RFP NNG1137927R
EXHIBIT 14

ELECTRICAL SYSTEMS ENGINEERING SERVICES (ESES) II 
REPRESENTATIVE TASK ORDERS

General Background for All Representative Task Orders 

The Government requires engineering services in support of a mission called QRS.  The main piece of the QRS mission is an observatory that will be developed, integrated, and tested in-house at the GSFC.  QRS is a Class C mission*, has a 3-year on-orbit mission life requirement in a polar orbit. The VLT instrument is one of 2 instruments on the QRS mission, and is also an in-house build.  The second instrument is an Instrument of Opportunity, and will be provided by a local university.  
The first RTO addresses preparation for PDR.  The second RTO addresses the same mission, but significant change to the base mission. 
The third RTO is for a different mission, RTB.  The Government has an Instrument, GHI, which was developed for another mission. The instrument had a failure of a High Voltage power supply during environmental testing, subsequently losing their mission.  The RTB mission is Class C, but the GHI Instrument is a Class D, and the interface should be built accordingly.  A mission has become available that can accommodate this instrument.  The Space Craft (S/C) Bus has completed CDR and is a fixed price Rapid Spacecraft Development Office (RSDO) purchase   The RTO addresses the tasks that are required to support this mission.

In each of the RTOs, a brief background is given, followed by a task description, along with applicable documents, period of performance, and deliverables. A wide scope of services is required in these RTOs, spanning many engineering disciplines within the Applied Engineering and Technology Directorate, and over the mission life cycle. The offeror shall identify all assumptions made in responding to the RTOs. 

*Per NPR 8705.4, Risk Classification for NASA Payloads 
ESES II RTO 1 

Roadmap to Preliminary Design Review
Background 
The QRS Mission has just completed the Mission Design Review (MDR) and has entered Phase B of the program.  The project is looking at doing an assessment of the technology development readiness and risks on the path to PDR, November 2013.  The GSFC Gold Rules* require all technology development to be at Technology Readiness Level (TRL) 6 by PDR.

The primary instrument, an in-house build, being flown on the QRS mission is called the Visible Light Telescope (VLT). The VLT, an Earth observing telescope, will feature four (4) 1K x 1K Detectors in a Focal Plane Assembly (FPA).  The FPA will be operated at a temp of 150 K at a required stability of +/- 20 mK.  A Focal Plane Electronics box (FPE) is needed to provide the following:
1. Power and clocking signals to the FPA
2. Maintain the +/- 20 mK temperature stability through the use of heaters and sensors within the FPA

3. Parallel read out of the four - detector channels
4. Digitize the analog signals sent from the detectors to 10 usable bits at 20 Mhz.
The detector assembly is an enhanced commercially available CCD array.  The VLT instrument science team is hoping to get higher performance by enhancing the read out device associated with the detector array.  The present concept has been shown during preliminary testing to show promise.
In order to save bandwidth for the S/C to ground communication link, the VLT Instrument to S/C data rate is limited at 30 Mbps average during the operational time from the instrument processor, the FPE will be required to do the following processing of the digitized instrument data:

1. Process the digitized data for the detection of cosmic ray events which negatively affects the quality of the data.
2. Frequency domain processing of the data to detect unique spectral events.
3. Perform on orbit image integration processing and compression of the image data.

The FPE will operate at room temperature and will be located 3 meters away from the cold FPA on the S/C primary structure.  The detectors need to be read every 5 seconds and the data digitized in real time prior to transmission to the S/C recorder.

The initial analysis shows the optical path to be relatively immune to orbital thermal affects of the low orbit, but the seasonal affects could play into the performance.

