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About

This small European Journal 1is
In the Defense of Honesty in Science and Ethics in Engineering

Publisher — otoiser—open transactions on independent scien-
tific engineering research, www.otoiser.org—info@otoiser.org :
HauptstraBe 52, 2831 Scheiblingkirchen, Austria

Language — We emphasize the origins of the Journal by using
English, German and French, as well as, a Hellenic vignette
in the cover page. However, since we recognize the dominance
of US English in the technical literature, we adopted it as the
Journal's language, although it is not our native language.

Focus — We consider Radio—FUNK, which still creates a vivid
impression of the untouchable, and its Technology—TECHNIK,
from an Advanced-PLUS point of view, Plus—PLUS Telecommunica-
tions Engineering, Electrical Engineering and Computer Sci-
ence, that is, we dynamically focus at any related scien-
tific-engineering research regarding Théorie, Expérimenta-
tion, Métrologie, Logiciel, ou Applications.

Scope — We emphasize this scope broadness by extending the
title of the Journal with a Doppelkreuz-Zeichen # which we
use as a placeholder for substitution of our Editorial Team
disciplines: # Telecommunications etc. as above, or # High
Voltage, # Software Engineering, # Simulation etc. as below.

Frequency — We publish 3 issues per year: on 31st of Janu-
ary, on 31st of May, and on 30th of September, as well as, an
extra issue every 3 papers and a volume every 2 years.

Editions — We increase the edition number of an issue only
when is needed to reform one or more of its papers—thus to
increase their version numbers—but we keep unchanged its 1st
edition date shown on its front page and we number its pages
sequentially from 1. We count the editions of About separately.

Format — We use a fixed-space font, hyphenation, justifica-
tion, unfixed word spacing, and the uncommon for Journals A5
(half A4) page size to achieve WYSIWYG printing and clear
reading of 2 to 4 side-by-side pages on wide-screen displays.

Printing-on-Demand — We can email gratis PDF files at 300-
4000 dpi in booklet page scaling of brochure and book type.

Copyright — We publish under a Creative Commons Attribution,
CC-BY 3.0 Unported or CC-BY 4.0 International, License only.

Please download the latest About edition from
http://about.ftpj.otoiser.org
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Information for Authors

This is a small, but independent, low profile Journal, in
which we are all—Authors, Reviewers, Readers, and Editors—
free at last to be Peers in Knowledge, without suffering from
Journal roles or positions, Professional-Amateur—Academic sta-
tuses, or established "impact factorizations", under the fol-
lowing guiding principles:

Authors — We know what Work means, we respect the Work of
the Independent Researcher in Science and Engineering and we
want to exhibit his Work. Thus, we decided to found this Free
and Open Access Journal in which to publish this Work. Fur-
thermore, as we care indeed for the Work of the technical au-
thor—especially a young or a beginner one—we strongly sup-
port the publication of his Work, as follows:

1 We do not demand from the author to transfer his own copy-
right to us. Instead, we only consider papers resulting from
original research work only, and only if the author can as-
sure us that he owns the copyright of his own paper as well
as that he submits to the Journal either an original copy or
a revised version of his own paper, for possible publica-
tion after review—or even for immediate republication, if
this paper has already been published after review—but, in
any case under a Creative Commons Attribution, CC-BY 3 Un-
ported or CC-BY 4 International, License, only.

2 We encourage the author to submit his own paper written
just in Basic English plus Technical Terminology.

3 We encourage the author even to select a pen name, which
may drop it at any time to reveal his identity.

4 We encourage the author to submit an accepted for publica-
tion paper, which he was forced to decline that publicati-
on because it would be based on a review with unacceptable
evaluation or derogatory comments.

5 We encourage the author to submit any paper that was rejected
after a poor, impotent, inadequate, unreasonable, irrespon-
sible, incompetent, or "just ticking" review.

6 We encourage the author to submit an unreviewed paper of his
own that he uploaded on some Open Access repository.

7 We encourage the author to upload his published paper in our
Journal to at least one Truly Free Open Repository, e.g.
such as http://viXra.org and https://archive.org.
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8 We provide the author with the ability to update, at any
time, the reference links of his paper.

9 We provide the author with a decent, express, peer review
process, of up to just 4 weeks, by at least 2, either
anonymous Or onymous, reviewers.

10 We provide the author with the option to choose from 2 re-
view processes: the traditional, anonymous, close one, as
well as, a contemporary, onymous, open review in our pri-
vate mailing list for Peer Discussion.

11 Under the Clause 1 : We immediately accept for publication
a research paper directly resulting from a Project Report,
or a Diploma-, Master-, or PhD-thesis, which already the
author has successfully defended before a committee of ex-
perts, as long as he can mention 2 members of this commit-
tee who approved his Work.

12 Under the Clause 1 : We immediately accept for publication
any paper which is not Openly Accessible on the Internet.

13 We immediately publish online a paper, as soon as it is
accepted for publication in the Journal.

14 We quickly publish an extra issue—that is in excess of
the 3 1issues we publish a year—as soon as the review
process of 3 papers is completed.

Reviewers — Every peer may voluntarily become a reviewer
of the Journal in his skillfulness for as long as he wishes.
In addition, each author of the Journal must review one paper
in his expertness for each one of his published papers.

Readers — Every reader is a potential post-reviewer: we
welcome comments and post-reviews in our private mailing list
for Peer Discussion.

Editors — Every editor owns a PhD degree—to objectively
prove that he really has the working experience of passing
through the dominant publishing system. An editor pre-reviews
a paper in order to check its compliance to our guiding prin-
ciples and to select the appropriate reviewers of it. We can
accept for consideration papers only in the expertise areas
currently shown in the Editorial Team page, above. However,
since we are very willing to amplify and extend the Scope of
the Journal, we welcome the volunteer expert, in any related
subject, who wants to join the Editorial Team as long as he
unreservedly accepts our guiding principles.
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TELECOMMUNICATIONS ENGINEERING APPLICATIONS - LOGICIEL

[tlnomiva] : Transmission Line Nominal Values
without Tolerance - from Cable Specifications
and Technical Data Sheets : FLOSS for MS Windows

N.I. Yannopoulou, P.E. Zimourtopoulos *
Antennas Research Group, Austria
Abstract

[[tlnomiva] is a visual software application developed by
the authors for a transmission line characterization from the
user's point of view. The numerical computations are based on
the precise formulation within the distributed circuit coef-
ficients model of a transmission line, which was theoreti-
cally developed by the authors and published in a previous
paper. The use of [tlnomiva] is fully demonstrated by an ex-
ample for the popular RG 214 coaxial cable. This application
is Free Libre Open Source Software and provides an option for
more detailed figures by calling the executable of the freely
distributed source [wgnuplot].

