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FOREWORD

A Cost and Utility Analysis of NIM/CAMAC Standards and Equipment for
Shuttle Payload Data Acquisition and Control Systems was performed by the
Defense and Space Systems Group of TRW, Inc. under Contract NAS9-14693 for
the Lyndon B. Johnson Space Center of the National Aeronautics and Space
Administration. The work was managed by Dr. Richard J. Kurz (Telephone
(213) 535-2936) of the Instrument Systems Department, TRW Defense and
Space Systems Group. The study was administered under the technical
direction of Dr. Richard D. Eandi (Telephone (713) 483-5176) of the Space
Physics Branch, Johnson Space Center.

The results of the study are presented in three volumes:
VOLUME I.  SUMMARY

Overall summary of the analyses and conclusions

YOLUME II. TASKS 1 AND 2

Identification and selection of representative payloads for analysis
and functional analysis of the selected paylaods for NIM/CAMAC eduipment
applicability and commonatiity.

VOLUME III. TASKS 3 AND 4

Analysis of the modifications to NIM/CAMAC equipment required for
compatibility with the Spacelab environment and their estimated cost,
development of a management plan for the utilization of NIM/CAMAC equipment
and programmatic cost estimates, and assessment of the implementation and

impact of CAMAC software.
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1. INTRODUCTION

1.1 STUDY BACKGROUND

The use of Space Shuttle and Spacelab as a low-cost transportation sys-
tem to support space research and applications programs will change payload
implementation and operation significantly. Payload changes from current
practices. that can be expected with the advent of the Shuttle include:

e Weight, volume, power and environmental constraints will be
considerably relaxed.

e Repair, refurbishment and reuse of payload equipment will become
routine.

* Hardware development time will be considerably shortened.

& Reuse, modification, and quick turn-around will demand equipment
flexibility, interchangeability, and interface simplicity.

e Payloads will require versatile and flexible data management and

control systems.

A1l of these considerations point to the use of standard, modular elec-
tronic equipment for Shuttle payloads. This equipment must Tend itself to
flexible integration into a computer-controlled data management and control
system. The commonalities achiéved in both hardware and software required
for various payloads would result in the cost benefits of reduced develop-
ment effort and multiple use of such equipment and software.

The NIM (Nuclear Instrument Modules} and CAMAC {Computer Automated
Measurement and Control) standards for modular electronic equipment are
existing, successful implementations of solutions to similar requirements
in ground-based research that have the benefit of extensive user acceptance
and experience., They are therefore natural choices to consider for appli-
cation to Shuttle payloads.

1.1.1 Description of NIM and CAMAC Systems

A very brief description of the NIM and CAMAC standards and equipment
is given in the foliowing sections. For complete details, the reader is
referred to the publications listed in Table 1-1.




Table 1-1. Selected Publications Regarding NIM and CAMAC

Standard Nuclear Instrument Modules ERDA Report TID-20893

CAMAC ~ A Modular Instrumentation System for Data ERDA Report TID-25875
Handling - Description and Specifications - ' :

CAMAC - Organization of Multicrate Systems " ERDA Report TID-25876

Supplementary Information on CAMAC Instrumentation | ERDA Report TID—25877
System

CAMAC Serial System Organization - A Description ERDA Report TID-26488

CAMAC - Specification of Amplitude Analog Signals ERDA Report TID-26614
within a Fifty-Ohm System

CAMAC - The Definition of IML, A Language for Use  ERDA Report TID-26615
in CAMAC Systems ‘

Block Transfers in CAMAC Syétems ERDA Report TI1D-26616

iEEE Standard Modular Instrumentation and Digital IEEE Std 583-1975
Interface System (CAMAC)

CAMAC Builetin , A publication of the
ESONE Committee issued
three times yearly by

EURATOM
Proceedings of 1975 Meeting of IEEE Insdustry IEEE Conference Record
Applications Society 74CHO 833-41A (Part 1)
CAMAC Tutorial Issue IEEE Transactions on

Nuciear Science, NS-20,
No. 2, April 1973

Proceedings of 1973 Nuclear Science Symposium IEEE Transactions on
Nuclear Science NS-21
No. 1, February 1974

Proceedings of 1974 Nuclear Science Symposium iEEE Transactions on
: Nuclear Science NS-22
No. 1, February 1975

Proceedings of 1975 Nuclear Science Symposium IEEE Transactions on
Nuciear Science NS-23
No. 1, February 1976




1.1.1.1 NIM Standards

The NIM standards were deveioped by a commitiee of equipment users under
the auspices of the Atomic Energy Commission (nbw the Energy Research and
Development Agency) and the National Bureau of Standards to provide maximuin
compatibility between instruments produced by various manufacturers. These
standards define the equipmént characteristics required for mechanical and
electrical compatibility.

NIM standards must be met in the design of all the equipment intended
for NIM-compatible use, Module and bin dimensions and power connector Toca-
tion and pin assignments have been standardized as have the supply voltages-
and the allowable current for each supply voltage. Each equipment bin accepts
twelve unit module widths and is designed for mounting in a standard 19-inch
relay rack.

NIM preferred practices are characteristics added to the basic NIM
standards which are recommended by the NIM committee to define linear sig-
nals, Togic signals, and preampiifier connections.

NIM standards do not prescribe standard circuits, functional instrument
specifications, or required fabrication methods. The NIM committee limits
itself to matters that affect compatibility and does not judge'equipment as
to conformity or nonconformity with the standards. Voluntary cooperation -
of manufacturers and users with the committee has been adequate to standard1ze
for interunit compatibility. '

NIM equipment lend: itself to analog signal processing and other appli-
cations where only a 1imited amount of digital data is involved. |

1.1.7.2 CAMAC Standards

CAMAC is an instrumentation system that has been developed specifically
for accommodating digital functions. The system definition that has become
the standard for digital data acquisition and control systems was prepared
by the European Standards on Nuclear Electronics comm1ttee ‘of EURATOM and
has been adopted by the ERDA/NBS NIM committee and the IEEE of the U. S. As
in the NIM system, the CAMAC standard specifies the requ%rements for mechani-
cal compatibility and electrical power supply compatibility. The important
additional feature of CAMAC is that it uses a multiwire printed circuit
board mounted on the rear of the power crate (the CAMAC equivalent of the




NIM bin) to provide a large number of interconnections between modular hard-

ware without external cabling. Called the CAMAC Dataway, it provides for
bidirectional communications between modules and the external world or between

modules themselves, thus allowing digital control of modules in addition to the
more common data acquisition function.

The CAMAC crate is desighed to accept up to 25 modules via 86-pin card-
edge connectors mounted on the printed Dataway. Operationaliy, 23 of these
connectors or stations are used for modules 1ike ADC's, scalers, registers,
etc., and the'remaining two are utilized by a crate controller. Local con-
trol of modules within a crate is provided by the crate controlier which
accepts axternal commands from the branch highway. The branch highway is a
separate cable data bus that interconnects controilers in several crates with
a branch driver interface to the central processor in use. With the excep-
tion of the computer interface, all components of a system are computer-
independent and interchangeable.

In addition to defining mechanical and electrical power supply charac-
teristics, the CAMAC standards define the protocols for digital communica-
tions within the system. The CAMAC standards provide for a number of system
configurations and are sufficiently flexible to accommodate new developments
in electronic technology.

The standardization of the digital data and control functions also intro-
duces the possibility of standardized software and the development and use
of standard CAMAC sofiware is, in fact, rapidly expanding. The merits of
the CAMAC system are best demonstrated by its increasing usage for situations
outside of the field of nuclear electronics. These applications range from
instrument systems for other scientific disciplines to industrial process
control.

1.1.2 Related Studies

In recognition of the possible benefits of using NIM and CAMAC equipment
in Shuttle payload ihstrumentation, NASA and ESA have sponsored a number of
studies on various aspects of this topic in addition to the present study.
Table 1-2 1ists both those activities dealing spec%fica11y with the use of
NIM and CAMAC equipment for space applications and some closely related
studies.
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Tabile 1-2, Related Studies

Feasibility Study of Common Electronic Equipment
for Shuttle Sortie Experiment Payloads

Shuttle Environmental Compatibility Test Program
NIM and CAMAC Systems in the Space Program

Feasibility Study of the Design of BiRa Systems,
Inc. Model 5301, 5101, and 3222 CAMAC Modules
for Space lise

NIM (Model 451 and 455) and CAMAC (Model S812
and IR026) Module Studies

Study of Kinetic Systems, Inc., Model 3110,
3610, and 3640 CAMAC Modules for Space Use

Study of SPAMAC/CAMAC Interface for the Spacelab
Programme

Analysis of Commercial Equipment Instrumentation
for Spacelab Payloads

Cost Reduction Alternatives Study (Task 1) On-
Board Computer Utilization and Software
Integration '

Pressure Vessel Spacecraft - A Shuttle Era
Approach to Low Caost

Low-Cost Approaches to Scientific Experiment
Implementation for Shuttle-Launched and
Serviced Automated Spacecraft

Low-Cost Instrument Electronics for Solar
Maximum Mission

Bendix

In-house
In-house
BiRa Systems
Ortec
Kinetic
Systems

SGAE

Rockwell

Rockwell

General
Electric

TRW

TRW

NAS9-13784
NASA/JSC

NASA/JSC
NASA/GSFC
NAS5-22856
NASA/GSFC
NAS5-22812
NASA/GSFC

NAS5-22898 °
NASA/GSFC .

2508/75 JS

ESA/ESTEC

NAS8-30541
NASA/MSFC

NAST-12933

NASA/LARC

NAS5-24021
NASA/GSFC

NAS W-2717
NASA/Hdg

NAS5-23478
NASA/GSFC



The Bendix study was the forerunner of the present work and investigated
the application of NIM and CAMAC equipment to a group of six Shuttie Sortie
research and applications payloads. The Shuttle Environmental Compatibility
Test (SECT) program is being carried out at JSC in parallel with the present
study and involves actual environmental testing of commercial NIM and CAMAC
equipment. The GSFC in-house activity has investigated the applicability of
NIM and CAMAC equipment to several payloads in the high-energy astrophysics
discipline. In the next three studies, sponsored by GSFC, manufacturers of
commercial NIM and CAMAC equipment have investigated possible power reduc-
tions for several of their commercial products and the cost impact of using
NASA preferred parts and approved manufacturing techniques. The ESA-sponsored
study by SGAE (Austria) has addressed possible methods of interfacing CAMAC.
systems to the Spacelab CDMS. The remaining studies listed, while not directed
specifically to the use of NIM and CAMAC equipment, all include work that is
relevant to the topic.

A basic guideline for this study was that the data and conclusions con-
tained in Bendix Report BSR4142 (Feasibility Study of Common Electronic
Equipment for Shuttie Sortie Experiment Payloads) and Rockwell Report SD74-
SA-0047-1 (Analysis of Commercial Equipment and Instrumentation for Spacelab
Payloads) should be used as a point of departure, extended where necessary
to meet the objectives of this study, and used to support or statistically
strengthen the data compiled and conclusions in this investigation.

In addition, it was intended that there be a close coordination between
this study and the parallel SECT program at JSC. The test program results
were also expected to be available for incorporation into our overall results
and conclusions. As 1t turned out, the test planning has been coordinated
with the study, but it has been possible to obtain only a Timited amount of
actual test data during the period of performance of the study.




1.2 STUDY SCOPE

The major objective of this study was tu determine the cost effective-
ness of utilizing NIM and CAMAC equipmeni for Shuttie sortie payload instru-
mentation. The original statement of work called for the performance of
four tasks to accomplish this objective.

Task 1 - Identification and Selection of Potential Shuttle Sortie Payloads
for Data Acquisition and Experiment Control Analysis

Task 2 -~ Functional Analysis of Selected Shuttie Payloads
Task 3 - Modification Analysis of Identified NIM/CAMAC Units
Task 4 - Management Plan for Implementing NIM/CAMAC Standards on Shuttle

Because of its importance to overall experiment costs, Task 4 was éup-
plemented during the course of the study to include the following task:

Task 4B ~ Implementation and Impact of CAMAC Software
The interrelationship of the study tasks is shown in Figure 1-1.

The objective of Task 1 was to select a representative set of payloads
for both science and applications disciplines that would ensure a realistic
and statistically significant estimate of equipment utilization.

In Tasks 2A and 2B, the selected payloads were analyzed to determine
the applicability of NIM/CAMAC equipment in satisfying their data acquisi-
tion and control requirements. In Tasks 2C and 2D the results of these
analyses were combined with the comparable results from related studies to
arrive at an overall assessment of the applicability and commonality of
NI/CAMAC equipment usage across the spectrum of payloads.

Task 3 dealt with determining the modifications to existing commercial
NIM/CAMAC equipment that would be required for its reliable operation in
the Spacelab environment as well as the estimated cost of these modifica-
tions. This task could be performed in paraliel with the rest of the work
because of the standardized nature of NIM/CAMAC equipment.

In Task 4A, the results from Task 2, on the applicability of WIM and
CAMAC equipment to the representative payioads, were combined with an over-
all payload mission model for the period 1930 to 1991 to project the total
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expected equipment usage. Various approaches to providing the equipment
were investigated and a management plan for pooled usage was developed. The
cost estimates from Task 3 were then used {o prepare programmatic cost esti-
mates.

Finally, in Task 4B, the impact of standardized CAMAC software (made
possible by the use of CAMAC hardware) on the overall Spacelab experiment
software situation was analyzed and a recommended approach to software imple-
mentation was developed. It was possible to independently proceed on the
software task with the exception of the final portion in which the specific
software requirements for two of the representative payloads were analyzed.

The results of the work under Tasks 1 and 2 are contained in the fol-
Towing two sections, which make up the balance of this volume. Volume III
contains the description of Tasks 3, 4A, and 4B,




2. IDENTIFICATION AND SELECTION OF POTENTIAL SHUTTLE
SORTIE PAYLOADS FOR DATA ACQUISITION AND
EXPERIMENT CONTROL ANALYSIS (TASK 1)

2.1 INTRODUCTION

Our approach to identifying and selecting Shuttle sortie payloads for
analysis involved the following three elements:

e select science and applications disciplines to be considered,
¢ review payload definition documentation,
¢ identify and select representative payloads/experiments.

The primary sources used in performing this task are listed in Table 2-1,
and a 1ist of the discipiines from which representative payloads were selected
is given in Table 2-2. The science disciplines to be considered were selected
in accordance with the SUSS document except for the discipline of planetary
exploration, which was not inciuded here because it does not involve the
sortie mode of operation. Although the primary emphasis was placed on the
science disciplines, several applications disciplines, taken from the SSPDA
documents, were included since these are also scheduled for frequent Shuttle
sortie missions, The disciplines of earth observations and earth and ocean
physics were combined because of the high degree of similarity found in the
instrumentation used for investigations in these disciplines. Space tech-
notogy was not treated as a separate discipline for payload selection because
for the most part it requires instrumentation covered under the other disci-
piines. Finally, communications/navigation payloads were not considered
because of the very limited appiicability expected for NIM or CAMAC equipment.

The available payload documentation does not define the term “payload”
in a very specific way. A collection of instrumentation that is required to
perform a particular type of science or applications investigation tends to
be termed a payload. The equipment so defined may or may not utilize all
of the resources (e.g., weight, volume, power, etc.) availabie on a Shuttle
sortie mission. In order to tabulates and compare requirements in a reasonably
consistent way, we will use the term “payload" in this study to mean a col-
lection of equipment or instruments that can be expected to require approx-
imately the full resources available in one sortie mission.
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Table 2-1. Payload Identification and Selection References

?c}znt1f1c Uses of the Space Shuttle (SUSS), Nat1ona1 Academy of Sc1ences,
9

Summarized NASA Payload Descriptions - Sortie Payloads (SSPDA), NASA/MSFC,
1974 and 1975 editions.

Final Report of the Space Shuttle Payload Planning Working Groups, NASA/GSFC,
1973.

Interim Report of the Astronomy Spacelab Payloads Study, NASA/GSFC, 1975.

Table 2-2. Payload Identification and Selection Disciplines

Science Disciplines

Atmospheric and Space Physics - Atmospheric Science ,
- Magnetospheric Dynam1cs
- Plasma Physics in Space
High-Energy Astrophysics - X-Ray
. - Gamma Ray
- Cosmic Ray

Astronomy - Infrared
~ Optical and Ultraviolet

Solar Physics
LLife Sciences

Applications Disciplines

Earth Observations and Earth and Ocean Physics

Space Processing Applications

11



The following criteria and guidelines were used in selecting the repre-
sentative payloads for analysis in this study:
e The sample should be representative ia both the range of data
acquisition and control requivements and the range of accom-

modation and operational modes to be encountered in sortie
mode science and applications experiments.

¢ Emphasis should be p]aced on scientific investigations
recommended in the SUSS document.

8 Preference should be given to those payloads that have the
most complete available documentation.

& Existing NIM/CAMAC study vresults should not be duplicated.

One representative payload was selected from each of the seven disciplines
Tisted in Table 2-2." A summary of the selected payloads is given in Table 2-3.
As can be seen, each of these payloads ‘includes a number of instruments or
groups of equipment. We believe that the composite collection of instrumen-
tation included in these payloads, especially when combined with the results
from previous studies, truly represents the range of requirements that can
be expected. It should be noted that a large number of the payloads 1isted
in the SSPDA documents simply amount to different grouping of this, or neariy
equivalent, instrumentation.

Each of the seven disciplines considered for payload selection will be
treated sucessively in the following sections. The selection rationale will
be discussed, the payload will be briefly described, and the available defini-
tion documentation.will be identified. 2 more detailed description of each
payload will be given in Section 2 as part of the functional analysis.




Discipline

Atmospheric and
Space Physics

High-Energy
Astrophysics

Astronomy

Solar Physics

Life Sciences

Earth Observations

Earth and Ocean
Physics

Space Processing

Table 2-3.

Payload
AMPS

X-Ray/Gamma-Ray
Pailet

One-Meter Cooled
Telescope

ATM

Life Sciences

Dedicated Laboratory

Earth Observations

Facility

Space Processing
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Pay]oads Selected for Analysis

Instrumentation -

instrumentation for particle accel-
erator, wake, chemical release,
wave, magnetic confinement, and
passive optical experiments.

Proportional counter a?bay;'Bran
crystal spectrometer, high-resolu-
tion gamma-ray spectrometer.

Filter photometer, Spectrophotom-
eter, detector array. Fourier and
grating spectrometers.

Coronagraph, X-ray telescopes, UV
spectroheliometer, XUV spectro-
heliograph, and chromospheric XUV
spectrograph. '

Equipment units for biochemical/
biophysical analysis, biomedical
studies, data management, and .
Taboratory suppori, holding units,
and research support. '

Scanning microwavé radiometer, IR
radiometer, Lidar, cameras and
Bendix results for multispectral
scanner and microwave scatterom-
geter.

Furnace, levitation, biological,
general purpose, and-core equipment
groups.




2.2 SCIENCE DISCIPLINES

2.2.7 Atmospheric and Space Physics

The SUSS document defines a number of core instruments that will be
required for experiments in both atmospheric sciences as well as space plasma
and magnetospheric physics. As indicated in the SSPDA tabulations, current
payload definition and planning combines all of this instrumentation into a
single Atmospheric, Magnetospheric, and Plasmas in Space (AMPS) payload. The
major types of instrumentation identified in the SUSS document as well as the
documentation avaiiable on the AMPS payload is shown in Table 2-4. AMPS is
the obvious choice for analysis to represent this discipline.

Table 2-4, Atmospheric and Space Physics Instrumentation .
and Selected Payload Documentation

Instruments Identified in $USS for Sortie Missions

] Atmospheric Sciences

High-Power Laser and Receiver (Lidar)
Passive Optical Remote Sensing Instruments

- High-reso]dtion photometers and interferometers
- Infrared sounding interferometers

® Space Plasma and Magnetospheric Physics
Electron and Ion Accelerators
Plasma Gun
Chemical and Gaseous Release Devices

Transmitters and Antennas
Paliet and Boom-Mounted Diagnostic Instruments

AMPS Definition Documentation

Phase A Conceptual Design Study of the AMPS Payload, TM X464895, NASA/
MSFC, 1974

AMPS Particle Definition Study, NAS8-31375, TRW, 1975
AMPS Data Management Requirements Study, NAs8-31208, TRW, 1975
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We have selected a version of the AMPS payload that emphasizes space
plasma and magnetospheric physics. The atmospheric science instrumentation was
covered in the Bendix work with the exception of the Lidar system which will
be treated in this study as part of the earth observations payload. It is
generally true that the optical instrumentation for AMPS 1is very similar to
instruments that will be covered in the astronomy, solar physics, and earth
ohservations payloads. '

The version of AMPS we have selected includes the instrumentation required
to perform six types of experiments. This instrumentation includes the core
instruments defined in the SUSS document and is also similar in mény respects
to the Auroral and Magnetospherics Observatory studied by Bendix. Our analysis
will re-examine the control and data acquisition requirements in light of the
more complete payload definition available from AMPS studies carried out since
the Bendix work.

2.2.2 High-Energy Astrophysics

High-~Energy Astrophysics is commonly divided into three subdisciplines -
X-ray, gamma ray, and cosmic ray astronomy. The types of instruments identi-
fied in the SUSS document for sortie missions are listed in Table 2-5. The
SSPDA tabulations include sixteen payloads that use these instruments individu-
ally or 1in various combinations.

The cosmic ray 1nstruments have aiready received considerable attention
in previous studies. The Cosmic Ray Physics Laboratory analyzed by Bendix
consisted of a superconducting magnetic spectrometer with associated propor-

tional counters , Cerenkov detectors and a small ionization calorimeter.

The High Energy Cosmic Ray Experiment studied by GSFC consisted of a large
ionjzation calorimeter, again with associated proportional counters.
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Table 2-5. High-Eneray Astrophysics Instrumentation
and Selected Payload Documentation

Instruments Identified in SUSS for Sortie Missions

® X-Ray Astronomy

Large-Area X-Ray Detector with Concentrator
Large-Area Proportional Counter Array
High~Energy X-Ray Scintillation Counters
X-Ray Telescopes -

- low-energy (0.6 m)
- high-resolution imaging {0.6 m)

Hard X-Ray Imaging Detector
Bragg Crystal Spectrometers and Polarimeters
Broadband Si{Li) Spectrometer

® Gamma~Ray Astronomy

High~Resolution Gamma-Ray Ge(Li) Spectrometer
Liquid Xe Proportional Counters

Double Coﬁpton Telescope

Large-Area, High-Energy, Gamma-Ray Telescope
High-Resolution, High-Energy, Gamma-Ray Telescope
Large-Area, Actively-Shielded Scintillation Counters

® Cosmic-Ray Astronomy

fonization Calorimeter

Magnetic Spectrometer

Large-Area Cerenkov Detectors
Large-Area Proportional Counters
Transistion Radiation Detector

Selected Pay]oad Documentation

?ggzogram for High-Energy Astrophysics (1977-1988), NASA/Headquarters,

Degign1ahd Performance Specifications for HEAQ Experiments A-1, A-3,
and C- :

Phase B Definition Study for HEAO Experiment BXR-2
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GSFC has also analyzed one of the gamma-ray instruments -- the large-area,
high-energy, gamma-ray telescope. The results of these previous analyses will
be ‘included in this study in the form of one payload which includes a1l three
instruments. In order to complete the coverage of high-energy astrophysics
requirements, we have selected a payload that is made up of the following
two X-ray instruments and one gamma-ray instrument:

o Large-Area Proportional Counter Array
# Bragg Crystal Spectrometers and Polarimeters
¢ High-Resolution Gamma-Ray Ge(Li) Spectrometer

Selected available documentation on these specific types of instruments is
Tisted in Table 2-5. These two payloads, made up of six major instruments,
provide a good representation of the requirements in this discipline. |

2,2.3 Astronomy

The SUSS document divides the astronamy discipline into infrared astronomy
and optical and visible astronomy. Naturally, the principal instruments iden-
tified are telescopes. Table 2-6 Tists the various telescopes and other in-
struments discussed in the SUSS document. The SSPDA tabulations list thirty-
three astronomy payloads that include these telescopes plus some ther
astronomical instruments. A number of the payloads are combinaticns of
smaller telescopes and instruments. The focal plane instrumentation for the
telescopes that is of primary interest so far as NIM/CAMAC egquipment is con-
cerned, is similar for the various telescopes. ' o

A 1.0-meter, optical and ultraviolet te?escopé facility was analyzed in
the Bendix study. We have therefore selected the 1.0-meter Shuttle IR Tele-
scope Facility (SIRTF) for analysis here. The five IR instruments listed in
Table 2-3 have been chosen as a typical complement of focal plane instrumen-
tation for SIRTF. The documentation that defines the SIRTF payload is indi-
cated in Table 2-6. ‘

2.2.4 Solar Physics

The SUSS document identifies the instruments listed in Table 2-7 as

‘required for solar physics investigations in the sortie mode of Shuttle oper-

ations. The focal plane instrumentation for the telescopes constituting the
solar telescope cluster is very similar to that found in the astronomy
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Table 2-6. Astfonomy Instrumentation and
Selected Payload Documentation

Instruments Identified in SUSS for Sortie Missions
® Infrared Astronomy '

1.0-Meter Cooled Telescope

2.5-Meter Cooled Telescope

1.0-Meter Ambient Temperature Telescope

3.0-Meter Ambient Temperature Telescope

10-Meter Baseline Interferometer (Two 1.0-Meter Telescopes)
1-Kilometer Baseline Interferometer

@ Optical and Ultraviolet Astronomy

1.0-Meter Diffraction-Limited Telescope
0.5-Meter General Purpose Telescope
0.75-Meter UV Survey Telescope
1.0-Meter Deep-Sky Survey Telescope
1.0-Meter Wide-Field Telescope
Very-Wide-Field Camera

Solar Variation Monitor

Selected Payload Documentation
SIRTF Review Presentation, Hughes Aircraft, 1975

Design Study for Shuttle Infrared Telescope Facility, Report No. 11888,
Perkin-~Elmer, 1974
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Table 2-7. Solar Physics Instrumentation and
Selected Payload Documentation

Instruments Identified in SUSS for Sortie Missions

] Solar Telescope Cluster

1.0-Meter Optical Telescope
EUV Telescope
X-Ray Telescopes

° High-Energy Instrumentation
Proportional Counters
Scintillation Counters

Solid-State Detectors
Bragg Spectrometer/Polarimeter

Selected Payload Documentation
Design and Performance Specifications for ATM Experiments

$-052, CP22876, Ball Brothers Research Corporation

$-054, ASE-1600-C, American Science and Engineering

S-055A, CP29540, Ball Brothers Research Corporation
~ S-056, 50M16609, NASA/MSFC

S-082A, CP25905, Ball Brothers Research Corporation

S-0828, CP25100, Ball Brothers Research Corporation
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telescopes. The high-energy instrumentation is essentially identical to the
X-vay and gamma-ray instruments used in high-energy astrophysics. The SSPDA
tabulations 1ist fourteen solar physics payloads which again amount to various
combinations of the SUSS instruments for the most part.

One of the SSPDA payloads 1s a Spacelab version of the Skylab ATM instru-
ment cluster., Since these instruments are a very representative sample of
solar physics instrumentation and very complete documentation is available for
them, it was recommended by JSC at the orientation briefing for this study
that this payload be analyzed as the representative of the solar physics
discipline. The six ATM instruments are Tisted in Table 2-3 and the docu-
mentation describing them is listed in Table 2-7.

2.2.5 Life Sciences:

The discussion of the 1ife sciences discipline in the SUSS document
emphasizes the importance of a Tlexible, Taboratory-iike facility for Shuttle
sortie missions. General requirements and characteristics are specified for
the Tife sciences laboratory, but very Tittle specific instrumentation s
defined or identified. The SSPDA tabulations list five 1ife sciences sortie
payloads. One of these, the Life Sciences Shuttle Laboratory, is c]eariy the
facility that corresponds to the concepts presented in the SUSS document.
This payload, as well as the so-called minilabs and carry-on labs, has been
defined in a series of studies performed by Convair/General Dynamics for
NASA/MSFC., These studies are documented in a series of reports all entitled,
"I ife Sciences Payload Definition and Integration Study," GDC-DBD72-002, 1972:
CASD-NAS-73-003, 1973; and CASD-NAS-74-046, 1974. We have selected the
30-Day Dedicated Laboratory as the most all-inclusive version for analysis
in this study.
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2.3 APPLICATIONS DISCIPLINES

2.3.1 Earth Observations and Earth and Ocean Physics

The SSPDA tabulations 1ist a total of iwenty-six payloads in these dis-
ciplines. Most of these payloads are composed of a variety of remote sensing
instruments operating in the microwave, infrared and visible portions of the
electromagnetic spectrum. The types of instruments identified are given in
Tabie 2-8. The one exception to the general classification of these instru-
ments as remote sensing instruments is the Zero-G Cloud Physics Laboratory,
which is unique as a manned-laboratory-type facility amorg the payloads
defined for these disciplines. As previously mentioned, Skylab versions of
two of these instruments were analyzed in the Bendix study -- a thirteen-band
multispectral scanner and a microwave scatterometer. '

As a representative payload for these discip1ihés, we have selected a
combination of remote sensing instruments 1isted in Table 2-3. Three dif-
ferent types of remote sensing instruments are included in addition to the
two instruments studied by Bendix. In addition, a complement of typical
camera systems is included. The documentation used in this study consists
of the reports from a series of TRW studies performed of NASA/MSFC under
contract NAS8-28013. They are identified in Table 2-8. '

2.3.2 Space Processing

The SSPDA tabuiation 1ists sixteen payloads in this discipliine. These
payloads consist of different combinations of the five equipment groups
Tisted in Table 2-3. We have selected the dedicated, manned version of this
payload for analysis. It includes all five equipmént groups used in the
various payloads. The space processing payloads are described in two reports
from a series of studies performed for NASA/MSFC by TRW under contract NASS-
28938. These are: "Requirements and Concepts for Materials Science and
Manufacturing in Space Payload Eguipment Study," TRW, 1973; and "Space
Processing Applications Payload Equipment Study," TRW, 1974.
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Table 2-8. Earth Observations and Earth and
Ocean Physics Instrumentation and
Selected Payioad Documentation

Instruments Identified in SSPDA for Sortie Missions

Multispectral Scanners

Scanning Microwave Radiometers
Microwave Scatterometeyr
Synthetic Aperture Radar

Laser Radar (Lidar)

Infrared Radiometers and Sounders
Film Cameras

Zero-G Cloud Physics Laboratory

Selected Payload Documentation

Mission Requirements for a Manned Earth Observatory, TRW, 1973
Sensor Development on Shuttle Sortie Missions, TRW, 1974

Atmospheric Research Using Space-Borne Lasers, ESRO, 1974




3. FUNCTIONAL ANALYSIS OF THE SELECTED
SHUTTLE PAYLOADS (TASK 2)
3.1 GENERAL DESCRIPTION

The purpose of Task 2 was to perform a -Lantional anélysis of the
representative Shuttle payloads selected in ~ i 1 to determine the appli-
cability of NIM and CAMAC equipment to the coutrol and data management
system (CDMS) functions of the instruments in these payloads.

The functional anaiysis of the data acquisition and experiment con-
trol regquirements for the selected payloads/experiments is subdivided into
four tasks: '

Task 2A - Analyze Experiment Functional Requirements‘
e Establish experiment instrumentation requirements.
@ Compile instrumentation details.
¢ Analyze functional requirements.

e Develop a system design that partitions data acquisition and
control system functions for NIM/CAMAC implementation.

Task 2B - Analyze NIM/CAMAC Suitability
e Review manufacturers’ functionai specifications.

o Determine suitability of available NIM/CAMAC equipment to meet
the experiment functional requirements.

o Identify modified and custom-designed NIM/CAMAC modules required.
Task 2C ~ Tabuiate NIM/CAMAC Applicability
Task 2D - Analyze NIM/CAMAC Commonality

The results of Tasks 2A and 2B will be reported on first in Sections
3.2 through 3.8 in which each of the seven representative payloads is dis-
cussed individually. Section 3.9 contains the results of Tasks 2C and 2D
for the entire set of payloads.

In reviewing the payloads selected for analysis in Task 1, two catego-
ries are apparent. Most of the payloads were really clusters of individual
instruments, each of which performs an essentially separate scientific
inquiry. It is only the commonality of their scientific regions of interest

23




which associates them into a payload. The CDMS reguirements for each

of these instrumenis are generally independent of the requirements for the
other instruments within the payload. Two of the payloads, on the other
hand, were found to be what might be termed laboratories. A1l of the
instruments in these play an interrelated role in pursuing a common piece of
scientific research. This affects the COMS requirements for these payloads
in that the signals being processed for one instrument in the laboratory

‘“frequently feed back and determine the mode of operation of another instru-

ment.

Those payloads which were considerad to be instrument clusters are:

ATM experiments

IR telescope
A~vay/gamma~ray pailet
AMPS

Earth observations.

® & & @ D

Actuaily, some of the AMPS experiments, particularly the electron
accelerator, verge on being laboratories in their own right.

The two payl oa&s considered to be laboratories are:

® Space processing applications
e Life sciences.

These are discussed at the end of this section.

3.1.1 NIM and CAMAC in Snacelab

As each of the payloads is analyzed in the sections of the report
which follow, a common overall configuration for the CDMS will be assumed
in each case. This configuration is shown in a simplified form in Figure
3-1. The actual payload instruments are'indicated on the right side of
the diagram. The signals from these are interfaced either directly into
CAMAC modules or first through NIM equipment for initial processing and
then into CAMAC. Control signals and some power supply voltages for the

instruments are fed back to them from the NIM and CAMAC modules. Each of

fhe”moduies in'thé CAMAC crates talks to the controller for that crate via
the crate data bus, known as the dataway in CAMAC systems. The crate con-
trotlers, in turn, are connected to a bidirectional data bus that is called
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a branch highway in CAMAC systems. This branch highway connects to the
computer controlling the system via an interface unit that is known as

a branch driver in most CAMAC systems. The CAMAC standards define the com-
munication protocol throughout the system up to the branch driver. Both
parallel and serial branch highways are defined by the standards. The
detailed characteristics of the branch driver depend upon the computer to
which it is interfaced:

In the case of Spacelab, a number of options are possible for the
interconnection between the CAMAC equipment and the Spacelab CDMS. The
CAMAC system could be interfaced at an experiment remote acquisition unit,
at an experiment data bus interconnecting station or at the experiment
computer input/output unit. It is also perfectly feasible to control the ‘
CAMAC system with its own minicomputer, which in turn communicates with
the Spacelab experiment computer. In first order, these alternatives do
not affect our analysis of the applicability of NIM and CAMAC equipment
since they are only reflected in the details of the CAMAC branch driver.
The adaptibility of CAMAC systems to a wide variety of interfaces and
overall system configurations has been well demonstrated in a diversity of
ground-based applichtions.

The determination of the optimum interface between the Spacelab CDMS
and CAMAC systems is not within the scope of this study since it does not
significantly affect the applicability of NIM and CAMAC equipment to shuttle
payloads. Consequently, as each of the payloads is analyzed in the sec-
tions that follow, the block diagrams will only show the systems up to the
crate controller and an appropriate overall CDMS structure, such as that
shown in Figure 3-1, will be assumed.

In Figure 3~1 we also show a keyboard and dispiay scope (CRT) coupied
to the CDMS via CAMAC. The -Spacelab CDMS provides keyboard and display
capability, which we assumed would normally be used. Should supplemental
capability be required, CAMAC is ideally suited to implement this function.
There are a wide variety of commercial modules avaiiable that are designed
specifically for the control of cathode ray tubes and the operation of key-
boards. Some of the functions provided in the CRT modules are:
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Sweep synchronization and timing
Character and vector (graphic) generators
X-Y-Z display modules

Light pen modules.

A complete list of the modules available for these fungtioné is given
under Product Codes 143 and 144 of the CAMAC Product Guide in Appendix I.

In all of the payload analyses in the sections that follow, the capa-.
bility to input instructions to the computer from a keyboard and dispay
computer-processed data on a CRT is assumed. S

While CAMAC can be used to generate alphanumeric and graphic displays,
it is not suitable for handling conventional video {i.e., television) dis~
plays. Some of the instruments that were analyzed do require video displays.
We have assumed that the closed-circuit television capabi]ity'prGVided by
Spacelab will be used to satisfy those requirements. ' -

Finally, some general comments are in order regarding low-voltage
power supplies. In both NIM and CAMAC equipment, the individual modules
in each crate are powered by a common power supply that provides standard .
voltages (i.e., + 24 volts, + 12 volts, and + 6 volts) via the back plane
connectors. The crate or bin power supply is normally attached to the back
of the crate or bin and operates from conventional AC input power. Two
input power options are available in Spacelab {(28-¥ DC or 115/200-V AC,
400 Hz, 3 phase). Since the power supply requirements for all NIM and CAMAC
modules are standardized, the power suppiies will have the highest coﬁmon-
ality of any NIM and CAMAC equipment. Therefore, it is gehera11y conceded
that the development of a standard power supply for NIM and CAMAC equipment,
which is optimized for Spacelab appiications and constraints, is the most
reasonabie approach. In this study, we have assumed that such aﬁ’épproach
would be taken and do not specifically address this area any furthér in the
analysis of NIM and CAMAC equipment applicability. ' '

3.1.2 Format of the Instrument Analyses

The analyses of individual instruments and catedories of instrumgnts
in Sections 3.2 through 3.8 all follow the same general outline. The func-
tions of the instrument are first expiained.followed by a description of
its CDMS requivements. Next, a functional block diagram showing .the
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implementation of the CDMS with NIM and CAMAC is presented. The analysis
of each instrument condludes with a table of the types of NIM and CAMAC
equipment requived in the CDMS for that instrument. A tabulation of the
numbers of each type of NIM and CAMAC modules required for each instrument
in a given payload, as well as the totalized requirements for the payload,
is given at the end of each section.

Several comments about the NIM and CAMAC equipment summary tables for
each instrument should be made. The Teft-most column of each table lists
the various elements in the control and data management system together
with the specific functional types of moduies required for implementation.

In the case of CAMAC equipment, the second column Tists the product
code for each type'of CAMAC module. The CAMAC product codes are defined
in the CAMAC Product Guide, which appears in each issue of the CAMAC
Bulletin published by the European Standards on Nuclear Electronics {ESONE)
Committee. The most recent edition of the CAMAC Product Guide, reproduced
from Issue No. 14 of the CAMAC Bulletin (December 1975}, is contained in
Appendix I of this report. The CAMAC Product Guide organizes all of the
available CAMAC products into functional groups, each of which is designated
by a three-digit product code.

As can be seen from the CAMAC Product Guide, many versions of each
type of module (i.e., each product code) are available from a number of
suppliers. The detailed specifications for each particular module natural-
1y vary. The same thing is true for NIM equipment, but, unfortunately no
corresponding tabulation of NIM equipment exists so the designation "NIM"
is all that is used in the product code column.. Our own classification
of NIM modules by functional type will be used in the summary tabulations.
A 1ist of NIM equipment manufacturers is distributed by the U.S., NIM Com-
mitiee and the most recent issue {September 1973) is reproduced in Appen-
dix 1I.

By specifying the product code for the CAMAC modules, the equipment
of many different manufacturers is implied. However, the third column
of each of the tables is used to give a specific example of the module
required by 1isting actual model numbers and their manufacturers. These
examples are noted very cryptically but a more complete description is
given in the CAMAC Product Guide. No particular effort was made to spread
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the choice of specific modules evenly over the many manufacturers of NIM
and CAMAC equipment. To keep the effort of specifying modules to a mini-
mum the same modules and wanufacturers were used frequently.

Finally, it should be noted that many NIM modules and aimost all CAMAC
modules are multichannel devices. Specific cases are noted in the comment
column of the tables. This has been taken in account in the summary tabu-
Tations of NIM and CAMAC equipment at the end of each section.
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3.2 SKYLAB ATM EXPERIMENTS

During the Skylab mission a collection of instruments for solar ob-
servations were mounted in the Apolio Telescope Mount (ATM). The ATM pro-
vided rough solar nointing for the instruments and a stable platform from
which to make observations. Since the ATM instruments represent a good
cross section of the jnstruments that will be used for solar studies aboard
the Space Shuttle, an analysis of how their control and data management
functions might have been implemented with NIM and CAMAC equipment is very
relevant to potential Spacelab use of such standards. For this reason,
six of the ATM experiments were selected for analysis in this study.

Table 3-1 1ists the six instruments to be analyzed in the study. In
addition to showing.the "S" designator by which each experiment was known
in Skylab, the figure also delineates some of the essential aspects of
each experimant.

Figure 3-2 shows the sun end of the ATM canister and the relative
mounting positions of the ATM experiments within the canister.

3.2.1 WUhite Light QOronagraph

3.2.1.1 Experiment Description

The purpose of the white 1ight coronagraph experiment (WLCE) aboard
Skylab is described in Specification CP22876 of the Ball Brothers Research
Corporation. The material in this section is excerpted from that document.

The WLCE was designed to perform K corona measurements of the Sun to
support studies of the intermediate and outer corona {2R.<R<6Ro). This is
the region where coronal streamers are defined and the coronal gas is ac-
celerated to become the solar wind.

Figures 3-3 and 3-4 show the basic structure of the instrument. The
primary sensor is the film camera which records the coronal images on 35 mm
photographic film. A TV camera is supplied for visual monitoring of the
system but the experiment CDMS is not responsible for processing the video
data.

The camera system operates in four distinct modes as summarized below.
The choice of operating mode is made by manual inputs from the astronaut.
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$-052

Table 3-1. ATM Instruments

White Light Coronograph

$-054

Looks at solar corona 4900 R to 5900 E
Filin camera and diode matrix

Painting error sensor

Rotating polaroid

Occulting disk

X-Ray Spectrographic Telescope

S-055A

Soft X-ray solar spectrum
Camera with diode array

e Grating
® Filters

Image dissector tube and visual display
Photomultiplier flare detector

UV Spectrohelicmeter

S-056

296 A to 1342 A

Seven photoelectric detectors
Grating scan

Quad zero-order detector
Primary mirror raster scan

X-Ray Telescope

S-082A

[+ -]
2Ato33A
Camera with diode matrix
X-ray event monitor
¢ Al proportional counter
e Be proportional counter

XUV Spectroheliograph

5-082B

Coronal images 150 K to 650 E
Camera with diode matrix
Two-position grating

XUV Spectrograph

Solar line spectrograms 970 A to 3940 A
Camera with diode matrix

Primary mirror controiled

Two-position predisperser grating

X-ray and visual monitor cameras
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Standard Patrol Mode. A camera shutter operate puise shall occur every

five seconds. The duration of the pulses which control exposure time shall
sequentially vary from 9 seconds to 27 seconds to 3 seconds. After the
complete sequence of three different shutter control pulses, the polariza~-
tion wheel mechanism shall be automatically commanded to advance one posi-
tion. The sequence of pulses shall repeat until all combinations of three
shutter exposure times and four polarization wheel positions have been
utilized for 12 exposures. The camera programmey shall then stop automati-
caily. -

Extended Standard Patrol Mode. This shall be the same as the standard

patrol mode described above, except the sequence shall continue for 36
exposures. ‘ S

Fast Scan Mode. In this mode the shutter operate pulse duration will be
approximately 27 seconds, 3 seconds and 9 seconds, and shall repeat cycli-
cally in that order. 1/2 second pause time shall occur between each pulse
during the duration of the complete scan. The polarization wheel shall be
driven to the clear position at the start of the fast scan mode and shall
remain in this position during the nominal sequence of 72 exposures. The
camera programmer shall automatically stop at the end of the sequence.

Continuous Patrol Mode. In this mode the shutter operate pulse durations

will be approximately 9 seconds, 27 seconds, and 3 seconds. Each shutter .
operation shall occur every 27.5 seconds, including shutter‘opération time,
and shall repeat cyclically in that order throughout the duratioh of_thé
complete scan. The polarization wheel shall be driven to the clear posi-
tion while in the continuous patrol mode. The camera shall sféy'in-théf'
continuous patrol mode indefinitely or until a manual stop pulse is given.

3.2.1.2 CDMS Implementation with NIM/CAMAC

Almost all of the data that must be handled by the CDMS for thisr‘ .
experiment is housekeeping in nature. There is a digital data requiremeht
to control the camera diode matrix and several stepper motors. Also ana-
Tog data from the alignment error sensors must be processed. The control
system must allow for the choice of operational mode and for closing up
the system in the event of extreme pointing error. The status of the ex-
periment including the current operational mode must be displayed for the
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astronaut.

