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Free Vibration Analysis of Al Cantilever Square Plates
with a Brass Inclusion
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ABSTRACT

The free vibration characteristics of Al cantilever square plates with a brass inclusion were
analyzed experimentally and numerically. The experimentally obtained natural frequencies and mode
shapes were compared with the FEM analysis results. The impulse exciting method was used for
experiment and ANSYS software package was used for FEM analysis. The natural frequencies
obtained from experiment and numerical analysis matched within 9 %. It was found that the natural

frequencies of the Al cantilever square plates with a brass inclusion decrease as the size of inclusion
increases. For the third mode shape, comparing the nodal line of the Al plate and the Al plate with
a inclusion, the mode shape showed the reversed quadratic curve. The natural frequencies of inclusion
plate were decreased as the location of inclusion moves from the clamped edge to the free edge.
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AgHog 7‘9 _‘_ET}\(_VOZ]E./‘ =Y}
17‘40}7] Ag AlAL MAEC] gl Al FAZE,

o FY AANE A7) 247 100x100 mm, 150%
150 mm¢el Al AAPzbge] 35Foith od7A MAE
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Atk g2 e FAHE IHo #Ae FA=
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AE A% AZARAE IH3 AW dF "y F
Zol& 350mmE STk AlHEY] AAL 7|20
Al 508301 A Eo] FFolth EAR= Table 15
Zom Al 50832 metal sheet9] wlo]Eo]il 352

Table 1 Material properties of Al 5083 and
b

Al 5083 | 723 2744 1033

54377
33177

Brass 946 8850 | 0.17

Table 2 Specification of experimental setup

Impact hammer | PCB 086B04 1000 1bs

Accelerometer | PCB 352C22 500 ¢
A/D HP VX1 1432A 64 ch,

Modal analyzer HP XW8000 [-DEAS
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Fig.1 Experimental setup for vibration test

Fig. 2 Specimen and jig for experiment
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AAZAL 33 A4¢ 2 19 IARZAZAY 2T o Fig.3 Model of the Al cantilever square plate
2 o with a brass inclusion

Table 3 Experimental natural frequencies with
inclusion size

AE Designation | 1¢t Izm | 3rd | 4th | 5th| 6th
< 72 300mm, A2 300mm % F7 4.8 mmo Al plate ; ‘ 2810 | 66
2 ARSI AT AZ A7 0 0. 100, o ndsen | 30 [1040| 2610 | 3550 | 3810 | 6670
150, 200 2 300 mmolZ EANE Table 13 7 Inclusion 141 119001 236.0 | 351.0 | 395.0 | 634.0
0510 A , 100x100 mm
. 324 A7) (mesh size) 7} 5x5mmel &AMz} Tnclusion
HoZ sal B QAL 00, E AASE 32 s | 370 (1150|2200 | 3410 | 37L0 | 5740

21T T

3
F¥Q4 B Fig 3% 2o AAES Q& B

(a) 1st mode shape : f; = (b) 2nd mode shape : f» (c) 3rd mode shape : f3 =
43.0 Hz 104.0 Hz 261.0 Hz

(d) 4th mode shape : f; = {e) 5th mode shape : f5 = (f) 6th mode shape : fs =
355.0 Hz 381.0 Hz 667.0 Hz

Fig. 4 Experimental mode shapes of the Al cantilever square plate
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(a) 1st mode shape : f; = (b) 2nd mode shape : f2 = (c) 3rd mode shape : f3 =
41.0 Hz = 1200 Hz 236.0 Hz
(d) 4th mode shape : f; = (e) 5th mode shape : fs = (f) 6th mode shape : f¢ =
351.0 Hz 395.0 Hz 634.0 Hz

Fig.5 Experimental mode shapes of the Al cantilever square plate with a 100x100 mm brass

inclusion (continued)
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(a) 1st mode shape :
37.0 Hz

