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PREFACE

The experiments and missions* described m this report, and the primary sensors required
for their successful accomplishment, have been extracted from a recommended list prepared
by the EVAL Steering Committee and discipline Working Groups, These earth-viewing experi-
ments generally embody the charac_teristics of near term monetary value and human impact;
and the required sensors have been judged to be available for a 1981 flight, The actual
selection and mix of the experiments and sensors from this list was performed under the

guidelines of creating a cost-effective payload.

The EVAL Steermmg Committee 1s comprised of the following individuals:

D, MeConnell NASA Headquarters Chairman

H. Plotkin NASA GSFC Executive Secretary and Study Scientist
F, Flatow NASA GSFC Study Manager

J. Raper NASA LARC Environmental Quality

C. Laughlin NASA GSFC Weather and Climate

R. Moke NASA JsC Earth Resources

d. McGoogan NASA WFC Earth and Ocean Dynamics

E. Wolif NASBA GSFC Communication and Navigation

*The terms "experiment'' and "mission' are used somewhat interchangeably within this
report to describe the various applications associated with this payload. In general, the
distinction is on the degree of operationality of the application - those applications perform-
ing an operational-function or end-to-end systems test are considered missions; while
applications involved with sensor or techmque development are identified as experiments.
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SECTION 1
INTRODUCTION

This report addresses the preliminary design of an earth-viewing Spacelab payload, with
accommodations shared by both NASA and ESA. Mission parameters for this flight include

a launch date of September 1981, an inclination of 570, and an orbital altitude of 325 km,

A seven-day mission is planned. The NASA portion of this payload is assumed to be assigned
to the EVAL (Earth Viewing Applications Laboratory) program. The ESA complement is
designated as g multiuser payload, and has been coordinated by NASA/MSFC., Under this
division of responsibility, GE has been responsible for the intra-EVAL payload compatibility
and Spacelab accommodation; while MSFC has been responsible for assuring compatibility
between the total payload complements (EVAL and ESA) and working out accommodations

between the total payload and Spacelab/Shuttle.

The basic payload carrier associated with this flight consists of the Spacelah configuration
defined as the short module plus 9-meter pallet, complemented by a SEOPS (Standard Earth
Observation Package for Shuttle), The Spacelab configuration is shown in Figure 1-1,

PALLETS

CORE MODULE
TUNNEL

TUNNEL ADAPTER

Figure 1-1. Spacelab Elements



A SEOPS bridge configuration, pictured in Figure 1-2, is used around the Spacelab transfer
tunnel, The SEOPS is a modular system of structures and subsystems which accommodates
various sensors and interfaces with Shuttle in a nearly autonomous manner. The combined

Spacelab plus SEOPS configuration considered for this payload is illustrated in Figure 1-3,

WIDEBAND VIDED
TAPE RECORDER

SEOPS STANDARD MODULES

= PWR DIST BOX

* PWR SUPPLY

* PROCESSOR

+ PRUCESSOR TO ORBITER I/O UNIT
« CPU /O UNIT

Figure 1-2, SEOPS Bridge Configuration

15 FT. DIA.
PAYLOAD BAY /1 SEOPS BRIDGE
ENVELOPE SPACELAB
i ﬁﬁi/; TUNNEL
Iy N 1[
SEOPS N 74
STRONGBACK LL._ S/
—..—_‘.._.---—-’J
SPACELAB CORE MODULE R
e o - e SRR TN T

EGRESS _/ \ \/__EVAL.

MODULE SEOPS PALLETS

Figure 1-3, Typical SEOPS Bridge Installation with Spacelab
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SECTION 2
ACCOMMODATIONS

Accommodations for EVAL experiments will be provided by elements of Spacelab, SEOPS,
and, to some extent, the Shuttle Orbiter. Details of the pertment capabilities provided by

these systems are described in the following paragraphs,

2.1 ORBITER
Trom an experimental standpoint the Orbiter provides orbital position and location, gross

peinting and attitude control, and crew support.

2.1,1 ORBITAL POSITION DETERMINATION

Knowledge of the orbital position of the Orbiter/Spacelab/experiment at any time is depen-
dent on the elapsed time since the last tracking pass and the tracking system used. The on-
orbit navigation accuracies, using the Spaceeraft Tracking and Data Network (STDN) and

the Tracking and Data Relay Satellite (TDRS) system are given in Table 2-1 for a 185 km (100
nm) altitude case, (This is the only information presently available). These expected ac-
curacies will obviously be somewhat degraded for the 325 km (200 nm) orbit considered for

this payload.

2.1.2 POINTING AND ATTITUDE CONTROL

The Shuttle Orbiter has the capability of achieving and maintaining any desired space or earth
referenced attitude with respect to either the Orhiter navigation bage or a payload provided
and mounted sensor, The pointing accuracy, however, is a function of the error sources
associated with the characteristics of the particular attitude sensor, the type of control sys-

tem, and the Orbiter flexure.

2-1



Table 2-1. Expected On-Orbif Navigation Accuracies (3 Sigma) for 100 Nautical Miles
(185 km) Orbital Altitude

Pogition, Feet (Meters) Velocity, Feet/Sec (Meters/Sec)
Down- | Cross- | Root Sum Down- [ Cross- { Root Sum

Navigation System | Altitude [track | track | Square |Altitude | track |track Square
STDN
After last 440 370 430 730 3.9 0.5 2.0 4.4
tracking pass (130) (110) {130) (220) (1.2) [(0.15) | (0. 6) (1.3)
After one 470 850 430 1030 4.3 0,5 2.0 4.8
revolution (150). [ (260) (130) (315) (1.3) |(0.15) { (0,8) (1.4)
TDRS
After last 300 1400 1520 2070 1.6 0,35 0.5 1.7
tracking pass ( 90) |(430) (460) (630) (0.5) [(0.11) | (0. 15) (0. 5)
After one 300 2010 | 1520 2400 2.4 0.3 0.5 2.5
revolution { 90) (610) (460) (740) (0.7) (0.1} (0. 15) (0.7)

The Orbiter Inertial Measurement Unit (IMU), located in the Orbiter cabin, is used to sup-
ply inertial attitude reference signals; and, in conjunction with the onboard navigation system,
can provide a pointing capability of the navigation base accurate to within +0.5° for earth-
viewing migsions., This pointing accuracy can degrade to appro;cimately +2, 00 for payloads
located in the aft ba_{r due to structural flexure of the Shuttle vehicle, payload structural and
mounting misalignments, and calibration errors with respect to the navigation base, In order
to provide greater accuracy in payload pointing, the Orbiter is capable of accepting error
signals from a more accurate payload supplied and mounted sensor. In this case, the Qr-
biter is capable of maintaining a specified attitude to within +0, 1 deg/ axis by using the full

capability of thie Réaction Control System (RCS) jets, and a stability rate of +0, 01 deg/sec/axis,
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2,1,3 CREW SUPPORT

The Orbiter crew consists of the commander and pilot to operate and manage the Orbiter, a
mission specialist, and one or more payload specialists, While both the commander and
pilot will be primarily occupied with operating the Orbiter, they may support/perform specific
payload operations if appropriate and at the discretion of the individual experiment sponsors,
The mission specialist will be responsible for the coordination of overall Orbiter operations
in the areas of flight planning, consumable usage and other activities affecting payload opera-
tions, At the discretion of the individual experiment sponsors he may also assist in the
experiment operations, and may in specific cases serve as the payload specialist. The pay-
load specialist{s) will be responsible for the attainment of experiment objectives (these mn-
dividuals may be the actual experimenter or a designated representative); including the

operation of experiment equipment.

2.2 SPACELAB

Spacelab as utilized by EVAL consists of two basic elements - a pressurized corei‘ module and
unpressurized pallets. The module provides a controlled pressurized environment for the
users and their equipment, and supplies basic services such as power, thermal control, and
data management together with certain basic support equipment such as standard racks,
scientific airlocks, ete., which may be used as required. The pallet is an unpressurized
platform to which instruments such as cameras and antennas that require direct exposure to

space may be mounted. The pallet provides some basic services, such as power condi-

tioning and distribution,data distribution, and thermal control,

2.2,1 PRESSURIZED CORE MODULE

The module is a cylindrical pressure shell measuring 4060 mm in diameter and 4209, 3

mm in length, It contains subsystem equipment for Spacelab, crew work space, rack vol-
ume for experiment installation, and an optical window on the top for mounting small in-
struments which may require manned operation. Figure 2-1 depicts cutaway sections of the
core module, The subsystem control station and workbench are located in the forward sec-
tion, with 7,6 m3 space available for experiment equipment, including all rack space and
ceiling storage compartment. Two double and two single racks (19-inch) are available in the

core module and will be shared between the EVAL and ESA payload.
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DOUBLE RACK
CE (TYPICAL)

SINGLE RACK
SPACE (TYPICAL)

/. SPACE AVAILABLE FOR
RACKS AND EXPERIMENTS

TO
PALLETS

SPACE AVAILABLE FOR RACKS
AND/OR EXPERIMENTS

Figure 2-1, Core Module Cutaway

2,2,2 PALLETS

Basically, the Spacelabpallet is an unpressurized platform to which instruments that require
direct exposure to space may be mounted. The U-shaped pallef, shown in Figure 2-2, is
approximately 2, 9 meters long and 4, 0 meters in width; and provides basic services such as
power conditioning and distribution,data disfribution, and thermal confrol. The pallet struc-
ture for accommodating experiment equipment, Figure 2-3, provides mounting support for
the experiments either directly on skin panels or through specific hardpoints for better dis-
persion of concentrated loads, The inner side and floor panels can support loads of 50 kg/ m?2,
whereas the outer panels can support 10 kg/ m2, If experiment equipment exceeds the panel
load capability, it can be mounted only on standard equipment hard points, Provisions for

24 hard points are Jocated on the inner surface at the intersection of the frames and longi-
tudinal members, as shown in Figure 2-3, Each hard point provides a dynamic load-carrying
capability of: Xp = 28, 547N, Yp = 18,443N, and Zp = 75, 046N. The overall payload carry-
ing capability of the pallet is 1100 kg/m (uniformly distributed over the pallet) with a CG
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BOX FOR EXPERIMENTS
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Figure 2~2, Spacelab Pallet
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limitation between 25 mm above the pallet floor line and the Orbiter bay horizontal center-
line, From an area and volume standpoint a single pallet provides approximately 17 m2 of
mounting area and 33 m3 volume above the floor, The pallet area and volume available for

EVAL is therefore 34 m?2 and 66 m® respectively based on the assignment of two pallets,

The Spacelab Electrical Power and Distribution Subsystem (EPDS) receives its primary
power from the Orbiter: 7 kW average and 12 kW peak are delivered during orbital operations,
The power available for experiments is the resultant after mission dependent and mission
independent equipment power consumption is subtracted from that supplied by the Orbiter.

