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Microgravity Measurements Group Meeting #19

Summary

The Microgravity Measurements Group (MGMG) meetings have been held since
1988 to provide a forum for an exchange of information and ideas about various aspects
of microgravity acceleration research in international microgravity research programs.
These meetings are sponsored by the PI Microgravity Services (PIMS) project at the
NASA Glenn Research Center for the NASA Microgravity Research Program and
cooperating international microgravity research programs.

The nineteenth MGMG meeting was held 11-13 July 2000 at the Sheraton Airport
Hotel in Cleveland, Ohio. The forty-four attendees represented NASA, other space
agencies, universities, and commercial companies; eight of the attendees were
international representatives from Japan, Italy, Canada, Russia, and Germany. Twenty-
seven presentations were made on a variety of microgravity environment topics
including the International Space Station (ISS), acceleration measurement and analysis
results, science effects from microgravity accelerations, vibration isolation, free flyer
satellites, ground testing, vehicle characterization, and microgravity outreach and
education. A description of a tour of three microgravity-related facilities is also included
in the minutes.

The meeting agenda is in the minutes and it lists each speaker, the title of their
presentation, and the actual time of their presentation. The minutes also include the
charts for each presentation which indicate the authors’ name(s) and affiliation. In some
cases, a separate written report was submitted and has been included here. The
presentation charts are organized in order of their presentation at MGMG #19.

Mr. Valentin Argakov announced that his office in Samara, Russia had hosted a
European microgravity symposium. In future years, this meeting will be opened to
researchers in other countries. Mr. Agarkov invited MGMG attendees to consider
submitting a paper for consideration at this conference.

GRC Facility Tour

A feature of the meeting was a tour of three facilities of NASA Glenn Research
Center, the 2.2 Second Drop Tower, the Microgravity Emissions Laboratory, and the
Fluids and Combustion Facility engineering models. This tour was arranged so that the
MGMG #19 attendees could become more familiar with these microgravity facilities.

2.2 Second Drop Tower

This facility allows investigators to test experimental packages in a microgravity
environment for a period of 2.2 seconds. It is used extensively by NASA research
scientists as well as university principal investigators. The current focus of the programs
utilizing the facility is in the areas of combustion science and fluid physics. The role of
the Drop Tower in these areas includes the execution of ground-based science programs,
the performance of precursor tests to define space experiment science requirements and
conceptual designs, and the performance of tests for space experiment technology

NASA/CP—2000-210374 1



development and verification. The Drop Tower is an ideal research facility, especially for
exploratory tests, as it is operated at a relatively low cost and investigators participate
directly in experiment build-up and testing. The extensive utilization of the Drop Tower
is evident in the fact that over 19,000 research drops have been performed to date.
Currently about 1800 drops are conducted each year.

The Drop Tower utilizes an experiment/drag shield system for its mode of operation.
Experiments assembled on a drop frame structure are enclosed in a drag shield that has a
high weight-to-frontal area ratio and a low drag coefficient. The drag shield/experiment
assembly is hoisted to the top of the tower and released. The entire assembly falls freely
and unguided in the open environment of the tower. The experiment is isolated from
aerodynamic drag as it is contained within, but not attached to the drag shield. During
the drop, the entire assembly falls 24.1 meters, and the experiment falls freely a distance
of 20 ecm within the drag shield. The package is decelerated in a 10 foot tall air bag.
Battery packs provide on-board power to the experiment. Data is acquired by high speed
motion picture cameras, video cameras, and on-board computers. Normal operations
provide the opportunity for up to 12 drops per day to be performed.

Operational Parameters

* Low gravity duration: 2.2 seconds

* Normal atmosphere with drag shield system
* Acceleration environment: 10 - 104 g
* Deceleration levels: 15 to 30 g’s for several milliseconds

Microgravity Emissions Laboratory (MEL)
The Microgravity Emissions Laboratory (MEL) is an inertial measurement system
capable of characterizing on-orbit disturbers (i.e. equipment/source forcing functions)

from 0.5 Hz to 300 Hz and down to 107 g's. These inertial forcing functions are derived
from a moderate set of bi-axial accelerometers and the measured diagonal mass matrix.
Currently MEL is outfitted to handle equipment along with the associated fixture to 300
Kg (750 Ibm). Improvements are in the works to accommodate ISPR (Space Station/
SPACEHARB) sized racks. This will allow for the handling of 1000 kg racks along with 300
kg isolation fixture as required. The service is provided by the same team that operate
the Structural Dynamics Laboratory (SDL).

The MEL is a developmental facility and the low frequency apparatus is being used
to evaluate the acceleration emissions from various assemblies such as fans, hard drives
and other component-level tests. Currently, the mass limit is 300 Kg (750 Ibm) and the
maximum size is 0.6 m x 0.6 m x 0.6 m (2 ft. x 2 ft. x 2 ft.). The facility noise floor was
established by test in September 1999. Planned modifications to enable rack-level
development testing will raise the mass limit to 900 Kg (2250 Ibm) and increase the
maximum size to 0.9 m x 1.0 m x 2.0 m (3 ft. x 3.5 ft. x 7 ft.).

NASA/CP—2000-210374 2



Fluid and Combustion Facility (FCF) Engineering Models
and U.S. Laboratory Mockup

This Fluids & Combustion Facility (FCF) equipment was fabricated for proof of
concepts and engineering trade off studies during the initial design of the Fluid
Integrated Rack (FIR), the Combustion Integrated Rack (CIR), and the Shared
Accommodations Rack (SAR). The FCF is being developed by the Microgravity Science
Division (MSD) at the NASA Glenn Research Center.

The FCF is a modular, multi-user facility to accommodate microgravity science
experiments on board the US Laboratory Module of the International Space Station. The
FCF will be a permanent facility aboard the ISS, and will be capable of accommodating
up to ten science investigations per year. It will support the sustained systematic
research of the effects of reduced gravity in the areas of fluid physics and combustion
science.

Active rack isolation (ARIS) is integral to all three racks along with electrical power
conversation and distribution, command and data management, image processing,
communication interfaces with the ISS. The FCF will have rack closure doors. The
environmental control subsystems will provide air thermal control, water thermal
control, fire detection and suppression, and a nitrogen gas interface.

The three racks together will provide the physical and functional infrastructure
required to perform combustion science, fluids physics and adjunct science on-board the
ISS.

The facility will be launched incrementally in three separate, integrated racks
beginning in 2001. The first rack launched will be the CIR, the second will be the FIR;
and the third will be the SAR. In 2003, the FCF will be complete with the addition of the
SAR. The FCF in its assembly complete flight configuration will add additional science
experiment capabilities.

Next MGMG Meeting

MGMG #20 will most likely be held in mid-year 2001 at the NASA Glenn Research
Center in Cleveland, Ohio. At that time (according to current schedules), the SAMS-II
and MAMS should be operating on-board the ISS. If possible, acceleration data will be
available in the meeting room to allow demonstration of real-time processing and
analysis. Bjarni Tryggvason offered that the Canadian Space Agency could host a future
MGMG meeting in either Montreal or in Toronto.

The regular topics of sensors, accelerometer systems, analysis results, vibration
isolation, microgravity environment, and science effects will continue to be included.

NASA/CP—2000-210374 3






MGMG #19

Paper Number: 1

Space Acceleration Measurement Systems

William Foster
NASA Glenn Research Center
Cleveland, Ohio

The Space Acceleration Measurement Systems (SAMS) Project develops and deploys
the measurement systems for the Acceleration Measurement Program (AMP). At this
time there are two types of measurement systems available, quasi-steady and vibratory.
Orbital Acceleration Research Experiment (OARE) and Microgravity Acceleration
Measurement System (MAMS) are the current quasi-steady systems available. OARE
has flown numerous times supporting STS missions. MAMS has been delivered to
Kennedy Space Center (KSC) for its deployment on the International Space Station (ISS).
Vibratory measurements have been made and will be made by the Space Acceleration

- Measurement System (SAMS-I) Generation I, Space Acceleration Measurement System
Generation I (SAMS-II), and Space Acceleration Measurement System Free Flyer or
Generation III (SAMS-FF). SAMS-I supported 21 STS missions and has been retired.
SAMS-II will be delivered to KSC to support ISS-6A launch (currently April 19, 2001).
SAMS-FF has replaced SAMS-I in support of STS missions and has been deployed on
sounding rockets, the KC-135 and ground facilities. SAMS-FF hardware shall be
deployed on ISS in the future to provide a more compact solution.

NASA/CP—2000-210374 5
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Glenn Research Center

Acceleration Program at GRC

Chief - Jack Salzman

Microgravity Science Division

Office of Safety and Assurance Microgravity Envirionment Branch
Contacts - William Schoren Chief - David Francisco
Henry Yee Program Manager - David Francisco
Wanda Larosiliere Discipline Scientist - Richard DeLombard

Space Acceleration Measurement Systems
Project (SAMS)
Managers - William Foster, Lead/ISS
Ron Sicker, STS/SR/Grd
William Wagar, OARE/MAMS

Principal Investigator Microgravity
Services (PIMS) Project
Manager - Kevin McPherson
PS - Kenol Jules

“ZIN Technologies
Lead
Carlos Grodsinsky
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SAMS Purpose

Glenn Research Center

* Develop, deploy, and operate acceleration measurement systems to
measure, collect, process, record, and deliver selected acceleration data
to researchers & other customers that require control, monitoring and
characterization of a microgravity environment on platforms such as
drop towers, aircraft, Shuttle, and ISS.
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@  Acceleration Measurement History

 NASA Glenn Systems

— Space Acceleration Measurement System (SAMS)
20 Shuttle Flights, 7 Units (1991 to 1998)
* Measured Acceleration Range: 0.01 to 100 Hz

— Orbital Acceleration Research Experiment (OARE)
8+ Shuttle Flights, 1 Unit (1991 to Present)
* Measured Acceleration Range: DC to 1 Hz

* Microgravity Environment Description Handbook (NASA TM
107486)

 Acceleration Data Stored on Web Server
e Other Systems

— High Resolution Accelerometer Package (HiRAP), JSC/LARC
— 3-Dimensional Microgravity Accelerometer (3DMA), UAH

— Microgravity Measurement Device (MMD), JSC

— Quasi-Steady Acceleration Measurement (QSAM), DLR

— Microgravity Measurement Assembly (MMA), ESTEC/ESA

July 11, 2000 MGMG 2000
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N SAMS Present & Future

* Space Acceleration Measurement System Generation II (SAMS-II)
— Initiated Studies 1992
— Modular expandable system to support ISS
— Initial deployment on ISS-6A, April 19, 2001
— Measured Acceleration Range: 0.01 to 300 Hz
* Microgravity Acceleration Measurement System (MAMS)
— OARE repackaged for ISS
— Deployment on ISS-6A, April 19, 2001
— Measures Acceleration Range: DC to 1 Hz
* Space Acceleration Measurement System Generation III (SAMS-FF)
— Goal to reduce size of the sensor for Sounding Rockets
— Replaced original SAMS on shuttle
— Will be deployed on ISS in the Fluids and Combustlon Facility
 SAMS Generation IV
— Combination of existing systems and upgrades
— Control Unit (CU) for ISS; replaces Interim Control Unit (ICU)

July 11, 2000 MGMG 2000
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ISS Support Overview

Glenn Research Center

e Purpose on ISS

— To measure, collect, process, record, and downlink selected acceleration
and health monitoring data for various microgravity payloads and vehicle
characterization aboard the ISS.

* Components on ISS

— Interim Control Unit (ICU) from 6A to UF-3, Control Unit (CU) thereafter

— Remote Triaxial Sensor (RTS) System (EE + 1 or 2 SE’s)
* Up to Ten RTS Electronics Enclosures (EE’s)
* Up to Two RTS Sensor Enclosures (SE’s) per EE

* Two RTS Drawers for ARIS ICE for 6A - Modified ISIS Drawers containing
one EE and two SE’s (SE’s are normally mounted outside of drawer)

— Microgravity Acceleration Measurement System (MAMS)
— Future deployment of Generation III & IV measurement systems

July 11, 2000 MGMG 2000 7



YLEOTC-000C—dD/VSVYN

el

Glenn Research Center
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SAMS ISS Customers

Glenn Research Center

Microgravity science payloads

ISS Vehicle
Customer and Location Delivery Date
EE #1 to EXPRESS Rack #2 (returned for inspection) 8/1999
EE #5 to EXPRESS Rack #2 7/2000
ICU Drawer to KSC 8/2000
RTS Drawer #1 & #2 to KSC (ARIS-ICE) 10/2000
SE #1 to PCS 12/2000
EE #4 to EXPRESS Rack #3 12/2000*
EE #6 to EXPRESS Rack #7 1/2001*
EE #1 to EXPRESS Rack #8 2/2001*
EE#7 to Microgravity Science Glovebox TBD

* Under Review

Other units to be supplied to the Materials Science Facility, Fluids and
Combustion Facility, and other customers. Delivery dates estimated to be L-
12.

Data services provided by the Principal Investigator Microgravity Services
(PIMS) Project.

MAMS i1s an ISS System and is requested as a resource (iURC)

July 11, 2000 MGMG 2000
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1 1 Rack i+ Rack
] 1 G'IV SE 1 1
| L}
Lo X i
Experiment Experiment Experiment ) MAMS
P . . | | Experiment
' G-Il SE b
G-Il SE : | S G-IV SE : ; G-IV
[ o RTS Brawer ' EE G-IV
Experiment|! ! G-Il _/\D b Control
b E o Unit
__________ I . N [ B SR __________)_____
. 6 G-ll SE &l h
Space Station G-I, I, IV SE G-I, 1lI, IV SE
Downlink
Pl PI PI
Internet
PIMS
Ground Support Pl Pl
"
Space Station Operations
GSE SAMS Notes:
Ground Support 1. G-Il Interim Control Unit (6A to UF-3) has no support
Operations for SE direct connection

2. G-Il Elements available 6A.
3. G-lll Elements available UF-1.
4. Control Unit available UF-3.

July 11, 2000 MGMG 2000
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Glenn Rsarch Center

Description and Initial Deployment
for
International Space Station

July 11, 2000 MGMG 2000
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Remote Triaxial Sensor (RTS) System

Glenn Research Center

Components

. Physical Préﬁértles: 9.1inx 9.3 in. x 4.7
in. & 11.0 LB

» PC/104 card stack (CPU, Ethernet, A/D,
Control, Interface(2))

.+ Mil-g converters & EMI Filter

 Sensor ) |

« Physical Properties: 5.6
m &2.5LB

« Pendulous servo accelerometers (3 QA-
3000/3100 units)

» Temp compensation (in QA-3000/3100s)
* Alignment- orthogonality 0.1°; to base 0.5°
» Delta Sigma 24 bit A/D Converter per axis
- — Custom Interface Cable (EE to SE’s)
Slave to Interim Control Unit (ICU)

in X 4.0 in. X 3.5

Shipments
Sends data to ICU across Ethernet P Shipped - EE 122-FO1 EXPRESS #2

Measures, digitizes, & compensates 7/17/2000 - EE 122-F05 EXPRESS #2
11/15/2000 - SE 121-F06 to PCS (6A)

acceleration data (0.01 to 300 Hz)
Dynamic Range: 130 dB (0.1 pg to 1g) ggfggstg 2/2000 - EE 122-F04, F06, FO1

Selectable Frequency Ranges: 300, 200, 100,
50,25 Hz
EE mounts in racks, SE on payloads

July 11, 2000 MGMG 2000 12
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Glenn Research Center

 Components

» FEthernet connection, 28 Volt Power
* 1 SE can be operated in drawer
* Both SE’s can be mounted external

e (Can be moved to any Rack with a
powered ISIS/CIR Drawer Slot

*  On-orbit change-out of components

« Shipments
10/16/2000 - RTS Drawer 314-FD01&FD02 (6A)

Modified ISIS Drawer
RTS System

2 Sensor Enclosure (SE)
Fan Assembly (Spare in stowage)
Switch/breaker box
Cables

July 11,2000 MGMG 2000 13
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Glenn Research Center

*  Components

Modified ISIS Drawer

ISS Portable Computer System (PCS)

Spare in PCS pool
IBM 760XD, two 3GB hard drive
Certified by JSC ISS PCS
Power Control Box (PCB)
Power conditioning (+20,+16.5,+5)
Battery charging
Health monitoring circuitry
Spare in stowage
Circuit Breaker box
Fan Assembly (Spare in stowage)
Temperature Sensors

Spare hard drive w/flight software

* Ethernet connection, 28 Volt Power

e Acquires data from Electronic
Enclosure (EE)

* Downlinks data, Receives uplink
commands

*  On-orbit change-out of components

«  Shipments
7/31/2000 - ICU 171-FDO1 (6A)

July 11, 2000

Interim Control Unit (ICU)

MGMG 2000
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Glenn Research Center

Interim Control Unit (ICU) Capability

« PCS Laptop mounted on a slide out
drawer for astronaut access

— Approved crew displays
— Crew configures EE’s with laptop
— New system software loads

* Supports 20 triaxial sensors @ 300
Hz

« Stores approx. 4 hours of data
« Downlinks data

« Receives ground commands to
control distributed Ethernet sensors

« ISS-6A to UF-3, Control Unit (CU)
thereafter

July 11,2000 MGMG 2000 =
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Glenn Research Center System (MAMS)

Microgravity Acceleration Measurement

« Components & Capabilities : B e viro o5 |

— Miniature Electro-Static Accelerometerfll gt
(MESA) ey

— Bias Calibration Table Assembly
(BCTA)

e Double Middeck Locker (EXPRESS Rack)
e Shipments: 5/2000 - ISS 6A

Frequency Range: DC to 1 Hz
Resolution of 3 x 10 g.

