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Description 

The  present  invention  relates  to  a  method  and  a 
system  for  counteracting  marine,  i.e.  marine  biologic, 
fouling  of  a  ship's  hull  or  some  other  construction 
which  is  submerged  in  sea  water,  and  more  specifical- 
ly  by  using  mechanical  vibrations. 

In  addition  to  the  most  common  method  of  com- 
batting  biologic  fouling  of  a  ship's  hull  under  water, 
which  consists  in  applying  paint  or  some  other  coating 
with  a  repelling  effect  or  which  prevents 
growths/animals  from  getting  stuck,  also  a  number  of 
vibration  methods  are  previously  known.  Most  often 
one  utilizes  sound  waves,  and  the  sound  pressure  it- 
self  is  intended  to  prevent  the  fouling,  usually  by  kill- 
ing  the  organisms,  generally  small  larvae,  by  means 
of  a  strong  sound  pressure. 

For  example,  in  Norwegian  patent  no.  82676  is 
used  a  system  of  high  frequency  sound,  i.e.  "ultra- 
sound",  from  transducers  mounted  on  the  inside  of 
the  hull,  so  that  the  hull  propagates  ultrasonic  fre- 
quencies  (the  wave  lengths  in  the  hull  are  then  short- 
er  than  about  25  cm,  and  in  the  water  just  outside  the 
hull  shorter  than  about  7  cm). 

It  is  also  previously  known  to  impose  a  vibrational 
state  on  the  water  just  outside  the  ship's  hull,  with 
longitudinal  vibrations  in-  or  outside  the  ultrasonic  fre- 
quency  range,  see  Norwegian  patent  no.  100272. 
However,  in  that  case  separate  transducers  are  used 
on  the  outside  of  the  ship's  hull,  and  said  transducers 
are  moreover  particularly  well  isolated  vibrational^ 
from  the  ship's  hull,  in  such  a  manner  that  only  the 
water  shall  be  moved. 

The  problems  in  connection  with  the  systems 
based  upon  ultrasonics  are  that  these  systems  are 
only  able  to  keep  surfaces  of  quite  limited  area  clean 
of  fouling.  It  has  turned  out  to  be  difficult  to  cover  large 
areas  with  such  ultrasound-systems. 

It  has  also  turned  out  that  low  frequency  vibration 
systems  are  able  to  give  an  anti-fouling  effect.  Previ- 
ously  known  systems  based  upon  low  frequency  vi- 
brations  have,  however,  had  a  relatively  poor  efficien- 
cy.  The  most  important  reason  behind  this  poor  ef- 
fect,  is  that  one  has  not  realized  which  vibration-relat- 
ed  physical  processes  give  the  effect  of  anti-fouling. 
One  has  supposed  that  in  the  same  manner  as  in  the 
ultrasound  case,  the  sound  pressure  itself  must  be 
important,  and  conse-quently,  one  has  merely  tried  to 
supply  low-frequency  sound  to  the  relevant  parts  of 
the  hull.  The  transducers  used,  with  a  typical  maxi- 
mum  output  of  5-6  watts,  a  resonance  frequency 
about  160  Hz  and  with  a  relatively  low  efficiency, 
therefore  has  not  been  able  to  generate  the  sound 
power  that  would  be  necessary  for  such  a  principle. 

Recently  there  has  been  obtained  a  better  insight 
into  the  physical  processes  which  are  important  in 
this  connection.  It  has  turned  out  that  some  marine 
organisms  of  large  present  interest,  namely  certain 

larvae  in  the  size  range  0,15-0,4  mm,  "dislike"  strong 
water  particle  movement  in  the  infrasonic  vibration 
range  20-60  Hz,  i.e.  when  water  particles  move  with 
amplitudes  of  +/-  0,1-0,2  mm  and  with  a  certain  least 

5  maximum  particle  velocity.  Under  those  conditions, 
said  larvae  are  not  deposited  on  the  ship's  hull  or  on 
the  construction. 

From  Norwegian  patent  application  87.3306,  with 
the  same  inventor  as  in  the  present  invention,  there 

10  is  known  such  a  low  frequency  vibration  system, 
which  system  works  using  vibration  frequencies  in 
the  20-30  Hz  range.  Transducers  are  mounted  on  the 
inside  of  the  hull,  and  the  hull  is  excited  into  a  state 
of  transverse  oscillations.  The  transverse  vibrations 

15  of  the  hull  prevent  fouling  by  the  previously  men- 
tioned  types  of  larvae.  The  ship's  hull  is  put  into  an  os- 
cillatory  motion  in  a  direction  substantially  perpendi- 
cularly  to  the  hull,  and  the  effect  preventing  the  lar- 
vae  in  question  in  getting  stuck  on  the  hull,  is  that  a 

20  water  particle  movement  is  achieved,  moving  toward 
and  out  from  the  hull  due  to  the  hull's  own  movement. 

However,  in  larger  ships/constructions  there  will 
always  exist  certain  non-oscillating  points  or  lines,  i.e. 
nodal  lines.  For  example  bulkhead  walls  inside  the 

25  ship's  hull  will  constitute  such  fixed  nodal  lines  in  the 
locations  where  the  bulkhead  walls  are  welded  to  the 
hull,  so  that  the  ship's  hull  will  vibrate  only  between 
the  bulkhead  walls.  Thus,  along  such  nodal  lines  the 
desired  water  particle  movements  will  be  too  small  to 

30  prevent  fouling. 
It  must  be  emphasized  that  "nodal  lines",  "nodal 

points"  in  this  application  cannot  be  regarded  as  no- 
dal  lines  or  points  in  the  usual  acoustic  sense,  where- 
in  nodal  points  (compare  "Kundt's  tube")  are  points 

35  with  a  periodic  location  in  accordance  with  the  sound 
wavelength  .  The  way  the  expression  is  used  in  this 
application,  there  is  intended  lines  or  points  on  a 
ship's  hull  which  are  mechanically  clamped,  i.e.  fixed 
from  the  inside  of  the  hull  by  constructional  details, 

40  usually  bulkhead  walls,  and  these  lines  or  points 
therefore  cannot  undertake  transverse  oscillations. 
(The  distance  between  bulkhead  walls  is  often  of  the 
order  2-3  m,  while  the  acoustic  wavelength  at  fre- 
quency  20  Hz  in  steel-sound  velocity  about  5.000  m 

45  per  second  -  is  about  250  m,  which  for  standing  waves 
would  result  in  "traditional  nodal  points"  with  intervals 
of  about  125  m,  which  is  substantially  longer  that  the 
distances  in  question  here.  The  parameter  values  for 
wave  propagation  in  a  steel  ship's  hull  between  air 

so  and  water  are  certainly  modified  in  relation  to  the  pure 
"bulk  steel"  values,  but  there  is  still  a  large  difference 
in  size  order  between  the  bulkhead  intervals  and  tra- 
ditional  nodal  point  intervals.) 

