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1. INTRODUCTION

This document summarizes the technical results of the AMPS Phase B
Study sponsored by the NASA Goddard Space Flight Center. It represents
the culmination of an extended series of scientific, engineering and
operational studies directed towards definition of a Spacelab facility
for the conduct of atmospheric, magnetospheric and plasma science in
near-earth orbit during a series of flights in the Spacelab element of
the Shuttle Transportation System (STS). Five "strawman" AMPS flights
have been the basis for performing this study and are summarized from
a scientific, experiment and instrument viewpoiht in Section 2. The
remainder of the document is devoted to the details for joint Flights 1
and 2 of AMPS.

This document covers all engineering and operational facets
associated with the implementation of the first two AMPS flights. In
Sections 3 and 4, the payload is described including ali systems and
subsystems. In Sections 5 and 6, the mission planning and flight
operations are described. Following this are the important subjects of
payload integration, ground operations and logistics. Finally, Section
9 covers certain key supporting analyses and mass properties.

In this document the term Labcraft has been utilized. This, in
general, describes the interactive capability between AMPS payload
instruments and Spacelab. This, in some cases, involves additional
flight support equipment (FSE) which can possibly be utilized for
other payload disciplines. '

The AMPS Payload design data, performance estimates and conclusions
presented herein are based heavily on Spacelab and Orbiter design and
performance data available during the final phase of the Phase B Study.
They may become invalid as Spacelab and Orbiter design data and perfor-
mance estimates further evolve. Specific reference is made to the |

~ distribution of ESA SLP-2104 Spacelab Payload Accommodation Handbook,

Review Issue PDR-B 1976, at the time of publication of this Technical
Summary. . This heavily revised document incorporates many changes which
directly impact the results of this study.
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2. PROGRAM DEFINITION

The AMPS program Jdefined as the basis for this Phase B Study was
derived from five "Strawman" payloads generated by the NASA Goddard Space
Flight Center. These payloads were derived from the results of mission
goals developed by the AMPS Science Definition Working Group (ASDWG).

The system and subsystem engineering analyses performed to date
were based on ensuring a smooth evolution of the five flights in terms
of integration and design of flight support equipment. The accommodation
of each payload into Spacelab takes full advantage of existing Spacelab
and Shuttle resources such as data handling and communications eqhipment.
Modularity has been applied at both the systems and pallet levels for
economy of installation, integration, and refurbishment and to minimize
the development costs.

Techniques have been devised for assembling, integrating, and testing

the payloads, stressing low cost and safety while ensuring flight readiness.

Flight operations have been designed to conform with the constraints and
capabilities of the STS. Lowest possible cost has been a prime considera-
tion throughout the development of the concept for achieving AMPS scien-
tific goals. This will continue to be a vital criterion for the program.

The scientific objective of the AMPS program is to assist in developing

a comprehensive understanding of the region surrounding the earth; see
Figure 2-1. Based on laboratory and space experimentation, several tech-
niques for meeting this goal have been proposed. These techniques involve
observing the effects produced by natural processes or by disturbances
that are purposely imposed. The gas in the region is in a plasma state,
which means that the molecules are ionized, can conduct electricity, and
are affected by magnetic fields. Thus, understanding the region involves
studying the earth's electric and magnetic field system, energetic parti-
cle and electromagnetic wave interactions, physical processes associated
with the motion of bodies in rarefied plasmas, and the chemistry and

dynamics of the upper atmosphere. AMPS will allow investigators to perturb

the near-earth environment in a controlled and systematic manner. For the
first time, a full, manned laboratory of instruments can be carried into a
region of interest to condiict remote and insitu investigations in a
structured, evolutionary pragram.
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Figure 2-1. The Environment of AMPS Science

The AMPS Spacelab payload is planned by NASA as a laboratory in space
for international use. In concept and operation, AMPS will be similar to
,% the national and international laboratories now used by scientists of
i; many countries for nuclear researcn and for radio and optical astronomy.

The AMPS program uses various techniques and instruments to explore
four specific disciplines: particle interaction, plasma interaction and
3 flow, atmospheric science, and wave phenomena. Many of the techniques
‘ and instruments will apply to investigations in several disciplines.

2.1 PARTICLE INTERACTION

A broad range of energetic particle interaction experiments is planned
for all five flights. On Flight 1, the first electron beam propagation
experiments will be performed with a modest accelerator of up to 40 keV
and 2 amperes current; see Figure 2-2. Initial beam plasma interactions
will be studied. On later flights, accelerator current and voltage will ;

i be increased to permit echo, atmospheric interaction, plasma wave excita-
i tion, and electric field investigations.

| A magnetoplasmadynamic (MPD) arc accelerator will be introduced on
Flight 4 to study the interaction of a high-density plasma stream with
the natural plasma environment. - The high current (up to'los,amperes)
can be used for conductivity modification;wmagnetiZed plasma interaction,

i e ' - | 2-2
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and plasma instability studies. On Flight 5, an ion accelerator will
be added. More sophisticated techniques will be used to study parallel
electric fields, two-stream instability, and very-low-frequency wave
generation by beam modulation.

/ GROUND
OBSERVATION
STATIONS

ELECTRON
BEAM

MAGNETIC
FIELD
LINES

Figure 2-2. Artificial Aurora

2.2 PLASMA INTERACTION AND FLOW

The AMPS laboratory will use chemical and gas releases to generate
controlled clouds for a broad class of studies in plasma interactions,
see Figure 2-3. Many investigations can be performed using various
materials, masses, and techniques. In each case, the orbital velocity
provides a large energy source that cannot be duplicated with rocket
flight releases. For example, Flight 1's orbital velocity will provide
energy to a neutka] gas which will create artificial gravity-driven waves.
In this experiment, onboard observations and data gathering will be done
in conjunction with ground-based systems. In all experiments, the actual
gas release or chemical ignition will take place well away from the
Orbiter. ‘ |

From an inert gas release on Flight 1, the program evolves to barium-
thermite releases on Flight 2, and to barium shaped-charge deployments
on Flights 4 and 5.

2-3

—

R

“i
3
/

e gt e e RS




e el . R s

r.':} S T TR T

el “W"P"“""‘w’

R A ~
Tt CHEMICAL
a4 RELEASE

Figure 2-3. Chemical Release Experiment
2.3 ATMOSPHERIC SCIENCE

Observations and studies of the upper atmosphere will be performed
in three types of experiments. In the first type, instruments will be
pointed at the earth's limb while vertical or height-scanning is per-
formed using spectrometers with various sensitivities, resolutions, and
wavelengths, depending on the constituents and lines studied. In the
second type, instruments will be pointed downward to study specific at-
mospheric events or features. In the third type, a lidar will actively
probe the atmosphere, see Figure 2-4. ‘

UPPER
ATMOSPHERE

Figure 2-4. Lidar Probing of the Upper Atmopshere
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Flight 1 includes limb observations in the infrared to determine !
minor constituent density (and possibly temperature regimes), observa- %f'
tions of aurora by the Optical Band Imager and Photometer System (OBIPS),
and lidar studies of ozone densities. In later flights, instrumentation i
in the visible and ultraviolet areas, as well as a Fabry-Perot interfer- . 3
ometer, will be added to support studies of temperature profiles, wind f :
velocities, and constitutents such as the hydroxyl radical. An ob- |
serving facility will be available for detailed studies of particular

' problems such as chlorine chemistry. The lidar experiments will expand
from initial ozone measurements on the first flight to detailed studies
of ozone and minor atmospheric constituents such as nitric oxide and
chlorine oxide, then to the study of winds and diffusion, and finally
to composition measurements using long-path absorption with a detector
or retroreflector on a subsatellite.

&

2.4 WAVE PHENOMENA

Electromagnetic wave transmission experiments will begin at radio %
frequencies of 30 kHz to 20 MHz to provide information on the natural

P plasma density, temperature, and composition and to initiate the inves-

‘ tigation of wave-particle and wave-plasma instabilities in the iono-
sphere; see Figure 2-5. To avoid Orbiter-produced electromagnetic inter-
ference (EMI), and to make measurements at remote locations, receivers
will be placed on Environmental Sensor Packages (ESP's), inexpensive non- S
recoverable satellites, and maneuverable subsatellites. In later flights, ];‘ﬂ
transmitting powers will be increased, transmitting frequencies decreased P
to cover the range below 1 kHz and more sophisticated controls and
diagnostic instruments introduced. Local ionospheric heating, artificial
particle dumping, and pU]se_propagatibn phenomena will then be studied.

2-5
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Figure 2-5. Wave Injection and Wave Particle Phenomena

2.5 AMPS FIVE FLIGHT PROGRAM

The initial phases of the science activities covered in the previous
sections can be accommodated effectively into a five Orbiter flight pro-
gram that employs the Spacelab module and three paliets. These flights
are characterized by the evolution from reiatively simple experimentation
on the first flight to highly refined experiments on Flights 4 and 5.
During this sequence both instruments and support equipment evolve to
increased capabilities. This evolutionary buildup has the effect of
deferring the increased cost of equipment refinements until they are
needed for experiments. On completion of the five-flight AMPS program
covered in the next sections, the physical resources will exist for the
continuation of the program into other areas of AMPS experimentation.

2.5.1 Flight 1 Experiment and Instrument Complements

- The specific experiments planned for AMPS Flight 1 for the four
disciplines are shown below:

Discipline Experiments

Particle Interaction Beam Characteristics
‘ Spacecraft Neutralization

Beam Plasma Interaction

2-6
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Plasma Interaction
and Flow

Wave Phenomena

Atmospheric Science

Acoustic Gravity Wave
Gas Cloud Dynamics

Environmental Observations (EMI)

Minor Constituents
Ozone Density
Solar Radiation

A set of core instruments has been defined for AMPS. These instru-

ments, initially including the lidar, accelerator, atmospheric array, gas
release system and associated diagnostics, are required for performing

many different experiments on multiple AMPS flights.
the experiment instrument complement matrix for the flight.

Figure 2-6 shows
In the

following sections the core instruments for Flight 1 will be discussed.
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VECTOR MAGNETOMETER ° ° °
LEVEL 1 DIAGNOSTICS ° :
LEVEL 2 DIAGNOSTICS [ ) ) ®
QUARTZ CRYSTAL MICROBALANCE °
ATMOSFHERIC ARRAY
LIDAR °
OPTICAL BAND IMAGER o | o . ° .
IR RADIOMETER .
IR INTERFEROMETER .
ENVIRONMENTAL SENSOR PACKAGE ) ° ° ° ™
SOLAR FLUX MONITOR °

Figure 2-6. Flight 1

2;5;1;1 Electron Accelerator

Investigations with the electron accelerator on Flight 1 begin with

studies of the beam properties and

Experiment Complement Matrix

Shutt]e/Spacelab neutralization

2-7
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mechanisms; see Figure 2-7. A beam diagnostics program is the first step.
Later in the flight, electron beam induced plasma instabilities will be
studied. '

MAGNETIC
" DEFLECTION
coiLs

! STRUCTURE
R0

“Ag ACCELERATOR

N\ <
) _-~7 “HIGH

COMMON ~~ VOLTAGE
ENERGY POWER
STORAGE PROCESSOR

Figure 2-7. Electron Accelerator

The Flight 1 electron accelerator is the prototype for later, more
sophisticated and powerful accelerators. The accelerator consists of an
electron gun with its associated grid structure, a drift tube, and high

- voltage power processor, all operating at levels up to 40 kV. The

optional magnetic deflection coil system and final grid operate at ground
potential. Pulse operation of the electron accelerator required instan-
taneous peak powers in the multikilowatt-to-megawatt range. To provide
this power, a common-energy storage system, consisting of a power processor
and a 40-kj capacitor bank is mounted adjacent to the accelerator over the
pallet cold plates. Commands to and data from the accelerator are pro-

cessed by NIM-CAMAC (standardized digital processing equipment) in the

Spacelab module. The conceptual deSign of the accelerator incorporates

modulatity on several levels to allow for evolutionary growth of capabi]ity;f

During later flights an ion gun and an MPD arc gun will be added while
evolving to a very large output energy capacity.

2-8
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The electron beam characteristics are measured in two ways. First,
o nitrogen gas fluorescence is detected by the Optical Band Imager and
f : Photometer System (OBIPS) to determine beam shape, intensity profile, and
: directional characteristics. Second, an electrostatic analyzer is swung

rapidly across the beam to measure electron energy and beam resolution.

The electron accelerator is fired first at Tow potentials and
especially at low currents. Beam properties are measured and vehicle
neutralization is assured after each pulse. The current and voltage are

gradually increased to the maximum of 40 KeV and 2 amperes, assuming no

neutralization problems are encountered. If neutralization at high cur-
rents cannot be achieved, a greater return current-collecting area will

be required for later flights.

