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Description

The present invention generally relates to ma-
chines for drawing metal wire, for example, those
used to manufacture wires to be bunched into
conductors for flexible insulated cords, and more
particularly to a wire drawing apparatus and meth-
od which facilitate changeovers to provide different
wire reductions.

Wire drawing is an operation which is carried
out in several passes, i.e. by passing the wire
through a series of dies, the diameter of each of
which is smaller than that of the preceding die. The
wire is drawn through the dies by drawing capstans
commonly referred to as "drawing blocks," the
peripheral speeds of which increase progressively
as the wire moves forward.

In one system of wire drawing which is used at
present and is known as "wet wire drawing," the
dies and, in some cases, the drawing blocks, are
sprayed or immersed in a lubricating solution. Wire
drawing machines can be divided into two classes,
namely, in the single wire class which is more
widely used at present, and the multi-wire class,
the use of which is on the increase.

Wire drawing machines can also be divided
into two different groups depending on the types of
wire drawing blocks that are used. A first group of
machines called "cone-type" wire drawing ma-
chines are characterized by drawing blocks of dif-
ferent diameters which are securely mounted on
one and the same shaft to form a stepped cylinder
or cone. The wire is looped around two sets of
cones carried by a pair of spaced and substantially
parallel shafts, and the dies are located in a die
holder positioned in the path of the runs of wire
between the two sets of cones. Wire drawing ma-
chines may comprise several pairs of cones, for
example, two. This type of wire drawing machine
offer the advantage of being very compact. On the
other hand, the wire having the greatest diameter
passes over the block having the smallest diam-
eter, (i.e. the block providing the lowest speed). For
certain types of applications this might not be
satisfactory.

A second group of wire drawing machines have
independent drawing blocks each mounted on a
separate shaft. These machines are usually called
"tandem" machines. The number of blocks is usu-
ally equal to the number of dies, with each die
being upstream of its associated drawing block.
The blocks, which in most applications have the
same diameter, are driven at different speeds and
the surface speed matches as closely as possible
the difference in elongation between each die. The
blocks may be positioned in many different ar-
rangements, such as in-line, in a circle, along a
spiral, etc. Generally, the wire can be strung along
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these blocks more easily than in the cone ma-
chines, but the drives are more complicated since
a large number of blocks must all be driven at
different speeds.

Multi-wire machines include both cone types
and tandem type machines. Multi-wire machines
with many configurations of cone and tandem
blocks have been used in the art and they allow
the drawing of several wires at the same time. At
present eight wire machines are the most common.

All wire drawing machines are designed in
such a way as to provide a pre-set difference in
surface speed between successive blocks and this
speed difference becomes a fixed parameter of the
machine. The differences in surface speeds dictate
the maximum reduction in area and the relative
elongation of the wire from one block to the follow-
ing one. At least in theory, the "reduction param-
eters" between successive drawing blocks can be
arbitrarily assigned, the reduction parameters will
establish the reductions in cross-sectional areas of
the wires and, therefore, the percentages elonga-
tion of the wire between successive stages. This
will dictate the speeds of the various drawing
blocks, bearing in mind that while the physical
dimensions of the wire between different drawing
blocks changes, the total amount of material re-
mains the same. In practice, the "reduction" pa-
rameters are not arbitrarily selected but are fixed
by conventions in order to provide standard wire
sizes. The standard wire sizes are also a function
of the specific metals used to form the wires. For
example, in the drawing of copper wires, a stan-
dard has been established in the United States
designated the B & S American Wire Gauge
(AWG). Under this convention, the wire gauges are
assigned designations of 6/0 for the largest diam-
eter wire to 56 for the finest wire. The ratio of the
diameter of each gauge wire is approximately 0.89
to the diameter of the next or adjacent gauge wire.
Having selected, for example, this B & S AWG
standard for copper, the "reduction parameters"
become defined and, at least in theory, the relative
speeds of the various drawing blocks become
known parameters. Working with the established
ratios of diameters between adjacent or successive
B & S AWG gauge wires, it is evident that the wire
cross-sectional area must be reduced approximate-
ly 20.7% between successive drawing blocks, this
resulting in elongations of the wires of approxi-
mately 26% per drawing stage. Thefore, in order to
compensate for the increased length of the wire
between successive drawing blocks, it is equally
clear that each successive drawing block must
exhibit a linear surface velocity of 126% of the
linear surface velocity of the previous drawing
block. The B & S AWG wire gauges is but one
possible rule of action for a drawing machine. A
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different set of "reduction" parameters are used
when drawing steel wire in accordance with, for
example, the W & M steel wire gauge. Still other
"reduction” parameters can be used for different
materials, for example, aluminum.

In view of the fact that all blocks are usually
linked by mechanical means in order fo change the
final diameter to be drawn, the complete string of
dies has to be moved in the machine to modify the
final diameter and this results in a big set-up time
and loss of production.

With recent advances in electrical speed con-
trolled drives, some wire drawing machines have
been designed in such a way as fo provide a
separate motor and controls for the final block
(normally called the "final capstan"). This system
allows the user to change the speed of the final
capstan in relation to the speed of the main ma-
chine, therefore, allowing the operator to maich the
speed of the final capstan to the next to the last
drawing block. This allows the elimination of one
die and an increase in the diameter of the final
product without restringing. However, such systems
reduce the output of the machine since the final
speed of the product produced by the die up-
stream of the removed die is reduced by approxi-
mately 26% on a B & S drawing machine. Each
time the wire gauge is decreased by one and the
wire diameter increases, the linear velocity at the
output of the machine decreases by approximately
26% with each removal of another die.

DE-A-3 106 830 describes a wire drawing ma-
chine having a plurality of drawing blocks mounted
in tandem, and each associated with a drawing die.
If the smallest possible diameter of wire is re-
quired, all of the dies are used, the dies being
arranged so that each die is of smaller diameter
than the preceding die. When a larger diameter of
wire is required, one or more dies are removed
from the downstream end of the string, and their
blocks allowed to run idle; the speed of the final
capstan is adjusted accordingly.

