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1.  INTRODUCTION

1.1 

Purpose

This specification provides the minimum requirements to be met by the Charge Control Board (CCB) for use on the High Energy Solar Spectroscopic Imager (HESSI) spacecraft.

2.  

APPLICABLE DOCUMENTS

2.1 General

The following documents are applicable to the development of this item.  They are to be considered extensions of this document, to the extent specified herein.  If a specific revision is not called out then the revision in effect on the release date of this document shall apply.  In case of any conflict, data within this document shall supersede all references.

2.1.1 Spectrum Astro, Inc.

1110-EW-Y09781
Component Verification Specification (CVS), HESSI 

CID-209811
Component Interface Definition (CID), HESSI, Charge Control Board

SE-510813
Schematic, HESSI, Charge Control Board

AE-510813
Assembly Drawing, HESSI, Charge Control Board

3.  REQUIREMENTS

3.1 Item Definition

The Charge Control Board described herein is a component of the Electrical Power Subsystem (EPS) of the HESSI spacecraft.  The primary function of the CCB is to regulate solar array power applied to the Battery.
The CCB output current is regulated to meet the power requirements for battery charging and all spacecraft loads, so long as there is sufficient power produced by the solar array.

3.2 Characteristics

3.2.1 Performance Requirements

The HESSI CCB minimum performance parameters are described in Table 3-1.  The basic functionality of the CCB is illustrated in Figure 3‑1.

3.2.1.1 General Performance Requirements
3.2.1.1.1 Item Life

The CCB shall be designed to operate for 3 years in orbit.

3.2.1.1.2 Power Dissipation

The CCB power dissipation shall not exceed 16.0 Watts. 

3.2.1.1.3 Bus Ripple and Transients

The output current ripple and bus impedance applied to the system are determined by the sizing of the solar array sections and the switching characteristics of the CCB.  The output of the CCB shall be designed to be compatible with the Electromagnetic Compatibility (EMC) design guidelines described in Section 3.3.6.

Table  3-1.  HESSI CCB Performance Requirements Summary

PARAMETER
REQUIREMENT

Battery Charging
One Nickel-Hydrogen Battery, 22 Cell, 11 CPV

Solar Array Circuits Controlled
16

V-T Charge Algorithm
16 Characteristic Curves

Maximum Power Input
520 Watts

Maximum Power Dissipation
16.0 Watts 

Maximum Solar Array Single Circuit Current
1.0 Amperes

Maximum Solar Array Open Circuit Voltage
68.5 Volts (@ -70°C)

Maximum Output Voltage
34 Volts

Maximum Output Current
16 Amperes

Battery Voltage Range
0 to 34V

COMMANDS


V-T Select Command
4 Discrete Binary Bits  

Battery Temperature Sensor Select
1 Discrete Binary Bit

TELEMETRY PARAMETER 
TELEMETRY OUTPUT RANGE (PARAMETER RANGE)

Solar Array Current (Total)
0 to 10V (0 to 20 Amps)

Battery Voltage
0 to 10V (0 to 40 V)

Battery Current
-10V to +10V (-20 Amps to +20 Amps)

Battery Temperature 1
-10V to 10V (-40 C to +40 C)

Battery Temperature 2
-10V to 10V (-40 C to +40 C)

V-T Curve Selected (Fully Charged Battery at 0C)
0 to 10V (31.0V to 34.0V)

Output Transistor Percent Conduction
0.68 to 7.25V (see Table 3-2)

Battery Half Voltage
0 to 10V (0 to 20V)

Figure  [image: image1.wmf]3-1.  HESSI Charge Control Board Functional Block Diagram

3.2.1.2 Functional Performance Requirements
3.2.1.2.1 Commands

3.2.1.2.1.1 V-T Select

The V-T characteristic selected to control battery charging shall be selected as one of sixteen (16) possible curves using the four discrete bi-level inputs to the CCB.

3.2.1.2.1.2 Battery Temperature Sensor Select

The battery temperature sensor chosen to control battery charging shall be selected as one (1) of two RTD’s located on the batteries.