This CDMS is implemented with ten functional system elements described
below:

Lamera Programmer. Controls the operation of the film camera inciuding
impiementing the four operational modes as requested.

Camera Diode Matrix Drive, Supplies 73 bits of information to the camera
‘diodes for recording on the film frames. This information consists of:

One bit, matrix position identification
Twenty-five bits, ATM time of exposure

Nine bits, ATM rol11 attitude

Sixteen bits, internal alignment error angle
Sixteen bits, pointing error angle

Two bits, polarization wheel position

Two bits, camera exposure time

Two bits, mode identification

Internal Occulting Disk Drive. Controls the two motors which position the
internal occulting disk of the coronagraph.

Polarization Wheel Drive. Controls the motor positioning the polaroid.

Pointing Error and Internal Error Discriminator and Digitizer. The purpose
of this system is to process the analog error signals coming from the in-
strument in order to control the ogculting disk and the aperture door.

Thermal Shield Aperture Door Drive. This system generates a signal to
close the aperture door in the event of gross pointing errors.

Control_and Display System. This system must provide the capability to
select any of the modes of operation of the system and displays signals
such as "Experiment Ready" and “Mode Compiete".

TV Mirror Drive. This system moves the TV mirror into and out of the Tight
path,

Thermal Control System. This system actively controls the absolute temp-
erature of critical parts of the instrument to 21+3°C.

Power Supply. This system suppiies all power regquired to operate the in-
strument including +10VDC regulated to 0.1 percent for the temperature
control system.
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This section shows two functional block diagrams for the control and
data management system (Figures 3-5 and 3-6). The first is the system
diagram from the specification document for the actual Skylab instrument
(CP22876, 8BRC). Boxes have been drawn in and numbered to indicate the
ten system elements identified in the previous section. The second block
diagram shows the implementation of the same system using CAMAC hardware.
The details of the CAMAC implementation are covered in the table of the
following section.

As can be seen from the block diagram no use was found in this ex-
periment for NIM equipment. This is consistent with the fact that most
of the CDMS requirements are of a housekeeping nature fnr which NIM is
not particularly suited.

Another detail to note in the block diagram is that, for all the
motors that are controlled, a "zero" position is sensed via an jnput
register and the position of the motor is thereafter tracked by the
computer memory of how many pulses have been sent to the motor driver.

Tahle 3-2 shows the detailed equipment requirements to implement the
WLCE/CDMS with a NIM/CAMAC interface system. The system elements in the
table correspond to the CDMS requirements previously 1isted.

By including a computer in the control loop many of the functions
which had to be implemented by discrete circuits in the Skylab instrument
are handled by computer software in the NIM/CAMAC system. Thus, the
logic circuitry is generally replaced by computer software. |

It should also be noted that any control (i.e., input commands) and
display functions required by the instrument are implemented with equip-
ment provided as part of the computer system (as would be the case if this
instrument were to be flown on Spacelab). The comments of Section 3.1.1
address the implementation of these functions with CAMAC interface equip-
ment.

3.2.2 X-Ray Spectroscopic Telescope

3.2.2.1 Experiment Description

This instrument was built for Skylab by American Science and Engineer-
ing. The material in this section describing the purpose and operation
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Comments

A1l camera programming
would be handled by

Three units reguired.

Two motors to be driven.
Share register above.

Use same register as
Camera Programmer.

Share register above.

Proportional heater con-
trol Toop is closed in

Table 3-2. NIM/CAMAC Implementation of WLCE
CAMAC Specific
System Element Product .Code Example
Camera Programmer
Qutput Driver 133 oD1614
Input Register 121 NE7059-1
computer,
Camera Matrix Driver
OQutput Driver 133 0D1614
Internal Occulting
Disk Drive _
Stepping Motor Drive 145 KS3360
Input Register 121 NE7059-1
Polarization Wheel
Drive
Stepping Motor Drive 145 KS3361
Pointing & Internal
Error
Analog Signal
Commutator 164 NE9026
ADC (8 bit) 161 NE7028
DAC (8 bit) 162 D0200-1512
Thermal Shield
Aperture Door
Output Driver 133 0Di614
TV Camera Mirrce Drive
Stepping Motor Drivers 145 C-ST-AWE (two required)
Input Register 121 NE7059-1
Thermal Control System
Multiplexer 164 KS3510
ADC (8 bit) 161 KS3510
DAQ . 162 KS3110
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of the experiment is excerpted from their Design and Performance Specifi-
cation Document, ASE-16Q0-C.

The primary purpose of the experiment was to study solar emission in
the soft X-ray spectrum with a spectral resolution of a fraCtiqn'of an
Angstrom, a spatial resolution of two arc seconds, and a temporal reso-
Tution of one second. ' ‘

The measurements were performed with a telescope assembly consisting
of a soft X-ray transmission grating, an image forming soft X-ray tele-
scope and a film camera. The transmission grating was positioned in the
optical path to disperse a portion of the incident radiation. Both the
undispersed image and the dispersed X-ray spectra were recorded on the
70 mm  film of the camera. In order to also gather data during non-flare
periods the instrument was equipped with appropriate filters in a fi]ter
wheel assembly. These were substituted for the grating upon command and
allowed the production of broad-band X-ray photographs of the sun in se-
lected regions of the X-ray spectrum. Finally, the experiment included
an electronic imaging system to provide positional information on solar

flare activity allowing boresighting of the optical axis of the telescope .

to the region of activity on the solar disc.

The camera in the system operated with shutter speeds of 1/64 to
256 seconds and a luminescent matrix of diodes recorded information about
the time and duration -of the exposures, the grating position and the
f{lter position. '

A temperature control system was also included in the instrument to
maintain constant temperature throughout and thereby preclude thermal mis-
alignment of any of the optical elements in the system. '

3.2.2.2 CDMS Implementation with NIM/CAMAC

There are four types of data that must be handled by the CDMS for
experiment S-054. The sources of this data can be seen in the overaill
system diagram {Figure 3-7). The first type is the 10710 o j07° ampere
analog signal coming from the photomultiplier tube used to detect X-ray
flares. The second is the 3 to 5'volt pulses from the image dissecting
photomultiptier tube, and the third is the housekeeping data associated
with operating the camera system. The fourth type of data is that

41




RIFTYOD Wood J0

§1 3OVd TVNIDHG

Al

R B e e e e . o —— —— —— - — CAMEFRA -
i TrEHMAL WL ATIHS,
I tEns SLNSTAS, NOTCAS
¥ FILM WAGAZINE ubmtca] AND StCdmnamy
v ASSEMBLY CONTACLLLAS 18}
& - CRATING SS3IEWBLY FILT{R ASSEWBLY
ol TS 3 YT Lol JE UG I — - “-W
T MIRROA wOlDA & POMTION MOTOR @& POSITICN .
s SENIONS SEnitas SHUTEIR ASSEMMLY
=
1
t
L 5 IMAGE BIRSELTON Tewreasrune
- F =1 wmnon f==mo] & vALaurLIFER ettudLy
E ‘TES‘I' Chi 1t .
= L-.- MOKITOR
™ Nath POWLA N : COXDITIONLR
. L
COLLIMATOR ] ppstomuLTIFLIER HIGH HIFC 2BVOC MOKITORS g::.lg‘ a3 u’m
nat VOLTAGE 10
& PRAEANFLIFIER FOWER . Tomcou
WrrLY
LKIKY t
’ . Al OxOARY
-W-EJ P4 HGH VOLTAGE 10 cH VoLTAQE . s Jeco
EXABLE FOUEN ENASLE POWER . .. . SEwen Tt
TELESCOPE uyrc 8 Voo MIFC 3% v i - - MIFC 28V WSFC JaVES
ASSEMBLY : . .
’ - “CER TEMR :m‘snns-] . £x7 VoLTAGES ———p———y
' TEMPLRATURE } onirons uONITOAS | oW VOLTAGT
[ I 1 1 MORITOR | uoniTo Ay
COMMITIINER Pris i
NAN '
ELECTR. PHOTOUULTIPLIER IMAGE DISSECTOR SRATING FuTER CAMEAL SUBSYSTLM . » sgg.
ASSEMBLY | FLARL DETECTOR SUBSYSTCH HOTOR DALVER & CONTAOL & SEOUENCT WEINITIN
SUBIYITER el NOTOR DAIVER &
COKTACL LOT! CORTAOL LOTIE LOGIC B OATA PROCESION
oima k&Y OEFLECTION OKTACL LOBIC FLUS MONITORS
PHA DATA [T PLUS MOMITANS & LURCCMUTATON
FRACLSSON rusg oaa fussvaren 24 voLT
LOG DATA , "
PROCESIOR HYEHNTY COUNTS | ;Il:éuﬂi“ €0 CHARNEL NRZ :?:'::u
EXPOIUME COUNTS ID TESY SOURCE
COURTS
Yo €L l
hi 10 T™a o WAIN FOWIR .
’ £ce MsFT MOWITORS  3TMCH usfc €€k RIFC I8 VS
N3FC | £cE 10 "N e TRAUBCON __ GHAL —Tiu
il g
ato : oH VOLTABE g uToms B0 LOW VOLTAGE )
ace (.14 HI €
X-RAT z TENSITY 2ucou
ase el | acenr HODULA- Faunren] | oismLar "’.‘L SOMEN SUPPLY oL POWER SUPPLY
23T miscatE | Tran il cap
NATOR ' Ty
[ vOLTACE —
cad ___  _I_
PANEL § ¥ B
& wEN T BV ENABLE -
! M- GS.% e PONER POAER
48 & wavac evor usrc
> bd Vot
msec|  H[¥ H : n
o kS
o= L'ty
| 0 A O 1
ENT CXPERIIENT
TEN FIGTURE RATE PM IO 13 CAT - THERWAL LRPLRN
ru TEIT X RAY crT VOLTAGE CANTIHG g“m“ s EXFOSURE Wy CNABLE rOWIR FATLRED VOLTAGES
B COLMTEM ALERT TENSITY WML CoMuANDS o RAKGE COMTAOLS COMTROLS 28 voc
TSy £ l MEAME CONTROL con CONFAOLS oven - -
Yout. COUN! . - L] xi MEN
HSFC onuﬁ! rLant :uﬂ'_:cl CONTRAOLS VOLYAGE
COMMAND CONTROL THRESHNLD
INTERFACE

Figure 3-7.- ATM Experiment $-054 Overall Blcok Diagram




necessary to control the thermal environment of the X-ray telescope and
detector system.

The CDMS to handle this data is made up of the following system
elements:

Photomutiplier System. (Figure 3-8) This system element is made up of

sub-elements for flare detection and pulse height analysis. Flares are
detected by soft X-ray monitoring which is also used for automatic con-
trol of the camera and exposure. The pulse height analyzer monitors and
processes data on solar activity in the energy range of 10 to 100 Kev.

Imaging System. (Figure 3-9) This system is used to locate flare activi-
ty and provide a display to the astranaut so he may align the telescope
on the flare. The system must provide control signals to the image dis-
sector tube and process the data for display on the CRT.

Camera System. (Figure 3-10) The CDMS must provide shutter and film ad-
vance control signals to the camera. It must also provide the signals
necessary to activate the diode array which records such information as
grating and filter position on the photoaraphic film. Additionally the
CDMS must conéey information on camera operation to the telemetry system.

Temperature Control System. This systemsenses and regulates temperatures

within the telescope assembly and monitors Telescope, Camera and Tempera-
ture Control Assembly temperatures for telemetry.

Experiment Checkout Equipment. Several pulise generators and a voltage
generator are provided in order to periodically verify the correct opera-
tion of the other electronic systems. '

Other Systems. The instrument requires several additional small system
elements to perform such functions as multiplexing analog signals, con-
trolling the grating position and placing the correct filter in front of
the camera. The instrument also requires both Tow and high voitage power
supplies. |

Control and Display System. The CDMS must provide for manual selection
of the various operational modes of the instrument and other required
manual inputs. It must also provide for display of various types of in-

=N ] . s .
strument status information such as grating status, camera film remaining

and Tilter position.
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The following pages include the block diagram for the overall S-054
experiment and more detailed block diagrams for the photomultiplier,
imaging and camera subsystems. These detailed block diagrams show the
system as it was built for Skylab. The camera subsystem in particular
would be handled much differently if the system were to be implemented
with a computer-controlied CAMAC system. The last block diagram in the
section (Figure 3-11) shows the camera control function as it would ap-
pear in a CAMAC implementation of the COMS. A comparison of this diagram
with the preceding Figure 3-10 showing the Skylab implementation of
camera control with discrete circuits demonstrates the extreme simplifi-
cation possible in the CDMS using a computer controlled CAMAC system.

The primary reason for this simpiication is that in the CAMAC system'the
computer software performs the majority of the control functions that had
to be hardwired into the Skylab system.

Because the implementation of the other subsystems with NIM and CAMAC
hardware is fairly straightforward, separate block diagrams for these are
not shown. The details of the equipment required for this implementation
are presented in Table 3-3. However, as mentioned in the previous sec-
tion, there are many cases, in particular the camera control subsystem,
where the entire function can be implemented with CAMAC hardware but the
details of the implementation are considerably different from Skylab
because of the additien of the computer to the control loop. Several of
these cases are commented on in the table. Where there is no CAMAC equi-
valent of a required hardware element this is indicated in the product
code column by a "NONE".

3.2.3 Ultraviolet Scanning Spectroheliometer

3.2.3.1 Experiment Description

The purpose of this instrument is to photoelectrically measure the
intensity of a portion of the solar spectrum from a near earth orbit.
The instrument consists of a telescope subsystem to collect the solar
radiation and a spectrometer subsystem to analyze the wavelength compo-
sition of the radiation. Also included is an electronic subsystem for
functional and thermal control of the instrument. Seven photoelectric
detectors are arranged on the Rowland circle of the spectrometer grating
which can be rotated to provide a wavelength scan of the spectral regions
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Table 3-3.

System Element

Photomultiplier System

Flare Detection System

ADC (10 bits)

Exposure Counter
(10 bit)
Buffer (10 bit)
Discriminator
Logarithmic Preampli-
fier
Low-Pass Filter
Low-Pass Filter

Pulse Height Analyzer

Comparator
One-shot Inhibit

Analog Threshold Generator

512-Hz Generator
Binary Counter (10 bi
Buffer (10 bit)
Video Preamplifier
ADC

Linear Gate

Imaging System

Frequency Divider
(72 &Hz)

X/Y Address (6 bit)

D/A Converter (6 bit)

ID Test Source Counter

(6 bit)
Intensity Counter
(10 bit)
Buffer (10 bit)
CRT Electronics
Intensity Modulation
Assembly
Preamplifier Shaper
Deflection Amplifier
Peak Deflection
Monitor

CAMAC Specific
Product Code Exampie
161 B01243A
111 BO10N2
133 001614
None
None
None
t) 1M B01002
133 0D1614
None
161 NE7028-1
NIM
111 SR1605
111 SR1605
162 D0200-1513
111 SR1605
111 B01002
133 oDiel4
144 FDD2012
144
None
None
None
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NIM/CAMAC Implementation of X-Ray Telescope

Comments

Requires < 7-msec conver-
sion.

Use other one-half for
intensity counter below.

(10710 - 107% & input)

12-Hz cutoff
140-Hz cutoff

In a CAMAC system, the

PHA would not be imple-
mented with these discrete
components but with an ADC
as shown below

Use computer to do pulse
height accumulation.

One-fourth of Quad unit.
One-fourth of Quad unit.
One-fourth of Quad unit.

Other one-half of expo-
sure counter above.

An XYZ scope dispiay
driver system




Table 3-3. NIM/CAMAC Implementation of X-Ray Telescope (continued)

CAMAC
System Element

Camera System

Mechanical Picture
Counter
X-Ray Shutter I
Indicator
Exposure Range
Sequence Control
X-Ray Alert Threshold
Picture Rate Control
Picture Sequence
Control
s’reset Exposure
Register
Shuttie Duration
Comparator
Camera Control
Twelve~Second Delay 133
Filter Position Buffer 121

Grating Position

Buffer . 133
Shutter Clock Control
Shutter Duration Counter
Store Pulse Interlock
Binary Picture Counter
Fast Buffer
T/M Buffers (2)

Temperature Control System

Multipiexer 164
ADC (8 bit) 161
DAC's 162

Experiment Checkout

Equipment
ECE Pulse Generators (2) 131
Counter Check Pulse

Generator 131
ECE Voltage Generator 162

Product Code

Specific

Example Comment

Because of the computer
available in the CAMAC
implementation of the CDMS,
the Camera System would be
handled quite differently
from the original experi-
ment. As shown ‘in the
block diagram, the CAMAC
system would have exten-
sive computer control of
all camera functions.

Output Driver for Camera
NE9DO2 Commands.
NE7058-~1  Input Register for Camera
Signals.

0D1614 Driver for Diode Array.

KS3510 Use Computer to close the
control.

KS3510 Loop on proportionaliy
controiled heaters.

KS3110

NE7019

NE7019
D0 200~1513
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Table 3-3. NIM/CAMAC Implementation of X-Ray Telescope (continued)

CAMAC Specific
System Element Product Code Exampie Cemment
Other Systems
Timing Circuits Computer Computer handles all
Subcomutator timing.

Subsystem 164 D0 200-1061  60-channel analog MUX,
Grating System 145 KS83361 Stepper motor control.
Filter System 145 KS3361 Stepper motor control.
Input Register 121 NE7059-1 Share Register in

Camera System

of interest. . Additionally, there is a zero order detector made of a
quadrant of solar cells which will look at the zero order image of the
grating and aid in centering the instrument on the solar disk. The de-
tectors are guarded by an ion trap designed to prevent positive or nega-
tive charged particles with energies equivalent to 40 electron volts or
less from entering the detectors.

In addition to the wavelength scans implemented with the spectro-
meter grating, the instrument also performs spatial scans of the solar
disk by moving the main telescope mirror to generate a raster pattern.
Options available include the complete 60 1ine raster pattern, a 3 line
raster and a repeated scan of a single raster line. The choice of
option is made via command to the instrument.

_3.2.3 2 CDMS Impiementation with NIM/CAMAC

The control and data management system for this instrument must con-
trol the grating and mirror drives, provide thermal control of the in-
strument and process the instrument data. These functions are accomplished
with eight system elements:

Primary Mirror Drive. This c¢ircuit controis the motion of the paraboloidal
telescope mirror about two axes to implement the raster scan patterns.

It must be capable of implementing a 60 Tine, 3 1ine or 1 line raster pat-
tern via command.

Grating Drive. This system element Tust control the stepping motor which
. 3
rotates the spectrometer grating .2 A/step over the range 296 to 1342 A.
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It must include the ability to continuously scan the range, stop the
grating at a reference position and perform one step at a time on command,

Primary Data Handling. The primary data handiing electronics count the
pulses from the seven detectors during the 41 msec or greater integration
periods. Between integration periods thzse data are presented to the ATM
telemetry system in real time and in a paraliel form at a sample rate of
24 times/second. Additionally., data from one of two detectors (#1 or #3)
selectable by command, are presented to the ATM control panel in BCD form
for display and updated 1 to 4 times per secend.

Analog Monitoring. The instrument temperatures are monitored and pre-
sented %0 the ATM telemetry system as analog voltages. The system also
contains a 15 position subcommutator to provide additional system analog
qaonitoring capability. This subcommutator is advanced once per second,

Low Voltage Power Supplies. As designed for Skylab the CDMS contained

two redundant tow voltage power suppiies which produced the following
voltages:

o +15 VDC +5% regulation
+15 VDC +0.1% regulation
410 YDC + 1% regulation
+5 YDC 2% regulation

+5 YDC +5% regulation
+28 VDC +5% regulation

® & ® @ O

High Voltage Power Supplies. Each of the seven photomultiplier detectors
requires its own high voltage power supply. These turn off automatically
if excessive detector current is detected or if the ATM door is closed.

Test Pulse Geherator. This system element allows in~fiight checkout of

the pulse electronics. It provides a choice of two frequencies (1.07 MHz
and .53 MHz) for exercising the digital data system.

Thermal Control Subsystem (TCS). The TCS provides active thermal control
of the instrument to waintain the temperature distribution in the instru-
ment adequate for alignment stability and the temperature level adequate
for focus stability.

Control and Display System. Required control functions include an auto
raster command, line scan command, Tine select up/down command and others.
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Displays must be provided to show the state of the instrument, monitor
the output of the zero order detector and alert the astronaut to any in-
strument failures.

Figure 3-12 shows the CDMS as it was implemented for the Skylab ATM
experiment (this is taken from Ball Brothers Research Corporation,
Report #29540). Figure 3-13 shows the same system as it would be impie-
mented using NIM and CAMAC hardware. The only major functional change
in the NIM/CAMAC implementation is the addition of the control capability
of the computer and the assumed capability of the computer system (see
Section 3.1.1) to provide keyboard control inputs and CRT display qapabi1-
ity. |

Table 3-4 summarizes the detailed 1ist of equipment required to im-
plement the CDMS for the UV Scanning Spectroheliometer with NIM and CAMAC
equipment. A1l three stepping motor assemblies share an input register
which identifies a zero position for the motor. Further definition of
the motor pesition depends on computer counting of the steps through which
the motor has been turned. As can be seen from the table, the computer
in the NIM/CAMAC system supplies the control Togic for all of data proces-
sing, temperature control and instrument command functions. The NIM power
supplies used for the channel multipliers are ideal in that their output
voltage is totally controlled by a +11 volt input voltage. This control
voltage is readily generated in the computar/CAMAC system with a DAC thus
putting the channel multiplier voltages directly under software control.

3.2.4 X-~Ray Telescope

3.2.4.1 Experiment Description

This experiment was designed to gather data to enable a better under-
standing of the physical processes occurring in the solar atmosphere,
primarily in solar flares. The experiment utilizes two separate and in-
dependent instruments to obtain complementary data. One of these instru-
ments is an X-Ray Event Analyzer (X-REA) to provide spectral data (photon
intensity as a function of wavelength) in 10 bands from 2 to 20 ﬁ using
proportional counters and pulse height analyzers. The other instrument is
an X-Ray Telescope (X-RT), employing grazing-incidence optics to provide
images of the solar target area in the form of X-ray filtergrams (images
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Table 3-4. NIM/CAMAC Implementation of Spectroheliometer

CAMAC Specific
System Element Product Code Example Comment
Primary Mirror Drive
Stepping Motor
Drivers (2) 145 ~ KS3380 Two motors to be driven.
Input Register 121 NE7059-1
Grating Drive
Stepping Motor Driver 145 WE C-ST7-4
Input Register 121 NE7059-1 Share register above.
Primary Data Handling
16-bit Scaler (7) 111 NE9054 12-channel 16-bit scaler.
16-bit Qutput Buffer - 133 0bi614
Quad ADC {(zero order) 161 KS3515
Analog Monitoring
15~channel MUX 164 KS3530
High-Voltage Power Supplies
Power Supplies (7) NIM ORTEC 456 Controlled by +11-V input.
Power Supply Control :
AC) 162 J0 D/A-12
Test Pulse Generator 131 Ju2i7
Thermal Control System
Multiplexer 164 KS3510
ADC (8 bit) 161 KS3510
DAC's 162 KS3110 Computar does proportional

control loop for heaters.

viewed in narrow wavelength intervals) in five bandwiths from 5 to 33 3.
A visible 1ight filtergram is aiso obtained.

The experiment operates in six modes which cover the expected range of
variation in solar activity. There are two quiet sun modes and four active
sun modes. Because the time scale of events during a flare varies greatly,
active mode observations require additional Tatitude. This Tatitude is
provided by three active modes and one automatic mode. These modes are
specified below in material taken from the MSFC specification document for
the experiment (50M16609).
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Quiet Sun Modes,

Patrol. In a patrol mode, six exposures will be made in sequence,
one in each of the six filter positions. Each filter position will
have a programmed exposure time. The filter bandpasses and exposure
durations will be selected to correspond with flux levels expected
from the “quiescent" sun.

Single Frame. A single frame mode will provide the capabiiity to
make single exposures, with a selection of any one of the six filter
positions. Exposure time will be that associated with the filter
position, or as selected by manual capability to shorten or Tengthen
all exposure times.

Active Sun Modes.

Active I. An Active I mode will be used during initial stages of
flare develr.ment which is characterized by a fast rise time (less
than one minute) in flux level to flare maximum. To allow short-time-
constant event recording, exposures will be made in rapid sequence

for five minutes. Three filters (numbers 1, 3, and 5) will be used,
with exposure times selected to match the flux Tevels expected during
flares. '

Active II. An Active II mode will use the same filters and exposure
times as the Active I mode; however, the rate of exposures will be
reduced to one set of three exposures (one at each filter position)
per minute. This rate is compatible with the flare event time con-
stants expected during flare maximum and initial stages of decay. A
total of 60 exposures will be scheduled over 20 minutes.

Active III. An Active III mode will also utilize the same filters
and exposure times as the Active I mode. The exposure rate will be
further reduced to one set of three exposures {one at each filter
position) per 10 minutes, for 18 exposures over 60 minutes.

Automatic. An auto mode will sequentially combine the three active
modes for a total exposure time of 85 minutes.
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3.2.4,2 (BMS Implementation witwaIM/CAMAC

The block diagram of the instrument is shown in Figure 3-14 and
Figure 3-15 shows a cutaway view of the X-ray telescope. The CDMS for this
instrument must provide control of the camera, thermal contiral of the in-
strument and the signal conditioning and buffering between various subsys-
tem sensors and indicators for control and display purposes. It also must
provide the pulse height analyzers, digital channel counters, signal con-
ditions and power supplies required to detect, sort, count and record the
puises from the X-REA proportional counters. The CDMS can be broken into
three major sy tems: the camera control system, the thermal control sys-
tem and the data processing system for the X-REA. These systems and the
elements that compose them are discussed below.

Camera Control Electronics.

Filter Motor Drive. This element controls the filter wheel position
and transfers filter wheel status information to the rest of the
system.

Shutter Motor Drive. This element controls the shutter including
frequency and duration of operation.

Film Advance Motor Drive. This motor drive controls the advancement
of camera film between frames.

Data Exposure Blogk. The data exposure block circuitry provides drive
signals to mark the data on film (via a diode matrix). There are 44
data inputs to the data block; a 25-bit shutter-open time code, 3-bit
camera mode, 3-bit filter code, 2-bit multiplier code, and an 11-bit
shutter-ciosed code.

Mode and Sequencing togic. The mode and sequencer logic circuitry
provides command signals for exposure time, filter sequence and
filter/shutter motor open-close signals. This circuitry also counts
the number of frames in the various modes to stop the sequence and
return to a ready condition for the next sequence.

X-REA Electronics. The X-REA has two coaxial type proportional courters
using xenon/methane and argon/methane gas mixtures, respectively, fcr beryl-
lium and aluminum counters. The maximum count rate is 6000 counts/second
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but an aperture control places a larger or smaller aperture over the
window, thus keeping the count within Timits of 32 to 2048 counts/second.
The output of the counters feeds into charge sensitive preamplifiers which
have an output'prOportional to the photon energy. It is the output of
these preampiifiers that must be processed and interpreted by the CDMS.
The elements necessary to do this are:

Puise Height Analyzers (PHA). There is one PHA for each propgrtiona]
counter., The A! PHA has four channels covering the 8 to 20°A wave-
length spectrum and the Be PHA has six channels for 2 to 8 A spectrum.

Digital Signal Processor. This system element records the pulse
height spectrum from the two proportional counters and makes this
information available for telemeiry and display purposes. Event
frequency data is also used to supply control information to the
aperture control systems of the two counters.

Aperture Control. This element controls the apertures of the pro-
portional counter based on the frequency information from the digital
signal processor although manual conoice of aperture is also provided
for. The aperture value is provided as data to the rest of the
system.

Calibrators. Two calibrators provide a pulse generator for each PHA,
producing four and six-pulse levels, at a rate of 500 or 900 pulses/
second {(per channel), to functionally check operation of the ampTi-
fiers, all channels of both PHA's and the counters of the digital
signal processor.

Ratemeter. This system determines the overall photon flux to the
X-REA by summing the PHA channels and normalizing for the aperture
size. It provides a Togarithmic analog output voltage to the activ-
ity history plotter in order to record the count rate.

Activity History Plotter. This produces a hard copy record of the
count rate over the range 10 Hz to 250 Hz.

High Voltage Power Supplies. In addition to the Tow voltages re-
quired to energize the circuits of the X-REA electronics, the pro-
portional counters in this system must have high voltage power sup-
plies. These will operate in the range of 1000 to 2300 VDC and are
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adjustable to a resolution of one percent at one microampere.

Thermal Control System. The thermal control system is designed to main-
tain the telescope focal length within + .05 mm and the pointing align-
ment stability within 2.5 arc-seconds for a 320-second exposure time.

To do this it must maintain a constant temperature of 21°C + .3°C along
the X-RT. This requirement is met by a system of temperature sensors
and proportionaily controlled heaters along the X-RT assembly.

Control and Display System. The instrument requires several different
commands to determine its mode of operation and must display several sig-
nals assessing the status of the instrument in addition to the output of
the ratemeter recorded on the activity history plotter.

The CDMS system with its extensive sequencing and decision making
requirements is ideally suited to implementation with CAMAC hardware.
The functional block diagram in this section (Figure 3-16) shows how the
system would be configured to implement all of the experiment functions.

As in the previous experiments input registers are used to determine
the motor positions. The two proportional counters used in this instru-
ment are ideally suited Tor instrumentation with NIM equipment since it
is for detectors such as these that much NIM equipment is designed. The
amplifiers and single channel analyzers usualiy come as a single package
and their output is appropriate to the CAMAC scalers that are shown.
There are several high voitage NIM power supplies appropriate for the
proportional counters. The one shown is controliable with a small analog
input voltage thereby allowing it to be under software control via a
CAMAC DAC.

A DAC is also used to allow the computer to write a strip chart
record of the X-ray activity history.

As shown in Table 3-5, the COMS for the X-ray telescope can be imple-
mented with just a few different types of NIM and CAMAC modules. This
and the fact that all control functions for the telescope, including pro-
grammed operation, are easily implemented with computer software make the
CDMS design very easy conceptually.
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Table 3-5. NIM/CAMAC Implemevtation of X-Ray Telescope

CAMAC Specific
System Element Product Code Example Comments

Camera Control Electronics
Stepping Motor Driver

{Filter) 145 KS3361
Stepping Motor Driver
(Shutter) 145 KS3361
Stepping Motor Driver
(Film Advance) 145 KS3361
Input Register 121 NE7059-1 One-half of X-Ray
Qutput Driver 133 KS3080 input register.

X-Ray Electronics

Puise Height Analyzer
Proporiional Counter

Amplifier NIM ORTEC 490A  Preamplifier and SCA in
SCA's (10) NIM ORTEC 490A one package designed
Scalers (10) 111 BN1002 specifically for use

Stepping Motor Driver with X-ray proportional
(Aperture) 145 K$3361 counters.

Input Register 121 NE7059~1 One-half of Camera con-

Calibration Pulse trol input register.
Generator . 131 ORTEC 448

DAC (Activity Plotter) 162 DO 200-1528

DAC (HV control) 161 DO 200-152B

High-Voltage Power
Suppiy (2) NIM ORTEC 456

Thermal Control System

Multiplexer 164 KS3510

ADC 161 KS3510

DAC's (3) 162 DO 200-1528 +10 V, 12-bit ~ Dornier
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3.2.5 Extreme Ultraviolet Spectroheliograph

3.2.5.1 Experiment Description

The XUV Coronal Spectroheliograph Instrument studies the solar corona
in the extreme ultraviolet region of the spectrum. In operation it photo-
graphically records Sorona] images of the sun in the various wavelengths
between 150 and 650 A.

The instrunent is shown ir Figure 3-17. The principal elements are:

Concave grating

Heat rejection mirrors

Film strip camera

Instrument aperture mechanism
Grating positioning mechanism
Short wavelength mirror mechanism
Alignment reference mirror.

The grating has a four-meter radius and is ruled 3600 Tines/milli-
meter over a four-inch square area. The grating receives light directly
from the sun and forms a spectrum of solar images on the film. The wave-
length range is covered in two sections, each photographed separately,
with the grating turned between exposures to register each section proper-
1y on the film strip. A thin aluminum filter is positioned ahead of the
film to Timit the wavelength bandpass and prevent fogging of the film from
stray Tight.

Two zero order rejection mirrors are mounted internally to the housing
to reject heat and white Tight from the zero order of the concave grating
as shown in Figure 3-17. Rejected Tight is reflected to a third mirror
at the aperture of the instrument where it is reflected overboard. When
the grating is in the Tong wavelength position, the short wavelength
mirror is folded down so as not to interfere with the 1light path.

The instrument operates in one of three automatic modes or in the
normal mode. The automatic modes are:

e Time sequence
¢ Spectral sequence
@ Flare mode sequence.
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These are described more fully below in material abstracted from
Ball Brothers Research Corporation Specification CP25905,

Time Sequence. This sequence shall provide three automatic exposures

at the selected wavelength band. The wavelength band at which the ex-
posures are taken is to be selected manually as the program requirements
may dictate. The automatic exposures shall be preprogrammed as a func-
tion of the wavelength band selected. The exposure times for normal,
short and Tong shall be as follows:

Normal Exposure

Short Wavelength Long Wavelength

Grating Position or Grating Position
10 seconds 20 seconds
40 seconds 80 seconds

160 seconds 320 seconds

Short Exposures. The exposure shall be shortened by a common factor
by commanding SHORT EXPOSURE IN prior to actuating the automatic

sequence.
Short Wavelength or Long Wavelength

Grating Position Grating Position

2.5 seconds 5 seconds

10 seconds 20 seconds

40 seconds 80 seconds

Long Exposures. The exposures shall be Tengthened by a common fac-
tor by commanding LONG EXPOSURE IN prior to actuating the automatic
sequence.

Sho~t Wavelength Long Nave1eng£h

Grating Position or Grating Position
40 seconds 80 seconds
160 seconds 320 seconds
640 seconds 1280 seconds

Spectral Sequence. This sequence shall provide six automatic exposures.
The sequence shall begin with a picture at the selected wavelenth band;
the grating shall change, and a picture taken at the second wavelength
band. The grating shall then return to the first position and the cycle
repeated until six pictures have been taken. The sequence may begiﬁ at
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either grating position. The exposure time for normal, short, and long shall
be the same as for the Time Sequence.

Flare Mode Sequence. This sequence shall provide 24 automatic exposures. The
wavelengths and corresponding exposure times shall be as listed in Tabie 3-6.

Table 3-6. Flare Mode Sequence Exposure Times

Set lWavelength , Exposure Duration (Seconds)
1 Short 2.5 10 40

2 Long 5.0 20 80
3 Short 2.5 10 40
4 Short 10 40 160
5 Long 10 40 160
6 Short 2.5 10 40
7 Short 10 40 160
8 Long ' 10 40 160

3.2.5.2 COMS Implementation with NIM/CAMAC

Since the primary data for this experiment is recorded on phatographic
film, the CDMS is uncomplicated. It can be thought of as consisting of four
elements as described below:

Camera.Control System. This element controls the camera shutter exposure
times and the fiim advance and provides the required signals to the diode
matrix {data flasher) in the camera for recording the individual exposure
data.

Optical Conwi'ol System. The function of this system element is to control
the positioning of the grating, the short wavelength rejection mirror and

the aperture door. Since both the grating and the short wavelength rejec-
tion mirror are solenoid-driven their control only requires switching the

solenoid.

Command and Display. This functional element must provide command capabii-
ity to the astronaut to determine the exposure times, wavelength ard oper-

ational mode of the instrument. It also must dispiay over a dozen signals

describing the status of the instrument.
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Thermal Control System. The TCS provides active thermal control of the
instrument to maintain the absolute temperature of the case within * 7°C
of the alignment temperature. The TCS limits temperature gradients across
the instrument to maintain the focus to the equivalent of 2 arc-seconds
of resolution and to limit amplitude lateral movement of the image in the
film plane to less than 5 arc-seconds during a five-minute period.

Figure 3-18 shows how the XUV Spectroheliograph CDMS would be impie-
mented using CAMAC hardware. In this impTlementation all instrument com-
mands are entered via the experiment computer keyboard input and all data
js displayed on the experiment CRT. Because the grating and camera sys-
tems are fairly self contained units the primary interface to them is via
switching signals sent through output registers. This makes the CDMS func-
tions very straightforward and easily implemented.

Because of the simplicity of the CDMS interface requirements for the
XUV Spectrohelicgraph only the five CAMAC modules shown in Table 3-7 are
required to implement the system. These, along with the computer and its
command and display capabilities, allow the experiment to perform all of
the experiment .functions that it did aboard Skylab with a discrete COMS,

3.2.6 Extreme Ultraviolet Spectrodraph

3.2.6.1 Experiment Description

The XUY Spectrograph Instrument is used to photographically record
line spectrograms of solar radiation between 970 and 1970 and between 1940
and 3950 3 from various smail areas on the solar disk and at different
levels across the limb. The primary instrument sensor is a film strip
camera for recording the XUV spectra but the instrument also includes a
TV camera for monitoring the instrument field of view in white light and
another detector for XUV monitoring.

By controlling the primary mirror of the instrument the area the in-
strument is pointed at can be controlled. There are three different point-
ing modes of operation:

@ Boresight mode
@ Limb-scanning mode
e Limb-pointing mode
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Table 3-7. CAMAC Implementation of ATM/XUV Spectroheliograph

CAMAC Specific
System Element Product Code Example Comments
Camera Control System
Qutput Driver (42 bit) 133 0D2403 Dual 24-bit - 40 mA
Optical Control System |
Output Driver {4 bits) 133 0D2403 Use unused portions of
Stepping Motor Driver 145 KS3361 camera control register.
Input Register 121 NE7059-1 :
Thermal Control System
Multiplexer 164 KS3510 16-channel ABC - self-
ADC (8 bit) 167 scanning
DAC 162 KS3110 ‘Close thermal control

loop within the computer.

Boresight Mode. The boresight mode is used when spectrograms of the cen-
tral disk are desired or for spectrograms of features or flares. The mode
shows the astronaut what the instrument is seeing in.white Tight. It is
also used by him to acquire fine pointing on or near the Timb prior to
activating the T1imb-scanning mode.

Limb~Scanning Mode. This mode is used when spectrograms near the Timb are

desired. Before this mode is activated, the instrument is pointed, via the
boresight mode, to within 45 arc seconds of the sotlar limb. As the instru-
ment is scanned by moving the primary mirror a digital readout displays the

distance from the 1imb to the center of the instrument siit in arc seconds,
In the 1imb scanning mode the spectral sequence exposure times are auto-
matically increased for pointing positions of the 1imb in accordance with
a preprogrammed sequence.

Limb-Pointing Mode. This mode is also used to obtain spectrograms near the
1imb. In this mode the position of the solar image with respect to the
instrument s1it is actively maintained to within one arc second of the de-
sired pointing direction. This precise pointing is achieved by active
control of the primary mirror.
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The instrument contains both a predisperser and a main grating. The
predisperser grating is moved to either of two orientations to choose be-
tween the short or long wavelength range of the instrument. In each of
the instrument pointing modes spectra in both wavelength regions are
measured. Each pointing mode has associated with it a preprogrammed series
of exposure times in both spectral ranges. The instrument may also be
operated compietely under manual control.

3.2.6.2 CDMS Implementation with NIM/CAMAC

The control and data management system for this instrument must pro-
vide signals to operate the fiim strip camera, position the predisperser
grating, choose the instrument aperture, operate the XUV monitor, control
the instrument pointing with the primary mirror and provide thermal con-
trol of the instrument. These functions are accomplished with the follow-
ing system elements:

Camera Control Electronics. This subsystem provides exposure control to
the camera shutter and controls the film advance between exposures. This
system element must also provide 192 bits of time, pointing and exposure
information to a diode matrix in the camera. This information is recorded
on each exposure.

X-Ray Monitor System. For this system the CDMS is required onily to furnish
control of a calibration source and the system aperture door. The video
camera and its control circuits are not handled by the CDMS.

Predisperser Grating. Control signals must be provided to the predisperser
grating positioning mechanism to move the grating hetween the short and
long wavelength orientations.

Primary Mirror Control. This system element must control the instrument
pointing during the Timb-point mode to one second of arc. It does this by
controlling the orientation of the primary mirror.

Instrument Aperture Control. Signals are needed to control the mechanism
which seTects the instrument aperture.

Thermal Control Subsystem (TCS). The TCS is an integral part of the instru-
ment employing standoff heaters attached to the instrument case and cover.
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These are actively controlled to maintain the absolute temperature of the
case within + 1.4°C of the alignment temperature. The TCS also controis
temperature gradients along the instrument such that image smear due to
case bending during an exposure remains within acceptable Timits,

Control and Display System. Controls must be provided to select opera-
tional mode, open the shutter, move the predisperser grating and actuate
other experiment functions. Data that must be displayed includes aperture
status, predisperser grating position, instrument operating mode and other
information.

The functional block diagram in Figure 3-19 showing the CAMAC imple-
mentation of the CDMS for the XUV spectrograph is deceptively simple.
The instrument is relatively complicated and the CDMS should refiect this.
However, both of the video systems {XUV Monitor and Pointing Viewer) are
supplied to the experiment along with their control electronics and s0 do
not have to be included in the instrument CDMS. It should be noted that
had the experiment been required to control and process video signais it
would bave been necessary to build experiment unique hardware to do this
since there is no CAMAC equipment for this purpose.

Table 3-8 summarizes the equipment that would be necessary to imple-
ment the XUV Spectrograph with CAMAC aboard Spacelab. As in many of the
other ATM experiments, the complexities of thce various operating modes
do not need to be implemented in the hardware system when a CAMAC approach
is used. Instead, any program of instrument operation is straightforwardly
achieved in the software of the controliling computer.

3.2.7 Skylab/ATM Payload Summary

From the discussions of the preceding sections it is evident that
significant portions of the control and data management functions for the
Skylab ATM experiments could have been implemented with NIM and CAMAC
hardware. In fact, a 1ot of the complexity of the experiments resulted
from their need to execute programmed observations automatically without
the benefit of a computer to control the instrument operation. When a
computer is added to the control loop much of this CDMS complexity goes
away. And CAMAC greatly helps the situation by performing the interface
between the instruments and the computer with a minimum of equipment ‘and
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Table 3-8. CAMAC Implementation of ATM/XUV Spectrograph CDMS

System Element

Camera Contro’ ler

OQutput Registers
(200 bits)

Stepping Motor Driver
Input Register

X~-Ray Monitor
Output Register

Predisperser Grating
Control

Output Register

Primary Minor Controi

Ctepping Motor Driver
Input Register

Instrument Aperture
Control

Stepping Motor Driver
Input Register

Thermal Control System

Muitiplexer
ADC (8 bit)
DAC

CAMAC
Product Code

133

145
121

133

133

145
121

145
121

164
161
162

Specific
Example

BR3212

KS3361
NE7059-1

0R2027

0R2027

WE C-ST-4
NE7059-1

KS3361
NE7059-1

KS3510
KS3110
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scanning.




minimal requirements for instrument specific electronic designs.

Table 3-9 summarizes all of the NIM and CAMAC equipment that would
be required to implement the CDMS functions for the six ATM experiments
that were studied. The table 1ists the various equipment items on the
left together with their CAMAC product code. On the right it specifies
the number of each type of module required by each of the six experiments.
The total requirements are summarized in the last column. The numbers
are in all cases the number of NIM or CAMAC modules. This is particularly
evident in the case of the DAC's where two octal modules satisfy the re-
quirements for all six experiments.

As seen in the table, the two items most heavily used are output
drivers and stepping motor drivers. The first reflects the frequent use
of diode arrays in the many ATM experiment cameras. These are all inter-
faced with output drivers. The high irncidence of stepping motor drivers

is due to the multitude of mechanical motions required in the ATM instru-
ments.

