The Log-Periodic V Array

Here's a challenge — something to stimulate the
investigative instincts of the serious antenna enthusiast.

By Peter D. Rhodes, P.E..* K4EWG

Thc following presentation is designed
to familiarize the radio amateur with
another concept in antenna-array design
using driven elements. In two earlier
works, it has been shown that the Jog-
periodic dipole array (LPD) is a useful,
unidirectional, high-gain (7 to 10 dBd),
frequency-independent radiator.'** The
log-periodic resonant V array (LPV) is a
modification of the LPD array as shown
in (Fig. ). Dr. Paul E. Mayes and Dr.
Robert L. Carrel at the antenna
laboratory of the Untversity of [linois,
found that by simply tilting the ¢lements
toward the apex, the array could be
operated in higher resonance modes with
an ittcrease in gain (9 to 13 dBd) and a pat-
tern with negligible side fobes (Fig. 2).*

A higher resonance mode is defined as a
frequency that is an odd multiple of the
fundamental array frequency. For exam-
pie, the higher resonance modes of T MHz
are 21 MHz, 35 MHz, 49 MHz and so on.
The fundamental mode is called the 4/2
{half-wavelength) mode, and each odd
multiple as follows: 3472, 5h/2, 7472, ...
etc., to the (2n-1} A/2 mode. The
usefulness of such an array becomes ob-
vious when one considers an I.PV with a
fundamental-frequency design of 7 to 14
MHz that can also operate in the 3472
mode at 21 to 42 MHz, A four-band array
van easily be developed yielding 7 dBd
zain at 7 and 14 MHz and 10 dBd gain at
21 and 28 MHz, without traps. Also,
using proper design parameters, the same
array can be emploved in the S4/2 maode
to cover the 35- to 70-MHz band. The 7-
to 30-MHz LPV in use at K4EWG has
been in service for one year and has per-
formed well. However, minimum design

'References appear on page 44
*3125 Keenan Rd., College Park GA 30349
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A pedestrian’s viaw of the five-element 7- to 30-MHz log-periadic V showing one of the capacitive
hats on the rearmost element.
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Fig. 1 = LPV schematic diagram and definition of terms.
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Fig. 2 -~ Typical radiation patterns from the
Mayes and Garrel LPV in several modas. ¢ =
095 0 = 00268, p = 45" and N = 25,
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Fig. 3 — Harizontal radiation patterns of the
K4EWG LPV array,

parameters were used and it is oy opinion
that a more conservative design (two addi-
ttonal elements) would yield a narrower
half-power (3 dB) beamwidth on 40 and
20 meters, The author tested the LPV
theory under the most extteme minimam
design parameters (fewest elements and
shortest boom}, and the results confirmed
the theory (Fig. 3).

Theory of Operation
The basic concepts of the LPD array

also apply to the LPV array. The Princi-
ple of Similitude® is used in the LPD array
design. That is, a series of interconnected
“cells” or elements are constructed so
that each adjacent cell or element differs
by the design or scaling factor, v (Fig. 4).
That ts, if £ is the length of the longest
element in the array and £, the length of
the shortest, the relationship to adjacent
elements is as follows:

492 .
£ = -5 (Eg. 1}
1
By = 1l
£y = iy
£y = 1y, ete,
and, £, = Tk, _; (Bq. 2)
where
fi lowest desired frequency and

n = total number of elements

Assume d|; is the spacing between
elements #; and £;. Then d,_;  is the
spacing between the last or shortest
clements £, _; and !, where n is equal to
the total number of elements, The rela-
tionship to adjacent element spacings is as
follows:

o,
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17208 — fyycotea
dz3 = xdiy

= 1dxng
= 1dy

‘jn—-].n:Tdn-?..n—l (Eq. 3)
where
a = 1/2 apex angle in degrees

It becomes vbvious from an examina-
tion of the mathematical model that the
clements, wells of elements and their
associated spacings, differ by the design
parameter r. Each band of frequencies
between any { and tf corresponds to one
period of the structure. In order to be ire-
quency independent (or ncarly so), the
variation in performance (impedance,
gain, front-to-back ratio, pattern, ctc.)
across & frequency period must be negligi-
ble,

The *factive region™ is defined as the
radiating portion or “*cell”” within the ar-
ray which 1s being excited at a given fre-
quency, f, within the array passhand. As
the frequency decreases, the active cell
moves toward the [onger elements, and as
the frequency increases, the active ceil
moves toward the shorter elements. With
variations of the design coostant, 7, the
apex half angie, « (or relative spaving con-
stant a), and the element-to-element
feeder spacing, 8, the following trends
were found:

I} The gain increases as v increases
{more clements for a given f) and «
decreases (wider element spacing).

