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CER
CDMS
CIS
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MAJOR ACRONYMS AND ABBREVIATIONS

Ames Research Center

Bivexperiment Support & Transfer

Cost Estimating Relationship

Command and Data Management Subsystem

Central Integration Site .
Carry-On Laboratory '
Common Operational Research Equipment
Cathode Ray Tube

Concept Verification Test _ -
Environmental Control/Life Support Subsystem |
Environmental Control System

Experiment Development Center

Equipment Item

European Space Agency

General & Administrative

Government Furnished Equipment

Ground Support Equipment

Headquarters (NASA)

Integrated Medical & Behavioral Laboratory Measurement System

Johnson Space Center

One Thousand (e.g., $K or Kbits)

Kennedy Space Center

Life Support & Protective Systems

One Million

Mini-Lab

Marshall Space Flight Center

Man Systems Integration

Manned Space Operation Building

Non-Recurring

Orbiter Processing Facility

Payload Changeout Room

Payload Operations Center

Research and Application Module

Remote Acquisition Unit

Recurring Operations (Cost)

Recurring Production (Cost)

Spacelab

Supporting Research & Technology

STS Payload Data & Analysis

Space Tracking & Data Network

Space Transportation System

Tracking and Data Relay Satellite

Work Breakdown Structure

iii
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1.0 INTRODUCTION

This document and updated versions of it are primarily intended to define the system
requirements of the Life Seience laboratories through various mission phases.
Secondarily it can be used to acquaint the engineer, scientist, and program planner
with the selected laboratory capabilities and limitations.

The system requirements of three selected Life Science laboratory concepts are
defined for the mission phases of pre-launch, launch, on orbit, descent, and post
landing.
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2,0 LIFE SCIENCE LABORATORY CONCEPTS

The objective of having a family of Life Science laboratory concepts is to provide for
program planning flexibility. This flexibility satisfies the science requirements as
well as programmatic considerations.

The system requirements defined in this databook are based upon three classes of
laboratories.

1.

2,

3.

Carry-On Laboratories (CQL) -~ These laboratories are the
smallest being considered and generally weigh less than 25 Kg.
They have minimum interface requirements and can be installed
in the Orbiter crew compartment. They are normally considered
for flights of opportunity of seven days or less.

Mini-Lab - These laboratories are intermediate in size and generally
weigh less than 500 Kg. They are contained in one to several Spacclab
equipment racks and have significant interfaces with the power, ECS,
and CDMS. They are used on shared missions with durations from

7 to 30 days.

Dedicated Laboratories - These laboratories are the largest being
considered and may weigh as much as 2500 Kg. As the name implies
thege labhoratories are dedicated only to Life Sciences research.
They have extensive interfaces with the Spacelab subsystems. They
may use as many as three discipline specialist on missions from

7 to 30 days.

The individual laboratory concepts defined during the phase A study are defined below.
The system requirements are presented for one lab from each of the three classes.
The selected laboratories for detail system requirement definition are: COL-2A,
ML-1A and MOD-IA,

Lab Concept Designation Research Emphasis

Carry-~On COL-2A Biomedicine

Carry-On COL-3A Biomedicine

Mini~-Lab ML-1A Biomedicine {1st US/ESA Mission)
Mini-Lab ML~2A Biomedicine/Biology

Mini-Lab ML-3A Biomedicine

Mini-~Lab ML~A Life Support/Protective Systems
Mini-Lab ML-5A Man-Systems Integration
Mini-Lab ML-2B Biomedicine/Biology

Mini-Lab ML-2C Biomedicine/Biology

Mini-Lab ML-2D Biology

Dedicated Lab MOD-IA Biomedicine/Biology

2-1
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Table 2-1. Life Sciences Laboratory Equipment Inventory, Contd
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Table 2-1. Life Sciences Laboratory Equipment Inventory, Contd
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Table 2-1. Life Sciences Laboratory Equipment Inventory, Contd

Unit Unit Unit
E.I Weight | Power | Volume
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Lab Concept Designation Research Emphasis

Dedicated Lab MOD-TIA Biomedicine/Blology/
Adv. Technology

Dedicated Lab MOD-IIA Biomedicine/Biology/ Adv.
Tech. & Centrifuge

Dedicated Lab MOD-IIB Biology/Biomedicine

Dedicated Lab MOD-IC Biology/Biomedicine

Dedicated Lab MOD-IIIB Biology-Centrifuge/Biomedicine

Those concepts with multiple research emphasis, i.e., Biomedicine/Biology can
accomplish either or both areas in a single mission. The actual emphasis will depend
upon the experiment or research protocol for the specific mission. The 16 laboratory
concepts presented have been scheduled into mission models that will be used for NASA
planning. The inherent flexibility of the mulii laboratory concept permits the develop~
ment of new mission model combinations to meet various NASA programmatic require-
ments.

The common cperational research eguipment (CORE) inventory for all the above
laboratory concepts is summarized in Table 2-1. Each selected laboratory equipment
complement is preserted in detail in the subsequent design portions of this document.
In addition to the CORE certain equipment items will be added to the laboratory com-
plement as PI supplied. These are experiment specific items that would be developed
independently by the PI and are not definable at this time. An allucation in weight,
power, and storage volume must be provided in each mini and dedicated laboratory for
these PI supplied items.

2.1 CARRY~-ON LAB 2A (COL-2A)

2.1.1 System Requirements Summary

The functional, operational, performance and design characteristics of the COL-2A
during the various mission phases are summarized in Table 2-2, The details of these
laboratory characteristics are presented in the following subparagraphs of this section,
2.1.2 Functional Requirements

This Carry~On Lab performs body fluid composition and electrolyte functions research
by sampling, fractionating, preserving and returning for ground analysis, human
blood samples.

2.1.3 Operational Requirements

The freezer (EIS1) is operational from the time cryogenic coolant is loaded aboard at

prelaunch until sample removal post-landing, This requirement implies power
availability during ascent/descent, on-orbit and certain ground phasges.

2~
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Table 2-2. System Requirements Summary (COL-2A)

LABORATORY SYSTEM REQUIREMENTS BY MISSION PHASE
CHARACTERISTICS PRE-LAUNCH LAUNCH ON-ORBIT DESCENT [POST LANDING
FUNCTIONAL Freezer operation | Same as pre- 5 Biomedicine Support and Same as
(What does it do ?) required or pre- launch ' research. maintain frozn; descent
: chill freezer Cardiovascular samples
module
OPERATIONAL No significant No significant Access required ;| No significant Remove
{What are requirements to interaction interaction by crew during interaction freezer and
assure an effective and safe first day in samples
payload ?) orbit. Blood
samples taken.
PERFORMANCE Interface with Withstand 3g Power: Maintain Maintain
(What are reqmts. for power, power subsystem | acceleration Avg, 10,42W cryogenics to freezer
data, ECS and environmentals? | for blood centri- power needed Peak 110W freezer temperature
fuge during launch Heat rejeztion Power -10 W =70°C
1) Watts equiv, fo above
power.
No data mgt. re-
quired
DESIGN Install in orbiter Design for 3g Weight 25.2 Kg Stow & restrain| Design for
(What are requirements for crew compartment} acceleration Volume 58.4dm | equipment for easy removal
equipment, configurations, stowage racks. Vent = 0.5kg | Vent = 0.5kg reentry of freezer and
and sizes ?) Vent =0,5 kg LN2 LN, /day LN, /day Vent *0.5kg| samples
per day LNz/day Vent = 0.5 kg
LNZ/day
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Table 2-3. Power Requirement Summary (COL-2A)

LAB CODE: COL 2A ORBIT OPERATIONS IASCENT | DESCENT
Average ' Energy
Equipment Items Operating On Time On Duty ;Peak Power  Consumrtion
Using Power Power (Watts) |Hrs/Day |Power [Contribution WathrsDay | Watts Watts
40A Cent. - Blood Sample 100 .10 .42 100 - 10 0 0
81 Freezer (-70°C) 10 24 10 10 240 10 10
110 10.42 110 250 10 10

3



Table 2-4, Equipment List
PAYLOAD BLOOD SAMPIING CARRY-ON

Lo

NO. COIr2A
UNIT UNIT UNIT
WEIGHT | POWER| VOLUME

EH B NAME Q kg w dm?
40A Centrifuge, Flood Sample Processor 1 12.7 100 25

81 Freezer, Low Temp 1 8 10 30.5
106 Kit, Hematology & Urology 1 0.2 0 0.5

116 Log Books 1 0.5 0 0.4

-- | LN,.(for EI 81) 1 3.8 0 2
TOTAL WEIGHT 25,2

oGy

oon
N;
e
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Crew requirements are minimal., Crewman, trained in drawing blood from fellow
subjects, would suffice. Operating the blood sample centrifuge (EI 40A) and reccrding
and labelling samples are easily trainable. Total operating time for this payload is
estimated fo be 0.5 hr during the first day and essentially zero thereafter.

2,1.4 Performance Requirements

This section deals with the power data, and environmental control factors associated
with the carry-on payload.

2.1.4.1 Power and Energy Requirements
The power demands for this COL are affributed to two items; the centrifuge for biood
processing, and the controls for the cryogenics used to maintain the desired freezer

temperature. This power must be made available in the general stowage area of the
crew compartment.

The average power consumption is 10.42 watts during the first day and 10 watts until
unloading after landing. The peak power is 110 watts and occurs for about 3 mimites
during the first day of the mission. Total energy required is about 240 watt-hours per
day. Table 2-3 summarizes all the specifics of the power requirements.

2.,1.4.2 Data Requirements

There is no CDMS inferface support required for this payload. Data requirements are
minimal and consist primarily of labelling samples and log book entries.

2.1.4.3 Environment Control Requirements

The heat rejection is equivalent to the electrical encrgy usage. The level is relatively
low and will be rejected to the air in the crew compartment of the orbiter. .

2.1,5 Design Requiremcr.in
The equipment list for the COL-2A. is shown in Table 2-4,

The interface requirements include the power connection, and the venting provisions
of the Hquid nitroger from the dewar to the freezer and then the crew compartment.

2.2 Minl-Lab 1A (ML-1A)
2.2.1 System Requirements Summary

The functional, operational, performance and design characteristics of the ML-1A
during the various mission phases are summarized in Table 2-5. The details of the
laboratory characteristics are presented in the following subparagraphs of this
section. :

2-10
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LABORATORY
- CHARACTERISTICS

-

Table 2-5. System Requirement Summary (ML-1A)

FUNCTIONAL
(WHAT DOES IT DO?)

SUPPORT ORGANISMS OFO

. PACRAGE WITH POWER
' DATA & ENVIRONMERT.

CAN BE LOADED 9 DAYS
PRIOR TO LAUNCH,
FREEZER OPERATION OR
PRE-CHILL PRIOR 1O

~LAUNCH.

 ORGANISM LOADING ON PAD

- PREfLXUKCH' -
SUPPORT ORGANISM OFQ

LAUNCH

PACKAGE WITH POWER,
DATA & ENVIRONMENT.

SYSTEM REQUIREMENTS BY MISSION PHASE

ON-ORBIT
BIOMEINCAL RESEAi. 'H IN
THE AREAS OF : 1} VESTI-
BULAR, 2) CARDIOVASCULAR
3) BIQCHEMICAL REACTIONS
TO STRESS, 4) CELLULAR
PHYSIOLOGY

DESCENT
SUPPORT QRGANISM OFO
PACKAGE ~ MAINTAIN
FROZEN SAMPLES

POST LANDING
»AME AS DESCENT

MENTS FOR POWER,
DATA, ECS AND

DATA - 106 KBPS FOR

- WANDERER,

OFF DUTY AVG.- 1AW

DATA - BUS RATE 106 KBES! -

OPERATIONAL Ko ZIGNIFICANT INTER- NEED A MULTI-DISCIPLINE  NO SIGNIFICANT -REMOVE FREEZER AND
(WHAT ARE REQUIRE- | DESIRABLE - ACCESS RE(YD. ACTION, SPECIALIST FOR =2 HRS/ INTERACTION. SAMPLES,
MENTS TO ASSURE AN | ON PAD TO MOXNITOR AND DAY. REMOVE OFO PACKAGE &
' EFFECTIVE AND SAFE | CHECKOUT ORGANISMS ON NEED LABORATORY (ML-1A) WOODLAWN WANDERER.
PAYLOAD?) A SCHEDULED BASIS, f STATUS DISPLAYS, I.E.,
COORDINATE WITH OTHER ENVIRORMENTAL CON=-
SHARING DISCIPLINES. DITIONS. ;
PERFORMANCE POWER - 65W CONTINUOUS  *POWER REQUIRED 65W POWER *POWER | MAINTAIN HABITABLE
{(WHAT ARE REQUIRE~ | 200W - 8§ HOURS/DAY FOR FOR OFO PACKAGES, ON DUTY AVC. - 225W REQUIRE 65W {SEE LAUNCH , ENVIRONMENT FOR
FREEZER EI80 FREEZER & WOODLAWN ON DUTY PEAK ~ 621W FOR DETAILS) °  ORGANISMS,

MAINTAIN FREEZER

{WHAT ARE REQUIRE-

SPACELAB RACKS + FLODR .

ATIONS,
VENT = .5 Kg LN,/DAY

COMMON EQPT. -347 Kg

EQUIPMENT FORREENTRY.

AL OF ORGANISM PKGS.
AND FREEZER.,

ENVIRONMENTAL?) 30 MIN EVERY HOUR DATA 106KBPS CONTIN-  OFF DUTY PEAK-327W ECS - REJECT HEAT FOR . TEMPERATURE (-70°C)
ECS - PROVIDE HEAT RE- = UOUSLY. DATA ABOVE POWER :
; JECTIOK FOR ABOVE POWER ECS - REJECT HEAT FOR  BUS RATE 106 KBPS ENVIRONMENTALS-ROMTS..
! CONSUMPTION. ABOVE POWER. ECS - REJECT HEAT FOR  TO BE DEFINED,
X ENVIRONMENTALS - KO ENVIRONMENTALS - NONE ABOVE POWER, PROVIDE
! ESTABLISHED REQMTS. SPACELAB + OFO PACKAGE HABITABLE ENVIRONMENT
PROVIDES ADEQUATE FOR MULTI-DISCIPLINE
‘ ACOUSTIC ATTENUATION, SPECIALIST.
WITHSTAND LAUNCH ENVIRONMENTALS - REQMIS
! LOAD OF 32 ACCELER, TO_BE DEFINED, .
] DESIGN INSTALL EQPT. IN 1-1/3 DESIGN FOR 3g ACCELER- WEIGHT STOW AND RESTRAIN DESIGN FOR EASY REMOV-
1

MENTS FOR EQUIE.,
CONFIGURATIONS &
SIZES?)

*NO ASCENT/DESCENT POWER TO FIRST US/ESA

MOUNTED RLC
(.30x .70 x .80m)
VENT = .5Kg LNp/Day
(FREEZER EI 81)

PAYLOAD - BATTERY PENALTY USED 10 Kg/KW-HR)

TOTAL MINHLAB: 497 Kg
VOLUME
1-1/2 STANDARD SPACELAB
RACKS
EXPENDABLES

=_5Kg LNs/DAY
(FREEZER EI 81)

FLOOR MOUNTING PROVI-
SIONS REQUIRED FOR THE
ROTATING LITTER CHAIR
DURING OPERATION.

VENT =.5Kg LN,/DAY

VENT =.5K, LN,/DAY




2.2.2 Functional Requirements

The functional characteristics during the non orbit phases of the mission are basically
those which support the organisms and the freezer requirements.

During orbit the functional capability reflects the science requirements. This labora-
tory stresses biomedical research as defined in Table 2-6. ‘

TABLE 2-8
Reserrch Requirements Specific Capability
Blomedicine
Vestibular Mechanical & neural responses of otolith organs to
Ze10~f,

Role of visual cues to space nausea.
Role of altered body fluid volume, pressure &
distribution to space nausea.
Cardiovascular Gauer-Henry reflex.
ECG, VCG, Pulse
Anthropomorphic measurements of fluid shifts.
Altered vascular flow, volume & pressure

relationships.

Biochemical Reactions Measure stress hormone, enzyme, fluid/electrolye
& fluid volume changes.

Cellular Physiology Single-cell type culture responses to zero-g — bone
marrow.

2.2.3 Operational Requirements

The most significant operational requirement other than the need for a multi-discipline
specialist for about 2 hours a day is the organism loading, access, and retrieval
operations. '

Ideally the principle investigators (PIs) desire on pad organism loading as late as
possible in the launch countdown. Figure 2-1 presents the time ines assoclated with
the presently recommended approach to all Life Science laboratoxy on-pad access
requirements. This access is also the desired approach for ML~1A, however, there
may be severe restrictions to on-pad access during the 1st US/ESA mission. This
may require that the organisms be loaded in the Spacelab as much as nine days in
advance of the launch. This early loading would require periodic monitoring and
checking by ground personnel prior to launch.

The removal of organisms after landing is required within two hours. Several options
have been investigated and are shown in Figure 2-2. Option 1 requires the ground
crew to enter the Orbiter/Spacelab at the planned crew exchange at landing + 30
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Figure 2-1. Life Science Payload Specimen Insertion On-Pad Access
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Figure 2-2. Postlanding Schedule — Spacelab
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mimites and remove the organisms. Option 2 is the same as Option 1 except that
instead of removing the organisms they are examined on board and data taken on the
parameters of interest. Option 3 requires that the organisms be removed from the !
Spacelab prior to descent and stowed in the orbiter cabin and off loaded at the crew :
exchange. Presently Option 3 is recommended for mini-labs with small organism

popuiations. Option 1 is recommended for the dedicated labs with larger organism ' :
populations. - -

2.2.4 Performance Requirements

This section deals basically with the power, data, environmental control and environ- L
mental factors associated with the payload., Because this is a mini-lab payload it '
represents only a portion of the fotal performance requirements of the Spacelab.

The other sharing payload requirements must also be considered.

2.2.4.1 Power and Energy Requirements

Varying quantities of power are needed in all mission phases, i.e., prelaunch, launch,
orbit descent and post landing. The most impacting are those requirements during pre-
launch, launch, descent and post landing. The on-orbit requirements do not appear

to result in any problems.

Table 2-7 summarizes the power requirements associated with all power consuming
equipment items within the laboratory. The duty time for each equipment item is

based upon an estimate of the nominal usage of the equipment item during the seven-
day mission. The peak power is determined by combining those items that could be
used simultaneously with the items that are nominally on 24 hours a day. The ascent
and descent power requirements were minimized by allocating power only to those items
required to maintain the organisms environment and the specimen freezer temperature.
The total energy consumption of this laboratory is about 5 kW-hrs a day. This is

about ten percent of that available to all the payloads.

2.2.4.2 Data Requirements

The data requirements cover all mission phases except the post landing, These data
requirements will need either the Spacelab CDMS or separate recorders or both to be
operational at various times during the non-orbit mission phases.

The data sources and requirements are shown in Table 2-8 for the on-orbit operations.
The OFO experiment packages (131J) produce the highest data rates and the largest
data amounts. Downlinking of this stream in real time is assumed, although recording
and subsequent near real time transmission is acceptable.

A black and white video camera i3 also a part of this payload. Use and transmission
to ground is assumed to be 0.25 hours/day.
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Table 2-7, Power Reguirement Summary (ML-1A)

LAB CODE: wML-1A ORBIT OPERATIONS ASCENT |DESCENTI
Average -Energy
Eguipment {tems Operating On Time {On Duty jPeak Power Consumgption
Using Power Power (Watts) |Hrs/Day |Power [Contribution WathrsDay | Watlts Watts
8A Aswrflow, Work Surface 75 .2 1.25 15 0 0
7A Auto, Poten. Elec. Analy. 100 1 8.33 100 0 0
37 Camera, Video B/W 15 .5 . 63 15 7.5 0 0
40A Cent. Blood Sample 100 .2 1.87 20 0 0
51F Coolant Loop, Liquid 50 24 50 50 1200 0 [
63C Display Numeric 2 8 1.33 2 16 @ 0
B0 IFreezer 200 8 66,67 200 1600 0 1]
81 Freezer (Low Temp.) 10 24 10 10 240 10 10
114E Lamp. Port. Hi Int. Photo. 150 .5 6.25 150 75 0 0
126 Microscope 15 .3 .63 7.5 0 0
1263 Microscope Ass, Kit 15 .3 .63 7.5 0 0
1313 OFO Exp. Pack (2) 40 24 40 40 960 40 40
132 Oscilloscaope 75 1 6,25 75 0 ]
153A R1.C/Console . 127 .4 4.23 127 50.8 0 0
156 Signal Conditioners (6) 12 24 |12 12 288 0 0
187A Woodlawn Wander 15 24 |15 15 350 15 15
TOTALS 1001 224,87 621 5022, 3 65 65
Off Duty Fpwer = 5(223-224,47 x 12 = 19347
12
Estimated Crew Involvement
2 man-hrs/day during a 12-hour period
) i
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Table 2-8. Data Sources and Requirements (ML-~1A)

PAYLOAD FIRST US/ESA SPACELAD MISSION
NO, M-L 14
SUPPORT
NEEDED
£ s
8l _{z]=|2
DURATION | CONTINUOUS DAILY | EE{T g+
FREQ OF OF pata RATE. | Totar] ¢8| 2% E
El NAME MEASUREMENT DESCRIPTION upzlunc_s'ﬂ. OPERA TION bpg bug | =|<SIEIZTE PROCESSING REQUIRED REMARKS
TA { Auto. Potent. Elect. | Measure pH, pCO,, POy, K, Ca, 2/day 0.5 hr Negl. 5K x Conversion to cone, values.
Anal, Na, Cl, glucose Downlink.
80,81} Freezers Monitor temperatures Onee/10 - Negl. 3K x|x | x| Out-of~tolerance determination.
min.
1317 | OFO Experiment 8 Otolith sigmals 1/day 24 nr. 100 X 8640 M} x | x| x{x | x| Transmission to ground. Real-time | Otolith channels sampted
Packages 4 ECG signals or near real-time. at 2000 samples/sec;
Housekeepitg ECG at 500 sps.
153A | Rotating Litter Chair| EOG/EMG, Controls </mission 0.5 hr 6.5 K 11.7 M x Transmission to grommd.
Max. Hate 106 KBPS 8650 M

TV NIOTE0
AT

400d SI G9vd
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2.2 4.3 Environmental Control Requirements

The environmental control is assocjated with 1) the rejection oi heat equivalent to the
power usage during all mission phases and 2) provisions for a habitable environment
for in flight or ground crew members.

The on oxbit heat rejection of 225 watts is rejected to the racks (86 W), the cabin air
(12 W), and the experiment heat exchanger (117 W).

2.2.4.4 Environmental Factor Requirements

The environmental factors include such items as acoustics, vibration, shock,
cleanliness, contamination, electrical, magnetic, and radiation. Except in a pre-
liminary nature, these have not been established. The Spacelab environmental fac-
tors have been partially defined, however, the user requirements in terms of
tolerance limits, have not.

2.2.5 Design Requirements

The laboratory is composed of 27 equipment items which are contained in 1-1/3
Spacelab racks plus a floor mounting for the rotating litter chair. Table 2«9 is the
complete list of equipment along with estimates of the quantities, weight, power

and volume. In addition to the common equipment which weighs 347 kg additional
equipment consisting of racks, RAU's, power swifch panels, converters, computer,
interface hardware, and PI specific equipment brings the total weight to 497 kg,

The overall design must be compatible with the maximum launch acceleration of 3 g's.
The freezer venting of approximately 0.5 kg/day must be considered in the pressur-
ization and venting provisions of the Spacelab. The preliminary layout of the equip~
ment within the racks is shown in Figure 2-3. The identification numbers on the
layout indicate the equipment item numbers as presented in Table 2-9,

2.3 Dedicated Laboratory IA (MOD~IA)
2,3.1 System Requirements Summary

The funmctional, operational, performance, and design characteristics of the MOD~IA
dedicated lab during the various mission phases are summarized in Table 2-10. The
details of these laboratory characteristics are presented in the following sub
paragraphs of this section.

2,3,2 Functional Requirements

The functional characteristics during the non-orbit phases of the mission are basically
those which support the organisms holding units with power, data management and
environmental control. The man surrogate testing requires that the organisms be

exposed to the same environment as the crew. The Spacelab therefore must have a
habitable environment during the non-orbit phases when the organisms are on~board.
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Table 2-9, Equipment List (ML-1A)
PAYLOAD _FIRST USZESA SPACELAB MISSION

NO. M-L 1A
UNIT | UNIT | UNIT
WEIGHT | POWER{ VOLUME
El4 EI NAME Q kg w dm®
6A Airflow Work Surface 1 5 15 6
TA Auto. Poten. Elec. Analyzer 1 12.7 100 57
31 Calculator, Pocket 1 0.47 0 0.4
36 Camera, 35 mm & Strobe 1 2 0 2
37 Camera, Video, B/W 1 4.4 15 3
40A Centrifuge, Blood Sample 1 12.7 100 25
51F Coolant Loop, Liquld . 1 30 50 26
63C Display, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
76C Fflm, 35 mm 3 0.13 0 0. 06
80 Freezer 1 15 200 61.4
81 Freezer, Low Temp. 1 8 10 30.5
106 Kit, Hematology & Urology 1 5 0 9
106A Kit, Cleanup 1 1.5 0 4
110 Kit, Microbiology 1 2 0 3
110C Kit, Human Physiology 1 3 0 8
114E | Lamp, Portable Hi Int. Photo 1 6.3 150 6
116 | Log Books 1 0.5 0 0.4
126 Microscope, Compound 1 11 15 27.4
1263 Microscope Accessory Kit, Compd 1 10 15 25
1317 OFO Experiment Packages 2 45 20 80
132 Oscilloscope & Camera 1 11.7 75 28.9
153 Recorder, Voice 1 1 0 1
153A | Rotating Litter Chair/Console 1 100.2 | 127 239
156 Signal Conditioners (Couplers) 6 0.2 2 0.5
182E | Urine Volume Measurement System In Orbjter
187C | Woodlawn Wanderer 1 10 15 12.9
TOTAL WEIGHT 347
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Table 2-10. System Requiremeni Summary (MOD-IA)
. R e e e y .
l SYSTEM BQUIREMENTS DY MSSIOX PHASE .
LABORATORY = - . -
CHARAGTERISTICS PRE- LAUNCH LAUKCH OX-ORMT DESCENT POST LAKDING
FUNCTIONAL ’ SUPPORT ORGANISM NOLDIRG SAME AS MRE-LAUNCH BIOMEDBICAL RESEARCH IN VESTI- [SUPPORT ORGANISMS HOLDING SAME AS DESCENT.
WHAT DOES IT DO? URITS WITH POWER. DATA AND HBLULAR, MUSCULOSKETAL PL‘L&IDNﬂ LXITS WITH POWER. MAINTAIN
. ! EXVIRONMENTAL REQUIREMENTS. ARY, (IEMATOLOGY, MICROBIOLOGYISTATLS OF FRQZEN SAMPLES

FREEZER OPERATION OR PRE- CTREW PERFORMANCE ON NMAN,

CHILL PRIOR TQ LAUNCH MAX SURHOGATE EXPERIMENTING

Els 7B & 81 WITH PRIMATES, SMALL VERTE-

BRATES AXD CELLS AND TISSUES,

OPERATIONAL ORGANISM LOADING ON PAD RE- KO BIGRIFICANT INTERAUCTION REQUIRES 1 PAYLOAD SPECIALISTS | N0 SIGNIFICART INTERACTION REMOVE ORGAKISMS,

PERFORMANCE
" (WHAT ARE REQUIREMENTS

(WHAT ARE REQUIREMENTS
‘TO ASSURE EFFECTIVE
AND SAFE PAYLOAD 7}

QUIRED, ACCESS REQUIRED OX
PAD TO MONITOR AND CHECRKOUT
ORGANISMS OX A SCHEDULED
BASIS. CERTAIN BIOUOGICALS TO
BE LOADED INTO COLD STORAGE
FREEZER OR REFRICERATOR.

DEFINED. ENVIHONMEXTAL
FACTORS. , 1.E.. ACOUSTICS
VIBRATION, EML, ET(,, XEED TO
HE SPECIFIED BY SCIENTISTS.

WORRING A 12-HOUR DAY,

ENVIRONMENT REQUIRED TQ SUP-
PORT SPECIALIST., STATUS DitPLAY|
AND WALNINGS REQUIRED OF
SPACEL 118 CONDITIONS AND EXVIR-
ONMENT,

DEFINED, ERVIRORMENTAL
FACTORS TED.

REMOVE FREEZER AND
SAMPLES,

PROVIDE A BIOEXPERI-
MENTAL SUPPORT ¢
TRANSFER UNIT.

FOR POWER, DATA, ECS
AND ENVIRONMENTALS ?)

POWER - 412W TO SUPPORT HOLD
ING UNITS, FREEZERS AND
COUPLERS + SPACELAB LIGNTING
DATA- =30 KBPS FOR 30 MINUTES
EVERY HOUR

ECS - PROVIDE HEAT REJECTION
FOR ABOVE POWER + 118W MET-
ABOLIC. VENTILATION FOR
ORGANISMS ABD GROUKD CREW
DURING LOADING.
ENVIRONMENTALS- KO ESTAB-
LISHED REQUIREMENTS,

POWER - 412%W REQUIRED FOR
ITEMS LIST2 X IN PRE-1AUNCH
STATE.

DATA - =30 KBPS CONXTINUOUSLY
ECS - REJECT HEAT FROM ANOVE
POWER PLES 179W METAROLIC
HEAT,

ENVIRONMEXTALS « NOXE DEFINT
EXCEPT 120db ACOUSTIC LEVEL,
WITHSTARD LAUNCH LOADS OF 3G
ACCELERATION

IPOWER

~1370W
-3210W
-472W
- W

Ox DUTY AVG.

OX BUTY PEAK

OFF DUTY AVG,

OFF DUTY PEAR
DATA

BUS BATE 70K BPS
ECS
REJECT BEAT FOR ABOVE POWER
LFYELS + 173 W METADBOLIC EQLIV~
ALLNT, HUMIDITY CONTROL CAP-
ACITY TO BE DETERMIKED,
JEXVIRONMENTALS - REQUIREMEX
TO BE DEFINED.

DESIGN

WHAT ARE REQUIREMENTS
FOR EQUIPMENT OONFIGUR:
ATION AND SIZES?)

INSTALL EQUIPMENT IN 1§ SPACE-;
LAB RACKS - FLODR MOUNT i
ROTATING LITTER CHAIR, WORK !
& SURGICAL BESCH, & EXERCISE

EQUIPMENT |
VENT =.5kg LN, /DAY
FREEZERS 778 & »t

CemEoie

DESIGN FOR 3G ACCE LERATIONS.
VERT  =.3kg LN, /DAY

WEIGHT

COMMON EQUIPMENT - 1904 kg
TOTAL PAYLCOAD sIskg
YOLUME

16 SPACELAD STANDARD RACKS +
FLOGR MOUNTING FOR ROTATING
LITTER CHAIR, WORK & SURGICAL
BENCH, AND EXERCISE EQUIPMENT
EXPENDABLES
m_Skg LNo/DAY FREEZERS

T7B & #1

POWER 472 W REQUIRED. FOR
ITEMS LISTED IN PRE-LAUNCH
STATE.

DATA - = 30 KBPS CONTIRUOUSLY

ECS -~ REJECT HEAT FROM ABOVE
POWEH PLUS 17%W METABOLIC
LOAD.

ENVIRONMENTALS - REQUIRE-
MENTS TO BE DETERMINED,

MAINTAIN A HABITABLE
ENVIRONMENT FOR
ORGANISMS,

MAINTAIN FREEZER
TEMPERATURES ~ T0°C
FOWER - 412W

DATA -= JOKBPS FOR

30 MINUTES EVERY 3#0UR.

STOW AND RESTRAIN EQUIPMENT |
FOR REENTRY,

VENT #.5kg LNp/DAY

LESIGN FOR EASY REMOVAY
OF ORGANISM HOLDING

UNITS AND FREEZERS

VENT =.5kg LNp/DAY




During orbit the functional capability reflects the science requirements. The MOD IA
lab is a 7-day, blomedical emphasis mission. Man-related studies will be undertaken
from two distinct, though related, orientations:

1. As a human organism requiring scientific investigation and measurement:

To understand the mechanisms of man's responses to space flight and his
capability to adapt to the space environment. Special emphasis will be
placed on those organ systems which have been found from previous
flights to be influenced by gravity, e.g., cardiovascular, vestibular, and
musculo-skeletal systems. Biological periodicities will be examined
within the Hmits of mission profiles.

Animal models will provide information concerning basic mechanisms not
easily determined in man. Such animal models would provide information
in areas where measurements have not been developed for use in huma.ns
or would carry a significant hazard if utilized in man.

2, As an important (human) element of a flight system whose total performance
capability is reflected in the performance level of that (human) system, and

whose safety is of primary concern in any manned system:

To acquire, analyze, and interject data relevant to the problems of human
performance, capability and behavior in space. This includes both group
and individual behavior, attitudes, motivational levels, anxieties, etc.

To establish operator capabilities and requirements as they impact total
system performance and crew safety.

To collect high fidelity, high qualify data on the new population of space
flight participants in order to substantiate and improve on the original
medical selection criteria for Shuttle passengers and crews.

The specific research capability of the laboratory is summarized in Table 2-11.

TABLE 2-11

Research Requirements Specific Capability

Vestibular . Investigate role of visual cues in space nausea. Repeat
of Skylab M131 experiment. Rotating Litter Chalr.
Role of altered body fluld volume, pressure and distri-
bution to space nausea. Urine sample collection and
analysis.
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TABLE 2-11 (Continued) 2

Research Requirements

Specific Capability

Cardiovascular

Pulmonary

Musculoskeletal

Hematology

Microbiology

Crew Performance in
Space

Effects of Training upon
Crew Efficiency

Altered vascular flow, volume & pressure relation- P
ships In zero-g, Iy
LBNP, VCG. o
Demonstrate presence or absence of Gauer-Henry :
reflex. Early mission urine/blood sample collection e
and analysis. APE, Freezers. .
Regulation responses to exercise in zero-g. :

Alteyed pumonary volume/flow/relationships in zero-g.

Exercise effect upon musculoskeletal derangement.
Diet and pharmacological control of musculoskeletal
derangement.

Collect, prepare & prcserve blood samples. Determine
red cell mass, recitulocyte counts, pCOg, pOg, pH,
enzymes, proteins, etc.

Effects of space environment upon host defense
mechanisms. Microbial sampling, culturing, staining,
examination.

Time and motion studies, training tasks. Time relate
performance measures with daily activity schedules,

sleep patterns, environmental conditions and biomedical
measurements. |

Correlate crew performance efficiency measurements
with same tasks conducted in ground based simulators
or prior missions.

2,3.3 Operational Requirements

The most significant operational requirement is the need for three payload specialists
on duty 12 hours a day during on-orbit operations.

The requirement for organism loading, prelaunch access, and post launch retrieval
have a significant effect upon the ground operations.
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Ideally the PIs desire on-pad organism loading as late as possible in the launch
countdown, Figure 2-1 (previously presented in paragraph 2.2.3) presents the time
lines associated with the presently recommended approach to all Life Science
on=-pad access requirements,

The removal of organisms after landing is required within two hours. Several options
have been investigated and are shown in Figure 2-2 (previously presented in
paragraph 2.2.3), Option 1 requires the ground crew to enter the Orbiter/Spacelab

at the planned crew exchange at landing + 30 minutes and remove the organisms.
Option 2 is the same as Option 1 except that ingtead of removing the organisms they
are examined on board and data {aken on the parameters of interest, Option 3
requires that the organisms be removed from the Spacelah prior to descent and
stowed in the Orbiter cabin and off loaded at the crew exchange.

Option 1 is recommended for the dedicated labs, and Mod-IA specifically because of
the relatively large organism populations.

2.3.4 Performance Requirements

This section deals basically with the power, data, environmenal control and
environmental factors associated with the payload.

2.3.4.1 Power and Energy Requirements

Varying quantities of power are needed in all ...ission phases. The most impacting
are the 412 watts during the pre orbit phases and the 472 watts during the post orbit
phase. The on-orbit average requirement of 1570 watts does not appear to result
in any significant problems.

Table 2-12 summarizes the power requirements associated with all power consuming
equipment items within the laboratory. The duty time for each equipment item is
based upon an estimate of the nominal usage of the equipment item during the seven
day mission. The peak power of 3210 watts was determined by combining those
items that could be used simultaneously with the items that are normally on 24 hours
a day., The ascent and descent power requirements were minimized by allocating
power only to those items required to maintain and monitor the organisms and to
maintain the proper specimen freezer temperature. The total energy consumption
of this laboratory is 26.9 kW-hrs a day which is about 50% of the maximum available
tc the pay!rad.

2,3.4.2 Data Requirements

The data requirements cover all mission phases. The pre launch and post landing
requirements are for about 30 KBPS for 30 minutes out of each hour. During ascent
or descent the rate remains at 30 KBPS however it is continuous. The rate increases
to 70. 1 kbps during the on orbit phase of the mission. The non-orbit mission phase
will require either the Spacelab CDMS or separate recorders or both to be operational

to properly monitor the data sources.
2-23

B it SR

—

SNV WV P 'Ai‘.\.
"

T he




n"“

Table 2-12. Power and Energy Requirement Summary

LAB CODE: MOQ 1A ORBIT OPERATIONS L‘&SCEN?‘__'._D!-Z'.:(‘E-.\'i‘i
Average | Energy i
Equipment Items Operating On Time [On Duty {Peak Power Consumption
Using Power Power (Watts) |[Hre/Day |{Power |Contribution }\'dt-hrsﬂ)ay Watts Watts
1A Accelerometer voupler (3) 3 24 3 3 I 2
3} Air Particle Sampler 50 ) 1.76 20
6A  Airflow Work Surface 75 .5 3.12 317.5
7 Autoanalvzer 200 1.0 16. 66 200 200
7A  Auto Potentiometer Llec. Analyvsis 100 1.0 8,34 160
16F Ballistocardiogram Coupler 1 1.0 .08 1
19D Body Mass Measuring Device 15 .2 .26 3
30A Cage, Rat (16) 144 12 144 144 1726
31 Calculator, Pocket 5 1.0 .42 5
3z Camera, Cine 13 .5 .54 6.5
32A “amera, Controlter 100 12 100 100 1200
37 Camera, Video B/W 15 12 15 15 180
: as Camera, Video, Color 1] .5 2.88 69 34.5
. 38D Camera Timer, Video 10 -5 42 10 5
: f L] 38F Cardiopulmenary Analyzer 200 1.0 16. 66 200
} o 40A Centrifuge, Blood Sample Processor 100 .4 3.34 40
i L 48  Cleaner, Vacuum 177 .4 3.34 40
! 50A Clinostat C/T 10 24 10 10 240
: 50B Compactor {Sotids) 100 .05 .42 5
= 51F Coolant Toop, Liquid 50 24 50 50 1200
54 Colony Counter (Manual) 50 .5 2,08 25
oW 63B Display Keyboard Portable 60 1.2 5.0 60
a % 63C Display, Numerie {2) 4 12 4.0 4 48
] =] 64 ECG Coupler (12) 24 24 24 24 576 12 12
=R 85 EEG Coupler {4) B 24 8 8 192 4 1
E g 65C Electrophys. Receiver 3 1.0 .42 5
L 66 EMG Coupler (6} 12 24 12 12 2R8 g [
r a 70E Exercise Equip., Physiol. 18 4 8 72
¥ F 76J Flowmeter, Gas (4) 16 .5 .66 8
| g?j [ 778 Freezer, Cryo 10 24 10 10 240 10 10
— j BO Freezer, General 200 8 66. 67 200 1600
E [£2] 81 Freezer, Low Temp. 10 24 10 10 240 10 10
3 v % 83  Refrigerator ) 50 8 16.67 50 400
§ 8 E 91  Gas Analyzer, Mass Spec. (2) 50 12 100 ! 100 1200 50§ 80
5
]
P
7
¥
'
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Table 2-12. Power and Energy Requirement Summay, Conid

LiB CODE: MOD 1A (Cont'd

ORBIT OPERATIONS

ASCENT : DESCENT|

Average | Energy
Equipment Items Operating On Time ;On Duty Pealk Power Consumption
Using Power Power (Watts) |Hrs/Day{Pcwver [Contribution Wathrs/Day | Watts Watts
23 Gas Analyvzer, RE 6 24 [ 6 144
98A Holding Unit C&T (2) 60 24 G0 60 1440 G0
101C Holding Unit -~ Primate {4) 400/120 12/12 400 400 6240 120 120
103B Incubator 5 24 5 b 120
114E Lamp, Portable Yi, Int. Photo, 150 - G.16 150 75
117 LBNP 26 L . .88 10,2
123 DMass Meas, Device Macro) 15 .3 .38 4.5
122 DMass Meas. Device (Micro) 15 .3 .38 4.5
126 Microscope, Comp. 15 .5 .62 7.5
126A Microscope, Dissecting 100 1.8 8.34 100 100
126J Microscope, Access. Kit 15 .5 .62 7.5
132 Oscilloscope 75 1.0 6.26 75
138 PH Meter 20 .3 .50 6
138B Photocell Coupler (12) 24 24 24 24 576
139 Plethysmograph, Limb 5 .5 .20 2.5
143G Pressure Coupler {4) 8 24 8 8 192
147 Radiation Count. - Biochemical 80 .5 3.76 45
150B Receiver, Biotelemetry 10 24 10 10 240
153A Rotating Litter Chair/Console 127 .4 4,24 50.8
156 Signal Conditioners {12) 24 24 24 24 576
156F Sonocardiogram 12 1.0 1.0 12
162 Sterilizer, Autoclave 300 1.5 37.5 450
165 Sterilizer, Tool 110 .4 3.66 44
179 Temperature Block 200 1.5 25 200 300
178D Thermometer (Electronic) 14 .2 .24 2.8
181D Transducer, Pressure (4) 4 24 4 4 96
182J Vectocardiogram Coupler 2 1.0 .18 2
182P Ventilation Unit - Vertical {5) 200 24 200 200 i 4800 200 200
188 Work and Surgical Bench 1000 1.0 83.34 1000 l 1000
TOTALS 4909 | 1569. 96 é 3210 ' 26907 4az 472
On Duty is considered 12 hours. i . i
Off Duty Average Power = 26,907 — 1569, 96 x 12 = 71.29 ; i .
} E 1 I
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The data sources are summarized in Table 2-13 during the on-orbit phase of the
mission. The major contribution comes from various physiological measurements
such as ECG, EEG, EMG, EOG, & VCG. Downlinking of this data stream in real
time is assumed although recording and subsequent near real time transmission is
acceptable.

The MOD-IA laboratory is equipped with two black and white and one color video

camera., Transmission of video signals to ground is assumed to be 4.0 hours a day. ‘

2,3.4,3 Environmental Control Requirements

The environmental control system (ECS) requirements are associated with all
mission phases. The ECS requirements include heat loads related to the power
consumption and the metabolic loads of the experiment organismas. The metabolic
ECS loads include elemenis of heat, humidity, oxygen, and COy control.

The metabolic loads of the MOD-IA laboratory imposed upon the Spacelab environ-
mental contiol system are summarized in Table 2-14.
TABIE 2-14

MOD IA ~ METABOLIC LOADS
(4 Primates & 16 Rats)

Humidity Oxygen * COg* Cabin Air
Production Consumption Production Interchange
grams/day grams/day grams/day dm3/min

2928 1932 2262 2120

During the prelaunch and launch phase of the mission 320 watts of heat from the
holding units (EI 101C) and the ventilation units (EI 182P) along with 179 watts from
the metabolic load is rejected to the cabin air. The descent phase is the same
except for an additional 60 watts fro'n the holding unit (EI 98A),

The other heat loads during these non orbit phases of the mission amount to 92 watts
and are rejected to the avionics heat exchanger. In addifion to the above heat and
metabolic loads provisions must be available to support the ground crew during pre
launch and post landing operations.

During the on-orbit phase the heat loads are as shown in Table 2~15. The loads are
indicated for the three available coolant loops. All heat loads are within the present
Spacelab capability. The other ECS loads involving humidity, Og and CO, control
require off-design performance studies of the Spacelab system to determine
compatibility.

*EI 182P provides this capability
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Table 2-13. Data Sources and Requirements (MOD-IA)

PAYLOAD DEDICATED LAB - BIOMEDICAL EMPHASIS

XNO. MOCD IA
R SUPPORT
NEEDED
2 5
ARARE
DURATION | CONTINLOLS pally | SIE <151+
FREQ. OF OF pATA RATE. {ToTar] B|21%]E %

EL NAME MEASURE_IENT DESCRIPTION _ IGPERA TIoNuUPERA TIGN bps b TEJZIEIZIE PROC ESFING REQUIRED HESIARKS
64/65/}ECG, EEG, EMG Conditions electropbysiclogical sig- 16 chls - It min. 700 % 16 chis 161N Ix Ix[x|x Downlinking, waveform analysis, Assume & high rate,
66 Couplers nalx from organisms or man. 24/day 0.5 br 3500 3 6chis 151M data compressica and display. 16 low rate chis.”

