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METS II Representative Task Order #1

Mission Systems Engineering for

Accommodation of New Launch Vehicle

Task Background

The Budget Orbiting Solar Coronagraph (BOSCO) is a SMEX-class spacecraft scheduled to launch as a secondary payload aboard an Atlas V 401 launch  vehicle.  The launch vehicle’s primary payload is PTSat, an earth science spacecraft that will fly in a sun-synchronous orbit at 705 km altitude.  BOSCO has a small propulsion system designed to perform the following functions:  (1) lower its initial orbit by 5 km (thus achieving separation from PTSat); (2) maintain a sun synchronous orbit at 700 km altitude for two years; and (3) lower its altitude to 550 km at end-of-life to ensure re-entry within 25 years.  BOSCO’s debris casualty area is less than 8 square meters, so there is no requirement for a controlled re-entry.

BOSCO’s Preliminary Design Review (PDR) is scheduled to take place in six months.  However, Agency budgetary priorities have led to a drastic reduction in funding during the current fiscal year.  As a result, BOSCO is unlikely to stay on schedule.  PTSat, on the other hand, remains on schedule, and will not wait for BOSCO to deliver late.  Therefore, BOSCO will probably lose its spot on PTSat’s launch vehicle.  NASA Headquarters has identified another mission, launching two years after PTSat, that could accommodate BOSCO as a secondary payload.  It is a weather satellite that will be injected into a Geosynchronous Transfer Orbit (GTO) before transferring itself up to an equatorial Geosynchronous Orbit (GEO) for mission operations.

HQ has called for a design study to assess the feasibility of changing BOSCO’s mission orbit from the baseline (700 km circular/polar) to a highly-elliptical orbit with a low perigee and an apogee near GTO.

Critical characteristics of the baseline BOSCO mission are as follows:
	Design Orbit
	700 km circular

98.2 degrees inclination
6:00 am sun synchronous

	Mission Duration
	1 year

(carry 2 years of consumables)

	Risk Classification
	C

	Observatory Mass
	320 kg

	Instrument Mass
	100 kg

	Science Data Downlink
	10 Mbps for 2 hrs/day
Ka-band

	Command Uplink
	2 kbps for 2 hrs/day
S-band

	Pointing Accuracy
	10 arcseconds

	Observatory Power
	300 W orbit average

	Solar Arrays
	Fixed GaAs

	Launch Vehicle
	Atlas V 401

Western Range


The modified BOSCO mission must accommodate the coronagraph instrument, and maintain the specified pointing accuracy and data rates, while operating in an inclined GTO.  The modified injection orbit has an apogee altitude of 35,786 km, a perigee altitude of 185 km, and an inclination of 27 degrees.  The launch vehicle for the modified mission is a Delta IV Medium+(4,2).  The mass of the BOSCO observatory may be allowed to grow in order to accommodate the modified mission, but there is a hard limit of 400 kg.

Statement Of Work

The contractor shall conduct a design study to define the major design changes that will have to be made to the BOSCO mission (including the spacecraft bus, instrument, ground system, and operations) to accommodate the modified mission concept.  The contractor shall also evaluate any impacts on the cost and development schedule, and perform a complete risk assessment. The draft design study is due in three months.  The draft design study will be evaluated by a Government review board, which will make recommendations prior to the contractor’s completion of a final version of the design study one month later.

The contractor shall identify the significant changes that will be required in all of the mission systems and major subsystems.  All new, modified, deleted, and unmodified Level 2 (mission) and Level 3 (subsystem) requirements shall be documented.  Any modified launch vehicle interfaces shall be identified and the impacts quantified.  The modified operations concept shall be described in a revised Operations Concept Document.  The contractor shall assess all risks (technical, cost, and schedule) introduced by the modified mission concept, and shall outline approaches for reducing/mitigating these risks.  The contractor shall document any assumptions made during this study.

Applicable Documents

BOSCO-001
“Mission Requirements Document”

BOSCO-010 through -021  “Level 3 Subsystem Requirements Documents”
BOSCO-030
“Operations Concept Document”
BOSCO-040  “Coronagraph Specification”

BOSCO-041  “Coronagraph-to-Spacecraft ICD”

BOSCO-050  “Draft Observatory-to-Launch Vehicle ICD”
Period of Performance  Four (4) months after Authority to Proceed (ATP).

