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INTRODUCTION

This application guide provides system integrators 
and Original Equipment Manufacturers (OEMs) 
with technical guidance on selecting protection 
devices for tap-off boxes in busduct distribution 
systems. It emphasizes the importance of 
considering temperature rise and other 
operational conditions that may affect the 
performance and longevity of the protection 
devices. Additionally, this document suggests 
specific devices that are well-suited for high-power 
density environments, aiming to optimize the 
balance between protection, cost, and space 
utilization.
We propose offering different bundles of 
components specifically designed to meet IEC 
compliance, given the distinct requirements 
respect to UL standard. 
This tailored approach allows manufacturers to 
effectively address the unique regulatory 
landscapes of various markets, ensuring that 
end-users receive safe and reliable products. 
The goal of this application guide is to provide 
clear and concrete arguments to enable 
organizations to make informed and aware 
decisions to improve the reliability and efficiency 
of their data center power distribution systems.
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COMPARING POWER 
DISTRIBUTION SYSTEMS 
IN DATA CENTERS

In modern data centers, efficient 
power distribution is crucial to 
support the high demand for data 
processing and storage. 
Two common methods for power 
distribution are Remote Power 
Panels (RPPs) in IEC world or 
Power Distribution Units (PDUs) in 
US, and busduct systems. Each 
method has its own advantages 
and understanding these can help 
in selecting the most appropriate 
solution for a given application.

— 
Busduct Power Distribution benefits

Busduct systems offer a compact and flexible solution for power distribution.  
Some of the key benefits include:

Material Efficiency
They use less copper than cable-based systems, 
leading to a reduction in material costs.

Space Optimization
Busducts require less physical space compared to 
traditional cable distribution, which is particularly 
beneficial in high-density data centers where space 
is at a premium.

Scalability
Busduct systems can be easily extended or 
reconfigured to accommodate changes in the 
data center layout or power requirements.  
On the market there are systems which enable the 
installation of tap-off boxes in any position along 
the busduct.

Reduced Installation Time
The modular nature of busducts allows for quicker 
installation compared to pulling and terminating 
multiple cables.

Cost Savings
The reduction in copper usage directly translates 
to lower costs, both in terms of materials 
and installation. Lower Power Losses

Busduct systems typically have lower power 
losses compared to cable-based systems, which 
can result in improved energy efficiency and 
reduced operating costs.
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Both busduct systems and RPPs have their place in data 
center power distribution, and the choice between  
the two will depend on the specific needs and constraints  
of the facility. ABB offers a range of solutions for both 
busduct power distribution, RPPs and PDUs, providing 
system integrators and OEMs with the flexibility to choose 
the best option for their application.

Flexibility
They can be configured with various types of 
breakers and monitoring devices to meet specific 
power requirements.

Accessibility
RPPs and PDUs provide a centralized location for 
power distribution, making it easier to perform 
maintenance and monitoring.

Expandability
Additional panels can be added to RPPs and PDUs 
to increase distribution capacity as the data 
center grows.

— 
Remote Power Panels (RPPs) and Power Distribution Units (PDUs) benefits

RPPs and PDUs are another popular choice for power distribution in data centers.  
Their advantages include:

Application Note  
The Role of Remote Power 
Panel in High-Density  
Data Centers

Application Note  
How to design an RPP  
for optimum protection  
of your I.T. racks

CO M PA R I N G P OW ER D IS TR I B U TI O N S Y S TEMS I N DATA CENTER S
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Assume a current rating of 1000 amperes and a length of 
8.4 meters for the busduct distribution system on top of IT 
racks, known as "raw busway." The main busduct, or "trunk 
busway," has a rated current of 5000A and a length of 12 
meters. 

The cross-sectional area for busduct can be approximated 
as: Sb=d×ISb=d×I where:

Sb is the cross-sectional area of the busduct, d is the current 
density for busduct systems (typically around 2.5 A/mm²), I 
is the rated current. 

In this case, the cross-sections of the busduct are 400 mm² 
and 2000 mm², respectively.

COMPARING POWER 
DISTRIBUTION SYSTEMS 
IN DATA CENTERS

As an example, let's consider a white space of 127 square meters.

9
.6

 m

13.2 m
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For a cabling solution, the calculation is similar. Assuming 
the same lengths as the busduct, the cross-sectional area 
for cables can be approximated as: Sc=D×ISc=D×I where the 
current density for cable systems is typically around 1.5 A/
mm². The cross-sectional areas for cables are 667 mm² from 
RPP to IT racks and 2667 mm² for the main distribution in 
the room up to RPP.

The total copper needed for busduct systems: 
=Sb×L×=0.13m3Copperbusduct =Sb×L×number of 
busbars=0.13m3

The total copper needed for cable-based systems: 
=Sc×L=0.2m3Coppercable =Sc×L=0.2m3

The difference in copper usage: Δ=−≈32% 
ΔCopper=Coppercable −Copperbusduct ≈32%

This example shows that the busduct system uses 
significantly less copper than the cable-based system  
for the same current rating and length.

127 M2

72 CABINETS

— 
Benefits for considered example

The reduced use of copper in 
busduct system translates into 
significant savings compared to 
cable-based systems. 

Designed for guaranteed 
savings

The busduct system uses 
significantly less copper than the 
cable-based system for the same 
current rating and length.

Less copper for the same 
performance

≈32%

A highly sustainable cabling 
solution

Greater distribution efficiency which 
significantly reduces resource waste. 

