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SUMMARY
The thesis presents the results of an initial study of the flashover
characteristics of segmented - and "Dayton-Granger" - lightning
diverter strips, both of which are intended far use as radome

protection devices.

The hazards of lightning strikes to or near an aircraft are
considered in Chaper 1 and these hazards are related to the various
parameters of lightning discharges. The types of discharge are
classified into two broad categories, viz. positive and negative.
Owing to the complex nature of a lightning discharge, standardised
test waveforms, to simulate lightning, have been defined for the
purpose of laboratory testing. The last section of the chapter
deels with aircraft protection against lightning strikes and with

radome protection in particular.

The next chapter reviews the different techniques used in radome

protection and the high current; high voltage and radar compatibility

tests on segmented strips which have been conducted by researchers

in the U.S.A. and the high current tests undertaken in the U.K.
The segmented strip consists of a series of conductinglsegments
joined by a resistive layer with the whole assembly mounted on a

dielectric substrate. Radar transparency is achieved when the

resistive layer has a resistance of at least 260 k ohms/metre and

the segments are less than one-eighth of the wavelength of the

radar signals.

Chapter ) reviews the many studies made on surface flashover



characteristics and the mechanisms leading to flashover, both in

vacuum and 1in gases. Although much work has been done, there is
8111l no general agreement on the mechanism of flashover in vacuum.
Surface flashover in gases is still being actively studied and
much has yet to be learned. Surface flashover along a segmented

strip consists of a series of flashovers across very short gaps.

A flashover mechanism of such strips is proposed.

The following chapter describes the apparatus and the measuring
techniques used in the present study. Various electrodes were
designed to hold the strip and to allow the strip length to be
varied. In view of the limited heat capacity of the resistive
layer in the segmented strip, a parallel chopping gap was designed
to operate over a wide range of applied voltages for a fixed gﬁp
setting in order to limit the energy input. A current probe,
designed to minimise the effect of the displacement current flow
between high voltage-and earth-electrodes, is also described. The
various apparatus used include a Ferranti-impulse generator; a
converter camerafintensifier system for time-resolved photography:
a scanning—-electron-microscope and X-ray spectroscope, for study of

the strip surface, and an automatic recording microdensitometer

for analyses of streak-photographs.

Results of preliminary investigations are presented in Chapter 5.
The intersegment resistances of the segmented strip were found to
be unequal but had an average value of 45 k ohms. These resistances
fell after repeated applications of the voltage lmpulse and this

fall is considered to be due to the gradual removal of the initial



high contact resistance existing between each segment and the
resistive layer. When this resistance had fallen to a constant
value of about 5 k ohms, the strip was considered to be resistance-

stabilised. Investigation on the heat capacity of the resistive

/

layer in the segmented strip is also presented. This investigation
revealed that damage to the segmented strip is highly probable if

it withstood the applied voltage impulse.

In the following chapter, the conditioning characteristics of a
segmented strip are presented first. In the course of an 'Up &
Down' test, the flashover voltage was found to fall with repeated
applications of the voltage impulse. This fall in flashover
voltage is unlikely to be due to the process of resistance-

stabilisation but could be due to the surface conditioning. 1In

the conditioned state, the fall in flashover voltage ceased. The

flashover voltage and time-lag characteristics of a conditioned
segmented strip are presented i1n the next section. The flashover
strength of the strip was found to be affected by field non-
uniformity in the gap. An approximately proportional relationship
with strip length was obtained for a strip situated axially in a
uniform field gap but a non-linear relationship was obtained for a
strip situated in a non-uniform field gap-. Time-lags to flashover
are, generally, less than the time-to-crest, 5 microseconds, of the
applied voltage impulse. The flashover results indicate thet =
conditioned strip would be a suitable radome protection device
because its f'lashover strength is much lower than that of the
unbridged air gap. Time-resolved photographic studies of the 1light

emission from a developing strip-flashover, for a strip situated



in a uniform field gap, show that discharges were not initiated at
one end and then propagated to the other. Instead, various
simultaneous discharges were initiated at different points along
the strip and then propagated to flashover if the applied voltage
was high enough. Current records have revealed that isolated

intersegment discharges can occur without propagating to produce

a flashover.

