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Presentation Topicsp
• 4 Wire Feeder design
• Feeder Protection hardware• Feeder Protection hardware
• Feeder Protection elements

F d F lt T• Feeder Fault Types
• Feeder Protection strategy

T i S i– Trip Saving
– Fuse Saving

• Feeder Protection settings Criteria• Feeder Protection settings Criteria
• Developing Protection Settings
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4 Wire Feeder Protection Design

50
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Typical Feeder Phase Protection
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Feeder Fault TypesFeeder Fault Types
• Fault Duration:

– Permanent
– Transient

• Fault Location:Fault Location:
– Load side lateral fuse
– Feeder:

B f 1st l t l f• Before 1st lateral fuse
• After 1st lateral fuse

• Fault Type:
– Ø to Ø
– Ø to Ø to Ø
– Ø to G
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Trip Saving Feeder Protection Strategy
• 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 faultfuse 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 feederFault 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 lockouttrip 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 O t e eede , upst ea o t e st ate a use e eede t p o

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– 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: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 

t ti ill t i 50b l th t i 51 d l k tprotection will trip on 50b, 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 7



Trip Saving / Fuse Saving Strategy 
DifferencesDifferences

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

) P F l h l d id f l l Fa) 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

9/27/2010 8



Trip Saving / Fuse Saving 
O i C iOperations Comparison

• Trip Saving: • Fuse Saving:p g
– Pros:

• Only the customer(s) fed 
from the fuse that blows

g
– Pros:

• For a transient fault on the 
l d id f l t l f thfrom the fuse that blows 

are affected.
– Cons:

• For a transient fault on

load side of a lateral fuse; the 
fuse does not blow.

– Cons:
• For a transient fault on 

the load side of a lateral 
fuse; a crew must be 
dispatched to replace the 

• For a transient or permanent 
fault on the load side of a 
lateral fuse; all customers on 

fuse.
• For a transient fault on 

the load side of a lateral 
fuse; an outage will occur

the feeder experience a trip & 
reclosure.
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Phase Elements - Protection Setting Criteria
• High Set Instantaneous Overcurrent (50a)• High Set Instantaneous Overcurrent (50a)

– Pick up setting > Ø-Ø 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 Ø-Ø fault level

T i S i D l S tti ffi i t t it t d f t– Trip Saving Delay Setting – sufficient to permit tapped fuses to 
clear first for Ø-Ø 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  Ø-Ø fault level

Less than 0 8 bus backup pick up• 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
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• Clear minimum feeder end fault within 1.5 seconds



Ground Elements - Protection Setting Criteria
• High Set Instantaneous Overcurrent (50Na)

– Pick up setting > Ø-G fault current available at closest tapped fuse
• Low Set Instantaneous Overcurrent (50Nb)• Low Set Instantaneous Overcurrent (50Nb)

– Pick up setting:
• Equal or greater than 2 times maximum load unbalance current
• Less than 0.5 feeder end Ø-G fault levelLess than 0.5 feeder end Ø G fault level

– Trip Saving Delay Setting – sufficient to permit tapped fuses to 
clear first for Ø-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  Ø-G fault level
• Less than 0 8 ground bus backup pick up• 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 
O S iOvercurrent Settings

50 Element Settingsg

• Pick-up Currentp

• Time Delayy

9/27/2010 12



Developing Timed
O S iOvercurrent Settings
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Inverse Timed Overcurrent
Curve ShapesCurve Shapes
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Defining Curve Shapes
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Feeder Fault Levels
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Typical Feeder Fault Levels

28kV
 Bus
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Feeder Phase & Ground Protection Curves
1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV

1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV

100

Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.50
CT:600:5 at 13.80 [kV]
Inst:864.0  Delay:0.20

100

Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.5
CT:600:5 at 13.80 [kV]
Inst:600.0  Delay:0.20

10

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

5-Relay ABB DPU 2000R EI

10

3-Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:2.50
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]
Inst. Option: OFF
ST Option: OFF

1Tim
e in Se

5 Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:4.50
Pick Up:720.00 [A] TD:1.2
CT:800:5 at 13.80 [kV]
Inst. Option: OFF
ST Option: OFF

1

0.1

econds

0.1

TIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Phase Protection-Revised

0.01
0.5 1 10 100 1000 10000

Fmin:1742 [A] at 13.80 [A]

Fmax:4019 [A] at 13.80 [A]

TIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Ground Protection-Revised

0.01
0.5 1 10 100 1000 10000

Fmin:1385 [A] at 13.80 [A]

Fmax:4516 [A] at 13.80 [A]
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PLOTTING VOLTAGE: DATE:   

NO:   

BY:   BB

13.8 kV  10/20/2008 PLOTTING VOLTAGE: DATE:   

NO:   
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13.8 kV  10/20/2008
Phase Ground



Calculate Feeder Protection 
S iSettings

• 50a50a 
– Pickup

• 50b50b 
– Pickup
– DelayDelay

• 51
– PickupPickup
– Curve Shape
– Time Dial
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High Set Instantaneous (50a)
Ph Pi kPhase Pick-up

• Pick-up setting > Ø-Ø
 

1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV Pick up setting  Ø Ø
fault current available at 
closest tapped fuse

100

Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.50
CT:600:5 at 13.80 [kV]
Inst:864.0  Delay:0.20

• Fault current available 
at 1st fuse = 3350 Amps

10

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

5-Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:4.50
Pick Up:720.00 [A] TD:1.2
CT:800:5 at 13.80 [kV]
Inst. Option: OFF
ST Option: OFF

• Set 50a pick-up = 3600 
Amps

0.1

1Tim
e in Seconds

TIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Phase Protection-Revised
BY: BB

0.01
0.5 1 10 100 1000 10000

Fmin:1742 [A] at 13.80 [A]

Fmax:4019 [A] at 13.80 [A]
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Low Set Instantaneous (50b)
Ph Pi kPhase Pick-up

• Equal or greater than 2
 

1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV Equal or greater than 2 
times maximum load
– Max load = 400A

100

Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.50
CT:600:5 at 13.80 [kV]
Inst:864.0  Delay:0.20

• Less than 0.5 feeder 
end Ø-Ø fault level

10

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

5-Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:4.50
Pick Up:720.00 [A] TD:1.2
CT:800:5 at 13.80 [kV]
Inst. Option: OFF
ST Option: OFF

– Feeder end fault level = 
1742A.

