with offset
mho characteristic

© ABB Group
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Phase overcurrent protection

= Backup protection for internal short circuits in the generator
or the unit transformer

- Backup or main protection for fault at the busbar where the
plant is connected to the power system

- Backup protection for line-faults at lines out from the power
plant

= 21 functions is easier to apply in order to coordinate with
outgoing line protective relays
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External short circuit

OC1 Stage Pickup Level
A

First period of Fault

StartCurr_0OCA1

After 0.4 s

YDepFaci_OCA1 * StartCurr_OCA Before Fault

[
L

Selected Voltage
Magnitude

T

ULowLimit_CC1 UHighLimit_OC1

enl3000324.vsd
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Voltage controlled phase overcurrent protection

OC1 Stage Pickup Level
F

StartCuw_0C1 }-——— e

VDhepFaci_DC1 * StartCurr_CC1

' P
UHighLimit_OC1 Selected Voltage Magnitude

ends000323. ved



External faults

- Endangering condition

= Overcurrent

- Protected object

- External power system
parts.

- Conseguences
= Heating
= Forces

- Mechanical damages
Main Protection Function
Reserve Protection Function

© ABB Group
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Unit Trafo

87N [ 1dn/ | [ 50BF 31> BF 50/51] 31> 49 ith Meter.
REF PDIF CC RBRF oc4 PTOC TR PTTR CV MMXU
Y
50N/51N| IN> 870 | 31d/
EF4 PTOC T3W PDIF
A A
50/51] 31>
0OC4 PTOC
59N [ 3Uo0>
ROV2 PTOV T
60FL | 81 | < 78 | Ucos
SDD RFUF SA PTUF PSP PPAM
- T
51/67 | 31-> H s0AE [ un> |— 21 | z< 24 | ui>
oca PTOC || AEG GAPC ZMH PDIS OEX PVPH
T
50BF [31>BF| [ 32 | P& 27 [ 3u<
CC RBRF GOP PDOP Uv2 PTUV
T I T
64R | Rre< v 37 | P< 59 [ 3u>
ROTI PHIZ 576 | zan 1| cuP PbuP || ovzpTOV
I I T
+ REX060, REX061 GEN PDIF 20 | @< 81 |
A LEX PDIS SA PTOF
] 1 |
46 12> 49 ith [Meter.
NS2 PTOC TR PTTR CV MMXU
vT 59N | UN> _ [sotrHp]usa] _
ROV2 PTOV T sTEFPHIZ |
64S | Ree<
[Ree + REX060
= STTI PHIZ
REG 670%1.2

A B
FRap iy




Stator earth fault

- Damages on the stator iron

= Increased voltage on “healthy phases”

- Small fault currents

= Sensitivity requirements on fault clearance

= The fault resistance is normally low at stator earth fault

- The residual voltage and earth fault current is highly
dependent on fault location in the generator

© ABB Group
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Voltage based 95 % stator earth fault protection

Neutral point voltage transformer used
to measure Uo voltage

Generator Step-up transformer

/m

NY\/ Y Y\

~_ —
§

1 ] Voltage Uo has the following primary value for
—1 e the solid Ph-GrldeauIt at generator HV terminals

- U 0 _ Gen _ Ph—Ph

485 Group \E A\ ED ED
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Current based 95 % stator earth fault protection

Neutral point current measurement

Y Y\

Generator Step-up transformer

Y Y

)
~~7

/m
/m
Y Y

\/

BBBBBBBBB
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Why 95 % and 100% stator ground fault protection?

