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LOW POWER CAMAG AND NIM MODULAR SYSTEMS FOR

SPACEFLIGHT USE € SHUTTLE AND SPACELAB MISSIONS

James H. Trainor, Thomas J, Kaminski and Charles H. Ehrmann
NASA/Goddard Spnee Flight Center
Greenbelt, Marylond 20771

Summary

Tha advent of the Shuttle launch vehicle and Spacelab
have resulted in adequate weight and volume such that
experiment electronics can be implemented at velative-
1y low cost using spaceflight verslons of CAMAC and
NIM modulea, Studies of 10 modules by manufagturers
have shown that power reduction overall by a factor of
A 3 can be accomplished, This is adequate both

from the point of view of consumption and Lemperature
rise in vacuum. Our studies have shown that a stock
of ~v 45 modula types is requived and a listiag 18
given, The changes required in these modules in order
to produce spaceflight versions are deseribed, And
finnlly, the furtiier scudies, prototyping and testing
leading to cventual flight qualification are descgibed.

Introduction

The availability of the Space Shuttle .+ a low-coat
transportation system beginning in the lare 1970's
will result in significant changes in. the mannex

in which the resenrch and aopplications programs are
carried out in Epace. The Space Shuttle will be used
in what 4s callpd the aortic mode, earth-orbital
missions of ~7 days to begin wich, as well as to de-
ploy and possibly recover orbiting satellites and
gpace probes, Often the Shuttle orbital vehicle

will carry in its cargo bay a sclence support system
called Spacelab. The modular Spacelab system generally
consiats of a man-rated, pressurized module, as well
pa several pallet sections as described in a previous
paper,

Spacelab 1s being designed and built by the European
Space Agency (ESA) and its contractors in cooperation
with the National Aeronautics and Space Administration.
Spacelab will provide a comfortdble laboraf vry enviren-.
ment for experiments and for experimenter{s) when
necessary. Most misslons which do fly the Spacelabl
will probably include one or more pallet sections.
Experiment sensor systems and often the entire experi-
ment will be mounted on these pallets and will be
directly cxposed to space when the orbiter bay doors
are open, Many missions will not require the preosur-
ized Spaceab and will use the pallet-oply mede of
Spacelab. Tn the latter case, an igloo attached to

the pallet provides & pressurized, thermally-controlled
envivonment for the Shuttle interface cquipment, Space-
lab computers and possibly a small amount of experiment-

- er hardware. The palleta provide standardized pover,

electronic, mechenicel and chermal interfaces.
Ordinarily the CAMAC and NIM instrumentation that I'm
discussing would be mounted in stacks of several
erates directly on the pallet floor.

Sortie Mode

The sortie mode uses the Shuttle to carry experiment
payleads together with payload specialist and experi-
menta into Earth orbiv for periods from 7 to 30 days.
Generally, the experiments will remain attached to
the orbiter or pallets, nlthough larpe sensors such
as tclescopes may be deployed through nhe bay doors
while acquiring data in orbit, The payload special-
iate whe would aceompany some payleoads into orbit
could i: sclentists or engineers with & minimum of
spaceflight training.

This sortie mode is envisioned te cperate u~der a phil-
osophy aimllar to that developed over the years

for the scientific, engincering and applicacions
investigations carried out in the various NASA

airborne and sounding rocket programs. It is
aenvisioned that entire payloads consisting of a
Spacelab in its various configurations and/or satel-
lites to be deployed would be delivered in an integra-
ted and tested assembly to the lounch site for a
typical Shuttle mission confipuration.

Modularization and Standardization

It is elear that the availability of o relatively
loy-cost reusable launcher for large payloads, Shuttle,
wi Yl result in quite & different appromch to the manner
of carrying out investipations, On conventional
spacecraft weight, power and volume have ofcon been
major constraints leading to custonized, demanding i
desipns which may only be used once. The changing

and improving pacts technelogy in the pasc decade

has driven this effect. Thig has been costly both in
terms of money and demands on the available, experienced
manpower, This situvation has led to an especially
demanding veliabilicy and quality assurance program.
The Shutktle's system will allow. weiglit, power and
volume constraincs to be relaxed. This will not )
only allow the launching of heavy payloris consiscing
of cither large groups of small experiments or of
geveral larpe experiments, but will inevitably lead

to the standardization and modulerization of clectronic
and meechanical assemblies in the experiment hardware,
as well as the Spacelab, Suuttle ovhiter and lounch
vehicle themselves. Suct standardization and medular-
ization is not only coat effective, but cbviously
enhances the system's edse of design, repair and
modification and allows the reuse inherent in the over-
all Shuttle concept.

