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©  A  collision  avoidance  system  for  carriages  (23) 
moving  in  series  on  a  track  (1)  includes  a  light 
emitting  element  (51)  mounted  on  a  rear  portion  of 
each  carriage  (23)  for  emitting  a  light  (P)  backward, 
a  first  light  detecting  element  (52)  mounted  on  a 
front  portion  of  each  carriage  (23)  for  detecting  a 
light  (P)  emitted  from  the  light  emitting  element  (51) 
of  a  preceding  carriage  (23),  and  a  controller  (57)  for 
decelerating  a  carriage  (23)  when  the  first  light  de- 
tecting  element  (52)  of  the  carriage  detects  the  light 
(P)  emitted  from  the  preceding  carriage  (23).  The 
light  emitting  element  (51)  emits  the  light  (P)  at  a 
first  angle  when  the  carriage  moves  in  the  straight 
sections  (1b,  1c)  whereas  the  light  emitting  element 
emits  the  light  (P)  at  a  second  angle  larger  (150-180 
degrees)  than  the  first  angle  when  the  carriage 
moves  in  the  corner  section  (1a). 

FIG.  1 
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The  present  invention  relates  to  a  collision 
avoidance  system  for  carriages  on  a  rail,  and  par- 
ticularly  to  a  system  for  preventing  the  collision  of 
carriages  in  a  curved  portion  of  the  rail. 

Generally,  a  plurality  of  carriages  are  moved  in 
series  on  an  endless  loop-like  rail  to  automatically 
carry  loads  from  a  loading  station  to  an  unloading 
station.  One  of  such  automatic  loading  and  un- 
loading  systems  is  shown  in  Figure  13  of  the 
accompanying  drawings.  In  Figure  13,  a  loading 
station  C  (which  generally  comprises  a  plurality  of 
conveyors  as  indicated  by  the  arrows)  and  an  un- 
loading  station  D  (which  generally  comprises  a 
plurality  of  conveyors  as  indicated  by  the  arrows) 
are  provided  along  an  endless  track  1  .  The  endless 
track  1  includes  two  straight  segments  1b  and  1c 
and  two  curved  segments  1a  and  1d.  The  track  1  is 
formed  by  a  pair  of  endless  rails  2  and  3.  A 
plurality  of  carriages  (Figure  13  only  illustrates  four 
of  them:  4A-4D)  move  along  the  track  1  to  carry 
loads  from  the  loading  station  C  to  the  unloading 
station  D.  Each  carriage  4  has  four  wheels  5,  6,  7 
and  8,  and  the  two  outer  wheels  5  and  6  roll  on  the 
outer  rail  3  and  the  two  inner  wheels  7  and  8  roll 
on  the  inner  rail  2.  Generally,  the  outer  rail  3  is 
used  as  a  reference  rail.  Referring  now  to  Figure 
12,  a  propulsion  shaft  9  extends  between  the  rails 
2  and  3.  A  pair  of  drive  wheels  11  and  12  mounted 
on  the  carriage  4  rotate  as  the  propulsion  shaft  9 
rotates,  and  the'  rotation  of  the  drive  wheels  1  1  and 
12  result  in  the  propulsion  of  the  carriage  4. 

Referring  back  to  Figure  13,  the  collision  avoid- 
ance  between  the  carriages  4A-4D  is  the  requisite 
for  a  safety  automatic  loading  and  unloading  opera- 
tion.  For  this  purpose,  a  sensor  for  detecting  a 
preceding  carriage  may  be  employed.  Generally, 
the  sensor  mounting  position  is  the  carriage  itself 
and  an  optical  sensor  unit  (a  pair  of  light  emitting 
element  and  a  light  detector)  is  used. 

As  illustrated  in  Figure  13,  a  light  emitting 
element  13  is  mounted  on  the  back  of  each  car- 
riage  and  a  light  detector  14  is  mounted  on  the 
front  of  the  same  such  that  when  a  plurality  of 
carriages  move  in  line  on  a  single  track,  as  shown 
in  Figure  13,  the  detector  14  of  a  carriage  can 
detect  a  light  P  emitted  from  a  preceding  carriage. 
However,  the  conventional  light  emitting  sensor  13 
emits  the  light  P  straight  or  in  a  very  small  angle. 
Therefore,  the  carriage  4D  can  always  receive  the 
light  from  the  preceding  carriage  4C  since  these 
carriages  are  in  the  straight  line  1b  whereas  the 
carriage  4B  cannot  always  receive  the  light  from 
the  preceding  carriage  4A  since  these  two  car- 
riages  4A  and  4B  are  in  the  corner  section  1a.  The 
carriage  4B  can  detect  the  light  P  from  the  preced- 
ing  carriage  4A  only  when  the  carriage  4B  reaches 
in  the  vicinity  of  the  carriage  4A.  As  a  result,  when 
the  sensor  14  of  the  carriage  4B  detects  the  optical 

signal  P  from  the  carriage  4A,  the  distance  be- 
tween  the  two  carriages  4A  and  4B  is  too  close  to 
avoid  the  collision.  If  the  radius  of  the  corner  1a  is 
reduced  to  save  the  space,  the  collision  possibility 

5  of  the  carriage  4B  against  the  carriage  4A  in- 
creases. 