After the initial beam property experiments have been performed, the
~study of beam-plasma interactions starts. Instabilities in this interac-
tion may develop, leading to the emission of electromagnetic radiation.
To measure this radiation, high frequency electric and magnetic field
; . detectors are carried in the Environmental Sensor Package (ESP). This
= | - package, attached to the tip of the Remote Manipulator System (RMS), is

swept throughout near-Orbiter space to perform these measurements.
2.5.1.2 Lidar | | ‘

The ultimate scientific requirements for the lidar system are so
severe that it will be necessary to develop the system progressively cver
several flights; see Figure 2-8. The lidar consists of two dye lasers, ?.ﬂ
data processor, and a Cassegrain telescope modularly mounted in a unitized : ;”A
structure and hard-mounted directly to the pallet. Each dye laser can ) ; 5
exchange dyes using a separate dye reservoir. The data processing system |
processes incoming backscatter signals and produces the required scientific
data for transmission to the module or to the ground. In Flight 1,
deve]bpment emphasis will be placed on preparing a telescope with a l-square
meter collecting area and a field of view with a cone angle of less than
‘one milliradian. The Optica] finish of the surface is less critical than

for astronomical use because the system measures total intensity, not
image intensity. This same telescope can be used throughout subsequent
flights without major modification. -

R B R

2-9




SECONDARY
anon\/;
FEATURES:

- ' DIAMETER: 1.2M
- ' LENGTH: 34Mm
[ WEIGHT: 780 kg
) POWER 2kw
!

by 1

LASERS

Figure 2-8. The AMPS Lidar

The lidar makes differential absorption measurements of atmospheric
ozone using two frequency-doubled dye lasers, each operating in the UV
near 300 nanometers. Range-resolved measurements are made in the altitude
range from 10 to 50 km with sufficient density and altitude resolution to
obtain maps of atmospheric ozone. Since this is a survey experiment,

~ lidar operation is almost automatic. The payload specialist tunes the

laser to the proper lines, and checks data output periodically. During
this flight, more than 100,000 ozone density profiles will be obtained to

chart a worldwide map of the earth's ozone density in the latitude range
from 57°N to 57°9. |

2.5.1.3 Atmospheric Array

Two infrared instruments, a radiometer and an interferometer Spec—
trometer, perform limb scanning measurements to provide a worldwide map
with better than 100-km earth surface resolution for a large number of

2-10
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molecular species in the upper atmosphere, see Figure 2-9. 1In particular,
maps will be made of the molecular concentration and temperatures of

chlorine oxide, nitric oxide, and the hydroxyl radical that are involved
in the production and destruction of ozone.

MINOR CONSTITUENTS OBSERVED

______ 100 KM ALTITUDE
—— e

CARBON MONOXIDE FREONS NIZROGEN DIOXIDE IHERMAL RADIATION FROM
CARBON DIOXIDE HYDROCHLORIC AGID NITROUS OXIDE ATMCTPHERIC CONSTITUENTS
CARBON 1547 C31LE METHANE OZONE

CHLORINE OXIDE NHRIC OXIDE WATER VAPOR

IR LIMB
SCANNING -7
RADIOMETER

|
i
CRYOGEN - mwag
£ CANISTER

ATMOSPHERIC ARRAYS STOWED
AND PROTECTIVE DOORS CLOSED

N\

INTERFEROMETER
SPECTROMETER

metoc OPTICAL BARID
et . IMAGING PHOTO
——| Ufm SPECTROMETER
o (OBIPS)
The INTERFEROMETER SPECTROMETER uses a Michelson i%rﬁ?rg#x
interferometer to produce an intensity variation in the -

detected signal that con be plotted agoinst the optical
path: {ength difference. A high speed computer con
exiract the spectrum from the interferogrom so
produced.

Figure 2-9. Atmospheric Array

The radiometer examines wideband regions with maximum sensitivity and

low wavelength resolution. The interferometer makes continuous wavelength

scans with high wavelength resolution and consequently Tower sensitivity.

2-11.
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Each instrument measures the emission spectra of the atmosphere in the
altitude region from 10 to 100 km on the 1imb with a height resolution
on the order of 1 km.

The interferometer, with its wavé]ength’reso]utiongof 0.1 cm!,

requires data handling rates of abbutgs Mbps. Realtime fast Fourier
transformations are performedrwith a special instrument-dedicated micro-
processor capable of performing a complete Fourier transform in 0.1 second.
Thus, the spectrum will be available as "quick-look" data for comparison
with the spectral line data obtained with the radiometer.

2.5.1.4 Solar Flux Monitor

A solar flux monitor will be flown on all AMPS flights to provide a
short time period calibration of solar instruments being flown on other
spacecraft programs. Although not part of the atmospheric array, it is
mounted in the same canister to be pointed by SIPS; see Figure 2-9. The
typical instrument is an Ebert-Fastie four-channel spectrometer, sensitive
in the wavelength range from 30 to 350 nm. It takes data for approxi-
mately 30 minutes each day as close to Tlocal noon as possible. With a
field of view of 1 degkee, an instrument pointing accuracy of 0.25 degree
is required.

2.5.1.5 Environmental Sensor Package (ESP) Instruments

On Flight 1 a set of instruments will be mounted in the ESP for
environmental measurements around the Orbiter and also to support the
beam plasma, spacecraft neutralization and beam chardbteristiCS»experi-
ments. The ESP will be maneuvered around the Orbiter using the remote
manipulator system (RMS). The instruments mounted in the ESP for this
flight are:

1) Medium energy electron detector
2) DC electric field meter

3) E and B receivers and antennas (ac electric and magnetic
field detectors) ,

4) Langmuir probe -

5) Fluxgate magnetometer (dc magnetometer)

2-12
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6) Neutral mass spectrometer
7) Ion mass and distribution analyzer.

2.5.1.6 Vector Magnetometer

A vector magnetometer will be mounted on a 5-meter mast to be located
on the aft pallet during Flight 1 in support of the accelerator experi-
ments. This S-meter displacement of the instrument from the Orbiter is
required to minimize the effects of Orbiter magnetic fields.

2.5.2 Flight 2 EXpéniment and Instrument Comp]ements

The following experiments are planned;for AMPS Flight 2.

Discipline , Experiments
Plasma Interaction Conductivity Modification
and Flow

Wake Studiegmw

Wave Phenomena _ RF Sounding Techniques
' Long Delay Echoes ‘

Atmospheric Science Minor Constituents
‘ D-region Composition Changes
Oxygéh Variation
Neutral Composition
Ozone Changes
So]ar;Radiation

The Flight 2 experiment-instrument Eoﬁp]émgg;_is,shown on Figure 2-10.

It should be noted that there is a natural evolution of instrument accom-
modation from Flight 1-to Flight 2. The electron accelerator is not
carried on this flight but will be used extensively during later flights.

2.5.2.1 Radio Freqﬂéhcy:Sopnder

The study of the propaQation properties of high intensity electro-
magnetic waves in the ionosphere will begin on Flight 2 with the intro-
duction of the RF sounder.

For this flight, two classes of wave experiments will be performed.
The first class consists of investigations that use the natural jono-
spheric plasma as a plasma physics laboratory with a collision-free,

2-13
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| LANGMUIR PROBE °
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CRYO IR INTERFEROMETER oo o |0
ENVIRONMENTAL SENSOR PACKAGE ° ool | o o | o
SOLAR FLUX MONITOR ‘ 3 e

Figure 2-10. Flight 2 Experiment Instrument Complement

\ boundary-free, homogeneous plasma on a very large scale. Wave dispersion,
§ wave particle and wave-wave interactions, plasma turbulence, and plasma
| wave instabilities will be studied using the RF sounder operating at con-

| ‘
i - tinuous powers up to 100 watts and peak powers up to 10 kW. In particular,
wave propagation at frequencies from 30 kHz to 20 MHz will be studied as a

ARk

< function of magnetic field orientation, ionospheric density, and frequency.
An attempt will be made to saturate the transmission properties of the
ionosphere so that plasma instabilities are generated. To generate these
instabilities, it may be necessary to operate the transmitter up to its

| full power capability. The wave transmission properties require that

the transmitting antenna be mounted at least 15 meters from the Shuttle

Poeop

conducting surfaces. Since the plasma waves generated by the interactions
are of very low intensity, the RF receiver will be remotely deployed on o =

Py
i
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an ESP subsatellite to remove it from the high EMI Shuttle environment
during all phases of the plasma wave experiments.

The second class consists of investigations using the RF transmitter
in a search for, and detection of, long delayed echoes. In this experi-
ment, sounding echoes that are delayed for 10 seconds or more are deflected
from the jonosphere and the echoes will be detected with the receiver, on
the ESP.

The RF transmitter used for these investigations is capable of
both pulsed and continuous operation, with a wide range of programmable
pulse characteristics (width, shape, repetition frequency). The antenna
length is variable. The receiver output, with controls for frequency,
bandwidth, gain and sweep characteristics, will be processed and dis-
played using harmonic analysis filtering and conventional ionogram
display. '

2.5.2.2 Plasma Wake Measurements

During Flight 1, extensive measurements of the plasma environment of
the Shuttle will be made. In particular, the wake of the Shuttle will be
mapped in the near-Shuttle region. In Flight 2, the first attempts will
be made to create and measure the wake from a symmetrical conducting test
body which can be biased to any electric potential relative to the local
plasma. The test body is a 10-meter diameter spherical balloon made of
aluminized mylar or other conducting material. It will be mounted on
a mast so maneuvering of the Orbiter and the group of diagnostic instru-
ments will make it possible to map the properties of its wake at distances
from a fraction of the radius up to several radii from the surface of the

~test body, at nearly all azimuthal angles from the plasma flow velocity

vector. This will produce a three-dimensional map of the electron and ion

- densities and temperatures in the wake region.

2.5.2.3 Chémica] Release

The Flight 2 chemical release experiment will investigate the effect
of gross changes in ionospheric conductivity by injecting a~1arge quantity
of ionizable material in the auroral zone. The-fhcreése in conductivity
will modify the natural ionospheric and magnetospheric currents. This

2-15

LR

-




r"“‘“"'“ B ot SRR M, St A A ik AL o . TR ——an R ‘

T Y

leads to enhanced field-aligned and perpendicular currents, enhanced
particle precipitation, and the possible triggering of an aurora or sub-
storm. Observations of the effects will be made by a suitable ground
station (such as Ft. Churchill), by Spacelab-mounted diagnostic sensors,
and by remotely located sensors.

A 300 kg barium release satisfies the experiment requirement; see
Figure 2-11. This quantity is ejected from the Orbiter as 20 thermite
canisters of 16 kg each. The ignition occurs at about 180 km altitude
and should take place across the magnetic field lines for a distance of
about 20 km. Following ignition, the barium, as a hot gas, expands and
is ionized either by solar radiation or by interaction with the sta-
tionary atmosphere.

BARIUM CANISTERS (20)

/\ " IGNITION SAFETY SHIELD
— - \ /

£

SPIN TABLE

Figure 2-11. Barium-Thermite Release

Measurements of electric fields, particle densities and energies, and
possibly OBIPS observations of auroral effects are made from the Shuttle.
Particle and field measurements are made from deployed ESPs.

The results from the Flight 1 gas expansion experiment allows an
assessment of the probability of ionization of the barium by high-ve]ocity

~collision with the neutral atmosphere. If such ionizationviS‘practical,
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the Flight 2 release can take place at any time of day or night; other-

wise, it is necessafygto use solar photoionization of the barium and the
time of the release is restricted to daytime or twilight.

2.5.2.4 Atmospheric Measurements

Flight 1 tests the lidar system and performs limb scanning measure-
ments of atmospheric constituents in the infrared. Flight 2 uses a lidar
system with improved temporal resolution and wavelength range. It can
make more detailed soundings at special geographic locations that have
been discovered during Flight 1. The increased wavelength range of the
tunable lasers allows the measurement of both OH and NO as well as ozone
by the differential absorption technique. The infrared red scanning
instruments are the same as they were on Flight 1, but ultraviolet and
visible spectrophotometers are added to the array to extend the number of
species that can be observed; see Figure 2-12. This increased capability
allows more detailed observation of the processes that control the ozone
density in the atmosphere. '

In addition to the lidar and limb scanning surveys, Flight 2 will be
prepared to make observations of certain intermittent natural phenomena
that contribute to the ozone balance of the atmosphere. The experiments
that are intended to observe these intermittent events (targets of oppor-
tunity) may or may not be done on any given flight depending on whether
the natural phenomencn occurs during the course of that flight. An
example of this type of experiment is the study of high latitude changes
in ozone density caused by the bombardment of the polar cap atmosphere by

~ energetic solar protons during a severe proton event. These solar proton

events are relatively rare, usually less than one per month, but during
the event, it is thought that very large amounts of ozone are destroyed
in the polar cap regions. Another target of opportunity investigation is
measUremeht of changes in the ambient'density of major atmospheric con-
stituents caused by high latitude energetic particle bombardment.

