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Eigenvalue and Frequency Response Analyses of a Hard Disk Drive Actuator
Using Reduced Finite Element Models

Jeong Sam Han
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Abstract

In the case of control for mechanical systems, it is highly useful to be able to provide a compact model of
the mechanical system to control engineers using the smallest number of state variables, while still providing
an accurate model. The reduced mechanical model can then be inserted into the complete system models and
used for extended system-level dynamic simulation. In this paper, moment-matching based model order
reductions (MOR) using Krylov subspaces, which reduce the number of degrees of freedom of an original
finite element model via the Arnoldi process, are presented to study the eigenvalue and frequency response
problems of a HDD actuator and suspension system.
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e Arnoldi process:

orthonormal V1,V2,-,Vq such that

vi = o/fzf.
for k = 1,2,..,g9-1
Vie1 € AVy
for j = 1,2,.,k
hjx « vavk+1
Vie1 € Vi - Vihyy
bk < §viel:
if hyyy, = 0

exit
Vier € Vie / Bk

Given a nonzero starting vector r and a matrix A, this algorithm produces

span{v,,va,.., v} = span{r,ar,..,A¥’r} for k = 1,2,..,q

set flag(span{v;,v;,..,vx} is invariant under A)

{new vector generation)
(orthogonalization)

(normalization)

Fig.1 Construction of Amodi bases for 3 (A, r)
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Finite Element Modeling Model Reduction Response Simulation
: ANSYS : mordfem : Mathematica/Matlab

*Build a finite element model

o Perform two harmonic analyses
at different frequencies so as to
generate FULL files for the
matrices M, K and vector b

¢ Define the output vector |

o The matrices M, K and vector
b in the Matrix Market format
are also usable as inputs

eRead the matrices M, K and
vectors b and |

o Perform the Arnodi process to
generate the column vectors for
the matrix V that spans a Krylov
subspace K,(-K'M, K™'b)

e Result in the reduced matrices
M,, C,, K, and vectors b, and |,
in the Matrix Market format

eRead the reduced matrices M,
C,, K, and vectors b, and I,

o Perform eigenvalue, frequency
response, and transient dynamic
analyses with the reduced system

Fig.2 Process of model order reduction using ANSYS and mordfem
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Adhesive - e . 1 05 .
Voice coil : Microactuator . —ANSYS (N=21203) 7
; Y - Ball bearing ‘ ~MOR (n=50)

~MOR (n=60)
------- MOR (n=70)
A MOR (n=80)

Frequency [hz]
5&

Ball bearing "~ Hinge

05 10 15 20 25 30 35 40 45 50

Suspension

—
(=]
w
T

, X Recording - / Mode number
Actugtor shaft - head Fig. 5 Comparison of natural frequencies between the
ok

full ANSYS model and reduced models

Fig. 3 Schematic drawing of an HDD actuator and
suspension system('?

Table 1 Natural frequencies and errors

Mode | ANSYS MOR (n=50) MOR (n=80)
(N=21203) | Frequency | Error | Frequency | Error

