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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SYSTEM TESTS FOR HIGH-VOLTAGE DIRECT CURRENT (HVDC)
INSTALLATIONS

FOREWORD

1) The Internatlonal Electrotechnlcal Commlssmn (IEC) |s a worIdW|de organization for standardlzatlon comprising

all romote
intefnational co-operation on all questions concerning standardization in the electrical And electronic|fi¢lds. To
this| end and in addition to other activities i Specm ations,
Te “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC rested
in fhe subject dealt with may participate in this preparatory work Q arld non-
governmental organizations liaising with the IEC also participate in this p ioN. gs|closely
wit ’ e Wi i ned by
agréement between the two organizations

2) The formal decisions or agreements of IEC on technical matters expfess,>as ea ible, i ational
congensus of op|n|on on the relevant subjects since each technica 3 3 i rom all
inte]

3) IEC]| Publications have the form of recommendations for internafi S accepted by IEC National

Committees in that sense. While all reasonable efforts ate\mage e technical contenf| of IEC
Publications is accurate, IEC cannot be e in ‘which they are used or for any
mis|nterpretation by any end user.

4) In g¢rder to promote international uniformit { ndertake to apply IEC Publ|cations
tranjsparently to the maximum extent possible i i egional publications. Any divergence
betyveen any IEC Publication and the corresponding national‘or regional publication shall be clearly indig¢ated in
the |[latter.

5) IEC]| provides no marking pfoce inai ppro al and cannot be rendered responsible for any
equfpment declared to be in¢onfo 3

6) All yisers should ensure

7) No Jiability shall attach its_direetors oyees, servants or agents including individual expgrts and
members of its {€ ical itt€es a atiorfal Committees for any personal injury, property darhage or
oth¢r damage of e i bs) and
expe i er IEC
Puyli

8) Attgntion i ati nces cited in this publication. Use of the referenced publicdtions is
indip e

9) Attg bject of
pats

A PASB made

availa

IEC-PAS/ 61975 was submitted by the CIGRE (International Council on Large Efectric
Syste ||a) and—has—been pluucoocd by sttbeommittee—22——FPower—etectronics—for—etelctrical
transmission and distribution systems, of IEC technical committee 22: Power electronic systems
and equipment.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
22F/96/NP 22F/101/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.
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An IEC-PAS licence of copyright and assignment of copyright has been signed by the IEC and
CIGRE and is recorded at the Central Office.

This PAS shall remain valid for an initial maximum period of three years starting from 2004-
08. The validity may be extended for a single three-year period, following which it shall be
revised to become another type of normative document or shall be withdrawn.

@%
o
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PART 0: EXECUTIVE SUMMARY

Abstract

This document which gives guidance on all aspects of system tests for HVDC

installations (excluding multiterminal HVDC systems), has been prepared by
CIGRE\WVG 14 12 1t is structured in pighf parts

The |jguide should give potential users guidance, regardi 5e  of

actiop should be taken in planning commissioning activjtie

Strudture of the tests and a brief statement of the purposg dividual group

of tests is presented.

Introduction

Commmissioning an HV{) mplex task which may affect |more

than |the actual co

Brn duri@ S

plexity and the diversified areps of

conc Lling,

coop ion.
Systé

It alld falled
and ation

can be-made-

The user is shown that the requirements and stipulations in the contract are met

and that there is correlation with studies and previous off-site testing.
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In adapting the HVDC system to the "real world" (the connected AC systems)
various constraints may exist, which require coordination within the economic

schedules of the AC system operators.

System testing proves to the public that tolerable values of phenomena

concerning public interest are not exceeded.
Five (5) major aspects are subject to system testing:

- H

VDC controls and protection

H
Epvironmental considerations

- AL/DC system interaction

- System performance

The following diagram shows the interrel

(O
HVDC equipment \Hl@c Environmental
DC Iineicabi&!bu _Co & Protection considerations
\ \ S
< \Qeﬁiences
N
= 1

& J\\\/ Settings
K

]
AC/DC system interactions;
- steady state performance
- transient performance

i
System performance
- Acceptance tesis
- Trial operation
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Acceptance tests shall be defined between supplier and user in advance and

may be performed at an appropriate time during the test schedule.

The testing sequence is best scheduled starting at local level with simple tests
before Involving additional locations and the transmission system and more

complex tests,

A sylstem test plan has proven itself as a good means for planningl and
scheduling.

Complete and organized documentation of the syste - the bengfit of
both |the supplier and the user, it shall form par Sl documentation
and |contain al! necessary oscillograms, if necessary a

commentary and references.

Strugture of System Testing

Systeém testing sho m the
smallest, Ieas@m Yper it and shall end with the total systegm in

operation.

The bntrol
syst VDC
systj D run
comr milar
way /e as

reference for the site tests.
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System Tests for HVDC Installations

OFF-SITE TEST ON-SITE TEST
Converter Test Transmission Test
| I
P e?%nr?nnaﬁr?c 6 Converter Unit ‘ /\( Epi o~End
l \LON

Functional

Badermance Converter Station \S@}yg\ta@)
1 RN

Type Tests Open Line T@ \l\ ?{ﬁ’gﬂ%’éf

I

) Trail Operation
Befofre system commissioning can ) preconditions concgrning

subsystem tests, operator training structions, system test plap and

test procedures, and & z uipment must be fulfilled.

After| all pre@ each converter unit is commissfoned
separlately during/the canverte test. Open-circuit tests and/or short-gircuit

tests| are pos pdrpose. Converter station tests also inglude

energizatio DC yard energization and back-to-back tests.

Back}to-back y allow full active power with the nominal DC voltage, [firing

anglgs, harmonics, etc. whilst still disconnected from the second AC system.

Certain-control, relaying and instrumentation changes as welt as temporany DC

switchyard changes may be required for back-to-back tests.

Before end-:0-end tests are performed, it is advisable to perform an open line
test and shorted line tests with the DC transmission line. This test can be

repeated from both ends to verify the integrity of the DC line.
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End-to-end tests involve both stations and the transmission Tine. With this
operation, power is transmitted for the first time. This test usually start on a

monopolar basis, with full bipolar operation being the final step.

Having the complete system running properly, steady state verification tests can
be performed. With normal operating ramp settings and automatic switching

sequences in place the effect of a number of disturbances on the DC side of the

systgm as well as in the AC systems may be checked.

Oper viour
of th nded
perio

The | ] and
the H ance
tests have

been
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PART 1: GENERAL

Introduction

This document deals with all aspects of system tests of HVDC systems. System

tests
ready

the p

This

for sy

start when all relevant subsystems have been precommjssiepned an
for operation. They end with full acceptance of the s erat
pwer systems.

document provides background information f

stem testing. It is structured in eight parts

General

Off-site Tests
Converter Tests

rification of steady state perform

] are

on in

jards

ance

5.

Commissioning of the transmission system, verification of station

coordination.

Steady-State Performance and Interference Tests

Verification of steady-state performance and interference caused by the

HVDC-system.
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6. Operation and Integration Tests

Operational and fault tests, verification of dynamic performance and

interaction between the DC and AC systems.
7. Trial operation

8. System test plan and documentation

Ls of

The guide also covers interrelation with off-site system tests.

systgm tests wit] be established.

Part |1 General will address the purpose of this do stem
strucjure, the control and protection structure, the ‘tagicahstep issipning
and the structure of system testing of HVDC STEAN \ prise
individual paragraphs on general test obje&ctj ures,
as well as detailed descriptions™Q briate

the following;

- §pecific objectives
Tlest procedures
Tlest acce@

- Hrecondition
Reference stem studies/specifications
R

efere > i &sts

Part B déscribes

e documentation normally required to adequately perforfn the

syste
- Plant documentation

- Inspection and test plan (ITP)

- System study reports/technical specifications
- System test program

- Test procedures for each test

- Documentation of system test results
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- Deviation report

The guide should give potential users guidance, regarding which course of
action should be taken in planning commissioning activities. The tests described
in the guide may not be applicable to all projects, but represent a range of

possible tests which should be considered.

1.1 Statement of Purpose

System testing completes the commissioning of an HVDC syste

It allg sfalled
and ation
can [

The Yiser is shown that the requirements and stipu 3 b met
and t

For g of
comn

In ad ' world" (the connected AC systems)
vario . : , equire coordination within the economic
sche

Systé mena
conc

Five

- HVDC station equipment and DC line/cable/bus incl. earth electrode, if gny

- HVDC controls and protection
- Environmental considerations
- AC/DC system interaction —

- System performance
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The following diagram shows the interrelation between these aspects:

Thorq

achie

Acce

may

Syste

shall

The

requi

HVDC equipment HVDC Environmental
DC line/cable/bus Controls & Protection considerations
Sequences
L
Settings
¥

I
i

l

AC/DC system interactions:

- steady state performance

- fransient performance
|

System performanc
- Acceptance te

- Trial operatio

O

well Ts camplete and organized documentation.

and

arties

sting

d, as

The testing sequence is best scheduled starting at local level with simple tests

before involving additional locations and the transmission system and more

complex tests. A system test plan (probably as part of a site test plan) has

proven itself as a good means for planning and scheduling.
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Complete and organized documentation of the system tests is to the benefit of
both the supplier and the user, it shall form part of the project documentation
and contain all necessary oscillograms, logs, etc., and if necessary a

commentary and references.

1.2  Structure of the HVDC System

From_a functional point of view an HVDC system consists of a sending terminal
and a receiving terminal, each connected to an AC-system. inals
have| one or several converters connected in series onA{ nd in
parallel on the AC side. The terminals are connected b ine or
cablg or a short piece of busbar (Back-to-Back statio gtems

are njot addressed in this document

‘Converter:
" ferminal |

WConverter:

L}

" terminal |

Pole —
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1.3  Structure of the Control and Protection System

Each of the converter units can be controlled individually. To make the system
function as a transmission system the converter units should be controlled in a
coordinated way by a second level of the control system. Coordinated controls

and protection are essential for the proper function of HVDC systems.

N4

[~
Operating & Mofitdring
5 & B NN R Alarm &
& D
Sl ] |y
Protection 4 i S,
Q/\G\ \%ﬂg{mﬂﬁm recﬂrding

le control

ONRS
Q /> e firing control

unit contrel
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1.4

Logical Steps of Commissioning

System commissioning should follow the structure of the HVDC system, starting

from the smallest, least complex operational unit, usually a 12-pulse converter,

and shall end with the total system in operation.

The first step, to ensure proper function, is to debug and test the control system

during_factory system tests. Because of the complex nature of the HVDC

comn
on th

simu

Befor
should be fulfilled.