To many of the readers of this paper, the potencial

for the use of CAMAC and NIM standard, modular elec—

tronic systems 1s cbvious. These instrumentation

systems were developed originally to serve the neods A
of nuelear research institutions in Europe and Horth

America. They have the advantage of extensive, !
proven user acceptance and experience. We will en- '
deavor to show you thalr usefulness in the Shuttle

program and to acquaint you with the development and

study programs which are now underway.

CAMAC and NIM Studies for Shuttle/Spacelab

Consideration of CAMAC and NIM is included in several
studies at the systems level by NASA and ESA groups
and their contractors. ESA, for instance, presently
has a contract with the Austrian Society for Atomic

- Energy and its subeontractors for the study for the

use of CAMAC Ln the Spacelab.

A study directed by the NASA/Johnson Spaze Center
and carried cut by the Acvospace Systems Division of
Bendix Corporation addressed to the applicabllity of
CAMAC and NIM to various payloads beinp considered
by ESA and NASA.Z Table 1 summarizes a major result
of that study, showing applicability of standard,

‘available CAMAC and NTM meliiles to the six experimental

payloads chosen for the stiudy. 1t is at once obvious
that CAMAC has wide applicasility within the experiments



TABLE 1t APDROXIMATE PERCENTAGE OF PAYLOAD PLECTRONICS FEASIBLE FOR NIM/CAMAC

Payload

% of Analog in WIM

Astronomicnl Observatory
Atmospherlc Sclence Facility
Auroral and Magneotespherie
Cosmic Ray lLaboratory

13-Band Multispectral Scanper
Orbital Hicrowave Radar

X of Digital in CAMAC

B0 5
920 o
90 40
100 20
0 0
90 0

consldered, Most portions of the experiments dealing
with moderate-spced digital datn acquisition end control
and enaleg data collection and distribution can be
implementnd with existing commerelally-available CAMAG
wodulis. Only the very high data rate experiments such
as the multispectral scanner and video systems in
genereal do nat lend themselves to CAMAC dmplementation.

The NIH instrumentation has more limited usage as one
might expect, since 1t 1o geared toward pulsc handling
applications. It is very useful for investigations in
high-energy astrophysics including X-vay astronomy,
goma~ray astronomy and the cosmic-ray experiments.

Its Limited usefulness for aureral and maphetospheric
experiments noted in the Bendix study would be greatly
incredsed by the availability of a few new modules.

It 18 apparent to many of us who are doily cencerned
with the design of instrumentation Eor space experiments
that the NIM standardd i: ideal for low-level mnalog
¢ireuitry, and the mechanical system is rugged and
readily available. It mokes good sense te us to design
snd package most iinear circultry, threshold sdlserim-
inators and logic circuits beyond the detector preamp-
1ifiers and high-valtage biss supplies according to

the NIM standard.

The study by the Aerospace Systems Divigion of Hendix
and i further study by TRY Systems Group® for the
Johnton Space Center anticipate using the CAMAC and

HIM instrumentation within the pressurized, controlled
environment of Spacelab. Since this volure and atmog~
phere are used by the astronauts as well, heavy demands
are placed on the CAMAC and WIM in terms of safety,
materisls, ocutgassing and human factors. These, in
turn, will have a substantial impact on cest.

At the Goddard Spacc Flight Cenker, scveral Shuttle
studies have been underway, including one especially
copcerned with alfding the Uigh Energy Astrophysics
Management Operations Working Group. This group of
experimentalists studying X~way and gamma-ray astroriomy,
cosplc~ray physica and high-energy nuclear physics, can
implement thelr experiment electronics almost entirely
with existing CAMAC and NIM instrumentation. It

should be noted that sensor preamps and power condicion-
ing are not included in the CAMAC/NIM equipment since
they usually must be located directly at the detectors
due pither to special senaitivities or problems of

high veltage distributlon in vacuum. With the publicity
prowing eut of this work, we are novw briefing and - teach=-
ing experimenters concerned with astronomy, solar phys-
les,- the atmosphere, iconosphere, magnetosphere, ete,,
particularly with the advantages of such a space-quali-
fied TAMAC system. | :

