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Model Verification of Metallophone Bars in Real Boundary Conditions
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Abstract

The percussion sound of metallophone is known related to the structural modal
properties. In practice, the metallophone bars are seated on foam pads. The effect of real
boundary on the metallophone bar’s vibration characteristics is of interest. This work aims to
develop and validate the parametric finite element (FE) model for different notes of
metallophone bars, so as to do fast design analysis. First, the FE models for both free and real
boundaries are constructed and performed modal analysis. The corresponding experimental
modal analysis (EMA) on both boundaries are, respectively, performed. The modal
parameters obtained from FEA and EMA can then be compared to update and validate the FE
models in both boundaries. Finally, the verified FE model is adopted to predict the modal
properties of the metallophone bars for different notes. Results show that the modal sound
response is well calibrated with the experiments. The developed parametric FE model for the
metallophone in real boundary can be useful for the design and manufacturing of the
metallophone bars.

Keywords: metallophone ~ real boundary - finite element analysis (FEA) ~ experimental modal
analysis (EMA).
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Mode bof 45 ) ;EIZA) Efﬂ:(ﬁz) (E/Z'; MAC & | Fer it (%)

1 (3,1) 1050.0 1050.0 0.000 0.976 0.238
2 (2,2) 25455 2571.9 -1.026 0.355 0.070
3 4,1 2868.1 2850.0 0.635 0.946 0.116
4 (3,2) 5200.0 5240.6 -0.775 0.470 0.043
5 (5,1) 5610.6 5562.5 0.865 0.900 0.072
6 (4,2) 8240.5 8290.6 -0.605 0.501 0.039
7 Y <o S KO | 88525 X X X X

8 (6,1) 9314.2 9221.9 1.001 0.891 0.072
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Mode Ko 4R FEA | BRR LB e | e o)
(Hz2) EMA(Hz) (%)
1 (3,1) 1050.0 1050.0 0.000 0.760 0.257
2 (2,2) 2545.5 2578.1 -1.265 0.355 0.154
3 4,2) 2868.1 2856.3 0.415 0.757 0.164
4 (3,2 5200.0 5237.5 -0.716 0.012 0.057
5 (5,1) 5610.5 5562.5 0.863 0.659 0.113
6 4,2) 8240.5 8290.6 -0.605 0.069 0.085
7 Y & o S R 8852.5 X X X X
8 (6,1) 9314.1 9225.0 0.966 0.191 0.106
24-COFM4F Y p MEFHRL(N)
(C)f & ER(F *eit R3)[1]
Mode Wik 4R FEA | *vi# B3+ Err MAC | FEr st F b Err MAC | FE R+t
2 (H2) |EMAMH2) | (%) | @& %) |EMAMHZ) | %) | & (%)
1 (3,1) 1029.2 1029.2 0.000 | 0.950 | 0.1885 1029.3 -0.010 | 0.834 | 0.1795
2 (2,2) 2455.1 2530.3 -2.972 | 0.920 | 0.0666 2530.0 -2.960 | 0.837 0.0675
3 4,1) 2831.8 2812.5 0.686 | 0.815 | 0.0935 2812.5 0.686 | 0.787 0.0938
4 3,2 5030.0 5149.1 -2.313 | 0.864 | 0.0926 5149.0 -2.311 | 0.839 0.0978
5 (5,1) 5544.1 | 5492.9 0.932 | 0.666 | 0.1149 5492.5 0.939 | 0.622 | 0.1239
6 4,2) 7988.1 | 8153.0 | -2.023 | 0.868 | 0.4369 8159.6 -2.102 | 0.818 | 0.3969
Y 2w
7 9 W | 85414 X X X X X X X X
8 (6,1) 9160.8 | 9057.5 1.140 | 0.601 | 0.6599 9030.5 1.443 | 0.530 | 0.6669
(@)F FER (G i R
Mode Bk 4R FEA | *vs# 23" | Err | MAC | [ER ¢ P Err | MAC | fE R+t
4 (Hz2) | EMA(HZ) | (%) & %) | EMAMHzZ) | (%) i (%)
1 3,1) 1028.8 1034.3 -0.532 | 0.940 | 0.2645 1033.7 -0.474 | 0.708 0.2725
2 (2,2 2454.2 2523.0 -2.727 | 0.843 | 0.1298 2523.1 -2.731 | 0.460 0.1288
3 4,1) 2830.7 2832.1 -0.049 | 0.820 | 0.1348 2832.3 -0.056 | 0.660 0.1388
4 3,2 5028.1 5144.1 -2.255 | 0.227 0.0629 5144.1 -2.255 | 0.219 0.0624
5 (5,1) 5542.0 5515.2 0.486 | 0.039 | 0.0979 5517.3 0.448 | 0.073 | 0.0886
6 4,2) 7985.1 8162.4 -2.172 | 0.022 0.1559 8165.6 -2.210 | 0.138 0.1539
Y *w»
7 4 i 8538.2 X X X X X X X X
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8 (6,1) 9157.3 9116.1 0.452 | 0.022 0.2359 9113.2 0.484 | 0.091 0.1929
25 CTRMBFY P RUEFHRA
(@n d F R (&4 R
Mode | i | oo | PRP STl mAcE | ()
(H2) EMA(Hz) (%)
1 (3.1) 2110.1 2103.1 0.333 0.980 0.118
2 2.2) 3625.9 3650.0 -0.660 0.935 0.078
3 (4,1) 5727.4 5703.1 0.426 0.931 0.060
4 (32) 7541.5 7596.9 -0.729 0.968 0.050
(D) FE R (R 4eid R 3)

