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CHAPTER 4
AIRBORNE RANGE SAFETY SYSTEM

4.1 Introduction: The purpose of this Chapter is to establish the design,
testing, and data requirements for the Range Safety Systems (RSS) and prescr1be
procedures for approval and use of these systems and any subsequent modifica-
tions which may be required. Additional "“Pad/Personnel Safety" design
requirements are contained in paragraph 3.13 of this requlation. Unforeseen
conflicts between this Chapter, Chapter 3, and other referenced documents
listed herein will be resolved by Range Safety. Range Safety (Missile Systems
Safety Division, ESMC/SEM, .Missile Flight Control Division, WSMC/SEQ) is the
Range Agency responsible for giving approval of RSS design and resolving
problems associated with installation, checkout, and use of these systems.
Unless otherwise noted, the term Range Safety System shall refer to all
components that comprise the system as follows:

a. Flight Termination System (FTS). Radio Controlled Command Destruct
System (CDS), Automatic Destruct System (ADS), and associated subsystems.

b. Range Tracking System (RTS). Tracking Aid/Transponder System and
associated subsystems.

c. Telemetry Data Transmitting System (TDTS).
4.2 Approval Requirements:

4.2.1 Initial RSS Approval. Range approval is required for Flight Termination
System conceptual design, cetail design, qualification and acceptance test
requirements and Range pre-launch test requirements. Separate and independent
FTS preliminary design reviews and critical design reviews shall be held with
Range Safety participation. Meeting dates must be coordinated with Range
Safety and supporting data must be submitted for review 10 working days prior
to scheduled meetings. Potential non-compliances to the requirements of this
chapter shall be presented at the earliest possible time, preferably during the
conceptual design phase. Non-compliances which satisfy the intent of this
chapter must be documented with sufficient technical rationale and submitted to
Range Safety as an appendix to the Flight Termination System Report (FTSR) (see
paragraph 4.11.2). Non-compliances which do not satisfy the intent of this
chapter must be documented with technical rationale as noted above and, in
addition, a waiver request must be submitted to the Directors of Safety
(ESMC/WSMC) for review and formal approval. Formal acceptance of the Range
Safety System will not be granted before the formal FTSR and its appendices are
approved. The FTSR must be submitted at least four months prior to the first
scheduled launch.

4.2.2 Qualification and Acceptance Test Procedure Approval. The detailed test
plans and procedures for qualifying and accepting the flignt termination system
shall be approved by Range Safety prior to testing. FTS qualification and
acceptance testing requirements are located in paragraph 4.10.2.
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4.13.1.8 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 1ink analysis shall be suomitied C¢
WSMC or ESMC in accordance with Appendix 4B to perform in-house analysis. The
link margin shall be no less than 0 dB relative to the required signal power
for the individual radars selected by WSMC/ESMC from Table 2.

4.13.1.9 Environmental Survivability. A1l 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 Range Safety
responsibility.

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

AL e
g*$""/4.14 RTS Antenna System. This term describes the devices used to receive and

radiate radio frequency energy for the tracking aid/transponder system.

4.14.1 Antenna System General Requirements. The .antenna system shall provide
adequate gain over 95% of the radiation sphere to assure
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 of Table 2. 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.

4.14.2 Antenna Frequency Response. The antenna system shall operate at the
frequencies selected by the Range for the specific program between 5.4 and 5.85
gHz and have 3 dB bandwidths of at least +10 MHz with respect to the selected
frequencies.

4.14.3 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 scurce
with the same impedance as the planned cable installation at the assigned
frequencies. -

4.14.4 Antenna Power Handling. The antenna system shall operate within
specifications, with no arcing or damage, at twice the normal average and
feak e:c;tgtion power at any atmospheric pressure between 0.1 and 760 Torr
mm. of Hg).

4']4t5 Antenna Gain Patterns. Antenna gain and phase patterns shall be
pr9y1ded to WSMC/SEQ or ESMC/SEM for each new airborne tracking system. The
ain he system relative to an isotropic radiator and the phase of

the farfield ion relative to the antenna excitation shall be measured at
, v —one degree increments over the radiation sphere at the WSMC/ESMC assigned

requencies and required polarizations.
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4.14.6 Electrical Performance Requirements. The gain of the antenna system
over 95% of the radiation sphere shall be sufficieat to yield a link margin of
0 dB or greater for the following conditions: (a) interrogation uplink,

(b) the reply downlink with the radars selected by the Range from Table 2, and
(c) any time the vehicle is physically capable of impacting an inhabited
landmass.

