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(54)  Liquid-permeable  suction  mould  for  use  in  the  manufacture  of  articles  of  pulp,  and  method 
for  making  such  a  mould 

(57)  In  a  suction  mould  (1)  comprising  a  mould-sur- 
face  structure  (4)  having  openings  (4")  allowing  pas- 
sage  of  the  liquid  but  not  of  the  fibres,  in  the  form  of 
closely  spaced  through-going  ducts  supported  against 
the  force  of  the  suction  by  a  backing  structure  (5),  and 
adapted  to  be  connected  to  a  source  (not  shown)  of 
sub-atmospheric  pressure,  for  making  a  thin-walled  arti- 
cle  (not  shown)  by  aspirating  said  slurry  against  the  sur- 
face  of  the  mould, 
the  novel  feature  is 
that  the  mould-surface  structure  (4)  and  the  backing 
structure  (5)  are  integral  parts  of  a  common  coherent 
body. 

With  this  arrangement,  no  separate  backing  struc- 
ture  is  needed,  making  it  possible,  preferably  by  using 
novel  methods  of  selective  hardening  of  plastic  materi- 
als,  to  manufacture  moulds  quickly  and  at  low  cost, 
making  it  more  economical  than  previously  to  adapt  the 
slurry-casting  machine  (not  shown),  in  which  the  mould 
(1)  is  used,  to  the  quickly  changing  requirements  of  the 
market. 
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Description 

TECHNICAL  FIELD 

The  present  invention  relates  to  a  liquid-permeable 
suction  mould  for  use  in  making  thin-walled  articles  by 
sucking  a  slurry  of  fibre  pulp  against  a  perforate  mould 
surface  having  a  shape  corresponding  to  that  of  the  arti- 
cles  to  be  made,  said  mould  having  through-going  ducts 
extending  from  openings  in  said  mould  surface  being  so 
dimensioned  as  to  allow  passage  of  the  liquid,  but  not 
the  fibres  in  said  slurry,  to  openings  in  an  oppositely 
located  mounting  surface,  adapted  to  have  suction 
applied  to  it  in  order  to  produce  said  pulp  article. 

BACKGROUND  ART 

When  producing  articles  of  pulp  to  be  used  as  pro- 
tective  packaging  elements  in  connection  with  the  pack- 
aging  of  consumer  goods  of  the  type  changing  in 
appearance  frequently,  typically  in  the  course  of  a  year 
or  two,  such  as  electronic  equipment  of  the  type  mobile 
telephones,  electrical  household  devices,  video  cas- 
sette  recorders,  etc.,  frequently  having  an  irregular 
three-dimensional  surface,  it  is  necessary  to  use 
moulds  with  a  complicated  complementary  three- 
dimensional  mould  surface,  and  at  the  same  time,  these 
moulds  must  be  very  cheap  to  produce  due  to  the  short 
life  span  and  the  relatively  small-sized  series  of  the  con- 
sumer  goods  concerned.  At  the  same  time  it  is  also  nec- 
essary  to  provide  a  packaging  product  capable  of 
satisfying  the  high  demands  of  the  manufacturers  of 
consumer  goods  with  regard  to  the  properties  of  the 
protective  packaging,  such  as  e.g.  rupture  strength, 
zones  of  controlled  deformation,  elasticity,  capability  for 
free  stacking  etc.,  all  in  such  a  manner  that  the  manu- 
facturers  prefer  to  use  packaging  elements  made  of 
moulded  pulp  rather  than  those  conventionally  made  of 
plastic  material  for  these  packaging  purposes. 

The  conventionally  used  complicated  three-dimen- 
sional  suction  moulds  have  until  now  been  manufac- 
tured  by  dividing  the  mould  into  a  generally  plane  base 
part  and  a  greater  number  of  smaller  spatial  shape  ele- 
ments,  the  latter  together  constituting  a  shape-giving 
part  to  be  placed  on  said  base  part.  All  the  shape  ele- 
ments  are  normally  and  advantageously  made  from  a 
metal  or  a  plastic  material  and  are  covered  with  an  ordi- 
nary  wire  gauze,  e.g.  a  50  mesh  gauze  of  stainless  steel 
having  wires  approx.  0.3  mm  thick  and  openings  meas- 
uring  approx.  0.3  mm.  Only  the  process  of  covering  the 
shape  elements  with  wire  gauze  is  extremely  demand- 
ing  in  terms  of  cost  and  resources,  because  it  is  carried 
out  manually,  i.e.  one  will  start  off  with  a  plain  wire 
gauze,  which  is  cut  and  shaped  to  the  three-dimen- 
sional  shape  desired  and  welded.  The  shape-giving 
part  will  also  comprise  a  great  number  of  drain  holes  for 
the  liquid  having  a  spacing  of  e.g.  8-10  mm. 

