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Use of  high grade damping materials  is one  ofthe  efiective  methods  to reduce  vibration  and

noise,  but the conventional  damping  materials  have  two weighty  drawbacks, one  is that it

takes much  labor to instaEl, and  the other  is that it exhibits  high damping  performance at

limited frequencies and  temperatures,  To  overcome  these  drawbacks, we  haye developed a

new  typc  damping  material  Damping Material App]ying Rubber  Compounding Magnetic
Powder  (DRM). By compounding  magnetic  powder, DRM  has not  enly  a  good  work-

abilit}'  but also  enhaneed  darnping abilities.  As  the result  of  experiments,  the  fo}Iowing

properties are  revealed.  (1) The darnping perfbrmance of  DRM  has a  peak value  on  the

magnetic  attractive  fbrce. (2) The  damping  performance ot' DRM  increases w{th  a decrease

in the ferrite content.  (3) The  damping performance ofDRM  increases with  an  increasein
the  s,ibrat()ry  ampiitude  while  the  conventional  constraining  type  damping  material  has very

little dependency  on  the vibratory  amplitude.  These properties are  produced  by the fric-
tiona] loss generated between DRM  and  the  vibrating  body.
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           1. INTRODUCTION

  Use of  high grade damping  material  is one  of  the

effective  methods  to reduce  vibration  and  noise.'･2>

With  an  increasing need  for the  vibration  and  noise

centrol,  the  importance tbr the  yibrating  damping

materialsismounting.  Buttheconventionaldamp-
ing materials  have two  weighty  drawbacks, one  is

that it takes much  tabor to instal[, 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  darnping materiai,  Damping  Material Apply-

ing Rubber  Compounding  Magnetic Powder, which

is named  DRM.3T6}  DRM,  an  application  of  the

rubber  compeunding  magnetic  powder,  has not

enly  a  good  workability  but also  superior  damping
abilities.  The  dampgng performance  of  DRM  is

likely to be influenced strongly  by the fo11owing
factors; magnetic  attractive  force, ferrite content,

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  ofDRM  is shown  in Fig. 1. DRM

censists  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 easi{y  attracted  to a

vibratjng  steel bedy  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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bod>,. The  sliding  fi'iction has an  effect  efdissipat-

ing a portion ofvibralion  energy  as thermal  energy.

This frictional ]oss acts  together  with  the internal

loss caused  by the deformation of  the magnetic

rubber  layer, and  exhibits  prominent  damping

effects.

          3. EXPERIMENTAL

3.l Factors Influencing the Damping  Properties of

    DRM

  Main  factors which  give decisive infiuence are  as

fbllews.
.  Magnetic attractive  force.
. Ferrite content.

.  Dynamic  coeMcient  of  frictjon 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 infiuences of  these factors.

3.2 Samples

  Three kinds of  measurements  were  carried  out,
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namely,  measurements  of  op, pt and  F. op, that is a
loss factor of  DRM,  is a representative  index show-
ing the  damping  performance  ofdamping  material.

"  is a  dynamic coeMcient  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  fbllowing 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 7oo V to 1.7 kV. The  size  of

sample  was  IO× 200 × sample  thickness  (mm) for the
measurement  of  rp, 40 × 40 × thickness (mm) for that
of"  and  F. Thethickness oftheconstraining  layer

Tc was  l4mm  and  the thickness of  the magnetic

rubber  ]ayer 71) was  3mm  through  all  cases  of

measurements.  Themassofsamplewas65gforthe
measurernent  of  ny, 45g  fbr that  ofy  and  F. The

vibrating  body was  a steel plate the size  ef  10mm
width × 220 mm  tength (from the  fixed side  to the

free end) × 2,3mm  thickness. In the  measurement

of  op. DRM  was  vibrating  with  the vibrating  body.

Two  methods  were  selected  to hold DRM  to the

vibratjng  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 ExperimentatMethod

a. Loss factor op
  Measuring instrument for " is shown  in Fig. 3,

op was  measured  by a cantilever  type specimen.

