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Description 

This  invention  relates  to  powder  coating,  and  in  par- 
ticular  to  a  powder  coating  system  compring  an  enclo- 
sure. 

Powder  coating  is  widely  used  for  the  application  of 
coatings  or  finishes  to  a  wide  variety  of  articles.  Powder 
coating  systems  generally  comprise  an  enclosure  within 
which  the  article  to  be  coated  is  mounted  or  suspended. 
The  enclosure  serves  to  prevent  escape  of  powder  to 
the  environment.  Extraction  systems  are  provided  to 
remove  and  capture  excess  powder.  These  comprise 
fabric  filters,  cyclones  or  reverse  jet  cartridge  filters.  In 
all  cases,  the  spraying  process  takes  place  under  a 
reduced  pressure  generated  by  the  extraction  system 
and  the  powder-laden  air  is  intercepted  at  some  point 
external  to  the  enclosure. 

All  such  known  systems  suffer  from  certain  disad- 
vantages.  They  are,  to  varying  degrees,  mechanically 
complex.  The  enclosures  require  regular  cleaning,  and 
very  thorough  cleaning  between  uses  of  powders  of  dif- 
fering  colours.  This  results  in  considerable  periods  of 
'down-time'.  The  alternative,  viz  dedicating  each  system 
to  one  colour  only,  necessitates  very  considerable  capi- 
tal  outlay  in  the  provision  of  multiple  systems  which  fur- 
thermore  occupy  considerable  space. 

EP-A-375511,  which  represents  the  prior  art  as 
referred  to  in  the  preamble  of  claim  1  ,  discloses  a  pow- 
der  coating  system  comprising  an  enclosure  with  an 
opening  in  a  base  portion  thereof,  the  opening  providing 
communication  between  the  enclosure  and  an  (implicit) 
excess  powder  collection  receptacle.  The  enclosure  is 
of  flexible  material  such  that  the  enclosure  is  capable  of 
being  folded  up. 

DD-A-270476  also  discloses  a  powder  coating  sys- 
tem  comprising  an  enclosure  with  an  opening  in  a  base 
portion  thereof,  the  opening  providing  communication 
between  the  enclosure  and  an  excess  powder  recepta- 
cle  position,  in  use  below  the  enclosure.  A  vibrating 
sieve  is  positioned  below  the  opening  but  is  not  con- 
nected  to  the  enclosure. 

There  has  now  been  devised  a  powder  coating  sys- 
tem  which  overcomes  or  substantially  mitigates  these 
disadvantages. 

According  to  the  invention,  there  is  provided  a  pow- 
der  coating  system  comprising  an  enclosure  with  an 
opening  in  a  base  portion  thereof,  at  least  the  base  por- 
tion  of  the  enclosure  being  of  flexible  material,  said 
opening  providing  communication  between  the  enclo- 
sure  and  an  excess  powder  collection  receptacle  posi- 
tioned,  in  use,  below  the  enclosure,  characterised  in 
that  said  opening  is  closed  by  a  vibrating  sieve  member 
connected  to  the  base  portion  of  the  enclosure  such 
that  vibratory  motion  of  the  sieve  member  is  transmitted 
thereto. 

The  coating  system  according  to  the  invention  is 
advantageous  primarily  in  that  it  is  of  relatively  simple 
construction.  Partly  for  that  reason,  the  proportion  of 

excess  powder  which  is  recovered  for  re-use  is  very 
high.  In  addition,  the  excess  powder  is  sieved  as  it 
passes  into  the  collection  receptacle,  removing  any 
extraneous  material  and  breaking  up  any  agglomerates. 

5  The  enclosure  may  be  of  any  material  which  is 
impermeable  to  the  material  being  sprayed,  eg  metal  or 
plastics  material.  However,  it  is  particularly  preferred 
that  the  enclosure  should  be  of  flexible  material  such 
that  the  enclosure  is  capable  of  being  folded  up.  This 

10  enables  the  enclosure  to  be  removed  from  the  system 
and  folded  away,  and  then  replaced  by  another  enclo- 
sure  dedicated  to  spraying  of  powder  of  a  different  col- 
our.  In  this  way,  the  problems  of  cleaning  associated 
with  conventional  coating  systems  prior  to  colour 

15  change  are  overcome.  When  the  colour  of  the  powder 
being  sprayed  is  to  be  changed,  all  that  has  to  be  done 
is  detach  and  fold  away  the  enclosure,  and  replace  it 
with  the  enclosure  used  for  the  new  colour.  Changing 
the  enclosure  therefore  takes  only  a  few  minutes,  and 

20  when  folded  away  the  previous  enclosure  occupies  very 
little  space. 