Keywords

transmission line, nominal value, propagation characteris-
tics, circuit coefficients, floss

Introduction formulas of transmission line
A lot has been published theory with the available no-
for transmission lines in minal values, usually without

general, as well as, specifi- tolerance, which are given as
cally for their use at high cable specifications by es-
frequencies_ The software ap- tablished authorities or as
plication [tlnomiva], that is data sheets from manufactu-
under development and illus- Fers.

trated here, is an intermedi- The main formulas of [tl-
ate step in the authors’ re- nomiva] were presented in
cent effort to clarify a num- [1], while the basic theory
ber of obscure or confusing is cited in [2], thus only a
points on this subject. It is small part of them is re-
intended to reveal the limits peated here and just for the
in the coexistence of precise sake of completeness. The
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cut-off frequency has not
been taken into account. The
data for the presented exam-
ples are publicly available
through internet.

[tlnomiva] is provided
both as Free Libre Open
Source Software and ready to
install and use executable.
It is developed in MS Visual
Basic 6 in MS Windows XP 32
and in order to support a
more sophisticated way of
plotting data and functions
it optionally uses the [wgnhu-
plot] software, version 5.0
patchlevel 3 [3]. It is te-
sted for compatibility with
various MS Windows operating
systems, up to W10-64.

To the best of the authors'
knowledge, there is no avail-
able FLOSS for transmission
lines, especially with a pre-
cise formulation one.

[tlnomiva]

Fig. 1 shows the main win-
dow of [tlnomiva] with the
window of [About] open, while
Fig. 2 contains all the menu
items along with their sub-
menu options numbered from 1
to 6. The application fea-
tures can be divided accord-
ing to their functionality in
three groups:

(1) R, L, G, C intervals com-
putation from the nominal va-
lues of: the attenuation fac-
tor o or accurately A 1in
[dB/166m], the velocity fac-

FUNKTECHNIKPLUS # JOURNAL vli-8

tor vf and the characteristic
impedance Z, and plotting with
respect to frequency f [MHz],
using working formulas from

[11, [2],

(2) a new estimation of A, vf
and Z, using the numerical re-
sults from the previous win-
dow for the R, L, G, C, in-
tervals either directly or
reading them from a previ-
ously saved file and plotting
them and

(3) a, B, Ry, X, computation
as functions of frequency con-
sidering R, L, G, C constant
in a range of frequency and
plotting them.

In these three groups the
plot of all the involved quan-
tities with respect to fre-
guency is possible. Except of
R, L, G, C distributed cir-
cuit coefficients and a, B, Ry,
Xo, propagation characteristics

there are included: the A at-
tenuation factor, the vf ve-
locity factor, the E, and H
terms, the maf angles as the
upper and lower limit of the
Z, phase angle and finally

the wL, wC and f/vf. The used
units are remain to all forms
the same: R [mQ/m], L [nH/m],
G [puS/m], C [pF/m], f [MHz],
o [Np/m], A [dB/106m], B [rad
/m], Ro, Xo, Zo [Q], maB [deg],
oL [mQ/ m], wC [uS/m], f/vf
[MHz]. The [feet] option is
disabled.
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[tlnomiva] TRANSMISSION LINE NOMINAL VALUES WITHOUT TOLERANCE...

47 [tlnomiva] : Nominal Values without Tolerance _ o] x|
Etle Cable geaph gpuions giadow Felp 11

Best Viewed with 1920 x 1080 Resolution
IL Trasmission Line NOMInal VAlues

[tlnomival] wversion 1.0.0 May 2016

Transmission Line Nominal Values without Tolerance -
frem Cable Specifications and Technical Data Sheets:
FLOSS for MS Windows

In Visual Basic 6.0

Copyright (e} - -
Nikolitsa Yannopoulon and Petros Zimourtopoulos,
Antennas Research Group, | i
Not for Profit Associa tion of Individuals,

A Precise Formulation s, =o

TRANSMISSION LINE NOMINAL VALUES

without tolerance

Nikolitsa Yannopoulou and Petros Zimourtopoulos
Antennas Research Group
Not for Profit Association of Individuals
Austria, May 2016

FunkTechnikPlus # Journal, Issue 10, Year 3, May 2016, pp. 7-36
www.otoiser.org/index.php/ftpj/issue/view/2016.05.31

Fig. 1: [tlnomiva] The main window

47 [tlnomiva] : Nominal Values without Tolerance _ 1ol x|
Eile Cable Graph Options Window Help

Open 1 Eaile Graph Options Window He! ‘ EElp_
ga\-re = (&,vE, Zo)~f --> Interval : (R,L,G,C)~f 2 0. FTP#J Paper 6
Exit Interval : (R,L,G,C)~f --> (A,vf, Zo)~f . Nominal Values : (A,vf,Zo)

3l
Constant : (R,L,G,C) --> (a,b,Ro,Xo)~f 2. Interval : (R,L,G,C)
B-L-M 3. Constant : (R,L,G,C)
4. Warning
Graph Options Window Help rgptions Window Help About
Draft-MinMax 3| Show ToolTips 4 Licence

ZoomGraph 13 ZoomIn
ZoomQut

Window Help
Tile Horizontal 5
Tile Vertical
Cascade
Arrange Icons

[tlnomiva] : (A,vf,Z20)~f --> Interval : (R,L,G,C)~f
[tlnomiva] : Interval : (R,L,G,C)~f --> (A,vEf,6 Zo)~f
v 3 [tlnomiva] : Constant : (R,L,G,C) --> (a,b,Ro,Xo)~f

N =

Fig. 2: Main window: The unfolded menu items
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Working Formulas

The basic expressions be-
tween the nominal values of
A, vf and Z, and the R, L, G,
C distributed circuit coeffi-
cients of a line are given in
[1] and repeated here as:

R =0R, — BX, (1)
L =(aX, + BRy)/@ (2)
G = (aR, + BX,)/Z2 (3)
C = (—aX, + BRy)/ (00 Z2) (4)

It is obvious that if the
nominal value of Z, is sub-
stituted with Ry, then X,
will be =zero and the above
expressions will be actually
independent of frequency, a
case that will be examined
last. Thus, we have to con-
sider Zz,, as it is wusually
given in data sheets of ca-
bles, as the amplitude of Z,.
Then by using the standard
relation

Z2=R2+X: (5)
where

R =Z,C0s(Z,) (6)
Xo = £Zplsin(z,)| (7)

the above (1)-(4) become func-
tions of the z, phase angle.
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Since:

i. the interval of z, is the
open interval (m/4, n/4),

ii. the four quantities R, L,
G, C do not have an extreme
inside this interval. This
results from the fact that
the phase angle of Z,, which

is the angle (z-y)/2, and of
y, which 1is the angle (z +
y)/2 [1], can not be equal
inside this interval but only
for the case of y =0 which is
impossible since y #0 always,

we have to look for the two
extreme values only at the
ends of the open interval.
Furthermore, since the four
functions (1)-(4) are contin-
uous with respect to z, in

the above closed interval,
the mentioned extremes will
be the values of the continu-
ous extension of these func-
tions at the closed interval,
at its ends. Three separated
cases are distinguished:

a<B:—a/B <Xy/Ry<alB (8)
B<oa:—PBla<Xy/Ry<B/a (9)
a=B:—-1<Xy/Ry<1 (10)

Tab. 1 contains the two
extreme values for the four
coefficients and for the H
term if we consider that

H=wLG—-wCR . (11)

ISSUE 10 — YEAR 3



[tlnomiva] :

Tab. 1: RLGC and

TRANSMISSION LINE NOMINAL VALUES WITHOUT TOLERANCE...

