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INTRODUCTION

LVDC (low voltage direct current) distribution systems have recently been recognized by a
number of stakeholders as an alternative approach to provide efficient power supply to the
consumers. LVDC covers a wide range of power applications from USB-C up to megawatts for
aluminium melting. LVDC is seen as a solution for greener and more sustainable energy
systems in developed economies as well as an alternative option for electricity access in
developing countries.

In industrial applications, LVDC is utilized where processing of resources results in the
production, distribution and storage of physical goods, especially in a factory or special area of

L

a facto

Y-

The standardization of DC voltages is a key issue, and urgent work is needed. Existing LVAC

system
distribd
export
will prg
transiti

LvDC
list of s

The P(

s have different standard voltages, depending on the geography and appli¢ation
tion voltages are optimized to provide a good context for industries-that imp
equipment but also for general travellers. Appropriate international LM DC voltage

bn for equipment from AC to DC supply.

oltages meet the range of use cases where LVDC systems-Can make a differen

LVDC
brt and
ranges

vide a basis for design and testing of electrical equipment and'systems and gase of

e. The

tandard voltages is as short as possible and allow for cost-effective and safe opegration.

) (power quality) issues in DC power systems are€ not identical to those in AC systems,

but there are some common issues. Power quality/ considerations are well studigd and

standa
been fi

Power
distribd
conditi
conver
quality

Requir
providg
the de
enhang

Generd
stimulg

rdized on AC power systems, but many power\quality phenomena and EMC have
lly identified and evaluated for DC distribution systems.

ted systems can be related to the;structure of the entire system, and the op
bn of sources and loads. At theisame time, the DC output performance of a
er and the coordination among several converters can also result in different
issues and grid stability.

bments for power quality and EMC in LVDC distribution are established in o
a solid basis for the\planning and operation of LVDC distribution systems. In a

ing the availability of the source, the reliability, and the lifetime of the system.

lly, the standardization of voltage level and PQ phenomena of LVDC distribution
te the.wide adoption of LVDC.

This d

ocument provides information on the following topics: standard voltages

not yet

electronic converters/inverters add further demands. Power quality phenomena in LVDC

lerating
single
power

rder to
jdition,

5ign and configdration of the protection system is addressed with the objeqtive of

greatly

EMC

require

ments, power quality, and measurement methods.
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LVDC SYSTEMS -
ASSESSMENT OF STANDARD VOLTAGES
AND POWER QUALITY REQUIREMENTS

1 Scope

The purpose of this document is to collect information and report experience for the

standa

rdization of voltage levels and related aspects (power quality, EMC_  measureme

for LV

Ration
(power
not exkh

Attenti

Systen
voltage

Tractio]

This dd
and co

2 Ng

C systems (systems with nominal voltage up to and including 1 500 V DC).

hle for the proposed voltage values is given. Variation of parameters_for the
quality) for their boundaries are defined. Nevertheless, some of the technical ite
austively explained in this document and some gaps are identified for future worn

bn is paid to the definition of DC voltage.

s in which a unipolar voltage is interrupted periodically for certain purposes, e.g
, are not considered.

n systems are excluded from this document.

cument gives technical inputs to TCs in charge of the standardization of different]
brdinated by SyC LVDC.

rmative references

There are no normative references inthis document.

3 Tefrms and definitions

For the

purposes of this document, the following terms and definitions apply.

ISO apd IEC maijntain terminology databases for use in standardization at the fg

addres

e |ECQ

5EeS:

Electropedia: available at https://www.electropedia.org/

e [S(C

t, etc.)

oltage
ms are
k.

. pulse

issues

llowing

Online browsing platform: available at https://www.iso.ora/obp

3.1

nominal system voltage
suitable approximate value of voltage used to designate or identify a system

[SOURCE: IEC 60050-601:1985, 601-01-21, modified - The term has been changed from

"nomin

3.2

al voltage of a system" to "nominal system voltage".]

DC supply voltage

line-to-

3.3

line or line-to-mid-point voltage at the supply terminals

bipolar DC system
DC system comprising a positive and negative line, and a mid-point, distributed or not
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3.4
unipolar DC system
DC system comprising a positive or a negative line, and a mid-point

3.5
DC system nominal voltage
U

n
value of the voltage by which the electrical installation or part of the electrical installation is
designated and identified

Note 1 to entry: The DC system nominal voltage U, is within the nominal band [U,; U,] but not always half-way
between ’[Z and-L o lnall cases

U, < U, < U,

1o "

Note 2tg entry: For a bipolar system, it is recommended to use a dual notation, for example, "tU, ],," or ", L-L

L-
3.6
DC voltage deviation

voltagg deviation due to the slow change in power system operationsstate

Note 1 tp entry: Voltage deviation is the difference between actual voltage.and nominal system voltage when the
change fate of the average DC voltage is in the appropriate speed in ordér to limit the deviation in an acceptable
range.

3.7
voltage unbalance
conditipn in a bipolar system in which the line to mid-point voltages are not equal

3.8

ripple
set of unwanted periodic deviations with“tespect to the average value of the meas{red or
supplidd quantity, occurring at frequenciés which can be related to that of the mains supply, or
of somg other definite source, such, as’a chopper or load changes

Note 1 tp entry: Ripple is determinedjunder specified conditions and is a part of PARD (Periodic and/of random
deviation). It may be assessed by instantaneous value or RMS value.

Note 2 t¢ entry: Sources of fipple may include, but are not limited to, voltage regulation instability of the JC power
source, gommutation/rectification within the DC power source, and load variations within utilization equipmeént.

Note 3 tp entry:  Rippleiis determined as well in percentage to the DC component and in RMS value conjputed in
line with|CISPR for.cenducted disturbances. Ripple can be hundreds of kHz.

[SOURCE: AEC'60050-312:2001, 312-07-02, modified — "or load changes" has been added at
the end of the definition, a sentence has been added to Note 1 to entry; Notes 2 and 3 tlo entry
have been’added.]

3.9
over-voltage
voltage the value of which exceeds a specified limiting value

[SOURCE: IEC 60050-151:2001,151-15-27]

3.10
under-voltage
voltage the value of which is lower than a specified limiting value

[SOURCE: IEC 60050-151:2001,151-15-29]


https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

-12 - IEC TR 63282:2024 © IEC 2024

3.1

voltage swell

sudden increase of the voltage at a point in the electrical supply system followed by voltage
recovery after a short period of time

Note 1 to entry: Application: for the purpose of this document, the swell start threshold is equal to the 110 % of the
reference voltage (see CLC/TR 50422: 2013, Clause 3, for more information).

Note 2 to entry: For the purpose of this document, a voltage swell is a two-dimensional electromagnetic disturbance,
the level of which is determined by both voltage and time (duration).

3.12

voltage dip
sudder] decrease of the voltage at a point in the electrical supply system followed by Voltage
recovely after a short period of time

Note 1 tp entry: The residual voltage can be expressed as a value in volts, or as a percentage or per uhit value
relative {o the reference voltage.

[SOURCE: IEC 60050-614:2016, 614-01-08, modified — "Reduction" has” been changed to
"decrease", " electric power system" has been changed to "electrical-supply system’|, "time
interval" has been changed to "period of time", reference to sinusoidal voltage hag been
removegd.]

3.13
voltage surge
transiept voltage wave propagating along a line or.a“circuit and characterized by & rapid
increage followed by a slower decrease of the voltage

[SOURICE: IEC 60050-161:1990, 161-08-11]

3.14
voltage supply interruption
disappearance of the supply voltage fér a time interval whose duration is between two sgecified
limits

[SOURCE: IEC 60050-161:1990, 161-08-20, modified — In the term, "short interrupfion (of
supply [voltage)" has been.changed to "voltage supply interruption”, the note has been de¢leted.]

3.15
rapid yoltage change
RVC
quick transitionin voltage occurring between two steady-state conditions, and during wHich the
voltagq doé€sj)not exceed the under-voltage/over-voltage thresholds

3.16
oscillation
physical phenomenon characterized by one or more alternately increasing and decreasing
quantities

Note 1 to entry:  Oscillation in LVDC system is characterized by an electromagnetic parameter (voltage current,
power, etc.) in the system alternately increasing and decreasing. The phenomenon can be caused by interference,
parameter mismatch or control stability issues.

[SOURCE: IEC 60050-103:2019,103-05-04, modified — Note 1 to entry has been completely
changed.]

3.17

DNO

distribution network operator
party operating a distribution network
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3.18

DSO

distribution system operator

party extending the function of a DNO to incorporate active management of some power
resources

3.19

U,

positive voltage

voltage between the positive line and the mid-point

Note 1 t@ nnfry- ﬁnly defined for hipnl:\r DC e\/:fnme

3.20
U_

negatiye voltage
voltagg between the negative line and the mid-point

Note 1 t¢ entry: Only defined for bipolar DC systems.

3.21
balancged voltage
Uy
averagg of the positive and the negative voltage

Note 1 tg entry: U, = (|U_| + |U,])/2.
Note 2 t¢ entry: Only defined for bipolar DC systems.

3.22
unbalgnced voltage
U,

u
averagg difference of the positive and.the negative voltage

Note 1 tg entry: U, = (U, - U_)/2.

Note 2 t¢ entry: Only defined forbipolar DC systems.

3.23
mid-pqint
commdn point between two symmetrical circuit elements the opposite ends of which are
electriqally connhected to different line conductors of the same circuit

Note 1 t¢ entry” Only defined for bipolar DC systems.

[SOURCE: TEC 60050-195:2027, 795-02-04, modified — "of which the opposite ends™ has been
changed to "the opposite ends of which" and the note to entry has been added.]

3.24
under-voltage ride through
capability of equipment to stay connected and continue functioning during voltage dips

3.25
DC voltage
voltage equal to its average value during a defined time interval

3.26
over-voltage ride through
capability of equipment to stay connected and continue functioning during voltage swells
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4 Structure of LVDC systems

4.1 General

The low-voltage DC systems described consist of loads, applications, electricity generation
devices, and storage devices that are connected with each other with a direct current (DC)
system/installation. Thus, as far as the recommended voltages and power qualities of certain
LVDC systems are concerned, different analysis dimensions and elements are taken into
consideration, including different architectures, operation modes, etc.

NOTE A LVDC system includes public and private LVDC systems. It is independent of the physical dimensions,
electrotechnical properties and operating modes of the infrastructure. Installations can be very small or large in terms
of powelfand geographical extent and Use any voltages and number of voltage levels.

4.2 rchitecture

Severdl use cases concerning existing technologies and projects have been,introdyced to
supporf the analysis and classification of LVDC systems.

Details| and examples can be found in Annex E, Annex F, Annex G and-Annex H. Formal use
cases are also under work in the frame of the SyC LVDC WG2.

Unipolar DC systems are designed with two output lines and bipolar DC systems with three
output [lines. Taking the earthing into account, they can be(divided into TN-S system|and IT
system as shown in Figure 1.

In the TN-S system, the mid-point connection (M) is\directly connected to the protective earth
(PE). While in the IT system, the mid-point connection is not directly connected to the prqtective
earth (PE), and there are intentional (by design)-6f’unintentional impedances which are bgetween
condudtors and earth.
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Key

NOTE
poorly d

4.3
4.3.1

In pass
input fi

bltage source between the positive line and the mid-point
bltage source between the negative line and the mid-pgint

C system nominal voltage

efined or can be inserted by design.

Figure 1 — Unipolar, balanced and bipolar DC systems

Dperation modes
Passive DC systems

ive DC systems|_most of the integrated sources, which need control objectives
om outside, .can be either voltage source or current source. The control stra

Al IT systems will have impedances between conductors and earth. These impedances can be pargsitic and

as an
egy of

passive sources issfrequently based on master-slave control and the energy balance margin of

the sys
is desi

NOTE

tem mostly relies on the capability of the voltage source. Normally, the voltage
jned tonsupport the power supply of the system.

\‘passive device/load or source (other than a protective device) has not been programmed to be c3

source

pable of

reacting
source.

4 N H £ N L I o £ } oH 41 tad Lot H
to—cmangeS—M—SyStemvarraoreS—(vorage,—powet o eXxampres—a—airecty— commectet—oattery—1S—2&

passive

In a passive DC system, passive sources and devices, possibly combined with active sources and devices, determine
the behaviour of the installation.

4.3.2

Active DC systems

In active DC systems, nearly all the sources and loads are connected to the DC bus by
self-controllable electronic devices. The control strategies of active sources are based on droop
control and the energy balance of the system is realized automatically by tracing the U-I curves
configured in the devices. The normal operation voltage band can be adjusted by different
configurations of control parameters in devices.
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NOTE An active device/load or source (other than a protective device) can measure and control independently and
is programmed to be capable of reacting to changes in system variables (voltage, power), serving to maintain system

integrity.

In an active DC system, the active devices determine the behaviour of the installation. It has no passive sources.

Passive

loads do not dominate the behaviour of the system.

5 LVDC voltage division

5.1 General

The vo

Itages are divided into different levels for temporary and continuous operation.

Betwes

To cov

n zero and maximum, the voltages are divided into 6 different stages: U, ... Ug

br steady state and transient voltage levels, a matrix with all the voltages;voltage

operating states and areas is made. The matrix is presented in Figure 2. See)Annex J

detail g

52 )

f voltage with respect to earth.

