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Dyna/mic Characteristics of the Bended Thin Plate Structures
(Low Vibration Design by Imitating of Caribbean Steel Drums)
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Thin plate structures whose features are light and easy to treat have been used to various
product. In order to improve rigidity, the structures have been processed to curved or concavoconvex
plates. Dynamic characteristics of the thin plate structures haven't been considered because of the
difficulties of design. Caribbean steel drums, which are percussion musical instrument have a
spherical shell with many bends and grooves, it has various musical scales. The dynamic characteris-
tics of the steel drums are tuned by its bends and grooves. This paper presents investigation of the
guideline for making the thin plate structure with bends and grooves. Experimental modal analysis
is used to identify the vibration mode of the steel drum. Then the paper is an attempt to bring out
a possibility of vibration mode tuning of the thin plate structures with bends and grooves.

Key Words: Thin Plate Structures, Vibration Mode, Vibration Reduction, Experimental Modal
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Fig. 1 The Caribbean steel drum  Fig. 2 The note of the

steel drum

Table 1 Fundamentals of the steel drum
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G | 78399 782 03
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c | 1046.50 1151 10.0
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(b) Power spectrum
Fig. 3 Measured response of the C note
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Fig. 4 Mode shape of the steel drum
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Fig. 5 FRF of the steel drum ( auto FRF(a) and cross FRF(b) )
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Table 2 Test conditions
No. 1 2 3 4 5 6 7 8 9

Location - 0.51 0.51 0.5/ 0.5/ 0.5/ 0.5/ 0.251 0.51

Condition| Type - line line line line curve curve line line
Process concave | U shpa | 'V shape bending coneave bending | bending ch‘angmg
groove groove groove groove thickness

free - free] (al) (a2) (a3) (ad) (a5) (ab) (a7) (a8) (a9)

Support | fix - free| (bl) (b2) (b3) (b4) (b5) (b6) (b7) (b8) (b9)

fix -fix (cl) (c2) (c3) (c4) (c5) (c6) (c7) (c8) (c9)

—223—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2908 WoEFEEE T2 EREEDOTHE

B, BREGLREEZIY LIFRNT IR, £ TOLHE
FEELTOWRNWILZERLTBL. BREMITIE,
P, FEMIZE B3 EES I a2 b=y aritBnT,
D I FRAEEYOBF R, RHT— FBICRIE
TEEYREL, RCEHER CRKRICRNTS.

EOBEFRBBELERGE— FeinhdiF R omTic

L0, BREE—FZOLOLHEBIERLY, a—An
F—RIZLEYVT5Z ENERBRIICHATESZ
L ERT.

31 MiEH FEMIC X 5 EHEAEFEROTHY
T T A SN - RO EIELZ RS, E6IIxtR
\é: L7z D —FIT, @IEMLINTHRWER, (b)
IXERMEFAR, OXERTTY TR, (Dikdsr
DT EREZTRLTHWS, FHRITKRE CTRAT 3RS
EREZEZRL, FROAFROH Y MTMINES %,
K& £300x365mm, HEO0.SmmDER (SPCC) & L.
AR TIL, FRDG,1)E—FEGB2)T— R THNIE,
6 Dx#l F IR o TH v #iF 2R IT 5 Z & TN
FICH 2 IS 2 R T B Z LN TE, FRERRY D2
WITD BIF M CIERELAERTEHLEX, Z02
DOE— FEERBLORMNSR L LTy #iTROKITI
Ae Lk, BEMOBRBRERL LTOFROERES
25 &, YT ORERH Y MiTE, BERXOEEY
T AEE BT, BEHOECES) Bk
WHDIRERAEFELLANEEL, KRXTIIHY
#iT # E165deg., EOME LT SI20mm (K6(b)Ta =
20mm, B = 20mm) , BHRPEIL758mm (K6(d)Ty =

(c) Bending (line)

Size: / = 365mm, w = 300mm, ¢ = 0.5mm, = 165deg.,
o =20mm, #=20mm, y = 15mm, R = 758mm
Material: SPCC