H Open Intervals

a<pP a>p a=8
2 2
R (o, 2;:/‘520) (%20, vZo) (0, vZ,)
L (B 1 (0, 29B; 0, Lyz,)
( oy Zor 5 VY% ) 1 Tay Co 1w Ye
2ap a?-p*> vy v
G ©, 3z, ) ( Z, rz:) (0, z)
B% —a? Y 2apB A
H (_ZGBI +2GB) (_ZGBI +2GB) (—yz, +y2)

The reverse relations of
a, B, Ry, and X, from the RL

GC values are also presented
in [1] and repeated here as

IV +RG X X

a= 7 (12)
B:NZY—R\/G;—XLXC (13)
ROZZJZY-+;§;+XLXC (14)
Xo:sgn(LG—RC}J€1:2;55559(15)

where X =wL and X;=wC, or
directly for Z, from its def-
inition as

THURSDAY 19 MAY 2016
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2 2
z:ﬁ:u (16)
° Y V6% + X2

RLGC Intervals from A, vf,
Z, Nominal Values

The most wusual case of
available cable data concerns
the attenuation factor per
some length of cable, 1i.e.
100 [m] or 1000 [ft], denoted
here as A, the velocity fac-
tor vf as a number between 0
and 1, and the characteristic
impedance Z, [Q], or more ac-
curately its amplitude Z,, of

the cable. Fig. 3 shows the
first window of [tlnomiva]
where it is possible from
these data to calculate an
interval for R,, X,, and R,
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L, G, C coefficients in a
[Single] frequency. The user
must first type the frequency
in [MHz] and then the three
data A, vf, Z,. The applica-

tion will evaluate all the
other quantities through (1)-
(11), and display them at the
corresponding text boxes us-
ing the indicated units. The
letter m stands for the mini-
mum and the letter M for ma-
ximum for all the quantities.

The mapf [°] is significant
since it results the boundary
angle inside which 2z, will
be. This angle is defined by
both -maB and +mof and de-
pends on the relation between
o and B as it is described in
(8)-(10) above. Fig. 4 shows
the three cases with the

cal thick lines to represent
the values range of Ry, X, .

When the option [Multiple]
is selected a grid opens whe-
re the values for each fre-
quency will be written and
two more buttons appear at
the right part of the window:
[Add Values to Grid] and [Es-
timation]. The user must give
the first and last frequency.
Then type each frequency at
the text box above and the
corresponding A, vf,Z, as in
[Single] option. By pressing
the [Add Values to Grid] but-
ton all the calculated values
are transferred to a grid
line, as it is shown in Fig.
5. In any time it is possible
to select from the [File]
menu the [Save As] item and

grayed horizontal and verti- save these data to a text
file for later use.
Eﬂ[tlnomiva] : (A,vf,Zo)~f --> Interval : (R,L,G,C)~f - o] x|
~Frequency [MHz]: Single or Multiple -Propagation Characteristics
O Multiple | |- vE B [rad/m] 1.587761
Cplot ~ £ [mHz]— | 2o [0] Rem [0] 49.999591| Rom [0] 50.000000
€ feet
© meter OR [dB/100m] Xom [Q] -0.202302| yom [0] 0.202302
OB [rad/m]
e e ol H—eineH ‘(—2.040015—02 . z.oqooz—oz)|
O (R,L,G,C)~f 0 %o [0] E:=RG-wLaC |-2.5209E+00 a/p < 1
O (n,B,Ro, Xo) ~£ OR [m0O/m]
O Clear Plot OL [nH/m] rDistributed Circuit Coefficients per Frequency———
0 G [us/ml Rm [m0/m] 0.000000|  RM [mo/m] 642.415983
O ¢ [pF/m] Im [nH/ml 252.693875 LM [nH/ml 252.702149
OE CH
en [us/ml 0.000000] @ [us/m] 256.966393]
QO map [deg]

Fig. 3: [(A,vf,Z,)~f -->Interval
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(R,L,6,C)] - [Single]
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[tlnomiva]

\ tan™t (+p/)
=motfp

! TRANSMISSION LINE NOMINAL VALUES WITHOUT TOLERANCE...

tant (+1)
=map

/" tan ™t (-B/w)
=-map FEmEE ® tanl(-1)

—map

Fig. 4: +map angle: Intervals for Ry, X,

The [Multiple] option en-
ables simultaneously all the
buttons in frames [Plot ~ f
[Mhz]] and [wgnuplot], but if
there is no data available a
message will appear to the
screen to guide the user. It
is possible to enter as many
frequency data as it is de-
sired but not for frequencies
below or above the first and
last frequency respectively.

The user may either plot
all the quantities versus f
[MHz], directly in the appli-
cation, as for example is il-
lustrated in Fig. 6 where A
[dB/100m] 1is selected or to
use [wgnuplot] and take one
of the two possible quadru-
ples as shown in Figs. 7 and
8. Only the points are plot-
ted in wgnuplot application
while inside [tlnomiva] it is
possible to plot either
points with 1lines, the de-
fault state, or only points

THURSDAY 19 MAY 2016 vl-13

if the wuser uncheck the box
[Show Lines] at the right of
the picture. The 1lines used
here between points are only
straight segments of lines.

The chart inside [tl-
nomiva] 1is movable with the
left mouse button. Two very
useful features have been
added under the [Graph] menu:
[Draft-MinMax] and [Zoom-
Graph] with two items [Zoom
In] and [ZoomOut] as it 1is
shown in Fig. 2 (3). The
first produces a plot exactly
with min and max values for
both vertical and horizontal
axis, and with the second a
much bigger chart appears for
the plot, centered at the
screen. The access to both
features 1is also possible
through their shortcut keys
Alt+G+D and Alt+G+ Z+I or
Alt+G+Z+0 and 1in addition
through the (+) and (-) from
the keyboard's numerical pad.
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Fig. 9 shows an example for
the L coefficient, where it
is obvious that the points of
different color and shape for
its interval ends reveals
the existing too small dif-
ference between them.

The user may not enter one
by one the frequencies and
the corresponding nominal va-
lues of A, vf and Z, but just

to read them from an already
existing text file using the
[File][Open] menu item. An
example of such a file 1is
given in Fig. 10, where the
first 1line is a text 1line.
The second contains the num-
ber of frequencies (10 1in
this example) and the common
characteristics of the cable

M4 [tlnomiva] : (A,vf,Zo)~f --> Interval : (R,L,G,C)~f - o] x|

~Frequency [MHz]: Single or Multiple

O Single 250

@ Multiple [50 | - L2000 s

rPlot ~ £ [MHzZ]— zo [0O]
€ feet
O A [dB/100m]

© meter

~Propagation Characteristic

A [dB/100m] o [Np/m] 0.018651] map [deg] 0.134607

as 0.66 for vf, 50. for Z,

separated by spaces. Then a
list of f in MHz and A in
dB/100m couples follows. The
grid will be filled in auto-
matically after reading the
file. The width of the grid
columns is adjustable to en-
sure the visibility of all
the produced values.