For the short module plus three pallet Spacelab configuration used for this payload, max-
imums of 3,4 kW average and 7.4 kW peak exist for the payload. The total energy available
to the payload is 369 k€Wh. The power bus system running through the module and pallets
provides the wiring for primary dc (28 Vdc nominal) and 115/200 Vac at 400 Hz, On the
pallet, payload equipment is hardwired into the distribution bus. Figure 2-4 illustrates the

power distribution scheme for the core module plus three pallets Spacelab configuration,

EXPERIMENTS

ORBITER | CORE SEGMENT | PALLETIS) I
FRIMARY 28V DC AC
POWER POWER NOMINAL | EXPERIMENT ! EXPERIMENT ———‘
CONTROL DISTRIBLITION . DISTRIBUTION oe
BOX BOX | BOX
L | ]
I L BE/AC |
INVERTER |
| 400 Hz |
| SUBSYSTEMS l_ —— ] — —— ....I I
| pc/bc I
| CONVERTER | CONVERTER ,
, POWER
SWITCHING
I PANELS |
l bbb
EXPERIMENTS

Figure 2-4, Power Distribution Scheme, Module/Pallet Configurations (Combmes Migsion
Independent and Mission Dependent Equipment)
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Environmental control for experiments on the pallet is provided by cooling loops and the

use of cold plates and thermal capacitors, Eight cold plates (capability 24-40°0C) and up to
four thermal capacitors are available to dissipate peak heat loads, The maximum capability
per cold plate is 1 kW. TFigure 2-5 shows the characteristics and location of these devices.
Air cooling loops control the module atmosphere between 18-27°C., Experiment racks are
cooled (22-40°C) by the avionics air cooling loop and a liquid-to-liquid experiment heat ex-

changer,

Remote acquisition units (RAU's) are the principal interface between experiments and the
command and data management subsystem, Up to four RAU's can be provided on the pallet.
High frequency analog data is accommodated by an analog channel using a high rate multi-
plexer, Digital data can be stored by a recorder; however, the maximum data rate allowable

is 30 Mbps., Up to 20 minutes of data storage can be accommodated at the 30 Mbps rate,

AS INDICATED, COLD PLATES MOUNT
ONLY ON THE 48° SECTIONS A
& MAXIMUM OF 8 COLD PLATE INSERT

~%  PANELS WILL BE PROVIDED INCLUDING
%=\ MULTIPLE PALLET CONFIGURATIONS

ELECTRONICS

ISOLATOR

COLD PLATE

11 % 7 rows
75 holes total

Figure 2-5, Cold Plate Mounting

2-7



The available field of view above the Spacelab pallet with the Orbiter cargo bay doors and
radiators open is variable forward and aft dependent upon the Spacelab configuration and the
location of the pallef, The field-of-view is restricted in these directions by either the Space-
lab pressurized module or the Orbiter cabmn and the Orbiter empennage, Figure 2-6 shows
limiting examples for this situation. The side field-of-view limitations are constant as

shown m Figure 2-7,

-‘—\590

l b.“o |
+]
et ‘\ego !
N

\\
S —
Ol -

Figure 2-6. Limiting Fields of View

180° FIELD

Figure 2-7. Orbiter Field of View-Side



2.3 SEOPS
The SEOPS system shown in Figure 2-8, consists of a modular structure and support sub-

gystems, Since SEQPS is independent of Spacelab, its accommodations are somewhat unique,

4356.1
(171 50)

LEGEND. MM {inches)

Figure 2-8. SEOPS Bridge Configuration

+

The SEOPS sfructure consists oi a strongback, which provides the base for the bridge. The
strongback is U-shaped, providing clearance around the Spacelab tunnel, and transmits the
SEOPS loads to the trunnion fittings at the keel and side attachment points. Generally the
sensors are mounted on the bridge with the SEOPS support subsystems attached to the strong-
back, The structural weight for the SEOPS bridge configux"‘ation is 313 kg. This configura~
tion can support a payload weight of 1043 kg. For earth viewing applications approximately

6 m? and 23.7 mS of mounting surface and volume are available.
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The SEOPS support subsystems provide alignment and rate knowledge, conditioned electrical
power, temperature control, and data management and processing. SEOPS basically de-

pends on the-Orbiter-attitude c¢ontiol subsystem for target pointing and stability,

SEOPS does provide alignment of the instruments with the Orbiter plane within 0. 5° and ut-
ilizes a self-contained star tracker to provide attitude update for pitch, roll and yaw. Re-

sidual rate knowledge to 0. 0001° per second is provided via a gyro package.

SEOPS'uses electrical energy from the Shuttle Orbiter main DC-2 bus, regulates it, and
distributes it to the attached sensors and electronic boxes, Maximum power availability

with this system is 3 kW at +28 Vde +2%.

Thermal control is maintained within + 8°C between 5°C and 21°C using a passive and louver
system. SEOPS can provide its own data handling, processing, and storage. Specific functions
performed by this subsystem include sensor and subsystem command generation, housekeeping
data formatting and processing, system checkout and evaluation, sensor data processing, re-
cording and transmassion control, and signal routing, The SEOPS can be reprogrammed from
the ground, or it can transmit data fo the groumd through the Orbiter command and data
management system, SEOPS capabilities include command and telemetry provided by the
modular addition of hardware and firmware circuits capable of handling up to 240 mbps, and
two types of tape recorders: a 240 mb wideband tape recorder and a NASA standard narrow-

9

band (108, 107) t;a,pe recorder.

(3

_ Orpiter.data.available to-SEOPS-payloads-include ephemeris; fifie, attitude, and caution/

warnng,
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SECTION 3
PAYLOAD DESCRIPTION

The payload specified for this flight is a multi-discipline grouping of experiments selected
from a collection of high priority experiments designated by MSFC (for the ESA complement),
the EVAL Steering Group, and the individual discipline Working Groups, as bemg available
for early (1981--1983) Shuttle flights. Experiments are included in this payload represent-
ing the disciplines of Earth Resources, Weather and Climate, Earth and Ocean Dynamics,
Communications and Navigation, and Enviropmental Quality. The function of the experiments
involve one or more of the following roles: techaique development, sensor development, ap-
plication development, operational platform. See Figure 3-1. The selection of specific
experiments was based on the principle of maximizing benefits while minimizing costs. Com-
monality of equipment and synergistic enhancement of experiments thus were important fac-

tors in selecting the payload.

TECHNIQUE EARLY INVESTIGATIONS OF UNDERLYING
DEVELOPMENT SCIENTIFIC FRAMEWORK

— SIGNATURES

— CUT AND TRY

~ LAB INSTRUMENTS

SENSOR ENGINEERING DEVELOPMENT AND
DEVELOPMENT EXPERIMENTATION TO FINALIZE SENSOR
DESIGN

— PERFORMANCE VERIFICATION/CAL
— INCREMENTAL BUILDUP

APPLICATION EXERCISING OF A PROTOTYPE END-TO-END
DEVELOPMENT APPLICATIONS SYSTEM TO DEMONSTRATE
OPERATIONAL POTENTIAL

OPERATIONAL APFLICATIONS ROUTINELY CARRIED OUT
PLATFORM TO SATISFY INFORMATION NEEDS OF AN
OPERATIONAL RESOURCE MANAGER

EACH ROLE PARALLELS A
STEP IN APPLICATIONS DEVELOPMENT

Figure 3-1. The Four Roles for Sortie Flights
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3.1 MISSIONS
The EVAL experiments tentatively selected for this flight are:

Earth Resouréés

¢ Urban and Regional Plamming (Applications Development})

o Timber Inventory (Applications Development)
® Mineral Survey (Applications Development)
~  Weather and Climate
@ Ciloud Climatology (Sensor Development, Applications
Development)
e Solar Energy Monitoring (Operational Platform)
¢ Ozone Sounding (Applications Development)
-  Environmental Quality
e Constituent Measurements (Sensor Development, Applications
Development)

-  Earth and Ocean Dynamics

o Sea Surface Temperature (Applications Development)
® Ocean Currents (Technique Development)
¢ Ocean Waves (Applications Development)

- Communications and Navigation
e Electromagnetic Environment (Applications Development)

¢ Millimeter Wave (Applications Development)
Propagation

The ESA experiments added to the payload by MS¥FC include:

Earth and Ocean Dynamics
e Microwave Scatterometer {Sensor Development)
Weather and Climate

e Passive Atmospheric {(Technique Development)
Sounding



A brief description of these experiments is provided in the following paragraphs. For a
more detailed explanation the reader is referred to "EVAL Mission Requirements', 768DS4227,

General Electric Co., 7 May 1976, developed under NASA Contract No, NAS5-24022,

Urban and Regional Planning —~ Provide survey of land use information to public, private,
and government agencies, This particular mission involves obtaining data to support
urban and regional planners in the preparation of legally required plans on land use and
landform characteristics, Instruments requirved for this mission include a thematic
mapper and a high resolution large format camera.

Timber Inventory — Monitor forest land to develop forecasts of timber production; pro-
ductive status, and efficiency and ecological soundness of timber production and har-
vesting operations, Instruments required for this experiment mclude a thematic mapper
and a high resolution large format camera,

Mineral Survey - Investigate the use of remotely sensed data for detection of surface
indicators of mineral deposits: in particular, to locate new domestic supplies of copper
resources, mnstruments required for this experiment include a thematic mapper, and

a high resolution stereo camera,

Cloud Climatology - Gather global statistics of cloud properties to a geographic scale
of 200 kim and a temporal scale covering both diurnal and seasonal variations, The ob-
serving system consists of both an active and a passive instrument: the laser ranging
system and the cloud physics radiometer,

Solar Energy Monitormg - Measure the solar constant and solar spectral irradiance
from 0, 25 to 4, 0 um and the variability of the parameters. The candidafe sensor for
this misgion is an eclectic satellite pyrheliometer.

Ozone Sounding - Calibrate ozone monitoring sensors on free flying satellites by use of
a standardized instrument utilizing the backscattered ultraviclet technique. The solar/
backseatter ultraviolet spectrometer is required for this mission,

Congtituent Measurements - Determine whether there are changes in the radiating trans-
fer characteristics of the atmosphere and a depletion of the stratospheric ozone concen-
tration due to the introduction of man-made pollutants into the-stratosphere, and identify
the critical constituents. The experiment objectives can be satisfied by a grouping of
‘photometers, radiometers, and interferometers such as: LACATE, HALOE, SER, HSI,
SBUV, ESP*,

*See Table 3-2 for identification
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Sea Surface Temperature - Demonstrate high spatial resolution mapping of sea surface
temperature for application to circulation studies and modeling, fog prediction, upper
ocean forecasting, and fisheries operations. A scamning microwave radiometer comple~
mented by a microwave scatterometer are.required for this experinient.

QOcean Currents ~ Develop signatures for the detection and mapping of ocean currents,
eddies, and internal waves; and to further the understanding of the interaction of currents
with waves, The ultimate objective is to measure magnifudes and directions of current
flows. Primary sensors for this experiment are an altimeter and a microwave scatter-
ometer,

Ocean Waveg - Provide verification data for wave forecasting models and coastal zone
wave climatology. Partial experiment data can be obtained with an altimeter and a
thematic mapper,

Flectromagnetic Environment - Measure and characterize electromagnetic environment
interference at frequencies allocated for space uge by establishing a capability for mon-
itoring the RF spectrum in the frequency range from 0.4 to 43 GHz, A sensor system
consistipg of multiple antennas and receivers is required for this experiment,

Millimeter Wave Propagation - Determine propagation losses resulting from absorption
and scattering caused by hydrometeors at frequency bands above 10 GHz, The milli-
meter wave experiment consists of an uplmk, a downlink, and a transponder.

Microwave Scatterometer - Optimize sensor characteristics for acquiring surface re-
flecting measurements to be used in determining surface roughness, wind speed, and
precipitation level. The candidate sensor is a microwave scafterometer,

Passive Atmospheric Sounding - Develop profiles for atmospheric characteristics such
as density and temperature to be used for atmospheric fransport studies,

3.2 SYNERGISTIC PAYLOAD BENEFITS

From a synergistic standpoint, the experiments included within this payload provide many
opporfunities for enhanced information, This synergism occurs for both intradiscipline ex-
periments as well as cross-discipline combinations, Examples of payload synergism are pro-

vided in the following paragraphs.

The Urban and Regional Planning and Timber Inventory missions are both land area de-
lineating processes, Each may contribute data to regional land use inventories or may in-

eract with regard to establishing boundaries.



The effects of solar energy on climate, and perhaps weather, can be determined by flying

a Solar Energy Monitoring experiment with a Cloud Climatology experiment.

Measurement data obtained for the Millimeter Wave Propagation experiment will include R¥F
attenuation and phase distortion caused by atmospheric phenomena, The Cloud Climatology,
Solar Energy Monitoring, and Constituent Measurement experiments will provide valuable

information about atmosperhic disturbances and their effect on Millimeter Wave Propagation.

The predominant species of concern in the atmosphere is ozone. The Ozone Sounding mission
will benefit from association with the Constituent Measurement experiment by determining

to what extent there is a depletion of the stratospheric ozone concentration due to the mtro-
duction of man~made pollutants into the stratogphere, and thke identification of the critical

constituents,

Grouping the Sea Surface Temperature, Ocean Currents, and Ocean Waves experiments
together essentially results in another larger experiment focused on the study of tropical
storms, The combined measurement of water vapor, liquid water content, surface winds,
sea surface femperature, wave fields, and water level should lead to a better understanding

of the growth and movement of storms, and the development of storm surges,

3.3 EQUIPMENT COMMONALITY

Commonality of equipment for the EVAL experiments included within this payload is shown
in Table 3~1. From this chart it can be seen that almost all of the sensors have applica-
tion in more than one experiment, and within more than one discipline, In particular, an

instrument such as the thematic mapper is required, or desired, for half of the experiments.



