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(a) OPEN ISSUE Include structural mode RMS values (per location)	5
(b) NOTE F08 PCSA frequency resolution	5
(c) OPEN ISSUE Include RMS value for UPA (3.67 Hz)	6
(d) OPEN ISSUE Include RMS value for Ku hump (6 to 8 Hz)	6
(e) OPEN ISSUE Ken provide RMS values for Ku non-PCSA peaks (around 5, 8, 11, and 13 Hz)	6


TABLE OF CONTENTS
Description of Principal Component Spectral Analysis (PCSA)	4
Section 1	4
Characterization of Acceleration Spectrum Between 0.01 and 10 Hz	4
Vehicle Structural Modes	4
Crew Exercise	5
UPA Centrifuge	6
Ku-Band Antenna	6
Section 2	7
Characterization of Acceleration Spectrum Between 10 and 200 Hz	7
Section 3	8
Characterization of Acceleration Spectrum Between 200 and 400 Hz	8
Appendix 1 (figures labeled with prefix “FigKH”)	9
PCSA Figures for Characterization of Vehicle Structural Mode Regime	9
FigKH 1 PCSA, Structural Modes, LAB, MSG Seat Track, SAMS 121f02; LEFT = QUIET, RIGHT = NOMINAL	10
FigKH 2 PCSA, Structural Modes, LAB, ER2 Z-Panel, SAMS 121f03; LEFT = QUIET, RIGHT = NOMINAL	11
FigKH 3 PCSA, Structural Modes, LAB, ER1 Z-Panel, SAMS 121f04; LEFT = QUIET, RIGHT = NOMINAL	12
FigKH 4 PCSA, Structural Modes, JEM, ER2 RTS/D2, SAMS 121f05; LEFT = QUIET, RIGHT = NOMINAL	13
FigKH 5 PCSA, Structural Modes, LAB, FIR, SAMS es06; LEFT = QUIET, RIGHT = NOMINAL	14
FigKH 6 PCSA, Structural Modes, COL, ER3 Seat Track, SAMS 121f08; LEFT = QUIET, RIGHT = NOMINAL	15
FigKH 7 PCSA, Structural Modes, JEM, A3 Upper Left, MMA 0bbd; LEFT = QUIET, RIGHT = NOMINAL	16
FigKH 8 Spectrogram, Ku-Band Acquisition Signature, LAB, ER2 Lower Z-Panel, SAMS 121f03	17
FigKH 9 PCSA, 3 to 10Hz, LAB, MSG Seat Track, SAMS 121f02; LEFT = QUIET, RIGHT = NOMINAL	18
FigKH 10 PCSA, 3 to 10 Hz, LAB, ER2 Z-Panel, SAMS 121f03; LEFT = QUIET, RIGHT = NOMINAL	19
FigKH 11 PCSA, 3 to 10 Hz, LAB, ER1 Z-Panel, SAMS 121f04; LEFT = QUIET, RIGHT = NOMINAL	20
FigKH 12 PCSA, 3 to 10 Hz, JEM, ER2 RTS/D2, SAMS 121f05; LEFT = QUIET, RIGHT = NOMINAL	21
FigKH 13 PCSA, 3 to 10 Hz, COL, ER3 Seat Track, SAMS 121f08; LEFT = QUIET, RIGHT = NOMINAL	22
FigKH 14 PCSA, 3 to 10 Hz, JEM, A3 Upper Left, MMA 0bbd; LEFT = QUIET, RIGHT = NOMINAL	23
FigKH 15 PCSA, 3 to 10 Hz, LAB, FIR, SAMS es06; LEFT = QUIET, RIGHT = NOMINAL	24




	This table is for our own, in-house accounting of what we did:
	

	3 Leftmost Columns Were Ken’s suggestions for PCSA analysis
	This Column is What Was Done Based on EPS Files Received

	Freq. Range (Hz)
	Sensors
	ORIGINAL Comments
	UPDATED Comments

	0 – 10
	all sensors
	just quiet periods; this will be representative of sleep
	For Section 1, I used quiet &nominal periods; all sensors up to 10 Hz.

	0 – 10
	all sensors
	just nominal periods; this will be representative of wake
	See Section 1.

	0 – 200
	F02, F03, F04, F05, F08, ES06
	use all periods because distinction between quiet and nominal only really applies to below about 6 Hz or so; here we will be doing a somewhat grander spatial compare/contrast across locations
	For Section 2, got nominal (not all) periods; did spatial compare/contrast to 200 Hz

	0 – 120
	Obbd, F03, F08
	use all periods because distinction between quiet and nominal only really applies to below about 6 Hz or so; here we will be doing spatial comparison between locations in US LAB vs. COL vs. JEM
	Not done; only had 0bbd for 120 Hz.

	0 – 400
	F02, F08
	use all periods because distinction between quiet and nominal only really applies to below about 6 Hz or so; here we will mainly be doing spatial compare/contrast between rack locations in US LAB and COL
	For Section 3, I did spatial compare/contrast between 2 locations (US LAB and COL) up to 400 Hz for quiet periods



Sections 1 through 3 are on following pages.