3.2.1.2.1.3 VME Converter Re-start Circuit

The CCB will detect a shut off of the VME DC-DC Converter and will re-start the converter with a 500 mS contact closure to the converter on/off command input.  This re-start circuit shall be disabled with a battery bus voltage less than 18.0V ±0.5V.

3.2.1.2.2 Telemetry

3.2.1.2.2.1 V-T Curve Select

The CCB shall provide one (1) analog output, 0 to 2.55 VDC, indicating which of the 16 V-T curves is selected for controlling battery charge.

3.2.1.2.2.2 CCB Output Transistor Percent Conduction

The CCB shall provide one (1) analog output, 0 to 10 VDC, representing the percent conduction of the charger output transistors, ranging from 0% to 100%.  Table 3-2 shows the correlation between this telemetry channel and which transistor is conducting.

3.2.1.2.2.3 Solar Array Current

The CCB shall output one (1) analog output, 0 to 10 VDC, representing the average of the sum of the currents supplied by the sixteen array circuits connected to the CCB input, ranging from 0.0A to 20.0 Amperes.  This telemetry output shall incorporate filtering such that the ripple voltage is less than 50mV with 2.0 Amps pk-pk at 200Hz. 

3.2.1.2.2.4 Battery Voltage

The CCB shall output one (1) analog output, 0 to 10 VDC, representing the voltage of the battery at the interface to the CCB, ranging from 0 to 40V, to serve as an indicator of battery condition and CCB operation.  This telemetry output shall incorporate filtering such that the ripple voltage is less than 50 mV with input ripple of 2.8 Volts @ 120Hz.

3.2.1.2.2.5 Battery Half Voltage

The CCB shall output one (1) analog output, 0 to 10 VDC, representing the voltage of the battery at the interface to the CCB, ranging from 0 to 20V, to serve as an indicator of battery condition and CCB operation.  This telemetry output shall incorporate filtering such that the ripple voltage is less than 50 mV with input ripple of 2.8 volts @ 120Hz.
3.2.1.2.2.6 Battery Current

The CCB shall provide one (1) analog output, -10V to +10V, representing the battery charge or discharge current, ranging from –20A to +20A.  The battery current sensor shall be designed to withstand up to 40 amperes through the sensed conductors in either direction for up to one second without sensor damage.  This telemetry output shall incorporate filtering such that the ripple voltage is less than 50 mV with input ripple of 7.0 Amps pk-pk @ 120Hz.

3.2.1.2.2.7 Battery Temperature

The CCB shall provide two (2) analog outputs, each -10 to +10 VDC, representing battery temperatures, ranging from –40 to +40 C.  Each battery temperature sensor shall be a platinum RTD type (2000 ohms at 0° C).

3.2.1.2.2.8 Battery Pressure

The CCB shall buffer the two battery pressure signals and provide primary/secondary ground isolation between the battery bus and telemetry grounds.

Table  3-2.  CCB Output Transistor Characteristic

CCB

Transistors On
FET1
FET 2
FET 3
FET 4
FET 5
FET 6
FET 7
FET 8

0.68V
0








1.0V
50








1.3V
100








1.65V

0







1.96V

50







2.26V

100







2.55V


0






2.85V
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3.14V
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3.48V



0





3.77V
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4.05V
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4.34V




0




4.62V
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4.89V




100




5.18V





0



5.45V





50



5.71V





100



5.96V






0


6.22V






50


6.48V






100


6.76V







0

7.01V







50

7.25V







100

3.2.1.2.3 Charge Regulation

3.2.1.2.3.1 Battery Technology

The CCB shall safely and efficiently charge a 15 A-hr Nickel-Hydrogen (NiH2) battery.

3.2.1.2.3.2 Voltage-Temperature Charging

The full-charge battery voltage regulation point shall be autonomously adjusted to accommodate battery temperature.  The nominal Voltage-Temperature (V-T) characteristic to be implemented shall be as described in Figure 3‑2.

3.2.1.2.3.3 Power Control Board Bus Voltage

The CCB shall prevent the Power Control Board bus voltage from ever exceeding 34 vdc.

