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Preface

This Handbook describes the capabilities of the Sounding Rocket program, the design and
technology applications used by that program, and the processes established to integrate the
customer (principal investiggboogram user/scientist/experimenter) into the mission team to

ensure the highest probability of a successful project. Neither the United States Government nor any
person acting on the behalf of the Unites States Government assumes any liabilifyorasiiéng

use of information contained in this document or warrants that the use will be free from privately
owned rights. The use of a company name does not imply approval or recommendation of the
product to the exclusion of others that may also belsuitab
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SECTION 1: The NASA Sounding Rocket Program (NSRP)

This Handbook was written to assist NSRP customers in developing payloads that meet the requireme
necessary to achieve missipacific, scientific objectives, and to serve as a guideline in defining NSRP
guality standards and ISO 92000 requirements For t he purposes of thi s
include principal investigators, program users, scientists, and experimenters.

1.1 The Program: 1959 the Present

The NSRP is a suborbital space flight program that primarily supportspohSéredpace and earth
sciences research activities, other government agencies, and international sounding rocket groups an
scientists. Since its inception in 1959, some 2900 missions have flown with an overall science mission
success rate in the previous 20syexceeding 90 percent and launch vehicle success rate of over 97
percent. The program is a {owst, quickesponse effort providing approximately 20 flight opportunities
per year to scientific and technology destnation investigationi&nce invesjations are involved in

upper atmosphere, plasma physics, solar physics, planetary atmospheres, galactic astronomy, high er
astrophysics, and miegoavity research. These rockets are launched from a variety of launch sites
throughout the world.

In mid-1980 , she NSRP was consolidated at the Wallops Flight Facility of the Goddard Space Flight
Center. The program has continued to grow in terms of average payload size, weight, complexity, and
NSRP flight systems are remarkably sophisticatedrafiacapable of lofting 1000 pound payloads to 280
kilometers and 250 pound payloads to 1500 kilometers.

NSRP customers consist primarily of university and government research groups; however, some rese
activities involve the commercial sector.pfbgram has contributed major scientific findings and research
papers to the world of suborbital space science, validated satellite tracking and instrumentation, and s:
as a proving ground for space ship and space station components. Many nevihaeendistived

training and developmental experience through NSRP internships and graduate study programs offere
participating educational institutions.

Systems and services provided to customers of the NSRP encompass the complete spectrum of supp
mission management, payload design and development, launch vehicles, recovery systems, attitude c
systems, payload testing and evaluation, andiytiiged, aunch range operations/coordination, tracking,
and data acquisition and data processing.

Customers are required to provide the scientific instruments/detectors for the payload, a comprehensi
description of the support requested from NASA, bjettive criteria that will used to determine the
success or failure of the mission after all operations are completed.

The NSRP is conducted in compliance with ISO-200Q but without the formal and expensive reliability
and quality assurance emplogete larger and more costly orbital and deep space programs. This
informal approach, combined with the extensive use of surplus military rocket motors, is instrumental i
enabling the program to complete approximatelg@@enissions per year, usinglalbke resident WFF
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and WSMR resources. The NSROC program is required to maintain an 85% success rate (complete n
vehicle, payload and science) although the program goal is 100%.

Effective communications between the NASA project support teane andtibmer are vital to the

success of individual sounding rocket missions and to the overall program. Project meetings, reviews,
the requisite post flight assessments of mission results by the customer are all feedback mechanisms
provide obsent®mn, comment and constructive criticism for problem solving and future programmatic
improvements. The NASA approach to teastomer interaction is included in this Handbook to foster a
better understanding of the thinking behind current Program precédane design and development of
the payload through launch and data retrieval, the customer is the essential source of information on
well the NSRP is working.

1.2 NASA Organizational Responsibilities
The NSRP is funded through the Heliophysugsiain of the Science Mission Directorate (SMD).

1.2.1 Program Management

The NSRP at Goddard Space Flight Center (GSFC) falls under the Sounding Rockets Program Office
(SRPO), Code 810, Suborbital and Special Orbital Projects Directorate (SSOPQ), Toel SBRPO and
SSPOD are located at Wallops Flight Facility (WFF) Wallops Island, VA. The program is implemented
under the NASA Sounding Rocket Operations Contract (NSROC) which is administered by the SRPO.
NASA retains overall management of the NSRRIing certain programmatic elements such as mission
selection, funding, international agreements, grant administration, oversight and approval of the groun
flight safety process, and ownership of program assets.

1.2.2 Sounding Rocket Working Group(SRWG)

The SRWG is appointed by the Director of Goddard Space Flight Center to provide counsel and a fort
for exchange of information on sounding rocket systems, operational support, and developments in sc
as they affect the program. The NASA Sognidbcket Project Scientist, GSFC, shiaér Group which
consists of over Ifiembers from the principal scientific disciplines served by sounding rockets. The NA
SRPO reports to this Group in the areas of technical and management support.

1.3 SoundingRocket Program Customer ds Rol e

Once selected for flight participation, the customer becomes a member of the assigned Mission Team
responsible for the preparation of the scientific experiment portion of the payload. Customers assist in
establishingnd conducting the operational program. Customers are responsible for defining the
investigation, providing the necessary scientific instrumentation, completing timely processing and ane
of recovered data, and publishing the results. The custerpedied to participate in a number of

scientific and technical planning functions and formal reviews described later in this document.

1.3.1 Philosophy

The customer’s role is critical t o t hsppertthec e s

customer and facilitate the best possible scientific return from the mission. Information regarding past

experiences with the reliapibf specific components amed¢hniques is made available. While the assigned
14
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mission support team may recoemd the use or avoidance of certain procedures and practices, final
decisions on the internal details of the scientific instrumentation are normally left to the customer. Eacl
payload is required to successfully complete a series of environmentathiestsastire, test and evaluate
the ability of the scientific instrumentation to survive the flight environment. Determination of the ability
the scientific instrumentation to make the required measurements is normally made by the customer.

1.3.2 Payload and Instrumentation

Equi pment provided as part of the Program’s ¢
1.4— Sounding Rocket Project Support Elements. The customer is normally responsible for developing
providing all other scigfic instrumentation and related support equipment. They are also responsible fo
ensuring that it conforms to all required mechanical, thermal, and electrical interface specifications; me
required safety standards; and is capable of surviyangdicted flight environment. Scientific
instrumentation and related support equi pment
associated contractors. To help ensure a safe operation, the customer is required to furnish the data
specifie in Section 7 Safety and Appendik- GSFC/WFF Safety Data Requirements.

1.4 Sounding Rocket Project Support Elements

The NSROC contractor, provides the programmatic, technical, and business management functions
necessary to plan, organize, impleroentrol, track, report, and deliver the goods and services required
for implementation of the NSRP.

The NSROC contractor provides individual mission management for all assigned sounding rocket mis:
this includes all planning and scheduling assowigtiendividual mission requirements. Each mission is
planned to meet science objectives and scheduled to avoid interference with the timely and cost efficie
completion of other ongoing missions. The Mission Database is a programmatic schehigsitorsall

and is maintained on the NSROC server.

At minimum, the Mission Database reflects the planned schedule for the following milestones:
Launch Date

Launch Time

Integration Site/Date

Mission Initiation Conference (MIC)

Requirements Definition MeetifRDM)

Critical Design Review (CDR)

Prelntegration Review (PIR)

Mission Readiness Review (MRR)

Mission Closeut Report (MR)
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The NSROC contractor also provides services and supplies necessary for implementation of the indivi
missions and the ovenadbgram. As such, the contractor designs, fabricates, integrates, and performs
flight qualification testing of suborbital payloads, provides launch vehicles, systems, and associated
hardware, and provides various activities associated with subseqoeanmsk operations. All relevant
information is updated and maintained in the Mission Database.

1.4.1 Program-Provided Support Services

Customers of the Sounding Rocket Program are provided with a variety of support services. The assi
Mission Tears typically responsible for implementation of the mission utilizing their individual efforts au
the extensive support capabilities provided by the Program.

A typical Mission Team is composed of the customer or his representative(s), applicablefsguabrt st
additional team members provided by the support elements at WFF.

Team includes the following positions:

Mission Manager

Customer & Staff

Mechanical Engineer

Electrical Engineer

Instrumentation Engineer

GNC (Guidance, Navigation & Controhdtneer
Performance Analysis Engineer

Mechanical Technician

Electrical Technician

GNC Technician

Launch Vehicle Technician

Flight Safety Representative

Ground Safety Representative

The general categories of effort necessary for implementation of a sim include:
Flight Mission Management

Scientific Instrumentatidtypically provided by the customer)

Payload Analysis, Design, & Development

16
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Launch Vehicle and Payload Support Systems

Payload Fabrication

Payload Assembly/Integration, Testing, & Evaluati

Launch & Flight Support Operations

Post Flight Data Processing and Analysis

Ground & Flight Safety.

The following is a brief description, including organizational responsibility, of the individual support
elements provided by the Program for the tymisalion. A detailed discussion of how sounding rocket
flight projects are conducted with respect to a typical mission is included in Section 2 of this Handbook

1.4.1.1 Flight Mission Management

NSROC management is generally responsible for selecssga Manager (MM) for each mission. The
MM has comprehensive, team leader responsibilities throughout the mission lifecycle and serves as th
central point of contact for the customer. MM responsibilities include:

1.

\‘

Developing an approach (technical, sdeednd cost effective), in conjunction with the assigned
mission team, for meeting the mission requirements defined by the customer. This activity generall
occurs in the period between the MIC and the RDM as described in Section 2 of this Handbook.

. Coodinating and establishing a mutually acceptable date for holding, conducting, and documenting

RDM and all associated mission requirements in the subsequent Requirements Definition Meeting
Memorandum.

Working with the customer and the NSROC Missiom Tealesign, develop, fabricate, integrate, test
and flight quality the payload. The MM is responsible for coordinating, directing, and managing this
effort, as well as establishing and maintaining the project schedule.

Directing and coordinating all Blan Team activities, including formal presentations at Design
Reviews and Mission Readiness Reviews and do
items resulting from these reviews.

Coordinating and directing all field operations includ#pgu@tion of the launch vehicle and

conducting launch operations. The MM is the focal point for all field activities and has final, real tim
go/no-go authority for the mission, including launch vehicle status (concurrence for launch by range
safety, SRP@nd the customer is required). The MM has no authority to override a customer or ran:
safety decision to halt a launch, but may stop a launch when, in his opinion, a condition exists that
jeopardizes the success of the flight.

Assessing the resultstoé taunch to the extent possible and submitting required reports to the SRPC

. Coordinating and directing post flight operations necessary to complete all mission requirements.

17
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1.4.1.2 Payload Analysis, Design, & Development

The following activities aassociated with the analysis, design, and development function and are genet
provided by the NSROC contractor:

Electrical engineering support for payloads, launch vehicles, and associated flight systems includes el
systems (power supplies, eéwemng, wiring harnesses, monitoring subsystems) and instrumentation
systems (telemetry subsystems). Mechanical engineering support for payloads, launch vehicles, and
associated flight systems includes all payload mechanical subsystems (ovechtdsygutexternal

skins, internal structures, bulkheads, component layouts, special mechanisms) and pyrotechnic device
pullers, boltutters and thrusters).

GNC engineering support for payloads and associated flight systems includes all bo®sygtadss)
navigation systems and attitude control systems. Support includes requirement review, auxiliary attituc
sensor selection, implementation of external interfaces to the payload, pneumatic system propellant
selection and thruster locations.

Flight performance analyses include:
Launch vehicle performance and nominal flight trajectory analysis
Flight trajectory dispersion, wicaimpensation parameters, and impact aim point considerations

Launch vehicle static and dynamic stability evaluationiig@adbelastic effects, payload dynamics
analyses, payloademtry trajectory and recovery analyses, ascemtet/ r@erodynamic heating
analyses)

Other suborbital analyses.

These activities are performed during thdlight and posflight analyss for each mission.

1.4.1.3 Launch Vehicle and Payload Support Systems

Launch vehicle and payload support systems are provided by the NSROC contractor and include rock
motors, pyrotechnics, and associated standard flight systems such as ejeatalele, pastoad/vehicle
separation systems, upper stage ignition systems, and thrust termination systems. Activities associate
these systems include their inspection, modification, storage, shipment, assembly, launcher mating, u
rigging, and efronmental control during launch operations. Other standard systems include payload
recovery systems, special aerodynamic decelerators, payload attitude control and stabilization system
launch vehicle boegtiidance systems.

1.4.1.4 Payload Fabricaion

Mechanical and electrical fabrication services are provided by the NSROC contractor. Electrical fabric:
support includes specialized shops for electrical wiring assembly, printed circuit board fabrication, and
electrical instrumentation developmeérhe mechanical fabrication support includes the machine shop,
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welding shop, plastics and composite materials shop, sheet metal shop, and mechanical instrumentati
shop.

1.4.1.5 Payload Assembly/Integration, Testing, & Evaluation

The development ofraission progresses from the fabrication and assembly of flight hardware, through
addition of customeprovided instrumentation and standard support systems, to a fully integrated payloz
The payload then proceeds through the testing and evaluatess prhich involves the entire Mission
Team (engineering personnel, technical support personnel, and the customer who has the technical
knowledge of, and responsibility for, his instrumentation) and the laboratory support personnel who op
the variougacilities involved in the processes. These facilities include payload assembly shops, teleme
ground stations, and environmental testing lab. These processes include physical properties determin
magnetic calibration; and vibration, shock tstaldoads, spideployment, dynamic balancing, and

vacuum testing. All of these services are generally provided to the customer by the NSROC contractol

1.4.1.6 Launch and Flight Support Operations

A critical element of conducting the NASA Sounding RBogram involves performing launch

operations from various locations worldwide. Several of these launch sites are ekisiniguiuth

ranges. Mobile sites can also be established at remote locations which satisfy particular science requil
such as specific observations (solar eclipses, supernova) and operations in specific areas (auroral zon
equatorial zones, Southern Hemisphere).

The following are brief descriptions of the major applicable elements involved in supporting sounding
rocketflight operations:

The SRPO utilizes an agreement with the NAVY at White Sands Missile Range to provide services for
conducting launch operations from that location. The SRPO directs the NAVY to coordinate the provis
of these services from the variaersise provider organizations and to support the specific requirements ¢
each mission.

The SRPO utilizes a contract with the University of Alaska for the maintenance and operation of the P
Flat Research Range. This mechanism provides support foofaenations conducted from this high
latitude location. Additional support for tracking and data acquisition services is provided through the
NASA remote range services contract.

The SRPO also utilizes ing@vernmental and international agreementssaecés the provision of
launch operational support for mobile campaigels as from the Marshall Islands and PuertodRido;
from established foreign ranges such as Esrange, Sweden and Andoya, Norway.

The Range and Mission Management Office (RMMQ &40 is responsible for planning and directing
the support necessary to meet the objectives of projects conducted on the WFF range and mobile
campaigns. The implementation of mobile campaigns for sounding rockets involves the support of sev
organizaonal elements withirB80OD. Additional support may also be provided by the AETD.
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The RMMO schedules and directs flightaettities, provides test data packages to users, and coordinate
range operations with various outside organizations fatiopg conducted from WFF and mobile
campaigns. When conducting a mobile operation of sufficient magnitude, a "Campaign Manager" is us
assigned. This individual has overall responsibility for managing the campaign (which usually involves
several sepate sounding rocket flight missions) including interfacing with foreign government
organizations, establishing the required launch support facilities, and coordinating launch operations.

The range from which the operations are being conducted providegkus, launchers, blockhouse
systems, controls, and consoles. Mechanical and electrical/electronic ground support equipment; fligk
support instrumentation such as search, tracking, and instrumentation radars; telemetry receiving and
recording st&ons; television and photographic tracking cameras; special purpesptabtequipment;
surveillance and recovery operations aircraft; and facilities for payload preparation and check out are
provided as part of the range services.

The NSROC contraar is generally responsible for conducting actual launch operations as well as all
functions relating to the preparation of the launch vehicle and payload leading up to that event.

1.4.1.7 PostFlight Data Processing and Analysis

The NSROC contractor iemerally responsible for providing post flight processing and analysis of raw
scientific data recovered from sounding rocket missions. This data is provided to the customer in the
format specified at the RDM. Section 9 has additional information apledaita processing and analysis
support and procedures for obtaining that support.

1.4.1.8 Ground and Flight Safety

All work performed in support of the Sounding Rocket Program (SRP) is done in conformance with all
WFF, GSFC, NASA, and other governmegtlations, requirements, and statutes. Ground and flight
safety data requirements for sounding rocket vehicles and payloads are contained in the Range Safet
Manual for Goddard Space Flight Center (GSFC)/Wallops Flight Facility (WFFRJOREMT his anual
contains specific design requirements for flight systems and describes data that must be supplied to tt
Wallops Flight Facility Safety Office (Code 803) to obtain NASA safety approval for launch systems.
Institutional safety requirements are coathin NPG 8715.3, NASA Safety Manual. The NSROC
contractor is responsible for meeting these requirements as well as any additional safety requirements
other domestic or foreign ranges utilized during implementation of the SRP. Further, the NSROC
contactor is responsible for maintaining awareness of all changes and modifications to statutes, regul:
and procedures impacting ground and flight safety.

The NASA Safety Office is responsible for oversight and approval of all ground and fligiacesetg p

As such, the NASA Safety Office provides all necessary Safety Plans based on the data and analyses
provided by the NSROC contractor. The NSROC contractor is contractually required to provide all dat:
analysis, and information necessary forebe@pment of these, and any other, required plans. The NASA
Safety Office plans and coordinates safety aspects of launch operations, establishes range clearance
range safety limitations, and reviews and approves hazardous assembly and padipred¢siR@€.
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contractor is responsible for implementing all of the requirements of the Ground and Flight Safety Plar
NSROGsupported missions.

For hazardous operations (other than pad operations), the NSROC contractor is responsible for:

Providing Opettgonal Safety Specialist(s) whose primary responsibility is safety oversight. This person
persons interfaces directly with the NASA Safety Office oversight authority in reseiviregsaiaity
concerns.

Implementing all general operation (craneatps, forklift operation, etc.), personnel safety (explosives
and ordnance, pressure vessels and systems, chemical, radiation, etc.) and facilities (equipment calib
maintenance of safety devices, access control) requirements.

A detailed discussiof sounding rocket safety considerations and policies is provided in Section 7 of thi
Handbook; additional NSRP support capabilities are addressed in Section 2.
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SECTION 2: The Sounding Rocket Mission Lifecycle

This Section describes the process NASA uses in conducting a sounding rocket flight project (mission
using the management and support elements at Goddard Space Flight Center's Wallops Flight Facility
(WFF) discussed in Section 1.4.

The various phases andestone reviews of a typical mission are outlined in the sections below and
summarized in Figurel?

2.1 The Mission Initiation Conference (MIC)

Flight projects must be approved by the appropriate science discipline chief at NASA Headquarters. C
this approval has been obtained, the customer will be contacted by the SRPO to establish a mutually
acceptable date for a MIC between the customer and WFF personnel. The purpose of this first meetir
the mission lifecycle is for the customer to presehC Data Package which details requirements and
specifies the support necessary for the mission. An outline of the information required in the MIC Date
Package is provided in Appendix B.

The MIC is chaired and documented by the SRPO. Attendeestheligds#tomer, appropriate WFF
supervisory and engineering personnel, NSROC supervisory, engineering, and technical personnel, a:
the assigned payload team. A-eaitlucted and documented MIC will result in a strong foundation on
which to begin # mission. The MIC provides the basis from which all requirements for the mission are
established. These include:

2.1.1 Project Schedule

The customer should be prepared to answer specific and detailed questions regarding the scheduling
major missiomilestones such as launch window date and time.
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Figure 2-1. Typical Sounding Rocket Mission Life Cycl

2.1.2 Mechanical Devices

and Structural Elements

The requirements for mechanical work will be discussed in as muahk pessible. Mechanical items of
interest include deployable nose cones (standard or special), doors (access, deployable or retractable
extendible booms, antennas, sensors, and any unique structural items or payload skin requirements.

temperaturarhitation, vacuum requirements, or mechanical devices/systems (despin, air, land and wat

recovery) should also be discussed.

2.1.3 Flight Performance

All payload flight trajectory/timeline requirements such as apogee, altitudeglmweakitude shold be
reviewed and requirements for payload dynamics (spin rate and/or coning limits) included. Some pay!
designs involve long, flexible booms while others involve tethers-paglsatls; dynamics requirements

for this type of payload should be presd.

The best estimate of payload weight should be determined for the MIC, being careful not to eliminate «
significant payload components. The flight performance characteristics of NASA sounding rocket laun

vehicles are preged in Section 3 aWgppendix E
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2.1.4 Instrumentation

Experiment data requirements should be available at the MIC in sufficient detail to allow definition of tf
telemetry system for the payload. Experiment programming requirerdeodsddimers, uplink

commands, ompecial monitoring) should be discussed. A detailed description of staimdareintaion
systems is included in Section 5 of this Handbook.

2.1.5 Attitude Control

Attitude knowledge, control and stabilization of space science payloads are ke eemgistsence
experiments. Attitude system requirements should be fully discussed to determine the type of Attitude
Control System (ACS) required. The nature of celestial targets should be defined and any attitude mar
sequences employed. Pointoaueacy and stability (jitter) should be specified. Known payload launch
constraints are presented at the MIC. The types and capabilities of sounding rocket attitude control sy
are presented in Section 5.

2.1.6 Navigation

Requirements frequentlylute detailed definitive knowledge of space/time during flight. Applicable
requirements should be addressed in the MIC.

2.1.7 Data Reduction

The customer can obtain assistance in data processing and analysis from WFF. Specific data reducti

requirementshould be discussed at the MIC. A description of WFF capabilities for data processing an
analysis, and guidance on requesting support, is provided in Section 9.

2.1.8 Testing

SRP testing policies are detailed in Section 7. In general, all thigtis payst be tested in accordance
with the testing specifications. Any special testing concerns or requirements should be discussed at t
MIC.

2.1.9 Foreign Nationals

Sounding Rockets are considered Significant Military Equipment (SME) and are listed on the ITAR US
Munitions List (USML). If foreign nationals are involved with experiment design and testing or field
operations, the MM must be notified at the MIC in dodailow enough time to process paperwork
required for a Technical Assistance Agreement (TAA). This allows NSROC personnel to interact direc
with nonUS citizens to work design issues, conduct payload integration and complete field operations.
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2.2 Requirements Definition Phase

Following the MIC, the NSROC payload team works with the experiment team to develop a mission de
concept based on requirements provided at the MIC. The goal is to complete this phase in 45 days bt
complex missits, much more collaboration with the experiment team may be required before a reason:
mission concept is designed. For a complex mission this phase may involve significant preliminary de
effort in order to verify that requirementscanbe met. dfu i r e ment s can’t be me
and time, modifications may have to be made.

2.3 The Requirements Definition Meeting (RDM)

Initiated by the NSROC contractor, the RDM includes representatives from NASA and the customer.
information neessary to define and demonstrate the feasibility of the mission and how the mission
requirements can be achieved will bepted by the NSROC payload te@dhe experiment team attends
the meeting to verify the mission requirements have been undedta@dming met.

A Requirements Definition Meeting Memorandum (RDMM) is documented by the NSROC contractor &
provided to NASA within 5 days of the RDM. I
mission technical requirements, the apptoagdtisfying those requirements, schedule, and cost
information.

2.4 Design Phase

After the RDM the NSROC payload team typically holds regularly scheduled meetings with the experir
team in order to finalize and document all payload design detetilaniééé¢ and electrical interface
requirements are finalized. Detailed mechanical prints and electrical schematics are created as well a
mission timeline. If attitude control is required a detailed control plan is devised. A test plan that will
gualfy the complete payload for flight operations is created. Many times new designs are proven out t
building and testing ndiight hardware. Once this process is complete the Design Review is held.

2.5 Design Review (DR)

The objective of the DR is forelpayload team to present a comprehensive description of all aspects of
payload design to maximize potential for mission success.

The MM, in conjunction with the Pl, schedul es
preparedness.

The NSROGQoontractor establishes a Design Review Panel to review all aspects of the mission, vehicle
design, test plan, and integration activities. The Panel consists of NSROC personnel who are not dire
involved with the mission but who have establishedisgpeithe areas of technical support required for
mission success. These include: Flight Performance, Mechanical Systems, Electrical Systems,
Instrumentation Systems, Guidance, Navigation and Control Systems, Recovery Systems, Launch Ve
Systems,ma Ground and Flight Safety (NASA personnel).
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During the DR, the Mission Team formally and systematically presents all information necessary to
demonstrate that the proposed design and mission approach can meet all mission and safety requiren
The custmer should be prepared to discuss all details of the scientific instrument design and interface
the support systems.

The PI Data Package template for a Design Review can be found in Appendix

After completion of the meeting, the panel reconvertksduss the results, and formulate and document
action items that are provided to the MM for disposition. The Review Panel Chairman generates a De
Review Memorandum (DRM) which summarizes the meeting and documents all assigned action items
DRM documents that the DR package and presentation demonstrated the proposed design and missic
approach is capable of meeting the mission success criteria once action items are addressed.

The MM is responsible for directing the Mission Team in respondiRgaictibn items. This effort is
formally documented with a memorandum to the Design Review Panel Chairman.

The panel reviews all responses and either concurs or asks for additional information and clarification.
Once all responses are deemed acceptapledthss is officially closed out with a memo from the Panel
Chairman to SRPO. At this point fabrication can begin. Although, some standard parts and systems,
those that didn’t generate actions atelyaftehtke De s
meeting; or, in some cases, even earlier.

2.6 Payload Fabrication and Prdntegration Testing Phase

Payloads are assembled with a mix of custom fabricated mechanical and electrical parts and assembili
the NSROC shops, as well as etyaof purchased parts and assemblies. Mechanical hardware is
assembled and-tihecked prior to integration with scientific instrumentation provided by the customer.
Electrical and telemetry instrumentation wiring and components are assembled pndrteste

integration with the customer's electrical/data systems to facilitate a smootfireeoumbdgration effort.
Special prntegration design qualification tests are often performed fezpamation/ejection/

deployment mechanisms, vacumars, and other devices. These special tests are in addition to the tota
payload posntegration testing that must be successfully completed before flight.

All NSROC provided subystems such as telemetry, recovery, ACS, and motor ignition systems are
connected together to make sure they are all functioning properly prior to being connected to experime
systems.
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Figure 2.6.1The Labelle payload, 40.025 UE, Figure 2.62 Payload integration in one of three ground
during testing at Wallops, launched on Feb 15, stations at Wallops.
2010 from Poker Flat, Alaska.

Integration and testing of new payloads (except as described below) is usually conducted at WFF. Gel
information concerning the integration and testing laboratories at M#derged in Section 10; Section 6
describes specific testing policies. Integration and testing of SPARCS payloads are performed at WSN
these systems require special equipment that is resident only at that location. Section 6 provides a
description ofhe facilities available for SPARCS payloads at WSMR

2.7 PreIntegration Review (PIR)

A PIR by the project team (Mission Manager, subsystem disciplines and science) occurs prior to paylc
Integration and Test. The purpose of this meeting isto &seessMi s si on Team’' s r ec¢
payload integration activities prior to authorizing travel by the customer or their staff. This serves to in:
that the customer is not inconvenienced in having to wait while WFF personnel complete preparation
actvities for support systems necessary for payload integration and vice versa.

2.8 Integration and Testing (I&T) Phase

I&T is comprised of payload integration, acceptance testing, and final checkout. When the final checkc
indicates that all the subsysteperate as planned and are mutually compatible, the payload can be ship
to the launch site with confidence that only minor adjustments or calibrations will be necessary in the f

I&T (except as described below) is conducted at WFF. Generaltiafocmacerning the integration and
testing laboratories at WFF is presented in Section 10; Section 6 describes specific testing policies. |
SPARCS payloads is performed at WSMR as these systems require special equipment that is residen
tha location. Also, integration of many previously flown White Sands missions is performed at White
Sands. Section 6 provides a description of the test facilities available at WSMR.
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2.8.1 Payload Integration

Payload Integration is the fitishe assemblyf all the NSROC provided parts and pieces with experiment
hardware into the launch configuration. All aspects of the design and operation are checked including
mechanical fit and operation, telemetry and electrical systems operation, and systerity catngatibi
testing sequence tests are performed to insure th®gratmming system functions properly.

Figure 2.6.3 Payload 36.257 Green prepared for a-fgsting sequence test.
The mission was launched on January 28, 2011 from Alaska.

2.8.2 Acceptance Testing

After successfully passing the payload integration checks, the assembled payload is taken to the Test
Evaluation (T & E) Laboratory where it is subjected to acceptance tests such as vibration, bend, and
operational spin as well as sr@®perty measurements. Acceptance tests simulate some of the conditiol
the payload is likely to encounter in flight. Payloaslystdms that are required to operate in flight are
functional during the acceptance tests. Every system must demoesthalieytto survive flight

conditions through completion of its intended function.

When special conditions or circumstances occur which warrant an exception to standard testing policit
customer may submit a written request for waiver to the MMealum for the request, possible results if
failure should occur during flight, and any other pertinent details should be stated in this request. Althc
waivers are infrequently required, they may be granted by NSROC management after consultation wit
involved parties.

2.8.3 Final Checkout

After the payload has completed acceptance testing, it receives the final checkout which is essentially
duplicate of the payload integration checks described earlier. This process looks fowddfewsship

or other anomalies that may have been revealed as a result of the acceptance testing process

2.9 Mission Readiness Review (MRR)

The MRR is a formal review to determine if the mission is ready to proceed with launch operations witl
high probaility of meeting mission success criteria. It generally takes place at WFF prior to hardware
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shipment to the field but can take place in WSMR after shipping and travel in the case of a mission the
performs I&T at WSMR.

The MRR generally follows the sdrasic process as the DR but instead of focusing on design the focus
on results of the | & T process. A Mission Readiness Review Panel, composed of a Chairman and ott
technically qualified personnel not directly involved with the flight pr@stabished by NSROC
Management. Information presented at the MRR must demonstrate that all environmental testing and
gualifications have been successfully completed, all required GSE and range support assets and servi
have been identified archeduled, and that arrangements for the provision of all required GSE and rang
support assets and services have been completed. Problems encountered during integration and test
including the adequacy of any modifications or repairs are reviearaakatilori regarding procedures,
similar to that presented at the DR, is provided; and a final FRP, which includes the detailed field oper
plan and schedule, is included in the MRR documentation. The mission schedule is updated and any
changes in theesign, test plan, procedures, or mission approach that have occurred since the DR are f
documented and justified.

The customer should be prepared to discuss all aspects of experiment hardware status, test results, a
mission success criteria. AJRta Package is required; format and content of this data package are
provided in Appendi®.

Should Action items result from the MRR process, it is highly desirable that they be dispositioned prior to
shipping payload hardware or travel of the Missam Tethe field (except in the case of I&T performed at
WSMR). NASA, NSROC, and customer representatives may attend the MRR and assign action items as
necessary. One major difference between the DR and MRR action items is that if the MRR actioatitems ar
addressed to NASA' s satisfaction, NASA has the
met. As a final go/no go checkpoint, the SRPO issues written authorization to the NSROC contractor to
proceed with launch operations afteythre satisfied the requirement in question has been met.

2.10 Flight Readiness Review (FRR)

The FRR takes place once the paytosidged on the rail, umbikcate rigged, environmental boxes are
built, and flight preparations are complete. The N§R@Gad team, experiment team, and NSROC
management meet to verify all MRR actions are closed, review any issues that have come up since th
and generally verify that the mission is ready to launch. Upon successful completion of the meeting,
NSROCmanagement sends a letter to SRPO stating that the mission is ready for launch. As a final gc
go checkpoint, the SRPO issues written authorization to the NSROC contractor to proceed with launct
operations after they are satisfied all requirementsdesvmet.