As suggested in our telecon from a previous telecon, we should consider creating a table with parameters used to produce each PCSA plot and summary stats (like number of hours each PCSA spans, PSD parameters, number of constituent PSDs that contributed to histogram, etc. – with enough info to uniquely show enough info to reproduce plots again if/when need be).  Also, I know we discussed inclusion of sensor locations in a figure, but for the purpose of this PCSA technical narrative, I include this table (it is assumed that any acronyms used here have already been defined):

	SENSOR LOCATION TABLE

	SYSTEM
	SENSOR
	MODULE
	LOCATION

	SAMS
	121f02
	LAB
	MSG Seat Track

	SAMS
	121f03
	LAB
	ER2, Z-Panel

	SAMS
	121f04
	LAB
	ER1, Z-Panel

	SAMS
	es06
	LAB
	FIR

	SAMS
	121f05
	JEM
	ER2, RTS D2

	MMA
	Obbd
	JEM
	A3, Upper Left

	SAMS
	121f08
	COL
	ER3, Seat Track



[bookmark: _Toc332025745]Description of Principal Component Spectral Analysis (PCSA)
The Principal Component Spectral Analysis (PCSA) histogram plots are three-dimensional plots that show PSD magnitude in logarithmic units of (g2/Hz) versus frequency in units of Hz versus the percentage of time that a spectral value was counted in a given magnitude-frequency bin.  The third dimension, which is percentage of time, is represented by a color scale.  Each PCSA plot was computed from a large number of constituent PSDs over a period of interest (e.g. quiet period, nominal period).  These plots help to compare or otherwise characterize the acceleration spectrum at various locations throughout the ISS and serve as a good summary of the frequency distribution of the measured accelerations at that location.  Finally, these plots exploit the large number of constituents to highlight persistent, consistent spectral contributors over the period of interest.

[bookmark: _Toc332025746]Section 1
[bookmark: _Toc332025747]Characterization of Acceleration Spectrum Between 0.01 and 10 Hz
The portion of the acceleration spectrum between 0.01 Hz and 10 Hz on the ISS is comprised primarily of vibrations from vehicle structural modes, crew exercise, a centrifuge in the Urine Processing Assembly (UPA), and the Ku-band antenna.
[bookmark: _Toc332025748]Vehicle Structural Modes
Vehicle structural modes are of low amplitude during crew sleep periods relative to crew active periods.  These structural vibrations arise from excitation of natural frequencies associated with large components of the space station structure (e.g. truss) and fundamental appendage modes (e.g. solar arrays), which tend to be excited during large magnitude, impulsive events (e.g. reboost).  This excitation results in large, albeit short-lived, amplitudes as the structural ringing damps out.  Structural dynamics introduce disturbances that propagate via mechanical transmission and these disturbances are generally registered throughout the space station with an amplitude that is a function of location.  For assembly complete, the first such structural mode of the ISS (“mode one”) is nominally at 0.1 Hz.  During quiet periods, the PSD amplitude of this narrowband spectral peak is about an order of magnitude less than during nominal periods for measurement locations in the LAB whereas those are about two orders of magnitude less in the JEM and in the COL (see leftmost arrow in PCSA figures of Appendix 1 (figures labeled with prefix “FigKH”)).  <<once we have cumulative RMS issue resolved, include RMS quantification too; RMS is the more meaningful quantity; more so than PSD amplitude – this note applies to mode one and other modes shown in table below [maybe replace x’s in table with RMS values>>.  In addition to this lowest mode, there is a cluster of modes below 3 Hz that characterize the vibrations of primary space station structure.  These are included along with the location of sensor(s) that captured this persistent set of vibrations (see arrows in PCSA figures of Appendix 1 (figures labeled with prefix “FigKH”)):
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Note that closely-spaced modes can appear as a single peak in a PSD for a given frequency resolution and that was not accounted for in this analysis, so multiple, closely-spaced modes may be represented as a single value in the table above.  << this may have been the case with F08 PCSAs because “mode one” was not as distinct as I’d expected (smeared by coarse frequency resolution) >>
[bookmark: _Toc332025749]Crew Exercise
Crew exercise is an activity that can excite structural modes depending on various factors, primarily the frequency of movement and vigor of the crew.  In addition, exercise introduces its own, unique vibration signature in the structural mode neighborhood.  Exercise periods come in daily bouts lasting between about 30 minutes and an hour at a time for each crew member.  This represents a small percentage of time and therefore the effects of crew exercise are not readily apparent in long-span histogram displays, such as PCSA plots.
[bookmark: _Toc332025750]UPA Centrifuge
The urine processing assembly is part of the water recovery system on the ISS.  It houses a distillation assembly centrifuge that was designed to spin at 220 rpm (3.67 Hz).  Onboard acceleration measurements indicate that it often rotated closer to 221 rpm (3.68 Hz).  This equipment routinely operates continuously for several hours at a time and leaves a clear signature in the PCSA results.  The largest impact of this disturbance was measured in the LAB, particularly at the MSG seat track sensor location.  It was also evident in the COL measurements, but the signature was much less clear in the JEM.  <<once we have cumulative RMS issue resolved, include RMS quantification of UPA [perhaps we make a table of RMS values for this entire section]>>
[bookmark: _Toc332025751]Ku-Band Antenna
The Ku-band antenna, also referred to as the space to ground antenna (SGANT), provides a link for payload communications between the ISS and ground stations.  The antenna is mounted on a two-axis gimbal assembly to allow the antenna to rotate for acquisition and line-of-sight tracking of data relay satellites.  The vibratory signature of the Ku-band antenna is persistent and distributed mainly over the frequency range from about 5 Hz to about 20 Hz.  Extended durations of auto-tracking while locked on current target satellite are punctuated by occasional, brief spatial acquisition iterations to lock on to the next target satellite.  There is a broad spectral hump between about 6 and 8 Hz measured to varying degrees throughout the ISS.  The magnitude of this disturbance at any given sensor location is not a function of quiet versus nominal periods as this communications link is maintained around the clock.  It is, however, a function of measurement location with about a 12 dB drop from a high in the COL down to the low measured on Z-panel locations in the LAB.  <<once we have cumulative RMS issue resolved, include RMS quantification of Ku broad hump between 6 to 8 Hz>>  For the narrowband nature of the brief acquisition handover periods, see the spectral peaks at 5.2 Hz, 7.8 Hz, 10.6 Hz, and 13.1 Hz in [FigKH 8 Spectrogram, Ku-Band Acquisition Signature, LAB, ER2 Lower Z-Panel, SAMS 121f03].  These brief (non-persistent), narrowband spectral peaks are not evident in the PCSA plots.  <<Ken provide RMS values for these “non-PCSA” narrowband peaks by alternate means>>