After all

All subsystems tested and
cpnverter transformers with sg

regsonance during energizing
Qperating ipstr
Personnel, :

Qperator-voice communications available

A1II necessary test equipment calibrated and operational

D run
ases

way

tions

the
filter

Procedures for the preparation and evaluation of test results agreed upon

preconditions are fulfilled, each converter unit is commissioned

separately. Open-circuit tests and/or short-circuit tests are possible for this

purpose. Steady-state performance and interference tests may start at this

instant; however, they can be performed one by one at any convenient other

place dying the system test program, in order to minimize duplication of tests.
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If possible, as a next step the converters in each station should be connected
back-to-back. This allows full active power with the nominal DC voltage, firing
angles, harmonics, etc. whilst still disconnected from the second AC system.
Certain control, relaying and instrumentation changes as well as temporary DC

switchyard changes may be required for back-to-back tests.

Before full end-to-end tests are performed, it is advisable to perform an open line

test and shorted line tests with the DC transmission line. This test can be

repeated from both ends to verify the integrity of the DC line.

End- $ and
the t time.
This ating
being

Hauvif with
norm e the
effec n the
AC s sient
and f

The | l and
the H ance
tests have
been avoid
unnegess duplication of such tests, careful consideration should be givien in
adva

If acaeptance tests are still outstanding or acceptance tests have to be repeated

due to modifications they should be performed at this time, or following trial

operation, as appropriate.

Finally it has to be ensured that the system also operates correctly over an

extended period of time. This is checked during the trial operation.
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1.5 Structure of System Testing

—19 -

Tests

Configuration

m O O X

Converter tests

Converter unit tests
= Energizing

= Deblock/block
= Current ramping

Converter
. terminal

o m m = o= om o= om o= o= owm =

Canverter

unit

N

Converter station tests

» Start/stop sequences
Protection sequence
Current control response
Operation with full power

Open line tests of the
DC-transmission circuit

m O Z2 » - O

w 4 o0 m -

Transmission tests

End to end tests

» Changing the DC systems
configuration, off voltage

« Start and stop sequence

* Protective blocking and tripping
sequences
Power and curre

teady st
» Harmo
Audible noig
Overload

£ gontrol mdde transfer
» AC system interact / control

Configuration

o _M_ona_pagr_ |
(Met. & earth return) E

RN

Conv. 1 |1 Conv.

[:L__- R

2 .
|

""E'_I

o)
S
]

Conv. 1/2
1]

= L

L - commutation failure
« Switching AC side filters and
transformers
» Loading test
= AC and DC system staged fault tests|
» Loss of telecom / auxiliaries

Trial operation

| B
!

IA}RE B=A]  A=B l

i
—_— — ) mea

BA I

—

A~»5|IB:-A|
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PART 2: OFF-SITE TESTS

General
Introduction

This part describes the fpcﬁng of the caontrol equipment prior to it hping shipped

to site. The following tests are outlined:
2.1 Steady state performance of the controls

2.2 Dynamic performance tests

2.3 Functional performance tests

24 Type tests on the controkand prote

Subsequent to the Routine Testirig of the C-System Control and Protgction

equipment it is normal practice-to ch%he ste (d the

dynamic performan hese
tests| provide 3 rcuits
(though these@ i ain a
prelin cified

requi

Perfo protective functions of the converter, during vgrious
simu an also be checked. This enables the equipment to be partly

commissioned off-site. It also provides the opportunity to detect and correct

hardware and software errors or deficiencies in the control and protection

systems.
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To carry out the dynamic performance tests it is necessary to have a real time
HVDC simulator which includes representation of the AC systems, AC filters,
converter equipment, DC smoothing reactors, DC lines and DC filters. The
extent of the system representations should be sufficient to replicate resonances
as determined from previous studies. In general, a comprehensive simulation will
enable thorough fault tracing to be done and allow effective commissioning at

site.

As defined in Part 1 of this guide the control equipme in a
hierarchical structure and only the representative section e¢t the
dynamic performance would be used for the dynamic tést vould
be the closed loop control sections of the HVD aster
Control), Station Control, Pole Control The

telecommunication system and the valve base eléctronics weuld be appropriate.
The |Valve Base Electronics ional
protelction equipment would be omi and
converter transformers but the protection DC system would be inclpided.
The ¢ontrol equipmery 8 % is not necessarily be that supplied

for thie contract.

The feal time@ ) he used for the functional performance [tests
but qther for \ €.9. by software models, are possible. Fgr the
functjonal p s the complete control system shall be tested. |[Fault
recorde Recorders which are "stand glone
equipmen ~ otbe included for the Functional Performance Tests. If these

recorders“are not.dsed the validity of output signals to these equipments would

be checked during the tests.

Finding and correcting hardware and software errors in the control system is an
important function of off-site testing. Such faults are easier to find and correct
off-site rather than during commissioning. Correcting such faults reduces the

probability of disturbing the Customers' power system during site commissioning.
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The principles for off-site testing of the control system are as follows:

a) Controls, as defined above, should be present and connected in an identical
manner to the final site configuration. Possible exceptions are simple interface

equipment, Fault Recorders and Sequence of Events Recorders.

b) It is desirable that the test team acts independently from the equipment

design team to verify correct operation of the control system. The test team

shall include representatives from the commissioning 2sign
group and the test group. It is recommended that ikg S (es a

significant role in this testing team in order to provide va xperjence

c) During the test period the equipment beirig tests bntrol
pf the test team leader and no chs t his
approval. Changes to the e \ X with

the defined Quality Assurance t the

cturer

and tests@
and the custo
Type carried out to demonstrate performance ovT: the
speciffi i variations of power supply voltage and simulation of
faultg ems, to demonstrate the stability of the control and the

accu ion settings. In addition it may be possible to demonstrate

interference immunity of the control and protection equipment, together witlh the

communication interface.
General Test Objectives

1. To check the steady state, the functional and the dynamic performance
of the control equipment and, if required, to carry out some of the type

tests for the control and protection equipment,

2. To make preliminary settings of the control parameters.
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3. To provide confirmation of the design specifications and study results for
the control and protection equipment and also to provide test data for
comparison with that obtained during the operation and integration tests
defined in PART 6 of the guide.

4, To find and correct errors and deficiencies in the control and protection

hardware and software.

Precopnditions for the Tests

1. For the functional performance tests the ~CoOR gction
equipment shall have passed all its routine test
2. For the functional performance tests t protection cubicles

3. An off-site test plan representations,| DC

customer in advance of the

2.1

Intro

Before.the functional and the dynamic performance test can be performed, the

steady state performance of the control equipment shall have been

demonstrated.
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21.1 Measurements
General

The following measurements should only be regarded as typical since they will

vary with different control system designs.

Test|Objectives

To cpnfirm that the correct measurements are transmitie priate

points within the control equipment.

Test|Procedure

All measurements shall be checKed ) and

sequ

2.1.2 Control and Protective Sequences

General

The sequences described in the Test Procedure can be checked with the

converter system off-load.
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Test

Objectives

To ensure that the operational sequences of the valve control and protection are

correct.

Test

Procedure

Chedk that the correct sequence of events, with appropriate tipnings take, place

during deblocking/blocking of the converter system.

Chedk that the valve firing pulse sequences sent to theAfig C e/cqrrect

Chedk that forced retard, valve refire and blocking 3 In the

corre

Form

21.3

To e
follov

desig

Test

Verify

nsure tha<§e b The
ing tests 2e regardedias typical since they may vary with different
ns of coni
Pr

the DC voltage and current static characteristics.



https://iecnorm.com/api/?name=9409d1bb2e1756807f7bcf50f8e32150

- 26 - PAS 61975 © IEC:2004 (E)

With the converter system deblocked check:

Redyced DC Voltage Operation

Alpha and gamma order calibration;

With the voltage and frequency of the AC systems varied over their normal
ranges of operation confirm that the current order can be varied over the full
range, DC voltage and current can be confirmed at different levels of currents

order, and that any prescribed limits are maintained;

tr £ b <l L HPA | s £ .11 o <l H | t
al Uulic puwcTl Uructh uall VT vdaliCu UvTT 1T TUll Taltyc, uUic _UTITTvVOU: UU rren

order may be confirmed at different levels of power order;

block the rectifier and confirm the current error calibra ict re-

sponse of the gamma control loop.

Manyal or automatic reduction of DC voltag > ired PSSEeS
on D[C cables when the power e the
possibility of flashover of overheac tions
or conditions of excessive conta

Manual reduction 2 tap
changer contr%}VV inder
the designed conditi

Prote

With ply a

prote

uous

curregnt order setting. Confirm that correct blocking sequence occurs followged by

yerter

and with reversed power flow if appropriate.

Test Acceptance Criteria

For all the above tests the performance should conform to the system studies

and the design parameters.


https://iecnorm.com/api/?name=9409d1bb2e1756807f7bcf50f8e32150

PAS 61975 © IEC:2004 (E) —27-

2.2 Dynamic Performance Tests
Introduction

For the dynamic performance tests only the closed loop controls of the HVDC
System Control (Master Control), Station Control, Pole Controls and Converter

Controls would be used. The telecommunication system shall be adequately

simulated. Protection for the DC system would also be included. Tests would be

perf ware

used I the

Cont ware

and | ent.

Test

1. ols are of the correct

2. To check that the se) for%e ocking/blocking, the firing seqyence
for the val - als for forced retard, refire bypassing and
blocki

3. sient

4.

5. To’ check the correct operation of the protective functions for vgrious
types of faults i the DCsysterm and the associated AC SyStems.

6. To find and correct any hardware deficiencies and software errors.

7. To check the interaction between the AC and DC systems under all

relevant operating conditions.

8. Crosscheck against digital studies for consistency.
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Preconditions for the Tests
In addition to the general preconditions the following must be fulfilled.

1. The preliminary control parameters as defined by the controls design

study have been installed.

2. The set points, thresholds and time delays of the protective relays as

defined by the protection co-ordination study have been_checkgd by

injection tests.

3. The steady state performance defined in se been
demonstrated.

Test|Procedures

The procedure for each of the folowj i escribed separatgly in

each|section.

2.2.1
222
223
224
2.2.5
2.2.6

227

All tasts”for np’rimi72’rinn and verification of the controls and prnfpm‘inn dyr amic
performance require a similar recording and monitoring set-ups as listed below,
in cases where additional or different set-ups are required these are listed in the

individual sections.

The results of these tests will be used as references for the end-to-end tests and
the operation and integration tests at site and it is desirable that similar

recording equipment and test report formats are used for both test sequences.
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Where practical the following should be monitored:

- Current or power order

- DC current

- DC voltage

- Alpha order

- Alpha response

- (?nmmg rpcpnncp

G
A
V
- D
R
F
V
T

2.21

The

integ

Test

To ¢

ontrol mode identification

C busbar voltages and frequency
alve winding AC currents

C power

eactive power

orced retard, blocking and inii

alve firing sequence

Controlf-s

correspondi

ration tests

onfirm that the control equipment operates in a stable manner d

changes of current order, power order and converter control angle.

Test

Procedure

and

uring

The AC systems should be set up with the strongest rectifier system together

with the weakest inverter system applicable, since these typically represent the

most onerous operating conditions. However, other cases should be considered.
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With current order setting of 0,1 pu, deblock and block the converter system.

Confirm that the speed of response to achieve the ordered value conforms to the

specification and that no significant overshoot occurs. The procedure should be

repeated for both power flow directions, if appropriate.

