20

[image: image8.wmf]



SPECTRUM ASTRO, INC.
HIGH ENERGY SOLAR SPECTROSCOPIC IMAGER (HESSI) 

PRODUCT FUNCTIONAL SPECIFICATION (PFS)

FOR THE

POWER CONTROL BOARD (PCB)

CONTRACT NO.  PPB005884




SPECTRUM ASTRO PROPRIETARY DOCUMENT

THIS DOCUMENT CONTAINS SPECTRUM ASTRO PROPRIETARY INFORMATION.  RECIPIENT, BY ACCEPTING THIS DOCUMENT, AGREES THAT NEITHER THE DOCUMENT NOR ANY INFORMATION CONTAINED WITHIN IT SHALL BE REPRODUCED OR TRANSFERRED TO OTHER DOCUMENTS NOR USED OR DISCLOSED TO OTHERS FOR MANUFACTURING OR ANY OTHER PURPOSES EXCEPT AS SPECIFICALLY AUTHORIZED IN WRITING BY SPECTRUM ASTRO.















PREPARED BY:

SPECTRUM ASTRO, INC.

1440 N. Fiesta Boulevard

Gilbert, Arizona   85233

CAGE Code 0T9D1

INITIAL RELEASE DATE

13 November 1998

1110-EW-E11304
REV B



14 JUNE 1999


1110-EW-E11304B


SPECTRUM ASTRO, INC.

HIGH ENERGY SOLAR SPECTROSCOPIC IMAGER (HESSI) 

PRODUCT FUNCTIONAL SPECIFICATION (PFS)

FOR THE

POWER CONTROL BOARD (PCB)

CONTRACT NO.  PPB005884


REVIEWED BY:




, CONFIGURATION/DATA CONTROL, dave maiden
DATE

APPROVED BY:




  engineering, john michalek
DATE

APPROVED BY:




, QUALITY ASSURANCE, jeff squires
DATE

APPROVED BY:




, engineering, eli kawam
DATE

APPROVED BY:




, systems engineer, john jordan
DATE

APPROVED BY:




, PROGRAM MANAGER, jeff preble
DATE

REVISION SUMMARY






REV
RELEASE DATE
BRIEF DESCRIPTION/REASON FOR CHANGE
EFFECTIVE PAGES

-
13 November 1998
Initial release.
All

A
14 March 1999
Re-write after division of  PCB to PCB + ADB
All

B
14 June 1999
Changed Name of Spare 2 switch to Mission Mode Relays
4, 6



Changed Name of Spare 1 Switch to Battery Strain Gauge Power
4,6



Changed timing for slow over current trip level to 30 ms for all switches containing over current protection
5,6



Changed slow overcurrent trip point on IDPU bus to 5.0A
5



Changed ±5% to ±0.215V
7   



Added that a switch shall remain off after an overcurrent trip until the OC flag is cleared
8



Added that the CPU shall turn off if essential bus +15V is removed
8



Added a +/-20 sec tolerance to 15 min timer of transmitter
9



Changed logic governing control of RF switch
9



Corrected front panel connector pin assignments
16, 17


































































TABLE OF CONTENTS

PAGE
01.  INTRODUCTION

1.1 Purpose
0
1.2 Scope
0
2.  APPLICABLE DOCUMENTS
0
2.1 Spectrum Astro, Inc. Documents
0
3.  REQUIREMENTS
0
3.1 Functional Requirements
0
3.2 General
0
3.2.1 Grounding
0
3.3 Detailed Requirements
0
3.3.1 Power Distribution Requirements
0
3.3.2 Undervoltage Trip
0
3.3.2.1 UV Trip Adjustments
0
3.3.2.2. UV Trip Flag
0
3.3.2.3 UV Trip Enable/Disable
0
3.3.3 Overcurrent Trip
0
3.3.3.1 Overcurrent Trip Flag
0
3.3.3.2 Overcurrent Trip Enable/Disable
0
3.3.4 CPU On/Off Control
0
3.3.5 Separation Detection
0
3.3.6 Transmitter On/Off Control
0
3.3.6.1 RF Switch Control
0
3.3.7 IDPU Safemode Signal
0
3.3.8 Current Monitors
0
4.  VME INTERFACE
0
4.1 Data Interfacing Requirements
0
4.2 HCD Map
0
TABLE OF CONTENTS (Continued)

PAGE
4.3 VME Address Map
0
4.4 VME Interface Requirements
0
4.4.7 VME System Reset
0
4.4.8 Triple Modular Redundancy
0
4.5 FPGA Register Assignments
0
4.5.1 Primary and Secondary Switches
0
4.5.2 Switch On/Off Control
0
4.5.3 Undervoltage Reset
0
4.5.4 PCB Status 1 Register
0
4.5.5 PCB Status 2 Register
0
4.5.6 PCB Reset Register
0
4.5.7 PCB Control Register
0
5.  Electrical Interfaces
0
5.1 Connector Pinouts
0
5.2 Physical Characteristics
0
6.  Power
0
6.1 Operating Voltage
0
6.1.2 Survival Voltage
0
6.1.3 Power Interrupt
0
6.1.4 Thermal Characteristics
0
6.2 Bonding
0
7.  Environmental Conditions
0
7.1 Temperature
0
7.1.1 Operating
0
7.1.2 Non Operating
0
7.1.3 Storage
0
7.1.4 Pressure Decay/Venting
0
TABLE OF CONTENTS (Continued)
PAGE
7.1.5 Random Vibration
0
7.1.6 Acceleration
0
7.1.7 Pyrotechnic Shock
0

LIST OF FIGURES

0Figure
3-1.  PCB Function Diagram

Figure
3-2.  SEM Grounding Scheme
0
Figure
3-3.  Power Distribution
0
Figure
3-4.  Instrument Power Circuit Breaker Characteristics (Dual Trip)
0


LIST OF TABLES
0Table
3-1.  Power Output Requirements

Table
3-2.  UV Trip Set Points
0
Table
4-1.  HCD Map
0
Table
4-2.  VME Address Map
0
Table
5-1.  Electrical Connector Types and Pinouts
0
Table
6-1.  Bus Voltage Acceptable Limits
0


