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Section 3.4.2.1: Increased battery assembly mass from 12.50 kg to 13.50 kg
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Section 3.4.9:  Added connector part numbers
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Section 3.4.10: Clarified heater operation; defined heater resistance.
4



Figure 3-1:  Clarified heater wiring
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Section 4.7: Defined the number of cycles; changed duration of charge at C/2 from 60 minutes to 70 minutes.
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7 April 1999
3.4.2.1 Increased battery mass from 13.50 kg to 14.4 kg
3



3.4.9 Changed paragraph to include requirement for BCVM connector
4



Figure 3-1: Corrected redundant TSTAT1 to TSTAT1 and TSTAT2, updated to include BCVM connector.
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Figure 3-2: Updated to reflect the addition of J3 and the protrusion of J1/J2.
6

C
30 June 1999
Section 2 added: e. ATP-1451 Eagle Picher Acceptance Test Procedure
1



Section 4.3 deleted: ."…. the guidelines established in the CVS."  added: "….Eagle Picher Acceptance Test Procedure ATP-1451.
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Section 4.7 deleted: The electrical testing shall consist of four (4) cycles at 50% DOD and four (4) cycles at 25% DOD, consisting of a 30 minute discharge followed by 70 minutes of charge. Added: The battery assembly thermal vacuum test shall be conducted in accordance with Eagle Picher Acceptance Test Procedure ATP-1451. 
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LIST OF ACRONYMS
cpv
Common Pressure Vessel

DOD
Depth of Discharge

hessi
High Energy Solar Spectroscopic Imager

LEO
Low Earth Orbit

PFS
Product Function Specification

RTD
Resistive Temperature Devices

TBR
To Be Resolved Between Spectrum Astro and Seller

TBS
To Be Supplied by Seller

TBD
To Be Determined by Spectrum Astro

1.  INTRODUCTION

1.1 Scope

This Product Function Specification (PFS) defines the minimum design, construction, test, and performance requirements for the Nickel-Hydrogen (NiH2) Common Pressure Vessel (CPV) battery that will be used on the HESSI Program.  The vendor shall furnish all personnel, materials, equipment, and services which are required to analyze, design, manufacture, test, and deliver the hardware and data in accordance with the requirements of the Statement of Work and the documents referenced therein. 

1.2 Classification

This specification and all of the work to be performed under this contract is unclassified.

2.  APPLICABLE DOCUMENTS

The following documents shall form a part of this document to the extent specified herein and as common practice for spaceborne equipment.  The revision in effect shall be the most recently dated version of this specification unless otherwise specified in the statement of work or contract.  In case of conflict between the requirements of this specification and any referenced document, the requirements of this specification shall govern.

a.
1110-EZ-R10169
Battery Statement of Work

b.
1110-EW-Y09781
Component Verification Specification

c.
MIL-STD-1522A
Standard General Requirements for Safe Design and Operation of Pressurized Missile and Space Systems

d. CID-209882
HESSI Battery Component Interface Definition (CID)

e. ATP-1451
Eagle Picher Acceptance Test Procedure

3.  REQUIREMENTS

3.1 Item Definition

This specification describes the requirements for the battery assembly that will be used on the HESSI Spacecraft.  The spacecraft battery shall consist of eleven sealed NiH2 two-cell CPVs, associated circuitry required for telemetry monitoring and thermal control of the battery, and the chassis which provides mechanical support for the battery.  The nickel-hydrogen battery provides spacecraft power from launch until sun acquisition, during eclipse periods and will augment solar array power during periods of peak power loading.

3.2 Performance Characteristics

3.2.1 Battery Voltage

The NiH2 battery assembly shall provide 24 to 34 Vdc at the power connector under all operational environments and loads.

3.2.1.1 EOC Voltage

End-of-charge voltage across the battery terminals shall not exceed 35.2
 volts under nominal operating conditions, during battery acceptance testing.

3.2.1.2 EOD Voltage

End-of-discharge voltage across the battery terminals shall not fall below 25.3 volts under nominal operating conditions, during battery acceptance testing.

3.2.2 Battery Capacity

The battery assembly shall meet the capacity requirements shown in Table 3-1 below.  All capacity measurements shall be made by charging at C/10 for 16 hours followed by discharge at C/2 to 2.0 volt per cell. 

