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Strengthening the
Cushcraft 40-2CD

The 40-2CD is a popular
shortened 40-meter Yagi,
but it needs reinforcement
to survive high winds and
icing. This article shows -

how you can do it.

By Dave Leeson, WBQHS

15300 Soda Springs Rd
Los Gatos, CA 95030

frer we Jost a series of towers and
A antennas {o the 120 mi/h winter
winds at our otherwise wonderful
mountaintop site, my wife Barbara,
KK6QM, convinced me that there ought to
be an engineering solution (o our problenis.
The “engineering soluiion" started as a
weekend project that stretched to several
vears as 1 Jearned more than T ever expect-
ed to about designing antennas that would
stay up at my QTH., The results of my
research are chronicled in a book, Physi-
cal Design of Yagi Antennas, to be pub-
lished ecarly next year by the ARRL,'
CH it didn’t fall down, it wasn't big
enough is an adage hams often apply to
Yagis. If this concept were applied to com-
mon civil structures like bridges and build-
ings, this would be a far less safe world.
Fortunately, civil structural engineering
techniques make it possible to design and
build Yagi antennas that can sucvive and
he rotated even in severe weather. This
article, based on information in my book,
shows what's needed 10 modify the Cush-
craft 40-2CD.

Why I Choese a 40-2CD

The Cushceraft 40-2CD is a widely used
2-clement 40-meter Yagi with shortened ele-
ments. This anienna has a lot going for it

¢ Mechanically, it’s a manageable anten-
na for most hams. With a 22-foot boom
and 43-Toot elements, ity casily supported
o a mast or small tower and can be wrned
with most amateur rotators,

* Its use of capacitive end loading pro-
motes a higher radiation resistance—and
hence a wider bandwidth-—than similar
antennas that rely only on inductive Joad-

'Notes appear on page 42,

36 a5

Praperly modified, the 40-2CD easily handles 75-mi/h winds commonty found at the
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author's mountaintop QTH. The lower antenna is a Hy-Gain 205BA 5-clement 20-meter

monobander that has been modified using similar techniques. (photo by the author)

ing.” The antenna can be used on phone
and CW in most installations.

* As confirmed by successful experiences
4t many contest and DX stations, the
antenna Uplays.”

1 wanted to put up ¢ 40-2CD, but had
some doubts that the antenna could survive
the wind and icing conditions at my hilltop
site. The weaker points of the 40-2CD,
from a physical standpoint, are:

* its rather long single-wali-thickness ele-
ment sections;

* its boom center joint (at the bovm-to-
mast clamp); and

o its driven-clemient mounting plate.

T was also concerned with the stability

Fig t-Element sections can be reinforced
without changing the material or glectrical
design by adding internal reinforcement, A
snug, mechanically strong fit is ensured by
using tubing with 0.058-inch wail thickness
and outer diameters that decrease in
1/8-inch steps. Drawings are not 1o scale.
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of the electrical connections 1o the driven
clement, and I'd heard that corrosion ocv
curs at the serews used for the clectrical
connections 1o the loading coils.

Reinforcing Antenna Elements and Boums
Using the technigues detailed in Physi-
cal Design of Yugi Antennas, it is possible
to improve the physical strength of the clee
ments and the boom 6f the 40-2CD without
compromising its clectrical design. The cal-
culations involved are beyond the scope of
this articte—they {ill many pages of the
book. Here's a summary of what { found.
To decide what irnprovements are needed
Tor antennas installed at a given site, we
need answers to the following questions:
1) What are the espected mean and
peak-gust wind velocities 4t vour location?
2) What is the wind-survival speed of the
antenna as delivered from the manu.
facturer?

3} How can the antenna clements and
boom be strengthened so that the wind-
survival speed is equal to or better than the
expected wind the antenna will experience?
Experience answered the first question,
I knew thar 50- to 100-mish winds regutarly
ocenr ab my site and that 1 could expect
mean winds to about 120 mish (pusts are
30% higher yot!) at Teast once a year. See
the sidebar, “*Determining Expected Wind
Speeds.””

Mechanical analysis answered the
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of structures and towers.

variations, however.

for a given jocale.

over an extended period.
fes Loading

Determining Expected Wind Speeds

A disadvantage of many excellent radio sites is wind
exposure. Wind exposure varies greatly from gite to site,

the Elecironic Industries Association (El
s a very interesting document, one that's a big help in
deciding just how strong an antenna has to bo. Many tower -

A) EIA-RS-222-C

companies include parts of this documen! in their catalogs.
Other refevant standards are the Uniform Building Code

(UBC)? and the British Standards Institution Code of Basic
Data for the Design of Buildings . Both treat wind survival

