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PREFACE

This Standard was prepared by the Standards Australia Committee EL-007, Power Switchgear
to supersede AS 2886—1986.

The objective of this Standard is to provide recommendations for the construction and use of
standard air gaps for the measurement of peak values of voltage.

This Standard is identical with, and has been reproduced from, IEC 60052, Ed.3.0(2002),
Voltage measurement by means of standard air gaps.

Sphere-gaps have been used as a simple and reliable method for measurement of peak voltage in
many industrial test facilities for 75 years, and the values of tables I and II in AS 2886—1986
have been accepted as an International Consensus Standard of Measurements. These tables
appear in this Standard as Tables 2 and 3.

There is no information in the references as given in Annex A, with regard to traceability to
national standards of measurement. However, the dispersion in the measured values of
sparkover voltages upon which tables 2 and 3 are based, does not exceed 3% for a 95%
confidence level.

The tables are, therefore, to be used as mean values with an uncertainty of 3% for a 95%
confidence level.

The material on rod-rod gaps for reliable measurement of high direct voltages has been included
here to form an integrated standard on high voltage measurements using standard air gaps.

Four informative annexes are included:

Annex A gives the limits of voltage and frequency over which tables 2 and 3 have been derived
from experiments and can be presumed to be accurate within the limits specified in Clause 4.1.

Annex B gives the procedure by which the values in tables 2 and 3 have been derived from
previous national standards and other sources.

Annex C provides information on additional irradiation, which may be needed in certain
situations.

Annex D provides information on the uncertainty and calibration of sphere-gaps.
This Standard differs from AS 2886—1986 in the following areas:

(i)  Title changed so that it now refers to all standard air gaps and not only sphere-gaps as
previously.

(i1) Information regarding methods of irradiation used in sphere-gap measurements of
voltages below 50 kV peak or with spheres of diameter 12.5 cm or less is now contained
in Annex C.

(iii) The conventional deviation z is used to define the use of a sphere-gap as a standard
measuring device.

(iv) More thorough specification is given for the measurement of all types of voltage using
sphere-gaps.

(v)  The equation for relative air density has been updated.

(vi) The table of relative air density (d) and corresponding correction factor (k) for values of
relative air density between 0.70 and 1.15 has been removed.

(vii) An equation for humidity correction factor is given.

(viii) Information on the use of standard rod-rod gaps for the measurement of direct voltages,
formerly included as Appendix C to AS 1931.1 has been transferred to this Standard.

(ix) Information on the use of standard air gaps for performance checks of approved

measuring systems has been added.
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As this Standard is reproduced from an International Standard, the following applies:

(a) Its number does not appear on each page of text and its identity is shown only on the
cover and title page.

(b) In the source text ‘this international standard’ should read ‘this Australian Standard’.
(c) A full point should be substituted for a comma when referring to a decimal marker.

The terms ‘normative’ and ‘informative’ are used to define the application of the annex to
which they apply. A normative annex is an integral part of a standard, whereas an informative
annex is only for information and guidance.
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STANDARDS AUSTRALIA

Australian Standard

Voltage measurement by means of standard air gaps

1 Scope

IEC 60052 sets forth recommendations concerning the construction and use of standard air
gaps for the measurement of peak values of the following four types of voltage:

a) alternating voltages of power frequencies;
b) full lightning impulse voltages;

C) switching impulse voltages;

d) direct voltages.

Air gaps constructed and used in accordance with this standard represent IEC standard
measuring devices in accordance with IEC 60060-2 and are primarily intended for
performance checks of high voltage measuring systems.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

References to international standards that are struck through in this clause are replaced by
references to Australian Standards that are listed immediately thereafter and identified by
shading. Any Australian Standard that is identical to the International Standard it replaces is
identified as such.