Table  3-1.  Capacity Requirements

Temperature
Minimum Capacity

-10 °C
15 A-hr

10 °C
15 A-hr

30 °C
13 A-hr

3.2.3 Launch & Deployment Operation - Depth of Discharge (DOD)

The battery assembly shall accommodate a Depth-of-Discharge of 75% down to a battery voltage of 22.0 volts at a maximum temperature of 15°C for the initial deployment phase.  

3.2.4 Nominal Operation - Depth of Discharge

The battery assembly shall accommodate a Depth of Discharge of 50% for the 16350 cycles (3 years) projected for the HESSI mission.

3.2.5 Duty Cycle

The battery assembly shall support a 3-year mission requirement.  The planned orbit will have an orbit period of 96.7 minutes with a maximum eclipse of 35.3 minutes.

3.2.6 Charge Retention

Starting at 100% state-of-charge, with the battery terminals held open-circuit, and the battery temperature held at a nominal operating temperature of 10 C, state-of-charge after 72 hours shall be at least 70%.  State-of-charge at the 72 hour point will be measured by cell discharge.

3.2.7 CPV Impedance

The impedance of the CPV shall be no greater than 160 milliohms when measured at 1 kHz at 50% DOD. 
3.2.8 Discharge Rate Capability

The discharge rate capability of the battery shall be 2C. 

3.2.9 Battery Charging

3.2.9.1 Charge Rate

The charge rate capability of the battery shall be 1C.

3.2.9.2 Charge Efficiency

Battery energy efficiency (W-hrout / W-hrin) shall be 85% or greater under the predicted nominal operating cycle.  This cycle is as follows:  The battery begins in a fully charged (100% state-of-charge) state.  The battery is discharged at a C/2 rate for 35.3 minutes.  The battery is then charged at a rate not to exceed C/1 and for a time not to exceed 61.4 minutes until fully charged (100% state-of-charge or dP/dt approaches 0).

3.2.10 Battery Life and Storage Requirements

The operating and non-operating battery pre-launch checkout and support time shall be no less than five (5) years.  The operating and non-operating life shall consist of storage, capacity tests, integration, launch, and on-orbit operations.  The battery assembly (and CPVs) shall be maintained between 0( - 30( C throughout these phases.  The on-orbit operating life of the battery shall support a 3-year mission.

3.3 Electrical Characteristics

3.3.1 Configuration

The electrical configuration of the battery assembly is shown in Figure 3-1.  The CPVs will be connected in series using interconnect bus bars.

3.3.2 Circuit Isolation

All signal and power circuits, including all signal and power returns, shall be isolated from all support hardware, heatsinks, battery cases, etc., by more than 2 megohms when tested at a voltage of 50 Vdc. 

3.4 Physical Characteristics

The physical configurations of the battery assembly will be defined by the Supplier in cooperation with Spectrum Astro, Inc.  The planned configuration is similar to that shown in Figure 3-2. 

3.4.1 Battery Isolation

The battery chassis shall be designed to be electrically isolated from the spacecraft equipment deck to which it is mechanically mounted on by more than 1 megohm.  

3.4.2 Mass Properties

3.4.2.1 Mass

The battery assembly mass shall not exceed 14.4 kg.  The battery assembly mass shall include eleven flight CPVs, Resistive Temperature Devices (RTDs), heaters, thermostats, strain gauges, associated circuitry, terminals, connectors, wire, brackets, structure, interconnects, connectors, and any additional hardware included in the assembly.

3.4.2.2 Moments of Inertia

The moments of inertia of the battery assembly shall be determined to within 10% and documented upon delivery.

3.4.2.3 Center of Gravity

The center of gravity of the battery assembly shall be determined to within 0.1 cm and documented upon delivery.

3.4.3 Physical Envelope

The completed battery assembly shall comply with the envelope dimensions contained in the Battery Component Interface Definition drawing, CID-209882.
3.4.4 Mechanical Interface

The spacecraft interface shall be defined in the Battery Component Interface Definition drawing, CID-209882. 

3.4.5 Thermal Interface

The battery assembly thermal design shall rely on conduction of heat from the CPVs via the mounting sleeves to the baseplate, and radiation from the baseplate to space.  The CPVs shall operate at temperatures within 3°C of each other in all mission phases. 

