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©  Measurement  of  the  position  of  an  elongated  element. 

©  The  lined  position  of  an  elongated  element  (1)  is 
measured  using  a  transmission  medium  (2).  The 
transmission  medium  comprises  an  emitter  (3)  of 
microwaves  and  a  receiver  (4)  of  microwaves  and 
has  at  its  one  end  the  elongated  element  (1)  and  at 
its  other  end  an  electrical  short-circuit  (23).  A  stand- 
ing  wave  is  generated  by  reflection  of  the  micro- 
waves  on  the  short-circuit  (23)  and  on  the  elongated 
element  (1).  The  position  of  the  elongated  element  is 
determined  by  measuring  by  means  of  the  receiver 
(4)  the  amplitude  of  the  standing  wave. 
The  method  may  be  used  in  difficult  circumstances 
and  is  suitable  to  measure  mechanical  vibrations  of 
high-frequency. 
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MEASUREMENT  OF  THE  POSITION  OF  AN  ELONGATED  ELEMENT 

The  invention  relates  to  a  method  and  appara- 
tus  for  measuring  the  linear  position  of  an  elon- 
gated  electrically  conductive  element. 
By  "linear  position"  of  an  elongated  element  is 
meant  the  position  of  the  elongated  element  in  a 
direction  which  is  perpendicular  to  the  longitudinal 
axis  of  the  elongated  element.  By  "elongated  ele- 
ment"  is  meant  an  element  whose  longitudinal  di- 
mensions  are  more  than  hundred  times  the  dimen- 
sions  of  its  cross-section. 
By  an  "electrically  conductive  element"  is  meant 
an  element  which  has  a  conductivity  coefficient 
which  is  greater  than  0.01  mm/flmm2. 
Copper  wires,  steel  filaments  and  stainless  steel 
fibres  are  examples  of  elongated  electrically  con- 
ductive  elements. 

While  processing  an  elongated  element  such 
as  a  steel  wire  it  is  often  desirable  to  know  the 
exact  position  or  the  exact  vibrations  of  the  elon- 
gated  element  during  its  processing.  Analysis  of 
this  position  or  of  these  vibrations  may  be  in- 
dicatory  for  the  quality  of  the  process  or  for  the 
wear  of  some  parts  of  the  machinery.  If  one  wishes 
to  obtain  values  of  this  position  or  of  these  vibra- 
tions  which  are  suitable  for  the  analysis  one  wants 
to  make,  these  variable  quantities  must  be  mea- 
sured  at  a  strictly  determined  point  in  the  process 
line  and  very  often  this  point  in  the  process  line 
imposes  severe  restrictions  to  the  measurement 
methods  and  apparatuses  and  even  makes  mea- 
surement  impossible  in  some  extreme  cases.  In 
fact,  accurate  measurement  of  the  position  or  the 
vibrations  of  a  steel  wire  is  hardly  possible  by  the 
use  of  conventional  techniques  in  a  furnace  of 
900  °  C,  above  a  bath  for  thermal  treatment  where 
the  temperature  is  higher  than  250  °C  or  in  high 
vacuum. 

Another  drawback  of  conventional  techniques  is 
that  they  are  limited  in  frequency  of  the  vibrations. 
High  harmonics  are  difficult  or  impossible  to  mea- 
sure. 

Still  another  drawback  of  some  conventional 
techniques  such  as  inductive  methods  is  that  only 
the  speed  or,  in  an  indirect  way,  the  position  of  a 
moving  elongated  element  is  measured.  At  stand- 
stills  no  detection  signal  is  produced. 

It  is  an  object  of  the  present  invention  to  mea- 
sure  the  position  and  the  vibration  of  an  elongated 
slement  in  difficult  circumstances. 
It  is  another  object  of  the  present  invention  to  allow 
the  accurate  measurement  of  high-frequency  vibra- 
tions  of  an  elongated  element. 
It  is  still  another  object  of  the  present  invention  to 
measure  the  absolute  position  of  an  elongated  ele- 
ment,  i.e.  the  rest  position  of  an  elongated  element. 