Voltage bands

The range between two voltages is called a voltage band. &/oltage bands are us

descril]
the upy

- Uy

ing voltage limits without going into the level of detailoftime limits. U; corresp
er limit of band B; (i = 1, 2, 3, 4, 5, 6).
B7 ¢
l’re "‘.K
+*—‘<|_A-a
" B6
DYS
U,
B4
L‘YS
U, B3
L‘YZ
B2
CY1
B1
IEC

Figure 2 — Voltage bands in DC systems

Undervoltage disconnecting voltage

bands,
for the

ful for
nds to

Minimal voltage level where critical devices (e.g. controller, communication gateways) can
operate.
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- Uy

Minimum voltage for continuous operation with full functionality

Minimal voltage level where devices can operate. For sources, this value is considered
without cable losses. For loads, a lower value can be considered due to cable losses.

NOTE 1 The voltage can be lower for the load because of the cable losses.

- Uj:

Maximum continuous operating voltage

The maximum voltage level below which devices can operate in steady-state conditions.
Sources limit their output to keep the voltage below Uy

- Uy
Th

Maximum temporary operating voltage

maximum temnaorarvy vaoltaae level helow which devices can operate
Lid 4 g P -

NOT
stat
etc.

Sou
from

- Ug

Minimum voltage at which overvoltage surge protective devices start to conduct.

NOT

Ove
exa

- Ug:

Thi
sen

NOT
U6 i

- B1:

Lor
dur]

- B2:

Thi
ove

NOT
- B3:

Thi

E 2 Such higher voltage can be caused by converters going to unloaded conditions and the'fully
e of capacitors (in AC systems it is called a swell.) This value is important for protection devices |
This defines the maximal level that can be in a system.

the loaded to unloaded condition could temporarily operate at higher voltage.

Overvoltage disconnecting voltage

E 3 This is sometimes called breakdown voltage.

[voltage protective devices do not react between U, and Ug (ofytransients due to charging of capa
nple).

Maximum voltage that equipment overvoltagé.protection devices clamp

5 voltage is defined to specify and coordinate amongst transient voltage suppreg
sitive equipment, such as equipment with-semiconductor devices, against overvg

E 4 The overvoltage protection is normally~in conformity with the overvoltage category and ens
5 not exceed.

Blackout band (0 ... Uy)

ger events will cause a shutdown of the whole system. This band is temporarily
ng the start-up of the system, e.g., for pre-charging.

Critical band (U ..\U5)

5 is the band to-which the voltage can drop below the normal operation band due
rload.

E 5 Critical{devices can operate in this voltage band.

Nominal'band (U, ... Us)

5.is”the normal operation band.

charged
ke RCD,

ce unidirectional converters which are unable to discharge their respective capa€itor when transitioning

Citors for

sors in
ltage.

ires that

bassed

to high

- B4:

Switching, commutation and protection devices operation band (Us ... Uy)

In this band, the voltage can overshoot or rise due to a sudden change of current.

- BS5:

Overvoltage protection devices non-operating band (U, ... Us)

Surge protection devices don’t clamp the voltage in this band.

NOTE 6 The voltage can reach this band due to the operation of switching or protection devices. This can lead
to capacitor charges even if they should be mastered.

- B6:

Overvoltage protection devices operation band (Us ... Ug)

Surge protection devices clamp the voltage in this band.

- BT:
Int

Prohibited band (Ug ... =)

his band, permanent equipment damage is very likely.
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To achieve continuity of operation, 4 ranges are defined, of which 3 ranges (R1 to R3) are
transient ranges and 1 range (R4) is the steady range. These ranges can occur routinely or in
exceptional situations. In each range, the allowed overvoltage and dynamics are different.
Voltage bands are divided in these 4 ranges. See Figure 3.

To acg
states

NOTE

States R
- R1;
The

(0]
24
S
B7
U6
B6 A6 AB
Uy — A7
B5- A4 A5
U (
4
B4 A4 A4 A4 (b
v, o
A3 A3 A3 A3 %
U ,0~
n B3 «\
A3 A3 A3 &
U2 o
B2 A4 A4 A4 A2
U1
B1 A4 A1 A1 A1
4>
<R1=< R, ol R, -l R, - Time

Figure 3 — DC Voltage areas for safe interoperability

Are defined in the graphic.
n Figure 3, the duration of the states only indicates that:
R1 < R2 < R3 < Continuous operation (R4)

1 through,R3.are transient states and can have different durations.

Transient range

IEC

ount for time-limited capabilities of the system components, the following time

ttansient state is limited to a very short time. After being in the transient st3

Systnm will return to a cha::riy state

- R2:

System fault range

limited

te, the

The state involves, or is the result of, failure of a system circuit or item of system plant or
equipment or apparatus. In this state, the system normally requires the immediate
disconnection of the faulty circuit, plant or equipment or apparatus from the power system
by the tripping of the appropriate circuit-breakers.

- RS3:

Voltage control range

In this state, action is required by the system to address system balance issues.

- R4:

Continuous operating range

The system can remain in this state indefinitely.
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5.4 States

The area between these voltages and states is defined as follows:

- A1

Blackout state

Supply in this area is insufficient for operation to be maintained.

- A2:

Emergency state

The voltage in this area indicates that the supply is under stress. Loads are still able to
operate correctly, but perhaps not meet all performance requirements. Action can be taken
to reduce the stress on the system, for example through load-shedding or the introduction
of additional power sources.

- A3:
For
tern
req
Op
nor
the

Normal state

the normal operation of a DC system, the voltage difference betweenthe
hinals is maintained between U, and Us under all conditions. All equipment perfo
Lirements are met within this band.

eration between these limits includes all normal operating states’ 'of the syste
mal droop control ranges. The voltage delivered to a load is within this band in

disfribution systems.

- A4:

In

Ins
but
the

— A5
In t

Abnormal state

pbxceptional circumstances, voltage can stray into, this area for an extended

system.
Overvoltage state without clamping
his area, the voltage can increase due to operation of switching or protection d

Ove¢rvoltage protection devices do not clamp these voltage overshoots.

— AG6:
Int

Overvoltage state with clamping

his area, the voltage can overshoot due to operation of switching or protection d

Ovegrvoltage protection devices'clamp these voltage overshoots.

- AT:
Int

Prohibited state

his area, permanentiequipment damage is very likely. If technically possible, al

sources are switched off.

6 Po

6.1

wer quality\phenomena relevant to LVDC networks

Seneral

power
mance

m, and
cluding

IxR voltage drop in the cabling. Annex C gives the example6f‘the supply radiug in DC

period.

allation and equipment are designed to withstand this, and continue to operate ndrmally,
possibly with reduced performance. Actions aretaken to modify power input to refalance

pvices.

pvices.

power

Voltag¢qaality is important for ensuring that systems function as intended. Voltage qyality is
zdmmmmvwmmmmm—mm' i i ' . toad and

specified
distribution system. Voltage quality requirements can be different for different use cases and
system layouts. It is the designer’s responsibility to ensure that regardless of the system layout
and network topology, the voltage variation, transients and other voltage disturbances do not
exceed the application and use-case specific limits of the operating ranges, nor the values
tolerated by the devices used in the installations.

Ideally, a perfect voltage source is considered, with a stable voltage within a normal voltage
band. Voltage quality is defined in terms of limits to deviations outside this band caused by
different disturbances. These deviations outside this band or disturbances can be continuous
or discontinuous.
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Use case, application and electromagnetic environment specific compatibility levels are defined
for temporary voltage variation, voltage dips and swells, and the maximum duration and
magnitudes of DC voltage fluctuations. Annex A gives the examples of PQ waveforms collected
from a certain LVDC project.

The characteristics of good power quality are:

— voltage is maintained within agreed limits in normal operation (6.2 to 6.9);
— ripple and high frequency voltages/current disturbances are below permissible limits (6.5).

6.2 Relationships between voltage band and power quality in LVDC systems

For thg normal operation of a DC system, the voltage at a specific/any node is maintajned at
the target operating value for each operating point within limited variations under all €angitions.
A constant DC voltage indicates a balance of the power injected into or exported)from the DC
syste

DC system control is designed to ensure that at any transmission power level and|in any
operating mode, the line-to-earth DC voltage in TN systems and the line-to-line or line-fo-mid-
point OC voltage in IT systems remain within the normal operating range of the DC voltage.

There @gre some events that can cause the DC voltage to deviatetransiently or temporar{ly from
the normal operating band or to fluctuate. The irregular operatien or trip of a system component
can regult in a steep voltage dip, a high voltage rise or valtage fluctuations showing up[as DC
power quality problems. The frequency and magnitude ofithe events leading to these DC yoltage
excursfons or fluctuations need to be limited.

As an ¢xample of a time-domain voltage acceptability curve for the DC voltage, Figure 4| shows
voltagg band and power quality that are to bé\considered in DC systems. Annex K giyes the
example of voltage profiles in CIGRE.

(0]
1
5 Surge
> A
§ Voltage swell Voltage deviation
-
m Transient
Nominal
band 1 —
droop
Emsrgzncy
e);tended Voltage dip Voltage deviation E
K Normal operation fange
e Voltage interruption
0 ms 10 ms 100 ms ‘ S \ 10 s ‘ min ‘ Time
Tmin IEC

Figure 4 — Relationships between voltage band and power quality in LVDC systems

6.3 Relationship between oscillation and power quality in LVDC systems

When a disturbance is applied to a system with a specific structure (impedance parameters)
and control parameters, an oscillation phenomenon can occur due to the mismatch between
control and impedance parameters. Oscillation as such is not a PQ phenomenon but it will
influence the PQ. Two common causes of oscillation are the measurement system impacted by
a specific frequency interference and the mismatch of control parameters between multiple
devices.

Figure 5 gives an example of voltage oscillation in a real system.
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Figure

voltage

The sy

Voltage (V)
766,007

761,753 W
757,4981{4

753,243

AU=16,185V

748,988

1025051y Current (A) T
974,546+ / }r‘» /‘\\

924,04 A

200,162 A

L / At=47,45ms\ L
873,535+ l‘// \\‘:\/
823,029 Y

" 337 343,80 350,67 357,56 364,33 371,22 378,11 384,89 39178 398,56 40544 412,22 4191117 426
ms IEC

Al

Figure 5 - Oscillation example

5 shows that an oscillation with frequency of about 21 Hz occurs in the syste

stem protection acts and stops the oscillation.

See Annex B for details on the oscillation characteristics.

The os

cillation phenomenon is closely related‘to the load.

The system oscillation can be controlled by adjusting the modes that cause the
oscillafion. For example, by strengthening the shielding of the measuring system or mqdifying
the control parameters, system oscillation can be suppressed.

The ogcillation can cause yvariation of some power quality indices such as fast

fluctua
recordi

6.4

The D(
all pow,
time is

ion, flicker and DC'ripple (equivalent to harmonics and inter harmonics, such
Ings in Figure 5) depending on oscillation frequencies.

Bupply voltage deviation

er flows, including overload rating. If a central DC voltage controller is used, its re
adequate to meet the specified performance.

m. The

oscillation amplitude is about 16 V, and the current’escillation amplitude is about{200 A.

5ystem

oltage
as the

L voltage.in the system can be controlled by converter controls within specified limits for

sponse

The above considerations apply to undisturbed operation. Possible deviations can be caused
to the following:

— If the operating DC voltage is outside the steady-state DC voltage band, then the system
and system elements can disconnect and shut down when a safe operation is not
guaranteed.

— If the operating DC voltage is outside the normal operating band, then the system and

sys

tem elements will not meet all performance criteria.

Large voltage deviations from the nominal values will shorten the life of electrical equipment,
possibly threaten system stability and increase the cost of network operation. Equipment
operating under this condition in a repetitive manner or for long periods of time can malfunction,
breakdown or become irreversibly damaged.
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The equipment can withstand voltage excursions as defined in Figure 4 without damage. Active
elements operate safely and contribute to a damping of these excursions and fluctuations.
Protective devices operate only at higher voltages than defined in Figure 4 as they can result
in even more severe excursions and fluctuations. However, equipment can disconnect in case
of unsafe operation or potential equipment damage.

Particular attention is paid to under-voltage ride through capabilities and over-voltage ride
through capabilities of active elements as this will be very important for the stability of the
system during temporary fault situations.

In steady state operation of a DC system, there is a balance between the power injected into
the DC i i i main
objectiye of the primary control is to limit the DC voltage deviation to an acceptable range and
to find @ new balanced operating point for the power flow in the DC system.

6.5 Ripple and high frequency interference

In a LMDC system, there is no fundamental frequency, and the concept ©f-harmonic digtortion
does npt apply. Previous definitions of power quality typically involvingiarmonic distortiop limits
in AC gystems are not applicable. A comparison of average DC and*AC RMS values c¢uld be
the bagis for setting power quality indices for LVDC systems.

Since @ power converter connected to a DC distribution busyaverages DC current ang some
other flequency components, which are a function of the converter internal switching freguency
and power topology, the impact of the power converter-on/the DC power bus is evaluated. Any
AC component of load current that flows in the LVDC bus will result in a ripple voltage appearing
at all ppints along the bus. The ripple currents flow between connected loads and the DCipower
source| The fast switching of converters and associated rapid change of potentials will g¢nerate
commdn mode (CM) voltage level shifts, whi¢h can interfere with communication or [control
systems. Perturbations in both differential mode (DM) and common mode voltage carnnot be
ignored.

If a pulse width modulated (PWM) converter is used to produce the DC voltage, a
high-frequency waveform causedby the pulse width modulation switching is superimpgsed on
the DG and AC side and shows' up as interference. The interference also can come from
converfer-based loads connected to the DC bus.