Table 3-9: ATM Use of NIM and CAMAC Equipment

Instruments
'\g
S < 'S
og’ib &9}' ¥ (S,""iz
% L . RN
"\é\ '§ Q‘;' > 2 5,\'9 (’3
v Re @, K & S
L& A& N & Qi';\e,“-‘b S S o oL
CAMAC £ b GCara S
Product \‘?’(}9 %.\é;\ &S ‘:\QQ’ .\"Ke' ¥ c,Qe' s t.,QQJ
CAMAC Equipment Code 5-052 5-054 $-055A S-056 5-082A 5-082B Totals
Scaler 11 1 3 4
Input Register 121 1 1 1 1 1 1 2
Puise Generator 13 2 1 1 ) 5 i
Qutput Driver 133 4 5 1 1 I
Stepping Motor Contraller }g? 5 2 3 4 1 3
ADC
Single Unit - Fast 1 2 4 é
Multichannel - Slow H 1 1 1 1 1
DAC 162 Share 1 Share 1 2
Muitipiexer 164 1 1 1 3
8ranch Driver 21 Share 1 l
Crate Controller 23 Share 4
Crate ai Share 4 4
NIM Equipment
High Voltage Power Supply 7 2 ?
Linear Gate 1 "
Amplifier/SCA 10
Bin Share 2 2
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3.3 SIRTF INFRARED INSTRUMENTS

The Shuttle Infrared Telescope Facility (SIRTF) will provide a cryo-
genically cooled (<20°K) telescope for infrared observations in the 1 um
to 1 mm range. It will have a usable aperture of one meter or more., It
is intended for infrared studies of astronomical objects such as stars,
dust clouds and other galaxies. By being cooled and operating above the
earth's atmosphere it will perform observations with 103 more sensitivity
than is currently available with ground-based instruments. It will also
not be limited by atmospheric transmission windows but will be able to
make observations at all infrared wavelengths.

Hughes Aircraft Company is currently engaged in a study of the con-
struction of the telescope facility. They have concluded that a doubly
folded Gregorian configuration for the instrument wiil best meet the ra-
quirements of the Space Shuttle environment. Their design for the instru-
ment is shown in Figure 3-20.

A key feature in the design is the Multiple Instrument Chamber (MIC)
Tocated behind the secondary mirror. This chamber is cooled 1ike the tele-
scope and will house up to six infrared instruments at one time. The
infrared beam from the telescope will be alternately switched to the various
instruments as they come on line. It is primarily the output of the various
instiruments of the MIC which must be processed into the Spacelab CDMS for
interpretation and display. The feasibility of performing this interface
function with NIM and CAMAC equipment is what will be addressed here.

Table 3-10 1ists five instruments that are typical candidates for
SIRTF flights. A summary description of each is presented. The implemen-
tation of the control and data management systems for each with NIM and
CAMAC equipment will be addressed in the sections that follow. Section
3.3.6 will consider the processing of the SIRTF housekeeping and fine
pointing signals with CAMAC equipment.

3.3.1 Filter Photometer

3.3.1.1 Experiment Description

This instrument will be used for a wide variety of infrared astronomi-
cal measurements including studies of the galactic center, analyses of
stellar systems just forming in galactic dust clouds and studies of the
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Table 3-10. SIRTF Instruments

Filter Photometer

e Multiple Wavelength Photome*ry

8 Interference Filters
e Many-position Filter Wheei

¢ Multiple Apertures
e Blackbody Calibration Source

Filter Wedge Spectrameter

o Similar to Filter Photometer

o Uses Wedge Interference Filter
e Continuous VYariation in A
¢ Narrow A Band
® Typically a/ax = 100

e Selectable Apartures

Detector Array

e 16 x 16 Element Array

e Probably Charge-Coupled Device
e Shift into 16 ADC's

¢ Selectable Filters

® Selectable Apertures

Fourier Spectrometer

e (oarse A selected with Interference Filter
¢ Michelson Interferometer

@ Stepping Motor Mirror Drive

# Position and Velocity Sensors

Gratiqg;§pectrometer

e Standard Reflection Grating

8 Stepping Motor Driver
® Programmed A Scans

& Coarse i selected with Interference Filter

Housekeeping and Fine Pointing

@ 80 + Channels Analog Housekeeping Data
e Control Telescope Fine Pointing

e Digitize Quadrant Sensor Signals
¢ Send Control Signals to Second Flat
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energy distribution in such extra-galactic objects as Seyfert galaxies
and quasars. The wavelength regions measured would potentially extend
over the entire range of 1 micron to 1 mm.

The system consists of the basic elements shown in Figure 3-27. As
the beam enters the instrument from the telescope it passes through one
of many interference filters selectable by positioning the filter wheel.
An aperture is located at the beam focus and this also is selectable to
allow a choice of the field size to be seen by the detector. The beam
then passes through a field lens to the detector which is cooled to 1iquid
helium temperature. The infrared detector produces small analog signals
in response to the incident radiation. These pass directly into a high
gain preamplifier mounted physically close to the detector to obtain min-
imum noise. By the time the signals pass out of the MIC they are on the
order of voits.

The signal into the filter photometer is spatially chopped by motion
of the second folding mirror of the telescope, This aliows subtraction of
the infrared background. Additionally, during observations the telescope
is regulariy moved to an empty region of the sky in order to be able to
subtract any instrument background. Since photometric measurements are
desired it is also necessary to periodically measure a standard or refer-
ence star (whose photometric magnitude is known) during the course of an
observing run.

Because the telescope can be rotated about its own pointing axis,
polarization measurements can also be made with the filter photometer by
simply mounting a transmission polaroid in the filter wheei and performing
photometric measurements at several orientations of the telescope about
its axis.

3,3.1.2 CDMS Implementation with NIM/CAMAC

The primary signal to be processed by the CDMS is the analog signal
on the order of voits mentioned in the previous section. The beam inci-
dent on the detector is chopped at a rate between 5 and 200 Hz and it is
necessary to take this into account in processing the data from the detec-
tor. The resulting signal when integrated ic then proportional to byight-
ness of the object being measured.
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The CDMS for this instrument would consist of the following elements:

Signal Processor. This includes an ADC to digitize the signal from the
detector and the logic necessary to demodulate this signal with that from
the space chopping mirror.

Mechanical Control System. The CDMS must provide control signals to the
stepping motors that drive the filter and aperture selection mechanisms.
This system must maintain a knowledge of the positions of these two ele-
ments for inclusion as part of the data. The mechanical control system
would also provide signals to a solenoid that moves a blackbody source into
and out of the beam if that is included in the instrument.

Power Supplies. Electrical power must be supplied to the detector and low
level electronics and also to the CDMS.

Temperature Monitoring System. There will be an assoriment of temperature
sensors about the instrument whose signals must be multiplexed into an ADC
and provided as data to the rest of the system.

Control and Display. A means must be provided to input commands to the in-

strument {e.g., to move the filter wheel) and also to display relevant in-
strument data such as temperatures and the signal to noise ratio attained
in the measurement being made.

The functional block diagram in Figure 3-2Z2 shows how the CDMS for
the filter photometer would be implemented with CAMAC hardware. Except
for the power supply for the detector and the preamplifier electronics,
CAMAC hardware in combination with the experiment computer can implement
all aspects of the CDMS. A11 required dispTay functions are performed by
the CRT and all manual commands to the instrument are entered via the ex-
periment keyboard. It is assumed that the data from the spatial chopping
mirror is available for use in processing the detector data.

Table 3-11 1ists the detailed NIM and CAMAC modules required to im-
plement the CDMS for the SIRTF filter photometer. The detector preampli-
fier and its power supply cannot be implemented with NIM aquipment because
of the requirement that they reside in close proximity to the detector it-
self and must therefore operate at cryogenic temperatures. These must be
specially built to match the detector system. However, the detector bias
voltage can be supplied with a NIM module since that can easily be fed in
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Table 3—1i. NIM/CAMAC Implementation of SIRIF Filter Photometer

CAMAC Specific
System Element Product Code Example Comment

Signal Processor

ADC 161 BO1244A

Preamplifier None Closely assoclated with

detector in MIC.

Mechanical Control System

Stepping Motor Driver 145 KS3361

Stepping Motor Driver 145 KS3361

Output Driver 133 0Dz2403

input Register 121 NE7059-1
Power Supplies

Detector Bias NIM ORTEC 428
Temperature Monitors

MuTltiplexer 164 KS3510 16-channel ADC - seif-

ADC (8 bit) 161 KS3510 scanning.
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through the wall of the MIC.

3.3.2 Filter Wedge Spectrometar

For moderate resolution spectroscopic measurements in the infrared
a device commonly used is the filter wedge spectrometer. This device is
conceptually identical to the filter wheel photometer except that the
filter wheel element is replaced by a circuiarly wedged interference fil-
ter. The spectral transmission of this element varies continuously as it
is rotated spanning a range up to + A/2. Spectral resolving power is typi-
cally afax = 100.

The CDMS required to support the filter wedge spectrometer is identi-
cal to that for the filter photometer except that the positioning of the
wedge and determination of this position must be more stringently control-
led than the corresponding position of the filter wheel. This {is accom-
plished by finer control of the stepping motor operation. Because of this
almost complete identiy, the COMS for the filter wedge spectrometer need
not be discussed further. The corresponding analysis of the filter photo-
meter CDMS applies.

3.3.3 Grating Spectrometer

3.3.3.1 Experiment Description

There are many new types of information to be obtained from infrared
spectroscopy. Since many molecular transitions occur in the infrared the
study of planetary atmospheres in particular benefits from such measure-
ments. IR spectroscopy is aiso invaluable in determining the composition
of many galactic and extra-galactic objects of interest.

Figure 3-23 shows a typical on-axis grating spectrograph for use in
the infrared. The incident IR radiation is focused by the telescope
through a filter onto the entrance slit and passes through the center of
mirror M1 to the paraboloidal mirror P1. This mirror collimates the beam
which is then refiected off M1 and onto the grating. The grating is ac-
curately located on a turntable, which may be retated in order to scan the
spectrum. After reflecting from M2 the now diffracted beam is refocused
on the instrument exit slit by P2. Finally, the eilipsoidal mirror M3
focuses the radiation from the exit s1it onto the detector.
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Operationally, this instrument will be similar to the filter photo-
meter with the additional complexity then e:ch object will be measured at
many grating positions. As in the case of the photometer, the second fold-
ing flat of the telescope will be used to spatially chop the radiation in-
cident upon the entrance slit of the instrument. Since spectral data can
be meaningfully compared to itself, it will not always be necessary when
using the grating spectrometer to measure reference objects also. This
will only be done when absolute spectrai intensities are desired.

3.3.3.2 CDMS Implementation with NIM/CAMAC

The nrimary data from this instrument (that from the infrared detec-
tor) is exactly the same as that from the filter wheel photometer and need
not be discussed further. The only additional element that needs to be
added to the COMS for this system is the circuitry necessary to control the
positioning of the diffraction grating.

The major functions of the CDMS may be broken down as follows:

Signal Processor. This element is identical to that required for the fil-
ter photometer. It must digitize the analog data from the low level elec-
tronics (LLE) and must integrate the signal in synchronization wich the
spatial chopping.

Mechanical Control System. Here three stepping motor drivers are required
to control the position of the input filter wheel, the size of the entrance
s1it and the orientation of the diffraction grating. The mechanical control
system must also drive a solenoid to b*ing a spectral calibration source
into and out of the beam if necessiry.

Power Supply. As in the other IR systems power is required both for the
detector and its LLE and for the CDMS itself.

Temperature Monitoring System. Here again a system to multiplex the sig-
nals from several temperature sensors into an ADC is required.

Control and Display. In addition to being able to display the instrument
data (both temperaturesand spectra) there should be a control function pro-
vided fo implement automatic scans with the grating. This could be tied
into a detector signal-to-noise tevel.
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Figure 3-24 shows how the SIRTF Grating Spectrometer CDMS would be
implemented using NIM and CAMAC equipment. Once the mechanical subsystem
has been interfaced into the experiment computer through the stepping
motor drivers and the crate controller, any program of spectral scans,
siit sizes and entrance filters can be implemented automatically in the
computer software. This assures accurate and efficient use of the in-
strument during observations and requires less attention of the payload
specialist overseeing the instrument operations.

Table 3-12 1ists the NIM and CAMAC modules regquired to implement the
Grating Spectrometer CDMS. The required modules are very similar to
those for the other infrared instruments. As in the case of the others
the preamplifier for the signal processor must operate in close physical
proximity to the cooled detector and cannot therefore be implemented with
NIM equipment. The interface into the mechanical subsystem is accompiished
with three stepper motor drivers and a single input register to record the
zero positions of the motors.

3.3.4 Fourier Spectrometer

3.3.4.1 Experiment Description

As long as a single infrared detector is being used, the IR grating
spectrometer has the inherent disadvantage of being able to observe only
a single spectral eTement at a time. The entire spectrum can be observed
only by scanning the spectrum past the exit sTit. This weakness can be
partially alleviated by using a linear array of IR detectors spread out
over the spectral image but this makes fine spectral resolution difficult
and significantly increases the cost of the CDMS.

Another approach to improving IR spectrometry that is commonly used
is the interferometer spectrograph. A schematic diagram of such an in-
strument is shown in Figure 3-25. As seen from the figure the basic ele-
ment of the instrument is a Michelson interferometer. By moving one of
the mirrors of the interferometer a patter of interference fringes is
generated and detected as an intensity modulation. The resulting interfero-
gram, which is a plot of fringe intensity versus mirror position, is the
Fourier transform of the infrared spectrum. The spectrum is recovered by
calculating the inverse Fourier transform with a computer.
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Table 3-12.

System Element

Signal Processor

ADC
Preamplifier

Mechanical Control System

Stepping Motor Driver
{Grating)

Stepping Motor Driver
{Filter Wheel)

Stepping Motor Driver
(Entrance STit)

Qutput Driver

Power Supply

Detector Bias

Temperature Monitors

Multipliexer
ADC (8 bit)

Astronomical
telescope

CAMAC
Product Code Example

Specific

NIM/CAMAC ImpTementation of SIRIF Grating Spectrometer

Comments

Interferogram

Intensity »l;

‘"“"’WWWW"'

Path difference T

Figure 3-25.

161 B01244A
None Closely associated with
detector in MIC.
145 KS3361
145 KS3361
145 KS3361
133 002403 Shared among all three
stepper motors.
NIM ORTEC 428
164 KS3510
161
| e —
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It is possible to obtain much higher resolution spectra with interfero-
metric techniques than with a grating spectrograph. In fact, the ultimate
1imit on resolution is determined only by the noise of the detector.

In IR astrophysical studies the Fourier spectrometer is especially
useful for studies of the detailed characteristics of absorption or emission
lines where high spectral resolution is required. Used in this fashion it
aids in determining line broadening mechanisms, gas densities, and thermal
structure o7 astronomical objects.

3.3.4.2 Implementation with NIM/CAMAC

The CDMS for the Fourier spectrometer contains the same basic elements
as that for the grating spectrometer. The difference in this system is the
much finer degree of control that must be exercised by the mirror drive
network compared to the grating drive of the other system.

Signal Processor. As in the previous IR instruments, the detector consists
of a photo-resistive device producing a small analog signal which is pre~
ampTified by a circuit located physically close to the detector. The digi-
tization of the signal that then occurs must be done in phase with the
movement of the Fou?ier scanning mirror.

Mechanical Control System. This system must provide for control of three
stepping motors, one to select the instrument aperture, a second to choose
a broad band interference filter to establish the general spectral range
of the measurement to be made, and a third to move the Michelson mirvor in
a precise fashion to achieve the interferometric spectral scan. The ope-
ration of this last motor is adjusted by control loop sensors that record
the position and velocity of the mirror and feed that information back to
the stepping motor control circuits. Also required is a signal to control
the position of a calibration source.

Power Supply. Power is required to operate the detector and its preampli-
fier circuit and also to supply the CDMS itself. Additionally, depending

on the exact nature of the mirror control circuit, special power may have

to be supplied to drive the mirror.

Temperature Monitoring System. A multiplexer is required to selectively
connect the qutputs of various temperature sensors into an ADC.
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Control and display. This system must provide for command input to the
instrument to choose filters, initiate scans and select scan rates. It
mest provide for the display of instrument temperatures and status infor-
mation. If it is to display the spectra as they are taken it must be able
to store the accumulated data and Fouriev transform it for display.

Figure 3-26 shows a CDMS functional block diagram for the Fourier
spectrometer which is very similar to those for the other infrared instru-
ments. The outstanding difference in this system is the addition of the
feedback control signals from the position and velocity sensors on the
Michelson mirror. In the CAMAC system these are processed into the experi-
ment computer via a multiplexer and an ADC. There they are used as control
parameters to modify the stepping motor signals that are moving the mirror,
This greatly enhances the precision of the Fourier scan,

As is shown in Table 3-13, NIM and CAMAC can implement virtually all
of the CDMS requirements for the Fourier spectrometer. The computer in the
CAMAC implementation of the system is particularly useful for this instru-
ment because it zan perform a fast Fourier transform aigorithm on the data
as it is taken. This allows almost real time analysis of the data quality.
Because the mirror drive in this system is implemented with a stepping
motor rather than a speaker-coil type of drive the high power requirements
for precision control of position and velocity do not exist.

3.3.5 Detector Array

3.3.5.1 Experiment Description

There are many regions in the sky that could be much better understood
by mapping the area with a two-dimensional array of infrared sensors. Two
such areas are the galactic center and the region of star formation in the
Orion nebula. In both of these the spatial extent and distribution of the
IR sources is of interest.

The exact details of how such an infrared detector array would be
structured are uncertain because most arrays of this sort are still in the
development stage. However, for purposes of discussing the CDMS require-
ments, it is reasonable to assume a 16 X 16 element detector array covering
about 4 arc minutes (70 mm X 10 mm) in the focal plane of the telescope.
The specific process for coupling out the signais from these detectors
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Table 3-13. NIM/CAMAC Implementation of SIRIF Fourier Spectrometer

CAMAC Specific
System Element Product Code Example
Signal Processor
ADC 161 BO1244A
Preamplifier None
Mechanical Control System
Stepping Motor Driver
(Filter Wheel) 145 KS3361
Stepping Motor Driver
{Aperture) 145 KS3361
Multiplexer 164 B01704
ADC 161 B01244A
Stepping Motor Driver
(Mirror Motor) 145 KS3361
Output Driver 133 NE90O02
Input Register 121 KS3470
Power Supply
Detector Bias NIM ORTEC 428
Temperature Monitors
Multiplexer 164 KS3510
ADC (8 bit) 161

93

Comments

Closely associated witth
the detector in the MIC.

Shared among three step-
ping motors.



C &

depends on the exact nature of the detector but it can be assumed that
there will be 256 small analog signals to be processed, all of the same
type as that from a single IR photoresisiive device.

Operationally, the instrument will be used in a manner similar to the
filter photometer, but it will generate 256 simultaneous photometric mea-
surements rather than one. The instrument will include a filter wheel for
se'lecting narrow portions of the spectrum in which to observe and will also
include a mechanism for selecting apertures of varying sizes. The tele-
scope will be spatially chopped while operating the detector array instru-
ment.

3.3.5.2 CDMS Implementation with NIM/CAMAC

The CDMS for the experiment is similar to that for the filter photo-
meter but with the added complexity of having to process 256 channels of
data. Each of these channels forms a separate photometric measurement that
must be digitized and have the background value removed. The following sys-
tem elements are required to implement this CDMS.

Signal Processor. For digitization the array is broken up into 16 groups

of 16 detectors with one ADC allotted to each group. Within the group the
16 elements are successively shifted into the ADC for sampling. With 200 Hz
chopping and a 30 ysecond conversion time this still allows each detector
element to be sampled 10 times per cycle of the chopper. The individual
samples from the ADC are then summed as necessary to achieve time integra-
tion of the signal.

Mechanical Control System. Control signals must be provided to the stepping

motors which position the filter wheel and the aperture selector wheel of
the instrument. Additionally, a signal must be provided to move a calibra-
tion source into and out of the beam on command if Such a source is to Le
used by the instrument.

Power Supplies. Power is required for the detectors and their associated

LLE and also for the circuits that make up the CDMS.

Temperature Monitoring System. The various temperature sensors of the in-
strument must be multiplexed into an ADC and made available to the system
as data.

94

R e e vt PO S
Ao . W



Control and Display. Command capability is required to select filters and
apertures and perform similar functions. In addition to the requirement to
display instrument status information, it may be desirable to provide for
an intensity modulated CRT display of the detector array data as it accumu -
Tates.

In Figure 3-27, the NIM and CAMAC implementation of the detector array
COMS 1is illustrated. Since the detectors will probably be charge-coupled
devices a special readout clock generator is shown which will generate the
appropriate pulses to shift out the signals from each row of detectors into
16 ADC's. The clock generatoyr will be driven by a programmable pulser
operating under direct control of the computer. The ~ther aspects_bf the
CDMS are very similar to the CDMS for the filter photometer. ' '

Table 3-14 1ists the NIM and CAMAC equipment required to implement
this CDOMS. Because the readout clock generator depends on the exact nature
of the detector system used it cannot be implemented with NIM or CAMAC
equipment and must be considered as being supplied as part of the detector
system just as the preamplifiers are. The involvement of the experiﬁaht
computer in this CDMS makes the handling of 256 "pixels" (picture elements)
of data feasible. Without the computer the task would be much more diffi-
cult.

3.3.6 Housekeeping and Fine Pointing

In addition to performing the interface of the SIRTF experiment data
into the Spacelab CDMS, CAMAC equipment can also be used in processing the
various housekeeping signals from the telescope facility and in closing
the control loop for the fine pointing of the telescope.

It is estimated that there will be over 70 temperature sensors pro-
vided to monitor the thermal status of the telescope. The analog signals
from these sensors will need to be processed into the experiment computer
for conversion and automatic monitoring and display of the values. Ad-
ditionally there will be flow, pressure, contamination and optical status
sensors all producing analog voltages requiring digitizétion so that they
may be interpreted by the computer. None of these above measurements re-
quires rapid (i.e., < 1 msec) sampling so muitichannel scanning ADC's will
be adequate. Ninety or more channels will be required.
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Table 3-14. NIM/CAMAC Implementation of SIRIF Detector Array

CAMAC Specific '
System Element Product Code Example Comments
Signal Processor
Mu]t1p1exers 164  BO1704
ADC's {16) 161 B01244A :
Detector Preamplifiers None Closely assoc1ated w1th _
detector in MIC. ‘
Readout Clock Generator  None Peculiar to detector
Programmable Pulser 131 SENZPPG system used.
| 2016
Mechanical Control System
Stepping Motor Driver 145 KS3361
Stepping Motor Driver 145 KS3361
Output Driver 133 NE9002
Input Register 121 KS3420
Power Supply
Detector Bias Supply NIM ORTEC 428 Low current and low noise
required.
Temperature Monitors
Multiplexer 164 KS3510
ADC (8 bit) 161

There will also be some digital data originated by the facility,
mostly that from contact switches record1ng the state of various mechan1-
cal structures {i.e., sun shield dep1oyed/retracted) These can be pro-
cessed into the CDMS with CAMAC input registers. Forty to f1fty bits of 7
this type of data will be generated. |

One final function of the housekeeping system will be to supﬁ]y
several analog control voltages to the telescope for controlling heater
systems. About four of these will be required.

CAMAC equipment will also be suitable in the fine pointing control
Toop of the telescope. Here the quadrant sensor signals need to be digi-
tized and processed by the computer. Four DAC's will be required to send

97

TR T = 5 b g i) R S e I




control signals back to the telescope. Since the entire control loop
operates in the 5 Hz region all of these functions can be handled by
CAMAC modules.

Table 3-15 summarizes the CAMAC modules required to interface the
SIRTF housekeeping and fine pointing function into the Spacelab CDMS.
Since a total of eight DAC functions were required, the example shown is
a single module containing eight of the devices.

3.3.7 SIRTF Payload Summary

Table 3-16 summarizes the results of the preceding six sections.
Shown are the various types of NIM and CAMAC equipment requived for SIRTF
CDMS interface functions. The number of moduies of each type required by
each of the five instruments and for housekeeping are indicated. It is
to be emphasized that it is the number of modules that are indicated and
that in many cases multiple unit modules have been assumed (i.e., DAC's,
where an octal module is used).

As seen in the table, the only NIM equipment used is the detector bias
supply which is required by each of the five experiments. Other than this
NIM equipment was not designed for the small signal, high gain applications
requivred for the signals from infrared detectors. Al1 of the front end,
LLE must be considered as part of the detector system and cannot be imple-
mented with NIM equipment.

The most heavily used CAMAC modules are seen to be the analog-to-
digital converters. The heavy usage of the fast type is caused primarily
because 16 modules are required to digitize the 256 analog signals coming
out of the detector array. The requirements for multichannel-sTow ADC's
are driven up by their heavy usage in processing housekeeping signals from
the telescope.
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Table 3-15., CAMAC Interface of Housgkeeping
and Fine Pointing Functions
CAMAC Specific
System Element Product Code Example Comments
Housekeeping System
Multichannel ADC's 161 KS3510 16 channels each - six re-
164 quired.
DAC 162 KS3510 Octal Unit - share with
fine pointing.
Input Register 121 NE7059-1 Two requived.
Fine Pointing System:
Fast ADC 161 B01244 A .
Multiplexer 164 BO1704 :o channel - spares availe
able.
DAC 162 KS3110 Share module above.
Output Register 133 NE9O17 _
Table 3-16: SIRTF Use of NIM and CAMAC Equipment
Instruments
>
. Qﬂp
S N
< Q#pif$d$ & é§§ é$§5p
Qi P R R RN G
CAMAC AEFEE L S KD PR
Product ‘(‘\ 0&: “~ QJ(J Q@{{'b Q_OQ‘Q;Q Q{ ég \bOiQQ
CAMAC Equipment Code Cef KR TR < Totals
Input Register 121 1T 11T 27
Puise Generator 131 1 ' 1
Output Register 133 1 1 1 7 1 1 6
Stepping Motor Driver 145 2 2 1 3 3 11
Anaiog-to-Digital Converter 161 S
Single Unit - Fast 1 1 16 2 T 21
Multichannel - Stow 1 1 1 1 1 6 11
Multiplexer 164 1 A T .3
Digital-to-Analog Converter 162 1 1
Branch Driver 211 Share 1 | 1
Crate Controlier 231 ' . Share 4 4
Crate 411 Share 4 4
NIM Equipment o
Detector Bias Supp]y : 1 1 1 1 1 5
B]n : Share 1 1



3.4 X-RAY/GAMMA' RAY PALLET INSTRUMENTS

The three instruments that comprise the X-ray/gamma ray pallet are
Tisted in Table 3-17. Collectively, these instruments will detect photons
with energies ranging from a few tenths of a KeV to ten MeV, a dynamic
range of nearly five orders of magnitude. They will provide a wide variety
of data on high energy astrophysics phenomena, encompassing discrete
sources, diffuse background and earth albedo.

This pallet configurafion will be used to search for new discrete
sources of radiation and to measure the spectrum, intensity and temporal
characteristics of discrete sources. In addition, the position and angular
size and structure of discrete X-ray sources will be measured with a
resojution better than an arc minute. The spectrum, intensity and iso-
tropy of the diffuse background will be measured along with the spectrum
and intensity of the earth's albedo.

3.4.17 Large Proportional Counter Array

3.4.1.1 Instrument Description

This instrument consists of ten multi-wire proportional chamber (MWPC)
moduies, each with 0.5 e sensitive area. Modulation collimators of two
types, for raster scan and for rotating scans, will be avaiiable for op-
tional use with any number of the MWPC modules. 1In addition to the primary
sensor modules, two ultraviolet stellar transit detectors will be used to
supplement the Orbiter aspect data.

The modules without collimators can be used to search large areas of
the sky for new X-ray sources with emissions in the energy range from a
few tenths of a KeV to about 100 KeV. The celestial coordinates, spectrum,
intensity and temporal characteristics of both discrete and diffuse sources
can be measured. With the optional collimators attached to the modules,
this instrument can be used to determine the position, angular size and
structure of discrete sources to better than an arc minute.

in order to observe photons with energies as Tow.as a few tenths of
a KeV, very thin windows (less than a micron thickness of Parylene, for
example) must be used to seal the MWPC's. Because the gas used to fil1.
the chambeyr will diffuse througn the windows, a flowing gas system must be
provided to maintain the proper operating pressure range.
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Table 3-17. X-Ray/Gamma-Ray Paliet Instruments

Large Area Proportional Counter Arvay

Modulation Collimators Optional

Ten Counter Modules, 0.5 m2 each

Two UV Stellar Transit Detectors

Gas Supply for Maintaining Counter Pressure
Positionable Radioactive Sources for Calibration

Bragg Crystal Spectrometer
2

e 0.3 m™ Effective Area

e Sixteen proportional Counter Modules
o Eight Low Energy (approximately 0.4 to 1.25 KeV)
¢ Eight High Energy (approximately 1.25 to 12 KeV)

e Gas Supply for Maintaining Counter Pressure

® X-Ray Tubes and Positionable Radioactive Sources for
Calibration

High-Resolution Gamma-Ray Ge{Li) Spectrometer

Sixteen Ge(Li) Detectors, 16 cm2 each
CsI(Na) Active Collimator and Shields
Plastic Scintillator Charged-Particle Detector

Heater to Control Temperature of Cryogenicaily-
Cooled Detectors
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Energy calibration of the MWPC's will be accomplished with a radio-
active source. The need for periodic calibration checks will be satis-
fied with a remotely positionable source holder attached to each module,

3.4.1.2 Electronics Implementation with NIM/CAMAC

A1l except a small portion of the electronics requirements can be
appropriately satisfied with NIM and CAMAC moduies. The amplifiers used
to process the very low level signals produced by the MWPC anode wires
must be ‘ocated in close proximity to the chambers and cannot be conve-
niently packaged in NIM or CAMAC f¥orm. The high voltage supplies needed
for the aspect sensor photomuitiplier tubes are also not available in
NIM oy CAMAC form. The block diagram in Figure 3-28 shows the NIM/CAMAC
implementation that fulfills the complete instrument requirements with the
exceptioh of the above mentioned items.

The types of NIM/CAMAC modules used are identified in Table 3-18. The
number in parentheses following the name of the system element is the
number of times this element is required. The number of identical func-
tional elements provided by each example module is given in the remarks
column. ‘

Signal Processor. The signal processor includes all of the NIM and CAMAC

modules required to process the MWPC ampiifier outputs, identify the oc-
currence of valid events according to pre-established criteria, and convey
the event data to the central computer. The moduies shown in the block
diagram are required for each of the ten MWPC's; the complete instrument
requires ten such NIM/CAMAC signal processor sets.

Four discriminators provide logic pulses for use in the event determi~
nation. Coincidence modules are used to identify two different types of
events depending on the depth at which the photon energy was deposited in
the chamber (near the front anodes or near the middle anodes). The edge
anode and back anode signals are used in anti-coincidence to reject charged
particles and events not arviving from the front of the chamber. Puise
shape discrimination is used to identify the characteristic shape of a
MWPC pulse produced by X-ray energy deposition as distinguished from
pulses produced by charged particie energy deposition. The rise times of
the puises are determined by differentiating the pulses with a shaping
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Table 3-18.

System Element

Signal Processor

Discriminator (50)

Summing Amplifier (10)

Shaping Amplifier (10)

Zero Crossing Discrim-
inator (10?

Sequence Discriminator
(10)

Coincidence (20)

Scaler (50)

Time-to-Digital
Converter (10)

ADC (10)

Input Register (20)

Aspect Sensor

Discriminator (4)
Scaler (4)

Power Supplies

Detector High Voltage
(10)

Ca]ibration
Stepping Motor Driver
(10}
Position Encoder (10)
Gas_Supply
AC (10)

Output Driver (10)

NIM/CAMAC Implementation of Large-Area
Proportional Counter Array

CAMAC Specific
Product Code Example Comments

NIM EG&G T308 8 elements

NIM ORTEC 4334 2 elements

NIM ORTEC 451

NIM EG&G T140 4 elements

Custom NIM not available 4 elements

NIM EG&G C315 2 elements

111 LRS2551 12 elements

161 LRS2228

161 LRS2259 12 elements, pulse type
123 EG&G C124 24 elements

NIM EG&G T308 8 elements

111 LRS2551 12 elements

NIM ORTEC 459

145 JO SMC

117 SEN 2IPE2019 2 elements

161 KS3510 16 elements, DC level

type.
133 KS3040 8 elements
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amplifier and measuring the elapsed time between the leading edge (deter-
mined by a discriminator) and the zero derivative point on the differen-
tiated pulse (determine by by a zero crossing discriminator). A prelimi-
nary rise-time selection is applied in real-time by a custom-built NIM
sequence discriminator that produces an output logic pulse only if two
input logic pulses appear in the proper sequence. The rise time require-
ment is included in the event identification logic by applying the sequence
discpriminator output to the coincidence modules. In addition, the rise
time is measured by a time-to-digital converter that measures the f{ime be-
tween the leading edge and zero crossing discriminator outputs. This time
is recorded as part of the event data and can be used during off-line data
analysis as a more precise X-ray pulse shape identi .r.

An input register is used to record flags from the coincidence modules
to identify the type of event. By having the CAMAC system inspect the
contents of this register at a rate significantly higher than the event
rate, the need for a separate event interrupt to the computer can be
eliminated. If an event interrupt is available, it can be driven by an
OR'ed output from the two coincidence units.

Event energy determination is provided by an ADC that measures the
amplitude of the MWPC signalis. A set of five scalers fis used to record
the event rates from each group of MWPC wires and also the rate of events
that are pulse shape analyzed.

Aspect Sensor. A single aspect sensor assembly is used in conjunction with
all ten MWPC modules. It includes two ultraviolet sensitive photomuiti-
plier tubes with Z-shaped slits. Two discriminators and two scalers are
used to record star transit information from the aspect sensor.

Power Supplies. An individual NIM high voltage detector bias type supply
is used to provide the high potential electric field required for propey
operation of each MUPC. o

Calibration. The Fe55 source used for energy calibration of each MWPC is
positioned by a mechanism operated by a stepping motor. A CAMAC stepping
motor driver module and a position encoder module are used to control the
source position. One such set of calibration equipment is required for
use with each of the ten MWPC modules.
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Gas Supply. The gas pressure in each MAPC module is measured with a pres-
sure transducer connected to a CAMAC dc level type ADC. Makeup gas is
supplied as needed by pulsing a supply valve operated by a CAMAC output
driver. One such gas supply system is required for used with each of the
ten MWPC modules.

3.4.2 Bragg Crystal Spectrometer

3.4.2.1 Insirument Description

This instrument consists of 16 MWPC modules, eight each of two types.
The MWPC's in the Tow-energy spectrometer (LES) cover the X-ray energy
range of 0.4 to 1.25 KeV while the MWFC's in the high-energy spectrometer
(HES) cover 1.25 to 12 KeV. X-ray energy dispersion is provided by dif-
fraction from positionable crystals Tocated in front of the chambers.

The instrument is designed to provide very-high-energy resolution in
order to observe recombination and absorption edges in the X-ray continuum
and Tine structure of specific X-ray sources. The LES crystal might be
KAP, for example, and the MWPC windows would be some very thin material
such as the less than one-micron thick Parylene suggested for the large
ar=a proportional counter array. The HES crystal might be graphite or
calcite, and the MWPC windows could be beryllium on the order of ten microns
thick.

3,4.2.2 Electronics Implementation with NIM/CAMAC

A1l except a small portion of the electronics requirements can be
appropriately satisfied with NIM and CAMAC modules. The amplifiers used
to process the very low signals produced by the MWPC elements are very
similar to those used for the large area proportional counter array MWPC
modules. These specialized amplifiers must be located near the MWPC's and,
in general, cannot be suitably packaged in NIM or CAMAC form. The block
diagram in Figure 3-29 shows the NIM/CAMAC implementation for one of the
eight identical Tow-energy spectrometer modules. Similarly, Figure 3-30
shows the implementation for one of the eight identical high-energy spectro-
meter modules. In each case, the NIM/CAMAC implementation fulfills the
complete instrument requirements with the exception of the above mentioned
amplifiers.
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The types of NIM/CAMAC modules used are identified in Table 3-19.
The number in parentheses following the name of the system element is the
number of elements required. The number of identical functional elements
provided by each example module is given in the remarks column,

Signal Processors. The signal processors inciude all of the NIM and CAMAC

modules required to process the MWPC ampiifier outputs, identify the occur-
rence of valid .events according to pre-established criteria, and convey the
event data to the central computer. The complete instrument requires eight
sets of the LES modules shown in Figure 3-29 and eight sets of HES modules

shown in Figure 3-30, '

In the LES, five discriminators provide logic m1ses for use in event
determination. A coincidence module is used to identify the occurrence of
an event associated with either the wide field-of-view or narrow field-of-
view anodes. The guard anodes are used in anti-coincidence to reject
charged particles and events not arwriving from the front of the chamber.
Pulse shape discrimination is used to identify the characteristic shape of
an MWPC pulse produced by X-ray energy deposition as distinguished from
pulses produced by charged-particle energy deposition. The impiementation
of the pulse shape analysis function with NIM/CAMAC modules is the same as
that discussed for the large area proportional counter array.

Summing amplifiers are used to provide an analog OR of the outputs of
the MWPC resistive readouts since only one of the readouts will be active
for a single event. The readout provides position information by acting
as a voltage divider with the fraction of the signal appearing at ohe end
proportional to the Tocation at which the input was applied to the resis-
tive element. The signal from the end of the resistive element is digi-
tized by an ADC, and the position information is recovered during off-line
data analysis. An input register is used to record flag bits indicating
which of the readouts participated in a given event. A separate ADC is
used to measure the energy deposited in the MWPC and six scalers record
the event rates for various parts of the LES.

In the HES, five discriminators provide logic puises for use in event _
determination. A coincidence module is used to identify the occurrences
of an event associated with any of the four signal anodes. The twelve
guard anodes are used in anti-coincidence to reject charged particles and
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Table 3-19. NIM/CAMAC Implementation of
Bragg Crystal Spectrometer

CAMAG Specific
System Element Product Code Example Comments
Signal Processors
Discriminator (96) NIM EGRG T308 8 elements
Summing Amplifier (32; NIM ORTEC 433A 2 elements
Shaping Amplifier (16 NIM ORTEC 451
Zero Crossing
Discriminator (16) NIM EG&G T140 4 glements
Sequence Discriminator
(16) Custom NIM not available 4 elements
Coincidence (16) NIM EGRG C315 2 elements
Scaler (96) 111 KS3610 6 elements
Time-to-Digital -
Converter (16) 161 LRS2228
ADC (32) 161 LRS2259 12 elements, pulse type
Input Register (48) 123 EG&G C124 24 elements
Power Suppiies
Detector High Voltage
{16) NIM ORTEC 459
Crystal Positioning -
Stepping Motor Driver (2) 145 J0 SMC
Position Encoder (2) 117 SEN 2IPE2019 2 elements
Calibration N
Qutput Driver (2) 133 KS3040 8 elements
Stepping Motor Driver (2) 145 J0 SMC '
Position Encoder (2) 117 SEN 2IPE2019 2 elements
Gas_Supply
ADC (16) 161 KsS3510 16 elements, DC Tevel
type
Qutput Driver (16) 133 KS3040 8 elements
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events not arriving from the front of the MWPC's. Puise shape discrimina-
tion is used in the same way and with the same implementation as in LES.
An ADC is used to measure the energy deposited in the chamber and six -
scalers record the event rates for various parts of the HES.

Power Supplies. An individual NIM high-voltage detector bia s-type usually
is used to provide the high-potential electric field required for proper
operation of each MWPC. A total of 16 supplies are required for the com-
plete instrument.

Calibration. The calibration system uses both radiocactive sources and
X-ray tubes. A CAMAC output driver is used to operate the tube and a
stepping motor driver-position encoder combination "- used to position the
source. One such set of modules is required for use with each of the 16
MYPC's.

Gas Supply. The gas pressure in each MWPC module is measured with a pres-
sure transducer connected to a CAMAC dc -level-type ADC. Makeup gas is
supplied as needed by pulsing a supply valve operated by a CAMAC output
driver. One such gas supply system is required for use with each of the
16 MWPC's. | .

Crystal Positioning. Each of the spectrometer assemblies has a crystal

that must be scanned by changing the angle of its front surface with re-
spect to the MWPC's, This angular control is provided by a stepping mo-
tion driver-position encoder combination. Two such assemblies are required
for the complete instrument.

3.4.3 High-Resolution Gamma-Ray Ge(Li) _ Spectrometer

3.4.3.1 Instrument Description

This instrument consists of 16 Ge{lLi) detectors, each with 16-cm2

useful area. These detectors are encased in a CsI (Na) scintillator assem-
bly that provides active collimation and shielding. A plastic scintillator
sheet covers the front of the instrument and is used to reject events due
to charged particles entering the collimated aperture of the instrument.
The Ge(Li) detectors are attached to a cold piate that provides the cor-
rect thermal environment for these solid states devicas, The basic cooling
capability is provided by a stored solid cryogen, and precise temperature
control is achieved with the use of an active heater. |
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The instrument will be used to search for discrete sources of gamma-
ray line emissions in the 0.06 to 10 MeV energy range. It will also be
used to measure the gamma-ray spectrum and intensity of discrete sources,
the diffuse background, and the aarth's albedo.

3.4.3.2 Electronics Implementation with NIM/CAMAC

The electronics requirements for the entire gamma-ray spectrometer
can be appropriately satisfied with NIM and CAMAC modules except for the
high-voltage power supplies needed for the photomuitiplier tubes (PMT)
used with the scintillation detectors. The block diagram in Figure 3-31
shows the NIM/CAMAC implementation that fulfills the complete instrument”
requirements with the exception of the PMT high-voltage supplies.

The types of NIM/CAMAC modules used are identified in Table 3-20.
The number ‘in parentheses following the name of the system element is the
number of elements required. The number of identical functionai elements
provided by each exampie module is given in the remarks column.

Signal Processor. The signal processor includes all of the NIM and CAMAC
modules required to process the Ge(Li) and scintillator detector outputs,
identify the occurrence of valid events according to pre-established cri-
teria, and convey the event data to the central computer. The modules
shown in the block diagram are sufficient to implement the complete instru-
ment.

A total of 24 discriminators are needed to provide Togic pulses for
use in event determination. Twenty of these are used with a single coin-
cidence function to identify valid Ge(Li) events. Signals from the active
collimator and shield assembly are used in anti-coincidence to define the
field-of-view of the instrument. A signal from the charged-particle de-
tector covering the aperture is used in anti-coincidence to identify gamma-
ray events. The active shield is divided into two parts to identify posi-
tron annihilation events. A pair of discriminators is used with each
shield half as a single-channel energy analyzer. A coincidence element is
used to identify events resulting in the characteristic photon energy
(.511 MeV) from an electron-positron annihilation being deposited in each
shield half.
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Table 3-20. NIM/CAMAC Implementation of High-Resolution
Gamma-Ray Ge{Li)} Spectrometer

CAMAC Specific
System Element Product Code Example Comments

Signal Processor

Discriminator (24) NIM EG&G T308 8 elements

Shaping Amplifier (16)  NIM ORTEC 451 '

Coincidence (2) NIM EG&G C315 2 elements

Scaler (21) 111 LRS2551 12 elements

Input Register (1) 123 EG&G C124 24 elements

ADC {16) - 161 STD ENG114 pulse typz (14 bit)
Power Supplies ,

Detector Bias (16) NIM ORTEC 459
Detector Thermal Control

ADC (1) 161 - KS3510 16 elements, DC Tevel

: type
DAC (1) 162 J0 D/A-10
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A shaping amplifier and a high-resolution 14-bit ADC are used to
condition and digitize the signal from each Ge(Li) detector. A set of 2i
scalers record the event rates occurring in various parts of the instru-
ment. An input register is used to flag the occurrence of an event for
computer readout.

Power Supplies. Individual NIM power supplies are used to establish the
correct operating bias for each of the 16 Ge(Li) detectors.

Detector Thermal Control. A dc-level-type ADC is used to determine the
detector operating temperature by means of a sensor mounted on the cold
plate. A digital-to-analog converter provides control of the heaters
used to adjust the plate temperature. A single assembly establishes the
same temperature for all 16 detectors.