Deliverables
· Drafts of modified versions of all Applicable Documents listed above
· Risk Assessment

· Revised Cost Estimate

· Revised Schedule

· Draft Design Study Presentation (for 3-month Government review)

· Final Design Study Presentation

Assumptions
· Long Distance Travel: N/A

· On-site/Off-site: On-site

· Contractor provides all systems engineering and discipline engineering manpower required to accomplish this design study.  (Government systems engineering team focuses on continued development of the baseline mission while the contractor team is performing the study of the modified mission.)
METS II Representative Task Order #2

Instrument Systems Engineering Support for Mission Concept Review
Task Background:

The TechnoSat mission is to deploy a satellite to validate four technology demonstrations, including: a miniaturized mass spectrometer, a compact lidar, an advanced cryogenic cooling system, and a high efficiency, low power command and data handling system.   The project is being managed at Goddard.  The miniaturized mass spectrometer and spacecraft are being built in-house at Goddard.  However, the other three payloads are being provided by external partners. The launch is expected in the 2015 timeframe.  

The mission has been the subject of a one-week study in the Integrated Design Center (IDC) at GSFC.  As a result of this study, the following mission characteristics have been established as a baseline.  All of these characteristics, except for the mission lifetime and risk classification, are subject to revision as a result of future trade studies.

Mission Characteristics

	Mission Orbit
	
	

	
	Circular
	600 km

	
	Inclination
	94°

	Mission Lifetime
	Minimum 3 years

	Launch System
	Taurus II, Taurus XL or Minotaur IV

	Attitude Control
	3-axis stabilized, nadir-pointing

	Communications
	

	
	Routine
	X-Band

	
	Command
	X-Band

	Telemetry
	

	
	Clock Accuracy:
	5msec Knowledge to UTC

	Risk Classification
	C


The mass spectrometer’s top level design requirements and interface constraints are as follows:

	Mass
	10 kg

	Power
	20 watts operational

30 watts survival

	Data interface
	RS-422

	Thermal Interface
	≤0.5W/(C


Statement of Work

The project is currently in the concept study phase.  The contractor shall provide instrument systems engineering services for the miniaturized mass spectrometer necessary to develop a baseline mission concept proposal for the Mission Concept Review, which will be held in 6 months. 

The instrument systems engineering tasks include, but are not limited to, the following:

· Provide technical leadership, coordinating and guiding the work of a team of multidisciplinary engineers

· Define baseline instrument concept

· Estimate all resources required to produce the instrument, including mass, power, volume, and cost.

· Perform top level analyses and trade studies

· Perform reliability modeling to determine appropriate level of redundancy

· Characterize Technology Readiness Levels (TRL’s) for all candidate technologies  

· Perform risk identification and assessment

· Identify and address technical problems and recommend solutions.

Applicable Documents

TechnoSat-001
“Draft Mission Requirements Document”

TechnoSat-002
“Mission Concept Report”

TechnoSat-003
“Draft Ops Concept Document”

TechnoSat-004
“Draft Spacecraft Interface Definitions”

TechnoSat-005
“Level 3 Instrument Requirements”

Period of Performance    Nine (9) months after Authority to Proceed (ATP)

Deliverables

· Instrument concept block diagram

· Resource Estimates (Mass, Power, Volume, Cost)

· Requirements flowdown/traceability document

· Risk assessment report

· Trade study reports

· Supporting analyses

Assumptions

· Long Distance Travel: N/A

· On-site/Off-site: On-site

· Although a baseline has been provided, it should not restrict the team from doing the appropriate trades  

METS II Representative Task Order #3

Development of Quad Thruster Modules and Driver Electronics

Task Background:

The Earth Reconnaissance Geodetic Orbiter (ERGO) mission is an earth science mission being developed in-house at the Goddard Space Flight Center.  The mission recently held its Preliminary Design Review (PDR), and the launch is scheduled for 54 months from now.  Here are a few key details of the mission:

	Mission Orbit
	450 km altitude

65 degrees inclination

	Mission Risk Classification
	B

	Orbiter Mass
	3300 kg

	Mission Duration
	4 years

(consumables sized for 6 years)


The work required to develop ERGO’s monopropellant hydrazine Reaction Control Subsystem (RCS) will be divided between Government and contractor teams.  The Government is responsible for overall RCS management, system analysis, and feed system design/development.  The contractor has been given responsibility for development of the thruster modules and the electronics required to drive them.