Periodic and random~variations are given for the following three bands, the interference
frequency bands can be'defined as < 9 kHz, 9 kHz to 150 kHz and > 150 kHz in line with generic
EMC sjandards:

a) lowrfrequeney interference:

source, frequency and its harmonics only (AC sources only), the interference frefjuency
bards.can be defined as <9 kHz, 9 kHz to 150 kHz and > 150 kHz in line with gener|c EMC
standards;

b) switching interference:
power converters switching frequency and its harmonics;
c) total, including spikes (the bandwidth of the measuring equipment is stated).

Some organizations have mentioned ripple as DC harmonics and presented several methods
for calculation.

The main adverse effect of ripple, beside additional losses, can be interference with the
operation of system components and interfering the operation of neighbouring systems (power
and communication) through radiated and conducted interference.
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LVDC converters generate characteristic and non-characteristic ripple voltages on the DC
system. Ripple voltages drive ripple currents through the DC system. The characteristic ripple
voltages depend on the DC voltage, current, DC circuit reactance, converter topology, converter
switching frequency and converter control strategies whereas non characteristic ripple voltages
are caused by measurement and control errors. Resonance conditions within the DC system
can result in potential amplifications.

As it can be expected that more than one equipment can affect the ripple levels at a specific
DC node, sufficient headroom is specified between maximum acceptable ripple levels and the
DC system equipment. All users are appropriately designed to make their individual contribution
within the allowed individual share. Resonance effects are taken into account. The DC system
operator provides information to evaluate potential ripple resonances.

The cgnnection of any component does not result in levels of distortion or fluctuation of the
existing DC system voltage and current at the connection point, exceeding those agreed on.

Studies$ to characterize distortion of voltage/current waveforms at the pojntlof the conpection
are pefformed. These take into consideration the impedance of a DC~gcircuit at thg ripple
frequepcy and background ripple of the existing DC system. Rigple generation ¢f new
connedtions can be subject to verification of compliance at commissioning.

There tre also harmonic distortion requirements for the connection to the AC system folf power
generaftion and use.

6.6 VYoltage swell

Voltage swell phenomena can frequently occur, bat.it is unpredictable and random. Depending
on the |magnitude and duration, voltage swell can affect different types of loads differently for
the same voltage swell event. Recommended limitations of voltage swells A4 and A5 in Fjigure 3
are stil| under consideration.

Where|assessment is performed or statistics are collected to be provided to network ugers or
authorities, for measurements of voltage swell and dip in DC systems, it is suggested that the
numbef of equipment affected by.‘each event is detected and stored.

All connections are able to.safely operate without tripping during and following over-yoltage
events|to support regulation of the DC System voltage back to pre-disturbance levels. The new
connedtion is able to withstand the maximum sustained over-voltage limit and will have an over-
voltagq protection consistent with the existing system.

The siZe and response characteristics of DC energy dissipation devices are also consistgnt with
the opgrationof the existing DC system.

An exampteof vottage swetttambe—seermim Figure 6 Normmatty, swettthrestotd—and time

duration are used to identify a voltage swell event.
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6.7

Voltage dips typically originate from system faults,\load faults (protection, lightning,
circuity, disconnection, etc.) in the public network or in network users’ installatio
appliarjces, or from direct connection of capacitive loads. The annual frequency depe

the reli

the yegr can be very irregular.

The pqwer quality characteristics ofCindividual events are defined for each equipm
residudl voltage and duration, irrespective of the specific shape of the voltage variation

For DQ
stored

Generally, according to.the network user connection, or the concrete situation, line-to-lin

to-eart

All con
events

tolerant{ransient under-voltage characteristics in terms of retained voltage levels dep
on duratt \ y i - Wi ]

Time duration
(from some 10 ms to some seconds)

Figure 6 — Voltage swell example

Voltage dip

pbility of the electrical installation and its supply system. Moreover, the distributi

for more information:

h and line-te-mid-point voltages are considered.

nectionsare able to safely operate without tripping during and following under-
to,support regulation of the system DC voltage back to pre-disturbance levels

Time

IEC

short-
s and
ds on
n over

bnt, by

measurements, the number of equipment affected in each event can be detected and

e, line-

oltage
Fault-
ending

ce, the

connection returns to normal operating conditions subject to normal DC voltage and power
control, within a defined time period. The under-voltage ride through requirements is defined to

ensure

the desired behaviour.

DC voltage excursions can be experienced in the whole DC system. Power exports from or
imports to the DC system stay within the limits that can be permanently balanced by converter
station controls. Thus, any power unbalance will have direct impact on the DC voltage. The trip
of a converter station can result in a steep voltage dip or high voltage rise depending on its

functio

n as power import or export.

An example of voltage dip can be seen in Figure 7. Normally, dip up threshold, dip down
threshold and time duration are used to identify a voltage dip event.
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Voltage (L'rms)
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Time duration
(from some 10 ms to some secands)

Figure 7 — Voltage dip example

to AC systems, voltage dips in DC systems are Jik€ly to cause equipment and ¢
unction, loss of data and general nuisance for the\dsers.

so noteworthy that LVDC systems are l€ss susceptible to voltage dips and

ments. Some loads, such as computers and emergency lighting, cannot be
s affected by disturbances in the AC utility system. Both the software and the ha|

Voltage supply interruption

Id.

olar systems, a voltage interruption occurs when the line-to-mid-point voltagq

below

hn interruption threshold.

6.9 Rapid voltage change (RVC)
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evices

swells

hg in the AC system when the interconnecting converter actively controls the DC Voltage.
centers, today the overall reliability of-power distribution is based on the use pf UPS
s. A similar result could be ensured by active DC systems with the appropriate

sed in
rdware

rtant computer systems can be damaged due to voltage transients or power olitages,
hting used to illuminate emergency exits or important processes cannot be shut ¢ff.

polar systems, a veltage interruption begins when the voltage falls below the interruption

drops

Under normal operating conditions (excluding events), rapid voltage changes do not exceed

indicati

ve values.

Rapid voltage change indicative values are in the range of 3 % to 5 % of the nominal voltage.

These values specifically refer to relative steady-state voltage changes aggregated over very-
short time intervals e.g. 200 ms time intervals (all variations during these intervals are
aggregated in the so-called steady-state voltage). They are based on the usual design criteria
for high power supply or load starting, for example.
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An example of RVC event can be seen in Figure 8. Normally, the threshold of RVC in voltage
amplitude is between the swell threshold and the dip up threshold.

Voltage (L'average)

R\/C thrashold

U. values

average

Dip up threshold

1 1 )

1 ] ]

1 1 1

1 ] ]

] 1 ]

1 1 1

Swell threshold | | |

———————— — i —— —— e -

| i
_________________________________ ) .

1 1

] )

Rapid

AC sydtem.

6.10 Voltage surges

Voltage¢ surges are transient overyoltages with durations of several microseconds. A tr

overvo

electrigal equipment causing.degradation of insulation and damage to the equipment.

Figure

Time duration
(from some 100 ms to some seconds)

Figure 8 — RVC event: example of a change in average voltage that
results in an RVClevent

changes to DC voltage can originate froinevents in the DC system or from the ¢

tage due to lightning, switching, or other causes can exceed the insulation rating

9 gives an example of voltage surge in a real system.

Time

IEC

xternal

ansient
of the
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Figure 9 — Example of voltage surge

When 4 circuit is struck by atmospheric effect‘or an inductive load or a large load is sWitched
on/off, [it often produces a high switching overvoltage. The switching action can cause|a high
transiept voltage or current surge. For.&xample, when the relay coil of a 6 V DC relay is
disconnected, the voltage surge of 300~V to 600 V can appear, depending on the cojl type.
When & large capacitor bank is connegted to the DC system, a current surge will occur,|unless
the connection is controlled, which will transiently decrease the system voltage. Voltag¢ surge
phenomenon is increasingly endangering the safety of the automation equipment. Elinfinating
surge irterference and preventing surge damage have always been the core issues relpted to
the safe and reliable operation of automation equipment. In most cases, voltage surge can
damagg electronic deviceyeircuit and its components. The degree of damage is closely felated
to the yoltage withstahding strength of components and the convertible energy in the cifcuit.

IEC 61R04 series{defines EMC, performance, and safety requirements for LV DC sdpplies.
Similar| limits_are’considered for LVDC systems.

6.11 Voeltage unbalance

In case the currents through the positive and the negative lines are not perfectly matched
because of unequal load distribution, the positive and negative voltages can become unequal.
The condition in which the positive and negative voltages differ is referred to as voltage
unbalance. The amount of voltage unbalance can vary continuously as the loads and generators
in the system are randomly turned on or off by the customers.
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igure 10 — A schematic of a bipolar system (the CIGRE B4 DC test system)

olar LVDC system can be regarded as two series connected unipolar LVDC sy

Case separately controlled by means of separate power converters. Nevertheless
converters exist with three output terminals for connecting to a(bipolar LVDC

ing the positive and the negative line-to-mid-point voltage, three-terminal con
the balanced and unbalanced voltage, as defined in 3.7.

idance for voltages and power quality in LVDC system

Considerations for voltages in distribution-D€ networks
General

in charge of specifying the recommended voltages for LVDC distribution as ong
Feafter are the proposals for implementation in IEC 60038.
nformation on preferred voltage yalues in different countries are provided in Annex |I.
Factors considered to define voltage values
ht factors have beéniconsidered to define these values, such as:

lication domainy

tiplication’by two factors for converters,

vork topology and architecture (radial or meshed system, distributed sources, ett.

stems,

a positive and a negative part (see Figure 10). The positive and negative voltages are

single
5ystem

s neutral-point clamped converters and three-level DC-DC{converters. Instead of

verters

of the

aspects. These recommendations @are expected to be the result of a factual stat¢ of the

Y
~

verters (depending on the converter design, the compatibility is easy to fulfil),

npatibility with AC voltage levels for easy conversion with some existing t51pes of

— existing DC applications or available products,

- DC

voltages in existing standards (IEC 60664-1 coordination standard, etc.),

— safety/electric shock in case of fault protection (keep U, as the DC limit used in
IEC 60364-4-41:2005/AMD1:2017, Table 41.1 to allow safety to be ensured),

— safety/fire risk, corrosion (batteries, arcing, PV, etc.),

— supply radius/transmission capacity (voltage drop, thermal capacity of cables),

— sys
— sus

tem efficiency (losses in converters, in cables and all the other components),
tainability (life cycle of different components, raw materials, etc.),

— insulation (coordination),

— clear identification (between AC and DC).


https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

IEC TR 63282:2024 © IEC 2024

- 29—

Finally, two different tables of DC voltages are proposed:

Figure

Differe
Table 1

Medium or high voltage distribution

MVDC

MVAC

( LV DC distribution domain

Low voltage distribution
LVAC

ongq for distribution domain:
insfallations for high power, long distances puré/distribution purposes, excludin

cirduits,

ong for installation domain:
insfallations, for example, final circuits, forsthe purpose of supplying voltage to end-

Figure 11 — LVDC distribution domain and installation domain

production appliances.

11 shows the typical structure of the two LVDC system domains.

Table 2
S L it |
" Yoe /v bC “Yoc
LV DC installation domain LV DC installation domain LV DC installation domain
| | | | Thble 1
DC l DC: DC r/ Dci/, / DCy
a A i '
,, , y , P

i

Applications :

I

Table 1 — Voltage between lines (unipolar systems) or line and mid-point (bipglar

systems) for installation domain

IEC

g final

Liser or

Nt commonly used voltagés-have been listed in use cases, which have been incliided in
and Table 2.

Nominal U U, U, U, U, Ug Ue
(sylstem)
Rated U

(equjpment)

A a s A a s A A \Y
+175 250 320 (source) * 380 400 420 540
350 310 (load)
+350 500 640 (source) * 760 800 840 1080
700 620 (load)
+700 1000 1 280 (source) * 1520 1600 1680 2 160
1400 1 240 (load)

*

Source and load are both related to equipment, but the source defines the system.
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Table 2 — Voltage between lines (unipolar systems) or line and mid-point (bipolar
systems) for distribution domain

Nominal U U, U, U, U, Ug Ug
(system)
Rated U
(equipment)
\ \Y \ \ \ \Y \Y
750 530 675 (source) * 795 825 870 2 800
640 (load)
+750 1 060 1 350 (source) * 1590 1650 1700 4 600
11500 1 280 (load)
* Solyrce and load are both related to equipment, but the source defines the system.

The prpposed voltage values take into account the compatibility of the inStallations belonging
to thesp two domains.

An inddistrial site can contain installations falling into either or both of the above domainps. The
use of the installation determines the domain.

The voltages are close to each other, but not the same, decause of the requirements |arising
from thle different use and operating environment:

— Equipment tolerating higher operating voltages (robustness) is required in the distfibution
domain compared to the installation domain.

— Voltage bands are optimised for both domains:

e |Distribution domain values are optimised for high transmission capacity, particulprly for
longer transmission distances, and-the need to provide resilient and secure supply in all
operating conditions, including)during faults, to supplied equipment belonging| to the
installation domain.

¢ |Installation domain values*are optimised for supplying high density of various, psually
fairly low-power, different appliances and equipment in more confined spaces,| where
the equipment is likely to be operated by laypersons.

Differept (rated) voltdge labels can be used to identify the installations and equipment (e.g,
switchgs, breakers,\\sockets, cables, etc.) intended for the different domains (similar to
identification of the-application areas of LV breakers based on standards IEC 60898 angd
IEC 60P47). Clear identification/labelling of equipment is necessary to get correct robystness
accord|ng te‘the application. Annex I, Annex L and Annex M give other preferred voltages in
differerrt countries and organizations.

