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©  Wire  drawing  machine  with  diameter  watching-system. 

©  A  wire  drawing  machine  having  a  watching  sys- 
tem  of  the  wire  (9)  diameter  at  one  or  more  watched 
locations  in  the  machine.  The  diameter  is  measured 
by  measuring  the  wire  speed  as  compared  to  the 
reference  wire  speed  at  a  reference  location  where 
the  diameter  is  accurately  known  and  held  in  a 
register  (3).  This  value,  together  with  both  speed 
values,  are  sent  to  a  computer  module  (6)  for  cal- 

culating  the  wire  diameter  and  sending  this  to  the 
output  (29,30).  When  a  new  wire  enters  in  the  draw- 
ing  machine,  the  operation  is  temporarily  inversed  : 
the  lastly  computed  diameter  is  temporarily  taken  as 
the  reference  diameter  and  stored  in  the  register  (3), 
and  from  there  the  new  reference  diameter  at  the 
entrance  is  calculated  and  entered  in  the  register  (3). 
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The  invention  relates  to  a  wire  drawing  ma- 
chine  having  a  watching  system  of  the  wire  diam- 
eter  at  a  watched  location.  A  wire  drawing  machine 
comprises  a  number  of  passes,  from  one  to  ten  or 
even  more,  the  one  downstream  after  the  other, 
and  in  each  pass  the  wire  diameter  is  reduced.  In 
order  to  watch  over  the  good  operation  of  the 
machine,  it  is  desirable  to  watch  the  diameter  at 
one  or  more  specific  locations,  e.g.  at  the  exit  of 
one  or  more  of  the  passes.  Due  to  the  wear  of  the 
drawing-die  indeed,  the  wire  diameter  at  the  exit  of 
such  pass  becomes  greater  and  greater,  and  after 
a  certain  time,  when  the  diameter  exceeds  the 
tolerance  limit,  the  die  has  to  be  replaced.  It  is 
however  not  easy  to  continuously  measure  the 
diameter  of  a  wire  traveling  at  a  speed  of  2  to  12 
m/sec,  because  mechanical  systems  are  disturbed 
by  the  movement  of  the  wire  and  optical  systems 
are  disturbed  by  dust  or  other  pollution,  or  are  very 
expensive.  For  that  reason,  in  practice,  the  operator 
of  the  machine  simply  measures  the  wire  manually 
at  machine  stop  for  whatever  reason,  and  when  the 
diameter  appears  to  have  somewhat  approached 
the  limit,  he  replaces  the  drawing-die  as  a  precau- 
tionary  measure.  In  this  way,  die  consumption  is 
higher  than  it  should  be,  i.e.  when  the  operator 
would  be  able  to  continuously  watch  the  wire  diam- 
eter  and  only  proceed  to  the  replacement  when  it 
is  really  necessary. 

Although  the  need  of  watching  the  wire  diam- 
eter  at  the  exit  of  a  drawing  pass  has  been  ex- 
plained  hereabove,  and  although  the  explanations 
hereinafter  will  refer  to  watching  the  diameter  at  the 
exit,  it  will  be  clear  that  the  invention  is  not  limited 
to  a  watched  location  at  the  exit  side  of  a  drawing 
pass,  but  can  also  be  usable  at  an  entrance  side. 

It  is  the  object  of  the  present  invention  to 
procure  a  watching  system  of  the  wire  diameter  at 
a  watched  location,  which  allows  to  continuously 
follow  the  evolution  of  the  wire  diameter,  without 
the  need  of  an  instrument  that  measures  the  diam- 
eter  in  a  direct  way  by  optical  or  mechanical  or 
other  means,  and  adapted  to  operate  without  hu- 
man  intervention  during  long  periods,  i.e.  periods  in 
which  different  wire  coils  are  entered  and  treated  in 
the  machine,  and  still  with  high  accuracy. 

A  first  step  towards  the  solution  consists  of  the 
choice  of  the  indirect  method  of  measuring  the 
diameter  :  via  measuring  wire  speeds.  In  this  meth- 
od,  the  wire  speed  is  measured,  on  one  hand  at 
the  watched  location,  and  on  the  other  hand  at  a 
reference  location  where  the  diameter  value  is 
known  and  can  be  supposed  to  be  nearly  constant. 
As  the  passing  steel  volume  per  unit  of  time  is  the 
same  at  both  locations,  one  has  : 
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in  which  Vw  and  Vr  are  the  speed  at  the  watched 
and  reference  location  respectively  and  Dw  and  Dr 

75  the  wire  diameter  at  the  watched,  respectively  ref- 
erence  location.  As  Dr  is  considered  to  be  a  fixed 
value,  the  diameter  Dw  can  continuously  be  cal- 
culated  and  a  signal  be  generated,  representing 
such  value,  without  direct  measurement  of  any  wire 

20  diameter. 
For  continuous  measurement,  measuring  the 

wire  speed  is  much  easier  indeed  than  measuring 
the  wire  diameter,  e.g.  by  passing  the  wire  over  a 
slip-free  pulley  of  which  the  rotation  speed  is  mea- 

25  sured. 
A  condition  for  the  operability  of  this  method  is 

the  presence  somewhere  of  a  location  where  the 
diameter  can  be  supposed  to  be  nearly  constant.  In 
wire  drawing,  this  may  constitute  a  difficulty  be- 

30  cause,  due  to  wear  of  the  drawing  dies,  the  diam- 
eter  is  fluctuating  everywhere.  The  entrance  of  the 
machine  can  however  in  general  be  used  as  a 
reference  location.  It  has  been  observed  indeed 
that  the  coils  that  are  unreeled  and  entered  into  the 

