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Abstract

Cymbals are percussion instruments that vibrate and radiate sounds when hit with a stick or when used in pairs. The sound
radiated from a cymbal depends on its vibration characteristics. Cymbals are made through spin forming, hammering and
lathing processes. The spin forming creates the domed shape of cymbals, determining the basic vibration characteristics. The
hammering and lathing make specific sound quality adjustments by changing the vibration characteristics. In this paper, we
focus on how the hammering affects the cymbal’s vibration characteristics. The hammering produces many shallow dents
over the cymbal’s surface, generating residual stresses in it. These residual stresses change the vibration characteristics. We
perform finite element analysis of the hammered cymbal to obtain its vibration characteristics. In the analysis, we use thermal
stress analysis to reproduce the stress distribution and then with this stress distribution we perform vibration analysis. The
results show that the effects of thermal load (i.e., hammering) vary depending on the mode: an increase or decrease in the
natural frequency. As a result, the peak frequencies and their peak values in the frequency response function change.

Key words : Modal analysis, Finite element anaysis, Cymbal, Hammering process, Frequency response function,
Natural frequency, Stress distribution
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Fig. 1 Cross-sectional view of a cymbal.
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Fig. 2 Hammering process. Fig. 3 Hammered cymbal having many dents on the surface.
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Fig. 4 FE model of a cymbal. Fig.5 Hammered cymbal with 50 dents  Fig. 6 Thermal loads corresponding
on a 160 mm diameter circle. to the hammered cymbal.
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Fig. 7 Comparison of velocity frequency response functions (FRFs) before and after hammering. Both the measured
and calculated FRFs show that each peak frequency after hammering (and for T, =500°C) decreases from the
corresponding peak frequency before hammering (and for no thermal load).
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Fig. 8 Thermal loads applied at 12 points in the radial direction and 50 points in the circumferential direction.
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Fig. 9 Comparison of FRFs for the three thermal loads. Changing the thermal load shifts the peak frequencies and
significantly changes the corresponding peak values. Especially, for T, =300°C, three large peaks are observed
between 3000-4500 Hz.
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Fig. 10 Change in the frequency response function. The number of peaks decreases from three for no load to two for
T, =300°C and then returns to three for T, =400°C. For T_=300°C, one of the peaks is remarkably large.

J PN

3320 3340 3360
Frequency [Hz]

(© T, =400°C

Table 1 Dominant modes near 3300 Hz. As the thermal load increases, the natural frequencies of the (11, 3) and (14, 2)
modes increase while the natural frequency of the (4,5) mode decreases. When T, =300°C, the natural
frequencies are the same for the (11, 3) and (4, 5) modes, generating a large peak.

Thermal load No load T, =300°C T. =400°C
(11,3) 3323 Hz 3334 Hz 3337 Hz
Natural Frequency | (14,2) 3344 Hz 3357 Hz 3360 Hz
4,5) 3348 Hz 3334 Hz 3327 Hz

(a) (11, 3) mode

[DOI: 10.1299/transjsme.17-00110]

(b) (14, 2) mode

Fig. 11 Mode shapes for the modes shown in Table 1. The (11, 3) and (14, 2) modes have a large number of nodal
diameters and a small number of nodal circles while the (4, 5) mode has a small number of nodal diameters and

a relatively large number of nodal circles.

—

(c) (4, 5) mode
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(a) Thermal load (b) Compressive stress (c) Tensile stress

Fig. 12  Stress distribution. The compressive stresses exist at the locations of thermal loads while the tensile stresses
exist around the thermal loads.
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Fig. 13 Stress distribution along the radial position. For the radial components, the high stresses distribute over the bow
that are all compressive or all tensile. For the circumferential components, they alternate from tensile to
compressive along the radial position.
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MR CT& 7z,

Table 2 Prediction of natural frequency change for T, =300°C.

Mode Natural frequency change Prediction by Eq.(11)
(11, 3) 11.0Hz 119Hz
(14,2) 125Hz 13.2Hz
(4,5) —145Hz —14.6 Hz

SRS THNZ N~ D o TN Ty o 7N U BRI RIARIE T . = 27C, WG RAT81] &
HNISHOBREBRIA L, Tk, N~ U 7L Ty WA T BIEH504 EINTRTD Y > 7L OfREE
— MR AR, EARSESZT HEERZMRad 5.
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FEHITHZDT, WHERL (2 ) (CET 2072 T T 5 & AR ST W20 4 ik =
NEROEE, [KOP X axa DT & 725 . T 4 BOMER %2 2N 2RICHS 6 HoR» 525 4 [
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LB, EBIT, BHEEER X FRIORIBIRIGHNAE CT8A1E, x FROBEET 28 oiXhEixs L
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D IS EARIS OB EXIEADR T8 5. BIZIE, BEREEERO X & w7 VORI MR—E L, P8
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2T, RGN ORI BN K EZ W 13 OPERFASIER T 5. AU AN E b=y UET
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