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(57) Abstract

A device for detecting variations in
thickness of lubricating film of wires (28) -
by measuring electrical contact resistance

at wire drawing in a drawing bench. In a

drawing bench of the intended type the
wire runs between uncoiling and coiling
capstans (12 and 14, respectively) or so-

called pulleys, a drawing box (16) pro-
vided with lubricant and draw plate (22)
being placed between the capstans and
pulleys, respectively. Part of the wire, the
lubricating film, the draw plate and addi-
tional members associated with the draw-
ing bench form a closed electric circuit.
The very wire (28) receives current con-
tactless via a transformer (34), which is fed
from an A. C. current source (32). A ca-
pacitive sensor (38) containing a tubular
electrode (40) providing a capacitive con-
nection between the wire and an amplifier
(42) is arranged in a casing (44) galvani-
cally connected to the draw plate for mea-
suring the voltage across the lubricating

film. An evaluating means (64) electrically connected to the measuring sensor is arranged to determine the resistance of the
lubricating film according to the formula: R, = k (U/i), where i is the current through the wire (28) to be measured, U is
the voltage measured via the sensor (38) and k is a constant. It is possible to evaluate by means of R, so-called tearing,
wear of draw plate and variation in quality of the produced wire.
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Device for detecting variations in thickness of

lubricating film of wires

This invention relates to a device for detecting vari-
ations in thickness of 1ubricatiﬁg film of wires by
measuring electrical contact resistance at wire drawing
in a drawing bench, the wire running between uncoiling and
coiling capstans or pulleys via a drawing box provided
with lubricant and draw plate and located between the
capstans/pulleys, a part of the wire, the lubricating film,
the draw plate and additional members associated with the
drawing bench forming a closed electric circuit.

The new device is based on resistance measurement
according to the current/voltage method. Measurement is to
be carried out contactless against the moveable measuring
object, i.e. the wire, and there is only one galvanic
connection with the stationary part of the system.

It is the object of the invention to provide a device
making it possible to detect tearing in connection with
wire drawing and to stop the wire drawing automatically.
It 1is also intended to make it possible to predict wear of
the draw plate by means of the new device and to perform
quality control.

Laboratory tests have shown that it is practically
possible to measure electrical contact resistance by means
of the new detecting device with a resolution of down to
0.1 - 1 milliohm. The resistance at a mere metallic
contact between wire and draw plate is rated at
approximately 0.01 milliohm. Tests in a laboratory draw
bench and in a production plant also show that the
electrical contact resistance in normal operation
substantially varies within the range of 10-1000 milliohm.
At so-called tearing the resistance is reduced to milliohm
level.

It is previously known to utilize the current/voltage
method to detect correct lubrication at wire drawing. An
arrangement of this kind is for instance shown in Japanese
patent 56-6722. However, in the known arrangement the
electrical resistance is measured with direct voltage which

should bring essential additions of thermoelectrical
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signal voltages. Moreover, the sum of the resistance in two
draw plates as well as the intefmediate wire is measured.
This makes detection of local defects impossible which are
shorter than the wire length between the draw plates. Thus,
lubricant defects of theVOrder of 1 mm can be allowed to
pass as the normal resistance variations are so great that
it is impossible to decide whether a draw plate 1is
short-circuited or not. .

The minimum detectable resistance measured by the aid
of the known construction corresponds to the resistance in
fhe wire between the draw plates, thus approximately 10 '
milliohm.

By using the arrangement'according to the known Japanese
patent it is thus impossible to record an irregular
product quality with a good time/length resolution. Nor is
it possible to calculate accumulated resistance
distribution with good accuracy to judge plate wear on the
basis thereof.

Moreover, the degree of tearing cannot be recorded as
it presupposes resolution at a resistance value below 1
milliohm. s

The drawbacks indicated above are eliminated according
to the invention by means of a detecting means of the
type mentioned above, which is'primarily characterized in
that an A.C. operated transformer is arranged to transmit
current contactless to the wire included in the electric
circuit and that a capacitive sensor is arranged in a
casing galvanically connected to the draw plafe for
measuring the Voitage across the lubricating film, an
evaluating means electrically connected to the sensor
being arranged to determine the resistance of the
lubricating film according to the formula

-x - Y
R, =k + —+

where i is the current through the measuring wire, U is the
voltage measured via the seﬁsor and k is a constant. The
very wire 1s preferably included in the secondary winding
of the transformer. ' '

- A detecting device of this kind can be designed for use

at reaction times down to the range of 1 millisecond which
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allows registration of point-like defects at drawing
velocities of several meters per second.