To  prevent  the  collision  of  the  carriages  around 
the  corner  1a,  conventionally  the  carriage  4B  is 
stopped  at  the  entrance  of  the  corner  1a  (as  in- 

io  dicated  by  (B)  or  the  location  of  carriage  4C)  when 
the  preceding  carriage  4A  is  at  the  exit  of  the 
corner  1a.  This  means  that  there  is  no  carriage  in 
the  corner  1a  when  the  preceding  carriage  4A  is  at 
the  corner  exit,  or  the  interval  between  the  car- 

75  riages  4A  and  4B  becomes  longer.  Accordingly, 
this  results  in  drop  in  load  (or  carriage)  transfer 
efficiency. 

An  object  of  the  present  invention  is  to  provide 
a  carriage  collision  avoidance  system  which  can 

20  eliminate  the  above-mentioned  problems. 
According  to  one  aspect  of  the  present  inven- 

tion,  there  is  provided  a  system  for  preventing  the 
collision  of  carriages  moving  in  series  on  a  track, 
the  track  including  in  turn  a  first  straight  section,  a 

25  corner  section  and  a  second  straight  section,  a 
light  emitting  element  being  mounted  on  a  pre- 
determined  position  of  a  rear  half  of  each  carriage 
for  emitting  a  light  backward,  a  first  light  detecting 
element  being  mounted  on  a  predetermined  posi- 

30  tion  of  a  front  half  of  each  carriage  for  detecting  a 
light  emitted  from  the  light  emitting  element  of  a 
preceding  carriage  for  carriages,  a  plurality  of  car- 
riages  moving  in  series  on  a  track,  the  track  includ- 
ing  in  turn  a  first  straight  section,  a  corner  section 

35  and  a  second  straight  section,  a  light  emitting  ele- 
ment  being  mounted  on  a  predetermined  position 
of  a  rear  half  of  each  carriage  for  emitting  a  light 
backward,  a  first  light  detecting  element  being 
mounted  on  a  predetermined  position  of  a  front  half 

40  of  each  carriage  for  detecting  a  light  emitted  from 
the  light  emitting  element  of  a  preceding  carriage, 
and  a  controller  being  provided  for  decelerating  a 
carriage  when  the  first  light  detecting  element  of 
the  carriage  detects  the  light  emitted  from  the 

45  preceding  carriage,  characterized  in  that  the  light 
emitting  element  emits  the  light  at  a  first  angle 
when  the  carriage  moves  in  the  straight  sections 
whereas  the  light  emitting  element  emits  the  light 
at  a  second  angle  larger  than  the  first  angle  when 

50  the  carriage  moves  in  the  corner  section. 
The  second  angle  is  preferably  between  150 

and  180  degrees. 
Since  the  light  emitting  element  emits  the  light 

in  a  wide  angle  (e.g.,  150-180  degrees),  the  follow- 
55  ing  carriage  can  detects  the  light  even  when  it  is 

moving  in  the  corner  section.  Therefore,  the  colli- 
sion  of  the  carriages  is  prevented  at  the  corner 
section. 
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A  first  magnetic  tape  may  be  attached  along  at 
least  part  of  the  first  straight  section  of  the  track 
and  a  second  magnetic  tape  may  be  attached 
along  the  corner  section  and  at  least  part  of  the 
second  straight  section  of  the  track.  Further,  a 
magnetic  sensor  may  be  mounted  on  each  carriage 
for  detecting  and  distinguishing  the  first  and  sec- 
ond  magnetic  tapes.  In  such  a  system,  the  control- 
ler  may  decelerate  the  carriage  when  the  magnetic 
sensor  of  the  carriage  detects  the  first  magnetic 
tape  and  the  controller  may  let  the  light  emitting 
element  emit  the  light  at  the  second  angle  when 
the  magnetic  sensor  of  the  carriage  detects  the 
second  magnetic  tape. 

Carriage  stopping  means  may  be  provided  to 
stop  a  carriage  in  the  corner  section  when  a  pre- 
ceding  carriage  exits  around  the  exit  of  the  corner 
section  and  to  stop  the  carriage  around  the  en- 
trance  of  the  corner  section  when  the  preceding 
carriage  exits  in  the  corner  section. 