LIST OF ACRONYMS

ACS
Attitude Control System

CCB
Charge Control Board

CIB
Communications Interface Board

CID
Component Interface Drawing

CPU
Central Processing Unit

CVS
Component Verification Specification

EEE
Electrical, Electronic, and Electromechanical

EPS
Electrical Power Subsystem

ESB
Essential Bus

ESD
Electrostatic Discharge

fpga
Field Programmable Gate Array

fss
Fine Sun Sensor

GSE
Ground Support Equipment

hcd
Hardware Command Decode

hessi
High Energy Solar Spectroscopic Imager

iad
Inertia Adjustment Device

IDPU
Instrument Data Processing Unit

IEEE
Institute for Electrical and Electronic Engineers

IF
Intermediate Frequency

NEB1
Non-Essential Bus #1

neb2
Non-Essential Bus #2

PCB
Power Control Board

PFS
Product Function Specification

POR
Power On Reset

pwa
Printed Wiring Assembly

PWB
Printed Wiring Board

RF
Radio Frequency

SEM
Spacecraft Electronics Module

SPG
Single Point Ground

SSR
Solid State Recorder

ttl
Transistor-Transistor Logic

UV
Undervoltage

vme
Versa Module Eurocard

XMTR
Transmitter




1.  INTRODUCTION

1.1 Purpose

The purpose of this document is to describe the technical requirements for the Power Control Board (PCB) for the HESSI Program.

1.2 Scope

This document captures all requirements, with the exception of environmental and quality assurance, which are covered by the Component Verification Specification (CVS).  This document specifies the minimum performance required of the PCB.  Included are functional requirements, electrical interfaces, and mechanical interfaces.  The document also provides the necessary information, including references to other documents required, to mechanically and electrically interface to this PCB board.

 “2.0 Applicable Documents”,TC 2.  APPLICABLE DOCUMENTS

2.1 Spectrum Astro, Inc. Documents


Document
Description
a.
1110-EW-Y09781
HESSI Component Verification Specification (CVS)

b.
CID-209810
Spectrum Astro, Inc. Drawing, Component Interface Definition, PCB

3.  REQUIREMENTS

3.1 Functional Requirements

The primary function of the Power Control Board (PCB) is to distribute unregulated power to all of the components on the HESSI spacecraft.  The PCB shall receive the power via the Spacecraft Bus from the Charge Control Board (CCB) and distribute it into six (6) output buses, two (2) servicing avionics, and four (4) servicing the science payload.  The PCB shall further distribute the avionics busses into individual outputs, some of which shall also be independently switched.

Other major functions of the PCB include space vehicle separation detection and startup, data interface to the avionics via VME bus interface, battery undervoltage detection and mitigation, and various state-of-health instrumentation.

Refer to Figure 3-1 for an overall function diagram of the PCB.


[image: image2.wmf]+28V

Bus

Separation

 Signals

HESSI C&DH

Hardware

Command

Decoder

Charge

Control

Board

Essential Bus

DC-DC

Converter

Separation Returns

Cryo 

Pwr

POWER CONTROL BOARD

Command

Interface

and

Control

Logic

VME

Bus

Telemetry Signal

Conditioning

Transmitter Enable

RF Switch Control

Avionics

Essential Bus 

Conv

.

Discrete

Signals

Science

+5V

-15V

+15V

CPU Converter

Aux. Driver Board

Test Access

Connector

Power Distribution Network

NEB1

NEB2

IDPU 

Pwr

IDPU SW.28V

IDPU Heater

SPG

Structure


Figure  3-1.  PCB Function Diagram

3.2 General

3.2.1 Grounding
The Single Point Ground (SPG) for the HESSI spacecraft is considered to be located on the PCB.  SPG connections shall be made available for spacecraft interfaces such as structure, chassis, etc.  A grounding diagram for the Spacecraft Electronics Module (SEM) is shown in Figure 3-2.  

3.3 Detailed Requirements

3.3.1 Power Distribution Requirements

The PCB shall distribute power from the CCB (Charge Control Board) to the entire spacecraft.  Primary and Secondary switches shall be provided as required.  The design requirements for each output are detailed in Table 3-1.  The general block diagram of the power distribution is found in Figure 3-3.
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Figure  3-2.  SEM Grounding Scheme
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Figure  3-3.  Power Distribution
Table  3-1.  Power Output Requirements


Output Name
ESB (BUS)
Transponder
ESB DC/DC Converter
CPU Converter
Solar Array Releases
IDPU BUS
Cryocooler +28 BUS
IDPU Switched +28 BUS
IDPU Heater BUS
NEB1 BUS
TRD X & Zp
TRD Y & Zr
IAD “X”
IAD “Y”

Feed Channel
S/C Bus (CCB)
ESB
ESB
CPU
S/C Bus (CCB)
S/C Bus (CCB)
S/C Bus (CCB)
S/C Bus (CCB)
NEB2
S/C Bus (CCB)
NEB1
NEB1
NEB1
NEB1

Loads Supplied
Transponder, Avionics

DC/DC’s
Transmitter/

Receiver
ESB DC/DC Converters 

(+5, +/-15 V)
CPU DC/DC Converter (+5V)
Array Release Switch Matrix
IDPU
Cryocooler +28
IDPU Switched +28
IDPU Heaters
IAD’s, SSR, FSS, RF Sw. Driver
Torque Rod Drivers “X” & “Z primary”
Torque Rod Drivers “Y” & “Z redundant”
Onboard Driver Circuit
Onboard Driver Circuit

Switching 

Command Source

Command Signal Type

Command Decoding
None
Transmitter

VME

BiLevel

0X2E = off

0X6E = on
None
State 

VME BiLevel

1 = On

0 = Off
None


Latching

VME 

0x08 = Off

0x48 = On
Latching

VME 

0x06 = Off

0x46 = On
Latching

VME 

0x0A = Off

0x4A = On
Latching

VME 

0x02 = Off

0x42 = On
Latching

VME 

0x00 = Off

0x40 = On
State

VME 

0x20=Off

0x60=On
State

VME 

0x22=Off

0x62=On
State

VME

0x26=Off

0x66=On
State

VME 

0x28=Off

0x68=On

Overcurrent Protection

Trip Point/Tolerance

        Reset Mechanism
None
None
None
None
None
Yes

20A +/- 1A <15us &

5.0 ± 0.5 A > 30 ms

Reassert “ON”
Yes

20A  +/-1A < 15us &

10.5 ± 0.5 A > 30ms

Reassert “ON”
Yes

20A +/-1A <15us & 

5 ± 0.5 A > 30ms

Reassert “ON”
Yes

20A +/-1A < 15us & 

7.5 ± 0.5 A > 30ms

Reassert “ON”
Yes

20A +/-1A <15us & 

6 ± 0.3 A  > 30ms

Reassert “ON”
None
None
None
None

Channel Rating
20Adc
5A
5A
5A
20Adc
20 A/10mS, 6.5 Adc
20A/10ms, 10.5Adc
20 A/10ms, 5.5Adc
7.5Adc
7.5Adc
1.2A
1.2A
1.2 A
1.2 A

