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MATERIAL (71)   We, ZELLWEGER LIMITED, USTER    According to the invention
there is pro- FACTORIES for APPARATUS and MACHINES, vided a method of at
least approximately CH-8610 Uster, Switzerland, a body cor-  determining
the cross section of filamentary porate  organised  under  the  laws  of
or wire-form  material, wherein standing 5 Switzerland. do hereby declare
the inven-  waves of at least two different frequencies 50 tion, for which
we pray that a patent may  are produced between at least one pressure be
granted to us, and the method by which  wave generator and at least one
pressure it is to be performed, to be particularly  wave detector, the
material to be tested is described in and by the following state-  guided
at least approximately through the 10 ment:-
pressure maximum  of a first one of the 55 This invention relates to a
method of and  standing waves and at least approximately an apparatus for
at least approximately  through the pressure minimum of a second
determining the cross section of filamentary  one of the standing waves,
the alteration or wire-form material, more especially of  produced thereby
in the apparent respec- 15 products of the textile industry and wire-  tive
wave detector to give the said cross- 60 manufacturing industry.
section, and the alteration produced there- There are numerous methods and
appara-  by in the apparent wavelength of the other tus for determining the
cross section of  or another of the waves being detected by such products.
For example, mechanical, the or a respective wave detector to give a 20
photoelectric  and  capacitive  measuring  zero adjustment valve.
65 systems have been extensively used for    The invention also provides an
apparatus this purpose, the specific advantages of each  for at least
approximately determining the system  being offset by certain disadvan-
cross section of filamentary or wire-form tages and shortcomings.
material comprising means for generating 25   Acoustic measuring systems,
especially  a pressure wave field having standing waves 70 those which
function in the ultrasonic  of at least two different frequencies, means
range, have also recently been studied in  for guiding the said material
through a some detail. In their case, the extent to  pressure maximum of
one frequency and which the time taken by sound waves to  also a pressure
minimum of the other or 30 reach a sound pickup from a sound gener-
another frequency, and means for detect- 75 ator is influenced  by
introducing  the  ing the alteration produced thereby in the material whose
cross section is to be  apparent wavelengths of the said waves. determined
is measured. This acoustic    The waves of these two frequencies pro-
measuring principle has proved to be basi-  duced by the pressure wave
generators can 35 cally effective and has been found to have  be
continuously or intermittently trans- 80 certain advantages over other
conventional  mitted. measuring techniques.                     The
invention is described in detail in Nevertheless, known acoustic measuring
the following with reference to the accom- systems are still attended by
the disadvan-  panying drawings, wherein: 40 tage that they do not have the
necessary    Figure 1 shows a first basic measuring 85 long-term
stability. Accordingly, reference  arrangement.  ' systems have had to be
provided in order    Figure 2 shows another basic measuring to maintain
this stability. An object of the  arrangement. present invention is to
obviate this dis-   Figure 3 shows in principle an acoustic 45 advantage.
feedback oscillator.                   90    2
1 396 242                                       2 Figure 4 shows another
acoustic feed  of the test material and to determine the 



back oscillator for various frequencies.    cross section from this signal.
Through the Figure 5 shows a further  development of  combination of these
signals whether con- the  measuring  arrangement  shown  in  tinuous or
intermittent, it is possible to 5 Figures 1 and 2.
eliminate interference effects. If for example 70 Figure 6 shows an
rangement for  the temperature changes, the transit times filtering out
different    uencies at the  of both frequencies [err] and [err] change in
the transmitting end.                         same way. Similarly, if the
distance 20 be- Figure 7 shows an arrangement for filter-  tween the sound
generator 10 and the 10 ing out different frequenci  at the receiv-  pickup
11 is reduced, the transit times are 75 ing end.
also changed in the same way. The same Figure 8 shows the basic measuring
also occurs when the atmosphere surround- arrangement of Figure 1 with
modified  ing the sound generator 10 or the pickup working conditions.