3.4.4 X-Ray/Gamma-Ray Paliet Summary

Tables 3-21 and 3-22 summarize the results of the NIM/CAMAC implemen-
tation for the X-ray/gamma-ray pallet. In each case, the table entry
veflects the number of modules required. As noted in the comments column
of the tables for the individual instruments, many of these modules pro-
vide a number of identical functions. Thus, the number of NIM/CAMAC mod-
ules Tisted in Tables 3-21 and 3-22 provide a significantly Targer number
of functions for the instruments. |

Because NIM equipment is widely used in ground-based laboratories to
implement similar instrumentation, it is not surpriéing that Table 3-21
indicates a requirement for a large number of NIM modules. CAMAC is also
widely used in this type of ground-based instrumentation and, hence,
Table 3-22 also shows a requirement for a large number of CAMAC modules.
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Table 3-21: X-Ray/Gamma Ray Use of NIM Equipment

Proportional

Amplifiers

Shaping 10

Sum/Invert 5
Discriminators

Fast - Integral 7

Zero -~ Crossing 3
Logic Units 10
High Voltage Power Supplies 10
Bins 5

Special Moduies
Sequence Discriminator 3

Table 3-22: X-Ray/Gamma Ray Use of CAMAC Equipment

CAMAC

Product Proportional
Code
Scalers 111 5
Position Encoders 117 5
Coincidence Latch 123 1
Timed Triac Output 133 2
ADC's 161
High Resolution _
Peak (10 bit) 1
Scanning i
Time Digitizer 10
DAC's 162
Branch Driver 211
Crate Controllers 231 2

Crates 411 2
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Bragg Crystal
Counter Array Spectrometer

16
44

12
4
8

16

9

Bragg Crystal
Counter Array Spectrometer

16

Instruments

Gamma Ray
Telescope

16

Gamma Ray
Telescope

2

16

Totals

42
49

22

19
42

17

Totals

23
8
4
5

16

5
2
26

1
1
6
6
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3.5 ATMOSPHERIC, MAGNETOSPHERIC PLASMAS IN SPACE

The Atmospheric, Magnetospheric Plasmas in Space (AMPS) payload was
formed by the amalgamation of the Plasma Physics and Environmenta] Per-
turbation Laboratory and the Atmospheric Science Facility. The extensive.
experimental capability provided by this composite AMPS Laboratory is
shown diagrammatically in Figure 3-32. The proposed Laboratory is capable
of conducting both active and passive experiments in space. In addition,
it has the capability of performing laboratory-type plasma physics experi-
ments in space, in cases where the space environment provides the experi-
ments with special advantages.

The active experiments involve the injection of particles, waves,
gas, or physical bodies into the magnetospheric plasma. The amount of
material introduced will determine the type of active experiment to be
performed. If the injected material is either of a Tower density than
the Jocal plasma or, in the case of physical bodies, is much smaller
dimensionally than the Orbiter, then the injected material will be used
to perform tracer-type experiments. However, if the material is of a
higher concentration than the local environment, or the bedy is .large com-
pared with the Orbiter (which is really a large pérturbation experiment
in itself), then the space environment has been radically changed and
perturbation-type investigations can be performed. This Tatter type of
experimental technique will aliow phenomena, that have been observed only
randomly in the past, to be produced in a controlled fashion fer detailed
study with an extensive array of diagnostics. '

In addition to the active experiments, the laboratory will perform
experiments more in keeping with the type of experiment that has been
flown on satellites. These measurements are of a passive nature where
temporal measurements of the prevailing space condition can be performed.
Simultaneous measurements of many of the magnetospheric parameters in
this passive mode will allow an extensive analysis of correlated phenomena.
This type of data will help untangle the vast number of phenomena that
have been observed in the past but not fully understood. In addition,
the passive instrumentation can be used to monitor the effect that the
active experiments have on the magnetospheric plasma.
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The final category of plasma physics in space is obviously a new
concept. There are many experiments carried out in ground laboratories
where the vacuum chambers in which they are performed are a serious handi-
cap. These include low-frequency wave propagation experiments, contain-
ment of dense r~nergetic plasmas, wave-particle interaction studies, etc.
The utilization of the space environment will enhance the ability of the
experimenter to obtain pertinent data on these effects.

The experiments that are proposed for the AMPS facility require
extensive data management capability. The complexity of the experiments
requires an extensive control and monitoring capability of the actual
perturbing system together with the capability to handle the data coming
in from the associated experimental diagnostics. It appears that there
is a need for on-board data processing with a substantia1 data storage
capability and a telemetry Tink with ground control. 1In order to obtain a
reasonable estimate of the suitability of NIM/CAMAC system for implemen-
tation of the control and data managament systems (CDMS), one experiment
from each of the areas shown in Figure 3-32 was selected as a typical
example and analyzed.

The six experiments selected for analysis are summarized in Table
3-23. The instrumentation required to perform each of these experiments
along with the implementation of the data acquisition and experiment
control functions with NIM and CAMAC equipment will be described in the
following sections. The composite requirements for an AMPS payload capable
of performing this group of representative experiments will be tabulated
in the last section.

3.5.1 Accelerator Experiment

3.5.71.1 Experiment Description

The accelerator systems that have been proposed for AMPS include four
types of accelerators: electron accelerators, iun'accé1erators, pTaéma
guns, and MPD arcs. The example we will consider is a typical tracer-type
experiment to determine magnetic field line configuration. In this i~
ment, a beam of 30-KeV electrons is fired from the Space Shuttle and is
directed along a magnetic fieldline to the other hemisphere. Here, a por-
tion of the electrons in the beam are reflected back along the fieldline
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Table 3-23. AMPS Experiment
Accelerator Experiment

¢ Active Experiment - Injecting one amp of 30-keV electrons into
magnetosphere

# Electrons "hounce” between hemiugi 25 along magnetic field lines

® Measures riagnetic field line leng . . « lectric fields along field
tines, and whether field lines are open or closed

Perturbing Body Experiment

# Active Experiment - Placing a moving body of known geometery into
the space plasma

® Body causes changes in local particle papulations

#» Measures dependence of disturbed region on body shape, size,
material, etc,

Chemical and Gas Release Experiment

¢ Active Experiment - Injecting & large quantity of barium ions into
magnetosphere

8 Optically visible ions move along magnetic field 1ine but cross
Tield drift occurs due to electric fields

¢ Measures large-scale, greater than 1 km, electric field strength
and gradients

Electromagnetic and Electrostatic Wave Experiment

@ Active Experiment - Injecting waves into the magnetosphere

e Waves propagated from one antenna to a receiving antenna in range
of one to ten kHz

® Measures wave propagation near the lower hybrid frequency

Passive Studies

s Observation of naturally occurring atmospheric emissions

@ Range of optical instrumentation gver the spectral range of
300 to 10,000

Magnetic Confinement Studies in Space

8 laboratory Type Experiments - Including studies of plasma contain-
ment in the absence of wall effects

o Magnetic field for plasma contairment

& Study of particle confinement by magnetic fields and wave growth
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by the processes of collision with atmospheric particles and magnetic
mirroring, These returning electrons ‘interact with the atmosphere behind
and below the Space Shuttie. The resultant excitation of the atmosphéric '
neutral atoms produces a large quantity of photons that cah be observed
from the Shuttle with optical diagnostics. o

The combination of instrumentation required to perform this'eXperi-
ment consists of the electron accelerator and its associated control sys-
tem, used to generate the electron beam, and diagnostic equipment of
several types. A group of particle analyzers (three Faraday Cups and'ah'
electrostatic analyzer) are used to measure the ejected beam characteris-
tics such as intensity, energy, and spatial distribution. Magnetic and
electric field probes determine the local field characteristics. Together,
these diagnostic measuvements determine the initial conditions of the
experiment. An optical diagnostic package consisting of six filter photo-
meters is used to observe the intensity and spectral characteristics of
the emissions generated by the impact of the return electron beam on the
atmosphere. A low-light-level TV system would also be used to monitor
the optical emissions, but as discussed in Section 3.1.7, video systems
are assumed to be handied with the existing Spacelab facilities.

3.5.1.2 (CDMS Implementation with NIM/CAMAC

The accelerator experiment will require extensive support from the
Spacelab CDMS to implement the accelerator operation and process the data
generated by the diagnostic instrumentation. The experimenter will pro-
gram the computer through the keyboard unit to determine the accelerator
operating conditions that are required for the next beam ejection. Examples
of this operation are initiating, monitoring and controlling the rate af
which the energy storage capacitor bank on the pallet is charged'by a low-
voltage power processor. The predetermined settings for e1ectrcn source
operation will be programmed to produce the required e1ectron current, and
the pitch angie of the beam is controlled by programm1ng the strength of
the magnetic field in the beam deflection system. Once the electron beam
conditions have been determined, the appropriate experimental conditions
for the diagnostic equipment will be programmed. At the correct moment,
the capacitor bank is discharged through 2 high-voltage power processor
and the high-voltage switch is closed to allow the resultant high voltage
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to reach the accelerator. The emitted beam is examined for electron energy,
wave production, and cross-sectional density variations. The returning
beam's interaction with the atmosphere will be monitored by the optical
equipment on the pallet.

Figure 3-33 is a block diagram of the system implementation using NIM/
CAMAC. NIM and CAMAC modules located in the Spacelab module are used to
provide the interface between the pallet-mounted primary experiment instru-
mentation and the Spacelab CDMS. The electronics directly associated with
the accelerator involve high-power circuitry that cannot be implemented with
NIM or CAMAC moduies. Also, as we have seen in many of the instruments., the
diagnostic equipment requires low-level signal processing circuits located
in close proximity to the sensors where it is also not reasonable to use
NIM or CAMAC modules. The NIM and CAMAC moduies used for the accelerator
experiment are listed in Table 3-24.

Accelerator Control - CAMAC modules are used to provide the various func-
tions required to control and monitor the electron accelerator. Five
analog control signals are provided by a portion of an eight-channel DAC
and twelve discrete digital control signais are provided by an optically-
isolated output dri&er. The capability to monitor and process both analog
and discrete digital outputs from the accelerator control unit is provided
by a portion of a 16-channel slow ADC and a 24-channel, optically-isolated,
input register. Although the detailed number of jnput and output signals
required for accelerator control has not been established, the capabitity
provided is conservatively believed to be adequate.

Beam and Field Diagnostics - The conditioned output signals from the three
Faraday cups are processed by three channels of the multichannel ADC used
in the accelerator control system. High voltage for the Faraday cups is
provided by NIM-packaged, analog~voltage-controllable, high-voitage power
supplies. The control signals for these supplies is provided by three
channels of the DAC used for accelerator control.
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Table 3-24., NIM/CAMAC Equipment for Accelerator Experiments

System Element

Accelerator Control
DAC's

Qutput Driver
Ihput Register
ADC's

Faraday Cup (X3)
ADC

DAC
HV Power Supply

Electrostatic Analyzer

Scaler
DAC

Discriminator
HY Power Supply (2)

Electric Field Probe

ADC
Qutput Driver
Wave Analyzer

Magnetic Field Probe

ADC
Qutput Driver

Have Analyzer

Photomultiplier (X6)
Scaler
DAC

Discriminator
HVY Power Supply

CAMAC
Product Code Example

162
133

121
161

161

162
NIM

111
162

NIM
NIM

161
133
NIM

161
133

NIM

111

162
NIM
NIM

Specific

KS3110
KS3028

KS3471
KS3510

KS3510

KS3110
ORTEC 456

BO1004A
KS3110

LRS620AL
ORTEC 456

BO1244A
BO1082

BO1244A
B01082

BO1004A
KS3110

LRS620AL
ORTEC 456
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Comments

Octal Unit - share with
elements below.

12-bit, optically isolated.
24-bit, optically isolated.
16 channel - share with
Faraday cups.

Share with accelerator
control. ‘
Share accelerator unit.

Quad Unit - share with
photomultipliers.
Octal Unit - share with
photomultipliers.
Octal Unit - share with
photomultipliers.

Dual Unit - share below.
Custom unit, could be NIM-
packaged.

Share with Electric Field
Prabe.

Custom unit, could be NIM-
packaged.

Quad units, share one with
ESA.

Octal Unit, share with ESA.
Octal Unit, share with ESA.



The electrostatic analyzer (ESA) requires two programmable high voltages
to scan particle energy distributions. These high voitages are provided by
the same DAC/programmable power supply combination used for the Faraday cups.
The ESA output signals are fast voltage pulses which are converted to stan-
dard NIM fast logic pulses by one channel of a fast, octal NIM discriminator,
The discriminator outputs in turn are counted with one channel of a four-
channel CAMAC scaler.

After signal conditioning at the probe, the output signais of both the
magnetic and electric field probes have essentially the same processing
requirement. The frequency spectrum of the output analog signal is analyzed
by a NIM-packaged wave analyzer. There is no such module on the market to-
day, but the device could be implemented in NIM form. We have assumed an
analog output from the wave analyzer which is digitized by a fast, high- .
resolution CAMAC ADC. The frequency scanning program and data transfer of each
wave analyzer are controlled by one-half of a dual 16-channel output driver.

Optical Diagnostics - The optizal diagnostic instrumentation consists of

six single-channel, fixed-wavelength, filter photometers using photomulti-
plier sensors. .The control and data handling for each unit is identical.
The conditioned output signal consists of fast voltage pu1ées that are stan-
dardized by a fast NIM discriminator. The discriminator output pulses are
counted with a CAMAC scaler. Controllable high-voltage power for each unit
is provided by the same DAC/HVPS combination used in the partic1é diagnostic
equipment.

3.5.2 Perturbing Body Experiment

3.5.2.1 Experiment Description

This experiment involves the interaction between a body, vehicle, or
structure moving through space and the local space plasma. The overall
objective of the experimental program is to study the axial and transverse
dimensions of the perturbed zone created by the moving body due to its rapid
motion through the space environment. |

The experiment selected is one in which a Targe insulated inflatable
body is deployed with the aid of a boom to a distance of approximately fifty
meters in front of the Orbiter. The body is inflated and the region around
the body is explored with two diagnostic packages also mounted on booms,
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One diagnostic package will remain stationary while the other package is
moved around the perturbing body taking measurements. In this way, the
stationary package acts as a reference point for the moving system. A
third diagnostic package is Tocated on a pallet in the payload bay. The
quantities to be measured will be the electron and ion currents, densities,
temperatures, and plasma wave production as a function of distance and
direction from the wave-producing body.

3.5.5.2 CDMS Implementation with NIM/CAMAC

In general, it appears that this experiment requires only moderate CDMS
support. A block diagram of the CDMS that is required for this experiment
is shown in Figure 3-34. The major control functions are the positioning
of each of the booms and control of the level of inflation of the perturbing
body. CAMAC modules are used as the interface between the Spacelab CDMS and
the actual boom drive motors.

Each of the three identical diagnostic packages will include Tow-level
signal conditioning electronics as part of the various sensors. Only the
final stages of signal processing and data acquisition will be implemented
with NIM and CAMAC equipment Tocated in the Spacelab module. Control for
the diagnostic instrumentation is provided in the form of programmable high-
voltage power. A list of the NIM and CAMAC modules required to implement
the perturbing body experiment is given in Table 3-25.

Boom and Deployabie Body Control - Digital input control signals for the
boom drive motor control electronics are provided with CAMAC stepping motor
control units that generate serial pulse trains for both clockwise and
counterclockwise movement. Control of twe motors for each boom is provided.
CAMAC input registers are used to accept paraliel digital data from the
position encoders on each boom. A portion of an eight~channel CAMAC DAC is
used to provide inpbt analog signals to control the body infiation system.

Diagnostic Packages - The electron and ion density and temperature probes
have identical control and data acquisition requirements. The electrometer
associated with each probe produces a differential analog voltage output
that is proportional to the probe current. No NIM-packaged differential
amplifiers suitable for processing this signal are currently available, so
a custom-buiit NIM-packaged unit has been assumed. The analog output from
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Table 3-25.

System Element

Boom and Body Controi

Stepping Motor Control-
lers %3
Input Register (2)

DAC

Electron Bensity/
Temperature Probe (X3)

ADC

DAC
Differential Amplifier

Scan VYoltage Power

Ion Density/Temperature

Prabe (X3)

ADC

DAC

Differential Amplifier
Scan Voltage Power

Flux Gate Probe (X3)

ADC
Output Driver

Retarding Potential
Analyzer (X3}

Scaler
DAC

Output Driver
Discriminator
Power Supply

Plasma Wave Probe (X3)

ADC
DAC
Pover Supply

CAMAC
Product Code

145
121

162

161

162
NIM

NIM

161
162
NIM
NIM

161
131

11
162

133
NIM
NIM

161
162
NiM

Specific
Example

KS3360
NE7059-1

KS3110

Ks3510
KS3110

ORTEC 456

KS3510
KS3110

ORTEC 456

KS3510
BO1082

BOT004A
KS3110

B01082
LRS62TAL
ORTEC 456

KS3510
KS3110
ORTEC 456
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NIM/CAMAC Equipment for Perturbing Body Experiments

Comments

Dual units

Used to record boom posi-
tions.

Octal Unit - share below.

16 channel, share with
below.

Share with Boom Instruments.
Custom unit, could be NIM-
packaged.

Share with Electron Probe.
Share with Boom Instruments.
Custom unit, could be NIM-
packaged.

Share with Eiectron Probe.
Turn power supplies on/off.

Quad unit

Shavre with Plasma Wave
Probe.

Turn power supplies on/off.
Quad unit

Share with Electron Probe.
Share unit above,




this ampiifier is sampled and digitized by a multichannel slow CAMAC ADC.
The sampling of the ADC is done in synchronism with the scanning of the
probe high voltage. The high voltage is provided by the frequently-used
combination of a NIM analog voitage controliable high-voltage power supply
and a CAMAC DAC.

The magnetic flux gate probes provide conditioned analog output voltages
that are directly suitable for digitization by a muitichannel slow CAMAC ADC.
Only discrete digital control signals are required for turning probe low-
voltage power suppiies on and off. A CAMAC output driver is used to provide
these signals with a large number of spare channels available.

The control and data handling electronics required for the retarding
potential analyzer is essentially identical to that required for the elec-
trostatic analyzer previously discussed. Additional control in the form of
discrete digital signals to turn jow voltages on and off is provided.

Finally, the plasma wave probe must contain a reasonable amount of sig-
nal conditioning circuitry at the sensor to generate an analog output signal
that is directly compatible with a slow, multichannel CAMAC ADC. Again,
programmable high voltage is provided by a DAC/HVPS combination.

3.5.3 Gas and Chemical Release Experiment

3.5.3.1 Experiment Description

The technique of injecting gases and chemicals into the local plasma
can provide information on a variety of topics from auroral precipitation
to excitation chemistry. The particular experiment selected in this cate-
gory is the technique of using chemical releases as tracer djagnostics.

The aim of the experiment is to investigate electric fields in the magneto-
sphere below 400 kilometers. A canister containing barium metal and copper
oxide is ejected from the Shuttle and ignited. About five percent of the
barium is converted into atoms with a kinetic energy of several tens of
electron volts obtained from the Shuttle's orbital velocity. A large per-
centage of these atoms are converted to jons by_sun1ight within several
minutes. The cloud then moves downward along the magnetic field line under
the influence of gravity. The ions also drift across the magnetic field.
Above 200 kiTometers, where the effect of neutral wind is smali, this cross
field drift is due to an E X B force. From this drift, the magnitude and
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direction of the electric field can be calculated. The ions are detected
and tracked by their optical emissions.

Several types of diagnostic instrumentation are required for this
experiment. Complete local magnetic and electric field measurements are
desirable. A diagnostic package of three-axis, electric and magnetic AC
and DC field probes is deployed on a boom. Energetic particle analyzers
are also included in the boom diagnostic package to determine the local con-
ditions. Optical diagnostics consist of a fiiter photometer mounted on the
pallet. Since the phenomena being observed are relatively slow varying, a
single instrument with a variety of interchangeable filters can be employed.
The low-light-level TV system would also be used, but is not explicitly
included here since it does not utilize NIM or CAMAC equipment as previously
discussed. The otpical observations would ideally also be complemented by
ground-based observations of the barium cloud,

3.5,3.2 CDMS Implementation with NIM/CAMAC

The NIM/CAMAC implementation of the CDMS for the experiment is shown in
Figure 3-35. Since most of the instrumentation required to perform the
experiment has already been treated in the discussion of the previous two
experiments, only a brief discussion of the new elements will be given. The
NIM and CAMAC modules used for this experiment are identified in Table 3-26.

Cannister Control - Discrete digital signals are provided by a CAMAC output
driver to initiate cannister ejection and ignition. A CAMAC input register
(shared with the boom control function) is used to monitor the status of the
cannister ejection mechanisms.

Particle and Field Diagnostics - The only new item included is provision for
DC field measurements. The field probe signal conditioning electronics out-
puts an analog voltage that is digitized with a sTow CAMAC ADC. A1l of
these signals are processed with an eight-channel module.

Optical Diagnostics - The only difference between the optical diagnostics
for the experiment and the accelerator experiment is requirement to control
the movable filter wheel. This is handled by a CAMAC stepping motor driver.
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Table 3-26.

NIM/CAMAC Equipment for Chemical and

Gas Release Experiment

CAMAC Specific
System Element Product Code Example
Electric and Magnetic
Field Measurements (X3)
ADC - Fast (2) 161 B01244A
ADC - Slow 161 EGG AD811
Qutput Driver 133 B01082
Wave Analyzer (2) NIM
Electro-Static Probe
Scaler 111 BO1004A
DAC 162 KS3110
Discriminator ' NIM LRS621AL
HVY Power Supplies (2) NIM ORTEC 456
Retarding Potential Probe |
Scaler 111 BO1004A
DAC 162 KS31i0
Discriminator NIM LRS621AL
Power Supply NIM ORTEC 456
Photomultiplier Tube
Scaler 111 BOT004A
DAC 162 KS3110
Stepping Motor Driver 145 Ks3361
HV Power Supply NIM ORTEC 456
Boom and Cannister Controil
Stepping Motor Control 145 KS3360
Input Register 121 NE7059-1
Output Driver 133 BO1082
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Comments

Octal Unit

Dual, 16-bit unit.

Custom unit, could be NIM-
packaged.

Quad Unit, share below.
Octal Unit - share below.
Quad Unit, share below.

Quad Unit, share with ESA.
Share octal unit above.
Quad Unit, share with ESA.

Quad Unit, share with ESA.
Share with octal unit above.




3.5.4 Electrostatic and Electromagnetic Wave Experiment

3.5.4.1 Experiment Description

The main aim of this experimental area is to study the effect of modi-
fying the environment of the magnetosphere by the injection of electromag-
netic and electrostatic waves. The experiment that was chosen as a typical
example of one of the early wave propagation studies on Shuttle is the study
of electrostatic wave propagation near the lower hybrid resonance (LHR)
frequency.

The apparatus required to perform this experiment consists of an antenna
system that is mounted on an extendable boom. The antenna is composed of
four spherical electrodes about two cms in diameter that are mounted at the
four corners of a square with sides of four meters in length. The boom
needs to be long enough to remove the system to a position where the magne-
tic perturbations at the sensor should be less than one percent of the Tocal
field. This may be fifty meters or so from the Shuttie. The electrodes are
connected so as to form two parallel dipoles, one of which is used for trans-
mitting and the other for receiving. Therefore, this can be carried out in
four possible ways. The plane of the probe square is orientated so that it
is perpendicular to the direction of the earth's magnetic field. The boom-
mounted instrumentation comprised of a stepped-frequency transmitter and a
superheterodyne receiver, measures the transfer impedance between the two
dipoies as a function of freguency. The predictions are that the impedance
should peak at the LHR frequency and above this value should indicate
electrostatic propagation.

Instrumentation to measure the Tocal plasma characteristics is also
Tocated on the boom. It consists of an AC and DC magnetic field probe as
well as electron and ion density and temperature probes.

3.5.4,2 CDMS Implementation with NIM/CAMAC

This experiment requires only a modest amount of CDMS support. Most of
the types of instrumantation used to perform the experiment have already
been encountered in the previously discussed experiments. The block diagram
of the CDMS is shown in Figure 3-36 and the usual tabulation of NIM and
CAMAC modules used is given in Table 3-27.
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Table 3-27.
Experiments

CAMAC

System Element

Antenna and Boom Control

Stepping Motor Control-
lers (2)

Input Register

Qutput Driver

DAC

Antenna Array

ADC - Fast
Qutput Driver
Wave Analyzer

Magnetic Field Probe

ADC - Fast
ADC - Slow
Qutput Driver
Wave Analyzer

Electron Probe
ADC - Slow

DAC
Differential Amplifier
Scan VYolitage Power

Supply

Ion Probe
ADC - Slow
DAC

Differential Amplifier

Scan Voltage Power
Supply

Product Code

145
121
133
162

161
133
NIM

16:

161
133
NIM

161

162
NIM

NIM

161

162
NIM

NIM

Specific
Example

KS3360
NE7059-1
B01082
KS3110

BO1244A
B01082

B01244A
KS3510
B01082

KS3510
KS3110

ORTEC 456

KS3510
KS3110

ORTEC 456
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NIM/CAMAC Equipment for Lower Hybrid Frequency

Comments

Dual units

Used to record positions.
Share helow.

Octal Unit, share below.

Share with Antenna Controil.

Custom unit, could be NIM-
packaged.

16 channel, share below.

Share with Antenna Control.

Custom unit, could be NIM-
packaged.

Share with Magnetic Field
Probe.

Share with Antenna Control.

Custom unit. could be NIM-
packaged.

Share with Magnetic Field
Probe.

Share with Antenna Control.

Custom unit, could be NIM-
packagt d.




The antenna array instrumentation is unique to this experiment. The
boom-mounted transmitter and receiver are not themselves suitable for NIM
or CAMAC implementation. The same special NIiM-packaged wave analyzer pre-
viously used with field probes is for spectrum analysis of the receiver
output signal. The CAMAC output driver used to control the wave analyzer
is also used to provide discrete digital signals for transmitter control
and array switching control signals.

3.5.5 Laboratory Plasma Physics in Space

3.5.5.1 Experiment Description

The performance of iaboratory-type plasma physics experiments in space
is perhaps the most speculative and least defined of the studies proposed
for AMPS. The experiment selected as an example for CDMS analysis is in-
tended to investigate magnetic confinement of piasmas. The experiment
requires the deployment of a large electromagnet in the vicinity of the
Shuttle to confine plasmas. This will allow studies of basic piasma proper-
ties unhampered by the normal restrictions of impurities resuiting from
interactions of the plasma with the walls of the confinement vessel. Under
these conditions plasma wave instabilities, at the low density of the jono-
spheric plasma close to the Shuttle, wouid have growth and decay rates many
orders of magnitude faster than typical laboratory plasmas. This would
allow detailed examination of these phenomena to be carried out.

The main apparatus would be mounted on a boom and consists of two magnet
coils in a mirror configuration as well as a plasma gun to enhance the trapped
plasma. Diagnostic instrumentation includes a laser source with associated
photomultiplier detectors to monitor the trapped plasma density, an AC mag-
netic field probe, and a triaxial energetic particie analyzer to determine
particle energy distributions.

3.5.5.2 CDMS Implementation with NIM/CAMAC

As has been the case for most of the AMPS experiments, CAMAC equipment
will be used as interface between the Spacelab CDMS and the experiment
mounted on the pallets or deployed on booms. The control requirements of
this experiment include magnet control, plasma gun control, laser control,
and boom control. The diagnostic instrumentation presents only one new
requirement so far as the CDMS is concerned -- the energetic particle
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analyzers. A block diagram of the CDMS is shown in Figure 3-37, and the
NIM and CAMAC modules used in this implementation are listed in Table 3-28.

Control Functions - The magnet control system includes the power supplies
necessary to generate the current for the magnet coils and the housekeeping
necessary to monitor the status of the magnets. Sixteen channels of ADC
are provided to samplec and digitize the housekeeping instrumentation analog
outputs. Analog and discrete digital signals to control ihe magnet power
supplies are provided by one-half of an eight-channel CAMAC DAC and one-
half of a 2 x 16-bit output driver. The balance of the available output
signals from these two modules are more than adequate to control the plasma
gun power supplies and the laser power supplies. Boom control is imple-
mented in the same manner as before.

Energetic Particle Analyzer - The output of the energetic particle analyzer
is an analog pulse whose amplitude is propurtional to the particle energy
after preamplification at the detector. These pulses are further processed
with a NIM spectroscopy amplifier. Because of the high counting rate ex-
pected in these analyzers, a NIM-packaged pulse height analyzer (PHA} is
used to accumulate the particle energy distribution. The same function
could, in principal, be accomplished with a CAMAC fast ADC and accumuiation
of the data in the computer memory, but the CAMAC dataway would be extremely
busy. With the implementation selected, data are stored in the PHA memory
{256 channels of the 1024-channel memory are used for each particle analy-
zer) and periodically transferred to the computer via the CAMAC dataway.

The combination of a CAMAC paraliel input register and output driver is used
to control and transfer data from the PHA to the CAMAC dataway. The detector
high voltage is supplied by the conventional arrangement of a NIM HVYPS con-
trolled by a CAMAC DAC.

3.5.6 Passive Studies

3.5.6.1 Experiment Description

The passive studies that are proposed as part of the AMPS facility will
continue the observation of the natural physical, chemical, and electromag-
netic phenomena that have been monitored as part of the space program for
over ten years. This type of monitoring program utilizes a variety of
instruments to investigate phencmena related to particles, fields, and
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Table 3-28. NIM/CAMAC Equipment for Magnetic
Confinement Experiment

CAMAC Specific
System Element Product Code Example Commants
Magnet Control
ADC - Stow 161 KS3510 . 16-channel unit
DAC 162 KS3110 Octal unit, share below
Output Driver 133 B01082 Share below
Plasma Gun and Laser
Control
DAC 162 KS3110 Share with Magnet Control
Output Driver 133 B01082 Share with Magnet Control
Boom Control
Stepping Motor Control
(2? 145 KS3360 Dual units
Input Register 121 NE7059-1 Used to record positions
Photomultipliers {X3)
Scaler 11 BO1004A Quad unit
DAC 162 KS3110 Octal unit, share below
Discriminator . NIM LRS62TAL Quad unit
High-Voltage Power
Supply NIM ORTEC 456
Energetic Particle
Analyzer {X3)
Input Register 121 NE7059-1
Qutput Driver 133 801082 Share with Maghetic Field
Probe.
DAC 162 KS3110 Share with PMT's
Amplifier NIM QORTEC 485
Pulse Height Analyzer NIM 1 RS3001 Four-quandrant mode
High-Yoitage Power
Supply NIM ORTEC 456
Magnetic Field Probe
ADC - Fast 161 BO1244A
Qutput Driver 133 B01082 Share with EPA
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optical effects. The particles and fields instruments are essentially the
same instruments that are used to monitor the experiments covered in the
sections concerned with the active experiments and plasma physics in space.
However, the optical instrumentation is mere complex than simple optical
diagnostics considered thus far, so the major emphasis in the passive experi-
mental area has been placed on optical instrumentation. The equipment is
simiTar in many respects to that found in the solar physics and astronomy
payloads.

The detection and measurement of naturally-occurring and artificially-
produced atmospheric emissions is the experiment that has been chosen as a
representative example. The optical diagnostic equipment *that is required
for this experiment covers the spectral range from 40 nm to one um. The
main instrument consists of a cluster of six co-aligned independent spec-
trometers with each spectrometer optimized for a different spectral region.
The spectral range above 110 nm is covered by four Ebert-Fastie spectrometers,
and the region below 110 nm is covered by two concave grating spectrometers
using a Rowland circle-type mounting. The extreme ultraviolet (EUY) spec-
trometers are identical except for their detectors. A variety of detectors
will be utilized wiih the six spectrometer instruments.

The Ebert-Fastie spectrometers all use photomultiplier detectors with
window/photocathode combinations appropriate to the particular spectral
region being analyzed. Single-photon-counting data processing is used for
maximum sensitivity. These instruments are scanning spectrometers and con-
sequently grating movement control is required. Control is also required
for the spectrometer slits to set the spectral resolution.

One of the EUV spectrometers uses photographic film for data acquisition
and, hence, only requires camera and grating control. The other EUY spec-
trometer uses a position-sensitive microchannel plate detector o provide
the electronic equivalent of the photographic film with singie-photon-
counting sensitivity.

The spectrometer cluster is mounted on a small instrument pointing sys-
tem (SIPS) that provides pointing for the group of instruments. Since the
SIPS is a Spacelab-furnished facility, the associated control electronics
are not considered here for NIM/CAMAC implementation.
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3.5.6.2 CDMS Implementation with NIM/CAMAC

The block diagram of the CDMS required for the passive optical experi-
ment is shown in Figure 3-38. The four Ebert-Fastie spectrometers are
jdentical so far as the CDMS is concerned. Similarly, the grating control
function and s1it width control are handled in the same way in all of the
spectrometers. For both of these functions, the mechanism can be driven by
a stepping motor. A CAMAC dual stepping motor controller is provided for
each spectrometer to control the grating and sl1it drive motors. The posi-
tion of each mechanism is monitored with CAMAC dual 16-bit parallel input
registers.

The photomuitiplier pulse analog output signals are processed with fast
NIM amplifiers and discriminators and accumulated in a CAMAC scaler. The
scaler contents are read out to the computer in synchronism with the grating
scanning program. High voitage for the photomultipliers is provided with
the conventional CAMAC DAC/NIM HVPS combination.

The EUV spectrometer with electronic data acquisition uses a continuous
resistive anode technique to provide a one-dimensional position-sensitive
readout. A NIM dual sum/invert amplifier is used to generate the sum and
the differonce of the signals at each end of the resistive anode. Each
resultant signal is digitized with a fast CAMAC ADC. The high voltage
needed by the microchannel plate detector is provided in the usual fashion.

Finally, a CAMAC output driver is used to provide film advance signals
to the camera and sixteen channels of general housekeeping data acquisition
are provided with a slow multichannel CAMAC ADC. The NIM and CAMAC modules
used for the entire system are listed in Table 3-29.

3.5.7 AMPS Payload Summary

‘Table 3-30 summarizes the NIM and CAMAC equipment required for the CDMS
implementation of the AMPS payload. The numbey of moduies required is tabu-
lated and, as previously noted, many of the modules provide a number of
identical channels or functions.

A reasonably large number of NIM modules are required for this payload,
but over one-half of them are high-voltage power supplies. Also, the next
most frequently used modules {(wave analyzers and differential amplifiers)
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Tabkle 3-29. NIM/CAMAC Equipment for Passive Optical Experiment

CAMAC Specific
System Element Product Code Example Comments
Ebert-Fastie Spectrom-
eter
Scaler 111 BOT004A Quad unit
DAC 162 KS3110 Octal unit, share below
Stepping Motor Control-
lers %4 145 KS3360 Dual units
Input Register (2) 121 SE PG601 Dual units
Amplifier NIM LRS335 Quad unit
Discriminator NIM LRS621AL Quad unit
High-Voltage Pawer
Supplies (4) NIM ORTEC 456
Extreme UV Spectrometer
ADC - Fast (2) 161 BO1244A Bipolar input
DAC 162 KS3110 Share with E-F Spectrometer
Stepping Motor Control-
ler 145 KS3360 Dual unit
Input Register 121 NE7059-1 Share below
Sum/Invert Amplifier NIM ORTEC 433A Dual unit
EUV Spectrometer<Film
Output Driver 133 B01082 Dual unit
Stepping Motor Control-
ler 145 KS3360 Dual unit
Input Register 121 NE7059-1 Share with EUV Spectrometer
Housekeeping
ADC - Siow 161 KS3510 Sixteen-channel
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Table 3-30: AMPS Use of NIM and CAMAC Equipment

Experiment @é_u .
5 KV >
) ) LA
()
{‘b ',\'Q' .\Qf QIQ‘ 0,\0 e
CAMAC a@' F @ & & r;,,:\
Product & L e & & &

CAMAC Equipment Code Ay ¥ & v ¥ Totals
Scaler 111 2 1 1 1 1 6
Input Register 121 1 2 1 1 2 3 10
Output Driver 133 2 2 2 1 2 1 10
Stepping Motor Driver 145 3 2 2 2 6 15
Analog-to-Digital Converter 161

Single Unit - Fast 2 6 2 1 2 13
Multichannel - Slow 1 1 1 1 1 ] 6
Digital-to~Analog Converter 162 2 2 1 1 2 1 9
Branch Driver 211 Share 1 1
Crate Controller 231 Share 4 4
Crate 41 Share 4 4

NIM Equipment
Shaping Amplifier 3 1 4
Discriminator 1 1 1 1 1 5
High Voltage Power Supp]y 11 12 4 2 6 5 40
Pulse Height Analyzer 1 1
Sum/Invert 1 1
Bin Share 8 8

Special Modules
Differential Amplifier 6 2 8
Wave Analyzer 2 6 2 1 11

are special or custom~built modules, which are not currently manufactured
in NIM form, but could be NIM-packaged. Therefore, in spite of the signi-
ficant number of NIM modules identified, the AMPS payload should not
necessarily be considered to be a heavy user of NIM equipment.

In contrast to the situation for NIM, the AMPS requirements for CAMAC
modules spread rather uniformiy over the module types. Hence, a significant
use of CAMAC equipment is possible in the AMPS payload.
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3.6 EARTH OBSERVATIONS INSTRUMENTS

The Space Shuttle will be invaluabie as a platform from which to make
astronomical observations of planets, stars, and galaxies but it will also
be heavily used for remote sensing observations of the earth. From its
300 to 400 km altitude, it has an ideal vantage for detailed observations
of both atmospheric and surface phenomena. Included in the studies will
be measuremerts related to agriculture, energy minerals, forestry, land use
and marine statistics.

There is a multitude of instruments that will be used aboard the Shuttle
for the study of the earth and its resources. Of these, six have been selec-
ted in this study to analyze the applicability of NIM and CAMAC hardware to
their command and data management systems. These six instruments are des-
cribed in Table 3-31. The signal inputs to these instruments cover large
regions of the spectrum and, because of this, the instruments represent a
fairly complete cross section of the types of earth-observing sensors that
will be used.

The following sections analyze the usefulness of NIM and CAMAC equip-
ment for inter?acing these instruments into the Spacelab provided CDMS.
Two of the instruments, the 13-band Multispectral Scanner and the Microwave
Scatterometer, have previously been analyzed in terms of NIM and CAMAC by
the Bendix Corporation. Their resulis werereviewed and incorporated.

3.6.1 Lidar

3.6.1.1 Experiment Description

The purpose of the Lidar experiment is to study the structure, composi-
tion and dynamics of the earth's atmosphere at altitudes below 120 km. The
experiment operates by firing a laser into the atmosphere from the Space
Shuttle and monitoring the time distribution of the back-scattered radiation.
An anaiysis of the time structure of the back-scattered pulse leads to con-
clusions about the structure and composition of the scattering medium.

Another parameter that needs to be varied in the experiment to better
characterize the scattering medium is the wavelength of the laser radiation.
It is expected that lasers operating in the ultraviolet, visible and infra-
red out to 10 um (COZ) will be used. Since some of the scattering processes
change the wavelength of the scattered radiation, it is also informative
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Table 3-31. Earth Resources Instruments

Lidar

Three types of detectors

o -]
¢ Photomultipliers (2000 A to BQOO A)
# Fast Photodiodes (.8 u to B u)
e Cd Hg Te (10 )
Monitor time distribution backscattered photons
Analyze spectral distribution

Infrared Radiometer

Wavelength cone to twenty microns
Perform vertical temperature soundings
Fine spectral resalution

e Interference Filters
¢ Fourier Spectrometer

Related to IRIS and VTPR

Microwave Radigmeter

Wavelength 30 cm to 3 mm
Planar antenna array

¢ Scanned with phase variations
e 78 discrete steps in + 50 degrees of nadir

Similar to ESMR on nimbus

Camera Systems

5-192

Pointabie ID camera

Panoramic camera

Wide-angle framing camera
Multispectral camera system
High-resolution multispectral camera
Multiresolution framing camera

Thirteen-band Multispectral Scanner (Bendix)

5-103

.52 p to 12,5

Scanning via mirror rotation
Multiple data sampling modes
28-k data buffer

Microwave Scatterometer {Bendix)

ORIGINAL PAGE BB
OF POOR QUALITY]

Three instruments in one
& Radiometer

& Scatierometer

o Radar Altimeter

Wavelength 2.16 cm (13.9 GHz)
Mechanically-scanned parabolic antenna
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to measure the spectral distribution of the back-scattered Tlight., This will
be accomplished with multilayer interference filters for coarse resolution
and with a spherical Fabry-Perot interferometer for fine resoiution.

In addition to the measurement of back-scattered radiation, laser
transmission measurements are planned using a slave satellite to reflect
the beam back on itself. These measurements would be performed with the
Shuttle and a slave (or sub) satellite. This technique is particulariy
suited to determining the integrated concentration of a given constituent
along the beam path by making two transmission measurements at wavelengths
within and just outside an absorption 1ine of the molecule.

For both the back-scattering and transmission-types of measurement, a
1-m2 telescope accurateiy aligned to the beam direction will serve to collect
the returning radiation. One of three types of detectors will be located at
the focus of the telescope. The choice will depend on the wavelength region:

e for .2 um to .8 um, photomultipliers will be used;
e for .8 um to 8 um, fast photodiodes will be used;
e at 10 n (002 laser), CdHgTe detectors will be used.

Initially, these detectors will operate without cryogenic cooling but that
capability may be added as the system is improved. Since the total duration
of the back-scattered pulse is only on the order of a millisecond, it is
desirable to operate the detectors in the photon counting mode and avoid the
use of an ADC. Unfortunately, this can only be done with the photomultipliers.

3.6.1.1 CDMS Implementation with NIM/CAMAC

Fairly extensive CDMS support is required for the Lidar experiment. In
order to analyze the time distribution of returning photons, a multichannel
analyzer of at least 100 channels with eight to ten bits per channel is re-
gquired. At visible wavelengths, each channel of the analyzer will store
the photomuitiplier counts for one of the short time intervals after the
laser is fired; thus forming a hundred-element histogram of the time depen-
dence of the back-scattered radiation. At infrared wavelengths, the CDMS
must aiso provide for the fast (10 to 12 usec) digitization of the analog
signals output from the detectors. The data from each firing of the laser
will be displayed in the Spacelab and will also be sent immediately to eayth-
based laboratories for analysis and interpretation,
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The CDMS must provide control signals to the Taser to select the power
and wavelength at which to operate. It must provide for automatic sequen-
tial firings of the laser at frequencies as high as 2 Hz. Additionally,
the CDMS must process and interpret an assortment of analog and digital
housekeeping data from the instrument.

The CAMAC implementation of the Lidar CDMS, shown in Figure 3-39,
makes heavy use of the Spacelab experiment computer to implement the muiti-
channel analyzer function. The returning photon counts are integrated over
10 to 20 usec with a single scaier and transferred as separate data words
to the computer. There they are processed as necessary and stored in an
array to be recalled as needed for displaying the histogram or telemetering
the data to earth.

The exact details of the laser control electronics are uncertain., The
divect functions will certainly be peculiar to the lasers that are used and
cannot be implemented with standardized electronics. An output register is
provided to supply digital control signals as required,

As indicated in Table 3-32, many of the CDMS requirements for Lidar
can be implemented with NIM and CAMAC modules. However, neither the nonpho-
ton-counting amplifiers nor the electronics for direct control of the lasers
Tend themselves to the NIM and CAMAC systems. These would have to be
specially constructed with the instruments.

3.6.2 Infrared Radiometer

3.6.2.1 Experiment Description

This instrument is designed to perform temperature sounding measurements
of the earth's atmosphere to aid in weather prediction., An infrared radiom-
eter is required for the measurements because the C0, bands of interest lie
in the infrared region of the spectrum. Of particular usefulness are the
molecular vibration absorption/emission bands at 4.3 um and 15 um. Because
these must be measured with a spectral rescoiuticn of at least five wave num-
bers, it is necessary that the infrared radiometer be able to isolate small
spectral regions. This can be done with interferometric techniques as in
the IRIS (Infrared Interferometeric Spectrometer) but adequate resolution
can also be achieved with filters. It is the instrumentation of such a
filter radiometer that will be considered here.
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Table 3-32. NIM/CAMAC Implementation of Lidar

CAMAC Specific
System Element Product Code Example Comments
Detector System
Photomuitiptier Ampli-
fier NIM ORTEC 276
Amplifiers (2) None
Scaler (10 bit) 111 B01002 )
ADC (2) 161 BO1243A 11-usec conversion time
HV Power Supply NIM ORTEC 456 ]
Qutput Register 133 Use one bit of register below
Laser Control
Power Control Electron-
ics None
Wavelength Control
Electronics None
Output Register (2) 133 KS3080
Housekeeping Signals
ADC 161 KS3510
Multiplexer 164
Input Register . 121 NE7059-1

An example of a filter radiometer is the Vertical Temperaiure Profiling
Radiometer (VTPR) shown in Figure 3-40. This instrument operates in either
a measurement or calibration mode. In the measurement mode, the scan mirror
sweeps across the earth in 23 discrete steps. There is an eight-segment,
narrow-band filter wheel located directly in front of the detector. This is
rotated at 16 Hz in synchronization with a chopper wheel directly in front
of the detector. The rotations are such that the detector first views the
target for 31.25 msec through a filter and then views the 308° K reference
of the chopper blade while the filter wheel is changing to the next filter.
In the calibration mode, the view of the target is replaced by a view of a
calibration source within the instrument. Figure 3-41 shows the optical
configuration of the VTPR.

