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Integrated Design of Structure/Controller
for Head Gimbals Assembly of Magnetic Recording Test Stand

Hiroki ANDO* Goro OBINATA and Junichiro MIYAGAKI
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The integrated design of structure/control systems for high-speed positioning control of a head
gimbal assembly (HGA) in spin stands is considered in this paper. A diamond shape structure, which
is axisymmetrical to two orthogonal axes, is adopted for the displacement amplifier of a HGA. Two
PZT linear actuators are built in the structure to control the position of the HGA. If the generated
forces of the two actuators are acted symmetrically to the two axes and there is no disturbance force
acting on the structure, non-symmetrical vibration modes to the two orthogonal axes will not be
activated in the structure ; moreover, only one symmetrical mode will come out. Since the natural
frequency of the mode which can be excited by the symetrical operation of the two actuators is very
high, there is a possibility to achieve a much higher bandwidth of the HGA positioning control system
in comparison with conventional structures of displacement amplifiers. The simultaneous optimiza-
tion on these parameters of the structure and the controller has been conducted, and then the
effectiveness of the design result has been verified in the frequency responses. Moreover, the
robustness properties against the worked accuracy on the structure and the imbalances in the
generated forces of the actuators and/or the masses of suspended loads have been tested to ensure
the performance.

Key Words: Integrated Design, Simultaneous Optimization, Robust Performance, Displacement
Amplifier
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Figd  Vibration modes of Micro-Piezo Actuator
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Fig5  Bodediagram of MicroPiezo Actuator
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Tablel  Designed values for initialoptimized systems

nln|n|n|nl| K

fmm] | [mm] | [mm] | fmm] | [mm)

Case| initill | 400 | 400 | 100 [ 100 | 900 [ 557500
1 |optimized| 399 | 404 | 0610 | 0516 | 898 | 525000

Case| initill | 220 | 220 | 100 { 100 | 400 | 560000
2 |optimized| 239 | 265 [ 0581 | 0501 | 421 | 525000

Case| initial | 440 | 440 | 100 | 100 | 900 [ 560000
3 |optimized| 437 | 436 | 0608 | 0502 | 888 | 532300 |

Table2 J,E, k and f forinitialbptimized systems

J E k /.[kHz]
Case| initial 15220 2787 0.1103 115
1 | optimized | 14140 2916 0.1185 106
Case| initial 15771 2687 0.1064 125
2 | optimized | 14434 2895 0.1161 114
Case| initial | 15209 2786 0.1104 12
8 | optimized | 14156 2927 0.1185 103

— 227 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

992 B ELERRHERE E AAAIE A M E R OB ORIER L R DM ALERE

Ui Z EXCHHIROBHHENOREBOAZVWERD
DAIRED, PHUHEICHET B/ LEXS5NS. K
HENRT, WTNHIMEBED 7 BLLEORDES
ZTHY, KEHBERTHINEINIINDST,
AR RERLTNS.

#£2X0, TNTND Case DEOBEILEINIZ AT
LOBNHEAR E ESIRERE £ 2B L, &
Rt AER E OHEINC & b2 FHRERE £ 2987
BREREI2STHED, THUIRBROENHLAHE SR
CERISROM D ZEERB LTINS, LA, &
HIHIHE S 2/NE<TB Case 1 DYEFHES AT LD
HEN S CHARERENE 106k L7120, fEkD PZT
WBY Y 7 F 2 T— S HREDOIIRE B 33kHz & HE L
T, 32 {SEELTGERICRI E L0, F, ZOBER
BATLOBRMIARRE O, RQOTHEEL =
& 30 IZEVME 2916 Eso7. TERD PZT WME T &
F o T—5 OBRHEARE 389 LHEFT2 & 07515TH
B, HREFEHWERL D SR EL 7201,
I L— RA 7 OBIRIZ 8 BENHEARRIER & DD
Li=Z EMNFELZERTIIRL, FEEOREICELS
HDTHS. Tizhb, HEROBAIEABHE)HIEIC
BOEBRROEN LROFEHE— REFIFHL THED
TR, BEEIEEONTREEFIR U TEBEROK
W DDIENFVLAREIE— REARn]ffE S U, ArEH
iz 3 B HICE ERSOEIE— REFIFA LTS
72O TH5.

Case 1 DFHAS AT L EERE S AT AT 10um D
A5y TEEEE AN L= EEDRT Y TIEE, &
DEED PIT "D ANEBEOREISEZR 7 ITRY.
R 75, BERME T, <006msfZERL TNWDHIE
R TE S, PITNOATTEES, I AN

e Tnitial System

i
0 60 100 200
Time [ps]

Fig.7  Step responses for initialloptimized designs
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BIOREIMERTES. CHIK 4R UZIE
NHE— ROFETHS. M 13 ITRLEE—TR
DREFFINE BN T Kz FHEBL T 10kHz (1R
HENROBBOMENRS NS0, HREEAZ<E
REHDO TN EARERTE S, Zhsid, Th
FNH 4 BONBIUUNCR LTI E— RS
TH5.

PRI & E RO SR OBBNTN T B3
SHE— RORED, Bt IN/z A5 A TIIA
AT LEDELL TWBO TR M ENS BN
HD. TORIZDONT, Case LIZBWTHELZEZ
%, Bt 3Nz P AT LB BIENFRE— RO
B3V AT AL 0O DTHENSEL LT L
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994 HE S EC SRR S5 AR A AU R O B O AEIE R & HIEIR D& LRt

NUAS, Ko~11THERLAELDIZ, #ifdso
BE12 3 AHRICHZ B Z ik > TRrEDOMRE 2
RTES, BHOHEICDOVWTOERI, EWRERERE
HFERIEBIEDTESLDDTHA.

5. BbYIC

AR TIE, PEROFBRERZRR L PZT MEhY
DFaI—FDFLEIEE LT, FWEMHEAHRE
BHRELE. FLTC ZOT7IFaI—FDIATA
DEERENC, BER LHERORELRENETER
Ulz. BCTIREL PZT MBI 7 Fa 11—,
BHREOMNFHMEEFIAL, OB DOIEFER
REE— RERAHIE T2 2 8I2k D, FRBHEE
ERERD 32 fEEE L7125 106 kHz IZE TR ESH,
ARz L VBB LI N2 AT LT 10kHz DY
—REREER L= (ZOTATLORERIZBITS
TA RERREL, WSRO 76 HEE LD 45 Kz
Llgoln) . i, BWELZEBONFERELUZD
D PZT OFEHOMFERRDONHEITDONT,
ONZ MEDRIEZIT > /2. PZT OO 3o H
DINTVF, hU AUz NOBEEESR H DM
BRICIZ 22 &2k > T, FREDMEREMERTE S

ZEERHERLT-. ZOERICDOWTOERIE, ERLE
BRI R IVDZEDTEDLHDTH 5.
SHBOBELLT, FRLTOYIaL—a4E
BEDEBRIC X HREED KUNHERELIC L 28O
ROBELERE 7TV XLICBORAATEERE
RO LERERBTEND.

2B, BTN, PRSI, fKEHRHR
FEERLFEIIT RS DRI R AT & HE R
FIEANBERS) O—RELTIHDONZDOTHS. Bk
ERNTHEEET.
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