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©  A  method  of  irradiating  a  continuously-running 
strip  with  energy  beams.  Scanning  the  width  of  con- 
tinuously-running  strip  positions  energy-beam  irra- 
diating  devices  along  the  width  of  the  strip.  Alloca- 
tion  of  scanning  regions  along  the  width  of  the  strip 
corresponding  to  respective  energy-beam  irradiating 
devices  is  determined.  When  an  edge  deviation  or 
strip  wind  is  detected  by  a  strip-edge  detector  up- 
stream  of  the  energy-beam  irradiating  devices,  the 
strip  regions  to  be  scanned  are  adjusted.  If  the 
amount  of  strip  wind  exceeds  the  limits  of  the  scan- 
nable  energy-beam  irradiating  devices,  neighboring 
irradiating  devices  are  re-oriented,  all  in  response  to 
upstream  strip  wind  detection. 

FIG.  4  
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  method  of 
irradiating  a  running  steel  or  other  strip  with  energy 
beams.  Energy-beam  irradiation  is  performed  by 
utilizing  a  plurality  of  individually  located  and  ori- 
ented  energy-beam  irradiating  devices  and  can  be 
performed  along  the  width  of  the  strip  even  when 
an  edge  deviation  or  so-called  "strip  wind"  occurs 
on  the  strip. 

In  accordance  with  the  present  invention,  the 
strips  used  include  not  only  metal  strips  such  as 
cold-rolled  steel  sheet  and  aluminum  sheet,  but 
also  various  non-metal  strips  which  are  capable  of 
running  continuously  along  a  production  line. 

The  applied  energy  beam  may  include  any 
irradiation  beam  emitted  from  plural  energy  sour- 
ces  using  any  of  a  variety  of  beam-like  irradiations, 
such  as  electron  beams,  laser  beams,  plasma 
beams,  or  the  like. 

Description  of  the  Related  Art 

Treatments  for  improving  physical,  chemical 
and  surface  characteristics  of  various  strips  or 
sheets  are  widely  performed  in  various  fields.  For 
example,  metallurgical,  thermal  and  chemical  treat- 
ments  and  the  like  are  performed  by  irradiating 
strips  or  sheets  with  one  or  more  of  various  energy 
beams. 

In  order  to  carry  out  these  irradiations  industri- 
ally,  methods  are  available  such  as  irradiating  a 
running  strip  with  a  flat  beam  or  a  plurality  of 
beams  so  as  to  cover  the  overall  width  of  the  strip, 
or  the  use  of  scanning  beams  arranged  along  the 
width  of  the  strip. 

The  latter  method  is  often  used  when  the 
beam-generating  device  is  expensive,  when  irradia- 
tion  is  performed  with  a  view  to  improving  the 
beam-focusing  rate,  or  when  the  surface  of  the 
strip  is  intended  to  be  irradiated  with  a  plurality  of 
different  linear  beams  in  order  to  finely  divide  the 
magnetic  domain  of  a  silicon  steel  sheet,  for  exam- 
ple,  as  disclosed  in  Japanese  Patent  Publication 
No.  2-40724,  Japanese  Patent  Laid-Open  No.  1- 
281708,  or  the  like. 

When  energy-beam  irradiation  treatment  of 
such  a  scanning  type  is  applied  to  a  wide  strip 
running  at  a  predetermined  speed,  such  as  a  cold- 
rolling  steel  sheet,  a  plurality  of  individual  energy- 
beam  irradiating  devices  may  be  used  according  to 
the  width  of  the  strip. 

Known  energy-beam  irradiation  will  now  be  de- 
scribed  by  way  of  an  example  using  an  electron- 
beam  device  as  an  energy-beam  irradiating  device. 

Figs.  1  and  2  of  the  drawings  indicate  a  con- 
ventional  method  of  uniformly  scanning  electron 
beams  along  the  width  of  a  strip  by  utilizing  a 
plurality  of  electron-beam  irradiating  devices. 

5  Although  five  electron-beam  irradiating  devices 
are  shown  as  placed  along  the  width  of  the  strip  in 
this  example,  two  or  more  irradiating  devices,  or 
some  other  number,  may  be  used. 