2.11 Launch Operations Phase

Sounding rocket launch operations are conducted from various launch sites worldwide. These vary frc
wellestablished launch ranges to barren temporary facilities outfitted with mobile equipment. A detaile
discussin of launch operations at various domestic, foreign, and mobile launch sites is included in Sec
and Appendix. Section 10 has information regarding the range at WFF.

29



810-HB-SRP

The Mission Manager is responsible for coordinating all launch support reguietmean the range and
experiment team to ensure successful data collection. If required, recovery operations are arranged.

Immediately following a launch, the MM is responsible for providing a preliminary assessment of the re
The customer shousssess the science results and report the overall status to the MM as soon as poss
In some cases, the payload must be recovered and returned for analyses before final science results t
determined. In the case of a flight failure, all recdvarédare is impounded by the NSROC contractor
for inspection by cognizant personnel in a failure investigation.

Most established launch ranges conduct dligbstmeeting to review mission results. This conference
gives the customer an opportunity tovte compliments or complaints concerning the field services
provided; the input provides a “lessons | earn
improvements.

2.12 Mission Closeout Phase

A sounding rocket mission is not considered coenyiéit all data requirements and-iagit reporting
requirements have been satisfied. The custom
Any changes that occur in these requirements during the progress of the mission should teeldocumen
the DRM or MRRM. The MM is responsible for insuring that all data requirements are satisfied. Spec
data processing and/or analysis support can be made available. A discussion of available data proce:
and analysis capabilities is providé&gction 9.

The customer is requested to provide a written response indicating the level of success or failure of th
mission and any recommendations for improvements that the customer may suggest as soon as the fl
data has been reviewed. NASA offyccdassifies the mission as a success or failure based on this input.

NASA sounding rockets have maintained a successcegeling 90 percent in the previous 20 yAars
successful flight is defined as one that meets the minimum success critetlze Mihienum success

criteria for any given flight are not met, the flight is officially considered a failure. All sounding rocket fl
failures are formally investigated to identify the cause(s) of the failure so that appropriate corrective ac
can be taken. If the failure is caused by a problem with scientific instrumentation or associated hardws
provided by the customer, the customer is responsible for determining the cause(s) and taking correct
action(s) prior to rlight. Technical assance and consultation can be provided to the customer as
necessary. Upon completion of the failure investigation, the customer is requested to provide the findi
conclusions, and corrective action(s) to NASA through the Chief, SRPO.

The NSROC con#ctor is responsible for identifying anomalies, failures, and systemic problems with flig
vehicle systems, payload systems, GSE, and analytical methods they employ in support of the NSRP.
direct and contributing causes of anomalies, failuresstamilicyroblems are investigated, resolved, and
fully documented with corrective action being identified and implemented in a timely manner. NASA
reserves the right to observe and/or participate in contssati@d anomaly and failure investigations and
to conduct independent investigations.

An AIB is composed of individuals selected for their expertise in areas related to the failure. The custc

(or his representative) may be requested to serve on an AIB. The team will, in some cases, isgue preli
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findings and recommendations regarding pending missions that may be affected by similar problems.
Launch operations for these missions may be postponed until a resolution of the problem has been
achieved. A formal, final investigation report is issusabn as possible following completion of the
investigation.

In some cases, problems occur during flight with payloagstains that result in abnormal payload
operations but do not result in a mission failure. Likewise, the launch vehicle tahrehilail

performance characteristics, but still provide an adequate flight trajectory for satisfying the minimum
requirements for scientific success. In these cases, the overall mission is termed a success, and the &
occurrences are consideretligiht anomalies. light anomalies that lead to a mission failure are always
considered major occurrences that require formal investigation. For major anomalies (generally those
which, should they recur, have the potential to jeopardize the suittess wissions), an Anomaly
Investigation Board is appointed.

The Mission Closeout Report (MCR) is the final official document in the mission lifecycle. It fully
documents the mission’s success or fmanceotiall ®ab an
systems and comparison to-flight predictions. Once NSROC submits this document to SRPO the
mission is complete.
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SECTION 3: Sounding Rocket Launch Vehicles and Performance
Capabilities

A family of standard sounding rocket launciche=his available in the NASA Sounding Rocket Program
for use in conducting suborbital space science, upper atmosphere, and other special applications rese
Some of the vehicles are commercially available; others have been developed by NAS4 fosektius
NASA programs. These vehicles are capable of accommodating a wide variety of payload configuratic
and providing an extensive performance envelope.

3.1 NASA Mission Designation System

NASA sounding rocket launch vehicles are identifiedbytzering system. The first two digits of the

flight mission number identify the type of launch vehicle used. The remaining three digits indicate the
mission number for that particular launch vehicle type. The first and second letters following the digits
identify the type of organization sponsoring the mission and the scientific discipline of the experiment,
respectively. Table 3l1ists the specific vehicle numbering system as well as the agency and experimer
type. Table 3:1 also has an example Rligission Numbeto demonstrate the mission labeling

convention

3.2 NASA Sounding Rockets

There are seveigberational support launch vehicles in the NASA Sounding Rocket Program. All NASA
sounding rocket launch vehicles use solid propellant propygEmsarranged in single to midtage
configurations (up to 4 stagdsSjtensive se is made of military surplus motors in several of the vehicle
configurationsAll vehicles are unguidextept those which use th&@dBoost Guidance Systétypicaly

at White Sands Missile Range oblyjing flight, all launch vehicles are imparted with a spinning motion t
reduce potential dispersion of the flight trajectayauehicle misalignments. The spinning motion is
created by angling the finsataslighc ant angl e relative to the vel
thesevehicle and their NASA designati@re presented indtire 3.21.

3.2.1 Performance Characteristics

Performance characteristics for apogee altitude and weight capabitityt éintkfabove 100 kilometers
for NASA sounding rocket vehicles are included in Figurd 3Thik data is presented for a sea level
launch using a launch elevation angle of 85 degrees. Apdsasloetailed descriptions and flight
performance characistics for these vehicles.
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Sounding Rocket Vehicle Performance

1600
Black Brant XII-A
1400
L. — 1200
B Black Brant X
[ Mod2
1200 — 1100 __
0
[ =]
c
— [=}
(8]
I~ — 1000 3
1000 ~
S
[ X
~ — 900 8
- —
()
o 800 é
<
[ Q
- =
600 — — 700 F
[ Black Brant 1X
— Mod2: — 600
[ Black Brant IX
- Mod
400 —! 500
[ Terrier mk70-Imp. Orion Black Brant XI-A
B — 400
Terri k12-Imp. Ori
200 — ermerm P orion Terrier mk70-Imp. Malemute —1 300
B Black Brant ] 200
— \ Terrier mk12-Imp. Malemute — 100
— Improv ed Orion
r o b Boe e B Borpr B Bopr b B p o B p

200 400 600 800 1000 1200 1400 1600
Payload Weight (Ibs)

Figure 3.2.11 Sounding Rocket Vehicle Performance

34



810-HB-SRP

Table 3.21 Sounding Rocket AgencyVehicle and Experiment Identification

NASA Vehicle Numbers:

(12) Special /Development Test Vehicles
(21) Black Brant (Single Stage)

(30) Improved OriofSingle Stage)

(35) Black Brant KrerrierBlack BraniNihka)
(36) BlaciBrant IX (TerrieiBlack Brarjt

(41) Terriedmproved Orion

(46) Terrietmproved Malemute

(51)Black Brant XA (TalosTerrierBlack Brant]
(52)Black Brant XHA (TalosTerrierBlack
BrantNihka)

Agency

A - Government Agency other than D or N
C - Industrial Corporation

D - Departmat of Defense

G - Goddard Space Flight CenfeSFC)

| - International

N - Other NASA Centers

U - College or University

Type of Experiment
E - Geospace Sciences
G - UV/Optical Astrophysics
H - High Energy Astrophysics
L - Solar System Exploration
M - Microgravity Research
O - Student Outreach
P - Special Projects
S- Solar and Heliospheric Sciences
T - Test and Support

Example of Mission Number:.685UE
36 .035 U E
Black Brant IX 35" Assigned College or Geospace Scieng
Mission University
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3.3 Boost Guidance System (BGS)

The $S19L is a navigation, guidance, and control system designed to reduce the impact dispersion of rc
launched from the smaller ranges such as White Sands Missile RapgtenT leedesigned and

maintained by RUAG Aerospace of Sweden (formerly SAAB Ericsson Space), and it is considered a s
critical component of any sounding rocket mission that uses it. Missions that land in the ocean from th
larger missile ranges sashWVallops Flight Facility or Andoya Missile Range typically do not use a boost
guidance system.

The S19L is composed of a strdpwn LN-200 IMU, a flight computer with GNC software, and 4 canards
actuated by 2 electric servo motors assisted by hgreigess from a pneumatic system. Each servo turns
a shaft connected to a pair of candrde system has no active roll control since it operates while the
rocket is spinning at ~ 4Hz.

Just before launch, the navigation algorithm performsaypassintp initialize the attitude solution
without requiring external informatidime guidance systendesigned toegulag the pitch & yaw angles
to their initial valuef@lding thdauncher attitude). The autopdonhvertghe guidance commands in the
nontrolling frame into canard deflection commands in the rolling frame.

After 18 seconds of contrplyrotechnics are activategtysically decouplee canardsom the control
systemso thatthey aeef f e ct i-fvieolayt i “nfgr eien t h eapable aéxeértingang d no |
aerodynamic moment on the rocket. The rocket becomes unguided at this point and remains essential
unguided until impact

Figure 3.3.1 Innards of an earlier version of thel%.
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3.3.1 Background & Capabilities

The$S19 started out in the 1970 s as an anal og s
guidance law still in use today. It was upgraded in 1888rpmateaccelerometers adgjitalgyrosin a

system callddMARS (digitalattitude reference system). This new system, dubbed1Be ) used a

di fferent gui dnerhatirmpad moint¢lleuidaiecé Weidc h ai med t he
window in space and extended the control time beyond 18 sec to therergjoieeaic portion of the

flight (~50 sec). Although a technically superior soltdioge safety considerations and lack of an
automated flight termination system at White Sands Missile Range preclude its use in the IIP mode. A
White Sands, the BEI®wasrestricted to the basi€l9 launch rail attitude hold guidance mode, and in this
configuration itvasdesignated theI®D.In 2006, the IMU was upgraded once more to thaQN and

this system has flown as thE9% ever since.

The $S19L has a-8igna impact dispersion of 7.5% of the apogee for both-dowge and crosange.

This means that for a flight to 300 km altitude,"trsté®)e rocket and payload sections can be expected to
land within 22.5 km of the nominal impact point. This is an impeov@ver unguided rockets by a factor
of 510.

RUAG is working on a new version called th8ESwhich reduces complexity by removing the pneumatic
system entirely in favor of all electric servos. This system is slated to be tested at White Sands in 201¢

37



810-HB-SRP

Section 4: Sounding Rocket Payload Design Considerations

The sounding rocket payload must achieve the scientific objectives of the customer while functioning v
the mechanical, electrical and environmental parameters of a sounding rockeniGotisedrrancipal
Investigator (PI) and his support staff must work closely with the NSROC mission team to ensure that
mechanical and electrical design elements are fully integrated and proper interfaces between all paylo
subsystems established.

4.1 Payload Design

Sounding rocket payloads are designed to accommodate extremely diverse scientific objectives. As a
individual payloads vary greatly in design characteristics and requirements. However, most payloads
generally consist of the follmg subsystems that require coordination in the design phase:

e Scientific Instrumentation
e Mechanical Syst ems
e Electrical Syst ems

e Event Timing/ Programming
e Pyrotechnic Devices

e Telemetry Systems

e Attitude Control System
* Recovery System

* Boost Guidance Systems

The payload may also include sustainer ignition, separatiorsgindsgstems. In general, however, these
functions are provided by standard modules that are designed to interface with a variety of standard
sounding rocket laah vehicles.

Sounding rocket payloads must endure a relatively hostile flight environment during the rocket boost p
of flight. NASA has extensive experience in the flight environment and other factors which influence
effective payload design. ThigiBeadescribes many factors to be considered in payload design and
construction to help ensure a reliable, safe, productive, and cost effective payload.

A well designed piece of equipment will pay dividends throughout its lifetime in reliable opezagen an
of servicing and handling. However, the Pl will normally have to make some tradeoffs in equipment de
since many of the design factors are interdependent. It is axiomatic thqraviigidesign is likely to be
more quickly available and maiable than a new design. Always make sure there is no existing design
that is adequabeeforea new design is undertaken with its inherent burdens of design qualification testin
debugging, and possible modifications.
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4.2 Flight Performance

The environment for rocket payloads may prove hostile to the proper mechanical, electrical, and
aerodynamic functioning of the payload. The controlled environment for payloads on earth abruptly
changes at launch. Great variations in temperature, acogksratspheric pressure, vibration and other
extreme conditions are encountered. The specific flight environment for any given flight demands
consideration in the design and construction of successful payloads.

4.2.1 Mechanical Loads and Vibration

Thelongitudinal and lateral loads imparted due to rocket motor thrust, aerodynamics, winds, spin rates
abrupt changes in spin rate due teple devices are major design considerations. Longitudinal accelerati
levels depend on the specific type ofclawehicle used. Unguided sounding rocket launch vehicles fly wit
a spinning motion to reduce the flight trajectory dispersion due to misalignments. Most vehicles do not
exceedq cycles per second (cps). The effects ofrghined loads should be cdesed when

components are mounted off of the sgptis. Load factors exceeding 30 g's can be experienced by
components mounted near the payload external skin for large diameter designs. Most electronic devic
utilize relatively small, lightweight ciroaédrds and components. When soldering is properly performed,
and a conformal coating applied, problems caused by mechanical loads are very infrequent.

Another major flight environment factor is the vibration induced by rocket motor burning and aerodyna
loading. The vibration environment depends on the type of launch vehicle and the mass and structural
characteristics of the overall payload. Vibration testing is one of the key elements involved in qualifyin
payload for flight; all payloads must dag# ficceptance vibration tests.

Vibration test specifications are a function of the type of launch vehicle used. Vibration transmission
problems and generally thin sections can create excessive motion of sensitive electronic parts. Compc
supportedy their leads are vulnerable to failure from vibration. Close spacing of components to each ¢
or mechanical structures require rigid attachments to prevent abrasion and subsequent shorting. A det
description of vibration testing policies andispeoons is included in Section 6.

4.2.2 Thermal Considerations

Typically, sounding rocket launch vehicles reach very high speeds traveling through the earth's atmos
Surface heating at hypersonic speeds is significant due to the frictionredaohiteelying through the

air mass; atmospheric heating is encountered when a pagtdexs e atmosphere from space. Even
though payload exterior skin surfaces experience relatively high temperature rises due to ascent aeroc
heating, the teperature of internal components does not vary greatly over the course of a typical flight.
This factor depends primarily on where and how components are mounted relative to the payload skin
Heating of electronic components due to operation over longetimds (during preflight chealt) can

be more severe. While the payload temperature may remain fairly constant during flight, hot spots witr
the equipment may develop if the vacuum of high altitudes impedes the heat flow from components.
Specially deged heat paths may be required to ensure overheating does not occur. Specific heating
analyses can be performed as a part of the overall mission analysis for any given mission; design pers
WFF have accumulated significant historical data thewpghence and actual measurements of the
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thermal environment encountered during sounding rocket flights. If a particular component is sensitive
elevated temperatures, it may have to be insulated or isolated from heat sources.

4.2.3 Vacuum and OutGassng

When rocket payloads rapidly ascend in the atmosphere during launch, ambient atmospheric pressure
quickly to essentially zero. Payloads are generally designed to vent internal air. Barometric switches a
utilized for switching functions payload electrical subsystems. Some types of payload components may
not tolerate low atmospheric pressures; if the experiment must be subjected to vacuum, be aware of g
vacuum design practices. Avoid contamination crevices and lubrication probleasvités can
withstand vacuum, but vacuum plus elevated temperature is much more difficult to survive.

The most common undesirable effects of vacuum are reduced heat transmission and corona; both are
relatively easy to overcome if they are recognipedeather design consideration which can degrade
data is ougassing. Check materials used for lacings, insulation and tapes. WFF can advise on suitable
materials and techniques to minimizegassing.

In many cases, portions of payloads require tiealyesealed joints or doors to maintain sealed conditions
either under pressure or vacuum. WFF has designed and developed numerous types of hardware for -
purposes.

4.2.4 Aerodynamic Design Factors

A design that involves any protuberance oigeharthe rocket skin shape should be evaluated for
aerodynamic heating, drag, or stability problems that may result from these changes. A major element
overall mission analysis is the evaluation of launch vehicle stability (both static and dgrzayioadrh
configuration and structural bending characteristics must be adequate for acceptable flight parameters
satisfied. Flight worthiness should be established during the initial design process; final mission analys
results are presented atMission Readiness Review.

4.3 Other Payload Design Considerations

Other factors which influence successful design practice include:

4.3.1 Accessibility

Accessibility is frequently overlooked. Reset devices, battery packs, lens covers, fillimg,camthectio
cable connections should be located to facilitate replacement or removal.

4.3.2 Availability of Parts

Ifrequiredpart s are not “in stock,” procurement del
Neverbase a design on a part listeal $stock catalog or stock l@tvay€nsure the parts you require are
available. Long lediche items and sufficient spares should be identified and ordered early in the desigr
processes. Avoid designs based on parts that are inaccessible oryestdimited replacement

options.
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4.3.3 Dynamic Balance

Designing a balanced payload may save balancing weights. A favorable center of gravity location can
increase rocket stability and provide an acceptaieyrd®ody for recovery considerations.

434 Cost

The cost of each item should be examined (parts machined from solid stock versus formed, welded, o
Excessively close tolerances on dimensions should be avoided. Let experience and judgment be the ¢
purchasing electronic componealiough, reliability may not go hamtiand with cost, "bargain

basement" parts should be avoided.

4.3.5 Redundancy

Redundancy is most desirable; although it is not usually as easy to attain in mechanical equipment as
electrical circuitry, it shouldvays be considered. Redundancy may often be obtained by separate batte
packs, multiple means for tun or turnoff, and other techniques.

4.3.6 Weight

Depending on the capability of the vehicle and altitude requirements, weight may be a yeopkarious
Determine as early as possible if there is a weight problem so measures can be taken to minimize it.
Performance capabilities of NASA sounding rockets are covered in Section 3 andEAppendix

4.3.7 Testing

Make the experiment cost effectiveeffidient to test, calibrate, and debug by providing adjustments, test
connections, and supports. Test points in electronic circuits should be standard practice. Each exper
or detector should have some means of verifying proper operation onridgrgreal time. For instance,
high voltage detectors that cannot be operated on the ground should have some type of auxiliary test
that can be used to verify proper operation.
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SECTION 5: Payload Systems

Payload systems support the experimasgidad by providing for telemetry data acquisition, tracking,
power, timing, protection, mechanical configuration, stability, and recovery. The effective design and
integration of payload systems is one of the most important challengiescessful ssion. Figure bis

an example of a complex payload sydteing integratiarDesigned for Bartmouth Colleg&pace and
Plasma Physics experiment, this payload features an attitude contrekesgstdsispayloadsvhich

deploy during flight, and daransmission features. Payload system capabilities are extremely important
the success of the overall mission.

Figure 5.1040.023 UE Lynch payload during integration.

5.1 Telemetry Systems

Telemetry is the primary means of obtaining data from sounding rockets. The instrumentation system
provided to the Principal Investigator (PIl) depends upon the complexity of the experiment, the
configuration of the detectors, and the size of the rdok&bme cases, a separate instrumentation packag
is best; in other cases, the instrumentation and detectors are fully integrated in the same housing(s). |
either case, the instrumentation provides a means of formatting and transmitting the gtientific an
housekeeping data, provides control signals to the experiment, provides timing, and provides power if
desired. Systems vary in complexity from a single link with no command or trajectory equipment to sy
containing as many as eight déimks, commad, and trajectory hardware. Almost all systems operate
with SBand(2200 to 2395 MH-ownlinks. Systems incorporating command uplinks use 437.5 MHz for
the uplink frequency.
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5.1.1 Data Transmission Systems

Digital telemetry techniques are the pregimimethods of transmitting data from a sounding rocket to
the ground station in the NASA Sounding Rocket Program. RandomizRdtNonto Zero (RNRZ) or
Bi-phase (BF L) Pulse Code Modulation/Frequency Modulation (PCM/FM) is the basic system employe
NSROC is now capable of supporting SOQPSK, whilcllow for data rates above 20 Mbiste:

Since 2000, no FM/FM or hybrid (PCM + VCO) data system has been flown.

5.1.2 PCM/FM Systems

Three different types of PCM telemetry systems are cursedtfpluNASA sounding rocket payload data
requirementshe WFF 93 Systethe MV, and the MesquitoTable 5.1-2 compares the characteristics
of these systems. Additional descriptive and technical details are included inFAppendix

Table 5.1.21: RCM System Characteristics

Bit Rate Word Frame Parity | Output Code| Frame/
Size
Length Subframe
WFF93 | 78kb 8-16 Upto8k |None |BI®L, MLimited
words NRZL, M, S | to 8k
to RNRZL
10 Mb Conv NRZM
Conv NRZL
MV Up to 816 Upto None |BIl ®L, Limited
encoder | 20Mb/s 130k NRZL, M, S | to 32K
words RNRZL
Conv NRZM
Conv NRZL
Mesquito | Up to 16 Up to None | NRZ-L Limited
2Mb/s 64K Randomized| to 64K
words

5.1.3 WFF93 PCM Encoder System

The WFF93 PCM encoder is a general purpose, versatitgjgerable high rate PCM telemetry system

for use where system requirements are subject to change. The format structure is configured by a sof
program designed for the PC environment. aldware is configured as a stack up system with various
data modules, which can be added as required. A more detailed description and module characteristic
the PCM Encoder System is included in Appé&ndix
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5.1.4 MV Encoder

The MV encoder is similarttee WFF93 encoder but with the capability of a faster bit rate, the capacity o
130K words per major framandtwo RS232 input ports. The MV encoder has the same PCM output
codes as the WFF93 and has a smaller footfgtiat. makes the MV encoder unigukifferent from the
WFF93 is that it only allows differential parallel inpoésMV encoder is 2x3 inches at its minimum with
each additional deck adding .375".

5.1.5 Mesquito Encoder

The Mesquito encoder was develdpedmall form factor telemeystemsThe Mesquito has all boards
i n a stackaklé®rim factor. The encoder can be programed throug?@Ri8terface and requires a
nominak12 VDC power source. The Mesquitoapable obutputinga PCM stream at 1, 1.6, or 2Mbps
which can beonfigured though the 232 interface. The Mesquito has three input boards that it can

support.

The Mesquito has an analog input board that can support up to 16 channels per board. Each channel
bit resolutiorwith inputfrom 0-5v. This systemsansupport up to four analog input boards for a total of 64
input channels. The Mesquito can also support-a8Ri8put board; this board can support two
asynchronous data streams at popular baud rates including 1200, 19200, and 11%282.b0sedcan
accommodatthreetimeevent inputs. Finally the Mesqii&sa serial input board which can support 2
channels ogithersynchronousr asynchronousommunication; this board is compatible witldZ&Sand

can supporasynchronousaud rates of 19200 and higher. Each channel on the board includes a control
signal fosynchronous serigated clock, enable, and inverted load.

5.2 Attitude Instrument Systems Common to Several ACS's

Several types of sensors are used to provide pjitode information. Some of these sensors meet the
unique needs of a single type of attitude control while other sensors are versatile enough to be used a
multiple platforms. Three instrument systems used in several types of attitude eangalrsyshe
GLN-MAC, Bartington magnetometers, Honeywell magnetometers, an®@o® Str tracker.

5.2.1 GLN-MAC Inertial Attitude Sensor

The GLN-MAC Gimbalmounted_N -200 with SandidiniatureAirborneComputer) is a reftabilized
inertial measureant unit for spinning vehicle applications. It was developed by Sandia National
Laboratories in 1998.

The GLN-MAC can be used to provide a full navigation solution including position, velocity, attitude, ar
body rates to control systems for spinninghang pi nni ng rockets. It is
celestial (CACS), inertial (NIACS), and combined inertial and magnetic (MaNIACS) control systems. |
also be flown independent of an attitude control system as a TM gyro when knowledgeositential
required without a need for control. Before the introduction of the MaNIACS, it was also commonly flo
with magnetic control systems (NMACS) that required inertial attitude information.
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5.2.1.1LN-200

The GLN-MAC consists of an {200 Ineri@l Measurement Unit (IMU) containing gyros and
accelerometers mounted on a gimbaled platform
the LN-200 uses three orthogonal setate fiber optic gyros (FOG) and three sttt MEMS
accéerometers to sense the motion of the payload. This IMU can measure accelerations of up to 40 g
angular rates of up to 1,432°/sec.

5.2.1.2 Function

The GLN-MAC has two modesnertial and caged. The inertial mode is used when the payload is
spinning.In this mode, the gimbal rotates to zero out the roll rate seen by-200.LN resolver reads

the roll angle of the gimbal so that the @UNC can reconstruct the attitude and rate information of the
payload. This improves the accuracy of theQ0y greatly reducing the measured roll angle and
therefore the scale factor error.

When the GLNMAC is caged, the gimbal is controlled to a constant angle and2b@ ishhot allowed
to rotate relative to the rocket. This allows thQ0lto measure thates and angles in the roll axis after
the payload has beengtrin.
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GLN-MAC

J4

GENERAL CHARACTERISTICS

Spin Isolation............. 7 Hz max demonstrated Nominal Dimensions
Volume......o.ovviiiiiiiiieiennnn, 100 in® (1600.4 cm?3)
LN-200 Gyro Performance ( Height....oo.oooooovvvvvvvveeinininnnn, 7.7 in (19.6 cm)
Bias Repeatability................ocooo 1°/hr Diameter .............c..oeevuieeeennnnn, 5.38 in (13.7 cm)
Random Walk.............ccooeiiiiiiiiiieeiin, 0.07°VIE C MasS......ccovvneeieeeiieaeeinn 5.7 Ibm (2.59 kg)
Scale Factor Stability............c.cooooeieient. 100 ppm
Bandwidth............coooiiiiniii >500 Hz Electrical Characteristics
Operating Range (pitch and yaw)....... ... + 1432°/sec Operating Voltage........................... 28V+6V
Quantization............ccoveiiiieeiinnnn 1.9 p radian Current (caged)..........oovvvviviiniiiieainn.n, 750 mA
Current (0-121pS)...vvviniiiiiieciie 0.75-2.1A
LN -200 Accelerometer Performance
Bias repeatability....................o.eell. 200 pg (1o) Analog Outputs (05V)
Scale Factor Stability...................... 300 ppm (10) GYro X, Y, Z.oooooiiiieieeie e, £ 1000°/sec
NOISE. ...oeeveeeeee e, 500 ug/vi( U Accelerometer X, Y, Z....o.ooovveiiiieiiiiai, £40g
Bandwidth.................oc 100 Hz 28V MONItOr. ..o e 0-33V
Operating Range.............cocoevvin vevininnnnnn, +40¢g FS5V MONItor. . ..cevvieiiiiniii e 0-6 V
=5V MONitor. .....ooviiiiiiiieieece e, 0-6 vV
GLNMAC Data Output Rate FI5V MONItOr. . ..veiiiieiee e 0-16 V
Typical......oooiniiiiiiie 50 Hz =I5V MONitor.......oviiiiiiiiiiiii e 0-16 V
Optional............oooeiiiiiiiiiiii 100 Hz Temperature.............oiinninn 0to 147.9°C
Activation Timeé é é é é é é é . . (8 seconds

Full Accuracy ............ccoooiiiiiiiiiinn.l 5 seconds

Figure 5.2.11:GLN-MAC
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5.2.2 The Bartington MAG-03MS Magnetometer

Two ACS systems use the Bartington MBGIS magnetometer to determine the payload orientation with
respect to the local magnetic field. NMACS uses this information to point the payload alongany directi
relative to the local magnetic field, and SPARCS VIl uses it to determine and control its roll orientation
IS pointing to the Sun.

The Bartington MA@3MS is an analogalis magnetometer which is composed of 3 fluxgate sensing
elements mountemtthogonally on a square base, which can then be mounted on the payload. Each ele
produces an output voltage signal proportional to the component of the magnetic field along its sensin
axis. Together, the trio can measure both the magnitude armhdifdbe magnetic field. Some key
characteristics of the magnetometer are described below:

Power supply: £12 V

Dynamic range: 70 uT

Output voltage: £10 V

Frequency response: flat from DC to 1 kHz with a bandwidth of 3 kHz

This magnetometer is usuallyumed in the ORSA section near the nose of the payload to minimize the
magnetic interference from the other electronic systems. Even so, its analog signals are susceptible tc
corruption as they travel through a long cable to the ACS section. A praebaenlestablished to
calibrate this magnetometer against systematic magnetic interference in its operational environment a
characterize the witd-payload mounting misalignment.

5.2.3 Honeywell Magnetometers

The HMR2300 is a digital magnetometéchwirses an orthogonal triad of magnesgstive sensors to
measure the local magnetic field. Each sensor has a range of +2 gauss with a resolution of less than |
pgauss and can provide data at rates of up to 154 samples per second. To mininciretenfzgeste

from other payload systems, the magnetometer is usually placed near the forward or the aft end of the
payload rather than within the attitude control system (ACS) section. The HMR2300 data is then
transmitted through a serial interface fitsmemote location to the ACS. Whatever magnetic interference
remains can be calibrated out after the magnetometer has been integrated with the rest of the payloac

Currently, this magnetometer is used in two ACSs: the Digital NSROC Magnetic ACS DAMAIGS
Magnetic NSROC Inertial ACS (MaNIACS). During phases of a mission when alignment relative to th
magnetic field is required, the information from the magnetometer is used to align the spin axis of the
payload with the magnetic field or in @i§pd direction relative to it.
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5.2.4 ST-5000 Star Tracker

The Star Tracker’5000(ST-5000) is a lowost star tracker which can determine pointing from any location
in the sky. It was developed by the Space Astronomy Laboratory at University ohWidedson
with funding from NASA.

TheST5 000 i s currently used in NSROC' s Celestia
star tracker has the capability to provide both attitude information and digital images of the star field.

5.2.41 Function

The ST5000 contains a sensor which continuously captures images of the 5.4° by 7.4° portion of the s
is pointed towards. The software tracks up to 32 stars at one time, comparing them with the stars in tf
500 0-bosrd brarytodeer mi ne t he pay!l o5@ 'dees notrraquereanyapriar o n .
knowledge of its orientation in order to determine its attitude. Its Lost in Space (LIS) feature can prodt
an initial attitude solution within 1 to 10 seconds. Once the ditikideen determined, the system
provides quaternion updates to the attitude at a rate of 10 Hz.

In addition to the quaternion, the-8000 can also transmit the images taken by the star tracker.
Progressive Image Transmission is used for sending s Mvhich allows full figdlview images to
be transmitted in less than 30 seconds over a 19.2 kb&2@l telemetry downlink.
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ST5000 Star Tracker

GENERAL CHARACTERISTICS

Performance Capabilities Nominal Dimensions
FieldofVi e W...ooooiiiiiiis 0 0 i 5 Sensor Head
Star Catal og .....c.e.. v eiiiiiiiinnnnn, . Length . 8. 1’
LostinSpaceL | S............. . ... . Qu a Di ameter .ccveeeeevenniann.. 5.0" (1
Progressive I mage Transm Ma S S i .4
Temperature............. .-20°C t0.40C... Electronics
Length e, 9.1
Star Tracking Capabilities Wi dt h . 5. 7"
Pitch/ YaW Err Oor ..o Hei ght 5. 7"
RO | Bl T O it e Ma s s o o i 6 .
Pitch/ Yaw Jitter ...
Rol I Jitter i, Electrical Characteristics
* Measurement from August 2007 Flig Oper ati ng Vol tage....... 2.6.\..
CUTrrent i o i
Data Output
UpdateRate . . . . . . . . . . . . . . . ...
Hz
RS232/ RS422 ...ccccievvvannnn. :115.2 Kbau®
Anal og (several out pub\s,

Figure 5.2.41: ST5000 Star Tracker

5.3 Onboard Sensors and Instruments
5.3.1 TTC Flight Recorder

The TTC is a ruggedized flight recorder desigreetain a crash. The TTC can be programed and
communicated with via a GUI and an Ethernet inriehe TTC can support up @ldps and be

equipped with a solid state hard drive with a capacity up to 2TB. The component is modular allowing fc
simple dropn additions of more Ethernet ports and other components. The TTC also is fitteglinvith 9
DEMA connector cards that allow for serial inputs.

