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(54)  Improvements  in  and  relating  to  casting 

(57)  The  invention  provides  a  mould,  the  mould  hav- 
ing  a  casting  axis,  a  first  cross-sectional  profile  being 
defined  normal  to  a  point  on  this  axis  and  a  second 
cross-sectional  profile  being  defined  normal  to  a  further 
point  on  this  axis,  the  second  profile  being  nearer  the 
mould  outlet  than  the  first,  the  second  profile  defining 
one  or  more  corner  angles  between  sides  defining  that 
profile,,  the  first  profile  defining  substantially  equivalent 
corner  angles  for  one  or  more  equivalent  corners  to 
those  in  the  second  profile,  the  corner  angles  in  the  first 
profile  being  defined  by  proximate  portions  to  that  cor- 

ner,  the  first  profile  having  one  or  more  portions  which 
give  it  a  different  profile  to  the  second  profile. 

In  this  way  the  mould  accommodates  the  reduction 
in  metal  volume  from  the  first  profile  to  the  second  profile 
as  the  metal  contracts,  whilst  controlling  the  heat  trans- 
fer  rate  between  the  shell  and  mould  wall.  The  constant 
configuration  of  the  proximate  portions  of  the  sides  en- 
sures  that  the  transition  through  the  mould  is  achieved 
without  substantially  changing  the  corner  portion  of  the 
shell  with  subsequent  benefits  in  casting  speed  and 
quality. 
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Description 

This  invention  concerns  improvements  in  and  relat- 
ing  to  casting,  particularly,  but  not  exclusively  in  relation 
to  continuous  casting  of  molten  metal.  s 

Molten  metal  is  frequently  cast  into  billets  and  other 
cross  sectional  shapes  in  which  the  thickness  and  width 
of  the  material  cross  section  are  substantially  similar  by 
pouring  into  an  open  ended  mould.  The  withdrawal  of 
the  part  solidified  metal  is  balanced  against  the  input  of  10 
molten  metal.  During  its  passage  through  the  mould  the 
metal  is  cooled  to  provide  a  solid  shell  by  the  time  of  its 
exit.  During  this  cooling  the  metal  cools  and  contracts 
giving  rise  to  a  reduced  circumferential  length. 

In  an  attempt  to  maintain  contact  between  the  15 
mould  wall  and  the  contracting  strand,  so  as  to  provide 
adequate  support  and  cooling,  tapered  moulds  are 
widely  used.  However,  the  extent  of  contraction  varies 
with  the  metal  composition,  casting  speed  and  various 
other  factors.  To  ensure  that  the  strand  does  not  jam  in  20 
the  mould  a  reduced  taper  is  frequently  employed. 

Shrinkage  of  the  strand  to  a  greater  extent  than  the 
taper  is  almost  inevitable  in  such  circumstances.  This 
feature  is  particularly  problematical  at  the  corners  of 
square  or  rectangular  cross-section  moulds.  The  more  25 
flexible  nature  of  the  shell  at  the  mid  sections  of  the  walls 
facilitates  bending  and  continued  contact  with  the  mould 
wall  due  to  ferro  static  pressure.  At  the  corners,  howev- 
er,  the  shell  tends  to  pull  away  so  leading  to  reduced 
cooling.  The  reduced  shell  thickness  provides  a  severe  30 
restriction  on  the  rate  of  casting.  Increasing  the  speed 
of  casting  above  a  limiting  point  risks  shell  rupture  at  this 
thinnest  point,  which  usually  terminates  the  casting  op- 
eration. 

Moulds  have  been  utilised  with  a  non-linear  taper,  35 
intended  to  more  closely  follow  the  strand  contraction, 
however,  the  taper  is  difficult  to  calculate  and  excess 
taper  leads  to  jamming. 

Prior  art  improvements  attempting  to  combat  this 
have  included  varying  mould  profile  with  depth  in  the  40 
mould.  Moulds  have  been  proposed,  for  instance,  which 
have  a  square  cross-sectioned  exit  but  which  have  con- 
vex  bulging  portions  in  each  side  in  the  early  part  of  the 
mould,  the  circumference  of  this  portion  being  greater 
than  that  of  the  exit  portion.  During  the  transition  from  45 
the  convex  to  square  cross-section,  however,  the  move- 
ment  imposed  on  the  strand  shell  imparts  a  change  in 
the  corner  angle.  This  gives  rise  to  undesirable  tensile 
strains  in  the  shell  at  or  near  the  corners. 

Other  moulds  employ  an  initial  square  cross-sec-  so 
tion  followed  by  a  transition  to  a  concave  form,  a  curved 
walled  diamond.  This  technique  also  results  in  undesir- 
able  tensile  strains  in  the  shell  or  near  the  corners. 

All  of  the  prior  art  improvements  result  in  a  mould 
where  alignment  of  the  mould  to  the  correct  theoretical  55 
strand  pass-line  is  more  complex  due  to  the  significant 
variation  in  distance  from  mould  centreline  to  mould  wall 
dimension  along  the  length  of  the  mould. 

According  to  a  first  aspect  of  the  invention  we  pro- 
vide  a  mould,  the  mould  having  a  casting  axis,  a  first 
cross-sectional  profile  being  defined  normal  to  a  point 
on  this  axis  and  a  second  cross-sectional  profile  being 
defined  normal  to  a  further  point  on  this  axis,  the  second 
profile  being  nearer  the  mould  outlet  than  the  first,  the 
second  profile  defining  one  or  more  corner  angles  be- 
tween  sides  defining  that  profile,  the  first  profile  defining 
substantially  equivalent  corner  angles  for  one  or  more 
equivalent  corners  to  those  in  the  second  profile,  the 
corner  angles  in  the  first  profile  being  defined  by  proxi- 
mate  portions  to  that  corner,  the  first  profile  having  one 
or  more  portions  which  give  it  a  different  profile  to  the 
second  profile. 