Figs.  1  and  2  indicate  respectively  electron- 
io  beam  irradiating  devices  1  -  5,  an  electron-beam 

controller  6  and  a  strip  driving  controller  7. 
The  strip  irradiating  beams  are  applied  from 

the  devices  1  -  5  in  accordance  with  the  width  (W) 
obtained  by  taking  the  amount  of  linear  deviation  or 

75  strip  winding  into  account,  in  addition  to  the  width 
of  the  strip.  According  to  a  signal  from  the  elec- 
tron-beam  controller  6,  electron  beams  can  be 
scanned  along  the  width  of  the  strip.  The  effective 
electron-beam  irradiating  device  is  selected  with 

20  respect  to  the  width  W  as  follows  (Fig.  1). 
where  W^Wi  : 
Device  3  only 
where  W^W^W2: 
Devices  2  -  4 

25  where  W2^W^W3: 
Devices  1  -  5 

where  Wi  shows  the  scannable  width  when  only 
the  electron-beam  irradiating  device  3  is  desired  to 
be  used;  W2  indicates  the  scannable  width  when 

30  the  electron-beam  irradiating  devices  2  -  4  are 
desired  to  be  used;  and  W3  represents  the  scan- 
nable  width  when  all  of  the  electron-beam  irradiat- 
ing  devices  1  -  5  are  desired  to  be  used. 

The  irradiation  command  signal  from  controller 
35  6  is  controlled  by  the  strip  driving  controller  7,tak- 

ing  the  strip  running  speed  into  consideration.  Fur- 
ther,  the  electron-beam  irradiating  regions  are  de- 
termined  in  real  time,  and  the  respective  electron- 
beam  scannings  by  the  electron-beam  irradiating 

40  devices  1  -  5  are  constantly  parallel  to  each  other 
at  a  fixed  pitch. 

In  the  above  conventional  operation,  since  the 
actual  amount  of  lateral  deviation  or  winding  of  the 
strip  is  not  taken  into  account,  irradiation  is  per- 

45  formed  within  the  regions  of  the  scannable  maxi- 
mum  values  Wi  -  W3  of  the  selected  electron- 
beam  irradiating  device. 

These  conventional  methods  of  scanning  elec- 
tron  beams  by  utilizing  a  plurality  of  electron-beam 

50  irradiating  devices  encounter  important  problems. 
When  a  band-like  strip  is  run  continuously,  it 

has  been  found  that  some  amount  of  out-of-plane 
deformation  of  the  sheet  referred  to  as  strip  wind- 
ing  is  caused  by  the  conveying  system,  and  cannot 

55  be  avoided. 
When  the  strip  is  run  at  a  relatively  low  speed, 

the  edge  of  the  strip  is  clamped  by  a  guide  roller 
or  the  like,  thereby  inhibiting  such  strip  winding.  On 

2 
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the  other  hand,  however,  when  the  strip  is  run  at  a 
relatively  high  speed,  considerable  forces  act  upon 
the  sheet,  thus  causing  distortion  or  deformation.  In 
such  a  case,  the  edge  of  the  sheet  simply  cannot 
be  clamped  in  place  as  a  practical  matter. 

Instead,  a  so-called  steering  device  has  been 
tried  to  put  a  strip  in  the  center  of  the  line  without 
touching  the  edge.  However,  even  a  high-cost  and 
high-performance  steering  device  cannot  totally 
avoid  sheet  winding  due  to  limited  response  and 
other  causes.  Further,  when  the  strip  itself  pos- 
sesses  camber,  the  occurrence  of  strip  winding  is 
effectively  unavoidable  while  continuously  running. 

In  particular,  when  the  electron-beam  irradiat- 
ing  devices  are  longitudinally  positioned  in  the  ma- 
chine  direction  to  form  steps,  non-irradiated  beam 
portions  or  overlapping-irradiated  beam  portions 
are  produced  in  the  vicinities  of  the  borders  be- 
tween  the  neighboring  irradiated  regions  on  the 
strip,  thus  causing  serious  strip  quality  problems. 

An  electron-beam  irradiating  device  requires 
very  substantial  peripheral  space  because  of  a 
vacuum  system  associated  with  it.  Also,  economi- 
cal  high-speed  treatment  of  strip  requires  high  en- 
ergy  density,  and  accordingly,  the  width  scanned 
by  one  electron  gun  must  be  rather  narrow. 

Thus,  electron-beam  irradiating  devices  of  the 
type  described  are  normally  longitudinally  dis- 
placed  along  the  machine  direction  to  form  steps  in 
the  high-speed  treatment  lines  normally  used. 

