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ABSTRACT 
 
Past presented papers [1,2] have discussed the integration efforts of incorporating 
Central Test & Evaluation Investment Program (CTEIP) sponsored Joint Advanced 
Missile Instrumentation (JAMI) components (namely the JAMI TSPI Unit-JTU), 
Commercial off the Shelf (COTS) parts (e.g. ARTM Tier I SO-QPSK Transmitter, 
Encryptor and Thermal Battery), and in-house developed devices (such as PCM 
Encoder and Dual Band Antenna) into a five-inch diameter Missile Telemetry (TM) 
Section.  A prototype of this TM Section has been built up and integrated into an All Up 
Round (AUR) Missile and twice flown as a Captive Carried Test Missile (CTM) on an 
F/A-18 jet with great success.  This TM Section has passed all flight qualification testing 
(including environmental and electro-magnetic interference-EMI tests).  This paper will 
detail the current efforts to incorporate Flight Termination System (FTS) capabilities into 
this TM section.  In addition, the effort to upgrade some Navy and Air Force Test 
Ranges (with JAMI Ground Stations and Decommutators/Demodulators) to track and 
gather data from this Missile containing the new TM section will be discussed.   
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BACKGROUND 
 
As mentioned in past papers, this development started as a Joint Advanced Missile 
Instrumentation (JAMI) Proof-of-Concept effort.  It has been transitioned to full 
development successfully completing all flight qualification testing.  This testing 
consisted of all tests which simulated the flight environment the TM section will be 
exposed prior to and after missile launch. 
 



In addition, the two locations where the TM units are integrated into Missiles have been 
upgraded to support this newly developed TM unit.  They both now have the capability 
to perform Acceptance Testing to ensure the TM unit has been installed properly.  The 
installed equipment mainly consisted of a JAMI Ground Station to verify the GPS 
performance and SO-QPSK receivers and demodulators to verify proper TM 
performance. 
 
The Government Test Ranges are continually being upgraded to support this new GPS 
and TM capability.  JAMI Ground Stations are used to process the GPS data being 
transmitted down from the various missile platforms for TSPI and Flight Termination 
purposes.  A JAMI Ground Station has been installed at NAWCWD-China Lake, CA and 
has supported Captive Carry Flights.  Additional JAMI Ground Stations have been 
installed at Tyndall AFB, FL; Eglin AFB, FL; and NAWCWD-Pt. Mugu, CA.  Future 
locations include White Sands Missile Range, NM; Edwards AFB, CA; and NAWCAD-
Patuxent River, MD; and Hill AFB, UT.  All sites will also need to be retrofitted to support 
the new SO-QPSK modulation scheme. 
 
 

DIFFERENCE FROM GPS/TM UNIT 
 

As mentioned earlier, the GPS/TM version of the Telemeter has been Flight Qualified 
and currently undergoing the Flight Certification approval process to be launched off a 
Navy or Air Force jet.  A TM development will take this existing unit and incorporate a 
Flight Termination System (FTS).  The following list annotates the steps needed to add 
the FTS capability to the TM unit.  First of all, the housing has to be modified to 
accommodate the FTS antenna.  The FTS antenna has to be developed.  The following 
components will replace the existing inert ones used strictly for ballast in the GPS/TM 
unit:  two Flight Termination Safe & Arm (FTS&A) devices, two Explosive Foil Initiators 
(EFI), one Explosive Shaped Charge Cutter Ring, two Flight Termination Receivers 
(FTR), and one FTS Battery.  All wiring harnesses have been designed to 
accommodate these items and so it is only a matter of replacing the simulated 
component with the actual ones.  The Battery and FTRs are off-the-shelf components 
and the FTS&A, EFI and Cutter Ring are under development.  In addition, the FTS 
Qualification Testing will be more stringent due to the fact that the Range Commanders 
Council document (RCC-319) requires testing components used in FTS at fifty percent 
(50%) above those levels used to test the original telemeter. 
 
