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1.  INTRODUCTION

1.1 Purpose

The purpose of this document is to describe all of the technical requirements for the Auxiliary Drive Board (ADB) for the HESSI Program, as a tool to guide the design and development process.

1.2 Scope

This document captures all requirements, with the exception of environmental and quality assurance, which are covered by HESSI program technical manuals.  This document specifies the minimum performance required of the ADB.  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 ADB 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, ADB

c.
1110-EW-E11465
PACI Specification

d.
1110-EW-E11466
CIB Specification

e.
1110-EW-E11304
PCB Specification

f.
1110-et-e13829
Auxiliary Drive Board (ADB) Acceptance Test Procedure

3.  REQUIREMENTS

3.1 Functional Requirements

The primary function of the Auxiliary Drive Board (ADB) is to provide the signal and power interface to the Solar Array Release mechanisms, the Inertia Adjustment Device (IAD) stepper motors, and the Torque Rod Drivers (TRD) on the HESSI spacecraft.  The ADB shall receive power from the Power Control Board (PCB) to drive the 3 functions described above.

Other major functions of the ADB include space vehicle separation detection and startup, data interface to the avionics via VME bus interface, and telemetry instrumentation.

Refer to Figure 3-1 for an overall function diagram of the ADB.
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Figure  3-1.  ADB Function Diagram

3.2 General

3.2.1 Grounding and +28V supply
The Single Point Ground (SPG) for the HESSI spacecraft is located on the PCB.  The +28V supply and 28V returns shall be supplied from the PCB to the ADB on five separate feeds.  The separate feeds are for the Array Release Drivers, Torque Rod X & Zp, Torque Rod Y & Zr, IAD X Drivers and IAD Y Drivers.

Table  3-1.  ADB Interface Requirements

Output Name
Upper Array Releases
Lower Array Releases
TRD X & Zp
TRD Y & Zr
IAD “X”
IAD “Y”

Feed Channel
ESB +28
ESB +28
TR_XZp Pwr
TR_YZr Pwr
IAD_X Pwr
IAD_Y Pwr

Loads Supplied
Array Release Switch Matrix
Array Release Switch Matrix
Torque Rod Drivers “X” & “Z primary”
Torque Rod Drivers “Y” & “Z redundant”
IAD Stepper Motor X
IAD Stepper Motor Y

Switching 

Command Source

Command Signal Type

Command Decoding


State

VME/HCDs/

Separation

Bilevel

Reference 

Table 4-1 and 

Table 4-2
State

VME/HCDs/

Separation 

Bilevel

Reference 

Table 4-1 and 

Table 4-2
State

VME 

12 Bit data

Reference 

Table 4-2


State

VME 

12 Bit data

Reference 

Table 4-2
State

VME 

12 bit data

Reference

Table 4-2


State

VME 

12 bit data

Reference

Table 4-2

Load Characteristics 

Maximum Current

Load Inrush

Peak Transient

Constant I/P/R

Input L/C

Back EMF/BlockingRequired
9.1 A (4 Loads)

2.27A ea.

N/A

Resistive

N/A

No
9.1 A (4 Loads)

2.27A ea.

N/A

Resistive

N/A

No
0.25 A

N/A

TRD Bus Voltage +0.7V

Current

2.5H

Yes
0.25 A

N/A

TRD Bus Voltage +0.7V

Current

2.5H

Yes
0.300 A

N/A

IAD Bus Voltage +0.7V

Power

< 0.5H

Yes
0.300 A

N/A

IAD Bus Voltage +0.7V

Power

< 0.5H

Yes



Status Feedback
Yes
Yes
Yes
Yes
Yes
Yes

Current Sense

Input Range

Accuracy

Transfer Function
None
None
Yes 

-250mA to 250mA

±5%

Vo=ITRD *20
Yes 

-250mA to 250mA

±5%

Vo=ITRD *20
None
None

3.3 Detailed Requirements

3.3.1 FPGA Reset

3.3.1.1 VME Sysreset

The ADB shall reset its VME logic in response to the VME system reset signal being asserted low.

3.3.1.2 Commandable Reset

By executing a VME cycle to the SOFTRST register (Reference Table 4-2) all the FPGA logic is reset except the IAD’s current position.