Another way is to open an
already existing file with
previously saved data from
this application, as in Fig.
11. Then, again the grid con-
tains the read values while
all the text boxes for all
the quantities are remain
blank except the vf, Z,, and

the first and last frequency
as it shown in Fig. 6.

g [rad/ml 7.938807
Rom [Q] 49.999862| RoM [0] 50.000000
Xom [a] -0.117467| o [0] 0.117467

O p [rad/m]
- rgnaelat] S H:=@LG-WCR ‘(—2.951315—01 . 2.9613E—01)|
O (R,L,6,C)~f O %o [0] P —— _5.302451-01 af/f < 1
O (A,p,Ro, Xo)~£ OR [ma/m]
O Clear Plot OL [nH/m] rDistributed Circuit Coefficients per Frequency——
oc [us/m] Rm [m0/m] 0.000000]  mM [mo/m] 1865.088778)
Add values

OE OH
Estimation Gn [ps/mi 0.000000] g [us/m] 746.035511]
O map [deg]
O Clear Plot om [pE/m] 101.079185|  cu [pF/m] 101.080311]

Help

= [MI{z]‘A[d.B/lOOm]| o [Np/m]|B [xad/m] Rl}m[ﬂ]‘ ROM[Q]‘ XOm[Q]‘ XOM[D]‘Rm[mﬂ/m]‘RM[m.D/m]‘Im[nﬂ/m]‘m[nﬂ/m]‘(}m[us/m] @

50.000000 5.580000 0.006424] 1.587761) 49.999591 50.000000 -0.202302| 0.202302 0.000000 642.415983 252.693875252.702149 0.000000 24
150. 000000 11.500000| 0.013240/ 4.763284| 49.999807 50.000000 -0.138978 0.138978 0.000000/1323.981314/252.697152 252.701057| 0.000000 5
250.000000 16.200000| 0.018651| 7.936807 49.999662 50.000000 -0.117467 0.117467 0.0000001865.088778252.697988 252.700778 0.000000 74

Fig. 5:
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[(A,vf,Z,)~T -->Interval

(R,L,G,C)~f] - [Multiple]
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| s046.70, 23605.9 4| | 3069.03, o2s6.38 Y
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Fig. 8: R, L, G, C, coefficients versus frequency from [wgnuplot]

[P RG214-RLGC-Intervals.txt - Notepad
File Edit Format View Help
26 @.66 50
5.56 0.005424 49.9995¢ 56 -
8. 109464

642.416  252.6939

5

101.6776 191.0369 -2.5209 -9.

101.6784 101.0366 -B.1

101.6789 8
@792

@ 0.02040 O.

49.99973 36 -
49.99981 50
49.99986 50

2.48160 0.087014
4.56360 0.076699
16.9460 0.064207

.28189  49.99
69.86150 49.99997 56 -0

cooococooo e

)
[
)
[
)
L]
)
o
)
o
)
L]

18 9 49.99997 3 101.6799 191. 18.2960 0.057748

12 49.99996 5 . 101.6799 191 56.2766 0.047211
8960 159.00 56 49.99999 56 -0.0: 936029 18365.55 101.6800 036 93.0160 0.041286
11966 197.06 9.225805 349.3075 49.9999¢ 56 -D.032465 0.932465 22580.46 252.6999 25

1 -64537 o6
67 101.6899 191.0361 -122026 -158.506 158.360 D.037202
L« | _'IJ/

Fig. 11: Previously saved Data in a text file
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L [nH/m] ~ £ [MHZ] L [nH/m] ~ £ [MHZ]
253 253
L o # l‘l'.ll w.lﬂ e
252.5 252.5
252 252
251.5 251.5
251 251
10 100 1000 10000 100000 10 100 1000 10000 100000
L [nH/m] ~ £ [MHZ] L [nH/m] ~ £ [MHZ]
252.702 p 252.702 7y
~eL LI ®le .
252.7 HHH ——t——t-py 2527 HH . Bt
eI ol @
| o L
/Jr’ o]
552.698 i1 252.698
I
252.696 t 252.696 T
L [
252694 Kb 252.694 P
50 100 500 1000 5000 11000 50 100 500 1000 5000 11000

Fig. 9: L with-without lines and [Draft-MinMax]

The first 1line of this
file contains four (4) num-
bers: two (2) integers, the
number of lines and columns,
and two (2) reals, vf and Z,.
The following lines are ex-
actly the same as the grid
lines of the window.

Fig. 12 shows Ry, X,, maP
and H with the [Draft-MinMax]
enabled. The difference of R,
from 50 [Q] is small enough
and the values of mof permit

FUNKTECHNIKPLUS # JOURNAL vl-18

a small imaginary part X,,

since they are less than a
quarter of 1° in both sides
of the horizontal 1line of
real Z,. It is also evident

that for lower frequencies the
H intervals are, initially,
closer to zero (0) which means
closer to the Heaviside con-
dition while more data are
needed to characterize the li-
ne as capacitive or inductive.

This window generates eight
(8) files in the directory of
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[tlnomiva] :

[tlnomiva] which are used from
the [wgnuplot.exe], with spe-

cific filenames of obvious
meaning:
R-points L-points
G-points C-points
A-points B-points
Ro-points Xo-points

Finally, the [Clear Plot]
button in the [wgnuplot] frame
just closes all occurrences

TRANSMISSION LINE NOMINAL VALUES WITHOUT TOLERANCE...

of the wgnuplot application
[4] while the same button in
the [Plot ~ f [MHz]] frame
clears the displayed plot,
leaving the chart empty. A
short help is available by
pressing the [Help] button.
The [Estimation] button opens
the next window of [tlnomival]
that uses the intervals of RL
GC circuit coefficients for a
new estimation of A, vf, Z,.

Re [0/m] ~ £ [MHz] mop [deg] ~ £ [MEz]
50 - . 0.231822 gy
PR N
-/
AN
1 N
49.9999 1 ¥; 0.115911 =
=
A T~ | I
,/ el
49.9998 1| o
5 0 00 Ligoo
Secatmilllh
m—
49.9997 1| I
-0.115911 - 1
L8
Ll e
19.9996 dU L
50 100 500 1000 5000 11000 -0.231822 1
Xo [@/m] ~ £ [MHz] H ~ £ [MHZ]
0.202302 158.5
TW“ ‘ ||“
T !
{
0.101151 L 79.25 H
0.-3 0 00 00 05 0 il oo | e
R 5 00
2 il M
o i
~0.101151 i = T -79.25
L2
2T
’
y
-0.202302 L -158.5

Fig. 12: Ry, Xy, map and H with [Draft-MinMax]
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A, vf, Z, estimation from
RLGC Intervals

Relations (12)-(16) are
actually result directly from
the definition of Zz, and y.