In view of the disadvantage of the aforemen-
tioned approach, it has been a common practice
not to reduce the speed of the final capstan, but to
increase the speed of the main machine to maich
the speed of the final capstan with the next to the
last drawing block. With each next successively
larger wire to be produced, (lower AWG gauge),
the process is repeated and another drawing die is
eliminated and the speed of the main machine is
again increased by approximately 6%.

The last mentioned solution can provide some
operating advantages, however, it can be imme-
diately seen that this process has obvious limita-
tions. For example, if we consider that the most
common elongation for non-ferrous metal is 26%,
by eliminating only two dies the main speed of the
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machine would have to be increased by 59%. In
view of the fact that in state-of-the art equipment,
the last shafts are already turning very close to the
limits of existing bearing technology, these speeds
cannot be exceeded and the number of diameters
that can be produced without restringing is re-
stricted to one or two. In order to avoid this prob-
lem, several means have been devised, the most
commonly used being the use of cluiches on the
last shafts of this type of machine. This design
allows the uncoupling of these shafts that are not
used and would exceed the critical speeds if left
connected with the drive system of the main ma-
chine, while the main machine speed is increased
to match the final capstan surface velocity. Hence,
this solution introduces complicated mechanisms
and high maintenance items, such as clufches,
couplings, etc.
The invention provides, in one aspect thereof,
wire drawing apparatus comprising:
a) a first wire drawing section for reducing an
incoming elongate metallic material fo an inter-
mediate wire of predetermined diameter which
is greater than the diameters of a predetermined
range of desired output production wire sizes;
b) first drive means for driving said first wire
drawing section to advance the intermediate
wire at a selectable first liner speed;
c) a second wire drawing section for receiving
and selectively reducing the wire of predeter-
mined diameter from said first drawing section
to a wire having a desired output diameter within
said predetermined range, said second wire
drawing section including n tandem drawing
blocks and a final capstan drawing block all
coupled to each other, and a plurality of n + 1
interchangeable drawing dies each respectively
positioned upstream of an associated drawing
block, said drawing blocks and dies being
diemensioned to provide predetermined
changes in elongation and velocity following
each reduction by a die; and
d) second drive means for driving said second
wire drawing section at a selectable second
speed to provide the desired production at the
output of said final capstan drawing block, the
speed of the second drive means being adjust-
able independently from the first drive means,
whereby n + 1 different wire sizes within said
predetermined range of desired output produc-
tion wire sizes can be obtained by eliminating n;
dies upstream of said final capstan drawing
block, advancing the remaining dies n; positions
downstream and adjusting said first drive means
to provide a first speed which corresponds to
the velocity of the wire prior to the first reduction
in the first die upstream the n; + 1 drawing
block, where n; £ n.
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The invention also extends to a wire drawing
method, and therefore provides in an alternative
aspect a method comprising the steps of:

a) reducing, in a first wire drawing section, an
incoming elongate metallic material fo an inter-
mediate wire of predetermined diameter which
is greater than the diameters of a predetermined
range of desired output production wire sizes;

b) driving said first wire drawing section o ad-
vance the intermediate wire at a selectable first
linear speed;

c) receiving and selectively reducing, in a sec-
ond wire drawing section, the wire of predeter-
mined diameter from said first drawing section
to a wire having a desired output diameter within
said predetermined range, said second wire
drawing section including n tandem drawing
blocks and a final capstan drawing block all
coupled to each other, and a plurality of n + 1
interchangeable drawing dies each respectively
positioned upstream of an associated drawing
block, said drawing blocks and dies being
dimensioned to provide predetermined changes
in elongation and velocity following each reduc-
tion by a die; and

d) driving said second wire drawing section at a
selectable second speed, said second speed
being selectable independently of said first lin-
ear speed, to provide the desired production at
the output of said final capstan drawing block,
whereby n + 1 different wire sizes within said
predetermined range of desired output produc-
tion wire sizes can be obtained by eliminating n;
dies upstream of said final capstan drawing
block, advancing the remaining dies n; positions
downstream and adjusting said first drive means
to provide a first speed which corresponds to
the velocity of the wire prior to the first reduction
in the first die upstream the n; + 1 drawing
block, where n; £ n.

The first section or part of the machine may
include cone sections, tandem blocks or both, and
is arranged to reduce an incoming elongate metal-
lic material to an intermediate wire of predeter-
mined diameter which is greater than the diameters
of a predetermined range of desired output produc-
tion wire sizes. The speed of the drive for the first
section can be changed to advance the output
intermediate wire at adjustable preset speeds that
can be selected depending on the mode of opera-
tion of the system.

The second part of the machine or section
reduces the incoming wire of predetermined diam-
eter from the first drawing section to a wire having
a desired output diameter within said predeter-
mined range. The second section includes any
desired number of tandem blocks, normally 4 or
more, and a final capstan drawing block all coupled
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to each other, and a plurality of interchangeable
drawing dies each respectively positioned up-
stream of an associated drawing blocks. The draw-
ing blocks and dies are diemensioned to provide
predetermined changes in elongation and velocity
following each reduction by a die. With four tan-
dem blocks and a final capstan, the new configura-
tion provides for great flexibility since the machine
can produce five different diameters without requir-
ing restringing by just eliminating one or more of
the four dies comprised in the second tandem
block section. A second drive is provided for driv-
ing the second wire drawing section at a selected
second speed to provide the desired production of
the output of the final capstan drawing block. If n
tandem drawing blocks are provided in addition to
the final capstan drawing block, n + 1 different
wire sizes within said predetermined range of de-
sired output production wire sizes can be obtained
by eliminating n; dies upstream of the final Capstan
drawing block, wherein n; is less than or equal n. In
this instance, the remaining dies are advanced n;
positions downstream and the speed of the first
drive is selected to provide a first speed which
corresponds at least to the velocity of the wire prior
tfo the first reduction in the first die upsteam of the
n; + 1 drawing block, The present invention can be
applied to all slip wet wire drawing machines and
does not require modification of established wire
drawing practices, including slip characteristics.