- 6 chls - 25.2K 312N
4/day
156/ hsi;ual Conditioners, [ Afiscellaneous physical and bio~ Once/min.,| -- 3 252K |x }x]x{x|x{ Downlink, out-of- determi- JA 35 chls.
1388/ |Assortad Couplers phyeical measurements. Pressure, | 24 hrs/day nation, display.
143G/ temps., flows, etc.
1A
TWBQMerslﬂakm. Monitor temperatares Onee/10 - Negl. 15K X fxgx]x)x] Out-of-tolerance datarminaton. Assume 4 chis/El.
81/83/] min,
1028 .
7 Antoenalyzer Measures approximately 12 con- 2/day 0.5 100 360K x Conversion to conc. values.
stituents of blood serum. Dawnlink.
A Auto. Poteg. Elec, AnzL! Measure 8 properties of blood serum | 2/day 0.5 Negl. SK x Conversion to conc. values.
andfor urine. - Downlink.
{s1 Mageg Bpectrometer(2) | Measure mass no. and peaks of trace | -~ Continuous § 600 52M x |x|x|x] x| Downlink. Possibly some an-board
contaminants and major atmospharic analysls.
gases.
93 Gas Amalyzer, Water | Measure resistivity of humidity Once/min. | -~ Negl. ks x [x}x}|x]|x] Out-of-tolerance determination,
Vapoer Specifle BENsOrs.
[B5C  JRlectrophysiology Monitors electrophysiological signals { 1/day 1hr HEKE H.5M X Downltnk, waveform anslysis and
*Recetver Erom pubject. display.
534 ]Rotating Litter Chair | EOG/EMG 2/mission | 0.5 hr 6.5 K 11.78 x Dowrtink.
&lEC Exarclse Eqint/Phy. [Monitor ergometer speed, output, 2/day 1hr 5@ jchls 1HK x Downlink, on board display & control.ju 4chls, I le/
Treadmli]l speed. Assume 4 chls. jpec.
BBF  [Cardiopolmonary M ‘e 6 gases used In hreath-by- | 2/day 0.5 br 560 @ § chls 10.8M X Conversion to conc. valyes. Downlink
|Analyze hreath respiratory analysis.
B17/ §LBNP, Lunb Monltor pressures, temps., and 1/day’ Ihr 35 126K x On -board control of expmt. Assume € chls. Sample
9/31] Plethysmographs Plethys. chis. Downlink. 1/sec.
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PAYLOAD DEDICATED LAB - BIOMEDICAL EMPHASIS (Cant'd)

Table 2-13, Data Sources and Requirements (MOD-JA), Contd

82-¢

NO.  _MODIA
=z s
gl b=|.]|8
prRATION | coNTINUOUS = H ] b
FREQ. OF or DATA RATE. pleft g =
ElL NAME MEASUREMENT DESCRIPTION OPERATIONJOPERA TION hps B | 5 g PROCESSENG REUIHED REMARKS
1827 |VCG Coupler Converts VCG signals 2/day 1hr 21K x Downlink, On-board waveform
analysis.
1829 §Veatilaiion tnit, Monitor flow, pressures, etc. Once/min, | =~ Negl. Out-of-tolerance determination.
Vartsbrates Est. 6 sensors.
98A | Holding Umit, C&T Monitor Temp. Once/min.} -- Negl. Out-of-tolerance detarmimation.
50A | Clinostat, C&T Monitor motor current Once/min.§ -- Negl. Qut-of-tolarance determination.
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TABLE 2~-15
MOD-1A THERMAL LOADS

Avionics Experiment Condensing
Heat Exchanger Heat Exchanger Heat Exchanger
watts watts watts

562 200 808 + 179"

*
Metabolic load - 4 primates, 16 rats
2.3.4.4 Environmental Factor Requirements

The environmental factors incliude such items as acoustics, vibration, shock, clean-
liness, contamination, electrical, magnetic and radiation. Except in a preliminary
nature these have not been established. The launch environment for acoustics has
been set at 120 db. The Spacelab environmental factors have been partially defined,
however, the user requirements in terms of tolerance limits have not.

2.3.5 Design Requirements

The MOD-IA has 118 equipment items which is about 77% of the CORE inventory.
This equipment inventory is contained in 16 Spacelab racks. Floor mounting is
required for several equipment items namely the exercise equipment (EI 70C),
rotating litter chair (EI 153A) and the work and surgical bench (EI 188), Table 2-18
is the complete list of equipment along with estimates of the quantities, weight,
power, and wiume, In addition to the common equipment which weighs 1904 Kg
additional equipment consisting of racks, RAUs, power, switch panels, converters,
computer, interface hardware, and PI specific equipment brings the total weight to
3315 Kg. ’

The overall design must be compatible with the maximum launch acceleration of

3 gs. The freezer venting of approximately .5 Kg/day must be considered in the
pressurization and venting provisions of the Spacelab. The preliminary layout of
the equipment within the racks is shown in Figure 2-4. Identification numbers in the
layout indicate the equipment item numbers as presented in Table 2-16,
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LY

74
168
154
1AR
1AN
1AF
180
10n
P50
ara
3
L
328
i
13
27
78
'lﬂ_.n
hTL)
THT
ana
th
L44
L
L2
5ra
Rz
%N
5¢F
ey
€1
6T

L]
853
1
&6
7hr
7F
rsC
75F
7ar
764
773
Ag
L34
&
S1
gt
Qra

gar
a7
94
toLr

Table 2-16, Equipment List (MOD-1A)

ACTFLFECHETFO
ACCFLFPOMFTFC ROUICLFP

ATO PARTICLY SAMFL IR
ATOFLONW WORK SHYRFACF
ANTOANELYTFR (GEMSAFT)
AUTO FOTFNTIY, FLFC. ANAL.
ANTFNNAS, ASSARTFN

ATMCS. SAYPLING SYSTFM
AUNTOMFTF?

340%56%, PANTATTON
AALLTSTOCAINTOARRA M COUALER
FUSTOM RITE 3040N0C

[09Y MASS MEAS, NFVICrE
TOLONY CHAMAFD, SFALAJLF
CAGF, RAY, HA4STFD, STANNADN
FALCHLATGR, PLAKFY

casraa, CINF

CANE 04 CONTROLLFR

fA4FREy FOLEROTH

ca4TR4, 35 MM AN STRD3IF
naMeoa, yInea, 574

fAMEBA, yINFD, COLOP

CAMF 24 “O'NTS

CAMTRA TIME?, YTNF)
TARNTORUL MONARY AMALY TP
CONYTRIFNGF, 1Y SMPL PROCFSSOR
SHEMTCALS

CHT4TGALS, TANIOTSOT. TRACHDOS
CUTMTCAL STDPASF CAJINETY
CLFANFR, VAGHIM

CLTHNOSTAT (FO2 C/T)
CIMFACTO®, SALINS

conToeol CONSILE, SXPERIMENTFD
COOLANY LJ0P, LIMIIN
CIUNTFR, COLONY, MANUAL
NTSPLAY KFY3Q4RN, POPTABLF
NTSPLAY, HUNF2YLC

FCG nouPLE®

CFG CUlIRLFQ

FLFCTOOPHYS, RACKPANK

CLER YRQPHYS, RECETYFG

TuG CUURLFE? '
FAITPMENT OFSTIATNT NFYICF
FYFICISE FIITF., PHYSIOL.
FILM, INF

FTLH, FOLARCTD

FILM, 35 MM

FLOWMFTFRS

FREFIFR, OPYIGENTC

FRFF ZER, GFNFOAL

FRFFTFR, LOW TFMF,

F2lGe {REFRIGCIATOR)

SAS AHALYZF®, MASS SRES,
GAS ANALYZFR, 7H

GAS SUPPLTFS

SLOVF 30X%, POOFA3LE

SLOVFE 20X LINE?S
HANTWIPES, AFTANYRE
HNOLNTNG UNTY, RFLLS/TISSUOFS
WOLNTING IINTT, PRIMATF
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Weight
(kg)

Qa1
.05
2e?
8

26
12.7
Q.1
ic
GheS
0.2
0.1
0.23
36.5
a2
2.3
Gala7
5
13.6
23
2
bal
[ £%4
3

4
9C.7
12.7
B.5
te3
“-ﬂ
2e3
4

t18
2247
30
1.5
1%.6
2
0.7
a2
Ge%
27
de?
Ce5
9h
GGl
delb
Det3
0.5
2i.6
15

8

18
25
5e2
5475
heS
05
0.3
23
113

REPRODUCIB{LIYY Ui

Power
(watts)
[

206
106

10¢
10

110
100

~N W
QRO

L.

Plﬁﬁ):);hﬂhNV‘DN-ﬂ

SR NN - N U R R RN
oBDoeoo
«

-
oo
[—]

Unit Volume
(dm3)

Ca«f3 -
Ded1
L85
6

&0
X4
Ce03
28
el
0.1
1
8.03
675
0.t
11
Tate
-3
28.3
D6

172

1.0
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1€12
10*A
106
1th
10RA
iCcR
i€9
116
1100
1144
1143
1 3 X0
1147
t1uG
116
1
1147
121
ig2
126
126
12/4
1269
17iF
1x?
137
{1 LA
138
13na
!.3‘”:
179
1un
14tA
1430
LbhLr
1y?
1674
18¢2
167
1878
1570
15h
185¢F
1R
154
1F7T
165
174
1760
174
{7
179"

1£40
187
18 p0c
LE®
1es

Table 2-16, Equipment List (MOD-1A), Contd

MILNING LNTY, SM, yFRT,

THCURATOS

KTY, CHEMIDAL

KTT, HFMATOLOGY AMD UIRILOGY
KTT, CL¥ANHUF

KIT, HISTOLOAY

vTT, LINFAP %FasS,

KIv, RICRQJTOLONGY

KTT, HIMAN PHYRINLOGY

XI¥*, DISSFCTION .

¥IT, VFRTEATATF MANAGFMFNT
KTY, YFRTEAPATE PUYSIQLQGY
LAMP, FJPTAZLT WY INHT. FHUTO
LITUIN STOR. AND NTSPFHNS. SYS.
L5 BCOUS

LOAT® AJNY NFG, 29FSS, NFYINF
MANTFOLM, VACHIIM

MASS MFAS, NFYTCF, 9AC?D

MASS MFAS, WYICE, MICRQ
MENTA, DRERPADIEN

YINOOSCOFFE,y FOMFJIND
MICP0SCOFY, NTISSFCYIAG

MIC?, ANCESS. ¥XIT, COMPMN
HON=-y TISHAL NIRFCYION TNNICATOR
NRSTLLOSCOPT ANN TAMFRA
OYOLTTH TFST GAGHLES

PADFD, RFCIPATING

SH UFTFR

PUQTNCFLY CONdLFO

MHYSTOL, “HLTINHEN, SFNS SYR,
LTV HYSMOGRADH, LT
OHONMCVTIAPAGAINTONRPA Y NJUPLFO
PLITMATNG

POESSIRE GUIPLFR

FANTATION NFTEITIR, NCSTM.
PANIATION GOUNTFR

ICCGRANFO, STDTR CHAPT
OYCETVFR, HIOTSLEMETRY
QFLURNFR, YOTICE

PITATING LIYIF? CHATO/CCNSOLF
SENS 0P8, ASSQTTFY

STGNAL CONNITIONE?S (COUPLF2S)
SONCCARNTOGRA

SOUND LFYEL “ETFR

STAINTNG SYSTTH

STEQILI7?F 3, AHTGILAVE
STEITLIZFR, Tunl

TANV , VERTFRDATE YATFR
THESMICOUPLF INNICATOR
YOUECOLTHSF JLOCK
TUr@MOCQUOLTY

THFRMOMETE?, FLETTRONIC
TIME2, EVENY

TIANSOWCFR, PIFTTHOE

VNG COUPLE

VFHTILATION UNTT, yFOT,

MULT THETFR

WO AND SYUCGTL AL BFNCM
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¢ BIOMEDICINE {MAN) - CARDIOVASCULAR,

VIS.AECORDS, MAINTENANCE,
S/ WORK MICROSCOPY,  REPAIR, PRIMATE . PRMATE  BIOMEDICAL
BENCH RACK DATA MGMT FASHIC. HOLEHNG HOLDING
VESTIBULAR, MUSCULOSKELETAL,ETC ‘SES - I aas
» BIDLOGY HOLDING UNITS - 4 PRIMATES, E :

2 SM. VERTS, 2 CELLS/TISSUES
o INFLIGHT ANALYSIS - BLOGD, URINE

CHEMISTRIES, SURGERY, MICROSCOPIC,
PROTOGRAPHIC

* RETURN FOR GROUND ANALYSIS —
FREEZERS, FRIG.; HISTOLOGY,
DISSECTION, MICROBIOLOGY,
HEMATOLOGY KITS

CHARACTERISTICS
COMMU~ SOMT WEIGHT - 1504 KG

TOTAL P/L WEIGHT - 3314 KG
AVERAGE POWER - 1500 WATTS
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Figure 2-4, Dedicated Laboratory Layout, MOD 1A -

Biomedical Emphasis Lab
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APPENDIX A
LIFE SCIENCES RESEARCH REQUIREMENTS

The tabular information presented in this appendix is the condensation of data from
various input data sources, pertinent information from past studies, and summaries
of life sclences research objectives, All these data were used to support the evalua-
tion and recommendation of life sciences research requirements discussed in Volume

II, Section 2. The data are organized as follows:

Time-Phased Life Sciences Research for Consideration on:
US/ESA First Spacelab Mission
Carry-on and Mini-labs
7-day Dedicated Laboratory
30-day Dedicated Laboratory
Baseline LS Research Requirements for Spacelab Extracted
from NASA /MSFC Report NAS8-30288, August 1974
Typical Spacelab Experiment Requirements prepared by
NASA/ARC, July 1975
Life Sciences Research Requirements

Pagc

A-2

A-4

A-6

A-8

A-10 through
A-16

A-17 through
A-26

A-27 through
A-43
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TIME-PHASED LIFE SCIENCES RESEARCH .
FOR CONSIDERATION ON US/ESA FIRST SPACELAB MISSION

proliminary Integrated Life Relences Paylnads
for Bhutde/Bpacelab through 10485,
Prepared for . Wintor, 7 February 1975

Yo me e em e

Helontific Usen of ihe Rpace Bhuttle, Space Science Doard

Nattonal Resoareh Council, Natlonal Acadumy of Scimres,
Washingtan, D.C., 1974

EFFECTH OF BPACE FLIGHT ON MAN
Evaluallon of the Gauer-Hlenry roflox in Irgy mammals
Anlmal studior of shifts i bady uld & blood distributisn

Humun put/outpul walor balanee stulies with respect to
cardiovascular porfrrmancee

Anthrapanmieirie moisures of eardiuvascular fuid shifis
i TesUng of inflight xpice niukes countormeasares

]
_Evalunte pro- and pasl-fdghl "epaes nauson” sereening tunlk
. to determinu predictiva vakue

Hormionul & oloctrolyls asrays 1o mensurd minoral & Quid
hatance

Follow -up studies in Skylal renal funetion observallons
Sludles on oy marrow supprussion ln wolghitcssnoss

, Evaluaie 1ho offor (Iveness of lyped of uxorelse matining
!cnrdjovnuuulnr and muzcular tono

Invasiy ¢ animale stadios o measice faclors contrelling
postiight cardise output

NMOMEDICINE

Cardiovancular Systom (Expis in both animals and humans noctled)

= Exereise olfoet on card) lar regulntary

= Sty of body (luid compartment vnlumon

- Suiky possible atrophy of caniling & othor muscles

Rekpleation

- Sdy pylnionaey vascular roslatinee

= Altlbsworone seeretion

- Daily eleetrolytan

= Boidy fMluld eonyrariment selume mousurement

= Nonu formathim in #oro=g (hona repalre In animals)

= Mod blooad cell innda measuremont

+  Tone mmrrow funetfonal pespense b zuTo-L

Nuum]m{ .

- Btgdy vestibular funetiong in man & anlmalx

- Neurophysielogical dysfunviton (righting refl -
canligvasculars

BIOLOGY  {Uexignnted ag "ltescarch” Ly abovy sonree)

Smali vurlshrate kigdles on the relationships of aniboctlne
cantrol of mammalian physinlegy

Animal s(udios on tho mochantsms invelved ln kpace nauken
and vesllbelar adaptation to zoto-g

N LOGY

Physialisgiunl effectr of 2ero-g on small manmaly

Tes\ subjectx: lumana, Non-Human Primates, Smnlb
Mammals, Colls & Tlasues

Test Subjects: lumans, Non=Human Primates, Small Mammale,
Colls & Tiksues
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Life Sviences Paylead Schedole,
R, $nning, OMSF/MM8

The Provecdings of the Skylab Life Sciences Symposium, Auguat 27-28, 1974,
Vol. If, Report No, TM X-B8184, JSC-09275, NABA=JEC, Comments from:
"gkytsh: A Beginning”, Lawrence F. Distlain, M.D., NASA/JSC

MEMCINE

Hapt. 1840 - UK/ESRO Lifo Selw wos Lob. First major Lifo Scluncox
Labartory i be Nown in Shuttlu.  Rusuateh capitalizas on prellmi=
nary experiments flown eovbler.
Majar upsgeading: Inclugion nf ma-snrregatos for rexsearch b depth,

Porsible incluslon of fundanental bislsgweal rosvarch

Major Herourch Arear: vestibular function, cardiavascular fusction,
hematopoetic function e marow s wdy.

Adhlltionnd Arens: urdpo volume metsnremenl & proseevation methods,

BIOMEDICINE {CANDIDATE FUTURE STUDIES)

Caydiovascular Systom
- In~depth, noninvasive cardiovascular dynamics monitoring
- Invesive pressure/volume/flow changos in early fight (animal)
- o pr or al of Gauor-Honry reflex
- Total bady cxorciso reglmen io maintain Integrity of antigravity
ua woll a8 major muscle groups
- Assess role of venous {capacitance) vossels i obsorvod
doconditioning process
- Aasoss vole of fatigue
Musculoskeloial System
- Abgolute enholie in-flight changes {bone, muscles) in unimals
- Couptormeasure ovaluation:
Diatary
Physical
7 Hermonal
Fluld/Electrolyton
- Dotmanairate Gauer-Henry roflex
- Renal hamodynamics in zore-g
- Renal responac lo water/salt loads, dehydeation in zere-g
- Numernal interactions nvalved in above

Vosubular Systom

- Role of sltered cuss: visund, kincathetic, other aensory

- Eflect of overhydrailon, dohydration and Increased venous
prossure on motlon sickness threahold

- Predictiva tes| far zero-g spaco sickness suscoptibibity
(? parabolic flighia}

- Baslc studlos rogardlag otiology

- Ruly of one= tralning In provention

- Improvad medications for prevention/control

Test Subjocts:  Numans, NoneHuman Primatos, Small Mammnks,
Culls & Tlssues

A-3

Tesl Subjects: Humann, Non-Human Primaton, Smoll Mammals,
Culls & Tispuin



TIME-PHASED LIFE SCIENCES RESEARCH _ _
FOR CONSIDERATION ON CARRY-ON LABOFATOR!ES/MINI LABORATORIES

1
Preliminary tntogeatesd Life Kelences Payloads tefentifie Usea of the Space Shutde, Spgee Selonoo Doard,
for Stmtile/Spacolnbs through 1088, National Lescarch Couneil, Natlonal Acadomy of Sclencus,
Proparod for Jlr._Winlr, T Fabegary 1078 | Washington, 1D.C., W74 - |
- | EFFECTS OF SPACE FLIGIT ON MAN MOMENILINE
; Muasuroniont of cardiopulmonury finciions during spacelight, Gardlovascutar Byptatn (Expls n holh animale & humana nevdod)
* using the cardiopulmonary snalyror ) - Puriphoral hlocd Now (LONEY
: . . - Exuvreige offuct on cardlovaseular rogulutory responsus
Anthroy tri of eardlovaseular fuid shifs = Sludy of body fiufsl vompartment voluties
= Bluily poasiblc steophy of cardiac & niher muscles
Evpluatiom of new ochaiques to siwdy eapid Jar Quld akifts | Roppiention
= Bty mochanleal function of lungs bt voTo-g
Evalusty pro and postBight “space nousea'! soroening devices = Btuly pulmonney vasculor reaistunce
w dutermine prediclive value Eltnuy & Motaholinm
= Alkstorone, insulin, & growih hormone seorotion
Tust in=Might "space npusen” countermennuros = Pudy vloctrolytes & Auid compartmunt volume muasurement
. = Noue formation in zoro=y (hone repalr in animals}
FPorform hormonal ond wloetrolyte assays io moasure minornl = Effect of voro=g on Dasal moinbolic rate
and fui balance Nemotolugy
. = fod Mood celt masa measusremunt
Bty of micreliial acrosel propymtion i space = Hono mareow funclionnl response 1o ruro-f
= Mool grannloeytic responsu to inflammiiery stinull
Nuurology
= Stutly vustibulne Tunclions 0 man & animida
- Nuumphyuinloglcx:l dyrfimetion (righttsg refexew - cardlovascular
\1I|-1'nhlnlgg! . H
: = Sty of coltulne immuntiy functluns relative 10 howt roslstance
tspocHic immuwnn ronponsu monitoving & rocor of haal
Infeations)
nmuk:\' {Boslmakt s P Rasea el bt above sourcu) IHO LY
Cariliovastular glubics ol itput; the rodu of wﬁum vosseln in Andmal Diology
decondittoning: hatirt stravlilits : Giep~Honey ruflux = Phynlolegienl uffocts of zero-s on small mammalk
Mutablle studlos of Ouldl & minerd balone: weal oy com-
poyUon: changor In hones. myikelen & beart: motabol le caorpy
uspenslliure shifw.
FRlukl/uluctrolyie suulies of runal funcibo
Hupatalopf.al stuslies aof Invinng faeponse, marrow chingos, ' %
rad coll maus Jows. I
H
i
{Through utilizatdon pf 4 self=cotninet pnbnal bolding R F
FaoilHy (Monkoy-Pmily)
MAN/SYSTEMS INTEGRATION MAN/EYSTEMS INTEGRA IHOX
Evaluntion of Advuneud Dusiigy Conoujis Monzury cew:roitonis tn performanes
Evakuation of advaneal] erow rostenlnl conce, = Stuly interpersona! roacton pattums
Simuladon & tralning optimizntion stuclice for man hil Muental nlurtness al peyformance £ sleep patlom relatilons
tasks
Exporimunt Support Kiplament Duaign Bvaluntions e
Flight tost of mon-maching s fice denigm eritorin dovologud ;
from Shylah rosudts,
Angossisont of the wafoty, efficlongy, & offectveness of
Inleratory webnlques and proceshiros
Teot Bubjedls: Humany, Non=lluman Primatos Tost Subjecty: umans, Non=3lupan - rendl Mammalp H
13
;

A-4




3

U St S

|

I
1

Life Scionces Payload Schwikilo
i (4] §.

‘Ihe Proceedings of the Skylah Lifu Selencen Bymporium, Augusi 27-20, 30N,
vob. 1, Neport No. T8 X-58164, JKC-002756, NASA=JHC, Comments from
ugdolal: ) .

selunhye” Lawrence F el X

MEDICINE

€Y - 1980 (Farly) - Lifo befonoes €y Mini Laboyatory. Bmall 2.0 kg
Intoratory ussembled from Skylnb & IMRLMS cquipment pluk a majar
chumical anal ysis unkt now undur duvelopment.
Yostibular Function: Man only
Eleotrelyto & Dody Fluld Distritution Tost: Man only
Oct. 1080 - Lifo SBoloncas g Minl Labomiory. Smoll inboratery (22,7 kg}
as doscribad above (Cy).
Eloolrolyte & body fluid distribution, eurdlovascular fnction, ik
vostibutar hmation: man only
March 1081 - Medieal Carry-on Category N Expariments Lab, Small
(42,3 kg) modular ab nessmbled from Skylab and IMDLMS equipmoent
lwems.
Follow up results from US/EBRO Life Sclencos Lab & Lifu Sclences
Redieatod Tab
Vesilhular Assction, oluctmlyta & body Qukd diszibution, wwl
cupdlovareulur funetlon: man only
Awge. 1UB1 ~ Medical Curry-on Chwgory I Experimonts Tab. Small o120 ke
maluline [ab asgembled from Skylub & IMULME couipment ome.
allow up tonuliy from US/ESRO Lafe Selencus 1ab & Lify Selonees
Badiealud Lab
Vastbular funetion, electrolyte & hody Auld dlsieibulon, and
eaydiovascatar function: man only
Feh, 1082 - Medien! Category IV Carey-on Experlment Lab. Smoll (12,3 kg
maoidular Inl assembled from Skytal & IMBLMS cquipmont lems,
Follaw up reaults from US/ESHG Life Sefunces 1ab & LIk Selencek
Dadicated Lal
Vestihular linction, eleclvalyte & oy fhuld disrrilmtlan, and
cardiovascular function: man only
Aug, 1982 = Lk Sclences Category A Mudleal/Walogical Carey-on
Exporiments Lab, Modium slze laborntory maslule elustor 6103 ke,
1. 414m7) capablo of accampllshing a withe range of mestong ropoareh
arosy of interart o medorale depth in a serles of Olghta.
Teat Specimen: Mun

NOLOGY

Aug. 1983 - Lile Sciencow Chlegary A Muediea)/ Hioleglend Carry-on
Experiments 1ak  Medium stze loborutory module chister {201 ki)
1.»1-lm3] capablo of avcamplishing a wile range of binlogival rerearch
arena of intorest to motlernie slepth v i serjus of Rights,

‘Pust Bpecimens: Small vertwhritos, eclls & tUrsues

BOMEDICINE (CANDIDATE FUTURE ETUDIES)

Canllovascular Systom
- in~dopth, naninvasive cardl lar dy 1 ftoring
= Invaslvo pressure/voluma/Mow changoes ln oarly Night (animal)
- Demciistrate presence or absanco of Gauer=llonry reflex
- Total bedy excrcise regimon o maintain integrity of antigravity
as well np major muscle groups
- Asgsoss role of venaus [capacitance} veasale in ohscrved
deconditloning process

- Anposs role of fatiguo
Musculoskalotal Sysiom
- Absolute Lolio in=Hight changes {bono,
= ' Counlormeasuro evaluations

Dietary

Physical

7 Hormonnl
Plaid/Bloctratytog
- Demonstrato Gaver-Hunty yoflex
- Runalghomolynamics in zuro-g
- Henal rosponse fo woior/palt tonds, dehydration in Zoro-g
- Ttusnarnl interactions involved in abovo

L]

) In animal

Vostibular Sysiem
- Itole uf altered cucs: visual, kinoathctie, othor sensory

- Effoet of ovurhydeatian, dolydretion and increasod venous
preasure an motion slelnors throshotd

- predictive ot for zero-y space slelmoss auscaptibility
{? parabolic flighia)

- Baske studlies regarding etlology

- Ttole of one— training In prevention

- Irproved medications for preventlon/conival

MAN/SYSTEMS INTEGHATION

Fels, 1983 - Life Sclonces Cowgory A Man-Sysiwm Integradon Carey-on
l—:xpoz'l.{nmt fab., Modbum slze lnlaratory mailule cluster 87,7 ki,
0.85m") capahle of accomplishing abl priorlty research arens of intorest
in MSI to modorato depth avor n sordes of Mighis.

LIFE SUPPORT/PROTECTIVE S¥YSTEMS

Aug. 1081 - Life Belencen Calegury A Lilo Support & Proloctive Byatems
Carty-on Exp. Lab, Medium miza laboratory modula cluster (108 kg,
1. 09t?} capoble of accomplishing a wide variety of Lifo Support nnd
Proloctive Systoma tasts of prolotype and Might hardware componopts
nnd pubsystams aa well as sclmntfle and enplocoring prisciplos.

‘Tont Subjects: Humans, Small Veriebratwa, Colls & Tlssuce

Tost Subjocts: Humane, Nan-Humap Peimates, Small Mammals,
Colle & Tisaues
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TIME-PHASED LIFE SCIENCES RESEARCH
FOR CONSIDERATION ON 7-DAY DEDICATED LABORATORY

* PHELIMINARY INTEQRATED LIFE SCIENCES PAYLOADS
FOR SHUTTLE/SPACELAR THROUGH 1985, PIEPANED
FOR DR, WINTER, 2 PEBRUARY TS =~

l EFFECTE OF SPACE FLIOHT UN MAN

jEvaluation of tha Quuer-Hanry reflex in Iargu mammals

Antmal studles of Alfta In body Auid & Blood distribution

ittuman input/output wator balance stidios With respeot to
tcardiovascular performanico

1

Anlhropomalric mossures of cardiovascular Nuld shifta

Testing of inflight epace neusoa countormaasures

Evaluste pro- ol poat=flight "*spacs nausca” scroening
toats to detorming predictive value

Hormonal & eloctrolyte assaya to moasure minoral &
Auid bafance

Follow=up studioa In Hkylab resal funciion abaurvalions

Rtudian on bone murrow fon In welight

L

Evajusis tha offevtivoness of 1ypos of axerelso maintalning
cardiovascular and niusculst wny

tavaaive anlmiala studios W meanure inotaes cantealling
poatlllht cordiac outpul

.

| _OF BCIENCES, WARMNGTOR, LG, 1974 s e e ]
BIOMEDICINE
Cardiprsculay Bywiam,

SCIENTIFIC UEES OF TIIE SPACE RIUTTLE, SPACE SCIENCE
HOARD, KATIONAL IIESEARCH COUNGIL, NATIONAL ACADEMY

Expariments in both anlmutn & hurmane nosdod:
- Pariphoral blood flow {(LBNP}

- Exorclso offect on card far regul

= Rty of body Muil compartmant volumen

= Study posaible sirophy of candlac & alhor i

¥ H

Hosplention

-~ Shudy mechanical funcuon of lungs bn 2are—

= Bhidy pulmonary vaxcular resislance

= Swdy lmg realatance 1o lnfoction (olliary teanspart, lymphatis
droinage, phagooyiic fnotion)

Kidnoy & Mutsholium

Allostirone seeretion

Dody clectrolyles

sulln socrotion

Oyowlh hormono suverction

Body fludd comparimont volume morsuromasnt
Nano formaton in rare-g ons ropRit In anlmalay
Efloct of zoro-g an basa) metnbolic rate

Homutology
Ttedd blood cult mass muassrement

Dove moarrow funciional roapenso o Karo-g
Blood granulsoyte response & Inflanimatory sidmuli

Neurology
Study vestibular funetions In man & animals
Neurophysiciog@en! dysfunciion (righting roffoxes = cardiovasculnr)
Norvous mystem duvslapment in andmala in zoro-g
(wmonstrato dysfunction in 1-g}

Mlvrablalogy
titudy of cellulnr immunity functiona rulative 1o host restatance
(spocific Immuns rospoase moniioring & record of hoxst Intecuonli

BOLOGY

Rogparch®

Briall vertubrate suxilos on the ralationahips of endocring
aoatred of nmipailan physlology

Animal stydieh ot the mschanlsms involved i spacy nauson
and vostibular mkaptation 1o toro-g

*Desfgnntad 43 ¥ Hosoareh" in above nource.,

BHO1L.OGY

Phyaintoglcal alfooly of zuro-g vn Bmall mamiaats
Tiehavioral patlorna in aerox

Celloler and inteacellular niavainont in 20r0-
an) growlh and daveiopmont

MAN/SYSTEMA INTEGHATION

Evaluaton ol Atvanced Busign Convopls

Flight toat of planatary sample veturn handling procedurvs
Teal of telooporator performance I simulnind payload
maiptanance and sarvielng tasks

Simulntion aad tratntng optimization studies for advanyet
man=-machine laske

Exporlmont Buppuirt Equipniant Daslgn Evaluntions

Flight tend of man=maching Inwrlace donign criteria
duveloped from Bkylab results

MAN/SYSTEMS INVEQRATION

Moapaite docroments I purformanee

Buuly intarpersmnl ruaction pattome

Montn) slortnoss and performance and aloop paltam colalions

Blan/machine intogyntion tosting of loloopasalor=remote
manipulator kystom

LIFE SUPPORT/PROTECTIVE SYSTEMY

Evaluation of Advanced Design Concupin

Evalustion of gravity-Influenced phenomens In regxonerative
tile support syatamsa

~light ovaluation of advood EVA Ufo support nnd crow
tranepuriation concepin.

LIFE SUPPOUT TRCHNOLOOY

Compunent wating

Teat bubjocts: Nlumans, Non Mumsn frimsms, Small
Mamimala, Collz & Tiammes

‘Tost Subjeots: Humana, Nom fluman Frimstos, Small
Mammals, Cella & Tissuca. Planin
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The Procoudings of 1 Skylah Lils Scluneer Byvupugivn, Angaat 3T-30, 0,
LEFE SCIRROES PAYLOAD BORKDALE, Voly L Hepery No EM Xe38551, JRC-002T3, RARVIRC. Commonts (o :
_— e B DUNNIRG, OMSE/NMS . Jsha otk e imandngg) L e kst X b L RIS TS
§ MEDICINE BLOMEIMCINE (CANIWDATE FUTURE STUBIES .
0.
- Daid,_JUR0 ~ Lifn Sotencos Dodieatod Laboratory, Mod T (Medioal Canliovasculny Syatom
Emphasls Minsim) = tedepih, nonlavesive casdiovisouiae dgnamilon mondtoring
Modiotnet AN Rossarch Arean of Wlarest (A1) «  twasive prossuredvulyme /Now changus I vatly Dight andinad)
- [} M lvinte pr oy ol of tauar -lioney rollex
duly 1981 = Llte Scloncen Dedioatod Lab, Mod )T (Wology anid Advasco) . Tolat ]u{; M::mlun ok W rattabn huu{urll:ul antigravity
Toatnolagy Misalon) a woll e maJer muachy grom
Madlubntr AL Tesoarch Avsaw of Introst (ALY - Anpoaa tolu of voiw (capactiance) veasuln Wy cbratveil
Jan. 108K = Lifa Fojunces Dalleatod Lab, Md 1§ (Walogy and Advanced :numtllum‘lhm‘];n‘licm: y
Tetnogs Minin S e o |
. . . |
Modlotniu: AN teroaveh Aroas of Intorens {IRAT} - Abwulule oatabolic n-Right ehangon (hone, swvsctes) W anlmale ; R
i - Combrmansure avaluxtiont
{ hotary
Physloal 4
? tormonat e
Fiult/Elostralyian : :
= Dumonetrate Gaver-Eluary rellex
= el hamodynaniles n Re=g
i w  lloant venpoand to wator/mall londe, suhydeation n zoraey
i «  pwinersl kntovactions ivelvad i above |
i
ot
S Yentibulny Bpatom
" Tols o allerod cyon: visasl, klinosthotie, olbw? Kohsory
- Etset of syerhgslvation, dehptration sl bicroased vamn
prosmita s matlon siokiows reatoeld
- Prodictive tont for Loro-g sjmoe kicknoas suscoptiblitty
| 1 parubalie Righta)
= Dasle sludios reganding atlolagy
- Ho'te of ooy teabning by provintion
«  Juprovad modicatons for prosntios/control
- v
MOLOGY
Do, MAD = Life Seloncan Dedicated laboratnry, Mot (Mutionl Rmphanin
Misrlow)
Blology: Prhisatan, Snall Vorlebratos, and Culls & Tirswen = ANl
Rusonreh Aroax of Titaroal {RAT)
July 1081 - tife Setoncan Dodicntid Lab, Mod 11 (Biatopy ol Advanced
‘Tooknulngy Miselon)
Molymey: Priwntos, Smatl Vortubratos, Colle & Tinsuos, Plint,
avortebeaion: AR 1AL
doju 1084 « Lile Solencos Dodieatd Lab, Mod 10 ilotogy and Asteancad
Tectwology Mission)
Miolopy Primntos, Swall Vortoheatos, Colls & Fisuos, Danta,
Invartabealon: AN BAT
! MANZEVSTEMS WTHORATION
! Dogy SUNG - Tafa Boloncos Bedleatml Labaratrry, Mot | iMudteal Bwphanin :
] Mirsion} . i
liahavier: AIl RAT ‘
July 1081 = Lo S bmens Liotientod Lab, Mad 11 (Walogy and Advanced ; j
Tovmolagy Misaion) b ;
liahavior: AL AT d
Junip, 1938 = Lifo Soivnces Dotiealend Lab, Med 1L (hilalogy anl Advaneed i
Toehnelogy Miselony i
tokarior: Al NATL
LIFR SUPPORT/RIOYTRC TEVE SYSTEMS
July 1081 - Life Sotencos Dedoated Lab, Mod H {Diology and Advanced
Teomology Mission)
Lifo Suppari & Protectivo Systema: AlL AT
dag. 1983 ~ Lile Seloncen Dvdioated fab, Mod 13 (MHology apd Advanced
Teomnology Misalon)
fila Support & Prowodve Syskemaet All RAY
p

Towt sublocta: Humans, NonsHumen Prioatos. Small Mammale, ‘Teal Subjoctss Mumans, Noasilunmn Primates, fmall Mamninis, Colla k Tinsvas
Catle & Tiesues, Piante, tnverivbrates

. A-7




TIME~PHASED LIFE SCIENCES RESEARCH

FOR CONSIDERATION ON 30-DAY DEDICATED LABORATORY

 Tahe Payloads felantific Usos of tha Amce Siuitle, Bpecs Scimoe foard,
tar Fhwitle/Spacelah through 1948, Katlonal R Councl), Retianai Academy of Sci .
]

S T 1PN R ——

EFFECTE OF APACE F1201T ON MAN

fraall mammal exper kvepta to measuro (ho abeslato rola-
Hanrhip betwasn longth of exposurd 10 wolghUsssness and
fukd volume ahifla

Bmill mymmal studies oo 2ero-g rulated musculoskulotal
chang,

Bmall mammal sudies on Erythropolesis
Effocts of Teduce gravily o calelum loss from boses

Monltoring of iyl /output whisr talancy to stidy cardio=
fvancular Duid shilta

Evalustion of in=ftight space alckneas counlormokaures

In-flight ] and olecivolyts awrays W
{minaral sad Duld balance

Follow=yp aurdles an kylab renal kenetion obsarvmtions
Human & animal atudics an hond marrow supptession

Evaluai oflfecUivenves of 1ypos of sxurclse n malntathing
candlovancutar & musoular tone

[2valvation of countermensures for teaucs of minnraln
during spacafiight

Fvnluaiion of crow solodon criteria (refraciary
catatalip kil af apaccflight) tor protanged mi

MOMEDIQINE

Cayviavanculer Syatem {Exply & both salmals & dumsns nooded)
& Peciphwrul u'T-H Bow {LDNP}

= Exerciss effect oo cavds L] i

+  Sudy of body fuld compartment volumes

- Swdy poasibie atrophy of cardiso & other muscles

fianplration

= Khnly mechanical Rnotion of lungs In tero-g

N 1 Y '

- Smdy lung real 1o lalsction {cillary port, lymphatle
drainage, phagooytic funation)

Klnoy & Metatoliam

= Allsiorons, lasulln, & growih hormons secretion

= TNy olecirolytan & Jukt compartmmt valume measurement

»  lhmo formation bn 2epo=g (bove ropeir ia animalat

= Elfeut of pero-g oh bazal matalolic ratn

maiol

= fuxl blood cell mans meanutemms

- Tope marrow fusctonal cosponse o sero-g

- r-:wd grmulooyiic reaponpe o nflammatwry sumull

fin'] .

«  Study veaiitular fanctlons  man & animals

= Neurophyslologioal dy L L L b lary

= Norvous sysiem Jovelepment ks simals bn tero-g
{demonatrate dyshunciion in 1-g)

opobiol

- Study of collular immunity funcions twlstive lo hoat reststance
{specifip immune rosponse mmitoring § record of hoat
hmlhn-)

Madiobiology

~ Sy biclogieal offects of 1ZK-jurdole for proot-of-principle)

- SHtudy molecutar baxis of zare-g porturba lon of cell divialoa
{th vive & In vitro cull labeling)

GOV (husignated as "Hosvarch" in whova sourve)

[Mlm;! nuntios on offoets of welghiluermons on sgig
1 Small voriabrate & tnvertobruls wailivs of collutar diviatm
' & difforen‘iaton during spacalight
Fvaluation of blojogleat rhythina during spacsflipht
Hsall voriebrate studles of the collular mochandunin
vunitulting bohavier
Study uf wechantams contralting geolrophlc ros tn plants
Eynluate alfocts of wolghteannoan on plani growth, davulop-
ment, mauratin, roproducon & proluctivity
lluman & animal sllos av machanisms vnived in apace
neuwea & ventilnlnr adapttion to tora-g
Buudy of offurcts of sucucod gravity on vertubeate ropro=
ductive provessus, ombrysguionis, parbirition, grews,
dovel ition & | N

| Moarure afforts of redaced gravity on a hnud range of animal
hohavior involving sonesory, nouromuscwlat, ad

' noutolonical poelormance

‘suuuuu e i cloaed pystom evology of Nghar plante

BOTOGY

Collular & Moluoular Woleg
+  Htudios of tho kinotive of cull growih & cell Myvialon th: plant &

nalmal Hesue cuttares, bone (inrrow I vivo, skin ih vive,
tnteaitnal oplibotium ln vive, ropsir eala of demigl skin &
Injurm) bone marrow, embryonic dovalupmant

- Gonelle stutied: call division, chromosume roplication

=~ Collwtar & eraceliuar movemost in Toro-g

Anlmal Itinly
= nysiclogicn) ¢ffeotn uf toro- on small mammals

- Mar Lstiew i aimiplo ~ protozoa =
distoms

«  Bmatl manimal jopt-natal growth & dovelopment in sere=gt
enrdiae g, mh 1 llem Toakelolal
developmont

- Effects of tractional g {variahle cunirifuge)

= Tohavioral palerns in reco-g

- Cireadian rhyihmng

Elast Nutogy

+ el Growth & Development; Aribidopsis, carrols, tolmcco,
wnnflowsr-nave multures

- Cutropiem of stam & roat Wesue fparform an grouad i clinoats

< o mimic wolghtinesneas & vorily in zoro-y on Variabls centrifuge

MAN/BYSTEMS INTEGRATION

Evglgngm' of Advanced Desip Concepls

Evaluatlon of llvojeralar aysioms drou=llying) i deployhi,
reteioving, & wotvicing satollitos temoiw from U
shutdo

‘Tasung of mainl & repaly techalgues aml Lols

Simulntion & tradning optinization aludies for mansmzchlne

taaks
" Exporiment Gupport Equipment Dosign Byatuations

Flight tept of man-machine interface dosign critorla
dovoloped from Skylab rosalia

Aspesament of the safoly, clliciency, & effurdveneun uf
14 oot "

it w

T xltu moasuremant ol EVA porformance capahithibod,
valldation of mapn=machine sk allocailan rvles, &
vurificaton of EVA support hardwars ftools,

s b, atevy ptabil

MAK/SYETEMS INTEOIATION

Moasure deoremonta bn porlormance

Sudy temersanal rearton jmlismas

Mental zlortnews wwl perfarmance k sloup patiem rolations

Man/maching integration teating of Lol romata
ryatum

LIFE SUPPORT/PROTECTIVE 8YSTENS

Tuation of A Dealen Cona
Evaluatlon of time-dependont, kravity=infuenced phonomma
N rigmmerative lite nuppoet uyatems

riment Suppott Equinmmni Desigs Bvaluations
Evaluation of tine-dopadont, gravily-inflasnoed procossos
mpondnte in §dfa Sed BUppOrt iy

WFE SUPPORT TECHROLOGY

Companm\ wating

Toal fubjects: flumana, Non-Human Primatss, Smafl
Mammala, Yeriehmtea, hvarishratos, Colla &
Tienuss, Flants

Twat Subjects: Humsns, Non-flumen Primstos, Small
Mamimale, Colis & Tiomuen, Plants
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ke Sclmoss Puylssd Sohedule,
B Dt OMAP/MME

The Proceedings of the Siylalr Lile Felences Symposium, Augyst 27-39, 19%,

¥al. 11, Ropart Na. T3 N-B8154, JRC-0T11S, NABA-IEC. Commmis frem:
wiky 1ok . .

