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Description 

The  present  invention  relates  generally  to  round 
balers  for  forming  a  cylindrical  bale  of  crop  material, 
and  more  particularly  to  apparatus  for  continuously 
monitoring  bale  size  (diameter)  whereby  the  operator 
may  select  a  desired  bale  size  and/or  netting  may  be 
dispensed  to  wrap  a  bale,  the  length  of  netting  dis- 
pensed  being  dependent  on  the  size  of  the  bale. 

Round  balers  for  forming  cylindrical  bales  of  crop 
material  have  long  been  known  in  the  art.  It  has  been 
conventional  to  provide  such  balers  with  twine  dis- 
pensing  means  for  wrapping  a  formed  bale  with  twine 
so  that  the  bale  will  maintain  its  shape  and  compact- 
ness  after  being  ejected  from  the  baler.  A  recent  de- 
velopment,  exemplified  by  the  Claas  Model  44  round 
baler,  is  the  provision  of  a  net  dispenser,  rather  than 
a  twine  dispenser,  whereby  a  formed  bale  is  wrapped 
with  a  length  of  net  material.  As  exemplified  by  U.S. 
Patent  4,603,379  it  is  also  known  to  automate  round 
balers  so  that  when  a  full  bale  is  formed,  the  wrapping 
apparatus  is  activated  to  wrap  the  bale  and  cut  the 
wrapping  material.  While  these  devices  are  satisfac- 
tory  for  automatically  wrapping  full  bales,  the  size  of 
a  full  bale  is  fixed  because  sensor  switches  are  util- 
ised  to  determine  when  a  bale  has  reached  a  prede- 
termined  size.  On  the  other  hand,  it  is  frequently  de- 
sirable  automatically  to  wrap  a  completed  bale  even 
though  it  is  not  large  enough  to  actuate  the  full  bale 
sensor.  This  might  occur,  for  example,  when  the  farm- 
er  wishes  to  form  smaller  bales  to  better  fit  into  a 
truck  or  storage  space  of  given  dimensions,  or  when 
only  a  partial  bale  has  been  formed  at  the  end  of  a 
field.  Thus,  it  is  desirable  to  be  able  continuously  to 
monitor  bale  size  so  that  an  operator  may  select  the 
size  of  bales  to  be  formed,  and  the  bales  may  be 
wrapped  with  the  minimum  amount  of  wrapping  ma- 
terial  required  to  hold  the  bale  intact. 

In  the  US-A-4,748,802,  which  is  incorporated 
herein  by  reference,  there  is  disclosed  apparatus  for 
monitoring  the  shape  of  a  bale  by  sensing  the  size  of 
a  bale  and  lighting  first  one  and  then  the  other  of  two 
indicators  to  signal  the  operator  to  steer  right  or  steer 
left  along  a  windrow,  the  result  being  that  crop  mate- 
rial  is  added  toward  first  one  end  and  then  the  other 
end  of  the  bale  being  formed.  This  enables  the  build- 
ing  up  of  a  generally  cylindrical  bale  of  uniform  den- 
sity.  However,  the  mechanism  disclosed  therein 
senses  the  bale  diameter  only  at  fixed,  equally 
spaced,  bale  diameters.  When  heavy  crop  conditions 
are  encountered  at  small  bale  diameters  there  is  a 
rapid  lighting  of  first  one  and  then  the  other  indicator 
at  a  rate  too  fast  for  the  operator  to  follow.  Also,  the 
last  few  inches  of  bale  diameter  are  built  up  more  to- 
wards  one  end  of  the  bale  thus  giving  a  bale  of  non- 
uniform  diameter. 

The  bale  size  sensor  disclosed  in  the  US-A- 
4,748,802  referred  to  above  is  actuated  by  a  serpen- 

tine  arm  which  maintains  tension  in  the  apron  as  bale 
size  increases.  As  the  apron  and  its  support  mecha- 
nism  wears,  the  bale  size  sensor  indicates  a  bale  size 
greater  than  the  actual  size  of  the  bale  in  the  baler. 

5  The  continuous  bale  size  sensor  provided  by  the 
present  invention  permits  automatic  compensation 
for  wear  so  that  a  true  indication  of  bale  size  is  always 
available. 

US-A-4,246,743  discloses  a  round  baler  in  which 
10  means  are  provided  for  signalling  to  the  operator 

when  the  bale  being  formed  in  the  baler  has  reached 
a  predetermined  size.  An  electrical  switch  is  attached 
to  the  frame  of  the  machine  and  is  actuated  when  the 
bale  is  of  the  required  size,  the  switch  being  connect- 

15  ed  to  indicator  means  mounted  in  the  cab  of  the  ma- 
chine  which  provide  both  audio  and  visual  warning  to 
the  operator. 

US-A-4,362,097  also  discloses  a  round  baler  in 
which  means  are  provided  for  determining  the  weight 

20  of  a  bale  at  any  given  instant  during  the  formation  of 
the  bale. 

The  present  invention  is  defined  in  the  appended 
claims  and  provides  a  round  baler  having  an  apron  at 
least  partially  defining  an  expandable  bale  forming 

25  chamber  and  an  arm  assembly  for  maintaining  ten- 
sion  in  the  apron  as  a  bale  being  formed  in  the  cham- 
ber  expands  the  chamber  by  acting  against  the  apron, 
the  baler  further  comprising  bale  sensing  means  con- 
nected  to  the  arm  assembly  for  continuously  produc- 

30  ing  an  analog  output  signal  representative  of  the  di- 
ameter  of  a  bale  being  formed  in  the  chamber;  and 
means  responsive  to  the  analog  signal  for  producing 
output  signals  at  spaced  intervals,  the  intervals  be- 
tween  successive  outputsignals  decreasing  as  the  di- 

35  ameter  of  the  bale  being  formed  increases. 
A  plurality  of  indicators  may  be  provided  for  di- 

recting  an  operator  to  steer  left  or  steer  right  along  a 
windrow,  and  a  control  circuit  responsive  to  the  bale 
sensing  means  for  selectively  energising  the  indica- 

40  tors  whereby  a  cylindrical  bale  of  generally  uniform 
diameter  and  density  is  formed  if  the  operator  steers 
as  directed  by  the  indicators. 