As  shown  in  Fig.  3,  the  electron-beam  irradiat- 
ing  devices  1  -  5  are  displaced  to  form  steps  along 
the  strip  running  direction  so  that  each  irradiating 
device  is  displaced  by  the  distance  K.  In  this 
condition,  when  a  strip  wind  shifts  toward  the  "  +  " 
direction  (toward  the  rights  in  the  drawing)  such  as 
to  provide  an  amount  of  strip  wind  G  within  a 
distance  M  obtained  by  running  the  strip  from  the 
strip  wind  start  point  to  the  end  point,  non-scanned- 
omitted  portions  Vi  -  are  unavoidably  produced 
due  to  the  distance  K,  the  displacement  of  the  two 
neighboring  irradiating  devices. 

In  the  stepped  electron-beam  irradiating  de- 
vices  of  Fig.  3,  when  a  strip  wind  shifts  toward  the 
"-"  direction  (toward  the  left  in  the  drawing),  the 
strip  is  scanned  with  overlapping. 

A  further  problem  occurs  in  irradiating  edge 
regions.  An  electron-beam  irradiating  device  is  se- 
lected  with  the  maximum  width  of  a  steel  strip  in 
mind,  and  irradiating  as  nearly  as  possible  within 
the  scannable  maximum  width.  Hence,  as  shown  in 
Fig.  2,  the  portions  of  the  apparatus,  for  example, 
the  strip  support  roll  or  the  wall  within  the  vacuum 
chamber,  is  repeatedly  or  continuously  irradiated, 
seriously  deteriorating  these  components  and  caus- 
ing  major  problems  of  equipment  maintenance. 

In  order  to  overcome  the  above  problems,  a 
beam-shielding  cover  is  suggested,  for  example,  in 

Japanese  Patent  Laid-Open  No.  58-181820.  How- 
ever,  such  a  shielding  cover  is  not  complete,  and 
the  usage  of  high-energy  beams  requires  a  cooling 
unit,  disadvantageously  enlarging  the  device  even 

5  more. 
Further,  when  the  amount  of  strip  wind  is  un- 

expectedly  increased,  and  consequently,  the  edge 
regions  of  the  strip  fall  outside  the  scannable  width 
of  the  pre-positioned  electron-beam  irradiating  de- 

io  vices.  The  non-irradiated  portions  are  produced  at 
the  edge  of  the  strip,  thus  further  causing  serious 
problems  in  terms  of  the  quality  of  the  strip.  The 
electron-beam  devices  cannot  be  modified  easily. 

Though  irradiation  has  been  described  by  us- 
15  ing  electron  beams  as  energy  beams,  the  applica- 

tion  of  laser  beams  or  plasma  beams  also  creates 
similar  problems. 

OBJECTS  OF  THE  INVENTION 
20 

Accordingly,  it  is  an  object  of  this  invention  to 
overcome  the  difficulties  just  described.  Another 
object  of  the  present  invention  is  to  provide  a 
method  of  irradiating  strip  with  energy  beams,  even 

25  when  strip  winds  are  present,  and  to  cause  the 
regions  scanned  by  respective  energy-beam  irra- 
diating  devices  and  the  energy-beam  irradiating 
devices  to  be  quickly  modified  in  accordance  with 
the  actual  amount  of  strip  wind,  thereby  effectively 

30  preventing  the  disadvantageous  production  of  un- 
wanted  beam  non-irradiated  portions  and  overlap- 
ping-irradiated  portions,  and  also  preventing  dam- 
aging  beam  irradiation  on  any  area  other  than  the 
strip,  thus  achieving  stably  uniform  irradiation  all 

35  along  the  desired  portions  of  the  width  of  the  strip. 

SUMMARY  OF  THE  INVENTION 

In  order  to  achieve  the  above  objects,  accord- 
40  ing  to  one  embodiment  of  the  present  invention,  a 

continuously-running  strip  is  irradiated  with  energy 
beams  achieved  by  scanning  and  tracking  along 
the  width  of  the  continuously-running  strip  by  utiliz- 
ing  a  plurality  of  energy-beam  irradiating  devices 

45  installed  along  the  width  of  the  strip.  This  can 
remarkably  be  achieved  by  sensing  in  advance  the 
allocation  of  scanning  regions  along  the  width  of 
the  strip  to  the  respective  energy-beam  irradiating 
devices  and  quickly  adjusting  the  regions  in  re- 

50  sponse  to  a  strip  wind.  This  can  conveniently  be 
achieved  by  strategic  and  advantageous  location  of 
a  strip-edge  detecting  device  placed  closer  to  the 
upstream  line  than  the  energy-beam  irradiating  de- 
vices,  in  accordance  with  the  detected  amount  of 

55  the  strip  wind,  thereby  constantly  and  in  advance 
scanning  the  predetermined  regions  on  the  strip  by 
the  allocated  energy-beam  irradiating  devices. 

