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source control drawing.

4.7.9.2.2 The allowable variation of resonant amplification factor (Q),
isolator resonant frequency (f,) and the product of the square root of f, and
Q about nominal values shall be stated in all 3-principal axes.

4.7.9.2.3 When elastomeric isolators are used, they shall be bonded to the
supporting hardware, thus, minimizing the variations in the £, and Q.

4.7.10 Miscellaneous FTS Components. Proposed concepts for electrical,

electronic, mechanical, ordnance, etc. components/boxes, used in the FTS and
not presently identified in this chapter, shall be submitted to Range Safety
for evaluation and determination of minimum design and testing requirements.

4.7.11 1Identification. Each FTS component shall be identified with the
following information, as a minimum:

4.7.11.1 Component Name

4.7.11.2 Manufacturer’s Identification

4.7.11.3 Part Number

4.7.11.4 Lot and Serial Number

4.7.11.5 Date of Manufacture

4.8 Range Tracking System (RTS) Tracking Aid/Transponder

_4.8.1 Gemneral. All vehicles launched from the Range or under Safety control
are required to be equipped with a tracking aid/transponder system for flight
safety applications. o

4.8.1.1 The RTS requirements stated in this chapter apply to both coherent
and non-coherent C-band (5400-5900 MHz) transponders except where noted
"coherent only" or "non-coherent only." Ballistic missiles which fly close to
the Kwajalein Atoll or impact in the Kwajalein lagoon shall carry a coherent
transponder.

4.8.1.2 The use of Global Positioning System (GPS) Translator or Receiver
shall be considered on a case-by-case basis until adequate experience has been
gained to define these requirements. As a general approach, the
translator/receiver requirements should be consistent with the equivalent
tracking aid/transponder requirements.

4.8.1.3 The tracking aid/transponder system shall be capable of operating
within the parameters established for normal operation of the associated
ground tracking facilities. Specific radar locations and characteristics
(including effective radiated power and minimum reply flux densities) can be
obtained from the Range. The Range will select the radars required to provide
adequate flight safety support for each specific launch.





[image: image2.jpg]WRR 127-1 30 June 1993 4-51

4.8.1.4 The design, manufacture, installation, and testing of the tracking
aid/transponder system shall conform to the requirements contained in this
document.

4.8.1.5 RTS Reliability. The overall RTS reliability shall be a minimum of
0.995 at 95% confidence. This reliability shall be satisfied by using the
design approach described in this chapter and performing Range Safety approved
qualification and acceptance testing. 1In addition, this reliability
requirement shall be satisfied by performing a reliability analysis in
accordance with guidelines set forth in MIL-STD-785A. Piece parts used in the
Range Tracking System shall meet the requirements of ELV-JC-002D (including
Amendment 2, 20 May 1992) for non-mission critical systems.

4.8.1.6 The Range will assign carrier frequencies and interrogation pulse
codes to individual launch agencies to facilitate multiple launch operations
and prevent electromagnetic interference.

4.8.1.7 All transponders used for flight safety shall employ a double pulse
interrogation code unless specifically approved as mission peculiar.

4.8.1.8 A complete RF link analysis shall be performed by the Range User
using the power gain specification for 95% of the radiation sphere. Antenna
and trajectory data required to perform the link analysis shall be submitted.
The antenna patterns shall be provided in accordance with RCC Document 253,
RCC Standard Coordinate System and Data Formats For Antenna Patterns. The
link margin shall be no less than 0 dB relative to the required signal power
for the individual radars selected by the Range.

4.8.1.9 Environmental Survivability. All components of the tracking
aid/transponder system and its method of installation shall be designed and
qualified to assure that the system will function properly under all
environmental conditions to which it may be subjected during storage,
transport, prelaunch, and flight. This shall include all environments to
which the system may be subjected while within the limits of Safety
responsibility.

4.8.1.9.1 Thermal Environment. Unless otherwise agreed to by Safety, RTS
components shall be designed to function normally in thermal environments 10
degrees C higher and 10 degrees C lower than the maximum predicted thermal
range. The minimum design range, however, shall be -34 to +71 degrees C. The
components shall be designed to survive this thermal cycle for a minimum of 32
cycles (24 for qualification and 8 for acceptance).