Table 3-1,

Sensor Commonality

Missions

Sensors

Cloud Climatology
Solar Energy Monitoring
Ozone Sounding

Ocean Waves

Electromagnetic Environment
Millimeter Wave Propagation

Thematic Mapper

Photo Pack (Large Format Camera)
S-193 Rad/Scat/Alt

GEOS C Altimeter

Scanning Microwave Radiometer
Laser Ranging System

Cloud Physics Radiometer
LACATE

HALOE

SER

HSI

SBUV

ESP

EEE

@ @ Urban & Regional Planning

™ @ @ Timber Inventory

o @ @ Mineral Survey

M 1 Constifuent Measurements

b | Sea Surface Temperature

>

®

¥ | Ocean Currents

* @O

) ™

Legend:® Required
X  Desired




Obgervation of Table 3-1 also provides an indication of potential instrument sub-groups

which should be considered when assigning the various sensors fo the pallets and SEQPS,

For instance, the thematic mapper and photo pack (large format camera) are required in-
struments for all of the Earth Resource missions considered on this payload, This subﬂ—group
might therefore be developed and grouped as a facility type complement of instruments.
Bimilarly, a sub-group consisting of LACATE, HALOE, SER, HSI might be considered as a
facility type complement for use by Environmental Quality investigators, and assigned a
specific portion of the payload. Amnother grouping of the $-193, SSMR/SMMR, and GEOS
altimeter might also be considered as a facility group for Earth and Ocean Dynamics., An
attempt is made in the Subsequent payload layouts to preserve these sub-groups to the ex-

tent possible.

3.4 EVAL PAYLOAD

The complete payload for this flight is pictured in Figure 3-2, The EVAL complement is
located on the last two pallets and the SEOPS, while the ESA complement is contained on the
first pallet., Scientific descriptions of the various EVAL sensors shown in these illustrations
are provided in Tables 3-2 and 3-3, (The scientific description and engineering details of
the ESA payload are unavailable and have been omitted from these tables), The engineering

details associated with this payload are provided in the following sections.
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Table 3-2,

Payload Description

Spectral Bards

Sensor Generle Name ‘T'ype Objective Number Location Viewing Total Angular Coverage Instantancous Tield-of-View
Electromagnetic Envit onment Antenna Passive Microwave Map ItF Intexfe:ence 6 0 1 - 105 Gliz Nadir #80° +180° Azimuth, +80 Elevation | 0 4° - 30°
Assembly (DEL)
Millimeter Wave Tranaponder (MW} Active Mlcrowave Measure RF Prop« 2 30 GHz, 20 GHz | Nadir (Auto- +180% Azimuth, +80 Elevation | ¢ 85% - 1,4°
agation Losscs track)
GEOS-C Altimeter Actlve Micrownve Measur o Altitude Above] 1 13 9 Gliz HNadfy 15° 15°
Cecean
Seanning Multlchannel Microwave Radio- | Dicke Type Radio- Measure Ocean Sur= 8 g 6 -37GHz Along Velocity 490 0 71°.2 5° .
meter (SMME) meter face Tempet ature and Veclor, Down * .
Currents 45° (Conical +
25° Se¢an)
Microwave Scatterometer (S-193) Mierowave Radio- Measure Ocean Temp- 1 13 5 GHz Nadir 18 15°
meter/Scatterometer | erature Distribution
Cloud Physics Radiometor (CPR) Seanning Imaging Measure Cloud Height, | 8 6 75 - 10 9% um | Nadlr 50° 0 4°
Radiometer Temperature, and
Water Content
Laser Ranging System (LRS}) Active Optical Measure Cloud Height 1 Nd Yag Nadir 130° o 028°
and Water Droplets
Lower Atmospheric Composition and Sennning Spectial Measure Stratospher- 10 G1-17,5um Eamith's Limb | #69, -5° Clevation + 15¢ 014% v 286°, 0282 ¢ 143°
Tetperature Experiment (LACATE) Radiometer i Profiles of Con=- Azimuth 05670 x 143
stituent Speeles and
Acrosoels
Halegen Oceultation Experiment (TALOL)| Extinction Photo~ Measure St atospher- ] 21-5%um Solax View at | Solar Occultstion 017°
moter ic Profiles of Halogens Hor dzon
Solax Extinction Radiomcter (SER) Entinetion Radio- Measuie Stratosphor- 4 038-1,0um Solar View at +180° Azimuth, -249 + 10° 017°
meter i¢ Profiles of Ozone Horizon Elgvation
Aciosols
High Speed Interferometer (HSI) Michclson Intor- Mensure Content of Ma 2-6um Solar View at 1 26° 1 269
ferometex diolecular Specles Horizon
Solar Backseatter Ultraviclet (SBUV} Spectal Radiometer | Measure Selar 12 160 = 400 um Nadir n 3¢ 11,3°
Irradiance
Eclectic Satcllite Pyxhellometer (ESP} | Spectral Radiometer | Measure Solar Con- 3 025 -4,0um Solar {Full Sun) 16° 16°
stant
Thematic Mapper {TM) Scanning Spectral Obtain High Reso- H 05~11um Nadir +20° 14% Azimuth, 29 Elevation 00279 Azimuth, 00682 Elevation
Radlomete: Iutien Multispce- 1 155=1175um
tral Imagery 1 21~-235um
1 10 1 - 12 Gum
Large Format Camera (LFC) Framing Mapplng Provide High Reso- 1 05=-90,8um Nadir 40° Cross Track 0017°

Camern

lutfon, Stereo Image-
Iy

80° Along Trach
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Table 3-3, Payload Support Requirements
b
Suze Weight Ave Puwn Peah PW2 Data Ralte Pomting Stability
Accuracy Amplitude
CM CM CM kg Watts Watts BPS Tield-of-View] View Anele (Deg) (Sec)
MW 300 300 30 70 250 250 50K 0 859-1 4° Nadi
EEE/{Pallet) 350 280 250 265 550 Goo 83K ave, | 1°-30° Nadit ;_i-_80° 61 180
{Spacelah) 48 ki 50 25 1M max,
GLOSC Altimeter 66 66 15 68 150 150 15K 15° Nadn 01 72
(Electi onies) 56 64 G
0
SMMR 80 80 18 24 61 61 1 8K 2 o 6(3531?2) +25%Cross- 01 72
{Blectz omes) 15 30 w {6.6GHz) | frack
LRS 82 57 36 260 250 250 50K 0.5 miad +65° Nadir 2 mrad 0 2 mrad
Cloud Physics Rad 81 25 35 187 5 25 500K 0 4° 900 02 TBD
#\W Scatter ometer (S-193) 193 56 12 95 153 350 5 3K 27 mrad 489 240 180
+60 Along
Tiack
LACATE 52 37 37 T 50 80 4K 2 5mtad +450 Cross 001 5
(Electyonos) 15 30 17 Trock
+62 Along
HALOL 45 36 56 20 20 50 1K . 0179 Track 0s TBD
{Elect: onies) 20 10 25 +TBD Cross
SER 42 42 42 22 17 50 4K 0170 +6% Along (U TBD
Track
18I 40 “0 20 23 50 50 50K 1 25° TBD .06 20
(Electt onics) 40 40 20
SBUV 53 38 21 20 i5 19 650 12° 4459 Cross 03 100
(Electronics) 33 15 20 Track
ESP 25 18 15 14 35 23 320 16° TED 05 TBD
(Sun Tracher) 14 34 9
™ 116 93 60 180 55 80 120M 140 Azimuth | +£200 Off 05 6
20 Elevation | Nadir
Pointing
LFC 79 64 73 136 120 500 f or N/A 749 x 380 74 x 38° 25 [
10ms/frame
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SECTION 4
PHYSICAL ACCOMMODATIONS

The physical accommodation of payload eguipment on the Spacelab pallets, in the pressur-
ized module, and on the SEOPS presents a multi-faceted challenge to the payload designer.
Available volumes and areas are limited, field-of-view reguirements are often conflicting,
and weight and balance constramts can be critical. The combined EVAL/ESA payload meets
all design constraints with some minor restrictions on experiment operation and the addition

of 1800 kg of ballast on the aft pallet to achieve an acceptable c.g. location,

4.1 PAYLOAD WEIGHTS AND LOCATIONS

Payload and payload chargeable weights of experiments, experiment support equipment,
carriers (Spacelab and SEOPS), excess crew, and contingency allowance are summarized in
Table 4-1, The payload launch weight of 12, 871 kg noted in this table is well below the al-
lowable launch weight of ~ 25, 000 kg associated with the launch conditions specified for this

flight.

Spacelab and SEOPS weights are broken down in Table 4-2, Mission-dependent subsystems
(consisting of Spacelab racks and other mounting structure; habitability equipment; EPDS,
C&DMS, and ECS equipment; common payload support equipment; and a Spacecraft weight
reserve) are estimated to weigh 1379 kg based on the weight budget for Spacelab No., 1.
Weights for missior independent subsystems, the transfer tunnel, and mission independent

Orbiter support are the latest available Spacelab element mass properties values (8/10/76).

A payload layout drawing is shown in Figure 4-1, Significant features of the drawing are:

1, The SER, ESP, ISI, and HALOE are installed on a small stabilized pointing plat-
form, Minimount, which is attached to the port side of the SEOPS hridge section,
For a morning launch and a nose forward, inverted (X-IOP, Z-LV) attitude, the
port side is the sunlit side.

2. The LRS, CPR, and SMMR are mounted to the port side bracket of the small
ingtrument pointing system (SIPS), allowing the S-193 antenna and electronics to be
mounted on the starboard side of the pallet, The SMMR antenna faces in the op-
posite direction from the LRS and CPR, (SMMR does not operate when LRS and
CPR operate),
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Table 4-1. Payload and Payload Chargeable Weights

Launch Weight
(kg)

Landed Weight
(kg)

Experiment Sensors

HALOE
SER

ESP

HSI

ALT
SBUV

™
ESA-PAS
ESA-MWS
LRS

CPR
SMMR
5-193
LFC
LACATE
EEE/MW

Experiment Support Equipment

Minimount

SIPS

Cryostats

PAS Scan Platform

EEE/MW

VHDRR

OEDSF

Cloud Climatology Electronics
Misc. Expt. Support Equipment

Other Payload Chargeable Weight

Crew, Eqpt, Consumables (above baseline)
Payload Weight Contingency

Spacelabh and SECPS

Mission Independent Subsystems
Mission Dependent Subsystem
Transfer Tunnel

Orbiter Support Equipment
SEQPS .

Total Payload Weight at Launch
Total Payload Weight at Landing

Payload Weight Margin (P/L Limit = 14515)

1512

(20)
(22)
(14)
(23)
(68)
(20)
(180)
(101)
(150)
(60)
(187)
(24)
(95)
(136)
(77)
(335)

1748

(200)
(764)
(14)
(40)
(25)
(230)
(115)
(50)
(310)

416

(268)
(148)

9195

(5724)
(1379)
(352)
(1377)
(363)

12871

1512

(20)
(22}
(14)
(23)
(68)
(20)
(180)
(101)
(150)
(60)
(187)
(24)
(95)
(136)
(77)
(335)

1748

(200)
(764)
(14)
(40) -
(25)
(230)
{115)
(50)
(310)

416

(268)
(148)

8752

(5668)
(1379)
(352)
(990)
(363)

L

12428
2087
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Table 4-2, Spacelab and SEOPS Weights

Launch Weight

Landed Weight

(kg) (kg)
Mission Independent Subsystems 5724 5668
Module (3452) (3396)
Pallets (3) (1939) (1939}
Utility Harness (Forward) (236} (236)
Payload Specialist Station (Orbiter Aft Flight (97) o7)
Deck)
Transfer Tunnel 352 352
Tunnel/Air Duct (352} (352)
Mission Dependent Subsystems 1379 1379
Racks, RAU's, EPDS Eqpt, etc. ‘ (1379) (1379)
Mission Independent Orbiter Support 1377 990
Orbiter Energy Kit (Electrical Energy) (756) (369)
Heat Rejection Kit (88) (88)
Retention Fittings (1 Set) (125) (125)
Tunnel Adapter (408) (408)
SEQPS 363 363
Bridge Structure (313) (313)
Support Subgystem (50) (50)
Total Spacelab and SEOPS Weight 9195 87562




4,2 PAYLOAD CENTER OF GRAVITY

The aerodynamic flight phases of the Shuttle Orbit er (entry and landing, boost phase abort)
place rigid center of gravity constraints on Shuttle payloads,
limits which require payload c.g. to be in the aft portion of the payload bay, and the y-axis
limits which-require payload c.g. to be within a few inches of the payload bay center line.