If a prescribed ramping rate for current order is required apply a step change of

0,5 pu or 1,0 pu current order to confirm that the correct rates are achieved.

Curre

With
0,15
by a

allow
Inver

With
cons

refers

appli
Inver

With
inver

order

Powsd

nt order step response

the converter system in DC current control and c
pu, 0,5 pu or 1,0 pu apply a 0,05 pu step reductid
0,05 pu step up. Sufficient time should be

stable operation to be achieved.

ter extinction angle step response

r order step responses

ngs of
pwed

ps to

mum

d be

I the

rrent

With the converter system in power control and the order set at 0,15 pu, 0,5 pu

or 1,0 pu apply a step down in order of 0,05 pu followed by a corresponding

increase after a suitable period.

NOTE Other control loops, for example, constant DC voltage, may be tested similarly to

the above, the general principle being that step changes shall be small enough that

converter firing angles do not reach limits.
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Test Acceptance Criteria

All controller settings should be adjusted such that the response and recovery

times as specified or as defined by system studies are achieved.

No instability should be apparent in the step response tests and the responses

shall be well damped without significant overshoot.

2.2.2 Control Mode Transfer

Gengral

The most common transfers between control mode

- at the inverter, from constant

%inc <

daring temporary load rejection conditions.

porder

stant

1%

K AC

used

The corresponding site tests are described in 6.2.2 of the operation and

integration tests.
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Test Objectives

Control mode transfer tests are performed to verify that the change from one

control mode to another can be achieved without adverse interaction.

Test Procedure

The fransfer from constant power control to constant current gontrol and|back
can Angle
contr ducing
the 1 Alpha
opera pntrol
mode ange
from n be
activs

To a nould
be temporarily blocke fed to
its AC busbars.

Test

Cont

Step ower
contrpl to.eonstanfcurrent control.

Transferfrom constantextinction angte controtor constant DC vottage control to

constant current control at the inverter must be stable.

Activation of the AC system voltage control should occur during temporary DC

system shutdown.


https://iecnorm.com/api/?name=9409d1bb2e1756807f7bcf50f8e32150

PAS 61975 © IEC:2004 (E) -33 -

2.2.3

AC System Interaction/Control

General

The flexibility of the controls of HVDC systems enables them to be used to

enhance the performance of the associated AC systems. Examples of such

features are:

- control of AC system frequency;

- modulation of transmitted power to assist in fault recove

- imitation of overvoltage during load rejection on the

- imitation of reactive power demand from the AC ges;
- AC system voltage control.

The |corresponding site tests are des of the operation| and
integration tests.

Test|Objectives

To ¢heck the perforn control functions which may be
requirements of:th on

Test|Procedure

Power/Current C

For A ping acquire an appropriate level of signal and frequency
and Injec e modulation control loop and confirm that the response
variep in-compliance with system studies. Inject an appropriate level of gignal
into [the” frequency control loop and confirm that the response varigs in

compliance with the specified requirements. Alternatively a frequency change

may be induced by tripping a generator.

Limitations of AC System Overvoltage

With the maximum rating of reactive power elements connected, and at the

maximum power transfer level block the inverter for a defined duration and check

that the dynamic voltage is limited to the design level. Repeat by blocking the

rectifier under the same operating conditions.
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Control of Reactive Power Exchange with the AC Systems

Confirm that the reactive power elements are switched in or out, at the
prescribed power transmission levels, as the power order is increased to its
maximum value and then reduced to its minimum value. Check that the control
angles at the rectifier and inverter remain within the defined bands during the

power changes.

Test[Acceptance Criteria

For gll the above tests the performance should conform witf Ldies

and the design parameters.

No agverse interactions should occur

2.2.4) Commutation Failures &
General

Becajuse of the int ns to

which it is conne pd to
demqgnstrate é@ stem
after vn of
part ¢
The inte-
gratic

Test Objectives

To simulate commutation failure of a converter valve, the recovery procedure

and performance.

To simulate misfiring of a converter valve and the operation of any specialized

protection if this is applied.
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Test Procedure

Some extra monitoring may be applied:

- timing signals allowing synchronization between recordings;
- one valve voltage on each converter group;

- crucial protection signals.

Commuftation Failure

Valve commutation failure (which is most likely to occur af S AN be

simulated by blocking the start pulse at one valve. Thg i hloeking the

start [pulse should be such that a single commutati ilure for a
duraTon sufficient to activate valve overload p st V. , ndent
curreint limit), and finally for a duration stent

commutation failure protection.
Valve Misfire

Valvg one

valve ction,

e.g. @

Test

The ¢
- fd

protective systems should be initiated and be successful over the éntire

Dl or

range of power transfer. Operation of the tine fauttdetection shoufd not
occur.

- for valve misfire the correct protective shutdown should occur.
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AC Filter, Transformer and Reactive Element Switching

General

The corresponding site tests are described in 6.3 of the operation and integration

tests.

Test Objectives

To confirm that switching of such elements will not have any adverse efcht on
the operation of the DC system, that AC system voltage disfurba vithin
the nped.
Prop

Test

The mum
value

Additional recordings ms ‘ filter,
shun f the
test s

If the ansformer switching tests can be carried put in
mong e of the transformers from the second polg. For
a mq 3_répresentation of a relevant system transformer of
suita

If thel schéme hastwo or more converter groups per pole then switching KI one
transformer with the remaining groups in service is possible provided the

scheme filters are designed for this mode of operation.

Switching on and off each type of filter should be done in turn with the converter

equipment energized.

If ca
switc

done

pacitor banks or shunt reactors form part of the overall scheme then
hing of these elements singly or in appropriate combinations should be

with the converters energized.
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The switching tests should be repeated for both rectifier and inverter terminals

and with reversed power flow, if appropriate.

Test

Acceptance Criteria

In all switching tests the HVDC system should continue in stable operation. The

AC system voltage disturbances should be within the specified limits.

Durin

limite

2.2.6
Gengé

Beca
which
demg
after

part ¢

Loca
3 pha

in on

speciffi

Due

seve

control and protection systems.

g a switching operation commutation failure may occy should be
d to only one event
AC and DC System Faults

ral
hs to
ed to
stem
vn of
or all
ction
r the

to- current inrush conditions during recovery period the voltages may be

ety distorted, butthis should ot —affect the correct performance of the

During some AC system faults commutation failure of the converter system is

inevitable, but this condition must be of limited duration and must not adversely

affect the recovery performance of the complete system.
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For DC line faults the normal clearance procedure is to suppress the DC voltage
by means of converter control action, with a preset time to allow deionization at

the fault and then reapply the DC voltage.

If the fault is not cleared, a preset number of such sequences can be repeated
including (if applicable) a restart at reduced voltage before permanent shutdown

is applied. For DC cable faults it is assumed that such faults are permanent and

shutdown of the affected cable is immediate.

The ¢orresponding site tests are described in 6-5 of the egra-

tion tests.
Test|Objectives

To apply single-phase and three-phase faults ithe tions

closg to or distant from the comv ermi 2 b the

performance of the converter bvery

performance subsequent to the fa

To aEpIy DC line e the

protective actions ta

To 4 and
demd

To verify

To ¢ rates

correlctly.

Test Procedure

Some extra monitoring may be applied:
- timing signals allowing synchronization between recordings;
- one valve voltage on each converter group;

- crucial protection signals.


https://iecnorm.com/api/?name=9409d1bb2e1756807f7bcf50f8e32150

PAS 61975 © IEC:2004 (E) -39 -

AC System Faults

The sequence of faults should be as follows.

DC System Faults

apgly.permanent faults to demonstrate bushing flashovers of say DC re:

1-phase busbar fault at the rectifier, repeated at 0,1 pu and 1,0 pu load;
remote 1-phase fault at the rectifier, repeated at 0,1 pu and 1,0 pu load;

local 3-phase fault at the rectifier, repeated at 0,1 pu and 1,0 pu load;

djstant 3-phase fault at the rectifier, repeated at 0,1 pu ang

.equence@

0 the DC line at a point adjacent to the re

nt of the line and at a point adjacent to the in

em;

bither

repeat some of the tests with a~d \ cified

ctifier
erter

hese

hctor,

HVDC wall bushing or transformer valve winding bushing of the star and

delta windings;

apply a short circuit between phases on the valve side of the converter t

former,

verify that back-up protection operates correctly if the primary protecti
disabled.

rans-

on is
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Test Acceptance Criteria

AC System Faults

The acceptance criteria are:

- the DC system shall remain stable during and after clearing of the fault;

- the time for DC power recovery shall within the specified limits;

- np spurious operation of protection relays should occur;

- thansient AC and DC voltages should be contained

lgvels;

- inverter AC system faults sho e DC

line protection.

DC System Faults

- and
r the

- Forsdushing flashovers within the converter terminals the correct protgctive

shutdown should occur at both stations with and without telecommunication.

- For transformer valve winding faults the correct protective shutdown should

occur.

- The pole loss compensation scheme operates correctly.
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Islanding

General

The term Islanding can cover several operating conditions associated with

HVDC systems. Two examples of islanding are:

- isolation of the inverter terminal of the HVDC system due to switching out of

arsingle AC transmission line which connects the HVDC system to the main
AC system;
- lgss of the main AC system leaving one or more achines
cpnnected to either terminal of the HVDC system.
In the first example power transmission would cor il the
problem was identified and corrected and wg le on
the A erter
transformers and valves at the\inve was
taker.
In the second exampie ining
mach g on whether the main system had

been

Test

To d
HVD(

remae[
syst

Ok
emonsira e effective action of the protection or control action g
C system when some form of Islanding occurs.

ing power from the HVDC system the

vDC

f the
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Test Procedure

In the first example given above, the HVDC system should be run at minimum
power transfer with the AC system at minimum short circuit capacity and the AC
circuit breaker at the remote end of the single AC transmission line, which is

connected to the inverter terminal, should be opened.

The action of the HVDC system will depend on whether or not auto-reclose of
the A igable,
ened
and ceissive
overy ower
resto icable
then stem
contr, VDC
level
priate
n AC
The
hines
ower
pd by

Test|Acceptance Criteria

Depending upon the type of islanding applicable to the HVDC system, protection
and/or control action shall be taken by the HVDC system to ensure, if it is
appropriate to the application, that overcurrent or overvoltage damage, or

significant frequency deviation of the connected AC machines do not occur.
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2.3 Functional Performance Test Introduction

As discussed in the general introduction for the functional performance test the
complete control system including telecommunication interface will be tested
against some form of simulation of the HVDC system including the DC
switchgear and the AC switchgear. The appropriate telecommunication time

delays shall be simulated.

Gengral

The pontrol system hardware and software shall b al complete

deliverables.

The |simulation can be by a real time e modules [or a

comphination of both.

Test|Objectives

2.

3. other

4. o not
affect the~gperation of the on-line equipment.

5. To verify that power supplies with redundant elements do not affect
controls or protection operation in case one element is shut down.