Electro-statically suspended, beryllium, s
cylindrical proof-mass which is kept
centered within an outer “cage” throug
the use of forcing electrodes.

Forcing voltage required to keep
cylinder centered is proportional to
outer cage acceleration.

measurement of the sensor bias.

Sensor bias: electro-static charge build-
up & temp. gradients on beryllium
cylinder proof-mass.

Correcting acceleration data for bias
results in an expected accuracy of
approximately 50 x 10 g.

July 11, 2000

MGMG 2000 16
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for 6A Flight Configuration

nnnnnnn

o
TR

',

MAMS

35

=3

s
=g

2

TR

RACK 1 REF

a3

oyt
s

RTS Drawers

SAMS in EXPRESS Racks No.1 & 2

July 11, 2000 MGMG 2000
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Glenn Research Center

e July 10-14
e July 13

« July 14

o July 17

o July 17

e July 17-19
e July 20-21

e July 28

o July 31

* August7

*  October 16
«  October 25
 November

 November

 December

SAMS-II System Schedule Highlights

Vibration Test of ICU, RTS Drawers

Phase III Flight Safety Review (ICU/RTS Drawers)
Executive PSR for EE 121-F04 & F05

Engineering PSR - Formal Presentation

Ship EE 122-F05 to EXPRESS

Thermal Test of ICU, RTS Drawers, Spares
System Load Test (some operations during thermal test)
Executive PSR for ISS-6A Hardware & Software
ICU ship to KSC

Turnover ICU for integrated testing

RTS Drawers, SE 121-F06, ICU software to KSC
All above turnover, ISS-6A

PTCS Testing

SE’s returned for final calibration

Spares and SE’s ship for stowage in MPLM

 Aprl 19,2001 Launch ISS-6A

July 11, 2000

MGMG 2000 18
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Glenn Reseach Center

SAMS ISS Traffic Model

Increments 2 3 3 4

Flights|  6A 7A.1 UF-1 UF-2 UF-3 UF-5 17A HTV2 UF-6
System Components Available 4/19/2001 {6/21/2001 | 8/23/2001]1/17/2002]10/16/2003 | 6/24/2004 | 1/20/2005 7/15/2005
MAMS ER #1 ER #4 ER #4 ER #4 ER #4
Interim Control Unit ER #2 ER #1 ER #1 ER #1 Down
RTS Drawer 314-F01 (EE 122-F02) ER #1 ER #1 ER #1 ER #1 ER #1
Sensor Enclosure 121-F02 ARIS-ICE MSG? Down
Sensor Enclosure 121-F03 ARIS-ICE Down
RTS Drawer 314-F02 (EE 122-F03) ER #1 ER #4 ER #4 ER #4 ER #4
Sensor Enclosure 121-F02 ARIS-ICE Down
Sensor Enclosure 121-F03 PIMS Down
Sensor Enclosure 121-F06 PCS PCS PCS Down
Electronics Enclosure 122-F05 ER #2 ER #2 ER #2 ER #2 ER #2 ER #2 ER #2 ER #2 ER #2
Electronics Enclosure 122-F04 ER #3 ER #3 ER #3 ER #3 ER #3 ER #3
Electronics Enclosure 122-F06 ER#7 ER#7 ER#7
Electronics Enclosure 122-F01 ER#8 ER#8 ER#8
Electronics Enclosure 122-F07 MSG? MSG? Down
Sensor Enclosure 121-F01 MSG? MSG? Down
Electronics Enclosure 122-F08 MSRR MSRR MSRR MSRR MSRR
Sensor Enclosure 121-F07 MSRR MSRR MSRR MSRR Down
Triaxial Sensor Head -001 CIR CIR CIR CIR Down
Triaxial Sensor Head -002 FIR FIR FIR FIR
Triaxial Sensor Head -003 CIR
Triaxial Sensor Head -e001 MSG MSG MSG MSG Down
Triaxial Sensor Head -013 LTMPF | LTMPF
Triaxial Sensor Head -014 LTMPF | LTMPF
Control Unit -001 ER #1 ER #1 ER #1 ER #1 ER #1
ER = EXPRESS Rack
PCS = Physics of Colloids in Space
ARIS ICE = ARIS Initial Characterization Experiment

July 11, 2000 MGMG 2000 19
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N Contact Information

* NASA Glenn Research Center
William (Bill) Foster II - SAMS Project Manager
216-433-2368
W.M.Foster(@grc.nasa.gov

» ZIN Technologies
Carlos Grodsinsky - Acceleration Program Lead
216-977-0316
Carlos.M.Grodsinsky@grc.nasa.gov

John Heese - SAMS Lead
216-977-0418
John.A.Heese@grc.nasa.gov

July 11, 2000 MGMG 2000
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Paper Number: 2

Microgravity Acceleration Measurement System
(MAMS) flight configuration verification and status

William Wagar
NASA Glenn Research Center
Cleveland, Ohio

James Fox
Canopus Systems
Ann Arbor, Michigan

The Microgravity Acceleration Measurement System (MAMS) is a precision
spaceflight instrument designed to measure and characterize the microgravity
environment existing in the US Lab Module of the International Space Station. Both
vibratory and quasi-steady triaxial acceleration data are acquired and provided to an
Ethernet data link. The MAMS Double Mid-Deck Locker (DMDL) EXPRESS Rack
payload meets all the ISS IDD and ICD interface requirements as discussed in the paper
which also presents flight configuration illustrations. The overall MAMS sensor and data
acquisition performance and verification data are presented in addition to a discussion
of the Command and Data Handling features implemented via the ISS downlink and the
GRC Telescience Center displays.

NASA/CP—2000-210374 27



YLEOTC-000C—dD/VSVYN

8¢C

'MAMS Presentation

Canopus Systems

Microgravity Acceleration Measurement System (MAMS)
ISS Flight Configuration Verification and Status

Presentation to Microgravity Measurement Group Meeting #19
Cleveland, OH 11 July, 2000

By: James C. Fox
MAMS Program Manager
Canopus Systems Inc.

and William O. Wagar
OARE/MAMS Project Manager
NASA Glenn Research Center
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MAMS Mission

B The mission of the Microgravity Acceleration
Measurement System (MAMS) is to measure and
report vibratory (>1Hz) and quasi-steady acceleration
(<1Hz) within the United States Laboratory Module on
the International Space Station.

m MAMS acceleration data will be utilized in the following
scientific investigations:
® Microgravity Environment Verification
® Low-Frequency Vehicle Dynamics Analysis

® Combustion, Fluid Physics and Materials Microgravity Science
Experiments

® Attitude Control System Analysis
® Atmospheric Drag Estimation
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SS Microgravity Acceleration Measurement @(——
System (MAMS) Functional Requirements

Canopus Systems

MAMS Shall Measure:

Unisolated vibratory and quasi-steady accelerations at its installed
EXPRESS Rack location within the US Laboratory module

Quasi-steady accelerations in three orthogonal MESA sensor
input axes, with an accuracy and resolution of 100 nano-g or
better from the orbital rate to 1.0 Hz

Vibratory accelerations in three orthogonal HIRAP sensing input
axes, with an accuracy and resolution of 1/10th of the magnitude
or one microgravity, whichever is greater, of the Space Station
system acceleration limits from 0.01 Hz to 100 Hz (bandwidth
change, PDR version 300 Hz)

MAMS shall make available, when commanded, the vibratory and
quasi-steady acceleration environment measurements to the Rack
Interface Controller (RIC) along with the required Health and
Status data (per IDD requirements)
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HIRAP

Canopus Systems

Motor
Controllers

MOIS: MAMS OARE Interface Subsystem

f&_) Vibratory Triaxial Signal Voltages
v Triaxial
nput  —> HSKP Dat
Accelratons  Azv S| Accelerometer f—LSKP Data
MOIS
Control,
Status
0SS (via DIF) v V
Axa . Analog commands ! Ethernet
- VX, Vv, Vz ' 1
o o B P T gl B
Input gita ADC, Data !
Accelorations . AZa Accelerometer Conversion Dx, Dy, Dz Storage ;
—— GSE
mechanical link : 1 Interface
L MPCS
T A - - T
; BCTA ' control/status
. ' +-35 +28 +-15 +5
! Dual
| Gimbal 4\ $ $ 4\
' Table Power
| Converter [€—— E;(:.(RESS
| IGT Toe Subsystem Pow er (28 VDC)
; : PCS
l
]
I
1

1Bias Calibration

ITable Assemby

MPCS:
OSS:
OARE:

MAMS Process Control Subsystem
OARE Sensor Subsystem
Orbital Acceleration Research Experiment
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MAMS Calibrated Data Performance N
Reuirements

i Canopus Systems
. Parameters
Quasi-Steady Data (OSS MESA) X-axis Y.Z Axes
] C Range Resolution 3.05 nano-g 4.6 nano-g
C Range Accuracy + 100 nano-g + 150 nano-g
C Range Full Scale + 100 micro-g + 150 micro-g
B Range Full Scale + 1.0 milli-g + 1.97 milli-g
A Range Full Scale + 10 milli-g + 25 milli-g
Pre-Sample Filter Bandwidth 10" to 1.0 Hz
Maximum Data Rate 1.0 Kbps
Input Axis Alignment to Reference + 20 arc minutes
IA Positioning Accuracy 5 arc minutes
Bias Temperature Coefficient 0.05 pg/oC
Vibratory Data (HIRAP)
Resolution and Accuracy (DSP output) + 1.0 micro-g (+ 10° g)
Full Scale Dynamic Range + 16 milli-g (+ 16x107°g)
Pre-Sample Filter Bandwidth 10 to 100 Hz
Maximum Data Rate 52 Kbps
Input Axis Alignment to Reference + 10 arc minutes
Bias Temperature Coefficient (Max) 10 pg/°C
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mechanical link

Canopus Systems
g g s s et
. MPCS !
|
|
! 486 '
]
r""'""'__l P - - - - - = | BUS ;
| 1
| BCTA || MOIS l MEMORY ;
| | 116bit| 16 Mbytes ,
vxa | * ETHERNET
Am“——)l Vo ng;” XS 16 it K—>{INTERFACER'—> RIC
Aa 1yl 0SS [{Vvalyl - ey ADC [ UNIVERSAL |
AZQ_J_a ‘_’__»VZQ ':"}:zr VzF ) MUX ' : : ;
|l — — — . ; .
6 pole | 16 bit |
Bessel I Digital :
Filters I, 16 bit |
—— e — — , ADC/MUX  |[HIRA '
* Unfiltered Vxur, VYUF, VzuF . Data |
also available to dow nlink I !
' !
Vv ]
Axv '_—) v \ ) Low Pass Interleav ed Serial |
W ! Filte 0SS Data @ 1 Kbps '
AV > HIRAP Vo ' > 10'0 |.r,z and HIRAP Data @ 50 Kbps |
A > > '
' 8 pole Butterworth |
| Filters !
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Canopus Systems
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MAMS Lower Subplate Assembly
(OG 0°, IG 0°)

&

Canopus Systems
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MAMS Lower Subplate Assembly

(0G 0°, IG 90°)

&

| Canopus Systems
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(IMAMS Lower Subplate Assembly

(OG 180°, IG 90°)

Canopus Systems
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Spare OSS LRU

Canopus Systems
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"Miniature ElectroStatic
L Accelerometer

Canopus Systems
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Quasi-Steady (OSS) Acceleration ®:'<—-
Channels Characterization Data

Canopus Systems

OSS MESA Triaxial Accelerometer C-Range Scale
Factors vs. Operating Temperature

OSS MESA Triaxial Accelerometer Bias at Ambient
Temperature

OSS Anti-Aliasing (Bessel) Filter Frequency
Response

OSS X Axis ADC Noise Count Histogram
OSS Triaxial ADC Noise Count Summary
OSS X Axis ADC Counts vs. Time, 1 Hz. Input

OSS X Axis Acceleration vs. 1 Hz. Sensor Output
Voltage
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FULL SCALE IN MICRO-Gs

Canopus Systems

FULL SCALE FOR VARIOUS AXES FOR C-RANGE FOR OSS S/N 2

ZFS = -0.0018x? + 0.1398x + 145.79

150 : R? = 0.9889
145 +
140 -+ YFS-=-0.0005¢"-0.0405x-+-148.68
135 | — & XAXS
130 e YAXS

- — @ 7ZAXS
125 T e Poly. (X-AXS)
120 5 ————— Poly. (Y-AXS)
115 + — -Poly. (Z-AXIS)
110 g XFS = 0.0009x2 - 0.1757x + 111.87

: e~ R?=0.9752
105 ; e R — n
100 e

0 20 40 60 80 100 120 140

NOMINAL TEMPERATURE F
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0SS S/N 02 Bias Measurements

Date: 9/96 7/99 8/99
XA +41 +12.5 +18.5
XB +39
Xc +39
Ya -49 58 +5
Ys +175
Yc +144
Za +154 -192 -207
Zp +12
Zc +18

Canopus Systems

Bias Data Measurements in ug at ambient temperature
on Leitz Dividing Head
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‘OSS Bessel Filter Frequency Response

Canopus Systems

OSS LPF Output Voltage
Vin = 20.0V, all channels)

Freaquency (Hz)
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Canopus Systems
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MAMS System Noise Measurements
Acceleration
Axis | ADC counts | ADC volts (A range)
0SS X 32763 -1.53mV -1.53Mg
OSS Y 327764 -1.22mV -3.05Mg
0SS Z 327764 -1.22mV -3.05Mg

nopus Syst,
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Canopus Systems
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OSS X-Axis Acceleration vs. 1 Hz
Sensor Output Voltage

gy 2

Acceleration - Range A (ug)

8000
Input Voltage (volts)
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OSS Cylindrical (X Axis) Sensor N
Misalignment Error Check

Canopus Systems

Mechanical Misalignment Error Sources
® X Input Axis Angle w.r. to OSS Base 2.3 arc minutes (measured)
® OSS Base to BCTA Base (Gimbal Skew Tolerance) 5.0 arc min.
® BCTA Base to DMDL Base (Subplate Flatness Spec) 5.9 arc min
B Allowable RSS Mechanical Error 7.9 arc min.
® RSS Mechanical Error Limit in 1 G Field (290 pg/arc min) = 2290 ug
m Spot Check: 180° Rotation of X Axis with Leveled DMDL Base = 1200 pg
Output Change
m Gimbal Rotation Position Check Measurements
® OG Rotation to Hard Stop @ 273,850 microsteps (42,785 encoder cts.) = 180.027 deg.
® IG Rotation to Hard Stop @ 71,234 microsteps (11,118 encoder cts.) = 89.999 deg.

m Data Histograms Summary:
1. X Axis Mean Acceleration, BCTA @ 0°, 0°: -3 ug
2. X Axis Mean Acceleration, BCTA @ 180°, 0°: 1197 ug ~A O/P = 1200 pg
3. X Axis Mean Acceleration, BCTA @ 180°, 90°: 1122 ug
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Canopus Systems

201 samples

peak of 145, at -2
mean is -3
median is -2
rangeis -5to 1

—_
o
o

# of occurrences

N
o

Mg Acceleration
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X Axis Acceleration Count Histogram, &

BCTA at 130°, 0°

# of occurrences

Canopus Systems
120 T T T T T T
201 samples
peak of 108, at 1197
100+ mean is 1197 _

0
1194 1195 1196 1197 1198
g Acceleration

median is 1198
range is 1194 to 1201

1199 1200 1201
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X Axis Acceleration Count Histogram,
BCTA at 180°, 90°

Canopus Systems
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peak of 98, at 1122
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Canopus Systems

HIRAP Flight Unit Photo
HIRAP Measured Sensor Calibration Data

HIRAP Sensor Butterworth Low Pass Filter
Response

HIRAP X Axis ADC Noise Count
Histogram
HIRAP ADC Noise Count Summary

HIRAP X Axis ADC Counts vs. Time, 100
-z Input

HIRAP X Axis Acceleration vs. Sensor
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Canopus Systems

Sensor Anti-Aliasing Filter RMS

s Resolution Scale Factor Bias Output Butterworth Output Noise
Bandwidth Filter Bandwidth (Random)
0499 -1.60167 mili-g -0.145 mili-g 159 Hz 100 Hz 113 g
volt
049 g +1.5926 mili-g -0.639 mili-g 159 Hz 100 Hz 57 ug
volt
0.49 u,g -1.6080 milli-g -1.360 mili-g 159 Hz 100 Hz 85 ug

volt
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Canopus Systems

MAMS System Noise Measurements

Axis ADC counts | ADC volts | Acceleration
HiRAP X 9 +2.7mV +0.004mg
HiRAP Y 12 to 13 +3.7mV +0.006mg
HiRAP Z 14 to 15 +4.3mV +0.007mg
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RAP X-axis, ADC Counts vs. Time S

i o

Canopus Systems
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X-Axis Acceleration vs. X
Sensor Output Voltage, 100 Hz Input

Acceleration (mg)

45
Input Voltage (volts)
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MAMS FRONT INSIDE VIE

Canopus Systems
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Canopus Systems

B Nominal Unattended Operations with
Minimal Ground Operator Intervention

® Automatic startup when power is applied via the
EXPRESS RIC

B System boots up and waits for TCP/IP Ethernet
connection from the client

B After socket connects, MAMS requests RIC time and
initiates message and data transmission
® Nominal and Default operation control provided
by adaptation parameters

® Operator command override provided to modify
operational modes
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Canopus Systems

B OARE Acceleration Data

® 3 axes at 10 samples per second

B HIRAP Acceleration Data

® 3 axes at 1000 samples per second

B Payload Health and Status Data at 1 Hz

B General Housekeeping and Time Stamp
Status sent at Science Data Rates
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MAMS Required Communication 3
Functions

5 LY 8

Canopus Systems

m Ethernet per Payload/RIC Interface, IDD
Table 11-11

® Complies with ANSI/IEEE-STD-802.3 and
TCP/1P, v4

m Commands routed from UOF to RIC to
MAMS

m Data transmitted from MAMS to RIC to UOF

m Health and Status Data to RIC per IDD Table
11-XXIII

m Adaptation Parameter Upload Capability
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‘MAMS Messages and Telemetry Data

SF

Canopus Systems

MAMS Message Type

Description and EXPRESS Secondary
Header Telemetry Data Type %

Approximate Required
Ethernet Trans. Rate
including ER headers
(bits per second)

1. Payload Health/Status
Message to ISS

Required MAMS Health and Status
Message sent every second. None.

