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General Trip Circuit

Individual IED

Trip Isolation
Main Trip
Protectlon 1 Isolatlon

Protectlon 2

:( T C )——( —. )———( DI ¢ ):
Protection 3 Latches Closed

Protection n

Protections contacts are generally self-resetting contacts.
When the fault condition is cleared by the CB opening, the
protection function resets and its contact opens.

Protection 3 is shown with Latched Trip contact
Consider Protection 3 operates but CB fails to clear the fault as a CB Fail condition.

CB Fail should trip upstream breaker, but Protection 3 remains operated and 52a remains closed.

As such, 52T trip coil is permanently energized and may burn out!

52a (closed when CB closed)
52a is used as trip cut-off contact as Protection contacts
may not be rated to BREAK trip current when fault is cleared
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Lockout Close Circuits

Individual IED

Trip Isolation (.
52
Main Trip Main Trip
Protectlon 1

1
:
1
Supply Fuse Isolatlon I 5
oo (=00 2 a0
52a T !

Protection 2

j:o——(-o/ -)——oz:[ -------------- )

Protection 3-1 The 52a contact is used to break the trip coil current.
—CED—(HO/-)—OID— Generally the main protection trip contact energizing the CB trip coil should not be latched as this
could burn out the CB trip coil in case of a CB Fail.
Protection n ) ) )
-o/ g The real purpose of lockout (latched) contacts is not to latch the protection trip
to the CB trip coil, but to lock out the ability to close the CB.
SCADA Open It is commonly a hand reset latch requiring a technician to visit site and inspect the facility to
make sure it is safe to close the CB.
Electrical reset lockout may be used, but with carefully crafted procedures about the conditions in
1 Manual Open which a remote reset can be performed.
3 Manual Close
C, 1 |C cOoO—
I I |
(H)—o=0 oI | MO TD—
Main Control e
Supply Fuse
(if different Substatlon HMI Close ; :;ocai 081)1, :__ - _5_2 ________ :
: emote On
to Trip (0" 1 2 y Protection 3-2  Main Close | :
supply) L—om 10— Latches Open Isolation I 5 !
SCADA Close Lo —(-O-Fr-)——Q:D—Q:D—c-O/ O 2 I)—O:D——(D
LD (o -m)———cO——01 mO—— - 52b cl|
1
|
1



@ Trip Supervision
A Supervision must not cause CB trip

A Must cater for CB open/closed
change over time

A DC undervoltage monitor

A CB connection monitor
* Practical for withdrawable switchgear

* Verify plug has connected

* Does not verify 52T “pin”
in connector is made
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(&) Connection Monitor

Withdraw-able Truck




Main Trip
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Trip Supply Monitor

Individual IED

Trip Isolation
Protectlon 1

Supply Fuse

Protectlon 2

R
Protection 3

Protection n

! Supply Monitor

f 0.1 s

Main Trip
Isolatlon

R1

HEEHRE ®

Normally energized

V Pick up < 80%

V Drop off < 40%
Alarm delay ~100 ms
Loss of trip d.c.

Main fuse blown

Trip wiring

Trip links

Trip coil

348
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Main Trip
Supply Fuse

87BX Trip

F1 X_CBF Back Trip

F1 X_CBF Back Trip Timer

F1 X_CBF Re-trip Timer

F1 X_CBF Current Check

F1 X_Protectionl Trip
F1 X_Protection2 Trip

F1 X_87B Trip

F1 X_CBF Retrip

F1_1TCS

Pro
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General Trip Circuit: X" Protection

F2-Fn X_CBF2-1
87BX-1 TTEX @
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94
F1 X_CBF2-1
’—>(-O/-) Remote Trip
| F1 X_CBF2 |
87BX 94-2 BackTrip }—
F1 X_P t-t-' 1-2 F1 X_CBF58-1 F1 X_CBF1
rotection1- — N
_ <o -0 —mm)——— (- ReTrip | —a-)
F1 X_Protection2-2
i - F1X_CBFSO | |
> 1r - 0 (T Drrrrrrrrnssnsssssssssssss s sss s s s na s na s s a s n s nnann
F1 X_CBF2-2 Main Trip T
F1 X_Protection1-1 (Latches Closed) Latches Open * Isolation >
- '( @ D ——————— Q:D—(-(V ' ) epest
F1 X_Protection2-1 * Latch only required if there is a H X
=0 -=m latched protection trip contact.
Must be heavy duty 52T Break.
87BX 94-1
-0 - :
F1 X_CBF1-1
-0 =
TCSX-A TCSX-B
- X74A ) —CQ 00— 0 e O:O—:]—(-— X74B —-)—O:O ....................................................................... O e
52b