6. To verify that failed elements can be removed and replaced without

affecting the operation of the on-line equipment.
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7. Where redundancy is applied it shall be verified that:

- single contingency failures do not cause a shutdown;

004 (E)

- failure of one element of a redundant system initiates changeover to

the standby element;

- failure of all redundant elements should result in safe shutdown.

Precpnditions

1, DC
2. utine
3. n the
4, i the
5. ed to
6, tions
7. T ted.

Test Procedure

Each cubicle and the operators interface shall first be commissioned separately

and then be connected with each other.
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The function listed below should be tested for normal operating conditions. It will

also be necessary to test some of these functions in contingency operation

conditions. Normal operation applies to undisturbed operation of the HVDC

System. Contingency operation exists if a single failure occurs fn the HVDC-

System but the System can continue operation within specified limits or a

disturbance occurs in either AC-System which requires a specified action in the

HVDC System.

In order to create contingency operating conditions malfu

deliberately simulated at the simulator. Typical functions a
- change of HVDC system configuration;

- change status of operation;

- change energy transfer level and energy d
- change preselections;

- sjeady state converter control

- sWwitching of reactive power cmp%? i ements;
p

- apply various i

s|gnals arr

- rdéinback fung

s fopthe Controls and Protection;

shalll be

control system and check that invalid

Test Acceptance Criteria

- all functions of the control system must work properly. Initiated signals must

follow the designated signal path, generate the appropriate command and

create the checkback signal to indicate the execution of the correct action on

the operators interface.
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- loss of a redundant element for control or protection should not affect the DC

system operation.

- loss of a redundant element of the power supplies should not affect the DC

system operation;

- for loss of both elements of a power supply system with redundancy the DC

system should shut down safely;

- normal transitions between redundant elements for control or protection

(7]

- failure of an unduplicated measurement,

hould result in safe shutdown of the DC

24

Intro

out ¢ ation
interf] r the
specifi onditions together with specified variation of the
auxiliary In addition the immunity of each equipmept to

electtomagnetic and electrostatic disturbances may be demonstrated.

Sinceg thése tests are carried out with the control and protection equipment|in an

operational state it may be convenient to carry out these type tests white the
equipment is connected to the HVDC simulator, though alternative methods

would be equally acceptable.
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Test Objective

To demonstrate that the control performance is not affected by operation at

various environmental conditions and within the prescribed operating range of

the power supply.

To demonstrate that the protection settings and timings are not affected by

operation at temperatures and within the prescribed operating range of the

power supply.

To demonstrate that the specified levels of electromag

disturbances do not cause misoperation of control and

To demonstrate that hand held communication

misoperation of control and protection equip

Test|Procedure

- temperature;

Enclose the

sourge.

Operpte the'HVDC system at 1,0 pu load.

The following procedure covers type %tin spect to Control Cubicleg:

ostatic

S-

ause

heat

With the cubicle temperature initially at room ambient:

- Check that the DC voltage and current measurements are stable during all

control modes;

- Check the accuracy of all the control loops by comparing their respective

settings with their responses;

- Check the transient response by applying step changes in current order.

- Vary the voltage (and frequency if appropriate) of the power supply to the
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control equipment, to the specified maximum and minimum levels and at
each voltage level recheck the steady state and transient performance and
compare results;

- Raise the temperature within the housing to the highest specified ambient

temperature, preferably for several hours;

- Recheck the steady state accuracy and transient performance and compare

results;

- Mary the voltage (and frequency if appropriate) of the pow upplyhtp the
c each
v Tjance
a

- R

- R S.

With ent to

the appropriate electromagnetic ' f strate

that t

Protg

Enclg sing

with ¢

With

- C

Y D the
protection cubicle to the specified maximum and minimum levels and at|each
voltage level recheck in turn each protection operation for setting and

timing;.

- Raise the temperature within the housing to the highest specified ambient
temperature, preferably for several hours.

- Recheck in turn each protection operation for setting and timing.

- Vary the voltage (and frequency if appropriate) of the power supply to the
protection cubicle to the specified maximum and minimum levels and at each

voltage level recheck in turn each protection operation for setting and timing;
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- Compare the results with the previous study;

-  Lower the temperature to normal ambient and recheck in turn each

protection operation for setting and timing.

With the DC system operating at 1,0 pu load, subject the protection equipment to

the appropriate electromagnetic and electrostatic interference and demonstrate

that misoperation of the protection does not occur.

Test

The

shall

The

tolera

Acceptance Criteria

steady state accuracy and transient performance

be within the design tolerances.

setting and timing results for each prg

&

INCES.

tests

2sign
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PART 3: CONVERTER TESTS

General
Introduction

This pa
verifi

of tes
3.1 Converter unit tests

+ HV energization of converter transfg

3.2 | Converter station tests

banks

3.3 0 C transmission circuit

e DC switchyard

PAS 61975 © IEC:2004 (E)
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During the test program, conformance with environmental specifications should
be included where applicable. Preliminary observations of audible noise, radio
and PLC interference levels may be done. This is described in Part 5 of the
guide. Temperature rise of major equipment can be monitored. However, the
actual measurement of the above mentioned quantities are conducted during

end-to-end operation.

Test pf Back-to-Back stations is covered in part 4 of this guide whereas bagk-to-

back| testing referred to in section 3.2 is accomplished orary

conngction between the converters of a bipolar long distar

Statgment of Purpose

The purpose of the Converter Tests is to ify ¢ ect operation ¢of an
individual converter station and the of all main gircuit
equig

Geng

The ¢ fests.
The Itage
insuls

Load jet a
provisi 2 control system, the valve cooling capability and the
main respect to temperature rise, audible noise and |[radio
interf ~Ei erification will be made during end-to-end testing.

GeneralPreconditions

Before beginning the Converter tests, the following equipment must be verified

off voltage and be available:
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- AC switchgear;

- AC filters, capacitor banks and shunt reactors;
- DC filters and switchgear;

- Converter transformers;

- Thyristor valves and cooling system;

- Station auxiliary service;

'_.IC PIUtUbt;UII ayotcm,
AC and DC protection systems;
- Qontrol system;
OC line or cable (for open line test);

- Sequency of event ;

- Recorder and Alarm System,;

- Transient Fault Recorders.

In or i[d the

valve ed to
cond lying
0.5 - mers
with briate
resis

Prior ared.
As th bcted
AC s

3.1 Converter Unit Tests Introduction

This test is the HV energization of the converter transformer with blocked valves

and is performed on each individual converter unit in a HVDC station.

Test Objectives

The test objective is to verify that insulation voltage withstand is achieved and to

check that the electrical phasing is correct.

Preconditions
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Before conducting the HV energization the following preconditions shall be
fulfilled.

- All controls and protections associated with the high voltage equipment shall
be verified and in service. A trip test shall be made shortly before high

voltage energization.

- Monitoring instrumentation shall be connected and ready.

- Al clamp joints shall have been tightened and the insulators wiped clean.

.

be perfgrmed

Q

Test

Durin and inrush-currents may be recorded.

Insps est for abnormal sounds and c¢rona

disch

- H K the
e

- T sition

(lowest.valve~side voltage) and then stepped to rated voltage.

- Keepthe transformer energized for a minimumn of 24 hours.

Test Acceptance Criteria

No abnormal sounds or corona discharge shall occur in the energized

equipment. No protections shall operate improperly.
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3.2 Converter Station Tests Introduction

This group of tests includes HV energization of AC fillers, capacitor banks and
shunt reactors, open line test of the DC switchyard and load tests of the
converter station and back-to-back or short circuit test. If there are multiple
groups in each pole, they should be initially energized individually and then
together.

3.2.11 HV Energization of AC filters, Capacitor Banks and ctors

Introduction

This [section deals with the first energization of AC filter lor banks and
shunt reactors individually for the first time. y itchi hese

elements is dealt with in 6.3.

Test|Objectives

The |test objective of the HV energi i Itage
insulation is achieved and that the Aélwger ctors
are Halanced betweenxthe 3 ation

of the¢ onload curre € t this

time.

Precpndition

Before
fulfilled.

energization the following preconditions shgll be

- All centrols™arnd protections (main and backup) associated with the| high

vpltage equipment shall be verified and in service. A trip test shall be jmade

shortly before high voltage energization.
- AC filter tuning shall be completed.
- AC filters and shunt capacitors shall have been balanced.
- All clamp joints shall have been tightened and the insulators wiped clean.

- All safety procedures shall have been carried out
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- A final visual inspection of the high voltage equipment shall be performed,

and the arrester counter numbers shall be recorded.
Test Procedure

During the test, AC voltage, steady-state and inrush-currents may be recorded.
Inspect the equipment during the test for abnormal sounds, corona discharge or

partial discharge arcing. The following test sequence is recommended.

-  Keep each AC filter, capacitor bank and shunt r for a

minimum of 2 hours.

Test|Acceptance Criteria

No a gized
equig

bank

hcitor

3.2.2
The that
prope also
show ction
propg
Prec

Beforeonducting the open line test the following preconditions must be fquIiIIed:

- The converter transformers shall have been energized,

- All controls and protections associated with the converter transformers and
the DC switchyard including the DC voltage dividers shall be verified and in
service. A trip test shall be made shortly before high voltage energization.

Preferably a low voltage energization shall have been performed.
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Monitoring instrumentation shall be connected and ready.

All clamp joints shall have been tightened and the insulators wiped clean.

The HVDC transmission fine disconnect switch shall be opened and locked.

All safety procedures shall have been carried out.

A final visual inspection of the DC switchyard shall be performed and the

arrester counter numbers shall be recorded.

D

C filter ’rlming shall bhe r‘nmplﬁi‘nd

G

Procedures

pnnected oneby one and then together.

't the

artial

e (if

step

p the

Zero

Filters

there are multiple valve groups in each pole they should be infitially

e

nergized individually and then together.

Test Acceptance Criteria

No abnormal

equipment. No protections shall operate improperly.

Confirm that the designed DC voltage can be achieved.

sounds or corona discharge shall

occur in the energized
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3.2.3

3.2.3

Load Tests

. 1 Back-to-Back Test

Introduction

For bipolar HVDC systems back-to-back testing may be considered since this

provides the least disturbance to the connected AC system. Back-to-back testing

is ac[tomplished by operating a bipolar terminal with one conyerter as regtifier
and the other as inverter. The connection between the convg vithin
the s 5 [latter
case rcuit,
as d ective
gene d maximum load gnd is
prefe

It sh hese
tests

Test|Objectives

The {est obje pon of
the cpntrol syste Spect
to ter

The The
tests for a
more and
reactjve_power control checkout may be performed with each converter| pole

operating both as rectifier and inverter.

Preconditions

Before beginning the tests, the following preconditions must be fulfilled:

- The energization tests of the AC filters, capacitor banks and shunt reactors

shall have been successfully completed.


https://iecnorm.com/api/?name=9409d1bb2e1756807f7bcf50f8e32150

Conslideration must be given to a possible trip of the conve
a trig
adeq
acce
allow
CIGR

~ 58— PAS 61975 © IEC:2004 (E)

The converter transformers, the valves (and the DC switchyard filters if

available) and switchgear shall have been energized.

