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Systems Laboratorv, Software Engineerins Division under NASA Contract
NASS-24747,

fuestians concerning the contents of this document should tbe
directed to Intermetrics, Inc.. Huntsville Office

Intermetrics, Inc.

2222 5. Memorial PFParkwavw
Suite 72

Huntsville, Alabama 25201

g R. Bounds
W. W. Womack



N

L]
~

'~

TABLE OF CONTENTES

INTRODUCTION

1.1
1.2
1.z

FURPOZE
SCOPE
REFERENCE DOCUMENTE

SEFAC DEP FLIGHT SOFTWARE GENERAL INFORMATICON

RR R RN R

3

WMN-AD WA -

ka

REGISTER CONVENTIONS

SUBROUTINE INVOCATION

SUBROUTINE PROTOCOL

SUBROUTINE EPILOG

SUBROUTINE REGISTER SAVE AREA DEFINITION
SUBROUTINE ARGUMENTS

SEPAC FLIGHT SOFTWARE SOURCE FILES

SEPAC LOAD TAPE GENERATION

2.8.1 GENERATE FOCSCT FILE

2.8.2 GENERATE HXCSCT FILE

2.8.2 GENERATE HP1000 SOURCE TAFE
2.8.4 SERPAC S/340 BATCH JOB

NSZC-I1 AND IU CHARACTERISTICS

IO U Y R

FNPAR RS

NSSC~II INSTRUCTION SET

NSSC—I1 1/0

NSSC—I1/1U INTERRUPTS

NSSC-II/10 I/0 OPERATIONS

%.4.1 PROCEDURE TO READ GMT CLOCK

Z.4.2 SEPAC/AEPI JOINT COFERATION

3.4.% INSTRUMENT COMMAND DESCRIPTION
%.4.%.1 COMMAND FORMAT DESCRIPTION
%.4.3.2 COMMAND BOARD DESCRIFTION

BURET MODE LOGIC DESCRIFTION
DUAL PORT MEMORY (OFM)
SCRATCH PAD MEMORY (SFM)

[T Y]
H bbb
o~ b

4.6.1
L4.6.2 SPM OUTRUT FPROCEDURE

|,..|||

NSSC-II IU RESTRICTIONS

SCRATCH FPAD MEMORY ALLOCATION

FAGE

[

-]

SO 0 W0 NN



e

wn

7.0

TABLE OF CONTENTSZ
(CONTINUED)

MEMORY ALLOCATION
SEFAC DEP FLIGHT SOFTWARE STRUCTURE
SEPAC SOFTWARE MODIWLE TREE STRUCTURE

SEPAC FPROCESSES
SEPAC INITIALIZATION

DL B
N o

£

w
m
T
D

~ DATABASE

FO MODEL (FOMTAR)

FO TABLEZS (FOTAR)

HEXTAE COMMAND/FUNCTION SUMMARY
COMTAR

SEPAC NSSC-I1 LOW MEMORY ASSIGNMENTS
SEFAC TIMELINE STATE DEFINITIONS

FO INSTURMENT COMMAND DATA STRUCTURE
FACTORABRLE COMMANDS

.7 INSTRUMENT SHUTDOWN COMMANDS

WNG DN~

.10 CALCULATION AND IF STATEMENT DATA SHUTDOWN

.11 PCF DEFINITION

SEFAC CONVERSION TARLES

AFPFENDIX A: SEPAC FLOWCHARTS

APFENDIX RB: PATCH LOG

AFPENDIX C: MEMORY DILMF

APFENDIX D: SEPAC FO SESLENCE CHARTES



N N
N -

U UL
NSO BN -

LD 0 O3 S0 O3 00

o~ O~ O
W -

LIZT OF FIGURES

NS2C-11 SOFTWARE RELATIONZHIF

SEPAC 0B CARD

COMMAND WORD BIT ASSIGNMENTS
SEPAC/AEFPI JOINT OFPERATION TIMING
DUAL PORT MEMORY MAF

COMMUNICATION STATUS REGISTER FORMAT
SFM FORMAT

MFLI FIRING SPM WORD FORMAT

LDEFP STATUS WORD FORMAT

SEFAC DATABASE INTERRELATIONSHIF
SEFAC FARAMETER CHANGE FILE
SEFPAC =MD PARAMETER CHANGE FILE

—
[

B D03 N =
S WME D m

- s 0
N

-



LR L U
W™D WO -

R RY R R RN R

[N
[PV S

TreT
[ N

TN N T T
R R P11 ]
PLNE~ M=

=0 N O D R e

NN NNSN NN NN

LIST OF TABLES

SPCASM CONTENTS
SPCFOR CONTENTS
FOMTAE CONTENTS
FOTAR CONTENTS
FCFTAR CONTENTS
COMTAB CONTENTS
HEXTAEB CONTENTS
SEFAC HF100O SOURCE TAPE

EML DATA ADDRESS <BYTEZ>
EML BLOCEKE ADDRESSES
SFM ENCODED ADDRESE

MEMORY ALLOCATION SUMMARY
SEPAC FLIGHT SOFTWARE VERSION =
LOGIC VERSLES DATA MEMORY

TASK SCHEDULE TABLE
I/70-INT TABLE

SEPAC FO MODEL NUMEBERS

FOTAR EKEYS

HEXTAR COMMAND/FUNCTION SLIMMARY
SET PARAMETER SUBCOLDES

FO SUMMARY

GRELS CONVERSIONS

GAFZS CONVERSIONS

SENAD (SLV) CONVERSIONS
LENIS (ILV) CONVERSIONS

MEMORY MAF

o
AT

0 QL0
W N

ANAL DG COMMAND-—-OUTRUT VOLTAGE CONVERZION TABLE

DEMUX DATA TO VOLTAGE CONVERSION

KILOVOLT CONVERSION TAERLE (BMVALLL)
AMFERES CONVERSION TABLE (BMCALDL
LIMITS ON I HOUSEREEFING SIGNALE



1.0 INTRODUCTICON

1.1 PURPOSE

The pPurpose of this document is to define the detailed desian
spPpecifications (as built) for the SEPAC Flight Software. The design
includes a description of the total software svstem and of each
individual module within the swvstem.

The desian specifications describhe the decomposition of the
software svstem into its major comPonents. The svstem structure is
expPressed in the followine forms:

The control—flow hierarchy of the svstem

.
¢ The data-flow structure of the svstem
¢ The task hierarchy
¢ The memary structure
¢ The software to hardware configsuration marping
The component design description includes details an the

following elements:

Register conventions

Module (Subroutine) invocatiaon
Module functions

Interrurt servicings

Data definitions

Database structure

[ 20 BN BN BN NN J

This Detailed DNesian Document pProvides the basis for maintenance
and configuration control of the SEFAC Flisht Software.
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1.2 SCOPE

The SEPAC pProject has several distinct software packages
includine the followina:

SEFAC DEP Flight Software (NSSC-11)

SEPAC ECAS Software (Spracelab Experiment Computer)
SEPAC IU Saftware

SEPAC EOIVS (ECOS/ECAS/Link Manager) Saoftware
SEFAC EQIVS Development and Suppart Toals

SEPAC Intel MOE (PCM Diseplay) Software

This dacument contains the desian specifications for the SEPAC
DEP Flisht Softwares i.€.9 the software resident in the NSSC-11
compPuter. The reader should be familiar with the coancerts of the
Spacelab Command and Data Manasement Svstems, the Experiment Computer
Operating Svstem, the ExpPeriment Computer Application Software, SEPAC
Instrument Unit, the Exrperiment Operation and Interface Verificatiaon
(ECQIVE) Svwstem. and the NSSC-II computer.

Where arrlicable, the interface requirements and desisn of the
SEPAC DEP Fliaeht Software to other SEPAC software packases are
detailed. A desion specification of those pPackases is not included
in this document. The interface desiaen does imPly certain
operaticnal characteristics of the software pPackases.
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1.2 REFERENCE DOQCUMENTS
The followine documents are reference doacuments for SEPAC.

SEPAC FLIGHT SOFTWARE DESIGN SPECIFICATION
Revision 4
ACI-041021-3
Atsuko Computine International and MSFC
Sertember 1981

SEPAC SOFTWARE REGUIREMENT SPECIFICATIONS
Revision 1
ZE-0195
Institute of Space % Aercnautical Science
University of Takvo
Mavy 321, 1972

SPACELAR MISSION 1 EXPERIMENT OFPERATING PROCEDLURES INZ00Z SEPAC
Revision A )
JA=-090
NASA
Jutw 1920

SPACELAR MISSION ONE - MISSION OPERATIONS REQUIREMENTS LDOCUMENT  FOR
EXPERIMENT INZOQOQOZ - SPACE EXFERIMENT WITH FARTICLE ACCELERATORS
Review Copv
NASA
March 1920

SEPAC INTERFACE UNIT REGUIREMENTS AND CAFARILITIES DOCUMENT
Southwest Research Institute
February 1979

NASA STANDARD SPACECRAFT COMFUTER (NSSC-II) -~ PRINCIPLES OF QFERATION
7933402 -
International Business Machines Core.

Mav 19792

NASA STANDARD SPACECRAFT COMPUTER (NSSC-II) - LINKAGE EDITOR
735413
International Business Machines,. Corp.
LNecember 1977

NASA STANDARD SFPACECRAFT COMPUTER (NSSC-II1) — ASSEMELY LANGUAGE
7735401
International Business Machines, Core.
Lecember 1971

An inte=sral part of this desigsn document i1is the SEFAC DEF Flieht
Software ltistins. A copPy of the listins is attached for reference.



2.0 SEPAC DEP FLIGHT SOFTWARE GEMNERAL INFORMATION

The SEPAC DEP Flisht Software is written in a combination of
NSSC-I1 Assembly Lansuase and NSSC-II FORTRAN IV, The developPment
flow for the SEFAC software is shown in Fisure 2-1,

The NSSC-II UUtilitw Develapment pPrasrams utilized were:

¢ N=SC-II1 Assembler
¢ NISSC-II FORTRAN IVH Compiler
¢ NSSC-II Link Editor

These wutilitv programs were resident on the Svystem/260-75
located in the Data Svystems Labaoratory of Marshall Seace Fliaht
Center. The Z/240 is a batch oriented svstem with Jjobs submitted and
returned throush the Control Desk.

The NSSC~-II Assemblwv Lansuase is based on the standard S/7340
instruction set with the following exceptions:

1. The onlv I/70 instruction supported by the NSSC-I1
Assembler is the SI0 instruction.

2. The NESSC-II Timer Read and Set (TMRS) instruction
is suppParted by the NSSC-II Assembler.

The NS2C-I1 Assembler does not suppart the S/7260

Laong or Extended Floatins Foint Feature instructions,
the Decimal Feature instructions, the Direct Control
Feature instructions. the Channel Command Word (CCW)
assembler instruction, or the Insert Storase Kewvw (ISK)
instruction.

n

4, No S/270 instructions are supported by the NSSC-I1
Assembler.

S. The NZSC-1I1 Assembler supports the NSSC-II unisue
short pPrecision fixed pPoint instructions and the
double pPrecision fixed point instructions.
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The NSSC—-I1 Fortran compPiler is based on the S/340 FORTRAN H
Compiler. Since the NS5C-I11 FORTRAN Compiler was desiganed to
agenerate cade for the IBM 3460/270 and not for the NZZC-II. there are
several restrictions on the wuse of FORTRAN as fallows:

¢ Do not use mixed mode, i.e.» do not mix the use of
inteaer and real data within a Fortran statement.

¢ Do not use input/output statements.

Do not use double Precision.

e Ilse the Fortran pProsram as a subroutine rather than
a main Program.

¢« [o not use a STOP statement.

¢ Do not call subroutines from the IBM 240/270 Foartran
Librarv (SYS1.FORTLIB).

The NSSC-II FORTRAN does not utilize the NSSC-II  short opPerand
or double pPrecision instructions.



EOQOIVE
H.P.

EDITOR

SOURCE

FORTRAN

NSZC-I1
NSSC-11 FORTRAN
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COMPILER

NSSC-T1
OBJECT
Moo E

MACRO
LIBRARY

NSSC-T1
L INKAGE
EDITOR

FUNCTION
L IERARY

‘ FIGURE 2-1: NSSC-II SOFTWARE RELATICONSHIP



‘ 2.1 REGISTER CONVENTIONS

Pase

The SEPAC DEP Filisht software uses the standard S/260 - £/370
FORTRAN register conventions.

R1%5

R14

RO

K1

The register conventions are?

Address of Subroutine to be called

Return address for exit from subroutine

Return value for Function tvpe routines

Address of Subroutine Parameter List

Base reaister for Routine

Address of Save area (138 words)

2.2 SUBROUTINE INVOCATICN

The tveical

-
n
o

AFARM
ARCUT INE
FARMLIST

L
L

BALK

R1. APARM

R1%, AROUTINE

R14, R1%

NEXT INSTRUCTION

oc
L
nc
nc

nc

A(FARMLIST)
A(ROUTINEX)
A(PARML1)
A (FARM2)

set of instructions required to call a subroutine

SET PARAMETER LIST REGISTER
SET ROUTINE ADDRESS REGISTER
BRANCH TO ROUTINE

ROUTINE RETURNS TO HERE

ADDRESES OF FPARAMETER LIST
ADORESS OF ROUTINE TO BE CALLED
FARAMETER LIST

(FARMN)

7
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l 2.3 SUBROUTINE PROTOCOL

The standard pProloe for a subroutine is:

STM 14,12,12(13) Store Registers in Save Register
LR 12, 15 Establish R12 as Base

LR 2, 13

LA 12, SAVEAREA Set R1Z to new Savearea

st 2, 4(132)

st 12,2(2)

2.4 SUBROUTINE EPILOG

The standard erpilos for subroutines iss

L 2y SAVEAREA + 4 Restore R1Z to old Save Register
LM 14, 12, 12(12) Restoare Resisters
BR 14 Return

2.5 SUBROUTINE REGISTER SAVE AREA DEFINITION

. The save area is defined with a DS statement, and consists of 18
fullwards, each altianed an fullwaerd boundary.

SAVEAREA 0= 18F REGISTER SAVE AREA

The save area is not filled with the reaister“s contgnt wuntil the
subroutine 1is entered. The subroutine pProloaue described above will
save the contents of the registers in the save area along with other
linkage information. The subrautine erPiloaue restores the registers
from the save area pricr to returning to the calline program.
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’ The

WORD BYTE CONTENTS

format of the save area is:

1 0 A(SAVEAREA) Address of Savearea
2 4 A(OLD-SAVEAREA)=R1Z Address of old
(kack 1ink) Savearea
3 = A(NEW-SAVEAREA) Address of new
(forward link) Savearea
4 12 R14 Reaister 14
S 14 R15 Register 15
6 20 RO Reaister O
7 24 R1 Reaister 1
] 28 R2 Register 2
4 32 Rz Reaister =
10 36 R4 Reaister 4
11 40 RS Reaister 5
12 44 Ré6 Reaister &
13 4z R7 Reaister 7
14 o2 R& Reaister &
15 o6 R% Reaister %
16 &0 R10O Reaister 10
17 &4 Ri1l Reaister 11
‘ 18 62 R12 Resister 12

The first three words pProvide a link list of the save areas for
Program analvsis.

2.4 SUBROUTINE ARGUMENTS

Arasuments are pPassed to a subroutine throuah seneral register 1
which contains the address of a pParameter list. The Parameter list
is a list of addresses of variables, arravs, orr subprosram  names.
Each parameter 1list entry 1is an address of 4 bvtes aligned on a
fullword boundary; i.€.» type of DC A(parameter).

The last three bvtes of each entry contains the 24 bit address
of an araument. The first byte contains zeros, unless it is the last
entry in the arsument list. If this is the last entrv, the sign bit
in the entry is set to 1.
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2.7 SEFAC FLIGHT SOFTWARE SOURCE FILES

The SEPAC Flisht Software source files are maintained on  the
EOQOIVS (Hewlett Packard 1000) svetem on the disk pack “DSL-SEPAC”.
The scaurce files are edited using the H.F. Editor.

A scurce tape is 9enerated that is transferred to the S/360 for
assembly and compilaticon of the Prosrams. This pProcess is detailed

in section 2.2.

The source files are:

SFCASM -  SEPAC Assemblw Source

SPCFOR -~ SEPAC FORTRAN Source

FOMTAER - SEPAC FO Menu Database Seoment

FOTAER - SEPAC FO Table Definition [Database Seoament
FCFTAR — SEPAC FCF Tables Database Seement

COMTAR - SEPAC Command Tabkle Database Segsment

HEXTAER — SEFAC HEX Table Roautines [Database Segment

The content of each file is listed in the following tables.



IRIVER
STASK
SINGLE
FATCH
RTORV
RTCMD
MSGIN
MSOUTL
MSGHAN
CGMT
SGMT
ECMAG
GNC
ECBML
ILIGMT
SETHTR
C22DWN
TucMD
=FM
ECSMO
AEFIOF
MANLIAL
EXSFM
DEPLIMP
UHERDR
PHEADR
FLT14
INT14
SIN
ARCTAN
ROOT
GARBAG

TABLE 2-1: SPCASM CONTENTS

FILENAME = SPCASM

DESCRIPTION

SEPAC Executive and Interrupt Service
I/0 Interrurt Lookur Functian
Single Command Function

Froaram Patch/Dump Function

Real Time Driver Function

Real Time Command Seturp Function
Messagse InpPut Functian

Message QOutrput Function

Message Qutrput Handler Functiaon
Campare GMT Function

Subtract GMT Function

Magnetic Field Function

GN&C Function

Burst Mode Lwogic Function

Read IU GMT Function

Set Heater (FCF#34) Function

Marnual Shutdown Function

Write IU Command Resisters Function
Write Scratch Pad Memory Functiaon
SMO (SEPAC Manual Operation) Function
AEPI Svnchronization Function
Manual Driver Function

SFM Data Setup Function

Dume DEP Memaory Function

Unrack Messase Input Header Function
Pack Message Qutput Header Function
Convert to Flcat Peint Function
Integer 146 WUtility Functions
SIN/COS/TAN Function

ARCTAN Function

ROGT Function

Frogaram Undefined Stubs



TABLE 2-2: SPCFOR CONTENTS

FILENAME = SPCFOR

CSECT DESCRIPTION

ECFQ FO Schedule Functian

SEFACM FO Timeline Monitor Function
PASSX FO Command Generatiaon Function
OOIF IF Statement Functian

DoOcCALC Calculation Statement Function
ECFLCF FCF Handler Furnction

TABLE 2-3: FOMTAR CONTENTSZ

FILENAME = FOMTAR

FOMTAE FO Menu Madels

TABLE 2-4: FOTAR CONTENTS

FILENAME = FOTAR

ra



FCFTAB

CSECT

COMTAER

HEXTAR

TABLE 2-5: PCFTABR CONTENTS

FILENAME = FCFTAR

FPCF Default Tables

TABLE 2-4: COMTAR CONTENTS

FILENAME = COMTAR

DESCRIPTION

IV Command Descriptions

TABLE 2-7: HEXTAR CONTENTS
FILENAME = HEXTAR
LDESCRIPTION

SEPAC Hardware and Instrument Level

Pase

Roautines
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2.8 SEPAC LOAD TAPE GENERATION
The following sters are used to senerate a SEPAC Load Tare:d
1. Generate the FOCSCT file
2. Generate the HXCSCT file
3. Generate the HP1000 Source Tare
4, Submit 5/340 Batch Job

Each of these steprs is defined in the folleowine sections.

2.28.1 GENERATE FOCSCT FILE

The FOCSCT file contains an array of vectors that inde» into the
FOTAB data arravy with the FQCECT vectors arransed in ascendins order.
The FOCSCT data is used by the SEFPAC pProgoram for a fast access into
the FOTAB data table.

The FOCZECT file is aenerated on the HF1000 by the proaram FOIND.
The wuser must delete any existing FOCSCT files before running FOIND.
The FOIND program has as its inpPut the HPI10O0O0 file FOTAEB and
aenerates as ocuteput the HP1000 file FOCESCT.

2.2.2 GENERATE HXCSCT FILE

The HXCSCT file contaimns an arrav of vectors that index into the
HEXTAR data arravy with the HXCSCT vectaors arranged in ascending
or-der. The HXCSCT data is used by the SEPAC pProgoram for a fast
access intoe the HEXTABR data tables.

The HXCSCT file is generated on the HF1000 by the prosram HEXIN.
The user must delete any existing HXCSCT files hefore running HEXIN.
The HEXIN progaram has as its input the HPI1000 file HEXTAE and
aenerates as outrput the HP1000O file HXCSCT.

2.2.% GENERATE HF1000 SOURCE TAFPE

The HFP1000 Source Tare submitted to the S/360 is generated using
the HPI1000O eproaram REC30 which translates the HP1000 saurce files
from HF format variable lenath records intoe IBM format fixed lensth

(380 bvtes) records.

