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@  Apparatus  for  delivering  a  liquid. 

©  A  liquid  such  as  a  herbicide  is  delivered  from  spray  nozzles 
(4)  on  a  boom  (2).  The  herbicide  is  supplied  from  a  herbicide 
container  (8)  by  a  pump  (18),  and  is  diluted  with  water  supplied 
from  a  tank  (10)  by  a  pump  (12).  The  speed  of  the  herbicide 
pump  (18)  is  controlled  by  control  means  (22)  and  is  responsive 
to  the  travel  speed  of  the  apparatus.  The  volumetric  output  of 
the  pump  (18)  is  calibrated  by  supplying  the  herbicide  to  a 
calibration  vessel  (32)  during  a  test  cycle  in  which  the  apparatus 
travels  over  a  predetermined  distance.  Correction  factors  can 
then  be  input  to  the  control  means  (22)  in  order  to  bring  the 
volumetric  output  of  the  pump  (18)  into  line  with  desired  flow 
rates. 
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Description 

APPARATUS  FOR 

This  invention  relates  to  apparatus  for  delivering  a 
liquid,  and  is  particularly,  although  not  exclusively, 
concerned  with  apparatus  for  delivering  herbicides 
and  pesticides,  and  other  similar  products,  over  the 
ground,  or  over  crops. 

Modern  herbicides  are  highly  effective,  and  con- 
sequently  only  very  small  quantities  are  required  to 
achieve  the  desired  result.  These  small  dosages  are 
achieved  either  by  diluting  the  active  ingredient,  for 
example  with  water,  or  by  applying  the  active 
ingredient,  in  a  concentrated  form,  as  droplets  at  low 
dose  rates.  Herbicides  and  similar  products  are 
often  rather  dangerous,  and  great  care  must  be 
taken  to  avoid  unnecessary  contact  with  operators. 
A  particularly  hazardous  operation  is  the  mixing  of 
the  concentrated  product  with  water.  This  operation 
is  also  subject  to  error,  which  can  result  in  the 
application  of  a  formulation  of  the  wrong  strength. 
These  problems  can  be  overcome  by  supplying  the 
concentrated  product  and  the  diluent  from  separate 
containers  on  the  apparatus,  and  mixing  them 
continuously  as  they  flow  to  delivery  means  for 
distributing  the  mixture  over  the  ground.  If  the 
product  is  diluted  in  this  manner  or  is  applied  at  high 
concentration  without  dilution  in  the  apparatus,  the 
flow  rate  of  the  product  from  its  container  to  the 
delivery  means  is  very  low.  Where  a  pump  is  used  to 
convey  the  product,  variations  in  pump  characteris- 
tics,  for  example  as  a  result  of  wear,  can  significantly 
affect  the  flow  rate  of  the  product,  so  altering  the 
dosage  of  the  product  which  is  applied  to  the 
ground.  It  is  therefore  necessary  to  adjust  the  pump 
to  compensate  for  variations  in  its  characteristics, 
and  to  compensate  for  other  variations  which  may 
arise,  for  example  variations  in  the  consistency  of 
the  product  which  is  being  applied.  To  achieve  this 
adjustment,  it  is  necessary  to  have  accurate  knowl- 
edge  of  the  actual  flow  rate  of  the  product. 

According  to  one  aspect  of  the  present  invention, 
there  is  provided  apparatus  for  delivering  a  liquid, 
the  apparatus  being  adapted  for  travel  over  a  surface 
to  which  the  liquid  is  to  be  delivered,  the  apparatus 
comprising  a  source  of  liquid,  a  variable  output 
reversible  pump,  delivery  means  to  which  the  liquid 
is  supplied  by  the  pump  from  the  source,  control 
means  for  adjusting  the  output  of  the  pump,  and  a 
travel  speed  sensor  for  transmitting  a  travel  speed 
signal  to  the  control  means,  a  duct  being  provided 
for  directing  liquid  from  the  pump  to  the  lower  region 
of  a  calibration  vessel  for  determining  the  volumetric 
output  of  the  pump,  reversal  of  the  pump  causing 
liquid  to  be  returned  from  the  calibration  vessel  to 
the  source. 

The  calibration  vessel  may  be  provided  with  a  level 
detector,  such  as  a  float  operated  switch,  for 
generating  a  signal  when  a  predetermined  volume  of 
liquid  has  flowed  into  the  vessel.  This  reduces 
dependence  on  the  reading  of  the  level  using  the 
graduations. 