3.3.1.3 Power Interrupt Reset
The ADB shall perform an FPGA reset if the ESB converter +5V output drops to 0V for more than 10mS, and returns to +5V +/- 0.25V.

3.3.2 Separation Detection

Three separation lines shall be biased to +5V through pull-up resistors, sensed, and voted by the ADB to determine launch vehicle separation.  Launch separation is determined by a low to a high transition on two of three separation signals. Once the ADB has determined valid separation has occurred, the solar array release mechanisms will be activated according to the timed release schedule given in Table 3.3.  Upon determination of separation, the ADB shall apply a +5V signal to Pin P2-C32.

3.3.3 Torque Rod Drivers

The ADB shall drive the X, Y, and Z torque rods.  The Z torque rod shall be provided redundant drive circuits such that either, if commanded, can drive one of two coils contained in the Z torque rod.  Each torque rod drive output shall be a commandable constant current source.  The full scale drive output shall range from ‑490 mA to +490 mA.  The command shall be a 12 bit code representing the full-scale range.

3.3.3.1 Torque Rod Command Timeout

It is expected that the torque rod 12 bit command will be updated on a 125 ms regular basis.  Should 1.5 ± 0.65 seconds expire prior to receipt of a new command, the ADB shall drive the outputs to 0 A.

3.3.4 Inertia Adjustment Device Drivers

The HESSI spacecraft shall contain two IAD's. Each IAD shall be driven by one 2-phase stepper motor.  The ADB shall drive each stepper motor separately.  The two motors shall not be driven simultaneously. The ADB shall supply up to 300 mA of 28 Volt power to each coil of each stepper motor.  The stepping sequence is shown in Table 3-2.  The motor drivers shall be capable of supplying 0 to 100 step changes per second.  Each command to the IAD’s via the VME Backplane shall command no greater than 1023 steps.

Motor drive command shall execute immediately upon receipt.  Motor position knowledge is not required; each drive sequence may begin at any position in Table 3-2.  The motor command shall be decoded in accordance with Section 4.5.3.