3.2.1.2.3.4 Discharged Battery

The CCB shall have the capability of recharging a totally discharged battery using the Solar Array.  The implementation of this requirement shall accommodate any vehicle and solar array orientation.
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Figure  3-2.  Voltage-Temperature Charge Control

The V-T characteristic shall be selectable to sixteen (16) different charge curves.  Values in Table 3-2 specify the characteristic illustrated in Figure 3-2.

Table  3-3.  V-T Charging Characteristic Parameters

MODE NO.
HCD Cmd to CCB
DAC COMMAND
0 C INTERCEPT (V)
Vfc[T] (mV/°C)

1
1010
1111
31.0 ± 0.3
-80

2
1011
1110
31.3 ±0.3
-80

3
1000
1101
31.6 ±0.3
-80

4
1001
1100
31.9 ± 0.3
-80

5
1110
1011
32.2 ±0.3
-80

6
1111
1010
32.5 ± 0.3
-80

7
1100
1001
32.8 ± 0.3
-80

8
1101
1000
33.1 ± 0.3
-80

9
0010
0111
33.4 ± 0.3
-80

10
0011
0110
33.7 ± 0.3
-80

11
0000
0101
34.0 ± 0.3
-80

12
0001
0100
34.3 ± 0.3
-80

13
0110
0011
34.6 ± 0.3
-80

14
0111
0010
34.9 ± 0.3
-80

15
0100
0001
35.2 ± 0.3
-80

16
0101
0000
35.5 ± 0.3
-80

3.2.2 Electrical Interfaces 

3.2.2.1 General

Electrical interfaces to the Solar Array, battery, and PCB shall be as illustrated in Figure 3‑1.  The CCB electrical interfaces shall consist of those listed in this document. All references on related drawings shall follow the naming conventions listed in the CCB Schematic, SE-510813.  The CCB shall accommodate all commands and telemetry via discrete electrical interfaces to the CIB and PACI.

All power for spacecraft distribution and PCB control shall be supplied by the CCB via the Essential Bus.  For a complete description of functions related to interfaces, as well as the quantities specified, refer to Section 3.2.1.2, Functional Performance Requirements.

3.2.2.2 Power Interfaces

The CCB shall minimize the impedance between the Battery Bus and Essential Bus interfaces.  This is to accommodate peak demands by the spacecraft system without significant Essential Bus voltage drop.
3.2.2.2.1 Solar Array Strings

The CCB shall accept power from the 16 circuits on the solar array.

The CCB power interface to the solar array shall be designed for a maximum potential of 68.5V and a maximum current of 16 Amps.

3.2.2.2.2 Battery Bus

The CCB power interface to the Battery shall be designed for a maximum steady-state current of 15 Amperes, and a peak current of 40 Amperes for no more than 1 second.  

3.2.2.2.3 Essential Bus

The CCB power interface to the PCB shall be designed for a maximum steady-state current of 15 Amperes, and a peak current of 40 Amperes for no more than 1 second. 

3.2.2.2.3.1 Command Interfaces

All Command inputs shall be TTL-compatible bilevels with a maximum drive capability (source or sink) of 6 mA.  All Command inputs shall provide "0" state functionality in the case of a high impedance interface.

3.2.2.3 Telemetry Interfaces

All telemetry generated by the CCB shall be referenced to the Signal Return line on P2 of the VME bus. All telemetry output drive impedances shall not exceed 1 k( and shall have a 0.01 uF capacitor on its output.

3.2.2.4 Electrical Interfaces

3.2.2.4.1 General

CCB interfacing to the rest of the HESSI spacecraft is accomplished using three connectors (J1, J2 and J3) on the front of the circuit board and two VME connectors (P1 and P2) on the rear of the board.  Signal names and connector pin-outs for the front connectors are shown on the component interface definition drawing, CID-209811.  The two rear connectors carry standard VME bus signals.

3.2.3 Physical Characteristics

Envelope and mounting configuration shall be as shown on Spectrum Astro Inc. Drawing CID-209811. 

3.2.3.1 Weight

The CCB board will weigh less than 1.5 lb. Max.  For actual value refer to Spectrum Astro Inc. Drawing CID‑209811.

3.2.3.2 Connectors and Wiring

Electrical connector types and pin-outs shall be as defined on Spectrum Astro Inc. Drawing CID-209811.