35  machine,  come  themselves  from  other  processes 
with  narrow  diameter  tolerances  at  the  output,  and 
that  they  have  a  wire  diameter  that  varies  very 
slightly  over  a  same  coil  (but  can  remarkably  vary 
from  coil  to  coil,  because  of  different  origins).  Con- 

40  sequently,  the  method  can  be  operable,  at  least  for 
the  period  of  treatment  of  a  same  coil.  Another 
reference  location  can  be  the  exit  of  a  drawing 
pass  with  very  small  diameter  reduction  in  a 
strongly  wear  resistant  die,  where  the  method  can 

45  be  operable,  at  least  for  the  period  between  two 
replacements  of  such  die.  In  principle,  any  location 
can  be  chosen  where  the  diameter  remains,  or  is 
made  to  remain  constant  during  a  certain  period. 
The  method  must  however  serve  for  a  longer  dura- 

50  tion  of  several  such  periods,  and  in  a  way  that 
human  intervention  can  be  avoided.  The  way  how 
the  method  will  bridge  the  transition  from  one  pe- 
riod  to  the  other,  constitutes  the  second  step  to- 
wards  the  solution,  as  explained  later. 

55  In  using  the  method  during  the  first  period,  the 
initial  diameter  Dor  at  the  reference  location  at 
standstill  before  starting  the  machine  is  known  (e.g. 
by  manual  measurement  of  the  diameter,  or  by 
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knowledge  of  the  opening  diameter  of  the  drawing- 
die  just  before  the  reference  location).  This  diam- 
eter  is  preset  as  a  fixed  value  Dor  in  a  register. 
With  the  use  of  such  reference  value  in  said  regis- 
ter  and  the  continuous  measurement  value  signals 
of  the  speeds  Vw  and  Vr,  a  continuously  varying 
value  signal  Dow  can  be  computed  and  generated 
according  to  formula  (1)  : 

=  D„ (2 )  

in  which  Dow  represents  the  wire  diameter  at  the 
watched  location  during  said  first  period,  i.e.  the 
period  before  the  first  substantial  change  of  the 
actual  wire  diameter  at  the  reference  location. 

The  next  problem  is  now,  that  this  method  is 
only  good  for  each  single  "quiet"  period  in  which 
the  wire  diameter  at  the  reference  location  doesnot 
remarkably  vary.  But  between  these  quiet  periods, 
there  are  transition  periods  of  substantial  change  of 
the  wire  diameter,  e.g.  when  a  coil  at  the  entrance 
is  finished  and  followed  by  another  coil  (e.g.  with- 
out  machine  stop,  the  tail  of  the  former  one  being 
welded  to  the  head  of  the  latter),  or  when  the 
reference  drawing-die,  just  upstream  the  reference 
location,  is  replaced.  Then  a  new  quiet  period 
starts  with  a  new  reference  value  D1r  that  has  to  be 
introduced  in  the  register  in  replacement  of  Dor. 
And  the  problem  is,  how  do  this  this,  without  any 
human  intervention  (measurement  of  diameter  and 
introduction  in  the  register). 

The  second  step  towards  the  solution  consists 
of  inverting,  during  the  transition  period,  the  roles 
of  the  reference  location  and  the  watched  location. 
During  the  transition  period,  in  which  the  diameter 
at  the  reference  location  is  unreliable,  and  which 
period  is  relatively  short,  it  is  now  supposed  that 
the  location  where  the  diameter  remains  relatively 
constant,  is  now  the  watched  location.  One  is  al- 
lowed  to  suppose  this,  because  this  transition  pe- 
riod  is  sufficiently  short  for  neglecting  die-wear  or 
other  influences. 

As  a  consequence,  the  system  proceeds  to  the 
inverted  operation,  it  is  now  the  last  obtained  value 
Dow  for  the  watched  position  during  the  first  quiet 
period  that  is  stored  as  a  fixed  value  in  the  register. 
And  it  is  now  the  diameter  value  D1r  for  the  refer- 
ence  location  that  is  now  continuously  generated 
by  means  of  the  inverse  formula  : 
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When  the  transition  period  is  now  finished,  the 
system  is  made  to  switch  over  from  such  inverse 
mode  back  to  its  direct  mode.  This  means  :  the  last 
obtained  value  D1r  during  the  transition  period  is 
now  stored  as  a  fixed  value  in  the  register,  and  it  is 
now  again  the  diameter  at  the  watched  location,  but 
now  after  the  first  transition  period  (D1w),that  is 
generated  by  means  of  the  direct  formula  (1)  : 

D. l.w v.. 

As  soon  as  a  following  transition  period  is  an- 
nounced,  the  system  is  made  to  switch  over  again 
from  direct  mode  to  inverse  mode,  in  order  to 
continuously  generate  a  signal 

»2,r  =  DliW 
N 

and  to  return  then  back  to  direct  mode,  in  order  to 
generate  the  signal 

D. 2,w =  D. 2,1 

in  which  D2,w  is  now  the  value,  representative  of  the 
wire  diameter  at  the  watched  location  after  the 
second  transition. 

This  can  so  be  repeated  for  n  transitions,  and 
each  time  the  system  switches  over  from  direct 
mode  to  inverse  mode  and  back. 

