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(54)  A  sensing  device 

(57)  A  sensing  device  comprises  an  axially  magnet- 
ised  hollow  magnet  24  and  means  5  for  sensing  mag- 
netic  field  changes  movable  into  and  out  of  the  magnet 
24,  the  sensing  means  5  being  aligned  to  generate  a 
first  potential  difference  when  the  sensing  means  5  is 
inside  the  magnet  24  and  a  second,  different,  potential 

difference  when  the  sensing  means  5  is  outside  of  the 
magnet  24,  detection  of  the  first  and  second  potential 
differences  being  indicative  of  the  position  of  the  sens- 
ing  means  5  with  respect  to  the  magnet  24.  An  end  of 
travel  sensor  10  employing  the  sensing  device  is  also 
disclosed. 
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Description 

[0001]  This  invention  relates  to  a  sensing  device. 
[0002]  A  variety  of  sensing  devices  have  previously 
been  proposed.  One  such  previously  proposed  sensing  s 
device  employs  a  Hall  effect  sensor  and  is  shown  in  Fig- 
ure  1.  As  shown,  the  sensing  device  comprises  a  pair 
of  bar  magnets  1  ,  3  having  opposite  poles  aligned  and 
each  having  a  thickness  "X".  Disposing  the  Hall  effect 
sensor  5  in  the  magnetic  field  "B"  between  the  bar  mag-  10 
nets  1,  3  causes  the  current  carriers  within  the  sensor 
to  be  displaced  to  cause  the  generation  of  a  potential 
difference  across  the  sensor  5. 
[0003]  As  shown  in  Figure  1  A,  the  potential  difference 
increases  from  a  minimum  value  when  the  sensor  5  is  15 
to  the  left  of  the  magnets  1  ,  3  to  a  maximum  value  when 
the  sensor  5  is  approximately  coincident  with  the  mag- 
nets  1,  3,  and  returns  to  a  minimum  as  the  sensor  5 
moves  to  the  right  of  the  magnets  1,  3.  The  resulting 
potential  difference  profile  is  such  that  it  can  be  difficult  20 
to  determine  exactly  when  the  sensor  is  coincident  with 
the  magnets  1  ,  3.  Thus,  an  end  of  travel  sensor  employ- 
ing  the  previously  proposed  Hall  effect  sensor  5  typically 
requires  complex  and  expensive  thresholding  electron- 
ics  in  order  to  determine  when  the  sensor  is  coincident  25 
with  the  magnets  1,3.  These  thresholding  electronics 
are  also  unduly  susceptible  to  dithering  at  the  "on/off" 
position  boundary  which  can  lead  to  behaviourial  oddi- 
ties  in  the  system  employing  the  sensing  device.  It  has 
also  been  noted  that  the  accuracy  of  these  previously  30 
proposed  devices  is  unduly  sensitive  to  temperature 
changes  and  to  changes  in  magnetic  field  strength  as  a 
result  of  those  temperature  changes.  Furthermore, 
these  previously  proposed  sensing  devices  are  also 
hampered  by  the  sensitivity  of  the  Hall  effect  device  35 
which  can  further  reduce  the  accuracy  of  position  deter- 
mination. 
[0004]  In  addition,  the  Hall  effect  sensor  of  the  Figure 
1  device  must  be  carefully  monitored  in  order  to  ensure 
that  it  is  perpendicularly  aligned  to  the  magnetic  field  40 
"B".  This  requires  the  services  of  trained  personnel  and 
unacceptably  increases  both  the  down  time  of  any  sys- 
tem  employing  the  sensing  device  and  the  running  costs 
of  that  system. 
[0005]  In  accordance  with  a  first  aspect  of  the  inven-  45 
tion,  there  is  provided  a  sensing  device  comprising  an 
axially  magnetised  hollow  magnet  and  means  for  sens- 
ing  magnetic  field  changes  movable  into  and  out  of  the 
magnet,  the  sensing  means  being  aligned  to  generate 
a  first  potential  difference  when  the  sensing  means  is  so 
inside  the  magnet  and  a  second,  different,  potential  dif- 
ference  when  the  sensing  means  is  outside  of  the  mag- 
net,  detection  of  the  first  and  second  potential  differenc- 
es  being  indicative  of  the  position  of  the  sensor  with  re- 
spect  to  the  magnet.  55 
[0006]  This  arrangement  obviates  the  need  for  expen- 
sive  monitoring  and  adjustment  of  the  sensing  device 
as,  by  virtue  of  the  axially  magnetised  hollow  magnet, 