In view of the fact that the speed of the last
capstan of the first section is much slower than the
final capstan, it is possible to increase the speed of
the first section to match the speed of the capstan
upstream of the first active capstan (the first cap-
stan that pulls the wire through a die). This can be
done for all the n + 1 sizes (5 sizes where 4
tandem drawing blocks are provided) without re-
stringing of the first section, and there is no need
fo use expensive and high maintenance cluiches or
couplings fo disengage any of the unused shafts.

It is clear that depending on the requirements
the first and second sections can be varied in
design to provide the best mix of diameters that
each user wishes to obtain. For example, the sec-
ond section could be designed with six tandem
capstan instead of five, thus allowing the user fo
produce seven diameters without restringing.

Furthermore, this configuration allows the pro-
duction of wire sizes that fall between the diam-
eters of the standard dies by just changing the dies
in the second tandem section and adjusting the
relative speed between the two sections to maich
the non-standard diameters that one wants to pro-
duce.



7 EP 0 346 534 B1 8

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described, by way
of example, with reference to the accompanying
drawings in which:

FIG. 1 is a schematic front elevational view of
one embodiment of the wire drawing apparatus
in accordance with the present invention, show-
ing the two sections of the apparatus and the
path of the drawn wire as it is reduced as a
result of multiple passes through successively
arranged dies;

FIG. 2 is a top elevational view of the apparatus
shown in FIG. 1;

FIG. 3 is a schematic representation of the me-
chanical linkages, drives and gearings used to
rotate the various shafts and drawing blocks as
shown in FIGS. 1 and 2;

FIGS. 4A-E are schematic representations of the
last drawing block of the first section, the fan-
dem drawing blocks of the second section and
the final capstan drawing block, illustrating, re-
spectively, the manner in which successively
heavier gauges of wire can be produced in
accordance with the present invention by the
elimination of drawing blocks and dies and the
movement of the dies in order to maintain uni-
form wire gauge inputs into the second section
and wire outputs at each gauge produced by the
drawing machine;

FIG. 5 is an enlarged front elevational view simi-
lar to FIG. 1, broken away to show the applica-
tion of the present invention to a multi-wire
drawing machine; and

FIG. 6 is a top elevational view similar to FIG. 2
and showing the details of the multi-wire draw-
ing machine of FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBOIDMENTS

Referring now specifically to the figures, in
which identical or similar parts are designated
throughout by the same reference numerals
throughout, and first referring to FIGS. 1 and 2,
there is schematically shown one presently pre-
ferred embodiment of a drawing machine in accor-
dance with the present invention generally des-
ignated by the reference numeral 10.

The drawing machine 10 may be of the single
wire class, as opposed to the multi-wire class ma-
chine to be more fully described in connection with
FIGS. 5 and 6, although the machine 10 can be
adapted to process two wires simultaneously.

In the discussion that follows, it will be as-
sumed that the machine 10 is a B & S-type ma-
chine so that the "reduction" parameters of suc-
cessive drawing stages follow the B & S copper
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AWG wire gauge standards, as discussed in the
Background of the Invention. It will be obvious to
those skilled in the art that minor modifications that
need be made to the machine 10 should another
wire gauge standard be adopted or required.

The drawing machine 10 has a first part or
section 12 serially followed by a second part or
section 14.

An incoming elongate metallic material, such
as a heavy gauge wire W; enters the first section
12 through the housing 16 and is reduced by a
series of drawing blocks and associated dies to an
intermediate wire diameter W,, which is greater
than the diameters of a predetermined range of
desired output production wire sizes. The inter-
mediate diameter wire W, is advanced through a
further series of reduction stages wherein the inter-
mediate wire W, is reduced to a final output wire
Wo.

The incoming elongate metallic material W;
passes through an input die 18 and associated first
cone drawing block 20 mounted for rotation with a
shaft 22. A second cone drawing block 24 is moun-
ted for rotation with a shaft 26, a die holder 28
being interposed between the drawing blocks 20
and 24 which support a plurality of dies positioned
in the paths of movement of the wires extending
between successive steps of the cone drawing
blocks as shown and is well known to those skilled
in the art.

Upon leaving the last step of the drawing block
24, the wire passes over idler rollers 30 and 32 and
extends through a die 34 prior to engagement with
a third cone drawing block 36 mounted for rotation
with shaft 38. A fourth cone-type drawing block 40
mounted for rotation with shaft 42 cooperates with
the third drawing block 36 and with a die holder 44
in a similar manner as described in connection with
the first two drawing blocks 20 and 24. After leav-
ing the last step of the fourth drawing block 40, the
wire passes through a die 46 and engages its
associated drawing block 48. As will be evident, all
of the drawing blocks and dies mentioned thus far
are all enclosed within the housing 16 of the first
part or section 12 of the drawing apparatus. Prior to
leaving the housing 16, the wire extends through a
die 50 and thereupon exits the housing 16 and
engages associated drawing block 56 arranged
within the housing 52 of the second section 14.

Arranged downstream of the drawing block 56
are a series of tandem, serially arranged drawing
blocks 58, 60, 62, 64 and a final capstan drawing
block 66, each provided with associated dies 68,
70, 72, 74 and 76, respectively.

The drawing sections 12, 14 are "wet wire
drawing" sections, and, therefore, they may be
filled with a lubricating solution L or alternately, the
dies and/or drawing blocks can be sprayed or
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otherwise lubricated. In almost any case, the dies
18 and 76 are advantageously sealing dies which
seal the input and outlet openings of the containers
16 and 52 to prevent or minimize the escape of
lubricating fluid therefrom.