This  improves  the  transfer  efficiency  since  the 
carriage  is  not  stopped  at  the  entrance  of  the 
corner  but  stopped  at  the  mid  point  of  the  corner 
when  a  preceding  carriage  exits  at  the  exit  of  the 
corner. 

The  carriage  emits  the  light  backward  in  a 
narrow  angle  (first  angle)  when  it  moves  in  the 
straight  section,  like  a  conventional  system. 

The  carriage  stop  means  may  include  a  first 
position  sensor  mounted  on  each  carriage,  a  first 
element  mounted  on  the  track  at  a  mid  point  of  the 
corner  section  and  a  second  element  mounted  on 
the  track  at  the  entrance  of  the  corner.  The  car- 
riage  stop  means  may  decelerate  the  carriage  after 
the  first  position  sensor  detects  the  first  element  if 
a  preceding  carriage  exits  around  the  exit  of  the 
corner  section  in  order  to  stop  the  carriage  in  the 
corner.  Further,  the  carriage  stop  means  may  de- 
celerate  the  carriage  after  the  first  position  sensor 
detects  the  second  element  if  the  preceding  car- 
riage  exits  in  the  corner  in  order  to  stop  the  car- 
riage  around  the  entrance  of  the  corner.  The  car- 
riage  stop  means  may  include  a  second  position 
sensor  mounted  on  each  carriage,  the  first  and 
second  position  sensors  may  be  spaced  from  each 
other  in  a  moving  direction  of  the  carriage  such 
that  the  lengths  of  the  first  and  second  elements 
are  substantially  the  same  as  the  distance  of  the 
first  and  second  position  sensors  respectively.  In 
such  a  case,  the  carriage  stop  means  may  stop  the 
carriage  when  the  first  and  second  position  sensors 
simultaneously  detect  the  first  or  second  element. 

The  carriage  may  have  a  first  wheel  which  rolls 
on  the  track  and  the  first  light  detecting  element 
may  be  mounted  on  the  first  wheel. 

Figure  1  shows  a  plan  view  of  automatic 
loading  system  including  several 
carriages  provided  with  novel  light 

emitting  elements  according  to  the 
present  invention; 

Figure  2  is  an  enlarged  plan  view  of  car- 
riage  in  the  corner  section  of  Fig- 

5  ure  1  ; 
Figure  3  is  an  enlarged  lateral  view  of  drive 

wheel  of  Figure  2; 
Figure  4  is  a  front  view  of  rear  free  wheel 

of  Figure  2; 
io  Figure  5  is  a  plan  view  showing  the  installa- 

tion  of  position  sensor  of  Figure  4; 
Figure  6  is  a  front  view  of  front  free  wheel 

of  Figure  2; 
Figure  7  illustrates  a  position  sensor  and  a 

is  magnetic  sensor  of  Figure  2; 
Figure  8  shows  how  a  carriage  is  stopped 

at  a  mid  point  of  the  corner  of  a 
track  when  a  preceding  carriage 
exits  at  the  exit  of  the  corner; 

20  Figure  9  shows  how  a  carriage  is  stopped 
at  the  entrance  of  the  corner  of 
the  track  when  the  preceding  car- 
riage  exits  at  the  mid  point  of  the 
corner; 

25  Figure  10  shows  a  situation  similar  to  Figure 
8  in  another  embodiment  of  the 
present  invention; 

Figure  1  1  shows  a  situation  similar  to  Figure 
9  in  another  embodiment  of  the 

30  present  invention; 
Figure  12  is  a  plan  view  showing  a  conven- 

tional  carriage;  and 
Figure  13  shows  a  plan  view  of  automatic 

loading  system  including  several 
35  carriages  provided  with  conven- 

tional  light  emitting  elements. 
Referring  to  Figure  1,  a  plurality  of  loading 

conveyors  21  and  unloading  conveyors  22  are  pro- 
vided  along  a  track  1.  The  track  1  has  a  loop 

40  shape,  like  the  one  as  illustrated  in  Figure  13,  and 
a  number  of  carriages  23  move  on  the  track  1. 
Loads  are  moved  on  the  loading  conveyors  21 
from  the  left  side  of  Figure  1  and  unloaded  on  the 
carriages  23.  The  carriages  23  carry  the  loads  to 

45  the  conveyors  22  on  the  other  side.  The  track  1 
includes  parallel  inner  and  outer  rails  2  and  3.  The 
track  1  is  comprised  of  a  first  straight  section  1  b,  a 
first  rounded  section  (corner  section)  1a  and  a 
second  straight  section  1c. 