NSROC uses the TTC tecord data at faster speeds tnaditional telemetry can support and allow
experimententerface to raw sensor data over Ethernet. NSROC also uses the TTC as a data backup i
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telemetrystreamwas lostluring flighthe sensor data can still be recovered since the flight recorder is
designed to withstand a crash. The drawbacks ofth@e TT&€ t hat 1t s | arger tc
system and is an expensive component.

5.3.2 Accelerometers

NSROC currently offers the possibility of three accelerometers. The current standard TM acceleromet:
theSetra 141 which has a linear sgmaimgeupto +/ - 60G at +/-3dB and a frequency response from O
1KHZ where the sensor produces a high level instantaneous DC output Proportional to sensed accele
The Setra is a single axis accelerometer so three are used in each payload Zaaxis ycaeleration

data.

If the Mosquito or the WAASP are used the ADXL 250 accelerometer is included. Ti#b@ D be

set to either have the rangerbf25 G or +/-50 G. The ADXL is a dual axis accelerometer built on a
single monolithic integrateiicuit. The ADXL 250 is also used where obsolete accelerometers were
required for rehabilitated payloads. The third Accelerometer is just an updated version of the ADXL wt
is the ADXL 278. This chip simply replaces the ADXL 250 but onlydvageaoft/ -50.

5.3.3 Vibration sensors

NSROC currently uses the Endevco Model 2221D to obtain vibration data. The 2pAdDeseatric
accelerometer designed specifically for vibration measurement on small structures and objects. The ul
epoxy sealed and only weighs 12 grams. The sensor has a frequency respb¥sdaiiation between

1 and 6000 Hz and +AdB deviation betweehand 10,000 Hz.

A separate charge amplifier is required to signal condition the low level otBpuitotie PCM
encoder analog input. NSROC uses the Endevco Model 2680M12 charge amp to provide the signal
condition for the 2221D sensor along withatibiéity to have two adjustable range of outputs.

5.3.4 Magnetometer

NSROC usetheBartington MAGO3MS seriegvhich is used as a standalone attitude determination sensc
or in the NMACS magnetic attitude control system. The magnetometers used are flux gate devices wi
+600 milligauss or 60,000 Gamma sensing range, providing an accuracy of approxinpsetgr® or 4
when calibrated inside the payload. For flights near the equatonjlbgéb@snagnetometer is used.
Magnet ometers sense payload attitude relative
the field results in attitutaowledge of relative angular displacement from the local magnetic field line.
This data, along with data from a solar/lunar or horizon sensor, is used to construct absolute payload
attitude. For applications where accuracy is a prime consideratine exte must be exercised in the
placement of the unit to avoid stray magnetic fields generated within the payload, and high static fields
exhibited by magnetized ferrous material.
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5.3.5 Solar/Lunar Sensors

The current@araspect sensor was develdfpy Army Research Laboratories and the teghnoés
transferred to the NASAB8nding RockstProgram. The solar aspect measurement is obtained by
incorporating 4 to X®olar sensors located on the payload skin at predetermined angular locations. The
amount of sensors and locations depends on the precision required. The Solar Likeness Indicating
Transducers (SLITs) are restricted slit silicon solar cells mounted in a housing that includes obstructin
geometry that restricts the amount of sunlight tit@tseand impinges upon the photoelectric cell. The
restriction of light properly maintains a constant surface area of solar sensor illumination over a nearly
theoretical halblane of light acceptance. Thus, the device produces a significant outdigneldemithn

solar field and no output when misaligned. In a rotating body, the photocells transmit a pulse train that
be used to determine an attitude vector to the sun. For additional precisiditightpatstude

determination, the SLIT sensams ased in conjunction with a magnetometer to provide aasiisyte
threeaxis attitude solution. The solution can be accurate to three degrees depending on relative sun vi
and magnetic field vector orientation.

5.3.6 Wallops Accelerometer & Attitlde Sensor Package/l{AASP

The Wallops Accelerometer & Attitude Sensor Package is an attitude determination sensor system de
to be used on sounding rocket payloads. The WAASP has the capability to link up to additional sensor
through two 1/O ports ad it has the ability for démoard data processing and-setftained telemetry.
Currently the WAASP has thiaeds accelerometers, thasés magnetometers with additional redundant
channels, a roll rate sensor, and the capability to support a SUNS&BGris currently in progress of
designing and building a new solar sensor to bring the WAASP up to full capabilities.

5

Sensor Board Power Board

Figure 5.3.61: Wallops Accelerometer & Attitude Sensor Package/AASH

5.3.7 Horizon Sensor

Horizon sensors that the Walléfight Facility Sounding Rocket Program has used apelegdifteen

micron region (ifrared). The sensors consist of a focusing lens, filter, thermal detector, and associated
electronics. The sensor is pointed to view out from the circumferencmwing spcket and detects
transitions of the horizon in both sky to earth and earth to sky configurations. This data combined with
magnetometer data, provides a source of payload attitude information.
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5.3.8 Video Cameras

NSROC has the ability to offelesfalized television cameras featuring low power consumption, compact
size, and very high sensitivity for sensing star backgrodintisiig ht events such as
rocket motor performance. Intensified charge coupled device camerdsrasiela sensitivity of 10

foot candles fagalate illumination and are compatible with standard broadcast monitors and recorders.
Cameras used on Sounding Rocket payloads operate freaft 1. supply and require less than 10
watts of power. Mome is typically 75 cubic inches or less for most TV cameras used and weight is les:
than 30 ounces. The output from these cameras is transmitted using a wide band TV transmitter, or n
recently via a TV video compression deck in the WFF93 PCM efdwder cameras, when combined

with the command uplink system hardware, can be used to finefighepayload targeting.

NSROC is also capable of supporting both high definition and standard definition onboard cameras. Tl
program uses ruggedized|didameras with a variety of lens options in compact sizesfoahdrsmall
environments. The bulleameras are roughly the size of a roll of quarters. The main implementation of
these cameras is in the Aft Looking Video System or ALVS. ALVS allovsungameras through a

system of mirrors to look towards the aft of the rocket. The four video streams are then multiplexed int
single video stream that is configurable to suit the needs of the experimenter. The ALVS is capable of
only recordingnboard through a DVR but capable of outputting live video.

The HD camera system includes a harsh environment,-MIPIEG/ideo Encoder that allows digital

video data to be inserted into the PCM stream. Once received on the ground the digital videa data is
separated from the PCM stream and decoded in the ground station. This allows the video stream to nc
be recorded but allows live viewing as well. The encoder system is 1.7 Ibs., 49 cubic inches, consume
watts of power and is capable of otitpg up to 1080 p resolution. NSROC utilizes a compact, digital HD
camera, consuming less than 3 W of power. The camerarhasra (€ns and comes with configurable
image settings

5.3.9 Rate Sensor

A combination rate sensor and accelerometer pdadeatial, Science Inc. model I$MU (IMU =

Inertial Measurement Unit) has been flown on several recent sounding rocket missions. The package
specified as a fully compensated IMU with 6 Deffdeedom and provides either discrete channel
analog ouyduts or combined sensor data on a single asynchronous stream output. Rate sensing of up t
5000 degrees per second and acceleration sens

Another rate sensor that has recently been packaged and flown omg smkadiutilizes an Analog
Devices ADXRS150 angular rate gyro sensor or gyroscope. This device is a single axis sensor that u:
surface micromaching process for the rate sensing and integrates all of the signal conditioning electron
into one 32 ked Ball Grid Array package. The sensor is configured to measure ralégafegrees per
second for a 0 to 5 Volt output.

5.3.10 Strain gauges

NSROC is capable sfipplyingstrain gaugesd associated signal conditioffitige experimenter
customecalls for them. Currently NSROC uses strain gauges from Vishaylddismoements. The strain
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gauges come with preset temperature profiles and calibration equations. The gauges are capable of
withstanding a wide temperature range and aldesafs®ensing arangeof+% 28 4 pe wi t h a
of+/-5. 2 pe. NSROC is capable of installing mul

5.4 Transmitters

A variety of telemetry data transmitters are available with a rangeitpuRpower from 2 to 20 Watts.

Most of the transmitters are true FM units and are AC coupled. The Program has a new high data rate
bandwidth efficient SOQPSK transmitter that it is working to brifigeonTransmitters used on a given
project are s&d to provide the necessary link margin while at the same time minimizing power
requirements. Available transmitters have frequency responses ranging from 1.5 MHz to over 40 MHz
cover the lower and uppeB8&nd frequencies (22B000 MHz). Newer moldeare frequency agile and

can be set to cover lower and/or upp&a8d frequencies. The newest model transmitters accept TTL or
RS422 data and clock modulation inputs and automatically adjust carrier deviation for optimum setting
Older analog moduian input models can accommodaterpoglulation filtered PCM data streams up to

20 MB as well as TV camera NTSC video signals.

5.5 Command Uplink Systems

Several different command systems are available; selection depends upon the complexity of the comr
requirements, the launch location, and the other flight hardware configurations on the payload. All of t
command systems require adinipat 437.5 MHz. Ground stations are equipped with capability ranging

from one to fifteemliscree©ON/OFF commards tocapability to point a sensor/instrumatvarious areas

of the sun or other targefThe command systems utilize FSK Moduleigstem command rates vary

from several seconds per command to several commands per second.

5.6 Telemetry Antennas

Seveal types of antennas can be used; selection is determined by the function to be performed, the pa
and vehicle configuration, and the radiation pattern coverage required. For data transmissiorga family
Bandmicro-strip antennas has been dewedop These antennas, in 4, 14, 17.26, and 22 inch diameters, a
configuredo be flush mounted with the telemetry skin as well as some that are designed to be installec
beneath nose cones orather RF transparent skins and provide varying degreesadlthrotection for
different vehicle types. These waegund units require from 4 te861 inches axially along the payload
body. Micro-strip and strigine antennaaremade by New Mexico State UniversigighFar, AntDevco,

and Wallops Flight FHaty respectively. All of thedewnlinkdata transmission antennas are linearly
polarized and provide a pattern that is basicallydirciional, with nulls at the nose and tail of the
vehicle.

For command purposes, the most commonly used anteams ttyp quadraloop and consists of four
individual elements. Radiation coverage can be adjusted by the manner in which the elements are co
(phased)and this is frequently done to provide maximally aft or maximally broadside Avatkeumes.

elenent phasing results in a circular pattern polarization. Combined with selectable right or left hand
circular polarized helix ground transmitting antennas circular polarized receiving antennas results in
optimum transmitted to received antenna signals.
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Forradar transponder applications NSROC uses circular cavityrigdatiexthd circular polarizatibalix
antennaslThese elements are mounted 180° apart and are fed fronvaytpawer divider.

Special antennas such as cavity backed slots, bent wingisy@rips, and rectangular mistaps have
been designed for unique applications in both the data acquisition and command areas.

5.7 Instrumentation and Experiment Power Systems

The electrical power for instrumentation and experiment electros@sding rockets is derived from
batteries. The selection of the battery system is based on a consideration of weight, size, capacity, ar
system power requirements. Although several types of battery systems are availalpiedbmio@esly
used ly WFF are niak cadmium (NiCad), ahdve a very successful flight his@@uyrently Nickel Metal
Hydride (NiMH) batteries are being considered as a replacement for the NiCad batteries. The NiMH
batteries being considered will give the program batiatiesll have a comparable capacities to the

NiCad batterie®\ppendixG lists comparison and performance characteristics for various battery system

5.7.1 Nickel Cadmium

All of the nickel cadmium cells that are used in sounding rocket payloade andindtital sealed cell
design. These cells incorporateseatable safety pressure release vent and are virtually maintenance fr
Advantages of the nickel cadmium battery system are:

Much less expensive

Can be mounted in any position

Longer life gan and cycle life

Same battery that is used for environmental testing can be used for flight
Not sensitive to overcharge

i Maintenance free.

= =2 4 4 A

Available NiCad batteries range from 450Amiphourhour to 10Amphourhour capacity.

5.7.2 Voltage Output

Thenomi nal system voltage output from the battel
than the nominal 28V DC are requested to provide their own power conditioning. The experiment's 28
can be supplied from the instrumentation batteries oafsmparate 28V battery pack located in the
instrumentation section. Some PI's prefer to supply their own battery.

Note: The PI should provide circuit protection to assure that other flight
circuits are not affected by short circuits occurring exgieiment payload
equipment.
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5.7.3 Power Control Distribution (PCD)

NSROC provides two types of power control and distributiontheifEM 28V PCD and the Experiment
Variable V and split +¥ PCD. The PCBare primarily for switching the electrical systems from external
power to internal battery power. Both PCD units have bus voltage and state monitoring circuitry and cz
controlled via the block house ground station equipment through RS422 linels.ofler&$1122 linep

to seven PCD units in any combination can be controlled.

5.7.4 Switching

All on-board power switching relays are backed up byt liftoff switches to prevent power loss
due to inadvertent relay transfer.

5.7.5 Pyrotechnic Paver Supply

Power for payload pyrotechnic functions is normally supplied from a separate pyro battery. Voltage is
available to the pyro bus through 56f000altitude switches. Squib monitor circuits provide telemetry
with an indication of squibifigs.

5.8 In-Flight Event Timing Systems
In-flight event timing is normally controlled by electronic tonéexrometric switches.

5.8.1 USB Reprogrammable Multifunction Timer (UMFT)

TheUMFT was developed to allowpayload event time reprogrammifige UMFT hasn EE
(Electronically Erasable) PROM. These monitor functions, as well as external programming for event
times, is accommodated via the addition of a 9 pin connector to thkeldMFT can be programed

with a computer through a USB to 8&verter cabldUMFT is usedh the Instrumentation Systems and

in hazardous CDI systems.

Thesdimers can be started by either of two methods:

9 lift-off switch closure
1 Umbilical release at-dff.

A safe/arm latching circuit insures that the tirnesahot accidentally start when using the umbilical releast
method.

5.8.2 Barometric Switches

Barometric switches are used to hold off initiation of functions due to contact chatter during motor
burning. Barometric switches operate at preset altitwddisate or turn off various electronic functions
such as internal power. Usually redundant switches are installed; however, they are sensitive to locati
Good design requires that the switches be placed in a location on the payload wheretthey will no
adversely affected by aerodynamic air pressures
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59 Trajectory Measurement Systems

Three types of tracking systems are or recently have been used on NASA sounding rockets: radar
transponders, Doppl&angingnd GPS.

5.9.1 Radar Transponders

Radar transponders are used to enhance the tracking capabilities of radar. The transponder contains
receiver and a transmitter; both operate in the same frequency band as the tracking radar but are norr
tuned to separate frequencies. This freqgepayation is normally 75 MHz. The tracking radar
interrogates the transponder by transmitting a pulse (or pulse pair depending upon the coding) at the
frequency. Double pulse codes are normally set on an integer value between 3.0 andddh@snicrose
Upon receipt and detection of a valid interrogation (correct frequency and code) the transponder will
transmit a reply pulse after a known fixeé delay typically 2.5 microseconds.

The power output from a transponder ranges from 50 to 1tsQpudse peak power) and provides a much
stronger signal to the radar than is obtainable from the reflected skin return from the sounding rocket.
signal level received at the radar from a transponder decays at 6 dB/octave with range, whereas the s
return decays at 12 dB/octave, thereby providing as much as two orders of magnitude greater range tr
capability when using a transponder. The transponder requires an external antenna system. On sour
rockets the current standard design incatpsitwo right hand circular (RHC) polarized helix mounted
180° apart othe skinthatare fedrom a tweway power divider.

Transponders are used for several reasons:

1 To provide full trajectory tracking when the radars do not have skin trackingydapaigh the
full trajectory

1 To provide discrimination between vehicles which are in flight at the same time by means of
frequency and/or coding

1 To provide a higher probability of obtaining tracking data right off the launch pad

1 To provide higher pegsion data than is available from skin track due to higher signal to noise rati
and a point source target.

5.9.2 Doppler Ranging

Doppler Ranging has been consistently used in areas such as Andoyayidwenagar is not normally
availableThe Doppér Ranging technique uses a super stable, oven temperature controlled, crystal
oscillator (ocxo) to obtain oscillastaibility of about 1 x 1@'percent.The stable oscillator is used as the
clock for the PCM encoder bit rat@urrently Norway can sugp Doppler Ranging at bit rates up to at
leastLOM bits per secondOnce the RF signal is received by the TM ground tracking ardnna
demodulated by the TM recejtee PCM stream is decommutated and the major frame frequency is
observed. This obsexd frequency is then compared to a baseline frequency taken prior to launch. The
difference in frequency can then be used to calculate the frequefityssbifippler frequency is a direct
indication of payload position with respect to the TM traakiegre; when the tracking antenna azimuth
and elevation values are incorporated, a payload position solution can be gdreeskatgtb this system
is the stability of the payload PCM oscillator and the accuracy of the TM tracking antenna azimuth and
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elevation figuresTypically TM tracking antennas resolve the antenna elevation and azimuth angles to .
degrees whereas Radars resolve these to .001 démré&asppler Ranging system provides a relatively
cheap payload position solution method butredhced payload position accuracy compared to Radar or
GPS.

5.9.3 Global Positioning System (GPS)

The WFF GPS Flight System is basedldnband, civilian code GPS receiver, \@rapnd antenna, and
preamplifier. Wrapround antennas are availabljri2.26, and 14 inch diameters. Time, position and
velocity data, and timing signals are multiplexed and transmitted with the {Bayidaé|&metry.

Ground support is provided byartable briefcase pc or a laptepich decommutates th&&nd

downinked PCM video and outputs display of payload position overlaying predicted path. Received
payload GPS data can be reformatted to provide a slaving source for accurate pointing @fdadicking R
and telemetry tracking antennas.

5.10 Mechanical Systems& Mechanisms
5.10.1 Nosecones

Several types of nose cones are available for a variety of applications. These include 11° straight tape
as well as 3:1 ogive shapes for 14 and 17.26 inch based diameters. These nosecones are typically av
Aluminum or Stainless Steel, in either rolled and riveted or spun and formed shapes.

5.10.2 Structures & Skins

Skins for the 14, 17.26, & 22 inch diameter payloads are usually custSmndacdtksystems have

standard skins. Internal structures are adggnee to fit each application, whether it be a telemetry sectior
or for packaging several scientific instruments. Standard structure designs inptatesdewk C

Channel longerons held internally with brackets and bumpers against the skin.

5.10.3 Stutter Doors

Electrically operated vacuum shutter doors are available for 17.26 and 22 inch diameter payloads. Th
doors open an aperture of approximaelp © and 20" . The plate asser
stowed/closed position to allow ACS andree sensors view through its aperture. In the past they have
been used in forward and aft positions, but typically point toward the aft.

5.10.4 Deployment Mechanisms

Deployment mechanisms actuated by pyrotechnic devices or other means are avadehlbdoms,
shutters, etc. Common pyrotechnic actuators are guillotine cutters for shearing bolts or retaining cord:
pullers for releasing mechanisms, and gas generators for pushing pistons. Rotary motors have been
the past, especially fbe shutter door as well as side opening and closing doors. Mechanical Coil Sprin
are also typicallysed tadeploy payload stages or-paploads, but air springs have also been used in the
past. Air springs provide lower acceleration but longdséngma faster velocities than standard springs.
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5.10.5 Vacuum/Water Sealing

Payloads may be designed @ifing sealed sections and hermetic connectors to prevent entry and exit o
gasses and liquids as required. Pneumatic hermetticdagls have s been used in the past.

5.10.6 De-spin Systems

In many cases, payloads must operate without the residual spinning motion imparted by the launch ve
Usually the science instruments require very specific roll rates to operate or measure pregiealyical
yo-yo despin system is typically used with sized weights attachedmayflyables that are wrapped
around the payload’s circumf er espircsgstera is dery veimble n d
and despins payloads to the targetnate +/- 0.25 Hz. Further tuning of the payload roll rate is
accomplished by the-oard ACS to roll up or roll down from there.

5.11 Recovery Systems

The primary use of recovery systems is to retrieve the payload so it can be refurbished aig iown ag
to retrieve payloads to obtain scientific data (onboard data recorders or atmospheric samples). Land a
Water Payload recovery are both possible on sounding rocket missions.

5.11.1 Land Recovery

Several different parachutes are used for land recovery; their principal characteristics are listed below
Table 5.16-1.

Table 5.16.11 Characteristics of Land Recovery Parachutes Type

Type Maximum Recovered Weight (Pounds)
36.2 Foot Cruciform 750
50.3 Foot Cruciform 1000
56.8 Foot Cruciform 1250
64.4 Foot Cruciform 1500

5.11.2 Water Recovery

The water recovery system is rated for recovered payload weights up to 750 pounds and will provide
buoyancy up to 333 pounds. At WFF, water recovery is performed by boat. A commercial source can |
used to recover payloads that impact less than 100fhstese@ The US Coast Guas@mployed for
payloadlanding in excess of 100 miles off shore. Larger payloads must have flotation built into the pay
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5.11.3 Recovery Aids

Recovery aids assist in the location of the payload to facilitate recovagnlased recovery aids are:

Dye Marker

Color Design of Canopy
Sonar "Pingers"
Reward Tags

Flashing Strobe Light

= =4 4 A A

5.2 Attitude Control Systems (ACSSs)

During a typical sounding rocket mission, the payload separates from the rockespaawgltlabove

the atmosphere. From-dgin until reentry, typically a period of five to thirteen minutes, the ACS provide:
all control of the attitude of the payload section. In order to meet the objectives of the scientific missio
the ACSusessensmstdet er mi ne the payload’ s attitude, |
cokgas t hrusters which provide moments and con
payload may be placed in one orientation for the duration obthen@spheric flight or transition

between multiple targets. Some ACSs can be controlled from the ground via a command uplink syste
allowing the onboard experiment to investigate targets of opportunity or to refine its pointing. Once the
ACS has acquie target, it requires very little force to maintain the payload orientation, so most of the
scientific observations can be relatively undisturbed by the firing of thrusters. This has facilitated the
acquisition of large amounts of previously unobtaiseieintific data at a relatively low cost.

NSROC attitude control systems include coarse and fine control systems. The coarse control systems
for pointing to inertial or magnetic targets at the degree level of accuracy. The fine control systems
incorporate fingoointing sensors to align with targets at asemand level of accuracy. The sensors
associated with firgointing are described in the sections of systems in which they are used.

NSROC selects the most appropriate attitude control $gsi@fftight based on the requirements of the
experiment. NSROC has four fligihhtven pointing systems for a variety of applications. Two of these ar
coarse pointing systems:

1 NIACS—-NSROC Inertial ACS
1 NMACS-NSROC Magnetic ACS

There are also two émpointing systems:

1 SPARCS VIt Solar Pointing Attitude Rocket Control System VII
1 CACS-Celestial ACS
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Table 5.121 shows the principal characteristics of the systems.
Table 5.12-1 Attitude Control System Capabilities

NIACS +2-3° Absolute Inertial Accuracy
Spinning and Non-spinning Payloads

NMACS +2-3° Magnetic Field Alignment
Spinning Payloads Only

SPARCS VII Solar Pointing Only

+10 Arcsec Accuracy in Pitch/Yaw

+1 Deg Accuracy in Roll

Non-spinning Payloads only

CACS +2-5 Arcmin without Star Tracker available
on specific target, guide maneuver with
tracker required to support this mode.

+1 Arcsec with Star Tracker (with Linear
Thrust Module)

Non-spinning Payloads only

5.12.1 NSROC Solar Pointing Attitude Rocket Control System (SPARCS VII)

TheSPARCS VIl is a precision attitude control system designed specifically to point the payload at the
during the exatmospheric portion of the flight. This ACS consists of 3 different optical sensor systems,
gyroscope systems, a magnetometer, actigiputer and other electronics, a reaction control system using
coldgas pneumatics, and a battery power system. It can maintain any roll angle while pointing at any
on the Sun (not just the center), and it can be programmed to slew to diffetsrduang the

observation window. Furthermore, it can be controlled from the ground via a command uplink system t
point to any target of opportunity or to refine the current pointing.

SPARCS has supported di ver s epesture, eneasurefay imtengity, s s i
observe solar features, and capture other spectral data. Although SPARCS can theoretically support
missions launched from anywhere, it has found a home at White Sands Missile Range due to its abun
sunshine, the dedied test and integration facilities, and well supported payload recovery.

5.12.1.LCapabilities

A typical solar mission enables SPARCS ~70 sec into the flight after the payload has cleared most of 1
atmosphere, separated from the motors, asduteto -0.25 Hz roll rate. Because the scientific
instruments point out of the afhd of the payload section, SPARCS needs to swing them through a large
angle (as much as 180°) toward the Sun. This maneuver cab@adec4fepending on the initial
conditionsOnce it settles on a target, SPARCS can achieve a pointing accuracy (in pitch and yaw) bet
than 40 arsec with a stability in the tenths of-@ec. The roll orientation can be estimated and controlled

' The pointing accuracy depends on the system configuration and the target location. If video feedback is available for manual pointing
corrections, SPARCS can be made to point at any target on the Sun within a few arc-seconds. Otherwise the pointing accuracy actually
varies with the target distance from the center of the Sun (-10 arc-sec at the center to ~40 arc-sec at the limb).
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to within 2°. Moving from one target on the SQuthé next can takef2sec. After accounting for the
maneuver time, a typical mission enjdysmthutes of quality, relatively disturbdres observation time.

SPARCS does impose constraints on the launch window, principally:

1 The SIn must betdeasti8° above the horizan order for the optical sensors to isolate the Sun
from the Earth albedo.

1 For launches in the Northern hemisphere, the angle betweendhsiih¢to the Sun and the
Earth’s magnetic fi el d (162 tolersare rolllargle actusitioa.n g
This requirement was designed to keep SPARCS well away from the scenario in which the mag
field points directly away from the Sun in the Northern hemisphere (eta = 180°), which represen
singularity in its tbestimation algorithm (more on this later).

5.12.1.5ystem Elements
1 Coarse Sun Sensors (CSS)

The CSS are a system of four sensors mounted along the circumference of the vehicle. Each sensor c
of two solar cells: the main cell and the biasTtelimain cell has a 180¢ field of view and sees both the
Sun and the Earth albedo at any point in time. This cell prdtardele bias cell in such a way that the
former shades the latter from the Sun when the pointing error is < 30°. This all@ssct#ietbimeasure

only the Earth albedo, which can then be subtracted from the main cell output to improve the pointing
accuracy.

One coarse sun sensor alone cannot tell the direction of the Sun, but the system of 4 can do so with a
accuracy of £1°. Thisystem is used in the initial phase of acquisition (coarse mode) to swing the paylo:
toward the Sun from ANY orientation.

1 Miniature Acquisition Sun Sensor (MASS)

The MASS is an analog optical sensor whose quaebestor produces output voltage dgna
proportional to the azimuth and elevation angles frdmréssighto the center of the Sun (called Sun
angles for short). These are illustrated in the figure below:

X (boresight)

Figure 5.12.1.2. Miniature Acquisition Sun Sensor (MASS)
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The MASS cameasure these Sun angles with £0.5° accuracy. It is mounted in the experiment section
pointing aft, and its relatively small £35° field of view effectively shields it from the Earth albedo when i
viewing the Sun. This sensor is used in conjunctiothei@5S to enhance pointing accuracy in coarse
mode.

1 Lockheed Intermediate Sun Sensor (LISS)

The LISS consists of 2 analog optical sensors: a +2@f-fredeh quadrant detector, and a £10° fodid

view mode detector. These sensors are integrated into a physical package which is also mounted in tr
experiment section looking aft. SPARCS usesaitie sensor to switch out of coarse mode when the
pointing error falls below 10°. As with the MASS, the LISS uses its quadrant detector to measure the S
angles, and it can do so with £10s@c accuracy when it is calibrated. This measurementleeraram
source of total pointing error for targets near the Sun center.

In intermediate mode and fine mode, SPARCS wraps control loops around the Reasngi@ments to
point the LISS at a target on the Sun. This is illustrated in the figure betevhevpayload needs to pitch
up to reduce the current value ofto its desired value of ;.

Sun

LISS

Center

® Target

—
= * Current

Figure 5.12.1.22: Lockheed Intermediate Sun Sensor (LISS)

f Magnetometer

The SPARCS VIl uses a miniaturaxi3 Bartington Model MAG@G3MSmounted near the nose of the
payload to estimate and control its roll orientation in intermediate mode and part of fine mode. Section
describes this magnetometer in more detail. This section describes how it is used in roll attitude
determination ancontrol.

Consider the situation when the payload is pointing at the Sun with an arbitrary roll attitude while the
magnetic field vectdt makes an angle eta with the Sun vddtisrshown decomposed into its
longitudinal and transverse componentsndH | respectively.
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Figure 5.12.1.3: SPARCS VIl operation payload pointing at the Sun with an
arbitrary roll attitude.

The same picture is shown looking along the payload axis at the Sun.

REF
Figure 5.12.1.2.: Same as above but looking along thgayload axis at the Sun.

The vectoH ds shown at some other arbitrary orient&tonvith respect to a reference axis (here shown
as the South Heliocentric Pole). This angle will change during flight due to the spatial variation of the
magnetic field. The payload roll orientation can be described 8 aetdtve to the referenceasor by
angléko relative to the magnetic field. The magnetomejenrsdW are shown measuring the
components Hand H of the magnetic field, respectively.

A specification offe can be turned into a specificatioP@naccording tGo, 0  %of %o O,
wherék%o can be characterized as a function of time by applying a geomagnetic model to the nominal
trajectory.

The roll control loop estimat#s from the magnetometer measurementnd H according t86o
at a@HO . Itfires the ppropriate thrusters to regulate this angle to the desirethvalddis is
equivalent to regulating the absolute roll orientétida the desired vald@ , .

Note that when the magnetic fields aligned with the Sun vector (eta = 0 Whegoints along the Sun
vector in the Southern hemisphere, or eta = 180° Wipamnts opposite the Sun vector in the Northern
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hemisphere), it casts no shadow on the payload transverde @tadje This leaves the magnetometers
M, and Mto measure just rea, thus causing the estimatio%.fo be completely inaccurate and resulting
in loss of roll controNSROC restricts the launch window to avoid these degenerate situations.

SPARCS uses the Bartington magnetometer in this scheme to estimate ke coltattitude
accurately to within 2°. Its main sources of error are: 1) magnetometer calibration errors, 2) magnetic
disturbances not accounted for by the geomagnetic model, and 3) deviations from the nominal trajectc

1 Humphrey Rate Gyro

TheHumphrey rate gyro is a&8is analog strajown gyroscopedesigned as a gimbess, simple, and
sturdy rate sensor. SPARCS uses it for stability augmentation. NSROC is currently studying newer
alternatives for this obsolete sensor.

1 Ring Laser Gyro (RLG

The Honeywell GG1320AN01 Ring Laser Gyro is a-sixigleligital rate gyro characterized by high
stability (< 0.04 degrees/hour) and low jitter (< 0.01 degrees). It is mounted along the longitudinal axis
the SPARCS section to provide roll contréhenmode.

1 Pneumatic system

SPARCS generates the moments required to control the payload attitude by flowing gas through 8 thrt
valves located throughout the payload. Four valves dedicated to controlling the pitch and yaw motions
located near th@ose of the payload to maximize the lever arm to the center of gravity of the payload. Tt
figure below shows valve #4 firing to produce a positive pitch moment.

Force

V4l

Xg

~

v2 Moment

Ye

-
Toward 4
the nose

Vé

Figure 5.12.1.5: SPARCS with valve #4 firing to produce a positive pitch moment.