The  present  invention  aims  to  eliminate  the  foul- 
55  ing  problem  in  the  nodal  line  areas,  and  also  aims  to 

provide  an  efficient  combatting  of  said  marine  biolog- 
ic  type  of  fouling. 

This  is  achieved  by  using  a  method  and  a  system 

2 



3 EP  0  480  936  B1 4 

of  the  kind  which  is  precisely  defined  in  the  enclosed 
patent  claims. 

Further  features  and  advantages  of  the  present 
invention  will  best  be  understood  by  reference  to  the 
following  description  of  a  preferred  embodiment  of 
the  invention  together  with  the  accompanying  draw- 
ings,  in  which: 

Fig.  1  shows  a  section  through  a  ship's  hull  as 
well  as  pressure  and  velocity  vectors  in  the  water 
outside  the  hull. 
Fig.  2  indicates  more  clearly  the  drive  mode  for 
the  hull  oscillations  as  well  as  the  resulting  long- 
itudinal  water  particle  movement  adjacent  to  the 
hull, 
Fig.  3  shows  an  example  of  applied  electrical 
drive  voltage  to  the  transducers  and  the  corre- 
sponding  pressure  behavior  and  particle  move- 
ment  behavior  in  the  water,  and 
Fig.  4  shows  an  arrangement  of  transducers  on 
the  inside  of  a  ship's  hull,  in  section  and  normal 
view. 
In  Fig.  1  appears  a  section  through  a  ship's  hull 

1  to  be  put  in  oscillation  by  means  of  electro-mechan- 
ical  transducers  2,  3.  The  problem  is  that  the  bulk- 
head  wall  4  clamps  the  hull  against  transverse  oscil- 
lations,  so  that  the  necessary  relative  water  particle 
movement  between  water  and  hull  is  not  achieved  in 
this  area,  only  in  the  surrounding  areas  where  said 
hull  is  able  to  oscillate  (up  and  down  in  the  drawing). 

However,  as  appears  from  Fig.  1,  and  also  in  an 
even  clearer  manner  from  Fig.  2,  said  two  transducers 
2,  3  which  are  situated  on  each  side  of  the  nodal  line 
right  above  the  bulkhead  wall  4,  are  driven  in  an  in- 
verted  phase  relationship  in  accordance  with  the 
present  invention.  This  is  indicated  in  Fig.  2  as  respec- 
tively  "Swing  out"  and  "Swing  in"  amplitudes.  For  the 
moment  it  is  supposed  that  the  conditions  are  sym- 
metrical  about  the  nodal  line  at  4,  and  in  this  case  the 
two  transducers  2,  3  are  excited  in  precisely  inverted 
phases.  From  Fig.  3  appear  curve  shapes  (drive  vol- 
tages)  which  are  applied  to  the  transducers  as  a  func- 
tion  of  time,  for  one  transducer  to  the  left  in  the  draw- 
ing,  and  simultaneously  for  the  other  transducer  on 
the  right  side  of  the  drawing. 

Using  such  an  inverted  phase  operation,  a  strong 
movement  component  is  obtained  for  the  water  close- 
ly  adjacent  to  the  hull,  see  vector  Vp  in  Fig.  2,  along 
the  hull  just  in  the  nodal  line  area,  and  this  particle 
movement  gives  the  anti-fouling  effect  in  that  area. 

Consequently  water  particle  movement  is  ob- 
tained  just  outside  all  parts  of  the  hull,  however,  the 
movement  direction  varies  from  a  purely  normal  direc- 
tion  in  the  transducer  area,  to  a  purely  hull  parallell  di- 
rection  in  the  nodal  line  areas. 

If  the  distances  from  the  transducers  2,  3  to  the 
nodal  line  4  are  different,  or  other  conditions  like 
thickness  or  structure  variations  provide  an  asymetric 
situation,  an  additional  phase  shift  may  come  in  ques- 

tion  for  one  of  the  drive  signals  in  order  to  obtain  the 
maximum  movement  effect  right  outside  the  nodal 
line. 

5  In  order  to  achieve  the  maximum  movement  ve- 
locity  in  the  water,  it  is  necessary  to  have  as  strong 
particle  acceleration  as  possible.  In  the  lower  part  of 
Fig.  3  appears  an  approximate  square  wave  time  be- 
havior  for  the  dynamic  pressure  in  the  water,  which 

10  ensures  maximum  acceleration.  Such  a  pressure  be- 
havior  is  obtained  by  applying  to  the  transducers  a 
drive  signal  of  a  special  type,  see  the  curve  shapes 
in  the  upper  part  of  Fig.  3.  A  fundamental  frequency 
about  20-30  Hzformsthe  starting  point  for  generating 

15  a  number  of  harmonics,  which  harmonics  are  then 
added  to  or  superposed  upon  said  fundamental  fre- 
quency.  The  coefficients  used  in  this  operation  are 
determined  from  knowledge  regarding  particular 
physical  characteristics  of  said  transducers.  The  res- 

20  onance  frequency  and  the  efficiency  are  of  particular 
importance.  Only  odd  harmonics  are  used  in  the  su- 
perposing  operation. 

