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Designof  Bow  Absorber
                       Hull

for Vibration Reduction
Girders
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                                       Summary

  An  active  bow  absorber  for vibration  recluction  of  hull girders is presented. In this investigation, the
chain

 locker of  ships  is designed as  the tuned mass  of the absorber,  which  is driven by a  hydraulic

        Since the chain  Iocker is very  heavy, the absorber  will  have  a high eficiency  for vibration
system.reductien.

 Including the dynamics  of the hydraulic system,  the control  Iaw of the absorber  is derived
basing on  the optimal  control  and  optimum  estimation  theory.  Finally, frequency ancl  tirne response
are  considered  for a  bulk carrier  to understand  the feasibility of  this design. Frorn the simulatiens,  we
find. thg  bow  abserber  is highly effective  for vibration reduction  of  hull girder due to main  engine

        ,especially  fer the lower frequency mode,  such  as  v･2,  v-3  and  v"4 mocles,  The  required
excltatlon

hydraulic force and                 the displacement of  the actuator  for reducing  the resonance  exciting  are  reason-
able. The  results  also  show  the effect  of  vibration  suppression  by the bow  absorber  is similar  to that
by the stern  absorber  even  for the excitation  in stern.

                1. Introduction

  Since hull vibration  affects  the cornfort  of passengers
and  crew  and  the failure of  structures,  it has been an

interesting subject  to shipbuilders  and  marine  engineers

for a  long time. In 1884, Schlick first discovered that
hurl vibration  wM  become  excessive  when  the fre-
quency  of  engine's  revolution  meets  the  resonance  fre-
quency  ef  the the hulli). He arso  found  the severe

hull vibration  could  be avoided  if the frequency of  any

exciting  sources  did not  close  the resonance  frequency
ef  the huli. So, it becomes very  irnportant to predict  the

resonance  frequency of the hull in the design. Until
now,  several  ernpirical  formulas and  calculation

methods  have been  developed2)'3)'`} but the problem  of

hull vibration  has still not  been solved  completely.  The
dominant  reason  is that to accurately  predict  the reso-
nance  frequency is diMcult because of the complexity  of

ship  sfructure.  In addition,  the hull resonance  frequency
is variant  due to the  different load conditiens.  There-
fore some  passive  absorbers,  such  as  tuned  mass  type5)'6}
and  tuned liquid type 

')'S)'")
 and  some  active  ab-

sorbers  
'O}

 have  been developed to reduce  the peak
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 level of  response  at dominant  resenance  frequency.

  Recently, a  wideband  absorber  was  designed for

 reducing  multi-mode  vibration  of  hull girders  by  the

 authors.  The results  show  this scheme  does  offer  a  high
ernciency  ef  vibration reduction  clue to the main  engine

excitationii).  In the system,  the  smaller  moving  rnass

the  absorber  has, the Iarger capacity  the hydraulic
system  should  have. So, we  can  decrease the size  of  the
hydraulic power  system  for the absorber  by  increasing
the weight  of  the moving  mass.  However, this addi-
tional weight  will  become a  significant  drawback if the
moving  mass  of the absorber  is very  heavy. In this
paper, the chain  locker is desigried as the moving  mass

of  the  absorber  sysem.  Since the chain  locker is a
requisite  but also  very  heavy  equiprnent  on  ships, the
capacity  of  the  hydraulic power  can  be reduced  without

additional  moving  mass.  If the  absorber  is shifted  to

bow,  the perforrnance of  the vlbration  reduction  by this
design will  be different from  that  of  the absorber  in the
stern, in which  rnest  of  the excitation  sources  are  locat-
ed.  Finally, a  bulk  carrier  is consiclered  as  a numerical

exarnpie  to understand  the performance  of  this design.

                 2. Methods

  2. 1 Dynamics  ef the Bow  Absorber

  An  active  absorber  with  chain  locker as  the  moving

mass  is designed for yibration reduction  of  the  hull
girder, The  chain  locker is separated  from  the main

structure  of the ship  and  supported  by some  springs

shown  in Fig. 1. A  hYdraulic'actuator is fixed on  the

main  structure  under  the  chain  locker to generate  forces
underneath  the chain  locker. When  the  chain  locker is
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Fig, 1 The  Configuration of the Bow  Absorber System

            J
moved  by the actuator,  the active  force fh w{11  act  on

the hull girder  given by

    fh=m,-!dlX?Z, (1)

where  mi  is the mass  of  the chain  Iocker, yp is the
displacernent of  the  chaln  loker. Due to the constrain  of

the springs,  the relationship  between the  active  force
and  the  output  force from  the actuator,  fL, is
    fh==fi-le,y. (2)
where  ki is the total stiffness  of  those  springs,  yd is the
displacement of  the chain  locker relative  to the cylin-
der, which  is fixed on  the  hull.

