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[5 7] ABSTRACT 

A longitudinally advancing conductor cable freshly extruded 
with plastic insulation is marked by a stream of a ?uid material 
of a predetermined color as follows: The stream is ?rst ejected 
from a high-pressure nozzle, sinusoidally de?ected by electri 
cal de?ection means, and then the de?ection is ampli?ed to be 
substantially larger than the cross-sectional dimension of the 
cable by an electrical amplifying means before the stream is 
applied transversely to the cable. Where a complete band 
mark needs to be made around the cable, a second stream may 
be applied to the cable opposite to the side being marked by 
the ?rst stream, by de?ecting and amplifying the second 
stream in the same manner as the ?rst stream. Using a dis 
placement electrode and varying the DC potential applied 
thereto, the band marks made by each stream may be matched 
more precisely by bending the second stream toward the ad 
vancing direction of the cable and by controlling the degree of 
bending to match the ?rst stream as the two streams hit the ca 
ble. A plurality of streams of different or the same color 
materials may be applied to the cable simultaneously at given 
intervals after being de?ected and ampli?ed in the same 
manner as the ?rst stream. 

9 Claims, 6 Drawing Figures 
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APPARATUS FOR MARKING CONDUCTOR CABLES 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present application relates to a method of and an ap 

paratus for marking a cable and more particularly, for band 
marking plastic-insulated conductor wires with streams of 
various different color materials in a ?uidic state. 

2. Description of the Prior Art 
As generally known, the band marking operation of plastic 

insulated conductor wires is combined with the wire insulating 
operation for simplifying manufacturing processes and for as 
suring a good adherence of the color material to the wires. 
Since the freshly extruded wire insulation must not be exposed 
to any appreciable mechanical pressure, it is customary to 
mark the wires using a moving stream of a color material in a 
?uidic state. 
To this end, a method has been provided whereby one or 

several color streams being ejected from nozzles under pres 
sure, are applied to a longitudinally advancing wire while the 
streams are being moved up and down transverse to the wire. 
The oscillating frequency of the nozzles and, consequently, 

the maximum production speed are largely dictated by the in 
ertia of the mechanical oscillating systerr. in the apparatus that 
provides up and down movement to the nozzles. Typically the 
maximum oscillating frequency that such ‘apparatus can reach 
is about 500 Hertz. Thus, with a color band spacing of about 5 
millimeters (mm.), which is usually prescribed for hookup 
wire, the production speed is limited to a maximum of about 
300 meters per minute (m./min.). The mechanical oscillating 

- system operating at the maximum attainable frequency, how 
ever, has a very limited service life. As a result, in practice, the 
operating frequency is usually maintained below 300 Hertz, 
which, with the above-mentioned color band spacing, results 
in a production speed of approximately 180 m./min. Even with 
such a greatly reduced production speed, the mechanical 
oscillating system of the apparatus has a limited service life. 
There has been provided another method of marking the 

cable whereby the color streams produced by a spray device 
are guided to the conductor transverse to its longitudinal 
direction at certain intervals by a train of very high voltage 
pulses applied to the conductor. The high voltage involved in 
such a method, however, requires elaborate and expensive 
protection arrangements. Even then the high voltage still 
presents a serious hazard to the operators who must work near 
the conductor. 

SUMMARY OF THE INVENTION 

It is therefore the main object of the present invention to 
provide an improved method and apparatus for marking a 
conductor cable that overcomes aforementioned short 
comings ofthe prior art. 

It is another object of the present invention to provide a 
novel method and apparatus which utilizes electrical de?ec 
tion and ampli?cation of a ?uid for marking an insulated con 
ductor cable. 