Another set of four valves control the roll moment. The figure below shows the pair of valves V1
generating identical thrusts in opposite directions which act through the lever arm of the payload diam
to produce a positive rolling moment.
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Xg

Moment
V3 e

Vi Ys

Figure 5.2.1.26: SPARCS with pair of valves V1 generating identical thrust in opposite
directions.

The gas (usually Argon or Freon) is stored in an*880krwhich is initially pressurized to 5,000 psi.

When enabled, the gas flows through a pressuréaefguéarive at the thruster valves at a controlled
pressure, delivering a controlled thrust. SPARCS uses 2 pressure regulators and a relay to switch bet\
the two at different times during operation. One regulator is set high for use in coarsd thed&han

one is set low for use in fine mode. The following table gives typical values of regulator pressure settin
and angular accelerations:

Coarse Fine
Regulator setting (psi) 600 50
Pitch/Yaw | 2 0.2
Ang. Acc. (deg/séc Roll 55 5

The thrusts generated by the fine pressure regulator are still too coarse for precision attitude control, s
SPARCS fires opposite valves with slightly different durations to produce very small angular velocity
changes in the desired direction. In the pbeaabove, V4 and V6 would fire an equal amount, but V4
would stay on slightly longer to generate a small net positive impulse along the pitch axis. This differer
thrusting technique effectively turns a #mmg control system into a continuous otieeagxpense of
requiring more gas than a true continuous control system in which each thruster can generate a variak
force.

5.12.13 Operation

SPARCS uses 3 modes to achieve the competing objectives of minimizing the maneuver time while
achievingccurate and stable pointing in order to maximize the quality of the scientific data. These coal
intermediate, and fine modes are described below.

Initially,coarse modes dedicated to acquiring the Sun as fast as possible. This is done by u§lrg the CS
MASS to locate the Sun and commanding the pitch/yaw thrusters to fire at full force to swing the paylo
toward it. Control action in roll consists of nulling the roll rate leftover frepind&ate damping in all 3
axes is provided by the Humphratg gyro.
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When the pointing error is reduced to ~10°, the Sun enters the field of view of the mode sensor of the
LISS. Roll control uses the triggering of this sensor as the signal to switch to active roll position control
the magnetometer. SPARCSswvad sec after this event for the rates to subside sufficiently to switch to
intermediate mode It decouples the CSS and MASS in this mode and uses the LISS to point at its first
target on the Sun.

SPARCS stores the targeting information as desiredoalwes , and- . During the alignment to the
target, the three control loops act simultaneously to drive the current estimates of these three quantitie
their desired values. This is illustrated in the figure below:

- Eaz,c
AT mm—— Pl

Current

Figure 5.12.121: SARCS alignment to the target.

SPARCS stays in intermediate mode for ~7.5 sec before switGhangitmle. Three things happen in

this mode: 1) SPARCS switches to the fine pressure regulator and differential thrusting to better contre
small motias required in this mode, 2) it switches to a larger set of control gains, and 3) it derives pitch
yaw rates from the LISS output signals to perform rate damping in these channels to control the pointi
stability.

For missions requiring more controb#ity in roll (as well as in pitch & yaw), the system uses the RLG for
roll control instead of the magnetometer. This change in roll control is initiated with a command from t
ground. SPARCS updates its roll attitude by integrating the RLG outpupenhits it to achieve sub
arcsecond jitter performance. SPARCS can also visit other targets in this mode by receiving new targe
commands via the command uplink system. Afgrpgeammed target may be sent at any time.
Furthermore, SPARCS may bmgw@mnded to move specified amounts in all 3 axes to refine the pointing
any target. Thus, the integration of the command uplink system into the mission gives the experiment
maximum flexibility in targeting.

As the payload gets ready temeer the atmosphere, SPARCS disables the RLG and switches back to
coarse mode with the coarse pressure regulator. It spins the payload back up to ~1 Hz by firing the rol
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thrusters at full force for 15 sec. This maneuVgs teedistribute the heat builg evenly around the
payload. SPARCS also fires its pitch and yaw thrustefgéssigize the tank so that it is safe to handle
during recovery.

5.12.1.4ntegration

Integration of SPARCS to the experiment sectionmeeguibse cooperation with the experiment team
mainly because the MASS and the LISS need to be installed in the experiment section and aligned wit
science instruments.

/ MASS Xm
)
e|'|f'|L
X,
SPARCS —— Looking aft
eLB
LISS A/D X
B
\Experiment section / gcience Instruments

Figure 5.12.1.4. SPARCS integration chart.

The experiment team will beegivmechanical drawings of the MASS & LISS soon after the mission
initiation conference so that they can design locations and mountings for them in their section. Other
requirements for these sensors include fields of view, reflectivity of nearbyhebgkis itust not

reflect stray light into the LISS), and cabling. Because the LISS is used for fine pointing, the output sig
are digitized near the source to minimize signal corruption. A separate A/D box is mounted in the
experiment section near tH&&.

The experiment team takes delivery of these units when they arrive for integration. Although the exper
team is ultimately responsible for mounting these sensors and aligning them to the science instrument
sometimes enlist the help of &@S engineers in these efforts. Since the SPARCS points the LISS to the
sun target, good pointing of the science instrument to the target requires good alignment of the LISS a
science optical akiherefore, a significant portion of integration ikatsdl to aligning the LISS to the
science instruments.

The LISS has a mirrored surface perpendicular to its optical axis that can be used in a heliostat experi
to characteri ze tshThismidaliggmemean then berminonizestdoyming tbe 30

legs of the LISS like a stool. The MASS can similarly be aligned with the LISS, although this alignmen
much less critical to the overall mission success.

2 There are plans to package the A/D electronics with the LISS in the near future.
3 SPARCS is agnostic of the experiment systems on purpose so that it can serve a wide variety of solar missions.
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One important area of collaboration between the experiment team and the ACégartedration is

the programming of the targets. The objective is to translate the target coordinates defined by the
experiment team into th# h K formatthat SPARCS accepts. For example, the experiment team
may specify a target by th@ fto i coordinates defined in the diagrams below:

NHP

SIDE VIEW

Equator

SHP

1y

TOP VIEW

Prime meridian

Equator

VIEW TOWARD THE SUN

North North
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Analysis of this geometry yields the following conversion:
%o %o %o
- W% Ui B
- 0 0&i i "%

There are many other ways to specify the target. Fgiextinm o h)  coordinates may be replaced by

the & €h& & doordinates, the reference axis for the roll angle need not be the South Heliocentric Pole,
the new target may be specified by a series of moves from the last target. The experiment team is
encouraged to use whatever systems suit them best as long as there is adequate communication with
ACS team to make sure the conversion to the SPARCS coordinates is correct.

5.12.2 NSROC Inertial Attitude Control System (NIACS)

The NIACS is an ailh-one digital control system that can align the payload to inertial targets. It has bee
used on a wide range of missions with coarse pointing requirements. These include ram air science
missions, missions with ejectables that later align to the magdeéindia variety of other missions. The
NIACS can align to an inertial target, the velocity vector, or the actual or predicted magnetic field vectc

5.12.21 Capabilities

Normally, the NIACS is enabled aftetygalespin and payload separationcaraplete. After this, the
NIACS follows a prprogrammed series of maneuvers based on the mission requirements.

The NIACS can provide absolute pointing error of less than 2° in all 3 axes. It has also demonstrated
ability to point the payload whifgrsiing at roll rates as high as 4 Baring spinning control, the system

is designed to measure error and align relative to the principal axis of the payload, not the physical cetl
of the payload. This allows the system to minimize gas consumjptimize coning, and naturally deal

with dynamic imbalance and sensor misalignment.

The control provided by the NIACS during the science collection phase of the mission is highly missior
dependent. Some flights have the ACS on for the entire flipbts @ave the ACS turn on and off for
specific windows of ti me. I n other flights,
can also be programmed with a dssat which prevents the ACS from making corrections unless the
error is geater tham specifiegtalue The size of the deddnd can be chosen for each phase of the flight
in order to improve the alignment during-ogtical phases.

The NIACS camise between one and four 26@iessure tanks filled with either nitrogeargon. It is
also capable of using siAglel or bievel pneumatics.

The NIACS can provide a navigation solutiposition and velocity informatienin flight. If the payload
includes a GPS receiver, the information from the GPS can integratedNWAICS calculations. This
can greatly improve the accuracy of the navigation solution.
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The NIACS has been flown on 26 missions from its first flight in the spring of 2004 until May 2014 with
success rate 86%. It has also been flown with wk¥y ®aled sections allowing for water recovery of the
payload.

5.12.2.5ystem Elements
1 GLN-MAC

The GLN-MAC is the IMU used eboard the NIACS. It provides accelerations and angular rates to the
control system. The GL:MAC attitude solution is accurate tthm 1°. The GLNMAC is the only

sensor used for attitude knowledge in the standard NIACS system. More details on the capabilities of
GLN-MAC can be found in Section 5.2.

5.12.2.3MaNIACS

The MaNIACS is a variation of the NIA®Bich was first flowim August 20131t contains a Honeywell
HMR2300 threaxis magnetometer in addition to the regular NIACS compombatsioneywell
magnetometer is described in Section 5.2.3. The addition of a magredtowstee payload to align
with the true magtie field as well as to inertial targ&ise magnetometer is generally placed closed to
either the forward or the aft end of the payload to reduce magnetic interference.

5.12.2.4ntegration

The integration process for the NIACS does not include dmgtaati between the GI-MAC and the
scientific instruments. When the MaNIACS is used, the payload must go through magnetic calibration
to launch.This is a full payload test which is generally performed in each of the configurations in which
magnetometer will be used for attitude control.

5.12.3 NSROC Magnetic Attitude Control System

NMACS i s used point a spinni n dhisglmyrerd el be aviththa g
field or against the fielNMACS can handle spin rates fil@Bto 4 Hz and is capable of stabilizing the
pointing error below 2 deg.

NMACS uses two analog sensors to perform its joBattington MAGO3M$0 3axis magnetometdo
compute the pitch and yaw angles of the magnetic field with respect to dldefaayéoof reference, and

the Systron Donner QRIS.6 gyroscope to perform rate damping as it controls these angles to their desi
values. A newer version of NMACS, called Digital NMACS or DNMACS, replaces these analog sensol
with digital ones, namehetHoneywell HMR2306aXis magnetometaand the SilMU02 MEMS Inertial
Measurement Unit.

Due to its small size and simplicity, NMACS represents an elegant control solution for missions that fit
within the scope described above. This system has beemnf@8missions from its first flight in the

4 See Section 5.2.2 for more details.

5 See Section 5.2.3 for more details.
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summer of 2003 until May 2014. However, it is being flown less and less in favor of NIACS or*MaNIAC
Specifically, experimenters that are flying a NMACS application frequently require the attitudenproduct
the GLN-MAC. In this case, the MaNIACS provides a better total solution. If there is no attitude
knowledge required, the NMACS or DNMACS is a lighter weight and less expense solution.

5.12.3.0Dperation & Capabilities

As with all NSROC control systeMIBACS uses colgas pneumatics to provide the reaction forces
needed to control the payload attitude. Depending on the length and the complexity of the mission,
NMACS may use one to four 20@tamks of Nitrogen or Argon gas pressurized to 5000 psvidethe
control. Most missions flow the gas through one pressure regulator to generate a standard thisist level
is preferred for simplicity.

After payload separation, NMACS is enabled to follow-sqeammed timeline which varies according
to mission requirements. Some missions may uselzaddaghich dactivates the thrusters if the

pointing error is below a threshold. This allows for disturr@ecemeasurements while the payload is
aligned with the target. The thresholds are typi@albgl but they can be chosen over a wide range to suit
the experi ment’ s rcloesd urn the tontelroff afier the init@lralggnmerd, yhen
turn it back on after a time to update the pointing.

NMACS camaintairthe pointing errordédow 2 degrees while in active control m@eing spinning

control, the system is designed to measure error and align relative to the principal axis of the payload,
the physical centerline of the payload. This allows the system to minimizemas@onsinimize

coning, and naturally deal with dynamic imbalance and sensor misalignment.

5.12.3.2ntegration

Success of an NMACS mission depends critically orcalibetited magnetometer. Toward this end, the
magnetometer location can be choseostlamywhere in the payload to minimize the magnetic
interference of the rest of the system. Calibration is performed with the payload completely integrated
with as many systems turned on as possible to account for as many stray fields as possible.

However, NMACS does not attempt to perform alignments with accuracies as high as SPARCS VII (sc
missions) or CACS (celestial missions). Therefore, precision alignment with the scientific instruments i
required. The calibration results are notogiplised for the NMACS. The purpose of the test is to
assess whether the selected location of the magnetometer is sufficiently magnetically clean for control
the event of an issue, this test will also be used to possibly find a more suitableldcati

magnetometer.

5.12.4 NSROC Celestial Attitude Control System

The Celestial ACS is used to align sounding rocket payloads to celestial targets. This attitude control
is used for flights investigating targets which can either be aamplimedked with a star tracker or

6 NIACS does not have a magnetometer, but it does have a full navigation solution which it can use to align the payload to the geomagnetic
model. And MaNIACS is a version of NIACS that does incorporate a magnetometer, so it can perform the same mission as NMACS and more.
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pointed at by using nearby celestial targets as a reference. Previous CACS missions have studied col
pl anets, and the Earth’s atmosphere in additi

The CACS uses a GEMAC gyro and an S3000 statracker to determine its attitude. The pneumatics
system is available with three thrust configuratidiesebitrdlevel, and linear. Since its debut in May
2006, this ACS has flown on 24 missions as of May 2014 with a sucfé3&tate

5.12.4.LCapabilities

The Celestial ACS combines arb800 star tracker with a GHWAC fiberoptic gyro and a specially
designed control loop to achieve better accuracy and stability than its predecessor, the Aer@jet Mark V
Unlike many of the NSROC attituctentrol systems which are generallceathined, the CACS is not
contained within a single section. The pneumatics and electronics deck of the celestial ACS are norm
located forward of the center of gravity. The system also includes rematd paehreozzles which are
located in the ORSA at the forward end to provide a larger lever arm. Additionally, the star tracker is

|l ocated in the experiment section at the aft
detector. Thelectronics for the CACS can be located as far as away from the tracker camera head as
necessitated by the mission. This allows for greater flexibility in the placement of the camera relative t
science instruments in the payload.

This system can poitet up to 20 targets in a single flight. However, the time available to spend on each
target depends on the number of targets and the distance between them. As a result, most missions |
only two or three targets. Additionally, the capabilities 8T4@00 star tracker place some restrictions

on the timing of the launch and the location of the targets. In order for the star tracker to function
properly, the sun must be at least 25° below the horizon. The star tracker is also unable to determine
attitude solution if the target is too close to the horizon. This does not preclude targeting objects close
the horizon, but it does mean that all pointing in that region must be done using only inertial control.

The Celestial ACS is capabtedeminutes absolute pointing accuracy. This improve2 &wekseconds
pointing accuracy when the command uplink system is used. The CACS can provide various levels of
stability depending on the requirements of the mission. Ulgwnegl lmiontrol, the jit rate is around 10
arcseconds per second. This can be improved to 2 te&carws per second withléwel control or to

less than 1 assecond per second using the linear thrust module (LTM). With each improvement in stes
state control, the vt of the ACS increases.

Traditionally, celestial missions have mainly flown out of White Sands Missile Range due to the ease c
recovery. However, other launch locations may be considered.

5.12.4.Bystem Elements
1 ST-5000

The ST5000 is a next generatitowcost star tracker. It consists of {parts: an electronics stack and a
sensor head or camera. This instrument is capable atandiacking anywhere in the sky. It also has a
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lostin-space (LIS) capability. This allows it to determin&tadeasolution from anywhere in the sky
within 7 seconds. The -8000 was developed by University of Wisceridadison.

1 GLN-MAC

The GLN-MAC is the IMU used eboard the Celestial ACS. It provides accelerations and angular rates
the control systenMore details on the capabilities of the @UAC can be found in Section 5.2.

1 Linear Thrust Module (LTM)

Most pneumatics systems used in the control systems have only two states: on and off. Additional lev
control can be achieved by using multisl@ete pressure settings. The linear thrust module (LTM)
provides finer control by allowing the pressure level to be varied linearly. This system is used for the fi
thrust level to support missions with strict pointing and stability requiremesésmiBls®ns also use the
LN-251.

1 LN-251

The LN-251 is a stragown 3axis IMU which is much more accurate than the-BIAC. It is used in
addition to the GLNVIAC and in conjunction with the LTM to support missions with strict pointing and
stability requéaments.

1 Pneumatics

The Celestial ACS uses a fine pointing separable pneumatics system (SPS). It contains & single 395 |
pressure vessel. For missions requiring more gas, 1 orrp@@@tack tanks can be added to the system.

5.12.4.30peration

TheCACS does have its attitude initialized prior #offiftHowever, this action is not its final source of
attitude. The SBH000 takes a snapshot of the sky atamrand compares it to a database of the sky. It
then uses a lest-space (LIS) algorithto determine its initial attitude. Thereafter the star tracker provide:
position information relative to its previous attitude. The CACS combines the information from all
available sensors to determine the required control. After large motiosgrthdags perform a new

LIS and the attitude is-imtialized.

Although the timeline is mission dependent, the CACS generally follows a similar timeline for all missic
In this timeline, the ACS turns on around 65 seconds after launch and thantiiiggrocess takes
approximately 40 seconds. To move between targets after the initial pointing process has been comp
can take up to 20 seconds. However, this time is highly dependent on the location of the two targets t
is moving between.

1 Command Uplink System(CUS)

The Command UplinkyStem for the Celestial ACS was based on the existing CUS for the SPARCS VII
system. The experiment team is responsible for providing video data to be telemetered down to the g

station. The CUS dispdathis video with a set of créwsrs and other overlays pertinent to the
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experiment. The experimenter may sendimeEatommands to the CACS by manipulating theltaoss

to refine the pointing or move to another target altogether. The commaandygpdim also provides

several buttons which can be used to transition from one planned target to the next. This can be used
ensure adequate observation time before switching targets. If desired, the star tracker video can be u:
source for CU®r relatively gross motions. More information on the command uplink system can be
found in Sectiob.18.5.

5.12.4.4ntegration

Since the Celestial ACS provideseacond pointing capabilities, the science team must work closely with
the ACS team duririge integration process to ensure that the star tracker camera and the scientific
detectors are precisely aligned. The star tracker is mounted in the experimenter section.

Before vibration testing, dark room measurements of the alignment betweectdhexétie star

tracker are made. Additionally, the offset between the mass model and the actual system is determine
After vibration testing, the same measurements of the alignment are taken again. This allows for an
estimate of how much the aligmineay change during launch. Once this is complete, the actual star
tracker is caligned with the scientific detector.

For payloads which are using the command uplink system, the payload is next placed in a cradle to sit
the command uplindnvironment. This simulation is to verify the CACS and CUS operating as a systern
Perhaps more importantly, this simulation provides an environment for the science team to practice th
flight operations and decision making necessary for a sucdasssfml m

5.12.5Command Uplink System

The command uplink system evolved to serve the needs of solar and celestial researchers to interact
and control their payloads in fiale during the missions. Fundamentally, the CUS allows personnel to
send twadypes of commands to the payload: 1) commands to turn on or off relays and other systems in
experiment section and the attitude control section, and 2) commands to the ACS to refine its attitude
move to another target altogether. This puts the harttaaloop for missions that full automation is not
practical and to address the small misalignments that will result from the powered flight.

The CUS engineer and experiment personnel interact with the payload through a graphics user interfa
sampleof which is shown below:
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File System ACS Help
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Figure 5.12.51. Graphics User Interface

This GUI was used in a SPARCS (solar) mission that flew in July 2014. The panel of buttons on the rig
usually hosts discrete commands for the experiment section and the Aferiftenéteam has the

option of routing all, some, or none of their discrete commands through the CUS. Some experimenters
prefer to stand at this station to control the pointing, so it makes sense to have some experiment discr:
commands at their finggd. The discrete commands for the ACS can be seen on the fahegatare
usually operated by the CUS engineer.

In addition to the discrete commands, the CUS can send targeting information to the ACS. The targeti
command is a set of anglest) h . The desired roll angle)(is specified relative to a roll reference axis,
and the desired pitch and yaw angle® () are relative to a pointing referedcearget programmed in

this way is called an absolute target because it ppndaelaed from any initial conditions. This is
illustrated in the angimgle picture below:
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ABSOLUTE TARGET SPECIFICATION

s~
-~
/ - - Target
- Send (7., pc, ¥.) to ACS
Pc '
/
1
1
7
!
Yy
f7==
1 !
P,
‘I
Pointing reference Iy N

Roll reference axis

Figure 5.12.82: Absolute Target Specification

Note that the pitch & yaw specifications depend on the roll specification. For SPARCS (solar), the poin
reference is the Sun center, and the roll reference axis is the local magnetic field. SPARCS wraps its ¢
loops around the magnetometerived roll measurement and the id&$/ed pitch & yaw measurements

to drive them to their desired values. FOESAcelestial), both references are the solution to time lost
space algorithm which initializes the attitude. The roll, pitch, and yaw estimates are provided-by the Gl
MAC-based inertial navigator aided by th&@D star tracker.

Sometimes it is more convenient to specify a target relative to the current attitude. This is called a rela
target, and it may be programmed as a set of angle incréfrf®fifsYc> . The CUS keeps track of all the
commands senthich allows it to estimate the current attitutlases this information to convert the
relative coordinates to absolute coordinates before sending to the ACS. This process is illustrated in tt

Figure 5.12.82: Target Specification

7 In fact, a targeting command sent may or may not be received and executed by the ACS. The CUS avoids getting out of synch with the
ACS by waiting for a successful echo of the command before updating the attitude.
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figure below:
TARGET SPECIFICATION
RELATIVE ABSOLUTE
Ay A~ e
TS -, Target / e o, Target
Ap ¢ i
! YB,c
/ ! Pcq
/ Ar /
! Zge o !
’ I / Send (1, pc, ¥¢) to ACS
! !
current |/ Z; Ty

f7=
Ys
[\‘ P::l
I}
é

Zy

Pointing reference

% Roll reference axis

The panel of buttons on the left of the G&Jusually reserved for the-pregrammed targets. The lone
button | abeled “Acq Targ” represenitsxdthhe wacqu
1 . Other targets may be likewise programmed as absolute or relative targets. ijeselcaa tae useful

as “clean sl ates” that reset the ACS attitude
be useful to propagate the pointing adjustments from one target to another. A target may even be
programmed multiple timemnce as an absolute target, and other times as a target relative to other targe
This gives the experiment team maximum flexibility in targeting.

For missions that have video or can convert the science data into video, the center panel will display t
video images underneath the crosshairs. The blue reference crosshairs can be calibrated to correspor
pointing of the science instruments. In ststatg, this pointing may be offset from the feature of interest
(e.g. a Sun spot) due to a vadéfgctors. For example, the experiment team may decide to investigate a
opportunistic phenomenon which is offset from the current pointing, or the offset may have resulted frc
a shift of the instruments during launch. Regardless of the source sethé oéin be nulled by
commanding the ACS to move a certain amount in the appropriate direction.

Placing the yellow crosshairs on top of the feature of interest allows the CUS to count the vertical and
horizontal pixels to the blue crosshairs and daiheen into the pitch and yaw offset angles. These
maneuvers can be sent to the ACS as a new target in the same manner as a relative target. Alternativ
experimenter may click on a yellow arrow at the periphery of the panel to instruct the &€& to mo
specified amount in the desired direction. These are effective ways to refine the pointing of the science
instruments down to the asecond level.

Missions without video feedback can still use the CUS to refine the pointing if the offset cafieloe quant
by some other means (e.g. spectrometry data). In this case, the experiment team determines the offse
the reatime telemetry data and communicates it to the CUS engineer so that he/she can send the
appropriate commands to the ACS. In any mast@akes in pointing corrections during the mission can be
minimized by close cooperation between the two teams and extensive testing during integration.
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NSROC Celestial ACS (CACS)
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SECTION 6: Environmental Testing Policies

This section summarizes thevironmental Testing policies for NSROC. The content is largely an excerp
of the NSROC Environmental Testing Manual (document # ME40280) which can be acoegked th
NSROC’ s document control system.

6.1 General Requirements

All tests, whether conducted components or entire payloads, must be initiated by a Test Request
(ME35511). The individual responsible for the test must fill out a Test Request Form (available from
NSROC Engineering) and submit it to the Testing and Evaluation Group.

6.1.1 Qualification Testing

New component designs are required to undergo design qualification testing. These tests expose item
environments that are more severe than those experienced throughout the mission. This ensures that
design is sound and that theragb lsonfidence that failure will not occur during a mission. Components
that undergo qualification testing are not used for actual flight. Typically, a Qualification procedure is
followed for components and a Qualification Report shows the results.

6.1.2 Acceptance Testing

Previously qualified component designs and all fully assembled payloads-{lggwostreandergo
acceptance testing, which exposes test items to the environments that mimic those experienced durini
mission. These tests are thd fjaage for determining the launch worthiness of a component or payload.

6.1.3 Principal Investigator Testing

Principal Investigators are encouraged to test their components to standards similar to those included
document prior to delivery to the@gration site. If this is not possible, the NSROC facilities described
hereafter can be utilized. It is recommended that Principal Investigators report to the Mission Manager
environmental testing completed prior to delivery. This informationiiedefjhe Principal Investigator
requests a waiver for a test normally conducted by NSROC.

6.1.4 Test Plan

The Mechanical Engineer is responsible for developing a test plan for a particular payload and its relat
components. This entails 1) determiexagtly which tests are requiredcBeduling a time frame for

testing with the Environmental Testing and Evaluation Group; 3) generating test requests for each test
4) writing procedures for all hazardous and/or complex tests. Some additionay testdone by

Telemetry Engineering or Power Engineering.

6.2 Testing Equipment and Capabilities

NSROC has two principal testing facilities. The main one is located at the NASA Wallops Flight Facility
(WFF) in Wallops Island, VA, and the other is ate/#a@ihds Missile Range (WSMR) in White Sands, NM.
Both facilities have the testing equipment necessary to perform the following functions:

* Mass properties measurements
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» Static/dynamic balancing

* Vibration tests
 Bendtests

e Thermal and vacuum tests
* MagneticCalibrations

In addition to these, WFF is also equipped with a spin deployment chamber and a centrifuge machine
Main Base. A second spin balance facility for balancing rocket motors is located on Wallops Island ne:
launch range.

6.2.1 Mass Prgerties Measurement Systems (WFF and WSMR)

The Environmental Testing and Evaluation Group at WFF is equipped with an Airdyne Mark 8 mass
properties measurement system (Figurel§.2Zlhis unit is used for measuring center of gravity (CG)
locations and rments of inertia (MOI) on sounding rocket subsystems and payload stacks. Important
technical data include:

* Maximum test article weight: 5,000 Ib.

*  Maximum CG height above the table: 120 in.

* CG and MOI measurement accuracy: 0.1%

The NSROC facility at WSM&dquipped with an MRC model MKXIR mass properties measurement
system. It has the following properties.

* Maximum test article weight: 2,500 Ib.

*  Maximum CG height above the table: 242 in.

* CG and MOI measurement accuracy: 0.1%

It is also used to performi static and dynamic balancing of sounding rocket payloads at WSMR.
Figure 6.2-1 Airdyne Mark 8 Mass Properties Measurement System at WFF

Figure 6.2.11 Airdyne Mark 8 Mass Properties Measurement System at WFF

80



810-HB-SRP

6.2.2 Static and DynamicBalancing Machines (WFF & WSMR)

At WFF, a Gisholt Rocket Balancmg Machine is used to balance sounding rocket payloads (Figure
6.221Thi s machine’s specific

* Max. payload weight = 1500 Ib.
* Max. height of CG above table = 10 ft.
« Measurement accuracy =@z€n? at 225 rpm or more

At WSMR, Dynamic Balance is tested on an MRC Corpora\
Machine, which has the following capabilities:

* Maximum payload weight: 2500 pounds.

» Crane Hook Height: 52 feet.

* RADIUS: 48 inches maximumf(¥tures are available).

» Total indicated Runout is also performed on this
machine.

« Dynamic Balance Accuracy: Todx4* for a small 25
Ib.

« Payload to less than 1@@€n* with a 1500 Ib. Payload

6.2.3 Shakers (WFF and WSM R) Figure 6.2.21 Gisholt Rocket Balancing Machine at \WF

There are four Ling Electronics shakers used for componerit arnu payivau viurauon ests al v (Figul
6.2.31) and two at WSMR. The following table summarizes some technical information on the shakers

Table 6.2.31 NSROCShaker Specifications

B335 (x2) B395 B335 (x2)
Shaker B340 WEE WEFF WSMR
(ITst)ed Force Sin 30,000 18,000 6,000 18,000
Rated Force
Random 30,000 18,000 5,750 18,000
(Ib. rms)
I(:;(z()quency Rang 5-2.000 53,000 53,000 5-3,000
Maximum
Displacement
PeakPeak 1.0 L0 +O -0
(in.)
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The B340 can be rotated to mate with a TEAM Corp. model 482 sliding table so that it can be used for
thrust axis and lateral vibration tests. This table has the foipaifagrations.

* Max. pitch moment capacity = 1,200,00Mlb.
One of the B335 units at WFF is connected to a TE
Corp. model 1830 sliding table while the other is ke
the thrust axis position. This arrangement facilitates
performing thre@xisvibration tests in a timely manng
without having to rotate the shaker. Both B335 shak
at WSMR are also equipped with the TEAM 1830 ta
which has the following specifications.

* Max. pitch moment capacity = 240,004nlb.
The B395 is a smaller shaker mostly used for
component level tests at WFF. Both the WFF and
WSMR test facilities are equipped with 11 in. cube
fixtures so that tests can be performed on small

in different orientati og\ Mg Y
|l nvestigator’s request B @ : =
part of the payload to monitor its response. WFF hag
16-channel capability and WSMR hakahnel

. Figure 6.2.31: Ling Electronics B335 Thrust Axis
capability. Shaker at WEF

6.2.4 Vacuum Chambers (WFF and WSMR)

WFF has three sealed chambers capable of evacuating to approxinately\i6 of these chambers

are mainly used for performing corona checks on subsystems that utilize high voltage components (P\
Tenney Space Jr.). The third can be used as a-tremath chamber and as an wkean environment

for testing other coponents that require contamin&ee surroundings (Tenney Space Simulation
System). The table below summarizes technical data on these chambers. Chambers appear-ih Figure

Table 6.2.41: NSROC Vacuum and Thermal Vacuum Chamber Specifications
Tenney Space

Manufacturer PVIT Inc. Simulation Tenney Space Jr.
System

Inside Dimensions

(ft. dia. x ft. Ig.) 7x12 2x2 1.2x1.0

Minimum Pressureg 2 % 16 3% 16 75 % 16

(torr)

N/A
Heat lamps used if -73 to +125 N/A
needed

Temperature Rang
(C)
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Figure 6.2.41 PV/T Vacuum Chamber (left) and Tenney Space Simulation System Thermal Vacuum Chamber at WFF

The PV/T Chamber is also equipped with a mass spectrometer for outgassing analysis. In addition, W
equipped with several leak detectors and portable vacuum systems. Specifications for this equipment
available upon request. They include:

6.2.41 The Portable Vacuum SystemThis is a 91 cm (36 in) unit with a 10.1 cm (4 in) flange adaptable
to a similar mating surface for the purpose of pumping a vacuum on any sealed container. Pumping is
accomplished by a 5 cm (2 in) diffusion pump in conjarneitio a roughing pump and a cold trap (LN2,
Freon or water). The vacuum capability isak®or lower. There is no specific limitation as to the size of
test chambers; however, the pumping capacity restricts the volume for high altitude simgasion. Var
other portable systems are available that employ cryosorption and cryogenic pumps.