The problem is that R, L, G
and C are not easily deter-
mined. They are closely re-
lated to the geometrical cha-
racteristics of the line and
as distributed quantities not
measured directly. Here, an
attempt is presented to de-
termine some values for A,
vf, Z, and thereafter for q,
B, H, E, maB using the RLGC
intervals from the previous
widow of [tlnomiva]. Addi-
tionally, the wL, wC and f/vf
are also given.

In particular three values
are evaluated: the one that
corresponds to the lower end
of the RLGC intervals, the
mean value and the one from
the upper end of the inter-
vals. The nominal values are
given, respectively, where
they are available. The main
purpose of this effort is to
estimate A, vf, and Z, and to

achieve a closer approach of
RLGC by means of the known
nominal values.

Fig 13 shows the second
window of [tlnomiva], when it
is opened from the [Cable]
[Interval (R,L,G,C)~f-->(A,
v,T,Z2,)~f] menu. The table
contains the values at the
frequency selected from the
drop down 1list box, 400 [MHz]
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here. 1Initially, the table
has no values and the message
of Fig. 14 is at the top of
the window. After pressing
the [Load Data] the well
known in windows users [Open]
dialog box appears to select
a file to read. The first
line in Fig. 13 shows the
path of this data file. If
the window is accessed
through the [Estimation] but-
ton of the previous window
[(A,vf,Z,)~f-->Interval : (R,
L,G,C)~f] then there is no
message at the top and the
table is filled automatically
with the values corresponding
to the first frequency.

The first four (4) 1lines
of the table shows the values
of RLGC as described above.
The next eight (8) lines in
the red frame contain the new
estimated values. Their cor-
responding nominal values are
shown at the right. To plot
one of these quantities ver-
sus frequency, its option
button under the label [Plot]
must be selected. The colored
little squares beside its
data column (Red for minimum,
Green for mean value, Blue
for maximum) and the Black
larger square above the nomi-
nal values correspond to the
used color for the plot and
they are buttons. Their de-
fault state is on. Pressing
one of them or all, changes
the state to off and the cor-
responding data are removed
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from the plot for each line. 1300 [MHz] in this example. x|
- 5] o
Fig. 15 shows the full Since all the colored buttons :I - g
window with the plot of A are on, all the values are x @ )
[db/166m] in the chart. The plotted. The menu item [Draft L
light blue open circles in -MinMax] is active for a clo- N &
the plot indicate the current ser view of the plot as de- L) 4
frequency which is selected Scribed in the previous sec- A\ % ]
from the drop down list box, tion and it is selected here. A g
i [tlnomiva] : Interval : (R,L,G,C)~f -—> (A,vE, 2 _ ol x| - g
X
| WY
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Fig. 14: Initial message: Load Data Fig. 15: [Interval : (R,L,G,C,)~f --> (A, vf,Z;)~f] - Plot
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The minimum value results
from (12) to be zero since
the lower limits for R and G
are equal to zero and the
same is true for maf and H,
for this cable. It is obvious
that the nominal value of A
is achieved for the mean va-
lue as shown in Fig. 16 where
the green and black colored
points are plotted. The light
blue point corresponds to the
values shown above the chart.
Velocity factor is illustrated
in Fig. 17 and in Fig. 18 maf
is given. Both of them are
shown with [Draft-MinMax] en-
abled. For mapf only the posi-
tive number is written at the
table, while at the plot both

TRANSMISSION LINE NOMINAL VALUES WITHOUT TOLERANCE...

plus and minus maf is shown.
Fig. 19 contains Z, in both

scales, where it 1is obvious
that the difference from no-
minal value can not be denoted
and Fig. 20 shows the H term,
almost zero, similarly. If it
is positive/ negative in both
mean and maximum value then a
Capacitive/Inductive label is
added. For completeness Figs.
21-22 shows o and B respec-
tively.

The [feet] option is again
disabled, the [Show Lines]
acts the same as in the pre-
vious window, while the [Zoom
Graph] item with its sub-items
is disabled in the current
[tlnomiva] version.

‘A[dB/lOOm]“ 0.000000] _| “

47.99996D‘|i|‘ 95.999919|_|‘

Nominal Values 48.000000 .

A [dB/100m] ~ f [MHz]

100

50 100 500

1000 5000 11000

Fig. 16: Attenuation factor estimation and nominal value
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Fig. 17: Velocity factor estimation and nominal value
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Fig. 18: maf estimation
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Fig. 19: Z, estimation and nominal values
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Fig. 20: H estimation and nominal values
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Fig. 22: B estimation and nominal values
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o, B, Ry, X, from Constant

R, L, G, C

The next window of [tl-
nomiva] concerns the investi-
gation of the propagation cha-
racteristics behavior with fre-
guency when the circuit coef-
ficients remain constant. The
guestion is, is there any pos-
sibility this case to be true
in real transmission lines or
it is simply a matter of the-
oretical research as a mathe-
matical exercise?

Well, even if it is only
an academic problem it has a
considerable interest by it-
self. From the one hand, (1)-
(4) show that if Xe=0 then
R, L, G, C become frequency in-
dependent. But this means the
Heaviside term 1is equal to
zero. From the other hand, the
C distributed circuit coeffi-
cient is almost constant over
a wide frequency range and L
has a small variation. Thus,
R and G are the most variable
coefficients, and G has 1in
most cases rather small values
compared with R [2]. In addi-
tion, as it 1is stated in [2],
there is a range of low fre-
guencies over which R, L, G, C
can be considered effectively
constants. Thus, it is worth-
while to examine the relation
of all the four propagation
characteristics with frequen-
cy as the four circuit coef-
ficients take specific values.

The developed window of
[Constant : (R,L,G,C)-->(a,B,

FUNKTECHNIKPLUS # JOURNAL
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Ro,Xo)~f] is shown 1in Fig.
23. It opens with the [Sin-
gle] frequency as the default

state and with some prede-
fined values. The wuser may
type the RLGC coefficients

and the desired frequency or
frequency range. When [Range]
is activated then the text
boxes contain the values of
all the quantities at the
middle frequency and the but-
tons for plots are enabled.
In this figure the predefined
values for RLGC was used and
the range [0.001, 1000] [MHz]
was selected. A in [dB/100m]
is depicted in the chart with
the [Draft-Min Max] enabled
and with [Show Lines] wun-
checked.

Fig. 24 shows A of the
line wused in previous sec-
tions, with RLGC almost equal
to their mean value at the
lower frequency, to the whole
permitted range, from 1 Hz to
100 GHz. Evidently there is a
limit to what can be drawn in
this application. The [wgnu-
plot A, B, Ro, Xo, mafB, vf] pro-
duces the two triples of Fig.