Distribution Segment Rated Current (A) Length (m) Current Density 
(A/mm²)

Cross-Sectional Area 
(mm²)

Copper Volume  
(m³)

Busduct (to IT Racks) 1000 8,4 2,5 400 0,03

Busduct (Main Trunk) 5000 12 2,5 2000 0,1

Total Busduct Copper Volume 0,13

Cable (RPP to IT Racks) 1000 8,4 1,5 667 0,06

Cable (Main Distribution) 5000 12 1,5 160 0,14

Total Cable Copper Volume 2667 0,2

Copper Savings (Busduct) ≈ 32% less

CO M PA R I N G P OW ER D IS TR I B U TI O N S Y S TEMS I N DATA CENTER S
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To achieve high availability, busduct systems in data 
centers often employ a 2N redundancy configuration. This 
means there are two independent power paths, commonly 
referred to as Side A and Side B (as shown in picture above), 
providing redundant power to the IT equipment. In the 
event of a failure in one path, the other path can continue to 
supply power, ensuring uninterrupted operation. 
The power bus is generally installed overhead, above the IT 
rack panels.

This arrangement offers several advantages:

•	 Space Efficiency: By utilizing the space above the racks, 
the floor space is kept clear for other equipment and 
maintenance activities.

•	 Reduced Cable Lengths: The proximity of the busduct to 
the IT racks minimizes the length of the cables required to 
connect to the equipment, which can reduce power losses 
and voltage drops.

In a data center white space, the power distribution 
system plays a critical role in delivering reliable power 
to IT equipment. A typical busduct distribution system 

in this environment is designed with redundancy and 
flexibility in mind to ensure continuous operation and ease 
of maintenance.

TYPICAL BUSDUCT 
DISTRIBUTION SYSTEM 
IN DATA CENTER WHITE 
SPACE

01 Example of busway distribution in white space

Busway side A Busway side B
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TAP-OFF BOXES

Flexibility
Tap-off boxes can be added or removed without 
shutting down the system, allowing for easy 
reconfiguration and scalability.

From a tap-off box, it is possible to supply power to one  
or more IT racks. This flexibility allows for a tailored power 
distribution that can match the specific requirements  
of the data center layout and the power demands of the  
IT equipment.

The busduct system is supplied by a feed unit from the 
upstream distribution system. Along the length of the 
power bus, tap-off boxes or plug-in boxes are provided to 
distribute power to the IT racks.

These tap-off boxes offer the following benefits:

Selective Distribution
Power can be distributed to specific racks as 
needed, which can help in managing the power 
load and balancing.

02 Example of Tap-off Box with ABB switch fuses OS series

T Y PI C A L B USD U C T D IS TR I B U TI O N S Y S TEM I N DATA CENTER W H ITE SPACE
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TABLE 1. TYPICAL TAP-OFF BOX CIRCUITS RATED CURRENT [A] USED ACCORDING TO IT RACK POWER

IT rack power [kW] 400 - 415V 440V 500V 600V 660V

1 35 63 63 63 40 40

2 60 100 100 100 63 63

3 70 125 100 100 100 100

4 100 160 160 160 160 100

5 150 250 250 200 160 160

6 200 400 400 250 250 200

Example of Tap-off Box with external rotary handle

DESIGN CONSIDERATIONS 
FOR FEED UNITS 
AND TAP-OFF BOXES

When designing feed units and tap-off boxes for high power density data centers, 
it’s crucial to integrate appropriate protection devices. These devices must be 
capable of handling the high-power demands of AI servers and machines, especially 
during intensive machine learning processes. The typical power densities of IT racks 
in such environments are 35kW, 60kW, 70kW, 100kW, 150kW and 200kW.
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KEY IEC STANDARDS 
FOR BUSWAY IN DATA 
CENTERS

IEC standards provide a comprehensive framework for ensuring the safety, 
reliability, and performance of busway systems in data centers. Compliance 
with these standards not only enhances the operational efficiency of data 
centers but also ensures the protection of equipment and personnel.

The main IEC standards to be considered for busway and 
tap-off box design are: 
1. IEC 61439 series - Low-Voltage Switchgear and 
Controlgear Assemblies

This series of standards is not only applicable to switchgear, 
but also to busway systems, in particular the part 6 of this 
series is dedicated to low voltage "busbar trunking systems 
(busways)". In clause 3.101 it is defined the busbar trunking 
system, called also busway, as "enclosed ASSEMBLY used to 
distribute and control electrical energy for all types of loads, ... 
in the form of a conductor system comprising busbars which 
are spaced and supported by insulating material in a duct, 
trough or similar enclosure".

The BTS (busbar trunking system) may consist of a full range 
of mechanical and electrical components such as:

•	 busbar trunking units with or without tap-off facilities;
•	 phase transposition, expansion, flexible, feeder and 

adapter units;
•	 tap-off units;
•	 additional conductors for communication and/or control.

In IEC 61439-6 we find also the definition of busbar trunking 
feeder unit or feeder BTU (busbar trunking unit) (Clause 
3.110) which is a BTU serving as an incoming unit, and 
immediately after, clause Clause 3.111, states the definition 
of "tap-off unit" as " tap-off unit outgoing unit, either fixed 
or removable, for tapping-off power from the BTU".