The  process  can  be  started,  either  in  direct 
mode  or  in  inverse  mode  also.  E.g.,  when  the 
watched  location  is  just  downstream  a  drawing 
pass  with  a  new  drawing-die  of  which  the  opening 
diameter  is  accurately  known,  it  is  preferred  to  start 
the  operation  in  inverse  mode,  and  to  have  the 
diameter  at  the  reference  location  be  calculated 
first  by  the  system,  and  then  to  switch  over  to  the 
direct  mode  where  this  calculated  value  is  then 
firstly  introduced  into  the  register. 

In  both  ways  of  starting,  the  method  of  measur- 
ing  the  diameter  of  the  wire  at  said  watched  loca- 
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tion  consequently  comprises,  according  to  the  in- 
vention  (indexes  a  and  b  hereafter  being  equal  to  r, 
respectively  w  when  starting  in  direct  mode,  and 
equal  to  w,  respectively  r  when  starting  in  reverse 
mode)  : 

(a)  providing  measuring  means  (1)  (2)  of  the 
wire  speed  Vr  and  Vw  at  said  watched  location, 
and  at  a  reference  location  respectively  ; 
(b)  introducing  a  preset  value  signal  Doa  re- 
presentative  of  the  initial  value  of  the  wire  diam- 
eter  at  one  of  said  locations,  in  a  register  means 
(3)  ; 
(c)  continuously  generating  a  value  signal  Dob, 
representative  of  the  value 

ously  generating  at  its  output  (29)  (30)  a  value 
signal 

10 on  one  hand  and 

15 

V. 

in  which  Va  and  Vb  is  the  wire  speed  at  said  one 
location,  respectively  the  other  location  ; 
(d)  before  a  substantial  change  of  the  actual 
wire  diameter  at  said  one  side,  storing  a  value  in 
said  register  means,  representative  of  said  value 
signal  D0,b  ; 
(e)  subsequently,  continuously  generating  a  sig- 
nal  D-i  ̂ .representative  of  the  value 

D, o.b 1  

(f)  before  a  substantial  change  of  the  actual  wire 
diameter  at  said  other  side,  storing  a  value  in 
said  register  means,  representative  of  said  value 
signal  D0,b; 
(g)  repeating  steps  (c)  to  (f)  in  which  Doa,  Dob 
and  D1a  are  replaced  by  Dn  a,  Dn  b  and  Dn  +  1a,  in 
which,  for  each  repetition,  n  is  the  number  of 
times  the  steps  (c)  to  (f)  have  already  been 
taken. 

Besides  the  method,  the  invention  provides  a 
drawing  machine  with  a  watching  system  of  the 
diameter  at  a  watched  location,  and  which  com- 
prises,  according  to  the  invention  : 

(a)  measuring  means  (1)(2)  of  the  wire  speed  Vr 
and  Vw  at  a  reference  location  and,  at  said 
watched  location  respectively  ; 
(b)  register  means  (3)  for  storing  a  value  D  and 
comprising  means  (4)  for  presetting  said  register 
means  to  an  initial  value  D0,  and  further  com- 
prising  a  feedback  signal  entrance  (5)  for  setting 
said  register  means  (3),  on  receipt  of  a  feedback 
value  signal,  to  such  feedback  value  Dn  ; 
(c)  calculating  means  (6)  adapted  for  continu- 

on  the  other  hand  ; 
(d)  a  feedback  control  switch  (8)  having  input 
means  (7)  for  a  switch  signal,  and  input  means 

20  (31)  (32),  connected  to  the  output  (29)  (30)  of 
said  calculating  means,  and  further  having  an 
output  (33)  connected  to  said  feedback  signal 
entrance  (5)  of  said  register  means  (3),  the 
switch  (8)  being  arranged  for  alternately  send- 

25  ing,  on  receipt  of  a  switch  signal,  one  of  said 
value  signals  present  at  said  input  means  (31) 
(32)  towards  its  output  (33)  ;  and 
(e)  output  means  (34)  connected  to  the  output 
(29)  of  said  calculating  means  (6). 

30  The  watching  system  provides  a  wide  range  of 
possible  uses  in  a  wire  drawing  machine,  as  shown 
hereafter.  But,  above  this,  the  system  also  appears, 
rather  unexpectedly,  to  perform  with  a  reaction 
speed  to  diameter  variations  and  with  an  accuracy, 

35  comparable  to  any  optical  system  at  least. 
The  invention  will  now  further  be  explained  with 

reference  to  the  appended  drawing,  showing  a 
schematic  view  of  the  wire  drawing  machine  with 
its  watching  system. 

40  In  this  drawing,  the  numbers  10  and  20  refer  to 
the  first  and  the  second  pass  of  a  wire  drawing 
machine.  Each  pass  comprises  a  drawing  capstan 
1  1  ,  respectively  21  ,  that  draws  the  wire  9  through  a 
drawing-die  12,  respectively  22.  Upstream  the 

45  drawing-die,  there  is  a  guiding  pulley  system  with  a 
pulley  13,  respectively  23,  driven  by  the  wire  9  into 
rotation  in  a  slip-free  manner.  The  rotational  speed 
of  this  pulley  is  consequently  proportional  with  the 
linear  speed  of  the  wire  on  entering  the  corre- 

50  sponding  drawing-die.  In  this  example,  the  drawing- 
capstan  is  of  the  slip-free  type,  so  that  in  this  case 
the  rotational  speed  of  this  capstan  is  proportional 
with  the  linear  speed  of  the  wire  on  the  exit  side  of 
the  drawing-die. 

