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Description 

The  invention  relates  to  a  mooring  system  com- 
prising  a  column  extending  under  tension  between  a 
connecting  point  adjacent  to  the  sea  bottom  and  a 
point  located  adjacent  to  the  water  level,  which  col- 
umn  has  bending  vibration  modes  between  the  said 
points  with  associated  period. 

Mooring  systems  of  this  type  are  known  in  many 
embodiments.  By  choosing  a  suitable  length  for  the 
column  they  can  be  used  in  different  water  depths. 
Said  length  of  the  column,  in  combination  with  among 
others  the  rigidity  against  bending  and  the  distribu- 
tion  of  the  masses  of  the  column,  influences  the  vi- 
bration  behaviour  of  the  mooring  system.  In  combi- 
nation  with  the  periodical  loads  resulting  from  the 
wave  movements  of  the  sea,  this  behaviour  is  de- 
termining  for  the  occurance  or  non-occurance  of 
resonance. 

To  avoid  resonance  it  is  necessary  to  fulfil  the 
requirement  that  the  periods  of  the  bending  vibra- 
tions  of  the  column  lie  outside  the  area  of  the  wave 
periods  of  the  sea  water.  In  this  respect  mainly  the 
lowest  bending  vibrations  are  important. 

With  relatively  long  columns  the  problem  occurs 
that  the  lowest  bending  vibrations  have  periods 
which  lie  within  the  area  of  the  wave  periods.  This 
could  be  avoided  by  dividing  the  column  into  parts 
which  are  pivotably  connected  with  each  other  (vide 
e.g.  U.S.  patent  specification  4  280  238),  but  in  par- 
ticular  with  larger  water  depths  it  is  undesirable  to 
provide  the  column  with  pivotable  joints. 

Purpose  of  the  invention  is  to  provide  a  mooring 
system  having  a  relatively  long  column  out  of  one 
piece  of  which  the  period  of  the  lowest  bending  vi- 
bration  or  vibrations  cannot  generate  resonance.  If 
said  period  is  indicated  with  N,  in  which  N  =  1  could 
be,  then  the  period  N  +  1  might  be  in  the  area  of  the 
smallest  wave  periods. 

According  to  the  invention  this  purpose  is 
achieved  in  that  an  additional  mass  or  masses  re- 
spectively  is  or  are  coupled  with  the  column  at  the 
location  or  locations  respectively  of  the  vibration 
node  or  nodes  respectively  of  the  N  +  1  bending  vi- 
bration  mode  of  the  column.  This  additional  mass  or 
masses  has  or  have  to  be  calculated  such  in  rela- 
tion  to  the  length  of  the  column  and  the  periods  of 
large  and  smaller  waves  of  the  wave  pattern  to  be 
expected  at  the  location  of  the  mooring  system,  that 
the  period  of  the  N  ̂ vibration  is  above  the  wave 
period  of  the  large  waves  and  the  period  of  the  high- 
er  vibrations  N  +  1  ,  N  +  2  etc.  are  smaller  or  equal 
to  the  period  of  the  smaller  waves.  Said  additional 
mass  or  masses  could  be  made  from  any  material, 
e.g.  concrete.  They  can  be  rigidly  connected  to  the 
column  or  such  that  they  can  move  in  the  longitudi- 
nal  direction  of  the  column  due  to  which  the  column 
is  not  loaded  by  the  weight  of  the  mass.  The  latter 
can  be  achieved  e.g.  by  means  of  an  annular  addi- 
tional  mass  sliding  upon  the  column  and  suspended 
with  cables  from  a  buoyant  body. 

Moreover  a  buoy  can  be  rigidly  connected  to  the 
column.  The  steel  mass  of  the  buoy  then  forms  the 
additional  mass.  Said  embodiment  has  an  additional 
advantage  that  the  buoyancy  of  the  buoy  performs 

a  tensile  force  upon  the  portion  of  the  column  locat- 
ed  below  the  buoy. 

According  to  a  preferred  embodiment  the  addi- 
tional  mass  or  masses  is  or  are  formed  by  a  water 

5  mass  present  between  the  outer  wall  of  the  column 
and  a  sleeve  surrounding  the  column  and  connected 
with  the  column.  Said  sleeve  can  have  any  shape 
suitable  to  hold  the  water  inside  it  with  respect  to  the 
column  during  displacements  resulting  from  bending 

10  vibrations. 
According  to  a  preferred  embodiment  the  upper 

and  lower  end  of  the  sleeve  could  be  in  fully  open 
connection  with  the  surrounding  water.  Moreover 
the  sleeve  can  be  made  narrower  towards  its  outer 

15  ends.  Throttle  openings  may  be  provided  to  gener- 
ate  a  dampening  function. 

The  additional  mass  or  masses  respectively  can 
be  formed  by  a  filling  of  the  column,  such  as  a  local 
ballast  mass. 