A temporary connection between the converter or a part of the DC

transmission circuit is required.
The DC-reactor shall be included in series with the converter units.

Some control parameters may have to be temporarily adjusted for

back-to-back testing if appropriate.

A|II safety procedures shall have been carried out.

)| it s

recor that
remo
Test
The ction
must vary
with . The
harm mum
variayi and
measg

Oeblocking and blocking of converters.

Ramping up to maximum test current including check of current measuring

circuits.

Proper functioning of current control, power control, automatic tap changer

control and reactive power control.

The measured quantities for the AC-filters protection and for the transformer

protection. Make adjustments if necessary.

Acceptable equipment temperatures and absence of hot spots.
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- Steady state and transient properties of the cooling system of the valves are

correct.

- Switching sequences in the auxiliary power system are correct and these

should be done initially at low DC-current levels.

- Correct operation of redundancy arrangements, for instance by simulation of

faults in units or functions, where redundancy is built into the equipment

Durin =to- i ifi i se to
nomipal, the angle may vary with different levels of direct curre 3 vary
the pghase angle between the harmonics from the rectifier\a r. At
someg each
othern, which will result in the filter current being ve S kept

in mind during the observation of loading of the

Test|Acceptance Criteria

Demonstration of proper convert

ro;ﬁtl

Equipment temperaturées shea wthin spex

ified limits. No hot spots may ekxist.

Initia| assess p ability of the thyristor valves, transforpers,

reactprs, building 2l sh&ll demonstrate no abnormalities.
No p
3.2.3

The ghort circuittést may be conducted on a monopolar DC system or in ¢ases

where_schedules or constraints dao not allow both converters of a bipolar station

to be used for back-to-back testing.

Test Objective

To provide minimal verification of the control system before end-to-end testing.
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Preconditions

The preconditions for the short circuit test are the same as for the back-to-back
test, described in sections 3.2.3.1. The DC smoothing reactor must be included

in series with the converter unit when creating the short circuit.

The DC circuit must be operated short circuited with alpha at approximately 90

degree (Ug = 0) during this test. The large delay angle results in much higher

than [normal losses in the valve circuits. As a precaution it is(recommended to

limit { ests.

Cont S It af the

cond

nsformer tap changer in highest

positjon (lowest valve sj Q). c made to verify:

- Deblocking and
- Qurrent cop};t(ol ;
-  Response t

Test|Aceep!

Demonstratio esponse and stability of the current control system.
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3.3 Open Line Test of the DC Transmission Circuit Introduction

Open line test of the DC transmission circuit can be performed from either end of

the HVDC system but one at a time, it is normally done from the converter that

becomes first available but preferably from the terminal with the highest

operating voltage. The open line test is an excellent test to demonstrate the

condition of the HVDC line and cables. Both short-circuit and open line

condftions can be detected over the entire length of the Circuit.

The |open line test is mainly conducted to verify the

the DC

transmission circuit prior to transmitting power. The test. apestant for

the initial start up of the System but may also be usg

a permanent fault on the system before returnin 1 sl operation.

Test|Objectives

The test objective is to verify that/the HVD
grour i

that DC_transmission circuit is achieved.

follpwing

smission circuit is not openjed or

. Theopen line test should also yerify

Befor line lest the following preconditions shall be fulf|lled.

- Thé hall have been successfully energized.

- Il contro protection systems shall have been verified angd be
lerational.

- The DC transmission circuit shall be available.
- Check that the other terminal is isolated.
- Voice communication system shall be in service.

- All safety procedures shall have been carried out.

- The neutral side of the converter shall be connected to the earth electrode

and the high voltage side to the line or cable.
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Test Procedures

During the test AC and DC voltage and current shall be recorded. Inspect the
switchyard equipment during the test for abnormal sounds or corona discharge.

The following test sequence is recommended.
- Apply a ground to the remote end of the DC line or cable,

- Energize the converter transformer and step the tap changers to rated

vpltage.

- Deblock the converter in open line test status of opera ramp
the DC voltage. If this is possible, the DC trans ygened
spmewhere.

- e the
grounding at the remote end.

- H rated
vpltage.

- D ramp
the DC voltage up : y . Mg level

pes not exceed

- fter the zero

d
A
and block the
R
K

Test|Acceptance Criteria

No protections shall operate improperly.

The DC voltage shall build up when the fine ground connection at the remote

end is removed.
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PART 4: END-TO-END-TESTS

General

Introduction

hat are

ne by

Since ential

impa NS.

It will be necessary to perform end-to-end_tests icable HVDC system

configurations. The general tesg in the flow chart of

Figune 4.1.

It is |necessary that seme verificati e off voltage or "dry" prior to
testing at any power t arti i DC
system configuratiQ i nces
should be don{}r

The |
- M
- M

- Blipolar-Operation;

ntegration of Parallel or Series Converters.
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The following tests are outlined:

4.1 Changing the DC system configurations, off voltage.

4.2  Start and stop sequences and Steady State Operation at minimum power.
4.3 Protective Blocking and Tripping Sequences.

4.4 Power and current ramping.

4.5 Reduced Voltage Operation.

If no ce of

the v
The ¢

- N S 8 jon if
a

g VDC

S Bcom

5 not

ning.

pical

from

-  Remeote control, which applies when the control functions can be inifiated

o1 a controt centre remote from either converter terminat:

—

The operator can accomplish a change of operational status by using one of two

different control methods:
- Automatic Control

- Manual Control
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In automatic control the operator initiates a change of operational status, a

change of configuration or a change of power (current) reference selection and

the respective controls execute the correct order. The successful completion is

verified by monitoring.

In Manual, the control of the converter terminal is performed in discrete steps

from one operational status to another. Compared to the automatic control

mod¢d, the operator is offered a choice of additional intermediate stepy and
interyention in the control sequences. Completion of any co aquence will
be vgrified by monitoring.

The [control level denotes the hierarchical level of tem control. A
distinction is made between:

- §ystem control level (Joint control availa

- Station or Bipole control leve

- PHole or Converter control level

At the System control Jevel the DC system can be controlled jpintly
from| one of the operator control locations, Hhence
telecammunicgg n

At th 3 rolled
separ pintly
contr|

At th rolled
sepafately;» whenvtelecommunication is not available. The poles of thgq two
statid on is

available.
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General Preconditions

The following activities must have been completed before the end-to-end tests
can proceed:

Off-site Tests.

Converter Tests for both stations.

o Back-to-back Testor Short Circuit Tests when possibie,

e Open Line Test of the DC transmission circuit.

e Electrodes and electrode lines checked and cleared

e Telecommunication system and telephone systg

e TH ordination and test
respq

e Fi checked and in sefvice.
e Al of Events and Fault Recqarding
systems must be in s

Gengé

End-t ation
interl ower
levels. stem
confi stem
confi time
must(be te'sted without high voltage (Dry Run Test or Off Voltage Test),

The tests should be organized in such a way that all the control modes, control

levels and control locations will be tested without unnecessary duplication of

tests.
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4.1 Changing the DC System Configuration, OFF-Voltage
Introduction

Changing the DC system configuration can be relatively simple in a point to

point

system which has a single converter per pole. The switching operations become

more complicated if the station poles have parallel or series converters. This test

is intended to demonstrate that equipment, breakers, disconnects or grou

nding

switches are operated in the correct sequence and, are properl

Changing the DC system configuration on load is described

Trangfers between different DC system configufation
automatically and jointly or manually from local cofitrohor f:
centre. In manual or separate control, the op

actiops via voice communication.

Test|Objectives

The purpose of the

safely change@

h he DC system configuration ca

psmitting power for the first time.

Precpnditio

Before co e'test the following preconditions must be fulfilled:

- Qff-site: testsverifying DC system configuration change shall have

cked.

ifiated

ispatch

hese

n be

been

campleted

- All necessary AC and DC switching equipment shall be operational.

- Operator instructions and test procedures shall be available.
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Test Procedures

The transfer between specified DC System configurations shall be
demonstrated. The most logical approach is to perform the changes of

configuration from the initial conditions defined below:

Monopolar earth return.

Monopolar metallic return.

- Blipolar operation.

- Integration of parallel or series converters.

The tests shall first be performed with telecommuni svice| and

then with telecommunication in service:

- Hstablish voice communication with the o er terminal.

- Switch off the telecommunicatjon.

- Reset all alarms.

- Select the initial DC system (configurati accordance with the opetating
instructions. The p / one in steps involving operfators
af both terminalp

- Verify the@ro ion on the operator control interface and

egquence of'g S \ ulate failures in the Switching Sequence.

Acceptance Criteria

- itching—sequences shatt—correctty transfer between—att—appticabte DC
system configurations, with and without telecommunication.

- All Switching sequences shall be safely and correctly completed.

- The interlocking of disconnectors, switches and breakers of the AC and DC

yards shall be in accordance with the technical specifications.

- It should be possible to initiate a change of DC system configuration from

local and, if available, from remote control locations.

- Anincomplete sequence shall be terminated in a safe condition.
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4.2 Start and Stop Sequences and Steady State Operation at Minimum

Power
Introduction

Great care must be exercised when going through the start and stop sequences
for the first time. The thyristor valves will be deblocked at the rectifier and

inverter end and current will be established in the DC transmission circuit.

The gsequences for starting and stopping the converters are not identical 1lor all
HVD f the
supp Jence of
bring V.

- T itipns:

d by

e Valve cooling system switched on;

e Transformer and smoothing reactor cooling systems switched on;
e Power or current control setpoint selection available;
e Tap changer operational and in correct position;

e AC filter disconnector closed, circuit breaker open;
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e DC filter disconnector closed:;

e Converter Transformer disconnector closed, circuit breaker open.

- The BLOCKED (or READY FOR OPERATION) status is generally

characterized by the following conditions:
e Converter transformer circuit breaker closed;

e Tap changer control activated;

e AC filter circuit breaker open or closed ;

e Thyristor precheck completed.

- The DEBLOCKED status is generally charactér llowing
pnditions:

@)

e AC filter circuit breakers closed;

e Valve Firing pulses dg

e Rectifier and/or inverte

Test|Objectives

The pgeneral 6 deblock both converters of the HVDC

trans both

directi

o V hnge,
S

o \ferify,_that\mipimum power can be established and stopped smoothly and

-

Tliably in all applicable HVYDC system configurations.

e Verify correct system measurements during steady state operation at

minimum power.
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Preconditions

Before conducting the tests some preconditions must be fulfilled:

Test

The $
DC s

appli¢

The DC system configuration has been established by means

successful off-voltage test.

of a

Off-site tests for start and stop sequences have been successfully completed.

onverter tests for both stations have bheen Qll(‘r‘PQQfll”y r‘nmlnlp’rpd

Appropriate AC and DC filters are available.

The valve cooling equipment has been verified and i
No alarm are present.