The REC80 erogram is initiated by the command "RU,REC20" and
prampts the user for the files to be coried to tare. The S/260 BRatch
Job exxpects RECEZ0 to copvy the SEPAC files to tare in the order shown
in Table 2-%2.
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TABLE 2z2-2: SEFPAC HF1000 S0URCE TAPE

FILE # FILE NAME
1 SPASM
2 SPCFOR
2 FOMTAER
4 FOTAR
5 FCFTAER
4 COMTAB
7 HEXTAR
3 FOCsSCT
7 HXCECT

2.2.4 SEFAC S/3460 BATCH OB

Ta aenerate a SEPAC l1oad tare and compPiled source listineg, a
batch Job  is submitted to the S/260. The SEPAC batch inpPut and

cutrPut items are:
INFUT - SEPAC HP1000 Source Tare

aJTPUT - SEFAC Load Tare (Minireel)
SEPAC Compiled Listine

The SEFAC S/360 Ratch Job card is shown in Figure 2-2 where the
input SEPAC HPIOO0O Source tare is “IMO0O7 and the cutput load
minireel tare is “MINIO1“. The NSSC-II Compiler and Assembler are
resident on MSFC s disk pack “S4FPROG”.

THE /32460 JCL cards used to compile, assemble, and link the
SEPAC software are contained in the accompPanving proaram listine
volume.



0 % 350y IHEF 3342055 TUTID, BLGLEVEL=" 1, 10y ROEIGi=2480 :
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CORE BIN. . |caock -
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OUTPUT ITEMS YEs | nO Orz,g"‘ RUN____OF
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PUNCH $ Wi INPUT TAPES
PLOTS
. mivrol |\ ImooT
&
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. .
1
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= MINIO) BEAR MIviREEL
APIII‘le BSC RUN CARD NO. 2

FIGURE 2-2: SEPAC JOB CARD
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3.0 NSSC-II AND IU CHARACTERISTICS

The N2SC-I1 Computer, the SEPAC Instrument Unit, and the Control
Panel form the Command and Data Manasement Subsvystem for SEPAC. The
NZ2C-I1 is the NASA Standard Space aualified Computer that has been
chosen as the SEPAC Dedicated Experiment Processor.

3

[1p]
)

2.1 NESSC-II INSTRUCTION SET

The NZ5C~II has an instruction repertoire based on the IBM 340
assembly lanouage. The NESC-II has the following instructions that
are supparted:

e B2 /260 Standard Fired Point Instructions

¢ 2 5/3460 Fleating Point Instruction

. 2 Special 1/0, Timer, Memory Control Instructions

¢ 52 Short Operand, Fixed Point (16-bit) Instructions

e 10 Double Frecision, Fixed Foint (&44-Bit) Instrutions

There is a total of 171 wvalid NSSC-II instructions. Eiaghtvy
three are from the 27 member S/240 Standard Instruction set. Omitted
fraom the S5/260 set for NISC-II are HIO, SI0, TCH, and TIO.

The I/0 partion of the NSSC-II  provides the means of
communication between the NSSC-II and the SEPAC Instrument Unit. The
NSZC-I1 I/0 is implemented as a 1& bit pParallel channel providing
direct I/0 and external interrupt carabilities. The NSSC-II has only
one I/00 instruction — the SIO (Start I/0) instruction.

The svyntax of the £I0 instruction is:

SI0 ROUT ., RIN, @COMMAND WORD
where:

ROUT = Outrput Register (0 to 16)

RIN = InPut Register (0 to 164)

CCOMMANLD WORD Address of Command Word

The format of the SI0 Command Ward for SEPAC is shown in Fiaure 3-1.
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Input and cutpPut of the SI0 registers are to and from the low
arder 14 bits of the resgisters. For cutput, the higsh order 14 bits
should be set to O.

A1l 1I/0 operations with the IU are initiated with the SIO
instruction with the exceprtion of the Burst Mode Logsic (BML) Direct
Memory Access (IIMA). The BML-DMA is initiated and controlled by the

I,

The SI0 Command Word allows the NSSC-II1 to read or write data te
the following IU ports.

BIT |of1 2 2 4|5 ¢ 7|2|9 10 11 1212 14 15
7L L
/1/
000: READ
111: WRITE
EOARD# L — WORD#
0=0000 0=000 IU#4 INPUT REGISTER
1=0001 MTV 1-001 IU#3 INPUT REGISTER
2=0010 DS 2=010 ILU#2 INPUT REGISTER
3=0011 HVC 3=011 IU#1 INPUT REGISTER
4=0100 GFS/MPD 4=100 IU#4 OUTFUT REGISTER
5=0101 SCRATCH-FAD MEMORY S=101 IU#3 OUTPUT REGISTER
£=0110 GMT £=110 TU#2 OUTPUT REGISTER
7=0111 DUAL PORT MEMORY 7=111 IU#1 CUTPUT REGISTER
9=1001 FERIFHERAL INTERFACE  # When Board #5 and 7 are
BOARD selected Bits § and ¥-15

are used for an address of
Scratch-Pad Memary.

FIGURE 3-1: COMMAND WORD BIT ASSIGNMENTS
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o MTY Command Board

16 bits)

i

- 4 InrPut Registers (Register
- 4 Dutrput Reaisters

¢ DIGP Command Board

- 4 Input Reasisters (Reasister = 14 bits)
- 4 Outrput Regaisters

¢ HVC Command BRoard

!
[y
o

- 4 InpPut Registers (Reaister bits)
4

- Jutrut Reqisters

e GPES/MPD Command Board

- 4 InPut Registers (Reaister = 16 bits)
- 4 Output Registers

¢ Scratch Pad Memorwy
- 254 Ward Memarvy (Ward = & bits)
e« GMT

¢ Dual Fart Memory

bits)

i}
[1x]

- 254 Word Memory (Word
¢ PFPerirheral Interface Baoard

The recommended set of instructions for starting anm 1/0
orPeration is:d

SI0 Ri, Ro, @command
BNZ #-4

The BNZ instruction waits far the 1/0 orperation completion.

g
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3.3 NSSC~II/IU INTERRUPTS
The NSSC-II has S basic interrupts:

External
Surpervisor Call
Progaram Check
Machine Check
InPut/Cuteput

Interrupts are taken only when the CPU is interruptable for the
interrupt source. The swvstem mask. pProaram mask, and machine check
mask bits in the PSW are used to mask interrupts.

EXTERNAL INTERRUPT
2222 T I LTI LT

CODE

OOH 1HZ INTERRUPT FROM ILI

I/0 INTERRUPTS

3353034 SE I I3 3 38
CODE
2065H MESSAGE READY FROM EXPERIMENT COMPUTER
2031H GNC DATA READY (RECEIVED FROM E.C.)
201FH DUMP DEP REGQUEST
GO00H MESSAGE BUFFER #1 CLEARED
6001H MESSAGE BUFFER #2 CLEARED
4002 MESSAGE BUFFER #1 RETRANSMIT REQUEST

&LO003H MESSAGE BUFFER #2 RETRANSMIT REQUEST



3.4 NSSC-II/IU I/0 OPERATIONS

The followins secticons describe the normal NS=C-I1/1U
Input/Cutput orPerations.

Z2.4.1 FROCEDURE TO READ GMT CLOCH
1. ISSUUE "DIRECT IN = 2085H" (Board #64, Address #205)

This will result in resettina the "ROTIME" status tit. I¢
successful, the GMT clock will return its status word as FFEZH. This
indicates that (see bit assiarments for status word) the read was
aoad, that ROTIME is reset and that there was no conflict between the
DEF and the PCM telemetrv subsvystem for use of the GMT clock. I1f anvy
other status word is returned (i.e.. FFFFH), the read was not done
successfully and must be tried again.

N}

2. IS=UE "DIRECT IN = TO 3023HY

This will cause a snaprshot of the GMT clock counters to be latched in
the outrput huffer/latch arravw. I1f successful, a status word of FFF1IH
will he returned.

1f anv other status ward is returned,. a canflict has arisen and the

DEP must request time a9ain by another "Direct In 3I023H".

2. Issue a "Direct In" ta any aof the fallowing addresses to receive
GMT milliseconds of dav information,



-n
o
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n
I
ba

ADDRESS DATA

O 1 2 3 4 5 6 7 2 9 10 11 12 13 14 15
F26 30303040 30 33030 30 20 244 S SR 30 030 30 33036 30 30 3 20 30 30 403 3 30 3H H 330303 SRR I 2324
7 & 5 4 3 2 0

2024H 2 2 2 2 2 2 2 —-———- NOT USED-——-—-—

FRACTIONAL MILLISECONDS COUNTER

15 14 12 12 11 10 9 & 7 & S 4 % 2 1 0O

2082H 2 2 prs 2 2 2 2 2 2 2 2z 2 2 2 2 2
MILLISECONDS OF DAY COLNTER
3084H NOT USED ————- 26 25 24 22 22 21 20 19 12 17 14

MILLISECONDS OF DAY COUNTER

1 0
2

[7Y]
)

2 7 64 5 4
2031H NOT USED——- 2 2 2 2 2 2 2

%)

DAY OF YEAR COUNTER

BRIT O IS MSH
BIT 15 IS LSE

4, To retest for conflicts that may have arisenm as this data was
beina read, issue a "Direct In" ta 2085 and recheck the status word

for FFEZH.

5. The bit assienments for the GMT Clock status waerd are defined as
follows:
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BIT LOCATION DEFINITION
BITS 00~-10 NOT USED (Alwavs "1" state)
BIT 11 "ROTIME"Y A DEP request for time has been received

and honored if bit is active.

BIT 12 "RUS RUSY" A DEP request was received biut the cuteput
bus was in use at the time of the request
and it was not honored.

BRIT 12 “Logust If low, this bit indicates that a DEP read
request was received at a time when the
data bus used to transmit GMT data to
F.C.M. was not buswy.

RIT 14 "GMTRDA" Decaded status bit which is used to set
the "RDTIME" cantrol line.

BIT 1S5 "GMTRDS" Decaded status bit used to reset the
"ROTIME" cantral line.

Z.4.2 SEFAC/AEPI JOINT COPERATION

SEFAC will he<ein the Jeint opPeration as scheduled in the Master
Timeline or as agareed urPon by both FI“s.

SEFAC will send only the AEPI Svnc pPulse (which accurs 5 seconds
prior to MPD firine and is coincident with one of the 4 PPs pPulses
from the EC) until AEPI raises the AEFI READY SIGNAL. When AEPI
READY is readv, the IU will change and send only the MOD pulse. Thus
with normal SEPAC/AEFI orperation the SEFPAC to AEPI line will arppear
to have both the AEFRI Svnc and MOD pulse. These signals are actually
beine selected bv the AEPI to SEPAC Readyw Signal.

SEPAC will generate the AEPI SYNC Signal S seconds prior to  the
MFD firino. The MPD will actually fire arpProximately 1.325 ms after
the MFD Pulse which is coincident with the 20th Pulse of the 4 pps
sienal from the EC.

SEFPAC does not Svnc to AEPI and does not wait for AEFI to become
readvw. Hold/Restart or minor chanagse in start of AEPI or SEPAC FO‘s
will not effect this orPeration.

MOD pulse position and width depends on the FO and FPCF selected.



ONIWIL NOILVYIJO INIOL IdIV/OV4dS

17-¢ TEOADIA

<Lr\ 7 L d L v

\()\::::: _3_:::_73 ERATL

b—23755

Lll

JTd3IYV O+ NZ wold 5774 Cowy

0010 INAS 143 TTHIgW 00

NT Woyd s5Ind Cgow

NI WY+ I5ST1hd INAS T43 VY

TYNOS AGYFY NT &~Td3Y

g %) £s 05 G4 oA Se  §dnOI3S
h y |
; ‘ . Z
Ut U T U1 U7y T UT UT 1daveowa
_ L I | / | | I 1 L 3T§t FsI0d 0¥
| w * \\ ‘ _ _ | | _ | 7 Wwodd 2nds 1434
LN . N T NN YT
T / R | | | |
— \\ . INIYI4 CdW
i s .\M WT _ _ _ _ _ _ _

2&%

niwp SNWYIS g I




3.4.3 INSTRUMENT COMMAND DESCRIPTION

The instrument command interface, in the form of the individual
command channel boards, accerts a direct out instruction from the DEP
and forwards that information to the SEPAC scientific instruments in
the form of a descrete level on one of 64 pPossible lines. or an
analog voltase from aone of 2 pPossible digital to analeg converters.,
The individual command boards are desigsned so that the DEP can verify
the command resister contents bv readine back anvy one of the 14
command word registers (4 boards by 4 inPut and 4 ocutput registers)
via a direct in instruction. Each command word resister is 16 bits
wide. The I multiport registers allow the DEP to read the inpPut
command reeisters without conflict over eriority with the PCHM
telemetry svstem.

2.4.2.1 COMMAND FORMAT DESCRIPTION

The IUWH has two kinds: of command registers, one 1is InpPut
Reaister, the other is Outrput Reeister which is directly connected to
the instrument.

The commandine sequence is as follows:

Read the InpPut Register and merse new command
Write the Input Register

Read the InpPut Register for Verification

Write the Output Register to issue the command
to the instrument

®* & 0

2.4.%.2 COMMAND EBOARD DESCRIPTION

The followins Pases are eprovided to rerresent each command
Position in the command boards.

¢ Althoush SEFPAC signal name is made less than &
characters, a number is added to indicate its
power—af—two prosition.

¢ A1l commands have a pPositive true logic.

¢ DEF1IHZ (bicard #3, word #0, bit 14) is not a command.
This represents the transition of the Fundamental
Time Clock.



»X

PPODSIOPSIOHCLLOISIISS OO RS

oo CODAMARD BORRD ) | oo

(LA AN ES R A NN PN FENENELA NN LN ¥/

(CONMAND VORD ¥ 3)

BITS SIJICHAL INSTE TYPE
LA AR R AL EAR NI R E R R R EF YN NN Y]
00 » LEKISL KTy D o

01 o SENSL nyv D o

02 » VIDEOK KTV D o

03 o LENCS nry D o

04 » TEST nry D o

03 o BIVPS nyy D o

06 & NDNO 1V D o

o7 # NDn! 10 D o

0B » HDNQ 10 D o

09 + HDO 1v D .

10 = HDI 1v b

11 » ND2 v D o
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10 » CPELS2 niy A e

11 & CPELS3 niv A
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[
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3.4.4 BURST MODE LOGIC DESCRIPTION

The function of the burst mode lagic subsvstem is +to acquire
data from the EBA and MPD SEPAC svstem at the required rate, store
the data in the DEP via I'MA transfer, and finallv, to read the data
back out of the DEP for pPresentaticon to the PCM subsvystem at the
arpProrriate time.

¢ Digitize up to 24 analog channels of EBA/MFD.
- 8 bits resolution
® 32140 bvtes at 21.0 ms measurements
¢ EBA data sampline
- 322 channels
-250 pPoints/channel within 21.0ms
¢ MPD data samplinse
- 2 channels
- 230 points/channel within 2.75ms
¢ The start of a burst mode lagic measurement is
synchronized to the beginning of a PCM mador
frame.

The BML data is blaocked into 250 sets of 25 data items.

To support the required SEPAC ararhic display requirement the
LEF software performs the followina:

¢ Fetch DMA/BML sianal data (each beam emissiaon)
- 250 points/si=nal
- 10 signals
e Filter Data (maximum/minimum)
Compute Peak values
¢ Compute signal averase value
- Average of last five (5) pPoints data
¢ Compute 10 or 20 values pPer sisnal for M & D
based on averasing technisue
¢ Send 2 serial messagses to EC containing the data

Table 3-1 identifies the BML data sisnal, the first and last
address for the sisnal, and the processing resuirements. Table 2-2
is a convenient reference table to determine the address of a BML
data item within a part BML set.
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(2)
)
(4)
(%)
(&)
(7)
(=)
(%)
(A)
(B)
()
(I

(E)
(F)
(10)
(11)

(12)
(1)
(14)
(15)
(146)
(17)
(1=2)
(19)
(1A)
(1E)
(1C)
(1)
(1E)
(1F)
(20)
(21)
(22)
(22)
(24)

TABLE

W

FWHAGC
MFD SPARE
OSCHGY
MANDDC
ANODV
PHIOGNM
FFETLG
FWHREF
ANCDC
PHOGNL
FFPLMMN
EFPVHGD
BEMV

LPDH

FWLFCL
EFPVLGD
CATHCH

LPDL
FWLFCH
FPMDLG
CATCHCL
FPTPHG
FWLFTL
PWHSWL
BODYCH
FPTFLG
FWLPTH
EFAFC]
BODYCL
FPMOHG
FWLREF
EFAFCZ
FPHOGNH
FFBTHG
PWHSWH
EBA SFARE

-1

FIRST

v ot

ncoDé6
nco7
ncops
nCn9
DCDA
DCoB
nCnc
Do
DCDE
DCOF
LCEO
DCE1L
DCEZ2

OCES3
DCE4
OCES
OCE6

nCE?7
OCES
LCES
DCEA
LOICEB
DCEC
LCED
DCEF
LOCEF
DCFO
DCF1
CF2
LCF3
DCF4
DCFS
LCF&
nCF7
DCF8
DCF9

BML DATA ADDRESS

Pase

<BYTE>

10

20

20

SAMPLES

SAMPLES
SAMPLES
SAMPLE <PEAK>

SAMFLE <PEAK>

SAMFLES
SAMPLE
AVERAGE VALUE

SAMFLES

SAMPLE

SAMPLES

SAMPLE <FEAK>

L



00
10
20
20
40
S0
£0
70
20
Y0
100
110
120
1320
140
130
140
170
120
120
200
210
220
230
240

01

LChéA
DEZE
DFAL
E10E
EZ276
EZDE
ES44
E4AE
EGl4
EY7E
EARE&
EC4E
ENRA
EF1E
Fogs
F1EE
FaSe
F4BE
F&26
F73E
FaF&
FASE
FBRCA
FDZ

FES&

TABLE 3-2:

0z

LCFA
DE&Z
DFCA
E132
EZ9A
E40Z
ES6A
E6DZ2
E22A
E?AZ
EROA
EZ72
EDDA
EF42
FoAA
Fz12
FZ7A
Fag2
F&4A
F7BZ2
FelA
FAS2Z
FBEA
FDSz
FEBA

0z

LOE
DEZ4
DFEE
E154
EZBE
E426
ESSE
E&6F 4
ESSE
EYCA
EBZE
ECS 4
EDFE
EF&A
FOCE
Fzz6
F29E
F5064
F&AE
F70é4
FYZE
FAA&
FiZOE
FD74
FEDE

BML

04

Dpaz
DEAA
EO1Z
E17A
EZEZ2
E44A
ESB2
E71A
E2sz
EZEA
EERS2
ECBA
EE2Z
EF2A
FOFZ
F25A
F3Ccz
F32A
F692
F7FA
Fo&z2
FACA
FC32
FO9A
FEOZ2

BLOCK

05

DD&&
DECE
EOZ6
E1%E
E204
E44E
ESDéA
E72C
ESAL
EYDE
ER7&
ECDE
EE44
EFAE
Filiéa
F27&
FZE&
FS4E
F&RA
F31E
Fo&6
FAEE
FCS&
FOEBE
FF2é&

ADDREZSES

Q& 07

DDA DOAE
DEFZ DF1é
EOSA EO7E
E1C2Z EILE&
EZ2A EZ4E
E492 EA4B6
ESFA E&LE
E7&6&2 E786
EZCA E=EE
EAZZ EASAH
EBYA EBEE
EDNOZ ED2A
EE4A  EEZE
EFDZ EFFé
F12A F1SE
FZAZ2 F2CA
FA40A F42E
FS72 FS%4
F&DA F&FE
F24z2 F366
F¥AA F9CE
FB1Z FB2é&
FC7A FC9E
FODEZ FEO&
FF4A FF6&E

oc

Dopz
OFZA
EOAZ
E20A
EZ72
E4DA
Esxq2
E7AA
E¥12
EA7A
EBEZ2
En4A
EEEBZ
FO1A
Fiaz
FZEA
F452
FSEA
F722
FazA
FoFz
FBSA
FCC2
FEZA
FFoz2

09

DOF &
DFSE
EOCAH
EZ2ZE
E396
E4FE
E4LA
E7CE
EY326
EAYE
ECO4
ED4E
EEDA
FOZE
FlA&
F303
F47¢6
F5DE
F74¢%
FZSAE
FAl&
FR7E
FCE&
FE4E
FFaaA

Fage

10

LE1A
DFez
EOEA
EZ52
EZBA
ES22
E&EA
E7F2
E9SA
EACZ
ECZA
ED9oZ
EEFA
FOAZ
F1CA
F332
F49A
F&O2
F76A
FaDz
FAZA
FBAZ
FOIOA
FE72
FFDA

I'_IJ
b
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3.4.5 DUAL PORT MEMORY (DPM)

The Dual Port Memory is a 2596 word by 14 bit memory located in
the IU and shared by the NSSC-II and the IU. The DPM pPravides the
mechanism for transfer of messages between the NSSC-11 and the IU
using a ‘“"store and forward” scheme. Messases originating from the
Experiment Computer and sent to the IU via the RAU are stored in the
OFPM. The NSSC-II is notified of an IU stored message throueh an I1/0
Interruprt. Messases originatina from the DEP(NSSC~II) are ‘'written
into" DPM and the Il notified by bits beine set in the Communication
Status Reaisters in DFM.

The contents of [ual Port Memory are shown in Figsure 3-32. The
NSSC~I1 reads or writes to DPM via a direct I/0 SIO instruction where

the Command Word addresses Roard #7 and the address bits index into
Dual Fort Memaory. Fisure 3-4 caontains the formats of the
Communication Status Resisters of the DFM.