4.8.1.9.2 Acoustic Noise and Vibration. Unless otherwise specified by Range
Safety, RTS components shall be designed to acoustic noise and random
vibration environments that are 6 dB above the maximum predicted levels. RTS
component testing shall assure a minimum 3 dB margin between maximum
acceptance test level and minimum qualification test level. 1In addition, the
minimum qualification test margin shall be 4.5 dB above MPE and the minimum
acceptance test margin shall be no less than 1.5 dB below MPE across the
complete frequency spectrum. The maximum test tolerance will be determined by
the testing agency. The minimum duration of the test shall be 3 minutes per
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4.8.1.9.3 Shock and acceleration. Unless otherwise specified by Range
safety, RTS components shall be designed to a margin of 6 dB for shock, and a
factor of 2 for launch or injection acceleration. The maximum duration for
shock shall be 20 millisec.

4.8.1.9.4 Other environments applicable to RTS components are humidity, salt
fog, dust, fungus, explosive atmosphere (case-by-case), thermal vacuum,
EMI/EMC, sinusoidal vibration, and other non-cperational environments.
Margins for these environmental tests are described in the TEST APPENDIX.

4.8.1.10 Testing Survivability. All circuitry, elements, and components of
the tracking aid/transponder system shall withstand the repetitive functioning
incurred during prelaunch testing without degradation.

4.8.2 RTS Antenna System.
4.8.2.1 This term describes the devices used to receive and radiate radio
frequency energy for the tracking aid/transponder system.

4.8.2.1.1 General. The antenna system shall provide adequate gain over 95%
of the radiation sphere to assure acceptable interrogation signal levels to
the transponder and reply signal levels to the appropriate radar in accordance
with the effective radiated powers and minimum reply flux densities. The
system shall also minimize variations in phase due to changes in the angular
orientation of the vehicle with respect to the radar in both roll and pitch
coordinates.

4.8.2.1.2 Antenna Frequency Response. The antenna system shall operate at
the frequencies selected by the Range for the specific program between 5.4 and
5.9 GHz and have 3 dB bandwidths of at least +20 MHz with respect to the
selected frequencies.

4.8.2.1.3 Antenna VSWR. The antenna system shall display a voltage standing
wave ratio (VSWR) less than 1.5:1 or 4% power reflected when excited from a
source with the same impedance as the planned cable installation at the
assigned frequencies.

4.8.2.1.4 Antenna Power Handling. The antenna system shall operate within
specifications, with no arcing or damage, at twice the normal average and peak
excitation power at any atmospheric pressure between 0.1 and 760 Torr (mm. of
Hg). :

4.8.2.1.5 Antenna Gain Patterns. Antenna gain and phase patterns shall be
provided to 30 SPW/SESX or 45 SPW/SES for each new airborne tracking system.

of the fa; fxeld radlatxon relative to the antenna excitation shall be

measured at one degre‘ anrements over the radiation sphere at the Range
assigned frequencxes and required polarizations.

4.8.2.2 Electrical Performance.
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4.8.2.2.1 The gain of the antenna system over 95% of the radiation sphere
shall be sufficient to yield a link margin of O dB or greater for the
following conditions:

4.8.2.2.1.1 Interrogation uplink
4.8.2.2.1.2 The reply downlink with the radars selected by the Range

4.8.2.2.1.3 Anytime the vehicle is physically capable of impacting an
inhabited landmass.

4.8.2.2.2 The power gain of the antenna system over 95% of the radiation
sphere shall be sufficient to yield a link margin of 0 dB or greater for the

uplink and downlink of the radars selected by the Range.

4.8.2.2.3 Gain Variation. Roll Plane: + 5 dB maximum. Pitch Plane: 10 dB

maximum between 10 and 170 degrees.

4.8.2.2.4 Phase Variation. Roll Plane: 50 degrees maximum. Pitch Plane:

Twice the distance of farthest radiation element from the roll axis divided by
the wavelength (consistent units) multiplied by 360 equals the maximum
permitted phase variation in degrees between the pitch angles of 10 and 170
degrees.

