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Rubber dampers are widely used to damp out vibrations generated in many mechanical

elements because of the excellent damping characteristics of rubber. The damping characteristics

of rubber is much dependent on temperature and frequency, which, in some cases, limit the

effectiveness of rubber dampers. In this study, in order to increase the damping properties and

axial and cross stiffnesses of rubber vibration dampers which are used in recording and regenerat-

ing devices, solid cores were inserted with interference tolerance in the rubber dampers. The

damping characteristics of the rubber dampers with cores were investigated by experimentally

and numerically using finite element method with respect to the interference tolerance, the core

roughness, the materials of the core and the environmental temperature. From the experimental
and theoretical investigations, it was found that the core in the rubber increased both the damping
and stiffness of the damper. Also, it was found that the damping and stiffness of the rubber
damper were much dependent on the temperature and frequency. Using the results of the experi-
mental and theoretical investigations, the optimum design method for the cored rubber damper
for recording and regenerating devices was developed.

[

Hell Alqlabsle) F43 ek ol A okl B
28} A9 ko] o] FojxlI glom, o] Ao
A AEA obrlslE A AE 8 4£5FA e},
5 5o Aoy Wy AEe A
A &k H AL FA] 2 E2te] gdale] H 4
ek, mEl, 28-S FALAN olel AMFo
A AARSE Fod e47F Ha gloh oz

"3 ket 44

"*3] 4,

71 A -kt

R R s R P o

S5 Eol7] Sla] Aol

ol 7 L Fof
u1 b

] -0

RiaNe)

A & ZHH

o]
e

]
o
1c},

[Eas

= %7%3}7*!

i

=i
ox

2

3

B A}
Alofel] glof 4

£
L=
a

4»5
o

17aw1ﬂqﬂ£

7ch

= °l

=3
s

AN
[

s

o

o

s =

3

ﬂdﬁ%

I

ﬁM‘%FOJ
e
}m—i‘a

ey =

Feslo] ek AF7h el

SEEE
o}
che

\’:



A 5EAQ Aojgalew WSt ok AEY
Hel Az 2Foh olAte Qe Agsel g
onl, Be AARAL AFAE BEY WA 4P

% Abelstel RS $4A AFA, Wil 2
)% @ BEolq HPe EEUL ofATE A
s ol Al gieh, O

A A Ao B 542 o
o] AFE A7 AFE Lol F-7bA

% e} AATZEY AFS Fopdo
Az Aok AL FPsEw
A% Skl el ot
9l+=d], Tomlinson-g- w}Al3 9}
Fzel 54 54¢ Adole
v] i 5h9d o »{® Hundal-e- A 4]

24%F 7HE 1A EA Al=gle] o

&4 3 129 5 4 "3 A5 o
3 @A B AAetgdeh P 2] Schlesinger
= B AAA, wAdAH AFe] sl UE
o e A

oon, 2|
(stick-slip motion) o] =wle}2- zjA}slg el ©

Wang-& A4 543 npaEAE 7hale
A (fluid-based) o] A #}-f-% &+A (electrorheological :
ER) zt4|#a % o]&sled ol 2% (flexible
structure) &) A F & Aojsles ool whate] ¢
B 4 Aol FL4E e Sune A% v}
2714 (dry friction damping) 245 7}z S-f=3
A% (random vibration) & k= ] A8lef gk} 7} 7}
9~ 2 A9 (short-time Gausian approximation) ol
=718 A (cell mapping) WS A &shed &
Azt 49 m3 Tan® ojAk-F %4 (multi degree
of freedom)of 4] 57} n}a7taol ojs] wralsl v}
oA & FEah 4L Faahglen V) Sherif
5 apgale Aol A HAE 445F o A
Z7} 4 (contact stiffness) 58
3 ARE Feto] chazialo]
ARG e 0P o] ool s whAZIsle] A W
o1 F-Fo] 4asglch, 000

SAE e ol &4 2 $4 AT

|
P
4

rir

A7 dFE el A3
AR Fagel Agw A

Am
L 2 2 2 ok

L
ol
. .
2

o O{Nﬂdr T RO
W ol
o He o
2 8 e 2o

okl
25
N
)
2

N

N

N
N
S

L= 1 S A

Mopgk o e 2
O
2

°
B oo

lo ofn

oA Habold el Auske WANAE s

-1

L
2
)
&
2
N
ok
el
—
ol
ol

T
oo ®
ox
[
o
o
ofN
N
N
ok

2 2
>
i)

Ar o ol ood o g)
|
N
RO
ek
>
2
o
o
| 2
2
i
i
ﬂol.
oh
)
rir

o i ol
, 32
N
°,
i
ok
-l

ox -
@
=
- O
-
<
=]
&

1o
o>
off o
i)

fru

oL
oX
E
I
=
oX.

o

z
o
fo
O
oX
o
o
£
T3
lo
v
N
rlo
PO
2

2
b o
o
o

o mn N

o &

o
s}
o
N
o
=)
X
rir
e
ot
ox
o
=
o,
-+
]
3
ACH
2
off

EN o ol
= = ofof gt

2 dToMde o P45
AA B Asked, M-S
(butyl rubber) & A}-%
Hlznpeko 7o) 7hAEE
type) o] AEYs dFol selE 4l
Mo A" 3

