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ELECTRICAL ENGINEERING THÉORIE

On Ageing of Insulation Materials and
Systems: Some Thoughts and Comments

M. G. Danikas

Democritus University of Thrace, Department of Electrical
and Computer Engineering, 67100 Xanthi, Greece

Abstract

Ageing has been and still is one of the major - if not
the major - challenges regarding insulation systems and ma-
terials. The present paper goes through a brief description
of some fundamental models of ageing and points out aspects
that deserve to be further investigated. Factors that affect
(or may affect) the ageing of insulations are discussed.

Keywords

Insulation ageing, multi-factor ageing, electrical stress,
thermal stress, enclosed cavity, enclosed void, partial dis-
charges,  inception  voltage,  extinction  voltage,  ignition
event, Arrhenius equation

Introduction

Ageing  is  something  that
humans want to avoid discus-
sing  whereas  insulation  ex-
perts tend to intensively re-
search this subject. A most
distinguished expert on age-
ing, the late E. L. Brancato
wrote once that "the phenome-
non  of  ageing  is  one  that
mankind prefer to ignore whi-
le  industry  prefers  to  ex-
plore". Ageing of insulation
materials or insulation sys-
tems  can  come  about  either
from  a  single  deteriorating
factor (e.g. electrical stress,

mechanical stress or tempera-
ture rise) or from a multi-
plicity of factors, such as
e.g. a combined electrical and
thermal stressing or electri-
cal  stressing  and  humidity.
As was noted in [1], ageing
may induce changes in the ma-
terial itself that are bound
to affect a property (or pro-
perties) of the material. Con-
sequently,  when  a  property
falls below a certain value,
breakdown may ensue. Such a
type of ageing may be charac-
terized as intrinsic. A poly-
mer that deteriorates and its
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electric strength or tensile
strength falls below a cer-
tain  critical  value,  is  an
example of such an intrinsic
failure. On the other hand,
ageing may be also affected
by changes in the presence of
asperities on the electrodes,
foreign particles or defects
that  may  come  about  during
the preparation of a material
or an insulation system. Such
defects may inadvertently in-
fluence a property or proper-
ties of the insulation lead-
ing  to  a  catastrophic  fai-
lure. This type of deteriora-
tion is an example of extrin-
sic  ageing.  Intimately  re-
lated to the notion of ageing
are the proposed models for
the prediction of insulation
lifetime.  Acceleration tests
(by enhancing either the elec-
trical stress or the frequen-
cy applied and then extrapo-
lating to find the expected
real lifetime of an insula-
tion system) have been con-
ceived by a large number of
researchers and the analysis
of ageing data has been the
subject of a large number of
publications over a number of
decades.  In  this  paper,  a
brief review will be given on
some of the proposed models
together with comments on both
the ageing of insulation sys-
tems and also on what we call
"prediction of insulation li-
fetime".

The notion of ageing and
some proposed models

According  to  IEC  TC  63
[2],  ageing  is  the  "irre-
versible  deleterious  change
to the serviceability of in-
sulation systems. Such chan-
ges  are  characterized  by  a
failure rate which increases
with  time".  Put  it  another
way, ageing is properties chan-
ging  with  time  or  the  re-
sponse of the insulation to
various stress factors [3].

One may distinguish seve-
ral forms of ageing, namely,
thermal, electrical, environ-
mental and mechanical. Ther-
mal ageing is associated with
thermally  activated  chemical
processes. It was Dakin who
indicated that since the phy-
sical changes in an insula-
ting material are the result
of internal chemical changes,
the theory of chemical reac-
tion rates may be applied to
analyze data on ageing [4].
He  considered  that  the  in-
stantaneous rate of change of
the number of molecules under-
going  a  transformation  with
time is proportional to the
number present raised by some
exponent, i.e. 

dC/dt = – KCn (1)

where, C the variable number
per unit volume or concentra-
tion, K the rate constant and
n  the  exponent  determining
the order of the reaction. By
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integrating (1) and by taking
n = 1, the following equation
ensues,

log
e
C = –Kt + log

e
c
0

(2)

and

C = e–Kt c
0

(3)

A mathematical function of
the concentration of the most
important chemical constituent
can be found which is an in-
tegral of (1), regardless of
what the order of the reac-
tion is or whether the rate
constant  varies  with  time,
i.e.

f
0
(C) = – K

0
 t (4)

where,  K0 the rate constant

is time independent and de-
pendent on temperature.

By introducing the assumed
relation between the physical
property  and  the  concentra-
tion of the most significant
chemical constituent given in
(5),

P = f(C) (5)

(P being the magnitude of the
physical property which is of
interest  and  C  the  concen-
tration of an important che-
mical constituent of the insu-
lation which is being changed
by the thermal ageing), a sim-
ple relation between the phy-

sical property and time may
be obtained, i.e.

f
0
’(P) = – K

0
 t (6)

If the temperature dependence
of a reaction rate is given
by

K0 = A e
–B/T (7)

it follows that

f
0
’(P)/t = K

0
 = A e–B/T (8)

with A and B constants and T
the absolute temperature. Evi-
dently, as follows from (8),
the logarithm of the time to
reach a particular value of a
certain property of the insu-
lation is proportional to the
reciprocal  of  the  absolute
temperature and from (6) and
(7) one may conclude that each
magnitude of a physical pro-
perty corresponds to a parti-
cular  concentration  of  the
significant  chemical  consti-
tuents,  this  concentration
being the same for the same
magnitude of the physical pro-
perty  no  matter  if  it  is
attained at high or low tem-
peratures. 

A model proposed by Allen
and Tustin in [5] was based
on Guldberg and Waage’s law
of mass action

[d(n0 – n)]/dt = Kn (9)
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where, K is the velocity coef-
ficient for the chemical pro-
cess, n

0
 is the number of mo-

lecules involved in the che-
mical process causing change
in the critical property and
n is the number of unchanged
molecules.  Eq.  (9)  written
differently gives

dn/n = –A exp(–E/RT) dt (10)

with  A  a  constant,  E  the
activation  energy  for  the
reaction, R the gas constant,
T  the  absolute  temperature
and n as above. If time to
failure is t

f
 at constant ab-

solute temperature T with nf
and n0 being the unchanged mo-

lecules and the original num-
ber  of  molecules  respecti-
vely, by integrating (10), we
have that 

ln(n
f
/n

0
) = –A exp(–E/RT)t

f
(11)

from which it follows that

ln[ln(n
f
/n

0
)] = lnt

f
 + lnA –

              – (E/RT) (12)

The latter equation - assu-
ming that the material beha-
ves consistently -, nf/n0 is

the same for each failure and
finally  (12)  is  transformed
to

lnt
f
 = C + B/T (13)

The  approach  of  [5]  is  not
that  different  from  Dakin’s
approach since the inverse of
the  absolute  temperature  is
again involved. The weak point
of these approaches is that
they consider that there is a
main chemical reaction taking
place in the insulation whe-
reas there may take place more
chemical reactions.

