
understacking 
highmf requency 
Yagi antennas 

A novel system 
for stacking beams 

on a tower 
to minimize 

mast damage 
in heavy weather 

Installation of a single Yagi antenna on a tower, 
whether the tower is guyed or not, provides a clean 
looking system that will no doubt perform as pre- 
dicted. If a commercially manufactured antenna is 
used, and there is no desire to make adjustments for 
optimum performance, mounting it in the clear away 
from all surrounding objects is the only way to do it. 
That, however, is not very cost effective. A second 
beam means a second tower, a third beam requires a 
third tower, and so on. I quit with three towers - but 
I want beams for 40 through 10 meters. 

Stacking distances of 10 feet (3 meters) or more 
aren't generally suited to high-frequency beam instal- 
lations because it's difficult to prevent the mast from 
bending in severe weather. Ultra-strong steel masts 
are expensive, heavy, and do not provide easy ac- 
cess to the top antenna. By understacking antennas, 
rather than overstacking them, a number of features 
develop which overcome these problems. 

Understacking takes advantage of a unique rela- 
tionship between the system weight and the effect of 
gravity. With conventional stacking arrangements, 
the weight of the top antenna adds to the bending 
moment at the base of the mast. Understacking sub- 
tracts the antenna weight from the bending moment 

because gravity aids in keeping the mast in a vertical 
position. 

A number of other feature benefits come into play. 
First, installing, tuning, or repairing the stacked 
antenna is relatively easy because it is mounted with- 
in reach of the person climbing the tower. Properly 
designed tilting hardware makes it easy to reach any 
point on the boom of either antenna. Element repair 
or matching-network adjustments are relatively sim- 
ple. Building the system shown in the photographs 
was a one-man project - no help was needed. 

A primary objective for any antenna system is to 
have it remain intact during foul weather. One dis- 
asterous event which can destroy an antenna, espe- 
cially one that is stacked above another, is a hurri- 
cane - or hurricane-force winds. Even with two days 
of notice (hurricanes are somewhat predictable!), an 
antenna stacked high on a mast offers little oppor- 
tunity to take damage avoidance steps to weather 
the storm. With understacking, however, you can 
climb the tower and tie in the stacked antenna with 
heavy rope. When the boom of the stacked antenna 
is fastened securely to  the tower face, the chance of 
mast damage is eliminated. Furthermore, the mast 
and boom of the stacked antenna are fastened at a 
point where the top set of guy wires have the great- 
est strength - right at the guy point. The tie-in pro- 
cedure reduces the load above the top set of guy 
wires to one antenna surface instead of two. 

Further security is built into the system by install- 
ing a torsion bar assembly at the very top of the 
tower; see the photographs. The benefit is obvious: 
during hurricane season (June through November), a 
ready-made set of guy wires is kept on hand. If they 
are needed, it is a simple task to install them (it can 
be done in less than an hour). With the extra guy 
wires in place, there is little chance of tower damage 
from high winds. Whether or not the antenna sur- 
vives extremely high winds is a different matter. 
Keep in mind, though, it is far easier to repair a bent 
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The antenna installation at WlXT. Shown are a two-el* 
ment, &meter Yagi and an understacked five-element, 10- 
meter Yagi. 

antenna than it is to fix a bent tower! 
There are a few minor benefits to understacking as 

well. The auxiliary mast is a torsion tube which 
reduces stress on both the tower legs and the rotor. 
The empty span between Yagis is ideally suited to 
the installation of a small vhf antenna. 

mechanical components 
Fabrication of the hardware is simple and can be 

done easily in the home workshop. There are three 
different pieces to the system: an 11-foot (3.3-meter) 
long galvanized steel mast, two boom-tilt assem- 
blies, and two angle brackets to support the auxiliary 
mast at the top of the main mast. Standard discount 
store automotive muffler clamps are used to hold 
everything in place. Plated clamps are usually found 
in the hardware department rather than in the auto- 
motive section. 

The mast sections are made from 1 %-inch galvan- 
ized waterpipe. Because waterpipe is specified by in- 
side diameter (I Dl, not outside dimension (OD), the 
outer dimension for the 1 %-inch pipe is slightly 
under 2 inches (50 mm). This size is ideally suited to 
1-718 inch (48 mm) clamps although 2-inch (50 mm) 
clamps are satisfactory. Galvanized waterpipe is 
available from most plumbing supply dealers but be 
prepared for a stiff price. The material used here cost 
nearly $20! 

The two top mounted angle brackets are 12 inches 
(30 cm) long and provide adequate tower clearance 
for the auxiliary mast. The aluminum stock is 3 
inches (8 cm) on a side and W-inch (6 mm) thick. The 
upper angle piece is equipped with six muffler 
clamps, three on each end; the lower one has two at 
each mast connection point. 

Both boom-tilting assemblies are shown in the 

photographs. The %-inch (25 mm) thick plate (alumi- 
num) has a horizontal pipe section held in place by a 
group of muffler clamps. Each Yagi has its boom-to- 
mast plate turned horizontal so that it may sit on the 
tilt assembly plate. Loose clamp hardware allows rel- 
atively free tilting of the boom to any position for the 
installation of the elements. The top boom-tilt as- 
sembly is fastened to the main mast and not the aux- 
iliary one. This helps offset the leaning action caused 
by the lower antenna. 

system description 
A five-element, 24-foot (7.2 meter) boom 10-meter 

Yagi is stacked under a two-element electrically 
shortened 40-meter beam (Mosley S-402) which has 
46-foot (13.8-meter) long elements. The Mosley an- 
tenna was selected because of its low wind surface 
profile as compared to a full sized array. The high Q 
of a loaded antenna makes it necessary to assure no 
detuning occurs as a result of other hardware being 
in close proximity to it. 

A number of other factors were involved in select- 
ing these antenna designs. The 10-meter beam has a 
boom length slightly longer than double the spacing 
between antennas which means that the top antenna 
interferes with rotating the lower boom vertical. 
Since the longest 10-meter element is shorter than 
the boom length for the 40-meter antenna (20 feet or 
6 meters), it is a simple matter to turn one boom 90 
degrees (horizontally) and tilt the 10-meter boom end 
and element up between the two 40-meter elements. 
The 24-foot (7.2 meter) boom length on the 10-meter 
beam was selected to provide element positions 
which would not be directly under the elements 

The guy-wire tomlon bracket ir mounted just above the bot- 
tom rung of the tower top section. The 10-meter antenna ro- 
tates just above the top set of guys. An empty torsion as- 
sembly at the top of the tower is available for an additional 
set of guy cables if they should be necessary. 



two antennas 10 feet (3 meters) apart is sufficient to 
avoid detuning either one. 

Mechanically, the system is stable and strong. The 
slightly off-center mounting of the auxiliary mast 
causes the main mast to lean to one side. This is 
counteracted to some extent by the top tilt assembly 
being mounted to the main mast with the horizontal 
pipe extending in the other direction. There is no 
binding in the tower top sleeve. The relatively long 
main mast to the rotor makes the misalignment insig- m nificant. You should not attempt this type of under- 
stacking, however, if the rotor is mounted directly 
beneath the tower sleeve - or worse yet, if the rotor 
is mounted above the sleeve. Under these condi- 
tions, the lateral forces would destroy the rotor in 
short order. 

There have been two tests of the mechanical 
strength and reliability of the stacking procedure. In 
August, 1979, a severe storm whipped through cen- 
tral Connecticut, tearing roofs off buildings and 
uprooting trees. The local weather service measured \ wind velocities of 70 mph (110 km/h) for more than 
an hour. After the storm, the system inspection 
showed only a 40-meter element to be rotated 
around the boom; everything else was intact. During 
early September, Tropical Storm David generated 
wind gusts up to 70 mph (1 10 kmlh); this time there 
was no damage. In neither case was the top set of 
auv wires installed (the extra set) or the lower boom 

Th. 9@wwtmr tllt assembly attachr to the auxiliary m a d  
with four muffler clamps. Note the clamp at the very bot- 
tom of the mast. It is needed to keep the tilt assembly from 
slipping off the auxiliary mast and is an absolute require- 
ment. 

above. For one thing, this gives slightly more separa- 
tion between elements than the vertical dimension 
indicates. More importantly, however, during a bad 
ice storm, the top elements won't droop and make 
contact with the lower antenna. Also, melting ice 
from the top elements will drop between the lower 
10-meter ones. Falling ice can play havoc with the 
antennas beneath! 