As  an  alternative  to  folding  of  the  enclosure,  it  may 
be  preferable,  particularly  for  larger-sized  enclosures,  to 
store  the  enclosures  in  an  unfolded  condition,  eg  sus- 

25  pended  from  a  rack.  The  rack  may  then  be  stored  in  a 
suitable  enclosure. 

It  may  be  preferable  to  store  enclosures  which  are 
not  in  use  in  units  with  low-temperature  heating.  This 
has  been  found  to  maintain  the  enclosure  and  filter  in 

30  optimal  condition. 
Suitable  flexible  materials  for  the  enclosure  are  fab- 

rics.  It  is  particularly  preferred  that  the  enclosure  should 
be  of  a  fabric  which  is  resistant  to  the  build-up  of  static 
charge.  An  example  is  fabric  which  incorporates  carbon 

35  fibre  threads  which  earth  the  surface  of  the  fabric.  Such 
fabric  is  commercially  available  and  is  used,  for  exam- 
ple,  in  the  manufacture  of  clothing  used  in  environments 
where  build-up  of  static  charge  would  be  hazardous,  eg 
on  oilfield  installations.  Provision  is  preferably  made  for 

40  good  earthing  connection  of  the  enclosure  to  its  sur- 
roundings.  The  fabric  may  also  be  coated  with  materials 
such  as  PTFE  to  facilitate  cleaning  and  to  reduce  any 
tendency  for  powder  to  build  up  on  the  internal  walls  of 
the  enclosure.  The  enclosure  may  be  manufactured  in 

45  the  desired  shape  by  conventional  stitching  or  welding. 
In  another  embodiment,  the  enclosure  may  be  of  a 

material  such  as  paper,  and  simply  be  disposed  of  after 
use.  In  other  cases,  particularly  where  the  system  is 
used  only  for  a  single  colour,  the  enclosure  may  be 

so  partly  of  a  rigid  material  such  as  steel,  with  only  part,  eg 
just  the  base,  being  flexible. 

A  flexible  enclosure  will  generally  be  supported  on 
an  external  framework.  Suitable  means  are  therefore 
provided  on  the  enclosure  for  connection  to  the  frame- 

55  work  in  such  a  way  that  the  enclosure  is  stretched  to  its 
desired  configuration.  The  enclosure  is  also  provided 
with  various  apertures  and/or  windows  for  introduction 
of  the  article  to  be  coated  and  the  powder  spray,  and  for 

2 
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viewing  or  illumination.  Any  such  apertures  can  prefera- 
bly  be  closed  off  by  suitable  fasteners,  eg  zip  fasteners, 
ties  or  touch-and-close  (VELCRO-type)  fasteners. 

Vibrating  motion  may  be  imparted  to  the  sieve 
member  by  an  external  vibrator  unit  of  generally  con-  5 
ventional  construction.  The  sieve  member  and  vibrator 
mechanism  may  be  dedicated  to  the  enclosure,  or  may 
be  detachable  therefrom  so  as  to  be  useable  with  each 
of  a  range  of  enclosures. 

In  use,  a  receptacle  for  sieved  powder  is  located  u 
below  the  vibrating  sieve  member.  The  sieve  member 
may  be  connectable,  either  directly  or  via  a  suitable 
adapter,  to  a  conventional  powder  box  as  delivered  by 
the  powder  manufacturer,  or  to  a  proprietary  powder 
container.  This  directs  the  sieved  powder  directly  to  a  n 
receptacle  in  which  it  may  be  stored  and  re-used. 

The  receptacle  into  which  the  sieved  powder  falls 
may  be  provided  with  means  for  automatically  returning 
the  powder  to  the  gun  used  to  spray  the  powder  into  the 
enclosure.  2t 

An  article  to  be  coated  is  suspended  or  mounted 
within  the  enclosure,  and  may  be  positioned  either  man- 
ually  or  using  a  conveyor.  The  conveyor  may  be  a  dead 
end  in-and-out  conveyor  or  a  through  conveyor. 

