20 2 12

60356



VCM

Wl



1.1
1.2

2.1
2.2
2.3

3.1
3.2
3.3
3.4

4.1
4.2

4.3

4.4

4.5

6.1
6.2

just-in-time

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5

4.3.1
4.3.2

4.4.1
4.4.2

4.5.1
4.5.2

21

23
23
23

24



1.1

1]
2]
3]
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Just-in-time
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2.1

VCM(

[6]

Servo data

'

’ Head AMP

!

’ Sample Hold

!

A/D

Controller

D/A

!

’ Power AMP

|

Current

Servo
Signal

VCM

- data

— Disk

- head

L

2.2 just-in-time

just-in-time



Track/
Cylinder

3: ( wikipedia)
just-in-time

just-in-time

2.3
MATLAB

HDD

RPM = 7200[rpm]

NumberO fServoPerTrack = NPT = 220[servo/track]

e Ts = % =3.78...- 1075[560]

Gainltrack/m] = 3.937 - 10%[track /m]




y= [Gain 0] T

Gain = 3.937 - 106[t7‘ack/m] L o= [ pOSZtZOn[m] ]

velocity[m/sec]

3.2

Lau T,i
2(0) = H - a(Ty) = [—]

3.3
VCM

Tsk
W= / R-I*dt
0

all

w=2 1’

n=0

3.4 just-in-time

just-in-time



AH[amper]

(T

1= T3)

Ff[sec]

Ti[sec]

Lay
Gain

(11)(12)

I = .
Ts - Gain 51 : (Sa” - 51)

T1 == T3
Tslc = Ts : Sall

Sa = 51+ 52 + S3
S1 =53
Ly [track] Saulstep]

V =1000-1-(Ts-Sy)

=1000-1-(Ts-S1)*>+1000-1I-(T,-Sy) - (Ts - Ss)

IV

Loy - 1073 1

7



Ly 1

V = . 16
Ts - Gain Sall - Sl ( )
A FH[amper]
|
(S41=83)
s1 S, S3 [step]
o] prmsmsssssmsssmssmmsansssnsnnsnnsnnnsnnnnnnd U1 S00000000e
5 ( )
4.2
T
S1 = 3,Sa = 20,Lall = 1[track], Ty = 0.05[msec]
6 7
(Lau =1)
6 7
4.2.1 (1)



4.2.2

k=from 0 to Su , Gain=3.937-10%track/m] |, x(k)z[

3.5

Say = floor(

Input[amper]

position[track]

velocity[m/sec]

z(k+1) =

14.7-10~3

1 T,
0 1

z(k) + [

y(k) = [Gain 0]

500 - T2
1000 - T

(k)

position(k)
velocity (k)

10

si—s) = 388[step],Lqy = 0.03 - Gain = 118110[track],T, = 3.78.. - 10~°[sec]

50

150 200

step[step]

400

| | | | |
50 100 150 200 250 300 350 400
step[step]
T T
| | | | | | |
50 100 150 200 250 300 350 400
step[step]
T



4.2.3

4.2.4

11

S

10:

ANHEO02) ) lamper’]

ANEDD2/ blomoer’]

]

g

0 700 20
ANVETIAT IR step)

S1 =160

(514 S3)

10

S

1[4]

10

220



=150
100 - \ |
50 - h
0 | | | | |
350 400 450 500 550 600 650
1
—
= —
0.5 i
0 | | | | |
350 400 450 500 550 600 650
500 T T T T T
400 - h
i
»n
300 h
200 | | | | |
350 400 450 500 550 600 650

11:

4.2.5
(20)

all 9 9
— 2 _ . . 2 . . Lall'10_3 . 4 . Lull'1073 . 2
W = ZI(TL) =2-5-I"=2-5; ( Ts-Gain 53”,53) = (7T3-Gain 51-(Sa—51)2
n=0

w Sy (23) S1=13-Sau
W' = 0
351 — San
<— 0 =
S% - (Sau — S1)?
1
< Sl = g . Sa”
S1
12 %
4.3