11 is changed through the deposition of 15   Figure 9 shows a preferr
embodiment  foreign bodies, i.e. by soiling. This is an 80 for the sound
generator and   und pickup.  important advantage, especially for testing A
material 1, for example  textile yarn,  products of the textile industry,
where the whose cross section is to be determined, is  extent to which the
measuring elements of shown in cross section in Figure 1 and ex-  all the
known systems is impaired by de- 20 tends perpendicularly to  a sound
field  posits is particularly pronounced.      85 which consists of
standing waves between    The material 1 does not necessarily have surfaces
2 and 3. These standing waves are  to pass exactly midway between the sur-
produced by a generator 14 through loud-  faces 2 and 3. By suitably
selecting the speakers or similar electro-acoustic trans-  stationary wave
and its oscillation nodes 25 ducers 10, and their intensity is measured
i.e. through using relatively high frequen- 90 by microphones or other
electro-acoustic  cies in relation to the fundamental wave 4, transducers
11. The interval 20 between the  it is possible to use other material
positions. surfaces 2, 3 is selected in such a way that,  Figure 2 shows a
measuring system  in at a predtermined frequency f, a standing  which the
second harmonic 6 and the fourth 30 fundamental wave 4 occurs wit a
velocity  harmonic 7 are present between the sur- 95 minimum (pressure
maximum) at the sur-  faces 2 and 3, whilst the test material 1 faces 2, 3
and a velocity maximum  (pres-  is positioned at one quarter of the
distance sure minimum) at half the distance 20.  20 from  the surface 2. In
this example, Accordingly, the pressure maxi a have to  similar conditions
would also obtain if the 35 meet at the surfaces 2, 3 and    pressure  test
material 1 were to be positioned at 100 minimum in their middle plane. By
intro-  three quarters of the distance 20. ducing an object, into the range
of the    It is of particular advantage to combine pressure maxima or
minima, t e transit the sound generator 10 and the sound pick- time is
increased, i.e. the time   r sound  up 11 into an oscillator excited in
known 40 to travel the distance 20 is increased, the  manner by acoustic
feedback, in which 105 apparent wavelength is thereby   creased,  case the
oscillator frequency is determined and the voltage measurable at the
micro-  by the transit times between the sound phone 11 or its phase
position undergoes a  generator 10 and the sound pickup 11. change.
Figure 3 shows a basic circuit arrangement 45   If a standing wave is
produced with a  suitable for this purpose. A signal U ob- 110 frequency
[err] equal to at least  ice the  tained in the sound pickup 11 passes back
frequency [err] a wave 5 is formed with a  to the sound generator 10
through an pressure maximum  midway between the  amplifier 30. The
oscillator frequency will surface 2, 3. An object 1 introduced into  be
that frequency for which the phase rela- 50 this pressure maximum  then
shortens the  tionship  required  for  maintaining  the 115 transit time.
By suitably combining the  oscillations is given in the sound pickup 11.
sound pressures picked up by the micro-  If no phase shift (or a phase
shift through phone 11 in a discriminator 15, an  indica-  360) occurs in
the amplifier 30, a stationary ting and/or recording instrument 16 is  wave
whose wave length corresponds to 55 able directly to indicate and/or record
the  twice the distance 20 between the surfaces 120 quantity of test
material 1 in the  ound  2, 3, is formed in the sound field 20. If by
field.                                    contrast the amplifier 30 is
designed in such At a frequency [err], therefore, th  test  a way that a
phase shift of the signal U material  1  increases  the  transit time
through [err] takes place in it, the wave 60 whereas, at a higher frequency
[err]  for  length formed will exactly correspond to 125 example, the
transit time is shortened. This  the distance 20. can be demonstrated
theoretically as well    However, two frequencies [err] and [err] can as
being found in practice. With each one  also  be  simultaneously
generated. The of these frequencies it is possible to obtain
corresponding  apparatus  is  particularly 



65 a signal corresponding to the cross section  simple because the feedback
from the sound 130    1 396 242                                     3
pickup 11 to the sound generator 10 can be  duces a signal for the
even-numbered har- carried out simply by sign change of both  monies
because the odd-numbered har- frequencies.