ElA's RS-222-C presents a madel for expected wind
speeds throughout the US. This modal is based on 50-year
mean recurrence intervals from distribution of extreme
fastest-mile winds al 30 feet above the ground. 1t
incorporates a 30% gust factor and includes tables that
illustrate the increase of wind with height above ground.
{The heights specified—300 feet—are well above those of
typical amateur antennas.) The EIA model names three
wind zones, as shown in the accompanying table and
Fig A. Most of the United States lies within Zone A, the G
mildest of the three zones. Differences in local topography
and surface roughness cause significant site-to-site

In 1986, the EIA published a revision of RG.222.C.
designated EiA-222-D.* in the new document, the wind-
zone map ot R§-222-C is replaced by a similar basic wing
speed map identical to that found in the Uniform Building
Code. The newer EIA standard also uses a somewhat
different force constant to derive wind pressure on
structures, though. The end result is that the new and old

i’ e st . o buifdup of radial ice on antenna elements is a serious
EIA standards predict essentially the same wind pressure problem. EIA-222-D offers some insights on designing

antennas 10 survive the effects of combined ice loads and
high winds. The document specifies ¥2 inch of ice in the
absence of other data. The specification further asserts
that there's a low probability that an extreme ice load will
oceur simultaneously with an extreme wind foad. So when
designing an antenna to withstand simultaneous wind and
ice loading, the wind load factor can be reduced 25%
{equivalent to 87% of basic wind speed).

Under icing conditions, an element's effsctive diameter is
the diameter of the tubing plus twice the ice thickness. The
ice, however, makes no contribution to the strength of the
element. This means that the element must not only carry
the weight of the radial ice, but it also sutters the penalty

Combining concepts from all of these speciications
offers a means of accounting for focal topographic effects.
Fig B gives an estimate of the combined effect of the wind-
speed zone and local topography tor antennas 70 feet
above ground. If you want a more accurate eslimate of
wind speeds expected in your locale, you can ask your
locat power utility or radio station for wind statistics for
your area. if you're inclined, YOU can measure your own

High winds aren’t the only problem you tace in kaeping

and it’s a major problem in some areas of the country. The A 30 i
accepted standard in the United States for antenna and B 40 Ib/?
tower engineering has been EIA-RS-222.C, published by C 50 Ib®

EIA BS-222-C Wind Zones
£1A Zone Wind Pressure Mean Velocity Gust Velocity

86.6 mith 113 mith
100.0 mith 180 mith
111.8 mith 146 mifh

Urban or
Fuorested

Fiat Qpen
Country

{RS-222.C}

survival, % WEQNS

Conference of

Fig A—EIA RS-222-C wing zones.

EIA-222-D (p 47).

Fig B-~Estimate of the combined effect of the wind-speed zone
and local topography for antennas 70 feet above ground

your pride and joy in the air. In many parts of the world,

of greatly increased wind area! Fortunatsly, the

strengthening required for ice buildup is the same as that
required for high wind
survival generally satisfies the requirements for icing

*Slaictural Standards for Stee! Antenna Towers and Antenna
Supporting Strctires,
Etectronic Industries Association, 1976).

“Unitorm Bui/ding Code, “Wind Design™ (Whittier, CA: International

Buiiding Officials, 1988), Section 2311, p 137.

3Code of Basic Data for the Design of Buildings, “Wind Loads"

(ondon: British Standards Institution, 1972, amended 1988),
CP3, Chapter V, part 2.

“Structural Standards for Steet Antenna Towers and Antenna

’ s, EIA Standard E1A-222-D) (Washington:
Electronic Industries Association, November 1986),

Structural Standards for Steel Antenna Towers and Antenna
Supporting Struchires, EIA Standard EIA-282.1), Appendix A,
2.1.2 C. p 27; and Appendix A, 2.3.15 A, p 28,

ESee Appendix F, “lee Formation on Structures,” of EIA Standard

Supporting Structure:

, S0 that design for high wind

EIA Standard RS$-222-G (Washington:

second. Cusheratt rates the antenna for “a
steady %0 mizh wind,” which doest’t seem
o consider the 30% peak-gust factor found
in tower and building standards. 2
culations indicate that the 40.2¢

Previous

survive mean wind speeds of 71 mish, and
#s$ we in my windy location reqiires a
stronger mechanical design. 1 catenlated
that the 40-2C1s elements can be rein-
forced o survive 118 mish, and the boom

can be easily improved to survive the same
wind speed.

The answer o the third question is not
so simple. A pliysical force causing bend-
ing or rolation is called a rorgue or
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(centermd on boom}

778 %32

Yook 116 mifh
Viee ® 70 /b

Fig 2—-Development of the 40-2CD refiector. The drawing at A s

of 100 mifh. The maximum reinforcement possible—safe 1o 118 mith—is shown at G.

moment. The survival of a tubular struc-
ture by determined by its ability to withstand
the bending moment that results from wind
pressure. Structural bending strength of a
hollow cylinder is determined by the yietd
strengih of the material it’s made from and
by a parameter calied the section muodulus
of the shape. Section modulus is deter-
mined by the outer and inner diameters of
the cylinder. The ability of a eylindrical
Yagi element or boom to survive bending
is affected by wind pressure, ice loading,
length, material strength, and  section
modulus.