the  sensor  is  always  perpendicularly  aligned  to  at  least 
a  portion  of  the  magnetic  field.  In  addition,  the  determi- 
nation  of  the  position  of  the  sensor  with  respect  to  the 
magnet  is  simplified  as  the  boundary  between  the  first 
and  second  potential  differences  is  clarified.  Further- 
more,  the  accuracy  of  the  sensing  device  is  less  vulner- 
able  to  changes  in  temperature  and  magnetic  field  than 
previously  proposed  devices.  Preferably,  the  magnet  is 
a  ring  magnet. 
[0007]  Preferably,  the  first  potential  difference  is  larg- 
er  than  said  second  potential  difference. 
[0008]  Preferably,  said  sensing  means  comprises  a 
Hall  effect  sensor,  and  more  preferably  a  unipolar  Hall 
effect  sensor.  In  either  case,  it  is  preferred  that  the  sens- 
ing  means  outputs  a  logic  high  when  said  sensing 
means  is  inside  of  said  magnet,  and  a  logic  low  when 
said  sensing  means  is  outside  of  said  magnet. 
[0009]  One  popular  application  for  a  sensing  devices 
is  as  an  end  of  travel  position  sensor  which  can  be  used, 
for  example,  in  conjunction  with  various  pneumatic  or 
hydraulic  systems  to  sense  end  of  travel  positions  of 
moving  components  within  the  system. 
[0010]  In  a  previously  proposed  system,  two  pairs  of 
bar  magnets  -  each  arranged  as  in  Figure  1  -  are  pro- 
vided  within,  or  in  abutment  with  the  outside  of,  a  pneu- 
matic  cylinder.  One  pair  of  magnets  is  provided  at  a  fully 
retracted  position  of  the  cylinder  and  the  other  pair  is 
provided  at  a  fully  extended  position  of  the  cylinder.  The 
piston  of  the  pneumatic  cylinder  is  provided  with  a  Hall 
effect  sensor  so  that  a  voltage  is  generated  as  the  sen- 
sor  passes  through  the  magnetic  fields  generated  by  re- 
spective  pairs  of  magnets.  By  sensing  the  voltage  gen- 
erated  from  the  sensor,  it  is  possible  to  determine  the 
position  of  the  sensor  with  respect  to  the  magnets  and 
thus  the  position  of  the  piston  with  respect  to  the  fully 
extended  and  fully  retracted  cylinder  positions. 
[0011]  Whilst  this  previously  proposed  arrangement 
operates  adequately,  it  has  been  noted  that  the  Hall  ef- 
fect  sensors  have  an  unacceptably  high  failure  rate  - 
which  rate  has  been  postulated  to  be  due  to  the  action 
of  the  high  pressure  environment  within  the  system  on 
the  sensitive  Hall  effect  sensors.  As  a  consequence  of 
this,  the  sensors  must  be  regularly  inspected  and  re- 
placed  thereby  unacceptably  increasing  the  operating 
costs  of  the  equipment  employing  the  end  of  travel  sen- 
sor.  Furthermore,  it  has  been  noted  that  previously  pro- 
posed  sensors  have  a  limited  accuracy  due  to  temper- 
ature  variations  in  the  system. 
[0012]  In  accordance  with  a  second  aspect  of  the  in- 
vention,  there  is  provided  a  an  end  of  travel  sensor  for 
a  pneumatic  or  hydraulic  system,  the  sensor  comprising 
at  least  one  of  the  sensing  devices  described  herein; 
wherein  the  magnet  is  movable  within  a  high  pressure 
and/or  temperature  environment  of  the  system;  and  the 
sensing  means  is  provided  in  a  low  pressure  and/or  en- 
vironment,  the  sensor  comprising  means  for  determin- 
ing  the  position  of  the  magnet  with  respect  to  the  sensing 
means  based  upon  the  first  and  second  potential  differ- 
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ences  generated  by  said  sensing  means. 
[0013]  In  this  way,  it  is  possible  to  shield  the  relatively 
delicate  sensing  means  from  the  high  pressure  and/or 
temperature  environment  thereby  to  improve  the  relia- 
bility  of  the  sensor. 
[0014]  Preferably,  said  sensor  comprises  a  pair  of 
said  sensing  devices,  a  first  device  being  positioned  to 
sense  a  retracted  position  of  a  moving  component  and 
a  second  device  being  positioned  to  sense  an  extended 
position  of  the  moving  component.  The  moving  compo- 
nent  may  be  a  piston  of  a  pneumatic  or  hydraulic  sys- 
tem.  The  magnet  may  be  attached  to,  or  formed  as  part 
of,  the  moving  component. 
[0015]  Preferably,  said  low  pressure  and/or  tempera- 
ture  environment  comprises  a  rigid  tube,  sealed  at  at 
least  one  end  to  shield  said  sensing  means  from  the  high 
pressure  and/or  temperature  environment.  In  which 
case,  the  magnet  may  be  slidably  receivable  over  said 
rigid  tube.  Preferably,  said  rigid  tube  is  of  stainless  steel. 
[0016]  Preferably,  said  determining  means  deter- 
mines  said  magnet  to  be  coincident  with  said  sensing 
means  when  a  logic  high  generated  by  said  sensing 
means  is  detected  and/or  determines  said  magnet  to  be 
away  from  said  sensing  means  when  a  logic  low  gener- 
ated  by  said  sensing  means  is  detected. 
[001  7]  An  embodiment  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example  only,  with  reference  to  the 
accompanying  drawings,  in  which: 

