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Chapter 4
FLIGHT TERMINATION AND TRACKING TRANSPONDER SYSTEMS

4.1 Introduction. Paragraph 1.9.1 requires that all missiles and space
vehicles flown on the WTR be cquipped with a flight termination system and a
tracking transponder system. This chapter sets forth the design, operation,
testing and data requirements, and prescribes the procedures for approval and
use of those systems at WSMC.

4.2 Approval Requirements:

4.2.1 Flight Termination System Approval. WSMC Flight Termination Division
(SE0) participation during the flight termination system development phase
reduces costly engineering changes at a later date and facilitates timely
system approval; therefore, contact shonld be established with WSMC/SEO as
carly in the development phase as possible. WSMC/SEO is notified of, and
represented at, technical interchange (TI), system design review (SDR), pre-
liminary design review (PDR), and critical design review (CDR) meetings.
Infornation, including meeting purpose(s) and agenda items, with as many
waplifying details as possible, <hould be provided to WSMC/SEO as carly as
possible or at lesst 10 days prior to the mecting.  This provides time for
preliminary cvaluation of the agenda items and cnables the WSMC/SEO Range
Missile Control Representative (RMCR) to identify problem areas, negotiate
acceptable changes, and provide interim upprova](sg at the meeting. Further,
if adequate information is provided prior to the meeting, the RMCR may recom-
rend waiver of specific requirements of this chapter. Fach recommended waiver
iust be fully documented in the meeting minutes and the minutes must be signed
by the RMCR. Howcever, prior to fonnal acceptance of the system, a formal
waiver action (paragraph 1.4) must be accomplished. Formal accceptance of the
system for use at WSMC is granted by WSMC/SEO approval of the flight termina-
tion report (paragraph 4.7.1.6). Two copies of the report must be submitted
to WSMC/SEO at least four months prior to the [irst scheduled Jaunch.
Ideally, an acceptable system and component design have been achieved, quali-
fication tests sucessfully completed, and receipt through lsunch procedures
agreed on prior to submission of the flight tcermination system report.
However, if unacceptable conditions or open items still exist, they must be
formally resolved <o approval can be eranted at least 20 days prior to the
first scheduled Taunch.

4.2.2 Qualification Test Procedure Approvals.  The detailed test plan(s) and
procedure(s) for qualifying the flight termination system must be approved by
wSMC/SEQ prior to testing.  This should be accomplished during the applicable
technical interchange or design review. At that time, the WSMC/SEO represen-
tative identafics the individual qualification test p1ﬂﬂ(5) and VFOCOGUTC(S)
required for subimission to WSHMC/SEQD.

4.2.3 Teceipt Through Lavnch Procedure Approvals.  Detailed procedures for
test, calibration, and installation of all components of the {1ight termina-
tion system and associated pround checkout cquipment, incloding the launch day
countdown procedures, mist be sulmitted ta WOMC/SEO and approved before launch
spproval is granted.  Once these procedures are approved by WSMC/SEO, they
cannot be changed without prior approval.
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4.2.4 Tailure Corrective Action. Flight termination systems or components
that fail due to damage, unrcliability, failure to meet manufacturer and model
specifications, or limits of this regulation, cannot be approved for flight
until corrective action, acceptable to WSMC/SEO, has been made to all compon-
ents or systems subject to such failure modes.

4.2.5 Flight Termination System Modifications Approvals. Modification or
change to an approved airborne flight termination system, associated equip-
ment, components, component identification, test procedures, performance test
Timits, basic characteristics, ratings, or any changes affecting the integrity
of the flight terwination system, cannot be made without prior WSMC/SEO
approval. Modification proposals must be submitted with sufficient lcad time
(at lecast 60 Jays) for evaluation to avoid delay of launch schedule. The pro-
posal must include all data information applicable to the modification that is
requited in the approval of a new system. Tt is conccivable that unique situ-
ations will arise requiring expedient minor changes to the flight termination
system, its associated ground support equipment, or to the system testing
procedure to permit timely accomplishment of a particular launch operation.

In this instance, WSMC/SEO should be notified immediately and maximum effort
must be expended to conduct a rapid cvaluation of the proposed changes.
Assistance is provided to achieve a change that resolves problem arcas and is
acceptable to WSMC.  If modifications to an approved system have been made
without prior approval of WSMC/SEQ, the appioval of the entire system and the
approval to launch are automatically revoked until changes are approved.