100% v

BBBBBBBBB
JJJJJJJ

0%

Over voltage
function

95% stator ground
fault 59GN
U=0.05Un
t=05s

Stator winding

Protected zone
IS approximately
95%

Last 5% is
NOT
protected

ABB



Possible 100 % stator earth fault protection solutions

- Measurement of the "natural” third harmonic voltage
induced in the generator can be used to protect against EF
close to the generator neutral point
(i.e. 3rd harmonic based principle; 59THD)

= Neutral point voltage injection where the injected voltage
has non-harmonic frequency
(i.e. injection principle; 64S)

© ABB Group
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3rd harmonic based 100% stator earth-fault

S
v
Uns

Samples of the
neutral voltage
from which the
fundamental-
and 39 harmonic
voltages are
filtered out
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stator winding

CB 1 may not exist§

31 Diff.
0-30%

x E3 (1-x) E3 CB1 CB 2
T
{ —
\\
~_Rf step-up
unit
— transformer
U
X 1-X I3
> > Samples of the
100 % terminal voltage
> from which the
_ 3d harmonic
Neutral point fundamental frequenc voltage is
over- voltage protection 10— 100 % | filtered out



3rd harmonic 100% stator ground fault

- Simplest approach :
= 3rd harmonic under-voltage in the neutral (i.e. U3\<)
= 3rd harmonic over-voltage at generator terminals (i.e. Ug>)
» Possible problems:
= Generator start-up
« Generator shut-down

- Different generator loading

- 39 harmonic differential principle

U5 +U;5| = Beta-|U |

© ABB Group
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Stator injection

you a poweriul
oianning to

bt ries reserved

/ REX060
/ (Injection Unit)
REG670 / - ; ALWAYS required

REX062
(Shunt Resistor Unit)
SO - jred

i
i
i
i
i
[
[
i
i
' ROTOR
i

LGenerator Protection Cubicle. _ . _ . _ _ . _ _ _ _ _ |le—— |

VT or GT Generator
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Earth fault in the stator winding

- Endangering condition

87N | 1dN/I 50BF |3I> BF 50/51| 3I> 49 Ith Meter.

- Overvoltage in two healthy

REF PDIF CC RBRF OC4 PTOC TR PTTR CV MMXU

phases

A 4

NNNNNNN [ N> 870 | 3idn
= Voltage in the star point = T
- Relatively small earth fault 5 RV D

current

,
- Protected object Mmoo T
60FL | 81 | f< 78 | Ucos
- - SDD RFUF SA PTUF PSP PPAM
= Stator WI nd I ng 51/67 | 31> H 50AE | un> 21 [ < 24 | U=
OC4 PTOC || AEG GAPC ZMH PDIS OEX PVPH
1 T

1 |
50BF [31>BF| [ 32 | Pe 27 [ 3u<

u Consequences / CC RBRF GIOPPD?P UV2|I:'TUV
&Ye e Tree v [l e
- Damage to the stator core \DD o | (S Te [m e

= Risk of second earth fault w [ |[® [ ~Jveter

l_.._l NS2 PTOC TR PTTR CV MMXU
Maln Protect|0n FunCtlon D VT 59N | UN> =59THD|U3d/N:
Reserve Protection Function ?B SR 3 -
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Earth fault in transformer HV winding

- Endangering condition b e i rroc | rerrie [ oG
7
- Overcurrent | | | = S
- Protected object -
= Transformer windings
59N [ 3Uo>
- Consequences e — o
51/67 | 31> H s0AE | un> |— 2‘1 | zi/l 24 | un>

= H eatl n g OC4 PTOC AEG GAPC ZMH PDIS OEX ::’VPH

50BF [31>BF| [ 32 [ P« 27 [ 3u<

CCRBRF || Gop PDOP |[ uvzPTUV
= ForceS ! v 64R | Rpe< v 37 | < 59 i 30>
l 5 ROTI PHIZ 576 | aian | | cuP PbuP | [ ovapTOV

T T

+ REX060, REX061 GEN PDIF 40 | bd< 81 i >
- Smelted trafo core P
) ) . l_.._l NS2 PTOC TR PTTR CV MMXU
Main Protection Function  [] . |
Reserve Protection Function E@ =il

© ABB Group
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Earth fault in transformer LV winding