Thyristor monitoring shows thyristor redunda
en succes

reset.

ble operation.

sfully

delivering or accepting the

L and
or all

on.

tatus
tatus

s to

"blocked", voltage will be applied to the converters.

Establish voice communication between the operators at each end and put

telecommunication out of service.

Establish operation at minimum power by first deblocking the inverter and

then the rectifier.

Remain at minimum power for a short period. Then block the rectifier an

inverter.

Restore telecommunication.

d the
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Establish operation at minimum power in automatic and joint mode. Remain

at minimum power for at least 1 h and verify measurements of DC currents,

voltage etc. It is advisable to perform switching of redundant controls and

other elements at minimum power level in order to verify that there

impact on the HVDC transmission or the AC network.

Special attention shall be given throughout the test to verify that no hot

iS no

spots

develop. The equipment inside the valve hall, the converter transformers,

smootning reactors and the wall busnings are among the Itcal Ie

check. Also verify that the valve cooling system

temperature within specified limits.

Iff applicable, transmission of power in the reverse d e test

be safely and re

accomplished in each applicapte HVD em configuration.

All control actions correct order and timing. Inters
interlocking shaf fu

No malfunction

Equipmeng}

No AC and\DGC, sy bance may occur.

The coo S keep the valve temperature within specified lim
Switch redundant elements shall have no impact on the H

tlansmission

ns to

valve

4%
o

liably

ation

ts.

vDC
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4.3

Protective Blocking and Tripping Sequences

Introduction

HVDC systems can be exposed to various types of faults of permanent or

temporary nature.

Depending on the type of fault, the protective blocking and tripping sequence

may fesult in some combination of the following actions:

Protgctive control > i initiated as a consequence of

rejection.

nstantaneous advancing of the inverter firing angle (co fure
Transfer to redundant control (if applicable);
Retarding the firing angle of the rectifier;

Blocking of the converter valves blocking lection ¢

pass pairs);
AC breaker tripping (convertg ibly AC filters);

Pole isolation by opening DC s

Verifyn th blocking or protective tripping sequences take

earing a fault or equipment malfunction.

Verify’that DC protective actions are properly co-ordinated with thg

S );

f by-

load

blace

AC

1%

breaker

operation and other protections,

Verify that control actions reestablish system transmission as specified.
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Preconditions

The co-ordination between the protective systems and the control systems

shall have been demonstrated during off site tests.

The AC and DC protection systems have been exercised during subsystem

and converter station tests.

All redundant control and protection systems are in service.

All monitoring and alarm systems are in service.

T

a
T
T

Test

In org
the fa

Itis ¢

After

minin

telec

est personnel are well informed on each protection aq

ctions to expect.

elecommunication system is in service.

protective

" acceptin

of the off voltage tests, trips shall be simulat
num Il applicable system configurations and with
DMMURICS system in and out of operation.

g the

ence

age.

ed at
the

The fnllnwing qignale shall bhe recorded:

AC voltages and currents on each phase;

DC voltages on both poles;

AC currents in the Valve winding on each phase;

DC currents on each pole and on each DC neutral connection;

AC currents in filter banks;

Main sequencing signals;
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- P
- F

rotection signals;

iring and extinction angles order and measurements;

- Current order.

During each simulated fault, test personnel must check that the correct circuit

breaker trips and that the corresponding alarm and sequence of event recorder

signals are initiated.

Oper

Test

For ¢

sequ

The

zZzone

Corre

recor

Safe

telec

ators must confirm that both terminals are stopped safely.

Acceptance Criteria

ct alarms are

der shou@

O

The imy

spec

bping
and

bsible

fault

thout

vithin
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4.4 Power and Current Ramping
Introduction

This test is intended to demonstrate that the HVDC system power can be
smoothly ramped up from minimum power to approximately 0,3 pu. and down, in
both power and current control. The test is normally conducted with

telecommunication _in_service. However, if applicable, ramping shall also be

demgnstrated with telecommunication out of service.

Test|Objectives

The general purpose of this test is to verily that sm different|rates

verify

th.

rated

AC systems shall be capable of delivering or accepting the

tnansmitted power without affecting their stable operation.

Test Procedure

The ramping test shall be performed in monopolar metallic and ground return

configuration for each pole and then, if applicable, in bipolar operation.

If possible, ramping shall first be tested without telecommunication in service.
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Having established voice communication operators deblock the converters

individually and allow the HVDC system current to stabilize at its minimum rated

value.

Test|Acceptance Criteri

The following test a

Operate at this current level for a short time. The current can then be ramped
to the next preselected level. The system is again allowed to settle. This

procedure is repeated until the current has reached 0,3 pu.

S

verify that no hot spots develop. The equipment inside , the

hs to

cpnverter transformers, smoothing reactors and the wah\t 8. among

the critical items to check. Also verity that the valve \ intains

the valve temperature within specified limits.

Ramp down to minimum current and restore

Smooth ra C system current and power shall be possibjle for
all applicablé

AC and main
Wit vithin
specitie - \ tly.

No hotspots~should occur in the AC and DC yard equipment or in the yalve

hall

The valve cooling system maintains the valve temperature within specified

limits. Smooth transfer between current and power control or vice versa.
If applicable, it should also be verified that the control system schedules the

necessary reactive power elements in the appropriate order to keep the AC

voltage and reactive power interchange within the specified limits.
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4.5 Reduced Voltage Operation
Introduction

Manual or Automatic reduction of the DC voltage may be required to reduce
stresses on cables when the power transfer level is reduced, or to minimize the
possibility of flashover of overhead DC lines during adverse weather conditions

or conditions of excessive contamination.

Test|Objectives

The purpose of the test is to verify that transfer 9 ltage
operation, and that steady state operation at re 206 P in a

stable manner.

Precpnditions

Before conducting red 5t be

fulfilled.

\V
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Test Procedure

Reduced voltage operation shall be tested in all AC and DC system

configurations.

- Start the DC transmission to minimum current and nominal voltage. Transfer
to reduced voltage operation and maintain steady state condition for one

hour. Transfer back to nominal voltage operation. Both manual and

automatic initiated transfer to reduced voltage operation ( after DC line
faults) should be tested.

epeat the test at a higher current level.

R

- Repeat the test in power control.
g
v

- orrect functioning of the control system f the
alve cooling system should be observed

Test|Acceptance Criteria

- Transfer to and fro and

dpes not disturb the

- Steady statf op
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PART 5: STEADY-STATE PERFORMANCE AND INTERFERENCE TESTS

General

Introduction

In this—part-H\/DC svystem steadv-state performance—and-interference -tests are
pet——\ Sy stem—steagdy=state—peHorHRan aRdlhtereren eSSt

described- These are system tests which seek to ve

e steadyistate

performance parameters of the HVDC system and verify and
audil cified
limits]. y be
affec and
interf] lroad
comq ence
tests [ests.
Previ ests,
have ectly.

5.1
5.2
5.3
5.4
5.5
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General Preconditions

The following activities should have been completed before the Steady-State

Performance and Interference Tests can proceed:
+ Commissioning tests of ail converter units.

« Commissioning tests of transmission system as required for stable operation.

*+ (Jommissioning tests of reactive power control system.

Statement of Purpose

The | verify
stable operation of the HVDC sys e | tions

and Verification of environmental’c

Gengé

Steag ence Tests are intended to verify tht the
I

dible noise/corona and interference levels
levels. In addition, the tests verify| the

yre\ rise /and earth electrode performance conform with the
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5.1 Harmonic Performance and Filter Components Rating
Introduction

The power conversion process in HVDC systems results in the generation of harmon-
ic currents and voltages which can affect the interconnected AC systems, DC
network, and third party electrical systems. Factors considered in the design and
harmonic studies of HVDC systems to minimize the level of harmonics propagated
from the HVDC system into the AC and DC network include the follo

C system network impedance.

armonic frequencies of concern (characteristic an

alve firing angle.

onverter transformer reactance and

VDC con@

Ces.

A
H
H
V
G
U
T
A
e Sensitivity of ad
H
P
H
A

Ccand DC filter design.

AC harmonic filters connected to the AC bus reduce the harmonic voltages
appearing on the interconnected AC network and the harmonic currents injected

into the AC network to specified levels.

For HVDC systems with overhead transmission lines, smoothing reactors
together with DC filtering circuits are typically installed in the DC circuit to
reduce the harmonic currents to levels which will prevent interference with third

party telephone or electrical systems.
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The loading of the AC and DC harmonic filters must be checked and the filter

components ratings verified.
Test Objectives

The objective of the harmonic tests is to confirm that the harmonic voltages and
currents produced by the HVDC system are reduced by the AC and DC filters to

conform to specified limits and verify the harmonics do not cause unacceptable

interference with third party telephone or electrical systems. ditionally], the
tests| demonstrate that harmonic performance is acceptabl erated in
various configurations and under required contingency modes.

The loading of the filter components shall be verifig idual
component ratings.

Precpnditions

Befol

e A

e Study results avaita i pnics
[}

[}

o 5 and
° S.

e Tlestlinstrumentation and data acquisition system available.

e Specialized harmonic measuring equipment available.

Test Procedures

The harmonic measurements should be performed in those HVDC system
configurations and modes of operation which are specified. A test plan which
identifies these configurations and modes of operation along with the physical

locations for the harmonic measurements should be established, considering the
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following HVDC system operating conditions:
e Stand-by operation.

e Operation at minimum and rated power and at each power level which
initiates switching of a filter or reactive power component, and overload

HVDC power transfer levels.
e Various HVDC and AC system configurations.

ny special condition generating maximum harmonics.

educed HVDC voltage operation.
ormal operation with specified filter configurations.

A
R
N
Qperation at larger-than-normal firing angles.
g
S
E

DC h

trode

e Harmenic impact on minimum current operation.

Bipolar and monopolar operation (with and without ground or metallic return).

During the harmonic measurement tests, the environmental conditions need to
be noted and recorded due to the sensitivity of the harmonic filters to ambient

temperature conditions or weather.
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Test Acceptance Criteria

The results of the performance measurements should verify that the AC and DC
harmonic voltages and currents are within the limits required and interference to
third party electrical systems is within acceptable limits. Additionally, the tests
should confirm that operating restrictions of the HVDC system and AC and DC

filter configurations are within specified limits. The AC and DC filter components

must[not be overloaded.

5.2 | Audible Noise
Introduction

HVDC systems emit noise in the audible-frequefdy sp The source o¢f the
audifjle noise (AN) in HVDC s S ‘ ! quipment and HVDC

transmission lines and can be cat

+ (Component generated audibl
Related to converter oothing reactors, shunt reagtors,
AC and DC ha ilteNregctors and capacitors, thyristor valves, cqoling

system, and a ¥"AN will vary with loading conditiong and

firing am S.
*  (onduttor erated abdible noise:
N

phenomena on HVDC transmission lines, substation

and\outdoor equipment. This source of AN is associated| with

ignization phénomena near conductive surfaces when the electric| field

such, corona generated AN can vary with environmental and ambient

conditions due to conductive surface irregularities and contamination. AN

from DC generated corona is usually higher under dry ambient conditions.

