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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DETERMINATION OF POWER LOSSES IN HIGH-VOLTAGE
DIRECT CURRENT (HVDC) CONVERTER STATIONS WITH LINE-
COMMUTATED CONVERTERS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obje IECN\is to promote

international co-operation on all questions concerning standardization in the ele
this end and in addition to other activities, IEC publishes International Stangd ica e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides 3 “IEC
Publication(s)”). Their preparation is entrusted to technical committees; apy q Rittee interested
in the subject dealt with may participate in this preparatory work. iQh 9
governmental organizations liaising with the IEC also participate in ki . |E aborates closely
with the International Organization for Standardization (ISO) in gccorda Wi
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

3) IEC Publications have the form of recom

Publications is accurate, IEC cannot be h
misinterpretation by any end user.

4)
5) Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

6)
7) iabili s o i ive employees, servants or agents including individual experts and
\ca C National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees) and
e publication, use of, or reliance upon, this IEC Publication or any other IEC
8) ion Y F Qrmative references cited in this publication. Use of the referenced publications is
9) to the poéssibility that some of the elements of this IEC Publication may be the subject of

patent rights. IE€ shall yot be held responsible for identifying any or all such patent rights.

This consolidated version of IEC 61803 consists of the first edition (1999) [documents
22F/51/FDIS and 22F/56/RVD], its amendment 1 (2010) [documents 22F/214/CDV and
22F/224/RVC] and its corrigendum of October 1999. It bears the edition number 1.1.

The technical content is therefore identical to the base edition and its amendment and
has been prepared for user convenience. A vertical line in the margin shows where the
base publication has been modified by amendment 1. Additions and deletions are
displayed in red, with deletions being struck through.
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International Standard IEC 61803 has been prepared by subcommittee 22F: Power
electronics for electrical transmission and distribution systems, of IEC technical committee 22:
Power electronics.

Annex A forms an integral part of this standard.
Annexes B and C are for information only.

The committee has decided that the contents of the base publication and its amendments will
remain unchanged until the stability date indicated on the IEC web site under
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the
publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

+ amended.

IMPORTANT — The “colour inside” logo on publlcatlon indicates
that it contains colours which are cg |der to for e correct understanding
of its contents. Users should there ridt thi pub |ca ing a colour printer.

Q&
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DETERMINATION OF POWER LOSSES IN HIGH-VOLTAGE
DIRECT CURRENT (HVDC) CONVERTER STATIONS WITH LINE-
COMMUTATED CONVERTERS

1 Scope

This International Standard applies to all line-commutated high-voltage direct current (HVDC)
converter stations used for power exchange in utility systems. This standard presumes the
use of 12-pulse thyristor converters but can, with due care, also be used for 6-pulse thyristor
converters.

all parts, except as noted above, and address
together with their methods of calculation whith
parameters.

The following referenqged
For dated refer 3

IEC 60633:1998, Terminology for high-voltage direct current (HVDC) transmission

IEC 60700-1:2998, Thyristor valves for high voltage direct current (HVDC) power transmission —
Part 1: Electrical testing

IEC 60747-6:1983, Semiconductor devices —Diserete-devices— Part 6: Thyristors

IEC 60871-1:2997, Shunt capacitors for a.c. power systems having a rated voltage above

1 000 V — Part 1: General-performance, testing and rating — Safety requirements — Guide for
; ati .
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3 Definitions and symbols
For the purpose of this International Standard, the following definitions apply:
3.1 Definitions

3.1.1

auxiliary losses
the electric power required to feed the converter station auxiliary loads. The auxiliary losses
depend on whether the station is in no-load operation or carrying load, in which case the
auxiliary losses depend on the load level

3.1.2
no-load operation losses

converters blocked and all station service loads and auxili
required for immediate pick-up of load

3.1.3

load level

this term specifies the direct current, direct voltage\ firing a.tswwoltage, and converter
transformer tap-changer position at which the cohvertef operating

3.1.4

operating losses
the losses produced in an item of equi
energized and the converte

oad level with the converter station

3.1.5
rated load
this load is relat op R
converter firing 4 g shall be assumed to be at nominal frequency and its
3-phase voltages are i
ilters and shunt reactive elements connected shall be
consistent with operation a i, coincident with nominal conditions

3.1.6

3 he sum of all operating or no-load operation losses and the
correspondingauxilialy losses

3.1.7

station essential auxiliary load

load whose failure will affect the conversion capability of the HVDC converter station (e.g.
valve cooling), as well as load that must remain working in case of complete loss of a.c.
power supply (e.g. battery chargers, operating mechanisms)