Load Characteristics 

Maximum Current

Load Inrush

Peak Transient 

Constant I/P/R

Input L/C

Back EMF/Blocking Required
(
(
(
(
(
(
1.54 A 

5 A

65A

P=4.8/37 W

See Inrush

No
2.5 A

Not Switched

N/A

P= 19W

N/A

No
2.5A

N/A

15W

N/A

No
8.5A

N/A

N/A

Resistive

N/A

No
4A 

10A/lms

±2V/lms

P=0 to 54W

See inrush

Yes
7 A

10A/lms

±2V/lms

P=0 to 120W

See inrush

Yes
3.91

10A/lms

±2V/lms

P=0 to 62.5W

See inrush

Yes
5 A

N/A

N/A

Resistive

N/A

No
(
(
(
(
(
(
1.2 A

3.2A

3.2A

Current

1F

No
1.2 A

3.2A

3.2A

Current

1F

No
0.650 A

See Cap.

N/A

N/A

1F

No
0.650 A

See Cap.

N/A

N/A

1F

No

Status Feedback
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Current Sense

Input Range

Accuracy

Transfer Function

Frequency Response
Yes

6.5A

±5% Full Scale

V TLM=1/2 ISense
159 KHZ
None
None
None
None
Yes

0-4A

±5% Full Scale

V TLM=1/2 I Sense
159KHZ
Yes

0-9A

±5% Full Scale

V TLM=1/2 I peak
159KHZ
Yes

0-4A

±5% Full Scale

V TLM=1/2 I Sense
159KHZ
Yes

0-5A

±5% Full Scale

V TLM=1/2 I Sense
159KHZ
Yes

0-4A

±5% Full Scale

V TLM=1/2 I Sense
159KHZ
None
None
None
None

Table 3-1.  Power Output Requirements (Continued)

Output Name
Solid State Recorder
Fine Sun Sensor
Software Mode Relays
NEB2 (BUS)
FSS Heater
S/A Damper Heaters
Torque Rod Heaters
Transponder Heater
SSR Heater
SEM Heater
Battery Heater 1
Battery Heater 2
Battery Strain Gauge
Magnetometer +/-15 V

(Tandem Switches)

Feed Channel
NEB1
NEB1
NEB1
S/C Bus (CCB)
NEB2
NEB2
NEB2
NEB2
NEB2
NEB2
NEB2
NEB2
NEB2
Onboard +/-15V

Loads Supplied
Solid State Recorder
Fine Sun Sensor
Mode Staus Relays
Various Heaters
FSS Heater
S/A Damper Heaters
Torque Rod Heaters
Transponder Heater
SSR Heater
SEM Heater
Battery Heater
Battery Heater
Batt. Strain Gauge
Magnetometer

Switching 

Command Source

Command Decoding
Latching

VME 

0x0C = Off

0x4C = On
State

VME 

0x2C = Off

0x6C = On
State

VME

0x24 = Off

0x64 = On
Latching

VME 

0x04 = Off

0x44 = On
State

VME 

0x10 = Off

0x50 = On
State

VME

0x12 = Off

0x52 = On
State

VME

0x14 = Off

0x54 = On
State

VME

0x16 = Off

0x56 = On
State

VME

0x18 = Off

0x58 = On
State

VME 

0x1C = Off

0x5C = On
State

VME 

0x1E = Off

0x5E = On
State

VME 

0x2A = Off

0x6A = On
State

VME 

0x1A = Off

0x5A = On
State

VME 

0x30 = Off

0x70 = On

Voltage Regulation

Setting/Tolerance
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Current Regulation

Setting/Tolerance
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Overcurrent Protection

Trip Point/Tolerance

Reset Mechanism
None
None
None
Yes

20A±1A <15us &

10 ± 1 A>30ms

Reassert “ON”
None
None
None
None
None
None
None
None
None
None

Channel Rating
6A/40ms, 1.2 Adc
3A/10ms, 1.2 Adc
1.2 A
20A/10ms,11Adc
1.2A
1.2A
1.2A
1.2A
1.2A
1.2A
1.2 Adc
1.2 Adc
1.2 A
2A, 40ms, 1.2 Adc

Load Characteristics 

Maximum Current

Load Inrush

Peak Transient 

Constant I/P/R

Input L/C

Back EMF/Blocking Required
0.60 A

3.187

3.187

P

Input Filter

No
0.1 A

1.5A/20ms

1.5A/20ms

P

C=22uF

No
0.12 A

3.2A

3.2A

R

N/A

No
(
(
(
(
(
(
0.35 A

N/A

N/A

Resistive

N/A

No
0.26 A

N/A

N/A

Resistive

N/A

No
0.39 A

N/A

N/A

Resistive

N/A

No
0.434 A

N/A

N/A

Resistive

N/A

No
0.520 A

N/A

N/A

Resistive

N/A

No
0.65 A

N/A

N/A

Resistive

N/A

No
0.911 A

N/A

N/A

Resistive

N/A

No
0.911 A

N/A

N/A

Resistive

N/A

No
0.12 A

3.2A

3.2A

R

N/A

No
45mA

1A,40ms

1A,40ms

P

4.7uF

No

Status Feedback
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Current Sense

Input Range

Accuracy

Transfer Function

Frequency Response
None
None
None
Yes

0-10A

±5% Full Scale

V TLM = ½ I sense

159 KHZ
None


None


None


None


None


None


None


None


None
None
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Figure  3-4.  Instrument Power Circuit Breaker Characteristics (Dual Trip)

3.3.2 Undervoltage Trip

The PCB shall provide battery undervoltage mitigation.  At battery voltages specified in Table 3-2, with tolerance ± 0.215V, the specified switches shall be commanded off.  Once tripped, the switches shall remain off until commanded on again.

3.3.2.1 UV Trip Adjustments

The undervoltage trip levels shall be made adjustable via set resistors.  The alternate UV trip levels (UV1, UV2, UV3) shall be commandable during the mission.  These alternate trip levels shall also have a tolerance of ± 0.215V.  Refer to Table 3-2 for these alternate trip levels.

3.3.2.2. UV Trip Flag

The PCB shall apply a +5V signal to pin P2-A31 to indicate that an undervoltage condition has occurred.  This signal shall be cleared by the CPU, via a VME command.