Chapter 7 reports the performance of the "Dayton-Granger" strip
which is basically a flexible non-conducting strip with a layer of
micro-conducting-particles on one surface. As for the segmented
strip, the flashover voltage falls to a stable level. 1In this
stable phase, "arrested-flashovers™ could occur. An increase in
the applied voltage, as low as 41.5%, would cause a flashover to
occur if the preceding outcome had been an "arrested-flashover".
This stable phase is followed by a deteriorating phase in which the
flashover strength increased rapidly with repeated voltgge
applications. An explanation for such behaviour is presented.
¥Flashover of the strip, in the stable phase, occurs on the wavetail
of the applied voltage impulse and time-lag up to 42 microseconds
were recorded. Photographic studies of the light emission from a
developing flashover showed that discharges could start at -
different points along a strip. It was also observed that the
discharge path of a flashover tends to follow that of the preceding

" arrested-flashover®.

Conclusions and recommendations for further work are presented in

the last chapter. Based on flashover strength, the "Dayton-Granger"



strip is superior to the segmented strip. However, this superiority
is offset by its much lénger time-lags to flashover. It is
suggested that further work be undertaken on the two types of strips
to investigate the effects, on their flashover characteristics, of,
variation of impulse waveshape and polarity and applied field.
Recommendations are also made for studies using model segmented
strips to investigate the effect of variation of the strip

parameters on the flashover characteristics.



Notation of tables, diagrams and appendices

All tables, diagrams and appendices are numbered as Table I.w:
figure J.x or Appendix K.y where I, J and K refer to the chapter
in which they are first mentioned and w, x and y are numbers,
starting from 1, and used to identify the various tables, diagrams
and appendices in any one chapter. Hence, for example, figure
5¢15 ref'lers to the fifteenth figure in chapter 5 and Appendix L.3

refers to the third appendix in chapter ..

oymbols

In general, a voltage level of‘Vx,'Where X 1s a number between

O and 100, denotes that the probébility of flashover or breakdown

when a voltage of level'Vx'is applied is x%.

Other symbols which are used only once are explained in the text.
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1 INTRODUCTION

1.1 Genersal

The consequence of a lightning strike to any unprotected structure
is usually disastrous. This has been the motivation for numerous

research workers in their investigation of the physics of lightning
over very many years. In addition to the measurement of field and

1, 2

current in towers and high buildings y, recent studies have

included airborne measurement of electric field in the vicinity of

thundercloudsj, and initiation of lightning using aircraft and

rooketsh’ 5. Although much has been learned, the physics of
lightning is still not fully understood. It is, however, generally
accepted that the ground-flash or earth flash is the most destructive

and protective methods and devices have been introduced with that in

perspective.

The problem of protecting aircraft agﬁinst lightning is becoming
ever more complex as more and more sophisticated electronics and
light-welight composite structures are used. In particular, radome
construction has evolved from the original concept, in which thick
solid dielectrics were used, to become a honey-combed structure,
having thin inner and outer skins,wﬁich makes it more susceptible
to lightning puncture. Until the introduction of the segmented
lightning diverter strip, radome protection always involved a
difficult compromise between the degradation of the radar
transmission characteristics and the degree of protection afforded.

The present thesis is the result of an linvestigation into the



flashover characteristics of such a diverter strip.

In the followling sections, a general introduction to the hazardous
effects of lightning on aircraft and how these hazerds caen be /
minimised 1s provided. Included also are parameters relating to

lightning discharges and how these parameters are simulated in a

laboratorye.

1.2 Effects of lightning on aircraft6’ 7, 8

If an aircraft is in the vicinity of a thundercloud, then the

occurrence of a lightning discharge may have several effects.
These will depend on whether the aircraft is struck and on where

it is Sthkq

1.2.1 Thermal effects

The thermal effects include burning and eroding, and the generation

of disruptive pressure.

At points on the aircraft where a lightning discharge enters and
exits, burning and eroding of the metallic surfaces will occur.

The most severe damage occurs when the lightning channel dwells

at one point on the aircraft for the total duration of the discharge.

