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FOREWARD
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.0 INTRODUCT ION

This report covers antenna deslan, analysis, and development work performed
for the U.S. Bureau of Mines under Purchase Order P0382223 by Terry S. Cory,
P.E. The anticipated usage of the antennas and accompanying analysis |s

for medium frequency wireless communications in coal minss,

The work has Included a complete vehicular antenna design experience

through the prototype development stage, design analysis and comparative tests
to be useful in eventual development of op*imlized portable PA/antenna

systems, and analysis of the coupling between vehlicular antennas and

existing mine wiring.

The vehicular antenna work was an extension of eariier configuration
studies and preliminary design analysis performed under USBM Contract
H0377013 ( Collins/Rockwell ) on Wireless Communications for Trackless
Haulage Vehicles.

Medium frequency technology in coal mines Is rapidly approaching th= point
where systems can be confligured for use in particular mines, A key portion
of the R&D invloves establishing 2 viable set of vehicular antenna
parameters so that coupling loss into or out of existing mine wiring can

be estimated for the case where the vehicle is In the same entry as the
wiring., Such a set of parameters has been established and coupling estimates
have been made as part of this work, Coupling for remotely located
transmitters ( and recelvers ) has been estimated as part cf propagation
measurement Contracts H0366028 and HO0377053, The only part of the vehicular
antenna problem for which there is no data is that where the antenna is
simultaneous|y matched to two freauencies, The eventual mine wireless

radio systems are expected to be two freauency systems to permi+ the use

of repeaters.

Portable radio systems including antennas at medium frequency have heen
designed and have undergone limited testing In coal mines. An optimlzed
portable system probably has not yet been designed; particularly whan
operation is expected in close proximity to existing mine wirlng conductors,
The integral design of the radio transmitter PA and the antenna matching/
phasing network as a system Is necessary for optimum design. Tests of

the portable equipment avallable have, however, provided a starting point
for the general Inclusion of portables Into a complete system desiagn., The
analysis performed as part of this work will help to bound the physical
characteristics of portable antennas and data iIs given on the raw ( untuned )
character of flat=strip winding confligurations.



2,0 SUMMARY

This program has provided antenna deslign analysis which has led to the
design, building, and testing of a prototype mine wireless vehicular
antenna prototype. The analysis also enabled the building of a portable
antenna wiring configuration which was tested against the RACAL antenna
and against another portable antenna wiring alternative provided by the
Bureau, The antenna design activity also provided the basis for the
prediction of antenna coupling into existing mine wiring which was
performed using graphical field mapping.

The design of vehicular 2ntennas is dependent on the operational utility
of particular configurations mounted on vehicles, on optimlzing the
antenna parameters for achleving near-maximum NIA, on requirements for
intrinsic safety, and to a lesser degree on the parameters of mine
wireless radios,

The design of portable antennas s dependent on human factors of carrying
and accomcdation of varlations In tuning due fo the differences In human
bodles, and on parameters of mine wireless radlos to a graater degree
than with vehicular antennas in addition to achieving high NIA and
providing intrinsic safety.

The design of vehicular antennas is sufficiently Independent of overall
transceiver subsystem configurations that it Is practical to build and

evaluate such antennas separate from the complete subsystem. The deslan
of portable antennas cannot so easily be divorced from the radio design
and, therefore, should always be considered as part of the design of a

complete portable subsystem,

The emphasis of this program has been placed on defining vehicular antenna
designs, Information from the design analysis is avallable to help design
portable antennas; however, the design of an acceptable portable antenna
was beyond the scope of this program,

The coupling of mine wireless antennas to existing mine wirlng Is dependent
both on the entry crossectional geometry (contalningthe conductors and

the antenna ) and on the antenna parameters themselves. The graphical field
mapping technique has been shown to provids a simple effective means to
Include all variables electromagnetically,

The departure point for this program has Included the composite of technology
provided from previous medium frequency programs as dlscussed In Secticn I.
Assumed as the baseliine for this work has been:

(1) use of medium frequencies in the 00-1000 KHz frequency rance
with particular emphasis on the range 500-1000 KHz which has
previously been shown to provide the most effective coupling
to existing mine wiring

(2) that coupling of carrler current into existing mine wiring
provides the principal transmisslion means for wlreless
communications



(3) an effective mechanically rugged vehicular antenna design
employing a8 multi=turn loop winding inside a rigld electrostatic
shield |s feasible

(4) an antenna design algorithm of proven validity 1Is available to
trade off the several antenna desian parameters Involved in
optimizing antenna performance

2.1 ANTENNA DESIGN & PERFORMAMNCE

2,1,1 PERFORMANCE CONSIDERATIONS

Performance optimization and Intrinsic safety are compatible basses for
overall antenna design. That this Is true was not obvious a*+ +he onset of
t+he program,

For a multi-turn antenna of constrained crossectional dimensions, the
achievable NIA is quasi-independent of the number of turns, when wire=-
resistance-|imited, over a substantial range of turns. This range of turns,
for a given power source voltage, also falls in the constant power region

of the intrinsic safety curve of Inductance vs current ( ie, +he current
voltage curve for negligible circuit stored energy ). The number cof turns
beyond which the NIA decreases markedly also roughly corresponds to the
number of turns beyond which the methane ignition current becomes constant-
energy-|limited., The Q of a practical antenna Is ultimately limited by the
losses in the transforming/tuning circuitry but becomes wire-resistance-
limited as the number of turns is Increased or as the frequency is Increased,
At the design frequency range of interest, the wire resistancs plus turns-
dependent series tuning loss resistance when used with the maximum allowable
inductance ( to prevent NIA fall-off and energy=!imited safety performance )
Is just about at the polnt where this resistance is equal to tha resistance
due to fixed ( non-turn dependent ) losses,

The NIA increases with decreasing antenna bandwidth and Increasling antenna Q.
If the choice Is to design to a fixed bandwidth by elther using *he "inherent"
wire resistance as a limit+ or by padding an Inherent!y higher Q antenna

with external flixed serles resistance ( non-frequency-dependent ), the
external padding technique is always the best, This Is because its use gives
higher NIA than the equivalent wire-resistance-|imited design and also
because the bandwidth can be held near-constant over a range of freguency.

I f external padding resistance is used, it also serves as a current=limi+ing
resistance for intrinsic safety purposes because its value is nearly the

same at mf as I+ Is at dc; whereas, the wire resistance is much lower at dc
than it is at mf,

As the NIA is quasi-independent of turns in the useful design range when
wire-resistance~-|l imited, the resistance level of the antenna can be

arbitrarily chosen, The actual operating resistance level is dictated by

the desired bandwidth and/or the fixed resistance of +he circul+; so to
maximize NIA for a finished design, the wire resistance level should be

at the high end of the range ( ie, approximately equalling the fixed resistance
or else the wire resistance plus the turns-dependent tuning resistance

such as from an assumed constant Q capacitor should be equal! +o the fixed
resistance ). This Is accompllished by using as many turns as are al!owable

( per above definition ).