304 bps, sent every
second

Acceleration Measurements

10 samples per second plus
ancillary data, either filtered
or unfiltered. Data type 3.

2. Error & State Message Text Messages which describe 0.1 bps

(Text Message) command responses, operating
errors,warnings and diagnostics.
Data type 2.

3. Status/Housekeeping Housekeeping, Time Correlation, 0.8 bps
and Status. Data type 4.

4, 0SS Near-Real-Time 0SS Acceleration Measurements at 543 bps

5. 0SS Stored Acceleration

0SS Acceleration Measurements and

543 bps, For dump,

Measurements

Data type 1.

Measurements ancillary data--stored Near-Real- | rate can be
Time data, either filtered or controlled from 1 to
unfiltered. Data type 5. 200 kbps
6. HiRAP Raw Acceleration HiRAP Acceleration Measurements. 50 kbps

7. MAMS Parameter List
Series of text messages

Current Operational Adaptation
Parameters. Data type 2.

not applicable

« Message Types 2-7 transmission can be modified via commands (and adaptation parameters)
* Express Secondary Header Telemetry Data Type per IDD Table 11-VI
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MAMS Health and Status Message

Canopus Systems

The MAMS Health and Status Message (not including the
synch word, nor the EXPRESS Primary Header).

ECW Word (Reserved Word 1)

HiRAP X Temperature

HiRAP Y Temperature

HiRAP Z Temperature

BCTA Current

OSS Instrument Temperature(low byte)

0SS Instrument Temp (high byte)

OSS Base Temperature (low byte)

0SS Base Temperature (high byte)

MPCS1 Temperature (low byte)

MPCS1 Temperature (high byte)

MOIS Temperature (low byte)

MOIS Temperature (high byte)

Power Supply Temperature

System Current

Outer Gimbal Temgerature

Front Panel Temperature
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MAMS Command Types

Canopus Systems
DATA TRANSMISSION DATA THROTTLING FAN CONTROL
COMMANDS COMMAND COMMANDS
1a | Send Real-Time OSS Data to 8 | Set Maximum Data 20a | Turn Fan ON
UOF Transmission Rate from Stored
Acceleration Buffer
1b | Do Not Send Real-Time OSS BIAS CALIBRATION 20b | Turn Fan OFF
Data COMMANDS
2a | Store Real-Time OSS Data
2b | Do not Store Real-Time OSS 9 | Reset
Data NUMBER_BIAS_RANGES
Parameter (This parameter B%?MF;MQSJEQ N
controls the bias calibration
sequence after one has been
requested.)
3a | Send Stored Real-Time OSS 10 | Reset BIAS_PERIOD 21a | Move Inner Gimbal to Std.
Data Parameter (in minutes) (This Pos.
parameter controls when a bias
calibration is scheduled)
3b | Stop Sending Stored Real-Time OSS DATA SELECTION 21b | Move Outer Gimbal to
OSS Data COMMANDS Opp. Pos.
4a | Send HIiRAP Data 11a | Select OSS AFSD acceleration 21c | Move Inner Gimbal to
data for use Opp. Pos.
4b | Do Not Send HiRAP Data 11b | Select OSS Raw (unfiltered) 21d | Move Outer Gimbal to
acceleration data for use. Std. Pos.
5 | Reset 12 | Set Minimum OSS Range
Status_Housekeeping_Period. (in (Axis, Range)
minutes) (This parameter controls
when a Status/Housekeeping
Packet (SHP) is sent as Backup )
6 | Set Error/Status (Text Message) 22 | Create New Adaptation
Transmission State (on/off and Parameter File
level); Messages will not be GLOBAL RESET COMMAND
buffered if not sent.
7 | Send Adaptation Parameter List 13 | Reset MPCS
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Canopus Systems

m Ethernet connection/reconnection
B Time Stamping
B OSS ranging on each accelerometer axis

m Proofmass capture in event of Loss of
constrainment

m Bias Calibration and Bias Calibration Table
Control (Includes Backup BCTA Control Mode
via Adaptation Parameter)

B Message Formatting




Canopus Systems

MAMS FLIGHT CONFIGURATION

NASA/CP—2000-210374 67
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MGMG #19

Paper Number: 3

SAMS-FF: One system, many missions

Thomas Kacpura
ZIN Technologies
Brook Park, Ohio

The SAMS-FF system was developed as a flexible, modular system. The advantages
of this configuration are that the basic platform can easily be adapted for specific mission
requirements without having to redesign the complete system each time. Mission-
specific hardware has designed and operated for a variety of different missions, from
ground-based platforms including drop towers and reduced gravity parabolic aircraft,
to sounding rockets and the space shuttle. This presentation will describe the hardware
and mission results of several of the missions supported by SAMS-FF in the last year.

NASA/CP—2000-210374 71



YLEOTC-000C—dD/VSVN

L

SAMS-FF:
One System, Many Missions

Prepared by:
Tom Kacpura
Ron Sicker

Dale Mortensen

19th International MicroGravity
Measurements Group

(MGMG) Meeting
Tuesday, July 11, 2000
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Introduction

* The SAMS-FF system was developed as a flexible,
modular system. The basic platform can be easily adapted

for specific mission requirements without having to
redesign the entire system.

* The SAMS-FF system has been configured and operated
for a variety of different missions, from ground-based
platforms including drop towers and reduced gravity

parabolic aircraft, to sounding rockets and the Space
Shuttle.

* This presentation describes the hardware configurations
and mission results of SAMS-FF over the last year.
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Component Specifications

Description

Measured
Quantity
Dimensions
(Lx Wx H)
Weight, 1bs.
Power (W)
Interface

Bandwidth

Maximum Scale
Resolution

fory
3 QA-3100
Accelerometers
(Allied Signal)

Acceleration
2.9°x2.97x 2.8”

1.1
1.6
RS-422

dc to 200 Hz
Selectable
1.25¢
0.1 ug
(sensor spec)

PC/104 Cards:

CPU, I/O, Serial,
Data Storage
(solid state or

rotational)

5.37x5.37x5”

5
10

RS-232 (to GSE) |
RS-422 (to TM) |

Fiber Optic
Gyroscope
(Fibersense)

Roll Rate

3.8”7x 4.4”x3.0” Gyro
4.87x5.0”x2.2” Intf.
3.75
7 nom. (temp dep)
RS-232

10 Hz Sampling

190°/sec
0.1 arc-sec (LSB)
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Standalone TSH

The TSH can be used “stand-alone”

(without SAMS-FF CDU)
— Power: +/- 15VDC, 1.65W
— Digital data output and control through
standard RS-422 serial interface
Most payloads have a control
computer

— Connect TSH, add power, and install
software

— [Easy to use where space is a premium

— Easy to synchronize data with other
payload sensors

Missions Supported 11 SAMS-FF TSHs are being built for integration in
— FCF the GRC Fluids and Combustion Facility that is being
— ugSEG (KC-135 flight) designed and fabricated for flight on the International

Space Station.
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SAMS-FF on STS-107
Shuttle Mission (6/01)

Highlights:

e Acceleration and Roll-Rate
measurements SAMS-FF Control & Data Unit (CDU)

* Downlink for real-time data display of

selected sensors
caneng | SPACENAD Aft Bulkhead (

Triaxial Sensor Head |
Mounted in CM2 .

Triaxial Sensor Head
Forward Bulkhead :

Triaxial Sensor Head (TSH)
FiberOptic Gyroscope (FOG)
Co-located behind MGM =
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SAMS-FF STS-107
Checkout Flight on the KC-135

SAMS-FF KC-135 STS-107 System Checkout Configuration - A

 Flew system on the KC-

135 parabolic aircraft to:
— Verify operation in low-g setting

— Exercise system from hardware
integration and operation

through data processing

e Flew all components of

the STS-107 mission:
- ‘ChU

_ 3TSHs

= FOG

LCD Display

1o aircraft power

FOG Cenfroffer

SAMS-FF STS-107 System Mounted in KC-135
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PARS:
Parabolic Aircraft Rating System

e Need:

— A concise and timely way of

e SAMS-FF Configuration

informing both experimenters
and crew of the “quality” of
parabolas flown

1 TSH
1 CDU (laptop PC)
Battery Box (power to TSH)
50 Hz sampling rate (BW (-3dB)=13.1 Hz)
Intelligent data gathering
* only records data below 0.7g
e makes parabola identification easy

e focuses on conditions of most
interest
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PARS:
Parabolic Aircraft Rating System

A 1=>10 scale rating based on
statistical analysis by KC-135

personnel of historical g-data.

SAMS-FF constantly monitors the {

g-environment.

Records each parabola in separate
data files

Computes rating immediately
following each parabola

Rating displayed on screen and
recorded in file for later printing

Individual parabola data can be

-provided post flight upon request

for further evaluation

\

\
AN

L — e

3 sec :-_J ﬁ: 3 sec
B quality "g-time”

Time

@ find 0.4 and 0.2 crossing points
@ determine O-intercept points of these lines
© offset by 3 seconds to avoid entry/exit noise

O determine rating based on g RMS over the
quality period.




YLEOTC-000C—dD/VSVN

08

Supporting the
Spread Across Liquids

(SAL) Experiment

e KC-135 Flights:
o 4/26-30/99 & 6/14-18/99

e A free-float rig with
one TSH and a CDU

"SA” rsee Ffoar r.'g aboard-KG1385

-0005 SRR
6.62 9.62 1062 1162 1262 13.62 1462 .

\JWH
0010 W

s

>

o

-r N M/
0.005

—PARS

! . ﬁr}}f
0.000 +- = W ,\f

Time

SAL freefloat vs. PARS boltdown
quality low-g time Parabola #1 4/30/99
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KC-135 Platforms
in Support of Microscale Heaters

* Reflight of hardware used on 41.020

Yo ————

-------

___Telemetry/GSE
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Terrier-Orion Sounding
Rocket Mission Results-TSH

General: The SAMS-FF sensors consisted of a TSH and a FOG. Total time for TSH acceleration measurements was 277seconds.

TSH Data: Data has appearance of noise floor data, with maximum amplitude of 2.7 ug . PSD has no significant peaks, and noise
floor is near 1014 Head SAMS. PR, 100 s

= 200 samples per second

Terrler-Orion Mission

MSH - Terrier Orion Mission: Final Period During Descent SAMS-FF Coordinates

BW=0.1953 Hz 10.245 seconds
x10”° MET Start 00:04:53.931 - Powet Spectral Density (Hanning, k - 2)
4 . . . : \ ! . . , . 10 . ! : ! | . . .
-10
2 107 :
=2 ﬁ 12
2 §,0 Fwo .
* 83 3
P 8 T
-é b 107" ] L
: =
| -t
g 16
@ -4 — . , L 10 ; —_—————
-5
x 10
+Z 4 . . 10°
+Y
+X TSH ) 10_1u~
: ~~
3 2
2o i : =0
_ : i &
2 s ' o
I
Foe 2 is o
=4
3 1 ga
~-16
-4 — — L5z 10 : —_—
x10”° -
4 . . . . X . 10 . \ . . . . .
2 e m ‘ 107 L
A | ‘_1 i ) I A n —
g LU L | £
) R Bt L
< i ol L, =@ 3
o E R ARRNRAN I8 ‘ I“J”“‘ 29 ‘
| Y3 ™
| @ - 14
-2 g S 10
’gf
i5
B s 107" —
o 1t 2 3 4 S 6 7 & 8 10 0 10 20 30 40 50 6 70 8 9 100

Time (sec) Frequency (Hz)

HATTAN -2 -200 D50 g
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Terrier-Orion Sounding

Rocket Mission Results-FOG

Approximately 16 degrees of roll were experienced during the ug portion of the flight.

g:ﬁdoggtgples per second MET Start at 00:01:03.926 FO %?36;'3{‘&’3
-100 1 | FOG Dlsplacqment Record | .
’ﬁ‘ -150 - -
P
=
5 200 - i
=
-250 : : | ' :
0 0 100 150 200 250 300
Time (sec)
400 L 1 L 1 1
~ 300 L
g
g 200 — i
=
= 100 - .
0 1 I T I I
0 50 100 150 200 250 300
-310 | i Tlmel(sec) | |
. —320 + i
g -330 — i
E 340
K
-350 — n
-360 y , | : |
0 50 100 150 200 250 300

Time (sec)

MATIAB: 27~ ~2000,1033 i
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Terrier-Orion
Sounding Rocket (Fight 41.020)

» First flight of a new class of
sounding rocket
— 14” diameter

— Payload weight including SAMS-
FF and Microscale heaters was
approx 469 lbs

— pg time (180-220 seconds)

— Flown at WFF (water recovery)
e SAMS-FF mission goals

— Characterize acceleration
environment of vehicle during pg
period

— Support Microscale heaters
experiment

— Implement downlink for real-time
data display
— Payload available to support

refli ghtS with minor expense SAMS-FF System Flown on Terrier-Orion Sounding
Rocket Flight 41.020 on December 17, 1999.
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2.2 Second Drop Tower
Characterization

e Performed an initial
characterization of the
acceleration environment of

the NASA GRC 2.2 Second
Drop Tower |

e System consisted of a CDU
(RTD) and TSH

e Support week of drops
— Check acceleration levels

— Confirm system operation

— See if any accel bias shift

* Permanent system will be

configured based on the
results of the testing

Closeup of Hardware

View Down the Drop Tower
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-0.400

-0.600

-0.800

-1.000

-1.200

scccldia @] _ Complete drop

|
|
|
I
|
!
|
|
|

S o
) o
o o
o o

,_
'S
o
=
w !
o

5.5

6.0

6.5

I\ s

9.0

acceldata (g)

2.2 Second Drop Tower
June 21, 2000

Data from the vertical axis (X) in 2nd drop.

Low-g portion of drop

0.004

0.003

L 0.000
000
L i“o 002
f‘-“o“‘.obs
7(‘)‘;6‘071

; <0.005

0.002

0.001

Bl bovisbonssbornoboinnloned

wlateslooonlonn

No appreciable bias or scale factor shift measured on the accelerometers due to the shock of the landing.
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Ground Testing
Plum Brook Station

* Requested to
characterize
accelerations at the
Space Power Facility
(SPF) at Plum Brook
Station

* Requested to characterize accelerations
at the Space Power Facility (SPF) at
Plum Brook Station

 TSH was used in a standalone mode
connected to a SPF computer with
SAMS-FF data acquisition software

* Quietest ground environment measured
to date (< 0.2ug for 2Hz BW)
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Frequency (Hz)

Ground Testing — SPF data

Head SAMS-FF SPE/NGST

5410 sampies per second Measurement Date: 02/07/00 Hard Point SPF 11-12 SAMS-FF Cucndings
i Sampling Freq: 400 Hz, Data Set: 02-07-00-400-03 (Hanning, k=3$) Bon v

]u-" | T P (A0 U W 1 | L 1 T o P T | 1 1 T MR T PN e 0N 1 | L

lEI

S,

Ay

X—-Axis Amplitude Spectrum (ERMS)
EI &

10° e S . et L : — !

