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In the development of the information society in recent years, the expansion

of data servers has been developed to record a large amount of digital data from all over the
world. The digital data is recorded for the hard disk drives in the data server. The recording
capacity of the hard disk drive is directly linked to the expansion of the data server. The
recording capacity of a magnetic disk drive depends on the positioning accuracy of the magnetic head
that reads and writes data on the disk. This research studied the control system design of a
multi-stage actuator that can contribute to the improvement of magnetic head positioning accuracy.
As a result, the proposed design method is able to improve the positioning accuracy by about 30%
compared to the conventional design method. This is expected to contribute to increasing the
recording capacity of hard disk drives.



X C—19. F—19—1, Z2—19 (58)

1. BrEBMBEMOE R
O [T AHEFHRHR|ITBIIERTARAIVEE~DEK

RKEOT VHNT —F EZRMNTE DB ?‘47\%*%61 7 — & BREN Rt 22 (Fig.l &
FNZBW TR ERWVEER-LTHD. £ LT, &%@bﬁ”ﬁ/\w%\é%@t&) =
%ﬁéﬁﬁﬁgwﬁk#%infwéwgzi%)ﬁﬁ@;ﬁk@t ET 4 A7k
@?%&®ﬁﬁ%£%ﬁkéﬁéﬁgﬁ%Dg?4z&L@7v&w7%&@%ﬁ%4
R /NEL L bz, 207080, T VX NT — X OiihEZ LT HH
~y BT A — A —F — OB BN E RO R D S5 . B E R ENER D DK

BLOT2®, BUTORK A~y ROMEROWEIZIZ 2K T 7 Fax—2 FRABHWHLT
W5, AW TIE, ZOFXERX—=RZLEEGER, BXO2BEU LTV Faxz—%
FHHRERHNGE ORIER O HIEEZR L, & R DA EROMFER LICET 52
L HETD.
Sadety 50 Insatiable Growth in Dat
nsatiable Growth in Data
* HDDs continue to play an important role in the future of data storage
M Fast Data v By 2020
M Big Data y' .
¢ ~7CFVb
; £ - i [
T, - dEeme |
o e ) ~90% in data j
z ; . A ;—7; centers 1
;uﬁni/ AGACHBES  TaTARNE

U 4T hL % R MAER

Fig.1 Society 5.0 (Z

SOWT (NEIFE R

D) IO NENEETRE ST
BEOT7 4 PONVEMEREDT —X &

Fig2 7 — % % — 1Dk
digital #EABRERIL V)
ENDT —H BT

A SR

ElZ 2\ T (Western
upload

B %, 0% BRT «

AT ZBEEE L 724
&£ThD

YA NR—ZEfEFE LTt A7 EBEITKENIND

@ HMERTARVEBOHMEANYFHEROEIHRICE THRE

W~y REEESEL 27 7 Faxz—2 FRUITHWL O HIEROFE & LT,
HIER LR DRBNCAAET D P L— RA T RETF b5, BITO 2B 7 7/ Fax—4
FROMEE Fig.3 (T~ T. HENIRA R LE—%(VCM)AFHY L, FEEEIMEILL
SCIR DT oNTT 7V Faxz—2 N HYT 5. ﬁ%&&b**ﬁ? ITnG7 7 Faxz—4
DHERERFEIARAE LT Y, RIS ﬁme@t LT 0 F 2 m— 2 OEIIRE K %
EFVENH D, EHREW I LD i?&%zi%&oﬁ/Wx HEr /S
<¢5@ﬁ@%%f&é@g5£%ymeq77%ni~&®mﬂmi@¢g:x
ke —27 OB ORRD. ZOA hu—7 & REPEED b L— R4 7 N ilda &
WROBETHY, ZNEZMET HHEHEIFOBENEEN TN




NIRTFSGF2T—2 (B FI/FaL—2&
— HRER) DILAE

Piezo

Flexure

1 WDMA

Figd 2B 7 7 Fax—x &Mz~ MLESH%&)#%%%@%E VCM MR~y R&ET
4 AT DOHFLNSLIRE CTEES Y, RRO/NLT 7 F oo — X PIEEREEICEESE 5.

2. BFEOHE/
@ BRITOHIERIZHEIFTEIRNO—HLHIHRFZET DI —FFT
BUATORHIERICEB T HHIERHG E A b —2Hf O b L— 47 2/RGET 5.
Western digital fE23AF LT\ 5 X 9 IZ(Figd 28), BATO 27 7/ Fax—HJ
AL decoupling controller design & FEIZAL S FIEIC L D EREFS LTV 5. Z OfilfE%
IZBNWT, F—Z = T L 7o ERE 2 O CHIBIMRE E A he— 2 &R
1% % E BT 5.