A  potentiometer  may  be  used  for  sensing  bale 
size.  The  potentiometer  shaft  may  be  connected  to 

45  one  of  the  arms  of  an  arm  assembly  which  maintains 
tension  in  the  apron  so  that  as  the  size  of  a  bale  being 
formed  increases  and  the  apron  expands,  the  arm 
moves  the  potentiometer  shaft.  The  potentiometer 
may  be  connected  to  an  analog-to-digital  converter 

so  which  converts  the  analog  output  signal  into  digital 
pulses  which  are  accumulated  to  obtain  a  digital  value 
representing  bale  size.  Switches  and  indicators  may 
be  provided  on  an  operators  control  panel.  By  actuat- 
ing  the  switches  the  operator  may  select  a  desired 

55  bale  size  and  also  the  number  of  wraps  of  wrapping 
material  to  be  wrapped  around  each  bale.  A  micropro- 
cessor  based  control  circuit  may  be  used  to  compare 
the  bale  size  to  the  desired  bale  size  and  signals  the 
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operator  when  a  bale  has  reached  the  desired  size. 
The  control  circuit  then  automatically  computes  the 
number  of  rotations  of  a  feed  roll  required  to  wrap  the 
bale  with  the  selected  number  of  wraps  of  wrapping 
material,  initiates  the  wrapping,  and  activates  a  knife 
to  cut  the  wrapping  material  when  the  bale  is  wrap- 
ped. 

To  compensate  for  errors  in  the  output  signal 
from  the  potentiometer  resulting  from  wear  in  the  ap- 
ron  and  other  mechanical  parts  of  the  baler,  provision 
may  be  made  for  determining  the  sensor  output  when 
the  bale  forming  chamber  is  empty,  the  sensed  value 
then  being  used  as  a  correction  factor  subtracted 
from  the  sensor  output  signal. 

The  control  circuit  may  include  a  table  stored  in 
memory  and  addressable  by  the  output  of  the  bale 
size  sensor.  At  each  location  in  the  table  signals  are 
stored  for  selectively  energising  two  indicators  to  sig- 
nal  the  operator  to  steer  left  or  steer  right  along  a 
windrow. 

The  continuous  bale  size  sensordisclosed  herein 
permits  the  lighting  of  the  indicators  at  non-fixed  in- 
crements  of  bale  diameter,  the  increments  being  larg- 
er  at  the  smaller  bale  diameters.  This  alleviates  both 
the  problem  of  too-fast  switching  between  lights  and 
the  problem  of  non-uniform  diameter. 

Around  baler  incorporating  the  present  invention 
will  now  be  described  in  greater  detail,  by  way  of  ex- 
ample,  with  reference  to  the  accompanying  drawings, 
in  which:- 

Figure  1  isasideelevationalviewofaround  baler 
with  a  net  dispensing  apparatus; 
Figures  2  and  3  are  side  views  of  a  serpentine 
arm  and  a  linkage  foroperating  a  continuous  bale 
size  sensor; 
Figure  4  is  a  view  taken  along  the  line  4-4  of  Fig- 
ure  2,  showing  the  mounting  of  the  continuous 
bale  size  sensor; 
Figure  5  is  a  block  circuit  diagram  of  a  control  cir- 
cuit  for  an  automatic  round  baler; 
Figure  6  shows  an  operator  control  panel  with 
switches  and  indicators;  and, 
Figure  7  is  a  flow  diagram  illustrating  operation 
of  the  control  system  to  wrap  a  bale  of  any  size 
with  a  preselected  number  of  wraps  of  a  netting 
material. 
Figure  1  is  a  right-hand  side  elevational  view  of  a 

round  baler  10  with  which  the  present  invention  may 
be  utilised.  Left-hand  and  right-hand  references  are 
used  herein  as  a  matter  of  convenience  and  are  de- 
termined  by  standing  at  the  rear  of  the  baler  facing  the 
forward  end,  in  the  direction  of  travel.  The  baler  10  is 
provided  with  a  wheeled  frame  12  and  is  adapted  for 
movement  over  the  ground  G.  The  frame  supports  a 
pair  of  generally  vertical,  transversely  spaced  apart 
side  sheets  13  between  which  a  chain-and-slat  or 
other  bale  forming  apron  14  is  rotatably  driven.  At 
each  side,  the  apron  14  extends  over  a  sprocket  16, 

a  cam  guide  member  37,  and  a  series  of  rotatable 
guide  members,  19,  21,  28,  25,  27,  29,  31  and  33.  A 
drive  train  18  provides  operational  power  to  all  oper- 

5  able  components  within  the  baler  1  0  including  a  floor 
roller  (not  shown)  extending  transversely  of  the  baler 
generally  behind  a  sprocket  34.  A  crop  pickup  device 
17  positioned  adjacent  the  ground  G  delivers  crop 
material  to  a  bale  forming  chamber  20  bounded  by  the 

10  apron  14  and  the  floor  roller.  As  crop  material  is  fed 
into  the  chamber  it  is  rotated  between  the  apron  and 
floor  roller  to  form  a  cylindrical  bale  which  increases 
in  size  as  more  crop  material  is  introduced.  As  the 
bale  increases  in  size  it  presses  against  the  apron  14. 