1 frequency (Hz) 10 100
Head SAMS—FF, 100 Hz SPENGST
£5=400 samples per sccond Measurement Date: 02/07/00  Hard Point: SPF 1112 SAMS-FF Coordinites

5 s e Sampling Freq: 400 Hz Data File £1: 02-07-00-400-04.csv (Hanning, k=656)

200 =

175

—_— —_— —
Lh | = (=] h
= o = h =

-
wn

=

0 1 Time (hours) 2 3 4
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Conclusion

* SAMS-FF system is
available to support
payloads on a variety of
different platforms

* System is easily

configured to support
mission requirements

* Complete service package

including hardware and
data analysis

For further

information, contact:
Ron Sicker (216.433.6498)

ronald.sicker @grc.nasa.gov

Tom Kacpura (216.977.0420)
thomas.kacpura@grc.nasa.gov
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SAMS-FF Team

Ron Sicker - — NASA Project Manager
Tom Kacpura — ZIN Tech Project Lead
Dan Bloom — Technician / Engineer
Gregory Fedor — Computer Engineer
Kate McGinnis  — Integration Engineer
Dale Mortensen  — Electrical Engineer
Bruce Smith — Senior Designer

Dave Vachon - Mechanical Design
Bruce Johnson — Technical Advisor

Dave Miller — Advisor Emeritus
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Paper Number: 4

Microgravity measurement systems in JEM

Toshitami Ikeda and Keiji Murakami
NASDA, Space Utilization Research Center
Tsukuba-city, Ibaraki, Japan

National Space Development Agency of Japan (NASDA) has been developing a
microgravity measurement apparatus (MMA) to be installed in the Japanese Experiment
Module (JEM). We can measure microgravity accelerations for each rack position by
using MMA. We have the following five experiment equipment on which we need to
measure accelerations in the JEM-PM (Pressurized Module) for the first generation.

a) Gradient Heating Furnace
b) Cell Biology Experiment Facility
¢) Advanced Furnace for Microgravity Experiment with X-ray Radiography
d) Fluid Physics Experiment Facility
e) Solution/Protein Crystal Growth Facility
The MMA will be launched on flight 1] /A in 2003.

JEM vehicle side has a microgravity measurement equipment (MME) for JEM-EF
(Exposed Facility). MME consists of three tri-axial acceleration sensors (MME-S) and a
data handling unit (MME-D). Measurement data are used for comparison with
structural analysis results of JEM-EF and for reflection to the analysis model and
method. And the data are also provided for EF payload users. The MME is planned to be
launch on flight 2]/ A with JEM-EF.

NASA/CP—2000-210374 91
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Microgravity Measurement
Systems in JEM

19th Microgravity Measurement Group
July 11-13, 2000

Toshitami IKEDA and Keiji MURAKAMI
Space Utilization Research Center,
NASDA
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Topics

* JEM-Microgravity Measurement Apparatus (MMA)
- Outline
- Specifications
- Development Status

* Microgravity Measurement Equipment (MME) for
JEM-Exposed Facility (EF)

- Outline
- Specifications
- Operation Concept

* Development status of Japanese payloads
- Information of Japanese Payloads
- Development Status of Japanese Payloads

NASDA



Exposed Facility

JEM Remote Manipulator System
EF:

JEMRMS:

ES:
Experiment Logistics Module-Exposed Section

Experiment Logistics Module-Pressurized Section
ELM

ELM-PS:

Introduction

Inter-Orbit Communication System

ICS:

NASA/CP—2000-210374 94

Japanese Experiment Module(JEM
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Outline of JEM-MMA (1/10)

Purpose of the MMA

(1) To provide measurement data for investigators to
analyze their experiment results.

(2) To reflect the equipment design of payloads for the
next generation.

(3) As a future plan, to validate the JEM-PM structural
analysis models, by measuring microgravity
accelerations.
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Outline of JEM-MMA (2/10)

The MMA measures accelerations at the
following five equipment in JEM-PM.

a) Gradient Heating Furnace (GHF)

b) Cell Biology Experiment Facility (CBEF)

c) Advanced Furnace for Microgravity Experiment
with X-ray Radiography (AFEX)

d) Fluid Physics Experiment Facility (FPEF)

e) Solution/Protein Crystal Growth Facility (SPCF)
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Outline of JEM-MMA (3/10)

Over 01 02 03 04 05 Experiment Logistic
Data Svst U Inter-Orbit Data .
Head Manageme ystem ser Communicatio [ Manageme Module Pressurized
nt System 2 Stowage 1 | Stowage 1 n System nt System 1 Section Hatch
At \ N s A6
R t
t (Llfe SCIence) \\\\\\\\ NM \ \\ \\\ (Material) Ma:islfl':tor
R \ *}\ TBD System
Connection \\\\\\\ \ Bauipment Air Lock to the
to the Space Xpose
Station Core Facilities
p1 | D2 D3 ps | D5 D6
Deck | *EcLss/ Pss:gf (User Stowage) |  System Ps:::;c *ECLSS/
TCS1 System 1 MELFI Stowage 2 System 2 TCS2
Forward — py F2 F4 F5 F6
(Life Science) (Life Science) (Material) (Material)
TBD TBD Workstation TBD TBD /

JL Flight Direction

ISPR layout in JEM-PM

* ECLSS : Environment Control

and Life Support System

TCS : Thermal Control System



YLEOTC-000C—dD/VSVN

86

Outline of JEM-MMA (4/10)

e FARAZE AL Pl
Life Science Rack 41 MfRtEBwEE /2 VU — R F & S47Y(TL AR
T s . Life Science Rack #?
e~ SHBRRT v 72 (BI%IF)

Material Science Rack %2 .
{Advanced Fumace for microgravily Experiment wilh X-ray Radiograply; AFEX)

J
&

p
laed

TRTTRITTRRRSPPRIPeI

H
SRR 70
Material Science Rack #3

WY EREREE /W R REREE /05 L5 E EMHEHT » 71 (REDER) T

Material Science Rack #1 {Gradient Healing Fumace; GHF)

inside view of JEM-PM (from Node-2 side)

NASDA
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Outline of JEM-MMA (5/10)

Wireless Communication

- The MMA control unit collect data from some
acceleration sensors on orbit with wireless
communication method. It is compatible with the ISS
Wireless Instrumentation System (IWIS).




YLEOTC-000C—dD/VSVN

001

Outline of JEM-MMA (6/10)

MMA composition
- The MMA consist of the following element.

(a) Triaxial Accelerometer Assembly (TAA)...5 ea

(b) Remote Sensor Unit (RSU).........ccccouu...... 5 ea
(c) Network Control Unit (NCU)........ccceen........ 1 ea
(d) Microgravity Laptop Terminal (MLT)......... 1 ea
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Outline of JEM-MMA (7/10)

(a) Triaxial Accelerometer Assembly (TAA)
* TAA, which have 3 accelerometers, is mounted near the objective payload.

(b) Remote Sensor Unit (RSU)
* RSU, which is utilized to receive the data from TAA, is mounted on each
Rack in proportion to the number of TAA.

(c) Network Control Unit (NCU)
* NCU, which is a kind of relay device between RSUs and Microgravity
Laptop Terminal (MLT), is mounted on a Rack.

(d) Microgravity Laptop Terminal (MLT)
* MLT, which is used to interface with the Ethernet of JEM, is temporally
mounted on a Rack.
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Outline of JEM-MMA (8/10)

TAA Cable RF Interface

Assembly

(Optional)
TAA RSU MLT Cable User Interface

Assembly
[ ]

e I s e e D |
TAA L pe o RsU

Overview of MMA
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Outline of JEM-MMA (9/10)

MMA Composition

Current Requirements D Future Plan (Option)
. TAA O O O O O O O o
TAA-E A - - O | B
Te‘;gf;ii“re N/A N/A N/A N/A N/A N/A N/A O O
. RSU O O 0 o o }{ | o | o o
RSU_E - — 4 R S R S S — Q — R - SR S ,‘77 - — ]
Power | 28VDC | 28VDC | 28VDC | 28VDC | 28VDC | 28vDC | 28vDc |~ battery Battery
- | R - ,, | Type | Type
NCU ~ O (28VDC Power) -
MLT | . o O (20vDGC Power) )
Used § JEM-PM | JEM-PM | JEM-PM JEM-PM Eﬁiﬂ JEM-PM EJE.M;lIan tEJEilrwﬂ\g t
SeCIOT | 41 RACK | #2 RACK | #3 RACK #4 RACK #5 RACK | rronmentjtnvironmen
Payload Monitor Monitor

*1) : Current requirements involve 5 TAAs, 5 RSUs, INCU and 1 MLT.
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Outline of JEM-MMA (10/10)

. Configuration

M- ACRONYMS
JEM-PI Japansse Expatiment Module-Pressusized Moduia
JEM-EF  fapsnase Exparimant Module-Exposed Faclity
EF-AP  Exposed Faciiliy-Attached Papload
BIRACK  MIRACK &~ BIAACK ¥4 RACK GHF  :Gradivel Haating Fumace
TYPE | ' YYPE : GBEF  :Cell Biology Expecimant Faolifty
Ya e 7}":5 ?}’ZE AFEX ;Admmt}a Fumato for Mizrogravity Experiment with
X-say rastfography
fsd el /RSU P , SPCF ;snkmmrmcm cwsznl Browlh Faclifty
< & &4 E‘_‘H::l O O FPEF  ;Flufd Physics Experiment Faciffiy
D D l:] DD NCU  MLT JEM-EF
TYRER TAA TAR AR AR TAA TYPER oot S5 TV
& I or coer | arex } Feer -
R, o ~ 7
TAARTD Experimunt Ravk orive
N J
Y
EF-AP
JEM PAYLOAD MMA

TYPE 1 +=+++ To Measure Micro—Gravity of each Expenment Facility
* Power : 120VDC
(YYPE 1 a) """" RSU(‘! ea}*TAA(1ea) -~ +3set
(TYPE 1b) »+»+ RSU(Tea)+*TAA(Rea) - +»+~1got.
TYPE H «+++<+ To Measure Micro~Gravity of EF-Attached Payload
weeove Power28VDC
RSU(Tea)+*TAA(1ea)isot = Tset
TYPEW  ---+++ To Measure Micro~Gravity & Temperature of JEM environment
PowerBattery
RSU(1ea)*TAA(lea*RTD(1ea): =+ -28et{Option)

JEM Micro-Gravity Measurement Apparatus (MMA) Outline

NASDA
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Specifications of JEM-MMA (1/2)

<MMA Specifications (under review)>

* Frequency 0.01~300Hz
* Measurement Range -250mg~250mg
* Resolution better than 1 1 g
* The absolute accuracy better than 80 1 g
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Specifications of JEM-MMA (2/2)

* Approximate size: TAA 3"x3"x 4’
RSU 6" X4.25" x 4”
NCU 6" X 4.25” x 3.5”
- Weight: TAA(with 2m pigtail) © 0.9kg
RSU 1.6kg
NCU 1.4kg
- Power Consumption: TAA less than 1W
RSU less than 9W
NCU less than 5W

iy NASDA
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Development Status of JEM-MMA (1/1)

Microgravity Measurement Apparatus (MMA) Development Schedule (draft)

Site Operation

1997 1998 1999 2000 2001 2002 2003
Milestone CDR PQR 1J/A
\% \V4
A
Phase A ( Phase B Phase C Phase D
design phase O  ‘»é_ , |
Proto-Flight Model
Rack Integration Test
Overall System
Test & Launch .-
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Outline of MME for JEM-EF(1/6)

Purpose of the MME

(1) To validate the JEM-EF structural analysis models, by
measuring microgravity accelerations.

(2) To reflect the measurement data for structural model
and analysis method such as transfer functions, by
comparing U g level of each measuring point.

g
) NASDA
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Outline of MME for JEM-EF(2/6)

-The JEM exposed facility (EF) is a unique platform for experiments
in an environment exposed to space.

-EF payload is attached to JEM-EF with EEU. EEU provides
resource utility interfaces of power, data, etc. to the payload.

EF-BM (Berthing Mechanism)

VISION
EQUIPMENT

EEU EFU
(Equipment Exchange Unit
Exposed Facility Unit)

KEEL
TRUNNION

NASDA
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Outline of MME for JEM-EF(4/6)

Composition of MME

- Microgravity Measurement Equipment (MME)

—— MME Data Processing Unit (MME-D) : 10kg x 1ea
— MME Sensor (MME-S) : 3.6kg x 3ea

MME-D MME-S (3EA)
") :‘nsm v s
it ensor
STRE ] l \/F AMP je—resistor (X axis)
i, RS422 A + s
3 I/F AMP resistor [+ (Yer;;c;r)
Sensor ¥
I'F ‘—'“C%: RS422 v S
; ensor
D I \/F : AMP resistor [«—| (2 axis)
DATA x b
CPY register Em— | S |
|
|
|
> R . 3
CPU Comman(lllfg elemetry
BUS
Downlink
<= - — - 4. »| Ethernet Data Temp. Mon.
I/F Processor|
[
[

Concept of MME System (Analog signal)

NASDA
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Three MME-Ss on the JEM-EF.
- Nearby FPP
- Both end of JEM-EF

Target
- FPP disturbance (Sensor 1)
- Global mode vibration (sensor 1 - 3)

 NASD/A

Locations of MME-S
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Outline of MME for JEM-EF(6/6)

Expected microgravity environment

Pump PFM]|
| Test Data §
. Evaluation of Expected l
dMicrogravity Environment

Data Measurement
on Orbit (*)

(S0 to 300 Hz

— Completed
STM System
Microgravity Test] (*) Measured by Microgravity

Measurement Equipment (MME)

Microgravity Analysis

NASDA
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Specifications of MME(1/2)

Measurement Range of MME

1.0E+00

1.0B-01 |emzoeie

1.06-02 |-zt

1.0E-03 -

Extension Range

High Range

1.0E-04 | =

Acceleration (Grms)

1.0E-05

1.0E-06 f——m—

0.01 0.1 1 10 100 1000
Frequency (Hz)

—&— Disturbance of ICS (FEM)
—— Disturbance of ICS (SEA)
—&— Disturbance of Pump (FEM)
—— Disturbance of Pump (SEA)
= 1 -G Environment Guide Line

Analysis of JEM-EF Microgravity Environment

NASDA
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Specifications of MME(2/2)

<MME Specification>
Frequency and Acceleration
-Low Range
0.01—-10Hz 1.0X10%-2.0X103G
-High Range
50-300Hz 5.0X10%-2.0X102G
-Extension range
5.0 - 300Hz 5.0X10°-2.0X10'G
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Operation Concept of MME(1/2)

MME Measurement Sequence

START

Y
Measurement of Low Range
v
Measurement of High Range
v

Measurement of Extension Range

Y
Down Load

END

Data Processing Sequence of MME-D

NASDA




YLEOTC-000C—dD/VSVN

LTT

Operation Concept of MME(2/2)

T T Tttt Tt tetont I
(- N/ NG
! x1 MME .
i APS PEHG i
| |
! * 2 * 1 1
| S /S * 2 |
| k.._____/ ICS :
. (=] )
S L, On-otblt Systems . _. T
1 1
1 %1: Ethernet (10BASE-T) ':
: *2 :High Rate Data |
1 |
¥ Route 2 _ VRoutej .
(Downlink only) (Downlink/ Uplink)

m) Ground Networks )/ NASDA
Ground Control Systems Ground Control Systems

Communications between MME and Ground Systems

NASDA
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Japanese Payloads (first generation)

Development Status of Japanese Payloads (1/13)

Microgravity Science field

Life Science field

Support Equipment

Attached Payload

Gradient Heating Furnace (GHF)

Cell Biology Experiment
Facility (CBEF)

Image Processing Unit
(IPU)

Space Environment Data
Acquisition equipment—
Attached Payload (SEDA/AP)

Advanced Furnace for Microgravity
Experiment with X-ray Radiography
SAFEX)

Clean Bench (CB)

[Minus Eighty Degrees
Laboratory Freezer
for ISS (MELFD)]

Monitor of All-sky X-ray
Image (MAXI)

Fluid Physics Experiment Facility
(FPEF)

Laser Communications

Demonstration Equipment
(LCDE)

Solution/Protein Crystal Growth
Facility (SPCF)

