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Use of high grade damping materials is one of the effective methods to reduce vibration and
noise, but the conventional damping materials have two weighty drawbacks, one is that it
takes much labor to install, and the other is that it exhibits high damping performance at
limited frequencies and temperatures. To overcome these drawbacks, we have developed a
new type damping material Damping Material Applying Rubber Compounding Magnetic
Powder (DRM). By compounding magnetic powder, DRM has not only a good work-
ability but also enhanced damping abilities. As the result of experiments, the following
properties are revealed. (1) The damping performance of DRM has a peak value on the
magnetic attractive force. (2) The damping performance of DRM increases with a decrease
in the ferrite content. (3) The damping performance of DRM increases with an increase in
the vibratory amplitude while the conventional constraining type damping material has very
little dependency on the vibratory amplitude. These properties are produced by the fric-
tional loss generated between DRM and the vibrating body.
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likely to be influenced strongly by the following
factors ; magnetic attractive force, ferrite content,

1. INTRODUCTION

Use of high grade damping material is one of the
effective methods to reduce vibration and noise.»?
With an increasing need for the vibration and noise
control, the importance for the vibrating damping
materials is mounting. But the conventional damp-
ing materials have two weighty drawbacks, one is
that it takes much labor to install, and the other is
that it can exhibit high damping performance only
at limited frequencies and temperatures. To over-
come these drawbacks, we have developed a new
type damping material, Damping Material Apply-
ing Rubber Compounding Magnetic Powder, which
is named DRM.2-9 DRM, an application of the
rubber compounding magnetic powder, has not
only a good workability but also superior damping
abilities. The damping performance of DRM is

and vibratory amplitude of vibrating body. As a
result of examining the influences of these factors,
the damping properties of DRM are made clear.

2. DAMPING MECHANISM OF DRM

The structure of DRM is shown in Fig. 1. DRM
consists of two layers, namely, a magnetic rubber
layer which is a mixture of ferrite-magnetizing pow-
der and a constraining layer which is made of a
highly rigid material, for example, steel, plaster,
ceramics, and so on. DRM is easily attracted to a
vibrating steel body by the magnetic attractive force.
Damping mechanism of DRM is shown in Fig. 2.
When DRM is vibrating with a vibrating steel body,
a sliding friction is generated on the interface
between the magnetic rubber layer and the vibrating
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Fig. 1 Structure of DRM (damping material
applying rubber compounding magnetic pow-
der).
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Fig.2 Damping mechanism of DRM (damping
material applying rubber compounding mag-
netic powder).

body. The sliding friction has an effect of dissipat-
ing a portion of vibration energy as thermal energy.
This frictional loss acts together with the internal
loss caused by the deformation of the magnetic
rubber layer, and exhibits prominent damping
effects.

3. EXPERIMENTAL

3.1 Factors Influencing the Damping Properties of
DRM
Main factors which give decisive influence are as
follows.
» Magnetic attractive force.
« Ferrite content.
+ Dynamic coefficient of friction between DRM and
a steel body (vibrating body).
« Vibratory amplitude of the vibrating body.
To make clear the damping properties of DRM,
we investigated the influences of these factors.

3.2 Samples
Three kinds of measurements were carried out,
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namely, measurements of 7, ¢ and F. 7, that is a
loss factor of DRM, is a representative index show-
ing the damping performance of damping material.
u 1s a dynamic coefficient of friction between DRM
and a steel body. F is a magnetic attractive force
per unit area of DRM. Through all cases of mea-
surements, the sample was the following type of
DRM, whose magnetic rubber layer was made of
butyl rubber and constraining layer was hydrated
calcium silicate. The magnetic rubber layer was
magnetized by applying a voltage. The voltage
was in the range from 700 V to 1.7 kV. The size of
sample was 10X 200 X sample thickness (mm) for the
measurement of 7, 40X 40 X thickness (mm) for that
of y and F. The thickness of the constraining layer
T. was 14 mm and the thickness of the magnetic
rubber layer 7, was 3mm through all cases of
measurements. The mass of sample was 65 g for the
measurement of 7, 45 g for that of x and F. The
vibrating body was a steel plate the size of 10 mm
width X220 mm length (from the fixed side to the
free end) X 2.3 mm thickness. In the measurement
of 7, DRM was vibrating with the vibrating body.
Two methods were selected to hold DRM to the
vibrating body, one was to attach DRM by the
magnetic attractive force and the other by adhesive
bonding. The damping performance of magnet-
ically attracted DRM is caused by both the frictional
loss and the internal loss, while that of adhesive
bonded DRM is only by the internal loss. By
comparing two results, the damping properties of
DRM characterized by the frictional loss are made
clear. Since DRM is magnetically attracted to the
vibrating body in practical use, in this paper, the
damping performance of DRM means that of the
magnetically attracted sample and the adhesive
bonded sample is named AB-DRM for short.

