Request for Information (RFI)

for

Extravehicular Mobility Unit (EMU) Battery

Revision A

1.0 Purpose – The purpose of this RFI is to determine which sources would be interested in providing the services described herein and to receive rough cost estimates for NASA’s planning purposes.

2.0 Scope – NASA intends to replace the current EMU (spacesuit) battery with new alternative design to improve performance, reduce battery operations and maintenance, and lower recurring costs of performing spacewalks. NASA intends to outsource for the services of designing, assembling, certifying the design, and producing flight batteries and chargers.

3.0 Battery Requirements

3.1 Performance - The EMU Primary Life Support System (PLSS), aka the backpack of the spacesuit, requires 3.8 A for 7 hours delivered within a 16 to 22 V range. This amounts to a 26.6 Ah capacity requirement. The battery must also be capable of delivering a 9A, <2s pulse at the beginning of the 7 hour spacewalk. No other current transients are required. Discharge temperature will start at 10-30 (C and on hot missions could reach 50 (C and on cold missions could reach 0 (C at the end of 7 hours.

3.2 Mass – The battery must not exceed 8 kg. 

3.3 Volume – The battery must not exceed the following envelope: 121.5 mm (tall) x 268 mm (wide) x 95.6 mm (deep). Figure 1 shows one current battery design using primary lithium cells.

3.4 Life – The battery must be capable for > 100 charge/discharge cycles over 5 years.

3.5 Charger Compatibility – The battery shall be compatible with the new flight charger design generated in this effort and with the three existing chargers that charge the current Ag/Zn EMU battery. Compatible means that each of these chargers shall be capable of fully charging the new battery from a fully discharge state within 36 hours.

3.5.1 ALPS Charger – This is the Shuttle Air Lock Power Supply Charger- It charges two batteries simultaneously while inside the suit. Each battery is charged at 1.55A to 21.8V. It is possible to introduce a cable between the battery and EMU that would drop this voltage set point. The Contractor shall provide this cable.
3.5.2 Middeck Charger – This is a portable Shuttle based charger that charges two EMU batteries simultaneously at 1.55A each to 21.8V. Again, it is possible to introduce a cable between the battery and the charger to drop this voltage set point. The Contractor shall provide this cable.
3.5.3 BCA/BSA Charger – This is the Battery Charger Assembly/Battery Stowage Assembly in the airlock of the Space Station. It is currently programmed to charge the EMU battery at 1.55A to 21.8V. These settings can be reprogrammed to any lower voltage and to any current up to 2.3A maximum.

4.0 Charger Requirements

4.1 Charge Performance – This flight charger shall be capable of recharging two EMU batteries simultaneously in < 8 hours starting will fully discharged batteries when connected to a 120Vdc outlet and in < 24 hours when connected to a 28Vdc outlet. The charge shall be initiated with a switch, and the charger termination shall be indicated with an LED.
4.2 Discharge Performance – This flight charge shall also be capable for discharging two batteries from 100% SOC to less than 10% SOC in less than 36 hours without its surfaces exceeding the maximum safe touch temperature of 45 (C while operating in a cabin at 25(C and 0.67 atm. The discharge shall be initiated by a switch, and discharge cutoff shall be indicated with an LED.
4.3 Input Power – On Shuttle, the power outlets available are 28 ( 2 Vdc and are limited to 6A continuous. On Space Station, the power outlets available are 120 ( 6Vdc and are limited to 5A continuous.

4.4 Volume – The charger shall be approximately the same size as an EMU battery so the charger and 2 batteries are configured so that their largest surface areas are in contact, the charger being in the middle, between the two batteries.

4.5 Mass – The charger shall not exceed 8 kg.

5.0 Contractor Proposals – NASA has narrowed the cell chemistry to lithium ion and will allow the use of any mature commercial or aerospace cell design. Contractor shall select the cell design in his proposal (not in his response to this RFI) along with rationale for the selection. NASA will award only one contract. Any cell design capable of meeting the requirements herein that is sufficiently mature will be considered. NASA has recently completed tests of several commercial 18650 cell designs that indicate that they could used as a building block cell for this battery. The test summary is also available to all on the same web site as this RFI. This is not to imply that NASA is only considering 18650 cells for this battery. Vendor proposals will be graded on the contractor’s supporting rationale for his cell selection.

6.0 Basic Contract – In this phase, the contractor shall order or manufacture all the cells and long lead items necessary for the detailed design, certification, and production phases. The Contractor shall establish a preliminary design of the battery and charger and conduct a Preliminary Design Review at NASA-JSC. This phase will not exceed 5 months.