Electrical  ageing  may  be
due to several reasons, such
as  partial  discharges  from
asperities of the electrodes
and/or microcavities as well
as from charge injection ow-
ing to exceedingly high elec-
tric  field  enhancements.  As
the electrical stress increa-
ses, the lifetime of an insu-
lation may decrease. The well
known inverse power law may
be expressed as

L = k V–n (14)

with  V  the  applied  voltage
and k a constant, n being the
power law constant [6]. Other
models  that  were  developed
did not radically differ from
the model of (14) [7], [8].
It  must  be  emphasized  that
the  electrical  ageing  equa-
tions are empirical and not
developed by way of expres-
sions for the reaction rate,
as was noted in [3].

The  environmental  stress
may include the influence of
humidity, radiation, pressure
and temperature. The environ-
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ment in which take place the
various effects (such as oxi-
dation) will certainly affect
the  chemical  reactions  that
may influence the deteriora-
tion of the insulation. Envi-
ronmental  stressing  is  evi-
dent in outdoor insulating sy-
stems but it is not necessa-
rily confined there.

Mechanical ageing may come
about from structural defects,
such as microcracks and mi-
crocavities.  Different ther-
mal expansion coefficients may
cause  delamination  in  elec-
trical machines insulation and
thus lead to the rise of par-
tial  discharges  and  eventu-
ally to a catastrophic failu-
re.  Furthermore,  mechanical
stressing (either internal or
external)  may  influence  the
development and propagation of
electrical  trees,  in  other
words mechanical stresses tend
to affect in a crucial manner
the inner workings of an in-
sulation, providing thus paths
to breakdown [9].

The notion of multi-factor
ageing

The difficulty with multi-
factor  ageing  is  that  more
than  one  (or  usually  two)
factors act simultaneously on
the  insulation. Simultaneous
ageing by more than one fac-
tors means that there may be
interaction between these fac-
tors. According to [10], di-
rect interaction is an "in-

teraction  between  simultane-
ous applied factors of influ-
ence, which differs from that
occurring  with  sequentially
applied factors of influence.
Factors producing direct in-
teraction are not necessarily
ageing factors" whereas indi-
rect interaction is an "in-
teraction  between  simultane-
ous applied factors of influ-
ence,  which  remains  essen-
tially unchanged when the fac-
tors are applied sequential-
ly. Indirect interaction can
only be caused by ageing fac-
tors" [10].

A  most  common  type  of
multi-factor stressing is the
combined  thermal-electrical
stressing. Two models appro-
priate for two different ty-
pes  of  insulating  materials
have been developed for such
a combined stressing: (1) for
those when stressed below a
certain  value  of  electrical
stress, life tends to become
infinite  and  (2)  for  those
showing  an  ever  decreasing
life even for very long test
times [11], [12]. These mo-
dels can be expressed in terms
of the Arrhenius equation, the
inverse  power  law  and  the
threshold equation, the lat-
ter describing the electrical
behavior  of  materials  which
below a certain value of elec-
trical stress do not show any
signs  of  electrical  ageing.
Simoni, the author of [11],
[12],  considered  that  type
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(1) materials can be expres-
sed in terms of the Arrhenius
equation  and  the  threshold
equation  and  that  type  (2)
materials can be expressed in
terms of the Arrhenius equa-
tion  and  the  inverse  power
law. In yet another publica-
tion [13], the authors, con-
fronted with the problem of
how to combine the results of
life tests involving tempera-
ture  and  voltage  separately
so as to evaluate the life at
the combined operating stres-
ses,  observed  that  (a)  at
room  temperature,  a  limited
but significant reduction in
breakdown voltage may be no-
ticed, (b) at high tempera-
tures the decrease in break-
down voltage due to electri-
cal stress is larger than at
room temperature and more sig-
nificant  as  the  temperature
increases, and (c) the total
decrease in breakdown voltage
observed when the two stres-
ses  are  simultaneously  ap-
plied is substantially larger
than the sum of the decreases
observed for each factor act-
ing alone. This is a good ex-
ample  of  a  synergy  of  the
ageing factors. Very similar
views  were  also  expressed
earlier [14].

Short presentation and eva-
luation of some existing
multi-factor ageing models

Simoni’s model [11], [12],
[15] - [17] assumes that for

a given insulation system the
time to breakdown with a com-
bination  of  electrical  and
thermal stresses can be re-
duced to finding a resultant
ageing rate [3], that is

R(T, E) = A exp(–B/T)

        exp((α+b/T) f(E) (15)

where, R(T, E) is the reac-
tion rate, A and B are con-
stants, T and E the absolute
temperature and the electric
stress respectively, α and b
constants under the combined
stress and f(E) an unspeci-
fied  function  of  electrical
stress [3]. It goes without
saying that since the reac-
tion rate is inversely pro-
portional to the absolute tem-
perature,  the  expected  time
to breakdown L(T, E) will be
expressed in terms of a refe-
rence  expected  lifetime  L

0
,

i.e.

L(T, E) = L0 exp[–B Δ(1/T)]

        (E/E0)
–N (16)

with B a constant, E
0
 a refe-

rence electric stress for elec-
trical ageing, Δ(1/T) = 1/T0
– 1/T, T

0
 being the room tem-

perature and N denoting the
thermal synergism.

Ramu’s model [18], [19] can
be described by the following
equation, where L(T, E) the
time  to  breakdown  and  the
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various  c  and  n  parameters
are dependent on temperature,

L(T, E) = exp[c1 – c2 Δ(1/T)]

        Eλ exp(–BΔ(1/Τ)) (17)

with λ = [–n1 – n2 Δ(1/T)], or

in terms of a reference time
to breakdown L

0
 and a refe-

rence electric stress E
0
,

L(T, E) = L
0
 (Εn2 Δ(1/Τ)/E0)

–n
1 

        exp(–B Δ(1/Τ)) (18)

Ramu assumed that L0 is the

time-to-breakdown at room tem-
perature and E0 is the opera-

ting stress.

Fallou’s model [13], [20]
consists of an equation which
relates the time-to-breakdown
L with electrical stress re-
lated functions A(E) and B(E)
[3],

L = exp[A(E) + B(E)/T] (19)

with A(E) = A
1
 + A

2
 E and B(E) =

B1 + B2 E, A1, A2, B1, B2 being

constants  determined experi-
mentally  from time-to-break-
down curves at constant tem-
peratures [3].