NOTE Total “operating losses” minus “no load operation losses” may be considered as being quantitatively
equivalent to “load losses” as in conventional a.c. substation practice.
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3.2 Letter symbols
firing (trigger) delay angle, in radians (rad)
commutation-overlap angle, in radians (rad)
f a.c. system frequency, in hertz (Hz)
Ig direct current,-in-the-bridge-d-e-—connection; in amperes (A)
In harmonic r.m.s. current of order n, in amperes (A)

L, the inductance, in henrys (H), referred to the valve winding, between the commutating
voltage source and the point of common coupling between star- and delta-connected
windings. L1 shall include any external inductance between the transformer line-winding
terminals and the point of connection of the a.c. harmonic filters

L, the inductance, in henrys (H), referred to the valve winding,
common coupling between star- and delta-connected winding
include the saturated inductance of the valve reactors

the point of
. Lo shall

m electromagnetic notch coupling factor, m = L1/(L1 + L)
n harmonic order

N;  the number of series-connected thyristors per valv
P power loss in an item of equipment, in watts (

Qn quality factor at harmonic order n
R resistance value, in ohms {AS (Q
Ugq direct voltage, in volts (V)

U, harmonic r.m.s. voltage of ordery

Uyo r.m.s. value of the phase-to-pha on the valve side of the converter

transformer excludigg harnonic

station by a direct measurement of its energy losses. However, attempts to determine the
station losses by subtracting the measured output power from the measured input power
should recognize that such measurements have an inherent inaccuracy, especially if
performed at high voltage. The losses of an HVDC converter station at full load are generally
less than
1 % of the transmitted power. Therefore, the loss measured as a small difference between
two large quantities is not likely to be a sufficiently accurate indication of the actual losses.

In some special circumstances it may be possible, for example, to arrange a temporary test
connection in which two converters are operated from the same a.c. source and also
connected together via their d.c. terminals. In this connection, the power drawn from the a.c.
source equals the losses in the circuit. However, the a.c. source must also provide var
support and commutating voltage to the two converters. Once again, there are practical
measurement difficulties.
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In order to avoid the problems described above, this standard standardizes a method of
calculating the HVDC converter station losses by summing the losses calculated for each item
of equipment. The standardized calculation method will help the purchaser to meaningfully
compare the competing bids. It will also allow an easy generation of performance curves for
the wide range of operating conditions in which the performance has to be known. In the
absence of an inexpensive experimental method which could be employed for an objective
verification of losses during type tests, the calculation method is the next best alternative as it
uses, wherever possible, experimental data obtained from measurements on individual
equipment and components under conditions equivalent to those encountered in real
operation.

It is important to note that the power loss in each item of equipment will depend on the
ambient conditions under which it operates, as well as on the operating conditions or duty
cycles to which it is subjected. Therefore, the ambient and operating\ conditions shall be
defined for each item of equipment, based on the ambient and opepati I

entire HVDC converter station.

4.2 Ambient conditions

A set of standard reference ambient conditions shall be usevd
in HYDC converter stations.

4.2.1 Outdoor standard reference temperat
An outdoor ambient dry bulb tempera : d as the standard reference

temperature for determining the total ¢ 8 ses. Corresponding valve hall
temperature may be defined by thé supp' if Wwecessary. The equivalent wet-bulb

50 % RH at 20 °C dry bulb t

4.2.2 Coolant stand
Where forced co i

influence the tempé

NOTE If not defined, the wet-Qulb Yemperature_| ended’to be 14 °C which corresponds to approximately ‘

The referenc N e to be used for the evaluation of total converter station power
losses shall be \ndard atmospheric pressure (101,3 kPa) corrected to the altitude of the
installation in questio

4.3 Operating parameters

The losses of an HVDC converter station depend on its operating parameters.

The losses of HVDC converter stations are classified into three categories, termed the no-
load operation losses, operating losses and auxiliary losses.

The operating losses and auxiliary losses are affected by the load level of the station because
the numbers of certain types of energized equipment (for example harmonic filters and cooling
equipment) may depend upon the load level and because losses in individual items of
equipment themselves vary with the load level.
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HVDC converter station losses shall be determined for nominal (balanced) a.c. system
voltage and frequency, symmetrical impedances of the converter transformer and symmetrical
firing angles. The transformer tap-changer shall be assumed to be in the position
corresponding to nominal a.c. system voltage or as decided by the control system for the
defined operating condition.

