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The purpose of this testing was to determine the microgravity disturbances generated during operations of the Physics of Colloids in Space (PCS) experiment.  PCS is a fluids experiment to be 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.

The PCS experiment consists of two assemblies; the Avionics Section and the Test Section.  The experiment is a double locker configuration and will be housed on the ISS in an ARIS controlled EXPRESS-II  rack.  The photographs of Figure 1 shows the two articles, installed side-by-side on the MEL test fixture.  Science investigation on Sample Cells is conducted in the Test Section.  The Test Section is designed to contain the individual sample cells for mixing, testing, and optical analyses.  The primary disturbance source in this assembly is the sample cell handling and operation mechanisms.  The Avionics Section serves as the control and power center for the Test Section.  The Avionics section contains components that will read, write and store data from the Test Section.  It also contains Telemetry instrumentation to receive commands, and send data and images, from and to ground stations.  The Avionics Section’s potential disturbance source are the cooling fans and hard drive data storage operations.

The Test Section and Avionics Sections, secured side-by-side to the fixture plate (as shown in Figure 1), were treated as a lumped disturbance source for the sake of microgravity emissions data processing.  Flight electrical harness connections were made between the Test and Avionics Sections.  No external cooling or fluid lines were connected during the test.  Figures 7A & 7B show the PCS test setup with the MEL apparatus, axis designations, and handling fixture .  Inertial response forces from eight fundamental PCS operations were measured. The data presented in this report are from the Sedimentation Mix, Rheology and Hard Drive and Fan operations. 

Science investigation on sample cells is conducted in the Test section.  PCS contains eight different colloid samples. Each sample consists of a fluid and solid particle mixture.  The Test section is designed to contain the individual sample cells for mixing, testing, and optical analysis.  The primary disturbance source in this assembly is the sample cell handling and operation mechanisms described below

The Mix/Melt and Sedimentation Mix operations are conducted in the Test section of the PCS Experiment.  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). 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.  The operation is performed to eliminate sedimentation and aggregation of particles and to disperse the solid particles throughout the fluid.  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.  The MEL test operating condition for Sedimentation Mix was run as a steady state condition for a duration of 360 seconds. 

Rheology operations are conducted in the Test section of the PCS Experiment.  There is about 24 hours of Rheology operation planned for each of eight colloid samples.  Rheology will be performed at several different frequencies and amplitudes for each sample cell.  The frequency range of operation is 0 to 20 Hz, and the amplitude range is 0.5 degrees to 1.5 degrees.  The same motor and belt system used to perform the Mix/Melt is used for Rheology.  Rheology will be performed on each sample cell when the sample has reached its final state.  The MEL test operating condition for Rheology was run as a steady state condition for a duration of 360 seconds.  

The Avionics section serves as the control and power center for the Test section.  It also contains telemetry instrumentation to receive commands, and send data and images, from and to ground stations.  The Avionics section’s potential disturbance source are the cooling fans and hard drive storage operations.  The fan and hard drive operations perform two core functions whenever powered.  These are to circulate the EXPRESS Rack AAA air within Avionics Section’s drawer assemblies, and to take health and system status data and transmit it to the EXPRESS Rack.  The Experiment’s continuous and baseline microgravity generated forces are thus attributed to the operation of these items.  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.

One-third octave band comparisons for MEL force and moment data of Mixer Steady State, Rheology, and Hard Drive and Fan Operations are presented in Figures 8 and 9.  Force contributions along each axis in the frequency domain for each operation have been summed by RSS and shown with the ambient background condition.  The force plots are displayed in the frequency domain with units of lbf; the moments units are in-lbs.  

MEL force and moment data should be used with FEM and SEA analysis tools to predict the translation of the inertial forcing functions at the center of gravity of the test unit to rack interface or science region locations.  This will then give a direct comparison for ISS compliance purposes. 

For preliminary comparison purposes only, the one third octave band ARIS sub-rack allowable force requirements are shown with the PCS MEL data.  This comparison is only shown to illustrate the how the MEL data compares with current allowable levels.  The comparison does not include any analysis to predict the rack response at the interface locations for which the ISS allowable levels were intended.  For comparison sake, the RSS translational force may be compared to the line representing ARIS Rack Force Allowable (wide-band limit).  The translational force data presented does not include any scaling factor to account for possible structural amplification (of the hardware to the rack interface).  It also needs to be noted that the contributions of the moments at the CG may be significant when the moments are properly combined with the translational forces at the rack interface points.

For questions regarding the MEL facility, or the data presented here, please contact Anne McNelis/Org 7735, 216-433-8880.  Questions about the PCS experiment itself may be directed toward John Koudelka/Org 7760, 216-433-2852 or Mike Doherty/Org 6728, 216- 433-6641.
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Figure 1   PCS Experiment Setup for MEL Testing

View looking down on setup from SDL mezzanine level

Figure 7a
PCS MEL Test Setup











Figure 7b
PCS MEL Test Setup


Figure 8
RSS of PCS Forces (X.Y,Z Translation)
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Figure 9
RSS of PCS Moments (X.Y,Z rotation)
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C-Clamps and steel used as ballast to level assembly about MEL suspension point.
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(test data uses MEL axes designations)
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Steel channels fastened to edges of fixture plate provide structure for suspension points during MoI measurements.




