GSFC_CAMAC apd NIM Studics

The group of astrophysics experiments considered in this
“GSFC study are typically very complicated, requiring
large weight, volume and power. They arc so sophistica-
ted that several will be best implemented by the inclu-
sion of a mlcroprocessor, These experiments usuolly

are totally automoted and do not require experimonters
in gpace with tham, and thus they are adequately

provided for in n Spacelsb pallet-only mode. This
mode maximizes the weight apnd power available to

tha experiments by eliminatipg the substantial burden
of che large pressurized compartment,

On the other hand, the CAMAC and NIM equipment proposaed
is not adversely affected by vacuum operaclons. Several
NASA groups have beepn routinely using them as parts

of electronics systems for experimentst on high-
nltitude balloens. There are potentisl problems in
gsome modules dus to high power dissipation in particu-
lar components - leading to hot spocs and thermal
problems. Another power problem results from the

need of mony of the astrophysical experiments for 21-
te 30-day misaions vs. 7-day missions in order te
pather necessary statistics, At present CAMAC and

NiM power lovels the Shuttlie fuel cell assigned for

the experiments is not adequate for the longer missions.
Putting on an addicional enll would require the re-
moval of one or mére of the 4 to 5 experiments in
quostien, Both of these problems can be solved

with CAMAC and NIM designed for lower power operation.
Often in CAMAC this can be accomplished simply by

uging componcnts which require less power and perhaps
cogt a lickle more or are just becoming available,

‘e,g+, low-power Schottky T2L ve: standard T2L

logie eircults, It 48 clear that in the highly-
competitive CAMAC aad NIM commercisl markets gost
must be low, and there 1s little constraint on power,
We will have to take a somewhat differant position,
paying a higher price to get lower pawer consumption.

In our work with cxperimenters we have defined more
than 40 modules which would have substantial uspge.
These modules are listed in Tables 2 and 3.

Presently we have concluded studies by three mapu-
facturers of CAMAC and NIM modules congerning 10

- af their modules — 8 CAMAC and 2 NIM modules. A

study by a fourth manufacturer is just underwsy con-
cerning three of his modules, as well as special
studies of the flight qualification of his hybrid
circuitry, We asked them to study power reduction,
component changes, packaging for the vibration loads,
and estimating nivimate costs va. quantdity, including

~appropriate rdliability and dogumentation.

Results of the firct three studies showed that therr
are no scrlous parts or fabrication problems for
thege modules, HASA-approved parts ave readily
available in place of most of the commercial parcs.

_Education and some training are required in NASA

fabrication methods, layout and goldering. - Design -
for the vibration envivonment geems straipghtforward.
Power reduction by a factor of v 3 seems attainable
for the CAMAC and NIM modules with e typleal experi-
ment. Some CAMAC modules show power reduction by a
factor of 5 to 10, The smellest power reduction was
shown for n spectroscopy amplifier where only a

n, 25% reduction was possible unless performance
parameters were changed ~ e.g,, *5 volcs out va, + 10
volts cut. Often these power reductions came about by
incorporating a more expensive, or more modern
component Such as Scliottky T2L integrated circuits,

-y



TABLE 2:

AMPLIFIERS

Spectrescopy Amplif{nr

Quad Gen. Purpose Amplifficr

Quad Faot Lincor Amplifier

Dunl Faot Linear Amplifier, Var. Gain
Blaged Ampliflaer

LTREAR FAN-IN

Quad 2-Input/Dual 4~Input Fon-In
Dual 8-Inpuc/16-Tnput Fan-In
Du3l Expandable Suwmmer

