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NASA
The International Microgravity Measurements Group (MGMG) annual 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 Principal Investigator Microgravi
Services (PIMS) project at the NASA Glenn Research Center for the NASA Microgravity 
Research Program and cooperating international microgravity research programs. 

The 20th MGMG meeting was held 7–9 August 2001 at the Hilton Garden Inn Hotel 
in Cleveland, Ohio. The 35 attendees represented NASA and other space agencies, 
universities, and commercial companies; eight of the attendees were international 
representatives from Canada, Germany, Italy, Japan, and Russia. 

Seventeen 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, and microgravity outreach. Two working sessions were 
included in which a demonstration of ISS acceleration data processing and analyses 
were performed with audience participation. 

One paper was submitted by one of the Russian authors but was not presented at the 
meeting. The paper is an analytical derivation of the Russian segment quasi-steady 
acceleration environment based on vehicle orbit data. This paper is included in the 
minutes. 

The 21st MGMG annual meeting will most likely be held in mid-year 2002 at a site 
not yet determined. Bjarni Tryggvason has 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. 
/CP—2001-211164 iii



Table of Contents

Agenda.................................................................................................................................................................vi

Microgravity Environment Program
David Francisco, NASA Glenn Research Center .......................................................................................1

Overview of Microgravity Environment Interpretation Tutorial (MEIT)
Kevin McPherson, NASA Glenn Research Center ....................................................................................7

NASDA’s Activities for “Microgravity” in JEM
Toshitami Ikeda and Keiji Murakami, Space Utilization Research Center, National Space
Development Agency of Japan (NASDA)................................................................................................32

Payload Microgravity Verification
Fred Henderson, ISS Payloads Engineering and Integration,
Teledyne Brown Engineering, Boeing......................................................................................................51

SSUAS Microgravity Status Charts
Craig Schafer, SAIC/Code OZ, NASA Johnson Space Center................................................................68

ISS Vibratory Acceleration Environment
Kenneth Hrovat, ZIN Technologies..........................................................................................................85

Space Station Multi-Rigid Body Simulation (SSMRBS) Runs Comparison to On-Orbit MAMS Data
Michael R. Laible, Boeing, International Space Station ..........................................................................94

Features of Space Microacceleration Measurement Program SINUS for FOTON Type Satellites
Oleg L. Mumin and Vladimir G. Peshekhonov, CSRI Elektropribor; and
Gennady P. Anshakov and Valentin F. Agarkov, CSDB.......................................................................110

An Instrument for Measuring the Quasi Steady Acceleration Vector On Board of the ISS
Giulio Poletti, University of Milan .........................................................................................................132

Initial ARIS Performance Assessment for the Fluids and Combustion Facility (FCF)
Marcus Just, ZIN Technologies...............................................................................................................158

Light Microscopy Module: An Optical Payload in a Microgravity Environment
Tony Haecker, Logicon Corporation ......................................................................................................189

ISS Quasi-Steady Acceleration Environment
Eric Kelly, ZIN Technologies .................................................................................................................219

Demonstration of Microgravity Outreach Devices
Richard DeLombard, NASA Glenn Research Center ............................................................................237

Microgravity Emissions Laboratory (MEL) Testing of the Experiment of Physics of Colloids
in Space (EXPPCS)

Anne M. McNelis, NASA Glenn Research Center ................................................................................239

Working Session for AAA Fan Retesting
Thomas Goodnight and Mark McNelis, NASA Glenn Research Center; and
Roy Christoffersen, SAIC/Code OZ, NASA Johnson Space Center.....................................................255

NASA/CP—2001-211164 iv



The Iterative Biological Crystallization Project
Scott Spearing, Morgan Research ...........................................................................................................257

Microgravity Vibration Isolation Systems that the Canadian Space Agency is Developing for ISS

Preliminary Review of Microgravity Environment in Russian Segment of ISS
E.V. Babkin, M. Yu. Belyaev, A.Yu. Kaleri, V.M. Stazhkov, and O.N. Volkov,
Rocket and Space Corporation Energiya; and V.V. Sazonov, Keldysh Institute of

NASA/CP—2001-211164 v

Bjarni Tryggvason, Canadian Space Agency .........................................................................................266

Applied Mathematics, RAS.....................................................................................................................268

Attendee List ....................................................................................................................................................281



T

S

1

1

1

1

S

NASA
uesday, August 7, 2001 Paper #

start end Title Presenter

9:00 AM 9:15 AM Welcoming remarks & logistics R. DeLombard (NASA 
GRC)

ession A PROGRAMMATICS

9:15 AM 9:25 AM Microgravity Environment Program David Francisco (NASA 
GRC)

1

9:25 AM 10:10 AM Overview of Microgravity Environment 
Interpretation Tutorial (MEIT)

Kevin McPherson 
(NASA GRC)

2

0:10 AM 10:25 AM Introduction of MGMG attendees

0:25 AM 10:50 AM BREAK

0:50 AM 11:30 AM NASDA’s Activities for "Microgravity" in 
JEM

Toshitami Ikeda 
(NASDA)

3

1:30 AM 12:45 PM LUNCH

ession B ISS ENVIRONMENT - PART 1

12:49 PM 1:30 PM Payload Microgravity Verification Fred Henderson 
(TBE/Boeing @ JSC)

4

1:30 PM 1:44 PM BREAK

1:44 PM 2:00 PM SSUAS microgravity status chart Craig Schafer (SAIC @ 
JSC)

5

2:00 PM 4:30 PM ISS Vibratory Acceleration Environment Ken Hrovat (ZIN 
Technologies @ GRC)
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ednesday, August 8 2001 Paper #
start end Title Presenter

ession B ISS ENVIRONMENT - PART 1 (con'td)

9:05a 9:45 AM Space Station Multi-Rigid Body Simulation 
(SSMRBS) Runs Comparison to On-Orbit 
MAMS Data

Michael R. Laible 
(Boeing ISS)

7

ession C FREE-FLYER ENVIRONMENT

9:45 AM 10:10 AM Features of space microacceleration 
measurement program SINUS for FOTON 
type satellites 

Oleg Mumin (CSRI 
Electropribor, St. 
Petersburg, Russia) & 
Valentin Agarkov (CSDB, 
Samara, Russia)

8

0:10 AM 10:30 AM BREAK

ession D ISS ENVIRONMENT - PART 3

0:30 AM 10:56 AM An instrument for measuring the quasi steady 
acceleration vector on board of the ISS

Giulio Poletti (University 
of Milan, Milan, Italy)

9

0:58 AM 11:30 AM Initial ARIS Performance Assessment for the 
Fluids & Combustion Facility (FCF)

Marcus Just (ZIN 
Technologies @ GRC)

10

1:30 AM 1:05 PM LUNCH

1:05 PM 1:40 PM Light Microscopy Module: An Optical 
Payload in a Microgravity Environment