According to the standard, the rated current of a tap-off 
unit (Inc) shall be equal to or higher than its assumed load 
and it apply for specified mounting conditions, such as 
the orientation, which can be horizontal or vertical, and 
the position, for example below or on top of the busduct. 
Furthermore, in case of significant harmonic currents, 
reduction factor for rated current might be required. 
Lastly, for what concern rated diversity factor (RDF) this is 
equal to 1 for tap-off with one outgoing circuit, it means 
that all the tap-off units shall be able to continuously and 

This last prescription shall be carefully considered for 
data center, where power distribution to IT rack shall be 
dimensioned for total installed power with RDF equal to 1.

Important to be considered for connection, it is the Annex 
H of IEC61439-1, in fact, it provides a method to adapt the 
cabling dimensioning prescribed in IEC 60364-5-52 for 
condition inside an assembly as well as formula to calculate 
conductor power losses.

Other important standards to be considered are:

•	 IEC 60529 - Degrees of Protection Provided by Enclosures 
(IP Code)

•	 IEC 60947 - Low-Voltage Switchgear and Controlgear, 
which provides prescription for components used in  
tap-off boxes.

•	 TR IEC 61641 - Guide for Testing of Enclosures for  
Low-Voltage Switchgear and Controlgear Assemblies, 
which is a technical report providing guidance on the 
ability of the assembly to limit the risk of personal injury, 
damage of assembly and its suitability for further service 
as a result of an internal arcing fault. This technical report 
it is for switchboards covered by IEC61439-2 but could be 
adapted to other products as well.

simultaneously supply the full total rated current to the 
loads, as the thermal influence between tap-off boxes can 
considered negligible according to the standard. In case 
of tap-off box with multiple outgoing circuits, the RDF of 
circuits is according to table 101, unless otherwise specified.

Number of main outgoing circuits Rated diversity factor

1 2,3 0,9

2 4,5 0,8

3 6 to 9 0,7

4 10 and above 0,6

RATED DIVERSITY FACTOR ACCORDING 
TO IEC 61439-2

D E SI G N CO NSID ER ATI O NS FO R FEED U N ITS A N D TA P - O FF B OX E S
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PROTECTION DEVICES 
IN TAP-OFF BOXES

To feed IT racks, protection devices based on breaker technology, such as 
miniature circuit breakers (MCBs) and molded case circuit breakers (MCCBs), 
or switch-fuse based technology are generally installed in tap-off boxes.

Each technology has its own advantages and considerations:

Advantages:

•	 Resettable: Breakers can be reset 
after tripping, which can reduce 
downtime

•	 Integrated Monitoring: Advanced 
breakers can provide monitoring and 
diagnostic information

•	 High limitation effect: energy and 
current limiting breakers  limit the let 
through energy and the peak current 
effectively in case of short circuit. 

Considerations:

•	 Operating Temperature: Breakers are 
sensitive to ambient temperature 
and may require derating

•	 Clearance and Creepage Distances: 
Must be maintained as prescribed 
by the manufacturer to ensure 
safe operation.

Advantages:

•	 High Breaking Capacity: Fuses can 
interrupt very high fault currents

•	 Cost-Effectiveness: Fuses can be 
more cost-effective for high current 
applications

•	 High limitation effect: Fuses limit the 
let through energy effectively in case 
of short circuit. 

Considerations:

•	 Replacement After Operation: Fuses 
need to be replaced after they 
operate

•	 Operating Temperature: Fuses are 
also affected by temperature and 
may require derating

•	 Clearance and Creepage Distances: 
Must be maintained as prescribed 
by the manufacturer to ensure 
safe operation.

Breaker Technology

Switch-Fuse Technology

Both breaker and fuse-switch technologies are viable options for protecting high 
power density IT racks. The choice between the two will depend on the specific 
requirements of the data center, such as the need for resettable protection, 
space constraints, cost considerations, and the desired level of monitoring 
and diagnostics.
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TECHNICAL 
PARAMETERS 

Regardless of the technology chosen, certain technical parameters must be 
considered during the design phase:

Clearance and Creepage Distances
The physical separation between 
conductive parts must comply with the 
manufacturer’s specifications to prevent 
electrical breakdown.

Operating Temperature
Both breakers and fuses are affected by 
the ambient temperature and may require 
derating to ensure reliable operation.

In the next section is a detailed analysis for the selection of protection devices during the design of tap-off boxes.

Mounting position
In some cases, the mounting position 
- whether horizontal or vertical - may 
require additional consideration during the 
design phase. It is important to follow the 
manufacturer’s guidelines.

D E SI G N CO NSI D ER ATI O NS FO R FEED U N ITS A N D TA P - O FF B OX E S
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TEMPERATURE 
CONSIDERATIONS

It’s important to note that while the ASHRAE recommended 
temperature range for white space rooms is between 18°C 
and 27°C, and the allowed range is 10°C to 35°C, busduct 
systems are typically designed for ambient temperatures of 
35°C to 40°C, and never higher than 55°C.  
Despite the low temperatures suggested by ASHRAE, 
hot spots can always occur, and this shall be taken into 
consideration during protection selection.

Temperature de-rating considerations working with 
breakers. A good design can include protection devices 
dimensioned for an ambient temperature of 55°C, the 
same temperature considered for power loss calculation 
of conductors and devices installed into a switchboard 
according to IEC 61439-2. 
When it comes to molded case circuit breakers, we first 
need to define the type of protection release we want 
to use, choosing between a thermomagnetic protection 
relay or an electronic relay. The overload protection of 
a thermomagnetic relay is dependent on the ambient 
temperature, as it is based on the deformation of 
a bimetal plate caused by temperature changes. If 
the ambient temperature differs from the reference 
operating temperature, the tripping time will be longer 
in a cold environment or shorter in a hot environment. 

