An Optimum
Design for
432-MHz Yagis

Part 2: Here is practical construction
information for a high-performance

antenna that you can build for _
that big signal on 432 MHz. é
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By Steve Powlishen, K1FO

816 Summer Hill Rd
Madison, CT 06443

ast month, I described the develop-
Lmenl of the K1FO 22-element Yagi

design. This month, I will give com-
plete construction details and show how to
scale the dimensions for other boom
lengths.

Building the K1FO 22-Element 70-cm Yagi

1 highly recommended that you follow
exactly the construction information given
here. If you use boom and element material
of the sizes specified, you can build a top-
performing Yagi—provided you pay close
attention to exactly duplicating the
dimensions. Some. builders will want to
build the Yagi with whatever malerial is on
hand. In addition to the specific informa-
tion on my mechanical design, | have

included some general guidelines for those
who are willing to accept the problems
faced when construction materials are
changed. Please keep in mind that | cannot
entertain requests to verify the dimensions,
or assist in the construction or debugging,
of Yagis that do not exactly follow the
dimensions and construction materials
recommended in this article. Translated,
the last sentence says, ‘‘If you change any-
thing, you’re on your own!"’

Boom Material

Fig 6 shows the boam layout. Round
aluminum tubing of 7/8-inch and l-inch
outer diameter (OD) was chosen carefully
to provide the highest possible boom
sirength, while maiataining low wind load

and light weight. Round tutung has some
disadvantages comparéd to square tubing:
It is more costly to”purchase and more
difficult to drill accurately. Round tubing
does have advantages, however: You can
use it to make telescoping boom sections
(allowing easy disassembly of the Yagi),
and it offers lower wind toad and lighter
weight than square tubing, The boom could
be made out of 3/4- or 7/8-inch-square
tubing. The element lengths presented later
do not have to be adjusted for square
tubing of this size (provided that the same
element-mounting method is used).

If you use tubing of a different diameter
for the boom, you will need 10 apply a
boom-correction factor. Lengthen each ele-
ment by | mm for each 1/8 inch increase
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in booni diameter; shorten each clement by
1 mim for each 1/8 inch decrease in boom
diameter.? For example, if the entire Yagi
is made of 1%-inch tubing, the reflector,

driven element and directors D1-D9 and

D14-D20 should be 3 mm longer, while
directors D10-D14 should be 2 mm ionger.

I don’t recommend use of a boom larger

than 1% inches OD-—such sizes make com-
pensation for boom effects difficult. Do
not use square tubing smaller than % inch
or round tubing smaller than 7/8-inch and
1-inch OD—these materials are not strong
enough.

The boom materials shown in Fig 6 have
been chosen for good strength versus
weight. I recommend 0.049-inch-wall
tubing for the 7/8-inch boom sections.
Tubing with a 0.058-inch wall is suitable,
but it is slightly heavier. The I-inch center
section should be 0.058-inch-wall tubing so
that the end pieces telescope property, with
a mininrum of slack. If a single mas: dlamp,
mounted th.ough the boom, is used, put
a short piece of 7/8-inch tubing inside the
center section where the mast clamp
attaches. This @oubles the wall thickness
for extra strength. My array of 12
22-element Yagis has already survived
¥:-inch ice loading in combination with
winds stronger than 40+ mi/h.

The boom-section lengths were chosen so

the antenna can be broken down afid taken
on mountaintop. (rips or to ammn»mgﬂht\
measuring contests. Unfortunately, these
lengths result in a lot of wasted alumintm.
An alternative construction rec-mﬁ'@de'
(provided that you do not live in an area |
where you get heavy icing) is to make'the = |
l-inch center seciion 48 inchiet long and |

appropriately lengthen the 7/8:ingh

sections. 17 you do this, remenmbertoapply

- the boom-correction factors to adjust the

~ _ lengths of any elements that were.mounted |
in the 1-iiich section, but are now m(}mllfd i

in the 778-inch section.
Elemenis are mounted theough the bmrn

with black delrin insulaiors held in siace |
by push-nul retaining rings; see Fig 7. .-

Nylon is an acceptable, but not as desira-

ble, alternative-~provided it is black ta pre-
vent it from deteriorating becavse of

ultraviolet radiation. Teflon® insulators
such as those deseribed by George Chaney,
WSJTL, are aceeptable aswoll.® [ the eice-
ments are mousted through the boor'and
not insulated, ienguien all elements by
5 mm (this appiies for the 7/8-inch and
l1-inch boom constriuction erdv). If the nem-
insulateéd mounting method is used, be sure
that the elements have an excellent clement-

to-boom contac: that will survive

weathesing effects

To mount the elements abova the bmm
in insulated block:, follow the insulated-
boom guidelines if the clemenis are
centered at feast 24 incl above (he boom,
If the clements are closer than "4 inch

ANotes apgear on pags 30.