  If the  active  force is adjusted  to be out  of  phase  in
respect  to the motion  of the hull glrder,  the  vibration  of

the  hull girder may  be reduced  by  this force. The
movement  of  the actuator  is controlled  by  a  servovalve,

which  is operated  by a  suitable  rnommand  calculated  by
the controller  according  to the motion  of  the hull.

  By  the  dynamic  equation  of the valve  orificesi2},  the

load flow in the  vicinity  of the operating  point depends

on  the displacernent of  the spool  and  the load pressure
difference, expressed  as

    Od=kqxv-kejFlt 
'
 (3)

where  Qd is the mean  value  of the forward and  return

fiows, xv  is the displacement of  the spool,  Rt is the load

pressure difference, feg and  k. are  the fio.w gain and  the

fiow-pressure coeMcients  of  the valve.  Although  both
coeMcients  are  variable  and  dependent on  the displace-
rnent  of the spool  and  the  Ioad pressure difference, a

linearization approach  at  the  operation  point is usually
applied  for design.

  The movement  of  the spool  is driven by a coil  and  an

amplifier  accerding  to the control  signal.  It assumes

that the displacement of  the spool  is proportional  to the

control  signal  described as

   Xv=lesVc  (4)
where  k. is the  gain  of  the  servovalve.

  If the  compressibility  of  the fiuid and  the leakage
between  the cylinder  and  the piston  are  consiclered,  the
relationship  between the  fiow rate  and  the hydraulic
pressure of  the  forward  and  the return  chambers  can  be
obtained  by  a continuity  equationL3),  such  as

    Qd-c,ltIZi=ApddYtd+41;. 
g[:/"-

 <5)

where  ck  ls the cross-port  leakage cueMcient,  Ap  is the
area  of  the  piston, Vt  is the total volume  of  the  forward

and  the return  chambers,  and  e. is the  effective  bu]k
modulus  of  the oil,

  If the resistant  force between  the piston and  the

cylinder  is considered  as a linear viscous  friction, the

force output  from  the  piston  rod  leads to
               dy.
   fi =:  PaAp  

-
 cd                                         (6)

                at
where  cd is the viscous  friction coethcient.

  From  Eq(1) to Eq(6), the dynamic equation  for the
active  absorber  can  be represented  by lst order

differential equation  sets

    CtZi
       =AiiZi+Buvc+B

    dtwhere

        dyp
         dt
   Zi=
         Yd

         e
             Cd  le1
            Ml  Ml

   A.=  1 O

           4BeAd
                    o
         

-K

   But[o  o mp]T
   B12==[iiid, 

ul
 
4Bf..]T

  2.2 DynamicEquation

  The  ship  hull girder is
sirnple bearn. For

 dycil-d';-t

4

A.Ml

 oe
 kc+ck)

(7･)

(8)

(9)

K

<10)

(Il)

                       of  the Ship Hull

                      idealized by  a  non-uniforrn

                 simplification,  the buoyancy  and

hydrodynamic viscous  force are  censidered  as  distribut-

ed  spring  and  damping;the  structural  damping is
assumed  to be distributed Rayleigh damping. Then, the
hull girder can  be modeled  as  a  non-uniform  cross-

section  Timoshenko  beam. The schematic  diagram  is

shown  in Fig. 2. The equation  of  motion  of  the  hull is

then expressed  asi4)･i5)

   m-ai!!iStSLt)-2 +ce0W(oXt't)+kew(x,t)

w(x,O

fext

HullGlrderM,As,ELGs,Rg

        ke(x), Ce(x)

Fig. 2 Dynamic  Model  of the Hull Girder

x
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 in which  tn  is the surnmation  of  the light ship  weight,

 the cargo  weight,  and  the added  mass  of  the ship  ; c. is

 the distributed hydrodynamic damping;  k. is the dis-
 tributed  hydrodynamic  spring;cs  is the structural

 damping  coeMcient;  EI  is the  fiexural rigidity;  Rg  is

 the square  root  of  gyration; As is the effective  shear

 area;  Gs ls the  shear  modulus;  w  is the displacement
 of the hull ; Axt is the  surnmation  all  of  exciting  forces,

 which  include the active  force loacl L,.t and  exciting

 loads ft.