The basic comment on the
above very briefly described
models - taking into account
the  combined  electrical  and
thermal  stresses  -  is  that
all  of  them  are  based  on
Dakin’s approach and on the
inverse power law. All of the

aforementioned models seem to
be semi-empirical. Dakin’s ap-
proach in turn was also based
on an earlier model proposed
by  Eyring,  which  described
changes in the rate of a che-
mical reaction with tempera-
ture [21]. This is not to be
taken  as  criticism  of  the
above models since they con-
tributed immensely to our un-
derstanding of the interplay
between electrical and ther-
mal stresses. 

Gjaerde’s approach on
multi-factor ageing

An interesting study car-
ried out in the context of a
Ph.D.  thesis  indicated  that
for epoxy resin samples age-
ing, a critical parameter is
the  pressure  inside  an  en-
closed  cavity  [3].  It  has
been shown that a large ca-
vity pressure reduction rate
is  accompanied  by  a  short
time-to-breakdown  whereas  a
small cavity pressure reduc-
tion leads to a longer time-
to-breakdown. Gjaerde’s model
assumes  that  there  is  an
electrical  threshold  below
which  no  electrical  ageing
takes place. This is an as-
sumption  taken  into  account
by many researchers. However,
in [3], Gjaerde draws atten-
tion to the fact that cavity
pressure variations are stron-
gly related to partial dis-
charge (PD) patterns. Partial
discharges in turn appear in
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different  forms  and  mecha-
nisms and thus very small dis-
charges may go undetected. In
[3], it is rightly discussed
that light emission of dis-
charges  may  be  a  much  more
sensitive detection means than
their electrical detection and,
consequently,  swarming  pul-
sive micro-discharges may eva-
de detection by conventional
detection  systems.  Gjaerde
rightly writes that "drawing
conclusions from an incomple-
te PD pattern, i.e. a pattern
which does not include all PD
types, may very well be im-
possible".

The  inability  of  conven-
tional  PD  detection  systems
to  register  very  small  PD,
and indeed the possible char-
ging  effects  below  the  so-
called inception voltage were
discussed  in  length,  among
others, in [22] - [30]. Not to
be discarded is also the role
of  space  charge  effects  on
the lifetime of an insulation
and their intimate relation-
ship with the gas conducti-
vity inside an enclosed ca-
vity [31]. As was explained
in  [31],  charging  phenomena
and  ionization  processes  of
low energy may occur, imply-
ing thus that charges appear-
ing in the cavity may result
in clusters of space charges
on the cavity walls. Such a
space  charge  results  in  an
electric field which - in the
case of AC fields - is added

to the applied electric field
on the insulation [32]. Things
are further complicated since
charge packets may cause lo-
cal chain re-arrangements in
polymeric insulation [33].

Gjaerde’s approach on age-
ing  strongly  reminds  us  of
the importance of exact mea-
surements regarding the par-
tial  discharges  as  well  as
their  respective  mechanisms.
Reference [3] emphasizes the
fact that incomplete PD pat-
terns  may  yield  incomplete
information as to the degree
of ageing of an insulation.
Furthermore,  reference  [3]
also indirectly points out to
the importance of distingui-
shing between inception volt-
age and ignition voltage, i.e.
the importance of differenti-
ating between these two no-
tions. Ignition is not to be
considered as harmless. It is
not to be forgotten that among
the first to stress the dif-
ference between ignition and
inception was a classical mo-
nograph by A. Kelen almost 60
years ago [34].

Consequently, since PD is
one of the main causes of in-
sulation failure, it is im-
perative to realize how sig-
nificant is to understand what
we really measure and to dis-
tinguish between the various
mechanisms of PD. Older and
more recent research can be
of great help in clarifying
means of the measurement and
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mechanisms of PD [35] - [43].
Furthermore, as was remarked
in  [44],  intimately  related
to the above is the develop-
ment of techniques to deter-
mine temperature rise of ca-
vity surfaces due to PD. As
was conjectured in [23], [24],
[45], [46], electrical ageing
may in fact be a chemical re-
action in cavities induced by
the deposition of energy. Such
deposition may be expended in
raising of the temperature of
the cavity walls, in deliver-
ing gases which possibly will
oxidize  the  cavity  walls,
which in turn may deteriorate
and cause mechanical erosion
[44]. The gist of [44] con-
sists  in  pointing  out  that
"... if a measurement of the
joule heating of voids can be
obtained, it may make possi-
ble that the Arrhenius rela-
tions could be employed at a
void level".

Gjaerde’s approach is re-
markable in that it pointed
out  the  importance  of  what
was going on inside the en-
closed cavities, the variation
of gas pressure and its rela-
tion to the ageing of the in-
sulating material. Such an ap-
proach agrees with the rese-
arch done by Bruning and col-
leagues (mentioned above) as
well as with the work carried
out earlier, in which it was
recommended that "... an ade-
quate  understanding  of  the
physics and chemistry of age-

ing be acquired ..." and that
"... more sensitive techniques
be explored ... at assessing
the rate of aging close to ope-
rating temperature ..." [47].

Where does all the above
lead?

Certainly, modeling the com-
bined electrical and thermal
stressing helps us to try to
understand - at least partial-
ly  -  its  workings.  It  goes
without saying that Gjaerde’s
approach also helps us to re-
alize  how  important  is  the
variation of gas pressure in-
side  enclosed  cavities.  The
deleterious role of PD on in-
sulation ageing is also right-
ly stressed. All this is well
related  to  PD  diagnostics.
Earlier  research,  however,
showed that conventional dis-
charge  detection  techniques
do not generally respond to
all types of PD and they can
yield an indication that may
not be completely representa-
tive of the total discharge
intensity.  The  magnitude  of
the small pulses present in
the pseudoglow discharge may
not be large enough to trig-
ger conventional discharge de-
tectors. Moreover, a number of
large pulses (spark-type PD)
can actuate the PD detector
but  the  resulting  detected
discharge  pattern  will  not
necessarily  contain  all  the
information  and  consequently
will  not  constitute  a  true
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replica  of  the  actual  dis-
charge pulse density distri-
bution.  On  the  other  hand,
the fact that true pulse dis-
charges  do  occur  simultane-
ously (even under the appear-
ance of true glow and pseu-
doglow discharges in innumer-
able instances) is a remedy
for the conventional PD de-
tectors since they permit the
determination  of  the  dis-
charge inception and extinc-
tion voltages, defined as the
voltages at which the appar-
ent  charge  transfer  exceeds
or falls below a specific va-
lue [48] - [50]. The latter
statement,  however,  ignores
the fact that there is a dif-
ference between inception and
ignition events [34].