In accordance with the present method, the aforementioned 
objects are achieved by advancing the cable longitudinally in a 
given direction, forming a stream of a ?uid material of a given 
color, electrically de?ecting the stream sinusoidally in a trans 
verse direction, electrically amplifying the amplitude of the 
de?ection of the stream to a magnitude greater than the cross 
section of the cable, and then applying the stream transverse 
to the advancing cable. The method may further include form 
ing a second stream of a ?uid material of the given color, 
de?ecting and amplifying the second stream in the same 
manner as the ?rst stream and then applying the stream op 
posite the side of the cable marked by the ?rst stream for 
completing the mark around the cable. Preferably, one of the 
streams may be electrically bent after its ampli?cation in the 
direction of the advancement of the cable and the extent of 
bending adjusted to match one stream against the other 
stream. Instead of one or two, a plurality of streams of dif 
ferent colors may be formed, de?ected and ampli?ed and ap 

25 

30 

35 

40 

45 

55 

65 

75 

2 
plied to an advancing cable for forming a plurality of bands 
around the cable simultaneously. 

In accordance with another aspect of the present invention, 
a novel apparatus for performing the method is provided. The 
apparatus comprises a means for ejecting the ?uid material of 
a predetermined color in the form of a stream at a relatively 
high pressure, an electrical de?ection means for de?ecting the 
stream sinusoidally transverse to a longitudinal advancing ca 
ble, and an electrical amplifying means for amplifying the ex 
tent of the sinusoidal de?ection of the stream to be substan 
tially greater than the cross-sectional dimension of the cable 
prior to the application of the stream to the advancing cable. 
The apparatus may include a second set of the aforemen 
tioned various means for applying another stream opposite the 
?rst stream to effect a complete band mark. 
The apparatus may further include a DC displacement elec 

trode for applying a DC ?eld nonsymmetric to the axis of the 
path of one of the streams to bend it laterally in the direction 
of the advancement of the cable and means for varying the DC 
?eld to adjust the extent of bending of the stream to match it 
with the other stream in forming the complete band mark. The 
apparatus may also include a plurality of pairs of ejecting, 
de?ecting and amplifying means, and displacement electrodes 
arranged to mark a plurality of bands simultaneously on the 
advancing cable. 
The aforementioned objects and features and other objects 

and features may be more fully apprehended from the detailed 
description of the present invention in conjunction with the 
accompanying drawings. 

BRIEF. DESCRIPTION QETHE DRAWINGS 
FIG. I shows a side view in partial cross section of the 

de?ection system; 
FIG. 2 schematically shows a novel apparatus for practicing 

the inventive method; > 
FIGS. 3a, 3b and 3c show side, front and top views respec 

tively of the de?ection system with a displacement electrode; 
and 

FIG. 4 shows a top view of a de?ection system for simul 
taneously applying a plurality of marks to the insulated con~ 
ductor. 

DETAILED DESCRIPTION OF THE INVENTION 

As can be seen from FIG. I, a color material in a ?uidic 
state is forced out of a ?xed nozzle 1, at a pressure from 1.5 to 
I .8 times that of atmospheric pressure, to form a thin horizon 
tal stream of color material 3. The noule l is electrically con 
nected to a ground potential and has an ori?ce of about 0.5 
mm. The stream is then applied through a bipolar elec 
trodynamic de?ection system 2 consisting of two round wire 
electrodes of about 2 mm. in diameter and positioned about 5 
mm. from the nozzle. The two electrodes are spaced about 2.5 
mm. from each other, and are preferably insulated. Interelec 
trode spacing and insulation of the electrodes allow the 
material to drip off from the electrode and thus avoid the un 
desirable brush discharge of the color material found in the 
prior art. As apparent from FIG. 2, positive or negative halves 
of sinusoidal voltage pulses of 3 to 5 kv. peak voltage are al 
ternately applied to the de?ecting electrodes to de?ect the 
color stream 3 sinusoidally. The amplitude of the oscillations 
of the color stream is mainly dependent on the amplitude of 
the voltage pulses, the pulse frequency, the amount of color 
material being ejected and the relative dielectric constant of 
the color material 3. 
The applicants have found that the mark formed on the 