As  will  be  evident  from  the  preamble  of  claim  1  ,  the 

suction  mould  functions  as  a  filter,  on  which  fibres  from 
the  pulp  are  deposited  to  form  a  shell-shaped  pulp  arti- 
cle,  and  the  moulds  are  used  in  the  conventional  man- 
ner  in  connection  with  making  such  pulp  objects.  Thus, 

5  the  fibre-containing  dispersion  is  sucked  onto  the  mould 
surface  (the  surface  of  the  gauze)  on  the  suction  mould 
by  subjecting  the  mould  to  a  vacuum  and  sucking  a  part 
(approximately  25%)  of  the  liquid  phase  from  the  disper- 
sion  through  the  gauze  and  the  mould  surface  towards 

10  the  opposite  side  of  the  mould,  so  that  the  fibres  in  the 
fibre-containing  dispersion  are  deposited  on  the  surface 
of  the  wire  gauze.  The  next  step  comprises  compress- 
ing  the  pulp  object  gently  between  the  suction  mould 
and  a  transfer  mould.  Towards  the  end  of  this  gentle 

15  compressing,  the  vacuum  can  be  replaced  by  a  gentle 
blast  of  compressed  air  in  such  a  manner  that  the  shell- 
shaped  pulp  object  is  loosened  from  the  suction  mould 
and  transferred  to  the  transfer  mould,  provided  that  a 
vacuum  is  applied  to  the  latter  at  the  same  time.  Finally, 

20  the  articles  are  transferred  by  means  of  the  transfer 
mould  to  a  conveying  system  conveying  the  articles 
through  a  drying  oven,  after  which  the  total  liquid  con- 
tent  in  the  pulp  object  will  be  approximately  8%. 

A  substantial  advantage  of  using  suction  moulds 
25  with  a  wire  gauze  covering  the  shape-giving  part  is  to  be 

found  in  the  fact  that  this  gauze  contributes  towards  the 
fibre  slurry  being  sucked  fairly  evenly  distributed  across 
the  surface  of  the  gauze,  since  the  vacuum  being 
applied  will  to  a  great  extent  be  uniformly  distributed 

30  throughout  the  space  existing  between  the  rear  side  of 
the  gauze  and  the  surface  of  the  shape-giving  part.  In 
other  words:  the  existing  suction  moulds  provided  with 
wire  gauze  exhibit  excellent  suction-moulding  charac- 
teristics. 

35  Among  the  more  characteristic  limitations  in  con- 
nection  with  the  manufacture  of  pulp  articles  using  con- 
ventional  suction  moulds  with  a  wire  gauze  made  to 
conform  to  the  shape-giving  part  will  be  found  partly  that 
it  may  be  difficult  to  produce  mould  surfaces  with  sharp 

40  transitions  between  the  individual  shape  elements, 
since  it  must  be  possible  to  secure  the  gauze  between 
the  individual  shape  elements,  partly  that  it  is  impossi- 
ble  to  produce  pulp  objects  with  angles  of  less  than 
approximately  8°,  due  to  the  tendency  of  the  gauze  to 

45  catch  and  hold  that  part  of  the  fibre  mass  entering  into 
and  getting  wedged  in  the  wire  crossings  of  the  gauze. 
To  this  must  be  added  that  the  total  flow-cross-sectional 
area  of  the  shape-giving  part  for  a  given  mould  area 
normally  only  constitutes  approximately  3%  of  the  area 

so  of  the  shape-giving  part. 
Other  types  of  moulds,  such  as  e.g.  sand  or  particle 

moulds,  are  known.  These  types  of  moulds  are  based 
on  the  common  feature  that  the  mould  material  is  nor- 
mally  constituted  by  a  material,  which  in  the  initial  state 

55  is  in  the  form  of  loose  particles,  such  as  e.g.  sand, 
quartz-containing  material,  aluminium  powder  and  the 
like.  These  materials  are  used  in  several  different  parti- 
cle  sizes  and  shapes  (cubic  etc.),  and  the  smallest  par- 
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tide  sizes  are  normally  used  for  forming  the  mould 
surface  of  the  shape-giving  part  so  as  to  give  this  sur- 
face  an  as  even  and  uniform  structure  as  possible. 
These  moulds  are  made  by  placing  a  replica  of  the 
object  to  be  manufactured  in  a  mould  box,  after  which 
the  mould  material  is  poured  onto  the  replica  with  the 
smallest  particles  first,  after  which  the  larger  particles 
are  poured  in  until  the  mould  box  is  full.  The  most  com- 
mon  methods  for  solidifying  the  mould  material  are  to 
cause  the  individual  particles  to  be  wedged  together  or 
to  add  a  binder  to  the  mould  material  before  pouring  it 
into  the  mould  box,  after  which  it  is  allowed  to  set,  nor- 
mally  requiring  approximately  24  hours.  A  substantial 
disadvantage  with  these  types  of  moulds  is,  however, 
that  they  can  relatively  quickly  be  clogged  in  their  inter- 
nal  structure  and  can  only  be  purged  to  a  limited  extent 
because  of  the  special  structure  with  particles  having  a 
relatively  low  mechanical  strength. 