There  are,  however,  some
further limitations of the PD
diagnostics. Even though well
established  techniques  were
successful in increasing sen-
sitivity,  diminishing  noise
etc.,  PD  diagnostic  techni-
ques  have  some  limitations.
As was pointed out in an ear-
lier  publication,  "...  [PD
diagnostics] cannot tell any-
thing about those parts of a
test  object  which  are  not
sufficiently stressed to pro-
duce PD ... [furthermore] PD
diagnostics  produce informa-
tion on the current state of
an object’s electrical insu-
lation but this does not en-
able an assessment of its re-
maining life for the simple

reason that life depends both
on the state of a gradually
deteriorating  object  and  on
the stresses that act on it
later" [51], [52].

Another point in need of
consideration is that ageing
is often more complex than a
gradual advance of a single
process. As was reported [34],
[53], [54], a chain of events
in a generator stator insula-
tion was that first there was
an increased temperature in a
slot  insulation  of  wrapped
shellac-bonded  paper  backed
mica splittings with the en-
suing delamination and PD ac-
tivity. Organic components de-
graded and vibrational forces
gradually produced strand mo-
vement resulting in abrasion
of some mica sheets, grinding
into the slot insulation wall
and  finally  in  electrical
breakdown. This is a good ex-
ample of PD diagnostics that
yield  information  on  mecha-
nisms  other  than  strictly
electrical  ageing  (in  this
case thermal and mechanical).

Yet another point that must
be stressed - although we re-
ferred to it before - is that
of charging events prior to
partial discharges [23], [24],
[45]. Previous research also
indicated  that  pulses  from
water tree regions in poly-
ethylene, as low as 1.2 fC,
could  be  reliably  measured
[55], [56]. The work of [55],
[56] was favorably discussed
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by  Morel  and  co-workers  in
[57]. The latter researchers,
in agreement with [55], [56],
concluded that signals can be
measured  many  minutes  prior
to the visual appearance of
electrical  trees  and  that
there is an "induction" pe-
riod where no trees are ob-
served. Part of the problem-
atic of the interplay between
electrical  and  water  trees
was  also  reported  in  [58],
where it was noted that "...
some water trees convert to
electrical trees and some do
not. ... Is there something
in  the  vicinity  of  a  water
tree which undergoes the con-
version that is important and
that could be detected before
the conversion takes place? ...
It was mentioned that after
the water tree converts to an
electrical  tree  many  pulses
were required to cause insu-
lation breakdown. The actual
number of pulses depended on
their  type,  e.g.  lightning,
switching surges or single cy-
cles of 60 Hz". As was remar-
ked before, water trees may
be  in  close  proximity  to
"virgin"  polymeric material.
Consequently, there is a pos-
sibility that charging events
and/or non-destructive current
pulses may somehow slowly de-
grade  the  insulation.  Such
charging events - as reported
- may be in the fC range and
may lead to chemical changes
[23], [24], [45], [55], [56],

[59], [60], [61].

Things  become  even  more
complicated when one has to
deal not only with insulating
materials but also with so-
lid/liquid insulating systems
[1]. In the latter case, both
weak links existing either in
the liquid volume or on the
electrode surfaces and physi-
cal size factors (such as li-
quid flow in the gap, stored
electrostatic  energy  in  the
neighborhood of the gap, in-
ability to reproduce the small
system quality in a large sy-
stem closer to industrial pra-
ctice) may affect the dielec-
tric strength and consequent-
ly the rate of ageing [62].

Conclusion

In the context of this in-
complete review, several is-
sues regarding the ageing of
insulating materials and sys-
tems were discussed. All re-
ported models have their own
particular  merits.  Gjaerde’s
approach - pointing out the
variation of gas pressure in-
side enclosed cavities and in
fact using already known pa-
rameters - seems to be par-
ticularly interesting. It re-
mains  to  be  seen,  however,
whether her approach may be
used in larger insulating sy-
stems. Some factors - compli-
cating even further - the que-
stions surrounding ageing have
been  pointed  out  and  dis-
cussed.
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Abstract

In the past, after the encouraged results produced by the
first author and published in her master thesis regarding in
essence the discone antenna, we decided to cooperate for the
complement and extension of her work in the definite way of
completely  revealing  all the  subtle  details of  the  whole
work we are doing in general, in order to successfully com-
bine the separate arts of antenna design, antenna construc-
tion, and antenna measurement, taking this particular an-
tenna just as a concrete paradigm of practical application.
Now, we describe in this paper the aforementioned way of
ours and present the good agreement between the related ana-
lytical,  computational,  and  experimental  results,  that  we
achieved working in this very way.

Keywords

Broadband  antennas,  antennas  analysis,  antenna  simula-
tion, antenna construction, antenna measurements

Introduction

A  short  history  directly
related with our research for
the well-known broadband dis-
cone antenna includes its in-
vention by Kandoian in 1945
[1], Nail’s relations for its
design in 1953 [2], Rappaport’s
design with N-type male con-
nector feed in 1987 [3], Coo-
ke’s wire radial implementa-
tion in 1993 [4], and our pre-
vious work as it is presented
in [5] and [6]. 

A  typical  2D  representa-
tion of the discone antenna
is shown in Fig. 1 with its
geometric  characteristics:  D
is  the  disk  diameter  (t  is
its radius), d is the small
(upper) diameter of the frus-
tum  cone,  C  is  the  large
(lower) diameter of the frus-
tum  cone,  s  is  the  slant
height,"a" is the flare-angle
and  g  is  the  spacing  (gap)
between disk and cone. Nails’s
relations are: 

SATURDAY 31 MAY 2025 v1—23 FUNKTECHNIKPLUS # JOURNAL

N. I. YANNOPOULOU AND P. E. ZIMOURTOPOULOS

s = u (λ1/4), D = v C, g = w d (1)

where λ1 is the wavelength at

the  lowest  "operating  fre-
quency"  f1, and the paramet-

ers are:

u = 1, v = 0.7, w = 0.3 (2)

Rappaport  proposed  slightly
different parameters: 

u = 1.15, v = 0.75, w = 0.5 (3)

while Cooke gave different u
value:

u ≈ 1.33 (4)

Fig. 1: Discone antenna

Full results of the twenty
constructed and measured mod-
els of the radial discone an-
tenna, i.e. a radial outline
of discone,  as well as some
details for their fixed con-
struction  and  the  performed
analytical study is presented

as an extended report. A de-
scription  of  the  developed
software for the radial dis-
cone  antenna  is  given.  The
two first models were used in
order to test our geometric
representation of the antenna
and  the  adopted  simulation
model which was  finalized by
the actual measurements. 