A.2.6 Flight Termination System Launch Approval.  Final acceptance of the
flight teimination system for each launch depends on the satisfactory
coripletion of all required prelavnch tests and system installation functions.

4.2.7 Missile Flight Termination System Approval. WSMC/SEO approves all
missile flight temination systems and component qualification, acceptance,
flight readiness, and operational testing. Certification includes review and
approval of test procedures and systems, and witnessing of testing at cach
vendor, associate contractor, and prime contractor facility. The witnessing
of testing is at the descretion of WSMC/SEO.  The Range uscr notifies WSMC/SEO
of the date, time, location, and point of contact at least ten days prior to

the test. WSMC/SEO will then provide notification of whether the test will or
will not be witnessed.

4.3 Desipgn Reguirements:

4.3.1 System. The flight termination systom must be desipned to receive
(requency modnmlated rodio messages and resultantly terminate flight of the
missile or space vehicle.  For this purpese s the Tnterdepartment Radio
Wvisory Covaittee (IRAC) Las anthorized o wSC ficquency assipgnment of 406.5
Mz oand 41605 Mz 360 KHe bandwidth, FO cmission at 10 KW power.  Frequency
protection is provided by IRAC so no frequency assigmment in the 360 KHz band-
width will he made to uny other apency within 50 miles of the Vandenberg AFB
nissile Yaunch sites. Therefore, Range nser transmitlers at test stations are
not allowed to radiate on the WSMC frequency assignment.  Closed Joop trans-
mission by Range user tranamitters, or test stations for f1ight termination
system testing, is pemissible in accordance with WSMCR 100-1, Radio Frequernicy
Menagement. A typical {light termination system consists of an antenna
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4.7.2.1.3 S&A and EBW Devices. Results of the S&A and EBW device tests.
4.7.2.1.4 Power Supply. Results of the battery load and activa:ion test.

4.7.2.2 Calibration Results. The following data relative to calibration of
the ground system must be provided to WSMC/SEO in accordance with the
specified calibration time schedule.

4.7.2.2.1 Test Equipment. All applicable data, such as meter correction
factors and the electrical energy requirement for circuit breaker trip, where
used, as the squib simulator impedance.

4.7.2.2.2 Control Consoles. All applicable data, such as meter calibration
factors and the determinant value levels used in "GO" or 'NO-GO" comparison
circuitry.

4.7.3 Failure Report:

4.7.3.1 Failure to Meet Specifications. The failure of a flight termination
system or system component to meet WSMC approved specifications after delivery
from the vendor must be reported in writing within 15 days of the date the
failure is noted. WSMC Form 99, Airborne Flight Termination System Failure
Report, or its equivalent, is used for this purpose. This requirement
includes failure of tests conducted at the vehicle contractor's plant and at
WSMC. A formal report containing a description of the failure, an analysis of
the failure, and details of corrective action taken, must be submitted within
60 days of the failure for approval in accordance with paragraph 4.2.5.

4.7.3.2 Failure to Meet WSMC Test Requirements. Failure of a flight termina-
tion system or system component to meet test procedure requirements during any
test contained in paragraph 4.5.2 must be reported, by telephone, to WSMC/SEO
within 24 hours of the failure. A written report containing a description and
analysis of the failure and details of corrective action taken must be
submitted for approval in accordance with paragraph 4.2.5 before that
component or system will be approved for flight.

4.7.3.3 In-Flight Failure. Any in-flight anomaly occurring in a flight term-
ination system must be reported immediately to WSMC/SEO. A detailed written
report containing a description and analysis of the anomaly, and details of
corrective action taken, must be submitted for approval in accordance with
paragraph 4.2.5 before the system will be approved for any subsequent flights.

4.7.4 Flight Termination System Modification Data. Modification proposals
must be submitted for approval in accordance with paragraph 4.2.6, with suf-
ficient leadtime (a minimum of 60 days before launch) for evaluation to avoid
delay of launch schedules. The proposal must include all data applicable to
the modification that are required in the approval of a new system.

4.8 Tracking Beacon and Transponder Systems:

—

4.8.1 Discussion:

4.8.1.1 The process of determining the requirement for an in-vehicle tracking
aid is outlined in section 1.
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4.8.1.2 The requirements in this chapter apply to both noncoherent and
coherent tracking transponders. i
4.8.2 Approval Requirements. The approval requirements detailed in paragraph
4.2 apply to tracking beacon and transponder systems.

