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MODIFICATIONS SINCE LAST VERSION

The following Requirement Change Notices (RCNs) were incorporated into
the Part I Version 2.601 to reflect the change of the HPFT and HPOT '
Discharge Temperature sensors from RIDs (Resistance Temperature
Detectors) to Thermocouples. The resultant thermocouple Part I had its
part number and version number changed to CP406R0008 and 1.0
respectively to delineate it from any ensulng Part I based on RTDs. The
order of incorporation of the RCNs is shown in the second column.

RCN OR~- TITLE AND DESCRIPTION

No. DER

6164 1 Thermocouple Changes for HPOT and HPFT Discharge Temperatures

6189 3 Correction to RNC 6164 - FID 13 for Last Qualified Sensor
Voting for Shutdown

6191 2 Correction to RCN 6164 - Thermocouples, Major Cycle Timing

6239 4 Option to Bypass FASCOS Logic in Thermocouple Software
Version

6244 6 Preburner Pump. Blsqharge -Temperature Sensor Integrity Monitor
Upper Limit

6245 5 Immediate Retry Software Filter for Transient Interrupts

6246 7 Changes to Thermocouple Software

6261 9 Controller Checkout SCP Interrupt Test Erroneous Failure

Correction

6262 8 Thermocouple HPOT/HPFT Discharge Temperature Intra-Channel
Qualification Test Changes

6273 10 Thermocouple Software Changes to Failure Response and HPOT
Discharge Temperature MCF Test
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1.0 SCOPE

1.1 Identification

This specification is Part I of a two-part specification for
the Block II SSME Controller Operational Program. It
establishes the requirements for performance, design, test
and qualification of a Computer Program Contract End Item
(CPCEI) identified as the Block II Space Shuttle Main Engine
(SSME) Controller Operational Program, (hereafter referred
to as the Operational Program). This CPCEI is used to
accomplish engine checkout, monitoring, and control, as well
as self-test and failure response of the Controller.

1.2 Notation Conventions

1.2.1 Radix Descriptors

There are 4 radices used in Part I.

(a) Hexadecimal (radix 16) numbers are used to denote
absolute addresses and word content. This radix is
denoted by the prefix $.

(b) Decimal (radix 10) numbers are used for all values
with units specified. This is the default radix
and is not indicated by a prefix.

(c) Octal (radix 8) numbers are used for Engine Status
Word (ESW) and vehicle commands. This radix is
denoted by the prefix @. The Failure IDs (FIDs)
and Failure Delimiters are octal numbers, but will
not be denoted by a prefix.

(d) Binary (radix 2) numbers are used for describing
specific bit patterns not easily represented in
either hexadecimal or octal. This radix is denoted
by the ptefix %.

1.2.2 Word vs. Byte Terminology

Using Motorola’s documentation as a guide, byte (8-bit)
terminology is used when describing memory address ranges;
word (16-bit) terminology when describing instruction
lengths; and bytes, words, or long-words (32 bits) as
appropriate when describing data.

1.2.3 Bit Numbering

Also using Motorola’s documentation as a guide, bits will be
numbered from right to left with bit 0 the Least Significant
Bit (LSB). :
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2.0 APPLICABLE DOCUMENTS

The following documents of the latest issue form a part of
this specification to the extent specified herein.

SPECIFICATIONS

Honeywell
DSCP34053988, Rev C

DSCP34053988, Rev G

DSHG8977Al1

DSYG8991Al, Rev R

Rockwell International

13M15000

CP320R0003

RF0001-092

RHF-0031-001

RSS-8752

Other

MC68000UM

Block II Space Shuttle Main
Engine Controller Flight PROM
Software CPCEI (PROM Rev 3)

Block II Space Shuttle Main
Engine Controller Flight PROM
Software CPCEI (PROM Rev 5)

Hardware Requirements
Specification

Hardware/Software Interface
Specification

Interface Control Document,

Space Shuttle Orbiter
Vehicle/Main Engine

Contract End Item
Specification, Shuttle Main
Engine

Block II SSMEC Verification
Guidelines

Block II SSMEC Software
Delivery System Requirements
Specification

Programmers’ Handbook for the
SSME Block II Controller
Software '

16-Bit Microprocessor
Programmer’s Reference Manual
Current Edition
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3.0 REQUIREMENTS

The detailed interface, performance and design requirements
describe a computer program that operates within and through
a controller as specified by DSHG8977A1 and DSYG8991Al to
control the Space Shuttle Main Engine.

3.1 Computer Program Environment

An SSME controller is composed of two each of the following:
a Digital Computer Unit (DCU) , a Computer Interface
Electronics (CIE), an Input Electronics (IE), an Output
Electronics (OE), and a Power Supply Electronics (PSE).
Each DCU contains a self-checking pair of MC68000 MPUs
(Microprocessing Unit) with their associated main memories.
All four MPUs in the controller will execute the same
Operational Program.

The Operational Program will be written in a combination of
MC68000 assembly language and the "C" programming language.
Reference Motorola’s MC68000 16-Bit Microprocessor
Programmer’s Reference Manual, current edition, for a
complete description of the assembly language.

3.1.1 System Capacities

The SSME controller contains two DCUs. Each DCU contains a
processor composed of two MC68000 MPUs configured as a self-
checking pair (SCP). Each MPU has its own main memory and
both MPUs execute the same software known as the Operational
Program which operates in the following environment:

(a) Timing

(1) Each self-checking pair utilizes an 8
megahertz (Mhz) clock.

(2) Instruction execution times are as stated in
the MC68000 16-bit Microprocessor Programmer’s
Reference Manual, current edition.

(3) All engine control, monitoring and required
controller management is accomplished 50 times
per sec.

(4) Timing reference interrupts are generated
every 5 msec.
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3.1.1 System Capacities (Continued)

(b) Main Memory for each MPU
(1) 128k bytes of alterable memory (volatile RAM).
(2) 4K bytes of non-alterable memory (PROM) .

(3) The range of Main memory is shown in Table
XXXV,

(c) Input/Output (I/0) Addressing

(1) I/O is memory-mapped as shown in Table XXXV.
(d) Inputs

Inputs to the system comprise vehicle commands,
sensors for pressure, temperature, flowrate, shaft
speed, actuator position and vibration, digital
self-test/calibration words, analog to digital
conversions, current and frequency values, power
supply data, and input data words from the OE, and
‘an Inter-DCU Status Register.

(e) Outputs

Outputs from the system comprise engine data to the
Vehicle Recorder Channels, on/off commands for
spark igniters, solenoids, servoswitches, and test
parameters, digital to analog conversions,
servovalve commands and Inter-DCU Status Register
data. ' '

(f) Power

L 3
(1) Three power supply inputs (primary, backup and
battery) are provided. The first two inputs
are used to support volatile MC68000 registers
and RAM. The battery input supplies a hold-up
voltage to RAM when both the primary and
backup sources are off.

(2) Each DCU will be able to recover from a 30
msec primary power transient.
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3.1.2 Interface Requirements

The Block II Space Shuttle Main Engine Controller (SSMEC),

when installed on the main engine, operates in conjunction

with vehicle command and recorder channels, engine sensors,
pneumatic valves, hydraulic actuators, spark igniters, and

electrical harnesses to provide a self-contained system for
engine control, checkout and monitoring.

To meet the fail-operational and fail-safe design
requirements, the controller contains two each of a Digital
Computer Unit (DCU A and DCU B), Computer Interface
Electronics (CIE A and CIE B), Input Electronics (IE A and
IE B), Output Electronics (OE A and OE B), and Power Supply
Electronics (PSE A and PSE B). DCU A and CIE A work
together as a pair as well as DCU B and CIE B. Each DCU/CIE
pair is independent of the other and can perform all of the
system requirements. Only one DCU/CIE pair can be in
control at any time. In addition, the Vehicle Engine
Electrical Interface (VEEI) commands are transmitted on
three channels (A, B and C).

Figure 13 shows a block diagram of the controller redundancy
necessary to obtain fail-operational and fail-safe
performance. In the absence of failures, DCU A will control
the inputs from the IEs, the outputs to the OEs, and the
inputs from and outputs to the VEEI data channels. If the
DCU/CIE A fails, a signal from the timed-out watchdog
timer(s) (WDTs) will transfer control of the controller
functions to DCU/CIE B, thereby meeting the fail-operational
requirement. If DCU/CIE B subsequently fails, the
controller will force a Pneumatic Shutdown to meet the fail-
safe requirement.

If a DCU/CIE, IE, OE, or power supply fails, the in-control
DCU will disqualify the failed component and operate with
the remaining components to meet the fail-operational
requirement. If Both components of the same type fail, the
controller will force a pneumatic shutdown to meet the fail-
safe requirement.

The controller hardware is specified in DSHG8977Al. The

interface between controller hardware and software is
specified in DSYG8991Al.
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3.1.2:1 Interface Block Diagram

Figures 13 - 17 and 20 - 21 form a set of simplified block
diagrams showing the relationship of the DCU, CIE, IE, OE,
and Power Supply.

Data from sensors are multiplexed into the IE Dual Port
Memories (IE DPMs) where it can be accessed by the DCU. The
Operational Program specified herein will reside in main
memory, processing the sensor data and providing output
commands to the OE as specified herein.

Vehicle commands are validated by the Vehicle Interface
Electronics (VIE) portion of the CIE. Engine status is
reported to the Vehicle via the Vehicle Recorder Channel
Dual Port Memories (VRC DPM) and the Vehicle Recorder
Channels (VRC).
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3.1.3 Operational Hardware Description

Operational hardware comprises the DCU, CIE, IE, OE and PSE.

3.1.3:1 Digital Computer Unit (DCU).

Each of the DCUs contain a Self-Checking Pair Processor
(SCP-P), alterable memory, non-alterable memory, comparator
logic, a clock oscillator, synchronization and control
logic, and an interface bus to its in-channel CIE.

The SCP-P consists of two Motorola MC68000 microprocessors
(MPU1 and MPU2), each having its own alterable and non-
alterable memory. In addition, each microprocessor in the
SCP-P writes to and reads from the Dual Port Memories (DPMs)
located in the CIE and receives interrupts from the CIE.

All of the MC68000 instructions defined in MC68000UM are
valid, except for the Reset instruction. An SSMEC external
devices reset will not occur if the Reset instruction is
executed. The Test and Set (TAS) instruction can be
executed only within the two usable RAM main memories

defined in Table XXXV.

The DCU memory is made up of two identical memory sections,
one for each microprocessor in the SCP-P. Each memory
contains 128K bytes of alterable memory and 4K bytes of non-
alterable memory. In addition, the DCU memory range includes
I/0 memory.

The DCU SCP microprocessors use memory-mapped I/0 to
interface with the CIE section of the controller. All
inputs to the DCU will be under DCU software control except
for the external interrupts. Table XXXV defines the address
allocations for alterable main memory (RAM) , non-alterable
memory (PROM), dual port memory (DPM) , and the memory-mapped
I/0. '

One of the SCP microprocessors is designated as the master
microprocessor and the other is designated as the monitor
microprocessor. The master microprocessor provides the
control interface to the in-channel CIE via its address and
data buses. The monitor microprocessor Iuns the same
Operational Program in synchronization with the master
microprocessor putting identical values on the address and
data buses for transmission to the CIE, as well as to the
SCP-P comparator logic. Synchronous operation of the two
microprocessors is achieved by using a common clock
oscillator to synchronize all microprocessor control
signals.
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3.1.3:1 Digital Computer Unit (DCU) (Continued)

Each DCU has a comparator circuit with two independent
comparators. Each comparator does a bit by bit comparison
of the master microprocessor’s and monitor microprocessor’s
address and data bus contents for each bus cycle. If a
difference is detected by either comparator an SCP
(miscompare) Interrupt (SCPI) is generated, the CIE's
Failure Data Recorder (FDR) is halted and the watchdog
timers are forced to the timed-out state.

The fact that the MC68000 microprocessors are connected as a
self-checking pair (SCP) will have no impact on the basic
operation of the MC68000. With the exception of the
Controller Checkout Test of the self-checking pair
comparators, the DCU should be considered as a single
computer as far as the Operational Program is concerned.

3.1.3:1.1 Computer Addressing

The MC68000 has the ability to address 16 megabytes of
memory. However, only those byte addresses defined in Table
XXXV are valid addresses for the Block II SSMEC operation.
Any computer access to an invalid address will result in a
bus error (BERR) exception and possibly an SCP miscompare.

The 128k byte alterable memory is made up of static Random
Access Memory (RAM) and is divided into two blocks of byte
addressable memory as follows:

(a) Lower Block - $000000 to S$SOOFFFF
(b) Upper Block - $FF0000 to SFFFFEF

This address partitioning allows memory access of a 64k byte
block via the MC68000 address sign extend operation and
maintains commonality in the memory board design. Address
sign extension is explained in MC68000UM.

The RAM provides alterable storage for DCU instructions,
fixed data and temporary data. When utilized, a backup
power source external to the controller provides RAM non-
volatility. :

Page 8




CP406R0008 (V1.0), Part I, Volume 1

3.1.3:1.1 Computer Addressing (Continued)

The 4K byte non-alterable memory is composed of
semiconductor Programmable Read Only Memory (PROM) . The
PROM address range is $800000 to. $800FFF. The PROM provides
permanent storage for DCU instructions and fixed data for
the functions specified in DSCP34053988, hereafter referred
to as the PROM Spec. The PROM is read-only memory and the
use of any PROM location as an instruction destination
address will result in a bus error (BERR) exception.

During initial power application, AC power interruptions,
and upon reception of validated VEEI in-channel Reset
Channel commands with Halt Exit enabled, the address bus MSB
(bit 23) will be set:.to 1 and the Reset Exception generated.
This will transfer control of the processor to the address
contained in the reset vector at location $800004, placing
control within the PROM program.

The PROM will contain at least the following: Power Failure
exception processing, Power Recovery exception processing,
Bus Error exception processing, Self-Checking Pair exception
processing, Illegal Instruction exception processing, RAM
Load and Sumcheck routines, PROM Sumcheck routine, Memory
and I/0O Readout routines, FDR Enable and Readout routines,
and Exit PROM routine, as well as, miscompare test words as
defined in the PROM Spec.

3.1.3:1.2 1I/0 Addressing

The DCU I/0O is memory-mapped and must be addressed by even
(word or long-word) addresses. Any MC68000 instruction that
can address memory as an effective address can be used as an
I/0 instruction with the exception of the Test and Set (TAS)
instruction.

The DCU SCP microprocessors use memory-mapped I/0 to
interface with the Computer Interface Electronics section of
the controller. All inputs to the DCU will be under DCU
software control except for the external interrupts. Table
XXXV defines the address allocations for alterable memory
(RAM) , non-alterable memory (PROM) , DPMs and the memory=
mapped direct I/0. Addresses in the range of $820A00
through $820DFF are defined as DCU memory-mapped direct I/O
addresses.
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3.1.3:1.2 1I/0 Addressing (Continued)

The DCU memory range reserved for direct input commands is
defined in Table XXXV as $820C00 through $820DFF. Within
this range the CIE will decode addresses $820C00 through
$820CFE. Performing read operations to unused addresses
within the range decoded by the CIE will result in undefined
data being input to the DCU and possibly an SCP miscompare.
Attempting a read operation from any direct I/0 address
outside the range decoded by the CIE will result in a bus
error exception and possibly an SCP miscompare.

The dedicated addresses for direct inputs are defined in
Table XXXVI.

The DCU memory range reserved for direct output commands is
defined in Table XXXV as $820A00 through $820BFF. Within
this range, the CIE will decode addresses $820A00 through
$820AFE. Performing write operations to unused memory
addresses within the range decoded by the CIE will result in
a no-operation. Attempting a write operation to any direct
I/0 address outside the range decoded by the CIE will result
in a bus error exception.

_Direct DCU outputs are defined as either discrete or load
operations. Both load and discrete output instructions will
use the effective addresses defined in Table XXXVIII as the
instruction destination. The discrete output instructions
are data independent and activate the output device via
address decode; while the load output instructions transfer
data to the output device.

Two Dual Port Memories (for IE and VRC) are included in the
DCU address space as shown in Table XXXV. Locations within
the DPMs may be accessed (at even addresses) in the same
manner as main memory locations with the exception of the
Test and Set instruction. The operation of the VRC DPM is
described in 3.1.3:2.1.2, while that of the IE DPM is
described in 3.1.3:3.1l.1.