MEDICINE
July 1983 ~ Lils Sclences 30-Day Dadicatsd Lab, Mod [T (Mology/

2
Haer AY h Aveas of By (MAT)

, 1943 = Lile Sciences Dadicalsd Lab, Mod 1T (Biology/ Advanced

Tacmology Mlssim)
Madicine: All RAT

July 1943 = Lite Belmosy Dodicatad Lab, Mod [T (Blology/Tectmology
Fmphasis stisnion)*
Madicise: A) RAT

*Pirst Dight of Life Sciences Rssearch Cenirifuge

BIOMEDICINE (CANDIDATE FUTURE ATUDIES)

Cardiovasculne Bymiem
Ja-depih, mminvasive ssrdiovasculer dysemics maniloring
hmtn pmwmlmluufnu changes in sarly Dight (anioal)
p oF Al of mmdlnr;nlu
Tehl body s Yogimen %o maintain of
a2 wall a8 major mruscls grocpe
= Aswasa rola of vonous {capacitance) veassly i cheerved
decopditizning procasa
- Aastps rolo of atigus
Musculoakelatsl Bystom
- Abpoluta catabolic n<Right chinges (bone, lea) in L
= ¢ Cowmisrmeasure ovalustion:
Distary
Physlcal
? Narmoual
gmgmuuum_n
«  Demsonatreis Caver-llenry roflex
=  Real hemodymamics in sero-g
- Raual reapanse 1o wator/ealt loads, dehpdration i sero-g
= lumors! tnoractions invelved i atnve
Hematologlc Systam
- Oround -haseid mattow=gupprossion factors
= Validate Skylah results on Joager Earth-orhital ights
Yepitbuler Sraiom
Rals of altared cusst visual, kinoathetis, othor sonsary
= Rifsot of overhydration, dehydration snd increaved venous
prosaure an motlon sickness threahold
- Pradiclive tan [or aura=g space sickness suscopiitdiity
(7 parnballe flighta)
- Basio studies tegarding altlalogy
-  Role of ono-g training in prw\'-nﬂﬂt
- toproved med far pr 1

LR ]

mL0aY

July 1982 ~ Lifo Sclencea 30- Dy Dorticaled Tab, Mod T {Motogy/Advanced
Technology Mlaaion}
Diologyr All RAT

lan, 1983 - Lifa Sclunces Dedieated 1ab, Mod TT {Miclogy/advanced
Teochnology Mismon}
Diologyr ALl RAL

{ July 1943 = Lifa Sclences Dudicated Lab, Mod I (Blotogy/ Tecmology

Emphasia Mlaslon)*
Niology: 1" %!

sPpat K5 ;Lo Wionces Research Centrlfuga

MAN/SVETEMS CVTEGIATION

July 1442 - Life fiefencos 30«Day Dedlcated Lah, Mod G iDniogy/ Advanced
Toctmotogy Miselon}
Dehavior: All RAL

Jan. 10F3 - (Ao Sclonces Dedicated Lab, Mo 1 (Klology/Advanced
Toctnology Mirslon)
Dabaviar: All HAL

July 1983 ~ Lufo Selencos Dudicated 3ab, Mod I ¢ Mology/Technlogy
Emphasia Alieslon)?
Dobaviors All TAS

*Fieut Flight of Lifo Seiances Nesearch Conirifuge

LIFE SUPPORT/PROTECTIVE SYSTEMS

July 1943 - Lile bcfoncos 30-Puy Dedicated Lab, Mod 1 (Blology/Advanced
Techoology Mission}
Life supporl & Proteative Bystems: ALl A

Jan, 1883 - Lifo fiolmcea Dedicatad Lah, Med 'll {THolngy/Advaticed
" Techaology Misalon)
Life Suppost & Protoctive Bystema: ALl RAL

July 1983 - LifoScienves Dodicated Lab, Mod 11f {Mology/Technology
Emphasis Misejon)*
Lite Support & Prowctive Systema: ALl RAL

*Fierst Flight of Lifa Sclmces Rosedreh Contrifige

Tast Schjscta: Humans, Nonellumas Primatea, Small Mamsusla,
Calls & Tissugs, Planis, hivermbrates

Tant Subjoctst Humasa, Mon-Tiuman Primetes, Smali Mammals,
Cails L Tlasos




NRICHTY. SN . ot 7 e

: ) “'
-.»“4'(

Baseline Life Sciences Research Requirements for Spacelab, Extracted From NASA / ‘
MSFC Report NAS8-30288, August 1974,

(General Dynamics Convair Report No, CASD-NAS-74-046).
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Research Area Priorities for Biomedical and Biomedical Surrogate Missions

R bpler - AT )

1=V

G.1. FUNCTIONS

z
x| = o
a8l o LB &
RESEARCH AREAS é‘ g ‘.‘2 SEE 48 - 2
— o x
©E3| e58 g5 €8 | &
sz8Hl 282 22| &8 % *VERTEBRATE *CELLS & TISSUES
CARDIAC FUNCTION 1 1 2 1 CARDIAC FUNCTION BIOCHEMICAL PROPERTIES
PULMONARY FUNCTION 2 2 3 2 PULMONARY FUNCTION BIOPHYSICAL PROPERTIES
HEMODYNAMICS 3 3 1 3 HEMODYNAMICS RADIATION EFFECTS
BLOOD MORPHOLOGY BLOOD MORPHOLOGY MORPHOLOGY
ELECTROLYTES ELECTROLYTES
ENZYMES ENZYMES
ENDOCRINES a ENDOCRINES
GASES 2 GASES
ORGANISMS o g ORGANISMS
IMMUNOGLOBINS 5 IMMUNOGLOBINS
PROTEINS 2 & PROTEINS
CHEMISTRIES & a CHEMISTRIES
]
m
o
=

EXCRETORY FUNCTIONS

METABOLIC STUDIES

MICROBIOLOGY STUDIES

NEUROLOGICAL FUNCTIONS

VESTIBULAR FUNCTIONS

7

7

8

4

1

6

7

6

G.1. FUNCTIONS

EXCRETORY FUNCTIONS

METABOLIC STUDIES

MICROBIOLOGY STUDIES

NEUROLOGICAL FUNCTIONS

VESTIBULAR FUNCTIONS

*PARALLEL BIOMEDICAL RESEARCH OBJECTIVES TO SI'UDY BASIC MECHANISMS OF MAN'S ADAPTATION TO THE SPACE ENVIRONMENT.

L




Basic Science Research Area for Vertebrate, Cell
and Tissue, Plant and Invertebrate Miusions

VERTEBRATER CELLS & TISSUES PLANTE INVERTEBRATES
GROWTH GROWTH ' GROWTH GROWTH
DEVELOPMENT DEVELOPMENT PEVELOPMENT DEVELOPMENT
REPRODUCTION METABOLIC STUDIES METABOLIC STUDIES METABOLIC STUDIES
EMBRYOGENESIS HOBT-PARASITE RELATIONS | BIOCHEMICAL PROPERTIES | BIOCHEMICAL PROPERTIES
SENESCENCE & AGING GENETICS MORPHOLOGY MORPHOLOGY
GENETICS RADIATION/HZE EMDRYOGENESIS EMBRYOGENESIS

PARTICLE EFFECTS .
RADIATION/HZE HOST-PARASITE RELATIONS | RADIATION/HZE
PARTICLE EFFECTS PARTICLE EFFECTS
GENETICS
RADIATION/HZE

PARTICLE EFFECTS

Representative Plant Research Functions List

GROWTH & DEVELOPMENT

GROWTH RATE

SEEDING CELL ORCANIZATION
ROOT DEVELOPMENT
FLOWER SYMMETRY

LEAF SYMMETRY

POLLEN MATIMATION
GERMINATION TIME
GEOTROPISM/ PHOTOTROPISM
SEED MORPHOGENESIS
CYTOLOGIC 8TAINING
STOMAL OPENING

PHYSIOLOGY

CHLOROPLAST METABOLISM
PHOTOSYNTHETIC ACTIVITY
VIRAL IDENTIFICATION
FUNGAL IDENTIFICATION

A-12

COMMON QOPERATIONS

SPECIMEN STA'l'US OBSERVATION
ATR SAMPLING

MICROSCOPY

MASS MEASUREMENTS
ROSAMPLING

OXYGEN MONI'TORING

€O, MONITORING

WATER VAPOR MONITORING
RADIATION MONITORING

BIOCHEMISTRY

TOTAL NITROGEN

CARBOHNYDRATE CONTENT

WATER-MINERA L TRANSPORT

PLANT HORMONE ASSAY
PHYCOCYANIN
PROTOPORPHYRINE

PLANT ENZYME ASSAY
INVERTASE ACTIVITY
GEHYDROGENASE ACT,
PEROXIDASE

PLANT LIPIDS

AMING ACID ASSAY

ISOTOPIC UPTAKE (C, Ca, N, P}

STARCH GRANULE ASSAY

ALKALOID SYNTHESIS

CARBON DIOXIDE EVOLUTION

OXYGEN UPDATE

QPSR NI - Er a1t S




Initial List of Equipment Items for Biomedical and Biological Areas

“.\fg‘.

EQUIPMENT ITEMS

BIO-
MEDICINE

BMALL
VERTE-
BRATES

USING F.P.E,'8

CELLE
&
TISSUES

PLANTS

. INVERTE-
BRATES

BPECIMEN AOQUISITION
AIR PARTICLE SAMPLER
ALCOHCL SWARS
ANESTHUTIZER, INVERTEBRATE
BIOBACKPACK, MICRO
BLADES, SURGICAL (25 PK)
CHLORAL HYDRATE
CUFF, BLOOD PRESSURE .
ELECTRODES, EEQ, EXG, DISPOSABLE
FLOWMETER, DOPPLER, BLOOD
FORCEPS, GILBERT
FORCEP, NEEDLE, MET2ENBAUM
FORCEPS, BPLINTER
FORCEPRS, TISSUE (RATTOOTH), MICHEL
HARNEBS, ELECTROPHYSIOLOGY
HARNESS, ELECTROPHYSOLOGY, MICRO
KNMFE HOLDER, BARD PARKER
LANCETS (26/KTT)
LOOR, INOCULATING
MEDIA, BLOOD AGAR, PLATED
MEDIA, EMB AGAR, PLATED
MEDIA, FLUID, EXP, SPECIFIC
MEDIA, PHENYLETHYL ALCOHOL AGAR
MEDIA, BOLID, EXP, SPECIFIC
MEDIA, T8A AGAR, PLATED
MICROSURGERY SET
NEEDLE, INOCULATING
NEEDLES, VACUTAINER, 21 GA., 26 GA,
NEMBUTAL
ORCGANISM TRANSFER/RESTRAINT CAPSULE
PIPETTES, OXFORD SAMPLER
RESPIROMETER, BTRAIN GAGE
RETRACTOR, WEFI'LANER
SCISSORS, BABY OPERATING
SCISSORS, MAYO-NOBEL, DISSECTION
SCIEBORE, OPERATING
SPIROMETER MOUTHFIECES
SYRINGES, 1 CC (20/KIT)
BYRINGE, BLOOD COLLECTING {EA)
BYRINGE, VACUTAINER, PED SIZE (25/KIT)
THERMISTOR, DEEP BODY TEMP.
XDCR, VENOUS PRESSURE, IMPLANTABLE
ZERO G RESTRAINING DEVICE, EQUIPMENT

SPECIMEN PREPARATION
ANIMAL DISSECTION BOARD, UNIVERSAL
CENTRIFUGE, MICROCHEMI AL/HCT
COUNTER, DIFFCRENTIAL
COUNTER, TALLY

COUPLER, DOPPLER FLWMTR,
COUPLER, EEG

COUPLER, EMG

COUPLER, PRESSURE XDCR
COUPLER, STRAIN GAGE

COUPLER, THERMISTOR

COUPLEH, VECTORCARDIOGRAM
COVER SLIP (COUNTING CMBR)
CRITOSEAL

DISSECTION BOARD CLIPE (PACKAGE)
GAUZE, 2x2, SPONGES {200)

GLOVE BOX

~ HOMOGENIZER, .3 TO 50 ML

LYOPHILIZER, EPACE VACUUM (MANIFOLD)
MICROSCOPE, DISSECTING
NEEDLES, ASSORTED SIZEB

NEEDLES, SUTURE, ASSCRTED EIZES
ORGANIEM/BPECIMEN MASS MEAS, DEVICE
PIPETTES, OXFORD SAMPLER

| BADIOBIOLOGICALS, DVECTABLE

BAMPLE PROCESSOR, AUTOMATIC, BLOOD
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Inittal List of Equipment Items for Biomedical and Blological Areas, Cont'd

USING ¥, P.E.'S
[ eELIA

BlOo- VERTE- & INVENTE~
EQUIPMENT TTEMS MEDICINE| BRATES TISBUEE PLANTS| BRATES

SPECIMEN PREPARATION (CONT'LY
BLIDES, MICROBCOPE

SLIDE STAINER, AUTOMATIC

BQUIBBS (FLANT GROWTI ARRESTER) (28/PK}
SQUIBB FIRING MECHANDM

BTAINB, ASSORTED, HISTOLOGICAL
SUTURE MATERIAL, MONOFILAMENT
SWARS, COTTON {/TUBE)

TEMPERATURE BLOCK 58 DEG.C

TIMER, INTENVAL

TUBES, MICROHCT, HEPARINIZED

TUBES, MICRONCT, PLAIN

WRIGHT BUFFER

WRIGHT STAIN

EPECIMEN STORAGE

BAGB, PLABTIC, BEALABLY, LARCE
BAGE, PLASTIC, SEALABLE, SMALL
DRY BTORAGE CONTAINER (NOOM TEMP}
FIXATIVE, ETIANOL

FIXATIVE, FORMALIN

FIXATIVE, TISSUE, EXPERIMENT SPECIFIC
FIXATIVE, ZENKERB SOLUTION
FREEZER, CRYQOENIC (LN2) (OPTIONAL)
FREEZER, LOW TEMPEMATURE -80C
FREEZER UNTT -10C

INCUBATOMN, {AMINI)

REFMIGERATOR

BPECIMEN YIALS

DATA ACQUISIION/BTORAGE
AVAPTEN, MICROSCOPE-CAMENRA
CAMERA, 36 MM
CAMERA, POLORGID
CAMERA, VIDEO, COLOR
CAMERA, VIDEOTAPE
LOO BOOKS
TAPE, MAGNETIC, INSTRUMENTATION
TAPE RECORDER

ON BUARD SPECIA L ANALYSIS, REQ'Y) EQUIR.
ANALYZER, DLOOND GAS, PH, PCO2, PO2

COUNTEI, COLONY, MANUAL “ X
DIYPLAY, CItY, ELECTROPHIYSIOL,
ELECTROCARDIOGRA Pt

TABSIIX (GLU,ALS, DLOOD, PILKETONE}
BEMACYTOMETER

SLEMOG LOSINOMETER 3
METABOLIC GAB ANALYZLR, CELLULAR X X
METADBOLIC GAS ANALYZER, PULMONARY
MICRORCODE, COMPD

SPIROMETER {PART OF MEFAL, ANALYZER) ) ,
PIt METEl, CELLE/TISSUES MENLA R X !

MAINTENANCE/CLEANUR
DISINFECTING SWAHBS (PIEPACKED TOWELS)
LINERS, DISSECTING DOARD (50/PRG}

LINERS, GLOVE NOX {50/1KG)

PORTADLE AIRFLOW WORK SURFACE
HTERILIZER, TOOL, (BACTECINERATON)
‘TOWELS, DRY, DISPOSADLE

TOWELS, PREMOISTENED, ZEPIERAN CL
VACUUM CLEANEHR (PART UF ECS AIR REVURN)
WASTE SFORAGE CONTAINER

ENVIROMMENTA L CONT ROL/LIFE SUPPORT EYSTEM
ECE PACKAGE
AR CIRCULATOR (BLOWER SYSTEM)
COOLENR, FLUID LOOP
FILTER, ACTIVATED CHARCOAL
FILIER UNTT, HEPA
HEATER, FLUID LOOP
OXYGEN MANIFOLD AND METERING SYSTEM
OXYGEN SUPPLY, PRESSURIZED CYLINDERS
THERMOCOUPLES
IIOLDING UNTT MODULE !
ANIMAL WAT ERUNG DEVICE
CAGE, SMALL VERTERRATES
CLINOSTAT
COMMON CACE MODULE
FEEDER, VERTEBRATE
GAS MONITOR (€02, 02)

HOLDING CHAMBER, CELLE/TISSUES '
HOLDING CHAMBER, INVERTERRATES '
LIOH CARTRIDGES X
PLANT WATERING SYSTEM, AUTOQ ! :
MEDIA, ‘I'5SUE CULTURE X i
WASTE MANAGEMENT SYSTEM, VERTEBRATES S : !
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P SEUIPURE S

Initial List of Equipment Items for Candidate in MSI Experiments

REQIMTED EQUIPMENT ITEMS
{E.1.°8}

EXPERIMENTR
k]

10 W] W | 15 [ 18 [ 7

=
-
3

Efincts of Space FlgHt

"TEffacts of Space Flight
Enviromment o Peycho—

mator Punctioos

Assembly, Depleyment,

Capmbilites
Coutailuos

Mzmiel Controllshility
Frae-Flving

Envirmment on Individuat

& Group Urmamlcs
Urine & Feces Colleclon,

Effocta of Space Flight
Effacts of Stress & Fa'
Measuremant &
Compact Respirabory
Measurament Sysiem
Chermical Arslyzer
[System to Presstwe
Blological Matariale
Medical Aspirator

Automawnd Clidesl

Evaluation of Miniatare

Locomotion & Re-
straint Capabilities
Effsctiveness of End
Effsctar Designe
Of-Duty Activity

& Facilittea

of Bons

Adminiftration Devioe
Dlood Cell Cowmter

intravenous Fluld

Accolerometer

Accelar smoter Coupler
Accommodaion Tange Taster
Alrleck, EVA

A nemalascope

Audio 8terec Headaet

Audlo Tons Soerce, Portable
Audlomater .
Dage, Plaste, Pormeahbo
Nonch, laminar Flow
Blobackpack, Micro
Camora, Clna

Camera, Sull

Camera, Video BEW
Camaza, Video Color
Cemera Contrallor
Computor, Hgilal

Gonsolz, Achavieral Measurenients
Converier, A«

Craw Mobi)ity Alds

Crow Hostratntn

Da Control Unli, T

Data Managoment Sysiam, Plonar & Control Mailte

Display/Koyboard, Portable
Dynamameter, Grip

ECO Couplar

EEG Couplor

Elaceraphysiology Consalo
Electraphysiology Daplay
Eloctraphyaiotogy Monltor
Eloctrophyslology Hoeolvor
Fliwrs, Vida

Fllcker Fuslun Apparatus

Gan Supply, Ansorted
{iunurator Stgnal

Haencss, Smoll Wire

KW, Deaaviornl Monsurcmants |
K, Iehaviaral Meanuromenta i
Limb Board, Motor or Manal
Log Louks

Manipulatr, Henaows

Maters, Avsoriod

Microphusy

Mirror, Jlovolving
Mirrnr Mount » Commutator

Mentlar, Viko

Orthornwr

Qseillslor, VDO

Oreiiloseapa

Pupmer, lleoorbm:

Patehboatd Sye tum

Pepboarid, Parihie

Pegtuanl, fnta Ana

Purceplual Motar Perf, Tenter
PoslUon Estimation Cantrol

Power Supply .
Paytomotor Perlorsunce Connole
Paychamolor lotaling Disks
Nadiuien Waaw Syatnn

llecelyor, EXG

Netonlor, Tapu, Veleo

leom, Privaio

Sensnrs, Ansoriml

Riyral Cotilltionyrs

Soundl Tuwvul $lutor

statiness Tromor Apparalus
Swrlitor, Autoclive
florngy, Goporsd
Tap, Yidve

Targol, tamlelt ftng App,
Tunkbuard, }'nrcw"l'urlyun
Tumklamnd, Malal, /Oeaun C4
Taskbonrd, Posiilon Repro,
Varkboordd, Roap, Orluntation
Taskboard, Visual Rosct, Timo
Hhnor, Bront
Timor, hisgral Bulp,
Visglon Tonter

Vielon Tunter, ifowarid Dolman
Vieton Tehier, Amor, Optienl

Exporimant Specille Egipment
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Initial List of Equipment Items for
the LSPS Experiment Categories

TRMENT,

1 ] 2.l 4 5 2

EVA

Alr Lock = EVA R

Anajyzer, Atomio Absorption Spectrophotometay -
Analyter, Unfraved Absorption . | [V O S S I | X N
Analyzer, mmﬂmmmmmhr . .1 x]x R U T X x .
Amlyser, Micro-organism, Automatio 1.D, % x — O R S
n or, Conduativity x = -

| Atmogoharic Sampling Munifoli Syatem x x
. Bedges, Radigtion, Standard |

_Bicyole Ergomater .. _. ... . ___ X

ta,.Cine

Camera, 8BUH__ . _ —_— P
_Camera, Video, Blacka@Wite . | - .
|-Camers, Video, Colpr X x X
_Chamjeals, SRR N S X
——— X

Compaotor, olide.
-Computer. Digitel x x x

— - — - ¢

-Gountar,

Crow Mobjlibe Adde . . . . .
Crew Restraints
Dota Managemant Buses
_Deta Management Blotior/Printer,

R X
Cooler, Thermosleott  _ T x : —d
.Colony, Mapyal .

1
i

£l
I‘NKIN

nt Remote Ingtrumentation Modules

£
R
Dats Mansgement Control Statloy x
|-Data Monsgement Ren 5
Data mlwggmmd & TV Unit x

INNX?‘H

| Developer, Film e e e . 1 "._
gplng-l(ayb_g _,]

Eloctromator

»

5 34 [a

i

e — r—H

Foedor, Liquid, Qutqpm[i_u x_
Flowmators - x_
Flowmater Couplora . +o*

X

x

t
i

Filtorg, Chomical . | I .. R .
grnaimg!zmmrl B (N S
Gas A £, 000 e o Y R
“Gna Anslyzor, Oae Ghromabgragh . . . . [ x|
SGins Analyzer, Moss Spoctrapetor, Researgh. 4.
Gpg.Anplyzor, Mags Spogtrometor, ,ml_nm__ —x_ ix
Gas Apalyzor, Op

Ons Annlyzor, lnthullumidity r _j X _1
X

¥

mfxa;x PR
i
ol
o

B

I|
e
t‘
]
|

Gas Supply _ ;R x x
Gns Motor(ng & Calibrollon Unit (R R X
|lolding Undt, Colla/Tiemes .. . . | x | x_ | —— =
lndientoy, AtmospherfoCa .. .. o Ll
londzatien Detgetor, Flamg X

i

ER A RE RS

=3

'

!uixx Mo

it
.xlx

o

|«

R, Cleagevp . _ .. .
Kit, Miorobiology . _ _ .. _ —

Kil, Geporal Tool

Loak Detoctor _ . e

ERERE 2t B
»*
[E3
®

Manifold, Vacuum R
Maintenaney Task Sinwilator

Magg Monsuruman Dovics, Macro

t 3
*
n

Mnge Monayrament Dovice, Mlera
Musdin, Dohylentod
[Modia, Prepaved
Motors L
Mlesogeopo, Compound P S L3 } X
Manitor, Video X

.
- - e
x

.E].E_-_Bﬂco"“"l: C e
| pH Motor X

Porighlo Lifo Subporl Systom . x

Pywer Sypply — S IS

L;;-rmm tg Sull Connoctor__ e . . x ..

geayre Suit Manipulation Al!!ﬁ . X
ation Dolo

— L —t -

Rntllnllon Wasto System

carder, MuIlIchn.nmLBlomodjcnl . X

Shroud, E;nvirog.m
.Sm_gqﬂﬂﬂmn_ - x

X
x
 Songors T 1%
X
x
x

Blorflizer, Auloclav [
Storage, Gonernl x

Storage, Fitm

-

Stove

Transduegy, Plothysmograph . | X . 3
ITrash Cap X
Valves X X

Voltnotor - t
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TYPICAL SPACELAB EXPERIMENT REQUIREM¥®NTS
Prepared by NASA Ames Research Center
July 1975

BASELINE MINILAB PACKAGE FOR HUMAN VESTIBULAR EXPERIMENTS

OTOLITH FUNCTION EXPERIMENTS

I. Vestibulo-Spinal Reflex — Examination of otolith~originating reflex during OG
habituation by measuring EMG response in gastrocnemios muscle resulting from
unexpected acceleration in head to foot detection,

II.. Linear Acceleration Threshold - Examination of sensitivity changes in otolith
iuput channels during habituation to OG,

III. H-Reflex ~ Examination of otolith modulation of motoneuron excitability during
habituation to OG and in response to sinusoidal head to foot acceleration,

VISUAL/VESTIBULAR EXPERIMENTS

IV. Visual Accommodation — Determine status of otolith system hy monitoring changes
in visual accommodation during habituation to OG (otolith~accommodation reflex).

V. Tilt Illusion — Examine effects of habituation to OG on illusions of tilt produced

by random pattern rotating in frontal plane (illusion normally constrained by IG
otolith input),

VI. Linear Vection Threshold — Examine sensitivity to illusion of linear acceleration

in X, Y, and Z directions produced by moving visual stimulation of peripheral
visual fields during OG,

A-17
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BASELINE MINILAB PACKAGE FOR HUMAN VESTIBULAR EXPERIMENTS — 7-DAY & 30-DAY
Otolith Function Visual/Vestibular
Experiments Experiments
8
: |
— o
g = g £
- 2 o
5T, AN
5 <3 i 2 g > g
sg |48 3| 2| &7 | &%
2% =3 & 3 = £ 8
> A= - = a
> Function - g H| &8 | & | 8
KA
o
la, Otolith Stimulation — Linear Acceleration in X X
1b, Otolith Stimulation — Linear Accelerationin Y X
; lec, Otolith Stimulation — Linear Acceleration in 2 X X X
2a, Visual Stimulation — Axjally Rotating Display X
2b, Visual Stimulation — Peripheral Linearly Moving Display
3. H-Reflex Stimulation
4a. Response Measurement — Visual Accommodation
4b., Response Measurement — EMG X
4c. Response Measurement - Subjective
; 5.  Data Handling X
j 6.  Experiment Sequencing and Control X
Te Space Sickness Episode Documentation X
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oajuo) pue Sursuanbag juaurrradxy
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a1

gooung

Calkal

A

Lincur ncceleration sled as per ERNO

Bl

Tinear accoleration sled with chalr
tilted for accelerution head to foot

Cs

Large frontal display field with random
pattern rotating around subjects line of sightm

D.

Viewing box with random fipure display
moving in X, Y, or Z direction presented
to peripheral visual {ields

Flectric stimulator (Grass S-4)

Fo

Surface stimul ating electrodes

G.

Hartinger coincidence refractometer

H.

EMG clectrodes

1,

Response lever (annlog signal)

ds

Signal conditioners

K.

Analog time recorder (76 non. )

L.

Voice recorder

M.

Log book

N.

Preliminary data analysis logic

O,

Chart recorder -~ 2 + Chan,

XXX XX XX

P,

Digital result display

Q.

On-line control logic for stimuli

.

Control logic for sequencing

8.

Space slckness questionnaire

T.

Fixed chair with bite board (may be
linear apceleration chair in fixed mode)

U,

Helmet with blindfold and/or tri-axinl
uccelerometgrs
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MINIMAL EXPERIMENT PACKAGE FOR A RESTRAINED PRIMATE

Essential Apparatus and Procedures

/

Typical Spacelab Experiments

§/3
X — Required é’? &‘,‘b
; A
(O — Desirable _&9 §¢ 5
§/ 3 S
Monkey Pod and ECS X X I1X X
Analog Recording X | X X
Food & Water Intake XiX
Urine Sample x |O
Urine Volume X |[x{x (O
EKG X X
EOG X
Mass Spectrometer X
Fecal Colection X XX
Body Temperature X IX
EEG X X
Blood Samples X X 1O O ) X
LBNP X
Biotelemetry X [ X X X1 X
X-Ray, T.V., and Digital Recorders @) X
"Minimum' Exposure - 2 Days X 1 X1X X X ’
5 Days XI X
10 Days X X
20 Days X

*
' ﬁ‘l?}’
.
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CARDIOVASCULAR

Functions

Blood Pressure
Monkey Pod and ECS
Analog Recording
Food and Water Intake
Urine Sampling
Urine Volume

EKS

EOG

Mass Spectrometry
Fecal Collection
Body Temperature
EEG

Blood Samples

LBNP

Biotelemetry
X-Ray/T.V. Digital
Cardiac Qutput

A-23
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MINIMAL EXPERIMENT PACKAGE CONCEPT FOR SMALL ANIMAL RESEARCH

Typical Spacelab Experiments

S
&?&
X — Required ?‘N
/&
5 2
() — Desirable § o j o Qe?’;
YL
é’vv?vé?&c‘c?iga ﬁ’@?ﬁg
,%Q 17} & o 0'0 &
& 2?’ 2/ A
Animal “§0§&§q$
Holding Equipment ? 590 b3 -59 R ‘.-'g S
/G /Y& B~
Animal Cage XXX X IXIX|X
ECS XXX XX 1X1X
Urine Elimination XX
Urine Collection X X X XX
Fecal Elimination X X X XX
Fecal Collection XX X X X
Urine-Fecal Separation X X X
Volume/Amt. Measurement |X| [X X X |X
Food & Water Intake X X XXX
Resgpiration Collection X X [X
Urine/Fecal Preservation |X X X X |X
Drug or Microbe Injection X X X X
Radioisotope Present X X1|?
Radioisotope Counting X1|?
T.V, Monitor X X X XX
Body Temperature 71X [X
Biotelemetry ! 21X | XX
Photography X[x|x X X ? |X X
Mass Determination X|XIX ? XiXIX IXix IxIx
Activity o] {0 olpooX IX[X
Analog Recording X| |o Xlolo XX XX
Control Centrifugation ololo ol o oiolololo |xlo

A-24




i e AP 5o A Sk s e s

MINIMAL EXPERIMENT PACKAGE CONCEPT FOR SMALL ANIMAL RESEARCH

[

/‘ypical Spacelab Experiments

X = Required

O ~ Desirable

Function

Q
Animal Holding & ECS [ X| X
Food & Water Intake X
Biological Samples X X
Remote Monitoring 0]
Surgery X
Sample Processing
6a, Chemical 18] XX X
6b. Histological 0|0 !
6c. Microbiol, /Culture X
6d. '"Fixing'" (Freezer,| X|X|X|X 2 X IX|IXIX|I XXX X

Chem, , Fixative)
Radioisotope Drug Study | X| X XX XI1? X
Control Animal 000|000 0/010{0 0|00

Centrifugation
"Minimum "' Effective
Exposure- 7da
14da
30da

»

~3
e

oA
"oA
"4
»
»
"
"
Lo
]
o

A=25
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MINIMAL EXPERIMENT PACKAGE CONCEPT
FOR SMALL ANIMAL RESEARCH CONCEPT

X — Required

(O = Desirable

Biological Samples

Typical Spacelab Experiments

Respiration Samples
Urine Sample

Tecal Sample

Freezer Preservation
Chemical Preservation
Blood Sample
Centrifugation
Refrig/Freezer

Tissue Samples (Surgery)
Fixation

Sectioning

Embedding

Histology
Homogenization
Chemical Determination
Refrig-Freezer
Microbiol. Culture
Tissue Culture

Mass Determination

X-Ray or Bone Densitometry

Electron Microscope
Photography

Isotope Counting
Mass Spectrometer
Spectroscopy

® Qo
~

-3

Mo M M

KO MM

E

MR AR MR

>

X X
X x| x
X X| x
X X
X
X X 70 ?
X X 2| 7
X ?| ? 1
XIx|xIx|x|x|?2|x|%
XIXIX|{X{X|?X]|X
XXX |x|x| ix|x
x| |xi{x|X| |x|X
x{ Ix| |x{x|x]| [x|x
XIxX| (x]° X,
X Ix X X f
X|1x| |x|x X |
X
X
X[X| XXX [|X]|X X E
cloiolojo]| jojo
OiX IX|X XX |?]x |X
X | X X
X X
X X :

RES MG TR SR R
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Life Sciences Research Requirements

The following tables represent s, condensation of information given in the input data
relative to establishing the research requirements for a life sciences space program,
The tables are organized into the four main categories: Biomedicine, Biology, Life
Suppor’/Protective Systems and Man Systems Integration. These are further sub-
divided into functional areas and specific research topics, Specific research functions
and/or measurements are described. Finally, descriptive data used to establish the
priority determinations, in most cases excerpted from the data sources, are presented.

The superscript numeral following each entry refers to a citation given in the following
table of references,

1. Scientific Uses of the Space Shuttle, Naiional Academy of Sciences, Space
Science Board, National Research Council, Washington, D, C., 1974,

31 - p. 173, 4‘6 - p- 158, 47 - pc 158’ 48 - pn 158, 49 - p. 168-

2, Physiology in the Space Environment;: Volume I - Circulation, National
Academy of Sciences, Space Science Board, National Research Council,
Washington, D. C., 1968,

10 "p. 70

3. HZE - Particle Effects in Manned Spaceflight, National Academy of Sciences,
Space Science Board, National Research Council, Washington, D. C., 1973.

37 - p. T.

4. Aviation, Space and Environmental Medicine, April 1975.
36 - p. 466,

5, Skylab Medical Experiments Altitude Test (SMEAT), NASA TMX-58115, NASA-
Johnson Space Center, Houston, Texas, October 1973,

35 - "Foreword".

6. The Proceedings of the Skylab Life Sciences Symposium, August 27-29, 1974,
Vols. I&II, NASA TMX-58154, JSC-09275, NASA~-Johnson Space Center,
Houston, Texas, November 1974.

2 -p. 592, 3 - p. 629, 4 - p. 804, 5 - p. 26, 6 - p. 68, 7 - p. 408, 8 - p. 545,

9 - p. 619, 11 -p, 813, 12-p. 841, 13 -p. 370, 14 -p. 854, 15-p. 813, 16-p. 841,
17 - p. 802, 18 - p. 856, 19 - p. 634, 20 - p. 637, 21 - p. 436, 22 - p. 387,

23 - p. 450, 24 - p. 347, 25 - p. 66, 26 - p, 126, 27 - p. 855, 28 - p. 812,

29 - p. 495, 30 - p, 541, 32 - p. 853, 33 - p. 341, 34 - p. 339, 39 - p. 18

40 - p. 430, 41 - p. 430, 42 - p, 139, 43 - p, 141.
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Infectious Disease in Manned Spaceflight - Probabilities and Countermeasures,
Natlonal Academy of Sciences, Space Science Board, National Research Council,
Washington, D. C., 1970,

44 - p. 7, 45 - p. 8,
The Biosatellite: Results of the Experiment, NASA-TT-¥-15863, Technical

Translation of Article in Pravda, No. 60, 1 March 1974, NASA, Washington,
D. C., July 1974,

50 "'po 50
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FUNCTIONS/MEASUREMENTS

RESEARCH DISCIPLINE | _REQUIRED  _

BIOMEDICINE
Cardiovascular System

Altared vascular flow, Pulmaonary capillary blood volume
volume & pressure rela-  Pulmonary capillary blood flow
tHonahipe in zero-gravity, Vencus capacitince

Venous compliance

Arterfal flow in limbs

Body fluid component volumes

- total body water volume

- extracellular volume

= plastna volume

Renal blood flow

Demoanstrate presence Intratharacic blood volume

or abeence of Gaver- ADH

Henry-~Reflex. Renin
Angiotensin
Aldcsizrone
Cateshnlamines

Water excretion
Sodium excretion
Plasma volume

Cardiovascular regula- Electrocardiogram/vectoy—

tory raspmses 0 cardiogram

exarcise In zero gravett. = pulse raw and rhythm

(Man) = cardiac axds
Echocardiogram

~ stroke volume

~ card'ac output

~ ¢cardiac compliance
Systolic blood pressure
Diastolic blood pressure

- pulsa pressvure

-~ mean arterml pressure
Calibratod axercise level -

L

LIFE SCIENCES SPACE RESEARCH REQUIEMENT

e - PRIORITY DETERMIKANTS

ipace Flight furnishes an environment for cardiovascular study which can be produced in no otber way. It is difficult to imagine
that Encreased inderstanding of cardiovascular function and control mechanisms, as tbey are altered in weightlessness, will
not in the future become relevant to the cardjovascular problems that face us on earth, 1

Skylab swtdies have clezrly shown that changes in fluid volume diztribution during the first few hours of flight creates profound

alierations In cardiovascular functions which In turn, impair orthostate mechanisms to o marked degree as early as four or
five days after entering the weightless environment.

3

It should be noted in all crewmen there was an Increase in compliance that required 10 davs or more to reach 3 maximum
Fhe Gauer-Henry reflex has yet 1o be demanstrated. This will not be easy to demonstrate in man, since the critical dme-
period to be Investigated is thoupght to coihcide with the early operationally exacting first day of the mission.

The first two to three days of each mission were spent in the activation of the orbital wor'kshop.5

The increased guantity and quality of exercise available to the crew was important in maintaining crew health of Skylab -l.s

Future research efforts should focus on optimum methods of exercise with respect to crew time and crew acceptance, bnter-
relatonship of musculoskeletal fithegs with cardiovascular fitness, and design of practical, efficient, total body exercisers.
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FUNCTIONS/MEASUREMENTS
REQUIRED
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

RESEARCH DISCIPLINE %

BIOMEDICINE

Cardiovescular Systam
{Cont'd)

Invasive studies on
non-human primates.

= Altered vasculer Oow
volume md preasure
relationship in zero=-
gravity

- Demanstrate absence
or presence of myo-
cardial degeneration
resulting from zero-g
BXPOBUTE

Pulmona siom

Altered pulmanary
volume/flow reladan-
ships in zero-g

Intracranial pressure
Brain blood How
Intracardiac catheterization
Coronary Oow

Animal maintenance
Animal restrainta
Electrocardlogram/
vectorcardiogram

Histological preparation (post-
mission)

¥C Vital capacity

FVC Forced vital capaeity

FEV-1 Forced expiratory
valume - one second

cv Closing volume

MEFR Maximum expiratory
flow rate

MMRF  Maximum midexpiratory
flow rate

TLC Total lung capacity

RV Residual volume

Pulmonary capillary blood volume
Pulmonary capillary blood flow

Changed relat:-s:-hips in the anatomical distribution of blood volume and extravascular fluids, altered patterns of blood flow, and
reduced totml o - culating blood volume induced by the welghtless environment are offered as partial explapations for the changes
in cardiovascular responses to lower body negative pressutre.

These finding- have, in a predictable fashion, opened new questions which will direct future ground-based and in flight researches -
particularly in the area of cardiovascular electro-hemodynamic studies for the Shuttie era.

The effeets of gravity are so profound in altering the distribution »f blood and gas within the kmgs that many problems in basic
pulmenary physiclogy can be studied more effectvely under weightlessuess than in a normal gravitational fleld. Cme of tha divi-
dends of space flight will be the opporumity to carry out experiments on the lungs that are imposgible on Earth. 19

Ko untoward physiological responses have been noted that would preclude longer duration space flights, but more research is
required in order 10 understand the mechanisms nvolved in the observed responses.
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LIFE SCIENCES SPACE RESFEARCH REQUIREMENT
FUNCTIONS/ MEASUREMEY TS
HESEARCH DISCIPLINE | REQUIRED ] PRIORITY DETERMINANTS
BIOMEDICINE . !
Musculoskeletal System Calibrawed exercise level - . .bone loss definitely occurs under zero-g conditions. Tt is certain that this loss continues for at least sixty days, and it is
0, consumption almost certain that it cantinues for as long as 84 days. There has been no evidence that this phenomenan shows the type of adapta—
Derangement basis and  COy production tion 1o zero~g which has been exhibited in the other systems which have boen the subject of this symposizm. 12
vountermeasures o M- e volume
zero~gravity Boay temperature Finaily, these observations may have significance for Earth medicine. In reminding us of the deleterious effects of disuse an bone
ECG/VCG mass, they reemphasize the importance of direct physical longitudinal stress (weight bearing) to the iategrity of bape. In research
- exercise effect upon Systolic bloed pressure on osteoporosis, greater attention than heretofore might be given to this factor for the possible value of increased weight-bearing
musculoskeletal Diastolic blood pressure siress as a deterrent to or even as zid to correction of this extremely prevalent bane disorder,
derangement Muscle strength
Muscle mass It would seem advisable in any case 1o search for means by which an astronaut fn space might not only maintain his leg muscle
Muscle reflexes mass, bur also exercise his postural equitibrium systems. 14
Muscie potential
*Bone mineral measurement
*One~¢ readaptation time
Anthropomeiric measurements
*Post-mission
- diet and pharma- Food/fluid lput records Daily in-flight personal exercise regimens coupled with appropriate dietary itake and programed adequate sleep, work and
cological conmol of Contdrmuous 24=-hr wrine collection recreation periods cssential for maintaining crew health and well-being. 19
musculoskeletal Total fecal collection
derangement Vomitus collection .+ the continued high values for urine calcium thyvugh the entire Ie%gm of the Skrlab 4 swudy gives us no reason 10 belicve that
Swrage of urine, feces, vomitus any kind of adaptation occurred during the 84 days of that misston. 1

for analysis of:
= urine & fecal calcium

- phosphate

- " " nitrogen

- " ' mapnesfum

- " " petassium

- " sodium

~ urine-hydroxyproline

- anthropometric measuremenis
Premedication

Plasma thsTaxin level
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CH DISCIPLINE
BIOMEDICINE

Musculosgkaletal System
(Cent'd)

Invasive studies on
animals

- absolute catabolic
effects of zero-g oo
the musculoskeletal
aystem

Basls and Cantrol of
Blochemical Reactions
to Stresses in Space
Enviromment

Fluid & electrolyte
balance

Czlcium regulaton
Adrenal Emction

Food utilization

FUNCTIONS/MEASUREMENTS
UIRED

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

RAestrained experimental animals

Unrestrained control animals

Animal maintensice

Physiological manitoring
{implanted)

Food/fintd intake measuremenis

Urine & fecal collection & storage

Blood sample collection & storage

Histological preparations of:

- muscle tissue

- bone

= bone marrow

Time related record of crew nu-
trition and exposure to stress and
exercise.

Radionuelide bady compartment
atwdies:

= total body water

- e¢xtracellular volume

= plasma volume

Obtain fractionated urine samples
and plasma and sarum samples
for an~board and/or delayed
analysis.

Clearly, man is not vegeuwating in space, but is actually doing his utmost to maintain a high level of phyeicat Htness and per-
formance. }‘hus the absolute detrimental affects of nuH gravity will, In moat cases, have to be determined in stbhumsn

7 .
surrogates.

However, taking “m overview of the program as a whole, two outstanding features bave emerged. First, Man can adapt to, and
live in, the zero-gravity space environment for extended periods of time. But second, and therefore above all, none of the
measured changes so far seen in missions extending up to 84 days have proved irreversible aflor return to Eaxth, 18

Venous compliance changes were demansirated which, with blood volume changes, should provide an initial and primary point of
departure for investgation of the complete responsa to lower body negative pressure. Time course of the compliance changes
shouid be considered by mission planners. Shuttle reentry, for example, will fall within the zone of increased sensitivity to
orthostatic stress, 1%

By the time of the earliest in-fTight measurement on missfon day 3, all crewmen had lost more than two liters of extravascular
fluid from the caif and thigh. The puffy faces, the "bird legs" effect, the emgorgement of upper body veirs, and the reduced
volume ¢f lower body veins were all documented with photographs.
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FUNCTIONS/MEASUREMENTS
REQUIRED

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

BIOMEDICINE

Bagis and Coontrol of
Blochemical Reactions

to Stresses in Space
Envircnrment (Cont'd)

Urine Anaiyses:

Volume

Sodium

Potassium

Chleride

Qsmolality

Calcium

Phosphate~{PO,}

Magnesium

Creatinine

Antidjuretic hormane
Aldostérone

Cortigol

Epinephrine

Norepinephrine

Total 17-Hydroxycerticosteroids

Total 17-Ketosteroids

Uric Acid

Significant inereases in urinary aptidiuretic hormone oecurred early in-flight in all men. Due to inability to refrigerate the urine

sample obwined on the first day n-flight, it could nct be analyzed for this hormone. 21

Urine analyses from Skylab missims.‘w
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RESEARCH DISCIPLINE

FUNCTIONS/MEASUREMENTS
REQUIRED

-

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

BIOMEDICINE

Basis and Controt of
Biochemical Reactions

1o Stresses In Space
Eavironment (Cont'd)

Plasma & Serum Analvses:

Sedium*

Potassium*

Calclum*

Magnesium

Chloride*

Phorphorus®*

{smolality*

Carbon dioxide

Cholesterol

Triglycerides

Adrepocorticotrophic hormoie*

Cortisol*

Angiotensin I*

Aldostarone*

Insulin®

Blood urea nitrogen

Uric ac’d

Creatinine*

Total protein

Alkaline phosphatase

Serum glutamic oxaloacetic
transaminase (aspartite
aminotransferase)

Creatine phosphokinase

Lactic debydrogenase

Glucose*

Tntal bilirubin

Growth hormone

Thyroxine

Thyrold stimulating h--:mone

Testosterone

Parathormone*

* C.eitonin

Vitamin D

sDetermined during fight

It ts concluded that mineral losses do occur from the bones of the lower extremities during missions of up to 84 days and tht in
general, they follow the loss patterns of the bedrested situation. The levels of loss observed in g!;)e Skylab erews have been of no
clinical concern but it was fortuitous that all of the Skylab 4 crewmen had high prediciion terms. =<

Plasma analyses from Skylab mlssh:cns..11

The in-flight decreases ohserved in both glucose and insulin have also been observed in l)tadres;3 although it did not become
significant until 56 days in bedrest, while the decrease became significant at 38 days In space.

e S 4 et gk e S0

ke g a0




HOOd I A5Vd TVNIDIIO

e TYTTAIDAdOE Y

. -

SE-v

LIFE SCIENCES SPACE RESEARCH REQUIKEMENT

FUNCTIONS/MEASURENMFNTS
RESEARCH DISCIPLINE REQUIRED PRIORITY DETERMINANTS

BIOMEDICINE

Vestibular Systam

Study the mechanical and
neural responses of the
otwlith organs to stimuli

in the space environment.