Z-axis limits are less stringent, allowing c.g. locations up to 4 feet above or below the pay-
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The aft pallet ig ballasted for c, g, purposes.

MW equipment.

load bay centerline,

44

The ballast (assumed to be lead shot
in suitable containers) is attached to available hardpoints not utilized by the EEE/

The

most severe are the X-axis



All payload chargeable items are included in c,g. determination, including payload equip~
ment in the Orbiter Aft Flight Deck and crew consumables, crew equipment, and mission
extension kits over and above baseline allowances. For a Spacelab mission, all mission
independent and mission dependent equipment is payload chargeable, including the Transfer

Tunnel and Tunnel Adapter, The Orbiter Airlock is not payload chargeable.

Payload ¢, g, locations for the combined EVAL/ESA mission are shown in Table 4-3, The
unballasted payload c.g. falls outside the x-axis limit for both landing and launch (See
Figure 4-2). Return payload weight of 12428 kg leaves a payload weight margin of 2087 kg,
If 1800 kg of ballast is added to the aft pallet in order to move payload longitudinal, e.g.,
within the acceptable envelope, a mission weight margin of 287 kg results, 1800 kg of

ballast is therefore assumed to be added to the payload.

Return payload weight of 12428 kg leaves a payload weight margin of 2087 kg, X 1800 kg of
ballast is added fo the aft pallet in order to move payload longitudinal, c¢.g., within the ac-

ceptable envelope, a misgion weight margin of 287 kg results,

Payload c.g. locations in the Y and Z axis directions are well within limits for both the

ballasted and unballasted case (Figures 4-3 and 4-4),

4.3 PRESSURIZED VOLUME

The Short Module (Core Segment only) configuration provides 5. 30 m? of payload volume in
two double racks and 2 single racks. Table 44 indicates that only about 1/3 of this cap-
ability is required by the combined EVAL/ESA payload. This is at best an estimate - the
Control and Display (C&D) and electronic support requirements of most experiments are not
defined at present, It would appear, however, that ample pressurized volume is available

for this payload.

The total payload weight capability of the Core Segment racks is 1740 kg, The currently id-
entified weight of pressurized equipment is 513 kg, which is well within this limit, Hence,
ample payload weight capability is available for pressurized equipment, except as constrained
by total payload weight margin and ¢, g, requirements, These constraints are discussed

in the next section.
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Table 4-3. Payload Center of Gravity

Weight Xeg Yeg Zeg
{ke) (m) (m) (m)

Experiment Sensors
HALOE 20 3.17 1.45 1.35
SER 22 2.72 1.45 1.15
ESP 14 3.10 1,14 1.10
H81 23 3.07 1,83 1.20
ALT 68 2,97 0.50 0.60
SBUV 20 3.15 | -0.33 0.65
™ 180 2,97 -1.23 0.65
ESA-PAS 101 9,75 | ~0.70 0,45
ESA-MWS 150 11,27 1,45 1.35
LRS 60 13.32 0.70 0. 50
CPR 187 13.28 1.28 0.50
SMMR 24 13.84 0.96 0,50
5193 95 4,35 -1,56 0. 10
LFC 136 14,47 1.80 1,00
LACATE 77 12,51 1.85 0.55
EEE/MW 3356 16.40 0 0.45
Expt. Support Egpt.
Minimount 200 2.97 1.45 0. 60
SIPS 764 13,38 0.25 20, 25
Cryostats 14 8,75 0 -1, 80
PAS Scan Platform 40 9.75 ~0.40 0
EEE/MW Control & Display 25 5,91 | ~1.50 0
VHDRR 230 5,91 | -1.50 0
OEDSF 115 5,91 | -1.50 0
Cloud Climatology Elect 50 6,17 | -1.50 0
Misc Expt Support Eqpt. 279 13,42 0.50 0
Other P/L Welghts
Crew Eqgpt 268 -0.81 0 1.50
P/L Contingency 122 13,42 0 0
Spacelab & SEQPS
Miss, Ind Syst 5724 (launch) 8.57 | -0,01 -0.55
Miss. Ind Syst 5668 (land) 8.57 | -0,01 -0.55
Miss, Dep. Syst 13879 8.13 0 0
Transfer Tunnel 352 3.60 0 -0.46
Orb Support Eqpt 1377 (launch) 7.26 0 0
Orb Support Eqpt 990 (land) 7.26 0 0
SECPS 363 2,97 0 -0, 70
Center of Gravity at Launch 8.49 0,041 -0,18
Center of Gravity at Landing 8.52 0.042| -0,18
Bollast 1800 17.5 0 -1.60
Center of Gravity at Launch 9. 60 0.036| -0.35
Center of Gravity at Landmg 9. 66 0. 037 -0, 36
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Table 4-4, Pregsurized Equipment
Equipment Weight Volume Remarks

EEE/MW C&D 25 kg .18 m3 Included in EEE/MW req'ts.
VHDRR 230 kg .42 m3 Best available information
OEDSF 115 kg .17 m3 Conservative for 2-array system
CC Electronics 50 kg .36 m3 Estimated; same density as EEE/MW
Other Electronics 93 kg .67 m3 1/3 of Mise, Expt Support Egpt.
Total Pressurized 513 kg 1. 80 m3
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4.4 FIELD OF VIEW

An assessment of EVAL experiment fields-of-view (FOV) appears in Table 4-5. The EVAL/

ESA payload arrangement (Figure 4-1) satisfies all experiment viewing requirements with

the following provisions:

The SBUV can view the sun for calibration at dusk but not at dawn due to obstruc-~
tion by the Minimount.

The Minimount must not gimbal toward the starboard when SBUV is in operation
or it will protrude into the FOV of the SBUV., (No such gimballing is planned).

The Cloud Climatology sensors lose a small portion of their viewing cone due
to obstruction by the Orbiter vertical tail.

The EEE/MW antenna can not remain deployed when other pallet experiments oper-
ate. (Retraction is planned).

SIPS must be in the stowed position when the LFC operates, (No operational con-
flicts are expected).

With the single exception of the LFC, the EVAL sensors located on the second pallet
cannot be operated when the ESA scan platform is being operated. (The ESA mis-
sions involving this platform have been timelined to avoid interference}.

The Minimount experiments that want to look at the sun (HALOE, SER, ESP, HSI) can do so

at each and every orbital dawn and dusk throughout the mission, The time during which the

sun is visible (above the horizon and below the open cargo bay doors) varies from about 5

minutes early in the mission to over 7 minutes late in the mission. This variation is due fo

changing 8 angle, The sun is always seen off the port side of the orbiter, in the forward

quarter at dawn and the aft quarter at dusk. Viewing azimuths (measured aft from the or-

biter X-axis) vary from about 35° at dawn and 145° at dusk early in the mission to 55 at

dawn and 120° at dusk late in the mission.
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Table 4~5. Experiment Field of View Assessment*

Experiment

Viewmg Requirement

Viewmg Capability

-HALOE

SER

ESP

HSI

ALT

SBUV

™

CPR

SMMR

S193

LFC

LACATE

EEE/MW

Solar View ab Horizon, 0179 In-
stantaneocus FOV, TBD Total FOV

Solar View at Horizon,, 0179 In-
stantaneous FOV, TBD Total FOV

Solar View (Full Sun),1, 6° Instan—
taneous FOV, 1, 6° Total FOV

Solar View at Horizon,1 25° In-
stantaneous FOV,1 250 Total FOV

Nadir Viewing,l, 59 Instantanecus
FOV, 1, 5¢ Total FOV

Nadwr Viewing, Solar View {Full
Sun} for Cal,11 3° Instantaneous
FOV, 11, 30 Total FOV

Nadir Viewmng, +20° Offset (Cross
Track), . 00179%, 0068° Ingtantane-
ous FOV, 149 Total FOV (Cross
Track), 20 Total FOV (Along Track}

Discrefe Targets (Cloud Tops),
+65° Off Nadir (Comeal), 03¢ In-
stantaneous FOV,. 03° Total FOV

Discrete Targets {Cloud Tops),
+65° Off Nadir {Conzeal), 0, 4° In-
stantaneous FOV, 0,40 Total FOV

45° Ahead of Nadir, +25° Cross
Track Scan,0.70 to 2, 5° FOV
{Freq Dep)}4® Total FOV

Nadir viewmg,1 5° Instantaneous
FOV 489 Total FOV

Nadir sewing,40%x80° Istantan-
eous FOV,400 Total FOV (Cross
Track), 80° Total FOV (Along .
Track)

Earth's Limb (Not at Sun) , 0149
t0 . 2860 Inst FOV (Freg Dep),
+60, ~ 50 Total FOV (Elevation,
ref Horizon) +450 Total FOV {Az-
imuth, ref Orbiter Y-axis) -

Nadir Viewmg 800 Off Nadir
(Conzeal), 0,49 to 30° Instantan-
eous FOV, +180°%Total FOV (AZ-
1muth, about Nadir), 4800 Total
FOV (Elevatwon, ref Nadwr)

Mimimount on port side of SEOPS pro-
vides golar viewmg at dawn and dusk.

Mimimount on port side of SEOPS pro-
vides solar viewmg at dawn and dusk,

Minumount on port side of SEOPS pro-
vides full sun viewing for 5 to 7 minutes
after dawn and before dusk.

Minzmount on port side of SEOPS pro-
vides gsolar viewmg at dawn and dusk,

Loecation on SEOPS provides unob-
structed nadr view.

Location on SEOPS provides uncbstructed
nadir view and full sun viewmg for 5

to 6 mmutes before dusk, Solar viewmg
at dawn 15 obstructed by Minimount., Nadwr
viewing could be obstructed by Mmimount
if unplanned gimballing oceurs  Solar
viewing at dusk may be obstructed by
Minimoeunt late m the mission as 2

angle decreases,

Location on starboard side of SEQPS
prevides unobstructed nadir view and
20° offset pomting to either side.

SIPS on 2nd pallet provides full 130°
conical view obstructed only by the Or-
biter vertical ta1l and the EEE/MW an-
temna when extended,

SIPS on 2nd pallet provides full 1300
conical view obstructed only by the Or-
bifer vertieal tail and the EEE/MW an-
tenna when extended,

SIPS on 2nd pallet provides unobsiructed
view up to 807 ahead of nadir.

Location on starboard side of 2nd pallet
provides unobstructed nadmr view.

Location on port side of 2nd pallet pro-
vides unobstructed nadir view with SIPS
1n stowed position,

Location on port side of 2nd pallet pro-
vides unobstructed view of horizon up to
70° fore and aft of Orbrter Y-axis direc-
tion,

Deployment to 7 meters above 3rd pallet
provides unobstructed hemispherical view

*The ESA experiments field-of-view requirements are unavailable, therefore, an assessment
of the payload ability to accommodate these requirements has been omitted from this table
A

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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4,5 INTERFACES

Payload to Shuttle/Spacelab interface definition is begun with schematic diagrams that de-
fine the payload accommodation resources utilized by each experiment. Two examples of
these experiment schematics are given in Figures 4-5 and 4~6. The first figure shows re-
quired connections between the HSI sensor and the SEOPS mounting systems; while the sec-
ond shows connections between the EEE/MW experiment and the Spacelab module and pallet.
Electric power, command/telemetry, data, C&W, thermal control, mounting, and pointing
system connections are defined, A full set of schematics for the EVAL experiments are
given in Appendix A, Once again, lack of definition prevents the inclusion of schematics for

the ESA experiments.

The experiment schematics identify the experiment to Shuttle/Spacelab interfaces that must
be designed. For example, the pallet mounted EEE/MW equipment must tie into pallet hard
points because of its large size and weight, (Smaller egquipment can mount directly to pal-
let floor or skin panels), Spacelab unregulated dc power can be used if the experiment de-
sign incorporates the proper power conditioning/supply equipment, Provisions must be made
to route experiment data through the Spacelab high rate digital chamnels. Caution and warn-

ing circuits are required to monitor antenna deployment and retraction,
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Figure 4-5. EVAL Expt. Schematic (FISI)
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On SEOPS, the HSI equipment requires a poinfing system such as Minimount, Electric power
will be used as provided, and all’ experiment data will be recorded. High voltages in the
HSI electronics may require C&W monitoring, Active thermal control {ATC) may be re-

quired; and if so, it can be provided by the Minimount cannister,

Once the individual experiment interfaces have been identified, the combined payload to
Shuttle/Spacelab interfaces can be investigated. This is accomplished with a system sche-
matic as shown in Figure 4~7. Payload equipment is assigned a specific rack, pallet, or
other Iocation; and all required conhnections are shown, Each connection is analyzed to en-
sure that combined payload requirements are compatible with the payload accommodation cap-
abilities of each carrier element (rack, pallet, SEOPS, etc). When compatibility is ensured,

detailed interface design can proceed.