After that, the rest eigh-
teen experimental models with
flare-angles  a = 60°,  a = 90°
and  a = 120° were  carefully
built according  the  results
and  conclusion  of  the  ex-
tended  simulation investiga-
tion presented in [6] based
on the definition we gave for
the  "Overall  Antenna  Band-
width" in the same work, ap-
plied for three quantities of
different  nature  with  the
following demands: 

a) QSWR: SWR ≤ 2 

b) QGp: –3dB ≤ GpH (5)

c) QU:–3dB ≤ UH 

with SWR as the circuit quan-
tity,  the  horizontal  dir-
ectivity/power gain GdH/GpH as
the  field  quantity  and  the
horizontal  radiation intens-
ity UH as the field - circuit

quantity.  Their impedances
and  radiation  patterns  were
measured up to the available
VNA limit of 1300 MHz,  con-
firming  the  omnidirectional
radiation pattern.
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The  antennas  were  con-
structed with bare coper wire
and fed by an N-type female
connector. The simulation was
based on a suite of developed
visual tools supported by a
fully analyzed, corrected and
redeveloped  edition  of  the
original  thin-wire  computer
program by Richmond [7]. The
measurements were carried out
with  our  measurement  system
in the anechoic chamber and
the uncertainties in SWR, an-
tenna impedance and radiation
pattern were determined using
the two methods fully descri-
bed in [8] and [9]. Measure-
ment uncertainties were esti-
mated  by  DER  clusters  and
their DEI stripes. Good agree-
ment was observed between an-
alytic, experimental and com-
putational results.

Radial discone study

The radial discone was an-
alytically  studied  consider-
ing Standing Waves SW, that
is, with symmetric sinusoidal
current distribution:

İ(ℓ) = İ sin (β(h – ∣ℓ∣)) , (6)

–h ⩽ ℓ ⩽+ h

and this current (6) was used
to determine the antenna pat-
tern by the formulas [10]: 

Ǟ = (
1

λ
)e

iβR
k
r ˙PF [ℓ θℓ

 φ
] (7)

ṖF =∫
ℓA

ℓT

İ(ℓ)e
iβℓ

 r
ℓ
dℓ (8)

with  the  evaluation  of  the
definite integral for Pattern

Factor  ṖF  [11],  [12].  The
radial  counterpart  of  the
discone that was selected to
be studied was the one with
eight 8 radials for both the
disk  and  the  cone,  as  the
most common in use. The coor-
dinate system of Fig. 2 was
adopted, where the disk is on
xOy plane with its first ra-
dial on Ox and the cone is
below xOy plane with its axis
on the –z axis and with its
radials exactly below the cor-
responding disk radials. Sin-
ce the antenna has a geomet-
ric  cylindrical  symmetry  is
expected that it will have a
uniform pattern on the hori-
zontal plane. An antenna sec-
tion is shown in Fig. 3 with
the feed point source in mag-
nification and the considered
directions of currents while
Fig. 4 shows in (a) and (b)
the currents on the disk and
cone radials respectively and
in (c) their unit direction

vectors  ℓ⃗

.  It is proved by

implementation of the method
of moments technique, that the
currents are all equal to each
other  on  the  disk  radials,

that is equal to  (1/8) İ, and
all  equal  to  each  other  on
the  cone  radials, that is

equal to (1/8)İ.
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Fig. 2: Disk-Cone 3D Model Fig. 3: Radial currents

          

       (a)                  (b)                 (c)

Fig. 4: Currents and unit direction vectors

It is also proved that the
radials of the disk, as well
as the radials of the cone,
form a uniform circular array
UCA [10], [12] of monopoles.
If we consider the first ra-
dial,  that  on  Ox  for  the
disk, as the generator of the
disk  array  and  the  current
ratio as 

İν =
İν

İ1
(9)

then the electrical condition
of an UCA which is given by

∣İν∣= 1 =
∣İν∣

∣İ1∣
, e

i ̂̇
Iν
= e

i(ν�1)γ
(10)

where 

∡ İk+ 1 – ∡İk = γ ⇒ γν = (ν – 1)γ(11)

and the geometrical condition
which demands two successive
antennas to arise from each
other by rotation of the one
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by a fixed angle, that is:

αν =
2π(ν – 1)

N
, 0 ≤ αν � 2π (12)

where αν is the oriented an-
gle between the first and the
ν-th element of the array and
N stands for the total number
of elements, are both satis-
fied.  The  same  is  true  for
the radials of the cone with
the  corresponding  quantities
in (9) - (12) with a prime
symbol. 

Furthermore, it is obvious
that the elements of both the
UCA arrays have the same ini-
tial point, the origin of the
selected  coordinate  system,
where the source is located,
that  is,  the  same  position

vector  R⃗ν = R⃗ν
'
= 0⃗,  but  with

opposite currents İν = –İν
'
 and

as it has been already men-
tioned the same corresponding

angle,  αν = αν
'
.  Thus,  we  may

consider one array consisting
of doublets of monopoles in a
V arrangement. 

After manipulation of the
rather lengthy relations for
the radiation pattern of such
an array of N V-dipoles and
by  defining  the  following
quantities 

ξ ≡ 180°–
a

2
(13)

k ≡
sin(βt)
sin(βs)

(14)

Ι̇ =
Ι̇inp

2π Ν sin(βt)
(15)

φν
'
= φ – αν (16)

p ≡ sinθ cosφν
'

(17)

q ≡ p sinξ + cosξ cosθ (18)

Ḟν ≡
e
iβxy

– (cos(βx) + iysin(βx))

1–y
2

(19)

Ȧν = Ḟν(δ,p) (20)

Ḃν = Ḟν(s,q) (21)

the antenna pattern is 

Ǟ = [ Ä̇θÄ̇φ
] = İ [cosθ ∑

ν=1

N

(Α̇ν – ksinξḂν)cosφν
'
– sinθ kcosξ ∑

ν=1

N

Ḃν

– ∑
ν=1

N

( Α̇ν – ksinξ Ḃν)sinφν
' ] (22)

If the number N is even,
as  it  is  in  the  presented
case of N = 8 V-dipoles then
(20) is simplified as

Ȧν = i
sin(βδ p)–psin(βδ)

1 – p
2

(23)
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Radial Discone Antenna GUI
Application

A visual program was spe-
cifically developed to design
a  broadband  radial  discone
antenna with the initial win-
dow together with the avail-
able sub-menus and About shown
in Fig. 5. This is mainly a
general program to produce the
geometry of a discone   with
bare wires embedded in free
space when the wire conduct-
ivity,  the  type  of  feeding
connector  and  the  frequency
band are given,  as shown in
Fig. 6. At the first frame on
the  top  the  number  of  disk
and  cone  radials  are  given
together with the number of
segments per radial. At the
second  frame  three  choices
are available for the anten-
na’s dimensions according (1)
- (3) under the option but-
tons [Kandoian-Nail], [Rappa-
port]  and  [Other]  where  we
have to type the dimensions
in  [cm]  and  press  ENTER  in
each text box in order to be
saved. The flare angle is gi-
ven in degrees [°], and the
wire radius in [cm]. As feed-
ing connector the types of N-
male, N-female, SMA-male and
SMA-female  are  available  or
[Other] where the diameter of
the connector must be typed
in  [cm].  Two  models  can  be
created, the simple Disk-Cone
model (Fig. 2) and the Disk-
Frustrum Cone model (Fig. 1)
for simulation via [RICHWIRE].