If you don’t want 1o change the anten-
sa’s elecirical design or structural material,
the only variable left 10 alter is the section
modulus. This can be accomplished by
changing the element’s inner diameter. You
can do this by reinforcing the tubing at
points needing greater bending strengih. As
shown in Fig 1, additional pieces of tubing
are added inside the anfenna element at
weak poinis--usually the inner end of a
structural section of the clement, such as
the element-to-boom attachment point and
at element joints. A fastener, typically a

38 OST

stainless-stee] machine serew in a tapped
hole or an all-aluminum or all-stainless-
steel pop rivet, is required to be sore that
the reinforcing sections do not ship out of
position.

Reinforeed 40-2CD Elements

[ used a compater spreadsheet 1o per-
form the strengthening calculations. The
resulting development of the 40-20D efew
memts is shown in Figs 2 (reflector) and 3
{driven element). Only half of each clement
is shown,

Construction of the stock clements is
shown in Figs JA and 3A. In the element
assembly instructions, Cusheraft identifics
cach element section by 1wo or three ler-
A, ERB and so on). | use the Cush-
craft nomenelature throughout this article
for ease of reference.

“The number above cach element seetion
is the fength that the section protrudes from
the previous section to correspomd (o the
dimensions shown in Cusherafts assembly
manual. The number below is the section
outside dizmeter (OD). All dimensions are
in inches. For example, section EB is 7
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hows the stock elemenl. At B, the elemant is reinforced to survive winds

inches long—18 inches inside section EA
plus 54 inches protruding—by 1% inches
OD. Cusheraft usually specifies a d-inch
overlap ai each joint except at the element
center and element tip, so section EC is a
total of 48 inches long (44 inches plis 4
tnches inside ERB).

Wind survival speed (¥max) for the stock
wetlector is 74 mizh; for the driven element,
Vaus 15 71 mizh. The survival speed with
2 inch of radial jce (Vice} 15 48 mizh for
the stock reflector and 47 mish for rhe
stock driven element.

100 mi/h Elements

“igs 2B and 3B show the internal rein-
forcement nec v o increase v
approximately 180 miZh (and increase Vs,
significantly as well). The dimensions of the
additional wbing required is shown in italic
type. The details sound a bit complicated,
but the concept is simple: Add one or more
fayers of new tubing inside the stock Cush.
craft tubing.? The new tubing is the next
size down (1/8 inch smaller OD). Wall
thickness of 0.058 inch ensures a snug it
between the telescoping picces. To prevent

ights reserved. Used with permission.
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= 104 mifh
Vigw ™ 08 mifh

Vrngx = 118 mi/h
View = 72 mifn

Fibergissy Rag
{txnlered on boom)

Fig 83—Development of the 40-2CD driven element. The drawing at A shows the stock element, At B, the element is reinforced to survive
winds of 104 mish. The maximum reinforcement possible--safe 1o 118 mith—is shown at C.

seizing, completely deburr the new wbing  scetion KB, Finally, tip section EE is rein- The }-1/8-inch tubes are further rein-
and Jightly lubricate the reinforcing sections  foreed by an internal tube 3/8 x 0.058 x  foreed by two picees of 1-inch tubing. One
with grease or another lubricant. 15 inches. The driven clement (Fig 3By is  piece is SO inches long, the other 58. They

The reflector (Fig 2B) is strengthened by reinforeed in a similar manner, although  are located so that the joint is 8 inches
shiding a 1-1/8 > 0.058 x 72-inch tube®  the dimensions are slightly different. under flush with the boom end of the 1-1/8
into one of the 1-1/4-inch £8 scctions. The Although these steps are complex 10 X 72-inch tube, In other words, there are
added tube is located so that it is 4 inches describe, the resulting long-tasting anten- 54 inches of 1-inch tubing on each side of

under flush with the outer end (to leave  na is worth the effort. the boom. The joint is offset 4 inches from
room ta insert the next outboard section, X ’ the element center on the opposite side of
EC, which telescopes 4 inches into section 748 mish Elements the boom (and 8 inches away from) the
EB). The EB section on the opposite side Figs 2C and 3¢ show the masimum rein- Joint in the 1-1/8-inch tubing. Inside the
of the boom is reinforced with a 1-1/8 X forcement practical without changing the  l-inch tubing is a 7/8 x 60-inch tube cen-
0.058 x 64-ach twbe. Why not use a external element dimensions. This rein-  tered on the element (30 inches inside each
68-inch-long tube inside each EB section?  forcement increases vy 10 18 mish for  element half).

