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Robust quasi-sliding mode adaptive control method for hard disk drive
GUO Ge
(College of Electric and Information Engineering, Gansu University of Technology, Lanzhou 730050, China)
Abstract: A robust quasi-sliding mode adaptive control method is presented for a hard disk drive servo system. It can
effectively reject effects of disturbance in simulation and experiments. Track-following ability and behavior in both stable and

transient state of the hard disk drive control system are largely improved.
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1 5] (Introduction)
WRIEDHFBEELESMNERMENREREN
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MEREELESRSHERT U AFHBREIRE
WHREHE EHRE FAWBIEE LM AMR
EHRAETHFAEHRSBES T ERBLUESLR
BREEORSG .5 H LB U2 SRR H 38 MEE
BROWETAE XERH AN EAWHBRE LE
W BA B, 0 Z0 K TE RN . EE
Xk, EHMBREREARAC RN AT &I
HBFEE L FREH AL ZF . 40 Hanselmann 55
AN~ F— AN\ A B LQG/LTR B
K3 231 5 sk BRER 45 4 7 3, Hasegaval? 42 Hf —
BT WA EA IR RS RIS S
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BB SCER (3] T — P AR &5 B B AR S VLI fy 2
BB R IR 2 RS FURE B R IR R AR ER
BEETERT T A SHd B iR 5 S, AT
LB ERNRIERERE B ER TERS. BR
L83 B BT LA 1 SRR sh AR 1 sk s v fAT AR
ERMARGENERE, EEENFTELBRKENE &t

B EEmg sl gz R EENEHR S
AEF RIS . Ok, 2 308 — MR W sh 38
EELARENAASEBENBRERER X, H
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DA B AR AR R B LB RE TR E S H R
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2 ZRZHERI(System model)
BREHDBEEXEMARREFHNTER
— I HERRASEIHETLREEHI, BIEF
R —ER, RIATE T TR RDR A .
9(t) = eF(t) + &ult - 7). (1)
K o RERLAME, F RIS (BsatRh
BE),u BRERSBSLEE, c IHEHE, s HEK
A KR EREENXT, LKA UE RO TR
SHBEX.

01 0 0»
x(t)=|:0 0 E}x(t)+[$}u(t—r), )
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y=[1 0 0]x.

EFF y = d,x = [11712113]1‘,11_: 8,%) = %1,%3 =
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LG R IR SRR N B E LAY A .
WERBERRN T, =220 us, BIECER[4]F B

FEHARERSSRMBBEAL, HRAMXSEK

HrT I3 3
2(k+1) =
1 1 1.9047 1.8419 0.0628
g (1) 3.81094 3.10168 (k) + 0.60917 w(k),
00 0 0 1
(3)
y() =11 0 0 0lx(k). )

Hep oz, = u(k-1). BB RGEH L 5EHE
5[] ) 1 33 B 3K -

0.0628(z + 38.8239)(z + 0.5233)
Gulz) = z2(z - 1)? )

(5)
ZHEMTHTERETER:

Az ) y(k) = B(zDu(k - d) + v(k). (6)
He o(k) IRGEHWATEE, d BEBBRLEXT K
BEIER(d = 1), REEARXDHIWT .

A(zY) = 1-2z271 4 272,

B(z™') = 0.0628 + 2.471z7! + 1.2759z72
3 BB IENE 8% T (Robust adaptive

controller design)

Drovk i, BB N R EER N E OGS
AR ERABE RSB T ERREE,
Bt A 3R A B & SRR S W R WK B AR
EELBEEHE. HAE TR

s(k) = Pz y(B)-r ()] + Q(z7")ul(k-d).
@)
Hep2@mA P(z7!) #1Q(h) 51K

P(z7') = 1+ piz7' + ppz7?,

Q(z™h) = Qo(zH(1 - 2z71).
MRRGESHE R, LREZIRA Wk EERCER[6].
FEM A E 5| A Diophantine 77 #2