Each CIE has two pairs of DPMs (VRC DPM and IE DPM) for the
Vehicle Interface Electronics (VIE) Recorder output data
storage and IE sensor data input storage respectively. The
address ranges of these DPMs are:

(a) IE DPM - $820000 to $8201FF

(b) VRC DPM - $820600 to $8206FF

Page 10




CP406R0008 (V1.0), Part I, Volume 1

3.1.3:1.3 MC68000 Exceptions and Interrupt Levels

The normal processing of the Operational Program can be
broken by a category of signals termed exceptions. . There
are user-defined exceptions which are called interrupts.
Each exception has been prioritized by group and priority
level, with the interrupts further prioritized by interrupt
level. The exceptions generated external to the MC68000
include the Reset and Bus Error exceptions as well as the
interrupts. The DCU receives the externally-triggered
exceptions from the CIE.

MC68000 Exceptions are divided into 3 different groups:

GROUP MC68000 EXCEPTION

0 Reset (triggered by System Reset), Bus Error,
Address Error, Spurious Interrupt

1 Trace, External User-Defined Interrupts,
Illegal Instruction, Privilege Violations

2 TRAP, TRAPV, CHK, Zero Divide

Group 0 exceptions have the highest priority, while Group 2
exceptions have lowest priority. Within Group 0, Reset has
highest priority followed by Bus Error, Address Error and
Spurious Interrupt. Within Group 1, Trace has priority over
external user-defined interrupts, which in turn take
priority over Illegal Instruction and Privilege Violation.
Group 2 exceptions are generated by instructions. Since
only one instruction can be executed at a time, there is no
need for a priority relationship within Group 2.

There are 21 different user-defined interrupt sources per
DCU/CIE. These 21 interrupt requests are grouped into the
seven MC68000 interrupt levels by .the CIE interrupt encoder.
The exception vector assignments, the group and priority
levels, and the interrupt levels for the interrupts are
defined in Table XL.

The interrupt encoder utilizes two reserved vectors to trap
hardware failures that would cause incorrect exception
processing. The CIE Erroneous Acknowledge Level Interrupt
is activated whenever the interrupt level acknowledged by
the DCU does not equal the interrupt level pending in the
CIE interrupt encoder. The Spurious CIE Interrupt is
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3.1.3:1.3 MC68000 Exceptions and Interrupt Levels
(Continued)

activated when the DCU attempts to acknowledge an interrupt
when no enabled interrupts are pending in the CIE. These
two interrupts can occur at any interrupt level and cannot
be disabled in the CIE.

All level 5 through 1 interrupts can be enabled or disabled
by individual bits in two CIE Interrupt Mask Registers (see
Table XXXIX). In addition, level 6 through 1 interrupts can
be enabled or disabled by the appropriate setting of the
current interrupt level. -

Interrupts are enabled by:

(a) Setting a mask bit to 1 for each of the appropriate
interrupts in the two CIE Interrupt Mask Registers,
and

(b) Setting the current interrupt level to a value less
than the level of the interrupts that will be
allowed to occur. '

Level 7 and 6 interrupts cannot be enabled or disabled by
the CIE Interrupt Mask Register. A level 7 interrupt will
always occur even if the current interrupt level is set to
7. A level 6 interrupt can be enabled only by setting the
current interrupt level to 5 or less.

When interrupts occur their pending status can be detected
in Input Words 4 and 7 of Table XXXVII.

Y

Interrupts are disabled by:

(c) Clearing a mask bit to 0 for each of the
appropriate interrupts in the two CIE Interrupt
Mask Registers, or

(d) Setting the current interrupt level to a value

equal to or greater than the level of the
interrupts that are not allowed to occur.
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3.1.3:1.3 MC68000 Exceptions and Interrupt Levels
(Continued)

When an interrupt is enabled in the CIE, but is prevented
from interrupting the MC68000 because of the current '
interrupt level, the interrupt can be detected by its
pending status. When the interrupt is disabled in the CIE,
the pending status is set to non-pending.

If an interrupt signal is generated for an interrupt that is
disabled either by a mask bit in the CIE or by the current
interrupt level, the interrupt, although set (latched), will
occur only when the disabling condition is removed.

An interrupt remains set (latched) until its Clear I/0
instruction (see Table XXXVIII) is executed. When an
interrupt occurs, it should be cleared before the completion
of its interrupt response routine to ensure that any further
occurrences of the interrupt are related to new events.

all interrupt latches are cleared with the exception of TRI,
and all bits of the CIE Interrupt Mask Registers are
disabled (cleared) by Master Clear (see 3.1.3:5.1).

A brief description of each of the 21 interrupts follows.

3.1.3:1.3.1 Power Failure Interrupt (PFI)

The Power Failure Interrupt is a level seven interrupt and
cannot be disabled from interrupting the Operational
Program. PFI is generated by the power supply whenever loss
of primary (AC) input power is detected. The power supply
will maintain its +5 Vdc outputs for a minimum of 100 usec
after a transient is detected to allow an orderly DCU/CIE
shutdown.

3.1.3:1.3.2 Power Recovery Interrupt (PRI)

The Power Recovery Interrupt is a level six interrupt. PRI
is generated by the power supply when the primary (AC) input
power is restored to the nominal operating level, all power
supply operating voltage outputs are within specification,
and the Power Off Indicator (POI) is not set.
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3.1.3:1.3.3 Self-Checking Pair Interrupt (SCPI)

The Self-Checking Pair (miscompare) Interrupt is a level
five interrupt. The SCPI is generated when the SCP
comparators detect a difference in the address or data bits
of the two microprocessors of an SCP. The SCPI can be
enabled or disabled by a bit in CIE Interrupt Mask Register
One. Disabling the SCPI does not prevent an SCP miscompare
from timing-out both watchdog timers and inhibiting the FDR
recording operation.

3.1.3:1.3.4 Watchdog Timer Halt 1 and 2 Interrupts (WDTH1
and WDTH2)

The Watchdog Timer Halt 1 and 2 Interrupts are level four
interrupts. These interrupts can be individually enabled or
disabled by bits in CIE Interrupt Mask Register One. WDTHI
is generated whenever WDT1 times-out and WDTH2 is generated
whenever WDT2 times-out. The WDTH1 and WDTH2 interrupts
signal to the in-channel DCU that the WDTs have timed-out
and the DCU has failed. ' |

3.1.3:1.3.5 Servoactuator Error Indication Interrupt (SEII)

The servoactuator error indications 1 through 12 are level
four interrupts. Each of the 12 servoactuator error
indications can be enabled or disabled by a corresponding
bit in CIE Interrupt Mask Register Two. Six of the 12 error
indications are generated by OE A and six are generated by
OE B.

A Servoactuator Error Indication Interrupt will be generated
by any one of the twelve servoactuator error indications.

An input word provides the pending status of the
servoactuator error indication which caused the interrupt.

A servoactuator error indication is generated by the
demodulated value of the output from the servoactuator RVDT
not tracking the servoactuator model within the prescribed
limits. The tracking limit for the servoactuator position
is +6% for Channel A and +10% for Channel B. :

3.1.3:1.3.6 Timing Reference Interrupt (TRI)

The Timing Reference Interrupt is a level three interrupt.
The TRI can be enabled or disabled by a bit in CIE Interrupt
Mask Register One. The TRI is derived from the real-time
clock logic which sets (latches) a timing reference
interrupt every 5000 *+ 5 usec (nominally 5 msec). This
interrupt establishes the timing of the Operational
Program’s major and minor program cycles.
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3.1.3:1.3.7 Redundant Computer Failure Interrupts 1 and 2
(RCFI1l and RCFI2)

The Redundant Computer (DCU) Failure Interrupts 1 and 2 are
level two interrupts. . Both RCFI1 and RCFI2 can be enabled
or disabled by bits in CIE Interrupt Mask Register One.
RCFI1 and RCFI2 are generated in the cross-channel CIE.
RCFI1 is generated by a cross—-channel WDT1l time-out and
RCFI2 is generated by a cross—-channel WDT2 time-out. These
signals may occur simultaneously with other cross-channel
error indicators, such as ADPFI or a cross-channel SEII.

3.1.3:1.3.8 Alternate DCU in Power Failure Interrupt
(ADPFI

The Alternate DCU in Power Failure Interrupt is a level one
interrupt. It can be enabled or disabled by a bit in CIE
Interrupt Mask Register One. This interrupt is generated by
the cross-channel power supply whenever a primary (AC) input
power loss is detected.

3.1.3:1.4 System Reset

The System Reset signal is generated by either the power
supply at turn-on or power recovery, or receipt of an in-
channel Reset Channel command while Halt Exit is enabled.
When System Reset is received within a DCU, bit 23 of the
address bus will be set to 1 to force the Reset Exception to
vector address $800000 instead of address $000000. Once
this address bit has been set to 1, it will remain set until
cleared by the software I/0 instruction Clear Reset Jam Bit,
per Table XXXVIII.

The Reset line of the DCU’s microprocessors is not used as
an output; thus the Operational Program will not use the
MC68000 Reset instruction.

3.1.3:1.5 Prefetch

The MC68000 uses a two-word memory prefetch mechanism to
improve performance.

The MC68000 fetches two words beyond the current instruction
and these words appear on the SCP DCU data buses. When
these words appear on the data buses, they are checked by
the SCP comparator. Therefore, it is mandatory that the
initial memory load routine loads every location in memory
with known data to avoid a miscompare when prefetching from
an unused address. Additionally, instructions must not be
executed from the last two words of low RAM (S00FFFC,
$00FFFE) , PROM ($800FFC, $800FFE) , and high RAM (SFFFFFC,
SFFFFFE) as defined in Table XXXV.
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3.1.3:1.5 Prefetch (Continued)

Normally the MC68000 prefetches only instructions and not
data. However, when the MOVEM instruction is used to move
data from memory to registers, the data stream is prefetched
to optimize performance. As a result, the processor reads
one extra word beyond the higher end of the source area.

Therefore, the same software restrictions applied to the
location of instructions due to instruction prefetch, must
be applied to the location of MOVEM source data, due to data
prefetch. In addition the MOVEM instruction must not be
used when fetching from the last two words in either DPM
($8201FC, $8201FE and $8206FC, $8206FE) or preceding the
unused areas of the memory-mapped direct input area
($820C0C, $820COE, $820C4C, $820C4E).

3.1.3:2 Computer Interface Electronics (CIE)

Each Computer Interface Electronics provides the buffering
and control functions necessary to interface its DCU with
both IEs, both OEs, and the Vehicle Engine Electrical
Interface (VEEI). The two CIEs are identical in function
except for the Channel A/B Indicators in the input word
described in Table XXXVII. '

The CIE is functionally divided into the Vehicle Interface
Electronics and the DCU/IO Interface Electronics.

3.1.3:2.1 Vehicle Interface Electronics (VIE)

The Vehicle Interface Electronics provides the digital
communication link between the CIE and the Vehicle Engine
Electrical Interface (VEEI). The Vehicle Interface
Electronics section is divided into four basic functional
elements:

(a) VIE Command and Data Converter,
(b) VRC DPMN,

(c) VIE Recorder Data Switch,

(d) VIE Recorder and Data Converter.
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3.1.3:2.1.1 Vehicle to Controller Inputs Via VEEI

The controller’s Vehicle Interface Electronics (VIE)
contains three VIE Command and Data Converters which receive
control commands or DCU memory load data from the vehicle
through the Vehicle Engine Electrical Interface (VEEI).

Each VIE Command and Data Converter tests the validity of
each incoming data word. If a data word passes this
hardware (BCH) test, the word’s 16 bits are stored in the
appropriate input command register. If the word fails this
hardware test, its data bits are discarded and the
appropriate input command register is set to zero.

The Operational Program is responsible for monitoring the
three VIE command registers for updates of all incoming
commands and data words with the exception of in-channel
Reset Channel commands. Whenever hardware detects an in-
channel Reset Channel command in two of the three VIE
Command and Data Converters and the Halt Exit is enabled,
hardware will issue a Reset signal to the in-channel DCU to
cause a Reset Exception. The Reset sets address bit 23
which forces the Reset Exception to the vector address of
$800000 (see Table XL), to transfer control of the in-
channel DCU to the PROM program. ‘

The Halt Exit for both DCUs will be enabled by the hardware
when:

(a) Dboth DCUs are stopped in RAM

(b) both DCUs are in PROM, or

(c) one DCU is stopped in RAM and the other DCU is in
PROM.

In all of the above cases the hardware enables (sets to 0)
the Halt Exit for both DCUs because with the WDTs timed-out
the OE On/Off Registers are cleared, including the Halt
Exit. When the Halt Exit is enabled, an in-channel Reset
Channel command received while the DCU is in PROM or stopped
in RAM will generate a Reset Exception that forces a return
to the beginning of the PROM program.

The contents of these command registers may be read by the

DCU using the VIE Command Register Channel A/B/C 1/0
instructions, as defined in Table XXXVI.
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3.1.3:2.1.2 Controller to Vehicle Digital Outputs Via VEEI

Each VIE Recorder and Data Converter transfers data to the
vehicle via the Vehicle Engine Electrical Interface (VEEI) .
The data is transferred in 128 word blocks and is in the form
of Vehicle Data Table (VDT) data, DCU memory readout data,
I/0 readout data, or Failure Data Recorder (FDR) memory data.
The transfers are initiated by the DCU/CIE that has been
selected to command the VRC transmissions and which is the
source of the VRC data to be transmitted. The rate of
transmission is 19 usec per VRC data word. The Operational
Program will initiate VRC transmissions in intervals of 40 +
2 msec.

The Vehicle Interface Electronics output section includes the
VIE Recorder Data Switch and the VIE Recorder and Data
Converter. The VIE Recorder and Data Converters obtain their
input from the VRC DPMs.

'Each VIE Recorder and Data Converter is connected to two VRC
DPMs via dual VIE Recorder Data Switches. The VIE A Recorder
and Data Converter can be connected to the DCU/CIE A master
or the DCU/CIE B master microprocessor VRC DPM (#1). The VIE
B Recorder and Data Converter can be connected to the DCU/CIE
A monitor or the DCU/CIE B monitor microprocessor VRC DPM
(#2) .

This design allows the VIE A to output master microprocessor
data and the VIE B to output monitor microprocessor data.
Under normal operation the VIE Recorder Data Switches select
the DCU A VRC DPM outputs for transfer on both master and
monitor VIEs.

The VIE Recorder Data Switches will select the DCU/CIE B VRC
DPMs when either of DCU/CIE A watchdog timers has timed-out
or when DCU A executes the Switch VRC to DCU B I/0
instruction. The VIE Recorder Data Switches will revert to
the DCU/CIE A VRC DPMs when DCU A executes the Switch VRC to
DCU A I/O instruction, per Table XXXVIII, provided neither
WDT on DCU/CIE A has timed-out. This control of the VIE
Recorder Switches allows DCU B Vehicle Data Table and readout
data to be output by DCU B while DCU A is controlling the
engine. The data in the DCU/CIE B VRC DPMs will be
transferred by both master and monitor VIEs.
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3.1.3:2.1.2 Controller to Vehicle Digital Outputs Via VEEI
(Continued)

After the data to be transferred to the vehicle has been
stored in the VRC DPMs, the DCU initiates a VRC transmission
sequence by executing an Initiate VRC Data Transmission I/O
instruction per Table XXXVIII. This initializes each of the
VRC DPM address registers (bits 6-0) to 0 and each of the VDT
complete bits (bit 7) to 0. The VRC Data Converter fetches
the word pointed to by the VRC DPM address register (which
ranges from 0 to 127), converts it for output to the vehicle
and increments the address register until a count of 127 has
been surpassed. This leaves the address register (bits 6-0)
cleared to zero with bit 7 set (i.e., a count of 128) to
indicate output complete.

The associated address and complete bits are provided in
input words per Table XXXVII. For example, VRCA-VDT1A
Complete indicates when the VDT from DCU A VRC DPM #1 has
been output on VRC A. VRCB-VDT2A Address Register refers to
the address register associated with the VDT output from DCU
A VRC DPM #2 on VRC B.

VIE A and VIE B operate in parallel such that master and
monitor data from the in-control DCU is output
simultaneously via the VIE A Recorder and Data Converter and
VIE B Recorder and Data Converter respectively during normal
dual channel operation.

Because the VRC DPMs are not maintained by the backup (+28
VDC) power supply during a primary power interruption, their
contents will not be valid after a power recovery until

~ updated.

3.1.3:2.2 DCU I/0O Interface Electronics

The DCU I/O interface section of the CIE includes the
following functional elements:

(a) Watchdog Timer (WDT)

(b) Real Time Clock (RTCY

(c) Interrupt Level Encoder

(d) Failure Data Recorder (FDR)

(e) Halt Exit Control

(f) I/0 Bus Control

(g) Data Multiplexers

(h) Input Electronics Dual Port Memories (IE DPMs)
(i) Inter-DCU Status Register
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3.1.3:2.2.1 Watchdog Timers (WDTs)

Each CIE contains two watchdog timers (WDTs) which monitor
the performance of the in-channel DCU. Failure of the in-
channel DCU to update the WDTs will result in the WDTs
timing-out and signaling both DCUs of the failure. The WDT
time-out generates a Watchdog Timer Halt (WDTH) interrupt to
the in-channel DCU and a Redundant Computer Failure Interrupt
(RCFI) to the cross-channel DCU. Each of the WDTs generates
its own WDTH and RCFI signals. The watchdog timer time-out
also generates signals to the IEs, the OEs and the VIEs to
transfer control as required. The IE and OE watchdog timer
control is such that as long as the DCU/CIE A watchdog timers
are in the non-timed-out state, DCU A will control both IEs,
OEs, and VRCs (unless Switch VRC is in effect).