The EVAL portion of the EVAL/ESA payload shows no interface incompatibilities. The
thematic mapper requires a special line to fransmit very high rate data to the VHDRR in the
Spacelab module. This line uses available capability in the forware end cone feed through
panel. Electric power, command/telemetry, and caution & warning connections between
SEOPS and Orbiter are mounted through utility service panels on the forward bulkhead of the
cargo bay (Sta 576) and on the starboard sidewall (Sta 695). These locations ave shared with
Spacelab, resulting in a common power bus and a common data (Command/telemefry) bus
for SEOPS and Spacelab.

4-15/16



SECTION 5

OPERATIONS



SECTION 5
OPERATIONS

5.1 EXPERIMENT OBSERVATIONS

An assessment of on-orbit mission operations related to the EVAL/ESA payload has been
periormed to determine experiment observation periods, crew requirements and timelines,

and profiles for mission resources such as power and dzta.

The approach involved fitting the requirements of the various experiments/missions to the
orbital conditions of the flight in the most judicious manner. Initially, earth oriented target
locations, both point and area, were identified for the specific experiments and spoited on a
global map. Table 5-1 correlates this data along with lighting and operation requirements

for each experiment,

Next, orbits were run for a 7-day sortie mission having the specified conditions of 325 km
altitude and 579 mclination; and assuming a launch from the ETR at Cape Kennedy., Orbit
eccentricity and decay rate are both specified as zero, and imjection 18 assumed to be over
Cape Kennedy at the time of launch for simplicity. The launch time and data were selected

as 0700 Eastern Standard Time on the 15th of September (the prescribed month) fo ensure
significant daylight observation time over CONUS, the N. Atlantic, and the N, Pacific - which
are prime target areas for many qf the experiments, As.a conseguence, the southern hemi-

sphere is generally overflown at night,

Recovery was accomplished on Orbit 115 on a Northwest to Southeast pass just West of
Florida. (This necessitates a short cross range maneuver of approximately 110 miles,
Shuttle is capable of maneuvers up to 800 miles; therefore, this requirement is well within

its. capability.) Estimated landing time 1s approximately 13:50 Eastern Standard Time.

From the orbit calculations, ground tracks are obtained which indicate which orbits overfly
the various target areas. A sample of these ground tracks for a typical one day time frame,

approximately 16 orbits, is shown in Figure 5-1. The times and lighting conditions associated
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Table 5-1, Target Requirements

Experiment

Target

Lighting

Operation

Ocean Waves
Ccean Currents
Sea Surface Temp.
Urban Planning
Tumber Inventory
Mineral Survey
Electromagnetic

Environment

Millimeter Wave

Cloud Clumatology

Solar Energy Monitor

Ozone Mapping

Constituent Meas.

Microwave Scatiermoter

Passive Atmospheric
Sounding

N, Atlantic, N. Pacific

Gulf Stream, Sea of Japan

Grand Banks, Spamsh Sahara
Coast, Peruvian Coast, Inter—
troprcal Convergence Zone

CONUS (56 Cities) Plus Hawail
CONUS

CONUS, Chile, Peru, Zaire,
Zamha

CONUS

CONUS, (Virgima Polytechme In-
stitute, Goddard Space Flight
Center, Ohio State Umversity,
Rosman, North Carolina}

Global (0 to + 15° Latitude, 30°
to 50° Latitude)

Total Sun
Global (20° to 50° N and 8
Latitude Over Continental Areas)

Anywhere

Broad Ocean Areas

Global

Daytime

Daytime

Daytime

Daytime

Daytime

Daytime

Day and Night

Day or Might

Day or Night

Day

Daytime

Sunrise and Sunset

Day and Night

Day and Night

10 Min. Per Data Pass; 3
Passes Minimum in ea, Area

2 Passes Mimmum in ea, Area

2 Passes Minimum in ea, Area

1 Photographable Pass Sufficient
Over Each Designated City

1 Photographable Pass Sufficient
Over Each Designated Area

1 Photographable Pass Sufficient
Over Each Designated Area

As Many Passes as Possible

As Many Passes as Possible,
Preferably During Rawn

As Many Passes as Possible, 10
Minutes Duration on Each Pass

3 Times a Day Ea. Day - Mim-
mum 3 Min. Per Data Take

3 Observations of 15 Min. Ea,,
Plus 2 Sun Calibration

18 Observations Desired, 5 M-
utes Each

A Mimmmum of Three 10 Minute
Passes Each Durng Daylight and
Night-time

As Many Data Takes as Possible
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Figure 5-1. EVAL Mission Ground Trace

with these target crossings have been tahulated and ave inciluded ag Appendix B, Tables 5-2
and 5-3 summaxrize the target opportunities and selected data taking operations, A nominal
cross track distance of 100 nm was assumed to he in the range of experiment pointing cap-
abilities, Any ground locations falling within the ground track swath of 200 nm was therefore
considered to be a potential experiment opportunity, If is evident from this data and Appendix
B that several target locations; i,e,, the Gulf Stream and Chile, are observed only a few times
throughout the entire flight; while other target areas, such as Zaire and Zambia are overflown

more frequently, but have relatively few data gathering opportunities during daylight.

The assignment of orbital data faking segments was predicated on obtaining sufficient data
over those targets observed only a few times as a first priority. (It should be noted here that
the; first and final eight orbits were arbitramly excluded from any data taking and reserved
for STS operations.) Next, orbital passes over CONUé were divided among the experiments

based on geographical proximity of the target to the ground track, lhighting, and number of
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Table 5-2, CONUS Target Opportunities/Selections

# of # of Total Minutes
Experiment ' Area Opportunities| Selections of Data

Millimeter Waves| VPI, GSFC, OSU, Rosman 11 8 19,5 '
Electromagnetic | CONUS ' 12 12 74
Environment

Mineral Survey |S.W, United States 15 4 18

Timber Inventory | CONUS 41 30

Urban Planning CONUS 41 11 56

Urban Planning Hawaii 4 2 4

Table 5-3, Non-CONUS Target Opportunities/Selections

# of # of Total Minutes
Experiment Area Opportunities Selections of Data
Ocean Currents Gulf Stream 4 4 6.5
Ocean Currents Sea of Japan 14 10 20.5
Sea Surface Temp. Newfoundland Banks 10 5 11.5
Sea Surface Temp. Spanish Sahara 8 5 12,5
Coast
Sea Surface Temp. Peruvian Coast 5 2 12
Mineral Survey Northern Chile 3 2 4.5
Mineral Survey Peru 4 2 12
Minexral Survey Zaire 8 5 21
Mineral Survey Zambia 6 3 6.5

opportunities, Finally, those experiments involving global or large area coverage were

accommodated as fillers in the timelines. The Solar Monitoring, Constituent Measurement,

Cloud Climatology, and Ozone Mapping experiments are included in this category for the

following reasons:
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1, Solar Moniforing - independent of geographic location, target is the full sun;
opportunities exist twice each orbit during the post sunrise/pre sunset time frames,

2, Constituent Measurement - global coverage is the ultimate goal, but observation
must occur during the sunrise and sunset time frames.

3. Cloud Climatology - essentially independent of geographic area since the targetfs are
clouds, which can be found almost globally; however, statistical probabilities in-
dicate latitudes between 0-15% and 30-50° are most promising,

4, Ogzone Mapping - total earth coverage is the ultimate goal; however, continental areas
between 20-50° North and South latitude are first priorities,

5. Passive Atmospheric Sounding - global coverage is the uitimate goal,

Similarly, the Ocean Waves experiment over the Noxth Atlantic and North Pacific, the Sea
Surface Temperature experiment over the Intertropical Convergence Zone, and the ESA
Microwave Scatterometer over broad ocean areas ave used as fillers since they are overflown
many times and have many data taking opportunities with essentially no competition for oper-
ations during that time, A definite attempt was made here to achieve a patterned coverage

over the enfivety of these areas. Snapshot illustrations for each experiment requiring definitive

target coverage are shown in Figures 5-2 through 5-11,

Also considered in the assignment of data taking opportunities for the various experiments
was the probability of experiment success as it is influenced by cloud cover., Experiments
such as Urban Planning, Mineral Survey, and Timber Inventory are dependent upon the ability
to acquire good photographic data. For the purposes of this study, photographable skies are
defined as those skies in which there is at least 75% visibility (up to 25% obscurity by haze or
partly cloudy skies may exist). Information obtained from a reference document - ""Further
Developments‘in Cloud Statistics —-,'" NAS CR~61389 ~ indicates the probability of clear and
phofographable conditions for various geographic locations. Table 5-4 summarizes this data

for the period between August and September for the geographic areas of interest,

It is observed from Table 5-4 that there is a relatively high probability (70%) of encountering
photographable conditions for the Mineral Survey experiment over the CONUS target area -
Southwestern U,8. The probability of photographable conditions for the non-CONUS areas of
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the Mineral Survey experiment (Chile, Peru, Zambia, Zaire) is approximately 50%, with
the exception of the northern Chile area, which is 70%. Table 5-5 indicates the number of
passes over these target areas, and-the overall probability of experiment success for the
flight,

Table 5-4, Probahilities for Cloud Conditions

Clear Photographable Rain Clouds
Northeastern CONUS 28 45 19
Northwestern CONUS 45 64 11
Southwestern CONUS 41 70 4
Southeastern CONUS 23 43 20
Hawaii 3 25 -
Northern Chile a 70 -
Southern Peru 20 50 - -
Zambia 22 52 -
Zaire - 20 ) 51 -

Somewhat different results are noted for the Urban Planning mission, in that more data passes
are required over areas such as the northeastern and north-central CONUS to achieve a high

probahility of migsion success, In those areas where only one or two opportunities are avail-
able (Northwestern CONUS, Southeastern CONUS, Hawaii}, the probability of mission success

ig only moderate,

The probability of having photographable conditions on any one pass over the target areas for
the Timber Inventory experiment are similar to the conditions which exist for the Urban
Planning mission (i.e., 40% to 70%). The number of available opportunities to accomplish
this experiment in the specified areas are also limited however, therefore, the overall
probability of experiment success for the flight is not generally as high as for the other ex-

periments,
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Table 5-5, Probability of Mission Success

Probability of Probability of
Photographable Number of Mission
Conditions Passes Success
Mineyral Survey
Southwestern CONUS 70 4 99
Noxrthern Chnle 70 2 91
Southern Peru 50 2 75
Zambia 52 3 89
Zaire 51 5 o7
Urban Planning
Northeastern CONUS 45 ( 98
Northwestern CONUS 64 1 64
Bouthwestern CONUS 70 4 99
Southeastern CONUS 43 1 43
Hawaii 25 2 44
Forest ITnventory
Northeastern CONUS 45 3 84
Northwestern CONUS 64 1 64
Southeastern CONUS 43 1 43
Millimeter Wave Propogation
Mid Atlantic States 19 (Rain) 8 75

For the larger geographical target areas, the probability of mission success can probably be
improved by some form of adaptive cloud avoidance, Optical and/or microwave systems could
be developed to look ahead and discern cloud free areas to which the Orbiter could be man-
euvered; or the system might be as simple as using a crewman to visually look ahead and se-
lect the most promising areas, Resl-time coordination with observers physically located in

the target areas might also prove feasible,
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In the case of the Millimeter Wave Propagation experiment, the situation is reversed in that
the primary interest is transmitting microwaves through ramn clouds rather than photograph-~
ing through clear skies, (A few transmissions in clear skies are also required, however, for
calibration purposes,) Consequently the statistic of interest in this case 1s the probability of
rain clouds in the target area, which 1s the mid-Atlantic states, Table 5-5 indicates that while
the probability of rain clouds existing over the target area is quite low (19%), the probability

of experiment success is high because of the number of opportumties which are scheduled.