50  Referring  to  Figure  2,  each  carriage  4  has  two 
inner  wheels  26  and  27  and  two  outer  wheels  24 
and  25.  The  inner  wheels  26  and  27  are  free 
wheels  and  the  outer  wheels  24  and  25  are  drive 
wheels.  Each  drive  wheel  has  two  pairs  of  guide 

55  rollers  33  and  each  pair  of  guide  rollers  33  hold  the 
outer  rail  3.  Likewise,  each  free  wheel  26  and  27 
has  two  pairs  of  guide  rollers  41  and  each  pair  of 
guide  rollers  41  hold  the  inner  rail  2.  Each  drive 

3 
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wheel  24  (25)  has  a  shaft  32  so  that  it  can  rotate 
about  the  center  of  the  shaft  32.  Likewise,  each 
free  wheel  26  or  27  has  a  shaft  39  so  that  it  can 
rotate  about  the  center  of  the  shaft  39.  The  front 
free  wheel  26  is  provided  with  a  light  receiving 
emitting  element  52  which  detects  a  light  P  coming 
from  a  preceding  carriage.  The  rear  free  wheel  27 
is  provided  with  a  light  emitting  element  51  which 
sends  a  light  P  toward  a  following  carriage.  Motors 
28  and  29  are  laterally  mounted  on  the  drive 
wheels  24  and  25,  respectively.  Numeral  57  des- 
ignates  a  controller  and  37  designates  an  arm,  both 
of  which  will  be  explained  later. 

Referring  to  Figure  3,  the  drive  wheel  24  (or 
25)  is  supported  by  a  support  member  31  extend- 
ing  from  the  carriage  23.  The  rotatable  shaft  32 
extends  through  the  support  member  31.  The  mo- 
tor  28  (or  29)  is  powered  from  a  source  34.  Each 
pair  of  guide  rollers  33  hold  the  rail  3. 

Two  free  wheels  26  and  27  are  substantially 
the  same.  Therefore,  the  wheel  27  will  be  only 
explained.  Referring  to  Figure  4,  the  free  wheel  27 
is  supported  under  the  carriage  23  so  as  to  be 
rotatable  on  the  rail  2.  A  center  shaft  35  of  the  free 
wheel  27  is  supported  by  a  support  member  36 
and  the  support  member  36  is  supported  by  the 
arm  37  at  its  top.  The  arm  37  holds  the  swing  shaft 
39  via  a  bearing  so  as  to  allow  the  support  member 
36  to  rotate  about  the  center  axis  of  the  shaft  39. 
One  end  of  the  arm  37  is  supported  by  a  fixed 
shaft  38  extending  downward  from  the  carriage  23 
such  that  the  arm  37  can  rotate  about  the  shaft  38. 
The  support  member  36  has  a  triangle  shape  as 
viewed  from  a  direction  vertical  to  the  track  1  (just 
as  illustrated  in  Figure  4),  and  L-shaped  flanges 
42a  and  42b  extend  downward  from  ends  of  the 
base  of  the  triangle.  The  guide  rollers  41  are  moun- 
ted  on  the  ends  of  the  flanges  42a  and  42b,  re- 
spectively.  The  guide  rollers  41  rotate  along  the 
lateral  surface  of  the  rail  2.  The  light  emitting 
element  51  is  mounted  on  a  bracket  54  fixed  an 
extension  53  attached  to  the  rear  flange  42a. 
Therefore,  the  light  emitting  element  51  is  always 
directed  in  a  tangential  direction  with  respect  to  the 
track  1  .  Likewise,  the  light  receiving  element  52  is 
always  directed  in  a  tangential  direction  with  re- 
spect  to  the  track  1  . 

Referring  now  to  Figure  5,  the  bracket  54  has  a 
pair  of  arc-shaped  elongated  slots  55.  Two  bolts  56 
which  extend  upward  from  the  light  emitting  ele- 
ment  51  engage  these  slots  55  so  that  the  position 
of  the  light  emitting  element  51  is  adjustable.  Like- 
wise,  the  slight  positional  adjustment  of  the  light 
receiving  element  52  is  also  possible  (not  shown). 