HETHF2 FRT ST 2 =T D MATGwAIE T I Micro Adtiator ~

. I—20EHE I—4DEHR : i [ |

\ 1 1 Cm Pm !

. \ 1 - ] mpe !

N \‘ I 1 MA model : 1 i pe :

NI J I ! P ! — 1

& . . . : il _"_1(1 _ : + :

s

. , (L 1 1

A : -§ pes Cu : Pv vpe |

’ i VCM Controller __;Voice Coil Motor :

. YooolEoioiiiiit o2
IIQZIEJ ‘;Biﬂ Figure 3. Schematic DSA servo block diagram with VCM and MA

Fig 4 BATONG T 7 Fax— 2 OFptE (X)) &5 (GX) : 7 7 Faxz—2 034
RSB E ARSI (734 % Z &, decoupling controller design DO Hfl#EIRFEFEEZFTL L TV 5.
@ 7IFAI—FDANA—YELHEHZRD —RATZEET HHIHREFEE

AWFFETIX, A b —27 LHIFEPERED b b — RA 7 ZffiE Al gE 2R 7o Ik e HE A R4
T %, $BRET decoupling filter 137 7 F 2= —ZMOTFHLZHRTE 55T, HlE
RXFHIB T DHIHINETL D ZEEHLNZLTWS. ZNENDOT 7 F oo —X |
T AL — 72 ZEN L RTINS HKTh 5. 18R T HHlERREHE
@:@ﬂ%%ﬁ%bfmﬁ%%mfgé

@ RERIINFTZIFAI—FARKITETIHINVREERHEIHBZDEEE

BATOMRT 4 A7 BT 28T 7 F a2 —2 FRXB AN ST, BRI
ILEBIZT 7 Fax—F 0 LI ALE R O HIEERE OB A A S D ALE D
RS S R TTRE 72 7 7 F 2= — & L LTI, Fig5omd VCM, By 7 7 F 2o —
B, wA a7 Fax—H, TLTET 7 Faxz—2nE o, VORI ET 7
Faz—% FRETIEMEERNS S, T2 T, 3BT 7T 2x—% HUTHR O i
FRFHEZIGH L, IR OBRT 4 A 7 EEICBIT 2 HER R e 2 5023 5.

Read element

Slider

Fig.s -~ FAIEROEEICERHATERT 7 F 22— 2 OFEIZOWT : £vD VCM, Milli




actuator, Micro actuator (Milli &V B =>4 1 XH/ X)), Thermal actuator

3.

R0 H 1k

FRROBMZERT D720, TRLOFMETHIIE 2 Fh L7,

(1)

2)

@)

A=Y 2 LFIEERED L —FA D D E 28

Z b a—7 fi§ & HFEMERED R L — A7 2 E 'S 5720, FEEOT—2 4
—ANGEWREZ LD BT CTF— 2 2 G L.
ALO—O 2 LHIHMRED L —FA D% RIE T HHIH RS

2B7 7 F ax—= 2 ROBK~y FHEIRICEBWNT, b L— N7 2885 U7 l#ExR
RAHEZENL LT=. VCM IZOW TR TR ERBIEN — T 2 ET 5 Z & TR A
—ZPRREHEILEL, hL— A7 2ME T oat R e T LT,
RERINFTFIFATI—EARDERT ARV EE D HI#HFREEET

BAT D~y FALERDHIERIL 2 BT 7 F 22 —2 HREHNTWDA, FRRIICE
HRERT 7/ F a2z =22 MNTC, 3BT 7 Fax—2 A TOMEREZREE L.

. BrFERRR

O RhA—YELFIHMERED EEMFIIESL — A TZREET HHIHRERE

Z ha— 7 i L HFEERRD b L— R4 7 2 E'mIICEHE T 5720, EBROT—X
Y= NI W BREE THIEPERE & A b — 27 BORMEZ{TA DX F~v—27 ET V%
Lz, ZLTC, 2B7 7 F ax—2 FROWK~y FHllIRICBNT, FL—FF7
Z R U7 SRR EHE A ML LTz, VCM IZ DWW TEL R TARZE 22 iV — 7 % 714
THZ LTI A—FREHPAZIIRL, L — A7 Z2ET 2EH R A28 LT,

Conventional Proposed

e - ———=

Phase [deg. |
i
|
]
i
—
Phase [deg. ]

L

Fig.6 RO/ —7ROEEEBIRE (fF TeRE, A REE)  {ERkIETIE VEM
& Micro actuator D7 D7 A > Z& A L L TW2As, $REETIIARLE R VCM DR
N—TREMATEHEANTH LT, GMLAEMN ) REEEBIICI TS Micro
actuator /L — D7 A L EAXKRET B Z LITEh L=, £72, Micro actuator D% A >
Z i JEREUE CHERT 5 Z & Tl IR O iz o7 o 7.