Target of opportunity observations will be made with an array of
bore-sighted instruments that can be pointed independently of the limb
scanning IR instruments. These bore sighting instruments, consisting of

- the OBIPS and ultraviolet/visible spectrophotometers, provide an observing

package covering the wavelength range from 1]O to 1000 nanometers. In
S 2-17
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120 CM _ '
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ENTRANCE SLIT

" DETECTOR
{2D 100 X 100 ARRAY)

POINTING
ACCURACY: 2 MIN

KNOWLEDGE: 30 SEC

UV-VIS-SPECTROMETER

Figure 2-12. SIPS for Flight 2

the target of opportunity mode, the instrument package must be able to
track a ground target within an accuracy of #0.25 degree.

2.5.2.5 Flight 2 EnVironmenta] Sensor Packages

During Flight 2 there are two ESP's. One is a re-flight of the
Flight 1 ESP. The second ESP is ejected from the Orbiter and employed
as a support for the RF Sounder, Long Delayed Echo, Low Altitude
Conductivity, and HF/Wave Particle Interaction experiments.

2.5.3 Flights 3, 4, and 5 Experiment and Instrument Complements

The experiments to be conducted during these flights represent an
extension and growth from the set of experiments conducted during
Flights 1 and 2. Extensive use is made of the core instruments that

were developed earlier. Many require an evolutionary growth in capability
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in order to perform the later experiments. In addition, some new instru-
ments and flight support equipment are required. In Table 2-1 the experi-
ments that are indicated for these flights are summarized along with the
devices, instruments, and equipment required to perform them.

The evolution of payload and equipment during these flights is
demonstrated on Table 2-2. Several new items of equipment, namely,
barium-shaped charges, the maneuvering subsatellite, the tethered balloon
current generator, and the lidar mounted on a pointing platform could be
required during the later phases of the AMPS Program.
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Table 2-1.

e T FOE S T

Flights 3, 4, 5 Experiments

Flight

Expe~iment Objectives

Additional Instruments

A. Atmospheric Experiments

3

Same as for Flight 2 plus:
Detailed temperature profiles
Mesopheric winds

Study of atmospheric dynamics

Same as for Flight 3 plus:

Thermospheric composition by
solar occultation

Studies of auroral EUV
emissions

Meteoritic material
composition

OH vibrational distribution

Same as Flight 4 plus:
Chemical and dynamical studies
Using gas releases

B. Plasma Wave Experiments

VLF transmitter studies
Initial VLF wave propagation
Particle beam VLF generation

' Quadrupole probe studies

Group delay

‘Natural VLF wave spectra

VLF-RF wave interaction
Pulse transmission

VLF precipitation of particles

Pakticle beam VLF generation
General VYLF studies

Fabry-Perot interferometer
Near IR interferometer

UV occultation spectrograph

Photoionization device

3.5-kW VLF transmitter
300-m antenna

ESP receiver

Electron accelerator

VLF transmitter

RF transmitter

Quad probes

Subsattelite diagnostics

VLF transmittef

Electron accelerator

Ion accelerator
Subsatellite diagnostics

2-20
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Table 2-1. Flights 3, 4, 5 Experiments (Continued)
Flight Experiment Objectives Additional instruments
C. Release Experiments %
3 Atmospher1c and e]ectron SFe canister |
chemistry 300 to 500 kg :
High frequency propagat1on 5
Transport properties, airglow |
Density diffusion 1
Radio astronomy lens E
4 Trace magnetic field lines BA shaped charge
at 500 km
5 Trace magnetic field lines BA shaped charge
at 500 km
Plasma-neutral gas BA Thermite - 50 kg 3
interaction (critical veloc1ty) :
:
D. Accelerator Experiments
3 Preliminary atmospheric Electron accelerator
interactions 50 kW, 10 A, 50 kV, 60 kj 3
Magnetic field line tracking = |Beam bending, pulse modulation 1
Beam excitation of plasma capability ;
waves .
E// B studies i
4 Atmospheric interaction studies E1ectron accelerator &
Electron echoes MRD ARC 1 ; .
Plasma wave excitation 5 mW, 10% A, 500 V, 120 k]
MPD ARC studies
5 | Two-beam generation of VLF Electron accelerator
waves | MPD ARC .
Ipter§ction of dense hot plasma | 50 mW, 10~ A, 500 V, 120‘kj
w1Lh710nosphere Ion accelerator
Ion interaction with 10 kV

atmosphere

20 kW, 2 A,

2-21
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"~ Table 2-2. Flights 3, 4, 5 Payload Inventories

Flight 3

Flight 4

Flight 5

Atmospherics

Diagnostic
Masts

Deployable
Subsatellites
Accelerators

Gas and
Chemical

Special

VLF transmitter

Transmitter

Common Energy

SIPS with atmospheric instru-
ment complement
10-joule lidar

5-meter magnetometer mast

15-meter mast with
diagnostics

One ESP

60-kilojoule electron
accelerator™*

300-500 kg SFg release™

Stiructure hard-mounted to
pallet - 300-m dipole*

600 kilojoules, 500 volts,

SIPS with atmospheric instru-
ment complement.

10-joule Iida§»0nfpointing
platform*
5-meter magnetometer mast

15-meter mast with diag-
nostics and RF sounder
transmitter antennam(loo-m)

One ESP
Maneuvering subsatellite*
Wake mapper¥

120-kilojoule electron, and
MPD arc accelerators*

Barium shaped-charge release*

Same

120 kilojoules, 500 volts,

SIPS with atmospheric instru-
ment complement

10-joule lidar on pointing
platform i
5-meter magnetometer mast

15-meter mast with
diagnostics

Reflector subsatellite*®
Maneuvering subsatellite

Tethered balloon current
generator*

120-kilojoule electron, ion,
and MPD arc accelerators*

Barium shaped-charge release
Gas canister release

Gas photoexcitation and
photoionization device*

Same

120 kilojoules, 500 volts,

Sterage 5 farads 10 farads 10 farads
*Significant development required
e 0 -
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3. PAYLOAD DEFINITION AND PRELIMINARY DESIGN

3.1 PAYLOAD SYSTEMS

This section is a system overview of the AMPS Flight 1,and 2 payloads.
The configurations and overali payload performance a'e discussed first,
followed by discussions of interfaces with Spacelab and Orbiter. Data
acquisition and handling, controls and displays, and software are covered
in Sections 3.1.4, 3.1.5, and 3.1.6.

3.1.1 Flight 1 bay1oad Configuration and Performance

The set of coke’instruments for this payload were deécribed briefly
in Section 2.5.1. This section describes the accommodation of these
instruments. This aécommodation is achieved using several items of sup-
port equipment which must also be developed. Some of the major items are:

1) Small instrument pointing systém (SIPS)
2) Environmental sensor package (ESP)
3) Five-meter mast

4) Gas release device.

When instruments are integrated into these items of support equipment,
the resu]ting‘assembly'can be integrated as a unit with Spacelab. The term

“"functional assembly" is used in this document to describe this integrated

instrument and support equipment. In addition, there are other items of
equipment (such as controls and displays, integration hardware, and cables)

»that will be discussed in other sections of this document.

3.1.1.1 Atmospheric Array

The IR interferometer, IR radiometer, OBIPS, and solar flux monitor
require precision pointing. To satisfy these requirements and minimize
the number of pointing platforms, these instruments are mounted on the
SIPS; see Figure 3-1. The IR interferometer and IR radiometer require

cryogenic cooling; they are housed in one specially designed canister on the

port yoke. The OBIPS and solar flux monitor are mounted in the starboard
side canister. A more detailed description of the SIPS pointing and control
is given in Section 3.2.1.

3-1
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Figure 3-1. Small Instrument Pointing System
3.1.1.2 Environmental Sensor Package (ESP)

The ESP is a versatile, low-cost sensing package designed for i
i multiple applications, including environmental sensing near the Orbiter |
and remote measurements related to several AMPS experiments. One ESP,
which is not released, is used during the first AMPS flight to measure
the EMI environment near the Orbiter. The Orbiter Remote Manipulator
System (RMS) gives the ESP its support and maneuvering capability. The
ESP is described further in Section 3.2.2.

3.1.1.3 Five Meter Mast

The vector magnetometer is mounted at the tip of an extendable/
retractable mast on the aft pallet, which carries the device beyond the
Orbiter magnetic field. The magnetometer is calibrated shortly after
orbital operations are started to compensate for steady-state magnetic B

’ . 3-2




- fields. An alignment measuring device compensates for thermal move-

Li‘ ment of the mast. This piece of Labcraft equipment is designed for use
on all five AMPS missions. In addition to the vector magnetometer, the
mast also accommodates a quartz crystal micro-balance for particulate
contamination measurements. The design of the five-meter mast is dis-
cussed further in Section 3.2.3.
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3.1.1.4 Gas Release Device

Five gas releases are planned for the first flight. Xenon gas is
used; five canisters are ejected into space by small spring mechanisms. .
The five canisters are mounted on the port and starboard sills of the g
aft pallet. The xenon is released by timers 1-1/2 to 3 hours after 5
ejection from the Orbiter. These devices are described in Section 3.2.5.

3.1.1.5 Flight 1 Payload Layout and Performance

The design of .the Flight 1 payload was driven by many considerations.
Among these are the evolutionary buildup of instruments and AMPS equip- :
ment; safety; cost-effective utilization of Orbiter and Spacelab resources; »‘{
IR maximum usage of multiple mission support equipment and commercial hard-
o ware; and application of innovative low cost design approaches. The / :
| equipment employed on the Flight 1 payload has been described in previous Lo
sections and is shown in Figures 3-2 and 3-3, which depict the major items
of Labcraft equipment and instruments in the Spacelab short module and three-
pallet configuration. The payload is designed for the management of experi- 3
ments from the Spacelab module and from the Orbiter aft flight deck. Place- i ;{
ment of the payload on the three pallets is the result of many interactive e
considerations. These are summarized as follows:

a) The SIPS atmOSpheric,array is mounted in the center pallet to A
allow a maximum flexibility for pointing the SIPS canisters
over a wide field during the conduct of experiments.

b) Heavier equipment is located toward the aft of the payload
bay. The lidar which is the heaviest single item of the
equipment is located on the aft pallet. The accelerator
which is lighter than the lidar is located on the front pallet.

PRI e R T i
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Figure 3-2. TRW AMPS Flight 1 Payload Configuration

c) Large items of equipment are located along the bottom (.}
surface of each pallet. Smaller items such as the gas
releases, the magnetometer mast, and the environmental

sensor package are located along the sills of the pallets.

d) Certain items of equipment require a direct contact with
cooling plates. These, for example, include the common
energy storage system shown on the first pallet and
mounted along the pallet cold plate.

e) The environmental sensor package is designed to be
maneuvered using the Remote Manipulator System (RM3).
The ESP is located on the left side of the first
pallet for easy access by the RMS.

f) The vector magnetometer is used in conjunction with
accelerator operations yet it must not be so close as to
be influenced by the accelerator. It is, therefore,
mounted on the aft corner of the third pallet, a maximum
distance from the accelerator. In its extended position,

| the magnetometer mast is approximately 5 meters from the
§ 8rg:ter minimizing magnetic field disturbances by the
rbiter.

g) The gas releases are along the sills of the aft pallet
for easy deployment during flight. &)

3-4
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Figure 3-3. Flight 1 Layout
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Analysis of the payload performance during the Flight 1 has been

o performed and the results summarized in Table 3-1. 1In all cases the pay-
load can be operated within allowable margins. However, in certain cases
the margins are less than desirable at this stage of development of the
payload. However, flight operations can be adjusted to increase some mar-
gins. Table 3-2 gives the payload mass summary for Flight 1 payload.
The margin of 29 percent at this point in the development is adequate to
allow for future growth. The mass properties of the payload are discussed

further in Section 9.1. i

Table 3-1. Resource Requirements for AMPS Flight 1
UTILIZED | ALLOWABLE {fﬁ%’,‘g
1) PAYLOAD MASS (LANDING) (KG) 4388 6222 20
2)  CENTER OF GRAVITY | (SPECIFIED ENVELOPES)
3)  RCS PROPELLANT (KG) 1829 2851 36
4)  OMS PROPELLANT (KG) 9814 10530 7
5 ELECTRICAL ENERGY (KW-HR) 194 369 47
6)  PEAK ELECTRICAL POWER (KW) 3.2 7.4 57
7)  MAXIMUM SUSTAINED POWER (KW) 3.0 3.4 12
8)  HEAT REJECTION (KW) 3.5 5.3 66 |
9)  MAXIMUM COMPUTER LOAD 62.5K 65K 3.8
100 MAXIMUM COMPUTER-OPERATIONSS
< 100K 320K >69 !
1) MAXIMUM DATA RATE (MBPS) 2.6 50 95 ;