A  recent  development  in  this  technology  is  dis- 
closed  in  GB-A-2,283,966  and  GB-A-2,284,380  (Bowa- 
ter  Pic).  The  latter  describes  with  reference  to  its  Figure 
11  a  mould  made  by  supporting  a  mesh  (22)  on  a 
shaped  support  (20)  The  mesh  may  be  ordinary  wire 
mesh  (gauze),  or  made  by  stereolithography  (SLA  = 
Stereo  Lithographic  Application),  whereas  the  support 
may  be  made  as  a  bonded  stack  of  plastics-coated 
paper  or  other  layers,  which  may  be  formed  with  drain- 
age  apertures,  the  contours  of  which  are  defined  by  a 
laser. 

These  moulds  do,  however,  tend  to  suffer  from  the 
drawbacks  referred  to  in  connection  with  the  sand  or 
particle  moulds  described  above,  such  as  low  mechani- 
cal  strength  making  it  difficult  to  purge  the  mould  without 
causing  damage  to  it.  Further,  their  manufacture  is  rela- 
tively  complicated  and  time-consuming. 

Another  recent  development  is  described  in  EP-A2- 
0,719,894  (Sintokogio,  Ltd.).  In  the  suction  mould 
described  in  this  publication,  the  part  of  the  mould  com- 
prising  the  mould  surface  is  a  reticulate  resin  shell,  met- 
allized  for  reinforcement  and  mounted  on  a  support 
member  of  considerable  thickness  and  having  pas- 
sages  for  the  liquid  aspirated  through  the  reticulate  shell 
during  the  process  of  making  a  pulp  article. 

These  moulds  are  also  complicated  to  manufac- 
ture,  thus  increasing  the  cost  of  the  articles  made  with 
such  moulds. 

DISCLOSURE  OF  THE  INVENTION 

On  the  background  of  the  above,  it  is  the  object  of 
the  present  invention  to  provide  a  mould  of  the  kind 
referred  to  initially,  in  which  the  limitations  referred  to 
above  are  substantially  eliminated,  and  with  which  it  is 
possible  to  achieve  suction-moulding  characteristics  at 
least  corresponding  to  those  that  can  be  achieved  with 
the  conventional  suction  moulds  provided  with  wire 
gauze,  as  well  as  to  provide  a  method  for  manufacturing 
such  a  mould. 

This  object  is  achieved  with  a  mould  of  the  type 
described  initially,  according  to  the  present  invention 
further  being  characterized  in  that  the  mould  is  a  one- 
piece  element  with  a  thickness  as  measured  between 

5  said  mould  surface  and  said  mounting  surface  sufficient 
to  give  ability  to  said  element  as  such  the  requisite 
mechanical  strength  and  withstand  the  forces  created 
by  the  greatest  difference  in  pressure  between  said  two 
surfaces. 

10  With  this  arrangement,  it  is  possible  not  only  to 
achieve  a  mould  surface,  onto  which  the  shell-shaped 
pulp  object  is  to  be  moulded,  which  in  the  surface 
regions  between  the  individual  ducts  presents  itself  as 
mutually  aligned,  and  thus  not  overlapping  or  crossing 

15  each  other  as  in  the  conventional  wire-gauze  moulds. 
Further,  the  flow  rate  through  the  ducts  -  all  else  being 
equal  -  will  be  very  much  higher  than  that  through  the 
openings  in  the  wire  gauze.  Moreover  it  is  possible  to 
avoid  pulp  fibres  being  caught  in  the  crossing  points  of 

20  the  wire  gauze  as  mentioned  above,  thus  making  it  pos- 
sible  to  manufacture  pulp  articles  with  angles  less  than 
the  above-mentioned  normal  angle  of  approximately  8°. 
This  is  of  great  importance  with  regard  to  minimizing  the 
external  dimensions  of  the  articles,  this  especially  being 

25  a  factor  when  the  pulp  articles  are  to  be  shipped  and 
later  used,  e.g.  as  protective  packaging  devices,  ele- 
ments  or  inserts.  Making  the  mould  in  the  form  of  a  self- 
supporting  coherent  body  will,  of  course,  improve  the 
manufacturing  process. 