4.8.2.2.5 Phase Variation Rate. Roll plane phase variation rate shall be 30

degrees per degree roll maximum. Pitch phase variation rate maximum in
degrees phase per degree pitch shall be no greater than the 6.284 times the
distance of the farthest radiating element from the roll axis divided by the
carrier wavelength in the same units at any pitch angle more than 5° from the
roll axis.

4.8.2.2.6 Antenna Data. The following data is the minimum required for

evaluation and analysis:

4.8.2.2.6.1 Power gain relative to an isotropic radiator over the entire
radiation sphere at one-degree increments.

4.8.2.2.6.2 Relative phase between excitation and farfield radiation over the
entire radiation sphere at one-degree increments.

4.8.2.2.6.3 Input reflection coefficient (VSWR) versus frequency over a span
of 20 MHz centered on each of the WR assigned frequencxes the antenna is
intended to operate.

4.8.3 RTS Tracking Aid/Transponder Design.

4.8.3.1 General. This section describes the portion of the airborne tracking
system which receives and decodes interrogations and generates replies to the
interrogations. It permits the ground instrumentation radar to furnish
significantly greater precision and accuracy data at much greater distances.
Further, mistracking of powered vehicles due to interference(s) of exhaust
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post environmental test series.
4.11.1.10.2.4 Piece part "B" shall not have been qualified by similarity.

4.11.2 FTS Component Qualification, Acceptance and Aging Surveillance Test
Requirements.

4.11.2.1 Antenna System

4.11.2.1.1 Antenna. Antennas shall be qualification tested in accordance
with TEST APPENDIX. All FTS antennas and their coaxial connectors (100
percent) shall be acceptance tested in accordance with TEST APPENDIX. ~ Testing
.on antennas shall also be perfgggnggo obta;n the _pattern dapa IAW RCC

.Document 253, "RCC Standard Coordinate System and Data Formats For Antenna
Patterns”".
4.11.2.1.2 Hybrid Coupler, Ring Coupler, Power Divider, etc. These
components (of each type, as applicable) shall be qualification and acceptance
tested in the same manner as rgquired”for antennas.

4.11.2.2 Command Receiver/Decoder (CRD). CRDs shall be qualification tested
in accordance with TEST APPENDIX. All command receiver/decoders shall be
acceptance tested in accordance with TEST APPENDIX.

4.11.2.3 Battery. A minimum of 6 complete battery assemblies, 9 individual
cells and a lot sample of vent and safety devices (fuse, diode, etc.) shall be
qualification tested in accordance with TEST APPENDIX. Destructive lot
acceptance testing of 2 complete batteries, one coupon cell per battery and a
lot sample of vent/safety devices shall be performed per TEST APPENDIX.

4.11.2.4 Electromechanical S&A (Low Voltage EED). A minimum of 8 S&A devices
shall be qualification tested in accordance with TEST APPENDIX. In addition,
3 devices shall be tested to demonstrate the safety of the S&A barrier per
TEST APPENDIX. All S&A devices shall be acceptance tested in accordance with
TEST APPENDIX. Explosive components within the S&A shall be subjected to an
individual qualification, acceptance and age surveillance testing in
accordance with TEST APPENDIX.

4.11.2.5 EBW Firing Units. EBW-FUs shall be qualification tested in
accordance with TEST APPENDIX. All EBW firing units shall be acceptance
tested in accordance with TEST APPENDIX.

4.11.2.6 Laser Firing Units/Optical S&As/Ordnance S&As. LFU/Optical
S&A/Ordnance S&A shall be qualification tested in accordance with TEST

APPENDIX. All devices shall be acceptance tested in accordance with TEST
APPENDIX.

4.11.2.7 Laser Fiber Optic Cable Assembly (FOCA). FOCAs shall be
qualification tested in accordance with TEST APPENDIX. All FOCAs shall be
acceptance tested in accordance with TEST APPENDIX.

4.11.2.8 High Voltage Exploding Bridgewires (EBWs). All EBWs shall be
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4.11.4.2.4.5.2 As soon as possible after a successful flight, the Range shall
issue and transmit open-loop all FTS command functions (arm, destruct,
optional, etc.), as applicable.

4.11.4.2.4.5.3 The post-flight verification CRD, located in a mobile van
under the control of RFML personnel, shall receive and decode all functions.

