Modal Vibration Characteristics
of an Annular Disk Containing Evenly Spaced Narrow Radial Slots
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ABSTRACT

Modal vibration characteristics of a thin annular disk containing narrow radial slots are studied

numerically and experimentally. Existing analytical solution is examined based on these results revealing

that it can not precisely predict eigenvalues of the disk with slots since it does not accurately consider

change in the vibration modes and change in strain energy density distributions due to the slots.

Parametric study on slot length found that distortions in the mode shape as well as changes in the

corresponding natural frequencies are proportional to the slot length. Consequently, errors in the calculated

eigenvalues are also proportional to the slot length and accurate data can not be obtained with existing

analytical solution above a certain level of slot length. Same phenomena can be observed in both free-free

disk and fixed-free disk.

O

i

=K

|

of whe}

oH

BK

ey
o
jgase]
jont

j—

s
Ao
of
Ho
)

“[ERE

.

M

fite)
le]
o

ofpy

oji
wjr
o
oF

=
=

wdY Haae RESS] TP YERfal o

"
g

)
Kl
o

alol

JJ

=)

s

A wAg 788

7h

H
=

AA A

wir

A

el

i

el
AL

-
<3|

e
o}

<4 T o T
of K] 7B K|
T o T
of o X 7o
E e w
W T "
EXF
=N s 73
~- o 0
S
Ao 1%
oo o=
Womo g
B g o
e
o R
T o oo =
! %o oﬁ ~
P B3
o RS
By PR
ofy dlo
B o) o
o o__H o XL
ofp ~ ™ o}
B o o) N
M % ﬁ D
]r._ ﬂ.‘% q ‘.ml
o —_
OW Z#o 10
et mrt 1o
Wy Moo
B o o No
_ﬂmo 1o nviel
o ofp % o
0 ol
e Me T
3 ¢ OF MAW
PN L X
NjJ X
W T oo o
A R
o NJ X0
% T EK wr
© ok i
oy do & !

Feo:

R

2 7| AAkE:

AR}; 439, gk

E-mail : hilee@knu.ac.kr

l

-

+

Tel : (054)530-1406, Fax : (054)530-1407

, 2009\

3

/A 19 A6



§70) £ wANE 522 A1 99 she] 1§1% =4
o AL Wt Shendt Mote:? S3HA02  AgE AIABALT) A2HoR 74T 5= 9
A e o]Bd AEE skl 93 g9 th (2) YzdE &% 99 g HhgA ade ¢l
LAOE 54 B4, ol2A A Agel F5 thoo] A7 HAL ued Ak () FL 0
B af4dE REvh BelEs leglon, #dd  WE £%o] 3 szl ugE 540 WA
Uede 3405 54 ol§8 ABUOR o & 9IS B ) tzael wiE 54
4 AEE 2R Osae) nf1E 54 B 0@ &% Aol 9P dEdt ¢) W)
39tk Honda 5200 vl 2% /b 99 148 txade ugdE S wAE 93e
T $ge] faael WM fdsks zsed AR
et g2 $He ZE GRS ol 8dle +
319k Rim3 Mote=!) Wdie £%& 744 9 2. 19AE 54
8 Fo Bt AAk(kick-off)S A3, FIAAW,
TR o] &d A A ToR EAE 21 o|2A &t
o] A4l F2 9L eIt XS XA & wdd 39 A9 #3

o] Ao o] &F 47]e] EAS wAWE e AE SALS UL e Hor g3 4 g

7 88 Y7} Fig 1o AiEo] gt} tjad i
AL 737} ofF #e SUA ﬂ@i»ﬂ@aih [éi léq_Lji]w—ﬂw=0 (1)
t]239 WA 2 AN m o’ ror r’op’

Aw, B 2leka AFga, T 2
4 2|59} B4 Table 1] A@so] 9]
of Qo] 44w AL BeH 2o (1) o

LTl

Fig.1 Annular disk containing 4 equally spaced,
identical narrow radial slots

Table 1 Disc dimensions and material properties

Outer radius (a) 139.0 mm
Inner radius (b) 82.5 mm
Thickness (/) 3.2 mm
Slot length (a-ro) 25.0 mm
Slot sector angle (¢) 1.1°
Mass density (p,) 7905.9 kg/m’
Young’s ratio (E) 205 GPa
Poisson’s ratio (n) 0.29
Plate stiffness (D=Eh’/12(1-v%)) 611.2 Nm
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Table 3 Eigenvalues for the sample disk with free-

Repeated

Repeated

ratio, ¢ | Remarks

Damping

(%)
0.30
0.09

0.14
0.48
0.44
0.31
0.39

free boundary condition

Non-dimensional eigenvalues
A%= w, a(ps WD)

3.68
3.78
10.30
10.10
18.00
18.77
18.87

3.71
3.80
10.08
10.10

17.70
18.74
18.80

3.94
3.96

10.54
10.79
18.44

20.16
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Table 6 Distorted vibration modes of the sample
disk due to slots

Table 7 Eigenvalues for the sample disk with fixed
-free boundary condition
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