Engineering and Science Contract

Delivery Order S3

1. Title of Effort – Engineering Test
2. Date of Request – RFP
3. Task description

a. In compliance with ESC SOW 2.1.1, the contractor shall execute Engineering systems testing requirements which include: the execution of test plans, the achievement of test objectives; design, development, fabrication and integration of test hardware; conduct of test readiness reviews; generation of test procedures; scheduling of facilities; collection, reduction and reporting of test data and resolution of test issues.  All Engineering tests shall comply with EA-WI-024, General Operating Procedures Manual for EA Testing Facilities.

b. All contract management, facility maintenance and operation, data and software systems, safety and mission assurance and logistics requirements specified within the Baseline ESC SOW 1.0 are applicable and considered within scope to the ESC and shall not be priced as an element of this Delivery Order. Test facility and associated test equipment operational requirements shall be in accordance with ESC Attachment J14, EA / SA Facility Matrix. Training and certification of all personnel required to maintain the laboratories in a state of readiness are also considered within scope to ESC baseline efforts per matrix J14, EA / SA Facility Matrix.

Note to Offerors: The Baseline SOW provides requirements for definition and implementation of those activities necessary to achieve cost effective management of all efforts and resources utilized in the accomplishment of this DO. The ESC Applicable Documents List provides additional contract level requirements and products. The requirements specified within this delivery order are complementary and supplemental to the baseline requirements. Under the baseline requirements, the contractor provides for facility operational readiness including all training and certification of all personnel required to maintain the laboratories in a state of readiness. Under the Baseline requirements, the contractor provides and implements configuration control polices and guidelines that ensure the proper handling and operation of flight equipment and data.

4. Period of Performance

a. This delivery order period of performance is 1 year.

__________________________________________________________________________

5. Performance Work Statement

5.1 Space Shuttle Electromagnetic Compatibility Test and Analyses

a. Requirement - In compliance with SOW 2.2, the contractor shall perform 12 electromagnetic compatibility analyses and in compliance with SOW 2.1.1, the contractor shall perform 60 electromagnetic compatibility tests of delivered hardware to verify Space Shuttle program electromagnetic compatibility requirements.
Note to Offeror – This requirement provides Electromagnetic Effects (EME) analysis and EMI testing of hardware for the Space Shuttle Program.  Assessments of the feasibility of using general EMI characteristics of Orbiter upgrades parts and components serves as a foundation for considering revisions to Space Shuttle EMI/EMC requirements.  This activity encompasses the review of Orbiter upgraded parts and components list and performing an EMI comparison between these components and hardware components being replaced.  Assessments of the feasibility of delta-certifying commercial-off-the-shelf (COTS) hardware to Shuttle EMI/EMC requirements and the review of military and industry EMI control requirements used to certify COTS, determinations of the compatibility of these requirements with Shuttle requirements can be made and used in governing EMI control.

The design and performance of EMI tests of components and systems, verifies requirement compliance and assures system integrity within the operational environments specific to the Space Shuttle Program.

5.1.1 Test Preparation

i. The contractor shall determine the appropriate test equipment configuration, prepare and deliver required test documentation, and reconfigure test equipment as necessary to conduct electromagnetic compatibility tests utilizing the Electromagnetic Compatibility (EMC) Test Facility.

5.1.2 Test Operations

i. The contractor shall conduct test operations utilizing laboratory systems, subsystems, test equipment, and test articles. The contractor shall prepare and deliver all associated documentation.

5.1.3 Tear Down and Data Reduction and Analyses

i. The contractor shall restore the laboratory systems, subsystems, and test equipment to that configuration prior to start of test preparation or to that configuration required by subsequent test per configuration management requirements.
Note to Offeror – Facility configuration management requirements are contained within the SOW Baseline 1.0. Configuration definition, status and associated documentation are in-scope to the baseline efforts and are not within the scope of this DO. 

b. Applicable DRDs 
	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule 
	12 (1 per month)

	102
	Engineering Drawings and Model Files
	60 (1 set per test)

	104
	Engineering Design Change Proposal
	As required 

	105
	Regular Status Report
	12 (1 per month)


Note to Offeror – An example of a Test Data Package is in the ESC Reference Library. 