Alarm Supply Fuse

X74 Delayed Close

) o SCADA @
Alarms
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Supervised Wiring: CB Closed

94

Main Trip
Supply Fuse

87BX Trip

F1 X_CBF Back Trip F1 X_CBF2-1
’—>(-0/-) > Remote Trip
- F1 X_CBF2
F1 X_CBF Back Trip Timer 87BX 94.2 - BackTrip -
F1 X Prote::;)nl 2 Pl sterse-t F1 X_CBF1
i . - — M)
F1 X_CBF Re-trip Timer _ 0 -0 —mm)——>(mm— ReTrip | )
F1 X_Protection2-2
F1 X_CBF Current Check -0 | F1 X_CBF50 | ) [
> 1r - 0 (T Derrrrrrrnssnssssasssasssss s asa s ana s na s na s s a s nn s nnannn
F1 X_CBF2-2 Main Trip 5
F1 X_Protection1-1 (Latches Closed) Latches Open * Isolation >
F1 X_Protection1 Trip -am — O D eeesees—————— -TO—(mm-0— -0 ) epest
F1 X_Protection2-1 * Latch only required if there is a : X
F1 X_Protection2 Trip -0 -mm latched protection trip contact.
Must be heavy duty 52T Break.
87BX 94-1
F1 X_87B Trip -
F1 X_CBF1-1
F1 X_CBF Retrip -0
TCSX-A : TCSX-B
Fl_l TCS mm—| X74A |—=m O c:o_:]_(-_ X74B —-)—CEO ....................................................................... 'Q:D—( O O
52b
Alarm Supply Fuse X74 Delayed Close

), omo SCADA @
Alarms
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Supervised Wiring: Pre-Close, CB Open

94

Main Trip
Supply Fuse

87BX Trip

F1 X_CBF Back Trip F1 X_CBF2-1
’—>(-O/-) > Remote Trip
- F1 X_CBF2
F1 X_CBF Back Trip Timer - — . |
87BX 94-2 BackTrip |_|
F1 X Prote::;)nl 2 Pl sterse-t F1 X_CBF1
i . - — )
F1 X_CBF Re-trip Timer _ 0 -0 —mm)——>(mm— ReTrip | )
F1 X_Protection2-2
F1 X_CBF Current Check -0 | F1 X_CBF50 | ) [
> 1r - 0 (T Derrrrrrrnssnssssasssasssss s asa s ana s na s na s s a s nn s nnannn
F1 X_CBF2-2 Main Trip 5 :
F1 X_Protection1-1 (Latches Closed) Latches Open * Isolation 5
F1 X_Protection1 Trip ) C O D eeesees—————— -TO—(wm-0——0 ) epest
F1 X_Protection2-1 * Latch only required if there is a X
F1 X_Protection2 Trip -0 -mm latched protection trip contact.
Must be heavy duty 52T Break.
87BX 94-1
F1 X_87B Trip -
F1 X_CBF1-1
F1 X_CBF Retrip -0
TCSX-A : TCSX-B
Fl_l TCS mm—| X74A |—=m O O:O—:l—(-— X74B —-)—O:O ....................................................................... -O:D—( O O
52b
Alarm Supply Fuse X74 Delayed Close

) o SCADA @
Alarms
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&)

~"

ATCS cannot “supervise” correct mechanical operation of
52a or 52b

+0Only confirms if the contact is in the correct position relative
to the CB at that instant

+Cannot predict contact will change state when CB changes
state

ATCS is no basis of NOT doing regular CB maintenance
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Incorrect TCS Location (1)

TCS Monitor R1

-—D|—-

Main Trip . Main Trip
Supply Fuse Protection 1 Isolation
+ Oo——30 (-0 -umi

Protection 2

j::)—(-o/ —-)—o::[

Protection 3

Un-supervised wires

L Un-supervised wires
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Incorrect TCS Location (2)

Main Trip )
Supply Fuse Protection 1

(H—o=0 T:o——(-o/-)——o::[ B
/ Un-supervised wires

Protection 2

Protection 3

_ Main Trip
Protection n Isolation

jo—(-o/-) i ao
TCS Monitor R1
—c o (m—{>}-=-—{ }-co—
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Correct TCS Location

Main Trip . Main Trip
Supply Fuse Protection 1 Isolation

Protection 2
j [)—(-()‘ —-)—(! l):
Protection 3

Protection n

-0 -=m

TCS Monitor must be located at the “bottom/far” end from the
first supply connection of the chain of protection contacts to ensure
maximum wiring supervision.

