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Relation Between the Reciprocity for the Transfer Functions in Mechanical Vibration

Systems and the Optimal Design Formulas of Dynamic Vibration Absorbers
A Z (SRR SR

Toshihiko Asami, University of Hyogo, 2167, Shosha, Himeji, Hyogo 671-2280, Japan

Transfer functions are often used to evaluate the vibration characteristics of mechanical and electrical
systems, but some of these transfer functions have reciprocity property. The reciprocity of a transfer
function means that swapping the coefficients of the two terms that make up its equation does not change
the properties of the original function. Taking a mechanical vibratory system with single degree of freedom
as an example, among the three transfer functions called compliance, mobility, and accelerance, only the
mobility transfer function has this reciprocity. In two-degree-of-freedom vibratory systems, there are no
conflicting transfer functions, and in a three-degree-of-freedom system, a transfer function with reciprocity
property suddenly return. In this paper, it will be shown that the presence or absence of transfer functions
with reciprocity plays an extremely important role in finding the simple optimal design formulas of dynamic

vibration absorbers.
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Fig. 1 Analytical model of viscously damped systems

(a) Series-type double-mass DVA  (b) Parallel-type double-mass DVA

Fig. 2 Analytical model of 3-DOF systems
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(c¢) Accelerance transfer function

Fig. 3 Transfer functions for SDOF system shown in

Fig.1(a)
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(c) Deformed Accelerance transfer function

Fig. 4 Deformed transfer functions for SDOF system
shown in Fig.1(a)
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(b) Deformed mobility transfer function

Fig. 5 Mobility T. F. and deformed mobility T. F. for 2-
DOF system shown in Fig.1(b). (T. F. = transfer function)
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Fig. 7 Mobility T. F. and deformed mobility T. F. for 3-
DOF system shown in Fig.2(a). (T. F. = transfer function)
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(b) Deformed mobility transfer function

Fig. 9 Mobility T. F. and deformed mobility T. F. for 3-
DOF system shown in Fig.2(b). (T. F. = transfer function)
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fo=aoy® + a1y’ +axy* +azy® + asy* + asy + ag
ao=(1+up)*, as = (1+up)*v®vy
a) = =3+ +4¢2 + < 32terms > + 457’ uZvva
ay = 1+2up+ 3 + < 137 terms > + p’uZvivy
az = (1+up)v*(—2 + < 76 terms > + 457 pu> upv=*vy)
as = (14 pg)v*(1 4 up + < 47terms > + p?upv*vy)
as = (1+up)>vovi(—2 + < 6terms > — 2uv?v3)
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(c) Optimal tuning ratio for two DVAs

Fig. 10 Optimal solutions of parallel-type double-mass

DVA system for various primary damping ratio {;.(Part 1)
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(b) Optimal damping ratio for DVA-B

Fig. 11 Optimal solutions of parallel-type double-mass
DVA system for various primary damping ratio {;.(Part 2)
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