3.3 Experimental Method
a. Loss factor :
Measuring instrument for » is shown in Fig. 3.
n was measured by a cantilever type specimen.
One side of the vibrating body was fixed and the free
end was vibrated by an electromagnetic exciter. A
measured spectrum of vibratory mobility of the
vibrating body with DRM is shown in Fig. 4. We
found an apparent resonant peak to be around 400
Hz. We estimated # at this peak by Eq. (1).

n=Aflfy (1)
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Fig. 3 Measuring instrument for loss factor.

8 20
= l
2 ‘
P 1. .
5 1
s _30t'_"‘ S S U PR A
2 0 200 400 600 800 1k
Frequency (Hz)
Fig. 4 Spectrum of vibratory mobility of steel
body with DRM.
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Fig. 5 Measuring instrument for magnetic
attractive force.

Where f;, is a resonant frequency (Hz), 4f is a
half-value bandwidth at f; (Hz).
b. Magnetic attractive force per unit area F

Measuring instrument for the magnetic attractive
force of DRM is shown in Fig. 5. Surface of the
constraining layer of DRM was fixed and surface of
the magnetic rubber layer was attracted to a steel
plate. The steel plate was pulled up by a tensile
machine equipped with a load cell at a rate of 1
mm/min, and the maximum load at which the steel
plate was pulled off was measured. F was calcu-

Weight

Push

Constraining Layer

Load Cel |

Nonmagnet i zed

Steel Plate

Fig. 6 Mesuring instrument for dynamic
coefficient of friction between DRM and steel
plate.

lated by dividing the measured load by the surface
area of the magnetic rubber layer.
¢. Dynamic coefficient of friction between DRM
and a steel body u

Measuring instrument for g is shown in Fig. 6.
A nonmagnetized DRM was placed on a steel plate
with a weight of 174 g, and it was pushed on the
center of the side manually and horizontally with a
load cell. The load was measured when DRM
moved at even rate of about 50 mm/min, and g was
estimated by Eq. (2).

(2)

Where /f is a measured load (N) and m is a mass
of the weight and DRM (215 g) and g is the gravita-
tional acceleration (9.8 m/s?).

More than five data were taken and averaged.

All experiments were done at room temperature
(23+£3°C).

4. DAMPING PROPERTIES OF DRM

4.1 F (Magnetic Attractive Force per Unit Area)-
Dependency

F, V-dependencies of the loss factor 7 are shown
in Fig. 7. F means the magnetic attractive force per
unit area of DRM, V means the ferrite content.
of DRMs with V' of 40, 45, 50, 55 and 60 volume%
were measured. F of each DRM was changed by
varying the magnetizing voltage. F was obtained
in the range from Fyy to Fyax. Where Fyy is the
least value at which DRM was kept being attracted
to the vibrating body, and Fy . is the value of being
fully magnetized. The correlation between the
magnetizing voltage and F is shown in Table 1.

n of AB-DRM, that is DRM attached to the
vibration body by adhesive bonding, of each V
were plotted on the right Y-coordinate. According
to Fig. 7, it is revealed that z of DRM is apparently
greater than that of AB-DRM in sample of each V.

©= lffmg
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Fig. 7 F and V-dependencies of loss factor 7

of DRMs. F: magnetic attractive force per
unit area, V : ferrite content.

Table 1 The correlation between magnetizing
voltage and F.

vV F (kPa)

w (V) 60 vol% 55vol% 50vol% 45vol% 40 vol%
1,700 10.8 — - — —
1,500 99 98 — — —
1.300 9.2 9.1 8.2 — —
1,100 8.3 8.9 78 — —
900 79 8.4 7.0 53 4.7
700 7.7 7.1 6.7 4.6

V. Magnetizing voltage, F: Magtetic attractive force
per unit area

For example, 7 of DRM, whose V is 60 vol% and F
is 10.8 kPa, is about one third greater than that of
AB-DRM of 60vol%. The reason is likely to be
that DRM has a great frictional loss in addition to
an internal loss, while AB-DRM scarcely has the
frictional loss.