As  illustrated  in  Figure  1,  the  light  emitting 
element  51  is  mounted  on  the  rear  inner  wheel  27 
and  emits  the  light  P  a  predetermined  distance  in  a 
wide  angle  (for  example,  3  meters  with  150-180 

degrees),  and  the  light  receiving  element  52  is 
mounted  on  the  front  inner  wheel  26  to  receive  the 
light  P  from  the  preceding  carriage.  The  light  emit- 
ting  element  51  may  be  an  infrared  beam  emitting 

5  diode. 
Referring  back  to  Figure  2,  when  the  light 

receiving  element  52  detects  the  light  from  the 
proceeding  carriage,  a  detection  signal  is  sent  to 
the  controller  57  via  a  signal  line  87.  Then,  the 

io  controller  57  sends  signals  ("deceleration  com- 
mand")  to  the  drive  wheels  24  and  25  via  lines  88 
and  89  to  decelerate  their  speed  respectively.  The 
speed  of  the  drive  wheels  24  and  25  is  reduced  to 
a  very  low  value  so  that  the  carriage  23  can  stop 

is  immediately  upon  receiving  a  "stop  command" 
from  the  controller  57.  After  receiving  the  decelera- 
tion  command,  therefore,  the  carriage  23  move 
very  slowly  until  it  receives  the  stop  command. 

Next,  a  situation  where  the  stop  command  is 
20  issued  will  be  explained.  Means  for  stopping  the 

carriage  includes  two  detecting  elements  and  three 
to-be-detected  elements.  Each  to-be-detected  ele- 
ment  is  a  solid  light  interrupting  plate  in  this  em- 
bodiment.  Referring  to  Figure  1,  a  first  to-be-de- 

25  tected  element  (reflection  plate)  62  is  fixed  at  the 
entrance  of  the  corner  1a  (or  the  end  of  the  first 
straight  section  1  b),  a  second  plate  63  is  fixed  at  a 
three-quarter  position  of  the  corner  1a  and  a  third 
plate  64  is  fixed  at  the  exit  of  the  corner  1a  (or  the 

30  entrance  of  the  second  straight  section  1c).  Refer- 
ring  to  Figure  6,  the  two  detecting  elements  are 
sensors  65  and  66.  The  first  position  sensor  65  is 
mounted  on  the  front  support  member  42b  of  the 
front  free  wheel  26  and  the  second  position  sensor 

35  66  is  mounted  on  the  rear  support  member  42a  of 
the  front  free  wheel  26,  respectively.  Each  position 
sensor  (optical  sensor)  has  a  laid  U-shape  and 
emits  a  vertical  light  Q  between  two  free  ends  of 
the  U  shape.  When  the  light  Q  is  interrupted  by  the 

40  plate  62  (or  63  or  64)  as  illustrated  in  Figure  7,  the 
position  sensor  65  (or  66)  sends  a  light-interruption 
signal  to  the  controller  57.  In  this  embodiment, 
each  light  interruption  plate  62  (63  or  64)  has  a 
predetermined  length  along  the  track  1  and  the 

45  distance  between  the  position  sensors  65  and  66  is 
substantially  the  same  as  the  length  of  the  light 
interruption  plate.  Therefore,  when  the  carriage 
passes  across  the  light  interruption  plate,  the  lights 
Q  of  the  position  sensors  65  and  66  are  simulta- 

50  neously  interrupted  by  a  single  plate  at  one  occa- 
sion.  In  this  embodiment,  this  is  the  position  where 
the  carriage  should  stop.  When  the  light  Q  of  the 
first  position  sensor  65  is  interrupted  by  the  plate 
62,  for  example,  the  first  position  sensor  65  sends 

55  a  signal  to  the  controller  57  by  way  of  line  87 
(Figure  2).  Then,  the  controller  57  sends  a  decel- 
eration  signal  to  the  motors  28  and  29  of  the  drive 
wheels  24  and  25,  respectively  to  brake  the  car- 

4 



7 EP  0  557  962  A1 8 

riage.  The  deceleration  of  the  carriage  starts  a 
predetermined  period  after  the  first  sensor  light 
interruption  by  the  plate  62. 

Referring  to  Figure  6,  another  bracket  68  is 
attached  to  the  support  member  36  and  a  rotary 
encoder  67  is  mounted  on  the  free  end  of  the 
bracket  68.  The  rotary  encoder  67  rolls  along  the 
inner  lateral  surface  of  the  rail  2  to  measure  the 
traveling  distance  of  the  carriage  23.  The  rotary 
encoder  67  is  used  to  set  the  timing  of  the  braking. 

It  should  be  noted  that  the  plates  62,  63  and  64 
may  be  replaced  by  any  signs  or  marks  as  long  as 
they  are  detectable  by  the  optical  sensors  65  and 
66. 