Figure  1  schematically  illustrates  a  previously  pro- 
posed  sensing  device; 
Figure  1  A  illustrates  a  potential  difference  profile  of 
the  sensor  of  Figure  1  ; 
Figure  2  is  a  perspective  view  of  an  axially  magnet- 
ised  hollow  magnet; 
Figure  2A  is  a  cross-sectional  view  along  the  line 
II—  II  of  Figure  2,  showing  the  magnet  of  Figure  2 
employed  in  a  sensing  device; 
Figure  2B  illustrates  a  potential  difference  profile  of 
the  device  of  Figure  2A; 
Figure  3  is  a  cross-sectional  elevation  of  an  end  of 
travel  sensor  employing  the  device  of  Figure  2A; 
and 
Figure  4  is  a  schematic  representation  of  a  position 
determining  circuit  employable  with  the  sensor  of 
Figure  3. 

[0018]  Figure  2  is  a  perspective  view  of  an  axially 
magnetised  magnet  24,  for  example  a  ring  magnet  (al- 
though  other  magnetically  equivalent  arrangements  will 
be  apparent  to  persons  skilled  in  the  art),  employed  in 
embodiments  of  the  present  invention.  As  shown,  the 
magnet  24  comprises  a  tube  of  suitable  magnetic  ma- 
terial  magnetised  to  have  opposite  poles  at  opposite 
ends.  Figure  2A  shows  a  cross-sectional  view  along  the 
line  (II)  -  (II)  of  Figure.  2.  As  shown  in  Figure  2A,  the 
magnet  24  is  capable  of  being  moved  over  a  sensor  5 
(which  is  preferably  a  unipolar  sensor)  to  generate  a  hall 

effect  in  the  sensor  in  a  direction  perpendicular  to  the 
magnetic  field  "B".  As  shown  in  Figure  2B,  the  potential 
difference  measured  in  the  sensor  when  it  is  to  the  left 
of  the  magnet  (Position  (i)  in  Figure  2A)  increases  sud- 