3 
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According  to  another  embodiment  of  the 
present  invention,  a  continuously-running  strip  is 
irradiated  with  energy  beams  by  scanning  along 
the  width  of  the  strip  on  the  continuously-running 
strip  by  utilizing  a  plurality  of  additional  neighboring 
energy-beam  irradiating  devices  installed  along  the 
width  of  the  strip.  This  may  be  achieved  by  sens- 
ing  or  determining  in  advance  the  allocation  of 
scanning  regions  along  the  width  of  the  strip  to  the 
respective  energy-beam  irradiating  devices;  shifting 
from  the  respective  energy-beam  irradiating  de- 
vices  for  scanning  the  predetermined  regions  to  the 
neighboring  devices  adjacent  to  a  strip  wind  when 
the  amount  of  strip  wind  detected  by  the  strip-edge 
detecting  device  exceeds  the  scannable  regions  by 
the  energy-beam  irradiating  devices;  and  scanning 
the  regions  by  the  shifted  energy-beam  irradiating 
devices. 

According  to  still  an  other  embodiment  of  the 
present  invention,  a  plurality  of  energy-beam  irra- 
diating  devices  may  be  installed  to  form  steps 
arranged  to  cross  the  strip  obliquely  longitudinally. 

In  accordance  with  the  present  invention,  the 
strip-edge  detecting  device,  which  may  be  referred 
to  as  an  edge  sensor,  is  placed  upstream  of  the 
energy-beam  irradiating  devices,  thereby  detecting 
deviations  of  the  aforementioned  edge  regions  in 
real  time.  Also,  the  allocated  regions  scanned  by 
the  main  energy-beam  irradiating  devices  are 
changed  by  angular  beam  adjustment  in  response 
to  the  sensing  of  the  edge  sensor,  thus  enabling 
energy-beam  scanning  in  accordance  with  the 
amount  of  the  strip  wind.  As  a  result,  non-irradiated 
portions  or  overlapping-irradiated  portions  on  the 
strip  are  effectively  eliminated,  significantly  improv- 
ing  the  quality  of  the  product  and  its  yield. 

Further,  in  regard  to  the  irradiation  of  the  edge 
regions,  the  strip,  except  for  a  small  amount  of 
non-irradiated  regions  at  the  strip  edges,  can  be 
scanned,  thus  effectively  preventing  leakage  of  irra- 
diating  beams  on  any  area  other  than  the  strip  and 
remarkably  reducing  the  manpower  required  to 
maintain  equipment  such  as  a  vacuum  chamber,  a 
strip  support  roll,  or  the  like. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  shows  typical  electron-beam  scanning 
according  to  a  conventional  method  by  utilizing 
a  plurality  of  electron-beam  irradiating  devices; 
Fig.  2  shows  the  irradiation  of  edge  regions  with 
electron  beams  in  scanning  electron  beams  ac- 
cording  to  the  conventional  method  by  utilizing  a 
plurality  of  electron-beam  irradiating  devices; 
Fig.  3  shows  the  non-irradiated  portions  of  a 
strip  with  scanning  electron  beam  according  to 
the  conventional  method  by  utilizing  a  plurality 
of  electron-beam  irradiating  devices; 

Fig.  4  shows  one  embodiment  of  electron-beam 
scanning  according  to  this  invention,  utilizing  a 
plurality  of  electron-beam  irradiating  devices; 
Figs.  5(a),  5(b)  and  5(c)  show  modifications  of 

5  scanning  regions  of  electron  beams  according  to 
that  embodiment;  and 
Figs.  6(b)  and  6(b)  show  the  shifting  of  electron- 
beam  irradiating  devices  according  to  still  an- 
other  embodiment  of  the  present  invention,  with 

io  certain  portions  shown  in  dash  lines. 
It  will  be  appreciated  that  the  following  descrip- 

tion  is  intended  to  be  directed  toward  specific 
forms  of  the  invention  selected  for  illustration  in  the 
drawings,  and  is  not  intended  to  define  or  to  limit 

is  the  scope  of  the  invention,  which  is  defined  in  the 
appended  claims. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

20 
One  embodiment  of  the  present  invention  will 

now  be  described  with  reference  to  a  typical  exam- 
ple  using  an  electron  beam  as  the  energy  beam 
and  a  steel  sheet  as  the  strip. 