According  to  one  aspect  of  the  present  inven- 
tion  there  is  provided  a  method  for  measuring  the 
linear  position  of  an  elongated  electrically  conduc- 
tive  element  characterized  in  that  a  transmission 

5  medium  is  used,  said  transmission  medium  com- 
prising  a  microwave  circuit  having  an  emitter  of 
microwaves  and  a  receiver  of  microwaves,  said 
transmission  medium  having  at  its  one  end  said 
elongated  element  and  at  its  other  end  an  electrical 

m  short-circuit,  and  characterized  in  that  a  standing 
wave  is  generated  by  reflection  of  the  microwaves 
on  said  short-circuit  and  on  said  elongated  element 
and  that  the  position  of  said  elongated  element  is 
determined  by  measuring  by  means  of  said  re- 

75  ceiver  the  amplitude  of  the  standing  wave. 
The  other  end  of  the  transmission  medium  with 

the  short-circuit  is  located  at  about  k.JXg  from  the 
emitter,  k  being  an  integer  number  greater  than  or 
equal  to  one  and  Xg  being  the  wavelength  of  the 

20  microwaves  in  the  wave  guide. 
The  transmission  medium  may  be  a  wave 

guide,  a  stripline,  a  microstrip  or  other  ways  of 
carrying  out  which  are  well  known  in  the  art.  What 
form  is  used  depends  on  the  circumstances  under 

25  which  the  linear  position  has  to  be  measured.  At 
high  temperatures  a  wave  guide  made  of  a  suitable 
material  must  be  used.  If  the  measurement  im- 
poses  no  specific  requirements,  then  a  stripline  or 
a  microstrip  is  preferred  because  of  cost  reasons. 

30  Preferably,  if  a  wave  guide  is  used,  it  has  at  its 
one  end  two  slots  to  allow  passage  of  the  elon- 
gated  element.  The  slots  must  be  sufficiently  broad 
to  allow  free  movement  of  the  elongated  element 
and  on  the  other  hand  sufficiently  narrow  to  limit  as 

35  much  as  possible  disturbances  to  the  field  distribu- 
tion  of  the  microwaves. 

The  receiver  is  conveniently  connected  via  an 
analog-to-digital  (ADC)  convertor  to  a  processing 
unit.  The  measured  data  may  be  mathematically 

40  processed  in  real  time  and/or  may  be  stored  in  a 
memory  for  later  analysis,  such  as  e.g.  Four- 
rieranalysis  and  Fast  Fourrier  Transformation  (FFT) 
analysis. 

If  a  wave  guide  is  used,  the  cross-section  of 
45  the  wave  guide  may  be  circular  or  elliptic.  In  such 

a  case  the  microwaves  are  circularly  or  elliptically 
polarized.  In  a  preferable  way  of  carrying  out  the 
invention  the  wave  guide  has  a  rectangular  cross- 
section  and  the  microwaves  are  linearly  polarized  : 

so  The  electrical  field  E  has  a  direction  which  is 
substantially  parallel  to  the  direction  of  the  elon- 
gated  element. 
In  this  way  the  measurement  system  reaches  its 
highest  sensitivity. 

In  a  most  preferable  way  of  carrying  out  the 
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invention  the  electrical  short-circuit  is  a  movable 
short.  This  is  a  known  device  for  realizing  a  short- 
circuit.  This  movable  short  is  so  adjusted  -  with  the 
elongated  present  at  the  one  end  of  the  wave  guide 
-  that  it  creates  a  standing  wave  which  has  a  saw 
tooth  form  with  for  each  half-period  two  substan- 
tially  linear  flanks,  i.e.  flanks  with  a  maximum  de- 
viation  of  10-15  per  cent  from  perfect  linearity.  One 
flank  is  longer  than  the  other  one  and  the  measure- 
ment  of  the  amplitude  is  carried  out  on  the  longer 
one. 

According  to  a  second  aspect  of  the  present 
invention  there  is  provided  an  apparatus  for  mea- 
suring  the  linear  position  of  an  elongated  elec- 
trically  conductive  element  characterized  in  that 
said  apparatus  comprises  a  wave  guide  having  an 
emitter  of  microwaves  and  a  receiver  of  micro- 
waves,  said  wave  guide  having  at  its  one  end  two 
slots  to  allow  passage  of  said  elongated  element 
and  at  its  other  end  an  electrical  short-circuit,  said 
other  end  being  substantially  located  at  k.£Xg  from 
said  emitter,  k  being  an  integer  number  greater  or 
equal  than  one  and  Xg  being  the  wavelength  of 
microwaves  in  the  waveguide. 

The  wave  guide  may  have  a  circular  or  elliptic 
cross-section  but  preferably  has  a  rectangular 
cross-section. 