Interaction tests were required to assure no inter- 
action between antennas. The Mosley antenna was 
installed first. An SWR curve was plotted, front-to- 
back measurements were taken, and the relative sig- 
nal strength of a local broadcasting station were 
made (W1AW is 25 miles away and visible on a clear 
day). Next, the 10-meter Yagi was installed and simi- 
lar measurements were performed. Rechecking the 
40-meter tests showed no difference in the figures. 
Rotating the top antenna 90 degrees with respect to 
the lower one had no influence on the test results of 
either antenna. The conclusion is that stacking these 

i e d  into the tower face. A good deal of confidence 
was developed by these two events. After the first 
storm, it was a simple matter to tilt down the 40- 
meter boom and straighten the twisted reflector. 

hardware installation 
There are numerous ways an Amateur can ap- 

proach this kind of a project. The testing require- 
ments, however, dictated the order in which compo- 

The top angle brackets have been offset to give a greater 
spacing between the tower legs and the 10-meter boom. 
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Two angle brackets are used to hold the auxiliary mast in 
place. One is attached above the 40-meter tilt assembly; the 
other is connected below. 

nents were installed. It would be wise for anyone 
duplicating this system to perform tests similar to 
those mentioned earlier. If two antennas are put up 
and one doesn't operate correctly, it could be very 
difficult to determine the source of the problem. 

First, install the tilt hardware to the main mast. 
Next, position the 40-meter boom on the horizontal 
tilt assembly pipe. With the appropriate boom end 
tilted down along side the tower, attach one ele- 
ment. It is necessary to tie a rope to the opposite 
boom end from where the first element is connected. 
It should be done before the boom leaves the 
ground. The rope is needed to pull the non-element 
end down after the first one is attached. With both 
elements connected, the antenna weight is balanced 
and vertical rotation around the tilt assembly is easy. 
Exercise extreme care when turning the boom up or 
down. Be sure the clamps can't slide off the horizon- 
tal pipe. The pulling rope must be strong and tied se- 
curely in place. If the rope breaks or slips half way 
through the tilting process, the heavy end will swing 
down with a vengeance. 

Once the 40-meter beam is installed and tested, 
the two auxiliary mast supports are clamped in place; 
one gooes above the 40-meter tilt assembly and the 
other mounts beneath it. Muffler clamps should be 
attached to the far end of the angle stock, ready to 
accept the auxiliary mast. Slip the mast pipe up 
through the clamps and secure all of the hardware. 
The 10-meter boom-tilt assembly can be attached to 
the auxiliary mast before it leaves the ground or after 
the mast is in place. 

As with any antenna installation, safety is an ab- 
solute requirement. I have found the best procedure 

is to plan every step of the process in advance. Ab- 
breviated notes are used to avoid mistakes. 

boom-to-tower 
spacing adjustment 

The auxiliary mast aligns on center with the tower 
when the support angle brackets are parallel to the 
40-meter boom. The lower tilt assembly offsets the 
10-meter beam sufficiently to clear the tower during 
rotation. Sway in the auxiliary mast caused by wind 
may allow the 10-meter boom to occasionally bump 
into the tower leg at some headings. Twenty turns of 
polypropylene rope are wrapped around the 10-meter 
boom where it comes close to the tower. The rope 
acts as a bumper pad during very high winds. 

To increase the spacing between the boom and 
the tower legs, change the position of the angle sup- 
ports toward perpendicular with the 40-meter boom. 
The lower beam will need to be repositioned slightly 
for a corrected heading; an &inch (20 cm) clearance 

The homemade 10-meter beem mounts to the tilt assembly 
with four muffler clamps. The coaxial cable loop must be 
positioned so that rotation of the system doesn't crimp or 
cut it. 
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C O M P L E T E  KITS: CONSISTING OF EVERY ESSENTIAL PART NEEDED TO MAKE YOUR 
COUNTER COMPLETE. HAL.(IOOA 7-DIGIT COUNTER WlTH FREOUENCY RANGE OF ZERO 
TO 600 MHz FEATURES TWO INPUTS ONE FOR LOW FREOUENCY AND ONE FOR HIGH 
FREOUENCY. AUTOMATIC ZLRO SUPPRESSION TIME BASE IS 1 O SEC OR 1 SEC GATE 
WlTH OPTIONAL 10 SEC GATE AVAILABLE ACCURACY + W 1 %  UTILIZES 10-MHz 
CRYSTAL 5 PPM. COMPLETE KIT $129 

H A L - 3 0 0 A  7-DIGIT COUNTER (SIMILAR TO 600A) WlTH FREOUENCY RANGE OF 0. 
C O M P L E T E  K I T  S t 0 8  

HAL.50A 8-DIGIT COUNTER WlTH FREQUENCY RANGE OF ZERO TO 50 MHz OR BETTER. 
AUTOMATIC DECIMAL POINT ZERO SUPPRESSION UPON DEMAND FEATURES TWO IN. 
PUTS ONE FOR LOW FREQUENCY INPUT, AND ONE ON PANEL FOR USE WITH ANY INTER- 
NALLY MOUNTED HALTRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE ALREADY 
BEEN MADE. 1 0 SEC AND 1 SEC TIME GATES ACCURACY s 001% UTILIZES 10-MHz 
CRYSTAL 5 PPM C O M P L E T E  K I T  $108 

FREE: HAL-79 CLOCK KIT PLUS AN INLINE RF PROBE WITH PURCHASE OF ANY FRE- 
OUENCY COUNTER. 