Fig.  4  displays  at  left  the  ship's  hull  1  in  section 
as  viewed  along  the  main  axis  of  the  ship.  Six  trans- 

25  ducers  are  present,  of  which  three  are  visible  and  the 
other  three  transducers  are  hidden  right  behind  the 
three  visible  ones.  In  the  right  part  of  the  drawing  the 
same  configuration  is  viewed  from  the  side,  and  this 
drawing  illustrates  how  the  water  particle  velocity 

30  also  achieves  a  sufficient  value  in  the  area  along  the 
nodal  line  4  between  the  transducer  pairs,  by  means 
of  a  superposing  effect.  Of  course  one  also  visualizes 
further  transducer  rows  outside  the  indicated  nodal 
lines  in  the  outer  edges  of  the  right  part  of  the  draw- 

35  ing,  which  transducer  rows  cooperate  in  a  corre- 
sponding  manner  with  the  transducer  points  shown. 

It  must  be  emphasized  again  that  it  is  the  particle 
movement  in  the  microscopic  water  layer  by  the 
ship's  hull  which  is  of  interest  in  preventing  the  foul- 

40  ing,  and  especially  the  particle  movement  amplitude 
and  velocity.  At  a  certain  least  velocity,  larvae  are 
prevented  from  getting  stuck.  It  must  be  mentioned 
that  in  spite  of  the  fact  that  the  sound  velocity  in  water 
is  about  1  .400  m/s,  typical  average  particle  velocities 

45  for  the  vibration  movement  are  in  the  area  about  and 
below  1  mm/s. 

In  the  previously  mentioned  paired  transducer 
setup,  transducer  pairs  are  excited  in  inverted  phase 
oscillations,  so  that  "water  dipoles"  are  created  there- 

50  between.  The  phenomenon  can  also  be  regarded  as 
a  so-called  "push-pull"  configuration,  where  the  water 
mass  simultaneously  is  pushed  in  one  end  and  pulled 
in  the  other  end.  This  mode  of  operation  ensures  the 
highest  possible  efficiency  and  movement  coverage 

55  of  the  nodal  line  areas. 
The  water  movement  should  preferably  have  the 

same  spatial  size  order  as  the  size  of  the  larvae  in 
question,  that  is  the  water  particles  must  move  with 
an  amplitude  of  about  +/-  0,1-0,2  mm.  In  the  vibrating 

3 
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areas  of  the  hull,  this  is  achieved  by  exciting  oscilla- 
tory  hull  amplitudes  of  just  such  a  size  order,  i.e.  +/- 
0,1-0,2  mm.  In  order  to  achieve  the  necessary  anti- 
fouling  effect  in  the  nodal  line  areas,  it  must  addition- 
ally  be  taken  care  that  the  applied  drive  voltage  to  the 
transducers  provide  a  maximum  acceleration  in  the 
dipole  system,  and  thereby  also  the  highest  possible 
velocity. 

The  special  drive  voltage  applied  to  the  transduc- 
ers  has  a  time  behavior  of  a  quite  particular  type.  A 
Fourier  technique  is  used  in  which  odd  harmonics  are 
superposed  upon  the  "key  note"  oscillation  in  ques- 
tion,  and  with  scaling  coefficients  for  each  particular 
harmonic,  which  scaling  coefficients  are  determined 
from  a  knowledge  of  different  physical  parameters  for 
the  transducers  in  question,  like  resonance  frequen- 
cy,  efficiency  and  similar  parameters.  As  an  example 
it  is  possible  to  use  the  first,  the  third,  the  fifth  and 
the  seventh  harmonic  in  the  superposing  procedure. 
When  such  a  signal  is  passing  through  the  electro- 
magnetic  transducer  system  and  the  mechanical  sys- 
tem  (hull  and  water  mass),  a  pressure  behavior  is  cre- 
ated  in  the  water,  which  pressure  behavior  approxi- 
mates  a  square  curve,  and  further  results  in  the  de- 
sired  maximum  acceleration  and  highest  particle  ve- 
locity. 

Thus,  along  one  nodal  line  on  the  hull,  inverted 
phase  working  transducers  are  situated  in  rows  on 
each  side  of  said  nodal  line,  and  said  transducers  are 
working  in  pairs  against  each  other  in  a  "push-pull" 
configuration.  The  effect  is  of  course  attenuated  in  a 
lateral  direction,  but  due  to  the  superposing  from  two 
adjacent  pairs  of  transducers,  there  is  also  achieved 
a  good  effect  sideways  along  the  nodal  line. 

Furthermore,  it  is  possible  to  make  a  row  of  such 
transducers  cooperate  in  pairs  with  transducer  rows 
on  each  side,  i.e.  when  a  transducer  row  is  situated 
between  two  parallell  nodal  lines. 

If  the  transducers  in  a  pair  are  located  in  the  same 
distance  from  the  nodal  line,  the  transducers  shall 
normally  oscillate  in  reverse  phase  with  each  other. 
However,  if  the  distances  are  somewhat  different,  or 
other  assymetric  conditions  are  present,  a  certain  ad- 
ditional  phase  change  will  be  of  interest  for  one  of  the 
two  transducers  in  the  pair.  This  phase  deviation  can 
be  obtained  by  delaying  one  of  the  two  inverted 
phase  voltages  correspondingly,  so  that  optimum 
particle  velocity  conditions  are  always  achieved  over 
the  nodal  line. 

Finally,  it  must  be  mentioned  that  the  mechanical 
vibration  system  can  be  used  advantageously  in  com- 
bination  with  a  coating  system  which  aims  to  prevent 
fouling  by  other  types  of  organisms.  In  this  respect 
these  two  effects  will  complete  each  other  and  pro- 
vide  a  very  good  anti-fouling  effect.  In  this  connection 
there  shall  be  used  an  anti-fouling  layer  consisting  of 
a  material  which  has  very  low  surface  tension/surface 
energy  in  relation  to  and  against  water,  which  lowers 

the  possibility  that  the  organisms  in  question  can  get 
stuck  to  the  hull  by  adhesion.  Another  possibility  is 
that  the  material  is  of  a  type  which  successively  dis- 

5  solves  in  sea  water,  and  thereby  removes  organisms 
which  are  about  to  be  deposited  on  the  hull. 

Possible  layers  for  this  type  of  completing  effect 
consist  of  a  material  of  organic  type,  preferably  com- 
prising  therein  silicon,  fluorine,  nitrogen  or  oxygen, 

10  possibly  one  or  more  of  said  substances  in  combina- 
tion. 