The Operational Program can force the WDTs to the timed-out
state via the I/O instructions Set WDT1 Time-Out and Set WDT2
Time-Out, per Table XXXVIII. The hardware Master Clear
signal (see 3.1.3:5.1) will set the WDTs to the timed-out
state. )

3.1.3:2.2.2 Real Time Clock (RTC)

Each CIE contains a Real Time Clock function that generates
Timing Reference Interrupt (TRI) signals at 5 msec intervals.
The Real Time Clock counts down from 4999 to 0 with rollover
(reset to 4999) occurring at 0.

The Real Time Clock value can be read by means of the RTC I/0
instruction as defined in Table XXXVI. The format of this
value (RTC Output) is defined in Table XXXVII.

3.1.3:2.2.3 Failure Data Recorder (FDR)

Each Computer Interface Electronics contains a Failure Data
Recorder that continuously records the address bus data,
memory bus data, and control line data of the DCU/CIE monitor
microprocessor. The FDR consists of a 2048 by 48-bit RAM, an
address counter and control logic.

The FDR recording is initiated by the Enable FDR Recording
I/0 instruction, per Table XXXVIII. FDR recording is started
at FDR memory address 0. During each DCU self-checking pair
processor input and output bus cycle, 48 bits of data as
defined in Table XXXVII are stored in the FDR memory address
pointed to by the FDR address counter. After each bus cycle

the FDR address counter is incremented until it reaches the
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3.1.3:2.2.3 Failure Data Recorder (FDR) (Continued)

last FDR memory address available, $7FF. After recording
data into this address the FDR address counter rolls over to
FDR memory address 0. This process of recording data into
the FDR memory for each DCU bus cycle continues until
inhibited by a DCU self-checking pair miscompare, by the
Inhibit FDR Recording I/0 instruction per Table XXXVIII, or
by a power up reset.

The FDR memory can be read only by the cross-channel DCU.

The DCU must verify that the FDR Recording is inhibited (see
Table XXXVII) before it executes an FDR read, or the data
will not be valid. The in-channel DCU can inhibit the FDR
record operation via the Inhibit FDR Recording I/O
instruction, per Table XXXVIII.

The FDR memory read will start at the last address recorded
unless an AC power off/on cycle has occurred. After an AC
power cycle the FDR address may be a value other than the

. last address recorded. The DCU will read the FDR address and
the 48-bit memory word in three 16-bit data groups as defined
in Tables XXXVI and XXXVII. This can be repeated until the
entire FDR memory has been read.

3.1.3:2.2.4 Inter-DCU Status Register

The Inter-DCU Status Registers provide 16-bit communication
paths between DCUs. There is one such register per DCU/CIE.
An Inter-DCU Status Register can be written into and read by
the in-channel DCU/CIE. The cross-channel DCU/CIE may read
the other channel’s Inter-DCU Status Register.

3.1.3:3 Input Electronics (IE)

There are two Input Electronics, IE A and IE B. Each IE
provides the interface and signal conditioning between the
engine sensors and the CIEs. The IEs also provide the
interface for the monitoring of power supply voltages by both
DCUs. The output of each IE is cross-strapped to the cross-
channel IE DPMs. The IE interface block diagram is shown in
Figure 17.
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3.1.3:3.1 1Input Electronics (IE) Operations

The Input Electronics converts analog and pulse rate sensor
data into a l6-bit digital format and stores it in the IE
DPMs. Sensor data is received from the engine and controller
sensors for pressure, temperature, position, voltage level,
vibration, rotational speed, flow rate, and frequency.

The in-control DCU initiates an IE input sequence by loading
~ the starting address of a sensor group to be converted into
the IE Address Counter via the Load IE Address Counter I/O
instruction, loading the number of sensor pairs (minus one)
to be converted into the IE Range Counter via the Load IE
Range Counter I/O instruction, then starting the IE input
sequence via the Initiate IE Operation I/0 instruction.
These I/O instructions are defined in Table XXXVIII.

The IE Sequencer, upon receiving an Initiate IE Operation I/O
instruction, decodes the contents of the address counter and
the range counter (which were previously loaded by the in-
control DCU) to determine the type of conversion to be made,
the number of pairs to be converted, and the IE DPM address
in which to store each result. After each pair of data
conversions (Channel A and Channel B) has been completed, the
IE Sequencer transfers IE A data into the CIE A and CIE B IE
DPMs, then transfers IE B data into the IE DPMs. IE DPM
address locations for sensor data are defined in Table
XXVIII. After the data transfer to IE DPMs is complete, the
IE Sequencer increments the address counter and decrements
the range counter for the next data conversion. When the
range counter equals zero, the IE input sequence is complete
and the IE Sequencer is available to the in-control DCU for
another IE input sequence. Since each parameter pair
conversion takes 50 usec, a complete IE input sequence of 128
pairs requires a nominal 6.4 msec with a maximum of 6.5 msec.

The in-control DCU may terminate an IE input sequence by
issuing the Terminate IE Sequence I/0 instruction per Table
XXXVIII. All sequencing will terminate within 9 usec.

The DCU read or write of IE DPMs has priority over the IE
Sequencer write, but will not interrupt an IE Sequencer write
in progress. After requesting access to the DPM, the DCU
will gain access within 500 nsec.
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3.1.3:3.1.1 Input Electronics DPM System

The Input Electronics Dual Port Memory System in the CIE
consists of two 256 by 16-bit RAMs. The associated control
circuits which include range and address counters are located
within the IE.

The master IE DPM in each CIE is dedicated to that DCU’'s
master microprocessor. The monitor IE DPM in each CIE is
dedicated to that DCU’s monitor microprocessor. Both IE DPMs
in each CIE receive sensor and monitor data from both IEs.

The IE Sequencer can only perform write operations into the
IE DPMs. The IE DPM data content is defined in Table XXVIII.

Because the IE DPMs are not maintained by the backup (+28
VDC) power supply during a primary power interruption, their
contents will not be valid after a power recovery until
updated.

3.1.3:3.1.2 Pulse Rate Data Conversions

Pulse rate data is received by the pulse rate converters -
(PRC) from engine shaft speed, flow rate sensors and the
controller’s 2khz power supply.

The pulse rate converters asynchronously convert the time
interval between a predetermined number of input pulses into
a 15-bit digital word that is stored in a 16-bit buffer
register. The converter uses the MSB of the buffer register
to indicate new data by inverting the bit for each successive
update. The data is input to the IE DPM via an IE input
sequence.

3.1.3:3.1.3 Analog Data Conversions

Analog data in the form of DC voltage levels is received by
the analog data conversion section from engine and controller
sensors and voltage monitors. These inputs include:

(a) Temperature

(b) Pressure

(c) Vibration

(d) Valve position- command and actuator position
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3.1.3:3.1.3 Analog Data Conversions (Continued)

(e) D/A Converter output monitors from the OE

(f) Voltage monitors from the controller internal power
supplies and the 115 VAC power buses

(g) Power Off Indicator voltage monitors from the PSE

(h) Pneumatic Solenoid Valve voltage monitors from the
OE

(i) Calibration data from the pressure sensor and
temperature sensor multiplexers. These fixed inputs
are converted into 16-bit digital form and stored in
the IE DPMs with pressure and temperature data. The
pressure and temperature calibration inputs are
defined in Table XXVIII.

The analog data conversion sequence is controlled by the IE
Sequencer. The sequencer selects the requested input,
channels it to the A/D Converter, initiates the analog to
digital conversion, and transfers the A/D converter output to
the IE DPMs. Each 16-bit data word transferred to the IE DPM
has the 12 MSB generated by the A/D Converter with the 4 LSB
always set to %1000. .

3.1.3:3.1.4 Sensor Electronics Checkout

The IEs provide the hardware to check out the pressure,
temperature, vibration and pulse rate converter electronics.

The pressure and temperature sensor electronics are tested by
simulating 80% full-range pressure inputs and 50% full-range
temperature inputs.

The vibration sensor electronics are tested by simulating 80%
full-range vibration inputs.

The pulse rate converter electronics are tested by switching
a 500 hz signal into the PRC sensor inputs.

The controller sensor checkout is controlled by bits in OE
On/Off Registers 1A and 1B as defined in Table XXXII. The OE
On/Off Register commands are defined in Table XXXI. The OE
On/Off storage Register load and transfer I/0 instructions
are defined in Table XXXVIII. The appropriate bits must be
set in both OEs in order to activate this test.
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3.1.3:3.1.5 Propellant Drop Temperature Monitoring

The IEs provide the hardware to test for the premature
presence of propellants in the engine. By switching the gain
of the temperature sensor input instrumentation amplifier,
the range of the Low Pressure Fuel Pump (LPFP) (T3A/T3B of
Table XXVIII) and Preburner Pump Discharge (T4A/T4B of Table
XXVIII) temperature sensors will be raised to the ambient
range in order to detect cryogenic propellant leakage.

The controller propellant drop gain switch is controlled by
bits in the OE On/Off Register 1A and 1B as defined in Table
XXXII. The OE On/Off Register commands are defined in Table
XXXI. The OE On/Off Storage Register load and transfer I/0
instructions are defined in Table XXXVIII. The appropriate
bits must be set in both OEs to activate this test.

3.1.3:3.1.6 Vibration Sensor and Processing Equipment

Vibration Sensor and Processing Equipment (VSPE) is part of
the signal flow utilized to implement the Flight
Accelerometer Safety Cut Off System (FASCOS) .

There are six accelerometers (vibration sensors) located on
the engine; radially mounted, three on the HPOP and three on
the HPFP. The three signals for each high pressure pump are
input into an associated channel of VSPE. This equipment
then performs signal conditioning and outputs four signals
into each IE channel for conversion. VSPE Channel C sends
its output signals to both IE channels A and B. Reference
Figure 19.

See 3.1.3:5.4 for a description of the power supplies used by
VSPE.

3.1.3:4 Output Electronics (OE)

There are two Output Electronics, OE A and OE B. Each OE
provides control to the engine spark igniters, the engine
pneumatic valve solenoids, and the engine hydraulic valve
servoactuators and servoswitches. The OEs monitor these
engine control devices and provide self-test data to both
DCUs.
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3.1.3:4 Output Electronics (OE) (Continued)

The OE is divided into the following functional groups:

(a) OE Digital Data Interface

(b) Pneumatic Valve Solenoid Control System

(c) Hydraulic Servoswitch Control System

(d) Spark Igniter Control System

(e) Hydraulic Servovalve Control System

(f) RVDT and LVDT Excitation Power Supply and Monitor

(g) OE Power Safety Switch

(h) OE Power Monitor Function
Both OEs receive digital control commands from the in-control
DCU and convert them into discrete and analog voltage signals
for interface with engine on/off solenoids and servoswitches,
spark igniters; and servovalve actuators. Valve position
monitor and test monitor circuits in the OE provide for
checking the response of the engine to output commands and
the response of the OE to test commands. OE analog data is
input to the IE for A/D conversion and storage in the IE
DPMs. OE discrete data is input to the CIE data multiplexers
and to the CIE interrupt logic.

3.1.3:4.1- OE Digital Data Interface

The OE Digital Data Interface consists of the OE Output
Switch, Storage Register, Command Decoder, On/0Off Register,
and the D/As, as follows:

(a) OE Output Switch. The OE Output Switch selects
control commands from the in-control DCU.
Regardless of which DCU is in control, both DCU A
and DCU B can perform the monitoring functions
associated with both OEs such as reading the digital
self-test words for the OE Storage Registers and OE
On/0Off Registers.
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3.1.3:4.1 OE Digital Data Interface (Continued)

(b) OE Storage Register. The OE Storage Register
provides temporary storage for the 16-bit digital
commands transferred from the in-control DCU by the
Load OE A/B Storage Register I/0 instruction. The
OE Storage Register contents are transferred to OE
On/Off Registers and D/As using the Transfer OE A/B
Storage Register I/O instruction. The Load OE A/B
Storage Register and Transfer OE A/B Storage
Register I/O instructions are defined in Table
XXXVIII.

(c) OE Command Decoder. The OE Command Decoder receives
the 4 LSBs of the command stored in the OE Storage
Register. The 4 bits are decoded upon execution of
the Transfer OE Storage Register I/0 instruction to
determine which D/A or On/Off Register receives the
12 MSBs of the control command stored in the OE
Storage Register, perform servoactuator
model/monitor test functions, or change the solenoid
monitoring level from Hold to Pull-In by commanding
the Solenoid Energize Test, as shown in Table
XXXIII.

(d) Digital to Analog Converters (D/As) . There are six
D/As in each OE. When the command decoder decodes
the 4 LSBs of the OE Storage Register command word
as a servovalve command, it will enable the
associated D/A to receive the 12 MSBs of the OE
Storage Register command word upon execution of the
Transfer OE A/B Storage Register I/0 instruction per
Table XXXVIII. The D/A generates an analog voltage
proportional to the digital command for the selected
servovalve control system. D/A conversion is
defined in Table XXIX. The accuracy and timing of
the D/A conversion are defined in DSHG8977Al. Each
D/A voltage output is input to the IE for A/D
conversion and storage in the IE DPMs, per Table
XXVIII. These can be used to verify the
servovalve’s commanded position. Subsequent to the
processing that issues the servovalve commands, a
delay of 100 usec is required before the output of
the last D/A Value can be requested as an input via
the IE input sequence.

The D/A output will be undefined after initial power
on and after power interruptions. The Operational
Program must command the D/As to a known value
before turning on solenoid driver power supplies.
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OE Digital Data Interface (Continued)

OE On/Off Registers. When the OE Command Decoder

decodes the 4 LSBs of the OE Storage Register
command word to select an OE On/Off Register, it
will enable the associated OE On/Off Register to
receive the 12 MSBs of the OE Storage Register
command word upon execution of the Transfer OE A/B
Storage Register I/O instruction per Table XXXVIII.
Table XXXI defines the commands for each of the
three OE On/Off Registers.

The OE On/Off Register in conjunction with the OE
Command Decoder provides the discrete control
signals for the following OE functions:

(1) On/off control of the engine solenoids and
servoswitches.

(2) Pull-in/hold control of the engine solenoids.
(3) On/off control of the engine spark ignitefs.

(4) On/off control of sensor and propellant drop
tests.

(5) Control of Halt Exit Enable/Disable.
(6) Cross-channel Power Off Time Exceeded status.

In addition to the OE On/Off Register loading via
the Transfer OE A/B Storage Register I/O instruction
defined above, the OE On/Off Register is cleared by
power up reset during initial power application and
during power recovery following momentary
interruption. '

3.1.3:4.2 Pneumatic Valve Solenoid Control System

The pneumatic valve solenoid control system receives digital

commands
provides
and hold

from the in-control DCU, decodes these commands, and
the solenoid on/off (energize/deenergize), pull-in,
control signals to the engine/controller interface.
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3.1.3:4.2.1 Solenoid Coil Drivers

The solenoid coil drivers provide +29 VDC (Channel A) or +24
VDC (Channel B) to the controller/ engine interface for
solenoid pull-in operation and +16 VDC (Channel A) or +8 VDC
(Channel B) for solenoid hold operation. The on/off command
bits and the pull-in/hold command bits are in OE On/Off
Register 1A for the Channel A solenoids and OE On/Off
Register 1B for the Channel B solenoids as defined in Table
XXXI. The solenoid driver power supplies in each controller
channel are also controlled by the OE Power Safety Switch in
each corresponding OE, per 3.1.3:4.8.

NOTE: Commanding any solenoid to the pull-in state will
result in all of the solenoids in that channel,
which are already commanded on and in the hold
state, to revert to the pull-in state. The
controller solenoid driver power supply is capable
of simultaneously driving at most seven solenoids at
the pull-in level.

3.1.3:4.2.2 Solenoid Monitors

Hardware monitors the solenoid drive voltage level (SL1 for
Channel A, SL2 for Channel B) and the coil current of each
solenoid. The solenoid drive voltage level is input to the
IE for A/D conversion and storage in the IE DPMs. The
solenoid coil current is monitored by a comparator set to
generate a logic 0 for each solenoid coil in which the coil
current is above the minimum hold level. As long as the
solenoid current is above this threshold the solenoid is
designated as being energized as denoted in input words per
Table XXXVII. :

The coil current threshold can be changed to the pull-in
level by loading and transferring the Solenoid Energize Test
via the OE Storage Register (see Table XXXIII). Once the
Solenoid Energize ‘Test is requested, the solenoid coil
current comparator will designate the solenoids as being
energized only if the current remains above the pull-in
level.