5,2 MISSION TIME LINES

In addition to satisfying the previously mentioned experiment observation requirements, ex-

periments were also timelined to achieve synergistic benefits whenever possible, and a self-
imposed viewing constraint was observed for other sensors whenever the EEE/MW antenna

assembly was deployed or the ESA scan platform was operating,

The overall process involved geveral iterations, with the resultant being a set of mission
timelines, A sample of this mission timeline is shown in Figure 5-12, while the complete
set is provided as Appendix C, The power and data profiles shown across the bottom of these
timelines indicate the power and data profiles for the EVAL gensors only. The mission "on"
times are indicated by the horizontal dark lines, while the interval encompassed by the verti-

cal fick marks on fhese lines denotes the actual data gathering period.

It is observed from the EVAL timelines that throughout the mission, operations are characi-
evized by periods of high activity, followed by approximately one hour of no cbservations or
measurements, and then another period of activity followed by another period of inactivity.
This cycle 1s essentially repeated throughout the flight, and is caused by a combination of
factors involving lighting and geographical locations. Because of the launch conditions chosen,
the southern hemisphere and India/Asia/China are generally overflown during periods of dark-
ness, Thig lack of lighting, coupled with the fact that few experiment target areas are located
over these areas, accounts for the cyclical periods of mactivity. This characteristic is highly
desirable in that it allows the Shuttle/Spacelab crew, as well as the principle investigators on

the ground, time to briefly evaluate the just~acquired data and plan for the next data take. In
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this study, the ESA payloads were frequently fitted into these gaps since their target areas of

interest are qute flexible.

5.3 CREW REQUIREMENTS

Crew requirements emanating from the mission timelines indicate a two shift on-orbit oper-

ation, The Cloud Climatology experiment is conducted intermittently throughout the flight and
requires a high degree of training and on-orbit dedicated operation; therefore, two payload
specialists are required to operate this experiment and be responsible for the majority of the
other experimenis, Because of simultaneous experiment operations, Qrbiter crew support

was also utilized for monitoring selected payload experiments, (It is assumed that the Or-
biter mission specialist would be the primary crew member assisting in the experiments,
with additional support provided by either the commander or co-pilot, as available). The
total number of personnel required on board for this flight, therefore, is five; commander,
co-pilot, mission specialist, and two payload specialists. Crew operational assignments

were developed under the following ground rules:

1, Each work day contains an eight hour sleep period where possible,

2. A minimum of six hours of sleep is reguired by all crewmen prior to re-entry.

3. Three hours of each workday is required for the three meal periods.

4, 1-1/4 hours of each work day s allocated to crew pre- and post-sieep activities (PSA).
5, 1-1/2 hours of each work day is allocated to crew planning and shift change activities.

6, Payload Specialists are the prime operators of Payload Equipment with Orbiter crew
support as required.

7. The first and last eight orbits are dedicated to Orbiter/Spacelab activation functions,

8., Midnight of day six terminates Payload experiment operations,

Figure 5-13 shows a typical timeline for a particular day while the total integrated crew.
timeline is provided as Appendix D,

5-20



2%/12-§

N . (17} 2]
MISSION DAY HR ESD ] i 11 ll || ‘F 1 T_i I % L ‘F ] lIm I “r —[—@
o
DAYINIGHT CYCLE
ni < Il nl . P:FI - Ti] FTI T1] il
" GB/| CONUS NA
em 4 Ve —
o SLEEP . "
pS, 1] Lr&lﬁ FMJM
SC3 h’_‘LFMJ I EAT m
. ESTL T i 1 J?]J i 1
ORBIT CYCLE Tos % CAEH o719
DAYINIGHT CYCLE A 22z || W70
1T !é g IT Nl 1l AN RN
TGT AREA
IPLANNING ANDY
) FSA I TAT [swln CHANG §
PS2__ 1wl .
SC2 WT
1 Iie)] | _m y 1] ] I
MISSION DAY HR (EST) . r—rr-rrr 1+t 1 i 1 i T t°T
QRBIY CYCIE osloe og]100 0] [102
DAYINIGHT CYCIE [ A P | Pz 7
Tl 11l - sl!ls 1t T 11l IR . it -
ER CH
TeLAREA [ v1SM | cc ce %LI . %
C 5515 | .
__.El___@ ¢ | EAT SSST Re-eNTRY PREPS RE-ENTRY PREPS
-.._g%L_ SLEEP ] PSA L EAT L RE-ENTRY PREPS W)  RE-EMTRY PREPS
2
—1 [l 1 [Fatl ! 72t 1 [ri) 1
MISSION DAY HR (EST) I 11 717 17— 1T -1 i IT-1 1 1 @ 1_T I 1
ORBIT CYCLE 163 103[104 04105 T | 106
DAYINIGHT CYCLE
1] = n L 1 NP Il 1l ﬁll i
JGEAREA ﬁq % % 1 i
e o PSA SLEEP
P3 ) [TF] Lc¢ | RE-ENTRY PREPS CC ] REENTRY
S RE-ENTRY PREFS Ll-T]wc "EPRB,S PSA

PS - Payload Specialist
SC - Shuttle Crewman

Figure 5~13.

Crew Timeline



SECTION 6
SYSTEM REQUIREMENTS AND ACCOMMODATIONS



SECTION 6
SYSTEM REQUIREMENTS AND ACCOMMODATIONS*

6.1 DATA MANAGEMENT

The EVAL payload analyzed within this report consists of fifteen sensors, which are frequently
used in combinations ag shown in Table 6-~1 to satisfy the requirements of the various experi-
ments, In addition, multiple experiments are frequently being conducted simultaneougly;
therefore, as many as eleven sensors may be operated at a smgle time. This creates a

very complex data handling problem with data rates varying from a few hundred bits per

second fo over 120 megabits per second.

The EVAL data management problem therefore consists of three parts: providing sufficient
time to either transmit and/or record the data, identifying equipments required, and en-

suring compatibility with the Spacelab data handling system.

Shuttle will operate in the TDRSS era; thus this system is a possible solution, Data trans-
mission can be accomplished between Shuttle and TDRSS at a 50 mhps rate via a Ku band
link, and low bit rate (< 64 kbps) data can be transmitted directly over the S-band link to the
STDN. Unfortunately most of the EVAL missions have data rates well above the S-band
link's capabilities and the STDN stations are not observed for long enough periods to be
feasible. The TDRSS link is another matter, The operational mode of EVAL is Earth View-
ing, This requires pointing the posifive Z-axis (orbiter coordinates) toward the local ver-
tical, In this position the possibility of line of sight blockage due to wing and tail surfaces
between the Ku-band antenna on Shuttle and the TDRS is greatly increased over .conventional
flights with the positive axis pointing outward., This will invariably create communication

gaps in addition to the "Indian Ocean' gap inherent in the TDRSS coverage.

*Consideration of the ESA experiments have been omitted from the discussion on data handling
and pointing and stability due to lack of detail requirements. Equipment characteristics
for these experiments have been sufficient, however, to include them in the analysis on power
and thermal,
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Table 6-1. Sensor Commonality
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The standard Shuttle Ku-band antenna can be augmented, however, by an optional ""add-on'
system. (The locations of the standard and add-on Ku-band antenna on Shuttle are shown
In Figure 6~1). Estimates of the TDRS contact time available with one and two antennas 1s
provided in Table 6-2, This dual antenna system results in a charge of 131, 5 kg against
the payload and requires somewhat more sophistication to operate (mode selection, ete),

It does, however, provide greater flexibility in eliminating antenna line—of-sight blockage
to the TDRS by the Orbiter and Spacelab, Table 6-2 shows that the management of data
readout may require substantial buffering to accommodate the contact with TDRS gaps.

The standard equipment available in the Spacelab accommodations can neither buffer nor
directly handle the 120 mbps rate associated with the Thematic Mapper (TM). Thus, special

means of accommodating this data must be provided.

X, 562 / \

X_ 527 X_ 689
Ku BAND o o Y x
SYSTEM A \
] \ Y, 105

Y, 100 e | % ‘

PAYLOAD BAY

SENSOR STOWED

Ku BAND

PLAN VIEW SYSTEM B (CPTIONAL)

Figure 6-1, Ku-Band Antenna Locations



Table 6-2. TDRSS Contract Ttme (Assuming the Availability of Either of Two TDRS)

System A, Base Line System B, Two Ku-Band
L Ku-~Band Antenna Antennas
% Coverage 60 81
Avg, Continuous Coverage {Min,) 23 35
Avg, Coverage Gap (Min, ) 15 8

The timeline analysis shows that the TM will be utilized between 55 to 82 minutes per day,

or that close to 6 x 1011 bits per day are accumulated, Recording this data is an economical
solution and can provide the buffering both for slowing down the data rate and for bridging

the TDRS communications gaps. A search for a suitable recorder revealed that a develop-
ment is in progress at RCA, sponsored by NASA Goddard Space Flight Center, which may
provide a solution, The development is based upon a proposed desigh for an automatic re-
corder for advanced Landsat vehicles. The version currently in design will operate in a
pressurized cabin with an operator interface (for tape changes, servicing, efe,). Data storage
capability will be 2 x 1011 pits per reel of tape (2" wide on 14" diameter reels). The device

is not directly applicable to the EVAL problem but is early enough in the development stage

to allow minor redirecction to the requirements for a very Very High Rate Data Recorder

(VHRDR)

The VERY HIGH RATE DATA RECORDER has the following tentative specifications:

Data Rate 240 mbps (2 parallel channels of 120 mbps)
No. of Data Tracks 120

No. of Timing Tracks 12

Data Density 20 KBpi

Record Speed 100 ips

Readout Speed 100 1ps

Rewind 18 minutes and 100 ips

Track Width 8 mils

Medium 2' tape on 14" dia, glass reel, 10 kg each
Tape Change Time 4-5 minutes



Data Rafe

No, of Data Tracks
No. of Timing Tracks
Data Density

Record Speed
Readout Speed
Rewind Time

To be applicable to EVAL, the following specifications would apply:

120 mbps

120

12

20 Kbpi

50 1ps (36 minutes)

50 ips (36 min), 20 ips (90 min)

18 minutes {100 ips) acceptable, 4.5
minutes (300 ips) desired.

Track Width 8 mils

Medium 2" fape on 141" dia. glass reels, 10 kg each
Tape Change Time 45 minutes

Start Time 10 sec. or less

Stop Time 5 sec, or less

Tape Replacement Time 5 minutes or less
The slow readout option {20 ips) makes the data rafte compatible with transmission over the

Ku-band TDRSS link,

The 36-minute record time is compatible with the utilization of the TM for the required
missions associated with this flight, The timeline study showed that the TM is used for
periods ranging from 1-14 minutes with an average "on time'" being 5 minutes. The fime
between "on times" exceeds 5 minutes in almost all cases., Thus, a viable tape manage-

ment scheme can be evolved using a 36-minute record capability, start time of 10 second,

stop time of 5 seconds, and tape replacement time of 5 minutes or less (see example

Figure 6-2),
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Figure 6-2, Tape Changing Logic



An alternative solution is possible if the requirement for ground receipt of the data prior

to landing is removed. The data from EVAL can be logically partitioned into two segments,
the very high rate data from the TM, and all other data. There is no specificurgency as-
sociated with the receipt of any of the experiment data, in fact the Large Format Camera
data (used in 5 of the missions) is available only after completion of the orbital mission.
Thus, an initial ground rule that data be available within 6 to 7 days of acquisition seems via-
ble. This allows consideration of the possibility of returning all data in recorded form at
the conclusion of the mission., The sum of the data rates associated with all sensors, ex-
cluding the Thematic Mapper, is 635.8 kbps. Sampling will increase the apparent data rate
seen by the experiment data bus (which is rated at 1 mbps). To reduce the data rate at the
experiment bus, the three highest rate sensors (Electromagnetic Environment Antenma/
Millimeter Wave Transponder, Cloud Physics Radiometer, and the High Speed Interfero-
meter) are routed directly to the Spacelab High Rate Multiplexer and the lower data rate

sensors are routed to the experiment data bus (see Figure 6-3).
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This 1mplies that all data is recorded directly from the data bus (experiment computer re-
jects redundant data and compacts format) onto the High Rate Data Recorder (HRDR); while
the TM data is recorded onto the Very High Rate Data Recorder (VHRDR). The estimated
tape usage for this mode is shown in Table 6-3. The data in this table is calculated based
on the fact that mghttime experiment operations contribute only a very small portion of the
total data for this payload, aud that the daytime duty cycle (time on/total daylight pass) is

50% (or 22 min) for all non-TM operations.