25  Fig.  4  of  the  drawings  shows  irradiation  of 
electron  beams.  It  is  understood  that  strips  are 
welded  and  continuously  treated  as  a  continuous 
strip  or  sheet.  Five  electron-beam  irradiating  de- 
vices  1,  2,  3,  4  and  5  are  provided  in  Fig.  4,  though 

30  any  other  numbers  may  be  used. 
Since  the  skeleton  construction  of  Fig.  4  is 

somewhat  similar  to  that  of  Fig.  1,  some  compo- 
nents  corresponding  to  Fig.  4  have  been  given  the 
same  reference  numerals  as  in  Fig.  1.  Fig.  4  also 

35  indicates  a  strip-edge  detecting  device  8,  further  to 
be  described  in  detail,  a  detecting  controller  9  also 
to  be  explained  in  detail,  and  a  process  computer 
10,  the  details  and  arrangement  of  which  are  im- 
portant  features.  Said  devices  are  conventional 

40  ones. 
Sensed  or  measured  data  of  the  width  W  of  a 

strip  S  is  first  transmitted  to  a  strip  driving  control- 
ler  7  from  the  process  computer  10  using  elec- 
tronic  devices  such  as  modem.  Then,  a  device  for 

45  irradiating  with  electron  beams  is  selected  in  a 
known  manner,  and  according  to  the  signal  from  an 
electron  beam  controller  6,  electron  beams  are 
scanned  along  selected  portions  of  the  running 
strip  width.  The  strip  driving  controller  7  and  the 

50  electron  beam  controller  6  are  conventional  de- 
vices. 

The  selected  electron-beam  irradiating  devices 
selected  from  devices  1  -  5,  as  shown,  are  selected 
with  respect  to  W  as  follows. 

55  where  W^Wi  : 
Device  3  only  is  energized, 
where  W^W^W2: 
Devices  2  -  4  are  energized. 

4 



7 EP  0  583  793  A1 8 

where  W2^W^W3: 
Devices  1  -  5  are  energized. 

As  will  be  apparent,  Wi  shows  the  scannable  width 
that  is  applicable  when  only  the  electron-beam 
irradiating  device  3  is  to  be  used;  W2  indicates  the 
scannable  width  when  the  electron-beam  irradiating 
devices  2  -  4  are  to  be  used;  and  W3  represents 
the  scannable  width  when  the  electron-beam  irra- 
diating  devices  1  -  5  are  to  be  used. 

The  strip-edge  detecting  device  8  (Fig.  4)  is 
connected  and  arranged  for  detecting  the  position 
of  the  strip  edge  in  real  time.  It  is  arranged  at  or 
upstream  of  the  electron-beam  irradiating  device  5, 
preferably  as  closely  as  possible  to  the  device  5 
(preferably,  within  about  10m).  A  detecting  signal 
from  the  edge  detecting  device  8  is  electronically 
connected  in  a  manner  known  per  se  and  thereby 
tracked  by  the  strip  driving  controller  7.  When  the 
thus-detected  amount  of  a  strip  wind  arrives  di- 
rectly  under  the  respective  electron-beam  irradiat- 
ing  devices  1  -  5,  the  scanning  regions  of  the 
devices  1  -  5  are  immediately  shifted  by  the  elec- 
tron-beam  controller  6  in  accordance  with  the  de- 
tected  amount  of  the  strip  wind. 

As  an  example,  where  the  amount  of  strip  wind 
is  expressed  as  AW,  as  in  Figs.  5(a),  5(b)  and  5(c), 
the  scanning  distance  from  the  start  point  to  the 
end  point  of  the  respective  electron-beam  irradiat- 
ing  devices  are  shifted  by  AW  along  the  width  of 
the  strip  when  the  detected  amount  of  the  strip 
wind  passes  by. 

This  phenomenon  is  shown  in  greater  detail  in 
Figs.  5(a),  (b)  and  (c).  The  correlation  of  the 
amount  of  the  strip  wind  AW  and  the  right  and  left 
edge  positions  Xi  and  X2  is  as  follows. 