Claims 
15 

1.  Method  for  combatting  marine  fouling  on  the  out- 
side  of  a  ship's  hull  (1)  or  of  another  construction 
submerged  in  water,  in  which  method  is  utilized 
a  number  of  electro-mechanical  vibration  trans- 

20  ducers  (2,  3)  mounted  on  the  inside  of  said  ship's 
hull  (1),  said  transducers  (2,  3)  applying  mechan- 
ical,  low  frequency  vibrations  to  the  hull  (1)  itself 
when  electrical  drive  energy  is  applied  to  said 
transducers  said  low  frequency  vibrations  provid- 

25  ing  the  combatting  of  fouling  by  means  of  sub- 
stantially  hall  normal  relative  water  particle 
movements  in  areas  with  sufficient  vibration  am- 
plitudes  of  the  hall,  and  in  which  method  a  sub- 
system  generates  and  feeds  electrical  drive  vol- 

30  tages  to  said  transducers, 
characterized  in  that  said  transducers  (2,  3),  be- 
ing  arranged  in  pairs  in  such  a  manner  that  each 
transducer  in  one  pair  is  situated  in  fixed  or  pre- 
determined  distances  on  respective  sides  of  a 

35  fixed  nodal  line  (4)  on  said  hull  (1),  are  supplied 
with  drive  voltages  having  such  a  time  behavior 
that  a  particle  velocity  vector  field  is  imparted  to 
the  water  outside  said  hull,  which  has  a  hull  par- 
allell  direction  immediately  outside  said  nodal  line 

40  and  a  maximized  numerical  value  in  the  same 
area. 

2.  Method  in  accordance  with  claim  1, 
characterized  in  that  said  two  transducers  (2,  3) 

45  in  a  pair  are  driven  substantially  in  inverted  phase 
operation  or  in  a  deviating  inverted  phase  opera- 
tion,  which  deviation  is  determined  from  the  pre- 
cise  locations  of  the  transducers  relative  to  each 
other  and  to  said  nodal  line  (4). 

50 
3.  Method  in  accordance  with  claim  1  or  2, 

characterized  in  that  said  subsystem  generates 
drive  voltages  for  said  transducers  by 

I)  generating  a  sine  wave  with  the  fundamen- 
55  tal  frequency  in  question, 

II)  generating  a  number  of  odd  harmonics  with 
the  sine  wave  as  a  starting  point,  for  example 
the  first,  the  third,  the  fifth  and  the  seventh 
harmonic, 

4 
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III)  adding  these  odd  harmonics  to  said  sine 
wave  using  scaling  coefficients  selected  on 
the  basis  of  knowledge  of  transducer  physical 
parameters,  in  order  to  create  a  periodic  drive  5 
voltage  curve  with  a  characteristic  time  be- 
havior, 

which  charcteristic  time  behavior  of  the 
drive  voltage  applied  to  each  transducer  implies 
an  approximately  square  shaped  time  behavior  10 
for  the  dynamic  pressure  in  the  water  outside 
said  hull,  which  provides  maximum  particle  accel- 
eration  in  the  water  and  consequently  the  highest 
possible  particle  velocity. 

15 
4.  System  for  counteracting  marine  fouling  on  the 

outside  of  a  ship's  hull  (1)  or  of  some  other  con- 
struction  submerged  in  water,  comprising 

a)  a  number  of  electro-mechanical  vibration 
transducers  (2,  3)  mounted  on  the  inside  of  20 
said  ship's  hull  (1)  in  order  to  apply  mechani- 
cal  low  frequency  vibrations  to  the  hull  (1)  it- 
self  when  electrical  drive  energy  is  fed  to  said 
transducers  (2,  3),  said  low  frequency  vibra- 
tions  providing  the  counteracting  of  fouling  by  25 
means  of  substantially  hull  normal  relative 
water  particle  movements  in  areas  with  suffi- 
cient  vibration  amplitudes  of  the  hull  (1),  and 
b)  a  subsystem  for  generating  and  feeding 
said  electrical  drive  energy,  said  subsystem  30 
comprising  means  for  generating,  amplifying 
and  distributing  the  electrical  drive  voltages  to 
the  respective  transducers, 

characterized  in  that 
a)  said  transducers  (2,  3)  are  arranged  in  pairs  35 
in  such  a  manner  that  each  transducer  in  one 
pair  are  situated  in  fixed  or  predetermined  dis- 
tances  on  their  respective  sides  of  a  fixed  no- 
dal  line  (4)  on  said  hull  (1),  and  that 
b)  said  subsystem  further  comprises  means  40 
for  generating  and  distributing  drive  voltages 
to  said  transducers  (2,  3)  with  such  time  be- 
havior  that  a  particle  velocity  vector  field  is 
imparted  to  the  water  outside  said  hull  (1)  hav- 
ing  a  hull  parallell  direction  immediately  out-  45 
side  said  nodal  line  (4)  and  a  maximized  nu- 
merical  value  in  the  same  area,  whereby 
counteracting  of  fouling  is  also  achieved  in  the 
nodal  line  area. 

50 
5.  System  in  accordance  with  claim  4, 

characterized  in  that  said  means  for  generating 
and  distributing  drive  voltages  is  adapted  for  in- 
verting  the  phase  of  the  drive  voltage  for  one  of 
the  transducers  in  a  pair  relative  to  the  voltage  for  55 
the  other,  possibly  also  for  adding  a  predeter- 
mined  time  delay  to  one  of  said  two  drive  voltages 
for  one  pair,  so  that  said  two  transducers  in  a  pair 
are  driven  either  substantially  with  relative  invert- 

ed  phases  or  wit  h  a  fixed  or  predetermined  devia- 
tion  from  an  inverted  phase  relationship. 