This has resulted in holes of up to several centimetres in diameter.

Disruptive pressure is a damage mechanism applicable to composite

panels and radomes. When there is a large transfer of energy in



& short time, fast thermal vapourisation of material may result.

If this occurs in a confined space, a hig,h' pressure may be created

which may have sufficient magnitude to cause structural damage.

1.2.2 Mechanical effects

A flow of current in a conductor, in which there is a bend, creates
magnetic forces which tend to straighfenit. If the magnitude of
current in a lightning discharge is sufficiently high, the resultant

force can twist or rip structures from rivets, screws or other

fastenerse.

Another form of mechanical force is also experienced by an aircraft
in the immediate vicinitYofa lightning discharge. During the
return stroke, the lightning channel expands due to the almost
instantaneous heating of the channel to a temperature in excess

of 30,0009K. The expansion is supersonic and results in a shock

wave having initial pressures considerably greater than ten

9

atmospheres.

125 Electrical effects

The magnetic field associated with a lightning channel can

O
penetrate an aircraft thus giving rise to high overvoltages1 » 11,

12, 13, 14. These may destroy electronic or other equipment or

may cause sparking.

The electronic equipment situated within the radomeis, in addition,



Vulnerable to damage should a lightning discharge puncture the

radome .

1.2.4 Ignition hazards ,

Fuel vapours and other combustible gases may be ignited by a

lightning discharge in several ways:

a) It is possible for a 1ightning diéoharge to burn through the
thin metallic skin of a fuel tank or to produce a local hot-
spot which might cause ignition;

b) a flow of current through a poorly bonded section, for example,
a filler cap, can cause sparking and consequent ignition; and

c) sparking, resulting from transient overvoltages induced on

electrical wiring within the fuel tank, could also cause

ignition.

arameters associated with the lightning current

1 03 o General

The various effects already mentioned are dependent upon different
parameters of the lightning current. The most important parameters
of the current waveform are the peak value; the rate of rise of
cuﬁent; the total duration; the charge transferred and the action
integral ( izdt). These parameters differ between the two basic
types of discharge, viz. positive and negative. Differences also
exist between the values of lightning currents recorded‘by'

15

different investigators “. Typicel values are given below for



discharges of both polarities6.

1.%.2 Positive discharge

In a positive discharge there is usually only one return stroke
and this is represented diagrammatically in figure 1.1 Depending
upon the geographical location, the positive discharges constitute
between 1 and 20% of all flashes. However, positive discharges
are more severe than negative ones due to the higher energy
content which is related to the action integral. Positive
lightning strokes, having action integral values of 107 A25 and

charge transfer exceeding 500C, have been recorded.

1.3.3 Negative discharge

A generalised representation of a severe negative discharge is
shown in figure 1.2. It is characterised by the occurrence of
several strokes of high peak value, indicated by the numbers 1 - 7
in figure 1.2. These high peak current phases are sometimes
extended for several milliseconds by intermediate current phases,
indicated by the numbers 8 and 9. A low amplitude continuing

current phase, indicated by 11, usually occurs after the last

stroke.

The initial high peek current phase has a typical magnitude range

from 10 - 30 kA but magnitudes as high as 200 kA have been recorded.

6
The rate of rise is typically 10 - 20 kA per microsecond -



The intermediate current phase is a low-level decaying current of a
few kiloamperes that flows for several milliseconds after the

initial more rapid decay from the peak current of some of the

strokes.

The continuing current phase usually occurs after the last stroke
of a flash. Typical current magnitudes and times of current flow
are 100 - 400 amperes and 100 - 800 milliseconds respectively.
Consequently, a high charge transfer is realised during this phase
and is of the order of 200C for a severe discharge. Charge

transfer during the high peak current phase is only a few coulombs.