. above the boom, they will require some
) lengthening. I am unable to give specific
4 byt advice on lengthening the clements because
+ I I have not experimented with this construc-
i ~ tion method.
e - : ' Use of nonconductive boom materials
i - such as wood or fiberglass is not advised.
In terins of sirength versus weight and wind
" load, 606i-T¢ and 6063-T6¢ aluminum
tubing are without peer—at least for
materials that amateurs can afford! Wood
o | s a poor choice because of its short usable
= & 2 iife and poor strength versus wind load and
: - weizht. Fibergiass is stronger than wood,
o but it is not as good as the high-strength
- aluminum alloys. In addition, fiberglass
will deteriorzie in sunlight unless it is pro-
tected from uitraviolet radiation. If you still
insist on using & nonconductive boom
material, shorten all elements in the
7/8-inch boom sections by 4 mm, and
shorten those in the I-inch boom sections
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ig 7—Eiement-mounting detail. Elements
are mounted t
plastic insutators. Push-nut reteining rings
hold the element in place.

by 5§ mm.
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Table 1
Dimensions for the 22-Element .
432-Midz Yagi BRSO

Eioment  Eierment  Etament  Boom
Number  Posltion  Length  Diam

P

(nyn from  (mm) {in) ¥
rear of £ W
boom) j AL A SR M .
REF ao 346 B ' Lot i ﬁ j e
DE 134 340 et ! ﬁ & in '
D1 176 321 &
D2 254 311 7/8 . 2
D3 362 305 ;
D4 496 501 -
D5 652 297 e § T e
D6 828 295 PRl i b e "’
D7 1020 293 Yt _ : :
D8 1226 294 x : |
Do 1444 289 | _ i
D10 1672 288 o = A
D11 1909 286 | : : L
D12 2152 285 1 : , Ak
D13 2408 284 L B ; ﬁ
D14 7659 283 i g

D16 2820 281

16 3184 280 st - g e : :

D7 3452 27% R e SR e s T A I W DU e s e A

018 3723 278 18 ——
D19 3997 277 <%

D20 4272 278

o

are not recommended. This size represents
the best compromise between strengih,
weight, wind load and wet-weather
de-tuning effects. For other element
diameters, use the following guidelines—
with caution! -

° For !/B-inch-diameter elements.
lengihien all elements by 3 mm, but expect
worse wet-weather performance and 0.1 dB
less goin ({(caused by resistive losses).
Skinny elements are also marginal from a
mechanical standpoint. For these reasons,
I recommend you stay away from 1/8-inch-
diameter material.

*» For V4-inch-diameter elements, shorten
all elements by 3 mm. Resistive losses are
theoretically 0.04 dB less with Y-inch-
diameter elements, but the added weight
and wind load may not make the larger size
worthwhile.

Preparing the Boom and Elements

All element lengths and positions are
given in metric dimensions, rather than US
customary units. See Table 1. Metric
dimensions are much easier to work with,
especially for cutting and centering ele-
ments. If you plan a significant amount of
antenna work, buy a good metric scale and
tape measure. If you are stuck on using
inches, try to keep to 1/32-inch tolerances
when converting the given metric dimen-
sions to US customary units, '

Note that element positions are re-
ferenced from the reflector end of the
boom. For example, the reflector position :
is not at 0, but at 30 mm. This makes it casy -

o mark the boom for drilling if you have  Fig 8—Various views of the ﬁﬁmﬂnm
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a good tape meusure jonger than 4.3 .
Start by cutting alf the boom sections to
size. Next, slot the ends of the center
section and use hosc clamps to secure all
three boom sections in place. You can then
mark the clement-drilling positions by
putting the tape measure on the end of the
boom and simply going down the boom
and marking the element locations. Finally,
scribe marks in the 7/8-inch boom sections
where they meet the center boom section.
These marks make final boom assembly
easier voce the elements are in place.