15  A  serpentine  mechanism,  generally  indicated  at  15, 
includes  a  pair  of  arm  assemblies  42,  one  at  each  side 
of  the  baler,  and  each  mounted  on  a  transversely  ex- 
tending  pivot  tube  44  mounted  at  each  end  in  bear- 
ings.  As  the  bale  increases  in  size  and  presses 

20  against  the  apron  14,  the  arm  assemblies  42  pivot  in 
a  counter-clockwise  direction  with  the  pivot  tube  44 
being  the  pivot.  This  allows  the  size  of  the  bale  form- 
ing  chamber  20  to  increase  while  at  the  same  time  re- 
moving  slack  from  the  apron. 

25  The  round  baler  1  0  as  described  above  is  of  gen- 
erally  conventional  construction  and  is  described  in 
a  number  of  patent  specifications  including  U.S.-A- 
4,426,833  the  disclosure  of  which  is  incorporated 
herein  by  reference.  The  baler  10  may  be  modified  as 

30  taught  in  US-A-4,768,431  ,  which  is  also  in  corporated 
herein  by  reference,  to  provide  a  net  dispensing 
means  for  wrapping  a  formed  bale  with  netting.  As  il- 
lustrated  in  Figure  1,  a  roll  of  netting  material  22  is 
mounted  on  a  spindle  23.  Adrive  belt  50  extends  from 

35  a  drive  pulley  52  to  a  driven  pulley  54.  Attached  to  the 
shaft  55  of  the  driven  pulley  54  is  a  transversely  ex- 
tending  feed  roll.  The  pulley  52  is  driven  as  long  as 
power  is  applied  at  18.  The  belt  50  is  normally  slack 
so  that  the  pulley  54  is  not  driven.  When  a  linear  ac- 

40  tuator  35  is  energised  a  clutching  mechanism,  indicat- 
ed  generally  at  40,  presses  against  and  tensions  belt 
50  thereby  causing  the  pulley  54  to  be  driven.  The  pul- 
ley  54  cooperates  with  a  pair  of  pinch  rollers  56  to  pull 
netting  from  the  roll  22  and  dispense  it  into  the  bale 

45  forming  chamber.  The  actuator  35  and  clutching 
mechanism  40  also  drive  a  net  knife  58  so  that  the  net 
is  cut  as  tension  is  removed  from  belt  50. 

Generally  speaking,  the  baler  10  is  pulled  along 
a  windrow  and  the  pickup  17  picks  up  crop  material 

so  and  feeds  it  into  the  bale  forming  chamber  20.  The 
crop  material  is  rotated  between  the  floor  roller  and 
apron  14  to  form  a  bale  of  ever-increasing  size.  When 
a  "full  bale"  has  been  formed,  the  operator  stops  for- 
ward  motion  of  the  baler,  thereby  to  stop  the  feeding 

55  of  crop  material  into  the  baler.  However,  rotation  of 
the  bale  in  the  chamber  is  continued  and  the  net  feed 
mechanism  is  actuated  to  feed  netting  into  the  cham- 
ber  20  where  it  wraps  around  the  rotating  bale.  After 
the  bale  is  wrapped,  the  knife  58  cuts  the  net.  The  op- 
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erator  may  then  actuate  a  control  to  open  a  tailgate 
11  and  eject  the  formed  and  wrapped  bale.  The  oper- 
ator  then  closes  the  tailgate  and  resumes  forward 
motion  of  the  baler  to  begin  forming  a  new  bale. 

In  accordance  with  one  aspect  of  the  present  in- 
vention  a  bracket  60  is  mounted  on  a  frame  member 
62  to  support  a  rotary  potentiometer  66  which  serves 
as  a  continuous  bale  size  sensor.  As  shown  in  Figures 
2-4,  the  bracket  60  is  generally  U-shaped  and  has 
holes  in  the  opposing  legs  for  supporting  a  shaft  64 
of  the  rotary  potentiometer  66.  The  potentiometer  66 
is  attached  to  one  leg  of  the  bracket  60  and  the  brack- 
et  is  attached  to  a  further  bracket  68  which  is  in  turn 
attached  to  the  frame  member  62.  A  curved  elongat- 
ed  arm  70  is  attached  at  one  end  to  the  potentiometer 
shaft  64.  At  the  opposing  end  the  arm  70  is  attached 
by  a  chain  or  other  flexible  link  72  to  a  pin  74  extend- 
ing  outwardly  of  the  one  arm  42. 

At  the  beginning  of  the  formation  of  a  bale  the 
serpentine  arms  42  are  in  the  position  illustrated  in 
Figures  1  and  2.  As  crop  material  is  fed  into  the  bale 
forming  chamber  20,  the  size  of  the  bale  being  formed 
therein  increases  and  presses  against  the  apron  14 
as  already  explained.  The  tension  in  the  apron  14, 
acting  through  rotatable  guide  members  29  and  33, 
pivots  the  serpentine  arms  42  clockwise  about  the 
pivot  tube  44.  As  the  one  arm  42  (Figure  3)  pivots,  it 
carries  with  it  the  pin  74,  thus  applying  a  force  through 
chain  72  and  curved  arm  70  to  rotate  the  potentiom- 
eter  shaft  64.  When  the  apron  14  has  been  extended 
to  its  limit  the  serpentine  arms  42  are  in  the  position 
illustrated  in  Figure  3. 