AS 1931.1, High-voltage test techniques, Part 1: General definitions and test requirements
(identical to IEC 60060-1:1989 including Corrigendum:1992)

AS 1931.2, High-voltage test techniques, Part 2: Measuring systems (identical to
IEC 60060-2:1994)

3 Definitions

vacant

4 Standard sphere-gap

The standard sphere-gap is a peak voltage measuring device constructed and arranged in
accordance with this standard. The points on the two spheres which are closest to each other
are called the sparking points. Figures 1 and 2 show two arrangements, one of which is
typical of sphere-gaps with a vertical axis and the other of sphere-gaps with a horizﬂ‘ﬁbﬂﬁlents
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4.1 Requirements on shape and surface conditions

The standard sphere-gap consists of two metal spheres of the same diameter D, their shanks,
operating gear, insulating supports, supporting frame and leads for connection to the point at
which the voltage is to be measured. Standard values of Dare2-5-6,25-10-12,5-15-
25 -50-75-100-150 and 200 cm. The spacing between the spheres is designated S.

The spheres shall be carefully made so that their surfaces are smooth and their curvature is
as uniform as possible.

The tolerances on size and shape need usually only be checked when the spheres are first
supplied and any suitable instrument (e.g. spherometer) may be used.

The diameter of each sphere shall not differ by more than 2 % from the nominal value. The
spheres shall be reasonably free from surface irregularities in the region of the sparking point.
A medium grade mechanical surface finishing (roughness Rnax below 10 um) is considered to
be adequate. The region of the sparking point is defined by a circle such as would be drawn
on the spheres by a pair of dividers set to an opening of 0,3 D and centred in the sparking
point.

When the sphere-gap is used, it will normally be sufficient to examine the surface by touch
and visual inspection.

NOTE Any minor damage on the non-adjacent hemispherical surfaces does not alter the sphere-gap performance.

4.2 General arrangement of a sphere-gap for measurement
4.2.1 Vertical gap

When the spheres are arranged vertically, the shank of the high-voltage sphere shall be free
from sharp edges or corners and the diameter of the shank shall not exceed 0,2 D over a
length D. This requirement is made in order to reduce the influence of the high-voltage shank
on the disruptive discharge voltage. If a stress distributor (corona shield) is used at the end of
the shank, its greatest dimension, perpendicular to the axis of the spheres, shall not exceed
0,5 D and shall be at least 2 D from the sparking point of the high-voltage sphere.

The earthed shank and the operating gear have a smaller effect and their dimensions are
therefore less important.

Figure 1 gives the limits of size of the components of a typical vertical sphere-gap.
The sphere shanks should be visually in line.

4.2.2 Horizontal gap

When the spheres are arranged horizontally, the limiting dimensions of a typical sphere-gap
are given in figure 2. They are the same for both sides of the gap.

The sphere shanks should be visually in line.

4.2.3 Height of the spheres above the horizontal earth plane

The height 4 of the sparking point of the high-voltage sphere above the earth plane of the
laboratory floor shall be within the limits given in table 1.

If the sphere-gap is mounted with the earthed sphere nearest to the ceiling, and if other
surfaces such as walls and the floor are at a considerably greater distance, then the ceiling
shall be regarded as the horizontal plane, from which the distance 4 is measured downwards.
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4.2.4 Clearance around the spheres

The distance from the sparking point of the high-voltage sphere to any extraneous objects
(such as ceiling, walls, and any energized or earthed equipment), and also to the supporting
frame work for the spheres, if this is made of conducting material, shall not be less than the
value of distance B in table 1. Except as permitted below, B should not be less than 2 D,
regardless of the value of S.

Supporting frameworks for the spheres made of insulating material are exempt from this
requirement, provided that they are clean and dry and that the spheres are used for the
measurement of alternating or impulse voltages only. The distance B between the sparking
point of the high-voltage sphere and the framework may then be less than is prescribed in
table 1, however, it shall not be less than 1,6 D.

The peak values of disruptive discharge voltages in tables 2 and 3 are valid for clearances
around the spheres within the limits given in table 1.

Table 1 — Clearance limits

Sphere diameter D Minimum value of Maximum value of Minimum value of
cm height A4 height 4 distance B
Up to 6,25 7D 9D 148
10 -15 6 D 8D 12§
25 5D 7D 108
50 4D 6D 8S
75 4D 6D 8S
100 3,5D 5D 78
150 3D 4D 6S
200 3D 4D 6S

The test conditions may make it impossible for the values of 4 and B to comply with the
minimum requirements. Such sphere-gaps can be used, providing that, either the
conventional deviation z meets the requirements of clause 5, or, that the uncertainty in the
values for disruptive discharge in tables 2 and 3 are suitably increased. Such sphere-gaps
could be calibrated under laboratory conditions as indicated in annex D.