Restrikes are typical for negetive discharges and they occur with
an average interval of 50 milliseconds. This interval increases to
145 milliseconds if a continuing current phase, indicated by 10

in figure 1.2, precedes the restrike. The peak value of the
restrike is typically one half of that of the initial stroke but

its rate of rise is generally greater than that of the initial

strokee

ion of lightnineg for aircraft testing

1.4.4 High current test waveform

Owing to laboratory limitations and to the complex variation of

the lightning current it has been necessary, for the purpose of

high current testing, to

a) define an equivalent test waveform that contains all the



essential features of a lightning discharge,

b) divide the various effects of a lightning discharge on an

aircraft into groups, and

c) divide the aircraft into zones.

The test waveform, as defined by the Lightning Studies Unit,

Culham Laboratory, UKAEA, is reproduced in figure 1.56. The

important parameters of component A are peak amplitude, action
integral and time duration; of component B are maximum charge
transfer and average amplitude; of component C are charge transfer

and amplitude; and of component D are peak amplitude and action

integral.

The effects of lightning on an aircraft have been arranged into
two groups. Group 1 effects cover metal skin puncture, hot spot
formation, mechanical damage, magnetic forces, damage to composite
structures, fuel ignition and damage to lightning arresters.

Group 2 effects include induced voltages, voltage flashover,
sparking and fuel ignition. For group 2 effects, the parameters
of component D in the test waveform are changed to peak amplitude,

peak initial rate of rise, and duration for which the rate of rise

should exceed 25 kA per microsecond.

It has been generally accepted that aircraft surfaces can be

divided into three zones according to their lightning attachment

and/or transfer characteristics. Zone 1 covers surfaces of the

aircraft for which there is a high probability of initial lightning

attachment, examples are the nose, wing-tips and tail. Zone 2



éncompasses those areas into which a lightning channel has a high
probability of being swept from a Zone 1 point of initial attachment,
for example, the fuselage. Zone 3 includes all those areas not
covered by Zones 1 and 2. All three zones are normally ident ified

16,

from the results of attachment points tests on model aircraft
17, 18

1.4¢2 High voltage test waveform

In the laboratory, the lightning leader is often simulated by

2
the long spark19’ O. Long fronted waves (200/2000 microseconds)
are used for conducting hardware attachment tests. It is

recommended that the test object be earthed and that the test gap
6

be not less than 1 metre .

The recommendation for attachment point testing using model

aircraft is, however, different and is detailed in Appendix 6 of

United Kingdom Atomic Energy Report No: CIM-R 163. This

recommendation was made following investigations into the breakdown

2
performance of spark-gaps containing an isolated conducting body 1.

For flashover and puncture testing of dielectric hardware, the
6 -

standard lightning impulse of 1.2/50 microseconds is recommended .

1.5 Aircraft protection

1 45 o4 General

The severity of the lightning discharge has been discussed 1n



relation to its parameters and the effects of such a discharge
occurring to, or near to, an aircraft have been outlined.

Protection systems and devices have been implemented to minimise

the hazards resulting from a lightnihg discharge.

The established protection criteria22 include

a) safety of flight,
b) reliability,

and ¢) maintenance costs.

These and other criteria should be considered individually for

each component‘part of an aircraft at all stages of the design
development cycle. However, particularly in commercial aircraft,
economics prevail and damage of a non-hazardous nature is sometimes
accepted as being more economical than the provision of protection.
This applies to areas which would have no eff'ect on flight character-
istics or a negligible effect on the aircraft operation and, if
destroyed or damaged, will not allow penetration of lightning into

the aircraft's interior. For example, damage to trailing-edge

plastic fairings on large aircraft would hardly affect their

22
flight characteristics o

f_u_gl_sxs_t_ég. One of the most important areas to be protected is
the fuel system. Here the protection criterion adopted is that no
sparking shall be observed when currents or voltages having the

relevant test waveforms are applied to an empiy fuel tank.

Protection against electrical




power disruption on board an aircraft and protection of the avionic
circuitry are both provided by the use of devices, situated at

the possible lightning entry points, such as lightning arresters,

spark gaps, zener diodes, metallic oxide varisters, diodes, fuses

or shorting stubs.

However, difficulties in providing protection for advanced

electronic systems are increasing for the following reasons:

a) Greater vulnerability to lightning~induced voltages due to the

greater input impedance and wider bandwidth of advanced

digital semiconductor circuits.

b) Greater exposure of electronic systems because of the

increasing use of non-metallic skins.

c) Critical dependence on electronic control systems due to

increased automation within the aircraft.

