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1. ABOUT THE FUNDAMENTALS OF IEC 62271-307

| believe that IEC TR 62271-307 (2015) [Ref. [1]] is the most conceptually advanced technical standard ever developed
by IEC working groups. This TR is used to extend the validity of type tests performed on an electrical panel ("the tested
one") with its characteristics and ratings, to another assembly, from the same family (“untested”), with other ratings,
geometric arrangements and components. The TR uses a combination of sound technical and physical principles,
manufacturer and user experience, and engineering calculations to establish design rules that, if met, eliminate the
need for further testing.

I, as a co-author of this document, actively participated in the ideas and meetings of the IEC working group that
prepared it. | witnessed the discussions of experts who, beyond knowing the practices of laboratory testing, were
familiar with modern ways of doing testing simulations of those same tests, with advanced computational tools.

Developing an IEC standard involves much more than just discussing the immediate technical issues. Behind the
discussions are major international manufacturers, that convene working groups, their sales markets, and the licenses
they sell worldwide. From their perspective, changes involving retesting modified products they've already tested and
sold for decades are not welcome even when bring technical gains like saving materials like copper, aluminium, and
insulators. The issue of saving the planet's resources is not addressed or encouraged in any IEC technical product
standard. As an example, imagine you have a tested medium or low voltage panel that uses 1x100x10mm copper bars
per phase to conduct a certain current, approved in the temperature rise test. If you replace each 1x100x10mm bar
with 2x100x5mm bars, you could conduct some 20% more current passing the same test. This means that changing
the original solution you would save about 20% in copper weight [Ref. 2]. Good for the Planet but who cares ?

The barrier is that the big manufacturers, who have already tested everything decades ago, would have to spend
money and time testing and explaining the new product. They are in their comfort zone and don't want to waste time
on this. The focus is only on maintaining the profits. That is why electric panels, and other standards don't encourage
efficiency gains and materials savings. IEC 62271-307 is an exception because enable to produce significant global
savings bringing true innovations to market. This example of design change is permitted via IEC 62271-307 without
tests and just using the design rules. A new product was created without the need of expensive tests.

The “Design Rules” of IEC61439-1 is an example in the opposite direction. Table 13 of the standard has the title “Short
circuit verification by comparison with reference designs (10.5.3.3, 10.11.3 and 10.11.4)” . If you read the poorly
written and confusing text will understand that Table 13 serves only to do the assessment of the rated short time
withstand current of an assembly and its circuits (read 10.5.3.3, 10.11;3 and 10.11.4) and not to other tests like
temperature rise test. The IEC60439 series was smarter and allowed for both tests. Seems that these “Design Rules”
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started with the idea to apply to more tests but in the middle of the way the standard makers lost the focus and left
to the world a kind of “Frankstein” much worse than the previous series IEC60439.

The Rule 6 of Table 13 is "Are the short-circuit protective devices ... equivalent, i.e., of the SAME BRAND and SERIAL?"
. The obvious intention is not to permit to use a circuit breaker from manufacturer XXX if the short-circuit tests were
performed with circuit breakers from manufacturer YYY. As these are very expensive high-power tests, the only
alternative is to perform the tests with one or two or more brands at the same time.

This is a way to make difficult other good, tested CBs of other brands to be used. The so called “design rules” of IEC
61439 could apply to much more than lust “short-circuit”. That’s why IEC62271-307 is much better and useful. It
covers all the tests with a specific table of design rules for each one.

To better understand the concepts without having to read the entire IEC TR 62271-307, read reference [3]. Unlike IEC
“technical standards” the so-called "Technical Reports" are more open to improvements because they are not
"normative".

The purpose of this article is to discuss about if the test reports of a successfully tested “metal clad” electric
panel can be extended to a “metal enclosed” , with the same or lower electrical characteristics (rated voltage,
rated normal and short circuit currents)

2. WHAT ARE THE DIFFERENCES BETWEEN METALCLAD (ME) AND METAL ENCLOSED (ME) . DO THIS
COMPARISON MAKE SENSE ?

As said in the Scope, the TR refers to metal-enclosed and solid-insulation enclosed (both hereinafter called enclosed)
switchgear and control gear assemblies as specified in IEC 62271-200 and IEC 62271-201, and to other equipment
included in the same enclosure with any possible mutual influence. No term “CLAD” is not mentioned in the TR.

Can we associate MC and ME applications per rated voltage, rated normal current and rated short circuit current ?

Both types can have similar rated voltages, normal currents, and short-circuit currents. The key distinction lies in the
application based on the operational and safety requirements that are directly influenced by the panel's construction
and design. The standards that define them have focus on the consequences of maintenance and the degree of service
continuity rather than the absolute ratings.

Application selection: While MC and MC panels with the same electrical ratings can exist, their application is
determined by factors beyond those ratings.

e Metal-Enclosed (ME) is chosen for cost-sensitive, less-critical applications where maintenance is infrequent,
downtime is acceptable, and space is an issue. It is a choice for simpler systems with lower fault levels.

e Metal-Clad (MC) is preferred for applications where safety, reliability, and minimal downtime are the main
priorities. Higher costs with a more robust design with compartments are acceptable or higher fault currents
where the associated risks are higher.
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Typical application differences based on voltage, current, and safety

Feature Metal Enclosed (ME) Metal Clad (MC)
Rated Voltage Low to Medium Voltage: Can be used for low voltage (upto [Medium Voltage: primarily designed for medium voltage
1 kV) and medium voltage up to 38 kV applications. Medium  |applications up to 38 kV.
\voltage ME panels often use load-break switches and fuses
. Important to type-test inside panel
Rated Normal [Lower to Moderate Current: current ratings usually range [Moderate to Higher Current: current ratings often range
Current from 600 A up to 1600 A . from 600 A to 3000 A
Rated Short- |Lower to Moderate Fault Currents: 16 kA to 40 kA range. [High Fault Currents: often in the range 25 kA to 63 kA
Circuit Current |Protection is commonly provided by circuit-breakers, fuses |Usually a construction more robust for internal arcs.

and Internal arc

or interrupter switches.

Service Limited (LSC2A):the busbar compartment can remain [Enhanced (LSC2B): higher service continuity. Separate

Continuity energized when an accessible compartment is open. |compartments for busbars, main switching device.
However, personnel require additional grounding [Connections enabling maintenance on the circuit breaker
precautions to safely work in the breaker compartment. without de-energizing the main busbar.

Key aspects of |Lower Costs and Space: where budget and a compact [Safety and Reliability: for critical and high-reliability

the application

footprint are relevant and where the priority is distribution
with adequate, but not enhanced, safety features.
Installations like commercial buildings, schools, and small
tto medium industrial facilities.

applications where safety, ruggedness, and ease of
maintenance are essential. Installations like utility
substations, heavy industrial plants, large data centers,

land power generation facilities.

COSTS comparison for same rated voltage, components and rated normal and short circuit currents

A metal-clad panel is significantly more expensive than a metal-enclosed panel. While the core electrical components
may be similar, the differences in construction, safety features, and serviceability create substantial cost
differences. The initial capital investment for a MC panel is considerably higher due to its superior construction, which
includes compartmentalization, grounded metal barriers, and a more complex draw-out breaker mechanism. The
higher initial investment is offset by lower overall operating expenses over the equipment’s life thanks to less
downtime, reduced maintenance, and improved safety.

Cost factor

Metal Clad (MC)

Metal Enclosed (ME)

Enclosure
materials

More complex and robust construction with internal partitions to
create separate, grounded compartments for the breaker,
busbars, and cables. Greater weight of steel and more complex
sheet metal fabrication.

Uses a single, simpler, and more compact metal
enclosure, requiring less steel and less complex
construction.

Circuit  breaker
mechanism

Draw-out mechanism allows the circuit breaker to be physically
removed from its compartment for maintenance without
shutting down the entire bus. More careful design with
integrated interlocks and shutters.

Typically uses a simpler, fixed-mounted breaker or
fused switch. If a breaker requires maintenance, the
entire panel must be de-energized.

Insulation

More robust and comprehensive insulation systems, particularly
for the busbars required to be fully insulated for higher LSC
ratings.

Less extensive insulation, particularly for the busbars,
as the bus is not segregated into separate
compartments.

Engineering and
testing

More complex design requires a higher degree in engineering,
leading to higher development and testing costs, due to higher
currents.

Simpler construction requires less engineering and
testing to certify.
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Lower, as the draw-out mechanism allows for safer, faster
maintenance on an individual breaker without de-energizing the
main bus. This significantly reduces downtime costs.
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Maintenance is more expensive and time-consuming
because it requires a full system shutdown. This
results in higher costs associated with lost production
and longer service times.

Personnel safety

The compartmentalized design provides superior protection
against internal arc faults, significantly reducing the risk of
personnel injury and the associated costs. This can also lead to
lower insurance premiums.

Offers less robust internal arc containment, presenting
@ higher safety risk to personnel and potentially
increasing insurance costs.

Expansion and
repair after faults

Offers greater flexibility for future upgrades or repairs. A faulty
section can be isolated and repaired with minimal impact on the
rest of the system.

It has limited flexibility. An internal fault can cause
widespread damage within the single enclosure,
leading to longer and more complex repairs.

Footprint and

installation

[The compartmentalized design led to a larger overall footprint,
increasing building space costs. Modular designs can minimize

It is typically more compact, saving on building space
and offering simpler, faster installation.

this.