6.2.4.2The Vacuum Leak Detectord Helium Mass Spectrometer This is used for leak detection, two
models are available: a Varian Mode#i23&ak Detector employsifiusion pump and can detect leaks
as small as 2@c/sec. An Ulvac Model DLM&31employs a turbo pump and can detect ketdlke rate

of 3 x 10°cc/sec. There is no specific limitation as to the stypawf items to be leak tested. Typical
items tested include sealed payload units, pressure bottles and vacuum chambers.

6.2.4.3Vacuum Bell Jars The Vacuum Bell Jar is a cylindrical vertical chamber measuring 45.7 cm (18
in diameter by 91.4 cm (36high. The bell jar is equipped with a 0.14 m3/min (5 cfm) mechanical pump.
This system is used to test altitude switches and small components up to an altitude of 200,000 ft usin
mechanical pump. A second Bell Jar utilizing a Turbo Pump can be‘used feran” it ems a
108 torr vacuum. This Turbo Pump is portable and can be detached from the Bell Jar and attached to ¢
payload to maintain vacuum.

WSMR has two sealed chambers capable of evacuating to approxinaitelfi€se chambease also
used for performing corona checks on subsystems that utilize high voltage components. Normally use:
duel Welch 1397 oil sealed mechanicaptorgs, fittings also allow the use of @rgp equipped Turbo

pumps. Other uses have been Ndkae separation tests into a vacuum. The table below summarizes
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technical data on these chambers. WSMR is capable of supporting the varied experimenter needs fou
the field environment through unique system configurations, adapters and pumpiigSdRijadso has
aHelium Leak Test System available.

Table 6.2.42 WSMR Vacuum and Thermal Vacuum Chamber Specifications

Manufacturer NRL PSL Notes

Ir15|d.e Dl.menS|ons 20x36 31x51 Aluminum

(in.dia.x in.lg.)

Minimum Pressure (torr] 1 x 1 1x10@

Temperature Rang€ | N/A N/A

Pump Type Turbo Model Turbo Model With Welch 1397
#3133C #3133C fore-pumps

6.2.5 Bend Test Fixtures (WFF and WSMR)

Every sounding rocket payload is subjected to a bend tes
order to determine the ovestlffness of the body. This
information is used by the Flight Performance Group to S
verify payload stability during flight. The bend test fixture -
WFF and WSMR consist of a bplsgée mounted to the
concrete floor and a pneumatic (WFF) or motor driven
(WSMR) linear actuator mounted to a stbebim pillar. The
pistons are equipped with load cells, which are used to
measure and control the applied load. The aft end of the
payl oad is fastened to a
along the pillar aabe adjusted to the proper height on the
payload being tested. Land surveying equipment is used ' '
accurately measure the tip deflection of the payload as t
actuator applies lateral loads in both directions. Technicg
for the systems is listed helo

Figure 6.2.51:Bend Test Fixtureat WFF

Table 6.2.51 NSROC Bend Test Fixture Specifications

Maximum Load | Maximum Accuracy of
Facility (actuator or load | Actuator Height | Deflection

cell) : Readings
WFF +/ - 5,000 pounds | 21 feet 0.05 inches
WSMR +/ - 1,150 pounds.| 21 feet 0.05 inches
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6.2.6 Spin Deployment and Separation Equipment (WFF)

Payloads with deployable booms, nose cones, doors, etc. can be tested for proper operation using the
deployment and separation chanab®/FF. The rotary table is capable of spinning a payload to a rate of
20 rps while withstanding an imbalance of up to 300®ftt. above the table surface. The chamber is
equipped with a headuty Kevlar® tarp around the rotary table for catchiplgyld components. Also,
there are video cameras mounted on the chamber walls for recording and timing the deployment even
Pyrotechnic releadevices can be activated by connecting lead wires throudtaaré slip ring that

allows the table to raéawhile maintaining electrical continuity.

| \4”

.|

Figure 6.2.61: Spin Deployment Chamber at WFF
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The WFF test facility is also equipped with a portable spin table that is used for special deployment te:
These include inverted deployments, during wieckpin table is suspended from the high bay bridge
crane, and horizontal deployments.

6.2.7 Centrifuge Machine (WFF)

A Genisco Model 106Bcentrifuge machine is used for component acceleration tests at WFF. It is capa
of achievingupto 100Gagc c el er ati on at a radius of 10.5 in
rotary table and the cover.

Figure 6.2.71 Genisco Centrifuge Machine at WFF

6.2.8 Magnetic Test Facility (WFF & WSMR)

At WFF, this facility is used to conduct magmealibration of magnetometers on sounding rocket payloads
and to perform functional tests on magnetic attitude control systems. When required, magnetic calibra
tests are donegenerally for all payloads with magnetometers except those in whegrbimeters are
used as roll or yaw indicators. The testjugpment consists of a three axis, 40 ft. square Braunbek syster
which is capable of canceling the effects of
direction.Techncal data are listed below

A'.*” .Mus
vm'ﬂl Za ﬁ

Figure 6.2.81 The Magnetic Test Facility at Wallops

. Resolution = 1uU nanotesi a

e Field magnitude = 0 to 65,000 gamma.
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The Magnetic Test Facility (MTF) was developed to support the magnetic testing capabilitieafor NAS/
Wallops Island. The MTF consists of the computer, control software, power supplies, racks, computer
analog instrumentation chassis, reference magnetometer, and rEteydoixsystem consists of a 40

f oot “ Sqbueacr’e dBersaiug @&factlitp with a 6ofoot ddraetet homogeneous field.

The MTF software is designed to interactively operate thexls@sagnetic coil system. The software
provides the operator with the ability to control the magnetic coil system either manuaighor thro
standardized automated tests. Automated test modes include Zero Bias, Linearity, Cosine Law respor
Axis Displacement, and Rotating Field. Other unique tests can be performed if required.

Three channels of analog data, typically correspondersto X, Y, and Z outputs, can be digitized to 14
bit resolution and are sampled, averaged, and stored in computer files for each applied field. The store
sets are text files which are converted and plottadrimsbft Excel ® for easy dataalysisPayload RF

data can also be sent ta@-for data recording and display. Consult Tabled @2dB6.2-2 on the

following page for details about the equipment and control capabilities at Wallops.

At WSMR, the Magnetic Calibration Facilitytheaollowing capabilities:
» -afis Station Magnetometer digital readout in milligauss
e 10 foot diameter Hel mholtz coil with adjust

Table 6.2.81: Instrumentation Available at the WFF Magnetic Tedtacility

Item Function Specifications Model
Proton Magnetometer Calibration Range: 20K 20K Gamma GEM
Resolution: 0.01 Gamma System
Accuracy: 0.2 Gamma G3M

Triaxial Fluxgate Test Range+ 100K Gamma EMDS

Magnetometer Instrumentation Resolution: 3 Gamma SDM-313
Orthogonality: 25 Arcmin

Triaxial Fluxgate Ambient Sensor Range+ 100K Gamma EMDS

Magnetometer (outside) Resolution: 3 Gamma SDM-313
Orthogonality: 25 Arcmin

Payload MagnetometeFest Range+ 100K Gamma Bartington

Instrumentation Resolution: 3 Gamma MagO03MRN

Orthogonality: 1 Degree

Theodolites Alignment Resolution: 20 Arcsec Dicarlo Theo020B

RF Horn Antenna Data Receiving Freq. Range:-118 GHz Emco
Gain: 7 dB Model 3115

RF to FiberOptic Data Conversion FreqRange: -5 GHz Ortel

Transmitter Watts: 6.4 mW 345620
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Physical Dimensions:
Access Opening
Static Field Environment:
Magnitude (each axis)
Step Resolution
Stability

Homogeneity
Dynamic Field Environment:

Magnitude

Frequency

Turntable
Coil Orthogonality
Fields

88" Hx 75" W

+100K Gamma

+3.7 Gamma

+10 Gamma/minute for first 30 minutes
+3 Gamma/minute after 60 minutes
0.02%, 6 ft. spherical diameter

+60K Gamma

10 Hz, Although 10 Hz to 100 Hz @ 1K
Gamma has been performed

4’ Diameter

1.8 Arcmin, Calibrated on 9/27/96
Earth, 0-15 Volts DC, 0-25 Amps

Test, (3-Axis) 50 Volts AC, +8 Amps
Gradient, 15 Volts DC, 6 Amps

6.2.9 Spin Balance Facility (WFF, Wallops Island)

Thereis oneGisholtBalancer (in M5), whichs similar to the one described in Sedi@rR. The facility is

also equipped withvébration analyzer, which is used to detect and measure mechanical vibrations durir
balancing. This Spin Balance Facility can perform balancing of hazardous systems including satellite &

kick motors.
6.2.10 Facility Cleanliness (WFF & WSMR

6.2.10.Wallops Flight Facility

The NSRP has access to a Clean Room and Clean Tent u7;Btdgss the street fromlle. Payload

hardware and GSE can be transported to the building by truck. There is a clean tent inside of the clea
room. The room has a crafdSROC Mission Management should coordinate access to this room if

requested.
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Figure 6.2.161 Clean Room at Wallops, Bldg. 7.

6.2.10.2White Sands Missile Range

The VAB science room is 40’ x57’ werdahne ndsingle adoess p
doors to the outside. ThB/AC system has an adjustable fresh air supply to create higher pressure in tf
science room compared to adjacent rooms, it is also equipped with an industrial humidifier to maintain
humidity above 30%Air filtration uses Mer41 filters and the HVAC blowers run continuouBhe

room is industrially cleaned once per year, all horizontal surfaces are wiped down after each mission ¢
monthly, floor is swept and mopped after each mission or monthly.

1 TheScience roomhastwosaefa | | c¢cl ean tents (one 10’ x 20
7 (Fed Standard 10,000) during the last test cycle.

1 ESD work areas are established and maintained by NSROC/SMA in the main science room ani
inside each cleamte

1 Temperature, Humidity and oxygen monitors are installed in the main science room and the cle
tents

6.2.11 Optics Capabilities (WFF & WSMR)

6.2.11.Xapabilities at WFF

Activities involving optics at WFF revolve around testing and integraBigh0@0 star tracker into the
CACS (celestial) missions. Capabilities include:
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Starsimulators in a dark room: a field of stars can be simulated and used to calibrate and
the star tracker. This is done by reflecting light from fiber optic cabl26-ioifia

parabolic mirror. The brightness can be adjusted, and collimation is achieved by placing
emitters at or near the focal point of the mirror. A spatial resolution ofs&@ aan be
achieved by controlling the separation of the emitters.sithaldtors can be wheeled

around on carts and positioned at different locations in the room to simulate different par
of the sky.

Articulateccradles: The payload can be made to look at different parts of a star field by
moving it on an articulated diain the dark room. Each cradle hasaxeas servo motors

that rotate the payload left & right or rotate up & down. With payload on the cradle
(approximately horizontal), this motion produces payload yaw and pitch, respectively.
Payload roll motion ot supported. The ACS valve commands can be linked to the servo
motor commands so that closed loop control with command uplink can be practiced.
Air-bearing: The payload can also be mounted on a large bearing supported by a layer o
that allows it tootate freely in 3 dimensions under control of its thrusters. This can be sett
in conjunction with the star simulators in the dark room to simulate a CACS mission.

6.2.11.Zapabilities at WSMR

WSMR supports both SPARCS VIl (solar) missions and CA€38Baehissions requiring optical
instruments. WSMR maintairgaak roomwith one star simulator to support CACS missions. Although
this room can support motion tests using a borrowed articulated cradle from WFF, it is not equipped tc
support akbearingests.

The rest of the discussion pertains to optics capabilities relating to solar misgitics. |ADis
dedicated to maintaining, testing, and calibrating the MASS and LISS sensors. The essential equipme
this lab is listed below:

1

=a

A sun simulatr reflects light from a special incandescent bulb at 1/100th the intensity of tt
Sun off a 18nch parabolic mirror to generate collimated light to exercise the sensors.

A rotary table to rotate the sensors with respect to the sun simulator. Timecandim
controlled in angle or in speed.

An opticsgrade granite table supports the rotary table and other equipment.

A German equatorial mount for the LISS gain ATP.

Ground support equipment including computers, data acquisition cards, power supplies,
cables, etc. This equipment controls the rotary table and gathers and stores the sensor ¢
for analysis.

Activities requiring sunlight such as testing and aligning optical sensors can be done intdebostatthe
room. The essential equipment in aatside of this room is listed below:

T

A heliostat or sun tracker sits immediately outside of the room, which faces South to
maximize sun exposure. Itsi2éh flat mirror reflects sunlight into the heliostat room

through a large window to illuminate thglpad. About 50% of the light intensity makes it
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through atmospheric absorption and other losses to reach the payload. The heliostat cor
system uses a sensor to determine the direction to the Sun and commands servo motors
rotate the mirror in pitcand yaw to track it. This setup can be modified to allow the LISS
to control the heliostat mirror directly in cleleg tests. If a command link is installed in
the payload, pitch/yaw closledp dynamic tests can be performed.

1 Sometimes the beam ohligeflected off the heliostat mirror is too small to illuminate the
entire payload. This commonly happemgnterwhen the Sun is low. These situations can
be remedied by using a secondary mirror in conjunction with the heliostat. Annbw 29
flat miror has been procured, and a custom mount for it will be finished by April, 2015.

1 The heliostat room houses a 5 ft x 8 ft granite table, which can be floated to maximize
stability for critical alignment tasks, and a clean tent to shelter sensitivequaignad

When inclement weather precludes the use of the heliostat, the team may choose to do the sensor
alignments and related tests with an@altionator in théntegration lab. This instrument emits

collimated light from an incandescent bulb thr@adi®inch aperture, similar to the sun simulator. But it
also has the capability to receive and measure reflections of this light off the surfaces of the sensors a
other objects placed in its path.

6.3.1 Static and Dynamic Balance

The Mechanic&ngineer must first determine which payload configuration(s) must be balanced (or
measured for imbalance) in order to ensure mission success. The Mechanical Engineer must also pro
the Test Technician(s) with the stations of the upper and lower pkaaesdor placement of balance
weights. The payload launch configuration must then be measured for Tip Indicator Runout, which is tl
amount of lateral misalignment of the payload measured at the nose tip. The payload shall then be bal
such that theriteria in Table 6.31lare met. It is important to ensure that dynamic balancing is not
performed at a spin rate equal to the -pwhyl oad
coupling, which can damage both the payload and thengaéanopment.

Table 6.3.11 Static and Dynamic Balance Specifications

Tip Indicator Runout Static Imbalance Dynamic Imbalance
(in.) (0z-in.) (0z-in.?)
<0.25 <300 <20,000

These limits can be surpassed if the payload team, specifiealiptheance Engineer, the Mechanical
Engineer, and the Mission Manager agree that the vehicle can still be launched successfully. When
applicable, the Mechanical Engineer must design the flight weights that act to transfer the effect of the
weights iternally

It is also required to perform a check balance of all spinning ACS payloads after flight balance weights
been installed. The acceptable residual imbalance for this operation is defined by the ACS Engineer. \
managers should schedukezettime to accommodate this requirement.

91



810-HB-SRP

6.3.2 Static Load (Bending)

The Performance and Analysis Engineer must calculate the maximum expected bending moment at tt
end of the payload (payload to motor interface) and predicted tip deflectitimsulodet. The

Performance and Analysis Engineer must then supply the Mechanical Engineer with the lateral load
necessary to achieve 125% of the bending moment or 50% of the rated capacity of the joints; whichev
greater. This load shall be applied theaforward end of the payload, usually at the first major joint.

It is important to bend the payload about more than one lateral axis, especially if the payload has mult
doors and/or large doors. After the tests are complete, the Mechanical Enginpesvide the

Performance and Analysis Engineer with the maximum tip deflection of the payload during each bend
These data will be used in the flight profile analysis and will be presented at the MRR.

Bend tests shall also be used to measuwertipiance of nestandard joints or joints that have been
modified significantly.

6.3.3 Mass Properties

Every payload must undergo mass properties measurements in both the launch and the control
configurations and any other configurations that arelatititng the mission; e.gerdry, booms in,
booms deployed, etc. The following properties will be measured.

*  Weight

» Center of Gravity

* Roll Moment of Inertia
e Pitch Moment of Inertia

The Mechanical Engineer must determine the angular orientatiopagiahe for the pitch MOI
measurement in order to obtain the best representation of this value for the Guidance, Navigation and
Control Group.

6.3.4 Vibration

The launch configuration of every payload must complete vibration testing in order to bedconsider
acceptable for launch. Before any full level tests are conducted in eabhuai#4;@Sine Survey must

be performed in order to determine payload natural frequénai&ke tests are conducted for tests in the
lateral axesThis information aabe used to limit vibration input and protect payloads and testing
equipment from excessive loads. The Mechanical Engineer must determine which vibration tests are
required according to the flow chart in Figure-6.3.4
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Figure 6.3.41 Vibration Decision Flow Chart

It is the responsibility of the Mechanical Engineer to provide the Environmental Testing Group with the
vibration test levels for a particular payload according to Table B.3.4mportant to heed the footnote
below Table 681 concerning payload bending during lateral vibration.
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Vehicle Level One Vehicle Level Two
Sweep Rate: 4 oct./min. Sweep Rate: 4 oct./min.
Test Profile Test Profile
3.0in./s 1444 Hz 3.84in./s -34 Hz
709 1442000Hz 1.53¢ 2110 Hz
“T’ 350 g 11800 Hz
N | THRUST AXIS ONLY 10.0g 86B000 Hz
E THRUST AXIS ONLY
Duration: 20 sec./axis Duration: 10 sec./axis
Thrust AxisSpectrum Spectrum
10.0 grms 12.7 grms
R| 0.051 ¢Hz 20-2000 Hz 0.01 §Hz 20 Hz
Q Lateral Axis Spectrum 0.10 gHz 1000 Hz
D 7.60 grms (on 1.8 db/oct. slope)
o | 0.029 g§Hz 20-2000 Hz 0.10 §Hz 10002000 Hz
M SAME IN ALL AXES
LEVEL 1 VEHICLES LEVEL 2 VEHICLES
T | Single Stage Improved Orion Single Stage Black Brant
E | Terrier MK12- Improved Orion Terrier MK12- Improved Malamute
S | Terrier MK12- Malemute Terrier MK70- Improved Orion
T Terrier MK12- Lynx Terrier MK70- Malamute
| Terrier MK70- Improved Malamute
N Terrier MK70- Lynx
F Terrier MK70-Oriole
O Black Brant IX
Black Brant X
Black Brant XI and Xla
Black Brant XII and Xlla

Note: Input to payload during lateral sinusoidal vibration must be limited during first bending mode via
dual control accelerometer at CG of the payload. This is done to avoid exceeding the maximum bendi
moment at the base of the payload.

6.3.5 Waivers

In theevent that a Principal Investigator wishes to exclude or modify one or more of the above payloac
tests, he or she must submit a request in writing to the Mission Manager. Another member of the miss
team may submit the request on the Principal Intestigas s behal f. The reques
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for the exclusion or modification and any other pertinent details. All requests must be reviewed and
approved by the Mechanical Engineer, the Mission Manager, and by the NSROC Chief Engineer.

6.3.6 Test Times

The following guide may be used for estimttagme required for each test
1 Balance (check, balance anchexk) 1 3 days
1 Vibration ¥2- 1 day
1 Bend Test %21 day
1 Mass Properties ¥4% days

6.4 Component Testing

A sounding rocket component is anycaitained functional unit comprised of two or more mechanical
and/or electrical parts. This includes, but is not limited to, transmitters, batteries, receivers, gyroscope:

In general, components that are nesighs and/or that have never been launched before are required to
undergdesting. SelIE40280 for more information. The following is a list of typical tests that are
conducted on sounding rocket components.

Thermal Cycling

Vacuum and Thermal Vacuum
Vibration and Shock
Acceleration

Deployment and Separation
Magnetic Calibration

= =4 4 A4 A A
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SECTION 7: NASA/GSFC/WFF Safety Policy and Responsibilities

This Section provides an overview of GSFC/WFF safety policies, and associated organizational
responsibilities, epational procedures, and flight and ground safety rules. Safety is a major considerati
in all successful sounding rocket missitros planning, design and engineering through launch, data
recovery and mission clasg. Safety requirements drawrufhee unique and exhaustive experience of

the Goddard Space Flight Center's Wallops Flight Facility. As an experimental lab under the National
Advisory Committee for Aeronautits]ater role as a research flight facility, and in its current role as a
GSFC facility, Wallops has more than 65 years of experience in sounding rocket operations, design, a
technology.

The policies, procedures and references in this Section apply to all mission activities conducted and
managed by GSFC/WFF and to all NASAleryees, NSROC (NASA Sounding Rocket Operations
Contract), contractor personnel, Principal Investigators (PI), and support personnel. Missions conduct
other launch ranges (such as WSMR) will comply with local range requirements, includingse¢hatremen
are more restrictive; however, policies and procedures described and referenced in this Section will be
considered the minimum requirements for all personnel. Pls should discuss safety considerations with
designated Sounding Rocket MM andutbreferences for detailed design, engineering, operational and
procedural guidance.

Note: Department of Defense (DOD) personnel adhere to DOD rules; however, they musi
adhere to GSFC/WFF policy and guidelines while at WFF, when the rules are more restrid

NASA/GSFC/WFF and NSROC publications provide detailed safety policdestawareness of existing
or potential hazards and provide appropriate control techniques:

1 Range Safety Man(@@SM2002C¥or Goddard Space Flight Center (GSFC)/Wallops
Flight Facility (WFF), dated 15 Mar 20Ibis manual can be accessed online at
http://sites.wff.nasa.gov/code803/docs/RSM2002C. pdf

1 NASA Safetytandards such as NSS 1740.12 for Explosive Safety, NPR8715.3 NASA
General Safety Program Requirements, NPD 8710.5 PdHogskure Vessels and
Pressurized Systems, GPR 8710.7B Cryogenics Safety ar®ITWIA9.9 for Lifting
Devices Safety.

1 NASA East/West Range Safety Requirements of EWR 127
http://sites.wff.nasa.gov/code803/docs/ground/ENMMR #1.htm

1 NSROC Safety and Health Plan QS51007, NSROC Quality Manual QS47413.
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7.1 Safety Policy

Safety plays an integral role in NASA's quest to expand frontiers in aeronautics and space. As we mo\
the 21st century, we have designated safety and health as our highest priority. We will not compromis
safety and health of our people and property nor harm the environment. We are working to achieve ze
mishaps in the NASA workplace, keeping in matcetrery employee's safety and health, both on and off
the job, is our concern.

The NASA Agency Safety Initiative (ASI) is aimed at strengthening NASA's capabilities so that safety
permeates every aspect of NASA work. By fully implementing thissi@itidtimcorporating safety and
health principles and practices into NSROC’s
of leadership in maintaining the safety and occupational health of our work force and the safety of the
products and séces we provide.

The ASI establishes the NASA safety hieratuhiprder we used to prioritize our safety efforts. The safety
hierarchy is:

1 Safety for the public; we absolutely must protect the public from harm.

1 Safety for astronauts and pilots; #w@ose themselves to risk in high hazard flight regimes

i Safety for employees; we owe it to our employees to provide them with a safe and healtt
workplace.

1 Safety for high value equipment; we are stewards of the public's trust.

By focusing on the safeof NASA's mission and operations, we will improve quality and decrease cost a
schedule

GSFC/WFF will conduct all ground and flight operations with a degree of prudence appropriate for higl
hazardous operations and in accordance with smlmblogical principles. To achieve this objective, three
cardinal principles apply:

1 Itis impossible to completely eliminate human error or system failures; therefore, safety
planning and precautions are established to cope with the resulting hazard.

1 Onepreventive measure is insufficient for hazard control. Planning procedures or systen
requirements shall be established such that a combination of at least two extremely unlik
events must occur to cause an accident.

1 Safety is an integral function afteaupervisor's responsibilities.

For any mission where these policies cannot be met, the risk will be analyzed and presented in a Risk
Analysis Report (See Section 8.4 below), with a recommendation for approval or disapproval, to the
Director of Suborbitaand Special Orbital Projects Directorate, Code, Code 800.

Again, safety is THE priority for sounding rocket operations. It is inherent in all policies and procedure
and an integral part of the GSFC/WFF Quality Assurance and ISO 9001 programs.biRg<pormsiy
given mission is shared by all parties involved.
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7.2 The Range Safety Organization

The Director of GSFC is responsible for safety at WFF. The Director of SSOPD, who represents the
Director of GSFC, has established a programmaticagketyzation and designated safety responsibilities
for other organizational elements. The references above describe the safety responsibilities for each
organizational component. The Safety Office of SSOPD (Codgr&83onsible for implementing the
range safety policies, criteria, and operations at WFF. The Safety Office is the principal safety coordir
for GSFC/WFF sounding rocket missions performed at other ranges.

7.2.1 Safety Responsibilities of the Mission Manager (MM)

The Mission Managertie primary safety planning point of contact for Principal Investigators. The MM
will provide to the Safety Office, no later than 90 days prior to the scheduled launch date, the following
for all new or modified launch configurations:

Flight Requinments Plan

Nominal flight trajectory data

Dispersion data

Vehicle physical characteristics

Rocket motor information

Vehicle structural limitations

Aerodynamic data

Wind compensation methods

Aeroelastic and flight loads analysis

All hazards associated vtttk launch operation.

= =4 4 4 4 -4 -8 -9 -9
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For standard vehicle configurations and payloads, nominal flight trajectory data, dispersion data, and v
compensation methods should be provided two months prior to the scheduled test date. The MM revi
vehicles and payloadsagsure criteria and range safety standards are met and refers all exceptions to tl
Safety Office (Code 803).

Approved safety procedures for vehicles and payloads meeting all range safety standards are published in
Operations and Safety Directive fbcampaigns and WFF operations and in the Flighir&eguts Plan for
other ranges.

7.2.2 Safety Responsibilities of the Principal Investigator (PI)

It i s the Principal l nvestigator’s r esparitesa bi
set forth in thdRange Safety Manual for GSFGREN2002C) as well as the other safety materials cited
in the introduction to this Section.

Pls must design vehicle and payload systems to fully ctmfoenpolicies and criteria establighethe
GSFC/WFF; and must identify any vehicle or payload systems and/or operational requirements that cz
meet the GSFC/WFF and NASA safety policies and criteria.
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Pls will provide data to the MM, either through conferences or formal documentaaiatyfoeview.

The data will include information on payload systems, descriptions, and requirements of the project
operations. Pls must also submit requests for any waivers from prescribed procedures before arriving
GSFC/WFF. Appendix Idetailghe data required in formal documentafan.additional information see
Range Safety Manual for Goddard Space Flight Center (GSFC)/Wallops Flight Facility (VIGFXRSM
dated 15 Mare 2015.

In the event of a mishap, a NASA Mishap Report, Form 182 initiated and forwarded to the WFF
Safety Office, Code 803. The Safety Manager or the Operations Safety Supervisor will take reasonabl
proper actions to limit or prevent injury to personnel and damage to or loss of equipment and property.
Managment and safety personnel will issue instructions for any investigation and reports required thro!
the MM.

Pls will be required to provide information requested to fully understand the cause of the mishap and
develop recommendations for any subsequensac

7.3 Ground Safety PlaiGSP)

The ground safety goal of GSFC/WFF is to minimize the risks to personnel and property involved in th
handling, preparation, and launch operations for launch vehicles and payloads. A Ground Safety Plan
preparedy the Safety Office, Code 803, prior to any launch operations conducted by GSFC/WFF at W
or other ranges. This plan covers operating variables involving the storage and handling of explosives
propellants, vehicle and payload/experiment assembbadapeeparations where other than normal
procedures are used or operating conditions are particularly hazardous.

The Ground Safety Plan is based on information provided by the Principal Investigator (Se&lAppendix
for details), the Mission Team, an@tggfersonnel.

Note: Ground safety data packages are provided for operations at established ranges: WS
Andoya; Ground Safety Plans are provided for operations at WFF, Poker Flat Research R3
mobile campaignwhere NASA is the leaahge

The Ground Safety Plan will typically include information on the following:

» List of all hazards associated with the mission

» Exposure limits for personnel working with hazardous material. The cardinal principle is to limit
exposure to the immum number of personnel, minimum time, and minimum amount of
hazardous materials, consistent with safe and efficient operations.

» Operational restrictions to be observed by personnel during specific tests or operations

* Chemical Systems

* Cryogenic Systems

» Electreexplosive circuit requirements

» Electrical storm criteria and restrictions on safe operations

* REF restrictions on operations at specified RF levels

» Personnel requirements for safety devices, clothing, and procedures
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» Radioactive sources safetyuirements

» Pressure vessel safety requirements

» Security warning and control procedures

» Operational control and procedures for all areas and material related to the mission.

7.4 Flight Safety Plan(FSP)

The flight safety goal of GSFC/WFF is to precamdenpact which might endanger human life, cause
damage to property, or result in embarrassment to NASA or the U. S. Government. While some degre
risk exists for every mission, each flight must be carefully planned to minimize that risk whilg maximizi
the probability of attaining mission objectives.

Prepared by the Safety Office prior to any launch operation conducted at GSFC/WFF, the Flight Safet
Plan describes the quantitative and qualitative aspects of the proposed vehicle flight. Foabp#rations
ranges, any special flight safety restrictions or requirements will be documented in the Flight Requirern
Plan or other operations document.

The Flight Safety Plan is based on information provided by the Mission Team (Seethjfpatetad)

and information provided by NASA/WFF and NSROC engineering, operations, and safety personnel.
Details on flight safety criteria are found irRifuege Safety Man@@E5M2002C¥for Goddard Space

Flight Center (GSFC)/Wallops Flight Facility (WFF), dd&gedar 2015 This manual can be accessed
online ahttp://sites.wff.nasa.gov/code803/docs/RSM2002C. pdf

Pls are expected to determine their minimum requirements fordasedion their scientific
needs/requirements. The MM will work with the Safety Office to ensure the mission requirements will r
safety criterid.he Pl may be requested to participate in the planning for other safety related aspects of
missionas equired

The Flight Safety Plan will typically include information in the following areas.
7.4.1 Impact Criteria:

All flights will be planned in accordance with impact agreements and conducted so that the planned inr
or reentry of any part of the latinvehicle over any landmass, sea, or airspace does not produce a casu
expectancy greater tharf.18dditionally, an impact probability on private propeff-range greater

than 10 must be approved by a waiver.

7.4.2 Overflight Criteria:

Vehicleoverflight of a populated area may only be planned when flight termination capability exists and
or more of the following criteria are met:
* The probability of a land impact and resultant CE due to an overflight failure does not violate
established ¢erria.
* Formal government or private agreements are established which allow the overflight.
* ltis approved in RiskAnalysis Repodnd/or the Flight Safety Plan
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7.4.3 Flight Termination Criteria:

GSFC/WEFF flight safety policy requires a fligithination system in every stage of a launch vehicle unles:
it is shown that the flight is inherently safe. Inherent safety is determined by probability estimates base
known system errors and qualifying conditions specified in safety regiyaicatly, unguided, spin
stabilized, sounding rockets are deemed inherently safe at nominal flight elevations below 85 deg.

If a launch vehicle cannot mtet above set of conditions, a Fligitrinaion S/stem (FTS)must be
employed whereby thrust maytdreninated, stage ignition prevented or delayed, or other means employe
to ensure that the impact and overflight criteria are notexdeddé&d. s ar e r el ati vely
therefore missions should have a strong scientific justificatigraifahe be employed.

7.4.4 Flight Termination System Design Requirements:

The design of a vehicle flight termination system must be submitted to the Safety Office {@Gode 803)
analysis and approval. THeSFdesign requirements are found in RC@3F'Scommonalitystandary

7.4.5 Flight Planning Criteria:

Launch vehicle flight safety is usually associated with the containment of spent stages, hardware, and
payload components within planned impact areas. Since the entire set of variables (vehicle
aerodynamic/ballistic capabilities, azimuth and elevation angles, wind, air, and sea traffic, and propose
impact areas) is never duplicated, each flight is unique. It is, therefore, imperative that the vehicle desi
reliability, performance, and errggdictions for each flight case be analyzed by the Safety Office (Code
803) to ascertain the flighorthiness of each launch vehicle.