ADORESS

1E
1F

20-2F
40—-5SF
LO-TF
20-7F
AO-BF
CO-DF
EO-F9
FA
FER
FC
FD
FE

FF

(HEX)

FIGURE

3-3t

CONTENTS

PROGRAM LOAD/OUTPUT MESSAGE BUFFER 1 AREA

OUMP DEP =TARTING ADDRESS
NUMBER OF WOIRD= TO BE DUMPED

KEYBOARD/MDOM DATA BUFFER AREA
ORBITAL PARAMETER DATA

OUTPUT MESSAGE BUFFER 2 RREA

GN&C NAVIGATICON DATA

GN&C ATTITUDE DATA

USER MESZSAGE DATA

TIME LINE DATA

LINK MANAGER STATUS WORD
COMMUNICATION STATUS REGISTER WORLD 1
COMMUNICATION STATUS REGISTER WORD 2
COMMUNICATION STATUS REGISTER WORLD &
COMMUNICATION STATUS REGISTER WORD 4

INTERRUFT CODE WORD

DUAL PORT MEMORY MAF



‘ WORD 1 <LM->DEP>

BIT CONTENTS

TIME LINE DATA

ODUME DEP MEMORY

10 FPARITY ERROR

11 FORMAT ERROR

12 LINK ERROR

3 SPARE

14 SPARE

15 SPARE <WAS: LDEF GO/NOGO) >

o NEW DATA AVAILAEBLE
1 GMT

2 OREIT PARAMETER

] VEHICLE PARAMETER
4 GN&C #1

5 GN%C #2

el KEYROARD DATA

7 MDM DATA

]

9

. WORD 2 <LM-3>DEP>

RIT CONTENTS

~

NEW DEP MESSAGE AVAILAELE

Z2##1 BIT OF MESSAGE TYPE CODE

2#¥0 BIT OF MESSAGE TYFE CODE

Z2#¥%4 BIT OF USER MESSAGE LENGTH

2##2 BIT OF USER MESSAGE LENGTH

2##2 BIT OF USER MESSAGE LENGTH

2#%]1 BIT OF USER MESSAGE LENGTH

2##0 BIT OF USER MESSAGE LENGTH

2##7 BIT OF USER MESSAGE NUMBER <MULTI MESSAGE>
2346 BIT OF USER MESSAGE NUMBER <MULTI MESSAGES>
10 2##5 RIT OF USER MESSAGE NUMBER <MULTI MESSAGE>
11 2##4 RIT OF USER MESSAGE NUMBER <MULTI MESSAGE>
12 Z2##2 BIT OF USER MESZAGE NUMBER <MULIT MESSAGE>
13 2##2 BIT OF USER MESSAGE NUMBER <MULTI MESSAGE>
14 28#1 BIT OF USER MESSAGE NUMBER <MULTI MESSAGEX
15 2##0 BIT OF LUSER MESSAGE NUMBER <MULTI MESSAGE>

-

WO N DWRN -

FIGURE Z2-4: COMMUNICATION STATUS REGISTER FORMAT

\
n



W

WORD 3 <DEP->LM>
RIT CONTENTS

0 OUTPUT MESSAGE REGUEST

1 DATA SOLICIT REGQUEST

2 GMT REQUEST

= GN%C REGUEST ,

4 INITIAL LINK REGUEST

s DEF MEMORY DUMP REGUEST

& zxx1 BIT OF OUTFUT BUFFER ID CODE

7 z##0 BIT OF OUTPUT BUFFER ID CODE

s IISER MESSAGE REQUEST

9 2#%1 BIT OF MESSAGE TYPE CODE
10 2##0 BIT OF MESSAGE TYFPE CODE
11 2##4 RIT OF MESSAGE LENGTH
1z 2##% BIT OF MESSAGE LENGTH
13 z##2 BIT OF MESSAGE LENGTH
14 2##1 RBIT OF MESSAGE LENGTH
15 2##0 BIT OF MESSAGE LENGTH

‘ WORD 4 <DEP->LM>
BIT CONTENTS

0 FO FROGRAM SEGMENT LOAD REGUEST #1

1 2##4 BIT OF FO PROGRAM SEGMENT NUMBER
z %5 BIT OF FO PROGRAM SEGMENT NUMEER
=z 2##4 BIT OF FO PROGRAM SEGMENT NUMEER
4 Z##3 RIT OF FO PROGRAM SEGMENT NUMEBER
= Z##2 BIT OF FO PROGRAM SEGMENT NUMBER
& 2#%1 BIT OF FO PROGRAM SEGMENT NUMBER
7 z##0 BIT OF FO PROGRAM SEGMENT NUMBER
& FO PROGRAM SEGMENT LOAD REQUEST #2

9 2##6 RIT OF FO PROGRAM SEGMENT NUMBER
10 Z##5 BIT OF FO PROGRAM SEGMENT NUMBER
11 o##4 BIT OF FO PROGRAM SEGMENT NUMEBER
12 Z##3 BIT OF FO PROGRAM SEGMENT NUMEER
13 2##2 BIT OF FO PROGRAM SEGMENT NUMBER
14 Z#%1 RIT OF FO PROGRAM SEGMENT NUMEBER
15 2%%0 BIT OF FO PROGRAM SEGMENT NUMBER

NOTE:

COMMUNICATION

REGUIRED

FIGURE 3-4:

COMMUNICATION STATUS
CZONT INUED)

STATUS REGISTER WORD 4 WILL NOT EE
FOR SL-1 EXPERIMENTS.

REGISTER FORMAT



MESSAGE TYPE CODE CONDITION

00 SINGLE MESSAGE TRANSMISSION
01 FIRST MESSAGE OF MULTI MESSAGE TRANSMISSION
10 INTERMEDIATE MESSAGE OF MULTI MESSAGE TRANSMISSION

11 LAST MESSAGE OF MULTI MESSAGE TRANSMISSION

Z.4.6 SCRATCH PAD MEMORY (SPM)

The Zcratch Pad Memary (SPM) is a 2546 werd by 146 bBit  dual port
memory in the IU. The SPM can be read or written into by the LDEP.
The Il s PCM telemetrv subsvstem reads data from SPM and encodes the
data inte the PCM telemetry format. Therefore, the SPM provides the
means for sendina DEP status and orperational data directly into the
PCM serial bit telemetry stream.

AN

2.4.4.1 SCRATCH FPAD MEMORY ALLOCATION

Figure 2-5 derpicts the SPM lacations that are written into by
the DEP. Data 1is written intoe SPM either once pPer second by the
ECSPM routine aor aon occurrence of an event bw CODESTRT, STASK, GNC or
MSOUTY routines.

A-INITIALIZE
B33 A A

SFM lacations O and S are used to provide status durine the
IU-DEP initialize phase. When the IFPL interrupt is received, the DEP
writes the value “FQOF” to SFM location 0. Approximately 10 to 20
milliseconds later. the memory checksum is then written to SFM(0Q).
The memory checksum is a loeical add of memory locations “00007 +to
“AFFE~“. After completine the checksum, the DEP waits for 10 seconds
to allow the IU to complete its initialization. The 10 second wait
is based on the occurrence of 10 1Hz interruprts. After a 1H:z
interrupt is detected, the DEF decrements the wait counter
(initialized to 10) and writes the counter value to SPM(S).



LOCATION
0 Q

5 b

INITIALIZE CODESTRT A:
INITIALIZE CODESTRT
INITIALIZE CODESTRT

Initialize

()
Y

“FOOF~

Calculated Memory

Checksum

60 Secaond Couyntdown

Counter

T Y Y Ty e L T T TR R R Y I R T
Experiment id (QD) + FO

0 9]
10-51  14-79

130

b ek e s pet
D3 0 DX 63 B) L0 0

NN D W

o
b
= O

142
143
144
145
146

1/sec ECST 1 R:
ON QZCURRENCE  CODESTRT  C:
On Receirt STASK

(1/2 sec) D:

Model #

Froaram Check -

Memory 0000 ta

Block #10

(Maanetic
Field)

O0O3F

Block Id
Word

Status Word
#1

Status Word
#2

FPCF
EB(x)

Word

E(v)

B(z)

Azimuth

Co—el

GMT

FH R R R T F NI R IR H N RN I HH RN

147

143
149

1/sec ECSFM E:

FO Start
Time

(GMT)

35 46 36 36 36 35 30 3 36 34 35 3 35 35 3 3 36 30 30 30 3H 36 34 35 30 36 35 35 35 36 30 3 3035 36 34 30 3336 30 30 33 3 3 I I 3L I I I I IE I IR

150
151

1
1

ma
L b

On Receipt GNC F:

(1/2 sec)

FIGLURE SFM FORMAT

=-5:

GNC

Day of Year
Time of Davy
(10 ms)

GMT



LOCATION REFRESH RATE CONTENTS

154 X Position

155

154 Y Fosition

157

152 Z Position

159

140 X Velacity

141

142 Y Velocity

1463

144 Z Velocitw

165

164 X Angular
Position

167

1463 Y Angsular
Fasitiaon

149

170 Z Ansular
Position

171

. 172 X Angular
. Rate

172

174 Y Ansular
Rate

175

174 Z Ansular
Rate

177

180 On Receipt STASK G: BLOCK $#&89 Block Id
Word

121 Command Word
#1

182 Command Word
#2

183 FCF Word

1&4 FO Madel #

25 FO GMT

186 FO GMT

137 FO GMT

F I I I I SRR I I IS I I I I I I I I SR T I I I I I I I I I I I I IR

. FIGURE 3-5: SFM FORMAT
(CONT INUED)
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LOCATION " REFRESH RATE CONTENTS
172 1/2 sec SOUTL H: Block #1242 Black Id
Word
193 Status Word
#1
124 Status Word
#2
193 FCF Word
194 N EML. Update
Flaas
536 36 3 35 34 35 35 30 38 35 3 35 3630 36 363 36 30 30 35 3 35 30 36 38 36 36 3 30 35 35 25 3 36 31 30 30 36 30 30 30 31 36 30 35 34 30 36 30 36 31 36 30 36 30 30 30 30 3 3 3 3343 33
197 1/sec ECZFM I: MFD Firine
IR I I I AR 3 3 I 2 IS I 2 SR 3 3E I 30 I A0 30 20 0 2 2 I 30 S 30 B30 3 3H 36 6 30 2 3 I 3 2 3 44 3
1932 1/s5¢c ECSPM J: Pitch Anale
R R L R T L R R T T T BRI T Y )
200 1/sec ECSPM it DEFP Status Word #1
201 DEP Status Word #2
202 LEP FO Time
(seconds)
203 DEP Relative
FO Time (seconds)
204 NSSC-11 RTC
205 NSSC~-II RTC
2064 1HZ Counter
207 1HZ Counter
35353035 36 3 35 3130 30 30 30 3535 35 30 36 36 30 35 36 30 30 3036 3 35 36 36 30 35 30 30 20 30 2035 30 36 30 30 30 34 30 30 36 30 3030 3 T 3130 30 30 36 30 3 3 I 0 36 4 3
203

36 36 30 3 3 36 3 36 3 30 30 3 3 30 30 36 3 30 30 30 36 36 31 30 30 3 3 36 34 30 3036 36 3 30 3036 3 30 30 30 30 30 30 30 30 36 3 3 I3 I 30 3F 3 33434 3 36 I I FH 33 I3

FIGURE 3-5: SPM FORMAT
(CONT INUED)
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B-EXPERIMENT ID % FO MODEL #
BRI R RS

After the DEF initialize ephase, ocnce per secaond the SEPAC
Experiment ID ‘0D and the FO Model Number are written to SPM(0Q).
The FO Model Number is an integer value ranging from 1 to 13,

C-PROGRAM CHECK
A3 #33E S H B2

&n the occurrence of a Proaram Check or Machine Check interrupt,
the NSSC-II memory locatioms 7007 to “2F7 are written to SPM (14 to
7). These NSSC~II memary locations cantain the interrupt vectors
and executive flass. ‘

D-BLOCK #10 (MAGNETIC FIELLD)
339536 3E 40 36 36 3 330 3030 30 30 3 363 3 I A

On the receirt of a Block #10 message from ECOS/ECAS, the LDEP
writes the contents of the Block #10 messase to SPM (120-146). Under
normal conditions, the Masnetic Field data should be received from
ECOS/ECAS everwy two secands.

E-FO START TIME
3630963 03 H R A A

Cnce pPer secand (routine ECSFM) writes the FO start Time into
SPM (147-14%). The FO Start Time is found in COMMON/FOFLG/FOSTRT(3).
The routine SEPAC reads GMT and stores the value of GMT into  FOSTRT
when the FO Prerparation state is started.

F-GNC
LE 2220

Ueon receipt of GNC data froem ECOS/ECAZ throush the IW, the DEFP
writes the GNC buffer tao SPFM (150-177). Under normal conditions, the
GNC data should be received from ECOS/ECAS every twoe seconds.
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G-BLOCKE #Z AND #9%
IR

Each time the DEP receives either a Block #3 (PCF
Solicit/Update) or a Block #% (FO Schedule) from ECOS/ECAS, the first
2 words of those messases are written into SPM (180-127). For Block

%, only the first 4 words contain meaninsful data (Block ID, Command
Word 1, Command Word 2, PCF Word). For Block #9, the 8 words contain
the Block IO, ECommand Word 1, Command Word 2, PCF Word, FO Model
Number, and 2 words for FO GMT.

H-BLOCK #1 AND #2
46 R I

When the DEP tramsmits a Burst Made Logic (BML) Messasgse blaock
(Block 1 and 2) to ECOS/ECAS, the first four words of the message are
written into SPM  (192-1964). The (BML) Messagse blocks that are
transmitted to ECOS/ECAS are Block #1 (BML Messase Block 1) and Block
#2 (BML Messase Block 2).

I-MFD FIRING
33E3E 303 S I HAR

Orice per second the PCF values that are associated with the MPL
firine are encoded into one word and are written into SPM (197). The
format of the SPM word is as shown in the figure 3Z-6.

J-FPITCH ANGLE
SRR

Orice pPer second the pitch anale PCF entries 48 or 49 are written
to SPM (1983). The pPitch anales are alternated every &0 seconds with
FCF (4%) beina selected first.
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50 SPM(197)

PCF  PARAMETER RANGE DESCRIFPTION

S0 FF 1 TO 4 FAV PRESSIURE 2 OR = ATM
o1 FFENCV 1 TO 4 PFN CHARGE VOLTAGE

o2 FF1 O T0 1 MFRD FPFN MODULE 1 ON/OFF
53 FF2 0 TO 1 MFD PFN MODULE 2 ON/OFF
54 FF= O TO 1 MFDO FFN MODULE & ON/OFF
53 FF4 O TO0 1 MPD PFN MODULE 4 ON/OFF
Sé TRGS O TO 1 MFD TRG MODULE A OR B
S7 FAVE O TO 1 MFD FAV MODILE A OR B
58 FENTS 0O T0 1 FFN CHARGE CURRENT .2A/1.00
av NOCHG 1 TO 2 NUMBER OF CHARGERS

&0 TRGCFO O T0 1 SELECT CAPDMF OR TRGSCR

FIGURE 23-&: MPD FIRING =PM WORD FORMAT

K~-STATIS WORDS
#3463 EEE

COnce prer secand the DEF status words are written to
SPM(200~-207). This first status woerd contains status information for
the previcus 1 second, while the second DEP status word contains a
summary for the FO. The format and contents of the DEF status words
are shown in Fisure Z-7.
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0O = Retransmit Buffer #1
1 = Retransmit Buffer #2
2 = Buffer #1 Clear
2 = Buffer #2 Clear
4 = Buffer #1 Selected
S = Buffer #2 Selected
4 o= Output Block #1 On RQueue
7 = Quteput Block #2 On Queue
2 = Outrput Block #3 0On Gueue
2 = IU Command Register
12-135 = State
01 22456789 1011 12.....15
STATE
B DR | |

FIGURE 3-7: DEP STATUS WORD FORMAT

The FO time in seconds is written to SPM(Z02). This time ranges
from —-Z2400 seconds to +13560 seconds and is in COMMON/TLRUF/TLHED(R).
The FO Node relative time in seconds is written to SPM(202). The
node time is in COMMON/TLRUF/TLHED(4). SPM{(204,205) will contain the
value of the NSSC-II Real Time Clock at the last interval timer
interrurt. The value is located in low memory address 72(0428H). The
I1Hz interruprt counter is located in low memory address &S(044H) and
is written to SFM (206-207).
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3.4.46.2 SPM OUTPUT PROCEDURE

The utility rocutine SPM is used to write DEP memory to SPM. The
Pparameters for SPM are:

1. Address aof Data in DEF Memorwy
2. Number of Wards (14 bit)

2. Address of Bvte Strine containins
encoded SPM addresses.

The SFM output routine writes consecutive words to SPM startins
at the designated DEF memorvy address and continuing for the specified
number of words. The DEP to IU  interface for Scratch Pad Memorwy
addresses 1is a logical mirroer imagse. The NIEC~II SI0 Command Word
has the followins format for writinse to SFM:

AL D2DE0401 0203 1AZAZA4ASALATAE

where the I field (DIDZOE04 = “0101°) selects the ZFPM device, the &
field (515252 = “111°) selects the write oreration and the K field
(Ki=-1") is a constant wvalue of ‘17, The address field
(A1AZAZAAASALAT7AZ) selects the address in SPM where the data is to be
written. Al is the least significant bit of the SPM address and AR
is the most significant bit of the ZFPM address.

The SFM routine gsenerates the NSSC-II1 SI0 command word from a
bvte string containings encoded SPM addresses. Each byte represents
an SFPM address and is of the form A1AZAZA4ASALATASE. Table -2 is a
conversion table of SPM addresses ta the encoded form used by the ZFPM
rautines.



TABL

E

3-2

I

SPM ENCODED ADDRESSES

Faae¢

LEAST SIGNIFICANT DIGIT

HEX 0 1 2 3 4 S 6 7 2 9 A B C D E F
DEC O { 2 3 4 S 4 7 8 9 10 11 12 13 14 15
HEX LDEC
M 00 0 00 20 40 CO 20 AD 40 EOQ 10 90 S0 DO 30 BO 70 FO
; 10 14 02 &2 42 €8 28 AS 42 ES 12 98 S22 D8 28 B2 72 F2
! 20 a2 04 24 44 C4 24 A4 64 E4 14 94 S4 D4 24 B4 74 F4
? 20 42 OC 2C 4C CC 2C AC &C EC I1C 9C 5C OC 3C BC 7C FC
E 40 &4 02 82 42 2 22 A2 &2 EZ2 12 92 22 02 32 B2 72 F2
; S0 20 OA &A 4A CA 2R AA LA EA 1A 9A SA DA ZA BAR 7A FA
é &0 L Q0L 24 46 Cb 246 AL L& Eb 146 96 56 6 346 BE 76 F&
Q 70 112 OE 2E 4E CE 2E AE &E EE 1E 9E SE DE 2E BE 7E FE
! 20 126 01 21 41 C1 21 Al 61 E1 11 21 51 D1 31 B1 71 F1
? 20 144 09 &9 49 L9 29 AY &9 E7 19 99 9 D9 39 BY 79 F¥
? AO 1460 05 285 45 C5 25 AT &5 ES 15 99 S5 DS 35 85 75 FS
! RO 174 oD 20 4D CD 2D AD &D ED 1D 9D SO DD 20 BD 70 FD
0 192 02 33 43 C3 23 A3 63 EZ2 13 92 52 03 33 B3 732 F3
Do 202 OB SB 4B CB ZB AR 4B ER 1R 9B SR B B BR 7R FR
EOQ 224 07 €7 47 C7 27 A7 &7 E7 17 297 S7 07 37 B7 77 F7
FO 240 OF 8F 4F CF 2F AF &F EF IF 9F SF DF 3F BF 7F FF
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3.9 NSZC-II - Il RESTRICTIONS

The followine restrictions have been noted and are contained 1in
the SEPAC Flieht software.

1. Inhibiting interrupts may cause the I firmware or the S5C-11
software to enter infinite loap. The conditions for a loaop are:

NESC-11 I
33333 2 3

(e I/0 Interrupt
Service Interrurt
Inhibit I/70 Interrupt
Perform SI0 Operations
SI10 R1,R2, Command
ENZ #-4 (e I/0 Interrupt Reauest

The N3SC-II SI0 Operation cannot be completed since the IU has
entered I/0 Interrupt Service and the IU I/0 Interruprt Service
Request cannot be honored since an SI0 operation is  ongoing.
Therefore. NSEC-I1 I1/0 operations should not be pPerfarmed on an
NSSC—II interruprt level.

2. To lcad command reaisters, the following I/0 sequence must  be
used:

SI0 Rst» Revs COMMAND: READ-INPUT-REGISTER
ENZ #—4

10 Ri» Rwv, COMMAND:WRITE-INFUT-REGISTER
BMZ #—4

s10 Rx» Rv. COMMAND: READ-INPUT-REGISTER
BNZ #—4

=10 Rst» Rwv, COMMAND:WRITE-INPUT-REGISTER

BNZ *#-4



The first READ-INPUT is necessary to allow time for address
lines to be latched to correct Command Register.

. If the N3SSC-11I pPerforms SI0“s to Dual Port Memory or Scratch Pad
Memorv at a hish densitvy, the probability of collisions between
SSC-I1 and IU access of those memories is significantly increased.
When manvy collisions occur, there 1is a degradation in svstem
Performance.