* GSFC-STD-1000, Rules for the Design, Development, and Operation of Flight Systems
The QRS Mission requires Level 2 parts that meet the EEE-INST-002, stated in the Mission Level Mission Assurance Requirement (MAR) document “QRS-060”.  The main processor, 
EAB Rad 5000, is a commercial part that has been used in Supercomputing environments but never in spaceflight applications.  Military/Space grade processors cannot be used due to the required processor’s speed and footprint requirements.  
The baseline radiation environment specification for the QRS mission is defined in QRS-070 and the derived radiation requirements levied on all systems are specified in QRS-075. This radiation environment and derived requirements are based on a 3-year on-orbit mission lifetime and the specifics of QRS’s polar low earth orbit (LEO). Polar LEO radiation environments can expose the spacecraft to nearly the full space environment.  
Task Description 
1) The contractor shall complete a Technology Risk Mitigation plan to evaluate the front end electronics, the detector assembly and the processor box for the VLT Instrument, including such things as: technical, cost, and schedule risk mitigation schemes. This plan shall include at minimum, evaluations/analyses and mitigations in preparation for PDR, for the following areas: 

· Flight Hardware Design 

· Processor and Memory

· Instrument Interface 

· Spacecraft Interface

· Application-Specific Integrated Circuit (ASIC) Development 

· Power Conversion/Distribution
· Grounding Scheme 

· Flight Software Design 

· Onboard Command Handling

· Science Data and Housekeeping Telemetry Handling 

· Onboard data processing 

· Autonomous Safing of the Instrument 

· Electronics Parts Control Program 

· Selection 

· Screening and Qualification 

· Derating 

· Custom Devices, Advanced Technology Devices 

· Government-Industry Data Exchange Program (GIDEP) and NASA advisories 
· Counterfeit Avoidance
· Optical System

· Thermal Analysis

· Radiation Hardness Assurance Program 
· Analysis techniques to include 30D ray tracing  (Q: is this to be 3 dimensional)
· Displacement Damage Dose (DDD) Effects

· Total Ionizing Dose (TID) effects, including enhanced low dose rate sensitivity (ELDRS)
· Single Event Effects (SEE) 

· Electronics Packaging 

· Mechanical Design 

· Mechanical Analysis 

· Thermal Analysis 

· Workmanship Standards and Certification of Personnel 

· Materials Control 

· Compliant and Non-compliant Materials 

· Outgassing, Flammability and Traceability 

· Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC) 

· Failure Modes and Effects Analysis 

2) The contractor shall complete a trade evaluation/analysis plan that describes the technical cost and schedule advantages and disadvantages of each trade. 
3) The contractor shall prepare a VLT Backup Plan that could be utilized in the event that this detector technology development falls behind schedule or GSFC management determines that the VLT technology risk is too high. 

Applicable Documents (Hypothetical Documents) 
QRS-001
"QRS Level I Requirements" 
QRS-002 
"QRS Mission Description" 

QRS-016
"QRS Command & Data Handling Specification"

QRS-017
"QRS Command & Data Handling Software Specification"

QRS-040
"QRS Communication Subsystem Specification"

QRS-050
"QRS Power Subsystem Specification

QRS-060
“QRS Mission Assurance Requirements”

QRS-065
“QRS Parts Control Plan”

QRS-070
“QRS Radiation Environment Specification”

QRS-075
“QRS Radiation Requirements”

VLT-001
"VLT Instrument Specification"

VLT-002
"VLT Science Performance Requirements"

VLT-003
"VLT Processor Box Requirements"

Period of Performance:
Twelve (12) weeks. 
Deliverables 

VLT Technology Risk Mitigation Plan 
Ten (10) weeks after Task Order (TO) Issuance 
VLT Backup Plan (Draft)


Eight (8) weeks after TO issuance

VLT Trade Evaluations/Analyses Plan
Ten (10) weeks after TO Issuance
VLT Backup Plan (Final)


Twelve (12) weeks after TO Issuance

Assumptions 

Hardware: N/A 
Travel: non-local travel (none) 
On-site/Off-site: On-site 
Task Start Date:  1 December 2012. 
ESES II RTO 2 