. Impact generated audible noise:

Related to operation of equipment such as power circuit breakers,

disconnect switches, etc.
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AN limits within the converter station facility, including building interiors, and

along the perimeter of the HVDC system are specified to ensure applicable

regulations and codes of practice are met. In some cases, special noise

abatement measures may be required to reduce the levels and spectrum of AN
from the HVDC system.

Test Objectives

The ¢bjectives of the AN tests are to measure and verify that\{ aus(

the HVDC system is within specified limits.

Precpnditions

Befor

Test

AN tg

configurations and modes of operation specified. A test plan which ider

D

the HVDC

Flactory AN te

ed by

evels

from

stem

tifies

these configurations and physical locations for the AN measurements should be

established, considering the following HVDC system operating conditions:

Stand-by operation.

Minimum, intermediate, rated, and applicable overload HVDC power transfer

levels.
Any special condition generating maximum AN.

Long term measurement considerations (when required).


https://iecnorm.com/api/?name=9409d1bb2e1756807f7bcf50f8e32150

- 88 — PAS 61975 © IEC:2004 (E)

The presence of corona can create AN. Corona can be observed by visual
inspection with the use of binoculars or located with the use of ultra sonic corona

detection devices.

During the AN tests, the environmental conditions need to be noted and
recorded due to the sensitivity of AN measurements to ambient conditions, such
as air temperature, barometric pressure, relative humidity, wind speed and

direction, and background acoustic noise.

Instrymentation and AN measurement procedures should cified

requirements or applicable standards.
Test|Acceptance Criteria

Test
depe
with {

Rroject specific and
he

design limits specifiedl.

N levels measured

and allowed to operate in an ovdrload
alue.

m for

e Reduced reliability due to use of redundant equipment during overload

operation.
e Limited ambient temperature operating range.

e Restricted performance range for such critical operating parameters as

reactive power compensation and harmonic filter performance.

e Control and instrumentation limits.
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Operating conditions and design requirements of the AC and HVDC system
should be able to support the overload operation without component damage.
Major equipment which can be directly affected by overload operation include
the thyristor valves, valve cooling system, converter transformers, harmonic
filters, smoothing reactor, current and voltage transformers, bushings, bus work,

and transmission systems.

Test|Objectives

VDC
pf the

The pbjective of the overload/temperature rise tests are
systjms overload performance capability and confirn

individual equipment is within acceptance limits

Precpnditions

Befor
e F
o A
o T

Test

The HVDC systew

the ojverload tests for a period of time necessary to achieve thermal equilibrium

should be operated at rated load prior to commencemeént of

of major electrical components such as converter transformers, DC smoothing

reactors, thyristor valves, AC and DC harmonic filters, and valve cooling system.

After the temperature of the major equipment items has thermally stabilized at
full load (typically 12-18 hours), the HVDC system can be operated under the
overload condition which is compatible with the existing ambient conditions and
the temperature rise of major electrical components recorded. In addition, the

valve cooling system performance should be monitored and temperature
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monitoring devices should be employed to check the buswork, connection

points, terminations, neutral connections, and switch contacts.

Test Acceptance Criteria

The maximum operating temperatures and temperature rise of the equipment

shall be within specified limits. The maximum operating temperature of

equigment being tested may have 1o be corrected to maximum amnjbient

tempgrature to compensate for lower ambient temperatures durng

5.4 | Interference
Introduction

HVDC systems produce voltages’s ause

interference from both the cond uctor

corona pulses and partial dischafge

on RSt
electrical interference f SY'S :

Filtering devices, s ; ' 3 suppression techniques are impleménted

ors are also potential sourdes of

to minimize glectrical interference has the potential of
affecting third papt ystems, the commissioning test program should
incluge coogrdinated operators of interference-sensitive equipment-
Design gnce levels resulting from HVDC systems are pfoject
specific on the surrounding environments and regulations.

Interference:timi posed typically consider the following:

e Radio interference (RI).

e Television interference (TVI).

e Telephone carrier interference (TCI).

e Microwave communication system interference (MCSI),
e Railroad signal interference (RSI),

e Power line carrier interference (PLCI).
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Test Objectives

The objectives of the interference tests are to measure and verify that the inter-
ference levels caused by the HVDC system are within required limits and
establish that there is no degradation of low-level electric circuits (e.g. telephone
networks, computers, radio and television systems, railroad signal equipment,

and other electronic apparatus).

Precopnditions

Before conducting interference tests the following pfeco all*be fulfjlled.

e Measurements available which es sting  backgftound

terference levels.

=

e S e devels of/interference expected as
a

e (oordination estab it pé%rs ok irterference-sensitive equipment.

e HVDC system gp 3 i nce mitigating equipment in service.

e HVDC st protection  verified to be immune [from

terference.

ata acquisition system available.

Test

Interference tests for the HVDC system can be broadly classified int¢p the

following separate groups:
e HVDC converter station tests with measurements taken within and adjacent
to the fenced boundary of the facilities.

e Transmission line tests with measurements taken along a perimeter of the

AC and DC transmission lines servicing the HVDC system.
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The interference tests should be performed at predetermined locations and in
those HVDC system configurations and modes of operation specified. A test plan
which identifies these configurations and levels along with the physical locations
for the interference measurements should be established, considering the

following HVDC system operating conditions:

e Stand-by operation,

e Minimum, infermediate, rated and applicable overload HVDC—power trdnsfer

lgvels.

e Any special condition generating maximum interference
e Number of points and number of measurements,

e Tlest plan which identifies the bandwidihs techniques,

C hble),
fn f the
HVDC system, 2 iti uctor
c

Test|Acceptance Crite

The ipterferen vithin

the specified desig

5.5

Intro

The ¢arth electrodes for a bipole configured HVDC transmission system provide a

ground reference for the neutral bus at each converter station. The earth electrodes
are generally designed to permit the HVDC system to operate for a limited time
period in the monopolar ground return mode when one pole of the bipole is out of
service. Earth electrodes for monopole systems are designed to permit continuous
operation. Since earth return operation may interfere with third party communication
circuits and may cause corrosion of underground structures, the commissioning test

program should include coordination with third parties.
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Test

Objectives

The objectives of the earth electrode test is to verify the design of the earth

electrodes and establish the maximum measured interference levels in various

operating modes. Design criteria for HVDC earth electrodes are project specific

and depend on the local soil conditions, anticipated operating modes, and

duration of earth return operation in the worst case scenario- Design criteria

typic

IIy considered include the fnllnwing'

G
Tl
Tl
g
e (
E
R
E
g
S

Prec

Befor

urrent rating.

emperature rise. ®
hermal time constant.

urrent distribution between electrode well

urrent density at the electrode surface. m

arth resistivity design value

esistance of electrode to re 2

lectrode resistance

verload curre

tep and ’w@h

pnditions
e conducting he following preconditions shall be fulfilled.
artf ommissioning tests including measurement of struc

)

-soilpotentigh, current-in-structure, soil potential, soil resistivity, struq

pture-

pture-

)-remote electrode-potential, and background interference level.

e Test stations for cathodic protection and stray current measurements

established,

e Coordination established with all participants, e.g., railroad operators,

telephone companies, municipalities, underground utility operators, electrode

supplier, and HVDC supplier.

o T
e T

est coordination center and communication method established.

est instrumentation and data acquisition system available.
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Test Procedures
System tests for commissioning of the earth electrodes can be broadly classified

into the following separate groups:

e low current tests with a direct current of 10-20 % of the rated direct current to
determine the basic earth electrode characteristics and identify the areas of

potential interference;

o full rated tests of the earth electrodes with the direct currentbeing i ased
above the low current test level in incremental steps A rrent

rating. Periodic cycling of the direct current and the ~ Hirect

Recording instruments need to be installed at all testyoi 8 ecial

concern that are identified during the low cufren tests

at earch direct current level must be Dropriate or@e theérmal time constapts of

concern and allow for the following ents/to be taken.

e S ent in affected structures.

e (hange in stray.curren st current in affected structure

e (hange in pat by testcurrent of structure-to soil.

e (Qurrent di

o T

e In

e S

Strug trode
directty—abovebtried—structures—or—within—one—foot-ofaboveground—structures

such as railroads, and towers.
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Test Acceptance Criteria

The characteristics of the earth electrodes must be within the specified design
limits including temperature rise, voltage distribution, resistance, and uniform
current distribution among different electrode wells or electrode sections. The
results of the coordinated tests need to be analyzed and any unusual results

investigated and resolved between the affected parties.

@%
o
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PART 6: OPERATION AND INTEGRATION TESTS

General

Introduction

In thi

are the

syst 1 and
the t from
faults before
the p erter
tests being
comr nded
only S are
outlin

6.1

6.2

6.3 [ Switching AC

6.4 |Loading

6.5 [AC and D
6.6 | Loss ofte
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Integration testing may also include all tests that would verify proper interaction
and coordination between the HVDC system under test and such other on-line
equipment as static VAR compensators, other HVDC systems, torsional

interactions, etc.

General Preconditions

The following activities shall have been completed before il and

integration tests can proceed:

- Qff-site tests including AC/DC simulator tests

- T

- H

- S > and
interference effects

Detaliled procedures and plans volve

somg disturbance or in edi 3 ators

of the systems shou

The :onnecte@i eters

and | m re-

quire

o A

e Short

e AC system configuration

Statement of Purpose

The purpose of the operation and integration tests is to verify the correct
operation of the HVDC system in combination with the associated AC systems,
within the limits given by the specification, under transient and change-over

conditions.
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General Test Objectives

Operation and integration tests are intended to verify the effects of changes in
DC main circuit configuration, control performance, switching and connection of
AC side equipment, AC and DC staged faults where required and the loss of

telecommunications and auxiliary functions.

6.1 Changes of DC Configuration

Introduction

Most[HVDC long distance transmission schemes can{e opegrate veral DC
confi ptallic
retur 5 can
conts

If se ut of
these larity
rever inals
can T

Backt

The tests
unde

Reg4d GRE
WG 13/14+08: "Switching devices other than circuit breakers for HYDC systéms",
Part |1

Test Objectives

e Verify coordinated switching between converter terminals and for DC bus
reconfiguration and thus prevent switching conditions which can cause

severe stresses on the DC equipment.
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e Switching of DC filters, if permitted, should not disturb the power flow of the

H

VDG transmission more than specified.

Preconditions

Before conducting the tests the following preconditions must be fulfilled:

Il sequences checked on the non-energized system

.