monies are eliminated. Accordingly, the Figure 4 shows a combination of a
sound  difference signal corresponds to the fre- 5 generator 10 and a sound
pickup 11 with  quency [err] and the sum signal to the fre- 70 two parallel
amplifiers 30 and  31, of  quency [err]. An electrical separation of the
which the amplifier 30 produces no phase  two frequencies thus takes place
without shift whilst the amplifier 31 works with a  a filter. These two
signals can then be re- phase shift of [err]. One or other of the  turned
to one or two sound generators in 10 amplifiers can be placed in the
feedback  known manner. The only critical factor in 75 path, for example
intermittently, by  a  this respect is the correct phase position. switch
32.                                 In cases where the two frequencies
[err] and In an arrangement of the kind shown in  [err] change
intermittently, the  apparatus Figure 4, however, difficulties can arise as
a  shown in Figures 5 and 6 are of course 15 result of so-called  pulling
effects, i.e.  unnecessary. It is possible, for example in 80 through the
well-known phenomenon that  an apparatus of the kind shown in Figure the
two oscillation systems 2, 3, 30 and 2, 3,  1, to generate the frequency
[err] which is 31 do not oscillate at their true resonance  sufficient for
measuring the cross section. frequencies [err] and [err] or their
harmonies,  for a prolonged period and only to generate 20 but instead they
influence ("pull") one  the frequency [err] which detects the magni- 85
another in such a way that an integral  tude of extraneous effects and
substantially frequency ratio is formed. Pulling occurs in  compensates
them  in known manner, for the present case during the changeover
relatively short time intervals. from one property to the other as a result
There is no need for the frequency ratio 25 of transients. Although it is
possible in  between [err] and [err] to amount to approxi- 90 principle
satisfactorily  to separate both  mately two, as in the examples given
above. frequencies, it can be of advantage in some  Instead, solutions in
which, for example, cases to use at least two sound pickups.  the ratio
between the frequencies is far Figure 5 shows such an arrangement with
higher, are also possible. Ratios of even 30 two sound pickups 11 and 13,
two sound  to odd numbers are of particular advantage. 95 generators 10 and
12 also being provided  One example is illustrated in Figure 8. In for
reasons of symmetry.                this case, the frequency [err] (curve
8) is four Different combinations are of course  times the frequency [err].
- possible. For example, it is possible to use    The principal function in
the arrange- 35 two sound pickups and only one sound  ments described in
the preceding examples 100 generator or two sound generators and only  is
to determine the cross section of the test one pickup. In each case, the
critical factor  material 1 as exactly as possible. For cer- is the correct
phase position of the sound  tain applications, however, exact measure-
waves. If for example two generators are  ment  of the cross section is
unnecessary, 40 arranged on either side of the sound field,  and a
so-called yes-no answer is sufficient, 105 each individual generator can be
tuned to  in other words it is only desired to know a certain frequency
[err] or [err]. It is also pos-  whether test material is or is not
present. sible however, to superimpose the two  This is necesary for
example in monitor- frequencies in the generators.          ing a
production cycle when it is merely 45   In this case, the frequency [err]
can be  desired  to  detect whether or not test 110 directly delivered to
the generators as an  material is present. The apparatus accor-
even-numbered multiple of the fundamental  ding to the invention is ideally
suitable for frequency, whilst the frequency [err] can be  purposes such as
these, because it has the delivered as an odd-numbered multiple of
necessary long-term stability. 50 the fundamental frequency to  the one
The sound generator 10 and sound pick- 115 generator in phase and to the
other gener-  up 11 are advantageously built into flat, ator in anti-phase.