c. Product Schedule

	Product(s)
	Quantity
	Schedule

	Electromagnetic Compatibility Analysis Report
	12
	1 per month

	Electromagnetic Compatibility Test Report
	60
	5 per month

	Test Equipment Configuration
	60
	5 per month

	Perform Test Operations
	60
	5 per month

	Tear Down and Data Reduction
	60 
	5 per month


d. Applicable Documents 

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities

iii. EV-021, Version E, Procedure for Client Use of Avionic systems Division Test Services

iv. JSC-27743, EMC Test Methods for Shuttle Orbiter Equipment/Experiments

v. JSC-27773, Version F, Avionic Systems Division General Operating Procedures for Laboratories and Facilities
vi. SL-E-0002, Version F, Space Shuttle Specification, Electromagnetic Interference Characteristics Requirements for Equipment

e. Product Verification  

i. Evaluation of EMI test Procedures (developed under ESC Baseline SOW 1.2.2) against the applicable documents and the results of the EMI compatibility analyses developed under this DO.

ii. Evaluation of test results against EMI compatibility analyses results and Space Shuttle requirements.
5.2 Space Station Electromagnetic Compatibility Test and Analyses

a. Requirement – In compliance with SOW 2.2, the contractor shall perform 12 electromagnetic compatibility analyses and in compliance with SOW 2.1.1, the contractor shall perform 60 electromagnetic compatibility tests of delivered hardware to verify Space Station Program electromagnetic compatibility requirements. The contractor shall perform EMI tests of components and systems to verify EMI compatibility with surrounding environments specific to the Space Station Program.

5.2.1 Test Preparation

i. The contractor shall determine the appropriate test equipment configuration, prepare and delivery required test documentation, and reconfigure test equipment as necessary to conduct electromagnetic compatibility tests utilizing the Electromagnetic Compatibility (EMC) Test Facility.

5.2.2 Test Operations

i. The contractor shall conduct test operations utilizing laboratory systems, subsystems, test equipment, and test articles. The contractor shall prepare and deliver all associated documentation.

5.2.3 Tear Down and Data Reduction and Analyses

i. The contractor shall restore the laboratory systems, subsystems, and test equipment to that configuration prior to start of test preparation or to that configuration required by subsequent test per configuration management requirements.
b. Applicable DRDs

	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule 
	12 (1 per month)

	102
	Engineering Drawings and Model Files
	60 (1 per test configuration)

	104
	Engineering Design Change Proposal
	As required 

	105
	Regular Status Report
	12 (1 per month)


c. Product Schedule

	Product(s)
	Quantity
	Schedule

	Electromagnetic Compatibility Analysis Report
	12
	1 per month

	Electromagnetic Compatibility Test Report
	60
	5 per month

	Test Equipment Configuration
	60
	5 per month

	Perform Test Operations
	60
	5 per month

	Tear Down and Data Reduction
	60 
	5 per month


Note to Offeror – An example of a Test Data Package is in the ESC Reference Library.
d. Applicable Documents 

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities

iii. EV-021, Version E, Procedure for Client Use of Avionic Systems Division Test Services

iv. JSC-27773, Version F, Avionic Systems Division General Operating Procedures for Laboratories and Facilities

v. SSP-30237, Version F, Space Station Electromagnetic Emission and Susceptibility Requirements

vi. SSP-30238, Version D, Space Station Electromagnetic Techniques

vii. SSP-50094, Version A, NASA/RSA Joint Specification Standards Document for the ISS Russian Segment

e. Product Verification 

i. Evaluation of EMI test Procedures (developed under ESC Baseline SOW 1.2.2) against EV021, SL-E-0000, JSC 27743 and the results of the EMI compatibility analyses developed under this DO.

ii. Evaluation of test results against EMI compatibility analyses results and Space Station requirements.
5.3 Energy System Tests

a. Requirement – The contractor shall provide 64 energy systems tests in the technical areas of High Pressure Fluids, Cryogenics, In Situ Resource Utilization, Fuel Cells, Batteries, Hydraulics, Electromechanical Actuation, Environmental Simulation, and Proof Pressure Tests within the Energy Systems Test Area (ESTA).
Note to Offeror – NASA civil servants provide customer interfaces, including gathering requirements and writing reports. In meeting these requirements, the contractor provided for the necessary project management, design engineering, and facility/test system development of the various fluid, mechanical, structural, electrical, power, instrumentation, control / data acquisition, and software elements of the test environment. The contractor establishes the mechanical engineering and electrical engineering design basis for FTSS developments, upgrades, and modifications.

