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Technical Overview CPD series:
• L.V switchgear and panel selection
• L.V selectivity and discrimination
• IEC61439 part 1 and 2 L.V switchgear
& Control assemblies.



Technical support and training

Technical & Design Promotion 
Manager 
Paul Hyland Electrical Engineer (Electrician)

29 +1  years LV switchgear and Control Assemblies

6 years ABB technical Support and product design

Degree in Electrical Service Design BEng

Honours Degree Electrical Service and Energy 
Management BSc

SACE Level 3 service engineer

Participating member of the ETC TC4 NSAI group for 
LV SWG

Member of Engineers Ireland

Participating member of the SC 121B IEC International 
Electrotechnical Commission, MT2 Maintenance team 
for the IEC 61439 part 0, part 1 and part 2. for LV 
switchgear

.

ABB provide all Technical support as one ABB team.

https://go.insideplus.abb.com/group-functions/quality-operations/quality/make-quality-happen
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Circuit Breaker Selection
Paul Hyland

Why is breaker selection important?
How to calculate fault level?
Discrimination types?
Back up protection?
Current Limiting (breaker’s)?
Definition’s?
Importance of IEC61439-2 (Photos & Movies from the Lab) CPD on the 17th of May 



 Safety on site
 Identifying and isolating the zone where the problem is.
 Limiting the fault effects on the rest of the installation.
 Limiting stresses on components and damages to the affected zone
 Guaranteeing service continuity (to rest of plant)
 Guaranteeing restoration of power when fault is cleared
 Supplying personnel and management with a clear situation.
 Reaching a good compromise between

RELIABILITY

SIMPLICITY

ECONOMY

Why is breaker selection/co-ordination important?



-U1
Vref = 20000 V
LLL / IT->TT
Plf = 69 kW
Qlf = 34 kvar

U


-TM1
Vr2 = 400 V
Sn = 1600 kVA
2nd: LLLN / TN-S

 

-QF1
E2N 2000 PR111-LSI R2000

-B1
V = 399.2 V
Ib = 111.8 A
Cosphi = 0.90
Scc max = 40.8 kA

 

-QF2
T5S 400 PR222DS/P-LSI R400

 
 
-QF3
S804S-C10
DDA804AC-63/0,3

Id

 
 
-QF4
S804S-C10
DDA804AC-63/0,3

Id


-WC1
5G95/50
dV = 0.23 %
Ib = 100.0 A
Iz = 179.0 A
L = 25 m

 
-MS1
M2BA  100 L2 A - 3 kW
Pr = 3.00 kW
Cosphi = 0.86
UF = 100%
dV = 0.20 %

M
 
-MS2
M2BA  100 L2 A - 3 kW
Pr = 3.00 kW
Cosphi = 0.86
UF = 100%
dV = 0.20 %

M
-B2
V = 398.3 V
Ib = 100.0 A
Cosphi = 0.90
Scc max = 24.5 kA

 
 
-QF5
T2N 160 TMD100-1000

 
-L1
Sr = 69.28 kVA
Cosphi = 0.90
Ir = 100.0 A
UF = 100%
dV = 0.43 %

Electrical schematic



Calculation of fault level’s

Mathematical way

Traffo 1600KVA (P=√3.V.I.impedance%)

1600 ,000 / [(√3x400)x0.06]

=38kA

Cable Calculation’s etc……….



Calculation of fault level’s
Manufacturer’s charts



Calculation of fault level’s
Software package

The main functionalities of the program are:

• Drawing the single-line electric diagram;

• Drawing the key diagram of the auxiliary circuits;

• Calculation of line current and voltage drops;

• Calculation of short-circuit currents;

• Dimensioning low- and medium-voltage cables;

• Dimensioning switching- and protection devices;

• Switchboard configuration;

• Setting and coordination of protection devices;

• Verifying cable protection;

• Printing the single-line diagram and project documentation.

https://partnerhub.connect.abb.com/
https://econfigure.xe.abb.com/global/#/categories
https://www.lowvoltage-tools.abb.com/soc

https://partnerhub.connect.abb.com/
https://econfigure.xe.abb.com/global/#/categories
https://www.lowvoltage-tools.abb.com/soc




Agenda

• Current Selectivity
• Time Selectivity
• Energy Selectivity
• Zone Selectivity
• Selectivity using Goose



Selectivity
What selectivity means :

Only the downstream CB opens,

SELECTIVITY

When an OVERLOAD or a 
SHORT-CIRCUIT occurs.