Table 6-3, Tape Usage

No. of Tapes for Cost of
Data Recorder 6 Day Flight Tapes Wt/ Tape Total Tape Wt.
TM VHRDR 18 $4500 10 kg 180
All Other | HRDR 1 $180 4,8 kg 4.8

This appears to be a very cost and weight effective solution, Both the VHERDR and HRDR are
required by the system for data buffering, Thus, their cost and weight are non-negotiable
(on a system basis). The weight penalty incurred by not transmitting experiment data is

170 kg (18 tapes at 10 kg each for recording all the data versus a single tape at 10 kg for
temporary recording prior to playback). This practically offgsets the 131, 5 kg weight of the
additional Ku-band antenna that would be required to ensure suificient TDRS contact time for

real time (or close to real time) readout.

The problem involved with reading out the TM data deserves some additional discussion. The
record time is approximately 85 minutes per day on the average (at 50 ips), Rewind at 100
ips, would require 40 minutes per day and readout at 20 ips another 243 minutes per day,

plus three tape changes (fotal 15 minutes).

This results in 2 total time required for rewind and readout of 3 tapes of 328 minutes per
day, or about 1-3/4 hours per reel, Conceivably, the data could be readout from partially-
filled reels during the night portion of the orbit. If 10 minutes of TM data is accumulated
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during the daytime pass, it would require 5 minutes rewind time and 25 minutes readout
time, plug another 5 minute rewind cycle. The total time required would be 35 minutes. The
time available between successive TM activities varies from 5 minutes to 9, 7 hours. Thus,
some form of managed timeline involving line-of-sight to TDRS availability could achieve
complete data readout., The cost of using the TDRSS downlink is about $4. 72 x 10-9/bit

x 6 x 1011 bits/day x 6 days = $ 16,992, This is about four times the cost of the tapes shown
in Table 6-3, but still relatively significant. In addition, the cost of implementing the "man-
agement’" of this scheme should be considered, The cost of reading out the non-TM data

is 9 x 108 bits/day x 6 days x $4,72 x 10~9/pbit = $ 25. 51 which is essentially negligible, and
the option could be included with almost no impact on system cost (see dotted lines on Fipure
6-3).

The current system requirement (EVAL) can be satisfied by return of experiment data
after orbiter landing, It can be expected that future missions may require "gquick look' cap-
ability (both on board and on the ground) or faster data return, including real time or near
real time transmission via TDRSS,

:
A data management approach capable of providing the expanded requirements is shown in
Figure 6-4, This concept utilizes the same equipment as used in the minimal cost solution,
plus an On-board Experiment Data Support Facility (OEDSYF) and ifs associated Remote Ac-
quisition Unit (RAU). This configuration has the capability to do on~board processing of
data for quick look, data compression, etc, Instruments requiring convolution of output sig-
nals may show data rate reductions of the order of 60/1 when used in conjunction with
OEDSF, A properly sized (5 x 5 matrix) OEDSF can perform on-board image geometric
and radiometric correction on TM data (reducting the correlation problem for ancilliarir data).
The system shown in Figure 6-4 has the flexibility to use the on-board computer for low

\
data rate processing, the OEDSF for high data rates, and special formating for the HRM.
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6,2 POINTING AND STABILITY

6.2.1 EARTH RESQURCES.SENSORS

Candidate sensors for use in the Timber Inventory, Mineral Survey and Urban Planning ex-
periments are the Thematic Mapper and the Large Format Camera. Shuttle attitude and rate
limit eycle performance has been investigated and found to be sufficient to allow these sen-
sors to be body fixed, Ground smear on the LFC film due to Shuttle roll rates of 0. 01 deg/
sec is held to 1 meter by using camera.shutter times of 10 milliseconds (0. 04 meter ground
smear results from . 01 deg/sec yaw rates). On the Thematic Mapper, Shuttle rates will
cause misregistration of the data which can be corrected on a frame-by-frame basis through
use of accurate rate measurements, Resolution between the lines of each frame due to

Shuttle rate is held within the 7. 75 micro-radian regquirement,

The body fixed mount is preferred because:

1, The LFC has internal compensation for reductions of smear due to Shuttle motion
along track (v/h compensation), Gimballing the camera would require incorpora-
tion of the ground track profile as part of the gimbal commands.

2, The LFC focal length is fixed at launch assuming a specific circular orbit with
constant orbit altitude, Offset pointing over a significant angle will force the cap-
ability of on-orbit adjustment of focal length,

3, Although not inhibited by focal length constraints, the Thematic Mapper does require
transfer of large data rates, This high data rate transfer requirement is to be
achieved by parallel transfer from the sensor detector elements, forcing use of
a relatively large wire bundle, The present side-to-side sensor coverage is obtained
through use of a stepping mechanism (internal to the sensor) that orients the optical
line of sight to discrete angles within a range of +20 degrees about nadir before
the experiment is started. This is a positive (or detent) mechanism not requiring
closed loop servo control; hence, not subject to errors as the result of harness
torques from the data transfer wire bundle. During operation of the experiment,

a +7 degree cross-frack field of view sweep is obtained by driving a flat surface
mirror (linear scan) leaving the detector elements fixed, Thus, data transfer cables
do not have to be flexed while the experiment is being operated unless a gimbal
mount is used,
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Since the Thematic Mapper and the Large Format Camera are body mounted, these sensors
are not only subject to Shuttle 1imit cycle motion, but may also be misaligned as much as

2 degrees from the Shuttle attitude reference frame. Since their coverage angle is large,
there is no direct concern as long as actual pointing knowledge is made available at the time
the sensors are used, In addition to pointing, low frequency limit cycle rates can be useful
in processing thematic mapper data after it is received on the ground. As a result, a set
of attitude sensors (two Ball Bros. 401 star trackers) and ineriial quality rate sensors (two
2-axis Kearfott dry gyros) are introduced to provide accurate attitude determination data
during operation of the TM as well as other bridge mounted sensors as discussed later
(ALTIMETER AND SBUV/TOMS). The Large Format Camera is not mounted on the bridge
platform and cammot be aligned to its attitude determination sensors before installation into
the Shuttle. There is, however, a valid requirement for equally useful sensors mounted on
a SIPS gimbal system for cloud coverage experiments. Therefore, calibration of the LFC
to the SIPS mount prior to Shuttle installation is all that is necessary to be able to provide

adequate attitude determination data during its use.

6.2.2 SOLAR OBSERVING SENSORS

Orbit characteristics for this Shuttle launch have been chosen such that the angle between
the sun line and the orbit plane (8) lies between 35 and 53 degrees. As a result, only one
side of the Shuttle is illuminated during lighted portions of each orbit for the entire seven
day mission. Solar observing sensors are gimbal mounted, with the mount located on the
sun side to avoid interference with the Shuitle structure (< 65 deg looking forward) and
other payload hardware (< 75 deg looking aft), Orbit altitude places the horizon 18 degrees
below orbit normal at the subsatellite point, such that a sunrise and sunset is guaranteed on

each pass.
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Angles discussed above are shown in the following sketch:

V; N; LV Spacecraft co-ordmate frame
= orbit normal

N
@ = terminator from the sub-satellite point
S = sun line

¢

= loecation of 8 at satellite sunset

Calculation of ¢ requires knowledge of the Shuttle orbit parameters:,

Launch Date: 15 September (Sun approx. m plane of the eguator)

Line of Nodes: such that the angle between ascending mode and sun is ~z 100 degrees
at launch date, Note that this angle will change daily due to orbit

precession,

¢ 1s determined from




i = orbit inclination = 570
n = 8 with respect to ascending node = 100° at start of mission

_ Tan (90-¢)

S = S TR

¢ = 33.4 degrees

As shown, ¢ defines the angle between the sun and orbit normal. It is large enough fo force
sunrise and sunset to occur in the Shuttle orbit (greater than 18 degrees) but small enough
to avoid the limitations in forward or aft look angles (less than 75 degrees). As the mission
progresses, the angle "7 changes due to precession of the node line, forcing "¢ " to in-

crease, This precession will not however, cause the angle "¢ " to exceed 45 degrees.

Sensors that require sun orientation are essentially those associated with the Environmental
Quality experiment and include the SER, ESP, HALOE and HSI, The HSI may also require
nadir pointing, Each of these sensor's accuracy and stability requirements (< .1 degree)

are well within the capability of the Minimount to which they are attached. All that is required
is to decouple the sensor axes from an earth-oriented Shuttle frame plus the limit cycle
motion and a possible 2 degree mis-alig:nment between the Shuttle reference and the sensor

mounting frame,

The sun on the horizon will oceur 72 degrees above local vertical; hence, those sensors that
require sun orientation only should be located with their 1LOS along orbit normal with the
mount in itg null pogition, Agsummg the HSI will also be pointed down, it should be located
along local vertical with the 90 degree outer gimbal freedom used to obtain sun pointing data.
Software for combining Shuttle ephemeris, sun location and shuttle attitude must be made
available for external commands to the Minimount control processor, A sun sensor detec-
ing errors about the mount inner gimbal must be oriented along the experiment sensor's
LOS for closed loop control within the Minimount processor while obtaining data. Isolation
from shuttle high frequency disturbances is not required; therefore, isolation mounts are not

recommended for this experiment group.

Two other sengors are related to atmospheric composition experiments, LACATE and

SBUV/TOMS.
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Since LACATE is used to identify the composition of the atmosphere at the horizon (limb
viewing) it becomes very sensitive to Shuttle motion in pitch and roll. This accurate point-
ing control requirement forces use of the SIPS mount that carries the CPR and LRS, An
additional benefit in using this mount is its capability to extend the sensor along the Shuttle
local vertical axig, allowing forward and aft look angles without interference from adjacent

Shuttle hardware.

The LACATE sensor supplies two degrees of freedom internally, one supplies horizon cross-
ing motion of +6 degrees, and the second provides cross-frack pointing capability of +45 de-
grees, Since the SIPS mount must be used to decouple this sensor from Shuttle motion, the
sensor design could be simplified by eliminating its off-sei pointing capability, Eliminating

the horizon crossing motion is not recommended,

SBUV/TOMS has accuracy requirements similar to those of the thematic mapper and is body
mounted, Its field-of-view requirements are satisfied internally by rotating a mirror (single
axis), Modification of the sensor optics is required to synchronize ground track coverage
with its instantaneous field-of-view, accouniing for the difference between Shuttle orbit al-

titude and the original design altitude of NIMBUS,

As with the thematic mapper, SBUV experiment data can be enhanced after the data is taken
if knowledge of Shuttle attitude and rate is recorded simultaneously. Accordingly, the sensor
LOS is calibrat ed to the bridge platform attitude determination sensors prior to installation
into the Shuttle. Attitude information is used to start the experiment and is also recorded

as useful data during its operation,

6.2.3 SEA STATE SENSORS
Sea State experiment data is received from three separate sensors, the GEQS-C Altimeter,
5-193, and SMMR. Each sensor requires location of the local vertical either for reference

(SMMR and S-193) or for obtaining useful data (Altimeter).
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Altimeter, The Altimeter ig required to remain within 0,1 degrees of local vertical, forcing
(as a minimum} use of a simple 2-axis gimbal to remove the effect of static mis-alignment
between it and the Shuttle reference., This sensor is mounted on the bridge platform which
already has the requirement for obtaining attitude determination information to process data
from the SBUV and thematic mapper. Calibration of the Altimeter gimbal frame to this
attitude determination sensor before launch will supply the data required to remove static
errvors from its LOS on orbit, This minimum requirement could be satisfied through use of
a simple,open loop stepper drive actuated gimbal set with a position readout that is used for
the calibration process, assuming the 0,1 degree Shuttle limit cycle motion can be tolerated.
Note that attilude determination data used fo set up the altfimeter can be provided throughout

the time interval when data is taken,

8-193 Scatterometer. Pointing accuracy for this experiment in excess of that provided by the

Shuttle is not required. Knowledge of sensor L.OS to within 0.1 deg is required, relating ex-
periment data to the ocean co-ordinates being studied. This attitude determination data will
be available from the confrol sensors mounted on the SIPS, normally used to orient the
cloud elimatology sensors, Since both of these gimbal systems are located on the same
pallet, a calibration process similar to that discussed on the Altimeter will be undertaken

prior to launch (with the SIPS gimbals in a caged mode),

By caging SIPS on-orbit when S-193 is used, its sensor dafa can be used to supply attifude
determination information on the pallet, The combination of this data, S-193 gimbal readout,

and Shuttle ephemeris will be used to locate those ocean areas swept out by the scatterometer.