P(zY) = A(zDE(z™Y) + z7%F(27Y), (8)
G(z™") = E(z"1)B(z") + Q(z7h). (9)
He
F(zY) = fo+ fiz™),
G(z7') = go+ g1z + gaz 72,
FR ABEREEHEBAIEDMTEHE.
u(k) =[Gz D] UF(E)y(B)-P(z)r(k+d)].
(10)

HTAHHIIEE X W BREEE R :
s(k) = G(z7Dulk) + F(z7Dy(k) -
P(zr(k+d) + w(k+d). (11)
X8
w(k +d) = E(zV)o(k + d). (12)
HTEhG EERESB R LARER RAVNSH
B ARFAY, BT LA B 5 £ Diophantine 77 12 o f # 3%
ZHA, ANMEAREH ELREHBLHABE
s(k) = 0. Bk, &30+ T —F B & M 5 Kek,
BEXMEIR G(27!) f1 F(271) BT g BT
EBTE. N, BRREIETER:
5(k) = s(k) + P(z"D)r(k + d). (13)
He
5(k) = $7(k)60 + w(k + d),
$T(k) =(u(k),u(k-1),u(k-2),y(k),y(k-1)],
6 = [gorg1,82:f0: /11"
ATETRITBEMEZH S, AE—#HE, B
BRAEHBEELARBEHRETH AR R
I &MA

w(k) = wl(k) + wz(k), (14)
(B Il $(k-ad) . (19)
” wz(k) ” 2 < P (16)

XE o BR—PMRPHEREEE, o IRMEEE.
WS 0(k) K kR KRNSO WhHE, E
MAGTHRZE R '
e(k) = 5(k) - $"(k - )8k - d), (17)
WA 5N
e(k) = $7(k - d)[0-8(k - d) ]+ w (k) +wy(k).
(18)
BT o ERKRM,ATREMIE (k- d), EX
T R
_7(k-d)
| e(k) 1’
0, | e(k) 1< 7(k-d).
(19)

AGE) = | e(k) 1> p(k-d),

Hrep
7k -d) =all$(k-d)ll,+ 0k - d).
(20)
FRAH T EHEMNLXEREAHBED

- - eA(k) 1 e(k) |
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(21)
XEO0<e < 1,91 p(0) IHIBDYEREHR
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A (K)BCk = d)e(h)
6C) = 80k - d) + T 0 5k - 0

(22)
8 (k) = projid’ (k)}. (23)
Heb proj HAREE T AETRER
proj(f (k)) = £ (k), i = 0,1,
proj(gi (k) = gi(k), i = 1,2,
gs(k), g6(k) = goms

proiE5(k)) = { £
goms  &6(k) < gom-
B £0(0) = gon(0 < gom < 80), HESEMYIE
TEIERHEK.
WA EENERLE, FTUE BT HERE
B 15 B B R
u(k) == [G(zD 1 F (2 y(k) -
P(zWr(k + d) - 6s(k)]. (24)
XEMREFO< S <, 53IAZBRFEERITH
R K25 3k A B 3 ) R S 9 R B, 3 3
HE S M EERITEEH .
TEREWZEEMBR EEMESRHE. 5%
EX

6(k) = 8(k) -9, (25)
plk) = p(k) - p, (26)
E51E3
87(k)O(k) < 8T(k)E (k). (27)
BT *B| AT Lyapunov 26 ¥
V(k) = 8T(k)8(k) + p*(k). (28)
BT

e(k)wy(k - d) -1 e(k) 1 p <O, (29)
HAA Ak - d) MAK) WEX, TUIEBAF TR
XA

VE) - V(k-d) < ——2Xk)e2(k)(2-¢)

148k - d)p(k-d)’
(30)
FRAB#E Lyapunov B, iR H £% 2 Lyapunov
BUTHEREN.
B, B EREXFRATLAES]
V(N) - V(0) <
N A2(k)e*(k
- -0 G D @)
BT V(N) > 0, B3 T RS :
1) X FAET k = 0,8(k) % p(k) BHR.
2) go(k) = gom-

3)
.- A2(k) e (k
,5‘12,2:; 1+ ¢T(1E —)d)(¢€k—d) <=
. A2(k) e (k

4) Jim - ¢T(k(-)d)(¢()k )

5) gxg[é(k) -8(k -d)] = 0;

6)  lim[p(k) - p(k - d)] = 0.