3.1.2 Flight 2 Payload Configuration and Performance

The Flight 2 payload uses some of the instruments and flight support
equipment that were developed for Flight 1. The new instruments required
are discussed in Section 2.5.2. The new flight support equipment, specif-
ically, the 15-meter mast and the chemical gas 're1ease are described
briefly below. f

3.1.2.1 Fifteen-Meter Mast

)é‘~.«*«i~;o§9 Jegee e s A ety S, A

The 15-meter mast is designed to accommodate equipment requiring
’““ extension away from the Orbiter payload bay. On Flight 2 this includes

- 3-7
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Table 3-2. The AMPS Flight 1 Weight Statement

(Based on JSC-07700 Allowances)

Launch Mass

Landing Mass

(kg) (kg)
Pallet segment No. 1 783 779
Pallet segment No. 2 1,446 1,357
Pallet segment No. 3 1,477 937
Module 290 290
Aft flight deck 80 80
Total payload mass 4,076 3,443
Mission dependent equipment 736 736
Baseline Spacelab equipment 7,562 7,162
Payload specialist 210 210
Total payload mass 12,583 11,550
Allowable 29,484 14,515
Margin 16,799 2,965

the radio frequency sounder and the tes
a transmitter and a 100-meter dipole an

30 kHz to 20 MHz. The power range is 100 watts to 10 kW.

t bodv. The RF sounder consists of

tenna. The operating range is

The test body is a 10-meter diameter balloon made of a conducting
material. It is used in conjunction with the ESP mounted to the RMS

to study the plasma wake characteristic
is described further in Section 3.2.4.

s in orbit.

The 15-meter mast

3.1.2.2  Chemical Gas Release
- A barium-thermite release system is used, consisting of a cradle- k é :
[ ejection subsystem mounted to a pallet and a spin-stabilized bus carrying i 4
1 Up to 20, 16-kilogram canisters. The bus and ejection system are Lab- ‘ i é
craft equipment. The trajectory of the canister away from the Orbiter é
~ is controlled by orientation of the Orbiter at ejection. On receipt of , -

a radio command, the 20 canisters are ripple-fired to disperse the barium
jons. The barium-thermite release system is discussed in Sectjon 3.2.6.

3-8
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3.1.2.3 Flight 2 Payload Layout and Performance

The Flight 2 payload uses many of the items of Labcraft equipment
instruments previously flown on Flight 1. In addition there are new
items of equipment which have been described in the previous section.

The Flight 2 payload i3 shown on Figures 3-4 and 3-5. The SIPS pointing
and control, the lidar, the magnetometer mast, and the nondeployed ESP are
located in the identical positions employed during Flight 1. In addition,

the 15-meter mast and barium-thermite release system have been accommodated

on the forward paliet. Finally, the deployed ESP is located on the aft pallet

sill. It is of the same basic design as the nondeployed ESP located on
the forward pallet. In this case, however, ESP is separated from the
Orbiter and operates nearby the Orbiter for periods of up to 4 days. The
ESP design will be described further in Section 3.2.2.

SIPS MAGNETOMETER
FLT 1 INSTRUMENTS MAST
PLUS UV-ViS LIDAR

SPECTROMETER

15 METER MAST

RF SOUNDER
10 METER TEST BODY

BARIUM THERMITE
RELEASE SYSTEM
ESP ON

LAUNCH CRADLE

NONDEPLOYED ESP
WITH CRADLE
SUBSYSTEM

- Figure 3-4. Flight 2 Payload (Less Modu]e)
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The same basic considerations dictate the layout of this payload and P
the Flight 1 payload. Heavier equipment is located toward the aft of the ~
payload bay in order to maintain center of gravity limits. Note that all
equipment is covered with thermal blankets to maintain temperature control.

The barium-thermite release system has a flash barrier located around it
to minimize the hazard in the event of an inadvertent ignition of a
thermite release. The performance of this payload during flight is sum-
marized in Table 3-3. This payload, as was the case of Flight 1, has

ample margins in most cases. However, certain items (specifically maxi-
mum sustained bower, maximum computer Tload, and maximum computer operations
per second) have small margins which may be controlled to some extent by
mission operations but are sources of potential design priblems. Table 3-4
is the Flight 2 payload mass statement. Again the margin of 33 percent
during the landing phase is adequate for this phase of the development of
the payload. For a more detailed mass statement, refer to Section 9.1.

Table 3-3. Resource Requirements for AMPS Flight 2

UTILIZED | ALLOWABLE | FEREERT
1) PAYLOAD MASS (KG) 4166 6222 33
2) éeNTgk OF GRAVITY | WITHIN LIMITS -
3)  RCS PROPELLANT (KG) 2054 2851 28
4)  OMS PROPELLANT (KG) 8946 10530 15
5)  ELECTRICAL ENERGY (KW-HR) | 261 369 29
6)  PEAK ELECTRICAL POWER (KW!) 3.6 7.4 51
7) MAXIMUM SUSTAINED POWER (KW) 3.2 | 3.4 6
8)  HEAT REJECTION (KW) 2.7 5.3 49
| 9)  MAXIMUM COMPUTER LOAD = WORDS 57K 65K 12"
10)  MAXIMUM COMPUTER OPERATIONS
PER SECOND g - 320K 320K 0
1) MAXIMUM DATA RATE (MBPS) = | 6 50 87

*MAXIMUM COMPUTER LOAD MAY BE REDUCED BY SECTIONING
AND OVERLAYING EXPERIMENT LOAD

3-10
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Table 3-4. The AMPS Flight 2 Weight Statement
(Based on JSC 07700 Allowances)

Launch Mass Landing Mass
(kg) ~ (kg)

Pallet segment No. 1 1,153 | 638
Pallet segment No. 2 1,511 1,422
Pallet segment No. 3 1,049 ) 879
Module ‘ 240 ‘ 240
Aft flight deck 80 80

Total payload mass 4,033 3,437
Mission dependent equipment 697 - 697
Baseline Spacelab equipment 7,562 7,162
Payload Specialist 210 __ 210
Total payioad mass 12,502 11,328
Allowable 29,484 14,515
Margin 17,116 3,187

3.1.3 Spacelab>and Orbiter Support

‘The Flight 1 and Flight 2 payloads receive support from both the
Spacelab and the Shuttle Orbiter. In some cases, such as Orbiter orienta-
tion/pointing, the support is provided directly by the Orbiter. In other
cases, such as electrica] power and thermal control, the basic Orbiter

~ service is provided through some Spacelab subsystem. Still in other cases

the Spacelab provides support capabilities directly to the payload (e.g.,
data processing via the CDMS computer).

| 3.1.3.1 Equipment Modnting

‘Payload equipment can be:mounted in any of the following three
locations. ' :

7343 | ?BECED&Ks?AGEJ
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1) Spacelab bressurjzed module
2) Spacelab pallet |
3) Orbiter Aft Flight Deck (OAFD).

Each of these locations has estbb]ished constraints on allowable voiume;

size, and weight for‘pay]oad equipment. The Space Shuttle System imposes
additional weight and center of gravity constraints on payloads as noted

in Section 9.1 of this document. | :

Both the pressurized module and the pa]]et can accommodate a
var1ety of mount1ng concepts The payload equipment proposed for the
F11ght 1 and. F11ght 2 pay]oads is well within the allowable mounting and
volume constra1nts of the Spacelab and Orbiter.

3.1.3.2 E1ectr1ca1 Power

A1l e]ectr1ca3 power aboard the Shutt]e 0rb1ter or1g1nates from
three fuel cell powerplants 1ocated,1n the Orbiter. Edach fuel cell is
capable of providing 7 kW maximum continuous and 12 kW peak power (for

~ a maximum duration of 15 minutes every 3 hours) at a nom1na1 voltage of
28 volts dc. = e e

The Orbiter provides (all three fuel cells operating) a dedicated
fuel cell w1th sufficient reactants to generate 890 kWh of energy to
the Spacelab and its pay]oad In add1t1on, up to 750 watts of power are
available on the Orbiter AFD for Space]ab subsystems and payload equip-

ment. Additional energy (840 kWh) can be provided by supplemental energy
kits weighing approximately 1632 kg (wet), these- energy kits are charge-
vab]e to the payload we1ght budget (759 kg landing weight).

The Spacelab Electr1ca1 Power and Distribution Subsystem (EPDS)
takes the basic Orbiter fuel cell output and controls, converts, and
distributes it to payload equipment. The Spacelab EPDS provides the baSic
fuel cell 28 Vdc output plus up tu 2.25 kVa maximum continuous power at
115 Vac, 400 Hz, three phase.

'3.1.3.3 Thermal Control

Payload thermal control on orbit is actompliShed’by radiation
either directly to space or 1ndirect1y via the Orbiter Active Thermal
Control Subsystem (ATCS). A water‘flash,evaporator provides thermal
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e control during the ascent flight phase; For AMPS flights, it is assumed
i.} that the Orbiter radiator kit which increases the heat rejection capability
to 29,000 Btu/hour is incorporated in the ATCS.

The Spacelab provides a Thermal Control Subsystem (TCS) to couple
all Spacelab and payload equipment to the Orbiter ATCS. The Spacelab TCS
can transfer 8.5 kW maximum continuously or up to 12.4 kW peak power to :
the Orbiter. . A

Cooling of equ1pment inside the pressur1zed module can involve
one or more of the fo]]ow1ng Toops: - = ’g

o The cab1n,a1r loop. A max1mum of 1.65 kW of payload
generated heat can be accommodated

e The avionics air loop, w1th a nom1na1 capacity of 4.5 kw, of
which 3.56 kW is available for payloads

e An experiment heat exchanger, wh1ch can accommodate
‘ about 4W. T ’ : J
A1l of the above loops couple directly ﬁo the Spacelab water Toop which = Q

feeds the Orbiter-Payload heat exchanger.

e Pallet equipment may be thermally controlled by means of a separate
Freon loop with-an interloop (Freon-water) heat exchanger and a series
of pallet-mounted cold plates.

The Orbiter has certain inherent thermal limits which constrain
its ability to hold certain orientaticns relative to the sun. This leads S
to limited duration attitude holds for sclar incidence anq]es above 60 _ 5
degrees with respect to the orbit plane. ' '

3.1.3.4 Pointing and Attitude Control e

‘ The Orbiter provides a basic navigation, pointing, and attitude
i § control capability to a]l[pdy]oads. The Orbiter Guidance, Navigation,

| and Control (GN&C) subsystem can point any vector defined in its coordi-
§ | - ~ nate system at any known target to within +0.5 degree (3-sigma) half-

8 ~cone angle. To minimize errors involved in transferring between the
Orbiter IMU and the payload, the GN&C will accept attitude information
from a payload-supplied sensor.

B




The Orbiter Flight Control System (FCS;, utilizing the Reaction
Control Subsystem (RCS) provides payload poihting and vehicle stability
(deadband) of #0.1 deqree per axis and a stability rate (or maximum
Timit cycle rate) of +(.01 degree per second per axis. RCS propeliant
needed to provide these performance characteristics are chargeable to pay-
load weight.

3.1.3.5 Command and Control

The Spacelab, by means of its Command and Data Management Sub-
system (CDMS), provides the basic command and control capability for all
payload equipment.

A11 payload command signals are routed to the equipment via the
CDMS experiment data bus and remote acquisition units or RAU's. Com-
mands may originate from a manual keyboard or from a Spacelag computer.
Commands may be simple on-off commands (64 per RAU) or serial PCM com-
mands.

The RAU can receive and distribute Greenwich Mean Time (GMT) via
the serial PCM command outputs. A user clock, useful for time-tagging
experiment data, is also provided by the RAU.

Experiment RAU's can be connected to the experiment data bus
in the core segment (two stations), the experiment segment (three stations),
or on the pallet (two stations per pallet segment). Each station can
accommodate two RAU's. See Section 3.1.4 for further details on the CDMS
and the RAU.

The CDMS also provides a data display unit (DDU) and an associated
keyboard to permit manual control and crew access to payload data.