The above discussion deals with the simultaneous happening of several
fortuitous conditions, The use of LItz wire is germaine to thiz, where

the strand size is made as small as possible ( for vehicular antenna
prototypes of this program, 1700/44 Litz was chosen; le, 1700 strands

of #44 wire having approximately 6800 circular mils of area per conductor),

The statement about maximizing NIA by having the wire resistance agual +to
the fixed resistance assumes that the fixed resistance already is the
lowest allowable to give the desired ( or required ) operating bandwidth
and/or to Inhibit excessive current for Intrinsically safe operation. A
near-optimum overall design will result when:

(1) The inductance |s made as large as is "allowable" and
the wire rasistance is designed to be less than that
to give the minlmum bandwidth per (2) below

(2) The minimum bandwidth ( for comm system power level/detuning
or intrinsic safety power source reasons ) is established
by fixed ( non-frequency-dependent ) external! rasistance.

This establishes the "inherent" intrinsic safety of the
antenna.

If an argument can be made for intrinsic safety "inherency" basad on series
resistance ( covering both open-circuit=fault arc dischargzs and sudden
connection of the dc source to the antznna clircuit arguments ), tnen

blocking capacitors per UL=913 may not be required. Actuzally, as with the
vehicular antznna prototype where an impedance matching transfcrmer is used,
series current-limiting resistance can be added at the " ac 50 ohm level"
with negligible performance degradation as is suggested in *he next subsection,
I+ should also be pointed out that when considering the antenna winding
current itself as a current source for a potentlal short circult fault, the
use of the highest allowable Inductance and low winding resistance will

limit the peak ac current if the winding is shorted out as the time constant
of the winding is maximized.

The minimum bandwidth for communication system performance reasons only is
determined from both modulation bandwidth and detuning considerations. For
modulation bandwidth; if the system Is SSB the bandwidth could approach

3 KHz whereas If the system I s FM with modulation Index = |, the bandwidth
could approach 12 KHz, For vehicular antennas operating only with the loop
in the vertical position, SSB and FM bandwidths of 3-6 and 12-16 KHz
respectively may be feasible, For portable operation, the bandwidth mus+t
be larger due to the detuning of antennas by shape variations when worn

by different men and by differences in human bodlies and In garments.
Insufficient information Is avallable to select a portahle antenna minimum
bandwidth for communication purposes,



2,1,2 PROTOTYPE ANTENNA DESCRITION & PERFORMANCE

The vehicular antenna prototype(s) built and tested during this program
is shown in Figure |, The specifications for this antenna include:

ELECTRICAL=-

MECHANICAL=-

Area 0.139 m2 ( 6=Inch x 36=inch )

Turns 12 ea., #1700/44 Litz
diameter 0.115 Inch
strand diameter 0.002 inch
area 6800 circ mlls

spaced 0.250 inch

Lo 127.3 uh
L @ 500 KHz 190  uh
Bandwidth
520 KHz model 14 KHz , Q = 37,1
920 KHz model 20 KHz , Q = 46.0
NIA ( 20 watts )
520 KHz model 1.3
920 KHz model 1.5
Center frequency varlable 1_5% via external capacltor
Detuning
520 KHz model 7 KHz steel vs dlelectric mounting
|0 KHz vertical vs 45 degres orientation
920 KHz model 10 KHz steel vs dielectric mounting
|0 KHz vertical vs 45 degres orientation
Maximum Power ( |imited by use of 350 VDC trimmer capacitors)
520 KHz model 46 watts
920 KHz model S watts
Input Impedance 50 ohms nominal
Intrinsic safety none inherent In prototypes
axcept all-metal enclosure
Maximum |ength 40 Inches ( includling circultry enclosure )
Maximum width 12,3 inches w/ antenna horlzon+al
10 inches w/ antenna ver+ical
Maximum helght 8 inches w/ antenna ver+ical
2.2 Inches w/ antenna horizontal

Electrostatic shield 1% inch diamster nominal

Element orientalon vertical
45 degree
horizontal

=10«
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The vehicular antenna mounts to a horizontal steel surface on the vehicle
via 4 ea magnets located in the corners of the mounting frame. The antenna
may be positioned In any of the three principal orientations by pushing the
rear housing agalinst the mounting frame ( against the spring tension ),
rotating to the desired position, and releasing the element alovwing It +o
seat in one of the three detent positions.

The mechanical configuration of the vehicular antenna has been made as close
to that expected to te useful as possible. The basic antenna winding has
been designed to be as close to optimum,providing that proper attention I3
pald to the matching circuitry, as possible, The prototype antennas have
been provided with BNC connectors to facilitate evaluation. Eacih of +he

two prototypes provided have been tuned to a dlfferent sinale frequency;

one to 520 KHz, nominal and the other to 920 KHz nominal, The winding

sense of the turns is important to obtain minimum distributed capacitance
and highest resonant frequency. The winding sence of one of the antaennas

was inadvertantly reversed in manufacture, resulting in a sllghtly higher
reactance. This antenna was tuned to 520 KHz where the difference was
negligible. To accomodate a two-frequency system plan, the matching clrcuitry
may eventually have to be medified so the antenna is tuned simu!tansously

at two frequencies.

No attempt has been made to provide Inherent Intrinsic safaty via fixed
external series resistance. The particular Q of the finished prototypes

is established by the tuning circuitry and the transformer package as
mounted in the enclosure. The unloaded @ of the antenna(s) is aporoximately
400 @ 500 KHz, The tuning and matching circulitry used components which

were available, The antenna(s) is tuned with a balanced capacitive L-section
to 200 ohms and then transformed to 50 ohms using a 4:1 ferrite transformer
supplied by the Bureau. Fixed slivered mica capacitors in tha L-section
were rated at 1000 VDC; however, theair variable trimmers were rated at
only 350 VDC and thus provide the Iimiting condition for power handling.
The voltage handling could be improved to at least 1000 volts by using only
flxed capacitor combinations or else by substituting vaccuum variables for
the air varlable trimmers,

The antenna winding is protected from the primary power source via the
transformer winding which operates at a 50 ohm l|evel on the primary at ac.
|f used with a radlo driven from a |2 volt source, for example, a series
current=limiting resistor of 1.2 ohms wpuld IImit the current to 10 amps,

A current=limiting resistor of up to 5 ohms could be added to the antenna
winding ( 2,5 ohms to each balanced side ) with little performance
degradation, In addition, the antenna is completaly enclosed in metal except
in the region of the feed gap in the electrostatic shield which Is plastic.
This should provide some Inherent protection agalnst methane Ignition If

the enclosure is made gas-tight.