4, When the NSSC-11 sends a serial message to the IU to bhe
transferred to the Experiment Computer, the NSSC-I1 expects one of
two respoanses:

a) I1/70 Interruprt that the Messase Buffer Cleared -
transaction complete (coade=46000 or A001),

b) I/0 Interrupt that the Messase Buffer should he
retransmitted (Error Condition) - (code=46002 and 4003Z).

If neither of these resrpanses is sensed, the Fliaht Software
will switch to the oprosite output block in DPM.



4.0 MEMORY ALLOCATION

The memory allocation
Version 2.4

TABLE 4-1:

Assemblv Langsuaae Routines

FPatch SpPace

Database

FORTRAN Routines
FORTRAN Common Blocks
SPare

EBML

The allocation between
in the followine table.

for the
is summarized in

MEMORY ALLOCATION

SEPAC  fliaht
the following table.

SLUMMARY

AODRESS RANGE NUMBER BYTES
0000 - 013E 400
Q04RO - ZE74 10, 696
0120 - QO4AE 200
Z2E72 - &BDA 15,712
B2 — ALCAH 15,083
ALCE — DAS4 12,1952
DAS&E — DCO4 43z4
DCos — FFFF P, 208

logic code and data structures is

saftware

based on

FERCENTAGE

0.4
16:3
1.2
24.0
23.0
20.1
0.7
14.1

100. 0%

shown



ADDRES

QOO0
OB10O
ocse
onse
OEZO
OF20
1oCcs
1122
1320
14CE
15RO
1602
1673
1778
1A22
iR&ES
1ces
1ES0
1F20
IFCE
2120
21F&
23632

=
2\-'\-":'

2620
2713
2803
2898
2BCO
2CES
20Es
2E70
2E72
3040

P
-

OBOE
OCES6
onsé
QEZE
OF 1E
10C4A
1126
132ZE
14C6&
1SAE
1404
1676
1776
1AZ4
1B&4
1C&a6
1E4E
1F7E
tFCA
218E
21F6
2366
2356
262ZE
2716
2206
2896
ZBRE
2CE6
z2Des
Z2E&E
2E7&
30SE
Z9AE
2DB6
40CE

TABLE 4-2:

TYPE

>2»»>®$P2>222P2DP2>PPPPPDT22D22D2>2DDDDDD

oo
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SEPAC FLIGHT S0FTWARE
VERSION Z
MEMORY MAP

CONTENTS

DRIVER : SEFPAC EXECUTIVE

STASK ! TASK DISFPATCHER

SINGLE : SINGLE COMMAND DRIVER

PATCH : PATCH SPACE

RTDRV : REAL TIME DRIVER-100 MILLISECONDS
RTCMD ¢ COMMAND QUTPUT

MSGIN ¢ SERIAL MESSAGE INPUT

MSOUT1 = SERIAL MESSAGE CQUTPUT

MSGHAN : MESSAGE HANLDLER

CGMT ¢ COMPARE GMT

SGMT : SUBTRACT GMT

ECMAG ¢ EXECUTIVE CONTRGL MAGNETIC FIELD
GNC 2 GNC HANDLER

ECBML 2 EXECUTIVE CONTROL EML

TUGMT ¢ READ GMT

SETHTR :* SET HEATER CURRENT PCF

C22ZDWN @ SINGLE INSTRUMENT SHUTDOWN
IUCMD : WRITE IU COMMAND REGISTERS

SPM : WRITE IU SFPM

ECSMO ¢ EXECUTIVE CONTROL SMO

AEPIOF : AEFPI INTERFACE

MANUAL = MANUAL FO DRIVER

EXSPM ¢ MASTER =FM DRIVER

DEFDMP : DEF DUMP

UHEADR = UNPACK MESZSAGE HEALDER

PHEADR : PACK MESSAGE HEALDER

FLT164 t FLOAT 1& BIT INTEGER

INT14 : 146 BIT INTEGER BOOLEAN ROUTINES
SIN : SIN/COS/TAN MATH UTILITIES
ARCTAN : ARC TANGENT UTILITY

ROOT ¢ ROOT UTILITY

SPARE :

FOMCOM = FO MENUD DATA BASE

FoCcaoM ¢ FO DEFINITION TAELE

PCFCOM ¢ PCF DEFALULT DATA

CMDCOM @ I INSTRUMENT COMMAND DEFINITION



4090
&7BS
LAZ0
&BLOE
6F10
TJE7O
PZRER
YERO
A47¢c
ALCE
AR740
A770
A7R0

ZRO
ASDO
n7co
nsee
D2As
D9EQ
DALS
DAZS
DASA
LCcos

&FOE
7E4E
SZR4
YSAE
A476
ALCH
A7ZE
A72E
A7AE
AZAE
ARCE
D7EBE
nass
n=as
ODYDE
DALA
DAZA
DASEZ
DCO06&
FFFE

TABLE 4-2: SEPAC FLIGHT S0OFTWARE
VERSION 3
MEMORY MAF
(CONT INUED)

SIZE TYFE CONTENTSZ

1052 i HEXCOM @ SEPAC HARDWARE/ INZTURMENT ROUTINES
104 D FOCSCT : FO DEFINITION TABLE INDEX
440 i HXCECT ¢ HEXCOM INDEX
822 F ECFO : EXECUTIVE CONTROL FO START
24 F SEPACM : SEFAC MODE EXECUTIVE
D44 F PASSX tOINSTRUMENT COMMAND BUILD
1272 F DOIF : IF STATEMENT FPROCESSING
2016 F ODOCALC ¢ CALCULATION STATEMENT PROCESSING
592 F ECPCF ¢! EXECUTIVE CONTROL PCF MESSAGES
120 [ DEPCZOM @ FORTRAN MASTER COMMON
o ¢ COEFF : FORTRAN COEFFICIENT COMMON
32 C STATW1 : FORTRAN STATUS 1 COMMON
256 c ouTCOM @ FORTRAN OUTRPUT MESSAGES COMMMON
32 T FOFL6 3 FORTRAN FO FLAGES COMMON
1201 C TLEUF : FORTRAN COMMAND DATA COMMON
200 C MSGCOM ¢ FORTRAN INPUT MESSAGES COMMON
=2 C STATWZ : FORTRAN STATUS 2 COMMON
312 C FCFBUF : PCF DATA AREA COMMON
Sk C GNCCOM @ GNC DATA AREA COMMON
32 C UCMDWz « COoMMAND DATA COMMON
24 CUCMDW1 ¢ COMMAND DATA COMMON
440 SPARE t SPARE UNUSED DATA AREA
Q202 A BML t BML IIMA DATA AREA
LS534A
A = Assembly Lansuase (Code + Data)
F = FORTRAN (Code + Data)
C = FORTRAN Common Block

[l = Assembly [Data



TABLE 4-3:

LOGIC CODE
FPATCH & SPARE
DATA

BML

The allocation

1.

QO7E”

SIZE (BYTES)

of memory is hbased on

NSSC—-II memory address space

reserved

interrupt vectors,

2.
tao

ta “FFFE~
rort.

This

forr the BML data.

3.

memary

The allocation of
(starting address of “01207)
rPatches. Low

to simPlify software

address
reaister,

may be referenced

therebv

instructions.

LOGIC VERSUS

DATA MEMORY

FPERCENTAGE

100.0%

the NES

The Burst Mode Logsic data is transferred
NSSC-II memory
bv the IU thraouah
address space must be reserved

address spPace
the NSSC-I1

rpatch spPace

0000~
C-11

witheut a base
simplifvina

the followine arocundrules:
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4, The I PROMZ containing the SEPAC Flisht
software load imagse is limited to the
NSSC—-1II address space 700007 to AFFE“. When
the IU pPerforms an NSSC-II memory load
operation, the address space 700007 to AFFEX
is loaded from PROMS., This pPlaces a
requirement that the followine elements be
allocated ta that address space:?

¢ A1l software logic cade
(Assembly & FORTRAN)

e Patch spPace

e Database

The ather elements (Primaril-vy the
FORTRAN COMMON Blocks) can reside abaove
address “AFFE“.



5.0 SEPAC DEP FLIGHT SO0FTWARE STRUCTURE

The overall structural design of the SEPAC DEP Flight
is built arocund the NZSC~I1-“s interrupt structure.

Executive Initialize Process
JEE I I I H NS

The Executive Initialize Process consists of
the Executive Initialize which is entered bvw
the NZ=C-II firmware when an IPL PSW Load

interrupt 1is detected. Upan completion of
the initialize Process, the executive begins
the backsraound Process, The Executive

Initialize FProcess is executed on the NSSC-II
user Processing level.

Executive Backeround Process

Y T Y L R T T E LR

Executive Backsaround Process consists of the
Task Dispatcher for executing the 1%
predefined functions (see Table 5-1). The
Executive Backsround Process remains active
unless interrurted bv the pProcesscr and 1is
executed on the NSSC-I11 user pProcessor level.

External Interrurt Frocess
3E3E 3 3E I IE IR IE I I M I

The External Interrupt FProcess consists of
the External Interruprt service lagic. Bath
the I 1HZ interrupts (code=0000H) and the
NS2C-II Interval Timer interrupt (code=00Z0H)
are serviced by the External Interruert
service logic.

This pProcess 1is executed on the NSSC-I1
External Interrupt pProcessing level and is
activated on the occurrence of an NSEC-11
external interrupt. Contral is passed to the
External Interrupt service handler -
“EXTINT .

Software
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I/0 Interrupt Process
I LI e

The I/0 Interrupt Process is activated on the
oCcCcurrence of an SSC-11 1/0 interrurt.
Control is rprassed to the 1I/0 Interrupt
service handler -“IC0INT”. This Process
services the NSSC-II I/0 interrupts and 1is
terminated with control returned to the
pracess interrurpted bv the I/0 interrurt.

FPraogram/Machine Checlk Pracess
3E3EE I I 3 S I 3E I I I I W3

The Froaram/Machine Checlt Process is
activated on the oaccurrence of an NSSC~-II
Program Check Interruprt or an NSSC-II Machine
Check Interrupt. Control is pPassed to the
Proaram Check/Machine Check service handlier
-"PRGINTER". This process services the
NZSEC—-II interruprt and is terminated with the
NZZC-II pProcessor beinsg placed in the wait
state.



TABLE

TIOINT
WII
TADLUMBF
TSTASK
TECFO
TRATCH
THMANLIAL
TECPCF
TECMAG
TGNC
TECSMO
TSWMASEK
TECERML
TSINGLE
XMAN
WsEP
MSG
TSFM
TOEFPDMF

i:

TASK SCHEDULE TAELE

(WORKLIST)

TASK ROUTINE

IOINT
IUINT
ADUMBF
STASK
ECFO
FATCH
MANLAL
ECPCF
ECMAG
GNC
ECSMO
SWMASK
ECBML
SINGLE
ECMAN
SEPACM
MESGHAN
EXSPM
DEPDOMP

DESCRIPTION

I0 INTERRUPT HANDLER
I INITIALIZATION

I MESSAGE RECOVERY
INFUT MESSAGE HANDLER
FO SCHEDULER
FPATCH/DUMF UTILITY
MANUAL FO DRIVER

FCF UFPDATE HANIDLER
MAGNETIC FIELD HANDLER
GN&C HANDLER

SMO CONTROL

SOFTWARE MASK

BURST MODE LOGIC
SINGLE COMMAND

MANLIAL. FO DRIVER

FO TIMELINE EXECUTIVE
I/0 MESSAGE DISPATCHER
SCRATCH PAD MEMORY OQUTPUT
DEFP MEMORY LDUMF



‘ 2.1 ZEPAC SOFTWARE MODULE TREE STRUCTURE

The following is the

EXTINT
RTCMD
AEFION
AEFIOF
1LICMD
WORK
IGINT
FGRINTER
SFM
CODESTRT
IGINT
ILINT
FASSO
FASSX
DOIF
IEGR
. ISHIF
IAND
IAF
FHEADR
IAND
REVS
MSOUT1
10R
IEOR
ISHIF
DOCALC
MOVE
INT14
SIN
ROOT
cos
TAN
ARCTAN
FLT16
MCOVE
FLT164
INT1&
EXTRCT
GETCMD
RTCMD
AEPICON
. AEFIOF
IUCMD

WORK

SEFAC Software Module Tree Structure.

External Interrupt Service Process

I1/0 Interrupt Zervice Fraocess
Froaram Check/Machine Checl
Interrupt Service Process

Initial Program Load

Start Point

1/0 Interrupt Handler Process
Initialization Process



ADLMBF
SOuUT
STASK
MSGIN
SPM
ECFO
EXTRCT
PASSO
ZAP
MANLUAL
MZOUTL
RTCMD

AEFION
AEFIOF
IUCMD
WORK

FASSX

DoIF
IECQR
ISHIF
IAND
ZAF
PHEADR
IAND
REVE
MSOUTL
I0R
IEOR
ISHIF
DOCALLC
MOVE
INT14
SIN
ROOT
cas
TAN
ARCTAN
FLT16
MOVE
FLT1é&
INT14
EXTRCT
GETCMD

FASSO
ECFCF

UHEADR

SETHTR

DOCALC

MOVE
INT16
SIN
cos
ROGT
TAN
ARCTAN

Message Recovery Process

Messase Input Service Process

FO Schedule Process

Manual FO Process

FCF Handler Frocess



FLT14
REVZ
ECMAG
GNC
SFM
SWMASK
FATCH
MSCIT 1
SFM
ECSMO
FASSX
DOIF
IECR
IZHIF
IAND
AP
PHEALDR
IAND
REVE
MSOLIT
I0R
IEQR
ISHIF
DocAaLz
MOVE
INT14
SIN
ROOT
oS
TAN
ARCTAN
FLT14
MOVE
FLT1&
INT14
EXTRCT
GETCMD
RTDRV
RTCMD
AEF 10N
AEFRPIOF
IUCMD
SWMASK
ECBML
REVEZ
SINGLE
MSCQUT L
ECMAN
RTCMD

Masnetic Field Process

GN&C Praocess

Patch/DumP Frocess

SMO Process

S/W Mask Process

Burst Made Logic Process

Sinale Command FProcess

FPage

0



AEFION
AEFIOF
IUCMD
DEFPDMP
MZGHAN
FHEADR
MSOUT1
EXSFPM
SPM
SEFPACM
FASSX
DOIF
IEOR
ISHIF
IAND
ZAF
FHEADR
I1AND
REVE&
MSCILAT 1
10R
IEOR
ISHIF
OOCALC
MOVE
INT14
SIN
cos
. ROOT
TAN
ARCTAN
FLT14
MOVE
FLT1&
INT16
EXTRCT
GETCMD
RTORY
RTCMD
AEF ION
AEPIOF
IUCMD
WORK
INHIRT
ENAEBLE
CZ22IWN
CGMT

FPage 0

Dume DEP Process
Message DutrPut Handler Process

SFM Status Handler Process

FO Executive Process



I TUGMT

SGMT
TUGMT
SGMT
EXTRCT
DOCALC
MDOVE
INT164
SIN
ROOT
cos
TAN
ARCTAN
FLT14
IAND
DEFPRTC

. 5.2 SEFAC PROCESSES

Each of the SEPAC
sectian.

Plrrocesses

n

described in

the following
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1/0 INTERRUFT PROCESS
ISR R RN

IOINT

<SCHEDULE APPROFRIATE
USER TASKS

WILRE

IONIT is the head aof the 1/0 Interrupt Process. Execution of ICQINT
begins on an I/0 Interrupt occcurrence. IQINT schedules tasks or sets
event flass based on the interrupt received; see I/0-INT Table below.
The I/0 Interrurt Frocess is terminated by returnina control to the

interrupted pProcess.

TABLE S—-2: I/0-INT TARELE

INTERRUPT COLE ACTICON I

2065 SCHEDOULE STASK

2021 SCHEDULE GNC

201F SCHEDULE DEFDMP

4000 CLEAR EUFFER #1
FLAGS

4001 ’ CLEAR BUFFER #2
FLAGS

4002 SET E#1 RETRANSMIT
SCHEDULE ADUMEF

L0032 SET EB#2 RETRANSMIT
SCHEDULE ADUMELF

I




Fase &3

EXTERNAL INTERRUPT FPROCESS
640363 30 S H I I SE 30 I 2 30 30 30 2 SE S A S B B

EXTINT

RTCMD
EXTINT is invoked when the NISC-II Timer or IW 1HZ Interruept occuﬁs
The external (timer) Process rPerforms the outeput to the IU Command
Registers and has a 100 millisecond c¢weclic schedule. EXTINT also
cantains the logic for svyncing the NSSC-II Interval Timer and the IU
i1HZ Interruprt everyvy second. The External Interruprt Process is

terminated by returning control

to the interruprted Process.



PROGRAM/MACHINE CHECK INTERRUPT PROCESS
B3R H R AL 633030 30 36 3 30030 3E IR I3 33 I 3

PROGINTR

The Proeram Check or Machine Check Interrupt Process is started when
Interrupt or a Machine Check Interrurt occurs. The
(FSW) transfers control to FRGINTR. This Process
causes the NSSC-II to enter a

a Progsram Check
interrupt vector
writes law memory data to SPM and then

wait state.
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IU COMMAND REGISTER INITIALIZATION
HHF I 22 3 B 2 I I 333834

CODESTRT

TUINT

FAZZO ' FAS

7]
0
>

RTCMO

The pProucess for pPerformins I Command Reeister Initialization is
performed after the NISC-II/DEFP synchranization. The IU Command
Registers are initialized per the command values specified in HEXTAR
Subroutine IUINT. A command chain sequence is aenerated and executed
for initializine the IU Command Registers.



MEZZAGE RETRANSMIT PROCESS
B R R R RS

CODESTRT

AOLMEBF

MSOUT]

The Messaae Retransmit Process is invaked throush the task disepatcher
of CODESTRT when the ADLUMBF task is set. ADUMBF task is set by the
1/0 Interrupt pPraocess when an I1/0 &002H aor  &00ZH  interrupt occurs.
The Messaae Retransmit Process retransmits the tast Il messasge.

X
o
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. MESSAGE INFUT PROCESS
TR 2L 20 2-2-2-2-F-2-X-3

CODESTRT

STASK

MEGIN SPM

The Message InpPut Process is invoked throuah the task dispatcher of

CODESTRT when the task STASK 1is  set. STASK 1is set bv the 1/0

InterrupPrt Process when an I/0 Z20465H interrupt occurs. The Message

InPut Frocess reads the messase data from the IU's Dual Fort Memorwy,

depasits the data in FORTRAN COMMON, and writes the messase header

data to Scratch Fad Memory for telemetrv. STAZK also schedules other
‘ tasks as reqQuired.



. FO INITIATION PROCESS
i3 22 2L SN N E TR

CUDESTRT

EXTRCT PASSO

WORK

The FO Imitiation Process is invoked throuah
CODESTRT when the task ECFO is set.
message is received from the IU requesting

Perfarms
initializes the FO data, and schedules the

The FO Initiation Frocess

the task
is set when
the initiation
FCF
SEFACM task.

dispatcher
a Block

an

iDn
FaQ.
initialization,

o~

Dy

ot

4
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Fase

SINGLE COMMAND PROCESES
a2y LI

CODESTRT

SINGLE

MSOUIT] ) RTCMD PASSO __FASSX

The Sinole Command Process is invoked throush the task dispatcher of
CODESTRT when the task SINGLE is set. SINGLE is set when a Block ID
11 message is received from the IU requesting the execution of a
sinale IUW command register ocuteput. The Zinale Command Frocess sets
up the default PCF table, imnitializes the FO derendent variables, and
reads/writes the IU Command Resisters.
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PCF UPDATE/GIUERY PROCESS
B3I H I NN

CODESTRT

ECPCF

[__UHEADR WORK TETHTR

The PCF Uprdate/Ruery Process is invoked throwah the task dispatcher
aof CODESTRT when the task ECFCF is set. ECFCF is set when a ERlock ID
2 messagse is received from the IU resuesting a FCF  Update or Query
action. One special handled PCF Update is the Set Heater Current FCF
where the command wvalue is inserted immediately in  the command

registers.



MAGNETIC FIELD PROCESS
Y i a

CODESTRT

ELCMAL

Pase 71

The Maenetic Field Frocess is invaked throush the task disratcher of
CODESTRT when the task ECMAG is set. ECMAG is set when a Block ID 10

messaae 1s received from the IWU indicatina
is present in the Dual FPort Memorv(OFM).
read froem DFM and stored in FORTRAN COMMON.

that Magnetic Field data
The Maanetic Field data is



ll GN%&C FPROCESS
b2 2223 L2 -2 - X-F-F-3

CODESTRT

The GN%C Process is invoked throueh the task dispatcher of CODESTRT
when the task GNC is set. GNC is set when an I/0 Interrupt Z2021H is
received indicatine that GN%C data is present in the ILYs T[wal Port
Memory  (OPM)Y., This pPracess reads the GN%C data from DFM, writes the
data to Scratch Pad Memory, and deposits the data in FORTRAN COMMON.



. SMO PROCESS

BB EIEEERNNR
CODESTRT
ECEMOD
FASSX RTDRV ERAMOLD

The =MO Frocess 1s invoked throuah the task dispatcher of CODESTRT
when task ECEMO is set. ECSMO is set bv the task SEFPACM when the SMO
is selected and the SMI time window is pPresent. The selected SMD
arperation is performed.

