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Abstract
If damping alloy is used as structural material, a structure with high damping performance can be produced and its vibration

and noise can be reduced. Damping mechanism of the damping alloy is to convert vibration energy into thermal energy. The
damping performance of the damping alloy is not as good as it is used in a dynamic damper. This paper proposes a method of
enlarging equivalent loss factor of a damping alloy spring by using a negative spring constant and it is confirmed that the
equivalent loss factor of a damping alloy cantilever becomes large by the attraction force of magnet used as the negative
spring constant. Optimal design of the dynamic damper which consists of the damping alloy cantilever and a pair of magnets
is explained. The vibration suppression effect due to the dynamic damper is demonstrated by means of measuring the
compliance and the time history response by impact excitation. The vibration suppression effect depends on the vibrational
amplitude due to nonlinearity of the attraction force of magnet but can be sufficiently expected in comparison with the case

without the dynamic damper.
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Fig.1 Cantilever consisting of damping alloy beam and steel weight
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Fig.2 Free vibration wave of damping alloy cantilever
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Fig.3 Relationship between loss factor and p-p amplitude. The loss factor of "With magnet" is larger than that of "Without magnet"

and the loss factor becomes large with increasing of the p-p amplitude.
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Fig.4 Single degree of freedom system which consists of damping alloy spring &(147y), additional spring k> and mass m




15

T 10 A I
E 05 fof N .
% 0.0 : V/\V/\VI—IL J—
E 05 ]\ [N T T Aa—
8 1.0 NoAfe- s fremmsmsseeeeees e
LT e R S—
o 20 NS ittt ity it
-2.5 L L L
0.0 0.2 0.4 0.6 0.8

Time ()

Fig.5 Free vibration wave of cantilever with magnets (Gap 10mm)
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Fig.6 Two degree of freedom system with dynamic damper
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Fig.7 Two degree of freedom system with dynamic damper. Neodymium magnets are installed on both sides of the steel

weight (The magnet at the front is removed because the weight can be seen.)
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Fig.8 Compliance by impact excitation. There are two peaks in the two degree of freedom system without the magnets. The
compliance of the main system almost coincides with that of a single degree of freedom system without the dynamic
damper. The peak height of main system decreases due to the dynamic damper in figure (a). It is found in figure (b)

that the dynamic damper absorbs vibration energy.

51 Z OERIREREUAD A HIRENGIE 2Rk L7225, Z OO p-p #EIE 1.2mm (3T OIRE# 7.53Hz & 0O
£ 0.135kg 7 HITREH ki +k=302N/m KD D Z LN TE 5. 2 XD pp IEE 1.2mm T OB OW 517712 &
HITRE ko= -1184N/m 23RO BN D, DL EX VA DX v v 7728 10mm D & XD 2 HHERD/IT A —HZfllX
F1DOLHTheD, £z, FRO/RT A—2 LEEL 41=0.0579 2 TXQ3), K(5), R(6)2 bR iz
PREEAHR SRRy & OB TAER kropns Koo B 3% 1 ITRT



—Without magnet ~ —— With magnet

T
MRAARIARAARARAR

(a) Main system

Displacement (mm)

Time (s)
(b) Dynamic damper

Fig.9 Impact response. The vibration of main system with magnet is damped quicker than that without magnet in figure (a).

Then the dynamic damper vibrates greatly as shown in figure (b).

Table 1 Parameter of experimental system with gap 10mm and optimal system

Experimental system .
Optimal system

with Gap 10mm

M=233kg
K=6090 N/m
m=0.135kg
1 =0.0579
y=0.0539
k= 1486 N/m kiope=1731 N/m
k=—-1184 N/m kaope =—1416 N/m
ki+ky=302 N/m kiope Hhoop =315 N/m
y'=0.204 Y'op=0.296
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B, ¥ v 7 10mm OEWARER DG 2 ERRAER & i U T 10 17T, SE#ERIREREDO S I 2 b— 9 T
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LB W CRIE B RR AR AR O B A IREIEL (K, +k,)/m A3 7.69Hz (25 L % » 7 10mm TlE 7.53Hz & &/ S
W, 1IRE 2IRE—7 OO IR DMEIREEAN RS L= 2 E R FERIFN T 5. i oWs| J10IER
TENER L OB RS O SR AR O IREE DO 7= DI ERIIF ¥ v 7 10mm DV I 2 b— 3 VT RE R
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Fig.10 Simulation result of compliance in main system. The experiment and the simulation are almost in agreement.
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Fig.11 Experimental compliance for various impact force in main system. The compliance is affected by nonlinearity of the

magnetic attraction force but the dynamic damper is sufficiently effective.
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