Air  is  preferably  drawn  through  the  enclosure  by  an  21 
extraction  unit  fitted  to  the  support  framework.  This 
draws  air  through  a  filter,  taking  with  it  any  excess  pow- 
der  which  has  not  fallen  to  the  sieve.  The  filter  preferably 
forms  part  of  the  enclosure  so  that  the  extraction  unit  is 
on  the  clean  side  of  the  filter.  In  this  way,  excess  powder  3< 
and  other  contaminates  are  retained  in  the  enclosure. 
The  extracted  air  may  be  vented  directly  back  into  the 
immediate  environment,  eliminating  the  need  for  any 
permanent  ductwork  system. 

Preferably,  the  extraction  unit  operates  intermit-  31 
tently  or  periodically  to  reverse  the  flow  of  air  through 
the  filter,  thereby  dislodging  accumulated  contaminate 
and  allowing  it  to  fall  to  the  sieve.  Reversal  of  the  air  flow 
may  take  place  at  regular  intervals  or  may  be  triggered 
by  a  sensed  fall  in  throughput.  « 

As  an  alternative,  in  heavy  duty  processes  the  filter 
may  be  cleaned  by  an  air  knife  connected  to  a  mecha- 
nism  which  draws  the  air  knife  across  the  back  of  the  fil- 
ter.  The  air  knife  may  be  powered  by  a  high  pressure  fan 
or  compressed  air  and  imparts  a  cleaning  action  from  4t 
the  back  of  the  filter  over  a  narrow  strip,  lifting  powder 
from  the  filter  and  discharging  it  into  the  base  of  the 
booth. 

According  to  a  preferred  embodiment,  there  is  thus 
provided  a  powder  coating  system  comprising  a  support  st 
frame  on  which  is  mounted  an  extraction  unit,  a  flexible 
enclosure  supported  on  the  frame,  a  wall  of  the  enclo- 
sure  incorporating  a  filter  panel  adapted  for  connection 
to  the  extraction  system,  and  the  enclosure  having  an 
opening  at  a  base  portion  thereof,  which  opening  is  st 
closed  by  a  sieve  member,  means  for  imparting  vibra- 
tory  motion  to  said  sieve  member,  and  an  excess  pow- 
der  receptacle  positioned  below  said  sieve  member. 

The  invention  will  now  be  described  in  greater 
detail,  by  way  of  illustration  only,  with  reference  to  the 
accompanying  drawings,  in  which 

Figure  1  is  a  perspective  view  of  coating  system 
according  to  the  invention,  showing  how  a  folded 
enclosure  is  fitted  to  a  support  unit  prior  to  use; 

Figure  2  is  a  perspective  view  of  the  system  of  Fig- 
ure  1  ,  with  the  enclosure  in  the  operating  position; 

Figure  3  is  a  view  in  side  elevation  of  the  coating 
system  as  shown  in  Figure  2; 

Figure  4  is  a  view  in  front  elevation  of  the  coating 
system  as  shown  in  Figure  2;  and 

Figure  5  shows  the  steps  in  the  removal  of  the 
enclosure  from  the  coating  system  of  Figure  2. 

Referring  first  to  Figure  1  ,  a  powder  coating  system 
comprises  a  tubular  steel  support  framework  1  on  the 
back  of  which  is  mounted  an  extractor  unit  2.  An  enclo- 
sure  pack  3  is  fitted  to  the  extractor  unit  2  and  secured 
by  means  of  catches  4.  The  face  of  the  enclosure  pack 
3  which  is  offered  up  to  the  extractor  unit  2  is  a  rectan- 
gular  filter  panel  which  forms  part  of  the  rear  wall  of  the 
assembled  enclosure.  The  enclosure  is  formed  from 
anti-static  fabric. 

The  enclosure  is  unfolded  from  the  pack  3  and 
secured  to  the  framework  1  by  flexible  ties  such  that  it 
adopts  the  configuration  shown  in  Figure  2.  The  enclo- 
sure  has  a  frontal  opening  5  and  a  transparent  window 
6  in  its  roof.  A  door  panel  is  provided  for  the  frontal 
opening  5.  After  assembly  of  the  enclosure,  the  door 
panel  is  rolled  down  and  secured  by  ties,  leaving  the 
frontal  opening  5  open  as  shown  in  Figure  2.  The  base 
of  the  enclosure  has  a  central  opening  to  which  is 
clamped  a  circular  sieve  7.  A  support  rod  8  is  fitted  to 
the  front  of  the  framework  1  and  extends  into  the  frontal 
opening  5. 