The clement is stronger if the joints in the  both clements and increases vi,, by The 1-inch reinforcement tube for the
EB sections and the reinforeing tubing are  another 4 mish, EC-ED joint grows to 42 inches. A 7/8 X
offset. The I-1/8inch tubes are Further The maximum reinforcement builds on  12-inch tube is added to the joint between

reinforced witha | x 34-inch tube centered  the modifications for 100 mi/h wind sur- sections ED and BEC. Al the element tip,
in the element (27 inches on each side of vival. As in the 100 mi/h element, the ihe 3/8-inch OD reinforcement tube is in-

the boom}. reflector (Fig 2C) is strengthened by slid-  creased to 18 inches, and an additional 1/4
The next step is 1o reinforee the joint inga 1-1/8 % 72-inch tube into one of the X 6-inch tube is telescoped inside.
between sections EB and EC by adding a  1-1/4-nch EB sections and a 1-1/8 x The driven element (Fig 3C) gets similar

1 % 0.058 x 30-inch tube to overlap the  64-inch piece into the other EB section.  treatment. For maximum reinforcement, a
joint. This tube is located 1o extend 28 This tubing is located as before so that fiberglass rod, 3/4 x 24 inches, is inserted
inches inside scction EC and 2 inches in- Joints in the EB sections and the reinforc-  into cach driven element half to bridge the
side the 1-1/8-inch tube added to reinforce ing tubing are offser. center insulator. At assembly into the
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Oriven Elemant

Fig 4—Another view of the reinforcement required to reinforee 40-2CD elemenis to survive

106-mifh winds.

center insulator, the fiberglasy rod is
mserted half into cach side of the driven
clement center section make sure o
deburr completely befor stuck in the
wrong place! Spacing between driven-
element hatves ar the center inside the black
Cusheralt insulator is 2 inches.

Lach joint of the reinforced clements
(either version) is held with the supplied ali-
stainless hose clamps and with at least ane

1/8-inch diameter pop rivet. The rivet holes
can be filled with silicone caulk for
weatherproofing.

In view of the complexity of the rein-
foreetent requirements, different views of
the element-construction details are shown
in Fig 4 for 100 mi/h reinforcement and
Fig § for maximum reinforcement ., In these
figures, actual dimensions of the stock
tubing are shown above each element, and

IR P AT

Driven Elemont

1/8 % B%

Fig §--Anather view of the reinforcement required 1o reinforee 40-2CD elements to survive

118-mi/h winds.

40 5T
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dimensions of the added tubing are shown
below. When complete, the new clements
are guite strong and much heavier than the
§tock clements,

Strengthening the Boom

The boons has a joint right at its center,
between the two U bolts that atrach the
boom to the boom-to-mast plate. As it
comes from the factory, the boom joint is
reinforeed by inseri BC, a 2 x 0.058 »
I8-inch tube. The bending moment here is
the same as immediately outside the U
bolts, and the insert is the only support,

[ ealeulated the stock boom’s wind sur-
vival speed to be 86 mi/h, with the center
Joint confirmed as the weakest poiar. it
a4 simple matter to increase the hoom's
wind-suevival speed to 101 mish. Firsi,
replace insert BC with a 2 x 0.058 x
36-inch length of GO61-T6 or 6063-T832
tabing. Then add a 1-7/8 x 0.058 x
12-inch center reinforcement of the same
material. For maximum  reinforcement
(Vaay 117 mish), replace insert BC with a
2 X 0.058 x 84-inch tube. Then add a
1-7/8 x 0.058 x 12-inch center reinforce-
ment. See Fig 6.

In cither case, it’s a good idea to rein-
force the boom juint with a solid 1-3
12-inch wood dowel or fiberglass
prevents the boom-to-mast-plate U bolis
{rom crushing the boom rubing. Rein
the stock boom tips with 1.7/8 x 0,058
G-inch tubing and a 6inch length of
1-3/4-inch solid dowel inside 1o prevent
crushing by the clement-mounting U boks.

On the stock antenna, cach of the joints
between sections BA and BR is pinned with
a single #8 machine screw to prevent twist-
ing. I recommend securing each joint with
two 174- % 2-1/2-inch stainless bolts at right
angles 1o cach other, spaced 14172 inches
apart. The holes provided by the manufac-
turer for the #8 machine screws can he
drilled out to 174 inch 1o make a light-drive
fit. Use stainless-steel elastic S1Op nuis.

Bowm-t0-Elemens Mounting

No amount of tightening the element
clamp U bolts will prevent the elements
from rotating on the boom, so | bohed the
element-to-boom plates to the boom. The
boom-to-driven-elentent clamp must be in.
creased in thickness, either by obtaiping a
second one from the manufacturer or by
drilling out a 1/8.inch (For 100 wih) or
Trd-inch (for 118 mishy plate 1o double
with the original.

I mounted the boom 1o a durmmy mast
and used bubble levels to get the element
plates horizontal. After mounting the ele-
ments using the supplied U bolts, drill cach
plate For two /d-inch stainless bolts 1o o)
through the boom. Byrill the boom, using
the plate a5 & template, first on top and
then on the bottom. The 1/4-inch boits are
sentered 0.781 inch in from cach edge of
the plate, and the bolt heads arc at the plate
end under the elemenits. The reflector re-
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~Reinforcing the 40-2CD boom.