3.3.2.3 UV Trip Enable/Disable

Undervoltage trip operation shall be enabled/disabled by HCD command to the PCB.

Table  3-2.  UV Trip Set Points

UV Trip Designation
Battery Trip Voltage
Battery Alternate Trip Voltage
Action

UV1
< 26.85V
< 24.86V
Activate “IDPU Safemode” signal

UV2
< 26.33 V
< 24.15V
Turn-off NEB1, and Magnetometer 

Inhibit CPU Power Converter

UV3
< 25.70 V
< 23.54V
Turn-off NEB2, IDPU, IDPU Switched, Cryocooler, IDPU Heater Bus

3.3.3 Overcurrent Trip

The PCB shall disable the switched buses in the event of an overcurrent condition.  These levels are specified in Table 3-1, with the respective bus switches.  The IDPU Bus, Cryocooler 28V Bus, IDPU Heater Bus, NEB1, NEB2 and IDPU SW +28 Bus shall exhibit performance as depicted in Figure 3-4.  Once a switch is disabled by an overcurrent condition it shall remain off until the trip flag is cleared. Actual settings are specified in Table 3-1.

3.3.3.1 Overcurrent Trip Flag

The PCB shall apply a +5V signal to pin P2-A32 on the VME backplane, to indicate that an overcurrent condition has occurred.  This signal shall be cleared by the CPU, via a VME command.

3.3.3.2 Overcurrent Trip Enable/Disable

Overcurrent trip operation shall be enabled/disabled by HCD command to the PCB.

3.3.4 CPU On/Off Control

The PCB shall have the ability to turn the CPU power converter on or off.  This can be commanded via HCD command.  The CPU converter shall be turned on after the separation detection circuitry intially detects separation.  Upon receipt of the watchdog signal from the CIB, the CPU power will be disabled and then enabled again after a 60ms ±10 ms time delay.  This signal is communicated from the CIB via the P2 connector on the VME backplane and is active high.  The separation detection circuitry shall have the ability to turn on the CPU converter regardless of the state of the HCD command. The default condition for the CPU is off.  If the essential bus +5V, +/-15V power should turn off, the CPU Power shall also be turned off.  When a command is received to turn off the CPU, the PCB shall first turn off the four switches that power torque rod XZp, torque rod Yzr, IAD X, and IAD Y.  After turning off these switches, the PCB shall wait 1.5sec +/-0.6sec before executing the off command to the CPU converter.  In addition, any attempts to turn on these four switches while the CPU converter is off, shall not be executed until the CPU converter has been commanded to turn on. 

3.3.5 Separation Detection

Three separation lines shall be biased to +5V through pull-up resistors, sensed, and voted by the PCB to determine launch vehicle separation.  Once the PCB has determined valid separation has occurred, NEB1, NEB2, and the CPU power converter shall be turned ON autonomously by the PCB.  Launch separation is determined by a low to a high signal transition on two of three of the separation signals.

3.3.6 Transmitter On/Off Control

The PCB shall issue a bilevel discrete TTL enable signal to the transmitter portion of the transponder.  This shall occur in response to a command to the PCB.  This command will be received as either an HCD level command or a VME command.  The HCD and VME commands shall be utilized such that either command can turn the transmitter on.  A high signal on the HCD command will indicate the transmitter to turn on.  The PCB shall timeout the transmitter enable at fifteen (15) minutes +/-20seconds, if not commanded to disable the transmitter in less than 15 minutes.

3.3.6.1 RF Switch Control

The PCB shall control the RF ( Radio Frequency) transfer switch.  Activation of this switch will be commanded by an HCD level or VME command.  The RF switch commands shall be interlocked with transmitter power status.  The RF switch shall switch between forward and aft antennae.  A low-level signal on the HCD command will indicate that the switch shall be changed to the aft antenna.  A rising or falling edge shall indicate a change of the switch position is required.  The logic governing control of the RF switch shall be as follows:

a.
Receive RF switch command

b.
Wait for transmitter disable command if transmitter is on.

c.
Power forward or aft antenna, position coil for 50 ms, depending on HCD level or VME command.

3.3.7 IDPU Safemode Signal

An IDPU safemode flag shall be generated by the PCB when a UV1 Trip event occurs.  The TTL signal is active HI.  This flag shall be cleared by VME command.

3.3.8 Current Monitors

The PCB shall incorporate current sensing circuitry as listed in Table 3-1.  The output of these current sensors shall be discrete analog voltage signals 0-10V.  Transfer functions shall be as listed in Table 3-1.

4.  VME INTERFACE

4.1 Data Interfacing Requirements

The commands and status of the switched buses shall be transmitted via the P1 connector, using the VME data bus and other dedicated lines on the backplane, accessed via P2.  When the PCB receives a command from the VME bus, the FPGA shall provide VME readback of the information received.

4.2 HCD Map

The HCD commands that are to be used by the PCB are listed in Table 4-1.  Their number assignments and logic states are also indicated.  HCD commands are level states and are communicated from the CIB via dedicated lines on the P2 connector of the VME backplane.

Table  4-1.  HCD Map

No.
Component
Function
Low
High

1
PCB
CPU Power Control
Off
On

2
PCB
Transmitter Control
Off
On

3
PCB
Transmit Antenna Select
Forward
Aft

10
PCB
Undervoltage Trip Control
Disable
Enable

11
PCB
Overcurrent Trip Control
Disable
Enable

4.3 VME Address Map

Commands to the PCB for board control that are VME accessible each have a VME address.  Table 4.2 indicates the address for each of these.

Table  4-2.  VME Address Map

Acronym
Address Offset
Register Description

NEB1_OFF
0
Primary Bus – Non-essential bus #1 off.

IDPUH_OFF
2
Primary Bus – Instrument Data Processing Unit heater bus off.

NEB2_OFF
4
Primary Bus – Non-essential bus #2 off.

CRYO_OFF
6
Primary Bus – Cryocooler bus off

IDPU_OFF
8
Primary Bus – Instrument Data Processing Unit bus off.

IDPU28_OFF
A
Primary Bus – Instrument Data Processing Unit +28V bus off.

SSR_OFF
C
Secondary Bus – Solid State Recorder bus off.

RF_FWD
E
Primary - RF Antenna facing forward is enabled, aft is disabled.

FSSHTR_OFF
10
Secondary Bus – Fine Sun Sensor heater off.

SADHTR_OFF
12
Secondary Bus – Solar Array Damper heater off.