Keen tolerances to +0.5 mm if possible.
Because the antenna bandwidth Is so great,
gain is virtually unaffected by 1-mm mea-
surement errors. The pattern, however,
may deteriorate if you get too sloppy in
your construction methods.

Elements are rough cut easily with a
small hacksaw. Using a vise to hold the ele-
ment stock makes the job much easier. The
elements can then be filed to the exact
dimension, For measuring element lenth,
| lay & good inachinist’s scale flat on a
workbencit and butt it against a sivaight
object (such as a metal bar). Tht.n. 1 buit
the element end against the straight object
and mark the length with.a sharp scribe,
I have no troubic trimming elements to
wirhin .25 mm using this method,

To finish the ciements, I use a file (o put
a I-mm chamfer it each end. The chamfer
is designed into the element fengths. 1 feel
that it slightly imiproves wet-weather per-
formance and makes il easier to start the
push-rnut element retainers.

i)riven Elemeni

The driven eiement and T maich used on
the KIFO Yagis is patterned after the
driven element and match on the RIW
Products 19-element Yagi. If you cannot

figure oui cxactly how to build the driven
element, {ind someone with an RIW 19 and
take a lock at it, Fig 8 shows dimensions
for the driven element and T match. Fig 9

shows thie driven element phoatographically

from ¢ificrent views. Fig 10 shows the
genera! construction of the rear boom
section,

I you want to optimize the match for.

a frequency other than 432 MHz, adjusting
the driven-element dimensions should not
affect Yagi performance as long as the
driven element does not get overly long—
more than 343 mm. You can change the
size and spacing of the T-match wires, but
1 do not .ccommend changing the balun
length, The balun length was chosen care-
fuily to be an exact electrical half
waveiciigth, Tests indicate that baluns of
other iengths upset pattern balance. The
first divector position or length could also
be adjnsted slightly to improve the match,

but don’t change either dimension by more
thi 3 mm.

Mzing the Yagi for Other Boom Lengths

{ e variable-spacing geometry allows the
K10 22-element Yagi to be scaled to other

Table 2
Design Information for K1FO Yagis of Different Lengths
Number of  3oom Calculated  Element Base Element- Last-
Etements Length Qain Number!  Element  Length Director
Y (dBa) Length  Correction  Spacing
: _ (mm) (mm) (mm)
1 2.0 1.7 D9 289 -3 1444
12 2.4 12.2 D10 287 -3 1672
13 . 2.7 12.7 D11 285 -1 1908 .
14 3. 13.1 D12 284 -2 2152
15 3.4 i3.5 D1z 283 -2 2403
16 38 13.9 D14 282 -2 2659
17 42 14.3 D15 281 8 2920
i8 46 148 D16 280 ==& 3164
19. 4.9 149 D17 279 -3 345%
20 583 15.2 D18 278 ] arzs
21 8.7 5.5 Di1g 277 ¥ 3997
22 - B4 15.7 D20 276 o 4272
23 8.5 15.9 D21 275 2 4550
24 8.9 16.2 D22 275 41 4828
25 7.3 16.4 D22 274 +1 510¢
26 7.7 16.€ D24 274 +1 5390
27 .4 18.7 Dz& 273 +1 5672
28 85 17.0 D2 273 +1 5955
29 ] 17.2 Dz 272 +2 6232
ao a3 17.4 26 272 +2 6524
31 9.7 i7.5 Dan 271 +2 6802
32 iv.2 7.7 ! 271 +2 7094
33 10.6 17.9 331 270 +2 7380
34 11.0 18.1 2 270 +2 7666
35 11.4 18.2 033 269 +2 7952
36 11.8 18.4 D34 269 +3 8239
37 i2.2 186.6 D35 268 +3 8526
38 12.7 18.7 D36 268 +3 8613
a5 134 18.8 i D37 267 +3 $100
40 13.5 18.9 D38 267. +3 938¢

tBase dimensions for the reflector, driven elemant and directors D1-D8 are the same as those

given in Table 1.

boorn iengths. If the antenna is made
significantly shorter or longer, adjustments
to the elemnent lengths are required, For
versions with fewer than 11 elements
(2.0-waveicngth boom), gain will be con-
siderably .iess than ontimum. Gain
improvement for these short Yagis reguires
oplimization of the “directors for the
specific boom length. Gain is very good cut
to 40 elements (13.5 wavelength boom).