Fig 7--Madifications to the boom-to-mast
mounting arrangement,

quires two 1/4 % 2.1/2-inch stainless boits
and stop nuts, and the driven element re-
quires two 1/4- X 3-inch stainless bolts and
stop nuts. Last, rivet the inner boom rein-
forcement to the outer section, two
1/8-inch diameter pop rivets on cach side,
so Lhat the reinforcing sections help resisi
rotation of the through bolts,

Room-to-Mast Plate

I also mwodified the boom-to-mast
mounting arrangement. The stock 1/4-inch-
thick boom-to-mast plate deforms if the U
bolts are tightened snugly, o it is helpful
to make a 3/8-inch-thick plate with the
same hole pattern. 1 added a hole centered
in the top of the plate to hoist the anfenna
and (o measure the weight balance during
constraction.

While I was at it, | replaced the siock
bonm-to-mast U bolts with the convenient
and strong Hy-Gain #102734 cast mast
clamp. See Fig 7. Used on a 2-inch mast,
the Hy-Gain clamp requires four 5/16- »
4-1/2-inch bolts and two §/16- X
2-1/2-inch bolts, Beeause of the stress here,
1 use Grade 5 plated bolts with elastic stop
nuts in preference to the nuts and bolts sup-
Jain. The standard bolts are
threaded over their full length and are in-
conveniently long for a 2~inch mast.

The boom-center joint needs to be
pinned like the BB-BA joints. Replace the

#8 machine screws with 174 4 2.1/2+inch
stainless-steef bohs. s mast plate s
attached 1o the boom with two of the U
bolts supplied, but without the supplicd ¥
blocks. I afso drilled the plate and boom
for twp 5716+~ % 3<inch through bolts with
chastic stop nuis. These bolts also pin the
boorm,

Boowr Struts

The ltast boom wmodification involves
-usherafl's boom-support tabes (hoom
struts). Locate she s for the boom
struts slong the boom as recommended in
the assembly manual and then secure them
with two rivets. The strut joints are
fastencd with hose clamps; rivet them as
well. 1 planned to place my 40.2CD @t the
very top of the mast, so 1 attached the struts
to the mast below the boom, rather than
above it (The reinforeed boom is strong
coough to sapport iiself withour boom
steuts.) The boow strws don’t provide any
lateral support against wind foree, so their
use is primardly 1o climiate vertical
detiection.

Other Modifications

Based on my firsthand observation of the
stock 40-2CD, | decided that several addi-

tional steps were necessary (o ensure sur-
vival, These are detailed here.

I replaced the loading-coil-terminal
plated self~tapping screw:
[-1/4-inch stainless-si chine screws,
1 drilled and tapped hotes through the alu-
minum tihe and secured the screws with
safery nuts. To do this, 1 had to cut a small
circular flap in the heat-shrink tubing
covering the loading coils. After replacing
the terminal serews, | used large-diameter
heat-shrink tubing to cover these openings
and to double the covering over the cotls.
Fwas not able to measure any change in
mductance (12.93 pi), Q (1613 or series
resistance (3.26 Q) due to the additionat
heat-shrink tabe. 'm confident now that
the connections will not loosen or corrode.

I found it best to assemble the antenna
without the joading-coil and capacitance-
hat {ip sections, which are easy to bend or
scar. Until the antenna is being raised, keep
the assembled clement tips separate and
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protect the loading cofls with rags to pre-
vent tearing the heat-shrink tubing, which
would result in water problems. Um uncer-
tain about the strength of the loading-coil
sections, but, as with tribanders, they are
quite Tar From the concentrated moment
region of the center sections.

The driven clement is held in its 2-inch
insulating section by the bolts supplied by

susherafy, but 1 made the eleetrical con-
nection immediately outhoard of D in-
sulating section using #10-32 pan-head
stainless-stee]  machine serews  rapped
directly imo the element wall and its rein
forcing tubing. (The stock clectrical con-
nections are made by machine screws that
pass through the element tobing and the in-
sulator. The insulating materia) is in com-
pression; iF the insulator deforms, fhe
connection i 1o longer sound.)

T atiached a W2 fersite-bead balun fo
the boom s four long black fe tes.
For electrical connection, T used a mini-
mwm length of 1l nsitfated #12 house
mped spade fugs ar cach cad.
s routed along the side of the
it does net add to the anten-
na’s wind resistance or  upset wrque
balance.