7.4.6 Range Clearance Criteria for GSFC/WFF Launch Range:

GSFC/WFF coordinates flight operations with the Federal Avidiministration (FAA), the US. Navy,
and other organizations, as required, to clear impact areas. The halardarkascket are defined and
all flight safety criteria must be satisfied before a launch is allowed. No vehicles will beithonthed
prior clearance.

7.4.7 Operational Procedures:

Criteria are specified for vehicles with and without flight termination provisions and include wind weigh
shipping, launch limitations, and-latench checks.

7.5 Safety Analysis Report

When direted by GSFC/WFF, Safety Analysis Reports are prepared to document safety risks in refere
to baseline safety requirements and criteria. These reports include a summary of hard hazard analysis
state the risks that may be incurred by a soundingopekation. Safety Analysis Reports are also used to
obtain GSFC/WFF approvals of waiver requests for exemptions from safety requirements. A typical Se
Analysis Report includes:

* Introduction and project description

» Safety criteria

» Hazard specificationgreventive measures, and risk assessment for:
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- Ground safety

- Flight safety

- Environmental hazards
» Details of all safety procedures

Formal specification, justification, and risks for any waiver requested for exception from safety
requirements.
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SECTION 8: Launch Operations

Since its inception in the late 1950's, the NASA Sounding Rocket Program has conducted launch activ
throughout the free world. A listing of NAS#pported sounding rocket launch sites which have been an
are currently being used is included in Bable

Sounding rocket launch operations are currently conducted at a number of United States and foreign
locations. These facilities vary from very comprehensive launch and payload preparation, launch, rec
and data collection sites like WFF and WtMiibre austere sites equipped with mobile systems that are
tailored to a specific campaign. Although each range has some unique requirements, some common
exists across all ranges. This Section highlights some of the procedures generallyatbimethartd

mobile ranges.

8.1 Launch Ranges

Table 81 identifies the locations of many US and foreign ranges used for NASA sounding rocket flight
operations. Mobile facilities deployed from WFF can augment the established facilities at any range, &
needed. Details regarding the sounding rocket program support facilities, range operations, logistics, .
visitor information at WFF are in Section 10. Other frequently used fixed ranges are listed below and
detailed in Appendix

1 U.S. Army White Sasd/issile Range, Appentlix
1 Poker Flat Rese&r®ange, AppendixX2l
1 Andgya Rocket Range, Norway, Appen8ix

Note: The principal point of contact for questions regarding procedures and requirem
related to use of the various ranges is the sguodket Mission Manager (MM).

Table 81: Sounding Rocket Launch Sites Worldwide
Currently Used Sites

Andoya, Norway Fixed Range (Full Facilities)
Kwajalein, Marshall Is. Fixed Range (Full Facilities)
Pacific Missile Range Facility, Barkir| Fixed Range (Full Facilities)
Sands, HlI

Poker Flat Research Range, AK Fixed Range (Full Rites
Wallops Island, VA Fixed Range (Full Facilities)
White Sands Missile Range NM Fixed Range (Full Facilities)
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Infrequently Used Sites

Antigua, UK

Mobile Range Site

Ascension Island, UK

Mobile Range Site

Barter Island, AK

Mobile Range Site

Camp Tortuguera, Puerto Rico

Mobile Range Site

Cape Parry, Canada

Mobile Range Site

Chikuni, Canada

Mobile Range Site

Coronie, Suriname

Mobile Range Site

Eglin AFB, FL

Fixed Range (Full Facilities)

El Arenosillo, Spain

Fixed Range

Fort Churchill, Canada

Fixed Range (Decommissioned)

Fort Greely, AK

Mobile Range Site

Fort Sherman, Panama

Mobile Range Site

Fox Main, Canada

Mobile Range Site

Karachi, Pakistan

Fixed Range

Karikari, New Zealand

Mobile Range Site

Kerguelen Island, France

Mobile Range Site

Keweenaw, Ml

Mobile Range Site

Kiruna (Esrange), Sweden

Fixed Range (Full Facilities)

Kourou, French Guiana

Fixed Range (Full Facilities)

Natal, Brazil

Fixed Range (Full Facilities)

Ny- Alsund,Svaldberg

Fixed Range

Point Mugu, CA

Fixed Range (Full Facilities)

Primrose Lake, Canada

Mobile Range Site

Puerto Rico

Mobile Range Site

Punta Lobos, Peru

Mobile Range Site

Red Lake, Canada

Mobile Range Site

Resolute Bay, Canada

Mobile Range Site

San Marco, Kenya

Fixed Range

San Nicholas Island, CA

Fixed Range

Sardinia, Italy

Mobile Range Site

Siple Station, Antarctica

Mobile Range Site

Sondre Stromfjord, Greenland

Mobile Range Site

Thumba, India

Fixed Range

U.S.N S. Croatan

Shipboard Range (Decommissioned)

U.S.N S. Range Recoverer

Shipboard (Decommissioned)

Vandenburg Air Force Base, CA

Fixed Range (Full Facilities)

Western Test Range, CA

Fixed Range (Full Facilities)

Woomera, Australia

Fixed Range (Partial Facilities)

104

810-HB-SRP



810-HB-SRP

8.2 Launch Operations

As always, safety is fhr@rity for NASA operations. Each range has unique safety considerations and a
members of the mission team must be familiar with local procedures and the governing protocols that
regulate operations. Be alert to signs and signals. Medicalrfegiliiesninimal; and an accident may

end the participation in a campaign.

8.2.1 Rules b Remember

1 Range Clearance: Range clearance requests must get to the range well before team and equiy
arrival; the MM coordinates clearance requests for all raasmomembers Alwayshandcarry a
copy of the request to the range.

1 Foreign Nationals: Check with the Mission Manager. Requirements vary widely and change of
but generally notice of foreign national participation must be given many monthsen advanc
Paragraph 10.3 outlines the information to be provided to the Mission Manager.

1 Vehicle Pass: Most ranges require all vehicles to display a pass to allow entry. All private and r
vehicles will be processed according to local range procedures.

1 Alcoholic beverages: Some ranges have designated eating areas where alcoholic beverages at
permitted; on all other range property, consumption of alcoholic beverages is usually forbidden.

1 Photography: Some ranges have very rigid restrictiphstography by other than designated
personnel, but rules vary from range to range. It is best to discuss your photography requireme
with the Mission Manager and appropriate range personnel so that arrangements can be made
meet your requirements.

8.2.2 Role of the Mission Manager

The launch site is a place where fluctuation is almost inevitable and flexibility is a constant requiremen
The Mission Team is focused on operations; th
everyone is adjirsy to the safety and operational rules governing the location. Communications across
areas is of paramount importance and the Mission Manager must be the primary point of contact for th
communications. Questions abotgakeduling, range bounda and buffer zones, flight termination,

and transportain should be fielded through the Mivid the location of everyone participating in the
launch should be known to Hivar at all times. The MBhould be constantly apprised of changes made,
or delgs and problems encountered. The Mission Manager will make sure that unresolved issues are
addressed, procedures strictly adhered to, and the overall success of the mission ensured.

8.2.3 The Flight Requirements Plan

The NSROC MM prepares the Flight ilexments Plan (FRP) or operations directive (discussed in Sectic
2). The plan is sent to the range several weeks before the Pl arrives at the range. The FRP includes d
the rocket and the experiment, and lists all of the supporting activities riéuaggé must provide for

launch and recovery operations. Based on the FRP, the range coordinates its functions. For operation
mobile ranges, the Campaign Manager includes the same information in the Operations Document.
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8.2.4 Test and Evaluation

Mostlaunch ranges do not have test and evaluation facilities. Therefore, it is imperative that T&E be
completed prior to shipment of the experiment and support equipment to the range. Typically payload
integrated at WFF.

8.2.5 The Field Schedule

Prepaed by the Mission Manager, the field schedule lists every major operation. Any change to the F
Schedule should be made through the Mission Manager as promptly as possible.

8.2.6 The Preflight Conference

Shortly after arrival at some range site®|thed WFF personnel meet with the range personnel in a
Preflight Conference. Attendees review the requirements, thoroughly discuss all aspects of range sup
operations, and coordinate those operations with the PI's activities. Any problemsldrefoisate

after the launch are resolved or become action items.

8.2.7 Recovery

Payload recovery requires extensive prior planning. In the event of a failure, the recovered rocket (or |
is considered property of NASA until inspection has been tesgi¢he site and the Mission Manager
decides that further disassembly or removal will not make an analysis of the failure more difficult.

8.2.8 PostFlight Conference

Typically, before leaving the field, a-Pbght Conference is held to present anyptiments or

complaints regarding field services to range and NSROC personnel. Suggestions for improved operat
may also be presented at this time. Based on the information on hand, brief reports on the success of
flight are presented and anywn@anomalies are reviewed.

8.3 Foreign Ranges

The use of foreign ranges entails several additional responsibilities and procedures for the PI. Althou
scientific and technical procedures are similar to those by U.S. ranges, the use of foremguinesmges
shipping, travel, communications, and housing arrangements which pose additional challenges. For
example, special consideration regarding the coordination of data acquisition sites or special
communications provisions may be required. The BRR@erienced in the use of foreign ranges and any
special provisions those ranges may rediiesangeat Andgya, Norwaig discussed in Appendiand

provide an idea of the types of facilities available. Figlrsh®®s the range at Woomeratralia- a

fixed range with partial facilities. NASA operations at this range are augmented by mobile range syst
provided by WFF.
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Figure 8.31. Range Facilities at Woomera, Australia

8.3.1 Experimental Techniques

Some experimentaichniques such as chemical releases, onboard radioactive sources, and explosive
payloads, require additional coordination with the U.S. Department of State and foreign governments.
Adequate time must be built into the schedule to allow for obtainimegéssary authorizations.

8.3.2 Travel & Lodging

The Mission Manager can supply current information on available lodging and travel, including rates a
distance from the site. Pls are responsible for their travel and lodging arrangements.

8.3.3 Access

Access to foreign ranges is controlled by the foreign government or other institutions and their
requirements must be adhered to. The Mission Manager can advise on proper procedures. Current
passports and visas are mandatory when visiting foreign ranges.
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8.3.4 Foreign Nationals

The host country controls access to foreign ranges by other foreign nationals. However, as discussed
Section 2, a TAA is often required when NSROC personnel are required to interface with foreign natio

8.3.5 Shipping andExport Control

The Mission Manager works closely with NASA shipping and export control personnel to ensure all pa
hardware, GSE, and support equipment arrives at the range in a timely manner. Since NASA must ok
an export license for much of gtépment, planning must begin much earlier than for launches from US
ranges. Generally, for missions launched at foreign ranges, all experiment hardware and GSE is shir
WFF then consolidated into one foreign shipment thatesetbby a NASA expdicense.

8.3.6 Postal Service

Usually a good postal service is available. The Mission Manager can provide the postal address of the
foreign range. Internet access is usually available at all ranges.

8.4 Mobile Range Operations

Mobile range operatismre conducted worldwide in locations dictated by the scientific experiment
requirements. WFF has the mobile support systems necessary to establish and support sounding rocl
campaigns anywhere in the world.

The selection and use of a mobile rangdseataigh degree of planning, coordinaéiod,cooperation.
Figure 8.4 shows an operation at the mobile rang@agierlussua@reenland. This range and the range
at Woomera, Australia (Figure 3.4exemplify the adaptability of mobile operatioastieme conditions.
While rainfall at each range is similar, the temperatures are very-dlife/anstralian range is a hot
desert and the Greenland range has arctic conditions. In spite of the diffeaagicegumements are
similarFor examm, environmental protective covers and other similar ground support equipment is
required in both locations, and similar rockets are flown.

Figure 8.41Range Support Operations irKangerlussuaq Greenland
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Figure 8.2 shows the Woomera, Australia launch rangedegtngthe Supernova 1987A investigation.
Note the portable shelter to provide a controlled environment. This type shelter can be used worldwide

Figure 8.42 Woomera, Australia

Mobile ranges gerdlly have some common characteristics that provide challenges to the efficient and
effective planning required to conduct sounding rocket campaigns. Some of the more challenging
conditions are:

8.4.1 Remote Locations

Mobile ranges are frequently locateeémote foreign locations with limited habitability and sparse land,
sea, or air communications. Transportation to and from the range, including customs clearance for
equipment and personnel, becomes a major planning consideration. Living coaditiomesiares
inconvenient or sparse. Adequate medical facilities may not be readily available. A medical emergent
mean a quick trip home.

8.4.2 Harsh Environment;:

Mobile ranges may be located in harsh environments which work against the ptioperduoi
equipment. Careful consideration of range environmental conditions during the planning, design,
integration, and T & E phases is necessary.
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8.4.3 Limited Technical Facilities:

Because ranges frequently have very limited or no techtiioed fagstems for communications, launch
preparation, launch, command and control, data collection, and recovery must be provided. Payloads
be ready to go when they reach the range because T & E facilitie®xzistamin

8.4.4 Limited Communications:

Communication circuits on the range and to and from the range may be fewer than desired. This plac:
additional burdens on communication planning so that at least minimum communications requirement:
be met. Campaigns at mobile ranges frdgurolve observers in other locations or countries; sparse
communications may prohibit optimum communications among all participants in an experiment.
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SECTION 9: Data Processing and Analysis

WFF data processing and analysis systems and fa@iritis a wide range of support for sounding rocket
planning, engineering, operations, data acquisition and analysis. This Section describes those system:
procedures by which Pls can obtain the support required for individual experiments.

9.1 Computer Systems

General purpose computer support is provided bgitigon Graphics (SGhinicomputers. These
computers are referred to as Range Data Acquisition Computer. The first is the prime called DQCA an
second is the backup DQCB. The third compsit@idesktop that is used to process post flight radar data
reduction products and to generate preflight look angles and INP files for slaving.

9.1.1 RealTime Computer Systems (DQCA,DQCB)

Used primarily as a range safety tool, the DQCA and DQCB are two systems in a network of tracking t
and communicatiorsipporting control and data display facilities in the Range Control Center. The sing|
point, failuretolerant system accuratelgdgicts the impact point of any vehicle launched from WFF and is
capable of transmitting separate command functions to the research vehicle. These can vary from stag
firing of the vehicle to actuating command devices aboard the experimental payleadnstetices

when the PI requires recovery of experimental equipment, the DQCA, DQCB directsfoeces¢oythe
recovery point.

Figure 9.1.11 RTBS, RTCS in Operation at WFF

Many of the research vehicles launched from WFF have no guidaricecbicdpability. This type of

rocket must be launched in a way that compensates or offsets the impact of any forces acting on it tha
could cause it to deviate from a desired flight path. To aid range safety personnel in determining the
compensation reqed, wind weighting is performed by the redundant Wind Weighting computers in the
Range Control Center. Data from meteorological system sensors, chaff, and radio Sondes are used to
a profile of winds from ground level to an altitude of 129,0Ghte&s compute the position of the

launcher to compensate for the wind forces acting on the launched vehicle. In addition to providing rar
safety information, the Wind Weighting Computers can provide look angles (slave angles in elevation
azimuth thiaenable the radar or telemetry antenna to acquire the target) to any radar or telemetry
installations which have compatible formats.
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9.1.2 Data Reduction Computer System (DRCYS)

The primary application of the DRCS is to perform flight radar data redpetiations. Data from other
positional sources such as optics, telemetry, and special sensors can be incorporated. The DRCS alsc
processes some telemetry data such as attitude data reduction from the Space Vector Corporation Ml
platform gyros flown omany sounding rocket missions.

9.1.3 Engineering Computer System (ECS)

* The ECS directly supports sounding rocket programs. ECS analytical tools and capabilities incli
» Launch Vehicle Physical Properties
» Aerodynamic Characteristics Determination

- Subsonic, Supersonic, Hypersonic.

- Linear, NoHinear

- Launch Vehicles, Femtry Bodies.
* Flight Simulation (EndBxoatmospheric)

- Launch Vehicle Performance (Flight Trajectory)

- Launch Vehicle Stability (Static, Dynamic)

- Launch Vehicle Guidance

- Payload Dynansg¢Attitude Control

- Special Studies (Magnetic Field, Solar Eclipse Geometries)
* Flight Loads & Structural Analysis

- Launch Vehicle Vibrational Modes

- Aeroelastic Effects

- Vehicle/Payload Mechanical Design
e Thermal Analyses (1,2, &3Nodal Networks)

- Aeroheating (Ascent and-&ry)

- Spacecraft Thermal Studies

- Shuttle Bay Payload Thermal Analysis

9.1.4 Launch Status Review System (LSRS)

The LSRS, in association with the ECS, provides a capability for monitoring launch conditions during
operations at Wite Sands Missile Range. Wind profile data, launcher settings, and simulated trajectorie
transmitted to WFF in real time and captured in IBM PC/AT computers. Selected data are then sent to
ECS for display. Wind profile data may be used asanfautdus flight simulations for guided vehicles; the
output is then used to assess control system behavior and vehicle flight characteristics.

9.1.5 Special Purpose Computers

Many special purpose microcomputer and minicomputer installations suppiorg socket experiments
and operations. The sounding rocket MM can advise which ones may be the most helpful in correlatiol
with the experiment.

9.2.4 Positional Data Policy

In order to standardize the earth model between impact prediction and data rdoigdGS84
Ellipsoid/North American Datum of 1983, is used for data products generated by the WFF Data
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Processing Installation. Wallops Internal Publication82EB=01, Geodeti€oordinates Manual for
NASA Goddard Space Flight Center, Wallops Haghlity, January 1995, contains coordinate information
on WFF and other sounding rocket and balloon facilities.
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SECTION 10: Wallops Flight Facility

Located on the Delmarva Peninsula approximately 80 miles northwest of Norfolk and 40 miles southez:
Salisbury, WFF sprawls over some 6000 acres o
Route 13 runs the entire length of the Peninsula and connects with major routes along the Atlantic Co:x
from Maine to Florida. WFF is linked witk thorfolkHampton Roads area by the Chesapeake Bay Bridge
Tunnel.

Wallops Main
Base

2" Wallops
Island

FFFFFFFF

Wallops Flight Facility (%) ) o8

Figure 1601: Wallops Flight Facility Mag

WEFF consists of three separate properties: the Main Base, the Wallops Island Launch Site and the We
Mainland.

The Main Base (Figure20 houses the management and engine
rocket, balloon and aircraft projects. This includes administrative offices, technical service support sho
rocket inspection and storage areas, ariragpéal research airport, laboratories, the main telemetry
building, the Range Control Center, a large computer complex, and telemetry, radar, and communicati
facilitiesThe Dobson Total Ozone Measurement Facility and the lonosonde transmitteriaetemiso

here. The National Oceanographic and Atmospheric Agency, the U.S. Navy, the U.S. Coast Guard anc
Mid-Atlantic Regional Spaceploalve tenant activitieslatated here.
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Figure 162. Wallops Main Bas:

The Wallops Island Launch Siemedafter 17thCentury surveyor John Wallaarrier island (six miles
long and ondalf mile at its widest poingJocated approximately seven miles southeast of the Main Base
A causeway and bridge permit easy access across two miles of maratpasthliw/aterway that

separate it from the mainland. Launch sites, assembly shops, blockhouses, dynamic balancing facilitie
rocket storage buildingstadar site, the unmanned aerial vehicle ruawdanglated facilities are resident
onthelslandr ai ni ng and devel opment of support pers
conducted there as well. Figure& 1€ a photo of Wallops Island looking north.

Figure 1603. Wallops Islanc
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Wallops Mainland, a hatiile strip of land at the opposite efthe causeway behind the Island, is the
location for the longange radarsommand destruct transmittensd communications transmitter
facilitiesthis has been movedMain baseFigure 1€ is a photo of the Wallops Mainland.

Figure 164. Wallops Mainlana

Geographically, WFF is located at 37.8° N 75.5° W.

10.1 WFF Sounding Rocket Program Support Facilities

The primary support functions for the NASA/WFF Sounding Rocket Program include sounding rocket
design, fabrication, mechanicalrigstelemetry, environmental testing, assembly, launch, tracking,
recovery, and acquisition and analysis of scientific information; all have been thoroughly discussed in
previous sections of this Handbook. The facilities which house those functietayecientists and
engineers from the research centers of NASA, foreign and U. S. Government agencies, colleges and
universities, and the worldwide scientific community.

10.1.1 Engineering Support Facilities

Engineering support includes analyticalpfiys and design studies; payload, vehicle, and recovery syste
engineering; rocket and payload test and evaluation; and data analysis. Engineering and system desic
development, and acquisition for data and communications systems, radar anstepiscaéemetry
systems, and mechaalisystems are performedaldyighly qualified organization of engineers and
technicians supported by laboratories, test, calibration, and data processing facilities.
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10.1.2 Payload Integration Laboratory

The Payloathtegration Laboratory includes facilities for complete (mechanical and electrical) payload
buildup and checkout. The laboratory can support the processing of multiple payloads simultaneously
includes telemetry ground stations @tehn room facilés are located in an adjacent building and can be
scheduled when requir®dork areas are available for the Pl and staff to perforamprposintegration
preparation and checks. The telemetry ground station is capable of supporting multiplé Spksefosa
flown. Figure 10.1-2 shows a complex plasma physics payload undergoing integration in the Payload
Integration Laboratory at WFF.

e X

Figure 10.1.21 Plasma Physics Payloadl9.002JE) During Payload Integration

10.1.3 Environmental Testing Laboratory

Environmental testing of completed payloadsassemblies and components is accomplished at WFF
Environmental Testing Laboratory where flight readiness is verified through exposure to intended fligh
environments. This laboratory is adjacetitd Payload Integration Laboratory for convenience in payload
handling and logistics. A detailed discussion of environmental testing policies and test equipment is in
in Section 6.

10.1.4 Payload Construction

The WFF Mechanical and Electrical ieation Facilies is fully capable of fabricating sounding rocket
payloads and launch vehicle components, including electrical components such as circuit boards, cabl
custom interfaces between experiment components and standard sounding pokehtsossembly
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of payload and system components, calibration, and integration of the experiment and sounding rocke
vehicle is accomplished in WFF facilities.

Figure 10.1.41: Machine Shot

10.1.5 Computer Support

Special purpose and general purposguter systems at WFF perform preflight and flight mission
analysis, data reduction, vehicle and payload analysis and support flight operations. Section 9: Data
Processing and Analysis explains the available capabilities in more detail and oRtBrEstdiaw

support.

10.1.6 Range Operations

WFF has a comprehensive, flexible complement of operational facilities providing a broad range of suj
for sounding rocket, balloon, and aircraft operations. These include:

* Meteorologiddacilities: Wind datsystems support launch operations. Fixed, balloon borne and
optical sensors are available for coordinating experimental data with existing conditions. WFF |
supported by NOAA data systems and a local forecasting office. The lonospheric Sounding Rc
Sation provides detailed data on the ionospheric characteristics; the Dobson on the Wallops
Mainland provides total 0zone measurengetite Main Basgand a lightning detection system
tracks lightning conditions over a wide area of the easternSiait=

* Ground Tracking Facilities: Several mobile and fixed radars and related data reporting facilities
support sounding rocket missionse Tadars operate in the Sa@] Xxbands(tracking radars
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operate in Cthe newdebris radars from Kennedy agierin X. The surveillance radar operates in
Sband)

Figure 10.1.61: WFF Fixed Radar Syste

Telemetry Facilities support real time telemetry acquisition and data reduction and provide dat:
detailed analysis.

Launch Facilities are located on &yallsland. Facilities include pad, launcher, checkout, fire
control and communications systems. Facilities can support all NASA sounding rockets. The re
extends easterly over the Atlantic Ocean.

A variety of Payload Recovery Facilities are availabde r¥¢overy operations are coordinated
througheitherthe local U.S. Coast Guard in Chincoteague, Vii@imia a contract between

NASA and local commercial entitigeming systems, which can be included in the payload
package, assist recovery.

Aircraft and Airfield Support is available by contacting the WFF Range & Mission Management
Office (Code 840). This includes surveillance, transportation, optical and visual data acquisitior
and telemetry support. There are three runways ranging in lengt/8@@m8,750eet. Control
Tower support is available. Procedures for use of the airfield are conit#digd-000001,

36FC1, Rev BVallops Airfield Operations Manus#ould this manual be hyperlinked?
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* An extensive network of Command, Control, amdr@anications Facilities support launch
operations. Several facilities support specific aspects of the operation such as radar plets and
look data acquisition. The focal point, however, is the Range Control Center on the Main Base
which controls lauhes, range safety, command/destruct functions, timing, and mission
countdowns through instantaneous communications with all involved a@uutiekokdata
acquisition, graphic displays, and video views of launches are available.

* Mobile Rang€acility and Rocket Launching. Mobile range instrumentation vans support payloa
meteorological, radar, control, telemetry, communications, power, and data functions. These
facilities serve as mobile launching and tracking stations which can bdasd bpsed stations
throughout the world or on board a large ship, suchaage(a barge is more probable than
scheduling an aircraft carriéoy experiments in international waters. Vehicle and payload handlir
and storage facilities are availableimber of launchers, variable in both elevation and azimuth,
which can safely handle msttige vehicles are also available. All instrumentation vans are
environmentally controlleshd are provided with communications, local intercom, precision
timing, &d data displays.

10.2 Working at Wallopsd Rules, Regulations, and Logistics

Although the normal WFF workday is 0800 to 1630, Monday through Friday, the facility has a flexible \
schedule that permits employees to start as early as 0600 olateods d800. Work at other times must

be coordinated with the MM to ensure access to required facilities and the availability of necessary tec
personnel. All U.S. Government holidays are observed.

10.2.1 Access

Access to the Main Base and the délainland complex is controlled by guarded gates, Pls should
provide the MM with identification, dates of visit,cGomdirmation of citizenshigrior to arrival so that
necessary passes can be obtained. The MaBeBgs® Officés a necessary firgds for any WFF visit.

10.2.2 Accommodations

Housing, cafeterimternetmail and express delivery, and telephone service is available at WFF:

* Housing: Two dormitories on the Main Base provide accommodations for NASA and other
personnel on temporary gt WFF. Use must be coordinated through the Mission Manager.
Many visitors prefer to use local motels and restaurants, available year round on neighboring
Chincoteague Island. The MM will be happy to assist with housing arrangements for either ven

» TheMain Base Cafeteria is located in BuildiagHteakfast (0700 to 0900) and lunch (1100 to
1300) are served. The Williamsburg Room may be reserved for special events including group
evening meals.

* Mail and Delivery Services: The WFF Post Office isdamatenderson Road, behind the
Cafeteria and adjacent to thedfies administrative buildings. Express Delivery Services are
provided by United Parcel Service (UPS) and Federal Express daily.

* Transportation: Once clearance is approved through the Mag8eBaisty Officepersonal
transportation is generally used on the Base. Transportation of sounding rocket components b
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truck is arranged by the MM. Packing, shipping/receiving and material handling of equipment &
components is detailed in Section.2®&low.

Telephone: Federal Telecommunications System (FTS) service is available to U. S. Governme
users for official calls only. Access to the system is by dialing "9".

Airport: Chartered and private aircraft, both propeller and jet types, maydasmhéss purposes

at the WFF Airport, with prior approval clearance. The nearest commercial airports are in Salis
Maryland, (40 miles north) and Norfolk, Virginia, (70 Miles south). Rental cars are available at
locations.

Medical: In additiorotthe WFF cliniéor medical and emergency rescue capabilities, WFF
maintains communications with local emergency rescue and medical organizations. Major mec
and hospital facilities in the surrounding Virginia and Maryland counties include Shore Memori:
Hospital in Nasseadox, Virginia, and Peninsula Regional Medical Center in Salisbury, Marylanc
Emergency rescue and ambulance support is available from surrounding communities.

Police: WFF maintains a Federally trained and certified Security Police force that presgles ac
control, law enforcement, response to calls for service and security for various operations both
the Main Base and on the Islaftiey are armed and equipped with patrol vehicles and off road
vehicles that allow for total all weather accesshaditest. A public safety dispatch center

provides a 911 emergency answering point and dispatch for WFF Police, Fire and EMS
operations WFF dispatch maintains communications with local police, fire and EMS
servicesLaw Enforcement mutual aid as wefi@gEe services outside the confines of the WFF is
provided by the Accomack County Sheriff’' s
Fire Protection: WFF maintains its own Fire Department. Additional support is provided by
volunteer fire companies locatedccomack County. They are equipped with modern fire trucks,
firefighting equipment, ambulances and state certified volunteer staffs to provide emergency fii
aid, and rescue and firefighting services.

The NASA/WFF Gift Shop is located in Buildin@ Ealjacent to the Cafeteria.

The NASA Visitors Center and Gift Shop is located on Route 175 about one mile from the WFI
Main Base Gate. The Visitors Center includes a collection of spacecraft and flight articles as w
exhibits about tPogam.iSgead moviSmaral video frdsentgtions can be
viewed and special events such as model rocket launches are scheduled. No admission is cha
Smoking is prohibited in all GSFC buildenys around building main entranEessignated

outdoor smoing areas are available.

10.2.3 WFF ¢ Safety Rules and Regulations

Safety restrictions and industrial safety procedures are strictly enforced at WFF. Safety requirements f
design, development and operation of sounding rocket operations are disdetsskah Section 8 of this
Manual; the WFF Safety Manual is available on request or can be downloaded from the WFF website
http://www.wff.nasa.gov. Safety questions should be directed to the MM or specific facility personnel.
Facility managers valllvise on proper procedures for such things as safety shoes, hard hats, gloves, sa
glasses, static dissipative clothing, and masks.

Precaution
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PI's should notify the Mission Manager of the need for overnight operation of equipment or for the
necessytof not turning on equipment during their absence. Never radiate from equipment without appre
from the Mission Manager. It could be hazardous and wipe out someone else's-testay day
operational activities.

Note: Obey control signals aroungh-energy emitters such as radar.
10.2.4 Shipping/Receiving and Transportation of Sounding Rocket Components

The following address should be used for shipment to WFF; be sure to include the name and code nul
provided by the MM in Freight Destinatiwsidress.

Mailing Address: Name (NASA Code Number)

NASA

Goddard Space Flight Center

Wallops Flight Facility

Wallops Island, Virginia 23337

Freight Destination Address: Name (NASA Code Number)
NASA

Goddard Space Flight Center

Wallops Flight Facility

ATTN: Receiving, BuildinglB

Wallops Island, VA 23337

Delivery services generally include:

* Motor Freight Truck Services: All cargo and freight is received at BdidiegcEpt Class "A"
and "B" explosives, and certain other hazardous material requamug axbtice of shipments.
Inbound shipments of Class "A" and "B" explosives, and other designated hazardous materials
stop and park at the WFF Main Gate. Any shipment requiring the delivering carrier's equipment
fly placards, and all shipmentslezad as truckload, require RESHIP information in advance of
delivery. Normal receiving hours: 0800 to 1430 (for truckloads) and 0800 to 1600 (for partial loa
Monday through Friday, excluding holidays.

» Air Freight Services to and from WFF is provigeBduaeral Express, Emery Worldwide, Bax
Global T.F. Boyle, Roadway Express and Roberts Express.

» Packing: The Pl is responsible for packing and unpacking the experiment and associated equip
The MM can furnish additional information on packing crifgoia request. Alcohol, explosives,
corrosives, flammables and radioactive sources must be packaged separately. Radioactive sou
require prior approval from the WFF Safety Office. Batteries must be packaged separately from
electrolytes. Squibs are ndlynsent in separate containers. If squibs are included in a payload, th
payload container must be marked to indicate squibs, and sent as a hazardous shipment.

» Material Handling Equipment: Forklifts, overhead hoists, and dollies are available fétfuse at W
All material handling equipment must be operated by WFF pereowasler, special training can
be arranged to allow customer operation of. B8¥ special equipment must be furnished by the
PI.
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» Customs: Any international shipment should be routaatinthe Port of Baltimore. Notify your
MM prior to shipment for coordination with US Customs clearance authorities.