According  to  a  second  aspect  of  the  present 
invention  there  is  provided  a  method  of  calibrating 

DELIVERING  A  LIQUID 

apparatus  for  delivering  a  liquid,  the  method  com- 
prising  directing  a  regulated  flow  of  the  liquid  from  a 

5  reversible  pump  to  a  calibration  vessel  for  a 
predetermined  time,  determining  the  volume  of 
liquid  supplied  to  the  calibration  vessel  during  the 
predetermined  time,  comparing  that  volume  of  liquid 
with  the  volume  of  liquid  corresponding  to  a  desired 

10  flow  rate,  and  adjusting  the  flow  rate  of  liquid,  if 
necessary,  in  order  to  approximate  the  actual 
volume  of  liquid  received  in  the  calibration  vessel 
with  the  volume  corresponding  to  the  desired  flow 
rate,  and  subsequently  reversing  the  pump  to  draw 

15  the  liquid  from  the  calibration  vessel. 
According  to  a  third  aspect  of  the  present 

invention  there  is  provided  a  method  of  calibrating 
apparatus  for  delivering  a  liquid,  the  apparatus  being 
adapted  for  travel  over  a  surface  to  which  the  liquid 

20  is  to  be  delivered  and  including  a  reversible  pump 
the  output  of  which  is  controlled  in  response  to  the 
travel  speed  of  the  apparatus,  the  method  compris- 
ing  directing  flow  from  the  pump  to  a  calibration 
vessel  while  the  apparatus  travels  over  a  predeter- 

25  mined  distance,  determining  the  volume  of  liquid 
supplied  to  the  calibration  vessel  during  such  travel, 
comparing  the  volume  of  liquid  with  the  volume  of 
liquid  corresponding  to  a  desired  flow  rate,  adjusting 
the  control  of  the  pump,  if  necessary,  in  order  to 

30  approximate  the  actual  volume  of  liquid  with  the 
volume  corresponding  to  the  derived  flow  rate,  and 
subsequently  reversing  the  pump  to  draw  the  liquid 
from  the  calibration  vessel. 

At  the  end  of  a  test,  the  liquid  in  the  calibration 
35  vessel  is  drawn  out  again  by  the  pump  and  returned 

to  the  source.  This  source  may  be  a  sealed 
collapsible  container,  such  as  is  disclosed  in 
GB2136321. 

Where  the  liquid  comprises  concentrated  product 
40  such  as  a  herbicide  or  other  agrochemical,  it  may  be 

mixed  with  a  second  liquid,  for  example  an  additive 
or  diluent  (such  as  water)  before  being  supplied  to 
the  delivery  means.  Thus,  the  apparatus  may  have  a 
second  liquid  source,  and  a  second  pump  for 

45  supplying  the  second  liquid.  The  two  flows  then  meet 
at  a  point  downstream  of  the  calibration  vessel,  and 
may  be  fed  together  to  the  delivery  means,  possibly 
passing  through  a  contactor  to  ensure  thorough 
mixing.  In  order  to  maintain  the  required  proportions 

50  of  the  two  liquids,  there  may  be  means  for  adjusting 
the  flow  rate  of  the  second  liquid.  For  example,  there 
may  be  a  variable  restrictor  at  the  outlet  of  the 
second  pump,  or  the  second  pump  itself  may  have 
an  adjustable  volumetric  output. 

55  In  order  to  ensure  that  the  calibration  vessel  gives 
a  true  reading  of  the  corresponding  flow  rate  during 
normal  operation,  measures  need  to  be  taken  to 
ensure  that  the  resistance  to  flow  into  the  calibration 
vessel  is  generally  the  same  as  the  resistance  to  flow 

60  towards  the  delivery  means.  In  practice,  this  can  be 
achieved  by  pressurising  the  calibration  vessel 
during  a  test  cycle  to  provide  the  same  back 
pressure  as  occurs  during  normal  operation.  Alter- 
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latively,  a  restriction  may  be  provided  at  the  inlet  of 
he  calibration  vessel. 