cable is clean and sharply de?ned when the amplitude of the 
oscillation is de?ected to the extent of at least four times the 
diameter of the insulated conductor 4 at the point that the 
stream is applied to the conductor. The required ampli?cation 
was obtained by a cylindrical amplifying electrode 5 arranged 
about 10 mm. from the electrodes of the electrodynamic 
de?ection system 2 and by applying a variable DC potential to 
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the amplifying electrode. The applicants have found that by 
varying the DC potential from 2 to 5 kv. it was possible to real 
ize up to a ?ve fold increase in the amplitude of oscillation. 
The insulated conductor 4 is so positioned that it advances 
horizontally along its longitudinal axis at a distance of about 
15 to 40 mm. from the amplifying electrode 5. The color 
stream is directed transverse to the advancing conductor 4, 
and is so oriented that the sinusoidal de?ection moves up and 
down vertically with respect to the horizontally advancing 
cable and that the zero-axis crossing of the oscillations is 
aligned in the plane of the longitudinal axis of the cable. 
Where the cable is cylindrical, the band mark formed by the 
stream covers one half of the circumference of the cable‘ 

FIG. 2 also shows an electrical circuit for generating the 
high voltage pulses. The circuit includes an audio-oscillator 6, 
a power ampli?er 7 and a recti?er 2, in tandem. The audio 
oscillator 6 may be of the type which is controllable with 
respect to its frequency and voltage, or of a tachogenerator 
type which is synchronizable with the advancing speed of the 
wire. The output of the oscillator is ampli?ed by a power am 
pli?er 7 to a required voltage and then applied to the recti?ng 
means 2 through a transformer 8. The voltage from the two 
symmetrical secondaries of the transformer is applied respec 
tively to two diodes 9 and 10 of the recti?ng means and then 
applied to the two de?ecting electrodes 2 through short, low 
capacitance and low-leakage lines. A reservoir 11 contains a 
suitable color material and supplies the material under a high 
pressure by compressed air from a stock bottle 12 fed through 
a valve 13. 

For producing a complete band marking on the insulated 
conductor, two de?ection apparatus may be positioned on op 
posite sides of the conductor. In order to prevent the two color 
streams from in?uencing each other, the two de?ection ap 
paratus may be staggered from each other along the insulated 
conductor by one or several band spacings. In some applica 
tions a ?ne adjustment may be necessary to match the two half 
hands. This is made possible by using a displacement electrode 
14, such as that shown in a side view in FIG. 3a, in a front view 
in FIG. 3b, and in a top view in FIG. 30. The electrode is con 
nected to a controllable DC high-voltage potential source and 
applies a DC ?eld which is nonsymmetric to the axis of the 
path of the color stream material. The electrode may be of any 
suitable shape. For example, it may be in a boxlike form, as 
shown, or in an oval, platelike or ?lamentary shape. When the 
color stream is directed past this displacement electrode, it is 
de?ected toward the nearest plate and preferably bent 
laterally in the direction of the advancing cable. The de?ec 
tion angle, and consequently matching of the stream to the 
other stream, can be readily controlled by increasing or 
decreasing the DC potential applied to the plate to control the 
de?ection angle. As shown in FIG. 30, the marking on the op 
posite side of the cable 4 is provided by a second color stream 
3’ from a second de?ection apparatus 5' of the type illustrated 
in FIG. 1. 

FIG. 4 shows an apparatus which simultaneously applies tri 
ple bands on the advancing conductor 4. Three streams of dif 
ferent or the same color material emerge from three nozzles. 
The three color streams are then sinusoidally de?ected by 
de?ection electrodes 2 common to all three streams. The 
de?ection amplitude of the three streams are ampli?ed by 
three individual amplifying electrodes 5 of the type discussed 
above. A separate displacement electrode 14, provided for 
each color stream, bends the direction of the color stream in 
the manner described above. 
The novel method and apparatus provide several important 

advantages over the prior art. The present invention 
eliminates the need for mechanically oscillating components 
and thus provides an increased life expectancy of the ap 
paratus and permits a simpli?ed structure. Also the electrical 
control means in the apparatus makes it possible to have more 
precise control in matching the bands and to substantially in~ 
crease the marking speed and thus the production of the ca 
ble. In a number of tests, the applicants have found that it was 
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4 
possible to increase the frequency of oscillation to L400 
Hertz, using the above mentioned band spacing of 5 mm., with 
excellent results. This yielded a production speed of about 850 
m./min. which compares very favorably with the prior art 
method that yielded up to 180 m./min. 