4.14.6.1 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 from Table 2.

1.14.6.2 Gain Variation Requirement. Roll Plane: + 5 dB maximum. Pitch ——W
Plane:; 10 dB maximum between 10 and 170 degrees.

4.14.6.3 Phase Variation Requirement. Roll Plane: 50 degrees maximum. Pitch
Plane: Twice the distance of fanthest radiation element from the roll axis
divided by the wavelength (consistent units) multiplied by 360 equals the
maximum permitted pnase variation in degrees between the pitch angles of 10 and
170 degrees..

4.14.6.4 Phase Variation Rate Requirement. 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 dixided
by the carrier wavelength in the same units at any pitch angle more than 5

from the roll axis.

4.14.6.5 Antenna Data Reduirements. The following data is the minimum
required for evaluation and analysis:

4,14.6.5.1 Power gain relative to an isotropic radiator over the entire
radiation sphere at one-degree increments.

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

4.14.6.5.3 Input reflection coefficient (VSWR) versus frequemcy over a span of
20 MHz centered on each of the WSMC assigned frequencies the antenna is
mintended to operate.

4.15 RTS Tracking Aid/Transponder Design Requirements. This term 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.

4.15.1 Environmental Conditions. The transponder shall meet all performance
requirements and suffer no damage from the environmental extremes predicted for
its installation location. '

4.15.2 Design Reliability. Shall meet at least a 0.995 success ratio. Design
shal} be in accordance with MIL STD-1543A or a Range Safety approved tailored
version.

4.15.3 Operational Life. Shall meet 211 operational requirements from receipt
through end of mission. :
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4.21.1.3 Transponders that have not previously been certified for use at the
‘Range as a flight safety unit shall undergo qualification tests. Transponders
that have previously been certified for use at the Range on a particular
vehicle may require additional qualification testing (environmental,
survivability, and electromagnetic compatibility) if it is desired to use the
transponder on a different type or model vehicle. The qualification testing of
two transponders may be performed by an independent agency or the transponder
vendor. The identification of the test agency will be determined on a
case-by-case basis through a joint Range and Range user agreement. In
addition, certain tests are performed by the WSMC RF Measurements Laboratory in
accordance with a test plan developed in joint agreement between the Range and
the Range user. The Range user shall be responsible for supplying two
transponders to the Range for compatibility and type testing and for use
throughout the flight test program for troubleshooting purposes. These units
shall not be used as flight articles. The maximum time between acceptance
tests shall be 3 years or one half the shelf 1ife of the unit, whichever is
less.

4.21.1.4 Power supply tests and analyses shall be performed and documented to
determine battery load 1ife with consideration given to the loads that are
imposed during battery activation, load tests, prelaunch tests, countdown,
unplanned holds, and flight.

4.21.1.5 Retesting may be required when modifications are made to the RTS or
components. The requirement for retesting will depend on the extent and type
of modifications being made and is determined by joint Range and Range User
agreement on a case-by-case basis.

4.21.2 Recurring Test Requirements.

4,21.2.1 System - An RF open loop tracking system compatibility verification
test is conducted as late in the launch countdown as possible. The test
results are documented on AFSC Form 5678, Standard Tracking Transponder
Evaluation/Compatibility Test. The purpose of this test is to prove the
integrity of both the airborne system and the ground system. This verification
test is conducted on airborne power and is included in the launch agency
countdown procedure. It is valid for a maximum of 12 hours. It shall be
repeated if at any time after the initial test the system is compromised (i.e.,
any portion of the system is disconnected). If the test is inconclusive, a
retest shall be performed using a Range portable transponder test system.

4.21.2.2 Antenna.

w«—
4.21.2.2.1 Antenna VSWR and RF line insertion lass tests are conducted on the
antenna system for each vehicle and shall verify the performance of each
radiating segment. Any antenna system component or element change subsequent
to the test requires retesting prior to launch.

4.21.2.2.2 An RF closed Toop antenna and transponder system sensitivity and
operational characteristics test is required at the Range if any connection in
the antenna system, including transponder connections, are disconnected after
completion of the transponder system performance test. The test shall be
repe?tid after final connections to the antenna system and transponder are
complete.. : T .o : e





[image: image5.jpg]4-54 | 15 December 1989  WSMCR 127-1

4.21.5 RTS Test Attendance Requirements. A representative of Range Safety
shall attend certain component tests, system tests, and installation functions
of the tracking aid/transponder system. For preliminary planning purposes, the
general group of tests and installation functions that may require attendance
are listed below. This list is not all inclusive and may have items added or
.deleted, depending on the type and nature of the vehicle, launch facility, and
tracking aid/transponder system. The firm requirements applicable to each
vehicle system program will be specified by separate correspondence to each
Range user. .