Post Preliminary Design Review Changes to Requirements

Background 

Four months after PDR for the QRS spacecraft, the project scientist proposes significant requirements changes.  As an outcome of the latest science team retreat, it was determined that having the ability to get the unprocessed data to the ground for further analysis would significantly increase the value of the mission.  The instrument and S/C Command & Data Handling (C&DH) system must be able to accommodate the higher data rates of up to 300 Mbps.  The project scientist has also negotiated with the project to accommodate real time data transfer to selected ground stations as well as stored playback at the higher data rates.  This requires the minimum processing capability (millions of instructions per second (MIPs)) of the processor to increase by 50% and the use of memory stacks to meet the on-board memory requirements on the existing circuit card size. 
At the same time, the Principle Investigator (PI) has negotiated with NASA Headquarters to extend the mission from 3 to 5 years, and delay launch by 18 months.  The combination of these two events has resulted in an increase to solar maximum environment exposure and requires changes to the current Phase B radiation requirements.
As a result of the requirements change, the QRS spacecraft will need to be able to point the antenna to specific ground stations to accommodate the high data rate.  The requirements change has increased the estimated power for the instrument, Guidance, Navigation & Control (GN&C,) C&DH, and Communication subsystems.  The overall power budget increase has now exceeded the current allocation and design.  The power system may not be able to maintain energy balance in every orbit with the current solar array size because of the new requirement for pointing the antenna.  With the preliminary estimates on the power budget, the Nickel Hydrogen (NiH2) battery depth of discharge (DOD) has increased from 20% to 50%. 

Due to the increased mission lifetime from 3 to 5 years, the QRS Mission now requires Level 1 parts that meet the EEE-INST-002.   Level 2 parts can be used in cases of long lead times or high cost but additional screening and qualification testing must be performed. Cost of the processor and replacement/spare parts will now impact the mission schedule and parts procurement budget. 
The baseline radiation environment for the QRS mission is defined in QRS-070 and the derived radiation requirements levied on all systems are specified in QRS-075. This radiation environment and derived requirements are based on a 3-year mission lifetime and the specifics of QRS’s polar low earth orbit (LEO).  Now that the mission lifetime has been increased to five years, the mission’s radiation environment has been updated to include two additional solar maximum years.  This radiation environment profile change has impacted requirements for total ionizing dose (TID), displacement damage (non-ionizing) dose (DDD), as well as both destructive and non-destructive single-event effects (SEE). 

Task Description 

The contractor shall identify the impacts of these proposed changes to the mission design and cost.  This shall include, but not limited to thermal and mechanical analyses of the impact due to changes to the C&DH and the communication system changes.   The contractor shall determine the impacts to the Electronic Power Supply (EPS) system and re-design the solar array, battery and electronics box as necessary.  The contractor shall research new technologies in solar cells and batteries to remain within allocated mass and volume constraints.  The contractor shall perform analysis to show that there is energy balance in every orbit with the new solar array, battery, and electronics design.  The contractor shall verify the battery decision by performing a trade study against current technologies.  The contractor shall make recommendations in the form of Configuration Change Requests (CCRs) to be presented to the Configuration Change Board (CCB).  The contractor shall address changes in the schedule to reflect the 18 month slip, and appropriates changes in delivery date for minimum cost impacts, new critical paths and new make/buy milestones with appropriate documentation.
Applicable Documents (Hypothetical Documents) 

QRS-001
"QRS Level 1 Requirements"

QRS-002
"QRS Mission Description"

QRS-003
"QRS Science Instrument Specification"

QRS-004
"QRS Electrical System Specification"

QRS-007
"QRS Data Management Plan"

QRS-040
"QRS Communication Subsystem Specification"

QRS-050
"QRS Power Subsystem Specification" 
QRS-060
“QRS Mission Assurance Requirements”

QRS-065
“QRS Parts Control Plan”

QRS-070
“QRS Radiation Environment Specification”

QRS-075
“QRS Radiation Requirements”

VLT-001
"VLT Instrument Specification"

VLT-002
"VLT Science Performance Requirements"

VLT-003
"VLT Processor Box Requirements"

Period of Performance: 
Eight (8) weeks after TO Issuance
Deliverables 

Impact Analyses/Trade Reports 


Five (5) weeks after TO Issuance
Configuration Change Requests 


Six (6) weeks after TO Issuance
Updated Schedule, with cost changes emphasized
Eight (8) weeks after TO Issuance.