Table  3-2.  Stepping Sequence

+ Z Wingtip Travel
- Z Wingtip Travel
STEP
COIL DRIVE POLARITY

(
(

Phase A
Phase B



1
+
+



2
+
(



3
(
(



4
(
+



1
+
+

Counter Clock Wise
Clock Wise




Table  3-3.  Separation Sequence

Sep +
hh:mm:ss
HCD
Command Function
State


0
0:00:00
N/A
ADB Senses LV Separation



30
0:00:30
HCD08
Primary Enable
Enable
30 second delay from sep

31
0:00:31
HCD04
( X Upper Release
Release
(X Upper Primary On

76
0:01:16
HCD04
( X Upper Release
Standby
(X Upper Primary Off

77
0:01:16
HCD08
Primary Enable
Disable
Disable Primary Power

78
0:01:18
HCD09
Redundant Enable
Enable
Enable Redundant Power

79
0:01:19
HCD04
( X Upper Release
Release
( X Upper Redundant On

124
0:02:04
HCD04
( X Upper Release
Standby
( X Upper Redundant Off

125
0:02:05
HCD09
Redundant Enable
Disable
Disable Redundant Power

126 
0:02:06
HCD08
Primary Enable
Enable
Enable Primary Power

127
0:02:07
HCD06
( Y Upper Release
Release
( Y Upper Primary On

172
0:02:52
HCD06
( Y Upper Release
Standby
( Y Upper Primary Off

173
0:02:53
HCD08
Primary Enable
Disable
Disable Primary Power

174
0:02:54
HCD09
Redundant Enable
Enable
Enable Redundant Power

175
0:02:55
HCD06
( Y Upper Release
Release
( Y Upper Redundant On

220
0:03:40
HCD06
( Y Upper Release
Standby
( Y Upper Redundant Off

221
0:03:41
HCD09
Redundant Enable
Disable
Disable Redundant Power

222
0:03:42
HCD08
Primary Enable
Enable
Enable Primary Power

223
0:03:43
HCD05
( X Lower Release
Release
( X Lower Primary On

268
0:04:28
HCD05
( X Lower Release
Standby
( X Lower Primary Off

269
0:04:29
HCD08
Primary Enable
Disable
Disable Primary Power

270
0:04:30
HCD09
Redundant Enable
Enable
Enable Redundant Power

271
0:04:31
HCD05
( X Lower Release
Release
( X Lower Redundant On

316
0:05:16
HCD05
( X Lower Release
Standby
( X Lower Redundant Off

317
0:05:17
HCD09
Redundant Enable
Disable
Disable Redundant Power

318
0:05:18
HCD08
Primary Enable
Enable
Enable Primary Power

319
0:05:19
HCD07
( Y Lower Release
Release
( Y Lower Primary On

364
0:06:04
HCD07
( Y Lower Release
Standby
( Y Lower Primary Off

365
0:06:05
HCD08
Primary Enable
Disable
Disable Primary Power

366
0:06:06
HCD09
Redundant Enable
Enable
Enable Redundant Power

367
0:06:07
HCD07
( Y Lower Release
Release
( Y Lower Redundant On

412
0:06:52
HCD07
( Y Lower Release
Standby
( Y Lower Redundant Off

413
0:06:53
HCD09
Redundant Enable
Disable
Disable Redundant Power

512
0:08:32
N/A
N/A
N/A
Sequence Counter Stops

3.3.5 Solar Array Release Mechanisms

The ADB shall control operation of sixteen (16) solar array release mechanisms.  Each of these mechanisms will appear as a 16  load. 

The solar array release mechanisms shall be configured as depicted in Figure 3-2.
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Figure  3-2.  Solar Array Release Driver Configuration

3.3.5.1 Commandable Sequence Initiation

Upon receipt of three sequential HCD20 commands within 15 minutes, the ADB FPGA shall initiate the separation detection sequence found in Table 3-3.  Each HCD20 command must be a minimum of 1ms in duration for both the high and low levels.  The ADB shall issue a separation detection acknowledgement after receipt of the HCD20 commands as described above, by applying a +5V signal to P2 - C32.

3.3.6 Current Monitors

The ADB shall incorporate current sensing circuitry for each torque rod.  The output of these current sensors shall be discrete analog voltage signals scaled –10V to 10V. The current sensor full scale range shall be -0.5A to +0.5A.  The transfer functions shall be Vout = Itorque x 20.

3.3.7 Solar Array Release Status

The ADB shall provide a 0 to +5V signal indicating that each high side and low side switch has closed and is delivering power to each solar array release.  Each status shall be accessible via VME command.

4.  VME Interface

4.1 Data Interfacing Requirements

The commands and statuses of the switched buses shall be transmitted via the VME data bus on the P1 connector, and other dedicated lines on the backplane, accessed via P2.  When the ADB 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 ADB 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

Backplane HCD Commands





No.
Component
Function
Low
High

4
ADB
X Upper Release
Standby
Release

5
ADB
X Lower Release
Standby
Release

6
ADB
Y Upper Release
Standby
Release

7
ADB
Y Lower Release
Standby
Release

8
ADB
Primary Power
Disable
Enable

9
ADB
Redundant Power
Disable
Enable

20
ADB
Sequenced Release
Disable
Start

4.3 VME Address Map

Commands to the ADB 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 (+base)
Register Description

SAPDIS
0
PRIMARY SOLAR ARRAY RELEASE DISABLE

SASDIS
2
SECONDARY SOLAR ARRAY RELEASE DISABLE

SAXUDIS
4
X-AXIS UPPER SOLAR ARRAY RELEASE DISABLE

SAYUDIS
6
Y-AXIS UPPER SOLAR ARRAY RELEASE DISABLE

SAXLDIS
8
X-AXIS LOWER SOLAR ARRAY RELEASE DISABLE

Table 4-2.  VME Address Map (Continued)

