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Presentation Topics

* 4 Wire Feeder design

* Feeder Protection hardware
* Feeder Protection elements
* Feeder Fault Types

* Feeder Protection strategy
— Trip Saving
— Fuse Saving
* Feeder Protection settings Criteria

« Developing Protection Settings
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4 Wire Feeder Protection Design

0,;"’%"*» w”"3 > w
B % B

.................

SSSSSS

9/27/2010 S FO‘WE‘F
fream



T 1 T T L T
\\\\\\\ L e e e e e e
\\\\\\\ L e e B i A A S AR S b

Time Overcurrent

Typical Feeder Phase Protection
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Feeder Fault Types

 Fault Duration:
— Permanent

— Transient Basic Fault Types
» Fault Location:

— Load side lateral fuse i — b :- .,
— Feeder: J. T | ‘ “‘
« Before 1st |ateral fuse - L1

N
* Fault Type: T Umbanesd

— Qto D
— Jtodto D
— Jto G
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Trip Saving Feeder Protection Strateqy

« For 3 locations of transient faults, the feeder protection will:

Fault on the feeder, upstream of the first lateral fuse - The feeder
will trip on high set instantaneous (50a) and lockout.

Fault on the feeder, downstream of the first lateral fuse - The feeder
will trip on low set instantaneous (50b) and reclose.

Fault on the load side of a lateral fuse — The feeder will not trip, The
fuse will blow and clear the fault.

« For 3 locations permanent faults, the feeder protection will:

Fault on the feeder, upstream of the first lateral fuse - The feeder
will trip on high set instantaneous (50a) and lockout.

Fault on the feeder, downstream of the first lateral fuse - The feeder
protection will trip on low set instantaneous (50b) and reclose, then
trip on timed overcurrent (51) and lockout.

Fault on the load side of a lateral fuse - The feeder will not trip, the
fuse will blow and clear the fault.
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Fuse Saving Feeder Protection Strategy

« For 3 locations of transient faults, the feeder protection will:

On the feeder, upstream of the first lateral fuse - The feeder will trip on
50a and lockout.

On the feeder, downstream of the first lateral fuse - The feeder will trip
on 50b and reclose.

On the load side of a lateral fuse - The feeder will trip on 50b and
reclose. The fuse will not blow.

« For 3 locations of permanent faults, the feeder protection will:

On the feeder, upstream of the first lateral fuse - The feeder will trip on
50a and lockout.

On the feeder downstream of the first lateral fuse - The feeder
protection will trip on 50Db, reclose, then trip on 51 and lockout.

On the load side of a lateral fuse - The feeder protection will trip on
50b, reclose, then the fuse will clear the fault.

9/27/2010 Power 7
Stream g



Trip Saving / Fuse Saving Strategy
Differences

a) Transient Fault on the load side of a lateral Fuse:
— Trip Saving — Feeder will not trip; fuse will blow
— Fuse Saving — Feeder will trip & reclose, fuse will not blow

a) Permanent Fault on the load side of a lateral Fuse:
— Trip Saving — Feeder will not trip; fuse will blow
— Fuse Saving — Feeder will trip, reclose, fuse will blow

Station Tx Current
Transf
AA19.8KY ~ N 13.8kV Feeder .
A4k | — Trip/Close Control— — — — —»|
Feeder : — -Open/Close Status- — — — Lateral Fuses
|

|
e Feeder

Transient or
Breaker

Permanent
Fault
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Trip Saving / Fuse Saving
Operations Comparison

* Trip Saving: * Fuse Saving:
— Pros: — Pros:
* Only the customer(s) fed - For a transient fault on the
from ]E?e Iucsje that blows load side of a lateral fuse; the
C are atiected. fuse does not blow.
— Lons.
— NS:
* For a transient fault on Cons ,
the load side of a lateral * For a transient or permanent
fuse: a crew must be fault on the load side of a
dispatched to replace the lateral fuse; all customers on
fuse. the feeder experience a trip &
* For a transient fault on reclosure.

the load side of a lateral
fuse; an outage will occur.
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Phase Elements - Protection Setting Criteria

* High Set Instantaneous Overcurrent (50a)
— Pick up setting > @-@ fault current available at closest tapped fuse