In contrast, electronic relays' tripping thresholds are 
not affected by temperature variations, provided they 
remain within the operating temperature range specified 
by the manufacturers. For thermomagnetic breakers, it 
is necessary to refer to the trip unit thresholds (see as 
examples Table 2 and 3 respectively for High Performance 
Circuit Breaker S800 and for MCCBs Tmax XT). For electronic 
trip units, it is sufficient to consider the temperature 
performance tables (see as example Table 1). 
In most cases, ABB Tmax XT MCCBs do not require any 
performance derating up to 55°C. 
In the tables below, it is possible to check performances for 
each device.

SACE Tmax XT  
Catalogue / Temperature  
Performance Chapter

TABLE 1. TMAX XT FIX EXECUTION TEMPERATURE PERFORMANCE

Device 40°C 45°C 50°C 55°C 60°C 65°C 70°C

1 XT1 160 160 160 153 140

2 XT2 160 160 160 160 160 145

3 XT3 250 250 250 228 204

4 XT4 250 250 250 238 213

5 XT5 400 400 400 400 400 383 365 346

6 XT5 630 630 630 630 630 590 550 505

7 XT6 800 800 800 800 780 760 740 720

8 XT6 1000 1000 980 960 918.5 877 830.5 784

9 XT7 800 800 800 800 800 800 750 700

10 XT7 1000 1000 1000 1000 971 942 885 827

S800 High Performance 
CB Catalogue

Switch fuses  
Catalogue
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TABLE 2. S800 CURVE B, C, D TEMPERATURE PERFORMANCE

TABLE 3. TMAX XT THERMOMAGNETIC TRIP UNIT THRESHOLDS (MINIMUM AND MAXIMUM SETTINGS)

Further considerations relative to ambient temperature shall 
be made regarding the trip unit selection. MCCBs and MCBs 
provided with thermo-magnetic trip units have the thermal 

threshold for overload protection set at 40°C. For ambient 
temperatures different from the set one, it is necessary to 
consider a shift of thermal trip thresholds.

In [A] 30 35 40 45 50 55 60 65 70

1 6 6.0 5.9 5.8 5.7 5.6 5.4 5.3 5.2 5.1

2 8 8.0 7.9 7.7 7.6 7.4 7.3 7.1 7.0 6.8

3 10 10.0 9.8 9.6 9.4 9.3 9.1 8.9 8.7 8.5

4 13 13.0 12.8 12.5 12.3 12.0 11.8 11.6 11.3 11.1

5 16 16.0 15.7 15.4 15.1 14.8 14.5 14.2 13.9 13.7

6 20 20.0 19.6 19.3 18.9 18.5 18.2 17.8 17.4 17.1

7 25 25.0 24.5 24.1 23.6 23.2 22.7 22.2 21.8 21.3

8 32 32.0 31.4 30.8 30.2 29.7 29.1 28.5 27.9 27.3

9 40 40.0 39.3 38.5 37.8 37.1 36.3 35.6 34.9 34.1

10 50 50.0 49.1 48.2 47.2 46.3 45.4 44.5 43.6 42.7

11 63 63.0 61.8 60.7 59.5 58.4 57.2 56.1 54.9 53.8

12 80 80.0 78.5 77.1 75.6 74.1 72.7 71.2 69.7 68.3

13 100 100.0 98.2 96.3 94.5 92.7 90.8 89.0 87.2 85.3

14 125 125.0 122.7 120.4 118.1 115.8 113.5 111.2 108.9 106.7

Device 10°C 20°C 30°C 40°C 50°C 60°C 70°C

1 XT1 160 129-184 123-176 117.6-168 112-160 105-150 98-140 91-130

2 XT2 160 129-184.0 123.0-178.0 117.6-168.0 112.0-160.0 105.0-150.0 97.3-139.0 94.5-135.0

3 XT3 250 201-287 193-278 184-263 175-250 163-233 151-216 143.5-205

4 XT4 250 200-285 193-275 183-262 175-250 168-240 161-230 154-220

5 XT5 400 370-465 315-450 310-420 280-400 260-380 240-350 225-320

6 XT5 630 540-675 460-660 450-645 440-630 420-605 375-580 330-550

For S800, the overload tripping thresholds can be calculated 
according to IEC 60947-2 considering the rated current 
declared for the ambient temperature (see table 2). 
Therefore, when selecting protection devices, it’s crucial to 
account for potential hot spots and ensure that the devices 
can operate reliably within the expected temperature range. 
This may involve choosing devices with derating factors 
and trip thresholds adjustment. By considering these 
adjustments, you can ensure that the protection devices 
in your busduct distribution system will operate reliably 
and provide the necessary protection for your high-power 
density data center. Remember to always consult the latest 
standards and manufacturer’s documentation for the most 
accurate and up-to-date information. 

Temperature de-rating considerations working with 
switch-fuse 
According to IEC 60947-3, the maximum ambient air 
temperature for operating fuse-combination units without 
de-rating is 40°C. However, manufacturers can provide 
guidance for operation at higher temperatures, up to 70°C. 

