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DESIGN AND APPLICATION OF ANTENNA COUPLERS FOR
CERTIFICATION OF AIRBORNE INSTRUMENTATION

ANTENNAS

Scott R. Kujiraoka
Rick Davis

Naval Air Warfare Center Weapons Division
Point Mugu, California

ABSTRACT

Instrumentation antennas installed on missiles and airborne targets are required to be
tested and certified prior to flight. The antenna coupler is a means of certifying that the
antenna is in proper working condition prior to deployment, as damage to the antennas
may have occurred during transportation or installation. This coupler also provides a low
cost means to evaluate and monitor the antenna throughout the various stages of design
and assembly. These antennas can contain arrays for telemetry, beacon tracking, global
positioning systems and flight termination. A failure by any one of these arrays could
result in the loss of data or improper operation of the flight vehicle. Description of the
design and function of antenna couplers will be discussed.
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INTRODUCTION

In order to avoid the costly problems of lost data or an aborted flight, all airborne
programs have a requirement that their instrumentation antennas (e.g., flight termination,
telemetry and beacon tracking) be certified before flight. Damage may have occurred to
the antennas during handling prior to installation. The antenna coupler is a means of
accomplishing this certification. Although NAWCWD Point Mugu has designed antenna
couplers for several airborne platforms (e.g., STANDARD Missile, Harpoon/SLAM
missiles and QF-4 target drones) only the STANDARD Missile instrumentation antenna
couplers will be described in detail. In this paper, the design requirements, challenges and
implementation of that coupler will be discussed.



ANTENNA COUPLER DESIGN

Antenna Description

The item at right in Figure 1 shows a STANDARD Missile instrumentation antenna test
section mounted with a conformal, wraparound antenna. On the left is an antenna
coupler.

Figure 1: Antenna coupler (l.) & antenna test section (r.)

The STANDARD Missile antenna contains three arrays: An eight-element Omni-
directional telemetry array, a two-element directional telemetry array, and a two-element
beacon array. For the sake of simplicity, only the eight-element Omni-directional
telemetry array will be discussed. Since the antenna is constructed from a Teflon-based
material (RT/Duroid 5870), the possibility exists that the antenna may have been
damaged during handling prior to deployment in the Fleet. In order for the antenna to
wraparound the missile, the antenna material must be pliable, but is susceptible to
abrasions and puncture marks. Care must be taken to prevent the marks from affecting
the performance of the antenna. The antenna is powered by a five watt transmitter and it
is required that the test operator not be radiated by the antenna under test.



Coupler Design Requirements

Since the telemetry antenna is a wraparound with eight elements, a device had to be
designed to measure each of the eight elements. The device that satisfies this criteria is an
antenna coupler. Taking another look at the test section, there are several access ports that
had to be maintained. The coupler had to be designed around these access ports. Below is
a brief listing of some of the design specifications:

1) Fit over the instrumentation section and cover all antenna elements
2) Compatible with fully assembled missile round, including eight-inch high fins
3) Length not to exceed 13.48 inches
4) Maximum weight to be 50 lbs
5) Voltage range between 0.5 to 10.0 volts
6) Radiation leakage from coupler to be less than 10mW/cm2

Coupler Function

A STANDARD Missile Direct Current (DC) antenna coupler is a means for which an
automated test set can measure the power radiating from each antenna element; thus
determining if the antenna is functioning properly. It is called a DC coupler because it
converts the coupled Radio Frequency (RF) power received from the antenna element
into a DC voltage. Another requirement of the coupler is to prevent radiation leakage
from the Antenna Under Test (AUT). When installed on a missile section, each coupler
contains several antenna probes mounted above each antenna element. These probes are
used to couple the RF power radiated from the element. This power is converted to a DC
Voltage (with the use of a detector), which is later recorded by the automated test set. An
antenna coupler mounted onto a test section is shown in Figure 2.

Figure 2: Coupler mounted onto test section



Design Implementation

Electrical Design-

A probe was designed to couple the RF power from each antenna element. This can be
seen in Figure 3. Since the probe had to fit in a confined space inside the coupler, the size
of the probe is quite small. As a result, the amount of coupling as well as the bandwidth
suffered. Therefore, a microwave rod resistor was included in the probe as a solution.

