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1.0 Introduction
This report provides the wind loading on the MPT fixed site antennas. The environmental
conditions include both iced and non-iced conditions. The stresses and safety margins are
calculated at the critical locations due to the bending moment loads.

2.0 Configuration
There are three sizes of MPT antennas corresponding to the frequency bands used. Each of
these antennas consist of a central hub ring, eight arms, and a biconical dipole mounted on the
end of each arm. The biconical dipole is supported with a balun box that fastens to a flange on
the end of each arm.
The antennas may be used individually, in which case the antenna’s central hub is supported by
a base mast. Or the antennas may also be stacked either two high or three high using masts
that connect the lower side of a one central hub to the upper side of the adjacent lower central
hub. Figures 1, 2 and 3 below show the mounting of a single VHF antenna, a UHF/VHF stacked
pair, and a THF/UHF/VHF set of all three stacked antennas.
The antenna design analyzed is that defined in the following revisions of these drawings:
DDF6395 Base Mast
DDF6396 U/V Mast
DDF6397 T/U Mast
DDF6380C Biconical Element
DDF6385D Antenna Frame

Figure 1 - VHF 8 Element Antenna on Mast

Figure 2 - UHF/VHF 8 Element Stacked Array
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Figure 3 - THF/UHF/VHF 8 Element Stacked Array

The locations where stress is of concern are:
• The lower end of one of the wire elements used in the biconical antenna. This will be
greatest for the VHF antenna since both the surface area of the antenna and the
moment arm are much larger than the other antennas. See A in Figure 3.
• The interface between the antenna arm and the central hub ring on the VHF antenna.
See B in Figure 3.
• The lower end of the three connecting masts. The load on the lowest mast will be
highest for the three antenna stack shown in Figure 3 – see C.

3.0 Method of Calculation
The wind load on each element is calculated using the equation:
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F is the drag in lbs
is the drag coefficient discussed below
A is the area of the element normal to the wind in ft2
is the density of air = 0.0024 lb-s2/ft4
V is the wind velocity in ft/s
The drag coefficient in general is a function of the Reynolds number but for the geometries,
viscosity and wind speeds considered here, it may be neglected and the drag coefficient is
simply taken from the shapes shown in Figure 4. Most of the elements are modeled as cylinders
with L/D ratios between 1 and 20. The baluns are modeled as cubes.

Figure 4 - Drag Coefficients of Three Dimensional Bodies (Re > 104)

The stress calculations are based on the moment loads:
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where the summation is taken for all drag forces above the point at which the moment is
calculated.
The stress in all cases is that of a cantilevered cylindrical beam at the surface:

where,
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is the stress in lbs/in2 (psi)
R is the radius of the cylindrical section
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I is the area moment of inertia in in4. For a hollow cylinder,
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The safety margin is:
where
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is the yield stress of the material listed in the table below.

Material
17-4 Condition H900

Yield stress (psi)
200,000

17-4 Condition A

145,000

316 Stainless

30,000

6061 T6
Fibreglass

40,000
70,000

Used in
Biconical wires on VHF
antenna
Biconical wires on UHF
antenna
Biconical hubs & bolts; THF
antenna elements
Arms, center hub
Masts

4.0 Loads and Stresses with 120 mph Wind, No Ice
The following tables show the loads and stresses with 120 mph wind and no ice buildup. The
minimum safety margin is 125% and occurs at the base of the mast.

Notes:
1. Average area of eight dipoles, assuming four are perpendicular to the wind and
four are rotated 45º to the wind.
2. Average area of eight balum boxes, assuming two are showing top/bottom surface
to the wind, two are showing side, and four are rotated 45º to the wind. Average of
eight drag coefficients is used, assuming four perpendicular to the wind and four
are rotated 45º to the wind. The thickness of the mounting flange is included as
an extension of the balum face.
3. Average area of six arms, assuming two are perpendicular to the wind and four
are at a 45º angle to the wind. Two are assumed hidden from the wind, one by the
balum box and one by the center hub.
4. Ice thickness is added to each dimension of node elements and subtracted from the
length of joining elements.

5.0 Loads and Stresses with 60 mph Wind, ½ Inch Ice
The following tables present the loads and stresses with ½ inch radial ice and 60 mph wind. The
lowest safety margin is about 78% and occurs at the base of the mast.

(Same notes apply).

6.0 Maximum Wind Speed vs Ice Buildup
Figure 5 shows the maximum wind speed that results in zero safety margin (failure) as a
function of the radial ice buildup on the three antenna stack. The two purple markers are the
design goals.
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Figure 5 - Maximum Wind Speed vs Ice Buildup

7.0 Conclusions
The three antenna array with biconical elements will withstand more than 120 mph wind with
no ice and 60 mph wind with ½ inch ice.