10.3 Foreign Nationals

Foreign nationals who need to visit WFF or other launch facgaegularly White Sands Missile Range
mustprovide information to the MM regarding their visit(s). Requirements change often so the MM must be
notified as soon as possible; preferably at the
get the proper paperwork in place.
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APPENDICES
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Appendix A: SCIENCE REQUIREMENTS DATA PACKAGE

NSROC @signs (or modifies) science structures and support systems based on the physical properties
desired flight performance requirements, power, event timing, pyrotechnic, signal handsbh&mggland
monitoring/ sampling requirements of the desired science package (payload). The following informati
required from Mission Science for each payload (main, mother, daughter, etc.) proposed. A comprehe
data package containing all scigrfoemation is required before a complete design can be established.

Electrical Engineering

= =4 =4 4 -4 -4 5 -4 -9 9 -2 -2 -2

= =4

List of Instruments to be flown.

Voltage and current requirements for each instrument.

Instruments requiring power at-&ft or by timer function?

Minimum ad maximum voltage required?

Current limiting protection provided in the instrument?

Are there power sharing issues?

List of science booms (if any) and micro switch(s) monitor requirements.
Handshake signal requirements for each instrument (majoefame,

Matrix requirements

System word length-{86 bits/word, analog data resolution up to 12 bit/word)
Symmetrical or nesymmetrical data sampling requirements

Complete list of data channels required (All analog data channels must be condiehed to 0

Type of channel (serial, analog, counter, parallel, asynchronaygritingith label names (sciHV,
scilbv, etc.).

Desired minimum sample rate (SPS) of each channel.
Stipulate if symmetrical sampling of the channel is required.
Stipulate if contigurs sampling is required.

For Serial:

- Stipulate multiplexing if used (typical design is onreneirehannel)
- Stipulate single ended or differential (reflect eoyt)n

For Counter:

- Stipulate single ended or differential (reflect eayt)n
- Stipulate reset mode

For Parallel:

- Stipulate pin for MSB on Parallel
- Stipulate read, strobe
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If not all channels have been defined allow for the maximum number of spare channels required, agail
desired sample rates.

If the science packageluttes its own encoding or Baseband system the following information is require

1 The encoder output must be adjustable for deviation setting.

Baseband requirements

System must have capability to interrupt the instrument output and send a calibratibe tone to
transmitter. This tone should be a calibrated amplitude that will be used for receiver and recorc
calibration satp. This calibration should be controlled from the GSE, through an umbilical line.
is recommended that the experimenter proitmit amplitude adjustment capability designed for
750hm load impedance and voltages of up to one volt RMS.

Note: A Data Tape model DR, -8, or-16 recorder must be used for Baseband recording.

Wire pirout of each interface connector.

Connector sizeéype, sex (experiment side, 15,2&8non, harthounted/pigtail, etc.)

Power and ground requirements (p28\, pin2 pwr gnd, etc.)

PCM timing signals (major frame sync, word clock, etc) If in doubt as to what signals, narrow tf
list to the maximursignals needed and include all on the interface connector (after fully defined,
use only what is needed on the science side of the connector). Stipulate if data line requires sk
cable, twisted pair, coax type, etc. (gnd which end?). All ofdkitoreedefined for each
instrument.

1 Flight Events list (all timer controlled science/experimenter events widh tequirements such as
altitude or time)

= =4 4 A

Altitude protected events

ACS controlled or ufink command controlled requirements

Special patson determination requirements: GPS, Doppler, strobe lights
GSE/Umbilical requirements

External Experiment Switching

External Experiment Monitoring

Special umbi requirements (Fiber Optic, RS232, etc)
Special launcher power requirements (3 phase 220 VAC)

1 MiscellaneousAny Special requirements such as an attitude gyro, solar aspect sensor, lunar aspec
magnetometer, or high resolution time tagging should be also be specified. Special testing/calibrat
such as magnetometer calibration, corona, ¢bte dfience package structure is to be furnished by
WFF accurate dimensions of the instrument(s) in addition to the connector information will be requi
for hardware placement and wiring of the structure.
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Guidance Navigation and Control

i Guidance desuk@
M Attitude Control desired?

- Stabilization: Two (payload spun) or Three Axis?
- Attitude Requirements:

§ Pointing/rate requirements?
§ Jitter requirements?
§ Drift requirements?

- Uplink Command required?

8 Instrument generated signal Interface to ACS required?
8§ Maneuering requirements?

- Outgassing requirements?
- Nozzle location or firing restraints?

1 Postflight attitude data required?

Mechanical Engineering

If Mission Science plans to provide a complete structure (structure, mounted instruments, and skin) th
followingis required.

Mechanical Interface

Mass Properties (Weight, CG, MOI)

Special Testing

Required Roll Rates (parameters for Boom deploy,etc.)
Updated Drawing (includes openidgers, etc.)

Metal Finish required

Shutter Door Required

Crush Bumper

Experimenpyrotechnics

Magnetic Cleanliness

= =2 =4 4 4 8 -5 -5 -9

=

If NSROC will provide the structure and skin the following is required.

1 All physical Characteristics

- Instrument(s) size, dimensions, and Weight & CG, drawings w/ connector locations, clearance
required for connectors, onting hole patterns & sizes, (Boxes, Booms, etc.)
- Desired location of instruments (accessibility/doors)

- Out-gassing requirements
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- Experiment interfaces (umbilicals, nozzles, and access ports, etc.)
- Acceptable science view characteristics

Separation velo@s

Special Testing

Required Roll Rates (parameters for Boom deploy,etc.)
Metal Finish required

Shutter Door Required

Crush Bumper

Experiment pyrotechnics

1 Magnetic Cleanliness

= =2 4 4 8 A8 -2

If NSROC will provide the skin section only the following is required.

MassProperties of the hardware and structure (Wt. & CG
Mechanical interface with skin section

Experiment interfaces (umbilicals, nozzles, and access ports, etc.)
Acceptable science view characteristics

Separation velocities

Special Testing

Required Roll Ra€parameters for Boom deploy, etc.))
Metal Finish required

Shutter Door Required

Crush Bumper

Experiment pyrotechnics

Magnetic Cleanliness

Outgassing requirements

=4 =4 4 4 -4 -4 5 95 -9 9 -2 -2 -2

Performance Analysis

Trajectory Information

Desired Altitude

Desired Time above a givltitude
Apogee

Dynamic issues?

Time line issues?

Impact range

= =4 4 4 -4 -4 -9

Vehicle Systems

1 Launch range
1 Ground support requirements (payload handling)
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- Thermal requirements on launcher

1 Altitude
1 Recovery required

The following information is requiredvifssion Scienagesires specific test or range facility support.

What are the Estimated dates for Science Integration & Testing (1 & T)?

What are the Hazardous Material requirements?

Are there Thermal requirements on launcher?

What are the Ground Support requirememtgldpd handling) during | & T & launch range?

= =4 =4 A

- Clean room environment for assembly / testing?

- Purging gasses (Type of Gas, % Purity and amount required) for assembly / testing?

- Cooling gasses (Type of Gas, % Purity and amount required) for assenmgy / testi

- Special Power Requirements (A.C./D.C.) ?

- Special Environmental Testing Facilities required (Magnetometer Calibration, Vacuum testing o
system(s) / components, boom / sensor deployment testing, etc.) ?

- Special GSE requirements?

- Special Paylo&hvironmental Control Requirements (boxing of the payload for humidity and
temperature control) during Paeinch and Launch operations?

- Requirements for handling of Nlmunched / Aborted Launch Mission flight hardware, hazardous
materials?

- Computer / Cormunications Requirements?
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Appendix B: Principal Investigator's Data Package for Mission Initiation
Conference (MIC)

1.

2.

Description of scientific objectives and list of specific instruments.
History of the experiment including number of times therenxeet or a similar one has flown,
giving flight history and any modifications of previously flown payloads.

Outline diagram with station numbers including weights, center of gravity, moment of inertia data,
deployable elements, doors, booms, nose, @ogd$f available.

Structures and Mechanisms

a) Payload Structure

b) Payload Housing

c) Openings

d) Doors

e) Booms- Antennas

f)  Special Mechanisms

g) Hardware and Structures to be Fabricated at WFF.

Outgassing requirementsmagnetic material sensitivity, radio frequency interference susceptibility
Time/Altitudes of all experiment related events.

Instrumentation d Telemetry

a) Power Required
b) Quantity and Bit Rate of RF Links
c) Transmitter(s)
d) Antenna

e) Commutator(s)
f) Squib Circuits
g) Monitors

h)  Aspect Sensors
i)  Magnetometers
])  Accelerometer
k) Radar Beacon
)  Power

m) Uplink
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10.

11.

12.

13.

14.

15.

16.

810-HB-SRP

Vehicle

a) Performance

b) Minimum Altitude Required
c) Coning Angle Acceptable
d) De-spin

e) Special Systems

f)  Type Nose Cone

g) Pointing Requirements

Flight qualification/operational status of experiment's subsystems, new flight items or deviation
from previously qualified systems.

Restrictions, precautions, special requirements, lirtations for environmental testing of
integrated payload.

Range Support

a) Telemetry Ground Station

b) Tracking Requirements

c) Special Ground Support Equipment: Clean Tent, Temp Constraints, Purge, etc.
d) Recovery

Launch Conditions

a) Laurch Range

b) Time of Day

c) Azimuth

d) Launch Angle

e) Window

f) Special ConditiorsRestraints- Go/No -go Criteria

Unigue or special range requirementscluding special checkout or support equipment. (Long lead
time items)

RadioactiveSources- Payload/Calibration or Hazardous Materials

Foreign National team members- Any norUS team members that will interact with NSROC
personnel must be listed in order that a Technical Assistance Agreement can be obtained.

High Pressure or Crypgenic systems- Any high pressure or cryogenic system required for ground
testing or flight must be described. NASA has very strict policies about what is allowed and
procedures required.

131



810-HB-SRP

17. List of Specific Minimum And Comprehensive Success Criteridf the flight is part of a launch
series, criteria must be specified for each individual launch. Requirements should include such tt
as apogee, time above altitude, pointing, coning, roll rate, etc., as appropriate.

18. List of Contacts Titles, Addres, Telephone Numbers.
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Appendix C: Principal Investigator's Data Packagedr a Design Review

Vehicle No.

1.

2.

10.

11.

12.

13.

14.

15.

16.

Brief description of experiment.
Block diagram and all pertinent schematics and detailed drawings.

Outlinediagram including estimated weights, center of gravity, moments of inertia (best data
available).

History of experiment including flights, problems and failures, number of times experiment or simi
one has flown, giving flight number.

Specific ateria (times/altitudes, etc.) of all experiment related events.

Pointing requirements including:

1 ACS

1 Coning

1 Spin

1 Azimuth

1 Elevation

Launch window requirements.

Comprehensive mission success criteria, include a statement of vehicle perfermande, to
___KMapogeeor, ___Ib,above KM for ___seconds,

Minimum success criteria, include a statement of vehicle performance, i.e., _Ib.to__ KM apo
or, _Ibabove KM for seconds.

Support requirements including special cenadidns, i.e., reiine readouts, gases, environmental
control.

Flight qualification/operational status of experiment's subsystems. Where there are any new fligr
items or deviations from previous qualified system, include all pertinent ddommenta

Describe all redundant systems.
List history of items to be flown
Principal Investigator's-go-go launch criteria (preliminary minimum success).

List experiment/instrumentation interface requirements including power, conitrg//tiata, power
bus protection, etc.

Describe in detail any high pressure or cryogenic systems required for ground testing or in flight.
Include schentias and component part number.
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Appendix D: Principal Investigator's Data Packagdor a Mission
Readiness Review

Vehicle No.
1. Description of experiment.
2. Block diagram and all pertinent schematics and detailed drawings.
3. Power requirements including short circuit protection and corona precautions.
4, Outline diagram including weights, center of gravity, moments of inertia data.
5. History of the experiment, flights, problems, failures.
6. Specific criteria (times/alides, etc.) of all experiment related events.
7. Pointing requirements including:
1 ACS
1 Coning
1 Spin
1 Azimuth
1 Elevation
8. Launch window requirements.
0. Comprehensive mission success criteria; include a statement of vehicle performance, i.e., |
KM apogee or, Ib. above KM for seconds.
10.  Final minimum success criteria; include a statement of vehicle performance, i.e., Ib.to K
aoogee or, Ib. above KM for seconds.

11.  Support requirements including special considgesatim, real time readouts, gases, environmental
control.

12.  Flight qualification/operational status of experiment's subsystéei® thiére are any new flight
items or deviations from a previous qualified system, include all pertinent information,
documentation and test data.

13. Describe all redundant systems and list how they are tested.

14.  Principal Investigator's master field ctodthst with designated responsibilities.
15.  Principal Investigator's @do-Go launch criteria.

16. Listany special requirements in the event of a scrubbed mission.

17.  List any postlight requirements.
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18.

19.
20.
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Provide a testing and integration malfunction log including corrective actions for the experiment
system/subsystems.

List of all discrepancies stilthe system to be corrected.

Summarize all suspect itemfiedxperiment system/subsystem.
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Appendix E: Descriptions & Flight Performance Characteristics for
NASA Sounding Rockets and Special Projects Laah Vehicles

This appendix describes the various NASA sounding rocket launch vehicles and their performance.
Special Projects Launch Vehicles are flight vehicles in a developmental status, vehicle systems that
will be used only once, or systems presentie by other organizations that will not be taken over

for use at NASA.

The following pages describe those vehicles currently used in the NASA Sounding Rocket Program
at Wallops Flight Facility, Wallops Island, Virginia.
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E.1 Black Brant Launch Vehcle (21 XXX)
General
The Black Brans a single stage solid propellant sounding rocket developed by Magellan Aerospace

in Winnipeg, Canada. There isfim &nd a 4in version. Figurg.1-1 shows the Black Brant launch
vehicle.

Figure E.I-1: BlackBrant Launch Vehicle

Vehicle Performance

The single stage Black Brant rocket motor produces an average thrust level of 17,155 pounds and an
action time 34 seconds. The primary diameter of the Black Brant is 17.26 inches and it is 208 inches
long with thestandard exit cone. Loaded weight of the motor, including hardware, is 2,793 pounds
which includes 2,237 pounds of propellant.

Payloads

The standard payload configuration for the Black Brant vehicle is 17.26 inches in diameter with a 3:1
ogive nose conPayload length and weight is typically limited to approximately 240 inches and
1,200 pounds. Because of the dynamic pressures, bulbous payloads larger than 17.26 inches in
diameter can't be accommodated on the single stage Black Brant vehicle. Stetiognasket
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subsystems are compatible with the Black Brant motor which provide flexibility in order to meet
experiment requirements. These modular systems include all attitude control systems, guidance
systems, recovery systems, separation systemssjgindsgstems.

Performance Graph

Performance capabilities for the single stage Black Brant vehicle are showikifrEigure
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Figure E.1-2: Black Brant Launch Vehicle Performanc
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E.2 Improved Orion Launch Vehicle(30.XXX)
General

The Improved Oriomotor is an unguided and spin stabilized surplus military rocket motor with a
dual phase propellant system that produces thrust levels of approximately 20,000 pounds about the
first 6 seconds and approximately 4,000 pounds until burnout at about 25 Beemdsa-8n

and a 4in version. The fins are canted to generate a spin rate for in flight stabilitie.Zigure

shows the Improved Orion launch vehicle.

Figure E.2-1. Improved Orion Launch Vehicle

Vehicle Performance

The Improved Oriorfis 14 inches in diameter, 105 inches long, and 943 pounds. The rocket has the
capability to carry a 100 pound payload to 110 kilometers and a 200 pound payload to 80 kilometers
when launched from sea level at an 85 degree launch elevation.

Payloads

The tyical payload for the Improved Orion has a principal diameter of 14 inches and can utilize
many nose cone shapes. The typical length varies from 75 to 125 inches, although this is not the
maximum envelope. Standard 14 inch diameter hardware systemsosecl®@ss, separation
systems, recovery systems, argpitesystems, are compatible with the Improved Orion vehicle.
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Performance capabilities for the single stage Improved Orion vehicle are showrE2-Bigure
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Figure E.2-2: Improved Orion Launch Vehicle Performance
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E.3 Black Brant X Launch Vehicle (35.XXX)
General

The Black Brant X launch vehicle consisting of three stages. The first stage is a military surplus
Terrier booster. Second stage is the Black Brant motor finteisethird stage Nihka motor is
ignited once the vehicle reachesagwmspheric conditions. FigiE8-1 shows the Black Brant X
launch vehicle.

Figure E.3-1.: Black Brant X Launch Vehicl

Vehicle Performance

The first stage booster consists of a Terrier rocket motor with four 2.5 square feet fins arranged in a
cruciform configuration. The Terrier booster is 18 inches in diameter and 169 inches long. The
Black Brant rocket motor with the extended exit con@ipesdin average thrust level of 18,240

pounds with an action time of 34 seconds. The primary diameter of the Black Brant is 17.26 inches
and it is 223 inches long. The loaded motor weight, including hardware, is 2,840 pounds which
includes 2,237 poundsprbpellant.

The third stage Nihka was developed by Magellan Aerospace specificabynmspkeric

conditions. The average thrust is 9,414 pounds with a total impulse of 192,83&podisdThe

diameter is 17.26 inches and the loaded motor w@igpewhds with 705 pounds being

propellant.
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Payload

The standard payload configuration for the Black Brant X vehicle is 17.26 inches in diameter with a
3:1 ogive nose cone. Payload length and weight limits are not as well defined as most Black Brant
vehides. Payload acceptability is evaluated per mission. Flown payloads have reached 750 pounds
and 225 inches long. The nose cone can be removed before Nihka burn to increase overall
performance of the launch vehicle.

Standard sounding rocket subsystem®angatible with the Black Brant X motor stack which

provide flexibility in order to meet experiment requirements. These modular systems include all
attitude control systems, recovery systems, separation systenrspiargyskems.

Performance Graph

Perfamance capabilities for the Black Brant X vehicle are shown irE3elre
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Figure E.3-2: Black Brant X Launch Vehicle Performance
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E.4 Black Brant IX Launch Vehicle (36.XXX)

General

The Black Brant IX launch vehicle consisting of two stages. The first stage is a military surplus
Terrier MK12 or MK70 booster and the second stage is the Black Brant motor with extended exit
cone. The Black Brant IX MOD2 (MK70) and MOD3 (MK12) launcklestprovide a wide range

of capabilities to the science community which is not met by other NASA launch vehicles. Figure
E .4-1 shows the Black Brant IX launch vehicle.

Figure E.4-1: Black Brant IX Launch Vehicle

Vehicle Performance

The Terrier booster consists of either a MK12 or MK70 rocket motor with 2.5 square feet fins
arranged in a cruciform configuration. The Terrier has a diameter of 18 inches and is 169 inches
long. The Black Bramcket motor with extended exit cone produces an average thrust level of
18,240 pounds and has an action time of 34 seconds. The diameter is 17.26 inches and it is 223
inches long. The loaded motor weight, including hardware, is 2,840 pounds which, 284udes
pounds of propellant. Typical burnout roll rate for the Black Brant IX is approximately 4 cycles per
second.
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Payload

The standard payload configuration for the Black Brant IX vehicle is 17.26 inches in diameter with a
3:1 ogive nose cone. Bulbous 22 inch diameter payloads are routinely flown on the Black Brant IX
vehicle. Payload weights have ranged from 500 to 15@8 padriengths from 100 to 350 inches.
Standard sounding rocket subsystems are compatible with the Black Brant IX motor stack which
provides flexibility in order to meet experiment requirements. These modular systems include all
attitude control systemmiecovery systems, separation systems, -apthdg/stems. Guidance

systems and thrust termination systems can be added as required.

Performance Grapk

Performance capabilities, sea level and WSMR launches, for the Black Brant IX MOD2 and MOD3
vehicles & shown in Figurds4-2(a) E.4-2(b),E.4-3(a), and.4-3(b).
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Figure E.4-2(a): Black Brant IX (MODZ2) Launch Vehicle Performancé& WSMR
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Figure E.4-2(b): Black Brant IX (MODZ2) Launch Vehicle Performance Sea Leve/
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Terrier-Black Brant (Mod 3)
17.26" 3:1 ogive nosecone, WSMR
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Figure E.4-3(a): Black Brant IX (MOD3) Launch Vehicle Performanc& WSMR
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Terrier-Black Brant (Mod 3)
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Figure E.4-3(b): Black Brant IX (MOD 3) Launch Vehicle Performance Sea Leve
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E.5 Terrier-Improved Orion Launch Vehicle (41.XXX)

General

The Terriefimproved Orion rocket system consists of a two stage spin stabilized system which
utilizes a surplus military Terrier MK12 or MK70 for the first stage booster and an Improved Orion
for the second stage. The Terrier motor is 18 inches in diantkeig configured with four 4.8
squardeet fins arranged in a cruciform configuration. The Improved Orion motor is 14 inches in
diameter and 105 inches long. The vehicle can be configured with spin motors in order to reduce
dispersion. The total weigiitthe launch vehicle, without a payload, is approximately 2,850 pounds
using a MK12 booster and approximately 3,150 pounds using a MK70Higost&r5-1 shows

the Terrieimproved Orion launch vehicle.

Figure E.51: Terrierlmproved Orion Launch Vehicle

Vehicle Performance

The Improved Orion motor is a surplus military rocket motor with a dual phase propellant system

that produces thrust levels of approximately 20,000 pounds during the first 6 seconds and
approximately 4,000 pounds until burnoat@ind 25 seconds. The fins are generally configured

to produce a burnout roll rate of 4 cycles per second. The Improved Orion can be equipped with a
clamp release or drag separated load bearing tail can to interface with the Terrier booster as required.
This is a rail launch configuration that can be supported at most fixed and mobile ranges.
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Payloads

Payload configurations supported by this vehicle include 14 inch, or less, diameter and bulbous
17.26 inch diameter. Payload weights range from 300 po@f©@6 and lengths range from 70 to

290 inches.

Standard support systems for the 14 inch diameter payloads include aft recovery systems, attitude
control systems, various nose cone shapes, and mechapicalMest 17.26 inch diameter

sounding rockeubsystems are compatible with the bulbous payloads which provide flexibility in
order to meet experiment requirements. These modular systems include all attitude control systems,
recovery systems, separation systems, -apahdg/stems.

Performance Graps

Performance capabilities for the Terrier, MK12 and MK70, Improved Orion vehicles are shown in
Figure€.5-2(a) E.5-2(b).
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Figure E.52(a): Terrier MK12I/mp. Orion Launch Vehicle Performancel Sea Leve
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Terrier Mk70-Improved Orion
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Filgure E.5-2(b): Terrier MK70-Imp. Orion Launch Vehicle Performance) Sea Leve
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E.6 Terrier-Improved Malemute Launch Vehicle (46.XXX)

General

The Terriefimproved Malemute rocket system consists of a two stage spin stabilized system which
utilizes a surplus military Terrier MK12 or MK70 for the first stage booster and an Improved
Malemute for the second stage. The Terrier motor is 18 inclaesdtedand is configured with

four 4.8 squarkeet fins arranged in a cruciform configuration. The Improved Malemute motor is 16
inches in diameter and 130 inches long. The total weight of the launch vehicle, without a payload, is
approximately 3,315 palshusing a MK12 booster and approximately 3,615 pounds using a MK70
boosterFigureE.6-1 shows the TerriégmprovedMalemutdaunch vehicle.

Filgure E.6-1: Terrierlmproved Malemute Launch Vehicle

Vehicle Performance

The Improved Malemute motor is apdus military rocket motor with a burn time of 11.7 seconds.
The fins are generally configured to produce a burnout roll rate of 4 cycles per second. The
Improved Malemute utilizes a drag separated tail can to interface with the Terrier booster.

Payloads

Payload configurations supported by this vehicle include 14 inch diameter and bulbous 17.26 inch
diameter, typically utilizing an 11 degree total angle cone. Payload length and weight limits are not
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yet well defined for this vehicle. Payload acceptal#Msgiuated per mission. Flown payloads have
ranged from 600 to 900 pounds and lengths have ranged from 180 to 250 inches.

Most 14 and 17.26 inch diameter sounding rocket subsystems are compatible with the payloads
which provide flexibility in order teeet experiment requirements. These modular systems include
attitude control systems, recovery systems, separation systenrspiargyskems.

Performance Graphs

Performance capabilities for the Terrier, MK12 and MK70, Improved Malemute vehicles are shown
in Figure€.6-2(a) E.6-2(b).
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Figure E.6-2(a): Terrier MK12Imp. Malemute Launch Vehicle Performance) Sea Leve
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E.7 Black Brant XI-A Launch Vehicle (51.XXX)

General

The Black Brant XA rocket uses a three stage system to carry heavy payloads to high altitudes. The
first and second military surplus motors are the Talos and Terrier MK70. The third stage is a Black
Brant with extended nozzle. Four spin motors arettixte forward end of the Talos to reduce

vehicle dispersion. The aft end of the Bmahtarclamps to the Terrier interstage to keep the

motors together during second stage coasting. The launch vehicle, without a payload, weighs
approximately 9,562 puis.FigureE.7-1 shows representation tife Black Brant XJA launch

vehicle.

1 Jjﬂ ? 11@15@ i (1B A 1| 2 () Sesesn

Figure E.7-1: Black Brant XtA Launch Vehicle

Vehicle Performance

The Talos motor is 150 inches long with a diameter of 30.1 inches. This length includes a conical
adapteto the second stage. Differential drag force causes expended motor separation. Four 7.2
square feet fins are arranged in a cruciform configuration to generate a burnout roll rate of about 1.5
cycles per second.

The Terrier MK70 motor is 169 inches lony wiprincipal diameter of 18 inches. The Terrier is
clamped to the third stage motor and has an action time of 6.2 seconds. Four 4.8 square feet fins are
arranged in a cruciform configuration to generate a burnout roll rate of about 2 cycles per second.
The third stage motor is the Black Brant with extended exit cone which produces an average thrust
level of 18,240 pounds and has an action time of 34 seconds. The diameter is 17.26 inches and it is
223 inches long. The loaded motor weight, including haréwa820 pounds which includes

2,237 pounds of propellant. Typical burnout roll rate for the Black Brant is approximately 3.5 cycles
per second.

Payloads

The standard payload configuration for the Black BrahtvEhicle is 17.26 inches in diameter

with a 3:1 ogive nose cone. Bulbous 22 inch diameter payloads have also been flown. Payload length
and weight limits are not yet well defined for this vehicle. Payload acceptability is evaluated per
mission. Flown payload weights on this class of vehiclahged from 600 to 1550 pounds and

lengths from 150 to 300 inches.

Standard sounding rocket subsystems are compatible with the BlackBrantofistack which

provide flexibility in order to meet experiment requirements. These modular systerall include

attitude control systems, separation systems,-apoh dgstems.
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Performance Graph

Performance capabilities for the Black Bram# ¥ehicle are shown in Figlr&-2.
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Filgure E.7-2: Black Brant XI-A Launch Vehicle Performance Sea Leve
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E.8 Black Brant XlII-A Launch Vehicle (52.XXX)

General

The Black Brant XJA rocket uses a four stage system to carry payloads to high altitudes. The first
and second military surplus motors are the Talos and Terrier MK70. The third stage is a Black Brant
with extended nozzle and the finless fourth stage Nihka motor is ignited once the vehicle reaches
exoatmospheric conditions. Four spin motors are fixed to the forward end of the Talos to reduce
vehicle dispersion. The aft end of the Bahtanclamps to the Terrier interstage to keep the

motors together during second stage coasting and the Nihka motor clamps to the forward end of
the Brant motor. The launch vehicle, without a payload, weighs approximately 10,510 pounds.
FigureE.7-1 shows repesentation aheBlack Brant XHA launch vehicle.

[ﬂiijﬂl@ L) —— I

Figure E.8 1. Black Brant XII-A Launch Vehicle

Vehicle Performance

The Talos motor is 150 inches long with a diameter of 30.1 inches. This length includes a conical
adapter to the second stage. Daffdal drag force causes expended motor separation. Four 7.2

square feet fins are arranged in a cruciform configuration to generate a burnout roll rate of about 1.5
cycles per second.

The Terrier MK70 motor is 169 inches long with a principal diames8enohés. The Terrier is

clamped to the third stage motor and has an action time of 6.2 seconds. Four 4.8 square feet fins are
arranged in a cruciform configuration to generate a burnout roll rate of about 2 cycles per second.
The third stage motor is tBéack Brant with extended exit cone which produces an average thrust
level of 18,240 pounds and has an action time of 34 seconds. The diameter is 17.26 inches and it is
223 inches long. The loaded motor weight, including hardware, is 2,840 poundsudbgh inc

2,237 pounds of propellant. Typical burnout roll rate for the Black Brant is approximately 3.5 cycles
per second.

The fourth stage Nihka was developed by Magellan Aerospace specificatynmspkeric

conditions. The average thrust is 9,414dsowith a total impulse of 192,878 pesecbnds. The

diameter is 17.26 inches and the loaded motor weighs 907 pounds with 705 pounds being
propellant. The burnout roll rate of the Nihka is predicted to be approximately 4 cycles per second.

Payloads

Thestandard payload configuration for the Black Brash Xé#hicle is 17.26 inches in diameter
with a 3:1 ogive nose cone. Payload length and weight limits are not yet well defined for this vehicle.
Payload acceptability is evaluated per mission. Flovadpagights on this class of vehicle have
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ranged from 250 to 1050 pounds and lengths from 90 to 250 inches. The nose cone can be removed
before Nihka burn to increase overall performance of the launch vehicle.

Standard sounding rocket subsystems are dolepath the Black Brant XA motor stack which

provide flexibility in order to meet experiment requirements. These modular systems include all
attitude control systems, separation systems,-apoh dgstems.

Performance Graph

Performance capabilities the Black Brant XiA vehicle are shown in FiglE8-2.
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Appendix F: PCM/FM and FM/FM Telemetry Systems
F.1  WFF93 Encoder System

This system i s NSROChadwaveousek in BupporsaithefNBSA encoder
Sounding Rocket Program. The WFF93 PCM encoder is a general purpose, versatile, re
configurable high rate PCM telemetry system for use where system requirements are subject to
change. The format structure is coniduny a software program designed for the PC

environment. The hardware is configured as a stack up system with various data modules, which
can be added as required. An EEPROM is used as thelatia program storage element,

permitting the system te lbeprogrammed to meet changing mission requirements without
disassembly of the hardware. FCT logic and low power programmable logic devices minimize
power consumption. Digital inputs and outputs are FCT/HC or RS422 compatible. Refer to Table
F.1-1 forindividual module characteristics.

Table F.21: Individual PCM Module Characteristics WFF93 PCM System

Module

Description

Data Type

Number of
Channels Possil]

(See *Note)

Power Supply

+28V input to +/-12 & +5 volt output
power supply

N/A

N/A

Analog

Analog 0 to 5 volt input range, 10 bits/wol
maximum resolution, 32 channels per deg
A/D converter per deck

Analog,
single ended

Addressing limit
of 992 channels

Analog 0 to 5 volt input range, 12 bits/wol
maximum resolution witlkadout capability
in 2 words for systems with less than 8
bits/word, 8 channels per deck, 8 A/D
converters per deck

Analog,
single ended
with —Signal
Reference

Addressing limit
of 248 channels

Remote Differential Analog Deck with O tg
or +/-15 wlt input range, 16 bits/word
maximum resolution with readout capabill
in 2 words for systems less than 16

bits/word, 4 channels per deck, 4 A/D
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Analog,
differential
input

Addressing limit
of 124 channels




converters per deck. System intended to
remotely located from main WFF93 stack
requires dedicated pemsupply. Data
transmitted serial digitally and each analg
channel requires dedicated serial channe
main PCM stack.
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Control Deck

System clock, timing, formatting, output c
generatiomand format programming contrg
module

Serial digital single ended or differential ir
operation, 8 to 16 bits/word, serial word
enable, inverted load, gated bit clock timif
signal available for each input

Serial Digita

Addressingimit
of 124

Parallel

Parallel digital single ended input, 8 to 16

Parallel

bits/word, parallel word enable timing sigi| digital

available for each input

Addressing limit
of 62 channels

Asynchronous

Asynchronous RS232 or 422 inputs, 300
156K baud rais

Asynchrono
us

Addressing limit
of 124 channels

Counter

Event counter single ended or differential
input, 8 to 18 bits/word. Differential input
count rates >10 MHz

Event
counter

Addressing limit
of 248 channels

Command

Accepts uplink command video and
demodulates and synchronizes data. Ou
two independent asynchronous channels
rates from 1200 to 19.2K baud, plus para
command data to uplink command decod
hardware

Uplink
command
FSK video

N/A

Time Event

Time event with single ended or défeial
inputs, buffered cloakinor framemajor
frameword clock outputs

Time Event

Addressing limit
of 62 simple timg
event and 62
alternating
register time
event channels

Pre Modulation
Filter

Selectable 1 of 8 premodulation filters wit
output amplitde adjustability
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TV Video These modules digitize standard NTSE, | TV Video Maximum
Digitizer and 170 or SVHS TV video, compress the unknown at this
Compressor digitized data and are converted to MPEG time.

format, and multiplexed with payload PCN
data to provide a single compoBRiGM
output signal.