4.8.3 Design Requirements:
4.8.3.1 General:

4.8.3.1.1 All missiles determined to need a tracking aid must contain an
airborne system capable of operating within the parameters established for
normal operation of the associated WSMC ground tracking facilities.

4.8.3.1.2 The design, manufacture, and installation of the tracking beacon
and transponder system must conform to the requirements contained in this
chapter.

4.8.3.1.3 WSMC will assign individual launch agencies transponder interroga-
tion pulse codes to facilitate multiple launch operations and prevent RF
environmental interference.

4.8.3.1.4 All transponders launched at WSMC are double pulse interrogation
coded, unless specifically approved as mission peculiar.

4.8.3.2 Environmental Survivability. All components of the tracking beacon
and transponder system, and methods of attaching or installing the system,
must be designed and qualified to make sure the system has the ability to
function normally under all environmental conditions it will be subjected to
(for example, extremes of altitude, temperature, pressure, vibrations, and
acceleration). This includes the environment that may be experienced by the
vehicle while it is within the limits of WSMC/SE responsibility.

4.8.3.3 Testing Survivability. All circuitry, elements, and components of
the tracking beacon and transponder system must be capable of withstanding the
repetitive functioning incurred during prelaunch testing without degradation.

4.8.3.4 Antenna System. The antenna system provides adequate coverage over
95 percent of the radiating sphere to assure minimum interrogation and reply
signal levels for reliable tracking along all possible flight paths within
command control limits of WSMC responsibility. To demonstrate adequate cover-
age, a complete link analysis is performed. The gain margin for the link
analysis must not be less than 0 dB. Ground system RF characteristics are
supplied by WSMC upon request.

4.8.3.5 Transponder. The transponder must meet any combination of the

following requirements, simultaneously and without readjustment, under any or
all required environmental, mechanical, and electrical flight conditions.

4.8.3.5.1 Environmental Conditions. Transponder as a minimum must meet
requirements of IRIG Document 115-69.

4.8.3.5.1.1 Design Reliability. Must mect at least a 0.995 success ratio.
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4.8.3.7 Ground System:
4.8.3.7.1 Test Equipment:

4.8.3.7.1.1 The use of unique, nonstandard, and unduly complex test equipment
is discouraged.

4.8.3.7.1.2 Range users may provide a test station to be operated by their
contractor. If provided, the test station must have the capability of

determining the transponder performance characteristics required by WSMC Form
89.

4.8.3.7.2 Launch Facility. The design of the RF repeater system(s) used in
silo type or inaccessible launch facilities must provide a means for direct
coupling of the transponder test station into the RF repeater system(s).

4.8.3.7.3 Control Console. Provisions are made by the Range user to provide
the following tracking beacon, transponder controls, and monitors to the
launch control center Range missile control representative console.

4.8.3.7.3.1 Transponder system power monitors (on-off, external-internal).

4.8.3.7.3.2 Controls for transponder system operation (on-off, external and
internal power mode).

4.8.3.7.3.3 Sensors to monitor transponder applied voltage. Voltmeters for
this purpose are preferred; however, the option exists to provide either
voltmeters or voltage comparator circuits with status lights.

4.8.3.7.3.4 Ammeter to monitor quiescent and transponding mode currents.
4.8.3.7.3.5 Provisions for monitoring battery life or operating time.

4.8.3.7.3.6 In addition, other monitors or controls may be required depending
on the nature of the system and individual system components. If required,
the additional monitors and controls are identified at the design review.

4.8.4 Testing Requirements:
4.8.4.1 Qualification:

4.8.4.1.1 System. All components of the tracking beacon and transponder
system, and methods of attaching or installing the system, must be tested to
make sure of their environmental survivability.

4.8.4.1.2 Antenna. Tests must be performed to determine the antenna receiving
characteristics, to show compliance with paragraph 4.3.2, and provide the
antenna pattern data.

4.8.4.1.3 Transponder. Transponders that have not previously been certified
for use at WSMC must undergo qualification tests in accordance with paragraph
4.3.2. Further, transponders that have been certified for use at WSMC with a
particular vehicle may require additional qualification tests (environmental,
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survivability and RFI) if the transponder is to be used with a different type
and model launch vehicle. The qualification testing of two transponders may
be conducted by an independent agency or by the transponder vendor. The
identification of the test agency is determined on a case by case basis
through joint WSMC 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 WSMC/SEO and the Range user.
Further, the tests conducted by the WSMC RF Measurements Laboratory do not
include any type testing that would preclude future use of transponders as
flight articles. The Range user is responsible for supplying two transponders
as flight articles and two transponders for testing by the WSMC RF
Measurements Laboratory.