3.1.3:4.3 Hydraulic Valve Servoswitch Control System

The hydraulic valve servoswitch control system receives
digital commands from the in-control DCU, decodes these
commands, and provides the fail-operational and fail-safe
servoswitch on/off (energize/deenergize) control signals to
the controller/engine interface.

Hardware monitors the coil current in each servoswitch coil

to provide the status of each servoswitch in input words, per
Table XXXVII.
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3.1.3:4.3.1 Servoswitch Coil Drivers

The servoswitch coil drivers provide +26 VDC to the
controller/engine interface for servoswitch operation. The
Channel A fail-safe servoswitch on/off command bits are in OE
On/Off Register 3A. The Channel B fail-safe servoswitch
on/off command bits are in On/0ff Register 3B. The fail-
operational servoswitch on/off command bits are in OE On/Off
Register 2B. OE on/0Off Register commands are defined in
Table XXXI.

The servoswitch driver power supplies in each controller
channel are also controlled by the OE Power Safety Switch in
each corresponding OE, as described in 3.1.3:4.8.

3.1.3:4.4 Spark Igniter Control System

The spark igniter control system in each OE receives digital
commands from the in-control DCU, decodes these commands, and
provides +26 VDC power and the on/off (energize/deenergize)
control signals to the controller/engine interface for three
spark igniters in each channel. :

3.1.3:4.4.1 Igniter Command and Power Outputs

The three igniter drives in each OE are commanded on and off
simultaneously. The on/off command bit for the Channel A
igniters is in OE On/0ff Register 1A and for the Channel B
igniters is in OE On/Off Register 1B as defined in Table
XXXI.

The spark igniter driver power supply is also controlled by
the OE Power Safety Switch in the corresponding OE as
described in 3.1.3:4.8.

3.1.3:4.4.2 Igniter Monitors

Hardware circuits (three in each OE) monitor each of the six
engine spark igniters and provide the status of the igniters
in input words, per Table XXXVII.

3.1.3:4.5 Hydraulic Servovalve Control System

Each OE contains a servovalve control system for each
hydraulically actuated propellant valve. Each control system
includes a servovalve driver function, a servoactuator
monitor function utilizing the RVDT (Rotational Variable
Differential Transformer) position sensor monitor, and a
servoactuator model/monitor function.
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3.1.3:4.5.1 Servovalve Drivers

The servovalve driver function provides a DC current to the
controller/engine interface proportional to the algebraic sum
of the servovalve position command from the in-control DCU
and the servovalve actuator position feedback signal from the
servoactuator monitor function. An IE input sequence
transfers this current to the IE DPM as a servovalve current
monitor value (see Table XXVIII) which can be used to isolate
which servoactuator may have failed. The servovalve driver
function is shown in Figure 7, D/A-RVDT Actuator
Configuration.

3.1.3:4.5.2 RVDT Position Sensor Monitor

The RVDT position sensor monitor utilizes 2 khz excitation.
The sensor monitor is used for the servovalve driver function
and the servoactuator model/monitor function. The
servoactuator positions are input to the IE for A/D
conversion and storage in the IE DPMs via an IE input
sequence. In the IE DPM these are identified as valve
positions for MFV, MOV, CCV, FPOV, OPOV, per Table XXVIII.

3.1.3:4.5.3 Servoactuator Model/Failure Monitor

The servoactuator model/monitor compares the model with the
actual servovalve position and generates an interrupt (SEII)
to both DCUs when the result is out of tolerance.

The servoactuator model/monitor is shown in Figure 7. The
model approximates the servoactuator response to the D/A
output and sums the result with the RVDT position sensor
monitor output. The monitor compares the result of the
algebraic summing operation to a predetermined value and
generates an interrupt to both DCUs when out-of-tolerance
errors are detected. The tolerance level is +6% of full
scale OPOV actuator position for Channel A and +10% of full
scale OPOV actuator position for Channel B. The larger error
tolerance for Channel B is required to accommodate additional
error sources during a servoactuator Channel A to Channel B
switchover.

' Hardware provides both positive and negative test signals to
force an out-of-limit condition at the monitor input to
verify the monitor’s ability to generate interrupts to the
DCUs. These test signals are generated when the commands,
Positive Actuator Monitor Test and Negative Actuator Monitor
Test, are issued by the in-control DCU via the OE Storage
Register as defined in Table XXXIII. The commands apply the
negative test input to all servoactuator monitors
simultaneously or the positive test input to all
servoactuator monitors simultaneously. '
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3.1.3:4.6 LVDT Position Sensor Monitor

The Linear Variable Differential Transformer (LVDT) position
sensor monitor utilizes 2 khz excitation for each of the LVDT
position sensors. These are input via an IE input sequence
for A/D conversion and storage in the IE DPMs, per Table
XXVIII. 1In the IE DPM these inputs are identified as valve
positions for Pogo RIV, Fuel Bleed Valve (FBV), Oxidizer
Bleed Valve (OBV) and Anti-Flood Valve (AFV).

3.1.3:4.7 RVDT and LVDT Excitation Power Supply and Monitor

There is one RVDT/LVDT power supply in each OE. The power
supply generates a 2 khz excitation signal for the RVDT and
LVDT valve position sensors.

The power supply is controlled by OE On/Off Register
commands and by the OE Power Safety Switch as described in
3.1.3:4.8.

The 2 khz excitation signal is input to the IE for PRC
conversion and storage in the IE DPMs.

3.1.3:4.8 OE Power Safety Switch

Each OE contains an OE Power Safety Switch that provides an
alternative way to turn off (in addition to OE Oon/Off
Register control) the in-channel 2 khz excitation, solenoid,
servoswitch, and igniter power supplies. The OE Power Safety
Switch, in turn, is controlled by the state of the watchdog
timers, the OE Power Monitor Function, and the OE Power
Control Switch.

DCU A will have control of the OE Power Safety Switches when
both its WDTs are reset. DCU B will control the OE Power
Safety Switches when either or both of DCU A’s WDTs are
timed-out. The control of the OE Power Safety Switches by
the state of the WDTs (of both DCUs) is called the power down
matrix.

The OE Power Monitor Function (see 3.1.3:4.9) detects out-of-
tolerance conditions for OE voltages. The OE Power Monitor
Function that occurs during initial controller power
application and during power recovery following a momentary
power interruption is referred to as power up reset.
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3.1.3:4.8 OE Power Safety Switch (Continued)

The in-control DCU can set (power on) the OE Power Safety
Switches by executing the Turn On OE A/B Power Control Switch
I/0 instructions (see Table XXXVIII). An OE Power Safety
Switch is reset (power off) by any one of the following
conditions:

(a) A Turn Off OE A/B Power Control Switch I/O
instruction.

(b) A power up reset operation by the power supply.

(c¢) An OE power monitor out—of—tolerance condition.
Both OE Power Safety Switches are reset by the power down
matrix when a combination of at least one DCU A WDT and at
least one DCU B WDT are in the timed-out state. The power
down matrix clears the OE On/Off Registers to the deactivated
state on both channels.

3.1.3:4.9 OE Power Monitor Function

Each OE contains a power monitor function. The OE Power
Monitor Function controls the state of the in-channel 2 khz
excitation, pneumatic solenoid, servoswitch, and igniter
power supplies, WDT2, and the OE On/Off Registers.

The power monitor function provides the following control
functions whenever the Logic +5 VDC or OE +15 VDC power
supply voltage is out of tolerance:

(a) 2 khz excitation, solenoid, servoswitch and igniter
power supply outputs are turned off via the reset of
the OE Power Safety Switch.

(b) WDT2 is held in the timed-out state.

(c) Cross-channel RCFI2 is generated.

(d) OE On/Off Registers are cleared.

Hardware can simulate a +5 VDC logic power supply under-
voltage limit condition to test the power monitor function.
The in-channel DCU can activate/deactivate this test by

issuing the Set/Reset +5V Under Voltage Test I/O instructions
per Table XXXVIII.

Page 33



CP406R0008 (V1.0), Part I, Volume 1

3.1.3:5 Power Supply Electronics (PSE)

There are two power supply electronics (PSE A and PSE B) that
provide power to Channel A and Channel B controller
electronics (DCU/CIE, IE, OE) respectively. Each PSE
provides control functions to both the in-channel and cross-
channel electronics.

Each Power Supply includes a primary power supply, a backup
power supply and a RAM memory holdup power supply (battery)
in each controller channel.

A set of operator-driven PSE Logic/Redundancy Tests verifies
PSE interrupt control logic and controller redundancy
operation. The Operational Program provides the necessary
functions to support these tests.

3.1.3:5.1 Primary Power Supply System

The primary power supplies provide the DC Voltages required
by the controller for normal operation. Each-of these power
supply outputs are input to the IE for A/D conversion and
storage in the IE DPMs, per Table XXVIII Part G.

The primary power supplies generate the following output
signals:

(a) PBD (Power Bus Down) is a discrete logic signal that
indicates primary (AC) input power failure. The
signal is provided to the cross-channel DCU as
Cross—-Channel Power Bus Down in an input word per
Table XXXVII.

(b) PFI is an interrupt signal that indicates primary
(AC) input power failure to the in-channel DCU.

(c¢) PRI is an interrupt signal to the in-channel DCU
that indicates operational voltages have recovered
from a transient failure condition, and that the
Power Off Indicator (POI) is not set.

(d) ADPFI is an interrupt signal to the cross-channel
DCU that indicates primary (AC) input power has
failed in the in-channel DCU.

(e) RESET is a discrete logic signal that indicates when
the power supply outputs have been within the
tolerance long enough to support DCU operation after
initial power turn-on or after a power transient.

It sets address bit 23 and causes a Reset Exception
as defined in 3.1.3:2.1.1.
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3.1.3:5.1 Primary Power Supply System (Continued)

(f) Master Clear is a discrete logic signal that
instigates initialization when the power supply
outputs are within tolerance after initial power
turn-on or after a power transient. Master Clear
performs the following:

(1) Clears (resets) the SCP data and address
comparators.

(2) Resets the IE Channel Indicator (associated
with the IE Address Counter) to indicate
Channel A.

(3) Clears the OE Storage Register to 0.

(4) Clears the OE On/Off Registers to the
deactivated state; Halt Exit is enabled.

(5) Clears the +5 Under Voltage Test to the reset
condition.

(6) Turns off the OE Power Safety Switch, which
deactivates the 2 khz excitation, solenoid,
servoswitch and igniter power supplies.

(7) Clears (resets) all interrupt latches and
pending bits, with the exception of the TRI
which remains latched after the other interrupt
latches are cleared.

(8) Clears the CIE Interrupt Mask Registers, which
disables all level 5 through level 1
interrupts.

(9) Presets the Real Time Clock to 4999.

(10) Clears (sets) WDT1l and WDT2 to the timed-out
state.

(11) Clears the Inter-DCU Status Register to 0.

(12) Resets the VRC switch to DCU A. Clears the
address registers to 0 and sets (to 1) the
complete bits associated with a VRC
transmission sequence.

(13) Inhibits FDR recording.
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3.1.3:5.1 Primary Power Supply System (Continued)

(14) Clears (resets) all PRC counter data to 0.

(g) POI (Power Off Indicator) is a logic level that is
set upon loss of the +28 VDC backup power or the
failure of the +5 VDC processor Or memory power to
remain within the holdup tolerance. The setting of
POI inhibits generation of the PRI.

The primary power supplies receive the following signals:

(h) The OE Power Safety Switch on/off signal controls
the 2 khz excitation, solenoid, servoswitch, and
igniter power supply outputs as previously described
(3.1.3:4.8).

(i) POI can be set or reset by I/0 instructions per
Table XXXVIII.

3.1.3:5.2 Backup Power Supply System

The backup power supplies provide the DC voltages required to
hold up the DCU SCP microprocessors, the RAM main memories,
and the RAM FDR memories during primary power supply
interruptions. There are no software-controlled functions in
the backup power supplies.

3.1.3:5.3 Memory Holdup Power Supply

The memory holdup power supplies provide the DC voltage
required to hold up the main and FDR memories in the event of
both primary and backup input power failures. There are no
software-controlled functions in the memory holdup power
supplies.

3.1.3:5.4 VSPE Power

VSPE Channels A and B obtain power from their associated
channel power supplies (i.e., PSE A and PSE B). Power to
VSPE Channel C is derived from a combination of power from
PSE A and PSE B.

A failure of either PSE A or PSE B would be detected by a PFI
or an IE self-test. However, since Channel C of the VSPE is
the only element in the IE which utilizes Channel C power,
the IE (VSPE) Channel C Power Supply Self-Test (3.2.3:3.3.7)
is used to detect power failures that would influence Channel
C vibration input values.
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3.2 Operational Program Requirements

In this section all Operational Program requirements will be
stated. Requirements are prefaced by an open bracket, the
requirement number, and a closed bracket.

[IR0:1386;1] Except where noted, the detailed requirements
- of this section shall apply to the Operational Program in
both DCU A and DCU B.

The nominal hardware component configuration is as follows:

(a) DCU/CIE A is the in-control DCU.

(b) DCU/CIE B is the standby DCU.

(c) Both IEs, all sensors, and the IE (VSPE) Channel C
Power Supply are gqualified and all data are
utilized.

(d) Both OEs and their associated servoactuators are
qualified.

(e) Control of the servovalves is by means of the
Channel A servoactuators.

(f) DCU/CIE A commands the VRC transmissions and is the
source of the transmitted data.

3.2.1 Executive Processing

3.2.1:1 PROM/RAM Program Entry

Because of the volatile nature of RAM the bootstrap program
is in PROM. PROM is entered upon receipt of an in-channel
Reset Channel command with Halt Exit enabled, or upon power
recovery. The Operational Program disables the Halt Exit so
that a Reset Channel command will not take effect while a
DCU is cycling, thus preventing a possible occurrence of an
SCPI. PROM will be exited and RAM entered upon acceptance
of an Exit PROM command. PROM Software requirements are
defined in the PROM Spec.

In-channel and cross-channel responses to the Reset Channel
and Exit PROM commands are described in the following
paragraphs. In addition, in-channel power failure and power
recovery responses are provided.
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3.2.1:1.1 In-Channel Reset Channel Response

If an in-channel Reset Channel command is received while
Halt Exit is enabled, control of that DCU is transferred to
the PROM by the Reset Exception (see 3.1.3:2.1.1). While in
PROM, routines may be utilized to dump or load memory, etc.
as stated in 3.1.3:1.1. Control will remain in PROM until
receipt of an Exit PROM command. PROM software requirements
are defined in the PROM Spec.

If a DCU receives an in-channel Reset Channel command while
major cycles are sequencing, the command will be rejected.

3.2.1:1.2 Cross-Channel Reset Channel Respbnse

If a DCU receives a cross-channel Reset Channel command
while major cycles are sequencing, the command will be

rejected.

3.2.1:1.3 Receipt of Exit PROM while in PROM

An Exit PROM command received while in PROM will enable the
FDR and cause a transition from PROM to RAM.

When the Operational Program is entered from PROM:

(a) [IR1:1386;1] All interrupts shall be disabled. All
SEII monitoring will be suspended (3.2.3:6.1.3).

(b) [IR2:1386;1] All exception and interrupt vectors
used by the PROM program (see the PROM Spec.) shall
be initialized to point to their respective service
routines in RAM.

(c) [IR2:4247;1] A Reset +5V under Voltage Test I/0
Instruction shall be issued per Table XXXVIII.

(d) [IR2:2676;1] The RAM Sum Check Address Table
(SCAT), described in 3.3.4:2.1, shall be modified
so that subsequent sumchecks of RAM will not be
performed by PROM.

(e) [IR2:1386;2] PRI shall be cleared and enabled.

(£) [IR2:1386;3] SCPI shall be cleared and enabled.

(g) [IR4:1462;1] This function shall identify the

computer as either DCU A or DCU B via the Channel
A/B Indicator One/Two per Table XXXVII.
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3.2.1:1.3 Receipt of Exit-PROM while in PROM (Continued)

(h) [IR5] The DCU identifier bits in VDT words one and
: two (i.e., Identification Words one and two) shall
be updated.

(1) [IR6:1386;1] The in-channel DCU shall be assumed to
be qualified until its possible disqualification
during ensuing processing or self-tests. ‘

(3) [IR8:1386;1] Existing failure indications and
qualification status shall be retained for the IE,
OE, servoactuators and sensors.

(k) [IR9] The functions of Major Cycle Initiation,
3.2.1:2.2, shall be performed.

3.2.1:1.4 Receipt of Exit PROM while in RAM

An Exit PROM command received while in RAM will be accepted
and reported but no other action will be taken.

