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current at· some point of the lightning track by the blackening
caused on a photographic film [2]. Measurement on the behaviouf'
of lightning currents were also continued at the Cathedral of Lear
ning at Pittsburg, in which connection the use of fulchronographs as
measuring instrum erits special notice.

The iuethod of measuring the v he
residual magnetism of magnetic ri
powder (magnetic links), which was developed in
Getman Study Society for Super Tension Networks idely
used especially in the U. S. A. for measuring the maximum value fo
lightning current in high tension transmission systems. S cial.
attention was given to measurement of the peak values
current components in steel towers, ground wires, co
grounding systems and arrJsters. Additionally more-complicate
measuring equipment was employed to give some data on the shape
01 the current in function of time, such as fulchronographs and
oscillographs [3]. Through further development of the magnetic'
link method, peak valiles of surges, also their steepness, were .
measured (wave slope indicator). Für this purpose the maximum
value of the current flowing into a constant high tension resistance
or into a high tension capacitor, is measured by a magnetic link.
In this way, the klydonographs which were formerly mu
have been successfull re laced by a more ra et
it had been discover klydonogr
erroneous conclusion rawn:
papers 0 '. whe
measurem n h' syste

In England, ligh nt pe
steel cables of barr all using
experiments 0 he growth of Ion s
the que tning tests 0

general nclusions
iightning are i icated und
in England between 1933-1
in a comprehensive book
on the of lightning
the So ica scientist

In S er experiments
High Tension Research Institute of the University ppsala
using the technique developed by Prof. H. Notrinder. The vo'
magnetically induced by the lightning current is measlired
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Satistics on the number üf arrester defects were
the C. 1. G. R. E. 1946 from Finland, from whicl
number of defects are to be seen in some cases [2

An important e of lightning arres ailur
the appearance 0 condensed w
the spark gaps inside the arresters, 1

Cases have been experienced in whi
have broken down in service even wh
present, and even when the arre
the ingress of moistu uch
conditions, and e we
the por c oltag ion t ome so irre-
gular equency spark discharges take place in
some its ". Ultimately, the complete arrester breaks
down internally and is destroyed by the sustained power-frequency
current. It is believed that this phenomenon has been responsible
for some of the arrester failures which have been attributed to
surges.
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I re technique
been made in so
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the first is that it is elesireel specially to protect the most expensive
apparatus, that is to say the transformers, by the arresters. For
this purpose the arresters are connecteel as near as possible to the
transformers anel in the limit each transformer has its arrester
which is in many eases elirectly incorporalieel. The se60nd eoncep
tion attempts to use arresters to keep away overvoltages from an
substation insulations. This idea requires that the arresters be
connected to the incomingand outgoing lines.' In the limit an
arrester group woulel be eonneeteel to every line.

In the U. S. A., stations up to the highest operating ,voltages
are provided with arresters. In Europe arresters are only useel in
stations of the low a eliu ges of high tension up to about
60 kV rated voltage. or higher v ltages, it is usually preferred to
build surgeproof transformers, that is to say transformers capable
of staneling up to flashovers at the terminals or the protecting
gap without suffering internal damage and without use of arresters.

The protection of generators with arresters is also more general
in the U. S. A. than in Europe. The difficulties in Europe are
again elue to the fact that the neutral point is either isolated or
only groundeel through a high impeelanee. Additionally, gene
rator insulation whieh is not favoured by the high surge factor of
an oil insulation, is often not liberal enough to ensure a safe grading
with the arrester, that is to say that an eff 've protection is not
provideel.

The much eliscusseel question of whether it ossible to save
insulation by using arresters, has two aspects : In the U. S. A. the
solution has proved itself ou some systems to insulate transformers
provieled with arresters for a lower level than that corresponeling
to the present elay basic level of the rateel voltage [23]. It is being
at present eliscussed whether in this cas id neutral point groun-
ding anel arrester r former) th ulation coulel be chosen
in all eases one class 10 e an according to the present day basic
levels. In Europe the neutral point is also grouneled on most
systems of raa kV or more system voltage (English griel r32 kV,
most networks r50 kV, French anel 'an sys 220 kV, ete.
In the contrary, theneutral point is a st neve ly grouneled
on systems of medium and low high tension voltage ranges, in
which a need for an effective overvoltage protection exists mostly.
As the arrester in this case must be built to suit the line-to-line
voltage anel also beeause European medium voltage systems are
often considerably weaker insulated than are the Ameriean, it is
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. to-day the of the
av he single strokes, for their duration and he
interval between them, also for the total charge of th .al
strokes and-for the whole multiple stroke.