25, where at the right top
side of the plots the RLGC
values are written. The white

area 1indicates the band of
the line operating frequency.
In wgnuplot application the
developed script plots the
(12)-(16) as functions of fre-
guency, that 1is, curves are
plotted and not evaluation in
specific number of points.
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[t.lnomiva] : Constant : (R,L,G,C) --> (a,b,Ro,Xo)~f = Elii

rDistributed Circuit

TRANSMISSION LINE NOMINAL VALUES WITHOUT TOLERANCE...

rFrequency [MHz]: Single or Range rPropagation Characteristics
Coefficients per Freguency
O Single [500.0005 o [Np/m] ‘ o.oo7250‘| 6.29’72‘70‘3 [dB/100m]
® Range ‘.001 |_‘1ooo B [rad/m] ‘ 15.707980” n.ssua‘ o E
g
(Blot ~ £ [MHz] — Ro [al Soc2oone 0.026445
¢ tet e maf [deg]
® meter
OB [rad/m] ¢ [pE/m] 100
H:=0LG-wCR |~1.4923E-01| capacitive
O Re [0]
E:=RG-oLaC [=2.4674E+02| o/p < 1
QXo fnl O Show Lines
QO map [degl A [dB/100m] ~ £[MHZ]
QO vE
Q Clear Plot 6.29727

Clear Plot

6.086%6

wgnuplot A,B,Ro,Xo map,vE

Help

5.65217

5.21739

4.75752
0.001

=)
by

0.1

"

10 100 1000

Fig. 23: [Constant : (R,L,G,C) --> (a,B,Ro,Xo, )~f] - [Range]

Thus, considering a much
lower frequency range and a
range for A between its mini-
mum and maximum value, which
substantially differ slight-
ly, and plotting A function
in wgnuplot, we get Fig. 26,
where we distinguish the form
of "S" we have seen before in
Fig. 23 for the first 1line
example.

Six text files are written

in the directory of [tlno-
miva], which are used from the
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[wgnuplot.exe], with specific
filenames of obvious meaning:

B-function
Xo-fuction
vf-function

A-function
Ro-function
mab-function

In order to emulate the
curve structure in the cur-
rent version of [tlnomiva],
the mentioned relations are
evaluated in 100 points equal-
ly spaced in the logarithmic
scale of frequency f in [MHz].
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EE[tlnomiva] : Constant : (R,L,G,C) --> (a,b,Ro,Xo)~f ) Di‘
rFrequency [MHz]: Single or Range rDistributed Circuit ~Propagation Characteristics
Coefficients per Freguency
O Single « [Np/m] [ 0.006410][ 5.567655a [dB/100m]
R [mQ/m] 321
® Range |.000001 \_ |:Looooo B [rad/m] |15‘77.066996H 0.66448‘ e
Lowm [ e
rBlot ~ £ [MHz]— Eutal ik 0.000233
P fest e mog deg)
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OB [rad/m] C [pF/m] _m
H:=0LG-0CR __4 -900SE-02| 1nductive
QRo [0]
E:=RG-oleC |~2.4871E+06 /B < 1
O ool O show Lines
O map [deg] A [dB/100m] ~ f[MHz]
O vi
O Clear Plot 5.56769

Clear Plot

wgnuplot A, p,Ro, Xo map v

Help

5.56765
le-006

0.0001 0.01 1 100

IHMM g

10000100000

Fig. 24: A [dB/100m] versus f [MHz] with Draft-MinMax

A significant characteris-
tic of this window is that
when the [Range] is selected
and one of the six quantities
is plotted, then every change
to the value of any of the
four RLGC will immediately
cause the change of the plot.
All the other features are
the same with the previous
windows.

Using this feature of some
kind of interaction and vary-
ing slightly by one (1) the
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value of C and particularly
by varying the value of L
significantly, we get Fig. 27
for a transmission line with
R, L, G, Cequal to 321 [mQ/m],
111 [nH/m], 128 [pS/m] and
100 [pF/m], where the veloc-
ity factor seems to take val-
ues larger than its upper
limit of unit (1) (red), from
2.6 [MHz] and above. A fact
that needs further research,
and restates the issue of
line definition.
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Fig. 25: A,
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B, Ry, Xy vf, maB from [wgnuplot]
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5.567646

10° 108 107
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\

Fig. 26: A [dB/1060m] versus f [MHz] from [wgnuplot]

Final Remarks

There are two important
matters. The first concerns
the application [tlnomiva] it-
self and the second the way
that the available cable spe-
cifications can be exploited.

1. In order to avoid un-
predicted errors 1in calcula-
tions, caused by the differ-
ent notation of decimal sym-
bol used in various local MS
wWindows versions, a decision
has to be made. Thus, the dot
"." was selected to be the
decimal symbol, as well as,
the comma "," as the digit
grouping symbol - although the

cation when a non-dot defini-
tion exists in the Regional
Settings of Control Panel.

2. The transmission 1line
used to serve as an example
of the features of the [tl-
nomiva], is the RG 214 cable
and its specifications which
are given in [5]. Since, only
four (4) values for the at-
tenuation factor A in [dB/
100ft] are explicitly re-
ported there, we decided to
use the accompanying chart,
which covers the whole oper-
ating frequency range from 50
[MHz] to 11 [GHz].

Fig. 29 shows a straight

later is not wused at all 1line for A in the logarithmic
here. Notably, this choice is <chart. Such a line can be rep-
a mandatory requirement for resented by:

[wgnuplot], which does not

recognize comma as decimal y::kxA (17)
symbol. Hence, the window of

Fig. 28 appears on the screen that is:

just after opening the appli-
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=a log(x)+b (18)

where a=A and b=log(k), and
from (17) and (18) we take:

y::10bxa (19)
Then, we graphically estimate
the coordinates of the star-
ing and ending points of the
straight line in Fig. 29, as
well as, we cross check the
results by using the [Opti-
Graph] application [6] as it
is shown in Fig. 30. After
that, we formulate and solve
the following linear system:

log(1.7)=alog(50)+ b

(20)
log(60)=a 10g(11000) + b

and by using the Aurora Sci-
entific Calculator SC 500
Plus [7], the solution for a
and b is given, with nine (9)
decimal digits, as follows:

a=+0.660727178
b=-0.892106736

from which we finally have:

Alderioon] =~ g 3048 | [MHZ)

In this way, since A has
now an analytical expression
in terms of frequency, we can
determine as many points as
we like, that is, for exam-
ple, those of three (3) sig-
nificant figures we put 1in
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the grid of Fig. 6.

100
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[y
(o]

i
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A [dB/100ft]

100 1000
50
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10000
11000

[y

[y
@

Fig. 29: Extracting analytical
expression from a LoglLog plot

Conclusion

The limits of what can be
estimated or predicted using
precise formulation from the
nominal values without toler-
ance of A, vf, and Z,, which

are usually given nowdays as
cable specifications for tran-
smission lines, without taken
into account the cut-off fre-
guency, was investigated in
this paper.

It seems that the curves
for all the involved quanti-
ties have more or 1less the
same form, as it was expected
and explained by their defin-
ing expressions, with a pos-
sible differentiation of cour-
se in their slope. These cur-
ves are strongly depended on
how wide 1is the considered
frequency window. Therefore,
it is most important to pay
special attention in the op-
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range in
that the
in this paper

describes adequately the tran-

smission line characteristics
in accordance with its speci-
fications.