The invention will now be described below more 1in
detail in the form of a preferred illustrative example
with reference to the enclosed drawing, wherein

Fig. 1 shows an example of the main members of a wire
drawing bench, in which the resistances and capacitances
to be used with the electric circuits according to the
principles of the invention are drawn,

Fig. 2 shows a wire drawing plant with a detecting
means which is embodied and installed according to the
principles of the invention, and '

Fig. 3 shows more in detail the new device according to
the invention for providing current in the drawing wire
and measurement of the electrical contact resistance be-
tween the wire and the draw plate.

The same reference numerals have been used for like
members in the different Pigures.

The drawing bench arrangement generally shown in Fig. 1
comprises a stationary support 10, on which an uncoiling
capstan 12 and a coiling capstan 14 are rotatably
mounted. Said capstans 12, 14 are shown only partially on
the drawing. Between the capstans 12, 14 there is the
so-called drawing box 16, which consists of a lubricant
container 18 and a draw plate 22 arranged in a special
space 20 and well sealed against the very drawing box by
means of packings 24. The draw plate 22 is cooled in
operation by means of water 26, which makes contact with
the draw plate 22 around its periphery.

In wire drawing the wire 28 is forced in known manner
through the aperture 30 of the draw plate 22, the
lubricating film applied around the wire - not shown -
being continuous and uniform in order to obtain the best
possible result.

In Fig. 2 the drawing bench is shown schematically
together with the connected detecting device according to
the invention, the relative electric circuits corresponding
to the construction according to Fig. 1 being indicated.

R, 1s the electric resistance across the lubricating

X
film, R] is the resistance in the draw plate 22, the
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packing 24 and support 10 of the drawing bench,'Rz the

resistance across the bearing of the uncoiling capstan
12, Rq
capstan 12 and the wire 28, C1 being the corresponding

the contact resistance between the uncoiling

capacitance, R4 the contact resistance between the un-
coiling capstan 14 and the wire 28, C2 being the
corresponding capacitance, and RS the resistance across
the bearing of the coiling capstan 14.

As current source of the disclosed detecting device
an oscillator 32 is used in the indicated example, which
operates a current transformer 34. The primary winding
of the transformer 34 consists of a toroidal coil 36 which
encloses the wire 28 which will thus be included in the
secondary winding of the transformer 34. The current
paths appear from the arrows in Fig. 2. The A.C. current
of the measuring circuit is thus obtained contactless. i
and ix on the drawing indicate the currents through the
primary and secondary windings of the transformer 34. A
capacitive measuring sensor 38 comprising a tubular
electrode 40 as well as an associated amplifier 42
capacitively connected to the wire via the tube electrode

" 40 is arranged in a casing 44, which is galvanically
' connécted to the draw plate 22 for measuring the voitage

Ux across the lubricating film. The casing 44 shields the
measuring sensor 38 from outer electric interference
fields. The galvanic conﬁection to the draw plate 22 is
arranged so that undesired voltage drops are eliminated.
Thus, the casing 44 is directly connected to the draw
plate ZZ via an adapter 46 which is in good contact with
a flange 48 projecting from the draw plate 22. The
tubular adapter 46 is provided with through-passing slots

- 50, through which non-desired lubricant scales coming off

the lubricant film can easily pass. An electric insulation
52 is arranged between the draw plate 22 and the very draw

plate 16 on the side facing the measuring sensor 38. On

~ the opposite side a good galvanic connection is, on the

other hand, achieved. This is shown on the drawing with a
ground lead 54. In order to attain a good function it is

very important that the resistance r, is low, which is

1
thus ensured by a pure metallic contact.

o
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Another toroidal coil 56 is arranged around the wire
28 in immediate connection with the casing 44 to
eliminate by blocking inductance non-desired voltage
drops along the wire and shunting of the contact
resistance RX which should otherwise be attained via
the wire 28 across the resistance R4, the capacitance C2
and the resistance RS'

In the embodiment illustrated in the drawing a special
current measuring transformer 58 is connected. In this a
toroidal coil 60 is included which encloses the wire 28
in the same way as the toroidal coil 36. The two trans-
formers 34, 58 are arranged in the immediate vicinity of
each other. The toroidal coil 60 is to make possible an
accurate current measurement in the cases when great
variations in impedance are to expected. The contact
resistance Rx can then be calculated by dividing the
measured voltage Ux by the measuring current im passing
the electric conductor 62 connected to the toroidal coil
60. '

The oscillator 32, the measuring sensor 38 as well as
the toroidal coil 60 of the transformer 58 are connected
to a signal processor 64, which makes it possible to
evaluate the measuring values obtained. In the electric
circuit from the oscillator there is also a detector 66
for failure of power supply.

