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©  Fibre  placement  machine. 

©  An  improved  fibre  guidance  system  for  a  fibre 
placement  machine  where  a  fibre  placement  head 
(25)  is  moved  by  a  manipulator  wrist  (15)  with  re- 
spect  to  a  relatively  stationary  creel  assembly  (24), 
and  a  plurality  of  fibre  redirect  roller  assemblies 
(38a,  38b)  are  used,  each  having  a  caster-like 
mounting~base  (39),  one  roller  assembly  (38b)  being 
mounted  to  the  machine  member  (14)  with  the  creel 
assembly  (24),  and  one  member  (38a)  being  moun- 
ted  to  the  fibre  placement  head  (25),  so  that  a  band 
of  fibres  (23)  is  trained  around  the  first  and  second 
redirect  rollers  under  tension  and  the  redirect  rollers 
will  swivel  about  their  bases  (39)  in  accordance  with 
spatial  orientations  of-  the  placement  head  and  in 
accordance  with  tension  of  fibre  band,  thereby  main- 

staining  approximately  equal  tension  at  the  outer  fi- 
^bres   at  each  side  of  the  fibre  band. 
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:ibre  placement  machine 

The  invention  relates  to  fibre  placement  ma- 
rines  which  may  employ  multiple  strands  or  tows 
Df  fibre  which  are  pulled  from  a  creel  assembly  and 
Dlaced  on  a  surface  or  workpiece.  Such  machines 
nay  include  filament  winders,  which  utilise  plural 
filaments  winding  rotary  shapes. 

Fibre  placement  machines  may  also  be  em- 
ployed  to  place  tows  of  fibre  on  flat,  curved,  or 
compound  contours.  Prior  art  assemblies  include 
filament  winding  machines  which  deploy  plural  rel- 
atively  parallel  filaments  on  a  rotary  member, 
where  the  filaments  pass  through  a  pay-out  eye 
which  may  be  rotated  about  an  axis  parallel  to  the 
longitudinal  path  travelled  by  the  filaments  to  keep 
the  filaments  spaced  for  a  variety  of  winding  angles 
as  the  paid-out  filaments  traverse  the  rotary  axis  of 
the  member  to  be  wound. 

Applicant's  assembly  is  directed  to  a  machine 
which  utilises  a  creel  assembly  for  supplying 
filamentous  composite  material  to  a  laydown  sur- 
face,  where  the  machine  system  includes  at  least  a 
multi-axis  manipulator  wrist  which  may  orient  the 
laydown  tip  of  the  assembly  through  a  wide  variety 
of  spatial  orientations  with  respect  to  the  supply 
creel  assembly. 

It  is  an  object  of  the  invention  to  provide  spac- 
ing  for  the  fibre  tows,  preferably  with  minimal  drag, 
and  regardless  of  head  orientation.  According  to 
this  invention  there  is  provided  a  fibre  placement 
machine  comprising  a  fibre  supply  device  on  which 
a  plurality  of  spools  of  fibre  may  be  mounted, 
tensioning  means  for  maintaining  tension  in  the 
fibres,  and  a  fibre  placement  head  tot-applying 
fibres  to  a  workpiece  surface,  characterised  in  that: 

(a)  the  fibre  placement  head  is  carried  by  a 
manipulator  wrist  extending  from  the  supply  device, 
whereby  the  head  may  be  manipulated  through 
multiple  spatial  orientations,  and 

(b)  the  machine  comprises  a  plurality  of  re- 
direct  roller  assemblies  each  having  a  roller  ele- 
ment  capable  of  rotation  about  two  axes. 

Advantageously  the  head  may  be  moved  by 
the  wrist  to  at  least  two-dimensional  spatial  orienta- 
tions,  and  advantageously  the  machine  comprises 
means  for  controlling  the  manipulator  wrist. 

Preferably  each  roller  assembly  comprises  a 
roller  base  on  which  the  roller  element  is  mounted 
for  rotation,  and  a  bearing  member  for  providing 
rotary  movement  of  said  base  about  a  pivot  axis 
transverse  to  said  roller  axis. 

Preferably  the  machine  comprises  a  relatively 
stationary  member  mounted  to  said  fibre  supply 
device,  the  wrist  extending  from  said  stationary 
member. 