It is therefore recommended to check the manufacturer’s 
instructions before installing switch-fuses. For instance, 
ABB OS fuse-switches have a de-rating of 20% for an 
operating temperature of 60°C, as specified in their 
product catalogue.

Additionally, fuse-links may also require temperature de-
rating. According to IEC 60269, the standard operating 
temperature range for fuse-links is -5°C to 40°C. For fuse-
links operating at full load for extended periods in ambient 
temperatures above 40°C, a reduction in current rating 
may be necessary. A 20% derating is enforced by the UL98 
standard for non-motor loads. According to UL98 9.2.5, a 
fused switch must be marked with the following electrical 
rating: "Continuous load current not to exceed 80 percent of 
the rating of fuses employed in other than motor circuits." 
This information must be included on the product's rating 
plate. While IEC60947-3 does not have a similar requirement, 
this derating practice is commonly applied.

D E SI G N CO NSI D ER ATI O NS FO R FEED U N ITS A N D TA P - O FF B OX E S

For K tripping characteristic refer to the values published in global catalog 
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•	 The orientation of the switch-fuse 
or a breaker can affect how heat is 
dissipated. 

•	 For example, a vertical mounting 
position might allow for better 
natural convection cooling compared 
to a horizontal position.

•	 The ease of access for inspection 
and replacement can vary with the 
mounting position.

•	 Vertical mounting might make it 
easier to replace fuses without 
disturbing other components.

•	 Different mounting positions 
can introduce varying levels 
of mechanical stress on the 
components.  

This should be clearly indicated by 
the manufacturer.

•	 It’s crucial to follow the 
manufacturer’s guidelines for 
mounting positions, as they are 
based on extensive testing  

and ensure optimal performance  
and safety.

Heat Dissipation

Accessibility  
and Maintenance

 Mechanical Stress

Manufacturer  
Guidelines

MOUNTING POSITION

The mounting position of devices can significantly impact their 
performance and reliability. Here are a few key points to consider:

For what concerns ABB breakers Tmax XT series and 
S800 high performance circuit breaker, it is possible to 
mount circuit-breakers in horizontal, vertical or lying down 
positions without any derating of the rated characteristics.

For what concern switch-fuse OS series, there is no derating 
for horizontal mounting, but designer might consider a 
derating of 10% for mounting on ceiling.
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INFLUENCE OF 
MOUNTING DISTANCES 

In case it is required the possibility to feed more than one IT 
rack from the same tap-off box is required the installation 
of more protection devices in the same tap-off box. 
Side by side circuits generate thermal dissipation, which 
can have a not negligible impact on the performance of 
protection devices. 
Manufacturers might provide de-rating factors to keep into 
consideration influence from adjacent protection devices 
(as required to calculate current carrying capacity of a cable) 
or prescribe a minimum distance, maybe via separators, 
between the adjacent protection devices.

For what concern Tmax XT, the material used for insulation 
case is such that there is no need to take into consideration 
influence of adjacent devices. 

For S800 high performance MCBs, the influence of adjacent 
devices should be evaluated considering the provided chart, 
that is showing the factors to consider when installing two 
or more devices next to each other or at a certain distance. 
When influence of mounting distance is 0mm, it means that 
devices are installed next to each other without any distance 
between them. Increasing the distance, the derating factors 
change as in the chart, arriving to a no-derating condition 
for a distance of around 20mm

Example  
2 or more S802P-B125 at T=30 °C with 5mm distance: 
Derating factor is 92.1% 
In = 125 A x 92.1 % = 115.1 A

Circuit-breaker width (mm) Centre distance I (mm)

3 poles 4 poles 3 poles 4 poles

XT1 76 102 76 102

XT2 90 120 90 120

XT3 105 140 105 140

XT4 105 140 105 140

XT5 140 186 140 186

XT6 210 280 210 280

XT7 210 280 210(1) 280(1)

01 MCCB Tmax XT clearance distances

(1) For installation with F terminals only. With other connections refer to distances 
fixed by dimensions of back insulating plates request

D E SI G N CO NSI D ER ATI O NS FO R FEED U N ITS A N D TA P - O FF B OX E S

MINIMUM CLEARANCE BETWEEN TWO 
SIDE BY SIDE CIRCUIT-BREAKERS

02 S800 MCBs' influence of mounting distances [mm]
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CLEARANCES FOR 
INSTALLATION IN 
METALLIC CUBICLES

When installing electrical protection devices in metallic 
cubicles, it is crucial to respect the clearances prescribed 
by the manufacturer to ensure safe and reliable operation. 
These clearances are designed to allow for proper heat 
dissipation, prevent electrical arcing, and ensure adequate 
insulation between phases. 

For further informations on Tmax XT breakers check 
complete indication for clearance distances on "SACE Tmax 
XT IEC TECHNICAL CHARACTERISTICS Low voltage molded 
case circuit-breakers, Catalogue" in chapter "Insulation 
distances". 

For instance, some ABB Tmax XT series circuit breakers 
come with phase separators as standard, which help 
maintain the necessary insulation distances. The following 
table summarizes the recommended insulation distances 
for fix Tmax XT breakers with front terminals.