Assumptions 
Hardware: N/ A 

Travel: non-local travel (none) 

On-site/Off-site: On-site (Government's facility) GSFC will provide all environmental test facilities at no cost to contractor.
Task Start Date: 1 August 2013. 

ESES II RTO3
Existing Instrument on a new Ride
Background 
The Pre-environmental Test Review was successfully completed for the GHI Instrument. However, during S/C level vibration testing, the High Voltage power supply was damaged beyond repair, and subsequently delayed the delivery past the launch window.  Consequently, the Instrument was removed from the S/C and launched without the GHI Instrument.   A new Spacecraft, RTB, was identified that would meet the requirement for the GHI instrument operational environment and would be launching in 18 months. 

The RTB Spacecraft had a similar instrument that was having cost and schedule issues, and Headquarters directed the project to fly the GHI Instrument.  Since power, mass, and volume of the removed RTB instrument are similar to the GHI Instrument, the S/C can directly accommodate the power requirements, but the C&DH system is a 1Gbit Ethernet bus, while the GHI Instrument used Mi-Std1553B for command and telemetry and Low Voltage Differential Signaling (LVDS) at 125 Mbps, for the high speed data bus.  The orbital average data volume is 75-100 Gbits.  The S/C communication system can easily accommodate the data volume to the ground through the existing system.
NASA Headquarters has mandated to the RTB project team to accommodate the GHI Instrument, but since the S/C was purchased under a fixed price contract, GHI Instrument project team was directed to make all the accommodations to interface to the RTB S/C.

The High Voltage System, originally designed for the GHI Instrument, was based on older technology and parts obsolescence is an issue.  The contractor will need to look at options for replacing the supply in a very short time frame. The High Voltage Power Supply requirements, voltage less than 12kV, are unique and cannot be found in COTS or off the shelf systems.
The contractor will perform a trade study with options to accommodate the 1Gbit Ethernet interface the existing instrument interface, and come up with the best approach.  Assume the Instrument GHI Processor box is fully qualified for flight.
Task Description 

The contractor shall determine the impact on the GHI Instrument to accommodate the interfaces to the RTB mission subsystems, and the design/assembly/integration of these impacts. 
The contractor shall perform the following in support of accommodating GHI: 

· Requirements Definition 

· Flight Systems 

· Ground Systems 

· Flight Hardware Design 

· Architecture Definition 

· Detailed Electronic Design 

· Field Programmable Gate Array (FPGA) and/or Application Specific Integrated Circuit (ASIC) Design 

· Parts Placement 

· Signal Routing 

· Grounding Scheme 

· Electronics Parts Qualification and Screening, Long Lead Items 

· High Voltage Power Subsystem 

· Electronic Box Design 

· GSE Design 
· Data/Command Interface

· Accommodation Trade Study

· Modification vs. Additional Box
· Radiation Testing 
· Displacement damage dose (DDD) 

· Single-event effects (SEE)
· Total ionizing dose (TID), including enhanced low dose rate sensitivity (ELDRS)
· Electronics Packaging 

· Mechanical Design 

· Mechanical Analysis 

· Thermal Analysis 

· Flight and Ground Systems Electronics Fabrication 

· Flight and Ground Systems Electronics Assembly 

· GHI re-Integration and Test 

· Support of Electronics Box Environmental Test 

· Thermal/Vacuum 

· Vibration 

· Electromagnetic Interference/Electromagnetic Compatibility (EMI/EMC) 