=12~



The performance considerations presented early In this section are
predicated on having an antenna of fixed dimensions which Is not
degraded by variations in mounting or by proximity to lossy objects
when used. These considerations are, thus, more appropriate for
vehicular antennas than for portable antennas. Knowledge of these
considerations logically leads to a design procedure which will
give a near-optimum antenna of either type, however,

A portable antenna has different and subjectively more severe design
requirements than a vehicular antenna. To lend insight into the overall
portable antenna probiem, it will be useful to list several of these
requirements, These Include:

(1) The antenna must be flexible or at least semi-flexible,
The antenna, to be operationally useful, must bs "worn"
by the operator in "bandolier" fashion ( over one shoulder
and under the opposite arm ) to provide a non-restrictive
"hands=off" user capability.,

(2) The antenna tuning and matching clrcultry should be
provided integral to the radlo enclosure to minimize bulk,
potential damage, and to maximize current transfsr,

(3) The antenna should be tuned for placement on a person's body.
The antenna will be deQ'ed automatically by placement on
a person's body ( equivalent to added series resistance)

(4) According to (3), the antenna must accomodate a "detuning"
bandwidth range due to shape changes when worn.

The approach to portable antenna design in this program has been to try
and establish an upper bound on NIA performance for the raw unmatched
antenna based on variations in antenna design parameters which can be
handled with the antenna design algorithm; then to compare the effect

on the raw antenna of "wearing" a configuration approximating this upper
bound, This has been accompllished by using the antenna design algorithm
to trade off antenna wire spacing, wire size, and number of turns;
selecting a set of parameters; and running comparative tests of this
configuration with other confligurations, A configuration was chosen which
represents the probable largest size of a flat strip configuration using
equally spaced turns, The large size included the greatest {ength, width,
and wire size conceivable to be feasible for such an antenna. The testing
was conducted by BuMines comparing this configuration, first, with a
similar spaced turn configuration of smaller size ( and using stranded
wire instead of the Litz wire used in the upper=iimit configuration ) and,
second, with the RACAL antenna.

Previous experience with portable antennas has been with the rigid

el liptical shaped antennas built by ECAM and by Collins whereby a "bunch"
of stranded wires were Qlaced Inside an approximate 3/4-inch diameter
plastic tube of 0.217 m  area. These antennas both had a sel f-contained
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matching network to 50 ohms. The Colllins antenna used 7 turns of #18
wire and at 520 KHz, the antenna Q was 44 and the bandwidth was |2 KHz,
The NIA was approximately 2.5 for an assumed 20 watts input.

This type of antenna has been since deemed impractical for use In coal
mines because of its rigid configuration and because the coax connecting
the antenna to the radio was always getting In the way. The Collins
antenna, by virtue of the "bunched" rather than spaced turns was
wire-resistance |imited and unsulted for efficient operation a2bove | MHz
( resistance increases from |0 ohms at | MHz to 75 ohms at .5 MHz ),

The choice for evaluation during this program was the flat strip consisting
of equally spaced turns due to +he expected Improvement in raw antenna
performance ( higher sesonant frequency, higher Q, lower wire resistancs,
amd lower Inductance ), The range of practical antenna lengths for 2
portable antennas was estimated to be frgm 5 feet ( area of about 0,15 m )
to about 6,2 feet ( area of about 0.23 m ., The wire configura+ion built

for testing ( illustrated in Figure 2 together with the comparzbie BuMines
smaller configuration) conformed to the following:

ELECTRICAL
Area 0.23 m2 ( approx, for elliptical
shape computation)
Turns 6ea #1700/44 L1tz ( same as vehicular)
spaced 0.67 inches
Measured Measured Computed
(bench) (on body)
Lo 34,5 uh 30,6 uh
Q 500 KHz 310 250
1000 KHz 430 200 755 Litz
213 solid
Bandwidth 500 KHz (612 2000
I000 KHz 2496 5714 1325 Litz
4691 solid
MECHAN | CAL
Maximum length 74 Inches
Maximum width 3.5 inches ( winding)
Construction winding skin=packed ( polyethyl!ene )

to 6=inch wide strip of fibreglass cloth

=14-
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Six turns were used fo provide compatabllity with existing designs for
comparison purposes as the raw antenna data only was to be compared,
The test design was not optimized in the sense previously discussed in
this section., For a raw antenna, assuminc a perfectly lossless matching
basis, the highest NIA ( and highest Q ) occurs for 4-5 turns; so, 6
turns are adequate to enter the relatively flat quasi-=turns-independent
region in NIA at the low turns end of the region,

The comparative ftesting showed little if no advantage of the test design
vs the smaller-in-crossection BuMines configuration when placed on the
body ( comparative G's of 200 vs |60 ). There is a question of whether
or not a final loaded Q of as great as 100 is feasible for portable
antennas due to potential detuning variations,

There was substantial difference between the resonant frequency of

all three antennas tuned on the bench compared with tuning on the body.

For all three cases, the frequency shift ( for the same tuning capacitance )
varied from 20 KHz @ 500 KHz to about 50 KHz @ 000 KHz, We know that
tuning on the bench is not a reailistic condition, however, and comparative
tuning on several different bodles would have been better. Collins found,
for an antenna Q of 44 @ 520 KHz, that careful tuning of thelr antenna

in air ( antenna suspended from the ceiling ) did not differ significantly
in frequency shift from tuning on a person's body. A truly optimized

antenna may not permit this latitude, however,

As can be seen, considerably more work needs to be done to derive optimum
portable antenna performance characteristics. The work accomplished on
portabie antenna design and analysls during this program has shown:

(1) there Is probably no advantage in using antennas of larce
crossection ( size of wire and wire spacing )

(2) there is probably no advantage in using Litz wire

(3) it would be very difficult to build an antenna with bandwidth
of less than 6 KHz @ | MHz even if this |ow a bandwidth
were proven to be feasible

(4) at least 5-6 turns are required on a portable antenna to enter
the quas!=maximum NIA range.