30  It  will  be  possible  to  manufacture  the  mould  as  such 
as  a  one-piece  structure  that  can  be  produced  in  a  uni- 
form  manner  and  hence  also  within  very  small  dimen- 
sional  tolerances.  To  this  must  be  added  a  hitherto 
unknown  high  quality  in  the  suction-moulding  character- 

35  istics,  an  extremely  uniform  and  even  suction  being 
achieved,  this  again  meaning  that  the  pulp  articles  can 
be  manufactured  with  smaller  variations  in  size  than  has 
been  possible  to  achieve  with  the  conventional  moulds. 
The  ducts  in  the  coherent  body  are  continuous  and  pref- 

40  erably  open  at  two  ends  but  are  not  necessarily  con- 
nected  to  each  other,  e.g.  they  form  individual  through- 
going  passages  that  may  be  connected  to  the  device  for 
applying  vacuum,  possibly  also  pressure. 

When,  as  set  forth  in  claim  2,  the  one-piece  mould 
45  element  has  approximately  the  same  thickness  over  its 

entire  surface  as  measured  between  said  mould  surface 
and  said  mounting  surface,  the  flow  resistance  can  be 
made  substantially  equal  for  all  points  on  the  mould  sur- 
face. 

so  When,  as  set  forth  in  claim  3,  the  one-piece  mould 
element  has  sections  with  greater  thickness  for  reinforc- 
ing  said  sections  of  the  mould,  it  is  possible  to  make 
moulds  with  a  large  surface  area  while  retaining  the  req- 
uisite  mechanical  strength  needed  to  withstand  the 

55  pressure  difference. 
When,  as  set  forth  in  claim  4,  the  one-piece  mould 

element  has  stiffening  ribs  near  the  mounting  surface,  it 
is  possible  to  achieve  the  requisite  mechanical  strength 

3 
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while  retaining  the  possibility  of  influencing  the  flow 
resistance  pattern. 

When,  as  set  forth  in  claim  5,  said  ducts  extend 
substantially  mutually  parallel,  it  is  possible  to  achieve  a 
simple  build-up  of  the  coherent  body,  making  it  possible  s 
to  manufacture  the  latter  in  a  simple  manner. 

When,  as  set  forth  in  claim  6,  said  ducts  extend 
substantially  at  right  angles  from  said  mould  surface,  it 
is  achieved  that  the  risk  of  fibres  passing  through  is 
reduced.  10 

When,  as  set  forth  in  claim  7,  the  mould  comprises 
at  least  two  regions,  of  which  first  regions  bordering  on 
the  mould  surface  comprise  ducts,  while  second 
regions  not  bordering  on  the  mould  surface  comprise 
reinforcement  ribs  extending  from  said  first  regions  to  is 
said  mounting  surface,  it  is  possible  to  obtain  an  inte- 
grated  mould  with  which  it  is  possible  to  achieve  a  flow 
distribution  providing  the  required  thickness  distribution 
in  the  pulp  product  being  made  using  the  mould. 

When,  as  set  forth  in  claim  8,  the  material  used  for  20 
manufacturing  the  mould  is  constituted  by  a  metal  or  a 
plastic  material,  preferably  the  same  material  for  all 
regions  of  the  body,  it  is  possible  to  manufacture  the 
mould  in  a  material  that  is  suitable  in  connection  with 
the  production  of  so-called  RPT  patterns  (Rapid  Proto-  25 
typing  Techniques),  including  the  use  of  SLA  technology 
(Stereo  Lithographic  Applications),  a  method  compris- 
ing  building  a  three-dimensional  pattern  layer  by  layer 
and  using  irradiation  to  make  a  part  of  a  liquid  material 
set  while  the  material  is  contained  in  a  tank  or  the  like.  30 

When,  as  set  forth  in  claim  9,  the  ducts  extending 
from  the  mould  surface  at  least  at  the  mould  surface 
have  transverse  dimensions  of  between  0.2  and  2  mm 
and  are  spaced  from  each  other  at  distances  of 
between  0.1  and  0.8  mm,  it  is  achieved  that  each  of  the  35 
parts,  in  which  these  ducts  are  formed,  comprises  a 
mechanically  stable  body  having  almost  the  same 
strength  as  a  compact  body  of  the  same  overall  shape. 

When,  as  set  forth  in  claim  10,  the  openings  in  the 
mould  surface,  from  which  the  ducts  extend,  have  a  total  40 
cross-sectional  area  of  10-80%,  preferably  approxi- 
mately  50%  of  the  corresponding  total  mould-surface 
area,  it  is  possible  to  achieve  a  hitherto  unknown  de- 
watering  speed,  i.e.  if  desired,  the  period  of  pulp  depo- 
sition  can  be  reduced  substantially.  45 