3.1.3.6 Bgy]badeata

“The Spacelab CDMS provides the capability to acquiré, store, and
process payload data. Further details on this important subsystem are
contained in Section 3.1.4. :

3.1.3.7 Communications

The Orbiter provides;a]T communications capabi]itiés in support

_of the AMPS payload.  This includes all gpace-to-ground communications

as well as the RF link from Orbiter to dép]oyed packages such as the
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; ESP. Both S-band links (the PM direct/relay and the FM direct) and the

Ei i Ku-band relay links will be used to transmit AMPS data to the ground and
to receive ground commands. The direct links interface with the STDN
ground stations whereas the relay links are routed via the TDRS satellite
to a TDRS-compatible grouhd station. A high rate digital data multiplexer
is provided by Spacelab (see Section 3.1.4).

3.1.3.8 Ground Umbilicals

The Orbiter provides several umbilical panels which can accommodate i
| » payload fluid and electrical lines. These include two T-0 umbilicals, P
a T-4 hour (pre-prelaunch) umbilical panel, and a panel designed to service é 1
storable upper stages. "

3.1.3.9 Remote Manipulator System (RMS)

| , The Orbiter provides (at no weight penalty to the payload) a 50-foot
; articulated manipulator arm. Mounted on the left side of the vehicle,

§ the RMS can remove and replace payload elements which are mounted in the

: payload bay. A second manipulator arm chargeable to the payload may be

| § 7 mounted on the right side of the Orbiter. However, only one arm may be
G operated at any instant. The manipulator may be used to deploy payloads,
to provide lighting in the payload bay, or to inspect payloads by means of

[IRTRTTIE | JPIPLE PR NPT Pr s W i

i | a TV camera mounted near the end of the manipulator arm.

L 3.1.3.10 Orbital Aft Flight Deck (OAFD)

r ’ , ‘

% The OAFD provides panel space and other resources (power, thermal ﬁ

control) to accommodate payload equipment. The OAFD contains the basic
control stations for activating Spacelab payloads. The OAFD also pro-
vides the control station for the RMS, windows for viewing the payload
bay, and various displays, including CCTV displays, for monitoring pay-
load operations. '

¥
e et T
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3.1.4 Payload Data Acquisition and Handling

The AMPS payload data acquisition and handling requirements have
been thoroughly established; they are accommodated by the Spacelab Command
and Data Management Subsystem (CDMS). These CDMS services include data
acquisition, data processiﬁg;\data formatting, data transmission to the
Orbiter,: recording, monitoring, display, command and control capability
for experiments and subsystems, audio cbmmunications, caution and warning,
and provisfons for closed circuit television.

Figure 3-6 shows a functiohal block diagram of the CDMS and Space]ab/

Orbiter interfaces, and the location of the CDMS equipment in the module
plus pallet mode for AMPS flights. The CDMS design is based on the con-
cept of remote multip]exjngudf telemetry data and remote distribution of
commands. - -The Space]ab;deﬁign incorporates two serial digital data buses
(one foréexperiment instruments and one for Spacelab support subsystemS)'
toyrouteicommand and telemetry data to and from Spacelab and instrument
subsystems. The data bus minimizes interconnect problems and allows
sizing of the CDMS to the actual flight requirements on a flight-by-flight
basis for modular growtﬁ capability.

The CDMS configurations contain three on-board computers. One com-
puter is designated the subsystem computer and interfaces with the subsys-
tem data bus through the subsystem I/0 unit. The second computer is the
experiment .computer which interfaces with the experiment data bus through
the experiment I/0 unit. The third computer is primarily intended as
backup for ‘the subsystem computer; it is also available to experiments in
case of experiment computer failure. The backup computer is normally
filled with subsystem programs; consequently, before operating as an
experiment computer, the core memory must be loaded with appropriate
experiment software from the mass memory unit (MMU). Also, programs for

o control'and processing of experiments exceeding the capability of the

experiment computer can be loaded at time of execution from the MMU.

The I/0 units interface the subsystem computer and experiment com-
puter with the respective data buses, CRT/keyboard, high rate digital

‘.md]tip]éxer (HRDM), Orbiter timing data, Orbiter uplink command data,
~and Orbiter downlink telemetry. The current Spacelab CDMS baseline does
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not permit data exchange between the subsystem and experiment computers.
Under certaid conditions, this feature would Tead to the reduction of
duplicate software and computation by the subsystem and experiment com-
puters when the experiment computer needs data located in the subsystem
computer and vice versa. Such a capability could be implemented by a

NE direct connection betweenithg I/0 units or as indicated in Figure 3-6 by
connecting a subsystem remote acquisition unit (RAU) and an experiment
RAU together. These alternatives are CUrrenilj under review within the
. SpaceTab program. They have not been included in the baseline.

ape

({-&L
ad

Interqctive command capability with the Spacelab computers is per-

mitted through the CRT/keyboards. One CRT/keyboard is located in the

i Orbiter aft flight deck (AFD) and two are located in the Spacelab module.
; The CRT/keyboard permits the crew to initiate preprogrammed sequences
stored in the computers. It also permits real-time adaptive commands to
be generated by the crew on the CRT/keyboard. To ensure proper operation
of the instruments, data processed by the experiment or the subsystem
computer can be displayed on the CRT's for a quick-Took capability.

The RAU's are the prime interfaces for acquisition of Tow-rate digital
data . analog data, and instrument commands. The data exchange between the
RAU's and I/0 unit is through a 1 Mbps serial digital Manchester II encoded
data stream. The RAU's are connected to the data bus at interconnection |
stations (IS) located in the module and on each pallet. The experiment E
data bus will accommodate up to 22 RAU's. The RAU is implemented in a J
modular fashion to satisfy various users (see Figure 3-7). ‘ ‘ . :

The smallest unit available to the user is the mini-RAU, cons1st1ng
of the power supply and the core RAU module. Additional modules are the
interface module, which doubles the core module capability; the‘experiment
module, which provides serial PCM inputs and outputs; and the user time
clock module. S

Medium and high rate scientific digital data is accommodated by the
high rate multiplexer (HRM). (See Figure 3-8.) The HRM can multiplex up
to 16 data sources and provide the interfaces with the high rate digital
recorder (HRDR). A]so, the HRM can multiplex recorded data and real-time
‘ data into one data stream to maximize use of the Orbiter Ku-band data =~ - &
' transmission. The HRM configuration and its interfaces with the HRDR are
- computer controlled by a RAU.
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The HRDRji§ a variable speed recorder used in conjunction with the
multiplexer to provide a data storage capability during non-TDRSS coverage
periods in the Orbiter Ku-band system. The HROR-is in the technical
definition phase, so is not in the Spacelab CDMS baseline.

The‘CDMS‘a1§o prbvides tﬁe necessaﬁy e]ectricaliinterfaées for

experiment-provided TV equipment to form an extension of the Orbiter

closed-circuit TV system. Space will be allocated in the Spacelab module,

center control rack, for an Orbiter TV monitor.

In summary, Table 3-5 lists the overall Spacelab CDMS capability that
is available for payload data acquisition and data handling.

3.1.5 Controls and;DiSplays

The major_syétém engineering considerations which influenced the

layout of the AMPS controls and displays in both the pressurized module
and aft flight deck (AFD) were:

o" fréw functions, responsibilities, availability, and capability
e Operational timeline

. Ope%ations efficiency
* Saféty requirements |
e Compatibilitva%th'Sbéce]ab resources and interfaces
e Compatibility With Orbiter (AFD) resources and interfaces

o Integration and test requirements.

Subsystem engineering considerations relating to the definition of

controls and displays requirements and preliminary design are discussed
in Section 4.4.

The preliminary design and layout 6f'thé control and display panels

and experiment equipment housed in the module and AFD are well below
available rack surface area, volume, weight, power, and thermal Timits.
The following paragraphs describe those layouts.

3.1.5.1. Short Module

‘Figures 3-8 and 3-9 show the preliminary 1ayouts‘of the equipment

for Flights 1 and 2, respectively. Less/than‘SO percent'of the available.
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Table 3-5. Spacelab CDMS Capability Summary

Payload Data Acquisition

Housekeeping and Low Rate Scientific Data (to computer via RAU's)
Max number of RAU's
Number of flexible inputs (analog or digital) per RAU

Analog: resolution of analog/digital conversion
Discrete: number of inputs addressable as group

Number of serial PCM inputs per RAU

Clock rate »
Max number of words transferred per sample
Word length including parity bit

Max basic sampling rate

Wideband Scientific Data
Number of CCTV video input channels
Number of 4.2 MHz analog channels

?umbﬁr of experiment channels of the high rate multiplexer
HRM

Min data rate of HRM input channels
Max data rate of HRM input channels
Data Transmission to Ground

Nominal data rate for housekeeping and low rate subsystem
and experiment computer

Max data rate for wideband scientific data (via TDRSS)

Max data rate of high rate digital recorder (HRDR) bridging TDRSS
noncoverage periods

Storage capability of HRDR
Payload Command Capability

3.5 x

Telecommand rate from ground via Orbiter
Number of on/off command outputs per RAU
Number of serial PCM command channels per RAU

Clock rate
Max number of words per command
Word length including parity bit

Payload Data Processing and Displays

| Payload data processing:

Word length

Speed ‘ ‘

Floating point arithmetic
Mass memory

Payload data display: alphanumeric display screen

32 (24

22
128

16

32
17

100

64
16

64
50

32

]010

64

32
17

16
350
+ 8)
131

bit

Mbps
bit
Hz

kbps
Mbps

kbps
Mbps

Mbps
bit

kbps

Mbps
bit

bit
kops
bit
Mbit

~12-inch diagonal

Tri-color
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rack space for payloads in the short module is required for either payload.
The layout anticipates that the proposed change to relocate the second
CDMS-DDU/keyboard from the core rack will be implemented. NASA has sub-
mitted an additional change request to ESA to route the DDU bus to each
double rack in the module. If accepted, both DDU's/keyboards can be
relocated to any convenient location.

For operating efficiency and to simplify integraqioﬁ, the atmospheric
array control and display is housed:in one doub]e rack. The electron :
accelerator or RF sounder is housed in a sing]é rack. It is recommended
that the bulk data retrieval unit (see Section 4.4) be considered as MMSE
and be relocated to the core segment double rack.

Scientists evaluated the layouts in our soft mockup by simulating runs
of the operation timelines.

3.1.5.2 Aft Flight Deck

Figure 3-10 describes the preliminary layout of the AMPS controls and
displays at the AFD-PSS station.

On-orbit experiment operatiosn analyses indicated there are no manda-
tory requirements for experiment control from the AFD. Exceptions are
experiments requiring RMS positioning of the ESP and the requirements to
provide the capability for emergency reconfiguration and/or safing of the
payloads.

Pointing platform (SIPS) control has been included for flexibility in
use of personnel and scheduTing. A modified "joy-stick" hand controller
enables pitch, azimuth, left/right canister slew, focus/FOV, and cursor
control with a single Qnit. OBIPS control is included as an option to
supplement the OrbiterkCCTV monitors and provide‘exceilent coverage of

“the cargo bay. The above controls, coupled with the Spacelab-furnished

CDMS-DDU/keyboard, provide all the capability required for'both‘Spacelab
subsystems and experiments/instruments monitoring and controi from this
position. :

A1l controls and displays are readily adaptable to the MSS-PSS CORE
concept with a surplus of at least 65 percent controls and displays and
panel space.
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3.1.6 Flight Software Definition

3.1.6.1 Software Requirements Analysis

Early in the study, the software requirements were formulated address-

ing all software including flight, mission planning, flight operations,

ground support equipment, post flight, POC, MCC, Orbiter, training, simu-

lation, data reduction and support.

Figure 3-11 summarizes the flight
software requirements.

1) COMPATIBLE WITH SPACELAB EXPERIMENT COMPUTER SOFTWARE
2) FULL PAYLOAD SPECIALIST CONTROL
- 3) EACH INSTRUMENT AND SUBSYSTEM SEPARATELY CONTROLLABLE
4) ALL FLEGHT SOFTWARE FUNCTIONS ARE TESTABLE
5) SUPPORTS ON=-BOARD TEST CAPABILITY k
6) MINIMIZES FLIGHT-TO-FLIGHT CHANGES BY TABLE DRIVEN, MODULAR DESIGN
7) ASSURES SAFE OPERATION BY SOFTWARE INTERLOCKS |
8) USES NASA-APPROVED PROGRAMMING LANGUAGES
) INCORPORATES EASY-TO-PROGRAM SUBROUTINES FOR DATA ACQUISITION,
COMMAND AND DISPLAY
10) INTERFACES WITH TEST INPUTS, SIMULATION, AND OTHER SOFTWARE TOOLS
TO PERMIT ADEQUATE PREFLIGHT VERIFICATION AND VALIDATION
) CAN ACCEPT GROUND COMMANDS AND DATA

Figure 3-11. F]ight Software Requirements

If flight software is properly defined, all other test, simulation,
and support software requirements follow.