In  use,  a  suitable  receptacle  (not  shown)  is  fitted  to 
the  underside  of  the  sieve  7,  and  the  sieve  is  connected 
to  a  vibrator  unit.  The  extractor  unit  2  is  switched  on  and 
air  is  drawn  into  the  enclosure  through  the  frontal  open- 
ing  5  and  out  through  the  filter  panel  in  the  rear  wall  of 
the  enclosure.  An  article  to  be  coated  is  suspended 
from  the  support  rod  8  and  powder  is  sprayed  into  the 
enclosure  through  the  frontal  opening  5.  Excess  powder 
falls  under  gravity  to  the  base  of  the  enclosure  where  it 
is  sieved  into  the  receptacle.  Any  powder  entrained  in 
the  airflow  through  the  enclosure  accumulates  on  the  fil- 
ter  panel.  When  this  accumulation  causes  a  detectable 
fall  in  airflow  through  the  filter  panel,  the  extractor  unit  2 
automatically  reverses,  thereby  dislodging  the  accumu- 
lated  powder.  The  vibratory  motion  of  the  sieve  7  is 
transmitted  to  the  whole  of  the  enclosure  and  this  inhib- 
its  any  accumulation  of  powder  on  the  internal  surfaces 
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of  the  enclosure. 
Each  enclosure  pack  3  is  dedicated  to  spraying  of 

powder  of  one  colour.  If  it  is  desired  to  spray  a  different 
colour,  the  enclosure  pack  is  changed.  This  is  done  by 
closing  the  door  panel  of  the  frontal  opening  5,  discon-  s 
necting  tile  receptacle  from  the  sieve  7,  and  folding  the 
enclosure  as  shown  in  Figure  5.  For  clarity,  the  frame- 
work  1  is  omitted  from  Figure  5.  The  front  top  edge  of 
the  enclosure  is  disconnected  from  the  framework  1  and 
folded  down  to  the  bottom  rear  edge  (Figure  5a).  The  10 
top  rear  edge  is  disconnected  and  folded  down  over  the 
filter  panel  (Figure  5b).  The  bottom  front  edge  is  discon- 
nected  and  folded  up  over  the  filter  panel  (Figure  5c). 
Finally,  the  enclosure  pack  3  is  released  from  the  extrac- 
tion  unit  2  and  the  lower  edge  folded  upwards  (Figure  is 
5d).  The  new  enclosure  pack  is  fitted  by  the  reverse  of 
this  series  of  operations. 

Claims 
20 

1  .  A  powder  coating  system  comprising  an  enclosure 
(3)  with  an  opening  in  a  base  portion  thereof,  at 
least  the  base  portion  of  the  enclosure  (3)  being  of 
flexible  material,  said  opening  providing  communi- 
cation  between  the  enclosure  (3)  and  an  excess  25 
powder  collection  receptacle  positioned,  in  use, 
below  the  enclosure,  characterised  in  that  said 
opening  is  closed  by  a  vibrating  sieve  member  (7) 
connected  to  the  base  portion  of  the  enclosure  (3) 
such  that  vibratory  motion  of  the  sieve  member  (7)  30 
is  transmitted  thereto. 

2.  A  system  as  claimed  in  claim  1  ,  wherein  the  enclo- 
sure  (3)  is  entirely  of  flexible  material  and  is  capable 
of  being  folded  up.  35 

3.  A  system  as  claimed  in  claim  2,  wherein  the  flexible 
material  is  a  fabric. 

4.  A  system  as  claimed  in  claim  3,  wherein  the  fabric  40 
is  resistant  to  the  build-up  of  static  charge. 

5.  A  system  as  claimed  in  claim  4,  wherein  the  fabric 
incorporates  carbon  fibre  threads  which  earth  the 
surface  of  the  fabric.  45 

6.  A  system  as  claimed  in  any  one  of  claims  3  to  5, 
wherein  the  fabric  is  coated  with  a  material  which 
reduces  any  tendency  for  powder  to  build  up  on  the 
internal  walls  of  the  enclosure.  so 

7.  A  system  as  claimed  in  claim  2,  wherein  the  enclo- 
sure  is  a  disposable  enclosure  made  of  paper 

8.  A  system  as  claimed  in  claim  1  ,  wherein  the  enclo-  ss 
sure  is  partly  of  a  rigid  material  and  partly  of  a  flex- 
ible  material. 