S t 50b i k 864A
0.1

1Tim
e in Seconds

• Set 50b pick-up = 864A

TIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Phase Protection-Revised
BY: BB

0.01
0.5 1 10 100 1000 10000

Fmin:1742 [A] at 13.80 [A]

Fmax:4019 [A] at 13.80 [A]
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Low Set Instantaneous (50b)
Phase DelayPhase Delay

• Setting to permit tapped
 

1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV Setting to permit tapped 
fuses to clear first for Ø-
Ø fault

100

Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.50
CT:600:5 at 13.80 [kV]
Inst:864.0  Delay:0.20

• Set 50b delay = 200ms 10

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

5-Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:4.50
Pick Up:720.00 [A] TD:1.2
CT:800:5 at 13.80 [kV]
Inst. Option: OFF
ST Option: OFF

0.1

1Tim
e in Seconds

TIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Phase Protection-Revised
BY: BB

0.01
0.5 1 10 100 1000 10000

Fmin:1742 [A] at 13.80 [A]

Fmax:4019 [A] at 13.80 [A]
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Timed Overcurrent (51)
Ph Pi k & C ShPhase Pick-up & Curve Shape

 
1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV
Rating: 65E [A]
13.80 [kV]

2 F S&C SMU20 STD 14 4KV • Pick-up:
100

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.50
CT:600:5 at 13.80 [kV]
Inst:864.0  Delay:0.20

Pick up:
– ≤ 0.5 x 1742A (min Ø-Ø fault)
– ≤ 0.8 x 720A (Bus bu pu)

10

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

5-Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:4.50
Pick Up:720.00 [A] TD:1.2
CT:800:5 at 13.80 [kV]
Inst. Option: OFF
ST Option: OFF

( p )
– ≥ 2.0 X ≈ 200A (max load)
– = 480 Amps

0.1

1Tim
e in Seconds

• Curve Shape
– Match fuse curve

TIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Phase Protection-Revised
BY: BB

0.01
0.5 1 10 100 1000 10000

Fmin:1742 [A] at 13.80 [A]

Fmax:4019 [A] at 13.80 [A] – Select Extremely Inverse (EI)
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Phase Time Dial SettingPhase Time Dial Setting
 

1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV
Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13.80 [kV]

100

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]

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.50
CT:600:5 at 13.80 [kV]
Inst:864.0  Delay:0.20

1

10

Tim
e in

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:4.50
Pick Up:720.00 [A] TD:1.2
CT:800:5 at 13.80 [kV]
Inst. Option: OFF
ST Option: OFF

0.1

n Seconds

Fmin:1742 [A] at 13.80 [A]

Fmax:4019 [A] at 13.80 [A]

TIME CURRENT CHARACTERISTIC CURVES

PLOTTING VOLTAGE: DATE:   

NO:   

Aurora MS5 - Feeder Phase Protection-Revised
BY:   BB

13.8 kV  10/20/2008

0.01
0.5 1 10 100 1000 10000

Fmax:4019 [A] at 13.80 [A]
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Time Dial Setting CalculationTime Dial Setting Calculation
• I Fault = 2000 AmpI Fault  2000 Amp
• I Pick up = 480 Amp
• M² = (2000/480)²M  = (2000/480)  

= 17.36
• TPick up = 0 4 SecTPick up  0.4 Sec.
• TD= 1.04
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Low Set Instantaneous (50Nb)
G d Pi kGround Pick-up

• Equal or greater than 2
1000 Current in Amperes: x 10 at 13.8 kV.

1-Fuse S&C SMU40 STD 14.4KV
Rating: 65E [A]
13.80 [kV]

2-Fuse S&C SMU20 STD 14.4KV
Rating: 125E [A]
13 80 [kV] Equal or greater than 2 

times maximum load 
unbalance current

100

13.80 [kV]

3-Relay ABB DPU 2000R EI
Tap Range:[0.25 / 12.0] Tap:2.50
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

4-Relay ABB DPU 2000R EI
Tap Range:[0.5 / 4.0 (INST)] Tap:0.5
CT:600:5 at 13.80 [kV]
Inst:600.0  Delay:0.20

– Max unbalance current = 
400A

L th 0 5 f d d

10

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]
Inst. Option: OFF
ST Option: OFF

• Less than 0.5 feeder end 
Ø-G fault level

Feeder end fault value =
0.1

1

– Feeder end fault value = 
1385A

• Set 50Nb pick-up = 600ATIME CURRENT CHARACTERISTIC CURVESAurora MS5 - Feeder Ground Protection-Revised
BY:   BB

0.01
0.5 1 10 100 1000 10000

Fmin:1385 [A] at 13.80 [A]

Fmax:4516 [A] at 13.80 [A]
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Set 50Nb pick up  600A
PLOTTING VOLTAGE: DATE:   

NO:   
13.8 kV  10/20/2008