Subsequent work, therefore,
focused on flight software.

(Flight software requirements are described
in the Payload General Specification, Volume IV.) Also, in fulfilling

software requirements, there is more to flight software than the CMDS

experiment computer software. Some dedicated data processing capabilities

resides in microprocessors, small computers, or sophisticated electronics

already dedicated to a particular instrument or flight support equipment
(FSE). ' -
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3.1.6.2 Software DeVEImeent Process

The sequence of software deve]opment and integration steps required
for flight operation is illustrated in Figure 3-12. The concept recognizes
that the compatipi]ity.ﬁith the ESA experiment computer operating system
and ESA support>paEkageé should be maintained by the AMPS software wherever
possiole; The‘AMPS flight, on-board test, and ground test software will be
developed in an‘orderly, top-down fashion yielding an integrated flight
software package for each mission.

Compat}b111ty between training and POC software w1th the flight soft-
ware w11] be maintained during the development. During software/hardware
integration, software changes will be made if incompatibilities are dis-
covered, whether caused by unanticipated hardware characteristics or any
other reason. '

3.1.6.2.1 Software Facilities. The facilities needed for software develop-
ment and software integration are shown in Figure 3-13. The software develop-
ment and 1ntegration§facility (SDIF) is connected to all AMPS instrument and
FSE developers by a timefsharing network. The SDIF computer is a large IBM
360/370 class computer, chosen primariiy because of its compatibility with
ESA-developed software and simulators. Further, this large computer can

accommodate multiple users concurrently, obviating the requirement for a
multiplicity of Government furnished individual software simulators. The
SDIF not only supports initial software development by use of the term1nals,
but also supports checkout of later changes such as those needed in hardware/
software 1ntegrat1on and malntenance

3.1.6.3 Pay]oad Spec1allst - Compat1b1e Software

The software design shou]d accommodate the pay]oad specialist's goal
of becoming proficient in the operation of the payload equipment. There

~is great potentia} complexity of operation of some of the AMPS experiments.

Some experiménts,~invo1ving several instruments and FSE, can have as many
as 60 different adjustable controls. An 8-hour workday of a payload spe-
cialist could involve hundreds of control settings. Because of the great
expense of each flight, there is an 1ncent1ve for the pay]oad specialist
to perform experimental tasks quickly and efficiently.
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We examined various display system designs and selected the one that
prompts the operator to choose the most promising alternative. A prompted
system displays to the operator, at each stage of experiment performance,
the legal alternatives he has to control the experiment. Figure 3-14 is
an example of a prompted display. This display is an operational data
‘collection showing measurements taken by a lidar pointing toward nadir
from the spacecraft. The operator, using this display, controls (1) the
frequency of measurements (example, Line 1: GO/STOP), (2) the Fabry-Perot
bandpass, (3) the frequency of sampling the density/altitude data received,
(4) the number of data samples taken, and (5) whether to downlink or
record the received data. (The CDMS computer automatically provides the
operator with the latitude, longitude, and MET/GMT time.) Formulating a
command is similar to filling out a form. The operator instructs the
computef which 1ine number he wants to control and what action he wants
to take. For example, Figure 3-14, Tine 1, illustrates the "G0" command.
The operator has typed on his keyboard: "1:G0," as can be seen on the
next-to-the-bottom line of the display, a replica of what he has keyed.

On Line 1: "measurements," the word "G0" is displayed. This is feedback
from the lidar electronics telling the operator that the instrument is
confirming his GO command. Although the computer is not yet finished,
the data, resulting from this command, is already being displayed to-the
operator. ' ' ,

An operator could quickly learn to operate such a display. Since
each command involves keying in only a line number and the value of the
variable commanded, operator errors can be minimized. (The legal formats
are directly displayed where they are needed.) Operator actions”can be
further reduced by installing a set of preplanned values for the bandpass,
frequency of sampling, or number of samples to be taken in the CDMS computer.
~ If the operator accepts the preplanned values, he depresses a single
“preplanned values" function key to display lidar response to these com-
manded values as feedback.

~ Our ana]ysis of the prompted system indicates that the primary cost
tradeoff is between placing the prompting words directly on the CRT and
incorporating the same information in backup media, such as operators
‘handbooks or microfiche.
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E: ERROR MSG:

Figure 3-14. Examp1é of a Prompted Display Format

3.1.6.4 Functional Design”Concepﬁ

Figure 3-15 shows the overall functional block diagram of the AMPS
software and the relationship of this software to the CDMS experiment com-
puter operating system (ECOS). The following paragraphs summarize each
of the SMPS f11ght app]1cat1ons software functions shown in the figure.

3.1.6.4.1 AMPS Sx;tem Management The AMPS system management package
interfaces the AMPS software with the CDMS operating system. It coordi-
nates and i%tegrates.the operation of more than one ﬁoncurrentTy performed
payload act1v1ty to resolve conflicts between them, 1nh1b1t operations that
cause damage or serious delays, and provide common rout1n€s and common

data elements to the participating experiments. Details are given in the
general system specification (VoTume 1V, Book 2).

3.1.6.4.2 AMPS Experiment Management. The AMFS experiment management
packages time and sequence the contro] varlab]es ‘that control the operat1on
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Figure 3-15. Flight Software Flow Diagram

of the instruments and flight support equipment of each experiment,
insofar as these are computer controlled. There is one experiment package
for each distinct experiment flown in each mission. Each experiment
package contains the data and programs to adjust the relevant payload
control settings as the experiment progresses. Details are given in the
general system specification (Volume IV, Book 2).

3.1.6.4.3 AMPS Instrument and Flight Support Equipment Management. The
AMPS instrument and flight support management packages contain all the
software modules needed to operate each instrument or flight support equip-
ment that is an independent unit.

There is one instrument and flight support equipment package for each
equipment controlled. Each package contains data and programs required by

-
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an instrument or FSE to set up and operate, including the on-off logic,
L control setting, calibration, alignment, feedback, data processing, and
displays.

3.1.6.4.4 On-Board Test Functionl The AMPS on-board test package contains
; all the modules required to test the payload elements that require testing
prior, during, or after experiment performance.

i There 1is one on-board test module for each instrument, FSE equipment
tested, or other payload-relatéd element tested. The on-board test soft-
ware exercises and/or measures the performance of payload equipment to
determine its command responses; the health status of temperature, voltage,
il current, and other parameters of critical test points; and the proper

' operation of error messages and alarms. In:addition, the on-board test
package is responsible for access to any f]ight software instructions or
“data that could require a change as a result of a test or an on-board
equipment or software failure or for any other reason. '

Details are given in the general system specification (Volume IV,
Book 2).

3.1.6.5 Computer Size and Speed Requirements

L g

| Because software costs increase appreciably if the computer is too
_:%j small and/or slow, much of our early study effort was directed toward com-

puter speed and size requirements. The following two paragraphs discuss
these requirements.

‘ig 3.1.6.5.1 Computer Speed Requirements. Early analysis in the Phase B {g
i study revealed that the CDMS couputer could process only 6 percent of the |
total information produced by the candidate AMPS science instruments,
even if they were operated one at a time. The decision was made to route
the raw data to the ground data processing stations through a high-rate

~multiplexer. The CDMS computer is then off-line, processing only
selected samples of the science data produced by the scientific instru-
ments. It also monitors the control parameters of each instrument and
FSE. This decision reduced the computational speed requirements of the
CDMS computer to a fraction of its 330,000 average operations per second
capability.’ Using general assumptions concerning the computations needed,
‘the speed requirement was still only 18 percent of the average operations

~per second capability.

3-35 el i %; ;




R P TP

e

AT TR R L e s
§
i

L ek 508 S e b A4 6

sized here.

- avre m—— T AT A T
e e o e T TR T IR S . | o _,:..5—

3.1.6.5.2 Computer Size Requirements. The computer size requirements

impose a more serious constraint on the AMPS software. Early in the study,
it was already clear that the sum of all the experiment software would not

fit the 65 kilo-word CDMS memory. The software preliminary design was

therefore partitioned into elements that could be separately loaded into
the CDMS computer.

Partitioning imposes a penalty, since in the current CDMS design the

loading of the CDMS computer takes place from the mass memory, which is a

tape unit. Driving the tape to the location at which the next partition

is stored, could require rewinding the tape and, then, searching forward
for the modules required.

3 minutes.
mi zed.

This could take a few seconds to 2 or

To avoid these delays the number of partitions should be mini-
In addition, the organization of the software gets more complicated
with increased partitioning. Because increasingly detailed consideration
must be given to assuring that each partition gets all the information

needed for its operation, the information could have been developed in

another partition. This complication tends to increase costs, especially

when changes are made in instruments, FSE, or experiment procedures.
Partitioning options include:

Option 1. Partitioning the software modules required to do each
planned experiment
Option 2. Partitioning the software as in Option 1 but, in addition,
separating the operations of setup and calibration from
“those of instrument data collection operations
Option 3.

Partitioning the software by modules required to serve
small groups of instruments or FSE or to serve each

instrument or FSE individually.
Table 3-6 shows our sizing estimates for the AMPS software, based on
Option 1. In evaluating the results of these sizing estimates, the total
CDMS computer core size is 65K words, while the ECOS operating system
occupies about 20K words, leaving 25K words for the application programs

For all practical purposes, the first experiment of Table 3-6,

involving vehicle neutralization, beam characteristics, and plasma inter-

actions fills the entire memory. A margin of 19.5K to 29K words
to exist for all other experiments.

appears
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Table 3-6. Estimated Main Memory Occupancy of AMPS Flight One Software

AMPS AMPS AMPS Instrument
‘ System Experiment and FSE On-board Total
Experiment Management Management Management Test Kilowords
{kiTowords) (KiTowords) (kiTowords) (kilowords)
1) Vehicle Neutralization Beam 13.0 4.0 24.0 3.0 44.0
Characteristics, Plasma Interactions
2)- Acoustic Gravity Wave Gas Cloud 11.0 1.0 11.5 2.0 25.5
~Expansion Dynamics ;
3) Environment Measurements 10.0 0.5 11.0 - 21.5
4) Ozone Density 10.0 0.5 3.5 2.0 16.0
5) Minor constituents 11.0 1.0 11.5 2.0 25.5
6) Solar Radiation 10.0 0.5 7.5 1.0 19.0

NOTES

1) Involves

2) Involves

3)  Involves

4) Involves
5) Involves

6) Involves

(Using Option 1 Partitioning)

Electron accelerator, vector magnetometer, mast, SIPS*, Level I diagnostics, Level II
diagnostics, OBIPS, ESP I with only E&B receiver, Langmur probe active

Gas release/canister, Cryo IR interferometer, OBIPS, SIPS

Quartz crystal microbal, ESP. I, med engergy detector, dc electronic field meter, E&B
receiver, vector magnetometer, Langmuir probe

Lidar
Cryo IR interferometer, cryo LIMB scan radiometer, SIPS

Solar flux monitor, SIPS

*
SIPS with no Star‘map, no Kalman filter software
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During the software life-cycle it is normal for the software to grow
as the flight data approaches. It is probable that Option 1 partitioning
will be abandoned for the first experiment of Table 3-6 and possibly for
the other experiments in favor of Option 2, as the program matures. This
situation shows that computer main memory occupancy needs careful review
as new computer applications that produce software size growth are pro-
posed for incorporation into the flight computer.
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3.2 FLIGHT FUNCTIONAL ASSEMBLIES
3.2.1 SIPS Pointing and Control

The pointing and control subsystem configuration baselines the
Small Instrument Pointing System (SIPS) as the instrument pointing mount.
Precision attitude reference is obtained from a stellar inertial attitude
reference system employing gyros and a strapdown star tracker, all mounted
on the SIPS canister. The majority of the software and electronic data
processing functions are performed by programmable digital electronics
(PDE). It has been demonstrated that the SIPS can be pointed with 95 per-
cent confidence to within 18.8 arc-sec (2¢). The short-term (10 to
20 seconds) pointing stability error is less than 0.5 arc-sec (20).

The Flight 1 instrument pointing requirements are listed in
Table 3-7. The cryogenic instrument must point very accurately and must
raster scan through 100 km above the earth horizon at a 0.36 deg/sec
rate. The configured pointing and control system exceeds the performance
requirements of the cryogenic instrument, which has the most stringent
pcinting and stabilization requirements of all of the SIPS mounted instru-
ments. It is the design driver for the SIPS pointing and control system.