Preferably  at  least  one  redirect  roller  assembly 

is  secured  to  said  relatively  stationary  member, 
and  at  least  one  roller  assembly  is  secured  to  said 

.  fibre  placement  head. 
According  to  this  invention  there  is  also  pro- 

5  vided  a  fibre  placement  machine  having  a  band  of 
fibres  oriented  with  its  length  running  along  a  path 
with  respect  to  a  relatively  stationary  machine 
member,  characterised  in  that  the  machine  com- 
prises: 

w  a  fibre  supply  creel  of  plural  spools  of  fibre  moun- 
ted  to  the  relatively  stationary  machine  member; 
a  manipulator  wrist  affixed  to  the  machine  member; 
a  fibre  placement  head  carried  by  the  manipulator 
wrist,  and  having  a  fibre  pay-out  zone,  and  is 

75  capable  of  manipulation  of  variety  of  spatial  orienta- 
tions,  i.e.,  least  two-dimensional  spatial  orientations 
with  respect  to  the  stationary  machine  member; 
a  plurality  of  fibre  redirect  rollers  each  having  roller 
elements  rotatable  about  a  first  rotary  axis  with 

20  respect  to  a  roller  base,  wherein  said  roller  base 
includes  a  bearing  member  for  providing  rotary 
swivel  movement  of  the  base  about  an  axis  trans- 
verse  to  the  roller  axis,  and  wherein  at  least  one 
direct  roller  is  affixed  to  the  relatively  stationary 

25  machine  member  and  at  least  a  second  redirect 
roller  is  affixed  to  the  fibre  placement  head,  and 
wherein  a  band  of  fibres  is  trained  around  said  first 
and  second  redirect  rollers  under  tension,  and  said 
redirect  rollers  will  swivel  about  their  bases  in  ac- 

30  cordance  with  spatial  orientation  of  the  placement 
head  and  in  accordance  with  tension  of  the  fibre 
band,  thereby  maintaining  approximately  equal  ten- 
sion  at  the  outer  fibres  at  each  side  of  the  fibre 
band. 

35  The  rollers  may  be  unpowered,  or  the  machine 
may  comprise  power  means  for  driving  at  least  one 
of  the  roller  assemblies  with  respect  to  one  swivel 
axis,  preferably  such  power  means  being  operative 
to  drive  the  roller  base  about  its  axis. 

40  There  will  now  be  given  detailed  descriptions, 
to  be  read  with  reference  to  the  accompanying 
drawings,  of  two  fibre  placement  machines  which 
are  the  preferred  embodiments  of  this  invention, 
having  been  selected  for  the  purpose  of  illustrating 

45  the  invention  by  way  of  example.  In  the  accom- 
panying  drawings:  - 

FIGURE  1  is  a  perspective  view  of  a  fibre 
placement  machine; 

FIGURE  2  is  an  elevational  view  showing  the 
so  vertical  forearm  of  the  fibre  placement  machine  of 

Figure  1  supporting  a  fibre  placement  head; 
FIGURE  3  is  a  close-up  elevational  view  of 

the  fibre  placement  head  of  Figure  2; 
FIGURE  4  is  a  section  through  a  redirect 

roller; 

2 



■P  0  355  308  A2 

FIGURE  5  is  a  plan  view  of  the  fibre  place- 
nent  head; 

FIGURE  6  is  a  diagrammatic  view  of  the 
edirect  roller  pair; 

FIGURE  7  is  an  elevational  view  showing  the 
vertical  forearm  of  the  fibre  placement  machine  of 
:igure  1,  supporting  a  fibre  placement  head,  hav- 
ng  a  redirect  roller  servo  drive; 

FIGURE  8  is  a  view  showing  the  redirect 
oiler  servo  drive,  taken  along  the  line  8-8  of  Figure 
f;  and 

FIGURE  9  is  an  end  view  showing  the  re- 
jirect  servo  drive,  taken  along  the  line  9-9  of 
:igure  8. 

Figure  1  shows  a  gantry  machine  or  robot  10 
laving  an  elevated  way  system  suitable  for  carry- 
ng  a  carriage  11  and  cross-slide  12  in  X  and  Y 
jirections,  in  a  plane  parallel  to  the  floor.  The 
;ross-slide  12  supports  a  saddle  13  for  vertical 
movement,  and  the  saddle  13  has  a  forearm  14 
which  contains  a  drive  mechanism  (not  shown)  for 
actuating  a  wrist  15  supported  at  the  end  of  the 
:orearm  14.  The  forearm  14  and  wrist  15  are  man- 
jfacturered  substantially  as  the  serial  roll  wrist  de- 
Dicted  in  the  U.S.  Patent  4,068,536,  assigned  to 
Cincinnati  Milacron  Inc.,  the  assignee  of  the 
present  invention.  The  gantry  robot  10  depicted  in 
Figure  1  is  commercially  available  from  Cincinnati 
Milacron  Inc.,  under  the  Model  No.  T3-886  gantry 
series  industrial  robot,  and  other  similar  mecha- 
nisms  will  suffice. 