TQHTR_OFF
14
Secondary Bus – Torque Rod heater off.

XPHTR_OFF
16
Secondary Bus – Transponder heater off.

SSRHTR_OFF
18
Secondary Bus – Solid State Recorder heater off.

SPARE1_OFF
1A
Secondary Bus – Spare secondary switch #1 off.

SEM_HTR_OFF
1C
Secondary Bus – SEM heater off.

BAT_HTR1_OFF
1E
Secondary Bus – Battery heater #1 off.

XZTQ_OFF
20
Secondary Bus – Torque Rod XZ off.

YZTQ_OFF
22
Secondary Bus – Torque Rod YZ off.

SPARE2_OFF
24
Secondary Bus – Spare secondary switch #2 off.

IAD1_OFF
26
Secondary Bus – Inertia Adjustment Device #1 off.

IAD2_OFF
28
Secondary Bus – Inertia Adjustment Device #2 off.

BAT_HTR2_OFF
2A
Secondary Bus – Battery heater #2 off.

FSS_OFF
2C
Secondary Bus – Fine Sun Sensor off.

XMIT_OFF
2E
Secondary Bus – Transmitter off.

MAG_OFF
30
Secondary Bus – Magnetometer off.

NEB1_ON
40
Primary Bus – Non-essential bus #1 on.

IDPUH_ON
42
Primary Bus – Instrument Data Processing Unit heater bus on.

NEB2_ON
44
Primary Bus – Non-essential bus #2 on.

CRYO_ON
46
Primary Bus – Cryocooler bus on.

IDPU_ON
48
Primary Bus – Instrument Data Processing Unit bus on.

IDPU28_ON
4A
Primary Bus – Instrument Data Processing Unit +28V bus on.

SSR_ON
4C
Secondary Bus – Solid State Recorder bus on.

RF_AFT
4E
Primary - RF Antenna facing aft is enabled, forward is disabled.

FSSHTR_ON
50
Secondary Bus – Fine Sun Sensor heater on.

SADHTR_ON
52
Secondary Bus – Solar Array Damper heater on.

TQHTR_ON
54
Secondary Bus – Torque Rod heater on.

XPHTR_ON
56
Secondary Bus – Transponder heater on.

SSRHTR_ON
58
Secondary Bus – Solid State Recorder heater on.

Table 4-2.  VME Address Map (Continued)

SPARE1_ON
5A
Secondary Bus – Spare secondary switch #1 on.

SEM_HTR_ON
5C
Secondary Bus – SEM heater on.

BAT_HTR1_ON
5E
Secondary Bus – Battery heater #1 on.

XZTQ_ON
60
Secondary Bus – Torque Rod XZ on.

YZTQ_ON
62
Secondary Bus – Torque Rod YZ on.

SPARE2_ON
64
Secondary Bus – Spare secondary switch #2 on.

IAD1_ON
66
Secondary Bus – Inertia Adjustment Device #1 on.

IAD2_ON
68
Secondary Bus – Inertia Adjustment Device #2 on.

BAT_HTR2_ON
6A
Secondary Bus – Battery heater #2 on.

FSS_ON
6C
Secondary Bus – Fine Sun Sensor on.

XMIT_ON
6E
Secondary Bus – Transmitter on.

MAG_ON
70
Secondary Bus – Magnetometer on.

UVRST
80
Under Voltage Trip Reset

PCBSTA1
82
Primary power status (Read Only)

PCBSTA2
84
Secondary power status (Read Only)

PCBRST
86
PCB FPGA software logic reset.

PCBCNTL
88
General control/status

4.4 VME Interface Requirements

4.4.1 VME Slave

The PCB shall act as an A24/D16 slave on the VME bus.

4.4.2 VME Access Time

The PCB shall have an access time of < 800ns (worst case) for all D16 sustained data transfers on the VME bus.

4.4.3 VME Address

The most significant nibble (A23 to A20) of the PCB VME board address shall be jumper selectable. 

4.4.4 VME Address Modifiers

The PCB shall support the following set of address modifiers: 0x3E, 0x3D, 0x3A, and 0x39.

4.4.5 VME Data Transfers

The PCB shall support D16 transfers only.

4.4.6 VME Isolation

The PCB shall be fully isolated from the VME bus such that when the VME bus master is powered off, the PCB shall not source more than 500 A back into the bus.  The PCB shall monitor the CPU+5V power input on the VME backplane and shall use this signal to enable/disable its VME buffers.

4.4.7 VME System Reset

The PCB shall reset its VME logic in response to the VME system reset signal being asserted low (0).

4.4.8 Triple Modular Redundancy

The PCB FPGA shall be designed using triple modular redundant logic.

4.5 FPGA Register Assignments

The following information details the VME bit assignments for commands and status to and from the PCB FPGA.

4.5.1 Primary and Secondary Switches

The following is the base address and most significant bit to least significant bit configuration used for VME control of the primary and secondary switches.

PRIMARY AND SECONDARY SWITCHES
15 (MSB) – 0(LSB)

base + 0x00 to 0x70
N/A

Reset
0

4.5.2 Switch On/Off Control

When any switch register is accessed (either a read or write) the respective power bus will be turned “On” or “Off” as defined by the address.  There must be a minimum of 80ms between any access of the primary switch registers (Offset addresses 0x00 through 0x0E and offset addresses 0x40 through 0x4E).  The status is obtained from the PCBSTA1 and PCBSTA2 registers.  The primary switches retain their previous “On” or “Off” state upon power-up.  The secondary switches will all be set to an “Off” state on power-up.

4.5.3 Undervoltage Reset

Any access to this register will reset the undervoltage logic.  The VME address and most significant bit to least significant bit configuration is as follows:

UVRST
15 (MSB) – 0 (LSB) 

base + 0x80
N/A

Reset
0

4.5.4 PCB Status 1 Register

This register is a “read only” register.  It gives the status of all the pulsed primary switches.  When the bit is set, that particular bus is “On”.  When the bit is cleared, that particular bus is “Off”.

PCBSTA1
15 (MSB) - 8

base + 0x82
N/A

Reset
0


7
6
5
4
3
2
1
0 (LSB)


N/A
SSR_ST
IDPU28_ST
IDPU_ST
CRYO_ST
NEB2_ST
IDPUH_ST
NEB1_ST


0
0
0
0
0
0
0
0

Bits 15 - 7. N/A

These bits are not implemented.

Bit 6. SSR_ST

This bit reads the status of the Solid State Recorder (SSR) power bus.

