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PES Pareto� Filtering Noise Sources Through the Loop to PES
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� Isolate measurement of noise source �	common mode reject
�

� Filter backwards for source PSD

� Filter forwards for e�ect on PES PSD

� Compare and add to cumulative
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Power Amp Noise
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DAC Noise
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ADC Noise
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Putting it together at PES
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Cumulative Noise Sources at PES
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� Feed all the noise sources to PES with appropriate

unit conversions�

� Stack them up�
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Unaccounted for Noise at PES
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Unaccounted PES Noise as an Input
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A Few Extrapolations

I shall take the simple�minded view that a theory is just a model of the universe� or a restricted part of

it� and a set of rules that relate quantities in the model to observations we make� It exists only in our minds

and does not have any other reality �whatever that might mean�� A theory is a good theory if it satis
es two

requirements� It must accurately describe a large class of observations on the basis of a model that contains

only a few arbitrary elements� and it must make de
nite predictions about the results of future observations�

� Stephen Hawking in 
A Brief History of Time�

Science� therefore� for all the reasons above� is not what it appears to be� It is not objective and impartial�

since every observation it makes of nature is impregnated with theory� Nature is so complex and so random

that it can only be approached with a systematic tool that presupposes certain facts about it� Without such a

pattern it would be impossible to 
nd an answer to questions even as simple as �What am I looking for�� James

Burke in 
The Day the Universe Changed�
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Putting it together at PES Using Model
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Cumulative Noise Sources at PES Using Model
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Extrapolation� Baseline PSN
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Extrapolation� Changing Baseline PSN
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� Standard Lynx � servo loop�

� Standard sample rate ����� Hz�

� Standard bandwidth �� ��� Hz OL crossover�

� Change value of baseline PSN�

� Add to other PES PSD sources� for new PES PSD�
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Lynx2 NPES  PSD  from Various Sources  (10−6410Hz)
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Lynx2 PES Variance from Various Sources  (10−6410Hz)

PES Var. (Total Measured Baseline), sigma =  8.7 mV (0.62%)

From  Windage + DAC + ADC + PA, sigma =  5.2 mV (0.37%)

From Doubling PSN Baseline, sigma = 10.9 mV (0.78%)

From Halving PSN Baseline, sigma =  7.4 mV (0.53%)

From No PSN Baseline, sigma =  5.8 mV (0.41%)
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Extrapolation� Windage Versus RPM
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Windage Input  Vs. RPM (derived from LDV meas.)
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NPES at 5400 RPM  (90 Hz), sigma =  8.7 mV (0.62%)

3600 RPM  (60 Hz), sigma =  4.9 mV (0.35%)

5400 RPM  (90 Hz), sigma =  5.1 mV (0.37%)

7200 RPM (120 Hz), sigma = 10.2 mV (0.73%)

9600 RPM (160 Hz), sigma = 19.6 mV (1.40%)

Lynx2 PES Variance Due to Windage at Different RPM

Frequency  (Hz)

V
ar

ia
nc

e 
(V

ol
ts

^2
)

� Change spindle RPM� ����� ����� ����� �����

� Change in PES PSD is not linear�

0 2000 4000 6000 8000 10000 12000
0

0.002

0.004

0.006

0.008

0.01

0.012

Spindle RPM

P
E

S
 V

ar
. (

m
ic

ro
ns

^2
)

PES Variance Due to Windage vs. RPM

3600 RPM  (60 Hz), sig = 22.20 nm

5400 RPM  (90 Hz), sig = 23.30 nm

7200 RPM (120 Hz), sig = 46.55 nm

9600 RPM (160 Hz), sig = 88.87 nm
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Extrapolation� Baseline with Windage Due to ���� RPM
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� Use ���� RPM windage data�

� Standard Lynx � servo loop�

� Standard sample rate ����� Hz�

� Standard bandwidth �� ��� Hz OL crossover�
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Lynx2 NPES  PSD  from Various Sources  (10−6410Hz)
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PES Var. (Total Computed Baseline), sigma = 12.2 mV (0.87%)

From  Windage + DAC + ADC + PA, sigma =  9.8 mV (0.70%)

From Doubling PSN Baseline, sigma = 13.8 mV (0.99%)

From Halving PSN Baseline, sigma = 11.2 mV (0.80%)

From No PSN Baseline, sigma = 10.2 mV (0.73%)
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Conclusions

� There are two major baseline noise sources�

� Windage

� Position Sensing Noise �PSN�

� Step on one and you amplify the other �Bode�s Integral Theorem�

� Windage gets signi
cantly worse at higher RPM�

� To drive down PES baseline noise�

�� We need to reduce windage input noise�

�� We need a better position sensing method to dramatically reduce PSN�
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