7.0 Option 1 – Detailed Design – The Contractor shall complete the cell acceptance testing, ship the equivalent of 2 battery quantities of cells to NASA for life cycle testing, and complete the lot certification testing of the cells. The lot testing will map the capacity delivery and internal resistance of the cells with state of charge and temperature. Furthermore, the lot testing will determine the capacity degradation that occurs with charge stand at various states-of-charge and temperatures. In addition the lot testing will determine the impact on cell performance of interrupted full charges. The contractor shall assemble 5 Engineering Batteries, 3 Engineering Chargers, and 2 Ground Support Equipment (GSE) Chargers per the design established after the PDR. The Contractor shall conduct acceptance testing of each battery charger and deliver 2 batteries, 1 charger, and 1 GSE charger to NASA-JSC. The Contractor shall performance the following engineering tests using the hardware not shipped to NASA; thermal cycling, capacity performance, and cycle life. NASA will use the units it receives to perform systems tests with the EMU-PLSS and the existing flight chargers. In addition, NASA will perform EMI, acoustic noise, and power quality tests on the chargers. All tests will be performed to qualification levels or higher, but without quality or Government source inspector oversight since they are engineering tests. At the end of Option 1, the Contractor shall complete all hardware drawings, analysis, and test reports, and conduct a Critical Design Review at his facility. This Option shall not exceed 7 months.

8.0 Option 2 – Engineering verification – The Contractor shall perform the following development tests; bench shock, mechanical shock, random vibration, and thermal vacuum (worst hot and cold missions) using the development hardware produced in Option 1. All tests will be performed to qualification levels or higher, but without quality or Government Source Inspector (GSI) oversight since they are engineering tests. This option will be exercised if NASA feels that the test will be better performed and less costly than if done at NASA-JSC. This Option shall not exceed 2 months.

9.0 Option 3 – Certification – After completing Option 1 and hosting a Manufacturing Readiness Review, the Contractor shall assemble 3 qualification batteries, 1 qualification charger, and 2 GSE chargers for all the necessary qualification tests at the Contractor and/or at NASA. The Contractor shall complete acceptance testing of this hardware. The Contractor shall complete the following qualification tests; thermal cycling, capacity performance, and charger performance. NASA will perform power quality, EMI, and acoustic qualification tests on the charger. At the conclusion of this Option, the Contractor shall complete all test reports and host a design certification review. This Option shall not exceed 6 months.

10.0 Option 4 – Qualification Testing – The Contractor shall perform the following qualification tests; bench shock, mechanical shock, random vibration, and thermal vacuum (worst hot and cold missions) using the qualification hardware produced in Option 3. All tests will be performed to qualification levels with GSI oversight. This option will be exercised if NASA feels that the test will be better performed and less costly than if done at NASA-JSC. This Option shall not exceed 2 months.

11.0 Option 5 – Production – After Option 1 is complete and all the engineering tests at the Contractor and at NASA have been completed, the Contractor shall assemble 16 flight batteries and 4 flight chargers. The Contractor shall perform all acceptance tests on the flight hardware. These include mass, dimensional, insulation resistance, bonding, electrical functionality, capacity, and random vibration. The contractor shall deliver all the accepted hardware to NASA-JSC. This Option shall not exceed 6 months.

12.0 Option 6 – Operations Pathfinder – After completing Option 3 and 5, three qualification batteries shall be returned to the Contractor for disposal of the cells and refurbishment with new cells, if refurbishment is economically advantageous to NASA. If not, the contractor shall assemble 3 new flight batteries. The Contractor shall be responsible for completing all acceptance testing (as described in Option 5 on these 3 batteries.

13.0 ROM Cost Estimate – As the product of this RFI, the contractor shall submit a set of rough order of magnitude cost estimates (i.e. within ( 25%) in the format of Table 1 below that breaks out each of the phases and Options. Assume start date for the basic contract to be March 28, 2003. Responses to this RFI are needed by Nov 18, 2002. They will be used by NASA for project and budget planning purposes. An RFO, with complete statement of work, battery & charger specifications, and contract details, is expected to be released on February 4, 2003.

Table 1 ROM Cost Estimate

	Phase
	Cost ($K)

	Basis – Preliminary Design
	

	Option 1– Detailed Design
	

	Option 2 – Engineering Verification
	

	Option 3 – Certification
	

	Option 4 – Certification Testing
	

	Option 5 – Production
	

	Option 6 – Operations Pathfinder
	


Figure 1. Current Ag/Zn Increased Capacity Battery for the EMU-PLSS
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Figure 2. The ICB on the EMU-PLSS hinges while unmated and latched to the PLSS.
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