5  denly  from  a  minimum  to  a  maximum  as  the  sensor  is 
coincident  with  an  end  of  the  magnet  (Position  (ii)  in  Fig- 
ure  2A).  The  maximum  potential  continues  to  be  sensed 
in  the  sensor  until  the  sensor  is  coincident  with  the  other 
end  of  the  magnet  24,  at  which  point  the  voltage  again 

10  drops  to  the  minimum  (Position  (iii)  in  Figure  2A).  By 
comparing  Figures  1A  and  2B,  it  can  be  seen  that  the 
determination  of  when  the  sensor  is  coincident  with  the 
associated  magnet  is  much  simplified  when  a  magnet 
is  moved  over  the  sensor.  Accordingly,  a  position  sensor 

is  incorporating  the  arrangement  of  Figure  2  is  significantly 
less  complex  than  that  of  Figure  1  as  it  requires  less 
electronic  components  (in  particular  no  thresholding 
components)  and  provides  for  more  predictable  results 
exhibiting  less  or  no  dithering. 

20  [0019]  Figure  3  is  a  schematic  cross-sectional  view  of 
an  end  of  travel  sensor  according  to  an  aspect  of  the 
invention.  With  reference  to  Figure  3,  the  end  of  travel 
sensor  10  comprises  a  pressure  tube  12  which  is  sealed 
at  one  end  by  an  end  cap  14  welded,  or  otherwise  af- 

25  fixed,  thereto.  The  pressure  tube  12  is  welded,  or  oth- 
erwise  affixed,  at  its  other  end  to  a  flanged  member  16 
which  is  provided  with  a  groove  18,  capable  of  receiving 
some  form  of  pressure  seal,  such  as  an  O-ring  (not 
shown),  to  provide  a  pressure  seal  between  the  flanged 

30  member  and  a  surrounding  hydraulic  or  pneumatic  sys- 
tem  (not  shown). 
[0020]  The  flanged  member  1  6  is  receivable  in  a  suit- 
able  opening  in  a  hydraulic  or  pneumatic  cylinder  (not 
shown),  for  example,  of  a  hydraulic  or  pneumatic  sys- 

35  tern.  The  end  of  the  tube  affixed  to  the  flange  member 
16  is  preferably  filled  with  a  potting  compound  20,  or 
other  like  substance,  so  as  to  seal  the  interior  of  the  tube 
12  both  from  the  high  pressure  environment  within  the 
hydraulic  or  pneumatic  cylinder  and  the  environment 

40  outside  of  the  cylinder.  Preferably,  the  tube  12  and  end 
cap  14  are  of  stainless  steel  -  although  other  suitable 
materials  will  be  readily  apparent  to  persons  skilled  in 
the  art. 
[0021]  Within  the  tube  12  there  is  provided  a  pair  of 

45  printed  circuit  boards  (PCB's)  22,  one  PCB  22(a)  being 
provided  in  the  neighbourhood  of  the  potting  compound 
20  and  the  flange  member  1  6,  and  the  other  PCB  22(b) 
being  provided  in  the  neighbourhood  of  the  end  cap  14. 
The  PCB's  22(a)  and  22(b)  are  each  provided  in  a  po- 

50  sition  that  approximately  corresponds  to  a  retracted  po- 
sition  and  an  extended  position,  respectively,  of  a  mov- 
ing  component  (not  shown),  such  as  a  piston,  of  the  hy- 
draulic  or  pneumatic  system  (not  shown).  Advanta- 
geously,  the  position  of  the  PCB's  may  be  adjusted  to 