3.6.2.2 CDMS Implementation with NIM/CAMAC

The CDMS requirements to support this instrument are quite straight-
forward. The primary requirement is to provide for the digitization of the
analog signails from the infrared detector. It is presumed that an integral
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part of the detector system will be the low-level electronics that perform
the preamplification of the signal and that the CDMS need only worry about
processing the signal after this initial amplification stage. The digiti-
zation of the detector signal must be performed in synchronization with the
chopping of the signal. This is easily managed since the CDOMS also provides
the control signals to the stepper motor which rotates both the chopper and
the filter wheel.

The CDMS also must control the operation of the stepper motor which
moves the scanning mirror. Also, several temperature measurements will be
made regularly throughout the instrument and will be used to send back an
analog signal to a heater in the instrument to maintain it at a constant
operating temperature.

Figure 3-42 shows that the implementation of the CDMS functions for the
infrared Rodiometer are quite straighforward and easily handled by NIM and
CAMAC equipment. This instrument is implemented in a manner very similar to
cne SIRTF Fitter Photometer.

| Bl1AS
== OUTPUT REGISTER CUBPLY
y
- ADC LOW LEVEL | IR
= - ELECTRONICS | DETECTOR
STEPPING CHOPPER AND FILTER
- MOTOR -
Moo STEPPING MOTOR
TO CAMAC
EXPERIMENT ———s»t CRATE ] 1 |NPUT REGISTER jomtt—
COMPUTER CONTROLLER
o SIETRING o1 SCAN MIRROR
DRIVER STEPPING MOTOR
& MULTIPLEXER TEMPERATURE
| CONTROL
- ADC SYSTEM
= am DAC -

Figure 3-42. VTPR NIM/CAMAC Implementation

152




Table 3-33 summarizes the NIM and CAMAC modules that would be required
to build the CDMS for the Infrared Radiometer. The only element in the system
that cannot be handled by either NIM or CAMAC equipment is the low-level
electronic function associated with the detector. These would have to be
specially designed for that purpose.

3.6.3 Scanning Microwave Radiometer

3.6.3.17 Experiment Description

The microwave region of the spectrum is generally considered to be
from about one GHZ to 100 GHz (or A = 30 cm to A = 3 mm). Earth observations
at these wavelengths primarily observe thermal emission from the earth's sur-
face and from atmospheric constituents such as clouds rain drops, and dust.
Compared to optical and infrared wasvelengths, the atmosphere is generally
much more transparent at microwave wavelengths with the exception of a few
significant absorption bands due to water vapor and oxygen. Because of this
penetration property, microwave observations, in conjunction with simultaneous
visible and infrared cloud maps, can be used to differentiate water clouds
Trom cirrus and ice clouds.

The microwdve scattering effects from atmospheric constituents are in
the transition region between Rayleigh and Mie scattering and show marked
f.2quency variations in effective emissivities and extinction coefficients.
This results in a very complicated inversion process to determine from the
observed microwave radiance the temperature and physical nature of the
emitting material. As a result, single measurements are frequently ambiguous
and multiple measurements under varying conditions are required to evaluate
all of the characteristics of the emitting medium.

The scanning function of the microwave radiometer is achieved by phase
variations across a planar array antenna. This electrical scanning, rather
than mechanical movement of the antenna, avoids problems of attitude pertur-
bations of the spacecraft and also results in a more compact antenna than a
corresponding parabolic reflector and feed combination. The signal-to-noise
ratio is maximized by operating the radiometer in the Dicke-switched mode
using a 340° X reference load. The operational wavelength of the radiometer
is chosen to aveid the emission lines of 02 and H20 at G.5 cm and 1.35 cm,
respectively, and the operating regions of earth-based radar.
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Table 3-33. NIM/CAMAC Implementation of Infrared Radiometer

CAMAC Specific
System Element Product Code Example Comments
Detector System
ADC 161 BO1244A
Output Driver 133 D164
Bias Supply NIM ORTEC 456

Low-Level Electronics None

Chopper and Filter Motor

Stepping Motor Driver 145 KS3361

Input Register 121 NE7059-1
Scan Mirror Motor

Stepping Motor Driver 145 KS3361

Input Register 121 NE7059-1 Share register above
Temperature Control
System

Multiplexer 164 KS35610

ADC 161

DAC 162 D0200-1518

154




3.6.3.2 CDMS Implementation with NIM/CAMAC

Extensive CDMS support is required to operate the microwave scanning
radiometer. Figure 3-43 shows the block diagram for an Electrically Scan-
ning Microwave Radiometer (ESMR) desighed for the Nimbus program. This
instrument consists of four major components:

¢ a phased-array microwave antenna (83.3 cm x 85.5 cm) consisting

of 103 waveguide elements each associated with an electrical
phase shifter;

e a microwave receiver with a center frequency of 19.35 GHz and
an IF bandpass that extends from 50 to 150 MHz;

e a beam steering computer that determines the coil current for
each “ the phase shifterss

¢ timing, control, and power circuits.

When such an instrument is flown aboard Spacelab, the functions of the
last two components will be fulfilled by the Spacelab CDMS. In particular,
the experiment computer will be used to compute the series of signals to
each of the 103 phase shifters in order to scan the beam in 78 discrete
steps through the nadir to + 50-degree cross track.

The functional block diagram in Figure 3-44 shows the implementation
of the CDMS functions of the experiment using CAMAC equipment and the facili-
ties provided by Spacelab. It is jmportant to note that all of the electron-
ics associated with processing the microwave and IF signais are outside the
scope of CAMAC or NIM and must be specially constructed as an intrinsic part
of the experiment. Also intrinsic to the experiment is the circuit matrix
that generates the actual beam steering signals to the phase shifters al-
though the CAMAC system with the experiment computer performs all of the
beam steering calculations and provides digitized control information to
the steering circuits.

The CAMAC equipment required for this experiment is summarized in
Table 3-34. The most noteworthy item is the beam steering control unit.
CAMAC makes extensive use of the experiment computer to calculate the beam
steering parameters, but it also regquires four CAMAC modules to output all
of this information to the actual steering c¢ircuits. The four ouiput drivers
specified each can handle 128 bits of information, so a total of 512 bits of
steering information can be transferred from the computer at one time.
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Table 3-34.

System Element

Beam Steering Control
Output Driver (4)

Switch Driver Control
Qutput Driver (1/2)

Signal Digitization
ADC

AGC Control
Qutput Driver (1/2)

Temperature Control
System

Multiplexer

ADC (8 bit)

DAC

CAMAC Implementation of Microwave Radiometer

CAMAC
Product Code

133

133

161

133

164
161
162

Specific

Example Comments

BR3212 3212 BiRa (128 bits) Computer
handles beam steering calcu-
lations.

0D1613 Share driver with AGC control

B01244

0D1613 Share driver with switcn
driver control.

KS3510

NE7015
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3.6.4 Cameras

3.6.4.1 Experiment Description

Most earth observation payloads for Shuttle will use one or more film
camera systems for purposes of target area identification, cartographic and
topographic mapping, and obtaining multiband monochrome, color, and false
color images with various degrees of spatial resolution. The primary charac-
teristics of these various camera systems have been summarized in Volume III
of the TRW study., "Mission Requirements for a Manned Earth Observatory.,"

NAS 8-28013, 1973. This information is summarized below.

Six potential film camera systems have been identified for the earth
observation payioads.

Pointable Identification Camera - This will use panchromatic color film
with a 70-mm format for general identification photoyraphy of broad target
areas. Two-axis gimballing will be required for pointing of the camera.

Panoramic Camera - This camera uses 13- x T4-cm film to obtain either high-
rasotution-vertical or stereopanoramic photography. The cross-track field
of view is 120 degress and stereophotography 1s obtained by nodding the
camera about the pitch axis through an angle of + 12.5 degrees.

Wide-Angle Framing - This uses 24- x 48-cm film and has been recommended

by the U. S. Department of Interior for use with tha Panoramic Camera for
mapping. The primary feature of this camera is the high geometric fidelity
of the image, enabling cartographic mapping to be performed.

Multispectral Camera System - This uses a group of six metric cameras and
24~ x 24-cm film to obtain multiband images on hiack and white film in four
spectral bands in addition to color and false coior photography with the
other two cameras.

High~-Resolution Multispectral Camera System - This uses telephoto optics

with a field of view of 1.75 degrees to obtain multiband monochrome, color,
and false color images of specific areas of interest.

Multiresolution Framing Camera System - This uses three bore-sighted 24- x

24-cm format cameras with lenses of 46.92- and 184-cm focal length for simui-
taneous observations of the same target area with three different values of
ground resolution. Using falise color film in all three cameras, this will
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enable experimentation to determine resolution requirements for future obser-
vations in the experimental areas of lake eutrophication, coastal and geomor-
phic processes, urban surveys, wildlife ecosystem studies, and geologic
mapping.

3.6.4.2 CDMS Implementation with NiM/CAMAC

The CDMS requirements for the earth-observation cameras are very similar
to those for the ATM/Skylab cameras. It is assumed that each of the cameras
will have a diode array of 48 bits for recording information about time of
exposure, length of exposure, shuttle orientation, and other exposure data.
Additionally, it is assumed that each of the cameras is equipped with its
own intrinsic motor drive and shutter control system which needs only a few
digital commands to advance the film and choose the exposure time. By
interfacing the cameras with the experiment computer, manual operation can
be achieved using the keyboard input to the computer and automatic operation
implemented under computer control.

The actual pointing of the cameras and control of their gimbal mounts
is not discussed since these functions are assumed to be supplied as support
functions by the Spacelab.

As seen in Figure 3-45, the primary elements required to interface the
camera CDMS are output drivers. Except for stepper motor control of the
filter wheel in the High-Resolution Multispectral Camera, all control sig-
nals for these experiments are ones and zeros transferred from the computer
to the cameras via the output drivers.

Table 3-35 enumerates the output driver modules required to handle the
interface to the camera experiments. Some savings in required hardware is
obtained by sharing modules between camera systems. However, because of the
48 bits required to drive the diode matrix in each camera, the system still
requires 17 output driver modules.

3.6.5 Thirteen-Band Multispectral Scanner

This instrument was part of the Skylab Earth Resources Experiment Pack-
age {FREP) where it was labeled S-192. It was a Tine-scanning radiometer
used to scan lines across the Skylab flight path. It obtained data in
thirteen spectral regions from 0.52 p to 12.5 u about energy reflected and
emitted by the earth's features.
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Table 3-35. CAMAC Implementation for Earth Resources
Camera Systems

CAMAC Specific
System Element Product Code Example Comments
Pointable ID Camera
Ouitput Register (1/4) 133 NE9O17 =~  Allow 12 bits for camera
Output Driver 133 0D2407 control.
Panoramic Camera
Output Register (1/4) 133 NE9017 =1— Share one NE9017
Output Driver 133 0D2407
Wide-Angle Framing Camera
Output Register (1/4) 133 NE9017 —
Qutput Driver 133 0D2407
Multispectral Camera System
Qutput Registers (6/4) 133 NE9017 Two required
Qutput Drivers (6) 133 002407
High-Resoiution Multispectral
Camera
Stepping Motor Driver 145 KS3361
Input Register 121 NE7059-1
Qutput Register (1/4) 133 NE9Q17 Share one NE9017
Output Driver 133 0D2407
Multispectral Resolution
Framing Camera
Qutput Register (3/4) 133 NESO17
Qutput Drivers (3) 133 0D2407
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This was one of two earth resources experiments which was studied by
Bendix to analyze the applicability of NIM and CAMAC instrumentation to the
implementation of the data processing system. Their results. including a
detailed discussion of the operation of the instrument, are reported in
their final report, BSR4142, June 1974. These results were reviewed and
found quite reasonable. Their conclusions about NIM and CAMAC applicability
to the multispectral scanner are shown in Table 3-36, adapted from BSR4142,
page 3-75, Table 3.5.4.

3.6.6 Microwave Scatterometer - Like the Multispectral Scanner, this instru-

ment was flown on Skylab as part of the Earth Resources Experiment Package
and was included as part of the Bendix Study, BSR4142. 1In Skylab it was
known as the Orbital Microwave Radar System {S-193) and was operated alter-
nately as a radiometer, a scatterometer, and a radar altimeter. It operated
in the 500-MHz to 14-GHz region.

Bendix has analyzed the control and data management system regquired to
support this instrument and has developed a NIM and CAMAC impiementation of
this system. They concluded that NIM and CAMAC are totally unsuitable stan-
dards for handling the RF portions of an experiment like this. However, they
did find application for NIM and CAMAC modules in the areas of higher order
data processing to be done on the signals. Their analysis of the instrument
is contained in Section 3.6 of BSR4142. This has been reviewed and their
conclusions are incorporated here as Table 3-37 which is adapted from their
report.

3.6.7 Earth Observations Payload Summary

The uses for NIM and CAMAC equipment developed in the preceding sections
are summarized in Table 3-38. The results for the two experiments studied
by Bendix are inctuded.

One thing that stands out in the table is the very sparse use of NIM
equipment. This is due to the fact that many of the signals from the sensors
studied, especially those in the microwave region of the spectrum, cannot be
suitably handled by NIM equipment. In addition, data from the cameras are
recorded directly on film and require no processing at all.
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Table 3-36. CAMAC Implementation for Thirteen-Band
Multispectral Scanner (Bendix)

CAMAC Specific
System Element Product Code Example Comments
_Position Encoder 117 EG&G PEQ19
Input Gate 121 KS3420 24-channel
Intercept Register 123 EG&G IR026 12-channel/NIM input
Output Register 132 KS3072 Dual, 24-bit
Stepping Motor Control-
er 145 KS3361
ADC-Multiplexer 161 BR5301 32-channe]

Table 3-37. CAMAC Implementation of Microwave
Scatterometer (Bendix)

CAMAC Specific
System Element Product Code Example Comments

Position Encoder 117 EG&G PEO19
Input Gatz _ 121 KS3420 24-channel, 2 required
Interrupt Register 123 EG&G IR026 12-channel, NIM input
Output Register 132 KS3072 Dual, 24-bit, 2 required
ADC-Multiplexer 161 BR5301 32-channel plus two

Multiplexer 164 32-channel expanders
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Table 3-38: Earth Observations Use of NIM and CAMAC Equipment

Instruments
{
<@
65@
X
s‘*éi
& AVR R
L L& o N &
Product  FaS B 88 & & @

CAMAC Equipment Code VR TR Ty QT QY Totals
Scaler 111 1 1
Position Encoder 117 1 1 2
Input Register 121 1 1 1 1 2 6
Interrupt Register 123 1 1 2
Output Register 132 1 1 2
Qutput Driver 133 2 1 5 17 25
Stepping Motor Driver 145 2 1 i 2 6
Analog-to-Digital Corverter 161

Single Unit - Fast 1 1 1 3

Multichannel - STow 1 1 1 1 1 5
Digital-to-Analog Converter 162 1 1
Multiplexer 164 2 2
Branch Driver 211 Share 1 1
Crate Controlier 231 Share 3 3
Crate 431 Share 3 3

NIM Equipment
High Voltage Power Supply 1 1
Amplifier/SCA 1 1
Bias Supply 1 1
Bin 1 1

The other nofeworthy item in the table is the requirement for 25 output
drivers. This number reflects the large demand for these moduies by the
camera systems where they are used to drive the many arrays of light-emitting
diodes that identify each image frame.
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3.7 LIFE SCIENCES LABORATORY

In order to assess the CDMS requirements for the Spacelab Life Sciences
experiments the representative payload selected was the 30-Day Dedicated
Laboratory described in the General Dynamics/Convair study report number
CASD-NAS-74-046. This is the largest laboratory that might be flown in the
Spacelab. As such it represents the maximum requirements for the CDMS.

The Convair study of this laboratory treats the various experiments in
terms of equipment units and summarizes the data processing requirments for
each of these units. For the purpose of this study the Convair equipment
units will be grouped together into five functional categories. These are:

Biochemical/Biophysical Analysis
Biomedical Studies

Data Management and Laboratory Support
Holding Units and Research Support

@ Other Equipment Units

This functional grouping breaks the CDMS requirements for the 30-Day Dedi~
cated Laboratory into categories of manageable size for analysis.

The Convair study summarizes all of the Life Sciences equipment that
must be interfaced with the data management system and tabulates the data
sampling rates required of each piece of equipment. This summary is repro-
duced here as Table 3-39.
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Table 3-39.

Life Sciences Dedicated Laboratory Data Handling Requirements

SAMPBLED DATA

REQUIREMENTS
Sampling] Sampling| Total DOWNLINK
EQUIPMENT UNIT (EU NG.} & Rate Duration kbits REQMTS. DISPLAY PROCESSING REQUIRED BY CONTROL
}| EQUIPMENT ITEM (E.1. NO.) | MEASUREMENT DESCRIPTION OR COMMENT bps minfday ° per dny %_| kbite/day REQUIRED COMPUTER OR LOCAL ELECTRONICS |

Dats Managemont Unit (EU2) . -

Dipplay/Keybanrd, Portable {63B) Provides crpw guidance at the expaerimant site. In- 0 0 [} 0 1} None The poriable display keyhonrd will o=
cludes alphanumeric & CRT displaya and control key- quire considerabls sofiwnre specific to
bonrd. This device was assumed to be hard wired 1o the exporimetts belng supportad.
tha DMS. .

Couplers, ECG {64), EEG {65), and Conditions alectrophysiological ailgnals from organisms| 21,000 cont. 1,814,000 | 0.1 1814 Nuseerie, CRT, & Wave form apalypis and comparisan.

EMU (b6) or man. Assumed § continuous nod lb inlermittent au, uoe 10 4o, BH) 5 1680 Warning
siguels. (typical)

Oneilloscope {132} Porinble unit for display at the experiment alto - hard 0 [] [] ] [] Nene HNone oiber thth that providod intornsl
wired 1o couplert. (2bove) or other sensors which ta the oncHloscope.
provide the inlerface to the DMS.

Photocold Couplors (138B) Monitors Hght lovels lnvarious cages and cage modules| 84 cont. 7,260 fi] 0 Numeric & Warning | Out-of-tolorancse comparison.
including thoee for plants.

Prossurp Sensor Couplers (1436) For hload pressurs measurements., 2,800 17 2,856 1 28 Numeric & CRT Nonp,

Signal Conditienors (156) For miscellaneaun phystcal and physiological 2,450 21 3,087 1 3l Numeric & CRT Qut-of-tolerance comparison.
megsur

TOTALS 21,084 cont, 1,860,803 3553
sllzsn intermitt.

Life Sciences Support Unit (EU 3)

Acceolerameter Coupler (1A} Measures crew body accelerations. 10,500 | 64 37,800 1 3178 Numeric & CRT Simple wave form anil yois.

Gos Supplies (9UA) Monitors gas veagel prospuros. 1 conot. 60 0 0 Numeida & Wornitg | Rate-of-chaoge oonlyets,

| Power Conditioning Equipment (143} | Includen 6 voltage and amperege monitors. 2 cont, €9 0 0 Numeric & Warning | Dut-of-tolerance samparigon,

Water Conditioning Equipmont {188} Includen water tank expulsion bladdor prossure nogl. cont. 40 ] 1] Numeric & Warning | Out-of-tolorance comparison.
monitotrs.

TOTALS 2 cont. 37,860 378
- - 10, 500 | intormltt.

Preparation & Predervation Unit (EU4Y

Freezer, Cryogonic (T7B} Monpitor freezer temp. and prosaute. nogl. | cont. 14 0 0 Numcric & Warning | Qut-of-tolerance comparison.

Froezor, Low Tomp, (41} Monltor temporature. negl. cont. 1 0 '] Numeric & Warning | Out-of-toloronce compar’ on. |

Frig. {Refrigerator) (83) Monltor temparature. negl. cont. i 0 [ Numevic & Warning | Out-of-iolerance compa. 800,

TOTALS | 0 16 0

Blochomical/ Blophyaica Amalysls

Unit (EU 5)

Autoamalyzer {7} Data entersd includes upecimen 1.D. . type of analysia, nogl. 33 5 5 negl Numeric Processlng assumed to be dope fn-
and mepsured valus. tornal to the nutoamalyzer.

Commutnior, Gas Manifold (S0A) i fon valve pooition to determino negl. cant. 6 0 [+] Numeric MNaone.
saurce of gas bolng annlyzad.

Fibrometer, Blood Clot (T6L) Duta entored includen specimon [. D, and clotting timo. 1 4 negl. 5 negl. Numeric Proceaslng o performed internal to

the automatie fibromoter.

Blood Gas Asalyzor (85) Based on use of NASA'g Automted Potentiometric & 15 5 30 2 Numorie Linear intorpelation program
Elsetrolyte Analyzer, tr cald includo pH, roquired.

COs, 02, K, Ca, Na, Cl, and glucase.

Gas Chromatograph (89) Monitor GC paramoters during operation and measura a7 240 532 1 5 Numeric, CRT, Wave form amlysis.
gas concentration valven. Warning

Mose Spoctromoter (31) Monitors digital output for matter/buffer contatning 600 cont. 51,840 1 518 Numeric, CRT, Complex computer proceseing involving
information on maes numbor and peak heights of Warning matrix manipulations may be required
gascs found during mnss scans to dotoct traco con- depending upon axperiment require-
copatityents ns well ag major atmoapheric menta,
compononta.

Sound Lovel Motor Monitor inboratory sound lovela. 14 cot}, 1,210 & 0 Nummetic Nongo.

TOTALS 614 cont. 53,598 525
44 intormit.
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Table 3-39.

.

Life Sciences Dedicated Laboratory Data Handling Regquirements {Continued)

SAMPLED DATA

REQUIREMENTS
Samplingl Sampling Ibtal DOWNLINK
EQUIPMENT UNIT (EU NO.} & Rtate | Duration kbits REGMTS DISPLAY PROCESSING REQUIRED BY CONTROL
EQUIPMENT ITEM (E.I. NO.} MEASUREMENT DESCRIPTION OR COMMENT bys minfday | par day bits/day REQUIRED COMPUTER OR LOCAL ELECTRONICS
Biomedical/Bekavioral Resparsh i
S rt Enit (BEU 12
Elcctrophysiological Recelvor (65C) Monitors electrophysiological signale from man and 14,000 | 53 44,520 1 4415 CRT Wave form analysis.
vertebratos.
Rotaling Littor Chafir {153A) Meazsure experimental datn such as subject responses, 2753 158 26, 100 1 261 Numeric & Warning | Out-of=tolerance comparison.
and momitor operational parameters auch as rpm and
acoeleration,
TOTALS 0 cont. 70,620 708
16, 753 { intermitt.
Biomoedical Reasarch Support Unit
(EU 31}
Exercise Equipment {bleycle exgom-~ | Mondtor ergometar parameters auch a6 enorgy ontput. 13 37 29 5 1 Numeric ‘To be determinud,
otor used as a baeia of duta
rogm'ts {18C)
Flowmeter, Doppler (76K) Measures instantonocous blood velocity In poripheral 700 at 1,302 1 13 CRT To bo determined,
vessels.
Ultrasonoacops (T6M) Displays crogs-scctonal viow of tho hoart on an o8~ L] K.A. a N.A] N.A, Naonz Nane.
cllloscope which ip included a8 part of the E.1. Video {not appll-
1
Matabolic Annlyzor {125D) Data readouts inecluds Oy consumed, COz/0, ratia, 25 M 116 1 1 Numerie Procaseing, Uf required, will dopend
respiratory minute voluma, vital capecity, % CO2, % upon spectfic axpariments.
Ho0, rnd % Op. Processing to yleld this data i per-
formed intorpal te the E. 1.
Coupler, Vectorcardlogrnm (1821) Convorts VOG signals to & format ugsble by the DMS a1,000| S 20,951 1 209 CRT Promble processing wili include
Intorfoce ynits. matrix manipulation & wave form
analysls,
! TOTALS 0 cont. 22,1398 229
- 21,738 | intermitt.
Small Vortchrato Holding 1nit (EU 40)
2 Cage Modulaa (103} Monitor temp., air flow, humidity, preassure & feoder. 7 cant. 605 1 6 Numorle & Warning | Qut-of-talerance comparison & simple
LomTiatong.
Primato Holding Unit (EU 4L)
2 Cagoa, Primate (26A) Monitor temp. , adr flow, humidity, pressure & feedar. i cont. 605 1 6 Numeric & Warning | Out-of-tolerance comparison & slmple
mmmhuinns.
Vertohrata Resoarch Support Unit
(EU 42)
Couplora, Flowmater (T65f) Maonitors water Sow at various points In the inborutory.] 28 cotit. 2,419 L] 0 Numerie Fogalble intopration.
Tranaducer, Bluod Prossurs (1B1C} Measuro vertebrote blood prossurs weve contour. 50 27 867 5 28 CRT Posalble wavo form analysis.
TOTALS 28 cont. 2,980 28
50 intormitt.




Table 3-39. Life Sciences Dedicated Laboratory Data Handling Requirements (Continued)

" SAMPLED DATA
! : HEUIRE 5

——

T Hasnpitng | Sampli Tokal 1% W LINK

RIFTVOD ¥o0d d0
1 EDVd TVNIDINO

EQUIPMENT UNIT {EU NO.) & ! e frTation Kbits HEQM TS, DISPLAY PROCESSING REQUIRED BY CONTROL
EQUIPMENT ITEM (E.1. NO.) MEASUREMENT DESCRIPTION Ol COMMENT hps min/day | per day ™ T kbits7day REQULIED COMPUTER Ot LOCAL ELECTROKNICS
Plamt Hokling Unit (EU 50;
| Holding Unit, Plants (loi} Monitar temy., air flow, humidihh, and pressure. 3 conl, 173 1 - Numeric & Warnine ] out-ol-tolerance comparison.
Plant Research Support Unit (EU 51)
Clinostat (50 Monitor rotation rate. negl. canl. 10 0 0 Nunieric Nonv,
Cells & Tissues Holding Unit (EU 10}
2 Holding Unlts, C/T [9BA Monitor temperature, air Qow  and haodity k] vont, 254 1 3 Numerie ut-ol-tolerance comparisan.
Lz tglding Units, /T LIBA} e ety -, L i e S0 s L LEN—
Lnveriebrate Holding Linit (EU 70)
Hiolding Unlt, Inverlebrutes (98C Monitor temperature, air flow, humidity. i vont, bl 1 1 Numeric Cut-of -tnlerance comparison,
Lilc Buppor! Gabsystem Test TR
- EU
% 1.58 Test Bench {E15F) Monitwr dats fram i typical wst iem such as Bosch iy com, 2,075 1 Bil Numeric (ut-of-tolerance comparison.

reactor L. p, flow, ctc, Variaus performance caleulations.
e L0us Dor e

MSI Measurements Unit (EU 91}

Psychomotor Performance Console Monitor sensor ouiputs whrcl measure veews ainlity W 10 12 1,745 K s Numeric
(144} perform ¢+ rious psychomoter tasks such as traching,
steadines: | patlern recosnition, ole,

nhpown but could be substantinad.

-
Biaresearch Centrifue (EU 23}

Biorescarch Centrifuge (1) Mondtor vertebrate envirommental pusuncters sl 14 sl
vemi ne operational parneters.

12 " n Numeris txit-of-tolerance commrison,

TOTALS 2, TR 'REIN
TFOR A LT EL'S) | SRR B




3.7.1 Biochemical/Biophysics Analysis

3.7.1.1 Instrument Functions and CDMS Requirements

This category of laboratory equipment (Equipment Unit 5 in the Convair
study) performs the biochemical and biophysical analyses of experiment speci-
mens and parameters. These analyses generally require more than simple in-
strumentation. Among the instruments in this category which must be inter-
faced to the CDMS are an autoanalyzer, a gas manifold commutator, a blood
clot fibrometer, a blood gas analyzer, a gas chromatograph, & mass spectro-
meter and a sound level meter. Other instruments used for biochemical and
biophysical analyses will operate with no dependence on the Spacelab CDMS.
The major functions of the CDMS-dependent instruments are summarized below.

Autoanalyzer - The autoanalyzer measures blood, urine and spinal fluid

properties by means of specific enzymatic reactions together with 1ight ab-
sorbance measurements. Because a commercial unit will be adapted for Space-
lab, most of the analysis operations will be performed automatically under
control internal to the instrument. The data to be transferred to the
Spacelab CDMS will consist only of the digitally encoded sample ID, analysis
type and measured value for that analysis.

Gas Manifold Commutator - The commutator monitors valve positions to iden-
tify to the COMS which of several test gases is currently being used. Here
only an occasional sampling of the gas valve status is necessary.

Blood Clot Fibrometer ~ The function of this instrument is to measure the
coagulation time of biood plasma to + 0.1 second accuracy. It also will be
commercial equipment adapted for space use and will supply the Spacelab CDMS
with digital values of samplie ID and clotting time. These must be passed to
the computer for processing and then to the recording and telemetry systems.

Biood Gas Analyzer - This analyzer processes a 1 ml blood sampie to measure
pH and the concentrations of COZ’ Na, K, C1, ionized Ca and total Ca. It
also measures gases from urine samples. If a non-commercial unit is used the
CDMS will have to provide both analog and digital control signais to the in-
strument and digitize the analog data produced by the instrument.
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Gas Chromatograph - This instrument measures the concentration of indivi-
dual gases in gas mixtures. In particular it monitors such gases as 02, NZ,
H2’ COZ’ H4, HZO, and NH3 down to the parts per million range. When the in-
strument is operated (6 hrs/day) the CDMS is used close to the thermal con-
trol loop on the chromatographic columns and to digitize the analog data
from the detectors. The CDMS computer also performs waveform analyses of
the data to determine the gas concentrations present.

Mass Spectrometer - This instrument performs measurements of gas concen-

trations much the same as the gas chromatograph but can achieve higher sen-
sitivity in some circumstances. Although a self-contained commercial unit
requiring very little CDMS interface might be adapte? it will be assumed
here that a more Spacelab-specific unit is used requiring fairly complete
control by the CDMS. This device will require control signals to modulate
the peak scanning fields, stepping motor signals to actuate sampie admission
valves and ADC channels for monitoring temperatures and digitizing the de-
tected signal. Extensive computer processing of the data may be required

to determine gas compositions.

Sound Level Meter -~ The sound level meter monitors ambient acoustical

levels producing an analog signal which must be digitized for processing,
recording and telemetry.

3.7.1.2 CDMS Implementation with NIM/CAMAC

The block diagram of Figure 3-46 details the CAMAC implementation of
the biochemical/biophysics instrumentation interface to the Spacelab CDMS.
Because most of the instruments are adapted commercial units and quite self-
contained the bulk of the interfacing is done with input registers and ADC's.
However, considerable use is made of CAMAC capability in providing detailed
control to the mass spectrometer instrument. Here both a fast ADC for the
main signal and a multichannel ADC for thermal contrnl are used. Addition-
ally, the mass spectrometer uses ~n input register and three stepping motor
drivers to control the movement of samples through the instrument.

None of the instruments in the biochemical/biophysical analysis group
are of a sort requiring NIM equipmnent. This reflects the fact that all of
the Tow Tevel signals are processed by the commercial instrumentation.
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Table 3-40 1ists some specific examples of the CAMAC equipment that
could be used to interface this group of instruments to the Spacelab CDMS.
While separate input registers are shown for each of the first three instru-
ments it might turn out in practice that fewer would be necessary if they
are shared between instruments. This depends on the exact details of the
commercial unit used.

3.7.2 Biomedical Analysis

3.7.2.1 Instrument Functions and CDMS Reguirements

This category of equipment (Equipment Units 12 and 31 in the Convair
study) is intended to provide behavioral and biomedical research functions
to the laboratory, The instruments which must be interfaced to the Spacelab
CDMS are described briefly below.

Electrophysiological Receiver - This device receives signals transmitted
by an electrophysiological backpack worn by the test subject. The data in-

cludes electrocardiograms, vectorcardiograms and other cardiographic data.
The instrument itself will probably be a commercial unit designed to comple-
ment the transmitter contained in the backpack. However, it will be neces-
sary to digitize the analog output signals from the receiver to interface
them into the CDMS for processing and interpretation.

Rotating Litter Chair - The Titter chair apparatus studies subject re-
sponse to rotational accelerations. The instrumentation on the subject
will produce several analog signals to be multiplexed into an ADC for pro-
cessing in the CDMS. Additionally, the rotation rate and rotational accel-
eration of the chair must be digitized.

Exercise Equipment - The bicycle ergometer is used to monitor a subject's
energy output during exer~ise. It produces analog signals which must be
digitized.

Doppler Flowmeter -~ This instrument measures blood pulse velocity and con-

tour and is generally used in conjunction with an ECG. It also produces an
analog signal that needs to be digitized in order to be interpreted by the
COMS. Within the CDMS it may also be necessary to provide for a waveform
analysis of the blood pulse contour.
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Table 3-40,

System Element

Autoanalyzer
Input Register

Gas Manifold Commutator
Input Register

Blood Clot Fibrometer

Input Register
ADC

Blood Gas Analyzer

ADC
Output Driver
DAC

Gas Chromatograph

Multiplexer
ADC
DAC
ADC

Mass Spectrometer

ADC - Fast
Input Register
DAC

Multichannel ADC
Stepping Motor Drivers (3)

Sound Level Meter
ADC

CAMAC
Product Code

121

121

121
161

161
133
162

164
161
162
161

161
121
162
161
145

161

174

Specific
Example

NE7059-1

NE7059-1

NE7059-1
801244

B01244
NES024
00200-1518

KS3510

D0200-1518
B01244

B01244
NE7059-1
D0200-1518
KS3510
KS3361

BO1244

CAMAC Implementation of Biochemical/Biophysical Analysis

Comments

Sixteen-channel, self-
scanning

Use separate ADC for data
since other ADC devoted
to thermal control

Share one of registers
above

Sixteen-channel, self-
scanning




Metabolic Analyzer - This instrument measures such respiration parameters
as 02 consumed, 002/02 ratio, vital capacity, and respiratory volume. This
data is used to determine the metabolic rate of the subject. The bulk of
the data processing for the metabolic analyzer is performed internal to the
device and the interface to the Spacelab CDMS has merely to accept already
digitized data for any further processing.

Vectorcardiogram Coupler - The signals received either directly from a
vectorcardiogram device or through the electrophysiological recewver dis-
cussed earlier in this section are converted to a more usable form by the
vectorcardiogram coupler. It amplifies the signal from the detector and
outputs an analog voltage suitable for digitization by the CDMS.

3.7.2.2 CDMS Implementation with NIM/CAMAC

Figure 3-47 outlines the primary elements required in the Bicmedical
CDMS. The position encoder information from the rotating litter chair is
passed to the computer where it can be time differentiated once or twice
as required to obtain the rotational velocity ahd acceleration of the chair.
As seen in the diagrm, all other signals in this category of equipment require
simple digitization or are input directly as digital signals.

Table 3-41 1lists all of the CAMAC modules required to interface the
biomedical equipment to the experiment computer. Fast (23 psec) ADC's are
used in most cases so that the sampling rate of the signal is high enocugh
to be abie to reproduce and interpret any subtleties in the waveform.

3.7.3 Data Management and Life Sciences Support

3.7.3.1 1Instrument Functions and CDMS Regquirements

The equipment in this category {Equipment Units 2 and 3 of the Convair
study) suppiements the Spacelab data management system in order to provide
a fuller capability to perform Life Sciences research. This category also
provides centralized supporting and interface equipment for the Life Sciences
payloads. The equipment elements of this category which require an interface
to the CDMS are summarized below.

Portable Display/Keyboard - These two pieces of equipment allow the crew
to interface to the CDMS at the experiment site. Relevant experiment data
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Figure 3-47. Life Sciences Biomedical Studies NIM/CAMAC Implementation

Table 3-41. CAMAC Implementation of Biomedical

: CAMAC Specific
System Element Product Code Example Comments
Electrophysiological
Receiver
ADC 161 B01244 23-usec conversion
Rotating Litter Chair
Multiplexer 164 KE3510 Sixteen-channel ADC -
ADC 161 KS3510 self-scanning.
Position Encoder 117 EGRE PEO19
Exercise Equipment
ADC 161 B01244
Doppler Flowmeter
ADC 161 BO1244
Metabolic Analyzer
Input Register 121 NE7059-1
Vectorcardiogram Coupler
AbC 161 B01244 Fast ADC
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is provided to them as required on the CRT display. This equipment is as-
sumed to be supplied by the Spacelab and includes alphanumeric and graphic
displays and a control keyboard. No special equipment need be provided by
the dedicated 30-day laboratory in order to implement this function. A dis-
cussion of a CAMAC implementation of this function for the overall Spacelab
is included in Section 3.1.1 of this report.

ECG, EEG and EMG Couplers - The ECG, EEG and EMG instruments are all cen-
tral to the research program of the Life Sciences Laboratory. In order to
take full advantage of these instruments they must be electrically coupled
into the CDMS for purposes of real time data reduction. It is estimated
that the dedicated 30-day laboratory will require 12 ..G couplers, 4 EEG
couplers and 6 EMG couplers. These couplers will be peculiar to the indi-
vidual detectors and will supply an amplified analog signal to the CDMS
that must be digitized for processing.

Oscilloscope -~ For the immediate interpretation of experiment data as it
is gathered, it is necessary to provide an oscilloscope for display of some
of the data. This is hardware interfaced to the data sources under CDMS
control. This function is assumed to be provided by Spacelab as discussed
in Section 3.1.1.

Coupling and Conditioning Equipment - There are a variety of couplers and

signal conditioners required to handie the many small analog signals gene-
rated by the various aetectors within the laboratory. The output of all of
these requires digitization for processing in the CDMS. They are summarized
briefly below.

@ Photo Cell Couplers - Photocells and phototransistors are used in the
holding units (cages) and other places in the laboratory to measure
ambient 1ight levels. These must be coupied into the COMS for moni-
toring of out of telerance conditions. Up to 24 such sensors may be
used.

® Pressure Sensor Couplers - As blood pressure and other pressure mea-
surements are made, they are coupled into the CDMS for real-time pro-
cessing and interpretation. 1% is expectad that 4 couplers will be
required.
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® Signal Conditioners - A variety (35) of signal conditioners other
than those mentioned above is provided to interface misceilaneous
physical and physiological measurements into the CDMS.

@ Accelercmeter Coupler - The accelerometer is used to measure crew
body accelerations and this device prepares the signals from the
sensor for interfacing into the CDMS.

& Gas Supplies - In addition to the general pressure measurements

mentioned above, the pressures of several gas supplies withtin the
laboratory are regularly sampled and recorded.

® Power Conditioning Equipment - About half a dozen voltages and cur-
rents are monitored at various places about the laboratory.

® Water Conditioning Equipment ~ An occasional measurement of the
water tank expuision bladder pressure is required,

The particular type of signal conditioning involved in these devices
is not currently available in NIM or CAMAC form. However, a large number
of them could be packaged as NIM modules.

3.7.3.2 CDMS Impiementation with NIM/CAMAC

The block diagram of Figure 3-48 shows repeated use of analog-to-digital
convertors to interface the signals from this category of equipment into the
COMS. In many cases the sampling rate required is low enough that severail
signals can share an ADC through a multiplexer. The repetitive usage of ADC's
for this equipment is due to the multiplicity of analog signals output by ail
of these devices.

Absent from the block diagram is the equipment necessary to interface
the CRT Display and Keyboard into the experiment computer. This was dis-
cussed in Section 3.1.1.

Tabte 3-42 sums up the equipment required for this interface function.
Some economy of module usage is attained by sharing moduies as described in
the comments column of the table. The 1244 Borer ADC is shown as an example
in situations where somewhat greater accuracy in signal digitization is re-
guired. Otherwise the Kinetic Systems 3510 is used.
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Table 3-42. CAMAC Interface Modules for Data Management
and Life Sciences Support Equipment

System Element

ECG, FEG, and EMG Couplers
Multiplexers (2)
ADC's (2)

Photocell Couplers

Multiplexer
ADC

r-essure Sensor Couplers

Multiplexer
ADC

Signal Conditioners

Multiplexer (2)
ADC's (2)

Accelerometer Coupler
ADC

Gas Supply Pressures

Multiplexer
ADC

Power Conditioning Equip-~
ment

Multiplexer (1/2)
ADC (1/2)

Water Conditioning Equip-
ment

Multiplexer (1/2)
ADC (1/2)

CAMAC Specific
Product Code Example Comments
164 801704 EEG and EMG couplers share
161 BOi244 a multiplexer and an ADC
164 BO1704
161 B01244
164 BO1704 Eight of the photocell and
161 B01244 three of the signal condi-
tioner signals also
handled here.
164 BO1704
161 B01244
161 B01244
164 KS3510 Sixteen-channel ADC, self-
161 KS3510 scanning
164 KS3510 Share 1/2 of ADC with
161 KS3510 water conditioning sensors.
164 KS3510 Share 1/2 of ADC with
161 KS3510 power conditioning sensors.
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3.7.4 Holding Units and Research Support

3.7.4.17 Instrument Funciions and CDMS Reguirements

This category of equipment provides for holding (caging) vertebrates
as well as for research supporting functions specific to the vertebrate
organisms. Also in this category are equipment units which provide envi-
ronmental enclosures for the growth of plant organisms, invertebrate organ-
isms, and the equipment to support plani research. A firal type of equip-
ment is that for housing cells and tissue and supporting research in these
areas.

Most of the equipment in this category is still in the conceptual de-
sign phase. However, the major characteristics of all of the holding units
except that for primates are summarized in the common holding unit shown in
Figure 3-49 (from the Convair report CASD-NAS-74-046). The common holding
unit forms a basic housing for a variety of organisms and is internally
modified as required to suit individual organisms. The unit is sealable in
order to minimize air leakage into or out of the organism compartment and
is designed to mate with a debris contaminant shroud. An essential feature
of the holding unit is a system for controiling its internal temperature
within the range 10 to 40°C (possibly using Tiquid coils integral with the
walls of the unit).

When used for plants, the common holding unit must be modified to in-
clude a lighting system. When used for small vertebrates the integral temp-
erature control system will probably not be needed since the cage temperature
will be controlled by the temperature of the system ventilation air.

The holding unit for primates, because of their larger size, will be
custom designed and considerably different from the common holding unit.
It will, however, still provide a controllied envircnment for the animals.

Each of the holding chambers requires regular monitoring of temperature,
air flow, humidity and pressure. The sensors for all of these measurements
produce analog signals which can be multiplexed into an ADC and then into the
Spacelab computer. In the case of temperature and air fiow it is assumed
that analog control signals will be returned from the CDMS tc the holding
units. Additionally, the vertebrate and primate holding units will require
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stepping motor control signals for positioning of a TV monitoring camera.

Several additional instruments are required to support the vertebrate
and plant research functions. These are listed and described briefly below.

Flowmeter Coupiers & Blood Pressure Transducer -~ These devices supply
signals proportional to water flow rate at various places in the laboratory.

Also included in this category of equipment is a separate blood pres-
sure transducer to be used on the vertebrates being studied.

The flowmeter ccupier and blood pressure transducer both produce analog
signals that must be digitized for monitoring and interpretation by the CDMS.
In the case of the blood pressure transducer a wavef. . analysis of the
blood pressure wave may be performed by the CDMS computer.

Clinostat - The purpose of the clinostat is to slowly rotate plant organ-
jsms relative to the Taboratory. It is used on earth to neutralize the el-
fects of gravity through slow rotation or the organism. Its use on Spacelab
is to determine if it produces only artifacts relative to a true zero-G en-
vironment. The clinostat will be driven by a stepper motor to which the CDMS
must supply the control signals.

3.7.4.2 CDMS Impiementation with NIM/CAMAC

Figure 3-50 shows the interface of the holding units to the Spacelab
CDMS using CAMAC equipment. ATl of the units are instrumented basically
the same with multiplexers and ADC's to sample temperatures and other ana-
Tog voltages for the control of heaters.

