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A Study on the Fracture Phenomena in Optrcal Disks Due to Increase
of the Rotaling Speed
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ABSTRACT

In this study, the fracture phenomena of optical disks are discussed by theoretical and experimental
] approaches and then some recornmendatlons are presented to prevent the fracture. Linear. equations of motion
are d1scretlzed by using the Galerkin approxnnatlon From the discretized equations, the dynamic responses are
cornputed by the generalized- time integration rnethod As a fracture criterion for optical disks, the critical crack
length is presented From experimental methods, the fracture procedure is analyzed. The fracture occurs when
disks have crack on the inner radius of the d1sks Since the crack growth and the fracture result from the
Stress concentration on the tip of the crack, a measure should be taken to overcome the stress concentration,
This problem can be resolved by the structural modification of a disk, This study proposes 3 types of improved
optical disks. | |
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Fig. 1 Flexible spinning disk with angular acceleration
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Table 1 Material properties of a spinning disk

E 3x10° N/m”
v 0.35
p 1.19x10° kg/m’
h 0.0012 m
a 0.0075 m
b 0.06 m
12000
10000 |
~ 8000 |
E% 6000 |
S 000 b
2000 |
0 . , . , .
0 2 4 6 8 10 12
t (sec)

Fig_ 2 Spinning speed of the disk



FAEE Z7to) 93 I FHHPA #As A¢

AR dutstE o3OS At sndne
FALHANE FHA,

RE FAAM A QusE oY 9TIE 4
T oo 1011, AZEE 4= 0.001 secE 3}TE EE
SAA 18R ABE A AEFY a8l B4R
g AT,

I #2 Table 19 oA Sk A3 SH&es A
7—‘}%—71:21-7% 74/] AR A= '5]-‘3?\13}. %, Fig. 29
o1zl kel 2
I 1 o] %= 11000 rpmﬂi 14-1
ot OAl ZEA 8 sec7tAE AlZbe] W Wake 7
o 4 EEE JHAA HAT T o

Oolx 94 Z<4% 11000 rpm —,% FAlsA Aok

% -

é

= the% %-ﬂ' Q]TOHH Oo] ge o &
2 0 0 gl AWK A AN Aris

()

o, (kPa)

®)

o, (kPa)

0.2 0.4 0.6 0.8 1.0
r'b

Fig. 3 Stress distribution of the disk with
a/b=0.125 when ¢=8 sec : (a) the radial
stress; (b) the tangential stress: (c) the
shear stress: and (d) 1st principal stress

o, (MPa)
S = N W kW N

0O 2 4 6 8 10 12
t (sec)
Fig. 4 1st principal stress time history at

e g, lEEs 2 3Ad9e $3% e
AN 7V £ 2ol ety ARAL & A, olA
Fig. 29 52 99e SaAg o 714 & 240 &
S A% WA #2299 B4 Swe Fawa d
Fig. 4= 2289 A7) 42 ¥4 $ROE HAST}
ZrEed wEt Z71sitt 8 sec'bhfi A= 524 MPad ¢
Ag % 2= o) @o] £AF gud] & Ay
Zo2olnl 0am B39 7|29 ARAA AL Aol

3. 023 maAy|Ee MFE

AL @A =HE

GubAl A We] WHo] BAYHF
2WE 52 g3yt Bk, o7 sFel A
ARE 24N 2= FE I akFd A opld
Adsge] Arle wet Halsls W, gz he F2
T &3 s AYE QF5FH Irid mE bEEA
gt w2, F4370 sEse] Je A5 BEE i
BAHE $EH AEHE Zolol & Pk Adrk Y
ANAQ AT o] W& olf= gutdow =F
Well 9413 wste A E7I2E FY(erack) WEol
t} ol gL LHAF A stress concentrator) 2 &

st APl HAHE $E74 FRHY $AE 71
A, WA olEQARELY Ba %e el
7h e

o
n b
o Areeic) 2 eg A9+ 9e 28 o &

o= (22" W

A4, G AA ARl E: 9F
modulus) o5 LE FE9) Bolelth 4 ()& AHEFL
24 7ol MRHy) AReE IAFAZIRE A5
& 9tk B Bel o 2Lt VEG.S gl mgshd
Qo Asgy] AT oy YRl o/ ale T

SHRAZSNSSEEX /A 11D A3E, 2001¢/439



!

K

4

A

Aol dist FEE Axz HAFHW, o LE EH

Zro] KE ZEAFIL ol iaﬂﬂﬂom}(stress intensity
factor)® 3 VEG. = IAZHA 7] ¢1 &} (critical stress

intensity factor)® &1 K.2 ﬁ’\] st
K= YoV L

714, v T¥9 7§erE =24
ATZ AFUF FEo| JT AT 1o]2 A7+
;lw:‘ o‘r‘“—' 112-’] %}1"5 7<1_ *—‘33*1171 X]' K
SEA7AA K9 Z2AY 2W G377t S
EJ‘:P. 21 (&)= JASHA A KETH e 7}15
dAFEHolE 78 F

—
co
=

of et AYHE F

o)
AA

—
©O
=

©
e
[
1,
=l
~
o
a1
X,
=
= 18
N
L
il
>
L

feje) -

IR I = SR A <

=4
{(polycarbonate) 24 1 %3
oA 7o 589 AU 524 MPaolEE 4 (9
BH AdAFEdol= 4473 mmelth oA Alg
dEdol Bt 22 ggo] dud EA g FES
HA gl 2% F o IHY Ase Y
o] Zg3tA HU AE e ARFFo > Wy
Agdrt o] Wsks 53] §¥o] JFHIL Elt 03@]
AZ171 A3, gge] dAZolHtt EA #E
ShebAl AesiAl gt ojep g ¥
Zhofl AW o] AAZLe]7A]
o] Aejol o]2A HYE FE8 YA %}ZM
A AEE ADAANA Hol iy A g s

Rawry

R N o

o]

(U T A e S L N

ae Al Pﬂ

A

o
=2
it
o

SSHEA/A 114 A3=, 20019

&

N LN ,
=T - h + g
;
T
F X K -
= e
3 - g 7
- - - rd
. - El

A

Fig. 5 Principal stress direction at crack edge
( 01: tangential direction, o¢,: radial direction)

Tl
o=

e

3
ol
A o o

234
3 sl

fi: =

Mo Ao
o 2

5}
F2A> WA 49 o
11,000 rpm e & 7
o B8 ANZE
st FEAAdTE
a0 g wd o

o] E‘r.

A
o
£

<)
=,

=
>
Yy

)

i

o,

oo
> -‘l’> i}

e

b
- %’
ol

.E

(1) z7]
‘T‘E X]sggﬁ

(2) FLo
)9 Ag

(3) At} A A 93 2z g5l &
7¥etel tA23E WEAFH olo] whet holder chuckel o)
eeteE #

(4) AY® YAF(o]v] H&)E holder chuckd] o

=
o



JAEE Fotel A% Fu2ze A @ BT dF

Rl =)

—
S}
o

-,
=

RONY
1o n

Table 2 Test results for disk conditions
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Texture

Rubber coating

(o).
Fig. 7 3 types of improved optical disks: (a) first type
of the clamping region reinforced by wire rings;
(b) second type of the <clamping region
reinforced by texture fibers: (c) third type of
the clamping region coated by a rubber layer
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