« Low Set Instantaneous Overcurrent (50b)
— Pick up setting:
« Equal or greater than 2 times maximum load
* Less than 0.5 feeder end J-9 fault level
— Trip Saving Delay Setting — sufficient to permit tapped fuses to
clear first for @-@ fault (No delay for Fuse Saving)

« Timed Overcurrent (51)

— Pick-up Setting:
« Equal or greater than 2 times maximum load
» Less than 0.5 feeder end @-J fault level
» Less than 0.8 bus backup pick-up

— Time Setting:
» 0.3 Seconds slower than slowest tapped fuses on feeder
» Clear minimum feeder end fault within 1.5 seconds

9/27/2010 Power 10
Stream g




Ground Elements - Protection Setting Criteria

* High Set Instantaneous Overcurrent (50Na)
— Pick up setting > J-G fault current available at closest tapped fuse

* Low Set Instantaneous Overcurrent (50Nb)
— Pick up setting:
« Equal or greater than 2 times maximum load unbalance current
» Less than 0.5 feeder end @-G fault level
— Trip Saving Delay Setting — sufficient to permit tapped fuses to
clear first for @-G fault (No delay for Fuse Saving)

« Timed Overcurrent (51N)

— Pick-up Setting:
« Equal or greater than 2 times maximum load unbalance current
» Less than 0.5 feeder end Q-G fault level
» Less than 0.8 ground bus backup pick-up

— Time Setting:
» 0.3 Seconds slower than slowest tapped fuses on feeder
» Clear minimum feeder end fault within 1.5 seconds
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Developing Instantaneous
Overcurrent Settings

50 Element
Setting

50 Element Settings

* Pick-up Current

«» Adjustable

* Time Delay f

. ;
£
e
i
&

Time, {,,., Is less than 1.5 cycles
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Developing Timed
Overcurrent Settings

51 Element Settings
e Pickup current

e Curve shape

e [ime dial

stream >
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Inverse Timed Overcurrent

Cu

rve Shapes

51 Element

e Inverse curve allows
coordination among
multiple protective
devices

U Darve Comparson

U 5. Madaentaly aveng Curay: U1
us Y LW

e Defined by standard
equations (US and IEC)

Moderately Inverse

niiEly bavre s Curde: L4

Inverse
Very Inverse

Curnerit - Mukiple: of Picio

Short-Time Inverse
Extremely Inverse

stream >
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Defiitions:

TI" Dpﬂ'lltins 1'i.L|.IE

T, - Reszt time

TD — Time dial semings
M=1I;'1

15

Defining Curve Shapes

Curve Type

Operating Time

Il iModerately Inversa)

2 i Inversa}

I3 iVery Inversc)

U4 (Extremely Inverse)

5 1 Shon-Tume Inverse)

M —1)

T, = TDe 00963+ 20|

“ (M — 1)

T, = TDs (003524 207 |

; (M~ — 1y

T - TD+ 000262 4 100342
P \ . L2 .
[ M —1]

)

T, = TD+ [0.0226+ 008
) (M= 1)
T, =TD» (0180 + 22— )

h 1

)

J

— Ratio of favlt cument (secondary) to the relay picknp

where M = applied multiples of pickup curent [for operating time IZTP]. M=1: for reset

time (Tg). M=1]
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Feeder Fault Levels

10MYA-44(13 8KV
446
623
13.8kV 448 448
LG=11054 13.8kY 13 BkY
LL=1441A LG=5637A LG=451BA
LLL=1B644 LL=4538A LL=4014A

3600.0m LLL=52414 LLL=4B408
0.04

1000.0m
el 500.0m
0.04
457
13.8kv 444

LG=12284 13.8kY

LL=15774 LG=3750A
LLL=18224 ) LL=36014

LLL=4158A

SUDL,E . |34 ;Tx 494 433 457 451 500.0m

' : 13 kv 1386V 138KV 13 8Kk 004

WIIPRTA L G=18564 LG=2235A LG=24384 L G=28064

466 L G LL=27004 LL=25314 LL=0735A LL=29754 450
13,8k LLL=2246A LLL=7540A LLL=79274 LLL=3150A LLL=3435A 17 8k
LG=13854 | . ) . ' ) LG=3214A
LL=1742A 1000.0m 1000.0m 1000.0m 500.0rm 500 0m 500.0m LL=3258A
LLL=20124 0.04 0.04 0.04 0.04 0.04 0.04 LLL=37644




ical Feeder Fault Levels

230kV

]

