Wizolo] b ¥ oo #g HFH HE
Experimental Investigation on the Equivalent Ring Theory
of the Beat

A48 ¢.X.Cui” -

1:11—6]-7‘__]_**

1w

=20 |
S.H.Kim, C.X.Cui, H.G.Park

Key Words:
Beat(#=0])

Equivalent ring(7} #), Slight asymmetry(W] 24 vt A

), Mode pair(2= )

ABSTRACT

In this study, we experimentally investigate the equivalent ring theory for a slightly asymmetric
ring. The slightly asymmetric ring has mode pair and frequency pair due to the small asymmetry
and this mode pair generates beat in vibration and sound. In this paper, a slightly asymmetric ring
is modeled as the equivalent ring, i.e., the assemblage of a symmetric ring and imperfect point
masses. The equivalent ring has the same mode pair condition as that of the original asymmetric
ring. Effect of the additional mass attachment is investigated by the equivalent ring theory and the
result is compared with those of the measurement and the finite element analysis. It is confirmed
that the original ring and the equivalent ring show the same change in frequency and mode under
the various additional imperfection mass conditions. The equivalent ring theory explains how the
asymmetric elements influence the mode characteristics and provides useful information to tune

the beat property.
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Table 1 Dimension of the original ring

Average radius R=0.199m
Average thickness h=0.007m
Average width d=0.04m
Mass M=2.8166kg

Fig. 1 Experimental set up and slight

asymmetric ring.

Fig.2ol ¢} o], Zt(zooming) 715 AH&3}
3¢ FoFsHITFETE x7] v
A "HY  afAEFE 2w, =112.391/z,
Wy =112711Hz = Ystth Fig.30lA #H& 325 %
g u, n=2 B Ao LR wj(HE=e] FH)E
37.125°(33} 4 AleDell fAsta, HEE= Hj(LE=
A= 82.125%0 A sk Aom lH

o 57 ¥E
/\6] E

1o 11 1z 13 o) 115 110 11 112 113 114 115

Frequency(Hz) Frequency(Hz)
Fig. 2 Frequency response functions of the slight

asymmetric ring.
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Fig.3 n=2 equivalent ring with a point mass.

o
gahe] 3@ FUd W4 nfd

Tate FAAA A =AE B

=195.3Gpa °|t}. o] 4§ FUY

jus)
==

HlE AA Hhm,, /M, =0.00478) 2 2 5-E] 7433}
o -
IFFlETe] BstE Bk WA RE go] HH
= 5 =) © =)
I owje] SIXE FAYS o, =Y A A7)
= =] =15 [e) S)=]
e A% 24 AQe e L weo) )
: o = = >
7b =9l Fig. 4= o], #¥84 4 R 54
- o s -
of elg LHAEFE W)
E”Z'BN\?\\K 107.6
@ . —
E 1126 e S 107.4_
g Z BASSS S w i
& 1124 e Tt 107,20
£ N 5
1122 < 107.0%
e 5 >
3 N s
S 112 g 106.8 3
N N g
Z 1118 R 106.6+
2 —— W, (theory) . _
g 1116 —WZL(theory) S - IOS.AS
g o w,, (FEM) \\\ =
5 114 o wy (FEM) : 106.2%
§ —+—W,, (measurement) ~ -
g 11.2 —— W, (measurement) 106.0

0 0.002 0.004 0.006 0.008 001 0012 0014 0016
The ratio of imperfection mass to total mass(meq M)

0.018

Fig. 4 Frequency vs. the ratio of imperfection

mass
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Fig.5 Frequency vs. location of the added mass.
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Fig. 6 n=2 equivalent ring model with two

point mass.
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mass position

Fig. 7 Change of mode data by the 2nd point

mass.
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Fig. 8 Change of mode pair by the attachment of

2nd point mass
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