This arrangement is  parallel surfaces 2, 3. However, they do shown by way
of example in Figure 6.     not necessarily have to be active over the In
an arrangement of the kind shown in  entire  surface  (Figure  8). Neither
are 55 Figure 7, in which one receiver is provided  parallel surfaces
absolutely essential. Other 120 on either side of the sound field, it is of
forms are also sufficient, providing it is particular advantage to form
both the sum   possible to obtain standing waves with at and the difference
of the signals received. least two different wave-lengths. Figure 9 



Difference formation only produces signals  shows an embodiment in which
the arrange- 60 of odd-numbered harmonies the funda-  ment is such that, at
least one harmonic, 125 mental frequency of the resonator, because  it
represents a resonator in the form of an the signals of the even-numbered
harmonies  open pipe. cancel one another out approximately in view of the
identical phase position on both    WHAT WE CLAIM IS: - 65 sides. By
contrast sum formation only pro-    1. A method of at least approximately
130    3                                           1 396 242
3 pickup 11 to the sound generator 10 can be  duces a signal for the
even-numbered har- carried out simply by sign change of both  monies
because the odd-numbered har- frequencies.
monies are eliminated. Accordingly, the Figure 4 shows a combination of a
sound  difference signal corresponds to the fre- 5 generator 10 and a sound
pickup 11 with  quency [err] and the sum signal to the fre- 70 two parallel
amplifiers 30 and  31, of  quency [err]. An electrical separation of the
which the amplifier 30 produces no phase  two frequencies thus takes place
without shift whilst the amplifier 31 works with a  a filter. These two
signals can then be re- phase shift of [err]. One or other of the  turned
to one or two sound generators in 10 amplifiers can be placed in the
feedback  known manner. The only critical factor in 75 path, for example
intermittently, by  a  this respect is the correct phase position. switch
32.                                 In cases where the two frequencies
[err] and In an arrangement of the kind shown in  [err]  change
intermittently, the  apparatus Figure 4, however, difficulties can arise as
a  shown in Figures 5 and 6 are of course 15 result of so-called  pulling
effects, i.e.  unnecessary. It is possible, for example in 80 through the
well-known phenomenon that  an apparatus of the kind shown in Figure the
two oscillation systems 2, 3, 30 and 2, 3,  1, to generate the frequency
[err] which is 31 do not oscillate at their true resonance  sufficient for
measuring the cross section, frequencies [err] and [err] or their
harmonies,  for a prolonged period and only to generate 20 but instead they
influence ("pull") one  the frequency [err] which detects the magni- 85
another in such a way that an integral  tude of extraneous effects and
substantially frequency ratio is formed. Pulling occurs in  compensates
them in known manner, for the present case during the changeover
relatively short time intervals. from one property to the other as a result
There is no need for the frequency ratio 25 of transients. Although it is
possible in  between [err] and [err] to amount to approxi- 90 principle
satisfactorily to  separate both  mately two, as in the examples given
above. frequencies, it can be of advantage in some  Instead, solutions in
which, for example, cases to use at least two sound pickups.  the ratio
between the frequencies is far Figure 5 shows such an arrangement with
higher, are also possible. Ratios of even 30 two sound pickups 11 and 13,
two sound  to odd numbers are of particular advantage. 95 generators 10 and
12 also being provided  One example is illustrated in Figure 8. In for
reasons of symmetry.                 this case, the frequency [err] (curve
8) is four Different combinations are of course  times the frequency [err].