From Fig. 7, it can be seen that 5 of DRMs of 55
vol% and 60 vol% have a peak value on F, and # of
DRMs of 40 vol%, 45 vol% and 50 vol% improve
simply with an increase of F. Here the ultimate
value of F, which gives the peak value of 7, is
defined as F,;. F, is found to be about 9.1 kPa in
sample of 55 vol% and about 9.9 kPa in sample of 60
vol%. From these results it follows that the damp-
ing performance of DRM has essentially a peak
value on F, and the reason why no peak appears in
DRMs of 40, 45 and 50 vol% is likely to be that F of
these DRMs don’t reach F,;; even when they are
fully magnetized. These F-dependencies of the
damping performance of DRM seem to originate
from the F-dependency of the frictional loss. The
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reason why the frictional loss has a peak value is
explained as follows. The frictional loss is given
by a ratio of the energy loss dissipated by the fric-
tional resistance to the energy of the vibration of the
composite plate, that is a vibrating body with DRM.
The energy loss caused by the frictional resistance
corresponds to a work load consumed by the fric-
tional resistance and it is given by a product of the
frictional resistance and the sliding amplitude of
DRM on the vibrating body. Consequently the
frictional loss is expressed by Eq. (3).

ne=(Fr X As)/W (3)

Where 7; is a frictional loss, Fy is a frictional
resistance (N) and A is a sliding amplitude of DRM
on the vibration body (m), W is an energy of
vibration of the composite plate (J).

In the small range of F, F; increases simply with
an increase of F, whereas Ag isn’t decisively
influenced by F but by the vibratory amplitude of
the vibrating body because DRM slides without
being braked by F;. Moreover W changes little
with a change in F because the vibration amplitude
of the composite plate is scarcely influenced by F.
Reflecting these conditions, 7; improves simply with
an increase of F below F,;;. In therange of F with
excess intensity, A5 is damped because DRM is
attracted strongly enough to be braked and the
sliding of DRM on the interface of vibrating body is
restrained.” Influenced by the decrease of A, the
frictional loss breaks down. Considering these
assumptions, a standard expression of the damping
performance of DRM is shown in Fig. 8. The
damping performance of DRM is given by a sum of
the internal loss and the frictional loss. The inter-

—— n : Total Damping Performance
----- ny: Frictional Loss

n; Internal Loss

n=ngn;

Fig. 8 Standard expression of damping perfor-
mance of DRM. F: magnetic attractive
force per unit area, F,, : ultimate value of F.
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nal loss increases almost linearly with an increase of
F in its weak range, and gradually converges to a
certain value. The frictional loss has a peak value
on F, and ultimately the damping performance of
DRM has a peak value on F. Under this assump-
tion, the damping performance » of DRM is given
by Egs. from (3) to (7) below F,,.

ne=(FxxX As)|W (3)
Fr=kxF, As=u (4)
n=(kXuXFYW=khXuXF=aXF (5)
n=ne/Fu X F=aXF (6)
n=nptp=w>x F+aXF=agXF (7)

Where #; is a frictional loss, 7, i1s an internal loss,
7 is a convergent value of #;, u is a sliding ampli-
tude of DRM on the vibrating body (constant for F)
(m), k, k,, a, a; and a; are constants.

Here Eq. (6) is based on an assumption that F,,
is so strong that the deformation of the magnetic
rubber layer at F, is as great as that of AB-DRM
and »; converges to the value of AB-DRM around
Fult~

Above F,, representing the decrease of Ag with
Au, the frictional loss of DRM is given by the
following equations.

m=(Fe X As)|W (3)

FR:kle:k1><(Em+AF), ASZM“‘AZ{ (8)
n=npthXuX dF —kh X Fu X du

— kX AF X du (9)

Where AF is F-F, (kPa), #, is 7 at F,y, which
is given by the term of k; X Fy; X u.

Here u and F,,, are constant for F. Ju is assumed
to increase linearly with an increase of JF because
du is generated by the effect of braking of F.
Consequently Eq. (9) is modified to equation
(10).

ne= 77fp+(/f] Xu- /fl X /CZXP‘UIL)XAF

— ki X by X (4F)? (10)

Where %, is a constant.