Selecting  [Frequency  Sweep]
check button the initial FA
and final FB frequencies must
be given with the desired step
for an automatic simulation.
The program saves all data,
input and output, at a sepa-
rate directory named from each
frequency. The dialog box of
Fig. 7 opens in order to se-
lect the Working Directory on
the  hard  drive  where  these
sub-directories will be cre-
ated. The check boxes [Source]
and [Show Geometry] create the
antenna geometry file as 3D
geo.wrl with a red spherical
point to indicate the posi-
tion of source. If the direc-
tory already exists then for
data  protection  a  different
directory must be created as
indicated in Fig. 8 and for a
new directory the dialog box
of Fig. 9 demands confirma-
tion.

[RICHWIRE]  runs  at  back-
ground and 4 files are gener-
ated:  OUT.TXT  with  general
information such as geometry,
mutual impedance matrix, am-
plitude  of  dipole  currents,
OUT2D.TXT with radiation pat-
tern  in  3  main  planes  xOy,
yOz, zOx, per 1°, OUT3D.TXT
with radiation pattern in spa-
ce per 5° and TOTAL.TXT file
with the total number of seg-
ments, frequency, input impe-
dance in Cartesian and polar
form, VSWR for 50 Ohm and 75
Ohm, directivity as pure num-
ber and in dBi and dBd. 
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Fig. 6: Radial Discone Geometry
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Fig. 7: Select Working Directory

Fig. 8: Directory Exists

Fig. 9: Create Directory

An additional TOTAL.TXT file
will be created at the main
directory with the above in-
formation for all frequencies
in case of [Frequency Sweep].

The window [Show Graphics]
of Fig. 10a is the same as
described  in  detail  by  the

authors in  [13].  Fig.  10b
shows as an example the re-
sults  for  one  of  the  con-
structed  antennas.  The  menu
option [Radial Discone Analy-
sis] opens the window [Radial
Discone  Geometry:  Theory  +
Simulation] as shown in Fig.
11.
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(a)

(b)

Fig. 10: Show Graphics window
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Fig. 11: Theory + Simulation window

Through this form an ana-
lytical evaluation of the an-
tenna  radiation  pattern  is
possible from (22) where the
number  of  radials  and  seg-
ments can not be changed. In
fact only one (1) segment is
considered  per  radial.  This
form although is still beta,
provides in addition the pos-
sibility of simulation by ei-
ther of the two models with 1
segment per radial for both
disk and cone in order to ob-
tain a more accurate compari-
son. It is evident that con-
sidering one segment per ra-
dial puts some limitation in
term of frequency, as [RICH-
WIRE] demands the smaller seg-
ment to be about λ/4. To over-
come this problem we removed
the  criteria  that  stop  the

program execution. 

Other features of this ap-
plication  through  its  menu
options are: 

a) [File-Print]:  print  the
available windows, 

b) [Preferences-ShowToolTips]:
enables or disables the short
messages  appearing  when  the
mouse is over the various ob-
jects 

c) [Preferences-Graphics-Co-
lor]:  change  the  colors  of
2D-radiation patterns, and

d) [Help-About]: gives general
information as the important
warning that the application
was tested in NT4W and XP op-
erating systems (English) as
shown in Fig. 5. 
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Construction details

It was deemed appropriate
to provide some details about
the  construction  of  discone
antennas  to  demonstrate  the
fact  that  what  we  learn  in
the first years of our educa-
tion can be used and facili-
tate  our  practical  applica-
tions.  Thus,  starting  from
the construction of a cone,
truncated or not, we remember
the  paper  constructions  of
solids.  A  key  role  for  the
cone flare angle, a, is played
by the relationship 

ω = 360°
cone base radius

cone slant height

= 360°
C/2
s

= 360° sin(
a

2
)

(24)

where relation (8) of [6]

C = 2s sin(a/2) (25)

has been used.  Relation (24)
gives the necessary circular
sector in degrees that must be
drawn to obtain a cone with a
flare angle a. Then we divide
the circular sector into as
many  radii  as  we  want  the
discone  antenna  under  con-
struction to have. 

Fig. 12 shows the corre-
sponding circular sectors and
their division into 8 radii
for a cone with flare angle
60°, 90° and 120°. The angle
between two successive radii
is  also  noted.  The  inner

small  circle  corresponds  to
the diameter of the connec-
tor. Fig. 13 shows the tools
needed for their paper con-
struction,  and  their  corre-
sponding  photos.  The  margin
at  the  end  of  the  circular
sectors  was  used  to  glue  a
circular  base  to  the  cones
and thus making the paper con-
struction more stable. 

Three  constructed  frustum
cones  along  with  the  wire
models  after  soldering  are
shown  in  Fig.  14.  In  prac-
tice,  the  wire  radial  were
held in place with tape and a
wire ring of 1.6 cm diameter,
the same as the diameter of
the female N-type connector,
was  soldered  to  the  small
base of the truncated cones.

Fig. 15 shows how the ra-
dial disks were constructed.
The  male  part  of  a  type-N
connector,  pin,  was  fitted
into  a  hole  drilled  in  the
center of a piece of wood and
then the radials of the disk
were  kept  in  place  to  the
wood with tape. After solder-
ing,  the  pin  was  carefully
pushed from underneath and we
lifted the disk. Three such
disks  with  different  pin
heights are shown in Fig. 16
while  various  parts  of  the
constructions  are  shown  in
Fig. 17. The wire welding was
carried out with tin and 100W
soldering iron for the disk
radials and 50W for the cone
radials.
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Fig. 12: Circular sectors for a = 60°, 90°, 120°

Fig. 13: Paper construction of cones
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Fig. 14: Constructed frustum cones for a = 60°, 90°, 120°

Fig. 15:  Construction of disks
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Fig. 17: Parts of radial discones

Test antennas

The simplest simulation mo-
del for a radial discone an-
tenna is the model Disk-Cone
of Fig. 2. Two test antennas,
shown in Fig. 18, were ini-
tially simulated, using this
model, in the range of [400,