possible. For example,'it is possible to use    The principal function in
the arrange- 35 two sound pickups and only one sound  ments described in
the preceding examples 100 generator or two sound generators and only  is
to determine the cross section of the test one pickup. In each case, the
critical factor  material 1 as exactly as possible. For cer- is the correct
phase position of the sound  tain applications, however, exact measure-
waves. If for example two generators are  ment of the cross section is
unnecessary, 40 arranged on either side of the sound field,  and a
so-called yes-no answer is sufficient, 105 each individual generator can be
tuned to  in other words it is only desired to know a certain frequency
[err] or [err]. It is also pos-  whether test material is or is not
present. sible however, to superimpose the two  This is necesary for
example in monitor- frequencies in the generators.          ing a
production cycle when it is merely 45   In this case, the frequency [err]
can be  desired to  detect whether or not test 110 directly delivered to
the generators as an  material is present. The apparatus accor-
even-numbered multiple'of the fundamental ding to the invention is ideally
suitable for frequency, whilst the frequency [err] can be  purposes such as
these, because it has the delivered as an odd-numbered multiple of
necessary  long-term stability. 50 the fundamental frequency to  the one
The sound generator 10 and sound pick- 115 generator in phase'and to the
other gener-  up 11 are advantageously built into flat, ator in anti-phase.
This arrangement is  parallel surfaces 2, 3. However, they do 



shown by way of example in Figure 6.     not necessarily have to be active
over the In an arrangement of the kind shown in  entire surface  (Figure
8). Neither are 55 Figure 7, in which one receiver is provided  parallel
surfaces absolutely essential. Other 120 on either side of the sound field,
it is of  forms are also sufficient, providing it is particular advantage
to form both the sum   possible to obtain standing waves with at and the
difference of the signals received. least two different wave-lengths.
Figure 9 Difference formation only produces signals  shows an embodiment in
which the arrange- 60 of odd-numbered harmonies the funda-  ment is such
that, at least one harmonic, 125 mental frequency of the resonator, because
it represents a resonator in the form of an the signals of the
even-numbered harmonies  open pipe. cancel one another out approximately in
view of the identical phase position on both    WHAT WE CLAIM IS:- 65
sides. By contrast sum formation only pro-    1. A method of at least
approximately 130    4           C   L  M                  1 396 242
4 determining the cross-section of filamentary  quency is an odd-numbered
multiple of this or wire-form  material, wherein standing  fundamental
frequency, the said other fre- waves of at least two different frequencies
quency being delivered to one generator are produced between at least one
pressure  directly and to the other generator in anti- S wave generator and
at least one pressure  phase.                              70 wave
detector, the material to be tested is   13. A method as claimed in claim
1, guided at least approximately through the  wherein one generator and one
detector are pressure minimum  of a first one of the  disposed on one side
of the material being standing waves and at least approximately  tested and
a second generator and a second 10 through the pressure minimum of a second
detector are disposed on the opposite side 75 one of the standing waves,
the alteration  of the  said  material, the  said  one produced thereby in
the apparent wave-  generator  produces  waves  which  are length of one of
the waves is detected by  of a frequency which is approximately the or a
respective wave detector to give the  an even-numbered multple of a funda-
15 said cross-section, and the alteration pro-  mental  frequency,  the
said  second 80 duced thereby in the apparent wave-length  generator
produces waves which are of a of the other or another of the waves being
frequency which is approximately an odd- detected by the or a respective
wave detec-  numbered multiple of the said fundamental tor to give a zero
adjustment valve.        frequency, the difference between the out- 20   2.
A method as claimed in claim  1, puts of the detectors is fed back to the
85 wherein the standing waves are continu-  second generator, and the sum
of the out- ously and simultaneously generated.      puts of the detectors
is fed back to the said 3. A method as claimed in claim  1, one generator.
wherein the standing waves of different   14. An apparatus for at least
approxi- 25 frequencies are produced intermittently in  mately determining
the cross section of fila- 90 succession.
mentary or wire-form material comprising 4. A method as claimed in any
preced-  means for generating a pressure wave field ing claim wherein the
standing waves are  having standing waves of at least two produced by
feedback from a detector to a  different frequencies, means for guiding the
30 generator.                              said material through a pressure
maximum 95 5. A  method as claimed in  claim  4  of one frequency and also
a pressure mini- wherein an amplifier which does not pro-  mum of the other
or another frequency and duce any phase shift between an input sig-  means
for detecting the alteration produced nal and an output signal is used in
the  thereby in the apparent wavelengths of the 35 feed back path.
said waves.                          100 6. A  method as claimed in claim
4    15. An apparatus as claimed in claim wherein an amplifier which
produces a  14 wherein the generator means and the de- 180 phase shift
between an input signal  tecting means are parts of an oscillating and an
output signal is used in the feed-  resonance system and are connected by
at 40 back path.                              least one feedback path.