As will become more apparent from the discus-
sion that follows, the specific configuration or ar-
rangement of drawing blocks and dies in the first
section 12 is not critical for purposes of the present
invention. Numerous known combinations of cone,
tandem and/or combinations of such drawing
blocks and dies can be used to reduce the incom-
ing elongate metallic material W, to an intermediate
or desired wire W, having a desired diameter or
gauge. As will be discussed more fully in connec-
tion with FIGS. 4A-E, if the range of B & S wire
gauges desire to be produced on the drawing
apparatus includes AWG gauges 26-30, the inter-
mediate wire W, in the embodiment shown, may
be selected at AWG 25 wire gauge. If the wire
gauge of the intermediate wire W, is selected at
12 AWG, the range of wire gauges which can be
produced by the drawing apparatus includes wire
gauges 13-17. Clearly, the drawing arrangements
used in arriving at the intermediate wire gauge W,
is not critical and is dictated by considerations of
economy, size and other factors well understood
by those skilled in the art.

The output die 76 is the last die prior to the
final capstan drawing blocks 66 and is disposed
within the housing 52 of the second section 14.

Referring to FIG. 3, an important feature of the
invention is illustrated. A drive motor pulley 78 for
the first section 12 is shown together with the
various linkages, belts and gearings 79, 82, 82a,
84, 86 and 90, which engage associated pulleys,
gears and sprockets 22, 26, 38, 42, 78, 81, 83,
86, 88, 89 and 92 as shown. This arrangement
drives the first section drawing blocks, including
the drawing blocks 20, 24, 36, 40, 48 and 56 to
advance the intermediate wire W, at a selected
first linear speed.

It will be evident, therefore, that once the var-
ious gearing ratios have been selected and the
speed of the drive motor 78 has been established,
this fixes the relative rotational speeds of the var-
ious shafts and drawing blocks which comprise the
first drawing section or part of the machine.

The remainder of the drawing blocks 58, 60,
62, 64 and 66 are all linked to, directly or indirectly,
and controlled by a second section drive motor
pulley 92 which can, for example, utilize a drive
belt 94 to engage a pulley 66’ mounted on the
shaft carrying the final capstan 66, with belts 96,
98, 100 and 102 being used to couple the succes-
sive drawing blocks via pulleys of appropriate di-
ameters 66", 64, 64", 62, 62", 60", 60" and 58. As
will be more fully described, the motor pulley 92 of
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the second section can be advantageously ad-
justed at a selectible second speed to provide the
desired production at the output of the final capstan
drawing block 66. The speed of the motor pulley
78 of the first section, on the other hand, can
advantageously be modified to establish the re-
quired linear velocity of the intermediate wire W,
needed to provide the necessary reductions with all
the drawing blocks and dies in place as shown in
FIG. 1 or with one or more drawing blocks and dies
removed as will be described in connection with
FIGS. 4-4E.

Referring to FIGS. 1-3 and 4A, the operation of
the drawing machine 10 will first be described
under the conditions of maximum wire reductions
within the capability of the machine with a given
set of dies in place. As suggested, in a B & S type
drawing machine, each successive reduction by a
die requires an increase in linear velocity at the
output of that die of about 26%. In the embodiment
shown, wherein five possible reductions can take
place within the second section 14, there is ap-
proximately a 300% increase in speed of the linear
velocity of the output wire W, in relation to the
intermediate wire W,,,.

In FIG. 4A, the intermediate wire W, entering
the first die 68 in the second section 14 is a 25
gauge wire. Assuming that the normalized linear
velocity of the wire W, in FIG. 4 is equal to 1, the
normalized velocity of the output wire Wy is ap-
proximately 3.18. The output of the dies 68, 70, 72,
74 and 76 are wire gauges 26, 27, 28, 29 and 30,
respectively.

The advantages of the present invention can
best be appreciated from an examination of FIGS.
4B-E. In order to produce the next higher diameter
gauge, namely, 29 gauge wire, the die preceding
and associated with the final capstan drawing block
66 is removed or eliminated, and the remaining
drawing blocks are advanced one position down-
stream so that the dies 68, 70, 72 and 74 are now
respectively associated with the drawing blocks 60,
62, 64 and 66. However, since one reduction has
been eliminated, in order to maintain the same
normalized linear velocity of 3.18 at the output of
the final capstan drawing block, the speed of the
first section motor pulley 78 is increased to in-
crease the rotational velocities of the various linked
or coupled elements so that the last drawing block
56 which forms part of the first section is increased
by a factor of 1.26 or by 26%. At this higher
rotational speed, the 25 gauge wire can be ad-
vanced to the first die 68 at a sufficiently high
speed to compensate for the elimination of the one
reduction and thereby maintain the linear velocity
of the output wire W,,.

Similarly, referring to FIGS. 4C-E, 2, 3 or 4
dies (76 and 74; 76, 74 and 72; and 76, 74, 72 and
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70, respectively) are removed and the remaining
dies likewise advanced downstream as previously
suggested. In the configuration shown in FIG. 4C,
the speed of the motor pulley 78 is adjusted to
provide a normalized velocity of the drawing block
56 to 1.59, a normalized velocity of 2.00 in FIG. 4d
and a normalized velocity of 2.52 in the configura-
tion shown in FIG. 4E. It will be noted, therefore,
that the gauge of the intermediate wire W, is the
same in each configuration, namely, 25 gauge in
the embodiment described. The wire gauge can be
modified within a given range to select anyone of a
number of different wire gauges, in the example,
wire gauges 26-30. The selection of wire gauges
within a predetermined or desired range is
achieved by increasing the velocity of the rotating
components in the first section which is initially low
as compared to the output velocities of the second
stage. The increase in velocity of the first section
does not, therefore, present a problem insofar as
the capabilities of the bearings and rotating ele-
ments are concerned.

