
ION-F Battery Box 
 

§ Common battery box design (differ in aspect ratio only) 
§ Single-piece aluminum construction 
§ Covers and electrical connector interface with Teflon gaskets to prevent electrolyte leakage 
§ Two (redundant) Teflon vents to allow gases to escape 
§ Gore VE61221 Adhesive Membrane Vents 
§ Polypropylene potting material installed on cell ends to absorb leaked electrolyte 
§ PIG Mat 203 
§ Exterior Iridite conversion coating 
§ Interior electroless nickel and Solithane coating 

 
Each individual cell is wrapped in a PVC sleeve (pending approval from the Materials Working Group) and 
epoxied directly to the other cells in a single row (USU) or hexagonal close-pack (UW, VT) formation. 
 
The pack is securely held within the box.  The internal dimensions of the frame are exactly the external 
dimensions of the pack, with tolerance for variation in cell diameter and thickness of the box interior 
coatings. 
 
The retainers (Delrin) do not slip over the cells but rather provide a structural support for the connections 
between the cells.  A PIG-Mat pillow is placed between the retainers and the covers.  Again, this dimension 
allows some tolerance for variation in cell height and internal coatings on the covers.  The PIG-Mat pillow 
will compress slightly during installation, creating a very secure package. 
 

Frame 

Retainer 

Vent holes        
(vents not shown) 

Cover 
Gasket 



ION-F Battery Packs 
 

1.  Introduction 
 
This document defines a set of fabrication requirements for three separate battery packs for the Ionospheric 
Nanosatellite Formation (ION-F). It also describes how the ION-F program will use the batteries, the level 
of acceptance testing that is required, and the documentation that must accompany the completed battery 
packs. 
 
The Air Force Office of Scientific Research (AFOSR) and the Defense Advanced Research Projects 
Agency (DARPA) have jointly funded a number of universities to design, build, and fly nanosatellites. 
Under this program, the universities are to make use of student labor and pursue low-cost space 
experiments that explore useful applications or technologies for nanosatellites. The Air Force Research 
Labs (AFRL) is managing the University Nanosatellite Program for AFOSR and DARPA, and the Air 
Force Space Test Program is providing for the launch costs launch. The universities in the University 
Nanosatellite Program were encouraged and expected to obtain additional funding from other sources, 
including other government agencies, cost sharing, and industry donations. In January of 1999 AFRL 
committed the program to a launch on the Space Shuttle through the Space Test Program (STP) and helped 
organize Utah State University, along with the University of Washington and Virginia Polytechnic Institute 
& State University into a team, called ION-F, for a joint shuttle launch. Each of these universities is 
developing a 15-kg spacecraft as part of the ION-F formation.  
 
Although the ION-F team is putting forth a best faith effort to provide functional satellites that will meet 
the mission objectives, the contracting details only require the universities to provide satellites that will 
meet NASA shuttle safety. The Air Force is not requiring any functional acceptance testing above what is 
required to insure shuttle-safe payloads. This is partly in recognition that success of the University 
Nanosatellite Program is not purely measured by mission success but includes educational elements to the 
program and must be low cost. This level of testing and documentation flows down from the ION-F team to 
the suppliers of the battery packs for the spacecraft. 
 
 We require a best of faith effort of the supplier to provide functional battery packs for the ION-F 
spacecraft application. Testing requirements on the cells of the battery are only those that are required by 
the Nanosat-2 Payload Hazard Report. The applicable item is: 
 
“In order to preclude shorting hazards internal to the cells, each cell is acceptance tested to screen out cells 
that have internal electrical defects that cause cell shorting.” 
 
The Safety verification method is  
 
“ION-F will perform Cell Inspection and Acceptance test that will include thermal vacuum testing and 
internal short testing to screen out defective cells.” 
 

2.  Acceptance Tests 
 
The following minimum set of testing shall be performed on every cell that is incorporated into the ION-F 
battery packs. Failure on any of the tests or measurements shall result in rejection of the non-conforming 
cell or battery pack. 
 
  
 



 
 
 
 
 
 
2.1 Cell Preparation and Visual Inspection 
 
All cells shall be stripped of their insulating sleeves, and washed if necessary to remove traces of 
electrolyte residue.  All cells shall be visually inspected for defects and cells shall be rejected which have 
damage that is more than superficial from a mechanical or electrical standpoint. 
 
