F/6 9/4

(]
w
~—
[
-
m




B A K N — .
YAONTRY g T ki P . RN

B . ] PR S LS U U SO WSSOSO I DTy ia 8% 8's t'n #'p ¢'a 8"
Ll s N ~o.-,-'.......'
'I“""l
:.0%..“
»
()

A

-
(e

-1 .
B %

S Ty
2 s U

rEFEE

EEEE

i

r
(X3
Y-
t

e |

i

oPY RESOLU“ON 1651 CHARIT
UREAL Ok STANUARDS 1061 A ’.- \
P_».'\.

MICROC
NATIONAL B!

| SR RN
A A

.
LA I
A AR

»

P

7o
oL

5

>,

€y
,ﬂlﬁ('t'
[ X}

1%

A Y G NN



IR R AR IR IR KT R AR XA

AD-A 19 1 759 PORT DOCUMENTATION PAGE

UNCLASSIFIED

0TI ElLE cor

:
2

T AESTRICTIVE MARKINGS

28 SECUMTY CLASSWICATION AUTHORITY

2b. DECLASSIFICATION. DOWNGRADING SCHEDULE

3 DISTRIBUTION / AVAILABIUTY OF REPORT

Approved for public release; distribution is unlimited.

4 PERFORMING DORGANIZATION REPORT NUMBER(S)

NOSC

S MONITORING ORGANIZATION REPORT NUMBER(S)

8a NAME OF PERFORMING ORGANIZATION

Naval Ocean Systems Canter

6o OFFICE SYMBOL
(i spphcabie)

NOsC

7a NAME OF MONITORING ORGANIZATION

Naval Ocean Systems Center

8¢ ADDRESS /City. State and 2IP Code;

San Diego, CA 92152-5000

7b ADORESS /Crty. State and ZIP Coae)

San Diego, CA 92152-5000

B8a NAME OF FUNDING  SPONSORING ORGANIZATION

Naval Ship Research
and Development Center

8b OFFICE SYMSBOL
{if apphcable;

NSRD

9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

8¢ ADDRESS /City, State ard ZIP Code)

Bethesda, MD 20084

10 SOURCE OF FUNDING NUMBERS

PROGRAM ELEMENT NO PROJECT NO TASK NO AGENCY
ACCESSION NO
62543 N CM41 RF45405 DN213 105

1% TITLE snciude Security Classitication;

A Mininec Model of the Miniloop Antenna

HF antennas

1 ASONAL AUTHORIS)

§1c Logan

138 TYPE OF REPORT 130 TIME CMERED 14 DATE OF REPORT (Year, Month. Dey; 16 PAGE COUNT

ar 7 7
Presentation/speech FROM 198 10 Mar 1987 | o i ber 1987
18 SUPPLEMENTARY NOTATION
17 COSATI CODES 18 SUBJECT TERMS (Continue on reverse i necessary and 1denidy by bIock number,
FIELD GROUP SUB-GROUP

nondeliberate interactions

diameter loop mounted on a pedestal.

plane.

19 ABSTRACT (Continue on reverse | necessary and identdy by block numoes;

The Miniloop is an HF loop antenna which has found use on U.S. Coast Guard vessels.

The antenna is a large

It is tuned with a variable capacitor mounted in series at the top of the loop.
Inductive coupling from a much smaller loop on the lower rim is used as a feed.

MININEC (NOSC TD 938, "The New Mininec version 3); a Mini-Numerical Electromagnetics Code,” by J.W. Rockway

and J.C. Logan, September 1986, is used to represent the Miniloop antenna mounted over a perfectly conducting ground
The development and validation of the MININEC model of the Miniloop will be discussed.
determining radiation efficiency will also be presented.

A sample method for

')..I' ,‘I |_Q,,|‘Q M

-

E_ |

- ot

v = =

o g 4

AR ARR A AT

L

..ls

ST PO,

0

oy

oIS AVAICABILITY OF ABSTRACT 27 ABSTAACT SECURITY CLASSIFICATION b
20 OISTRIBUTION AVAILABILI A UNCLASSI%IED
] uncuassifieo. unLmTeED SAME AS RPT (O onc users =
5 ' res Code. 2 FICE SYMBO ‘A
fcrugsgﬂesvorcsmsmolvmun ”(efbi’z‘?g.‘zé%’“ oo Code o 6(;3; 5?2 L o
1 73
~
83 APR EDITION MAY BE USED UNTIL EXHAUSTED ¢
DD FORM 1473, 84 JAN PRI bl s UNCLASSIFIED Yo
SECURITY CLASSIFICATION OF THIS PAGE -
Lo
"8 3 16 083 N
\.\
A
T T m e e e T Mt et a e R AT bRt N kTR -y
[l 7 Ry R o o L P o SR L T LU S S TN S - - » »
R U T R o T i, A, G i G A A AR G G N L A, (R (AR ER TR R AR e