Statement of Work:

The purpose of this task is to design, develop, manufacture, test, and qualify a set of four flight Quad-Thruster Modules (QTMs) (3 flight + 1 spare) for the ERGO program, in addition to a single flight Valve Driver Box (VDB) capable of energizing all 12 flight thrusters.  Each of the four QTMs shall consist of four qualified Rocket Engine Assemblies (REAs) that satisfy the requirements of the referenced specification.  The VDB shall operate with 28 + 7 V power input and shall communicate with the ERGO Command and Data Handling (C&DH) subsystem over a 1553 interface.  The QTM specification defines physical characteristics, performance requirements, the operating and survival environments, and the quality assurance requirements for the QTM.  Each of the REAs shall have the performance levels specified in the specification.  The duration of the task shall be 30 months.

Additional physical requirements for the QTM and VDB are defined in the Interface Control Document referenced below.  The ICD defines the mounting interface, volume, mass, thrust vectors, and other physical properties.  The ICD also defines the electrical and telemetry allocations.

The Contractor shall furnish the necessary management, labor, facilities, materials, tools, and equipment (except as specified herein to be government provided) and to do all things necessary and/or incidental to accomplish the work specified herein including the following:

· Management of the project in accordance with this task order.

· System engineering including the verification of all requirements and performance parameters of the specification.

· The design, analysis, development, procurement, manufacturing, test and verification of the QTMs, the VDB, and the flight harness between them.


As stated above, in general the overall effort shall be for the delivery of four (4) QTM’s (3 flight and 1 spare), one VDB, and associated flight harness, which must survive handling, transportation, and launch environments and operate in orbit for at least 4 years.

All effort with this task shall be coordinated with the Government Product Development Lead (PDL) for the ERGO RCS.  The PDL will serve as a single point of contact to ensure that the design and qualification of the QTM satisfies the mission requirements defined in the references.

Analysis Requirements:

The contractor shall perform analyses of QTM requirements.  The analyses shall ensure the self-compatibility of the component for each environment to be encountered throughout the applicable GSFC flight programs including operating and non-operating conditions during ground operations, the shipping environment, the spacecraft launch environment, and the on-orbit environment as defined in the Component Specification for the QTM. 

The contractor shall analyze the performance of the REAs within the QTM by demonstrating compliance with the referenced specification.  As a minimum the contractor shall verify compliance with the following requirements:

a. Specific impulse

b. Minimum pulse width

c. Pulsing requirements

d. Propellant throughput

e. Operating pressures

f. Minimum thrust levels

g. Propellant budget

The contractor shall perform a mechanical alignment trade study to determine the best approach to meeting the alignment requirements defined in the specification.  The contractor shall define the method for aligning the REAs within the QTM and a proposed method at the spacecraft level.  The method at the spacecraft level shall require coordination with the RCS PDL and spacecraft mechanical engineering lead.

The Contractor shall perform the necessary thermal analyses to verify that the QTM thermal design meets the requirements in the QTM specification.  The analyses shall be based upon the environmental solar fluxes and boundary conditions provided by the GSFC and shall consider all cases such as maximum hot case, minimum cold case, REA firing, and non-firing.  The analyses shall include a detailed nodal thermal model of the QTM and shall have sufficient detail to predict the temperatures of all the major QTM components.  The thermal analysis shall be validated during thruster hot fire testing and/or during thermal balance testing and shall include predictions of worst-case low and high temperatures during all spacecraft modes. Data from previous testing may be used to validate portions of the thermal analysis if sufficient detail and similarity is substantiated to GSFC.  A Thermal Analysis Summary Report shall be delivered to GSFC.

The Contractor shall also provide a reduced version of the nodal thermal model to the GSFC for incorporation into the spacecraft thermal model.  The reduced model shall not exceed 25 nodes.  The reduced thermal is preferred to be in SINDA/FLUINT (a.k.a. SINDA85) format.  The SINDA(G) (a.k.a. "Gaski" SINDA) format may also be used with GSFC approval.

Reviews:
The Contractor shall organize and present the following reviews to a GSFC Review Team at the facilities noted and at the times indicated, as defined by the task order:

a. Design Review: To be held 2 months after date of contract (ADC) at the contractor's plant.  This meeting will be an informal review of the design in order to ascertain the flight worthiness of the Contractor’s design prior to detailed design.  This review shall encompass all hardware (both flight and ground support equipment), and documentation required by the contract.  The Contractor shall ensure that the appropriate review documentation is provided.    The level of detail shall be consistent with the review objectives and permit an assessment of the items under review.  A list of action items, accomplishments, and agreements shall be generated.  All items shall be in sufficient detail to be self-explanatory. 