800:5 Current

Transformer T~
LN\

28kV Feeder

| — Trip/Close Control— — — — —»|

Il

~ -Open/Close Status- — — —|

I

Maximum Minimum
Feeder 4019 1742
Breaker Amps Amps
3350
Amps
800:5 Current
Transformer
28kV Feeder R
§ | — Trip/Close Control— — — — —»
<
o ~ -Open/Close Status- — — —
C
»
Feeder
Breaker
§00:5 Current
Transformer
28kV Feeder
Feeder
Breaker
800:5 Current
Transformer
28kV Feeder R

[ — Trip/Close Control— — — — —»

~ -Open/Close Status- — — —

Feeder
Breaker
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Feeder Phase & Ground Protection Curves

Current in Amperes:

10at 13.8KV.

Vi

4-Relay ABB DPU 2000R EI

CT600:5 at 13.80 [kV]
Inst:864.0 Delay:0.20

Tap Range:[0.5/4.0 (INST)] Tap:0.5

01

3-Relay ABB DPU 2000R EI

Tap Range:[0.25/ 12.0] Tap:4.00
Pick Up:480.00 [A] TD:1.000
CT:600:5 at 13.80 [kV]

Inst. Option: OFF

ST Option: ON

ST Pick Up:

3600.00 [A] ST Delay: 0.01;

Lt

H S
~ 5-RelayABB DPU2000REI |

— Tap Range:[0.25 / 12.0] Tap:4.50-

__PickUp72000[A] TD:1.2 |

CT:800:5 at 13.80 [kV] ‘
__Inst. Option: OFF

T
S

ST Option: OFF |

[Fmin:1742 [A] at 13.80 [A]
i

Fmax4019 [A] at 13.80 [A}

0.01
05 1 10 100 1000 10000
Aurora MS5 - Feeder Phase Protection-Revised  TIME CURRENT CHARACTERISTIC CURVES
BY: BB
Phase §
PLOTTING VOLTAGE: 138KV DATE:

9/27/2010

Stream

Current in Am

eres: x 10 at 13.8 kV.

{—{4RelayABB DPU2000REI |

v

2-Fuse S&C SMU20 STD 14.4KV

Rating: 125E [A] |

13.80 [kV]

o

Tap Range:[0.5 /4.0 (INST)] Tap:0.

CT:600:5 at 13.80 [KV]
Inst:600.0 Delay:0.20

[ [3-Relay ABB DPU 2000R EI

Tap Range:[0.25/ 12.0] Tap:2.50

o

Pick Up:300.00 [A] TD:2.000
CT:600:5 at 13.80 [KV]

Inst. Option: OFF

ST Option: ON

ST Pick Up: 3600.00 [A] ST Delay: 0.01

5-Relay ABB DPU 2000R EI
Tap Range:[0.25/ 12.0] Tap:2.50
Pick Up:400.00 [A] TD:3.000

CT:800:5 at 13.80 [KV]

R

Inst. Option: OFF

ST Option: OFF

o

i~

-

ol
>4

>

—
>
//

[Fmin:1385 [A] at 13.80

5

]
]

Fmax4516 [A] at 13

001

100

1000

10000

Aurora MS5 - Feeder Ground Protection-Revised  TIME CURRENT CHARACTERISTIC CURVES

PLOTTING VOLTAGE:

138KV

Ground

BY: BB

NO:
DATE:

—10/20/2008
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Calculate Feeder Protection

Settings

« 50a
— Pickup
« 50b
— Pickup
— Delay
¢ 571
— Pickup
— Curve Shape
— Time Dial

9/27/2010 s"f'éoavnvier F’
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High Set Instantaneous (50a)
Phase Pick-up

* Pick-up setting > 3-J
fault current available at
closest tapped fuse

A  Fault current available
at 1st fuse = 3350 Amps

Set 50a pick-up = 3600
Amps

9/27/2010 S FOZE:‘F 20
tream



Low Set Instantaneous (50b)
Phase Pick-up

= « Equal or greater than 2
—— times maximum load

— Max load = 400A

* Less than 0.5 feeder

\ 1A end @3- fault level

< \ — Feeder end fault level =
\ \ 1742A.