Test requirements (all types) include design, buildup, validation and verification, test conduct, data gathering and analysis, and reporting in accordance with WI-EA-024. Several recent test examples are provided in the “typical test summary” of the ESC reference library. 

5.3.1 Design, Build, or Modify Test Systems
i. The contractor shall determine the appropriate test equipment configuration, prepare and deliver required test documentation, and reconfigure test equipment as necessary to conduct tests utilizing the Energy Systems Test Area (ESTA).

Note to Offerors - Facilities and capabilities used to support energy systems periodically need to be upgraded, modified, or specialized to support a specific project or extend a capability.  When this effort is substantial, it will be separated from the mainstream test process to allow for ease of tracking.  These improvements may occur on any of the systems and in any of the facilities required to meet the requirement listed above.  The modifications require design, assembly, and activation of various systems within operating limits that may include:

Temperatures:  

-253 to 1000 C

Pressure:

1 micro Pa to 138 MPa

Media:
Hydraulic fluid, oxygen, hydrogen, nitrogen, water, various cooling fluids and oils, battery decomposition products, and helium.

Control Function:
Manual, semi automated, or automatic control, current and voltage ramp up or down, health monitoring with unattended safeing and shutdown.

Data Collection:

Single data points to high-speed analog.

Recent examples include: 

Example 1: Installation of the ISRU test system in the building 353 20-foot chamber.  This involved the design and installation of the liquid nitrogen cooled thermal shroud in the test cell and the associated plumbing, control, and instrumentation systems.

Example 2: The relocation of 75% of the battery test equipment from building 354 to 345-A, including checkout, activation, and performance of a User Readiness Review (URR).

5.3.2 Battery Performance and Abuse Testing
i. The contractor shall perform performance and abuse tests on a variety of cells, batteries, and battery banks.  Testing shall include charge and discharge cycles at various rates, measuring current capacity, Inter-cell and overall voltage, thermal output, cell leakage, and other parameters as necessary to verify design requirements and ensure the battery system performs safely. Abuse testing shall include heat-to-vent, drop tests, crush tests, over-charge, over-discharge, extreme hot and cold temperatures, and thermal-vacuum exposure to verify operational limitations.

5.3.3 High Pressure and Fluids Testing
i. The contractor shall perform engineering development tests on various fuel cells, high-pressure storage tanks, and flight vehicle components and subsystems to characterize performance within the parameters noted in 5.3.1 above.   

5.3.4 In-Situ Resource Utilization (ISRU)
i. The contractor shall test various In-Situ technologies within a vacuum chamber environment designed to simulate Lunar or Martian environments to characterize performance within the parameters noted in 5.3.1 above.

Note to Offeror – Recent examples include the demonstration of a drill designed to extract samples from the Mars surface, and a demonstration of reforming of carbon dioxide to extract oxygen.  Martian temperature, atmospheric composition and pressure, and soil were simulated during this test.  Future testing may include mechanical equipment demonstration in a dusty environment, production of propellants from the soil, and other technologies required for surface inhabitation.

5.3.5 Thermo-Vacuum Testing
i. The contractor shall conduct component performance tests under conditions that expose components and systems to simulated thermal and vacuum environments of space.  This is conducted in numerous facilities, with thermo-vacuum chambers ranging from bell-jar size to 15’ in diameter.  Test subjects include batteries, power systems, mechanical components and systems, tankage, insulation, radiators, etc

5.3.6 Tear Down and Data Reduction and Analyses

i. The contractor shall restore the facility and test systems, subsystems, and test equipment to that configuration prior to start of test preparation or to that configuration required by subsequent test per configuration management requirements.
Note to Offeror –The test systems may be left in the active or mothballed state, and in various states of assembly, depending on follow-on test requirements in accordance with facility configuration management processes and requirements.  

b. Applicable DRDs 
	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule
	12 (1 per month)

