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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT OF INTERNAL ELECTRIC FIELD IN INSULATING
MATERIALS - PRESSURE WAVE PROPAGATION METHOD

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
interpational co-operation on all questions concerning standardization in the electrical electronjc flelds. To
this gnd and in addition to other activities, IEC publishes International Standards 2 Specmcations,
Techpical Reports, Publicly Available Specifications (PAS) and Guides (hers as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IECNa interested
in the subject dealt with may participate in this preparatory work. nd non-

govefnmental organizations liaising with the IEC also participate in this prepakation. [k &$ closely
with |the International Organization for Standardization (ISO) in accorga \ iti ined by
agre¢ment between the two organizations.

2) The formal decisions or agreements of IEC on technical matters exp national
consensus of opinion on the relevant subjects since each technica RO 8 f ion |from all
interg¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for infern ¢ National
Compnittees in that sense. While all reasonable efforts ate\made i t of IEC

Publications is accurate, IEC cannot be hg ible Ye in “whi for any
misirjterpretation by any end user.

4) In order to promote international uniformit i i lications
trangparently to the maximum extent possible in egional publications. Any dijyergence
betwpen any IEC Publication and the corre igna egional publication shall be clearly indjcated in
the latter.

5) IEC |tself does not provide 4 i ) 'y. Independent certification bodies provide cqnformity
assepsment services and, . s of conformity. IEC is not responsiblg for any
servites carried out by in q i

6) All ugers should ensure ftha
7) No lipbility shall 4 employees, servants or agents including individual experts and
mempers of its te atftonal Committees for any personal injury, property dgmage or
othel damage of ah her direct or indirect, or for costs (including legal fg¢es) and

expehses arising o [ icati ge of, or reliance upon, this IEC Publication or any ofher IEC
Publications.

8) Attertion is dra e references cited in this publication. Use of the referenced publicptions is
indispensab{e for th ion of this publication.

9) Attention s to. thre’ possibitity that some of the elements of this IEC Publication may be the styibject of
patet™ri ) & held responsible for identifying any or all such patent rights.

The m

nical committees is to prepare International Standards. Howver, a
pay propose the publication of a technical report when it has cqllected
data of| adifferent kind from that which is normally published as an International Standard, for
example\'state of the art". r

IEC/TR 63836, which is a technical report, has been prepared by IEC technical committee 112:
Evaluation and qualification of electrical insulating materials and systems.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
112/258/DTR 112/263/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilinqualversion-of this publication-mav be issued-at a later date
b Lud J
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INTRODUCTION

High-voltage insulating cables, especially high-voltage d.c. cables, are subject to charge
accumulation and thus to electrical breakdown if the electric field produced by the charges
exceeds the electrical breakdown threshold. With the trend to multiply power plants,
especially green power plants such as wind or solar generators, more cables will be used for
connecting these power plants to the grid and share the electric energy between countries.
Therefore the materials for the cables, and even the structure of these cables when
considering electrodes or the junction between cables, need a standardized procedure for
testing how the internal electric field can be characterized. The measurement of the internal
electric field would give a tool for comparing materials and help to establish thresholds on the

internal electric field for high voltage applications in order to limit as much as possible
breakdpw R P

researg
in insu
indepe
betwed

The procedure outlined in this technical report would give a rel|a ¢
betwedn different test results carried out by different Iapora

errors.| The IEC has established a project team to develop a
measufement. The method will be verified in a Rodnd R

reliablg experience, this report is intended later to
order tp establish a specified way to estimate fai

o

ation in
ment.
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MEASUREMENT OF INTERNAL ELECTRIC FIELD IN INSULATING
MATERIALS - PRESSURE WAVE PROPAGATION METHOD

1 Scope

IEC/TR 62836, which is a technical report, contains an efficient and reliable procedure to test
the internal electric field in the insulating materials used for high-voltage applications using

the pressure wave propagation (PWP) method. It is suitable for a sample with homogeneous
insulat namatariale A oA Alanterin fialA hinbh e than 4 1\//n~ns l-\..t Hic ol A and~d on the

g rotecTars—arttarT CTo ot TC e TO T ITg T Te Tt T ISV T T, DU It 19 Oty

o
CTPTTTTTT

thickngss of sample and the pressure wave generator.
2 Terms, definitions and abbreviations
For thg purposes of this document, the following terms, definitiop

2.1 Terms and definitions

211
pressyre wave propagation
PWP
propagjation of wave generated by the action of

2.2 Abbreviations

LIPP |laser induced pressure pulse
PIPP |piezoelectric induced pressure p

3 Principle of the method

The principle of the PWRmethod is(shownxschemadtically in Figure 1.