Superconducting
Submillimeter—Wave Limb-
Emission Sounder (SMILES)

http://jem.tksc.nasda.go.jp/kibo/kibomefc/index e.html

P NASDA
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Development Status of Japanese Payloads (2/13)

GHF(Gradient Heating Furnace)

General Description

The Gradient Heating Furnace (GHF) is an experiment facility for investigating crystal growth and gaseous phase growth of
semiconductors. The GHF is a multiuser furnace consisting of the Material Processing Unit (MP), which directly operates the
heating and cooling process of samples; the GHF Control Equipment (GHF-CE), which controls the overall operation of the
GHF and communicates with Kibo; the Sample Cartridge Automatic Exchange Mechanism (SCAM), which can automatically
exchange 15 samples cartridges (max); and the SCAM Control Equipment (SCAM-CE). The MP has three independent heating
zones that can provide various temperature profiles in accordance with the experiment requirements under vacuum conditions.
This furnace has the capability of directional solidification of samples. In order to conserve crew resources on orbit, the sample
cartridges are automatically exchanged by SCAM. Ten channel thermocouples allow measurement of the sample temperature

distribution.
Specifications
Heating Range 500 to 1600°C
Temperature Stability #+0.2°C at 1600°C, 1 hour
Temperature Gradient Max. 150°C/cm at 1450°C, Sample dependent
Translation Rate 0.1 to 200mm/hr.
Temperature Monitoring 5 points (Max. 10 points)

SRR PRI
BN Matedial Proeaasing Unit (P}

P NASDA
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Sample Cartridge Automatic
Exchange mechanism(SCAM)

Control Equipment

<

Rack Structure

M — - | _ KOBAIRO Rack
GHF-Material Processing Unit GHF Assembly
KOBAIRO Rack
1999 2000 2001
2 5[ o] 7] 8] o[ 1o 11l 12| 1] 2] 3| 4] 5[ el 7] 8] o[ 1ol 11[ 12[ 1] 2 3[ 4] s] 6 7[ 8

Component Manufacturing

GHF System Test

| Rack Integration Test

NASDA
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Development Status of Japanese Payloads (4/13)

CBEF(Cell Biology Experiment Facility)

General Description

The Cell Biology Experiment Facility (CBEF) provides a controlled environment (temperature, humidity and CO2 concentration)
for studying fundamental phenomena of life in the space environment, using cells, tissues, small animals, plants, or microorganisms.
The CBEF will be equipped with a turntable that provides variable gravity for reference experiments. Each experiment will be put
in small containers called "canisters" that are placed on the incubator tray or rotating table in the CBEF. (Three canister sizes, Large,
Medium and Small are available.) Canisters will be supplied with power, command, sensors, and video interfaces through the utility
connectors, thus efficiently supporting experiments. Experiments in the canisters can be manually handled inside Kibo's Clean
Bench. NASDA also provides a Biological Experiment Unit specially designed for Medium canister.

Specifications

Style CO2 incubator

Dimensions 1/2DR W482 x H1243 x D660mm

Volume u -G 60 litters
Variable-G 70 litters

Environment Temperature control  15°C to 40°C

control Humidity control Max. 80%=10%RH
CO2 control 0 to 10% Volume
Variable gravity Turntable{20~140rpm

(equivalent to 0.05 to 2.0g
inside the canister)}
User Interface Power DC +5V, +12V, £15V
Video output
1bit command
Sensor output 0 to 5 Volts
RS485 connector (through front panel)

PR RE
BEF

P NASDA



YLEOTC-000C—dD/VSVN

ccl

Development Status of Japanese Payloads (5/13)

CB(Clean Bench)

General Description
The Clean Bench (CB) provides a closed work space for aseptic operation in order to perform life science and biotechnology
experiments in Kibo. The CB has a disinfection chamber to prevent biocontamination. The disinfection chamber provides a
compartment for sterilization, and all experiment samples and equipment (such as cell culture chamber) must go through this
chamber before and after experiments inside the operation chamber. An HEPA filter provides class-100- equivalent clean air inside
the operation chamber, as well as a sterilized environment by using alcohol and an ultraviolet lamp. The operation chamber front
panel will be made of transparent material to facilitate aseptic operations with visual observation. The operation chamber is equipped
with a phase contrast/fluorescence microscence microscope and CCD monitoring camera to ;gpport experiments.

Specifications

Style Drawer type glove box
Dimensions 1/2DR W482 x H1243 x D660mm
Volume Operation chamber 52 litters

Disinfection 14 litters

Support equipment inside Phase contrast/fluorescent Microscope object lens x4, e

operation chamber x10, x20, x40 (Magnification)
Monitoring camera
Environment control Cleanliness Particle elimination by HEPA filter
Stenrilization Alcohol, UV lamp
Temperature control 20°C to 38°C
Environment Monitor Temperature, Organic gas, Particle \ G
User Interface Power DC +5V, +12V, £15V )

Video output connector
User connectors

P NASDA
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CBEF Incubator

eCl

Rack Structure

SAIBO Rack
’N,; »
Phase Contrast/ \~ : :
Fluorescence Microscope : .
P CB Operation Chamber SAIBO Rack
1999 2000 2001
4| 5] el 7] 8[ o[ 10l 11 12] 1] 2[ a[ 4l 5] e 7] 8] ol 1o] 11] 12| 1] 2] 3l 4] 5] o] 7] 8

| Component Manufacturing ] CBEF, CB System Test | Rack Integration Test —l
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Development Status of Japanese Payloads (7/13)

FPEF (Fluid Physics Experiment Facility)
General Description

The Fluid Physics Experiment Facility (FPEF) is used to conduct fluid physics experiments in a moderate temperature environment. In the microgravity
environment, marangoni convection, which is driven by the difference of surface tension, significantly influences convection. The purpose of this facility is to
investigate the effects of the marangoni convection on space experiments (Semiconductor crystal growth in the F loating Zone method). Observing the
marangoni convection is considered to be a prerequisite for future techniques such as controlling marangoni convection and applying marangoni convection to
remove air bubbles in liquids. The FPEF's observation capabilities include two/three dimensional flow field observations, surface temperature measurement,
ultrasonic velocity profile measurement and surface-flow rate observation. Currently, Marangoni convection research with a liquid bridge is planned, and
suitable experiment units are being developed for that purpose.

Specifications
Liquid Bridge Diameter @30, 50mm
Length 0~ 80mm
Amount of liquid is controllable.
Temperature Control Heating Disk: Up to 100°C
Cooling Disk: Down to 5°C
Atmosphere Control Pressure Up to 98KPa Ar
Liquid Bridge Surface (infrared imager) 0 to 10°C
Temperature Inside (thermocouples) Accuracy £1°C
3D Flow Field CCD camera: resolution 460 (H) x 350 (V)
Strobe light: flash rate 60Hz
Liquid Bridge Over View 3 CCD cameras: resolution 570 (H) x 350 (V)
Surface Flow Photochromic dye actuation Focus depth: £0.5mm
with GN2 laser: Resolution: 60m (Max.)
Internal Flow Field UVP sensors Measurement points: 150 (Max.)
Space resolution:
0.47mm/5Hz(Min.)
Frequency: SHz (Min.)
Other utilities supplied ~ Envelop W229.9 x H363 x D510mm
for the Mission Section ~ Power +24V (1ch), 12V (Ich), £15V(2ct iy e L]
Video output NTSC (2ch)
Gas supply Ar

P NASDA
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Development Status of Japanese Payloads (8/13)

SPCF(Solution/Protein Crystal Growth Facility)

General Description

The Solution/Protein Crystal Growth Facility (SPCF) can provide opportunities for fundamental studies of crystal growth of various
solutions and proteins in space. SPCF consists of two major units, the Solution Crystallization Observation Facility (SCOF) and the
Protein Crystallization Research Facility (PCRF).

SCOF(Solution Crystallization Observation Facility)

SCOF has a cell cartridge for growing the crystal in solution. It grows crystals by controlling the temperature and pressure and is
used to conduct real-time observation. SCOF has observation facilities of two wavelength Mach-Zehnder interferometer
microscope, Michelson interferometer microscope and light scattering measurement to allow observation of the crystallization and
the crystal surface and measurement of the temperature of the liquid phase, the concentration distribution and of the particle size.

Specifications of SCOF

Observation of Crystal Surface Observation of Concentration and Temperature Distribution
Amplitude Modulation Microscope 2-WaYe Mach-Zehender Microscope Interferometer
Light Source: LED ( A =660nm) Light .Sour?e: Laser (A =532,780nm)
Direction: Penetration/Reflection Magmﬁgaﬁon: X2,'X4
Magnification: x2, x4 Phase Dif. Resolution: =0.2 A
Resolution: =1 ¢ m Measuremept of Particle Size Distribution
Real-time Phase Shift 2-Wavelength Microscope Interferometer Dynamic Light Scattering Measurement
Light Source: Laser (A =532,780nm) Light Source: LD (A =532nm)
Magnification: x3 (Fixed) Smallest Particle: Order of 10nm

Phase Dif. Resolution: <0.02 A Analyzer: Photon Correlation Method
v Self-Correlation Channels: 288 (Max.)
Crystal Growth Cell
Temperature Control Function -1 to 220°C

P NASDA
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Development Status of Japanese Payloads (9/13)

PCRF(Protein Crystallization Research Facility)

PCREF grows large, high-quality protein crystals for ground analysis. The two units described above can be operated independently
as two separate facilities.

specifications of PCRF Common cell cartridge
([I)r ystal Observation Cell cartridge envelope (mm) 100 x 69/cartridge

Imaging device 1/2CCD camera(TBD) Number of cartridges in PC,RF . 6

. Maximum number of cells in a cartridge

Number of pixels 379,000 D . C ey teon

Resolution 40 ¢ m 10 for vapor diffusion and membrane partitioned two-liquid diffusion

Light LED 16 for batch-leave-at-rest and liquid-liquid interface two-liquid diffusion
Thermal control ~ Control range 0 to 35°C Numbir‘ of ‘fhermal hs C(I;SOI‘S 2/cartridge

Accuracy +0.5°C Crystallization methods

1)Batch-leave-at-rest method
2)Membrane partitioned two-liquid diffusion method
3)Liquid-liquid interface two-liquid diffusion method
4)Vapor diffusion method
Volume of sample (¢ litters) 10-500
Stopping method Harvesting reagent purge method
EPNERE

%

T

BEIHRBRRRRONR
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Development Status of Japanese Payloads (10/13)

U(Image Processing Unit)
General Description

The Image Processing Unit (IPU) receives image data from various experiment equipment in Kibo, encodes and compress
those data, then transfers the encoded data to Kibo system lines. The IPU also records experimental image data on tape in VTR
systems when real-time data downlink is not possible. The main functions of the IPU are to have various interfaces with Kibo

systems and experiment equipment, to receive and compress five channels of independent motion video signals simultaneously,
and to record video signals on the tape with five digital VTR's continuously (up to 120 min. each).

Specifications RamaemAN
Dimensions 1/4 DR Wi482 x H621 x D660mm

gars.

Interface 1553B, RS422, Video signal, Ethernet, HRDL
In/out data In NTSC video, Telemetry, Operation
Commands, Digital Still Image »
Out H&S Data, Control Commands, el

Compressed data (MPEG2)
Image Processing MPEG?2

5ch compression, 1ch Decompression,
Data Storage Digital VTR (x6), Removable HD
Crew I/F Operation Panel, 12.1 inch LCD

P NASDA
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IPU Digital VTR

RYUTAI Rack

RYUTAI Rack

1999

2001

4|

5]

6]

7]

8|

ol 10] 11] 12] 1] 2]

3]

4]

2000
5/ 6]

7|

8l ol 1ol 11[ 12] 1] 2[ 3] 4] 5] 6] 7] s

Component Manufacturing

|FPEF,SPCF,IPU System Test [Rack Integration Test]
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Development Status of Japanese Payloads (12/13)

AFEX(Advanced Furnace for microgravity Experiments with X-ray radiography)

General Description

The Advanced Furnace for microgravity Experiments with X-ray radiography (AFEX) can perform single-crystal growth experiments by the
Floating Zone method. AFEX is a multiuser furnace that has the capability of real-time observation of semiconductor crystallization and
marangoni convection by using X-ray radiography. The AFEX has a gold-plated ellipsoidal mirror. The sample placed in one focus of the
mirror is heated and melted by the radiation of a 1500W halogen lamp, placed in the other focus. With ceramic heaters attached around the
samples, AFEX can perform isothermal heating experiments or thermal gradient control experiments. X-ray radiographies (two axes), a sample
monitor camera, an infrared thermometer, and five channel thermocouples allow observation and measurement of the samples.

Specifications - i Fare
Lamp Heating
Max. lamp power 1500W
Heating range Max.1600°C, Sample dependent

Temperature stability £3°C at 1450°C
Ceramic Heating

Max. Heating power 1500W | yanen
Heating range 200 to 1450°C, Sample dependent oo
Temperature stability £3°C at 1450°C sommme

Common m&%
Sample translation stroke =~ #=25mm ' .

Sample translation speed 0.1 to 1000mm/hr
Sample rotation 0.01 to 10rpm
Monitor X-ray radiography (two axes)
Infrared thermometer
Sample monitor camera
5 thermocouples
Gas supply Ar, N2 and others

RN R
AFEX Experimant Unit

P NASDA
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Image Furnace

#3 TAIKIRO Rack (AFEX)

liX Assemly

TAIKIRO Rack

Development Status of Japanese Payloads (13/13)

\\,
TAIKIRO Rack
1999 2000 2001
4 5| 6| 7] 8] o[ 10[ 11] 12] 1] 2] 3] 4] 5] 6] 7] 8] o[ 1o] 11] 12] 1] 2[ 3] 4] 5] 6] 7] s
| Component Manufacturing | AFEX System Test | Refurbish —I

P NASDA




YLEOTC-000C—dD/VSVN

1€l

Summary

- Microgravity on the ISPRs and the Attached Payloads on the JEM-EF
are measured by JEM-MMA to provide investigators.
MME
- Microgravity on the EF itself is measured by MME to evaluate the
analytical scheme.
- Obtained data is expected to be used for ISS total structural dynamics analysis.
Japanese Payloads
- NASDA is developing many kinds of multi-user experiment facilities for
the Pressurized Module of JEM. For Exposed Facility. we are developing
4 attached payloads.

Suggestion
- Investigators would like to know how is the microgravity environment on the ISS.
For the international AO, quasi-steady and vibratory analysis result for each ISPR
location by the latest DAC should be available for them on the external Web Page.

P NASDA
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Paper Number: 5

Microgravity outreach and education

Melissa J. B. Rogers and Carla B. Rosenberg
National Center for Microgravity Research in Fluids and Combustion
Cleveland, Ohio

The NASA Microgravity Research Program has been actively developing classroom
activities and educator’s guides since the flight of the First United States Microgravity
Laboratory. In addition, various brochures, posters, and exhibit materials have been
produced for outreach efforts to the general public and to researchers outside of the
program. These efforts are led by the Microgravity Research Outreach /Education team
at Marshall Space Flight Center, with classroom material support from the K-12
Educational Program of The National Center for Microgravity Research on Fluids and
Combustion (NCMR), general outreach material development by the Microgravity
Outreach office at Hampton University, and electronic/media access coordinated by
Marshall.

The broad concept of the NCMR program is to develop a unique set of microgravity-
related educational products that enable effective outreach to the pre-college community
by supplementing existing mathematics, science, and technology curricula. The current
thrusts of the program include summer teacher and high school internships during
which participants help develop educational materials and perform research with
NCMR and NASA scientists; a teacher sabbatical program which allows a teacher to
concentrate on a major educational product during a full school year; frequent educator
workshops held at NASA and at regional and national teachers conferences; a nascent
student drop tower experiment competition; presentations and demonstrations at events
that also reach the general public; and the development of elementary science and
middle school mathematics classroom products.

An overview of existing classroom products will be provided, along with a list of
pertinent World Wide Web URLs. Demonstrations of some hands on activities will show
the audience how simple it can be to bring microgravity into the classroom.

NASA/CP—2000-210374 133
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Microgravity Outreach and Education

Melissa J. B. Rogers
NCMR Educational Programs Manager

19th Microgravity Measurements Group Meeting
Cleveland, Ohio
11 July 2000
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Microgravity Educational Outreach

A means to inspire
pre-college educators,
students, and the
general public
while
teaching about
microgravity science
and the benefits

of our research program.
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NCMR Educational Outreach Concept

* To develop a unique set of microgravity-related educational products
— that will enable effective outreach to the K-12 community
— that will supplement existing math, science, and technology curricula
— that will gain broad acceptance within the educational community
— that are created in an environment shared by
educators, students, and researchers
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Leveraging Educational Resources

Cedar Point Amusement Park & Emerson Middle School
— pilot testing of amusement park guide
— teacher/chaperone training at Emerson for 8th grade trips
— NCMR-led educator training at Cedar Point to start 2001

JASON Project LR
— representation on Case Western Reserve University Primary Interactlve Network

Site’s Advisory Council
— 1nvolves planning educator training workshops and public outreach events
Standards Training

— NCMR educational program staff participated in Project 2061 Benchmark training
at the invitation of OEP

GOING TO EXTREMES



YLEOTC-000C—dD/VSVN

8¢1

Educational Outreach Products

How High Is It?

