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1. Introduction

High power microwave systems will be critical to future Army neutralization systems that have the
capability to defeat and neutralize unattended improvised explosive devices (IED) on the modern
battlefield. Highly efficient and high power handling antennas will be required for these systems.
The U.S. Army Research Laboratory has developed an efficient antenna array (1) that can handle
high power (> 1 Kilo Watts (KW)) radio frequency (RF) using pulsed or continuous waveform
(CW) sources. The initial radiating element was developed and modeled by Weiss and Coburn
(2,3). Ly (1) extended the single element to a two-patch array antenna. In particular, correct
dimensions for the antenna design have been experimentally determined to obtain optimal
performance and integrated in an enclosed metal box. The high power two-patch array antenna
operates at S-band with the bandwidth of 420 MHz with £210 MHz from the center frequency.
This report presents the results of electrical and vibration tests for the high power two-patch array
antenna to confirm that the antenna can endure in harsh environments and sustain operation with
high power microwave sources.

Figures 1 and 2 show the back view and the front view of the two-patch array antenna. The back
view shows the HN connector that will be integrated to the high power RF source and the box that
encloses other parts of the patch array antenna. The front view of the antenna depicts the antenna
cover and flanges with four holes for securing the antenna on a platform. Figure 3 shows the detail
assembly antenna architecture.

The rest of paper is as follows: Section 2 describes the experiment for the electrical test. Section 3
describes conditions and results of the vibration test. Section 4 draws conclusions.



Figure 1. Back view of the high power
two-patch array antenna.

Figure 2. Front view of the high power
two-patch array antenna.



Figure 3. Detailed assembly of the high power two-patch array antenna:
a. shows the cover of the antenna made of Duroid 5880 material,
(b) shows %2 inch plastic spacer made of Lexan being placed
between the cover and the antenna plane, (c) shows the ground
plane, (d) shows the patchs of the antenna, and (e) shows the high
power divider.

2. Electrical Breakdown Test

An electrical breakdown test was conducted in the anechoic chamber of Building 504 at ARL in
Adelphi, MD. Figure 4 shows the setup for the high power electrical test. In this figure, the high
power source was the RF source from a high power microwave system that is being used in a
combat theater. A directional coupler was used to send the transmitted signal to the patch array
antenna and to make a low level of power available for monitoring. A horn antenna was used to
obtain the received power at the device. The output signals from the directional coupler and the
horn were monitored.
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Figure 4. High power electrical test setup.

The objective of this test was to determine whether a single patch or a two-patch array antenna can
handle high power RF source. One method to determine if arcing occurs is to visually analyze the
input signal and received signals on the digital scope. If the arc occurs, the received signal would
show a dropout in the middle of the transmitted pulse on the digital scope. If the arc did not occur,
we conclude that the test was successful. For this test, we tested two antennas. The first antenna
under test had a single patch with straight feed and right angle connectors. It is presumed that right
angle connector would be used in a deployed system. The other antenna tested was the two-patch
array antenna. Each antenna was tested at two minutes and five-minute intervals under the
conditions at the peak power (> 2 KW).

Figures 5 and 6 present the electrical test data for the single patch and the two-patch array antenna,
respectively. For the single patch, the top panel, figure 5(b) shows the results of the test with the
straight connector. For the bottom panel, figure 5(d) shows the results of the test with the right
angle connector. These results clearly show that NO arcing occurs. Similarly, for two-patch array
antenna, figure 6(c) clearly indicated that NO breakdown occurs. Figure 6(a) shows the front of the
two-patch array antenna. Figure 6(b) shows the back side of array antenna with a high power two-
way divider.



The results as shown in those figures demonstrate that the high power patch antenna with air
dielectric and with probe feed can sustain high power test even with the right angle connectors.
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Figure 5. Electrical test results for a single patch antenna.
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Figure 6. Electrical test results for a two-patch array antenna.

3. Mechanical (Vibration) Test

The vibration test was executed at the Army Research Laboratory, Adelphi Laboratory Center,
Building 203 by Morris Berman and Mark Fellows of the Ordnance Materials Branch, Materials
Division, Weapons & Materials Research Directorate. The test followed the Secured Cargo
Vibration of Test Article in which the vibration spectra were derived from ITOP 1-2-601 (25Jan99)
in appendix figures A-1 to A-3. The test was carried out for an equivalent of 1,000 km of tactical
wheeled vehicle travel. The ITOP specifies a 40 minute test for an equivalent of 800 km. The
vibration duration for this test was 50 minutes corresponding to an equivalent of 1,000 km of travel.
Minor low frequency modifications to the ITOP specifications were necessary due to the
performance limitations of the shakers used. The vibration test includes three separate tests:
vertical, transverse, and longitudinal.