Investigate role of visual
cues in space nauses.

Pharmacclogieal pre-
ventan and treatment
of space nausea.

Role of altared body
Auid volume, pressure
and distribution to
Space naused.

Invasive studies on
animals.

Study mechanical and
ncural responses of the
vestibular system to
stimull in the space
environment

Apply calibrated stimulus to
otoliths:

= lfnear acceleration

- angular acceleration

Record ocular reflex motions
Measure ocular muscle potentials
Repeat Skylab M131 experiment
with eyes open.

Relate crew/spacelab orlenta-
ton to signs and symptoms of
spatial disorientation.

Relate pharmacological adminls-
tration to signs and symptoms of
spate nausea.

Body fluid compartment volumes:
- tnial body water

- extracellular volume

- plasma volume

Venous capacitance

Systolic blood pressure

Dastolic blood pressure
Anthropometric measurements
Time~related signs and
symptoms of space nhausea,

Animal subject with implanted
sengors and stimulation devices.
Apply calibrated stimulus to
vestibular organs:

- linear acceleration

- apgular acceleration

= electrical stimulation

-~ pregsure stimulation

Record ocular reflexes, righting re-
flexes & muscle potentials. Record
sigms & symptoms of space nausea.

It appears that a relatively modest amount of crew time may have been Iost due to motion slckness on Skylab missions 3 and 4
but that caech crew's performance was never substapntially impaired for more than one day.2

In Skylzb 4 the Scientist Pilot did not experience motion sickness. The Commander had minimal malaise for three days. The
Pilot had significant nausea with vomiting for one day and them malaise for two more days. 5

Under operational conditions seven of the nine crewmen experienced motion sicdnass, fwe of the seven while In orbit. The ad-
ministration of antimotion sicimess drugs made it difficult or impossible accurately to determine the level of susceptibility at afl
times. The Skylab 2 crewmen did not experience clear-cut symploms aloft and only the Scimtist Pllot experienced seasickness;
indsed, the Commander and Pllot did not take drugs, yet remained symptom free throughout the mission. Amongthe Skylab 3
crew the Pilot experienced motion siclmess shortly after transition into orbit, the earliest diagnosis on record. The two rematn-
ing erewmen first experfenced motion sickness shortly after entering the workshop. For a period of three days symptoms were
controlled by drugs and by restricting activity. Recovery was complete by mission day seven. The Skylab 4 crewmen were
seheduled to take antimotion sickness medication but only the Scientist Pilot aveided symptoms.

First, with the background supplied by M-131, advigably carried vut in Skylab without vizion, it would be of great interest to
amploy the same methodology to further explore the role of visio.

Among these [ndings, the occurrence ol motion (space) siclness symptoms during the first few days of space flight is of paramount
operational importance for the forthcoming Shuttle ﬂighls.z
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RESEARCH DISCIPLINE ¢

FUNCTIONS/MEASUREMENTS

REQUIRED

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

BIOMEDICINE

Hematology

Man

Invasive stdies on
animals

Collect, prepare & preserve
blood samples

Measure red blood eell mass

Obtaln reticulocyte counts

Measure blood O, tension

Measure blood granulocytic
respanse to inlammatory
stimuli

Collect, premare, & preserve
blood samples
Measure red blood cell mass
Obtain reticulocytle counts
Perform bone marrow biopsies
Measure total blood volume
Measure blood O, tension
Provide animal maintenance
Provide animal physiological
monitoring
Provide erythropofetic stimulus:
- acuts blood loss

- tissue hypaxia

Analyses of data from the red cell mess determinations indicate that the red cell mess drops nccurred in the first 30 days of
flight and that a gradual recovery of the red cell mass deficits began approximately 60 days afi v lmmch.

The loss of circulating red cells was also maximal at 20 to 40 days and decressed after that time. However, the recovery of red
cell mass was independent of weightlesaness or normal gravity after the initial insult. 30
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT

FUNCTIONS/MEASUREMENTS

RESEARCH DISCIPLINE | REGUIRED i PRIORITY PETERMINANTS

EIOMEDICINE

Microbiology

Effects of space
environment upon host
defense mechanisms

- Man Alteration in normal bacterial These data show that, while gross contamination of the Skylab environment was demonstrated and there were several in-flight
microflora: disease events ipresumably of microbial origin), such events were not shown to be limiting hazards for long-terin space ﬂ.lght.42
- nasai sampling
- skin sampling The question of in-flight autoinfection remains umanswered because pone of the in-flight disease events were evaluated
- air sampling microbiologically.

- spacelab surface swabs
Microbizl mutatiop

- Animals Experimentally nduced infection Examination of the effects of the spaceflight environment on latent and slow virus infections experimentally induced in animals, ¥
{non-pathogenic strain for man)

Maintenance of animals Studies, both animal and human, of the effects of isolation on susceptibility to infection, particularly as related to the re-entry
Microbial mutation problem and microbial shock, 39

Measure specific immune response:

- macrophage activity

- lymphocytic response

~ thymus gland response

~ immume globulin synthesis

Blood sample collection and
preservation
Incubate microbial cultures

LPEN
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FUNCTIONS/MEASUREMENTS
REQUIRED

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

RESEARCH DISCIPLINE

BIOMEDICINE

Crew Performance

In Space

Effects of Training Upon
Spaca Crew Efficiency

Conduct time and motion studies
on 2 non-inter{ference basis with
scheduled, repetitive mission
or trafning tasks and ohserve
and record:
~ work space layout and Hghting
- erew restraints
- etuipment operation task
efficleney
- exparimental task efficlency
- tagk related movements of
the sublect
- Interpersenal reactions
Time relate performance
measures with dally activity
schedules, sleep patterns, en-
vironmental conditions and
biomedical measurements

Correlate crew performance
efficiency measurements in
Spacelab missions with per-
formance efficiency measured
on the same task(s) when con—
ducted previousiy in ground-
based simufators or Spacelab
flight training activities.

A second [eature bearing direcily on the Shuttle program is the protracted period of space sickness malaise and loss of appatite
encountered by a sizeable proportion of Skylab astronauts. Bearing in mind the short doration of the average Shnttle mission, it
seems inevitable that effectively novice personnel engaged in research or other activities will be penalised by reducing work po-
tential wnless some form of successful preconditioning regimen is discovered.

It was found that o only two of the total of nine full or partial activation days was the crew work output significantly reduced. On
the day of lowest efficiency, mission day 2 of the Skylab 3 missfan, it appears that the crewmen were working st approximately

95 percent of their “normal” elficiency and may have lost approximately 7 man-bours of work, Overall, a nearly constant level

of work was achicved on these sctivation days. Howaver, as crew proficiency improved later in the missiona, the dafly crew work
output Inn these same categories increased from appreximatsly 2 26 man~hour/day to at least & 34 man-hour/day. 3%

Behavioral performance continued  improve from beginning o end of all Skylab u:lls!ri&m.'xa.:!'4

The Skylab Medical Experiments Altitude Test (SMEAT) was an integral part of the Skylab Program. SMEAT served both to gather
vital Imggllne biomedical data and 1w resolve many ol the equipment and procedurat problems which otherwise might have impaired
skylab.*
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RESEARCH DISCIPLINE

-

FUNCTIONS/MEASUREMENTS
REQUERED

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

BIOLOGY

Cellular & Molecular
Blology

Density dependent
growth and development
processes

Genetic alterations
in zero-¢

Higher Vertebrate
Hology (non-huwap
primates)

Lower Vertehrata
o} irats e

plgs, frogs)

=Basle mechanisms of
physiological ndapta~
tdoun, growth, de-
velopment and reoro-
duction in zero g.

Cell mmover times

Wound repair rates

Cellular movement
intraceliular movement
Membrane electrolyte transport
Maintain tissue cultires

~ bona marrow

- intestina! epithelium

- embryonic tissues

Cell division

Mitode abnormaiites
Chromosome aberrations
Histological sweparations
Specimen prescervation
Monitor environment

Described under biomedical
requirements.

Maintenance of instrumented
animals

Animal restraints

Metabolic manitoring

- food/fluid intake

- urine, feces, blood collection

- eircadian cycles

Physiological monitoring

- cardiorespiratory

- vestbular adaptaton to cali-
brated stimulation

- bahavio: ;attemns

Histelogical preparations

— bone marrow crythropoieses

- wound healing

- genede changes

RV P

While certain of the projecicd experiments In the life sciences can be accomplished within the span of 7-day missions, others, such
as thase concerned with embryonic und fetal development, wound hezling, and other aspects of cellular proliferation (e.g., marrow,
skin, and gut), will require the full capability of the 30-day mission., 3t

Enables invasive studies and erieal control of experimental parameters of tasiec importance to understanding of human responses

0 spice stresses.

The non~human primates, due to anatomical, physiological, and blochemical characteristics of man, can provide rescarch data

transferable to mam.

30-day exnosures nl small mammals to zero—g effects should provide important information regarding basic factars which also affect

man.

Changes in activity of enzymes in heart, skeletal muscle, endocrine glands, and changes in bone marrow hematopoieses have been
demonstrated in rats exposed to 22 days of zero g.




0¥V

RESEARCH DISCIPLINE |

FUNCTIONS/MEASUREMENTS
REQUIRED

i ————— o | s = e A, n % e s ok —riamm st e

LIFE SCIENCES SPACE RESEARCH REQUIRFMENT

PRIORITY DETERMINANTS

BIOLOGY

lower Vertebrate

Biology {rats, guihea
pigs, Brogsy Cont'd

Invertebrates (insects,

spiders, nematodes)

Basie mechanisms of
physiological adapta-
tdon, growth, develop-
ment & reproduction
in zero g

Surgery, biopsy, autopsy

- organ development

- reversible/irreversitle
deconditioning

Radinisotope injection

Litter rearing

Development stages

Animal morphology

Aass measurement

Effectz of fractional ¢

Envirenmental monitoring

- atmosphere ‘conaminan.s

- acceleration

- noise

- radiadon

Specimen mamtenance through
entire life cyvelos

Monitor behavior patterns
Monjtor activity cycles
Monitor reproduction

Monitor growth rate

Monitor development siages
Monitor morphology
Histological preparations for:
- organ development

- genetie changes

- gtructural changes

Specimen fixing & preservatdon fors

- chemical changes
Environmental monitoring
- atmosphere/contaminants
- airborne particulates

- temperature/bumidity

Statistical numbers of experimental subjects can be malntained in space with less weight, volume, and power penaltles than
encountered for Iarge primates,

Enebte complete life cyele studies which could provide important baslc understanding of effects of prolonged zero g exposures
on genetic, growth, development and reproduction factors.
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RESEARCH DISCIPLINE !

FUNCTIONS/MEASUREMENTS
REQUIRED

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRICRITY DETERMINANTS

BIOLOGY

Invertebrates {insects,

splders, nematodes,

cont'd)

FPiant Biol

Basic meckanlsms of
growth, development,
and reproduction in

zero g

Environmental monitoring {cont'd}
- noise

- aceeleration

- radiadon

Specimen maintenance through
several entire life eycles,
Monitor:

- geotropism

« growth rate

- morphology

~ photosynthetic actdvity

- circadian cycles

- productvity

~ life cycles

Histological preparations for:
- genetic changes

- cellular replication

- stryctural changes

Specimen fixing & preservation for:

- enzyme activity

- chemical changes

Mass measurement
Effects of fractdonal g
Environmental monitoring:
- atmosphere

- tamperature

- acceleration

~ radiation

Equal attention should be directed toward growth and development of plant cells in 0 g For example, does the absence of gravity
influence the morphogenesis of plant cells and affect chromosome replication to alter the mechanismof cell division?

..-the obvious question, derived fromextrapolation of the possible effects of weightl on chrom replications, is
whether plants can grow and develop normally in long-duratio spaceflight. For example, can a microalgne population continue
In a normal fashjon after several generations at 0 g? Such information would be essentinl if one were to propose plant systems
as secondary life-support systems in long-duration spaceflights.

Long-duration growth and development experiments might also provide important evidence for the possible evolutionary
mechanisme of terrestrial pla:'n.!i.43

Thus, among the fungi rajsed under conditions of weightlessness there was much poorer development of the supporting tissues,
while the pedicel supporting the spore was much thicker and in area the fimgus exceeds that of the "terrestrial mrie::".so

Y,
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LIFE SCIENCES SPACE RESEARCH REQUIREMENT

FUNCTIONS/MEASUREMENTS

RESEARCH DISCIPLINE i REQUIRED PRIORITY DETERMINANTS
BIOLOGY I
.. .ote of the most neglected problems in biclogy -- the vulnersability of themammalisn tdssues 1o cosmis ray nrﬂclen.as
Radiobiology
Blological effects of HZE particle detector Enables study of mnlecular basis of zero-g effects upon cell division, X
HZE partcle Maintenance of: |
irradiadon - small animals .
- plants Missiong in low-inclination (< 30") near-earth orbits do not present an HZE-particle hazard. Therefore. the urgeney of
- tissue cultures securing the needed data depends on the schedule for long-duration (22 year) flights outside the earth's magnetosphere or
(described under vertebrates, in carth orbits inclined more than about 30° to the equnlor.” '
invartebrates & plant biotogy) ' ;
Histological preparations for: Ground-based sudies with accelerator-produced heavy ions are thus the first requirement, NASA bss the operational problem :
- genetic changes of nssessing the potentdal hazard of HZE particles to man during long-duration space misaions and should therefore take full 38 :
- structural changes advaniage of the ground-based [acllides that are becoming avafiable. Flight studies can then be designed for proof-of-principle. !
- organ development <
Lnvironmental monitoring: All shutle flights should contatn dosimeiric devices and materials positioned ta accumulate data on the fux and energy of the é
- atmosphere several radiations in space and the shielding effect of spacecraft compments on their intensity and scattering.
- radiation
- temperature/bumidity 2
- acceleration i
®
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RESEARCH DISCIFLINE

FUNCTIONS/MEASUREMENTS
REQUIRED

[

LIFE SCIENCES SPACE RESEARCH REQUIREMENT

PRIORITY DETERMINANTS

LIFE SUPPORT &
PROTECTIVE SYSTEMS

Life Support Hardware

Testng o Zero G

o.g., Condmsers
Vapor Cycle Units
Sterilizers
002 Reductdon
Blopacks
Pressure Sults

Effects of Space Inertal

Forces on Gravity
Sensitive Proceases

* Mixed Phase Fluld Flow
*  Liquid/Gas/Solid Phase
Separation and/or

Mixing Characteristics
» Heat Trapsier
Characteristces

MAN-SYSTEM
INTEGRATION

Man-Machine Testing of
Advanced Designs

Analvze gas mixtures

Fluid sample transfer
Vacuum supply managemeut
Fluld supply management
Electrical pawer measurements
Caoolant supply management
Low temperature specimen
storage

Isolation of process loops
from cabin atmosphere
Prossure suit testing

Measure:

- fluid temperature

= fluid pressure

= fluid flow

- Auid quality

- fluid energy rates

~ color motion plcures of
phase mixing

- lovel

Provide crew inputs to oper-
ate, service and control
hardware test ltems In zero g.
Validate crew sk dme allo-
catons.

Validate hardware performance
in zero g-

Establish workspace/restraint
requiremant. "

Determine the feasibility of using vapor compreesion refrigeration systems in the space enviroom®nt.

Develop advanced LSS hardware for waler reclamation, waste management, aunospheric conditioning and puritication, oxygen
regeneration, feeding, and personal hygiene.

Develop prossure suits and biopacks for more efficient EVA actvity.

Develop efficient air sterilization methods.

Determine gravity influences on Oow regimes and flow regimes influences oo pressure drop, thereby providing a basis for
engrineering optimization of uid systems for space applicatons.

Develop design parameters for minimum energy separmtion over spectrum of Uguid/gas ratios from near zero to near infintry,
Develop design paramelers for minimum energy phase mixing.

Determine single phase and phase change heai transfer parameters.

$hyiab medical experiment equipment functioned without problems throughout the three Aights. Medical data of high quality were
obtained for all coaparimants. 39

Evaluation of teleoperator systems (free=-flying) in deploving, retrieving, & servicing satellites remote from the shuttle.

74 l
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APPENDIX B

RESEARCH CAPABILITY OF DEFINED PAYLOADS

The research capability for each of the 16 candidate payloads defined in this study is
shown in the following pages. There are two tables for each payload. The frst indi-
cates the main research requirements, the specific capability, and the major equip-
ment used. The second, and immediately following table, is the total common
equipment listing for the payload. The following table indicates the complement of

payloads and their order.

Type Degignation

Carry-On  Col-2A
Col-3A

Mini-Lab  ML-~1A (first
S/L mission)
ML-2A
ML-~3A
ML~4A
ML~5A
ML~2B
ML-2C

ML-2D

Dedicated MOD IA
MOD TIA
MOD HOIA
MOD IIB
MOD IIC
MOD IIIB

Research Emphacsis

Biomedicine - Blood Sampling
Biomedicine - Urine, Electrolytes

Biomedicine ~ OFQ, Vestibular, Urine, Single
Cell Studies
Biomedicine/Biology - Small Vertebrates
Biomedicine - Man
Life Support/Protective Systems
Man Systems Integration
Biomedicine/Biology - Primates
Biomedicine/Biology - Small Vertebrates/
Cells & Tissues
Biology ~ Small Verts., Plants, C&T, Invertebrates

.Biomedicine - Man, Vertebrates, Cells & Tissues

Biomedicine/Biology/A:*7. Technology
Biomedicine/Biology/Adv. Technology - Centrifuge
Biology/Biomedicine

Biology/Biomedicine

Biology/Biomedicine - Centrifuge

B-1
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BLOOD SAMPLING CARRY-ON LAB

COL~2A
Major
Egmt.
o
3
BlGl .
[ ]
a2
i
- c
«| 818
13 g
HHEE
Research Requirements Specific Capability o & =
Biomedicine
Cardiovascular
Gauer~Henry reflex Obtain first-day on-orbit biochemical measure- |x|x|x
Biochemical response to stress ments defining enzyme/endocrine concentrations
relating to plasma volume regulation (ADH,
aldosterone, renin, angiotensin).
Method — draw blood, prepare, freeze, !
return for ground analysis.

Note: If simultaneous hlood and urine samples are required for correlative studies, this payload
can be combined with COL-3A. However, 23 kg limit is exceeded.
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PAYLOAD BLOOD SAMPLING CARRY-ON

NO. COILr2A
UNIT UNIT UNIT
WEIGHT | POWER| VOLUME

El# EI NAME Q kg w dm3
40A Centrifuge, Blood Sample Processor 1 12.7 100 25

81 Freezer, low Temp 1 8 10 30.5
106 Kit, Hematology & Urology 1 0.2 0 0.5

116 Log Books 1 0.5 0 0.4

- LN,. (for EI 81) 1 3.8 0 2
TOTAL WEIGHT 20.2
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URINE SAMPLING CARRY-ON LAB

COL-3A
Major
| Egpt.
2l |a
T8l &
= B
iR
HEE
Research Requirements Specific Capability r: S fé
Biomedicine
Cardiovascular Obtain firgt-day, fractionated urine samples, 24 hour xix|x
Body fluid/electrolytes urine volumes, prepare, freeze & store for general
and renal function analysis.
adaptations to weight- Perform anthropomorphic measurements to define body X
lessness fluid shifts in zero-g.
Delayed body fluid compartment changes, pre~ & post-fit.
Assumes use of urine Volume Measurement System in
Shuttle Orbiter.

Note: If simultaneous blood and urine samples are required for correlative studies, this payload
can be combined with COL-2A. However, 23 kg limit is exceeded.

Wity
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PAYLOAD URINE SAMPLING CARRY-ON

NO. COL-~3A
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME
El# EI NAME Q | ke W dm®
44A Chemicals, Radioisotope Tracers 1 0.3 0 0.5
81 Freezer, Low Temp 1 8 - 10 30.5
106 Kit, Hematology & Urology 1 5 0 9
110C Kit, Human Physiology 1 3 0 8
116 Log Book 1 0.5 0 0.4
TOTAL WEIGHT 16.8




US/ESA FIRST SPACELAB MISSION
MIL-1A

desearch Requirements

Specific Capability

Bicmedicine
Vestibular

Cardiovascular

Biochemical Reactions

Cellular Physiology

Mechanical & neural responses of otolith organs to zero-g.

Role of visual cues to space nausea.

Role of altered body fluid volume, pressure & distribution
to space nausea.

Gauer-Henry reflex.

ECG, VCG

Anthropomorphic measurements of fluid shifts.

Altered vascular flow, volume & pressure relationships.

Measure stress hormone, enzyme, fluid/electrolye &
fluid volume changes.

Single-cell type culture responses fo zero-g — bone
marrov.

P

5
S
B
8
A

OFO Packages {2)
Rotating Litter Chair
Centrifuge Proc.
Human Phys. Kit
Auto. Poten.Elec. Anal
Woodlawn Wanderer

Freezers
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PAYLOAD FIRST US/ESA__SPACELAB MISSION

NO. M-L 1A
UNIT | UNIT | UNIT
WEIGHT | POWER| VOLUME
El# E! NAME Q| ke w dm?
6A Airflow Work Surface 1 5 75 6
TA Auto. Poten. Elec. Analyzer 1 12.7 100 57
A Calculator, Pocket 1 0.47 0 0.4
36 Camera, 35 mm & Strobe 1 2 0 2
37 Camera, Video, B/W 1 4.4 15 3
40A Centrifuge, Blood Sample 1 12,7 100 25
51F Coolant Loop, Liquid 1 30 50 25
63C Display, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
76C Film, 35 mm 3 0.13 0 0.05
80 Freezer 1 15 200 61.4
81 Freezer, Low Temp, 1 8 10 30.5
106 Kit, Hematology & Urology 1 b 0 9
106A Kit, Cleanup 1 1.5 0 4
110 Kit, Microbiology 1 2 0 3
110C Kit, Human Physiology 1 3 0 8
114K Lamp, Portable Hi Int. Photo 1 6.3 150 6
116 Log Books 1 0.5 0 0.4
126 Microscope, Compound 1 11 15 27.4
126J Microscope Accessory Kit, Compd. 1 10 15 25
1313 OFO Experiment Packages 2 45 20 80
132 Oscilloscope & Camera 1 11.7 75 28.9
153 Recorder, Voice 1 1 0 1
153A Rotating Litter Chair/Console 1 100.2 127 |, 239
156 Signal Conditioners (Couplers) 6 0.2 2 0.5
182E Urine Volume Measurement System In Orl:Tter
187C Woodlawn Wanderer 1 10 15 i2.9
TOTAL WEIGHT 347

B-7
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BIOMEDICINE/BIOLOGY MINI-IAB ~— SMALL VERTEBRATES

M-1 2A
B - T T - Major Equipment
! i ’ ! "
: - i
2 B3 1]
% % g [ — -§ 2 4 !
1 (] i
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Research Requirements ~~ ~~~~~~ Specific Capability EERSZ3R2RE
]_ ; H i '
. Biomedicine ' b B
Cardiovascular ; Altered vascular flow/volume/pressure relationships. |x x| | X X X | _-
" Internal blood flows, pressures; urine & blood col- ' [ ; foy ;
lection, freeze & store; food & fluid intake, biochem. S | :
~ analysis. l o i ,
i ECG/pulse, Doppler flowmeter. P '®ixl |
! Demonstrate myocardial degeneration resulting from L i X
' zero-g. : ,
Musculoskeletal ; Absolute catabolic effects of zero-g. Food & fluid : l Ix
" intake; histological preparations of bone, bone R
marrow, muscle. A i

Hematology ' Invasive studies — measure total blood volume, red X ¥ x x ‘
i blood cell mass, blood O, tension; obtain reticulo- ;

3 cyte counts; collect, prepare & store blood samples.

« Fluid & electrolyte balance, Ca regulation, adrenal

" finction. Urine collection, preservation & analysis.

*  On-board & ground anaiysis.

Pulmonary . Respiratory gas analysis

Biochemiczal Reactions

» .
s,
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PAYLOAD BIOMEDICINE/BIOLOGY - SMALL VERTEBRATES MINI-LAB
NO. M-~L 2A
UNIT UNIT UNIT
WEIGHT | POWER| VOLUME

EI# EI NAME Q kg w dm3
6 Air Particle Sampler 1 2.7 50 0.85
6A Airflow Work Surface 1 5 75 6

7A Auto. Poten. Electrolyte Anal. 1 12.7 100 57
30A Cage, Rat, Hamster, Std. 16 2.3 9 11
36 Camera, 35 mm & Strobe 1 2 0 2

38 Camera, Video, Color 1 7.7 69 6.2
40A Centrifuge, Blood Sample Proc. 1 12.7 100 25
44A Chemicals, Radioisotope Tracers 1 0.3 0 0.5
48 Cleaner, Vacuum 1 2.3 100 10
51F Coolant Loop, Liquid 1 30 a0 25 -
63C Digplay, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
76C Film, 35 mm 5 0.13 ] 0.0
80 Freezer, General 1 15 200 61.4
81 Freezer, Low Temp. 1 8 10 30.5
83 Frig. (Refrigerator) 1 18 50 120
91 Gas Analyzer, Mass Spec. 1 25 50 20
96 Glove Box, Portable 1 4.5 0 25
96C Glove Box Liners 10 0.5 0 1
103 Holding Unit, Small Vert. 2 13.6 0 188
103B Incubator 1 5 5 8
106 Kit, Hematology & Urology 1 5 0 9
106A Kit, Cleanup 1 1.5 0 4
108 Kit, Histology 1 1 0 1
110 Kit, Microbiology 1 2 0 3
110C | Kit, Human Physiology 1 3 0 8
114A Kit, Disseaction 1 1 0 2
114B Kit, Vertebrate Mgmt. 1 3 0 6
114C Kit, Vertebrate Physiology 1 3 0 6
114E Lamp, Portable Hi Int. Photo 1 6.3 150 6
116 Log Books 2 0.5 0 0.4
126 Microscope, Compd. 1 11 15 27.4
126A Microscope, Dissecting 1 9 100 28
126J Microsecope Access. Kit, Compound 1 10 15 25
132 Oscilloscope & Camera 1 11.7 75 28.9
153 Recorder, Voice 1 1 0 1
156 Signal Conditoners (Couplers) 12 0.2 2 0.5
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PAYLOAD BIOMEDICINE/BIOLOGY - SMALL VERTEBRATES MINI-LAB (Cont'd)

NO. M-L 2A
UNIT UNIT { UNIT
WEIGHT | POWER VOLUgfIE
El# EI NAME Q kg w dm
165 Sterilizer, Tool 1 1 110 1
174 Tank, Vertebrate Water 1 8.5 - 5 28.3
180 Timer, Event 1 0.2 0 0.2
132p Ventilation Unit, Vert. 1 19 40 32.7
188 Work & Surgical Bench 1 136 1000 420
TOTAL WEIGHT 460

B-10
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BIOMEDICINE MINI-LAB - M~L 3A

[ ——t e w  wms . ————

Research Requirements

Biomedicine - Man
Cardiovascular

Vestibular

Biochemical Reactions

Hematology

Musculoskeletal

Pulmonary

e e ———— . e = =

- i{ajor Equipment
TTUTTT

intake, biochemical analysis.

compliance.
plasma volume, renal blood flow.

to space nausea.

On-bhoard & ground analysis.

! '
i
L
g8 . =E
q gy 54
d5 9 E
e
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g8 %ﬁ Sl 3B =
= 5 5 g g =1
Specific Capability 2o & 28 8|8

Altered vascular flow/volume/pressure relationships. X XIX X {x
Internal blood flows, pressures, Doppler Flowmeter; '
urine & blood collection, freeze & store; food & fluid

ECG, VCG pressures, pulse; Use of echocardiogram for 3 X:
determinations of stroke volume, cardiac output, cardiac | | I

Body fluid compariment studies — total body water volume, . Ix

i

Role of altered body fluid volume, pressure and distribution b x

Pharmacological prevention and treatment of space nausea. : o oix

Fluid & electrolyte balance, Ca regulation, adrenal X ‘ X X ::x
function. Urine collection, preservation & analysis. [ ;

Collect, prepare & preserve blood samples. Measure xIx'x x Ix, :
red cell mass (Cr°l), plasma volume (1125), blood % ' E [
granulocyte response o inflammatory stimuli. | ;

Exercise effect upon musculoskeleta disarrangement. | | xix ;x
Calibrated exercise level, respiratory parameters, ' o
ECG/VCG, pressures, muscle mass, strength, reflexes. : i

Altered pulmonary volume/flow relationships in zero-g — , X1
Measurements of respiratory gas partial pressures, ! !
flows. Derived guantitites - VC, FVC, TLC, RV, : |

‘ }
P 1

pulmonary capillary blood flow/volume.




PAYLOAD BIOMEDICINE MINI-LAB
NO. M-L 3A
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME

EI# EI NAME Q kg w dm?3
GA Airflow Work Surface 1 5 75 6

7TA Auto. Poten. Electro. .\nalyzer 1 12.7 100 57

36 Camera, 35 mm & Strobe 1 2 0 2

a7 Camera, Video B/W 1 4.4 15 3

d8F Cardiopulmonary Anal. 1 90.7 200 172
40A Centrifuge, Blood Sample Processor 1 12,7 100 25
444 Chemicals, Radioisotope Tracers 1 0.3 0 0.5
51F Coolant Loop, Liquid 1 30 50 25
63C Display, Numeric 1 2 2 4

70C Equipment Restraint Device 1 0.5 0 1

70E Exercise Eqmt., Physio. 1 96 18 992
76C Film, 35 mm 3 0.13 0 0.05
80 Freezer, General 1 15 200 61.4
81 Freezer, Low Temp. 1 8 10 30.5
83 Frig. (Refrigerator) 1 18 50 120
106 Kit, Hematology & Urology 1 5 0 9
110C Kit, Human Physiology 1 3 0 8
114E Lamp, Porfable Hi Int. Photo 1 6.3 150 6

116 Log Books 3 0.5 0 0.4
132 Oscilloscope & Camera 1 11.7 75 28.9
153 Recorder, Voice 1 1 0 1
156 Signal Conditioners (Couplers) 6 0.2 2 0.5
180 Timer, Event 1 0.2 0 0.2
1827 Vectorcardiogram Coupler 1 0.2 2 0.5

TOTAL WEIGHT

328
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LIFE SUPPORT/PROTECTIVE SYSTEMS MINI-LAB
M-L 4A
o Major
| 3
! <
' | G154} B
- 21 43
| BREE
: ol =
sEEE
i ! é i o1
H =l m a
: EEELE
= Research Requirements e - _ __ Specific Capability : s o= | &
Life Support/Protective 4 Life support hardware testing in zero g Cxix |x |x |x
Systems Provide gas, liguid, electrical, thermal require-
ments. Analyze gas mixiures, temperatures, |
1 flows, voltages, powers, etc. Record data. : :
’Gravity—sensitive processes study - XX [X X X
Study fundamental fluid dynamic and thermo- i
dynamic phenomena. Interface with experimental
apparatus. Measure physical parameters.
Record data.

ot
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PAYLOAD LIFE SUPPORT/PROTECTIVE SYSTEMS MINI-LAB
NO. M-L 4A
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME |
El# EI NAME Q kg w dm3 -
31 Calculator, Pocket 1 0.47 0 0.4 Pt
32 Camea, Cine 1 5 13 5 i
36 Camera, 35 mm & Strobe 1 2 0 2
37 Camera, Video B/W 1 4.4 15 3
48 Cleaner, Vacuum 1 2,8 100 10
63C Display, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
75C Film, Cine 8 0.54 0 0.54
76C Film, 35 mm 3 0.13 0 0.05
76J Flowmeters 4 0.5 1 0.5
83 Frig. (Refrigerator) 1 18 50 120
87 Gas Analyzer, Infrared 1 11.3 50 42,6
91 Gas Analyzer, Mass Spec. 1 25 50 20
93A Gas Supplies 2 5.75 0 - 18
105 Kit, Chemical 1 1.5 0 5]
106A Kit, Cleanup 1 1.5 0 4
1145, | Lamp, Portable Hi Int. Photo 1 6.3 150 6
114G Liquid Storage & Disp. Sys. 1 13 0 18
115F LSS Test Console 1 15 0 560
116 Log Books 1 0.5 0 0.4
1181 Manifold, Vacuum _ 1 9.1 0 28.3
122 Mass Meas. Device, Micro 1 12 15 25
134B Paper, Recording 3 0.6 0 1.2
141A | Plumbing 1 20 2 15
150A | Recorder, Strip Chart 1 11.8 0 16.9
153 Recorder, Voice 1 1 0 1
180 Timer, Event 1 0.2 0 0.2
185 Multimeter i 2 0 2.4
TOTAL WEIGHT 135
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MAN-SYSTEMS INTEGRATION MINI-LAB
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Research Requirements

Man-Systems tegration

M-L 5A
) Major
: _Eqmt.
; o
3
8l
3| 21'8
Dl oil/M
HEp
SIS
Specific Capability
Audio-visual measurements x|xix

Cargo-handling studies; assembly, deployment,
maintenance and repair studies; group dynamics
studies; & locomotion, restraint and time/
motion studies.
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PAYLOAD MAN-SYSTEMS INTEGRATION MINI-LAB

1

NO. M-L 54
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME
Elf EI NAME Q | ke w dm®
36 Camera, 35 mm & Strobe 1 2 0 2
38 Camera, Video, Color 1 7.7 69 6.2
38B Camera Mounts 1 3 0 3
38D Camera Timer, Video 1 4 10 3
70C Equipment Restraint Device 1 0.5 0 1
76C Film, 356 mm 2 0.13 0 0.05
114E Lamp, Portable Photo Hi Intensity 1 6.3 150 6
116 Log Books ‘ : 1 0.5 0 0.4
153 Recorder, Voice 1 1 . 0 1
180 Timer, Event 1 0.2 0 0.2
TOTAL WEIGHT 25.5
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BIOMEDICINE/BIOLOGY MINI~LAB — PB_:!MATES

M-L 2B
1 Major Equipment
s | 53q.
S REEEELE
P oan 2 § gg E 2
s 5|8z oA
R R
B Research Requirements Specific Capability Ejg & § IoT S
t r .
e Biomedicine :
= Cardiovascular Altered vascular flow/volume/pressure relationships. |xix|x X XU x|
N ' Internal blood flows, pressures; urine & blood col- b :
lection, freeze & store; food & fluid intake, biochem.
analysis.
ECG/VCG/pulse, Doppler flowmeter. _ x |x!
Vestibular 'Invasive studies on animals. ;
: Implanted sensors/stimulation devices. Xix i
Calibrated stimuli to vestibular organs, record ,: X
ocular reflexes, signs & symptoms, EOG , I i
Pulmonary . Respiratory gas analysis, O, uptake, COjp discharge X ix| %] | ; '
o using metabolic unit. RN
Biochemical Reactions Fluid & electroiyte balance, Ca regulation, adrenal XX}l x x' x*
: - func. Blood & urine collection, preservation and : ; ;
analysis. On-board & ground analysis. ] i l I

4

e e A




PAYLOAD BIOMEDICINE/BIOLOGY - PRIMATES MINI-LAB

NO. M-L 2B
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME
EI# EI NAME Q kg w dm3
6 Air Particle Sampler 1 2.7 50 . 0.85
6A Airflow, Work Surface 1 5 75 6
7A Auto. Poten. Electrolyte Anal.. 1 12.7 100 | 57
36 Camera, 35 mm & Strobe 1 2 0 2.0
38 Camera, Video, Color 1 7.7 69 6.2
40A Centrifuge, Blood Sample Proc. 1 12.7 100 26
44A Chemicals, Radioisotope Tracers 1 0.3 0 0.5
48 Cleaner, Vacuum 1 2.3 100 10
51F Coolant Loop, Liquid 1 30 50 25
63C Display, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
76C Film, 35 mm 5] 0.13 0 0.05
80 Freezer, General 1 15 200 61.4
81 Freezer, Low Temp. 1 8 10 30.5
83 Frig. (Refrigerator) 1 18 50 ‘120
91 Gas Analyzer, Mass Spec. 1 25 50 20
101B | Holding Unit, Monkey Pod 2 53 100 425
103B Incubator 1 5 5 8
106 | Kit, Hematology & Urology 1 5 ] 9
106A Kit, Cleanup 1 - 1.5 0 4
110 Kit, Microbiology 1 2 0 3
110C Kit, Human Physiology 1 ‘3 0 8
114B Kit, Vertebrate Mgmt. 1 3 0 6
114C Kit, Vertebrate Physiology 1 3 0 6
114E | Lamp, Portable Hi Int, Photo 1 | 6.3 150 6
116 Log Books 2 0.5 0 0.4
126 Microscope, Compd. 1 11 15 27.4
126J Microscope Access Kit, Compd. 1 10 15 25
132 Oscilloscope & Camera 1 11.7 75 28.9
138E Physiol. Multichammel Sens. Sys. 1 0.2 0 1.4
150B Recelver 1 0.6 10 1
153 Recorder, Voice 1 1 0 1
156 Signal Conditioners 6 0.2 2 0.5
165 Sterilizer, Tool 1 1 110 1
174 Tank, Vertebrate Water 1 8.5 5 28.3
180 Timer, Event 1 0.2 0 0.2
182P | Ventilation Unit, Vert. 2, 19 40 | 32.7
- ' T: 3484
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BIOMEDICINE /BIOLOGY MINI-LAB — SMALL VERTEBRATES/CELLS & TISSUES

.ﬂ‘

61-d

Cardiovascular

Muamloakeleta._l o

;Hematology L : '

‘ Blochemical_naact!m: ) .-

Pulmonary l
Microbiology

Biology
Cellular & Molecular

Absolute catzbolic effects of zero-g. Food &

(b by mwr e
|
'

O

M-L 2C

| Major Equip;

. . =

. g e g
. [T | v - + ‘ X 3 _2 E »
¥ 1 : - 1 - ot 8 '§:§§‘2“5
o 1 St | E=lE sl 91812
. L L Cy AEEEREEEE:
. Lo by :.Tasf '>3‘Im°“='.'§“"g'o-9
[P S S ] LI R .:N o HJ ol
DR EER R A RN | FEEE L
" Research Requirements ' T SpenlﬂcCapnbmw A 352'<_uz>s=_=o

Biomedicine : ‘ ‘ o
Altered vescular flow/volume/pressure rela- x x

lationships. Internal blood flows, pressures;
urine & blood collection, freeze & store; food
& fluid intake, biochemical analysis.
ECG/pulse, Doppler flowmeter. .
Demonstrate myocardial degeneration resuling
from zero-g.

fluid intake; histological preparations of
bone, bone marrow, muscle. Tk

Invasive studies — measure total blood voluma,
red blood cell mass, blood Og tension; obtain
reticulocyte coumts; collect, prepare & siors
blood samples.

Fluid & electrolyte balanee, Ca regulation,
adrenal fimetion. Urine collecton, pre-
servation & analysis. On-board & groumd
analysis.

Respiratory gas analysis.