55  The  wire  travels  in  the  direction  of  arrows  40, 
and  comes  from  an  unwinding  station  (not  shown), 
where  the  wire  is  unreeled  from  a  coil.  The  tail  end 
of  the  wire  of  this  coil  is  welded  to  the  leading  end 
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of  a  next  coil,  so  that,  without  stopping  the  wire 
drawing  machine,  the  system  can  automatically 
proceed  to  a  coil  change  where  the  next  coil  takes 
the  place  of  the  empty  coil  in  the  unwinding  sta- 
tion.  The  triggering  signal  for  coil  change  can  be  5 
given  by  any  mechanical,  electrical  or  optical  sys- 
tem  for  detecting  that  the  treated  coil  is  empty  or 
nearly  empty. 

The  example  of  Figure  1  shows  a  system  for 
measuring  the  wire  diameter  at  the  exit  of  the  10 
drawing  die  12  of  the  first  pass.  This  exit  is  con- 
sequently  to  be  considered  as  the  "watched  loca- 
tion",  as  referred  to  hereinbefore.  The  reference 
location  is  here  the  entrance  of  the  drawing-die  12, 
i.e.  the  location  of  pulley  13.  This  pulley  and  the  is 
driving  capstan  ar  each  provided  with  an  instru- 
ment  for  measuring  the  rotational  speed,  in  this 
case,  a  pulse  generator  1  ,  respectively  2,  delivering 
electrical  pulses  at  a  rate  proportional  to  the  rota- 
tional  speed,  generated  by  well-known  optical,  20 
magnetic  or  electrical  means.  Each  of  said  pulse 
generators  sends  its  pulses  towards  a  pulse  coun- 
ter  16,  respectively  17,  both  being  associated  to  a 
clock  pulse  generator  18,  of  which  each  odd  output 
pulse  resets  the  counters  16  and  17  to  zero  and  25 
each  even  output  pulse  stops  the  counting  opera- 
tion.  In  this  way,  the  value  stored  in  the  counters 
between  an  even  pulse  and  the  next  odd  pulse,  is 
proportional  to  the  linear  speeds  of  the  wire,  on 
one  hand  Vw  at  the  watched  location,  in  this  case  30 
the  exit  side  of  the  drawing-die  12,  and  on  the 
other  hand  Vr  at  the  reference  location,  in  this  case 
the  entrance  side  of  the  same  drawing-die.  The 
outputs  of  both  counters  16  and  17  are  connected 
to  the  entrances,  26  and  27  respectively,  of  a  35 
calculator  module  6,  and  transmits  the  content  of 
the  counter  towards  the  calculator  once  just  after 
each  even  clock  pulse.  These  transmitted  signals 
are  digital  coded  signals,  representing  the  content 
of  the  counters  and  consequently  representing  the  40 
linear  speed  values  Vr  and  Vw. 

The  system  further  comprises  a  digital  register 
3,  capable  of  storing  a  value  D,  representative  of 
the  diameter  of  the  wire,  and  comprising  an  input  4 
where  a  digital  coded  value  signal  D0  can  be  en-  45 
tered  for  presetting  said  register  to  an  entered 
value.  The  output  28  of  this  register  is  connected  to 
the  entrance  of  said  calculator  module  6,  and  trans- 
mits  the  content  D  of  the  register  towards  the 
calculator  module  6  at  regular  time  intervals  (e.g.  at  so 
each  even  output  pulse  of  said  clock  pulse  gener- 
ator  18).  This  transmitted  signal  is  also  a  digital 
coded  signal,  representing  the  content  D  of  the 
register  or  the  value  of  the  wire  diameter,  as  lastly 
entered  in  the  register.  55 

The  calculator  module  6  is  arranged  to  gen- 
erate  at  its  outputs  29,  respectively  30,  and  with 
the  use  of  the  value  signals  Vw,  Vr  and  D,  received 

at  its  input,  two  other  digital  value  signals,  repre- 
senting  the  values 

Dw  =  D 
Vr 

on  one  hand  and 

Dz  =  D 

on  the  other.  Both  outputs  29  and  30  of  the  calcula- 
tor  module  6  are  connected  to  the  inputs  31  and  32 
of  a  feedback  switch  8,  of  which  the  output  33  is 
connected  to  another  input  5  of  said  register  3,  for 
resetting  said  register  to  a  feed  back  value  Dn, 
entered  via  input  5. 

Feedback  control  switch  8  has  three  entrances 
:  one  switch  pulse  input  7,  and  two  value  signal 
inputs  31  and  32.  Input  31  is  connected  to  output 
29  of  the  calculator  6  and  receives  the  value  signal 

Dw  =  D 
V... 

and  input  32  is  connected  to  output  30  of  the 
calculator  module  6  and  receives  the  value  signal 

X l  

The  switch  has  three  positions  :  one  "start-direct- 
mode-position",  and  one  "start-reverse-mode-posi- 
tion"  in  which  it  transmits  the  signal  on  input  32, 
respectively  31,  towards  the  output  33  and  to  the 
register  3,  and  one  "neutral"  position  in  which  it 
doesnot  allow  any  signal  at  all  towards  the  register 
3.  The  switch  stands  in  general  in  neutral  position. 
On  receipt  of  a  switch  pulse,  it  comes  for  a  very 
short  pulse  time  in  one  of  both  mode  positions 
(direct  or  reverse)  and  then  comes  back  to  its 
neutral  position,  and  on  receipt  of  the  following 
switch  pulse  it  comes  for  a  same  very  short  pulse 
time  in  the  other  mode  position.  This  means,  that 
on  receiving  consecutive  switch  pulses  at  input  7, 
the  switch  sends  alternately  the  momentaneous 
values  at  inputs  31  and  32  towards  the  register  3. 