* Middle school mathematics product involving scaled dlstances to Earth-orbltmg satelhtes fractions,
decimals, and percentages

* Initial activity tested on Summer 1999 math team ooaches workshop
* Expanded and presented at November 1999 regional NCTM conferé"nce’ |
* Educational Brief on hold; limited staff concentrating on higher priority projects

Glovebox Projects
 Targeted at late primary and middle school
* MSFC-produced draft text for glovebox poster being redone by NCMR
* Additional activities being developed for two February 2000 workshops
(Ohio science educators and Space Center Houston ISS Educators Conference)
* Activities based on MRPO- funded investigations or on purposes for glovebox

e Compilation of activities into a teacher’s gu1de on hold, limited staff concentrating on higher priority
projects
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Educational Outreach Products

e Fall Into Mathematics

— Exhibit artwork for Spring 1999 National Council of Teachers of Mathematics convention
— Supporting Educational Brief developed for initial distribution at 1999 NCTM convention
— Poster distribution starts at 2000 NCTM convention

— All artwork was created at Marshall based on NCMR designs
e Educator Workshops

— NCMR leads approximately 10 workshops per year
— Participation ranges from 10-30 teachers per workshop _
— Potential to reach 2,000 to 12,000 students per school year | '
— Typical workshop sponsorship/location

e Glenn Office of Educational Programs/NASA GRC

e JASON Program/CWRU campus

» National and regional teachers conferences/ U.S. & Canada
* Cedar Point Amusement Park/Cedar Point & GRC
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Educational Outreach Workshops

July 1999 - NASA Educators Workshop Microgravity Day

Agenda

Introduction/Logistics

Gravity, Grah-ah-vit-y! Song

2 Quarter Drop

Falling For Microgravity—5 Ways
Microgravity Demonstrator

Break

Water Balloons on the DC-9
Water Flows...Up? Activity
Smoke Signals Activity

Lunch

Glovebox

Tour Zero-G Facility

Tour 2.2 Second Drop Tower/Egg Drop Contest
Seltzer Rockets

Closing Comments




Educational Outreach Efforts
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e Qutreach doesn’t have to be painful
— most researchers we work with seem to enjoy classroom visits
— seek out public events associated with your areas of interest and/or professional
- organizations
» Investigate leveraging opportunities
— that is, find someone else to do the hard work
— seek out mentoring programs where you can be assigned an educator/classroom
e Ifyou’re a PI in the program, let someone know what you do
— MRPO monitors outreach efforts, and may start requesting outreach plans in NRA
proposals
tell your project scientist if you’re involved

in outreach efforts
seek out MRPO- or NASA- affiliated programs |

A4l
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Microgravity effects on microbiology
in space laboratories

Emily S. Nelson
NASA Glenn Research Center
Cleveland, Ohio

Elizabeth Juergensmeyer
Judson College
Elgin, Illinois

Margaret Juergensmeyer
Montana State University
Bozeman, Montana

Here we present a review of the effects of residual acceleration on microorganisms in
space laboratories. Residual acceleration in the microgravity environment is frequently
ignored by microbiologists, although their experiments may be as sensitive to this
acceleration as those designed by materials scientists and fluid physicists. Furthermore,
analysis to date has been largely empirical and/or based on very simple theoretical
models. As a result, the responses of single cells to the space environment are widely
assumed to be taking place in “pure” microgravity. These responses vary widely and are
not well understood. Some of this variation may be due to the range of microgravity
conditions experienced by the organisms. In the future, as we move from visiting orbital
environments to living and working there, we will undoubtedly bring microorganisms
with us. It is also quite likely that the first extraterrestrial life we encounter will be single-
celled organisms. Therefore, we would like to present a summary of the current
knowledge base, and to challenge the space community to develop new approaches in
understanding this important field.

NASA/CP—2000-210374 143
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Microgravity effects on
microbiology in space laboratories

Emily Nelson

Computational Microgravity Laboratory, NASA Glenn Research Center
Emily.S.Nelson@grc.nasa.gov

Margaret Juergensmeyer

Department of Microbiology, Montana State University

Elizabeth Juergensmeyer

Department of Math and Science, Judson College, Elgin, IL

Computational ; ;
Microgravity Microgravity Measurements Group #19 B Gienn
Laboratory yIo 9 Research

Cleveland, OH July 11-13, 2000

Center
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Objective

Develop understanding among the biological, fluid physics, and
microgravity measurement and design communities to solve open
questions in biology:

- application to long-duration spaceflight (including realistic assessment
of effects of residual acceleration)

« appreciation of biological mechanisms underlying behavior

- identification of the interface between fluid physics and biology in a
microgravity environment

* buoyancy, sedimentation
* role of convective transport

* bringing to bear the powerful tools used in the fluid physics
community for solution of basic problems in the biological community

« assessment of clinical tools for simulating microgravity

« assessment and design of experimental protocols

2
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Why study this problem?

Bacteria/microbes are present in the space environment. They:
 are omnipresent; some are very hardy
« exhibit unusual behaviors in:
* proliferation
* resistance to antibiotics and disinfectants
* give concern due to risk of disease

* will be useful in management of trash and biological waste, and in
closed ecosystems

Microbial behavior in space may yield insight into their fundamental
biological functions and processes, e.g.:

» gravitaxis, gravikinesis, locomotion

» sedimentation, usage of nutrients
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Challenging questions in space microbiology

- growth rate, yield

* resistance to antibiotics and
disinfectants

* graviperception
* changes in genetic recombination

* (lack of) adaptation to space
environment

« interface between fluid physics and
biology

Pattern formation of
Paenibacillus dendritiformis

on agar as a function of
peptone concentration

(Ben-Jacob et al., 1994)

4
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A need to challenge to current dogma

Axiom:

- Bacteria grow more rapidly and to higher yields in space
- Bacteria are more resistant to antibiotics in space

Fact:

* Bacterial growth in space is not consistently higher in
space

- Bacterial resistance is not consistently higher in space

. | The challenge is to discover: why are bacterial

proliferation and resistance different in space?




A review of microbial response to space

Table 2-1 Summary of Bacterial Experiments in Space

YLEOTC-000C—dD/VSVN

Reference

Bacterial Growth

Length of Lag Phase
Final Cell Density

Growth Rate

Production of Spores

and Metabolit

Antibiolic
Effectivencss

Zhukov-Verezhnikov, 1962
Mattoni, 1968

Taylor and Zaloguev, 1978
Kordium et al., 1930

oo

| [Effects of Radiation

Other Experiments

()

Miscellancous

l"‘

(14!

Tixador et al., 1981, 1985; Lapchine et
al., 1987 ,

Ciferri et al., 1986

Mennigmann and Lange, 1986

Lapchine ef al., 1986, 1987, 1988:
Moatti and Lapchine, 1986

el

vt

Manko et al., 1987
D', 1990

Bouloc and D'Ar, 1991
Pierson ef al., 1993

=8

Mennigmann aud Heise, 1994

Gasset et al., 1994

Klaus, 1994; Klaus et al, 1994, 1997
Tixador et al., 1994

I

N N ol

H

BHomeck er al., 1996

Thévenet et al., 1996

Kacena et al., 1997; Kacena and Todd,
1997

Lam et al., 1999

3l o

L

H

H - Parameter was lugher on orbit. L - Parameter was lower on orbit. — ~ No change on orbit

- Brown (1997), who is
the first to attempt a
comprehensive analysis
of steady g effect on
bacterial growth

Probably the most
complete listing to
date in current
literature
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Another look at microbial growth in space

HEREE
S o E § 3
g o o 2 g2 2| &
€ c » 3| &
Organism 3 3_ 8 -] Base medium Addltives. tobase|  Temperature Fixative Method used g st 2 % Reference Comments
) > 5 8. medium protocol for cell count g 7| 5 3
g.' - 3 %,2 H g 1 é.
4 [ °o| & 2
8|l & | 8
E X 3
Launch: 25°C - (10 .
Bacillus sublils Mir | 4mos| ATcceosy | Difconulrent none Grow: <32°C none CcFU 2 | N | 11n [Juergensmeyer Yield, (1g:1.4e4, 1.7e6 mg: 9.5e4, 6.5e4
agar e etal. (1999) CFU/ml)
Store: 4°C
Shutte | 138h | ATCC6051 | 2% bacto-agar| 294 ducose, Igrﬂfhz; c(:: 0.2miof2% | oo o tometer N | @ [Kecenaand oot 18, 30, 48, 54, 66, 96, 114 and 138h
g Medium E Store.' 2 cr glutaraldehyde Todd (1997) PTT T IR I )
Launch: 4°C No statistically significant increase in yield for
- 0 0,
Shuttle 2687Bh ATcCeos1 | 2%agarin | somewithSgh | oo o apc | 02Zmof2%WN | 8 | N | @ [Kacenastal | round, cinorotated, horiz. Shaking table,
medium E glucose e gluf yde (1997) v
Store: 4°C microg.
0.45 pm *Overheating of Skylab caused ambient
Y millipore fitters Grow: 36° C* temperature rise of app. 30 deg C for 12h.
Skytab  (72-88h ® on D-0001 none Store: 5+3° C none S N | 1wk |Staehle (1978) | outh pattem of space speciments showed
nutrient agar increased height.
Launch: 4° C *After fixing, cultures were held at 23 deg C
" 60- e 4 P0 1.5ml 1% vv hemacytometer; Kacena et al. until retum to earth. Flight culture at 120 days
Mir | yp0q | ATCC4157 | medumE Sgigucose | Grow: 23+2°C* | i oliehyde cru Y| 19 1909) was 170% larger than ground cufture. NOTE:
Store: 4°C
C(t=0) not known.
q- : - 150,
minimal medium Launch: Memigsmann |1 O e S oty D aedIML
Shuttle | >30h [ (D2); nutrient [\ Grow: 37°C none optical density N O [and Heise P  1g: Ob% s). "
broth (IML-1) Store: 4° C (1993) 1 found contradictory results in yield, possibly
: b of different growth media.
. D1. (g:3e7 cells/ml, 8e5 spores; ug:1e5
o Mennigsmann
Grow: 37°C . y cells/ml, 5e4 spores). Over short term (9 hrs),
Shuttie 72n S growth medium ® Store: 4°C gltaraldehyde optical density N ® ?1" gslg;nge space culture showed oscillatory behavior in
biomass, as measured by optical density.
144 " Most frequent isolate in throat swabs
- . Shuttie (25 throat, nose, Pierson et al. . .
Candida albicans missions) 4-15d urine, feces N/A N/A N/A N/A CFU asfro-| N/A | N/A (1993) (increase), urine (decrease), not found in nasal
nauts swabs.
ground- skin, upper Zaloguev etal. |*Ground-based study on confinement effects.
based 12mo respiratory tract NiA NA NiA NIA ® S | NA | NA (1971) Increase after 1 mo confinement.
skin, mouth, *If present initially, it persisted through the
Lol nose, throat, NIA NA NA NIA ) ® | na | na ;:IVO'°L:\',“2 1576 |mission,uniike other fungalspecies.
2 groin, toes g Transmission during flight noted.
Apollo 13- skin, mouth, Recovered in each Apollo 13-17 mission. This
17 5-12d | nose, urine, N/A . N/A N/A N/A (] ® | N/A | N/A |Taylor (1974)  |microbe would thrive under reduced
“feces competition, e.q., long-term antibiotic.
Chlamydomonas . Gavrilova et al.
reinhardii S ® ® ® ® ® ® ® ® ® ® (1992)
Tairbekov et al. *Decreased yield with increasing g from 2g to
centri-fuge| © o [\ o [ (Y [\ © | NA | NA (1998) " |59. Atlast stage of expt, cells lost mofility and
sank.
. | . Mergenhagen  |Biorack. *Yield doubled in acetate-
wild (wt+); short-| .agar dissolved .
S N yeast extract; some . oo and supplemented wt+, but NC w/o supplement;
Shuttie M |period n)\utant (s}in m:nreg;::‘ salt with sodium acetate| Grow. 25°C Lugol hemacytometer | 17 N 16h Mergenhagen |increased by 30 (50, 1989 ppr)% in acetate-
(1989, 1987) frees-.
7

(Nearly final draft)
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Organism

Escherichia coli

(Nearty final draft)

Another look at microbial growth in space

£ e
m|{ 2 =]
= o € 3|3
2 o e 2l 2|z
g [ c Y i S5 &
3 § E 3 Base medium Add'“v“. tobase|  Temperature Fixative Mathod usad g g H % Reference Comments
] > 5 o medium protocol for cell count | = HIE 3
¥ - 3 ES ] @ =
H o °a H
o L ® s =
8l & |8
Ed >
” . Launch: 25° C . (1 .
Mir 4mos | ATCC 10798 Difco nutrient none Grow: <32° C none CFU 2 N 11h Juergensmeyer |Yield: (1g: 5.2e6, 3.0e6 mg: 1.1e6, 5.4e7
agar Store: 4 G etal. (1999) CFU/ml)
*After fixing, cultures held @ Tg until mission
Launch: 4°C o, was complete; then held at Ts for transport to
Shutte | 138h | ATCC4157 | 2% bacto-agar 5%%?:;:;‘*' Grow: 26°C mr’:":;f % | hemacytometer N ﬁ;g’;?;;f) investigators.) Shortened lag phase fight vs.,
Store: 4° C* g Y ground. No statistically significant diff
clinorotated vs. ground.
.40 7 Shuttle missions, 3 types of apparatus. *One
2% agarin . Launch: 4°C . .
- - some with 5 g/ o 0.2 mlof 2% Vv Kacena et al. of the 10 samples had a statistically significant
Shutle | M | ATCC4157 minimarT glucose Grow 25.57°C | gtaraldehyde | Memacylometer | 8 | N | O | o0 increase in yield (STS-62). Authors think it to
i be anomalous.
Flight culture at 120 days was 90% larger than
. di . Grow: 23+-2° C* 1.5ml 1% vv hemacytometer; Kacena etal. ground culiture. (Note: there was a large
Mir L ATCC 4157 E San Store: glutaraldehyde CFU Y 11d (1999) variance in ground controls, though). C(t=0)
unknown
. *On ground-based clinostat in functional
clino- [ o o o o o [ © | na | N |Keusetal motionlessness. Yield app doubled on clinostat
rotated (1998) .
relative to static.
. ) *Growth rate: decrease, clinical observation.
12h- minimal medium|  some with 5g/ Grow: 20+1°C 100% ethanol hemacytometer Klaus et al. .
Shuttle ATCC 4157 3 o g o . 8 38 Y o Yield: doubled (ug: 7.8e8+3.7e8 cells/ml; 1g:
14d E glucose or ribose 37+1°C (33%VN) optical density (1997, 1994) 4.4e8+-2.9e8 celisml).
K12: GC2852, .
" ’ o . . 40 750 pg/ml IML-2. *Motile strain GC2852 showed no
Shuttle s MHZ;?;)SO or M63 minimal 0'1;"/"':1"""?::;?:3 1 'g;nvjhs';. g chloramphenicol in optical density | 2-6 N 3- |Thevenetetal. |significant difference in yield or growth rate.
1000 clones per medium some with NaCl* Store: 4° C ethanol 25d |(1996) mg?ef:‘::einsfm PhB405 showed a significant
well initially
1:LMC 561 1: aneurine 1. 0.5% formal
(gr m’;::‘;"es; 1: Mg minimal | MgSod, glucose, | Launch: 5° C (g dzgﬁinf‘t’:;";?j‘:?“ CFU; Tixador etal.  |IML-1, Biorack. *Growth rate: NC wio
medium aCl, pH 7. lay 8 of mission 0 ! optical density; , 1995), antibiotic; increase w/antibiotic as antibiotic
Shuttle 10h starved) di NaCl,pH 7.4 day 8 of i 2 35% qua?‘alde i i N 30h 1994, 1995 ibiotic; it fantibioti tibioti
2: ATC 25922 2: peptone 2: pepton 1%, Grow: 37° C . hy deo ﬂ,‘ 0.6M electronic particle Gasset et al. concentration increased. **Yield: NC w/o
o () . Eo . ok s o
(antibiotic water (Difco) [ NaCl0.5%, pH 7.2 Store: 5°C cacodylate buffered counter (1994) antibiotic; w/antibiotic, increase observed.
activity) solution atpH 7.4
1: GC2852 1: 40pg Glucose promotes anaerobic growth; glycerol
. : kanamycin/ml and - 1. none 3 A
Biocos-mos| (growih. 1: MG3 minimal glucose or glyc-erol Launcf} 3Z ¢ 2: chloramphen-icol, | optical density; Bouloc and d'Ari supports geroblc g(owt{m No effect on yield
2044 24h studies); medium at 4 concen-trations Grow: 37°C final concentration Coulter count 1-3 N |2-7d (1991) seen for either nutrient in space or on the
2:GC4415 2: LB broth 2:10pg Store: 4°C 200 pghm! ground. No effect of hyperg @3,59 either.
(808 induction) tetracycline/ml
C-1001 & C-411 o Biorack. Cultured for 24|48 after retun. Says
(conjugation); C- ghycerol, final o Launcl?. 15°C ) Ciferri et al. there is an increase in yield in space, but it's
Shuttle 3h 1055 (trans- [ concentration 15% Grow: 37°C none viable cells 1? N [ 36h 1986 t drasti d actu downi
duction); HB101 N Store: 4° C ( ) not drastic, and actually goes down in one
(transforma-tion) case.
Launch: 4+1° C* after recovery,
Grow: 37+1° C* glutaraldehyde, 47 Lapchine etal. .
Shuttle 24h | ATCC 25922 APl 10M yeast extract Store: 5:1° C followed by osmium CFU 1-47 N 1d (1987, 1986) D1. 100x more CFUs in space
tetroxyde
8
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Another look at microbial growth in space