b. Pre-Assembly Review: To be held less than one month prior to assembly of flight hardware.  This review shall ensure that any major issues related to detailed design, performance analysis, and piece part manufacture/procurement have been resolved prior to assembling the hardware.
c. Pre- Test Review: To be held prior to the start of qualification or acceptance testing at the contractor’s plant.  This meeting will be an informal review of the design and qualification status and proposed acceptance and qualification testing in order to verify the readiness to proceed to verification testing. This review shall encompass all hardware (both flight and ground support equipment), and documentation required by the contract.  The Contractor shall ensure that the appropriate review documentation is provided.    The level of detail shall be consistent with the review objectives and permit an assessment of the items under review.  A list of action items, accomplishments, and agreements shall be generated.  All items shall be in sufficient detail to be self-explanatory.

d. Pre-Ship Review (PSR): To be held at the contractor's plant at the completion of verification tests and prior to shipment of the hardware to GSFC.  The Verification Data Package will be reviewed as this time.

Applicable Documents:

1. Quad-Thruster Module Specification, 597-ERGO-SPEC-001

2. QTM Interface Control Document, 597-ERGO-ICD-001

3. VDB Interface Control Document, 597-ERGO-ICD-002

4. ERGO Mission Requirements, 400-ERGO-RQTS-001

5. ERGO Mission Quality Requirements, 400-ERGO-QA-001

Deliverables:
The contractor shall deliver the following items at the end of the task.  Analyses and models shall be provided when completed for review and approval by the RCS PDL.  Preliminary versions of analyses and models may be provided to support interface discussions and RCS design iterations.

1. Flight Hardware

· Three flight QTMs

· One flight spare QTM

· One flight VDB

· All flight harness required between the QTMs and the VDB

· One spare kit of flight parts for the VDB

· Thermal blankets

2. GSE such as handling, test, alignment, shipping, etc

3. Thermal models (detailed & reduced)

4. FEM or other mechanical model

5. Pro-E design models

6. End item data packages

Documentation Required:

The contractor shall provide the following documentation in addition to the deliverables defined above.

1. Monthly reports

2. Verification plan

3. Qualification plan

4. Qualification report

5. Analysis reports (Performance, Thermal, Stress, etc.)

6. Electrical ICD

7. Mechanical ICD

8. Detailed drawings

9. CAD model

10. Quality Assurance plan

Assumptions:
· It is expected that the contractor will purchase the REAs from a thruster vendor, although other approaches may be acceptable.
METS II Representative Task Order #4

Post Launch Disposal of an Earth Orbiting Satellite

Task Background

The Radiation and Ozone Calibration Satellite (ROCSAT) is a Class B mission that is beyond the end of its designed mission life and now requires proper disposal according to NASA Orbital Debris Standards. The satellite is in an Earth Orbit that could allow boosting to a disposal orbit or controlled re-entry into the ocean. The ROCSAT satellite GN&C system currently has a sensor suite that includes three-axis gyros, coarse sun sensors, and a magnetometer, each with a functional redundant backup. The only available actuators are a set of four reaction wheels in a pyramid configuration and the reaction control system.  Specifics regarding the spacecraft orbit and spacecraft control system are provided in the Mission Description and GN&C Specification, but to highlight the orbit parameters these are: semimajor axis of 7728 km, eccentricity of 0.0841, and inclination of 20.5 degrees.  The METS Contract prime contractor is tasked to provide analysis and planning of the ROCSAT disposal effort.

Statement of Work

The contractor shall perform a trade study for various disposal options, including controlled re-entry or possible movement to a disposal orbit and all related pacification analyses. An operations concept with maneuver scenario and Delta-V budget will be completed. If the decision is made to dispose of the spacecraft via Earth re-entry, an Impact Area analysis shall be completed. Evaluation of triggers for the beginning of re-entry operations may be necessary and shall be included in the Revised Operations Document. Evaluation of the current onboard controller design and required modifications to flight software shall be coordinated with the satellite Mission Operations Manager. The contractor shall use ROCSAT flight data to validate the GN&C High Fidelity Simulation and the Hybrid Dynamic Simulator as it relates to simulations of the disposal plan. Contingency plans shall be devised with necessary additions to the spacecraft Fault Detection procedures. Monthly status briefings are required. A design peer review will be conducted before implementation of the plan.  Execution of the disposal plan is outside the scope of this Representative Task Order and will be left to the Mission Manager’s discretion.  For purposes of staff planning, the contractor shall provide plans for either outcome of the disposal analysis (i.e. re-entry or disposal and passivation).