The  output  29  of  calculator  module  6  is  con- 

5 
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nected  to  the  output  33  of  the  system.  The  output 
value  signal  can  there  be  either  visualized  on  a 
screen,  or  printed  out  or  used  in  any  other  way  for 
controlling  the  wire  drawing  machine  and/or  inform- 
ing  the  operator. 

In  operation,  the  system  works  as  follows.  At 
standstill,  the  operator  measures  manually  the  wire 
diameter  at  the  entrance  9  of  the  machine  and 
introduces  this  value  Do  r  into  the  register.  This  can 
be  done,  in  dependence  of  the  type  of  input  means 
provided  by  the  register,  by  means  of  manually 
setting  a  series  of  knobs  to  the  digital  value  to 
introduce,  or  by  a  computer  keyboard. 

Then  the  machine  is  started  and  at  each  even 
output  pulse  of  clock  pulse  generator  8,  e.g.  each 
half  second  the  momentaneous  values  of  Vw,  Vr 
and  D0  are  sent  to  digital  calculator.  The  system 
works  now  in  direct  mode,  i.e.  the  calculator  6 
immediately  calculates 

calculates 

10 

15 

v.. 

and  sends  this  value,  in  the  form  of  a  coded  value 
signal,  via  its  output  30  towards  the  input  32  of 
feedback  control  switch  8,  that  stands  in  neutral 
position  and  doesnot  transfer  this  signal  towards 
register  3.  During  this  reverse  mode,  the  output  29 
of  the  calculator  6  is  of  no  use,  because  it  cal- 
culates  a  value 

20 

Do.w  =  Do.x 

and  sends  this  value,  in  the  form  of  a  coded  value 
signal,  via  its  output  29  towards  the  output  34  of 
the  system.  In  dependence  of  the  type  of  output 
means,  this  can  be  an  optical  display  system  on  an 
operator's  desk,  or  a  computer  screen,  or  any 
further  data  processing  system,  using  the  output 
signal  for  further  processing  into  other  information 
signals,  e.g.  "replace  drawing-die". 

After  a  certain  time  of  operation,  the  unreeled 
coil  becomes  empty,  and,  without  machine  stop, 
the  unwinding  station  produces  a  triggering  signal 
for  operating  coil  change,  before  the  leading  end  of 
the  wire,  coming  from  the  next  coil,  enters  the 
machine.  This  triggering  signal  is  transformed  into 
two  switch  pulses,  to  send  to  the  input  7  of  feed- 
back  control  switch  8.  The  first  pulse  is  produced 
on  occurrence  of  the  triggering  signal,  and  the 
other  pulse,  using  an  appropriate  time  delay  circuit, 
about  20  seconds  thereafter,  when  the  heading  end 
of  the  next  coil  has  already  passed  the  wire  draw- 
ing  machine.  The  first  pulse  will  serve  for  setting 
the  system  in  reverse  mode,  and  the  second  pulse 
for  resetting  in  direct  mode. 

On  arrival  of  the  first  switch  pulse  at  the  feed- 
back  control  switch  8,  the  signal  at  input  31  of  the 
switch  8  is  transferred  to  the  output  33  for  a  short 
while,  sufficient  to  pass  the  value  signal  Dow,  com- 
ing  from  the  output  29  of  the  calculator  module  6, 
and  to  enter  the  value,  represented  by  this  signal, 
via  input  5,  into  register  3,  replacing  the  former 
value  Dor.  At  this  time,  the  system  works  in  the 
reverse  mode,  i.e.  the  calculator  6  immediately 

25 
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that  doesnot  correspond  to  the  diameter  at  the 
watched  position.  For  that  reason,  during  this  re- 
verse  mode,  the  output  34  is  freezed  by  electronic 
means  (not  shown)  to  the  last  calculated  value 
during  the  direct  mode. 

On  arrival  of  the  second  switch  pulse  at  the 
feedback  control  switch  8,  the  signal  at  the  input  32 
of  the  switch  8  is  transferred  to  the  output  33, 
sufficient  to  pass  the  value  D1r,  coming  from  the 
output  30  of  the  calculator  module  6,  and  to  enter 
this  value  into  register  3,  in  replacement  of  the 
former  value  Dow.  The  system  now  again  works  in 
direct  mode,  i.e.  that  the  calculator  sends  to  the 
output  34  the  value  signal 

N  ^  

that  corresponds  to  the  wire  diameter  at  the 
watched  location. 

This  short  position  in  reverse  mode  is  operated 
at  each  next  coil  change. 

The  system  can  also  be  used  with  start  in 
reverse  mode,  when  the  operator  accurately  knows 
the  opening  diameter  of  drawing-die  12  at  the  start. 
Then,  he  doesnot  need  to  manually  measure  the 
wire  diameter  of  the  first  coil  before  machine  start. 
He  lets  the  system  itself  to  calculate  this,  by  start- 
ing  the  machine  in  reverse  mode.  Before  machine 
start,  he  enters  into  register  3  the  value  Do  w  of  the 
wire  at  the  watched  position  (equal  to  the  drawing- 
die  opening),  and  at  machine  start,  he  triggers 
himself  the  switch  pulses  for  the  feedback  control 
switch  8.  In  this  way,  the  system  starts  in  reverse 
mode,  and  output  30  delivers  the  diameter  value 

6 
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Dr1  at  the  entrance.  When  the  second  switch  pulse 
arrives,  this  value  is  entered  in  register  3  and  the 
system  can  start  watching  the  diameter  at  the 
watched  position  via  output  34. 