In  this  way  the  mould  accommodates  the  reduction 
in  metal  volume  from  first  profile  to  second  profile  whilst 
maintaining  contact  between  the  shell  and  mould  wall. 
At  the  same  stage  the  configuration  of  the  proximate 
portions  of  the  sides  to  the  corners  ensures  that  the  tran- 
sition  through  the  mould  is  achieved  without  changing 
the  corner  portion  of  the  shell. 

The  casting  axis  may  be  linear.  In  such  a  case  pref- 
erably  the  mould  is  substantially  vertically  aligned  with 
the  mould  outlet  below  the  mould  inlet.  The  casting  axis 
may  be  non-linear.  The  casting  axis  may  define  an  arc, 
most  preferably  an  arc  of  constant  radius.  In  such  a  case 
it  is  preferred  that  the  mould  walls  follow  the  axis.  The 
mould  walls  perpendicular  to  the  arc  preferably  follow 
arcs  corresponding  to  the  casting  axis. 

The  first  profile  preferably  has  a  configuration  dif- 
ferent  from  an  enlarged  version  of  the  second  profile. 

Preferably  the  first  profile  is  positioned  within  a  part 
of  the  mould  occupied  by  molten  metal  during  casting. 

Preferably  the  second  profile  is  positioned  near  the 
outlet  from  the  mould.  The  second  profile  may  be  posi- 
tioned  at  or  near  the  outlet. 

Preferably  transition  surfaces  are  provided  on  each 
side  of  the  mould  extending  from  the  first  profile  to  the 
second  profile.  The  transition  surfaces  may  taper  from 
the  first  to  second  profile  at  a  constant  rate,  linear,  or  at 
a  non-constant  rate,  for  instance  parabolic.  The  initial 
rate  of  taper  from  the  first  profile,  toward  the  second  pro- 
file,  may  be  higher  than  the  subsequent  rate.  Preferably 
the  proximate  portion  to  proximate  portion  projected  in- 
tersection  angle  is  substantially  that  of  the  equivalent 
second  profile  corner  angle  throughout  the  transition. 

Preferably  the  corners  of  the  mould  are  curved  or 
chamfered,  most  preferably  by  a  radius.  Preferably  the 
curve  or  radii  extends  between  the  proximate  portion  of 
one  side  and  the  proximate  portion  of  the  adjoining  side. 
Preferably  the  radii  of  the  corners  in  the  second  profile 
is  less  than  or  equal  to  the  radii  of  the  corners  in  the  first 
profile. 

Preferably  the  sides  of  the  second  profile  are  linear, 
with  curved  portions  optionally  linking  adjacent  sides. 
Preferably  opposing  sides  are  parallel.  Preferably  all 
sides  and/or  opposing  sides  are  of  the  same  length. 
Both  pairs  of  opposing  sides  may  have  the  same  length 
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or  one  pair  may  have  a  different  length  to  the  other.  The 
second  profile  may  define  a  generally  square,  generally 
rectangular  or  generally  octagonal  profile. 

Preferably  the  cross  section  of  the  second  profile 
has  a  maximum  extent  in  one  direction,  the  width,  and 
a  maximum  extent  in  another  direction  perpendicular  to 
the  first,  the  thickness.  The  maximum  thickness  and  /  or 
maximum  width  of  the  cross  section  may  be  defined  at 
the  periphery  of  the  profile  or  within  the  profile.  The  width 
and  /  or  thickness  may  be,  and  preferably  are,  parallel 
to  at  least  one  wall  of  the  profile.  Preferably  the  width  is 
the  larger  of  the  width  and  thickness  extents. 

Preferably  the  ratio  of  the  width  to  the  thickness  is 
less  than  10:1  ,  more  preferably  less  than  8:1  and  ideally 
less  than  6:1  . 

Preferably  the  width  is  less  than  700mm,  more  pref- 
erably  less  than  600mm  and  ideally  less  than  400mm 
for  rectangular  profiles. 

Preferably  the  thickness  is  less  than  500mm,  more 
preferably  less  than  400mm  and  ideally  less  than 
300mm  for  rectangular  cross  section  profiles. 

The  second  profile  may  define  a  generally  I  shaped 
cross-section.  The  second  profile  may  comprise  oppos- 
ing  parallel  sides  at  a  first  cross-sectional  separation, 
together  with  a  further  pair  of  opposing  parallel  sides, 
preferably  perpendicularly  aligned  to  the  first  pair,  and 
preferably  separated  by  a  distance  less  than  the  first 
pair,  with  the  length  of  the  sides  preferably  also  being 
less  than  the  separation  of  the  first  pair.  It  is  preferred 
that  the  first  and  second  pair  of  opposing  parallel  sides 
be  joined  by  angled  sides.  The  angled  sides  may  com- 
prise  a  first  side  substantially  parallel  to  the  second  pair 
of  sides  and  an  angled  side  joining  the  mutually  parallel 
sides. 

For  l-shaped  cross  sections  or  beam  blank  cross 
sections  preferably  the  maximum  width  is  less  than 
1200mm,  more  preferably  less  than  1000mm  and  ide- 
ally  less  than  500mm.  Preferably  the  thickness  is  less 
than  600mm,  more  preferably  less  than  400mm  and  ide- 
ally  less  than  250mm. 