 

FTS ANTENNA 
 
The FTS antenna is designed to be conformally wrapped around the TM Missile 
Section.  The antenna is constructed of multiple layers of RT/Duroid® (either 5870 or 
6002).  There is one antenna board (6002) where the two elements are laid out.  The 
feed network board (5870) contains the corporate antenna feed network, the FTS 
Wilkinson Power Splitter, and the TM Band Stop Filter.  The dielectric cover board 
(5870) acts as a protective shield against the external environmental elements.  It also 



serves as an ablative shield to keep the bondlines of the interior boards from 
delaminating due to the high temperatures produced by the airflow friction created 
during supersonic flight. The 6002 board has been chosen for its’ tight mechanical 
tolerances as well as its’ stable electrical properties (mainly dielectric constant) over 
temperature. 
 
The Flight Termination Antenna has the following performance parameters: 

Number of elements: 2 
Frequency range: 425 MHz ± 265 kHz 
Polarization: Linear, Horizontal 
Nominal Gain: -18 dBi over 95% of radiation sphere  

 
It has a power divider to feed each portion of the dual-redundant flight termination 
system.  This antenna also includes a notch filter to prevent power from the TM 
transmitter from entering into the Flight Termination Receivers.  Additionally due to the 
low operating frequency range, Tuning Screws have been implemented to address the 
issue of production material tolerances. 
 
 

FLIGHT TERMINATION SAFE AND ARM (FTS&A) DEVICE 
 
Currently JAMI is developing the FTS&A device with Kaman Aerospace.  Originally, the 
effort was considered the baseline development approach to be included in this current 
telemeter design.  Due to several issues with this development, an in-house risk 
mitigation effort with a CRADA partner has been initiated.  A source selection meeting is 
scheduled for the end of this calendar year; however this process may also lead to two 
qualified sources as to avoid the procurement issue of having only a sole source of 
supply.  The current challenge is to design the mechanical housing to facilitate the 
performance of Range Safety certification / recertification testing process.  Currently all 
fight termination components need to obtain Range Safety certification prior to flight.  
Initially this certification is valid for only thirty (30) days.  If the missile is not flown within 
that time frame, the FTS components have to be removed from the TM section and 
have recertification testing performed on them.  This could potentially be quite a 
cumbersome process to take apart the missile for this reason.  An alternative approach 
is being investigated to more easily perform the recertification testing.   
 
 

EXPLOSIVE TRAIN DEVELOPMENT 
 
The Explosive Train consists of the Explosive Foil Initiator (EFI) and the Cutter Ring.  
The EFI takes a signal from the FTS&A and transfers an explosive charge to initiate the 
Cutter Ring.  The Cutter Ring is a shaped-charge explosive (in the form of a ring) used 
to sever the missile into two separate pieces. 
 
The initial development will be performed in-house to shorten the development time 
cycle.  It will eventually transition to an industry CRADA partner for the production.  



Originally, several design approaches were investigated (including packing a portion of 
the TM section with energetics), however the Cutter Ring was determined to be the 
lowest technical, schedule and Range & System Safety approval risk. 
 
The Cutter Ring will be located at the far aft end of the TM section (closest to the 
Rocket Motor section) to better facilitate severing of the Missile.  This reduces the need 
to cut through the Marman Clamp which fastens the TM section to the Rocket Motor 
section (see Figure 1). 
 
 

 
 

Figure 1: FTS Explosive Train including FTS&A, EFI and Cutter Ring 
 
 
 

THE ROAD AHEAD 
 
After the development of the FTS components listed in this paper has been completed, 
flight qualification of this newly developed TM section will occur.  However the most 
important task will be passing the multiple System and Range Safety Review Boards 
needed to gain flight clearance.  This process needs to be started early in the 
development cycle since it can take as long as two years to complete. 
 
 

REFERENECES 
 
[1]  Kujiraoka, Scott; Fielder, Russ " Current Status of Integrating GPS and Flight 
Termination Capabilities into a Missile Telemetry Section," Proceedings of the 
International Telemeter Conference, Vol. 42, San Diego, CA, OCT 2006. 
 

 

 

 
 

 

 
 

 

FTS&A

Cutter Ring
Support 

ROCKET MOTOR SECTION  

Cutter Ring EFI (2) 

Marman Clamp 



[2]  Kujiraoka, Scott; Fielder, Russ; Sandberg, Alvia; " Current Status of adding GPS 
Tracking Capability to a Missile Telemetry Section," Proceedings of the International 
Telemeter Conference, Vol. 44, San Diego, CA, OCT 2008. 
 