LINEAR FAN-OUTS

Dual 8~ or 16~Bit Fan=Out
DELAY AMPLIFIER

Step Selcetable Delays

NIM MODULES FOR SPACEFLIGHT USE

THRESIIOLD DISCRIMINATORS

Quad Fast Dlgeriminator
Congtant Fraction Discriminstor
Integrol Discriminator

LOGIC HODULES

HECL Logic Modula
Quad CGate and Delay Module
Quad and/or for Fast NIM Levels

BINS, CRATES, MODULES, ETC,

Crates and 1/2 Crates

Bine and 1/2 Bins

bC-pC Converters for Crates and Bins
Kluge Hodules

TABLE 1t

CONTROLLERS

Controller with Microprocegsor

Type U with Computer

Type L Seriol Controller with
Associated Driver

SCALERS

&124-Bit 150 MHz

-Bex TTL/NIM 50 MHz

12/24 Bit 0.5 MHz

216 'Rit Preset Scalers

4/16 Bit Vresettable Up/Down

SPECTAL PURPOSE DIGITAL DATA

RAY Interfoce for Commands and Pata

8K Words x 24-Bit RAM Module

256 Words x 24 Bits, First in/First Out
Buffer

D/A CONVERTERS

8/10-Bit PAC
2/12-Bit Fagr DAC

POSITION ENCODERS/DRIVERS

bual Ineremental Position Encoder
Dual Stepper Motoer Driver
Mator Driver

CAMAC MODULES FOR SPACEFLIGHT USE

OUTPUT REGISTERS

12-Bit Output Storing Reglsters
2/24=-pit TTL Output Registers

INPUT REGISTERS

12/Bit NiM Fast Latch
2/24-pit TTL Input Reglster
2/24~Rit TTL Input Gate

A/D CONVERTERS

8192 Channel Mulse ADC

12/1024 Channel Charge Pigitizer
2/12-pit Successive Approx. ADC
Quad Time Digicdzers

15=Bit ADC (Short-Term Stability)

ANALOG DATA MODULES

32~Channel ADC/MUX
J2~Channel MUX Expander

CLOCRS/TIHERS

Real~-Time, fresctﬁubln Clock
Dual, Timer Module

Even with these power reductions, the full requirements
of IEEE Standard 5839 are being met. Large power
reductions resulted from Incorporaving + 15 volts and
+ 5 volts as standard, bussed volcages.

The pubstantial reduction in pewer coasumption cases
the job of tharmal design of che modules and module/
erate/bin system copsideralbly. Verious mechanical
changes are belng made and will be discussed presently,
but it appears that the maximum temporature rise within
a module may be held to % 25°C. For moet modules

it more typlcally will be 10 or 15°C,

' Currently propasals are being salicited competitively
for the redesign nnd prototype fabrication of a
spaceflipht verslon of a CAMAC crate, a NIM bin and
pover supplies (de-de converters) for each.

We anticipited also a similar contract for a CAMAC
controeller with microprocessor. The available cosmmer—
cial modules have been found not to be good candidates
for redesign and derating for spaceflight use. The
decision has been made for the GSFC Instrumeéntation
Branch to design these particular modules. )



As o repult of chis work, it I8 now elear that an
adequate supply of modules, crates, bins and power
auppliea will be available by mid 1977 to esrry out a
neaningful eequence of demonatrations and environmental
qualificacion testa, These tests then would provide
ono of the major inputs to a HASA declsien for the im-
plementation of our Shuttle/Spacclab experiments with
such space-qualified CAMAC and NIM wodules.

Mechanical Modifications

Saveral mechanical changes have heen made to the CAMAC
~and NIM medules to enhance thelr performance under
vibration and to enhance their ability to conduct

heat. The basic mechenical standavds are still being
met, howaver; and so a commercizal madule may be insert-
ed in a spaceflight bin or erate, and it will fic,
recelve the proper power and sce the proper electrical
interface, Most changes are concarned with CAMAC
modules, and thesa will be discussed as the example.

Fig, 1 outlines a CAMAC module, While the commercial
module has only a lower serew lock assembly an the
front, the spaceflight version provides for three:
one each on the front upper and lower and on) on the
rear just above the edge connector. - Thege p ovide
additionnl mechanical support as well as batter

gunranteed thermal patha. The flgure also shiws that
the stondard Lemo connectors have been replaced by
serew-type, 30 ohm connoctors (Scalectre SRM series),
and locking-type toggle switches. Not showm for
clarity on this drawing are the side shields which
vill be required on bocth medule surfaces, Substantial
formed aluminum shields add cunsiderable thermal
conductivity and mechonical strength to the module. A
number of aluminum otandoffs are attached bwtween the
pghields and the boards on both sides. Additionally,
the crates and bins are specified to have module cdge
slocs which are mechantenlly driven or spring leaded
50 ns to gudrantee good thermnl connection between
modules and crates or bins,

Figure 2 shows a line drawing of a side view of a
spaceflight crate with a rear-mounted de-de copverter
as the power supply. In the genural case, these erntes
will ba stacked two or three units high on the pallet,
The crates provide for belting themselves together in
such a stackup. The stacking/shunt brackee shown
enables the stocking but alse provides n convanient
heat path for the heat otiginating in the de~de
converters. The crate gpecifications call for sub-
ntantial use of thick aluminum to provide the requi:cd
conductance through and around the crate,
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Cost Effcvctivenens