The  calibration  vessel  may  be  provided  in  line 
letween  the  pump  and  the  delivery  means,  the 
:alibration  vessel  thus  being  full  during  normal 
iperation  of  the  apparatus.  Alternatively,  the  calibra- 
ion  vessel  may  be  branched  off  the  line  between  the 
lump  and  the  delivery  means,  a  diverter  valve  being 
irovided  for  directing  flow  selectively  to  the  calibra- 
ion  vessel  or  the  delivery  means. 

Where  the  delivery  means  comprises  several 
spraying  heads,  separate  calibration  vessels  may  be 
>rovided  for  individual  heads  or  groups  of  heads. 

For  a  better  understanding  of  the  present  inven- 
ion,  and  to  show  how  it  may  be  carried  into  effect, 
eference  will  now  be  made,  by  way  of  example,  to 
he  accompanying  drawings,  in  which: 

Figure  1  is  a  diagrammatic  view  of  apparatus 
for  delivering  a  herbicide; 

Figure  2  is  a  sectional  view  of  a  calibration 
vessel  of  the  apparatus  shown  in  Figure  1  ;  and 

Figure  3  corresponds  to  Figure  1  but  shows 
an  alternative  embodiment. 

The  apparatus  shown  in  Figure  1  comprises  a 
spraying  boom  2  having  a  row  of  spray  nozzles  4.  In 
ise,  a  diluted  herbicide  is  conveyed  to  the  boom  2 
ilong  a  line  6.  The  diluted  mixture  is  obtained  by 
nixing  the  concentrated  product,  drawn  from  a 
;ontainer  8,  with  water  taken  from  a  tank  10.  The 
vater  is  fed  by  a  pump  12  along  a  line  14  to  a 
:ontactor  16  containing  baffles  for  ensuring  .thor- 
)ugh  mixing  of  the  water  and  the  herbicide.  The 
lerbicide  is  fed  from  the  container  8  by  a  pump  18 
hrough  a  line  20  to  the  line  14. 

The  volumetric  output  of  the  pump  18  is  ad- 
ustable.  For  example,  the  pump  18  may  be  a 
Deristaltic  pump  which  is  operable  at  a  variable 
speed  to  adjust  the  output.  The  output  of  the  pump 
1  8  is  controlled  by  control  means  including  an 
slectronic  control  unit  22.  The  control  unit  22 
•eceives  signals  from  a  remote  control  device  24  and 
Torn  a  travel  speed  sensor  26.  As  well  as  controlling 
the  pump  18,  the  control  unit  22  also  controls  a 
/ariable  restrictor  28  on  the  delivery  side  of  the 
oump  12. 

A  diverter  valve  30  is  provided  on  the  delivery  side 
of  the  pump  1  8,  and  is  operable  to  conduct  herbicide 
From  the  container  8  either  to  the  line  20  and  then  to 
the  line  14,  or  to  a  calibration  vessel  32. 

The  calibration  vessel  32  is  shown  in  more  detail  in 
Figure  2.  It  has  a  main  body  34  provided  with  a  cap 
36.  The  main  body  34  is  made  from  a  transparent 
material  (or  at  least  a  part  of  it  is  transparent)  and 
provided  with  graduations  38.  The  cap  includes  a 
venting  arrangement  40  operated  by  a  float  42.  The 
float  includes  a  valve  member  44  which  can 
cooperate  with  a  valve  seat  46  in  the  cap  36.  The  cap 
also  has  a  dip  tube  48  which  extends  to  the  bottom 
of  the  body  34  and  is  connected  by  a  tube  50  to  the 
diverter  valve  30. 

The  apparatus  which  is  diagrammatically  shown  in 
Figure  1  is  mounted  so  as  to  be  mobile.  For  example, 
it  may  be  mounted  on  a  chassis  provided  with 
wheels  so  that  it  can  be  trailed  behind  a  vehicle  or 
pushed  or  pulled  by  a  walking  operator.  Alterna- 

tively,  the  apparatus  may  De  mourueu  un  a.  name- 
work  provided  with  a  hitch  for  connection  to  the 
three-point  lift  of  a  tractor. 