Clock Driver Provides 16 programmable, buffered, RS{ Programmal
compatible differential outputs for 2x Bit | le Clock
Clock, 1x Bit Clock, Word Clock, Frame | Driver
Strobe, Major Frame Strobe and PCM Cq Outputs
This module hasoth DS26C31 standard
differential & DS90C31 low voltage
differential quad drivers and either can be
selected as required.

Inertial Measurement Unit that is compati| Honeywell
with either the Litton LN20O0 or the or Litton
HoneywelHG-1 700 | MU’ s. IMU/SDLC
accepts SDLC protocolMHz RS422
differential data as well as provide$/dz
RS422 differential clock to the IMU for
synchronous data transfer.

Note 1:The maximum values are based oorétieal limits. (i.e. number of channels per mod
times 31, which is the module addressing limit) No one has ever attempted to fly the max
Current limitations in the power supply module may actually determine the maximum num
moduleshat can be incorporated in a system.

Note 2:The number of words per major frame is limited to 8192 words maximum. A docu
entitled Pulse Code Modulation Encoder handbook for Physical Science laboratory/NMS
WFF93 System fully describes the WFF93 PCM System.
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F.2 Mesquito EncoderSystem

The Mesquito encoder hardware was developed for small form factor telemetry system that can be
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programed through an 282 interface. Similar to the WFF93 encoder the Mesquito can be
reprogramed to fit mission requirements. The hardware is @héigw stack up system with
various data modules which can be@add required. Refer to Tah2Ifor individual module

characteristics.

Table F.21 Individual PCM Module Characteristic® Mesquito Encoder System

output code generatigremod
filtering and format

programming control. Uses-RS
232 control interface.

Module Description Data Type # of Channels

Analog Analog 0 to 5 volt input range,| Analog, single Currently limited to 6
16 bits/word maximum ended channels total
resolution, 16 channels per de
2 A/D converters per deck

Main System clock, timing, formattiry N/A N/A

Serial (R822)

Synchronous or asynchronous
operation. Asynchronous for
baud rates from 19.2K to 115.
baud. Synchronous mode is 1¢
bit words, with serial word

enabé, inverted load, gated bit
clock timing signal available fg
each input.

Serial Digital (RS
422)

Currently limited to 2
serial channels

Serial (R232)

Asynchronous operation only,
1200 baud to 115200 baud.
Three time event inputs are
available.

SeriaDigital (RS
232)

Currently limited to 2
asynchronous serial
channels, and 3 time
events.

Power Supply|

Operates with supply voltages
from 7 to 26 VDC
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Appendix G Comparison and Performance of Various Battery Systems

Table G-1: Comparison and Performance of NiCad Battery Systems

_ Temp = 25C System Voltage Nominal = 28V _
Cell Type 2/3 AF A C D F M
N American | American Saft Saft Saft Sanyo m
Toppower | Toppower
ﬂ Electrical Characteristics ﬂ
]I Rated Capacity (AH) [0.600 1.4 2.3 5 8.8 10 [l
Open Circuit Voltage (Volts) [I
Cell 1.35 1.35 1.35 1.35 1.35 1.35
“ 24 Cell Pack 32.4 32.4 324 32.4 32.4 324 u
Average Plateau Voltage at C/1: [I
Cell (Volts) 1.2 1.2 1.2 1.2 1.2 1.2
24 Cell Pack (Volts) 28.8 28.8 28.8 28.8 28.8 28.8
Operating time to 27V Min (min) 55 5.5 55 5.5 55 55
Physical Characteristics of a Cell: [I
Weight (0z) 0.63 1.2 2.64 5.27 7.76 14.1
Diameter (in) 0.66 .066 0.97 1.26 1.26 1.66
Height(in) 1.14 1.92 1.93 2.29 3.49 3.5
ﬂ Physical Characteristics of a Pack: [I
Weight (Ibs) 1.59 2.46 5.94 11.54 16.73 28.34
Length (in) 4.45 4.45 7.18 8.79 8.79 11.25
Height (in) 1.74 2.6 2.53 3.12 4.28 3.83
Width (in) 2.99
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Appendix H: GSFC/WFF Safety Data Requirements

REFERENCE: The GSFC/WFF safety data requirements in this Appendix are extracted from
Range Safety Manual for Goddard Space Flight Center (GSFC)/Wallops FIRBM-20l§. (WFF)
The Principal Investigator is responsible for providing the data outlined in this Appendix. Vehicle
Description Data is provided by WFF.

Payload Description Data- Hazardous Materials

Pyrotechnic Details- Principal Investigators will provide the GBFFF Mission Manager with
six readily distinguishable copies of schematics and wiring diagrams of all pyrotechnic circuits and all
other circuits physically or electrically related to pyrotechnics.

For each squib, the minimum sfire current, maximunorfire current, recommended firing

current, nominal resistance, and, if available, the RF characteristics must be shown. Provide a
description of the power source, including output, battery life, and details on battery charging.
Scale drawings mustdagplied for any payloads having RF transmitters or beacons, showing the
location of all pyrotechnic devices in relation to all transmitting antennas. Schematics, drawings,
operation descriptions of pyrotechnic check out and monitoring equipment, d@heranxiiary
equipment will be supplied. The Range will be notified of changes as it is the responsibility of
Principal Investigators to certify that all drawings amedgie.

Chemicals& Cryogenics- The Principal Investigator will provide a desarn of all chemical

systems, including toxicity and necessary precautions to be taken. Along with the description, the Pl
will be responsible for organizing and submitting the following for each chemical and/or cryogenic
system to be utilized: trade eamh chemical/cryogenic gas or liquid, quantity in gallons or pounds,
number of vessels, volumé)(inperating pressure (psi), applicable Safety Data Sheets pertaining to
each individual chemical/cryogenic gas or liquid and Chemical Abstract Sewijae (CAS

applicable. Additional documentation unique or specific to any cryogenic system under review may
be requested as needed.

Pressure VesselsThe Principal Investigator will provide a description of any pressure vessels used
in the payload, theirdienical characteristics, and details on design and test pressure. The Pl is
required to submit: the trade name of all gases used, number of vessels, the manufacturer, internal
volume (if), design burst pressure (psi), proof pressure (psi), maximuniealmrldhg pressure

(psi) and the materials of construction.

Laser Systems- The Principal Investigator will provide all technical specifications regarding the
laser system to be utilized. This is to be done by completing all necessary data reaoests and f

Each custodian and user are required to fill out GSBRLRBto be approved by the WFF Laser
Safety Officer, Goddard Radiation Safety Officer anddwizing Radiation Safety Committee.

For each wavelength, the Pl is required to complete GSRC &8 each wavelength to be

utilized. If the laser is a class 3B and 4 including some visible lasers outdoorsgIG&&«LI2 80

be completed. If the laser is to enter navigable air space, the Pl may be required to prepare FAA
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Form 7140.1. If thaser has the potential to impact satellites, the US Space Command Laser
Clearinghouse must supply approval to use.

Transmitters/Beacons— The Principal Investigator shall furnish a completed Frequency
Utilization Request which notes all specifics afahemitter/beacon they wish to fly. The Pl is
expected to provide all RF characteristics including: type of emission, frequency (MHz), type of
radiating antenna, gain (dBi), peak radiated power (Watts) and avg. radiated power (Watts).

Radioactive Materals - For all materials planned for use at the GSFC/WFF, which will involve
exposure or possible exposure of personnel, application will be made by the GSFC/WFF to the
Nuclear Regulatory Commission for a license granting the GSFC/WFF the authority to:

a) Handle, store, ship, and control sources in use at the GSFC/WFF.

b) Establish operational procedures and provide monitoring, dosimetry, and the required
records.

c) Establish necessary emergency procedures in the event of malfunctions, explosions, or
destruct aeons.

d) Dispose of waste materials.

Permission may be granted by the GSFC/WFF for licensed Principal Investigators to possess and
control small calibration or other small sources provided:

a) An operational procedure is submitted for storage, handlimgeshiptc.
b) Records are maintained for all radiation sources, etc.
c) Principal Investigators are responsible for the source as stated in the license

The following technical information on radioactive materials must be submitted:

a) Types and numbers @dioactive materials with their current curie content.

b) Size, shape, and general characteristics of the radioactive sources

c) Mission of each source

d) Radiation level versus distance from material.

e) Container description

f) Shipping and storage container apel ldescription

g) Shipping date and method of shipment

h) Two copies of Nuclear Regulatory Commission's license details

i) Principal Investigator's personnel monitoring devices and methods of use (portable survey
instruments, personnel dosimeters, film badgegdures, etc.).

]) Location of radioactive source on research vehicle

k) Principal Investigator's representatives who shall have responsibility at the Range

[) A record of exposure of each individual who will be exposed at the range prior to
operations at GSFC/WFF. This should include total exposure, last exposure date, etc.

m) A detailed breakdown of estimated time of source exposure duringafl, begt and
launch operations
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n) Procedure for handling and use of external sourcesalltimgs exposed
0) All calibration procedures involving the use of exposed radioactive sources

The PI shall submit all necessary forms needed before radioactive sources can be brought to GSFC.
Each custodian of a radioactive material is required ta &G 2335IP, copy oNRC or State
Equivalent License and all procedures to be utilized.

Pl must determine if thedioactive material is considered a source or a device and whether it will
be broughbnto NASA WFFor WSMR facilitieslf the materiak to be brought to NASA WFF,
GSFC 231 and GSFC 238ID needs to be completed if the radiation is a device and G6FC 23
and GSFC 228l needs to be completed if the radiation is a source.

The Pl needs to determine if the radiagmunrcewill be parof the payload to be launchedused
as an external calibration source.
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Appendix I: Sounding Rocket Launch Ranges
.1 U.S. Army White Sands Missile Range

Introduction

The White Sands Missile Range ( WSMRNatianal t he D
range. It is located in southern New Mexico (32.5° N 106.5° W) approximately 35 miles northeast of
Las Cruces, New Mexico, and about 70 miles north northwest of El Paso, Texas. The climate is
semiarid with usually unlimited visibility, warmdbtemperatures, and low humidity. Occasionally

snows occur in the area during the winter months thereby disrupting traffic and launch operations.

Capabilities

There are two launchers available at WSMR both covered with environmentally controlled

retractable shelters and capable of launching large payloads. Typical missions are two stage Black
Brant vehicles with one thousand pound recovered telescope payloads. Since the range is only about
50 miles wide, apogee is limited to 250 or 300 km uhuestct dispersion. Generally recovery is
accomplished by military helicopter within a few hours of launch.

NSROC maintains its own data tracking and receiving equipment which is supplemented by
numerous WSMR assets. Command uplink is a standard service.

One drawback to missions at WSMR is the large number of projects with much higher priority.
Often Sounding Rocket launch dates must be moved to accommodate these other projects. The
biggest advantage is payload recovery capability.

Facilities

Soundindrocket operations are conducted from Launch Complex-3&)dich consists of the
launch area containing a blockhouse and the two launchers, and the Vehicle Assembly Building
(VAB).

All testing and assembly takes place in the VAB which has a clediomtaly as well as two class

10,000 clean tents and a class 1,000 flow bench. In addition the VAB contains the telemetry ground
station, SPARCS integration lab, magnetic calibration facility, ACS dark room for CACS alignments,
payload T&E equipment,derence room, and guest offices. More details can be found in Section

6.
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Range Interface and Coordination

The U. S. Naval Ordnance Missile Test Station sponsors the NASA sounding rocket launch
activities and coordinates range support. Telemetrytsaggovided by the New Mexico State
University Physical Sciences Laboratory using NASA owned equipment. The NSROC Mission
Manager will coordinate schedules and support with both groups.

For launch operations there will be an SRPO representativaagttomake a final GO/NO
GO call.

Safety and Environment

WSMR has been used as an ordnance and explosives test facility since its inception as a proving
ground in 1945 and is one of the worldbs | arg
complete Unexploded Ordnance training prior to accessing the range.

Photographs are prohibited in all areas except the rocket display located near the main entrance. The
range can provide technical photos, e.g., your rocket, early stages of flegbt] renrolware. See
your Mission Manager for details.

If your payload requires radioactive sources-fighin or preflight calibration pae-arrivalwritten
clearance must be obtained. That should be coordinated well in advance with the Mission Manage

Figure 1.1-1. White Sands Missile Rang
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Visit Requests

PI"s need to provide a |list of their team mem
Manager will forward the list to appropriate personnel at WSMRBrs W4l then check in at the

security building just outside the main gate to receive a car pass which will allow them access to the
range.

Foreign National experiment team members will not be allowed access to the Launch Complex
unless a Technical Assrste Agreement is in place for the mission. This process takes many
months so advance planning is required.

Travel & Accommodations

Teams generally fly into El Paso, Texas, rent cars at the airport and drive to Las Cruces, New
Mexico where many differéntot el s ar e available for |l ong terr
from Las Cruces to the VAB at{36 where test, integration, and launch takes place.

Lodging is also available on the main post of WSMR.

Shippin

The Pl is responsible for shipping éixperiment and associated support equipment to WSMR

unless it ships from WFF and can be combined with the main payload/GSE shipment. Air freight is

the usual mode. However some experiment teams choose to drive their own payload and GSE to
the range.

Freght shipments should be addressed to:
NSROC Program/VAB

Vehicle Assembly LC 36, Bldg. N242
White Sands Missile Range, NM 88002
Hold For: {Mission Number/PI Name}

Small FedEXx type packages can be shipped to Las Cruces overnight.
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1.2 Poker Flat ResearciRange

Introduction

The Poker Flat Research Range (PFRR) is located in the cente
Alaska near Fairbanks, approximatél2?below the Arctic circle

at 65.2°N 147.5°W. The range is managed under contract by t
Geophysical Institute, University ofgkia, Fairbanks, Alaska. Figt
J.21 shows an aerial view of PFRR. <...

There are numerous range users; however, the major users are Department of Defense and NASA
both university and NASA Center sponsored. More detailed information can be found on the
Poke Flat web site: http://www.pfrr.alaska.edu.

Figure 1.2-1 Aerial View of PFR}

Capabilities

The major attributes of the range are:

On United States real estate; high latitude site

Land impact to 400 miles Ocean impact to 2800 miles
Sband telemetryith trajectory option

C-band transponder radar track

Command uplink can be made available if required

= =4 4 A A
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1 Economical payload recovery for Black Brant IX and smaller payloads
1 Five launch pads
1 22,000 pound launch capability
1 6,000 pound payload capability
Facilities

PFRR is situated at the 30 Mile Post on the Steese Highway, about 20 miles northeast of Fairbanks.
The complex, occupying about 7,000 acres, includes:

Launch site, blockhouse, pads, communications, fire control, safety, avelghiirtg
Paylod and vehicle storage and assembly areas

Clean room 600 sq ft Class 100 (can be made operational if required)

An on range science site with geophysical monitoring and optical measurements
Radar facilities

Telemetry site

Administrative and miscellans support facilities

Down range science sites

= =42 A 4 4 4 A2 -2

Range Interface and Coordination

The operations at PFRR are cooperative ventures invariably involving several organizations. For
example, WFF is responsible for managing, supporting, and operatirgyateadatelemetry

system, timing system and related equipment at PFRR while the University of Alaska employees
manage and control launch operations. Therefore, it is important that all parties involved in a
mission be fully informed on a timely basianynaction which could affect technical arrangements,
operations, or scheduling. The NSROC Mission Manager will serve as the interface between the
experiment team and all range support groups.

For launch operations there will be a SRPO representtieaatge to make a final GO/NO GO
call.

Safety and Environment

Most of the launch operations occur in-miter. Heated facilities are available to keep payloads
warm up until launch. However conditioasbe extreme and some special protective dsatur

may have to be designed into your payload. The Mission Manager can advise on any special
requirements.

PFRR does not provide environmental clothing to visitors. It will be necessary to have special
clothing in midwinter if outside work is necessdriye Pl is responsible for providing appropriate
cold weather clothing as appropriate.
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The Steese Highway between Fairbanks and PFRR is infrequently traveled at night. Temperatures
of -50°F and 50 knot winds produce a life threatening wind chill. &sgosean freeze in a

matter of seconds. Take warm clothing. A breakdown at night in the wrong place can be fatal.
There is a WFF cold weather policy that will be followed in case of extreme cold.

Photography is permitted anywhere on the range.

Visit Requests

The MM will submit a list of visitors to the range approximately two months prior to travel. Once
at the range, each visitor will provide a picture as well as contact information, then sign in and out
each day. Range access is controlled bynanned gate that requires a card that will be

distributed on the first day of the visit.

There are no special requirements for foreign national visitors.

Travel & Accommodations

Travel to Fairbanks is by commercial air. There are many hotels avésabiniks. Rental cars
are available at the airport for travel to an
Fairbanks to the PFRR via two lane over a mountain range. Travel can sometimes be hazardous.

Travel to the remote downrange scisites can be arranged through personnel at Poker Flat.
Shippin
Payloads are normally shipped to PFRR through Fairbanks via air freight. The Principal Investigator

(PI) is responsible for arrangements and costs for experiment related equipmertips|éssrit s
WFF and can be combined with the main payload/GSE shipment.

Freight shipments should be addressed to:

Poker Flat Research Range

30 Mile Steese Highway

Fairbanks, Alaska 99712

Hold For: {Mission Number/Pl Name}

Small FedEXx type packagssally take 2 or 3 days to arrive at the range.
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1.3 Andgya Space Center, Norway

Introduction

Andpya,

Norway

Andgya Space Center is located in northern Natvgapgraphic
coordinates: 69°17' N 16°01' E. The range cooperates with Eurof
Space Agency (ESA) gram and supports orbital satellite operation
sounding rocket and balloon operations. It is adjacent to the smalﬂ
fishing village of Andenes on the northern coast.

More details can be found on their web site: http://andoyaspace.r @

Capabilities

The rame offers a variety of possible trajectories and covers a large area both in latitude and
longitude. This, together with the extensive system of ground observations, provides a great
flexibility in selecting launch conditions and types of phenomersiudied.

The impact areas in the Norwegian Sea set almost no practical limits to impact dispersion for
rockets. Rockets have been launched to an apogee of almost 1500 kilometers, with payload impact at
900 kilometers.

There are two launchers availabldy With heated, retractable shelters, capable of launching large
four stage rockets.

Command uplink is typically not used but could be made available if required.

Facilities

In addition to the launchers mentioned above the launch area containghitdegessembly area

attached to a blockhouse containing a launch control room and separate area for payload GSE.
Launch area access is controlled by a gate across the access road. A separate trailer is set up near t
WFF mobile TM station for scienG&E.

A large payload assembly area provides internet access, 50 Hz 120 V AC, reconfigurable bench
space, crane, and 3 offices on a second floor mezzanine.

There are telemetry receiving station and dish that are usually supplemented with mobile assets from
Wallops as well as remote TM sites in Tromso and sometimes Svalbard, depending on mission
requirements. No radar tracking is available so payloads are usually designed with GPS and a PCM
stack that enables Doppler ranging to be used.

Wind weighting, fligtsafety, and launch control are conducted from the second story of the main
office complex. On the first floor of this complex is a large room set up for experimenters. It
contains a large array of video monitors that can be used to display datatfemy sooirce as

well as countdown communications and phone lines for access to off range support sites.
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Range support requirements are coordinated through the mission manager.

Figure 1.3-1: Launch Facilities at Andeya Rocket Range, Norway Photo. Kohlejm Dahle

Range Interface and Coordination

Primary interface to the range will be through the Mission Manager. Since it is a foreign range a
Technical Assistance Agreement will be required prior to travel. If the experiment team includes
foreign teanmembers detailed information will be required many months in advance of the start of
field operations.

Range support requirements such as purge gas, special electrical connections, or locally purchased
chemicals must be coordinated well in advance siet@led contract covering the launch services

must be negotiated and signed prior to start of field operations. The Mission Manager will work
with SRPO representatives to ensure these requirements are included in the contract.

For launch operations thevél be a SRPO representative at the range to make a final GO/NO GO
call.

Safety and Environment

The winter climate in Andenes is very mild compared to Poker Flat. Temperatures are typically
around the freezing mark so snow, rain, and ice are all&gxgdeatg with periods of very high

wind. Styrofoam boxes are used to insulate the payloads which often must remain in the launch
shelters to avoid damage.

Travel to and from the range can sometimes be hazardous but is a very short commute through a
populded area. Rental cars are equipped with studded tires so driving is typically not extremely
hazardous. However, walking can be very hazardous during icy periods.
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Photography is permitted anywhere on the range.

Visit Requests

Mission Manager will needraaf list of visitors 2 or three weeks prior to the start of field
operations. Once on site each visitor will be given a picture ID card with magnetic strip that will
allow access to the payload assembly area. Those that require access to thendieckeiseea
separate badge.

Travel & Accommodations

Travel to Andenes @svery long trip by commercial air. Rental cars are available at the local airport
but must be arranged for in advance as they must be transported from a larger town. Lodging
options consist of houses, hotels, and cabins in the town of Andenes as well as hotel room type
accommodations at the launch range. Andenes has a few small grocery stores and restaurants.
Many of the stores are closed on Sunday. The launch ranga iswmiyjles from the center of

town.

Shippin
NASA is required to obtain an export license for much of the equipment shipped to the range so all
experiment hardware and GSE is shipped to Wallops first to be consolidated into one large

shipment. This tygally takes at least two weeks to arrive. Even smaller FedEx shipments take at
least one week. Therefore it is very important to account for spare parts in the original shipment

Figure 1.3-2: Launch at Andoy:
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Appendix J. Wallops Flight Facility Digital Telemetry System Chapter 10

NSROC is capable of storing telemetry data in Chapter 10 format to transfer digitally to experimenters.
For more information please refer to the IR@& Chapter 10 Digital Recording Document at
http://www.irig106.org/docs/1087/chapter10.pdf

Ulyssix Technologies and Dewesoft

With NSROC updating the telemetry hardware of the ground station equipment with the Ulyssix
hardware it will allow for recording in various data types. The Dewesoft program which runs on the
Ulyssix hardware is capable of recording raw data streamaDrfite.@hich is proprietary to

Dewesoft but is also capable of simultaneously recording a .tad file of the data. The benefit of these
file types is that the data review is much easier because they will allow the experimenter to select a
start time withinhe data instead of needing to play back the entirety of the mission log. The
Dewesoft program also is capable of exporting the raw data taken from the mission recordings to
numerous file types most notably Matlab and Excel formats.

PTP CD-ROM Data Format

This document describesthe-RIDM dat a f or mat generated by the
Programmable Telemetry Processor for Windows NT (PTP NT).

The source of data will be telemetry data obtained from NSROC Sounding Rocket Missions. This
Data Formatisrefede t o as “PTP NT” f or mat .

While NSROC currently uses this data type it is curreptlycess of being phased out.
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PTP PCM FORMAT
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MUX Data Field
(8 bytes) (depends on Frame Length and Word Size)
Format Option #1: File Recorder Format with Record MH&ader enabled.
MUX PB-4 Data Field
(8 bytes) .
(6 bytes) (depends on Frame Length and Word Size)

Format Option #2: File Recorder Format with Record Time Stamp enabled. (MUX header is
automatically inserted).

MUX

(8 bytes)

Appended Status
(48 bytes)

Data Field

(depends on Frame Length and Word Size)

Format Option #3: File Recorder Format with Record Status enabled.

(MUX header is automatically inserted).

MUX
(8 bytes)

PB-4

(6 bytes)

Appended Status
(48 bytes)

Data Field

(depends on Frame Length and Word
Size)

Format Option #4File Recorder Format with Record Time Stamp and Record Status enabled.
(MUX header is automatically inserted).

It is intended to only provide format option #2.

176




PTP MUX Header Format

810-HB-SRP

Item | Field Name Format & Size Value
1 Header Unsigned integer | 30030330 hex
Synchronization
(4 bytes)
2 Source Module Unsigned integer | Equal to the source module number minus 1. F(
example, if Module 3 sends a buffer to the file
(1 byte) recorder, the Source Module field is equal to 2.
3 Header Types Unsigned integer | Defines the other header types that follow the M
Header.
(1 byte)
0 = No additional headers
1 = PB4 Time Code
2 = Serial Input Appended Status
3 = Both PB4 and Appended Status
4 Next Header Offset | Unsigned integer | Offset to the next MUX header in the file relative

(2 bytes)

the end of the current MUX header. Note that th
a Little Endian representation, the least significa
byte precedes the most significant byte in the filg
For example for 8 bit words anB@M frame lengtt
of 128, the Next Header Offset appears in the fi
80 00 hex. (A 6 byte time stamp is normally aftel
header)

Total Length

8 bytes
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NASA PB-4 Time Code Format

Item Field Name Format & Size Value
1 Days of Year Unsignednteger (11 bits) | Range 1 to 365
2 Milliseconds of Day Unsigned integer (27 bits| Range = 0 to 86399999
3 Microseconds of a Millisecond | Unsigned integer (10 bits| Range = 0 to 999
Total Length 6 bytes

Note:“ Days of Year ” fsigreficadt9 hits & the 14 hitlfigld. t he | ea st

PTP Data Field Format

Data field contains entire PCM minor frame including Frame synchronization pattern and any
countes. PCM word sizes greater tBdmts will be right justified in®¥te words. The masignificant]
byte will precede the least significant byte. If word lengths of 9 to 15 bits are used, the user w
mask out the uppermost bits in the first word. (They will not be zeros.) The most significant bi
precedes the least signiftdait (LSB) for each byte. The number of bytes per field is equal to thg
number of PCM words per minor frame if PCM word length is 8 bits. For PCM word lengths g
than 8 bits, the number of bytes per field is equal to 2 times the number of PCpéwoidor frame
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Appendix K: Radar Data Format 1.1.2155

PROGRAM NAME- POSDAT
FILE CODE - 4

MODE OF WRITING - FORMATTED
DISPOSITION- OUTPUT

Information is recorded in an ASCII character set at 800, 1600 or 6250 BPI. Eadttodical

composed of 312 eight bit ASCII characters. One logical record is included in each physical record. The
following is a definition of the parameters associated with each character position within the logical
record.

CHARACTERS PARAMETERS

Year (1984 = 84)

Day of Year (Jan 15 = 015)

Epoch or launch time hours

Epoch or launch time minutes

Epoch or launch time seconds

Epoch or launch time tenths of seconds

Elapsed time (seconds)

Slant range from the tracker (meters)

Azimuth from the tracker (degrees)

Elevation from the tracker (degrees)

Horizontal range from the launcher (meters)
North-South range from the launcher (meters)
East-West range from the launcher (meters)
Azimuth of vehicle from the launcher (degrees)
109-120 Altitude of vehicle (meters)

121-132 Latitude of sub-vehicle point (degrees)

133-144 Longitude of sub-vehicle point (degrees)
145-156 Earth relative velocity (meters/second)

157-168 East-West component of velocity (meters/second)
169-180 North-South component of velocity (meters/second)
181-192 Altitude component of velocity (meters/second)
193-204 Flight elevation angle (degrees)

205-216 Flight azimuth angle (degrees)

217-228 Slant range from look angle station (meters)
229-240 Azimuth from look angle station (degrees)
241-252 Elevation from look angle station (degrees)
253-312 Spare
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Acronyms

ACS
AETD
AIB
ALVS
ASI
BGS
CACS
CDR
CG
CSS
CuUsS
DMARS
DNMACS
DRCS
ECS
EEPROM
FAA
FCT
FOG
FRP
FRP
FRR
FSK
FSP
FTS
GLN-MAC
GNC
GSE
GSFC
GSP
GUI
&T

[P

IMU
ITAR
LIS
LISS
LSRS
LT™M
MaNIACS
MASS
MCR
MFT
MIC
MM
MOl
MRR
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Attitude Control System
Applied Engineering and Technol@gectorate
Anomaly Investigation Board
Aft Looking Video System
Agency Safety Initiative
Boost Guidance System
Celestial Attitude Control System
Critical Design Review
Center of Gravity
Coarse Sun Sensors
Command Uplik System
Digital Attitude Reference System
Digital NSROC Magnetic Attitude Control System
Data Reduction Computer System
Engineering Computer System
Electronically Erasable Programmable -BelydMemory
Federal Aviation Admistration
Fast CMOS Technology
Fiber Optic Gyro
Flight Requirements Plan
Flight Requirements Plan
Flight Readiness Review
Frequency Shift Keying
Flight Safety Plan
Flight Termination System
Gimbatmounted LN200 with Sandia Miniature Airborne Computer
Guidance, Navigation, Control
Ground Support Equipment
Goddard Space Flight Center
Ground Safety Plan
Graphic User Interface
Integration and Testing
Inertial Impact Point
InertialMeasurement Unit
International Traffic in Arms Regulations
Lost in Space
Lockheed Intermediate Sun Sensor
Launch Status Review System
Linear Thrust Module
Magnetic NSROC Inertial Attitude Control System
Miniature Acquisbn Sun Sensor
Mission Closeut Report
Multi-Function Timer
Mission Initiation Conference
Mission Manager
Moment of Inertia
Mission Readiness Review
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MSB
MTF
NIACS
NiCAD
NiMH
NOAA
NSROC
NSRP
ORSA
PCD
PCM

P

PIR
RDM
RHC
RLG
RMFT
RMMO
RMS
RNRZ
RSM
SGl
SLIT
SME
SOQPSK
SPARCS
SPI
SPS
SPS
SRWG
SSOPD
ST
T&E
TAA
™
TTC
UMFT
USML
VAB
VCO
WAASP
WFF
WSMR
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Most Significant Bit

Magnetic Test Facility

NSROC Inertial Attitud€ontrol System

Nickel Cadmium

Nickel Metal Hydride

National Oceanic and Atmospheric Administration
NASA Sounding Rocket Operations Contract
NASA Sounding Rockets Program

Ogive Recovery System Assembly

Power ControDistribution

Pulse Code Modulation

Principal Investigator

Prelntegration Review

Requirements Definition Meeting

Right Hand Circular

Ring Laser Gyro

Reprogrammable MuRunction Timer

Range and Mission Management Office
Root Mean Square

Randomized No#eturn to Zero

Range Safety Manual

Silicon Graphics

Solar Likeness Indicating Transducer
Significant Military Equipment

Shaped Offset Quadrature Phase Shift Keying
Solar Pointing Attitle Rocket Control System
Serial Peripheral Interface

Separable Pneumatics System

Samples per Second

Sounding Rocket Working Group

Suborbital and Special Orbital Projects Office
Star Tracker

Test and Evaluation

Technical Asistance Agreement

Telemetry

Telemetry, Tracking, Command

USB Reprogrammable Multifunction Timer
US Munitions List

Vehicle Assembly Building

Voltagecontrolled oscillator

Wallops Accelerometer & Attitude Sensor Package
Wallops Flight Facility

White Sands Missile Range
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