often notpossible to save insulation by using
European systems, it is possible for the ara
that the incorporation of arresters requir
if a good service reliability is to be e
The reducing and exact kee ing coof a
voltages of arresters is the of g
rance which is as small as
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A great importance exists in lightning research for all methods
which allow the lightnin
distance. In th

. frame aerial, t
of the s
fr

side
connected at to
ground at the generator t elp in this
case as it does not opera he theoreticall ible solution

to connect arresters between the phase terminals, but has
. practical ation u the present. Additionally
re availabl the on or otherwise of arresters

install hiefly in th . S. A., rotect generators.
The committee has so' discussed the question of s

OL power transjormers. All members agree that a s
itself is desirable. To a certain extent opposition sti

b. System overvoltages. - Practi iuterest is in the first
place concentrated on the steepness of lightning overvoltages on
overhead lines. A wider range of data is desired tQ put the ques-
tion of the stressing of transformer windi n a better basis.
Especially the question is, if th reatest is produced
by a flashover on the transforme rotect

A second n i mitte
the trans
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lig st
t mses
In the
sol
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the use of this type of test, because the methods used for the dis
covery of any winding short-circuit which may possibly occur do
not always appeal' to be reliable [25]. In the U. S. A. this surge
test is recommended and is already carried out widely by several
manufacturers. The method of findi defect which may
occur is left to the concern making the Generally. the measu-
rement on the neutral point Cl e winding under test is
regarded as the safest indicator 0 occurrence of breakdowns.
In a few cases, this as already ved itself a usefu eans for
showing up constru nd desig Its. A her ng up
,of this question of ge testing 0 ransform ems to be very
important and the c tee recommends all effor this purpose.

The committee fur ermore expresses the desirability of short
notes presented by the members of the C. 1. G. R. E. to the meeting
01' to the Committee n° 8, and concerning severe damage in high
voltage networks caused by lightning 01' surges. It is suggested
to report especially observations made in cases where generators,
transformers 01' apparatus were damaged, possibly with some
information on the precautions taken to avoid further damage.

c. Lightning arresters. Surge arresters. All present day
arresters are designed and built with the purpose of rendering
harmless overvoltages due to lightning. Now experience in all
countries using arresters, shows that arresters also operate from time
to time on other overvoltages, specially those caused by swichting
and earth faults on ungrounded systems. It would be very
valuable to collect further experiences on this subject. For either
account must be taken in the design of the arrester of these over
voltages arising from other causes, 01' the lightning arrester must
be so construeted that it is prevented from· operating for other
types of overvoltages. According to the few facts .eh have been
published in the literature up to now on this 6], it appears
that these overvoltages not caused by lightning are a greater source
of danger to the arresters in Euro the U. S. A. The
cause of this· observation is probab y a am due to the different
systems of neutral point grounding. The solid neu point
grounding is favourable first to the purpose of eliminati f earth
fault overvoltages and second also in the matter of the 10 rrester

, stressing (phase to neutral voltage instead of line - to - 'ne vol
tage at the arrester) than high impedance grounding. It would be
valuable to possess a recording instrument with which the height
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, in any
-. This

,efo e present
strict as was proposed

oi the overvoltages, which may occur, could be recorded in high
tension stations in a simple and cheap way but more accuratly
than with a klydonograph, in which also it. might be possible to
distinguish between overvoltages caused by lightning and other
reasons, and also to supervise the behavioür of the arresters.

An important question which has already been referred to, has
"to do with the dispersion of the breakdown and residual voltages
of arresters. A reduction of the tolerances of this values is of
great economic interest. The breakdown voltage varies especially
for arresters for ver,y igh voltages w' e field in the neigh-
bourhood of th . h can be ngly ciistorted by nearby
objects. on can be reduced by a suitable design
of the for rester electrodes, stress rings etc. The variations
between thesi e units of a particular design and that which can
take pIace in one arrester over a long period are both important.
One can speak of "design dispersion" and " service dispersion".
This last is partly defined by circumstances of environment,
especially due to damp or moisture which may penetrate. Some
other part of dispersion has not received any satisfactory expla
nation up to the present. It would be desirable to obtain some
data on this dispersion in function of the years in service.

The working out öf this question would seem to be possible by
measuring periodically the breakdown voltag arresters with
surge voltages for a large of arresters example, twice
per year. Addit' stat' . be kept of the
number reste

In thi
data on re qua
arresters operate. 0

measure lue
case a easure than the pe
questioIt shoul be investigated on a
requirements for arresters are made more
at the last C. I. G. R. E. meeting [27].
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