Test

Durin

obse

The {
sequ
shou

telec

Whef

powse

Test

The

I AC and DC equipment energized

nd-to-end tests completed

Procedures

[tdoor

ching
nces

blved

minal

AVDE transmission should not be permanently disrupted by any chanlge of

DC configuration. Currents and voltages should coincide with the results from

corre

sponding simulator tests and be in accordance with the specification.
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6.1.1 Tests from Monopolar Metallic Return Operation

From this configuration the following changes can be made:
- Connection and disconnection of DC filters

- Transfer to monopolar earth electrode return

- Transfer to bipolar configuration

- Paralleling and deparalleling of another pole

Connection and disconnection of DC filters (if permitted):
- Record the DC filter harmonic current
Qperate at nominal power and disconnect one DC
- Qonnect the DC filter again
R

epeat the procedure for all DC filters

Addifional test criteria:

peratecat-ominal power
- Qlese the MRTB
- Open the GRTS

- Close line pole disconnect of the non-operating pole
- Deblock non-operating pole

- Verify the current balance in both poles
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Paralleling/deparalleling:

- Operate one pole at nominal power

- Close paralleling disconnect of the non-operating pole
- Deblock the non-operating pole

- Verify the current balance in both poles

6.1.2| Tests from Monopolar Earth Return Mode

Mongpolar earth return may only be allowed during a limitg

this qonfiguration the following changes can be made:
- Transfer to monopolar metallic return

- Transfer to bipolar operation

Trangfer to monopolar metallic re

- Qperate at nominal power
- Qlose the GRTS
- Qpen the MRTB

From

6.1.3 Tests from Bipolar Operation

From this specific configuration the following changes can be made:
- Connection/disconnection of DC filters
- Monopolar earth electrode return

- Monopolar metallic return
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Connection and disconnection of DC filters (if permitted):

- Record the DC filter harmonic current

- Operate at nominal power and disconnect one DC filter
- Connect the DC filter again

- Repeat the procedure for all DC filters

Additional test criteria:

- Rating of remaining filters should not be exceeded

- No burn marks should occur on the disconnects

- No adverse transient effects

Mongpolar earth electrode return:

ower

Mongpolar me@
- perate up ta

ower

- (lese the GRTB

- Open the MRTB
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6.2 Control Performance General

In HVDC systems various control loops are utilized. This chapter describe

s the

recommended system tests to prove the steady state and dynamic performance

of the control system.

Test Objectives

The loop
follov viour
durin (DC
curre

The 1 each
other pllers
insen DWing
secti ation
undey:

- S

- C

- A

- C

Prec

Before €¢onducting all the tests the following preconditions must be completgd:

- Off-site testing of the control system
- Converter unit tests

- Start/stop sequences checked

- Protection sequences checked

- Communication system operational
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All the equipment from the DC system necessary for power transmission of one
pole must be available. The AC systems should be set up as close as possible to

the minimum design effective short circuit ratio.

Test Procedures

The procedure for each test will be described in each section separately. All

tests|for optimization and verification of the control performancé require @ 's|milar

recor isted
belov lined
in th been
perf | site
tests tored
signa The
varia

- CQ

- AC busbar voltage (3 phases)

- € power
- Force retard command

- Stabilizing (damping) control signals (if any)
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6.2.1 Step Response Introduction
This type of test will depend on the various control modes in the HVDC system.

There are different modes of operation for each terminal of an HVDC system.

The most common ones are:

- Constant current control

C 4 4 H + 4o 4 ] 4 1
= UTotdrit TTirirTiurTT ©TAUTTIOUHUTT alTylc CUTITLTUI

onstant DC voltage control

G
- {urrent error control
G

onstant power control

Somg¢ of these control modes are only valid Dr an

inver
Based on the large variety of passik ~ Lt to
desig enarios. Thus the tests will be
desc
If we stant
curre ’ imgonstant minimum extinction angle cgntrol,

then

netion angle controller

- Jonstant pawer controller

- Voltage dependant current order limiter (VDCOL)

Test Objectives

The objective of a step response test is to optimize the individual controller

which is active in a specific mode of operation to achieve stability.
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Preconditions

Before conducting step response tests the following preconditions shall be

completed:

Test|Procedures

Off-site testing of the control system
Converter unit tests

Start/stop sequences

RArotection sequences

Jommunication system

It hag proved to be good practice to implement the contcol Ings obtained| from

the ¢

respq

n fne@.l e/them during the| step

Step 2 lers beginning at the conyerter

level
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Rectifier Current Controller

Several methods can be used to fine tune the current controller at the rectifier The
typical one is to apply a step change in the current order. The duration of the
applied step (AT) should be long enough to allow the system to stabilize following

the change in current order. The level of the current order (I,) prior to the step

change should be chosen keeping in mind that during the application of a step-up

in the current order (Al) no limits are encountered. The locatio application of

the current order step should be as close as possible to the ne cuirrent
contrpller. During the test the rectifier must always be in © N g and

the current controller at the inverter should be prevent

bider A

Inver

In order to optimize this controller at the inverter the rectifier will be in its nprmal

modeof control—and the nverter shoutd—be i the mmimmun constantextinction
angle control- A step change in the extinction angle reference at the controller
should be applied. The first step change, A) should be applied only in the
direction of increasing the reference to avoid commutation failures. The
magnitude of the step (Ay) should be such that reaching any extinction angle

limits is avoided.

After optimization of the controller parameters a second step change B) from

Yo + Ay back to y, should be applied.
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Rectifier Extinction Angle Controller

In order to fine tune the extinction angle controller at the rectifier, two situations

can be considered.

1. In the case of a transmission system where the direction of power is
always constant. One terminal is always a rectifier and the other is
always an inverter. Then the function of this controller will be limited to

roller

i the

In order to optimize this controlle ) P) is
appli allow
stable operation to bg d D the
step change should he choser of a

step bp in pov@ar nould
be chosen suc

Additional tests

Argin.
and

interaction
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Test Acceptance Criteria

All controller settings must be adjusted such that recovery times and design
criteria as determined in system studies and requested by the specifications are

not exceeded.

All control system parameters shall be similar to those obtained during the off-

site tests. Deviations between the real DC system and the off-site tests can

occuf, but must be explained.

Optimization shall be such that the response of the D step

change will be in a manner that shows the least amg d the

shortest settling time.

No instability shall occur during the step respo

6.2.2] Control Mode Transfer

Introduction

The basic contr:l

- From cons and
back.

- From conste it bntrol
N

Additional.contrgl modes may be applied for special applications. Their control

mode transfer needs to be tested with respect to the particular application| The

test criteria, however, are anticipated to be similar as for the basic control mode

transfer as discussed here after.
HVDC systems are typically operated in constant power order control mode.

Under certain conditions it will be necessary to transfer from constant power
control mode to constant current order control mode. At the pole control level it
is a typical configuration to operate the rectifier in constant current control and

the inverter in constant extinction angle control.
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It is common practice to have the inverter also equipped with a constant current
controller. During certain AC system conditions a transfer from constant
extinction angle control mode to constant current control mode and back will be

required at the inverter.

Test Objectives

Contfol mode transfer tests are periormed to verity that the HVvDC control
systgm will transfer from one control mode to another smootr ithout any

advefse effect on the power system.

Precpnditions

Before conducting control mode transfer tes owing” preconditions|shall

be cqmpleted:
- Qff-site testing of the control

onverter unit test

G

- Start/stop sequence
P
0

rotection@u
ommunicatioh s

vwill have been completed and the individual contrpllers

Test [Procedures

For DC systems where the transfer from constant power order control mode to
constant current order control mode is a manual function, the DC system will be
started in constant power order control mode. The transfer to constant current
order control mode must only take place when the actual DC current and the
new DC current reference value match. The matching can be performed

manually or automatically.
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In some cases the transfer from constant power order control mode to constant
current order control mode is also activated automatically during any decline in
the AC bus voltage, in order to avoid power/voltage instability. If such a feature
is available this control mode transfer shall be checked. This can be performed

by simulating AC undervoltage or during AC system faults.

The control mode transfer from constant extinction angle control to constant

curre| at its
minin ypical
mear

This stant
power order control mode.

Test|Acceptance Criteria

The table
operz stant
curre

Step

The stant
curre
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6.2.3 AC System Interaction / Control Introduction

The controllability of HVDC systems is an important advantage of this
technology. Additional DC controls also make it possible to operate HVDC
systems with weak AC systems. This feature can be valuable in improving the

dynamic performance of large AC systems.

iately
| not
To minal
rectif] Yy be

requi

requency control

eactive power regulation

emporary ove

=
R
- AC voltage contro
T
Damping o

F

The abhicctivoac ara o Aantirai—on tha AL A Al ~AantrAllar antinvA 1n A o A~fia node
UUJUU['VG\) are v UH'.”"'LU Te 1mmrurvivuuadar vuritruvirer avuave 1imr o \JHG\JlIIU
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Preconditions

Before conducting the tests of AC system/interaction control functions the

following shall be completed:
- Off-site testing of the control system
- Converter unit tests

- Start/stop sequences checked

- Hrotection sequences checked

- Qommunication system operational

The ptep response tests will have been completed ‘\a individur: bntrol

loopqg are optimized.

AN gontrol mode transfer tests shall have| be {. The AC system
should be set up in a condition w specific AC system

interaction/controller.

Test|[Procedures

The {est proc interaction controllers may differ fqr the

individual applica

Wherle appticable 3s proved to be good practice to implement the control

settings ; off site tests on the simulator and then fine tune th¢m to

Testing the control behaviour during disturbances shall be planned | very

carefully. The execution involves the connected AC system and can have a

serious impact on it.
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AC system disturbances or HVDC operating mode changes to check the

interaction of the HVDC system with the AC system may be initiated by:
- Load rejection (simulated DC line faults)

- AC line switching

- Generator tripping

- Ramping of DC power

- PHower reversal
Tfransformer energizing
Fiilter switching

- AC or DC line faults
\Y

odulation of generator excitation system

Some¢ of the above mentioned initiatin
and 6.5.

Test|Acceptance Cri
All cpntroller setting
criterja as deti% s
not exceeded.

All control ‘s
site tests,

site tests ca

No instability shall occur during the AC interaction/control tests.

also dealt with i

n 6.3

esign

S are

b off-

n off-
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6.2.4 Commutation Failures Introduction

Commutation failures on a DC system can be caused by either:
- AC system disturbances

- Converter control malfunction

Commutation failures may occur only once (single commutation failure), or

H lo £ i H 2l L L 1 iy £l AY
during—anumberof-consecutive perroasMmMurtpre—commutato_Tatrare);—off may

be persistent (persistent commutation failure). Commute
converter control malfunction will be simulated during the
part. |Trial operation provides a useful further test wit toNnormat’system

disturbances (rather than those simulated).

Test|Objectives

To observe and confirm that th ystem stable during and |after
commutation failures and valve misfi recovery is achieved within the

presgribed time period

In the case of~a ’ the DC power circuit is resonant|at a
frequency cIo<> gtal, the commutation failures may excite
oscillations on Id& » tests will demonstrate that the control system
will e able to_dan oscillation upon the removal of the excitatign. In
additlop/'th S demonstrate that these oscillations will not be maghified

due tp the s

To check-the commutation failure protection and any valve overload protgction

such as voltage dependent current limits.

In the case of HVDC systems with overhead lines or cables, the tests are
designed to ensure that the DC line or cable protection will not operate during

these disturbances.
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