It  is  clear  that  many  different  forms  of  execu- 
tion  of  the  same  system  can  be  designed  without 
deviating  from  the  essence  of  the  invention. 

In  the  first  place  :  the  signals  that  are  transmit- 
ted  forward  towards  the  output,  or  in  feedback,  are 
"value  signals".  This  means  that  they  contain  the 
information  of  a  value,  that  can  be  derived  there- 
from  with  an  adapted  decoding  system.  Such  sig- 
nals  can  be  of  the  analog  type,  e.g.  voltages  of 
which  the  value  corresponds  to  the  value  to  repre- 
sent.  They  can  also,  as  preferred  for  reasons  of 
accuracy,  be  of  the  digital  type,  in  the  form  of 
coded  pulses,  transferred  in  series  or  in  parallel  at 
regular  time  intervals.  The  measuring  means  1,2, 
the  register  3  and  calculator  6  have  then  to  be 
adapted  to  such  signals  :  a  tachymeter  for  speed 
measuring,  condensator  means  for  memorizing 
analog  values,  and  digital  memory  means  for  regis- 
tering  digital  values,  and  analog  calculators,  digital 
calculating  means  respectively  for  calculator  6. 
This  value  signals  are  "representative  of  the  value" 
of  a  magnitude,  but  this  doesnot  mean  that  the 
value,  contained  in  the  signal,  must  be  equal  to  or 
directly  proportional  to  the  value  it  has  to  repre- 
sent.  Then  however,  the  calculator  6  shall  have  to 
take  this  into  consideration.  For  instance  :  the  value 
signal,  stored  in  the  register  can  be  a  coded  value, 
not  of  D,  but  of  D2,  and  the  value  signal  at  the 
output  29  can  be  a  coded  value,  not  of 

N 
X i  
V, 

but  of 

D2  X —  

but  these  are  still  value  signals  "representative  of" 
the  value  they  have  to  represent.  The  value  de- 
coder  34  shall  have  to  be  adapted  thereto,  and  also 
the  calculator  6,  which  has  then  not  to  calculate 
any  square  roots,  but  only  to  multiply  the  value 
entered  at  input  28  with  the  proportion  of  the  val- 
ues,  entered  at  inputs  26  and  27. 

Without  deviating  from  the  essence  of  the  in- 
vention,  one  can  also  use  other  wire  speed  mea- 
suring  means  than  those  that  give  at  their  output  a 
value  signal  that  is  equal  to,  proportional  to,  or 
representative  of  the  measured  speed.  After  all,  the 
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calculator  is  only  interested  in  the  proportion 

Vr 

and  the  inversed  proportion 

v.. 

and  any  measuring  means  allowing  to  deliver  a 
value,  representative  of  such  proportion,  is  usable, 
without  having  to  pass  through  the  values  Vw  and 
Vr  themselves.  For  instance  :  pulse  generator  1  can 
be  used  to  open  a  switch  for  e.g.  1000  pulses  and 
then  close  it  again,  whilst  during  the  opening  time 
the  pulses  coming  from  generator  2  are  allowed  to 
a  counter.  The  value,  stored  in  the  counter  when 
the  switch  closes  again,  corresponds  then  to 

Vr 

The  calculator  6  has  to  be  adapted  for 
"continuously"  generate  at  its  outputs  (29)  (30)  the 
said  values  Dw  and  Dr.  This  doesnot  mean  that  the 
calculator  must  deliver  a  mathematically  continuous 
signal,  but  this  can  also  be  a  train  of  signal  pulse 
combinations,  in  which  each  combination  repre- 
sents  said  values,  and  in  which  the  combinations 
follow  each  other  at  sufficiently  short  intervals  for 
being  representative  of  the  momentaneous  values 
they  have  represent.  Further,  during  the  inverse 
mode,  the  signal  Dw  at  output  29,  is  of  no  use,  so 
that  generation  of  this  signal  can  be  interrupted  in 
inverse  mode.  And  the  same  applies  to  the  signal 
Dr  at  output  30  in  the  direct  mode.  The  calculator 
can  be  conceived  to  have  only  one  output  instead 
of  outputs  29  and  30,  and  only  calculating  and 
generating  Dw  during  the  direct  mode  and  Dr  dur- 
ing  the  inverse  mode. 

The  output  of  the  calculator  is  connected  to  the 
input  of  the  feedback  switch  in  order  to  operate  the 
feedback  of  the  values  Dw  and  Dr  towards  the 
register  3.  This  doesnot  mean  that  this  feedback 
connection  would  be  a  direct  connection,  without 
any  possible  treatment  of  the  values  Dw  or  Dr 
between  the  outputs  29,  30  and  the  entrance  of 
control  feedback  switch  11.  It  is  more  specifically 
desirable  that  the  output  of  the  calculator  6  passes 
through  a  data  processor  35  (in  dotted  lines  in  the 
figure)  making  the  average  of  the  values  Dw  and  Dr 
over  the  last  few  seconds.  In  such  case,  the  sys- 
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tern  is  protected  against  a  feedback  towards  switch  may  all 
3  of  a  momentaneous  value  just  at  a  moment  when  entrance 
there  is  some  anomaly  in  the  measured  speed.  locations 
Consequently,  the  generation  or  transmittal  of  value  drawing 
signals  "representative"  of  certain  values  also  5  eter  rec 
means,  in  a  broad  sense  :  representative  of  the  watched 
average  of  such  value.  sured.  It 