The  present  invention  also  relates  to  a  method  for 
manufacturing  a  suction  mould  according  to  the  inven- 
tion,  and  this  method  is  characterized  by  the  use  of  a 
material,  preferably  a  settable  material,  that  can  be  built 
up  layer  by  layer  by  causing  successive  layers  to  set  so 
according  to  a  predetermined  pattern  in  such  a  manner 
that  the  layers  co-operate  to  form  a  mould  having  the 
desired  shape  including  said  ducts,  and  then  removing 
the  un-set  material.  One  way  of  doing  this  would  be  to 
use  a  settable  plastic  material,  that  can  be  made  to  set  55 
by  means  of  irradiation  and  by  irradiating  said  material 
while  controlling  the  irradiation  in  space  and  time  so  as 
to  make  the  material  set  layer  by  layer.  The  irradiation 
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can  e.g.  be  carried  out  by  means  of  a  laser  beam,  ultra- 
violet  radiation  or  infrared  radiation.  A  suitable  method 
for  use  when  making  such  a  three-dimensional  object  is 
the  so-called  SLA  technology  (Stereo  Lithographic 
Application),  e.g.  of  the  type  disclosed  in  US-A- 
5,071,337.  Thus,  a  mould  manufactured  by  using  this 
technology  will  be  dimensionally  highly  stable  and 
hence  simple  to  reproduce  in  a  number  of  exactly  equal 
copies,  making  it  possible  to  manufacture  thin-walled 
pulp  objects  of  a  quality  hitherto  unseen.  To  this  must  be 
added  that  the  time  of  manufacture  for  such  a  suction 
mould  produced  using  the  SLA  technology  may  be 
reduced  considerably  relative  to  the  time  of  manufac- 
ture  for  a  conventionally  constructed  suction  mould  with 
wire  gauze,  constituting  up  to  several  weeks. 

By  carrying  out  the  method  in  such  a  manner,  that 
the  thin-walled  article  is  designed  by  using  a  conven- 
tional  computer-aided-design  programme  for  automatic 
data  processing,  and  that  the  basic  data  thereby  pro- 
vided  are  converted  to  a  set  of  complementary  basic 
data  for  use  in  connection  with  manufacturing  the  mould 
with  ducts  in  a  suitable  manufacturing  apparatus,  it  is 
possible  to  use  the  set  of  basic  data  in  connection  with 
the  forming  of  at  least  parts  of  the  suction  mould  in  a 
suitable  manufacturing  apparatus  of  the  type  referred  to 
above. 

Further  embodiments  of  the  mould  and  the  method 
of  making  it  are  set  forth  in  claims  14-16  and  13,  respec- 
tively,  and  their  effects  are  explained  in  the  following 
detailed  part  of  the  present  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  following  detailed  part  of  the  present  descrip- 
tion,  the  invention  will  be  explained  in  more  detail  with 
reference  to  the  exemplary  embodiments  of  suction 
moulds  according  to  the  invention  shown  in  the  draw- 
ings,  in  which 

Figure  1  is  a  diagrammatic  sectional  elevation  of  an 
exemplary  embodiment  of  a  suction  mould  manu- 
factured  according  to  the  invention, 
Figures  1a  and  1b  are  partial  views  in  perspective 
of  the  suction  mould  of  Figure  1  , 
Figure  2  in  the  same  manner  as  Figure  1  shows  a 
second  exemplary  embodiment  of  a  suction  mould 
according  to  the  invention, 
Figures  2a  and  2b  are  partial  views  in  perspective 
of  the  suction  mould  of  Figure  2, 
Figures  3-5  in  the  same  manner  as  Figures  1  and  2 
show  further  exemplary  embodiments  of  a  suction 
mould  according  to  the  invention, 
Figures  3a-6a  are  partial  view  in  perspective  of  the 
suction  mould  of  Figures  3-6,  respectively, 
Figure  7  diagrammatically  shows  various  cross- 
sectional  geometries  for  the  suction  ducts  in  a  suc- 
tion  mould  according  to  the  invention,  and 
Figures  8-1  1  illustrate  further  possibilities  for  imple- 
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meriting  the  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

As  will  be  evident  from  the  drawing,  a  number  of 
exemplary  embodiments  of  a  suction  mould  according 
to  the  invention  is  shown. 

Figures  1  -1b  show  an  example  of  a  suction  mould  1 
with  a  cellular  mould  2.  The  reference  number  3  indi- 
cates  a  conventionally  used  mounting  surface,  upon 
which  the  suction  mould  1  can  be  placed  and  which 
communicates  with  a  suction  and  pressure  chamber 
device,  respectively  (not  shown).  As  will  further  be  evi- 
dent  from  the  figure,  the  integrated  mould  1  shown  is 
made  from  the  same  material  throughout  and  com- 
prises  material  elements  2',  connected  to  each  other  so 
as  to  form  a  great  number  of  through-going  suction 
ducts  2".  In  the  example  shown,  these  suction  ducts  2" 
extend  parallel  to  each  other,  opening  at  one  end  to  the 
mounting  surface  3  and  at  the  other  end  at  the  surface 
of  the  mould  1,  i.e.  the  surface,  upon  which  the  fibre 
pulp  is  to  be  deposited. 