Preferably  the  different  profile  portion  arise  from  de- 
viations  from  the  linear  sides  and  curved  corners  of  the 
second  profile  forming  sides.  The  different  portion  or 
portions  of  the  first  profile  side  or  sides  may  extend  to- 
wards  and/or  away  from  the  projected  position  of  the  re- 
spective  second  profile  side.  Deviations  towards  the 
second  profile  may  include  indents  or  insets  or  inward 
bows.  Deviations  away  from  the  second  profile  may  in- 
clude  recesses  or  bulges  or  outward  bows. 

The  portions  may  extend  within  the  projected  posi- 
tion  of  the  second  profile.  In  such  a  case  the  portions 
could  again  be  thought  of  as  insets  or  indents. 

The  different  portion  or  portions  may  comprise  or 
consist  of  one  or  both  proximate  portions  of  that  side. 

The  sides  of  the  first  profile  may  be  formed  of  a  prox- 
imate  portion  towards  each  end  and  an  intermediate 
portion  which  deviates  from  being  parallel  to  the  corre- 
sponding  side  of  the  second  profile.  The  proximate  por- 

tions  may  further  lead  to  a  curved  or  radii  portion  on  the 
other  side  to  the  intermediate  portion.  The  proximate 
portions  may  correspond  to  the  equivalent  portion  of  the 
second  profiles. 

5  For  a  rectilinear  profile,  preferably  two,  more  pref- 
erably  3  and  ideally  all  four  of  the  sides  are  provided 
with  different  portions  to  the  second  profile.  Preferably 
one  or  both  pairs  of  opposing  sides  are  each  provided 
with  different  portions. 

10  For  a  multi  sided  profile,  for  instance  an  octagonal 
profile  or  I  beam  shaped  profile,  for  instance  having 
eight  and  twelve  sides  respectively,  two,  four  or  more  of 
the  sides  may  be  provided  with  different  portions. 

One  or  more  portions  may  be  provided  on  any  one 
is  side. 

Opposing  pairs  of  sides  may  be  provided  with  sides 
which  are  mirror  images  of  each  other.  Opposing  sides 
may  have  concave  and/or  convex  portions.  The  con- 
cave  and/or  convex  portions  may  be  defined  by  curved 

20  parts  of  the  profile  or  linear  parts  joined  by  a  point  or 
curved  transition. 

Sides  may  be  defined  by  one  or  more  curves.  The 
sides  may  be  provided  with  one  or  more  curves  extend- 
ing  away  from  the  core  of  the  mould  and/or  one  or  more 

25  curves  extending  toward  the  core  of  the  mould.  Pre- 
ferred  side  forms  include  sides  with,  one  curved  recess; 
one  curved  inset  and  one  curved  recess;  2  curved  insets 
and  1  curved  recess;  2  curved  recesses  and  1  curved 
inset;  2  curved  insets;  2  curved  recesses. 

30  Preferably  the  recessed  form  of  one  opposing  pair 
is  matched  by  the  inset  form  of  the  other  opposing  pair. 
Opposing  side  pairs  of  2  recesses  and  1  inset  matched 
with  2  inset  and  1  recess,  or  of  2  recesses  matched  with 
2  insets  are  preferred. 

35  The  recessed  form  of  one  or  more  sides  may  be 
matched  by  the  inset  form  of  that  side  or  sides.  Sides 
with  a  matching  inset  and  recess  are  preferred. 

The  mould  may  provide  a  first  profile  provided  with 
a,  preferably  curved,  recess  on  each  side,  the  recess 

40  being  bounded  on  each  end  by  a  proximate  portion. 
Preferably  the  proximate  portions  follow  the  profile  of 
the  corresponding  portions  of  the  second  profile. 

A  portion  of  one  or  more  sides  may  be  a  mirror  im- 
age  of  one  or  more  other  portions  of  the  same  side. 

45  Preferably  the  equivalence  of  corner  angles  is 
maintained  for  two  or  more  and  most  preferably  all  of 
the  corners  of  the  profile. 

The  angle  between  projected  proximate  portions  is 
ideally  equal  to  the  corresponding  angle  in  the  second 

so  profile  within  manufacturing  tolerances,  in  the  first  pro- 
file  and  most  preferably  throughout  the  transition  from 
first  to  second  profile.  Benefits  in  reduced  rotation,  when 
compared  with  the  prior  art,  can  be  obtained  where  the 
angle  remains  within  +5°  or  more  preferably  +2°  of  the 

55  angle.  For  a  right  angle,  angles  of  between  85°  and  95° 
and  more  preferably  between  88°  and  92°  may  be  pro- 
vided. 

The  angle  between  proximate  portions  maybe  tak- 

3 
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en  directly  where  such  portions  contact  one  another. 
Where  proximate  portions  are  joined  by  curves,  radii  or 
other  means,  the  projection  of  the  proximate  portions  in 
the  cross-sectional  plane  of  the  first  profile  is  preferred 
to  determine  the  angle. 

Preferably  the  mould  is  between  500  and  1200mm 
long,  from  inlet  to  outlet.  Preferably  the  first  profile  is  pro- 
vided  within  the  first  25%  of  the  mould  length.  Preferably 
the  second  profile  is  provided  within  the  last  25%  of  the 
mould  length.  The  mould  outlet  may  be  of  square  or  rec- 
tangular  or  octagonal  or  I  beam  cross-section. 

Preferably  the  circumference  of  the  first  profile  is 
greater  than  that  of  the  second  profile  by  an  amount 
which  relates  to  the  contraction  of  the  strand  shell  within 
the  mould,  typically  1  to  2.5%. 