In  dependence  on  the  practical  realization  of  drawing- 
the  system,  it  may  also  be  necessary  to  insert  a  limit,  the 
time  delay  element  in  the  system.  The  system  10  may  def 
must  not  operate  so  rapidly  that,  when  a  switch  sage  for 
pulse  occurs  at  the  input  7  of  switch  8,  in  order  to  the  diffe 
admit  a  feedback  signal  into  register  3,  that  the 
calculator  already  would  have  generated  the  new  Claims 
value  at  its  output  and  sent  it  back  to  register  3  is 
before  the  switch  closes  again.  If  necessary,  this  1.  A  v 
time  delay  system  can  be  inserted  either  in  the  syst 
direct  part  or  the  feedback  part  of  the  loop,  formed  loca 
by  elements  3,  6  and  8.  (i 

It  is  further  clear  that  the  preferred  and  most  20  s 
attractive  way  of  realization  of  this  invention  is  by  a 
way  of  a  computer,  programmed  to  store  in  its  (I 
memory  the  values  that  have  to  be  stored,  to  a 
calculate  in  its  processor  the  values  that  have  to  be  s 
calculated,  and  to  transfer  the  values  at  the  right  25  a 
times  under  control  of  the  computer  programme.  e 

More  specifically,  the  register  3  mustnot  neces-  (: 
sary  be  executed  as  a  hardware  element.  The  s 
register  function  can  be  executed  in  a  computer  (i 
memory  module,  where  the  value  to  store  is  stored  30  ti 
at  a  given  address,  where  the  programme  knows  v 
where  to  find  it  back,  and  where  the  next  value  is 
stored  at  the  same,  or  at  another  address,  where 
the  programme  still  knows  where  to  find  it. 

Similarly  :  the  calculator  6  mustnot  necessarily  35 
be  a  calculator  module,  specially  designed  only  to 
calculate  the  mentioned  formulae.  The  calculating 
function  can  also  be  executed  in  a  digital  processor  0 
module,  adapted  for  any  sort  of  calculation  or  data 
processing,  but  that  has  been  programmed  to  send  40 
the  desired  data  at  the  desired  moment  towards 
the  desired  output  or  memory  address.  The  same 
applies  to  the  memory  switch,  and  to  any  neces- 
sary  calculator  of  average  values. 

This  all  means  that  the  whole  of  registering,  45 
calculating  and  switching  functions  can  be  per-  0 
formed  in  a  programmed  manner  in  a  digital  com-  (i 
puter.  The  diameter  data  at  the  watched  location  ir 
can  then  also  further  be  processed,  in  the  same  ir 
computer,  with  other  data  towards  a  number  of  so  0 
messages  for  the  operator  on  the  computer  screen  a 
or  on  other  warming  apparatuses,  or  towards  the  t< 
command  input  of  any  automatically  controlled  part  n 
of  the  drawing  machine.  r; 

The  wire-drawing  machine  will  in  general  com-  55  a 
prise  a  number  of  watched  locations,  with  each  a  p 
watching  system,  e.g.  a  watching  location  at  the  v 
exit  of  each  drawing  pass.  These  watching  systems  (< 

may  all  use  the  same  reference  location,  at  the 
entrance  9  of  the  first  pass,  or  not.  The  watched 
locations  are  then  "directly"  downstream  each 
drawing  die  :  this  means  without  any  further  diam- 
eter  reduction  between  the  drawing-die  and  the 
watched  location  where  the  wire  speed  is  mea- 
sured.  It  is  not  because,  by  wear,  the  opening  of  a 
drawing-die  in  an  intermediate  pass  exceeds  a 
limit,  that  this  die  has  directly  to  be  replaced.  This 
may  depend  on  the  other  diameters,  and  the  mes- 
sage  for  the  operator  may  result  from  processing 
the  different  obtained  data  in  the  computer. 

A  wire  drawing  machine  having  a  watching 
system  of  the  wire  diameter  at  a  watched 
location,  said  system  comprising  : 

(a)  measuring  means  (1)  (2)  of  the  wire 
speed  Vr  and  Vw  at  a  reference  location 
and,  at  said  watched  location  respectively  ; 
(b)  register  means  (3)  for  storing  a  value  D, 
and  comprising  means  (4)  for  presetting 
said  register  means  (3)  to  an  initial  value  D0, 
and  further  comprising  a  feedback  signal 
entrance  (5)  for  setting  said  register  means 
(3),  on  receipt  of  a  feedback  value  signal  at 
said  entrance,  to  such  feedback  value  Dn  ; 
(c)  calculating  means  (6)  adapted  for  con- 
tinuously  generating  at  its  output  (29)  (30)  a 
value  signal 

Dw  =  D 

on  one  hand,  respectively 

on  the  other  hand  ; 
(d)  a  feedback  control  switch  (8)  having 
input  means  (7)  for  a  switch  signal,  and 
input  means  (31)  (32),  connected  to  the 
output  (29)  (30)  of  said  calculating  means, 
and  further  having  an  output  (33)  connected 
to  said  feedback  signal  entrance  (5)  of  said 
register  means  (3),  the  switch  (8)  being  ar- 
ranged  for  alternately  sending,  on  receipt  of 
a  switch  signal,  one  of  said  value  signals 
present  at  said  input  means  (31)  (32)  to- 
wards  its  output  (33)  ;  and 
(e)  output  means  (34)  connected  to  the  out- 
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put  (29)  of  said  calculating  means  (6). 