(X
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SOFTWARE MASK PROCESS
BB R BB R RHRRRS

CODESTRT

SWMASK

The Software Mask Process is invoked throush the task
CODESTRT when the task SWMASK is set. SWMASK task is not set for the

first flisht of SEPACS i.e.. the requirement for this function has
been wavered for SEFAC first flight.

dispatcher of



' BURST MODE LOGIC PROCESS
FH RN R R E AR FHHHHR

CODESTRT

ECEML

REVE

The Burst Mode Logic FProcess is performed at every EBA or MPD firing
and is invoked throush the task dispatcher of CODESTRT when task
TECBML is set.
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SINGLE BOARD COMMAND
$#36 3030 336 20 3 30 S S S H 33

CODESTRT

BOARL

MSOUT

The Sinele Board Command pProcess 1is invoked when a 9ground test
command from EQIVS is received requesting a single board command
function. The TSINGLE task of CODESTRT is activated.
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OUMP DEP FUNCTION TASK
36303333 S0 S IR R H

CODESTRT

DEFDMF

The Dump DEP functicn task is activated when task DEPIOMF of CODESTRT

is set.
Interrupt

The Dump
(201FH).

DEP task is activated in response ta a Dume LDEPRP



I/0

SERIAL MESZAGE HANDLER
2 AR LI SRR PR T

CODESTRT

FHEADR

Fage 72

M=OUT 1

The 1/0 Serial Message Handler is activated once pPer second ta output

seri
task

al messages on the messase queue.

is MS5 of CODESTRT.

The I/0 Serial Message Handler
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. SCRATCH FAD MEMORY TASK
22322332322

CODESTRT

EXSPM

SEM

The Scratch Pad Memory task is activated once Per second to output
status data to the SPM. The SFM task is TSFM of CODESTRT.
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5.3 SEPAC IMITIALIZATION

The NZSC-I1 memory is imitially locaded by the IU throush the
standard IPL loading sequence. The IU PROM“s load NSSC~II memorv to
address AFFEH. WUpon completion of the l1ocad. the SEPAC 'DEFP software
is started by an NSSC-II IFPL interrupt. On receirt of the IFPL
interrurt, the NZESC-II1 firmware l1coads the PZW from low memory address
0O (IPL PSW). The IFL PSW vectors the startine address to the routine
“CODESTRT“.

The following sters are pPerformed as pPart of the initialize
rPhase.

1. R12 is established as base register.
2. R12 is loaded to address of SAVEAREA.
Z. NSSC~-I1I RTC is set ta O.

4, The External Interrupt New PSW is initialized to trap
External Interrupts to “EXT77°. This prevents servicins
of External Interrupts until the initialize rPhase 1is
completed. The interrupt PSW vector is reinitialized
in step 10,

S. The I/0 Interrupt New PSW is initialized to trare
I/0 interrupts to I077. This prevents servicing of
I1/0 interruprts until the initialize Phase is completed.
The interrurt FP3W vector is reinitialized in ster 10.

. The value “FOOF7 is written into SPM loccation O to
sianal that the NSSC-II initialize has been initiated.

7. NESSC-II memory address space 00007 to “DBFEZ is
Pprotected asainst Direct Memory Access (IIMA) storing
throuah initialization of the SET STORAGE KEY (SSK)
instruction. This pProtects asainst inadvertent IIMA
storing by the IU of Burst Mode Logic data in an address
srpace other than “LCO2° to DFFE-“.



Durine this seament of codes

Faae

A memary checksum is compPuted off the NSSC-I1 memorvw
address space “0000° to “AFFE“. The checksum is
computed as a logical sum of the 14 bit memory cells.
checksum value is written to SPM location 0.

A sixty (10) second wait is executed to allow the IU to

w
[N

The

camplete its imitialization and to establish communication

with the RAL. The IW 1HZ interrupt is used to count

the 10 seconds. A counter value is loaded to a. value of 10

and on each 1HZ interrupt, the value is decremented and

written to SPM address 5.

trarpPed to COLDEA4S.

10.

11.

—
bJ

[y
R
.

The NSZC-II interrupt FSW vectors and I enable
masks are initialized te allow both I/0 and External

the IU 1HZ interrupt (code=0000) is

interrupts. The I/70 and External interrupts are vectored

to the normal interrupt service routines.

The SEFPAC Task Schedule Table is initialized to
deactivate all tasks excert the “SEPACM” task and the

SIUINT” task. These two tasks are initially active since

ILHINT initializes the IU Command Reaisters and SEFAC
initializes the FORTRAN COMMON Rlack data values.

The foallowins data items are initialized:

¢ The executive control flass located in low memory
(address 37 to “54&7) are set to zero.

¢ The SEPAC state variable (COMMON/DEFRCOM/STATE)
is set to zero.

¢ The cutput messase block (COMMON/QUTCOM) is
initialized to zero.

e The RTORV stop flas (COMMON/FOFLG/STFLG) is set
te “FF7.

The last step of the initialize phase is to enable the
and External Interrupts in the NISC-II.

/0



4.0 SEPAC DATABASE

The

data files,

FOMTAR

FOCsCT

FOTAER

HXCSCT

HEXTAE

COMTAB

FCFRUF

SEPAC Database consists of seven
These data files and their prosram FORTRAN names ares

FORTRAN
FORTRAN
FORTRAN
FORTRAN
FORTRAN
FORTRAN

FORTRAN

COMMON/FOCOM/FOMTAB(
COMMON/FQCECT/ FOIND(
COMMON/FQCOM/FOTAR( )
COMMON/HXCESCT /7HEX IND(
COMMON/HEXCOM/HEXTAR(
COMMON/CMDCOM/COMTABRS

COMMON/FCFCOM/PCFRUF (

The relationship hetween the data files

W
[N

Paae

distinct but interrelated

)

)

is shown in Figure 4-1.
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6.1 FO MODEL (FOMTAB)

Each of

the 18 FO‘s is defined by an FO

COMMON/FOMCOM/FOMTAB. The Fo Models contain the

information:

e FO

Moadel Number

¢ FO Tvepe (EBA/MFD/NGP)

o FO

Fo
Fa
Fo
460
FO
Fo

Initialization Zequence Identifier
-I1s0 EBA
-1%0 EBA-MFD
=10 MPD 1
-I1s0 MPD II
~None
FO Preraration Start Reference Time
SMO Start Reference Time
Node O Sequence Identifier

Nodes 1 — 3 Sequence Identifiers
Naodes 1 - 5 Start Reference Times
Secands to Power Uff Reference Time

Fower Qff Sequence Identifier
Power Off Start Reference Time

The aeneral structure for an FO Moadel is shown below.

FAMM
Q00Y
FOII
TTTT
F100
SSES
F2ZNN
uug
FaJdJd
AV AVAV)
F200
WWhW
F4KK
22722
FAFE

FA-MODEL #MM

TYFE = Y
FO-PREP SEQUENCE = IT

FO PREF REFERENCE TIME
SMO

SMO REFERENCE TIME
FO-NODE-SEQLENCE = NN

NODE REFERENCE TIME = 0ulul
F3-ARTIFICAL NODE - SESUENCE = JJd

ARTIFICAL NODE REFERENCE TIME = VWW
F3-60 SECONDS TO FOWER OFF

TIME = WWWW
F4-POWER OFF SERUENCE = KK

FOWER OFF REFERENCE TIME = 222717
FAFE-END OF MODEL

0
D

Fage

Model in
followineg
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The following provides a more detailed description
Reference Table 6-1 far the specifics for each FO.

a model.

M

II

o -4
N —f
-
-

(3]
3]

LU
ey
WIWWL

227217

NN

A

KK

LI R VO I 1 I

i

FO Model Number in hexadecimal.
Valid numbers are 01 to 1Z2.

FO Tvre

1 = NOT EBA, NOT MPD
2 = EBA, NOT MFD
2 = NOT EBA. MFLD
4 = EBA, MPLI

The FO TvyrPe is needed to determine the
Hold/Restart or MFQY modified Fower
ON/OFF sequences.

FO Prerparation Sequence Identifier that
references a Sesquence Table in FOTARB.

7007 = 120 EBA
7Z17 = 150 EBA-MFLD
7017 = IS0 MPD-I
027 = IS0 MPD-II

FO Preraration Reference Time

EMD Reference Time

Mode Reference Time

Artificial Node Reference Time

60 Seconds to Power OFff Reference Time
Fower (Off Reference Time

A1l times are referenced to T=0 and are
twae’s complement inteser with the least
significant bit eaual to one second.

Node Sequence lIdentifier that references a
Sequence Table in FOTAB.

Artificial Node Sequence Identifier that
references a Sequence Table in FOTARB.
Artificial nodes are necessary since some FO-
require a large number of command Points.

FPoewer 0Off Sequence Identifier that references
a Sequence Table in FOTABR.
7167 = FOWER COFF

Page &

of the
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items



MODEL #

—— — —————

TABLE &-1:
FO # FO 1D
FO-1 (CFC)
FO-2 (T-1)
FO-2 (T-2)
FD-4 (T-3)
FO-5 (A-1A)
Fo-5 (A-1R)
Fli—~¢4 (A-2)
Fo-7 (A-3)
FO~-2 (A-4)
Fo-2 (A-5A)
FO-< (A-ZB)
Fo—2 (A-SC)
FO—-10 (A-46)
FO-11 (A-7)
FO—-12 {A-2AR)
FOo-12 (A—-ZR)
FO—-12 (P—1)
FO-14 (P—-2)

Paae

SEPAC FO MODEL NUMBERS

SEPAC SYSTEM CHECKOUT
EBA FIRING TEST (LEVEL
MPD FIRING TEST

EBA FIRING TEST LEVEL II
ELECTRON BEAM EXPERIMENT
ELECTRON BEAM EXPERIMENT
ELECTRON BEAM EXPERIMENT
ELECTRON BEAM EXPERIMENT
FLASMA BEAM FPROFPAGATICON
ARTICIFIAL AURIRA (EBA/NGF)
ARTIFICIAL ALURORA (EBA/MFL)
ARTIFICIAL ALRORA (EBA)
EQUATORIAL AEROCHEMIZTRY
ELECTRON ECHO

E//7B EXPERIMENT (EGA/MFL)
E//B EXFERIMENT (EGA/NGF)
PASCSIVE EXFERIMENT

1ES020 EXPERIMENT SUPPORT

WHR N -

0



A.2 FO TABLES (FOTAR)

The F0O Zequence Tables are composed of twoe common hblockss
COMMON/FOCSCT/FOIND and COMMON/FOCOM/FOTAB. FOIND is a marPing inde:xt
into the FOTAB arrav. FOTAR contains the Seauence Tables that define
the initialization sesquences, the Power off sequences, the FO node
sequences, or the madified pPower on/off sequences.

Each Sequence Table besins with an entrv of the format
TFAXX0000 where XX is the Sequence Table identifier and ends with an
entrv of the format "FAFEFAFE-. The number of entries between the
first entrv and the last entrv is variable.

The entries in the Sequence Table are of the format TTTTRRRR
where TTTT is the time in seconds and RRRR is the HEXTAE routine
identifier. The valid HEXTAR routine identifier ranse is 700007 ¢to

“O0FS”. Identifiers in the range “0O0F4L&” to “00FFY are indirect
identifiers. The true identitier is contained in
COMMON/FOFLG/ROUTIX(1-10). The followina Table summarizes the

Identifiers.

TABLE &-2: FOTAR KEYS

FOTAB ENTRY IDENTIFIER
Q000 TO “00FS~ 700007 T “00EF~
‘F&r ROUTIX(1)
“F7~ ROUTIX(2)
‘Fa ROUTIX(Z)
For ROUTIX(4)
“FA” ROUTIX(S)
“FR~" ROLITIX (&)
FCr ROUTIX(7)
“Fh~ ROUTIX(2)
“FE~ ROUTIX(9)

‘FF~ ROUTIX(10)
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FOTAB/FOCOM INDEX

1D # DESCRIPTION ID # DESCRIPTION
00 150 EBA 17 FO#2 T-1 NODE O

01 150 MPD-I 15 FO#2 T—-1 NODE 1

o 150 MPD-I11 19 FO#2 T-1 NODE 2

03 FO#01 (CFD) 1A FO#2 T-1 NODE 3

04 FO#0S (A-1E) NODE 1 1E FO#2z T-1 NODE 4

05 DUMMY Fi 1C FO#2 T-1 NODE S

0t SMO-ERA 1D FO#2 T-2 NODE O

07 FO#0S (A-1A) 1E FO#3 T-2 NODE 1

0% FO#OS (A-1E) NODE © 1F FO#4 T-3 NODE O

07 FO#06 (A-2) 20 FO#4 T-3 NODE 1

0A FO#07 (A-3) 21 FO#4 T—-3 NODE 2

OB FOROS (A-4) 22 FO#4 T-3 NODE 3

ac FO#OY (A-SA) 23 MODIFIED OFF

oD FO#09 (A-SB) 24

OE FO#OY (A-SC) 25 MODIFIED ON

OF FO#10 (A-6) 26 FO#12 (A-SA) NODE 1
10 FO#11 (A=7) 27 FO#12 (A-SE) NODE 1
11 FO#12 (A-SA) 25 HVCRST

12 FO#12 (A-SE) 29

13 FO#13 (P-1) ZA

14 FO#14 (P-2) 2H

15 Fb#1s (BAT) 2C

14 PWROFF 20

m
Py



1D #

2E

t
)

0y
[

DEZCRIPTION

150

EBA-MFD

FOTAB/FOCOM
{CONT INUED)

O

0



4.3 HEXTAB

The HEXTRE pPortion of the SEPAC Flisht Software database
consists of “routines" that represent the SEPAC Instrument Level
Routines, the Hardware Level Routines, the FO Timeline sequence
routines, ar seneral command/parameter routines.

Entries in the HEXTAB are of twa formats:
FORMAT 12 WWXX
FORMAT 2 WWXX
where W function index or command inde:

XX = function subcode or command data (2 bits)

YYYY function data (16 bits) \

The functian indexxes and command indexes are summarized in Table
&£=3 and are described in the followins raragraerhs.



TABLE 4-3: HEXTAB COMMAND/FUNCTION SUMMARY

COMMANLD/FUNCTION
INDEX (VV) FORMAT DESCRIPTION

et S, . S ——————— — —— o ———— - it — — — — Tt T T ST T o o T T S e, o —— — —— T — . ——, Yot S ——— —— 2 T . . o

“00XX” TO “7FXX” 1 DIRECT COMMAND SIGNAL
WW = INDEX INTO COMTAB
XX = COMMAND SIGNAL DATA VALUE

TEOXXT TO TEFXX“ 1 INDIRECT COMMAND SIGNAL
WW--807 = INDEX INTO COMTAB
XX = PCF INDEX OF DATA

“FOXX” 1 NOT ASSIGNED

F1XX” 1 NOT ASSIGNED

TEZXX” 2 SKIF TO HEXTAB ENTRY YYVYY
fYYYY/ XX - .-'00/

YYYY = HEXTAB INLDEX

TFEXXS 1 DELAY TIME — INDIRECT
XX = INDEX IN ACALS ACAL(XX)
WHERE ACAL(XX) = DELAY TIME IN .1
SECONDS

“F4XX” DELAY TIME - LONG FORMAT
TYYYY? XX = <007
YYYY = DELAY TIME IN .1 SECONDS

n

TF3XX” NOT ASSIGNED

"F&XXT NOT ASZSIGNELD

TF7XX” SET PARAMETERS

“YYYY” XX = FARAMETER SURCODE (SEE TABLE XX)

YYYY = PARAMETER DATA

TFaXX” 1 CALL SURROUTINE XX IN SERIES
XX = SUBROUTINE IDENTIFIER

“FYXX* 1 CALL SUBROUTINE XX IN PARALLEL
XX = SUBROQUTINE IDENTIFIER



TABLE &4-2:

HEXTAB COMMAND/FUNCTION

Fage

SUMMARY

(CONTINUELD)

COMMAND/FUNCTION
INDEX (VV) FORMAT
‘FAXX’ 1
“FAFE’ 1
“FEXX” 1
“FCXX” 1
“FDXX” 1
‘ “FEFE’ 1
“FFXX” 1
“FFFE” 1

DESCRIPTION

START OF HEXTAR ROUTINE XX

XX = ROUTINE IDENTIFIER

END OF HEXTAB ROUTINE

NCP

XX = 700~

CALL CALCULATION NUMBER XX

XX = INDEX INTO “DOCALCT CALCULATIONS
DELAY TIME - SHORT FORMAT

XX = DELAY TIME IN .1 SECONDS

e =
LD

(MAXIMUM = SECONDS)

END OF HEXTAR

START OF IF STATEMENT XX
XX = INDEX INTO “DOIF~

END OF IF STATEMENT

8
]

N



HEXTAE

‘F701°
YYYY

F7027
YYYY

TF7037
YYYY

“F7047
YYYY

TF7057
YYYY

“F70&°
YYYY

F707"

YYYY

TF7027
YYYY

TABLE 4-4: SET PARAMETER SUBCODES

DESCRIPTION

SET FAVF TO YYYY
YYYY=2 OR 2 .
ZCAL(27) = FAVP = 2.0 ATM OR Z.0 ATM

ACAL(4) = 1 WHEN FAVFP = 2.0 ATM
ACAL (4) = 2 WHEN FAVF = 3.0 ATM
FCF (50)

1: FAVP = 2.0 ATM

2t FAVP = YYYY ATM

3t FAVF = 5.0 ATM - YYYY ATM

4: FAVP = 3.0 ATM

SET MPDV TO YYYY

YYYY=380 OR 420

ICAL(25) = MPIV = 320.0 KV OR 420.0 KV
PCF(51)

1t MPDV = F80.0

23 MPDV = YYYY

3: MPOV = 860.0 — YYYY
4: MPDV = 480.0

NOT ASSIGNED

NOT ASSIGNED

SET EBAV

ZBAV = ZCAL(320) = YYYY # PCF(32)/100.0
YYYY = EBA VOLTAGE # 100.0

ZCAL (30) = EBAV

FCF(322) = EBAV FACTOR

SET EBAI

EBAI = ZCAL(21) = YYYY # PCF(33)/100.0
YYYY = EBA CURRENT # 1000.0

ICAL(31) = EBAI

PCF(33) = EBAI FACTOR

SET EBA PULSE WIDTH
EBAFW = ACAL(S) = YYYY
ACAL (S) = EBRA PULSE WIDTH IN MILLISECONDS

SELECT AF/BF COQEFFICIENTS
AF/BF = ACAL(2) = YYYY
ACAL (2) = AF/BF SELECTOR



HEXTAB

‘F709°
YYYY

"F70R”
YYYY

“F70B~
YYYY

TE70OCY
YYYY

“F70n”
YYYY

“F70E~
YYYY

“F70F 7
YYYY

“F710~
YYYY

Page

TABLE &4—-4: SET PARAMETER SUBCODES

(CONTINUELD)

DESCRIPTION

SAVE MTVY AZ AND COEL - FIXED
MTV COEL SAVE = FPCF(80) = CL
MTV AZ SAVE = PCF(79) = AZ
YYYY = AZCL

SAVE MTV AZ AND CCOEL - CALCULATED

FCF(7%) = PCF(77). MTV AZ
PCF(20) = FCF(73), MTV COEL
FCF(7%) = MTV AZ SAVE

PCF(77) = MTV AZ CALCILATED
PCF (20) = MTV COEL SAVE
FCF(77) = MTV COEL CALCULATED

SET FAVFON SWITCH IXFFP
ACAL(4) = YYYY
ACAL(4) = IXFF SWITCH
YYYY=0 ACAL(4)=1 IF FAVF L[ZCAL(Z7)]
ACAL (4)~2 IF FAVP [ZCAL(27)1]
YYYY=0 ACAL{(4)=YYYY

2.0
2.0

SAME AS “F70D-

SET SMO BEAM VOLTAGE AND CLRRENT
ZCAL (20)=PCF(2)/4.0
ZCAL (21)=PCF(2)/10.0
ZCAL (20)=ERAV
PCF(2)=5M0 EBAV
ZCAL (21)=ERAI
FCF(2)=5M0 EEAI

SET CALIBRRATION MODE
FURE=YYYY
PURE=CALIBRATION MODE FLAG

1=CALIBRATION
O=NQT CALIBRATION

SET NGMVSW OVERRIDE
ACAL (&£)=YVYYY
ACAL (6)=NGMVSW OVERRILDE
1=0VERRIDE
O=NOT OVERRIDE

SET FRESET ROUTINE IDENTIFIER
ROUTIX(1)=YYYY+1
ROUTIX(1)=FRESET ROUTINE



TABLE 6-4: SET PARAMETER SUBCODES
(CONT INUEL)
HEXTAB DESCRIPTICN

HEXTAE !
FFXX XX=FE START "IF" STATEMENT

FFFE END IF ‘

FEFE ENDT OF HEXTAE

FOXX DELAY XX/10

FCXX CALL CALC (#XX+1)

FEXX NCP

FAXX XX=FE START HEXTAE SUBROUTINE

FAFE END HEXTAB SUBROUTINE

FoXX CALL HEXTAER SUBROUTINE XX-FARALLEL
FaXxXx CALL HEXTAB SUBROUTINE XX-SERIES
F7XX SET PARAMETERE ##-ZCAL7?