Experimentally induced infectlon. measure L
specific immune response, incubate mjcro-? K
bial cultures. AT

T

Density dependent growth & developmé:t ) [
processes. Cell turnover rates, wound ra-'

pair. Tissue cultures of bone marrow, in-

togtinal epithelinm, embryonie tissues,

T
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PAYLOAD BIOMEDICINE/BIOLOGY-SMALL VERTEBRATES/CELLS & TISSUES MINI-LAB

NO. M-L 2C
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME
EI# EI NAME Q kg w dm?
6 Air Particle Sampler 1 2.7 50 0.85
6A Airflow Work Surface : 1 5 - 5 6
17a Auto. Poten. Electrolyte Anal. 1 12.7 100 57
25B Colony Chamber, Sealable 10 0.2 0 0.1
30A Cage, Rat, Hamster, Std. 16 2.3 9 11
36 Camera, 356 mm & Strobe 1 2 . 0 2.0
38 Camera, Video, Color 1 7.7 69 6.2
40A Centrifuge, Blood Sample Proc. 1 12.7 100 25
44A Chemical, Radloisotope Tracers 1 0.3 0 0.5
48 Cleaner, Vacuum 1 2.3° 100 10
50A Clinostat, C/T 1 2 10 4
51F Coolant Loop, Liquid 1 30 50 25
54 Counter, Colony,Manual 1 1,5 50 1.5
63C Display, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
T6C Film, 35 mm 5 0.13 0 0.5
80 Freezer, General 1 15 200 61.4
81 Freezer, Low Temp. 1 8 10 30.5
83 Frig. (Refrigerator) 1 18 50 120
91 Gas Analyzer, Mass Spec. 1 26 50 20
96 Glove Box, Portable 1 4.5 0 25
96C Glove Box Liners 10 0.5 0 1
98A Holding Unit, C/T 1 23 30 188
103 Holding Unit, Small Vert. 2 13.6 0 188
103B Incubator 1 5 5 8
106 Kit, Hematology & Urology 1 5 0 9
106A Kit, Cleanup 1 1.5 0 4
108 Kit, Histology 1 1 0 1
110 Kit, Microbiology . 1 2 0 3
110C Kit, Human Physiology 1 3 0 8
114A - Kit, Disseetion 1 1 0 2
114B Kit, Vertebrate Mgmt. 1 3 0 6
114C Kit, Vertebrate Physiology 1 3 0 6
114E Lamp, Portable Hi Int. Photo 1 6.3 150 6
116 Log Books 2 0.5 0 0.4
124 Media, Prepared 1 0.45 0 0.5
126 Microscope, Compd. 1 11 15 27.4
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PAYLOAD BIOMEDICINE/BIOLOGY-SMALL VERTEBRATES/CELLS & TISSUES MINI-LAB

NO. M-L 2C (Cont!d)
UNIT UNIT | UNIT
WEIGHT | POWER| VOLUME
EHW EI NAME Q | ke w dm3
126A Microscope, Dissecting 1 9 100 28
1267 Microscope Acecess. Kit, Compound 1 - 10 15 25
132 Oscilloscope & Camera 1 11.7 75 28.9
138 pH Meter 1 1.8 20 5.2
163 Recorder, Voice _ 1 1 0 1
156 Signal Conditioners (Couplers) 12 0.2 2 0.5
165 Sterilizer, Tool 1 1 110 1
174 Tank, Vertebrate Water 1 8.5 b 28.3
180 Timer, Event 1 0.2 0 0.2
182p Ventilation Unit, Vert. 1 19 40 32.7
187C Woodlawn Wanderer 1 10 15 12.9
188 Work & Surgical Bench 1 136 1000 420
TOTAL WEIGHT | =
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BIOLOGY MINI-LAB
M-L 2D
Mafjor Ecuipmen
2 .
g |5 g
= Elaf [ = 5 ﬁ
232 128 |..2
o2 |85 | B
L] 2 3 Bl o 3
S|2lal e o 2t g 280
EEEREEEEWE
PR T A I
+! of = ul 4l ol 8
B2 2] el o 81 8la
Research Requiroments __Specific Copabitity W CEEEE
Lower Vertebrate Biology Maintennnce ol Instrumentod anfmals, mcetabolic moni-|x X
(Ruzts, guinea pige, frogas, ein.) monitoring, physiological monitoring.
Histological preparation, incubation, examination X xix
e Basfc machanism of physio- Surgery, blopay, autopey x] |x
T logical adaplation, growth,
tlg development, reproeduction
in zero-g
Plant Biology Specimen maintenanco through entire life eycles. ' x
Bagic mechanisms of growth, Monitor gontropism, growth rate, morphology, x x ]
development and repro- circadian cycles, atc. . |
production in zaro-g Histological preparations - genotle changes, x x ' :
roplication
Environmoental monitoring x
Invertchrate Biology Specimen matiatenance through entire 1fe cycles. x
(Insects, spidors, nematodes) Monitor behavior patterns, activity eyeles, morphology. x x
Basic mechanisms of growth, Histological prep. lor genetic changos, organ develop- x x
devolopment and reproduction ment, structural changes - Fix & preserva.
in zoro— Envirenmentai monitoring,
Celiular & Molaeular Biology Specimen and culture maintecance, environment con- X
Pensity dependent growth and trol/monitoring .
development processen Cell turnover timen, wound repeir rates, electrolyte x
" transport. . ) »
Histolopical proparations. : x x
Genetic niterations in toro-g Celi division, metotic abnormalities, chromosome x X e .
aberrations. : Lo

ST TIRE AT g bt s e e oo o i e .. L o

?‘l ?:,rf ) )

]
[
4




PAYLOAD BIQLOGY MINI-LAB

NO., M~L 2D
UNIT UNIT UNIT
WEIGHT | POWER| VOLUME

El EI NAME Q kg w dm3
6 Air Particle Sampler 1 2.7 60 0.85
6A Airflow Work Surface 1 5 . 75 6

1 7A Auto. Poten. Electrolyte Anal. 1 12.7 100 57
14 Anesthetizer, Invert. 1 0.2 0 1
25 Cage, Invertebrates 20 0.3 0 0.2
25B Colony Chamber, Sealable 10 0.2 0 0.1
29 Cage, Plant 1 4.5 0 56.6
30A Cage, Rat, Hamster, 5td. 15 2.3 9 11
36 Camera, 35 mm & Strobe 1 2 0 2.0
38 Camera, Video, Color 1 7.7 - 69 6.2
40A Centrifuge, Blood Sample Proc. 1 12.7 100 25
44A Chemical, Radioisotope Tracers 1 0.3 0 0.5
48 Cleaner, Vacuum 1 2.3 100 10
50A Clinostat, C/T 1 2 10 4
51F Coolant Loop, Liquid 1 3G 50 25
54 Counter, Colony Manual 1 1.5 50 1.5
63C Display, Numeric 1 2 2 4
70C Equipment Restraint Device 1 0.5 0 1
T6C Film, 35 mm 5 .13 0 0.05
80 Freezer, General 1 15 290 61.4
81 Freezer, Low Temp. 1 8 10 30.5
83 Frig. (Refrigerator) 1 18 50 120
91 Gas Analyzer, Mass Spec. 1 25 50 20
93 Gas Analyzer, RH 1 5.2 6 13
26 Glove Box, Portable 1 4.5 0 25
96C Glove Box, Liners 15 0.5 0 1
98A Holding Unit, C/T 1 23 30 188
98C Holding Unit, Invertebrates 1 23 50 188
101 Holding Unit, Plant 1 25 500 188
103 Holding Unit, Small Vert, 2 13.6 0 188
1038B Incubator 1 5 5 8
106 Kit, Hematology & Urology 1 5 0 9
106A Kit, Cleanup 1 1.5 0 4
108 Kit, Histology 1 1 0 1
110 Kit, Microbiology 1 2 0 3
111 Kit, Plant Mgmt. 1 |1 0 1
113A Kit, Invert. Mgmt. 1 1 0 2
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PAYLOAD __ BIOLOGY MINI-LAB
NO. M-L 2D
UNIT UNIT UNIT
WEIGHT| POWER VOLUg/[E

BI# EI NAME Q ke w dm
114A Kit, Dissection 1 1 0 2
114B Kit, Vertebrate Mgmt. 1 3 0 6
114C Kit, Vertebrate Physiology 1 3 0 6
114E Lamp, Portable Hi Int. 1 6.3 150 6
116 Log Books 2 0.5 0 0.4
124 Media, Prepared 2 0.45 0 0.5
126 Microscope, Compd. 1 11 15 27.4
126A Microscope, Dissecting 1 9 100 28
126J Microscope Access. Kit, Compound 1 10 15 26
132 Oscilloscope & Camera 1 11.7 75 28.9
138 pH Meter 1 1.8 20 5.2
153 Recorder, Voice 1 1 0 1
156 Signal Conditioners (Corpiers) 12 | 0.2 2 0.5
165 Sterilizer, Tool 1 1 110 1
174 Tank, Vertebrate Water 1 8.5 5 28.3
175 Tank, Plant/mvert. Water 2 1.7 0 3
180 Timer, Event 1 0.2 0 0.2
182p Ventilation Unit, Vert. 1 19 40 32.7
187C Woodlawn Wanderer 1 10 15 | 12.9
188 Work & Surgical Bench 1 136 1000 420

TOTAL WEIGHT 556
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SUMMARY TABLE
DEDICATED LABORATORY VS. RESEARCH CAPABILITY

DEDICATED LABS

TIME-PHASED RESEARCH REQUIREMENTS _ [ ya |1va [ma [ i [nc [ms|

Vestibular
Cardiovascular
Pulmonary
Biochemical Reactions
Musculoskeletal
Hematology
Psychomotor Perf.
BIOMEDICINE - ANIMALS
Vestibular
Cardiovascular
Pulmonary
Biochemical
Musculoskeletal

Hematolo,
]E’:IOLOG:Y!3 &y

Higher Vertebrates
Lower Vertehbrates
Cellular & Molecular
Invertebrate
Plant
Radiobiology
Microbiology
MAN-SYSTEMS INTEGRATION
MSI Testing
LIFF, SUPPORT/PROTECTIVE SYSTEMS
Life Support Hardware Test X X

t
BIOMEDICINE - MAN ]
!
1

Mo oM MMM
MM KK MU
MMM MW MM

Mo oM oMM
Moo oM MM
MM oM MoK K
Mop oMM oMM

[

DD o oM MM

1 32

<o

=
- LT R O
MM oM oMM

VIRVERVERVERVES -
MM MK H D,

£
]

Zero-g Effects X x|, |

*mdicates number of animals aboard,

B-25




T T L T A T TN T

DEDICATED LABORATORY MOD IA
SCIENCE RATIONALE & RESEARCH CAPABILITY

SCIENCE RATIONALE

Dedicated Lab MOD IA is a 7-day, biomedical emphasis mission for the Shuttle/
Snacelab, Man-related studies will be undertaken from two distinect, though .elated,
orientations:

A, Asa human organism requiring scientific investigation and measurement:

To understand the mechanisms of man's responses to space flight and his
capability to adapt to the space environment. Special emphasis will be placed
on those organ systems whick have been found from previous flights to be in-
fluenced by gravity, e.g., cardiovascular, vestibular, and musculo-gkeleial
systems, Biological periodicities will be examined within the limits of mis-
sion profiles.

Animal models will provide information concerning basic mechanisms not
easily determined in man. Such animal models would provide information in
areas where measurements have not been developed for use in humans or
would carry a significant hazard if utilized in man.

B. As an important (uman) element of a flight system whose total performance
capability is reflected in the performance level of that (human) system, and
whoi 2 safety is of primary concern in any manned system:

To acquire, analyze, and interject data relevant to the problems of human
performance, capability and behavior in space. This includes both group and
individual behavior, attitudes, motivational levels, anxieties, ete.

To establish operator capabilities and requirements as they impact totat
system performance and crew safety.

To collect high fidelity, high quality data on the new population of space flight

participants in order to substantiate and improve on the original medical se-
lection criteria for Shuttle passengers and crews.

B-26
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RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment

A. BIOMEDICAL - Man

1.

2.

Veetibular

hvestigaia role of vizuxd cues In space nausea. Repeat of Skylab M131
expoviment. Rotating Liitor Chair.

Role of aitervd hady fluld volume, pressure and distribution to space
nausea. Jrine sample collection and analysis.

Cardiovascular

Altered vascular flow, volume & pressure relationships in zero-g.
LBNP, VCG.

Demonstrate presence or absence of Gauer-Henry reflex. Early
mission urine/blood sample collection and analysis. APE, Freezers.
Regulation responses to exercise in zero-g. VCG, Human Phys Kit,
Exerecise Eqmt.

Pulmonary

Altered pulmonary volume/flow/relationships in zero-g. Cardiopul-
monay Analyzer, Exercise Eqmt.

Musculoskeletal

Exercise effect upon musculoskeletal derangement. Exercise physiology
equipment, human physiology kit, ECG/VCG.

Diet and pharmacological control of musculoskeletal derangement. Food/
fluid input records, feces/urine/vomitus collection/storage.

Hematology

Collect, prepare & preserve blood samples. Determine red cell mass,
recitulocyte counts, pCOz, p02, pH, enzymes, proteins, etc.

Microbiology
Effects of space environment upon host defense mechanisms. Microbial

sampling, culturing, staining, examination. Incubator, staining system,
microscopy.
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7. Crew Performance in Space
Time and motion studies, training tasks. Time relate performance
measures with daily activity schedules, sleep patterns, environmental
conditions and biomedical measurements.

8. Effects of Training Upon Crew Efficiency

Correlate crew performance efficiency measurements with same tasks ;
conducted in ground based simulators or prior missions. 5

B. BIOMEDICAL ~ Man Surrogate

To permit detailed invasive and statistical studies in the biomedical areas
mentioned above, this laboratory contains the holding facilities, support equip-
ment and monitoring instrumentation for the following populations:

Prima tes - 4 Holding units (1 primate each) !
Small vertebrates - 2 Holding units (16 rats, hamsters, etc.) ;
Cells/Tissues - 2 Holding units

C. SUPPORTIVE SERVICES

Microscopy - Compound microscope for dark field, bright field, phase contrast.
Dissecting microscope. Microscope accessory kit includes polarizing
equipment, filters, photographic and video attachments.

Photography - Cine film, 35 mm, polaroid.

Visual Records - Strip chart recorder (2-channel), digital display, oscilloscope,
CRT/camera. _

Preservation - Cryogenic freezer (quick-freeze), -70° & -20°C freezers, 4°C
refrigerator.

Mass Measurement ~ Human mass device, macro mass measurement device

(6 g to 2 kg) and micro mass measurement device (1 mg to 5 g).
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- G . - A = Hard |
. i
PAYLOCAD NO. MOD IA F
EI Name Q kg w dm*
102 4T NTY, Tw, YFRT, 2 1.6 2 188
AR ST ITINS S 1 5 5 8
175 <TY, rmWrMYITAL ] 1.5 9. 5
S 1th WTT, wEw2 COLOGY LMD RILOGY. 1 - T B S .
CLCER LT CLT AR - ' 1 . 1.5 . S BE
103 LIT, HISTOLOARY 1 e o 1 N
109 - vTT, LTNTAY wPAS, 1 1 3 3 o
L1L TATY, SISRGITHLINY B C 2 o 3 ‘
1400 CTT, sfva,q BMYSTOLOGY 1 3 3 -8
taLy LIT, DISSTRTYICN - 1 1 | -
- L4LT LT, rCTTOTATE MANAGFYENT 1 3 3 3
e 110 ¥IT, yE2vSaziATT ouySIOLE3Y 1 3 0 6
" 1147 LAYF, FLORTASLT HI IHY, FHGTO 1 6e3 150 6
1165 LITUIN STOC. AND NISPFHS. SYSe 1 13 I 18 =
116 L2% BOOYS ' 3 5e8 - O.b :
147 - LDATP 930Y TG, dOrgS, NEYINE 1 78.7 2¢ 213 '
1187 vVANYIFULN, JATHIM 1 9.t -y 2343
4, L %21 MARS NPT, MFYTICE, MACRIN 1 11.8 15 32.8
& T 122 MASS MFAS. WIS, MICRO 1 12 15 .25,
124 *TITA, COEBAITY 2 Ouk5 3 6.5
124 MI0DOSSCRT, HU4TIUNN 1 11 15 274 '
12k3 MIC7OSCOFT, NISSFCTING 1 9 100 29
1264 MICP, LECESS, <IT, CLMAMN : 1 it 15 25
T ATEE ON=YISHAL OISSCYION- TNRTICATIS 1 L.t 8 2.3
122 AMSTILLOSCOST AN CAMFRA 1 11.7 7S 2346 ,
L7 OTOLTYN TFST GIGSLES 1 Je2 | 2.8 -
17L0 BABFD, RFCSPAING 1 Juh 3 1.2 .
t3F  PH METF® _ B 1e8 20 5.2 x
1203 DUQTACELL COUSLF? 12 0s2 2 Da5
138F IUYSTICLe MULTIGHIN. SENS SYS, 1 fe2 5 Y
176 ILCTEYSMOL9A9H, LTHE 1 2ub 5 6
1LY "HANIVISEALANTORTAY TIUILER 1 0.2 [} t.3
144 SLH4ITHG ' 1 20 2 15
1L26 SCESSIPE CUUALFR . £e2 2 £ae5
LLLE RANIATION NET=TT09, NCSIM. i Tal b} 5 !
t47 DANTATTUN GOULTF® 1 15 50 29 :
1518 NENGRNTO, AT2TY MRADY 1 14.56 3 16, :
1523 SECTTYFR, HTDTILEMETRY 1 0.5 10 i :
¢5T IFOLONFR, YOICT b3 1 0 1 :
1572 DPITATING LTTYE? CHATO/CCNSOLE 1 195.2 127 239 1,e
LRI SENSQPS, ASSQTTE 1 G5 J 0.3 \‘
156 - SISKNAL CONDITIORE?S (COUPLFPS) 12 0.2 2 0.5 e
18RE PCNLCCLAPNTORPAY El 19 32 59 L
157  <€CUND LEVEL w&veD 1 13.6 ] .4 j
159 - SYAINING SYSTrH 1 2e2 J 3.5
162 STFRILIZF?, AUTGILAVE 1 11 300 34.7
165 STERTLIZFR, TOOL 1 116 . [}
17TL  TANK, VFFTTADATE YATFR 5 BeS5 5 28.%
1727 THEOMGLOOURLT TNNITATOR 1 8 a Sels
17€, TEULEDLATIIOF 3LOCK 1 445 266 1.7
17CE TURCMGCLNPLYS , 1 £45 ) P
17%0 TATOMOMETED, TLECTRONIC 1 T Bab 14 87
157 TivER, EVENT 2 Ge2 2 0.2
LELN TRANSALFY, RFIFRTIHOE b Je? 1 Dote
1871 yNG DULRLED 1 fe2 2 0.5
LECT UTHTILAFION UHTT, VERPT. 5 19 W0 22.7
165 YULTIMEFF® 1 2 3 2.4
1£4  wODK AND SUPGICAL BENCH 1 136 1078 423
- " 4 W
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PAYLOAD NO. MoD IA Unit Wt.  Unit Pwr. Unit Vol.
EI  Name Q kg w dm?
1 :~-Lr=cw=v=o v Ceil LI £an3 ]
18 LICFLEFRLPFETED RONTLEP t 055 1 el
& _3* PARTIOLE Saumc) 1y 1 2e7 59 L.%%
A ATHFLOW WQRY SURCLCF 1 5 7% )
v ﬁ“‘ndhﬂLYfF? (GCMRAFC)Y 1 25 2nn 49
P4 ANTH FOYFNTIN. FLFC, ANAL,. 1 12.7 140 57 R
ta% SHTEHNAS,ASROVTEN ' . 1 Dat ] FeD3 B *
17 ATHCS, SAMPLING SYSTFH 1 1 28 28 o
1AR AUNTOMFYFR. . S fhof 25 4.3
1EM 3InGTR, FANTATION 2 Le2 9 fed
165 SILLTS.GCAINTISREY CCUPLER 1 ded 1 1 L
157 PHRTQOM RITE 303909 1 D.23 0 $.93 SRR 58
. 49Nn 8)IY MASS MEAS, NEVIPE 1 26.5 15 675
259 ~OLONY CHAMRFO, SEALA3LF 20 Qo2 [ I (PR -
,=ra:ra'c RAT, ua~:f==, sTanDAeD 16 2.3 9 1t .
e L’HLATC’. Puligey - 1 Gab7. 3 Cob
I a..w:n, CTye 1 5 12 5
C32A CANEDATCCNTROLLEY 1 1346 1ee 28.3
‘3T raeron, FOLEIOTN 1 2.3 3 Seb
e fE.T3L, 3R MY ANN srvoas % 2 0 2
7 ApMERA, VINFD, /W 2 ol 15 T
(T3 eastog, yiINT], COLO? 1 77 69 bu?
e SLUT SN MGUNTS 1 3 8 » .
e CAUEDL TIMER, YIAFD 1 4 13 3 R
T TASATEEULMONARY ARLLYZER 1 T 4 206 172
LA PTUTRIFIGE, 3LY SMFL PROCFSSOR 1 12.7 160 25
T4k SHTHMTICELS 1 De5 ] 1.0 ,
LuA CHTMTGCALS, PANI0TSOT. TPACESS 1 €3 9 0e5 -+
LS SHTOTGAL STD2253F CAJINEY 1 4ol 0 thed
L9 [LTANED, VAGHIM 1 2.3 13¢ 10
SrA CLTRGSTAY (537 C/7) 1. 2 10 4
=A% FIMFACTOE, SHLINS 1 18 150 113
40 0ONTOOL CINSILT, FASERIMENTFD 1 22.7 108 113.2
S4F "UILANT LJCP, LINUID 1 20 50 25
L CINNTTR, COLOMNY, MANUAL 1 1.5 50 1.5
E¥3 TISPLAY KEY3CA3D, POPTAILE 1 13,6 60 4245
ETC NISELAY, NUMFRIC _ S 2 2 4
£4 FOG AQUPLER 12 0e2 2 £e5
. f5  ©F5 CUURLE® b €a2 2 , G5
£53 FLECTPOPHYS. 2ACKPACK 1 0.3 9 0.23 \
f5C FLECTRQPHYS, RECEIYFR 1 2.7 2% Sa0
€5 ©MNG CCUFLE?D 6 de2 2 Dab !
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DEDICATED LABORATORY MOD TIA
SCIENCE RATIONALE & RESEARCH CAPABILITY

CaAe
' . il

SCIENCE RATIONALE

! Dedicated Lab MOD IIA is a 7-day hiomedical/biology/advanced tectnology em-
i phasis mission for Shutile/Spacelab.

A. Man-related studies will be undertaken from two distinct, though related,
orientations:

1. Asahunm organism requiring scientific investigation and measurement: o

To wnderstand the mechanisms of man's responses to space flight and
his capability to adapt to the space environment. Special emphasis will
be placed on those organ systems which have been found from previous
flights to be influenced by gravity, e.g., cardiovascular, vestibular,
and musculo-skeletal systems. Biological periodicities will be ex~ _
amined within the limits of mission profiles. Animal models will pro=-
vide information concerning basic mechanisms not easily determined in
man. Such animal models would provide information in areas where i
measurements have not been developed for use in humans or would carry !
a significant hazard if utilized in man.

2, As an important (human element of a flight system whose total perform-
ance capability is reflected in the performance level of that (human)
system, and whose safety is of primary concern in any manned system:

To acquire, analyze, and interject data relevant to the problems of
human performance, capability and behavior in space. This includes
both group and individual behavior, attitudes, motivational levels,
anxieties, etc.

To establish operator capabilities and requirements as they impact
total system performance and crew safety.

To collect high fidelity, high quality data on the new population of space
flight participants in order to substantiate and improve on the original
medical selection criteria for Shuttle passengers and crews.

B. Although animals, as biological species, will be used as models for man-~
' related studies, the term Space Blology encompasses research on a wide
variety of biological materials ranging from cells to complox multi-cellular
animals, Major objectives of the Space Biology program are:
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To advance our knowledge of the role of gravity in the life processes e
and the capabllity of terrestrial organisms to adnpt to grnvitatlonal ‘ s
changes. S

To understand the basic nature of biological rhythms in terrestrial or- o
- ganisms and their infiuence on lifé processes. : : L

" To determine and assess the biological implications of galactic cosmic
HZE particles for developing realistic radiation exposure guidelines
" and providing protective and/or preventive measures against particle ‘.
‘radiation hazards for long duration space missions. '

To determine the potential applications and to develop the techniques to
‘utilize new advances in biological theories and space technology gained
from research in the unique environment of space for space exploration
and for the benefit of mankind, This includes cross-utilization of in-
formation between scientific disciplines, especially by means of flight
experiments of mutual interest and/or applicability to different disciplines,

To assess the possible synergistic effects of gravity, magnetism and
radiation on life~s origin and evolutionary processes.

C. Advanced technology research goals and objectives to be accomplished include
but are not limited to:

Continuing advanced technology research on life support, protective systems,
and work aids to provide as near an Earth atmospheric environment for man as
possible; to provide him with protection from hazards of the space environment,
optimize his ability to work in space and to maintain his health, Special em~
phasis will be placed on areas such as; .

Development of regenerative life support systems including bioregenera-
tive systems and new principles of membrane transport and related
phenomena, development of advanced protective devices for manned
space flight. '

Moasurement of man's performance in EVA, evaluation and validation
of principles of system design and man-machine integration.

Demonstration and flight evaluation of teleoperator technology; e.g.,

visual environment sensors and displays, man-machine capabilities
and acquisition of an experience and engineering data base.
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RESEARCH CAPABILITY SYNOPSIS ~ Area/Functions/Measurements/Major Equipment

'A.  BIOMEDICAL - Man

L V_estibula_r

Investigate role of visual cues in space nausea. Repeat of Skylab M131
experiment. Rotating Litter Chair.

Role of altered body fluid volume, pressure and distribution to space
nausea. Urine sample collection and analysis.

2, Cardiovascular

Altered vascular flow, volume and pressure relationships in zero-g.
LBNP, VCG.

Demonstrate presence or absence of Gauer-Henry reflex. Early mission
urine/blood sample rollection and analysis. APE, Freezers.

Regulator responses to exercise in zero-g. VCG, Human Phys. Kit,
Exercise Eqmt, '

3. Pulmonary

Altaered pulmonary volume/flow/ relatzonships in zero-g. Cardiopulmonary
Analyzer, Exercise Eqgmt.

4, Musculoskeletal
Exercise effect upon musculoskeletal derangement. Exercise physiology
equipment, human physiology kit, ECG/VCG.
Diet and pharmacological control of musculoskeletal derangement.
Food/fluid input records, feces/urine/vomitus collection/storage.

5. Hematology

Collect, prepare and preserve blood samples. Determine red cell mass,
reticulocyte counts, pCOz, pO pH, enzymes, proteins, etc,

6. Microbiology
Effects of space environment upon host defense mechanisms. Microbial

sampling, culturing, stainmg, examination. Incubator, staining system,
microscopy.
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7. Crew Performance in Space

- Time and motion studjes, training tasks. Time-relate performance k
: measures with daily activity schedules, sleep patterns, environmental :
/ conditions and bfomedical measurements.

8. Effects of Training Upon Crew Efficiency e

- . &

: . Correlate crew performance efficlency measurements with same tasks e
- conducted in ground based simulators or prior missions.

B. BIOMEDICAY - Man-Surrogate : 5

To permit detailed invasive and statistical studies in the biomedical areas
mentioned above. This laboratory contains the holding facilities, support
equipment and monitoring instrumentation for the following populations:

Primates ~ & Holding units (1 primate each)
Small vertebrates - 2 Holding units (16 rats, hamsters, ete.)
Cells/Tissues ~ 2 Holding units

C. SPACE BIOLOGY

The holding units mentioned in ""B" above, besides supporting man-surrogate
research, will support space biology research. Additional holding units are:

Plants ~ 2 Holding units
Invi.riebrates - 2 Holding units

1, Cellular & Molecular Biology

Density dependent growth/development processes. Wound repair rates,
membrain electrolyte transport.

Generic alterations in’ zero-g Cell metosis, chromosome aberrations.
cell divisions. -

2. Lower Vertebrate Biology

Basic mechanisms of physiological adaptation, growth, development

~ and reproduction in zero-g. Circadian rhythm studies. Metabolic
monitoring, physiological monitoring, histological preparations, surgery,
environmontal monihoring
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. P Higher Vertebrate Biology

Invasive studies of the physielogical systems as described under "A"
above. :

;L 7 , 4. mverteb:ate Biology

Basic mechanisms of physiological adaptation, growth, development &
reproduction in zero-g. Complete life cycle studies. Monitor behavior i
patterns, activity cycles, growth rates. morphology. Histological ' ‘
preparations. :

B

5. Plant Biology

Study basic mechanisms of growth, development and reproduction in
zero-g. Geotropism, morphology, photosynthetic activity, productivity.

R Radiobjology -

Biolegicaleffects of HZE particle irradiation. HZE particle detection.
Exposure of small anfmals, plants, tissue cultures to HZE radiation.

. D. ADVANCED TECHNOLOGY

1. Life Support Hardware Testing in Zero G
- Test condensers, vapor cycle units, sterilizers, CO, reduction units,
biopacks, pressure suits. ,
Life Support Test Console.

2. Efi‘eets of Space Inertial Forces on Gravity Sensitive Processes

Examine mixed phased flows, mixing, heat transfer characteristics.
Use PI developed hardware test apparatus.

3. Man-Machine Testing of Advanced Designs
Measure man's performance in EVA, systems design, etc. Use psycho-~

motor performance console, Spacelab CRT/keyboard ete,
- Bvaluate Teleoperator technology.
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SUPPORTIVE SERVICES

Microscopy - Compound microscope for dark field, brightfield, phase contrast,
Dissecting microscope. Microscope accessory kit includes polarizing
equipment, filters, photographic and video atta_chmentq.

Photography - Cine film, 35 mm, polaroid.

Visual Records -~ Sirip chart recorder (2-channel), digital display oscilloscope,
CRT/camera. '

Preservation - Cryogenic freezer (quick-freezer), -70° & -20°C freezers,
4°C refrigerator.

Mass Measurement - Human mass device, macro mass measurement device
(5 g to 2 kg) and micro mass measurement device (1 mg to 5 g).
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DEDICATED LABORATORY MOD HIA
SCIENCE RATIONALE & RESEARCH CAPABILITY
SCIENCE RATIONALE

Dedicated Lab MOD IIIA is a 30~day biomedical/biology/advanced technology em-
phasis mission for Shuttle/Spacelab.

i

A. Man-related studies will be undertaken from two distinet, though related,
orientations:

g
Fois
“~
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1. As a human organism requiring scientific investigation aud measurement:

To understand the mechanisms of man's responses to space flight and
his capability to adapt to the space environment. Special emphasis will :
be placed on those organ systems which have been found from previcus
flights to be influenced by gravity, e.g., cardiovascular, vestibular,
and musculo-gkeletal systems., Biological periodicities will be ex- ;
amined within the 1imits of mission profiles. Animal models will pro-

vide information concerning basic mechanisms not easily determined in

man. Such animal models would provide information in areas where

measurements have not been developed for use in humans or would carry

a gignificant hazard if utilized in man.

2. As an important (human element of a flight system whose total perform-
ance capability is reflected in the performance level of that (human)
system, and whose safety is of primary concern in any manned system:

To acqguire, analyze, and intorject data relevant to the problems of 7
human performance, capability and behavior in space. This includes C
both group and individual behavior, attitudes, motivational levels,
anxieties, etc.

To establish operator capabilities and requirements as they impact
total system performance and crew safety.

VB LR B e e AR

To collect high fidelity, high quality data on the new population of space
flight participants in order to substantiate and improve on the originail
medical selection criteria for Shuttle passengers and crews.

B. Although animals, as biological species, will be used as models for man-
related studies, the term Space Biology encompasses research on a wide
variety of biological materials ranging from cells to complex multi-cellular
animals. Major objectives of the Space Biology program are:
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To advance our lmowledge’ of the role of gravity in the life processesr
and the ca.pability of terrestrial organisms to adapt to gravitational -

changes.

- To understand the basic nature of biological rhythms in terrestrial or-
ganisms and their influence on life processes.

To determine and assess the biological implications of galactic cosmic
HZE particles for developlng realistic radiation exposure guidelines
and providing protective and/or preventive measures against particle
radiation hazards for long duration space missions.

To determine the potential applications and to develop the techniques to
utilize new advances in biological theories and space technology gained
from research in the wique environment of space for space exploration
and for the benefit of mankind. This includes cross-utilization of in~
formation between scientific disciplines, especially by means of flight
experiments of mutual interest and/or applicability to different disciplines.

To assess the possible synergistic effects of g-ravity,. magnetis: and
radiation on life-s origin and evolutionary processes.

Advanced technology research goals and objectlves to be accomplished include
but are not limited to:

Continuing advanced technology research on life support, protective systems,
and work alds to provide as near an Earth atmospheric environment for man as
possible. to provide him with protection from hazards of the space environment,
optimize his ability to work in space and to maintain his health. Spec_:ial em-
phasis will be placed on areas such as:

Development of regenerative life support systems including bioregenera-

tive systems and new principles of membrane transport and related
phenomena, development of advanced protective devices for manned
space flight.

Measurement of man's performance in EVA, evaluation and va.!idaﬂon
of principles of system design and man-machine integration.

Demonatratlon and ﬂight evaluation of beleoperator teohnology. e.g.,

visual environment sensors and displays, man-machine capabilities
and acquisition of an experience and angineer_ing data base.
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RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Meagurements/Major Equipment

A, BIOMEDICAL - Man

1,

2,

3.

6.

6.

Vestlbular

Investigate role of visual cues in space nausea. Repeat of Skylab M131
experiment. Rotating Litter Chair,

Role of altered body fluid volume, pressure and distribution to space
nausea. Urine sample collection and analysis.

Cardiovascular

Altered vascular flow, volume and pressure relationships in zero-g.
LBNP, VCG.

Demonstrate presence or absence of Gauer-Henry reflex. Early mission
urine/blood sample collection and analysis. APE, Freezers.

Regulator responses to exercise in zero-g VCG, Human Phys. Kit,

Exercise Eqmt.

Puimonary

Altered pulmonary volum_e/ﬂow/ relaiionships in zero=-g. Cardiopulmonary
Analyzer, Exercise Eqmt.

‘Musculoskeletal

Exercise effect upon musculoskeletal derangement. Exercise physiology
equipment, human physiology kit, ECG/VCG.

Diet and pharmacological control of musculoskeletal deraugement.
Food/fluid input records, feces/urine/vomiius collection/storage.

Hematology

Collect, prepare and preserve blood samples. Determine red cell mass,
reticulocyte counts, pcoz, p02, pH, enzymes, proteins, etc.

Microbiology

Effects of space environment upon host defense mechanisms. Microbial
sampling, culturing, staining, examination. Incubator, staining system,

" microscopy.
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7. Crew Performance in Space

Time and motion studies, training tasks. Time-relate performance
measures with daily activity schedules, sleep patterns, environmental
conditions and biomedical measurements. -

8. Effects of “'raining Upon Crew Efficiency

Correlate crew pe'rformance efficiency measurements with same tasks
conducted in ground based simulators or prior missions.

BIOMEDICAL - Man-Surrogate
To permit detailed invasive and statistical studies in the blomedical areas

mentioned above. This laboratory contains the holding facflities, support
equipmont and monitoring instrumentation for the following populations:

Primates - 2 Holding units (1 primate each)
Small vertebrates - 2 Holding units (16 rats, hamsters, etc.)
Cells/Tissues - 2 Holding units

SPACE BIOLOGY

The holding units mentioned in '"B" above, besid2s supporting man-surrogate

- regearch, will support space biology research. Additional holding units are:

Plants - 2 Holding units
Invertebrates - 2 Holding units
1. Cellular & Molecular Biology

Density dependent growth/development processes. Wound repair rates,
membrain electrolyte transport,

Generic alterations in zero-g. Cell metosis, chromosome aberrations,
cell divisions.

. 2, Lower Vertebrate Biology

Basic mechanisms of physiciogical adaptation, growth, development

and reproduction in zero-g. Circadian rhythm studies. Metabolic
monitoring, physiological monitoring, histological preparations, surgery,
environmental monitoring.
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3.  Higher Vertebrate Blology
Invasive stadies of the physiological systems as described under A"
above,
Invertebrate Biology
Basic mechanismes of physiological adaptation, growth, development &
reproduction in zero-g. Complete life cycle studies. Monitor behavior
patterns, activity cycles, growth rates, morphology. Histological
preparations. : - _-

5. Plant Biology
Study basic mechanisme of growth, development and reproduction in
zero-g. Geotropism, morphology, photosynthetic activity, productivity.

6. Radiobfology
Biological effects of HZE particle irradiation. HZE particle detection.
Exposure of small animals, plants, tissue cultures to HZE radiation.

7. Bioresearch Centrifuge
A 3.88 m diameter centrifuge permits 1-g control organisms on-board
to compare with zero-g test organism. Capability of 16 small animal
holding units.

ADVANCED TECHNOLOGY

1. Life Support Hardware Testing in Zero G
Test condensers, vapor cycle units, sterilizers, COp reduction wnits,
biopacks, pressure suits.
Life Support Test Console.

2, Effects of Space Inertial Forces on Gravity Sensitive Processes
Examine mixed phased flows, mixing, heat transfer characteristics.
Use PI developed hardware test apparatus.

3. Man-Machine Testing of Advanced Designs

Moasure man's performance in EVA, systems design, etc. Use psycho-

motor performance console, Spacelab CRT/keyboard, etc.
Evaluate Teleopem tor technology.
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SUPPORTIVE SERVICES

Microscopy - Compound microscope for dark field, brightfield, phase contrast.
Dissecting microscope. Microscope accessory kit includes polarizing
equipment, filters, photographic and video attachments.

Photography - Cine film, 35 mm, polaroid.

Visual Records ~ Strip chart recorder (2-channel), digital display oscilloscope,
CRT/camera.

Preservation - Cryogenic freezer (quick-freezer), -70° & -20°C freezers,
4°C refrigerator,

Mass Measurgmmt - Human mass device, macro mass measurament device
(6 g to 2 kg) and micro mass measurement device (1 mg to 5 g).
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¥ OANTRANALY2TR (FNRATT). _ 1 26 2eo 49
7A ANTS FOTENTIO, FLTD, AMAL,. 1 12.7 102 57
11 AN3ILVYZED, RN, STERTRORYCTY, : 3¢ 268 99
14 PUTSTHRTIZCD, TNVFRY, t 0e2 b i
THT MITENNLS L AR50 TFN 1 Get 0 ¢.0%
A6 . ANTHTORLMEINTR GUIR 1 1.8 2 2.8
15E AT WS, GAMNPLING SYSTEM 1 11 20 25
18N ZUNTH STEGL) WTANSET 1 1 4 (] 5.7
1R RUNTOWFTER i 4.5 25 helt
1R JANGFS, PANTATION _ 5 0.2 0 O |
1AF B LISTHCAPNTGADAYN BOUPLES 1 Get 1 1
1ET DHSTOM pTTE 3045ns 1 f.23 1 .23
147 ANy MAST MFAS., BEVIQR 1 36.5 15 675
PROMAST, TNUERATERIATTS L% B3 ] 0.2
263 MOLONY CHAMAFR, SFELEDLF 23 2.2 3 Ca1
2EA DALE, METAMILTY, C/T ' 1 Ced 3 ‘Be9
2R NART, METAZTLID, PLANY 2 7 3¢ Tu.6
28 AN3E, “FTAINLIT, RATS t 8 20 28.%
2% NARE, FLANT 2 4.5 ) 5646
308 LLGE, CAT, HAMSTEI, STANDAQD 15 2.3 E) 11
T CALCULATOR, POJKET 1 Lab? 0 Cule
P2 CoacERa, CINF 1 5 13 L
ITE rAAERL CONTROLLE? 1 1%.6 15¢ 28,7
IT CAMENA, FILAOGIN 1 3.3 b 5.8
In CAUSRA, 15 MM ANA STRDJIE % ? a "2
FP O OMANT Y, VINFD, AW * bale 15 2
IR CANEIM,y VINFI, COLCO 1 Te? 59 6.2
FEI NL4FO4 MOUNTYS 1 3 2 b
JEN 244m4 TIWKER, ¢Intg 1 4 10 3
TEE TADRIARULAQNARY AGALYTED 1 gn, 7 200 172
LhE CEQTATRNGT, ALY SMEL FRQCTSSIR 1 12.7 1390 2%
414 TCNTRIFUGE, ATNRCSEADNH 1 250 154 6330
iy "HEWICALS 2 (Y 0 1.7
GLA NHTMTOALS, FWIIOISET. TRACERS » 0.2 ] 0.5
L5 CHEMICAL STO2AGF CASINTY 3 441 0 1o
43 CLEANER, JACIM 1 2e3 106 1)
Sh  ~LT.OSTAT (FD? FLANTS) t k| 10 20
SRA TLINOSTAT (EDP° C/T) 1 2 17 '
BN3 "Q4FACTOR, SOLINS 1 1A 10¢ 113
G40 TONTROL CONTQOLT, SXOFITVENTER 1 2%.7 100 143.%
G4F ~OOLANT LCO?y LINUIN 1 30 590 25
54 COVNTFR, COLONY, MANDAL 1 1.5 50 1.5
6T MISELAY KFEYIZAIN, PORTARLE 1 136 60 W2.%
BI0 NISPLAY, NUFwDT X 2 2 &4
f4, T23 CLIFLSR 2 La2 2 2.5
65 FI5 GCURLFD 8 Ga2 2 B3
HRA FLECTRCFHYS, AACHFAGK 1 0.3 0 0%
600 TLECTROPHYS, IFLFIVE 1 2.7 25 540
6 T3 CLURLFO 1o 0.2 2 0.5
69A TLELTPQuETED 1 3.7 ? 7a%
L SLECTRLFMORTATS APPARLTUS 1 91 L 2545
7L SONTANELY PERTILINT DFYICE 1 0.5. 0 1
70T EXERGICE EOUIFR., FHYSIOL, 1 96 1°? Gan
7T TILM, FINE 12 D54 b T
TRE FIL™, FLLARJIIN 15 0.16 ] .13
PEC FTLM, X5 MM 3 0el3 3 Le B
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PAYLOAD NO.___MOD IIA
Q kg w drns
- A
75 ) TLImMETERS [ Jab 1 L]
7.0 FTYOTHFYFD, L2000 GLOTY i bed 4 196
Pr TITTIFO, [LAYSCENIC 2 2145 10 Thel
se TTETITR, BUNTEAL ? 15 23t Alale
£y CECFING, LOW YrMmEb 2 8 c 33.5
$1 TIlhe (REFOTAWHATYDY ? 18 55 123
&7 SbET ANALYTT2, INFRADEN 1 11.3 50 42.6
&1 A0S ACALYZET, MASS RJFEf. 2 25 %50 20
€3 74T ANALYTZFI, PH 1 Se2 5 13
6Th 2AS SHFPLIFS ) Ge 75 ] 18
BF SLAVE AOXy VIPTADLE 1 L.5 2 245
EAT ALOVE ROY LINTIS 61 0.5 7. 1
TR HANOWIPFS,y IFTANVYHNE 53 0.2 0 Ge%
i HILDING UiTT, RELLS/TISSUES 2 23 30 1338
GEP WL D UIT, THYFITEIDATES 2 2% 50 188
101 HOLNTING UNTT, PLANT 2 25 500 184
10145 HJLITHE URTY, “ONneTY PON 1 5 1:C 425
L0487 HACLTNG UIT, SPT4ATF 1 113 1390 349
182 wWOLInG UNIT, S, YFRT, 3 1.6 ] 188
1732 THan2hAToR 1 &5 5 8
106 vTT, CHTEMICEL 2 1.5 3 5
1A KIT, HEMATOLISY A4 URILOGY 3 3 0 9
10RE €IT, CLEEND® ® 1.5 2 b
178 viIT, HISYOLISY 3 1 b ] 1
109 wrT, LINFAD 97AS, 1 1 ¢ 1
114 «LIv, MICPOITOQLIGY 3 2 0 3
1230 41T, Mir#ay SHYRICLOGY b2 3 [+ &
111 ®IT, FLART MHANAGEMENT 2 1 1 1
1174 KIT, THVFRT, <4ANLGEMENT i 1 g -2
tiad vIT, NISSFCTION b3 1 ] 2
1143 1T, yEFITTADATT MANAGEMENT 1 k. 2 6
1140 ¥IY, VFOTF3ID4TE SHYSICLOSY 1 X 8 6
LILE LAMFR, PORTAGLY HT INT. FHOTD 1 Ha 150 6
1445 LTIUIN STO®, AND NISFENSe SYSe T i 2 by}
115F LSS TroT COMTILE ) 1 15 0 567
148 L0245 ARLCvsS 112 €5 9 Qak
" 117 LOWFR BONY NFG, FOFRS, FVICE 1 TRa7 26 2373
11# LYQFMILIZE® i 2 308 143
1187 MANIFCLD, VACIHYM i 9.1 0 23.3
119 “ST TYASK ST ATO®R 1 227 5 2487
174 MASS nFAS, NFEyI0E, MEQOD 1 11.8 15 32.8
122 MASS MFAS, NEYYCF, MICRO 1 12 15 25
L2328 MAS5, YTOT, YADTASLF SIVE 1 L] 0 |
126 “SNIA, FREDLPSN 4 Cal5 9 t.5
128 HIGCROSMIAT, CIMROUNN 1 i1 16 2Tl
12R4 HICROSTURT, NISSECTING 1 ) 1°C - 24
12467 “0ATLYITY 'INTT, F™OT. COORIND? 1 22.7 [ 5beb
1260 TG, ATCESS. “IT, NOMPHNN k 1 10 15 25
13D 4OTQOIZED LAWY SPCWYS HONITOR 2 3.5 5 Guh
LT4E Q= VISUAL NISTOTTION INDICATOR 4 L.t 3 28
1714 JETYISCAN - FYTLD ANTY FINXEN 1 2l 5 8.5
112 ~SCILLOSCORF ANDY FAME24 1 11.7 rs 26.9
122 ITOLITH TSST GOGGLES 1 1 1] 28
1747 24PT 0, REAQOIING b 1 H P 0 1.2
123 24 MFTFF 1 las 20 5.2
1705 QURTQCOLL LOwFLER 12 Pe2 2 Qb
133 SHYSIGL. ILTICHMAN, SENS SYS,. 1 N2 b 1.4
136 PLETHYSMLIRLEGH, L TM3 1 2eh S &
140 PHONLGYIBRACLOOTOS AN [ROVPLER b {2 1 .3
teid 2LHy~5ING 1 20 2 15
16? 1 30.4% 0 79
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PAYLOAD NO. MOD IA
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: Unit Wt., Unit Pwr. Unit Vol.
EI . Name A Q ke w dm
LyTG OPTESHRE CQURL e & Le2 2 €5
CJtbl . TRINTHOHOYLY RC3IFLO0M, CONSOLF 1 tal 15 133
1LLD DTVCHORAL JANDWTTE N, GRY i DeS 1 Ge3
1L4S SANTATICN NFYCITOR, NISTM, 1 Ce3 ] Cs5
LT RANTIATION TouurTe 3 15 57 20
- 1bGnh A0, SGUPCF, TUTIFLDRN L &% 5 28.3
T4 CE STIRONFR; STOTE THARY i R 11.8 o 16.9
1600 DEOFIYFR, JIOTFLFHEYOY 1 0«5 i1¢ 1
{E3 OTA)BAER, YOTCF 1 1 9 1
1528 2JTATING LTTTF? CHATIR/RONSOLE ! 10542 L 27 233
4572 STYURASS, ATLEDTEN 1 L5 9 £e3
16F  STALAL CONNITIONT2S (COURLFRS) b Cel [4 a5
156F SANOCEPNYIOGRAM i 19 32 53
157  SQUNY LEVFL METED 1 1%.56 0 33.4
1€ef SEACSSUIT YSSY LONSOLE 1 3< 53 59
$80  CSTATNING SYSTFM 3 242 0 3.5
162 SIFRILIZEI, aUTOCLAVF 1 1 300 Th.?
1€5 SYFOILTIFR, TQIL t 1 110 1
172 SEACESUIT % 35.3 i 198.2
174 TANK, YERTIFIDATE WATRRQ 3 8«5 5 2403
176 TAnv, PLALT/TLIEIT, WAVER ) 1.7 1 3
AT7RY TLRKICLQN, FCIATT/7T02QUF 1 227 5 5bab
1747 THREORICGUALFE INOITCATOR 1 & 8 Gale
170 TEMRTRLATURT 3LI0K 1 LT 200 17
17T THEDUODLUPLER 2 Je5 9 0.3
1797 TWFRYLMFYF2, ELTCTRONID 1 Sels 1% 8.7
187 TI4TH, EVYINT 2 el ) a2
1549 TR2LSAUCF R, PAITSGYRF u La2 1 Dats
1523 YCH COIWLER 1 Ge2 2 Ca®
162V JISION TESTFR 1 22,7 100 113%.3
1?2 YTITTILATTON 0OTT, yERT, T 19 %G I2.7
165 YILTIYFTFR 1 2 . 2ele
188 WOPK LKDY SHRLTTAL 3ENCH 1 135 10C8 422
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DEDICATED LABORATORY MOD IIB
SCIENCE RATIONALE & RESEARCH CAPABILITY

SCIENCE RATIONALE
i ' Dedicated Lab MOD B is a 7-day space biology emphasis mission for Shuttle/

- Spacelab. Research will be performed to advance our knowledge of the role of gravi.y,
magnetism and radiation in the life processes of a wide variety of biological material
ranging from cells to multicellular animals.