11



4.3.1

12:

0.3 | | | | |
350 400 450 500 550 600 650

[step]

4.3

+ AF[amper]

(T=T3)
> ﬁﬁﬂ[sec]

\é
A

13: S1,S3

(2)

Kzg—“:’ (83<51,0<KS1)

12



0=1000-I, - (Ts-S;)+1000-I_- (Ts- Ss)

Loy 1 1
Gain — 3" 1000- T, - (Ts-S1)* +1000- Iy - (T, - Sy1) - (Ty - Sa) + 5 1000 || (Ts- Ss)?
Si K
I _Lall-l()*?’ 2
T T, Gain Sy -(2-Sui— K-S, —S))
Si 1
[ =—-Z I,=——"1I
Ss "t K 7
K=1 Si=S;

4.3.2

W:ZF

all
= Ii'51+13'53

1
= I_?_-S1+?'1_2|_'51
Ly, -107° 1+ %
N GamQTﬁ Sl(Q'Sa”—K'Sl—Sl)Q
W
ow
A
051
3-(1+K)-S1—2-Sau
<— 0 =
S1(2-Sar— (1 +K)-5)?
— S5 = 1 2
YT o1+ K 3 e
S1+S3=(1+K)-S1=2-Su Sy =% Sa
%
K

S1=8=53=13"Sa

13



4.4

S1 =53
4.4.1 (3)
2
[ ]
[ ]
Dsst.
1000 - Ty - (I - Sy +1_ - S3) =0 (36)
Lai 1 1
GT;ln = 51000 L, - (T - S1)2 41000 Iy - (Ty - Sy) - (Ty - So) + 5+ 1000 [I_| - (Ts - S5)2  (37)
W = (I; + Dist.)?- S, + Dist.? - Sy + (I + Dist.)* - Ss (38)
= 1_2'_ . Sl +Iz . S3 + D’iSt.2 . (Sl + SQ + 83) +2- Dist. - (Sl . I_|_ + 53 : I,) (39)
= I_Qi_ : Sl + IE . S3 + DZ'St.2 : Sa” (40)
28 +1%- S
Sy =83 =5 - S
L2, 10° 1
W = Sy - Dist? all - 41
we D Gain? T TE S, (San — 51)? (41)
I, I
Dust.
Sy = S

0 =1000- (1. — Dist.) - (T, - S1) + 1000 - (—Dist.) - (Ty - Sp) + 1000 - (I — const) - (T, - S3)  (42)

14



L, 1 , .
Ga;ln =1000- 5 - (Ly = Dist.) - (s $1)2 41000 - (I — Dist.) - (Ty - Sy) - (Ty - So)

1
~ 1000+ 5 - Dist. + (T, - $2)* +1000 - (I = Dist.) - (T; - $1) + (=Dist.) - (T, - $2)) - (T, - So)

1
+1000- 5 - (I_ — Dist.) - (T, - S3)* (43)

S1 =53 Sy
1 . Sail L 1073 1
I, =—-Dist.- . . 44
TS T Gain T T2 Sy (San — S1) (44)
1 i Sall Lall 1073 1
I_ = —-Daist.- — . . 45
2 v Sl Gain Tl),2 51 (Sall - Sl) ( )
. Ts i SQ Lall 1073 1
V =1000- (I, — Dist.) - Sy - T, =1000 - (— - Dist. - — — . : 46
(£ — Dist.) - 51 (5 -Dist g+ G T Ga-5) %0
14
Dist. = 0.2]amper]
14: ( )
15,16

4.4.2

15



input[anper]

W:ZP

all
= -5 +1I5;

