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A Study on the Natural Frequency of Al Square Plates with a Brass Inclusion
using Rule of Mixtures
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Abstract

The natural frequencies of Al square plates with a brass inclusion were analyzed by the rule of mixtures. The rule of mixtures
is the method to derive natural frequency mutiplying effective inplane wave speed and nondimensional frequency parameters.
Numerical models were Al square plates with an inclusion with cantilever type, 2 clamped edge- 2 free edge type, 3 clamped
edge-1 free edge type and fully clamped edge type. In cantilever type plates, 2 clamped edge-2 free edge type plates and 3 clamped
edge-1 free edge plates with an inclusion, good agreement within 10% obtained from rule of mixtures’ results and numerical
analysis results within inclusion area ratio 1/9. It was found that the natural frequencies of the cantilever type, 2 clamped edge-2
free edge type and 3 clamped edge-1 free edge type plates with an inclusion decrease as the size of inclusion increases when
inclusion is located center of plates. And when the density of inclusion is less than the plates, natural frequency of plates with an
inclusion increases as the size of inclusion increases.

Keywords : rule of mixtures, cantilever type plate, boundary condition, elastic inclusion, natural frequency
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E 1 Material properties of Al 5083, brass and steel

Materials | E(GPa)| o(kg/m®)| v V E/o(1=v)(m/s)

Al 5083 + 72.3 2,744 | 0.33 5.437.7
Brass 94.6 8.850 | 0.17 3.317.7
Steel 216.0 7.835 | 0.26 5,437.6

(d) Fully clamped edge

(c) 3 clamped-1 free edge

13 2 Four typical models of Al square plates -
with an inclusion '

s 9B (FCFF), 29 14-2%¥ 243 (FCFC), 3¥ 2
A-1¥ A58 (FCCO), 49 13 ¥ (CCCO)E "},

BAAE ¥ 13 Z2on, Al 50832 metal sheet? Ho)
Blo|a B5e A3 dolEloln, e AF RelHl Foz
Blevins, 1979)% Q18351 om, o]z Al 5083
HEEEE YA MEg Aot

1 &2 AR Alol9] ez AAHEANAM Fat

84 A7) (Mesh size)7} 5mm 7|2 sl ==7) FH4E
o8N AT $F9 AAVE d&oR Rdslart. f3a
& 3717F bmme BARE R st & 245E 3,60071,
Z AAFE 37210, F ARESFE 22,3267, 249 A
T 20,88670 18)a FFe] =27 1270l

3
]
da
ok

i<
=
o
> 2

eI =28 HI19W M45(2006.12) 401



Flot
e}
it

»

L

BUUIE R85 B T AR 1} 21

, FCFC, FCCC, CCCC)ol| we} 173
LA%E] 43404 5 25 eE, ol
22 4 (9)9 2o #& WHE HESssd FAY
A% WSe) oz ANE Aolth 471 AAEA =
ol dhstel AAAES 2217} 0, 50x50, 100x100, 150x
150 2 300x300mm=E ARl we} 12H5E 4207429} 3H
AB5E RolAr), & 6£ X 29| 25 7 9193

o L
'é‘;g-\_

a4

Al AR w2 Al A Ee] A=
5}04 AAES] A7)0 e neAEsS

= AR 2717k Aol wet - 37
T X 2 ¥ige] @4S vedot. & 72 74 ASS
A2y Al AR A Ee F7d wE 31% AESE
UERATE 71 AT Ale W BHegse 2717 2
£ 82 E TH AR Al /A S S He 9]%?%‘ AR o] A}
ZARo 2 AAEe] A7l g DHRNEFE itk X 7
# X 8AA NAEH FAARS] WHE d5&ert A 3
ovg JjAES] 7Pt Hstde aflEre AY 48T
F it

L. o}
=2 =2

E 2 Comparison of FEM and rule of mixtures results in cantilever type plates with inclusion size

Inclusion Size lst 2nd 3rd 4th
(mm) FEM Mix. FEM Mix. FEM Mix, FEM Mix.
0 Hz 46.1 46.5 111.5 113.6 281.3 285.5 360.8 364.1
Al plate error’ +1 +2 +1 +1
Hz 45.5 J 45.3 112.3 L 110.5 273.3 277.7 343.4 W 354.2
50x50
error 0 -2 +2 +3
Hz 43.5 J 42.1 113.6 L 102.8 250.3 258.4 330.5 \, 329.5
100x100
error -3 -10 +3 4]
Hz 40.3 J 38.2 112.1 i 93.2 232.9 ‘ 234.3 329.1 —l 298.8
150%150
error -5 =20 +1 ~10
300 Hz 285 | 284 36 | 693 1774 | 1742 2253 | o222
Brass plate arror 0 -6 -2 -1
*error (%) = MF_EAEEMXIOO
E 3 Comparison of FEM and rule of mixtures esults in FCFC type plates with inclusion size
Inclusion Size Ist 2nd 3rd Ath
(mm) FEM Mix. FEM Mix. FEM Mix. FEM Mix.
0 Hz 294.7 296.7 349.3 353.4 577.2 581.7 813.4 818.9
Al plate error 0 +1 0 +1
Hz 276.4 J 288.6 348.6—J 343.8 529.9 T 565.8 807.7 ‘ 796.7
50%50
error +4 -1 +6 +1
Hz 2386 | 2685 3398 | 3198 4950 | 5264 73710 | 7411
100x100
error +11 -6 +1 +1
Hz 209.4 F 2435 313.0 L 290.0 491.3 ] 477.3 6145 | 6720
150x150
error +14 -8 -3 +9
300 Hz 1814 | 1810 2204 | 2156 363.6 354.9 5003 | 4997
Brass plate error 0 -2 -2 0