#OF |4
2l s |3
§ I 3 o ®
=2 o = 83| £ ¢
c P i 3 )
Organism 3 5 s b4 Base medium Addltive§ tobase|  Temperature Fixative Method used a2 2 % Reference Comments
- > 5 8 medium protocol for cell count 55. | 5 3
g 2 S E Sa| @ 3
] ] - a 2
o @ o o &
2l 3|3
T 5 3
*Note: due to curtailment of mission, culture
- " " L broth Launch: onice . Mattoni et al. was stillin log phase at retrieval. Anaerobic
E“"'zcegﬁf:; coli L |Blosatelitel g C-600 (milipore | buffer, nitrate Grow: ot none CFU Couller 120 N | © |(167), Mattoni |growth. Raciation effect of 3 radiafion levels
filtered) controlled (1968) undetectable. CFU count inconsistent with cell
count on flight cultures.
*Very high g values relative to 1g. Growth rate:
¥ o Montgomery et |decrease @110,000g, but NC @1000g. Yield:
L | centri-fuge| 48h o o o Grow; 25-35° C none CFU 1 NA | © al (1963) decrease @110,000g
NC @1000g. @110,000q,
Shuttle (25 Pierson et al. *A frequent isolate in nasal swabs (decrease
crews) | 4194 NA NiA NA NiA CFU < | NA | NA 003 during fight), urine (increase during fiight).
Apollo skin, mouth, Taylor and Found regularly in the groin of one Apollo crew
o So nose, throat, N/A N/A N/A N/A N/A O | NA | NA Zaloguev (1976) member and in upper respiratory tract of 2
yz groin, toes 9 other crew members.
- .qe ~r | 35% glutaraldehyde in . T Examination for cell count followed recovery.
Paramecium . . sterilized straw Aerobacter Launch: 9° C dissecting Richoilley et al. . .
! + Shuttie 120h | wild strain 82b N cacodylate buffer " 16 N (] Fixed at 47, 71, 96, 118h. Centrifuged 1g,
tetraurelia medium aerogenes Grow: 2240.5° C 0.2M microscope (1988) microg had similar popuiations.
Yield increased relative to static controls after
fast . sterilized straw Aerobacter | o Ayed et al. 48h. Examines yield for accelerations from 50-
?

® clinostat 480 | vild strain 82 medium aerogenes Grow. 2740.25° C none? cell count 16 | NA (1992) 110 rpm (does not correlate them to acc,

however). Max at 80-90 rpm.
*Decreased yield in hyperg. Also noted
dependence on tube diameter, prob. due to
fast . . sterilized straw . oRo dissecting Planel etal. |gravity gradient. Atlower g (1.4-2g), yield
?

S clinostat 3-4d | wild strain 82b medium Grow: 25°C none? microscope 16 | NA | NA (1989, 1990) |decreased with increasing rotn rate (and
decreasing dist from rotn axis). Yield
decreased with increasing tube dia.

maz:giyt;:,\/ll In Cytos incubator. Increase with cosmic rays
f ’ | sterilized straw |  Enterobacter . N dissecting Planel etal. in 1g. (balloon flight). Fixed att=0, 10, 22h.
® bafoon 119, 22n °:eerf§:'a'z:::!y medium aerogenes Grow: 25¢0.1° C none? microscope ? NIA | NA (1983) Rotated (simulated microg) and static cultures
(homozygous) on the ground had same cell pop after 3 days.
variety 4, Cytos I, M. Cytos M: fixed at 20h, 44h, 50h,
mating type VII, - Launch: 8+1° C 85% formalin " 56h, 60h, 80h, 96h. At 56h, flight cultures were
o Salyut 6 96h | one cellinitialty ster::zﬁ"snwaw E:;eml;:ztser Grow: 2540.1° C | 10% anhydrous ether n:‘:rsoes?:ge 816| N (Y Zlgr;ezl 61‘;3"1) 54% higher than controls. Cytos I: fixed at 12
per chamber 7og Store:° C 5% acetic acid P ’ 96h every 12h. At 72h, space cultures were
(homozygous) 98% larger than ground controls.
Pseudomonas Mir L ATCC 27853 Difco nutrient none "Gar":,’"w':h<§25° g‘ none CFU 2 N 11h Juergensmeyer (A bigincrease in growth rate. Yield: 1g: 4.9e4,
aeruginosa agar Storé' »c etal (1999) 2.2e4 mg: 7.5e6, 2.0e8 CFU/mI
*On Mir, without disinfectant, CFUs doubled at
30 days, halved at 60 days, less than ground
Mir 120d | ATCC 27853 | distilled water none 16% NayS;03 CFU 8 N Marchin (1999) | cultures than 90 days, at app the same value at
110 days. Bacteria were grown for 30, 60, 90,
110d and fixed 24h afterwards.
9

(Nearly final draft)
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Another look at microbial growth in space

* g
rlc|F
§ (2] 2 2 °
2 o o 2 g3l 2 | &
€ < @ it 33| &
Organism 3 ; El -] Base medium Additives to bass|  Temperature Fixative Method used s 3 % Reference Comments
- > 3 8 medium protocol forcellcount [= 2| = 3
g * 8 5 el a |2
g 8 s| 8|2
sl & 13
»
*At 1g/simulated pg, Increase in growth rate in
::f:c;z;c;nas ground- BHI or PEW McFeters etal. [low-nutrient Brain Heart Infusion broth relative
9! based (1991) to phosphate-buffered water. No data on
(contd) .
eld.
skin, mouth,
0 APolo 13- 5 124 | nose, urine, NIA N/A NIA NIA NiA NiA | N/A [Taylor (1974) | SPread to the feet of all three crewmembers
17 foces during an Apollo 15.
Staphylococcus Mir 4mos | ATCC 6538P Difco nutrient none Ig::xigg, CC none CFU 2 N 11h Juergensmeyer |Growth rate doubled. Yield: g: 8.0e4, 2.5¢5
aureus agar Stofe' »C etal. (1999) mg: 1.3e10, 7.0e8 CFU/mI)
7 57 ) ;
Zz4 Shuttle (11 nose, throat, Pierson etal. Most frequent isolate from throat & nasal
> missions) | ¥ | urine, feces NiA NiA NA NiA ::';’s' N | VA 11993, 1996)  |swabs, also in urine.
; Apollo skin, mouth, . Taylor and No postflight increase in incidence for the
So nose, throat, N/A N/A N/A N/A N/A [\ N/A | N/A Zaloguev (1976) project as a whole, unlike previous studies.
yuz groin, toes 9 Transmission during flight noted.
Recovered repeatedly from Apollo 13, 14, 15
skin, mouth, astronauts, once each from Apolio 16, 17.
Apollo 13- R Intercrew transfer is common during
17 5-12d m?:c::ne' N/A N/A N/A N/A N/A N/A | N/A |Taylor (1974) spacefight (perhaps due mostl to
confinement). Postflight incidence of recovery
was greater than preflight.
ground- *Ground-based study of long-term human
based oral cavity and Zal etal. |confil 1t for 15 days, monitored for 1 yr.
confine- 154 pharynx NA NiA NiA NiA NIA NiA [ NA (1971) Largest variation noted was an increase in
ment staphylococcal flora.
Tetrahymena Iriina et al.
pyriformis L [ Y (] o [ (] [ o o [\ (1989
sterile 2% *Yield increased as g increased from 1.4-4g,
? roteos&o Planel et al but a threshold was reached @10g (cells died
centrifuge | 1-4d | 600 cells/ml, P none Grow: 27° C none Coulter count 20 | N/A | NA . after 2 days @10g). Influence of angular
peptone (1989)
4ml medium (Difco speed at const g was not significant, as it was
( ) for P. tetraurelia (note size diff).
Cosmos- Tairbekov et al.
1887, 2044 o . [\ (Y o [\ o O | NA | NA (1993a) on Cosmos-1887, Cosmos 2044.
*Centrifuge expt showed decreasing yield with
Tairbekov et al increasing g. With increasing g from 2g to 5g,
centrifuge | O o o N o o (Y © | NA [ NA (1998) " |the entry into stationary phase began earlier at
a lower population density. Atlast stage of
expt, cell size diminished.
. L= liquid
+= increase —
O=no -=decrease LB';:‘:‘;iand
information NC=no change S= solid
N/A=not applicable B= human body
10
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YLEOTC-000C—dD/VSVN

61

Microbial growth in microgravity

Nutrients added/withheld:
(an)aerobic growth, minimal
medium/optimal growth conditions, ...

microbes, type of fixative and when it

was added, delay between fixing and
‘examination, method used for cell
counts ...

Microgravity environment: carrier,
duration, external events, ambient
radiation, ...

ell Concentration (cells/m!)

e

Population

: Escherichia

i | coli on agar
- Kacena and
' Todd (1996)
1G Fitted Curve

: 1G Experimental Data I :
|+ FlightFined Curve P
v  Flight Experimentaj Data i !

o f——— -

108 T T g T - i
20 40 60 80 100 120 i40 160 {80
Time (hours)
800
flight N~
600- / ground
A
400 ;
3 / Paramecium tetraurelia in
200 liquid medium
| / - Planel et al. (1982)
ho‘ﬂL’1 T

) 1] 1 -
o 12 24 36 48 60 72 84 g6 Time (hrs)

11
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Microbes in suspension

Cartoon of
microbial
distribution at:

E. coli

19

At 1g, nonmotile microbes tend to
sediment toward the bottom of a vessel.
At g, cells tend to remain in suspension.
This may lead to more optimal growth
conditions at certain stages of the growth
process through better access to nutrients.

One important piece to add to the picture
is the microbe’s motility, which can affect
bioconvective flows, e.g., Tetrahymena. A
mean swimming velocity can be
estimated; the orientation of the motion
may be predicted through a balance of
gravitational torque (due to nonuniform
internal mass distribution) and viscous
drag on the organism.

Many bacteria of interest are rod-éhaped; others are cocci

or other shapes. Some tend to cluster; some do not.

12



YLEOTC-000C—dD/VSVN

9¢1

Microbes in suspension (cont’d)

Sedimentation rate [umys]
400 -+ P. caudatum
Didinium y=117x
y = 164x P.c. deciliated
300 y=112x
P. tetraurelia
y = 70x
200 + Loxodes
y = 36x
Tetrahymena
100 y=31x
{a

Gravitational effects on
sedimentation for nonmotile
microbes

- Nagel et al. (1997)

19 0g

Gravitational effects on medium composition
surrounding a bacterium

http://www.colorado.edu/engineering/BioServe/anti-prod.html
- Klaus, D.M. (1998).

NOTE: Need to incorporate microbial locomotion in

——> |transport models as well as sedimentation, particularly

in suspension-dominated growth

13
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Microbes in suspension (cont’d)

40071 GC2852 (motile) 300 PhB405 (non-motile)

{4200
200+ 1xg
41000

200¢

100}

AR RS

7
A
17
Z
Z
Z
%
7
A
71
71

AR IR

i 8 7
Ground Ground+CO,  Flight Flight+CO, Ground Ground+CO,  Flight Fight+CO,

Growth conditions Growth conditions

Microbial yield after 9 hrs of pg on the Shuttle is a = '"¢venetetal (19%9)

function of the strain of E. coli used, additives
present (here Na,CO,), initial concentration of
microbes and acceleration magnitude

14
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Summary of microbial growth conclusions

 More care must be taken in comparing experiments and reaching broad
conclusions

« Depending on the microbe, the medium, and the specifics of the
environment and experiment protocols, bacteria show markedly different
growth characteristics in the space environment

 More sophisticated numerical modeling coupled with experiment could
prove invaluable

» Systematic exploration of the role of residual acceleration may prove
important

15
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Microbial resistance to antibiotics in space

y
= o a 5 g
o o 3 E o
E| o e | 2| =& 5 g | 3
Organism | 3 k1 E 8 = 2 o 3 Comments Reference
o Q @ o [ c o 3
3 = = 3 2 3 3 2
2 R 1 ° 2
g 8 2 | 2
° o Q
2
Significant increase in variance in space.
Bacillus ATCC Mir 4 mos NC Difco nutrient PF pde} Susceptible ground cuiture b clinically | Juerg y
subtilis 6051 agar (visual) resistant to rifampicin (only species of 4 et al. (1999)
tested to do so)
0.45 pm millipore zo!
] Skylab L filters on D-0001| PF (visual) *Saw increased colony diameter in space. Staehle (1976)
nutrient agar
+ | minimal medium
fas.t- (IML-1);| nutrient (D2); Note differing yields possibly due to different Mennlgrqann
Y rotating s ) : N/A . N and Heise
: nutrient broth liquid media.
clino-stat NC (1993)
(D-2) (IML-1)
] Shuttle M NC o ] Dried spores on Spacelab. Nagaoka et al.
(1996)
. Least change in variance in flight of the 4
Escherichia ATCC Mir 4 mos NC Difco nutrient PF Zol species tested. If resistant (susceptible) on  |Juergensmeyer|
colf 10798 agar (visual) ground, more resistant (susceptible) in pg et al. (1999)
(only species to show this pattern).
USML-1 in FPA. No untreated pg control for
yield count. Pentaiodide resin was more
B, strain effective than triiodide both on the ground Marchin et al
L8 'NP 4 Shuttle | 20h? o distilled water DF CFU and in pg. Biofilm on resin bead surface (1997) i
noted in one experiment. Temp: Launch 4
deg C, Grow: 22 deg C, Store: 4 deg C.
Quenched with 10% S,;03 +NB.
peptone water Tixador et al.
ATCC (Difco) with A (1994, 1995),
L 25922 Shuttle M NC pepton 1%, NaCl DF Dihydrostreptomycin. Gasset et al.
0.5% pH 7.2 (1994)
D1. Yield w/o antibiotic was >1e8 cell/mifor
MIC all cases. At inhibitory concentrations of Lapchine et al.
L Shuttle | 24h |+ yeastextract | DF | o1 colistin, 100x more GFUs formed in space (1986, 1987)
than on earth.
CYTOS 2. No yield info. More pronounced
L. tal.
astronaut MIC g antibiotic effect than for S. aureus. (;%%l;ln:;adzr
L skin | Salvut7 | 24h [ AP 10M DF (color) Resistance did not persist in postflight etal, (19853,
cultures. b)
The majority of the cultures isolated from the
astronaut crew postflight were resistant to tetracycline, "
intestines Salyut7 ® S crew PF mic although no preflight cultures had this ¥in (1589)

(nearly final draft)
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Microbial resistance to antibiotics in space