- Endangering condition

- Overvoltage in two healthy
phases

= Voltage in the star point

- Relatively small earth fault
current

- Protected object
= Transformer winding
- Consequences

- Small possibility to damage
trafo core

= Risk of second earth fault
Main Protection Function
Reserve Protection Function

© ABB Group
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50BF (31> BF

50/51| 3I>

49 Ith

CC RBRF

OC4 PTOC

TR PTTR

81 | t<

T

SA PTUF

78 [ Ucos

PSP PPAM

H soae | un>

T T
21 | z<

24 U/f>

AEG GAPC

+ REX060, REX061

ZMH PDIS

OEX PVPH
T

T T
32 [ Pe

27 [ 3u<

GOP PDOP
I

uv2 PTUV
T

37|PI<

59 [ 3u>

GUP PDUP
I I

OV2 PTOV

40 | o<

81if>

LEX PDIS
I I

SA PTOF

49 Ith

|Meler.

TR PTTR

CV MMXU

+ REX060




Turn to turn fault in the stator winding

- Endangering condition

= Circulating currents

= Asymmetrical phase currents
= Protected object

= Stator winding
= Consequences

- Damage to the stator core

= Risk of evolving into earth fault
* 59N will detect this fault when
develops into an earth fault

Main Protection Function ]
Reserve Protection Function [
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Unit Trafo

87N [ 1dN/ | [ 50BF 31> BF 50/51] 31> 49 ith Meter.
REF PDIF CC RBRF oc4 PTOC TR PTTR CV MMXU
A4
50N/51N| IN> 870 31d/I
EF4 PTOC T3W PDIF
A A
50/51] 31>
oc4 PTOC
59N | 3Uo> ||
ROV2 PTOV '|'
60FL | 81 | < 78 [ Ucos
SDD RFUF SA PTUF PSP PPAM
I I
51/67 | 31-> H s0AE [ un> |— 21 [ z< 24 | ui>
oc4 PTOC || AEG GAPC ZMH PDIS OEX PVPH
T I T
50BF [31>BF| [ 32 | Pe 27 [ 3u<
CC RBRF GOP PDOP Uv2 PTUV
T I T
64R | Rpe< v 37 | P< 59 [ 3u>
ROTI PHIZ 576 | 3 1| cup PbuP |[ ovzpPTOV
T 1 | T
+ REX060, REX061 GEN PDIF 20 | o< 8l |
A LEX PDIS SA PTOF
] 1 |
46 12> 49 ith [Meter.
NS2 PTOC TR PTTR CV MMXU
VT 59N | UN> || % _ [sorHD]usaN]
ROV2 PTOV T sTEFPHIZ |
64S | Rse<
[Ree + REX060
2 STTI PHIZ

REG 670*1.2

AL HD ED
FRap iy



Rotor earth fault

© ABB Group

June 17,
2015
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The field circuit of the generator is normally isolated from
earth

With a single earth fault in the rotor circuit it is possible to
have continuous operation without generator damages

There however creates an increased risk of a second rotor
earth fault. In such a case there will be large current and
risk of severe damages.

Major damages ensue following a second ground fault

The requirement of fast fault clearance is moderate



Rotor injection

; REX061
i (Coupling Capacitor Unit)
: AlALasE canisod

REG670

A

1

LGenerator Protection Cubicle . . . . o E Generator

AREpiD
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Earth fault in the rotor wi

- Endangering condition

= None

Unit Trafo

- Protected object

= Rotor winding

- Consequences o2

= Risk of evolving into double

earth fault @ 5

Main Protection Function ] .