A drawing of a pallet mountedTSIPS is shown in Figure 3-16.
The SIPS has two instrument carrying canisters, each supported at its
center by a yoke which can rotate independently of the other canister in
an up-down direction (120 degrees freedom). Each canister in turn is
connected to the yoke so as to provide a 1imited (+10 degrees) left-right
rotational degree of freedom. Both yokes are attached to a common
+180-degree azimuth gimbal drive at the base. An optional roll gimbal
about the instrument line of sight can be added internally to each
canister. AMPS uses such a roll gimba]ion the cryogenic instrument side.

Figure 3-16 shows the instru@ents Mhichjcomprise the atmospheric

array in the right canister andkthe cryogenic limb scanner instrument

in the left canister. A strapdown star tracker and a gyro reference
assembly, providing a precision inertial attitude reference for the
cryogenic instrument mount to the right of the canister. This attitude
reference is transferred to the less demanding instruments in the other
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Table 3-7. Flight 1 Instruments Pointing Requirements

INSTRUMENT POINTING REQUIREMENTS

INSTRUMENT | GROUPING

NANE lOC%ION reFerence | FIono OF A(c)::;:%v on?&'.ﬁ’fﬁm s’?:'lkflfr? * '”Ri'r‘t';‘c
ACCURACY RATE

CRYO LiMB SIPS (B)
SCANNER

EARTH LIMB ' SEC 20 SEC 0.36%/SEC

CRYO IR
INTERFEROMETER SIPS (B)

SOLAR FLUX SIPS (A) 90 SEC

oBIPS SIPS (A) HEMISPHERE : 19/SECONDS

LIDAR PALLET 6°/SECONDS

CHEMICAL GAS PALLET
RELEASE

19/MINUTE

ELECTRON 8 VECTOR
ACCELERATOR

1°/SECONDS

VECTOR PALLET B VECTOR TO
MAGNETOMETER | 5SM BOOM | ACCELERATOR

COORDS

SIPS (A) = PORTSIDE

STANDARD CANISTER (A)

CRYOGENIC CANISTER (B)

HEAO-B
STAR TRACKER

GYRO REFERENCE
ASSEMBLY

Figure 3-16. Small Instrument Pointing System (SIPS)
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canister and to the pallet through the gimbal angle resolvers; attitude
« transfer between pallet mounted instruments is accomplished by an optical
L ‘alignment measurement system. Orbiter ephemeris data is required to go
from the inertial attitude reference to earth referenced pointing.

_ The gyro and star tracker data are processed by programmable digital
electronics (PDE) consisting of function dedicated microprocessors. The
gyro-sensed rates are integrated to provide a high bandwidth, stable atti- _
tude reference. The star tracker data is processed by a filtering i
7 algorithm that provides optimal attitude and gyro bias updates assuring
! % : long term attitude reference stability. In addition, the gyro data is
| processed to provide gimbal rate information for the SIPS gimbal servos.
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Y
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The servo control laws are also 1’mp1emented by programmable digital
electronics. The programmable digital electronics communicates with the
Spacelab experiment computer and the payload specialist's station through
a remote acquisition unit (RAU) and the 1 Mbps data bus. The data bus
will mainly carry command level and status type information. This approach

PP

ikl S

to the pointing and control subsystem unburdens the Spacelab computer, makes
the SIPS as autonomous as possible, and keeps the interfaces simple.
Figure 3-17 is a functional block diégram of the system. More detailed
. block diagrams expanding on the PDE functions are presented in Section 4.1, :
S along with predictions of system performance. .

| SPACELAB 5
EXPERIMENT |1 MBFS BUS
COMPUTER : B

RAU o L -

1 _ GIMBALs r_ w _] ‘ :

AZU/DR/LROLL  sTAR I SRR

| I SENSOR

f 3 SPACELAB
D CRT AND
KEYBOARD

MULTL= 7= | ELECTRONICS

|
| JREMOTE STAR SENSOR : P
l
!

TR | o GYROS
oa°@a sts ’ : :
ooo A : — -

SIPS CONTROL
CONSOLE

;o Figure 3-17. SIPS Pointing and Control Functional Block Diagram
g .
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3.2.2 Environmental Sensor Package
This section summarizes the ESP design requirements.

3.2.2.1 Operational Requirements

During the course of the Phase B study, operat1ona1 requ1rements were
identified for ESP's to be flown on four of the AMPS flights and two of the
Orbiter Flight Tests (OFT). The instrument complements for these flights
are summarized on Table 3-8. ESP's were jdentified as having two basic
operational requ1rements ‘ '

1) RMS Mode The ESP is attached to the end of the Remote Man1p- B

ulator System (RMS) during orbital operations for the purposes
of making experiment support measurements close to the Orbiter
and environmental measurements also in the vicinity of the
Orbiter. A typical experiment requiring this type-of ESP
support is the beam plasma interaction experiment during which
the ESP instruments are oriented toward the accelerator.

2) Deployed Mode. The ESP is ejected from the Orbiter for experi-
ments in the near vicinity of the Orbiter and at distances
up to 100 km from the Orbiter,

The AMPS experiments requiring ESP support during the five strawman

payloads are shown on Table 3-9. In all cases when the ESP is deployed, a

slowly spinning mode with the spin axis perpendicular to the orbit plane
is acceptable.

3.2.2.2 Design Requirements

’ The design requirements for the ESP were driven heavily by the
following considerations:

a) Low Cost. The low cost requirement, of course, is an .
inherent part of the AMPS program. The short life and ‘trade-
off between recoverable subsatellites and throw-away sub-
satellites caused this factor to be dominant during the design
of the ESP. ~The result is an approach that makes use of
capabilities that will be supplied by Space]ab/Orb1ter

.b) 'D1men51ona1 Constraints. Two important considerations affected
the sizing of the ESP: 1) the subsatellite must be large
~enough to accommodate the required instruments and 2) small

enough so that excess1ve pallet/area is not requ1red

c) VSafetx The ESP must meet the safety: requ1rements of
_ JSC 11123 Space Transportat1on System Payload Safety
',Gu1de11nes Handbook

d) Instrument Accommodation. Max1mum flexibility must be al]owed

to accommodate the instrument group1ngs on Tab]e 3- 8
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Table 3-8. ESP Instrument Complement OFT 4 and 6, AMPS 1-4

&

- OFT- | OFT- | AMPS- | AMPS-| AMPS- | AMPS-
4

f 4 6 1 2% 3

% 1) Medium Energy Electron ° L] L4

: Detector )

; 2) DC Electric Field Meter L] . L
3) E and B Receivers and L L] L L4 °

i Antennas (ac electric
i and ‘wagnetic field
i detectors) :

4) Langmuir Probe ° (]

5) Fluxgate Magnetometer ° L
(dc magnetometer)

6) - Neutral Mass Spectrometer e |, e b

¢ 7) lon Mass and Distribution e . 4
; Analysis '

8) High Energy Ion/Electron L4 b
Detectors

9) Retarding Potential . i
Analyzer

‘Total (maximum values)

FEREUPS

| _ Source Material: ESP's for OFT Flights - Environmental Science Package ' "
(ESP) Definition Study ~ SE-012-050.2H

AMPS Flights Strawman Payload - GSFC
*AMPS-Z ~ two ESP's used on this flight.

P Table 3-9. ESP Applications AMPS Missions ;
| ; Flight| Experiment . Experimént Comments 3
! No. No.
| X
g 1 A-4 Beam-Plasma Interactions RMS Mode : _—
H ¥
i 5
i 2 A-1 Low Altitude Conductivity Deployed Mode S
f Modification <
; 2 A-2 High Frequency/Wave Particle ]
Interaction
2 A3 - | ‘Long De1ayed Echoes ;
v ;
2 A-4 Plasma Flow o ) RMS Mode
2 B-5 High Latitude Changes Ozone Dep]oyedkMode
Density
3 A-2 Second Generation Electron
Accelerator i E
E
3 . A4 Electron Echo .
3 A5 E B Studies
3 A-6 Beam Excitation of Plasma Waves 3
. 3 A-7 ELF/VLF Antenns Developmient: . :
4 A-3 MPD Arc Injection Studies Deployed Hode ‘

g
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Specific design requirements that resulted from analysis of experi- .
ment/instrument requirements resulted in the following: 'ﬁ-}‘

® Required Pointing Accuracy. RMS mode: +1° nominal, spin

mode — +5 to 7 degrees with respect to the orbit plane

‘ ¢ Maximum Range. 100 km ( a compromise based on communi-
L% cation capability)

: e Data Rate. 16 kbs (compromise based on communication
5 B capability)

e Position Control. With respect to Orbiter, #+1 to 2 meters at
close ranges. ‘ -

(] Life in Orbit. Up to 4 days

e Energy Requirements. 96 hours at 25 percent; duty cycle at
approximately 90 watts.

N 3.2.2.3 Design Analysis

g The basic configuration for the ESP is a cylinder 1.0 meter in

| ; diameter and 0.56 meter high. (See Figure 3-18.) Antennas and sensor are

; f deployed after the ESP is attached to the RMS or after ejection from the .

4 g ‘Orbiter. The estimated mass is 171 kg. The spin rate is approximately T
¢ 10 rpm before antenna deployment.

a) Attitude Control. Passive spin stability is achieved
by a spin stable ellipsoid of inertia combined with a passive
nutation damper. During the 4-day life of the ESP, the
spin axis moves with respect to the normal to the orbit
, plane through an angle dependent upon the regression of the
( ; Tine of nodes of the orbit plane. For example, at an altitude
. of 300 km and an orbit inclination of 55 percent. the maximum
angular movement is approximately 14.7 degrees. This maximum

! : angle can be reduced by one-half by compensation at ejection of
i the ESP.

b) Position Control. The ESP is not maneuverable because
s the Orbiter has an adequate translation capability.

4 c) Telemetry and Command. The payload interrogator on board the
| Orbiter will be employed for communication with the ESP when-
| ever it is separated from its cradle. This minimizes system
§ cost but limits data rates to 16 kbs, constrains the ESP.
design, and affects orbital operations.:
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d) Tracking. The Ku-band radar is used to range of 20 km

(skin track)

e) Electric Power. Low-cost primary or secondary battery
system 1s used o

f) Differential Drag Effects. The ballistic coefficient of the
ESP is greater than or less than the Orbiter depending on
the Orbiter's attitude. (See Table 3-10.) The smaller the
ballistic coefficient, the faster the orbit will decay. There-
fore, when the Orbiter is in its normal mode of operation,
mode A, the ESP will move downward and in front of the Orbiter.
The relative motion of the ESP with respect to the Orbiter is
given on Figure 3-19. Since the Orbiter must expend RCS
propellant to maintain station with the ESP, it becomes costly
to maintain below approximately 250 km. The effect of orbit
altitude on differential drift is shown on Table 3-11.

Figure 3-18. Environmental Sensor Package Configuration

Table 3-10. ESP/Orbiter Ballistic Coefficient Comparison

Orbi ter ~ ’ ESP

‘Mode‘A X-Axis Forward - 472}k‘g/m2 Spin axis perpendicular to orbit

| , Pin ax 2
Mode B Y-Axis Forward - 142 kg/m? | P1ane - 160 kg/m

Mode C Z-Axis Forward - 82 kg/m®
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3.2.2.4 Preliminary Design

The ESP is comprised of a standardized ESP bus and instrument
complement. (See Figure 3-20.) The bus is designed to accommodate a
selection of instruments tailored to specific flights. The bus provides
a supporting and handling structure, electrical power, tracking, telemetry
and command, and thermal control of ail instruments.

Specific design characteristics of the LSP are:

a) Mass Properties. The mass properties of the ESP are shown
in Table 3-12.

b) Electrical Power. Electrical power and distribution is
summarized in Table 3-13.

c) Telemetry, Tracking and Command System. The S-band TT&C
system will be compatible with the Orbiter payload interrogator
system. It will provide the following capabilities:

2 kbps maximum command rate

16 kbps maximum telemetry rate

100 km maximum range at 16 kbps data
ESP requires EIRP of 7 dBW

ESP antenna provides 3 dB antenna gain with a toroidal beam
antenna with 18-degree beamwidth.

A system block diagram is provided in Figure 3-21.

d) Thermal Control. During deployed orbital operations a
- passive temperature control can be employed if a carefully

controlled sequence of instrument operations is maintained.
The nominal duty cycle is "On" 15 minutes, "Off" 45 minutes.
During instrument "On" periods, energy dissipation causes a
temperature increase. During "Off" period, power is reduced
to a standby level with only the command receiver in operation.
The rate of temperature decay is a function of the heat
dissipation characteristics of the thermal blankets surrounding
the subsatellite. The rate of heat dissipation is controlled
by the width of a circumferential white strip. (See Figure
3-22 and 3-23.)

e) Ejection Scheme. The ejection method for the ESP requires
orienting the Orbiter so that the ESP spin-axis orientation is
in the direction required after separation nominally perpendi-
cular to the orbit plane. The ESP is then ejected at a aV = 0.1
mps, resulting in an initial ESP motion very close to that of
the Orbiter. The Orbiter thrusters then maneuver the Orbiter
relative to the ESP, ,
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Table 3-12.