2) The average input impedance
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Fig. 4 -~ An interconnection of a geometric
progression of cells.
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Fig. 5 — Avarage directive gain above tsotropic
(dBi). Subtract 2.1 trom gain values to obtain
gain above a dipole {dBd),
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Fig. 6 — Weighted mear resistance level, Ry,
vs characteristic impedance of the leeder Z,
for various w angles.

decreases with increasing o (smaller ¢le-
ment spacing) and increasing 1 (nmore
clements for a given ).

3y The average input impedance
decreases with decreasing &, and increas-
ing conductor size of the element-to-
eiement feeder.

The LPV array operates at higher order
resonance points, as described earlier.
That is, cnergy is readily accepted from
the feeder by those elements which are
near any of the odd-multiple resonances
(472, 3172, 54/2, ete.). The higher order
modes of the LPV array are higher order
space harmonics® and hence, when an
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Fig, 7 — Dasign parameter, t, vs number of elements, N, for various operational bandwidths, B.

LPV array is operated ut a haif-
wavelength frequency shorter than_the
stallest element, the energy on the feeder
will propagate to the vicinity of the 3A/2
clement and be radiated. (See ref, 4.}

The elements are tilted toward the apex
of the array by an angle, w, shown in Fig.
1. The tilt angle, t, determines the radia-
tion pattern and subsequent gain in the
various modes. For each mode there is a
different tilt angle which produces maxi-
mum gain.” Mayes and Carrel did exten-
sive experimental work with an LPV of 23
clements with 7 = 0.95 and o = 0.0268.
The tilt angle, w, was varled from 0° to
65° and radiation patterns plotted in the

/2 through 71/2 modes. The gain curves
uppear in Fig. 5. The E- and H-plane pat-
terns are found in Fig. 2, Operation in the
higher modes. is improved by increasing t
(more clements) and decreasing o {closer
element spacing).
0= 1/4(1 -~ tycot e (Eg. 4)

When considering any single mode, the
characteristic impedance is comparable
with that of the LPD array; it is
predominantly real and clustered around
a central value, K,. The central value R,
for each mode increases with Z, (feeder
impedance). Thus, control of the input
impedance can be accomplished by con-
trolling Z,.

When multimode operation is desired, a
compromise must be made in order to
determine a fixed impedance level. The
mulitimode array impedance is defined as
the weighted mean resistance level, Rypp,.
Also, it can be shown that R, lies be-

tween the R, central values of two adja-
cent modes, {See ref. 4.) For example:

Rui72 < Rym < Roisz {Eq. 5)
where
Ra1/2 = A2 mode impedance, center
value
Raisz = 34/2 mode  impedance, center
value
and:
R, = '.'{E;ax * Risin {Eq. 6
Riax
VSWR = [ Rmx g, 7)

YV Bmin

The weighted mean resistance level be-
tween the 472 and 34/2 modes is defined

by
VSWR,,
Ryym =‘/Ro!r'2 Rz i

2TVEWR, {Eq. &)
where :
YSWR,,» = VSWR in 4/2 mode
VSWR1» = VEWR in IA/2 mode

Once Z,, and p have been chosen, Fig. 6
can be used to estimate the R,y value for
a given LPV array. Notice the dominant
role Z,, {feeder impedance) plays in the ar-
ray impedance.

It is apparent from the preceding data
that the LPV is useful for covering a
number of different bands spread over a

wide range of the spectram. It is fortunate

that most of the amateur bands are har-
monigcally related, and by choosing a large
design parameter, v = 0.9, a small
refative spacing constant, o = 0.02,and a

tilt angle of w = 40°, and LPV ould
easily cover the amateur hands from 40
through 6 meters!

Design Procedure
1) Determine ovperational bandwidth,
B, in A/2 mode:
B = 0 {Eq. 9)
t
where
fp = highest freq. in MHz
f) = lowest freq. in MHz
2) Determine = for a desired number of

elements, n, using Fig. 7.