(b) 2nd mode shape : f2 =
115.0 Hz

(¢) 3rd mode shape : f3 =
220.0 Hz

" L

[ - : L

(d) 4th mode shape : f; =
341.0 Hz

(e) 5th mode shape : f5 =
371.0 Hz

Fig.6 Experimental mode shapes of Al cantilever square plate

1350/8=2

o DES| o
sSUsSEsE ==

/A 154 A 12 3, 2005€

(f) 6th mode shape :fs =
5740 Hz
with a 150x150 mm brass inclusion
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% 4 Ut Fig 4= Al 9938 Fapzkwe 49 2 A REgde Fig 8~100 Yehith 2 2E
ER4oE Ed A4l Jdudos 3 PPN RAE BUE VEAD Ay hiEe
Heibaol o8 Aalubdiel AxaWal wimspd gy sAoln] AL Si(y=z=0)0] ZAAR 0|t}
BEGA 2 dAsl} 43 EEXA thA o] g
Holds & & Aok Fig 5 100x100mm 5 7H Table 4 Numerical natural frequencies with
ALl JE Al 92 ArzdHe) 43 RTFPAo inclusion size
% Fig. 49 vlwshd 33 ETolA 23k 542 4 Inclusion size| Ist | 2nd | 3rd | 4th | Bth | 6th
°l M2 wi® verdth Fig. 62 150x150 mm 3¢ 012 1)t gAl 465 | 113.6]2855 | 364.1 | 4145 | 725.4
AAEO] Q= Al 928 AAztwe 48 veya pate :
. _EfF,] > ; ﬁf i ° U}j 473 e 0 (Al plate) | 46.1 [1115[2813 13608 (4077 7141
ig. 58k Mt 63 REIF AARGAN 5 50x50 | 455 | 1123|2733 | 3434 | 407.4] 676.0
A RgeR Mside & o A 100100 | 435 [1136]250.3] 330.5 [402.0] 645.8
150<150 | 403 | 112.11232.9] 3291 [385.0] 607.6
42 S5t94 M 200x200 | 36.3 |103.8]2202 13173 [359.0| 572.9
el Zodo AAR At AR AZ 27 0, 30&2@3“ 985 | 736 | 1774|2253 | 2629 4596

50, 100, 150, 200 ¥ 300 mm= =7} w} 1x45-H
6Ro1A1e] THRES Wsl= Table 49 Fig, 7ol Table 5 Numerical natural frequencies with

b0 o 7HZ}1]—OTEL7] b 100 ' 150 o inclusion location(100x100 mm inclusion
21, = mm % mm¢<!

size)
Inclusion | 1o 4 | srd | ath | 5th | 6th
700 location
00 @ 473 | 1133|2712 | 361.7 | 386.9 | 661.3
gsoo- TITY
s @ | 436 [102.3|242.6| 341.3 | 373.8 | 644.9
g 358 | 931 | 2575|3105 |382.91673.2
% o dj'x‘\\l\ _ﬁ
§2°°—\\k_¢ HH | a7 1130|2749 3527 | 408.3 | 649.3
woge——e— e ] E 435 |113.6|250.3 [ 330.5 | 402.0 | 645.8
pe——8a g5 FTI
00 02 o 0% os 1o @ 36.2 [110.1|251.6 | 333.7 | 413.3 | 645.0
Area Ratio (A'/A) —
Fig.7 Effect of inclusion area ratios on natural ﬁ 35.8 | 93.1 2575|3105 |382.9(673.2
frequencies
Table 6 Comparison experimental and FEM results
Designation 1st 2nd 3rd dth 5th 6th
Al plate Experiment(Hz) 43.0 104.0 261.0 355.0 380.0 667.0
o s FEM(Hz) 46.1 1115 2813 360.8 4077 7141
Error(%) -7 -7 -8 -2 -7 -7
Inclusion Experiment (Hz) 410 120.0 236.0 351.0 395.0 634.0
100%100 FEM(Hz) 435 1136 92503 3325 402.0 645.8
Error(%) -6 +5 -6 +6 -2 2
Inelusion Experiment (Hz) 37.0 115.0 220.0 341.0 371.0 5740
150X150 FEM(Hz) 403 112.1 2329 3291 385.0 607.6
Error(%) -9 +3 -6 +3 -4 -6
Error (%) = Experlmept-FEM < 100
Experiment
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W(b) 2nd mode shape : = (¢c) 3rd mode shape : fs =
46.1 Hz 1115 Hz ' 281.3 Hz
s i
(d) 4th mode shape : fy = (e) 5th mode shape : f5 = (f) 6th mode shape : fs =
360.8 Hz 407.7 Hz 714.1 Hz

Fig. 8 Numerical mode shapes of the Al cantilever square plate
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(a) 1st mode shape : fi = (b) 2nd mode shape : f» = (¢) 3rd mode shape : f3 =
43.5Hz 113.6 Hz B 250.3 Hz
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(d) 4th mode shape : f; = (e) 5th mode shape : f5 = (f) 6th mode shape fo =
330.5 Hz 402.0 Hz 645.8 Hz

Fig.9 Numerical mode shapes of the Al cantilever square plate with a 100x100 mm brass inclusion
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(a) 1st mode shape : f; = (b) 2nd mode shape : f (c) 3rd mode shape :
40.3 Hz 112.1 Hz 2329 Hz

(d) 4th mode shape : f; = (e) 5th mode shape : 5 = (f) 6th mode shape @ fs =
329.1 Hz 385.0 Hz 607.6 Hz
Fig. 10 Numerical mode shapes of the Al cantilever square plate with a 150x150 mm brass inclusion
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