Mass Properties (kg)

Instruments (Maximum) 48
TT&C 9
Power and Distribution 46
Nutation Damper 1
Beacon 1
Structure 32
Total 137
Contingency (25 percent) 34
Grand Total ;;T
Table 3-13. ESP Electrical Power Summary

Electrical Power and Distribution

Voltage:
Energy:
Battery:

Duty Cycle:

Maximum Operating Life:

28 vdc
120 amp-hr

Nickel-cadmium, no recharge capability in

flight

130 watts steady state and 63 watts operating

at 25 percent duty cycle

96 hours including 72 hours standby and
24 hours at standard duty cycle

Power and Energy Summary

Active (25 percent Duty)

Instruments
TT&C

Subtotal’

Standby
TT&C

Total Energy -Requirements
(24 hours 100 percent operation)

120-amp-hr battery

Margin {W-hr)

Power Energy
(W) (W-hr)
90 2,160
36 850
126 3,010
5 470

3,480
3,360
(-120)
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"OFF" PERIOD (45 MIN)

A, TT&C COMPONENTS
B. BATTERIES
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36 WATT TT&C DISSIPATION
(TYPICAL ALL CONDITIONS)

TEMPERATURE (°C)
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TIME (HOURS)

Figure 3-22. ESP Typical Operating Temperatures - A
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Figure 3-23. ESP Typical Operating Temperatures - B
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3.2.3 Magnetometer Mast

Extendible and retractable masts are required on all AMPS flights to
support instruments outside of the payload bay. The magnetometers which
support many of the AMPS experiments must be deployed 5 meters. A trade
study of various magnetometer masts is reported in Section 4.2. In
summary, the magnetometer mast which was selected is a continuous-longeron
Astromast developed by Astro Research Corporation of Santa Barbara,
California. It was selected because of the advanced technological status
demonstrated by actual use on existing spacecraft programs. The continuous-
longeron type of Astromast>proposed for AMPS is identical (except for being
8 meters shorter) to the system being produced for NASA's Mariner Jupiter-
Saturn spacecraft. The lattice structure of fiberglass rods, shear-
stiffened by diagonal cables, is retracted by forcibly twisting it about
its axis. This twisting causes the horizontal batten members to buckle
and shorten. The mast is retracted by means of a motor driven lanyard.
This lanyard also provides restraint as the boom is deployed by strain
energy stored in the three coiled continous Tongerons. The lanyard was
selected over an available canister deployment option because of its
lighter weight, less expense, and greater accuracy in angular positioning
of the deployed boom. The system has sufficient structural strength to

withstand the Orbiteyr RCS action and possible jettison forces even in a
partially deployed state. A photograph of the NASA Marine Jpiter-Saturn

- spacecraft mast is shown in the partially deployed and fully deployed §

state in Figure 3-24. As with all devices which extend beyond the payload
dynamic envelope, the 5 meter mast system incorporates a jettison device
at the base as a last measure of safing the payload.

To minimize thermal twisting of the Astromast, the mast is fabricated
with a pretwist over its length. This feature is quite apparent in
Figure 3-24. The pretwist prevents adverse sun angles from occurring
except over a small portion of the boom length, thereby reducing any
thermal distortion effects. '

i
g
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Magnetometer Mast - Deployed

Magnetometer Mast - Partially Deployed
Figure 3-24. NASA Mariner Jupiter Saturn Mast

40
FIyad ¥00d
Q“L qovd TVNIDIE0




2 L e . o T e L e Bcatitet i ‘ g

3.2.4 Fifteen-Meter Mast

On flight 2, the logical grouping of instruments which required a
remote Tocation from the Orbiter or other cooperating instruments resulted
in the need for a relatively strong mast 15 meters long. At the base of
the 15-meter mast system is an antenna rotator and separation system.

The main mast utilizes an articulated-longeron type of Astromast
developed by Astro Research. Although other beam designs are available,
the unique retractability and partially deployed load carrying capability
of this Astromast makes it a logical choice for the main mast.

In this type of application, the longerons are in segments and con-
nected with hinge points to the batten frames. The assembly is stiffened
in shear and torsion by diagonal cables extending across each rectangular
face in the lattice structure. Three of the six tension cables terminate
at one end (bottom of the bay) in an "over-center" toggle-joint locking
mechanism.

Deployment and retraction of the mast takes place from the cylindrical S
ﬂ 11 canister/actuator. The upper external portion of the canister is a rota- f ,
N table nut with three sets of inward facing rectangular threads. The inter- ; :
nal stationary part of the canister supports three vertical guide slots. i
Rollers attached to the batten corners, are guided by tracks to be
simultaneously engaged between the vertical guide slots and lands of the
threaded nuts. The beam deploys or retracts into the canister when the
nut is rotated by electric motors. Cams for latching and unlatching the
diagonal Tinkages of the beam are fixed to the inner canister wall just :
below the rotating nut. Photographs of this type of device are shown i
in Figure 3-25. '

Gk g L e

The instrument package, mounted at the outboard end, contains a
number of instruments and a wake and sheath test body. From a design
standpoint, the most difficult accommodation is that of the RF sounder
antenna.. . This dipo]e antenna must be unfurable and has a length of 100
meters tip to tip. The design solution identified for this antenna is

} “to utilize a flight-proven interlocking tubular extendable boom. A
joy photograph of this device is shown in Figure 3-26.
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Figure 3-26. RF Sounder Boom
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3,2.5 Gas Release Functional Assembly

The requirements for this equipment were generated by the Acoustic
Gravity Wave Experiment (EOR-29) and the Gas Cloud Expansion Dynamics '
, Experiment (EOR-12). Both experiments involve the rapid expansion of
i f gases in the vicinity of the Orbiter and over pre-determined ground sites.
| ' During Flight 1, up to seven 50 to 100 kg releases were projected. In the
following sections, the design requirements imposed directly by the experi-
ments and indirectly by Spacelab/Orbiter requirements are summarized.

3.2.5.1 Operational Requirements

The operational requirements for this equipment are:

a) Explosive release of 50-100 kg of gas traveling at orbital

velocity at an altitude of 150-300 km at a pre-programmed %
location over Arecibo, Puerto Rico, and in the vicinity of :
the Orbiter. .

b) Observation of the release process using the Optical Band
Imager Photometer System located on SIPS.

o c) Capability to pérform this experiment on more than one o -
' orbital pass over Arecibo durirg Flight 1. ' {:

d) The selected gas spreads rapidly to provide maximum acoustic
acoustic gravity wave excitation.

3.2.5.2 Design Requirements

Lo The design requirements for this equipment are:

a) The selected design meets the approved safety standards of
Space Transportation System Payload Safety Guidelines
Handbook. ‘ '

. : f | b) The release system is compact and can be accommodated
: | along the pallet sills.

c) Released gas shall not contaminate the payload or Orbiter, ;
whether released by deliberate expulsion, leakage, or accident. s

d) For accurate placement, the maximum time from separation of
the canister from the Orbiter to release of the gas should e
not exceed one orbit (1-1/2 hours). , , -
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3.2.5.3 Design Analysis

Specific design characteristics of the gas release functional
assembly are:

a)

b)

d)

e)

h)

Release materials — See Table 3-14 for an analysis of release
materials. The only acceptable materials are stored in gaseous
form because energy must be added to vaporize liquids. Since
there are several candidates that are acceptable, the release
container must handle a range of selections. For design
analysis of Flight 1, xenon was selected.

Release container — The container consists of titanium
material designed to a 2-to-1 safety factor over standard
design practice. The leak-before-burst concept was used.

Container maximum pressure — Design pressure of xenon is
50 atmospheres and quantity stored is limited to 50 kg to
prevent cargo bay over-pressure in the event of high-rate
leakage.

Gas release mechanization — High-speed valves on opposite
sides of the tank are used co minimize tank impulse during
release. The tank design has no parts ejection during
release.

Separation distance at release — Releases are at 1.0 meter
per second from the Orbiter so a separation distance of
15-20 km exists at gas expulsion.

Separation method — The low separation velocity of 1.0 meter
per second allows the use of a spring separation mechanism.
Pressurized gas and solid propellant separation were dis-
carded after cursory examination.

Number of releases — During the 7-day Orbiter flight period,
its orbit can be adjusted for a total of six passes over
Arecibo. Due to the pressure of other activities, however,
a maximum of five separate releases is practicable. The
design, therefore, incorporates five release containers.

Release timing — Timing of the gas release over Arecibo can

be accomplished by radio command from the Orbiter or by a timer
installed on the release itself. A command receiver is
obviously more costly than a timer. Therefore, if the latter
is sufficiently accurate, it should be selected unless vari-
able timing is necessary for experimentation. For this
application, the timing accuracy should be *2 seconds in

1-1/2 hours or about one part in 104, a value easily achiev-
able with a mechanical or digital clock timing mechansim.
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é% ‘ Table 3-14. Release Material Analysis
ff Release Mass
| Material® . Comments gm/mols Acceptable
L ; s
i oo : :
2 Liquid N2 Probably will not gasify rapidly 28 No
L ;
3 N2 Relétive]y low molecular wetht, 28 Yes
- medium high gamma, would require
. high volume or pressure
| C02 Relatively low molecular weight, 48 Yes
medium gamma, would require high
volume
Water Probably will not gasify rapidly 18 No
. | oy - Probably sublimates too slowly 48 No
S Solid
‘ Explosive | On-board explosive hazard, not total 50 No
L é Material gasification, possible low gamma
;. ;| constituents, interacting gas is hot
;;; _
Barium 10% to 70% gas production, inter- 137 No
| Thermite acting gas hot, high mass + high
§ gamma on-board explosive hazard,
° may ionize
2 .SFg - High mass, Tow gamma, may ionize 146 No
i qu1ck1y o
: WF6 '~ Very high mass, low gamma may nheed 298 Yes
: ‘ - heating to remain gaseous
Xe Inert, high mass, high gamma 131 Yes
B % ) :
: Other materials were considered but were quickly discarded as being
n ~unfeasible, such as Ho, He, and Ne, because of safety, containment,
- or cost. : ‘ '
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3.2.5.4 Preliminary Design

The gas release functional assembly consists of gas release canisters
and a cradle support and launcher subassembly.

3.2.5.4.1 Pressure Vessel. Geometrically, the pressure vessel configura-
tion consists of two hemispheres welded together along with a relatively
large through-tube located on the polar axis which contains the opera-
tional gas release valve mechanism. (See Figure 3-27.) One end of the
through-tube is adapted to engage the mounting support and operational

launch cradle assembly.
'!!!!ligii!!!!? é

7
A

--/
—

\‘\
—_—

Figure 3-27. Gas Release Assembly
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~ Particular attention was paid to the problem of the complex

deflection'ﬁehavior under pressure which results from incorporating the
through-tube. ' .

The pressure vessel is equipped with a pressure relief valve, a
remotely controllable pressure dump valve, and a full range pressure
transducer so that the pressure can be monitored. The pressure vessel
is designed for 735 psig working pressure.

3.2.5.4.2 Release Valves. 'The operational gas release valve assembly
consists of two poppet type valves located symmetrically and opposite to
each other and within the through-tube in the pressure vessel, see
Figure 3-28. The valves are held closed against each other by a preloaded
tie rod which is secured by an ordnance bperated separation nut, such as
manufactured by Hi-Shear Corporation. Gas release is accomplished by B
operating the separation nut which releases the tie rod, permitting both
valves to be driven open by the internal gas pressure. The gas escape
routes end in directions tangential to the pressure vessel so that the
resulting rotation contributes, to a small degree, to the behavior uni-
formity in the forming of the gaseous sphere.

An independent safety device is provided that prevents catastrophic
release of gas if the separation nut is accidentally operated.

3.2.5.4.3 Equipment Platform. An equipment mountihg platform and

enclosure is attached to the pressure vessel. The equipment complement
consists of:

a) Battery power supply
b) Ordnance power and relay unit
¢) Timer (or command receiver and antenna)

d) Beacon.

3.2.5.4.4 Cradle Support and Launcher. The cradle support and launcher
consists of a structural support tube that engages a mating protuberance
on the pressuré vessel structure. A compressed coil spring, trapped

~within the tube, furnishes the energy to Taunch the canister vehicle at =~
1 meter per second. No attitude stabilization is required; therefore, no

spin motion is impakted during the Taunch stroke. However, if attitude
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