Tony Haecker (Logicon 
@ GRC)

11

1:40 PM 1:50 PM BREAK

1:50 PM 4:00 PM ISS Quasi-Steady Acceleration Environment Eric Kelly (ZIN  
Technologies @ GRC)

12
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hursday, August 9, 2001 Paper #

start end Title Presenter

ession E OUTREACH

9:02 AM 9:32 AM Demonstration of microgravity outreach 
devices 

Richard DeLombard 
(NASA GRC)

13

ession F GROUND TESTING

9:32 AM 10:05 AM Microgravity Emissions Laboratory (MEL) 
Testing of the Experiment of Physics of 
Colloids in Space (EXPPCS) 

Anne McNelis (NASA 
GRC)

14

0:05 AM 10:20 AM BREAK
0:20 AM 11:10 AM Working Session for AAA Fan Retesting Tom Goodnight, Mark 

McNelis  (NASA GRC), 
Roy Christoffersen 
(SAIC @ JSC)

15

1:10 AM 11:25 AM IBC in Microgravity Environment Scott Spearing (Morgan 
Research @ MSFC))

16

1:25 AM 11:45 AM Microgravity Vibration Isolation Systems that 
CSA is developing for ISS

Bjarni Tryggvason (CSA) 17

MEETING SUMMARY

1:45 AM 12:00 PM Summary discussion of MGMG #20 and 
plans for MGMG #21

Richard DeLombard 
(NASA GRC)

PAPER SUBMITTED BUT NOT PRESENTED

Preliminary review of microgravity 
environment in Service Module of ISS

E.V.Babkin, 
M.Yu.Belyaev, 
A.Yu.Kaleri, 
V.M.Stazhkov, 
O.N.Volkov (Rocket 
and Space Corporation 
Energiya) and 
V.V.Sazonov (Keldysh 
Institute of Applied 
Mathematics, RAS)

18
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MGMG #20 

 

Microgravity Environment Program 

 

David Francisco 
NASA GRC 
Cleveland, Ohio

The Microgravity Environment Program is managed by the Microgravity Science 
Division at the NASA Glenn Research Center in Cleveland, Ohio. The program which is 
funded by Code U and M at headquarters includes the development and operations of 
acceleration measurement systems, and the analysis, interpretation, and correlation of 
the data. The program also supports the development of microgravity verification 
facilities for the ISS Fluids and Combustion Facility (FCF) along with support for the 
ARIS integration activities for FCF.

The program operated the SAMS, SAMS-FF, and OARE instruments on the Shuttle 
from 1991 through 1999. SAMS and SAMS-FF supported operations on the KC-135 and 
on sounding rockets. A SAMS unit supported the NASA-Mir Science program from 1994 
through 1998.

Presently, SAMS and MAMS instruments are on the ISS to support the early science 
experiments as well as to characterize the microgravity environment of ISS as it is being 
assembled on-orbit. Data downlinked from the ISS is automatically processed and 
disseminated to users via the World Wide Web.

1NASA/CP—2001-211164



Glenn Research Center

Space Directorate

Microgravity Science Division

20th Microgravity Measurement Group Meeting

Microgravity Environment Program

Dave Francisco
NASA Glenn Research Center

(216) 433-2653
david.francisco@grc.nasa.gov
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Glenn Research Center

Space Directorate

Microgravity Science Division

GRC
Microgravity Environment Program

Microgravity Measurement Hardware
•Development and operations 

•ISS, STS, ground based
•Vibratory/Transient
•Quasi-steady

Data Analysis
•PI-Specific - PIMS
•Mission/Increment Specific
•Data dissemination - WWW

FCF ARIS Integration activities
•Support ARIS integration for FCF

Microgravity Payload Verification
•Microgravity Emissions Lab (MEL)
•Payload Certification Support
•Template for Microgravity Control Plan 

development and verification

Microgravity Environment Tutorial
•Annual Tutorial
•Handbooks – disturbances
•Platform characterization

ISS Microgravity Requirements
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Glenn Research Center

Space Directorate

Microgravity Science Division

Microgravity Environment Program

•Funding: From the Office of Biological and Physical Research, NASA
Code U and ISS Code M

•History:  GRC has developed, integrated and flown instruments on 20+
missions with the SAMS, OARE, and SAMS-FF since 1991.  Analyzed
and distributed data from these missions.

•Instruments have flown on the Shuttle, MIR, sounding rockets, KC-135
and in ground based facilities (drop towers).

•Present Status:  Operating the SAMS-II and MAMS instruments on
ISS since June 2001 (launched on 6A)
•Quick look report published and Increment 2 report complete

•Supporting:  PCS, ARIS-ICE and PIMS
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Glenn Research Center

Space Directorate

Microgravity Science Division

Contacts List:

PIMS
Kevin McPherson
(216) 433-6182
Kevin.M.McPherson@grc.nasa.gov

SAMS Hardware
Bill Foster
(216) 433-2368
William.M.Foster@grc.nasa.gov

Science/MEIT
Kenol Jules
(216) 977-7016
Kenol.Jules@grc.nasa.gov

Science/Requirements
Richard DeLombard
(216) 433-5285
Richard.DeLombard@grc.nasa.gov

ARIS Integration
Kathy Shepherd
(216) 433-3665
Kathleen.A.Shepherd@grc.nasa.gov

Microgravity Testing
Anne McNelis
(216) 433-8880
Anne.M.McNelis@grc.nasa.gov
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MGMG #20 

 

Overview of Microgravity Environment 
Interpretation Tutorial (MEIT) 

 

Kevin McPherson
NASA GRC
Cleveland, Ohio 

The Microgravity Environment Interpretation Tutorial (MEIT) conveys significant 
features of the microgravity acceleration environment to the microgravity Principal 
Investigator teams and other interested parties. 

Typical contents include 

 

* Acceleration Measurement Systems

* Basics of Signal Processing

* Analysis Techniques for Quasi-Steady Data

* Analysis Techniques for Vibratory Data

* Microgravity Environment of Non-orbital Platforms 

* Highlights of the Microgravity Environment of the Orbiters, Mir, and ISS 

* Implications for Microgravity Experimenters

* ISS Acceleration Environment Predictions

* PIMS Space Station Operations

* Vibration Isolation Techniques

* Predicting Residual Acceleration Effects on Space Experiments 

* Impact of the Microgravity Environment on Experiments

7NASA/CP—2001-211164
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MGMG #20 

 

NASDA’s Activities for “Microgravity” in JEM

 

Toshitami Ikeda and Keiji Murakami 
Space Utilization Research Center 
National Space Development Agency of Japan (NASDA) 

In this presentation, NASDA’s activities for microgravity acceleration measurements, 
vibration isolation, and microgravity control plan in JEM will be shown. First, NASDA 
has been developing a microgravity measurement apparatus (MMA) to be installed in 
the JEM. The Critical Design Review (CDR) #1 was held in February 2001 and CDR#2 
(system CDR) will be held in this autumn. Second, we will show our approach 
concerning vibration isolation in JEM. And finally, situation of establishing a JEM 
payloads microgravity control plan and a test plan for measurements of acceleration 
disturbances from ISPRs will be informed. 