6.  System  in  accordance  with  claim  4  or  5, 
characterized  in  that  the  means  for  generating 
and  distributing  drive  voltages  is  adapted  for  gen- 
erating  a  drive  voltage  by 

I)  generating  a  sine  wave  with  the  fundamen- 
tal  frequency  in  question, 
II)  generating  a  number  of  odd  harmonics  us- 
ing  said  sine  wave  as  a  starting  point,  for  ex- 
ample  the  first,  the  third,  the  fifth  and  the 
seventh  harmonic, 
III)  adding  these  odd  harmonics  to  said  sine 
wave  using  scaling  coefficients  selected  on 
the  basis  of  knowledge  of  physical  parame- 
ters  for  said  transducers,  in  order  to  provide  a 
periodic  drive  voltage  curve  with  a  character- 
istic  time  behavior, 

which  characteristic  time  behavior  for  the 
applied  drive  voltage  to  each  transducer  implies 
an  approximately  square  shaped  time  behavior 
for  the  dynamic  pressure  in  the  water  outside 
said  hull,  which  imparts  maximum  particle  accel- 
eration  tothe  water  and  consequently  the  highest 
possible  particle  velocity. 

7.  System  in  accordance  with  claim  4,  5  or  6, 
characterized  in  that  said  transducers  are  ar- 
ranged  in  rows  on  each  side  of  said  nodal  line 
along  the  ship's  hull,  whereby  a  superposing  ef- 
fect  for  particle  velocity  is  obtained  also  laterally, 
i.e.  between  each  transducer  pair  along  said  no- 
dal  line. 

8.  Combined  system  for  counteracting  marine  foul- 
ing  on  the  outside  of  a  ship's  hull, 
characterized  in  that  the  system  comprises,  in 
addition  to  those  features  appearing  from  claims 
4-7,  an  anti-fouling  layer  for  counteracting  fouling 
by  organisms  of  a  size  on  which  the  mechanical 
vibration  frequencies  do  not  have  any  influence, 
said  anti-fouling  layer  consisting  of  a  material 
with  a  low  surface  tension/surface  energy  in  re- 
lation  to  water  for  lowering  the  adhesion  effect  for 
the  organisms  in  question,  or  of  a  material  which 
dissolves  in  sea  water,  thereby  removing  organ- 
isms  possibly  deposited. 

9.  Combined  system  in  accordance  with  claim  8, 
characterized  in  that  said  material  is  of  an  or- 
ganic  type  and  comprises  oxygen  and/or  silicon 
and/or  fluorine  and/or  nitrogen. 

Patentanspruche 

1.  Verfahren  zur  Bekampfung  einer  maritimen  Ver- 
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schmutzung  auf  der  Aulienseite  einer  Schiffs- 
wand  (1)  oder  eines  anderen  Unterwasserbau- 
werks,  wobei  bei  dem  Verfahren  eine  Anzahl  von 
elektromechanischen  Schwingungswandlern  (2,  5 
3)  verwendet  wird,  die  auf  der  Innenseite  der 
Schiffswand  (1)  montiertsind,  wobei  die  Wandler 
(2,  3)  mechanische  niederfrequente  Schwingun- 
gen  an  die  Wand  (1)  anlegen,  wenn  eine  elektri- 
sche  Antriebsenergie  an  die  Wandler  angelegt  10 
wird,  wobei  die  niederfrequenten  Schwingungen 
fur  die  Bekampfung  der  Verschmutzung  durch 
Wasserpartikelbewegungen  im  wesentlichen 
senkrechtzurWand  in  Bereichen  mitausreichen- 
den  Schwingungsamplituden  der  Wand  sorgen,  15 
und  wobei  bei  dem  Verfahren  ein  untergeordne- 
tes  System  elektrische  Antriebsspannungen  er- 
zeugt  und  den  Wandlern  zuleitet, 
dadurch  gekennzeichnet,  daft  die  Wandler  (2, 
3),  die  paarweise  in  einerWeiseangeordnetsind,  20 
dali  jeder  Wandler  eines  Paars  in  einer  festen 
oder  vorgegebenen  Entfernung  auf  einer  ent- 
sprechenden  Seite  einer  festen  Knotenlinie  (4) 
auf  der  Wand  (1)  angeordnet  ist,  mit  Antriebs- 
spannungen  beliefert  werden,  die  einen  derarti-  25 
gen  zeitlichen  Verlauf  haben,  dali  ein  Partikelge- 
schwindigkeitsvektorfeld  dem  Wasser  aulierhalb 
der  Wand  vermittelt  wird,  das  eine  parallele  Rich- 
tung  zur  Wand  unmittelbar  aulierhalb  der  Kno- 
tenlinie  und  einen  maximalen  Zahlenwert  im  glei-  30 
chen  Bereich  hat. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daft  die  zwei  paarweisen  Wandler  (2, 
3)  im  wesentlichen  in  einem  invertierten  Phasen-  35 
betrieb  oder  in  einem  abweichenden  invertieren 
Phasenbetrieb  angetrieben  werden,  wobei  die 
Abweichung  durch  die  genaue  Lage  der  Wandler 
relativ  zueinander  und  zur  Knotenlinie  (4)  be- 
stimmtwird.  40 

3.  Verfahren  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet,  daft  das  untergeord- 
nete  System  Antriebsspannungen  fur  die  Wand- 
ler  erzeugt  durch  45 

I)  Erzeugen  einer  Sinuswelle  mit  der  in  Frage 
kommenden  Grundfrequenz, 
II)  Erzeugen  einer  Anzahl  von  ungeradzah- 
ligen  Harmonischen  mit  der  Sinuswelle  als 
Startpunkt,  beispielsweise  der  ersten,  dritten,  50 
funften  und  der  siebten  Harmonischen, 
III)  Addieren  dieser  ungeradzahligen  Harmo- 
nischen  zur  Sinuswelle,  wobei  stufenweise 
einstellbare  Koeff  izienten  verwendet  werden, 
die  auf  der  Grundlage  der  Kenntnis  der  phy-  55 
sikalischen  Wandlerparameter  ausgewahlt 
wurden,  urn  eine  periodische  Antriebsspan- 
nungskurve  mit  einem  charakteristischen 
zeitlichen  Verlauf  zu  bilden, 

wobei  der  charakteristische  zeitliche  Ver- 
lauf  der  Antriebsspannung,  die  an  jeden  Wandler 
angelegt  wird,  einen  annahernd  rechteckformi- 
gen  zeitlichen  Verlauf  fur  den  dynamischen 
Druck  im  Wasser  aulierhalb  der  Wand  mit  sich 
bringt,  was  fur  eine  maximale  Partikelbeschleuni- 
gung  und  folglich  fur  die  hochstmogliche  Partikel- 
geschwindigkeit  im  Wasser  sorgt. 