7.1.3 DC voltages

ELVDC (extra low voltage DC) voltages, such as 12 V, 24 V, 48 V, etc. have not been listed as
an example of recommended voltages in the above tables but they could be included as LVDC
voltages for some distribution purposes.

Voltage levels having historical background, and which are actively used in specific applications,
such as in industrial and traction DC systems, remain in use in accordance with existing
definitions (see, e.g., IEC 60038:2009/AMD1:2021, Table 2 and IEC 60038:2009, Table 6).
These could not be mixed with the DC voltages proposed in Table 1 and Table 2.
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7.2 EMC, compatibility and testing of equipment

Electromagnetic compatibility (EMC)

is the ability of different electronic devices and

components to work correctly even in the presence of other devices that emit electromagnetic
interference. This means that each piece of equipment emitting electromagnetic disturbance
have it limited to a certain level and that each individual equipment has adequate immunity to
electromagnetic disturbance in the environment it is meant to operate in.

F
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gure 12 — Relation between disturbance levels (schematic significance only

quality requirements are consistent with EMC conceptions. As described in EN
C TS 62749 for AC, they:are usually identical or close to compatibility levels
phenomena (see Figure“12).

of LVDC, \distribution (refer to IEC 61000-2-2:2002, IEC 61000-2-1
000-2-4:2002;"" IEC 61000-4-13:2002, IEC 61000-4-19:2014, IEC 61000-4-1]
000-4-29:2000, CISPR  16-2-1:2014, CISPR  16-2-1:2014/AMD1:2017
16-3:2020).

EC{61000-6-1 and 61000-6-2 (generic immunity standards) cover high frequency phenomena for

/)

50160
for the

j standards dealing with EMC emission and EMC immunity levels can be adapted in the

p:2003,
1:2009,
and

DC input

output p

bhwar norts
P -

For LVDC application, joint work is expected to be carried out in order to review whether
environments defined for AC (e.g. public, residential, commercial and light industry/industrial
environments) are relevant for establishing DC compatibility levels. Then compatibility levels
will be specified for each LVDC phenomenon as reference benchmark for defining EMC and
power quality requirements (coordination of emission and immunity levels, see Table 3, Table 4
and Table 5 for some existing levels).


https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

-32—

IEC TR 63282:2024 © IEC 2024

Example for steady state phenomena < 2 kHz: Figure 13 illustrates the existing LVAC voltage
compatibility and immunity levels (for class 2 of IEC 61000-4-13):

RMS value in % to the value at fundamentalf1 =50 Hz

B |EC 61000-2-2 LV.CV(V%)It

4 |EC 61000-4-13 IL(V%)Test_CL2

Concefning the phenomena 2 kHz to 150 kHz in LVAC ‘systems, relevant compatibility
are illystrated in Annex D (Figure D.7). Therefore,\the definition of relevant emissi
immunity levels in this band is in progress accordingrto application domains.

W 16 15 20 22
Harmonic number for 1,(Hz) =50

26 28 30

Figure 13 — LVAC voltage compatibility and\immunity levels

IEC

levels
bn and

TabII‘3 — Immunity test requirements for DC input and output power ports of devices

eant to be used in residential, commercial and light industrial environment
Envilonmental phenomenon Test item Test Unit Basic stgndard
specification for test method
Peak’line-to-ground voltage 0,5 kV
Fast transients TIT, 5/50 ns IEC 61000-4-4
Repetition frequency 100 kHz
TIT, 1.2/50 (8/20) us
Surges Peak line-to-ground voltage 0,5 kv IEC 610Q0-4-5
Peak line-to-line voltage 0,5 kV
Frequency 0,15 to 80 MHz
Radio-fFrgpncy continuous Amplitude 3 v IEC 6100-4-6
AM (1 kHz) 80 %
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Table 4 — Immunity test requirements for DC input and output power ports of
devices meant to be used in industrial environment

Environmental phenomenon Test item Test Unit Basic standard
specification for test method
Peak line-to-ground +2 kV
voltage
Fast transients TJT, 5/50 ns IEC 61000-4-4
Repetition frequency 100 kHz
T/T, 1,2/50 (8/20) us
Surges Peak iillc-iu-gluulld +075 s IEC 61000-4-5
voltage
Peak line-to-line voltage +0,5 kV
Frequency 0,15 to 80 MHz
Radio-frequency continuous Amplitude AM (1 kHz) 10 v IEC 6100-4-6
conducted
80 %

Table 5 — Ripple on DC input power port immunity test

X

Envilonmental phenomenon Test item Level Percentage of the Basic standard
nominal DC voltage
Testing and 1 2
Measurement
Techniques — Ripple 2 5
Steady|state DC disturbance on DC input power 3 10 IEC 6100p-4-17
port immunity test
4 15

IEC 61D00-4-17:1999 gives the immunity test method of DC ripple in peak-peak values,
test procedure mentioned does not apply to equipment connected to battery charger s
incorpgrating switch mode converters. In the new DC distribution system, almost all con
are controlled in switch mode. This document needs to be completed or replaced.

ystems

Therefpre, one of the missing blocks in the standardization context is the assessment ¢f EMC

immunity and allewed emission levels of mass LVDC power electronic devices. This
coordination with future definition of DC compatibility levels.

done ir

7.3

Considerations for DC power quality

step is

The recommendations of some DC power quality measuremeni methods and indices are mainly
derived from existing AC power quality methodologies. The main reasons are to:

— start DC power quality assessment with acquired know-how on AC power quality such as
frequency bands and measurement window lengths,

— try to convert existing PQ monitoring technologies,

— adapt simulation tools for DC grid PQ assessment.

but the

verters
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This is just first step and with arising development of DC applications, evolution of DC PQ
assessment method will continue. The following DC power quality indices are proposed for
future DC system:

— Peak-peak ripple: under a given sampling frequency, it is the maximum difference between
max RMS value and min RMS value during a given measurement duration (7,, = 20 ms for

example) divided by DC component. The RMS values are computed during integration
duration (7, = 200 ms, 1 min, or 10 min for example).

— Distortion in a DC system: DC distortion is defined as total RMS value of all alternating
voltage components on the DC voltage during 7,,,.

— DC RMS ripple or distortion factor. DC distortion factor is the ratio of the DC distortion to

the
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mean DC voltage during 7,,,.

ple spectrum or distortion spectrum. The distortion spectrum quantifies AC ‘comp
erms of the amplitude and phase of each frequency component. The distortion sp|
udes the components resulting from amplitude and frequency modulation”as wel
nponents of the waveform, i.e., everything except the DC component.,

S ripple (or integral value, or spectral energy) is measured in_each frequency |
rest with adequate time and frequency resolutions. According to frequency |
hsurement methods can be different (refer to IEC 61000-4-30:2015,
61000-4-15:2010, IEC 61000-4-7:2002, CISPR 16-2-1:2014,

PR 16-2-1:2014/AMD1:2017 and CISPR 16-3:2020).

ork could be done in IEC technology committees-and subcommittees in order to
ver quality assessment methods, compatibility level, immunity level and emissior

finalize DC ripple indicator (DC distortion) ripple distortion and ripple spe
icular attention is paid on choosing aggregation time interval and sampling frequ

Hetermine whether to use the RMS or averaging operator for assessing voltage d

de

As for
compa

Some
indexe
system
- |ECQ
- |ECQ
- |ECQ

iations. The adequate averaging operator can be used.

AC, power quality requirements in LVDC systems require coordination w
ibility level (conventionalyvalue) and immunity level (protection) of equipment.

existing standards;which have already given some recommended values for
5 in LVDC distribution or equipment could be taken into account in the context o
S:

60092-101,

61000-4-29,

61204-3.

onents
ectrum
as AC

and of
anges,

define
level.

ctrum),
ency.

ps and

lls in LVDC systems, along with specifying the appropriate aggregation time ipterval.
Cu\:lrent aggregation time intervals fon AC systems can be inadequate to detect power

quality

th the

he PQ
LvDC

7.4 Measurement methods

7.4.1

General

Most of the voltages stated in the document are DC values with AC components during a given
time. DC RMS value is computed by the same formulas as in an AC system (see Annex D for
detailed explanations).


https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

IEC TR 63282:2024 © IEC 2024 -35-

7.4.

2 DC system electric value integration time

The integration time or measurement window length of DC system RMS values and power
quality indices are defined according to the power quality domain; it can be for example the
following:

7.4.3 Frequency ranges of ripple spectral analysis

200 ms and 10 min values can be used for continuous phenomena such as DC ripple,
unbalance;
fast RMS value integrated during 7; (as half cycle RMS in AC system) can be used for

transient values such as voltage dip/surge, in line with most existing UVRT (under voltage
ride through) curves.

At pregsent stage for total DC distortion assessment and DC ripple spectral analysjs, two

frequemcy ranges can be for example:

7.4

4 DC power quality measurement methods

The 0 kHz to 9 kHz range, referred to low frequency conducted disturbances of AC gystem,
qugntified with IEC methods (refer to IEC 61000-4-30:2015, IEC 61000-4-15:2010).

The > 9 kHz range, referred to conducted disturbances of AE ‘system, quantifigd with
qudsi peak detector according to the specific testing environment requirements.

For DQ power supply systems, it is referred to IEC 61000-4<30. Further work is necessafy to fill
in the gap of DC power quality measurement methodshin this and other relevant dociments

such ag 61000-4-7 and 61000-4-15.

7.4
As

5 DC system electric power measureménts

analysis in Clause D.5 shows, in a.DC system with ripples, three types of powers

components can co-exist: active power, reactive power and distortion power. Apparen{ power

is the Key parameter to quantify supply. capacity and active power is for metering system.

Total active electric power Py, -dt/a metering point includes AC and DC power components:

7.5
DC

Piotal = Ppc * Pac

DC power quality standardization framework
power quality standardization contains:

DC| power quality terms. The specific terms in LVDC power quality need to be [further
opt|mizéd and defined.

Measurement. The specific measurement in LVDC power quality is surveyed in a separate
project.

Index and recommendation. The power quality indices and recommendations in LVDC are
different from AC systems. This needs to be surveyed in a separate project. It is the key in
the LVDC power quality standardization.

DC power quality assessment. Based on the power quality index and recommendation in
LVDC, assessment is the application of power quality data. The standardization in
assessment will guide the LVDC power quality management and fieldwork.
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Annex A
(informative)

PQ waveforms collected from a certain LVDC project

Suitable PQ waveforms could be obtained from the operating projects. As supplementary
information, Figure A.1 to Figure A.3 are parts of the waveforms corresponding to some PQ
phenomena captured from an existing 750 V/£375 V LVDC system in Tongli, China.

£} i i !
o i i :
e i i : Voltage band
o : : :
£1 : : ; :
Q ~ i i i
- : | | i
.......... S R R A S R o8
O fmmmmmmmmmne e pommmmmmmmmm e e -
0.5 ] i ] i
) 0,05 0,1 0,15 02 (s)
IEC
Figure A.1 — Voltage deviation caused by load switching
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Figure A.2 — Voltage ripple in steady state
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Figure A.3 — Voltage dip caused by the start-up of motor load
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Annex B
(informative)

A LVDC oscillation typical example

As an example of a LVDC oscillation, the scenario happened in an MV&LVDC system in China.
During the commission process of the substation, the oscillation happened on a +375 V DC bus.
Figure B.1 shows the equivalent topology of the whole system.

DC transformer (DCT) | controls the power transmission, and the rated capacity is 2 MW. DC
transformer 1l controls the DC voltage of +375 V and the rated capacity is 700 kW. The power
flows between DCT | and DCT II.

10 MW
MMC
Y A

DC +10kV
\ | * | y
2 MW 2MW
DCT I DCT Il

A Dczdrsv |

IEC

Figure B.1 — Equivalent topology of the substation

Figure |B.2 shows the oscillation waveform. The oscillation occurs at 21 Hz when the trangmitted
power |increased from 500 kW”to 700 kW. Voltage on the +375V bus is changed pround
748 V 1+ 766 V. Current is\‘changed around 823 A ~ 1025 A. Power is changed pround
80,55 KW ~ 622,08 kW.(The oscillation continues for 2,23 s and then overvoltage prote¢tion of
the syqtem acts and stops the oscillation.
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Figure B.2 — The voltage and current oscillation waveform on 375 V bus

cillation is caused by the effect of negative input impedance. The oscillation cq
] by optimizing the control parameter of the two DCTs 10 improve the system sta

uld be
Dility.
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Annex C
(informative)

Supply radius in DC distribution systems

Supply radius means the distance of the line from the power source to the furthest load it
supplies. Supply radius calculation in DC distribution systems considers voltage level,
conductor nominal section, maximum long-term operating temperature and other factors. The
supply radius calculation of the DC distribution system is based on the content of voltage
deviation in different voltage levels in Clause 7. Considering that the conductor temperature
and the DC resistance of overhead lines increasing with the growing transmission current, the
supply[radius of all typical nominal seclions at operaling temperature of /0 'C |n'|‘a DC
distribytion system is calculated based on the unit DC resistance of the overhead line'copductor
at 20 °C. The results of the load distance in different voltage levels are shown-in)Taklle C.1,
Table €.2 (based on the preferred DC voltages in China).

Table C.1 - 1,5 (¥0,75) kV typical supply radius of overhead DC lines

Unit: [kW-km

Voltage level 1,5 (+0,75) 1,5 (+0,75)

kv
Nominal section Voltage deviation 10 % Voltage deviation 15 %

mm?

120 390 585

150 477 715

185 589 883

240 769 1153

NOTE | The supply radius values of 1,5 (£0,75).kV overhead lines are based on an aluminium strand conductor.