9.  A  system  as  claimed  in  any  preceding  claim,  further 
comprising  an  external  framework  (1)  on  which  the 
enclosure  (3)  is  supported. 

10.  A  system  as  claimed  in  any  preceding  claim, 
wherein  a  receptacle  for  sieved  powder  is  provided 
below  the  vibrating  sieve  member  (7). 

1  1  .  A  system  as  claimed  in  any  preceding  claim,  further 
comprising  an  extraction  unit  (2)  by  which  air  is 
drawn  through  the  enclosure  (3). 

12.  A  system  as  claimed  in  claim  11,  wherein  the 
extraction  unit  (2)  draws  air  through  a  filter  which 
forms  part  of  the  enclosure  (3). 

13.  A  system  as  claimed  in  claim  12,  wherein  the 
extraction  unit  (2)  operates  intermittently  or  periodi- 
cally  to  reverse  the  flow  of  air  through  the  filter. 

Patentanspruche 

1.  Pulverbeschichtungssystem,  das  eine  Umschlie- 
Bung  (3)  mit  einer  Offnung  in  einem  Bodenteil 
davon  umfasst,  wobei  wenigstens  das  Bodenteil 
der  UmschlieBung  (3)  aus  elastischem  Material  ist, 
die  Offnung  eine  Verbindung  zwischen  der 
UmschlieBung  (3)  und  einen  Sammelbehalter  fur 
iiberschussiges  Pulver  liefert,  der  wahrend  der 
Benutzung  unter  der  UmschlieBung  angeordnet  ist, 
dadurch  gekennzeichnet,  dass  die  Offnung  durch 
ein  schwingendes  Siebglied  (7)  geschlossen  wird, 
das  an  das  Bodenteil  der  UmschlieBung  (3)  ange- 
schlossen  ist,  so  dass  Schwingungsbewegung  des 
Siebglieds  (7)  an  sie  iibertragen  wird. 

2.  System  nach  Anspruch  1,  in  dem  die  Umschlie- 
Bung  (3)  ganz  aus  elastischem  Material  gebildet  ist 
und  zusammengefaltet  werden  kann. 

3.  System  nach  Anspruch  2,  in  den  das  elastische 
Material  ein  Gewebe  ist. 

4.  System  nach  Anspruch  3,  in  dem  das  Gewebe  dem 
Aufbau  einer  statischen  Ladung  gegeniiber  wider- 
standsfahig  ist. 

5.  System  nach  Anspruch  4,  in  dem  das  Gewebe  Koh- 
lenstofffaserfaden  umfasst,  die  die  Oberflache  des 
Gewebes  erden. 

6.  System  nach  einem  der  Anspriiche  3  bis  5,  in  dem 
das  Gewebe  mit  einem  Material  beschichtet  ist,  das 
irgendeine  Neigung  verringert,  dass  Pulver  sich  auf 
den  inneren  Wanden  der  UmschlieBung  ansetzt. 

7.  System  nach  Anspruch  2,  in  dem  die  Umschlie- 
Bung  eine  wegwertbare  UmschlieBung  ist,  die  aus 
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Papier  hergestellt  ist.  incorpores  servant  de  mise  a  la  masse  de  la  toile. 

8.  System  nach  Anspruch  1,  in  dem  die  Umschlie- 
Bung  teilweise  aus  einem  festen  Material  und  teil- 
weise  aus  einem  elastischen  Material  besteht. 

9.  System  nach  einem  der  vorhergehenden  Ansprti- 
che,  das  weiterhin  ein  auBeres  Rahmengestell  (1) 
umfasst,  auf  dem  die  UmschlieBung  (3)  getragen 
wird. 

10.  System  nach  einem  der  vorhergehenden  Ansprti- 
che,  in  dem  ein  Behalter  fur  gesiebtes  Pulver  unter 
dem  schwingenden  Siebglied  (7)  geliefert  ist. 