R EE SR A AR SO BE R 3K 5 28 5 B Sk A R
HARG AENEH T EBERIEREN BRSNS
EtE.

4 {HFEMEE L R (Results of simulation and
experiment)

B 1 AE 2 20 T REEFIH R 220 s BE 23K
AXRBIAEXWENFENELENEEE L
AREHAREXETERNNHTRER B 1 AE 25
MNERARTRHMEMBEF R MAR S PIFHEL T B
FERIKBNAF T T 3k PR Br 5 i way A7 g 2R . A B P BT LA
FHICER(3] BEHrE BRI I H Ot sLE
EREDNBESLMRERH, BRFEREESAE
BERA REMERK, BNTEREAREELRE
F. DN XHEBREHELETRERKS B EE
LA BR A 45 A MR AS B, th AN TR TN SEE . T
R A 32 9 JF B 7E B4 00 T 40 T LA PR3 T o B b
LHERBS B[ EELARBRERES, EREHEM
BEREFAHBRFXRBINFE. BINHE
LB RIMAREF & B/ F G0 pE 3 iR, B
BARBRA, RZFR. BAFRERERN & = 0.5
BHAGER .

RAIX —A PII4SOPC T8 Pl #Y BE % 3K 3h 2% 3¢
BL#fTTERBREEHETR A3/ B TERAM
AR ESHHLRER, B4/ TMABEY
0.015V MBI HMIBEERMNEREGR. NE 3
A A HEREXT LSRRI AR, YA BRI E S
B ERTMEN T EERATERRNB[ES LB
ERTE7E 0.02 AL , M XM [3] M H FE/EH
THEARFEESLRERBEAN 0.06 B, ERK
BEREFOLREAEHBRRTEE ERARD
ERRERT AR EH T EEREREN
MERESHRE T BR TN FE. &5
A8 UL B — & &, 75 3538 A9 PI450 B ¥l £ 2R
X3P EHBERN—KITEXATERFE 219.8
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Fig. | Simulation results comparison (no disturbance)
0.015] — -
0.01
2 2 0.005
= oK 0 e~
(i &
= N
B = —0.005
=0.01
—0.015 4 —t— . o ——— —-0.015
0 001 0.02 0.03 004 0.05 0.06 : 0 0.01 0.02 0.03 0.04 0.05 0.06
effa /s Bta /s
(a) X#K (3] (b) &L
B2 B3 ESRILR
Fig. 2 Simulation results comparison (disturbance)
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Fig. 3 Experiment results comparison (no disturbance)
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Fig. 4 Experiment results comparison (disturbance)
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BIEER A, =2MA, =-2 HEH 15

6(A) = (M +2H ) U o(M - 2H).
1 - 12
Ma2d = | |.a
mM+ 6 _s
a(M+2H)={— % + %mi, _%_% @i};
-3 _8
M- 2H = , B
~2 -12
s(M—2H) _{_1—254% /145, _1—25_% /145}.
)N
o@) ={-L+2vmi -1 -3 m
15 1 5 1
_2+2/145,-2-2/145}.

4 #FRiE(Conclusion)

AR —FIEH R, BB X HEFEE
B MEUMNKRASAKAGETHERNEFEER
A EFR, B CHEMTX AR, MBXHRAS K
RERSETE LSRR, ANTT AT REH R EE.
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