The CAMAC modules required for chis interface are listed in Table 3-43.
The Kinetic Systems dual stepping motor driver units for the Vertebrate and
Primate Holding Units were chosen so as to be able to control the positions
of the TY camera for those units in two orthogonal axes.

3.7.5 Other Life Sciences Experiment Units

3.7.5.1 Instrument Functions and CDMS Requirements

This category of equipment consists of several equipment units not
covered in the other equipment categories. One of these is the Life Support
Subsystem Test Unit. It provides the capability to perform tests on LSS
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Table 3-43.

System Element

Small Vertebrate Holding
Unit

Multiplexer

ADC

DAC's (2)

Stepping Motor Drivers (2)

Primate Holding Unit

Muitiplexer

ADC

DAC's (2)

Stepping Motor Drivers (2)

Plant Holding Unit

Multipiexer
ADC
DAC's (2)

Cell and Tissue Holding
Unit

Multiptexer
ADC
DAC's (2)

Invertebrate Holding Unit

Muitiplexer
ADC
DAC's (2)

Flowmeters
Multipiexer
ADC

Blood Pressure Transducer
ADC

Clinostat
Stepping Motor Driver

CAMAC Interface of Holding Units

CAMAC
Product Code Example

164
161
162
145

164
161
162
145

164
161
162

164
161
162

164
161
162

164
161

161

145

Specific

KS3510
KS3510
D0200-1518
KS3360

KS3510
KS3510
D0200-1518
KS3360

KS3510
KS3510
D0200-1518

KS3510
KS3510
D0200-1518

KS3510
KS3510
D0200-1518

KS3510
KS3510

B01244

KS3361
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and Research Support Equipment

Comments
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scanning
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Sixteen-channel ADC, self-
scanning
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prototype equipment. Its equipment roster includes portable 1ife support
systems for EVA and an LSS test bench. The intent of the latiter is to sup-
port a variety of experiment test apparatus. It suppiies electrical power
connections, coolant fluid connections, structural support, vacuum connec-
tions and general purpose instrumentation. The requirements on the CDMS to
support this equipment are fairly minimal. The portable 1ife support systems
for EVA require no interface to the CDMS. The only specific requirements are
that several analog voltages from measurements of temperature, pressure and
flow on the LSS test bench be digitized and monitored for out-of-tolerance

by the CDMS.

A second equipment unit in this category is one for the measurement of
man/systems integration (MSI) parameters including man's behavior and per-
fornance in space and his interaction with various types of equipment. The
equipment in this category includes a psychomotor performance console, force/
torque measurement taskboard, vision tester and MSI task simulator. Many of
the experiments performed with the MSI equipment will also be done indepen-
dent of the CDMS. Additionally, much of the data gathered in MSI experiments
uses equipment from other categories such as ECG's, EEG's and accelerometers.
The only additional equipment which requires interfacing to the CDMS is that
associated with the psychomotor performance console. Analog data from this
console will require digitization for processing in the Spacelab computer
and display on the portable CRT.

The third unit of equipment in this category is the bioresearch centri-
fuge., This device has a total diameter almost equal to that of the Spacelab
and inciudes 8 cage moduies for holding vertebrate specimens. The major
function of the centrifuge is to simulate a gravitational field for various
small vertebrates in order to compare their behavior with that in the zero-G
environment of the Spacelab. Various biomedical parameters will be monitored
on the vertebrates that get spun in the centrifuge. A transmitter and re-
ceiver system will be required te convey these signals from the centrifuge
to the rest frame of the Spacelab. At that point they will be digitized and
processed to the CDMS in the same fTashion as the signals from the electro-
physiological receiver in the Biomedical equipment category. Additionally,
the centrifuge position will be detected and sampled regularly. This data
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will be time differentiated to obtain the rotational velocity and accelera-
tion of the centrifuge.

3.7.5.2 CDMS Implementation with NIM/CAMAC

The block diagram of Figure 3-51 shows the straightforward interface
of these equipment units into the CDMS with CAMAC equipment. The exact num-
ber of signals to be multiplexed into each of the three ACD's is uncertain
and is only indicated schematically.

The seven CAMAC moduies envisioned for this interface task are shown in
Table 3-44, The necessity of three separate sets of multiplexers and ADC's
will vary depending on which specific equipment items are being used in the
three experiment units.

3.7.6 Life Sciences Payload Summary

The premise in the analysis of the Life Sciences 30-day dedicated Tab-
oratory was that most of the equipment to be used in the laboratory would be
commercial units modified as required for the Spacelab environment. Since
virtually all commercial units perform at least elementary processing of the
data signals that they generate, the CDMS requirements for the Life Sciences
Taboratory are different from that of many of the other instrument groups
studied. In thé case of the Life Sciences instruments there are no low Tevel
signals to be processed and very Tlittle digital data. The great majority of
the instruments produce anaiog signals of the type that wouid normally drive
meters or strip chart recorders in the laboratory. In order to efficiently
use the computational and analytical capabilities provided by the Spacelab
these signals must be regularly sampled, digitized and fed to the experiment
computer.

The adapted commercial nature of the Life Sciences instruments is re-
flected in the summary of required NIM and CAMAC equipment in Table 3-45.
First of all, there is no NIM equipment required since all of the signals
that might normally be processed in NIM modules are handled by discrete elec-
tronics intrinsic of each of the individual instruments.

The other outstanding feature of the table is the heavy usage of analog-
to-digital converters. These convert all of the strip chart type of signals
from the instruments to a form comprehensibie by the computer system.
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Table 3-44, CAMAC Implementation for Other Experiment Units

System Element

LSS Test Bench

Multiplexer
ADC

Psychomotor Performance

Console
Multiplexer
ADC
Bioresearch Centrifuge

Multiplexer
ADC
Position Encoder

Table 3-45:

CAMAC Equipment

Position Encoder
Input Register

OQutput Register
Stepping Motor Driver

CAMAC

Product Code

164
101

164
161

164
161
117

Specific

B01704
B0O1244

BO1704
BO1244

BO1704
BO1244
EG&G P

Example Comments

These signals are trans-

ferred from the centrifuge
E0T9 via an electrophysiological

transmitter and receiver.

Life Sciences Use of CAMAC Equipment

CAMAC

Product

Code

117
121
133
145

Analog-to-Digital Converter 161

$ingle Unit - Fast
Multichannel - Slow

Digital-to-Analog Converter 162

Multiplexer

Branch Driver
Crate Controiier
Crate w/Power Supply

164

211
231
411

Equipment Category

Qé} S X
& o £
\g\‘! » O O
W, & ¥, 7 S &
NV AN A 8 &7 & Q’Q
c}r(&\} K @O B\ N %,
Qﬁ.g 8\5\‘5 © W -‘\\Q‘Q . &
S N ..&‘21 o &S &
; & Y xF SR
QOANY U P52 L g
& 3 v ¥ T Totals
1 1 2
3 1 4
1 ]
1 5 6
5 4 7 1 3 20
2 ] 3 6 12
1 2 3
6 3 9
Share 1 1
1 1 1 1  Share &
1 1 1 T with 4
Biomedical
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3.8 SPACE PROCESSING APPLICATION PAYLOADS

Six objectives for the Space Processing Applications {SPA) program
aboard Space Shuttle have been defined by NASA.
® Make space easily accessible to the international scientific

and industrial community for research and development work
in materials science and technology.

® Develop techniques that take full advantage of the character-
istics of space flight to achieve experimental and process
conditions that are not attainable at competitive costs on
earth.

e Employ the novel materials research and development techniques
that are possible in space to acquire new knowledge in
technologically important areas of materials science and
technology.

e Apply R&D results obtained in space to advance materials
technology generally and in particular, to invent processes
to manufacture products in space for use on earth.

o When appropriate, reduce selected space manufacturing processes
to practice and conduct pilot production operations to demon-
strate their practicality.

o MWhen capabilities to manufacture economically viable products
are achieved, initiate commercial production operations in
space.

TRW has been involved in several studies of how best to use the
Space Shuttle to accomplish these objectives. One result of these
studies has been the definition of five payload equipment groupings
required to perform the space processing experiments.

Furnace - A grouping of furnaces and associated apparatus for performing
activities in which physical contact with the specimen is permissibie.

Levitation - Apparatus providing contactless positioning and heating
of specimens with associated process control and characterization.

Biological - Equipment which produces separation of biological samples
with associated preservation and storage capacity.

teneral Purpose - Provides services with associated characterization
equipment supporting the accommodation of a variety of moderate
temperature research areas, including physical or chemical fluid
studies.
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Core - Consists of centralized data acquisition, processing and
equipment control functions.

The primary purpose of this study is to analyze the requirements
of the core subelement to support the other four groups of equipment.

Table 3-46 Tists all of the equipment items in the SPA payload
which require interfacing to the COMS. The various equipment groupings
which use each piece of equipment are indicated. For purposes of =
discussion these equipment items have been divided into four catégories
as shown. These will be treated individually in the following sections.
It is to be emphasized that this division into categories is primarily
for convenience of discussion. Although there is some correlation
between the equipment groups and the equipment categories defined in
Table 3-46, it is not intended to necessarily refiect a functional
grouping.

3.8.1 SPA Equipment Category 1

3.8.1.1 Instrument Functijons and CDMS Requirements

The seven items of equipment in this category are discussed
briefly below.

Flowmeter - This device will be used to measure gas or liquid flow

to and from various pieces of test equipment in the biological experi-
ments. Its analog output signal must be digitized for processing

in the COMS. |

pH Monitor - Several of the SPA experiments require a continuous monitor
of the pH of a test solution. The analog signal from this measurement
device is digitized so it can be monitored by the CDMS computer.

UY/Visible Spectrometer - In order to better chart the changes occurring
in experiment samples as they are processed this instrument wili be
used to record the time dependent UV and visible spectra of the samples.
The detector for this instrument is a photomd?tiplier tube operated

in the pulse counting mode. Control must also be provided to the
stepping motor which moves the grating for spectral scans. .
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Table 3-46. Equipment Requiring Interface to COMS for SPA

) General
Equipment Category Biological Furnace Purpose Levitation

Categorg I
Flowmeter
pH Monitor
UV/Visual Spectrometer ]

Fluid Cooling/Refrigeration
Unit ' '

Temperature Measurement System
- Laser Optical Scattering Monitor e
Electro-Optical Imaging System ' ] e 0

Category II
Gas Chromatograph - S e e
IR Spectrometer e

Vacuum/Pressure Measurement o : S
and Control ] N Q

Nuclear Particle Counting Unit ' ®
Mixing and Dispersal Units - e e
Manipulation and Displacement o

Units ] ®

Category II1

Liquid Syringe Dispenser ' °
Inertial Injector | |
Residual Gas Analyzer .
‘Directional Calorimeter
Time Lapse/High-Speed Camera
Dye Laser/Flash Lamp e

Category IV - '
Zone Refiner ®
Directional Solidification Unit e 5
Low-Volt/High-Amp Supply | ® ' ®

RF Induction Supply (2 kHz to

RF Induction Supply (Mixing and
' Dispersal) '

High Voltage (17 kV) - _ ° *
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Fluid Cooling/Refrigeration Unit - This device will be used to pre-
serve biological samples and will require the processing of analog
temperature signals.

Temperature Measurement System - Several devices will be used for tempera-
ture measurements in the various SPA experiments. These will include

electrical resistance sensors, thermocouples and pyrometers to measure
incandescent light intensity. A1l of these devices produce analog
voltages that must be digitized for processing.

Laser Optical Scattering Monitor - Another method of quantizing the_
changes in materials as they are processed is to measure the light
backscattered when a sample is irradiated with a laser. This light is

- detected by a photomultiplier tube operated in the pulse counting wode.

Electro-Optical Imaging System - The EOIS is a closed circuit TV system
used to monitor and record the time evolution of various laboratory
processes such as crystal growth, furnace operation and material
interactions. The device inciudes its own recording and playback
facilities. | | |

3.8.1.2 CDMS Implementation with NIM/CAMAC

Figure 3-52 illustrates the NIM and CAMAC equipment reguired to
interface the Category I SPA equipment into the Spacelab experiment
computer, NIM equipment is particularly well adapted to handling the
photomuTtiplier signals from the Spectrometer and Laser Scattering
equipment items since this is the most common type of detector used in
ground based accelerator laboratories. It is only because of its self-
contained recording and playback capability that the EOIS can be
handled with CAMAC modules as shown. After a picture has been taken
and stored by the EOIS the individual picture elements are clocked
out to a fast ADC under computer control (via the output register).
After digitization the computer processes them as required and sends -
them to the appropriate display unit.

The equipment listed in Table 3-47 implements all of the NIM and
CAMAC functions shown in the block diagram. The Ortec 456 high voltage
power supplies chosen as an example have a variable output voltage
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NIM/CAMAC Impilementation of Category I
SPA Equipment

CAMAC Specific
System Element Product Code Example Comments
Flowmeters
Multiplexer 164 KS3510 Sixteen-channel ADC, self-
ApC 161 KS3510 scanning :
pH Monitor
ADC 161 KS3510 Use one channel of flow-
: meter ADC
UV/Visual Spectrometer
Scaler _ T B01002
Stepping Motor Driver 145 KS3361
High-Yoltage Supply NIM ORTEC 456
Photomultiplier Amplifier  NIM ORTEC 276
Single-Channel Analyzer NIM ORTEC 406A
DAC _ 162 D0200-1528 +10-V, 12-bit, Dornier
Input Register 121 NE7059-1 S . -
Fluid Cooling/Refrigeration
Unit
Multiplexer 164 K$3510
ADC 161 KS3510
DAC 162 D0200-1528
Temperature Measurement
System
Multipiexer 164 KS3510
ADC - 161 KS3510
Laser Scattering
Scaler ' 111 B01002
High-Voltage Power Supply NIM ORTEC 456
Photomultiplier Amplifier NIM ORTEC 276
_ 162 D0200-1528
EQIS/CCTY . 7
ADC - Fast 161 BO1244A +10-V, 12-bit, 23-usec
Output Register. 133 K53080 conversion time -
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controlled by a 0-11 voit input voltage. This input is provided by

the DAC's operated under direct software control in the computer. This
makes the total operation of the photon detection systemsISUbject to
automatic programmed operation. The Borer ADC shown for the EQIS is
fast enough to handie the playback signals from the EOIS recorder.

3.8.2 SPA Equipment Category Ii

3.8.2.1 Instrument Functions and CDMS Requivrements

This section contains brief descriptions of the six equipment items
in this category.

Gas Chromatograph - This is assumed to bhe an adaptation of a commercial
unit containing its own thermal control and gas sampling subsystems. .
The analog output of the instrument is digitized so that the COMS
computer can perform waveform analyses of the data to determine the
gas concentration present.

1R Spectrometer - Another data point required to understand the physical
and chemical changes undergone by some materials during processing is

the nature of the infrared spectra of the material. The infrared _
spectrometer produces analog signals and 1ike the UV/Visual photometer
requires_cdntrOT signals to the stepping motor that positions the grating.

Yacuum/Pressure Measurement and Control - Analog signals from pressure
sensors must be processed and integrated by the COMS in order to provide
control signals for maintaining test containers at specified pressures.

- Nuclear Particle Counting Unit - Some of the materials to be processed

in the laboratory will be radivcactive and radioactive tracer elements
wi11 be used to monitor other processes. The nucliear particle counting
unit provides for the recording and analysis of radioactive counting  ~ -
data.

Mixing and Dispersal Units - These instruments will be acoustic, electro-. . .

magnetic and mechanical devices designed to assure thorough mixingtof
liquified samples. Analog instrumentation signals will be output by
 the devices and analog control signals must be input to operate them.
Manipulation and Displacement Units - Three different devices for mani-
~ pulation samples are envisioned. One will be a standard three axis’
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mechanical manipulator. A second will be a holder for crystals during
growth (including a feed mechanism). And a third will be a piezoe- -
electric drive to accomplish small displacements of samples. ATl three
of these devices requ1re the processing of pos1t1on sensor signals

and the input of analog control signals.

3.8.2.2 CDMS Impiementation with NIM/CAMAC

Figure 3-63 outlines the CDMS system to support category II
instruments using NIM and CAMAC equipment. A stepping motor driver is
used to control valve operation in the vacuum/pressure system. The
nuclear particle counting unit is readily implemented with NIM modules
since this is one of the major functions for which they were designed.
Analog signals from the mixing, dispersal; manipulation and displace-
ment units are multiplexed into ADC's for computer processing in order
that analog control signals may be returned to these units via DAC's.

Table 3-48 gives specific examples of all of the NIM and CAMAC
modules required to handle the CDMS interface for Category II equipment.
Fairly extensive use is made of the Kinetic Systems 3510 unit with 16
ADC channels to process the multitude of analog signals produced by the
various instruments in this category. The Kinetic Systems 3110 was
chosen as an exampie of the DAC's to be used by this equipment category
because it 1is an 8-channel unit and several channels may be requ1red
for each of the two app11cat1ons shown in the table. '

3.8.3 Category III SPA Eguiipment

3.8.3.1 Instrument Functions and COMS Requirements

There are six major pieces of equipment in this category.

LTqUid Syhinge Dispenser - This device is used to 1hjéct'preci59 -
quantities of 1iquids into a processing volume. It dperates on the same
principie as a hypodermic syringe. When used for theSPA expzriments -
aboard Spacelab the plunger will be driven by a stepper motor under
d1rect controi of the CDMS.

'Inert1a1 Inaector - Th1s p1ece of equ1pment uses the same pr1nc1pa1 as
a pinball machine to -impart momentum to a sample to be injected into the
processing volume, It is instrumented with a stepping motor to cock
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Table 3-48.

System Element

Gas chromatograph
ADC

IR Spectrometer

ADC .

Stepping Motor Dr1ver
Bias Supply

Input Register

Vacuum Pressure System

Mu1t1p1exer

ADC -

Stepping Motor Driver
Input Register

Nuciear Part1c]e Counting
Unit

HY Supply

~ Preamplifier
Analyzer
Scaler

Mixing and Dispersal Units

Mu1t1p1exer
ADC
DAC

ment Units

‘Multiplexer
ADC
DAC

CAMAC Implementation of Category 11
SPA Equipment

CAMAC

Specific

Product Code Example

161

161
145
NIM
121

164
161
- 145
121

NIM
NIM
NIM
111

164
161

162

‘Manipulation and Displace-

164
161
162

BO1244A

BO1244A
KS3361
ORTEC 459

NE7059-1

KS351C

KS3361
NE7059-1

- ORTEC 456

ORTEC 276
ORTEC 406A
BO1002

KS3510
KS3110

KS3510
ks3110
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Comments

Five-kV Detector bias supply

Sixteen-channel ADC, self-
scann1ng

Share register above

Sixteen-channel ADC, self-
scanning
E1ght~ hanne1, ten b1t

Sixteen-channel ADC, self-

- scanning

Eight~-channel. ten-bit,
share the one above




it and a solenoid-driven release latch to fire it.

Residual Gas Analyzer - The residual gas analyzer is used to measure
small quantities of gas remaining in an evacuated region, It is
especially useful for detecting and séparating traces of organic
molecules. It operates on principles similar to that of a mass spectro-
meter leak detector using an electrostatic analyzer with an impressed
voltage swing to scan molecular weights. An analog signal is required
to control the voltage scan and the system produces several analog
'signals (both science and engineering data) which must be digitized for
processing by the Spacelab CDMS.

Directional Calorimetér -~ This instrument is analogous to & radiative
flux meter and is used to make temperature measurements of samples

being processed. The analog output must be digitized for interpretation
by the CDMS

Time_Lapse/High Speed Camera - This device will be used to record the
time evo1ut1on of several of the SPA processes. It is controiled by

-an output reg1ster that sets the aperture and exposure time and releases
the shutter. A stepping motor driver is also required to control the
motorized film advance mechanism.

Dye—Laser/F]ash Lamp - Dye Laser and Flash Lamp units are provided for
controiied 111um1nat1on of several of the processes to be monitored
by the 1aboratory They will basically be operated in an ON/OFF mode.

3.8, 3 2 COMS Imp]ementat1bn with NIM/CAMAC

Figure 3-54 b]ocks out the pr1mary elements of the CDMS to support
this category of equipment. Most of the equipment in this category
consists of adapted commzrcial instruments that are mostly se1f~containted.
" This means that only the simplest interfaces to the exper1ment computer h
are requ1red and results in the fairiy s1mp1e CDMS shown.

The various CAMAC modu]es requ1red to 1mp1ement the CDMS'for”this

" category of SPA equipment are described in Table 3-49. No NIM equipment

" is required in this CDMS because all of the instruments perform their

own Tow Tevel processing of signals. There are nc photon or particle
counting requirements_of the type for which NIM is designed. As indicated
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Table 3-49. CAMAC Implementation of Category TII
SPA Equipment

CAMAC Specific
System Elemant Product Code Example Comments

Liquid Syringe Dispenser

Stepping Motor Driver 145 KS3361
Input Register . 121 NE7059-1
Inertial Injector
Stepping Motor Driver 145 KS3361
Qutput Register 133 KS3080 Share 1/2 below
Input Register 121 NE7059-1 .
Residual Gas Analyzer _ _ _
Multiplexer 164 . KS3510  -Sixteen-channel ADC, self-
ADC 161 scanning
DAC _ 162 DDZ200-1528 +10-V, 12-bit, Dornier
Directional Calorimeter o ' o |
AbC 161 B01244A
Time_Lapse/High-Speed | |
Camera :
Stepping Motor Driver 145 Ks3361
Output Register 133 KS3080 - : : :
Input Register 121 NE7059-1 Share register above
Dye Laser/Flash Lamp _ -
Output Driver 133 KS3080 ©  Share 1/2 with inertial
' injector
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in the table some economy of CAMAC modules is obtained by sharing input
and output registers among several of the instruments.

3.8.4 Category IV SPA Equipment

3.8.4.1 Instrument Functions and CDMS Requirements

This equipment category has only two majovr instruments, the zone
refiner and directional solidification unit, but also inciudes four
power conditioning and conversion units which support many of the other
pieces of equipment in the laboratory.

Zone Refiner - This instrument is used in metallic purification processes.
A cylinder of metal is passed slowly through the device with the central
section being heated to a high temperature. Impurities in the metal

are pushed ahead of the hot region to the end of the sample as it moves
through. The instrumentation for the zone refiner is used to establish
thermal control of the system.

Directional Sotlidification Unit - This experiment studies solidification
processes -in cylindrical metal samples by subjecting the sample to a
linear temperature gradient along its length. Instrumentation for

monitoring and control of the temperature profile is required.

Power Conditioners and Converters - The other four pieces of equipment
in this category perform power conditioning on the Spacelab supplied
power to support the various SPA instruments. The Low Voltage/High

-Amperage unit and RF Induction (2KHz to 2MHz) unit are designed primarily

to support the General Purpose Furnace and the Directional Solidification
Unit. The High Voltage Power Converter is used for the Zone Refiner and

:Directional So11d1ficatibh Units. There is also a second RF Induction

Unit for powering the Mixing and Dispersal Units and other eguipment

. throughout the_]aboratory._ :

3.8.4.2 CDMS Implementation with NIM/CAMAC

. Figure 3-55 shows the straightforward design of the CDMS for Category
IV equipment with CAMAC modules. The Zone Refiner and Directional
Solidification Units are controlled by sampling temperatures with a
muTtiplexer and'ADC,'cTosing the control Toop in the computer software
and feeding back an analog heater control signal through a DAC. Control
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of the power conditioning and conversion units consists solely in
switching the units on and off with an ocutput driver module,

The five modules described in Table 3-50 accomplish all of the
computer interface functions for thecategory IV equipment. Since many
DAC's are packaged in quad or octal units the total number of modules
could be reduced to four by:sharihg a single DAC module. The simplicity
of the CDMS requirement for this category reflects the fact that the

items of equipment are mostly self-coniained and controlled and require

very Tittle external interface.

3.8.5 SPA Payload Summary

The NIM and CAMAC requikements for the SPA data processing and
control functions are summarized in Table 3-5T.

The fairly heaVy use of multichannel ADC's for these instruments is
due to the multitude of analog signals they produce. In particular,
sensors for measurement of temperature, flow and pressure contribute
heavily to the requirements in this category.

Sixteen digital-to-analog converters are specified but these are
contained within two octal modules. Each of these modules is shared
between two equipment categories.

ATt of the reqUikements'for NIM equipment are in the first two
equipment categories since these contain the photomuTtiplier tube and
infrared sensors. None of the sensors used in the other two categories
produce signals of a type suitable for processing by NIM modules.
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Table 3-50. CAMAC Implementation of Category IV

SPA CDMS
: CAMAC Specific
System Element Product Code Example Comn.ents
Zone Refiner
Mu1t1p1exer : 164 - KS3510 Sixteen~-channel ADC, 5e1f—
ABC - 161 scanning
DAC 162 D0200-15628 +10-V, 12«bit
Directional So]1d1f1cat1on
- Unit , :
Multiplexer 164 KS3510 .. Sixteen-channel ADC, self-
ADC 161 scanning. Share unit above
DAC - 162, D0200-1628 o o
Low-Yolitage/High- Amp
Converter _ _ _
Output Register ‘ 133 °~ ° KS3080 Share with other power
: ' conditioners
- RF .Induction Conditioners _ : o R o
Qutput Register 133 KS3080 Share with other power
) conditioners
RF Induction Conditioners :
Output Register 133 KS3080 Share with other power
| . conditioners
HV Power Converter o
Qutput Register 133 K$3080 Share with other power
- _ -~~~ conditioners -
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Table 3-51: SPA Use of NIM and CAMAC EQUIPMENT

Equipment Category

S A ,
e & & & O
Product <& <& L
CAMAC Equipment Code & i & ¥ Totals
Scaler o 1IN 1 T -2
Input Register 121 1 1 1 -3
Qutput Register ' 133 1 2 1 4
Stepping Motor Driver 145 1 2 3 6
~ Analot-to-Digital Converter 161 - - -
Single Unit - Fast 1 2 1 4
Multichannel -~ Slow 3 3 1 21 9
Digital to Analog Converter 162 Share 1 Share 2
Branch Driver 211 i Share 1 4 ;
Crate Controiler 231 Share 2
Crate . 411 ~ Share 2 2
NIM Equipment
High Voltage Power Supply 2 1 3
Photomultiplier Amplifier 2 1 3
- Singlie Channel Analyzer 2 1 3
Bjas Voltage Supply : 1 : 1
Bin ~ Share 1 1
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3.9 NIM/CAMAC APPLICABILITY AND COMMONALITY
3.9.1 Applicability Tabulation

The results of the analyses of the seven representative payloads des~
cribed in the preceding sections plus the resuits of the previous work by
Bendix and NASA/GSFC were combined to generate a summary tabulation of NIM
and CAMAC usage. Before discussing the overall resuits for NIM and CAMAC
equipment applicability, a brief discussion of the four payloads made up
- of instruments analyzed in other studies wiil be given.

3.9.1.7 Bendix and NASA/GSFC Payloads

~The Bendix study investigated the feasibility of implementing six _
Shuttle sortie payloads with NIM and CAMAC equipment; The instrumentétion
required for the two earth observations experiments analyzed by Bendix
(13-Band MuTtispectral Scanner and Microwave Radar System) would actually
constitute considerably Tess than an entire payioad in the sense we are

using the term here_(i.e., a complement of instruments that approximately
uses the full payload capability of Spacelab). Consequently, these two
instruments were included in the earth observations payload analyzed in
Section 3.6, and théir results have already been incorporated in Table 3-38. -

A somewhat similar case applies for the high-energy astrophysics instru-
ments analyzed by Bendix and NASA/GSFC. The Shuttle Sortie Cosmic Ray
Laboratory treated by Bend1x consists of a cosmic-ray instrument that 1s
" based on a NASA/JSC balloon flight payload. Major components of the system
are a superconducting magnet spectrometer and a small ionization calorimeter
- primarily designed for electron detect1on

The two 1nstruments analyzed by NASA/GSFC were designed to f]y on
automated spacecraft and were also based on experiments that have been
flown on balioons. The Explorer Gamma-Ray Experiment Telescope (EGRET) con-
sists of a multiplane, wire spark chamber pictorial gamma-ray detector
‘coupled with a total absorption- shower crystal detector.. The High-Energy
Cosmic-Ray Experiment (HECRE) consists of a large area charge detection |
~system and a large 1on1zat1on ca10r1meter pr1mar11y designed for nuclear
cosm1c ray detection. - '
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We have combined these three instruments into one high-energy astro-
physics payload designated as the Cosmic-Ray/Gamma-Ray Payload in our tabu-
lations. The NIM and CAMAC modules requirved to implement this payload were
taken from the Bendix and NASA/GSFC work and are shown in Table 3-52 in the
format we have used in the preceding sections.

The remaining three payloads studied by Bendix are payloads in the

‘sense used here. The Astronomical Observatory for Shuttle includes a one-

meter telescope designed to operate in the ultraviolet and visible regions
of the spectrum with a variety of focal plane instruments. From the stand-
point of CDMS requirvements, it is similar to the IR telescope discussed in

~ Section 3.2, The Atmospheric Science Facility is composed of large humbers

of optical instruments operated in & coordinated fashion to carry out remote
sensing measurements on the atmosphere. Finally, the Auroral and Magneto-
spheric Observatory is very similar to the AMPS payload treated in Section 3.5
and contains many of the same instruments. The NIM and CAMAC equipment
requirements for these three payloads that we will use in our overall tabu-
Tation have been taken directly from the Bendix study. '

3.9.1.2 CAMAC Applicability

The-overall summary of CAMAC equipment requirements for the eleven
representative Spacelab payloads is presented in Table 3-53. The numbers

- of modules. needed in each payload are tabulated by'CAMAC product code., The

largest numbers of any particular type of module required in one payload are
circled. This information will be used in the commonality analysis {Section
3.9.2). It can immediately be seen that a significant number. of modules is-
required by each payload. The total number of CAMAC modules reduired.to

impTement the eleven payloads is 648 (not counting crates) yie]ding'ah

average of 59 modules per payload. From the table, it can be seen that the
applicability of CAMAC equipment is relatively uniform over the various
disciplines with a factor of two maximum variations up or down from the
average. As expected; high-energy astﬁophysics'fs'the heaviest user of
CAMAC equipment. The distribution of applicability amongst the various

' functional types of CAMAC fodules is also seen to be relatively uniform.

As would be expected, analog-to-digital converters are the most frequently

" used type of module.
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Table 3-52: Cosmic Ray/Gamma Ray Use of NIM and CAMAC Equipment

CAMAC
o Cosmic Ray Lab- EGRET HECRE
froduct  (Bendix) (6SFC) (GSFC) Totals
CAMAC Equipment _
Scalers 111 3 10 1 14
Input Gates 121 1 1 1 3
Interrupt Registers 123 1 1 1 3
Clocks & Pulse Generators 131 1 T - 1 3
OQutput Registers 132 2 2 1 5
Analog-to-Digital Converters 161
High Resolution- Fast L S 3 3
Multichannel ~ Slow 3 1 8
Time Digitizers 2 2
Digital~to-Analog Converters 162 1 2 3
Multiplexers : D T 1
Branch Drivers 211 Share 1 1
Crate Controliers 231 1 1 1 -3
Crates - 4N 1 1 1 3
NIM Equipment
Amplifiers . ' ' ' > R '
Shaping - 1 7 8
Fast 2 ' 2
Delay - ' 3 3
Discriminators : . L
Fast Integral -1 3 5 9
Slow Integral o 6 6
- Constant Fraction 8 2 2 12
Linear Fan-Ins 1 4 7 12
Linear Fan-Outs 2 T 3
Logic Units - 1 1 T 3
- High Voltage Power Supplies 8 8
Bins ’ 3 2 2 7
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*‘38 ' ‘Table 3-53: CAMAC Equipment Applicability Tabulation
’ High Energy . .
. é’ g Astronomy Astrophysies SPace Physics
- g q’%@ _
| Egiby : & & . s > 2 g o
Sl . g 8~ o B &3 o — @ B
: o L x 7] - e =X =X [ © tn
e . CAMAC o TG v Xe 2w oo &% 2 =% o
- - : " Product " s = &SE wE £ E® L% e2 v 88
- 'CAMAC Equipment =~ . Code 252 £ x8 8§ ZF 2 2&8 o8 88 && Totals
Scalers = . ~om N I T 6 1 12 51
Preset -Scalers | 113 5) 3 8
~ ‘Position Encoders 117 8 v 8 3 2 2 3]
Input Gates - . 121 7 2 6 3 1 4 6 3 42
~Input Registers = 122 : : o ' @ . 7
n - Interrupt Registers . 123 : 3 @ S 3 2 2 18
— " Clocks & Pulse Generators 131 0 3 @ = 3 2 4 17
-Output Registers . 132 - 5 - .5 , 5 35
Output Drivers . © 133 6 18 5° 10 1 (i? 4 69
Stepping Motor Controllers 145 11 15 15 9 6 6 B6
Analog-to-Digital Converters 1671 . ’ : _ -
’ ~High Resolution/Fast 7 16 3 13 _ 3 4 87
Multichannel/Slow. - 6 '8 6 1 2 é% 5 9 67
.. Time Digitizers 2 ; _ , 28
- " Digital-to-Analog Converters 162 1 2 2 3 ©O) 6 3 1 2 30
 Multiplexers B 164 3 3 1 2 @ 2 20
~Brarich Drivers IR 11 1 1 1 2 (;) 11 13
Crate Controllers S 231 4 2 4 3 4 4 4 3 2 39
- Crates w/Power Supply _ a1 4 2 4 3 4 4 3 -4 3 2 39
3 77 52 .78 &n9 3F 66 35 687
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No payload CDMS requirements, for which CAMAC-type equipment was in
general applicable, were found that could not be satisfied with available
CAMAC modules. Hence, no requirements for functionally-modified or special-
purpose modules were identified, In fact, in most cases a number of dif-
ferent modules were available to fulfill any particular functional require-
ment.

In summary. our conclusion is clear -- from a functional standpoint,
CAMAC equipment has been found to have a high degree of applicability for
Shuttle payioad data acqu151t1on and contro] requirements.

3.9.1.3 NIM App11cab111ty

The overall summary of NIM equipment requirements for the eleven repre-
sentative payloads is presented in Table 3-54. For the purposes of this
tabulation, we have generated a functional classificat«un for NIM modules
that serves the same function as the CAMAC product code. Aﬂthough the
~ total number of units required is considerabie, the applicability of cur-

- rently available NIM equipment is concentrated in the high-energy astro-
physics area. About 70 percent of the total usage occurs in this single
discip]ine. While the distribution of usage among the various functional
types of modulies is reasonably uniform in this discipline, the usage else-
where is Timited almost entirely to amplifier and h1gh—v01tage powver supplies
‘with a few discriminators required in addition. ' :

The 1imited applicability found for NIM eQuipment*makes-ah approach to.
impiementing Shuttle payloads that is based directly on existing commercial =

NIM equipment questionable. This conclusion is further strengthened by the
fact that the available NIM equ1pment tends to be not very compact]y pack- '
aged

1h1s o1tuat1on often ar1ses in the case of ana]og signal process1ng .
modules because of the provision of convenient front-panel-mounted switches

~ for manual circuit control and the use of numerous coaxial signal connectors .

in existing modules. We believe that consideration should be given to
developing a more cnmpact1y packaged version of NIM-type functions for use
in Shuttle exper1ment 1nszrumentat1on " Such an- approach would be qU1te
feasible because of the reduced need for easily access1b1e control switches,

etc. in spaceflight applications.  Some of the functions normally implemented
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CTab]e 3-54: NIM Equ1pment App]icab111ty Tabu1at10n

High-Energy Space Physics

Astronomy Astrophys1cs
Q@ - t
. o, . e (8] =
o Qo Ni=] - Py Al j=) o™
O %4 . Ly > oY L wpene I
tn 1 [=] ] Nt ] QU — %) 4= o
L)) O X N os fr K O i Q 2] wr
~— T : . &) L= (O | 5] - w
] o 1 g — O ng ST c oS Qo
- ~c i B i oS ©c O PV OO
Eauioment ~ =& E %5 B E£E858 t5Esgl
NIM Equipment - g 832 ¥ X8 S8 EF 22 22 L& 45 Ha Totals
Pulse Amplifiers. o
Shaping - 10 @ 4 1 13 79
Fast . ' o 2
Delay _ 3 _ 3
| Sum/Invert | T 50
- Discriminators (}D o
- Fast Integral 9 31
STow Integral : 6 5 21
Window _ 1 3 4
Zero-Crossing {:) 7

12
12

Constant-Fraction
- ‘Linear Gates
Linear Fan-Ins
Linear Fan-Outs
Logic Units
Pulse Height Analyzers
High Voltage Power Supplies

22
40 7 3 116

me O
2CRO
v @O0

- Bins w/Power Supply _ 8 4 1 1 42
| - Totals | 6 3 32 73 89 — 22 - 3 10 406
» Spec1a1 Modules = : : o
Sequence: D1scr1m1nators ' . 7
Wave Analyzers ' : _ _ 3

Differential AmpTifier ' : 6




in NIM form are available in a more compact CAMAC form (see product code 165
in the CAMAC Product Guide). We have not used these moduies in the present
analysis because almost all of them are manufactured by a Polish and a
Hungavrian firm. |

- Finally, almost one-third of the applicable NIM modules are high-voltage

power supplies (HVPS's). For many reasons, the use of NIM-packaged HVPS's

is not attractive for Spacelab applications. For instance, since the NIM
units must be located in a pressurized environment, extensive high-voltage
cabling would be required between the Spacelab Module or Igloo and paliet-
mounted instrumenis. A much more reasonable approach would be to develop

a family of standard programmabIe'HVPS's suitable for operation in normal
spaceflight environments. The frequent, relatively common regquirements for
HVPS's found in our work here and in previcus analyses leads to the conclu-
sion that such an approach would be cost effective. o

In summary, we conclude that the Timited applicability found for exist-
ing NIM equipment, coupled with the unattractive packaging features found
in the NIM versions of the potentially most applicable types of functions,
makes the development of standard modules specifically designed for space-
f1ight applications more reasonable than attempting a generaI'standardiza—
‘tion based on existing NIM equipment. ' . |

3.9.2  Commonality Analysis

_ A more quantitative measure of the commonality of the requirements
_ found for any particular NIM or CAMAC unit can be obtained: by comparing the
~ number of units required when they can be shared among payloads as opposed
"to beifg dedicated to each payload. A simplified version of this comparison .
is presented in this section. A more detailed and realistic treatment of
.-:-the compar1son is g1ven in Sect1on 2, Yolume III as part of the d1scuss1on
' of. Task 4A. o :

- The s1mp11f1ed commona11ty analysis involved comparing the number of
" Units that would be requ1red if the eleven payloads were flown in a serial
-'sequence ‘as- opposed to in paraliel, The assumption implicit in th1s exer-

~wcise. is that for the ser1a1 case, any part1cu1ar unit would be ava1Iab1e to

all pay]oads as required. Hence, For the serial case, onIy the number of
_ un1ts requ1red by the largest user of that part1cu1ar piece of equipment
- wouId be required to carry out all the flights. For the parallel case; the -
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total number of units needed by all users would be required, As previously
noted, the largest user of each type of module is desighated by the circled
entries in Tables 3-53 and 3-54. The commonality analysis amounts to com-
paring the circled numbers with the numbers in the right-hand column of

the tables. | | |

| A summary of this comparison is presented in Table 3-55. For CAMAC
equipment, the serial case reguires a total of 217 units versus 687 units
in the parallel case. For NIM equipment, the corresponding numbers are 245

versus 406. In other words, because of the increased commonality of the

requirements for CAMAC equipment, allowing the units to be shared by uSefs
results in a reduction of almost 70 percent in the number of units needed
compared with a.feduction of 40 percent for NIM equipment.

So far as the various types of equipment are concerned, the equipmeht
that is common to every CAMAC system, such as crates, crate controllers,
and branch drivers, obviously has the highest commona]ity. The numbers
here merely substantiate the discussion in Section 3.1.1 regarding low-
voltage power supplies for NIM and CAMAC equipment. If use of the overall
standard is adopted, it would be well worth the investment to develop special

~versions of the system-common equipment for spaceflight appiication if re-

quired. At the level of breakdown given in Table 3-55, the degree of common-
ality found for CAMAC module applications is quite uniform. So far as
individual types of functional modules are concerned {see Table 3-53), there
is considerable variation and the most commonly used units are the two types

~of ADC's and stepper motor controllers.

Therefore, regarding CAMAC equipment, we conclude that thé high degree
of both applicability and commonality found warrants its serious considera-
tion for use in SpaceTab paYToad-1nstrumentat10n.'-Ne further believe that
there is endugh common application for this conciusion to hold true indépen-

~dent of the question of the amount of modification required for the Spacelab

environment. In other words, the degree of applicability and commona11ty '
is sufficient to justify the development of spec1a1 spacef]ight versions of
the equipment, if required. : - - '
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Table 3-55: Unit Quantities Required to Implement the Representative Payloads

Equipment ltem

CAMAC
Serial Input Registeré
(111, 113 & 117)

- Parallel Input Registers .
(121, 122, 123 & 127)

Qutput Registers
(131, 132, 133)

Motor Controllers
(145) |

A-D & D-A Converters
(161, 162 & 164)

System-Common Equipment

Toté1

NIM

Pulse Amplifiers
Discriminators

Linear Gates, Fan-Ins,
Fan-Outs, Logic Units,
PHA

" High Voltage Power Supplies

Bins

- Total

Paralle}l Flight Sequence

Serial Flight Sequence

{Dedicated Usage)

90.
67
121

86

134
75

39

116
42

—

406

{Shared Usage)

36
25
47
18
77

14
217

96
54

36

s2
17
245

~ ForNIM equipment, the only type of module reaching a commonality com-vw
parable to that found for CAMAC is high-voltage power suppiies; and, as dis-
cussed in Section3.9.1.3,NIM is not an efficient form of implementation for

this function in the Shuttle envirdhment;'-Theréfore,'the commonal ity
ana1ysis only confirms the conclusion reached in Section 3.9.1.3.
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CAMAC PRODUCT GUIDE

HARDWARE

This guide consists of a list of CAMAC equipment

which is believed to be offered for sale by manu-
fucturers in Europe and the USA, The information
has been compiled by CERN-NP-Electronics and
is mainly based on information communicated by
manufacturers and available up to the 20th Septem-
ber 1975,

Every cffort has been made to ensure the com-
pleteness and accuracy of the list, and it is hoped

that most products and manufacturers have been |

included. Inclusion in this list does not necessarily
indicate that products are fully compatible with the
CAMAC specifications nor that they are recom-
mended or approved by the ESONE Committee.
Similarly, omission from this list does not indicate
disapproval by the ESONE Committee,

Reader service

Readers are advised to use the Reader service
enquiry card, inserted in this Bulletin, if you
wish to obtam more information on CAMAC
Products, and to be on  the manufacturers
mailing list.

Remarks on some columns in the Index of Products

Column

NC — N is new, C'is corrected entry.

WIDTH - 1 to 25, indicates module width or—for
crates—the number of stations available.

"~ 0 indicates unknown width or format.
— Blank, the width has no meaning.

—~NA indicates other format, normally a
19 inch rack mounted chassis.

NPR - Number in brackets is issue number of
the Bulletin in wh»i~h the item was or is
described in the New Products section.

DELIV —Date on which item became or will
become available.

REF Mo — Reader service reference number.