One  side  ofthe  vibrating  body  was  fixed and  the free

end  was  vibrated  by an  electromagnetic  exciter.  A
measured  spectTum  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  op at this peak by Eq. (i).

                 o -  Ama  (l)
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  Where  1  is a  resonant  frequency (Hz), Llf is a

halfiyalue bandwidth at  .1: (Hz).
b. Magnetic attractive  force per unit  area  F

  Measuring  instrument for the magnetic  attractive

force oi' DRM  is shown  in Fig. 5. Surface of  the

constraining  layer ofDRM  was  fixed and  surface  of

the magnetic  rubber  layer was  attracted  to a steel

plate. The  steel ptate was  pulled up  by a tensile

machine  equipped  with  a  load cell  at  a  rate  of1

mmfmin,  and  the maxiinum  load at which  the steel

plate was  pulled off was  measured,  F  was  calcu-

lated by dividing the  measured  load by the  surface

area  of  the magnetic  rubber  layer,

c. Dynamic  coeMcient  of  friction between DRM

   and  a  stee1 body  p

  Measuring instrument for "  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 cetl. The  load was  measured  when  DRM
moved  at  even  rate  of  about  50 mm/min,  and  pt was

estimated  by Eq, (2).

                 "-  (i7mg (2)

  Where  4f is a  measured  load (N) and  m  is a tnass

of  the weight  and  DRM  (215 g) and  g is the gravita-
tional  aoceleration  (9.8 mfs2).

  More  than  five data were  taken  and  averaged,

All experiments  were  done  at  room  temperature

(23± 3oc).

 4. DAMPINGPROPERTIESOFDRM

4.l F  (Magnetic Attractive Force per Unit Area)-

    Dependency

  F, V-dependencies of  the less factor ny are  shown

in Fig. 7. F  means  the magnetic  attractive  force per
unit  area  of  DRM,  V  means  the ferrite content.  op
of  DRMs  with  V  of  40, 45, 50, 55 and  60 volurne%

were  measured,  F  ofeach  DRM  was  changed  by

varying  the magnetizing  voltage,  F  was  ebtained

in the range  from FM]N to  FMA.. Where  Fl,iiN is the
least value  at which  DRM  was  kept being attracted
to the vibrating  body, and  FMAx is the value  of  being

fu11y magnetized.  The  correlation  between the

magnetizing  voltage  and  F  is shown  in Table 1.

  op of  AB-DRM,  that is DRM  attached  to the

vibration  body  by adhesive  bonding, of  each  V
were  plotted on  theright  Y-coordinate, According

to Fig. 7, it is revealed  that ep ofDRM  is apparently

greater than  that of  AB-DRM  in sample  of  each  V,
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Table 1 The  correlation  between magnetizing

 voltage  and  F.

K, {v)
       60vol%  55vol%F

 (kPa)50vol%
 45vel%  40vol%

I.700l.5001,300l,1OO

 900
 700

10.89.9928.37.97.7

9.89.1
 8.2

g.9 7.8
8.4 7,O

7.i 6.7

5,34.6 4.7

VKi : Magnetizing voitage,  F: Magtetic uttractive  force
per unlt  area

For exaniple,  op of  DRM,  whose  U  is 60 vol%  and  F

is ]O.8 kPa, is about  one  third greater than  that of

ABDRM  of  60vol%, The  reason  is likely to be

that DRM  has a  great frictional ioss in addition  to

an  internaHoss. whlle  AB-DRM  scarcely  has the

frictjQnal loss.

  From  Fig. 7, it can  be seen  that op of  DRMs  of55

vel%  and  60 vol%  have a peak value  on  F, and  op of
DRMs  of  40vol%,  45  vol%  and  50vol%  improve

simply  with  an  increase of  F. Here the ultimate
value  of  F, which  gives the peak value  of  op, is

defined as Fl,Tt. 1Lit is foundto  be about  9.1 kPa  in
sampie  of  S5 vol%  and  ahout  9.9 kPa  in sample  of60

vol%.  From  these results  it fo]lows that the damp-
ing pertbrmance of  DRM  has essentially  a  peak
va]ue  on  F,  and  the  reason  why  no  peak appears  in

DRMs  of  4e, 45 and  50 vol%  js likely to be that F  of

these  DRMs  don't reach  FL,t even  when  they  are

fu1]y magnetized.  These F-dependencies  of  the

damping  performance  of  DRM  seem  to originate

from the F-dependency  ofthe  frictional loss. The
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reason  why  the  frictional Ioss has a  peak value  is

explained  as  fo11ews. The  frictional loss is given
by a  ratio  of  the  energy  loss dissipated by the  fric-

tional resistance  to the energy  of  the vibration  ofthe

composite  plate, that  is a  vibrating  body  with  DRM.