SAYLDIS
A
Y-AXIS LOWER SOLAR ARRAY RELEASE DISABLE

ADBSP1
C
ADB SPARE REGISTER 1

ADBSP2
E
ADB SPARE REGISTER 2

SAPEN
10
PRIMARY SOLAR ARRAY RELEASE ENABLE

SASEN
12
SECONDARY SOLAR ARRAY RELEASE ENABLE

SAXUEN
14
X-AXIS UPPER SOLAR ARRAY RELEASE ENABLE

SAYUEN
16
Y-AXIS UPPER SOLAR ARRAY RELEASE ENABLE

SAXLEN
18
X-AXIS LOWER SOLAR ARRAY RELEASE ENABLE

SAYLEN
1A
Y-AXIS LOWER SOLAR ARRAY RELEASE ENABLE

ADBSP3
1C
ADB SPARE REGISTER 3

ADBSP4
1E
ADB SPARE REGISTER 4

TQX
20
X-TORQUE ROD DRIVER CURRENT

TQY
22
Y-TORQUE ROD DRIVER CURRENT

TQZP
24
Z-TORQUE ROD PRIMARY DRIVER CURRENT

TQZS
26
Z-TORQUE ROD SECONDARY DRIVER CURRENT

ADBSP5
28
ADB SPARE REGISTER 5

ADBSP6
2A
ADB SPARE REGISTER 6

ADBSP7
2C
ADB SPARE REGISTER 7

ADBSP8
2E
ADB SPARE REGISTER 8 

STEPCNT
30
STEPPER MOTOR STEP COUNT

STEPCNTL
32
STEPPER MOTOR CONTROL

ADBSP9
34
ADB SPARE REGISTER 9

ADBSP10
36
ADB SPARE REGISTER 10

SASTAT
38
SOLAR ARRAY RELEASE STATUS

ADBSP11
3A
ADB SPARE REGISTER 11

ADBSP12
3C
ADB SPARE REGISTER 12

SOFTRST
3E
SOFTWARE RESET

4.4 VME Interface Requirements

4.4.1 VME Slave

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

4.4.2 VME Access Time

The ADB shall have an access time of < 800ns (worst case) for sustained data transfers on the VME bus, except the torque rods which shall be < 1 usec.

4.4.3 VME Address

The most significant byte (A23 to A16) of the ADB VME board address shall be jumper selectable. 

4.4.4 VME Address Modifiers

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

4.4.5 VME Data Transfers

The ADB shall support D16 transfers only.

4.4.6 VME Isolation

The ADB shall be fully isolated from the VME bus such that when the VME bus master is powered off, the ADB shall not source more than 500 mA back into the bus.  The ADB 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 ADB shall reset its VME logic in response to the VME system reset signal being asserted low (0).

4.4.8 Triple Modular Redundancy

The ADB FPGA shall be designed using triple modular redundant logic, where appropriate.

4.5 FPGA Register Assignments

The following information details the VME bit assignments for commands and statuses to and from the ADB FPGA.

4.5.1 Solar Array Release

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.

SAPDIS
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x00
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will disable the primary power for the solar array releases.  A read of this register will report the following:

 Bit 15. OVERRIDE

This bit will indicate that three correct pulses (>1mS high and >1mS low) on HCD20 in less than 15 minutes and the automated array release sequence has started.  This bit will clear at the completion of this sequence.

Bit 14. FSEP3

This bit is the filtered separation #3 input.  The filter requires this input be low for 1.5 +/- 0.6 seconds to read low.  It is this filtered signal which gets “voted” with FSEP1 and FSEP2 to start the automated array release sequence.  A high indicates separation. A low indicates stage two is still mated.

Bit 13. FSEP2

This bit is the filtered separation #2 input.  The filter requires this input be low for 1.5 +/- 0.6 seconds to read low.  It is this filtered signal which gets “voted” with FSEP1 and FSEP3 to start the automated array release sequence.  A high indicates separation. A low indicates stage two is still mated.

Bit 12. FSEP1

This bit is the filtered separation #1 input.  The filter requires this input be low for 1.5 +/- 0.6 seconds to read low.  It is this filtered signal which gets “voted” with FSEP2 and FSEP3 to start the automated array release sequence.  A high indicates separation. A low indicates stage two is still mated.

Bit 11. SEP3

This bit is the raw separation #3 input. A low indicates separation. A high indicates stage two is still mated.

Bit 10. SEP2

This bit is the raw separation #2 input. A low indicates separation. A high indicates stage two is still mated.

Bit 9. SEP1

This bit is the raw separation #1 input. A low indicates separation. A high indicates stage two is still mated.