32NASA/CP—2001-211164



33
N

A
SA

/C
P—

2001-211164



34
N

A
SA

/C
P—

2001-211164



35
N

A
SA

/C
P—

2001-211164



36
N

A
SA

/C
P—

2001-211164



37
N

A
SA

/C
P—

2001-211164



38
N

A
SA

/C
P—

2001-211164



39
N

A
SA

/C
P—

2001-211164



40
N

A
SA

/C
P—

2001-211164



41
N

A
SA

/C
P—

2001-211164



42
N

A
SA

/C
P—

2001-211164



43
N

A
SA

/C
P—

2001-211164



44
N

A
SA

/C
P—

2001-211164



45
N

A
SA

/C
P—

2001-211164



46
N

A
SA

/C
P—

2001-211164



47
N

A
SA

/C
P—

2001-211164



48
N

A
SA

/C
P—

2001-211164



49
N

A
SA

/C
P—

2001-211164



50
N

A
SA

/C
P—

2001-211164



 

MGMG #20 

 

Payload Microgravity Verification

 

Fred Henderson
ISS Payloads Engineering and Integration
Teledyne Brown Engineering / Boeing

With the implementation of specific payload microgravity requirements for 
pressurized and attached payloads over the last two years, the new emphasis is for 
efficient means of ISS payload microgravity verification. Spreadsheets containing 
embedded Visual Basic code are to be used to ease payload data submittal and 
comparison with requirements. These spreadsheets will feed additional calculations for 
Element level and ISS level verification and provide inputs to payload operations 
planners. Output formats will also summarize microgravity impacts in support of 
waiver request evaluation. The presentation concludes with suggestions of how SAMS 
should be used to ease payload microgravity requirements by updating NIRA, 
identifying exact modal frequencies with associated damping and determination of 
complete (embedded impedance) transfer functions.
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MGMG #20 

 

SSUAS Microgravity Status Charts 

 

Craig Schafer 
SAIC / Code OZ 
NASA Johnson Space Center
Houston, Texas 

Several microgravity environment status charts from the recent SSUAS meeting were 
presented and discussed. 
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Comparison of Modeled 
Acceleration Environment to On-

Orbit Measurements
Craig Schafer
JSC/ISS Payloads Office
SAIC-Houston
8/22/01
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Abstract

In 1999, Boeing used Finite Element Analyses to produce a 
predicted U.S. Lab (Destiny) acceleration environment of 
ISS Stage 6A at the LAB1O1 ARIS Rack.  The model 
results are compared to the environment measured by 
the Space Acceleration Measurement System (SAMS II).  
The models appear to be conservative compared to the 
measured environment.  However, the on-orbit results 
are of a single 100 second measurement sample,and a 
larger sampling of acceleration environment is necessary 
in order to positively establish the degree of 
conservation in the FEA model.
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Introduction

Finite Element Analysis has been used to predict the microgravity 
environment of the International Space Station’s Destiny Module.
Some of the greatest questions are what is the degree of 
conservatism in the FEA models, and are the models adequately 
capturing the characteristics of the individual disturbance sources 
and the structures?  Boeing produced a Finite Element Model 
(FEM) of the ISS at Stage 6A in 1999 and predicted the 
microgravity environment for the research community.  The Space 
Acceleration Measurement System-II (SAMS-II) was aboard and 
operating during the stage covered by the FEM.  Two time periods
were selected for comparison: a sleep period, and a time period 
during a test involving the Treadmill with Vibration Isolation 
System (TVIS).
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Times of Interest

� Sleep period- Supposedly, the crew makes no appreciable 
vibrations while they are asleep, leaving only station systems. A 
sleep period was of interest to see what the vehicle reaction was to 
system disturbances only.

� TVIS SDTO- A Station Detailed Test Objective (SDTO) was 
scheduled to test the effect of use of the Treadmill with Vibration 
Isolation System (TVIS) on the station structure. Its effect on the 
microgravity environment was detected by SAMS-II.  One 
crewmember was to walk or jog on the TVIS while the other two 
remained motionless.  TVIS’s isolation system was damaged during
Increment 1, and a temporary fix was in place at the time of this 
test.  Bungee cords were used in the place of damaged passive 
isolator cables, so the accelerations induced by the TVIS are not 
reflective of the isolation system’s true performance.
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6A Non-Isolated Acceleration Environment

� Boeing used Finite Element Analysis to model ISS 
Stage 6A acceleration environment in 1999.

� Results were enveloped over several points at the U.S. 
Lab LAB1O1 Rack and presented in an enveloped, 1/3 
octave band format in acceleration as a function of 
frequency.

� The model used in this study was the 6A Environment 
Prediction with the following modifications:
– Sleep period:  All crew-induced accelerations were removed to 

simulate a sleep period.
– TVIS operation:  All crew-induced accelerations removed 

except TVIS and crew push-off/landing.
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6A Environment

Verified 
Components:
Model Correlation 
for standard shuttle 
launch 
configuration:
• FGB Zarya
• Z1 Truss
• PV Arrays
• SM Zvezda
• Progress
• Node 1 Unity
• U. S. Lab Shell/ 
Standoffs
• System Racks
• Express Rack #1

Transient Disturbances
•P6 Beta Gimbal
•SM High Gain Antenna
•SM Solar Arrays
•**Crew Push- Off/ Landing

**Removed to simulate sleep 
period

U. S . Lab
• 45 Coldplates
• **Crew Push- Off/ 
Landing
• Fans (AAA, IMV, THC)
• Pumps (CDRA, MCA, 
Water Sep.)

Node 1
• Fans (CCAV, IMV)

Z1 Segment
• Ku- Band
• CMG

P6 Truss Segment
• Stick Slip
• Beta Gimbal

Service Module
• High Gain Antenna
• Fans (VS, TCS, Hygiene)
• Pump (TCS, WSS, Hygiene)
• TCS Compressor
• **Treadmill Walking/ 
Jogging
• Solar Arrays

Modeled Vehicle Disturbances
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SAMS-II Sensor Locations

LAB1O1 LAB1O2

F05-Light 
Tray

F06-EXPPCS 
Test Section

F03-Z Panel

F02-SAMS-
II Drawer

F04-Z Panel

F06

F03 F04

F02

F05

Sensor of interest

U.S. Lab (Destiny)

N
od

e 
1

LAB1O3 LAB1O4 LAB1O5 LAB1O6

LAB1S3 LAB1S4 LAB1S5 LAB1S6

LAB1D3 LAB1D4 LAB1D5 LAB1D6

LAB1P3 LAB1P4 LAB1P5 LAB1P6LAB1P1 LAB1P2

LAB1D1

LAB1S1

ER
2

ER
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Comparisons

� Sleep Period
– 6A Prediction:  All crew-induced accelerations were 

removed to simulate a sleep period.
– SAMS-II data:  Sleep period, 6/29/01, 100 second 

interval starting at 00:00 GMT.
� TVIS SDTO

– 6A Prediction:  Only crew-induced accelerations 
were TVIS operation (walking) and one crew push-
off/landing.

