Toyon) Conformall, S, & C Band Telemetry Antennas
Goals and Objectives

Prototype conformal, co-located L/S/C telemetry and L1/L2 GPS antennas on the
door 4 panel of the F/A-18 aircraft in roughly 5.75” x 7.5” x 4” (I x w x d) of volume

| band 1435-1535 MHz
e S band 2200-2400 MHz
* C bands 4400-1900 & 5100-5150 MHz

Prototype a L/S/C notch filter which reduces the amount of coupling at L band
between the GPS antenna and the L/S/C telemetry antenna

For the filter, the sharp roll off required between L-band telemetry and L-band
GPS is challenging, the two bands are separated by only 25 MHz and 50dB of
rejection is needed.

Other technical challenges include the harsh environmental conditions associated
with the F/A-18.

When paired with an L/S/C telemetry transceiver, this filter and antenna will
simplify testing on this aircraft.

This filter and antenna combo can be retrofitted for other aerospace applications.

SMA connector out
1175-1300 & 1560-1610 MHz GNSS

Notch Filter
50dB Notch 1560-1610MHz; Pass
1435-1535 & 2200-5150 MHz

Door 4
Telemetry and
GNSS Antennas

Telemetry Unit

I

TNC connector out
1.435-6700 MHz Telemetry
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Conformal L, S, & C Band Telemetry Antenna
with a Co-located GPS Antenna for the F/A-18
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Conformal L, S, & C Band Telemetry Antennas
- Predicted Patterns on 3-foot Groundplane

* 36 superimposed elevation cuts of the telemetry antenna, with the GPS
antenna co-located, can be seen below.

* The patterns were simulated on a 3-foot groundplane

* The mounting bracket used to attach the curved antenna to the flat
groundplane was included in the model

k Realized Gain 5.15 GHz
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Conformal L, S, & C Band Telemetry Antennas
- Predicted Performance of Notch Filter

The notch filter is a critical component in the system,
preventing self jamming of the GPS receiver from
noise in the telemetry L band

Toyon will procure the notch filters from Lark
Engineering, a custom filter manufacturer

Specifications were provided to the vendor — 50dB of
rejection is required at the L1 GPS band

Not including the TNC connectors or #10 mounting
flanges, the filter dimensions are 0.75” x 1.5” x 7.4”

Toyon could explore integrating the filter onto the
back of the antenna on a future effort

Predicted S11 and S21 of LSC Notch Filter Predicted S11 and S21 of LSC Notch Filter

M-code GPS, L1

—521
—S511

S11, 521 (dB)
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Conformal L, S, & C Band Telemetry Antennas
- Measured S-parameters of the Antennas

o4

* The s-parameters of the LSC and GPS
antennas were measured while attached to
a mounting bracket

* Ten antennas were fabricated in all, and the
design was robust and repeatable

e SNO10 shows typical performance
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Conformal L, S, & C Band Telemetry Antennas
- Measured Patterns on 3-foot Groundplane

* The patterns of the LSC and GPS antennas were measured on a 3-foot groundplane with a

mounting bracket
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Conformal L, S, & C Band Telemetry Antennas

- Measured Patterns on 3-foot Groundplane

The patterns of the LSC and GPS antennas
were measured on the 3-foot groundplane
with the mounting bracket = 0 0

0

Upper L-band was not a requirement for
this effort since it was thought it would be
re-allocated for other use

The return loss at the upper L band is only
around -4.5dB, so the gain reduction is to
be expected

Toyon could explore improving the gain at -90

the upper L band on a future effort Measured Gain 1.8 GHz, LSC

0 0
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Measured Gain 1.575 GHz, GPS Measured Gain 1.227 GHz, GPS
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Acceleration Power Spectral Density

Conformal L, S, & C Band Telemetry Antennas
- Environmental Testing

* The LSC and GPS antennas were tested against random vibration and shock conditions
consistent with non-gunfire F/A-18 flight

* The antenna units passed all of the testing
* Additional humidity, temperature, and altitude testing is underway at China Lake
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Conformal L, S, & C Band Telemetry Antennas
- Summary

Toyon has prototyped 10 conformal, L/S/C telemetry antennas.
The antennas work from 1.435 GHz to 7.0+ GHz
Lark Engineering is fabricating the notch filter that goes with the antenna

The notch filter will provide 50 dB of rejection between the LSC telemetry
antenna and the L1/L2 GPS antenna

The antennas naturally have 22 dB of isolation, so there will be a total of 72
dB of isolation between the antennas

The antennas underwent random vibration and shock testing, China Lake is
doing the humidity, altitude, and thermal testing

Both antennas fit within a 5.75” x 7.5” x 3.2” volume.

On their own, the LSC telemetry antenna alone can fit withina 5.1” x5.1” x
3.2” volume, the GPS antenna can fit within a 2.7” x 2.7” x 1.5” and both
antennas are flush mount

Toyon would like to prototype additional units for other aircraft, any unique
requirements you have are welcome!

UNCLASSIFIED



d
REPORT DOCUMENTATION PAGE OMB NG, br04-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
07/05/2019 Briefing slides May 14-16 2019
4, TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Conformal L, S, & C Band Telemetry Antennas Goals and Objectives

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Tarig Mujahed

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Toyon Research Corporation NUMBER
6800 Cortona Drive 412TW-PA-19254

Goleta, CA 93117

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

412th Test Wing N/A

195 E Popson Ave

Edwards AFB CA 93524 11. SPONSOR/MONITOR’'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release A: distribution is unlimited.

13. SUPPLEMENTARY NOTES
ITEA Test Instrumentation Workshop, Las Vegas, NV

14, ABSTRACT

NAWCWD China Lake and Pt. Mugu are seeking an L/S/C telemetry system for the F/A-18 Super Hornet. Toyon Research Corporation is
under contract to design, fabricate, and deliver flush-mount antennas in support of the Navy’s L/S/C telemetry effort. The telemetry antenna
is approximately 5 inches in diameter and recesses into the aircraft about 4 inches. It covers the L band (1435-1535MHz), the S band
(2200-2400MHz), and the C bands (4400-4900MHz, 5100-5150MHz, 6100-6700MHz). The patterns of the antenna resemble those of a
blade or monopole antenna. The telemetry antenna is located on a panel on the nose section of the aircraft’ fuselage and a flush-mount
L1/L2/L5 GNSS antenna is co-located on the same panel. The pair of antennas require a notch filter at the L1 GPS frequency to avoid self-
jamming from the L band telemetry signals to the GPS receiver. The notch filter and telemetry electronics are being fabricated by other
aerospace contractors. Toyon has fabricated the antennas and characterized them in an anechoic chamber. The antennas have also been
tested against environmental conditions required for flight approval on the F/A-18 Super Hornet. The telemetry antenna can easily be
redesigned for other platforms.

15. SUBJECT TERMS
Telemetry, antenna,

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
Unclassified ABSTRACT OF PAGES 412 TENG/EN (Tech Pubs)
a. REPORT b. ABSTRACT c. THIS PAGE None 10 19b. TELEPHONE NUMBER (include area code)
Unclassified Unclassified Unclassified 661-277-8615

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




	2019-5-1_ITEA_LSC-Antenna_ToyonResearchCorp
	412 TW SF 298 flush mount antenna