In  normal  operation,  the  apparatus  is  controlled 
5  from  the  remote  control  24  which  will  be  positioned 

near  the  operator.  The  operator  will  key  into  the 
remote  control  device  24  the  width  of  the  boom  2 
(for  example,  in  metres)  and  the  application  rate  for 
the  herbicide  (or  other  product)  in  the  container  8 

10  (for  example  in  litres  per  hectare).  This  information 
will  pass  to  the  control  unit  22,  which  will  also  receive 
signals  from  the  travel  speed  sensor  26.  As  the 
apparatus  moves  over  the  ground,  the  sensor  26  will 
generate  signals  corresponding  to  the  forward  travel 

15  speed  of  the  apparatus,  and  these  signals  will  be 
passed  to  the  control  unit  22.  The  control  unit  22  will 
transmit  signals  to  the  pump  18  to  cause  the  pump 
18  to  operate  at  a  speed  corresponding  to  a 
volumetric  output  of  the  herbicide  which  corre- 

20  sponds  to  the  desired  application  rate. 
The  control  unit  22  also  transmits  a  speed-related 

signal  to  the  variable  restrictor  28.  The  flow  rate  of 
water  from  the  tank  10  to  the  spraying  boom  is  thus 
adjusted  in  accordance  with  the  travel  speed.  For 

25  example,  at  normal  speeds,  slight  variations  in  the 
travel  speed  will  affect  the  output  of  the  pump  18, 
but  will  not  effect  the  output  of  the  pump  12.  Thus, 
the  flow  of  water  to  the  boom  2  will  remain  the  same, 
but  the  concentration  of  herbicide  in  the  mixture  will 

30  vary  so  that  the  area  density  of  herbicide  applied  to 
the  ground  will  remain  substantially  the  same. 
However,  if  the  speed  of  travel  varies  significantly, 
the  concentration  of  herbicide  in  the  mixture  issuing 
from  these  spraying  nozzles  4  may  reach  undesir- 

35  able  levels  and  so,  under  these  circumstances,  the 
control  unit  22  will  cause  adjustment  of  the  variable 
restrictor  28  to  adjust  the  flow  of  water  to  the  boom 
2. 

Owing  to  manufacturing  tolerances,  individual 
40  pumps  18  will  not  all  deliver  the  same  volumetric 

output  at  the  same  speed.  Furthermore,  as  the  pump 
18  wears,  its  output/speed  characteristic  will  vary.  In 
addition,  different  compositions  of  herbicide  in  the 
container  8  will  have  different  flow  characteristics, 

45  and  these,  again,  will  vary  the  output/speed  charac- 
teristic  of  the  pump  18.  In  view  of  these  factors,  it  is 
important  to  ensure  that  the  flow  rate  of  herbicide 
delivered  by  the  pump  18  corresponds,  as  closely  as 
possible,  to  the  desired  flow  rate  in  any  particular 

50  circumstances.  It  is  therefore  necessary  to  calibrate 
the  pump  18  not  only  when  it  is  first  used,  but  also 
throughout  its  life  and  when  the  nature  of  the 
product  in  the  container  8  is  changed. 

This  is  done  with  the  aid  of  the  calibration  vessel 
55  32.  The  valve  30  is  positioned  so  as  to  direct  the 

output  of  the  pump  18  into  the  calibration  vessel  32 
through  the  dip  tube  48.  The  control  unit  22  has  a 
"prime"  operating  key  which,  when  depressed,  will 
cause  herbicide  from  the  container  8  to  be  fed  into 

60  the  tube  50  and  the  dip  tube  48  until  it  reaches  the 
bottom  of  the  calibration  vessel  32.  The  control  unit 
22  also  has  a  "test"  operating  key  which,  when 
operated,  causes  the  control  unit  22  to  supply,  to  the 
pump  18,  a  signal  corresponding  to  the  actual  travel 

65  speed  as  detected  by  the  sensor  26,  the  pre-set 
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boom  length  and  the  desired  area  density  distribu- 
tion  for  the  herbicide.  The  boom  length  and  the  area 
density  can  be  adjusted,  if  desired,  at  the  control 
device  22.  During  a  test  cycle,  the  pump  12  is  not 
operated.  During  a  test,  the  apparatus  is  moved  over 
the  ground  for  a  predetermined  distance,  such  as  20 
metres,  during  which  the  herbicide  from  the  con- 
tainer  8  is  fed  to  the  calibration  vessel  32,  and  the 
level  of  herbicide  in  the  vessel  32  thus  rises.  Air  in 
the  calibration  vessel  is  exhausted  through  the 
venting  assembly  40. 