The  wave  guide  may  be  made  of  several  ma- 
terials  such  as  aluminium  or  stainless  steel.  How- 
ever,  if  the  apparatus  is  used  to  measure  the 
position  pr  the  vibrations  of  an  elongated  element 
in  a  furnace,  the  wave  guide  is  preferably  made  of 
molybdenum. 

A  preferable  embodiment  of  the  invention  will 
now  be  described  with  reference  to  the  accom- 
panying  drawings  wherein 

-  FIGURE  1  and  FIGURE  2  show  a  global 
view  of  a  measurement  system  according  to  the 
invention  ; 

-  FIGURE  3  is  a  cross-section  of  a  wave 
guide  along  the  place  Ill-Ill  of  figure  1  ; 

-  FIGURE  4  is  a  cross-section  of  a  movable 
short  in  the  wave  guide  along  the  plane  IV-IV  of 
figure  1  ; 

-  FIGURE  5  is  a  diagram  of  the  measured 
voltage  in  function  of  the  position  of  the  elongated 
element  ; 

-  FIGURE  6  and  FIGURE  7  are  diagrams  of 
the  measured  voltage  in  function  of  the  time. 

Figure  1  shows  a  global  view  of  the  measure- 
ment  system  according  to  the  inventions.  The  elon- 
gated  element  is  a  metal  wire  1.  The  system  de- 
tects  the  position  of  the  wire  1  in  a  direction  Di. 
Vibrations  or  position  changes  in  a  direction  D2  are 
not  detected. 
A  wave  guide  2  is  used  as  transmission  medium 
and  has  at  its  one  end  two  elongated  slots  21,  22 
which  allow  passage  of  the  wire  1.  This  one  end 

may  be  provided  with  an  absorber  24  (only  partly 
shown  in  figures  1  and  2)  in  order  to  limit  interfer- 
ence  with  other  waves  from  the  environment.  At  its 
other  end  there  is  an  electrical  short-circuit  23. 

5  The  wave  guide  2  has  a  rectangular  cross-section. 
This  is  to  be  preferred  because  of  simplicity  of 
construction  and  because  a  rectangular  cross-sec- 
tion  permits  linear  polarization. 
An  emitter  of  microwaves  3,  e.g.  a  gunn-diode,  is 

ro  connected  via  an  insulator  5  to  the  wave  guide  2. 
The  insulator  5  prevents  the  energy  from  being 
reflected  to  the  emitter  3. 

The  detection  apparatus  also  comprises  a  re- 
ceiver  of  microwaves  4,  e.g.  a  Schottky  diode. 

75  Both  emitter  3  and  receiver  4  are  connected  to 
a  processing  unit.  In  figure  1  the  processing  unit  is 
a  personal  computer  6. 

Figure  2  shows  the  same  global  view  of  the 
measurement  system  according  to  the  invention, 

20  but  here  the  processing  unit  is  a  print  7  with 
printed  circuits  and  IC's  suitable  to  process  and  to 
memorize  the  measured  data. 

Figure  3  shows  a  cross-section  of  the  wave 
guide  along  the  plane  Ill-Ill  of  figure  1.  The  detector 

25  41  of  the  receiver  4  is  surrounded  by  a  plastic 
cylinder  42  in  order  to  make  the  construction  more 
stable.  A  coaxial  connection  43  connects  the  detec- 
tor  41  with  the  rest  of  the  receiver  4. 

Preferably  the  electrical  field  E  is  parallel  to  the  - 
30  elongated  element.  This  gives  the  most  sensitive 

measurements  and  the  two  slots  21  and  22  cause 
the  smallest  disturbances  to  the  field  distribution. 
Because  of  reasons  of  sensitivity  the  detector  41  is 
also  preferably  parallel  to  the  electrical  field  E. 

35  Figure  4  is  a  cross-section  of  a  short-circuit  at 
the  end  23  of  the  wave  guide  2  along  the  plane  IV- 
IV  of  figure  1  .  This  short-circuit  is  a  movable  short 
231  comprising  subsequent  cylindrical  pieces, 
each  having  a  length  of  0.25  x  Xg.  A  thinner  cylin- 

40  drical  piece  follows  a  thicker  one,  and  vice  versa. 
The  position  of  the  movable  short  231  along  the 
wave  guide  2  may  be  adjusted  manually  by  turning 
the  knob  232. 