To complete a design for a portable antenna, the following steps should be
taken:

(1) determine the radio PA output source Impedance level and
the practical maximum drive current level

(2) determine the Q ( equivalent added series resistance ) which
can be provided using high quality tunling compcnents for
a matching circult Implementablie In the radio package

(3) determine the minimum allowable bandwldth from detuning and

modulafion considerations ( 12 KHz appears to be feasible
from the previous Collins work )

=16~



(4) choose an antenna crossectional slze including overall width
and wire size

(5) use as many turns as possible while keeping wi+thin toth the
NlA=flat range and the constant power portion of the intrinsic
safety curve(s)( fhis means trading off turns vs total
equivalent series resistance in the PA=tuning circult=antenna
path )

(6) pad with additicnal current=limiting resistance to obtain
the amplifier current |imit+ and/or the minimum bandwidth

Note: The optimum design will probably be wire=resistance limi+ted due to
the added equivalent wire resistance caused by losses in the human
body. Any padding will probably facillitate only intrinsicly safe
operation and, if used, will result In some devrease in performance,
The resulting design may still have an YIA comparable tc a vehicular
type design of the same size, however, as the Impedance tevel will
be lower than the 50 ohms dictated by use of coaxial cable connecting
separated transmitter and antenna

=17-



3.0 TECHNICAL APPROACH
3.1 GENERAL DESCRIPTION

The departure point for this work [s based on results obtained during
the previously referenced Contract H0377013 ( Wireless Communications
for Trackless Haulage Vehicles ), This work led to an antenna design
algorithm for use In antenna parameter studies. Preliminary enalneering
mode! testing resulted in the definitlon of a vehicular antsnna
configuration and revealed several!l [mportant resul+ts.

The antenna design algorithm will be delineated In the next subsectlion
together with some new work which allows the incorporation of Litz wire,
The results of this previous testing include:

(1) use of turns spaced as far apart as possible results in the
lowest impedance, highest Q raw antenna configuraticn for
a given number of turns

(2) a multi=turn winding may be enclosed within an electrostatic
shield with only a single circumferential gap and still achielve
the multi=-turn effect

(3) If the turns are symmetrically located within +he electrostatic
shield and balanced-fed, then the shield has a negligible
effect on antenna inductance

(4) | f +he electrostatic shield |s constructed-of non=ferrous
metal and if the antenna winding is disolaced s!ightly from
a ferrous mounting surface, then the winding resistance Is
comparable to that in absence of the shield and *he mounting
surface

(5) 1f the Individual turns are connected so that adjacent =lectrical
turns are not physically side=by-side, then ths distributed
winding capaclitance is minimized and the winding resonant
frequency s maximized

These results led to definling the vehlicular loop configuration i!lustrated
in Section 3.2.4 where the electrostatic shield provides a rlgld rugged
enclosure sulted for use on mine vehicles. The engineering mode! te.ted
during the previous program employed 7 turns within a 3/4<inch ID shisld,
Analysis at that time suggested that up to 13 turns within a I=inch ID

(1 1/4=inch OD ) shield would probably work better. The mounting concept
for the vehicular antenna was that of using a magnetically mountable frame
for the antenna.

The results lended further insight toward the use of paralle! spaced turns
arranged in a flat strip for portable antenna use.




3.2 THEORET ICAL BASELINE

3,2,1 ANTENNA DESIGN ALGORITHM

During the Wireless Communication for Trackless Haulage Vehicles program

( USBM Contract with Collins, HO377013 ) an algorithm was developed to
compute the impedance and NIA of multi=turn loop antennas., Although the
algorithm was originally intended for use with spaced turns In a single=~
layer solenoid configuration ( suited for man-carried antenna analysis ),

it was found to be appliicable for use with spaced turns in a circular
configuration enclosed by an elaectrostatic shield ( suited for vehicular
antenna analysis ) providing that the winding configuration was chosen

for minimum distributed capacitance and providing that the winding was
balanced-fed with the electrostatic shlield being placed at ground potential,

The algorithm was programmed for the HP=67 calculator so that parametric
antenna data could be computed., The algorithm is given agaln in this
subsection,

The antenna inductance, L , Is given by

where, LO is the low frequency Inductance given by

Zsls2

nD

—
"

2
0.02339 n [(sI + SZ)lOQIO

-5 toglo ( S +g) - S, !ogIO ( s, +g )]

(s, +s,)
0.01016 n° [2g - ]
2

+

microhenries
S;s Sy are the side lengths in inches

g Is the diagonal In Inches
n is the number of turns
D Is the wire separation In inches
f_ is the self resonant frequency given by

[

Zﬁ/Lo C

C Is the distributed capacitance of one turn
and Is

| 0w O



2

D

! (—) (36 x 10%)

cosh

4 is the length of one turn in meters
d is the wire dlameter in Inches
DI Is the effective wire separation In inches

Dl Is greater than D by ahbout 17%

The antenna resistance, R, Is given by

where, for copper,

Ro is the low=frequency resistance given by

R = -9-=§-§'—[| + 25.67(——L——)2]F 2, x 10~ ohms

(0]
d o/fe.

I+ =nJfg In inches

The NIA product for matched conditions into 50 ohms is given by

_ 50
NITA = NA !o ="

where, 'O Is the Input current into 50 ohms
(exp., 0,632 amps for 20 watts )

The antenna reslistance Is that for sclid or stranded copper wire. The use
of Litz wire has been conslidsered during this program to reduce the wire
resistance component of the total antenna series resistance includling losses
external to the winding. The characteristics of Litz wire are considered

in the next subsection.
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3,2,2 LITZ VS SOLID WIRE COMPARISONS

Litz wire consists of a number of separately insulated strands woven
or bunched together so that each strand tends to take all possible
positions In the crossection of the entire conductor. The purpose of
Litz wire Is to reduce skin-effect losses by distributing the flow of
radio frequency current more uniformly over the wire crossection,

The use of Litz wire may or may not have a practical advantage over
normal solid or stranded wire for mf antenna designs, depending on the
overali toss resistance in the complete matched antenna and the magnl-+tude
of the component of this loss reslistance attributable to wire resistance.
The objective of using LItz wire assumes that the wire resistance
component will be significant and therefore ( in at least the prototype
development) is to minimize the dependancy of this total series antenna
circuit loss resistance on the frequency dependent wire resistancs
component, This offers the possibility of obtaining near constant
antenna bandwidth over a range of frequencies. This bandwidth is, In
principle, obtained by adding a fixed non-frequency-dependent resistance
at the antenna terminals.

The resistance of Litz wire is frequency dependent with the resistance
being a function of the overal! wire diameter, d, the strand diametsr, 4 _,
and the wire-wire spacing, D. A low frequencies, the use of Litz wire
results in a significant reduction in the low=frequency ac resistance, R _.
At higher frequencies, typically | = 3 MHz, the advantage disappears and
Litz wire can actualiy have a greater resistance than solid wire. This
latter effect is primarily a function of the strand diameter, d_, and
operation at higher frequencies requires a smaller strand dlamefer and,
hence, more strands for a fixed desired wire diameter.

Terman gives an expression for the ratio of R to R, for Litz wlre.

Fo antenna design, we are most Interested in +h& ratid“R LITZ / R LID
so that the R LiTz 3" be used wlth the loop antenna des?gn élgor?éﬂm.
The author ha8-neVer seen curves of this ratlo plotted In the lltsrature,
so these curves as applicable to antenna design were developed as part
of this program and should serve as a standard reference for the future.