In  abnormal  circumstances,  the  herbicide  may 
flow  sufficiently  quickly  for  it  to  reach  the  lowermost 
position  of  the  float  42  during  the  test,  in  which  case 
the  float  will  rise  until,  eventually,  the  valve  44  makes 
contact  with  the  seat  46,  to  close  the  venting 
assembly  40.  This  will  prevent  the  herbicide  from 
being  discharged  from  the  vessel  32. 

When  the  "test"  cycle  is  complete,  the  operator 
can  determine  the  position,  along  the  graduations 
38,  which  the  surface  of  the  herbicide  has  reached  in 
the  vessel  32.  This  provides  a  reading  of  the  volume 
of  herbicide  which  has  been  delivered  by  the  pump 
18  during  the  test.  Because  the  spraying  width  can 
be  determined  from  the  boom  length,  it  is  possible  to 
determine  by  calculation  exactly  how  much  her- 
bicide  should  be  delivered  over  the  predetermined 
travel  distance  to  give  the  required  area  density. 
Information  derived  from  such  calculations  may  be 
presented  in  the  form  of  a  graph  or  table.  The  actual 
volume  reading  can  thus  be  compared  with  the 
desired  volume,  obtained  from  the  calibration  graph 
or  table,  and  the  operator  can  establish  whether  the 
output  of  the  pump  18  is  approximately  correct,  or  is 
too  high  or  too  low.  If  the  output  is  too  high  or  too 
low,  the  operator  can  key  a  correction  factor  into  the 
control  unit  22,  in  order  to  step  up  or  step  down  the 
speed  of  the  pump  18.  The  calibration  test  can  then 
be  repeated  to  check  that  the  correction  factor  has 
had  the  desired  effect.  Further  correction  and 
testing  can  be  carried  out  as  necessary  until  the 
output  of  the  pump  18  is  satisfactory.  After  each 
test,  the  pump  18  can  be  reversed,  in  order  to  return 
the  herbicide  in  the  vessel  32  to  the  container  8.  This 
can  be  done,  for  example,  by  moving  the  apparatus 
backwards. 

At  the  completion  of  testing,  the  diverter  valve  30 
can  be  returned  to  its  normal  position,  in  which  the 
output  of  the  pump  18  is  passed  to  the  line  20  and 
then  to  the  line  14  to  be  mixed  with  water  from  the 
tank  10. 

It  will  be  appreciated  that,  in  order  to  ensure  that 
the  flow  rate  from  the  pump  18  during  testing 
provides  an  adequate  indication  of  the  flow  rate  from 
the  pump  18  during  normal  operation,  the  resistance 
to  flow  into  the  calibration  vessel  32  must  be 
approximately  the  same  as  the  resistance  to  flow 
into  the  line  14.  Since  a  back-pressure  in  the  line  20 
will  be  generated  by  the  operation  of  the  pump  12 
and  by  the  resistances  to  flow  in  the  contactor  16, 
the  line  6  and  the  boom  2,  some  compensating 
backpressure  must  be  established  in  the  flow  line  to 
the  calibration  vessel  32.  One  way  of  achieving  this  is 
to  pressurise  the  calibration  vessel  32,  possibly  by 
means  of  a  bleed  from  the  pump  12,  but  a  preferred 

method  is  to  include  a  restrictor  in  the  tube  50. 
The  calibration  process  can  be  checked  by 

loading  the  container  8  with  the  same  quantity  of 
liquid  as  enters  the  calibration  vessel  32  during  a 

5  test,  and  then  running  the  apparatus  to  discharge 
the  liquid  from  the  nozzles  34.  The  container  8 
should  empty  over  exactly  the  same  distance  as 
during  the  calibration  test.  If  this  does  not  happen, 
appropriate  adjustment  can  be  made  to,  for 

10  example,  the  restrictor  in  the  tube  50. 
In  order  to  avoid,  as  far  as  possible,  any  danger  of 

the  operator  coming  into  contact  with  the  herbicide 
(or  other  product)  in  the  container  8,  the  container  8 
is  preferably  in  the  form  of  a  sealed  collapsible  bag, 

15  as  is  disclosed  in  GB2136321. 
The  embodiment  shown  Figure  3  is  similar,  in 

many  respects,  to  that  shown  in  Figure  1  ,  and  the 
same  reference  numbers  are  used  to  designate  the 
same  components.  The  difference  between  the  two 

20  embodiments  resides  in  the  manner  in  which  the 
calibration  vessel  32  is  connected  oetween  the 
pump  18  and  line  14. 