	105
	Regular Status Report
	12 (1 per month)


c. Product Schedule

	Product(s)
	Quantity
	Schedule

	Planning and design complete

	64
	ATP + 2 weeks

	Buildup complete



	64
	ATP + 6 weeks

	Facility Documentation
	64
	Test Date – 1 week

	Testing Complete
	64
	ATP + 10 weeks

	Data compiled and analyzed
	64
	ATP + 14 weeks


Note to Offeror – The schedule is variable, depending on the magnitude of the test. Once the requirements are established, the contractor will produce a schedule with milestone dates for at least the planning, buildup, implementation, and reporting stages of the test. An average schedule based on authority to proceed (ATP) has been provided.  

d. Applicable Documents 

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities 

iii. EP-WI-004 Basic ESTA General Operation Procedures Manual 

Note to Offeror – A listing of tests characteristic of typical tests conducted in one fiscal year within the ESTA facilities, a typical test discipline package for a cryogenic test, fuel cell test, high-pressure test, and a battery test, and a facility description are included in the ESC reference library. 

e. Product Verification 

i. Evaluation of test readiness reviews against EA-WI-024 requirements.

ii. Comparison of Test results against analyses, requirements / specifications, and historical results from similar tests.

i. Evaluation and acceptance of test readiness, execution and results by the designated NASA approval authority.

	Product
	Approval Authority

	ROM schedule and cost
	Branch Chief or Deputy

	Planning and Design
	NASA Test Director or ESTA Management, depending on size and complexity

	Buildup
	Test Readiness Review

	Test Complete
	NASA Test Director and Customer

	Data Compilation and analysis
	NASA Test Director and Customer

	Conformance with JSC policy and requirements 
	Audits, walk-arounds, quarterly and annual safety and process inspections, periodic project performance reviews. 


5.4 Communication Systems Test And Verification

a. Requirement – In compliance with SOW 2.2 and EA-WI-024, the contractor shall perform 18 communication system tests utilizing the Electronic Systems Test Laboratory (ESTL) to verify Space Shuttle and Space Station communication system technical requirements. 
Note to Offeror – Communication system testing involves configuring laboratory systems, subsystems, and test equipment required for testing. The testing incorporates the operation of connectivity with external communication network elements, including the identification of configurations, design and implementation of connectivity if existing equipment is insufficient, and pre-test checkout of interfaces to verify functionality. A number of network performance tests are performed as a function of test preparation. Configuration of the lab for test conditions includes all buffers, connectivity, and software / firmware modifications.

5.4.1 Test Preparation

i. The contractor shall determine the appropriate test equipment configuration, prepare and delivery required test documentation, and reconfigure test equipment as necessary to conduct communications system tests utilizing the Electronics Systems Test Laboratory.

5.4.2 Test Operations

i. The contractor shall conduct test operations utilizing laboratory systems, subsystems, test equipment, and test articles. The contractor shall prepare and deliver all associated documentation.

5.4.3 Tear Down and Data Reduction and Analyses

i. The contractor shall restore the laboratory systems, subsystems, and test equipment to that configuration prior to start of test preparation. 

b. Applicable DRDs

	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule 
	1 per month

	102
	Engineering Drawings and Model Files
	1 per test configuration

	104
	Engineering Design Change Proposal
	As required 

	105
	Regular Status Report
	1 per month


Note to Offeror – Examples of an ESTL Master Test Schedule, Test Outline, Test procedures, Facility Control Document, Data Package and Summary, Test Summary, and various presentation materials are contained within the ESC Reference Library. 

c. Product Schedule 

	Product(s)
	Quantity
	Schedule

	Test Data Package, Test Summary Report
	12
	1 per month

	Test Activity Summary Report
	6
	Bi - monthly

	Design and Build Test Apparatuses
	18
	ATP + 6 weeks

	Perform Test Operations
	18
	ATP + 8 weeks

	Tear Down and Data Reduction
	18
	Test Complete + 2 weeks


d. Applicable Documents 

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities

iii. ESTL SOP – 001, Electronic Systems Test Laboratory General Operating Procedures

e. Product Verification / Acceptance Criteria 

i. Evaluation and comparison of test data with baseline performance data and theoretically expected results.

ii. Evaluation and acceptance of test results by the NASA Test Director.