[bookmark: _Toc332025752]Section 2
[bookmark: _Toc332025753]Characterization of Acceleration Spectrum Between 10 and 200 Hz
The acceleration spectrum between 10 Hz and 200 Hz on the ISS is shaped by vehicle and experimental equipment.  Some of the known, persistent contributors in this region are these:
· Ku-band antenna: broadband vibrations between about 5 and 20 Hz
· SKV air conditioner: tightly-controlled, narrowband vibration at 23.5 Hz
· GLACIER ops at 60 Hz and 120 Hz [note this was previous F02 find for handbook, yet these may be common values attributable to other equipment too]
· SAMS fans
· [bookmark: _GoBack]CMG
Ku-Band Antenna
Vehicle structural modes are of low amplitude during crew sleep periods relative to crew active periods.  These structural vibrations arise from






[bookmark: _Toc332025754]Section 3
[bookmark: _Toc332025755]Characterization of Acceleration Spectrum Between 200 and 400 Hz
The







[bookmark: _Ref331498619][bookmark: _Ref331498626][bookmark: _Toc332025756]Appendix 1 (figures labeled with prefix “FigKH”)
[bookmark: _Toc332025757]PCSA Figures for Characterization of Vehicle Structural Mode Regime
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[bookmark: _Toc332025758]FigKH 1 PCSA, Structural Modes, LAB, MSG Seat Track, SAMS 121f02; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025759]FigKH 2 PCSA, Structural Modes, LAB, ER2 Z-Panel, SAMS 121f03; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025760]FigKH 3 PCSA, Structural Modes, LAB, ER1 Z-Panel, SAMS 121f04; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025761]FigKH 4 PCSA, Structural Modes, JEM, ER2 RTS/D2, SAMS 121f05; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025762]FigKH 5 PCSA, Structural Modes, LAB, FIR, SAMS es06; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025763]FigKH 6 PCSA, Structural Modes, COL, ER3 Seat Track, SAMS 121f08; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025764]FigKH 7 PCSA, Structural Modes, JEM, A3 Upper Left, MMA 0bbd; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Ref331681777][bookmark: _Ref331681795][bookmark: _Toc332025765]FigKH 8 Spectrogram, Ku-Band Acquisition Signature, LAB, ER2 Lower Z-Panel, SAMS 121f03
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[bookmark: _Toc332025766]FigKH 9 PCSA, 3 to 10Hz, LAB, MSG Seat Track, SAMS 121f02; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025767]FigKH 10 PCSA, 3 to 10 Hz, LAB, ER2 Z-Panel, SAMS 121f03; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025768]FigKH 11 PCSA, 3 to 10 Hz, LAB, ER1 Z-Panel, SAMS 121f04; LEFT = QUIET, RIGHT = NOMINAL


[image: ]
[bookmark: _Toc332025769]FigKH 12 PCSA, 3 to 10 Hz, JEM, ER2 RTS/D2, SAMS 121f05; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025770]FigKH 13 PCSA, 3 to 10 Hz, COL, ER3 Seat Track, SAMS 121f08; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025771]FigKH 14 PCSA, 3 to 10 Hz, JEM, A3 Upper Left, MMA 0bbd; LEFT = QUIET, RIGHT = NOMINAL
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[bookmark: _Toc332025772]FigKH 15 PCSA, 3 to 10 Hz, LAB, FIR, SAMS es06; LEFT = QUIET, RIGHT = NOMINAL
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