. Although the pattern remains excellent for

all length Yagis, the first sideiobes do get
somewhat stronger as the boom gets longsr,
To improve the pattern of the longer Yagis,
you must optimize director lengths for the
specific boom length. Driven-clement
tuning for an acceptable 50-chm maich is
required for each version.

Table 2 summarizes performance and
scaling information for Yagis based on the
KI1FO 22-clement Yagi between 11 and 40
elements, The (irst three columns show the
number of elements, the boom length in
wavelengths, and the calculated gain for
each version.

The Base Element Length column shows
the base length, in millimeters, for direc-
tors D9 and above. {The base length for the
reflector, driven element and directors
D1-D8 are given in Table 1.) Noie that two

correction factors must be applied to these
element iengths.

i} The FElement-Length Correction
coliumn shows the amount to shorten or

lengthen alf elements, relative to base ele-

+aen! lengihs. For example, if you want te
nutld a 12-element antenna, all elements
musi be cut 3 mm shorter than the base
lengths given.

2) The base element lengths assume that
all elements are mounted in a 7/8-inch-
diameter boom. For strength, you will
probably use a larger-diameter boom for
longer Yagis. You must make an wdditional
element-length adjusiment if you mount
the elements in a boom other than 7/8 inch
diameter. Add | mm to the base element
length for each 1/8-inch incresse in boom
diameier. Note that if you use a combina-

- tion of boom diameters {for example,

7/8-inch tubing at the ends and l-inch
tubing in the center), the boom-coricction
factor is applied to the elements mounted
in the l-inch section enly.

The Last Director Spacing column gives
the spacing, in millimeters, from the re-
flector end of the boom to the position of
the last director. Use this information for
element-position information for antennas
longer than 22 elements.
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Fig 10— View of the rear boom section showing the general constructicn methods used,

Here's an example of now to use
Table 2. First, select the number of
clements desired. Let’s build a 7.3-wave-
length, 25-element Yagi, with a calculated
gain of (6.4 dBd. From the Element-

Length Correction columa, all slements
must be lengthened ! mum over the base
dimensions. Remembey that the ciement
lengths are for a 7/8-inch boem. From 2
structural standpoint, it may be desirable

to make the 25-elernent “ap’ boou ltuoin
two 6-foot sections of 1-inc: tubiny ele-
scoped into a 6-foot center secdion mads
from 1-1/8-inch tubing, The elements must
be lengthened further for such a boom: All
elements in the 1-inch boom sections must
be lengthencd another | mm, and the ele-
ments mounted in the 1-1/8-inch boom
piece must be made another 2 mm longer.
So, taking into account adding hoth cor-
rection factors, the elements in the 1-inch
boom section must be a total of 2 mm
longer than the base dimension, and the ele-
ments mounted in the 1-1/8 boom section
must be a total of 3 mm longer.

A 33-Efement Yagi

I built and tested a 33-element,
10.6-wavelength (24 ft, 3 in) Yagi from the
information computed for Table 2. The
theoretical gain of the Yagiis 17.9 dBd, and
actual measured gain is closer to 17.7 dBd.

art of this ditference appears to be
explained by higher resistive losses in the
}l-clement Yagi, compared to the shorter
antenna The measured E-plane pattern of
the M-element Yagi (Fig 11A) is extremely
clean and very close to the predicted pattern
(Fig !1B).

Examination of the dimensions for this

e

T S

(8)

Fig 11—Measured {A) and predicted (B) E-plane patierns for the &. ]
linear 4B grid, rather than the standard ARRL log-periodic grid The linear dB arid sho

rlement K1FC Yagi. Note: These antenna patterns are drawn on 2
ws sidelobes in greater detail and allows close

~omparison of sidelobes among different patterns. Sidelobe portorrince 15 important when stacking antennas in arrays for EME work
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sions for the 33-Element
Yagi

Em Efement

_ Element  Boom

Number Position  Lengtic  Diam
fmm Irom {mm) fin)
rear of
boom)