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




RN N N A AR T T O g RV 8 Gap 80 doa™

Py
3
'[
-~
A MININEC MODEL OF :':;:
o
THE MINILOOP ANTENNA v
»
o
oy
James C. Logan ]
=
N
Naval Ocean Systems Center N
) Code 822 1
271 Catalina Blvd. o
San Diego, CA 92152-5000 w
2 J
x
_ Accession For - .
e D & ;
NTIS GRA&I g A
DTIC TAB z N
Unannounced O Yo
Justification — 8 o
- "-‘
g ¥
By o p
Distridbution/ g
Availability Codes N
Avall and/or g g
Dist Special E .
A-1 3
3
3
b
*
\ *
[’ "= 8
.
",

'I?"u'

ML
A e o,

4
»

(s

-




) 4 Ee e Bl §la % 4% 4ve A¥e a0e sha AR a0 QYL Say taf ay dag taRilng L@ Y8 vad bl L0 a8 L8’ ‘08’8, Gl 2bp- v, =g bt ot B et et Gt it §.0 foe RO

,{( ABSTRACT

The Miniloop is an HF loop antenha which
has found use on U.S. Coast Guard vessels.
The antenna is a large diameter loop mounted 4
on a pedestal. It is tuned with a variable )
capacitor mounted in series at the top of the ]
loop. Inductive coupling from a much smaller .
loop on the lower rim is used as a feed. ")

MININEC (NOSC TD 938, ®The New MININEC
Xersion 3); a Mini-Numerical Electromagnetics

ode*, by J. W. Rockway and J. C. Logan, KX
September 1986, is used to represent the T
Miniloop antenna mounted over a perfectly -3

conducting ground plane. The development and
validation of the MININEC model of the
Miniloop will be discussed. A sample method
for determining radiation efficiency will
also be presented. |
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INTRODUCTION

In general, HF antennas mounted.on ships
will couple into metallic parts of the
ship. This means that strong RF currents can
be excited on closely coupled conducting
surfaces, which in turn re-radiate. The
total near field is the (vector) sum of the
fields radiated by the antenna, the
deliberate antenna, and the non-deliberate
antennas. Re-radiation is enhanced whenever
the non-deliberate antennas are similar in
size to the deliberate antennas, or whenever
resonant length conducting paths and spacings
occur.

A computer model can be used to include
the deliberate and non-deliberate
interactions to accurately predict the near
fields on exposed weather decks. This
usually involves creating a wire grid model
of all conducting surfaces. A wire grid
model consists of a mesh of closely spaced,
connected wires, which are close enough
together to approximate a solid conducting
surface. Building a wire grid model of a
ship is a time consuming, tedius process,
requiring detailed blue prints and
. considerable experience. The resulting
computer model requires the resources of a
large main frame computer system.

In some cases, a simplified antenna
model may be used to avoid the experise of
wire grid models. This requires good
Judgement and usually some additional
information, such as measurements of the
antennas in similar shipboard environments.
The simplified model provides an upper bounds
on the fields and the measurements are used
to determine a suitable safety margin.

The first step is to develop and
validate, if possible, a model of the
antenna. This is a process of deciding how
many wires and segments are required to
achieve acceptable accuracy. This process
will be described for the development of a
MININEC model of the Miniloop antenna.

RFPRODUCED AT GOVERNMENT EXPENSE

o WU

f
oS

I

-
P

'

P
. 'y 's

Ny
L)

P4
r'%t %

A Y
X,

o
/

S




BACKGROUND

The "Mini* Numerical Electromagnetics
Code, or MININEC (reference 1), is a method
of Moments computer program for analysis of
thin wire antennas . A Galerkin procedure is
applied to an electric field integral
equation to solve for the wire currents.
This formulation results in an unusually
short computer program suitable for
implementation on a microcomputer. Hence,
MININEC is written in a BASIC language
compatible with many popular microcomputers.