2500] MHz, constructed and mea-
sured in the range of [400,
1300] MHz. The first was a ra-
ther  large  discone  antenna
which did not follow any of
the typical dimension stan-
dard, with slant height s = 15
[cm],disk diameter D = 26 [cm],
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disk to cone space g = 1.5 [cm]
and  cone flare-angle a = 60°,
shown in the anechoic chamber
in  Fig.  19.  The  second  an-
tenna was a rather small dis-
cone  antenna  initially  de-
signed  following  the  dimen-
sions  proposed  by  Nail (1)-
(2) with s = 10.7 [cm], D = 7.5
[cm], g = 0.5 [cm] and a = 60°,
in order to have  SWR ≤ 2 at
800 [MHz].  The  slant  height
was  equal  to  λ/4  at  700
[MHz], according to the rela-
tion of the cut off frequency
fc, where s is equal to λ/4,

with  respect  to  the  lowest
desired operational frequency
f1 [14],

f1 = 1.14 fc for a = 60°

If f1 = 800 [MHz] then fc = 800/

1.14 = 701.8 ≈ 700 [MHz] and
for a female Type N connector
with diameter d = 1.6 [cm], g =
0.3 x 1.6 = 0.48 ≈ 0.5 [cm]. 

For both these test anten-
nas an investigation was per-
formed  regarding  the  number
of radials, the same for disk
and cone, and the number of
segments  per  radial  to  be
used for simulation. Fig.  20
shows  the  results  with  re-
spect to the power input in
[dB].  Thus,  8  radials  for
both disk and cone and 8 seg-
ments  per  radial  were  se-
lected for simulation.

(a) a = 60°, s = 15 [cm], D = 26 [cm], g = 1.5 [cm]: T-L
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(b) a = 60°, s = 10.7 [cm], D = 7.5 [cm], g = 0.5 [cm]: T-S

Fig. 18: Test discone models – Large (T-L) and Small (T-S)

Fig. 19: Large test antenna in situ

FUNKTECHNIKPLUS # JOURNAL v1—38 ISSUE 37 — YEAR 12



THE SUBTLE DETAILS OF COMBINING THE ARTS OF ANTENNA DESIGN ...

Fig. 20: Radials and segments

The divergence between mea-
surements and simulation data
for  the  antenna  impedance
showed that a more realistic
simulation  model  had  to  be
applied,  that  of  the  Disk-
Frustum Cone of Fig. 21. The
comparison  between  measure-
ment results with their Dif-
ferential  Error  Intervals
(DEIs), as defined in [12],
and simulation data, for both
models, is shown in Fig. 22.
The  same  figure  also  shows
the  curve  of  the  processed
measurements with a red line,
as obtained by a sixth-degree
polynomial  fitting  selected
by inspection, that is, based
on an optical argument, dur-
ing  the  preparation  of  the
master thesis [11]. This tech-
nique was applied to the im-
pedance curves of the thesis,
20 for the real and 20 for
the imaginary part, (Ch.5: pp.
8, 19, 35, 44, 53, 62, 71, 80,
90, 99, 108, 117, 126, 135,
145, 154, 163, 172, 181, 190)
and for the corresponding SWR
figures (pp. 6-4, 6-5, 6-10)
and is not repeated here be-

cause they are too many. All
the experimental results pre-
sented here are without any
curve fitting. 

Fig. 21: Disk-Frustum Cone
radial discone model

Τab. 1 shows the minimum,
maximum and average deviation
between the results from the
processed  measurements [11],
and from the measurements, of
both simulation models, Disk-
Cone  and  Disk-Frustum  Cone,
for the real, the imaginary
parts and the absolute value
of the input impedance in ab-
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solute  and  relative  values
with respect to the measure-
ments. The symbols and rela-
tions used are: 

Rm,  Xm:  Real  and  Imaginary
parts of input impedance from
measurements

Rc,  Xc:  Real  and  Imaginary
parts of input impedance from
simulation model Disk-Cone (c)

Rf,  Xf:  Real  and  Imaginary
parts of input impedance from
simulation model Disk-Frustum
Cone (f) 

Z, Zc, Zf: Complex input im-
pedance  from  measurements,

and simulation models c and f

1

N
⋅∑
ν=1

N

|uνm – uνt|:  mean deviation,

where um corresponds to quan-

tity from measurements and ut

to quantity from simulation 

1

N
⋅∑
ν=1

N |uνm – uνt|
|uνm|

:relative mean de-

viation as above

δ:  Convergence index defined
as the ratio of the mean de-
viations: f/c. Smaller values
indicate a greater closeness
between model f and measure-
ments. 

Tab. 1  :   Deviation of measurement and simulation results  

Min Max Mean δ

Fit NoFit Fit NoFit Fit NoFit Fit NoFit

|Rm – Rc| [Ω] 0.1 0.3 61.7 60.9 21.5 21.6
0.07 0.08

|Rm – Rf| [Ω] 0.0 0.0 3.8 5.2 1.6 1.8

|Xm – Xc| [Ω] 0.2 0.6 37.3 38.0 20.5 20.6
0.11 0.11

|Xm – Xf| [Ω] 0.0 0.0 5.1 6.1 2.3 2.3

|Z – Zc| [Ω] 2.7 2.2 67.8 66.7 30.6 30.6
0.10 0.10

|Z – Zf| [Ω] 0.2 0.3 5.8 6.5 3.1 3.2

|Z – Zc|/|Z| [%] 3 3 164 160 80 80
0.09 0.10

|Z – Zf|/|Z| [%] 0 0 16 20 7 8
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(a) Large radial discone antenna

(b) Small radial discone antenna

Fig. 22: Test antennas input impedance from simulation,
measurement with curve fitting and measurement with DEIs
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From this Tab. 1 it is obvi-
ous that  the model of Disk-
Frustum Cone is the most ap-
propriate for our constructed
antennas.

Simulation  of  the  second
antenna  with  the  model  of
Disk-Frustum Cone proved that
the condition of  SWR ≤ 2 was
satisfied for  996 ≤ f ≤ 1496
and 2206 ≤ f with a maximum
value of  2.128  in the whole
range  996-2500 [MHz].  There-
fore, there was a significant
difference  from  the  initial
design results with the Disk-
Cone model, where SWR ≤ 2 was
true for the range 800-2170
[MHz], as shown in Fig. 23.
This  fact  led  us  to  adopt
Cooke's  remark  (4)  for  the
radial discones which implies
that the slant height must be
equal  to  λ/3  at  the  lowest
desired  frequency  and  for
this specific antenna

λ = 3 x 10.7 x 10
�2

= 0.321 ⇒

⇒ f1 =
300

0.321
≈ 935[MHz]

which proved to be nearly true
from the measurements carried
out. Finally, Fig. 24 shows
the relative radiation inten-
sity patterns for both Large
and  Small  test  discones  at
800, 1000 and 1200 MHz. 