Under the assumption that s converges to a value
at F,;;, the damping performance of DRM is given
by Eq. (11) above F),.

=k X~k X ko X Fuw) X AF
— kX ke X (AF)* + pep+ e
=X u—k X ke X Fu) X AF
~ ki X ke X (AF Y+ 7

Where 7, is 7 at Fy;.

(11)

4.2 V (Ferrite Content)-Dependency

Turning to Fig. 7, it can be seen that the damping
performance of DRM has apparent V-dependency
on both DRM and AB-DRM. Reflecting these
experimental results and Eq. (7), a;, a, and a should
be described as functions of V' and Eq. (7) is
modified to Eq. (12).

n=1nt 1
=g V)X F+a(V)XF=a(V)XF (12)

The estimated values of a,(V), a;,(V) and a(V)
are shown in Fig. 9. According to Fig. 9 it is
recognized that the internal loss increases almost
linearly in our experimental range (from 40 vol% to
60 vol%) and the frictional loss increases
exponentially with a decrease of V. The internal
loss increases with an increase of rubber
component.® The increase of the frictional loss is
inferred to be brought about by the increase of g
because Fj is given by a product of g and F.V-
dependency of 4 is shown in Fig. 10. Asshown in
Fig. 10, 4 has V-dependencies similar to ay( V).
The estimated value b are shown in Fig. 11 and
Table 2. Where b is defined as al(V)/u(V).
From Fig. 11 and Table 2, it is revealed that b is
almost constant for V. From these results it fol-

--a (V)
-o~-4a, (V)
& a, (V)

(=4

(=3

w
T

a(V), a,(V), a (V)

030 40 50 60 70
V (vol%)

Fig. 9 Estimated values of functions a(V),
V), alV). np=mtmn g=a(V)XF, =
a(VIXF, p=a(V}XFyx (FEFy), %:
damping performance of DRM, #;: frictional
loss, #; : internal loss.
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lows that a;( V') is in proportional to (V) and the
damping performance of DRM is formulated by Eq.
(14) below Fy.

af(v>=/a><u=b><u<V),}

a(V)=—cxXV+d (13)

p=ptpn=aXF+axXF
=pX U VIXF+(—cX V+d)XF (14)

1.2

1.04

0.8

0.4

0.2

0 10 20 30 40 50 60 70 80
V (vol%)

Fig. 10 V-dependency of dynamic coefficient
of friction u between DRM and steel plate.
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Fig. 11 V-dependency of estimated value b.

m=bXuXF (FSF,), n: frictional loss,
F,, : ultimate value of F.
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Where b, ¢, d are constants, b is about 4.3 X 102
(1/kPa), c is about 42X 1074 (1/kPa/vol%), and d
is about 2.9 X 1072 (1/kPa).

Moreover u( V') can be expressed by Eq. (15) from
the experimental results.

U V)=exexp(—fXxXV) (15)

Where e and f are constants, e is about 0.98, f is
about 2.9xX 1072 (1/vol%).

Finally the damping performance of DRM is
expressed by Eq. (16) below Fyy;.

p=(bXexXexp(—fX V))XF

+(—cXV+d)XF (16)

Above F,, the frictional loss is given by Eq. (11).
Considering that « is almost independent of (V)
and the term of k, X u is proportional to (V) as
shown in Eq. (13), &, is inferred to be proportional
to pe( V).

Au, which means the decrease of A5 above Fy,, is
assumed to have an increase nearly in proportion to
u( V) because the effect of Fy grows linearly with an
increase of (V). Consequently the constant k,,
which is given by du/AF, is inferred to be nearly
proportional to g(V). Taking these conditions
into consideration, the damping performance of
DRM is given by Eq. (17) above F;.

1=+ (L X (V)= bX Fu X i V)2) X AF

—bX (V)X AF)? (17)

Where /, and [, are constants.

From Fig. 7 it is seen that F,; of DRM of 60
vol%, whose (V) is smaller than that of DRM of 55
vol%, is higher than that of DRM of 55 vol%. The
reason is explained as follows. The ultimate value
of Fy, above which the effect of F; is generated
clearly and Ag is damped, is likely to be nearly
constant. Reflecting that F; is given by a product
of F and u(V), F, is nearly proportional to
u(V)™'. From these experimental results and

Table 2 Estimated values b, b, b, and b;.