A  side  may  be  defined  by  the  length  from  corner  to 
corner.  Where  curved  or  radii  corners  are  provided  a 
side  may  be  defined  between  the  projected  intersection 
of  the  adjacent  proximate  portions  or  between  the  mid 
point  of  one  curve  and  the  mid  point  of  the  curve  at  the 
other  end  of  the  side.  Preferably  the  proximate  portion 
of  a  side  forms  between  2  and  50%  of  that  side,  and 
more  preferably  between  5  and  30%.  The  radii  or  curve 
may  form  between  1  and  1  5%  of  a  side,  and  more  pref- 
erably  between  2  and  10%.  The  non-linear  portion  of  the 
side  may  form  between  1  and  100%  of  that  side,  and 
more  preferably  between  50  and  100%. 

A  side  may  be  formed  of  between  5  and  1  5%  curve 
or  radii  and  between  85  and  95%  proximate  portion. 

A  side  may  be  formed  of  between  1  and  1  0%  curve 
or  radii,  between  1  and  10%  proximate  portion  and  be- 
tween  80  and  98%  non-corresponding  portion. 

According  to  a  second  aspect  of  the  invention  we 
provide  a  mould  with  an  inlet  and  an  outlet,  a  cross-sec- 
tional  profile  nearer  the  inlet  having  a  greater  circumfer- 
ential  length  than  a  second  cross-sectional  profile  near- 
er  the  outlet,  the  first  cross-sectional  profile  deviating 
from  the  shape  of  the  second  cross-sectional  profile  and 
the  first  cross-sectional  profile  being  defined  by  four 
sides  the  portions  of  which  adjoining  a  corner  or  the  por- 
tions  of  which  adjoining  a  connecting  curve  when  pro- 
jected,  meet  at  substantially  90°. 

According  to  a  third  aspect  of  the  invention  we  pro- 
vide  a  mould  comprising  a  mould  wall  defining  a  through 
passage  with  an  inlet  and  an  outlet  and  having  a  first 
cross-sectional  profile  and  a  second  cross-sectional 
profile,  normal  to  the  direction  of  casting,  the  second 
profile  being  nearer  the  outlet  than  the  first  profile,  the 
profiles  being  defined  by  four  sides  connected  at  cor- 
ners,  the  second  profile  being  defined  by  substantially 
linear  sides,  the  first  profile  being  defined  by  one  or  more 
sides  which  comprise  one  or  more  portions  which  are 
non-parallel  or  non-concentric  with  the  corresponding 
second  profile  side  and  in  which  for  each  side  of  the  first 
profile,  the  proximate  portion  to  a  corner  of  a  side  de- 
fines  an  angle  of  substantially  90°  with  the  proximate 
portion  to  that  corner  of  the  adjoining  side,  at  their  pro- 
jected  contact. 

The  second  and  third  aspects  of  the  invention  may 
include  one  or  more  of  the  features  of  options  set  out 
elsewhere  in  this  application,  including  in  the  first  as- 
pect. 

5  According  to  a  fourth  aspect  of  the  invention  we  pro- 
vide  a  method  of  casting  comprising  feeding  molten  ma- 
terial  to  an  inlet  end  of  a  mould  and  extracting  partially 
solidified  material  from  an  outlet  end  of  the  mould,  the 
mould  having  a  casting  axis,  a  first  cross-sectional  pro- 

10  file  being  defined  normal  to  a  point  on  this  axis  and  a 
second  cross-sectional  profile  being  defined  normally  to 
af  urther  point  on  this  axis,  the  second  profile  being  near- 
er  the  mould  outlet  than  the  first,  the  second  profile  de- 
fining  one  or  more  corner  angles  between  sides  defining 

is  that  profile,  the  first  profile  defining  substantially  equiv- 
alent  corner  angles  for  one  or  more  equivalent  corners 
to  those  in  the  second  profile,  the  corner  angles  in  the 
first  profile  being  defined  by  proximate  portions  to  that 
corner,  the  first  profile  having  one  or  more  portions 

20  which  give  it  a  different  profile  to  the  second  profile. 
According  to  a  fifth  aspect  of  the  invention  we  pro- 

vide  a  method  of  casting  comprising  feeding  molten  ma- 
terial  to  an  inlet  end  of  a  mould  and  extracting  partially 
solidified  material  from  the  outlet  end  of  the  mould,  the 

25  mould  comprising  a  mould  wall  defining  a  through  pas- 
sage  with  an  inlet  and  an  outlet  and  having  a  first  cross- 
sectional  profile  and  a  second  cross-sectional  profile, 
normal  to  the  direction  of  casting,  the  second  profile  be- 
ing  nearer  the  outlet  than  the  first  profile,  the  profiles 

30  being  defined  by  four  sides  connected  at  corners,  the 
second  profile  being  defined  by  substantially  linear 
sides,  the  first  profile  being  defined  by  one  or  more  sides 
which  comprise  one  or  more  portions  which  are  non-par- 
allel  or  non-concentric  with  the  corresponding  second 

35  profile  side  and  in  which  for  each  side  of  the  first  profile, 
the  proximate  portion  to  a  corner  of  a  side  defines  an 
angle  of  substantially  90°  with  the  proximate  portion  to 
that  corner  of  the  adjoining  side,  at  their  projected  con- 
tact 

40  The  method  of  the  fourth  or  fifth  aspect  may  alter- 
natively  or  additionally  provide  for  the  features  accord- 
ing  to  the  first,  second  and  third  aspects  of  the  invention 
or  described  elsewhere  within  the  application. 

Various  embodiments  of  the  invention  will  now  be 
45  described,  by  way  of  example  only,  with  reference  to  the 

accompanying  drawings,  in  which  :- 

Figure  1a  illustrates  a  prior  art  mould; 
Figure  1  b  illustrates  a  different  prior  art  mould; 

so  Figure  1  c  illustrates  a  further  prior  art  mould; 
Figure  2  illustrates  a  side  view  of  a  first  embodiment 
of  the  present  invention  in  partial  section; 
Figure  3  illustrates  in  plan  view  the  varying  profile 
of  Figure  2; 

55  Figure  4  illustrates  a  second  embodiment  of  the  in- 
vention; 
Figure  5  illustrates  a  further  embodiment  of  the  in- 
vention; 

4 
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Figure  6  illustrates  a  still  further  embodiment  of  the 
invention; 
Figure  7  illustrates  a  yet  further  embodiment  of  the 
invention; 
Figure  8  schematically  illustrates  a  pass  line  for  a 
mould  and  subsequent  apparatus  according  to  an 
embodiment  of  the  invention; 
Figure  9  illustrates  an  alternative  pass  line  envis- 
aged  for  the  invention; 
Figure  10  illustrates  a  first  and  second  profile  for  a 
generally  octagonal  billet;  and 
Figure  11  illustrates  first  and  second  profiles  for  a 
blank  beam  embodiment  of  the  invention. 

Figure  1  a  shows  a  top  plan  view  of  a  casting  mould 
typical  of  the  prior  art  used  for  casting  billets  and  other 
cast  products  in  which  the  width  and  thickness  of  the 
cross  section  are  substantially  similar. 

Billets  and  similar  products  such  as  blooms  and 
beam  blanks  come  in  a  variety  of  sizes  from  large 
blooms  at  up  to  600mm  by  400mm,  medium  blooms  at 
up  to  400mm  x  300mm,  small  blooms  /  large  billets  at 
up  to  250mm  square,  medium  billets  of  160mm  to 
100mm  square  and  small  billets  of  less  than  100mm 
square.  Such  products  also  include  l-section  beams  or 
beam  blanks  including  large  beam  blanks  of  1100mm  x 
500mm,  down  to  small  beam  blanks  of  up  to  500mm  x 
200mm  (maximum  dimensions).  Billets  and  the  other 
product  types  generally  have  a  maximum  width  to  max- 
imum  thickness  of  cross  section  ratio  of  less  than  3:1 
and  more  generally  less  than  2:1  or  even  less  than  1.5:1. 

Billets,  blooms  and  beam  blanks  contrast  distinctly 
from  slab  type  products  in  which  the  width  of  the  product 
is  very  substantially  greater  than  the  thickness  of  the 
product.  Slabs  are  typified  by  products  such  as  3000mm 
x  125mm,  2200mm  x  250mm,  1800mm  x  200mm, 
1  500mm  x  50mm  and  1  200mm  x  70mm  cross-sections. 
The  maximum  width  to  maximum  thickness  ratio  for 
such  slab  type  products  is,  however,  very  great.  In  gen- 
eral,  the  value  exceeds  9:  1  and  in  many  cases  exceeds 
15:1  or  even  20:1.  These  products  are  not  considered 
as  products  in  which  the  width  and  thickness  are  sub- 
stantially  similar. 

In  Figure  1a,  the  inner  profile  at  the  mould  inlet  2 
tapers  along  surface  4  to  outlet  profile  6  of  reduced  cir- 
cumferential  length. 

Figure  1a  also  illustrates  a  cross-section  through 
the  metal  strand  8  near  to  the  outlet  of  the  mould.  The 
gap  12  between  the  mould  profile  6  and  outer  surface 
of  the  strand  shell  10  is  greatest  in  the  corners  due  to 
the  shell  pulling  away  at  the  corners  caused  by  circum- 
ferential  contraction.  Due  to  the  increased  gap,  cooling 
at  the  corners  is  reduced  so  leading  to  a  reduced  shell 
thickness  between  the  outer  surface  10  and  inner  sur- 
face  14  of  the  solidified  metal.  The  solidified  shell  pro- 
vides  the  containment  support  for  the  molten  core  of  the 
strand  8  once  it  leaves  the  confines  of  the  mould.  It  is 
therefore  imperative  to  achieve  sufficient  shell  thickness 

to  provide  this  containment.  The  quicker  this  can  be 
achieved  the  faster  the  rate  of  casting  which  can  be  em- 
ployed.  Enhanced  casting  speeds  offer  improved  pro- 
ductivity  for  a  strand  and  also  allow  the  number  of 

5  strands  which  must  be  provided  for  to  be  decreased  re- 
ducing  capital  costs. 

The  mould  profile  illustrated  in  Figure  1b  aims  to 
maintain  mould  to  shell  contact  throughout  and  provide 
control  of  the  heat  transfer  rate.  The  mould  has  an  initial 

10  profile  20  in  which  the  walls  are  bulged  away  from  a 
square  cross-section,  but  the  mould  profile  under  goes 
a  transition  to  a  squared  profile  22  towards  the  outlet. 

During  casting  the  shell  forms  at  the  interface  be- 
tween  the  melt  and  mould  wall  at  the  meniscus.  Once 

is  formed  the  shell  defines  the  strand  and  the  shell  thick- 
ens  with  further  cooling.  However,  as  the  shell  progress- 
es  down  the  mould  it  must  bend  to  follow  the  changing 
profile  of  the  mould.  This  bending  occurs  principally  as 
a  change  in  the  corner  angle  in  the  corner  areas  24.  As 

20  the  angle  26  between  the  adjoining  wall  portions  de- 
creases  tensile  strains  arise  within  the  shell.  Any  forces 
applied  totheshellare  undesirableas  it  is  relatively  frag- 
ile  and  prone  to  cracking. 

An  alternative  mould  form  is  shown  in  Figure  1  c  with 
25  a  square  cross-sectioned  initial  profile  30  which  tapers 

most  significantly  at  the  middle  portions  of  the  walls,  but 
also  elsewhere,  to  give  a  concave  diamond  form  profile 
32.  Once  again  this  mould  gives  rise  to  change  in  the 
corner  angle  during  its  passage,  which  as  a  conse- 

30  quence  gives  rise  to  undesirable  tensile  strains  also. 
A  first  embodiment  of  the  present  invention  is  illus- 

trated  in  Figure  2  as  a  sectioned  side  view.  The  mould 
has  an  overall  length  of  between  500  and  1200mm  be- 
tween  inlet  end  46  and  outlet  end  47.  The  meniscus  level 

35  48,  the  level  to  which  the  molten  metal  is  introduced  in 
pouring,  is  generally  some  100mm  below  the  inlet  end 
46.  Proceeding  from  the  inlet  end  to  the  outlet  end  the 
mould  passes  from  an  inlet  end  profile  50  via  transition 
surfaces  52  to  an  outlet  end  profile  54. 

40  As  illustrated  in  Figure  3,  the  mould  provides  an  inlet 
end  profile  50  which  tapers,  following  transition  surfaces 
52,  to  outlet  end  profile  54.  Sides  56  of  the  inlet  end  pro- 
file  are  provided  with  bulges  58  and  sides  60  of  the  inlet 
end  are  provided  with  insets  or  indents  62.  Two  oppos- 

es  ing  faces  are  thus  concave,  whilst  the  other  pair  are  con- 
vex  and  the  four  corners  are  curved  to  provide  a  transi- 
tion  between  each  adjoining  side  the  side  joining  at  90°. 

The  outlet  end  of  the  mould  has  a  square  profile  64 
defined  by  sides  66  68  which  meet  at  90°. 

so  Significant  benefits  are  obtained  by  providing  the 
sides  which  define  adjoining  sides  of  the  mould  at  90° 
to  one  another  throughout.  Thus  the  sides  56a  and  60a, 
projected,  contact  one  another  at  90°  as  do  sides  66a 
and  68a.  The  provision  of  the  corners  of  the  mould  in 

55  this  way,  locally  at  right  angles  to  one  another,  ensures 
that  whilst  the  larger  inlet  end  profile  50,  compared  with 
the  outlet  end  profile  64,  accommodates  the  contraction 
of  the  strand.  The  angular  separation  of  shell  portions 
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70  and  72  remains  at  90°  throughout. 
As  a  result  of  the  overall  mould  design  effective 

cooling  is  achieved  all  around  the  cross-section  so  pro- 
viding  a  rapid  and  even  shell  formation.  This  is  achieved 
without  imparting  undesirable  strains  in  the  formed 
shell.  The  mould  therefore  facilitates  faster  casting 
rates.  In  the  event  of  strand  stoppage  the  invention 
mould  design  is  also  easier  to  withdraw  at  restart.  This 
is  due  to  the  even  shell  thickness  which  arises  and  also 
due  to  the  relative  profiles  of  the  adjoining  sides  of  the 
mould  allowing  two  shell  faces  to  distort  inwards.  Equiv- 
alent  advantages  can  be  obtained  with  a  number  of 
mould  profiles  adopting  this  basic  concept. 

Figure  4  illustrates  a  different  mould  with  inlet  end 
profile  100  and  outlet  end  profile  102.  Each  side  of  the 
inlet  end  profile  100  is  formed  with  a  smoothly  curved 
recess  104  and  corresponding  indent  106.  The  recess 
of  one  side  contacts  an  indent  of  an  adjoining  side  and 
vice  versa.  In  this  way  the  projected  contact  between 
any  two  sides  is  90°.  The  contact  between  the  sides  is 
radiused  in  practice.  As  can  be  seen  the  profile  of  the 
indented  portions  106  of  the  inlet  end  profile  100  may 
lie  within  the  outlet  end  profile  102,  which  is  square  in 
cross-section.  More  complex  style  mould  shapes  of  this 
type  also  offer  advantages  in  terms  of  greater  resistance 
to  distortion  at  the  meniscus  due  to  the  stiffening  effect 
of  the  curved  sides.  Enhanced  mould  life  arises  from 
this. 

Figure  5  illustrates  a  further  alternative,  once  again 
with  a  square  outlet  end  profile  150.  In  this  case  the  inlet 
end  profile  152  is  formed  of  four  sides,  one  opposing 
pair  of  sides  comprising  a  central  indented  portion  154 
and  two  adjoining  recessed  portions  156,  the  other  op- 
posing  pair  ccmprising  a  central  recessed  portion  158 
and  two  adjoining  indented  portions  1  60.  The  wave  style 
curve  defining  the  recesses  and  indents  being  generally 
smoothly  curved  in  shape,  but  retaining  the  concept  of 
90°  corner  angles. 

Figure  6  provides  an  inlet  end  profile  170  with  one 
pair  of  opposing  sides  having  two  recessed  portions  1  72 
and  the  other  pair  having  two  indented  portions  174.  The 
mid  point  of  each  side  corresponds  directly,  in  plan  view, 
with  the  outlet  end  profile  176  at  an  equivalent  point. 
This  makes  the  mould  easier  to  align  with  the  theoretical 
strand  pass-line. 

Figure  7  once  again  provides  a  square  outlet  end 
profile  200  within  the  projection  of  the  inlet  end  profile 
202.  The  inlet  end  profile  202  is  formed  of  four  sides 
each  with  a  significant  portion  204  recessed  so  as  to 
prcvide  for  the  larger  volume  needed  at  the  inlet.  The 
inlet  profile  202  also  includes  corner  radii  206.  Between 
the  radii  206  and  recessed  portions  204  are  intermedi- 
ate  portions  208  which  define  an  angle  of  90°.  In  this 
way  these  portions  ensure  that  the  corners  are  not  ro- 
tated  in  anyway  as  the  strand  proceeds  through  the 
mould. 

The  moulds  illustrated  above  present  a  linear  axis 
along  which  the  strand  advances  when  inside  the 

mould.  As  illustrated  schematically  in  Figure  8,  upon 
leaving  the  mould  300  the  pass  line  302  curves  in  mak- 
ing  the  transition  from  substantially  vertical  alignment 
304  when  in  the  mould  to  substantially  horizontal  align- 

5  ment  306  when  in  the  rollers  308.  The  pass  line  as- 
sumes  a  substantially  linear  axis  once  more  through  the 
rollers  308.  The  present  invention  also  includes  non-lin- 
ear  axis  for  strand  advance  within  the  mould.  A  com- 
monly  employed  configuration  relating  to  this  is  illustrat- 

10  ed  in  Figure  9.  The  mould  350  is  provided  with  a  curved 
axis,  pass  line  352.  Thus  the  part  solidified  strand  leav- 
ing  the  mould  possesses  a  curve.  The  pass  line  contin- 
ues  its  curve  path  354  towards  the  straightener  rollers 
356,  however,  by  the  time  it  exits  the  rollers  356  it  has 

is  assumed  a  linear  pass  line  configuration  358.  Referenc- 
es  to  normal  to  the  direction  of  casting  may  be  taken  to 
be  normal  to  the  axis  at  a  or  any  particular  point  on  that 
axis. 

In  addition  to  right  angles  being  successfully  em- 
20  bodied  in  the  end  product  without  imparting  undesirable 

forces,  the  technique  similarly  extends  to  other  angled 
outlet  profiles.  Figure  10  illustrates  an  inlet  profile  400 
and  an  outlet  profile  402  for  an  octagonal  billet  product. 
The  maximum  thickness  value  and  maximum  width  val- 

25  ue  for  such  a  product  is  considered  across  the  centre  of 
the  billets  cross  section  from  intersection  of  a  pair  of  fac- 
es  on  one  side  to  the  intersection  of  a  pair  of  faces  on 
the  opposing  side.  The  outlet  profile  402  has  corner  an- 
gles  of  135°  and  the  projected  angle  403  between  the 

30  proximate  portions  404  of  the  inlet  profile  400  are  angled 
substantially,  and  preferably  exactly,  the  same.  In  this 
way,  whilst  the  bulges  408  provided  in  the  sides  of  the 
inlet  profile  400  accommodate  the  strand  volume  used 
to  account  for  the  contraction  during  cooling,  the  corner 

35  angles  403  remain  constant  throughout  the  strands  pas- 
sage  through  the  mould  and  no  undesirable  forces  arise 
as  a  result. 

A  similar  principle  extends  into  the  production  of  so- 
called  beam  blanks.  Figure  11a  illustrates  an  outlet  pro- 

40  file  450  giving  the  desired  cross-section.  The  maximum 
width  value  is  defined  by  an  axis  extended  from  face 
440  to  442  and  the  maximum  thickness  value  by  an  axis 
extending  from  face  444a  to  446a  or  444b  to  446b.  As 
can  clearly  be  seen  the  outlet  profile  450  contains  a  va- 

45  riety  of  projected  corner  angles  452a,  452b,  452c.  How- 
ever,  the  principle  applied  to  the  configuration  of  the  inlet 
profile  454  is  consistent  with  the  principle  outlined 
above.  The  corner  angles  456a,  456b,  456c  are  provid- 
ed  with  the  same  angle  as  their  corresponding  outlet 

so  profile  angles,  as  defined  by  the  projections  of  the  prox- 
imate  portions  458a,  458b;  460a,  460b;  462a,  462b.  To 
accommodate  for  the  contraction  bulges  464  are  pro- 
vide  in  some  of  the  inlet  profiles  sides. 

The  principal  of  constant  angled  corners  between 
55  inlet  and  outlet  profiles,  defined  by  the  immediate  or 

proximate  portion  to  the  corner  (projected  if  necessary, 
for  instance  to  discounting  curves,  chamfers  or  the  like 
which  form  the  final  part  of  the  corner)  is  significant  to 
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the  invention. 

Claims 
5 

1.  A  mould,  the  mould  having  a  casting  axis,  a  first 
cross-sectional  profile  being  defined  normal  to  a 
point  on  this  axis  and  a  second  cross-sectional  pro- 
file  being  defined  normal  to  a  further  point  on  this 
axis,  the  second  profile  being  nearer  the  mould  out-  10 
let  than  the  first,  the  second  profile  defining  one  or 
more  corner  angles  between  sides  defining  that 
profile,  the  first  profile  defining  substantially  equiv- 
alent  corner  angles  for  one  or  more  equivalent  cor- 
ners  to  those  in  the  second  profile,  the  corner  an-  15 
gles  in  the  first  profile  being  defined  by  proximate 
portions  to  that  corner,  the  first  profile  having  one 
or  more  portions  which  give  it  a  different  profile  to 
the  second  profile. 

20 
2.  A  mould  according  to  claim  1  in  which  the  angle  be- 

tween  projected  proximate  portions  is  substantially 
equal  to  the  corresponding  angle  in  the  second  pro- 
file  throughout  the  transition  from  first  to  second 
profile.  25 

3.  A  mould  according  to  claim  1  or  claim  2  in  which  the 
different  profile  portion  arise  from  deviations  from 
linear  sides  and  curved  corners  of  the  second  pro- 
file  forming  sides.  30 

4.  A  mould  according  to  claim  3  in  which  the  different 
portion  or  portions  of  the  first  profile  side  or  sides 
extends  towards  and/or  away  from  the  projected 
position  of  the  respective  second  profile  side.  35 

5.  A  mould  according  to  claim  4  in  which  the  mould  is 
provided  with  deviations  towards  the  second  profile, 
such  as  indents  or  insets  or  inward  bows,  and  de- 
viations  away  from  the  second  profile,  such  as  re-  40 
cesses  or  bulges  or  outward  bows. 

6.  A  mould  according  to  any  of  claims  1  to  5  in  which 
one  or  more  pairs  of  opposing  sides  are  each  pro- 
vided  with  different  portions.  45 

7.  A  mould  according  to  any  of  claims  1  to  6  in  which 
opposing  pairs  of  sides  are  provided  with  sides 
which  are  mirror  images  of  each  other. 

50 
8.  A  mould  according  to  any  of  claims  1  to  7  in  which 

the  sides  are  provided  with  one  or  more  curves  ex- 
tending  away  from  the  core  of  the  mould  and/or  one 
or  more  curves  extending  toward  the  core  of  the 
mould.  55 

9.  A  mould  according  to  claim  8  in  which  the  side  forms 
are  selected  from  sides  with,  one  curved  recess; 

one  curved  inset  and  one  curved  recess;  2  curved 
insets  and  1  curved  recess;  2  curved  recesses  and 
1  curved  inset;  2  curved  insets;  2  curved  recesses. 

10.  A  mould  according  to  any  of  claims  1  to  9  in  which 
transition  surfaces  are  provided  on  each  side  of  the 
mould  extending  from  the  first  profile  to  the  second 
profile,  the  transition  surfaces  tapering  from  the  first 
to  second  profile  at  a  constant  rate  or  a  linear  rate 
or  a  non-constant  rate,  for  instance  parabolic. 

11.  A  mould  according  to  any  of  claims  1  to  10  in  which 
the  corners  of  the  mould  are  curved  or  chamfered, 
the  curve  or  chamfer  or  radii  extending  between  the 
proximate  portion  of  one  side  and  the  proximate 
portion  of  the  adjoining  side. 

12.  A  mould  according  to  any  of  claims  1  to  11  in  which 
the  sides  of  the  second  profile  are  linear,  the  second 
profile  defining  a  generally  square,  generally  rec- 
tangular,  generally  l-shaped  or  generally  octagonal 
profile. 

13.  A  mould  according  to  any  of  claims  1  to  12  in  which 
the  cross  section  of  the  second  profile  has  a  maxi- 
mum  extent  in  one  direction,  the  width,  and  a  max- 
imum  extent  in  another  direction  perpendicular  to 
the  first,  the  thickness,  the  ratio  of  the  width  to  the 
thickness  being  less  than  10:1. 

14.  A  mould  according  to  claim  1  ,  the  mould  having  an 
inlet  and  an  outlet,  a  cross-sectional  profile  nearer 
the  inlet  having  a  greater  circumferential  length  than 
a  second  cross-sectional  profile  nearer  the  outlet, 
the  first  cross-sectional  profile  deviating  from  the 
shape  of  the  second  cross-sectional  profile  and  the 
first  cross-sectional  profile  being  defined  by  four 
sides  the  portions  of  which  adjoining  a  corner  or  the 
portions  of  which  adjoining  a  connecting  curve 
when  projected,  meet  at  substantially  90°. 

15.  A  mould  according  to  claim  1  ,  the  mould  comprising 
a  mould  wall  defining  a  through  passage  with  an  in- 
let  and  an  outlet  and  having  a  first  cross-sectional 
profile  and  a  second  cross-sectional  profile,  normal 
to  the  direction  of  casting,  the  second  profile  being 
nearer  the  outlet  than  the  first  profile,  the  profiles 
being  defined  by  four  sides  connected  at  corners, 
the  second  profile  being  defined  by  substantially  lin- 
ear  sides,  the  first  profile  being  defined  by  one  or 
more  sides  which  comprise  one  or  more  portions 
which  are  non-parallel  or  non-concentric  with  the 
corresponding  second  profile  side  and  in  which  for 
each  side  of  the  first  profile,  the  proximate  portion 
to  a  corner  of  a  side  defines  an  angle  of  substantially 
90°  with  the  proximate  portion  to  that  corner  of  the 
adjoining  side,  at  their  projected  contact. 
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1  6.  A  method  of  casting  comprising  feeding  molten  ma- 
terial  to  an  inlet  end  of  a  mould  and  extracting  par- 
tially  solidified  material  from  an  outlet  end  of  the 
mould,  the  mould  having  a  casting  axis,  a  first  cross- 
sectional  profile  being  defined  normal  to  a  point  on  s 
this  axis  and  a  second  cross-sectional  profile  being 
defined  normally  to  a  further  point  on  this  axis,  the 
second  profile  being  nearer  the  mould  outlet  than 
the  first,  the  second  profile  defining  one  or  more  cor- 
ner  angles  between  sides  defining  that  profile,  the  10 
first  profile  defining  substantially  equivalent  corner 
angles  for  one  or  more  equivalent  corners  to  those 
in  the  second  profile,  the  corner  angles  in  the  first 
profile  being  defined  by  proximate  portions  to  that 
corner,  the  first  profile  having  one  or  more  portions  15 
which  give  it  a  different  profile  to  the  second  profile. 

17.  A  method  according  to  claim  16  in  which  the  profiles 
are  defined  by  four  sides  connected  at  corners,  the 
second  profile  being  defined  by  substantially  linear  20 
sides,  the  first  profile  being  defined  by  one  or  more 
sides  which  comprise  one  or  more  portions  which 
are  non-parallel  or  non-concentric  with  the  corre- 
sponding  second  profile  side  and  in  which  for  each 
side  of  the  first  profile,  the  proximate  portion  to  a  25 
corner  of  a  side  defines  an  angle  of  substantially 
90°  with  the  proximate  portion  to  that  corner  of  the 
adjoining  side,  at  their  projected  contact. 
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