Selectivity
What Selectivity means :

the other loads can be supplied
Only the downstream CB opens,
SELECTIVITY

When an OVERLOAD or a 
SHORT-CIRCUIT occur.



Selectivity
What Selectivity means :

When an OVERLOAD or a 
SHORT-CIRCUIT occur.

NO SELECTIVITY
Also the main CB opens,



Selectivity
What Selectivity means :

When an OVERLOAD or a 
SHORT-CIRCUIT occur.

ALL THE LOADS GO OUT OF 
SERVICE

NO SELECTIVITY
Also the main CB opens,



Selectivity
Lack of coordination- The main problems
Difficult to understand what is happened and where

– Difficult to detect the zone affected by the problem
– Difficult to solve the problem

No service’s continuity
– Production stopped/ damaged
– Machines can be damaged
– It  can be dangerous for people

Lack of coordination   Small problem can become BIG PROBLEM



Selectivity techniques
Traditional solutions

• Current Selectivity

• Time Selectivity

• Energy Selectivity

Advanced solutions

• Zone selectivity ZSI

• Selectivity using Goose
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https://applications.it.abb.com/SOC/
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https://applications.it.abb.com/SOC/

Coordination is to the max Icu Value
of the downstream breaker



Selectivity definitions & standards  

Low voltage selectivity  
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Partial & Total selectivity  

IEC 60947-2 
def. 2.17.2 – 2.17.3

A and B connected in series:

partial selectivity and total selectivity.



Selectivity definitions & standards  

Low voltage selectivity 
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“Partial selectivity is an overcurrent selectivity
where, in the presence of two protection devices
against overcurrent in series, the load side
protection device carries out the protection up to a
given level of overcurrent, without making the other
device trip.”

• B opens only according to fault current lower 
than a certain current value; 

• values equal or greater than Is will give the trip of 
both A and B.

Partial selectivity

Is is the ultimate 
selectivity value!

Is = ImA



Selectivity definitions & standards  

Low voltage selectivity 
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“Total selectivity is an overcurrent selectivity where,
in the presence of two protection devices against
overcurrent in series, the load side protection
device carries out the protection without making
the other device trip.”

• Only B trips for every current value lower or equal 
to the maximum short-circuit current..

Total  selectivity

B A



Selectivity techniques   

Low voltage selectivity 
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Basic concept 

When the point of fault is closer to the source, the 
fault current will be higher. 

 In order to guarantee selectivity, the 
protections must be set to different values 
of current thresholds.

 The ultimate selectivity value is equal to the 
instantaneous trip threshold of the 
upstream protection device.

 Other methods are needed to have a total 
selectivity 

Current selectivity  

AB

ImB ImA

Ultimate 
selectivity value

tB

tA

tA

1kA

3kA



Selectivity techniques   

Low voltage selectivity 
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Circuit breaker A will be set to a value which does
not trip for faults which occur on the load side of
B. (I3Amin >1kA)

Circuit breaker B will be set to trip for faults which
occur on its load side (I3Bmax < 1kA)

Here the selectivity is a total selectivity, because it 
is guaranteed up to the maximum value of the 
short-circuit current, 1kA.