Simulation and Measurement

All  the  details  for  the
simulation  of  the  eighteen
models that were selected to
be constructed with cone fla-
re angles 60°  with the best
performance, 90° as a  margi-
nal case and 120° the greater
cone angle with satisfactory
characteristics,  by applying
a  mixture  of  directives  by
Cooke,  Nail  and  Rappaport,
were given in [6]. 

Fig. 23: SWR of small test discone antenna
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Fig. 24: Radiation intensity patterns for test antennas
     Analysis-Simulation-Measurement comparison

The antennas were divided
into three groups A, B and C
for each cone angle of 120°,
90° and 60° respectively as
they are given in Tab. 2 ac-
cording  to  their  specific
characteristics. 

Fig. 25 shows three char-
acteristic  constructed  an-
tenna models for 60°, 90° and
120° flare angle. All the an-
tennas  have  8  radials  for
both cone and disk from cop-
per wire, cone slant height
12.5 [cm] and constant small
cone diameter equal to the N-
type female  connector diame-
ter, 1.6 [cm]. 

The small differences be-

tween the six models of each
group, A, B, C, did not pre-
sent any significant differ-
ence  in  the  radiation  pat-
tern. For this reason typical
relative  radiation  patterns
in  a  vertical  plane  with  a
comparison  between  analyti-
cal,  simulation  and  experi-
mental results are shown in
Fig. 26 for 800, 900, 1000,
1100, 1200 and 1300 MHz where
each  column  corresponds  to
120°, 90° and 60° cone flare
angle respectively. Figs. 27
- 32 shows input impedance as
real R and imaginary X parts
of the constructed antennas,
as it was predicted by [RICH-
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WIRE] and measured, with the
DEIs of measurements as com-
pact strips. All measurements
were  performed  in  the  ane-

choic chamber as described in
detail in [8], [9] with the
measurement system fully de-
scribed in [11] and [12].

Tab. 2: Constructed antenna models

g [mm] 0.3 0.6 0.8

A a = 120°

D = 16.2 [cm] A#1.1 A#1.2 A#1.3

D = 15.2 [cm] A#2.1 A#2.2 A#2.3

B a =  90°

D = 13.2 [cm] B#1.1 B#1.2 B#1.3

D = 12.4 [cm] B#2.1 B#2.2 B#2.3

C a =  60°

D =  9.4 [cm] C#1.1 C#1.2 C#1.3

D =  8.8 [cm] C#2.1 C#2.2 C#2.3

     60°                 90°                   120°

Fig. 25: Constructed antennas

While  the  agreement  be-
tween the simulation and ex-
perimental  results  is  very
good, it is nevertheless clear
that there is a ripple in the

measurements  for  all  anten-
nas, in terms of impedance.
We have taken special care to
keep the same reference plane
for  all  measurements, those
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of standard loads and of the
antennas,  adopting  the  con-
struction  technique  we  de-
scribed above, assuming that
this will reduce if not elim-
inate  the  influence  of  the
transmission line. In an at-
tempt to explain this ripple
or even predict it, we added
to  the  simulation  the  in-
evitably  existing  transmis-
sion line as two cylindrical
sections of 8 wires each with
the lengths 23 cm and 102 cm
and position in space exactly
as  shown  in  Fig.  19  inside
the anechoic chamber. In Fig.
33 are given indicatively the
results  for  three  antennas:
A#1.3, B#2.3 and C#2.2, where
a similar ripple appears to
be  reproduced  by  simulation

data.  However,  further  re-
search is needed on this is-
sue. Finally, Fig. 34 shows
the SWR for three antennas:
A#2.2, B#2.2 and C#2.2 with a
maximum value of SWR = 3 which
corresponds to 25% reflected
power.  We  observe  that  the
shape of the curve is main-
tained and in fact the mea-
surements almost all give a
lower  SWR  compared  to  the
corresponding  calculations.
This fact is a strong indica-
tion that the agreement be-
tween  measurements  and  pre-
dictions  is  expected  to  be
equally good for the rest of
simulation frequency range for
which we do not yet have the
appropriate measuring instru-
ments.
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Fig. 26: Radiation intensity pattern on a vertical plane
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a = 120°, D = 16.2 cm, s = 12.5 cm, d = 1.6 cm
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a = 120°, D = 15.2 cm, s = 12.5 cm, d = 1.6 cm
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a = 90°, D = 13.2 cm, s = 12.5 cm, d = 1.6 cm
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a = 90°, D = 12.4 cm, s = 12.5 cm, d = 1.6 cm
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a = 60°, D = 9.4 cm, s = 12.5 cm, d = 1.6 cm
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a = 60°, D = 8.8 cm, s = 12.5 cm, d = 1.6 cm
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A#1.3, B#2.3, C#2.2 with (w) and without (w/o) line
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Fig. 34: SWR: g = 6 mm - A#2.2: 120°, B#2.2: 90°, C#2.2: 60°

Conclusion

A detailed presentation of
the study carried out for the
radial  discone  antenna  was
given  in  [6],  while  in  [1]
the proposed antenna of [6],
[11]  was  briefly  presented.
Here  the  analytical  expres-
sion of the radiation pattern
of a family of such antennas
with  8  wires  for  both  the
disk and the cone was given.
Two main construction diffi-
culties  were  overcome  with
the methods described above:
a) welding nine wires at one
point, the center of the disk,
and b) maintaining a constant
cone angle. The radiation pat-
terns for all the constructed
antennas  were  presented.  As
already mentioned, and as ex-
pected,  these  patterns  did

not differ between the 6 an-
tennas  of  each  category  A
(120°  cone angle), B (90°),
and C (60°). Also presented
here for the first time were
the input impedance measure-
ments of all fabricated an-
tennas along with their DEIs,
and the importance of adopt-
ing a simulation model that
describes the antenna as clo-
sely as possible to its ac-
tual construction was demon-
strated.  An  initial  search
was  made  for  the  impact  or
not of the inevitable trans-
mission line, but without ex-
hausting this issue. It was
shown that Cooke's view [4]
is more reliable at least for
the radial discones. For all
automated measurements,  our
program ANALYZE [15] was used
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and  all  available  software
can  be  found  in  [16]. Fi-
nally,  through  SWR,  one  of
the three criteria that gave
the best antenna, C#2.2, ([5],
[6], [11]), an optimism was
achieved for the correctness
of the predictions even for
the frequency ranges where it

is not yet possible to extend
the measurements and a cer-
tainty for the adopted con-
struction method as well as
and the adopted 3D model as
the one that qualified as the
most correct geometric simu-
lation model. 
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