4.  System  zur  Bekampfung  einer  maritimen  Ver- 
schmutzung  auf  der  Aulienseite  einer  Schiffs- 
wand  (1)  oder  eines  anderen  Unterwasserbau- 
werks,  das  umfalit: 

a)  eine  Anzahl  von  elektromechanischen 
Schwingungswandlern  (2,  3),  die  auf  der  In- 
nenseite  einer  Schiffswand  (1)  montiert  sind, 
urn  mechanische  niederfrequente  Schwin- 
gungen  an  die  Wand  (1)  anzulegen,  wenn 
elektrische  Antriebsenergie  den  Wandlern  (2, 
3)  zugefuhrt  wird,  wobei  die  niederfrequenten 
Schwingungen  fur  die  Bekampfung  der  Ver- 
schmutzung  durch  Partikelbewegungen  im 
wesentlichen  senkrecht  zur  Wand  in  Berei- 
chen  mit  ausreichenden  Schwingungsampli- 
tuden  des  Wand  (1)  sorgen,  und 
b)  ein  untergeordnetes  System  zur  Erzeu- 
gung  und  Zufuhrung  der  elektrischen  An- 
triebsenergie,  wobei  das  untergeordnete  Sy- 
stem  Mittel  zum  Erzeugen,  Verstarken  und 
Verteilen  der  elektrischen  Antriebsspannun- 
gen  zu  den  Wandlern  umfalit, 

dadurch  gekennzeichnet,  dali 
a)  die  Wandler  (2,  3)  paarweise  in  einer  Weise 
angeordnet  sind,  dali  jeder  Wandler  eines 
Paars  in  einer  festen  oder  vorgegebenen  Ent- 
fernung  auf  der  jeweiligen  Seite  einer  festen 
Knotenlinie  (4)  auf  der  Wand  (1)  angeordnet 
ist,  und  dali 
b)  das  untergeordnete  System  weiter  Mittel 
zum  Erzeugen  und  Verteilen  von  Antriebs- 
spannungen  fur  die  Wandler  (2,  3)  mit  einem 
zeitlichen  Verlauf  aufweist,  dali  ein  Vektorfeld 
einer  Partikelgeschwindigkeit  dem  Wasser 
aulierhalb  der  Wand  (1)  mitgeteiltwird,  das  ei- 
ne  parallele  Richtung  zur  Wand  unmittelbar 
aulierhalb  der  Knotenlinie  (4)  und  einen  ma- 
ximalen  Zahlenwert  in  dem  gleichen  Bereich 
hat,  wodurch  eine  Bekampfung  der  Ver- 
schmutzung  auch  im  Knotenlinienbereich  er- 
zielbar  ist. 

5.  System  nach  Anspruch  4, 
dadurch  gekennzeichnet,  dali  die  Mittel  zum 
Erzeugen  und  Verteilen  der  Antriebsspannungen 
geeignet  sind,  urn  die  Phase  der  Antriebsspan- 
nung  fur  einen  der  Wandler  eines  Paars  relativ 
zur  Spannung  fur  den  anderen  zu  invertieren, 
moglicherweise  auch  zum  Hinzufugen  einer  vor- 
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gegebenen  Zeitverzogerung  zu  einer  der  beiden 
Antriebsspannungen  fur  ein  Paar,  so  dali  die  bei- 
den  Wandler  eines  Paars  entweder  im  wesentli- 
chen  mit  gegenseitig  invertierten  Phasen  oder 
mit  einer  festen  oder  vorgegebenen  Abweichung 
von  einem  invertierten  Phasenverhaltnis  angetri- 
eben  werden. 

6.  System  nach  Anspruch  4  oder  5, 
dadurch  gekennzeichnet,  dali  die  Mittel  zum 
Erzeugen  und  Verteilen  von  Antriebsspannun- 
gen  geeignet  sind  zum  Erzeugen  einer  Antriebs- 
spannung  durch 

I)  Erzeugen  einer  Sinuswelle  mit  einer  in  Fra- 
ge  kommenden  Grundfrequenz, 
II)  Erzeugen  einer  Anzahl  von  ungeradzah- 
ligen  Harmonischen,  wobei  die  Sinuswelle  als 
Startpunkt  verwendet  wird,  beispielsweise 
der  ersten,  dritten,  funften  und  siebten  Har- 
monischen, 
III)  Addieren  dieser  ungeradzahligen  Harmo- 
nischen  zur  Sinuswelle,  wobei  stufenweise 
einstellbare  Koeff  izienten  verwendet  werden, 
die  auf  der  Grundlage  der  Kenntnis  der  phy- 
sikalischen  Parameter  fur  diese  Wandler  aus- 
gewahlt  wurden,  urn  eine  periodische  An- 
triebsspannungskurve  mit  einem  charakteri- 
stischen  zeitlichen  Verlauf  zu  bilden, 

wobei  der  charakteristische  zeitliche  Ver- 
lauf  fur  die  an  jeden  Wandler  angelegte  Antriebs- 
spannung  einen  annahernd  rechteckigen  zeitli- 
chen  Verlauf  fur  den  dynamischen  Druck  im  Was- 
ser  aulierhalb  der  Wand  mit  sich  bringt,  was  fur 
eine  maximale  Partikelbeschleunigung  und  folg- 
lich  fur  die  hochstmogliche  Partikelgeschwindig- 
keit  im  Wasser  sorgt. 

7.  System  nach  Anspruch  4,  5  oder  6, 
dadurch  gekennzeichnet,  dali  die  Wandler  in 
Reihen  auf  jeder  Seite  der  Knotenlinie  entlang 
der  Schiffswand  angeordnet  sind,  wodurch  ein 
Uberlagerungseffekt  fur  die  Partikelgeschwin- 
digkeit  auch  seitlich  erhalten  wird,  d.h.  zwischen 
jedem  Wandlerpaar  entlang  der  Knotenlinie. 