Similarly, it is possible to run 1/2 sizes. For
example, if the machine was initially set up to run
30 AWG gauge wire, different gauge sizes can be
produced by increasing to the linear velocity of the
drawing block 56 as above described. Typically, if
gauge 29-1/2 gauge wire is to be produced, the
producer would normally create an entire series of
1/2 sizes. Thus, for one to produce a 29-1/2 gauge
wire, the drawing machine should have the capabil-
ity of also producing 28-1/2, 27-1/2, etc. gauge
wires, all within the same predetermined or desired
ranges within the capability of the machine. To
produce a series of 1/2 sizes is equally possible
with the present invention as whole sizes. The only
difference would be to initially increase the linear
velocity of the drawing capstan 56 by 13 (a factor
of 1.13) instead of imparting an initial change in the
speed of 26%. The first die following the drawing
capstan 56 would, of course, be 1/2 gauge size.
Now, by again imparting increases of 26% in linear
velocity between successive stages, entire or
whole gauge reductions take place so that if the
first reduction becomes a 1/2 size, successive wire
sizes will also be 1/2 sizes, e.g. 25-1/2, 26-1/2, 27-
1/2, etc. As will be appreciated, therefore, the cre-
ation of 1/2 sizes is equally as simple, convenient
and inexpensive as it is to modify whole sizes. All
that is required is a difference in initial selection of
the velocity of the last drawing block of the drawing
block 56 of the first section.

Referring to FIGS. 5 and 6, a multi-wire system
is shown which operates, and all essential features,
in the way described above in connection with the
single wire system. The only difference, of course,
is that multiple wires are guided simultaneously
and adjacently to each other on drawing blocks
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48a, 56a, 58a, 60a, 62a, 64a and 66a, each being
reduced by its own associated dies 50a, 68a, 70a,
72a, 74a and 76a. The modifications to the pre-
viously described embodiment would be well within
the capabilities of those skilled in the art.

The increases in efficiency in the use of the
wire drawing apparatus and method of the present
invention can best be illustrated by a few simple
calculations. For example, on a typical wire drawing
machine set up to produce a single 30 AWG gauge
wire, it presently takes approximately 30 minutes to
restring the machine to produce a different gauge
wire. Assuming an eight hour working day and
assuming two wire size changes or restringings of
the machine in one day, the down time of the
machine is 60 minutes out of an eight hour day.
With the subject apparatus and method, the same
change in wire size can be effected within approxi-
mately five minutes. There is, therefore, a saving of
50 minutes per day of down time, and this repre-
sents approximately a 12% increase in efficiency in
the running time of the machine. While the afore-
mentioned increase is significant, the efficiencies
which can be obtained in restringing multiple wire
machines is even more dramatic. For example, in
an eight wire machine it typically takes approxi-
mately four hours to restring a conventional eight
wire machine. Using the eight hour day as a base,
this means that the machine is down a full 50% of
the day for only one restringing of the machine.
With the subject apparatus and method, to modify
a gauge size on an eight wire machine it takes only
approximately 20 minutes. This represents approxi-
mately a 92% increase in the running time over a
conventional multi-wire machine. Some eight wire
machines have been known to require as much as
eight hours for a restringing. This means that, for
such machine, production ceases for an entire
working day to effect a single restringing operation.
Again, that same modification to the subject wire
drawing apparatus method would require only ap-
proximately 20 minutes. It will be immediately evi-
dent, therefore, that the subject wire drawing ap-
paratus and method not only facilitates and makes
more convenient the modifications of wire drawing
machines to produce different wire gauge sizes,
but the invention results in significant increases in
efficiency and effectively eliminates down time so
that producers of wire can produce different wire
gauges in any desired quantities without suffering
major set backs in operational efficiencies.

While the invention is described with reference
to specific embodiments thereof and with respect
to the incorporation therein of certain combinations
of features, it is to be understood that the invention
may be embodied in other forms, many of which
do not incorporate all of the features present in this
specific embodiment of this invention which has



13 EP 0 346 534 B1

been described. For this reason, the invention is fo
be taken and limited only as defined by the claims
that follow.

Claims

1.  Wire drawing apparatus comprising:
(a) a first wire drawing section for reducing
an incoming elongate metallic material to an
intermediate wire of predetermined diameter
which is greater than the diameters of a
predetermined range of desired output pro-
duction wire sizes;
(b) first drive means for driving said first
wire drawing section to advance the inter-
mediate wire at a selectable first linear
speed;
(c) a second wire drawing section for receiv-
ing and selectively reducing the wire of
predetermined diameter from said first
drawing section to a wire having a desired
output diameter within said predetermined
range, said second wire drawing section
including n tandem drawing blocks and a
final capstan drawing block all coupled to
each other, and a plurality of n + 1 inter-
changeable drawing dies each respectively
positioned upstream of an associated draw-
ing block, said drawing blocks and dies
being dimensioned to provide predeter-
mined changes in elongation and velocity
following each reduction by a die; and
d) second drive means for driving said sec-
ond wire drawing section at a selectable
second speed to provide the desired pro-
duction at the output of said final capstan
drawing block, the speed of the second
drive means being adjustable independently
from the first drive means, whereby n + 1
different wire sizes within said predeter-
mined range of desired oufput production
wire sizes can be obtained by eliminating n;
dies upstream of said final capstan drawing
block, advancing the remaining dies n; posi-
tions downstream and adjusting said first
drive means to provide a first speed which
corresponds to the velocity of the wire prior
to the first reduction in the first die up-
stream the n; + 1 drawing block, where n; £
n.

2. Wire drawing apparatus as defined in claim 1,
wherein said first wire drawing section includes
at least one pair of cone drawing blocks.

3. Wire drawing apparatus as defined in claim 2,
wherein two pairs of cone drawing blocks are
provided.
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Wire drawing apparatus as defined in claim 2,
further comprising at least one tandem drawing
block.

Wire drawing apparatus as defined in claim 4,
wherein two tandem drawing blocks are pro-
vided.

Wire drawing apparatus as defined in claim 4,
wherein said at least one tandem drawing
block is arranged downsiream of said at lest
one pair of core drawing blocks.

Wire drawing apparatus as defined in claim 1,
wherein said first wire drawing section includes
at least one tandem drawing block.

Wire drawing apparatus as defined in claim 1,
wherein n=4.