Referring  to  Figure  7,  a  member  71  is  sup- 
ported  by  the  support  member  42a  and  a  magnetic 
sensor  72  is  mounted  on  the  member  71.  The 
magnetic  sensor  72  can  distinguish  the  kind  of 
magnetic  tapes  73  and  74  attached  to  the  lateral 
surface  of  the  inner  rail  2.  As  illustrated  in  Figure  1  , 
a  first  magnetic  tape  73  is  attached  along  part  of 
the  first  straight  section  1b  (as  indicated  by  the 
broken  line)  and  a  second  magnetic  tape  74  is 
attached  along  the  corner  section  1a  and  part  of 
the  second  straight  section  1c  (as  indicated  by  the 
single-dot  line).  The  first  magnetic  tape  73  has  an 
S  polarity  and  the  second  magnetic  tape  74  has  an 
N  polarity.  When  the  magnetic  sensor  72  detects 
that  the  carriage  moves  along  the  first  magnetic 
tape  73,  the  speed  of  the  carriage  is  decelerated. 
On  the  other  hand,  when  the  magnetic  sensor  72 
detects  that  the  carriage  moves  along  the  second 
magnetic  tape  74  or  that  the  carriage  enters  the 
corner  section  1a,  then  the  light  emitting  element 
51  of  the  carriage  starts  emitting  the  light  P  in  the 
wide  angle. 

When  the  carriage  moves  in  the  straight  sec- 
tion  1b  or  1c,  the  light  emitting  element  51  does 
not  have  to  emit  the  light  in  the  wide  angle.  More 
specifically,  if  the  light  emitting  element  51  always 
emits  the  light  P  in  the  wide  angle,  the  light  P 
emitted  from  the  straight  section  1b,  for  example, 
may  affect  the  traveling  of  other  carriages  moving 
on  the  other  straight  section  1c.  Therefore,  the  light 
emitting  element  51  emits  the  light  P  only  when  it 
moves  along  the  second  magnetic  tape  74. 

Referring  to  Figure  1  ,  a  plurality  of  loading  and 
unloading  conveyors  21  and  22  are  provided  along 
the  track  1,  and  the  carriages  23  are  stopped  at 
predetermined  loading  and  unloading  conveyors  21 
and  22  for  the  loading  and  unloading  operations. 
To  stop  the  carriage  at  a  proper  position  (or  sta- 
tion),  a  light-interruption  plate  75  is  provided  for 
each  loading  and  unloading  conveyors  21  and  22. 
The  speed  of  the  carriage  23  is  reduced  when  it 
approaches  the  predetermined  station.  In  this  em- 
bodiment,  the  speed  reduction  starts  when  the  car- 
riage  23  reaches  a  predetermined  position  which  is 

measured  and  determined  by  encoder  67. 
As  mentioned  earlier,  the  light  emitting  element 

51  only  emits  the  light  P  when  the  carriage  23 
moves  along  the  second  pate  74  (or  in  the  corner 

5  1a  of  the  track  1).  When  the  carriage  23  moves  in 
the  straight  section  1b  or  1c,  other  sensors  76,  77 
and  78  (Figure  2)  are  used  instead  of  the  light 
emitting  element  51  and  the  light  receiving  element 
52.  These  sensors  emit  lights  in  a  narrow  angle. 

io  Therefore,  conventional  light  emitting  elements 
may  be  employed. 

Figure  8  illustrates  how  a  carriage  23B  is  stop- 
ped  at  a  mid  point  in  the  corner  1a  when  a  preced- 
ing  carriage  23A  is  at  the  exit  of  the  corner  1a.  The 

is  preceding  carriage  23A  emits  the  light  P  backward 
in  a  wide  angle  so  that  the  carriage  23B  can 
detects  the  light  P  when  the  carriage  23B  proceeds 
in  the  corner  section  1a.  (Of  course,  the  carriage 
23B  is  already  decelerated  when  the  first  magnetic 

20  tape  73  is  detected.)  Upon  detecting  the  light  P, 
the  carriage  23B  is  further  decelerated.  After  that, 
when  the  two  position  sensors  65  and  66  subse- 
quently  detects  the  second  plate  63  (Figure  1) 
which  is  located  at  the  three-quarter  position  of  the 

25  corner  1a,  the  carriage  23B  stops  at  a  mid  point  in 
the  corner  1a,  as  indicated  by  "STOP".  As  ex- 
plained  earlier,  after  the  first  position  sensor  65  of 
the  carriage  23B  detects  the  plate  63,  the  carriage 
23B  is  decelerated  to  be  stopped  at  a  predeter- 

30  mined  position  where  both  the  first  and  second 
position  sensors  65  and  66  of  the  carriage  23B 
detect  the  same  plate  63.  If  the  carriage  passes 
over  the  plate  63,  the  carriage  is  moved  backward. 
It  should  be  noted  that  the  stop  position  is  not 

35  limited  to  the  mid  point  of  the  corner  1a  as  long  as 
a  safety  distance  is  insured  between  the  front  of 
the  carriage  23B  and  the  tail  of  the  preceding 
carriage  23A. 