Radio interference suppression. Radio interference is caused

by electrical discharges at non-metallic surfaces, by sparkover to
the main airframe from electrically isolated external metallic
conductors and by streamering at aircraft extremities. Suppression
of the interference is effected by the use of static discharge
devices22 fqr aircraft extremities and by the application of

anti-static coatings on dielectric surfaces where high-frequency,

long range communication is required. The sparkover of electrically

isolated metallic conductors is prevented by ensuring that at least

some conductance exists between the metallic component and the

airframe.



structures is the use of metallic coatings, applied over the entire

surface or in grid patterns. These coatings include metal foil,
fine metal mesh, plasma flame sprayed metal and metallic paints.
Fuel savings of up to 15% have been estimated as the potential for
new aircraft designs taking full advantage of the use of light-

weight composite materialszj. Undoubtedly, this will add another

dimension to the problems of protecting aircraft structureszh.
Continuous or grid-pattern coatings cannot, however, be used on

radomes because they would excessively attenuate the on board-

radar signals. Therefore, patterns of metallic conductors must
be used which do not interfere with the operation of the radar

BySt Gl .

1¢5.2 Radome protection

The radome is one of the most damage-prone components of the
aircraft. It is constantly subject to damage from bird- and
lightning-strikes, hail storms, moisture absorption and collision

25

damage from handling-equipment on the ground ~.

In the area of lightning protection, the basic approach is the
provision of external conductors which will provide the initial

lightning attachment point and which may be required to conduct the

full lightning discharge, with minimal damage, depending on the

method used.

If the radar equipment is situated within a radome which forms the



nose of the aircraft then protection can be achieved by the use of
a metallic spike protruding from the front of the radome and
connected internally to the main airframe by one or more conductors

capable of carrying the lightning discharge without damage. The

pitot boom usually acts as the spike required.

Other possible methods include:

a) external metallic studs connected, through the radome wall, to

an internal conductor which is connected to the main airframe;
b) metallic strips, varying from thin foil to thick conductors,
fixed externally on the surface of the radome and connected

individually to the main airframe;

and ¢) segmented strips fixed as in (b) above.

Interaction between the shielding requirements and the necessity

for minimal interference with the radar system determines the
physical arrangement of these conductors. The basic criterion for
the spacing between protection conductors on radomes is that
surface flashover, rather than puncture of the radome wall, will

always occur.




2 REVIEW OF RADOME PROTECTION TRCHNIQUES

2.1 General

In addition to protecting the radar system from damage, the
protection method is constrained by several additional requirements.

These include minimum radar degradation, minimum drag, minimum risk

of radome puncture, ease of manufacture and low susoéptibility to
moisture penetration. Unfortunately, none of the adopted methods

can satisfy all of these requirements.

The nose spike and metallic studs are essentially internally-
earthed systems. Consequently, the conductors can be orientated so

‘as to minimise radar degradation without aerodynamic concern. The

nose spike method, however, has the disadvantage of higher risk of

radome puncture, especially during a swept stroke. The risk of

radome puncture is greatly reduced in the metallic studs method by
the existence of external attachment points on the radome surface.
This method, however, suffers from manufacturing complexity and the

possibility of moisture penetration. Repairs would also be costly

and complicated.

The continuous and the segmented strlips are externally-earthed systems.

They do not have the disadvantages of internally-earthed systems but,

depending on the method, do present aerodynamic, environmental and

radar degradation problems.

2
The foil strip is typically O.5mm thick and 10mm wide 6. Owing to




its flatness, it has the best aerodynamic characteristics. The
cross-section area is however not large enough to withstand a full

lightning discharge. The strip is vapourised and forms an ionised

channel which then carries the full discharge curremt. (A

complete description, operation and physical arrangement, on the
radome, of the strip can be found in Patent Number Re 254417 which
is reproduced as Appendix 2.1). Therefore, it is sometimes called
the vapourising strip. Radar degradation is quite considerable
and transmission loss can be as high as 25%27. Environmentally,
the foil strip has disadvantages too. Cross cracking may occur due
to radome wall vibration or rain erosion. When such a crack

completely interupts the strip, protection is reduced and noise

interference to communication systems may be introduced by static

discharges across the crack.