F70E SET PARAMETERS 0001 NO FACTOR
YYYY YYYY=LATA

Fz00 SKIP TO INDEX YYYY

YYYY ?COMTAR

XXYvy XX=COMMAND INDEX-YY=DATA

OR YY=FCF INDEX
XX=00-7F COMMAND + IMMEDIATE DATA

20-F1 COMMAND + PCF INDEX

F3.F4,FS.F&

FOTAER

FAFE

XX=FE

TIME+HEXTAE INDEX

FOMTAB

YYYY
YYYY
YYYY
YYYY
YYYY
YYYY

XX=FE

INIT
SMO
NOLDE,

UNDEF INED

START OF ROUTINE SET
END OF ROUTINE SET
YYYYIIII INDEX —===-=%

START OF FO MODE
END OF FO MODEL
(FO FREF) XX=INDEX FOTAER

XX=INDEX FOTAE

ARTIFICIAL NOQDE XX FOTAR INDEX
40 SECS POWER OFF
FOWER COFF XX=FOTAR INDEX

0

W]



HEXTAB/HEXCOM

ROUTINE # ROUTINE ROUTINE # ROUT INE
00 EEBAINT 15 CHGCHK
01 EBASET 16 CHGSTD
0z EBACHK 17 DFSPON
03 EBAHTR 12 DPSPOF
04 EGAEBMI 19 EFEQFF
0% ERARMY 1A PHOSTW
06 EBAFCS 1R FHOCHK
07 EBALDEF 1c ISOFIR
oz HVCRST in PLLCHK
Q9 ERADWN 1E HGFF IR
QA MFDOINT 1F FPLECHE
OR MPDSET 20 FPWFCHE
oc MPLDFIR 21 TRGF IR
oD NGFPCHE 22 TRGSET
OE FAVCHE 23 EFECHK
OF TRGCHK 24

10 FFNCHE 25 EPVCHK
11 GASCHK 26 MTVINMNT
12 FAVFON 27 MTVOFF
12 FAVPOF 28 MTVCHE

MPOIOFF 29

H
s
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HEXTAB/HEXCOM
(CONTINUED) .

ROUTINE # ROUT INE ROUTINE # ROUTINE
26 IWINT ® DoPISZ
2R ZF OGPIS3
2C EBADWL 40 NGALA
2D EBADWZ 41 DIGALR
ZE MTVOF1 42 [IGA1E1
2F EBST1 4z OGAZ

=20 EBAFIR 44 nGAz

31 MTVISO 45 DGA4

32 MTVMS1 44 DGASA
32 MTVM=Z 47 DGASE
=4 MTVMSZ2 42 FHOSE
35 MTVMS4 49 EFESE
26 MTVMSS 4A DGA7

27 MTVFAS 4R FWH4

33 MTVER1 4c FWL4

39 MTVMF 1 40 EFE4

A MTVMF2 4E FHOSC
3R MTVLDGP 4F EFESC
3Cc MTVERZ 50 EPESL

=D OGFIS1 =1 MTVSLVY



ROUTINE #

—— . s - . e e

HEXTAB/HEXCOM

(CONTINLUED)

ROUTINE

MTVCK 1
SFOSN1
TIMTG1
FOSILV
A1AFIR
A1EFIR
AZF IR

SFOSNO
A4F IR

ASAF IR

ASEF IR

ASFIR
A7F IR
AZFIR
TIMTAG
TIFIRO
TiFIR1

TiFIRZ

ROUTINE #

4E

GE

LF

70

71

ROUTINE

TIFIR3
TIFIR4
TIFIRS
TZMPLD

T2ISET
TZFIRO
T3FIR1
FO2ZHT1
FOzZHTZ2
DGFPT10
OGPT1L
OGPT12
DGPT13:
OGRT14
DGPT1S
DGPTZ0
DGFTZ1
DGFT20

OGPT=1

Pagc

O



HEXTAB/HEXCOM
(CONTINUELD)

Y
4

Q

ROUTINE #  ROUTINE ROUT INE# ROUTINE
s aF TIOMPD
79 OGPT33 20 T40SET
7A PHOSA 91 TENGP
7E PLLE 92 AZNGF
7C PWHE 93 ASMPL*
0 FWLE o4 ASANGP*
7E EFES 94 ASANGP #
7F PHOSE 75 T705ET
g0 MTVS01 96 TSOSET
21 MTVES0Z 97 TE1SET
g2 MTVSOBRES 98 ASANGF
a% MTVS04 9 IFPSET
24 MTVEB 2A

a5 MTVON1 9B ALZET
86 MTVOF 2 9C A7SET
a7 A1BO1EB o0 IMFDST
3G 9E CALSETS
ay ALROZ 9F CALSET4
2A ABASET AO PHOSAL
23 ] AZMPD Al PLLEYL
a0 ASENGF AZ FWHE1
&0 TZOSET Az FWLEL
gE TENGP A4 EFE21
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4.4 COMTAR

The COMTAR data structure contains information on the IU command
registers for formatting instrument commands into the pParPer register
and kit pPositions. There is an entry in COMTAB for each of the
instrument commands. ’

The general format of COMTAR is depicted below and each of the
fields of COMTAB is defined.

COMTAR (12 BYTE X ) ARRAY
BWSLFPFXYMMMM
R = I Command Register Board #
0O, 1, 2, =
W = IU Command Register Word #
(:)7 1, 2, 3
= = Startine Bit Number
O...F (0...135)
O = left maost or mast significant bit
L = LLenath in bits of command
O...F (0...15)
O = Jenath of 1 bit, F = lenath of 14
FF = Associated PCF Index (if resuired)
X = Zpecial Logic Function #1
O = No special legic
4 = Invoke FCF Note #4
Y = Special Logic Function #2
O = Na special lagic
2 = Command to be sealed

MMMM Command Mask

I



£.5 SEPAC NZSC-II LOW MEMORY ASSIGNMENTS

Because of the nature of the NSSC-11, the low memarvy is reserved
for spPecial hardware requirements and ease in addressins. The SEPAC
low memary assiganments are detailed hkelow.

BYTE
HEX [LDEC BYTE MAD CONTENTS
00 0 333 Initial PSW
032 2 * 1HZ Occurrence Flag
09 < #i 3 Srace
oc 12 3* Buffer #1 Retransmit Flas
on 12 #* Buffer #2 Retransmit Flasg
NE 14 3* Buffer #1 Busv Flas
QF 15 * Buffer #2 Busvy Flag
il 14 JE3E 3 3633 SPace
i 24 FHFREERY External Interrurt 01d PSW
20 22 3332 SVC Interrupt 0O1d FP3SW
23 40 33830303 3 3 3¢ Proaram Interruprt 0O1d PSW
=20 42 T ) Machine Check Interrurt Q14 PSW
28 L) HHFEHEEHS I/0 Interrurt O1d PSKW
40 L4 333033 Test Comprare Diseplavy Slots
4 72 4634 RTC Read
41 76 33 Checksum
4E a2 *i DEF Status Word #1
S0 20 *3# 1HZ Flirp Flar Flas
=5z c2 ——dH——— ODEF =tatus Word #2
54 o4 333 Spare
S52 28 I HHHH External Interrurpt New PSW
&0 7 336333303 SVC Interrurt New PSW
L2 102 3638303 3 30 338 Frogsram Interrurpt New FEW
70 110 363633030333 Machine Check Interrurt New FPSW

7 112 363303330 I/0 Interrurt New FPSW
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t&.46 SEPAC TIMELINE STATE DEFINITIONS

The SEPAC Timeline for performine a FO is partitioned into 13
states. These states control the 1ngic being pPerformed bv routine

SEPACM, the

SEPAC Timeline Executive. The states are:

DEFINITION

Ferform first pass initialization
Idle-Wait for FO Schedule

Test for FO Preep Start

Test for SMO Start

Perform SMO

Test for T=0 Start

Perform FO & Test for Nades
Power Qff, or Holds

Ferform Hold Modified 0Off

In Hold Mode, Test for Restart
Begain Foawer (Off

Wait for Restart to Complete
Select Restart Naode

Wait for Power Off to Camplete
Schedule Power COff



‘ 6.7 FOOINSTRUMENT COMMAND DATA STRUCTURE

The twoe data structures TLHED and CXREG of common bleock TLBUF
contain the pPrebuilt instrument commands for a siven FO. These data
structures are defined btelow.

TLHELD (&) - Integer (14 RBit) arrav containing header
indexes and time

CXREG(4,1000) - Integer (14 Bit) arrav containinag I
Command Register words with corresponding time.
CXREG is a foarware/reverse link list tvpe data
structure.

The detailed contents for the data structures are defined belaouw.
TLHEL

TLHED (1): Number of Commands in Structure
QO<=TLHEL(1)<=100Q0

TLHED (2): Current Indexx Reference into CXREG

TLHED (3): Unused

TLHED (4): Total Elaprsed seconds for FO

TLHED (S): Relative Elapsed seconds for FO Phase

TLHED (&): Relative Elapsed Milliseconds mad/second

CXREG

CXREG (1,#): Time in units of 100 milliseconds
CXREG (2,#%): Reaister Number
1=CXREG(2,#){=14
CXREGS (Z,#): Command Register Mask
CXREG (4,#%): Cammand Resister Data
CXREG (S,%#): Forward Index Link
CXREG (&H.%): Reverse Index Link

The entries in CXREG are sorted first by ascendina time (i.e.>»
CXREG (1,.%#)) and then by ascending command register (i.e.» CXREG
(Z.%#)).
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. 4.3 FACTORABLE COMMANDS

Five Instrument Commands are defined as factorable commandss
i.e.» there is a FPCF value to be apPrlied as a factor to the command
data value. These five commands are:

COMMAND PCF—-INDEX NOTE
LEMIS 74 1.4
SENAD 75 1.4
FHIRCO-32 A1 2.4
EM-V 32 4
BM-C 23 3.4

NOTE 12 The commands LENIS and SENAD have an inverse relation
between counts and voltages. The factor values are to
be arrPlied to the voltase values. The faollowing
equation is used:

DATA VOLTAGE = 127-(127-DATACOUNTS) #FACTOR

The command PHIRCO-3Z is directlv factored from the
data bkase to the command word.

NOTE

. NCGTE

NCOTE 4:¢ A1l factorina of commands is pPerformed before the
commands are bit rolled.

N

The commands BM-V and BM-C are factored when the beam
voltase and beam current calculations are performed.

D]
=
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. 6.9 INSTRUMENT SHUTDOWN COMMANDS

The Instrument shutdown commands result in a one time setting of
instrument commands which remain frozen to those values for the FO
dyration. The shutdown commands are defined per the following:

SHUTDOWN COMMAND SHUTDOWN SET
3TD1 ERA I
sTDZ2 HVC Special
STO3 MF I &% I1
&TDS PWR ’ I & 11
STD6 P I11
STO7 MTV IV

The Shutdown sets are as faollows:

SHUTDOWN SET I (EBA)

i

ENEMC = 1
EMPSW = O
EMCALL) = 0.0V
HTRSW = O
HTRADJ = 0.0.V
. FOCCN = 0.0A
FOCSW = O
DEFXSW = O
DEFYSW = O
DEFCNX = O
DEFCNY = 0
BMCAD! = O.0A
MODPLS = ©
SHUTDOWN SET I1 (PWR AND MFD)
CHGSWL = 1
CHGSWZ = 1
SHUTDOWN SET III (DGP)
FHIRCO-3 = 0
PHFLCO-1 = 3
EPAHVC = O
EPAFX0-4 = O
EPAFIX = 1
EPVFON = 0

SHUTDOWN SET IV (MTV)

o LENGS = 1
SENAD = 0.0V
SENSL = 1
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To imPlement the instrument shutdowns, five tables are defined
forr the shutdown commands.

STD1-EEA
HHHHRERH

REGISTER. WORD MASK

1.0 0000
1.1 Q000
1,2 0000
1,3 Q000
2,0 olulelsl
251 0000
2,2 Q000
2,3 0000
2,0 2000
3,1 QOO0
2.2 1001
3,32 QOFF
4,0 &ZFF
4,1 FFFF
4,2 FFFF
4,73 0000

STDOZ2-MFD

AR

REGISTER, WORD MASIK

1,0 0000
1,1 Q000
1,2 0000
1,3 elalnle]
250 0000
2.1 0000
2,2 0000
2,3 0000
2,0 000
ICPN | Q000
2.2 1CO1
3,3 QOFF
4,0 LZFF
4,1 FFFF
4,2 FFFF
4,z QOO0

DATA

0000
0000
0000
0000
0000
Q000
0000
0000
2000
0000
0000
QOFE
OOFE

FEFE
FEFE
Q000

DATA

0000
00Q0
0000
0000
0000
0000
0000
0000
£000
0000
0coo
OOFE
OOFE
FEFE

FEFE
0000

COMMAND

ENBMC=1

EMPSW=0, MODOFLS=0

BMVAL. =0, 0V

HTREW=0, FOCCN=0. 0A, FOCSWL , 0, DIEFXSW=0,
DEFYSW=0

DEFCNX=0, DEFCNY=0

HTRALI=0. OA, EMCALD=0. OA

COMMAND

ENBMC=1

BMFSW=0, MOOPLS=0

EMVAD. =0, 0V

HTREW=0, FOCCN=0. 0A, FOCSW1, 0, DEFXSW=0,
DEFYSW=0

DEFCNX=0, DEFCNY=0

HTRALLI=0. OA, EMCADJ=0. OA
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STOS-MPD, PUR
RN E R

REGISTER. WORD MASK DATA COMMAND

1.0 QOO0 0000

1.1 0000 0000

1.2 0000 0000

1.3 0000 0000

2,0 0000 0000

2,1 QO00 0000

2,2 Q000 0000

2,3 0000 0000

30 2000 8000 ENBMC=1

3.1 0000 0000

2.2 1C01 0000 EMPSW=0, MODFPLS=0, CHGEW1=1, CHGSW2=1
3,3 OOFF OOFE BMVAD. =0, 0V

4,0 LEFF OOFE HTREW=0, FOCCN=0. 0A, FOGCZW1 , O, DEF XSW=0,

DEFYSW=0
FFFF FEFE DEFCNX=0, DEFCNY=0
FFFF FEFE HTRALDI=0. 0A, BMCADJ=0. OA
0000 0000

& bhbd
R e

. STDL-DGP

3633633

REGISTER. WORD MAE DATA COMMAND

2 O QOO0 Q000
1.1 Q000 0000
> 0000 Q000

1, 0000 0000
2,0 017F 0040 EFPAHVC=0, EFAFX0-4=0, EFAFIX=1, EFVFUON=0
2,1 0000 0000
2,2 0000 0000
2,3 Q7E0 0060 FHIRCO-Z, PHFLCO-1=3
20 Q000 Q000
2.1 0000 0000
2 0000 0000
ICPRC 0000 0000
4,0 0000 0000
4,1 0000 0000
4,2 Q000 0000
2 3 0000 Q000



STD7-MTV
BB HNRE

REGISTER, WORD

—— ——— . — —— o t——

1,0
1,1
1,2
1,%
2,0
2.1
2,2
2,3
2,0
3.1
T2
3
4,0
4,1
4,2

4,3

MASK

0000
QOO0
FFOO
000A
Q000
Q000
0000
0000
QO00O
0000
Q000
0000
Q000
000
Q000
QOO0

DATA

0000
0000
FFQO
000A
0000
0Q00
0000
0000
0000

. 0000

0000
QOO0
Q000
0000
Q000
Q000

COMMAND

SENAD=O, OV
LENCS=1, 3ENSL=1



6£.10 CALCULATION AND IF STATEMENT DATA STRUCTURES

Three data structures are used to support calculation (DOCALC)

and if statement (DOIF) pProcessins.

ACAL(10) — Integer (146 bit) Arrav
ICAL (22) - Single Precision arravy
PCFEFR(74...20) - Extension of FCF Inteser arrav

¢

A definition of the calculations and If statement follows.

CALCULATION

P22 -T2 2--X 3
CH 1 L=HVLCSWI1+HVCSWZ+HVCSWI+HVCSWA+HVCSWS+HVC SWA
L=> ZCAL(1)
C# 2 VBMAX = 1.25 # L
VEBMAX => ZCAL(2)
c# = IBMAX = 7.28E-02 # VEMAX##(32/2)
IBMAX =2 ZCAL(3)
C# 4: HTRADJ = AH # I + BH
HTRADJ => ZCAL(4), PCFBFR(74) (See Nate 1)
cCH 5: IBO = 1,.96-02 # VE#*#(2/2)
IBO = > ZCAL(S)
CH# 6o IRC = S.1E-0Z # VR
IRC => ZCAL (&)
C# 7: IF BV = 0.0
THEN BMCADJ = 0.0
ELSE BMCADJ = (AIB#(IB+BIB#VE+CID)##(2/Z)+DIR)/VER
END
BMCADJ => ZCAL(7), FPCFBFR(76) (See Note 1)
C# &: IF BV = 0.0

THEN BMCADJ = 0.0

ELSE BMCADJI=(IB/IBC)#(AIBR1#(IBC+RIB*VE+CIRB)##(2/2)+DIR))/VRB
END
BMCALD =3 ZCAL(8), PCFBFR(7&) (See Note 1)



Page 110

c# % BMVADJ = AVE#VB+BVB
BMVADJ =2 ZCAL(Y), PCFBF7(7&) (See Note 1)

C#H10: Select XAF, XBF Values
FOCcCN = (AF#AFO)#VB##(1/8)#1B%#(1/4)+EF
FOCCN => ZCAL(10), PCFBFR(7&) (See Note 1)
CH#11: DEFCNX = AX#SORT(VB)#ABS(THETXO0)+CX

DEFCNX =2 ZCAL(11), PCFBFR(74&) (See Note 1)

DEFCNY = AY#SORT(VB)#AES(THETYO)+CY
DEFCNY =2 ZCAL(12), PCFBFR(76) (See Note 1)

(]
E-
-
+

C#13:  NOCM = PF1+PF2Z+FF3+FF4
NOCM = ZCAL(13)

CH14: . VB=VBMAX
VB => ZCAL (20)

C#15: IB=IEBMAX
IB =2 ZCAL(321)

C#14: EDO-32 = (TAUEM+S00) /7100
EDO-32 =2 PCFEFR(76)

C#17: XAIRB1=22.5, XBIB1-0.0, XCIR1i=0.0, XDIB1=0.7%

C#12: XAIR1=24.3, XBIB1=-1.2E-3, XCIB1=1.3E-3, X[IIB1=4.0%

C#19: Seltect Fitch From PCF s 48 or 49 (Switch everv 1 minute)
Fetch Magnetic Field Az and COEL
Limit MF-AZ 0.0<=AI<=3460.0
Limit MFCOEL 0O.0<{=COEL<=120.0
IF 11 OR 12
THEN RECRIENT AZ AND COEL

END

THETXO = ARCTAN(TAN(CQEL-FITCH)*CQS(AZ))
THETYO = ARCTAN(TAN(COEL-FPITCH)#SIN(AZ))
THETXO =2 ZCAL(1&)

THETYOQ =2 ACAL(17)

C#20: IR = .072#VB#x3/2
IR => ZCAL(321)
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No Calculatian

Calculate MTVEEA
AZMIUTH => PCFBFR{(77)
COEL =2 PCFBFR(73)

IF PWIDTH < .1 EPW=PWIDTH#100, EPWM=1
IF PWIDTH < 1.0 EFW=FWIDTH#*10, EPWM=2Z
IF PWIODTH < 10,0 EPW=PWIDTH, EFWM=2
EFW => PCFBFR(74)

EFWM =>» PCFBFR(77)

EFMO-

= PWIDTH
EFMO-32

> PCFBFR(76)

Limit PWIDTH TO 255
PWIDTH => ACAL(D)

Net Used

A}

Set SMO Calculation to wuse EMO THED

Engineering .unit values are converted to I caounts
kv equation:

LIMIT 0.0 <= Engsineerinag Value <= 5.0
COLINTS = 122,0-122.0/4,.92%(Enginecering Value—,02)
COUNTS =2 PCFBFR(7&)



IF STATEMENTS

F4E 33630 2 3 22 S 3
IF# 1: IFICNT=0

IF4 2: IF ICNT < > O
IF# Gt IF IB >= 1RO
IF4 4: IF IB < IEO

IF# o IF 1B >= IRC
IF# 4@ IF IB = IERC

IF# 7: IF THED < > O
IF# 3: IF THED < > ©
IF# =o: IF THETXO >= 0
IF#10: IF THETXO < ¢
IF#11: IF THETYO >= 0O
IF#12: IF THETYO < O
IF#13: IF PT > 25
IF#14: IF ANGL = O
IF#15: IF ANGL < > O
IF#1é4: IF EHVC = 1
IF#17: IF ERHVC < > 1
IF#13a: IF VFON = 1
IF#12: IF VFON < > 1
IF#20: IF IXFF = 1
IF#21: IF IXFP < > 1
IF#22: IF VB > VEBMAX
IF#23: IF IE > IBMAX
IFH#Z24: IF CNT = 1
IF#25: IF PWIDTH < 10
IF#24: IF FO #2

IF#27: IF FWIDTH >= 10
IF#z5: IF TRGCFQ = Q
IF#29: IF TRGCFO < > O
IF#Z0: IF PWIDTH >= 1.0
IF#31: IF SMO THED = ¢
IF#z22: IF SMO THED < > O
IF#23: IF NOT FO #2

IF#34:

IF NOT NGMVSW AND FO #9

ICNT=PCF45

THED=FCF4%Z% OR 4%

ANGL = PCF 71
EHVC = PCF 70
VFON = PCF 72
CNT=FCF 45

TRGCFO = PCF &0

MO THED = PCF

Fage 112



REAL CALCLULATION VECTOR
UM E AR H U HHRERRS

2CAL (1)

ZCAL(2)

ZCAL(3)

ICAL (4)

ZCAL (5D

ZCAL (A)

ZCAL(7)

ZCAL (2)

ICAL(9)

ICAL(10)
ZCAL(11)
ZICAL(12)
ZCAL(13)
ZCAL(14)
ICAL (15)
ZCAL (1&)
ZCAL(17)
ZCAL (12
ZCAL(1%)
ZCAL(20)
ZCAL (21)
ICAL (Z2)
ZCAL (22)
ZCAL (Z24)
ZCAL(28)
ICAL{(24&)
ZCAL(27)
ZCAL(22)
ZCAL(27)
ZCAL (Z0)
ZCAL (31)

L
VBMAX
IBMAX
HTRAD.J
1BO
IBC
BMCAL.
BMCAD
EMVAD.J
FOCCN
DEFCNX
DEFCNY
NOCM
PT

AZ, THETXO
COEL, THETYO

MAGNETIC FIELD-AZ
MAGNETIC FIELD-COEL

MPLV 220.0,420.0

FAVF 2.0, 2.0

EBA-V (VR)
EBA-I (IBR)

INTEGER CALCULATION VECTOR
3353635 3 3 I3 30 30 3 36 3 36 30 F 33

ACAL (1)

ACAL (2)
ACAL (3)
ACAL (4)

ACAL ()
ACAL (4)
ACAL(7)
ACAL (&)
ACAL.(9)
ACAL (10)

15731 SEC MPD FIRING

0,1,2
AF/BF SELECTION

IXFFP SETTING
1.2

EBA FULSE WIDTH
NGMVSW OVERRIDE

(#1)
(#2)
(#3)
(#4)
(#3)
(#6)
(#7)
(#3)
(#9)
(#10)
(#11)
(#12)
(#132)

(#19)
(#19)

#L.ﬁ-
(#23)

(#14)
(#15, #20)

Page 112
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6.11 PCF DEFINITION

The PCF values are stored in the data arravy PCFBFR which is
defined as a 20 » 14 inteser arravw. Each PCFBFR e¢ntrv has a range O
to 255 units.