Frequency [Hz)

Total VCM(1* actuator) Micro loop(2" actuator)

3o ofy_ Max of |y _|
15 £ 15 P

L ®
) . " ® e ®
14 ® ° ] 14
3 ®
= ® L4 o0 ® ®
B3 ® 0 0 L] =
£ o e e B3 ; :
= ® Y = Conventional
S < 12 Proposed
s L4 = 12 PY
2 T — @
BT Conventional | . Py
G4 3
Proposed o ® - ® o
e

4 6 8 10 0 2 4 6 8 10
Case number Case number

Fig.7 ~v FALEDOEMED 3o fE () LA Mu—27&D 30 () : &/EHEI



\ZF1F % Microactuator D5 A % fm B35 2 & T, HAEWEREN M EL, ~v FALE
DIENEZARL T E 2. — 5T, EEEEIIZIIT 5 Microactuator D7 A & % K
35 Z & T, Microactuator O A hr—27 &% K CTE 72, DLEORKEENS, hL—
NAT72BRELIAEZREZEZERTELE VR D.
O RERINFFIFAI—FARKDERTARAVEBE O EFREEE
BATO~y RALERDHIERIL 2 BT 7 Fax—2 FXEHNTHDR, FERmIC
FEEWGE T IV Fa—2 T, 3 BT 7 Fax—4 FXTORBEREZREL.
BBtTY 7 Fax—4 FRUTHBNWTYH, ALERTEN—T 2R THI LTI A—X
PREREIPHZRARE L, FERIE & IR LTy RALERDIEREZ K 30%I0] L2 Z &2k
L7z,

VCM actuator

Micro actuator

Fig. 8 HDD @ 3 B¢ 7 7/ F o= —% KD~ v RALEROHEREIZOVT : VCM (201
Z., Milliactuator, Microactuator FEIZILD 2 FFHOE =Y 7/ Fax—X ZE AT D
ZET3EDT VFax—HIZL D~y REMERD TE HEBENREINL TV 5.

<10

40 8
v.—? I
20 2 GEREKA :
N e, e

. - S e
'i‘ 0 At . ‘\\‘ | "5324 1
S| fEksk 2 A

200 jEgRa ¥ 51

40 0

10° 10* o “Iicqm:nc_\' (Hz) !
Frequency [Hz]
Fig. 9 B —7RD7 A VX (f8) &~ RALEOEMOWIGA 7 by (F) -
TERVE & i U CRAL— 7 ROl s 2 Jok U, K0 @8R E TRl rTRE 22 5%
FHEZAIRE LIz, 2L C, 7= —SREICBN Ty FALEOEALIZ DUV CTHRIE
ARG MVEFRLIZE ZA, HERIEE R L TR 30%ETE S Z L 2R L.



4 3 0 2

Yabui Shota Atsumi Takenori Inoue Tsuyoshi 58
Servo Controller Design for Triple-Stage Actuator in HDD to Compensate for High-Frequency Fan 2022
Vibration
IEEE Transactions on Magnetics 1 11
DOl
10.1109/TMAG.2021.3129540
Yabui Shota, Atsumi Takenori -
Design Strategy of Head Positioning Control System of HDD based on Amplitude Spectrum 2022
International Workshop on Advanced Motion Control (AMC) 88 93
DOl
10.1109/AMC51637.2022.9729285
2 2022
D 37 42
DOl
Yabui Shota, Atsumi Takenori -
High-bandwidth controller design for dual-stage actuator system in hard disk drives 2022

Journal of Vibration and Control

DOl
10.1177/10775463211062337




3 0 2

Yabui Shota, Atsumi Takenori

Design Strategy of Head Positioning Control System of HDD based on Amplitude Spectrum

2022 1EEE 17th International Conference on Advanced Motion Control (AMC)

2022

2022

Yabui Shota, Atsumi Takenori

Controller Design Method for Stroke Reduction of Micro-actuator in HDD

IFAC World Congress 2020

2020

HDD 30
https://ww.tcu.ac.jp/news/all/20220221-40437/