The splace char e di e ipterface charge are forced to move by the| action
of a priessure pulsg’wave. ge displacement then induces an electrical signal in the

measufing circuit wkh [ the charge distribution in the short-circuit purrent
measufement corditi ign for the short-circuit signal is

. d op(x,t

)=C['B E(x)%dx (1)
where
E(x) ;
d is’the thickness of sample;

p(x, t) is the pressure pulse wave in the sample, which depends on the electrode materials,
dielectric sample material, the condition of coupling on the interface, etc.;

Co is the sample capacitance without the action of pressure pulse wave.

Co depends on the thickness of sample, and its surface area which is equal to the area of
action of pressure pulse wave. The constant B =x (1—a/e) only depends on the
characteristics of the dielectric materials. For heterogeneous dielectric materials, B is a
function of space. For homogeneous dielectric materials, B is not a function of space and can
be put in front of the integral. In this proposition, only homogeneous dielectric materials are
considered, B is a constant.

In Equation (1), the electric field distribution can be obtained if it is deconvolved.
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Figure 1b — Measuring schematics

Pigure 1 — Principle of the PWP method

plied pre pulses can be generated by different techniques, but the same
s can/be doneé for any of these techniques. The main practical PWP method

kind of
can be

into two ways: a pressure pulse is induced by a powerful pulse laser, a teqg

hnique

called

IPP method, and a pressure pulse generated by a piezoelectric device, a technique
called PIPP. The sensibility and resolution of PWP method depends mainly on the amplitude
and width of pressure pulse. The advantage of the LIPP method is to produce high sensitive
measurements. The advantage of the PIPP is to obtain a better spatial resolution.

In the case of a narrow pulse, e.g., the width of the pressure pulse is much less than the
thickness of sample

Jyi(t) dt’ = CoBE(x = v,0) [ p(x,t) dx

where
T K [min(dy, dy)]1/vs is the pressure pulse duration;
Vg is the sound speed in the sample;

E(x = vt) is the mean electric field during the pressure pulse width.

(2)
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Because sound loss and sound dispersion in polymer dielectrics exist, the amplitude of p(x, ¢)
will decrease, and the width of p(x,¢) will increase during the propagation of a pressure pulse
wave in the sample. But for the polymer dielectrics, the main action is the sound dispersion,

therefore, even if p(x,¢) is not a constant in the dielectrics, its integral fodp(x, t)dx remains
constant during its propagation in the sample.

From the above equation and from the signal obtained with a sample free of charges and
submitted to an intermediate voltage 7y, Bfodp(x, t) dx can be obtained since in the case the

electric field E(x = v;t) = E, is a constant and the sample capacitance C, in direct proportional
to the thickness of the sample. This can be used as a calibration for the other measurement.

The sejection of electrode materials depends on the methéd of the geR ion of the pressure
; PE+carbon black

are usfed. For laser PWP (also called LIPP), the of semi-confuctive
electrofe is about 0,5 mm, and it has to be less tha
6 Pressure pulse wave generation
The syggested pressure pulse wave sk ) ) 50 ns duration, and 1 — 10 MPa
amplityde. It can be produced by a pig | laser.
If the powerful laser is used, the sugges e with
3 — 7 np duration.
7 Set-up of the me
The prpctical s p, the
length ., of the 5s than
0,5 m.|The length K f 50 Q
betwedn the outpdta 3 Pre ing of the
connedtion cah i P Q eristic impendence of 50 Q between the protecting| circuit
and theg han 0,5 m. And, the total length of /,.+/4e Should be le$s than
0,5m IJ S N ith ™40 dB and 200 MHz bandwidth is suitable. The input impgdance
of the OBl be 3 rictly 50 Q to avoid the unwanted reflecting signal.