REF 30 348 i

DE 134 34a

m 176 . 323

N2 254 413

D3 362 307

D4 496 303 q

b5 652 299 _

06 828 297

7 1020 295

D8 1226 203

09 1444 291

D10 1672 290 T

D11 1809 288 -

D12 2152 287

D12 24023 086 1-1/8

D14 2659 285

D15 2920 284 |

D16 3484 284

D17 ad52 283 ]

D18 3722 282 fo17a

pig 3597 281

D20 4272 280

D21 4550 278

D22 4828 278

P23 5109 277 -8

D24 5390 277

D2s 5672 276

D2& 5956 2785 T

6238 274 i

D28 6524 274 o

D&y 6809 273

o 7094 273 l

ba1 7380 272 U

Yagi (Table 3) is also useful in determining
hov to adjust the Table 2 dimensions for
other diameter booms and greater numburs
of ciements.
lengihs for the 33-element Yagi correspond
exactly 1o the table, [ sdjusted vome ele-
meniis o n;'!lin".?..c the pattern at this
spe. i dength and te achieve an
exe Hent drives ‘*'“.m:i‘.? match.
adm-constrieiion details are shown in
}-" L 32, The boom for the 33-element Yagi
stacis our with l-inch-OD x 0:049-inch-
wa' 6061 tuwing. This telescopes into
-1 ‘8-inct OD x 0.0534nch-wall wbing.
A enter section of 1VY%-inch-OD X
0.0 8-ich-wadl 6061 mibing completes the
buem. Fach of the five boom Sactions is
rpproximately 5 feet long. This consiruc-
Hoea method increases the strength of the
boom o i-.e!rr siiminate sap and vibra-
tiorsY, and, as ---irh ’h 22-clement Yagi,
makes ih i easy Lo break *tpart for
portable '

fic hoor

[he ? Mt FEguiies a support to
Minimize sag. Conputer caleulations indi-
e thal the 344 inches of sS4 in the un-

Sprortes boom reduced antenna gain by
0.[ dB and Guwsed B die it distorticy i
the H-plane pattern,
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Fig 13—5WR performance of the K1FOQ
32-element Yagi in dry weather,

from a combination of ¥-inch and
7/8inch tubing. A 12:nch piece of
1-1/8-inch tubing, slipped inside the center
boom section, sirengihens the wall where
the mast clamp mouits, :

Like the 22-clement antenna, the drwen
element on the 33-clement Yagi was
optimized with a sophisticated network
analyzer. The longer Yagi alsd demon-
strates cxcelient SWE bandwidth and an
SWR &t 432 MHz of close to 1.1:1 (see
Fig 13). Thisis a good demonstration rthat

Fig 12—Boom-construction information for the K1FO 33-element Yagi. Lenglhs are given
in millimeters (o allow precise duplication of the antenna. See text,

a “gimmick’’ driven element is not needed
to obtain a good match with 2 wide band-
width ona long UHF Yagi. Note that the
SWR is less than 1.33:1 for over
§ MHz. Wet-weather performance is also .
very good, with the center frequency
shifting in a similar magnitude to the
22-element Yagi. Details of the long Yagi
driven element are given in Fig 14.

Stacking distances for the 33-element
Yagi have been calculated to be optimum
at 85 inches E plane and 80 inches H plane.
Stacking distances for antennas of other
boom lengths can be interpolated from
those calculated for the 22- and 33-element
Yagis.

Variations on the K IFO 22-element de-
sign that are built with a significantly
different number of elements may not work
exactly as predicted. Althovgh virtually any
length Yagi should give excellent perfor-
mance, some physical tweaking may be
necessary to obtain maximum perfor-
mance. Specifically, versions with boom
lenpths less than 4.6 wavelengths are gener-
ally 0.2 dP lower in gain than what is
theoretically possible for such boom
iengths. This is caused by the “‘universal”
spacings that are used. The DE to DI
spacing is closer than needed for such
short Yapis. In addition, some element-
length tweaks are needed to obtain the last

32
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] ! |
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fig 14---Details of the driven olement and T ma

tch for the 33-glement Yag. See Fig 8 tor

additional information. Lengins are given in millimeters to aflow precisa dupticstion of the

antenna, Soee tex!.
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few tenths of a decibel of gain on shorter
versions.

Before we get too carried away with lpng
Yagi designs, lei's return {0 th:e original
premise of this article. In a practical array,
we must consider the weight and wind load
of the array.

