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Abstract

An engineering goal in vibration and noise professionals is to develope quiet machines at the
preliminary design stage, and various numerical techniques such as FEM, SEA or BEM are one
of the schemes toward the goal. In this paper, the research has been focused on the sensitivity
effect of mesh sizes for FEM application so that the optimum size of the mesh that leads to
engineering solution within acceptable computing time could be generated. In order to evaluate
the mesh size effect, three important parameters have been examined : natural frequencies,
number of modes and driving point mobility. First, several lower modes including the fundamental
frequency of a 2-D plate structure have been calculated as mesh size changes. Since theoretical
values of natural frequencies for a simple structure are known, the deviation between the
numerical and theoretical values is obtained as a function of mesh size. The result shows that the
error is no longer decreased if the mesh size becomes a quarter wavelength or smaller than that.
Second, the mesh size effect is also investigated for the number of modes. For the frequency band
up to 1.4 kHz, the structure should have 38 modes in total. As the mesh size reaches to the
quarter wavelength, the total count in modes approaches to the same values. Third, a mobility
function at the driving point is compared between SEA and FEM result. In SEA application, the
mobility function is determined by the modal density and the mass of the structure. It is indepen-
dent of excitation frequencies. When the mobility function is calculated from a wavelength to one
-tenth of it, the mobility becomes constant if the mesh becomes a quarter wavelength or smaller.
We can conclude that dynamic parameters, such as eigenvalues, mode count, and mobility
fu;lction, can be correctly estima%ed, while saving the computing burden, if a quarter wavelength
"
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Table 1 Material Property for the simple plate.

s el TR A A

Y 1P
. oung's Density Poisson
Material | modulus (kg/m?) rati
m (¢}
(GPa) §
N f 7 2700 0.33
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Table 3 Natural Frequency in various mesh sizes. (% Error)

Element A A/2 Al4 Al6 A/8 A/10 Theory (m, n)
1 54.,93(1.6) |55.58(0.44) [55.77(0.11) | 55.81(0.04) | 55.82(0.02) | 55.83(0.01) 55.83(1, 1)
2 97.00(3.17) 199.26(0.92) 199.93{0.24) [100.07(0.1) 1100.11(0.06)|100.13(0.04)| 100.17(2, 1)
3 166.42(4.40)[171.94(1.22)1173.49(0.33) |173.83(0.14)]173.92(0.09)(173.98(0.05)| 174.07(3, 1)

l ,

4 175.64(1.88)1177.74(0.71)1178.63(0.21) 178.84(0.09)‘178.90(0.06) 178.94(0.03)1 179.00(1, 2)
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Fig. 7 Third mode error in natural frequency for a
simple plate

Fig. 5 First mode error in natural frequency for a
simple plate

Error(%)
Error(%)

=
AN

o
2]

[=]

A Al2 Ald A6 A/8 A/10 A A/2
Mesh Size
Fig. 6 Second mode error in natural frequency for a
simple plate

A/4 A6 A/8 A/10
Mesh Size
Fig. 8 Fourth mode error in natural frequency for a
simple plate

analysis) & 4&3lod S AlEgr 43k Al (0.24%, 3zt (0,339, 4xbnrls
S0 zAzlel] whed Fabar o]<: wabol kit vl 0.21% 2 L Asbsh ol A Esiebs HE o
A she] 2 ks A AESEA o oleh, elar shgut 4ol ek of ek
Table 30l 4ztze= e Si3Fa%49 oar/p wdladsled s oate] Mg A2l vlr]ghe- ol

A H o A se] gl srela Fig 59k Fig. 6 4+ Slvh
o 1xtwegel 22w, Fig. 73 Fig. 89 3xpuw-

ob azpwzeol Hsloldghrbe) ey aael 2] 33 ZeSo ohst 28

MR ol gleh, aeal 4ApR e 2] 9 2kat gz Arlel whE wrofgee] wisk Ak
% (squared error) & gk Zsbob Fig. 9l vpebof  flell fhateasf 4o 3 o} o S R I B
oleh, wlamAa, gdel ay)sb ASgr ez Fubg WSidel Edlehis F owrofar 240
Folda AT ¥ odvh el vk 47H9l R s e SR B - el Bn /S ] BTAC
s47 mdugr A9 wxpr 1xeras 0.11%, o, Al s A FEakg W= 1,000 Hz S-eba ol



20
5B
&
§10-
o
]
S5}

o iyt — *

A A2 A4 A6 Al8 A/10

Mesh Size

Fig. 9 The overall error in natural frequency for a
simple plate

A A2 A4 A6
Mesh Size
Fig. 10 Mode count in finite element analysis

A/8  A/10

=2 At en], ow HutelEe] o7 F v
A4 3842 B4
Fig 1000 425170 eb sieh, Figeldl o

bt o] a4l AVl A4L4E fRatol
How i mrEe] Agot Hatel gkl AL
oF 4 glowd, Ao o4 Fabgol el ubgy