– SAMS-II data:  TVIS SDTO period 6/28/01, 100 
second interval starting at 10:29:10 GMT.
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Caveats:
*Measured data was sampled for 100 s.
*Still investigating exactly which disturbers were on.
*Model envelopes responses at Z-panel, light frame, and ARIS interface plate.

7/19/01

Predicted and Measured Stage 6A Microgravity Environment of 
EXPRESS Rack 2 Z-Panel During Crew Sleep Period
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Sleep Period Discussion

� Caveats
– Measured data was sampled for 100 s.
– Still investigating exactly which disturbers were on.
– Model envelopes responses at the LAB1O1 Z-panel, light 

frame, and ARIS interface plate.
� Observations

– The model appears conservative throughout the frequency 
range (0.01-50 Hz).  Considerable margin exists (3X-15X, 
depending on frequency).

– The general shape of the model data agrees with the 
measured data.

– In some frequency regions, the detailed shape of model data 
agrees with the measured data.
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Model Prediction (Treadmill+Crew pushoff)

Caveats:
*Environment measured for 100 s.
*Still investigating exactly which disturbers were on.
*Recorded during Treadmill SDTO, but exercise activity not verified.
*Treadmill isolation system not operational, temporary isolation fix only.
*Model envelopes responses at Z-panel, light frame, and ARIS interface plate.

7/19/01

Predicted and Measured Stage 6A Microgravity Environment of 
EXPRESS Rack 2 Z-Panel During Treadmill Testing Period
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TVIS SDTO Period Discussion

� Caveats
– Environment measured for 100 s.
– Still investigating exactly which disturbers were on.
– Recorded during Treadmill SDTO, but exact exercise activity (run, jog, walk) 

not verified.
– Treadmill isolation system not operational, temporary isolation fix only.
– Model envelopes responses at the LAB1O1 Z-panel, light frame, and ARIS 

interface plate.
– Modeled crew pushoff is a worst case (9.34 lb push off followed by a 186.5 lb 

+ 4476 in-lb landing).  This pushoff dominates the 0.1-10 Hz range.
– The treadmill was modeled as a superposition of five sinusoids, which does 

not sufficiently bring out the broadband nature of the true disturbance.

� Observations
– Conservatisms not as obvious as in the sleep period comparison.
– The general shape of the model data agrees with the measured data, except 

in the 0.1-1 Hz range, where the treadmill effects are dominant.
– Except for the 0.1-1 Hz range, and one point at 10 Hz, the model data are 

below the Treadmill Only measured data.
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Conclusions

The data presented here are only a cursory comparison 
between predicted and measured acceleration 
environment.  It may be beneficial to accumulate many 
more periods and compare the average to the 
predicted environment.  This forward work will be 
conducted by the PIMS and the Microgravity Integrated 
Products Team (MIPT). A possible benefit of continuing 
the study is to feed the results back into the Finite 
Element Model to improve its accuracy.  It may also 
help find margin in the microgravity requirement that 
could be used by the payloads.
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MGMG #20 

 

ISS Vibratory Acceleration Environment 

 

Kenneth Hrovat
ZIN Technologies
Cleveland, Ohio 

A computer will be available in the meeting room for access to the SAMS and MAMS 
data from the ISS. This will be a working session and a time for MGMG attendees to 
interact with PIMS project analysts and software engineers about data and data 
processing actions. 

 

Discussion points about PCSA plots: 

 

* It was pointed out that the PCSA plot is rather arcane so PIMS offered to develop a more 

complete explanation for the PCSA plot 

* Eddie Snell (MSFC - PCG) commented that the PCSA type of plot is of particular use 

for crystal growers 

+ PCG researchers have correlated the microgravity environment from these plots to 

success of crystal growth under various conditions on several Shuttle missions

* A request was received to include PCSA plots in the PIMS increment reports 
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ISS Vibratory Acceleration Environment 

 

MGMG #20
7-Aug-2001

Kenneth Hrovat
ZIN Technologies
Brookpark, Ohio
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Outline

• How much?
• Browse roadmap (bottom-up)
• Top-down correlation
• Demo
• Some findings
• Feedback
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Browse roadmap

ADVASC equipment 
cycles OFF/ON

EXPPCS 
sample mix 
equipment 
operation
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Top-Down Correlation
Key sources of information:

• As-flown attitude timelines & Short-term plans.

• Voice loops at Telescience Support Center - monitor 
& log communications between: cadre at MSFC, 
MCC at JSC, crew at ISS, and PIs.

• E-mail & telephone correspondence with experiment 
teams, payload developers (ARIS-ICE, EXPPCS, ADVASC), and 
MGMG people like you.

• Near real-time telemetry playback (vehicle state).

• ODRC database at JSC (cannot get through GRC firewall yet).
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Outline

• How much?
• Browse roadmap (bottom-up)
• Top-down correlation
• Demo
• Some findings

• Feedback
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MGMG #20 

 

Space Station Multi-Rigid Body Simulation (SSMRBS) 
Runs Comparison to On-Orbit MAMS Data

 

Michael R. Laible 
Boeing, International Space Station
502 Gemini
Houston, TX 77058 

One of the tasks that the microgravity sustaining engineering will have is to verify 
and predict the quasi-steady environment of the ISS. To accomplish this task the 
microgravity group will need tools to predict and verify the existing environment. The 
main tool currently used for quasi-steady analysis is the Space Station Multi-Rigid Body 
Simulator (SSMRBS), developed and maintained by the Johnson Space Center 
Engineering Directorate. To gain experience and knowledge of the simulation correlation 
with actual flight data, a state vector of the ISS stage 6A, was recorded and SSMRBS runs 
were performed to match the actual flight data from the Micro Acceleration 
Measurement System (MAMS). This presentation will document the inputs, runs 
performed, and findings of the comparison.

The procedures used for this study are outlined below: 

 

1. Get actual vectors of stage 6A (ephemeris data). 

2. Run a baseline version of SSMRBS, using atmosphere file with NOAA Solar Flux data 

and appropriate state vector. 

