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Analysis of Vibration in Cello Bridge
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Vibration of string is transmitted to the front plate through bridge to cause resonance of the instrument
bedy in viol family string instruments. Therefore, the properties, geometrical shape, and positioning of the
bridge are expected to have some effect on the sound color. In this study the strain and the stress in the
bridge. and the force exerted on the top plate by the bridge as the string vibrates the bridge in cello are
calculated through simulation based on the theory of elasticity. The modes of vibration and the
characteristic frequencies are also found. Furthermore, the effect of geometric shape of bridge on sound color
is studied in terms of frequency response. The results of this study show that the vibration characteristics
of bridee is quite complex and the properties and the geometrical shape of bridge have significant effect on
sound color, and therefore, the sound color of a cello can be controlled by changing the geometrical shape of
bridge.
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Table 1. Mechanical properties of woods used for string
instruments.

Materiall Gonsi \II_’ongitydinal \F{ladial’ Shear
ateria nsity oung's oung's
Modulus Modulus | Modulus
Spruce |460 kg/m®| 15 GPa |0.76 GPa|0.84 GPa
Maple |620 kg/m*| 10 GPa | 2.0 GPa | 1.7 GPa
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Table 2. The force {(N) in the direction of the 1st principal stress, on the bottom of the bridge as the D string moves the bridge by

0.1mm.
A string D string
FHECk2| $ECR) EHEc2| f&0a|
s5o=2 2NY o (R) -48.67 -99.84 -17.47 -66.46
FpEe2 S5 o (L) -142.58 56,16 -122.93 -20.12
AtoJ(R-L) 93.91 -43.68 105.46 -46.33
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Table 3. The mode frequency of the bridge. (a) Bridge with the heart-shaped hole, (b) Bridge without the heart-shaped hole,

Mode Nr. (a) (b) Mode Nr, (a) (b) Maode Nr. (a) {b)
1 231.8 238.0 21 563.3 568.7 41 706.9 728.3
2 248.0 248.7 22 566.5 592.9 42 707.1 732.7
3 268.9 307.6 23 567.7 599.4 43 718.9 741.7
4 324.1 326.5 24 586.6 611.1 44 726.1 747.3
5 337.1 345.9 25 538.6 611.4 45 727.1 756.7
6 345.4 348.5 26 602.8 621.7 46 730.1 760.0
7 347.4 372.6 27 619.5 635.6 47 742.5 761.1
8 364.4 393.7 28 6201 639.5 48 745.8 762.1
9 375.9 409.2 29 622.6 647.2 49 755.1 770.8
10 383.5 425.7 30 832.0 £56.2 50 760,7 771.0
11 398.7 439.0 31 645.1 660.9 51 763.5 791.9
12 434.0 454.6 32 666.0 £666.1 52 769.0 794.4
13 443.0 456.6 33 656,2 677.5 53 773.3 798.3
14 452.6 496.2 34 658.2 681.9 54 786.1 800.1
15 486.9 499.3 35 660.% 682.1 55 787.1 809.7
16 487.6 507.3 36 670.1 690.7 56 791.2 811.4
17 482.9 528.6 37 679.2 692.2 57 792.6 816.9
18 498.8 540.6 38 679.4 707.2 58 808.3 822.2
19 527.2 544.4 39 688.0 713.2 59 809.2 828.3
20 532.7 560.9 40 693.2 718.6 60 812.8 829.6
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Fig 2. The interna) stress and the displacement of the bridge as the A string moves the bridge by 0.1mm when the bottom of the bridge

is fixed. The brightness represents the stress (Pa), and the arrows represent the relative displacement. (a), (b), {c). (d} and (e)
represent the cases where the displacement is in the direction of 0° -45°. -90° -135°, and - 180°. respectively,
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Fig 3. The internal stress and the displacement of the bridge as the D string moves the bridge by 0.1mm when the bottom of the bridge

is fixed, The brightness represents the stress (Pa), and the arrows represent the relative displacement. (a), {b), {(c), (d) and {e}
represent the cases where the displacement is in the direction of 0°. -45°, -90° -135° and - 180°. respectively.
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Fig 4. The mode of vibration in the bridge with the hearti-shaped hole. The brightness represents the stress (Pa), and the arrows represent
the displacement. (a), {b), (c), (d), (e} and {f) represent the 1st, 2nd, 3rd, 4th, 5th and 6th mode, respectively.
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Fig 5. The mode of vibration in the bridge without the heart-shaped hole, The brightness represents the stress (Pa), and the arrows
represent the displacement. {a), (b), (¢}, {d), (e) and {f} represent the 1st, 2nd, 3rd. 4th, 5th and 6th mods, respectively.
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Aol Thepkn) APdoR AgEE AR Al X
JomE § BE A7 B3IA YA R5E A
SHelX 4T SEBHY HobA BB nELo] 7
S5 Aoz HzhEch B FAM ¢ B A
E oFk DY) Fuig BN BB Eah Qlk

o . . L . . s L L
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Frequancy (Hz)

(a)

160 v T T g T

) L " 2 L L N

OO 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000

Frequency (Hz)
(b}

120

Frequency Response

0 . . L L ) ) H r i
0 1000 2000 3000 4000 5000 6000 7000 8000 8000 10000
Frezzu)ency (Hz)

c

38 8. A 2 2Ixlol A sojol| i B0l JRIRE W 23X Y|
S A2 JISTH A8 Ty KM (a) S BRX|,
(b) B MES M BRI, (c) TME QAR 237

Fig. 8. Frequency spectrum of the signal from the accelerometer
attached to the bottom of the bridge as the impulse
hammer hit the bridge on the position of A string: (a)
The bridge as purchased. (b) The bridge was made
thinner. (¢} The arms were removed.
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