Figure 3: Probe and Detector

The detector, used to convert the RF power into a DC voltage, is also shown in Figure 3.
These detectors had to withstand input power (up to 0.5 watts), output voltages (up to 10
volts), as well as fit into the given mechanical package. An additional design challenge
involved ensuring linear operation over a large range of input power so that no clipping
of the output voltage occurred. The use of a zero bias Schottky diode solved these design
concerns. Since the coupler is constructed of metal, microwave-absorbing material was
used to fill in the cavity between the coupler probes to prevent undesired cross coupling
and multipath of the radiated signal. The interior of the coupler is lined with a dielectric
shield that is electrically transparent, but provides a physical barrier to prevent damage to
the static-sensitive detectors.

Mechanical Design-

The coupler structure consists of two sets of forward and aft rings that were connected by
support columns. Each set of rings and support columns were grooved to house an outer
aluminum panel, an inner dielectric panel, and a gasket to protect the antenna from
damage while being mounted. The support columns formed four independent
compartments or cavities. The purpose of these compartments is to isolate the coupler
probes from any external metallic structure, and to reduce cross-talk from opposing

Detector

Probe



antenna elements. In order to install the coupler, it is positioned onto a locator pin at the
Top Flight Center (flight-up) of the antenna section and is opened and hinged at this point
until it is manually closed and secured. Since the fins are typically installed prior to a
certification test, a unique slider/cam/latch was designed to allow the coupler to hinge
about the locator pin and not interfere with the fins during installation. This was achieved
by sliding one-half of the coupler linearly and allowing two degrees of freedom in
rotation to occur until completely closed. The coupler was then pinned at the opposite
end, and using the slider/cam/latch grip bar, was closed into its final configuration and
secured with two quick-disconnect pins. Figure 5 demonstrates this coupler installed onto
an antenna section with mockup model test fins.

Figure 5: Coupler mounted onto section with mockup model fins



Test Setup

Figure 4 is a schematic diagram of the test setup to test and calibrate the couplers.

Figure 4: Schematic of Test Setup

A personal computer running LabView software controls the system. The coupler is
wrapped around the antenna section with the antenna already installed onto it. The
computer sets the first test frequency and power level on the synthesized source. A power
meter is used as feedback to the source to ensure that a constant power level is delivered
to the input of the AUT at each of the different test frequencies. The coupler then
performs several tasks. First, coupler antenna probes (see Figure 3) located above each of
the elements in the AUT couples the RF power. Next, a zero bias Schottky detector (also
in Figure 3) converts the RF power into a DC voltage. This voltage is sent via a wire to a
test jack or connector. The dashed line in Figure 4 represents the antenna coupler. A test
plug is attached to the coupler and is connected to a computer-controlled multiplexed
switch matrix. As the computer switches between each of the channels, the DC voltage is
read by the multimeter and recorded by the computer. This switching process continues



until all of the voltages from each of the antenna elements have been recorded. The
computer then sets the source to the second test frequency, the power is leveled and the
entire procedure is repeated until all test frequencies have been measured. Table 1 is a
sample of the calibration data for the eight-element Omni-directional antenna.

Omni Element Number

Freq. #1 #2 #3 #4 #5 #6 #7 #8
#1 2.32 V 1.65 V 2.33 V 2.35 V 2.71 V 1.76 V 2.35 V 1.86 V
#2 2.29 V 1.58 V 2.37 V 2.37 V 2.71 V 1.73 V 2.40 V 1.84 V
#3 2.28 V 1.54 V 2.39 V 2.39 V 2.67 V 1.70 V 2.43 V 1.84 V
#4 2.18 V 1.55 V 2.34 V 2.40 V 2.41 V 1.57 V 2.45 V 1.82 V
#5 2.11 V 1.61 V 2.18 V 2.32 V 2.23 V 1.57 V 2.41 V 1.77 V
#6 1.99 V 1.64 V 1.89 V 2.15 V 2.01 V 1.60 V 2.21 V 1.61 V
#7 1.94 V 1.65 V 1.75 V 2.08 V 1.94 V 1.62 V 2.08 V 1.50 V

Table 1: Sample calibration data

CONCLUSIONS

The design and operation of instrumentation antenna couplers as discussed in this paper
are not restricted to the STANDARD Missile Program. Other antenna couplers have been
designed for missile and target drone programs such as Harpoon/SLAM and QF-4. In
addition to certifying antennas, these couplers have aided in the development of antenna
programs as well as testing antennas without the need and expense of a test range.
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