After  the  tailgate  11  is  opened  and  the  formed 
and  wrapped  bale  ejected  from  the  rear  of  the  baler, 
the  serpentine  arms  42  are  returned  to  the  rest  or 
starting  position  (Figure  2)  by  a  spring  or  other  suit- 
able  means  well  known  in  the  art.  The  weight  of  the 
curved  arm  70  and  chain  72  are  sufficient  to  rotate 
the  potentiometer  shaft  64  back  to  its  initial  position. 
However,  a  return  spring  may  be  provided  for  arm  70 
if  desired. 

Figure  5  illustrates  how  the  potentiometer  66 
may  be  incorporated  into  a  round  baler  microproces- 
sor-based  control  circuit  such  as  that  described  in 
US-A-4,609,984  the  disclosure  of  which  is  also  incor- 
porated  herein  by  reference.  The  control  circuit  is  es- 
sentially  the  same  as  that  disclosed  in  the  US-A- 
4,609,984  in  that  it  includes  a  microprocessor  100,  a 
ROM  102,  a  RAM  104,  a  versatile  interface  adapter 
(VIA)  106  and  an  address  decoder  108  interconnect- 
ed  by  address,  control  and  bidirectional  data  busses 
collectively  designated  110.  As  in  US-A-4,609,984 
the  control  circuit  also  includes  input/output  busses 
112  connecting  the  VIA  106  with  a  audible  alarm  114, 
visual  indicators  116,  and  various  switches  and  sen- 
sors  collectively  designated  118.  In  accordance  with 
one  aspect  of  the  present  invention,  the  full  bale 
switch  of  the  arrangement  disclosed  in  US-A- 

4,609,984  is  replaced  with  the  continuous  bale  size 
sensing  potentiometer  66.  A  voltage  controlled  oscil- 
lator  or  other  suitable  analog-to-digital  converter  122 

5  is  connected  to  receive  the  analog  output  signal  from 
potentiometer  66  and  convert  it  to  digital  pulses  on  a 
lead  124,  the  pulses  on  the  lead  124  having  a  fre- 
quency  proportional  to  the  magnitude  of  the  analog 
signal  from  the  potentiometer  66  and  thus  indicative 

10  of  the  size  of  the  bale  being  formed  in  the  baler  10. 
The  signals  on  lead  124  are  applied  over  one  of  the 
lines  in  busses  112  to  the  VIA  106  where  they  may  be 
counted  over  a  fixed  interval  of  time  by  a  time  in  the 
VIA  to  thus  obtain  a  digital  value  representing  the  size 

15  of  the  bale  being  formed. 
When  a  net  rather  than  twine  is  used  to  wrap  the 

bales,  the  motor  disclosed  in  US-A-4,609,984  for  driv- 
ing  the  twine  dispensing  mechanism  is  not  required. 
Instead,  the  linear  actuator  35  for  controlling  the  net 

20  drive  roll  shaft  55  and  the  knife  58  is  connected  to  the 
VIA  bus  112.  Also,  it  will  be  recognised  that  the  man- 
ual  input  switches  118  and  visual  indicators  116  are 
somewhat  different.  Figure  6  is  a  diagram  of  the  op- 
erators  control  panel  illustrating  the  various  manual 

25  input  switches  and  visual  indicators.  The  control  pan- 
el  is  designed  for  use  with  a  round  baler  having  either 
a  twine  dispensing  mechanism  or  a  net  dispensing 
mechanism,  and  also  including  other  features  not  re- 
lated  to  the  present  invention,  so  for  present  purposes 

30  certain  of  the  switches  and  indicators  may  be  disre- 
garded.  MODEL  switch  131  is  actuated  to  select  the 
type  of  baler  being  controlled.  Although  a  baler  having 
a  net  dispenser  is  described  herein  it  should  be  under- 
stood  that  the  principles  of  the  invention  are  equally 

35  applicable  to  balers  having  a  twine  dispensing  mech- 
anism. 

In  Figure  6,  the  bale  size  switch  130  is  depressed 
when  the  operator  desires  to  display  the  selected  size 
of  the  bales  to  be  formed.  When  the  switch  130  is  de- 

40  pressed,  the  last  selected  bale  size  appears  in  the 
digital  display  window  132.  This  value  may  then  be  in- 
cremented  by  depressing  switch  134  while  holding 
the  bale  size  switch  depressed.  The  bale  size  may  be 
selected,  for  example,  in  one  inch  or  one  centimetre 

45  increments.  The  displayed  value  may  be  decrement- 
ed  by  depressing  switch  136  while  holding  the  bale 
size  switch  depressed.  As  described  below,  when  the 
bale  size  sensor  66  produces  an  output  signal  whose 
value  corresponds  to  the  bale  size  entered  into  the 

so  display,  the  microprocessor  100  produces  a  signal 
which  passes  through  VIA  106  to  turn  on  a  Full  Bale 
indicator  138. 

The  Net  switch  140  is  used  in  conjunction  with  the 
switches  134  and  136  to  select  the  number  of  wraps 

55  of  wrapping  material  (net  or  twine)  to  be  applied  to 
each  bale.  When  the  Net  switch  is  depressed  the  last 
selected  number  of  wraps  appears  on  the  digital  dis- 
play  1  32  and  this  value  may  be  incremented  or  decre- 
mented  by  depressing  one  of  the  switches  134  or  136 

4 
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while  the  Net  switch  is  held  down.  The  number  of  bale 
wraps  may  be  selected  in,  for  example,  1/4  wrap  in- 
crements.  Figure  6  shows  the  digital  display  after  the 
operator  has  selected  two  and  one-quarter  as  the 
number  of  wraps  of  net  to  be  applied  to  each  bale. 