Torgque Batancing

IT the cemters of pressure of the elements
or the boom are not located at the mast,
wind forces from various directions eause
a tendency For the antenna Lo rotate. This
rotating moment is called the mast torque.
The wind-induced torgue about the mast
is determined by the arcas and locations of
the elements, the area and length of the
boom and the wind-arrival angle. If we can
achieve zero rotating torque at all wind
angles, rotator stress is sreatly reduced. To
achieve zero rotating torgue Yor @l wind
angles, the moments about the mast result-
ing from the clements and the boom must
be zero, With a symmetrical boom, this can
be accomplished by moving the clements
as @n ensemble so their total moment is
zera, or by adding a nonvenductive torque.
compensating elemeni. Despite the area of
ihe insulating tube for the driven element
(noi present at the reflectar), the 40-2C0D%s
forque balance is excelloni. No torgue
balancing element is necessary because of
the inherent symmetry ad simaff size of this
antenna.
ddition of a bead baktan affects the
antenna’s good torque balance, though,
The balun is 1.25 inches in diameter and
12 inches long, so the area is 1.25 % 12
15 in®. The center of the balun is 131.5
(1272) = 125.5 inches from the mast, 5o
the balun moment of arca is 15 x 1233

1882.5 in’, or approximately 350 inch-
pounds at 100 mis

There are two easy ways 10 regain torque
balance:
tendd the boom 6,84 inches ar the
reflector end (since it ean’t be shortened at
the driven-clement end).

* Make a dummy bahin the same size is

November 1991 41
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Table 1
Mechanical Parameters for the 40-2CD
Elements Stock
Wind Survival Ratings
Yenae (M) 71
Vice (mifh} 47
Center joint v, (mifh) 71
Tubing Required* -
Reflector EA
EB
EC
ED
EE
Oriven Element EG
EC
ED
EF
Driven element mounting plate
thickness (in.) 174
Boom
Viax (Mi/h) 96
Center joint v,,,,, (mi/h) 86
Center joint reinforcement 8C
{0.058-in.-wall tubing
centered on the joint)
Extension to compensate for None
W2DU bead balun {in.)
Notes

Reinforced + Reinforced + +
100 118
&6 70
104 135
1118 x 72 (84) 1.1/8 x 72 &64)7
1 x 4% 1 % 50 (58)
7/8 x 60%
1 x 30 1 x 42
718 x 12
38 x 15 38 x 18
14 x 6
1-1/8 x 68 1-1/8 x 68
1 x 24 1 x 48
718 x 24
34 x 24
fiberglass rod
1 x 30 1T x 39
718 % 6
3/8 x 12 38 x 12
3/8 142
101 117
117 117
2 x 36 2 x 84
78 x 12 1-7/18 % 12
6.84 .84

*0.058-in.-wall tubing required for each element half unless otherwise specified.
iDifferent lengths are required for each element half. Soe text.

*This is a single piece centered on the boom.

the W2DU bead balun and mount it at the
reflector end of the boom.

Susmmary

Table 1 compares the unmodified and
reinforced versions of the 40-2CD. The im-
provements make a big difference in the
antenna’s wind and ice survival. The
higher-strength configuration survived ai
my QTH and performed well right through
one of our winter storms. Perhaps C
craft would consider offering a reinforee-
ment kit for this excellent antenna to
provide certitied wind survival.

An indication of the electrical excelience
of the 40-2CD is in the comparative report
received {rom JRIXKU for a QSO in this

3 "W DX Contest. A com-

WO NEIG AN WATEGA

Eoaany many S

Many of the calls in this report are
familiar contest winners, and sport full-size
three-clement or stacked four-element

42 1523 28

Yagis. Not bad for a small two-element
antenna!

Notes

'L, Moxon, HF Antennas for All Locations (Potters

Ear:aﬂ?gio Society of Great Britain, 1982). p 28,
ig 3-12.

*D. B. Leeson, Physical Design of Yagi Antennas
(Newington: ARRL, 1992}, in preparation. Avail-
able in early 1992 from your dealer and the
ARRL Bookshelf. The book gives information on
medifying a wide range of antennas. The
40-2CD is just one example.

3H you live near a metropolitan area, your Yeliow
Pages should list suppliers of aluminum tubing
{try the headings Aluminum, Aluminum Tubing
or Tubing) and stainless-stee! hardware (try
Hardware o7 Fasteners). Marine supply stores
also sell staintess-steef hardware, but often at
a premium price. Several QST advertisers sell
tubing and hardware through the mail.

“Throughout this article, | spacify tubing as out-
side diameter x wall thickness x length (in this
case, 1~1/8 in. OD x 0.058 in. thick x 72 i
long). Use 6061-T6 or 6063-T832 material. i

Dave Leeson, WOEQHS. was first liceased in
1952, With his wife Burbara, KK6OM, he shares
wn active interest in contesting and DXing from
their California 7 QTH. Professi

ally, he holds a PhE in electrical engineering and,
yirce 1908, has been the founding chairman of

Calijorsie Microwave, nc. 0¥

Web design copyright © 1999 Dick Flanagan, K7VC
Updated December 23, 1999
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Technical Correspondence

Conducted By Paul Pagel, NIFB
Associate Technical Editor

The publishers of QST assume no responsibility for statements made hersin by correspondents.