2.  A  wire  drawing  machine  according  to  claim  1  , 
in  which  said  measuring  means  (1)  (2)  are 
each  arranged  to  deliver  at  their  output  a  digi-  5 
tal  value,  representative  of  the  measured 
speed. 

3.  A  wire  drawing  machine  according  to  claim  1  , 
in  which  said  register  means  (3)  is  in  the  form  10 
of  a  digital  memory,  programmed  for  storing 
subsequent  entering  values  at  programmed 
addresses  in  said  memory. 

4.  A  wire  drawing  machine  according  to  claim  1  ,  is 
in  which  said  calculating  means  (6)  is  in  the 
form  of  a  digital  processor,  programmed  for 
generating  instantaneous  digital  values  of  Dw 
and  Dr  at  regular  time  intervals. 

20 
5.  A  wire  drawing  machine  according  to  claim  1  , 

in  which  said  input  means  (31)  (32)  of  said 
feedback  control  switch  comprise  calculating 
means  of  the  average  of  the  value  signals 
received  from  the  output  (30)  (29)  of  the  cal-  25 
culating  means  (6)  of  the  value  signals  Dw  and 
Dr. 

6.  A  wire  drawing  machine  according  to  claim  1  , 
in  which  said  register  means  (3),  calculating  30 
means  (6)  and  feedback  control  switch  (8)  are 
in  the  form  of  a  programmed  digital  computer. 

7.  A  wire  drawing  machine  according  to  claim  1  , 
in  which  said  reference  location  is  the  entrance  35 
of  said  machine. 

8.  In  the  operation  of  a  wire  drawing  machine,  the 
method  of  watching  the  diameter  of  a  wire  at  a 
watched  location,  said  method  comprising  :  40 

(a)  providing  measuring  means  (1)  (2)  of  the 
wire  speed  Vr  and  Vw  at  a  reference  loca- 
tion  and  at  said  watched  location  respec- 
tively  ; 
(b)  introducing  a  preset  value  signal  Doa,  45 
representative  of  the  initial  value  of  the  wire 
diameter  at  one  of  said  locations,  in  a  regis- 
ter  means  (3)  ; 
(c)  continuously  generating  a  value  signal 
Do  b,  representative  of  the  value  so 

10. 

one  location,  respectively  at  the  other  loca- 
tion  ; 
(d)  before  a  substantial  change  of  the  actual 
wire  diameter  at  said  one  side,  storing  a 
value  in  said  register  means,  representative 
of  said  value  signal  Do  b  ; 
(e)  subsequently,  continuously  generating  a 
value  signal  D1a,  representative  of  the  value 

D, 
V, 

(f)  before  a  substantial  change  of  the  actual 
diameter  at  said  other  side,  storing  a  value 
in  said  register  means,  representative  of 
said  value  D1a  ; 
(g)  repeating  steps  (c)  to  (f)  a  number  of 
times,  in  which  Doa,  Dob  and  D1a  are  re- 
placed  by  Dn  a,  Dn  b  and  Dn  +  1a,  in  which,  for 
each  repetition,  n  is  the  number  of  times  the 
steps  (c)  to  (f)  have  already  been  taken. 

A  method  according  to  claim  8,  in  which  said 
one  location  is  the  reference  location  at  the 
entrance  of  the  machine  on  one  hand,  and  said 
other  location  is  the  watched  location  directly 
downstream  a  drawing  die  on  the  other  hand, 
and  in  which  the  storing  operations  of  step  (d) 
and  (f)  occur  a  few  seconds  before,  respec- 
tively  after  each  change  of  the  entrance  coil. 

A  method  according  to  claim  8,  in  which  said 
one  location  is  the  watched  location  directly 
downstream  a  drawing-die  on  one  hand,  and 
said  other  location  is  the  reference  location  at 
the  entrance  of  the  machine  on  the  other  hand, 
and  in  which  the  storing  operation  of  the  first 
step  (d)  after  starting  the  machine  occurs  a  few 
seconds  after  said  start,  and  in  which  the  sub- 
sequent  operations  of  steps  (f)  and  (d)  occur  a 
few  seconds  before,  respectively  after  each 
change  of  the  entrance  coil. 

D, o,  a 
V, 

55 

in  which  Va  and  Vb  is  the  wire  speed  at  said 

9 



EP  0  524  351  A1 

10 



J  European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 

EP  91  20  1916 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  OF  THE 
APPLICATION  ant.  CI.5  ) 

SOVIET  INVENTIONS  ILLUSTRATED 
Week  15,  25  May  1983 
Derwent  Publications  Ltd.,  London  GB 
&  SU-A-933155 

US-A-4  079  609  (HODGSKISS) 
*  column  5,  line  50  -  Une  62  * 
*  column  6,  Une  52  -  column  8,  Une  45;  figures 
1,4  * 

1-10 

1.8 

B21C1/12 

TECHNICAL  FIELDS 
SEARCHED  (Int.  CI.5  ) 

The  present  search  report  has  been  drawn  up  for  all  claims 

B21C 
G05D 

Place  of  March 
THE  HAGUE 

Date  of  awvlettoi  of  Ike  learck 
13  MARCH  1992 BARROW  J. 

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  patent  document,  but  published  on,  or after  the  filing  date 
D  :  document  cited  in  the  application L  :  document  cited  for  other  reasons 
&  :  member  of  the  same  patent  family,  corresponding document 


	bibliography
	description
	claims
	drawings
	search report