The  energy  loss caused  by the fi-ictional 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).

              rpf==(F}kXAs)fva (3)

  Where  opf is a frictional Ioss, Il, is a frictional
resistance  (N) and  As is a sliding  amplitude  of  DRM

on  the vibration  body (m), W  is an  energy  of

vibration  of  the  composite  plate (J),
  ln the small  range  of  F, Flt increases simply  with

an  increase of  F, whereas  As isn't decisively
influenced by  F  but by  the  vibratory  arnplitude  of

the vibrating  body  because DRM  slides  without

being braked by Fl,. Moreover  PV changes  little
with  a  change  in F  because the vibration  amplitude

of  the composite  plate is scarcely  influenced by F.
Reflecting these conditions,  ijf improves simply  with

an  increase efF  beiow FL,,, In the  range  of  F  wjth

excess  intensjty, As is damped  because DRM  is
attracted  strongly enough  to be braked and  the

sliding  ofDRM  on  the interface ofvibrating  body  is
restrained.7)  Influenced by the  decrease of  As, the
frictional loss breaks down. Considering these

assumptions,  a  standard  expression  of  the  damping

perfbrmance of  DRM  is shown  in Fig, 8. The
damping  perfbrmance of  DRM  is given by a  sum  of

the internal loss and  the frictional loss, The  inter-

f

                    F

Fig. 8 Standard expression  ofdamping  perfbr-

 mance  ef  DRM.  F: magnetlc  attractive

 force per unit  area,  Fl,it : ultimate  value  of  F.
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nal  loss increases almost  linearly with  an  increase of

F  in its weuk  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  perfbrmance  op of  DRM  is given
by Eqs, fi'om (,3) to (7) below 11iTd･

             vi =-  (FltXAs)!W (3)

            E2=ltXF,  As=u  (4)

     or:' (kXuXF)M'=laXztXF=afXF  (5)

           rpt= rpicliiL" XF==  atXF  (6)

       v=r ryi+ ny, =･=･ af  pt F+  aiXF--aXF  (7)

  Where nf is a frictional loss, opi is an  internal loss,

ni, is a convergent  value  of  nyi, u  is a sliding  ampli-

tude  of  DRM  on  the vibrating  body <constant fbr F)

(m), k, k,, a,  a, and  ai are  censtants,

  Here Eq. (6) is based on  an  assumption  that ll,,t

i$ so  strong  that  the deformation of  the magnetic

rubber  layer at Fl,,Js as great as  that ef  AB-DRM

and  nyi converges  to the value  ot' AB-DRM  around

f'u1t･

  Above  fJL,,t, representing  the  decrease of  As with

Zu, the frictional loss of  DRM  is given by the

fo11owing equatiens.

             nyi=='(l'kXAs)!W (3)

    n=AT]XF=ki × Cza,iL+tiF), As=u--liu  (8)

      vr･ ='  rpf. + k] × rt × AF  
-'

 ki × Eiit ×  Au

         "ki × riP'× Au  (9)

  Where  zlF  is F-fi1,,, (kPa), opf, is ts at  ikit which

is given by the term  ot' ki × Eiit × U-

  Here u  and  E,it are  censtant  for F. tiu js assumed
to increase ]inearly with  an  increase of  zlF  because
du  is generated  by the  effect  of  braking of  Eit.
Consequently Eq. (9) is modified  to equation

{10}.

      rpf= Vfp+(ki × U  
'
 ki × h × Eait) × AF

         -k,xh ×(,tlF)2 (1O)

  Where  k2 is a  constant.

  Under  the  assumption  that  opj converges  to  a  value

at F.Lt, the damping  pe]'f'ormance of  DRM  is given
by Eq. (11) above  Fl,it.