3.4.6 Temperature Sensors

The battery assembly shall include 4 temperature sensors.  Three (3) sensors shall be attached to CPVs and one sensor shall be mounted on the baseplate.  The sensor locations will be defined in the Battery Component Interface Definition drawing.   The sensors shall be of the platinum Resistance Temperature Device (RTD) type.  One (1) of the spare CPVs shall also contain one of these RTDs.

3.4.7 Strain Gauges

The battery shall have two (2) CPVs with attached strain gauge pressure transducers.

3.4.8 Strain Gauge Amplifiers

The battery shall be provided with strain gauge amplifiers for the two CPVs instrumented with strain gauges.  Power for the strain gauge amplifiers will be provided by the spacecraft at 24.0 to 34.0 Vdc.

3.4.9 Electrical Interface

The battery electrical interface to the spacecraft shall be through two electrical connectors.  One connector shall be dedicated to carrying battery charge and discharge power, and the second shall be for all other connections.  The power connector shall have 20 gauge socket contacts, part number MS27474T18F32S, the signal connector shall have 22 gauge contacts and be part number MS27474T14F35P. A third connector shall be provided which provides individual battery cell voltage monitoring (BCVM). The BCVM connector shall not be utilized by the spacecraft electrical system. The BCVM function shall be used to support integration and test of the spacecraft for monitoring cell voltages during charging, discharging and storage by Ground Support Equipment

3.4.10 Heaters

The battery shall be provided with two sets of heaters for maintaining battery CPV thermal control.  The heaters shall be wired in parallel and shall be controlled by a pair of redundant bimetallic thermostats mounted to four (4) CPVs.  The spacecraft will provide each thermostatically controlled heater circuit with power at 24.0 to 34.0 Vdc as shown in Figure 3-1.  The heater resistance shall be 365 Ohms per heater circuit, two (2) circuits per CPV. 
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Figure  3-1.  Battery Electrical Configuration
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Figure 3-2.  Planned Configuration 

4.  ENVIRONMENTAL TEST AND ANALYSIS

4.1 General

The general quality provisions for this subcontract shall be as defined in the CVS.  The requirements of Section 3 herein shall be verified by test.  The tests shall include verification of functionality and selected performance characteristics as agreed to by Spectrum Astro, Inc. and the seller.

4.2 Responsibility for Tests

Unless otherwise specified in the contract, the supplier shall be responsible for providing all facilities, provisioning, ancillary equipment, tools, software, test articles, etc., conducting all tests, and recording and processing all data necessary to fulfill the test requirements.  Spectrum Astro reserves the right to witness tests, perform inspections, and review data deemed necessary to assure that the nickel-hydrogen CPVs conform to prescribed requirements.  Accordingly, the supplier shall advise Spectrum Astro one week before tests are to be conducted so that a representative may be present, if so desired.  Except as otherwise specified in the contract, the supplier may utilize his own facilities or any commercial laboratory acceptable to Spectrum Astro.

4.3 Protoflight Qualification Tests

The seller shall perform Protoflight Qualification Testing of the battery assembly in accordance with Eagle Picher Acceptance Test Procedure ATP-1451. 

4.4 Functional Testing

Functional tests are required to verify that the electrical and mechanical performance of the component meets the requirements stated in Section 3 of this Product Function Specification.

4.5 MIL-STD-1522A Testing

MIL-STD-1522A, Figure 2, Method A shall be followed to provide the assurance of safety for pressure vessels.  The contractor shall meet this requirement by performing, or have performed by another source, the tests required by MIL‑STD‑1522A. 

4.6 Test Data

The requirements for recording test data and documenting test results are specified in the CVS.

4.7 Battery Assembly Thermal-Vacuum Test

The battery thermal-vacuum test shall verify the thermal and electrical performance under flight-like conditions.  The thermal-vacuum test configuration shall simulate the flight thermal interface to the spacecraft equipment panel and the thermal radiation path to space.  The battery assembly thermal vacuum test shall be conducted in accordance with Eagle Picher Acceptance Test Procedure ATP-1451.  The test shall verify that the CPVs are maintained at the correct temperature by the thermostatically controlled heaters internal to the battery assembly, that the thermostats do not cycle excessively, and the minimum cell voltage and watt-hour efficiency requirements are met.  

5.  QUALITY ASSURANCE PROVISIONS

5.1 General

The requirements of Section 3 herein shall be verified by test.  The tests shall include verification of functionality and selected performance characteristics as agreed to by Spectrum Astro, Inc. and the seller.
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