402 & M19H M45(2006.12)




T o

E 4 Comparison of FEM and rule of mixtures’ results in FCCC type plates with inclusion size

o] . o]FAl . oA E

vl

Inclusion Size Lst 2nd 3rd 4th
(mm) FEM Mix. FEM Mix. FEM Mix. FEM Mix.
0 Hz 317.5 320.0 530.9 533.4 840.2 845.8 1020.1 1022.6
Al plate error 0 0 +1 0
Hz 302.0 | 311.3 479.9 ‘ 518.9 835.7 ) 822.8 1002.9 | 994.8
50x50
error +3 +8 -2 -1
Hz 964.0 ‘ 989.6 434.1 | 4827 763.7 ‘ 765.4 867.1 ‘ 925.4
100x100
error +9 +10 0 +6
o150 Hz 232.8 ] 262.6 407.6 l 4377 633.6 ‘ 694.1 746.8 ] 839.1
150%1
error +11 +7 +8 +11
300 Hz 197.0 ] 195.2 330.2 ‘ 325.5 518.1 ‘ 516.1 628.2 1 623.9
Brass plate erTor -1 -1 0 1
E 5 Comparison of FEM and rule of mixtures’ results in CCCC type plates with inclusion size
Inclusion Size Lst 2nd 3rd 4th
(mm) FEM Mix. FEM Mix. FEM Mix. FEM Mix.
0 Hz 479 4 479 5 977.6 978.0 977.6 978.0 14411 1442.8
Al plate error 0 0 0 0
Hz 412.4 ‘ 466.4 960.0 ’ 951.4 960.0 | 951.4 1450.1 ‘ 1403.6
50x50
error +12 -1 -1 -3
Hz 330.0 ] 433.9 817.0 ‘ 885.0 817.0 ‘ 885.0 1352.1 ] 1305.6
100x100
error +24 +8 +8 -4
" Hz 2901 | 393.4 662.5 ‘ 802.5 662.5 | 802.5 1058.9 l 1183.9
150%1
error +26 +17 +17 +11
300 Hz 2025 | 2925 596.6 | 596.7 5966 | 59.7 8794 | 880.3
Brass plate erToT 0 0 0 0

E 6 Comparison

of FEM and rule of mixtures’ results in cantilever type brass

plates with Al inclusion size

Inclusion Size st 2nd 3rd 4th
(mm) FEM Mix. FEM Mix. FEM Mix. FEM Mix.
0 Hz 28 5 28.4 736 69.3 177.37 174.3 2953 2922
Brass plate error 0 -6 -2 -1
Hz 98.6 ‘ 28.6 73.2 | 69.8 178.7 ‘ 175.5 998.7 | 993.7
50x50
error 0 -5 -2 -2
Hz 28.9 | 29.2 72.1 ‘ 71.4 181.1 | 179.5 239.9 ] 228.9
100x100
error +1 -1 -1 -5
Hz 29.6 | 30.5 71.3 ‘ 4.5 183.3 | 187.3 256.6 ‘ 938.8
150%150
error +3 +4 +2 -7
300 Hz 461 | 465 L5 | 1136 2813 | 28556 360.8 | 3641
Al plate error +1 +2 +2 +1
HEMATRESEE =28 H19H HM45(2006.12) 403
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E 7 Comparison of FEM and rule of mixtures’ results in cantilever type Al plates with steel inclusion size

Inclusion Size Ist 2nd 3rd 4th
(mm) FEM Mix. FEM Mix. FEM Mix. FEM Mix.
0 Hz 46.1 46.6 1115 113.6 981.3 285.7 360.8 364.3
Al plate error +1 +2 +2 +1
Hz 459 l 46.7 114.6 ‘ 113.9 282.0 | 986.3 354.7 \ 365.2
5050
error +2 0 +2 +3
Hz 44.9 ‘ 46.9 122.4 ‘ 114.5 985.3 \ 287.9 363.4 ‘ 367.2
100x100
error +4 -7 +1 +1
Hz 433 ‘ 47.2 130.6 ‘ 115.3 293.6 | 289.8 394.4 | 369.6
150150
error +8 -13 -1 =7
300 Hz 452 | a8 1099 | 1168 276.4 | 2936 3540 | 3744
Steel plate error +5 +6 +6 +5

3 8 Comparison

of FEM and rule of mixtures results in cantilever type steel

plates with Al inclusion size

Inclusion Size lst 2nd 3rd 4th
(mm) FEM Mix. FEM Mix. FEM Mix. FEM Mix.
0 Hz 45.2 466 109.9 113.6 9276.4 285.7 354.0 364.3
Steel plate | opror +3 +3 +3 +3
Hz 463 \ 466 114.2 ] 113.7 976.4 ‘ 285.8 363.2 \ 364.4
50x50
error +1 +0 +3 0]
Hz 45.9 [ 46.6 110.1 [ 113.8 279 5 | 986.0 364.0 ‘ 364.8
100%100
error +2 +3 +3 0]
Hz 45.0 }7 46.7 104.9 } 114.0 274.1 | 986.5 366.8 ‘ 365.3
150%150
error +4 +8 +4 0
300 Hz 461 | 465 115 | 1136 2813 | 285.7 3608 | 3643
Al plate error +1 +2 +2 +1
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Order

3 clamped 1 free edge

1st
(Hz)

232.77

2nd
(Hz)

3rd
(Hz)

4th
(Hz)

32009

614.49

746.84 1058.9

2% 3 Numerical nodal lines and natural frequencies up to 4th mode in 4 boundary conditions
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