1  1  .  System  nach  einem  der  vorhergehenden  Ansprti- 
che,  das  weiterhin  eine  Entziehungseinheit  (2) 
umfasst,  von  der  Luft  durch  die  UmschlieBung  (3) 
gezogen  wird. 

12.  System  nach  Anspruch  11,  in  dem  die  Entzie- 
hungseinheit  (2)  Luft  durch  einen  Filter  zieht,  der 
ein  Teil  der  UmschlieBung  (3)  bildet. 

13.  System  nach  Anspruch  12,  in  dem  die  Entzie- 
hungseinheit  (2)  unterbrochen  oder  periodisch 
arbeitet,  urn  die  Stromung  von  Luft  durch  den  Filter 
umzukehren. 

Revendications 

1  .  Systeme  de  revetement  a  poudre  comportant  une 
armoire  (3)  ayant  une  ouverture  en  sa  portion  infe- 
rieure,  au  minimum  une  portion  inferieure  de 
I'armoire  (3)  etant  en  matiere  flexible,  ladite  ouver- 
ture  assurant  la  communication  entre  I'armoire  (3) 
et  un  recipient  collecteur  de  poudre  excedentaire, 
dispose  en  service  sous  I'armoire,  caracterise  en 
ce  que  ladite  ouverture  est  fermee  par  un  element 
a  tamis  vibratoire  (7)  raccorde  a  la  portion  infe- 
rieure  de  I'armoire  (3)  de  fagon  telle  que  le  mouve- 
ment  vibratoire  du  tamis  vibratoire  (7)  lui  est 
transmis. 

6.  Systeme  tel  que  revendique  a  I'une  ou  I'autre  des 
revendications  3  a  5,  suivant  lequel  la  toile  est  reve- 

5  tue  de  matiere  susceptible  de  reduire  toute  ten- 
dance  a  I'accumulation  de  la  poudre  sur  les  parois 
interieures  de  I'enclos. 

7.  Systeme  tel  que  revendique  a  la  revendication  2, 
10  suivant  lequel  I'enclos  est  un  enclos  jetable  elabore 

a  partir  de  papier. 

8.  Systeme  tel  que  revendique  a  la  revendication  1  , 
suivant  lequel  I'enclos  est  partiellement  en  matiere 

15  rigide  et  partiellement  en  matiere  flexible. 

9.  Systeme  tel  que  revendique  a  I'une  ou  I'autre  des 
revendications  precedentes,  comportant  en  outre 
un  bati  exterieur  (1)  sur  lequel  I'enclos  (3)  est  sou- 

20  tenu. 

10.  Systeme  tel  que  revendique  a  I'une  ou  I'autre  des 
revendications  precedentes,  suivant  lequel  un  reci- 
pient  a  poudre  tamisee  est  prevu  sous  I'element 

25  vibratoire  de  tamis  (7). 

11.  Systeme  tel  que  revendique  a  I'une  ou  I'autre  des 
revendications  precedentes,  comportant  egale- 
ment  en  outre  un  dispositif  extracteur  (2)  au  moyen 

30  duquel  I'air  est  aspire  a  travers  I'enclos. 

1  2.  Systeme  tel  que  revendique  a  la  revendication  1  1  , 
suivant  lequel  le  dispositif  extracteur  (2)  aspire  I'air 
au  travers  d'un  f  iltre  formant  un  element  de  I'enclos 

35  (3). 

13.  Systeme  tel  que  revendique  a  la  revendication  12, 
suivant  lequel  le  dispositif  extracteur  (2)  fonctionne 
par  intermittences  ou  periodiquement  pour  inverser 

40  le  debit  d'air  au  travers  du  f  iltre. 

2.  Systeme  tel  que  revendique  a  la  revendication  1  ,  45 
suivant  lequel  I'armoire  (3)  est  realisee  entierement 
a  partir  de  matiere  flexible  et  susceptible  d'etre 
repliable. 

3.  Systeme  tel  que  revendique  a  la  revendication  2,  so 
suivant  lequel  la  matiere  flexible  est  une  toile. 

4.  Systeme  tel  que  revendique  a  la  revendication  3, 
suivant  lequel  la  toile  resiste  a  la  formation  d'une 
charge  electrostatique.  ss 

5.  Systeme  tel  que  revendique  a  la  revendication  4, 
suivant  lequel  prevoit  des  fils  de  fibres  de  carbone 

5 
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