2.2 Thermal Vacuum testing 
 
All cells shall be placed in a thermal vacuum chamber and subjected to a vacuum equivalent to 100,000-ft 
altitude and temperature cycled. While under vacuum the cells shall be cold soaked for 2-4 hours at –20 ± 2 
°C. While under vacuum the cells shall be heated to 40 ± 2 °C and soaked for 2-4 hours.  
 
All cells shall be visually inspected following the thermal vacuum temperature cycling for any mechanical 
defects or leaks caused by thermal vacuum testing. Leaks shall be detected by applying phenolphthalein 
around the crimp seal and vent hole areas of each cell. 
 
The open circuit voltage of each cell shall be measured to verify that there are no internal shorts within the 
cells. Any cell with an open circuit voltage of < 0.9 Volts shall be rejected. 
 
2.3 Battery Pack testing 
 
The Open Circuit Voltage of each ION-F battery packs shall be measured to verify that there are no internal 
shorts within the assembled pack. Any battery pack with an open circuit voltage less than 0.9*(number of 
cells in the battery) shall be rejected. 
 
2.4 Other Testing 
 
Any other cell or battery level testing as deemed reasonable by the supplier and at the supplier discretion. 
Additional tests are not required.  

3. Reporting 
 

1. A Certificate of Compliance stating the cell model and/or part no., the cell date code, and the 
Acceptance Testing results for all cells used in producing the ION-F battery packs. 

 
2. Copies of test process logs or other similar documentation identifying the equipment used for each 

test measurement and calibration status of that equipment. 
 

3. A list of references to either documentation or program names where more extensive cell level 
testing has been previously conducted on the cell types used in the ION-F battery packs, and a 
very brief description of the level of testing done. 

 
4. A list of tests and results of any other testing done on the cells or battery packs. If no additional 

testing was conducted then this must be noted. 



 

4. Battery Pack Assembly 
 
Six battery packs shall be produced for ION-F according to data presented in Table 4-1. The assembly 
sketches show location of temperature sensor USP2121 for each of the packs. This temperature sensor shall 
not be procured and installed by the battery pack supplier. It shall be the responsibility of the ION-F team 
to install temperature sensors on the delivered battery packs. Each battery pack includes two Raychem 
SRP350 Polyswitches for over temperature and over current protection to be installed by the supplier.  The 
individual cells shall be wrapped in a PVC sleeve. 

Table 4-1:  Battery Packs 

Part Number Cell Type Number of Cells Assembly Sketch 
USU1 Sanyo HR-4/3AU 11 USU  
USU2 Sanyo HR-4/3AU 11 USU 
UW1 Sanyo KR-1400AE 20 UW  
UW2 Sanyo KR-1400AE 20 UW 
VT1 Sanyo KR-1400AE 15 VT 
VT2 Sanyo KR-1400AE 15 VT  

 

4.1 USU Drawing 

 

 

 
198mm 
7.80in 

 18.0mm 
 0.709in 

Length of cell = 67mm = 2.638 in 
USP2121 Sensor 

USP2121 Sensor 

Power Leads 

SRP350 SRP350 

-

2 Leads to box sensor (DS18B20) 

1 Leads from box sensor (DS18B20) 

6 (2 power, 4 from sensors) Leads per pack 

2 USP2121 Sensors Per Pack 

9 Battery Interconnects per pack 

2 Polyswitches Per Pack – SRP350 

Quantity Item  



4.2 UW drawing 

 

 

 

Top View 

 

 

 

 

 

 

Side View 

 

 

 

 

 

 

 

 

 

Item Number 
Polyswitches per pack - SRP350 2 
Battery Interconnects per pack 19 (1 on +, 1 on – terminals) 

USP2121 Sensors per pack 2 
Leads per pack 6 (2 power, 4 from sensors) 

Leads from box sensor (DS18B20) 1 
Leads to box sensor (DS18B20) 2 

Battery Packs 2 
Battery Cells Per Pack 20 

Type of Cell Sanyo Cadnica KR1400AE 
Pins in Connector 6 out of Box 1 in/out, 4 in (11 total) 

SRP350 



4.3 VT Drawing 
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