The appropriate formulations for R / R, and R / R, will be
derived and then raticed to obfalno¥égzabovgcmeasurgsgklEl+z S?re
advantage for antenna design.

For a solid wire,

d 2
ROSOLID / Rdc =H + A ( N )T G
Kbm )
where A for multilayered colls = z( )
D
with Kb/D = 5 typically and with m 53
layers typically, so that A = £(15)7 = 56,25

G Is a proximity factor for multilayer
coils varying nearly l|linearly with x
( x=0,1087 d f? for copper) for larger
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values of x so that G Is approximately
equal to 0.0439 4 f.

H is the ratio by which R c of an isolated
wire is multiplied to give Rac and =
approximately 0.0962 d ¥ fof copper.

therefore, e d >
RosoLip / Rge = 0:092d7/F + 2.469 d {f (—5—)
For Litz wire,
d
2 52 d -
R / R = | +n G ( ) 2+ A ( )
olL!1TZ dc
d D
4 -4 4 2
where, G = approx., x /64 = 0,873 x 10 ds f
d3 n f
-4 S 2 . L2
RoLITZ / Rdc =] +0.878 x |0 ( ) ) 2 + 56,25 (—5-)

The ratio of these quantities has been evaluated for a range of parameters
useful in antenna design and the results are given as Figures 3 through 5 ,
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FIGURE 3

RESISTANCE OF LITZ WIRE COMPARED TO SOLID WIRE
FOR FIXED OVERALL DIAMETER AND STRAMD DI!AMEIER
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3,2.3 INTRINSIC SAFETY PARAMETERS

Intrinsic safety requirements are geared toward preventing potentially
dangerous dc sources from producing arcs which might expiode a methane=-
air mixture under fault conditions in coal mines. The curves for minimum
voltage=-current combinations, minimum ignition current in inductive
circuits, and minimum ignition voltage in capacitive circuits apply
strictly to dc excitation of circuits. The ac excitation of antenna
circuits at radlio frequencies are not explicit!y covered by the curves.
The proceedure for inductive circuit protection now being applied
involves Isolating the antenna circuit from potential dc sources
through the use of blocking capacitors, The requirements for these
blocking capaclitors come from UL=913 whereby two capacltors are placsed
in sertfes and then tested for voltage breakdown with an ac voltage tevel
equal to twice the working ( potential fault ) voltage + 1000 vol+ts rms,

I+ is reasonable to expect that arcs from ac sources at radlio frequencies
under fault conditions could explode 2 methane-air mixture In a clrcuit
not intrinsicly safe at dc. It Is also reasonable to assert that dc
circuit performance represents the worst case; thus, a circult which is’
"dc intrinsically safe" will also be "ac intrinsically safe".

I+ is probably to the designer's advantage +to take any steps ‘oward
making an antenna '"dc Intrinsically safe', ocver and above any blocking
isolation, if +his can be accomplished without serious performance loss.
This could be termed the "inherent safety factor" of the antenna.

Toward evaluating ac Intrinsic safety, It may be worthwhile to define
operating power levels for which the antenna would be Intrinsicly safe
If the dc and ac .parameters were the same and the dc curves could bs
applied.

I+ Is possible to at least partiallypotect a loop antenna without loss
of performance so as to achieve some I[nherent safety. Thls Is possible
because the NIA of a loop antenna of restricted dimensions is relatively
constant over a range of numbers of turns and because there ars ac losses
in the antenna other than those encountered in the wire resist=ance,
Specifically:

(1) impedance level; the antenna low-frequency wire resistance
should be as high as is practical wlthout reducing NIA In
order to minimize the peak current which could flow In the
circuit. This Is accomplished by using as many turns as
possible,

(2) added series loss; the antenna matching clrcultry losses will
produce an equivalent series antenna loss resistance In addition
to the wire resistance. A lumped current=limiting resistor of
value comparable to the above |oss reslstance can be added
wlthout reducing the MIA significantly. The lumped resistance
will retaln its value at dc whereas the wire resistance will not.



I+ is better, in designing to a fixed allowable wire rasistance,
to use Litz wire and then add a lumped current={imiting
resistor than to use solid wire or stranded wire having the
same resistance as the Litz plus the lumped resistor,

Assuming the dc curves apoly, the current in the toop as a function of
input power is given by

2___ P .
2T L(BW)

In terms of stored energy,

112 2 P
4 71 (BW)

where, P is the input power
L is the inductance
(BW) is the 3 dB bandwidth

so that for a fixed maximum energy level, the allowable bandwidth Is a
function only of the input power. |If for a fixed input power and bandwidth
the current is to be minimized, then the current is inversely proportional
to inductance, so the inductance should be as large as possible whiie stil|
maintaining the bandwidth.

The minimum ignition current curve Is given for 24 volts and essentially
plots a constant energy level, which determines the bandwidth power
relationship for that voltage level. For other voltage levels ( as defined
on the voltage-current curve ), the constant energy level varles. |f the
antenna parameters are fixed, as in any particular design, then the

power cannot be independent of energy level and must follow the voltage-
current curve,

The inductance of the vehicular antenna 2 | MHz will be shown In the next
section to be approximately 190 uh . To illustrate possible power=bandwidth
limits for "ac intrinsic safety.'", calculations were made assuming

(1) a constant energy cof 0.5 milll joule

(2) energy-power as defined from voltage-current curve
and antenna parameters

(3) Inherent intrinsic safety provided by 5 and 10 ohm
current=limiting resistors

The results of these calculations are given In Figure g . This figure shows
the voltage-current derived condition to be the most stringent in restricting
the minimum bandwidth for higher power levels for a 50 ohm matched antenna.
Using this condition as the basis, a 10-ohm current limiting resis*or ( for
example ) provides Inherent protection up to a power level of about || watts.
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3,2.,4 ANTENNA WINDING CONFIGURATION CONSIDERATIONS

The generic configuration of the vehicular antenna winding is illustrated
in Figure 7 . This shows both the winding and the electrostatic shield.
The winding crossection has two important aspects; the wire connection
arrangement and the symmetry of the circularly arranged spaced turns for
balanced excitation, The overal! winding acts as a near=-perfsct transformer,
transforming the current in each winding turn into current flowing on the
outside of the electrostatic shield considered as a single turn when
transmitting., The net current flowing in the spaced turns excites a
current flowing on the inside of the electrostatic shield which flows
"around the corner" at the feed gap and on the outside of the snhield as

a single turn, This is truly low=-impedance current coupling. On receiving,
the converse happens; however, the open circuit voltage induced across

the gap due to an incident electric field does not exclte current :flow

in the internal windings.