Bit 5. IDPU28_ST

This bit reads the status of the Instrument Data Processing Unit (IDPU) switched 28V power bus.

Bit 4. IDPU_ST

This bit reads the status of the Instrument Data Processing Unit (IDPU) power bus.

Bit 3. CRYO_ST

This bit reads the status of the cryocooler power bus.

Bit 2. NEB2_ST

This bit reads the status of the Non-Essential Bus #2 power bus.

Bit 1. IDPUH_ST

This bit reads the status of  the Instrument Data Processing Unit (IDPU) heater bus.

Bit 0. NEB1_ST

This bit reads the status of the Non-Essential Bus #1 power bus.

4.5.5 PCB Status 2 Register

This register is a “read only” register.  It gives the status of some secondary switches.  When the bit is set, that particular bus is “On”.  When the bit is cleared, that particular bus is “Off”.

PCBSTA2
15 (MSB)
14
13
12
11
10
9
8

Base + 0x84
XMIT_ST
FSS_ST
BATHTR2
IAD2_ST
IAD1_ST
SPARE2
YTQ_ST
XTQ_ST

Reset
0
0
0
0
0
0
0
0


7
6
5
4
3
2
1
0 (LSB)


BATHTR1
SEMHTR_ST
SPARE1
SSRHTR_ST
XPHTR_ST
TQHTR_ST
SADHTR_ST
FSSHTR_ST

 
0
0
0
0
0
0
0
0

Bit 15. XMIT_ST

This bit reads the status of the Transmitter power bus.

Bit 14. FSS_ST

This bit reads the status of the Fine Sun Sensor (FSS) Electronics power bus.

Bit 13. BATHTR2

This bit reads the status of the Battery Heater power bus.

Bit 12. IAD2_ST

This bit reads the status of the Inertial Adjustment Device 2 (IAD2) power bus.

Bit 11. IAD1_ST

This bit reads the status of the Inertial Adjustment Device 1 (IAD1) power bus.

Bit 10. SPARE2

This bit reads the status of the Spare #2 power bus.
Bit 9. YTQ_ST

This bit reads the status of the Y-axis toque rod.

Bit 8. XTQ_ST

This bit reads the status of the X-axis toque rod power.
Bit 7. BATHTR1

This bit reads the status of the Battery Heater #1 power bus.

Bit 6. SEMHTR_ST

This bit reads the status of the Spacecraft Electronics Module (SEM) Heater bus.

Bit 5. SPARE1

This bit reads the status of the Spare #1 power bus.

Bit 4. SSRHTR_ST

This bit reads the status of the Solid State Recorder (SSR) Heater power bus.

Bit 3. XPHTR_ST

This bit reads the status of the Transponder Heater power bus.

Bit 2. TQHTR_ST

This bit reads the status of the Torque Rod Heater power bus.

Bit 1. SADHTR_ST

This bit reads the status of the Inertia Adjustment Device (IAD) Heater power bus.

Bit 0. FSSHTR_ST

This bit reads the status of the Fine Sun Sensor (FSS) Heater power bus.

4.5.6 PCB Reset Register

Any access to this register will issue a local reset to the PCB FPGA logic.  This reset will not affect the states of the Primary or Secondary switches.

PCBRST
15 (MSB) – 0 (LSB) 

Base + 0x86
N/A

Reset
0

4.5.7 PCB Control Register

Access to the PCB Control Register will give the status that an overcurrent or undervoltage condition has occurred.  In addition, it can be written to change the UV trip level or clear a flag set by one of these conditions.  The description of each bit is detailed below.

PCBCNTL
15 (MSB)
14
13
12
11
10
9
8 

base + 0x88
UV3_SEL
UV2_SEL
UV1_SEL
IDPU28_OFF
IDPU_OFF
CRYO_OFF
NEB2_OFF
IDPUH_OFF

Reset







0


7
6
5
4
3
2
1
0 (LSB)


NEB1_OFF
UV3
UV2
UV1
LUV3
LUV2
LUV1
UVEN

 
0
0
0
0
0
0
0
HCD

Bit 15. UV3_SEL

When set, this bit degrades the UV3 trip level.  When clear, the UV3 trip level is nominal.

Bit 14. UV2_SEL

When set, this bit degrades the UV2 trip level.  When clear, the UV2 trip level is nominal.

Bit 13. UV1_SEL

When set, this bit degrades the UV1 trip level.  When clear, the UV1 trip level is nominal.

Bit 12. IDPU28_OFF

When set, this bit indicates that a IDPU28 Over Current (OC) event or a LUV2 event (same as bit #2) has occurred .  This bit is read only.

Bit 11. IDPU_OFF

When set, this bit indicates that a IDPU Over Current (OC) event or a LUV2 event (same as bit #2) has occurred .  This bit is read only.

Bit 10. CRYO_OFF

When set, this bit indicates that a CRYO Over Current (OC) event or a LUV2 event (same as bit #2) has occurred .  This bit is read only.

Bit 9. NEB2_OFF

When set, this bit indicates that a NEB2 Over Current (OC) event or a LUV2 event (same as bit #2) has occurred .  This bit is read only.

Bit 8. IDPUH_OFF

When set, this bit indicates that a IDPUH Over Current (OC) event or a LUV2 event (same as bit #2) has occurred.  This bit is read only.

Bit 7. NEB1_OFF

When set, this bit indicates that a NEB1 Over Current (OC) event or a LUV2 event (same as bit #2) has occurred.  This bit is read only.

Bit 6. UV3

This bit is the raw Under Voltage #3 (UV3) input.  This bit is read only.

Bit 5. UV2

This bit is the raw Under Voltage #2 (UV2) input.  This bit is read only.

Bit 4. UV1

This bit is the raw Under Voltage #1 (UV1) input.  This bit is read only.

Bit 3. LUV3

This bit is the latched Under Voltage #3 (UV3) output.  This bit will be set when the UVEN is set and a rising edge occurs on the UV3 input.  This bit is cleared by writing a “1” to the UVEN bit.  This bit is read only.

Bit 2. LUV2

This bit is the latched Under Voltage #2 (UV2) output.  This bit will be set when the UVEN is set and a rising edge occurs on the UV2 input. .  This bit is cleared by writing a “1” to the UVEN bit. This bit is read only.

Bit 1. LUV1

This bit is the latched Under Voltage #1 (UV1) output.  This bit will be set when the UVEN is set and a rising edge occurs on the UV1 input. .  This bit is cleared by writing a “1” to the UVEN bit. This bit is read only.