3. Compare SSMRBS attitude with actual ISS attitude — adjust accordingly. 

4. Compare simulation results with actual MAMS acceleration and ISS attitude values. 

5. Perform additional runs changing simulation environment parameters to match actual 

flight attitude (ephemeris data) and MAMS acceleration values.

6. Compare results and summarize findings. 
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MGMG #20

 

The MAMS data of interest was recorded between a GMT of 2001/127:22:00:00.072 
and 128:07:00:00.072. All simulations and real-time data was gathered for this particular 
time frame. 

 

Figure 1 — 6A, Post 2R Relocation, ISS Configuration
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MGMG #20 

 

Features of space microacceleration measurement 
program SINUS for FOTON type satellites 

 

Oleg L. Mumin, CSRI Elektropribor, St. Petersburg, Russia
Vladimir G. Peshekhonov, CSRI Elektropribor, St. Petersburg, Russia
Gennady P. Anshakov, CSDB, Samara, Russia
Valentin F. Agarkov, CSDB, Samara, Russia

SINUS is a program of developing and using a system for measuring nano- and 
microaccelerations to ensure the flights of “technological” satellites designed by the 
Central Specialised Design Bureau in Samara. The program SINUS is founded on the 
microacceleration measuring systems Sinus type, developing of the CSRI Elektropribor, 
St.Petersburg, Russia. 

The purpose of the program SINUS is to integrate partial problems aimed at 
providing microgravitational conditions aboard process spacecrafts. The program 
includes the following problem issues:

 

1. Measuring accelerations aboard spacecrafts during the orbital flight;

2. Measuring microaccelerations aboard spacecrafts during pre-flight ground preparation;

3. Reducing the influence of on-board and research equipment on the level of microaccel-

erations;

4. Development of facilities for measuring microaccelerations aboard spacecrafts;

5. Development of data processes programs;

6. Statement of requirements to microgravitational conditions aboard process spacecrafts.

 

This paper discusses some aspects of developing and using of microacceleration 
measuring systems Sinus type. It also discusses some results of Photon12 spaceflight 
(system Sinus12K was installed and worked aboard this spacecraft) and prospects for 
the future space missions of microgravitational platform FOTON-M#1, that will launch 
in the next year.
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MGMG #20

 

An instrument for measuring the quasi steady 
acceleration vector on board of the ISS

 

Giulio Poletti
University of Milan
via Trentacoste 2
20134 Milan
Italy

It is by now ascertained that for most of the experiments of material processing and 
fluid science the quality of the experimental conditions is mainly determined by the low 
frequency microgravity value.Really these experiments can tolerate acceleration 
disturbances much greater if they are short lasting or at high frequency. Therefore the 
measurement of the residual quasi steady g-vector comes out to be the most important. 
Furthermore it has been argued that in fluid physics experiments aligning the cell in the 
residual g-vector direction can reduce the effects of the microgravity on the experiment. 

A new conception accelerometer is presented that overcomes some of the problems 
of the simple mass-spring units that have been commonly used as the basis for most 
accelerometer systems.The basic idea is to measure the law of motion of a small sphere 
free floating in a vacuum cell integral with the ISS.The optical devices recording the 
position of the sphere as a function of time are integral with the cell and therefore suffer 
the same accelerations of the ISS while the small sphere is by definition in free fall.From 
the recorded data the magnitude and the direction of the quasi steady g-vector are easily 
calculated with good accuracy.Sensitivities better than 0.1 micro-g can easily be 
achieved.In addition the system does not react to relatively high (above 0.5 Hz approx.) 
frequency g-jitter making easier the interpretation of the experimental data. 

The device will be located inside the GLAD facility that will be taken on board of the 
ISS by the UF#3 flight of NASA.The overall envisaged configuration of the facility is 
illustrated. The expected performances of the device are discussed on the basis of the 
results of numerical computer simulations of the experiment based on the calculations 
performed by Boeing concerning the quasi steady accelerations inside the US Lab. 
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MGMG #20 

 

Initial ARIS Performance Assessment for the 
Fluids & Combustion Facility (FCF) 

 

Marcus Just 
ZIN Technologies
Cleveland, Ohio 

ZIN Technologies is working with the FCF project team to integrate ARIS with the 
FCF racks. ARIS will be used with multiple ISPRs in the U.S. Laboratory module, 
including the Combustion Integrated Rack (CIR) and the Fluids Integrated Rack (FIR). 
The current focus of this work is the CIR due to its modeling maturity. 

Methods and procedures are being developed for the ARIS predicted performance. 
The resulting microgravity environment for CIR configurations are being studied. The 
environment will then be compared against the CIR & FIR Science Requirements 
Envelope Documents (SREDs) for verification, operational and facility design purposes. 
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MGMG #20 

 

Light Microscopy Module: 
An Optical Payload in a Microgravity Environment

 

Tony Haecker
LMM Structural Engineer 
Logicon Corporation 
Cleveland, Ohio 

Emphasis will be on design requirements to optical equipment in general and the 
LMM microscope specifically with respect to microgravity disturbances on the ISS. After 
a brief description of the LMM and a discussion of microgravity concerns, the Finite 
Element Modal results of the LMM microscope and vibration test correlation will be 
presented. Since ISS random and steady state vibration information has not been readily 
available, attendees are encouraged to participate in this data exchange. 
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MGMG #20 

 

ISS Quasi-Steady Acceleration Environment

 

Eric Kelly
ZIN Technologies
Cleveland, Ohio 

A computer will be available in the meeting room for access to the SAMS and MAMS 
data from the ISS. This will be a working session and a time for MGMG attendees to 
interact with PIMS project analysts and software engineers about data and data 
processing actions. 
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ISS Quasi-Steady 
Acceleration Environment 

Eric Kelly
Zin Technologies 

Glenn Research Center
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Flavors of MAMS OSS Data

• ossraw – Raw data [t x y z T s]
• t = time in seconds,
• [x y z] = accelerations in g’s
• T= OSS sensor temperature 
• s = status byte
• 10 samples / second

• Not recommended for public consumption, not 
trimmean filtered, not compensated for bias
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MAMS Status Bits, Range C