SMMR, As with the Altimeter, this experiment requires removal of static alignment uncer-
tainties between sensor line of sight and the Shuttle reference. Location of the SMMR on SIPS
(with its own reference system) removes this source of error. The SIPS gimbals are held
fixed throughout use of the SMMR. Further improvement in sensor pointing can be realized

if SIPS is driven “closed loop', allowing removal of the +,1 degree Shuttle limit cycle motion,
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Cross-track area coverage is provided by a gimbal mechanism supplied as part of the
sensor configuration. Thus, the SIPS gimbal need only decouple the sensor from Shuttle

uncertainties.

6.2.4 CLOUD CLIMATOLOGY SENSORS

The sensors used for observg.tion of cloud formations (LRS and CPR) require accurate pointing
control due to small instantaneous fields of view as well as accurate knowledge of pointing

to orient these sensors to specific geographic locations, This control and knowledge require-
ment forces use of an accurate gimbal mount such as the SIPS to isolate the sensors from

Shuttle motion,

The CPR also requires orientation to specific areas of interest since no internal gimbal mech-
anism is provided, Location of these target areas will require the use of Shuttle ephemeris,
target location, and sensor platform attitude. Control software can be written, compatible
with the Shuttle computer, to provide command data profiles to the SIPS control electronics.
This software will accept attitude and rate data from sensors mounted on the gimbal and
aligned to the experiment sensors LOS. All available clouds lie essentially within the earth
cone angle, which has already been calculated at +72 degrees with respect to local vertical,
This range is well within the gimbal freedom available from the SIPS platform. Local in-
texrference (from adjacent payload hardware) is avoided by extending the SIPS platform along

the Shuttle local vertical.

6.3 POWER ANALYSIS

The power requirement for the payload is a function of the supporting systems (Spacelab and
SEOPS), the mission dependent equipment required in the Spacelab for accomplishing the

experiments (i, e. racks, cold plates, hardpoints, efc.), and the sensors themselves.



The sensor power requirements are obtained f_rom the mission timelines by summing the
instantaneous power requirements for the various sensors associated with each experiment
throughout their "on time. This "on" time includes a five-second warmup, actual operation
or data taking, and a five-second shutdown period, In circumstances where multiple experi-
ments requiring the same sensor are being conducted either simultaneously or in an over-
lapping mode, a definite attempt to avoid double accounting is made in that the power require-

ment of the sensor is only considered once,

The power requirements for the other elements of the power budget were obtained from re-~
ference documents: (1) Spacelab Accommodations Handbook, (2) Space Shuttle System Pay-
load Accommodations, (3) Standard Earth Observation Package for Shuttle,

When all of the above elements are factored into a power profile for this payload, the result
is similar to the sample shown in Figure 6-5 for the on-orbit period between 48 and 72 hours.
".[‘he total payload power profile for the entire mission is provided as Appendix E., Tt is
obgerved from Figure 6-5 that there is a steady state level of approximately 5.5 kw required,
with peaking to values of 7.5 kw, These values are well within the Shuttle capabilities of
providing 7 kw average and 12 kw peak for payloads.

A breakdown of the average power and total energy required for each element of the payload
is shown in Table 6-4, It is noted that the actual payload sensors included in the figures for
SEOPS and the pallets constitute only a small fraction of the total power and energy used.
The total energy requirement of 887 kwh is just within the energy available of 890 KWH; and
was achieved by cutting back on the flight duration by approximately seven hours from the
planned full seven days. This cut-back does not affect the success of any of the experiments.

SCHEDULE 1 POWER {KW}

0 1 1 1 i 1 1 1 1 1 1 1 ]
48 s0 52 B4 5 58 60 62 64 66 68 70 72

TIME {HRS) EVALUATION AND ESA MISSION STUDY

Figure 6-5, Sample Power Profile 6-17



.Table 6-4. Mission Power/Energy Requirements

Payload Element Avg. Power (Watts) Energy (KWH)
Orbiter 168 26,2
Bridge (SEOPS) Pallet 278 41.7
Spacelab Only 3800 559. 8
Mission Dep., Equipment 1151 158, 8
Pallet No. 1 (ESA) 305 45,8
Pallet No, 2 (EVAL) 321 48,2
Pallet No, 3 (EVAL) 69 10.3
Total 6092 887

6.4 THERMAL ANALYSIS

Solar radiation and thermal loads generated by the payload combine to influence the require-
ments for heat dissipation. For the particular launch conditions associated with this flight
the Beta angle (angle between the sun and orbital plane) is as shown in Figure 6-6. Assuming
an average Beta angle of 50°, the heat dissipatmg capability of Shuttle is shown to be ap-
proximately 40W/M? in Figure 6-7. Calculating the total passive dissipating capability:

Watts

M2 X 50 M2 (conservative pallet area) = 2000 watts

40

Subtracting this value from the total payload load (6092-2000) leaves 4092 watts to be dissipated
by the Shuttle radiators. Figure 6-8 shows the Orbiter radiator heat rejection capability for
continuous earth pointing at 325 Km, The conclusion from this figure is that for the Beta
angles associated with this flight, which are always less than 580, there is no practical limit
to Shuttle's ability to handle the residual load of 4092 Watts. Conseguently the mission will

not require any solar induced Orbiter roll maneuvers fo control temperatures to < 25°C,

The question of thermal control of the sensors themselves is essentially an unresolvable
problem at the present time since many of the sensors, as well as the pointing systems to which
they are frequently mounted, are still largely conceptual; and thermal requirements have not
yet been defined, However, the instruments on the SIPS can potentially dissipate up to 1086

Watts if they were all operated simultaneously; although in actual mission operation a
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TFigure 6-8, COrbiter Heat Rejection Capability

maximum of 1025 watts is indicated for operation of the Cloud Climatology sensors. A

study of the timelines show that this experiment has a duty cycle of approximately 21%. Based
on this, the average dissipation will be approximately 215 Watts, The thermal design of

SIPS* indieates that it will be capable of dissipating a2 minimum of 347 Watts and a maximum
of 587 Watts, Without the addition of additional equipment (thermal control cannisters), the

mass of the instruments (79 kg) will experience a temperature excursion of less than 80C,

*ASP Study for a Low Cost Small Instrument Pointing System, Ball Brothers Research Cérporation
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Similar heat dissipation values are not available for the Minimount; however the mission
timeline shows a maximum sensor dissipation of 91 Watts. The relative size of the Mini-
mount with respect to SIPS indicates this is probably ample area to dissipate the 91 Watts

and maintain adequate temperature control,

Those sensors which are hardmounted to SEOPS (the Altimeter, Thematic Mapper, and Solar
Backscatter Ultraviolet Speotrometer) all dissipate relatively small quantities of power - 15
to 150 Watts, Using its own passive and louver thermal subsystem, SEOPS will be able

to maintain component surface temperatures between a maximum average of 21°C and a min-

imum of 5°C,

The Large Format Camera and the Scamning Multichannel Microwave Radiometer will be
hard mounted to the second pallet, and be thermally controlled through the use of the pallet
cold plates, Both of these instruments dissipate relatively low power (136 and 61 Watts
respectively) and can easily be maintained between 24° and 40°C since the maximum cap-

ability of the cold plates is 1 KW,

The EEE/MW antenna assembly must be designed to control its own temperature sinece it
operates at the end of a deployed 7 meter mast, II is essentially the electronics which are
associated with the assembly which must be protected from the digsipation of 550 Watts during
operation, and the ambient temperature while stowed. Power disgipation is accomplished by
incorporating a passive radiator area; while heaters located on the antenna support mount

can protect the electronics when the system is inoperative and stowed,

6,5 VIBRCACQUSTIC TEST PLAN

The EVAL payload was subjected to a vibroacoustic test plan evaluation as an added exercise.
Statistical decision theory is used to quantitatively evaluate seven alternate test plans which
include component subassembly, or payload testing, and combinations of component and as-
sembly test plans, The expected cost of failures are determined for each test plan. By in-
cluding the direct costs asgociated with each test plan and the probablistic costs due to

ground tests and flight failures, the test plans which minimize project cost are determined.
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The resulis of this analysis indicate that a test plan encompassing subassembly and struc-
ture test of the protoflight payload is preferable from both a cost and reliability standpoint.
It should be noted that while these results are considered valid for the assumption used; a
different set of assumptioning may change the results, Also, vibroacoustic are only part
of the total environment to which the payload must ultimately be totaled, Incorporation of
thermal vacuum testing, shock, EMI, etc. may also affect these results, The details of

this analysis are included in Appendix T,
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SECTION 7
CONCLUSIONS

The following conclusions are derived from the study results described in the preceding

sections:

MISSION SUITABILITY

Earth viewing applications experiments/missions involving operational data
gathering, technique development, sensor development, and end-to-end system
demonstrations can be accomplished on Shuttle/Spacelab.

Shared Spacelab payloads, e.g., NASA/ESA, can be integrated into compatible
payloads.

Significant synergistic benefits, both intra and eross discipline, can be derived
by selective payload planning involving multiple experiments/missions,

Cost effective payloads can be configured by commonizing on equipment and
timelining their operations,

SYSTEM CONSIDERATIONS AND CONSTRAINTS

1.

6.

All Spacelab module plus pallet configurations tend to exhibit undesirable
longitudinal center of gravity locations.

Multiple passes should be planned over targets requiring visual observation since
cloud cover can gignificantly reduce the probability of mission success (dependent
upon the target area).

The Shuttle crew can efficiently be utilized to supplement the payload specialist(s)
in payload operations.

Very high data rates in excess of Shuttle/Spacelab capability will be a frequent
payload characteristic, and will require special equipment for handling.

Shuttle pointing and stability capabilities are inadequate for many payloads and
must be supplemented by other systems,

There is relatively little power/energy available for sensor operation after the
_budget for Spacelab and other mission dependent/independent equiproent is
subiracted,



The above conclusions effectively establish the requirement for a variety of mission unique
equipments 1o serve in a support or interface role between the sensors themselves and

Shuttle/Spacelab. The following items have béen identified as a result of this study.

-  Multiple size pointing systems

-  Earth sensorg

-  Pogition and location sensors

- Very high data rate recorders

-  Omboard processors

-  Flexible modular support structures
-  Booms (deployable and retractable)
- Adaptive clou& avoldance system

- Ballast (distributed and free-form)

While these requirements have been derived from the analysis of a single EVAL payload; it
is fully anticipated that future analyses of additional earth viewing payloads will result in

similar requirements.



EVAL
ESA
NASA
GSFC
MSFC
LARC
JSC
WEFC
SEOPS
STDN
TDRS(S)
IMU
RCS
EPDS
RAU
LACATE
HALOE
SER
HSI
SBUV
ESP
GEOS
SMMR
EEE
MW
SIPS
LRS
CPR
TM
LFC
VHDRR
OEDSF
PAS
MWS
FOV
ATC
ETR
CONUS
IS

1/0
HRM
HRDR
TOMS
EMI
ECS
C&DMS

1

1

1

1

1

1

ACRONYMS

Earth Viewing Applications Laboratory
European Space Agency

National Acronautics and Space Agency
Goddard Space Flight Center

Marshall Space Flight Center

Langley Research Center

Jolmson Space Center

Wallops Flight Center

Standard Earth Observation Package for Shuttle
Spacecraft Tracking and Data Network
Tracking and Data Relay Satellite (System)
Inertial Measurement Unit

Reaction Control System

Electrical Power and Distribution System
Remote Acquisition Unit

Lower Atmosphere Composition and Temperature Experiment
Halogen Occultation Experiment

Solar Extinction Radiometer

High Speed Interferometer

Solar Backscatier Ultraviolet

Eclectic Satellife Pyrheliometer

Geodetic Satellite

Scamming Multichannel Microwave Radiometer
Electromagnetic Environment Experiment
Millimeter Waves

Small Instrument Pointing System

Laser Ranging System

Cloud Physics Radiometer

Thematic Mapper

Large Format Camera

Very High Data Rate Recorder

Onboard Experiment Data Support Facility
Passive Atmospheric Sounding

Micro Wave Scatterometer

Field of View

Active Thermal Control

Eastern Test Range

Continental United States

Interface Station

Input/Output

High Rate Multiplexer

High Rate Data Recorder

Total Ozone Mapping Spectrometer
Electromagnetic Interference
Environmental Control System

Command and Data Management System
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