55  allow  the  sensor  to  be  configured  for  use  with  a  partic- 
ular  apparatus. 
[0022]  The  sensor  1  0  is  provided  with  an  axially  mag- 
netised  hollow  magnet,  in  this  example  a  ring  magnet 
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24,  similar  to  that  of  Figure  2.  The  magnet  24  has  an 
annular  shape  with  the  aperture  being  slightly  larger 
than  the  cross-sectional  area  of  the  pressure  tube  12. 
The  magnet  24  is  connected  to,  or  forms  part  of,  the 
moving  component  (not  shown)  of  the  hydraulic  or  pneu- 
matic  system  (not  shown)  and  is  capable  of  freely  sliding 
over  the  outside  of  the  pressure  tube  12. 
[0023]  Each  of  the  PCB's  22  include  a  Hall  sensor  26 
which,  in  accordance  with  the  Hall  effect,  generates  a 
voltage  when  a  magnetic  field  is  applied  in  a  direction 
perpendicular  to  the  current  carriers  within  the  sensor 
26.  Advantageously,  the  alignment  of  the  sensor  is  less 
critical  as  the  sensor  of  Figure  2  will  always  be  perpen- 
dicular  to  at  least  a  component  of  the  magnetic  field  "B". 
Preferably,  the  Hall  sensors  are  digital  sensors  output- 
ting  a  logic  high  when  a  magnetic  field  is  applied  and  a 
logic  low  when  no  magnetic  field  is  applied.  It  is  also 
preferred  that  the  Hall  effect  sensors  are  unipolar  sen- 
sors,  although  bipolar  sensors  could  be  used  with  less 
accurate  results. 
[0024]  The  two  PCB's  22(a)  and  22(b)  are  connected 
to  one  another  by  suitable  interconnecting  means  28 
and  the  first  PCB  22(a)  is  connected  to  external  equip- 
ment  (not  shown)  by  input/output  connection  means  30 
buried  in  and  travelling  through  the  potting  compound 
20. 
[0025]  Figure.  4  illustrates  an  exemplary  arrangement 
of  PCB  components  wherein  the  Hall  effect  sensors  26 
each  comprise  a  digital  output  Hall  effect  sensor.  As 
shown,  the  sensors  26  are  each  connected  to  a  logic 
means  32  which  may  be  a  microcontroller  or  other  suit- 
able  device.  The  logic  means  is  cycled  by  a  clock  signal; 
the  clock  signal  being  inputted  on  input  line  34  from  a 
clock  signal  generator  36;  to  interrogate  inputs  38  and 
40  from  the  first  hall  effect  sensor  and  the  second  hall 
effect  sensor,  respectively.  When  the  logic  means  de- 
tects  a  logic  low  on  both  inputs  38  and  40,  it  determines 
that  the  magnet  24  and  thus  the  piston  (not  shown)  is 
between  the  retracted  and  extended  end  of  travel  posi- 
tions,  and  thus  that  operation  of  the  cylinder  may  safely 
be  continued.  When  the  logic  means  32  detects  a  logic 
high  on  input  38,  it  determines  that  the  magnet  (and 
hence  the  piston)  is  at  the  retracted  position,  and  thus 
the  operation  of  the  cylinder  should  be  interrupted  pend- 
ing  reversal  of  the  cylinder  during  an  extension  stroke. 
[0026]  Similarly,  when  the  logic  means  32  detects  a 
logic  high  on  input  40,  then  it  determines  that  the  piston 
(not  shown)  is  at  the  extended  position  and  thus  that  the 
operation  of  the  cylinder  should  be  interrupted  pending 
reversal  of  the  cylinder  during  a  retraction  stroke.  Suit- 
able  control  signals  are  output  from  the  control  on  output 
line  30  to  control  the  external  equipment  to  reverse  the 
operating  direction  of  the  cylinder. 
[0027]  It  will  be  understood  that  the  arrangement  de- 
scribed  in  Figure  4  is  purely  exemplary  and  that  alterna- 
tive  control  circuits  will  be  immediately  apparent  to  per- 
sons  skilled  in  the  art.  For  example,  the  digital  output 
Hall  effect  sensors  could  be  replaced  with  analog  sen- 

sors  -  in  which  case  an  additional  electronic  comparative 
circuit  would  be  preferred  to  generate  a  digital  output  for 
processing  by  the  logic  means. 
[0028]  It  will  be  understood  that  the  invention  has 

5  been  described  above  by  way  of  example  only  and  that 
modifications  may  be  made  within  the  scope  of  the  ap- 
pended  claims. 