(h) @ | (2 | %

1 . N B B
2 797.8 797.8 0.000 797.8 0.000
3 1004.5 1004.5 0.000 10045 | 0.000
4 1055.4 1055.4 0.001 10554 | 0.001
5 2026.6 2026.6 0000 | 20266 | 0.000
6 2085.3 2085.3 0.001 20853 | 0.001
7 2113.8 21139 0.005 | 21139 | 0.005
8 2823.0 2823.0 0000 | 28230 | 0.000
9 2866.9 2868.7 0.061 2868.7 | 0.061
. 10 2885.9 2885.9 0000 | 28859 | 0.000
Fig. 4 ANSYS finite element mesh of the actuator and 11 33400 33400 0.000 33400 | 0.000
suspension model. The actuation VCM forces 12 gg‘;ﬁ 3:1‘;77 O-g(l); 3:;‘;; g'gm
are applied at four points of the voice coil. The ii 4700‘§ 27(7)0:2 05—_.000 i7oo‘5 —0‘0(1)3
responses are observed at two output points of 15 5140.7 5140.8 0.002 5140.8 0.002
the head 16 5386.6 5388.1 0.027 5388.0 0.027
17 5663.9 5663.9 0.001 56639 | 0.001
. . _ . 18 6376.4 6376.7 0.005 63767 | 0.005
A A~ E o
olgt WIANAZ FAA2H ) i 1FA 19 | 63799 | 63803 | 0006 | 63803 | 0006
FAZ ot BAZ Fold 4 Utk 20 | 6687.1 | 66872 | 0000 | 66872 | 0.000
21 6821.7 68217 0.001 68217 | 0.001
K o =oM 2 6849.9 6849.9 0.001 68499 | 0.001
1P = OB N n (25) 23 8580.8 8582.5 0.020 85825 | 0.020
¢=Ve, where ¢cR ", R 24 8721.9 87232 0.014 87232 | 0.014
25 88225 8824.4 0.021 88244 | 0021
2]
o), o’F @2 A2t FLALH THX)9 T 3 26 | 90504 | 90515 | 0012 | 90515 | 0.012
Pal= m9uEo A, nxt 222X n7 27 9461.1 9461.2 0.002 9461.2 | 0.002
}“0 A; ]tt ﬁa}i it 14 o7 28 9782.3 9784.4 0.021 97843 | 0021
o TRAFFE B8 U1, 4 9 Zo] WE 29 | 98763 | 98769 | 0006 | 98769 | 0.006
= ola AA|2Elo] TouEo]A] X 30 | 118035 | 118038 | 0002 | 118037 | 0.002
d VE o]gdtd FAi ]— u-’] IFEE A 27 31 | 120774 | 121400 | G518 | 120808 | 0.028
Al2Eo] uHHEE T 4 Qo duidow = 32 120787 | 122721 1.601 120920 | 0.110
) 33 | 122661 | 124860 | 1.792 | 12266.5 | 0.003
AF=e] g A2HME dA 2 S4e 93l 34 | 123363 | 127928 | 3701 | 123398 | 0029
e 2 /e nHXe mHeinto] Bod AL} 35 | 123381 | 135500 | 9.823 | 123455 | 0.060
36 | 124784 | 140434 | 12541 | 124845 | 0.049
th-2ol7] g, AF= N 27] Alz=duct 2} 37 | 126662 | 149805 | 18342 | 126668 | 0.005
% ol ZARAL o]L5= Fo] B} AL Holh 38 | 134879 | 17682.9 | 31.102 | 134882 | 0.003
= ‘“_é"““aa ]%o}_ ]ﬂ R ‘E} 39 | 140393 | 193314 | 37695 | 140395 | 0.001
Fig. 5= &7] ANSYS vUPELiE‘a(N=21203)TJr = 40 | 149736 | 213466 | 42.562 | 149758 | 0.015
2 W e 2 AxEE 7] 507 ) 41 | 149745 | 224337 | 49813 | 149849 | 0070
. < 59~80)§ 71“_‘— 271 50749 DHATFE 42 | 175003 | 242011 | 38289 | 175024 | 0.012
St B|Ested TA|gE Aok ANSYSOHHC block 43 17501.7 | 263284 | 50433 | 17511.8 | 0.057
. N 44 | 177292 | 272908 | 53932 | 177341 | 0.028
Lanczos 4108 ol8-8te] 1#AFFE Aetaiet. 3 45 | 177294 | 398018 | 124496 | 17742.4 | 0073
A IRREREE A5 ddko g dhAlsiE AL 46 190737 | 519620 | 172427 | 190759 | 0.011
47 | 190838 | 65903.0 | 245335 | 191175 | 0.177
Rzl N o Ao Y /\‘IZ
sEEolT AFATFE 0 heolth BAUFIHETE 20 48 | 194773 | 1023852 | 425664 | 194773 | 0000
khz7b=] o|E = o] g4 P = 50K THAE 49 | 20187.1 | 156040.1 | 672.970 | 202504 | 0.313

30 20204.6 648214.3 |3108.245| 20485.4 1.389
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Error (%) = Jyor ~ fansvs 109 (26)
ANSYS
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B #FAFage ool oA F4AREI 27
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