Bits 8-0. SEP_COUNTER

These bits indicate the current automated array release counter.  Each count is one 1.0 +/- 0.6 seconds.  This counter will remain at zero until separation or the HCD20 override occurs.

SASDIS
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x02
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will disable the Secondary power for the solar array releases.  The read of this register will read the same contents as the SAPDIS register.

SAXUDIS
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x04
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will disable the X-upper solar array releases.  The read of this register will read the same contents as the SAPDIS register.

SAYUDIS
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x06
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will disable the Y-upper solar array releases.  The read of this register will read the same contents as the SAPDIS register.

SAXLDIS
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x08
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any access to this register will disable the X-lower solar array releases. The read of this register will read the same contents as the SAPDIS register.

SAYLDIS
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x0A
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will disable the Y-lower solar array releases. The read of this register will read the same contents as the SAXDIS register.

SAPEN
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x10
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will enable the Primary power for the solar array releases. The read of this register will read the same contents as the SAPDIS register.

SASEN
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x12
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will enable the Secondary power for the solar array releases. The read of this register will read the same contents as the SAPDIS register.

SAXUEN
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x14
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will enable the X-upper solar array releases. The read of this register will read the same contents as the SAPDIS register.

SAYUEN
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x16
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will enable the Y-upper solar array releases.  The read of this register will read the same contents as the SAPDIS register.

SAXLEN
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x18
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will enable the X-lower solar array releases. The read of this register will read the same contents as the SAPDIS register.

SAYLEN
15
14
13
12
11
10
9
8 – 0 (LSB)

base + 0x1A
OVERRIDE
FSEP3
FSEP2
FSEP1
SEP3
SEP2
SEP1
SEP_COUNTER

Reset







0

Any write to this register will enable the Y-lower solar array releases. The read of this register will read the same contents as the SAPDIS register.

4.5.2 Torque Rod Drive

The following is the base address and most significant bit to least significant bit configuration used for VME control of the Torque Rod Drivers.

TQX
15 (MSB) – 12 
11 - 0 (LSB)

base + 0x20
N/A
CURRENT

Reset
0
0

Bits 15 - 12. N/A

These bits are not implemented.

Bits 11 - 0. CURRENT

These bits determine the X-axis torque rod driver current. Each count corresponds to 244(A. If 1.5 +/- 0.5 seconds has elapsed since the last write to the TQZR register, this register will be reset to output zero current.  This value, along with the other 3 torque values (TQY, TQZP and TQZR) will not be written to the torque rod until the TQZR register is written.  After the TQZR register is written, no other VME access to the ADB is allowed for 250uS minimum.  Otherwise the access is ignored and a VME BERR* is generated.

TQY
15 (MSB) – 12 
11 - 0 (LSB)

base + 0x22
N/A
CURRENT

Reset
0
0

Bits 15 - 12. N/A

These bits are not implemented.

Bits 11 - 0. CURRENT

These bits determine the Y-axis torque rod driver current. Each count corresponds to 244µA. If 1.5 +/- 0.5 seconds has elapsed since the last write to the TQZR register, this register will be reset to output zero current.  This value, along with the other 3 torque values (TQX, TQZP and TQZR) will not be written to the torque rod until the TQZR register is written.  After the TQZR register is written, no other VME access to the ADB is allowed for 250uS minimum.  Otherwise the access is ignored and a VME BERR* is generated.

TQZP
15 (MSB) – 12 
11 - 0 (LSB)

base + 0x24
N/A
CURRENT

Reset
0
0

Bits 15 - 12. N/A

These bits are not implemented.

Bits 11 - 0. CURRENT

These bits determine the Z-axis primary torque rod driver current. Each count corresponds to 244µA. If 1.5 +/- 0.5 seconds has elapsed since the last write to the TQZR register, this register will be reset to output zero current.  This value, along with the other 3 torque values (TQX, TQY and TQZR) will not be written to the torque rod until the TQZS register is written.  After the TQZR register is written, no other VME access to the ADB is allowed for 250uS minimum.  Otherwise the access is ignored and a VME BERR* is generated.

TQZR
15 (MSB) – 12 
11 - 0 (LSB)

base + 0x26
N/A
CURRENT

Reset
0
0

Bits 15 - 12. N/A

These bits are not implemented.