87N [ 1dnn | [ 508F [31> BF 50/51] 31> 49 ith Meter.
REF PDIF CC RBRF oCc4 PTOC TR PTTR CV MMXU
A 4
5555555 [ N> 870 | 31dn
EF4 PTOC T3W PDIF
4 A
s0/51] 31>
0OC4 PTOC
59N [ 3U0>
ROV2 PTOV
60FL | 81 | f< 78 [ Ucos
’° SDD RFUF SA PTUF PISP PPAIM
51/67 | 31-> H 50AE ] us> 21 | z< 24 | urn=
oca PTOC || AEG GAPC ZMH PDIS OEX PVPH
T I T
50BF [31>BF| [ 32 | Pe 27 [ 3u<
CC RBRF GOP PDOP UV2 PTUV
T I T
v 64R | Rre< v 37 | p< 59 [ 3u>
5 ROTI PHIZ 87G | aian | | GuP PDUP oV2 PTOV
T I T
+ REX060, REX061 GEN PDIF 40 | < 81 | >
A LEX PDIS SA PTOF
I I
46 | 12> 49 Ith [Meter.
NS2 PTOC TR PTTR CV MMXU
59N | UN> _ [soTHDJuzaN]
ROV2 PTOV T stEFPRHIZ [T
64S Rse<
[ Ree + REX060
STTI PHIZ

Reserve Protection Function = %@VT
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Performance of synchronous machine

Voltage Regulator (U & Q) J X4 I - JXs
— = L]
P —
"\ Q A,
X —m
B —m
G—>»

Turbine Regulator (P & f)

= Synchronous machine operating in a parallel with a large power system can:

© ABB Group
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supply active power to the system (operates as generator)
receive active power from the system (operates as motor)

supply reactive power to the system
(overexcited machine; operates as shunt capacitor)

receive reactive power from the system
(underexcited machine; operates as shunt reactor)

Note: machine shall have fixed rotating speed at all times



Different protection operating planes
"-I Plalle oter =t cenerrr -n Plane Mosr[p:]_“_» Generator AB: Field current limit

BC: Stator current limit
CD: End region heating limit
of stator, due to leakage flux

0.8
BH: Possible active power limit due
to turbine output power limitation
EF: Steady-state limit without AVR
X, Source impedance of
connected power system

0.6

Underexcited Underexcited 1

o
$ uLo N
Overexcited Overexcited

| Overexcited

4
v

Underexcited

Motor -e— Generator

-0.3-

X _0'5,_E___<::' ,,,,,,,,,,,,,,,,,,,,

A
Motor -s——m Generator

Overexcited ) \N\verexcited

!

Underexcited

—p- Generator

Fault Overload

Are
=1 Area
i Plang
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Loss of/funder excitation 40

Causes

open field circuit

field short circuit

accidental tripping of the field breaker
AVR failure

loss of field at the main exciter

Consequence

= Asynchronous running of a synchronous machine
without excitation — induction generator

Overexcited |

- Start drawing reactive power - voltage collapse 4
« Stator end-core heating Undertxcned ]
- Induced rotor currents =

© ABB Group
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MW >

normal

MVARS

Qpul 4
— Generator

Motor -—

0.84

0.6

MW

abnormal

MVARS
4—

AB: Field current limit

BC: Stator current limit

CD: End region heating limit

of stator, due to leakage flux

BH: Possible active power limit due
to turbine output power limitation
EF: Steady-state limit without AVR

X Source impedance of
connected power system

T T
. [pu]
afedM
18
Ap.r 0 F
95 Ioag /-~ "X,=0.2
C
=" H
— T X=0



Loss of/funder excitation 40

Generator apparent power S during loss of excitation

FQ M asec

BBBBBBBBB



Loss of/funder excitation 40

= Loss of/under excitation is based on under-impedance
measurement (offset Mho)

= Main features:
= Two zones Z1 and Z2, with independent block and trip

= Directional element for additional zone restriction (eg.
under-exiting operation)

A

—
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Loss of Excitation Protection

¥ Ohms
-
- hrea of Normal
1 - e Operation
_‘H“:::. h.-""'-: +
- """*l-n.._l -r""
7 E Chms
i
r
? Xd’'/ 2 . .
: Lo e Directional
i Lt Unit When Used
rl‘
&
Distance | N
Relay 1 " Capability Curves
Settings \ !
v L Steady-State
v Stability Limit
A
\\ A Minimum
k“‘ Excitation
~5 Limiter
"h.‘:.hl._“
1.1 Xd