In  Figure  3,  the  pump  18  discharges  into  a  line  52, 
which  opens  into  the  lower  region  of  the  calibration 

25  vessel  32.  A  further  duct  54  connects  the  upper 
region  of  the  calibration  vessel  32  to  the  line  14.  The 
calibration  vessel  may  be  similar  to  that  shown  in 
Figure  2  (with  the  tube  50  corresponding  to  the  duct 
52),  although  the  duct  54  would  be  connected  to  the 

30  vessel  at  its  upper  region,  for  example,  at  the  cap  36. 
In  normal  operation  of  the  apparatus  shown  in 

Figure  3,  liquid  supplied  from  the  source  8  by  the 
pump  18  flows  through  the  calibration  vessel  32  to 
the  line  14,  where  it  is  mixed  with  water  from  the  tank 

35  10.  The  mixture  then  flows  through  the  contactor  16 
to  the  spray  nozzles  4. 

Calibration  of  the  flow  of  liquid  from  the  pump  18 
to  the  line  14  would  normally  take  place  before  use  of 
the  equipment,  when  the  calibration  vessel  32  is 

40  empty.  If  not,  the  calibration  vessel  32  can  be 
emptied  by  running  the  pump  18  in  reverse.  Then, 
with  the  pump  12  turned  off,  the  pump  18  is  operated 
in  the  forward  direction  until  the  level  of  liquid  in  the 
calibration  vessel  32  reaches  a  "0"  mark,  and 

45  subsequently  the  apparatus  is  moved  over  a  pre- 
determined  distance,  after  which  the  apparatus  is 
stopped  and  the  level  of  liquid  in  the  calibration 
vessel  32  is  determined,  in  order  to  provide  an 
indication  of  the  flow  rate  of  liquid  from  the  pump  18. 

50  As  an  alternative  to  operating  the  pump  18  over  a 
predetermined  travel  distance  of  the  apparatus 
during  a  test  cycle,  the  pump  18  could  be  operated 
for  a  predetermined  time,  for  example  1  minute,  at  a 
rate  corresponding  to  a  commonly  used  travel 

55  speed,  after  which  the  level  in  the  calibration  vessel 
32  could  be  determined  to  provide  an  indication  of 
the  volume  of  herbicide  dispensed  per  unit  area. 
Alternatively,  the  pump  18  could  be  operated  until  a 
predetermined  volume  of  liquid  has  reached  the 

60  calibration  vessel  32,  the  flow  rate  then  being 
determined  on  the  basis  of  the  time  taken. 

If  the  volume  reading  obtained  from  the  calibration 
vessel  32  is  acceptably  close  to  the  desired  value, 
then  the  pump  12  may  be  started,  and  the  apparatus 

65  can  be  used  to  deliver  the  liquid/water  mixture 

4 



■P  0  323  205  A1 

vithout  further  ado.  However,  if  the  test  cycle 
eveals  that  the  output  of  the  pump  18  is  outside 
acceptable  limits,  then  the  calibration  vessel  32  can 
)e  emptied  by  operating  the  pump  18  in  reverse  (for 
jxample  by  moving  the  apparatus  backwards)  until 
tie  level  in  the  calibration  vessel  32  returns  to  "0" 
nark.  Appropriate  adjustment  can  then  be  made  to 
:he  control  unit  22,  and  the  test  can  be  repeated  as 
rtany  times  as  is  necessary  to  obtain  an  acceptable 
low  rate  from  the  pump  18. 

As  with  the  apparatus  of  Figure  1  ,  measures  may 
De  taken  to  ensure  that  the  resistance  to  flow  into 
the  calibration  vessel  32  during  a  test  cycle  is 
comparable  to  that  occurring  during  normal  oper- 
ation  of  the  apparatus. 

In  the  embodiments  of  Figures  1  and  3,  the 
apparatus  comprises  a  single  calibration  vessel  32 
which  is  used  to  monitor  the  flow  rate  of  herbicides 
:o  all  of  the  spray  nozzles  of  the  boom  2.  As  an 
alternative,  it  would  be  possible  to  have  several 
calibration  vessels  32,  each  serving  one  spray  nozzle 
i,  or  a  group  of  spray  nozzles  4.  This  arrangement 
■nakes  it  possible  to  monitor  the  flow  rates  of 
lerbicide  to  different  nozzles  4,  or  groups  of 
nozzles,  so  as  to  ensure  that  all  of  the  spray 
nozzles  4  are  delivering  approximately  the  same 
strength  of  mixture. 