Major objectives of the research are:

. To advance our knowledge of the role of gravity in the life processes and the

capability of terrestrial organisms to adapt to-gravitational changes.’

To understand the basic nature of biological rhythms in terrestrial organisms
and their influence on life processes.

To determine and assess the biological implications of galactic cosmic HZE
particles for developing realistic radiation exposure guidelines and providing
protective and/or preventive measures against particle radiation hazards for
long duration space missions.

To determine the potential applications and to develop the techniques to utilize
new advances in biological theories and space technology gained from research
in the unique environment of space for space exploration and for the benefit of
mankind. This includes cross-utilization of information between scientific
disciplines, especially by means of flight experiments of mutual interest and/or
applicability to different disciplines.

To assess the possible synefgistic effects of gravity, magnetism'and rediation
on life's origin and evolutionary processes.

- RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment

A,

. A SRS

SPACE BIOLOGY

‘To permit detailed invasive and statistical studies in the various biological areas

of interest, this laboratory contains the holding facilities support equipment and

- monitoring instrumentation for the following populations:

Primates - 2 Holding units (1 primate each)

Small Vertebrates ~ 2 Holding umits (16 rats, hamsters, fowl, ete.)

Plants - 2 Holding units
’ B-49
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1,

Invertebrates = 2 Holding units
Cells/Tissues - 2 Holding wmits

Cellular & Molecular Biology

Density dependent growth/development processes. Wound repair rates,
membrane electrolyte transport. '

Genetic alterations in zero~g. Cell mutosis, chromosome aberrations,
cell divisions. '

Lower Vertebrate Biology

Basic mechanisms of physiological adaptation, growth, development and
reproduction in zero-g, Circadian rhythm studjes. Metabolic monitoring,
physiological monitoring, histological preparations, surgery, environ-
mental monitoring.

Higher Vertebrate Biology

Invasive studies in altered vascular flow volume and pressure relation-
ships, absence or presence of myocardial degeneration, absolute catabolic
effects of zero-g on musculoskeletal system, mechanical and neural
responses of the vestibular system to space environment stimuli and
hematological collect, preservation and analysis.

Use of work and surgery bench,

Invertebrate Biology

Basic mechanisms of physiological adaptation, growth, development and
reproduction in zero-g. Complete life cycle studies. Monitor behavior
patterns, activity cycles, growth rates, morpbology. Histological
preparations.

Plant Biology

Study basic mechanisms or growth, development and reproduction in
zero-g. Geotropism, morphology, photosynthetic activity, productivity.

Radiobiology

Biological effects of HZE particle irradiation. HZE particle detection.
Exposure of small animals, plants, tissue cultures to HZE radiation.

B-50
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SUPPORTIVE SERVICES
Microscopy - Compound microscope for dark field, bright field, phase contrast.
Dissecting microscope. Microscope accessory kit includes polarizing
_ equipment, filters, photograpbic and video attachments.
Photography ~ Cine film, 35 mm, polaroid.

Visual Records - Strip chart recorder (2-channel), digital display oscilloscope,
CRT/camera,

Preservation - Cryogenic freezer (quick-freezer), -70° & ~20°C freezers,
4°C refrigerator.

Mass Measurement - Macro mass measurement device (5 g to 2 kg) °
and micro mass measurement device (1 mg to 5 g).
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PAYLOADNO. _ MODOIB

Unit Wt.

Unit Pwr. Unit Vol.
El Name Q kg W dmx
1 ANSELFOLMEYED hi Cot 1] C.33
1A ZNGELFNTYFYrY SQUELFR v %415 1 2t
6 ATR TLAITINLE APDLFI 1 2,7 59 CefS
fY LTICLLN WyRK SHTEACT ] 5 4] [
T OAHTOAVALYTIFED (GEMSATL) 1 26 20L ug
TA ﬁ”"Q ~UTEYTIO, FLYCs ANEAL. 1 1247 £t00 L2 4
16  AYRSTHETIZFE, TNYTETY, 1 Tl 9 1
1LY ANTEHLAT,) ARSORTFN 1 R p C."3
153 ATHMOS, TS 4RL TR SYSTEM | b 20 2t
TR0 ANGES, RANTATTON 2 Y- 0 Cel
26 rAGF, TILWTPTCIDRYTS (%] Ge3 0 te?
T 2R SOLONY CHAMIFY, SFALARLE 2" Ca2 ] t.1
PRI TAGF, MFTAMILIC, PLANT ? o 30 Thab
28 CAGF, MTTAB0LIZ, CPATS 1 8 20 28.3
29 CAGT, FLAUY ? 45 0 56.5
TN ORAGT, RAT, HAASTED, STANDARN 16 el 9 11
F4 “ALCULATRR, BGTKFT 1 cau? ) Ol
T2 S1MERL, CINT 1 5 13 5
I LAMTRA CONTROLLFD 1 12.6 100 28.3
3T TAwCDA, FOLAOCIN 1 3.3 2 5.6
26 CAvEIA, 3G mw AYN STRQ3E 1 2 0 2
TT . CAMESL, VINTO, A/ 2 ol 15 k|
®@  AruTIa, YIPF3, GOLO? 1 7a7 659 6e?
333 LAMEIA 4CUNTS . 1 3 b] 3
TED CAWMFRL TIAFR, JINFQ 1 & 1c 3
Gfd GENTRIFUGE, 3LY S¥PL PROCESSOR 1 12.7 100 25
L CHEMTZALS , 1 £a5 9 1.0
LUE BYEMICLLS, PANTOYSOT. TRIACFRS 1 0e3 i) 0.5
LG  CUEMTCAL STORASE CASINET 1 4.0 1 1hael
66  OLFANTI, YACHNY 1 2.3 106 19
57 PLINUETAT (€02 PLANTS) 1 3 13 20
S¢A SLINQSTAT (FO? C/T) 1 ? 10 &
S1F 7I0LAMT LOOP, LINUIN 1 3 59 25
Su  rOUNTER, COLONY, “AWUAL 1 1.5 59 1.5
673 "ISPLLY KEYINAIN, FOPTADLE 1 13.5 50 42.%
& MISFLAY, NUMFOIC ? 2 2 "
RU  TCG COUFLE® 12 0.2 2 8.5
€5 E£r3 CLURLER (A 0.2 2 C.5
G&  F05 CUUPLED 6 €.2 2 0.5
700 EAYIFPMERT OFSTYOATHNT NFYICE 1 L5 0 1
7LF SYFROISE FNHIP,, PHYSIOL, t 95 18 9?2
7EPR STLA, CINE : [ (9:-1Y ] .54
76% TILM, FOLARDTN 5 Calb ( f.13
TEC FTLM, IS M 11 el ] .35
7¢J FLOWMETERS & 0e5 t GaS
771 FOEE7FD, C2YOGENIC 1 21.6 10 Thael
At TAESIFR, GENFIAL 1 15 200 61.4
£ TUEEZER, LOW TFMP, 1 ] 1 §4] 0.5
£, SI15, (RFFRATLS2RTOR) 1 18 ¢ 1290
Gl £4% AMALYZF, YASS SFEC. 2 2% 50 29
97  [AS ANALYZYTI, 3 1 5.2 5 13
&Th NS4S SUFPLLIFS h Se75 2 18
¢6  GLOVE 30%, SO?TARLE 1 4e5 0 25
CREC ALUVE 20% LINT®S 21 Ga5 9 i
QT WANNWIFTYS, BETANYNE ] L2 N Cel
G2y HOLITWG UNTT, PTLLS/TISSUHFS 2 23 30 158
Qi HOLD, UMITe THJCPTERRATES ? 21 59 138
101 WOLDING UNTT, DLANT 2 2% 50¢ 133
1010 40LNTHS UNIT, DITMATYE 2 113 t00 30
12T uOLATHA UNTT,. SM. VERT, 2 13.6 3 138
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PAYLOAD NO. MOD 1B
Unit Wt. Unit Pwr. Unit Vol.
EI Name Q kg w dm?
1T THEMATOR 1 s 5 -]
tEN WYY, CHREMIMAL t 1.5 h 5
106h YT, KEAATOL QY AHD UPILOGY 1 5 0 9
1068 KIv, CLELHMP 1 1.5 0 L
: t0F CTT, HISTOLOSGY t 1 ] 1 :
¥ 1068 ¥Tr, LINFAS 4Fas, ] 1 0 1 et
110 »TT, FICROATILOGY 1 2 ] 3 I
: 111 “ITv, FLANT MAVAREMENT 1 1 ] 4 -
1178 vIT, IHUEDRY, wANAGSeryT 4 1 3 -4
B 1148 ¥TT, NYISSELTTUN 1 1 1} 2
s 110 VTIT, YFITTRDATT MAKAGRYENT 1 3 2 6 ior
- 144r «ITy VERYEJDIAYC DUYRTOLOGY 1 3 [ ] 6 ]
"o 114F LAMP, PCPTAALET HY INT, FHOTO 1 6.3 150 6 *
: 1165 LINUTY STOR AND NISFENS. SYSe 2 13 ] 18 !
- 114 LI 800KS 3 2.5 9 Gab r
1487 WANIFLLD, VAC'I'M 1 a1 9 28,3
121 4SS HEAS. MFYTOF, MAC?D 1 11.9 15 32.8
o 122 4SS #FAS, WYTLF, MIC?0 1 12 15 25
= 1264 ~F1a, ESFEFARCY 2 Cal5 0 0e5
L2h MTCROSCURTI, COUEOUNN 1 11 15 27.4
1280 ~INOGACLEE, NTSSTCTING 1 5 1ce 28
12601 4TORP,. LCATST, K1T, NOY2NA t 10 15 25
i 1340 MOTORIZED ALAKNY GRGATH MONTTOR 2 $.5 5 Leb
: 32 A2SCILLECSCOFT NN nAWFa)y 1 11.7 TE 28.9
{ 1343 PAPER, PFCOONING 1 Ceb ’ 9 1.2
! 178 =H METER : 1 1e8 20 Se2
i 1387 SMITCLTLL SO'TRLE? 12 0.2 2 Ce5
O LTET 2AYSICLe MULTICHMAN, SENS SYS. 1 Ge2 3 1.4
| 1u18 2LIUMRING 1 2c 2 15
| 1L, "SESSUSE NN TY [ 8.2 2 GeS
; 1460 IXNTATION ISTESTYID, POSIM, 1 Le3 0 LeS
i 114 IFNGPRFI, ST2TO AHADT 1 14.8 a 16.9
; 1503 ITCETIVER, 3TATTLEmMTTOY 1 Ca5 10 1
153 0FRGoNTo, y)InT 1 1 0 1
a 1577 AE4S05S, 1SSH3TEN 1 0.5 0 0.2
166  SIGNAL CONNITIDNEDS {(CIUPLEPS) 12 8.2 2 £e5
157 SOUKA LEVEL HFYED 1 13.6 H 3.4
153 STAINING SYSTEM % 2e2 o 3.5
162 STERILIZFR, AUTDCLAVE 1 1 R3i] 4.7
165 STFRTLIZE?, TUIL 1 1 110 1 ;
T7L TANK, VFTTEONSATF NATFD R 805 5 2543
175 TYANK, PLANT/TINVERT, WATE® 3 17 19 3
1783 TETIMOCQUFLT INDTCATOR 1 6 3 S.%
177 TYTHPERATURE ILOCK 1 445 2¢0 1.7
1164 T UCOMOCCUPLFS 1 Coa$5 9 Ce
1.9" TLIRMCMFTER; ELFCTRONIC 1 Sels 14 8.7
160 TYIvMeR, EVENT 2 0e2 0 a2
\ 1617 TOANSAUCES, BRFSTIRF Iy 0.2 1 Cat
i 1820 yi5 CouURLEP 1 Ce2 2 0e5
LE2F JENTTILATION WGTT, yFoT, 2 18 %) 32.7
; 1827 YTRTERDPLTF £03 1 k{.} 32¢ 124
: 165 “ULTIMETE®R 1 2 0 Zels :
§ 1£8 WI2K ANT SURGICAL DFNCH 1 136 1000 429 %
1 i
|
] !
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DEDICATED LABORATORY MOD IIC
SCIENCE RATIONALE & RESEARCH CAPABILITY

SCIENCE RATIONALE

Dedicated Lab MOD IIC is a 30-day space biology emphasis mission for Shuttle/
Spacelab. Research will be performed to advance our knowledge of the role of gravity,
magnetism and radiation in the life processes of a wide variety of biological material
ranging from cells to multicellular animals.

Major objectives of the research are:

To advance our knowledge of the role of gravity in the life processes and the
capability of terrestrial organisms to adapt to gravitational changes.

To understand the basic nature of biological rhythms in terrestrial organisms
and thelir influence on life processes.

To determine and assess the biological implications of galactic cosmic HZE
particles for developing realistic radiation exposure guidelines and providing
protective and/or preventive measures against particle radiation hazards for
long duration space migsions.

To determine the potential applications and to develop the techniques to utilize
new advances in biological theories and space technology gained from research
in the unique environment of space for gpace exploration and for the benefit of
mankind. This includes cross-utilization of information between scientific
disciplines, especially by means of flight experiments of mutual interest and/or
applicability to different disciplines.

To assess the possible synergistic effects of gravity, magnetism and radiation
on life's origin and evolutionary processes.

RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment

A. SPACE BIOLOGY

To permit detailed invasive and statistical studies in the various biological areas
of interest, this laboratory contains the holding facilities support equipment and
monitoring instrumentation for the following populations:

Primates ~ 2 Holding units (1 primate each)
Small Vertebrates ~ 2 Holding umits (16 rats, hamsters, fowl, etc.)
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1. Cellular & Molecular Blology-

Density dependent growth/development processes. Wound repair rates,
membrane electrolyte transport.

Genetic alterations in zero-g. Cell mutosis, chromosome aberrations,
cell divisions.

2, Lower Vertebrate Biology

Basic mechanisms of physiological adaptation, growth, development and

reproduction in zero-g. Circadian rhythm studies. Metabolic monitoring,

physiological monitoring, histological preparations, surgery, environ-
mental monitoring.

3. Higher Vertebrate Biology

Invasive studies in altered vascular flow volur.e and pressure relation-

ships, absence or presence of myocardial degeneration, absolute catabolic

effects of zero-g on musculoskeletal system, mechanical and neural
responses of the vestibular system to space environment stimuli and
hematological collect, preservation and analysis.

Use of work and surgery bench.,

4. Radiobiology

Biological effects of HZE particle irradiation. HZE particle detection.
Exposure of small animals to HZE radiation.

SUPPORTIVE SERVICES

Microscopy -~ Compound microscope for dark field, bright field, phase contrast.
Dissecting microscope. Microscope accessory kit includes polarizing
equipment, filters, photographic and video attachments.

Photography - Cine film, 35 mm, polaroid.

Visual Records - Strip chart recorder (2-channel), digital display oscilloscope,
CRT/camera.

Preservation - Crysgenic freezer (quick-freezer), -70° & -20°C freezers,

4°C refrigerator.

Mass Measurement - Macro mass measurement device
(6 g to 2 kg) and micro mass measurement device (1 mg to 5 g).

B-55
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PAYLOAD NO.___MODIIC _
. Unit Wt. Unit Pwr. Unit Vol. :
EI Name Qg w dm3 :
1 leMFLrRCeCcYED 1 D1 ? L.02
1L APTILEILOTIED MOUELFE * Gel5 ] .11
fOATD TAGTISLE Shwr) ro 1 2.7 50 £e85
FY ATIFLCH WIPY SUPFACF 1 5 75 6
7 AUTQARALY?ED (GEFSAEC) 1 26 2 3t Y]
74 AYTO FOTFRTTN. FLTC. ANAL. 1 12.7 106 57
4L7 INUTTNNLZS,ASSO5YFEN 1 el 9 033
188 LTY(3, SEMPLING SYSTEM 1 18 20 28 -
1F7 IINGTS, TANTATION 5 o2 ] Dot ]
TYL NLGE, DIT, LAASYID, STANDLRN 15 213 3 i1 Vit
S Fe TALCULATLR, FOTKTT 1 Cel? 3 Dol i
32 CAsFZL, CINF | 5 13 5
224 CAMFRY CONTIOLLER 1t 13.6 100 28,3 ¢
XY CAuwFR, FILAYOIN 1 3.3 9 Se6
G MAMFDA, 35 MY AWN §TBQ3C 1 2 1 2
27 PAMEDL, YINTD, S/ ? bols 15 3
To cAd4EBA, VINTO, C3LOR 1 7.7 655 Be2
TLD CAMTDA MOUNTS 1 3 3 3
TUD CAYEIR TIMER, yINEQ 1 4 10 3
Lol PTLTRIFUNT, ALY THP BRILESE0R 1 12.7 120 25
Lt ruTHICLLS 1 25 2 1.9
LLA CAEMICLLS, RANTOISOY, TRACERS 1 0.3 b 0eS
45 GWHEmICAL STODAGE CRAINET 1 be? 2 1ha.1
WE  SLEANFD, JACUUM 1 2.7 100 13
54F FODLANT LJ0%, LINHIA ‘ 1 30 59 25
L "OUNTER, COLONY, 44NUAL 1 1.5 55 1.5
£72 TISFLAY ¥FYEDAIN, PIRTABLE 1 12.6 50 42.5
FZr NTSPLAY, NIMERIC 4 2 2 4
&t TC5 CLupLee 1? 0.2 2 045 ;
€5 TF; COusLED u De2 2 0.5
66 T3 BOUFLEP H 3.2 2 0«5
7Cr FYMITEWENT DESYIITHT DEYTCE 1 0.5 a 1
TCE TYERCISE €OUTT,, FHYSIOL. 1 96 18 982
7650 £iLm, GCINE ' 12 LS54 0 Ca56
75F SILM, FCLA®2TY 15 fein J Cat3
T&E FILM, 75 4M 29 (13 ] P
76} CLOWNTTESS 4 0.5 1 0.5
775 FRICFIEQR, COVISONIC 1 21.56 10 That
€r Forr7ED, GENFRAL 2 15 200 Globe
£4 COEEZFD, LOW TEMP, 1 8 10 30.5
AT TG (DPTFITHSIATON 2 18 50 120
Q4 AAR AMALYPFD, WASS SPES. 2 25 56 20 3
G GAT ANALYZER, M 1 542 & 13 ;
CIA GAS SUEPLTIES 3 5,75 8 18
ae  ALOVF 9G¥, POITABLE ] 4,5 L 25
gR™ SGLOVE B0Y LINCDS 2t C.5 0 1
S7L HANOWIEE S, SETANYNE 20 0.3 0 -Ge3
1212 H4OLATHG UNTT, H0ONKEY PRN 1 53 100 %25
1740 ARLNTNG 'NTIT, I7TMATE 1 113 168 7%
1ET 4UNING UNTT, S, VEPT, 2 13,6 ] 188
15 <IT, CHFFICEL 2 1.5 2 5
106/ KTT, HEMATGLOGY &NT UROLOGY ? & 0 4
1e6s LIT, CLEAYIP 1 1e5 ] t |
103 KIT, HISTILDSY 2 1 5 1 3
103 KTT, LINFAD N¥FAS, 1 1 5 1
t. €IT, MICEU3TIALAGY 2 2 0 3
1462 LIT, AISSEOTIoY 1 1 0 2
11473 €TT, YFRTEARATE MANAGEVENT 1 3 L] 6
$1al LTT, yOITCABATE SHYSTOLOGY 1 3 0 6 ; o
1167 LA4P, BONTABLT HTI INT, FHOTO 1 £a3 $5L 6 !
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PAYLOAD NO. MOD IIC .
Unit Wt.  Unit Pwr. Unit Vol.

EI . Name : Q- kg W  dm?
L14% LTINTA STI2,. 249 DISEFNS, SYS. > 13 3 i8
146 465 AL0KS , 5 CeS 0 Culs
10T AADTELLY, YA TM ] Gl 0 2847
12: 43R CELS, PEIOF, wAC@p ) 14.8 15 12,8
122  MARS MLAS, NTYIAT, MICRp 1 1? 15 25
176 MICAOSCIFF, GCIVEQUNY 1 11 15 27.%
1PFO 1% A0SCIFET, nqurrtrns . 1 q 100 28
1261 “IC2?, ACCESS, KIT,. COMPND i 10 15 25
177 GSTTLLOTCOFT A% SAMFR g 117 rs 2349
1707 DTANEQ, TELLIITYG 3 LeB 9 12
125 %4 gFTED 1 1.8 20 5.2
1763 DHOTCAELL SOMTLER 12 0e2 2 L5
13¢C PYYSIOL. MULTISHAN, SENS SYS. 1 a2 3 1.4
1618 SLYNIAING 1. 26 2 15
147G DIESSIPE CONPLTR 4 Ge2 2 0.5
144" PANTATION NETERTI®, NOSIM. 1 0e3 0 0.5
174 ITAQOIER, STOTD Qualr t 11.8 0 1649
1577 ICEIVER, JTIITTLEHETDY B De5 13 1
163 STAQINFR, YITLE 1 1 ) 1
1672 SrNSADS, ATRARTEN 1 o5 0 0.3
10R TSN AL GONITTTINTSS (COUDLEDSY 16 £e2 2 05
157 "0 LFyFL 4=TED 1 17,5 3 33
153 STAIMING SYSTrY 2 2e2 0 3.5
1€5 =YECILIZFR, TOOL 1 1 {10 1
174 TANKy VIDTEIOATE WATER 3. 8e5 5 28.3
1762 TUEDIMICQUPLE TNNTSATE® 1 6 ) el
17¢  TEMEETATYRF ALIEK 1 4eS 200 1.7
17Sh THERMGEONALES 1 3.5 ) P |
173" THEDMOMETED, FLECTRONIC 1 Sels 14 3.7
16D TTMEZ, EYINT 2 Ce2 ? Re?
1240 ¥2I,8GCF2, FIFSENURE u Ne?2 1 Culo
1e2§ ¥55 TouUSLES _ 1 T2 2 CeS
18720 YO TILATION 'WITT, ¥FET, 2 19 2 22.7
LBPO YFITERRATE FOS 1 38 320 121
185 M TIWFTEDR 1 2. 2 2ok
1P°  w12K AND SUSGINAL 3TMCH 1 136 1008 . 429
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DEDICATED LABORATORY MOD HIB
SCIENCE RATIONALE & RESEARCH CAPABILITY

SCIENCE RATIONALE

Dedicated Lab MOD IIIB is a 30~day space biology emphasis mission for Shuttle/
Spacelab. Research will be performed to advance our knowledge of the chronic
effects of gravity, magnetism and radiation in the life processes of multicellular

animals. A Bioresearch Centrifuge in the laboratory permits 1-g control organisms
to be studied along with their zero-g counterparts.

Major objectives of the research are:

To advance our knowledge of the role of gravity in the life processes and the
capability of terrestrial organisms to adapt to gravitational changes.

To understand the basic nature of biological rhythms in terrestrial organisms ;
and their influence on life processes. :

To determine and assess the biological implications of galactic cosmic HZE 4
particles for developing realistic radiation exposure guidelines and providing '

protective and/or preventive measures against particle radiation hazards for
long duration space missions.

To determine the potential applications and to develop the techniques to utilize

new advances in biological theories and space technology gained from research
in the unique environment of space for space exploration and for the benefit of

mankind. This includes cross-utilization of information between scientific

disciplines, especially by means of flight experiments of mutual interest and/or
applicability to different disciplines.

To assess the possible synergistic effects of gravity, magnetism and radiation
on life’'s origin and evolutionary processes.

RESEARCH CAPABILITY SYNOPSIS - Area/Functions/Measurements/Major Equipment

A. SPACE BIOLOGY

To permit detailed invasive and statistical studies in the various biological
areas of interest, this laboratory contains the holding facilities, support
eguipment and monitoring instrumentation for the following populations:

SR

i st

e TS

Small Vertebrates - 2 holding units (16 rats, hamsters, fowl, etc.)
in laboratory; 16 holding stations in Centrifuge.

B-58
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Small Vertebrate Biology

Invasive studies in altered vascular flow volume and pressure relation-
ships, absence or presence of myocardial degeneration, absolute cata-
bolic effects of zero-g on musculoskoletal system, mechanical and
neural responses of the vestibular system to space environment stimuli
and hematological collect, preservation and analysis.

Basic mechanisms of physiological adaptation, growth, development and
reproduction in zero~g. Circadian rhythm studies. Metabolic monitor-

ing, physiological monitoring, histological preparations, surgery,
environmental monitoring.

Bioresearch Centrifuge
A 3.88 m diameter centrifuge permits 1-g control organisms on-board

to compare with zero-g test organisms. Capability of 16 small animal
holding units.

SUPPORTIVE SERVICES

Microscopy - Compound microscope for dark field, bright field, phase contrast.

Dissecting microscope. Microscope accessory kit includes polarizing
equipment, filters, photographic and video attachments.

Photography - Cine film, 35 mm, polaroid.

Visual Records - Strip chart recorder (2-channel), digital display oscilloscope,

CRT/camera.

Preservation - Cryogenic freezer (quick-freeze), -70° & -20°C freezers,

4°C refrigerator.

Mass Measurement ~ Macro mass measurement device (b g to 2 kg) and

micro mass measurement device (1 mg to 5 g).

B-69
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PAYLOADNO. _MODIIB

Unit Wt. Unit Pwr. Unit Vol.
$0) Name Q kg w dm3
L ACQELIRuurYFo 6 0.4 0 9.23
AL ARIFLEN,TYEDY SONEFR L) Veld 1 Ce01
f  AT? TADYITOLFE QAMELER 1 2.7 53 e85
A8 ATIFLGW WIRX RYPFACE 1 5 L4 [

7 OAMTOENALY 2FR (STUTAERCD) 1 26 200 Lo
PLOANTQ EDTRUYIN, FLFC. ANEZL . i 12.7 10C 57
1T ANTENNAIS,H ARSIVTEN 1 Cel 9 .03
154 ATMGS, SEYMPLTAG SYSTEM s t0 @ 28
170 MANSFS, FANTATTON 5 Ge 2 k] Gel
PR ONAZT, MFTAITLTR, 2ATS 1 L 20 23,7
TRy GAGF, RAT, WASSTES, STANDAIN if 2e3 3 13
I DALGILATOD, DICKET i Lets? 0 Cute

I ~auEoL, CINT i S 13 5
J28 CAMERY CUNTOOLLSR 1 13.56 100 28.%
IV LAMEDA, RULARDYIN i 3.3 |} 5.6
IF NAMETL, TH w4 ANN STRCAF i 2 0 2
ITT nAMED Y, YINFD, R/Y 2 lholy 15 3
T8 JAMERA, VINEN, COLC? 1 Te? 59 6,2
LD QHMENE S{NTY 1 3 9 ¥
FPRA OALIATTL TIPS, IITTD 1 4 b *
LU EgTAlFURT, 3L SH4pPL PROGFSS09 1 12.7 10¢ 25
LI CENTRIFUGE, RTIRCREAPCH t 2% 54 6800
uty,  "HTMICALS H 0.5 0 1.9
Hild PHEWTOLLE, PA0ICTSOT. TRPACEDS b3 dal 0 €5
L5  TUERTCAL STOPAGE CAAINFT 1 Lol 2 4.1
L CLFLANER, VATUIY 1 23 100 10
C4F T00LANY LOUOP, LINUIN } § 30 50 25
SL OOMNTRR, COL YUY, MANUAL 1 1.5 5% 1.5
RT3 NTSPLAY vEYR)ZAIN, PBIOTADLE i 135 50 k2.5
620 NISELAY, HUMEDNIL 1 e 2 L)
6 703 SUUFLRD i6 2.2 2 Cab
&R TFEG CLUELER 4 9,2 4 Cub
€6 FuG TLUPLFD ] 8e2 2 0.5
TC™ THIYPEFNT RESTRATNY NEVIQE 1 0.5 8 1
TrE PXEDTIRE TAUIr., ~rYSTOL. 1 96 18 892
TER TIL4y CIKF 1?2 0S4 3 Qa5
THE EILM, POLARIIN is Ga16 0 £a13
TRE FItLM, 25 MM 20 Q.13 1 G.05
THJ) FLOWMETFPRS ) L UeS 1 0.5
T FRETEZFR, CYOSGENIC 2 2.6 19 Thel
Al  TREE IFR, GENEDAL 2 15 20¢ Hlele
£41 FEBTFEIFP, LOW TEMD, 1 ] 10 ID.5
€7 F2Ihe (RFFOIG*DPLTIORY ? 1A 50 12}
81  GAS AMALY7TRy MARS SPED. 4 2% 50 23
Gt GAS ANALY?FQ, OH h § S5e2 & 13
G¥8 (AN SuePLIcS 6 575 ) 18
Ch GLOVE BOY 4 PORYABLE 1 L5 ] 25
CEL ALOVE 82X LINEIS 29 35 0 |
SIG HANDWIFES, AETADYUE 213 Gol 0 Le3
40T HOLNTING UNIT, SMe VERY, 4 13¥.6 9 138
1% MNI', CHEMTOAL 2 1.5 1 5
it KTTy, WEHATOLOGY ANN UROLOGY 2 8 0 9
10RE WTY, CLEANUS 3 1.5 L) b
ird KIT, WISTOLOGY ? 1 9 4
10a KIT, LINTAR vEAR, 1 i 0 i
440 IT, MICROATOLOGY > 2 b 3
116A ¥IT, DISSEATYIEN 1 1 8 2
LI0R XYY,y yROTFIDPATE MAKAGFMENT 1 3 0 -
130 XIT, VFETTAQATF OHMYSTIGLOGY 1 3 0 6
11LF LAMF, FORTAJLS HI INt. EHOTD | 6e3 150 6
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PAYLOAD NO. _MOD IIB

et Tt I s b T

e o B WA 13 s e

[ S o)

_ Unit Wt.  Unit Pwr., Unit Vol.
EI Name Q kg w dm?
L1865 LTAULY STAD, 44D NTSFFYSe SYSe 1 13 . | gy
t46  LOS COKS 5 Gt 8 Dol
1181 “AqIFOLDy VERLUEIM 1 H.1 3 7543
t21  HASS MFLS, REYICF, ¥agon 1 11.8 15 12.8
172 4A%S MEAR. NEYIGF, «ICap t 12 . 15" 25
t2h MYICOQSCOFY, ROYR3UND 1 14 ' 15 27 ele
1260 4TRBASCOFT, NISSFCTING 1 9 100 29
12A) WI0P, ACCESSe KTT, ROMOND 1 10 i85 25
127 DPSNTLLOSCORT A CAYERA 1 1t.7 43 2849
L2LY DABED, RECCOVING T 0ab [ 1.2
175 "W METER 1 148 2° 5.2
12T SHITOOFLL CO'SLED 12 Ca? 2 0a5
L 2EF OHYSIOL, MULTINWAN, SENS SYS, 1 0.2 0 1.8
1414 PLUMAING 1 20 F 15
1435 PDESSURE J0UPLER [N Je2 2 0.5
1460 2ANIATION DETFOTOO, DGSTM. 1 0.3 2 b5
1594 oeRQQNFR, STII2 CHADY 1 11.8 0 1649
1603 IECETIVER, 3JIOTCLEMETRY t 85 19 1
153 ITAQRNZR, yIINT : 1 1 0 1
1533 SENSOPS, ASSOITEN 1 0.5 ] U3
166 TIGNAL CORMITIONEDS (CQUPLERS) 1A () 2 {eb
LET  32UND LEVEL <ETCR 1 1346 2 It.4
46 STATINING SYSTSY 2 2.2 9 3.5
165 STERILIZFER, TOOL 1 1 110 1
174 TA4K, VEITE2QATE WATER 2 8.5 g 28,3
1783 TUEDMOCOHPLE THATCATOR 1 6 3 9.4
170 TE4PERATURF 3LJCK 1 &eS 208 1.7
$704 TUTIMOLOUPLES 1 Be5 ] 0e?
175N THATRMUMETER, CLESTYRONIC 1 Cole 14 BT
180 TIVED, EVENT ? - 9 te2
1547 TIANSWECER, BITSSURE 1) La2 1 [\ N
182 ¥CG COUBLFR 1 0.2 2 0.5
1429 YEITTARATE LS ] 3s 320 121
185 MULTIMETFR 1 2 0 2als
188  WIDK AN SUSRIZAL BENCH t 136 L1000 429
A\
BT pooR
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APPENDIX C
LABORATORY AND BIORESEARCH CENTRIFUGE LAYOUT DRAWINGS

This appendix contains the major drawings produced in the study They are presented
in the following order:

Laboratogz

Mini-lab ML-1A
Mini-lab ML-2A
Mini-lab ML-3A
Mini-lab ML-4A
Mini-Iab ML-5A
Mini-lab ML-2B
Mini-lab ML-~2C
Mini-lab ML-2D
Dedicated MOD 1A
Dedicated MOD IIA
Dedicated MOD IIIA
Dedicated MOD IIB
Dedicated MOD 1IC
Dedicated MOD IIIB

Bioresearch Centrifgg_e

Accommodation Concept A
Accommodation Concept B
Accommodation Concept C
Accommodation Concept D
Accommodation Concept E
Accommodation Concept F
Detail Design A
Detail Design B
Detail Design D

The numbers given in the laboratory drawings refer to the equipment item (EI) number.
The identification and characteristics of each ET are found in the respective laboratory

equipment listing in Appendix B. The units labeled "1, "' "9, "and "10, "however,
are Spacelab hardware - electrical power switch panel, de-converter and remote

acquisition unit (RAU), respectively.
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APPENDIX D

LABORATORY POWER AND ENERGY REQUIREMENTS

The power and energy requirements for the 16 life sciences laboratory concepts are
given in this appendix. The payloads are covered in the following order.

Type

Carry-On

Mini-Lah

Dedicated

DeBiQation

Col-2A
Col=-3A

ML-1A (first Spacelab mission)
ML-2A
ML-3A
ML-4A
ML=5A
ML-2B
ML~2C
ML-2D

MOD 1A
MOD IIA
MOD TITA
MOD IIB
MOD IIC
MOD IIIB

v .
’“"51',

‘. .[‘

she
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POWER AND ENERGY REQUIREMENT SUMMARY S
LAB CODE; COL 2A . ' ORBIT OPERATIONS IASCENT | DESCENT '
iAverage i Energy I
Equipment Items Operating On Time .On Duty ,Peak Power . Consumption
Using Power Power (Watts) |Hrs/Day |Power [Contribution WathrsDay | Watts | Watts
40A Ceaqt. - Blood Sample 100 .10 .42 100 - 10 ¢ 0
81  Freezer (-70°C) 10 24 10 10 240 10 10
110 10, 42 110 250 10 16
!
*
i -
! i
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

LAT COLL:

COL 3A

Watis

R o . OIEBET OPLERATIONS - _ ASCENT
; : ' jAverage | Energy
: Equipment Fems " Operating  On Time {On Duty {Peak Power Consumgion]
. Using Power iPower (Watts) Frs/Day [Power |Contribution WetthrsDay
, 81 Freezer {-20°C) '10 | 24 10 10 © 240 10
i
i
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i
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

1.AB CODE: ML-1A ORBIT OPERATIONS ASCENT ;DESCEI\'I‘!
Average ‘Energy
Equipment Items Operating Op Time |On Duty [Peak Power Consumgtion
Using Power Power (Watts) |Hrs/Day|Power |Contribution WathrsDay | Watts | Watts \
6A Airflow, Work Surface 75 .2 1.25 i5 g 0
7A Auto, Poten. Elec. Analy. 100 1 8.33 160 0 0
37 Camera, Video B/W 15 .9 . 63 15 7.5 ¢ 0
40A Cent. Blood Sample 100 .2 1.67 20 0 0
51F Coolant Loop, Liquid 50 24 50 50 1200 0 ¢ ‘
63C Display Numeric 2 8 1.33 2 16 e 0 ;
80 Freezer 200 8 66.67 200 1600 0 0 i
81 Freezer (Low Temp.) 10 24 |10 10 240 10 10
114E Lamp. Port. Hi Int. Photo. 150 .35 6.25 150 75 0 0 !
126 Microscope 15 .5 .63 7.5 0 ¢
1268J Microscope Ass. Kit 15 .5 .63 7.5 0 0
1811 OFO Exp. Pack (2) 40 24 140 40 960 40 40
132 Oseilloscope 75 1 6.25 75 0 (1]
153A R1.C/Console s 127 .4 4.23 129 50.8 0 L1}
156 Signal Conditioners (6) 12 24 |12 12 288 e 0
187TA Woodlawa Wander 15 24 15 15 360 15 15
TOTALS 1001 224,87 621 5022.3 65 . 65
Off Duty Ppwer = 5(3223-224.87 x 12 = 19347
12 ,
Estimated Crew Involvement
=2 man-hrs/day during a 12-hour period :
i
i f ‘
4 ' 1 H
§ ! i 3 :
X
:
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

!

LAB COD®: ML-2A ORBIT OPERATIONS ASCENT DES(ENY
. ; | Average Energy % ' |
Equipment ltems t Operating On Time 1On Duoty (Peak Power Consumilion,; : }
Using Power ‘Power (Watts) Hrs/Day |Power |Contribution Wathrsfuy i Watls . Watts |
8 Alr Part. Sampler T 50 .2 .83 | 10.0 o . 0 :
6A  Work Surface, Air Flow | 75 .2 1.25 i 15 6 | 0 ;
7A Auto, Poten. Elect. Anal. 100 1.0 §.33 100 100 0 o !
30A  Cage - Rat (16) 144 12 144 144 1728 0 o |
38 Camera, Video Color 69 I .5 2.88 69 34.5 0 0 :
404 Cent. Blood Samp. 100 .2 1.67 20 (1} 0
48 Vacuum Cleaner 100 .1 .83 10 0 1]
51F Coolant, Loop Liq, 50 24 50 50 1700 50 50
63C Display, Numeric 2 12 2 2 24 1] 0
80 Freezer, Gen. 200 8 66.67 200 16060 ] 0 f
81 Freezer, Low Tewp. 10 24 10 10 240 10 10 |
83 Refrigerator 50 8 16.67 50 400 0 0
91 Mass Spec. 50 1 4.17 30 0 0
103B  Incubator 5 24 5 5 120 0 0
114E  Lamp, Port. Hi Int. 150 -5 6.25 150 75 0 0
i 126 Microscope, Comp. 15 .5 .63 7.5 [ 0
126A Microscope, Dissect. 100 1.0 8.33 106 100 0 0
1263 Microscope, Acc. Kit 15 .9 .63 7.5 0 0
132 Oscilloscope 75 i.0 6.25 75 0 0
156 Signal Cond. (12) 24 24 24 24 576 0 0
165 Sterilizer Tool 110 .2 1.83 22 0 0
182P  Vent. Unit, Sm. Vert. 40 24 40 40 960 40 40
188 Work and Surgical Bench ; 1042 bl 83.33 1000 1000 0 0
| 2534 486.05 1544 8374, 5 50 50
i Off Duty Power - 13374. 5 - 486.105 x 12 = 211.83
Payload Spec. - 8 man/hrs/day available i 12
On Duty - 12 hours ! :
L
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

LAB CODE: ML-3A OR BIT OPERATIONS IASCENT DES.CE_I\_‘E'
Average Energy
Equipment Items Operating On Time ;On Duty [Peak Power Consumption
Using Power Power (Watts) |Hrs/Day |Power [(Contribution WathrsDay | Watts Watts
6A Work Surface Air Flow 75 .2 1.25 15 0 0
7A Auto. Pot. Elec. Analy. 100 1.0 8.33 100 100 0 o
37 Video, Camera B/W 15 .5 .63 7.5 0 0
38F Cardiopul. Anal. 200 1 16.67 200 200 0 0
40A Cent. Blood Sampler 100 .2 1.67 100 20 1} 0
51iF Coolant, Loop Liqg. 50 24 50 50 1200 0 0
63C Display, Numeric 2 12 2.0 2 24 0 0
70E  Physio, Exer. Equiment 18 4 & 18 72 0 0
80 Freezer, Gen. 200 8 66.67 200 1600 ¢ 0
81 Freezer, Low Temp. 190 24 10 10 240 10 10
83 Refrigerator 50 8 16. 67 50 400 0 o
132 Oscilloscope 75 1.0 6.25 (- 0 0
156 Signal Conditioners (6) 12 24 12.¢ 12 288 1] 0
182 V.C.G. Coupler 2 4 .67 8 0 0
859 163.81 742 4249.5 10 10
Off Duty Power - 4244.5 - 198, 41 x 12 = 155.3
Payload Speciatist ~ 8 man/rs/day available 12
On Duty 12 bours
i
| |
D 4 S . A.;a‘x-m-—?‘::»:.a-.—,-;(-;‘.a_:r-..;.\,;:n.::r.::.-;,_-.m.w;..;‘-5 AT i e ¥ ie T T e e b L it S R I e S T i 1 i % «:‘;'&mmﬁﬂ.{%m “{.'4'




POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

AABLCOLGE:  ML-4A

Equipment Items

Operating

ORBIT OPFRATIONS

|

bn Time

-.-‘\vur:lge
On Duty iPeak Power Consumption

Energy

IASCENT ! DESGENT

T

'
.
i
1

Using Power Power (Waits) Hrs/Day |Power IContribution WathrsDay | Watts Watts
32 Camera, Cine ! 13 I .5 54 © 6.5 "o e
37 Camera, Video B/W 15 .5 .63 15 7.5 ¢ o
48 Cleaner, Vacuum 100 .2 1.67 160 20.0 s 1 o
83C Display, Numeric 2 8 1.33 2 16 0 0
76 Flowmeter (4) 4 8 2.67 4 32
83 Refrigerator 50 8 16.67 50 400 0 0
87 Gas Analyzer, Infra. 50 4 16. 67 50 200 1} 0
91 Mags Spectrometer 50 .5 2.0 25.0 0 1]
114E Lamp, Port. Photo 150 1 12.5 150 150 [1] 1]
122 Mass Meas. Device 15 .2 .25 7.5 0 0
449 54,93 371 864.5 0 ¢
Off Dufy Power { 864,5 - $4.98 x 12 ={17.11

Payload Spec. B man/hrs/day available
On Duty = 12 hours

-

B "
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

LADCUDE: _ ML-sA . _

Equipmeant {tems
Usinz Power

Opcrating

ORBIT OPERATIONS

On Time :On Duty
Power {iWatts) ers!Day { Power

Encrgy
Peak Power Consumiption
Contribution WitthrsMDay

g-a

Camera, Video Color

38D Camera, Video Timer
114E Lamp, Portable Photo

Payload Spec. - 8 man/hrs/day avaitable
On duty 12 hours

j
Y
1
i
i

10
150
229
Off Duty Po
!
i
}
!
é
-
[

2

"2

2

138
20
300

458
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD
LAB CODE: ML-2B ORBIT OPERATIONS IASCLNT DES(EN’I:
Average Energy
Equipment ltems Operating On Time (On Duty [Pesk Power . Consumption
Using Power Power (Watts) |Hrs/Day [Power [Contribution WathrsDay | Watts Watts
6 Air Part. Samp, Collector 50 .2 .83 10 0 1]
6A Work Surface, Air Flow 75 .2 1.25 15 0 0
7A Auto. Poten. Elec, Anal. 100 1.0 8.33 100 100 0 0
38 Camera, Videc Color 69 .5 2.88 69 34.5 0 0
404 Cent. Blood Samp. Proc. 100 .2 1.67 20 0 0
48 Vacuum Cleaner 100 .1 .83 10 0 0
S51F Coolant Loop, Lig. 50 50 50 1200 0 0
63C  Display, Numerlc 2 12 2 2 24 0 0
80 Freezer, Gen. 200 B 66.67 200 1600 0 0
81 Freezer, Low Temp. 10 24 10 10 240 10 10
a3 Refrigerator 50 8 16.67 50 400 0 0
91 Masa Spectrometer 50 1.0 4,17 50 50 0 0
101B Holding Unit, Monkey Pod (2) 200/690 12/12 200 200 3120 60 60
103B Incubator 5 24 5 5 120 1] 1]
114E Lamp, Port. Hi Int. 150 .5 6.25 150 75 0 0
126  Microscope, Compound 15 .5 .63 7.5 0 0
1263 Microacope, Acc. Kit 15 .9 .63 7.5 0 0
132 Oscilloscope 75 1.0 6.25 75 0 0
150B Receiver 10 24 10 10 240 0 0
156 Signal Conditioners (6) 12 24 12 12 288 0 0
165 Sterilizer, Tool i10 .2 1.83 22 0 0
182P Ventilation Unit (2) 80 24 80 BO 1920 80 80
" 1528 487.89 | 988 €578, 5 150 150
Off Duty [Power - 9578. 5 - 487. 89 x 12 = 310.
Payload Spec. - 8 man/hrs/day available 12
On Duty 12 hours