The ZEPAC PCF wvalues are stored in entries 1 tao 75. Entries 15
to 80 are used for Passing pParameters and computed values durins the
FPASSX compPutations.
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ECAS FORMAT CONVERSION

PARM TYPE RANGE CODE PARAMETER RANGE

26 8 0-9 TAUEM -500 RO 400MS

27 B 0-9 TAUEN -500 TO 400MS

28 A 10rR0 SMO 10RO

29 SPARE

30 A 10RO AEP] 10RO

31 A 10RO EBA SELMAS 10RO

32 B 0-10 EBA Fve 0,0T01.0

33 B 0-10 EBA FIB 0.0T701.0

34 B 0-180 EBA IHTR 0.0 TO 18.0AMP

35 A 10RO EBA HTRONF 10RO

36 A 10RO EBA FOCONF 10RO

37 ’ A 10R0 EBA DFXONF 10RO

38 A 10E0 EBA DFYONF 10RO

39 A 10R0 EBA SW1FLG 10RO

40 A 10RO EBA SW2FLG. 10RO

41 A 10RO EBA SHW3FLG 10RO

42 A 10R0 EBA SWAFLG 10RO

43 A 10RO EBA SWSFLG 10RO

44 A 100 EBA SW6FLG 10RO

45 A 1~0R 0 EBA CNT 10RO

46 C 0-255 EBA AF 0.00 TO 2.00

47 C 0-255 EBA BF -2.00 TO 2.00

48 A 0-180 EBA THED1 0 TO 180 DEG

49 A 0-180 EBA THED2 0 7O 180 DEG

50 A 1-4 MPD FP 1704

51 A 1-4 MPD PFNCV 170 4

52 A 10RO MPD PFl 10RO

53 A 10RO MPD PF2 10RO

54 A 10RO MPD PF3 10RO

55 A 10RO MPD PF4 10RO

56 A 10RO MPD TRGS 10RO

57 A 10RO MPD FAVS 10RO

h8 A 10RO MPD PENTS 10ROQ

59 A 1 OR 2 MPD NOCHG 1 0R 2

60 A 10R0 MPD TRGCFO 10RO
FIGURE 6-2:

DEFAULT DESCRIPTION

NOTE 1 EBA/MPD TIME DELAY

NOTE 1 EBA/NGP TIME DELAY

0 SMO OR NO SMO

0 AEPI ENABLE/INHIBIT

1 SW MASK ENABLE/IMNJIBIT

NOTE 1 FACTOR BEAM VOLTAGE

NOTE 1 FACTOR BEAM CURRENT

NOTE 3 EBA HEATER CURRENT

NOTE 1 EBA HEATER SWITCH ON OR OFF
1 FOCUS COIL CURRENT ON OR OFF
1 DEFLECTION COIL X ON OR OFF
1 DEFLECTION COIL Y ON OR OFF
NOTE 1 HVC MODULE 1 ON OR OFF

NOTE 1 HVC MODULE 2 ON OR OFF

1 HVC MODULE 3 ON OR OFF

1 HVC MODULE 4 ON OR OFF

1 HVC MODULE 5 ON OR OFF

1 HVC MODULE 6 ON OR OFF

0 EBA CONTINGENCY OR NORMAL
1.00 FOCUS COEFFICIENT

0.05 FOCUS COEFFICIENT

NOTE 7 PITCH ANGLE (1ST PART)

NOTE 7 PITCH ANGLE (2ND PART)
‘NOTE 4 FAV PRESSURE 2 OR 3ATM

NOTE § PFN CHARGE VOLTAGE

1 MPD PFN MODULE 1 ON OR OFF
1 MPD PFN MODULE 2 ON OR OFF
1 MPD PFN MODULE 3 ON OR OFF
1 MPD PFN MODULE 4 ON OR OFF
0 MPD TRG MODULE B OR A

0 MPD FAV MODULE B OR A

0 PFMN CHARGE CURRENT 0.2A/1.0A
2 NUMBER OF CHARGERS

NOTE 1 SELECT CAPDMP OR TRGSCR

SEPAC PARAMETER CHANGE FILE
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DESCRIPTION

FACTOR IRIS CONTROL

PWP-HF GAIN SELECT

PUP~HF BAND SELECT

PWP-LF GAIN REVERSE OR NORMAL

- PLP POWER ON OR OFF

PHP POWER ON OR OFF

EPE POWER ON OR OFF

EPV POWER ON OR OFF

PHO POWER ON OR OFF

EPE HIGH VOLTAGE ON OR OFF
EPV FILAMENT ON OR OFF
SELECT EPV FILAMENT #2 OR #1
FACTOR OF ILV

FACTOR OF SLV

DEFAULT 14A EXCEPT FO#02 WHICH IS FIXED AT 9A,

ECAS FORMAT CONVERSION ASSY
PARM TYPE RANGE CODE PARAMETER RANGE DEFAULT
61 8 1-150 OGP PHOFIR 0.1 TO 15,0 1.0

62 A 0-3 0GP PWHFGN 6703 NOTE 6
63 A 0-3 DGP PHHFBS 0703 NOTE 6
64 A 10RO 0GP PWLFGN 10R0 0 '
65 A 1 0R0 bGP PA 10R0 1

66 A 10RO bGP P8 10RO 1

67 A 10RO DGP PC 1000 1

68 A 10RO DGP PD 10R0 1

69 A 10RO OGP PE 10RO 1

70 A 10RO DGP EHVC 10R0 NOTE 1
72 A 10RO bGP VFON 10RO NOTE 1
73 A 10RO DGP VIMT 10R0 0

74 8 1-30 MTV FILYV 0.1 70 3.0 1.0

75 B 1-30 MTV FSLV 0.1 70 3.0 1.0
NOTE 1. REFER TO SEPAC SDS SECT. 4 F.0. PCF DEFAULT VALUES.

NOTE 2. DELETED (1/20/81)

NOTE 3. APPLICABLE EXCEPT FOR FO#01 (CFO) AND FO#02 (T-1).

12A, and 14A. .

NOTE 4. FP=1 (2ATM), FP=2 (LIKE SEQ CHART), FP=3 (COMPLEMENT), kP~4 (3TM).

MOTE 5. PFNCV=1 (400V), PFNCV=2 (LIKE SEQ CHART) PFNCV=3 (COMPLEMENT), PFNCV=4 (480V),
NOTE 6. O (ALL "0"), 1 (SEQ CHART). 2 (COMPLEMENT), 3 (ALL "1") IN THE TIME SEQUENCE CHART,
NOTE 7.

THEDI (1ST MINUTE), THED2 (2ND MINUTE), THED1 (3RD MINUTE), ETC.

FIGURE 6-2:

SEPAC PARAMETER CHANGE FILE
(CONTINUED)



ECAS FORHAT CONVERSION ASSY

PARM TYPE RANGE CODE PARAMETER RANGE DEFAULT DESCRIPTION
1 A 0-180 EBA PITCH 0 TO 180 DEG 0 PITCH ANGLE
2 ) 0-30 EBA Ve 0.0 T0 7.5 Ky~ 7.5 BEAM VOLTAGE
3 8 0-16 , EBA 18 0.0701.6A 1.6 BEAM CURRENT
4+ B 0-255 EBA PWIDTH 0.0 TO 25.5 SEC 0.1 PULSE WIDTH DELAY
5 A 0-255 EBA ERPTN 0 T0 255 1 EBA REPETITION NO.
6* B 0-255 EBA PINT 0.0 TO 25.5 SEC 15 EBA PULSE INTERVAL
7* A 1 0R 2 MPD FP 1 OR 2 2 FAV PRESSURE 2/3 ATM
8* A 1 OR 2 MPD PFNCY 1 0R2 2 PFN CHARGE 4007480 v
9* A 0-60 MPD MRPTN, 0 TO 60 1 MPD SHOT NUMBER
10* A 0-60 NGP NRPTN 0 T0 60 0 NGP SHOT NUMBER
11* A 0-30 NGP NINT 0 TO 30 SEC 15 NGP PULSE INTERVAL
12* 8 0-9 TAUEM =500 TO 400MS 0 EBA/MPD TIME DELAY
13+ B 0-9 ‘TAUEN -500 TO 400MS 0 EBA/NGP TIME DELAY
14 A 0-7 TFLG 0707 3 NOTE 1
15* A 10RO TEBACK 10RO 0 EBACHK ON OR OFF
16* A 10RO TFAVCK 10R0 0 FAVCHK ON OR OFF
17+ A 10RO TTRGCK 1000 0 TRGCHK ON OR OFF
18* A 10RO TPFNCK 10RO 0 PENCHK ON OR OFF
19* A 10RO TGASCK 10R0 0 GASCHK ON OR OFF
20* A 10RO TNGPCK 10RO 0 NGPCHK ON OR OFF
21% A 10RO0 TCHGCK 10RO 0 CHGCHK ON OR OFF
22* SPARE 1
23* SPARE 2 .
24 i 10-150 PW/FO-11 0.1 T0 1.5 0.5 PULSE WIDTH FOR FO-11
25 A 0-2 GRNTST 070 2 0,NOTE 2 FLIGHT/GROUND TEST INDICATOR

*NOT USED ON SLL, DEP WILL RETURN A ZERO VALUE AND MESSAGE #2, "NOT ALLOWED" WILL BE DISPLAYED.

NOTE 1: TFLG = O* IMPLIES CHECK SEQUENCE

1* IMPLIES TRG FIRING

2* IMPLIES MPD FIRING

3 IMPLIES EBA FIRING (5 SECOND) (DEFAULT)
4* IMPLIES EBA/MPD FIRING

5* IMPLIES EBA/NGP FIRING

6 1 KHz MODULATION

= 7 (MAXIMUM MODULATION .LE. § KHz)

NOTE 2: 0 = FLIGHT (DEFAULT) , 1 = GROUND (FLIGHT SENSOR), 2 = GROUND (DUMMY SENSOR)

n o g0 noon

FIGURE 6-3: SEPAC SMO PARAMETER CHANGE FILE
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‘ 7.0 SEPAC CONVERSION TAELES

The followins tables are used by SEFAC.

TABLE 7-1: FO SUMMARY

MODEL FO FOID PREP (TIME) SMO FO
# # TIME
1 FO-1 (CFQ) SEPAC SYSTEM -— 0 N 420
CHECKOUT
2 FO-2 (T-1) EBA FIRING 1S0 EBA 2740 NC! 1440
TEST LEVEL
2 FO-2 (T-2) MPD FIRING ISO MPDIT 300 NO 430
TEST
4 FO-4 (T-2) EBA FIRING IS0 EBA £00 NI 940
TEST LEVEL II
5 FO-5 (A-1A) ELECTRON EEAM IS0 EEA £00 YES 200
EXP. 1
4 FO-S (A-1B) ELECTRON BEAM IS0 EBA £00 YES 200
EXP. 2
7 FO-& (A-2) ELECTROL BEAM IS0 EBA £00 YES 200
'l' EXP. 2
2 FO-7 (A-2) ELECTRON BEAM IS0 EBRA £00 YES 200
EXP. 3°
¥  FO-2 (A-4) PLASMA BEAM IS0 MPDI 400 YES 200
PROFAGATION
10  FO-% (A-SA) ARTIFICIAL IS0 EBA £00 YES 200
ALIRCORA
(EBAZEGP)
i1 FO-9 (A-SB) ARTIFICIAL IS0 EBA £00 YES 200
ALIRORA
: (EBA/MPL)
12 FO-9 (A-SC) ARTIFICIAL IS0 EBA £00 YES 200
ALRCRA
(ERA)
12 FO-10 (A-4&) ERUATORIAL 150 EBA £00 YES 200
AERD
CHEMISTRY
14 FO-11 (A-7) ELECTRON IS0 EBA 600 YES 200
ECHO
1S5  FO-12 (A-SA) E//B IS0 ERA 600 YES 200
EXPERIMENT
(EGA/MPD})
14 FO-12 (A-SB) E//E IS0 ERA 600 YES 200
EXPERIMENT
(EBA/NGP)
‘ 17 FO-13% (FP-1) PASSIVE ——— 0 NO) 200
EXPERIMENT
18 FO-14 (FP-2) 1ES020 _—— 0 NG 200

EXPERIMENT
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TABLE 7-2: GPELS CONVERSICON

RANGE VOLTS COUNTS COUNTS(146) COUNTS(R/16)
120 ~-5.00 255 FF FF
110 -4,323 238 EE 77
100 -3.646 221 oo BE
20 —2.99 204 cC 332
20 —2.22 127 EBE |5}
70 -1.466 170 AA o5
&0 -0, 99 152 DY Y
S0 -0.332 134 =2 11
40 Q.23 119 77 EE
20 1.00 102 &b &6
20 1.466 25 55 AR
10 2,33 63 44 22
Q 2.00 51 23 cc
-10 266 34 22 44
-20 4,322 17 11 3]
=20 S5.00 00 Q0 00
RANGE -Z20 120
VOLTS 5.00 -5.00 RANGE-->VOL TS V=5.0-10(R+30)
150
COUNTS O 2595
RANGE—--CIUNTS =255 (R+320)

150
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TABLE 7-3: GAPZS CONVERZIONSZ

RANGE VOLTS COUNTS COUNTS(1&) COUNTS (R/14)
20 -5.00 255 FF FF
100 —4.44 240 FO aF
110 -3.822 224 EZ 47
120 -3.33 212 04 2R
120 -2.77 192 6 a2
125 ~2.5 171 BF
140 —~2.22 184 BS 1D
150 ~1.66 170 AA 55
140 -1.11 155 B 0
170 ~0.35 141 =30} B1
120 0.00 127 7E FE
1720 0.55 1132 71 SE
200 1.11 P9 &3 Cé
210 1.464 85 =5 AA
220 2.22 70 44 &2
225 2.5 63 3F
220 2.77 7 28 ic
240 F.33 42 2A 54
250 . ez 28 PR 3=
2460 4.44 14 4] 70
270 S5.00 0 00 00
RANGE 20 270 RANGE~—->COUNTS C=285-255(R-20)
180
COUNTS 255 0
VoLTs -5.00 5.00 RANGE—-->VOLTS V= 10(R-90)-5.0
120

R=((V+5.0)120)+90

10



‘ TABLE 7-4: SENAD (5LV) CONVERSION
RANGE VOLTS COUNTS COUNTZ(14) COUNTS(R/14)
Q .02 125 20 01
1 L73 109 &0 Bé&
1.00 10= &7
z 1.44 21 SB LA
2.78 2.00 77 4n
3 z2.15 7z 49 9z
4q 2.86 54 T &
.00 S1 23
= .97 24 24 24
5.59 4,00 26 1A
& 4, 2% 12 12 4z
7 S5.00 0 Q0 o0
‘ RANGE © 7 RANGE—->COUNTS C+122-122R
7
COUNTS 123 QO
VOLTSs .02 .00 RANGE-->VOLTS V=4, 9SR+. 02
7
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I TABLE 7-5t LENIS (ILY) CONVERSIONS
RANGE VOLTS COLNTS COUNTS(14) COUNTS(R/14)
0 0.02 258 =0 01
1 0,35 119 77 EE
2 Q.62 110 &E 76
3 1.01 102 L& &6
4 1.24 93 sn EA
5 1.63 a5 55 AA
A 2,01 7& 4 22
7 2.34 LB 44 22
z 2 &7 59 = DC
9 .00 51 23 cc
10 2.324 42 2A 54 .
11 .67 =4 22 44
12 4,00 25 19 oz
13 4,323 17 11 a2
14 4, 66 = 0= 10
18 5.00 Q Q0 00
. RANGE O 15 RANGE——>COUNTSZ C=1Z28-128R
13
VOLTS .02 S5.00
COUNTS 128 Q RANGE-->VOLTS V=4, 93R+.02
1S
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LOWER

TABLE 7-6:

ANALOG

COMMAND =-- .I‘PUT VOLTAGE CONVERSION

TABLE

5.00"

4.37

3.75

1023

0.61

-0.02

-0.65

-1.27

-1.90

-2.53

-3016

-3.78

-4.41

4.96
4.33
3.71
3.08
2.45
1.82
1.20
0.57
-0.06
-0.69
-1.31
-1.94
-2.57
-3.20
-3.02

-4.,45

4,92
4.29
3.67
3.04
2.41
1.78
1.16
0.53
-0.10
-0.73
-1;35
-1.98
-2.61
-3.24
-3.86

-4.49

4.88B

4.25

3.63

1.75

1.12

0.49

-0.14

-0.76

-1.39

-2,02

-2.65

=1.27

-3.90

-4.53

-0.18

-0.80

-1.43

-2.06

~-2.69

-3.31

-3.94

-4.57

2.92

2.29

1.67

1.04

0.41

~0.22

-0.84

-1.47

-2.10

-2.73

-3.35

-3.98

-4.61

4.76
4.14
3.51
2.88
2.25
1.63
1.00
0.37
-0.25
-0.88
-1.51
-2.14
-2.76
-3.39
-4.02

-4 .65

4.73

4.10

3.47

2.84

2,22

1.59

0.96

0.33

-0.29

-0.92

-1055

-2018

~2.80

-3.43

-4.06

-4569

4,69

4.06
3.43
2.80
2.18
1.55
0.92
0.29

-0.33

-0.96

-1.59

-2.22

~2.84

-3.47

-4.10

-4.73

4.65

4.02

3.39

0.25

~-0.37

-1.00

-1.63

-2.25

-2,88

-3.51

-4.14

~4.76

4.61

3.08

3.35

2.73

2.10

1.47

0.84

0.22

~0.41

~1.04

-1.67

~2.29

~2.92

~3.55

~4.18

~4.80

4.57

3.94

3.31

2.69

2.06

1.43

0.80

0.18

-0.45

-1008

-1.71

-2.33

-2.96

-3.59

-4.22

-4.84

4.53
3.90
3.27
2.65
2.02
1.39
0.76
0.14
-0.49
=-1.12
-1.75
~2.37
-3.00
-3.63
-4.25

~-4.88

2.61

1.98

1.38

0.73

0.10

-0.53

-1.16

-1.78

-2.41

-3.04

-3.67

-4.29

-4.92

1.94

1.31

0.69

0.06

~-0.57

-1.20

-1.82

~2.45

~3.08

=3.71

-4.33

-4.96

2.53
1.90
1.27
0.65
0.02
-0.61
-1.24
-1.86
-2.49

-3.12

~3.75

-4.37

-5.00
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‘ TABLE 7-7: DEMUX DATA TO VOLTAGE CONVERSION