Coaxial cable

PR et
withcharacteristic

impedence of 50 Q
Pressure P

pulse wave

Protecting -
circuit

Shield sample cabin
IEC 2372/13

Figure 2 — Set-up of measurement of the PWP method
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The practical protecting circuit is shown in Figure 3. Diodes in the protecting circuit should
have a fast recover time to overcome the quick overvoltage. The resistor in the protecting
circuit is better with 5 Q, but without residual induction.

50

o AW 0o

O O

IEC 2373/

8 Caglibrating the electric field

For thg planar plaque sample with a thickness of 1 — 2 mr { for calibration is
about $ — 10 kV/mm during the short period of time (typic hhan sy'in order tp avoid
space ¢harge injection and accumulation. If space charges alkead prior to
the calibration measurement, it is possible to cons| i measurement |[from a
measufement under voltage as explained befor om it the signal mejasured
under ghort-circuit just before or just aftexthe ,

9 Measurement procedure

To impflement the same dielectric insulating materia same electrode materials, dnd the
same ipterface condition bé ode inSulator, one sample with the thickness
do is used as the calibrating sa , and\another sar as the

testing[sample.

For thq calibrati a period
of timg. The int harge.
With thle action of thg Il be
(3)
Applying pre on this current signal, one obtain
N d
Jy ic(t) dt’ = CoBE, [, ° p(x, t)dx (4)
where E, =(E,"si He electric field is a uniform.
For th focfing eampln with the thickness of dx, the measured shaort-circuit cignal IS,
) dy ap(x,
i (£) = CoB 3 E(x) 222 dx (5)

Now, the internal electric field depends on the applied voltage and space charge. It is
therefore no longer a uniform field but varies as a function of the space position. After
integration over time, one has

[y im(t) dt’ = C,BE(x = veb) [;*p(x, t)dx (6)
10 Data processing for the experimental measurement

The integral of the pressure pulse wave is the same for the testing sample and for the
calibrating sample, i.e.

[opGe,t) dx = [ p(x, £) dx (7)
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If the active area pressure pulse wave is Sy, there is

S _ €0&rS v
G=g% GRS B=—g (8)
So, one has
fot im(e)dt! EOErSOBE(x—”st) f(;jxp(x,t)dx _ —dE=r500d, (9)
[Licehdt! E081‘5013"0 [Pop@ode  daVo
It can be obtained
7 = == —fji ndts d Ve 10
G=nD = F o (10)
If the thickness and tested area are equal for the testing samplg iprating
sampld, dy=dx
Vo Joim(at’
E(x =vt) = 2 X —fotic(t’)(ll)dt’ =E (11)
Therefpre, i ic fi i uat|on The melthod is
suitable S ¥ space
charge
It can ince the
electrig signal
to nois the amplitude of the integral once

fotlm(tl)dt'/
X fSTLC(t’)df/ (12)
In this ion, pressure pulse in the sample, the denominator of the
equatign i A CH e, Hut the definite integral of the first peak of measured
current). e first

peak o
11 Mg

111

The p ample with 1,16 mm thickness and 20 cm diameter, the EVA+CB
electrofdes (with 0,6~im thickness and 5 cm diameter are attached on the LDPE sanpple by
hot-pregss<Jn this example, the calibrating sample and testing sample is the same samp|e.

11.2 Pressure pulse generation

The laser pulse with 500 mJ energy and 6 ns duration produced by a Nd:YAG pulsed laser,
radiates on the EVA+CB electrode directly. It introduces the pressure pulse wave in the
sample by the plasma ablation on the electrode surface. Since the acoustic impedance is very
similar for the LDPE sample and for the EVE+CB electrode, the reflection on the interface
between LDPE and EVE+CB can be ignored.

11.3 Calibrating of sample and signal

Under the temperature of 40 °C, the relative low voltage (-5,8 kV) is applied on the sample.
The signal is measured in short duration. The internal electric field is 5 kV/mm, and sound
velocity can be obtained by the measured signal, vs = 2 017 m/s.
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