"fua;; ‘
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

_LABCODE:  ML-2C

Eguipment items
Using Power

gFEB”

38

L 40A

48

51F

63C
80
81
83
91

103B
114E
126
126A
1283
132
138
156
165

182P
187A

188

Air Part. Sampler
Work Surface Air Flow
Auto, Potien. Elec. Analy.
Cage, Rat (16)
Camera, Video Color
Cent. Blood Samp.
Vacuum, Cleaner
Clinostat

Coolant Loop, Liq.
Colony Counter
Display, Numeric
¥reezer, Gen.
Freezer, Low Temp.
Refrigerator

Mass Spectrometer
Holding Unit C/T
Incubator 37°C

Lamp, Port. Hi Int.
Microscope Acc. Kit
Microscope, Dissect.
Microscope, Comp.
Oscilloscope

pH Meter

Signal Conditions (12)

. Sterilizer, Tool

Ventilation Unit, Sm. Vt.
Woodlawn Wanderer

Work and Surgical Bench

Payload Spec. - 8 man/hrs/day availability
On Duty - 12 hours

L ORDBIT OPERATIONS ASCENT  DESGEND
. Average Energy | !
Uzeaiimg On Time {On Daty {Peak Power - Consumglion i
sser (Wiils) firs/Day | Power [Contribution Watthrs/Day Watts : Watts
50 .2 .83 . — 10 [ JRn T B
75 - .2 1.25 . 15 0 0
100 1.0 8.33 160 100 0 0
144 12 144 144 1728 0 0
69 -5 2.88 69 34.5 0 0
100 -2 1.67 20 0 0
100 -1 .83 10 0 0
10 24 10 10 240 0 0
50 24 50 50 1200 0 0
50 .5 2,08 25 0 0
2 12 2 2 24 0 0
200 8 66.67 200 1600 0 0
10 24 19 10 240 10 10
50 8 16.67 L 400 0 0
50 1.0 4.17 50 0 0
50 12 50 50 600 ¢ 0
5 24 5 5 120 0 0
150 .5 6.25 150 75 0 0
15 .5 .63 7.5 0 0
100 L0 8.33 100 100 0 0
15 -5 .63 7.5 0 0
75 1.0 6.25 75 0 0
20 .1 A7 2 0 0
24 24 24 24 576 o L]
110 2 1.88 22 0 0
40 24 40 40 960 40 40
25 24 15 15 360 15 15
1000 1 83.33 1000 1000 0 0
2609 562.80 2019 8601.5 65 65
Off Duty F‘owar = 9p01.5 - 562. 0.x12 =237.p2
12
t

HEE Ll B L
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

LA B ORI ML=2D ORBIT OPERATIONS ASCENT | BisciENT
Average Eerg_v
Equipment Ttems Operating n Time [On Duty |Peak Power i Consumition
Using Power Power (Watts) |Hrs/Day !Power [Contribution WathrsDay | Watls Watts
6 Air Part. Sampler 50 .2 .83 10 0 0
6A Alr Flow, Work Surface 75 .2 1,25°" 15 0 0
ZA Auto. Poten, Elec. Anaiy. 160 1.0 8.33 100 100 0 0
30A Cage, Rat (16) 144 12 144 144 1728 0 0
38 Camera, Video Color 69 .5 2,88 69 34.5 0 0
40A  Cent, Blood Samp. Proc. 100 .2 1.67 20 0 o
48 Cleaner, Vacuum 100 .1 -83 10 o 0
50 Clinostat 10 24 10 10 249 o 0
51F  Coolant Loop, Liq. 50 24 50 50 1200 0 0
54 Colony Counter 50 N 2,08 25 0 0
63C  Display, Numeric 2 12 2 2 24 0 0
8o Freezer, Gen, 200 8 66.67 200 1600 0 0
81 Freezer, Low Temp. 10 24 10 10 240 10 10
83 Refrigerator 50 8 16.67 50 400 0 0
91 Spectrometer, Mass 50 1.0 4.17 50 0 L
93 Gas Analyzer, HoO Vapor 6 24 6 6 144 0 0
98A  Holding Unit C/T 50 12 50 50 600 0 0
98C  Holding Uit Invert. 50 12 50 50 600 0 0
101 Holding Unit, Plants 500 12 500 500 6000 187 187
103B Incubator 37°C 5 24 5 5 120 0 0
114F Lamp, Port., Hi Int. 150 .5 6.25 150 7.5 0 0
126 Microscope Acc. Kit. 15 .5 . 62 7.5 1} 0
126A Microscope, Dissect. 100 1.0 8.33 100 100 0 0
1267 Microscope Comp. 15 -5 - 63 7.5 o o
132  Oscilloscope 75 1.0 6.25 75 0 0
138 - pH Meter 20 .1 .17 2 9 0
156 Signal Conditions (12) 24 24 24 24 576 0 0
165 Sterilizer, Tool 116 .2 1.83 22 0 0
182P Ventilation Unit, Vertical 40 24 40 40 960 40 40
187A Woodland Wanderer 15 24 15 15 360 15 15
188 Work & Surgical Bench 1000 1 83.33 1000 1000 Q 0
TOTALS 3235 1128.80 2625 16345.5 252 252
Payload Specialist ~ 8 man/hrs/day available Off Duty Poper = 16345, 5 - 1118.8p x 12 = 243.
On Duty - 12 hours 12 !
i |
R |
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

LAB CODE: MJOD 1A ORBIT OPERATIONS ASCENT DES@;\'I;
Average Energy
Equipment Items Operating On Time {On Duty [Peak Power - Consumption
Using Power Power (Watts; |Hrs/Day |Power [Contribution WathrgDay | Watls Watts

1A Accelerometer Coupler (3) 3 24 3 3 72

6 Air Particle Sampler 50 .4 1,7 20

6A  Airflow Work Surface 75 .5 3.12 37.5

7 Autoanalyzer 200 1.0 16,66 200 200

7A  Auto Potentiometer Elec. Analysis 100 1.¢ 8.34 100

16F Ballistocardiogram Coupler 1 1.0 .08 1

19D Body Mass Measuring Device i5 .2 .26 3

30A Cage, Rat (16) 144 12 144 144 1728

31 Calculator, Pocket 5 1.0 - 5

32 Camera, Cine 13 .5 .54 6.0

32A Camera, Controller 100 12 100 1006 1200

37 Camera, Video B/W 15 12 15 15 180

38 Camera, Video, Color 69 .5 2.88 69 34.5

38D Camera Timer, Video 10 .5 .42 10 5

38F Cardiopulmenary Anzlyzer 200 1.0 16.66 200

40A Centrifuge, Blood Sample Processor 100 .4 3.34 40

48 Cleaner, Vacuum 100 .4 3.34 40

56A Clinostat C/T 10 24 10 10 240

50B Compactor {Solids) 100 .05 .42 5

51F Coolant Loop, Liguid 50 24 50 50 1200

54 Colony Couater (Manual) 50 .5 2,08 25

63B Display Keyboard Portable 60 1.0 5.0 60

63C Display, Numeric (2} 4 12 4.0 4 48

64 ECG Coupler (12) 24 24 24 24 576 12 12

65 EEG Coupler (4) B8 24 8 8 192 4 4

66C Electrophys. Receiver 5 1.0 .42 5

66  EMG Coupler (6) 12 24 12 12 288 6 8

TY0E Exercise Equip., Physiol. 18 4 6 72

76J Flowmeter, Gas (4) 16 .5 .66 8

77B Freezer, Cryo 19 24 10 10 240 10 10

80 Freezer, General 200 8 66.67 200 1600

81 Freezer, Low Temp. 10 24 10 10 240 10 10

83  Refrigerator 50 8 16.67 50 400

91  Gas Analyzer, Mass Spec, (2) 50 12 100 160 1200 50 50

e O ‘rmam;“m | o

&1
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

£1-a

LAB CODE: MOD 1A (Cont'd ORBIT OPERATIONS IASCERT !DESG-I!\'T:;
1
(Average | Energy
Equipment Items Operating On Time .On Duty Peak Power Consumpion
Using Power Power (Watts) |Hrs/Day {Power |Contribution WathrsDay | Watts Watts
93 Gas Analyzer, RH & 24 6 6 144
98A Holding Unit C&T (2) 60 24 60 60 1440 60
101C Holding Unit - Primate (4) 400/120 12/12 400 400 6240 129 120
1038 Incubator 5 24 5 5 120
114E Lamp, Portable Hi. Int. Photo. 150 .5 6.16 1an 75
117 LBNP 26 .4 .86 10.4
121 Mass Meas. Device {Macro) 15 .3 .38 4.5
122 Mass Meas, Device (Micro) 13 .3 .38 4.5
126 Microscope, Comp. 15 .5 .62 7.5
126A Microscope, Dissecting 100 1.0 8,34 100 100
1263 Microscope, Access, Kit 15 .5 .62 7.5
122 Oscilloscape 75 1.0 6.26 75
138 PH Meter 20 .3 .50 6
138B Photocell Coupler (12) 24 24 24 24 576
139 Plethysmograph, Limb 5 .5 .20 2.5
143G Pressure Coupler (4) 8 24 8 8 192
147 Radiation Count, - Biochemical 90 .5 3.76 45
150B Receiver, Biotelemetry 10 24 10 10 240
153A Rotating Litter Chair/Console 127 4 4.24 50.8
156 Signa! Conditioners (12} 24 24 24 24 576
156F Sonpccardiogram 12 1.0 1.0 12
162 Sterilizer, Autoclave 300 1.5 37.5 450
165 Sterilizer, Tool 110 .4 3.66 44
179 Temperature Block 200 1.5 25 Z00 300
179D Thermometer (Electronic) 14 .2 .24 2,8
181D Transducer, Pressure (4) 4 24 4 4 96
182 Vectocardiogram Coupler 2 1.0 .16 2
1382P Ventilation Unit - Vertical (5) 200 24 200 200 4800 200 200
188 Work and Surgical Bench 1000 1.0 | 83.34 1000 1000
TOTALS 4909 | 1569.96 3210 1 26907 ;| 412 472
On Duty is congidered 12 hours. ! : : i
Off Duty Average Power = 26,907 - 1569, 96 x 82 = 571,29 ‘ \ !
12 I i ’ i
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD
LAB CODE: MOD IIA i ORBIT OPERATIONS ASCENT ;DESCENT
Average Energy
: Equipment Items Operating On Time On Duly |Peak Power Consumption
Using Power Power (Watts) |Hrs/Day |Power [Contribution Wathrs/Day Watts Watts
1A  Accelerometer Coupler (3) 3 24 3 3 72
6 Air Particle Sampler 50 .4 1.76 20
6A  Airflow Work Surface 75 .5 3.12 37.5
7 Autoanalyzer 200 1.0 16,66 200 200
TA  Auto Potentiometer Elec. Analysis 100 1.0 8.34 100
16F Ballistocardiogram Coupler 1 1.0 .08 1
15D Body Mass Measuring Device 15 .2 .26 3
26B Cage, Metabolic Pit. (2) 60 24 60 60 1440 60
30A Cage, Rat (16) 144 12 144 144 1728
31 Calculator, Pocket 5 1.0 .42 5
a2 Camera, Cipe 13 .5 .54 6.5
32A Camera, Controller 100 12 100 100 1200 i
37 Camera, Video B/W 15 12 15 15 180 i
'U 38 Camera, Video, Color 69 .5 2.88 69 34.5
- 38D Camera Timer, Video 10 .5 .42 10 5
38F Cardiopulmonary Analyzer 200 1.0 16. 66 200
40A Centrifuge, Blood Sample Processor 100 .4 3.34 40
48 Cleaner, Vacuum 100 .4 3.34 490
50A Ctlinostat C/T i0 24 10 10 240
50 Clinostat Plants 10 24 10 10 240
50B Compactor (Solids) 100 .05 .42 5
51F Coolant Loop, Liquid 50 24 50 50 1200
54 Colony Counter (Manua!) 50 .3 2.08 25
63B Display Keyboard Portable 60 1.0 5.0 60
63C Display, Numeric (2) 4 12 4.0 4 48
64 ECG Coupler (16) 32 24 32 32 7T6B 12 12
65 EEG Coupler (8) 12 24 12 12 288 4 4
65C Electrophys. Recelver 5 1.0 .42 5
66 EMG Coupler {(B) 16 24 16 16 384 6 6
TOE Exercise Equip., Physiol, 18 4 6 ! 72 .
76J Flowmeter, Gas {6) 24 .5 1.0 12
77B Freezer, Cryo 10 24 .10 ¢ 10 Eo 240 10 1 ! .
80  Freezer, General (2} 400 8 1133.33 : 400 : 3200 | . :
81 Freezer, Low Temp. 10 24 ‘18 10 i 240 | 10 10 ! :
i83 ___Refrigerator {2) 100 N 33.33 ' 100 . 800 { : :
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD
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LAE CODE: MOD A (Cont'd) ORBIT OPERATIONS ASCENT |DESCENT ,g
Imrerage Energy §
Equipment Items Operating On Time |On Duty {Peak Power . Consumption
Using Power Power (Watts) IHrs/DaylPower [|Coniribution WathrsDay | Watts Watts .
91 Gas Analyzer, Mass Spec. {2) 100 12 100 . 100 360 50 50
93  Gas Analyzer, RH 6 24 6 6 144 :
984 Holding Unit C&T (2) 60 24 69 60 1440
98C Holding Unit Invt. (2) 100 12 100 100 1200
101 Holding Unit Plt. (2) 1000 12 1000 1000 12000 374 374
101C Holding Unit - Primate (5) 500,/150 12/12 500 500 7800 150 150
103B Incubator 3 24 5 5 120
114E Lamp, Portable Hi. Int. Photo. 150 .3 6.1€ 150 75
117 LBNP 26 .4 . 86 10.4
121 Mass Meas. Device (Maecro) H .3 .38 4.5 )
122 Masas Meas. Device (Micro} 15 .3 .38 4.5
126 Microscope, Comp. 15 .5 .62 7.5
126A Microscope, Dissecting 100 1.0 834 100 100
126 Microscope, Access. Kit 15 .5 .62 7.5 i
132 Oscilioscope 75 1.0 6.26 75
138 PH Meter 20 .3 .50 6
1388 Photocell Coupler (12) 24 24 24 24 576
139 Plethysmograph, Limb 5 .5 .20 2,5
144 Psychomotor Per, Cons, 15 .5 1.25 7.5
143G Pressure Coupler (4} 8 24 8 8 192
147 Radiation Count. -Biochemical 90 .5 3.76 45
1508 Receiver, Biotelemetry 10 24 10 10 240
153A Rotating Litter Chair/Console 127 .4 4.24 " 50.8
156 Signal Conditioners (16) 32 24 32 32 768
156F Sonocardiogram 12 1.0 1.0 12
162 Sterilizer, Autoclave 300 1.5 37.5 450
165 Sterilizer, Tool 110 .4 3.66 44
179 Temperature Block 200 1.5 25 200 300
179D Thermometer (Electroaic) 14 .2 .24 2.8
181D Transducer, Pressure {4} 4 24 4 4 a6 :
1823 Vectocardiogram Coupler 2 1.0 .16 2
182FP Ventilation Unit - Vertical (6) 240 24 240 240 5760 249 240
188 Work and Surgical Bench 1000 1.0 83.34 1000 1000 :
TOTALS 2088, 89 4794 4688, 25 856 976 :
On Duty is considered 12 hours  Off Duty Averageé Power 46883, 5;?2988' 89% 12 - p1g !
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD
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LAB CODE: MOD IIIA ORBIT OPERATIONS IASCENT |DESCENT
Average Energy

Equipment Items Operating On Time ;On Duty |Peak Power Consumgtion

! Using Power Power (Watts) |Hrs/Day|Power |[Contribution Wathrsfay | Watts Watts
1A  Accelerometer Coupler (3) 3 24 3 3 72
6 Air Particle Sampler 50 .4 1,76 20
6A  Airflow Work Surface 75 .5 3.12 37.5
11  Analyzer, Gen. Spect'phot'r, 250 1 20.5 250 250
7 Autoanalyzer 200 1.0 16,66 200 200
7A  Auto Potentiometer Elec. Analysis 100 1.0 8.34 100
16F Ballistocardiogram Coupler 1 1.0 .08 1
19D Body Mass Measuring Device 15 .2 .26 3
26A Cage, Metabolic C/T 5 24 5 5 120
26B Cage, Metabolic Plt. {2) 60 24 60 60 1440 80
28  Cage, Metabolic Rat 20 24 20 20 480 20
30A Cage, Rat (16) 144 12 144 144 1728
31 Calculator, Pocket 5 1.0 .42 5
32 Camera, (ne 13 .5 .54 6,5
32A Camera, Cogatroller 100 12 100 100 1200
37 Camera, Video B/W 15 12 15 15 180
38 Camera, Video, Color 69 .5 2,88 69 34.5
38D Camera Timer, Video 10 .5 .42 10 5
38F Cardiopulmonary Analyzer 200 1.0 16. 66 200
40A Centrifuge, Blood Sample Processor 100 .4 3.34 40
43A Centrifuge ~ Research & 354/210 12/12 54 354 6768
48  Cleaner, Vacuum 100 .4 3.34 40
50A Clinostat C/T 10 24 10 10 240
50  Clinostat Plants 10 24 10 10 240
50B Compactor (Solids) 100 .05 .42 5
51F Coolant Loop, Liquid 50 24 50 50 1200
54 Colony Counter (Manual) 50 .5 2.08 25
63B Display Keyboard Portable 60 1.0 5.0 60
63C Display, Numeric (3) 6 12 6 6 72 )
64 ECG Coupler (24) 48 24 48 48 1152 12 12
65 EEG Coupler (8) 16 24 16 16 384 4 4
66C Electrophys. Receiver 5 1.0 .42 5
66 EMG Coupler {10) 20 24 20 20 480 6 6
70E Exercise Equip., Physiol, 18 4 8 72
76] Flowmeter, Gas (6} 24 .3 1.0 12

RN

R L e

5 B Bt ey



POWER AND ENERGY REQUIREMENT SUMMARY, CONTD y

LAB CODE: MOD A (Cont'd) ORBIT OPERATIONS IASCENT frDESCE;\TI
i e
Average "Energy
Equipment [tems Operating On Time {On Duly ‘'Peak Power Consumption
. Using Power Power (Watts) {Hrs/Day |{Power [Contribution Watthrs/Day Watts Watts 1
'77B  Freezer, Cryo 10 24 10 10 240 10 10 1
i 80 Freezer, General {2) 400 8 133.33 400 3200 ;
81 Freezer, Low Temp. (2) 20 24 20 20 480 20 20 ;
83  Refrigerator (2) 100 8 33.33 100 800 i
87 Gas Analyzer, Infrared 50 .5 4.16 25 ‘J
91 Gas Analyzer, Mass Spec. (2) 100 12 100 100 1200 50 50 }
93 Gas Analyzer, RH 6 24 6 6 144 :
98A Holding Unit C&T (2) 60 24 60 60 1440 60
98C Holding Unit, Invt. (2) 100 12 100 100 1200 ;
101 Holding Unit, Plt. (2) 1600 12 1060 10060 12000 374 374 !
101B Holding,Unit, Monkey Pod 100/30 12/12 100 100 1560 30 390 ]
101C Holding Unit - Primate (1) 100/30 12/12 100 100 1560 30 30 l
103B Iucubator 5 24 5 5 120 !
,U 114E Lamp, Portable Hi. Int. Photo. 150 .5 6.16 150 75 q
_’3 117 LBNP . 26 .4 .86 10.4 :
121 Mass Meas. Device (Macro) 15 .3 .38 4.5
122 Mass Meas, Device {(Micro) 15 .3 .38 4.5
126 Microscope, Comp, i5 .5 .62 7.5
126A Microscope, Dissecting 100 1.0 B.34 100 100
126 Microscope, Access. Kit i5 .5 .62 7.5
132 Oacilloscope 75 1.0 6.26 75
138 PH Meter 20 .3 .50 6
138B Photocell Coupler (12) 24 24 24 24 576
138 Plethysmograph, Limb 5 .5 .20 2.5
143G Pressure Coupler (4) 8 24 8 8 192
144 Psychomotor Per. Cons. 15 .5 1.25 7.8 ,
147 Radiation Count - Biochemiecal 90 .5 3.76 45
150B Receiver, Biotelemetry 10 24 10 240 .
153A Rotating Litter Chair/Console 127 .4 4.24 50.8
156 Sigoal Conditioners (24) 48 24 48 48 1152
156F Sonocardiogram 12 1.0 1.0 12
162 Sterilizer, Autoclave 300 1.5 + 37.5 450
165 Sterilizer, Tool 110 .4 ° 3.66 ° 44
179 Temperature Block 200 1.5 25 | 200 300
179D Thermometer (Electronic) 14 .2 .24 ! 2.8 !




POWER AND ENERGY REQUIREMENT SUMMARY, CONTD
LAB CODE: HIA {Cont4) ORBIT OPERATIONS IASCENT 'gDESCE_h_-'_I‘J
Average :Energy
| Equipment items Operating On Time {On Duty [Peait Power Consumption
‘ Using Power Power (Watts) |Hrs/Day |Power [Contribution WathrsDay | Watts Watts !
) 181D Transducer, Pressure (4) 4 24 4 4 95 P
; 182J Vectocardiogram Coupler 2 1.0 .16 2 : :
182P Ventilation Unit - Vertical {3) 120 24 120 120 2880 120 120
: 188 Work and Surgical Bench 1000 1.0 83.34 1000 1000
TOTALS 6896 3034.55 5056 48189, 5 656 696
On Duty is considered 12 hours.
Off Duty Average Power = 48,189.5 - 3034.55k 12 = 981,2
12
4 For 182R in Centrifuge 43A 320 320 320 3840
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POWER AND ENERGY REQUIREMENT SUMMARY. CONTD

LAB CODE: MOD OB ORBIT OPERATIONS IASCENT {DESCENT
. Average -Energy
: Equipment Items Operating On Time {On Duty jPeak Power .Consumgtion
i Using Power Power (Wafts) |Hrs/Day|Power |Contribution WathrsDay | Watts Watts
1A Accelerometer Coupler (3) 3 24 3 3 72
6 Air Particle Sampler 50 .4 1.76 20
6A  Airflow Work Surface 75 .5 3.12 37.5 i
7 Autoanalyzer 200 1.0 16. 86 200 200 '
TA  Auto Potentiometer Elec. Analysis 100 1.0 8.34 100
16F Ballistocardiogram Coupler 1 1.0 .08 1
19D Body Mass Measuring Device 15 .2 .26 3
26B Cage, Metabolic Plt. (2) 60 24 60 60 1440 60
28 ' Cage, Metabolic Rat 20 24 20 20 480 20
30A Cage, Rat (16) 144 12 144 144 1728
a Calculator, Pocket 5 1.0 .42 5
32 Camera, Cine 13 .5 .54 6.5
32A Camera, Controller 100 12 100 100 1200
37 Camera, Video B/W 15 12 15 15 180
38 Camera, Video, Color 69 .5 2.88 69 34.5
38D Camera Timer, Video 10 .5 .42 10 5
38F Cardiopulmonary Analyzer 200 1.0 16.66 200
40A Centrifuge, Blood Sample Processor 100 .4 3.34 40
48 Cleaner, Vacuum 100 .4 3.34 40
50A Clinostat C/T 10 24 10 10 240
50  Clinostat Plants 10 24 10 10 240
50B Compactor (Solids) 100 .05 .42 5
51F Coolant Loop, Liquid 50 24 50 50 1200
54  Colony Counter (Manual) 50 .5 2.08 25
63B Display Keyboard Portable 80 1.0 5.0 60
¢3¢ Display, Numeric (2) 4 12 4.0 4 48
64 ECG Coupler (12) 24 24 24 24 576 12 i2
65 EEG Coupler (4) 8 24 B 8 192 4 4
66 EMG Coupler (6) 12 24 12 12 288 6 K
70E Exercise Equip,, Physiol, 18 4 6 72
76J Flowmeter, Gas (4) 16 .5 .66 8
77B Freezer, Cryo 10 24 10 10 240 10 10
80 Freezer, General 200 8 66,67 200 1600
81 Freezer, Low Temp. 10 24 10 10 240 10 10
83 Refrigerator 50 8 16.67 50 400
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POWER AND ENERGY REQUIREMENT SUMMARY. CONTD

P —

LAB CODE: MOD IIB (Cont d) ORBIT OPERATIONS ASCENT |[DESCENT ;
Average Energy {
Equipment {tems Operating On Time On Duty {Peak Power Consumgtion ]
Using Power Power (Watts) |Hrs/Day |Power |Contribution WathrsDay | Watts Watts !
91 Gas Analyzer, Mass Spec. (2) 100 12 100 100 1200 50 50 ;
93 Gas Analyzer, RH 6 24 6 6 144
98A Holuing Unit C&T (2) 60 24 60 60 1440 60
98C Holding Unit Invt. (2) 100 12 100 100 1200
101 Holding Unit Plt. (2) 1600 12 1000 1000 12000 374 374
10XCHelding Upit - Primate (4) 200/60 12/12 200 200 3120 60 60
103B Incubator 5 24 5 5 120
114E Lamp, Portable Hi. Int. Photo. 150 .5 6.16 150 75
117 LBNP 26 .4 .86 10.4
121 Mass Meas, Device (Macro) 15 .3 .38 - 4.5
122 Mass.Meas, Device (Miero) 15 .3 .38 4.5
126 Microscope, Comp. 15 .5 .62 7.5 i
126A Microscope, Dissecting 100 1.0 8.34 | 100 100 A :
o 126J. Microscope, Access, Kit . 15 ’ .5 .82 7.5
2o 132 Oscilloscope 75 1.0 6.26 75
e 138 PH Meter ° 20 .3 .50 6
138B Photocall Coupler (12) 24 24 24 24 576
139  Plethysmograph, Limb 5 .5 .20 2.5
143G Pressure Coupler (4) 8 24 8 8 192
150B Receliver, Biotelemetry 10 24 10 10 240
156  Signal Conditioners (12) 24 24 24 24 576
156F Sonocardiogram 12 1.0 1.0 12 ‘
162  Sterilizer, Autoclave 300 1.5 37.5 450 :
165 Sterilizer, Tool 110 .4 3.66 44 1
179 Temperature Block 200 1.5 25 200 300 ;
179D Thermometer (Electronic) 14 .2 .24 2.8 :
181D Transducer, Pressure (4) 2 24 4 4 96 i
1823 Vectocardiogram Coupler 2 1.0 .16 2
182P Ventilation Unit - Vertical (2) 80 24 80 80 1920 “BO 80 i
182R Vertebrate ECS 320 24 320 320 7680 320 320 i
188 Work and Surgical Bench 1000 1.0 83.34 1600 1000 )
TOTALS 5927 2751.54 | 4400 43834 926 1066 |
On Duty is considered 12 hours. .
Off Duty Average Power =43,834 - 2751.54 x 12 = 901.3 1
12 | |
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POWER AND ENERGY REQUIREMENT SUMM.ARY; CONTD

e —

LAB CODE: MOD IIC ORBIT OPERATIONS JASCENT lmzs-:}:m:
Average Energy
Equipment [tems Operating On Time |On Duty [Peak Power Consumption -
Using Power Power (Watts) |Hrs/Day|{Power [Contribution WathrsDay | Wafts Watts

1A Accelerometer Coupler (3) 3 24 3 3 T2

6 Air Particle Sampler 50 .4 1.76 20

6A Airflow Work Surface 75 .5 3.12 37.5

7 Autoanalyzer (Minitized) 200 1.0 16.66 200 200

7A Auto Potentiometer Elec. Analysis 100 1.0 8.34 100

16F Ballistocardiogram Coupler 1 1.0 .08 1

19D  Body Mass Measuring Device 15 .2 .26 3

J0A Cage, Rat (16) 144 12 144 144 1728

31 Calculator, Pocket 5 1.0 .42 5

32 Camera, Cine 13 .5 .54 6.5

324  Camera, Controller 100 12 100 100 1200

37 Camera, Video B/W 15 12 15 15 180

38 Camera, Video, Color 69 .5 2.88 69 34.5

88D Camera Timer, Video 10 .5 .42 10 5

38F Cardiopulmonary Analyzer 200 1.0 16.66 200

40A  Centrifuge, Blood Sample Processor 100 .4 3.34 40

48 Cleaner, Vacuam 100 .4 3.34 40

50B Compactor (Solids) 100 .05 .42 5

51F Coolant Loop, Liquid 50 24 50 50 1200

54 Colony Counter (Manual) 50 .5 2.08 25

63B  Display Keyboard Portable 60 1.0 5.0 60

63C  Display, Numeric (2) 2 12 2 2 24

64 ECG Coupler {12) 24 24 24 24 576 12 12

65 EEG Coupler (4) 8 24 8 8 192 4 4

66 EMG Coupler {8) 12 24 12 12 288 6 6

T0E Exercise Equip., Physiol. 18 4 6 72

763 Flowmeter, Gas (4) 16 .5 .66 8

77B Freezer, Cryo 10 24 10 10 240 10 10

80 Freezer, General (2) 400 8 133.34 400 3200 )

B1 Freezer, Low Temp. 10 24 10 10 240 10 10

83 Refrigerator (2) 100 8 33.84 100 800

91 Gas Analyzer, Mass Spec. {2) 100 12 100 100 1200 50 50

93 Gas Analyzer, RH 6 24 6 6 144

101B Holding Unit Monkey Pod 100/30 12/12 100 160 1560 30 30
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POWER AND ENERGY REQUIREMENT SUMMARKY, CONTD i
LAB CODE: MODIC (Contd) ORBIT OPERATIONS IASCENT DESCENI‘: §
Average Energy
Equipment Items Operating On Time ;On Duty {Peak Power Consumption .
Using Power Power (Watts) {Hrs/Day |Power [Contribution WathrsDay Watts Watts

101C Holding Unit - Primate (2) 200/60 12/12 200 200 3120 690 60
114E Lamp, Portable Hi, Int. Photo. 150 .5 6.16 150 75
117 LBNP 26 .4 .B6 10.4
121 Mass Meas. Device (Macro) 15 .3 .38 4.5
122 Mass Meas. Device (Micro) 15 .3 .38 4.5
126 Microscope, Comp. 15 .5 .62 7.5
126A Microscope, Dissecting 100 1.0 B.34 100 100
1287 Microscope, Access. Kit 15 .5 .62 7.5
132 ' Oscilloscope 75 1.0 6.26 75
138 PH Meter 20 .3 .50 6
138B Photocell Coupler (12) 24 24 24 24 576
139 Plethysmograph, Limb 5 .5 .20 2.5
143G Pressare Coupler (4) 8 24 8 8 192
150B Receiver, Biotelemetry 10 24 10 10 240
156 Signal Conditioners (16} 32 24 32 32 768
156F Sonocardiogram 12 1.0 1.0 12
162 Sterilizer, Autociave 300 1.5 37.5 450
165 Sterilizer, Tool 110 .4 3.66 44 :
179 Temperature Block 200 1.5 25 200 300 i

79D  Thermometer (Portable) 14 .2 .24 2.8
181D Tranaducer, Pressure {4) 4 24 4 4 96
182y Vectocardiogram Coupler 2 1.0 .16 2 .
182P Ventilation Unit - Vertical (2} 80 24 80 80 1920 80 a0
182R Vertebrate ECS 320 24 320 320 7680 320 320
188 Work & Surgical Bench 1000 1.0 83,34 1000 { 1000 |

TOTALS 5018 T1675.88 | 3491 |~ 30402 | ~ 5B | 582 ;
On Duty is considered 12 hours.
Off Duty Average Power = 30402 - 1675, 88 IL 12 =857.6
: 12
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD

LAR CODE: MOD IILB __ ORKIT OPERATIONS ASCENT | DESCENT]|
Average Energy
Equipment Items Operating On Time ,On Duty |Peak Power Consumption
Using Power Power (Watts) Hrs/Day |Power |Contribution WathrsDay | Watts Watts

1A Accelerometer Coupler (3) 3 24 3 3 72

6 Air Particle Sampler 50 -4 1.76 20

6A Airflow Work Surface 75 .5 3.12 37.5

7 Autoanalyzer 200 1.0 16.66 200 200

TA Aufo Potentiometer Elec. Analysis 100 1.0 8.34 100

16F Ballistocardiogram Coupler 1 1.0 .08 1

19D  Body Mass Measuring Device 15 .2 .26 3

28 Cage, Metaholic Rats 20 24 24 20 480

30A  Cage, Rat (16) 144 12 144 144 1728

31 Calculator, Pocket 5 LO .42 5

32 Camera, Cine 13 .5 .54 8.5

32A  Camera, Controller 100 12 100 100 1200

37 «Camera, Video B/W 15 12 15 15 180

as Camera, Video, Color 69 .5 2.88 69 34.5

38D Camera Timer, Video 10 .5 .42 10 H

88F  Cardiopulmonary Analyzer 200 1.0 | 16.66 200

40A Centrifuge, Blood Sample Processor 100 .4 3.34 40

43A  Centrifuge L.. 5. Res. 354/210 1211.2 |354 354 6768

48 Cleaner, Vacuum 100 .4 3.34 40

508 Compactor (Solids) 100 .05 .42 5

51F Coolant Loop, Liquid 50 24 50 50 1200

54 Colony Counter {(Manual) 30 .5 2.08 25

63B  Display Keyboard Portable 60 1.0 5.0 60

63C  Display, Numeric (2) 2 12 2.0 2 24

64 ECG Coupler (16) 32 24 32 32 768 12 12

65 EEG Coupler {8) 16 24 16 16 384 4 4

66 EMG Coupler (8) 16 24 16 16 384 6 6

T0E Exercise Equip., Physiol. 18 4 6 72

F{) Flowmeter, Gas (6) 24 .3 1.0 12

77B  Freezer, Cryo i0 24 io 10 240 10 10

80 Freezer, General (2) 400 8 133.34 400 3200

81 Freezer, Low Temp. 10 24 10 10 240 10 10

83 Refrigerator (2) 100 8 I 33.34 | 100 800

91 Gas Analyzer, Mass Spec. (2) 100 12 ¢ 100 i 100 1200 50 50
t i
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POWER AND ENERGY REQUIREMENT SUMMARY, CONTD
LAB CODE: pMoD I (Cont'd) ORBIT OPERATIONS IASCENT DI_':'S(_E_I_\'_I:
. Average | Energy
] Equipment ltems Operating  On Time iOn Duty Peak Power Consumption
| Using Power Power (Watts) |[Hrs/Day |Power |Contribution Wathrs/Day Watts Watts
93 Gas Analyzer, RH 6 24 G G 144
114E Lamp, Portable Hi. Int. Photo. 150 .5 6.16 150 75
117 LBNP 26 .4 .86 16.4
121 Mass Meas. Device (Macru) 15 .3 .38 4,5
122 Mass Meas. Device (Micro) 15 .3 .38 4.5
126 Microscope, Comp. 15 .8 .62 7.5
126A Microscope, Dissecting 100 1.0 8.34 100 100
1263 Microscope, Access, Kit 15 .5 .62 7.5
132 - Oscilloscope 75 1.0 6.26 75
138 PH Meter 20 .3 .50 &
138B Photocell Coupler (12) 24 24 24 24 576
139  Plethsymograph, Limb 5 .5 .20 2.5
4143G | Pres_sure Coupler {4} 8 24 8 8 192
o 150B Receiver, Biotelemetry 10 24 10 10 240
S 156  Signal Conditioners (12) 32 24 32 32 768
- 156F Sonocardlogram 12 1.0 1.0 12
162  Sterilizer, Auntoclave 300 1.5 37.5 450
165 Sterilizer, Tool 110 .4 3.66 44
179  Temperature Block 200 1.5 25 200 300
179D Thermometer (Electronic) 14 .2 .24 2.8
181D Transducer, Pressure (1) 4 24 4 4 96
182 Vectocardlogram Coupler - 2 1.0 .16 2
182R Vertebrate ECS 320 24 320 320 7680 320 320
188 Work and Surgical Bench 1000 1.0 83.34 1000 1000
TOTALS 5040 . 16890, 22 3505 3152% 412 412
On Duty is considered 12 hours.
Off Duty Average Power =31, 524 - 1690.22 x112 = 936. 78
12
For 182R in Centrifuge 43A 320 320 320 3840 !
|
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APPENDIX E

LABORATORY SAMPLED DATA REQUIREMENTS

The sampled data requirements for the life sciences laboratory concepts are
given in this appendix. Three of 16 payloads defined in the study, COL 24,

COL 3A and ML-5A have no simpled datu requirements. Data for these are
taken manually, The requirements for the other 13 payloads are covered in o
the following order. 1

Mini-Lab ML-1A
ML~2A
ML~3A
ML-~4A
ML-2B
ML-2C
ML-2D

AR Dedicated MOD IA
. MOD DA
MOD IIA
MOD IIB
MOD IIC
MOD 1B

1 o



PAYLOAD FIRST US/ESA SPACELAB MISSION

RO, M=L 1A,
SUPPORT
NEEDED
=t 1] 15
HE SN
DURATION | CONTINUOUS DAILY %’ 'é k- .§, -
FREQ. OF OF pata RATE. |TotaLr) 2lolfig|®
_El NAME MEASUREMENT DESCRIPTION ogggg%ovzmng__m bits_ 1 &|<lBiS & PROCESSING REQUIRED REMARKS
7a | Auto. Potent. Elect. | Measure pH, pCO,, 20y, K, Ca,  |2/day 0.5 br Nogl. 5K x Conversion to cons. values. ’
Anal. Na, Cl, glucosse Downlink.
80,811 Freezers Mouitor tamperatures Once/10 - Regl. 3K xIx | x§ Out-of-tolerance determination.
min.
1317 § OFO Experiment 8 Otslith signals 1/day 24 hr. 100 K 8540 M| x | x] xIx | x§ Tranemission to gromd. Real-time | Otolith chatmels sampled)
Packages 4 ECG signals or near real-time. at 2000 samplea/sec;
Housekesplng ECG at 500 sps.
153A | Rotating Litter Chair| EOG/EMG, Controls 2/minsion 0.5 b 8.5 K i1. 728 x Transmission o ground,
Max. te 106 KBPS BE650 M

—
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PAYLOAD BIOMEDICINE/BIOLOGY MINI-LAB - S$MALL VERTEBRATES
NO. . M~L 2A
SUPPORT
NEEDED
£ |
g i E
DURATION | (ONTINLOUS | DAILY | B{E £i{E1¢
FREQ. OF OF pATA RATE, |ToTar) ¢{8{1F|2]=
NAME MEASUREMENT DESCRIPTION _ |OPERATIOJUPERA TION bps bitg | al<tE({E]£] prOCESSING REQUIRED REMARKS
TA Auto. Potent, Elec. Aeasure pH, pcoz, poz. K, Ca, Na, | 2/day .5 hr Negl. 5K x Conversion to conc. values,
Anal. Cl, glucose Downlink.
156 Signal Conditioners Monitor electropbysiclogical outputs | 24/day 10 min. 3500/6 Chnt. 302.4 Mx |x|x|x|x] Transmisaion to ground. 6 chaqmels ~ 560 samplex,
(12) such as ECG, EEG, etc, 6/day 10 min. 700/6 Chani. 15.1 M Possibly some waveform analysis/ )sec. 6 channels -
318 M compresasion, 100 samples/sec.
80/81/, Fraezera/Refrig. Monitar temperaturas Once/10 -— Negl. 9K x [xfxtx! x] Out-of-tolerance daterminstion. 12 chammels, § bit/etml.
83 min.
1038 |kncubator Monitor temperaturas Once/15 - Negl. 1.5K x Out~of-tolerance determination,
min. .
182P [Ventilation Upit, Monitor fows, pressures, hnmidi- Once/min. - Negl. 2K x x| xx |x | Out-of-tolerance determination.
Vartehrates tias, etc., 3 setEQrs.
81 Mass Spectrometer Mopitor mass no. and peaks of trace - Continuous 600 52M x ixix|x |{x]| Tranemiseion to ground. Possibly

Y0O0d ST AHVd TVNIDIHO
AHL J0 ALTIAIONAoddad

contuminant and major atmospheric
g35e8.

some waveform analysis.




PAYLOAD BIOMEDICINE - MAN
Xo. WM-L 34
. SUPPORT
. . NEEDED
= €
) E 18 e E
PURATION | CONTINCOUS | DAILY | Ef¢|E E =
: |FREQ. OF | OF DATA RATE. | TOTAL{ & 5 g i ]
| _RI | NAME MEABUREMENT DESCRIPTION gggm%ovzm*nm bps it | j<|SIE{E PROCESSING REQUIRED REMARES
TA Auto. Poten, Elsc. Ansl] Mexsure pH, pcoz. 902, K, Ca, Na, | 2/day 0.5 ter. Negl. 5K x Converaion to conc. values.
Cl, gluccse : Dowalink. .
156 |Signal Conditioners | Monitor electrophysiologiral outputs | 3/day 1.0 b 3500/3 Ctnl. 113.4M x bownlink, Possible on-board VCG oouplar.
(6} such as ECG, EEG, etc. 700/ Chnl. 22.7MC wavelorm analysis /compression. .
138M
s0/e1/ Freezers/Refrig. Monitor temperatures. Ooce/1o | - Negl. 9K x] x| x| Out-cf-tolarance determination.
a3 mia,
389F | Cardiopuimooary | Measure Hy0, Ny, C'%0, 0. A, | 2/day 0.5t | 500/6 chals 10.8M x Conversion % cons. valuos.
Analyzer €0Op, NoO gases on breath-by-breath Downlink.
baais.
lf“ 18C { Exercise Eqmt., Monitor ergomatar speed, ocutput. 2/day 1.0hr 5/4 chnls 14K x ) Downitok, onboard display sad Aml «t,ehln
L Physiological Treadmill speed. Assume 4 chals. control. sample/wec.
»
o e SR,

I‘ s

¥
¥



.fz
-'? PAYLOAD LIFE, SUPPORT/ PROTECTIVE SYSTEMS MINI-LAB .
i NO. . M-LiA - ;
i SUPPORT
; NEEDED
! o [LI[E!
g 1=le
DURATION | CONTINGOUS | DALY | S12iE|E1S
* |FREQ. oF OF DaTa BATE, [Torar) el8if[gfs
r_L NAME M MENT DESCRIPTION __|OPE OPERATI bitg 1 &l<}S|E|8] PROCESSING REQUIRED REMARKS
R ) 83A [Gas Supplies Monitor pressures (3} Once/min | -- Negl. 21.6K x | Out-of-tolerance determination.
“ a7 Gas Analyzer, Measures concentration of gas - Continuous| 10 864K x On.t-o!-blsrnne determination.
Infrared camstituents. Balected conc. display.
91 Masa Spectrometer Monitor mass no. and peaks of trace | — Cantinuousf 600 1. S x Downlinking. Poesibly some on-
comtaminant & major atmospheric : board analynis snd display.
gases.
83  |Refrigerator . Monitor temperatures. Once/lo | — | Negl. 1.5K x | Out-of-tolerance determmation.
' min
115F | LSS Test Consols Monitor temps., pressures, Hows, Once/10 12brs-10 | 5 216K x: Out-of~tolaranoe determinstion.
currants, ete. Assume 10 chls. s8¢ - | chisz12 1 43K Downlink axp. data. Trend apalysis.] !
hre-2 chlg 259K Ve
= :
l T
[}




PAYLOAD BIOMEDICINE/BIOLOGY - PRIMATE MINI-LAE

NO. M-~-L 2B
EUPPORT
NEEDED
= <
g b=l g
. DURATION § TONTINLOUS DAILY ; ‘E‘ €{Eis
: FREQ. OF | OF paTa RATE. |TotaL] elg|E|E|®
i El NAME MEASUREMENT DESCRIPTION PERA TIOMOPERA TR bos btz | 2= i 2| FAOCESSING REQUIRED REMARKS
i TA Auto. Poten. Elec. Anal} Measure pH, pCO,, poz. K, Ca, Na, | 2/day 0.5 hr, Negl. 5K x Conversion to cuac. values.
i Cl, glucose : Dowalink, ,
156  §Signal Conditicners Monitar electrophysiological outputs | 24/day 10 min. 3500/8 Ctml. 151.2Mx |xj x| x| x| Transmission to ground. Possibly [ 3 - 500 samples/gec
& such as ECG, EEG, ete. 8/day 10 min. 700/3 Ctnl. 7.6M sorae waveform analysis/ chls. 3 - 100 samples/
. 159N compression. sec chls.
80/81 } Freezers Monitor temperatures. Once/10 - Negl. [1:4 x| x| x| Out-of-tolersnce determination. 8 chamels, 5 bit/chnl.
min.
103D jIncubator N Monitor temperatures Once/5 -— Negl. 1.5 x (ht-o!-tulan_uee determination.
min. .
»
91 Mass Spectrometer Monitor mass no. and peak height of | ~ Continuous 600 52M x |x] x| x| x] Transmission 0 ground. Possibly
trace contaminant and major some waveform analysis.
= ) atmospheric grses.
!
=2 83 Refrigerator Monitor temperatures Once/10 - Negl. 3K x | x| x| x| x| Out-of-tolerance datermination.
min. °
182P |Ventilation Unit, Monitor flows, pressure, humid- Once/min. | -- Negl. 43K x }x] x| x| x} Out-of-tolerance determination.
Vertebrates tias, otc, Est. 6 sensors.
1




PAYLOAD  BIOMEDICINE/BIOLOGY MINI-LAB - SMALL VERTS. /CELIS & TISSUES

NO. M-L 2€
l SUPPORT
. NEEDED
! £ 'g
DURATION [ coNTevrous | parLy | S[zl21EB{T
‘ FREQ. OF oF DATA RATE, JTOTAL{ 2leiPlals
LBl . NAME MWTM'__M__ADPE OPERA TION IS bz 1 al<lS|S|E PROCESSING REQUIRED | | REMARKS
A Auto, Pbten.Elac.An.llh_mmre pH, pcoz. po,, K, Ca, Na, 2/day 0,5 hr. Negl. £ x Conversion to conc. valoes.
Cl, glucose = =' Downlink,
156 - }Signal Conditioners .§ Moanltor electrophysiological outputs | 24/day 1¢ min. 3500/6 Chnl. 302.4Mix | x| x| x| x| Transmission to ground. Possibly |6 chels - 500 samplas/
a2 such as ECG, EEG, etc. 6/day 10 min. 700/6 Cl. 15. 101 some waveform analysi{s/ sec. & chammels - 103
318 M compression. samplea/sec.
80/31/} Freezirs/Relrig. Monitor temperatires., Once/10 - Negl. 9K x | x| x| x| =] Out-of-tolerance determimation. 2 chenmals, 5 bit/chn).
83 ' min.
1038 |Incubator Maonjtor temperatures Once/15 - Kegl. 1.5K x Out-ol-tolerance daterminxtion.
1 ' min.
182P {Veutilation Unit, Mouitor flowe, pressures, humidi~ [ Once/min, | — Negl. 22k |Ix E ‘x % Ix { Ont-of-tolerance determination.
s : Vertebrates - tiex, otv., 3 sansore.
-':.: 9EA |Holding Unit, C&T | Monitor temp. Once/min. | -~ Negl. 7K % Ix {x | Out-ol-tolersnce determination.
50A fCliostat Monitor motor current. Once/min. | -- Negl. 7K x Out-of-tolersnce detarmiation.
1) 8 Mass Bpecttometar Moaltor mass no. and pesks of -— Continuousf €00 52M x x Ix |x | Transmissions to ground. Poesibly

trace contaminant and major
stnospheric gases.

gome onboard analysis.