2 L? 106 1
_ Sa pige + 0 T 5
2- Sl Gain TS Sl (Sall - Sl)
4. L0 1 Sat — 51)2
8%, Dist? % Gun?T3 Dist2sh T (Sa — 51) (47)
- 2 S1(San — S1)?
w
ow
= =0 48
25, (48)
L%, -10°% 1
~ 5} = 4.4 : -(3-51 -8, 49
(Sau = 51) Gain? - T} Dist2- 52, 35 2 49)
Sl Sall
S1
2 10—6
Dist. > 8- é‘;’i’nlfT; % S1 = 5 Sau
Sl Sl
Dist. =0,0.1,0.2,0.3,04 5 S1
17 110 < 5,
S1
(64)
L%, 1078 1
=S3) = S - Dist? all . : 50
S2, 12, 10° 1
= = a4 | D t.2 all . - 51
W Si=5) = olg Dt G T S B OV
24 > 1
S1 =53
St Ss

16



220
— Dist.=0
1w w0 Dist.=0.1
111 Dist.=0.2|
= = = Dist.=0.3]
200 — ) jst.=0.4|
L —
180 — -
=
8
2 M-
~ -
- 160 — ey —
k] S~
3
5 e
- e L T e
140 — —
\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
-
20 e _
‘‘‘‘‘‘‘
_______
\\\\\\
-------------------
----------------------------------
100 : ; I ! ! ! !
110 120 130 140 150 160 170 180 190 200
S1[step]
4.5
St S3
4.5.1 (4)
Dist. I I

0 =1000- (I, — Dist.) - (T, - ;) + 1000 - (= Dist.) - (T, - S3) + 1000 - (I_ — Dist.) - (T, - S3) (52)

Loy
Gain

1
—1000 - 5 - Dist. - (T, - S3)* +1000 - ((Iy — Dist.) - (Ty - S) + (=Dist.) - (T, - S)) - (Ts - S3)

= 1000 - (I, — Dist.) - (T's - S;)? + 1000 - (I, — Dist.) - (T, - S;) - (T - S,)

1
+1000 - = - (I — Dist.) - (T, - S3)* (53)

2
. Satt(Sau — Ss) Loy -1073 2
I, = Dist. - . A
= D S — 51— S5) T Gain -T2 (2 S — 51— S5) (54)
Saut(Sa — S1) Lay-1073 2

I_ = Dist. - : (55)

S5(2- Sy — S1 — S3)  Gain -T2 S3(2- Sa — S1 — Ss)

17



Dist.

=0,5, = Ss

180, Dist. = 0.2

input[amper]

0.5

-0.5

19:

4.5.2

Sat — 51— 53)(Sant — S Ly -1073 2
1000 - (Dist. - (San = 51 = 56) (S = 1), L - ) (56)
(2 : Sau - Sl — 53) Gain - ,I’S (2 . Sa” — Sl — 53)
18 19 20 S, = 120,8; =
1
go.s
g |
0 106 205 306 400
time[step]
18: ( )
12 x 10 !
10 [
2.
_‘— 2 2 L
‘ ‘ ‘ 0 ‘ ‘ ‘
100 200 300 400 0 100 200 300 400
time[step] time[step]
( 20: (
)
W=y 1"=I-S+1I" 5 (57)

all

18



1 S3 (Sat — S3)2 + St - (Say — S1)?

= . ((Sgll . DZStQ) .

(Sauu — S1—53)? S+ S3
. Loy -107% S5+ (Sau— S3) + S1 - (Sau — S1)
4.8,y - Dist. - 2% )
+ 4+ Sau - Dist Gain - T? S1 - S5
L2, -1076 S1+ 53
4 - all .
1<85 <San 1<853< San S1+53 < San Dist. = 0.2[amper]
21 60 < S < 288,60 <
S3 < 288 MATLAB S1+ S35 > S

600

400

consumption energy

300

100 100
S3 S1

21: S1 S3
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oW
951

— 1

T S381%(—2Swu+S1+Ss)3

(—=Dist.Sq*> + Dist.Sqy Sg — 2 A)