Figure  7  is  a  flow  diagram  illustrating  the  pro- 
gram  of  operation  of  the  Figure  5  control  circuit  to  con- 
trol  the  wrapping  of  a  bale  with  netting.  The  program 
begins  at  step  148  by  clearing  various  register  loca- 
tions  including  REVCNT  and  OFFSET.  At  step  150 
the  microprocessor  100,  acting  through  VIA  106, 
samples  the  Net  switch  flag  NETSW  to  see  if  Net 
switch  140  has  been  depressed.  If  it  has  been  de- 
pressed  the  microprocessor  100  next  samples  flags 
for  increment/decrement  switches  134  and  136  at 
step  151  to  determine  if  either  switch  is  also  de- 
pressed.  If  not,  the  microprocessor  sends  a  stored 
value  NETVAL  representing  the  last  selected  number 
of  wraps  to  the  VIA  106  and  the  VIA  outputs  signals 
to  display  the  value  on  display  132.  On  the  other 
hand,  if  the  test  at  step  151  shows  that  one  or  the 
other  of  switches  134  and  136  is  actuated,  the  pro- 
gram  branches  to  153  to  increment  or  decrement 
NETVAL  and  then  sends  the  updated  value  to  the  dis- 
play  132  at  step  152.  NETVAL  is  also  saved  at  step 
1  52  after  which  the  program  loops  back  to  step  1  50. 

The  loop  comprising  steps  150-153  is  repeatedly 
executed  as  long  as  the  Net  switch  140  is  depressed. 
During  each  execution  of  the  loop  steps  150-152  are 
executed  if  neither  of  the  increment/decrement 
switches  134,  136  is  actuated.  In  addition,  step  153 
is  executed  if  one  of  the  switches  134,  136  is  actuat- 
ed. 

If  the  test  at  step  150  indicates  that  the  Net  switch 
140  is  not  actuated  the  program  branches  to  step  160 
where  the  flag  BALSW  is  tested  to  see  if  the  Bale 
switch  1  30  is  depressed.  If  it  is,  then  the  microproces- 
sor  program  executes  the  loop  comprising  steps  160- 
163.  Steps  160-163  serve  the  same  purpose  as  steps 
150-153  except  that  they  control  the  display  of  bale 
size  on  the  display  132.  Thus,  BALVAL,  the  last  se- 
lected  bale  size  is  displayed  and  saved  at  step  162  af- 
ter  possibly  being  updated  at  step  163  because  one 
of  switches  134,  136  is  depressed. 

When  the  test  at  step  160  shows  that  the  Bale 
switch  flag  is  not  set  the  program  branches  to  step 
170  where  the  microprocessor  obtains  from  VIA  106 
the  digital  value  representing  the  converted  output  of 
the  bale  size  sensor  66  (i.e.  bale  size)  and  saves  it  at 
location  BSIZE. 

To  digress  for  a  moment,  it  is  well  known  that  wear 
occurring  in  the  links  of  apron  14  and  its  drive  sprock- 
ets  and  pulleys  effectively  increases  its  length.  This 
means  that  for  a  given  size  bale  in  the  baler  chamber 
20  the  serpentine  arm  42  is  offset  in  the  clockwise  di- 
rection  (Figures  2  and  3)  from  its  "no-wear"  position 
the  offset  becoming  greater  as  the  wear  and  effective 
length  of  the  apron  increases.  Accordingly,  the  arm 

70  and  chain  72  rotate  the  shaft  of  the  potentiometer 
66  so  that  its  output  signal  also  varies  as  the  apron 
wear  increases.  Thus,  the  output  of  the  potentiometer 

5  indicates  a  bale  size  which  is  less  than  the  true  size 
of  the  bale  in  the  chamber.  To  overcome  this  problem, 
the  output  of  the  potentiometer  66  is  sensed  when  the 
bale  forming  chamber  is  empty  and  the  tailgate  11  is 
closed.  This  is  accomplished  during  execution  of  pro- 

10  gram  step  204  as  subsequently  described,  and  the 
output  of  the  potentiometer,  after  conversion  to  a  dig- 
ital  value  by  VCO  122  and  VIA  106,  is  stored  at  OFF- 
SET  for  use  on  the  next  baling  cycle  as  a  correction 
factor. 

15  Returning  to  Figure  7,  at  step  172  the  micropro- 
cessor  subtracts  OFFSET  from  BSIZE  to  obtain  a 
corrected  value  representing  the  actual  size  of  the 
bale  currently  being  formed  in  the  bale  forming  cham- 
ber.  On  the  first  cycle  OFFSET  will  be  zero  since  it  is 

20  cleared  at  step  148,  but  during  formation  of  the  sec- 
ond  and  subsequent  bales  OFFSET  wi  II  have  the  val- 
ue  sensed  at  step  204  of  the  preceding  bale  forming 
cycle.  The  corrected  bale  size  value  is  sent  to  VIA  1  06 
at  step  1  74  so  that  it  is  displayed  on  the  digital  display 

25  1  32. 
At  step  176  the  microprocessor  compares  the 

corrected  digital  value  representing  actual  or  current 
bale  size  to  the  digital  value  representing  the  desired 
bale  size  selected  by  operation  switches  130,  134 

30  and  136.  If  the  current  bale  size  is  less  than  the  de- 
sired  size  the  program  loops  back  to  step  150.  During 
this  interval  the  baler  is  still  being  moved  along  a 
windrow  and  crop  material  is  being  added  to  the  bale 
being  formed  in  the  chamber  20.  Eventually  the  test 