Claims 

1.  Apparatus  for  delivering  a  liquid,  the 
apparatus  being  adapted  for  travel  over  a 
surface  to  which  the  liquid  is  to  be  delivered,  the 
apparatus  comprising  a  source  of  liquid,  a 
variable  output  reversible  pump,  delivery  means 
to  which  the  liquid  is  supplied  by  the  pump  from 
the  source,  control  means  for  adjusting  the 
output  of  the  pump,  and  a  travel  speed  sensor 
for  transmitting  a  travel  speed  signal  to  the 
control  means,  a  duct  being  provided  for 
directing  liquid  from  the  pump  to  the  lower 
region  of  a  calibration  vessel  for  determining 
the  volumetric  output  of  the  pump,  reversal  of 
the  pump  causing  liquid  to  be  returned  from  the 
calibration  vessel  to  the  source. 

2.  Apparatus  as  claimed  in  claim  1  ,  in  which 
the  liquid  is  mixed  with  a  second  liquid  at  a 
region  between  the  calibration  vessel  and  the 
delivery  means. 

3.  Apparatus  as  claimed  in  claim  2,  in  which 
the  second  liquid  is  fed  to  the  delivery  means 
from  a  second  source  by  a  second  pump. 

4.  Apparatus  as  claimed  in  claim  3,  in  which  a 
variable  restrictor  is  provided  at  the  delivery 
side  of  the  second  pump. 

5.  Apparatus  as  claimed  in  claim  4,  in  which 
the  variable  restrictor  is  controlled  by  the 
control  means. 

6.  Apparatus  as  claimed  in  any  one  of  the 
preceding  claims,  in  which  a  diverter  valve  is 
provided  for  connecting  the  pump  selectively  to 
the  calibration  vessel  or  the  delivery  means. 
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7.  Apparatus  as  claimed  in  claim  b,  in  wnicn 
means  is  provided  for  equalising  the  back- 
pressure,  applied  at  the  diverter  valve,  from  the 
delivery  means  and  from  the  calibration  vessel. 

8.  A  method  of  calibrating  apparatus  for 
delivering  a  liquid,  the  method  comprising 
directing  a  regulated  flow  of  the  liquid  from  a 
reversible  pump  to  a  calibration  vessel  for  a 
predetermined  time,  determining  the  volume  of 
liquid  supplied  to  the  calibration  vessel  during 
the  predetermined  time,  comparing  that  volume 
of  liquid  with  the  volume  of  liquid  corresponding 
to  a  desired  flow  rate,  and  adjusting  the  flow 
rate  of  liquid,  if  necessary,  in  order  to  approxi- 
mate  the  actual  volume  of  liquid  received  in  the 
calibration  vessel  with  the  volume  correspond- 
ing  to  the  desired  flow  rate,  and  subsequently 
reversing  the  pump  to  draw  the  liquid  from  the 
calibration  vessel. 

9.  A  method  of  calibrating  apparatus  for 
delivering  a  liquid,  the  apparatus  being  adapted 
for  travel  over  a  surface  to  which  the  liquid  is  to 
be  delivered  and  including  a  reversible  pump 
the  output  of  which  is  controlled  in  response  to 
the  travel  speed  of  the  apparatus,  the  method 
comprising  directing  flow  from  the  pump  to  a 
calibration  vessel  while  the  apparatus  travels 
over  a  predetermined  distance,  determining  the 
volume  of  liquid  supplied  to  the  calibration 
vessel  during  such  travel,  comparing  the  vol- 
ume  of  liquid  with  the  volume  of  liquid  corre- 
sponding  to  a  desired  flow  rate,  adjusting  the 
control  of  the  pump,  if  necessary,  in  order  to 
approximate  the  actual  volume  of  liquid  with  the 
volume  corresponding  to  the  derived  flow  rate, 
and  subsequently  reversing  the  pump  to  draw 
the  liquid  from  the  calibration  vessel. 

10.  A  method  as  claimed  in  claim  9,  in  which 
the  pump  is  reversed  by  causing  the  apparatus 
to  travel  backwards. 
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