Figures  1  a  and  1  b  show  at  an  enlarged  scale  a  seg- 
ment  of  the  suction  mould  1  shown  in  Figure  1  .  In  the 
exemplary  embodiment  shown,  the  suction  ducts  have 
a  square  cross-sectional  shape,  for  which  reason  the 
material  elements  2',  forming  together  a  coherent  mould 
structure,  can  have  a  width  M3  of  0.1-2  mm,  a  thickness 
Mi  of  0.2-2.0  mm  and  a  total  length  M2of  e.g.  1.0-100.0 
mm,  preferably  1  .0-20.0  mm. 

Figures  2-2b  show  a  second  exemplary  embodi- 
ment  of  a  suction  mould  1  according  to  the  invention.  In 
broad  outline,  the  mould  shown  is  similar  to  the  one 
described  above,  but  differs  from  it  by  comprising  two 
distinct  structures,  viz.  a  mould-surface  structure  4  and 
a  backing  structure  5.  It  should  be  noted,  however,  that 
the  two  structures  4  and  5  are  integral  parts  of  the  com- 
mon  coherent  body  constituting  the  mould  1  . 

Figures  2a  and  2b  again  show  square-shaped  suc- 
tion  ducts  like  those  in  the  example  of  Figure  1a.  As 
shown,  the  ducts  4"  have  width  dimensions  Si,  S2  of 
approximately  0.2-2.0  mm  and  a  length  Na  of  approxi- 
mately  1  .0-20  mm  in  the  region  of  the  mould  constituting 
the  cellular  structure  4.  A  special  feature  of  this  exem- 
plary  embodiment  is  that  reinforcement  ribs  are 
arranged  in  the  backing  structure  5  with  suction  ducts 
5",  the  latter  then  opening  towards  the  mounting  sur- 
face.  The  width  dimensions  of  the  suction  ducts  5" 
become  Sa,  Sb,  while  the  length  normally  becomes  (M2- 
Na),  in  which  M2  is  the  total  height  of  the  mould  and  Na 
is  the  height  (length)  of  the  mould-surface  structure  4. 

Figure  3  shows  an  exemplary  embodiment,  that 
can  be  regarded  as  derived  from  that  shown  in  Figure  2 
by  removing  the  latter's  backing  structure  5.  In  this 
embodiment,  the  requisite  mechanical  strength  may  be 
provided  by  shaping  the  mounting  surface  (cf.  3  in  Fig- 
ure  1)  so  as  to  fit  snugly  and  support  the  lower  side  of 

the  mould-surface  structure  4,  or  by  making  the  latter 
from  such  a  material,  such  a  thickness  and  such  dimen- 
sions  of  the  ducts  4",  that  it  is  self-supporting. 

As  illustrated  in  Figures  4  and  4a,  it  is  also  contem- 
5  plated  that  the  suction  mould  1  can  be  provided  with  a 

mould-surface  structure  6  and  a  backing  structure  7,  in 
which  especially  the  suction  ducts  6"  in  the  mould-sur- 
face  structure  6  exhibit  a  special  feature,  as  one  end  of 
them,  opening  towards  the  pulp  object  to  be  manufac- 

10  tured  at  the  surface  of  the  structure,  extends  substan- 
tially  at  right  angles  to  the  mould  surface  at  any  given 
point  on  the  mould  1  .  With  this  arrangement,  the  suction 
holes  in  the  surface  of  the  mould  will  have  the  smallest 
possible  extent,  thus  reducing  the  proportion  of  fibres 

15  being  sucked  into  the  ducts. 
In  principle,  the  invention  can  be  used  to  form  any 

kind  of  three-dimensional  mould,  in  Figure  2b  exempli- 
fied  in  the  form  of  a  body  8  with  suction  ducts  8"  and 
having  steep  side  surfaces.  In  addition  to  the  square 

20  cross-sectional  shape  of  the  suction  ducts  shown,  a 
skilled  person  can,  of  course,  choose  cross-sectional 
shapes  with  different  geometries,  such  as  oval,  rectan- 
gular,  triangular,  hexagonal  etc.,  and  as  shown  in  Figure 
7,  each  duct  may  be  "sub-divided"  into  a  number  of  dif- 

25  ferent  cross-sectional  shapes. 
As  will  be  evident  when  comparing  Figure  5  to  Fig- 

ures  3  and  4,  the  embodiment  shown  in  Figure  5  is  a 
combination  of  features  from  said  Figures  3  and  4. 

Figures  6  and  6a  show  an  embodiment,  in  which 
30  the  ducts  extend  in  three  directions  at  right  angles  to 

each  other.  This  embodiment  could  be  realized  by  first 
making  a  block  having  such  sets  of  ducts  throughout  its 
volume,  after  which  the  block  would  be  machined  to 
remove  surplus  material,  e.g.  leaving  a  mould  like  the 

35  one  shown  in  these  Figures,  although  it  is  preferred  to 
use  a  computer-based  method  of  material  deposition. 