Table C.2 — 750 (£375) V, 220 (¥*110) V typical section supply radius
of overhead DC lines

Unit: [kW-km
Voltage level 750 (£375) 220 (%110) 750 (£375) 220 (x1/10)
\Y
N¢minal section Voltage deviation 10 % Voltage deviation 20 %
mm?
95 77 7 154 13
120 98 8 195 17
150 119 10 238 21
185 147 13 294 25
NOTE The supply radius values of 750 (£375) V and 220 (£110) V overhead lines are based on an aluminium
strand conductor.



https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

IEC TR 63282:2024 © IEC 2024 -41 -

Annex D
(informative)

Electric power and power quality computation in DC system

D.1 DC mean and RMS values of voltage or current

The mean value is usually used in DC electric systems to quantify voltage, current or power
during a given period 7, i.e., a measurement window’s length:

1T
Vmean=?J‘0 V(T)de (D.1)

More generally, the DC root mean square value (RMS) value is used to quantify all DC and AC
compopents. It is the total RMS value of the DC component (or mean+«alue) and RMS Value of
all AC pomponents in a given measurement window’s length T, i.e.:

In the ti/me domain, computation of the RMS value is identical in both DC and AC systemg during

the given measurement window:
_ 1T 2
"rRvs _\/?jo () (D.2)

In the frequency domain with FFT or DET\transforms, the DC RMS value is computed with the
same fprmula as for AC systems during the given measurement window:

Vams =4 2p_o/% (D.3)

where
T is the measurement window’s length;
n is halfiof the sampling points during the given window FFT or DFT,;

Vi is‘the RMS value at index %, i.e. at frequency & x f,,;

Sw is the window frequency referred to the width of the Fourier transform window;

k=0 is the DC component.
D.2 General electric power system: decomposition of a general electric load

In an electric power system, an electric load can call different types of currents from power grid:
DC current, sinusoidal current with different phase angles, and non-sinusoidal currents. In a
general case, load consumption can be represented by linear and nonlinear components
referred to different electric powers (see Figure D.1). From these decomposed equivalent
circuits, it is observed that there is no important methodological difference in dealing with AC
or DC power quality issues.
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Key
E1 fundamental voltage source of AC case

Rs, Xs and Eh upstream grid equivalent model with frequency-dependent ré€sistance, reactance and bagkground
disturbance voltages

Edc, Erpl DC voltage source and ripple component of DC case

Rp, Xp gnd Jp frequency-dependent resistance, reactance and disturbance current injection

S apparent power

P active power

0 reactive power

D distortion power resulted from deformation of voltage and current

Figure D.1 — Equivalent model of a general electric load

D.3 |Computation of electric;powers and PQ indices

D.3.1 Computation of electric values in time domain

The ingtantaneous active power is defined by the multiplication of voltage and cunrent in
sampldd values:

p(t) =u(t)xi(t) (D.4)

The mean value of active power P is computed by integration of the instantaneous power p
during the pre-defined analysis period T:

P=%IOTP(t)dt =%j0Tu(t)><i(f)dt (D.5)

In the above formula, DC components are included.
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In simplified computation system, DC power can be measured with mean values of voltage and
current:

P =Vinean X Imean (D.6)

In the above simplified formula, influence of AC components is neglected. If AC components
are not negligible, Formula (D.5) is used to compute true active power.

RMS values of voltage U and current [:

U= 1}u(t)2dt and I = l}i(z)zdz (D.7)
TO TO '

If wavdforms U and I are sinusoidal: P =1xU xcos(¢)

D.3.2 Computation of electric values in frequency domain
Generally, in electric power system monitoring, electrical)values such as voltage and furrent
are sampled in the analogical time domain, by means<of a Fourier transform within a gefined

window length; they are decomposed into frequency~domain values as DC components and AC
compohents (magnitude and phase):

Y =Ug +\/§[U1><Sin(a)t+¢1)+U2 xsin(2wt + ¢ )+ Uz xsin(3wt + ¢ ) +...+ U, x sin(nwt + ¢, ] (D.8)

i=1 +\/§[11 xsin(wt + ¢4 ) +dox sin(2wt + ¢ ) + I3 xsin(Bwt + & ) +...+ I, xsin(nwt+¢§,)] (D.9)

where
n is the maximal’harmonic referred to measurement window frequency f;.
f1 is the measurement window frequency, o =2T1f;;

Uy, Iy | arethe DC components;

U, I, | ~are the AC components (k> 0) in RMS values.

Relevant electrical values can be computed with frequency domain components:

Root mean square values or RMS values:

n
U=\Ug+U? +U3 + U3 +Uf +..+ U2 = |3 U (D.10)
k=0

n
I=RB+B+2+B+12+. +12= |3 12 (D.11)
k=0
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Electric powers of single-phase system:

S=UxI (D.12)

P= Y [Uy x1, xcos(@,)] (D.13)
k=0

0= [Uy x1; xsin(g,)] (D.14)

k=0
D=45%2-P?-0? (D.15)

where

%
%

The above active power formula gives exact power values even if AC components exigt. In a
simplified or economical way, it is possible to measure only DC power by mean values of yoltage
and cufrent:

$ the phase angle difference between voltage and currentat frequency f = k f; (k30)

5 either 0 or 1T.

Byey=Upc xIpc (D.16)

D.3.3 | Total harmonic distertion T,y used in AC system

Based jon the frequency domain decomposition, the total harmonic distortion can be computed:

Total vpltage harmonic-distortion:

Tan o :Ui1\/U22+U§+U§+...+U3><1OO% (D.17)

Total current harmonic distortion:

Tdh_,:Ii\/122+1§+1§+...+13x100% (D.18)

1

In a pure sine wave system or in a pure DC system: Ty, = O.

According to IEC definitions, the total harmonic distortion for AC systems is computed up to
harmonic number 40 or 50 (2 000 Hz or 2 500 Hz) depending on the countries. In Europe,
harmonic frequency ends at 2 kHz.


https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

IEC TR 63282:2024 © IEC 2024 - 45 -

If the frequency range of the above formulas exceeds 2 kHz, it can be called as total distortion
T4 instead of T4, so Ty 2 Thg.

Computation of other power quality indices: see IEC 61000-4-30 for AC systems.
In a DC system, Ty, can be represented by the RMS ripple value, i.e. I, or U, are replaced by
a mean DC component value during the measurement period. In fact, harmonic in DC system

is not a correct term as the fundamental frequency does not exist, see Clause D.6 for ripple
computations.

D.3.4 The relation of different electric powers

S =yP?+ 0%+ D? (D.19)
0' =02+ D? (D.20)

Power ffactor is generally computed as:

P P
p=L
F™s

=—,——P2+Q2+D2 (D.21)

In a pufe sinusoidal system (D = 0), 4 becomes:

B =L=cos(¢) and tan(¢)=0/P (D.22)
P2 102
where

¢ is the phase angle difference between voltage and current at fundamental frequency

The vdlues of €0S (¢) and tan (¢) are computed only by phase angle between voltage and
currenf at fundamental frequency.

In a ndn=sinusoidal system the power factor 4 takes into account hoth reactive powen O and
distortion power D, but the terms cos (¢ ) and tan (¢ ) take into account only the reactive power
at fundamental frequency.

In DC systems, cos (¢) and tan ( ¢) cannot be significant because reactive power is near zero.
Furthermore, S, P, D, P; remain useful and are physically significant. D quantifies the existence
of distortion power and P; indicates the performance of a load, i.e., if P;is near to 1, the load is
grid-friendly in both AC and DC systems.
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D.4 Representation of electric powers in AC system

These different powers can be represented by an equivalent 3D vector diagram. See Figure D.2.

EC

a) General case (non-sinusoidal) b) Particular gase (sinusoidal)

Figure D.2 — Representation of electric powers.in AC system

D.5 |Representation of electric powers in DC system

In a DG system with the presence of AC components)(or disturbances in voltages and cufrents),
the different electric parameters can be also represented by 3D vector diagram (see Figufe D.3):

IEC

Figure D.3 — Representation of electric powers in DC system

The powers O, D are only computed with AC components. Active power P, is resulted from
the AC voltages and currents, and Pp is resulted from of DC components.

In a pure AC system, Ppc = 0.
In a pure DC system, D =0, 0 =0, Ppc = 0.

In a DC system with ripples, total electric power at a metering point Py, = Ppc + Ppc- This
could be considered in future DC metering systems.
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Remark:

A DC system with the presence of AC components represents theoretically the general electric
power system, that is to say, in a DC system, some power quality issues can exist as well as in
AC system. In so-called today’s world-widely used AC power system, the DC components are
very small and just considered as negligible.

— General case of electric power system: presence of DC + AC components;

- AC

D.6

power system is a particular case: DC component is considered as negligible.

Power quality indices in DC system

D.6.1

The D(

11 000
10800
10600
10400

10 200}
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9 800|-
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Figure D.4 — Ripples of output DC voltage of positive of a PWM AC/DC conver

D.6.2

For ge
value @
RMS v

General

value can include ripples (or AC components) (see Figure D.4):

Vmax

mean

0 0,020 268 64 0,058 608 12 0,096 703 39 0,132‘845 1 0,166‘544 7 0,198 535
Time (s)

DC peak-peak ripples

heral DC power supply, the following formula is used to quantify DC ripple ped
f each measurement period. Peak-peak ripple is the maximum difference betwe
hlue and min RMS value during T,, divided by DC component.

Peak - peak ripple...(%) = abs(M)x 100 %

mean

Vmin

IEC

er

k-peak
BN max

(D.23)

D.6.3

L_Ripple spectra

Figure D.5 illustrates DC voltage and current waveforms measured at the input of a new LVDC
load (electronic dimmer) and their FFT analysis. The spectra show that the load current contains
a large range of spectra covering mainly from 100 Hz to 150 kHz. The potential impacts of these
spectra of DC voltage are surely different in each range of frequencies because the impedances
of DC power supply and distribution links are function of frequency as well. In this case,
computed DC PQ indices are: RMS ripple is 2,33 % for DC voltage and 215 % for DC current
in the range of frequency < 9 kHz. For information, the observed disturbance voltage level 9 kHz
to 150 kHz is about 86 dBuV which is lower than the existing AC voltage compatibility level.
Furthermore, the definition of EMC emission limits is documented in CISPR 11 (Industrial,
scientific and medical equipment) and CISPR 15 (electrical lighting and similar equipment).


https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

- 48 - IEC TR 63282:2024 © IEC 2024

20,5 10 130
20 1L . . o 0 kHz - 9 kHz >9 kHz 125
e y m 120
18,5 ) ‘ 115 —61000-2-2 NIE CL
185 110
18 Voltage (V) Current (A) :gg

10m llClljlrrclant" ,IAI 0,01
j | ILLILILJ

951 Voltage (dBuV)

il

o |
I

I

|
Il

65
0 0,005 0,01 0,015 0, 02" 10 100 1000 0000 100000 10000
Time (s) Fr (Hz) Fr (Hz)
DC power supply DC.Rip.U = 2,33 % DC.Rip.I= 215 % Dimmer + load
FraNd LN
i) ) (Y]

D.6.4
Time d

RMS v

DC val

where

=

Figure D.5 — Spectral analysis of DC voltage and current measured
at the input of an electronic load

DC RMS ripple or ripple distortion

pmain computation with sampled values:

1
U=iz (t)andI_—Z
g t=1p g =1y

Les (or mean values):

hlues:

(I 1 &
UO =—~Zu(t) and 10 Z—ZI(t)

fs 1=, fs 1=

15 is the sampled number during the observed period.

DC ripTIe in.RMS values:

, 2 2 ’2 2
UrpI= U _UO and [rp|= I —]0

DC ripple rates in %:

Urpl =

2 2 2 2

U =U, I =1

Y —0.4100% and ip =+——2-x100%
Uo Iy

100 000

IEC

(D.24)

(D.25)

(D.26)

(D.27)
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Frequency domain computation of DC power quality values with sampled values:

Based on DFT or FFT analysis of DC signal (voltage or current) during specified period, DC
electric parameters and power quality indices are computed:

RMS
U=JU2+UZ+U3+U2+U2 +..+U2 (D.28)
[=\I§ +If +15 +I5 + 1§ +..+ I (D.29)
Ripple [in RMS
Urpl =\/Ug+U12+U§+U§+U§+...+U§1 (D.30)
Irp|=\/1§+I12+122+I§+12+...+1,% (D.31)
Ripple [distortion in %
U, JU? -ug
) = —2x100% = =2 x100% (D.32)
Up Uo
I JI? - 13
ol = 2 x100% = Y0 100% (D.33)
Iy Iy
Where[m is the/maximal harmonic referred to windows’ frequency f;.
The maximum measurement frequency f,, is defined in accordance with studied frefjluency
domains—imcomptiance-with un-guiny HECEME ataudaldb,fm canmbe-setas:

— fm > 2 kHz for harmonic frequency range defined by IEC;

— fm >150 kHz for disturbances 2 kHz to 150 kHz.
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D.7 lllustration example of distortion power in DC system

Computation of DC powers based on sampled values of Upc and Ipc (512 points) during a
window of 20 ms (see Figure D.6, e.g. a repeatable load control). Even if the DC voltage is
almost perfect, distortion power exists:

Voltage (V)

100 |
o —_————— T
0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,01 0,011 0,012 0,013 0,014 0,015 0,016 0,017 0,048°0,019 0,02

Time, #(s)

Current (A)

00 ‘r ----------------
O A A A A U P P N o 5
IR S
dofododn
ol U SO SO FUN S N SO
. X . X . : . ) - : . H 1

0 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009 0,01 0,041\0,012 0,013 0,014 0,015 0,016 0,017 0,018 0,019 0,02
Timex xe) I

Figure D.6 — DC powers caused by intermittent DC current

With theese voltage and current, different powers can be computed during 20 ms for a repg¢atable
load vgriation (just as an example, see computed electric values of this example in Table D.1):

Table D.1 - Different powers

DC electric parameters Values
U (V) 99,999 78
1(A) 70,650 26
S (VA) 7 065,01
P (W) 4 997,337
0 (Var) -0,005 851
D (Var) 4 994,096
Pe (%) 0,707 336 1

D.8 Main conclusions on electric value computation in DC system

— Active power is smaller than apparent power in a DC system if nonlinear load is connected.