For band marking at such a high production speed, it is 
possible to use essentially the same commercial color material 
compositions as those used in the prior art. But these commer 
cial compositions require a relatively long drying time and 
consequently a long drying distance after the application of 
the color bands. The applicants have found a better color 
material that consisted of 95 percent solvent and diluent, 2 to 
3 percent bonding agent (PVC), and the remainder of 2 to 3 
percent color content, with the solvent being made of 67 per 
cent methylene chloride, 10 percent chloroform and 23 per 
cent cyclohexane. Besides the desired electrical and mechani— 
cal properties, this color material was found to require a dry 
ing distance of only about 1 meter on the still hot, just ex 
truded insulation at a production speed of 350 m./min. 

It is to be understood that the above-described method and 
apparatus are simply illustrative of the principles of the inven 
tion. Other methods and apparatus may be readily devised em 
bodying the principles of the present invention and fall within . 
the spirit and scope thereof. 
We claim: 
1. An apparatus for marking a cable with a ?uid material of 

a predetermined color comprising: 
means for advancing said cable in a longitudinal direction; 
a ?rst means ejecting said ?uid toward said cable in the 
form of a stream at a relatively high pressure; 

a ?rst electrical de?ection means for sinusoidally deflecting 
said stream transverse to the longitudinally advancing ca 

ble; 
a ?rst electrical amplifying means for amplifying the mag 

nitude of the sinusoidal de?ection of said stream to an ex 
tent substantially greater than the cross-sectional dimen 
sion of said cable and applying the ampli?ed deflected 
stream to the advancing cable. 

2. The apparatus of claim 1, wherein said ?rst de?ection 
means includes a ?rst and a second electrode disposed ad 
jacent said ejecting means and on opposite sides of said 
stream, and an electrical power source applying a sinusoidally 
varying electrical potential to said ?rst and second electrodes. 

3. The apparatus of claim 2, wherein said power source in 
cludes: 

an electrical source generating sinusoidal waves; 
means for amplifying said sinusoidal waves; 
means for rectifying each half cycle of the ampli?ed 

sinusoidal waves; 
means applying each half of the recti?ed sinusoidal waves 

alternately to a corresponding one of said ?rst and second 
electrodes. 

4. The apparatus of claim 2, wherein said ?rst electrical am 
plifying means includes an electrode having a hollow internal 
tapered pro?le, the axis of said tapered pro?le being aligned 
with the cable, the electrode being positioned so that said 
stream enters at the narrow end of the tapered pro?le and 
exits at the broader end of the pro?le; and a variable DC 
potential source controlling the magnitude of the ampli?ca 
tion of said electrical amplifying means. 

5. The apparatus of claim 2 further includes a second 
stream ejecting means, a second electrical de?ection means, 
and a second electrical amplifying means arranged for apply 
ing a second stream of said material of the predetermined 
color opposite the side of the cable to said ?rst ejecting, 
de?ection and amplifying means for completing the mark 
around the cable. 

6. The apparatus of claim 5, further including: 
displacement electrode means for applying a DC field 
nonsymmetric to the axis of the path of said second 
stream to bend the stream laterally in the direction of the 
advancing cable; and 
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means for varying the DC potential of said electrode means 
to adjust the degree of bending of said second stream to 
match said ?rst stream at a corresponding position on 
said opposite side of said cable. 

7. The apparatus of claim 6, further including a plurality of 5 
stream ejecting means, common electrical de?ection means, a 
plurality of electrical amplifying means, and a plurality of dis 
placement electrode means for applying a plurality of dif 

25 

30 

35 

40 

45 

55 

65 

70 

75 

6 
ferent color bands simultaneously to the advancing cable. 

8. The apparatus according to claim 7, wherein said ?uid 
material consists of 95 percent solvent, 2 to 3 percent bonding 
agent and the remainder of color material. 

9. The apparatus according to claim 8, wherein said solvent 
is made of 67 percent methylene chloride. l0 percent 
chloroform and 23 percent cyclohexane. ' 

it * * * * 