An Exit PROM command will be in the command registers upon
entry into RAM' from PROM.

3.2.1:1.5 In-Channel Power Failure Response

Power loss is caused by intentional power turn-off or
spontaneous interruption. It is indicated to the in-channel
DCU by a Power Failure Interrupt (PFI). To the cross-
channel, it is indicated by PBD and ADPFI at PFI, RCFI1 and
RCFI2 after PFI.

Cross-channel power failure response is defined under
3.2.1:9.3.

[IR17:1386;1] The required response by the in-channel DCU to
a PFI while in RAM shall be to perform all necessary
preparations for loss of power in the following order:

(a) [IR20] The in-channel and cross-channel OE power
supplies shall be turned off by executing the Turn
Off OE A Power Control Switch and Turn Off OE B
Power Control Switch I/O instructions, per Table
XXXVITII.

(b) [IR24] The Power Off Indicator (POI) shall be

cleared, by executing the Reset POI I/O instruction
per Table XXXVIIT.
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3.2.1:1.5 In-Channel Power Failure Response (Continued)

(c) [IR24:1843;1] The in-channel watchdog timers (WDT1,
WDT2) shall be timed-out by executing the Set WDT1
Time-Out and Set WDT2 Time-Out I/0 instructions,
per Table XXXVIII, except when the PFI occurs
during Checkout Standby. The WDTs are allowed to
time-out during Checkout Standby as a support
function of the PSE Logic/Redundancy Tests. The
tests are conducted only during Checkout Standby.

(d) [IR27] An MC68000 Stop instruction shall be
executed.

(e) [IR27:1386;1] Following the STOP instruction shall
be an MC68000 BRA instruction whose displacement
field specifies that the next instruction to be
executed is the aforementioned STOP instruction.
The BRA ensures that if the Operational Program is
restarted, execution will cease with the STOP

instruction.
[IR28:588;1] All PFI functions shall be completed in 53
usec, thus allowing 47 usec from PFI to entrance of response
request routine (47 + 53 = 100 usec 5 volt holding time) .

The required response to PFI when in PROM is given in the
PROM Spec.

3.2.1:1.6 In-Channel Power Recovery Response

When controller and DCU power attains (or recovers to)
normal operating conditions while POI is not set, it is
indicated to the in-channel DCU by a Power Recovery
Interrupt (PRI). To the cross-channel DCU it is indicated
after a delay of about 1 to 2 usec by the negation of both
PBD and the ADPFI signal. However, the ADPFI latch and its
pending bit remain set.

Cross-channel power recovery processing is described in
3.2.1:9.3.1.

The required response to PRI by the in-channel DCU while in
RAM is to perform all tasks necessary to ensure readiness
for reinitialization or a repeat of power loss. They
include:

(a) [IR30] POI shall be set by executing the Set POI
1/0 instruction per Table XXXVIII.
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3.2.1:1.6 In-Channel Power Recovery Response (Continued)

(o) [IR31:3088;1] Existing phase/mode, failure
indications, and qualification status shall be
preserved.

(c) [IR32:4731;1] If the DCU was disqualified prior to
power recovery, the DCU shall remain disqualified
by performing self-disqualification per 3.2.1:6.1.

(d) If this is a recovery following a power transient
in which the PFI had been non-pending, the DCU will

perform self-disqualification per 3.2.1:6.1 (see
3.2.3:3.1.5).

(e) If phase is Checkout:

(1) [IR32:3;1] Verification shall be made that
power recovery has cleared the in-channel OE
Storage Register to 0 and the in-channel OE
On/Off Registers-to the deactivated state with
Halt Exit enabled. [IR32:4457;1] The
verification of the OE On/Off Registers shall
exclude the igniters and spares. This
procedure is a support function of the PSE
Logic/Redundancy Tests.

(2) [IR32:3;2] Self-disqualification of the DCU
shall be performed per 3.2.1:6.1.

(£) [IR32:4902;1] If a Major Cycle Initiation was in
progress, but was not completed when the PFI/PRI
occurred, then the DCU/CIE shall be disqualified
per 3.2.1:6.1. ‘

(g) Otherwise:

(1) [IR32:724;1] Recording by the FDR shall be
enabled.

(2) [IR33] PRI and SCPI shall be cleared, per
Table XXXVIII.

(3) [IR34] The current interrupt level shall be
set to four.

(4) [IR35:80;1] Major Cycle Initiation shall be
performed, per 3.2.1:2.2.

The required response to PRI while in PROM is given in the
PROM Spec.
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3.2.1:2 Madjor Cycle Control

The engine control functions and the monitoring functions
required of the Operational Program will be iterated at a
rate of 50 Hz except where individually specified otherwise.
Each iteration is called a major cycle whose period is
nominally 20 msec. The major cycle will be initiated and
maintained per the following requirements.

3.2.1:2.1 Normal Sequencing

Normal sequencing of the major cycle will be based on the
Real Time Clock by synchronizing to the Timing Reference
Interrupt (TRI).

[IR36] A TRI is generated every 5 msec and shall mark the
beginning of a minor cycle. [IR37] Four minor cycles shall
constitute a major cycle.

Sequencing of functions within a major cycle will be
designed to achieve efficient processing, engine control,
monitoring and response. [IR38] An IE input sequence for
the entire IE DPM shall be requested by the in-control DCU
in the fourth minor cycle for the following major cycle.
[IR39] Scaling of incoming data shall not be initiated by
the in-control DCU until the requested sensor data has
arrived in the IE DPM and the previous major cycle
processing is complete. [IR40:4590;1] Operations requiring
scaled data shall be initiated after the applicable incoming
data has been scaled. The reasons for beginning sensor
input and scaling previous to the major cycle in which this
data will be used are to:

(a) Utilize any spare time at the end of a major cycle
for data scaling.

(b) Allow for non-consecutive major cycles effectively
longer than 20 msec.

(c) Perform VRC transmissions and IE data input
concurrently.

[IR41] All control, monitoring and outputs of engine device
commands shall be performed in the same major cycle. [IR42]
Mission phase/mode shall be changed at either end of the
major cycle only, SO that all computations (other than data
scaling, which is not mode dependent) belong to the same
mode. Detailed descriptions of the sequencing of functions
will be provided in Part II of this specification.

Continual self-tests will be performed every major cycle per
subordinate paragraphs of 3.2.3:3. '
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3.2.1:2.1 Normal Sequencing (Continued)

[IR44] Within a major cycle, the required functions shall be
sequenced and processed without suspension for intentional
synchronization with the minor cycles. The only exceptions
are:

(d) An IE input sequence of sampled engine data will be
synchronized with the fourth TRI so that sampling
time jitter is minimized.

(e) Reset of WDTs will be synchronized to the TRI.

(f) Other functions may be grouped with the items above
for convenience or efficiency.

[IR50:1386;1] Time Reference shall be incremented every
major cycle, except as explicitly specified elsewhere in
this document.

[IR50:1386;2] If the required functions within a major cycle
are not completed before receipt of the TRI that designates
the start of a new major cycle, the DCU/CIE shall be
disqualified per 3.2.1:6.1.

3.2.1:2.1.1 Input Requiréments

Parameters are input via the IE DPM every major cycle, per
3.2.1:2.1. An IE input sequence is accomplished by loading
the IE Range and Address counters via the Load IE
Range/Address I/0 instructions, then executing the Initiate
IE Operation I/O instruction, per Table XXXVIII.

After the IE input sequence has been completed, the input
data can be accessed by fetching it from the IE DPM
dedicated addresses, per Table XXVIII. Appropriate IE self-
tests of 3.2.3:3 are performed both before and after the IE
input sequence to ensure the integrity of the IE.

Discrete input words are read as needed by means of the I/O
instructions shown in Table XXXVI.

The Vehicle Command Channel input registers are read as
required to meet the response time requirements of 3.2.2,
using the VIE Command Register Channel A/B/C I/0
instructions shown in Table XXXVI.

The cross-channel Inter-DCU Status Registers A/B (IDSR) are
read by using the instructions defined in Table XXXVI. IDSR
input will be effected as specified in 3.2.3:3.1.2, CIE
Inter-DCU Status Register Self-Test, or 3.2.3:2.3.5,
Controller Checkout Tests.
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3.2.1:2.1.2 Output Requirements

The VRC DPMs must be updated in alternate major cycles per
the requirements of 3.2.2:2.

In addition, Inter-DCU Status Register outputs are required
as indicated in 3.2.1:2.1.2:1 and OE outputs as indicated in
3.2.1:2.1.2:2.

3.2.1:2.1.2:1 Inter-DCU Status Register Outputs

Data is output to the in-channel Inter-DCU Status Register
(IDSR) by using the instructions, per Table XXXVIII. After
loading its in-channel IDSR, a DCU will read back the
contents and verify the load, per 3.2.3:3.1.2:1. IDSR
output will be effected as specified in 3.2.3:3.1.2, CIE
Inter-DCU Register Self-Test, or 3.2.3:2.3.5, Controller
Checkout Tests.

3.2.1:2.1.2:2 Output Electronics Processing

All commands destined to the D/As or OE On/Off Registers are
transferred through the OE Storage Registers. The data
destined for the D/A or On/Off Register is packed into the
12 MSBs of a word and the 4 bit code selecting the desired
destination into the 4 LSBs. The packed word is then
transferred to the storage register using the Load OE A/B
Storage Register I/O instruction per Table XXXVIII.

The OE Storage Registers Self-Test of 3.2.3:3.1.7 verifies
the proper loading of the storage register before the data
is transferred to its intended destination using the

Transfer OE A/B Storage Register I/0 instruction per Table
XXXVIII. _

Timing and verification of the D/A outputs will be as
specified in 3.2.3:6.1.

The level monitored by the discrete Pull-In/Hold status bit
inputs can be changed from Hold to Pull-In by retaining the
Solenoid Energize Test code, defined in Table XXXIII, in the
OE Storage Register. Use of this I/0 instruction is
described in 3.1.3:4.2.2 and 3.2.3:2.3.5:25.

The OE On/Off Registers include bits that command functions
internal to the DCU, as listed in Table XXXI. These
functions include Group 1 and 2 sensor switches, Power Off
Time Exceeded, Pull-In/Hold Voltage, PRC Overflow Test, 2
khz Excitation, and Halt Exit. Other bits affect components
outside the DCU including igniters, servoswitches, and
servoactuators, whose command requirements are defined in
3.2.3:6. :
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3.2.1:2.1.2:2 Output Electronics Processing (Continued)

The status of all non-spare bits in the OE will be monitored
every major cycle by performing the Engine/Controller On/Off
Devices Self-Test of 3.2.3:3.2.3. :

3.2.1:2.2 Major Cycle Initiation

Major Cycle Initiation is performed to initialize the system
with respect to engine control and sequencing upon initial
application or reapplication of power. It is also required
subsequent to a suspension of major cycle processing for
which the WDTs are expected to time-out and/or whenever the
major cycle sequence is to be reinitiated.

[IR76:1386;1] The sequence of initiating functions shall
include the following:

(a). [IR76:4795;1] If Major Cycle Initiation is entered
from PROM exit, an indication shall be set to
perform a Pneumatic Shutdown, per Table XIV, after
Major Cycle Restart. [IR76:4795;2] Flight
Readiness Test (FRT) mode shall be deactivated.
[IR76:4795;3] The memory configuration shall be set
to Flight. )

(b) [IR76:4795;4] If Major Cycle Initiation is entered
from Controller Checkout, the phase/mode shall be
set to Checkout Standby. [IR76:4795;5] The memory
configuration shall remain Ground Checkout.

(¢) If Major Cycle Initiation is entered upon receipt
of a Controller Reset command, then the phase/mode
will have been set to Checkout Standby.
[IR76:4795;6] The existing memory configuration
shall be retained.

(d) [IR76:2254;1] If Major Cycle Initiation is entered
due to exit from PROM, exit from Controller
Checkout, or PRI, the subsequent steps shall b
taken: ‘

(1) [IR76:1291;1] Both WDTs shall be timed-out by
means of the I/0 instructions in Table
XXXVIIT.

(2) [IR76:4795;7] Both WDTH interrupts shall be
cleared and enabled in the CIE.
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3.2.1:2.2 Major Cycle Initiation (Continued)

(3) [IR76:4905;1] The DCU shall perform self-
disqualification (3.2.1:6.1) if either WDT
fails to time-out, as determined by the
absence of its corresponding WDTH interrupt
pending bit.

(e) [IR79:2254;1] RCFI1, RCFI2, and ADPFI shall be
disabled (in the CIE), except as necessary in
3.2.1:2.2.1 and 3.2.1:2.2.2, until as indicated
under Major Cycle Restart, 3.2.1:2.3. SEII
monitoring will be suspended per 3.2.3:6.1.3.
[IR79:2979;1] TRI shall be disabled.

The following requirements govern the remainder of the Major
Cycle Initiation sequence necessary to select the in-control
DCU. Selection of the in-control DCU depends upon the
reason Major Cycle Initiation was entered.

3.2.1:2.2.1 Major Cycle Initiation after PROM Exit,
Controller Checkout or Controller Reset

[IR84:2254;1] If the Major Cycle Initiation is invoked as a
result of: .

(a) PROM exit (invoked as a result of the Exit PROM
command) , or

(b) Exit from Controller Checkout, or
(c) Controller Reset
the subsequent steps shall be‘performed:
(d) [IR84:80;1] WDT1 and WDT2 shall be reset.

(e) [IR84:2168;1] RCFI1l and RCFI2 shall be cleared and
enabled in the CIE.

(£) [IR84:4521;1] If Major Cycle Initiation had been
entered from Controller Reset and both RCFIs are
negated; or if Major Cycle Initiation had been
entered from PROM exit or Controller Checkout, and
both RCFIs are negated within 200 msec; then the
following shall be performed in the given order:

(1) [IR84:2;4] Both RCFIs shall be disabled.
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3.2.1:2.2.1 Major Cycle Initiation after PROM Exit,
Controller Checkout or Controller Reset
(Continued)

(2) [IR85:591;1] If the Power Off Time for this
channel has been exceeded (per an input word of
Table XXXVII), DCU self-disqualification shall
be performed (3.2.1:6.1). The primary purpose
of the Power Off Time check is to determine if
the cross-channel DCU has disqualified the in-
channel DCU. This check is also employed as a
part of the PSE Logic/Redundancy Tests to
determine if the Power Off Time status has
failed On into the exceeded state.

(3) [IR89:2442;1] Else, if the Power Off Time for
this channel has not been exceeded, DCU A shall
be declared as the in-control DCU and DCU B
shall be declared as the standby DCU; the
cross—-channel DCU shall be assumed to be
qualified; and the cross-channel OE and
servoactuator failure indications shall be
reset if due to a simulated failure during FRT-
1 (3.2.3:2.4.3:1).

(g) [IR89:4521;1] If neither condition stated in (f)
was met, then the following shall be performed in
the following order:

(1) [IR89:1386;2] Both RCFIs shall be disabled, and
ADPFI shall be cleared and enabled in the CIE.

(2) [IR89:2;5] The in-channel DCU shall be set as
the in-control DCU.

(3) [IR89:1208;1] If either the ADPFI or the Power
Bus Down (PBD) bit indicates power has been
lost in the cross-channel, the cross—-channel’s
DCU, IE, and OE shall be disqualified during
Completion of Major Cycle Initiation,
3.2.1:2.2.3. [IR89:2;7] Else, if cross-channel
power is within tolerance, only the cross-
channel DCU shall be disqualified, during
Completion of Major Cycle Initiation.

(h) [IR89:1208;5] Major Cycle Initiation shall be
completed per 3.2.1:2.2.3.
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3.2.1:2.2.2 Major Cycle Initiation After PRI

Upon power recovery a determination will be made if a full
recovery can be attempted, else channel disqualification or
shutdown will be performed. In any case memory
configuration will be retained as existed prior to the power
interruption.

If power recovers and either condition (a) or (b) exists, a
complete recovery will be attempted. As part of this
recovery the engine phase/mode will be retained as existed
prior to the power transient. Operational status for all
hardware components will be retained in absence of other
disqualifying failures.

(a) The DCU is not the sole su viving DCU and a
occurs in sufficient time for both watchdog
to be reset in no more than 59.5 msec from t

onset of power interruption.

g

RI
imers
e

o

(b) The DCU is the sole surviving DCU and OPOV travel
is not excessive.

Permanent disqualification of the hardware components on the
channel experiencing a power interruption will occur, or
pneumatic shutdown will be entered under condition (¢) or
(d) below.

(c) The DCU is not the sole surviving DCU and a PRI
does not occur in sufficient time for both
watchdog timers to be reset in no more than 59.5
msec from the onset of power interruption
(permanent disqualification). Control by the
cross-channel DCU will continue in the current
memory configuration and engine phase/mode.