Bits 11 - 0. CURRENT

These bits determine the Z-axis secondary torque rod driver current. Each count corresponds to 244µA. If 1.5 +/- 0.5 seconds has elapsed since the last write to this register the output will be reset to zero current.  This value, along with the other 3 torque values (TQX, TQY and TQZP) will be written when this register is written.  After this register is written, no other VME access to the ADB is allowed for 250uS minimum.  Otherwise the access is ignored and a VME BERR* is generated.

4.5.3 IAD Motor Drive

The following is the base address and most significant bit to least significant bit configuration used for VME control of the IAD Motor Drivers.

STEPCNT
15(MSB) - 12
11-10
9 – 0 (LSB) 

base + 0x30
N/A
PULSE_COUNT
STEP_COUNT

Reset


0

The STEPCNTL register must be configured prior to writing to this register because the IAD stepper motor will start moving after this register has been written.

Bits 15 - 12. N/A

These bits will always read zero.

Bits 11 - 10. PULSE_COUNT

These bits report the number of HCD20 pulses detected.  These pulses are used to start the automated array release sequencing.

Bits 9 - 0. STEP_COUNT

When this register is written it will start one of the two Inertia Adjustment Devices.  The count will decrement every 10mS.  The selection of which IAD and the direction is made in the STEPCNTL register.  

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

base + 0x32
SAYLOW
SAXLOW
SAYUP
SAXUP
SASEC
SAPRI
IADYPHB
IADYPHA

Reset
0








7
6
5
4
3
2
1
0 (LSB)

IADXPHB
IADXPHA
IN2
IN1
OUT2
OUT1
IADSEL
UPCNT







0
0

Bit 15. SAYLOW

This bit is the Solar Array Release Y-axis lower command monitor.  When this bit is set it indicates the current command is to energize the release mechanism.  When clear it indicates the command is to not energize the release mechanism.  This bit does not indicate there is current going through the release mechanism.  Reference the SASTAT register.

Bit 14. SAXLOW

This bit is the Solar Array Release X-axis lower command monitor.  When this bit is set it indicates the current command is to energize the release mechanism.  When clear it indicates the command is to not energize the release mechanism.  This bit does not indicate there is current going through the release mechanism.  Reference the SASTAT register.

Bit 13. SAYUP

This bit is the Solar Array Release Y-axis upper command monitor.  When this bit is set it indicates the current command is to energize the release mechanism.  When clear it indicates the command is to not energize the release mechanism.  This bit does not indicate there is current going through the release mechanism.  Reference the SASTAT register.

Bit 12. SAXUP

This bit is the Solar Array Release X-axis upper command monitor.  When this bit is set it indicates the current command is to energize the release mechanism.  When clear it indicates the command is to not energize the release mechanism.  This bit does not indicate there is current going through the release mechanism.  Reference the SASTAT register.

Bit 11. SASEC

This bit is the Solar Array Release Secondary power enable command monitor.  When this bit is set it indicates the current command is to enable the secondary power.  When clear it indicates the command is to disable secondary power.  This bit does not indicate there is current going through the release mechanism.  Reference the SASTAT register.

Bit 10. SAPRI

This bit is the Solar Array Release Primary power enable command monitor.  When this bit is set it indicates the current command is to enable the primary power.  When clear it indicates the command is disable the primary power.  This bit does not indicate there is current going through the release mechanism.  Reference the SASTAT register.

Bit 9. IADYPHB

This bit is the current command for the IADY Phase B.

Bit 8. IADYPHA

This bit is the current command for the IADY Phase A.

Bit 7. IADYPHB

This bit is the current command for the IADX Phase B.

Bit 6. IADYPHB

This bit is the current command for the IADX Phase A.

Bit 5. IN2

This bit is a spare FPGA input (CQ172 Pin 91).  This bit is enabled by writing a “1” to the OUT1 bit.  If the OUT1 is a “0”, then this bit will always read “0”.

Bit 5. IN1

This bit is a spare FPGA input (CQ172 Pin 90).  This bit is enabled by writing a “1” to the OUT1 bit.  If the OUT1 is a “0”, then this bit will always read “0”.