  According  to the concept  of the finite element

 methed,  the motion  distribution of  each  sub-beam  is

 approxirnately  expressed  by the rnotion  of  the  end

 points and  some  shape  functions. If vertical  translation

 and  slope  are  chosen  as  the clegree of  freedom  for each
 node,  there  will  be 2n dofs in the discrete hull model

 when  n-1 sections  are  taken. By the principle  of  virtual

 workiE),  the governing equation  becomes              '
      d2 ur             drv
    M  dt2 

+B  di +Kva=:a+E,  (13)
where  M  is the mass  matrix  ; va is the vertical  transla-

tion  and  slope  of  every  node  ; B  is the carnping  matrix  ;
K  is the stiffness matrix  ; F} is the generalized exciting
Ioad vector;and  Ez is the  generalized active  force
vector.

  2.3 Dynamics of  the Total Systern

  Since the absorber  is fixed on  the  ship  hull, the
cylinder's  motion  follows the  hull vibration.  For the

location of  the absorber  x==  a,  the relationship  between
the active  force ioad of  the hull girder and  the active
force ef  the absorber  is given by
   fhct(x,t)t-1i(t)fi(x-a) (14>
where  a is the Dirac delta functien. If the  active

absorber  is chosen  as  located at  the node  h of a  discret-
ized model  of  the  hull girder, then

   Fl,=I,kfh (15)
where  I2k is an  2n × 1 mat;ix  with  a zero  value  except

when  element  2k is 1.

  From  Eq(14) and  Eq(15), the clynamic equations  of

the metion  of  the absorber  and  the the hull girder can  be
cQmbined  as

    di
    dt 

±AoZ+Boive+Be2Ee  . (16)
where

Z-

3e7

ZiWdWat

(17)

   [ Aii 03x!n Bi!l-2rlt 1
As=L &nx3 Qnx2n I-zn 1
   t-M-i l-,,B,, 

-M-TK
 
-M-iC-c.M-i

 i,,i,T,j(18)

    B.,=[ulZ:l,] "g)

    B.,-:[[li'X.Z,nl (2o)

    B,,=[-c.  
-k,

 A.] (21)
 Oib･ is iXl' zero  matrix  and  ii is an  ixi identity
 matrix.

  2.4 Controller Design

  In order  to suppress  the vibration  of  the  huLl

 effectively,  the value  vc  must  be cautiously  adjusted  to

 be dependent  on  the vibration.  Therefore, the objective

 of  this design is to find a  suitable  turning law for the
 controller,  so  that the  vibration  of  the hull can  be

 reduced  to the desirecl level and  the operation  of the

 actuator  remains  feasible. A  higher eMciency  of  vibra-

 tion reduction  is needed,  the greater  power  from the
 actuator  is required.  Then we  can  define a  perfor-

 mance  index to express  the total  performance  of  the

 vibration  reduction  and  power  requirement  such  as

    J=E(,Cco(`i..l3(q,z7)+(rwg))dt) (22)

 where  f is the performance  index, zi  is theith  element

 of  Z. In general, qi is selectecl as  a  nonnegative  value,

 and  r  as a  positive value.  After these  weights  are  given,
we  can  choose  an  optimal  control  signal  so  that the
value  of the cost  function is minirnized.  We  assurne  that

the external  excitation  load is a  white,  Gaussian, zero

mean,  In addition,  the  initial states  of  the hull and

actuator  motions  are  assumed  to be random  variab!es,

which  are  Gaussian and  inclependent of the loading.
  Based  on  the method  of  calcuius  of variation  and  the

stochastic  theory, this problem  can  be solved  by analyti-

cal operationt'),  in which  the optimal  input command

vc.pe(t)  can  be obtained  and  given  by

    Vc..,(t)=-IBe'iRZ(t)  (23)

where  P  satisfies  the mqtrix  Riccati equation,

    R4o+A,'P--}  IIB.,B.'iP+Q=O (24)

and  O  is a  diagonal matrix  with  the diagonal element
qi.