Applicable Documents

ROCSAT-001
“ROCSAT Level 3 Requirements”

ROCSAT-002
“ROCSAT Mission Description”

ROCSAT-003  
“ROCSAT Mission Requirements Document”

ROCSAT-004
“ROCSAT Operations Document”

ROCSAT-005
“ROCSAT Flight Software Specification”

ROCSAT-006
“ROCSAT GN&C Specification”

ROCSAT-007
“ROCSAT GN&C Fault Detection and Correction Document”

ROCSAT-008
“ROCSAT GN&C Command and Telemetry List”

ROCSAT-009
“ROCSAT GN&C Algorithm Document”

Period of Performance

Nineteen (19) Months after Authority to Proceed (ATP)

Deliverables

Disposal Trade Study
Two (2) months after ATP

Impact Area Analysis
Three (3) months after ATP

Revised Operations Document
Four (4) months after ATP

Flight Software Modifications
Eight (8) months after ATP

Contingency Plan, Procedures, & Flow Charts
Twelve (12) months after ATP

Hi-Fi/HDS Simulation Validation Report
Fifteen (15) months after ATP

Peer and Design Review Packages
Sixteen (16) months after ATP

Action Item Responses
One (1) month after review

Final Disposal Operations Report
Nineteen (19) months after ATP

Monthly Status Briefings
Monthly

Assumptions

The government will provide access to any Flight Software testbeds that are required for analysis, including the GN&C high fidelity simulation and the ROCSAT Hybrid Dynamic Simulator.

Long Distance Travel: N/A

On-Site/Off-Site: Off-Site

Task Start Date: Task is issued immediately after contract award.

METS II Representative Task Order #5
RF Systems Engineering for Expendable Launch Vehicle Support
Task Background:
 A spacecraft is to be launched on an expendable launch vehicle from the KSC/CCAFS complex.  The Project must determine if either ground stations or TDRS should be used to provide support during prelaunch checkout on the launch pad and the first 20 minutes of flight.  Commanding, telemetry and ranging are required continuously.
Statement of Work:  Both a direct-to-ground and a TDRS option shall be defined and compared, with a final recommendation made based on technical, cost, and schedule considerations.  Based on this recommendation, the contractor shall develop a draft Operations Concept Document (including detailed timeline) for the required command, telemetry, and ranging activities.

The following specifications are provided:

- Final Bit Error Rate (BER) is 10-7
- Coverage time is from launch – 10 minutes to launch + 15 minutes

- Continuous commanding, telemetry and ranging is required

- Minimum-link margin is 1 db 

- Command rate is 50 Kbps

- Telemetry rate is 100 Kbps

- Assume first generation TDRS and current east locations
- Relevant Launch Vehicle Target Parameters:

· Launch date:  July 31, 2014

· Launch window duration:  60 minutes
· Perigee altitude:  300 km

· Apogee altitude:  35,800 km (geosynchronous transfer orbit)

· Inclination:  28.7 degrees

· Right ascension of ascending node:  200 degrees

In performing this work, the contractor shall describe in detail the analytical factors that need to be considered for both the ground station and TDRS options.  The contractor shall develop an end-to-end (spacecraft to data processing input at GSFC) telecommunications system design for each of the two options to the block diagram level.  The system design shall depict individual components with their salient parameters defined.
The contractor shall perform detailed link calculations supporting each design, including all significant parameters.  If other assets such as commercial ground terminals are used, the pertinent parameters of these elements shall also be defined.

The contractor shall also perform a technical and Lifecycle Cost (LCC) comparison of the options that includes spacecraft component, TDRS, ground station, and ground communication costs (but not integration circuits (NISN) and test costs).
After the contractor has made its recommendation and the Government has decided which option shall be implemented, the contractor shall develop a draft Operations Concept Document (including detailed timeline) for the required command, telemetry, and ranging activities.

Applicable Documents:

Space Network Users’ Guide, Revision 9 

Ground Network Users’ Guide, Revision 2

Period of Performance:
Two Months
Deliverables:

· Trade Study Plan
· End-to-End System Block Diagrams for Each Option

· Detailed Link Budgets for Each Option

· Detailed Technical and Life Cycle Cost Comparison

· Final Trade Study Report, including Recommended Approach

· Draft Operations Concept Document for Command, Telemetry, and Ranging activities (Prelaunch Checkout until L + 20 Minutes)
1