Theoretically  spoken,  a  standing  wave  pattern 
45  is  only  possible  if  the  short-circuit,  in  this  case  the 

movable  short  231  ,  is  located  at  kx0.5xXg  from  the 
emittor  3  of  microwaves,  k  being  an  integer  num- 
ber  greater  than  or  equal  to  one.  One  period  of  a  ' 
theoretical  standing  wave  pattern  is  represented  in 

so  full  lines  on  figure  5,  where  V  is  the  amplitude  of 
measured  voltage  and  X  the  axial  position  along 
the  wave  guide  2.  Each  period  of  the  theoretical 
standing  wave  pattern  has  two  maxima  and  on 
each  side  of  each  maximum  there  are  two  non- 

55  linear  flanks  (10,  11).  A  measurement  of  the  posi- 
tion  of  the  wire  1  is  only  possible  over  maximum 
0.25  x  Xg  (indicated  by  range  0  in  figure  5). 

The  inventor  has  now  discovered  that  by 

3 
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changing  slightly  the  position  of  the  movable  short 
231  along  the  wave  guide  2  a  standing  wave  pat- 
tern  may  be  obtained  having  a  saw  tooth  form  with 
two  substantially  linear  flanks  (12,  13),  the  one 
being  longer  than  the  other  one.  This  standing 
wave  pattern  is  represented  in  figure  5  by  a  dash 
line.  The  maximum  deviation  5  from  perfect  linear- 
ity  is  10  to  15  per  cent.  Hence,  this  standing  wave 
pattern  has  two  advantages  to  the  theoretical 
standing  wave  pattern  : 

(1  )  better  linearity 
(2)  a  maximum  range  A  for  measurement  of 

the  position  of  the  wire  1  which  is  larger  than  0.25 
x  xg. 

Suitable  software  may  remove  the  remaining 
unlinearities.  Autoscaling  and  drift  compensation 
are  other  possible  functions  of  the  software. 

As  a  matter  of  example  some  tests  have  been 
carried  out.  The  cross-section  of  the  wave  guide  is 
rectangular  22.86  mm  by  10.16  mm.  Microwaves 
are  emitted  through  the  wave  guide  in  a  TE1i0- 
mode  at  a  frequency  of  7.7  GHz.  This  corresponds 
to  a  wave  length  in  the  wave  guide  Xg  of  74.27  mm. 
Accordingly  the  range  for  measuring  the  wire  posi- 
tion  is  about  18.57  mm.  Two  wire  positions  which 
correspond  to  a  minimum  (MIN)  and  a  maximum 
(MAX)  value  of  the  measured  voltage  (voltage  mea- 
sured  with  the  wire  at  these  positions  in  the  slot) 
are  marked  on  the  slot  21  . 

TEST  1 

A  wire  is  positioned  in  rest  at  Xi  between  the 
two  extreme  positions  MIN  and  MAX.  The  mea- 
sured  voltage  is  recorded  during  a  period  of  some 
seconds.  The  same  is  repeated  for  the  wire  at 
position  X2  and  at  position  X3  between  X1  and  X2  . 

Figure  6  shows  the  measured  voltage  in  func- 
tion  of  the  time  t  for  the  three  cases.  As  can  be 
seen  a  substantially  constant  value  is  detected  in 
the  three  cases.  This  constant  value  unambiguous- 
ly  indicates  the  position  of  wire  1  in  the  slots  21 
and  22. 

TEST  2 

A  wire  1  is  again  positioned  in  rest  somewhere 
in  the  middle  between  the  two  extreme  positions 
MIN  and  MAX.  The  wire  is  pulled  out  of  its  rest 
position  by  hand  and  relieved  and  the  measured 
voltage  is  again  recorded  during  a  period  of  some 
seconds.  Figure  7  shows  this  measured  voltage  in 
Function  of  the  time  t.  The  curve  corresponds  to  the 
well  known  curve  of  an  underdamped  second-order 
system. 

It  must  be  clear  that  the  system  according  to 

the  present  invention  is  able  to  measure  the  posi- 
tion  and  the  vibration  of  an  elongated  element  in 
difficult  circumstances.  Indeed,  the  sensors  are  lo- 
cated  at  a  certain  distance  from  the  elongated 

5  element  and,  consequently,  are  not  necessarily 
subjected  to  the  same  severe  conditions  such  as 
high  temperature  or  vacuum  as  the  elongated  ele- 
ment  is. 