20  Said  mass  can  be  formed  by  concrete  or  other 
heavy  material  but  can  be  formed  as  well  by  a  space 
to  be  filled  with  water.  The  outer  dimensions  such  as 
the  diameter  of  the  column  then  need  not  to  be 
changed. 

25  Said  additional  mass  also  can  be  formed  by 
and/or  be  present  in  a  portion  of  larger  outer  dimen- 
sions  than  the  dimensions  of  the  column.  By  the  larg- 
er  outer  dimensions  a  larger  mass  is  already  formed 
and  larger  flow  resistances  are  generated  as  well, 

30  which  space,  if  desired,  further  can  be  provided 
with  an  additional  mass. 

In  the  following  the  invention  now  will  be  further 
elucidated  with  reference  to  the  drawings. 

35  Figure  1  schematically  shows  the  principle  of  the 
invention  where  N  =  1  . 

Figures  2,  3  and  4  schematically  show  different 
embodiments  for  arranging  an  additional  mass. 

Figures  5,  6  and  7  schematically  show  different 
40  embodiments  of  the  column  upon  which  the  measure 

according  to  the  invention  has  been  applied. 

Figure  1  shows  the  mooring  system  with  refer- 
ence  1  .  It  comprises  a  column  2  connected  at  its  low- 

45  er  end  upon  the  sea  bottom  4  by  means  of  a  ball  joint 
3  and  at  its  upper  end  by  means  of  a  cardan  joint  5. 
Said  cardan  joint  forms  part  of  an  arm  6  with  buoy- 
ant  body  7  connected  to  a  tanker  8.  The  first  bend- 
ing  vibration  9  and  the  second  bending  vibration  10 

50  are  schematically  indicated. 
Figure  2  shows  how  at  the  level  of  the  central  vi- 

bration  node  of  the  second  bending  vibration  a 
sleeve  1  1  has  been  mounted  around  the  column  2. 
Between  said  sleeve  and  the  column  there  is  a  water 

55  mass  12  forming  the  additional  mass. 
Figure  3  shows  a  column  provided  at  said  location 

with  a  concrete  mass  13.  A  diameter  of  the  column  2 
has  not  been  changed  by  it. 

Figure  4  shows  an  embodiment  in  which  the  col- 
60  umn  2  at  the  location  of  the  vibration  node  of  the 

second  bending  vibration  has  been  provided  with  a 
thickening  14  which  may  be  or  may  be  not  filled  with 
an  additional  mass. 

Figure  5  shows  that  the  column  1  5  with  the  addi- 
65  tiorial  mass  16  can  be  suspended  from  a  vessel  17, 
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2.  Vermurungssystem  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  die  zusatzliche  Masse  eine 
zwischen  der  AuBenwand  der  Saule  (2)  und  einer 
die  Saule  umgebenden  und  mit  dieser  verbundenen 

5  Hulle  (1  1  )  vorhandene  Wassermenge  (1  2)  ist. 
3.  Vermurungssystem  nach  Anspruch  2,  dadurch 

gekennzeichnet,  daB  sich  die  Hulle  (11)  am  oberen 
und  unteren  Ende  in  vollkommen  offener  Verbin- 
dung  mit  dem  umgebenden  Wasser  befindet. 

10  4.  Vermurungssystem  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  die  zusatzliche  Masse  eine 
Fiillung  (13)  der  Saule  umfaBt,  zum  Beispiel  eine  lo- 
kaie  Ballastmasse. 

5.  Vermurungssystem  nach  Anspruch  1  oder  4, 
15  dadurch  gekennzeichnet,  daB  die  zusatzliche  Mas- 

se  gebildet  ist  durch  und/oder  vorhanden  ist  in  ei- 
nem  Abschnitt  (14),  der  groBere  AuBenabmessun- 
gen  als  die  Saule  aufweist. 

20  Revendications 

can  be  loaded  by  a  weight  1  8  and  with  its  lower  end  1  9 
located  adjacent  to  the  sea  bottom  be  anchored  by 
means  of  chains  20. 

With  said  embodiment  the  column  is  held  under 
tension  by  the  weight  18. 

Figure  6  schematically  shows  a  column  21  with  the 
additional  mass  22,  which  column  has  been  posi- 
tioned  in  the  sea  bottom  at  23.  In  this  embodiment  the 
column  is  loaded  under  compression. 

Figure  7  shows  the  application  of  the  invention 
with  a  construction  comprising  e.g.  three  supporting 
legs  24  which  at  25  are  placed  upon  the  sea  bottom 
and  at  the  top  are  interconnected  by  means  of  a 
body  26  extending  through  the  water  level.  Here  the 
masses  are  provided  at  27.  With  said  construction 
the  load  is  general  under  compression  from  a  deck- 
load  28. 