5.5 Human Rated Thermal Vacuum Testing

a.
Requirement – In compliance with SOW 2.2 and EA-WI-024, the contractor shall perform tests consisting of 2 suited crewmembers performing various activities simulating a space walk operation on 8 independent test articles. These activities range from assembling and disassembling hardware by installing and removing fasteners, to deploying and restowing large segments of hinged hardware or cable lengths.  Each test article is independent of the others though they share the chamber at the same time and are tested on the same day.   Each test will be split into two days, each 6 hours long, performed by two different crewmembers.  The chamber may or may not be repressed in between runs.
5.5.1 Design and Build Test Apparatuses

i.
Contractor shall design and construct test fixtures required to conduct human-rated thermal vacuum (HRTV) testing, both internal to and external to the vacuum chamber. The fixtures include an in-chamber pressurized system of liquid anhydrous ammonia, an in-chamber pressurized system of high-pressure nitrogen, an in-chamber pressurized manifold system containing nitrogen, a load cell, 2 test stands, test articles and tools, and approximately 250 thermocouples. 

Note to Offeror – The human-rated thermal vacuum test will take place in Chamber B, a unique facility that allows space-suited crewmembers to enter a vacuum chamber, which is thermally conditioned to represent the extremes of space. These tests represent a high level of potential risk due to the complexity of the various equipments involved and the human participation within the test environment. A number of different engineering skills are highly integrated to achieve these requirements. 

Example specifications for typical test fixtures are listed below:

1) An in-chamber pressurized system of liquid anhydrous ammonia capable of being pressurized to 500 psig, with the ability to vary pressure in 50 psig increments on demand remotely (outside the chamber).   The ammonia will be manifolded to a pair of quick-disconnect valves (QDs) equipped with bale handles to mate and demate them.  The bale handles must be instrumented to measure the strain required to move them.  The strain will be recorded on a high-speed data system capable of 100 Hz measurement speed.  Additionally a force measurement tool will be developed to measure the force required to push the bale handle.  The tool must provide data to the data system in the range of 100 lbs with an accuracy of 0.5 pounds.  The tool must be accessible to both pairs of QDs and weigh less than 5 pounds.  The QDs are Class I Flight hardware.

2) An in-chamber pressurized system of high-pressure nitrogen (3000 psig) delivered to a 6-foot length of braided cable with a flight-like routing.  The pressure shall be varied in 200 psig increments on demand remotely.  The structure for the cable routing shall mimic the flight configuration to within 0.25 inches.  The cable is Class III hardware.

3) An in-chamber pressurized system of nitrogen (500 psig) manifolded to a set of 5 braided cables spanning a large section of deployable hardware. The test article (2000 lbs) must be supported and counterweighted such that a 6 ft x 6 ft section (500 lbs) can be deployed along the hinge-line by 150 degrees.  The counter-weighting must offset the force on the hinge due to gravity so that the hinge friction is the only force acting.  The force measurement tool must be accessible to the free end of the deployed section throughout its range of travel. The test article is class I flight hardware.

4) A load cell in range of 0-10 lb, accurate to 0.1 pounds attached to a stationary hook.  Pull tests of sample adhesives will be attached to the hook and separated from their substrates and their adhesive strength measured.  The temperature of the samples must be maintained between 40 F and 90 F.  A work/stowage area for the samples must be accessible to the crewmember.  This is an evaluation class test article.

5) A test stand to accommodate 3 stationary mechanical test articles (each 25 lbs and 2’x 2’x 1’) with EVA bolt interfaces accessible to the crewmember.  The Pistol Grip power tool must be able to reach the front face of all 3 test articles.  Two of the test articles are Class I Flight hardware.

6) A test stand to support one set of flight latches for two ISS Orbital Transfer Device’s crane booms.  The booms are ~6 feet long and 175 lbs each.  The crewmember must be able to remove and reinstall each boom from the pair of flight latches.  Only one set of latches is available for the test, yet removal and reinstallation of both booms must be demonstrated during the EVA.  Booms and latches are Class I Flight hardware.

7) All test articles shall be independently temperature controlled to within 10 degrees of the target temperature.  The target temperatures shall generally range from -200 F to +250 F for each test article and will vary by 200 degrees in a 6-hour time span.

8) All test articles and tools (such as the Pistol Grip power tool) that must be manipulated by the crew must be counterweighted to less than 15 pounds of vertical force.

9) Approximately 250 thermocouples will be required to measure the temperatures on critical locations of the test articles, as determined by the hardware owners.  This data, along with the data from load cells, strain gages, and pressure transducers must be available real-time to the test team at a rate of 1 Hz minimum.  Graphical trending of select parameters will be required.