Loss of/lUnder excitation 40

- Endangering condition

[so51] 3> |[ 40 T wn ]| [Meter.|

[ 878 T 1ann ] [ s0BF 31> BF]
[ ocapToc [[ TRPTTR [[ cvmmxu |

| RerPDIF [[ ccRBRF |

= Stator reactive current
component

= Protected object
= Rotor and stator winding
= Consequences

A 4

EF4 PTOC T3W PDIF

A A

o
=
©
=
—
=
<
o]

50/51 | 3I>
OC4 PTOC

- Thermal damage of rotor and [eor [ [ [ ]

51/67 | 31-> |{50AE [ un> [22 ] z< |[ 24 [unr]
oc4 PTOC ||| AEG GAPC ZMH PDIS | [ OEX PVPH

stator end regions
= Asynchronous machine

27 3U<

[s08F [a>BF| [ 32 [ P«
| ccrerr || cop ppoP

I I
. v [37 [ p< |[ 50 [ 30> |
Operatlon ROTI PHIZ a76 | aian || euP PDUP || ovz PTOV
+ REX060, REX061 GEN PDIF 40 | @< 81 | >
A LEXPDIS | sAPTOF |
[a6 Ti2> ][ 40 T 1 ] [ [Meter.|

- Voltage and current variations

Main Protection Function ]
Reserve Protection Function !

[ nszproc [[ TRPTTR |

CV MMXU

S59THD| U3d/N
- -t
STEF PHIZ

64S | Ree<
= | + REX060

59N | UN>
ROV2 PTOV
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Generator motoring protection 32/37

= Generator shall produce active power
(i.,e. P>0)

= When it starts to receive the active
power it acts as a motor (i.e. P<O0)

= Not dangerous operating condition for
machine but it may be dangerous for the
turbine

ABB
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Generator motoring protection 32/37

- Causes
= loss of prime-mover
= low water flow (hydro)

- load variations / problems

- Effects

= steam units = overheating of turbine and turbine blades
= hydro units - cavitation of the blades
- Demands

= accurate active power measurement (i.e. P~0 & Q=30-60%)

© ABB Group ‘kl; I‘
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Reverse power protection

- Set desired pickup (0,5 to 3%)
- Angle to 180 deg
- Set time delay 5-30 s

| Q
Operate
Line

L

NN

Margin

P - Sequential tripping logic (allowed to
» operate only when steam valve is
closed)

Operating point
without turbine torque

b\\\\\\\\\\\\\\i\q

BB Grou ‘l .. ..
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Low forward power protection

Operate
Line

Margin

>
O

\\L

V'U

>

Operating point
without turbine torque
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B A

= Set desired pickup (1 to 10%)
= Angle to 0 deg
- Set time delay 5-30 s

- Sequential tripping logic

- Blocked by external signal

when generator is not
loaded

- Sequential tripping (allowed

to operate only when steam
valve is closed)



Reverse Power Protection(32R)

- Endangering condition
= Motor operation

= Protected object
= Turbine

= Consequences

= Excessive heating of turbine
blades (steam units)

- Mechanical damages to thrust

bearing (Francis turbines)

- Explosion risk for diesel units

Main Protection Function
Reserve Protection Function
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]

Unit Trafo

87N [ 1dn/ | [s0BF [31> BF 50/51] 31> 49 ith Meter.
REF PDIF CC RBRF oc4 PTOC TR PTTR CV MMXU
A4
5555555 [ N> 870 | 3idn
EF4 PTOC T3W PDIF
A A
50/51] 31>
0OC4 PTOC
59N [ 3Uo0>
ROV2 PTOV
60FL | 81 | f< 78 [ Ucos
SDD RFUF SA PTUF PSP PPAM
1 1 |
51/67 | 31-> H 50AE] un> 21 | z< 24 | un=
oca PTOC || AEG GAPC ZMH PDIS OEX PVPH
T
508F [31>BF|ff 32 | Pe 27 [ 3u<
CC RBRF UV2 PTUV
T
64R | Rre< v [ 37 | pP< 59 [ 3u>
ROTI PHIZ 87G | 3ian |I_Gup PDUP oV2 PTOV
i ; T
+ REX060, REX061 GEN PDIF 40 | d< 81 | >
A LEX PDIS SA PTOF
I I
46 | 12> 49 ith [Meter.
NS2 PTOC TR PTTR CV MMXU
vT 59N | UN> _ [soTHD[usd/N] _
ROV2 PTOV T sTEFPHIZ [T
645 | Ree<
+ REX060
= STTI PHIZ