TCS Monitor R1

-—D|—-
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TCS for CB Closed

Individual IED

Trip Isolation (.
A 52 |
Main Trip Main Trip |
Protectlon 1 5 I
2

V/

Supply Fuse Isolatlon . I :
52a T
Protectlon 2 M  Loss of trip d.c.
-0 -mm M  Main fuse blown
M  Trip wiring open circuit
Protection 3 ™M If CB closed

— G D— (o =) ——CaD— M Main Trip link open
M  CB links open
M  Trip coil open circuit
& If CB Open
&  Main Trip link open
CB links open
&  Trip coil open circuit

Protection n

Need delayed alarm (~0.5 s) to allow for: I
 Change over from CB open to closed |
« Protection CB Fail time as Prot Op i
Q
A

Protection short circuits Monitor until fault cleared

@ Auxiliag Fuse

52b prevents alarm

O
oD when CB is open

Alarm if A de-energized > 0.5 s fmmmmmmmmmmmm e
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Full Relay-Monitor TCS

Individual IED

Trip Isolation (.
I

52 '

Main Trip Main Trip : |
Protectlon 1 !

Supply Fuse Isolatlon 5 :
ome! (=00 H—-Ib—o:o—@

1 52a T |

Protectlon 2 : |

- M  Loss of trip d.c. l !

M  Main fuse blown | !

Protection 3 M  Trip wiring open circuit | !

—o:o—c-o/-)———o:o— M If CB open or closed i l

M Main Trip link open : :

M  CB links open : :

M  Trip coil open circuit I :

Protection n | :

! 1

l :

: i

1

Need delayed alarm (~0.5 s) to allow for: ! i

» Change over from CB open to closed ! !

* Protection CB Fail time as Prot Op ! !

short circuits Monitor until fault cleared ! !

ao— i :

. |

ome! dI-o\;—o— :

1

Protection I 52b :

Auxiliary Fuse i
(H)—o==0 =0
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Full TCS: CB Closed

Individual IED

Trip Isolation
Main Trip e :
52
Main Trip Isolation : |
Supply Fuse Protection 1 ! . !

Trip | 5
-—0/ - o q—-O’ -0 2 —a 00— : )
52a T
Protectlon 2
j:b—(—-o/—-)———qz[[
Protection 3

Loss of trip d.c.

Main fuse blown

Trip wiring open circuit

If CB open or closed
M  Main Trip link open
M CB links open
M  Trip coil open circuit

NERNFN

Need delayed alarm (~0.5 s) to allow for:

» Change over from CB open to closed

+ Protection CB Fail time as Prot Op
short circuits Monitor until fault cleared

DO —
O =-O——O0—
1
Protection ! 52b
Auxiliary Fuse (.
® => ao—)
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Full TCS: CB closed, Prot operated

Individual IED

Trip Isolation o
Main Trip e :
i 52
Main Trip _ Isolation : |
Supply Fuse Protection 1 ! . !

Trip | 5
jD——(-—o/—-)—CE{L oo oo q—OS/za-o B-—B—o:o—@
Protection 2
j _- [
Protection 3

Loss of trip d.c.

Main fuse blown

Trip wiring open circuit

If CB open or closed
M  Main Trip link open
M CB links open
M  Trip coil open circuit

NERNFN

Protection n

Need delayed alarm (~0.5 s) to allow for:

» Change over from CB open to closed

+ Protection CB Fail time as Prot Op
short circuits Monitor until fault cleared

DO —
O =-O——O0—
1
Protection ! 52b
Auxiliary Fuse (.
® => ao—)
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Full TCS: CB Open

Individual IED

Trip Isolation
Main Trip e :
52
Main Trip Isolation : |
Supply Fuse Protection 1 ! . !

Trip | 5
-—0/ - o (.-0’ -0 2 —a 00— : )
52a T
Protectlon 2
j:b—(—-o/—-)———qz[[
Protection 3

Loss of trip d.c.

Main fuse blown

Trip wiring open circuit

If CB open or closed
M  Main Trip link open
M CB links open
M  Trip coil open circuit

NERNFN

Need delayed alarm (~0.5 s) to allow for:

» Change over from CB open to closed

 Protection CB Fail time as Prot Op
short circuits Monitor until fault cleared

co—
—Q O -—-O——O0—
1
Protection ! 52b
Auxiliary Fuse (.
® => ao—)
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Full Opto-Monitor TCS: Two Opto

Individual IED

Trip Isolation (.
o | 52 !
Main Trip P otection 1 Main Trip ! I
Supply Fuse rotecti Isolatlon ! Trip [5] ¢
(H)—oF=0 oo (=00 % )—ao—()
Protectlon 2
j:o——<-o/->——o::[
Protection 3

Protection n

Needs two Optos

Alarm if A and B de-energized > 0.5 s
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Full Opto-Monitor TCS: One Opto

Individual IED

Trip Isolation
Main Trip Main Trip
Supply Fuse Protectlon 1

i
50
.