7],;«4 o]

R il

o] 7} F o]

-

b



w4 CD-ROM Drivee2)
51 Apolel wigke] A=, ¥hEl uigtel g v}
ool Askgol Waste), Hughe] 74l
o A ZAr) FosEle, ool AR dbidulEk
o B4 Frbstel @Y (tiling) Se WAL @

A5 ARAAE st
A, A4, EedAele] e A

A A skl et

2. ZHM =

L

ASYTES 98t M5

2.1 Z|&E NEHHe Hdsay

2uj4 CD-ROM Driveol] A&

@] MEHrdede Sk A A
2

N
&
AgE AFYAS AL 8

i
rir

Age §2v]e] 7 % (Durometer hardness) 45
5, 555, 669 3717 AFHAHA il 483
et TEu H (Durometer) = Fol4 1% A=
47124, ctholok Aleo|x]el| 1= uls (indentor)

e
A9 AFE4E SHe7] SAg

Foly AR

Aol AEEAT $HY F LGS Al
T 14 27 FEoldsl AT 2Ha)

A¥ A Fig 304 2 uhel %

ol 7= o
W 13 34 FA5E oa Fobeke ARE o

Epglont, zhsfulel A4 8 o g e
Ae edgkeh whebA AR SAo] W 3 7 E
AE 47 A Z1EY Aeds Rl AF o
7 =l & e (solid cylinder type) ¢ 3o]-5 Abgls}
of AFiele] Aehddoel ogh Hohxel 4 aa
5 e 7 e AsdsE A4 s

941

Cross section

oy

e

I

i Loaded area J 1

N

Fig. 1 Shape and dimensions of the vibration damper
(Dimensions are in mm).

Upper plate Adjustable mass J
: Lower plate \ !
‘ \L o] N K0
| S B

| 777

I Aluminum Base —I

Vibration damper Vibration damper

Fig. 2 Apparatus for measuring vibration character-
istics of the rubber vibration damper.
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Table 1 Properties of IPCO 9923 epoxy.

IPCO 9923

Tensile modulus (GPa) 1.3
Shear modulus (GPa) 0.46
Poisson’s ratio 0.41
Tensile strength (MPa) 45.0
Shear strength (MPa) 29.5
Lap shear strength (MPa) 13.7
Density (kg/m?®) 1200

;1 Surface treatment

Fig. 4(a) Shapes of the vibration damper and the
core.
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|
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Mounted Shape of the core- mserted vibra-
tion damper.
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Fig. 6 Damping ratio and first natural frequency of the vibration damper with respect to the material type,

surface roughness and diameter of the core.

(a) Area of shear deformation

After deformation

(b) Mechanism of shear deformation

Fig. 7 Schematic diagram of shear deformation at the interface between the rubber and the core.
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Fig. 8 Apparatus for measuring Young's modulus and loss factor of the rubber damper.

Table 2 Young’s modulus and loss factor of the

fr=Resonance frequency [Hz] durometer hardness 45 butyl rubber
h=Height of rubber specimen [m] w.r.t. temperature and frequency.
M=Added mass [kg] Young's
m=Mass of rubber specimen [kg] Temperature| Frequency modulus Loss
S=Loaded area [m?] (c] [Hz] [MPa] factor 7
605 7.87 0.772
33 AEzan 5
2 dvoxe & xdedE 0C~50CE 815 9.54 0.686
10CH 77104 2o dAset EAAGE 575 7.11 1.198
54 ssis, . 681 5.49 —
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Table 3 Young’s modulus and loss factor of the
durometer hardness 55 butyl rubber
w.r.t. temperature and frequency.
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Table 4 Young’s modulus and loss factor of the
durometer hardness 65 butyl rubber w.r.
t. temperature and frequency.

Temperature| Frequency Young’s Loss Temperature | Frequency Young’s Loss
[c] [Hz] modulus factor 5 [C] [Hz] modulus factor 5
[MPa] [MPa]
865 10.53 0.976 805 18.82 —
5 5 1000 21.13 0.621
582 7.19 1.126 1175 19.30 0.492
" 545 6.31 - 740 15.91 =
75 8 46 0.718 10 850 15.27 0.520
70 1.6 0715 1030 14.83 0.595
2 740 11.57 0.910
587 4.85 0.465 20
195 = 20 0 859 885 10.95 0.720
95 660 9.20 0.644
575 4.65 1.060 25
247 124 L 08 825 9.51 0.664
20 595 7.48 0.394
495 3.45 0.699 30
368 288 0.545 78 8.46 0.452
40 475 6.55 —
455 2.14 0.653 40 515 5.60 0.503
358 2.81 0.628 635 5.64 0.427
50 485 4.97 0.506
422 2.51 0.536 50
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Fig. 15 Optimal condition of pressure w.r.t. temperature.
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Load - Time history

without core 1 88 MPa
@ 3.5mm core 1.78 MPs

Pressure

A
v

i
without core 0.24 macc
@ 3.5mm core 0.23 msec

Time [ msec ]

Fig. 17 Load-Time history of the input pressure
which was converted from the impact experi-
mentally produced on the rubber damper.

Table 5 Deflection of the vibration damper.
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[mm] [mm]
Without core 0.320 0.296 7.5
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