STUDY  ON  THE  DAMPTNGPROPERTIES  OF  DRM

        op=(k, × u-th,XhXFI,,,)XAF

           
-  ki X  in ×  (AF)2+ vfp+ zac

         ;=- (fr, × u  -- k, X  h  × FL,,) × ZF

           
-kiXin

× (AF)2+nyp (ll)

  Where  op, is ij at 4tt･

4.2 V  (Ferrite Content)-Dependency

  Turning to Fig. 7, it can  be seen  that the damping

perfbrmance  of  DRM  has apparent  V-dependency
on  both DRM  and  AB-DRM.  Reflecting {hese

experimental  results  and  Eq. (7), af, ai and  a should

be described as functions of  V and  Eq. (7) is
modMed  to Eq. (12).

      rp ==  rpt+ rp1

       =-･af(V) × F+ai(V) × F-a(V) × F  (12)

  The  estimated  va]ues  of  af(V),  ai(V)  and  a( V)
are  shown  in Fig, 9, Aocording to Fig. 9 it is

recognized  tbat the internal loss increases alrnost

linearly in our  experimental  range  (from 40 vol%  to

60vol%) and  the frictional loss increases
exponentially  with  a decrease of  V. The  internal
loss increases with  an  increase of  rubber

component.H)  The  increase of  the fl/ictional loss is

inferred to be brought about  by the increase of  #
because 4  is given by a  product of  "  and  Eif-

dependency of"  is shewn  in Fig. 10. As shown  in
Fig. 10, pt has V-dependencies similar  to af(V).

The  estimated  valtte  h are  shewn  in Fig. I1 and

Table 2. Where  b is defined as  a,(V)lu(V).

From  Fig. r1 and  Table 2, it is revealed  that b is
almost  constant  for V. From  these  results  it fol-
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lows that a,(V)  is in proportional to pt(V) and  the

damping  performance of  DRM  is formulated by Eq,

U4) below Fl2it･

         :IE.V]I-k-i.
×

."=.b.

×

,"(""1  (i3)

rp=ny,-t-rp,r-afxF+ai× F

      ==b × "( V) × F+(-cX  V+d)XF  (14)

t.2LO

O.B=

 O.6

O.4

O.2

    o
    o lo 2o 3o 4o so 6o 7e se

               V (volX)

Fig. 10 V-dependency  of  dynamic  coeMcient

 of  friction "  between DRM  and  steel  plate,

5

4

03ar
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o

  .--e

e

       30 40 5D 60 7D

               V (velX)

Fig. Il V-dependency  of  estimated  vaLue  b.
 za=bXptXF  (FSEL,,), ta/ frictjonal loss,

 Fliit / ultitnate  value  of  F,

  Where  b, c, d are  constants,  b is about  4.3×  10m2

(1/kPa), e is about  4.2× 10-` (1/kPalvol%), and  d
is about  2.9× leT2 (1/kPa),
  Moreover  pt( V) can  be expressed  by Eq. (l5) from
the experimental  results.

          pt( V) ==:eXexp(LfX  V) (15)

  Where  e  and  f  are  constants,  e  is about  O,98, f is

about  2,9 ×  10m2 (1/vol%),
  Finally the damping perfbrmance of  DRM  is

expressed  by Eq. (16) below  Iliit･

        v=(b × e × exp(-f × V))× F

           +(--cxV+d)xF  (16)

  Above  FL,,, the frictional loss is given by  Eq, (1 I).
Considering that u  is almost  independent of#(V)

and  the  term  of  ki × u  is proportional to p(  V) as

shown  in Eq, (13), k, is inferred to be proportional
to #(  v).

  Zlu, which  means  the  decrease of  As above  FL,t, is
assumed  to have an  increase nearly  in proportion to

pt ( V)  because the effbct of  lik grows linearly with  an

increase of  "(V),  Consequently the constant  k,,
which  is given by du/AF,  is inferred to be nearly

proportional to pt(V). Taking these cenditions

into consideration,  the  damping  performance of

DRM  is given by Eq, (17) above  Fliit･

    v==nyp+(liXpt(V)rh × Ii;,]t× u(V)2) × tiF

       
-h

× ("( V) × tiF)2 (17)

  Where  4 and  h are  constants.