The connection of the winding turns in relation to one another Is made is
a manner which distributes the turn=turn capacitance so that nc adjacent
turns are connected together consecutively and the adjacent *urn is
several furns away capacitively., Also, +the entire winding potential is
never across two closely spaced turns but Is across turns spacsd at least
a third of the way around the circular arrangement, The connzc*ion
arrangerent shown in the figure is the one used for the prototyp=
vehicular antennas to be described in the next sectlon, The balance Is
Illustrated by the + and = sians attached to the turns. For balanced
excitation, there are as many + turns as - turns with symmetric potential
so the distributed differential mode coupling to the Inside of the
electrostatic shield as appeard across the winding concels out, There
is, thus, no increase in distributed capacitance due to the electrostatic
shield,

The generic configuration of the man-carried antenna Is shown In Figure 2 .
This is a flat spaced turn antenna of fixed total width so that an

Increase in the number of turns decreases the turn=turn spacing. Several
connection arrangements of the winding turns are possible. As a final
matched and evaluated antenna was not dellvered to the Bureau for the
man-carried configuration, no preferred configuration arrangement for

the turns has been established.
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3,3 SELECTION OF DESIGN PARAMETERS

This section covers the use of the antenna design algorithm to investigate
parameters for the vehicular antenna, with the subsequent selection of a
particular set of parameters for the prototypes.

The first winding parameter to be selected was the wire size within the
constraint of providing a variable number of turns to fit within a
nominal 1i=-inch copper electrostatic shield ( ID = 1,265 inch ) allowing
for a smail spacing between the wires and the inside wall of the shield
tube. The effective maximum diameter of the antenna winding crossection,
center-center, was chosen to be I=inch., The tubing size itself was

chosen as a compromise to provide a reasonable amount of antenna area for
a maximum antenna height of about 8 inches when in the vertical position.
The result was the selection of 6=inches center-center in vertical height
between the winding crossectional centers with a standard tubing diameter
of 1+ inch es. Based on the Trackless Haulage engineering prototype data,
the number of turns was expected to be less than 20 with a cuess of
roughly 12 turns at maximum diameter as being nominal. The wire=wire
spacing range was bounded to be within 0.125 = 0.50 Inches; governed

by the number of equally spaced turns In circumference around a |=inch
circle.

With the nominal spacing range chosen, the wire size range was bounded

to lie roughly between i-inch as a maximum and a quarter of that as the
minimum, Parametric data for the ratio of the resistance of Litz wire

to solid wire was run for a range of Litz strand diameters; keeping

the resistance ratio less than unity up to at least | MHz. The bounding
range of strand diameters was placed to be from #46 to #36 wire. This
parametric data is given in the previous subsection as Figures 3, 4, and
5. The wire size was chosen as being O.!15<inch In diameter corrsesponding
to 6800 clircular mils and consisting of 1700 strands of #44 wire,

The remaining major antenna parameters to be chosen were the antenna
length and the number of turns ( which also dictates the wire-wire
spacing ). These parameters were investiagted in terms of antenna NIA

and bandwidth, assuming | amp into a 50 ohm antenna as a reference

( 50 watts ). The bandwidth range for bounding purposes was taken to

lie between 3 KHz as an absolute minimum for SSB modulation and 12 KHz

as a2 minimum for FM modulation. It was recognized that these bandwidths
could be used for analysis evaluation purposes even though the achi=vable
"loaded" bandwidth In a practical design was, as yet, unknown,

Parametric data was run over a range of turns from 6 to 20 for antenna
lenths from 2 o 4 feet.at a frequency of 1000 KHz ( the optimum frequency
as determined from the previous mf measurements for coupling Into

existing mine wiring ). This data Is shown plotted in Figures 3 and 9,
These curves clearly show that NIA is falrly constant over a range of
turns for a constrained antenna crossection ( wire-wire spacing decreases
linearly with increase in turns ) and then rapidly drops off as the
antenna resonant frequency is approached. At +his point in the analysls,
an antenna [ength of 3 feet was chosen.
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Figures 8 and also show bandwidth conditions for the raw antenna. For
the 3-foot antenna, the use of 12 turns ( for example ) provides Just over
a 3 KHz bandwid+th for Litz wire compared to a |12 KHz bandwidth for sollid
wire. A calculation was made to determine if the NIA were higher for a

12 KHz bandwidth antenna |imited by natural wire resistance ( Litz ) or
limited by fixed resistance padding of the above |ower bandwid+h design.,
For this calculation, to Increase the natural bandwidth to 12 KHz, the
nominal |=inch dlameter of the spaced turns winding was decreased to
3=-inch with the nominal wire-wire spacing decreasing from 0.250 inch to
0.125 inch. Figure 9 shows that the padded NIA Is always higher.

Recognizing the need to use as many turns as possible to keep the
impedance level high in order to counteract losses in the antenna matching
circuitry, the number of turns was chosen to be |2, This is the number

of turns for which a 3-foot antenna and a 4-foot antenna dellver equal
performance,

With these parameters chosen, NIA and bandwidth for the raw antenna

were computed as a function of frequency from 100 KHz to 2000 KHz., These
results are given in Figures || and !2, Figure Ii shows the effect of
using fixed resistance padding to achleve the bounding minimum bandwidths
of 3 and 12 KHz. Using this padding, the NIA Is seen to be essentially
frequency independent. This Is an inherent property of an inductive
circuit.

These raw ( unmatched ) antenna results will serve as a basis of comparison
for the prototype performance actually achieved as dliscussed in Secticn 4.0,
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FIGURE 1|0
NIA COMPARISOM FOR 6-INCH BY 3=-FOOT
VEHICULAR ANTENNA DESIGNS FOR 1700/44
LITZ WIRE FOR 12 KHZ MINIMUM BANDWIDTH
@ 1000 KHZ AND BELOW - OPTIMIZED FOR |&
INCH ELECTROSTATIC SHIELD
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FIGURE |1
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4,0 VEH!ICULAR ANTENNA PERFORMANCE

This section presents selected design details of the vehlcular antenna
prototypes and measured performance characteristics. Conclusions are
also drawn between the measured results obtained with the prototypas
and increased performance achievable with additional design effort in
the impedance matching area,

Two vehicular antenna prototypes were buitlt, Originally, these prototyoes
were to differ in bandwidth; one +o be as near 3 KHz as possible and +he
other to be as near |2 KHz as possible. Later in the program, it was
decided to build them in an essentially identical manner' tuning them

to different frequencies of nominally 520 and 920 KHz.