8.  Kombiniertes  System  zur  Bekampfung  einer  ma- 
ritimen  Verschmutzung  auf  der  Aulienseite  einer 
Schiffswand, 
dadurch  gekennzeichnet,  dali  das  System  zu- 
satzlich  zu  den  Merkmalen  nach  Anspruch  4-7  ei- 
ne  Schicht  gegen  Verschmutzung  zur  Bekamp- 
fung  einer  Verschmutzung  durch  Organismen  ei- 
ner  Grolie  umfalit,  auf  die  die  mechanischen 
Schwingungsfrequenzen  keinen  Einfluli  haben, 
wobei  die  Schicht  gegen  Verschmutzung  aus  ei- 
nem  Material  mit  einer  geringen  Oberflachen- 
spannung/Oberflachenenergie  in  Bezug  auf  das 
Wasser  besteht,  urn  den  Anhaftungseffektfurdie 

in  Frage  kommenden  Organismen  zu  vermin- 
dern,  oder  aus  einem  Material,  das  sich  in  Meer- 
wasser  auf  lost,  wodurch  moglicherweise  abgela- 

5  gerte  Organismen  entfernt  werden. 

9.  Kombiniertes  System  nach  Anspruch  8, 
dadurch  gekennzeichnet,  dali  das  Material  or- 
ganischer  Art  ist  und  Sauerstoff  und/oder  Silizi- 

10  urn  und/oder  Fluor  und/oder  Stickstoff  umfalit. 

Revendications 

15  1.  Procede  pour  combattre  la  salissure  biologique 
marine  a  I'exterieur  de  la  coque  d'un  navire  (1)  ou 
de  toute  autre  structure  immergee  dans  de  I'eau, 
lequel  procede  consiste  a  utiliser  un  certain  nom- 
bre  de  transducteurs  de  vibrations  electro-meca- 

20  niques  (2,3)  montes  a  I'interieur  de  ladite  coque 
de  navire  (1),  lesdits  transducteurs  (2,3)  appli- 
quant  des  vibrations  mecaniques  a  basse  fre- 
quence  a  la  coque  (1)  elle-meme  lorsqu'une  ener- 
gie  d'excitation  electrique  est  appliquee  auxdits 

25  transducteurs,  lesdites  vibrations  a  basse  fre- 
quence  permettant  de  combattre  la  salissure  bio- 
logique  au  moyen  de  mouvements  relatifs  des 
particules  d'eau  pratiquement  perpendiculaires  a 
la  coque  dans  des  zones  de  la  coque  presentant 

30  des  amplitudes  de  vibration  suffisantes,  et  dans 
lequel  un  sous-ensemble  genere  et  fournit  des 
tensions  d'excitation  electriques  auxdits  trans- 
ducteurs, 

caracterise  en  ce  que  lesdits  transduc- 
35  teurs  (2,3),  etant  agences  par  paires  de  telle  ma- 

niere  que  chaque  transducteurd'une  paire  soitsi- 
tue  a  des  distances  fixes  ou  predetermines  sur 
des  cotes  respectifs  d'une  ligne  nodale  fixe  (4) 
sur  ladite  coque  (1),  recoivent  des  tensions  d'ex- 

40  citation  presentant  une  variation  temporelle  telle 
qu'un  champ  de  vecteurs  vitesse  des  particules 
soit  confere  a  I'eau  a  I'exterieur  de  ladite  coque, 
ce  champ  ayant  une  direction  parallele  a  la  coque 
immediatement  a  I'exterieur  de  ladite  ligne  noda- 

45  le  et  une  valeur  numerique  maximale  dans  cette 
meme  zone. 

2.  Procede  selon  la  revendication  1,  caracterise  en 
ce  que  lesdits  deux  transducteurs  (2,3)  d'une  pai- 

50  re  sont  excites  de  facon  a  fonctionner  pratique- 
ment  en  opposition  de  phase  ou  a  fonctionner  en 
opposition  de  phase  avec  un  ecart  de  phase,  le- 
quel  ecart  est  determine  a  partir  des  emplace- 
ments  precis  des  transducteurs  les  uns  par  rap- 

55  port  aux  autres  et  a  ladite  ligne  nodale  (4). 

3.  Procede  selon  la  revendication  1  ou  2,  caracteri- 
se  en  ce  que  led  it  sous-ensemble  genere  des  ten- 
sions  d'excitation  pour  lesdits  transducteurs: 

7 
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I)  en  generant  une  onde  sinusoTdale  presen- 
tant  la  frequence  fondamentale  consideree, 
II)  en  generant  un  certain  nombre  d'harmoni- 
ques  impairs  ayant  comme  point  de  depart  5 
I'onde  sinusoTdale,  par  exemple  le  premier,  le 
troisieme,  le  cinquieme  et  le  septieme  harmo- 
niques, 
III)  en  additionnant  ces  harmoniques  impairs 
a  ladite  onde  sinusoTdale  en  utilisantdes  coef-  w 
ficients  d'echelle  selection  nes  sur  la  base  des 
connaissances  concernant  les  parametres 
physiques  des  transducteurs,  pour  produire 
une  courbe  de  tension  d'excitation  periodique 
presentant  une  variation  temporelle  caracte-  15 
ristique, 

laquelle  variation  temporelle  caracteristi- 
que  de  la  tension  d'excitation  appliquee  a  chaque 
transducteur  entraTne  une  variation  temporelle  de 
forme  pratiquement  rectangulaire  pour  la  pres-  20 
sion  dynamique  regnant  dans  I'eau  a  I'exterieur 
de  ladite  coque,  qui  confere  une  acceleration 
maximale  aux  particules  dans  I'eau  et  par  conse- 
quent,  qui  produit  la  vitesse  de  particule  la  plus 
elevee  possible.  25 

sentant  une  variation  temporelle  telle  qu'un 
champ  de  vecteurs  vitesse  des  particules  soit 
confere  a  I'eau  a  I'exterieur  de  ladite  coque 
(1),  ce  champ  presentant  une  direction  paral- 
lele  a  la  coque  immediatement  a  I'exterieur  de 
ladite  ligne  nodale  (4)  et  une  valeur  numerique 
maximale  dans  cette  meme  zone,  une  protec- 
tion  contre  la  salissure  biologique  etant  ainsi 
egalement  obtenue  dans  la  zone  de  la  ligne 
nodale. 