Negative sequence overcurrent (46)

X Z
2

D

BN
@

—CD

IR+
! IR-
J 1S- &<
£ o IT-
IT+ IS+

From asymmetric currents, a negative sequence current
component |,, is filtered out.

Negative sequence stator currents rotate in a opposite
direction from the rotor and consequently induce a
120Hz current component into the rotor. As a
consequence rotor ends can over-heat.

BEIGY
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Negative phase sequence (46)

Causes

- unbalanced loads

untransposed transmission circuits
unbalanced system faults

series faults

CB pole discrepancy

= open circuits

Features

- Machine damage curve follows 1,2 t=k

K can be obhtained from machine manufacturer

= |2 inverse time OC element should also
follow 1,2 t=k

© ABB Group ‘kl; I‘
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Broken stator winding

- Endangering condition

- Unsymmetrical currents
- Protected object

- Stator windings

= Rotor
- Consequences

- Rotor overheating

- Vibrations

Main Protection Function
Reserve Protection Function
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1

Unit Trafo

87N [ 1dn/ | [ 508F 31> BF 50/51] 31> 49 ith Meter.
REF PDIF CC RBRF 0OC4 PTOC TR PTTR CV MMXU
Y
50N151N| IN> 870 | 3id/
EF4 PTOC T3W PDIF
A A
50/51] 31>
0oCc4 PTOC
59N [ 3Uo0>
ROV2 PTOV T
60FL | 81 | f< 78 | Ucos
SDD RFUF SA PTUF PSP PPAM
I I
51/67 | 31-> H s0AE [ un> |— 21 | z< 24 | ui>
oca PTOC || AEG GAPC ZMH PDIS OEX PVPH
T I T
50BF [31>BF| [ 32 | P¢ 27 [ 3u<
CC RBRF GOP PDOP Uv2 PTUV
T I T
64R | Rre< v 37 | P< 59 [ 3u>
ROTI PHIZ 376 | aian || uP PDUP || ov2PTOV
T I T
+ REX060, REX061 GEN PDIF 40 | d< 81 | >
A LEX PDIS SA PTOF
I I
46 | 12> 49 [ Ith [Meter.
NS2 PTOC TR PTTR CV MMXU
vT 59N | UN> _ [soTHD[usdIN] _
ROV2 PTOV T sTEFPHIZ |
64S | Rge<
[ Ree + REX060
STTI PHIZ
REG 670%1.2

AL HD ED
FRap iy



Pole slip / out of step protection (78)

= Asynchronous running of a synchronous
machine with the rest of the system but with
excitation intact (opposed to loss of Field)

= Characterized by power
(P & Q) oscillation

- Manifests as impedance movementin R & X
plane

= destructive mechanical impact on turbine and
shaft

= Pole Slip typically caused by:

- Long fault clearance time (especially close
by 3Ph faults are critical)

= Inadvertent tripping of a transmission line
(increase of transmission impedance
between generator and load)

- Loss of large generator unit

© ABB Group
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Pole slip / out of step protection (78)

Pole slip

impedance <C..q.......

movement

X

"Apparent generator

impedance
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ECOSI00437_2_en.vad

= Monitor the swing impedance loci

across the generator unit R-X plane

= 78 function typically locates at the

gen terminal (PT/CT location)