35  at  step  1  76  will  find  that  the  current  bale  size  is  equal 
to  or  greater  than  the  desired  bale  size  at  which  time 
the  microprocessor  sends  signals  (step  178)  to  the 
VIA  106  to  sound  the  audible  alarm  114  and  light  the 
Full  Bale  indicator  138.  This  signals  the  operator  that 

40  he  should  stop  forward  movement  of  the  baler. 
Next,  the  microprocessor  100  computes  (at  step 

1  80)  the  number  of  revolutions  of  the  net  feed  roll  re- 
quired  in  order  to  wrap  the  bale  with  the  number  of 
wraps  previously  selected  by  operation  of  switches 

45  1  34,  136  and  140.  This  can  be  done  in  different  ways, 
a  preferred  method  being  as  follows.  After  the  output 
of  bale  size  sensor  66  is  converted  to  a  digital  value 
and  corrected  as  described  above,  it  is  used  to  ad- 
dress  a  table  of  values,  one  for  each  possible  bale 

so  size  selectable  by  operation  of  switches  130,  134  and 
136.  At  each  table  address  there  is  stored  a  precom- 
puted  value  representing  the  number  of  revolutions  of 
the  net  feed  roll  required  to  feed  enough  net  to  encir- 
cle  a  bale  of  a  given  selected  size  with  one  complete 

55  wrap  of  the  net.  The  value  read  from  the  table  is  then 
multiplied  by  the  number  of  wraps  (e.g.  full  and  partial 
wraps)  entered  by  means  of  switches  134,  136  and 
140  to  obtain  a  final  value  indicating  the  number  of 
revolutions  of  the  net  feed  roll  required. 

5 
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Afterthe  number  of  revolutions  of  the  net  feed  roll 
has  been  computed,  the  microprocessor  100  then 
sends  commands  (step  182)  to  VIA  106  to  energise 
the  linear  actuator  35.  As  previously  explained,  ener- 
gising  linear  actuator  35  applies  tension  to  belt  50  so 
that  the  pulley  54  rotates  the  net  feed  roll  shaft  55. 
When  the  net  is  caught  up  in  the  rotating  bale  its 
speed  increases  and  at  that  time  the  "net  running"  in- 
dicator  is  turned  on. 

A  switch  118  is  provided  for  sensing  revolutions 
of  the  net  feed  roll  shaft  55.  Each  time  the  switch  is 
actuated  it  produces  a  signal  on  one  of  the  VIA  busses 
112.  As  explained  in  US-A-4,609,984,  the  micropro- 
cessor  100  periodically  interrupts  at  intervals  of 
about  10  milliseconds,  the  routine  it  is  executing  and 
executes  a  Non-Maskable  Interrupt  (NMI)  routine  to 
sample  the  states  of  the  various  sensors  and 
switches  118  and  perform  other  functions.  Afterthe 
NMI  routine  is  executed  the  program  returns  to  the  in- 
terrupted  routine  and  continues  its  execution  from 
the  point  at  which  it  was  interrupted.  Each  time  an 
NMI  routine  is  executed  the  output  of  the  feed  roll 
switch  sets  or  resets  a  flag  REVFLG.  At  step  184  the 
microprocessor  executes  a  Wait  For  Interrupt  instruc- 
tions  waiting  for  the  interrupt.  After  the  NMI  routine 
is  executed  to  set  or  reset  REVFLG,  it  is  tested  at  step 
186  and  if  it  is  set,  the  program  executes  step  188 
which  increments  the  count  location  REVCNT.  This 
location  in  RAM  104  is  utilised  to  count  the  number 
of  revolutions  of  the  net  drive  roll.  At  step  190 
REVCNT  is  compared  with  the  number  of  revolutions 
required  as  computed  at  step  180.  If  REVCNT  is  not 
equal  to,  or  greater  than,  the  number  of  revolutions  re- 
quired,  the  program  loops  back  to  step  1  84.  The  loop 
comprising  steps  184,  186  and  190  is  repeated  and, 
if  REVFLG  is  set  during  execution  of  the  loop  step  1  88 
is  executed  to  increment  REVCNT.  The  speed  of  the 
net  feed  roll  shaft  is  preferably  sensed  during  execu- 
tion  of  this  loop  to  control  the  "net  running"  indicator 
as  previously  described. 

When  the  comparison  at  step  190  indicates  that 
REVCNT  is  equal  toorgreaterthan  the  numberof  rev- 
olutions  required  to  wrap  the  bale  with  the  selected 
number  of  wraps  of  netting,  the  program  proceeds  to 
step  192  where  a  signal  is  sent  to  VIA  106  to  deener- 
gise  the  linear  actuator  35.  This  releases  tension  in 
the  belt  50  so  that  the  net  feed  roll  stops  turning  and 
also  actuates  the  knife  58  so  that  the  net  is  cut. 

At  step  1  94  the  microprocessor  1  00  sends  a  code 
to  VIA  106  which  turns  off  the  "net  running"  indicator 
183  and  turns  on  the  Wrap  Complete  indicator  197 
and  the  audible  alarm  114.  This  signals  the  operator 
that  he  should  operate  the  control  to  open  the  tailgate 
to  eject  the  rolled  and  wrapped  bale. 