3} Determine element iengths £; to f,
using Egs. 1 and 2..

4} Choose. the highest operating maode
desired and determine ¢ and w from Fig.
L

5} Determine ceil boom length, L.

2o (IE - tn)

b=y

(Eq. 10)

Note: [f more than one LPV cellis to be
driven by a common feeder, the spacing
hetween cells can be determined by:

Dz = 2018y

where
Dy -7 = element spacing between ¢ell |
{lower trequency cell) and cell 2
thigher frequency cell).
o) = relative spacing constant for cell 1
£u1 = shortest or last element within
cel] 1

6) Determine the mean resistance level,
Rym, Using Fig. 6.



The element-ta-boom detail is depicted here. Aluminum angle brackets, U bolts, and sections of
PVC tubing are shown securing each element to the boorn at two points. The 300-ohm twin-lead,
threaded through a piece of polystyrene and atiached to the foremost element, may be seen
entering the picture at the topfleft. The end of linear loading line, £4, is visibla near the bottom.

7y Determine  the element  spacings
using equations 3 and 4.

This completes the design.
Construction Considerations

The 7~ to 30-MHz LPV in use at

K4EWG has given good results and con-
struction data are warranted. However,
exhaustive detailed drawings and material
lists are omitted since it is my intent to
stimulate interest, rather than produce the
last word in amateur-band LPV glectrical
and structural design,

It may be of interest to note that both
linear and capacitive loading were used on
£4. The relationship in the appendix may
he used in estimating linear loading-stub
length and/or capacitive hat size if con-
struction constraints prohibit a full-sized
array. However, performance in higher
mode operations was less than optimum
when shortened elements were used.

The structural details van be seen in the
photos and more specific data can be
found in Table 1. Array performance pat-
terns can be found in Fig. 3. The array
was fed directly with 300-ohm twin-lead.

Summary

The LPVY provides frequency-indepen-
dent coverage of each of several frequency
bands. [n higher mode operation, 2 to 3
4B of additional gain can be obtained
from the same physical structure without
degrading the pattern or characteristics of
the array. It is my hope that this article
will stimulate additional research by the
amateur fraternity.

Appendix

The following linear loading-stub
design equation may be used for approxi-
mating the stub length (one halt of ele-
ment, two stubs requiredh:

4 shot of the rearmost element fooking at an
angle to the boem. The linear ivading line may
be seen supported at various points aiong the
boom and at the rear element by pieces of
polystyrane.

N
L, = “—1,3—4— arctan

139 £, —

24h ‘h‘
i v

fh Log (%’;

where
L, = linear loading-stub length in feet
required for each halif element
h = element half length in feet
f = clement resonant frequency in
pMHz
h = loading stub spacing in inches
a = radius of loading stub
conductors in inches
i3 = average clement dia in inches
Nate; The resonant frequency, f, of an in-
dividual clement of length, ¢, can be
found using:
P o= 467
The capacitive hat dimensions for each

half element can be found using the excel-
lent data by W. Schulz, K30QF.*  igs%]
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HIGHESY MODE DESIRED

Fig. 8 — Qptimum o and w for an LPV when
the highast operating mode has been chosen.

Table 1
Design Dimensions

Element Efement Design
Lengths, ft  Spacings, ft Parameters
1 =58822 dyp=9815 =08

1, = 5622 desy = 7.32 o = 005
ty = 450 dag = 586 a = 38.2°
I3 = 36.0 dys = 4.67 L o= 270
f5 = 28.79 p = 45°

Feet () x 0.3048 = m
Inches ("} x 25.4 = mm

*#y is a shortened element; the full size dimen-
sion s 70.28 .,

**The total physical boom length is L plus the
distance to the t5 cross bracing. The crass-
braces are 3 ft. in length and @ = 45°; hence,
the total boom length is 27 ft + 1.5ft =
28.5 1t

Tahle 2
Basic Materials

Elements 1-112", 6061-TH, 0.047" wall
aluminum tubing
Bracing 1-1/4" % 1-1/4" x 1/8" aluminum
angle
Baootn 212" A0, 0107”7 wall aluminum
tubing
U boits /4" squared at foop {o accom-
modate tilt angle, v
Feeder no. 12, salid copper.
Cap. hat. na. 10 alum. wire, 24
far 14 dia
Linear toad- 4" loop, 37 apacing each halt
ing for t4 of 1.
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