(d) The DCU is the sole surviving DCU and OPOV travel
is excessive (pneumatic shutdown) .

If an AC power interruption occurs in less than 440 msec
from the previous power recovery on the same channel, the
DCU or the DCU, IE, and OE of that channel will be
permanently disqualified, or pneumatic shutdown will be
entered.

If power is interrupted to a channel whose DCU has
previously been disqualified, the IE and OE of that channel
will be permanently disqualified.

[IR92] When Major Cycle Initiation has been entered
following a PRI, the status of the in-channel DCU and cross-
channel DCU shall be determined. [IR93:1265;1] ADPFI,

RCFI1 and RCFI2 shall be cleared and enabled in the CIE.
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3.2.1:2.2.2 Madjor Cycle Initiation After PRI (Continued)

[IR93:5083;1] A 500 (-0/4+100) usec delay shall be initiated.
[IR93:3260;2] If, at any time during the 500 usec delay,
there is any indication of RCFI1, RCFI2, ADPFI, or cross-
channel power loss via the Cross-Channel Power Bus Down
(PBD) status bit, then the cross-channel DCU shall be
declared non-operational. [IR93:3260;3] Else the cross-
channel DCU shall be declared operational.

Item (e), (f) or (g) below will then berperformed depending
upon the status of the DCUs.

(e) [IR93:1386;2] If the cross-channel DCU is
operational and the in-channel Power Off Time
status is in the exceeded state (per Table XXXVII),
the in-channel DCU shall disqualify itself.

(£) If both DCUs have been determined to be operational
and: :

(1) [IR94:4477;1] If it has been at least 440
+0/-20 msec between the previous power
recovery and the last power failure on the
in-channel, the following shall occur:

(i) [IR95] DCU A shall be declared as the
in-control DCU and DCU B as the standby

DCU.

(ii) [IR96:3300;1] The existing memory
configuration and engine phase/mode
shall be retained. :

(iii) [IR98:80;1] The Major Cycle Initiation
shall be completed, per 3.2.1:2.2.3.

(iv) [IR98:1208;1] Control loop
computations (of 3.2.3:1.4.1) shall
be bypassed in the first major cycle.

(2) [IR98:4477;1] If it has been less than 440
+0/-20 msec between the previous power
recovery and the last power failure on the in-
channel, the following shall occur:

(i) [IR98:1265;2] The in-channel DCU shall
disqualify itself, leaving the cross-
channel DCU in control.

Page 49



CP406R0O008 (V1.0), Part I, Volume 1

3.2.1:2.2.2 Major Cycle Initiation After PRI (Continued)

(g) [IR100:3088;1] If the in-channel DCU has been
determined to be operational and the cross-channel
DCU has been declared as non-operational, the
following shall occur:

(1) [IR100:3088;2] The in-channel DCU shall be
declared as the in-control DCU.

(2) [IR100:3088;3] The cross-channel DCU shall be
disqualified during Completion of Major Cycle
Initiation, 3.2.1:2.2.3. [IR100:4184;1] If
the cross-channel DCU is non-operational due
to a power loss, then that channel’s IE and OE
shall also be disqualified during Completion
of Major Cycle Initiation, unless previously
disqualified.

(3) [IR100:4477;1] If at least 440 +0/-20 msec has
elapsed between the previous power recovery
and the last power failure on the in-channel,
and the engine state is Start at Thrust
Buildup (Ignition Confirm), Mainstage or
Shutdown, the following shall occur:

(1) [IR100:3088;6] Indication shall be set
to check for OPOV travel due to
pneumatic closure. This check will be
performed per 3.2.1:2.3(0).

(ii) [IR102:3300;1] The existing memory
configuration and engine phase/mode
shall be retained.

(iii) [IR104:80;1] The Major Cycle Initiation
shall be completed, per 3.2.1:2.2.3.

(iv) [IR104:1394;1] Control loop computations
shall be bypassed in the first major
cycle.

(4) [IR104:4477;1] If less than 440 +0/-20 msec
has elapsed between the previous power
recovery and the last power failure on the in-
channel, or for engine states other than Start
after ignition confirmed, Mainstage or
Shutdown, the following shall occur:

»
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3.2.1:2.2.2 Madjor Cycle Initiation after PRI (Continued)

(1) [IR105] An indication shall be set to
perform Pneumatic Shutdown, per Table
XIV, subsequent to Major Cycle Restart.

(ii) [IR106:80;1] The Major Cycle Initiation
shall be completed, per 3.2.1:2.2.3.

3.2.1:2.2.3 Completion of Major Cycle Initiation

If the in-channel DCU has not disqualified itself during
Major Cycle Initiation, then:

(a) [IR117:1394;1] WDT1l shall be reset and WDTH1 shall
be cleared and enabled.

(b) [IR117:1386;1] WDT2 shall be reset and WDTH2 shall
be cleared and enabled. [IR117:3088;1] If this
sequence was entered from Major Cycle Initiation
after PRI, the elapsed time from the Power Off Time
Exceeded status check of 3.2.1:2.2.2(e) to the
resetting of WDT2 shall not exceed 0.5 msec. This
time constraint is required to allow the DCU to
restart by resetting both of its WDTs within the
race condition window established by the surviving
DCU, per 3.2.1:9.3.1(f) (3).

(c) [IR117:3260;1] If the cross-channel DCU is to be
disqualified, the following shall be performed
immediately after the resetting of WDT2:

(1) [IR117:3260;2] The appropriate OE on/Off
Register bit shall be set to indicate Power
Off Time in the cross-channel has been
exceeded. '

(2) [IR117:3260;3] The OE Storage Registers Self-
Test, 3.2.3:3.1.7, shall be bypassed for this
update. The cross-channel Power Off Time
Exceeded indication will be set by loading the
cross-channel OE Storage Register and
immediately transferring the contents.
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3.2.1:2.2.3 Completion of Major Cycle Initiation
(Continued)

(3) The Engine/Controller On/Off Devices Self-
Test, 3.2.3:3.2.3, will be performed. If the
in-channel DCU fails to set the Power Off Time
Exceeded bit, that DCU will perform self-
disqualification. [IR117:3260;4] During such
a disqualification, the time between the
resetting of WDT2 (above) and the fast time-
out of the WDTs, per 3.2.1:6.1, shall not
exceed 495 usec.

(d) [IR117:2442;1] If the in-channel DCU is the in-
control DCU, it shall disable Halt Exit for both
CUs.

(e) [IR117:3235;1] If Major Cycle Initiation occurred
because of a PRI, and its preceding PFI had
interrupted the disqualification of a component,
that component disqualification shall be completed;
however, a Major Cycle Restart due to the
disqualification shall not be performed. Major

Cycle Restart will be invoked as specified below.

(f) 1If it has been previously determined that the
cross-channel DCU, or cross-channel DCU/IE/OE must
be disqualified, the disqualification will now
occur per 3.2.1:6.5. A Major Cycle Restart due to
the disqualification will be invoked as specified
below.

(9) [IR117:3088;2] If Major Cycle Initiation occurred
because of a PRI, an in-channel power recovery
shall be reported with the associated failure
response.

(h) [IR118] A Major Cycle Restart shall be performed
per 3.2.1:2.3.
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3.2.1:2.3 Major Cycle Restart

Major Cycle Restart functions are as follows:

(a) SEII Monitoring will be suspended (3.2.3:6.1.3).
[IR120:2979;1] TRI shall be disabled.

(b) [IR123:3528;1] All strike counts shall remain
unchanged by the Major Cycle Restart.

(c) [IR124:1394;1] WDT2 shall be reset.

(d) [IR127:82;1] If Major Cycle Restart was entered
from Major Cycle Initiation and the in-channel DCU
is the in-control DCU, then the following shall

apply: -

(1) [IR127:3528;1] If an OE or servoactuator
channel is disqualified, then the OE Power
Control Switch and the OE On/Off Registers
shall be commanded to the appropriate state as
described in 3.2.1:6.3 or 3.2.1:6.4,
respectively.

(2) [IR127:2168;1] For qualified OEs, the OE Power
Control Switch shall be commanded On, and the
source of RVDT/LVDT excitation shall be
selected according to the servoactuator
channel qualification status. [IR127:1843;1]
In addition, the OE On/Off Registers shall be
commanded to the following temporary
configuration, which shall remain in effect
until updated in the first major cycle:

(i) [IR127:82;5] All igniters, solenoids,
and servoswitches shall be deenergized,
with the contingent exception in (ii),
below.

(ii) [IR127:4641;1] If Major Cycle Restart
was entered from Major Cycle Initiation
after PRI, then the commanded state of
the Emergency Shutdown Solenoid and the
HPOP IMSL Purge Solenoid shall remain
unchanged.
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3.2.1:2.3 Major Cycle Restart (Continued)

(e) [IR127:5672;1] If Major Cycle Restart was entered
either from Major Cycle Initiation or because the
cross-channel has recovered from a power transient,
then the following shall apply:

(1)

(2)

IR127:5672;2] The IE DPM locations dedicated
to the PRC data of shaft speed and flowrate
shall be set to $0000 to prevent the
occurrence of an SCPI when these locations are
read.

[IR127:5672;3] If the in-channel DCU is in
control, the OPOV, FPOV, MFV, MOV, and CCV

commands shall be initialized to their last
computed commands.

This will allow the Servo-Actuator Model to
start recovery from indeterminate values that
may be present in the Digital to Analog
command registers. For power transients, 57
msec (worst case) are needed from command .
initialization to enabling SEIIs.

Since the fail-safe servoswitches are
deenergized, the actuators are hydraulically
locked, preventing these commands from moving

‘the actuators. New actuator commands will be

issued per 3.2.1:2.3(1).

(£) [IR127:3235;1] If the in-channel DCU is in control,
a Terminate IE Sequence I/O instruction shall be
executed, and

(1)

If Major Cycle Restart was entered subsequent
to a recoverable power transient on either
channel, then,

(1) [IR128:1394;1] If the power transient
was on the in-channel, power recovery
shall be considered the time of the PRI.

[IR128:1208;2] Else, the power transient
was on the cross-channel, and power
recovery shall be considered the time at
which cross-channel power was detected,
(per 3.2.1:9.3.1(f)) .

(ii) [IR128:1394; 3] WDT1 shall be reset.
(iii) [IR128:1386;1] An input of TRCA/TRCB

data shall be initiated between 4.0 and
9.0 msec after power recovery.
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3.2.1:2.3 Major Cycle Restart (Continued)

(2)

(iv)

(v)

(vi)

(vii)

(viii)

[IR128:4597;1] All other processing
shall be suspended until at least 10.0
msec after power recovery. The 10 msec
delay is required for RVDT position
settling time. [IR128:1208;3] After the
delay, TRI shall be cleared and enabled.

[IR128:1386;3] Upon the occurrence of a
TRI at least 10.0 msec after power
recovery, WDT1l and WDT2 shall be reset.
[IR128:1208;4] An IE input sequence of
the entire IE DPM shall be initiated.

[IR128:1394;7] The new major cycle shall
start upon the TRI following the
initiation of the IE input sequence.

[IR128:5501;1] The data for HPFP Shaft
Speed, LPFP Shaft Speed, LPOP Shaft
Speed and Fuel Flowrate shall not be
used for any processing (other than
scaling and reporting in the VDT) until
the data has been updated by an IE input
sequence that occurs at least 20.0 msec
after power recovery except as noted in
3.2.3:3.3.2.

[IR128:5501;2] The data for Fuel Bleed
Valve, Oxidizer Bleed Valve, Pogo RIV,
and Anti-Flood Valve shall not be used
for any processing (other than scaling
and reporting in the VDT) until the data
has been updated by an IE input sequence
that occurs at least 40.0 msec after
power recovery except as noted in
3.2.3:4.2.4(c) .

Else, if Major Cycle Restart was entered due
to a controller component disqualification
which switched the source of the 2 khz
excitation, then:

(1)

(ii)

[IR128:3235;1] An input of TRCA/TRCB
data shall be initiated at least 1.75
msec after the switch of excitation
source. This time is required for 2 khz
and related filters to settle within
tolerances.

[IR128:3280;1] All other processing
shall be suspended until at least 1.0
msec after the request for TRCA/TRCB
input data. [IR128:3235;3] After the
delay, TRI shall be cleared and enabled.
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3.2.1:2.3 Major Cycle Restart (Continued)

(iii) [IR128:3235;4] Upon occurrence of a TRI,
WDT1 shall be reset. [IR128:3235;5] IE
input sequence of the entire IE DPM
shall be initiated.

(iv) [IR128:3235;6] A new major cycle shall
start upon the TRI following the
initiation of the IE input sequence.

(3) Else, if Major Cycle Restart was entered due
to a DCU B takeover, then,

(i) [IR128:4184;1] WDT1l shall be reset.

(ii) [IR128:5546;1] An input of TRCA/TRCB
data shall be initiated between 4.0 and
9.0 msec after commanding On the OE
Power Control Switch. :

(iii) [IR128:5546;2] All other processing
shall be suspended until at least 10.0
msec after commanding On the OE Power
Control Switch. The 10.0 msec delay is
required for RVDT position settling
time. [IR128:4184;4] After the delay,
TRI shall be cleared and enabled.

(iv) [IR128:5546;3] Upon occurrence of a TRI
at least 10.0 msec after commanding On
the OE Power Control Switch, WDT1l and
WDT2 shall be reset. [IR128:4184;6] An
IE input sequence of the entire IE DPM
shall be initiated.

(v) [IR128:4184;7] The new major cycle shall
‘ start upon the TRI following the
initiation of the IE input sequence.

(4) Else, Major Cycle Restart had been entered for
some reason other than (1), (2), or (3) above,
then, '

(1) [IR128:1208;5] TRI shall be cleared and
enabled. [IR128:1208;6] Processing
shall be delayed until the next TRI;
then WDT1l shall be reset and an IE input
sequence of the entire IE DPM shall be
initiated.
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3.2.1:2.3 Major Cycle Restart (Continued)

(ii) [IR128:1394;9] A new major cycle shall
start upon the TRI following the IE
input sequence initiation.

(iii) Because the OE Power Control Switch is
turned on as a result of exiting PROM,
.or subsequent to Controller Checkout,
appropriate delays are required for the
settling time of the OE 2Zkhz excitation
as provided in 3.2.3:3.3.4.

Else, the in-channel DCU is in standby; and

(5) If Major Cycle Restart was entered either from
Major Cycle Initiation after PRI (i.e.,
subsequent to an in-channel power recovery) or
because the cross-channel has recovered from a
power transient:

(1) [IR128:4912;1] Processing shall be
suspended for 25 +/-1 msec to allow the
in-control DCU to update the IE DPM.
[IR128:4912;2] During this delay WDT1
and WDT2 shall not be timed out.

(ii) [IR128:1208;7] TRI shall be cleared and
enabled. [IR128:1394;11] Processing
shall be delayed until the next TRI;
then WDT1l and WDT2 shall be reset.

(iii) [IR128:1394;12] The new major cycle
shall start upon the subsequent TRI.

(6) Else, if Major Cycle Restart was not entered
as a consequence of power recovery then:

(1) [IR128:1208;8] TRI shall be cleared and
enabled. [IR128:1394;13] Processing
shall be delayed until the next TRI;
then WDT1l shall be reset.

(ii) [IR128:1394;14] The new major cycle
shall start upon the subsequent TRI.

(9) [IR128:82;1] Prior to commanding or reading data
from either OE in the first major cycle, the
following shall be performed:
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3.2.1:2.3 Major Cycle Restart (Continued)

(1) 1If Major Cycle Restart was entered from Major
Cycle Initiation, and the in-channel DCU is
the in-control DCU, then the OE Oon/Off
Registers will have been previously updated to
the qualification status of output devices, as
specified in (d) .

(2) [IR128:3088;:1] If Major Cycle Restart had not
been entered from Major Cycle Initiation and
the in-channel DCU is the in-control DCU, the
OE On/Off Registers shall be rewritten to
reflect phase/mode and the qualification
status of output devices.

Writing into the OE On/Off Registers ensures
performance of the OE Storage Registers Self-
Test prior to execution of other OE self-
tests. This will result in disqualification
of the cross-channel OE, in the event of an
undetected power failure in the cross-channel.

(h) [IR132:2442;1] The following functions shall be
performed in the first major cycle, prior to sensor
data processing (independent of scaling) :

(1) [IR132:1394;1] If the cross-channel DCU is
qualified, then RCFI1 and RCFI2 shall be
cleared and enabled. [IR132:3494;1] If both
DCUs are operational, the IDSR self-test shall
be initiated per 3.2.3:3.1.2 if it had been
suspended.

(2) [IR132:1208;2] If the cross-channel DCU is
disqualified, and cross-channel power is
operational, then, ADPFI shall be cleared and
enabled, per 3.2.1:9.