CLASSIFICATION GROUPS

code page
1 BATA MODULES {1/0 Transfers and
Processing)

1t Digital Serial Input Modules (Scalers,
Time Interval and Bi-directional Counters,
Serial Codedete.) . . . . . . i
12 Digital Parallel Input Modules (Storlng and
Non-Storing Registers, Coine. Latch, LAM,

Status ete.) Ve e e e s P A
13 Digital Output Modu[es (Serial : Clocks,
Timers, Pulse Generators, Parallel ; TTL Output,
Drivers) . . . . . . e e . Vil
14 D:g[tal 10, Parlpherai and lnstrumen-
tation Interfacing Modules {(Serial and
Parallel 1/Q Regs. Printer-, Tape-, DVM-,
Plotter- and Analyser Interfaces, Step-Motor
Drivers, Supply CTR, Displays). . Xl

Digitat Handling and Prncessmg Modu!es
{(and/or/not Gates, Fan-Outs, Digital Level and
Code Converters, Buffers, Delays, Arithm,
Processorsete.) . . . . . . AV
16 Analogue Modules (ADC DAC', Multi-
plexers, Ampfifiers, Linear Gates, Discrimi-
nators ete.) . .o . i
17 Other D:gltat and/or Ana[ogue Modules
(Mixed Analogue and Digital, Not Dataway
Connectedet.) ... . . . . v v o oo XX

Py
ot

2 SYSTEM CONTROL {Computer Couplers,
Controlters and Related Equipment)

21 Interfaces/Drivers and Controllars (Par-
ailal Mode for 4600 Branch and Othar Multi-

cade. . ' - page
Crate Bus, Single-Crate Systems, Autonomous
Systems) . . . e e s XX

22 Interfaceslcontrollarsl Privers for Sarlal
Highway . . . . . . . .« .. XXV

23 Unpits Related to 4500 Branch or Other
Parallel Mode Control/Data Highway
(Crate Controllers, Terminations, LAM Graders,
Branch/Bus extenders) . . . . . . . . . XXV

3 TEST EQUIPMENT _
31 System Related Test Gear. . . . XMV

32 Branch Related Testerleontrollers and
Displays- . . . - KAV

33 Dataway Re!atad Testers and Dlsplays vl

34 Module Related Test Gear (Module Ex-
tenders) . . . Ve e . KXV

37 .Other Test Gear for CAMAC Equnpment XXV

4 CRATES. SUPPL!ES. COMPONENTS,
ACCESSORIES

41 Crates and Related Components/Acces-
" 'sories {Crates with/without Dataway and
Supply, Blank Crataes, Crate Ventilation Gear) -
42 Supplies and Related Components/Ac-
cessories (Single- and Multi-Crate Supplies,
~ Bilank Supply Chassis, Control Panals, Supp[y
Ventifation} . . . . . 5 . 4 . XXX
43 Recommended or Standard COmponnﬂtsl
Accessories (Branch Cables, Connpectors etc.,
Dataway Connectors, Boards eotc., Blank
Modules, Other Stnd Components) ., . . . ~XXX1.

K
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INDEX OF PRODUCTS
nNe " DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.
1 DATA MODULES — I/O TRANSFERS AND PROCESSING

1" Dlgita! Serial Input Modules — Scalers, Time Interval
and Bi-directional Counters, Serial Coded etc.

111 Simple Serial Binary Registers

. N 2¢ DIT SCALER (14Mwl) . ' Cam 2,01 METREMPLZ . 1 72 16,1001 ;
\X24 HLT BINARY 9LIND SCALLR  (20MnZ N1k JEH 10 SCHLUMBLRLER 1 1" 14,1002 i
OR LOMAZ TTL /P27 INRIBIT Insuvk osM) . i
MINESCALLR (2X18B 1T, 30MHZ,5EPARATE GATES 1002 BUKEH i . o9 tagioes
AkD EXTEHRNAL RESET NIN LEVELS)

HINISCALER {2X16HJT,30MHZ,SLPANAIE GATES 002 MICL, EXTERPFRLISES i - 14,1004
AND EXTERNAL RESET,NIW LEVELS)
RINISCALERCAXIGHLIT, JONHE pSEPAHATE GATES | . C tea kDT 1 73 14,100%
© AND EXT RESET,RI® LEYELS) T . . ’ '
DUAL SCALER (2Xx1681T, S0Mei) DS 059 STap ENGIWEEHING ' i "y 14,1008
OuAL £50 WHZ 16 BET SCALER (UNE 50 UMWS, 25 2024710 SEw i 70 t4, 4007
UNE URTERMINATED NI® INPUT PER SCALER)
DuML SCALER (2X16B1T, {gomnil} ) DY te0 S0l ENBINERHING 1 2 ja,1008
DUAL SCALER (z!iuuli._ 150KKZ) oS 150 T STAD ENGINEER1IHG 1 B 14,1009
DUAL SCALER (2X14B17, 2008RZ) - DS 200 7 STAD ENGINEERING 1 1 14,4010
DUAL 24 BIT BINARY SCALER FHC 13{3 FRIESLKE i 2 18,1001
(15MHZ, NIM OR TTL IMPUTS® '
N QUAD SCALER (4%12 UR 2224 BIT, 1¥#nl) Can 2,02, : HETRIMFEX ) H2 183012
DUYBLE SCALER (24/]0011,50MM2,2 1/P ¢ C=Dge24 mENZEL ELEKTRUNIK 1 7 ) 14,1013

3 GATE mUDES, INMIBIT, PLeDVEHFLUN}
CSELECTAULE y5QMHE ,CUMPON GATS ;HIA LEVELS)

FUYRSHOLD CABAC SCALER (4X18B1T,40Mn2, ¢ 3 2004 SEN 1 7o 141022
QNE 30 UHMS, DNE niwZ NIM 17P PEH SCALEN)

TIME DIGITIZER {42 6MIT,CLUCK RATE S (T 1 SEN . ) 1 ¢z 14,1023 |
70/B9HHZ, w1Th CEMTER FINDING LULIE) }

TIME DI1GIT1ZER (ugeamcwcn L3]S ™ 204} Skw 1 /72 L a) 19,1086

70/U5HHZ (NIH LEVELS) :

GUAD SCALER {dKJOBLT, SO0MNZ) us o050 ) STND LNGINERRING 1 N 14,1028

SERLAL WEGISTER {4X18817,2%82BLT SELECTe - - 3H 1608 GECOELLIOIT ~. Lm0 18,1020
ABLE, 100HHZ , CUMADN GATE,NIM LEVELS) n

FUURFOLD STALER(#X|BHIT,2XJ281F SELECTa 4 5 2003710¢ Skn i 1o ) ta,1027

AHLE 1 QOMHZ COMMUN GATE (NIH LEVELS) -

QUAD SCALER CdX1881T, gB0MHZ} us 15¢ STHD ENGINEERING 1 I 18,1028

QUAD SCALER C4xI6H]T, 200HMLY - us 2000 STl ENGINEEHING ! a0 1d,1029

CUAD SCALER (4¥24BIT, S0MKZ, DATAmAY 34245 £GLG/UHTEL i ' (73 14,0030

ANDJUR EAT FAST INnIBIT, NIW LEVELS)

=

SCALEHeTIMER {4X2aulT, INT, 1HHZ CHYSTAL cA% 8,02 | KETHIAPEX 1 "3 ' 14,1044
OSCILLATOR, RESULUTIUM 10MAZ) .

Uual l;ﬁual'u.ﬁ HhGISIER{uznuU,Nm :wur FOGe2 I NUGL, ENTERPHISES [ Y - j4,10482
TFL INRQBIT TN, TTL CARAY AND UvE Qul) .

- GRIS
memAL BA
%F POOR. QUALIY 3‘
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NC DESIGNATION & SHORT DPATA

2.6114L INPYT REGISTHR [5XAU1) PAkALL
IhPUT LATES,bTe BYTE SETS LetTL,len)
{ulTH FRONT WaNEL CinnpLIUN)

CHUOULE wilr GHLY LUGIL Burawp}
OIGIFAL thPUT RELISTEM [CITCHIEET Y (KR
InPUY GATE3,01H HYTE SETS LedlL,1sn)

(#LTH PHRUNT Patbl CUNNEC TUN)
PARALLEL INPUT GATECIBXLBALT,TILs YaLis)
128 BT WECEIVER (ADURESSABLE AS U 1AHLT
wURDY R 128 1eB1T wURDSY

122 Storing Registers

UPTICAL ISULATEOD InPUT REGISIEW

PARALLEL - INPUT RLGISTER {10BIT,Cusllnu=
QUS Ud STROBED HUDES CONTRULLED ©Y REG)

DYN, DIG, INFUT (j60)T, TTi,
LARIF INPUT 0al.GR 10 1R GUTH)

INFUY REGISTER (1oBlIT}
DyRanic DIGETAL INPUT 14BIT FLUATING [/P

ISULATED IWPUT HEGISTER(}oHLIT,AR3020 FUR

12,24 OM 48V0C, AR3024 +OH Y1dVaL)
INPUT REGESTER tlastl;énnttct CLUSURE }

PARALLEL=1NPUTSREGIBTER (SINGLEL 10/24B17
CPTHHEADY SIGNALS,IZU TTL,CUNERUL BuS)

FHPUT REGLISTER (24P1T, HPEL CONN, B BT
ALSD V1A LEHOD,LAM OH NUNSZLRD UH QEHOBEJ

COHTACT SENAE (24BIT ISOLATED 1NPYT HEG,
SEMIES 12,28,4BYDC DR J20VAC INPUTS)
CONTACT SENSE (24817 JSULATED 1MPUT REG,
SENBES STATE OF SERILS SwITCnES)

IHPUT ALGIATER 24wB1Y
INPUT REGISTER (24817}

InPUY REGISTER (24 IKPUTS, + BTHUBE,
ap7iCaLty ISULATED)

HALANCED INPYT ARGISTEH mlTH ADOHESSlute
PARALLEL INPUT RrGISTER {2x10917, TIL)

OUAL INPUT REGISTER{2x1401T,LAn & BTPuUBE
1/P B DATASREAD«STROBE (/P FLR CHANNLL)
CAMAL UNTERH, /P15 ¥iA SCWMITT *RIGLLRS
1#P FILTER RESPUNIE USEC TO 10MY

DUAL 16 BIT INPUT REG]STEH
LTTL LEVELS, CERM SPLES 072)

BUAL 16 dIT INPUT REGISTER(EXT STRUSL UR
DATAwAY COMMAND STUORED DATA,TTL LEVELS)

DUAL INPUT REGISTER (148IT)
DIGITAL INPUT (2x16B1T FLOATING 1NPUT}
DUAL 24 BIT PAHALLEL INPUT REGLISTEH{ITL)

DUAL 24 BIT INPUT REGISTER
{TTL, HANDSHAKE)

DUAL INPUT AEGISTER(2X2485T,LAM & STKOUF
1/P & DATA-AEAD=SYRLBE 4/° PER CrANMNLEL)
CAHAL UNTEHM, 1/P1S V1a SCHMITD THIGGEWS
1/P FILTEW RESPUNSE IUSEC TU 31043

CSAME BUT wWiTH TAISTED PALR INEUIS)
{S4HL BUT wlTw UPTICAL JSOLATIUN IWPUT,
LUGIL .1 = %y (R 12ka}

VUAL INPUT HELGISTEH (Px24BLIT,1/P INTRuK
TILs PULL LAM, UUTPUT STRUHES)

TRPUT REGISTEH (2X240IT, ) MUDES OF QaTA
ENTRY, LED DISPLAY) '

DUAL HARALLEL EWPUT HEGISTER{2X24BIT,EXT
LUAD REGULST,d UPLM MUDLS,TTL LEVELS)

24811 DUAL PAMALLEL THHUT REGISIEW

{4 MAS LU=Z, B Ha3 unlEaF;ﬂATEUlINFUII

PARALLEL INPUT REGISIER (2x24 #1T§)

DUAL 24 81T PARALLEL I1MPUT REGISIEH
{wlTH LED DISPLAY QPIINNY .

TYPE

Ut goo=20vl

ia 2Qur2u}
ou d0u=2yuy

pu 200e2oud
Uu 200e202
v 2boby
[N

2801
2p1d=y

L 2ueb1vi)lnig

P 301
C 70451whl7wAS

AR J02+

AR JOUC
HS Pl 2 124041

FnC 1308

41
C3vl

a0
PR 304
1Rez

3430

2312

PR 1810 SERIES
PR 1611

2IR 2002
21k 2010

PR 60}
€ 70451eAbakd
2422

Rre224

#H 2460 SEWIES
PH 280y

PH 2807

PR 2403

220

1

602

9041as90418

- J HE 10
‘BRb04

220

MANUFACTURER WIDTH

VushIER

FHLENER )

GECeELLLUIT

INFUREATEA

Bl KA 5YSPEES
NULL, EATEKPH{SES

S1LHENS

STAD ENGINEERING
SIENERS

ETH0 ENGIMERKINL

STnp tNGLINEERING

atueTELEFUNREN

FUTESEKE

JUEHGEH

KIMLTIC SYSTEMS
STND ENGINEEKINL

JULHBER

KINETIC STIIERS
Bl wa SYSTEMS
LEL=ELLIUIT

Sem
Stn

57n0 ENUINEEMING
SIEMENS
Bl Ha. SYSIEMS

EGElL/UNTEL

GEC=ELLIUTT

hytee

JULHGER

JuK—A;

NUCL, ENTERPRISES

SCHLUMHERLEN
STAD LAGLINERRLMG

DELIV,

221

e
1ty

e
12
/e
H3

3
3

/74

rea

rn
41

s
0us7s

”
IZr
rre
He
e
3

LEx]
o

7S
i3
114

12

/3
124
HS
L)
"3

12

70

413

e

NPR REF, Na.

Lo

[13%

i

(2]

14,4040

19,1099

18,4106
14,1104

34,0102
18,1108

16,1108

14,1108
14,1108
14,1107

18,1408
§4,1109

14,1110

18,1151

19,1112
14,1118
14,1114

18,1115
14,1118
18,1117

14,1118
14,1149

14,1120
14,1124
14,1132
18,1128

14,k124

14,1125

14,1120
18,1527
14,1128

14,3129 -

14,1180




NC DESIGNATION & SHORT DATA TYPE ‘MANUFACTURER WIDTH DELIV. NPR HEF, No.
€ DUAL INPUT REG,(2x2a81T,5EP,1IMING,LUGLE CelL=aB sinébl BLERTHUNIR 1 [Z5) 114} 34,118 A
AITA1SE PUS/NEG)STIYERGE IDATA In AUDED) i
N GUAD 24 BT IMPUY HEGLISTER (4224, Hahbs ulk . JuLHGEH ] Uy (1a) 14,1182
anask DA TRANSFEW, 3 DATA ENTRY HUDES) : .
ODRMIEH MUDULES ALSU HARKETEU BY SILMENS STEMENS a ) 14,1148
DIGITAL INPYY REGISTEA, LxTEHNAL dIHLBE Uy 200=2004 DUMNIER 1 a3 18,1142
{AXUBIY INPUT LATCHES, LXBUIT SET wauj .

{SAYE w1TH FRONT PanEL CUNNECTUH) DU 2002204 i 43

123 Terminated Signal Input Registers (Coinc. Latch, F"attarn etc.)

§2 81T PARALLEL JNPUT REGISTEW (mI¥} 2451 Bl Wi 5YSIENMS ) /3 14,3430
SYAUBLD INPUT REGISTER L4281Y CUINL RWD . SIR zoRe SEN 1 ] 16,1136
LATCH,NIH {EVELS,PATTERN AND LeRLD SPPL) E . X -
15817 DISCAIMINATURCLOINCIDENCE HEGISTER 2352 Bl wa SYSIENS ‘7 01478 14,1487
FAST COINCIDENCE LATCH(SBAIYT,DISCR I/P, ba | Jusmay 1 iy [SE PR TN T L]
HIN 2 NSEL S1RLBLSIONAL UVERLAP) . E
f& FULD DEA (16 DISEH, CUMMUN STHUHE, 235401 LHI=LECHEY ¢ 71 [} 14,1139
=FOMY TRHESHIOLD, FAST SudMING UUTPUTS) . . :
1600 COINCIDENCE RELISTER (9TeQuE 1/, 23418 LH8=LECRUY ] 1?21 L4 14,1140 o . i
2N3 UVERLAP,FAST SUM O/F aND CLEAR,NIM) ;
B t
N 16 CHANNEL STROWED CLIINCTIDENCE (16 CUINC CAM H,0% METHIMPEX 2 124 16,110y i
INPUTS, CUINGC B Lait OLTPUT, JONS HESTL,) i
PATIERN UNIT 021 KUCL, ENTLRPHISLS 2 24 L by 14,3147 i
(16 -EHDEV NEIM INPUTSCUWHIN NIM LATE) : ) o ;
FaST INPYT REGISTEH 90483 NUCL, EMTERFRISES 1 74 14,1144 :
(ASSEMBLES 18817 wORDS FHUM [L2 [NPUTS) :
PATTERN UNIT(EABIT, 179 STHUBED Wllw C 10l RO 2 14 14,1344 ‘
COMMUN GATE {0 NSEC LVERLAP  N1R LEVELS) '
16 BIT PATIRAN UN1Y (NIM I/P aND GATE) - 4 PU 10 SCHLURHERLEN R | 72 14,1148 :
PATTERN UNIT 16 HIT {16 INDIVIDUAL WIW 16P 2007 5N . 2 70 14,1148 i
INPUYS,COHMDN &IM GATE, CGERN SPECS 021) . :
E 18 8l PATTEAN UNTT (CERN 071, ib InDLV 14P 2047 Sk | S 172 () 18,0147 :
H1M INPUTS, CUMMUN &IM GATE,LED DJ3PLAY) : :
CUINCIDENCE HEGLISTER/LATCH (16 CrdNnbL) TR 118 STHY ENGINEEHING H 74 14,1348
COIACIDENCE REGISTERJLATCH (16 GRAMNEL) CH 216 814D ENLINELRING H 174 14,5449
CUISCIDENCE REGISTER (14 CH,CURHUN GATE, CHe&001 BTA0 ENbIWEERING 1 74 [$¥} 14,1186
HIN UVERLAP 2N8,00VBLE PULSE RESuL LONB) ’
COINCIOENEE LATCM (24 WIM [WPUTS miTH ci24d EGRG/URTEL 2 14,1184
CU¥MUN STAQBE, EXT RESET, 2WSEC UVERLAF)
N PARALLEL INPUT REGISTER (2a85T) CaM 2,08 METRIHREX ! L 14,1182
LUINCIOENCE REGISTER/LATCH (24 CHANKEL) LR 224 STNY EHLINEEH]ING 1 rid 14,1153
CUINLTOENGE BUFFLR (2X{aWIT,UNt STRUME ca1z EGHU/URTED 2 17} 14,1104

PER 128118, M 208 OVEHLA® ,NIHW 1APUTS)

124 Manuat Input Modules (Word Generators, Parameter Units)

PARAMETER UNIT 12 BIT (PAUVIDES 12 a1l P 2008 118 1 170 14,1109
COMAUREGATION, PUSH BMTTON L=REUUEST) .
MANUAL INPUY REGISTEW (INPUTE & nANDWSET 1044 BUMER ) 1" ('63 4,144
1&eH1Y AUHD, WMANUAL AND ELECTR LAM I/P)
24 BIT PARAMLIER ynlT 2504 Bl ®& SYSIEMS 1 173 14,3107
AURD GENERATUR (24817 wUWD nG 240t GELWELLILTT 1 2} 14,1150
HWANUALLY SEF BY SwITCHES)
PATA HWITCHES C 322 INFURNATER 1 ne 16,1459
{18724 vITS,HEADSBLE + CUNTEMT augk)
N MAGUAL [NPUT/QUTPUT (TEST UNIT PRUVIDES ME7U JUEHGER 1 0us7s 14,1100
MENGAL DATA ISPYT 8 VISUAL DATA UUTPUT) :
wanUaL INPUTZ0UTHUT HEGLSTER (24 ull5, 201 JuHwaY 1 74 {11} 14,110t
SwIFCH [/P « LAK, 24 LED O/P REGISTEN)
¢ 24«007 MiNyAL INPUT A4p0 RINLTIL SYSTEMS F 473 14,1102
N 24-B1T MANUAL INPOT L LI TR ) 1 114
wURD GEMEwATUH {24 BITS UF uuuh‘\' 0ATE, V029 ’ aULL, ENTLRPHISLY 1 71 {2 14,1104
Sm11CH SELELTED)
24 H1T WURD GEAESATON mITH La® nbiedd] STNU BNGINELE NG v 73 {4,104
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MC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELWV. NPR HEF. No,
Hatyal HEGISTEH (FUUW 48 RIT WURUY) 241 FuLuh 8 ‘14 14,1465
PARAMETER UNIT (GUAD dwbicaOL blu 022 MUCL, EHTERBHIYES 4 1"y t 23 Ld4ilen

PAMAMLTENS MANUALLY SET}

PARARETER ubI® (UUAD 4 DECADE BCU £ 105 ot & ¢ 14,1102
PAKARETERS MAMUALLY SET)

127 Other Parallal Input Modules (Inch, Lam and Status Registers, see 232 for Lam Grader)

2awy ]V INTERRUPT HELISTER X331 hurts i 12 (-4} 14,1108
(STATUS COMPARED,CHANGL GIVEY Lan)

PRIURITY IwPuT REGISTER{)20115 UKLD YU ¥ JuRAAT 2 /40 14,1169
LaM,FA3T CUINC LATCH APPL,MASK WHEGISTEH)

INPUI REGISTER (12 BET, URED TU LAHW, L1} JUNwAY ] 124 fa,110/0
COINCIOERCE LATEH APFL, NIM [NPUIS)

N INTEHRUPT REQULST REGISTLW Cam 2,00 ME[RIMPEX ] e 18,5174
T16 INPUTS, ANY INPUT GIVES LAN)

N INTERHUPT REOUEST REGISTER (B CHANNELS) ool HUCL, EMTEHFRISES v t1a)  ta, e
INTEHRUPT RLGUEST REGISTER EC 218 WUGL, ENTRRPHESES 1 14,1173
LAW HEGUEST REGISTER (16 BIT) 200 POLUN 1 174 19,1474
IHTERRUFT ALARM REGISTER -Jd 1IN 30 SCHLUMBEALEK 1 1ra (L) IEPYRYS ]
¢16 BITS, InDIVIOUALLY MASKAULE}
bé LINE SURVLYUR ¢3IMGLE OR CunwTImuDUS b4LS 2062 SEN H 93 1e,14T78
SUHYRY CYCLES, 3 SUWVEY "ODES)

T1SOLATED INTERAUPT GATE{14BEIT,enmy FUK A1G J02w STW0 ERGINEERRING L /14 14,1127
12,24 UW a8y, etk FUR {{5vAC VERSIUN)

INTERAUPT GATE CE6BIT,CUnTACT CLUSURE} AlG dp2C STHU BENGIMELRING ' 114 14,1478
1SOLATED IKTERWUPY REGISTER(16BIT,»aD AIR 302w S5InD EHLINMEER NG 1 114 14,1429
FUR 12,24 OR 4BVOC, e84 FUR 115vaC }

INTEHKURT REGLSTER{16HIT,CUTACT LLUSURE} AIH Jo02C SThD EHOIMEERING 1 4 $4,11n0
TNTEHRUPT GATE (2481T) 16 304 STHD LWGINEEHENG 1 L 14,1181
DUkl INTERAUPT GATE (2481T) 16 804 STHY ENLINELRING 3 114 19,1182
INTEHROPT REGESTER {12B1T) 18 (12 STND ENGINEERTND 1 24 14,1483
INTERRUPT REGISTLR {14BIT) IR gla 1 14

INTERRUPT REGl8TLR (249IT) IH g4 . 1 e

INTEHRUPT REGISTLA {24B1T) 1" 404 STNL EHLINEEH [N 1 2?74 14,1104
STATUS INTERHUPT (24BIT,I/PELATCHELAMG CuSpead sbHZEL ELERTHUNIN ) e 112) 18,1180

HASK s GRULPLSEL wLANwTEST , VAR, LUGICELEVEL )

13 Digital Output Modules — Serial; Clocks, Timers,
Puise Generators, Parallel: TTL Qutput, Drivers

131 Seria! Qutput Modules {Clocks, Timers, Pulse GEN)

ARESET SCAaLL® (LEVEY, OH PULSE THAIN U/P, PSR 0801 GEC=ELLEUTT H 7 14,1186
BURATIUN SET BY COMMAND,SINGLE & HEFEAT}

=

CLUCA PULSE GENERATON {10 FIX 3 | PRO= CAH b 0t RETH[AREX 1 /3 14,1167
GHAMMAHLE O/P, INT, LHHZ, EXT, MAX bWn2)

z

SCALLRwI [HER (4X24RET, [NT, IHHZ CHYSTAL Cam 4,02 HETHIPPLX 2 73 14,11u8
USCILLATUR, RESULUTIUN 1guHT)

CHYSTAL CLUCK GERERATOR (27 TTL LuIPUTS e 1504 FHILSEKE 1 (rs! [ SR #] 14,1308
FOR inZ Tu iemZ FHEQUENCY DECADES}

CRYSTAL CUNTRULLED PULSE GENERATUN{? Db= PG 0001 GECWELLIUT! . 1 71 14,1190
CACES=iHT TO |HMZwS0GNS PULSES DUt,TIL) :

REAL TEME CLUCK c J20 INFURMATER 1 12 1451491
(4SEL CLUGK/SHSEL STUP ~ATCH} '

CLULK GEWERATOR (IWT Ja#ni, EX! BOMMZ, 4] JUEHGEH | 42 [ S B LT R1
B DLCADE STEPS,FLuS Pnnsna“ﬂai.e UUTPuTY o

GATED CEUCK L10MWZ TU §nE, FHT=EXT 217 Juwmay 1 A 1111 1'4||.19J'
CLUCx, VNCH“UNL‘IUS LATIHG)

CLUGA PULSE GENERATUN (7 OUTPUTS=LHE TO rotyel hUCL, ENTERPHISES i r2¢ 14,1144
{WHZw=IN DECADE STEPS.|OHHZ £XT IN,TTL)

CLuf.l GLNERATOR{INTERN Mg, EXT Y0P/, 7304, . - PuLun - | A 14,119%
7 ULCANES jRZwiMmkZ TTL O/P,bUSEC mIDIR) : . . i ) T

CLULK PULSE GENBRATUN(Z ULCAUES=1nl TO C 1wy HBT 1 /11 1841194
yemlwbgd hSEC PULBES NUT,TIL AND WNE®) .

HE = 1 HHZ QUARTZ CLnfu (7 U/F = Ind J M. 10 SCHLUMHEMLEW 1 L2} 18,0197
TU IMnZe20¢ 10 HDO WEEC =IDIr, TTL LEVELD

___.L o R




NC DESIGNATION & SHORT DATA

=

x

z

YUARZeLLUCK w1TH 2 TINeR FuCTIUNS

CAMACOLLOCRWGERERATOR (7 DLCADES=100ng TU
1%2i50/500 MSEG @/F PULBLS,2,8Y/50 UkkS)

CLUCR/TINEH {0,0019 TU 1 HRS THE
INTEHVAL , TIwEaUF«tiaY GUTPUT)

REAL TIME CLUCK, LIVE TIME {NTEGHATUW,
PRESLT TIMER -

HEAL TIME CLOCK {CUUMTS .1 SEC TU 593
DAYS, DISPLAYS MRS/HINSSED, HO/40MZ GEMN)

wATLHDOL TIMER (MUNIIORS SYSTEM ACTIyIty
GEKLAATES aUDIL ALARM & CANTALY CLUBURE)

Riao TIME CLUCK

REAL TIHE CLOCK (3,8 USEC T 18,2 WeS,
FRESETwTIME AND PRESETa{UUNT HUDLS}

INTEHVAL TINER/WATCHUOG (10OUSEC=30G3EC
INTERVAL, 1 SECesyt) SEC TIAEOUT)

HEAL TIWE CLOCK (PRESEN CUUNTER, PHESEY
TINEH 3,8U3EC TO 18,2 HAS, ELAPSL TIME)

DEAD TIME COUNTER
TIHEH HUDULE

TIKL BASE (10 TD §00MHZ IM FNCREMENTS UF
10HKL, LSEQ WITW TC 2035/TD RO4Y)

TIMER (MIN JUSEC,0VF FROM CUUKRTEH=HP1)

TESY PULSE GEMERATUR (S TO 50 KSLC HlK
U@ PULYE DERIVED FRUM S1,F{2%) UR EXT}

TEST PULBE GEMERATOR (NIM PULSE PATR}

B ChAMNEL DELAY GEWEHATOR (DELAY 0 T0 99 .
TIMES CLOCK, OELAYS CAMCADABLE)

GERIAL UuTPUT HEGISTER {12/)bs24 BIT,
ACALER OR SHIFT REG, IWT, §0OHL & §HMAZ}

QUAL PRUGHAHHED PULSE GEAERATOK{SOHZ/
INHELZYNHE PULSE TRAIN,LENGTH 8Y COMHAND}

132 Paraliel Output Registers (TTL, HTL, NIM etc.}

QFPTICAL ISQLATED QUTHUT REGISTLH
12 BIT PARALLEL GUTPUT WEGISTER (MIH)

15 B1T PARALLEL OUTPUT REGISTER (B]T
ADORESSABLE, MIM LEVEELS DR PuLILs)

12 BIT OUTPUT REGISTER{OL UR PULSE D/P,
UPDATING STROBE OUTPUT,NIH LEVELE)

dUTPUT REGISTER (12811, NIn éULSLS uH
LEVELS QuT)

UUTPUT HEGESTER (1281T)
OIFFERENTIAL GUTPUT HEGISTLR
UUTPUT REGISTER L12 CHANNEL) |

QUTPUT REGISTER (P48IT TTL VIA SPLL COnm
BBI1 LU VIa FHUNT FANEL LEMOD).

PARALLEL UUTPUT KEGISTER
(24817, UUTPUT #JTH CAMAC STANOAHD)

DUTPUT REGISTER (24 1T, 16 W& 5V yuT)
UUTPUT HEGISTER (24BIT,UPTHYCUUPLER,7HE)

OUTPUT REGISTER
(248ET wURD: TIL NP vIa J7=nay LONN)

uutPur BEG[STER L248lT)

PAHALLEL OUTPUT WEG, [2aRIT,WEG/UPT PO
TTLraDd, DURATIUNELEVELs4 TIMING “UOES)

OuAL 16HET PAHALLEL LUTHLT HEGISTER{TIL)

DuAL g6 RIT GuTPUT REGISTEW (SELELTABLE
/P STAGES. Un PLUGSHLE PC, FP CUANECTUH}

Dual 24 81T PaRALLEL AUTPUT RELISTER

UUTPUY HEGISTEN {[2X24B1IT NATA UUT,DATA=
HEADY + HUSY FURM HAMDSHAKE, TEL)

TYPE MAMNUFACTURER WIDTH DELIV. NPHR REF. No.
C 7hdb)epllmag SIEMENS 1 Fra 16,1198
Call=}0 whiZFl ELERTHUNIA 1 I 14,51v%
1411 AUNER | 125 3 a2
KCD1a ELAL/URIEL 1 "s 18,1201
Rig JUENGEH 2 1] it 18,4292
" JUEHGE H 1 Uiy LLd) 14,1208
9084 KUCL, ENTEHPHISES 1 (10) 14,124
RIC 2014 SEn 1 " 18,1204
L 3B4 SENSIUN 1 4 (143 14,1206
RTL 018 5ThY LHLINELRING 1 174 ti2) 14,1207
2203 Bl WA SYSIEMS i 74 14,1208
Jbsy WINETIC SYSTEMS } 73 14,120%
T8 pos2 SEM 1 "y 14,1210
£ 7645ledlRekl S1EHENS 2 [22] L o) 1441210
TPG 0202 GEC ELLIUTY 1 FLA 14,1212
215 JulnAY 1 fih 18,5214
220 JunwaY 1 ria Li1)  14.214
CAM 2,15 HETHIMPEX ] 43 4e124b
2PPL 2010 - §kw 1 iy 14,1218
3503 B1 HA SYSTLMS 1 174 14,1217
azsy 1 A SYSTEWS 1 7”3 19,1218
[T ¥} INFURMATER 3 /74 16,1219
L} Junaat 1 I t 2} 18,3220
DH 207 SEN 1 Caro’ 18,1221
PH $12 5Tal) ENGINEERING 1 173 19,1222
3030 RINET{C SYSTEMS 1 12 Lu} a2
uR 812 SThu ENGINEERENG 1 215 14,1224
FHC 1409 FHILSERE i 12 14,1225
CaM 2,52v3 METHIMPLE 3 173 14,1228
[TT I L NUCL, ENTEMPRISES v {14} 14,1827
o603 wufL, ENTEHPRISES ] (S F-}] 18,4228
KLY FuLun i 73 14,1des
PR 314 STaR enGINELRENG 1 13 14,1240
Celit-24 RENZEL LLERTKUNIR VL s umy teiest
32y 81 Hi SYSIEMS g 03 ya 1242
2UR 2053 S€n 1 L 9) 14,1288
" apaz Bl WA SYSLERS 0 +73 1a, 1234
RU=224 FlisL AU TEL 1 12 18,1234
D Y




NC DESIGNATION & SHORT DATA TYPE . MANUFAGTUHEH WIDTH DELV. NPR REF, No.

UUTPUT HEGISTER {2K28817 fN &XalLT, un Jubnite 1 12 (7) 18,1290
LED LISPLAY)
24=l? DYAL HUTPUT HEGISTEW . 4ypaz hult, E&TEREN]SES 1 112 L 7) 14,1237
Dual UUTPUT HEGIYTEW (2x2abil, DAPAmAY 20434 NULL, ENTENPRISLS ] L 7)) 14,1238
REAL AND wRAITE, HaAnDSHARE CUNTHUL, LUwZ)
(SARE Hut mim2) gpady 1 L7}
PAAALLEL DUTOUT REGISTEH (2X24 nulls) J H3 10 SCrLURHERUER 1 £13 [ fa,1249
DuAL ‘24 #IT PARBLLFL UuTPUT WEGISTEN PRub12 S1hy ENGINEEH NG 1 171 (8 14,1240
(rdTh LD DISPLAY LPTINN) o |
DIGITAL wUTPUT WEGISTER  (dibnll PadaLL bu Z2oo=2hoi BUNNIER 1 Lfa3 14,1244
uliTFUl WEGISTER,»N LeTTL k)
(B1TH FRUNT panEL ~odhnupCii) DU 200m2701 1 22
(HUDLLE =1Tr QML+ LUGLE HiawD) BU 2002500 1 I
DIGLYAL UUTPUT REGISEER (4XHBIT PAHALLEL Du 200wdbud DURNIEH 1 r73 14,1242
QUATPUT KEGISTER, HLL [a2v) T .o -
{SAHE WlTn FHOMY PabbL CUNNECTUR) oL ZOGRTPh 1 ILL
[SAME, WD F P, CUNNECTOR, INVERTING) Ou 200x2800 3 194
(SAML wITH FAONT PANEL CONKECTUR) YU 20awer0t ) "3
olGITAL UuTROT ﬂEGlSTER {AREHET PAMALLEL Gu 200w2547 [HELEH L ] 78 18,1244
AUPTRUT HEGISTLR, WLL 24Vv)
LSAME wITh FRUNT Panky CONMEGCTUH) pu 2002707 } /73
(54ML, NU F,P, CONNECTUR, INYERTING) . DU 2don2hod i i3
(SAME nith FAUNT PAMEL CUNHELTUH) DU 200e2rub 1. 73
DURKIER HUDULES ALSD MARKETED HBY S1EHENS : YL H] ﬂ.l?“
N QuAD 24 BT QUTPYY REGIATER (4124, MANDe (i JUEHGER 1 ousrs (ie)  la,iab
SHAKE DATA TRANSFEH, #ROG, U/P PULAHITY}
128 BIT QUTPUT AEGISTER CAODHESSABLE 48 ¢ 342 TR URRATER a ! "3 16,4246
§ IbHy7 OR 128 JwR1T nRADS) ) o i
133 . Parallel Output Drivers (Open.Coll,, Relay ete.)
THIAL gufPu’ AEGISTEY Lt . . JUENGER 1 114 (15} 14,1247
(8 BItS, @ MpG, -ZEHU yULTAGE SwlTCHING) o ) )
W 12 BIT QuTrut RELISTER (WELAY CUNTACTS, 240 JOHwAY ' . i s 14,8248
SELECTIVE SET/CLEAR LAM GEMERATIUN) .
B CHAKNEL TIMED TRIAC QuUIPLT 3040 KINETIC SYSTEHS ] ?4 (53) 14,1249
8 BIT TR{AC OUYPUT REGISTER E]-:1] KINETIC SYSIEMS 1 ra 14,1250
t2e81T OUTPUT REGISTER (wITH OPTICAL ' 3obz ) WINETIC SYSTEHS i . RUNTY
190LAL fUN,DPEN SURL L7P, HaX SOV/100HA) ’
~  {ReBIT UUTAUT REGISTLA WITh [SULATED +087 RIALTIC SYSTEHE 1 I14} [SCP IR LIRS
RELAY
GRIVER ({6B81T,0PEn CULLECTUR LUTHUT via o002 NULL, ENTERMRISBES ) ")\ 14,1203
HULTInAY CUBNECTORMaYX 150HA/LINE) ' . ’ : . L ’ . :
UUTPUT HEGISTER 60 PULLN 1 /73 ' 14,1284
{16817, ABV/,054 MAX, 2XJTw=wAY U/P CUNN)
UUTPUT REGISTER 3608 1 73
[LSB1T,250%7, 14 Hax, 2x)7edd¥ D/P CUONN)
(SAME, 25V/1A MAX) . IboH i i3
N O1Bed[T LUTHOT Rei‘a:suw u'suuu.o HELAY . 5054 ’ KINETIE SYSTEMS R /74 14,1285
CONIACTS % LATCMBACK [KPUT) : . -
RELSY DHIVER (ib waY HELAY DUTPUL) J HD 10 SEHLUMALRLEN & 2L (ST P V11
PARALLEL UUTPUT REGISTER (16417 REED. AEw CeUR*1b WENZEL ELEKTRUMIX 8 72 L10)  pd, 1287
Le¥ Max SWITCHED PWR {ow,d TIH[NG MUBFS)
t PAMALLEL UUTPUT SJEGISTER {2ad4blt, OUFpuT CaM 2,126t METHIPPEX : 1 3 14,1258
W1Tm UPEN COLLECTOR: EXT, 30v/100MA)
n BaMALLEL UJTPUT RFGISTEH (24817, LUTPUT. Can 2,)2e2 HETRIMPEX } 221 14,1259
witw (IPLN COLLECTOR, TTL) . EE . S
DRIVER (24B1T UUTPUT REGISTER,SE] AND 017 huCh, ENYERPHISED 1 Ty L) 14,1200
READ fY COMHAND,2aBLT L/¥ UATA ACCEPTED) .
UUTPUT HEGESTER [24 HIT, a0 =4 3oy Uur) 9bood NULL, EnTERPHISES u 114) 14,1281
(SaMt [NVERTED U4ITPUTS) Ys00L [ 113}
WUTPUT WEGISTER (78 BIT, | KB ou¥ UUE)- Cgeay .. WUEL, EnTEHPKISLS I (143 14,1202
(SAME wETH RELAY CUNBACTS, Hul CUnCERT) ThOZA . - o iy
(SAME wQTH HELAY CANTACTS,FREE CUNTACTYH) ILOZH v . 113)
ULTRUT REGISTER (2X1DBIT,0PEN CULLECTONR) 1084 nyNEH : 1 Izr : 19,1289
NGTPUT OREVEN(2X18BIT,8n4 SINKING 1L, up 1613 GbL=ELLIUTY 1 12 14,4204
DATAAAY WEAD & weITE,Lak 1/P,STHUBE D/¥) . .
.g3akk, i=vl) ' S ui to1d . : 2 . Voo e
OUTHUT ORLVER(251600T,1254R SINKING, 154D RCITAE GECSELLLUTY . 2 14,1265
DATARAY HEAD & oHITE, A% I/P,STRUKE U/F) )
[Saht, faMl) - : up 1oy 1 £z




NG

z z E3 x

Ll

DESIGNATION & SHORT DATA
YUTHYT DRIVEN(2ALARET, TOTENPULE, 40 LLAYS
DATAWAY HEAD & »RIIE,LAM 1/P,3TAUNE G/P}
X1k UA 4XB 81T UUTPUT WEGISTER

Dudl 16 917 UUTPUT WEGISTEW (FTL LEVELS,
OPEN oOLL DUTPuTS vIA CABLE)

DuAL GUTPUT DRIVER {206MA SINKIsGL,28V)
OuAl UUTPUT DRIVER A1 VILVAGE DWIVER)
DIGETAL WUTPUT (X |hBIT, #ax S0v)

QUTPYT HLbISTkﬂ (2%10611 V14 JSULATING
conTadTy)

DIGITAL UUTPUY (2x{8BIT HELAYS)

PARALLEL=UUTRPUY»REGISTER (DuaL 24olT, UR
Quab J2BIT,AOREN COLLECTUR LUTPUT)

PARALLEL«DUTPUT PEGISTER (24HIT, UPFM
CULLECTUR uutPur, hANDEHIIL FA:ILIT'J

QUTPUT DRIVER(2¥24R17, 4044 SINKING,ymLU,
DATAWAY ALAD T WHITE,LAM I/P,5TALRE U/P}
CBAME, 13nl}

UUTPUT DRIVEW(2K24H1T, 125904 SINKING, 1LY

DATAwAY HEAD B SHITE,LAM L/P,BTAUBL blP:

(SAME - |THIY

ouTAUT DﬂlVENtE!ZlEI"7UTE“PULh-JU LuUaRs
DATAnAY READ & wRAITE,LaM I/P,STRUBE D/P)

DUAL OuTPUT REGISTER {(2xaqBl7, OrEn COLL
G/Py FULL LM, UuTRul STHOBES)

OUTPUT HEGESTER (2X24BIT GR 6XBBIT:
2594 SINKING, DIODE CLAWPED} -

DUAL 24 817 UUTPUT HLGISTER(DC Ur PULSE
GsPUPOATING D/P STRALHE,TTL UPEN COLL)

puAl 24 BIT UUTPUY REGESTER (DL UM PULSE
/P UFDATING, 300Ma SIM, DIUDE LLAMPED)

DUAL 2aeH1T OUTPUT HEGISTER (UPEN CULL
DRIVERS,; MAX 24Y OR 250MA, REAH UUTRLTS)

DIGITAL DUTPUT REGISTER (AXBBIT PAHALLEL
UYTPUT HEGESTER ND L UFEN COLL UsP, 1aH])
{SAME wlTH FRUNT PANEL COMNECTUR, L1aHI)
t8AME, WU F P, CUMNECTUR, (5LO)
{SAKE ml1TH F P, CONNECTUR, {3il)
DIGITAL UUTPUT AEGISTER wlTH WEEL WELAYS
C(4XBBIT DUTAUT RES,OPEN CUNTACT=Q)
{nITH FRONT PANEL CONNELTUR)

DURKIER HUDULES ALSU MAHKETLY BY SJEMENT

TYPE

U 1620

J RS 50
20# 2000

© 2uk 2gb1nt

2ul 20b kY
C 7645]=a0mpd
1082

C Yodt walwal
M3 FU 1 §2307)

H5 PU 2T 123071

up 2403
up ‘2404
ug 2407
ap 2408

uog 2410
2G0=E
URfj

40

4w

S agre

ol - 200w2802
OU 2002702
0U 2002504
OU 20ce2703
DU 20Ca2b0d

OU 200w2704

MANUFACTURER WIDTH

GeGeELLLIOTT

HEmLUMBLRUEK

Sk

SEn
sth
SILHENS

HUNER

SIEMENY
AbL=TELEFUNKEN

AEGmTELEFUNREN

GECELLIOTY
LECHELLIOHT

nacituﬂaugi
RYTEL

JUERGER

JURRAY

JUuNmiy

KInETIC 37§rtas

DUmNIER

Bunn R

S1LMENS

—- = =

DELIV.
/12

144
740

£74

rr2

s

70
tie

e
72
172
2z

ks
73
178
)f!

i74

2
i22
172
r7a
71

iz}

NPR REF. No.

)

(-]

L 4)

Y]

14,1200

14,5207

14,1200

16,5e0¥
18,1220
1841421
14,1222

14,1204
19,1274

148,184

18,1240

14,1277

12,1278

18,1219
14,1280
14,180

1a,|2ué

EEEPRTY

14 Digital 1/0, Penpheral and !nstrun*entatlon Interfacing modules — Serial -

and Parallel 1/0 Regs, Printer-, Tape-, DVM-, Plotter-

and Analyser Interfaces, Step-Motor Drivers, Supply CTR, Displays

1M Serial Input/Output Modules (General Purpose)

SERIAL IMPUTAOUTPUT WEGISTER 16B1? CUDED

142 Parallel 170 Registers (General Purpose)

UNIVERSAL INPUT/UDTPLT REGESTEH (2XY6H1T

INPUT, IXLEBIT QUTPUT, RELAYS UPTIUNAL)

INPLY RELAY - ALAPTER (ZaplT L[/P HpLaY
COILG, U/F TO CAM 2,05/CAH 2,09}

QUTHUY WELAY ApDAPTER (24817, /P KELAY

COILS 70 CaM 2,120/ AELAY CUNFALTS LsFj

QFTUISULATUR (24 INPUTS, OUTPUTS #a¥ &t
COMKEETED TU CaM 2,057CA4 2,00

UNIYLRSAL THPUTALUTPUT REGISTEH

16 nly ENPUT/QuTPUT REGISTEHR (Us¥ a!AGLS
ON_FLUGADLE PL, FP CORMECTURY .