· Instrument Calibration and Alignment 

· Mission Assurance and Systems Safety Plan 

· Contamination Control Management, Analysis, and Verification 

Applicable Documents (Hypothetical Documents) 
RTB-001
 "RTB Mission Requirements" 
RTB-002 
"RTB Mission Description" 
RTB-003 
"RTB Science Instrument Specification" 
RTB-004 
"RTB Electrical System Specification" 
RTB-013 
"RTB Flight Software Specification" 
RTB-015 
"Instrument-4 Accommodation Study" 
RTB-016 
"RTB Command & Data Handling Specification" 
RTB-017 
"RTB Command & Data Handling Software Specification" 
RTB-030 
"RTB Spacecraft Ground RF Interface Control Document" 
RTB-040 
"RTB Communication Subsystem Specification" 
RTB-050 
"RTB Power Subsystem Specification" 
RTB-075
“RTB Radiation Requirements”
RTB-080
Mission Assurance and Systems Safety Plan 

GHI -001 
"GHI Interface Control Document" 
GHI -002 
"GHI Instrument Systems Specifications Document" 
GHI-003 
"GHI High Voltage Power System Specifications Document" 
Period of Performance: 
Twelve (12) months  

Deliverables 

Data Interface (DI) Accommodations Trade Study 
Four (4) weeks after TO Issuance 
GHI Instrument CCRs 



Six (6) weeks after TO Issuance 
GHI ICD Rewritten




Twelve (12) weeks after TO Issuance 
GHI HVPS and DI Requirements Document

Eight (8) weeks after TO Issuance

GHI HVPS As Designed Parts List 
Sixteen (16) weeks after TO Issuance
GHI HVPS Detailed Design Complete 

Sixteen (16) weeks after TO Issuance 
GHI Delta-CDR Presentation 


Twenty (20) weeks after TO Issuance
GHI Mission Assurance and Safety Plan Supplement  Twenty Six (26) weeks after TO Issuance

GHI Flight Hardware 




Forty-two (42) weeks after TO Issuance
GHI Flight Hardware Specification (Revised)
Forty-two (42) weeks after TO Issuance
GHI Integration and Test Plan 


Forty-two (42) weeks after TO Issuance
GHI As Built Parts List 



Fifty-two (52) weeks after TO Issuance
GHI Environmental Test Report 


Fifty-two (52) weeks after TO Issuance
Assumptions 

Hardware: The total hardware cost (i.e. raw material, EEE parts, PWBs, consumables, and any other hardware related costs) of the GHI is $2M.  Note: Non-recurring engineering, technician, or manufacturing hours to design, assemble, and test the GHI are not included in the hardware cost. 
GSFC will provide all environmental test facilities at no cost to contractor.

Travel: non-local travel (none) 
On-site/Off-site: On-site; Hardware fabrication is performed off-site. 
Task Start Date: 1 March 2016. 

ACRONYM LIST

ASIC 


Application Specific Integrated Circuit 
ATP 


Authorization to Proceed 
C&DH 

Command & Data Handling 
CBGA 

Ceramic Ball Grid Array 
CCB 


Configuration Change Board 
CCR 


Configuration Change Request 
CDR 


Critical Design Review 
COTS 


Commercial Off-the-Shelf 
cPCI


Compact Peripheral Component Interconnect 

DOD


Depth-of-Discharge
EMI/EMC 

Electromagnetic Interference/Electromagnetic Compatibility
EPS 


Electrical Power System 
ESES 


ELECTRICAL SYSTEMS ENGINEERING SERVICES 
FPE 


Focal Plane Electronics 
FPGA 


Field Programmable Gate Array 
GIDEP 

Government Industry Data Exchange Program 
GN&C 

Guidance, Navigation and Control 
GSE 


Ground Support Equipment
Li-Ion


Lithium Ion

LVDS


Low Voltage Differential Signaling

MIPs 


Million Instructions Per Second 
NiH2


Nickel-Hydrogen
PDR 


Preliminary Design Review
RF 


Radio Frequency

RTO


Representative Task Orders 
RSDO


Rapid Spacecraft Development Office