AW  =  (Xt  -  X2)/2  (1) 

When  five  electron-beam  irradiating  devices  1  - 
5  are  utilized  as  in  Figs.  4,  5(a),  5(b)  and  5(c),  the 
width  of  the  strips  is  also  divided  into  five  parts,  Bi 
-  B5  representing  the  regions  scanned  by  the  re- 
spective  electron-beam  irradiating  devices.  The  al- 
locations  of  these  regions  to  the  respective  elec- 
tron-beam  irradiating  devices  may  be  determined 
in  advance. 

Thus,  as  illustrated  in  Fig.  5(a),  when  there  is 
no  strip  wind,  the  respective  electron-beam  irradiat- 
ing  devices  1  ,  2,  3,  4  and  5  scan  directly  over  the 
corresponding  regions  Bi  ,  B2,  B3,  B+  and  B5,  re- 
spectively. 

As  shown  in  Fig.  5  (b),  however,  when  a  strip 
wind  occurs  on  the  running  strip,  in  a  direction 
displacing  the  strips  by  the  distance  AW  toward 
the  "  +  "  direction  (toward  the  right  in  Fig.  5(b)),  the 
start  point  and  the  end  point  of  scanning  are  modi- 
fied  so  that  the  scanning  regions  of  the  respective 
electron-beam  irradiating  devices  are  shifted  by  a 

distance  of  AW  toward  the  "  +  "  direction  in  accor- 
dance  with  the  instantaneous  amount  of  the  strip 
wind.  As  a  result,  the  regions  Bi  -  B5  on  the  strip 
are  still  constantly  scanned  by  the  same  electron- 

5  beam  irradiating  devices  as  had  already  been  de- 
termined  in  advance. 

Likewise,  as  shown  in  Fig.  5(c),  when  the  strip 
S  is  displaced  by  a  distance  AW  toward  the  "-" 
direction  (toward  the  left  in  Fig.  5(c)),  the  scanning 

io  regions  of  the  respective  electron-beam  irradiating 
devices  1  -  5  are  modified  by  the  distance  AW 
toward  the  "-"  direction,  and  the  regions  Bi  -  B5are 
also  scanned  by  the  same  electron  beam  irradiat- 
ing  devices  as  were  determined  in  advance. 

is  The  modification  of  the  scanning  regions  of  the 
electron  beams  is  accomplished  not  only  to  the  two 
irradiating  devices  8,8  for  irradiating  the  edges  of 
the  strip  but  to  all  the  individual  electron-beam 
irradiating  devices  1  -  5,  thus  preventing  the  beams 

20  from  overlapping  into  neighboring  regions  scanned 
by  the  electron  beams,  and  avoiding  any  failure  to 
irradiate  other  regions. 

Hence,  even  though  the  electron-beam  irradiat- 
ing  devices  may  be  longitudinally  arranged  in  the 

25  form  of  steps  in  accordance  with  another  embodi- 
ment  of  the  present  invention),  quick  and  highly 
accurate  beam  scanning  can  be  realized  without 
causing  non-irradiated  portions  and  without  produc- 
ing  overlapping-irradiated  portions. 

30  In  regard  to  the  strip  edges,  with  or  without  the 
strip  wind  ,  electron-beam  irradiation  can  be  di- 
rected  to  the  appointed  regions  of  the  strip  edges, 
thereby  avoiding  beam-irradiation  of  any  area  other 
than  the  intended  area  of  the  strip.  Also,  the  des- 

35  ignated  regions  are  readily  oriented  to  be  within  the 
limit  of  the  edges,  thereby  remarkably  reducing 
any  non-irradiated  portions  at  the  edge  of  the  strip. 

In  accordance  with  a  further  embodiment  of  the 
present  invention,  means  are  provided  for  directing 

40  irradiation  even  when  the  amount  of  the  strip  wind 
exceeds  the  scannable  region  of  the  electron-beam 
irradiating  devices.  There  is  particularly  shown  in 
Figs.  6(a)  and  6(b)  of  the  drawings. 

Fig.  6(a)  shows  irradiation  when  the  amount  of 
45  a  wind  falls  within  the  scannable  region  of  the 

electron-beam  irradiating  devices.  In  this  case,  as 
described,  the  respective  electron-beam  irradiating 
devices  are  directed  to  scan  the  predetermined 
corresponding  strip  regions  allocated  to  the  de- 

50  vices. 
Fig.  6(a)  indicates  the  actual  electron-beam 

scanning  region  A  and  the  electron-beam  scan- 
nable  region  C. 