Bit 5. OUT2

This bit is a spare FPGA output (CQ172 Pin 87).

Bit 5. OUT1

This bit is a spare FPGA output (CQ172 Pin 88).  This bit is also the enable for IN1 and IN2.  These inputs are enabled when OUT1 is “1” and disabled when OUT1 is “0”.

Bit 1. IADSEL

This bit determines whether the Inertia Adjustment Device (IAD) #1 or #2 will be driven when the STEPCNT register is written.  When clear the IAD1 is selected.  When set the IAD2 is selected.
Bit 0. UPCNT

This bit determines whether the Inertia Adjustment Device (IAD) will increase or decrease by the amount written to the STEPCNT register.  When clear the motor will rotate counter clockwise (+Z Wingtip Travel).  When set the motor will rotate clockwise (-Z Wingtip Travel).

4.5.4 ADB Status 1 Register

This register is a “read only” register.  It gives the status of all the array release mechanisms.  When the bit is set, that particular bus is OFF.  When the bit is cleared, that particular bus is ON.

SASTAT
15 (MSB) – 8 
7
6
5
4
3
2
1
0 (LSB)

base + 0x38
N/A
YLSEC
XLSEC
YUSEC
XUSEC
YLPRI
XLPRI
YUPRI
XUPRI

 Reset
0
0
0
0
0
0
0
0
0

Bits 15 - 8. N/A

These bits are not implemented.

Bit 7. YLSEC

This bit shows the status of the Y-axis lower secondary array release.  When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 6. XLSEC

This bit shows the status of the X-axis lower secondary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 5. YUSEC

This bit shows the status of the Y-axis upper secondary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 4. XUSEC

This bit shows the status of the X-axis upper secondary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 3. YLPRI

This bit shows the status of the Y-axis lower primary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 2. XLPRI

This bit shows the status of the X-axis lower primary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 1. YUPRI

This bit shows the status of the Y-axis upper primary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

Bit 0. XUPRI

This bit shows the status of the X-axis upper primary array release. When this bit is set the release circuit is OFF. When this bit is set the release circuit is ON.

4.5.5 ADB Soft Reset

The following is the base address and most significant bit to least significant bit configuration used for VME control of the ADB FPGA local reset.

SOFTRST
15 (MSB) – 0 (LSB) 

base + 0x0E
N/A

Reset
0

Any access to this register will issue a local reset to the ADB FPGA logic. This will reset everything except the current IAD step.

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

ADB Front Panel Connections

J1 (50 Pin Female)




Pin #
Signal Name
Pin #
Signal Name

1
-X_PRI_UP
26
Sep Sense 2

2
+X_SEC_LO
27
PACI_SENSE_2

3
+Y_PRI_UP
28
SEC_EN

4
+X_SEC_UP
29
SEC_EN

5
+Y_PRI_LO
30
PRI_EN

6
+10V Front Panel
31
PRI_EN

7
+5V Front Panel
32
Spare

8
Sep_Rtn1
33
NEB1

9
Sep_Sense1
34
-X_PRI_LO

10
+2.5V Front Panel
35
+X_PRI_LO

11
SEC_EN
36
-Y_SEC_UP

12
SEC_EN
37
+Y_SEC_UP

13
SEC_EN
38
+Y_SEC_LO

14
PRI_EN
39
-Y_SEC_LO

15
PRI_EN
40
NEB1

16
PRI_EN
41
Sep Rtn 3

17
Spare
42
Sep Sense 3

18
+X_PRI_UP
43
PACI_SENSE_3

19
-X_SEC_LO
44
SEC_EN

20
-Y_PRI_UP
45
SEC_EN

21
-X_RED_UP
46
SEC_EN

22
-Y_PRI_LO
47
PRI_EN

23
PACI_SENSE_1
48
PRI_EN

24
NEB1
49
PRI_EN

25
Sep Rtn 2
50
Spare

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

J2 (37 Pin Female)