3.2.3.3 Thermal Characteristics

The CCB Board shall be cooled by conducting any heat generated on the board to the Spacecraft Electronics Module (SEM) via a thermally conductive printed circuit board layer and thermally conductive bracket.  The CCB board thermally conductive path shall be of low enough thermal impedance to ensure that all components are maintained within manufacturer’s specified temperature ranges as derated appropriately to achieve the required high reliability.  The thermally conductive printed circuit board layer shall be electrically isolated from all CCB signals and power by a resistance of at least 1M(.

3.3 Environmental Conditions

3.3.1 Temperature

Thermal cycling and thermal vacuum shall be performed on each unit manufactured.  Thermal cycling shall be performed at the component level.  Thermal vacuum shall be performed at the subsystem level only.

3.3.1.1 Max Range - Operating

The CCB board shall be designed to withstand from -34 to + 71( C. 

3.3.1.2 Max Range - Non Operating

The CCB board shall be designed to withstand from -44 to + 81( C.

3.3.1.3 Max Range - Storage

The CCB board shall be designed to withstand from -44 to + 81(C.

3.3.2 Pressure Decay/Venting

The CCB shall be designed to withstand the maximum pressure decay time history shown in Table 7-5 of the Component Verification Specification (CVS).  Verification of this requirement may be performed by analysis.

3.3.3 Random Vibration

The CCB board is designed to withstand the qualification random vibration levels as described in Section 7-6 and listed in Figure 7-3 and Table 7-2 of the CVS.

3.3.4 Acceleration

The CCB board is designed to withstand acceleration levels described in Figure 7-2 of the CVS.

3.3.5 Shock

The CCB board is designed to withstand the shock levels given in Section 7.8, Table 7-4, and Figure 7-5 of the CVS.

3.3.6 Electromagnetic Compatibility

The CCB shall meet the applicable EMC requirements stated in Section 7-14 of the CVS with the exception of Conducted Susceptibility which is not applicable to the CCB.  EMC testing will be performed at the system level.

3.3.7 Charged Particles Radiation Environments














The radiation design requirements for the CCB are listed in Sections 4.5 and 4.6 of the CVS.

3.4 Component Test Requirements

The plans and procedures detailing development testing are defined in the CVS.  Table 3-4 identifies the verification requirements for the CCB assembly.  This listing is appropriate for the aggregate HESSI delivery.

Table  3-4.  Verification Matrix

VERIFICATION
NOTES (PERTAINING TO CCB-LEVEL TEST)

Launch Power State
On

Qualification Method
Protoflight

Qualification

Physical Test
Required

Functional
Required

Acoustic
Not Required 

Random Vibration
Required (SEM Subsystem – Level Test)

Pyrotechnic Shock
Required (SEM Subsystem – Level Test)

Thermal Cycle
Required 

Thermal Vacuum
Not Required (SEM Subsystem-Level Test)

Thermal Atmosphere
Not Required

Thermal Shock
Not Required

EMI/EMC Conducted Susceptibility
Not Required 

EMI/EMC Conducted Emissions
Not Required (System - level Test)

EMI/EMC Radiated Susceptibility
Not Required (System - level Test)

EMI/EMC Radiated Emissions
Not Required (System - level Test)

EMI/EMC Magnetic Field Characterization
Not Required

Proof Pressure
Not Required

Pressure Profile
Not Required

Mass Properties
Not Required

Acceptance

Physical
Required

Functional
Required

Thermal Cycle
Required

Thermal Vacuum
Not Required (System-Level Test)

Random Vibration
Required

Shock
Required

EMC
Not Required

Burn-in
Required

Life Test (Mechanical)
Not Required

4.  DESIGN AND CONSTRUCTION

4.1 General

Guidelines for development of this unit are detailed in the CVS.  Detailed in the CVS are guidelines for PMP, mechanical parts and materials, EEE parts control, ESD control and reliability.

5.  QUALITY ASSURANCE

5.1 General

The quality planning and inspection system that will be used by Spectrum Astro, Inc., to meet the requirements of the HESSI Program is discussed in the CVS.  Detailed in the CVS are plans for management, design control, procurement control, fabrication control, and nonconformance control.
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