As  described  in  the  aforementioned  U.S.  Pat- 
ent,  the  wrist  15  has  the  capability  of  moving  a 
tooling  plate  16  in  three  degrees  of  rotary  motion, 
and  a  desired  tool  assembly,  or  end  effector  (not 
shown),  is  affixed  to  the  tooling  plate  16.  It  will  be 
appreciated  that  other  wrists,  for  example,  the  roil- 
bend-roll  variety  of  manipulators,  may  be  em- 
ployed. 

A  variety  of  work  may  be  positioned  on  the 
floor  within  the  range  of  the  tooling  plate  16.  The 
work  may  be  flat  or  curved;  rotating  or  stationary. 

A  servo-controlled  mandrel  unit  17  is  shown, 
having  a  rotary  spindle  18  for  positioning  an  exem- 
plary  workpiece,  such  as  an  air  foil  form  19,  The 
mandrel  unit  17  is,  in  effect,  a  headstock  capable 
of  supporting,  driving,  and  positioning  work  about  a 
reference  axis  20,  here  shown  horizontally. 

Here  it  should  be  noted  that  a  variety  of  man- 
drel  units  and  auxiliary  footstocks  may  be  suitable 
for  positioning  work. 

A  computer  numerical  control  (CNC)  22  is  em- 
ployed  to  control  the  multi-degree-of-freedom  spa- 
tial  positioning  of  the  tooling  plate  16  and  selected 
end  effector.  The  CNC  22  also  controls  the  work 
position  about  the  reference  axis  20.  One  such 
control  is  commercially  available  under  the  Trade 
Mark  ACRAMATIC  -  -  Model  975-C  CNC,  from 

Cincinnati  Miiacon  inc. 
With  reference  to  Figures  1  and  2,  the  machine 

10  is  arranged  to  place  long  and  short  lengths  of 
fibre  tows  23  on  the  air  foil  form  19,  for  example,  in 

5  an  operation  similar  to  filament  winding,  but  where 
the  tows  may  extend  along  concave,  or  'undercut 
surfaces. 

Figure  2  schematically  depicts  the  vertical  fore- 
arm  14  of  Figure  1  with  a  creel  assembly  24 

to  mounted  thereto.  A  fibre  placement  head  25  is 
affixed  to  the  wrist  tooling  plate  16  and  is  wieldable 
to  approach  the  workpiece  surface  26,  it  being 
appreciated  by  those  skilled  in  the  art  that  the 
surface  may  be  curved  as  well  as  flat,  and  the 

is  surface  26  may  move  with  respect  to  the  fibre 
placement  head  25  and  vice-versa.  The  creel  as- 
sembly  24  and  fibre  placement  head  25  are  thus 
movable  on  a  common  forearm  14  and  the  wrist  15 
provides  relative  movement  between  the  placement 

10  head  25  and  the  creel  assembly  24.  The  creel 
assembly  24  is  depicted  schematically  as  having 
eight  spools  27  of  fibre  tows  23,  each  tow  23 
pulled  from  a  spool  27  and  trained  over  a  respec- 
tive  tension-maintaining  roller  28,  in  a  manner 

25  known  in  the  tensioner  art,  which,  basically  com- 
prises  the  use  of  radially  movable  dancer  rolls.  The 
eight  tows  23  depicted  are  guided  around  a 
grooved  roller  29  affixed  to  the  forearm  14,  and  are 
then  trained  around  a  pair  of  redirect  rollers  30 

30  carried  on  a  creel  bracket  31  and  an  outboard 
support  bracket  32  of  the  placement  head  25.  The 
creel  bracket  31  constitutes  a  relatively-stationary 
machine  member,  or  base,  for  referencing  move- 
ment  of  the  relatively-movable  placement  head  25 

35  which  is  moved  by  the  manipulator  wrist  15. 
The  tensioned  fibres  23  are  arrayed  in  a  flat, 

ribbon-like  fashion,  and  trained  over  the  rollers  30  - 
much  in  the  manner  that  a  flat  belt  is  trained  over 
skewed  pulleys  in  a  machine  drive.  However,  since 