The circuit should be arranged so that at the test voltage there is

- no disruptive discharge to other objects,

- no visible leader discharge from the high-voltage lead or the shank within the space
defined by B,

- no visible discharge from other earthed objects extending into the space defined by B.
4.3 Connections

The sphere-gap shall be connected in accordance with the requirements specified in
IEC 60060-2.

4.3.1 Earthing

One sphere normally shall be connected directly to earth. Low ohmic shunts may be
connected between the sphere and earth for special purposes.
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4.3.2 High-voltage conductor

The high-voltage conductor, including any series resistor not in the shank itself, shall be
connected to a point on the shank at least 2 D away from the sparking point of the high-
voltage sphere.

Within the region where the distance to the sparking point of the high-voltage sphere is less
than B, the high-voltage conductor (including the series resistor, if any) must not pass through
the plane normal to the axis of the sphere-gap and situated at a distance 2 D from the
sparking point of the high-voltage sphere. See figures 1 and 2 where the plane is shown.

4.3.3 Protective resistor for measurement of alternating and direct voltages

Precautions should be taken to minimize pitting of the spheres and to prevent superimposed
oscillations, which may cause erratic disruptive discharges. For this purpose, a resistance of
0,1 MQ to 1 MQ shall be connected in series with the sphere-gap. This range of resistance
values applies to measurements of direct voltages and of alternating voltages at power
frequencies, because the values of the resistance results in a negligible voltage drop.

The protective resistor should be placed as near as possible to the shank of the sphere and
connected directly to it.

When streamer discharges are present in the test circuit, series resistance is particularly
important in order to reduce the effect of the consequent transient over-voltage on the
operation of the sphere-gap. When these discharges are not present either in the test circuit
or in the test specimen, the value of resistance may be reduced to a value which prevents
excessive burning of the spheres by disruptive discharges.

4.3.4 Protective series resistor for measurement of impulse voltages

Series resistance is needed with large diameter spheres to eliminate oscillations in the
sphere-gap circuit which may cause a higher voltage to occur between the spheres and, if
connected, across the test object. This phenomenon is usually of minor importance for
smaller spheres, unless they are used with long connecting leads. Series resistance may also
be needed to reduce the steepness of the voltage collapse which might introduce undesirable
stresses in the test object.

The resistor shall have a non-inductive construction (not more than 30 uH) and its resistance
should not exceed 500 Q. For the position of the resistor in the circuit, see 4.3.2.

5 Use of the sphere-gap

A sphere-gap is an |IEC standard measuring device when the conventional deviation z (4.4.5
of IEC 60060-1) at the time of use is less than 1 % for alternating voltages at power frequency
and lightning impulse voltages and less than 1,5 % for switching impulse voltages. The
conventional deviation z is affected by the condition of the sphere surfaces, the availability of
free electrons (sufficient irradiation), the dust contained in the air and the measurement
procedures.

5.1 Condition of the sphere surfaces

The surfaces of the spheres in the neighbourhood of the sparking points shall be cleaned and
dried but need not be polished. In normal use the surfaces of the spheres become roughened
and pitted. The surface should be rubbed with fine abrasive paper and the resulting dust
removed with lint-free cloth; any trace of oil or grease should be removed with a solvent. If the
spheres become excessively roughened or pitted in use, they shall be repaired or replaced.

Moisture may condense on the surface of the sparking points in conditions of high relative
humidity causing measurements to become erratic. Documents

Accessed by MONASH UNIVERSITY LIBRARY on 16 Jun 2015 (Document currency not guaranteed when printed)

© Standards Australia wwnp standand sS¢omiay Hub

Full document details: AS 60052-2005


http://www.avadocuments.com/doc/as-60052-2005
http://www.avadocuments.com/doc/as-60052-2005