At  step  196  the  program  executes  a  loop  during 
which  the  tailgate  sensor  switch  is  repeatedly  sam- 
pled  to  see  if  the  tailgate  is  open.  When  the  tailgate 
opens,  the  microprocessor  100  executes  step  198  to 

turn  of  the  Full  Bale,  Wrap  Complete,  and  Tailgate 
Closed  indicators  138,  197  and  199  and  remove  the 
current  bale  size  indication  from  the  digital  display 

5  132. 
At  step  200  a  loop  is  executed  waiting  for  the  op- 

erator  to  operate  the  control  for  closing  the  tailgate. 
When  the  tailgate  closes  the  Tailgate  Closed  indica- 
tor  1  99  is  again  turned  on  (step  202).  REVCNT  is  also 

10  reset  at  this  time. 
At  step  204  the  microprocessor  obtains  from  VIA 

106  the  digital  value  representing  the  output  of  the 
bale  size  sensor  66  and  stores  it  at  OFFSET  for  use 
as  the  bale  size  correction  factor  at  step  172  during 

15  formation  of  the  next  bale.  After  execution  of  step 
204,  the  program  loops  back  to  step  150,  ready  to 
monitor  the  formation  and  wrapping  of  the  next  bale. 

The  crop  pickup  device  of  a  round  baler  is  wider 
than  a  windrow  hence  as  a  bale  is  building  up  the  ba- 

20  ler  there  is  a  tendency  for  the  bale  to  form  with  a  vary- 
ing  diameter  and  crop  density  over  its  length  unless 
the  operator  "weaves"  the  baler  back  and  forth  along 
the  windrow.  In  Figure  6,  the  control  panel  is  provided 
with  a  pair  of  segmented  display  arrows  206  which  se- 

25  lectively  direct  the  operator  to  steer  left  or  steer  right. 
These  indicators  are  energised  in  response  to  in- 
creasing  diameter  of  a  bale  as  sensed  by  the  bale  size 
sensor  66. 

In  Figure  7,  when  the  corrected  bale  size  is  de- 
30  termined,  it  is  added  to  the  base  address  of  a  table. 

This  table  stores,  at  each  location,  signals  for  selec- 
tively  lighting  the  display  arrows  206.  When  a  loca- 
tion  in  the  table  is  accessed  the  signals  stored  therein 
are  sent  (at  step  1  74)  to  VIA  1  06  to  selectively  ener- 

35  gise  one  of  the  indicators.  This  arrangement  permits 
changing  the  indicators  as  the  diameter  of  the  bale 
being  formed  increases  but  the  changes  do  not  have 
to  occur  at  equal  increments  of  increase  in  a  bale  di- 
ameter.  For  example,  the  table  may  be  loaded  with 

40  signals  to  first  indicate  steer  left,  then  when  the  bale 
diameter  reaches  1  0  inches  steer  right,  when  the  bale 
diameter  is  18  inches  steer  left,  when  the  bale  diam- 
eter  is  25  inches  steer  right,  and  so  forth.  It  is  even 
possible  to  load  the  table  with  signals  which  ensure 

45  individual  segments  of  the  directional  arrows  206  to 
provide  an  indication  to  the  operator  as  to  how  far  he 
should  steer  right  or  left.  Actually,  the  table  may  com- 
prise  two  sub-tables,  one  for  use  under  heavier  crop 
conditions  and  the  other  for  use  under  lighter  crop 

so  conditions.  The  operator  may  actuate  switch  208  ac- 
cording  to  the  condition  present,  and  in  response  to 
the  switch  the  microprocessor  selects  the  base  ad- 
dress  of  one  or  the  other  of  the  sub-tables. 

While  a  preferred  embodiment  of  the  invention 
55  has  been  described  in  specific  detail,  it  will  be  under- 

stood  that  various  substitutions  and  modifications 
may  be  made  in  the  described  embodiment  without 
departing  from  the  scope  of  the  invention.  By  way  of 
example,  it  is  not  necessary  to  compute  the  amount 

6 
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of  net  fed  by  computing  the  revolutions  of  the  net  feed 
roll.  Since  speed  of  the  net  feed  roll  is  sensed  to  con- 
trol  the  "net  running"  indicator,  and  since  the  diameter 
of  the  feed  roll  is  known,  the  microprocessor  may  util- 
ise  these  factors  to  compute  the  time  required  to  feed 
the  desired  amount  of  net.  It  is  intended  therefor  to  be 
limited  only  by  the  scope  of  the  appended  claims. 

Claims 

1.  A  round  baler  having  an  apron  (14)  at  least  par- 
tially  defining  an  expandable  bale  forming  cham- 
ber  (20)  and  an  arm  assembly  (42)  for  maintain- 
ing  tension  in  the  apron  as  a  bale  being  formed 
in  the  chamber  expands  the  chamber  by  acting 
against  the  apron,  characterised  in  that  the  baler 
further  comprises: 

bale  sensing  means  (66)  connected  to  the 
arm  assembly  (42)  for  continuously  producing  an 
analog  output  signal  representative  of  the  diam- 
eter  of  a  bale  being  formed  in  the  chamber  (20); 
and 

means  (122,100)  responsive  to  the  analog 
signal  for  producing  output  signals  at  spaced  in- 
tervals,  the  intervals  between  successive  output 
signals  decreasing  as  the  diameter  of  the  bale  be- 
ing  formed  increases. 

2.  A  baler  according  to  claim  1  ,  characterised  in  that 
intervals  are  relatively  large  when  the  diameter  of 
the  bale  being  formed  is  small,  and  in  that  the  in- 
tervals  are  relatively  small  when  the  diameter  of 
the  bale  being  formed  is  large,  whereby  the  diam- 
eter  of  the  bale  increases  generally  uniformly 
along  its  length  during  formation  thereof  when 
the  baler  is  steered  in  accordance  with  the  output 
signals. 

3.  A  baler  according  to  claim  1  or  2,  characterised 
in  that  the  bale  sensing  means  comprises  a  po- 
tentiometer  (66). 

4.  A  baler  according  to  any  of  the  preceding  claims, 
characterised  in  that  the  means  responsive  to 
said  analog  signal  comprises  microprocessor 
means  (100)  connected  to  the  bale  sensing 
means  (66)  for  producing  said  output  signals. 