Referring  to  Figure  9,  illustrated  is  a  case 
40  where  a  carriage  23C  is  stopped  at  the  entrance  of 

the  corner  1a  when  the  carriage  23B  exists  at  the 
mid  point  of  the  corner  1a.  The  carriage  23B  emits 
the  light  P  in  a  fan  or  oval  shape,  and  when  the 
following  carriage  23C  enters  this  oval  area,  as 

45  indicated  by  "ON",  the  light  detecting  element  52 
of  the  carriage  23C  detects  the  light  P  so  that  the 
controller  57  sends  a  deceleration  command  to  the 
carriage  23C.  This  speed  reduction  starts  while  the 
carriage  23C  is  moving  on  the  straight  stack  1b. 

50  After  that,  the  first  position  sensor  65  detects  the 
first  plate  62  (Figure  1)  which  is  located  at  the 
entrance  of  the  corner  1a,  and  then  the  controller 
57  sends  a  stop  command  to  the  carriage  23C.  In 
the  same  manner  as  explained  with  Figure  8,  the 

55  carriage  23C  stops  at  a  predetermined  position  (at 
the  entrance  of  the  corner  1a),  as  indicated  by 
"STOP".  It  should  be  noted  that  the  stop  position  is 
not  limited  to  the  entrance  of  the  corner  1a,  but 

5 
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may  be  a  little  closer  to  the  position  of  the  carriage 
23B  as  long  as  a  safety  distance  is  insured  be- 
tween  the  carriages  23B  and  23C. 

Therefore,  the  collision  of  the  carriages  around 
the  corner  1a  as  well  as  on  the  straight  sections  1b  5 
and  1c  is  prevented.  In  addition,  the  load  transfer 
efficiency  is  improved  as  compared  with  the  con- 
ventional  system  since  the  carriage  23D  is  stopped 
at  a  mid  point  of  the  corner  1a  when  the  preceding 
carriage  23A  exists  at  the  exit  of  the  corner  1a.  10 

Referring  back  to  Figure  8,  if  a  floor  plate 
(shaded  member)  79  is  provided  to  allow  an  oper- 
ator  to  walk  thereon  or  step  into  the  track  1  ,  pedes- 
tals  (not  shown)  of  the  floor  79  may  become  ob- 
stacles  to  the  light  P,  since  the  light  emitting  ele-  is 
ment  51  emits  the  light  P  under  the  floor  79.  The 
reflection  by  the  floor  pedestals  affect  the  carriage 
movement  control.  To  prevent  this  problem,  refer- 
ring  to  now  Figure  10,  two  light  detectors  52a  and 
52b  may  be  employed  instead  of  the  single  light  20 
detector  52.  The  first  light  detector  52a  is  attached 
to  the  inner  side  (lateral  portion)  of  the  carriage 
above  the  floor  79  and  the  second  light  detector 
52b  is  attached  to  the  front  of  the  carriage  above 
the  floor  79.  When  the  preceding  carriage  23A  is  at  25 
the  exit  of  the  corner  1a  and  the  carriage  23B 
reaches  the  entrance  of  the  corner  1a,  the  first  light 
detector  52a  detects  the  light  P  emitted  from  the 
preceding  carriage  23A  and  the  carriage  23B  starts 
decelerating.  Then,  the  position  sensors  65  and  66  30 
(Figure  6)  detect  the  plate  63  and  the  carriage  23B 
stops  at  the  mid  point  of  the  corner  1a  as  indicated 
by  "STOP".  If  the  carriage  23B  is  stopped  at  the 
mid  point  of  the  corner  1a,  as  shown  in  Figure  11, 
the  second  light  detector  52b  of  the  following  car-  35 
riage  23C  detects  the  light  P  emitted  from  the 
carriage  23B  as  the  carriage  23C  approaches  the 
carriages  23B.  Upon  detecting  the  light  P,  the 
carriage  23C  is  decelerated  and  eventually  stopped 
at  the  entrance  of  the  corner  1a  as  indicated  by  40 
"STOP"  after  the  position  sensors  of  the  carriage 
23C  detect  the  plate  62  (Figure  1). 