However,  a  considerable  or  unexpected 
55  amount  of  strip  wind  sometimes  occurs  for  some 

reason,  and  accordingly,  the  amount  of  the  strip 
wind  sometimes  exceeds  the  scannable  region  of 
the  electron-beam  irradiating  device. 

5 
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The  respective  electron-beam  irradiating  de- 
vices  for  scanning  predetermined  regions  are  each 
shifted  to  the  neighboring  device  adjacent  to  the 
scan  wind,  and  consequently,  these  regions  are  still 
scanned  by  the  shifted  electron-beam  irradiating 
device. 

More  specifically,  as  shown  in  Fig.  6  (b),  when 
a  considerable  strip  wind  occurs  toward  the  "  +  " 
direction,  and  the  electron-beam  irradiating  device 
1  cannot  cover  the  predetermined  region  of  the 
strip  S,  the  irradiation  of  the  electron-beam  irradiat- 
ing  device  1  is  turned  off,  and  the  region  Bi  which 
has  theretofore  been  scanned  by  the  electron- 
beam  irradiating  device  1  before  the  major  wind 
occurred  is  instantly  scanned  by  the  neighboring 
electron-beam  irradiating  device  2.  Likewise,  the 
regions  B2,  B3,...which  had  been  scanned  by  the 
electron-beam  irradiating  devices  2,  3,  ...  are  now 
immediately  scanned  by  their  neighboring  electron- 
beam  devices  3  (shown  in  dash  lines  in  Fig.  6(b) 
and  even  by  further  neighboring  electron-beam  de- 
vices,  not  shown. 

After  return  to  normal  from  the  unexpectedly 
large  strip  wind,  when  the  edge  portion  of  strip  S  is 
returned  to  fall  within  the  scannable  region  of  the 
electron-beam  irradiating  device  1  again,  the  re- 
verse  operation  is  performed,  thereby  returning  to 
normal  irradiation  with  continuing  strip  wind  control 
as  heretofore  described. 

Accordingly,  in  Figs.  6(a)  and  6(b),  it  is  neces- 
sary  to  set  the  total  scannable  width  of  the  overall 
electron-beam  irradiating  devices  to  cover  an  en- 
larged  area  obtained  by  adding  the  possible  maxi- 
mum  amount  of  a  strip  wind  to  the  maximum  width 
of  the  strip  to  be  irradiated. 

In  Figs.  6(a)  and  6(b),  the  modifications  of  the 
electron-beam  scanning  regions  are  also  made  to 
all  individual  electron-beam  irradiating  devices,  and 
thus,  even  when  the  electron-beam  irradiating  de- 
vices  are  longitudinally  positioned  or  displaced  to 
form  steps,  extremely  fast  and  accurate  beam 
scanning  can  be  realized  without  permitting  or 
causing  any  non-irradiated  portions  or  producing 
overlapping-irradiated  portions. 

Although  the  foregoing  examples  have  been 
discussed  from  the  viewpoint  of  the  irradiation  of  a 
steel  sheet  with  electron  beams,  other  kinds  of 
strips  may  be  irradiated  with  electron  beams.  Fur- 
ther,  when  strips  including  steel  sheet  are  irradi- 
ated  with  laser  beams  or  plasma  beams,  irradiation 
may  readily  be  carried  out  in  a  manner  similar  to 
the  embodiments  disclosed,  thus  reliably  obtaining 
the  same  advantages. 

As  will  be  clearly  understood  from  the  fore- 
going  description,  the  present  invention  offers 
many  advantages. 

A  strip-edge  detecting  device  according  to  this 
invention  is  placed  upstream  of  the  energy-beam 

irradiating  devices,  thereby  detecting  the  exact 
edge  positions  of  the  strip  in  real  time,  thus  en- 
abling  energy-beam  scanning  in  accordance  with 
the  amount  of  the  existing  wind  on  the  strip.  As  a 

