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A Study on Optimal Location of Point Supports
to Maximize the Fundamental Frequency
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ABSTRACT

Addition of point supports results in increasing the fundamental frequency of a structure, generally. In this paper,
searching more effective location of point supports is a major object to maximize a fundamental frequency of various
cantilever plates. Results are presented by aspect ratio of the plate, by design domain within which point supports
generate, and by mass location equipped on the plate, Optimization method is applied due to expand the
ESO(Evolutionary Structural Optimization) method.
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Fig. 1 Schematic diagram for a rectangular cantilever
plate

duidog pxEe HAXY F7le 2FREY A4S
T e AHE sl FREY THAEF F91e
A dd 2y ZRJAEFE F7HA717 98 FREY E
T FE AARE AXse A vgeHey £ F3
739 8 E/158 F9rt dREelth wely HRA] ¢
A7t SH=S A& Aeel dal TARIASFE Z7H417]
71 1A 7HY A AAE AAste AR s 7)g0)
A "asith IHAEFE ST AolA AAH
9 744 EREY AFE THYE} 2 AQo g nE
FgoA AR He] MAE + AvH T8lT st AR
He] g7t 270 A=A &8 £ Qo AP 4z
Gl gAF] AL ARAALY F7t L ool HH 36
AgTE F/A71ed 7B 233 YL 28 A
< FEM Eh AAAY 42 d9S FAAY L8
Aol s A=Y o] AL A3 NN AMFRAL
2 g "o
Fig. 2¢& 71¥ A%
& Jepd Zlojt}
97 1 % 29 YAetT AFHHE FYa
@A 2 Hoistg HEE HAS F O oo e
VEFTE EHYFR St B d7oME 4}
4% BEE 12 R ggéts 78 2548
ERYSZ AMEE N
9 3 AAHY Axdge) HAASY(Design Domain)
& A5y ARAHY si5E dg
9A 4 AAYGAN Hd ZRHYEE 2= AHES A

=& Hus] A8 AH e e

A8 F FAA AAzAE HEon

A 5 WstE f4RdE IRAUE A4S Sy
@A 6wt sjdrde 7l IfAFFY wWsAg
AR 72 I/HUFFY A7t Ax 2

NE THAFFY 50%ET HoW HERYS
WRE 23R dod oA 47EY duY 3
< A AAZY g ol& wjrkA] W
st AP £8 7L,

Diff=1A(I-1) - A(D! (1)
3. 4% % 1@

AgH/e 3717k A=lm, B=1m¢ A%l B3l 7|2
IRATTE Hughdly) A¢ A% AXNF 9 ANE Fig.
3o vERfidh 27 AAHE dehle WIS wERAo)
Aol w2t AYHE €ME Ut & AXAY e
€ 302 AR HY 1, 2 283 33Uy APe] &
FTTE AU AT HHY APE0) 92 AXNHY A
FE€ 52 A4 H9 1MRH S7A Y AHES A=A
dhe 2ol 712AEFE Hustshed g 2349 R
o A THUEE e HHE dYREY ASdE 1)

Initial Model
Modal Analysis 1

[ Maximize Fundamental Frequency(f ;) ‘

v
L Define Design Domain & Number of Point Supports(NPS )W
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Select Nodes Making the Maximum Eigenvector
in the Design Domain

v

Apply the Supported Boundary Condition
ASP(D=ASP(I-1)+ASP(D)

Modal Analysis II

Diff < 0.5%f,
NSP < ASP(D)

Fig. 2 Flowchart in searching optimal location of
point supports to maximize the fundamental
frequency

- 819 -



ool Bz A THUES 01%clete) Aol mola
BEL SUA ATs) FAO e B Ao 4
A5 A5l 2A4Y & e OF

49 % Ao ol
g ZolZ F0 AAAA AAE A 4+ A A,
R oAA AARE x=A/29) AKT) y=032o) 44

937 % ¥A AANYE x=A/5, y=+B/29 A4} o]
AREL Z2e) BAzAL RE Ve R AFREE T
ot B 47 dlFe] B & 3tk a2y, ARHSY )
F7F 370 oI¥Y AlE o)F dASE) 94 %o A
WA B x=A/20, y=04Fo) A4=s o wAs
x=A/2 y=+B/20] A48T, Qe IR ALz
A G7ix) sl wA we) AYGe] XA WEo] 4
RRE AT ¥ 5 Aoy o AFE on) dZH wolo)
2 ALY F gt A7 iAo,

WEAel shgel wet 7t Lol tE THAUE
Mstole e Fig 4ol Ueric, BEARL 718 24
Fo WEt A2 R TRVESS S0%RT Ackdt

Azde) MY U7k FeEAT BE BEQ 344
5L Bl AW Wt F, ANA F7t 27N
of we} Z7hgch WEHR SAAE 7 oS 14305

i@
. e
¥
¥ o
$ o)
©©
@
@®

Fig. 3 Optimal location of point supports for ImX1lm
square cantilever plate

I e
M ®
M
®
®
® ®
®
®
(a) B/A=02
A
¥ o
¥
¥ ®
s ®
¥
¥
¥ ®
® ®
®

—

T

T

400

Frequency (Hz}

Fig. 4 History of natural frequencies with iteration
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Fig. 5 Optimal location of point supports for
rectangular cantilever plates with various aspect
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Table 1 Considered types for design domain

SignT Design domain

Sign | Design domain
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DD3 DD4
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Fig. 6 Optimal location of point supports for square
cantilever plates with various design domain
(continued)
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Fig. 6 Optimal location of point supports for square
cantilever plates with various design domain
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Table 2 Considered types for mass location

Sign | Mass location | Sign | Mass location
ML1 ML2
B | |
ML3 | MLA I.
B : Fixed BC. B Mass

- 822 -



P,
3
x
%
¥
E
+ ®
@
®
- , ®
(a) ML1
] ¥
¥
:
¥
@
(b) ML2
] ¥
¥ @
¥ ®
i it
% ®
¥ @
z
¥ ® ®
®
® g
(c) ML3
e
* ®
T O
T ®
0
®
®
(d) ML4

Fig. 7 Optimal location of point supports for
square cantilever plates with various mass location
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