Current selectivity  

1kA

3kA

A

B

0.1kA 1kA 10kA

10-2s

10-1s

1s

10s

102s

103s

104s

3kA

Is

Is = I3Amin

Example



Selectivity techniques  

Low voltage selectivity  
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Current selectivity

Pros & Cons

Pros
Easy to be realized 

Economic
Instantaneous

Cons
Selectivity is often only partial

Current thresholds rise very quickly



Selectivity techniques   

Low voltage selectivity 
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Basic concept 

Time selectivity is based on a trip delay of the 
upstream circuit breaker, so to let to the 
downstream protection the time suitable to trip
 Setting strategy:

Progressively increase the trip delays getting 
closer to the power supply source 

 On the supply side: 
The S function is required

Time selectivity  

B A



Selectivity techniques   

Low voltage selectivity 
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Time selectivity  

Example

Circuit breaker A will be set with the current 
threshold I2 adjusted so as not to create an 
overlapping trip and with a trip time t2 adjusted so 
that B always clears the fault before A.

B will be set with an instantaneous trip against 
short-circuit.

The ultimate selectivity value is: 

Is = I2 (if function S = ON/ I on Curve A=OFF)

Is = I3 (if function I = ON / Curve B)
0.1kA 10kA 100kA

10-2s

10-1s

1s

10s

102s

103s

104s

1kA

B

I2

t2

Is

Ik



Selectivity techniques   

Low voltage selectivity 
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Time selectivity  

Example

There is a problem with time selectivity!

In the case of fault occurring at the busbars, 
circuit breaker A takes a delayed trip time t2

The network must withstand high values of let-
through energy!

If there are many hierarchical levels, the 
progressive delays could be significant!

Ik

0.1kA 10kA 100kA

10-2s

10-1s

1s

10s

102s

103s

104s

1kA

B

t2



Selectivity techniques  

Low voltage selectivity  
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Time selectivity

Pros & Cons

Pros
Economic solution
Easy to be realized

Cons
Quick rise of setting levels

High values of let-through energy



Selectivity techniques   

Low voltage selectivity 
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Basic concept 

Energy selectivity is based on the current-limiting
characteristics of some circuit breakers

Current-limiting circuit breaker has an extremely
fast trip time, short enough to prevent the current
from reaching its peak

The ultimate current selectivity values are given by 
the manufacturer (Coordination tables)

Energy selectivity  

A

B

0.1kA 1kA 10kA

10-2s

10-1s

1s

10s

102s

103s

104s



Selectivity techniques   

Low voltage selectivity 
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Energy selectivity  

Example

Circuit breaker A settings:

I3 = OFF

S protection is used for time selectivity

1kA 10kA0.1kA
10-2s

10-1s

1s

10s

102s

103s

104s

A

B

Is = 6+kA

1kA 10kA0.1kA
10-2s

10-1s

1s

10s

102s

103s

104s

A

B

Is = 20kA



Selectivity techniques  

Low voltage selectivity  
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Energy selectivity

Pros & Cons

Pros
High selectivity values
Reduced tripping times

Low stress and network disturbance

Cons
Increasing of circuit breakers size



Selectivity techniques
Traditional solutions

• Time current selectivity

• Current Selectivity

• Time Selectivity

• Energy Selectivity

Advanced solutions

• Zone selectivity ZSI

• Selectivity using Goose



Selectivity techniques
Zone Selectivity Time selectivity



Zone selectivity ZSI
Type of devices

Breakers with high Icw values

Breakers with high performance trip units

AI>

BI>

0.1kA 1kA 10kA 100kA

1E -2s

1s

1E4s

Time Selectivity

1E3s

100s

10s

0.1s

A

B

Is



Is

0.1kA 1kA 10kA 100kA

1E -2s

1s

1E4s

Zone selectivity  ZSI

1E3s

100s

10s

0.1s

A

B

Zone selectivity ZSI
Type of devices

Breakers with high Icw values

Breakers with high performance trip units

AI>

BI>

Interlock S and G function (or for D function)



Zone Selectivity



A

B

C

Zone Selectivity
How works Zone selectivity

C sees the fault and sends a signal to A & B to remain 
in their normal “S” protection

If the fault is here the
Breaker C trips in the Zsel
Time,(so it is faster)