5  result,  even  though  the  energy-beam  irradiating 
devices  may  be  arranged  in  the  form  of  steps, 
appropriate  beam  scanning  can  be  realized  without 
non-irradiated  portions  or  overlapping-irradiated 
portions  on  the  strip,  thus  improving  the  quality  of 

io  the  product  and  the  yield. 
In  regard  to  the  irradiation  of  the  edge  regions, 

the  strip,  except  for  a  controllably  small  margin  of 
non-irradiated  regions  at  the  strip  edges,  can  be 
accurately  scanned,  thus  preventing  irradiation  of 

is  beams  on  any  area  other  than  the  desired  areas  of 
the  strip  and  remarkably  reducing  the  load  to  main- 
tain  equipment  such  as  vacuum  equipment,  strip 
support  rolls,  or  the  like.  Also,  since  beam-irradia- 
tion  out  to  the  edge  portions,  the  outer  limit,  is 

20  possible,  the  amount  of  edge-trimming  (if  any)  is 
significantly  reduced,  thus  improving  strip  yield. 

Although  this  invention  has  been  disclosed  with 
reference  to  particular  forms  selected  for  illustra- 
tion,  it  will  be  appreciated  that  many  other  modi- 

25  fications  may  be  made  without  departing  from  the 
basic  idea  of  this  invention,  including  the  use  of 
different  kinds  of  strips  or  sheets,  different  kinds  of 
radiations,  and  the  use  of  certain  features  indepen- 
dently  of  the  use  of  other  features,  all  without 

30  departing  from  the  basic  idea  and  scope  of  this 
invention,  as  defined  in  the  appended  claims. 

Claims 

35  1.  In  a  method  of  irradiating  a  continuously-run- 
ning  strip  with  a  plurality  of  energy-beam  irra- 
diating  devices  positioned  along  the  width  of 
said  strip,  each  said  device  being  oriented  to  a 
designated  scanning  region  on  said  strip,  the 

40  steps  which  comprise: 
(a)  allocating  selected  scanning  regions 
along  the  width  of  said  strip  to  receive  en- 
ergy  from  a  corresponding  one  of  said  re- 
spective  energy-beam  irradiating  devices; 

45  and 
(b)  detecting  at  a  location  upstream  of  said 
energy-beam  irradiating  devices,  the  timing 
and  amount  of  deviations  of  position  of  a 
strip  edge;  and 

50  (c)  in  response  to  a  deviation  of  position  of 
a  strip  edge  modifying  said  regions 
scanned  by  said  respective  energy-beam 
irradiating  devices, 

thereby  continuously  scanning  said  pre- 
ss  determined  regions  on  said  strip  by  said 

allocated  energy-beam  irradiating  devices. 

6 
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2.  A  method  of  irradiating  a  continuously-running 
strip  with  energy  beams  wherein  energy-beam 
irradiation  is  achieved  by  scanning  along  the 
width  of  said  strip  on  said  continuously-running 
strip  by  utilizing  a  plurality  of  designated  en-  5 
ergy-beam  irradiating  devices  installed  to  cov- 
er  the  width  of  said  strip;  said  method  compris- 
ing  the  steps  of: 

determining  in  advance  a  plurality  of  des- 
ignated  scanning  regions  arranged  along  the  10 
width  of  said  strip,  each  to  receive  energy  from 
said  respective  energy-beam  irradiating  de- 
vices; 

shifting  the  orientation  of  said  energy- 
beam  irradiating  devices  in  response  to  the  is 
edge  portions  of  said  strip; 

providing  additional  energy-beam  irradia- 
tion  means  operative  and  effective  when  the 
amount  of  strip  edge  deviation  exceeds  the 
amounts  that  can  be  irradiated  by  said  des-  20 
ignated  energy-beam  irradiating  devices; 

detecting  means  placed  upstream  of  said 
energy-beam  irradiating  devices,  activating 
said  additional  energy-beam  irradiation  means 
when  said  edge  portion  straightness  deviation  25 
exceeds  the  scannable  regions  by  said  des- 
ignated  energy-beam  irradiating  devices;  and 

scanning  by  said  additional  energy-beam 
irradiating  devices. 

30 
3.  A  method  of  irradiating  a  running  strip  with 

energy  beams  according  to  either  one  of 
Claims  1  and  2,  wherein  said  plurality  of  en- 
ergy-beam  irradiating  devices  are  arranged  in 
a  stepwise  means  to  apply  energy  obliquely  35 
longitudinally  cross  said  strip. 

4.  A  method  of  irradiating  a  running  strip  with 
energy  beams  according  to  either  one  of 
Claims  1  and  2,  wherein  said  energy  beam  is  40 
selected  from  the  group  consisting  of  electron 
beams,  laser  beams  and  plasma  beams. 

7 
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