4.21.5.1 Transponder performance test conducted at the Range.
4.21.5.2 Antenna system VSWR and insertion loss test conducted at the Range.

4.21.5.3 RF closed loop antenna and transponder system RF sens1t191ty and
operational characteristics test.

4.21.5.4 Battery load and activation test.

4.21.5.5 Tracking aid/transponder system installation inspection.
4.21.5.6 Tracking aid/transponder system associated ground system test.

4.21.5.7 Preliminary tracking aid/transponder system RF open loop
compatibility verification test. This is not a Range Safety required test;
however, the Range user normally conducts one or more of this type of test
during the receipt-thru-launch sequence in order to detect and resclve any
problems prior to the launch countdown test.

4.21.5.8 Launch countdown tracking aid/transponder system RF open 1o00p
compatibility verification test.

4.22 RTS Data Product Requirements. This paragraph lists the test results,
information and procedures which shall be submitted to WSMC/SEQ or ESMC/SEM for
approval to launch a vehicle. The following data shall be submitted in support
of a tracking aid/transponder system proposal. All schematics, functional
diagrams, and operational manuals shall have well defined, or standard IEEE, or
MIL-SPEC terminology and symbols.

4.22.1 RTS design data requirements are as follows:

4.22.1.1 A block diagram of the entire RTS system with reference to the
location in the vehicle of each component and element.

4.22.1.2 Detailed schematics and functional diagrams of the system, including
all power sources, relays, switching devices, connectors, and pin numbers,
including manufacturer spécifications and tolerances.

4.22.1.3 Detailed functional description of the operation of each component
and of the system.

4.22.1.4 Antenna. A detailed description of the antenna system with the
spec1f1cat1pn and operation manuals, as appropriate.

4.22.1.5 Transponder. Copies of the specification and operation manuals.
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4.22.1.6 Power Supply. Copies of the airborne battery specification and
operation manuals.

4.22.1.7 User Ground Checkout System.

4.22.1.7.1 Launch Facility. A description of the RF repeater system (if
appropriate).

4.22.1.7.2 Test Equipment. A complete listing and description of all test
equipment, including contractor-peculiar test equipment used to check-out the
system and its individual components and elements.

4.22.1.7.3 Control Console. A complete description of the operation of the
tracking aid/transponder system controls and monitors.

4.22.2 RTS Qualification Test Procedures. Copies of the qualification test
plans and procedures required for submission to the Range, identified by the
WSMC/SEQ or ESMC/SEM representative during system design.

4.22.3 RTS Qualification Test Results. Pertinent portions of the test results
may be extracted from the test reports ana submitted in a condensed form.

4.22.3.1 Environmental Survivability. Test result data and information to
show compliance with 4.13.1.9.

4.22.3.2 Antenna Patterns. The antenna patterns and information according to
the requirements of 4.21.1.2. The antenna patterns shall be provided both on
magnetic tape and in graphical representation.

4.22.3.3 Transponder. The results of qualification tests, 4.2.6.1.3

4.22.3.4 Power Supply. Battery load test analysis, 4.21.1.4, to show
compliance with 3.7.6.

4.22.4 Recurring Test Procedures Requirements:

4,22.4.1 A procedure for the system compatibility verification test is
required. This procedure is limited to the steps involved with controlling and
monitoring the airborne system, 3.7.3. Standard WSMC Radar Compatibility Test
Operational Procedure No. 0-0230175A007 describes the radar system operations.
Copies of the following procedures shall be submitted to WSMC/SEQO or ESMC/SEM.

4.22.4.1.1 Detailed procedure for the antenna VSWR and RF line insertion loss '
tests, 4.21.2.2.1. .

4.22.4.1.2 Detailed procedure for the antenna and transponder system
sensitivity and operational characteristics test, 4.21.2.2.2.

4,.22.4.1.3 Detailed procedure for the transponder bench test mode performance
test, 4.8.2.5.

4.22.4.1.4 Detailed procedure for the RF closed 1oop mode performance test.

2.5214A§ Power Supply. Detailed procedures for the battery test (paragraph




