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ﬁ st & How to design a grounded power supply system

Find Your Transformerless uninterruptible power supply (UPS) systems operate ungrounded during power transfer to a backup source,
Product but a robust grounding design can accommodate the requirement of both grounded and ungrounded systems. : . :

Ben Stevens, EIT; Page Inc., Austin, Texas
" 06/20/2018
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Digital [ Learning objectives:

Rep ort « Understand the difference between grounded and ungrounded systems.
; « Learn what the code requires of ungrounded ac and dc power systems.
= « Know how the behavior of ungrounded systems during ground faults differs from that of grounded
Data C.enter systems, and how to mitigate this effect.
§ Design

Data centers, data closets,
= edge and cloud computing,

In any facility containing critical loads, whether related to life safety or sensitive computer loads vital to facility operation, one of

[ - the most important pieces of equipment specified in the design is the uninterruptible power supply (UPS), which uses stored
g e 3 I to these critical loads when normal power is lost and a backup power source is starting up to supply the
similar topics @re amang E energy to supply power 1o p pp g up pply

W the fastest-changing building loads.

B the industry. Data centers X . . - . . . <
have high-level power When selecting UPS modules to power critical loads in a facility, one key decision to make is whether to use a UPS with or I~
demands, customized without input and/or output transformers. See Figures 2 and 3 for notional diagrams depicting a transformer-based and a ~
climate and cooling transformerless UPS module, respectively. =

needs, unique enclosure =
systems—and all

Over the last decade, transformerless UPS systems have grown rapidly in
opi«::fﬁﬁul ﬁ popularity, eclipsing transformer-based designs. This transition is not surprising,

o as transformerless modules offer many advantages over a UPS with
Light is advanced _— transform%(s_. The Ia(;gest advantfasg$ is efficiency. A UPS W|tgou_t rt]rr;lt?sform_terrls
y . ™A A can see efficiency advantages of 5% or greater, as compared with those wit
30'3,',‘..';23,‘1‘; SensiLUM™ Wireless transformers. Not only does this mean lower electricity bills, but it also represents
Data Center Design Integrated Sensor lower heat loads in the room housing the UPS, resulting in reduced HVAC ) NATURAL GAS
Digital Report today. Enables advanced luminaire requirements. GENERATORS
control including occupancy .
) sensing and daylight harvesting In facilities with a large amount of critical load, the savings can be dramatic. G,ENERAC
Sp"’;;;’;f by: Additionally, transformerless UPS systems reduce the weight and footprint of INDUSTRIAL
STULZ each UPS module when compared with transformer-based systems, reducing the
size and structural requirements of electrical rooms and leaving more room for
- Light is OSRAM OS RAM white space or other portions of the building.
- / However, the output transformer of a transformer-based UPS does provide an
1 r option that is not available for transformerless UPS systems: The electrical
isolation provided by a transformer gives the opportunity to create a separately derived neutral-to-ground connection at the
_ output of the UPS. In certain situations—such as a system served by an ungrounded delta service, a service grounded through
D i it al r a high-resistance ground, or systems in which there is the potential that the two sources of a dual-input UPS may come from
g &, two independent sources—it may be desirable to derive a neutral at the UPS without a transformer, to provide the UPS with a

- Report

E stable ground reference that it can use for voltage regulation at its output and on its dc bus.



i
: Data Center If such alneutral is not deri\{ed in a trqnsformerlgss UPS system, then while the L]PS battgry is discharging during an input_
o power failure and the UPS input circuit breaker is open, the downstream system is operating ungrounded. In most installations,
' De51gn there will be one or more downstream transformers, external to the UPS, served by the critical power system. These
' downstream transformers are usually housed in a power distribution unit, and on their secondary side a grounded system can
b:-lﬂ Eif!le‘f%- datdClosiats, be derived, but that portion of the system on the primary side will nonetheless be ungrounded during this period.
= gdge and cloud computing
Y ge-localion facilties, and Most design engineers are used to working with grounded systems, and the prospect of leaving a portion of the building
smisctopiesare among ol | ngrounded, even during a generally brief transition period between input power failure and the facility backup power system

the fastest-changing . A . . . .
the industry. Deta certers 3 Starting up, may seem worrisome. However, creating a safe, robust, and code-compliant ungrounded power system is relatively

have high-Jevel power simple, requiring only minor modifications from the grounding and bonding systems required in any grounded power system.
demands, customized
climate and cooling Grounded versus ungrounded
needs, unigue enclosure
systems—and all To understand the special requirements of an ungrounded system, it is important
of this must to first define what is meant by "grounded" and "ungrounded." System grounding
Paaks without is achieved by intentionally connecting a current-carrying conductor to the ground
RIS Ation. (i.e., the earth) or to something that serves in place of the ground. Usually, this is
- = achieved by connecting the system's neutral wire to the ground at the supply
e ibad the source, often the wye-connectedlsecongary §|de ofa !ransformer or the stator of
Data Center Design a generator, as well as at the main service-disconnecting means of the facility.
Digital Report today. Therefore, an ungrounded system is one in which none of the current-carrying
conductors are intentionally connected to the ground.
Sponsored by: Grounded systems are typically preferred to ungrounded systems for several
SRT’LTIZ reasons. Grounded systems stabilize voltage levels throughout the system,

ensuring that all equipment in the system operates under the same potential
difference. This is particularly important for a UPS, as it is tasked with precisely
regulating voltage levels both at its output and on its dc bus, and accurate voltage
regulation requires a solid, stable reference to ground to maintain. Grounded
systems also mitigate voltage spikes due to lightning strikes, help prevent
potential differences between different pieces of equipment in the system, and
provide a circuit for ground-fault current to flow through the grounded circuit
conductors back to the supply source, allowing overcurrent protective devices to
quickly operate and isolate the fault.

NFPA 70: National Electrical Code (NEC), Article 250.4, provides general,
performance-based requirements for both grounded systems in 250.4(A) and
ungrounded systems in 250.4(B). Grounded systems have five requirements:
electrical system grounding, grounding of electrical equipment, bonding of
electrical equipment, bonding of electrically conductive materials, and effective
ground-fault current paths.

Notably, the four requirements of ungrounded systems listed in 250.4(B) are similar or identical to the latter four requirements
of grounded systems. Just as in grounded systems, ungrounded systems require that noncurrent-carrying conductive materials
enclosing electrical conductors or equipment, and those that are likely to become energized, be connected to the ground
through a low-impedance path. The overlap between these two sets of requirements illustrates the notion that designing an
ungrounded system is not too terribly different than designing a grounded one.

To understand what the NEC requires of a transformerless UPS system when it is
operating ungrounded during battery discharge, we must first identify how this e
system is defined using the language of the NEC. When the UPS input circuit

breaker is open, the UPS is not connected to the upstream power system, and

therefore to the supply service, through any circuit conductors other than those !1'3-’7?“ L
used for grounding and bonding. fack "—I—V Z

Transfommer

Staic |.., pass

It is important to note that even though the UPS enclosure and downstream

equipment may still be effectively bonded to the supply-source enclosure in this

condition, the system is not considered grounded unless a current-carrying ﬁ*' ol

conductor is connected to ground. Therefore, the NEC defines the system in this

state as a separately derived system and the UPS batteries as a separately derived source. The grounding requirements for
ungrounded separately derived systems are defined in Article 250.30(B).



¥
g

1

g Data Center
Design

Data centers, data closats,
edge and cloud computing
co-location facilities, and
similar topics are amoang
the fastest-changing

the industry. Data centers [

have high-level power

d
E
é

This section of the NEC requires three components: grounding electrode conductor, grounding-electrode system, and supply-
side bonding jumper. The latter of these components is only required when the source of a separately derived system is located
in a separate enclosure than the first disconnecting means. This will usually not be the case for a UPS, as the output circuit
breaker of the UPS is normally housed in the UPS enclosure.

All three of these grounding components are required in grounded separately derived systems as well. Essentially, the UPS
enclosure must be connected to ground through the building's grounding-electrode system by way of a grounding electrode
conductor. This connection in an ungrounded system serves as the grounding reference point for all conductive equipment in
the ungrounded system that does not carry current under normal conditions.

Grounding the system

Msintensnce bypass

UPS manufacturers have a variety of solutions for the issue of how to ensure the = F

UPS maintains a reference to the ground during ungrounded conditions, to S5 (,.J_I "“.-”E;‘““

ensure that the UPS voltage regulation remains stable. Some manufacturers i — I

derive a so-called "virtual ground" at the common point of the input and output f?;fj;’-w—‘ A "_.,‘J ———o Oupa
filters of the UPS to achieve this purpose. This is often a standard feature, Rectber | ﬂ Inverter

especially on newer UPS models, but an optional accessory is required in some + Batrmry chasge

cases. When specifying a transformerless UPS, especially in a 3-phase, 3-wire

system, take care when considering how it will operate under ungrounded g i

conditions.

The rules governing the grounding-electrode system and grounding electrode conductors are found in Part lll of Article 250 of
the NEC. The same grounding-electrode system used for the building as a whole must also be used for any separately derived
systems, as per NEC 250.58, so all that is required is a connection between the building's grounding electrode and the UPS
enclosure through a grounding electrode conductor. Accordingly, all of the normal requirements for grounding-electrode system
materials listed in NEC 250.52 and installation listed in 250.53 apply in this situation.

Similarly, the rules governing grounding electrode conductors are not different between grounded and ungrounded systems.
NEC Articles 250.62 and 250.64 govern the materials and installation methods of grounding electrode conductors, respectively.
The required size of the grounding electrode conductors used must be determined through the requirements of NEC 250.66,
which vary based on the type of grounding electrode used, the size of the largest ungrounded conductor or set of conductors in
the system, and the material of the grounding electrode conductor.

No matter the size of the system, the grounding electrode conductor must always be at least as large as #8 AWG for copper or
#6 AWG for aluminum, and unless superseded by local amendments or authority having jurisdiction (AHJ) requirements, the
grounding electrode conductor is not required to be larger than #3/0 AWG for copper or 250 kemil for aluminum. Finally,
requirements for bonding grounding electrode conductors to the grounding-electrode system are covered in NEC 250.68.

Ungrounded systems

Thus far, the grounding rules discussed covering ungrounded systems are very similar to those covering grounded systems.
Indeed, if one employs a robust grounding design for a normally grounded system and ensures that the UPS and battery-
cabinet enclosures are connected to the building's grounding-electrode system through appropriately sized grounding electrode
conductors, almost all requirements for an ungrounded system will be met when the UPS discharges its batteries and becomes
an ungrounded system during power transfer.

However, there is a key difference between the behavior of grounded and ungrounded systems that imposes an additional
requirement on ungrounded systems. This difference appears when a single line-to-ground fault occurs in the system.

In a solidly grounded system, the connection of (usually) the neutral wire to
ground at the supply source means that a complete circuit will be formed when a
line-to-ground fault occurs. This allows a large amount of fault current to flow
through the low-impedance path created by the fault, causing an overcurrent
protective device (OCPD) equipped with ground-fault detection to operate and
quickly isolate the fault.
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oz::f:f a::si;’::.:;" In an ungrounded system, though, there is no circuit created when a single line- Engineered Duplex Alloy
needs. Unigbe enclosure to-ground fault occurs through which fault current can flow. Instead, the faulted
systems—and all conductor simply becomes grounded and the line-to-line potentials between the
of this must faulted phase and the other unfaulted phases become line-to-ground potentials.
operate without The value of the potential difference between the phases, however, does not
interruption. change. This will not have a noticeable effect on the system's performance when
it oceurs, but if the fault is left unrepaired and a second line-to-ground fault
5(',‘;',‘,.';33:,2 occurs, this will result in a double line-to-ground fault, drawing larger fault

currents and creating the potential for greater damage to electrical equipment
and greater risk to personnel safety. As in grounded system, a phase-to-phase
fault in an ungrounded system will generate fault current and will typically cause an overcurrent protective device to operate
and isolate the fault.

Data Center Design
Digital Report today.

Sponsored by:
Rittal To ensure that single line-to-ground faults do not go undetected, NEC 250.21(B) requires that ungrounded systems be outfitted
STuLZ with ground detectors at a point as close as practicable to the system supply source. A ground detector monitors the potential

difference between the phase conductors of the system and the ground in the ungrounded portion of the system to which it is
connected. If a ground fault is present in the system, it emits a visual and/or audible signal to alert operators or maintenance
personnel. The operators can then initiate an orderly shutdown of the system so that the fault can be located and repaired. This
is especially important in a system served by a UPS, as orderly shutdowns to critical loads are generally necessary to minimize
risk to life safety or disruption to business functions.

For example, it may be costly to initiate a shutdown of a critical computer system due to the presence of a ground fault on the
system, but it will certainly be less so than an abrupt disconnection of power to those same computers. Most UPS systems will
contain a ground-detection mechanism, but it is important to verify this component is included to ensure compliance with this
requirement.

Detection of ground faults is especially important when a system becomes temporarily ungrounded, such as while a
transformerless UPS is discharging its battery due to an input source failure, because it is likely to become grounded again

| when the input power returns. When power is restored, either through a return of the utility source or due to a generator source
| coming online, the UPS input circuit breaker will close and the system will once again be grounded. If a ground fault is still
present in the system when this occurs, ground-fault current will flow through the fault. A ground detector in the UPS can
prevent this situation through a pre-emptive shutdown before fault current has a chance to flow.
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To ensure that a ground-fault detector can operate correctly throughout the ungrounded system, it is important to verify
compliance with the requirements for connection of the UPS enclosure to the grounding-electrode system (discussed above),
as well as the requirements for bonding of metallic objects that do not carry current, covered in Part V of NEC Article 250. This
ensures that any point on the ungrounded system at which a ground fault is likely to occur has a solid reference to the ground
by way of the UPS enclosure's connection to the grounding-electrode system, and that the detector can accurately detect a
ground-fault condition.
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choice. In addition to the requirements for ungrounded ac systems, the NEC contains additional requirements for ungrounded dc
systems. This applies to the more common 2-wire dc system, as Section 250.162(B) requires that all 3-wire dc systems be
grounded. Of course, a UPS will contain a dc system, namely the connection between the energy-storage system and the

Fr ey output inverter. NEC Article 250.169 lists the requirements for an ungrounded dc separately derived system. These
requirements are similar to those of the ac system, namely that the source enclosure be grounded through the building's
GENERAC grounding-electrode system by way of a grounding electrode conductor.

Powen - Note, though, that the sizing of the grounding electrode conductor for a dc system is governed by a different section than that of

an ac system, namely Section 250.166, which requires that the grounding electrode conductor not be smaller than the largest
conductor supplied by the dc system. However, the same minimum- and maximum-required grounding electrode conductor
sizes for various installations apply to both dc and ac systems. With most UPS installations, no special considerations are
required for the dc system, as typically the dc system is grounded at the battery enclosure, though it is important to verify this
will be the case in a given installation.

In the event that special design considerations do need to be made, to consider what may constitute the best practice for
designing the grounding system for the dc portion of a UPS during ungrounded system conditions, it may be useful to consider
a somewhat analogous situation: an ungrounded solar photovoltaic (PV) system.

Ungrounded PV systems are not uncommon for many of the same reasons that transformerless UPS systems have become
popular. Similar to the dc portion of a UPS system during power transfer, an ungrounded PV system is an ungrounded dc
system supplying an ac system through an inverter. In fact, most PV systems have energy-storage systems as part of the dc
system, just as in a UPS. So while they are not requirements, the rules and commentary of the NEC regarding PV systems
contained in Article 690, particularly Part Il and Part V, can be instructive in thinking about grounding of the UPS energy-
storage system.



Of particular note is Section 690.15(D), which describes the requirements of equipment-disconnecting means for PV systems.
This section draws attention to a more general requirement found in Section 210.4(B), which requires that disconnecting means
must simultaneously disconnect all ungrounded conductors of the circuit to which it is connected. Unlike a grounded system, in
which the disconnection of the neutral wire does not need to be simultaneous with the disconnection of the phase wires, in an
ungrounded system all wires must be simultaneously disconnected, as none are grounded. This is not often a concern, but it is
something to keep in mind when specifying the dc circuit breaker protecting the energy-storage system of the UPS.

Ben Stevens is an associate electrical engineer at Page. He has worked for Page for 3 years and specializes in science and
technology projects.