The A.C. voltage signal received from the measuring
sensor 38 is demodulated in a demodulator 68 and is then
passed on to the signal processor 64. The signallprocessor
64 can sound the alarm via the output 70 by means of
predetermined criteria fed via the adjusting means 72.

Depending on the use of the detecfing'device it 1is
also possible to obtain alarm signals - at 74 - at an un-
satisfactory detector function and to analyze data - at
76 - with information about calculated quality or wear of
draw plate. For connection of external data registration
equipment values concerning current, voltage and
optionally calculated resistance can be obtained via an
output 78.

In the embodiment shown the signal processor consists

of a microprocessor but may in its simplest form consist
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of an analogous level discriminator. A processing of

signals is made by means of the described equipment after
signal conversion, said processing being adapted to the
primary object. In the simplest case alarm is-sounded _

when you are below a predetermined resistance limit,

advanced use signal analysis is performed to obtain a
rapid and safe reaction on éhanges or in order to
correlate the result with experience as to plate wear and
production quality.

Modifications of the detector means described above can
of course be carried out within the scope of the invention.
Thus, the transformer shown on the drawing can be
embodied in many different manners. This also applies to
the very measuring sensor. However, the constructive
details are within the field of knowledge of one skilled
in the art.

Moreover, it is also possible to utilize the inventive

“idea when measuring resistance of lubricating film, a

rotary shaft being used instead of the wire used above.
In this case the draw plate is replaced by a bearing.

a

=
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Patenf Claims

1. Device for detecting variations in thickness of
lubricating film of wires (28) at wire drawing in a
drawing bench by measuring electrical contact resistance,
the wire running between uncoiling and coiling capstans
(12 and 14, respectively) or pulleys via a drawing box
(16) provided with lubricant and draw plate (22) and
located between the capstans/pulleys, a part of the wire
(28), the lubricating film, the draw plate (22) and
additional members associated with the drawing bench
forming a closed electric circuit, c haracter -

i zed in that an A.C. operated transformer (34) is
arranged to transmit current contactless to the wire (28)
included in the circuit and that a capacitive measuring
sensor (38) is arranged in a casing (44) galvanically
connected to the draw plate (22) for measuring the voltage
across the luBricating film, an evaluating means (64)
electrically connected to the sensor (38) being arranged
to determine the resistance of the lubricating film

according to the formula

g
R=k'i

where i is the current through the wire (28) to be
measured, U is the voltage measured via the sensor (38)
and k is a constant. '

2. The device of claim 1, characterized in
that the wire (28) is included in the seconda}y winding
of the transformer (34).

3. The device of claim 1, characterized in
that the primary winding of the transformer (34) consists
of a toroidal coil enclosing the wire (28).

4. The device of any one of claims 1-3, character-
i zed in that a signal amplifier (42) 1is connected in
series with the sensor (38).

5. The device of claim 3 or 4, c haracter -
iz ed in that a second toroidal coil (56) is arranged
around the wire (28) in connection with said casing (44)

in order to eliminate non-desired voltage drops by means

of a blocking inductance.
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6. The device of any one of claims 3-5, character-
ized in that a third toroidal coil (60) is arranged
around the wire (28) for meésuring the current passing
through the wire. ) '

7 7. The device of any one of claims 1-6,
characterized in that the measuring sensor (38)

© 0

oF

is electrically connected to a signal processor (64)
operating as an evaluating means, preferably via a
demodulator (68). ,

8. The device of claim 7, characterized in
that the signal processor consists of a level dis-
criminator. '

9. The device of any one of claims 3-8,
characterized in thatrthe first and third coil,
if any, (36 and 40 respectively) are individually connected
to the signal processor (64).

10. The device of any one of claims 7-9,
characterized in that the signal processor is

a MiCTroprocessor.
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