« Set 50b pick-up = 864A

1000 101
CURRENT CHARACTERISTIC CURVES
BY: BB
NO:
138KV DATE: 10202008

9/27/2010 Power 21
Stream g




Low Set Instantaneous (50b)

Phase Dela

Curent in Amperes: x 10 at 13.8 KV.

Rating: 125€ [A]
380 [RV]

CT:600:5 at 13.80 [&V]
Inst:864.0 Delay0.20

2-Fuse S&C SMU20 STD 14.4K!

-Relay ABB DPU 2000R El }
Tap Range:[0.5/4.0 (INST)] Tapi0.50

« Setting to permit tapped

—

fuses to clear first for G-

@ fault

3-Relay ABB DPU 2000R EI
Tap Range:(0.25/ 120] Tap4.00
Pick Up:480.00 [A] TD:1.000

(CT:600:5 at 13.80 [kV]
Inst, Option: OFF
10—sT Option:

o
ST Pick Up: 3600.00 [A] ST Delay: 0.01

L

« Set 50b delay = 200ms

Pick Up:720.00 [A] TD:
CT:800:5 at 13.80 (k]
Inst. Option: OFF
ST Oplion: OFF

5-Relay ABB DPU 2000R EI
Tap Range:[0.25/ 120] Tap4.5(
12

I
|
\
J

]

Spu0dag U AWl

001
05 1

10 100 1000 10000

PLOTTING VOLTAGE:

Aurora NS5 - Feeder Phase Protection-Revised  TIME CURRENT CHARACTERISTIC CURVES

138KV

BY: BB

9/27/2010
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Timed Overcurrent (51)

Phase Pick-up & Curve Shape

P
|| 2Fuse S&C SMJ20 STD 14.4K\

* Pick-up:

| |Rating: 125€ [A] [
13,80 (V]

{—{4Relay ABB DPU 2000REI
Tap Range:[0.5/ 4.0 (INST)| Tap:0.50
CT:600:5 at 13.80 [KV

— <0.5x1742A (min G-J fault)

— < 0.8 x 720A (Bus bu pu)

— 2 2.0 X=200A (max load)

A — =480 Amps
\ e Curve Shape

00000

— Match fuse curve
— Select Extremely Inverse (EI)

9/27/2010
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Phase Time Dial Settin

ment in Amperes: 10 at 13.8 kV.

Time Dial Setting
B ———

1380 (V]

[—{#Relay ABB DPU 2000R EI

Tap Range:[0.5/ 4.0 (NST) Tap0.50]
CT:6005 al 13.80 [KV]
Inst:864.0 Delay0.20

|{3Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:4.00 \
\

D

Pick Up480.00 [A] TD:1.000
CT:600:5 at 13.80 [kV]
Inst. Option: OFF

[|ST Option: ON
ST Pick Up: 3600.00 [A] ST Delay: 0.01.
s ey
[~[5RelayABB DPU2000REI |
- Tap Range:[0.25 / 12.0] Tap:4.5
PickUp72000[A] TD12 |
CT:800:5 at 13.80 V] ‘
Inst. Option: OFF

ST Option: OFF |

b
s
=

Spu0oag U WL

0.1
Fmin:1742 [A] at 13.80 [A}-
11380 A)
0.01 -
05 1 10 100 1000 10000 'I- S E 7
Aurora MSS - Feeder Phase Protection-Revised  TIME CURRENT CHARACTERISTIC CURVES " = .
BY: BB — '
— — +
o . e
PLOTTING VOLTAGE: 138k DATE: 10/20/2008 II‘_

: [Pvll 1y
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Time Dial Setting Calculation

e | Faut= 2000 Amp
I Pick up — 480 Amp

. M2 = (2000/480)?

=17.36
° TPlck up — O 4 SeC TP _ TDe [F(}_O';S-w ﬁh? --.:
. TD=1.04 M- 1)

9/27/2010 Power 25
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Low Set Instantaneous (50Nb)

Ground Pick-up

* Equal or greater than 2
\ times maximum load
\ : unbalance current
\A — Max unbalance current =
J‘\\\\\\ 400A
SO\ ~ « Less than 0.5 feeder end
N\ J-G fault level
e — Feeder end fault value =
1385A
m—— Set 50Nb pick-up = 600A

9/27/2010
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