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The Path: From Emitted Vibration
to Performance Degradation
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Emitted Force & Torgue
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Emitted Force & Torgue

o Seeking
o Nominally, pure torque is generated

o Actuator resonances cause linear force instead
of torque

» Disk pack rotation (not studied)
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Emitted Force & Torgue
M easurements

e Dua Force Method

Drive Plate
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Emitted Force & Torgue
M easurements
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Analysis of Emitted Force & Torque
M easurements

e Timedomaln

A Tenie(t) = [Fo(t) = Fy(D)/r
A Femit(t) = Y2[F(t) + Fy(t)]

e Freguency domain (from FRFs)

_UR(f) _ R(f) 2
Temit_rms(f)_%vcm(f) Ivcm(f)éizE{/IVCm_rms (f)
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Emitted Torgque Spectrum

. Emitted Torque Spectrum for IBM Swordfish (1.6")
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Structural Transmission
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Structural Transmission —
Accelerance

» Acceleranceis (acceleration/force)
o Linear: a(t)
. F()a
o Rotational: TH
 Measurement

o Freguency Response Functions (FRFs) are
measured with respect to |,
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Accelerance M easurements

e Setup
a Measure a,, a, at each
recelver

o Measure |

vom &L driver o

a; () _1 Jay,(f) a;(f) D for receiving drive |
Ivcmi(f)_F vcmi(f) Ich'(f)D driven by drivei
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Accelerance Results

-1.6" #2,w/.038" shim
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Accelerance Frequency Responses
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Mode Shapes from Accelerance

Rotational Mode #1 @107 Hz,w/shim
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Rotational Mode #3 — 150 Hz
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Rotational Mode #4 — 230 Hz

T el W
Rotational Mode #4 @230 Hz,w/shim
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Modal Analysis

e Results are with hammer excitation

e Don’t have results with drive excitation (the
superior method)

* Rotational modesthat affect performance
may not be excited by linear (hammer or
shaker) excitation!
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Predicting the Rotational Vibration
Environment
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Predicting the Rotational Vibration
Environment

* For Rotational Vibration, PES depends on
angular displacement (6) and frequency (f)

— A aij(f) I’hdﬁ
XRVj(f)_\/ggemiti(f)_remiti(f) 52%

Ang accel

o — g

Off-track displacement @head [ = X, ;(f)]
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Rotational Vibration and Position
Error
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Rotational Vibration and Position
Error

 Linear acceleration
e Angular acceleration (rotational vibration)

PE%v_j(f) = XV | [Here(f)

* Herr(f) Isthe Error Rejection Response
H. ()= position qror
track motion
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The Servo: Error Rgection FRF

Position Error/Track Motion
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Contribution of each driveto PES

PES Spectra for drive #2, Excited by All
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PES and Performance:

Write Performance Degradatlon
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Prediction of Throughput

e Based on emitted torque, accelerance
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Measurement of Throughput

o Measure of overall dock performance
o Measure of individual slot performance

o 3 tests
 single driverigidly mounted to table (best case)
e single drive seeking in dock (self-induced excitation)
other drivesidling
o all drives seeking in dock (self+neighbor induced)
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Measurement of Throughput

e lometer software used to work drives

« 512 byte/2 kbyte block xfers, 100% random, 100%
write

* 5 minute average of Total 1/0’s per second

e *To properly compare results need same |lometer
loads (same number of working drives)
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Single/All Seeking vs Hardmount

Total I/O per sec
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Single
M Al
Single Avg
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Swapping Wrapped Assemblies

Slot NO. 8 0 Throughput: No Shim
Single Seeking Drive vs All Drives Seeking vs Hard
Mount
Initial 71.48 73.07 .
74 4
o 12 Single
S/Vap 73.73 72-96 %_70 1 3 gilllqle Avg
g 68 | i ﬁ!rzvaount
;66 1 [ Fixture Mount
Swap back  73.27 74.23 g,
62
1 4

-Driveto drivevariability significant
-Minor adjustmentsto dock significant
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Shim vs no Shim

-

Throughput: Single Drive Seeking
With vs. Without Shim

% Deviation
from Avg

1 4

Slot location

10

@ 0.038" shim
m No Shim

0.038" shim

Avg (Total
1/0's per sec)

Std.
Dev.

No Shim

70.36

161

0.038 Shim

71.06

1.84

Throughput: All Drives Seeking
With vs. Without Shim

[@0.038" shim
% Deviation @ No shim
from Avg
0.038" shim

7 10

SfotLocationyg (Total | Std.

1/0"s per sec) | Dev.

No Shim 72.78 0.78

0.038 Shim | 73.02 0.98
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Measurement of Throughput

— Desired: use common drive from which throughput is
always taken (remove drive to drive variability)

— Desired: same load on lometer for all tests

— Unsure why All Seeking shows highest thruput - may be
Issue with lometer

— Shim increases rigidity, also increases variability
— Slot to dot variability (all drives working) as high as 3%,
due partially to drive to drive variability

— Minor adjustments to dock can lead to significant changes
In throughput
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