3.1 Vertical Test

Excitation equivalent to the unit’s vertical direction was carried out on a horizontal slip table. The
unit was tested for 1 minute, then returned to the sponsor for functional testing. The item was then
subsequently vibrated for the remaining 49 minutes.

During the 1st minute, the unit was bolted directly to the slip table with four 1/4-20 bolts. In this
configuration the exposed screw heads on the underside of the unit were in contact with the slip
table surface. During the remaining 49 minutes and testing in subsequent directions, the unit was
mounted on two 5/8” shims as pictured in figure 7. In this configuration only the ears of the unit’s
chassis contacted the slip table. The remainder of the back was not in contact with any other
surface. A red connector plug (not shown in figure 7) was attached to RF connector (which is
shown in figure 1) for the duration of this test.

Figure 8(a) shows the difference between the actual spectrum used for the testing and that defined
by the ITOP. Figure 8(b) shows the control spectrum, which is identical to the “Tested Spectrum”
curve in figure 8(a). Figure 8(b) also shows four response measurements made at various times
during the vibration as well as the £3 dB alarm limits and +6 dB abort limits. Excitation equivalent
to the unit’s vertical direction was carried out on a horizontal slip table. The unit was tested for 1
minute, then returned to the sponsor for functional testing. The item was then subsequently
vibrated for the remaining 49 minutes.

Figure 7. Test article mounting with shims.
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Figure 8. Vertical testing results.

3.2 Transverse Test

Excitation equivalent to the mounted unit’s transverse direction was also carried out on the slip
table. In this configuration, the unit was mounted with shims, as in the last 49 minutes of the
vertical direction. The lower frequency portion of the spectrum had to be modified slightly to
accommodate the limitations of the shaker system used for the testing. Figure 9(a) details the low
frequency differences in the spectrum. Figure 9(b) shows the measured control data from 4
different points in time during the test, as well as the £3 dB alarm limits and £6 dB abort limits.
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Figure 9. Transerve testing results.

3.3 Longitudinal Test

Excitation equivalent to the mounted unit’s longitudinal direction was carried out on a vertically
mounted shaker. In this configuration, the unit was also mounted with shims, as in the transverse
testing. A 90° elbow connector was attached to the test article for the duration of this test. Figure
10 shows how the test unit was mounted for the longitudinal vibration. Figure 11(a) details the low
frequency differences in the spectrum. Figure 11(b) shows the measured control data from 4
different points in time during the test as well as the 3 dB alarm limits and +6 dB abort limits.



Figure 10. Longitudinal testing setup.
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4. Discussions

For electrical test, the high power single element antenna successfully passed high power testing as
did the two patch array fed with a 2-way high-power splitter.

After the vibrational testing, the antenna still sustained the performance although the nylon screws
of the antenna cover were loosened about a quarter of a turn. The right angle connectors which
attached to the high power divider also loosened less than a quarter of a turn. The solution for this
issue has been resolved by making the enclosure box with floating locked nuts for securing the
antenna cover and the lock threading material to lock the right angle connectors.

5. Conclusions

The high power patch array antenna has been developed for purposely replacing the much larger
horn antenna. This design demonstrates a low profile, high efficient patch array antenna. The
antenna has undergone vigorous electrical and vibration tests.

11
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APPEMNDIX B, WHEELED- AND TRACKED-VEHICLE SECURED CARGO VIBRATION,

Figures B-1 trough B-3 represent the cargo enviromment at the cargo bed of a composite of ULS, and German
tactical wheeled vehicles, The LS. vehiicles were thie MI27 12 -ton sematrler, MS813 and M214 5-ton trocks. M3G
2-102-ton truck, CUCY MO0 1-172-ten trock, HMMWY MOGE 1-1/410n ek, and HEMTT M255 10-ton tck;
the German vehicles included the following trucks: Unimog, 2-ton, MAMN S-1on, MAN 7-ton, MAN 10-100, and
MAN 15-tom, The data used for cstablishing these spectra were dedved Trom measurements of the vehicles
operaling al various speeds over specially designed courses representing unimproved roacd and ofleromd conadilions,
Figares B-4 through B-6 represent the cargo enviromment of the cargo bed of the 173-ton M3 16 and the 1-172-1on
MI0SAT two-wheeled trailers (1150, and the German 1- 102-ton two-wheeled trailer. Figures B-7 through B-15
repreaent the 10 o MPES HEMTT (US), 5 ton MBI 1A prack (US) and the MO908 HMMWY (U5, Again the
apeectra were eslablished from messurements on the lvoewheeled trailers operating over the same specially
designed courses, These spectra are broadband random with peaks and notches at varions discrets frequency
bands. The break poinis of the peaks and noichies are given for establishing the specira shapes. Excitation shall be
applicd through the thiee map axes of e st ilcm.