The thick conductor strip or permanent conductor strip is made of
aluminium and has typical dimensions of ’5mm thick and.10mmuwide28.
It is capable of withstanding a full lightning discharge and,
hence, of multi-stroke protection. The larger dimensions result

in less desirable drag characteristics than those of the foil strip.

Radar degradation is no better than that of the foil strip.

In most commercial aircraft, radar degradation caused by the
continuous strips - foil or thick conductor - is acceptable and
hence the wide use of either, dependent on the drag characteristics
which can be tolerated. When radar degradation is not acceptable,

segmented strips are used. These segmented strips are considered to

be radar-transparent and to provide multi-stroke protection.




(Description, operation and physical arrangement, on the radome, of
the strips can be found 'in Patent No: 341 6027 which is reproduced
as Appendix 2.2). Its drag characteristics are, however, not as
good as those of the foil strip although better than those of the
permanent strip. A review of recent investigations into the

performance of the segmented strip is presented in the following

sections.

2.2 The segmented lightning diverter strir

2.2.1 Physical construction

The construction of the segmented strip is as shown in figure 2.1.
It consists of a series of circular riveted segments, with

diameter of 2.44mm, spaced QO.31mm apart52. These segments are
centrally located along the length of a fibreglass laminate with
overall dimensions of approximately 41mm thickness, 1Omm width and
1.2m length. The segments are bridged on the reverse side by a
layer of resistive material. Amason recommended (Appendix 2.2) that
this resistive layer should have a minimum value of 260 k-ohms per

metre. The sides of the strip are coated with Neoprene for

protection against wind and rain erosion.

2.2.2 " Blectromagnetic compatibility

Tests have shown that the segmeﬂ‘ted strip is virtually radar-

transparentze’ 33. Degradation of the antenna radiation pattern is

28 27

negligible and transmission loss is only about 2% when




segmented strips are used as the protection conductors. In the
following paragraphs, the virtual radar-transparent property of

a segmented strip is highlighted by considering the problems which
can be encountered through the use of continuous-conductor systems.,
Generally, the extent of antenna pattern degradation depends on the
frequency of operation of the antenna system, on the orientation of
the strips/conductors with respect to the antenna polarization, on
the location of the antenna, and on the type and length of the

28, 33

protection strips/conductors

When localizer antennae are installed on the forward aircraft bulk-
head under the nose radome, continuous strips present a significant
problem. The wavelength of the localizer beam is approximately
2.8m and the continuous strips are approximately one-eighth to

one-half wavelength. This could cause unacceptable pattern

degradation because a grounded quarter-wavelength conductor or an

ungrounded half-wavelength strip can radiate quite efficiently.

Similar'prdblems are also encountered by the use of glideslope

antennae which operate at about one-third of the wavelength of the
localizer antennae. In particular, a compromise in thé length of
the conductors/strips may be required when both the glideslope and

the localizer antennage are installed within the same radome.

The pattern degradation caused by the continuous conductors/strips
at the weather-radar frequencies of 5.4 GHz and 9.575 GHz is due
more to blockage and reflection than to radiation. The width

rather than the length of the continuous conductors/strips is the




Tactor and the objective is to keep the width as narrow as poscsible.

In terms of radar atienuation during transmission, continuous

conductors/strips can attenuate the signal by as much as 25% 27.

2.2, Current carrying capability

The current carrying capability of a segmented strip has been a
point of controversy among numerous investigators. Investigators in

27, dk, 35

the U.S.A. achieved satisfactory results whereas

29, 30, 31, 32

investigators in the U.K. obtained results which

cast doubts on the multi-stroke-high-current carrying capability of

a segmented strip.

27 performed high current tests, up to 160k A pesk

Amason et al
current, using & O.4m section of strip and high charge transfer
tests, over 200 coulombs, on shorter sections, with satisfactary

test results. Both the segmented strip and the end fitting were

not damaged by the tests.