3. THE KEY QUESTION: CAN YOU EXTEND THE VALIDITY OF A TESTED METAL CLAD PANEL TO AN
UNTESTED METAL ENCLOSED?

Based on the principles of IEC62271-307 and its tables is “SURE YOU CAN DO IT” but this is not automatically done as
MC to MC or ME to ME. It requires more than just using several tables of design parameters.

You will need, in any case, to do validated testing simulations for the temperature rise test, internal arc test and short
circuit forces (short time current withstand currents). You will also need to do the dielectric tests in the untested ME
panel because the impulse test cannot be simulated inclusively due to the statistical aspects of discharges.

From the perspective of the most important and costly high-power tests (internal arc, short-circuit withstand currents,
and temperature rise), all of these can be safely simulated using tools fully validated. The best references about this
matter are some CIGRE brochures and published validation reports [References 4 to 9].

For interruption tests we need to verify whether they meet the IEC62271-307 specific table. Furthermore, circuit
breakers, fuses, and switches used in these panels have their own approved test reports.

Therefore, the most important aspect of extending validity from metal clad to metal enclosed is to transparently
characterize whether they can be considered part of the same family. Family in this context does not mean having the
same shape and components. The most complete and reasonable characterization is whether the door structures,
panels, walls thickness, closures, and latches are of the same nature, functionality, and design.

If the panel manufacturer demonstrates and certifies that they attend this requirement, the validity extension can be
made using the rules in the IEC 62271-307 tables plus the validated testing simulations . The relevant test simulations
are used to verify and compare:

a) Internal Arc: whether the overpressure in the compartments would be lower than that verified in the actual test (if
the overpressure was not measured in the test the calculation is made for both panels using the same method).

b) Short-term withstand currents: whether the calculated mechanical forces and stresses in the untested equipment
are lower than those tested.

c) Temperature Rise: whether the temperature rises in the untested equipment are lower than those shown in the
test reports of the tested equipment.

From the point of view of the impact on the extension of the validity of the test reports we can mention that:
Compartments: The different compartmentalization and airflow change the thermal and internal arc performance.

The tested enclosure provides significantly more protection and faulty containment. The impacts are verifiable by the
testing simulations.
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Circuit breaker and on-load switches: this equipment shall have been tested / certified under the conditions of “inside
enclosure”. This is particularly important for the on-load switches frequently used in metal enclosed. The performance
when closing or breaking currents inside an enclosure are worse than the situation “in free air”. By this reason, if the
switches are really used on-load inside the enclosure they should have a certificate that was tested inside the
compartment. Things like the performance of a draw-out breaker assembly versus a fixed-type one is irrelevant if the
item has a type test report for that condition.

Internal arc containment: if the door structures, panels, walls thickness, closures, latches and size of
depressurization openings are of the same nature, functionality, and design, the assessment is limited to prove that
the overpressures in the ME will be lower than occurred in the tested MC. The testing simulations will show this
transparently. It is fundamental to use a validated (by tests) tool to do the simulations. The overpressure curve , as the
example below, is the parameter for comparison. In general, for the same arc current and voltages, the overpressures
in ME panels are much lower than MC panels because de enclosure volumes of MC are much lower.

Air volumes X temperature rise: the same concepts of internal arc in the lines above applies. However, the parameter
to consider is the temperature rises specified in the technical standard

4. CAN METALCLAD and METAL ENCLOSED BE OF THE SAME FAMILY ?

Electrical panels of any voltage level have similar functions: controlling, distributing, and protecting the flow of energy
in installations. Only a few components change: insulation and its distances, and safety measures. They aim to protect
the electrical system and users against overloads and short circuits through protective devices such as circuit breakers,
switches, and fuses. Different types and brands of these devices are used for control, maintenance, and emergencies.
Potential transformers (PTs) and current transformers (CTs) are used for measurement and monitoring.

In fact, regarding electrical panels, it would be much easier, in the past, to organize standards in such a way that that
apply to both low- and high-voltage panels. However, they have historically been separated into numerous documents
where "the devil is in the details." If it is not possible to reasonably differentiate a high-voltage panel from a low-
voltage panel, there is no reasonable technical reason to differentiate a medium-voltage "metal-enclosed" panel from
a "metal-enclosed" one, especially because they have quite different applications and costs. What matters is having
clear technical parameters to compare the performance as explained above.

5. AN EXAMPLE OF EXTENSION OF THE VALIDITY USING TESTING SIMULATIONS

These are typical results comparisons to be made. They are very detailed and explained in auditable “Design
Review Report for the Extension of the Validity by IEC 62271-307".

METAL CLAD (MC) METAL ENCLOSED (ME)
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