MININEC solves for impedance and
currents on arbitrarily oriented wires,
including configurations with multiple wire
junctions, in free space and over a perfectly
conducting ground plane. Options include
lumped parameter impedance loading of wires
and calculation of near zone and far zone
fields. Both near electric fields and near
magnetic fields can be determined for free
space and over a perfectly conducting
ground. The far zone electric fields and
radiation pattern (power pattern) can also be
determined for free space and perfectly
conducting ground.

The miniloop s a single turn, HF loop
antenna which has been used for
communications by the U. S. Coast Guard for
both transmit and receive. It features
capacitive remote tuning and inductive feed.

The are two versions of the Miniloop
antenna (see reference 2). Version MLA-1/E
is for use in the band from 1.8 MHz to 14.5
MHz. Version MLA-2/D is for use from 3 MHz
to 24.5 MHz. Both consist of a large loop
mounted on a pedestal. The loop is excited
from a much smaller feel loop and turned via
a variable capacitor at the top of the large
loop. Figure 1 illustrates the basic
configuration.
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THE MININEC MODELS

et

For MININEC, the main loop of the
Miniloop antenna is represented by a series b’
of one segment wires connected end to end to
form the main loop. A convergence test is
performed to determine the number of wires or
segments required for reasonable accuracy.

o o

The impedance of the Miniloop is not
known. Referring to the open literature, a ~
loop whose characteristics are well o
established is chosen. Figure 2 shows the y
convergence test for a one wavelength .
circumference loop in free space. The
admittance given by R.W.P. King (from
reference 3) is vsed to measure
convergence. Based on this data, a 22
segment or 22 sided polygon model of the loop
is selected. Figure 3 shows the performance
of this model over a wide band of
frequencies. Figure 3 is a comparison of the
MININEC model to the published data by R.W.P.
King. The Miniloops are used in the region
below the first self resonance. It is seen
in Figure 3 that the MININEC model tracks the
theory very well below resonance.

rros

AT

—§.0 % g ¢ ¢
d

. Using the MININEC loop model, the
Miniloop configuration of Figure 1 was
explored further. It has been determined
that the currents on the mast support are two
orders of magnitude lower than the loop
currents. The mast can therefore be removed
from the model without loss of accuracy.
Likewise, the feed loop can also be removed
from the model. The feed loop serves the
purpose of impedance watching and does not
contribute significantly to the properties of
the RF fields. Hence, the loop model is
simplified to a circular loop over a
perfectly conducting ground plane. For each
version of the Miniloop, the diameter of the
loop model is adjusted to give the same area
as the Miniloop version, i.e., the loop model
has the same self resonance as the Miniloop .
version
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Both versions of the Miniloop use a
vacuum capactor located at the top of the
large loop to tune the antenna to resbnance
at the operating frequency. The MININEC
model must be exercised once at each desired
frequency to determine the value of reactance
required for tuning. The model is excited or
fed at the load point. The negative of the
reactance of the antenna input impedance is
the required load value. A second run with
this reactance at the load point, but fed at
the bottom of the loop, is generally done to
verify the tuned condition.
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MINILOOP EFFICIENCY

One way to determine the radiatidn
efficiency of an antenna system is as
follows:

The system efficiency is:

n = BW

BV,

where BW, is the ideal bandwidth from the
MININEC model and BW, actual bandwidth
achieved or measured. The bandwidth of the
Miniloops on a ground plane has been
previously measured by NAVOCEANSYSCEN. The
results from references 2 and 4 are given in
figure 4.

The ideal bandwidth is determined from
the MININEC model and the Q as follows:

B¥ = To
U

Where the f, is the operating frequency and
Q, is the igeal Q determined by the slope-
reactance technique given in Jasik (reference
- 8). To apply this technique, the change in
reactance of the tuned antenna is determined
for a small change in frequency, and the Q is
determined from

Q. = ! X. ! 4+ f_ 1 dX, !
oy Ty O aFt
7R

Where X, is the antenna reactance and R is
the radiation resistance at the frequency
fo- Figure 5 shows the efficiency versus
frequency for the two Miniloop antennas as
determined by this procedure.
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SUMMARY

The process for development and !
validation of a MININEC model has been
illustrated. In this case the Miniloop model
has been used to determine antenna
efficiency, which in turn can be used to set
power levels for RF near field predictions.
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