Wire drawing apparatus as defined in claim 1,
wherein said first wire drawing section includes
a technical drawing block driven by said first
drive means and arranged on said second wire
drawing section.

Wire drawing apparatus as defined in claim 9,
wherein said terminal drawing block is a tan-
dem drawing block.

Wire drawing apparatus as defined in claim 1,
wherein the wire drawing apparatus is a multi-
wire machine, and wherein said first and sec-
ond wire drawing sections include drawing
blocks and dies for processing multiple wires
simultaneously.

Wire drawing apparatus as defined in claim 1,
wherein n=4 and n;=0.

Wire drawing apparatus as defined in claim 1,
wherein n=4 and n;=1.

Wire drawing apparatus as defined in claim 1,
wherein n=4 and n;=2.

Wire drawing apparatus as defined in claim 1,
wherein n=4 and n;=3.

Wire drawing apparatus as defined in claim 1,
wherein n=4 and n;=4.

Wire drawing method comprising the steps of:
(a) reducing, in a first wire drawing section,
an incoming elongate metallic material to an
intermediate wire of predetermined diameter
which is greater than the diameters of a
predetermined range of desired output pro-
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duction wire sizes;

(b) said first wire drawing section to ad-
vance the intermediate wire at a selectable
first linear speed;

(c) receiving and selectively reducing, in a
second wire drawing section, the wire of
predetermined diameter from said first
drawing section to a wire having a desired
output diameter within said predetermined
range, said second wire drawing section
including n tandem drawing blocks and a
final capstan drawing block all coupled to
each other, and a plurality of n + 1 inter-
changeable drawing dies each respectively
positioned upstream of an associated draw-
ing block, said drawing blocks and dies
being dimensioned to provide predeter-
mined changes in elongation and velocity
following each reduction by a die; and

d) driving said second wire drawing section
at a selectable second speed, said second
speed being selectable independently of
said first linear speed, to provide the de-
sired production at the output of said final
capstan drawing block, whereby n + 1 dif-
ferent wire sizes within said predetermined
range of desired output production wire
sizes can be obtained by eliminating n; dies
upstream of said final capstan drawing
block, advancing the remaining dies n; posi-
tions downstream and adjusting said first
drive means to provide a first speed which
corresponds to the velocity of the wire prior
to the first reduction in the first die up-
stream the n; + 1 drawing block, where n; £
n.

Patentanspriiche

Drahtziehvorrichtung, bestehend aus:

(a) einem ersten Drahtziehabschnitt zur Um-
formung eines eintretenden gestreckten me-
tallischen Materials in eine Drahtzwischen-
gréBe mit festgelegtem Durchmesser, wel-
cher groBer ist als die Durchmesser eines
vorgegebenen Spektrums gewlinschter Fer-
tigprodukt-Drahtdicken;

(b) eins ersten Antriebsmechanismus fir
den Antrieb des besagten ersten Drahtzieh-
abschnitts zum Vortrieb der Drahtzwischen-
gréBe bei einer wihlbaren ersten linearen
Geschwindigkeit;

(¢c) einem zweiten Drahtziehabschnitt zur
Aufnahme und zielgerichteten Umformung
des Drahtes mit festgelegtem Durchmesser
von besagtem erstem Drahtziehabschnitt zu
einem Draht mit einem gewlinschten Fertig-
produkt-Querschnitt innerhalb das besagten
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vorgegebenen Spektrums, wobei der besag-
te zweite Drahtziehabschnitt n Tandem-
Drahtziige sowie einen abschlieBenden
Capstan-Drahtzug, die alle miteinander ge-
koppelt sind, und ein Vielfaches von n + 1
austauschbaren Ziehsteinen umfaBt, von de-
nen jeder an entsprechender Stelle ober-
stromig von einem zugehdrigen Drahtzug
vorgesehen ist, wobei besagte Drahiziige
und Ziehsteine so bemessen sind, daB sie
festgelegte Verdnderungen in Streckung
und Geschwindigkeit nach jeder Quer-
schnittsabnahme nach Passieren durch ei-
nen Ziehstein ermd&glichen;

und

(d) einem zweiten Antriebsmechanismus fir
der Antrieb des besagten zweiten Drahtzieh-
abschnitts bei einer wahlbaren zweiten Ge-
schwindigkeit, um das gewlinschte Fertig-
produkt am Austritt von besagtem abschlie-
Bendem Capstan-Drahtzug bereitzustellen,
wobei die Geschwindigkeit des zweiten An-
triebsmechanismus unabhingig vom ersten
Antriebsmechanismus einstellbar ist und
wodurch n + 1 verschiedene Drahtdicken
innerhalb des besagten vorgegebenen
Spekirums  gewlinschter  Fertigprodukt-
Drahtdicken erhalten werden k&nnen, indem
n; Ziehsteine oberstromig von besagtem ab-
schlieBendem  Capstan-Drahtzug ausge-
schlossen werden und die verbleibenden
Ziehsteine n Positionen in unterstromige
Richtung vorwértsverlegt werden und be-
sagter erster Antriebsmechanismus einge-
stellt wird, um eine erste Geschwindigkeit
zu erbringen, die der Geschwindigkeit des
Drahts vor der ersten Umformung im ersten
Ziehstein oberstromig des Drahtzugs n; + 1
entspricht, wobei n; £ n ist.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 1, bei der der besagte erste Draht-
ziehabschnitt zumindest ein Paar von koni-
schen Drahtziigen umfaBt.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 2, bei der zwei Paare von konischen
Drahtziigen vorgesehen sind.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 2, bei der des weiteren zumindest
ein Tandem-Drahtzug bereitgestellt wird.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 4, bei der zwei Tandem-Drahtzlige
vorgesehen sind.
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Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 4, bei der der besagte zumindest
eine Tandem-Drahtzug unterstromig von be-
sagtem zumindest einem Paar von konischen
Drahtzligen angeordnet ist.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 1, bei der der besagte erste Draht-
ziehabschnitte zumindest einen Tandem-Draht-
zug umfaBt.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 1, bei der n = 4 ist.