Begin End total 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

INF 0 INF Data Taking 1 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1 0 8923682
0.1 50 50 Start Bias, Take data for set #1, X/Y axes 1 0 1 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1 0 12069410
50.1 52 2 Finished set #1, delay before up ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1 0 11020834
52.1 54 2 Up Range to A, all 3 axes 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 11010082
54.1 64 10 slew outer gimbal to opposite X/Y position 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 11010088
64.1 68 4 slew complete, delay for sensor settling 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 11010081
68.1 78 10 filter settling, down ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 1 11020833
78.1 128 50 Take data for set #2, all 3 axes 1 0 1 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 1 12069409
128.1 130 2 Finish set #2, delay before up ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 1 11020833
130.1 132 2 Up Range to A, all 3 axes 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 11010081
132.1 142 10 slew inner gimbal to opposite X/Z position 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 11010177
142.1 146 4 slew complete, delay for sensor settling 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 11010065
146.1 156 10 filter settling, down ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 0 1 11020817
156.1 206 50 Take data for set #3, all 3 axes 1 0 1 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 0 1 12069393
206.1 208 2 Finish set #3, delay before up ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 0 1 11020817
208.1 210 2 Up Range to A, all 3 axes 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 11010065
210.1 220 10 slew outer gimbal to normal X/Z position 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 11010068
220.1 224 4 slew complete, delay for sensor settling 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 11010066
224.1 234 10 filter settling, down ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 11020818
234.1 284 50 Take data for set #4, all 3 axes 1 0 1 1 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 12069394
284.1 286 2 Finish set #4, delay before up ranging 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 0 1 0 0 1 0 11020818
286.1 288 2 Up Range to A, all 3 axes 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 11010066
288.1 298 10 slew inner gimbal to start, std X/Y for data take 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 11010114
298.1 302 4 slew complete, delay for sensor settling 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 11010082
302.1 312 10 filter settling, down ranging, calib for range complete 1 0 1 0 1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 0 0 0 1 0 11020834

Error in outer gimbal - - - - - - - - - - - - - - - - - - - - 0 0 0 0 -
Error in inner gimbal - - - - - - - - - - - - - - - - 0 0 0 0 - - - - -
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Eric Kelly
Nov. 28, 2000

1. Bits shown for bias calibration and data taking in C range.
2 .For axis range command status bit pairs: 00 = Range A, 01=Range B, 10=RangeC

 24 bit integerEvent
Gimbal StatusTime Data Status Range Status
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Flavors of MAMS OSS Data

• ossbtmf – MAMS OSS data, [t x y z] that 
has been trim mean filtered and 
compensated for bias.
• t = time in seconds
• [x y z] = acceleration in g’s
• 1 sample every 16 seconds

• PIMS recommended quasi-steady product
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Flavors of MAMS OSS Data

• ossfbias , [t xm ym zm xb yb zb], Valid bias 
points for OSS data used in making ossbtmf, and 
used in offline processing with ossraw.
• [xm ym zm] = as measured bias pts
• [xb yb zb] = calculated bias point used in ossbtmf

• Header files of ossbtmf already include bias 
values used.
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Summary of PIMS Acceleration 
Data (PAD) Archives226
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Sample Plots

• Figure 1 : OSS gimbal rotations are seen as large 
offsets (red line) in the ossraw data.  These peaks 
disappear when properly compensated with A-
range bias values (blue line).  

• Figure 2:  OSS gimbal rotations during normal 
bias measurements are seen in MAMS HiRAP 
data as large broadband spikes between 6 and 10 
minutes.  This plot covers the same period as in 
Figure 1. 
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Sample Plots

• Figure 3: Three panel acceleration vs. time plot of 
the ISS during XPOP attitude.  This was recorded 
during a crew sleep period.

• Figure 4:  Plot showing prominent shifts in the 
quasi-steady acceleration levels of the OSS X and 
Y-axes after STS-104 docking.
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MGMG #20 

 

Demonstration of microgravity outreach devices 

 

Richard DeLombard
NASA Glenn Research Center
Cleveland, Ohio

The microgravity program has created several demonstration devices which may be 
used in outreach and educational events. These devices are used for NASA exhibits at 
technical conferences, air shows, and teachers’ conferences. They are also very adaptable 
to presentations at schools for events such as National Engineers Week. 

The Microgravity Demonstrator (a.k.a. mini-Drop Tower) was setup in the MGMG 
meeting room and demonstrated to the meeting attendees. The charts used by the author 
for talks to school classes and public groups relate a free-fall condition to orbital 
“weightlessness” in a manner that elementary students may understand. Aspects of 
changes due to free-fall are discussed and then demonstrated with the Microgravity 
Demonstrator. The repelling magnets demonstrated basic physics action during free-fall. 
A child’s toy with bubbles of different density liquids illustrated surface tension forces 
apparent when the forces due to gravity are reduced to illustrate combustion research. 
The shape of a candle flame was also observed during free-fall to illustrate fluid physics 
research. 

Other microgravity demonstration devices were also demonstrated and explained. 
The water-filled, holey bottle was as an effective microgravity demonstration tool with 
very low cost. The balloon popper was explained as another simple and low cost 
demonstration device. 

A video of the KC-135 water balloon experiments was briefly shown to illustrate the 
variety of educational products (both formal and informal) which are available. 

A data logger with a 3-axis accelerometer sensor was also used on the Microgravity 
Demonstrator to illustrate the reduction of acceleration level during free-fall. 
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Demonstration conducted with no presentation material.



 

MGMG #20 

 

Microgravity Emissions Laboratory (MEL) Testing of the 
Experiment of Physics of Colloids in Space (EXPPCS) 

 

Anne M. McNelis
Structural Systems Dynamics Branch
NASA Glenn Research Center

The Microgravity Emissions Laboratory utilizes a 6 DOF inertial measurement 
system, capable of characterizing disturbances (down to 0.1 ug) of the on-orbit science 
environment by space-flight hardware. 

Test unit operational emissions (accelerations) measured are combined with the 
system mass matrix to define the forces and moments at the center of gravity of the test 
unit.

Applying the 6 DOF forces and moments to SEA and FEM models allow payload 
developers a way of evaluating test component compliance to ISS PIRN- 110-H 
requirements.

The purpose of testing was to determine the micro gravity disturbances generated 
during operations of the Physics of Colloids in Space (PCS) experiment. PCS is a double 
locker fluids experiment installed in an EXPRESS Rack on-board the International Space 
Station.
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Microgravity Emissions Laboratory
(MEL)

Testing of the Experiment of Physics
of Colloids in Space (EXPPCS)

Prepared for 20th MGMG Conference
By

Anne M. McNelis
7735/Structural Systems Dynamics Branch

NASA Glenn Research Center
August 9, 2001

Glenn Research Center
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Microgravity Emissions
 Testing Objective

l The Microgravity Emissions Laboratory utilizes a 6
DOF inertial measurement system, capable of
characterizing disturbances (down to 0.1 g’s) of the
on-orbit science environment by space-flight hardware

l Test unit operational emissions (accelerations)
measured are combined with the system mass matrix
to define the forces and moments at the CG of the test
unit

l Applying the 6 DOF forces and moments to SEA and
FEM models allow payload developers a way of
evaluating test component compliance to ISS PIRN-
110-H requirements
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Overview of MEL Facility

l MEL measurements are seismic (force proportional to
acceleration)

l Frequency range of interest is 0-312.5 Hz
l Main MEL system components:

– Zero rate spring mechanism (ZSRM) and CSA pneumatic
suspension system that reduces vertical frequencies to
0.3 Hz

– 34 ft pendulum braided vectran cable that reduces lateral
frequencies to 0.18 Hz

– 98.24 lb “mushroom” #2 platform for attachment to
test unit (1st natural frequency of 380 Hz)

– 10 QA-700 servo control accelerometers (3 measurements
in X direction, 3 in Y direction and 4 in Z direction)

– Total suspension capacity of MEL is 750 lbs
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33 Foot
Suspension Cable

Circular Plate

Hollow Cone10 Q-Flex
Accelerometers

Zero Spring Rate
Mechanism
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General Products of
MEL Test Reporting

MEL Test Products to date using GRC Methodology
Including:

–Mass of unit under test
–Mass moment of inertia in 3 axes for combined  test article
–Force and Moment at CG of test unit or unit’s interface
upon request.