1
I
Isolatlon :
(s
oo C |
. 1 "
Virip Protectlon 2 i :
R ’ |
1
! 1
Protection 3 : |
1
— @O (=0T -m)——aD— R1> 1.5 x Vtrip max ! i
Iop52T_min ! i
. l
! 1
! 1
Protection n : !
-0 -mm R1 = R2 ! !
R3 = R1/2 I |
! 1
! 1
Itc_s << IOpSZT : :
TCS I !
Monitor | R1 : !
: fome! (' !
1
1
1
1
1
1
1
1
1
1
1

—)

Protection | 1
Augxiliary Fuse (-_OIF_-)
(GH—o=0 cO—(em e me ao—)
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One TCS Opto: CB Closed

Individual IED

Trip Isolation
Main Trip Main Trip
Protection 1

Supply Fuse Isolatlon |
-—0/—-)——CE{[ QD Cn 1
Protection 2 : |
- M  Loss of trip d.c. l !
M  Main fuse blown l R3 !
Protection 3 M  Trip wiring open circuit | !
—c:o—c-o/-)———o:o— M If CB open or closed i l
M  Main Trip link open : :
............................... M  CB links open ! l
M  Trip coil open circuit ! I
Monitor Circuit Impedance = R1 | I
L:D (o |
omo, (-o\,—oJ i
i 52b i

Protection Alarm if opto de-energized = 0.5 s
Aucxiliary Fuse
D)—oF=0 ()
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One TCS Opto: CB Open

Individual IED

Trip Isolation
Main Trip Main Trip
Protection 1

Supply Fuse Isolatlon |
-O/_-)—CBL ome! ]
Protection 2 : |
- ™  Loss of trip d.c. l !
™  Main fuse blown l R3 !
Protection 3 M Trip wiring open circuit | !
—c:o—c-o/-)———o:o— M If CB open or closed i l
M  Main Trip link open : :
............................... M  CB links open ! l
M  Trip coil open circuit ! I
Monitor Circuit Impedance = : i
R1//R2 + R3 : !
Lo :
O (—o\,—oJ i
i 52b i
| e s

Protection Alarm if opto de-energized = 0.5 s
Aucxiliary Fuse
D)—oF=0 ()
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Single Opto, Single Wire
Single CB Aux Contact Full TCS

Individual IED
Trip Isolation | e

Main Trip Main Trip

Protection 1 Isolation

i Tri i
:: SupEl¥ Fuse : e E o , [:F{Ec! ©

1
1
Protection 2 R2 i
T '
1
__________________ [}
Protection 3
—QD— (0 -m)——CaD—
2 Vi nax Ensures TCS current will not cause
R1 > CB trip at MAXIMUM auxiliary supply
52TminOp

Protection n

. P v
x-min Ensures sufficient TCS current to prevent
R2 {—— -R1 R

TCS Monitor TCS alarm at MINIMUM auxiliary supply
2 I ;
: D )—:]—O:D— TCS_minOp

Note: TCS is normally energised
When protection operates, TCS is short circuited and will therefore de-energise
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4

Individual IED

Trip Isolation
Protection 1

Main Trip
Supply Fuse
Protection

Auxiliary Fuse

jo——(-o/-

Protection 2

j -

Protection 3

(H—o==0

Protection n

Main Trip
Isolation
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CB Fail Triggered

Protection 2 isolation
link was left open after last
maintenance testing

TCS would say “healthy”

But a Protection 2 operation

would not trip CB!

CB Fail initiates more
widespread blackout !!!

_______________

369
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CB Fail Local Re-trip

Individual IED

Trip Isolation (.

: 1

52 '

Main Trip Main Trip : |
Protectlon 1 !

V/

Supply Fuse Isolatlon oD ¢ - - E|—-I5—OZD—®
I a T :
Protection 2 i :
j:b—(—o/ --m)——0 E . _ ! :
_ CB Fail relay has two timers, !
il - and two contacts |
| | 1. Local Re-trip (t' = ~0.3 s) i
CB Fail - 1 (t) potentially trips CB successfully]
2. Remote CBF send (t' = ~0.4s)| | i
S ;
ome (m-0——0— i
Protection ' 52b i

_______________

Auxiliary Fuse
(H——oF=0
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