10) The interface point to all the test articles must be accessible to the suited crewmember.  The range of vertical movement of his/her hands will be a total of ~18 inches.

11) Visual and audio communication between the crewmember, test director must be maintained at all times.  Two communication loops will be used in the test; one for the test team internal communication, and one for communication to the control room and crewmember.  The two loops should be able to merge and separate as required.

5.5.2 Perform Test Operations

i. The contractor shall integrate the physical test hardware from requirement 5.5.1 and the EA-WI-024 operations sequences required for manned test using that hardware. These include project planning, development of detailed test procedures and emergency procedures, conduction of two dry runs (one for each crew member), emergency drills, functional checkouts of the spacesuit and chamber systems, performance of test readiness reviews, operation of test and facility systems and direction of the test activities.

Note to Offeror – This task requires the contractor to manage a large team of people from many different areas, and a variety of skills, with an astronaut, or test subject, and flight hardware in an inherently hazardous and complicated environment.   In addition to the chamber systems, outside interfaces, which must be understood and managed, include spacesuit systems, test article operations, safety, quality assurance, medical operations, videography, and security.  Leadership skills are a key element of this task.  Also key to this task are the technical skills and training required to perform hazardous rescues of space-suited personnel in emergency situations (physiological experience in hypobaric environments), and specialized certification to operate chamber systems, i.e. gaseous helium and liquid nitrogen cryogenic systems, high-pressure oxygen systems, and anhydrous ammonia systems.

5.5.3 Tear Down and Data Reduction

i. The contractor shall return the facility to its original status and configuration and provide data reduction within 2 weeks of test completion. The contractor shall provide disassembly and removal of test fixture from the vacuum chamber. Data reduction includes archival of test results.

Note to Offeror – In addition to the skills required in Task 1, this task requires engineering and technical skills in data reduction and archiving of data. Deliverables associated with this task include: test data delivery to the customer in tabular and graphical form, on both physical and electronic media, as well as in-house electronic archival of the test data for future retrieval.  Also, a test report summarizing each test shall be produced.

b. Applicable DRDs 

	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule 
	12 (1 per month)

	105
	Regular Status Report
	12 (1 per month)


c. Product Schedule 

	Product(s)
	Quantity
	Schedule

	Design and Build Test Apparatuses
	2
	ATP + 6 weeks

	Perform Test Operations
	2
	ATP + 8 weeks

	Tear Down and Data Delivery
	2
	Test Complete + 2 weeks


d. Applicable Documents

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities

iii. STB-F-001 Systems Test Branch Standard Operating Procedures Manual

iv. Systems Test Branch Website, http://ctsdtests.jsc.nasa.gov, which describes Thermal vacuum test facility general information and Past tests performed in STB facilities.

e. Product Verification / Acceptance Criteria

i. Various test readiness reviews conducted by NASA management in accordance with EA-WI-024

ii. Evaluation and acceptance of test readiness, execution and results by the NASA Test Director.

iii. Visual inspections of pre- and post-test facility configuration by NASA management and NASA Test Director.

iv. Completion and closure of all paperwork written to temporarily change configuration of the facility and restore it after test, in accordance with EA-WI-024.

v. Provision of test data to NASA Test Director and test customer in physical and electronic media.

5.6 Integrated International Space Station GN&C Testing 

a. Requirement – In compliance with SOW 2.2 and EA-WI-024, The contractor shall develop, perform, and document ISS mission specific test cases to meet ISS mission specific milestones.  This requirement shall include definition of test case objectives, procedure and test script development, performing the test execution record, processing of test data, and generating documentation for test readiness and recording of test results. The effort includes development of generic test procedures, which apply to all phases of GN&C Integrated Test Facility (GITF) test operations.  These procedures will include the necessary steps to perform the required functions as well as cabling and configuration diagrams as required.
Note to Offeror – The testing conducted under this requirement utilizes ISS Flight Equivalent Unit MDMs and supporting MATEs for the ISS GN&C and Command and Control Computers.  Testing may include utilizing any combination of the ISS GN&C hardware in a closed-loop real-time test environment.  This hardware includes the ISS Rate Gyro and SIGI development units, and an emulation of the Control Moment Gyro.  In order to provide input stimulation to the sensors, the facility includes a 3-axis Accutronic rate table and multiple Spirent GPS Signal simulators.  A specialized data capture system exists within the facility.  The requirement also includes delivery of the processed test data to the ISS Prime Contractor for analysis.