Ferrite content

(voI%) b(X1072) b (X10?) b, (X107Y) b, (X1072)
40 422 — — —
45 4.49 — — —
50 433 — — —
55 422 —0.11 2.15 4.63
60 4.36 —0.05 2.18 4.70
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assumptions, F,;; can be estimated by Eq. (18).

Fult:laxﬂ(V)_l+Z4 (18)

Where [, and [, are constants.

From the experimental results J is estimated to be
about 0.9 (kPa) and /, to be about 4.6 (kPa). Sub-
stituting Eq. (18) into Eq. (17), Eq. (19) is derived.

=70+ Xt VIX AF — by X tl V) X AF

— b X (V)X dF)? (19)
Where b,, b,, b, are constants given in Eq. (20).
b=h—bLXlk, b=5bXL, b=h (20)

The results of estimating these constants by sub-
stituting the measured values of 5 of DRMs of 55
vol% and 60 vol% into Eq. (19) are shown in Table
2.

As mentioned above, F has a strong correlation
with V. The reason why F isn’t related with a
function V in this study is as follows. F is variable
by varying the magnetizing voltage, so F can be
given independently of V. Practically F is regard-
ed as an important factor to adjust the damping
performance of DRM.

4.3 A (Vibratory Amplitude of Vibrating Body)-
Dependency

A-dependencies of  of DRM and AB-DRM with
55vol% are shown in Fig. 12. A means the vi-
bratory amplitude of the vibrating body at the reso-
nant frequency around 400 Hz. A was changed by
varying the vibrating force with 1, 2, 3, 4X 1073 N,
and it was estimated by integrating the measured
vibratory velocity of motion once. According to

0.15 Magnetically Attracted
F(kPa)
° ~0-9.8
o & e O
" AT e84
| O e ST 4 e
L T
e
[~
Adhesive Bonded
—o—(F=00)
0.05F . . o
O 1 H 1
0 0.2 0.4 0.6 0.8
A(X 10 -6m)

Fig. 12 A-dependencies of loss factor 7 of
DRMs. A4 : vibratory amplitude.

Fig. 12, it is found that 7 of DRM increases appar-
ently with an increase of A4, whereas that of AB-
DRM changes little. The increase of the damping
performance of DRM is owing to the increase of the
frictional loss because Ag is promoted linearly with
an increase of 4. AB-DRM has little A-
dependency due to the lack of the frictional loss.

Moreover from Fig. 12 it is shown that the damp-
ing performance of DRM linearly increases with an
increase of A4, so the damping performance of DRM
can be formulated with Eq. (21).

n=pXA+gq 21)

Where p and g are constants.

Comparing Eq. (21) with Eq. (14), p, g should
have clear dependencies on F and V. F and
V-dependencies of the estimated value p are shown
in Fig. 13. From Fig. 13 it is recognized that p has
similar dependencies to those of 7 of DRM:s.
Considering that 4-dependency of » is due to that
of the frictional loss, the term of pX A4 should be
linked with 7; and g should be linked mainly with
7. Consequently Eq. (21) is modified to Eq. (22).

p=pxXA+gq
=y X W VIXFXA+(—cX V+d)XF
+a(F, V) (22)

Where 7 is a constant. «(F, V') is a function to
match the experimental results with the calculated
results by Eq. (22).

Comparing Eq. (22) with Eq. (14), a(F, V)
proves to be expressed with the term of s X u(¥) X
F, where s is a constant. So Eq. (22) is modified to

Eq. (23).
6 V(vo!¥)
A ~o- 60
Sr a —-55
e A AA. a 50
o 4 o ‘/ ) ~&- 45
=) e o 40
X 3+
B
21
‘l -
0 L 1 1 1 1 1
0 2 4 6 8 10 12 14
F(kPa)
Fig. 13 F and V-dependence of estimated val-

ue p. p=dn/dA.
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Table 3 Estimated values 7, s, 7, 5,, 5, and s;.

Ferrite content

(vol%) r (X109 s (X107?) r (X107 5 (X107%) 8, S
40 3.01 2.97 — — — —
45 2.96 2.90 — — — —
50 2.92 2.99 — — — —
55 2.90 2.81 7.56 7.32 5.1 1.1
60 3.06 2.82 3.51 3.23 5.1 1.1
10° _ - _ _
ot n=rXly, n=rXh, si=sXl, s$s=sXkh
5
10°F os (26)
104F . . .
. Comparing the relationships between Egs. (24)
2 ]02' and (19) with that between Egs. (23) and (14), the
- '01 - constants 7, S;, 5, and s, are given by Eq. (27).
10
1000 n=rXbfb, ss=sXbfb, s=b/b, ss=bs/b
107 27
2 1 e 1°9
10 40 50 60 The results of estimating these constants accord-
V (vol%) ing to Eq. (27) are shown in Table 3. # calculated

Fig. 14 V-dependencies of estimated values 7,
S. m=XA+)XuXF (F<Fyy), #: fric-
tional loss, F,,; : ultimate value of F.