Mode | # 4= | FEAHz) | % ik EMA(Hz) Err(%) | MAC & | [e i v (%)
1 (3,1) 2110.1 2106.3 0.180 0.915 0.140
2 2.,2) 3625.9 3653.1 -0.745 | 0.786 0.087
3 (4.1) 5727.4 5703.1 0.426 0.951 0.106
4 (3.2) 7541.5 7593.8 -0.689 0530 0.039

25 -CTHMEBFY AEIHERLN)

(C)pd ERH(F ik R
Mode B 4= 3 FEA(Hz) % 5. b EMA(H2) Err(%)
1 (3.1) 2057.8 2062.5 -0.228
2 2.2) 3462.5 3521.9 -1.687
3 4.1) 5607.8 5596.9 0.195
4 (3.2) 7237.6 7318.8 -1.109

()R #E R (F K3)
Mode B R 3 FEA(HZ) ¥ &b EMA(Hz) Err(%)
1 (3.1) 2057.8 2065.6 -0.378
2 2.2) 3462.6 3512.5 -1.421
3 4.1) 5607.8 5600.0 0.139
4 (3.2) 7237.6 7340.6 -1.403
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% Mode pARAEg(Hz) | g 2HaES(Hz) | dB | A 24 5 (H2)

1 1034.4 1034.4 50.7 0.0
2 2525.0 2525.0 45.1 0.0
3 2834.4 2834.4 47.8 0.0
4 5143.8 5143.8 62.3 0.0
5 5518.8 5518.8 56.1 0.0
6 8168.8 8168.8 53.5 0.0
7 9118.8 91125 47.3 6.3

272 FRPENBFY 2 pAREFE AB U REA(BECOMBFL ¢ v )

E i de iy Acs A8 3
RE poEEs | dB | g agg | dB | g dB
Mode (Hz) (Hz) (Hz)
1 1050.0 43.8 1050.0 74.0 0.0 30.2
2 2859.4 37.7 2856.3 56.7 3.1 19.0
3 5240.6 38.5 5240.6 34.0 0.0 -4.5
4 5565.6 65.8 5559.4 54.3 6.2 -11.5
5 9225.0 57.0 9228.1 34.9 -3.1 -22.1
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#4 (H2) A (%)
C6 1046.5 1050.0 | 1050.0 35 0.0 0.334 0
D6 1174.7 1181.3 | 1191.9 6.6 10.6 0.558 0.902
E6 1318.5 1321.9 | 1319.5 3.4 -2.4 0.256 -0.180
F6 1396.9 1403.1 | 1418.2 6.2 15.1 0.446 1.074
G6 1568.0 1575.0 | 1598.8 7.0 23.8 0.446 1.511
A6 1760.0 1768.8 | 1803.5 8.8 34.7 0.497 1.965
B6 1975.5 1981.3 | 2010.5 5.8 29.2 0.291 1.476
C7 2093.0 2106.3 [ 2100.1 | 13.3 -6.2 0.633 -0.292
D7 2349.3 23590.4 [ 23815 | 10.1 22.1 0.429 0.938
E7 2637.0 2643.8 | 2630.7 6.8 -13.1 0.256 -0.494
F7 2793.8 2800.0 | 2794.8 6.2 -5.2 0.222 -0.186
G7 3136.0 3137.5 | 3102.9 1.5 -34.6 0.048 -1.103
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