LOWER
LIPPER o 1 2 ] 4 S & 7 s 9

00 -5.12 -35.03 -5.04 -5.00 -4.96 —-4.92 -4.8% —-4.84 -4,.30 -4.76

01 —-4.72 -4.468 4.4 —4.60 -4.56 —4,.52 —4,48 -4.44 —-4,.40 -4, .26
02 —-4.322 —-4.22 —4.24 -4.20 -4.16 —-4.12 -4,.0% -4.04 -4,00 -3,94
02 -32.92 -3.82 -3.84 -32,80 -3.76 —-32.,72 2,68 -2.64 -3,.60 -3.56
04 3,592 -2.4%8 -3Z.44 ~-2,40 -32.346 -3.32 -3.28 -3.24 -3.20 -2.14
03 -3.12 -2.08 -2.04 =2.00 =-2.96 —-2.92 -2,88 -2.84 -2.20 =-2.7&
0L =2.72 ~2.68 =2.44 -2.60 ~2.56 -2.52 -2.48 -2.44 -2.40 —-2.364
07 =2.32 —-2.28 -2.24 -2.20 -2.16 -2.12 -2.08 -2.04 -2,00 -1.94
0z -1.92 —-1.8%8 -1.24 -1.80 -1.76 -1.72 —-1.68 -1.464 -1.60 -1.54
09 -1.52 =-1.43 -1.44 —-1.40 ~-1.36 —-1.32 -1.28 —-1.24 -1.20 —-1.164
10 -1.12 -1.028 -1.04 -1.00 -0.%4 -0.92 -0.82 -0.84 -0.80 -0.74&
11 =-0.72 —0.68 —0.64 —-0.40 -0.56 —0. -0.,42 -0.44 -0.40 -0,326
12 =0.32 =-0.28 -0.24 -0,.20 -0.14 -0, -0.02 -0.04 0.00 0,04
13 0.02 0.12 0.16 0.20 0.24 0.28 0.22 0.36 0.40 0.44
14 Q.42 0.52 0.9 0.40 0.64 0. 0,72 0.76 0.80 0.84
135 a. .92 0.94 1.00 1.04 1. 1.12 1.16 1.20 1.24
14 . 1.32 1.52 1.5946 1.4640 1.64
. 17 1.72 1.76 1.80 1.34 1.8 1.92 1.9464 2.00 2.04

2- 1/:' 2.20 2-24
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‘ TABLE 7-38: FKILOVOLT CONVERSION TABLE (BMVADJ)

KV VaLTS ANA COM KV VOLTS ANA COM

0.0 0.00 7F 2.0 1.33 S0
0.1 0.06 7E 2.1 1.40 b
0.2 0.13 7C 2.2 1.44 5A
0.3 Q.20 7A 2.3 1.53 53
0.4 0.2 79 2.4 1.40 57
0.5 0,332 77 2.5 1.64 b
0.6 0. 40 75 2.6 1.72 bC
0.7 Q.46 74 2.7 1.80 11
0.8 0.53 72 2.2 1.84 10
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be N
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Lo 7\
L D
Y m
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1.2 0.20 &E 2.2 2.13 49
1.3 0.36 &9 KCIRC 2.20 47
1.4 0.932 &a 2.4 2.26 44
1.5 1.00 oY) C 2.33 44
1.6 1.06 &4 b Z2.40 4z

[S
~N
[y
[
Y]
o~
Iy
(M)
~N
"’-
»H
o>
H
[y

1.8 1.20 61 2.8 2.5%2 SF
1.9 1.26 SF 3.9 2.60 30



’ TABLE 7-2: KILOVOLT CONVERSION TABLE (BMVADJ)
(CONTINUED)

/
KV VOLTS ANA COM KV VOLTS ANA COM
4.0 2.6 3 6.0 2.00 19
4.1 2.73 ZA &l 4,06 12
4,2 2.80 a3 b2 4.13 16
4.3 2.86 <. b3 4,20 14
4.4 2.93 35 t.4 4.26 13
4.5 3. 00 a3 £.5 4,33 11
4.6 3.06 1 babo 4.40 OF
4,7 2,13 20 &.7 4. 4¢ OE
4.3 2.20 ZE 6.8 4,53 oc
‘ 4,9 3. 24 2C b 4,40 0A
5, 0 3.33 2A 7.0 4, tb 0
.1 5. 40 29 7.1 4.73 07
5.2 2. 46 27 7.2 4.20 05
5, & 3.53 25 7.5 4,56 0%
5. 4 3.40 24 7.4 4,93 0z
5.5 2. bl 22 7.5 .00 02
5.6 3.73 20
5.7 3.20 1E
5.8 3.26 1D
5. ¥ 2,93 1B



0.07

0. 03

. 0.09

0.14&
0.17
0.18

0.1%

TABLE 7-7:

VOLTS
0.00
0.0z
0.04
0.09
0.12
0.1%

0.1%

AMPERES CONVERSION TABLE (BMCADW)

ANA COM

7D

7C

70

7k

7 él

75

74

VOLTE

0.65
0.71
0.75
0.78

0.21

ANA COM

&E

60

&Iz

&R

4B

&4

64

-

P}

61

61



‘ TABLE 7-9: AMPERES CONVERSION TABLE (BMCADJ)
(CONTINUEDD

AMPS  VOLTS ANA COM AMPS VOLTS ANA COM

0.40 1.2s  sF 0.60 1.7 S0
0.41 1.2% SF 0. 61 1.90 4F
0.42 1.31 SE 0.62 1.93 4E
0.43 1.4 50 0. &3 1.96 an
0.44 1.37 50 0. 44 2.00 4
0.45 1.40 SC 0,65 2.03 4¢
0.44  1.43 SB 0. 66 2,06 AR
0.47 1.44 =A 0.67 2.09 an
0.42  1.50 59 0. 45 1.12 49
‘ 0.49 1,53 sg 0.69 2.15 49
0.50 1.S& 53 0.70 2.15 43
0.51 1.59 57 0.71 2.21 47
0.52 1.62 S6 0.72 2,25 44
CSE 1.65 55 0.73 2,28 45
0.54 1.68 55 0.74 2.31 44
0.5  1.71 54 0.75 2.34 44
0.56 1.75 53 0.76 2.37 43
0.57 1.78 52 0.77 2. 40 42
0.5 1.81 51 0.73 2.43 41
0.59 1.4 51 0.79 2. 86 41

i
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Fage 12%

I TABLE 7-2: AMPERES CONVERSION TABLE (BMCAD.))
(CONT INUED)

AMFS VOLTE ANA COM AMFS VOLTS ANA COM

—— e ————— —— e e e — ———— o ———— ————

0.20 2.50 40 1.00 3.12 =0
0.21 2.53 2F 1.01 Z.15 2F
0.32 2.564 2E 1.02 2.18 3E
0.22 2.59 =E 1.0z .21 ZE
0.24 2,462 =D 1.04 3.25 2D
0.85 2045 2C 1.05 .28 2C
Q.26 2,62 =R 1.06 3.31 2B

0.27 2.71 ZA 1.07 .34 2A
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0.92 2.90 35 1.13 .53 25
0.74 2.93 35 1.14 3.54 25
0.95 2.6 =4 1.15 F.59 24
0.96 2.00 23 1.14 .62 23
0.97 .03 32 1.17 .65 22
0,92 3.06 21 1.1% 3. 68 22
0,99 2. 0% 21 1.19 3.71 21
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VOLTS

AMPERES CONVERSION TABLE (BMCADJ)

ANA COM
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(CONTINUED)

AMPS
1.40
1.41

1.42

VOLTS
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Page 1321

TABLE 7-10: LIMITS ON It HOUSEKEEPING SIGNALS

ITEM SIGNAL ITEM UPPER  LOWER .
NUMBER DESCRIPTION NAME ENTRY LIMIT LIMIT
(V) (W)
1 S.0 V IUHKO1  IUsY S5.12 2.5
2 15.0 V IUHKOZ  IU1SV 5.12 2.5
3 -15.0 V ILHKOZ  IUMISV -2.5 5,12
4 25.0 V IUHKO4  Iuzay 3.5 2,22
S 0.0 V CAL IUHKOS — ——- 0.12 -0.12
& - 2.54 V CAL © IUHKOL  ——— -2.0 -3.0
7 25.0 V CAL IUHEO7 - z.0 2.0
& 5.0 V CAL IUHEOS - 5.12 1.0
. 9 5.0 V CONV TEMP IUHKO?  IUSET 4,5 -4.5

(+45 DEG ©)

10 13.0 CONV TEMP IUHK10 - 4.5 -4.35
(+/-) (+45 DEG C)
11 ENCODER TEMP ILHK11 TLENT 4.0 -2.0
(+40 DEG C)
12 TOTAL CURRENT IUHK1Z uzac 3.5 0.24
(+14A)
13 % V CURRENT TUHK L3 IUSC 2.5 1.0

(+2.5 A)

14 BML. TEMP ILHK14 TUEMT 3.0 -4.0
(+S0 DEG )



I NOTE:

Signal rname is the PCM signal name

Item entrvy is the II1A sisnal name
1§ item 1, I.W. 5V monitor chiprs below 2.5 v,

commands to instruments mav be erronecus and SEPAC
aperations are danserous.

If item 12, I.I). tatal current exceeds 14A,
the svstem should be shut down immediatelvy!

If item 13, I.U. 5Y current exceeds 2.95A,

the pPower should be removed and later (.GT. 2 minutes)
arprlied asain and retested. Continued higsh current
levels indicate a mador problem and 1.1, orPeration
may be danseraus to SEPAC instruments.

o

[
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APPENDIX A

SEPAC FLOWCHARTS



APPENDIX A

SEPAC FLOWCHARTS

The Flowcharts for each of the SEPAC Routines are contained in
this section.



ROUTINE NAME TYPE

DRIVER

n
=
D
o
~

RTDRV

RTCMD

MSGIN

MEOoUT1

MSGHAN

ASSEMBLY

ASSEMELY

w

A’

SSEMBLY

ASSEMBLY

ASSEMBLY

ASSEMBLY

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

DESCRIPTION

SEPAC Task Control Prosrams
includes Initial Program start,
I Initialize, Interrupt Handlers
and Task work list

CODESTRT EXTINT
IUINT PRGINTER

Interrupt Handlers service
associated interrupts

ALLIMEBF SVCINT
IOSERV

Roautine that determines the
Experiment CompPuter Messase Block
ID and activates the arpPropPriate
task

Scheduled on I “20657
Interrupt

Routine that svnchronizes to 1HZ
Interrupt and initiates first
command interrupt

Routine that constructs IU command
registers from command list

Scheduled an 100 millisecond
interrupt

Routine that reads Experiment
Computer Message from Dual
Fort Memaory

Called as needed

Routine that selects ocutput Buffer
and loads @Dual Fort Memory

to ocutput messasge.

Called as needed

Routine that selects oautpPut messaae
EML Block ID 1, EBML Block 2,

or other messages

Scheduled an every second
I “2004° Interrupt



CGMT

S6MT

ECMAG

IGMT

INHIET

ENAELE

SETHTR

C22DWN

M

C2ZRST

acMn

ASSEMBLY

ASSEMBLY

)]
n

ASSEMBLY

{

ASSEMBLY

ASSEMBLY

)
[y

ASSEMBLY

]

ASSEMBLY

1))

ASSEMBLY

ASSEMBLY

ASSEMBLY

ASSEMBLY

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANSUAGE

LANGLUAGE

LANGLIAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

Itility routine that compPares
current GMT ta specified GMT

Called as needed

Utility routine that calculates
the DELTA Time between two
aiven GMT’ s

Callied as needed

Routine that processes Maanetic
Field Data

Scheduled bv STASK on Block 1D = "A"

Routine that processes GN&C Data
Scheduled on IU 720817 Interrupt
Reutine that reads GMT for IU
Called as needed

Function to Inhibit NSSC-I1
Timer interrupts

Called as needed

Function to enable N3SC-II
Timer interrupts

Called as needed

Routine to merge Heater Current
FCF update into command reaister

Called an PCF (Z24) update
Routine to set the instrument
Ppowerdown masks and commands for

Command Reaisters

Called in respoanse to Shutdown
command detectian

Routine to write command data to
Command Registers

Called as needed



AEP IOF

AEFION

SINGLE

EXEPM

DEFDMP

UHEADER

PATCH

m
fa)
()]
=
(]

FHEALIR

FLT1&

INT14

ASSEMBLY

ASSEMBLY

ASSEMBLY

ASSEMBLY

ASSEMBLY

ASSEMBLY

AZSEMERLY

AZZEMBLY

ASSEMEBELY

ASSEMBLY

ASSEMELY

LANGUAGE

LANGLUAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAGE

LANGUAIGE

LANGUAGE

LLANGUAGE

LANGUAGE

LANGUAGE

Routine to write data to Scratch
Pad Memorwy

Called as needed
Routine to disable AEPI ready
Called as needed

Routine to enable AEFI ready and
svnc to AEPI

Called at T=0 by ATORY

Control routine to perform manual
maode FO and HEXTAER runs

Scheduled bv STASK on Black IL="2"
Routine to set up Experiment ID,
Mode, Start, FO Time., Patch
Anale, and MPD firinge information

Scheduled on IW “20047 Interrupt

Routine to dump LDEP memory to
Exrperiment Computer

Scheduled on IU “Z201F Interrupt
Routine to unprPack Message Block
ID Command Words and

FCF update information

Called as needed

Routine to pPack Status Wards, Blaock

ID, PCF Update Information,
and Message Number

Called as needed

Utility to convert 14 hit integer
to 32 bit Floatine Point

Iltility to convert 22 bit Flcoatine
Foint to 16 bit integer



BOOL 14

IAND

I0R

IEDR

ISHIF

GETCMD

REVZ

EXTRCT

ZAF

MOVE

J

¢

a
A

bt
4

DEFPRTC

MODSER

ARCTAN

ROOT

ASSEMELY

ASSEMBLY

ASZEMBLY

ASSEMBLY

ASSEMBLY
ASSEMELY

ASSEMELY

ASSEMBLY

ASSEMBLY

ASSEMBLY

ASSEMBELY

LANGUAGE

LANGUAGE

LANGLUAGE

LANGUAGE

LANGLAGE
LANGLAGE

LANGUAGE

LANGUAGE

LANGUAGE

L ANGUAGE

LANGUAGE

Htility to perform shift. and, or,
Xor- on 16 bit intesers

UHtility to fetch Parameters from
COMTAR

Utility to rotate 8 bits

Ltility to fetch Parameters from
FOMTAB. FOUTAER. or HEXTAB

Utility ta zero blocks of memary
Htility to move blocks of memary

Routine to move default SFCF/FCF
values to PCF Table (PCFEUF)

Called bv ECFO

iititity te take absolute value of
22 bit Floating Point

Utility toe perform SIN function
(Filoating Foint)

Utility to perform ARCTAN functian
(Floatina Point)

Utility to perform X##Y function
(Floatina Foint)



‘

GAREBAG AZZEMBLY LANGUAGE CSECT for prosram éentrv pPoints not
implemented

PCFCOM DATA BASE FCF/SPCF Default Values
CMOCOM DATA BASE Command Table
FOMCOM ODATA BASE Fi' Menus
FOCZCT ODATA BASE Index arravy into FOCOM
FoCzoM DATA BASE Command Groups
HXCSCT ODATA BASE Indes arravy into HEXCOM
HEXCOM ODATA BASE "Cammand" Subreutines/Sets
ECFC FORTRAN Routine to service FO schedule
request
Scheduled by STAEK on Rlock ID = V9"
SEFACM FORTRAN FO Timeline Executive

Alwavs scheduled

FASSX FORTRAN Routine to =@enerate Command
Sequence

Called as needed

DOIF FORTRAN Routine to perform "IF" Statement
Called by FASSX as needed

DGCALC FORTRAN Routine to pPerform "Calculations"

Called by PASSX as needed.

ECPCF FORTRAN Routine to service FCF Updates
Scheduled bv STASK on Block IO = "gv
ECBML ASSEMBLY LANGLUAGE Routine to Proéess Burst Mode

lonaic data

Scheduled an every Sth
I 720047 Interrupt



DEPCOM

COEFF

STATWI

STATWZ

FOFIG

MSGCOM

QUTCOM

TLEUF

PCFBUF

GNCCOM

UCMOW1

LUCMDWZ

COMMION

COMMON

COMMON
COMMON
COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

BLOCK

BLOCK

BLOCK

BLOCHK

BLOCK

BLOCK

ELOCK

BLOCE

BLOCK

BLOCK

BLOCK

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

OATA

General Data Area

Coefficient values far
calculatiens

STATWS WORD 1
STATUS WORD 2
General Data Area

Message InPut Areas

Command Sequence Area
FPCF Data Area
GNZ Data Area
Command Word 1

Command Word 2



CobESTRT

ESTADLISH R)2

RS BASE ?eeurﬂ

ES7ABLISH Ri1D
RS SAVE ADINESS

SET Nssc¢-IT
RTC TO &

SET EXTERNAL
INTERRVPT
VECTOR ToO

BEXxT'

SET IT/0
INTERROPT
VECTOR T7°

‘To1y’

/ WRITE
‘Foof’
TO

Do FoQ ADDIESS,
'0000’ 70 'DFOO

By ‘04400

COMPUTE NSSC-IT
CHECKSUM

CoDE
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CODESTRT
//5

SEPAC TeoGesm SR

A(9y) = EXTEZNA- INTEQRUPT VECTOR

A(126) = /O INTERRUPT™ VECTOR

szo = (BoArd~S woed-'00') = '2F80’

PRoTECT Nssc-IT MEmRY ‘0000’ TO 'bgoo’
Feem DMA STORES

ComPuTE CHECZSum Feg MEmoRy ‘esos’ 76 ‘AFFE’



cod gy
-ey

o2,

WULITE
CHECkSUM
T0

SPm(o)

SET EXTEZWNAL
INTERRUPT
VECTOR TO
'CODELS’

Do FolL

CODESTRT

2/5
1 ’ Y '
sT0= (8o4d-5, wotd-'00') = 2F80
A(9y) = ExTERNAL INTERRVPT VECTK
RwWDPmME WARIT 10 SECoADS
ENABLE (HE
Ol\h..)/
‘CoDESS'
WAIT FR
IHE INTERRUPT
avr
wer
IF |HE 12 TE Sro = [509@-’5
INTERRUPT CounTER TO woed - '6’s’) =

DISABLE
Nssc-IT
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+ 10 INTERWD

T

SET ERTERNAL
INTERRVPT
NEW Psu)

I

SET IO
INTERRVPT
NEW PSw
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INTERRUPT = PReGRA™ CK, vecroe = exrynr

A(/20) = TO INTERRUPT NEW Psw
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RESET TRSKS'
SCHEDULE By7E
IN WoKLIST

SET SEPRCM
TRSK oA
WSEP =X'FF’

SET FTUINT
TRSK ON
WTvI =Xx'Fr’

BESET™ EXECUPVE
FLAGS

AdpRessgs 8- 79

SET SEPAC
STATE =0

ZAP

Z2ERo SEPAC
Common) BLICLS

SEr KdeV

Go/sTP_RLAG 7D
sTOP ,

FoFLG = X'FF

ENRBLE

L/o A4D
EATEROAL,
NTER RVPTS

{I‘? TASK. ENTRIES TN
WORK LIST

INITIALIZE STATE

CoDESTRT™
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SCHEDULE TBSK
MSGHAN

msc= x'FF’

SCHEDULE TAK
SEPAemM

WSEP = X'FF’

SMOSEL =0

SCHEDULE 7AY
ECSmO

TECSma 2 X'FF'

KESET IHE
OCCUR RENCE
flag
@§ = x'ov'

Pi.|

EXECUTIVE c/cu:c TRSK. SCHEDULER

CODESTRT

SET” LooP
™
A WOlKLLS

=\

/5

THSE ACTE

«1&5

RESE— 7AS €
FLAG
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EXECUTE
TASK
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SUBRsUTIWE
PRoOGUE
ISavE

SETr RiAL
TIME FLAG
OFF

STFLG=o0

SET XU cmp

INSTRUMENT
E
i’nclgnes

Tucgec=o |

SEr TU AuD
RE G/STERS
70 ©

TJuUucAMD ~o

SET IV SET
REG/S7ELS
70 o
JUCSET =

PuT FUINIT
SUBROUTINE

# o) sy

SET Fo
medEL SELECT

7™ 5
FOSEL=S

IMITTALIZE
PCF TABLES

PASSO |

|
€

TU INITALIZATIoN

/6 BIT X /6 REGISTERS

16B!/T X 16 REGIYERS

[e BIT X 4o REGISTELS

bumlt/ Fo medEL #5

BuiLd
CommAD REGISTIA
SETr—

TUINT |
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Cemmand REG,

OovrPe T

SUBROUTTAVE
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( RETURAN )
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PRGINTER

INTERZUPT VECR'. 780oGRAM CHECK
MACHINE CHECK

( PRGINTER )

SAVE KEGISTES)
TGMERSAV

WRITE @
TO
Pm 24 |

INHBT
NSscir
TAWTRAUPTS

P —3PMm . :
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SP4

SET NSSC-IC
WA STRATE




EXTINT

TEST INTERZIWY
BRDRESS PondT

STOEE
E.EGISTELS

Err/nTSY

ZEAD
R

SE7 looms
FLAG oA

@51= X'Ff’

ESTRABLISH BASE
REGISTER 4
SAVE AREA

INTERRUTT VECTRE .

IH2 ’Efcovsa/ LoGiC

ExT. S84E—8CE
RL! F2o-/oBYy
Tuc. 1E50- 17

JEP: 2190 -21F0

RETURN

BASE RECISTER = RI2
SAVE RREA= Ri13 = SZALEA
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FLI?/FLoP
MESSAGE IS

RAG
@50 =@50 o8, FF

ACTIVATE
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