  Frorn the contrel  law, we  know  the input command  of

the controller  is a function of all  of  the states,  which

include the displacement of the actuator,  the hydraulic
pressure, ancl  the displacement and  velocity  of the nodes
of  the hull girder. In general,  the  Iength of the hurl is
very  long and  the number  of the nodes  is enormous.

The  rneasurement  system  woulcl  be very  complex  and

unreliable.  To overcome  this problem, an  estimator  is
introduced to estimate  these states  based on  the motion
measured  from  the  actuator  and  bow. In practice, some
noise  will  be included in the measured  signal,  thus

    Y(t)=ca(t)+v(t) (25)
where  Y is the  measured  signal, v is the measurement
noise.  Suppose that  the Kalman  filter is chosen  as  the

estimator.  The structure  of  the estimator  is an  analogy

to that of  the total system,  such  as
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Table 1 Principle Parameter  ef  the Sample  Ship

L
 ppBdDWT

245.0 m29.6

 m10.8m38,700

 ton

  

Fig.3 The  Block Diagram of  the Total System with

      the  Estimator

    Ciitl =AoZ-+Boiv.+B.2a+L(  Y-  9) (26)

where  Z  is the estirnated  state  of the state  Z, L  is the
observer  gain. The  rast item of Eq  (26) is the correction
item, which  is used  to compare  the measured  signal  Y
and  output  of  estimator  Y  for the  estimator

modification  shown  in Fig.3. The main  object  of  the
estimator  clesign is to find an  observer  gain, for which

the  difference between  the  estimated  value  and  actual

value  is minimum.  Thus we  consider  the criterion

   le=E{Z-(t)U(t)2(t)} (27)
where

   2(t)-z(t)-2(t) (2s)
is the observation  error,  U  is a  symmetric  positive
matrix.  Assume  that  both Fl and  v  are  stationary

white,  Gaussian, uncorrelated,  and  have zero  rnean.

The  initial state  Z(ts) is also  a  Gaussian random  vari-

able  and  uncorrelated  with  n  and  v(t). Accordlng to
the stochastic  estimation  theory[17], the  optimal

observer  gain can  be obtained  for the minimization  of

the criterion  le,
   L..,;-scTvvz-i (2g)
Where  va is the  intensity of  -,  S is the variance  matrix

of  Z(t) satisfying  the  Riccati equation
   A,s+s,4g-scTvv?'iCs+v=o  (3o)
where  V  is the intensity of  v.

  Upon  including this estimator,  the optimal  control

law  may  be rewritten  as

   uc..,(t)==-+Be'rrk(t)  (31)

                  3. Results

  A  bulk carrier  having the principre parameter  list in

Table 1 is considered.  The  weight  of  the  chain  locker
with  anchor  chain  in this ship  is 70 ton. The  parameter
ef  the hydraulic system  used  for the absorber  is present-
ed  in Table 2. In the expression  of  the  performance

index for control  raw, the weight  of  each  state  is chosen
by:(1)  the weight  of  each  vertical  velocity  is 10iZ;

(2) the weight  of each  slope  velocity  is 10i5; (3) the

weight  of  yd is 10iO;(4)  the weight  of  input signal  is1;
and  (5) other  weights  are  zero.

Table Z Parameter  of  the  Hydraulic Servo  System

AdCdCkki,igkq;,1,
  

-210

  210

  -t310

  
'tt101

  310

     
-35xlO

m2

N--sec/m

m5/sec-N

m/Volt

m2/sec

m3

  To understand  the effect  of  vibration  reduction  by the
bow  absorber  the frequency and  time  responses  are

considerecl  on  the  excitation  from  the verticar  unbal-

ance  force of  the main  engine,  which  is Iocated at  O.25L
aft  midship.  An  active  absorber  located at the stern

with  the  same  specifications  is also  calculated  for

comparing  the performance  of  the  absorber  at  the  bow
and  stern. Fig.4 shows  the frequency response  of the
stem  for the cases  of  the  hull without  any  absorbers,  the
hull with  the  bow  absorber,  and  the hull with  the stern

absorber.  In this figure, 6.83opm and  7.76cpm are  the
resonance  frequencies of the rigid body motion,  which  is

due to the pitch motion  of  the ship.  The  resonance

frequencies 63.5cPm, 136.5qPm, 201.9cPm, 538.6cPm, and
766.3cPm are  with  respect  to v-2,  v-3,  v-4,  v-5,  and  v-6