-(=Dist.Sqy S + (3 Dist.Su® — 3 Dist.Squy S; + 2 A)Ss?
+(—2 Dist. 8oy + 3 Dist.Soy?S; — 4 ASuy + 6 AS;)Ss
—28,%Dist.Sy® + 2 8;* Dist.Soyy + 4 5,2 A)

=0
4 (59)
oW
dS3
_ 1
T 51 83%(—2Sau+S1+53)3
'(DiSt.Sa”2 - DiSt.Sall 51 - 2A)
(843 Dist.Sqy + (3 Dist.Su; Sg — 3 Dist.Sa;> +2 A)S,>
+(2 DiSt.Sall3 —4 ASa” -3 DiSt.Sallzsg +6 ASg)S1
+2 Dist.Sqy?S5% — 2 Dist.Sqy S5° + 4 AS5?)
. 0
Lgy-10-3
A= GimTr
Sy =1L S+ f(Dist.)
(60)
S3 = % - Sau + g(Dist.)
(59) S1,S3
S| = % - San + f(DiSt.)
(61)
Sg = % : Sall - f(DiSt.)
S1,S3 (59)
(W
251
__ 9 (2Dist.Say>+3 Dist. S,y f(Dist.)+6 A)(Dist.Suu®—18 Af(Dist.))
— 8 Sa12(—=Sa+3 f(Dist.))(Sau+3 f(Dist.))2
=0
X (62)
oW
aS3
_9 (—2 Dist.S%24+3 Dist.Sq f(DiSt.)+6A)(Dist.Sau?’*lSAf(DiSt.))
8 Sau®(—Sau+3 f(Dist.))2(Sau+3 f(Dist.))
=0
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A = Loul0? f(Dist) = 55 - 0% * Sou 51,53

Gain-T2 Lgy-10—3
G'ain-TA;2

— 1 . _ Dist. 3
S1=3-Saur+ 15 T, 07 San

18 Lgy-1073
G’a.'in-Ts2

Wi

_ 1 1 Dist. 3
S3 —3° Sall T 18 T L1073 Sall

Cv'ai11.-T$2

(64)

- Sall - Dist.2

Wmin =

4+ olo©

1. S1,Ss
2. 51,5

22 Sa” Sall
Dist. = 0.2[amper| (2)

130

120

10 [~
~§

100 - e |
-

90 [ AN i

80 - RS 1

70 - ’~,~/ Sal 4

60 - ~, ~.a 1
-

minimum consumption energy
.
]
]

50 - el 4

30 I I I I I I I I I I I
400 420 440 460 480 500 520 540 560 580 600

Sall[step]

22: Sall

(1)
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(23)

with dist. comp.

L N N N ‘ === yith dist deceleration
T T T T T T T T TIE T T T T T e n,
g 05t : 1
= A
S ]
=] 0 T 7
g_ ]
c
= 0.5 I I I I I
0 50 100 150 200 250 300 350 400
step
4 T T
PR Al I N
g -¢¢" TR |
32
=
>
=
.é 0 |
E i i i i i i i
0 50 100 150 200 250 300 350 400
step
= T
L e Ly 8
g_ ]
n
E,O 4 - ' B
~ [ ]
= 0.2 ' L LLELL LY
2 ' | '
= 0 i i r " r LI i
0 50 100 150 200 250 300 350 400
step
23: , ,
3 (), (64 (65)
__ Lay-10™
A= Gain-T?
Wdsz = WwithDistC’omp. — VVYwithDistDeceleration

= Sa- Dist.? + A?%.

9

= —— .S, - Dist?
g Sau Dis

22

—= - S - Dist? —
3 i 18

1
2 ,.q3
27 Sall
1
2
A s
27 all

(65)



6.2
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VCM

N |—

VCM

" just-in-time

51 S3

Sla S3

[7]
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