The operating losses shall be determined for the load levels specified by the purchaser, or at
rated load if no such conditions are specified. For each load level, the valve-winding a.c.
voltage, d.c. current, converter firing angle, shunt compensation and harmonic filtering
equipment shall be consistent with the respective load level and other specified performance
requirements, relating, for example, to harmonic distortion and reactive power. Cooling and
other auxiliary equipment, as appropriate to the standard reference temperature (see 4.2.1

auxiliary equipment (e.g. cooling-water pumps) shall be a
for immediate pick-up of load for the converter station.

5 Determination of equipment losses

5.1 Thyristor valve losses

itors (if used). Lg represents saturable reactors used to limit the di/dt
and to improve the distribution of fast rising voltages. Rg represents
the resistances of“tHe current conducting components of the valve such as the busbars,
contact resistances, resistance of the windings of the saturable reactors etc. Power losses in
the valve surge arrester (not shown) shall be neglected.

Figure 4 shows, as an example, current and voltage waveforms of valve 1 (according to figure 2)
operating in rectifier and inverter modes. In the example shown, the firing instants of the
valves of the upper bridge are delayed by 30° with respect to the valves of the lower bridge
due to the phase shift between the two secondaries. For each valve, the length of the
conduction intervals is 130° (2n/3 + ). During commutations the valve current is assumed, for
this standard, to be changing linearly whereas in reality the valve currents follow portions of
sine waves. This simplification has negligible effect on the resulting losses, while the
trapezoidal waveform significantly simplifies the calculations. The voltage blocked by the
valve shows notches caused by commutations between individual valves.
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5.1.1 Thyristor conduction loss per valve

This loss component is the product of the conduction current i(t) and the corresponding ideal
on-state voltage as shown in figures 5 and 6. Formula Py14 shall be used provided that the
d.c. bridge current is well smoothed. In the event that the root sum square value of the d.c.
side harmonic currents, determined in accordance with clause A.4 (annex A), exceeds 5 % of
the d.c. component, formula Py1p shall be used instead.

N; x1 2n—
Pvia = t3 d{UOWLRoX'dX( o H

b _NixlgxUp NixRg 24 N2 [27:—/1
Vib = Z

3 3

where

(see note below), in volts;

Ro is the slope resistance of the on-state characteyi
below), in ohms;

In is the calculated r.m.s. value of the nth ha
according to clause A.4, in ampere

5.1.2 Thyristor spr

This loss comp
establishing full coridy

loss is the produc
ideal thyristor on

where
tq is the length ofthe conduction interval, in seconds, which is given by:
Zns
po3
2nf '

ug(t) is the instantaneous on-state voltage, in volts, of a thyristor whose fully spread on-state
voltage is typical for the thyristors used. The instantaneous on-state voltage shall be
determined for the appropriate junction temperature measured with a trapezoidal current
pulse exhibiting the correct amplitude and commutation overlap periods (see figures 5
and 6);

ua(t) is the calculated instantaneous on-state voltage of the average thyristor at the same
junction temperature for the same current pulse but with the conducting area fully
established throughout the conduction, as derived from its on-state characteristic
represented by Ug and Rg only (see figure 6);

i(t)y is the instantaneous current in the thyristor, in amperes.

NOTE Instantaneous on-state voltage data, including the effects of spreading, are usually not available from
production records. Measurements of typical thyristor on-state voltage, including spreading, should therefore be
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obtained during the valve periodic firing and extinction type test (see IEC 60700-1) or, alternatively, from a
separate laboratory test on a statistically significant number of thyristors.

5.1.3 Other conduction losses per valve

These are the conduction losses in the main circuit of the valve due to components other than
the thyristors.

Pyvs

Relf(2n-u
3 2n

where

Rs is the d.c. resistance of the valve terminal-to-terminal circuit excludip
ohms (see figure 3).

he thyristors, in

The value of Rg is determined by direct measurement on a represefi ection that

s—.connected in parallel with the
sistivity effects of the structure, fibre

determined b
m = L]_/(Ll + Lz);

Lq is the inductance, in henrys, referred to the valve winding, between the commutating
voltage source and the point of common coupling between star- and delta-connected
windings. L1 shall include any external inductance between the transformer line-winding
terminals and the point of connection of the a.c. harmonic filters (see figure 7);

reference to a previous type test (see also note 2 below);

Lo is the inductance, in henrys, referred to the valve winding, between the point of common
coupling between star- and delta-connected windings, and the valve. L, shall include
the saturated inductance of the valve reactors (see figure 7).

The value of L; shall be the same for both secondaries (Lq = Loy) (see notes 3 and 4 below).

NOTE 1 The equation for Py, is valid for 4 < n/6 (30°) only.
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