Claims 

1  .  Mooring  system  comprising  a  column  (2)  extend- 
ing  under  tension  between  a  connecting  point  (3)  ad- 
jacent  to  the  sea  bottom  (4)  and  a  point  (5)  located 
adjacent  to  the  water  level,  which  column  (21)  has  an 
own  bending  vibration  between  the  said  points  (3,  5) 
with  a  period  corresponding  to  the  N  =  1  ,  bending  vi- 
bration  mode  characterized  in  that  an  additional 
mass  or  masses  (  11-14,  27)  respectively  is  or  are 
coupled  with  the  column  (2,  24)  at  the  location  or  lo- 
cations  respectively  of  the  vibration  node  or  nodes 
respectively  of  the  N  +  1  bending  vibration  mode  of 
the  column  (2,  24). 

2.  Mooring  system  as  claimed  in  claim  1,  charac- 
terized  in  that  the  additional  mass  is  a  water  mass 
(12)  present  between  the  outer  wall  of  the  column  (2) 
and  a  sleeve  (11)  surrounding  the  column  and  con- 
nected  with  the  column. 

3.  Mooring  system  as  claimed  in  claim  2,  charac- 
terized  in  that  the  sleeve  (1  1)  at  top  and  lower  end  is 
in  entirely  open  connection  with  the  surrounding 
water. 

4.  Mooring  system  as  claimed  in  claim  1,  charac- 
terized  in  that  the  additional  mass  comprises  a  filling 
13)  of  the  column,  such  as  local  ballast  mass. 

5.  Mooring  system  as  claimed  in  claim  1  or  4,  char- 
acterized  in  that  the  additional  mass  is  formed  by 
and/or  is  present  within  a  portion  (14)  having  larger 
outer  dimensions  than  those  of  the  column. 

Patentanspriiche 

1  .  Vermurungssystem  mit  einer  Saule  (2),  die  sich 
unter  Zugspannung  zwischen  einem  an  den  Meeres- 
boden  (4)  angrenzenden  Verbindungspunkt  (3)  und 
einem  an  die  Wasseroberflache  angrenzenden 
Punkt  (5)  erstreckt,  wobei  die  Saule  (21)  zwischen 
diesen  Punkten  (3,  5)  eine  eigene  Biegeschwingung 
mit  einer  dem  Biegeschwingungsmodus  N  =  1  ent- 
sprechenden  Periode  besitzt,  dadurch  gekenn- 
zeichnet,  daB  eine  zusatzliche  Masse  bzw.  Massen 
(11-14,  27)  an  der  Stelle  bzw.  den  Stellen  des 
Schwingungsknotens  bzw.  der  Schwingungsknoten 
des  N  +  1  Biegeschwingungsmodus  der  Saule  (2,  24) 
mit  letzterer  verbunden  sind. 

1.  Systeme  d'amarrage  comprenant  une  colonne 
(2)  s'etendant  sous  tension  entre  un  point  de  con- 
nexion  (3)  qui  est  adjacent  au  fond  de  la  mer  (4)  et 
un  point  (5)  qui  est  situe  adjacent  au  niveau  de  I'eau, 
laquelle  colonne  (21  )  est  soumise  a  des  flexions  al- 
tem§es  propres  entre  lesdits  points  (3,  5)  selon  une 
periode  correspondent  au  mode  de  flexions  alter- 
n6es  de  N  =  1  ,  caracterise  en  ce  qu'une  ou  plusieurs 
masses  additionnelles  (11-14,  27)  est  ou  sont  res- 
pectivement  accouplees  a  la  colonne  (2,  24)  a  ou 
aux  emplacements  respectifs  du  ou  des  noeuds  de 
vibrations  respectifs  du  mode  de  flexions  altem^es 
N  +  1  de  la  colonne  (2,  24). 

2.  Systeme  d'amarrage  selon  la  revendication  1, 
caracterise  en  ce  que  la  masse  additionnelle  est  une 
masse  d'eau  (1  2)  presente  entre  la  paroi  externe  de 
la  colonne  (2)  et  un  manchon  (11)  entourant  la  colon- 
ne  et  relie  a  la  colonne. 

3.  Systeme  d'amarrage  selon  la  revendication  2, 
caracterise  en  ce  que  le  manchon  (1  1  )  est  en  liaison 
totalement  ouverte  avec  I'eau  environnante  a  son 
extremite  superieure  et  a  son  extremite  inferieure. 

4.  Systeme  d'amarrage  selon  la  revendication  1, 
caracterise  en  ce  que  la  masse  additionnelle  com- 
prend  un  garnissage  (13)  de  la  colonne,  tel  qu'une 
masse  de  ballast  local. 

5.  Systeme  d'amarrage  selon  la  revendication  1 
ou  4,  caracterise  en  ce  que  la  masse  additionnelle 
est  formee  par  et/ou  est  presente  dans  une  portion 
(14)  ayant  des  dimensions  exte>ieures  supe>ieures 
a  celles  de  la  colonne. 
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