4.8.4.1.4 Power Supply. Tests and analyses must be performed to determine
battery-load life, considering the loads that are imposed during battery
activation, load tests, prelaunch tests, countdown, and flight.

4.8.4.1.5 Modification. Retesting may be rcquired when modifications or
changes are made to the system or components. The requirement for retesting
will depend on the extent and type of modifications being made and is
determined through joint WSMC and Range user agreement on a case by case basis.

4.8.4.2 Recurring:

4.8.4.2.1 System. An RF open loop tracking system compatibility verification
check is conducted as late in the launch countdown as possible. The check
results are annotated on WSMC Form 189. This check is to prove the integrity
of both the airborne system and ground system. This verification check is
conducted on airborne power and is included in the launch agency countdown. It
is valid for a maximum of 12 hours, but must be repeated if, at any time after
the test, the system is compromised (for example, disconnection of any portion
of the system). Further, if the compatibility verification check is
inconclusive, a test may be required using the WSMC portable radar simulator.

4.8.4.2.2 Antenna:

4.8.4.2.2.1 Antcnna VSKWR and RF line insertion Joss tests are conducted on
the antcnna system for each missile. Any antenna system component or element
change subsequent to the test requires retesting prior to launch.

4.8.4.2.2.2 An RF closed loop antenna and transponder system RF sensitivity
and operational characteristics test is required at WSMC if any connections in
the antenna system, including connection to the transponder, are disconnected
after completion of the transponder performance test, after final connection
of the antenna system to the transponder.

4.8.4.2.3 Transponder. Each transponder is performance tested, in the bench
test mode, by the WSMC RF Mcasurement Laboratory or equivalent facility prior l
to its installation into the launch vehicle. The test is conducted as late in
the individual missile system receipt-thru-launch recadiness sequence as
possible (normally within 90 days of launch, consistent with the time I
requirements for test result data accumulation). The test is performed in
accordance with a plan developed in joint agreement between WSMC/SEO and the
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Range user. Transponder performance characteristics to be determined (in
addition to those required by WSMC Form 89) are identified in the joint WSMC
and Range user test plan. The transponder must also be performance tested at
WSMC prior to launch. The test is performed as late in the individual missile
system receipt-thru-launch readiness sequence as possible (normally within 90
days of launch), consistent with the time requirements for test result data
submission. The test is conducted in an RF closed loop system mode. The
transponder will not be removed from the launch vehicle and instrumentation
wafer or disconnected from the missile-borne antenna system. Testing is
accomplished in an RF closed loop mode. In the interest of economy and
testing standardization, WSMC provides a portable test station to be operated
by WSMC RF Measurements Laboratory. However, Range users may provide a test
station to be operated by their contractor. Specific requirements applicable
to the RF closed loop mode performance test are:

4.8.4.2.3.1.1 The WSMC RF Measurement Laboratory verifies that the test
station is operating within the limits and specifications acceptable to
WSMC/SEO. This verification is performed at each six month interval in
accordance with a test plan developed in joint agreement between WSMC/SEO and
the Range user.

4.8.4.2.3.1.2 RF loss factors must be provided for the RF cable and antenna
couplers.

4.8.4.2.3.1.3 The test is performed in accordance with a plan developed in
joint agreement between WSMC/SEO and the Range user.

4.8.4.2.3.1.4 The test station must have the capability of determining the
transponder performance characteristics required by WSMC Form 89.

4.8.4.3 Factory-to-Pad Concept. When requested by the Range user and approved
by WSMC/SEO, the transponder is processed in the manner described in paragraph
4.5.2.1.1 with restrictions and controls appropriate to this system.
Justification for use of this concept, and the detailed procedures for
implementing it, requires a joint WSMC/SEO and Range user documented agreement
indicating joint approval.

oS

.4 Power Supply. The battery test requirements detailed in paragraph

4.8.
4.5.2.5 apply to tracking beacon and transponder systems.

ro

4.8.4.5 Ground System. The ground system test requirements detailed in
paragraph 4.5.2.5 apply to tracking beacon and transponder systems.