Figure  8  illustrates  the  possibility  of  using  automatic 
data  processing  to  provide  a  mould  with  ducts  of  a 
desired  shape.  In  this  case,  a  computer  programme  rep- 

40  resenting  the  mould  surface  in  three  spatial  dimensions 
is  combined  with  a  mesh  programme,  so  that  a  mesh  of 
suction  openings  will  be  provided  in  the  mould  surface, 
continuing  into  suction  ducts  extending  through  the 
mould-surface  structure.  The  combined  programme  can 

45  be  used  to  control  a  computer-controlled  processing 
machine  to  make  moulds  with  suction  openings  in  the 
form  of  regular  triangles  or  other  polygons,  continuing 
into  suction  ducts  extending  at  any  desired  angle, 
including  a  right  angle,  from  the  mould  surface. 

so  Figure  9  shows  an  example  of  a  mould,  in  which  the 
ducts  in  the  steep  sides  have  relatively  small  transverse 
dimensions,  e.g.  0.2  mm,  whereas  the  ducts  in  the  top 
and  base  parts  have  relatively  larger  transverse  dimen- 
sions,  e.g.  0.5  mm.  The  ratio  may  be  as  high  as  1:10. 

55  With  this  arrangement,  the  patterns  formed  in  the  pulp 
article  will  be  less  conspicuous,  thus  improving  the  vis- 
ual  appearance  of  the  product. 

Figures  10  and  10a  show  an  example  of  a  mould,  in 

5 
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which  parallel  groups  of  ducts  extend  in  two  directions 
forming  an  angle  with  each  other  and  forming  angles 
with  the  base  of  the  mould  differing  from  90°.  The  two 
groups  may  be  mutually  offset  so  as  to  avoid  the  various 
ducts  intersecting  each  other,  and  the  various  ducts 
may  have  different  transverse  dimensions.  Such  a 
mould  could  also  be  manufactured  in  the  manner  indi- 
cated  above  with  reference  to  Figures  6  and  6a, 
although  in  this  case  also,  the  method  of  using  compu- 
ter-based  deposition  referred  to  above  is  preferred. 

Figure  1  1  illustrates  the  possibility  of  encoding  the 
co-ordinates  for  the  openings  desired  in  the  mould  sur- 
face  by  using  a  computer  programming  for  a  five-axes 
machining  or  processing  programme.  When  the  co-ordi- 
nates  have  been  determined,  the  normal  is  raised,  at 
the  same  time  indicating  the  direction  of  the  ducts  at 
right  angles  to  the  mould-surface. 

LIST  OF  PARTS 

M1  thickness 
M2  total  length/height 
M3  width 
Na  length/height 
Sa  width  dimension 
Sb  width  dimension 
51  width  dimension 
52  width  dimension 
1  suction  mould 
2  cellular  mould  component 
2'  material  element 
2"  suction  duct 
3  mounting  surface 
4  mould-surface  structure 
4"  suction  duct 
5  backing  structure 
5"  single  suction  duct 
6  mould-surface  structure 
6"  suction  duct 
7  backing  structure 
7"  single  suction  duct 
8  body 
8"  suction  duct 

Claims 

1.  Suction  mould  (1)  for  use  in  making  thin-walled  arti- 
cles  by  sucking  a  slurry  of  fibre  pulp  against  a  per- 
meable  mould  having  a  shaped  surface 
corresponding  to  that  of  the  articles  to  be  made, 
said  mould  having  through-going  ducts  (Figures  1  - 
3-5)  extending  from  openings  in  said  mould  surface 
being  so  dimensioned  as  to  allow  passage  of  the 
liquid,  but  not  the  fibres  in  said  slurry,  to  openings  in 
an  oppositely  located  mounting  surface,  adapted  to 
have  suction  applied  to  it  in  order  to  produce  said 
pulp  article,  characterized  in  that  the  mould  is  a 
one-piece  element  with  a  thickness  as  measured 

between  said  mould  surface  and  said  mounting  sur- 
face  sufficient  to  give  said  element  as  such  the  req- 
uisite  mechanical  strength  and  ability  to  withstand 
the  forces  created  by  the  greatest  difference  in 

5  pressure  between  said  two  surfaces. 

2.  Mould  according  to  claim  1  ,  characterized  in  that 
the  one-piece  mould  element  has  approximately 
the  same  thickness  over  its  entire  surface  as  meas- 

10  ured  between  said  mould  surface  and  said  mount- 
ing  surface  (Figures  3,  5,  6). 

3.  Mould  according  to  claim  1  ,  characterized  in  that 
the  one-piece  mould  element  has  sections  with 

15  greater  thickness  for  reinforcing  said  sections  of  the 
mould  (Figure  1). 