105 7. A  method as claimed in claim 4    16. An apparatus as claimed in
claim wherein an amplifier without phase shift  15, wherein there is at
least one amplifier and an amplifier with [err] phase shift  are  in the
feedback path. used in parallel in the feedback path.    17. An apparatus
as claimed in claim 45  8. A method as claimed in claim 5, 6  16 wherein an
amplifier which does not 110 or 7 wherein the or each amplifier used in
produce any phase shift is arranged in one 



the feedback path is switched on and off by  feedback path, whilst an
amplifier which a switch.                               does produce phase
shift is arranged in a 9. A method as claimed in any preced-  second
feedback path. 50 ing claim wherein the ratio between the    18. An
apparatus as claimed in claim 115 frequencies  is  at least  approximately
16 or 17 comprising a switch which switches integral.
the or each amplifier on and off. 10. A method as claimed in claim
19. An apparatus as claimed in any one wherein the ratio of the frequencies
of claims 14 to 18 wherein a single wave 55 substantially that of an even
to an odd  generator for generating waves of two fre- 120 integer.
quencies and a single wave detector for 11. A method as claimed in any pre-
detecting waves of the said frequencies are ceding claim wherein the
standing wave of  provided. at least the higher frequency is formed in
20; An apparatus as claimed in any 60 resonators constituted by pipes each
open  one of claims 14 to 18 wherein a wave 125 at one end.
generator and a wave detector are provided 12. A method as claimed in claim
1, for respectively generating and detecting wherein the frequencies are
superimposed  waves of one frequency and another wave in two wave
generators one frequency be-  generator and another wave detector are 65
ing approximately whilst the other  fre- provided for respectively
generating and 130    5                                      1 396 242
5 detecting waves of another frequency.   bered multiple of a fundamental
frequency 30 21. An apparatus as claimed in claim  and the other of the
generators produces a 20 wherein one generator and one detector  frequency
which is an odd-numbered mul- are arranged on one side of the wave field
tiple of the said fundamental frequency, 5 and the other generator and the
other de-  and wherein means are provided for form- tector are arranged on
the opposite side of  ing the sum and difference of the signals 35 the wave
field.                         obtained from the two detectors, the sum 22.
An apparatus as claimed in claim  and difference thus formed being fed back
21 wherein one wave generator and the  to the said one generator and the
said 10 corresponding wave detector are arranged  other generator
respectively. offset in relation to the other wave gener-   26. A method of
at least approximately 40 ator and wave detector.
determining the cross-section of filamentary 23. An apparatus as claimed in
any one  or wire form  material substantially as of claims 14 to 22 wherein
the or each  herein described with reference to any one 15 wave generator
and/or the or  each wave  of the Figures of the accompanying draw- detector
is in the form of a pipe open at  ings.                               45
one end.                                  27. An apparatus for at least
approxi- 24. An apparatus as claimed in claim   mately determining the
cross-section of 14 wherein the frequencies are derived from  filamentary
or wire-form material, substan- 20 a fundamental frequency, one of the de-
tially as herein described with reference to rived frequencies being an
odd-numbered  any one of the Figures of the accompanying 50 multiple and
the other frequency an even-  drawings. numbered multiple of this
fundamental frequency, one of the frequencies being        ELKINGTON AND
FIFE 25 applied to one wave generator directly and      Chartered Patent
Agents, to another wave generator in anti-phase.         High Holborn
House, 25. An apparatus as claimed in claims          52/54 High Holborn.
21 or 22 wherein one of the generators pro-         London W.C.2. duces a
frequency which is an even-num-        Agents for the Applicants. Printed
for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1975. Published at the Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