Single or double lens characteristic
typically are employed with mho
supervision

Must be secure against generator
unit faults or stable power swing

- Double lens (binder) scheme is

more secure

The delta rotor angle can be
controlled (thru binder impedance
settings) to allow a more favorable
phase shift across breaker poles
when tripping the breaker

System transient stability studies to
decide who should trip (line or Gen)

AL HD HD
FRap iy



Pole slip / out of step protection (78)

- Endangering condition

= High stator current

[ 87N T 1ann | [ s08F [31> BF| [sor51] 31> |[ 40 T n ] [Meter. |
| rRerPDIF [ ccRBrF | [ ocapTtoc [[ TRPTTR [[ cvmmxu |

- Possible system blackout

- Protected object
- Rotor shaft and stator winding

- Consequences
Q) [eorc] [o1 [ = |

- i G)— | soorrUF [[ saPTUF |
Mechanical damages to shaft > Lo [ ererr 1] L -

[ ocaptoc [[ AEG GAPC | [ zmHPDIS |[ OEXPVPH |
T T

- Asynchronous machine [Eoer [ or| [ =2 [ o] [27 o]
. . . . [ ccrerr || GIOF' PDOIP | [ uvz2 lI:’TUV |
operation (with field intact) @ - E et e | [ovrior]

. . + REX060, REX061 PDIF I 40 | o< 81 | f |
= Voltage and current variations ‘

A 4

Taw PO

4 A

Unit Trafo

50/51  3I>
OC4 PTOC

LEX PDIS SAPTOF |

[46 T 2> ][ 40 [ 1 ] [Meter.
[ NnszpTOC [[ TRPTTR | CV MMXU

59N | UN> . |59THD[USd/N|
ROV2 PTOV STEF PHIZ
64S | Rse<
+ REX060
3 STTI PHIZ
REG 670*1.2
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Frequency protection (81U/O)

- Over-frequency 810: protects in
case of turbine over-speed

- Under-frequency 81U:
protection of the steam turbine at the
“critical speed"”
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Low network frequency (81U)

- Endangering condition
- Under-frequency
- Protected object
- Stator end core
- Steam turbine
- Consequences
- Over-excitation
= Steam turbine vibrations

Main Protection Function ]
Reserve Protection Function

© ABB Group
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[ 87N T 1ann ] [ s0BF [ai> BF]

[sor51] 31> |[ a9 T nh ]

[ [wewr]

Unit Trafo

| rRerPDIF [[ ccRBRF |

EF4 PTOC

50/51| 3I>

[ ocapToC [[ TRPTTR |

[ cvmmxu |

A 4

870 | 3Id/I
T3wW PDIF

A A

OC4 PTOC

ROV2 PTOV

81 | <

[[60FL
| sbp rRFUF

D sAPTUr
[s1/67] 31-> Hs0AE ] un> — [22 T z< ][ 24 Jumr]
| ocapToc [[ AEG GAPC | [ zmHPDIs || 0cEXPVPH |

[ 508F [31> BF] | 32 [ P |[ 27 i 3U< |

[ ccrerr || coppPpoP |[ uvzpPTuv |
: T T

v 64R | Rge< | Y [[37 T p< ][ 50 |3u>]
5 ROTI PHIZ 87G [ cupPDUP |[ Ovz2PTOV |
+ REX060, REX061 GEN [ 4'0 [ ¢;< |[ 81 i > |
A [ Ltexpois || saPTOF |
[a6 T 2> ][ a9 [ mn ] Meter.
[ nsz2pTOC [[ TRPTTR | CV MMXU
VT

59N | UN>

59THD| U3d/N
oy -

ROV2 PTOV

T sTEFPHIZ |

64S | Ree<
== |+ REX060

STTI PHIZ

REG 670*1.2

AL HD ED
FRap iy



High Network Frequency (810)

[ 87~ T 1ann | [ 50BF [31> BF| [s0/51] 31> [ a9 [ n ] [Meter.|
| rRerpDIF [[ ccrerrF | [ ocaprtoc || TRPTTR || cvmmxu |