–Narrowband and 1/3 octave
–PSDs at CG of test unit upon request

–Narrowband and 1/3 octave
–Response acceleration spectral characteristics as requested
–Ambient/Noise floor documented
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PCS MEL Testing

§ Purpose of testing was to determine the microgravity
disturbances generated during operations of the
Physics of Colloids in Space (PCS) experiment.

§ PCS is a double locker fluids experiment installed in an
Express Rack aboard the International Space Station.

§ The disturbances were processed into six degree of
freedom forces and moments about the center of
gravity of the test article assembly.

§ Additionally, two axes of acceleration measurements,
recorded at the SAMS II sensor location on the front
cover of the Experiment Package were acquired.

§ The measurements were conducted using the
Microgravity Emissions Laboratory (MEL) at NASA
Glenn Research Center on May 4 and 5, 2000.
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SAMS Sensor Head
(test data uses MEL axes
designations)

Y

X

X

Y

PCS MEL Testing

l Science investigation on sample cells is conducted in the Test section
l  The Test section is designed to contain the individual sample cells for

mixing, testing, and optical analyses
l The primary disturbance source is the sample cell handling and operation

mechanisms
l The Avionics section serves as the control and power center for the Test

section.
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Y

X

X

Y

PCS MEL Testing

MEL Test
Platform with

Accelerometers

-Y

X

MEL Axes Designations Shown

Z
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l Inertial response forces from eight fundamental
PCS operations were measured.

l MEL data presented:
- Sedimentation Mix
- Rheology
- Hard Drive and Fan operations

PCS MEL Testing
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l Sedimentation mix operations are conducted in the test section of the PCS experiment

l The Mix/Melt operation will be performed up to 20 times on-orbit with the longest period
of operation of 5 hours in a given day (restriction due to acoustic noise emissions).

l Most Mix/Melt operations will be on the order of 5 minutes with the initial Sedimentation
Mixes to eliminate sedimentation taking up to 30 minutes each.

l The operation is performed to eliminate sedimentation and aggregation of particles and
to disperse the solid particles throughout the fluid

l This operation consists of quickly oscillating the sample cell via a DC motor and belt
system. The mode of this operation is repeated quick acceleration and deceleration of
the sample cell

l The MEL test operating condition for sedimentation mix was run as a steady state
condition for a duration of 360 seconds.

PCS MEL Testing
Sedimentation Mix Operation
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l Rheology operations are conducted in the test section of the PCS
experiment and is performed on each sample cell when the sample has
reached its final state.

l There is about 24 hours of Rheology operation planned for each of eight
colloid samples and is performed at several different frequencies and
amplitudes for each sample cell.

l The frequency range of operation is 0 to 20 Hz, and the amplitude range is
0.5 degrees to 1.5 degrees

l The same motor and belt system used to perform the Sedimentation Mix is
used for Rheology.

l The MEL test operating condition for Rheology was run as a 20 Hz steady
state condition for a duration of 360 seconds.

PCS MEL Testing
Rheology Operation
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l The Avionics section’s potential disturbance source are the cooling fans
and hard drive storage operations.

l The fan and hard drive operations perform two core functions whenever
powered:

- To circulate the EXPRESS Rack AAA air within Avionics Section’s
drawer assemblies

- To take health and system status data and transmit it to the EXPRESS
Rack.

l The MEL test operating condition for Fan and Hard Drive with Ethernet
Connection was run as a steady state condition for a duration of 360
seconds.

PCS MEL Testing
Fan and Hard Drive Operation
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  MEL FORCES AND MOMENTS

l MEL Test Platform unit operational emissions
(accelerations) measured are combined with the
system mass matrix to define the forces and
moments at the CG of the test unit

l The Forces and Moments calculated at the center of
gravity for the PCS experiment were provided to
program integrators to evaluate ISS requirements
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MEL/FLIGHT SAMS Sensor
Location Comparison

l Future plan to compare Operations measurements at the
SAMSII Sensor Location for MEL and Flight
- Rheology
- Sedimentation Mix
- Ambient

l Included is a comparison of the background
measurement from Flight as compared to MEL at the
SAMS location
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MEL Facility Web Presence

l Microgravity Emissions Laboratory Testing URL:

http://www.grc.nasa.gov/WWW/MELhttp://www.grc.nasa.gov/WWW/MEL

– Web site test request form
– Testing schedule for MEL
– Sample disturber data
– Overview slides of MEL capabilities

– Contact Anne McNelis at 216-433-8880
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MGMG #20 

 

Working Session for AAA Fan Retesting 

 

Thomas Goodnight, NASA Glenn Research Center, Cleveland, Ohio 
Mark McNelis, NASA Glenn Research Center, Cleveland, Ohio 
Roy Christoffersen, SAIC / Code OZ, NASA Johnson Space Center, Houston, Texas 

Several years ago, the ISS Avionics Air Assembly fan was tested at NASA Langley 
Research Center in the original configuration of the Microgravity Emissions Laboratory. 
The Microgravity Emissions Laboratory has been moved to NASA Glenn Research 
Center. 

This working session will cover the technical and programmatic aspects of using the 
Microgravity Emissions Laboratory (MEL) to test payload sub-systems that are 
microgravity disturbers. The session will focus on testing of the ISS Avionics Air 
Assembly fan. Capability of the MEL will be reviewed and ISS Program requirements for 
utilizing the MEL will be discussed. 

 

Discussion points: 

 

* AAA fans are used for all EXPRESS racks 

* AAA fans may pose ARIS saturation issue 

* AAA fan is a high speed centrifugal blower, which may have "beating" phenomenon 

well below rotational rates 

* There is a difficulty in characterizing the AAA fan directly due to high rotational rate at 

or above 25,0000 r.p.m. (416 Hz) 

* PIMS may be able to correlate turbulence or other ancillary effects to fan operation 

* A possible SDTO was suggested for AAA fan characterization 

 

Outcome: 

 

The NASA GRC Microgravity Emissions Lab will provide Rodney Rocha (NASA 
JSC) a draft AAA test plan in which the test matrix and test configuration will be 
defined. 
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No presentation material utilized in this discussion.