5.6.1 Modification of single and dual MDM activation procedures

i. The contractor shall modify single and dual MDM test configuration activation procedures for testing without hardware in the loop. These modifications shall consist of those changes necessary to execute the R3 GN&C version of ISS flight software and associated simulation upgrades.

Note to Offeror – The changes to the GN&C flight software in order to create the R3 version are found in the R3 GN&C Flight Software Version Description Document found in the ESC Reference Library.

5.6.2 Modification of dual MDM activation procedures

i. The contractor shall modify dual MDM facility activation procedures for testing with the following hardware in the loop: Control Moment Gyro Emulator, Rate Gyro, and SIGI subsystem.  These modifications shall consist of those changes necessary to execute the R3 GN&C version of ISS flight software and associated simulation upgrades. 

5.6.3 Testing of three on-orbit ISS GN&C anomalies

i. The contractor shall perform testing of three on-orbit GN&C anomalies similar in complexity to the RGA time tag anomaly.  Testing shall attempt to duplicate on-orbit anomaly conditions for the purpose of identifying root cause.  The contractor shall complete post-test processing for recorded 1553 Bus data, GN&C simulation data, and 1553 PASS data.

Note to Offeror – A presentation on the RGA Time Tag Anomaly is found in the RGA Time Tag Anomaly and Patch Documentation in the ESC Reference Library.  

5.6.4 Development of ISS R3 GN&C test execution scripts for Three Flights
i. The contractor shall develop test execution scripts for the four mission scenario tests performed with ISS R3 GN&C S/W for each of three flights (ULF1, 12A, and 12A.1). The tests include nominal and off-nominal hardware in the loop capabilities.  The contractor shall complete post-test processing for recorded 1553 Bus data, GN&C simulation data, and 1553 PASS data.

5.6.5 Testing of ISS GN&C flight software patches
i. The contractor shall perform testing of ISS GN&C flight software patches to correct the RGA time tag problem and the SIGI Not-A-Number problem.  The contractor shall verify functionality and that each patch corrects the anomaly observed.  The contractor shall verify that the patch does not induce errors in other flight software functions.  The contractor shall complete post-test processing for recorded 1553 Bus data, GN&C simulation data, and 1553 PASS data.

Note to Offeror –The RGA time tag patch and the SIGI Not-A-Number patch documentation is found in the ESC Reference Library.   

b. Applicable DRDs 

	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule
	12 (1 per month)

	105
	Regular Status Report
	  6 (Bi-weekly)


c. Product Schedule 

	Product(s)
	Quantity
	Schedule

	Activation procedures
	2
	ATP + 2 months

	Activation procedures
	1
	ATP + 3 months

	Test Execute Scripts and Processed test data
	3 sets 

(1 per anomaly)
	ID anomaly + 1 month

	Scripts and processed test data
	3 sets 

(1 per anomaly)
	Launch – 2months

	Scripts and processed test data
	2 sets

(1 per each of 2 patches)
	Patch release + 6 weeks


d. Applicable Documents  

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities

iii. EG-WI-00003, GN&C Rapid Development Lab 3-Axis Rate Table Operation and Maintenance Work Instruction

iv. EG-WI-00135, GPS Signal Generator Operation and Maintenance Work Instruction

v. EG-WI-00187, Guidance, Navigation and Control Systems Integrated Testing

vi. EG-MI-00119, GN&C Rapid Development Lab General Operating Procedures

vii. EG-MI-00120, GN&C Rapid Development Lab Facility Users Guide 

e. Product Verification / Acceptance Criteria 

i. Evaluation and comparison of test data with baseline performance data and theoretically expected results.

ii. Evaluation and acceptance of test results by the NASA GITF Task Lead.

5.7 Electrical Power Systems Testing

a. Requirement – The contractor shall provide approximately 24 tests in the Electrical Power Systems Laboratory (EPSL) for the technical areas of Electrical Power Distribution and Control (EPDC) for the Space Shuttle Program, Space Station Program, and Advanced Programs. 
Note to Offeror – The Electrical Power Systems Laboratory (EPSL) operations consist of sustaining engineering, technical, and management activities required to perform electrical Power systems testing to support the Space Shuttle Program, the International Space Station, and other projects. The contractor leads the development and compliance with test requirements in the EA General Procedures for EA Testing Facilities, the EPSL GOPM and the test requester's requirements. 