40  the  fibres  23  are  independent  it  is  necessary  to 
maintain  their  spacing  and  prevent  fibres  from 
jumping  off  the  rollers  30  if  quick  head  movements 
cause  a  fibre  23  to  slacken.  The  redirect  rollers  30 
are  mounted  in  bearings  so  that  they  may  swivel 

45  and  thus  be  automatically  oriented  in  accordance 
with  tension  of  the  fibre  tows  23.  The  tows  23  are 
brought  through  a  clamp,  cut  and  restart  unit 
("CCR  unit)  33  and  are  finally  brought  around  a 
presser  member  assembly  34  where  they  are  im- 

50  pressed  on  the  work  surface  26. 
The  details  of  the  CCR  unit  33  and  presser 

member  assembly  34  do  not  form  part  of  the 
present  invention. 

Referring  now  to  Figure  3,  the  fibre  placement 
55  head  25  is  shown  in  more  detail,  affixed  to  the 

tooling  plate  16  of  the  wrist  15.  The  topmost  end  of 
the  outboard  support  bracket  32  of  the  placement 
head  25  is  fabricated  of  a  plate  35  having  a 

3 
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through  clearance  hole  36,  and  the  plate  35  sup- 
ports  an  anti-friction  bearing  37  which  carries  the 
redirect  roller  assembly  38.  The  assembly  38  is 
fabricated  from  a  plate  39,  having  a  through  clear- 
ance  hole  40,  and  welded  parallel  side  plates  41. 
The  parallel  plates  41  captivate  the  redirect  roller 
30  which  is  freely  journalled  on  a  tubular  support 
shaft  42  extending  through  the  side  plates  41  .  The 
fibre  tows  23  are  depicted  parallel  to  one  another 
extending  around  grooves  30a  in  the  roller  30,  and 
passing  down  through  the  open  outboard  bracket 
32  to  the  CCR  unit  33.  Details  of  the  redirect  roller 
will  be  explained  in  connection  with  Figure  4  b.elow. 

The  main  bracket  43  of  the  placement  head  25, 
(Figure  3)  comprises  a  fabrication,  having  a  hori- 
zontal  top  plate  44a  angled  top  corner  plate  44b, 
and  a  vertical  back  plate  45,  welded  with  side 
gussets  46a,  46b.  A  pilot  bore  47  is  provided 
through  thelop  corner  plate  44b  for  registration  on 
the  wrist  tooling  plate  16.  Two  pairs  of  vertically- 
oriented  ball  bushings  48  are  affixed  to  the  vertical 
plate  45  of  the  main  bracket  43,  for  guiding  a 
vertical  slide  49.  The  slide  49  has  a  pair  of  preci- 
sion  bars  50  affixed  to  the  rear  by  blocks  51,  the 
bars  50  being  free  to  ride  vertically  in  the  ball 
bushings  48.  The  slide  49  is  configured  as  a 
notched  plate,  having  uniform  thickness,  and  the 
lowermost  slide  edge  52  carries  the  presser  mem- 
ber  assembly  34,  which  basically  comprises  a 
compliant  roller,  able  to  adapt  to  a  variety  of  work- 
surface  contours. 

Referring  to  Figure  4,  the  grooved  redirect 
guide  roller  30  is  journalled  on  a  tubular  pin  53. 
The  roller  30  is  an  assembly  having  a  plurality  of 
spaced  single-groove  rings  54,  i.e.  each  having  a 
thin,  annular  flange  55  at  each  side,  and  the  rings 
54  are  carried  by  ball  bearings  56  on  the  tubular 
pin  53  so  there  will  be  virtually  no  drag  on  the  tows 
23.  The  tubular  pin  53  has  a  head  57  at  one  end 
and  has  a  transverse  pin  58  captivating  a  compres- 
sion  spring  59  at  the  other  end.  The  transverse  pin 
58  may  be  fitted  with  a  ring  60  for  ease  of  dis- 
assembly.  Spacers  61  at  each  side  of  the  roller  30 
keep  the  roller  centered  and  free  of  dragging  on 
the  side  plates  41  . 

The  independent  anti-friction  support  of  the 
grooved  rings  54  permits  the  fibre  tows  23  to  move 
at  independent  rates  across  the  roller  30  without 
drag  occuring. 

Both  roller  assemblies  38  shown  in  Figure  2 
are  identical,  and  each  have  pivot  axes  62,  63  to 
permit  swivelling  of  the  assembly  38  in  accordance 
with  the  force  components  of  the  tensioned  fibre 
tows  23. 