Fig. 6 Test plate
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Table 3 Natural frequencies of the plate structures

No. 1 2 3 4 5 6 7 8 9
Location - 051 0.51 051 0.51 0.51 0.51 0.251 051
Condition Type - line line line line curve curve line line
Process concave | Ushpae | V shape bending concave | ding | bending ch.angmg
groove | groove | groove groove thickness

1st [ 15.1(2,2)[ 193 2.2)] 159 22)[ 169 2,2 152 2.2)[ 183 22)[ 17.5 2.2)[ 152 2,2)[ 18.5(1,3)
2nd| 19,5 (1,3)[ 23.0 (1,3)] 20.4 (1,3) 20.4 (1,3)[ 20.1 (1.,3)| 21.6 (1,3)] 21.3 (1,3)] 20.1 (1,3)] 23.7(2,2)
free - free[ 3rd | 30.5 (3,1) | 39.3 (2,3)] 36.7 (2,3) | 36.6 (2,3)] 35.9 (2,3)| 37.1 (2,3)] 37.0(2,3)] 36.6 (2,3)| 31.5 (2.3)
4th | 365 (2,3)[ 55.5 (3,2)| 49.23.2)[ 504 (3.2)[42.0 3.2) | 51.2 (3.2) | 46,3 (3.2) 36.8 (3.2) 48.6 B3.2)
sth | 42.13,2) [55.8 3.2)"49.9 G.2)*|51.1 3,2)47.3 3.2)*| 55.1(32)| 59.5 3.4)| 55.7 (1.4 [48.8 B.2)*
Ist] 3.2(L1) | 34(LD) | 34(L1) | 3.6(LD) | 32(L1) | 3.9(L,1) | 41 (LD | 3.2(,1) | 29(1,1)
20d| 9120 [1L52.0] 9521 [1002.D] 9.0 2.1 [ 107 2.1)[105 2,1)] 9.1 (2,1) [10.9(2.1)
fix - free [ 3rd ] 19.8 (1,2)[ 22.6 (1,2)1 202 (1,2)[ 201 (1,2)[ 19.5 (1,29 [ 21.1 (1,2 [ 21,1 1,2) [ 19.7 (1,2)] 16.5 (1,2)
4th | 31.8 (2,2)| 34.7 (2,2)] 32.0 (2,2)[ 32.0 (2,2)[ 29.7 (2,2)] 32.8 (2,2)] 30.5 (2,2)| 29.0 2,2)| 28.8 (2.2)

5th 1344 (3,1)[55.7(3.1)| 49.5(3.1)| 50.7(3,1)[ 44.5(3.1) | 55.1 (3.1) [ 46.5(3,1) | 37.0 (3,1) | 48.7 (3.1)

* in phase, bold: local mode

Support
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(a2) Concave groove (line)

(a8) Bending (line)
Fig. 7 Mode shape of the plate (free-free)

(a9) Changing thickness (line)
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Fig. 8 Mode shape of the plate (fix-free)
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Fig. 9 Cross FRFs of the plate structures (Hop) (free-free)
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Fig. 10 Cross FRFs of the plate structures (Hop) (fix-free)
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Table 4 Natural frequencies of the plate structures

NO. 1 2 3
Condition |—L=0cation - 051|057
Type - line curve
Process - bending | bending

Ist | 32.7 (2,2)} 28.3 (2,2)| 28.6 (2,2)
2nd|41.4(1,3)] 66.4 (2,3)] 66.4 2,3)
Support |free - free| 3rd | 63.0 (3,1)] 80.4 (3,2) | 81.5 (3,2)
4th | 73.3 (2,3) 187.2 (3,2)*(88.8 (3,2)*
5th |85.1 (3,2) |105.1 (1,4){104.9 (1,4)

* in phase
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Fig. 12 Cross FRFs of the plate structures (H,,,) (free-free)
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Fig. 13 Cross FRFs of the plate structures (Hgp) (fix-free)
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