Claims 
45 

1.  A  collision  avoidance  system  for  carriages 
(23)  moving  in  series  on  a  track  (1),  the  track 
(1)  including  in  turn  a  first  straight  section  (1b), 
a  corner  section  (1a)  and  a  second  straight 
section  (1c),  a  light  emitting  element  (51)  being  50 
mounted  on  a  predetermined  position  of  a  rear 
half  of  each  carriage  (23)  for  emitting  a  light 
(P)  backward,  a  first  light  detecting  element 
(52)  being  mounted  on  a  predetermined  posi- 
tion  of  a  front  half  of  each  carriage  (23)  for 
detecting  a  light  (P)  emitted  from  the  light 
emitting  element  (51)  of  a  preceding  carriage, 
and  a  controller  (57)  being  provided  for  decel- 

erating  a  carriage  (23)  when  the  first  light  de- 
tecting  element  (52)  of  the  carriage  detects  the 
light  (P)  emitted  from  the  preceding  carriage, 
characterized  in  that  the  light  emitting  element 

5  (51)  emits  the  light  (P)  at  a  first  angle  when  the 
carriage  moves  in  the  straight  sections  (1b, 
1c)  whereas  the  light  emitting  element  (51) 
emits  the  light  (P)  at  a  second  angle  larger 
than  the  first  angle  when  the  carriage  moves  in 

io  the  corner  section  (1b). 

2.  The  collision  avoidance  system  of  claim  1, 
characterized  in  that  a  first  magnetic  tape  is 
attached  along  at  least  part  of  the  first  straight 

is  section  of  the  track,  a  second  magnetic  tape  is 
attached  along  the  corner  section  and  at  least 
part  of  the  second  straight  section  of  the  track, 
a  magnetic  sensor  is  mounted  on  each  car- 
riage  for  detecting  and  distinguishing  the  first 

20  and  second  magnetic  tapes,  and  the  controller 
decelerates  the  carriage  when  the  magnetic 
sensor  of  the  carriage  detects  the  first  mag- 
netic  tape  and  the  controller  lets  the  light  emit- 
ting  element  emit  the  light  at  the  second  angle 

25  when  the  magnetic  sensor  of  the  carriage  de- 
tects  the  second  magnetic  tape. 

3.  The  collision  avoidance  system  of  claim  1  or  2, 
characterized  in  that  carriage  stopping  means 

30  is  provided  to  stop  a  carriage  in  the  corner 
section  when  a  preceding  carriage  exits  around 
the  exit  of  the  corner  section  and  to  stop  the 
carriage  around  the  entrance  of  the  corner 
section  when  the  preceding  carriage  exits  in 

35  the  corner  section. 

4.  The  collision  avoidance  system  of  claim  3, 
characterized  in  that  the  carriage  stop  means 
includes  a  first  position  sensor  mounted  on 

40  each  carriage,  a  first  element  mounted  on  the 
track  at  a  mid  point  of  the  corner  section  and  a 
second  element  mounted  on  the  track  at  the 
entrance  of  the  corner,  the  carriage  stop 
means  decelerates  the  carriage  after  the  first 

45  position  sensor  detects  the  first  element  if  a 
preceding  carriage  exits  around  the  exit  of  the 
corner  section  in  order  to  stop  the  carriage  in 
the  corner,  and  the  carriage  stop  means  decel- 
erates  the  carriage  after  the  first  position  sen- 

50  sor  detects  the  second  element  if  the  preced- 
ing  carriage  exits  in  the  corner  in  order  to  stop 
the  carriage  around  the  entrance  of  the  corner. 

5.  The  collision  avoidance  system  of  claim  4, 
55  characterized  in  that  the  carriage  stop  means 

includes  a  second  position  sensor  mounted  on 
each  carriage,  the  first  and  second  position 
sensors  are  spaced  from  each  other  in  a  mov- 
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ing  direction  of  the  carriage,  the  lengths  of  the 
first  and  second  elements  are  substantially  the 
same  as  the  distance  of  the  first  and  second 
position  sensors  respectively,  and  the  carriage 
stop  means  stops  the  carriage  when  the  first  5 
and  second  position  sensors  simultaneously 
detect  the  first  or  second  element. 

6.  The  collision  avoidance  system  of  anyone  of 
foregoing  claims,  characterized  in  that  the  sec-  10 
ond  angle  is  between  150  and  180  degrees. 

7.  The  collision  avoidance  system  of  anyone  of 
foregoing  claims,  characterized  in  that  the  car- 
riage  has  a  first  wheel  which  rolls  on  the  track  is 
and  the  first  light  detecting  element  is  mounted 
on  the  first  wheel. 

8.  The  collision  avoidance  system  of  claim  7, 
characterized  in  that  the  carriage  has  a  second  20 
wheel  which  rolls  on  the  track  behind  the  first 
wheel  and  the  second  light  detecting  element 
is  mounted  on  the  second  wheel. 

9.  The  collision  avoidance  system  of  anyone  of  25 
claims  1  to  6,  characterized  in  that  the  first 
light  detecting  element  is  mounted  on  a  front 
portion  of  the  carriage  and  a  second  light  de- 
tecting  element  is  mounted  on  a  lateral  portion 
of  the  carriage.  30 
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