Pin #
Signal Name
Pin #
Signal Name

1
TRX_START
20
TRX_START

2
TRX_FINISH
21
TRX_FINISH

3
TRY_START
22
TRY_START

4
TRY_FINISH
23
TRY_FINISH

5
TRZP_START
24
Spare

6
TRZP_FINISH
25
Spare

7
TRZR_START
26
Spare

8
TRZR__FINISH
27
Spare

9
Chassis GND
28
Chassis GND

10
IADXA_FINISH
29
Spare

11
IADXA_START
30
Spare

12
IADXB_FINISH
31
Spare

13
IADXB_START
32
Spare

14
Chassis GND
33
Chassis GND

15
IADYA_FINISH
34
Spare

16
IADYA_START
35
Spare

17
IADYB_FINISH
36
Spare

18
IADYB_START
37
Spare

19
Chassis GND



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

J3 (37 Pin Male)




Pin #
Signal Name
Pin #
Signal Name

1
SPG
20
SPG

2
SPG
21
NEB1

3
SPG
22
HCD_FP2

4
IADY_BUS
23
ESB+28V

5
ESB+28V
24
ESB+28V

6
ESB+28V
25
NEB1

7
NEB1
26
IADY_BUS

8
IADX_BUS
27
IADX_BUS

9
Spare
28
NEB1

10
NEB1
29
NEB1

11
+15V_RTN-CPU
30
-15V_RTN-CPU

12
TRDXZP_BUS
31
NEB1

13
Spare
32
HCD_FP3

14
TRDXZP_BUS
33
NEB1

15
+15V_CPU
34
+15V_CPU

16
TRDYZR_BUS
35
AGND

17
-15V_CPU
36
-15V_CPU

18
TRDYZR_BUS
37
Torque Rod ZR Current

19
HCD_FP1



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
AGND
B1
VCC
C1
AGND

A2
NC
B2
GND
C2
NC

A3
NC
B3
NC
C3
NC

A4
NC
B4
NC
C4
NC

A5
NC
B5
NC
C5
NC

A6
NC
B6
NC
C6
NC

A7
NC
B7
NC
C7
NC

A8
NC
B8
NC
C8
Torque Rod X Current

A9
NC
B9
NC
C9
Torque Rod Y Current

A10
NC
B10
NC
C10
Torque Rod Zp Current

A11
NC
B11
NC
C11
NC

A12
AGND
B12
GND
C12
AGND

A13
NC
B13
VCC
C13
CPU_+5V

A14
NC
B14
NC
C14
NC

A15
NC
B15
NC
C15
NC

A16
HCD04
B16
NC
C16
NC

A17
HCD05
B17
NC
C17
NC

A18
HCD06
B18
NC
C18
NC

A19
HCD07
B19
NC
C19
NC

A20
HCD08
B20
NC
C20
NC

A21
HCD09
B21
NC
C21
HCD20

A22
NC
B22
GND
C22
NC

A23
NC
B23
NC
C23
NC

A24
NC
B24
NC
C24
NC

A25
1 HZ
B25
NC
C25
NC

A26
GND
B26
NC
C26
GND

A27
NC
B27
NC
C27
NC

A28
NC
B28
NC
C28
GND

A29
NC
B29
NC
C29
NC

A30
NC
B30
NC
C30
NC

A31
NC
B31
GND
C31
NC

A32
NC
B32
VCC
C32
Separation Monitor

5.2 Physical Characteristics

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

6.  Power

6.1 Operating Voltage

The ADB 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
0.234A
0.3 A

+5V
4.75V
5.25V
0.050A
0.1A

+15V 
13.8V
16.2V
0.16A
0.18A

-15V
-16.2V
-13.8V
0.16A
0.18A

+15V VME
13.8V
16.2V
0.025
0.05

-15V VME
-16.2V
-13.8V
0.025
0.05

6.1.2 Survival Voltage

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

6.1.3 Power Interrupt

The ADB 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, ADB operation, including switch states, shall be unaltered.

6.1.4 Thermal Characteristics

The ADB shall not dissipate more than 15 W.

6.2 Bonding

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

7.  Environmental Conditions

7.1 Temperature

7.1.1 Operating

The ADB Board shall be cooled by conduction through the wedge lock clamps at the short edges of the ADB 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 ADB board shall be designed to withstand a non-operating temperature range from -34(C to + 71(C.

7.1.3 Storage

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

7.1.7 Pyrotechnic Shock

The ADB 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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