The C breaker sends a signal to 
Breaker B and this in turn only
Time at the normal “S”
protection setting (so slower)



A

B

C

Zone Selectivity
How works Zone selectivity

B sees the fault and sends a signal to A to remain 
in their normal “S” protection

If the fault is here the
Breaker B now trips in the Zsel
Time,(so it is faster)

The B breaker sends a signal to 
Breaker A and this in turn only
Time at the normal “S” 
protection setting (so slower)



A

B

C

Zone Selectivity
How works Zone selectivity

‘A’ see the current and OPEN’s

If the fault is here the
Breaker A now trips in the Zsel
Time,(so it is faster)

The A breaker sends a signal to 
Breaker upstream if needed



Selectivity techniques  

Low voltage selectivity  
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Zone selectivity

Pros & Cons

Pros
Trip times reduced

Low thermal and dynamic stress
High number of hierarchical levels 

Can be made between same size circuit breakers
Cons

Cost and complexity of the installation
Additional wiring and components



Selectivity techniques
Traditional solutions

• Time current selectivity

• Current Selectivity

• Time Selectivity

• Energy Selectivity

Advanced solutions

• Zone selectivity ZSI

• Selectivity using Goose (IEC61850)



© ABB Group
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What is GOOSE?

GOOSE (Generic Object Oriented Substation Event)

It is a ABB mechanism for the fast transmission 
of substation events, such as commands, 
alarms, indications (as messages)

A single GOOSE message sent by an IED (can be 
received and used by several receivers).

GOOSE takes advantage of the powerful 
Ethernet and supports real-time behaviour

It is used for e.g. 

 tripping of switchgear 
 starting of disturbance recorder 
 providing position indication for interlocking



© ABB Group
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GOOSE – Advantages vs conventional wiring

Higher availability
– Less equipment and auxilliary 

relays required
– All signals are continuously 

supervised
– Optional link redundancy
Better performance
– No intermediate relays with delay 

times
Optimized costs
– No wiring between panels
– Less I/Os at IEDs required
– Off-line testing through 

simulation

GOOSE

Station bus A

Prot & Ctrl 
Devices

Ethernet Switch

B

Station bus

Prot & Ctrl 
Devices

Ethernet Switch



© ABB Group
May 11, 2022 | Slide 45

GOOSE – Real time communication

Without any changes, the GOOSE-message is repeated with 
Tmax until the next event / change.

In case of a information-change, the GOOSE-message will be repeated 
within Tmin.
The repetition frequency is lowered until Tmax is reached.

t max = 
1024ms

t max = 
1024ms

time

t max = 
1024ms

t max = 
1024ms

time

The unconfirmed GOOSE messages may transport important time critical information like a 
block or a trip. Therefore, a special mechanism has to guarantee a reliable transfer of 
these data



© ABB Group
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Use case:
UniGear switchgear with 10 bays

– Load management system, as well as 
control system interface

70% of the LV signals are between the IEDs
With GOOSE. There’s a great potential to:

– Simplify
– Make it more flexible
– Make it more efficient
– Make it more cost-efficient
– Make it more reliable

From
/ to 

protection
and 

controlIED
s

From
/ to

otherdevices

Total

Number of I/O wires
Inter bay signalling 104 116 220
Automation system 85 47 132
Other externals, i.e. load
management system 383 252 635

Total 572 415 987

GOOSE Performance (IEC61850 / Open protocal)



© ABB Group
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GOOSE Performance (IEC61850 / Open protocal)



Application examples
Blocking-based busbar protection 

X

X

IEC 61850-8-
1

REF615

REF615

IED “B”

IED “A”

 IED B (outgoing feeder) detects a 
fault on the line by its over-current 
protection. The “start signal” of the 
OC protection is sent to ‘IED A’ of the 
incoming feeder as a GOOSE 
message 

 The GOOSE message is used to 
block the instantaneous OC protection 
of ‘IED A’

 The fault is selectively cleared by 
‘IED B’ tripping the outgoing feeder 
breaker

Who is 
interested?
PHLPTOC-
start!