3
= o a 5 E
2 2 o 5 [ 8
5l 2 | £ | 5| & £ g | 5
Organism | 3 2 3 g =y = & 3 Comments Reference
° Q @ o < £ ] 3
H = = 3 2 3 o H
§ a e 2 5
s 2 2
e
’ . Yield: 1g: 4.9e4, 2.2e4 mg: 7.5e6, 2.0e8
PseudO{nona ATCC Mir 4 mos + Difco nutrient PF ?°' CFU/mI. Changes in resistance were small; Juergensmeyer
s aeruginosa 27853 agar (visual) N . etal. (1999)
variance in ug comparable to that on earth.
Untreated yield: CFUs doubled at 30d,
halved at 60d, comparable to ground control
ATCC " g at 110d. On ground with pentaiodide resin .
LB | 27853 | M [ 24h | +- | distiledwater | DF | CFU beads, less than 10 CFUs at all times; on Mir,| Ma"ehin (1999)
<10 at 30 days, numbers began to increase
subsequently.
/ One crewmember had a urinary tract
% infection and high numbers of P. aeruginosa.
DF*, In-flight treatment with tetracyclin proved
astronaut|  Shuttle M S NIA PF* ineffective. Treatment with Coly-Mycin B was Taylor (1974)
initiated 2 days after return to earth and was
effective.
Mir. Yield: g: 8.0e4, 2.5e5 mg: 1.3e10,
7.0e8 CFU/ml). Only species to show both
Staphylococc Mir 4 mos + Difco nutrient PF ZOol clinically and statistically significant change | Juergensmeyer
us aureus agar (visual) in resistance to more than one antibiotic; etal. (1999)
became clinically resistant to penicillin G;
variance incl d di ically in space
CYTOS 2. No yield info. 5 antibiotic "
Salyut 7 M o APl 10M DF (x:g} concentrations surrounding MIC. Less T'(’;agio;:tb:"
significant effect than for E. coli. !
*Ground-based study of long-term human
confinement. Largest variation in the oral
cavity and pharynx was in the composition of
ground- staphylococcal flora. **Pathogenic
based . staphylococci showed decreased resistance | Zaloguyev et
confinem 18d ® human body DF S to some antibiotics although the general al. (1971)
ent trend was toward increased resistance to
penicillin, tetracycline group antibiotics and to
levomycetin. Response to other antibiotics
was unaffected.
. MIC=Min- (1) inhibits cell-wall synthesis. (2) inhibits ~ DF: During
g:ggg; phase: imal protein synthesis by binding to 30S ribosomal Flight
®=no D=Dried spores inhibitory subunit. (3) inhibits protein synthesis by PF: Post Flight
) =Liquid con- binding to 50S ribosomal subunit (4) disrupts
informa- :: Hauid centration plasma membrane; (5) inhibits DNA-
tion bB-IIqmd with ZOl=zone dependent RNA polymerase
eads of
inhibition

(nearly final draft)
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Microbial resistance

Much larger variance in space;

If resistant (susceptible) on earth, effectively brackets ground control

then more resistant (susceptible) in

ZO! diameter (mm)

space
. {Dfight A iafightA |
Pseudomonas aeruginosa might 8 Staphylococcus aureus Wfight B
Aground A Aground A
Aground B 70 |Aground B
30 .
E J
60 4
254 A
o a]
' - 50 A A
] L £ A o
S R N . B " s | e L &
l? 2 == & A A A ®
n
104 2 | l é n a
, I = =]
n n oA L | n = n § ——L] ] L]
‘ o ?@ n
n
0 T T Y T T g Y T 0 - r
9, S, & %, %\, %,  \% Y, B Gl 9, 2, s £ 8 %
% My W B % % % G, Y N T T T T O T
antibiotics antibiotics

A function of microbe/antibiotic pair wuergensmeyer et al., 1999)
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Summary of microbial resistance in space

* No standard protocol for assessing microbial resistance
- addition of antibiotic/disinfectant during or post flight, levels

* duration of microgravity growth, as well as medium
composition, base state of organism, temperature protocol,
delay in examination, ...

* requires good statistical design of experiment
* Wide variation among species/antibiotic combinations

« some exhibited greatly increased variance in space
(effectively bracketing ground controls) - although some did not

(Juergensmeyer et al., 1999)

* 1 of 4 species became more resistant (susceptible) to 12
antibiotics in space if resistant (susceptible) on ground

(Juergensmeyer et al., 1999)

19
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Graviperception

Sedimentation rate {umys)

400 T P. caudatum
Didinium y e 117
¥ = 164x & P.c. deciliated

¥=112x

300 +

P. tetraurelia
y= 70x

200 + / Loxodes
y y=38x

100

Gravitational effects on
sedimentation for nonmotile
microbes

- Nagel et al. (1997)

* In the absence of light, many cells exhibit
negative gravitaxis (orient their front ends
opposing gravity) so that they tend to swim up.
What makes that happen? (Hint: it's not
buoyancy)

» Some cells also appear to exhibit
gravikinesis (gravitational regulation of
velocity)

Didinium

Paramecium Loxodes

20
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Gravitaxis

1.00 g/cm3

Paramecium

In density-adjusted media, Paramecium
loses its orientation w.r.t gravity...

In response to a step change in gravity,
Paramecium adjusts its course smoothly
to compensate...

21

Mdller vesicles (nodules of BaS0O,) of p~4.5 gicm3

- Hemmersbach
and Hader (1999)

Loxodes

. but Loxodes does not

Other possible
factors: light,
oxygen
concentration,
heavy metal ions,
temperature,
culture age,
temperature, UV
radiation




YLEOTC-000C—dD/VSVN

g9l

Gravikinesis

- Hemmersbach
and Hader
(1999)

Paramecium

Didinium

- Machemer et al.
(1992)

Mechanosensitive ion

receptor channels

© Ca?* (depolarizing = decreased ciliary beating)

® K* (hyperpolarizing = increased ciliary beating)

For both microbes, downward swimming is
decreased by gravikinesis. For Paramecium

upward swimming is enhanced.
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Search for common ground between fluid physics
and microbiology

What can we learn from each other? Some facets of some
experiments in microbiology are grounded in fluid transport.
Although there is little work in this area from the fluids side, there is
much opportunity for coordination, e.g.:

» Achieving optimal mixing in liquid suspensions

o Assessing effects of residual acceleration in liquid suspensions
due to mismatch in microbe/medium density, weight distribution in
microbe, and local density gradients

« Assessing clinorotation/centrifugation as a tool for simulating
microgravity/hypergravity

e Modeling transport through membranes with local
concentration gradients

23
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During
injection

Current state of the art: Hope for the best

Can we do better? Is it best to:

* Inject quickly or slowly?
* Inject at a particular location(s)?

» Shake the container afterward?

— For this problem, it’s particularly
important to optimize mixing from
the outset...

24

After
injection
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Mixing: Injecting fluid into a chamber

Momentum of injected fluid dominates the distribution of the inoculant

M

o]

s

T

L

|

K

E - Panton (19)

\'; Jet flow: spreading characteristics will be f(D, p, v, 1, chamber geometry)
-
o]
s Vortex D, o, v, u, M, t, chamber geometry)
? ring:
B
L
E

- Bahelor (19)
NOTE: Simple experiment with dye in water can give a good idea of initial
=> | chamber mixing for typical microbiological systems (ex. E. coli in 0.5 ml water with

5eb cells/ml injected into 3.5 ml water ~ pure water for this piece of the puzzle)

25
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Fluid mechanics trick

26

Blooming jet

Axial/helical
frequency at jet
exit=1.7-2.3

- Juvet and Reynolds
(1989)
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Sensitivity to residual acceleration

* To date;

* Limited experimental work on microbial growth in response to vibration exists.

* Mixed results on using centrifuge or clinostat to mimic steady g effects.

* A next logical step:

* Effects of bulk fluid transport can be modeled with current codes with
appropriate source/convective terms

* Microscale effects can be added to include:

- effect of microbe’s weight, mass distribution and shape factor,
locomotion

- effect of density gradients caused by nutrient depletion/waste
formation

To date, no systematic studies have been done,
=> incorporating all of the relevant physics, for
acceleration tolerance assessment!

27
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Simulated gravity through use of centrifuges and
clinostats

In order to assess acceleration thresholds and their effects, centrifuges and
clinostats have been used to simulate an artificial gravity field, with mixed
success:

* space and ground-based centrifuges
* clinostats

While they may be an effective tool for microgravity comparison in some
cases, they may be more complicated to analyze in others.

28
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Clinorotation = ng

—_

At =A+ g

The acceleration acting on a fluid is
the vector sum of all accelerations, so
that in a clinostat:

* g is still present

* orientation of a,, changes continuously
over a cycle

* in solid-body rotation, fluid at the center
of the experimental chamber has no net
motion (in the Lagrangian frame)

« across the chamber, a gravity gradient
Is imposed since R varies (Pianel et al., 1990)

29
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Clinorotation (cont’d)

A ’ s
S ,
N\,
N
V% / \
y
:
-7 K H
7 ]
~ /o
- /
(b)
7/

Tracks of Euglena gracilis in 1g, ug and simulated ng

Ny

In some situations, the clinostat reproduces
microgravity results quite well, but in others, it fails
miserably. The challenge is to understand why.

30

®)

\ A\

clinostat

- Vogel et al. (1991)
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Other problems of relevance

* Transport through and near membranes:
* differences in composition of extracellular fluid in space

100 /] Cytos | experiment
Ground based

experiment

75

N

7z

O

SNRIN

S
TR

D)
N

Paramecium tetraurelia in liquid medium
for moderate-duration pg

- Planel et al. (1981)

25

Relative concentration of electrolytes
1

* effects of composition gradients and gravity on convective flows (Schatz et
al., 1994)

 Liposome formation in microgravity yields larger vesicles
(Classen and Spooner, 1996)

- Some direct analogies to protein crystal growth
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Conclusions

A systematic approach to space microbiology
requires expertise in many disciplines

— this makes it a challenge, but there are common
areas where we can learn from each other

32
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On the evaluation of the overall disturbances induced by
g-jitter on fluid physics experimentation in the ISS

Rudolfo Monti & Rafael Savino
Universita degli Studi di Napoli
Napoli, Italy

This paper summarizes a number of numerical results for the evaluation of the
thermo-fluid-dynamic response of Fluid Physics experiments to the microgravity
environment prevailing on the International Space Station (ISS).

In previous works the present authors pointed out that quasi steady (residual-g) and
periodic (g-jitter) accelerations may be important sources of convective disturbances
during fluid and material science microgravity experimentation. One of the key results
of these studies shows that, at sufficiently high frequencies, the velocity oscillates around
a non-zero average value with the g-jitter period (t), and the scalar quantities
(temperature and/or species distributions) are also made up by a steady plus an
oscillatory contribution. For the typical g-jitter prevailing in a large part of the frequency
spectrum of the ISS, the amplitudes of the oscillation of the temperature (or
concentration) distortions are small compared to the steady, time-averaged distortions,
arising from thermovibrational effects (related to the non-zero average component of the
velocity field). This fact proves to be of a fundamental advantage for the numerical
evaluation of the overall effect of many simultaneously acting accelerations, since it can
be simply computed (i.e. with less computation time) by solving only the time-averaged
form of the field equations (Gershuni formulation).

In this paper different study cases (that show a large sensitivity to vibration
accelerations) have been identified and numerical simulations have been carried out to
extend the initial model for single frequency oscillation to the multi-frequency g-jitter
environment of the Space Station (also in the presence of a quasi steady residual-g field).

The numerical simulations are carried out considering recent predictions for the ISS
accelerations and solving both the full Navier-Stokes equations with a time-dependent
body force (that give the “exact” instantaneous time-dependent flow) and the time-
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averaged field equations, containing all the g-jitter terms (that identify the environment
of the ISS) grouped in a single parameter.

It is shown that the overall “time-averaged” disturbances of the thermo-fluid-
dynamic field, in the presence of the typical microgravity environment of the ISS, can be
simply evaluated assigning as input to the CFD code a single sinusoidal (equivalent) g-
jitter based on the overall vibrational Rayleigh number (in the time-averaged
formulation).

According to the present results, ISS should be seen as an ensemble of MG platforms,
due to the substantial differences (in the convective disturbances) encountered by an
experimental facility when located inside different modules of the ISS (US Lab, COF).
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SUMMARY

This work summarizes a number of numerical results for the
evaluation of the Thermo-Fluid-Dynamic (TFD) response of Fluid
Physics experiments to the Microgravity Environment (MGE)
prevailing on the ISS

Three main issues are addressed:

1) Preparation of numerical codes for the computation of convective
disturbances induced by g-jitter

2) Definition of a “lumped equivalent g-jitter” (over the entire g-jitter
spectrum) criterion for the evaluation of the “time-averaged” most
relevant disturbances

3) Effect of residual-g, g-jitter and cell orientation for typical
experiments located at different ISS locations (US Lab, COF).
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DIRECT INTEGRATION OF FULL SET OF EQUATIONS
VERSUS TIME-AVERAGE FORMULATION

Previous works at the University of Naples pointed out that, for the
typical g-jitter spectra of the ISS, the amplitudes of the oscillations of the
temperature (or concentration) distortions are small compared to the time-
averaged distortions (with respect to the pure diffusive “0-g” conditions)

A reference study case has been identified and numerical simulations
have been carried out to show that the time-averaged TFD fields can be
simply computed (i.e. with much less computation time) by solving only
the time-averaged form of the field equations (Gershuni formulation)

The numerical check consists in solving both the full Navier-Stokes
equations with time-dependent accelerations (that give the “exact”
instantaneous time-dependent flow) and the time-averaged field equations,
and to compare the results
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REFERENCE STUDY CASE FOR THE EVALUATION OF THE
DISTURBANCES INDUCED BY THE ISS MGE

A closed cubical test cell of the Fluid Science Laboratory (side 6[cm]), filled
with a liquid with low kinematic viscosity (silicone oil with with v=0.65 [cs]).

Two opposite walls are maintained at different temperatures (AT=60K). The
other walls are rigid and insulated.

Sinusoidal vibrations (F=3Hz, amplitude=10*ug, see NIRA 99) are applied in
different directions (direction orthogonal to the temperature gradient is the
worst situation, corresponding to the maximum temperature disturbances with
respect to the diffusive case).

adiabatic wall

00E01 adiabatic wall Residual-g
...... e Residual-g *
403 (Joule/Kg/K) grad T
: 00E+02  (Kg/m"3)
'Bé’sgid.ual_gg=’ﬁ1,60v E05  (m/sh2) TC TH T c TH
_ L=50000E02  (m) g g-jitter
_AT=5,0000E+01 * (K) %
a=6,8182E-08  (mA2ss) . _
v=6,5000E-07 (mA2/s) adiabatic wall
t,= 5,2800E+04 (s) adiabatic wall

Pr= 9,5333E+00
Rag= 5,0688E+03
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G-Jitter (frequency=3 Hz, amplitude=10mg)

Time = 60 (s)
DIRECT FORMULATION TIME-AVERAGED FORMULATION
G-Jitter
\%

Non dimensional X-velocity
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Time =60 (s) cont’d

DIRECT FORMULATION

TIME-AVERAGED FORMULATION

G-Jitter

N

\ 4

Temperature

(V,./V, =225)

2.23
2.00
1.76
1.53
1.29
1.06
0.82
0.59
0.35
0.12
-0.12
-0.35
-0.59
-0.82
-1.06
-1.29
-1.53
-1.76
-2.00
-2.23
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Time = 600 (s) cont’d

DIRECT FORMULATION

TIME-AVERAGED FORMULATION

G-Jitter

2.94 A
2.63

232
2.01
1.70
1.39
1.08
0.77
0.46
0.15
-0.15

0.46
0.77 v
-1.08

-1.39

-1.70

-2.01

232

-2.63
-2.94

1.0000
0.9474
0.8947
0.8421
0.7895
0.7368
0.6842
0.6316
0.5789
0.5263
0.4737
04211
0.3684
0.3158
0.2632
0.2105
0.1579
0.1053
0.0526
0.0000

Non Dimensional

Non dimensional Y-velocity

Temperature

VIV =297




RESIDUAL-G (1.0 pug)+G-JITTER (3Hz)
a,= o= 90 (deg) -- Time = 600 (s)

DIRECT FORMULATION TIME-AVERAGED FORMULATION
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G-Jitter Residual-g
N\

v \%

881

Non Dimensional Stream Function

g 15.01
ey 1343
S 11.85
10.27
8.69
7.11
5.53
3.95
237
0.79
0.79
237
3.95
5.53
7.11
24 8.69
K -10.27
-11.85
B -13.43
e -15.01

Non dimensional X-velocity
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RESIDUAL-G (1.0 pg)+G-JITTER (3Hz)
o= o= 90 (deg) -- Time =600 (s) cont’d

DIRECT FORMULATION

15.73
14.07
12.42
10.76
9.11
745
5.80
4.14
248
0.83
-0.83
-2.48
-4.14
-5.80
-7.45
-9.11
-10.76
-12.42
-14.07
-15.73

1.0000
0.9474
0.8947
0.8421
0.7895
0.7368
0.6842
0.6316
0.5789
0.5263
04737
04211
0.3684
0.3158
0.2632
0.2105
% 0.1579
0.1053
0.0526
0.0000

G-Jitter Residual-g
/N

Vv %

Non dimensional Y-velocity

Non Dimensional Temperature

TIME-AVERAGED FORMULATION

V__/V_=1537
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NUMERICAL RESULTS

Examination of the above graphs show that:

1) The results in terms of convective flows and temperature distortions
are practically coincident for both a single frequency vibration and for the
simultaneous application of a residual-g plus vibration)

2) Even during start-up (i.e. during unsteady phases) the time-average
and the “direct” formulations give the same results

3) The comparison between the two codes becomes better and better if
the ratios:




YLEOTC-000C—dD/VSVN

161

EVALUATION OF A LUMPED EQUIVALENT G-JITTER
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