mode  vibration.  The  highest peak  of  the response  will

be reduced  from 4 ga"ton  to O.35 gallton by the bow
absorber  or  stern  absorber.  Other resonance  peaks  are

also  suppressed  eMciently  by the bow  absorber  ancl

stern  absorber,  The performances  of  the  bow  abserber

and  the  stern  absorber  are  very  similar  except  in very

high frequency ranges.  The highest resonance  peak  of

the response  at  the  midship,  shown  in Fig,5, is 3.1

gal/ton in v-4  mode,  which  can  be decreased 92%  by  the

bow  absorber  and  90%  by the stern  absorber.  The

resonance  peak  of the bow  is also  diminished about  90%

by the  bow  or  the stern  absorber  shown  in Fig. 6.

  In the seconcl  case,  a  time history simulation  based on
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?s>:v1gE;

tOd

10d

te-t

tO-l

tOT:

loroo
10t to: LO:

but this fluctuation can  be decreasecl significantly

except  in low frequency ranges,  which  is due to rigid

body  motion.  From  Fig. 8, we  fincl the maxirnum  value

of  the acceleration  response  at  the  stern  is suppressecl
under  the range  of 6 gal by the  bow  or the stern  absor-

ber. The  vibration  at the midship  and  bow, as  shewn  in
Fig. 9 and  Fig. 10, ts also  reduced  effectively  by  the bow
absorber.  In Fig.11 and  Fig. 12, we  find the maximum

displacement of  the  actuator  is 3.5cm and  the  maximum

value  of  the  force output  by the actuator  is less than  25
tons.

!rtausncr  {cpm)

Fig.4

tot

too?sX

 le-17ege1

 IO-t:=le.:

lol`pt

Fig, 5

tOl

loo

:t le-L)t:t

 
lo.s

g ,,-

IO--

Frequency Transfer Function of the Stern with
respect  to the Engine Excitation

leroa

Fig.6

lolPVtqutncs(cpm)101

Frequency  Transfer  Function  of  the
with  respect  to the  Engine Excitation

loe

Midship

Frequency
respect  to

10IFVtquancrCopm]Lpt

Transfer  Function of

the Engine  Excitation

te:

the Bow  with

an  sinusoidai  exciting  with  an  amplitude  of  10 tons  and
cornbined  frequencies of  v-2,  v-3,  and  v-4  modes  from
the main  engine,  A==10(sin 4.38 t+sin  10.00 t+sin  15.90
t) ton, is considered.  The displacement of  the hull
gircler at  the stern,  as plotted in Fig. 7, increases gradu-
ally  over  time  in the case  of  the hull without  absorber,

-Ee:iE:EgE

e--g=t-e2

IS

10

-5-to-ISe

Fig.7
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Fig. 8
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           "mt  Cseg)
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o

Fig.9

s   io ts 2o  as  :o  es  4e  4s  so

            Time  (sec)

Acceleration Response of  the Midship

NII-Electronic  



The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNavalArchitects  ofJapan

31e Journal of  The  Societof  Naval  Architects of  Jaan, Vol. 177

7Jg?t'y`

LOOeoeo4020

 e-20-4o-op-so-]oo

   .IUitout -bsorber
rm  Tith  boT  lbJorber
u""" "Lth  etern  -b-orbcr

   /+i,il
 111,11Flklll[,1[

          i'
        !
11
 11 Il l!i 

l/

 
!11
 
I]

 
l[i

 
1/

 
1
 / /

1,/ll,1･, ,1 ,
 
,･,1,

:'II

/tt /
 
''
 Fili,,iiir "･11h,     1/t         '

      
I'1

 

'I
 iV,iiliiilV[iili[1

 1,l'l

,

I

Ii
 ̀Ii

as;ti:tt'a.L-2-s-4

o5

Fig. Ie

ie 15 Ee  25 :e :s 4e 4s so

Time  tset)

Acceleration Response of  the Bow

"so20

:t 10

;--te-20-30

s

Fig. 11

10 tfize  25 3o  S5 4o 45 se

 Timt  Ctcc)

Displacement of  the Actuator

o5

Fig. 12

toLs  eo  20 SO S5 40 45 50

Time  (see)

Force Output of the Actuator

4. Conclusions

 A  design for a  hydraulic bow  absorber  for vibration

control  of  the  hull girder has been studied  in this paper,
The  dynamic  characteristics  of  the  hydraulic system

was  considered  in the  analysis  and  design to simulate

real  operating  conditions.  Based  on  the stnchastie

optimaL  control  theory,  an  optimal  performance  for the
absorber  was  derived for censidering  the eMciency  of

vibration  and  the power  required  for the actuator,  In
addition,  an  optimum  estimator  was  usecl  to estimate  the
distributed vibration  states  of  the  hull. In the numerical
analysis  of  a  38,700ton bulk carrier,  we  found the  hull
vibratien  is reduced  very  eMcientZy  with  regard  to the
main  engine  excitation.  Moreover, the energy  consump-

tion of  the absorber  is limited even  in criticai  excita-

tion.