Robb et aly+ conducted similar high current tests by combining a '

1-MV high voltage impulse and a 200 kA peak current discharge and
applying them to a 1-m length of strip. After two such applications, -
no apparent damage to the strip was observed. OSwept stroke tests

were also performed by combining 100k A high current restrikes,
initiated by a high rate of rise of 60kA per microsecond, and a

500- kV impulse component all superimposed on a 200-A continuing

current. No damage, other than a slight burnishing of the metal




Segments, was observed.

Plumer et al35 also reported satisfactory results with high current

tests up to 200- kA peek and action integrals of 2 x 106 Azs.

/

Different strips were tested and all tolerated two or more strokes.
Testing of each strip was terminated after three or four discharges.
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It was also reported™™ that segmented strips which had been

installed on a Lockheed C-130 hurricane-hunter aircraft diverted a

lightning stroke successfully with no damage resulting apart from

a slight discolouration of the segments.

High current tests conducted at Culham Lightning Studies Unit,
UKAEA, produced results which were not as enc'ouragin529’+ 50, 31, 32.
The current applied had two components which were designated as

fast and slow. The fast component had a maximum peak value of

200-k A whilst the slow component had a maximum time duration of

one second and a maximum charge transfer of 500 coulombs.

Instances when the segmented strips were destroyed, after being

subjected to high current discharges, were repor'ted29’ 50, 1 .

It should be noted that the several experimental arrangements used
by the investigators in the U.S5.A. were all basically different from
that used by the investigators in the U.K. The former ensured that
the segmented strip was ionized (evidenced by flashover) before the
high current was applied. In the U.K. tests, ‘the high current was

applied without any deliberate pre-ionization although the
arrangement ensured that the strips were tested in a relatively

force~-free environment. Hence, any flashover resulting would be as



& consequence of current flow in the resistive layer. However,
unless the mechanism of flashover of segmented strips under natural

lightning conditions is established, it is debateable which was the

more valid arrangement.

2.2.4 High voltage tests

High voltage tests are used to evaluate the efficacy, ie. the

shielding effect or capture capability, of any particular

lightning protection system. The objective of such tests is to
determine an optimum protection system. This would use a minimum
number of strips to capture lightning strikes, from all possible
directions, and to prevent the lightning channel from puncturing the
radome wall. Significant factors influencing the design of
protection systems include the thickness and dielectric constants of
the radome'wail; the surflace conductivity of the outer radome wall;
and the formand position of the 'earthed' metallic equipment within
the radome26’ i, 28. It has been stated? however, that for any
radome/ radar configuration, more segmented strips would be required

than if continuous strips were to be used?B. This has been

2
confirmed in tests performed at British Aerospace, Stevenage3 o

Their results also indicated that the strip was not effective in

capturing strikes when it was attached on an anti-static surface

having a resistance of 200 k -ohms per square.

55

High voltage tests conducted by Plumer et al”” produced an

interesting result. Irrespective of the rate of rise of voltage,

an apparent constant time-lag to flashover of 0.7 microsecond was

1!



obtained for a strip of 1.2m length (figure 2.2). Their other result
shows the relationship between flashover voltage, both polarities,
and strip length (figure 2.3)s They considered this relationship to

be linear inspite of the large variations in flashover voltages ,

obtained.

2.5 Present study

Apart from the results of Plumer et al mentioned in the preceding
section, no other publicetions on the flashover characteristics or
the mechanism leading to a flashover of a segmented strip have been
produced. Therefore, much has yet to be learned regarding the
flashover characteristics and the flashover mechanism of segmented
strips. The present study is, therefore, an attempt to satisfy this

need.

If the nose radome of an aircraft is in the immediate vicinity of
a lightning leader, three consequences are possible, viz. the radome
wall may be punctured; the radome surface may be flashed over, or
the segmented strip may be flashed over. Therefore, flashover of
the segmented strip must always occur for effective protection. 1If

the flashover characteristics of a strip, and of a radome surface,

36 .

and also the puncture voltage of a radome wall™ are as shown in
figure 2.4, then effective protection will be achieved if the length
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