INPUTZ0UTIUT REGISTER (26 uETS [hy 12
BiTY uut, UPTICACLY LOUPLED)

INPUTAGUTPUT WEGLSTER (24H]T}

TRPUT AUUTPQY REGISTHE (2egIT, IN'EGWATED

© o INPUY, JUTPUF STRUBEY, Fulk LM}

9063

T4tk

CaMH B,02%]

Cak d,02%2

CaM E,09~1

ETTYY

Tus 2054

Tuk=t

iu dua
210

NyCL, ENTENPHISES

I
METHINPEX
HMETHIMPER

HE THRPLY

aULL, ENTLHPHESLS

Sk

JUERBER,

SINY bhbInbEa]nl

12114

225

174

[IFFFE
75
tib
r7a

gitrh
/74

/&

PrErs )
0resd

{13}

A8

an

16, 12B4

14,1285

15,1288

14,1287

14,1288

14, 12a%

1443280

14,1298

1e,12u2
$4,12958

14,1298

14,12v8

1a,12ve




— L -- 4 13 7 ¥
NC DESIGNATION & SHORT DATA TYPE MANUFACTURER WIDTH DELIV. NPR REF. No.
INPUTLUUTPUT WEGISTEM (24 LI1, PUS & WEG Q044 Tk, PWTLHPHISLS 1 14,1297
LOGIL U/P SINKING 450 M)
DuAL INPUT DUAL OuTPLT utulsvsn lleslh cl1o . wpT ] 22 Je,1evE
TTL lh, OPEN CULL TIL QUT, HAX 4UWa,30V) ’ :
IHPUT #OUTPUT REGISTEM{2X2481T Frne2x1281T JH=1 JUEHGEH 1 172 V) 19,1299
QUT, 3 ENTRY MDDES, LED DISPLAY)
BUFFER STURE /REGISTER (JE!EAHII.-UH 10¢ rYTEC 1 1441200
EXTEANAL AODRESSING PACILITY)
(SAHE, J2X24BIT, wITHOYT EXT ADUH) 100 . _ }
(SAME, J2X1681Ty »ITOOUT EXT AUDK) 101 [ E2
BUFFER STURE/REGISTER (S2XJ6BIT) WiTh . 10b (4114 1 14,1401
EXTERWAL ADDRESSING FACILITY}
{9ANE, |bX24R1T, wITHOUT ExT ADdu) 102 i e
(.nnz, 18X18B1T, wiTROUT £XT Aunn: 103 ] (L]
143 Paripheral lnterfacmg Modutes (For T W Tape etc.)
DES% CALCULATOR CYIRL (DIEWL INTEWFACE W FHC 1312 FHIESEXE 1 2 ja 1802
FHL, }300702/11 AND FHT 1309)
INTEREACE FOR ASHS3 TTY,SERIAL DATA t:IN" 6711 BI RA SYSIEME i 4 11304
TELETYPE O/ CTAL {10 FHL 1305/02/1] AND FHE 1307 FRILSEXE . i L2 14,1308
FHC 1309 YIA SPEGC CONN,TTY MUTUH ON/UFF)
TELETYRE [NTEHEACE ’ 90 JUniY 2 17 14,1400
N SERIAL ORIVER/RECEIVER (TTY, TTX & WMODELH CAM 3,04 HETHIMPLY ] ren 14,1308
INTERFACE, V24 CCITT suuumnl .
TELETYPEMRITER INTERFA:HUD AT wmsr HLTTESY HUCL, ENIERHRISES < 1 /70 1) M 1807
AHD SUNTROL,LAR USED AS TnO=wAY FLAG)
TELETYPE INTERFACE (FUR ASR 33y YEZR L/D) 200 - Pouum : 1 fra 14,1308
TERHINAL DRIVER J 1Y 20 STHLUMBERULN 1 "3 (31 day109
TE’LE?VFL OR CAT INTEMFACL . Tocu 190 - . STHU ENGINEEHING T 24 o 16,110
- VERSATEC LINE PRINTER INTERFACE 4320 ' WIHETIC STSTEFS i e 14,1311
INTERFAGING QUTPUT UNIT(EBIT DATA, CONIR 8P1/ACCEPTUR ARBYLUM 1 174 ) 1482
t STATUS REGY, FUR FALIT SP1 INTERFACE) -
PAPLR -TAPE PUNCH INTERFACE, COUPLES TU TP Q801 GECabLLIUTY i LI 1ty laan
EACIT 4070,0aTA DYNAHILS RACAL DIGISTURE . ’ )
IHTERFACING INPUT URET (BHIT unusnrus P /SUUREE | aMIYCLM - 1 L it2)  la 13pe
& CONTR REGS, FOR FACTIT SP1 IHTENFACE)
PAPER TAPE WEMDER INVERFACE (CUUPLES TU ™ oGl GEGCeELLIUTT 1 01728 Lty lens
LINWGOD, TREND, & RAUAL a:nxsrum-.)
HAGHETIG TAPE INTERFACE . o " ¢a otea - o ‘NUCL, EMTEHPR]SES 1 P L BY). 14,1340
(TAPE DECKS OR CASSETTES) ) B : ’ : - S, .
CASSLYTE INTEAFACE (READS § WRITLS 8Y 4 4 Ck 10 SCHLURHERLESR 1 [Z4] 1) 87
LA {HAFT WORDB, BHIT LAM REG) CUNTROLS®= S '
CASSLTITE DRIVER FOR I CASSETTE CCs 10 1Y V1R
CASSETIE DRIVER FOA 2 LASSETTES [ PRTY : 174 )
PURTABLL CASSETTE ORIVEA(FUR | CASSETTE) P EK LD - SCRLUMBERGEN - . '] . 14,1318
DISK DRIVE FOR COSello 94790 ' kUL, EMTLHPRISES HA 8 14,1419
INTERFACE FOR DISK. ORIVE ) 9478 ) ] ) v ISEH
UNIVERSAL A9YNCHROKLUS ) ¢ 7 © INFURMATER R 13 16,1820
TRANSHITTER/RECEIVER (129 CHAR, auruu; :
PERIPHERAL READEHCOBIT PARALLEL LATA IN, Fotawy NUCL, ENTERPHISES 1 23! 1) eyt
HEG OR POS TTL,HANDSHAKL CUNTRULY} . .
PERIFHERAL. DRIVER (BUIT DATA OuT,NEG OH 706891 HUCL, ENTEMPRISES H " LI 1a,aa2
CPUS TTL HANDSHAKE c_nnrnm.s}_' . ) S : . B A L
144 Display Modules, Display and Plotter [nterfacing
24 B1T LED BGD DIapLay FHE 130b FRILSERE L 1241 €1} 16,139
{UNE FHC 1301/02/15 VIA SPEC CUMNECTUR) T
24 BIT NIXIE BGD DISPLAY (SELECTS OWE UF  #nC 1306 © . Faleseke ¢ on UL 4,824
10 FHC 1301702741 YA SPEC CUNNECTIDN) )
24 BIT LED BINARY DISPLAY (ONE kWG 1414 T OFHC 141% FrlbSext 1 12 14,1425
UR FHC 1309 VIA SPECIAL CONNECTIUN) :
N DISPLAY umL? (acnnow CHT. JNPuls- Xp¥e CAM 4,01 KL IRINPE X 12 "3 14,1326
. Qt-b\‘. Zn LT'3 ) . R B ) . : e
"4 BISHLAY DRIVER CFOM Can 3,013 ©CaM 3,08 TS T T & s ta, 1227
N 24 BLY DECTIMAL DISPLAY CAm 3,08 METH]RPEY 1 178 ta,1d2n

(& SYMBULS Osty suqet@rdylBy sugrt)

296




NC DESIGNATION & SHORT DATA TYPE MANUSACTURER WIDTH BEUV, NPR BHEF, No.

DECIMAL DIAPLAY unIT (ADUALSS AHY & paTa 9007 WUCL, ENTERPHLSES HA H 14,132%
DEGADES o« WULTIPLIER BISPLAYED) .
DISPLAY CUNTRULLER (FUR Q007:INCLUDHS go0n F iy
BIN TD DECIMAL CONVERTER}) .
CULUUR GISPLAY INTEMFACE 9062 NGy, ENTLRERISES LT Carss ¥l 14,30
EXTERMAL DIUPLAY POR J Ea 10 SCALER £ At 10 SCHLUNBEALEH h 13 ba, 148
SCALER DISPLAY THRUUGH CLHMRUTER J aF 1y SLMLUMULHLER 2 "1 18,1392
{DISPLAY UF 24H}Y ~uHD, JSOWhE) ;
MANUAL BINARY DISCLAY (CONTEWT iF A ' J AF 20 SCHLURBERLER 1 i 18,1333
HEGISTER DISPLAYEDEXT HULTImAY CUNN) - .
GRAPHIC DISPLAY DRIVER FLE HPL§1/TERG04 6351 81 HA SYSILNS } 1 14,1334
GRAPRIL DISPLAY CRIVER FUR STURALE 43014 Bl KA BYSIEMS 2 i ta,133n
UISPLAY TEK A02 _
INTERACTIVE GRAPWILS DISPLAY PHRULESSUR P 1603 ' GECSELLIUTT a gy 18,1340 - .
128 CHARACTEHS, 9x7 u0OT MATRIX, 4 SliES, DR 16044 : [ : . :
VECTURS, ARCS, CIRCLES 1IN THREE LIME TYPES
LIGHT PEN L YHACKER BALL JNPUTS, 32 CUNe oP 150354 2
TRUL IHGTRUCTIONS, SUILT IN 4% BIOHE,
CRT DECIMAL DIS3PLAY SYSTEM C(IHELUDING) i1 JUHRAY NA T L 23 f4,1387 H
DIYPLAY DRIVER R FT I - E ) !
DISPLAY GYSTEN CUMPRISING : KINETIC SYSTEHS M1 L) 18,1888 ' ' i
DEAPLAY SYNCHRUNIZIHG J2eo i i J
(COMPATIBLE WITH GOMZ %25 LIKE HUNITORS) !
BISPLAY SYNCHAONIZING A2¢ok 1 174 [RT-4]
{CUMPATIBLE WITH noM2 825 LINE HUNITURS}
DISPLAY TIMING Jaon 1 "
DI87LAY CONYACL s210 ! /2
OIBPLAY REFREJH (ALPrANUMERIC + GHARNS § dz1z2 - 1 71
DUAL LIGHT PEN INTERRACE J2ay 1 72
N PROULMAMWABLE ODISPLAY SYSTEMW d242 a lUIlb
tOLUR HuWiTan RGB Beao M 7}
STORAGE DISPLAY DRIVER 3260 1 172
DESPLAY DRIVER {¥w0 LOBIT DAC,0lTPUY To11w2 WUEL, EATERRWLSLS 2 - 470 (1) 14,1339
RANGE o8V T0 w8V, TWU GREHATION MUDES) - T . : o
STORAGE DACILLOSCOPE (OHIVER FUR © gozn ' MULL ; EnTEHMHLISES 1 i L2 14,1340
TEKTHONIX 811 DR p01,USED WEiTH 70i1)
SCUPE DIIPLAY DRIVER | J op 10 SCHLUBBLROEN 2 "3 L) laytday
MANUAL CONTROL OF 4 UD 10 He o NA
SCUPE DISPLAY DHIVER Yevw2 (SYSTEM) FDO 2912 SEn . 1 " L5 16,1442
"STURAGE BISPLAY DRIVER FOR TERTRUNIE 811 300 2p15 1 171 t 12
UR 060} :
CHAHACTEA GEMERATUR LG 2018 1 Lg) (SN S ]
vECTUR GEWERATOR Yo 2028 ] 1y tn
LIGHT PEN FOR FDD 2n12 UW CG 2018 LP 2435 My
4 LIGHMT PEN (INCLUDES TRIGGER sunr.n: £CN97 SEnYTun 14,1443
N LIGHT PEN AROCESSOR ECI96 - . H s
W PLOTTER BRIVEA ’ CAM 4,04 HETHISPEX 3 13 : 14,1544
(2X10BET, Xp¥ UNT 5= 2,5MV)
PLUTTER DHIVEH J o2 1o SCHLUMHLRUEH 1 /73 (#) 14,1825
N XeY RELUMDER DRIVER . XY 2074 SEN 1 (14) 4,146

145 lnstrumentation tnterfacing Modules {DVM, Supply CTR, Stepping Motor Drivers,
{ T : _ Pulse Analysar CTR)

O DUAL §N CHANMEL SEH1AL DUTHUY MUbuLE .0y Bl W& SYSIEMS ¢ trs 14,1347
{STE¥PER HDTUR CUNTRLLLER,; TTL)

STEP wOTOR DRIVEH {MAX 32788 STEME,HATE, 114 HUREH 1 72 L4 14,1344

ROTATINN AHD BTART/ZSTUP FULLY CUMHANDED)

'STEPPING MUTUR CONTRULLEW. & BRIVER - SHC JOLHGEW i 178 (143 a9,14day

(ADJUSTABLE ACCHL/DECEL,TIME b Max FREU) . . ’
: STEPPING MUTUR CHNTAULLER, DUAL 3500 RINETIC SYSTEMY 11 172 14} 14,1390
] STLFEING MITUR CUNTRULLER, ACCELEHATING EXTY) RINETIC SYHTEMS 1 773 18,1351
3 STHEPIAG HOTUR ORIVEW . JCP 20 SCALUMBERULN 1 4 LYY 18,1852

SuPELY Fuk J CP dp o ) C APR 19 . - i1a )

“ouTInnaus GTEPPER CUNTANL (4B&36 STLPS, Lmstaa ' wboZfL ELEATHUNR 2 e 14,1301

TTLEN/DAHECY o /BPEED/ZACCELERy LUNTHIL)

w- TRMENTAL STEPPEH: LONTHOL(bb83b SILPS, CuBTednl RENZEL ELEATRUMER Fl 12 18,1554

PCSITION/OIRECT (/SPEED/ACCELER, LUNTHML)

YARLAMLE PULSE DURATION nm:. uytPut 8201 H] Ha EYSELMS 2 tra 14,1458

HODBLL : ‘ ' : - C :

TRIAL UUTPYY REGISTER Lt Jutnieh 1 ie (13)  Ya,1ad8

{8 B1T8,; 2 &¥P5, ZLRAU VOLTAGE SaITEHINL]

!




NC DESIGNATION & SHORT DATA

E 3

2

= T

=

£

-~

PORER BUPHLY CUNTHULLEM. 12m8.%
CAMALWTURSCIPP PHL [NTEWFACE

ENTEWFALE CAMALS . UnLABES AOOUSTRJLS
HMULTICHMANNEL ANALYZEWS

ADCwGAMAL INTERFALE (FUR PuLdb AUL 821D,
B210,8211,A212,4112 & TeusF CLnV 827D)

HULYLIChANMEL AWALYZEM » CABAL INTEWFACE
(FUM PACKARD 9000 AnU 900 HERIES MCA)

SYNLRR TU OIGITaL CunybBRTLR
{SINULE ahD MuLTleTuHy CAPAHILITIES)

CUAL SYNCHAURDIGITAL LOMVERTER (14d1T)

uuAl INLREHENTAL PHSITIUN ENCUDER {2X20
BIT Xwy QIGITIZATION BY UPWDURN CLUNTER)

INTERFALE FUR MEASURING DEVICES
(DUl INPUT FUM 2 IWSTHUMENTS)

OuYPUT HELLISTEN (16 gk 24 H1? TTL UWIVER
FOR FAST=ROUTING SULTIPLEXLR SYSTEm)

PULYE DURATEUN DENDUULATURA

PLUHSICUN READ QUT TERMINAL

PLUMBICCH RLAD ULT (b SCALEWS HELURD
0GITIZED DUTPUTS FALK PLUMBICUN .CAMEHA)
SPARK CHAMBER ALAR JUT

INTENFACE FUR DIGITAL PRuUCESSING SCUPES
AR10DL, »PRO3) & wPROY2

AQC/CAMAC INTEHRFACE (FUR‘ANY APC2K1aHLT
/P BUFFLR,STATUS ,LAM HANDL (ELUCK TINHE)

IA0LATED UNOFF CUNTHOLLER FUR Jo0EVICES.
5 CUNTHUL#LIMES/OEY s | wGECaFAlLUNE=TEST)

147
CAMAG DATA LINR MODULE
[$1 plt PARALLEL ; ASYNEHRUNDUS OANA LI%X}Y

BITRYYNCHRAONIEIEHR w» HARORARL PRLLGKAMAHLE
0 TU 10V INPUT, FCHeHIGNAL It SERIED

FORMATwHYNCHHONIZER {JUENT B S/P Ur DaTa
WORDS, SOFTe b MARONARE PAUSRAMMABLE)

COMBUNICATION INTERFACE  (YR4sv2dsvat
AODEM INTEAFACE wITH AUTUSDI&L uRTION)

STARTSTOP CONTAOLLEH{START ,STud BESET,
HANUAL UR OATAWAY CONTRUL, LoOWZ CLuCKk)

COMMUNTICATION INTERFALE
CUMMULLCATIBN 1u|EaFacE L BuUFFEH

SERIaL DRIVER/RECEIVER (TIY, TTX & HODEH
INTERFALE, Vid CCITY STANDAKD)

SERLISL IWTEHFACE (V24 SPLC, QUAD VERSION
VAHEABLE THANSMISSIUM RATES)

SERIAL INTERFACE
CvARABLE TAANSMISHIUN HATE)

STANT@STOR UNIT (STAHT, STNP CLULK AND
GATE UUTPUTS)

FOUR FULD BUSY OUNE (START SIGnaL
INITIATED dY CUHMAKD,DEVICL HETUHKL LaM}

CATA TRANSHISSSIUN #UDYLE (SQBD T 9,5KH
SYNCZASYNG, V24, USE w]Th 0328}

TYPE

S1ay
2323
ELLI

hviv
%704
soL

£4 0042

2IPL 2019

uu 200=1412

Tx by

3720

J PL LO/PUDBLANG
J BMOL0/PLUR

J SE 50

Coay=2

. CoPLwib

6701

by 206-225!
O 200%2260
Bl 2002911
FnC 1304

4340
33408

CaM 504

9045
d048
J an 19
44D 2021

0380 -

MANUFACTURER

ALt TLC SYSILaY
¥l wa SrBILME

Ltuiw
LAnEN
Pﬂ‘ﬂ;ﬂﬂ
JUEKLES

NUCL, EnTLHFKRISES
SE4

DuRniER

J anwp P

KESETIC STSTEMG
-

SCrLUmHEHLER

SCnLuMdEROER

TEXKTHUNLY

wENLEL ELEATHUNER

sENJEL ELERLHUN]R

Other Digital 1/0 Modules (Incl. Data Links)

B) MA $¥3TEMS
LURNIER

PUMNIEH

DuwnIEN

FHILSERE

AINETEC SYSIEMS
METHINHEX

NULL, ENTEHHRISES
hUlL, ENTERMR]SES
SCHLUMBERLER

Skw

SknS Ul

WIDTH DELIV. NPR REF. No.

973

LI

3

3
11

fia

iy

i3
275
/11
42

273

0Bs7s

143

s

72

473

F23)

£28

25

/29

773

T 7EN

#1

I1a)

2T

15 Digital Handling and Processing Modules — and/or/nor Gates,

Fan-Outs, Digita! Level and Cade Converters, Buffers,

Delays, Arithm. Processors etc.

151 Fan-Outs, and/or/not—Gates

FANSUUT UNLIT £2 (2LD INPLTS PROVIDE B
TRUE+2 CUMPLEM DLYRGTS,HNIH SIGNALS)

NI4 FANUUT {DUAL- FUUK-$OLD & CU“PLE“EN1, .

NIM URIVEH, =144 NI} SQURMS)

TTL, FANUUT (DUAL FUUR FOLY & CUMPLEMENT,
TTL OREVEH, LELE CUH#&NI SIhﬂJ

Ftt ooD}y

- Fum

Fu?

228

LELUELLEUTY
JULHLER

Jubmbtk

2]

175

13

Liel

1)

(s

[§3)

i 8}
[ o)

(R3]

(14}

vigd

(3R}

(S

(14}

1a,1457
14,159m

14,1309
14,1360
lagidnl
14,1402

§4,1404
14,3304

14;1d0%
18,1308
14,1507
19,1368
ta, 1504
14,1370
18,130

16,1872

14,1828
14,1574

14,1375

14,1376

18,1377
14,1378

16,1379

19,1380

1o, 1361
18,1302

14,1303

18,1488

14,1305

19,1406

14,1387




" NE DESIGNATION & SHORT DATA . TYPE MANUFACTURER WIDTH DELYV. NPR REF. No.

Wi Fahuul (7eUHED INPUTS, B O/P#2 LUNML 216 JuHarr 1 25 14,1584
O/°F GATtED FAUM DATAmaY)

Fab UuT HURYLE CIL2 1/P, 1b 142 L/F) go0h0 _ WCLy ENTEHPHLELS } 124 10,1369
SIXeFULD CONTRULLED GATE CINUIV LATING, aLG 20817 stn - H ) L 4)  14,iaw0

Faholn AND FaN=UUT CUNTROLLED BY 3 HEGEY
FAOT LOGIC unIT {aXx& RIM InPUTH) FLY 2062 SE% 1 . Lig) 19,149}

152 - Dipital level Convarters

& ChHANHEL TTL/NIW CUNVERTER 5001 ul wb SYSI1EHS 1. r13 18,1342
B CHANKEL KIW/TTL COHVERTER o 402 X B8] Hh SYSIENS L 14,1393
€ MES COWVERTER (MIM TU TTL LEVELS enr dUERGEH 1 3 L1a) 14,0 8ve
PLUS THl COMPLEMENT UUTRUTS) ) . : :
.!: HEX curwtuitn LTI, Tu .uin LEVELS . CTh :_' ' JUERGEN . : 1 A L18) 18,1395

PLUS TWU COMPLEMENT ULTPUTS)

HEX 1LY TH IL2 CURVEMTER Tasdel KUEL, LNTEHPHIGES 1 s 14,1296
€6 TTL SIGHALS Ik, 6 MIW SIGNALY UUT)

153  Code Converters

148 14,1497

DECIMAL IHPUT & MUMALRE . DU 200e200% DUHNIEN 2
3 MIGITS CUDE CUNVERIER )

{SAME BUT 3 NUMMERS) Dl 2002008 2 174
CAMAG BLDTOeHINARY LONYEATER . LEHen2sD, 7 | EJUENRANN 1 14,1398
CAMAG BIKARY#TUSBED CONVERTER : - LEM932/5,0 EISENNANN ! 16,1399
WITH DECTHMAL DISPLAY ' '
GHaAY CODE TU BCOD COWVERTEH ElM JOLHGER 1 114 ) 14,1400
(DUBL CHANHEL INPUT w]Tw MEMUHY) :
BIHARY CODE COMVEHTEH{BINeBLD UH BLOSBlN yoda WUCL, ENTERFRISES 1 L4y 16,1401
CONVERSIUN, DATA FRUM DATARAY UH FRbuT) . . )
BINAHY TU DECIMAL CUDE CUNVEHTER 31} " PULUN o r 14,1402
{24 UIT BINARY TU 8 DECADR) '
BCD TO BIMARY CUNVERTER (20817 HLD TU tD 001 STHD EhLIAEEHING 1 773 L12)  §e,1404
24BIT BIHARY, CEINV TIME 325 NOEC) ’
HIHARY 1O QCO CUNVERTER (COWY TInk 225 Lo 502 STAL LNGINEERLNG t 1 (12) 14,1404
HEEC,24BITS 10 Hax 18777216~1 HCU CUDELD o o .
BINAHY TD BCO-CONVERTER{Z4B1T TO 8 LtCAe CmHBCw2d mEhfEL ELEKTHUREK F 7 ' 18,5405
OE,PISPLAY,CONY AUSEC,TTL LEVEL ULT,paH)

154 Buffer Memorias, Storage Units

PHOGKAM STORE/REGISTER [206x24nI1 WaM + - 1104 HYTEC ! 13,120b
S4XZARIT HOm, EXT ADDA, USE wltr 7025e2)
(SAHE BUT wITWMOUT EQIT Wun) 110 1
t34HE BUT MO BUFFER AND KO EXT AUDR) 112 1 s
1024 mEAD 24 BIT STATIC-SELRE (NURHAL & 130 _ HYTEC 1 07424 14,140%

AYTE HUDES, CLEAR, I[WGR, DECH, HEAD, &

DVERWRITE UM ADDRESS REG AHE PEHFQHHEQ) . : : .

(SAME WIlH WEMDRY ACLESS ALSU FRUA FRONT 131 & Gorsb
PANEL, HASTER/SLAVE UPERATIUN)

-ukcnut KDL& 16=wAY MUX (PHESET Xi=x10 500m] . L nt1EL . 1 13 ta,l408
ABPL, 10%2¢ STORE, §0OUSLL/CH UPLATE) t :
[SAME AS 500wl HUT AalTH BewhdY HUX) . upR ) f1a
(5aHL BUT BINARY ADC} LI) ] L
(BABE AS 541 HUT wITH fmedy HUX) 803 1. 174
{SAML, GUT AMPL GalIN Can Bk SET AnD 510 3 74

STURED INDIVIDUALLY/UWAMNEL, BCU/dIn)
- 28 wlRy FIFD BUFFER {24 BITS PER <UD) 384y : LRINETIL SY5TEMS

Looeasra S jld) ey laay
2048wn0RD 16 BIT GTOME LIS AUCL, ENTEHPR]SES 2 tiy) 14,1410
N 4095 WURD 16 B1T STunE 0610 Wull, ENTERPHRLISES 2 ub/sih Lt 18,1411
256 WORDS OF 24 BET TUKE MODULE €8 po1y _ MCL, ERTERPHIBLS 1 7 N W S Y MY TE
FHUGNAMMAGE READ.ONLY HLMORY (32 wURDY, 221 - Cobu U asees L 1e1a13
1B. 8173, LOADED HY SULDER CONNEC)IUWS) : S i
BUFFER HEMUHY J #1280 SLELUMBEHUENR . A 112 14,1018
{256 |601T wORDS, uBt Witk J CaN 21/C/H) .
CAMAL CORE MLMURY WUDULE (2% X Lo BIT) MH 216C 574D EHDINEEKING 3 74 12y | la,lann
L o c . Co (4w X 16 81T} o MmaleC - : 3 124 33
[ - : - - (ak x 16 HIT} HM BL6C 3. ea 13y
: {3k X 24 HIT) HM J2aC 4 e 12}
fan x 24 H17) MM &24C 4 VPR YT
4 PECTRUM WEWDRY - . - FnieabnssLl N LTUTUTSES t 15 ) 14,1416

ORIGINAT! PAGE IS
OF POOR QUALITY
229
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186 Logic and Arithmetic Processing Modulas

FLUATING PUIKT AwITHMETIC INTLkralt
(PUN U3k =ITH H 128 nakD, FLUAL, PUINT}

HICHUPHUCE YSOR MUDULE (FUR PAST ASSY, uf
SPECLAL INTLRFACES FYC, A¢RO ¥asto) .

96 Crin, DRIFT CHAMHER TOC (,bUS7ius
F,9,; B 811, 40 DEEP AUFFEN, OIFF 1773
1)5 Cﬂlh, HMwPL ENCUDLH (RECEIVEA, DELAY,
LATCW, ENMCUDER, B0 HIT BUFFER, DIFF §sP)

16 Analague Modnles — ADC, DAC, Multiplexers, Amplifiers,

DESIGNATION & SHORT DATA

TYPE

c 37
o320

2120
2720

Linear Gates, Discriminators etc,

MANUFACTURER

InkuRmALER

Skaylun

LHOwLLLHIY

161 Analogue Input Modules {DC and Pulse ADC, TDC)

42 CHMANNEL anaLuS DaTa svsrhu
(EXPANDABLE wITH aDPITIUMAL PUX FuDuLkE)

LIF CONVERTER

ANALUG INPUT (DUAL SLUPE aBCs +/=)a6¥
RANGE, 144175/ 16Ve51GK,0,25EC CUNYERSIDN)

ANALUEUE TO OIGETAL INTEFACE (s1TH PLuGe
Ih CUNVERTER CARD3 ADC/BU, AGC/IUU AWO
ADG/120 FUR B, 10 AND §2 BIT CUNYERSIUN)

t6 CHANNEL, SCANNING A/D CONVERTER

INTEGRATING A/D CONVERTER (ISULATEL 31s¢
INTEGR TIBE 187,19/,025) RANGE 403 = &V}

INTEGRATING ADC C12BIT, AANGES D 10°sav,
@ 10 wbV, ADMGEC CONVERSION 1I4E)

YULTAGE w FREGUEKCY LCONVERTEN
(USED W}TH MULTIPLEXERS J HX 10/20)
uPeDUNH SCALER/FREYUENCY METLR

DUAL OIGITAL VULTMETER (4AkD® Dy1¥¢
10 BIT; DIFFERENTIAL IWFUT)

DIG, VULTHMETER (12R1V & SIGH, PUT=FHEE
ALHSES==AC/DC 02V & 20V,0C beidoMd)

016114, VULTMETER (SAHE A5
TYPE T 76431e413wviy nITH HISSLAY)

ANALUG 18PUTS {RULTIPLEXEHWAUL,

B O1FF | /P, 4/wl0V RANGE 7RITS/10VeS1I0N)
[SAME FOR s/wbYy HANGE, PBETS/5V4SIGH)
(BAME FUR #10V RANGE, 84IT3730V)

DEHNLER MUDULES ALSO MARKETED BY SILMENRS

ANALUG INPUT
781 T3/ 10V4SIGN)
(BAME FOR ¢7e5Y AANGE, 7BIT5/8V +S1GN)
(SAME PUR 410V RANGE, 8BITS/10V)

(ADC, #/wiDV KANGL,

AHALUGUE TD OIGITaL CONVERTER{EBIT: I/P
HANGE 0 TO +5V UR 0 U »S5v,25 USEC CONY)

HIGH SPELD DIGITIZER (8BIT, LOONSEG,
AESULUTION, WITH 256 wORD BUFFEH)

QUL t0 BIT ANALOG YU DIGITAL CUNVERTER
SINGLE 10811 AnELUG TO OLGITAL CUMVERTEH
DUAL 4DC ([1061T, (OUSEC CONV TIME)

DUAL SLUPE ADE {+akD= d;otrzllov AANGFS,
11817 RESOLUTIUY, 2045 COwv Piwk)

SUCCESS, APPRUXN, ADC {wliw S+n, +/shy UR
0 U -esef0v, j0=R1T,20/11 USLL ALCLSS)

SUCCESS, APPROX, ADC {alTH Semp e/eby uk
0 10 #sm10v, iz-ﬂlf.zlild USLL ALCESS)

AvALUG INPUTS cuuL1leian-aun.

B DIFF 1sP,e/wlOv HANGE,1tBITS/1UV4SIGN)
(SAME FUR o/#9y RANGE, 11B175/bveS810N)
(SAHE FUM 410V HANGE, 1ZRITS/ZHUYV)

ANALUG fnPUt
FIBITS/10v+SIGN)
(YAME FUR +/whi RaﬂblyliPI'SI BY4SI6N) -
(SAME FOR +30v RANGE, 1291TS/10V)

taog, w;-:nv nA\GL.

QCTAL aDC (AXILALY o OVF, FUS InPUT,
| MY RESDL, CUMHDY STANBL, #+A8T CLEAH)

530%

Lam 4,138

TU 20¢0=102¢

4DE 1201

3510
CaM 4,00ed

Tug
J CIt 30

J &F 10
ROVH 2013

C 76dbledldes]
C 7bdblealdea2

Du 200~1013

Du 200=10)0
Ol 200-1019

90 200=102/

DU 200e128
U 200w3102Y

7028w}
sasu 01

isin
34155
A0 210
1241

1243712434
12448742444
LY 2003003

Bu 200=10006
Du 200100y

Du 200-1924

* Do 200=152y

CU 2001028
ApdlY

230

bl HA SYSILKS

HETH]HHEX

pURNIER
GECwELLJUTT
KIKETIL SYS1EnS
METRIMPER

POLUN

SCALUMBEHLEM

SkN
SIEMENS
S1EMEnY

pUshItR

SIEMENS
DUHNIEH

KUty ENTERVRISES

STn0 EHLINEERLNG

RINETIL SYRIEMS
KESETIC SYSILAS
ST ENUINEERING

- BUMER

HQunkR

HURER

BURNTER
GUNNTER

Evab /UHTFL

WIDTH DELIV.

2

~ R

L.OF TR X1

W O e e

13
f10

TR
sk

rra

174
L]

"3
iy

Hn

73

e

12
Ha

e

12
rra

0
t1a

L]
L]
D341

e

1”2

113

ree

72
e

LrEd

Cara
1

Ly

NPR REF, No.

[§¥3)
113

(S 1]

s

18,1817
14,3818

14,1414

14,5440

19,1421
14,4422

fd, 1023
14,1424
14,1429
14,1428

14,1427

A8y 142

14,1429
14,1430

14,143)

14,1432

14,0633

18,1434
14,1495

14,1440
14,1097
14,1499
td,1439

16,1880

14,0444

1441442

16,1443

fa,lese
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DESIGNATION & SHORT DATA

3eDECADE ADC & $6=+mAY HUX (PRESLT 2lexip
AMPLy 10X24 STOKE, JOQUSEC/CH LPLATE)
{SAME AS 500e1 HUT wlTn Bewhy Myx)

(BAME HUT WINARY ADC)

(SAHL AS 501 HUT alTn GewaY HUX)

(5AME, BUT ANPL GalN Can Dt St1 AND
STURED fNDIVIDUALLY/ZUHAMMEL, HCO/HINY

10wCHINNEL 1 /0 CUNVERTEN
(OLFFERENTIA,. {%PUTS, 11 RITS ¢ b10W)

1oaCHANNEL 470 CUNVEKTER (ACCEPTS aw20MA
CURRENT IWPUTE, 11 BITH)

A/D GONVERTER (12U]T,MA% 40 USLC CUNVLHe
S10N, +AND=SY, +AND=10V,; +10Y RANGES)

56 CHANNEL A/D CUNVERTER (FEY HUX DIFF
IﬁPHiS' 12811 ALTO CYCLING, DUAL SLUPE)

Dual 12 BT ANALUG Tu DIGITAL CUNVERTER
SINGLE 32817 ANALOG YU DIGITAL CUNVERTER

ENSULATED ADC (l2BiTS5, 100 USEL, 10wy,
FULL SCALE, 300V COMANN HORE)

DUAL ADC (12811, 2LUSLC CUNV TIME)
BIGIVAL VOLTHETER (i9,990HV TU 1999,9v)
DuAL ADC {{4BIT, SOUSEC CUNV TIME)

SUCCES, 4PPRDX, 16 BIT ADC {+elO¥, M3
CONVEHSION TIME, INPUT PROTECTIUN)

OCTAL CHARGE DIGITIZER (&XBEIT CHARGE
SENSITIYE ADC, READOUT IN &X10BIT »UROS)

UUAL EAST GATEDR INTEGRATUR
: (CHARGE DIGITIZER, 4X10 BITI

GCTAL ADS (8 FAST [/P,BBIT/CH, CUKMUN
GATE, NIM LEVELS, BILINEAR MUDE)

12=CHANNEL ADC (12 FAST 1/P, LUBIT/CW,
120PC SENSITIVITY, FAST CLEAR)

129GHAN, FAST CUNV, ADCL4,9US/8,9B1T,3de
DEEP HUFFERS, |/8P5 SENSITIVITY,0=248P3)

12=CHANNEL PEAR ADC (j0BIT/CMe w2¥ FULL
SCALE, FAST CLEAR, CUHKUN GATE)

ﬂC'li ADC (MIN 5 WNSEL PULSES, #04 Uk KEG
83177190 PC RESULUTIUN, 280 USEC CONY)

ANALUGUE TQ DlGl‘lL CDNVEﬂfhﬂ
{80AHZ, t2 BITS)

lb.ﬂﬂo CHANNEY, PULSE ADC (200MnZ CLIICK)
1024 CHANNEL PULSE ADC (10QMHZ ELOC*)
FAST ADC(L0 & 128XIT VERSJUNS;nITH SANPLE

AND HDLO, CDNY TIME 2USEL/4,BUSEL)
FAST DuAL ADC (DaATA AQ FOH 2067}

 EVENT TIMER{4aCHANNEL. TIME DIGlTlIER; 4B

Lol

x

LOOHHZ IuT, CLOCK, LAM mMEh UUNE

QUAD CAMAC SCALLR (4%16BIT DW 2¥aanlf,
100MNZ)

TIME DIGITIZER (dX1BBIT,50MHZ CLUCK,w]TM
CEMTRE FINDER, USABLE wITH PREwAMF St1)

TIHE DIGITIZER (4 NI™ STUP CHANNELS,
COHMLN START, 200 PSLLS AESOLUTIUN}

UCTAL TOC (Bxi11BIT+UVF, COBHUN STAHT,
100PSEC RESCLUTIUN, FAST CLEAR)

TI4E DIGITIZER
43 CHANNtLS,lﬁ BITS, 100 HMZ CLOLK RATE)

QUAD TIXE~TDaDIGITAL CUNVERTLHLUMIT/Cn,
102751 0NSEL RANGLS, LIUSEC CONVERS,HINM)

UCTAL TIHLeTURDIGITAL CUNVERTEH{108IT/CH
10272047510 HSEC RAWGES, FAST CLEAR)

‘58 CHAN, DRIFT CHAMBER TOBC (,5US,1U8

Fyliar 8 81T, 40 DLER. HUFFER, D!FP RYLD]

123 CHAN, HWPC EnCUBER (RECELVER, GELAY,

LATCH, ENCUDER, 80 MIT RUFFER, DIFF 1/P)

Az CONVERTER (1IMIT o SIGM N 12, COWY
TIME 30USEC, HANGE #&ebY, INTEHNAL 5&M)

"

TYRE
500~1
b2
bp}

503
sio

Amel
AM/T

30

34

4520
45205
1ADC 2069

A0 282
Q06
AsD 114
o424

PLLLES
wndy0
2248
F24%h
2%
2259
Voad
9069

4 CAN 21 LsH
RN

FADC 2067

2 FADC 2008

2208

1904A
1005
toigs
Thel
HJ
22260

2724

C27TO0

2720

Can 4,05

MANUFACTURER WIDTH

wYIEC

JULNGER
JULHGER
JuNRAY
JUHRATY

RINETIS SYSTEME
KINLTIC 3Y8TENS
SEh

BTHL ENGINEERING
WUEL, tNTERPHISES
SIND EHGINEEXING

SENSTUN

£GEG AUHTELD
EGRGAURTEL
{RYsLECHUY
LHYnLECHDY
Ena-;tcnuv‘
LRBeLECRUY

NUCL, ENTEHPHRISES
HUCL, ENTERMRIILS
SCHLUKHENGER
SCALUMHERGEK

St4

BI WA SYSTEMS
AUNER

BUNER

EGRL/YRTEL
EGBL/UNTEL
JUEWGER
LuSwLEEwUY
LMS=LECKUY

LML ECRUY’

METRIMPES

231

LT

DELIV.
13
2L
13

14
rla

44
[H 7 rs]
"”i
4ra

F1s)

174

LT ]

[V L
1%

14
171
fr4
LY
vessh

/72

L]

0L/7S

03476
414
140
74

Q5275
ab//%

172

NPR REF. No.

(310

(14)

13y

L4

10

BATH

1)

(S

[
i 6)
(12)
(1)

L

Ll

[

[}

(14
{189

14,1045

16,1448
16,1447
14,1448
18,449

16,1450
14,14b)
14,4482

14,1453
14,1454
14,1408

14,1450
14,1407
14,1458
14,3450
16,1480
186,140}
14,1482
14,1463
14,1408

14;1dnd
I EPREL-1.]
14,1487
14,1406
14,1486
14,1470
ta 147}
18,1472
la,1a43
14,1474
14,5478

4,147

14,1477
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DESIGNATICN & SHOAT DATA TYPE
SIKTELN FULD TI4EaTUrnIGLTALSCUNVERTLK ToC-1s
(108™nz LXT CLUCK, 4HIT SCALELHY uSED)
TINE DIG1TIZER(4a16A1T,CLULK KaTt e 203)
TO/B3MHL, AITh CENTEM FLIADING LUGIC)
TIME DIGLITIZER (4xibbLIT,CLUCR HAlLE fu Z041
70/889mE  NIM LEVELS)
SEHIAL TIME DEGITIZEW {G.BGIT 10UNWI, STY 20%0
SER & SEUUENT CUUNT m0DE,SHiFTwHEG GATL) .
UCTAL TIME TU DEGLITAL CUNYERTER To 00p

Anglogue Output Madules (DAC)

162
8 CrAkhEL 8 BIT Lshk LOWVERTER (CuiRENT ba6%
QR \JLTAGE D/P,3L0n AbaLUG METER OMIVEX}
344,00 DUTPUT (DAC, #16v D/P HANGEL, 5ka, DU 2001511
OBIT RESULUTION, SHINLLE O/P)
(SANE WITW 12BIT RESULUTJCNy SINLLE G/F} D& 200w152)
{S4ME WITH DBIT HESULLTIUN, Lual u/P) 0L 200wiSl2
{5amk WlTH 12817 RESULLTION, UualL UsF) UG 200=1822
{SAME mi%h BRIT RESULUTION, GUAD G/P} bU 20041317
(SAME wlTH (287F RFSULLTION, OuAp u/P) oL 200=1527
ANALUG UuTPUT (DAC,+bmicy D78 HANGL (H¥A, DU 260=1b1d
BBIT RESULUTIUN, SINGLE 11/P)
(SAML wiTH 12017 RESOULUTILN, SINGLE O/F) DU 2¢pwih2d
(BABE wiTH BbIT HESULUTIUN, OusL O/P) DU 200w1bl4
(SAME wITH y2H1Y FESULUTION, DUAL L/P; bu 20ce1524
¢SAME wlTH BELT RESULUTION, ULAD 8/P} DU 200=ibid
(94ME miTH §2H1T RESULUTION, Guap U/P) DU 200w1o2d
ANALUG DUTPUT (HAC, +8wSy 0/ HANUE,BMA, DU 209e}53%
8017 AERULUYIUN, BINLLE L/P)
(SAML «ITh 12817 RESULUTION, SINGLE U/F) 0U 280w152%
CO4ME WITH BBIT HESULUTILN, DUaL D/P) on 200=1518
(YANE wlTH J2BTT RFSULUTION, DuAlL UsP} DU 200wibie
(SAML WITA HBIT RESOLUTION, UYaD L/P) bu 200=1519
(AL WITH 12817 RESULUTION, UUav UZP} 0 200w1b29
DURMILR HODULEY ALSO MARKEYED WY SIEMENS
UETAL OAC (19BIT,ne3¥,50UHMS, 1JLSECS) 0ar 1o82
(8aHE BUT ®ITH 218 CUHMPLEMLNT RUITeH)GN, VAl 1082{8)
«hHD® BV, HOUMNHI) .
GuAD DAC (4 CHANNEL VERSION UF DAC 10827 Dag 1042
{54HL, 4 CHANNEL VEASIUN DF UAC 1332(B) DAC 1042(H)
Dual §2 BIT DAC (/= 10V QR e/ 3V U/B, 580
FOH XY DISPLAY DRIVE)
GUAL DsA COUNVERTER (10 BIT, 10uSk{ QUMY Grawlo
TINE, 310¥, #ANDwiOY, +A4De3¥ HIKGLS) .
DUAL DA CUNVEATER (12 U171, 30uSLC CUNY Lrshwl2
TIME; #10V, #&40=10¥; sdHDshy HANGLD)
CCTAL D/& CONVEHTER {BBIT RESOLJIIUN, 8 pry
0 TU 2MA DR ¢ TU )0V QUT}
O#h CONVERTER (128175 USZC CUNVERIIUN, 31
U