EE[tlnomiva] : Constant : (R,L,G,C) --> (a,b,Ro,Xo)~f = Di‘
rFrequency [MHz]: Single or Range ~Distributed Circuit -Propagation Characteristics
Coefficients per Frequency
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e s ey Ro [0] 33.316667 0038045
O [dB/100m] Xo [0 -0.008547
© meter
OB [rad/m] ¢ [pE/m] 100
H:=oLG-oCR | ~5-6209E-02| capacitive
QO Ro [0Q]
E:=RG-uLuC a/p < 1
S Xo gl O show Lines
O map [deg] vEi ~ f£[MHz]
@ vi
Q Clear Plot 1.01

clear Plot

wgnuplot A B, Ro,Xo map vE |

Help
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Fig. 27: RLGC for vf>1
| Warning

It is recomended that : from [Control Panel]
[Regional and Language Options] [Custemize]

[Numbers], change the decimal symbol to dot "."

and the digit grouping symbol to comma ","

Note, please, that this is a mandatory
requirement of [wgnuplot].

Fig. 28: Warning Message
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Fig. 30: [OptiGraph]

The [tlnomiva] application
is developed and presented as
a research tool. The inten-
tion is to be used: (1) as a
reference in the study of the
already existing approximate
techniques for finding the
distributed circuit coeffi-
cients and the propagation
characteristics, and 2) to be
expandable in order to cover:
(2a) not only the case of the
RLCG theoretical calculation
from the cable geometrical
characteristics, but in addi-

Starting and Ending points

tion (2b) the case of using
the new approximation method
for the determination of at-
tenuation factor, which 1is
under current development by
the authors.

Finally, the whole of [tl-
nomiva] software, that is the
MIT licensed source code, the
installation package, as well
as, 1its future improvements,
updates and upgrades, can be
always downloaded from the
author's website address [8].
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Abstract

Many researchers concentrated recently their efforts on
the investigation of the physical properties of graphene,
such as its electrical and thermal conductivity and its
strength. Its flexibility and transparency opened new possi-
bilities regarding numerous applications, such as electro-

nics, energy storage devices,

polymers and electrodes. Rela-

tively little was reported w.r.t. the insulating properties
of graphene oxide. It is the purpose of the present paper to
investigate whether graphene oxide can be suitable as insu-
lating material for high voltage applications.

Keywords

Graphene oxide, insulating properties, insulation life-

time, enclosed cavities

Introduction

Graphene concentrated the
lights of publicity and the
scientific interest of numer-
ous researchers around the
globe for its physical prop-
erties, such as the very high
electrical and thermal con-
ductivity and its strength.
Its transparency and its fle-
xibility opened new roads for
many applications, such as,
among others, composite poly-
mers, transparent electrodes
and storage energy devices.
A. Geim and K. Novoselov re-

SUNDAY 22 MAY 2016 vl-37

ceived the Nobel prize in phy-
sics for "groundbreaking ex-
periments regarding the two-
dimensional material graphe-
ne" [1].

Properties of Graphene

A graphene film is -at the
moment- the thinnest known ma-
terial, the gases cannot pene-
trate it, and it has higher me-
chanical strength than stain-
less steel. 1Its properties
open new inroads regarding no-
vel applications. At room tem-
perature, its thermal conduc-

FUNKTECHNIKPLUS # JOURNAL

tivity is very high, higher
than that of diamond, and of
the order of 5000 W m-1 K-1.
Graphene is almost transpa-
rent, absorbing only 2.3% of
light. It 1is an excellent
electrical conductor, having
a high charge mobility of
200000 cm2 V-1 s-1, Such prop-
erties were recorded with
very thin graphene samples of
the highest quality and of
small surface. It was also
reported that graphene prop-
erties (such as electronic
properties, thermal conduc-
tivity, hardness and elastic-
ity) may change with the sam-
ple thickness [2].

Possible Applications of

Graphene

Many industrial applica-
tions were proposed, such as
energy storage devices, tran-
sistors, electrodes, compos-
ite polymers, nanocomposites,
sensors etc. The quantity and
morphology of graphene for
each of the above applica-
tions may vary, depending on
the application itself. For
example, sensors or transpar-
ent electrodes require thin
graphene films, whereas bat-
teries, super-capacitors and
synthetic polymers require
guantities of nano-films or
graphene platelets. Graphene
dispersion in the matrices of
the base polymer should be as
good as possible.
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Graphene Oxide as
Insulating Material

The reply to the question
whether graphene oxide is a
good insulating material, 1is
not easy to be given since
the chemical structure of
graphene oxide 1is sensitive
to the temperature. The elec-
trical conductivity of gra-
phene oxide can be studied
with the aid of dielectric
spectroscopy [3]. Dielectric
spectroscopy records the
change of dielectric proper-
ties of a material with the
frequency and the tempera-
ture. It gives indications as
to the insulating properties
of the material, taking into
account the relaxation phe-
nomena. The latter change the
dielectric behavior of the
material and allow the stor-
age of more electric energy
in the volume of the mate-
rial.

It is evident that the
conductivity of graphene ox-
ide increase is a function of
temperature and of frequency
(Fig. la). The frequency
spectrum is in the range of
0.1 Hz up to 106 Hz and the
range of temperature 1is 1in
the range of -400 C - 300 C.
The slope of the conductivity
curve with frequency de-
creases as the temperature
increases. The dielectric con-
stant takes low values and
presents a rather small de-
pendency on frequency at low
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temperatures. However, this
changes at higher tempera-
tures (Fig. 1b) (note the
same ranges of frequency and
temperature for Figs. 1a and
1b) [4].

Fig 2a shows the conduc-
tivity in the temperature
range 400 C - 900 C. It shows a
stepwise increase at lower
frequencies and reaches a
plateau value at higher fre-
guencies. Fig. 2b shows a de-
crease of dielectric constant
with frequency increase for
the same temperature range as
in Fig. 2a [4].

Fig. 3a shows conductivity
changes from 1000 C to 1500 C.
The conductivity plateau va-
lue appears also at higher
temperatures. The transition
from plateau value to the ex-
ponential increase moves to
higher temperatures as the
temperature increases. It is
to be noted that conductivity
increases dramatically as the
temperature increases above
1000 C. Fig. 3b shows that the
dielectric constant chan-ges
significantly as the fre-
guency decreases [4].

Fig. 4 shows conductivity
as a function of temperature
at the frequency of 0.1 Hz.
One may see three transitions
from -400C to 1500C. Two
transitions from the region
of insulating material to the
region of semiconduction at
about 100 C and 1000 C and one
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transition from the region of
semiconduction to the region
of insulating material at
900 C. At room temperature
electrical conductivity has
semiconductive characteris-
tics but at lower tempera-
tures has insulating charac-
teristics. Fig. 5 shows the
variation of the dielectric
constant with temperature at
various frequencies [4].

It should be noted that
graphene oxide is hydrophilic
material and it is very sen-
sitive to humidity wvaria-
tions. Its resistance is 108
Q for relative humidity of
15% but it becomes ten times
smaller when the relative hu-
midity is 95%. The relation-
ship of its resistance with
humidity, renders the afore-
mentioned material ideal as
humidity sensor [5].