- Endangering condition
- Over-frequency (load rejection)
= Protected object

= Turbine (no load rejection
capability)

A 4

570 | San
EF4 PTOC T3W PDIF

A A

Unit Trafo

50/51| 3I>
OC4 PTOC

(] Rotor Q\Q [[60FL | [[81 | < ]

’é [ soorFUF [[ sAPTUF |
[51/67] 31-> Hs0AE] un> — [2a ] z<|[ 24 Jumr]
- Consequences | ocapToc [[| AEG GAPC | [ ZMH PDIS | [ cExPVPH |

[ 508F [31> BF] | 32 |Pe |[ 27 |3u<|

[ ccrerr || coppPpop |[ uvzpPTuv |

+ Mechanical stresses Ol S EE

= Turbine vibrations | Lo e T a [ s
. . . I S I [ Jwewr]

Main Protection Function ] I [rszeroe | [rwere | (v |

Reserve Protection Function ] %@ [5on Tuon-] MEEEE

ROV2 PTOV STEF PHIZ

64S | Rse<
+ REX060
3 STTI PHIZ
REG 670*1.2
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Over-voltage protection, 59

- With faulty AVR overvoltage can
cause over excitation of the
generator-transformer block

- V can sharply increase after load
rejection followed by machine
runaway
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Over-voltage protection (59)
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Over-fluxing (excessive V/Hz), 24

= Overfluxing protects generator and
transformer magnetic core against
overheating

= Specially critical during start-up and
shut-down

- Wide frequency operation of the
relay important for generator
protection
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Incorrect voltage control (24,)

- Endangering condition
- Under-frequency/over-voltage
- Manual synchronization
- VT failure, AVR failure
- Protected object
- Transformer/Gen stator core
- Conseqguences
- Over-excitation

Main Protection Function ]
Reserve Protection Function I
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Accidental energizing, 5S0AE

- Operates when generator is
energized while offline (field is off)

= Behaved a induction motor

- Significant localized heating
damages to rotor surface (. based)

- Operating errors, CB flash-over

- Some relays (functions) usually
taken out of service when the Gen
Is offline (40) or not appropriate

- Dedicated voltage controlled OC
most efficient
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Accidental energizing (5Q

- Endangering condition
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Breaker-failure protection (50BF)

= Issues a back-up trip of adjacent breaker in case of failure of the circuit
breaker of the protected object to open (i.e. to interrupt the primary
circuit)

= |ts operation in most cases trips only local breakers (Gen breaker)

= Commonly uses the bus bar protection disconnector replica logic to
route its tripping command to adjacent breakers

= On units without Gen breaker, same BF considerations apply as in the
HV breakers (transient stability, DTT requirement)

= Re-trip (t1), Backup trip / bus-strip (t2), Second back-up trip timer
(t3)

= QOperating mode
= Current/ Contact / Current & Contact
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Breaker falls to open the circuit (50BF)

- Endangering condition

- Stator overcurrent or
unsymmetrical currents

= Protected object
= Electrical circuits
= Rotor

= Consequences
= Rotor overheating
- Stator overheating

- Prolonged damages caused by
the fault current

Main Protection Function ]
Reserve Protection Function
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Conclusion

- Stator earth faults

- Rotor earth faults

= Stator short circuits

- Stator/rotor interturn faults

- External faults

L — - Abnormal operation
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Thank you for your participation

Shortly, you will receive a link to an archive of this presentation.
To view a schedule of remaining webinars in this series, or for more
information on ABB’s protection and control solutions, visit:

www.abb.com/relion
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This webinar brought to you by:
ABB Power Systems Automation and Communication

Relion Series Relays — Advanced flexible platform for protection and control
RTU 500 Series — Proven, powerful and open architecture
MicroSCADA - Advanced control and applications

Tropos — Secure, robust, high speed wireless solutions

We combine innovative, flexible and open products with
engineering and project services to help our customers
address their challenges.
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