— Reactive power can be very small in a DC system if the ripple of DC supply voltage is
negligible.

— Distortion power can be important in a DC system if a nonlinear load is connected. It is taken
into account in overall system design.

— Power factor P is taken into account in the DC load profile assessment.
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— DC system power quality mitigation: the key figure is to reduce as much as possible the
distortion power (or increase Pg to 1) in order to increase the efficiency of DC power supply.

D.9 Need of characteristics of DC voltage

One of the key steps in assessing of DC power quality is to define characteristics of DC power
supply voltage in public networks. Characteristics of DC voltage supply can be defined similar

as follows:

— For disturbance frequencies less than 2 kHz: IEC TS 62749 (EN 50160 as well) can be
adapted to the relevant DC voltage ripple values.

— Conpducted disturbances Tevels 2 kHz to 750 kHz in LVAC network are defined based on the
compatibility voltage levels of IEC 61000-2-2. They can be adapted in DC ;1/stems
(Figure D.7 below illustrates LVAC compatibility voltage levels measured /in_diff¢rential
mofle values). For LVDC, the extension of power quality phenomena to the frequency range
< 1p0 kHz is necessary because DC power sources and loads are almost-all’equipped with
power electronic interfaces.

Levels in dByV ~ —— 61000-2-2_NIE_CL_DM

130
125 -

120 |
115 -
110 4
105 -
100
95 -
90 -

Frequeney: 2 kHz to 150 kHz

Figure D.7 — LVAC compatibility level measured in differential mode values
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(informative)

District LVDC system demonstration project in Tongli, China

Project overview

District LVDC system demonstration project in Tongli, China is composed of four different
microgrids: £750 V LVDC, +375 V LVDC, 220 V LVDC and 380 V LVAC. It is sponsored by 2017
National key research and development project of China. This project aims to distribute the use

of gre
applicq
mode (g

As Fig
transfo
interco

tions, develop high-efficiency DC distribution equipment and introduce the cons
f a low-energy DC building.

ure E.1 shows, the above four microgrids are connected through,power elg
rmers (PET), powered by a 10 kV AC line and can realize flexible power control and the
hnection and complementation of multiple energy sources.
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Figure E.1 — Architecture of the district LVDC system in Tongli

Voltage level selection principle

Various types of sources and loads are connected to different voltage levels of the Tongli
system. The selection principles are given as follows:

Due to the adaptability of MPPT strategy range of PV string, the relatively long transmission
distance and the large transmission capacity, the 750 V DC microgrid is connected to
a 2,9 MW PV power and energy storage.

Similarly, the voltage between the poles of the +375 V LVDC grid is 750 V, which is connected
to the energy storage equipment, battery swap station and electronic highway.
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Furthermore, there is a 220 V DC nanogrid connected to the bus of +750 V DC through a DC/DC
converter, which provides the DC power for some home appliances in a residential community
such as air conditioner, washing machine and some kitchen appliances. The reason for
choosing 220 V DC as the voltage level is that there is a relatively complete supply chain
foundation in the existing DC system of substation and data center. However, it could be noted
that as in the tests and operations shown, the DC modified appliances can withstand higher
voltage and have a correspondingly higher efficiency.

As for the small household appliances whose power capacity is below 500 W, such as electric
fans, air purifiers, etc., considering the safety and power supply radius, they are all powered by
a 48 V DC bus which is connected to the 220 V nanogrid by a DC/DC converter.

E.3 [System operation

The LDC system in Tongli can operate in various modes according to the extérnal power grid
conditipns. When the light intensity or/and energy storage capacity is sufficient) it can adt as an
active gystem and achieve self-sufficiency. The surplus power can be fed‘back to the gxternal
grid. When the PV power and energy storage is insufficient, the system,can realize the pptimal
configyration by the control of PET. Besides, the system can be controlied in APF or STATCOM
modes|in different occasions to improve the power quality of AC power grid. Since |ts first
operation in October, 2018, the Tongli LVDC system has been_running stably for 18 months
and prgvides valuable platform and data for the project team to.study related technical prpblems
of LVD[C system.
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Annex F
(informative)

A typical MV&LVDC distribution system in Wujiang, China

Project overview

A typical MV&LVDC project shown in Figure F.1 has been put into operation since June, 2021,
which is located in Wujiang, China, in the developed Yangtze river delta with high load density.
The capacity of this project |s 20 MW including 6,21 MW integrated PV generator. There are

three g
system
center,
150 ho
MV&L\
DC ad
breake

Beside
scenar
applian
descrif

— Ind

supplies power to 10,54 MW of various kinds of loads, incIuding resident loa
commercial load, industry load and charging station and provides electric\en
useholds. The project adopts the ring topology structure and develops-a series
DC system components such as the DC transformer, the MVDC circuit-breaker
hpter. The whole system contains two 10 MW/+10 kV AC/DC conyerters, 4 DC
I's, 82 DC load-break switches, 19 DC transformers and 150 adapters (see Figur

5, the project has proposed and applied typical design schemes*for DC access in
os such as industrial frequency conversion load, data“-center, household
ces and the integration of PV, energy storage andc¢charging station. The fo
es each scenario in detail:

stry load: The project adopts DC power supplyfor the injection molding mac

Homgsheng factory with the capacity of 3,3 MWs which can omit the primary recti

linkl,

the

and make full use of the feedback kinetic.energy of frequent startup and shutd
rotor to improve the energy utilization rate,

— Data center: The project provides DC power supply to Jiuli data center with the cap

1M
andg
— Reg

app
app

W, omitting multi-level AC/DC conxersion within the power supply of the data
the measured power efficiency istimproved by 1,5 %.

ident load: The project provides’ DC power to 150 households, develops 15 types
liances, omits the rectification link and power factor correction (PFC) link in tra
liances, breaks throughx-the arc free breaking technology, and improv

comprehensive energy efficiency by 2 % through the third-party detection.
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effi
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contind
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whole
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rgy for
of key
nd the
circuit
b F.2).

arious
blectric
lowing

hine in
ication
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beity of
center,

of DC
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ps  the

access: The projeetiis connected to the roof photovoltaic of Baotong, Hongyi, FI]’\ingzhi

other industrial\parks, with a total of 6,21 MW. When DC absorption is ado
tovoltaic, the AC/DC link in the converter can be omitted and the operation
Ciency can.beisimproved.

more, the project adopts floating grounding mode at the LV side, which can

ted for
energy

realize

ous(operation under single pole grounding fault. At the same time, it is equipped
;] current protector and an insulation monitoring device, WhICh can find the srng

fault pain

with a
le pole

which can prowde muItrpIe voltage Ievels for the Ioad srde and |mprove the power supply
reliability of the system. Besides, power quality monitoring system is deployed at both MV side
and LV side to monitor the ripple, dip, oscillation and other power quality problems of DC system
in real time, which can provide the basis for power quality control of the DC system.
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Reproduced with the permission of State Grid Jiangsu Electrical Power CO., LA D*Research Institute.

Figure F.1 — Location map of the typical MV&LVDC system
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Figure F.2 — The structure of the MV&LVDC system in China

F.2 Voltage selection

The typical medium AC voltage levels in China are 110 kV, 35 kV, 10 kV. The typical medium
DC voltage level in China is £35 kV, £10 kV, +3 kV, 3 (£1,5) kV.

The MV&LVDC distribution system in Wujiang is connected to a 10 kV AC grid. There are three
stages of voltage levels in this system: 10 kV DC, +375 V DC and +48 V DC.
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The current-carrying capacity of a DC cable is 1,03 to 1,04 times of the AC cable. The typical
current-carrying capacity of cables is listed in Table F.1. The transmission capacity of AC
and DC cable can also be calculated. With the same transmission capacity, the DC

distribution voltage level corresponding to the AC system is listed in Table F.2.

Table F.1 — The current carrying capacity of medium voltage AC and DC cables

Voltage level / kV

Laying method

Cable section / mm?2

185 240 300 400 500
Air 570 A 680 A 780 A 910 A -
AG 10 In ducts 420 A 500 A 570 A 670 A -
Direct burial 485 A 565 A 640 A 735 A -
Air 582 A 685 A 783 A 917A 11061 A

35 In ducts 453 A 505 A 577 A 659 A 157 A

Direct burial 500 A 582 A 654 A 752 A §55 A
P9 Air 587 A 700 A 803¢A 937 A -
10 In ducts 433 A 515 A 587 A 690 A -
Direct burial 500 A 582 A 659 A 757 A -

with the same transmission capacity

Veoltage level / kV

AC

110

35

10

0,4

DC

+92,4

29,4

+8,4

0,64

Table F.2 — The voltage level corresponding relationship between AC and D¢

Thg transmission capacity of the 10 kV DC system is larger than that of the 10]kV AC
system. The load capacity,of:the whole project is 10,61 MW, with 6,2 MW PV and
storage. In order to satisfy-the power supply requirements, the medium DC voltage level
+1( kV is suitable for the for the MV&LVDC distribution system.

Traphsmission distance

P2 MWh

The voltage dropion the cable is an important factor to consider in the voltage level selection.
In this system;all the power electric equipment has the ability of +10 % voltage adjusiments.

A 110 kV DC)cable has a longer transmission distance than a 10 kV AC cable.

Converteradjustments

Forl a.converter, the modulation ratio is defined as the ratio of the peak value of AC phase

voltage to the single pole output DC voltage. In the application, the modulation ratio is set
as 0,7 to 0,95, for better voltage utilization and power quality.
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The modulation ratio M is
2\/§Uac
M=—"= (F.1)
\/§Udc
where
Uge is the RMS of AC system voltage;
Uqge is the converter DC voltage.
Thg voltage between two poles of the converter AUy, is calculated in Table Fi3|with a
modglulation ratio of 0,7 and 0,95.
Table F.3 — DC voltage range with modulation ratio limit
AC qystem voltage / kV 110 35 10 0.38
AlUge(M = 0,7) 1 kV 256,6 81,7 233 0,9
Ay, (M =0,95) / kV 189,1 60,2 17,2 0,7
The vqltage between two poles is suggested to range-Wwithin the interval in the table. The
medium DC voltage in this system is £10 kV, allowingfull use to be made of the 10lkV AC

voltage

, with improved power quality.
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Annex G
(informative)

An office building with general building utilities and office workplaces

G.1 Sustainable circular building

The ABN AMRO Pavilion at the Zuidas in Amsterdam aims to be the most sustainable circular
building, and DC takes this one step further. It has a 3 000 m?2 of meeting venues with LED
lighting and PV panels connected to a complete DC grid on 350 V DC. See Figure G.1.
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Figure G.1 — Office building with general building utilities and office work places

This use case shows an office building with general building utilities and office workplaces
where mainly information equipment is connected.

The office is designed to operate CO, neutral, through generation of renewable energy with
solar power and energy storage by means of batteries.
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The main operating voltage between L+ and M is in the voltage band 320 V DC to 380 V DC.

There is an AC/DC converter that serves as a reference for the voltage and exchange of excess
energy and energy source in case of energy shortage in the system.

On the side of the users there is also a storage unit and there is the building lighting by means
of LED’s and power outlets by means of USB-C (5/12/20 V up to 100 W). Users that require
more power than 100 W can be connected to the 350 V level. On this level the user can plug-
in his/her equipment for use.

All the equipment, converters, switches, chargers are semiconductor based and bidirectional
Operatiﬁy for \,unclltllpuvvcl.

For the
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es are separated by protection devices. The protection is an electronic switch t
trolled by the operating system manager that manages the_energy supply
d in the installation.
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Ctive front end (3 x 50 kW);

d state protection devices

16 A,
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Peak shaving,
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Flexible output\woltage (5 V to 20 V output range),

Power and)data combined in one connector/cable;

V DC wall socket (protected by solid state circuit breaker);
AC ‘converter (230 VAC 2 kW),

proper functioning and protection of the equipment in the installation, zones‘\are defined.
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stem);

Eornormal AC devices:

Mobile DC/AC converters (For users to charge laptop without USB-C).

Advantages:

additional functions;
integrated UPS;

less conversion losses;
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nd mode enabled;

congestion management is easier with droop curves implementation;

connected to the fire alarm.
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Risk classification of DC installations:

Depending on the design, a certain risk can be assigned to a DC installation. Based on the

energy

stored in batteries and the power that can be delivered by the installation at a certain

point, a classification into hazardous and less hazardous installation components can be made.
Five different risk categories have been defined for DC installations, ranging from DC zone 0
(highest risk) to DC zone 4 (lowest risk). These DC zones are described here.

Depending on the DC zone in question, different requirements could be set on the knowledge,
expertise and skills of the designer, fitter, installer and the operators.

G.2

DC zor
DC zor

Electri

— ele

— injury from exposure to arcing, fire from faulty electrical equipment or installations.