7=(rxA+s)X (V)X F

H(—eX V+d)XF 23)

The estimated values of » and s are shown in Fig.
14 and Table 3. On average, » is about 3.0 X 10*
(1/m/kPa) and s is about 2.9 X 102 (1/kPa).

Above F,,, as is the same with the case of below
F,,, the frictional loss is assumed to be proportional
to the term of (r, X A+s;) where r, and s, are con-
stants. Taking this assumption into consideration,
Eq. (19) is modified to Eq. (24).

n=(nXA+s) X[ V)X AF — X (e V)* X AF)
— s X (V)X AF Y1+ 5 (24)

Where r, s,, s, and s, are constants.

By substituting F,,; for F in Eq. (23), applying
Eq. (18) and considering the internal loss to con-
verge to a value at F,;, 7, is expressed by Eq.

(25).
o=(rXA+s) X V)+ X A+s+n (25)

Where 7, is the convergent value of 7 and r, 7,
s;, S are constants which are given in Eq. (26).

20

according to Eqs. (25) and (26) agree with the
experimental data within an accuracy of 5%.

5. CONCLUSIONS

The followings are the conclusions of this study
on the damping properties of the Damping Material
Applying Rubber Compounding Magnetic Powder,
DRM.

(1) The damping performance of DRM magnet-
ically attracted to the vibrating body is much
enhanced compared with that of adhesive
bonded DRM and it is shown how great is the
role played by the frictional loss.

(2) DRM has a peak value of the damping perfor-
mance on the magnetic attractive force.

(3)  F, the ultimate value of the magnetic attrac-
tive force which gives the peak value of 7 of
DRM, was measured to be about 9.1 kPa in
DRM of 55 vol% and 9.9 kPa in DRM of 60
vol%.

(4) The damping performance of DRM improves
as the ferrite content decreases.

(5) The damping performance of DRM increases
linearly with an increase of the vibratory
amplitude of vibrating body.

(6) As the result of our experiments the damping
performance of DRM is estimated by the fol-
lowing equations.
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n=nt+n
m=(r X A+ )X (V)X F
p=(—cXV+d)XF (F<Fu)

= XA+ s) X[ V)X AF — X (t V2X AF
—ss X (u( V) X AF)?]
+(7/2><A+S4)></l( V)+ 3 X A+ se

== e (FiFult)

Where 7 is the damping performance of DRM, 7;
is the frictional loss, 7 is the internal loss, 7, is the
convergent value of the internal loss, F is the
magnetic attractive force per unit area (kPa), V' is
the ferrite content (vol%), A4 is the vibratory ampli-
tude of vibrating body (m), AF is F-F,; (kPa), r, s,
c, d, 1, By Fsy S, S, S, S, S5 are constants. 7 is
about 3.0 X 10* (1/m/kPa), s is about 2.9 X 1072 (1/
kPa), ¢ is about 4.2 X 107 (1/kPa/vol%), d is about
2.9x 1072 (1/kPa), r, is about 5.5X10? (1/m/kPa),
r, is about 1.4 X 10° (1/m), r, is about 2.7 X 10* (1/
m), 5, is about 5.3 X 10~* (1/kPa), s, is about 5.1, s,
is about 1.1, s, is about 1.3X 107! and s; is about
2.6x1072

These formulations are applied to the following
type of DRM, that is, the magnetic rubber layer is
made of butyl rubber whose ferrite content is 40-60
vol% and thickness is about 3 mm, the constraining
layer is made of hydrated calcium silicate whose
thickness is about 14 mm, and the mass is about 65
g. The applicable frequency is about 400 Hz. We
are planning to do the following works to make
clear the damping properties of DRM, one is to
verify these formulations shown in this paper
through more elaborate experiments with a large
number of measuring data, and another is to gener-
alize it through experiments with various kinds of
samples and several frequencies other than that of
this paper. and so on.
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