MORE ON STRENGTFH
YAGI ELEMENTS

£2 I believe that the November 1991 QsT
article, ““Strengthening the Cusheraft
40-2CD,"" by Dave Leeson, W6QHS, con-
tains a structural practice that might afTect
the long-term wind rating of the driven ele-
ment. In this case, improvements are com-
promised by what appears to be a minor
step. The article also contains one particu-
lar suggestion for strengthening the driven
clement that provides an insignificant im-
provement and should not be used,

NG

Dritling Holes in Elements: Proceed With
Cantion

Leeson suggests using a machine screw
10 make electrical contact with the driven
element immediately outboard of the ele-
ment center insulator. e suggests the
modification because the method used by
the manafactarer has problems. Based on
my experience with two 40-2CDs stacked
on a 140-foot rotating tower, [ agree with
the need to use something other than the
manufacturer’s method of attaching the
feed fine to the driven element. Dave's sug-
gestion of using a machine serew should not
be followed, though: The hole that must
be drilled in the element 10 accept the screw
increases stress on the element tube.

How can a small hole cause a problem?
You might think that only a very small
amount of material has been removed from
the element tube, so the stress can only in-
crease a small amount, This is not correct.
The hole creates a stress concentration,
which exposes the tube material near the
hole to stress about three times higher (and
potentially much more than three times
higher) than if there was no hole. Fig 1 is
from a fracture mechanics course. It shows
an equation for the stress at the edge of a
hole as a function of the hole shape. For
a round hole, A = B, the siress is three
times higher than if the hole was not there.
Fig 2 shows what is happening to the stress
fields in the material.

Does the presence of the hole mean there
is going to be a catastrophic faiture? Yes
and no. When the stress in the area of the
hole is high enough, the material will vield.
This sets up a situation for the formation
of cracks that can grow over a period of
time. The problem with a crack is that once
it starts, it can grow quickly. A crack is
long refative to its width, so the ratio of
A/B is very high-resulting in a higher
magnification of stresses than seen by the
original hole. {f the antenna clement is sub-
jected to a very high wind, the material near
the hole will yield, and cracks will initiate
and grow. It’s only a matter of time before
failure oceurs. The higher the loads, the

Fig 1—~Stress at the edge of a hole is a
function of hole shape. For a round hole,
where A = B, the stress is three times
higher than if the hole was not there. The
stress at point v, is given by:

2a
Op = ¢ (1 + ‘-'5-'-)

sooner the failure. A moditied 40-2CD
antenna element would probably last a
reasonably long time. Then, at the time of
failure, it wouldn’t be obvious why the
element failed.

What to do? Don’t drill any holes! Don’t
use screws to attach the feed line to the
driven element. The method [ recommend
is shown in Fig 3. Build a simple clamp to
go around the outside of the driven element
and install it next to the insulator. The full
strength of the tube is now realized, provid-
ing there are no other holes.

Elsewhere in his article, Dave sugpests
using pop rivels or machine screws to
secure multiple telescoped layers of tubing
within element sections. This should be
done with great care. In the case of the
feed-line attachment, the hole was drilled
in the clement at a point where the stress
was highest for that section, If you need
ar want to drill a hole in an element, there
is a means to do so without degrading the
element’s strength: Place the hole in a
location where, under the maximum wind
Toad, the material stress (without the hole)
is no more than 25% of the tube material’s
yield stress. Even with a threetold increase
i caused by a hole, the resulting
is below the tube's yicld fevel,
minimizing the possibility of local yielding
andt crack initiation.

You can determine the best hole location
by performing a detailed stress evatuation
of the element sections. A simple rule of

et
e
==y
i
-

Fig 2—Stress fields in the aluminum are
affected by the presence of a hole.

Fig 3--A clamp around the outside of the
driven element is one way {o attach the
feed line without drilling holes.

thumb is to avoid drilling eny holes in an
element. If you are unable (o perform a
stresy analysis and must drill a hole 1o
secure overlapping  telescoping element
tubes, place the hole about midway in the
overlap length. This puts the hole at the
point in the outer element section that is
under the lowest stress.

When an element section is reinforced by
adding a tube (or tubes) inside it, there is
an easy way to secure them without deill-
ing any holes. Simply use a pointed punch
to make a slight dimple in the outer tube
that’s deep enough to sceure the inner tubce,
Dimple the element tubes in order, start-
ing with the innermost fube, so you can
slide the dimpled assembly into the next cle-
ment section.

Strengthening the Center Insulator
In his article, Leeson suggests installing

October 1992 65
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i Tearing
Element Faiture Driven Eiament
Yube Insutator

Fig 4—The most probable insulator failure
mode is for the element to tear the
insulator or pull out a portion of it.

a 0.75-inch-diameter fiberglass rod at the
center of the driven element to bridge the
center insulator, Presumably, this is done
to strengthen the driven element insulator,
as it caonot help the element sections, H
the insulator-rod composite is treated as a
beam, the suggested improvement decreases
the stress in the insulator by only 2,3%.
(The derivation of this number is avaifa-
ble upon request and is not included here
due to its length and complexity.) The sug-
gested reinforcement is not only of little
value, but does not address the most prob-
able failure mode for the insulator.