10  Claims 

1  .  A  sensing  device  comprising  an  axially  magnetised 
hollow  magnet  and  means  for  sensing  magnetic 
field  changes  movable  into  and  out  of  the  magnet, 

is  the  sensing  means  being  aligned  to  generate  a  first 
potential  difference  when  the  sensing  means  is  in- 
side  the  magnet  and  a  second,  different,  potential 
difference  when  the  sensing  means  is  outside  of  the 
magnet,  detection  of  the  first  and  second  potential 

20  differences  being  indicative  of  the  position  of  the 
sensor  with  respect  to  the  magnet. 

2.  A  sensing  device  according  to  Claim  1  ,  wherein  the 
magnet  is  a  ring  magnet. 

25 
3.  A  sensing  device  according  to  Claim  1  or  Claim  2, 

wherein  said  first  potential  difference  is  larger  than 
said  second  potential  difference. 

30  4.  A  sensing  device  according  to  any  of  Claims  1  to  3, 
wherein  said  sensing  means  comprises  a  Hall  effect 
sensor. 

5.  A  sensing  device  according  to  Claim  4,  wherein  said 
35  sensor  is  a  unipolar  Hall  effect  sensor. 

6.  A  sensing  device  according  to  any  of  Claims  1  to  5, 
wherein  said  sensing  means  outputs  a  logic  high 
when  said  sensing  means  is  inside  of  said  magnet, 

40  and  a  logic  low  when  said  sensing  means  is  outside 
of  said  magnet. 

7.  An  end  of  travel  sensor  for  a  pneumatic  or  hydraulic 
system,  the  sensor  comprising  at  least  one  sensing 

45  device  according  to  any  preceding  claim;  wherein 
the  magnet  is  movable  within  a  high  pressure  and/ 
or  temperature  environment  of  the  system;  and  the 
sensing  means  is  provided  in  a  low  pressure  and/ 
or  environment,  the  sensor  comprising  means  for 

so  determining  the  position  of  the  magnet  with  respect 
to  the  sensing  means  based  upon  the  first  and  sec- 
ond  potential  differences  generated  by  said  sensing 
means. 

55  8.  An  end  of  travel  sensor  according  to  Claim  7, 
wherein  said  sensor  comprises  a  pair  of  said  sens- 
ing  devices,  a  first  device  being  positioned  to  sense 
a  retracted  position  of  a  moving  component  and  a 

4 
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second  device  being  positioned  to  sense  an  extend- 
ed  position  of  the  moving  component. 

9.  An  end  of  travel  sensor  according  to  Claim  8, 
wherein  the  moving  component  is  a  piston  of  a  s 
pneumatic  or  hydraulic  system. 

10.  An  end  of  travel  sensor  according  to  Claim  8  or 
Claim  9,  wherein  the  magnet  is  attached  to,  or 
formed  as  part  of,  the  moving  component.  10 

11.  An  end  of  travel  sensor  according  to  any  of  Claims 
7  to  10,  wherein  said  low  pressure  and/or  temper- 
ature  environment  comprises  a  rigid  tube,  sealed  at 
at  least  one  end  to  shield  said  sensing  means  from  15 
the  high  pressure  and/or  temperature  environment. 

12.  An  end  of  travel  sensor  according  to  Claim  11, 
wherein  the  magnet  is  slidably  receivable  over  said 
rigid  tube.  20 

13.  An  end  of  travel  sensor  according  to  Claim  1  or 
Claim  12,  wherein  said  rigid  tube  is  of  stainless 
steel. 

25 
14.  An  end  of  travel  sensor  according  to  any  of  Claims 

7  to  13,  wherein  said  determining  means  deter- 
mines  said  magnet  to  be  coincident  with  said  sens- 
ing  means  when  a  logic  high  generated  by  said 
sensing  means  is  detected.  30 

15.  An  end  of  travel  sensor  according  to  any  of  Claims 
7  to  14,  wherein  said  determining  means  deter- 
mines  said  magnet  to  be  away  from  said  sensing 
means  when  a  logic  low  generated  by  said  sensing  35 
means  is  detected. 

40 
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