Table B-2 presents the vibratiom environment at the carge bed of the M348 tracked vehicle, These specira were
derived from measurements on the vehicle while operating st varions specds on o paved road. The schedubes
consist of @ fat low-level broadband random excitation acress the wial frequency spectam with higher level
mavrrowwbimds of random excitation superimposed on he broadband eoviconment. The narrowhands of random
energy are from the track-laying patterns and are vehicle speed related and are swept simuliansomsly across the
todal frequency bandwidih of the applicable narrowhand at the specificd bandwidih and sweep rate. Excitation
shall be applicd theoagh the three axes as described above, The transport distance and associated test duration
given in Table B-1 represent o oone-tiome movement Uorough the transport scemario deflined in Figure A-1. A
determination of the numiber of transpor scenarios W be simmlated moast be macke dering test planning io ensore
proper mileage simulation.

The sequisition wmd processang of data Gor all the vehides are docomented o Beleremess § and m.

During laborpdory testing, the vibratiom controd sceelerometers should  be located on the moonting platform ns
el as possible o e test load.

Figure A-1. Reference B-1.
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Table Bl Time Schedules For Vibration OF Dems Transporied Az Mission/Fickd Secured Cargo.

Teansport
Transport mode Figure & FPage # hstance-km Test Duratiom
Tracked Vehicle Table B-3 B-4 b1 ] O iminules per axis
Wheeled Vehicles Figure B-1 R-5 R M minules per axis
Figure B-2 B-ix B 40 minuwies per axis
Figure B3 B.7 H0) ) minules per axis
Two-wheeled Trailers Figure B4 B-3 s 1 minwtes per axis
(See NOTE.)
Figure B-5 B0 A0 A2 minules par axis
Figure B-6 B-10 k1l 1T minwes per nxis
YRS HEMTT 10 Ton Truck Figure B-7 B-11 B 40 minuies per axis
Figure B-§ B-12 BN ) minutes per axis
Figure B-% B-13 Ay 40 minuies per axis
MELWEL4 5 Ton Truck Figure B-10 B-14 R A minuies per axis
Figure T-11 B-15 R ) mimtes per axis
Figure B-12 B-16 B A minules per axis
BAOE HIMMWY Cargo Bed Figure B-13 B-17 B A minues per axis
Figure B-14 O-18 Rid 4 minuwes per axis
Figure B-15 B-19 B 4 minutes per axis

MOTE: This is the maximum distance of travel in the two-wheeled trailer from Figure A- 1, Appendix AL I the
tracked vehicle (M34E) b= wsed, this tanaport distance and corvesponding test duration shoold be seduced by 30
pereenl.

The actual feld vibration levels have been exaggerated in order 1o redoce the laboratory sest tmes. The individuenl
craggeration Factors nsed are presented in Tables B-2 amd B-3. I0the weer determines that the sclectad rest tmes
are unacceplahle, the actual field levels may be exaggensted woa grester extent using the procedures discussed in
FTCH 1-1-050",

B2

Figure A-2. Reference B-2.
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Table B-2, Test Exnggeration Factors For Vibeation OF lems Transported As Mission Field-Secured Cargo,

Teansgort Mode Exagseralicn Facior
MRS HEMTT 185
MEIZEIS .83
BAGOE HMMWY 185
Composite Wheeled Vehicle 155
Two-wheeled Trailer 1,00k
Tracked Vehicle L

MO I ammunition is destroyed or damsged beyond sale and effective nse during test, reducs exaggention
fnctors and anmotate test recornds,

* Rinee teal tme would have boen only approximately 4.8 minutes al e exaggeration fetor of 1, test ime could
ol be properly accommodated by exsting software For narrowband random-on-random vpe lab st For
addtmnl guiduqu.:n: i 'haq.:l:gmllnd mformatiom comsult TTOP =105, ."'.H:.'mli:l. A, page A=, '|'.u|n|.g:rrr|1|| e, (1,
{2}, and (3).

A-3

Figure A-3. Reference B-3.
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Figure A-4. Reference B-5.
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Figure A-5. Reference B-6.
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