INSULATION DISTANCES FOR FIX TMAX XT BREAKERS WITH FRONT TERMINALS

Circuit Breaker 
Model

Voltage (Ue) Rear Insulating
Plate

Phase 
Separators

Clearance T (mm) Clearance D (mm) Clearance L (mm)

1 XT1 ≤ 690V No Yes 0 25 (0 from end of phase 
separation)

20

2 XT2 ≤ 690V No Yes • 5 up to 440V
• 25 from 440V to 690V

• 0 up to 440V
• 20 from 440V to 690V

• 10 up to 440V
• 20 from 440V to 690V

3 XT3 ≤ 690V No Yes 25 0 20

4 XT4 ≤ 690V No Yes • 5 up to 440V
• 25 from 440V to 690V

• 0 up to 440V
• 20 from 440V to 690V

• 10 up to 440V
• 20 from 440V to 690V

5 XT5 ≤ 690V Yes Yes, for 690V • 10 up to 500V
• 35 up to 690V

• 10 up to 500V
• 20 up to 690V

25

6 XT6 ≤ 690V No No • 35 up to 440V
• 100 from 440V to 690V

20 25

7 XT7 ≤ 690V No No • 50 up to 440V
• 100 from 440V to 690V

10 20

01 Always refer to the manufacturer’s guidelines for specific installation 
 requirements to ensure optimal performance and safety.

SACE Tmax XT  
Catalogue / Insulation  
Distances Chapter
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Example of Tap-off Box with ABB switch fuses OS series, with detail of external rotary handle
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ACCESSORIES FOR
PROTECTION DEVICES
IN TAP-OFF BOX

When designing tap-off boxes for data centers, it is 
essential to consider various accessories that can enhance 
the safety, reliability, and continuous operation of the 
electrical distribution system. 

Both mechanical and electrical accessories play a crucial 
role in achieving these goals. This chapter will explore the 
different types of accessories available for circuit breakers 
and switch-fuses and provide recommendations for 
customizing your tap-off box design.
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MECHANICAL 
ACCESSORIES

Rotary handle with shaft 
A rotary handle is used to enhance safety by preventing the 
opening of the tap-off box while the contacts of the breaker 
or the switch-fuse are in close position. 
This reduces the risk of electrical shock and accidental 
contact with live components, including when maintenance 
is needed.  
The lockable feature helps prevent unauthorized operation, 
adding an extra layer of security to the electrical 
distribution system.

Blown fuse indicator 
This indicator provides a clear visual signal when a fuse has 
blown, allowing for quick identification and replacement. 
This feature is essential in high power density environments 
like data centers, where minimizing downtime is critical.  
By promptly identifying blown fuses, the indicator helps 
maintain continuous operation, enhances safety, and 
improves the reliability of the electrical distribution system.

Auxiliary contacts 
Auxiliary contacts can be used for different purposes 
such remote monitoring of the status of the switch fuse 
or breaker, to enable automated response in certain 
conditions, as trigger for alarms or notifications.

ACCESSORIES FOR PROTECTION DEVICES IN TAP-OFF BOX

Catalogue 
Switch fuses 
World class performance 
in the most demanding 
applications
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COMMUNICATION 
MODULES ENABLE  
REAL-TIME CONTROL, 
BOOSTING SAFETY  
AND EFFICIENCY  
IN DATA CENTERS.



ENERGY METERING 
AND MONITORING 
SOLUTIONS

Communication modules for breakers and switch-fuses 
integrated into tap-off boxes are essential for enhancing 
the safety, reliability, and efficiency of data center 
operations. Immediate alerts and notifications enable quick 
responses minimizing downtime. Real-time monitoring can 
detect inefficiencies and bottlenecks, allowing for timely 
adjustment to maintain optimal operations. 

Finally, constantly updated data allows better decision 
making. These benefits make real-time monitoring an 
essential tool for maintaining the high standards required in 
data centers and other critical infrastructure environments. 
These modules enable real-time monitoring and control of 
electrical parameters, allowing for proactive maintenance 
and quick response to any issues. By integrating 
communication modules, data centers can achieve seamless 
connectivity with building management systems (BMS) 
and other automation systems, facilitating centralized 
monitoring and control. 

For ABB XT series breakers, communication modules can be 
integrated directly into the breaker, offering options such as 
Modbus TCP, Modbus RTU, Ethernet IP, and IEC61850. 

This integration provides a compact solution without 
the need for external modules, maintaining the 
physical dimensions of the breaker. For S800 breakers, 
communication is available through the SCU100 or SCU200 
control units of the InSite energy management system, while 
for OS switch-fuses, communication via Modbus RTU is 
possible with the ITS2 monitoring accessory. 

These features ensure that the tap-off boxes are equipped 
with advanced communication capabilities, supporting the 
high demands of modern data centers.

25ACCESSORIES FOR PROTECTION DEVICES IN TAP-OFF BOX
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Monitoring capability with Tmax XT series 
ABB’s Ekip realys for Tmax XT breakers offer advanced 
functionalities such as real-time data visualization 
and predictive maintenance, ensuring reliable power 
distribution. 

Ekip Monitoring is an advanced feature integrated into 
ABB’s Tmax XT circuit breakers, designed to enhance power 
management and system reliability. 

Here are some key aspects:

•	 1 Real-Time Data Visualization: Ekip Monitoring provides 
real-time data on electrical parameters such as voltage, 
current, power, and energy consumption. This helps in 
identifying inefficiencies and optimizing power usage.

•	 2 Predictive Maintenance: The system continuously 
monitors the health of the circuit breakers and can 
predict potential failures before they occur. This proactive 
approach minimizes downtime and maintenance costs.