ECEEEIEEEENEE I

0
&S]
Z
1o
2
ol
Ol
Qb

o REAGE T 5 Fbrreld A vl
4807 ek ol AL, EAA
Hgo] ofelf A% shd|ool

= & Rrdae
A a4 7w e

ghslol7] wll ol e

34 7HEE Bgulel o
AR gmuls Adbsls] $istel FulrSslel

Ao sdsgle Ao AT

Avl, 1Hz Aoz AR Sodlel A43e
gk

st B2l AR AL Sl

AE WY FE A £ ATAAE A

1955

Re(mobility)

A Al2 A4 A/6 A/8
Mesh size

Fig. 11 Driving point mobility in octave bands for
" various mesh sizes

FrulE SERE

SEEEEE

EX R

WeME AR Take Tele,

AAE 34 A FgHewn

Al Al o] 2] wkg) sbAe o2 shedcoh, Fig. 1

of sbagel S1H7 BAslo]l ek, wat e 4

N g9 Z+4v] (damping ratio) += A Fldoi oo

A A ghal 0.012 A e

wal, AR Sl olEdew ghe EAs
[e]

A ok, BAA oA SelA A4k

3= 9leh o ghol elolsb 9ds] el EAA
U e A
T B R
A A ] ulsaef b EAlohH) ] e &
Aol A= AT ME 2A) Fojoe o
a0 2717k EAlstel el g alel B4L w5

sl ok

AL s Arl Fig 11e] vehd gleh
Asteh A SR g AgE Alme) 2k vle
el Bod o)A 7kl

2 s4e] gy A @
) _

of Felshs AR dgleh & A (146l s
Hakel A Frele Fahash e 24
g b 54E A a ook webd, Fig 11

ol Mol gl ATl WA ol Falshe
ool Subzsl SAs)4E et @ 4+

Fig. 112 Sepr ez g 40 g0 it 7}

AA slefefe] Aol Qg volFa 9
o A SERR el 840) 277} Aol fst
dAF e FRista lony, 53 spgel 4o
o f4= mdEgs ate gatgkel Wl 2
A Eolvg o 4 ek

2ol 3 Bl

bol 4 A uhe} 7o),

FAEs olF, mEsel 294 4

ake] 2 A,



lz;onsidcr frequency hand to be analvzed

(I)ecide maximum frequency

<

i Effective plate thickness \

<—

Calculate 4 corresponding to maximum frequency

<

Calculate 4 value

4

<

Mesh size= /;

Z <

END

Fig. 12 Flow for the optimum mesh size calculation

AR Gl A ol gl sl SN G
P R E A
4 shael et s gl e ol

char shebsleh Al Fackel 4% - A% 44
S| SbasE AT SR S
Fig. 120] 4elslo Lok,

4. 2 E
¥oelpelis Pk Aol e ol

FEAS ulad 48

; fsr_u 1+ ekl

th Ioandralsaeh g

cheby % i

o gl

I8
2elit A el o delen, 4
o el et § kA4 flahe 2]
sgabol -tk wlan 44 shel e,
Aol AR A el s

o ol Eoha shabel 1749 el ite] o] ghutel
Aok A ol 4 ol sheg wolFaleh,
4 mah 1.4 Hodo A,

842

RAEY)
TR A | R I
A7) 7b A AL
shglan, ‘58l wbabel 17490 wiyelis 4 ekgl o],;g_
aral 3870 <F vhebl 9ok ‘QAEP“_

%5 )| Ak e bl ge 4

Nz ol

Wl i sl A A

DESTEY

38 wolroiid, w40 aslst shaelel 14
R R I A= T K R BT R SRR

fratoedsl S gk Ayl s4e

1o ake) ;ci}—{yo] ol oln|gl

27)7b

it
bl A AR 2Al Frbehs AR Mol T
choolelg HEe FEEe f-tt?lﬂé*l 4tk &4
7)ol wglofebiz Al AlvIekaL gleh, olegh
Aol wigh s e ¥ool Felaias a4 EabA

1
of shgeh ae] 24w wAss Aol b4
AAA e b Ak g elel ek,

whebdd i ghe ol gatol AGANE 5

R R

A1 O
R REA

sz dg ARl fael 2 AFabse)
el /el vhan ksl ol @ 249 27w

Wool - 96yl
48k I ME 96 D 29)ell 2]afed elq-s|ql5fel, <

R R B ot e I o B I e e R R R

st eral vl (714

3
rat

Snp=

(1) Bernhard, R. J. and Keltie, R. F. (Eds), 1989
“Numerical Techniques in Acoustic Radiation,”
WAM  Mecting of ASME, NCA Vol 6, Dec

10 15.
(2) AAC, COMET Acoustics, User Document,
1994.
(3) SYSNOISE Rev. 5.1, User's Manual, 1994.
(4) Leissa, A. W. 1969 “Vibration of Plate,”

NASA SP-160.
(5) Lyon, R. H.,
nostics, Butterworths, 1987.
(6) Smith, I>. W. and Lyon, R. H,, 1965 “Sound and
" NASA CR 160.

1987, Mackinery Noise and Diag-

Structural Radiation,

(M A4, Agel, ofgd, 1991 "wr Fld
ol gk e Aol Ay el Aol Hal
olop, " wigk Al shal a4l Allsd, AIBE, pp.
789~1798.

(8) ANSYS Rev. 5.0, User’s Manual.