To eas
5 zone

Most o
IEC 60

Zones
current
risks a

Differe

from ome zone to the other.

Zone 0

In this

Zone system

es are part of the Dutch NEN NPR9090:2018 and part of Current OS. In Current ©S, the
es are more precisely described.

al hazards associated with all electrical installation include

ctric shock and burns from contact with live parts,

e design and operation of DC installations, circuits or’group of circuits are clasgified in
5 numbered from zone 0 to zone 4. Different installation rules apply in the different|zones.

f existing DC installations are in zone 0, 1and 2. These are already covered in the
364 series.

3 and 4 are protected by new semiconductor power distribution components, hamely
source converter and semiconductor circuit breakers. Fault energies and consequent
e lower in these zones.

Nt zones are connected by-means of devices able to limit the flow of the fault fenergy

— Unprotected source:

rone there are high-power voltage sources or sources with similar behaviour duifing the

fault,
public
the pr

Circuit

uch as batteries (multiple linked batteries or batteries with large energy content), the
lectricity~grid, capacitor and supercapacitor banks, including the connection cirguits to
ective-device.

downstream of power converters with large capacitors are also classified in zone 0.

The rationale for this and criteria for classification are under consideration.

Characteristics of zone 0 are:

— multiple power sources not possible,

— bi-directional power flow possible,

— very high fault current and energy,

— high arc-flash incident energy.

As arc-

flash risk can be very high, zone 0 circuits have limited extension and are housed in an

enclosure, e.g., in a battery rack or in a panel, only accessible to highly skilled people wearing

approp

riate personal protection equipment (PPE). NFPA-70E:2024 standard for arc flash could

be considered.
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In the system shown in Figure G.2, the batteries connected in a string can yield a very high

fault e

nergy and are therefore classified as zone 0.

Zone 1 — Protected circuits with high short-circuit energy:

Power distribution circuits, typically busbars, powered from sources in zone 0 and protected
from zone 0 by electromechanical circuit breaker or fuses are classified as zone 1.

The m

— hig

— mu

is fed from one end only,

— bi-directional power flow,

— hig
These
- ifJ
- typ
- typ
- typ

Circuit

the batftery compartment to the electronics compattment, or in a dedicated room.

In Figure G.2, a cabinet used in a system is shewn. Different zones are present within th

cabine
device

the fault energy according to its /¢ rating, and consequently limits the electric risk downg
Howevegr, with a fuse or electromechanical circuit breaker, the residual fault energy and
still relptively high; this circuit is.classified as zone 1. After the OCPD, a DC/DC conv
used tg control the current to and from the batteries. The large DC-link capacitors down

this co

itself. $o, this part of the-gabinet is classified again as zone 0.

ain characteristics in zone 1 are:

h overcurrent possible,

tiple sources possible, but all connected to the main distribution board, so that the

N Arc-flash risk.
pre typical characteristic values (for information only) of zone 1:

cm?2 is below that of zone 0, then the system is in zone 1,

cal incident energies are in the range of 1 J/cm?2 to 5 J/ch?;
cal time constants are in the range of 1 ms to 5 ms,

cal I?¢ ratings are in the range of kAZs.

5 in zone 1 are distributed only at short distances, for example inside a containe

. The circuit protected by the fuse.is' classified in zone 1. The overcurrent prg
(OCPD), such as a fuse or a circujt'breaker, connected after the battery string, c

nverter can supply very. large short-circuit current, before this is limited by the co
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r, from
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Figure G.2 — Example of zone 0 and zone 1

Zone 2 — Current-limited protected source:

Circuits fed by current-limited power sources, for example PV string optimizers or DC/DC
converters with smaller capacitors are classified in zone 2. But also, hybrid breakers with strong
current limiting behaviour.
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More actionable criteria for distinguishing zone 1 and 2 (alternative to the capacitors size) are
under consideration.

NOTE 1 Fault currents are too small to actuate conventional OCPD.
The main characteristics in zone 2 are:

— multiple sources possible,

— Dbi-directional power flow,

— limited arc-flash incident energy,

— low fault current makes protection challenging.

Charadteristic values (for information only) below are under consideration:

— typical time constants are in the range of xxx pus,
— typlcal I2¢ ratings are in the range of a few kAZs,
— neqds voltage-based protection (detecting undervoltage).
The edample shown in Figure G.3 is very similar to the one in Figure G.2, but the DC-link

capacifor of the converter is much smaller and so is the fault enérgy. Therefore, the circuit is
classified as zone 2.

i
DC

IEC
Figure G.3 — Example of zone 0, 1 and 2

An exgmple of a purely_zone 2 system is shown in Figure G.4, in which only currentilimited
sourcep are included.'As both the PV panels and the DC/DC converter have limited shor{-circuit
currenf, the full system is zone 2.

Solar panel
string array

[
o0
oo
o0

|

Lo |

-

IEC

Figure G.4 — Example of zone 2 system
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Zones 3 — Multiple-sources circuits with electronic protection:

Circuits fed by multiple sources are in zone 3 when very low fault currents are ensured by
proper design rules (below) and use of fast semiconductor-based circuit breakers.

NOTE 2 As zone 3 circuits are fed by multiple sources or bidirectional “prosumers” (e.g. battery systems), either
from a central location or distributed, the power flow does not have a predetermined direction.

An example of zone 3 system is shown in Figure G.5. All the sources are connected to the bus
via a fast protection device, for example an SCCB.

QCPD

QCPD

QCPD

UPUF UPUF BPBF
TN-S 3 3 3 b
0
A | | |
Distributed sources | | 700 V system | Prosumer bus
3 and loads = 3 3 3
OCHD & OCPD4 OCPDA OCPD4
BPBF BPBF BPBF BPBF
1 Y 1 4 1 4 1 4
IEC

Figure G.5 — Purely zone 3 system with the protection devices“of distributed soyrces

Zone 4] - Single-source circuits with electronic protection:

Circuit$ fed by a single source are in zone 4 when very lowdault currents are ensured by

design|rules (below) and use of fast semiconductor-based circuit breakers.

NOTE 3| Different to zone 3, the power flow in zone 4 ‘circuits has a predetermined direction (ups

downstr¢am) as circuits are fed by a single source.

An example of zone 4 system is shown in Figure G.6.
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UPUFY
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SRC [
350 V system
TN-S

Cable/
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——

proper

ream to
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DC

DC

\ 4
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IEC

Figure G.6 — Example of a zone 4 system with a single source

An overview of a whole system as an example of four zones is shown in Figure G.7.
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belling:

Distrib

tienvcabinets and busbars are marked with the label in Figure G.8, where:

IEC

Z: Zone level (0 ... 4) [mandatory]

V: Maximum zone pole to earth voltage U, [optional]

Skilled installers and maintenance personnel will immediately recognize the risk of the

IEC

Figure G.8 — DC zones label

installation and can take proper measures.
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NOTE 4 indication of the voltage can be drawn in the label.

Examples of labels are shown in Figure G.9.

IEC

Figure G.9 — Examples of DC zones labels

Cabiths containing circuits in different zones are marked with the label of the lowest)leyel. For
instande, in a panel including zone 0 and zone 1 circuits, the label is for zone 0.

A coding system for cables is under consideration (see Table G.1).

Table G.1 — Safety zones and labels

Zone 0 - Unprotected source

>

m
o

>

Zone 1 - Protected circuits with high short-circujt energy

m
o

B>

Zone 2 - Current-limited protected soufrce

m
o

Zone 3 - Multiple-sources eircuits with electronic protection

>

m
o

Zone 4 - Singlessource circuits with electronic protection

>

m
o
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G.3 Aspects regarding the DC zone classification in DC installation

Table G.2 — Functions for different DC zone classification

Zone Limit zone | DC zone 1 | DC zone 2 | DC zone 2 | DC zone 3 | DC zone 3 | DC zone 4
0-1
Location in diagram A B C D E F G
Aspect
Residual current ) ) . . . . N
protective device Optional Optional Optional Optional
Overcurrent protection | ,, __ . N X i X " *
(NEN 1 102015 H 43) wviariuatury wvialiuatury
Arc profection (NEN Recom- Recom- Recom- Recom-
1010:2015 421.7) mended mended mended mended
Isolatiof during
maintenance (NEN Mandatory | Mandatory | Mandatory | Mandatory Ntlg:qu' Mandatory** '\Qg:]ci?'
1010:2415 H 536) y y
E::gkwg?n?ancfa”y' Optional Optional Optional Optional Optional Optional Optional
Physicd|l shielding of
equipment + zone Mandatory | Mandatory | Mandatory | Mandatory |\Mandatory | Mandatory | Maphdatory
marking (NEN (IP2x) (IP2x) (1P2x) (1P2x) (1P2x) (1P2x) (JP2x)
1010:2015 H 132 .5)
Corrosi¢pn prevention
(NEN 1010:2015 C Mandatory | Mandatory | Mandatory | Mandatory | Mandatory | Mandatory | Mapdatory
542)
Temperpture alarm Optional Optional Optional Optional Optional Optional Optional
* These combinations are mandatory as soon as the nécessary protection components are available.
Mandatpry**: An alternative to isolation during maintenance is shorting and earthing.
Advice:| Ensure 1 m of cable between the fuse\and the electronics to prevent the electronics being dampged by
the heat of the fuses.

DC zonjes 2 and 3 are not always required to be present. For example, they are not required if

the ins|
zone 0
zone 1

Design
2 and
with fu
docum

bnts.

tallation does not centain any sources that are characteristic of these DC zon
always leads to BE zone 1, but it also is possible to go directly to DC zone 4 fn

lers, fitters.and installers take the limited short-circuit current into account in DG
B. This.applies specifically when applying DC circuit breakers, DC fuses or DC ¢
bes. Aheé minimum short-circuit currents of the DC sources are included in the inst

es. DC
om DC

zones
evices
bllation

This also applies to the minimum currents needed to trip the circuit breakers or fuses applied,
also those in permanently installed devices (see Table G.2 for more details).
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An active system operating system
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Annex H
(informative)

An example of configurations for active DC systems

General
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is an operating system that enables congestion

management in systems and is based on voltage levels without the need of real time
communication, which makes DC systems independent and autonomous.

H.2

The ac
The ac
other (

that can
opera?ilwg system controls the available energy. A principle diagram for the active grid

last mi

Device

like conpverters and switches have limited overvoltage and-Overcurrent capabilities and th

the vol

Structure

ive system is a method of controlling the power balance in the last milé)of’a grid g
ive grid of the last mile can be connected to a passive AC or DC system and can
ocal) sources like renewable energy sources and storage means prosumers. The

be distributed can be limited when the renewables are not-@available. Therefd

e is shown in Figure H.1.
5 used in DC systems are mainly active electronic devices. Electronic (switching) ¢
age and current can be controlled.

Prosumer none managed

DC’

Qverload managed
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Prosumer 4 Prosurer Prosumer

Congestioh managed
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1400V /700.V /700 V/+350 V|

Prosumer

I
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Y DC
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Prosumer ADC
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DSO
1 400 V/+700V /700 V/+350V,

Prosumer Prosumer

l

DC

<>

ystem.
contain
power
re, the
in the

evices
brefore

DC

v

DNO: Distribution network operg
DSO: Distribution system opera

tor
or

IEC

Figure H.1 — Active DC distribution system

DNO and DSO don’t have the same roles in the active DC distribution system. By separating
the roles of DNO and DSO, higher stability and availability are enabled by making agreements
between consumer or prosumer and network provider. This can result in highly improved system
organization.

H.3 State of grid (SOG)

Grid can be nominally loaded (0 %), maximally loaded (100 %) and minimally loaded (-100 %).
The state of the grid has nothing to do with the power in the system but is purely an indication
of the state of the system, seen through a voltage level.
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Nominal state of grid is within the —droop to +droop range in the nominal voltage band.

The SOG becomes negative when the voltage is below the nominal bus voltage.

The SOG becomes positive when the voltage is above the nominal bus voltage.

The SOG becomes > 100 % when the voltage is more than the maximum value of the nominal
voltage band.

The formula to calculate the SOG is as follows:

Upys (actual) — Uy, s (nominal)
Upusmax (nominal) — Up,gpin (NOMinal)

SOG =

Table H.1 — Examples in case of 350/700 V DC systems

U, ,s(actual) in 350 V DC U,,s(actual) in 700 V DC SOG
250 500 -333 %
300 600 -167 %
3200 640 9 -100 %
330 660 -67 %
350 @ 700 @ 0 %
370 740 67 %
380° 760 ° 100 %
400 800 167 %
@ nominal bus voltage (Ubus(nommal)).
b min/max bus voltage (Ubus,min/max(nominal)) for bipolar systems, and line to line
stays below the, 1500 V DC limit.

The vdlue of the maximum tolerated losses in active DC systems is as low as possi

shown

There

in Table H.4:

hre several reasons why low allowed voltage drop on the cable is a good choice:

a) The

oretically, in DC, losses up to 20 %, even 30 %, are possible. However, such

(H.1)

ble, as

a high

vol

gge drop 15 not recommended if we wantto achieve an efficientand strong syst

m.

b) Going further and assuming 10 % is not a good choice either because such voltage drop
would adversely influence the earthing point's design, because many diodes would be
required to compensate circulations.

¢) Third point are the droop curves. In case of for example £10 % droop and 10 % cable losses,
the end user will highly be influenced because of the high voltage difference and already
implemented droop curves. To avoid discrimination between users, a smaller voltage drop
is desired. If low cable loss and deviation is taken, then droop curves are not directly
influenced.

d) The cable sizes. If a higher voltage drop is allowed, it will directly impact dissipations and
thermal characteristics of the cable, which will result in bigger investment in enabling bigger
spacing for such an installation.
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The strong compromise between thermal losses, efficiency of the system, length of the cable,
protection schemes, earthing points and other aspects of importance is achieved, as shown in

Table H

2.