Bit 0. UVEN

This bit has two different modes depending if it is written or read.  When read this bit is the raw Under Voltage Enable input as driven by the CIB’s HCD command (When “1” the UV inputs are enabled, when “0” these inputs are disabled).  When a “1” is written to this register all the latched outputs (OC, LUV1, LUV2 and LUV3) will be cleared.

5.  Electrical Interfaces

5.1 Connector Pinouts

Electrical connector types and pinouts shall be as defined in Table 5-1.

Table  5-1.  Electrical Connector Types and Pinouts

J1  SND37M5R70T2G  2.072" X 0.494"

Pin Number
Signal Name

Pin Number
Signal Name

1
PCB BUS

26
Cryocooler +28V Power RTN

2
PCB BUS

27
Cryocooler +28V Power

3
PCB BUS

28
Cryocooler +28V Power

4
PCB BUS

29
IDPU Power RTN

5
PCB BUS

30
IDPU Power 

6
Cryocooler +28V Power RTN

31
IDPU Switched +28V Power RTN

7
Cryocooler +28V Power RTN

32
IDPU Switched +28V Power

8
Cryocooler +28V Power

33
PCB BUS RTN

9
Cryocooler +28V Power

34
PCB BUS RTN

10
IDPU Power RTN

35
PCB BUS RTN

11
IDPU Power

36
PCB BUS RTN

12
IDPU Power 

37
PCB BUS RTN

13
IDPU Switched +28V Power RTN




14
IDPU Switched +28V Power




15
PCB BUS RTN




16
PCB BUS RTN




17
PCB BUS RTN




18
PCB BUS RTN




19
PCB BUS RTN




20
PCB BUS




21
PCB BUS




22
PCB BUS




23
PCB BUS




24
PCB BUS




25
Cryocooler +28V Power RTN




Table 5-1.  Electrical Connector Types and Pinouts (Continued)

J2  SDD62F4R70T2G  2.088" X 0.494"

Pin Number
Signal Name

Pin Number
Signal Name

1
Spacecraft Essential Bus

32
IAD2_PWR_RTN

2
Spacecraft Essential Bus

33
IAD2_PWR_RTN

3
Spacecraft Essential Bus

34
Battery Heater 2 RTN

4
Spacecraft Essential Bus

35
Battery Heater 2 RTN

5
Spacecraft Essential Bus

36
Spare_1_PWR_RTN

6
Spacecraft Essential Bus

37
Spare_1_PWR_RTN

7
Battery Strain Gauge Power

38
Spare_2_PWR_RTN

8
Battery Strain Gauge Power

39
Spare_2_PWR_RTN

9
IAD1_PWR

40
ADB +28 Power

10
IAD1_PWR

41
TR_XZ_PWR

11
IAD2_PWR

42
TR_XZ_PWR

12
IAD2_PWR

43
TR_XZ_PWR_RTN

13
Batter Heater_2

44
TR_XZ_PWR_RTN

14
Battery Heater_2

45
TR_YZ_PWR

15
Spare_1_PWR

46
TR_YZ_PWR

16
Spare_1_PWR

47
TR_YZ_PWR_RTN

17
Spare_2_PWR

48
TR_YZ_PWR_RTN

18
Spare_2_PWR

49
ADB +28 Power Return

19
ADB +28 Power

50
ADB +28 Power Return

20
ADB +28 Power

51
ADB +28 Power Return

21
ADB +28 Power

52
ADB +28 Power Return

22
Spacecraft Essential Bus RTN

53
Spare

23
Spacecraft Essential Bus RTN

54
Spare

24
Spacecraft Essential Bus RTN

55
SPG

25
Spacecraft Essential Bus RTN

56
SPG

26
Spacecraft Essential Bus RTN

57
SPG

27
Spacecraft Essential Bus RTN

58
SPG

28
Battery Strain Gauge Power RTN

59
SPG

29
Battery Strain Gauge Power RTN

60
Spare

30
IAD1_PWR_RTN

61
Spare

31
IAD1_PWR_RTN

62
Spare

Table 5-1.  Electrical Connector Types and Pinouts (Continued)

J3  SDD78F4R70T2G  2.088"X0.494"

Pin Number
Signal Name
Pin Number
Signal Name

1
Solid State Recorder Power
40
SEM Heater Power

2
Solid State Recorder Power
41
SEM Heater Power

3
Fine Sun Sensor Electronics Power
42
Battery Heater_1

4
Fine Sun Sensor Electronics Power
43
Battery Heater_1

5
Transmitter Switch (Forward)
44
IDPU Heater Power

6
Transmitter Switch (Aft)
45
IDPU Heater Power

7
Transponder Heater Power
46
+15V Regulated VME Power

8
Transponder Heater Power
47
+15V Regulated VME Power

9
Solid State Recorder Heater Power
48
-15V Regulated VME Power

10
Solid State Recorder Heater Power
49
-15V Regulated VME Power

11
IDPU_OFF
50
IDPU Safemode Signal

12
NEB1 RTN (RF Switch)
51
Separation Sense 1 PWR

13
Fine Sun Sensor Electronics Heater Power
52
CPU_Inhibit

14
Fine Sun Sensor Electronics Heater Power
53
XPD_On_Off

15
XPD_PWR
54
XPD_On_Off_RTN

16
XPD_PWR
55
Spare

17
S/A Damper Heater Power
56
TAC_CPU_ON_CMD

18
S/A Damper Heater Power
57
TAC_CPU_ON_CMD_RTN

19
Torque Rod Heater Power
58
TAC_CPU_RELAY_STATUS

20
Torque Rod Heater Power
59
Torque Rod Heater Power RTN

21
Solid State Recorder Power RTN
60
SEM Heater Power RTN

22
Solid State Recorder Power RTN
61
SEM Heater Power RTN

23
Fine Sun Sensor Electronics Power RTN
62
Battery Heater_1 RTN

24
Fine Sun Sensor Electronics Power RTN
63
Battery Heater_1 RTN

25
CPU Inhibit RTN
64
IDPU Heater Power RTN

26
CPU Inhibit RTN
65
IDPU Heater Power RTN

27
Transponder Heater Power RTN
66
+15V Regulated VME Power RTN

28
Transponder Heater Power RTN
67
+15V Regulated VME Power RTN

29
Solid State Recorder Heater Power RTN
68
-15V Regulated VME Power RTN

30
Solid State Recorder Heater Power RTN
69
-15V Regulated VME Power RTN

31
NEB1 RTN (RF Switch)
70
Separation Sense 2 PWR

32
CPU Inhibit
71
Separation Sense 3 PWR

33
Fine Sun Sensor Electronics Heater Power RTN
72
TAC_CPU_RELAY_STATUS_RTN

34
Fine Sun Sensor Electronics Heater Power RTN
73
Torque Rod Heater Power

35
XPD_PWR_RTN
74
Torque Rod Heater Power RTN

36
XPD_PWR_RTN
75
TSTAT_Mon_Rtn

37
Inertia Adjustment Device Heater Power RTN
76
Separation Sense 1 RTN

38
Inertia Adjustment Device Heater Power RTN
77
Separation Sense 2 RTN

39
Torque Rod Heater Power RTN
78
Separation Sense 3 RTN

Table 5-1.  Electrical Connector Types and Pinouts (Continued)