4.8.5 Test Attendance Requirements. A reprcsentative of WSMC/SEO will attend
certain system and component level tracking beacon and transponder system
tests and installation functions. For preliminary planning purposes, the
general group of tests and installation functions requiring attendance are
listed below. This listing is not all inclusive and may have items deleted or
added, depending on the type and nature of missile system, launch facility,
and tracking beacon and transponder system. Further, in some areas attendance
is mandatory, while in others, it is optional. For complete clarification,
the firm requirements applicable to each missile system program are specified
by separate correspondence to each Range user.
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4.8.5.1 Transponder performance test conducted at WSMC.
4.8.5.2 Antenna system VSWR and RF insertion loss test (if conducted at WIMC).

4.8.5.3 RF closed loop antenna transponder system RF sensitivity and
operational characteristics test.

4.8.5.4 Battery load and activation test.
4.8.5.5 Tracking beacon and transponder system installation inspection.
4.8.5.6 Tracking beacon and transponder system associated ground system test.

4.8.5.7 Preliminary tracking beacon and transponder system RF open loop
compatibility verification check. This is not a WSMC/SEOQ required test.
However, the range user normally conducts several of this type check during
the missile receipt-thru-launch process for the purpose of detecting and
resolving any problem areas prior to the launch countdown test.

4.8.5.8 Launch countdown tracking beacon and transponder system RF open loop
compatibility verification check.

4.8.6 Data Requirementé?"

- 4.8.6.1 Initial. The following data must be submitted in support of a
tracking beacon and transponder system proposal. All schematics, functional
diagrams, and operational manuals must have well defined, or standard IEEE, or
MIL-SPEC terminology and symbols.

4.8.6.1.1 Design:

4.8.6.1.1.1 System:

4.8.6.1.1.1.1 A block diagram of the entire system with reference to the
location in the vehicle of cach component and element.

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

4.8.6.1.1.1.3 Detailed description of the operation of the system.

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

4.8.6.1.1.3 Transponder. Copies of the specification and operation manuals.

4.8.6.1.1.4 Power Supply. Copies of the airborne battery specification and
operation manuals.

4.8.6.1.1.5 Ground System:

4.8.6.1.1.5.1 Launch Facility. A description of the RF repeater system.
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4.8.6.1.1.5.2 Test Equipment:

4.8.6.1.1.5.2.1 A complete listing and description of all test equipment,
including contractor-peculiar test equipment used to checkout the system and
its individual components and elements.

4.8.6.1.1.5.2.2 Copies of all specification and operation manuals for all
contractor-peculiar test equipment used to checkout the system and its
individual components and elements.

4.8.6.1.1.5.3 Control Console. A complete description of the operation of
the tracking beacon and transponder system controls and monitors.

4.8.6.1.2 Qualification Test Procedure. Copies of the qualification test
plans and procedures required for submission to WSMC, identified by the
WSMC/SEO representative during the system design period.

4.8.6.1.3 Qualification Test Results. Pertinent portions of the test result
data may be extracted from the test reports and submitted in a condensed form.

4.8.6.1.3.1 Environmental Survivability. Test result data and information to
show compliance with paragraph 4.8.3.2.

4.8.6.1.3.2 Antenna. The antenna patterns and information in accordapce with
the requirements of paragraph 4.8.4.1.2. The antenna patterns must be
provided both on magnetic tape and in graphical representation.

4.8.6.1.3.3 Transponder. The results of qualification tests (para 4.8.4.1.3).

4.8.6.1.3.4 Power Supply. Battery load test analysis (para 4.8.4.1.4) to
show compliance with paragraph 4.8.3.6.2.

4.8.6.1.4 Recurring Test Procedure:

4.8.6.1.4.1 System. Procedure for the system compatibility verification
check (para 4.8.4.2.1). This procedure is limited to the steps involved with
controlling and monitoring the airborne system (para 4.8.3.7.3). Standard
WSMC Radar Compatibility Test Operational Procedure No. 0-0230175A007 is
utilized by the radar system.

4.8.6.1.4.2 Antenna:

4.8.6.1.4.2.1 Detailed procedure for the antenna VSWR and RF line insertion
loss tests (para 4.8.4.2.2.1).

4.8.6.1.4.2.2 Detailed procedure for the antenna and transponder system
sensitivity and operational characteristics test (para 4.8.4.2.2.2).

4.8.6.1.4.3 Transponder:

1 Detailed procedure for the bench test mode performance test
2243)