Table H.2 — Allowed cable voltage drop

a) Drdop mode

re is one dominant voltage source that acts as a reference directing thestate of {he grid
sum of

The

of the system. The dominant source establishes the state of the grid,.Hewever, the
rated power levels of the non-dominant power sources cannot be‘higher than the rated
er of the dominant power source and the rated power of an elec¢trical installatior].

the
pov

Thd

an pctive DC system. It serves as the voltage reference and(it balances the power

the

If there
level in
and cu
consun

Nominal voltages Allowed cable voltage drop AU,
AU %=1,4 %
v Vv
350 +5
700 +10
T 400 E4V)

grid, as shown in Figure H.2.

AC/DC
distribution
grid

Dominant
SoG soureé

l DC
bus

Load Source

IEC
Figure H.2 ~DC distribution system with one load and one source

is electricity'production from the sources, for example PV, in the active grid, the

rently’connected dynamic loads, like electric vehicles, are enabled to increase th
nption. This voltage increase occurs up to a maximum voltage level (U,,,4), @s sh

dominant source can represent the connection between afn AC/DC distribution gfrid and
flow in

oltage

the voltage band generally increases. This enables devices to be connected to the grid,

Bir own
own in

T oo

Figure H3
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AC/DC
distribution
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source
‘ DC
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L oad1 Load? Source1 Salrce?

When the voltage reaches U, ,, and excess power is getting higher than a maximum p

all load
done in

In this ¢ase, active sources also get activated, limiting the power, if the voltage keeps inc
However, if none of this is enough to limit the rise of the.bus voltage, then the system
the protection state.

PVs
IEC
Figure H.3 — DC distribution system with more than one.load

and a source and increasing source power

s combined, dump loads, if available, can be activated, &s shown in Figure H.4.
order to prevent the bus voltage from further rising and causing possible over-va

AC/DC
distribution
grid
S0G2>S0G1>S0G Dominant
source
DC
bus
Load1 Load2 Source1 Source2 Dump
load

PVs

IEC

pwer of

This is
Itages.
easing.
enters

Figure H.4 — Distribution system with more than one load
and a source and dump load active

On the other hand, as the voltage level of the grid decreases, due to the higher power
consumption and low production, only higher priority devices can still operate, as shown in
Figure H.5. When the voltage further decreases below its minimum level (U,,;,) and enters the
emergency area, the current that can be withdrawn is limited. If additional power is still required
from devices, the voltage is scaled down until it reaches its lowest value and the grid is then in
the down state.
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system. The droop curve is a set of parameters that{are stated on each device when
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system by changing its behaviour. For this, the source can also behave as a voltage
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Ine
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Figure H.5 — Distribution system with more than one\doad
and source in overloaded mode

'he dominant source is not the necessary component, but where the/dominant source is not avail
an be configured and designed differently, particularly with regard to\theé protection scheme.

h active device connected to the DC system complies with the droop curves

for the first time. The values of the droop_ curve related to a specific device
Jified during operation. These values (parameéters) will determine under which op)
ages the consumer device can operate and how much power it can consume. In th
ources, it will state under which operating conditions the source device will ¢
ng as a current source.

parameters are set in the device(converter) itself with the possibility of changin
he future. Thus, external communication is not needed for the device to regulatg
y are set, the device is expécted to regulate its power on its own following the §
. The speed of regulation;depends on the type of converter or device. Neverthele
xpected to be fast (order of ms, us).

ameterizing is not-fime critical and is not used as a means of fast control.
itionally, knowing that the load converters (converter + load) will follow and r

viding a.steady voltage with variable current. In this case, the state of grid
lenced.to increase/decrease load consumption.

[tia

hble, the

of the
started
can be
erating
e case
perate

g them
. Once
tate of
5s, this

pgulate

ing at the state of grid, a source converter (source + converter) can also influepce the

source,
can be

It depends on the source type. It is possible for some devices to deliver inertia, like AFE’s
or battery systems. Inertia in the system is important for stabilization and fast response of

the

system.
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Annex |
(informative)

Preferred voltage in different countries

1.1 Preferred voltage in China

The recommendation in China specifies standard voltage values which are intended to serve

— as preferential values for the nominal voltage of electrical supply systems, and this is not

| Lt 1 H = | <l k. + H 1 -
an MVOoUTULT TUTT, TUUTPYTUTITIUS UTTHUITT LUTILTTLT oTtuativit,

— as feference values for equipment and system design.

DC nofinal voltage between 110 V and 1 500 V is preferred, to be chosen from Fable |.1. DC
nomingl voltage for ELVDC equipment below 110V is selected from thelvalues g|ven in
Table I} 2.

Table 1.1 — Nominal voltage in LVDC distribution(system

unit: Volt (V)
Preferred Supplementary
1 500 (+x750)
750 (+375)
1000
600
440
400
336
240 (250)
220 (£410)
110 (125)

NOTE 1 The unmarked voltage values correspond to unipolar DC lines, and the
voltage valtes-with plus-minus sign correspond to bipolar DC lines.

NOTE.2~\For technical and economic reasons, additional voltages can be required
for_certain specific fields of application.

NOTE 3 The preferred value is expected to be a priority for new systems to be
constructed in the future.

a) Preferred value 1 500 V:

— Recommended by IEC 60038 and IEC 60850, 1 500 V is one of the preferred DC traction
voltages, which is also the traction voltage of Metro in some areas of China.

— In some industrial parks, the DC voltage of the industrial loads is 750 V.
b) Preferred value 750 V:

— Recommended by IEC 60038, the preferred voltage for equipment is 750 V, which is
convenient to connect into three-phase AC 220 V/380 V.

c) Preferred value 220 V:

— Recommended by IEC 60038, it is compatible with the internal DC voltage of converter
air conditioners, converter washing machines and converter refrigerators, etc.
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d) Supplementary value 440 V:
— Recommended by IEC 60038.
e) Supplementary value 400 V:
— Recommended by ITU-TL.1200, the preferred voltage is 400 V.
f) Supplementary value 336 V:
— DC supply voltage of data center is 336 V in some areas of China.
— 336 Vis close to the input voltage of an electric vehicle.
g) Supplementary value 240 V (250 V), 110 V:
— DC supply voltage of data center is 240 V in some areas of China.

— [250 V is recommended by IEC 60038.
— [110 V is recommended by IEC 60038.
Table 1.2 — Nominal voltage in ELVDC equipment
unit: Volt (V)
Preferred Supplementary
96
80
72
60
48
40
36
30
24
15
12
9
7,5
6
5
4,5
4
3

The nominal voltage of equipment below 120 V DC references IEC 60038 directly.

a) The preferred DC voltage level for the following load is 48 V:
— communication equipment;
— household type photovoltaic, wind power, battery storage system and fuel cell.

b) Because the voltage of the primary and secondary cells is below 2,4 V, and the choice of
the type of cell to be used in various applications will be based on properties other than the
voltage, these values are not included in the table. The relevant IEC technical committees
can specify types of cells and related voltages for specific applications.

c) ltis recognized that for technical and economic reasons, additional voltages can be required
for certain specific fields of application.
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1.2 Preferred voltage in the Netherlands

The choice of a nominal voltage of an electrical installation has a bearing on the length of the
cables and the measures to protect against electric shock.

The Netherlands standards propose a nominal voltage of 350 V DC relative to earth (or +350 V
DC and -350 V DC with an earthed central conductor). The main arguments for this are the
following:

a) A voltage level of 350 V DC relative to earth (of +350 V DC and -350 V DC with an earthed
central conductor) can still offer protection comparable to that offered with 230V AC
systems. If a higher voltage is selected, this level of protection will no longer be possible
duqg to the voltage variations that can be expected.

b) 350 V DC and 700 V DC offer the possibility of an equivalent and fully-fledged pystem
comparable to single-phase 230 V AC and respectively three-phase 400 \/-AC. S¢e also
Table I.3.

c) If gxisting cabling for three-phase 400 V AC is used, at least the.Same power fan be
transferred.

d) Dug to voltage doubling (700 V DC, 1 400 V DC), 350 V DC offers'the possibility gf using
virtpally the entire voltage range up to 1 500 V DC as defined in)IEC 60364 (all part$),
HD|60364 (all parts) and NEN 1010:2015.

e) 35( V is not used in AC systems. This prevents confusjon’and enhances safety.

Table I.3 — Comparison between DC and/AC system voltages

U, DC U, AC P, .. at 16 Agye

350 V PC 230 V AC singlesphase 5,6 kW (DC) / 3,7 kW (AC)
700 V IPC or 350 V DC 400 V AC threé-phase 11,2 KW (DC) / 11,1 kW (AC
1 400 \ DC or +700 V DC 690 V AC tiree-phase 22,4 kW (DC)/ 19,1 kW (AC

Voltag¢ tolerances:

Where [permanently installed secondary batteries are applied as a back-up power supply|for the
DC installation, the voltage level as supplied by these batteries can vary, depending gqn their
charge|levels. This particularly applies if no voltage regulator is applied after the battery.

The og¢currence.of considerable voltage variations is taken into account in passive DC
installgtions._If.the voltage variations cannot be calculated, or if the battery details are missing,
the follpwing tolerances are assumed:

—  maximum-veltager 12 U

— minimum voltage: 0,8 U,,.

In active DC installations where the voltages and currents that occur are monitored, agreements
are made as to the maximum permissible voltage variations. The voltage variations that occur
in active DC installations can give information about the operation of the installation in
accordance with the network code of conduct.

1.3 Preferred voltage in Germany

Recommended voltages for distribution systems are given in Table 1.4. There are four voltage
classes (VC1-VC4) defined, that are used for controlled and for uncontrolled systems and for
unipolar and bipolar systems. All the equipment used in these distribution systems is designed
to fit to the voltage class selected and the class is indicated on the device.
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A DSO can choose a suitable voltage out of the voltage class and can operate in the full area
(U,-Uy) or in a subset of it. Bipolar systems use a VC between line and mid-point and VC+1

between line and line.

NOTE 1

Table 1.4.

For example, one DSO is able to choose 380 V + 20 % for a VC1 distribution. Another DSO can choose a
distribution voltage of 350 V + 10 %. They both use the same equipment which fits to Uy and U3 as defined in

NOTE 2 A bipolar system with 380/760 V uses VC1 devices between line and mid-point and VC2 devices between

line and line. The same devices can also be used in 350/700 V systems.

Table 1.4 — Overview of the DC voltage classes (VC) and

the corresponding U, and U; values

Voltage class (VC) Use case Uy Us
\Y \Y
1 Distribution to/in residential and commercial 320 440 4
buildings
2a Distribution to/in industrial applications 440 800
2b Distribution to/in HPDC charging parks 440 1 000/
3a Industry applications with active infeed 620 750
converters
3b Industry applications with uncontrolled 485 750
rectifiers as connection to the AC grid
4 Long distance and high-power distribution 1280 1 50(
a8 |EQ 61851-23 specifies DC charging up to 1 000 V DC. Aldistribution up to this level is thus possible.
b Usgful upper limit for using cheap 650 silicon powergléctronic devices. As for example used in today's|[SMPS.



https://iecnorm.com/api/?name=e88cef26ff01fa85ebbb4452e99034fb

IEC TR 63282:2024 © IEC 2024 —-77 -

Annex J
(informative)

Voltage with respect to earth

All the content in this document relates to the differential mode, but a common mode description
will be needed. There are lot of aspects to this topic, but it fully depends on the earthing
structure, and has nothing to do with the differential aspects.

Clause 5 and Clause 7 relate exclusively to the voltage potential difference generated across
the power terminals of the supply, or from which the load can draw current. There are also
maximyum limits for the voltage between either power terminal and earth. Generally| these
maximym voltage limits will be absolute values — polarity is not important.

These |imits are important for considerations of safety, insulation breakdown, lighting prdtection
and trafsmission of, or immunity to, radio interference, but they are not relevant'to the pgwering
of the ¢quipment itself — so there are no minimum voltage limits to earth

Source Load
) |
[a+ Zc+ U1 Z76
% U
cha c—
Protective

earth __£_

IEC
Figute'J.1 — DC voltage definitions

Six addlitional voltage limits.are defined: U,+, U, +, U, +, U, -, Uy -, U, - (see Figufe J.1).
These maximum limits become of critical importance when there are protection devices between
power [erminals and earth.

Unipolar systems<will have significant differences between the potentials to earth of thg power
terminals. They’can therefore have different limits for U, ... U,. For example, in a negative-

earth system) U, -, U, - and U, - can only be a volt or so (see Figure J.2 and Figure J.3).
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Figure J.2 — DC voltage bands relative‘to earth

— Belpw U,: Normal operation

Under gpll normal circumstances, voltages to earth will be in this region.

— Uyt Up: Overvoltage protection band

Transi¢nt voltages can only remain in this, band for very short periods. Non-linearn surge
protection devices with limited energy abserption capabilities can activate.

— Ut U,: Safety margin for electrical installation

In this fegion, dielectric breakdowir within components and consequently permanent eqipment
damagg are likely. Insulation will not break down. Devices that can break down in this|region
will nof expose users to risk.of electric shock.

— Abgve Ug: Insulation-breakdown

In this |region, permanent equipment damage is very likely. Users can be exposed to|risk of
electrig shock,
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