With  reference  to  Figure  3,  the  axis  64  of  .the 
roller  and  pivot  axis  of  the  roller  assembly  38  are, 
preferably,  non-intersecting,  to  permit  a  caster-like 
movement. 

Figure  6  is  a  diagrammatic  view  of  the  redirect 
rollers  30,  showing  cooperation  and  caster-like 
movement  as  the  fibre  23  are  trained-around,  and 
the  outer  fibres  23a,  23b  (as  well  as  intermediate 

5  fibres)  are  maintained  under  equal  tension.  Ti-T2. 
Referring  to  Figure  7,  the  passive  roller  assem- 

blies  38  of  Figure  2  have  been  replaced  in  the 
second  embodiment  with  motorised  roller  assem- 
blies  38a,  38b.  Both  roller  assemblies  are  substan- 

70  tially  identical  having  swivel  axes  62,  63  to  permit 
swivelling  of  the  assembly  38a,  38b  in  accordance 
with  predetermined  axis  commands  from  the  CNC 
22  (see  Figure  1  ). 

With  reference  to  Figures  8  and  9,  the  as- 
75  semby  38a  is  fitted  with  a  balance  counterweight 

401  and  a~driven  pulley  402.  A  servo  motor  403  is 
carried  by  the  outboard  support  bracket  32,  and 
has  a  drive  pulley  404  and  belt  405  to  provide 
positive  controlled  movement  to  the  roller  assem- 

20  bly  38a.  The  roller  assembly  38b  has  the  same 
drive  elements  (see  Figure  7).  The  counterweight 
401  may  also  be  used  with  the  passive  system 
described  in  connection  with  Figure  2  to  6. 

The  diagrammatic  view  of  Figure  7  shows 
25  cooperation  between  the  redirect  rollers  30  to 

maintain  control  of  the  fibres  23. 
It  will  be  appreciated  that  by  those  skilled  in 

the  art  that  the  roller  assemblies  38a,  38b  may  be 
roughly  rotated  to  discrete  positions  as  the  head  is 

30  moved,  to  closely  approximate  a  path  where  the 
fibres  23  will  not  jump  from  the  edge  of  the  rollers 
30,  or  alternatively,  the  roller  assemblies  38a,  38b 
may  be  continuously  moved  under  full  servo  con- 
trol,  to  cooperate  with  each  other  as  the  head 

35  moves. 
In  some  instances,  it  may  be  preferably  to 

operate  the  system  with  only  one  powered  redirect 
roller  -  for  example  assembly  38a  on  the  head  25. 
In  such  a  case,  the  creel-mounted  assembly  38b 

40  would  simply  be  mounted  in  the  anti-friction  bear- 
ing  7  and  would  swivel  in  a  castor-like  fashion  in 
response  to  the  direction's  of  pull  of  the  tension 
fibres  23. 

The  features  disclosed  in  the  foregoing  de- 
45  scription,  or  the  following  claims,  or  the  accom- 

panying  drawings,  expressed  in  their  specific  forms 
or  in  terms  of  a  means  for  performing  the  disclosed 
function,  or  a  method  or  process  for  attaining  the 
disclosed  result,  or  a  class  or  group  of  substances 

so  or  compositions,  as  appropriate,  may,  separately  or 
in  any  combination  of  such  features,  be  utilised  for 
realising  the  invention  in  diverse  forms  thereof. 

55  Claims 

1.  A  fibre  placement  machine  comprising  a 
fibre  supply  device  (24)  on  which  a  plurality  of 
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spools  (27)  of  fibre  (23)  may  be  mounted,  ten- 
sioning  means  (28)  for  maintaining  tension  in  the 
ibres  (23),  and  a  fibre  placement  head  (25)  for 
applying  fibres  to  a  workpiece  surface  (26);  charac- 
erised  in  that:  5 

(a)  the  fibre  placement  head  (25)  is  carried 
Dy  a  manipulator  wrist  (15)  extending  from  the 
supply  device  (24),  whereby  the  head  may  be 
nanipulated  through  multi-spatial  orientations;  and 

(b)  the  machine  comprises  a  plurality  of  re-  ro 
direct  roller  assemblies  (38),  each  having  a  roller 
slement  (30)  capable  of  rotation  about  two  axes 
[62,  63;  64). 

2.  A  fibre  placement  machine  according  to 
Claim  1  wherein  the  head(25)  may  be  moved  by  75 
tie  wrist  (15)  through  at  least  two-dimensional  spa- 
:iai  orientations. 