Let’s compare two arrays: (1) eight of the
22-element, 14-foot-long Yagis; and (2)
four of the 33-¢lement, 24-foot-long Y agis.
Measured gain is 15.7 dBd for the
22-element Yagi and 17.7 dBd for the
33-clement Yagi. Phasing lines will have
0.3 dB loss for the eight-Yagi array and
0.2 dB for the four-Yagi array. This gives
~an overall gain of 24.0 dBd for the array

of eight 22-element Yagis. The array of
four longer Yagis has a total expected gain
of 23.3 dBd—or 0.7 dB less than the eight-
Yagi array.

Wind-load area of the 22-element Yagi
is 0.8 square foot; the 33-element Yagi has
an area of 2.8 square feet. The total array
wind-load area must include the stacking
frame, phasing lines, mounting plates and
so on. When everything is included, the
eight-Yagi array has a wind-load area of
approximately 15 square feet. Wind-load
area is 19 square fect for the four-Yagi
array. Thus, the eight shorter Yagis have
higher gain and less wind-load area! Even
if the eight 22-element Yagis were arranged
two wide and four high (so they would be
better for use on terrestrial paths as well

as for EME), the center of the array would -

not have to be mounted as far above the
top guys as the four 33-element Yagis to
allow for elevation movement. Note that
if we wanted to build a four-Yagi array
with gain equal to the eight smailer Yagis,
we would have to use 37-element, 28-foot-
long Yagis. The wind-load area of such an
array would be almost 21 square feet.

Conclusion

I delayed publishing this information on
the 22-clement Yagi until I was sure that
it performed as well as predicted. In
October 1986, I replaced my 12 RIW 19
Yagis with 12 of the 22-element Yagis. |
then spent two frustrating months coping
with an array that never seemed to work
the way it should. After a long string of
problems (including water in two different
phasing lines, a cracked shield on another
line, and not one but fwo bad relays),
the array is finally in full working order.
The array uses the same phasing lines that
were on the old array. Because these lines
are a littke short, the new array uses
64- x 60-inch spacing; the net array gain
is 0.2 dB lower than the maximum possible
for an optimally spaced array.

Sun noise is 15.0 dB during quiet sun
periods, a solid 1.5 dB higher than with the
old array. Earth noise (a measure of pattern
quality independent of gain) is 5.0 dB,
more than 0.5 dB better than the old array.
Milky Way noise (the noise measured
between cold shy and the center of our
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galaxy) is 5.3 dB.® Other celestial measure-
ments are 3.0 dB on Cygnus, 2.9 dB on
Cassiopeia and 1.2 dB on Taurus. These
readings give an approximate {otal system
temperature of 81 kelvins (K). Subtracting
receiver noise (25 K) and phasing line noise
(26 K), the total antenna noise is 29 K—a
truly outstanding figure. Calculations by
Rainer Bertelsmeier, DJ9BV, indicate an
even lower array noise for the 22-clement
Yagi. More information on this subject can
be found in an article by DI9BV in the
fourth 1987 issue of the West German
VHF/UHF magazine, DUBUS.

The 22-element, 6.1-wavelength (14-ft)
Yagi combines light weight, low wind load,
excellent gain for its size, .. clean pattern
and a wide gain bandwidth in one package.
In addition, its geometry is adaptable to
virtually any boom length. If you don’t
have the facilities to drill booms or cannot

locate the parts required, Tom Rutland,
K3IPW, makes available Yagi kits and
components for the 22-clement, 33-element
and variations on this design.” My thanks
to Tom Kirby, WIEJ, for his hard work
in determining the basic design geometry

for these Yagis.

Notes

4The actual correction in element length for each
1/8 inch of boom diameter change is 0.8 mm
(1/32 inch). If a boom size is used that is
significantly larger than 7/8 inch, the exact
correction (0.8 mm) should be used.

sG. Chaney, W5JTL, "PTFE VHF Antenna
Insulators,” MHam Radio, Oct 85, pp 98-101.

sSagittarius is the constellation used for array
aiming. Because of the low elevation and non-
point-source nature of the Milky Way,
comparison of noise readings between
different stations at different locations is not
always meaningful.

7Rutland Arrays, 1703 Warren St,

New
Cumberland, PA 17070. =]