 Although the feasibility of  this scheme  has been

shown  in this paper, more  advanced  study  should  be
conducted  along  with  further experiments  to certify  the
reliability.

           Acknowledgements

 This research  was  supported  by  the  National  Science
Council of  the  Republic of  China under  Grant No.

NSC.83.0403-E-Oe2-O13.

              References

 1) Schlick O., "On

 the  Vibration of Steam Vessels",
   lizstitution of IVbval Architects. 1884.

 2) Todd,  F,H., Ship HbeU Vibration, Arnold, 1961.
 3> Kawai,  K. H., "The

 application  of  Finite EIement

   Methods to Ship Structures", Computer and

   Stractures, Vol. 3, 1973.
 4) Daidoia, J. C., 

"Natural

 Vibration of  Beams  in a

   Fluid with  Applications to Ships ancl Other
   Marine Structures", SMtlAcLEr 7)nnsactions, Vol.

   92, 1984.

 5) McGoldrick R,T., "Experiments
 with Vibration

   Neutralizers", TUylor A4bdel Bast'n, No. 449, 1938.
 6) Powell, M. J., Long, G., and  Farrell, A., "Reduc-

   tion of  Hull Vibration in a Landing Craft by

   Means  of a Vibration Absorber, `tRlua.
 1980.

 7) Hyclrodynamic Vibration Damper, ShipPing
    WZ)rld and  Ship Bzaildb4 May  1971.
8) Matsuura, Y., Matsumoto, K., Mizuuchi, M.,

   Arima,  K., and  Jouichi, H., '`A

 study  of

   Hydrodynamic Dampers to Reduce  Ship Vibra-

   tion", foumai of the Kdnsai Sociely of 2VLrual
   Architects, llipan, No. 199, Dec. 1985.
9) Kagawa,K.,Koukawa,H.,Fujita,K.,Zensho,Y.,

   and  Matsuo, M,, "Development

 of  Tuned  Liquid
   Damper  for Ship Vibration", 7hansactions of the
   Wlast:1izPan Society of Arizval AfThitects, Ne.78,
   1989.
10) Kulik, M., "Absorber

 with  Auxiliary Force

   (AAF)", Ship 117chnotclg), Resea7vh, Vol.37, No.
   2, June 1990.
11) Hsueh, W. J. and  Lee, Y, J., "A

 Hydraulic Absor-
   ber for Wideband Vibration Reduction  in Ship

   Hulls", lbumal of Qtiishore Mechanies and  Arctic
   thge'neen'ng ASua  Vol. 116, February, 1994.
12) Merritt, H.E., Ilydraulie Cbntrol sustems, John
   Wiley  &  Sons, 1967.
13) Martin, D. J. and  Burrows  C. R., "The

 Dynamic

   Character{stics of an  Electro-Hydraulic Ser-
   vovalve",.fournai  of Qynamic Sstems, Measure-
   men4  and  Cbntro4 Dec. 1976.

NII-Electronic  



The Society of Naval Architects of Japan

NII-Electronic Library Service

TheSociety  ofNavalArchitects  of  Japan

Desi n  of  Bow  Absurber for VibrationReduction  of  Hull Girders 311

14)

15)

Clough, R. W. and  Penzien, J., l]b,namies of Stntc-
tures, McGraw-Hill,  1975,
Hsueh, W.J. and  Lee, Y.J., "Active

 Vibration
Contro] on  the Mast of  Warships", Internationat
ShiPbuilding Pngress. Vo[.39, No.417, 1992.

16)

17)

Washizu, K., Vitriationat ttfRthocts  in Elasticily
and  Plasticdy, 2nd  ed., Pergamon Press Ltd, New
York, 1975.
Lewts, F. L., APPIied Ciptimat Controt and  Esti-
mation,  Prentice-IIall, 1992,

NII-Electronic  