  From  Fig. 7 it is seen  that  FU,, of  DRM  of  60

vol%,  whose  pt( V) is smaller  than  that ofDRM  ofS5

vol%,  is higher than  that ofDRM  of55  vol%.  The

reason  is explained  as follows, The  ultimate  value

of  Ek, above  whjch  the  effect of  4  is generated
clearly  and  As is damped,  is likely to be nearly

constant,  Reflecting that lili is given by a  product
of  F  and  pt(V), Fl,it is nearly  proportional to

pt(V)=i, From  these experimental  results  and

Table2  Estimated vatues  b, bi, b2 and  b3,

Ferrite content

  (vol%)
b< × 10-2)b,  (× 10-2)b,  (×  10-i)b,  (×  10-2)

4045so5560 4.224.494.334.224,36

-e,11-O.05 2.152.18 4.634.70

l8
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assumptions,  E,it can  be estimated  by Eq. (18),

            K,,-hXpt(V)-i+h (18)

  Where  ag and  4 are  constants,

  From  the  experimental  results  h is estimated  to be

about  O.9 (kPa) and  4 to be about  4.6 (kPa), Sub-

stituting  Eq. (18) into Eq  (17), Eq. (l9) is derived.

     ny=-ny,-･･bi× "(V) × dF-bl × "(v)2 × nF

        
-- in× ("( V) × dF)2  (19)

  Where  bi, b2, b3 are  censtants  given in Eq. (20),

       b,= t, -  la× ts, bl -= le× la, bu ==h  (20)

  The  results of  estimating  these censtants  by sub-

stituting  the measured  values  of  n  of  DRMs  of  55

vol%  and  60 vol%  into Eq. (l9) are  shown  in Table
2.

  As menrioned  above,  F  has a strong  correlation

with  V', The  reason  why  F  isn't related  with  a

function V in this study  is as fo11ows, 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

perfbrmance  of  DRM.

4.3 A (Vibratory Amplitude  of  Vibrating Body)-

    Dependency

  A-dependencies of  v of  DRM  and  AB-DRM  with

55vel%  are  shown  in Fig. 12. A means  the  vi-

bratory amplitude  of  the vibrating  body  at the reso-

nant  frequency areund  400Hz. A  was  changed  by

varying  the yibrating  force with  1, 2, 3, 4×  10-3N,

and  it was  estimated  by integrating the measured

vibratory  velocity  of  motion  once,  Aocording to

g
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fig. 12 A-dependencies of  loss factor ny of

 DRMs.  A: vibratory  arnp]itude.

Fig. 12, it is found that "  ofDRM  increases appar-

ently  with  an  increase of  A, 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 As is promoted  linearly with

an  increase of  A. AB-DRM  has little A-
dependency due to the lack of  the frictiona-oss.

  Moreover frorn Fig. 12 it is shown  that the damp-
ing performance  of  DRM  linearly increases with  an

increase of  A, so  the damping  performance of  DRM
can  be formulated with  Eq. (21).

                op ==pxA+q  (21)

  Where  p and  q are  constants.

  Comparing  Eq. (21) with  Eq. (14), p, q 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 phas
sirnilar  dependencies to those of  v of  DRMs.

Considering that A-dependency of  op is due to that

of  the  frictional loss, the  term  of  pXA  should  be
linked with  opf and  e should  be linked mainly  with

iji, Consequently Eq, (21) is modified  to Eq. (22).

     v=PxA+q

      ;rX  pt( V) × FXA+(-cx  V+  d)XF

       +a(F,  V) (22)

  Where  r  is a  constant.  a(F,  V) is a  function to

match  the experimental  results  with  the  calculated

results  by Eq. (22).
  Comparing  Eq. (22) with  Eq. (14), a(E  V)

proves to be expressed  with  the term  ofs × p(U) ×

F, where  s  is a constant.  So Eq, (22) is modified  to

Eq. (23).
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F  and  V-dependence  of  estimated  vai-

p:=AnlzlA,
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Table 3Estimated  values  r, s, ri, si, s2 and  s3.

Fe[rite content

   (vol%)
r(X104) s( × le-2)r,  (× 102)s,  (× 10-D op op

4045505560 3.012.962.922.903.062.972.902.992.812,82

7,563.51 7.32323 5,15,1 LlLl

  loB

  lo5

  to`ep

 lo3L'

 lo2

  loi

  loo

  lo-i

  lo'2
              4a so 6o

                V (vol%)

Fig. 14 V-dependencies ofestimated  values  r,

 s. op,=(r× A+s) × " × F(F$Eiit),  opf:friC'
 tiona] loss, l{,it : ultimate  value  of  F.

          rp-(rXA+-s)Xu(V>XF

             +<'"cXV+d)XF  (23)