(i) Initialization of actuator commands to either prior
actuator commands or currently observed positions
will occur if Major Cycle Restart was entered due
to a power recovery Or DCU B takeover,
respectively. :

(1) [IR136:4291;1] If Major Cycle Restart was
entered due to a power recovery on either
~channel, the in-control DCU shall then perform
the following:
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3.2.1:2.3 Major Cycle Restart (Continued)

(2)

(i) [IR136:4291;2] The OPOV, FPOV, MFV, MOV,
and CCV commands shall be initialized to
their respective actuator commands that
existed just prior to the power

+ transient.

(ii) If their respective integral control is
in effect, integrators of the MCC Pc and
Mixture Ratio control loops will be
maintained as existed prior to the power
transient.

(iii) The MOV control loop (lag) will be
maintained as existed prior to the power
transient. :

[IR136:4184;1] If Major Cycle Restart was
entered due to a DCU B takeover, all actuator
commands and active actuator controls shall be
initialized according to the observed actuator
positions. This will be accomplished in the
first major cycle in which RVDT/LVDT
excitation is qualified. If RVDT/LVDT
excitation is permanently disqualified as a
consequence of successive failures of the OE
RVDT/LVDT Excitation Power Supply Self-Test,
the OE on which the failure was detected will
be disqualified, per 3.2.3:3.3.4.

[IR136:2092;1] Subsequent to performance of
the OE RVDT/LVDT Excitation Power Supply Self-
Test, if RVDT/LVDT excitation is qualified for
the controlling actuator channel in either the
first or second major cycle, all active
control loops shall be initialized in the
major cycle in which RVDT/LVDT excitation is
first qualified, by performing steps (i) -
(iii), below.

(1) [IR136:1974;2] The OPOV, FPOV, MFV, MOV
and CCV commands shall be initialized to
their respective RVDT positions.

(ii) [IR136:1394;5] If their respective
integral control is in effect,
integrators of the Main Combustion
Chamber Pressure in the chamber (MCC Pc)
and Mixture Ratio control loops shall be
initialized to obtain OPOV and FPOV
commands equal to their RVDT positions.
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3.2.1:2.3 Major Cycle Restart (Continued)

(3)

(k)

(iii) [IR136:1394;6] The MOV control loop
(lag) shall be initialized to represent
that the value has been steady at its
RVDT position.

When position commands have been issued to all
servoactuators, fail-safe servoswitches will be
commanded to the state described in Servoswitch and
Solenoid Data Processing (3.2.3:6.3). The above
requirements preclude the possibility of actuator
valves being driven to random positions due to
indeterminate values in the Digital to Analog
Converters.

[IR136:82;2] In the first major cycle, if closed
loop Mixture Ratio control is in effect, Pc
Reference shall be set to the current value of MCC
Pc (if qualified), or the last value of MCC Pc used
for control (if the current value is not ‘
qualified) .

[IR136:5192;1] In the first major cycle after a
recoverable power transient on either channel
during Start Preparation through Post Shutdown .
Standby for Flight or FRT-1 configuration, the in-
control DCU shall perform the following:

(1) [IR136:5192;2] The five propellant valves on
the in-control actuator channel shall be
checked to verify that the actuator commands
and positions agree within +/- 6% for Channel
A or +/-10% for Channel B. [IR136:5192;3]
This check shall be performed independent of
component qualification. [IR136:5192;4] This
check shall be bypassed for any of the
following conditions:

(1) [IR136:5192;5] During Hydraulic Lockup
(3.2.3:1.7.2).

(ii) [IR136:5192;6] During Pneumatic Shutdown
(Table XIV).

(iii) [IR136:5192;7] During the Terminate
Sequence mode of Post Shutdown when time
is greater than or equal to 0.64 seconds
(Table XV, Part A).
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3.2.1:2.3 Major Cycle Restart (Continued)

(1)

(m)

(n)

(o)

(2) [IR136:5192;8] The first propellant valve to
exceed the +/- 6% limit on Channel A or the
4+4/-10% limit on Channel B, shall cause the in-
control actuator channel to be disqualified.

. If control loops are active and, if Major Cycle

Restart was entered due to PRI or cross-channel
power interruption, then control loop computations
will be bypassed in the first major cycle.
Otherwise, normal control loop computations will be
performed, as specified in Table XI.

[IR143:1394;1] Whenever a major cycle is
interrupted and a Major Cycle Restart performed,
the value of Time Reference shall remain the same
as that in effect for the interrupted major cycle,
unless a reset to zero was required prior to the
interruption. [IR144:1394;1] If a reset to zero

.was required before the interruption, Time

Reference shall be set to zero in the new major
cycle.

[IR144:1843;1] The coming major cycle shall be
initiated as a non-VDT transmitting cycle.

[IR144:4863;1] The in-control DCU shall update the
OE On/Off Registers to reflect the corresponding
engine state within the first major cycle, unless
an OPOV travel check is to be performed. OPOV
travel is checked when Major Cycle Restart is
entered via Major Cycle Initiation After PRI, and
an indication had been set to check for OPOV
travel.

If OPOV travel check is to be performed:

(1) [IR144:4863;2] In the first major cycle the OE
On/0Off Registers shall remain in the temporary
configuration defined by (d) (2), unless
hardware disqualification occurs.

(2) [IR144:4863;3] In the second major cycle, OPOV
position shall be verified to be partially
open and not more than 3.4 percent of full
scale from its last indicated position. This
check will be performed per the following:
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3.2.1:2.3 Major Cycle Restart (Continued)

(i) [IR144:4863;4] Once the OE RVDT/RVDT
Excitation Power Supply Self-Test
(3.2.3:3.3.4) is performed in the second
major cycle, if OPOV (RVDT) position '
data from at least one channel is
qualified, and if the OPOV position is >
6 percent open, and if the 3.4 percent
limit is not exceeded, then the current
phase and mode shall be retained.

(ii) [IR144:4863;5] Otherwise, Pneumatic
Shutdown of the engine shall be
initiated as defined for PS response,
3.2.4:4 (w).

(iii) [IR144:4863;6] In either case, the OE
On/Off Registers shall be commanded to
reflect the corresponding engine state
within the second major cycle.

(p) [IR144:4863;7] If both DCUs are operational and
Major Cycle Restart was entered due to a power
recovery on either channel, the OE On/Off Registers
"shall be updated to reflect the corresponding
engine state within 94.5 msec from the onset of the
power interruption. '

(g) Purge and Ancillary Systems Monitoring will be
suspended in the coming major cycle.

(r) [IR145:4702;1] Command Voting, 3.2.2:1.2, shall be
performed unconditionally in the first major cycle
at the normally scheduled time.
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3.2.1:3 Watchdog Timer (WDT) Control

The WDTs provide a means of removing their DCU from control
if it does not perform periodic resetting of the timers.
This provides protection against computer failure, software
Stops or loss of sequencing.

Control of the WDTs is based on the following:

(a) Each WDT times-out 18 +3 msec after it is last
reset. [IR154:3197;1] Each WDT shall be reset
every other minor cycle (10 +/- 2 msec) except
where designated otherwise by the following:

(1) PROM/RAM Program Entry, 3.2.1:1.
(2) In-Channel Power Failure Response, 3.2.1:1.5.

(3) Major Cycle Initiation/Restart, 3.2.1:2.2 and
3.2.1:2.3.

(4) Self-disqualification of DCU/CIE, 3.2.1:6.1.

(5) Fail-operational Channel Switchover portion of
Actuator Checkout, 3.2.3:2.3.4.

(6) Controller Checkout Tests, 3.2.3:2.3.5.

(7) Igniter Checkout Test, 3.2.3:2.3.2.

(b) [IR156] Logic to reset WDT1l shall be in low RAM and
the logic to reset WDT2 shall be in high RAM. This
is to enable detection of failure in the address
jam bit mechanism.

(c) WDT(s) will be reset in Major Cycle Initiation and
in Major Cycle Restart.

(d) [IR157:1386;1] The WDTs shall be reset after
completion of the TRI response routine to protect

from continuous TRIs that could continuously reset
a WDT.
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3.2.1:3 Watchdog Timer (WDT) Control (Continued)

(e) [IR157:1386;2] WDT2 shall be reset in minor cycles
1 and 3. [IR157:1386;3] WDT1 shall be reset in
minor cycles 2 and 4.

(f) A WDT time-out is signaled by the corresponding
interrupt, either WDTH1 or WDTH2. [IR160:1386;1]
When a WDTH1 or WDTH2 occurs, the DCU/CIE shall be
disqualified per 3.2.1:6.1. [IR161] These
interrupts shall normally be maintained in an
enabled state. Specific exceptions are during:

(1) PROM/RAM Program Entry, 3.2.1:1.

(2) Major Cycle Initiation/Restart, 3.2.1:2.2 and
3.2.1:2.3.

(3) When other interrupts are disabled via an
interrupt level while responding to another
interrupt. .

(4) Controller Checkout Tests, 3.2.3:2.3.5.

3.2.1:4 Computer Status and Exception Control

[IR169:6261;1] Whenever the contents of a CIE interrupt mask
register are to be modified, an image of the CIE interrupt
mask register data shall be retained in RAM, except during
Controller Checkout when the mechanics of CIE interrupt mask
register manipulation may be defined by Design. An image of
the CIE interrupt mask register data is retained in RAM for
use by the Operational Program because data cannot be
fetched from the CIE interrupt mask registers.

The Operational Program will return to the appropriate
processing once it has responded to interruptions, exception
processing, or temporary power losses which do not lead to
DCU disqualification. This will be accomplished by adhering
to the requirements specified in Exception Vector Handling,
3.3.4:6. In addition, the following safeguards will be
taken in response to exception requests:

(a) Reentrance to a routine in execution due to
exceptions or monitoring functions will be
controlled to ensure preservation of the original
program linkage. To do this the following rules
will be followed:
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3.2.1:4 Computer Status and Exception Control (Continued)

(b)

(c)

(1) [IR170] When reentry can be caused by an
interrupt, that interrupt shall be disabled
(via the interrupt level) while the routine is
being executed. This is allowable if the
resulting interrupt response delay is within
specification requirements.

(2) [IR171] If rule (1) cannot be followed, the
reentrant routine shall have all linkages, and
parameters passed on the appropriate stack
(either supervisor or user) or in registers.
[IR172] All data used in the routine shall
then be maintained on the appropriate stack.

Some monitoring/checking or initialization
functions require that an exception be generated
(for example, in the DCU Exception Processing Test
of 3.2.3:2.2.1). 1In such cases, if the exception
request occurs, the response is part of the
monitoring function and not the normal exception
response.

An acceptable approach in identifying normal vs.
monitor is to set an indication that such a
monitoring task is in effect. That indication is
examined at the beginning of the exception response
sequence and the appropriate path is taken. If the
monitoring path is taken, the indication is cleared
and so verified before proceeding with the
monitoring task. This prevents permanent disabling
of the normal exception response.

When an interrupt is received, the corresponding
interrupt response routine is entered. Upon entry,
the Interrupt Decoder Self-Test (3.2.3:3.1.5) 1is
performed which verifies that the interrupt is
pending, and except for PFI and PRI, that it is
enabled in the CIE. [IR173:6245;1] If the
Interrupt Decoder Self-Test passes, an immediate
retry shall be performed if the interrupt is an
SCPI, WDTH1l, WDTH2, RCFI1l, RCFI2Z2, or ADPFI. The
immediate retry entails clearing the interrupt and
rechecking the pending bit. [IR173:6245;2] If the
interrupt is still pending, the interrupt response
routine shall be completed; otherwise, a return
shall be made to continue the normal processing of
the Operational Program as the interrupt was only a
transient.
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3.2.1:4.1 Computer Exceptions

An exception is a general category of items which can
interrupt the processing in a MC68000 microprocessor.
Exceptions are categorized into four basic types:

(a) MC68000-defined exceptions (for example, Reset, Bus
Error, Zero Divide) which cannot be disabled by
software.

(b) User-defined interrupts, which in this document are
referred to as Interrupts (for example, PFI, PRI,
SEII) .

(c) Non-implemented Exceptions for Flight Controllers
(for example, Stack overflow/Underflow Interrupts
used on the Brassboard).

(d) Exceptions which are not implemented in either a
Flight Controller or the Brassboard (for example,
Line 1010 Emulator/Line 1011 Emulator which are
assigned to vectors 10/11, but are designated as
illegal vectors, see Table XL).

3.2.1:5 Exception Processing

[IR175] Once the Operational Program has started processing
an interrupt, that interrupt shall be cleared before
completing the interrupt routine. The processing required
in response to each exception is described below.

3.2.1:5.1 Reset Exception (PROM)

The function of the Reset Exception that vectors to a
location in PROM is described in 3.1.3:2.1.1 and the PROM
Spec.

3.2.1:5.2 Reset Exception (RAM)

The Reset Exception vectors in RAM are unused and can be
accessed only via a hardware failure. [IR192:3280;1] This
exception shall disqualify the DCU/CIE in which the
exception occurred.
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3.2.1:5.3 Bus Error Exception

[IR194:3280;1] If the Bus Error Exception is not the
expected result of the DTACK Monitor/Bus Error Generator
Test of 3.2.3:2.3.5:3, it shall disqualify the DCU/CIE in,
which the exception occurred.

3.2.1:5.4 Address Error Exception

[IR196:3280;1] If the Address Error Exception is not the
expected result of the DCU Exception Processing Test of
3.2.3:2.2.1, it shall disqualify the DCU/CIE in which the
exception occurred.

3.2.1:5.5 Illegal Instruction Exception

[IR198:3280;1] If the Illegal Instruction Exception is not
the expected result of the DCU Exception Processing Test of
3.2.3:2.2.1, it shall disqualify the DCU/CIE in which the
exception occurred.

3.2.1:5.6 Zero Divide Exception

[IR199:3280;1] If the Zero Divide Exception is not the
expected result of the DCU Exception Processing Test of
3.2.3:2.2.1, it shall disqualify the DCU/CIE in which the
exception occurred.

3.2.1:5.7 CHK Instruction Exception

This exception may be used at the discretion of the software
designers. [IR200:3280;1] If the CHK Instruction Exception
is not used by design or is not the expected result of the
DCU Exception Processing Test of 3.2.3:2.2.1, it shall
disqualify the DCU/CIE in which the exception occurred.

3.2.1:5.8 TRAPV Instruction Exception

This exception may be used at the discretion of the software
designers. [IR201:3280;1] If the TRAPV Instruction
Exception is not used by design or is not the expected
result of the DCU Exception Processing Test of 3.2.3:2.2.1,
it shall disqualify the DCU/CIE in which the exception
occurred.
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3.2.1:5.9 Privilege Violation Exception

[IR203:3280;1] If the Privilege Violation Exception is not
the expected result of the DCU Exception Processing Test of
3.2.3:2.2.1, it shall disqualify the DCU/CIE in which the
exception occurred.

3.2.1:5.10 Trace Exception

This exception may be used at the discretion of the software
designers. [IR204:3280;1] If the Trace Exception is not
used by design, it shall disqualify the DCU/CIE in which the
exception occurred.

3.2.1:5.11 1Illegal Exception Vectors

Table XL defines the MC68000 exception processing vectors
configured for the Block IT SSMEC. All of the unused and
reserved exception vectors are defined as illegal vectors.
Two of these vectors (10 and 11) are tested in the DCU
Exception Processing Test of 3.2.3:2.2.1. [IR205:3280;1] If
either of these illegal vectors is not the expected result
of the test of 3.2.3:2.2.1, or if any other illegal vector
occurs, it shall disqualify the DCU/CIE in which the illegal
exception occurred.

3.2.1:5.12 Spurious Interrupt Exception

The Spurious Interrupt Exception is activated when a bus
error occurs during an interrupt acknowledge cycle or while
fetching data from an interrupt vector location.
[IR207:3280;1] This exception shall disqualify the DCU/CIE
in which the exception occurred.

3.2.1:5.13 TRAP Instruction Exceptions

These exceptions may be used at the discretion of the
software designers. [IR208:3280;1] If a TRAP Instruction
Exception is not used by design, or is not the expected
result of the DCU Exception Processing Test of 3.2.3:2.2.1
or the Failure Data Recorder Test of 3.2.3:2.3.5:28, it
shall disqualify the DCU/CIE in which the exception
occurred.

3.2.1:5.14 PFI

The requirements for this interrupt were previously
described in 3.2.1:1.5.
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3.2.1:5.15 PRI

The requirements for this interrupt were previously
described in 3.2.1:1.6.

3.2.1:5.16 SCPI

[IR210:6245;1] If the SCPI is not a transient interrupt per
3.2.1:4(c), and is not the expected result of the SCP
Interrupt Test of 3.2.3:2.3.5:2, it shall disqualify the
DCU/CIE in which the interrupt occurred.