5.  Systeme  selon  la  revendication  4,  caracterise  en 
ce  que  ledit  moyen  pour  generer  et  distribuer  des 
tensions  d'excitation  est  adapte  a  inverser  la  pha- 
se  de  la  tension  d'excitation  pour  I'un  des  trans- 
ducteurs  de  la  paire  par  rapport  a  la  tension  de 
I'autre,  ainsi  que  le  cas  echeant,  a  ajouter  un  re- 
tard  temporel  predetermine  a  I'une  desdites  ten- 
sions  d'excitation  d'une  paire,  de  facon  a  ce  que 
lesdits  deux  transducteurs  d'une  paire  soient  ex- 
cites  soit  pratiquement  en  opposition  de  phase 
I'un  par  rapport  a  I'autre,  soit  avec  un  ecart  de 
phase  fixe  ou  predetermine  par  rapport  a  la  rela- 
tion  d'opposition  de  phase. 

6.  Systeme  selon  la  revendication  4  ou  5,  caracteri- 
se  en  ce  que  le  moyen  pour  generer  et  distribuer 
des  tensions  d'excitation  est  adapte  a  generer 
une  tension  d'excitation: 

I)  en  generant  une  onde  sinusoTdale  presen- 
tant  la  frequence  fondamentale  consideree, 
II)  en  generant  un  certain  nombre  d'harmoni- 
ques  impairs  ayant  comme  point  de  depart  la- 
dite  onde  sinusoTdale,  par  exemple  le  premier, 
le  troisieme,  le  cinquieme  et  le  septieme  har- 
moniques, 
III)  en  additionnant  ces  harmoniques  impairs 
a  ladite  onde  sinusoTdale  en  utilisant  des  coef- 
ficients  d'echelle  selectionnes  sur  la  base  des 
connaissances  concernant  les  parametres 
physiques  desdits  transducteurs,  pour  produi- 
re  une  courbe  de  tension  d'excitation  periodi- 
que  presentant  une  variation  temporelle  ca- 
racteristique, 

laquelle  variation  temporelle  caracteristi- 
que  de  la  tension  d'excitation  appliquee  a  chaque 
transducteur  entraTnant  une  variation  temporelle 
de  forme  pratiquement  rectangulaire  pour  la 
pression  dynamique  regnant  dans  I'eau  a  I'exte- 
rieur  de  ladite  coque,  qui  confere  une  accelera- 
tion  maximale  aux  particules  et  par  consequent, 
qui  produit  la  vitesse  de  particule  la  plus  elevee 
possible. 

Systeme  pour  combattre  la  salissure  biologique 
marine  sur  I'exterieur  de  la  coque  d'un  navire  (1) 
ou  de  tout  autre  structure  immergee  dans  de 
I'eau,  comprenant:  30 

a)  un  certain  nombre  de  transducteurs  de  vi- 
brations  electro-mecaniques  (2,3)  montes  a 
I'interieur  de  ladite  coque  de  navire  (1)  pour 
appliquer  des  vibrations  mecaniques  a  basse 
frequence  a  la  coque  (1)  elle-meme  lors-  35 
qu'une  energie  d'excitation  electrique  est 
fournie  auxdits  transducteurs  (2,3),  lesdites 
vibrations  a  basse  frequence  permettant  de 
combattre  la  salissure  biologique  au  moyen 
de  mouvements  relatifs  des  particules  d'eau  40 
relatifs  pratiquement  perpendiculaires  a  la  co- 
que  dans  des  zones  de  la  coque  (1)  presen- 
tant  des  amplitudes  de  vibration  suffisantes, 
et  a 
b)  un  sous-ensemble  pour  generer  et  fournir  45 
ladite  energie  d'excitation  electrique,  ledit 
sous-ensemble  comprenant  un  moyen  pour 
generer,  amplifier  et  distribuer  les  tensions 
d'excitation  electriques  aux  transducteurs 
respectifs,  caracterise  en  ce  que:  50 
a)  lesdits  transducteurs  (2,3)  sont  disposes 
par  paires  de  telle  maniere  que  chaque  trans- 
ducteur  d'une  paire  soit  situe  a  des  distances 
fixes  ou  predetermines  de  son  cote  respectif 
d'une  ligne  nodale  (4)  sur  ladite  coque  (1)  et  55 
en  ce  que: 
b)  ledit  sous-ensemble  comprend  en  outre  un 
moyen  pour  generer  et  distribuer  des  tensions 
d'excitation  auxdits  transducteurs  (2,3)  pre- 

Systeme  selon  la  revendication  4,  5  ou  6,  carac- 
terise  en  ce  que  lesdits  transducteurs  sont  dispo- 
ses  par  rangees  de  part  et  d'autre  de  ladite  ligne 
nodale  le  long  de  la  coque  du  navire,  un  effet  de 
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superposition  des  vitesses  des  particules  etant 
ainsi  obtenu  egalement  lateralement,  c'est-a-dire 
entre  chaque  paire  de  transducteurs  le  long  de  la- 
dite  ligne  nodale.  5 

Systeme  combine  pour  combattre  la  salissure 
biologique  marine  sur  I'exterieur  de  la  coque  d'un 
navire,  caracterise  en  ce  que  ce  systeme 
comprend,  en  plus  des  caracteristiques  ressor-  10 
tant  des  revendications  4-7,  une  couche  antisalis- 
sure  pour  combattre  la  salissure  biologique  par 
des  organismes  d'une  taille  sur  laquelle  les  fre- 
quences  de  vibrations  mecaniques  n'ont  aucune 
influence,  ladite  couche  antisalissure  etant  cons-  15 
titueed'un  materiau  presentant  une  faible  tension 
de  superf  icielle/energie  de  surface  par  rapport  a 
I'eau  pour  reduire  I'effet  d'adherence  des  orga- 
nismes  consideres,  ou  un  materiau  qui  se  dissout 
dans  I'eau  de  mer,  af  in  d'eliminer  les  organismes  20 
s'etant  eventuellement  deposes. 

Systeme  combine  selon  la  revendication  8,  ca- 
racterise  ce  que  ledit  materiau  est  d'un  type  orga- 
nique  et  comprend  de  I'oxygene  et/ou  du  silicium  25 
et/ou  du  f  luor  et/ou  de  I'azote. 
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