These antennas were wound with the connection arrangement 1| lustrated
in Figure 7, The turns were laid out and attached to a thin plece cf
styrofoam as individual wires ( broken between turns | and 4 ) then
folded into a circle and pulled through the tubing. The connection
arrangement provided for a slight overlap between turns 6&! and 4&7
when pulled through "corners" of the tubing having restricted diameter,
The winding turns were then connected together in the junction box
attached to the tuning ( see Figure | ). Unfortunately, one of the
antennas was inadvertently connected in a reverse arranaement to that
shown in Figure 7 which resulted in higher distributed capacitance. It
was decided to make this the 520 KHz unit where the lower frequency
minimized the effect of this inadvertsnt mistake. The raw antenna raactance
is shown plotted in Fiqure 13 along with the computed rsactance,

The antenna matching was accomplished using a balanced capacitive L-section;
transforming the antenna impedance to 200 chms talanced. A ferrite /:|
balun transformer ( provided by the Bureau ) was used to down=transform
from 200 ohms balanced to 50 ohms unbalanced for the coaxial input. The
capacltive L-section schematics are given in Figure |4, The ferrite balun
is illustrated in Figure 15, The L=section components were braedbo~rdad
on a small piece of printed circult board, The L-section components were
chosen from those locally available, The |imiting component type from 2
power handling standpoint was the trimmer capacitor. These are referr=zd
to in the figures as air variable; actually, they were of the layered
type having strips of mica between metal plates and alr. Increasing

screw pressure provides Increased capacltance with decreased spacling
between the layers., The power handling properties could have been
improved if vaccuum variables had been available., The L=-sections provide
for variable tuning via one of the series trimmer capacitors which is
outboarded and available for external adjustment by removing the screw
cap on the top junction box port. Wider adjustment range Is possible by
opening the tuning enclosure and adjusting the other serlies and shunt
trimmers, No special provisions were made in the prototypes for intrinsic
safety.
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Tuning curves for the prototype antennas were obtained for both
dielectric and ferrous metal surface mountings. Also, spot frequency
shift data was gathered at the nominal tune frequencies for each an+enna
when the loop orientation was changed from vertical to the 45-degree
position, The tuning curves are presented as Figure 16 and 17, The
detuning data and the "loaded antenna bandwidths of 14 KHz & 520 KHz

and 20 KHz @ 920 KHz are summarized in Section 2.1.2.

The analysis of the prototype antenna performance is prasented in Table |
where the various antenna losses are partitioned. The prototype

antenna bandwidths are |imited by the ferrite transformer and tuning
capacitor losses, These losses could be minimized by additional dasign
selection of higher Q capacitors and through the use of higher frequency
ferrite in the transformer. It is estimated that proper design seiection
could result in antenna Q's in the 100={50 range which would give
unpadded bandwidths in the 3 = 5 KHz range using the same prototype
antenna windings. This would permit the use of fixed padding resistance
to adjust the bandwidth to the desired level to accomodate detuning

and type of modulation, The increase In measured bandwidth with operating
frequency was dus to the frequency dependence of the matching circui+
losses. Minimizing these losses and providing fixed resistive padding
would provide near-constant bandwidth over the 500 KHz - 1000 KHz range.

Eventually, a two-frequency matching scheme will be required for these
antennas., A possible means for accomplishing this would be to separately
transform the series resonant resistance of the antenna ( occurrinc at

a lower frequency selectable by adjusting the 50-chmd transformer prirary
impedance level for the L-section match ) with a conventional!l transformer.
Switching between the transformer Inputs may be required when changing
frequencies, This would circumvent the probabie high clrculating current
of a multi-pole network to provide two frequencies on a strictly passive
matching baslis.
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FIGURE 14
BALANCED TUNING CIRCUITS USED IN VEHICULAR ANTENNA PROTOTYPE MATCHING
TO A MATCHED |IMPEDANCE LEVEL OF 200 OHMS

520 KHZ CIRCUIT

(A)

/
1100 PF (C)
(A) 2400 PF| 3000PF
— - £ @] (© ‘
BALANCED ANTENNA ITNPUT BALANCED TRANSFORMER QUTPUT
160 PF (C)
1100 PF (C)

J{I (A)

920 KHZ CIRCUIT

> (8)
BALANCED TRANSFORMER OUTPUT (8) —& —— 100 PF (C) BALANCED ANTENNA INPUT
. Fd .
Al ®
(A) 1135 - 680 PF AIR VARIABLE TRIMMER 350 VDC MNOMINAL RATING
(8) 70 - 480 PF AIR VARIABLE TRIMMER 350 VDC NOMINAL RATING
(C)  SILVERED MICA FIXED CAPACITORS 1000 VDG NOMINAL RATING
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TABLE I

PERFORMANCE DIAGNOSIS FOR VEHICULAR PROTOTYPE
ANTENNA ( WOUND PER SECTION 3,2,4 ) AS OBTAINED

DURING PRELIMINARY TESTING @ 476 KHZ

ANTENNA TUNED AND TRANSFORMED
WITH TUNING CKRT IN ENCLOSURE

ANTENNA TUNED AND TRANSFORMED
WITH TUNING CKRT NOT ENCLOSED

ANTENNA TUNED BUT NOT TRANSFORMED
WITH TUNING CKRT NOT ENCLOSED

ANTENNA NOT TUNED( RAW ANTENNA)

TUNING CAPACITORS( 100 VOLT
SILVERED MICA)

TRANSFORMER

ENCLOSURE

-45=

3741

47,2

90

404

1o

R BW
1.3 12,830
8.9 10,084
4,67 5,289
.04 1,166

3,63 OHMS OF LOSS

4,23 GHMS OF LOSS

2,42 OHMS OF LOSS



5.0 ANTENNA COUPLING TO MINE WIRING
5.1 GENERAL CONSIDERATIONS

Antenna coupling to mine wiring is a functicn of antenna range away
from the conductors, the antenna deslgn parameters, and detalis of
the mine topology including location of conductors relative to the
crossectional geometry of entries and crosscuts.

Previous estimates of coupling ( made by the author ) have svolved

from mf propagation studies with antennas located remotely from the
conductors based on both measurements and computations, above ground
measurements with a large loop close to conductors lying jus*t above
ground level, and calculated estimates in close proximity +o conductors
which neglect geometry effects. While the remote estimates are

probably satisfactory for system design purposes, the previous conductor
proximity estimates have not Included geometrical effects or a set

of representative antenna parameters.

The coupling Is defined as the ratio of +he current in the an*zrna
to the net monofilar current in the conductor ensemble ( or visa versza,
depending on which is assumed to be the transmit current.

The previous conductor proximity coupling estimates place the coupling
at <25 to =30 dB wlth the suggestion that the coupling varies nanly
slowly with range away from the conductors as lcng as the antenna is
In the same entry as the conductors.,

Analytically derived coupling estimates are difflicult, if not impractical,
to perform due to the complex geometry of the aentry crossectlons with
conductors and because of the number of geometry related variables
involved., As an alternative, the coup!ling can be estimated using graphical
quasi-static fleld mapping. Thls technique has been proven ovar th=

years to yleld results of sufficient accuracy for engineering ourposes
while permitting the inclusion of complicated geometries., As example of
this Is the coupling when an antenna is vehicular mounted compared to

+he coupling when the antenna Is Isolated or man carried.