3.  A  fibre  placement  machine  according  to  one 
Df  Claims  1  and  2  comprising  means  (22)  for 
controlling  the  manipulator  wrist.  20 

4.  A  fibre  placement  machine  according  to  any 
sne  of  the  preceding  claims  wherein  each  roller 
assembly  comprises  a  roller  base  (39)  on  which 
the  roller  element  (30)  is  mounted  for  rotation  about 
a  first  axis  (64),  and  a  bearing  member  (37)  for  25 
providing  rotary  movement  of  said  base  (39)  about 
a  pivot  axis  (62,  63)  transverse  to  said  roller  axis 
(42). 

5.  A  fibre  placement  machine  according  to  any 
one  of  the  preceding  claims  comprising  a  relatively  30 
stationary  member  (14)  mounted  to  said  fibre  sup- 
ply  device  (24),  the  wrist  (15)  extending  from  said 
stationary  member  (14). 

6.  A  fibre  placement  machine  according  to 
Claim  5  wherein  at  least  one  redirect  roller  assem-  35 
bly  (38)  is  affixed  to  said  relatively  stationary  mem- 
ber  (14),  the  other  redirect  roller  assembly  (38a) 
being  affixed  to  said  fibre  placement  head  (25). 

7.  In  a  fibre  placement  machine  (10),  having  a 
band  of  fibres  (23)  oriented  with  its  length  relatively  40 
running  along  a  path  with  respect  to  a  relatively 
stationary  machine  member  (14),  the  band  of  fibres 
(23)  being  ultimately  paid-out  to  a  fibre  application 
surface  (26),  an  improved  fibre  guidance  system 
comprising:  45 
a  fibre  supply  creel  (24)  including  plural  spools  (27) 
of  fibre  mounted  to  said  relatively  stationary  ma- 
chine  member  (14),  said  fibre  creel  supply  includ- 
ing  means  (28)  for  maintaining  tension  on  said 
fibres  (23);  a  manipulator  wrist  (15)  affixed  to  said  50 
relatively  stationary  machine  member(14); 
a  fibre  placement  head  (25)  affixed  to  said  manipu- 
lator  wrist  (15),  having  a  fibre  pay-out  zone,  said 
head  (25)  being  capable  of  being  manipulated 
through  a  variety  of  spatial  orientations  by  said  55 
manipulator  wrist,  especially  at  least  two-dimension 
spatial  orientations  with  respect  to  said  relatively 
stationary  machine  member(14); 

neans  (22)  for  controlling  movement  ot  saia  ma- 
lipulator  wrist  (15);  a  plurality  of  fibre  redirect  roll- 
s-rs  (38a,  38b),  having  roller  elements  (30)  rotatable 
about  a~first~rotary  axis  (64)  with  respect  to  a  roller 
Dase  (39), 
s-ach  said  roller  base  (39)  including  a  bearing 
nember  (37)  for  providing  rotary  movement  of  said 
Dase  (39)  about  a  pivot  axis  (62,  63)  transverse  to 
:he  roller  axis  (64),  and 
/vherein  at  least  a  first  redirect  roller  (38)  is  affixed 
:o  said  relatively  stationary  machine  member  (14) 
and  at  least  a  second  redirect  roller  (38a)  is  affixed 
:o  said  fibre  placement  head  (25),  and-  wherein  a 
sand  of  fibres  (23)  is  trained  around  said  first  and 
second  redirect  rollers  (38a,  38b)  under  tension, 
and  said  redirect  rollers  (38ai  38b)  will  swivel  about 
tieir  bases  (37)  in  accordance  with  spatial  orienta- 
:ion  of  the  placement  head  (25)  and  in  accordance 
with  tension  of  the  fibre  band  (23),  thereby  main- 
lining  approximately  equal  tension  at  the  outer 
:ibres  at  each  side  of  the  fibre  band,  whilst  guiding 
tie  band. 

8.  A  fibre  placement  machine  according  to  any 
one  of  the  preceding  claims  wherein  the  rollers  are 
jnpowered. 

9.  A  fibre  placement  machine  according  to  any 
Dne  of  Claims  1  to  7  comprising  power  means  for 
driving  at  least  one  of  the  roller  assemblies  (38) 
with  respect  to  one  swivel  axis. 

10.  A  fibre  placement  machine  according  to 
Claim  9  wherein  said  power  means  is  operative  to 
drive  the  roller  base  (39)  about  its  respective  axis 
(62,  63). 
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