•	 3 Integration into SCADA systems: Thanks to Ekip Com 
modules, supporting various communication protocols, 
the integration in any SCADA system is possible 
allowing the design of a comprehensive monitoring and 
control system.

For more advanced measuring capabilities, the Ekip  
Hi-Touch trip unit, part of ABB’s Tmax XT circuit breakers, 
includes a robust data logger function. Here are some 
key features:

•	 1 Comprehensive data logging: the data logger records 
a wide range of electrical parameters, including phase 
currents, phase-to-phase voltages, and digital events such 
as alarms and circuit breakers status signal.

•	 2 Event Recording: It captures and stores detailed event 
logs, which are crucial for analyzing system performance 
and diagnosing issues. This include tripping events, 
alarms, and operational statuses.

•	 3 Historical Data Analysis: The stored data can be used for 
historical analysis, helping to identify trends and potential 
issues before they become critical. This is particularly 
useful for predictive maintenance and improving overall 
system reliability. 

•	 4 Integration with Ekip Connect: the data logger 
function integrates seamlessly with Ekip Connect 
software, allowing for easy data retrieval, analysis, and 
report generation.

ELECTRICAL 
ACCESSORIES
Metering and monitoring functions

In high power density data centers, integrating metering and monitoring functions 
within tap-off boxes is crucial for optimizing power consumption and enhancing 
energy efficiency. Key electrical measures include voltage, current, power factor,  
and energy consumption, which provide comprehensive data for energy efficiency 
analysis.



Tap-off Unit
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Monitoring capability with S800 series 
InSite energy management solution allows comprehensive 
and extremely compact energy consumption monitoring via 
CMS branch monitoring sensors up to 160A, and real-time 
performance notifications thanks to digital I/O modules and 
smart accessories. Each SCU100 control unit allows up to 
96 sensors and accessories to be connected to the system, 
while SCU200 supports up to 160 devices with the INS-HUB 
module. Different communication protocols are available on 
the control units, including Modbus TCP/IP and SNMP v1, v2, 
encrypted v3 and SNMP traps.

•	 Compact design: minimum footprint required in tap-off 
units thanks to ultra compact CMS sensors.

•	 Monitoring up to 160A: tracking of energy consumption 
for each server rack up to 160A with no space required in 
the tap-off box.

•	 Universal use: Current sensors directly fitting on S800  
or available for mounting on any MCB or MCCB, ABB  
or 3rd party.

•	 Fault prevention: Immediate reaction to events thanks to 
advanced alarms for breakers’ on/off and trip status via 
Modbus RTU or SNMP.

Monitoring capability with OS series  
For switch-fuse OS systems, the ITS2 metering solution 
provides accurate measurement and monitoring, enhancing 
operational efficiency.

•	 Integrated Monitoring: ITS2 combines all necessary 
measuring and monitoring functions into a single device, 
significantly reducing installation time by up to 80% 
compared to using a separate meter.

•	 Real-time data: it provides real-time monitoring of 
key electrical parameters such as voltage, current, 
temperature, frequency, active and reactive power, power 
factor, switch position, and energy consumption.

•	 Preventive overload protection: this feature allows 
users to set time and current thresholds to prevent 
overloads, adding an extra layer of protection to the 
electrical system.

•	 Fuse monitoring: ITS2 includes fuse monitoring 
functionality, which can alert users in the event of a blown 
fuse, ensuring continuous operation and quick response.

ITS2 do not require auxiliary power supply.

ACCESSORIES FOR PROTECTION DEVICES IN TAP-OFF BOX

InSite Energy  
Management System
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Temperature monitoring 
Monitoring temperature is essential for maintaining 
optimal operating conditions and preventing overheating, 
thus ensuring the longevity and reliability of the data 
center infrastructure. 
ABB provides a wide range of temperature monitoring 
relays, both analog and digital, to fulfill any customer needs.

Fuse monitor 
In high power density data centers, integrating a fuse 
monitor within tap-off boxes is essential for ensuring 
reliable and continuous power distribution. Fuse monitors 
provide real-time monitoring of fuse status, enabling 
immediate detection of blown fuses and in the case of 
switch-fuse, if required, can provide immediate tripping 
of switching contacts after a fuse blows. This proactive 
approach minimizes downtime and enhances the overall 
reliability of the data center’s power infrastructure. ABB 
offers a range of accessories for their OS series switch 
fuses, including fuse blow indicators and electronic fuse 
monitors, as an alternative to monitoring system ITS2 
described in paragraph before. These devices are designed 
to provide accurate and continuous monitoring of fuse 
conditions, ensuring quick response to any issues.

Auxiliary power supply 
Auxiliary power supply circuits are fundamental for the 
proper functioning and reliability of communication and 
monitoring functions. Therefore, it is crucial to carefully size 
the power supplies according to the power requirements of 
the various auxiliary circuits. The table below indicates the 
maximum power consumption of each device suggested for 
the tap-off box design that requires auxiliary power.

Device Maximum Power Consumption

1 Tmax XT 8 W

2 InSite SCU100 40 VA

MAXIMUM POWER CONSUMPTION 
OF AUXILIARY DEVICES

Temperature monitoring relays 
- Measuring and monitoring 
relays (Electronic relays and 
controls)

Energy Meter catalogue

Energy meters MID certified 
ABB's energy meters D11 and D13, certified according to the 
MID directive, can be effectively used inside a tap-off box 
for measurement purposes. The MID certification ensures 
that the meter complies with the European Standard EN 
50470, guaranteeing accurate and reliable measurement of 
energy consumption. 