The most probable failure mode is for
the element to tear the insulator or pull out
a portion of it as shown in Fig 4. it is
almost impossible to accurately calculate
the strength of the insulator, and measur-
ing it would require destructive testing.
Even though there is no available informa-
tion, the tear-out strength of the insulator
can be greatly increased by puiting a heavy
hose clamp at each end of the insulator. Fig
5 shows this method on one end of a center
insulator. Adding the clamp accomplishes
two things: (1) It preloads the insulating
malerial in compression so it takes a higher
load to put the material in tension; (2) It
distributes foads to the entire i or

Fig 5--Banding the end of the insulator
with a hose clamp minimizes the
probability of a tearing failure.

section counection approach 1 advocate
without shertening scrvice life. The only
Yagi element failures ['ve identified with
fatigue have resulted from resonant flut-
ter of element tips.

In the case of Yagi elements, the pritnary
hurdie is surviving even one cycle at the
peak wind and ice load during the antenna
service life. The statistical rather than
cyclical nature of peak wind loading raises
the question of whether a Yagi element will
ever experience the 100,000 full-stress load-
reversal cycles that develop fatigue crack-
ing at stress risers.

Even so, it’s sound advice not to drilt any
holes in the inner half of any element or
boom section, unless the hole is contained
by an externally telescoping reinforcement
such as the tip of the next larger section.
This favors the use of external clamps to
make electrical connection to an insulated
driven element, as well as the use of dimples
{which can also be stress risers) or adhesives
such as silicone to hold internal reinforce-
ments in place.

Fig 6 shows how 1’d connect the feed line

cross section, making it act more like a
beam. A rough calculation shows the hose
clamp can at least double the tear-out
strength of the insulator for a 160% mini-
mum increase in strength. It is recommend-
ed that this method be used rather than the
0.75-inch fiberglass rod.

'hope these simple improvements to the
material presented in Dave Leeson’s arti-
cle are of use to people interested in
strengthening  their 40-2CD  antennas.
~~Dick Weber, KSIU, MSME, PE, Box 44,
Prosper, Texas 75078

Author David B. Leeson, WEQHS,
responds:

) Dick is correct that holes are stress risers
that could lead to fatigue failure in Yagi
elements. His viewpoint reflects the concern
for metal fatigue that is a way of life for
professionals dealing with aircraft wings
and race-car engines and other mechanical
devices that experience many thousands of
cycles of load reversal at full stress.
However, several respected antenna manu-
facturers have long used the same element-

66 O5%

toani 1 driven el without drill-
ing holes. An all-stainless hose clamp (or
two for redundancy) can be used to clamp
a thin electrical connecting strap or braid
to the clement. Although P’'ve had no
failures, banding the center insulator with
hose clamps is a helpful idea. These clamps
can also be used to support the connecting
straps.

The choice of strap material, thickness
and shape should respect the corrosion
potential of dissimilar metals and the
tendency for fatigue failure at sharp bends
of the strap itself (a problem with the bent-
aluminum strap clamp often seen'in com-
mercial antenna kits). The connecting wire
or strap should be insulated and supported
against flexing with black ultraviolet-
resistant tie-wraps, and the balun end of
a connecting braid can be rolled and
crimped in a suitable fug.

Dick also questions the use of a fiberglass
rod placed at the driven element center. The
fiberglass rod is there to prevent the crush
of the element tubing, and is not expected
to add strength to the center insulator.

1.ast, here are typographical errors in my

Page 1 of 1
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Fig 6---Dave Leeson suggests using hose
clamps to connect the teed line to the
element, as wall as prevent insulator
tearing.

book, Physical Design of Yagi A niennas,
that have been pointed out by readers (the
first three by Brian Beezley, K6ST1, the fast
by Bob Wilson, N6TV):
* Page 8-23, Table 8-3, the second to last
entry should be ' = &/(f,'/f,)
* Page 9-4, Table 9-1, the last entry under
Hy-Gain should be 0.23, not 0.27.
* Page 9-14, second sentence from the
the bottom: **. . element mount totals
Xe = ~339Q, not ~169Q
* Page 11-61, second paragraph, fourth
sentence should read: The 15MS can
be constructed on the Hy-Gain 205BA
boom,” (not 204BA boom).
Note: All correspondence addressed lo the
Technical Correspondence colurnn should bear
the name, call sign and complete address of the
sender. Please include a daytime telephone
number at which you can be reached i necessary.
Keep the author(s) in the communications foop.
Whether praising or crilicizing a work, copy the

author(s) on comments sent to Technical
Correspondence.
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