Patentanspruche 

1.  Rundballenpresse  mit  einer  Umschlingungsein- 
richtung  (14),  die  zumindestens  teilweise  eine 
ausdehnbare  Ballenformungskammer  (20)  bil- 
det,  und  mit  einer  Armbaugruppe  (42)  zur  Auf- 
rechterhaltung  der  Spannung  in  der  Umschlin- 
gungseinrichtung,  wenn  ein  in  der  Kammer  ge- 

formter  Ballen  die  Kammer  dadurch  ausdehnt, 
dali  er  gegen  die  Umschlingungseinrichtung 
wirkt, 

5  dadurch  gekennzeichnet,  daft  die  Ballenpresse 
weiterhin  folgende  Teile  umfalit: 

mit  der  Armbaugruppe  (42)  verbundene 
Ballen-Sensoreinrichtungen  (66)  zurkontinuierli- 
chen  Erzeugung  eines  Analog-Ausgangssignals, 

10  das  den  Durchmesser  eines  in  der  Kammmer 
(20)  geformten  Ballens  darstellt,  und 

auf  das  Analogsignal  ansprechende  Ein- 
richtungen  (122,  100)  zur  Erzeugung  von  Aus- 
gangssignalen  untermit  Abstand  verteilten  Inter- 

15  vallen,  wobei  die  Intervalle  zwischen  aufeinan- 
derfolgenden  Ausgangssignalen  abnehmen, 
wahrend  der  Durchmesser  des  in  Formung  be- 
findlichen  Ballens  zunimmt. 

20  2.  Ballenpresse  nach  Anspruch  1  ,  dadurch  gekenn- 
zeichnet,  dali  die  Intervalle  relativ  groli  sind, 
wenn  der  Durchmesser  des  in  Formung  befindli- 
chen  Ballens  klein  ist,  und  das  die  Intervalle  re- 
lativ  klein  sind,  wenn  der  Durchmesser  des  in 

25  Formung  befindlichen  Ballens  groli  ist,  so  dali 
der  Durchmesser  des  Ballens  allgemein  gleich- 
formig  entlang  seiner  Lange  wahrend  seiner  For- 
mung  zunimmt,  wenn  die  Ballenpresse  gemali 
den  Ausgangssignalen  gesteuert  wird. 

30 
3.  Ballenpresse  nach  Anspruch  1  oder  2,  dadurch 

gekennzeichnet,  dali  die  Ballen-Sensoreinrich- 
tung  ein  Potentiometer  (66)  umfalit. 

35  4.  Ballenpresse  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  dali  die  auf 
das  Analogsignal  ansprechende  Einrichtung  Mi- 
kroprozessoreinrichtungen  (100)  umfalit,  die  mit 
den  Ballen-Sensoreinrichtungen  (66)  zur  Erzeu- 

40  gung  der  Ausgangssignale  verbunden  sind. 

Revendications 

45  1.  Ramasseuse-presse  a  balles  rondes  comportant 
un  tapis  (14)  qui  definit  au  moins  partiellement 
une  chambre  de  formage  de  balles  extensible 
(20),  et  un  ensemble  formant  bras  (42)  destine  a 
maintenir  une  tension  dans  le  tapis  au  fur  et  a  me- 

50  sure  qu'une  balle  en  train  d'etre  formee  dans  la 
chambre  etire  la  chambre  en  agissant  contre  le 
tapis,  caracterisee  en  ce  que  la  ramasseuse- 
presse  comportant,  en  outre  : 

des  moyens  detecteurs  de  balle  (66)  relies 
55  a  I'ensemble  formant  bras  (42)  pour  produire  en 

continu  un  signal  de  sortie  analogique  represen- 
tatif  du  diametre  d'une  balle  en  train  d'etre  for- 
mee  dans  la  chambre  (20);  et 

des  moyens  (1  22,  1  00)  sensibles  au  signal 
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analogique  pour  produire  des  signaux  de  sortie  a 
des  intervalles  espaces,  les  intervalles  entre  des 
signaux  de  sortie  successifs  diminuant  au  fur  et 
a  mesure  que  le  diametre  de  la  balle  en  train  5 
d'etre  forme  augmente. 

2.  Ramasseuse-presse  selon  la  revendication  1, 
caracterisee  en  ce  que  les  intervalles  sont  relati- 
vement  importants  lorsque  le  diametre  de  la  bal-  10 
le  en  train  d'etre  forme  est  faible,  et  en  ce  que  les 
intervalles  sont  relativement  faibles  lorsque  le 
diametre  de  la  balle  en  train  d'etre  formee  est  im- 
portant,  pour  qu'ainsi  le  diametre  de  la  balle  aug- 
mente,  dans  I'ensemble,  d'une  maniere  uniforme  15 
dans  le  sens  de  la  longueur  de  la  balle  pendant 
la  formation  de  celle-ci,  lorsque  la  ramasseuse- 
presse  est  guidee  en  fonction  des  signaux  de 
sortie. 

20 
3.  Ramasseuse-presse  selon  la  revendication  1  ou 

2,  caracterisee  en  ce  que  les  moyens  detecteurs 
de  balle  comportent  un  potentiometre  (66). 

4.  Ramasseuse-presse  selon  I'une  quelconque  des  25 
revendications  precedentes,  caracterisee  en  ce 
que  les  moyens  sensibles  audit  signal  analogique 
comportent  un  moyen  formant  microprocesseur 
(100)  relie  aux  moyens  detecteurs  de  balle  (66) 
pour  produire  lesdits  signaux  de  sortie.  30 
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