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 1, bei der zum besagten ersten
Drahtziehabschnitt ein technischer Drahtzug
geh&rt, der durch besagten ersten Antriebsme-
chanismus angetrieben wird und in besagtem
zweiten Drahtziehabschnitt angeordnet ist.

Eine Drahtziehvorrichtung gem#B Definition in
Abspruch 9, bei der es sich beim besagten
letzten Drahtzug um einen Tandem-Drahtzug
handelt,

Eine Drahtziehvorrichtung gem#B Definition in
Anspruch 1, wobei es sich bei der Drahtzieh-
vorrichtung um eine Mehrdraht-Maschine han-
delt, und bei der besagte erste und zweite
Drahtziehabschnitte Drahtziige und Ziehsteine
zur gleichzeitigen Bearbeitung einer Vielzahl
von Dréahten aufweisen.

Eine Drahtziehvorrichtung gemiB Definition
Anspruch 1, beidern = 4und n; = 0 ist.

n

Eine Drahtziehvorrichtung gemiB Definition
Anspruch 1, beidern = 4und n; = 1 ist.

n

Eine Drahtziehvorrichtung gemiB Definition
Anspruch 1, beidern = 4und n; = 2 ist.

n

Eine Drahtziehvorrichtung gem#B Definition in

Anspruch 1, beidern = 4und n; = 3 ist.

Eine Drahtziehvorrichtung gemiB Definition
Anspruch 1, beidern = 4und n; = 4 ist.

n

Ein Drahtziehverfahren, welches die folgenden

Schritte umfaBt:
(a) Umformung - in einem ersten Drahtzieh-
abschnitt - eines eintretenden gestreckien
metallischen Materials in eine Drahtzwi-
schengrdBe mit festgelegtem Durchmesser,
weicher groBer ist als die Durchmesser ei-
nes vorgegebenen Spekirums gewlnschter
Fertigprodukt-Drahtdicken;
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(b) Vortrieb der Drahtzwischengr&Be bei ei-
ner wahlbaren ersten linearen Geschwindig-
keit durch besagten ersten Drahtziehab-
schnitt;

(c) Aufnahme und zielgerichtete Umformung
- in einen zweiten Drahtziehabschnitt - des
Drahtes mit festgelegtem Durchmesser von
besagtem erstem Drahtziehabschnitt zu ei-
nen Draht mit einem gewlinschien Fertig-
produkt-Querschnitt innerhalb des besagten
vorgegebenen Spektrums, wobei der besag-
te zweite Drahtziehabschnitt n Tandem-
Drahtziige sowie einen abschlieBenden
Capstan-Drahtzug, die alle miteinander ge-
koppelt sind, und ein Vielfaches von n + 1
austauschbaren Ziehsteinen umfaBt, von de-
nen jeder an entsprechender Stelle ober-
stromig von einem zugehdrigen Drahtzug
vorgesehen ist, wobei besagte Drahiziige
und Ziehsteine so bemessen sind, daB sie
festgelegte Verdnderungen in Streckung
und Geschwindigkeit nach jeder Quer-
schnittsabnahme nach Passieren durch ei-
nen Ziehstein ermd&glichen;

und

(d) Antrieb des besagten zweiten Drahtzieh-
abschnitts bei einer wahlbaren zweiten Ge-
schwindigkeit, wobei besagte zweite Ge-
schwindigkeit unabhingig von besagter er-
ster linearer Geschwindigkeit einstellbar ist,
um das gewlinschte Fertigprodukt am Aus-
tritt von besagtem abschlieBendem Cap-
stan-Drahtzug bereitzustellen, wodurch n +
1 verschiedene Drahtdicken innerhalb des
besagten vorgegebenen Spekirums ge-
winschter Fertigprodukt-Drahtdicken erhal-
ten werden k&nnen, indem n; Ziehsteine
oberstromig von besagtem abschlieBendem
Capstan-Drahtzug ausgeschlossen werden
und die verbleibenden Ziehsteine n; Positio-
nen in unterstromige Richtung vorwirtsver-
legt werden und besagter erster Antriebs-
mechanismus eingestellt wird, um eine er-
ste Geschwindigkeit zu erbringen, die der
Geschwindigkeit des Drahts vor der ersten
Umformung im erstan Ziehstein oberstromig
des Drahtzugs n; + 1 entspricht, wobei n; £
n ist.

Revendications

Un appareil & tréfiler comprenant:
(@) une premiére section de tréfilage pour
réduire une matiere métallique allongée
d'arrivée en un fil intermédiaire de diamétre
prédéterminé qui est supérieur aux diamé-
tres d'une gamme prédéterminée de tailles
de sortie de fils de production désirés;
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(o) un premier moyen d'entrainement pour
entrainer ladite premiére section de tréfilage
et faire avancer le fil intermédiaire 4 un
premier régime lindaire sélectionnable;

(c) une deuxiéme section de tréfilage pour
recevoir et réduire sélectivement le fil d'un
diamétre prédéterminé de ladite premiére
section de tréfilage, enun fil ayant un dia-
métre de sortie désiré dans ladite gamme
prédéterminée, ladite deuxiéme section de
tréfilage englobant des tambours tandems
de tréfilerie n et un tambour-cabestan de
tréfilerie final tous accouplés les uns aux
autres, et plusieurs filieres n + 1 interchan-
geables et chacunes respectivement posi-
tionnées en amont d'un tambour de tréfilerie
associé, lesdits tambours de tréfilerie et fi-
litres étant dimensionnés de maniére 2
fournir des changements prédéterminés
d'allongement et de vitesse suite & chaque
réduction effectuée par une filiére;

et

(d) un deuxieme moyen d'entrainement
pour entrainer ladite deuxiéeme section de
tréfilage & un deuxieme régime sélectionna-
ble pour donner le rendement désiré a la
sortie dudit tambour-cabestan de tréfilerie
final, le régime du deuxiéme moyen d'en-
trainement étant réglable indépendamment
du premier moyen d'entralnement, moyen
par lequel les différentes tailles de filn + 1
a l'intérieur de ladite gamme prédéterminée
de tailles de sortie de fils de production
désirés, peuvent étre obtenues en éliminant
des filieres n; en amont dudit tambour-ca-
bestan de tréfilerie final, en faisant avancer
les filiéres restantes de n; positions en aval
et en réglant ledit premier moyen d'entra’
nement pour qu'il fournisse un premier régi-
me qui correspond 2 la vitesse du fil préala-
blement & la premiére réduction dans la
premiére filiere en amont du tambour de
tréfilerie n; + 1,00 n; < n.

Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel ladite pre-
miére section de tréfilage comprend au moins
une paire de tambours de tréfilerie coniques.

Un appareil a tréfiler comme défini dans la
deuxiéme revendication, dans lequel deux pai-
res de tambours de tréfilerie coniques sont
fournis.

Un appareil a tréfiler comme défini dans la
deuxiéme revendication, comprenant en plus
au moins un tambour tandem de tréfilerie.
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Un appareil a tréfiler comme défini dans la
quatriéme revendication, dans lequel deux
tambours tandems de tréfilerie sont fournis.

Un appareil a tréfiler comme défini dans la
quatriéme revendication, dans lequel ledit tam-
bour tandem de tréfilerie au minimum, est po-
sitionné en aval de ladite paire de tambours de
tréfilerie coniques au minimum.

Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel ladite pre-
miére section de tréfilage comprend au moins
un tambour tandem de tréfilerie.

Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel n=4.

Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel ladite pre-
miére section de tréfilage comprend un tam-
bour de tréfilerie technique entrainé par ledit
premier moyen d'enirainement et disposé sur
ladite deuxi€éme section de tréfilage.

Un appareil a tréfiler comme défini dans la
neuviéme revendication, dans lequel ledit tam-
bour de tréfilerie final est un tambour tandem
de tréfilerie.

Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel |'appareil
A tréfiler est une machine multifils, et dans
lequel lesdites premiére et deuxiéme sections
de tréfilage comprennent des tambours de tré-
filerie et des filiéres pour traiter simultanément
des fils multiples.

Un appareil a tréfiler comme défini dans la

premiére revendication, dans lequel n=4 et
ni=0.
Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel 0=4 et
ni=1.
Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel n=4 et
n=2,
Un appareil a tréfiler comme défini dans la
premiére revendication, dans lequel n=4 et
ni=3.
Un appareil a tréfiler comme défini dans la

premiére revendication, dans lequel n=4 et
ni=4.



21 EP 0 346 534 B1

17. Un appareil & tréfiler comprenant les étapes
suivantes:

(a) réduction, dans une premiére section de
tréfilage, d'une matiére métallique allongée
d'arrivée en un fil intermédiaire d'un diamé- 5
fre prédéterminé qui est supérieur aux dia-
métres d'une gage prédéterminée de failles
de sortie de fils de production désirés;
(b) ladite premiere section de tréfilage, fait
avancez le fil intermédiaire 2 un premier 10
régime lindaire sélectionnable;
(c) réception et réduction sélective, dans
une deuxiéme section de tréfilage, du fil de
diamétre prédéterminé de ladite premiére
section de ftréfilage, en un fil ayant un dia- 15
métre de sortie désiré dans ladite gamme
prédéterminée, ladite deuxiéme section de
tréfilage englobant des tambours tandems
de tréfilerie et un tambour-cabestan de tréfi-
lerie final tous accouplés les uns aux autres, 20
et plusieurs filieres n + 1 interchangeables
positionnées en amont d'un tambour de tré-
filerie associé, lesdits tambours de tréfilerie
et filieres étant dimensionnés de maniére 2
fournir des changements prédéterminés 25
d'allongement et de vitesse suite & chaque
réduction effectuée par une filiére;
et
(d) entralnement de ladite deuxiéme section
de tréfilage & un deuxieme régime sélec- 30
tionnable, ledit deuxiéme régime étant sé-
lectionnable indépendamment dudit premier
régime linéaire, afin de donner le rende-
ment désiré 2 la sortie dudit tambour-ca-
bestan de tréfilerie final, moyen par lequel 35
les différentes tailles de fil n + 1 dans
ladite gamme prédéterminée de tailles de
sortie de fils de production désirés, peuvent
étre obtenues en éliminant les filieres n; en
amont dudit tambour-cabestan de tréfilerie 40
final, en faisant avancer les autres filieres
de n; positions en aval et en réglant ledit
premier moyen d'entralnement pour donner
un premier régime qui correspond 2 la vi-
tesse du fil préalablement & la premiére 45
réduction dans la premiére filiere en amont
du tambour de tréfilerie n; + 1, oll n; < n.

50

55

12



52

\/4

EP 0 346 534 B1

2/

FI1G./

52

Wo

66

LU

Wi

7Wm

64

24

Wi

6 4

FIG. 2

13



EP 0 346 534 B1

92

FIG.3

14



EP 0 346 534 B1

JL 9/

who

mh.m) v

%-w\\,w

; o-

.s:va %
v=1u

DMy

as 9/4 ¢ 9/ gt 9/
OMYSZ OMYSZ oMY 57
95 9" &,@
] ~3 —2
a5 -- g5 4 73 \A )
NS _
i - IR gfo
g9--+" 09-<4" QQ.O
/\ 1 032
NwN\n - 29 &9 %@ 4
£9 o 2/
. 29
) o % s ) e
OO Og HOM
omz gy Moz Zy OMYEZ [ oMY OE
£=7u c=l M

15



EP 0 346 534 B1

3
H
|

§

M
(O-C
’%m

ﬂ
||ll|| ® §\F

LJ

—

N

%’h mjl'" §‘

illlllll

Q
B

ué’éa.

~ 10

F1G.5

1752

10

FlG.6

b6




	bibliography
	description
	claims
	drawings