 

MGMG #20 

 

The Iterative Biological Crystallization Project

 

Scott Spearing 
Morgan Research
4811 A Bradford Drive
Huntsville, Alabama 35805 

The Iterative Biological Crystallization (IBC) project was initiated in response to a 
report from the National Research Council (NRC) issued in March 2000. The report 
recommended that biotechnology payloads provide state of the art hardware that 
supports near real time interaction between the investigator and the payload.   The IBC 
team is simultaneously investigating several concepts designed to mix and dispense 
solutions into growth cells for macromolecular crystallization onboard the International 
Space Station. The growth cells will be incubated in a thermally controlled environment 
wherein an imaging system resides. All of these functionalities will be performed in an 
automated fashion via instructions sent from the PI. Of the concepts mentioned for 
mixing and dispensing, the one utilizing lab-on-a-chip appears to be the most appealing. 
An EXPRESS rack is the current choice for integration. Both the science and engineering 
teams are currently performing trade studies and, developing for assessment, these 
concepts.
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
(IBC)(IBC)

Scott Spearing
IBC Lead Systems Engineer

Morgan Research Corporation

MicroGravity Measurements Group
Meeting

NASA Glenn Research Center
Cleveland, Ohio
August 9, 2001
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
PURPOSE OF IBC

              IBC is to establish the capability aboard ISS that will enable an iterative aspect into
              macromolecular crystallization in a microgravity environment.

• In response to the following paraphrased comments/recommendations from the National
Research Council Report, March 1, 2000 (http://www.nas/edu/ssb/btfmenu.htm);

–   Investigate structures with biological importance, (p. 18)

–   Reduce weight & volume limitations imposed by logistics resupply capabilities, (p. 10)

–   Increase sample throughput capability, (p. 15)

–   Advance technical innovations in automation, (p. 24)

–   Provide state-of-the-art facilities on ISS, (p. 24)

–   Increase user control over samples, equipment, and procedures, (p. 25)

–   Provide for ground investigators abilities to interact with their experiment in real time, (p. 25)

–   And provide sample recovery of successful biological crystal growth experiments. (p. 25)
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
GOALS OF IBC

IBC will use automated systems, receive instructions from PIs, and prepare sample
solutions accordingly.  These solutions are to be placed into growth cells, incubated,
and remotely observed for results.  Selected crystals will be harvested and/or
returned to Earth for further study.

This will be performed while accommodating the following;

•  Minimum of 1500 samples processed for 10 PIs during a 105 day increment,

•  “Wet Bar” allows 8 solutions per PI,

•  Minimize the amount of solution and sample material needed,

•  Accommodate vapor diffusion, batch, and liquid-liquid diffusion growth
techniques,

•  Near real time imaging to assess crystallization,

•  Ability to alter and maintain defined growth conditions,

•  Remote control of automated mixing/dispensing,

•  And minimize the inclusion/formation of bubbles in and around sample
solutions.
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
ITERATIONS ARE IMPORTANT
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
EXPRESS rack concept for IBC

Integrated
Avionics

System Module
Environmental

Storage
Module (ESM)

Environmental
Storage Module

(ESM)

ISIS Drawer
(Stowage Only)

ISIS Drawer
(Stowage Only)

Incubation Area Double
Locker w/Automated
Imaging System and

Vibration Isolation
System

Automated Mixing
& Dispensing
Double Locker

Optical Data
Storage Module

(ODSM)
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
VIBRATION ISOLATION REQUIREMENTS

• The strategy for assessing IBC’s vibration isolation requirements entails the
following

– Assess the background noise that is currently present onboard ISS

– Assess the vibration isolation platforms and their capabilities

– Estimate the frequency ranges that may adversely affect IBC with some rough
order of magnitude estimates

– Perform ground-based experimental  studies to determine what if any affects
known disturbances have on crystal quality
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National Aeronautics and
Space Administration
Marshall Space Flight Center

ITERATIVE BIOLOGICAL CRYSTALLIZATIONITERATIVE BIOLOGICAL CRYSTALLIZATION
  Phase I LabChip® investigations with Caliper 

• Determine fluid flow capabilities through micron size channels,

• Determine proper fluid mixing of solutions,

• Demonstrate crystals can grow in smaller solution quantities,

• Determine if crystals of viable size can be grown (x-ray
diffraction),

• Establish “chip technology” is suitable for crystal growth
investigation,

• Determine potential advancements for chip design to enhance
IBC capabilities.

N
A

SA
/C

P—
2001-211164

264



N
A

SA
/C

P—
2001-211164

265



 

MGMG #20

 

Microgravity Vibration Isolation Systems 
that the Canadian Space Agency is developing for ISS

 

Bjarni Tryggvason 
Canadian Space Agency 
6767 Route de l’Aeroport
St. Hubert, Quebec J3Y8Y9 
CANADA

The development status of several vibration isolation systems for ISS was briefly 
described. 

This was impromptu presentation at the MGMG and therefore no presentation 
material was prepared for the minutes. 
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Preliminary Review of Microgravity
Environment in Russian Segment of ISS

 

E. V. Babkin, Rocket and Space Corporation Energiya
M. Yu. Belyaev, Rocket and Space Corporation Energiya
A. Yu. Kaleri, Rocket and Space Corporation Energiya
V. M. Stazhkov, Rocket and Space Corporation Energiya
O. N. Volkov, Rocket and Space Corporation Energiya
V. V. Sazonov, Keldysh Institute of Applied Mathematics, RAS 

The paper presents the first results of determination of residual accelerations in 
Russian Segment of ISS in spring and summer 2001. A quasi-steady acceleration 
component was determined using telemetry information about the station attitude 
motion. The information contains values of the station angular rates and the quaternion 
of the station attitude with respect to an inertial coordinate system at some instants. 
Basing on the information, we reconstruct the station motion and calculate the 
acceleration at any given point on its board as a function of time. As a rule, telemetry 
information, having at hand, allowed us to calculate acceleration during an orbital 
periods. 

The main part of this approach is the reconstruction of the station attitude motion. 
We have a few various techniques for solving this problem, which differ by used 
mathematical models of the station attitude motion and types of processed telemetry 
information. A vibrational acceleration component was measured by several three-axis 
accelerometers IMU-128. They measure accelerations with magnitude more then 0.001 
m/s in the frequency range up to 20 Hz. Although, the accelerometers IMU-128 are not 
very sensitive, they are able to measure typical accelerations caused by operation of 
onboard equipment. 

 

Note: 

 

This paper was submitted in preparation for the meeting, but the paper was not 
presented at the MGMG meeting. 
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