PAYLOAD_

- NO.
SUPPORT
NEEDED
£ g
DURATION { CONTINUOUS | DAILY .72 ¥ £ E -
_ FREQ.OF { OF naTA RATE, fToTtaL) {2fE[3|=
L EL NAME MEABUREMENT DESCRIPTION ogg&gﬂopemnm1 bng bitg_ | Bl< 5 S|& PROCESSING REQUIRED REMARKE
TA Auto. Poten, Elec. Anal} iieasure pH, pCOz. pOz. K, Ca, Na, | 2/day 0.5 br. Negl. 5K = Conversion i conc. valuse.
Ci, glucoss : Downlink.
156 |Bignal Conditioners | Monitor electrophysiclogicai outputs | 24/day 10 min. 3500/6 Chnl. 302.4Mx [x] x| x| x| Transmission to ground. Tossibly |6 chals - 500 samples/
2y such as ECG, EEG, ete. 6/day 10 min. 700/6 Chal. 15.1M some wavelorm analysis/ sec. € chammels - 100
318 M compression. samples/sec.
80/81/] Freezera/Retrig, Monitor temperstures. (ﬁm/m - Negl. 9K x Ix] x| x| x] Out-ol-tlerance detarmtnation. 2 chanmels, 5 bit/chnl,
83 min.
103B ]Incubmtor ° Monitor temperatures Once/15 - Nogl. 1.5K x Out-of-tolerunce defermination,
) ’ min. o
. 182P ] Ventilation Unit, Monitor flows, pressures, umidi- Once/min, | -- Negl. 22X x x Ix |x |x | Out-of-tolermnce determination.
Vertetwates ties, oto., 3 seasors. :
98A  jHolding Unit, C&T -Monitor temp. Once/min. | -- Negl. K x |x jx | Out-cf~tolerance determination.
§0A | Cltnostat | Monitor moter current. Oucefmin.{ -- “{ Negl. K x Out-of-tolerance datermination.
91 Masa Spectrometer ‘Moaitor mass ao. mnd pesks of - Continuous] 1200 IMM |x kx Ix |x |x | Transmission 0 gromd. Possibly
trxce contamboant snd major asome coboard snalysis.
atmospbaric gasea.
98C | Holding Unit, Inverts.] Monitor temp. Cuce/min., | -- Negl. 7= x x |z ]x | Cut-of-ivlarmnce daterminstion.
101 | Holding Unit, Plants { Monitor temp., light curront level Onece/min. | - Negl. 4K x x Ix ix | Out-of-wolerunce determination.
33 Gas Analyrar, Water § Moasure resistivity of bumidity Once/min.{ -- Negl. K x x [x {x] Out-of-tolerance determination.
Vapor Specific Mmeors. ' '
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" PAYLOAD _ DEDICATED LA - BIOMEDICAL EMPHASIS

RO. MOD JA
N SUPPORT
- . NEEDED
z £
| el =3
DURATION | CONTINLOLS  § DAILY | SHE 1517
_ ' FREQ. OF OF naTA RATE, {rotar] 2 E] 2312
5l NAME _ MEASUREMENT DESCRIPTION _ JOPERATIONUPERA TION bps bite | ENSEIZIS]  PROCESSING REGUIRED REMARKS _
64/65/IECG, EEG, EMG Conditions alectropbysiclogical sig- | 16 ehls - 10 min. 700 & 16 chls 16IM fx Jx|xfx x. Downlinking, waveform snalysis, Assume 6 high rate,
a6 Couplors ‘nals from organisms or man. 24/day 0.5 0 . 3500 & Schis 151A1 data compression and display. 18 Iow rate chls.
| " 6 chis ~ 25.2K 312M
4/ day
156/ ]Signal Conditioners, | Miscellaneous physical and blo~ Once/min.,] — 3 252K  [x f{x}x[|x}x# Downlink, out-of-tolerance determi-jAssume 35 chls.
1388/ JAssortad Couplexs physical measurements. Pressure. | 24 hra/day nation, digplay.
143G/ tamps., flows, elc.
1A
'I"I_BIEWMRM. { Monitor temperatures Once/10 - Negl. 15K x |x}lx|x|=x] Out-of-tolerance determination. Assuma 4 chis/El,
a1/83/] B min.
1038
7 Antosnalyver Maayures approxima tely 12 con- 2/day 0.5 100 360K x Conversion to conc. values.
] stitoents of blood serum, { Dowmltnk.
7a  |Aut. Poten. £lec. Ansl] Measure B propertios of blood serum | 2/day 0.5 Negl. 5K x Couversion o conc. values,
- and/or urine. .- Doamilink,
Pl Mass Spoctrometer(?) | Measure mass bo. wnd pesks of tracs | -~ Continuous | 600 S2M x |x]|x}x] x| Downlink. Possibly soms on-board
. coptaminants and msajor atmospheric smalywis. :
gase.
93 4&: Amiyzer, Water | Measure resistivity of humidity Ouncofmin. | — Negl. b9 x |x{x|x{x] Qut-of-tolerince determination.
- Vapar Bpecific SEOBOTE. :
FGSC Elmblogy :Hmﬂtnrt slactrophysiological signlls 1/day ihr 14K 44.5M x Downlink, waveform analysls snd
Rocelver from subject. - dizplay.
Rotating Litter Chair | EOG/EMG 2/misston | 0.5 tr 8.5% .M x Downlink.
Exarcisd Eqmt/Phy. [Monitor ergometer speed, output. 2/day 1hr 5@ 4chls 14K x Downlink, on board display & control. Assume 4 chls, 1 sample/
Treadmill speed, Assome 4 chls. cec.
.BP Cardiopulmons ry Measure 6 gases used in breath-by- ] 2/day 0.5 500 & 6 chlg 10.8M z Conversion to cone. values. Downlink,
) ﬂ‘Anﬂyu Joreatn respiratory analysis, )
17/ |LBSP, Limb Monitor pressures, temps. , :nd 1/d.'ay' 1bhr 35 126K x Oa~bosrd control of expmt. Assume § chis. Ssmple
36/31] Plethysmographs Plethys. chia. ’ Downlink. 1/sec.
- e - —— S, - __,_,._____._ —— T R T i - N =.' . - )
i
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PAYLOAD DEDICATED LAB - BIOMEDICAL EMPHASIS (Cant'd)

¥o. . _MODiA
SUPPORT
NEEDED
= g
il l=l.i8
DURATION | COXNTINUOUS DAILY .EIE ‘é £ E ‘.!
FREQ- OF OF DATA RATE. | ToTaL) p[2]§ 2 =
EI NAME MEASUREMENT DESCRIPTION __JOPERATIONOPERATIN]  _bos 1 bits l&l< Ejgls PROCESSING REQUIRED
1823 {VCG Coapler Canverts VCG signals 2/day 1n 21K 15IM x Downiink. On~-board waveform
. xmalysis.
1B2P. | Ventilatioe, Unit, Monitor Now, pressures, ete. Once/min, | - Negl. 43K x [ x| x| x] x] Out-of-tolerance detarmmation.
Vartebrates Est. § sensors. :
98A ] Holding Unit, CLT Moamltor Tamp. Once/min. | -~ Negl. 7K x |x {x | Out-of-tnlerance detarmination.
504 JClinostat, CLT Monitor motor current Ouce/min.{ -- Kegl. ki 9 x Ouat-ol-to} detertminaty

0I-3

J00d SI TDVd TVNIOINO
JHL J0 XLITII0Na0uday

L i o e
G R i o L T s




L s oo i b 1 0cos v

PR

I1-4

PAYLOADR DEDICATED LAB - BIOMEDICA L/BIGLOGY/ADVANCE]D TECHNOLOGY EMPHASIS

X0, MOD 1A
. SUPPORT
. NEEDED
=] g
Bl l=z1.i8
DURATION | cunriviols |y | Z|E{EE1S
FREQ. &7 | oF movanie, {ronan] l3]itale
4] FAME MEASLREIITNTSTICTMB LT L Gt L Tt TR JRRRSIR 4 B 12 - 14 PROCESSING RELUIRED BEIIINNS
#1/83/{ECG, EEG, EMG Conditices clectrophysiological slz- | 16 ol - 10 oain. Tou LG ehls 16i3 Iz lxix|x{x | Downlinking, wavefcrm mmalysis, Assume G Lizh rate,
GG Couplers nals from orgzrisms or man. 24/¢cay 0.3 ir 330G . 6 chis 1511 data compression ond display. 16 low rate chls.
. G chls - 250K 3121
4/eay
136/ ;Signal Conditioners, [ Aliscellaneous physical and bio- Onee/mia., | == 3 2528 Ix x| x| x| x] Donnlink, out-of-tolerance determi- fAssume 35 chls.
1388/ {Assorted Couplers | physical msmts, pressure, temps., | 24 hes/day nation, display.
1436/ - flows, ete.
1A
7TB/8quezersze£rig. * | Monitar temperatures Onee/10 - Negl. 155 x jx{x]x{x| Out-of~tolerance determination. Assumo 4 chls/EL.
. |81/83/ oin.
1038 1
7 Autoanalyzer Measuves approximately 12 con- z/day 0.5 100 360K x Conversion to cone, values.
stituents of blood serum. Downlink.
T4 Auto, Poten. Elec. Anal] Measure 8 propertics of blood serum | 2/day 0.5 Negl. 5K x Conversion to cenc. values.
and/or urine. - Downlink,
91 Muss Spectromater(2) | AMeasure mass no. and peaks of trace | -~ Contirous § 600 520 x Ixfx]x]x] Downlink, Possibly some on~board
contaminants and major atmospheric analysix.
gases.
93 Gas Antlyzer, Water | Measure resistivity of humidity Oonece/min. [ - Neml, ki, x [x{x]|x]x] Out-of-tolerance determination.
Vapor Specifie Sensors.
65C | Electrophysiclogy Monitors elactrophysiological signa]s 1/day 1hr 1K 4H4.5M x Dowrtlink, waveform analysis and
Recelver digplny.
153A | Resating Litter Chair | EOG/EMG 2/mission | 0.5 0r 6.5K 1.7M x Downlink.’
14C | Exercise Eqmt/Pkg | Monitor Ergometer speed output, iy 1hr 5 ¢ 4 chls 144K x Downlink, or: board display & control]Assume 4 chls, 1
Treadmill speed. Assume 4 chls. sample/soc.
38F | Cardiopulmonary Measure 6 gases used in breath-by- | 2/day 0.5 br 500 & G chis i0.8M x Conversion to conc. values.
Anaiyzer breath respiratory analysis. 3 Downlink.
117/ | LBENP, Limh Monitor pressures, temps., and 1/day” 1hr 35 126K x On-board control of expmt- Assume 7 chls,
139 | Plethysmographs plothys. chls. Downlink. . | sample/sec.
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PATLOAD__ DELICATED IAB - BIOMEDICAL/BIOLOGY

mCARVANCED TECHNOLOGY EMPHASIS (Cont'dy

X0. MOD _IOA
SUPPORT
NEEDED
= 5
gl |=1-18
DUAATION | VONTESUOLS | VLY | E) 226 |
FREQ. OF oF DATA RATE. {ToTany £1E|01E(% o
E] NAME MEASURELIENT DESCRIFTIC LPERATION PEILY 10K bps hifs = B E =] lg PACC ESSING RE: Lg{l_\gﬁ______—_J REMARRS
1823 |VCG Coupler Converts VCG siguals. 2/da; 1hr 21K 15EM x Downlink. On-lLotrd eyxilmm
analysts.
1A2P | Ventilaton Unit, dMonitor flow, pressures, etc. Est. Once/min | -- Negl. 435 x Ix |x |x |x | Oct-of-tolctance determunatices,

Varts, 6 sensors.

984 |Holding Unit, Cells Maonitor temp. Once/min | -- Negl. TE x |» {x § Out-of-tolerares J¢ravtlaiiion.

& Tizsues §
50A {Clinostat, C&T Monitor motor eurrent Once/min | «- Negl. k{0 x Out-of-tolerance datersliayas !
101 |Holding Unit, Plants | Monitor temps., light fovels Once/min | -- Negl. 28K x x |x |x ix | Out-of-tolerance detarn.tnation. Assume 4 chis.
50 Clinostat, Plant Monitor motor current. Once/min | -- Negl. K x Gut-of-{olerance determination.
98C |Holding Unlt, Invert. | Monftor temps. Onece/min | ~—~ Negl. w x & |x §x |x | Out-of-lerance determination.
115F | LSS Test Console Mouitor temps., pressures, flows, Once/10 12hrs - 10] 5 216K Ix Out-af-tolerance deterraination.

currents, etc. Assume 10 chls. sac. chts; 12 1 43K Downlinl: exp. cata.
hrs ~ 2 chly 259K Trend anal ysis.
144 §Psychomwior Perf. Monitor sensor outputs which measurg 1/day 6 hr 20K 332K x Statistical analysis, Downlink,

Comsole various psychomotor tasks such as

tmacking steadiness, pattern recog-
nition.

e T I N L TS A




PAYLOAL _DEDICATED LAB - BIOMEDICA L/BIOLOGY/ADVANCED TECH. /BIOCENTRIFUGE EMPHARIS
NO. WOD 1A

¥
. SUPPORT ;l
. NEEDED.
- _—
5hﬂjg
g |- P
DLRATION | CONTINUOUS | DAILY | S1zIE 8IS ;
FREQ. OF | OF DATA RATE, {TOTAL{ 2{2{%]8 E :
_EI NAME _MEASUREENT DESCRIPTION | JOPERATIONOPERATION bps nirs | E)<t8|S PROCESSING REQUIRED REMARKS . i
64/85/}ECG, EEG, EMG Conditions electrophysiological sig- |16chls - | 10min. §700&16ems  [161M |x |xIx|x|x | Downlinking, wavelorm srialyais,  JAssume & high rate,
&6 Couplers pals from orgunisms or man. 24fday | 0.5hr 3500 & 6 chls 1516 data compression and display. 18 fow Tate chis. -
: 6 chls - 25.2K 3123 ’ :
4/day ] {
I )
156/ |Signal Conditioners, | Miscellansous physical and bio- ; Onee/min.| — 3 252K fx [x{x{x]|x{ Downlink, cut-of-tclerance determi- fAssume 35 chls.
1388/ [Assorted Couplers physical msmts, prassurs, terv -, - 24 hre/day nation, display.
1436/ Hows, efc.
1A
778/8QFreazers/Refrig. - | Monitor temperatures Onea/10 — Negl. 15K x xIx|x{x]| Out-of-tolerspce determinntion. Assums chls/ET.
81/83 . min. ’
103B
- 7  Autosnalyzer Meaasures approximately 12 con- 2/day 0.5 100 360K x Conversion o come. values, -
! stituents of blood serum. ) Downlink, |
- ' . :
SO [7a  {Auto.Poten. ElncA.na]H Measura 8 properties of blood serum | 2/day 0.5 Negl. 5K x Conversian to conc. valuas,
snd/or urine. . - Downlink. ’ !
91 Mass Spectrometar(2) | Measure mass no. snd peaks of trace | —- Continvous § 600 S2M x {x[x]x| x| Downlini. Posaibly soms cn-bosrd
contamfnants and major atmospharic : analysis. :
grsus. )
193 Gas Anslyzer, Water | Measure reatstivity of humidity Once/min. | — Negl. Fid x- [x]x]x]x] Out~of-tolerance doterminrtion. |
'Vapor Specific BENSOrs. i
65C | Electroptyeidlogy | Monitors electrophysiological signals | 1/day 1nr 1K 44.5M x Downlink, waveform snalysis and
Racelver display.
153A | Rotating Litter Chair | EOG/EMG 2/misgion | 6.5 br 8.5K 1.7 Downlink.
18C | Exercise Eqmt/Pkg | Monitor Ergometar speed output, 2/day 1br 5@4chla 144K x -} Downlink, on board display & coutrol] Assume 4 chls, 1
Treadmill speed. Assume 4 chls. sxmpla/soc. ‘r :
38F | Cardiopuimonary Measure 6 gases used in breath-by- | 2/day 0.5 br 500 @ 6 chls 10.6M |- x Conversion to conc. valuves.
Ansiyzer breath respiratory analysis. 1 Downilink,
117/ | IEBNP, Lixb Monltor pressures, temps., and 1/day” 1hr 35 126K x Cn~boxrd control of expmt. Asgume 7 chls, i
139 | Ptethysmographs plothys. chla. Dowzlink. . sample/sec.
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PAYLOAD DEDICATED LAB - BIOMEDICAL/BIOLOGY/ABVANCED TECH.{BIOCQ TRIFUGE EMPHASIS (Cont'd)
NO. MOD THA -
SUPPORT
REEL 2D
= £
&l |=].|3
DURATION | CONTINUOUS | DAILY | 2|2 £ § b
FREQ. OF OF pata RATE. | TotaL{ 2| 21E (8|2
El NAME MEASUREMENT DESCRIPTION _ JOPERATICRJOPERA TICK bos big | Pl Elsid PROCESSING REQUIRLD . BEMARKE |
182 {VCG Coupler Converts VOG signals. ¥iday 1hr 21K 151M x Downlink. On-board waveform
eoalysis. :
182F §Ventlation Unit, Monitor fow, pressures, ete. Est. Once/min | ~~ Negl. 43K x Ix |x |x |[x { Out-of-tolerdénce det~rmingtion.
Verts. 6 semEors.
98A |Holding tnit, Cells | Monitor temp. Onece/min | -- Negt. 7K x |x x| Out-of-tolerance dstermmation.
& Tissues
50A [Clinostat, C&T Monitor motor current Once/min | -- Negl. 7K x Out-of-tolerance determination
101 [Holding Unit, Plents | Monitor temps., light lawels Once/min | -- Kegl. 28K % §x [x |x |x | Ont-of-tolerance determination. Assuzns 4 chls.
50 Clinostat, Plant Monitor motor current. Once/min | -~ Negl. K X Out-of-tolerance determination.
98C | Holding Unit, Invert. | Monitsr tamps. Once/min { -- Nogl, 7K x k ix |x §x | Out-of-tolersnce detsrmination.
115F ] 188 Test Console Monitor tempe., prossures, flows, nee/10 12 hrs - 10} 5 216K x Out-of-tolerance detarmination.,
currents, etc. Assume 10 chls. Bac, chls; 12 1 43K Downlink axp. cata.
hr: - 2 chlf | 259K Trend snzlysis.
144 | Paychomotor Perf. Monitor sensor cutputs which m.uamJ 1/day 6 hr 20K 432K x Statistical analysis. Downltnk.
Conpols various peychomotor tagks such a8
tracking steadinesg, pattarn: recog-
nition.
43A | Bioresearch Monitor and control spaed, motor _— Continuous| 10 864K x Dowalink, on-bourd display, Assume 10 chls.
Centrifuge curraent, tamps., balancing, ECS,etc.) 24 hrs/day caution/warming.




{
I
]
!
£
¢
i
1

B S

Si-d

PAYTLOAD _DEDICATED LAB - BIOLOGY EMPHASIS

NO. —MOD JE
. SUPPORT
| NEEDED |
] =l
DURATION | CONTINUOUS | DAILY | E|E1E |5 =
FREQ. OF or DATA R2TE, |toraii gielilsls
EI NAME MEASUREMENT DESCRIPTION _ JGPERSTIONOPERATION bps tie 1 E|<|EE|E] PROCESSING REQUMED REMARKS
64/65/]]306. EEG, EMG Conditions electrophysiological sig- 16 chis ~ 10 min. 700 @ 16 chls 16I1M Ix [x|x§ix[x | Downlinking, waveform znalysis, |Assume 6 high rate,
66 Couplars nals from organiems 24fday 0.5 hr 3500 €6 chis 151p1 data compression and dizplay. 16 Jow rata chls. -
: 6 chls - | 25,2K 31z
4/day
156/ !Isigna.l Conditioners, | Miscellaneous physical and bio- Once/min.,| -- 3 252K Ix [x]1x{x| x| Downlink, out-of-tolarance determi-jAssums 35 chls.
1388/ JAssorted Couplers physical msmts, pressure, temps., | 24 hrs/day nation, display.
143G/ flows, etc. i
1A
778/8( Freezers/Reafrig: Monitor temperatures Once/10 - Negl, 15K x {x|x]|x|x] Out-of-tolerance determination. Agsumé 4 chis/EL
|31/83/] min.
1038
T Autoanalyzer Measurvs approximately 12 con- 2/day 0.5 100 360K x Conversion to cone. valnss.
atitnents of blood serum. Downlink.
JTA Auto, Poten, Elec.nm.!j Measure § properties of blood serum | 2/day 0.5 Negl. SK x Conversion to cone. valuse.
. and/or urine. Downlink.
91 Masgs Spectrometer(2) | Messure mass po. and peaks of trace § ~~ Continuous { 660 52M rt x[x]x| x| Downlink. Possibly some on-board
contaminants and mafjor atmospheric unalysis. :
gasea.
83 Gas Analyzer, Water § Measurse resistivity of bumidity Oneco/min. | — Negl. K x Ix|x}=x|=x] Out-of-tolerance determiintion.
Vapor Specific BENBOTE.
180 | Exercise Eqmt./Phys.} Monitor Ergometer speed, cutpat, ~ | 2/day 1hr 56 4chls 14K x Downlink, on-board digplay and Asgums 4 chis,
troadmill speed. Assws> 4 chls. euitrel, 1 sampla/sec.
182P | Ventilation Unit, Monjtor flow, pressc.os, temps., Omce/min | — Negl. 43K x x| x|x] Oat-of-tolerance determization.
Vearts. efc. Est. 5 sangors.
98A | Holding Unit, Monitor temp. Once/min | — Negl. 7K x| x} x| Out-of-tolerance determiation.
Cells & Tismes
Hsoﬁ Clinostat, C&T Monitor Motor Current Once/min | -- Negl. 7K x Out-of-tolerance determination.
101 |[Holding Unit, Plants | Monftor temps., light levels. Once/min | -— Negl. . 28K ﬂx %t xix x| Cut-of-tolerance determtnation.
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PAYLOAD DEDICATED LABE - BIOLOGY EMPHASIS  (Cotit'd)

NO. MOP 1B
SUPPORT
._...N.E"-.EED.‘_
= g
[}
g |=|.|8
DURATION | CONTINUOUS DAILY .I.== ‘é |8 'ﬁ"
FREG. OF oF paTa mATE, | Torar] 2]S|T|E1E
EL NAME MEASUREMENT DESCRIPTION  |OPERA TIONUPERA TION bps by | E]SIS|Z|& PROCESSING REQUIRED REMARKS
50 Clinpstat, Plants Monitor motor current Once/min | -~ Negl. i x Qut-of-tolersnce datermination.
98C | Hulding Units, Monitor temp. Once/min | - Negl. 7K % Ix 1x |x [x | Out-of-tolerance determination.
overt.
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DEDICATED LAB - BIOLOGY EMPHASIS

o g R e a1

s

NO. -MOD IC
. SUFPORT
NEEDED
F F
- B 12|
DURATION | CONTINULOUS pary | Zigl® § =
FREQ. OF OF DaTa RATE. [rorar) SlelP)els .

EL NAME MEASUREMENT DESCRIPTION __{OPERATIONOPERATION]  hys nite 1 £|<}EIE]E PROCESSING REQUIRED REMARKS
84/65/}JECG, EEG, EMG Conditions electrophysiological sig- 16 chls - 10 min- 7003 16 chls 1610 Jx |xIx}x|x | Downlinking, waveforr: analysis, Axsume 6 high rate,
66 Couplers nals from organisms 24/day | 0.540r 3500 € 6 chls 151M data compression mnd dicplay. 16 low rate chls. -

: 6 ctils - 25.2K J12M .
4/day .
156/ |Signal Conditioners, | Miscellaneous physical and hig- Onee/min.,| — 3 zazk  fx {xfx|x|x | Downlisk, out-of-tolerince detormi- [Asmema 35 chle.
134B/ JAssorted Couplers physical memts, pressure, temps. ., | 24 hrs/day nation, display. .
1436/ flows, etc.
1A
778/ 6qFreezors/Refrig: Maoniior temperatures Once/10 -— Negl. 15 |x fx|=]x}x} Out-of-tolerance deterinination. Assume 4 chls/El.
§1/83 min. ’
1038
7 Autoanalyzer Meagures approximately 12 con- 2/day 0.5 100 350K = Conversioo to cono. ulh-.
stituants of blood serum. Downlink.
TA Auto.?otm.Elec.AmlJ Measure 8 propertes of blood serum | 2/day 0.5 Negl. 5K x Conversion t conc. valuss.
and/or urine. Downlink,
a1 Mags Bpectrometer(2) § Measure mass no. and peaks of trace | -~ Continuous ¥ 600 52M x jxfx{x| x| Downlink. Possibly some on-hoard
contamingnts and major atmospheric analysis. -
gazes,
83 Gas Analyzer, Water | Measure resistivity of bumidity Once/min. | - Negl. 7K x |xix{=x|=x]| Out-of-tolérmmce detorraimation.
Vapor Soeciflc BENBOTE.
130 [Exercise Eqmt./Phys.|Monitor Ergometer spoed, output, 2/day 1hr 5& 4 chls 144K x Downlink, cn-board display and Aspume 4 chis,
Treadmill speed. Assums 4 chls. control. 1 sampla/sec.
152P | Ventilation Unit, Monltor flow, pressures, eto. Oseefmin | — Negl. 88K x |x]xf x| x] Out-of-tolerance datsrminstion.
Vertabrates Est, 12 gensors. Co
ettt eyt e 8 e e e -~
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PAYLOAD DEDICATED TAB - BIOMEDICAL EMPHASIS

No. «—MOD UtH
HYRRE
) § ) )
- DURATION | CONTINCOLS DAILY .? £l 1|8 ‘?
FREQ. OF OF para RATE. |[ToTar{ 2f31%z|% _
£l NAME MEASUREMENT DESCRIPTION _ OPERATIONOPERATION bos wig J&f<IEISI8)  PROCESSING REQUIRED REMARKS ‘
64/65/[ECG, EEG, EMG Conditions electrophysiological sig- |16 chls -~ | 10 min, 700 & 16 chis 161M {x |x]x|x|x | Dovwnlinking, waveform snalysis, . [Assume 6 high rate,
66 Couplers nals from organisms 24fday | 0.5br 3500 @ i chis 151M ‘ datx compressicn and display. |16 Iow rate chls. -
b £ chls -~ 252K 3i2M :
4/day
166/ 18!5:1:1 Conditioners, | Miscellaneous physical and bjo- Once/min., | — 3 252K |x Downlink, out-of-tolarance determi=- |Agsume 35 chls.
1388/ {Assurted Couplers physical msmts, pressure, temps., | 24 nrs/day nation, display. .
143G/ ! - flows, ete.
1A
778/ ra/Refrig. Monitor tamperatures Once/10 - Negl. 15K x Out-of-tolerance dstermination. -fAzsome 4 chls/El.
81/83 min.
1038
7 Antoanxiyzer Measutes approximately 12 con- 2/day 0.5 100 360K Conversim to conc. valnes.
stituents of blood serutn, Downlink.
TA Auto. Poten. meAnﬂJ Measure 8 properties of blood serem | 2/day 0.5 Negl. 5K Conversion to conc. vAlnas.
: and/or urine. . Downlink.
91 Mass Hpectrometer(2) | Measure mass no. and pesks of trace | - Continuous | 600 2N Ix Downlink. Poszibly some on~bomrd
F contaminsmts and major atmospheric analysis. '
gases.
93  .{Gas Analyzer, Water | Measure resistivity of humidity Onee/min, { - Negl. 7K x Out-of-tolerance dstermination.
Vapor Bpecific Sensors.
18C | Exereisa Equat/Phys. | Monitor Ergometer speed, output, | 2/day 1hr 56 3 chls 14K Downilink, on~board disglay and Assume 4 chls,
Treadmill speed, Assume 4 chls. eantrol. 1 sampls/sec.
182P | Ventilation Unit, Monitor flow, pressures, eto. Ones/min. | -~ Negl. BBK x Out-of-tolerance determination.
Vertebrates
43A | Bioresearch Monitor and control speed, motor - Continuons | 10 BS4K Downlink. On-board display. Assume 10 chis.
Centrifuge current, tempé., balancing, ECS, 24 hr/day . Cantian/warning.
ate.
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APPENDIX ¥
El GSE REQUIREMENTS

“The following tables identify the GSE requirements of the equipment it_.ems'(EIs).“ of
the life sciences common equipment inventory., The El's are grouped according to
equipment units (EU). Spacelab (SL) and principal investigator (PI) equipment is not
evaluated, ' ; : - -
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EI GSE REQUIREMENTS

Servicing " —
Equipment . Auxiliary Bpecial

T
!
|
|
E
8

SL & Pl Els

Shipping Contafrivy

Transportution
Pressurized
Pwr/Environ/
|sum. Simulator
|speatat Matnt,
Alds/Tools
Genaral Toola
Checkout Gages
Lenk Tent

. |Gas
Genural Toat

Equipment
Calibration/
Equipment
Checkout
Inderface
Operations
Post Mission
Oporations

Miseion

Equipment

Liquids
Monitor
Equipment
Checkout

Equipment
Other
Cther
Other

Bpecinl
Handling

Equipment Item
EU 1 VISUAL RECOHRDS + MICROSCOPY
32 Camera, Clne . )
_32A Carers Controller X
33 Camera, Polarotd
38 Camera, 35 MM + Strobe
37 Camera, Video B/W
38 Camera, Video, Color
. 358 Camera Mounts
38D Camera Timer, Video ) i X
T5C Film, Clne
T5F Film, Polarold
76C Film, 35 MM
114F Lamp, Portable Hi Int. Photo
" 116 Log Books
126 Microscope, Compound
. 1263 Micr, Access. Kit, Copad
1MB Paper, Recording
150 Recorder, Strip Chart : X
EU 2 DATA MANAGEMENT

14B Antennas, Assorted x
31 Calculator, Pockat
51 Compater, Digital
S8A Data Mgmt Syst Buses
58A DMS Coatrol + Display Station
658B DME Remote Acquisition Unit .
638 Display Keyboard, Portable X
63C Pisplay, Numeric .
64 ECG Coupler
85 EEG Coupler
68 EMG Coupler
120G Monitor, Video St
- 132 Oscilloscops and Camera
1388 Photocsll Coupler
143G Pressure Coupler
153 Recorder, Volca
156 Signal Conditioners (Couplera)
176 Tape, Video sL
'180 Timer, Event
181D Transducer, Pressurs
182T Video Tape Recorder SL

Maintenance &
Refurbishment

Byuipment
Lahu{

Launch . -
Operationa

" fAutommiatic

L ] nw
L
b
L] Mo M MM MMM AN N

BBRA

L

MoK K N
M MMM MR MMM

™

EU 3 LIFE 8C1, EXPER, SUPPORT TUNIT
1 Aceslerometsr . xix 1. x
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EI GSE REQUIREMENTS

Equipment Item

Special Handliog and

Servicing
Equipment

Checkout and Muintenanee

“Auxiliary

6L & Fi Els
Shipping Contsner
Tranaporiution
Hondling
Equipnmoent
Pressurtized

Guas

Bpecinl

Other

Liquids
Cryo
Monitor
Equipmunt
Checkout
Equipment

Sum, Simulator
Spociil Maint.

Alds/Tools
General Tools

Equipmoent
Pwr/Environ/

Checkout Gases

CaMbration/
- {Leak Toeat

Automatic.
Chockout
{intexface -

Equipmont

Other

Equipment
Othor

. . GSE Equipment

Operations -
Mission

Launch

Operations

Tast Mission
{Operations

Maintonance &

Refurbishitent

1A Accelereometer Coupler
BA Alrflow Work Surface
51F Coolant Loop, Liguid
55A Crew Mobility Aids
55B Crew Restraints
55C Crew Work Station
70C Equipment Restrzint
76] Flowmetar, Gas
93A Gas Supplies
114G Liguid Stor. + Disp, Sys.
1181 Manifold, Vacuum
141A Plumbing
142B Power Cond, Equip.
- 178B Thermocouple Indicator
18TA Waste Storage Device

EU 4 PREPARATION + PRESERV, UNTT

40A Centrifuge, Bld Smpl Processor
.- 44 Chemicals
44A. Chemicals, Radloisot Tracers
70 Electrophoresis Apparatus
7B Freezer, Cryo.
B0 Freczer, Geal
81 Freezer, Lo Temp
83 Frig.
96 Glove Box, Portahle
. 86C Glove Box Liners
103EB Incubatar
105 Kit, Chemical
106 Kit, Hematologh + Urology
108 Kit, Histology
110 Kit, Microbiology
1135A Kit, Dissection
118 Lyophilizer
121 Mass Meas. Device (Macro)
122 Mass Meas, Device (Micro)
126A Microscope, Dissecling
159 Stainitig Syst
179 Temp, Block
188 Work + Surgical Bench

EU 5 BIOCHEM, + BIOPHYS ANAL, UNIT

6 Afr Porticle Sample Collector
7 AutoanmalyZer (Gemsaec)

SL
SL

SL

Pl

EE]

1 54 34 [tieneral Test

L]
"

L

Ed
]

]
LT

WM mW
E - "

W

LR

L -

I R

]

X

Ll ]

Ry 7 s
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EI GSE REQUIREMENTS

11 Annlyzer, Genl. Spectrophot.
15A Atmos. Sampling System
54 Counter, Colony Manual
76L Fibrometer, Blood Clot
87 Gas Analyzer, Infrared
91 Gas Amalyzer, Mass Sec.
83 Gas Amalyzer, RH
138 PH Meter
157 Sound Level Meter
175A Theromcouples
175D Thermomster, Portable Elect.

EU 6 MAINT. REPAIR + FAB. UNIT

48 Cloanar, Vacmun
508 Compactor (Solids)
63A Elsctromster
97C Hadwipes, Betadyne (10 ex.)
108A Kit, Cleanup
109 Kit, Linear Meas,
113 Kit, General Tool
153B Sensors, Assorted
162 Herilizear, Autoclave
185 Sterilizar, Tool
181G Trash Can
185 Multimster

EU 7 ANCILLARY STORAGE UNIT

45 Chemical Storage Cabinet
167TB Storage, Genl.
167C Storage, Film

EU 11 EVA CAPABILITY UNIT

3B Alrlock
158C Spacesuit Test Console
172 Spacesuit

EU 23 INTERNAL CENTRIFUGE UNIT

43A Centrifuge, Life Sc., Research

16D Badges, Radiation {10 ea,)

|

3 oA 3

qEy

{EU 26 RADIOBIOLOGY SUPPORT UNIT

Special Hapdling and Servicing )
Equipment Checkout and Maintenance
il . . .
HE RELIE 3 N M
al 83| - 3 J L{BLlEd|E . w8l NN
- | -~ JElsE '[:g"gEE a! §E us E |3 g
S AT I PRI G O LI R EE ISP R PRI
LB R ERI IR RE R L "'o‘g"'g»sv s5isElEE
Eipment ten 2 |i5| ElEx| 2 |Ba| 3|8 (82|68 55|25\20) ¢ |58[35| 8 |25|35] & |a8)58|BE[35
7A Auto Potentio. Elec, Anal. TED X A A - _
TBD

L]
R
L

L]

]
Mo MM MM MK KM M M |Genernl Tools

TR

El

P




EI GSE REQUIREMENTS

Special Hondling and Servicing e . | Audiiary Special
Transportation Equipment 3

|
]

Shipping Container
Tmns_poﬂnlion
Stim, Stmulator
Bpccial Maint,
Adds/Toola

Leak Toat

Pressurized
[+
Pwr/Environ/
Checkout Gases

Speeinl
Handling
Equipment
‘Other
qui
Other
Monltoy
Equipment
Checkout
# ¥ quipment
Equipment
Calibration/

] Equipment Item
144 C Radiation Detector, Dosir-.
147 Rad. Comnter, Biochem. Sample
149G Rad. Source, Shieldad

Malntenancs &
Refuiblshment

dst 4 1 E1s
Fout Mission’
Oporations

Checkout

{interface
- {Bqdpment

Other
Operations

Equipment
) *q}gel‘

Automatic

Mizsidn

|
|

] ‘General Tools

- {Lawmch
Operations

W Goneral T'est

- 4

EU 12 BIOMED/BEHAV, RES, SUP. UNIT

16B Andiometer
18D Custom Bite Boartda
51D Centro! Console, Experimentar
Electrophys. Backpack
65C Electrophys, Recelver
131E Non-visual Direction Indicator
133 Otolith Test Goggles
144B Psychogalvanometer, GSR
153A Rotuting Litter Chaiv/Cousole X X X

e e
M
4

E]
"

EU 31 BIOMEDICAL RESEARCH SUP, UNIT

én 16F Ballistocardiogram Coupler PI
18C Exercise, Physiocl. Equip.
19D Body Mass Meas. Device
38F Cardicptlmoniary Analyzer

130C Kit, Human Physiology

117 LBNP

139 Plsthysmograph, Limb

140 Phonovibracardiogram Coupler ¥

156F Sonc Cardiogram X
182E Urtne Volume Meas, Systm. X

182) Vectorcard. Coupler

T
5 ng
>
VYRR

MMM MM MMM
MUK MuHMHH

EU 40 SMALL VERT. HOLDING tNIT

28 Cage, Total Metabolic, Rats
30A Cage, Rat, Hampster, Std . .
103 Hold. Unit, Sm. Vert. TRD X X
131J Orb. Frog Otol. Exper. Packape FI

b
»
E

EE ]
AT

1, 40 ALTVISIONQOHITY

EU 4t PRIMATE HOLDING UNIT

1018 Holding Unit, Monkey Pod . TBD
101C Holding Unlt, Primate X X

oo
LR
R
M ox

EU 42 VERT, RESEARCH SUPPORT UNIT

165G Physlol, Multichan, Sens Svs, Pl
114B Kit, Vertebrate Management
114C Kit, Vertrabrate Physiclogy

o

E
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Ei GSE REQUIREMENTS

Equipment Jtem

Special Handling and

g
E

Checkout and Maintenance

Auxiliary
Equjpment

Special
GSE Equipment

BL & Fl Els
Shipping Containcr
Transportation
Pressurized
reneya] Test

Gas

Eyulpmont

Handling
Equipment
Ligquids
Monitor
Equipment
Checkout

Cther
Other

Bpooial

Stim. Simulator

Pwr/ Environ/
Specind Maint.
Alds/Tools

Calibration/
Chockaut Gaans
Lonk Test
Fquipment
Automatic
Checkowt
Intexface
Equipment
Other

Other

Launch
Operations
Mission

Operations
Post Miasion
Operations
Maintonance &
Refurtishment

9-d

1508 Recelver

174 Tank, Vertebrate Water
182P Ventilation Unit, Vert,
182R Vertebrate ECS

EU 50 PLANT HOLDING UNIT

268 Cage, Metabolic Plant

29 Cage, Plant

101 Holding Usdt, Plant

175 ‘Fank, Plant/Invert. Water

El 51 PLANT RESEARCH SUPPORT UNIT

50 Clinostat
111 Kit, Plant Management

131D Molorired Fiant Growth Monitor

EU 60 CELLS/TISSUES HOLDING UNIT

258 Colony Chamber, Sealable
26A Cage, Mctabelle, C/T
98A Holding Unit, lncub,, C/T
187C Woodlawn Wanderer

EU 61 CELLS/TISSUES RES, SUP, UNIT

50A Clinostat {for C/T)
124 Media, Prepared

EU 70 INVERTEBRA'TE HOLDING UNIT
14 Anesthetizer, Invert.
25 <Cage, Invertebrates
98C Hold, Unit, Invertehrates
113A Kit, Invert, Management

EU 80 188 TEST UNIT

115F LSS Test Console
142 Portable L5S

EYU 91 MST MEASUREMENTS UNIT

150 Audio Sterec Hendset
1198 MSI Task Simulator
131H Optiscan - Field + Fixed
144 Psychomotor Perform, Console

=
b

Attached to H. Ul

L]

LR Equipmont
¥ ¥ M % 1General Touls

L ]
L

LR R ]
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suoppetado
uos 190d

Special

suopwIadd
uoleW

GSE Equipment

suapeiad0
yauney

1940/

Equipment

Auxiliary

wowdmbg

aoupra]

Mmoxa3YD
anuuwomy

a0

awdmby
153 L quary

22875 MOYIAD
Fliutiateliial

HlO0], [etaual) L

BIOUL/ADTY
" wadg

aojemug wng
JU0I1AUT ST

Checkout and Maintenance

Juaurdgnbsy
1801, [rIduar)

punimby
meynayn

uawrdinby
Jopusi

M0

EI GSE REQUIREMENTS

Servicing

spbry

Equipment

:1a)
pastInssaLd

IHO

adpnba
HuypreH

uopprodsine g,

Speciat Handling and
Transportation

Zautinuog Jupldpg
{upoadg

S8 kI % IS

Pl
Pl
Pl

Equipment em
176H Taskboard, Force/Torgue
182K Vision Tester

15 Anthropometric Grid

122A Mass, Test, Variable Size
1261 Mobility Unit, Prot. Corridor

EU 93 MOBILITY UNIT

TR TR
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