4.11.4.2.5 Tracking Aid/Transponder

4.11.4.2.5.1 RTS Transponder Bench Test (WR only). Each transponder shall be
performance tested in the bench test mode by the 30 SPW RF Measurements
Laboratory prior to its installation in the vehicle. The test shall be
conducted as late in the individual receipt-thru-launch sequence as possible,
consistent with the time requirements for test result data accumulation.
Certification is valid for 120 calendar days for a unit in an environmentally
controlled area and 90 calendar days for a unit in an uncontrolled area, after
which recertification by bench test is required. The test shall be performed
according to a plan developed in joint agreement between Safety and the Range
User. Transponder performance characteristics to be determined (in addition
to those required to complete the WSMC Form 5625, Standard Tracking
Transponder Performance Test) are identified in the joint Range and Range User
test plan. :

4.11.4.2.5.2 RTS Transponder System-Level Performance Test. The transponder
RTS shall also be tested at the Range prior to launch. The system-level test
shall be performed as late in the individual vehicle receipt-thru-launch
readiness sequence as possible consistent with the time requirements for test
result data submission. The test shall be conducted in an RF closed loop
_sSystem mode. The transponder shall not removed from the vehicle or
instrumentation wafer, and not disconnected from the vehicle or antenna system
without Range Safety approval.

4.11.4.2.5.3 At the WR, in the interest of economy and testing
standardization, WR provides a portable test station operated by the 30 SPW RF
Measurements Laboratory. Specific requirements applicable to the RF
closed-loop mode performance test are:

4.11.4.2.5.3.1 RF loss factors shall be provided by the Range User for the RF
cables, antennas of the transponder system, and the antenna couplers.

4.11.4.2.5.3.2 This test shall be performed in accordance with a plan
developed in joint agreement between Safety and the Range User, and shall, as
a minimum, furnish sufficient measurement data to allow completion of each
applicable data item of WSMC Form 5625.

and operational characteristics test shall be required at the Range if any
connection in the antenna system, including transponder connections, are
disconnected after completion of the transponder system level performance
test. The test shall be repeated after final connections to the antenna
system and transponder are complete.
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component.
4.12.3.4.1.2 Identify the test level for each component in each test.

4.12.3.4.1.3 Clearly identify those components/systems qualified by
similarity analysis or by a combination of analysis and test.

4.12.3.4.2 A summary of each RSS test report.

4.12.4 Compliance Documentation. All documentation referenced in the FTSR
compliance checklist as verification documents shall be provided to Range
Safety.

4.12.5 RSS Test Plans/Procedures. Development, qualification and acceptance
test plans/procedures shall be submitted to Range Safety for review and

approval at least 45 calendar days prior to the need date.

4.12.6 RSS Test Data. Each test report from development, qualification and
acceptance testing shall be provided to Range Safety for review and approval.

4.12.7 Antenna Pattern Data. One copy of RSS antenna patterns on floppy disc

and in graphical representation, developed .in _accordance with RCC Document 253
- Missile Antenna Data Requirements, shall be submitted to the Range. The
Wsubmlttal schedule LS conta;ned Ln RCC Document 253.

4.12.8 Noncompliance/Waiver Request
4.12.8.1 General.

4.12.8.1.1 A list of potential noncompliances shall be generated by the User.
These potential noncompliances shall be submitted to Range Safety for review
as early in the design phase as possible (preferably during conceptual phase).

4.12.8.1.2 Range Safety shall evaluate each potential noncompliance and
determine if the noncompliance is to be eliminated, processed as a ‘meet
intent’ noncompliance, or processed as a ‘waiver request’.

4.12.8.2 '‘Eliminated’ noncompliances

4.12.8.2.1 1If Range Safety determines that a potential noncompliance does not
actually violate a Chapter 4, the noncompliance shall be eliminated from any
further consideration. Range Safety shall formally document the rationale

used to eliminate a potential noncompliance.

4.12.8.2.2 Range Safety shall transmit the final ‘Eliminate’ determination to
the Range User 120 days prior to launch.

4.12.8.3 ‘Meets intent’ noncompliances

4.12.8.3.1 Potential noncompliances which are candidate ‘meets intent’ shall
be submitted to Range Safety with the following information provided:




