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(54)  Method  and  apparatus  for  producing  a  concrete  product. 

(57)  The  present  invention  relates  to  a  method  and 
apparatus  for  producing  a  concrete  product  in 
an  extruder  casting  machine,  continuous- 
casting  machine  or  similar  equipment.  The  con- 
crete  mix  is  fed  in  a  conventional  manner 
through  a  space  of  delineated  cross  section, 
where  the  continuous-section  product  is  given 
its  desired  shape.  The  concrete  mix  being  cast 
is  compacted  during  the  casting  process  to  the 
end  of  removing  entrapped  air  and  achieving  a 
constant  casting  quality  of  the  product.  Accord- 
ing  to  the  invention,  at  least  one  of  the  com- 
paction  movements  is  a  direction-controlled 
reciprocating  compaction  movement  having  at 
least  one  translational  component  in  the  direc- 
tion  of  the  casting  flow  of  concrete  and  at  least 
one  translational  component  perpendicular  to 
said  at  least  one  first  translational  component. 
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The  present  invention  relates  to  a  method  accord- 
ing  to  the  preamble  of  claim  1  for  producing  a  concrete 
product  using  an  extruder  casting  machine,  a  contin- 
uous-casting  machine  or  similar  equipment. 

The  invention  also  concerns  a  casting  machine 
according  to  the  preamble  of  claim  7  suited  for  imple- 
menting  the  method. 

Elongated  concrete  products  such  as  hollow-co- 
re  slabs  are  conventionally  produced  using  extruder- 
type  casting  machines,  or  alternatively,  continuous- 
casting  machines.  The  casting  machine  is  comprised 
of  a  conical  feed  hopper  connected  to  one  or  more 
feed  augers  beneath.  The  feed  auger  is  frequently  fol- 
lowed  by  a  core-forming  mandrel  which  is  further  ex- 
tended  as  an  auxiliary  mandrel  supporting  the  core 
cavity  formed  within  the  product.  The  core-forming 
mandrel  incorporates  a  vibrator  or  similar  compacting 
arrangement  for  the  compaction  of  the  cast  concrete 
into  the  shape  determined  by  the  casting  mould  and 
the  mandrels.  Furthermore,  the  casting  machine  has 
an  upper  trowelling  beam  forming  the  upper  edge  of 
the  mould,  and  frequently,  the  sides  of  the  mould  are 
also  designed  to  perform  as  side  trowelling  beams. 
The  trowelling  beams  compact  the  concrete  mix  dur- 
ing  the  course  of  the  casting  process  and  give  the 
cast  product  a  neat  surface  finish.  In  addition  to  trow- 
elling  or  augmentation  thereof,  vibration  can  also  be 
employed  for  compaction.  Extruder-type  casting  ma- 
chines  are  designed  to  operate  as  continuous-casting 
machines,  which  are  transferred  forward  on  the 
mould  top  by  the  reaction  forces  imposed  by  the  feed 
augers. 

Extruder-type  casting  machines  have  undergone 
a  continuing  development  for  a  relatively  long  time, 
and  the  first  extruder  casting  machines  were  devel- 
oped  at  the  end  of  the  1960's.  Initially,  the  function  of 
extruder  casting  machines  was  based  on  convention- 
al  vibrating  techniques  in  which  the  compaction  of 
concrete  is  achieved  by  virtue  of  different  modes  of 
vibration.  By  means  of  vibration,  the  flow  of  concrete 
is  also  essentially  eased  in  the  machine.  The  function 
of  vibration  is  to  impart  the  concrete  aggregates  such 
a  high  speed  that  the  collision  impulse  between  the 
particles  can  reach  a  sufficiently  high  energy  level  to 
augment  the  shifting  of  the  aggregate  particles  and 
thus  the  compaction  of  concrete.  The  vibrating  fre- 
quency  has  typically  been  in  the  order  of  12.5  -  200 
Hz  and  suitable  vibrating  equipment  is  available  from 
several  manufacturers.  Inventions  related  to  extruder 
casting  machines  in  the  prior  art  are  based  on  the  use 
of  a  standard  type  of  vibrator  and,  obviously,  dedicat- 
ed  types  of  machine  constructions.  The  vibrator 
equipment  typically  employed  is  a  rotating  vibrator  in 
which  a  rotating  eccentric  mass  makes  a  body  attach- 
ed  to  the  vibrator  to  perform  a  movement  in  the  same 
direction  the  mass  and  dependent  on  the  rotational 
speed  of  the  eccentric  mass,  and  this  movement  is 
further  transferred  to  the  concrete  mix.  Extruder  cast- 

ing  machines  have  vibrators  mounted  on  different 
sides  of  the  machine,  and  the  concrete  mix  is  desired- 
ly  subjected  to  efficient  compaction  particularly  in  the 
forming  and  compacting  zone  of  the  concrete  prod- 

5  uct.  Typically,  vibrators  have  been  used  in  at  least 
core-forming  mandrels  which  with  their  vibration  in 
the  concrete  mix  achieve  efficient  compaction  of  con- 
crete  in  all  directions  perpendicular  to  the  flow  of  con- 
crete  particularly  in  the  formation  zone  of  the  cast 

10  product. 
Instead  of  vibration,  compaction  has  also  been 

achieved  by  relatively  slow  movements  of  the  differ- 
ent  parts  of  the  casting  machine  that  work  the  con- 
crete  mix.  Such  compacting  movement  has  been  im- 

15  plemented  by  means  of  either  a  sideways  deflected 
rotational  movement  of  the  core-forming  mandrel 
which  follows  the  auger  and/or  cyclic  deformation  of 
said  mandrel,  whereby  the  compaction  of  the  con- 
crete  surrounding  the  mandrel  is  attained  through 

20  varying  the  cross  section  of  the  mandrel.  The  cyclic 
reciprocating  rotational  movement  has  been  used 
particularly  for  compaction  in  conjunction  with  man- 
drels  of  noncircular  cross  section.  All  of  these  ma- 
chines  have  been  characterized  in  that  the  compac- 

25  tion  of  concrete  has  been  achieved  by  means  of 
mechanical  movements  at  a  low  frequency,  whereby 
the  movement  of  aggregate  particles  relative  to  each 
other  results  from  the  pushing  forces  caused  by  the 
movement  of  the  machine  components,  not  by  the  im- 

30  pact  of  the  aggregate  particles  on  each  other. 
In  the  art  the  above-described  compacting  meth- 

od  is  generally  called  the  working  compaction  or  the 
shear  compaction,  and  one  of  its  benefits  is  that  the 
movements  and  displacements  of  aggregate  partic- 

35  leswill  be  largealready  at  low  number  of  movements, 
that  is,  at  low  frequency,  resulting  in  noiseless  oper- 
ation  of  the  machine. 

The  principle  of  low-frequency  compacting  move- 
ments  has  been  further  developed  in  an  apparatus  in 

40  which  the  core-forming  mandrels  are  provided  with 
conical  orwedge-shaped  surfaces,  whereby  concrete 
is  compacted  by  means  of  slow  longitudinal  move- 
ments  of  the  mandrels.  In  practice,  the  compaction  is 
performed  using  reciprocating  movement  with  an  am- 

45  plitude  of  5  -  50  mm  and  a  frequency  of  1  -  10  Hz, 
which  are  slow  relative  to  the  amplitudes  and  fre- 
quencies  used  in  vibrating.  To  improve  the  compact- 
ing  friction,  the  machine  uses  wedge-shaped  or  con- 
ical  mandrel  surfaces  which  provide  flaring  or  taper- 

50  ing  spaces  in  the  direction  of  the  casting  flow,  said 
spaces  acting  as  compacting  spaces. 

Conventional  embodiments  of  vibrating  technol- 
ogy  have  several  shortcomings,  while  some  of  them 
may  achieve  relatively  good  compaction.  As  men- 

55  tioned  above,  their  greatest  drawback  has  been  noisy 
operation  caused  by  the  high-frequency  vibration  it- 
self  and  the  nonoptimal  location  of  the  vibrating 
equipment  on  the  different  structures  of  the  casting 
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machine,  and  in  particular,  the  almost  random  direc- 
tion  of  the  vibrating  force  which  typically  is  perpendi- 
cularly  oriented  with  the  casting  direction  and  the  ma- 
chine  structure.  Such  uncontrolled  vibrating  force  is 
more  imposed  on  the  machine  than  the  concrete  mix 
itself  thus  causing  a  strong  stress  on  the  machine 
structures.  Another  disadvantage  of  the  cross- 
machine  vibrating  scheme  has  been  the  impeded 
flow  of  concrete  through  the  machine  which  causes 
unnecessary  increase  of  pressure  inside  the  machine 
and  strong  wear  of  machine  components.  While 
shear-compacting  types  of  casting  machines  achieve 
a  lower  level  of  noise  emission,  they  have  other  short- 
comings  related  to  the  machine  construction,  opera- 
tion  and  casting  result. 

The  constructions  of  shear-compacting  casting 
machines  become  somewhat  more  complicated  than 
those  of  vibrating  casting  machines,  and  due  to  the 
long  shearing  strokes  required,  it  is  necessary  to  use 
sliding  surfaces  which  are  difficult  to  seal,  whereby 
the  flowing  concrete  mix  causes  wear  and  damage  at 
these  points  of  the  machine.  Mere  low-frequency 
compaction  principally  works  on  large  aggregate  par- 
ticles  alone,  whereby  small  particles  remain  uncom- 
pacted  meaning  that  small  aggregates  will  not  be  dis- 
placed  to  a  new  and  better  position  in  the  aggregate 
matrix  and  the  removal  of  small  entrapped  gas  bub- 
bles  from  the  concrete  mix  will  be  poor.  This  problem 
is  particularly  strongly  accentuated  with  the  modern, 
so-called  micro-proportionated  concrete  mixes, 
which  in  the  conventional  casting  methods  fail  to  ach- 
ieve  their  potentially  highest  strength,  and  moreover, 
remain  unsatisfactorily  compacted. 

It  is  an  object  of  the  present  invention  to  achieve 
a  method  and  an  apparatus  capable  of  achieving  im- 
proved  and  faster  compaction  over  the  prior  art  par- 
ticularly  in  the  production  of  high-strength  concretes. 

The  invention  is  based  on  implementing  the  com- 
paction  of  concrete  using  at  least  one  direction-con- 
trolled  compacting  movement  having  simultaneously 
one  directional  vector  component  parallel  to  the  flow 
of  the  concrete  mix  and  one  directional  vector  compo- 
nent  transverse  to  the  flow  of  the  concrete  mix. 

According  to  a  preferred  embodiment  of  the  in- 
vention,  the  concrete  mix  to  be  moulded  is  subjected 
to  at  least  one  second  compacting  movement  with  a 
frequency  different  from  that  of  a  first  dual-direction- 
controlled  compacting  movement. 

More  specifically,  the  method  according  to  the  in- 
vention  is  principally  characterized  by  what  is  stated 
in  the  characterizing  part  of  claim  1. 

Furthermore,  the  apparatus  according  to  the  in- 
vention  is  characterized  by  what  is  stated  in  the  char- 
acterizing  part  of  claim  7. 

The  invention  provides  significant  benefits. 
Compaction  is  advantageously  performed  using 

a  number  of  different  vibrating  frequencies,  and  par- 
ticularly,  complementing  the  mechanical  low-fre- 

quency  compacting  movement  with  a  number  of  high- 
er-frequency  vibrations,  whereby  the  compacting  ef- 
fect  is  imposed  on  aggregate  particles  of  all  sizes. 
When  this  basic  scheme  is  combined  with  direction- 

5  controlled  application  of  the  compacting  effect  and 
the  dual-direction-controlled  compacting  movement 
according  to  the  invention,  the  most  effective  com- 
paction  possible  is  achieved  that  reliably  produces 
concrete  grades  of  the  highest  strength.  By  directing 

10  the  compacting  effect  sufficiently  accurately  in  the 
flow  direction  of  the  concrete  mix  being  cast  and 
thereby  into  the  cast  concrete,  maximum  amount  of 
the  applied  energy  is  utilized  in  compaction,  and 
while  simultaneously  a  component  of  the  compacting 

15  movement  is  applied  in  a  direction  perpendicular  to 
the  flow  direction,  good  compaction  is  also  assured 
in  the  cross-machine  direction.  Tests  performed  by 
the  inventor  have  shown  the  extremely  high  impor- 
tance  of  the  simultaneously  longitudinally  and  per- 

20  pendicularly  shearing  compaction  movement  on  the 
final  compaction  of  the  cast  product.  The  compaction 
result  can  be  further  improved  by  applying  the  com- 
pacting  effect  on  a  number  of  vibrating  and  mechan- 
ically  compacting  frequencies;  however,  the  effect  of 

25  multiple  frequencies  is  notassignificantasthatofthe 
dual-direction  compacting  movement.  The  longitudi- 
nal  vibration  combined  with  the  cross-machine  com- 
pacting  movement  achieves  easy  flow  of  concrete 
through  the  casting  nozzle,  whereby  the  wear  of  ma- 

30  chine  components  remains  small  and  no  excessive 
internal  pressure  is  generated  inside  the  casting  ma- 
chine.  In  comparison  with  a  mechanical  compacting 
movement  at  a  low  frequency,  the  large-amplitude 
movements  working  and  wearing  the  concrete  mix 

35  can  be  avoided. 
By  virtue  of  the  multi-directional  compaction 

scheme,  shaped  objects  of  a  more  complicated  struc- 
ture  than  in  the  prior  art  can  be  moulded,  and  provid- 
ed  that  the  auger  of  the  casting  machine  is  equipped 

40  with  a  vibrating  means,  the  flow  of  the  concrete  mix 
along  the  augers  is  eased  and  the  wear  of  the  augers 
reduced.  Obviously,  the  vibrating  frequencies  of  the 
apparatus  are  advantageously  made  adjustable, 
whereby  the  vibrations  applied  at  different  frequen- 

45  cies  can  be  tuned  according  to  the  natural  frequen- 
cies  of  the  different  aggregate  particles,  whereby  the 
optimal  efficiency  of  energy  transfer  into  the  concrete 
mix  is  achieved  resulting  in  the  most  effective  com- 
paction. 

so  The  invention  is  next  examined  with  the  help  of 
the  annexed  drawings,  in  which 

Figure  1  is  a  partially  longitudinally  sectional  view 
of  a  casting  machine  according  to  the  invention; 
Figure  2  is  a  top  view  of  the  machine  shown  in  Fig. 

55  1; 
Figure  3  is  a  detail  of  the  diagram  of  Fig.  1;  and 
Figure  4  is  a  cross  section  of  the  end  product. 
The  machine  according  to  the  invention  is  an  ex- 
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truder-type  casting  machine  adapted  to  run  along  the 
sides  of  a  casting  mould  1  supported  by  load-bearing 
wheels  2.  The  machine  is  assembled  onto  a  frame  3. 
The  exemplifying  casting  machine  has  three  conical 
feed  augers  5.  The  augers  5  are  mounted  on  the 
frame  3  by  means  of  a  drive  shaft  7  of  the  auger.  Core- 
forming  mandrels  6  are  placed  to  the  trailing  end  of 
the  feed  augers  5  relative  to  the  casting  direction.  A 
pull  rod  10  adapted  to  pass  through  the  center  of  each 
auger  shaft  7  is  actuated  by  a  hydraulic  cylinder  11 
powered  by  hydraulic  machinery  12  via  a  hydraulic 
fluid  distributing  block  12.  The  end  of  the  drive  shaft 
7  is  provided  with  a  variable-speed  reduction  gear  8 
via  which  the  drive  motors  9  of  the  augers  5  are  con- 
nected  to  the  auger  drive  shaft  7.  At  the  input  end  of 
the  feed  augers  5,  the  top  of  the  machine  carries  a 
conical  feed  hopper  4.  Next  to  the  feed  hopper  4,  at 
the  opposite  end  of  the  machine  relative  to  the  casting 
direction,  above  the  machine,  are  located  a  mould  top 
plate  16,  and  at  the  sides,  mould  side  plates  15,  re- 
spectively.  The  side  plates  15  are  connected  to  hy- 
draulic  cylinders  11.  The  top  plate  16  is  connected  by 
means  of  link  mechanism  20  to  a  drive  means  of  the 
top  plate. 

The  dual-direction  compacting  movement  ac- 
cording  to  the  invention  is  accomplished  by  means  of 
link  mechanisms  18and  19.1,  19.2.  As  isevidentfrom 
Fig.  3,  the  drive  shaft  7  is  supported  by  two  links  18. 
When  the  hydraulic  cylinder  11  actuates  the  pull  rod 
10,  the  link  mechanism  18  supporting  the  drive  shaft 
7,  the  feed  auger  5  and  the  core-forming  mandrel  6 
forces  these  supported  components  to  move  forward 
and  downward,  or  respectively  during  the  opposite-di- 
rection  movement  backward  and  upward,  whereby 
the  concrete  mix  contained  in  the  extruder  section  is 
subjected  to  a  dual-direction-controlled  compacting 
movement.  The  other  limit  position  of  the  mechanism 
1  8  is  shown  by  a  dashed  line  in  the  diagram  of  Fig.  3. 
The  same  compacting  movement  is  also  implement- 
ed  in  the  mould  top  plate  16  supported  by  the  link 
mechanisms  19.1,  19.2  when  the  crank  lever  of  the 
link  mechanism  20  moves  the  mould  top  plate  16  re- 
ciprocatingly. 

The  function  of  the  apparatus  is  as  follows.  Con- 
crete  mix  poured  into  the  feed  hopper  4  flows  by  grav- 
ity  onto  the  feed  augers  5  rotated  by  the  drive  motor 
9.  The  rotating  augers  5  propel  the  concrete  mix  into 
a  pressurized  space  continued  as  the  shaping  space 
delineated  by  the  mould  1,  the  mould  side  walls  15 
and  the  mould  top  plate  16.  In  this  space  the  concrete 
mix  is  forced  into  the  space  between  the  core-forming 
mandrels  6  and  the  walls  1,  15,  16,  where  the  con- 
crete  mix  is  compacted  under  the  forces  of  the  com- 
pacting  movements  and  the  internal  pressure  gener- 
ated  by  the  core-forming  mandrels  6,  the  moving 
walls  15,  1,  and  is  thus  shaped  into  the  continuous 
section  of  the  desired  end  product  such  as  a  hollow- 
core  beam,  for  instance.  The  reciprocating  movement 

of  the  core-forming  mandrels  6  is  provided  by  the  hy- 
draulic  cylinder  11  which  is  connected  to  the  end  of 
the  pull  rod  10. 

The  casting  machine  travels  along  a  platform  1 
5  on  wheels  2  propelled  by  the  reaction  forces  of  the  ex- 

truded  concrete  mix,  or  alternatively,  the  machine 
can  be  moved  by  a  separate  drive  motor.  Concrete 
mix  poured  in  the  feed  hopper  4  flows  by  gravity  onto 
the  feed  augers  5  which  propel  the  concrete  mix  into 

10  the  shaping  space  delineated  by  the  mould  walls  1,  15 
and  16,  thus  producing  the  required  internal  pressure 
for  moulding.  The  augers  5  may  be  arranged  to  per- 
form  a  direction-controlled  vibrating  movement  to- 
gether  with  the  core-forming  mandrels  6,  whereby  the 

15  flow  of  the  concrete  mix  along  the  flight  surface  of  the 
auger  5  is  eased  thus  aiding  the  feed  of  the  concrete 
mix.  The  augers  5  are  continued  as  the  core-forming 
mandrels  6  which  form  the  hollow-core  cavities  21  re- 
quired  in  the  end  product.  Cross  sections  of  different 

20  hollow-core  shapes  are  shown  in  Fig.  4.  Compaction 
of  concrete  occurs  mainly  under  the  effect  of  these 
core-forming  mandrels  6.  The  compacting  effect  is 
achieved  by  the  direction-controlled  vibration  of  the 
mandrels  6,  advantageously  using  the  reciprocatingly 

25  curved  swinging  movement  described  above.  The 
mandrel  may  have  a  constant  cross  section  if  permit- 
ted  by  the  cross-sectional  shape  of  the  core  cavities, 
since  the  reciprocating  compaction  movement  also 
imparts  a  cross-machine  compacting  component.  In 

30  the  making  of  cylindrical  core  cavities  the  mandrel 
may  obviously  rotate  with  the  auger,  while  for  noncy- 
lindrically  shaped  core  cavities  a  nonrotating  mandrel 
must  be  used.  Obviously,  the  mandrel  cross  section 
may  be  shaped  as  tapering  or  flaring.  The  direction- 

35  controlled  compacting  vibration  permits  very  large 
deformations  in  the  flow  of  the  concrete  mix.  The  aug- 
ers  5  are  rotated  by  the  drive  shaft  7  and  the  mandrels 
6  are  moved  with  the  help  of  rods  1  0  adapted  to  pass 
through  the  center  of  the  drive  shafts.  Besides  their 

40  rotational  movement,  the  augers  5  can  be  adapted  to 
perform  a  compacting  movement,  whereby  their  ac- 
tuation  can  be  combined  with  the  movement  of  the 
rods  10. 

The  rotation  of  the  augers  5  is  arranged  by  means 
45  of  a  drive  belt  8  or  alternatively  a  drive  chain,  and  the 

drive  motor  is  advantageously  a  hydraulic  motor 
whose  speed  of  rotation  is  easy  to  control.  Alterna- 
tively,  an  electric  motor  with  a  reduction  gear  can  be 
used.  The  hydraulic  actuator  cylinder  11  and  pull  rod 

so  1  0  of  the  mandrels  impart  the  mandrels  with  the  de- 
sired  direction-controlled  vibrating  movement,  and 
when  the  vibrating  movement  is  also  desired  for  the 
augers  5,  they  are  locked  with  the  help  of  a  lateral-lo- 
ad  taking  end  bearing  to  the  pull  rods  10  of  the  man- 

55  drel  6.  By  virtue  of  the  hydraulic  cylinders  1  1  ,  the  man- 
drels  6  can  be  actuated  with  a  constant  force  and  con- 
stant  acceleration,  which  is  advantageous  with  regard 
to  minimizing  the  stresses  imposed  on  the  machine 

4 
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structures.  Obviously,  the  hydraulic  cylinders  can  be 
replaced  by  other  types  of  actuators  such  as  eccen- 
tric  cam  mechanisms  and  other  devices  capable  of 
generating  an  essentially  sinusoidally  varying  accel- 
eration.  In  a  hydraulically  driven  machine  using  a  con- 
ventional  hydraulic  machinery  as  the  vibrating  power 
source,  the  machinery  output  power  is  controlled  in 
hydraulic  pulses  to  the  different  vibrating  actuators. 
To  minimize  the  vibrations  induced  in  the  machine 
structures,  the  hydraulic  drive  pulses  should  be  prop- 
erly  phased.  The  vibrating  frequency  can  be  varied  by 
suitable  control  of  the  hydraulic  fluid  distributing 
block,  while  the  vibrating  force  is  adjusted  by  varying 
the  operating  pressure  of  the  hydraulic  actuators. 

The  compaction  movement  according  to  the 
present  invention  occurs  in  the  form  of  an  accurate  di- 
rection-controlled  vibrating  movement  in  lieu  of  low- 
frequency  shearing  compaction.  In  fact,  the  border- 
line  between  shearing  compaction  and  vibrating  com- 
paction  is  difficult  to  define,  and  therefore,  the  appro- 
priate  vibrating  frequency  for  each  case  is  essentially 
dependent  on  the  properties  of  the  concrete  mix  to  be 
cast.  Typically,  the  vibrating  frequency  for  concrete  is 
in  the  order  of  12.5  -  200  Hz.  In  this  machine  the  vi- 
brating  frequency  of  the  mandrel  section  has  been 
found  to  advantageously  lie  in  the  range  12.5  -  50  Hz, 
and  of  the  mould  top  and  side  plates,  in  the  range  5  - 
1  0  Hz.  This  combination  of  two  different  frequencies 
is  particularly  advantageous  as  the  vibrating  effect  is 
then  imposed  on  aggregate  particles  of  widely  vary- 
ing  size. 

In  addition  to  those  described  above,  the  inven- 
tion  can  be  implemented  in  alternative  embodiments. 

The  drive  elements  can  be  any  power  actuators 
capable  of  delivering  the  required  output  power.  In  the 
above  applications,  however,  electric  or  hydraulic  mo- 
tors  are  superior.  The  conversion  of  a  rotational  move- 
ment  into  a  linear  cyclically  reciprocating  motion  can 
be  implemented  in  different  ways  using,  e.g.,  a  crank 
lever  or  eccentric  cam  and  follower  mechanism.  All 
drive  elements  are  advantageously  controllable. 

The  direction  of  the  compaction  movement  can 
be  controlled  by  varying  the  lengths  and  directions  of 
the  links  in  the  supporting  link  mechanism.  If  the  links 
are  directed  slightly  backward  with  respect  to  the 
casting  flow  direction,  the  swing  movement  occurs 
downward,  whereby  the  compaction  effect  imparted 
by  the  mandrels,  for  instance,  becomes  more  pro- 
nounce  in  the  concrete  mix  located  below  the  man- 
drels.  Correspondingly,  by  aligning  the  links  slightly 
forward  tilted  along  the  casting  flow  direction,  the 
compaction  movement  can  be  forced  to  occur  upward 
directed.  Furthermore,  the  trajectory  of  the  compac- 
tion  movement  of  the  link  mechanism  can  be  varied 
by  modifying  the  lengths  of  the  links,  and  in  fact,  the 
links  of  any  link  mechanism  can  have  different 
lengths.  Also  if  the  compaction  movement  is  imple- 
mented  with  the  help  of  an  eccentric  cam  mechanism, 

the  trajectory  of  the  compacting  elements  can  be  var- 
ied  in  a  similar  manner.  Besides  link  and  eccentric 
mechanisms,  other  equivalent  types  of  movement 
controlling  means  such  as  guide  rails  can  be  used 

5  permitting  the  implementation  of  almost  any  conceiv- 
able  shape  of  compaction  trajectory. 

While  in  the  above-described  embodiment  the 
mould  side  plates  are  moved  only  longitudinally  with 
respect  to  the  casting  flow  direction,  it  is  conceivable 

10  that  at  least  some  of  the  mould  side  plates  are  con- 
nected  to  an  eccentric  mechanism  capable  of  impart- 
ing  a  vertical  or  lateral  movement.  Also  the  other  com- 
paction  movements  can  be  implemented  so  that 
transverse  compaction  movement  relative  to  the 

15  casting  flow  direction  occurs  in  the  horizontal  plane. 
Moreover,  an  eccentric  mass  vibrator  17  can  be 
placed  inside  the  core-forming  mandrels,  whereby 
the  compaction  effect  is  further  improved  and  the 
flow  of  the  concrete  mix  eased.  The  compaction 

20  movement  or  compaction  efficiency  can  Decontrolled 
by  varying  the  speed,  stroke  length  or  input  power  of 
the  compaction  movement. 

25  Claims 

1.  A  method  of  producing  a  compacted  concrete 
product,  in  which  method 

-  concrete  mix  is  forced  by  means  of  at  least 
30  one  feed  means  (5)  through  a  delineated 

cross  section  (1,  6,  15,  16)  for  the  purpose 
of  manufacturing  a  concrete  product  with  a 
desired  cross  section,  and 

-  the  concrete  mix  to  be  cast  is  compacted  by 
35  means  of  at  least  one  mechanical  recipro- 

cating  compaction  movement, 
characterized  in  that 

-  at  least  one  of  said  compaction  move- 
ments  is  a  direction-controlled  reciprocating 

40  movement  incorporating  at  least  one  first  trans- 
lational  component  in  the  direction  of  the  casting 
flow  of  concrete  and  at  least  one  translational 
component  perpendicular  to  the  at  least  one  first 
translational  component. 

45 
2.  A  method  as  defined  in  claim  1  ,  characterized  in 

that  at  least  one  of  the  compaction  movements  is 
comprised  by  the  movement  of  a  core-forming 
mandrel  (6)  adapted  to  the  space  of  delineated 

so  cross  section,  said  movement  being  carried  out 
both  longitudinally  along  the  casting  flow  direc- 
tion  and  at  least  essentially  transversely  to  said 
casting  flow  direction. 

55  3.  A  method  as  defined  in  claim  1  ,  characterized  in 
that  the  feed  means  (5)  performs  a  movement 
connected  to  the  movement  of  the  core-forming 
mandrel  (6). 

5 
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4.  A  method  as  defined  in  claim  1  or  2,  character- 
ized  in  that  at  least  one  of  the  compaction  move- 
ments  is  comprised  by  the  movement  of  a  mould 
top  plate  (16)  adapted  to  border  the  space  of  de- 
lineated  cross  section,  said  movement  being  car- 
ried  out  both  longitudinally  along  the  casting  flow 
direction  and  at  least  essentially  vertically  trans- 
versely  to  said  casting  flow  direction. 

5.  A  method  as  defined  in  claim  2  or  4,  character- 
ized  in  that  the  compaction  movements  of  the 
core-forming  mandrel  (6)  and  the  mould  top  plate 
(16)  are  carried  out  at  different  frequencies. 

6.  A  method  as  defined  in  any  foregoing  claim, 
characterized  in  that  the  concrete  mix  is  addi- 
tionally  compacted  by  subjecting  the  mix  to  high- 
frequency  compacting  vibration. 

7.  An  apparatus  for  producing  a  compacted  con- 
crete  product,  said  apparatus  comprising 

-  at  least  one  feed  means  (5)  for  feeding  con- 
crete  mix  through  a  delineated  cross  sec- 
tion  (1,6,  15,  16), 

-  at  least  one  such  surface  delineating  said 
cross  section  (1,  6,  15,  16)  that  can  be 
brought  to  a  direction-controlled  reciprocat- 
ing  movement  for  the  purpose  of  compact- 
ing  the  concrete  mix,  and 

-  elements  (11,  20)  capable  of  actuating  the 
movement  of  said  surface 

characterized  by 
-  elements  for  controlling  the  movement 

direction  of  said  surface  (6,  16)  so  that  said  com- 
paction  movement  has  at  least  one  first  transla- 
tional  component  in  the  direction  of  the  casting 
flow  of  concrete  and  at  least  one  translational 
component  perpendicular  to  said  at  least  one  first 
translational  component. 

8.  An  apparatus  as  defined  in  claim  7,  said  appara- 
tus  comprising  at  least  one  core-forming  mandrel 
(6)  extending  into  said  space  of  delineated  cross 
section  and  further  comprising  elements  (8,  9, 
11)  for  implementing  the  reciprocating  movement 
of  the  mandrel  (6),  characterized  by  elements 
(18)  for  controlling  the  movement  direction  of  the 
mandrel  so  that  the  mandrel  (6)  can  be  moved  si- 
multaneously  both  along  the  casting  flow  direc- 
tion  and  perpendicularly  to  this  direction. 

9.  An  apparatus  as  defined  in  claim  8,  said  appara- 
tus  comprising  a  mould  (1)  forming  a  space  of  de- 
lineated  cross  section,  two  mould  side  planes 
(15)  with  a  movement  actuated  by  an  actuator 
(11)  and  a  mould  top  plate  (16)  actuated  by  an  ac- 
tuator  (20)  and  at  least  one  core-forming  mandrel 
(6),  characterized  by  elements  (19.1,  19.2)  for 

controlling  the  movement  direction  of  the  mould 
top  plate  (16)  so  that  the  mould  top  plate  (16)  can 
be  moved  simultaneously  both  along  the  casting 
flow  direction  and  perpendicularly  to  this  direc- 

5  tion. 

10.  An  apparatus  as  defined  in  claim  9,  character- 
ized  by  the  adaptation  of  a  conventional  high- 
frequency  vibrator  to  the  interior  of  the  core- 

10  forming  mandrel  (6). 

11.  An  apparatus  as  defined  in  claim  8,  character- 
ized  in  that  the  direction-controlling  elements 
(18)  are  formed  by  parallel  links. 

15 
12.  An  apparatus  as  defined  in  claim  8,  character- 

ized  in  that  the  direction-controlling  elements 
(18)  are  formed  by  nonparallel  links. 

6 



P  0  677  362  A1 



EP  0  677  362  A1 



EP  0  677  362  A1 

9 



EP  0  677  362  A1 

F I G   4  

10 



EP  0  677  362  A1 

J  Europe*,  Patent  EUROPEAN  SEARCH  REPORT  AK,"~tion  Nu""~ 
office  EP  95  85  0070 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 
r  Citation  of  document  with  indication,  where  appropriate,  Relevant  CLASSIFICATION  OF  THE ^   ̂ of  relevant  passages  to  claim  APPUCATION  (Int.CL6) 

X  CH-A-477  964  (BEAM  BRITISH  ENGINEERING  1,7,9  B28B1/08 
APPLICATION  OF  METAL  ESTABLISHMENT) 
*  the  whole  document  * 

X  SOVIET  INVENTIONS  ILLUSTRATED  1 , 4 , 7 , 9 ,  
Week  8425,  1  August  1984  11 
Derwent  Publ ica t ions   Ltd.,  London,  GB; 
AN  84-157227/25 
&  SU-A-1  046  102  (YAR0SL  POLY)  7  October 
1983 
*  abs t rac t   * 

X  SOVIET  PATENTS  ABSTRACTS  1 , 4 , 7 , 9 ,  
Week  8901,  15  February  1989  12 
Derwent  Publ icat ions   Ltd.,  London,  GB; 
AN  89-006824/01 
&  SU-A-1  405  993  (YAR0SL  POLY)  30  June 
1988 
*  abs t rac t   * 

A  EP-A-0  175  930  (INDUC0  OY)  1-12  ™chni^  fields 
u i j   *  SEARCHED  (IntC1.6) *  the  whole  document  * 

B28B 
A  EP-A-0  192  884  (0Y  PARTEK  AB)  1 , 4 , 7 , 9 ,  

11,12 
*  the  whole  document  * 

A  EP-A-0  229  751  (KT-SUUNNITTELU  0Y)  1 - 3 , 7 , 8 ,  
10 

*  the  whole  document  * 

A  EP-A-0  241  172  (KT-SUUNNITTELU  0Y)  1 , 4 , 7 , 9 ,  
11,12 

*  the  whole  document  * 

The  present  search  report  has  been  drawn  up  for  all  claims  | 
nan  of  March 

THE  HAGUE 
Mi  1  camptona  H  ue  nana 
19  July  1995 Gourier,  P 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category A  :  technological  background O  :  non-written  disclosure P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention E  :  earlier  pateat  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  la  the  application L  :  document  died  for  other  reasons 
ft  :  member  of  the  same  patent  family,  corresponding document 

11 


	bibliography
	description
	claims
	drawings
	search report