Graphene oxide can be se-
lected to be added to polymer
matrices because of its high
mechanical strength and its
high thermal conductivity.
Pure graphene oxide is ther-
mally unstable. The decompo-
sition of graphene oxide
nanosheets (GOn) is not valid
for nanocomposites GO/PVDF
because of the strong inter-
actions between its con-
stituents. Fig. 6 shows that
the permittivity of such a
nano-composite (GO/PVDF) with
concentrations above 1 wt% is
higher than that of pure
PVDF.
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However, for concentrations
GOn lower than 0.5 wt%, per-
mittivity is lower than that
of pure PVDF. Fig. 7 shows
that the presence of GOn in
various concentrations does
not result in a change of

15
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electrical conductivity of
the nanocomposite in relation
to the pure PVDF at higher
frequencies, whereas small
differences (increase of con-
ductivity) are observed as
the frequency decreases [6].

p
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Fig. 6 Dielectric constant of Gon/PVDF

Conductivity,o (S/m)

* L
10° 10° 10

ey e .
10° 10° 10’

Frequency(Hz)

Fig. 7 Conductivity of GOn/PVDF
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Graphene oxide in combina-
tion with silicon oxide may
be used as thin coatings 1in
XLPE. As evaluation index of
such a combination the OIT
(oxidative induction time)
was used, an evaluation which

is taken during accelerated
ageing at 1200 C. Fig. 8 shows
OIT values as a function of
time for the pure polymer,
the combination XLPE- SiO2 as
well as for the combination
XLPE-GO-SiO2.
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Fig. 8 Values of OIT with time

It is evident that such
coatings contribute to the
increase of resistance in the
thermal oxidation. The pre-
sence of 0.5 wt% GO gives
even more higher values of
OIT. All coatings seem to in-
crease the surface resisti-
vity but the coating with GO
is the better one. The pre-
sence of GO contributes to
the hindrance of oxygen and
of oxidation of the polymer.
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Moreover, the change in coat-
ing structure are adequate in
improving the thermal stabil-
ity of XLPE [7].

Work done with epoxy resin
with graphene oxide up to 0.5
wt% showed that there is no
difference between pure epoxy
resin and the one with GO re-
garding the dielectric beha-
vior. The addition of GO does
not render any better the
epoxy resin (Fig. 9) whereas

FUNKTECHNIKPLUS # JOURNAL

there is a marked difference
with epoxy resin nanocompos-
ite after thermal treatment
(Fig. 10) [8].

In general, for relatively
low and higher voltages, it
can be said that GO cannot be
used as insulating material
because for practical atmo-
spheric conditions above
400 C, it does not show insu-
lating behavior except for
the temperature range between
900 C and 1000 C and also be-
low 100C. Such temperature
ranges, however, are very
specific and do not generally
satisfy ordinary industrial
applications, especially in
the high voltage industry. In
very low voltages, i.e. 1in
electronics applications, GO
has in general a semiconduct-
ing character and as such 1is
investigated in the scien-
tific bibliography. In some
specific cases, such as 1in
very low humidity or in very
low temperature, GO has an
insulating behavior, which
can have particular applica-
tions.

Cavity Considerations and

Graphene Oxide

It is known that the elec-
tric field Ec inside an en-
closed cavity in an insulat-
ing material of dielectric
constant er 1is given by the
equation

Ec = 3 er E/ (2 er + 1) (1)
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where, E is the applied elec-
tric field to the insulating
material.

It is also know that, as-
suming a uniform electric
field E applied to the insu-
lating material, the expected
lifetime L 1is given by the
equation

L =k (E d)-n (2)

with k and n constants de-
pending on the material and
the quality of its con-
struction, and d the thick-
ness of the material.

Combining Equations (1)
and (2), we have that

L = k [Ecd(2er+1) / 3er]-n (3)

which gives a relation bet-
ween the lifetime of the ma-
terial in terms of the thick-
ness of the material.

Based on Fig. 11, and con-
sidering that in a sample the
cavity has a radius R, the
applied field to the sample
is E, Ec is the field inside
the cavity, d is the overall
thickness of the sample and a
as in Fig. 11, and having in
mind that d = 2a + 2R, Equa-
tion (3) becomes]

L =k [2 Ec (a + R)
* (2er + 1)/ 3er]-n (4)

Consequently we have a re-
lation between the lifetime L
and the radius R of the
spherical cavity.
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In the case of graphene
oxide (GO), for temperature t
=900 C and from Fig. 2b, the
dielectric constant is given
as er=2, f=50 Hz, with in-
sulation thickness d=0.1 mm,
k=4, n=10, we finally get
the curve of Fig. 12. This
shows the change in lifetime
in hours w.r.t. the electric
field Ec inside the cavity in
GO.

It is evident from Fig.
12, that as the electric
field becomes larger, life-
time becomes shorter with a
given cavity size.

In the case of GO, for
power frequency, and various
temperatures T = -100 C (from
Fig. 1b we have €er=9), T=00C
(from Fig. 1b &r = 15), T =
100 C (from Fig. 1b, &r =21),
T=900C (from Fig. 2b &r=2),
T=1000C (from Fig. 3b, e&r =
1.8), we have correspondingly
the lines L1, L2, L3, L4 and
L5 in Fig. 13.

Fig. 13 shows the 1life-
times 1in hours at various
temperatures and in function
of wvarious electric field
values inside the cavity in
GO. We observe that lifetime
changes w.r.t. temperature
and therefore w.r.t. the di-
electric constant of the ma-
terial. Smaller dielectric
constant means smaller life-
time.

From Equation (4), for a
constant electric field value
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Ec=0.12 kVv/mm, k=4, a=1 mm,
€r =2, n=10 and for diffe-
rent values of cavity radius,
we find that the correspond-
ing lifetime is

Tab. 1
R (mm) L (hours)
0.2 6308812
0.1 15060285
0.05 23980986
0.01 35362772
0.005 37162029
0.001 38674015
0.0001 39023459

Cavities decrease the 1li-
fetime of insulation. By in-
creasing the cavity radius R,
lifetime decreases. As the
cavity radius goes at about
0.001 mm and smaller, the dif-
ference in lifetimes becomes
small or in other words, ca-
vities of such magnitudes do
not significantly decrease the
lifetime of GO. It must be
noted that the above Tab. 1
is rather qualitative rather
than quantitative. It is evi-
dent from the above results
that the electric behavior of
GO depends on the tempera-
ture. In regions between 900 C
-1000C as well as below
100 C, GO presents insulating
behavior. In normal applica-
tions, however, under normal
atmospheric conditions, its
insulating behavior is lost.
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ii} Lifetime in different temperature conditions
Ec 142 g
KV/mm
°0
1
— b
- 7
= 13
; 3 i L hours
0,001 1000 1E+09 1E+15 1E+21

Fig. 13 Change in lifetime in (hours) with the electric field
Ec in (KV/mm) and with different temperature conditions

Conclusion

Graphene is an excellent for high voltage applications
novel material for a variety since its insulating proper-
of applications_ However, gra- ties are confined to a small
phene oxide is not suitable temperature range.
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