4.  Mould  according  to  claim  1  ,  characterized  in  that 
the  one-piece  mould  element  has  stiffening  ribs 

20  near  the  mounting  surface  (Figures  2,  4). 

5.  Mould  according  to  claim  1  ,  characterized  in  that 
said  ducts  (2";4",5")  extend  substantially  mutually 
parallel. 

25 
6.  Mould  according  to  claim  1  ,  characterized  in  that 

said  ducts  (6")  extend  substantially  at  right  angles 
from  said  mould  surface  (Figures  4,  5). 

30  7.  Mould  according  to  claim  1  ,  characterized  in  that  it 
comprises  at  least  two  regions  (Figure  2:  4,5)  (Fig- 
ure  4:  6,7),  of  which  first  regions  (4;6)  bordering  on 
the  mould  surface  comprise  ducts  (4";6"),  while 
second  regions  (5;7)  not  bordering  on  the  mould 

35  surface  comprise  reinforcement  ribs  extending  from 
said  first  regions  to  said  mounting  surface. 

8.  Mould  according  to  any  one  or  any  of  the  claims  1  - 
7,  characterized  in  that  the  material  used  for  man- 

40  ufacturing  the  mould  is  constituted  by  a  plastic  or 
metal  material,  preferably  the  same  material  for  all 
regions  of  the  body. 

9.  Mould  according  to  any  one  or  any  of  the  claims  1  - 
45  8,  characterized  in  that  the  ducts  (2";4";  6") 

extending  from  the  mould  surface  at  least  at  the 
mould  surface  have  transverse  dimensions  (S-|,S2) 
of  between  0.1  and  2  mm  and  are  spaced  from 
each  other  at  distances  (Mi)  of  between  0.2  and  2.0 

so  mm. 

1  0.  Mould  according  to  any  one  or  any  of  the  claims  1  - 
9,  characterized  in  that  the  openings  in  the  mould 
surface,  from  which  the  ducts  (2";4";6")  extend, 

55  have  a  total  cross-sectional  area  of  1  0-80%,  prefer- 
ably  approximately  20-50%  of  the  corresponding 
total  mould-surface  area. 

6 
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11.  Method  of  manufacturing  a  suction  mould  accord- 
ing  to  any  one  or  any  of  the  claims  1-10,  character- 
ized  by  the  use  of  a  material,  preferably  a  settable 
material,  that  can  be  built  up  layer  by  layer  by  caus- 
ing  successive  layers  to  set  according  to  a  prede-  5 
termined  pattern  in  such  a  manner  that  the  layers 
co-operate  to  form  a  mould  having  the  desired 
shape  including  said  ducts. 

12.  Method  according  to  claim  11,  characterized  in  10 
that  the  thin-walled  article  is  designed  by  using  a 
conventional  computer-aided-design  programme 
for  automatic  data  processing,  and  that  the  basic 
data  thereby  provided  are  converted  to  a  set  of 
complementary  basic  data  for  use  in  connection  15 
with  manufacturing  the  mould  with  ducts  in  a  suita- 
ble  manufacturing  apparatus. 

13.  Method  according  to  claim  12,  characterized  in 
that  a  computer  programme  representing  the  mould  20 
surface  in  three  spatial  dimension  is  combined  with 
a  mesh  programme,  so  that  a  mesh  of  suction 
openings  will  be  provided  in  the  mould  surface,  con- 
tinuing  into  suction  ducts  extending  through  the 
mould-surface  structure.  25 

14.  Mould  according  to  any  one  or  any  of  the  claims  1  - 
10,  characterized  in  that  the  transverse  dimen- 
sions  of  ducts  extending  through  mould  parts  in 
which  the  mould  surface  extends  substantially  par-  30 
allel  to  the  base  of  the  mould  are  substantially,  e.g. 
up  to  10  times,  larger  than  those  of  the  ducts 
extending  through  mould  parts,  in  which  the  mould 
surface  forms  an  angle  with  said  base  (Figure  9). 

35 
15.  Mould  according  to  any  one  or  any  of  the  claims  1- 

10  and  14,  characterized  in  that  the  ducts  are 
arranged  in  groups  of  mutually  parallel  ducts,  the 
ducts  of  each  group  extending  in  a  direction  forming 
an  angle  with  that  in  which  the  ducts  of  another  40 
group  or  other  groups  extend  (Figures  10  and  10a). 

16.  Method  according  to  any  one  or  any  of  the  claims 
11-13,  characterized  by  the  following  steps: 

45 
a)  encoding  the  co-ordinates  for  the  openings 
desired  in  the  mould  surface  by  using  a  compu- 
ter  programming  for  a  five-axes  machining  or 
processing  programme,  and 
b)  raising  the  normal  to  said  surface  at  said  so 
openings  to  indicate  the  direction  in  which  the 
ducts  extend  from  said  surface  (Figure  1  1). 

55 
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