3.2.1:5.17 WDTH1l and WDTH2

[IR210:6245;2] If either a WDTH1 or WDTH2 is not a transient
interrupt per 3.2.1:4(c), and is not the expected result of
the Watchdog Timer Counter/Time Reference Test of
3.2.3:2.3.5:14 or the Watchdog Timer Interrupt Test of
3.2.3:2.3.5:15, or WDTH1 is not the expected result of the
Failure Data Recorder Test of 3.2.3:2.3.5:28, the response
to the interrupt shall be as defined in 3.2.1:3(f) .

3.2.1:5.18 SEII

[IR210:1386;3] If an SEII is not the expected result of the
Servoactuator Error Indication Interrupt Test of
3.2.3:2.3.5:26 or the OE Servoactuator Model/Monitor Self-
Test of 3.2.3:3.2.4, the response to this interrupt shall be
as defined in 3.2.3:6.1.

3.2.1:5.19 TRI

[IR210:1386;4] If the TRI is not the expected result of the
Watchdog Timer Counter/Time Reference Test of 3.2.3:2.3.5:14
or the Failure Data Recorder Test of 3.2.3:2.3.5:28, the
response to this interrupt shall be as defined in 3.2.1:2.1
and 3.2.1:2.3. »

3.2.1:5.20 RCFI1 and RCFI2

[IR210:6245;3] If either RCFI1l or RCFI2 is not a transient
interrupt per 3.2.1:4(c), and is not the expected result of
the Watchdog Timer Counter/Time Reference Test of
3.2.3:2.3.5:14 or the Watchdog Timer Interrupt Test of
3.2.3:2.3.5:15, the responses to the interrupt shall be as
defined in 3.2.1:2.2 and 3.2.1:9.

3.2.1:5.21 ADPFI
[IR210:6245;4] If the ADPFI is not a transient interrupt per

3.2.1:4(c), the responses to this interrupt shall be as
defined in 3.2.1:2.2 and 3.2.1:9.
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3.2.1:5.22 CIE Erroneous Acknowledge Level Interrupt

[IR211:3280;1] This interrupt shall disqualify the DCU/CIE
in which the interrupt occurred.

3.2.1:5.23 Spurious CIE Interrupt

[IR212:3280;1] This interrupt shall disqualify the DCU/CIE
in which the interrupt occurred.

3.2.1:6 Disqualifications of Controller Components

[IR212:4184;1] If an IE becomes temporarily disqualified
(under strike), all IE DPM data from that IE shall be
temporarily disqualified for the major cycle in which the
error was detected. However, if the IE becomes permanently
disqualified, selected IE DPM data will not be disqualified
in order to perform OE and servoactuator tests, per
3.2.1:6.2(£f) . [IR212:4184;2] Temporarily or permanently
disqualified data shall not be used for any purposes other
than scaling and reporting in the vDT. [IR212:59;3]
However, when a component in failing a monitoring test,
becomes temporarily disqualified, the data used to qualify
the component shall continue to be monitored for any ensuing
failures.

If a controller component is already disqualified, any
subsequent disqualification procedures for that component
are to be bypassed unless stated otherwise.

[IR212:1843;1] All actions of the ensuing disqualification
procedures shall be performed immediately.

For a simulated disqualification of a DCU or OE channel
during FRT-1, refer to 3.2.3:2.4.3:1.
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3.2.1:6.1 Self-disqualification of DCU/CIE

[IR212:2168;3] When it is necessary for a DCU to disqualify
itself the following steps shall be performed in the
following order:

(a) [IR212:2979;1] All interrupts shall be disabled
with the exception of PFI.

(b) [IR213:3355;1] If the self-disqualification of the
DCU/CIE results in a FID 75/76, the Failure
Identification Word shall be generated per 3.2.4.
If a second IE or OE channel failure was the cause
of the DCU/CIE self-disqualification, the Failure
Identification Word will have been generated as a
result of the IE or OE disqualification.
[IR213:3355;2] In all cases of self-
disqualification, the failing DCU, if it becomes
the in-control DCU, shall report the failure via a
VRC transmission when the Operational Program
restarts after exiting PROM.

(c) [IR213:3997;1] If this is the first self-
disqualification of the DCU/CIE subsequent to
either an exit from PROM, via an Exit PROM command,
or acceptance of a Controller Reset command, then
the Central Processing Unit (CPU) Stop Status shall
be recorded in RAM Main Memory. [IR213:1386;2]
This Status shall be composed of the appropriate
FID and the contents of the CPU’s program counter,
status register, and all address and data
registers.

(d) [IR213:1386;3] A Terminate IE Sequence 1/0
instruction shall be executed.

(e) [IR213:594;5] Power to both OEs shall be turned off
via the’ OE Power Control Switch.

(£) [IR213:4236;1] If DCU B is in control, then it
shall issue a Set +5V Under Voltage Test I/0
instruction. In response to this I/0 instruction,
hardware will time-out WDT2 and generate a clear
signal to OE B’s On/Off Registers, resulting in an
effective pneumatic shutdown of the engine. This
sequence thus provides a fail-safe protection
against both DCU A's WDTs failing into the non-
timed out state.
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3.2.1:6.1 Self-disqualification of DCU/CIE (Continued)

(9) [IR213:594;6] Fast fime-out of both WDTs shall be
performed.

(h) [IR213:4934;1] If disqualification is due to
Assured Pneumatic Shutdown monitoring, the DCU
shall perform the following in the given order:

(1) Issue a Set +5V Under Voltage Test I/0
instruction.

(2) Delay for at least 2 usec.

(3) 1Issue a Reset +5V Under Voltage Test I/0
instruction.

(1) [IR213:1386;5] An MC68000 STOP instruction shall be
executed.

(3) [IR213:1386;6] Following the STOP instruction shall
be an MC68000 BRA instruction whose displacement
field specifies that the next instruction to be
executed is the aforementioned STOP instruction.

3.2.1:6.2 Disqualification of an IE Channel

[IR214:591;1] A failure of either IE Channel A or B shall
result in the following responses for the respective IE
channel:

(a) [IR214:2979;1] TRI, RCFI1, RCFI2, and ADPFI shall be
disabled. SEII monitoring will be suspended
(3.2.3:6.1.3).

(b) [IR214:4184;1] The following tests shall be suspended
on the disqualified IE channel:

(1) 3.2.3:3.3.1, IE Address and Data Bus Self-Test

(2) 3.2.3:3.3.3, IE Analog to Digital Converter
Self-Test

(3) 3.2.3:3.3.6, PSE Internal Voltages Self-Test

(4) 3.2.3:3.3.7, IE (VSPE) Channel C Power Supply
Self-Test
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3.2.1:6.2 Disqualification of an IE Channel (Continued)

(5) 3.2.3:2.2.2, PSE Output Voltages Maintenance
Monitoring Test

(c) [IR214:4184;2] The following selected sensors shall
be disqualified:

(1) accelerometers

(2) temperatures

(3) pressures

(4) flowrates

(5) shaft speeds

(6) Pogo RIV

(7) LVDTs

The frequency and amplitude for the 2khz excitation,
RVDT position data, and LDA input data will not be

disqualified so that the data will be available for
the OE and servoactuator tests.

As the final response, a Major Cycle Restart will be
performed.

(d) When the cross-channel IE and DCU are being
disqualified due to a power loss, Major Cycle Restart
will be performed after the cross-channel DCU
disqualification.

(e) [IR214:4184;3] In all other cases, Major Cycle
Restart shall be performed immediately.

After the IE is disqualified:

(£) [IR214:5546;1] For a qualified OE and servoactuator
channel, those tests that monitor the OE and
servoactuators by testing IE DPM data shall continue
to use the data from a disqualified IE. These tests
are:

(1) 3.2.3:3.3.2:1, Pulse Rate Converter Self-Tests,
2khz RVDT/LVDT Excitation Frequency
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3.2.1:6.2 Disqualification of an IE Channel (Continued)

(2) 3.2.3:3.3.4, OE RVDT/LVDT Excitation Power
Supply Self-Test

(3) 3.2.3:3.3.5, OE Digital to Analog Converters
Self-Test

(4) 3.2.3:6.1.4, RVDT Comparison Test
(5) 3.2.3:6.1.7, Actuator Settling Check

3.2.1:6.3 Disqualification of an OE Channel

[IR215:591;1] A failure of either OE Channel A or B shall
result in the following responses for the respective OE
channel:

(a) [IR215:2979;1] TRI, RCFI1, RCFI2, and ADPFI shall be
disabled. SEII monitoring will be suspended
(3.2.3:6.1.3).

(b) [IR215:3235;1] The OE self-tests shall be suspended.

Sections (c) through (i) below will be accomplished by loading
the storage registers and transferring the contents. If the
OE is disqualified because of an OE Storage Register failure,
no loading or transferring of this Storage Register will be
performed per 3.2.3:3.1.7. The OE Storage Registers Self-Test
and Engine/Controller On/Off Devices Self-Test will not be
performed.

(c) [IR215:1386;1] All solenoids shall be deenergized.

(d) [IR215:1386;2] All fail-safe servoswitches shall be
deenergized.

(e) [IR215:591;5] All igniters shall be deenergized.

(£) [IR215:3704;1] Group 1 (Sensor Checkout) and Group 2
(Propellant Drop Sensor) switches shall be
deactivated in both OE channels.

(g) [IR215:1386;4] The PRC Overflow Test shall be
deactivated.

(h) Halt Exit will remain disabled.
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3.2.1:6.3 Disqualification of an OE Channel (Continued)

(1) [IR215:1386;5] If the source of RVDT/LVDT excitation
is to be switched to CIE B during the ensuing
disqualification of the servoactuators, the OE A
Power Control Switch shall be commanded off after 20
+/- 10 msec to allow the fail-operational switches to
take effect. [TR215:3528;1] Else the source of
excitation will be retained, and the OE Power Control
Switch shall be commanded off immediately subsequent
to the suspension of SEII monitoring in 3.2.3:6.1.3.

(3) [IR215:1386;7] There shall be no commands transmitted
to a disqualified OE channel except for:

(1) Commanding the OE Power Control Switch off each
major cycle.

(2) Updating the OE Power Control Switch and the OE
On/0Off Registers in Major Cycle Restart,
3.2.1:2.3(d) (1). ‘

(k) [IR215:3528;2] As the final response, the
servoactuators on the respective OE channel shall be
disqualified, unless previously disqualified.

The delimiters in Table I will designate whether an IE
failure occurred prior to an OE failure.

3.2.1:6.4 Disqualification of Servoactuators

[IR216:2979;1] The failure of one or more servoactuators on
the same channel shall result in the disqualification of all
the servoactuators and the RVDT data on that channel.

[IR216:3235;1] Upon disqualification of any servoactuator
channel, TRI, RCFI1l, RCFI2, and ADPFI shall be disabled.
[IR216:3235;2] The OE Digital to Analog Converters Self-Test
of 3.2.3:3.3.5 shall be suspended for the servoactuator
channel being disqualified. SEII monitoring will also be
suspended (3.2.3:6.1.3).

Channel-dependent servoactuator disqualification requirements
are as follows:
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3.2.1:6.4 Disqualification of Servoactuators (Continued)

(a)

(b)

(c)

(d)

For servoactuator failures on Channel A, where
Channel B servoactuators are qualified, and the RVDT
miscompare cases of 3.2.3:6.1.4 (b) and (c) do not

pertain:

(1) [IR216:2979;4] Control shall be switched to
Channel B servoactuators by energizing all fail-
operational servoswitches.

(2) [IR216:591;3] The source of RVDT/LVDT excitation
shall be switched to CIE B. Both OEs will
continue to receive excitation after the source

has been switched.

For servoactuator failures on Channel A during Start
or Mainstage, where Channel B servoactuators are
qualified, and there had been a prior RVDT miscompare
(3.2.3:6.1.4 (b) and (c)), only the Channel A
servoactuators will be disqualified, and the
following performed:

(1) [IR216:2979;5] The OE Digital to Analog
Converters Self-Test of 3.2.3:3.3.5 shall be
suspended for servoactuators on Channel B.

(2) [IR216:2979;6] The source of RVDT/LVDT
excitation shall be switched to CIE B. Both OEs
will continue to receive excitation after the
source has been switched.

If this condition occurs while in Mainstage,
Hydraulic Lockup will be declared. As a result of
Hydraulic Lockup, Channel B servoactuators will be
considered to be disqualified. .
For servoactuator failures on Channel B, where
Channel A servoactuators are qualified, the
aforementioned general disqualification requirements
are sufficient.

For simultaneous servoactuator failures on both
Channels A and B, the aforementioned general
requirements apply to both channels.

Subsequent to any servoactuator disqualification, a Major
Cycle Restart will be performed.
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3.2.1:6.4 Disqualification of Servoactuators (Continued)

(e)

(£)

When the cross-channel servoactuator channel and DCU
are being disqualified due to a power loss, Major
Cycle Restart will be performed subsequent to the
cross-channel DCU disqualification.

[IR216:3235;3] In all other cases, Major Cycle
Restart shall be performed immediately.

3.2.1:6.5 Disqualification of the Cross-Channel DCU/IE/OE

[IR216:1208;1] When it is necessary for a DCU to disqualify
the cross-channel DCU, the following requirements shall

pertain.
(a)
(b)
(c)

(d)

(e)
(£)

[IR216:2092;1] TRI and RCFIs shall be disabled.
SEII monitoring will be suspended (3.2.3:6.1.3).

[IR216:2092;2] The appropriate OE On/Off Register bit
shall be set immediately to indicate Power Off Time
in the cross-channel has been exceeded.
[IR216:3235;4] The OE Storage Registers Self-Test,
3.2.3:3.1.7, shall be suspended for this update. The
cross-channel Power Off Time Exceeded indication will
be set by loading the storage registers and
transferring the contents. [IR216:3235;5] The
Engine/Controller On/Off Devices Self-Test,
3.2.3:3.2.3, shall be performed. This guarantees DCU
self-disqualification if the OE cannot be updated to
indicate cross-channel Power Off Time Exceeded.

[IR216:4184;1] If either PBD or ADPFI indicates
cross-channel power failure, the cross-channel IE
shall be disqualified, per 3.2.1:6.2, and the cross-
channel OE and servoactuators shall be disqualified
per 3.2.%k:6.3. A Major Cycle Restart due to the
disqualifications of the IE and OE will be performed
after the cross-channel DCU disqualification, except
for DCU B takeover.

[IR216:2092;3] ADPFI shall be disabled.
[IR216:2092;4] If the in-channel is DCU B, then DCU B

Takeover Immediate Functions shall be executed, per
3.2.1:9.1.1.
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3.2.1:7 Fault Traceability Provisions

It is important to provide a degree of fault traceability that
isolates the self-test or monitoring function that caused
removal of the DCU from operation. This is provided by:

(a) The CPU Stop Status saved per 3.2.1:6.1.

(b) The FDR, which is inhibited from further recording by
hardware.

In addition, the user/supervisor stacks provide a record of
the program step initiating the linkage to the above
sequences. The record is not needed as a return address but
is used for traceability.

With the described provisions of the Operational Program,
identification of the fault-detecting function will be
possible from examination of the following data:

(c¢) Failure Identification Word,

(d) User/supervisor stacks,

(e) Recorded state of the CPU’s registers,

(f) Contents of the Failure Data Recorder.
This data will provide adequate traceability, even if the
disqualification occurs while interrupts are enabled. This
information may be accessed using the PROM without cycling the
Operat;onal Program; however, the PROM will redefine and use

the supervisor stack. .

To assure meaningful contents in the trace locations, the
Operational Program will clear the CPU Stop Status as part of
Controller Reset processing, 3.2.3:1.1.1.
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3.2.1:8 Standby DCU Processing

The standby DCU maintains itself in a state of readiness to
assume control if the in-control DCU fails. This is
accomplished by tracking the relevant phase/mode changes,
controller electronics, control loop functions, and by
monitoring the relevant sensor functions. The standby DCU will
disqualify itself if it finds itself not ready to assume
control. The standby DCU will perform the appropriate DCU self-
testing and monitoring of accessible CIE functions per
Controller Continual Self-Tests of 3.2.3:3.

3.2.1:8.1 Configuration/Phase/Mode Tracking

Tracking of the in-control DCU by the standby DCU is performed
to:

(a) Ensure that a takeover by the standby DCU will occur
safely, and that the memory configuration and engine
phase/mode existing prior to failure of the in-control
DCU, will be maintained.

(b) Provide additional command implementation criteria for
selected commands. This is to ensure that the standby
DCU can track the in-control DCU, and to detect VEEI
command channel failures in the standby DCU.

(c) Afford the standby DCU the ability to follow the in-
control DCU through the relevant commanded and non-
commanded configuration/phase/mode changes.

(d) Allow communication between DCUs for che<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>