•	 Optimized footprint:​ up to 50% reduced footprint in ​the 
panel​, with 1ph meters in 1 module and 3ph meters in 3 
modules only.

•	 Fiscal billing: thanks to the MID Approval it is possible to 
use the meters to bill customers based on consumptions 
of defined branches.

•	 Complete offer:​ broad range of measurement available​, 
with Modbus RTU communication.
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Description Order code N° indicative of devices

CP-D 24/1.3 power supply 1.3 A 24VCC M966117 2

CP-D 24/2.5 power supply 2.5 A 24VCC M966118 5

CP-D 24/4.2 power supply 4.2 A M966119 8

CP-S power supply 3 A 24VCC 1SVR320361R1000 6

CP-S power supply 5 A 24VCC 1SVR320561R1000 10

CP-S power supply 10 A 24VCC 1SVR320661R1000 20

CP-S power supply 20 A 24VCC 1SVR320761R1000 40

ABB offers a wide range of power supplies to meet various installation needs.  
For the Energy Monitoring Systems, ABB has selected two types of power supplies 
based on installation requirements and power demands.

Considering the critical application, an alternative could be 
to feed the auxiliary power supply through a UPS to ensure 
continuous availability of monitoring and communication 
systems, as well as enable control under any network 
condition.  
A perfect solution is to rely on the ABB UPS PowerValue  
11T G2. 

The PowerValue 11T G2 can be configured as a standalone 
device or installed in a standard 19" rack, offering flexibility 
and scalability. Additionally, it supports extended runtime 
with up to four battery modules, making it an ideal solution 
for high power density environments.

POWER SUPPLY 24 V CC

PowerValue 11 RT G2 - UPS 
Systems
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EXAMPLE

MCB selection 
In the range of S800 it is possible to choose a rated current 
of 125A, considering the design reference temperature of 
55°C, we know that the nominal current of S800 125A is 
reduced to 113,5A. If the box is designed to feed one single 
IT rack, there are no other derating to be considered to 
check the breaker size. 
S800P with rated current 125A is the right choice for 
this case.

For selection of protection curves of MCBs we should 
consider minimum short circuit current, and if there is a 
UPS upstream, as common in data center applications, 
we recommend the use of circuit breakers curve B, to 
ensure selectivity. 
S803P-B125 
Code: 2CCG001222R0001

Let's consider following input data:

Let's start from calculating the rated current for an IT rack 

I = SQRT(3)*V*COSPHI

Where 
I= calculated current [A] 
V= rated voltage [V] 
cosphi is rated power factor

You can also check ABB application note "Selectivity in UPS 
Network" which provide selectivity table for ABB UPS with 
upstream and downstream protection devices.

The calculated current is 108,2 A, we are going to provide 
the 3 options for device protection selection, which are 
miniature circuit breaker, moulded case circuit breaker  
and switch-fuse.

Input Data

1 Standard IEC

2 IT rack power 70 kW

3 Rated voltage 415 V

4 Short circuit current 35 kA

5 Conductor Copper

6 Ambient temperature 25 °C

7 Reference temperature for design 55 °C

8 Poles 3

9 Power factor 0,95

01 MCB Selection, MCCB Selection and Switch-fuse Selection

https://search.abb.com/library/Download.aspx?DocumentID=9AKK108467A1680&LanguageCode=en&DocumentPartId=&Action=Launch&utm_source=Website&utm_medium=Referral&utm_content=Download&utm_campaign=EL_GBL_2022_ELSP_Applications_Download_Documents
https://search.abb.com/library/Download.aspx?DocumentID=9AKK108467A1680&LanguageCode=en&DocumentPartId=&Action=Launch&utm_source=Website&utm_medium=Referral&utm_content=Download&utm_campaign=EL_GBL_2022_ELSP_Applications_Download_Documents
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02 Minimum enclosure size

MCCB selection 
Tmax XT series is an alternative to S800 series, XT1 is a 
perfect choice when integrated monitoring is not required.  
For XT1 160A, the rated current at 60°C is 153A, which is 
higher than expected load current. The maximum setting of 
overload protection is 140A which is also higher. 
Considering the prospective short circuit current of 35kA, 
the solution is to use XT1 160 N 160A. 
XT1N 160 TMD 160-1600 3p F F 
Code: 1SDA067418R1

For installation in tap-off box, considering a Tmax XT fix 
with front terminals, the distances prescribed at terminals 
are 25mm from top terminals (L) and 20mm (D) from bottom 
terminals, while 20mm from the side (L), as in the picture 
below, therefore the minimum dimension for tap-off box is 
116,2 x 175 mm. 

Switch-fuse selection 
The same tap-off box can be fitted with switch-fuse OS, 
considering the suggestion from fuse manufacturing we 
should over-dimension the fuse links, considering 25% more 
than the calculated current to grant a long fuse-link lisfe. 
Therefore, for OS we will suggest using a 125A size. 
OS125GD Switch fuse 
Code: 1SCA115696R1001

For installation in tap-off box, the distances prescribed at 
terminals are 13mm at side (A=0, B=13), 51mm (C) at the top 
and bottom terminals and 13mm (D) in the depth, as in the 
picture below, therefore the minimum dimension for tap-off 
box is 363 x 402 x 213 (W x H x D).

EX AMPLE

03 Minimum enclosure size or equivalent volume
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