A prime notivotion for the use of a gtapdordized,
modular gystem 1s cost no well as dts functional value.
Ye have studied peveral potential axpoeriments as

first exonples, These arve large experiments weighing
from 1200 to 5000 Kg and requlripg ~ 200 to 300 watts
total power including that for the comzercially-
avallable CAMAC and NIM modules. Ag already discussed,
preliminary results from the studies underway by
rapufocturers show promise of considerable reduction
in these powar Eigures, Ao engincering versien of such
an experimont could be bullt using commercial CAMAC
and NIM modules for o prosent cost of from §25,000

to $50,000 for tha modular clectronies.

We believe that individual madyles in the space-quali-
ficd version will cost frum 4,5 to 8 timea o much

as the present compercial modulcu depending upon
complexity and the quantity of the buy., Using these
fipures we wvould expect the overalil GAMAC and NIM
system for these astrophysica experiments to coat

N 6 timeg more than the commercial system, Using the
foctor of 6 as the passinistic approach, and comparing
the result with the cost of our loweat cost convention-
al spaceflight clectronico, we predict that the cest

of implementing the system with space~qualified CAMAC
and NIM will be a foctor of 3 to 10 timeg lower, Thase
enleulations did not inelude any factors as to the re-
usability of these modules on wany experiments; and
these will have a lorge effcct, improving the cost-
effectivencsa even further.

An obvlous question is: Why is this approach so much
cheap - than our previous lowest-cost space electron-
ics? There are several reasons:

1. The modules, especially the CAMAC madules
described by IEEE 583, are quite functional and useful
to the experiments, and thercfore there is a need for
reasonoble quantitiea of thesc modules, Aoouming a
mission mix of two sortiec miesions per yrar with pay-
loads devoted to research in sstronomy, solar physics
and high-cnepgy astrophysies, one probably would need
2 stock of 1300 to 1500 total modules spread over 43
module types. In these quantiries the manufacturers
are able to show a substantlally veduced cost over our
usual buy of 2 or 3 units. Key to this conclusion 1is
the requivement for NASA or a contractor te stock these
modules as a result of quantity module procurcment.

2, The Shuttle system has nllowed us to use
weight and volume as a trade-off agalnst cost.
is very cost-elfective, It 1s very expenoive to
build small, lipht-weight electronirs for space use,
both in terms of the ports and the design and fnbri-
ecation.

This

3. Modules built to IEEE 583 and the NIM standard
are well established. The tntverfaces, boch mechanical
and eleetrleanl, are well understood and proven.
Enpecially in the casc of CAMAC, a substantial portion
of the electronics design has to do with interfacing
with the dataway and chence to the contreller, other
modules, microprocessor, etc, For spaceflight use
tue major change here is one of buying a higher
reliability part and paying more for it, while there
should be little design overhead.

4. Mont of cthe functional modules which are
nesded already extst. This is especlally krue for
those experiments which fall in the avea we refer
to as high encrpy asttrophysics, where nearly all mo-
dules alveady oxist. Apain, che desipgns are well
understons and proven, and very often the translation
of a2 design to a gpaceflight vorsion iz only che

incorporation of batter parts.

In additien to the above reasony which lend to lower-
cost modulesn, there 1o a furcher mojor coat benefit
of the CAMAC and HIM standards, and which is indaed
appliecable to all useful scandards, One quickly
builds an cxperienced group of users. Ovorall systems
desipn time in shortencd, as are the proceascs of
intepration ond dobugging. A new system ean be on-
line much faster and at a lower cost therolore,
Mdditionally, these stondards provide for modules
which can be readily replaced In case of malfunction
or pnead for repair. And finally, both the CAMAC

and NIM standarde allow one to veadily expand one's
system.

Conclusions

It appears thut both from a costing and functional
point of view apaceflight modules built to the
CAMAC and NIM atandards are very attractive. Ag
discunged, a number of brudlcs are underway and will
contipue into Fiscal Yoar 1977, both in industry

and at the Goddard Space Flight Center, We need

the rosults of these studieg as a further assessment
from a different vicwpoint. Tt s clear that this
paper 18 thus o progress coport, Hot all segments

of WASA arve convinced that modules built to the
CAMAC and NIM sctondovds are the way of the future

in space [or thete cxperiments, but if applied

only ta the high enerpy satrophyalcs experiments
these modules are functionally effective and very
cost effective.
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