PRE-SCALER KITS 
H A L  300 P R E  . . . . . ( R e d r i l l e d  G - 1 0  b o a r d  a n d  a l l  c o m p o n e n t s ) .  . . . . 514.85 
H A L  300 AIPRE. .  . . . . . . . ( S a m e  a s  a b o v e  b u t  w i t h  p reamp) .  . . . . . . . . $24.85 
H A L 8 0 0  P R E  . . . . . ( P r e d r i l l e d  G.10 b o a r d  a n d  a l l  c o m p o n e n t s ) .  . . . . 529.95 
H A L 6 0 0  A IPRE.  . . . . . . . . ( S a m e  a s  a b o v e  b u t  w l l h  p r e a m p ) .  . . . . . . . . $39.95 

HAL1 GHz PRESCALER VHF (I. UHF INPUT a OUT- 
PUT. DIVIDES BY 1000 OPFRATES ON A SINELE 5VOLTSUPPLY. 

P R E B U I L T  6 T E S T E D  $79.95 

TOUCH TONE DECODER KIT 
HIGHLY STABLE DECODER KIT COMESWITH2SIDED.PLATED THRU AND SOLDER FLOWED 
G-10 PC BOARD 7.567's. 2.7402. AN0 ALL ELECTRONIC COMPONENTS BOARD MEAS- 
URES 3-112 x 5 - i / 2  INCHES HAS 12 LINES OUT ONLY 539.95 

D E L U X E  12 .BUTTON T O U C H T O N E  E N C O D E R  K I T  UTILIZING THE NEW ICM 
7706 CHIP. PROVIDES BOTH VISUAL AND AUDIO INDICATIONS' COMES WlTH ITS OWN 
TWO.TONE ANODIZED ALUMINUM CABINET MEASURES ONLY 2-314" X 3.314". COM- 
PLETE WlTH TOUCH-TONE PAD. BOARD. CRYSTAL. CHlP AND ALL NECESSARY COMPO. 
NENTS TO FINISH THE KIT. P R I C E D  A T  $29.95 
FOR THOSE WHO WlSH TO MOUNT THE ENCODER IN A HAND-HELD UNIT. THE PC BOARD 
MEASURES ONLY 9 / 1 6  x 1.314" THIS PARTIAL KIT WlTH PC BOARD. CRYSTAL, CHlP 
AND COMPONENTS. P R I C E D  A T  $14.95 
A C C U K E Y E R  (KIT) THIS ACCUKEYER IS  A REVISED VERSION OF THE VERY POPULAR 
WB4VV$ ACCUKEYER ORIGINALLY DESCRIBED BY JAMES GARRETT. IN OST MAGAZINE 
AND THE 1975 RADIO AMATEUR'S HANDBOOK $16.95 

A C C U K E Y E R  - M E M O R Y  O P T I O N  K I T  PROVIDES A SIMPLE. LOW COST METHOD 
OF ADDING MEMORY CAPABILITY TO THE WB4VVF ACCUKEYER. WHILE DESIGNED FOR 
DIRECT ATTACHMENT TO THE ABOVE ACCUKEYER, IT CAN ALSO BE ATTACHED TO ANY 
STANDARD ACCUKEYER BOARD WITH LITTLE DIFFICULTY $16.95 

PRE-AMPLIFIER 
HAL.PA.18 W I D E  B A N D  PRE.AMPLIF IER,  2-200 MHz BANDWIDTH ( - 3 6 8  
POINTS). 19dBGAIN. F U L L Y  A S S E M B L E D  A N D  T E S T E D  $8.95 

CLOCK KIT - H A L  78 F O U R - D I Q I T  S P E C I A L  - $7.85. 
OPERATES ON I2.VOLT AC (NOT SUPPLIED) PROVISIONS FOR DC AND 
ALARM OPERATION 