Yes I am! I’ll block 
the Inst. O/C!
Block-PHIPTOC!

© ABB Group
May 11, 2022 | Slide 48



Application examples
Blocking-based protection

X

X

IEC 61850-8-
1

REF615

REF615

IED “B”

IED “A”

 ‘IED B’ (outgoing feeder) doesn’t 
detect a fault on the busbar’s by its 
over current protection. No “start 
signal” of the OC protection is sent 

 After the set operating time the fault is 
cleared by ‘IED A’ tripping the 
incoming feeder breaker

No blockingsignal 
received
Trip by PHIPTOC

© ABB Group
May 11, 2022 | Slide 49

IEC61850 other applications:
• Dual Settings
• Circuit breaker Failure
• Arc Monitoring

Copper wiring <37ms
GOOSE <23ms



Selectivity techniques  

Low voltage selectivity  
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GOOSE selectivity

Pros & Cons

Pros
Trip times reduced

Low thermal and dynamic stress
High number of hierarchical levels 

Can be made between same size circuit breakers
MV/LV connectivity

Reduced number of inter cables
RJ45 continuously monitored.

Cons
Complexity of the installation
Different Testing philosophy



Back-Up Protection

Low voltage selectivity 
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Back-Up protection (or Cascading)

Is a type of coordination of two protective devices 
in series which is done in electrical installations 
where continuous operation is not an essential 
requirement.

What is Back-Up protection?

Back-up protection 
excludes the use
of selectivity!!!



Back-Up protection

Low voltage selectivity 
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Basic concept 

Back-up is used by those who need to contain the 
plant costs

The use of a current-limiting circuit breaker on the 
supply side permits the installation of lower 
performance circuit breakers on the load side

Both the continuity of service and the selectivity 
are sacrificed

Back-Up protection



Back-Up protection

Low voltage selectivity 
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Back-Up protection

Example

Ik = 100 kA

T5L 400 
(120kA)

XT2L 160 XT2L 160 XT2L 160 Icu = 120kA XT1N 160 XT1N 160 XT1N 160 Icu = 36kA

Ik = 100 kA

XT4L 250 
(120kA)

Discrimination Back Up



T4L 250

T1N 160 T1N 160 T1N 160

A

B C D

Back-Up protection

Low voltage selectivity 
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Back-Up protection

Example

Ik = 100kA Icu (T4L+T1N) = 100kA

General power supply is always lost



Back-Up Protection   

Low voltage selectivity  
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Back-Up protection 

Pros & Cons

Pros
Economic solution 
Quick tripping times

Cons
No selectivity

Low power quality



Photo’s 
From the test lab. Under control conditions.
IEC 61439- 2  (EN IS 61439-2)

https://library.e.abb.com/public/57756bd5fffd72fac12579ca002d8907/k0119_the_new_iec_web.pdf

https://library.e.abb.com/public/57756bd5fffd72fac12579ca002d8907/k0119_the_new_iec_web.pdf


80kA / 70 mS



80kA / 70 mS



80kA / 70 mS



80kA / 70 mS



ABB in Ireland 
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At a glance

Skilled and experienced Irish team, backed by global networks

5
Sites where products 
are sold, serviced or 

engineered

Want to know 
more?

marketing@ie.abb.com

www.abb.ie

180 
People work for 
ABB in Ireland

Dublin, HQ EL, PA, & MO
Automation, Power, Sales, 
Engineering, & Management

Cork PAEN
Process Automation
Project delivery 

Dundalk, PAPI
IAPI QCS technology centre
R&D for QCS product line
Sales & marketing support 

Lisburn, EL
Local regional office
EL Product supply & suppor

Dublin, Cylon Controls 
Production & Service

mailto:marketing@ie.abb.com
http://www.abb.ie/
https://www.facebook.com/ABBIreland/
https://twitter.com/ABBIreland
https://www.linkedin.com/feed/hashtag/abbireland/
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