5.7.1 Design, Build, or Modify Test Systems
i. The contractor shall design, build and modify test systems as necessary to accomplish testing objectives. The contractor shall determine the appropriate test equipment configuration, prepare and deliver required test procedures and test documentation, and reconfigure test equipment as necessary to conduct electrical power systems compatibility test utilizing the test beds in the Electrical power systems laboratory (EPSL).

5.7.2 Test Operations-Shuttle, ISS and Advanced Systems

i. The contractor shall conduct electrical power tests utilizing the Space Shuttle Electrical Power Distribution and Control (EPD&C) breadboard test bed or the High Voltage Test Area in the EPSL to determine system compliance with Space Shuttle and Space Station requirements.  

Note to Offeror – The EPD&C breadboard is a replica of the Space Shuttle EPD&C power systems and will be used to test compliance to Space Shuttle requirement and for mission support.  The High voltage test area will be used to test compliance to Space Station requirements.  Also, the High voltage test area will be used to test compliance to Advanced Program electrical power requirements.  Electrical power requirements include but are not limited to the following:  inrush current and voltage requirements, power consumption, isolation, stability, abnormal operation, and input and output impedance.

For example; For a Space Station power quality test, the contractor shall take the electrical power compatibility requirements in SSP 52051 and develop a test plan and test procedures to conduct Space Station compatibility tests. (See applicable documents).   

5.7.3 Tear Down
i. The contractor shall restore the facility and test systems, subsystems, and test equipment to that configuration prior to start of test preparation or to that configuration required by subsequent test per configuration management requirements.

5.7.3 Test Data Verification and Documentation

i. The contractor shall verify and document summaries of the Electrical power compatibility test results and comparisons of the results with test requirements.  

Note to Offeror – For example, space station test compatibility test results will be compared with SSP 52051.  This facility does not certify hardware for flight but does provides test results and analysis used by test requesting projects for certification.

b. Applicable DRDs 

	DRD #
	DRD Title
	Quantity/Freq

	101
	Project Schedule
	12 (1 per month)

	105
	Regular Status Report
	12 (1 per month)


Note to Offeror – Examples of a PSL, typical test summary, and test package examples of EPSL Test Profile, ISS Wet/Dry Vacuum Cleaner Electrical Power Quality Test, and Immobilized Microbe Micro Gravity Water Processing System (IMMWPS) Electrical Power Test are contained within the ESC reference library. 

c. Product Schedule

	Product(s)
	Quantity
	Schedule

	Test Procedures
	24
	ATP + 2 weeks

	Test Complete
	24
	ATP + 3 weeks

	Test Data Package
	24
	ATP + 6 weeks


d. Applicable Documents  

i. ESC Appendix J-1, Applicable Documents List

ii. EA-WI-024, General Operating Procedures Manual for EA Testing Facilities

iii. EP-WI-005 Rev A EPSL, General Operation Procedure Manual, 2/12/1998

iv. JSC Form 90, Test Request Form, 6/1/1996

v. SSP 30482 Rev C Vol 1: EPS Electrical Performance Specs, 7/7/1997

vi. SSP 30482 Rev A Vol 2: Consumer Constraints, 1/1/1994 

vii. SSP 52051, User Electric Power Specs & Standards Vol 1&2 

e. Product Verification / Acceptance Criteria 

i. Evaluation of test readiness reviews against EA-WI-024 and EP-WI-005 requirements.

ii. Evaluation and comparison of test data with baseline performance data, requirements / specifications and historical results from similar tests.

ii. Evaluation and acceptance of test readiness, execution and results by the NASA Test Laboratory Director and the Test Customer. 

__________________________________________________________________________ 


6. Government Furnished Property

a. Baseline GFP provided per ESC Attachment J-3, Installation Accountable Property

b. Flight Hardware test components as required

c. Space Suits in support of requirement 5.5.

7. Performance Monitoring 

a. Performance monitoring shall be in accordance with the NASA COTR, TMR and Quality Surveillance Plans.

8. Budget Authorization Verification  - Not required for RFP
9. Safety and Mission Assurance Concurrence – Not Required for RFP
10. Technical Monitor Contact Information - Not Required for RFP
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