In  view  of  the  frequency  range  of  microwaves 
70  (from  1  GHz  to  100  GHz)  no  theoretical  limitations 

are  imposed  on  the  maximum  frequency  of  me- 
chanical  vibrations  to  be  measured.  In  fact,  the  only 
limitations  are  imposed  by  the  signal  conversion. 

As  an  extension  of  the  system  according  to  the 
75  invention  as  explained  above  the  position  and  vi- 

brations  of  an  elongated  element  could  be  mea- 
sured  in  different  directions  by  the  use  of  two  wave 
guides  which  form  an  angle  of  90°  (degrees). 
Similarly  it  would  be  possible  to  measure  the  diam- 

20  eter  of  an  elongated  element  with  a  round  cross- 
section  by  the  use  of  several  wave  guides  which 
form  a  specified  angle  between  each  other. 

25  Claims 

1.  A  method  for  measuring  the  linear  position 
of  an  elongated  electrically  conductive  element  (1) 
characterized  in  that  a  transmission  medium  (2)  is 

30  used,  said  transmission  medium  (2)  comprising  a 
microwave  circuit  having  emitter  (3)  of  microwaves 
and  a  receiver  (4)  of  microwaves, 
said  transmission  medium  (2)  having  at  its  one  end 
said  elongated  element  (1)  and  at  its  other  end  an 

35  electrical  short-circuit  (23), 
and  characterized  in  that  a  wave  pattern  is  gen- 
erated  by  reflection  of  the  microwaves  on  said 
short-circuit  (23)  and  on  said  elongated  element  (1) 
and  that  the  position  of  said  elongated  element  is 

40  determined  by  measuring  by  means  of  said  re- 
ceiver  the  amplitude  of  the  standing  wave. 

2.  A  method  according  to  claim  1 
characterized  in  that 
said  other  end  is  located  at  about  k  £  Xg  from  said 

45  emitter,  k  being  an  integer  number  greater  than  or 
equal  to  one  and  Xg  being  the  wavelength  of  the 
microwaves  in  said  transmission  medium  (2). 

3.  A  method  according  to  claim  1  or  2 
characterized  in  that 

50  said  transmission  medium  is  a  stripline. 
4.  A  method  according  to  claim  1  or  2 

characterized  in  that 
said  transmission  medium  is  a  wave  guide. 

5.  A  method  according  to  claim  4 
55  characterized  in  that 

said  wave  guide  (2)  has  at  its  one  end  two  slots 
(21,  22)  to  allow  passage  of  said  elongated  ele- 
ment. 

4 
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6.  A  method  according  to  claim  4  or  5  char- 
acterized  in  that  said  wave  guide  (2)  has  a  rectan- 
gular  cross-section  and  in  that  said  microwaves  are 
linearly  polarized  in  a  direction  which  is  substan- 
tially  parallel  to  the  direction  of  said  elongated  5 
element  (1). 

7.  A  method  according  to  any  one  of  claims  1 
to  6  characterized  in  that 
said  short-circuit  (23)  is  a  movable  short  which  is 
used  to  create  a  standing  wave  which  has  a  saw  w 
tooth  form  with  two  substantially  linear  flanks, 
the  one  being  longer  than  the  other  one, 
the  measurement  of  the  amplitude  being  carried 
out  on  the  longer  one. 

8.  A  method  according  to  any  one  of  claims  1  15 
to  6  characterized  in  that  said  elongated  element 
(1)  is  a  steel  wire. 

9.  An  apparatus  for  measuring  the  linear  posi- 
tion  of  an  elongated  electrically  conductive  element 
(1)  20 
characterized  in  that  said  apparatus  comprises  a 
wave  guide  (2) 
having  a  emittor  (3)  of  microwaves  and  a  receiver 
(4)  of  microwaves,  said  wave  guide  (2)  having  at  its 
one  end  two  slots  (21  ,  22)  to  allow  the  passage  of  25 
said  elongated  element  (1)  and  at  its  other  end  an 
electrical  short-circuit  (23), 
said  other  end  being  substantially  located  at  k.£\g 
from  said  emittor  (3),  k  being  an  integer  number 
greater  or  equal  than  one  and  Xg  being  the  30 
wavelength  of  microwaves  in  the  waveguide. 

10.  An  apparatus  according  to  claim  9 
characterized  in  that 
said  wave  guide  (2)  is  made  of  molybdenum. 

35 
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