The graphical field mapping technique, to be described more fully In +the
next subsectlon, provides a unique solution of LaPlace's equation for ths
geometry Involved and depends only on the orthogonality between equipotential
and flux |ines which are plotted so as to form "curvilinear squares", The
approach fo be used in this work considers the static fleld to be set up
by a net codlirectional transmitted current in the |ine source conductor
ensemble and the receiving antenna to be small so as not to disturb the
field shape significantly, Using the fleld configuration for +he conductor
ensemble ( as opposed to that from the antenna as a *transmitter) make

the problem a two-dimensional one as the fleld configuration Is presumed
to be Invariant with longitudinal distance down the sntry.
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The computational technique involves determining the magnetic fisld strencth
at one or more desired locations on the fleld map proportional to current

in the conductors, using the field strength and antenna geometry +o compute
an open clircuit voltage at the antenna ( also proportional to conductor
current ), and then to use the antenna impedance information +o compute

the current driven in the loop for a given open circult voltage. The

antenna impedance and bandwidth data used In the computations to follow

are those determined from the vehicular antenna prototype develcpment,

5.2 DESCRIPTION OF THE TECHN!QUE
The magnetic flux per unit length in a two-dimensional problem is related

to the conductor current as

I[ AS
2 iuar

so that the magnetic field strength Is aiven by

i|A<}

20 ar

where a€©-is the angular width of ths flux tube
ar ls the differentlial rangs of the
curvi ! inear square

l‘ Is the net monofilzar conductor current,

This relationship Is Illustrated In Figure showing the mapping of the flux
and equipotential |lnes away from the famillar Isolated |lne source. In

this particular case, as A€and Ar become vanishingly small, the crid shape
becomes a perfect square and

Ar—-»AY, the arc length subtended by AQ-

asafl=rae

A = a© |
then = =
af Ar r
ll
so that H = ~~——— |, the known resul+
2iir
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For each case, the flux and equipotential |ines are drawn to form
"curvilinear sguares" and are subdivided with sufficlent granutarlity to
define the field at one or more desired points. The flux lines represent
equally spaced angular divisions close to the conductor ensemble, so
that

21

AS

number of |ines/360 deg rotatlon around the conductor

2n

Ar 1is read in meters off the scaled mapping agraph.

The loop open circuit voltage is given by
]Vocl= wu (NAYH

where (MA) is the loop area-turns product

Assuming matched conditions,

lvoc' — - ivocl QA
= IILL the loop current, = =—————————
ZRL 2 XL

where, R is the loop tuned resistance

L

XL Is the loop reactance

QA Is the antenna Q
so that the complete expression for the coupling ratio Is

||L ) ol (NA) QA ) Wy (NA) QA

|
||'| AMAar X 2nAr X

L L
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5.3 ENTRY CROSSECTIONAL GEOMETRY

Many geometries are possible. Generally, If the conductors arz2 close to

the antenna and ont obscured by a vehlcle the coupling loss will bs minimum.
The worst cases are those with the conductor ensembles located eltrer
against the rib ( on roof or floor ) or near a vehicle with an antenna

on it such that the vehicle "masks" the direct path from the cnnductor(s)

to the antenna. These worst cases are not pathelogical worst cases, bu*t

are those commonly occurring and, so, are thosa which will bs used In

the analysis to follow.

Four cases were determined to be representative of these si*u=ticns;
particularly 1f more than one antenna location were chosen for avalu~+lon
per situation.

These sjtuations include:

(1) Conductor ensemble near roof & rib corner w/o a vehicle present
Antennas assumed to be located respectively ! and 2
meters away from the opposi+e rib and halfway between
the roof and floor

Note: the results are essentially the same for conductors
located near the floor & rib corner

(2) Conductor ensemble near roof & rib corner with vehicle nrasent
Antennas located alternatively on the near-side ard
far-side of the vehicle with respect to the conductor(s)

(3) Conductor ensemble near floor & rib corner wi+h vehicle nresent
Antennas located per (2)

(4) Conductor ensemble on floof close to the vehicle
Antennas located per (2)

A standard scale was used for the entry crossection and for the vehlcle
dimensions and location, The entry was chosen to be 2 meters high and 5 meters
wide, The vehicle helght was taken to be 2/3 meter and the vehicle wid+h was
+aken to be 2 meters, The vehlicle was assumed to be located | meter away from
the rib opposite the conductor(s),

5.4 PRESENTATION OF RESULTS

The four above cases along with the graphical fleld mappings are gliven In
Figures through . On each fligure are given the appropriate computed
couplings and coupling comparisons @ | MHz,

Antenna data used In the analysis Included:

(NA) = 1,67 me*l-er2 turns
@ 500 KHz, XL = ]456 ohms, Q, = 4|

A
@ | MHz , X_= J1000 ohms,Q, = 55
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f QA

The coupling data is given for | MHz only as the ratlo ———— 1Is nearly

X

the same ( 1,7 dB less @ 500 KHz than 2 | MHz ) for frequencles between
500 KHz and | MHz,

From these results, the following conclusions may be drawn:

]

(2)

(3)

(4)

(5)

Based on the antenna data, the coupling is nearly flat wi+h
frequency in the 500 - |000 KHz range ( less than 2 dB
di fference ).

The antenna mounted on the vehicle is within + 2 dB in
coupling compared to the case w/o vehicle mountling
(a) vehicle presence increases the coupling for high=mountad
conductors.
(b) Vehlicle presence decreases the coupling for low=mounted
conductors ( on floor ).

Assuming the antenna Is mounted on the battery box near one
side of the vehicle, the antenna if mounted on +he conductor
side produces 3=i| dB more coup!ing than 1f the ant=nna were
mounted on the side opposite the conductor(s)

(a) 3 dB for conductor on flocr against rib

(b) 8 dB for conductor near roof and against rib

(¢) Il dB for conductor on floor and i meter away from

the vehlicie,

For vehiclular mounted antennas w/parameters of prototvpse
for the assumptions of (3)
(a) Coupling Is =16 to =20 dB when antenna Is on conductor
side of the vehicle
(b) Couplling Is approximately =25 dB when antanna Is on
opposite side of vehicle from conductnr(s)
(c) Coupling is approximately =30 dB when antern2 is on
opposite side of the vehicle from conductor(s) but
wlith conductor(s) on floor near vehicle

For man-carried antennas symmetrically located betwean roof
a nd floor, coupling Is approximately =25 to =27 dB
respectively | to 2 meters away from opposite rib for elther

‘roof=mounted or floor-mounted conductor(s),
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