P1 – VME Connector Assignments

A1
D0
B1
NC
C1
D8

A2
D1
B2
NC
C2
D9

A3
D2
B3
NC
C3
D10

A4
D3
B4
NC
C4
D11

A5
D4
B5
NC
C5
D12

A6
D5
B6
NC
C6
D13

A7
D6
B7
NC
C7
D14

A8
D7
B8
NC
C8
D15

A9
GND
B9
NC
C9
GND

A10
NC
B10
NC
C10
NC

A11
GND
B11
NC
C11
BERR*

A12
DS1*
B12
NC
C12
SYSRESET*

A13
DS0*
B13
NC
C13
LWORD*

A14
WRITE*
B14
NC
C14
AM5

A15
GND
B15
NC
C15
A23

A16
DTACK*
B16
AM0
C16
A22

A17
GND
B17
AM1
C17
A21

A18
AS*
B18
AM2
C18
A20

A19
GND
B19
AM3
C19
A19

A20
IACK*
B20
GND
C20
A18

A21
A22
B21
NC
C21
A17

A22
A21
B22
NC
C22
A16

A23
AM4
B23
GND
C23
A15

A24
A7
B24
NC
C24
A14

A25
A6
B25
NC
C25
A13

A26
A5
B26
NC
C26
A12

A27
A4
B27
NC
C27
A11

A28
A3
B28
NC
C28
A10

A29
A2
B29
NC
C29
A9

A30
A1
B30
NC
C30
A8

A31
-15VDC
B31
NC
C31
+15VDC

A32
VCC
B32
VCC
C32
VCC

Table 5-1.  Electrical Connector Types and Pinouts (Continued)

P2 – VME Connector Assignments

A1
GND
B1
VCC
C1
GND

A2
NC
B2
GND
C2
NEB1_Bus_Current

A3
NC
B3
NC
C3
IDPU_HTR_Bus_Current

A4
NC
B4
NC
C4
NEB2_Bus_Current

A5
NC
B5
NC
C5
IDPU_Current

A6
NC
B6
NC
C6
Cryocooler_Current

A7
NC
B7
NC
C7
IDPU_SW+28_Current

A8
NC
B8
NC
C8
NC

A9
NC
B9
NC
C9
NC

A10
ESB_CURRENT
B10
NC
C10
NC

A11
NC
B11
NC
C11
NC

A12
GND
B12
GND
C12
GND

A13
HCD01
B13
VCC
C13
CPU_+5V

A14
HCD02
B14
NC
C14
NC

A15
HCD03
B15
NC
C15
NC

A16
NC
B16
NC
C16
NC

A17
NC
B17
NC
C17
NC

A18
NC
B18
NC
C18
NC

A19
NC
B19
NC
C19
NC

A20
NC
B20
NC
C20
NC

A21
NC
B21
NC
C21
NC

A22
HCD10
B22
GND
C22
NC

A23
HCD11
B23
NC
C23
NC

A24
NC
B24
NC
C24
NC

A25
1 HZ
B25
NC
C25
WDOG

A26
GND
B26
NC
C26
GND

A27
NC
B27
NC
C27
NC

A28
NC
B28
NC
C28
GND

A29
NC
B29
NC
C29
STAT_IDPU_Bus

A30
CPU_PWR_STATUS
B30
NC
C30
NC

A31
Undervoltage_Trip_Status
B31
GND
C31
NC

A32
Overcurrent_Trip_Status
B32
VCC
C32
NC

5.2 Physical Characteristics

Envelope and mass, shall be as shown on Spectrum Astro Inc. Drawing CID-209810, Component Definition, PCB.

6.  Power

6.1 Operating Voltage

The PCB shall operate nominally with the voltage inputs given in Table 6-1:

Table  6-1.  Bus Voltage Acceptable Limits

Voltage Bus
Min
Max
Predicted Nominal 

Current Draw
Maximum Allowed Current Draw (Excluding Outputs)

28V
24.0V
34.0V
.234A
.3 A

+5V
4.75V
5.25V
.384
.5A

+15V
13.8V
16.2V
.026
.1A

-15V
-16.2V
-13.8V
.0129
.10A

6.1.2 Survival Voltage

The PCB shall survive voltage inputs of 16V - 40V on the 28V input, with no degradation in performance.

6.1.3 Power Interrupt

The PCB board shall be able to operate with power interruptions less than 10 msec in duration.  Should the +5V or ± 15V supplies drop out of specification for less than 10 msec, PCB operation, including switch states, shall be unaltered.

6.1.4 Thermal Characteristics

The PCB shall not dissipate more than 15 W.

6.2 Bonding

Mechanical mounting interfaces shall be electrically isolated from all PCB board signals by a resistance of at least 1 M(.

7.  Environmental Conditions

7.1 Temperature

7.1.1 Operating

The PCB Board shall be cooled by conduction through the wedge lock clamps at the short edges of the PCB board.  The temperature of the HESSI VME rack at the wedge lock interface will be –24 °C to +61°C.

7.1.2 Non Operating

The PCB board shall be designed to withstand a non-operating temperature range from -34(C to + 71(C.

7.1.3 Storage

The PCB board shall be designed to withstand a storage temperature range from -34(C to + 71(C.

7.1.4 Pressure Decay/Venting

Not applicable.

7.1.5 Random Vibration

The PCB 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 Component Verification Specification.

7.1.6 Acceleration

The PCB board is designed to withstand acceleration levels described in Section 7.2 of the Component Verification Specification.

7.1.7 Pyrotechnic Shock

The PCB board is designed to withstand the pyrotechnic shock levels given in Section 7.8, Table 7-4, and Figure 7-5 of the Component Verification Specification.
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