6-DIGIT CLOCK 12/24 HOUR 
COMPLETE KIT CONSISTING OF 2 PC G-10 PRE-DRILLED PC BOARDS. 1 CLOCK CHIP. 6 
FNO COMM. CATH READOUTS 13 TRANS. 3 CAPS 9 RESISTORS. 5 DIODES 3 PUSH. 
BUTTON SWITCHES POWER TRANS FOR ME^^ AND INSTRUCTIONS DON'T BE FOOLED BY 
PARTIAL KITS W H E ~ E Y O U  HAVE TO BUY EVERYTHING EXTRA P R I C E D A T  512.95 

C L O C K  C A S E  AVAILABLE AND WlLL FIT ANY ONE OF THE ABOVE CLOCKS. REGULAR 
PRICE . $6 50 BUT ONLY $4.50 WHEN BOUGHTWIfH CLOCK. 
SIX.DIGIT A L A R M  C L O C K  K I T  FOR HOME CAMPER RV OR FIELD-DAY USE. OPER- 
ATES ON 12.VOLT AC OR OC, AND HAS ITS OWN 60-Hz T ~ M E  BASE ON THE BOARD. COM- 
PLETE WlTH ALL ELECTRONIC COMPONENTS AN0 TWD.PIECE. PRE-DRILLED PC BOARDS. 
BOARD SIZE 4" x 3" COMPLETE WITH SPEAKER AND SWITCHES IF OPERATED ON OC. 
THERE IS NOTHING MORE TO BUY P R I C E D  A T  518.95 

'TWELVE-VOLT AC LINE CORD FOR THOSE WHO WlSH TO OPERATE THE CLOCK FROM 
110-VOLT AC $2.50 

S H I P P I N G  I N F O R M A T I O N  - ORDERS OVER $15.00 WlLL BE SHIPPED POSTPAID 
EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES ARE REOUESTED. ON ORDERS LESS 
THAN $15.00 PLEASE INCLUDE ADDITIONAL $1.00 FOR HANDLING AND MAILING 
CHARGES SEND SASE FOR FREE FLYER 

NOW AN ALUMA TOWER 
DISTRIBUTOR 

P.O. BOX1101 
HAROLD C. NOWLAND SOUTHGATE, MICH. 48195 

WBZXH PHONE (313) 2351782 

is adequate. Note the offset of the angle brackets in 
some photographs. 

pitfalls 
It is possible to forget some of the basics of good 

engineering practice. For instance, the auxiliary mast 
is indeed a 10-foot (3-meter) long lever arm and will 
flex the main mast pipe. An antenna of much larger 
dimensions than described here would likely cause 
one of the masts to bend if extremely severe weather 
were encountered. For use with bigger systems, hard 
steel tubing is recommended in place of waterpipe. 

Another important consideration is tower loading. 
The tower shown here is 100 feet (30 meters) of 
Rohn 25 guyed at 33, 66, and 91 feet (10,20, and 27 
meters). The unsupported top section has a torsion 
guy assembly mounted just below the bottom rung 
which keeps lateral forces off the tower leg bolts. 
The load rating for Rohn 25 tower is 6 square feet 
(0.55 meter21 of antenna; many Amateurs exceed 
that with large six-element Tribander. The surface 
area rating for the Mosley S-402 is about 3.8 square 
feet (0.35 meter2). The lower five-element Yagi adds 
another 2.5 square feet (0.23 meter2) of surface area. 
This tower is sufficiently loaded for maximum safe 
operation (note that tower load ratings assume a 
rotor, mast, and cables and should not be included in 
the calculations). 

other combinations 
Interaction between antennas is always a possibili- 

ty when more than one antenna is placed on a tower. 
Many Amateurs have experienced difficulty in opera- 
tion when 15- and 40-meter antennas are mounted 
together on the same tower. The end result is usually 
poor front-to-back ratio with the 15-meter system. 
The high Q of a Tribander accentuates the problem. 
For this reason, you should be cautious about install- 
ing a Tribander and a loaded 40-meter beam on the 
same support. If interaction does result, the simple 
solution is to turn one of the antennas 90 degrees 
with respect to the other. Double dial calibration 
would then be required. 

A combination of antennas ideally suited to under- 
stacking is a small "Christmas Tree" of monobanders 
for 20, 15, and 10 meters. The largest antenna should 
go at the top and the smallest in the middle of the 
auxiliary mast. In this manner, the heaviest Yagi is 
mounted just above the top tower sleeve, and the 
next largest antenna will have its weight at the bot- 
tom of the auxiliary mast to counteract the bending 
moment. 

No matter what combination of antennas is select- 
ed, be sure not to overload the tower. Hardware fall- 
ing from the sky is hazardous to your neighbors! 

ham radio 
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