  The  estimated  va]ues  of  r and  s are  shown  in Fig,

l4 and  Table  3. 0n  average,  r  is about  3,OX104

(1!m/kPa) and  s is about  2,9× 10-2 (1/kPa).
  Above  Fl,it, a$ is the same  with  the case  of  below

E,]t, the frictional loss is assumed  to be proportional
to the term  of  (r, × A+si)  where  ri and  si are  con-

stants, Taking this assumption  into consideration,
Eq. (L9) is modified  to Eq.  (24),

rp-(,-i× A+s,) ×[li(V)× tiF-s, ×("(V)2× AF)

   -seX(fi(V) × dF)2]+o,  (24)

  Where  ri, si, s2 and  op are  constants.

  By substituting  Fl,,, for F  in Eq, (23), applying

Eq. (18) and  considering  the internal loss to con-

verge  to a  value  at  Fl,it, i7p is expressed  by Eq.

{25).

     rpp="(h× A+s-)Xpt(V)+rb × A+ss+rpic (25)

  Where  nyi, is the convergent  value  ef  opi and  ng, ng,
s4, sb are  constants  which  are  given in Eq. (26).

   7la =:  rXh,  ts =,-  rX  ts ,
 fu =::sx  th ,

 ss =sXh

                                     (26)

  Comparing the relationships between Eqs. (24)
and  (t9) with  that between Eqs. (23) and  (i4), the

constants  ri, si, sb and  sh are  given by Eq. (27).

n=rxbilb,  si=sXbifb,  s2=tulbr,  da=[bllbi

                                    (27)

  The  results  of  estimating  these constants  aocord-

ing to Eq, (27) are  shown  in Table 3. ij calculated

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 ofthe  Damping  Material
Applying Rubber  Compounding  Magnetic Powder,
DRM,(1)

(2)

(3)

(4)

(5)

(6)

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.
DRM  has a  peak value  ofthe  damping perfbr-
rnance  on  the  magnetic  attractive  force.
FLit, the ultimate  value  of  the magnetic  attTac-

tive  force which  gives the  peak value  of  ij of

DRM,  was  measured  to be about  9,1 kPa in
DRM  of  55 vol%  and  9.9 kPa  in DRM  of  60
vol%,The

 damping  perfbrmancc of  DRM  improves

as the ferrite content  decreases,
The  damping perfbrmance of  DRM  increases
linearly with  an  increase of  the vibratory

amplitude  of  vibrating  body,

As  the  result  of  our  exper{ments  the damping

performance of  DRM  is estimated  by the fo1-
lowing equations.
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nymvf+rp[

vf-(r × A+s) × pt(V) × F

rp;･7-･･(-c× V+d) × F  (F5.FLit)

rpf=(ri× A+si) × [pt(V)× AF--s2 × pa(V)2× AF

   -- s3 ×  (pa( V) × diF)2]

   
-1･･(r2

× A-f's4)× st(V)+rb × Atss

             nyi =  opic (Fl i7uit)

  Where  n  is the  damping  performance ofDRM,  opf
is the frictional loss, opi is the internaL loss, opi, is the
convergent  value  of  the  internal loss, F  js the

magnetic  attractive  force per unit  area  (kPa), V  is

the ferrite eontent  (vol%), A  is the  vibratory  ampli-

tude  efvibrating  body  (m), AF  is F-E,it (kPa), r, s,

c, d, rl, ts, ts, sl, s2, op, -, ss are  constants.  r  is

about  3.0×  IO  ̀(lfm/kPa), s is about  2,9× IOm2 (11
kPa), c  is about  4.2 × 1O'" (1/kPa/vol%), d is about

2.9× IO'2 (VkPa), r, is about  5.5× 102 (lfm/kPa),
h is about  1.4× 105(lfm), ag is about  2.7× 104 (1!
m),  s, is about  5,3×  10"`(lfkPa), s2 is about  5,1, eq
is about  1.1, eq is about  1.3×  10-i and  s, is about

2,6× IO-2.

 These formulations are  applied  to  the  fo11owing

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  calciurn  silicate  whose

thi¢ kness is about  14 mm,  and  the mass  is about  6S

g. The applicable  fi:equency Ls about  400  Hz. We

are  ptanning te  do the fo11owing 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  varieus  kinds  of

sarnples  and  several  frequencies other  than  that of

this paper. and  so on.
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