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Methods of and apparatus for controlling capacitance unbalance-to-ground in cables

Field of the Invention

This invention relates to the control of
capacitance unbalance-to-ground in cables and,
more particularly, to methods of and apparatus
for the control of capacitance unbalance-to-
ground of twisted conductor pairs in cables
having conductors covered with at least a layer
of cellular insulation.

Prior Art

Recently, interstices among a plurality of
twisted pairs of solid-plastic insulated conduc-
tors which comprise a core of a multipair
telephone cable have been filled with a water-
proofing compound to prevent the ingress of
water which affects the electrical charac-
teristics of the cable. Since the replacement of
the air in the interstices with waterproofing
compound results in poorer insulating proper-
ties, the amount of insulation about each
conductor must be increased for better
insulating properties. This results in an increase
in cross-sectional area of each of the insulated
conductors, as well as that of the core, thereby
requiring additional plastic compound to form a
jacket about the core, aill of which represents
increased cost of manufacture. In order to
realize the advantages of filled cable and, at the
same time, to maintain the cost comparabie to
that of unfilled cable by reducing the size of the
insulated conductors, individual conductors are
insulated with a cellular plastic which may be
covered with an outer skin of a solid abrasion-
resistant plastic material. Because cellular
plastic has a lower dielectric constant and
hence, better insulating properties than solid
plastic, a reduced wall thickness of cellular
plastic insulation may be used with the result
that the total thickness of the cellular plastic
insulation plus the skin layer of solid plastic is
equivalent to that for solid plastic insulation in
an unfilled, air-core cable.

Although cellular plastic insulation is well
known in the art, problems occur in the control
of parameters, such as, for example, coaxial
capacitance and outside diameter, of the in-
sulated conductor, which are indicative of the
quality of the insulated conductors. Coaxial
capacitance is defined as the capacitance
between the conductor and a probe which are
separated by the insulation. Methods and
apparatus which are used to control the
application of cellular plastic to conductors and
the amount of expansion in the cellular plastic
to maintain these parameters within accept-
able limits are disclosed in U.S. patents
3,914,357, 3,973,187 and 4,017,228 issued
October 21, 1975, August 3, 1976 and April
12, 1977, respectively, all in the names of M. R.
Cereijo and T. S. Dougherty. Lack of control of
the amount of expansion which is a parameter
not generally encountered in solid plastic
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insulation can result in random variations in the
dielectric constant of the cellular insulation.
Random variations in the dielectric constant
affects capacitance-to-ground, which is defined
as the grounded capacitance of one insulated
conductor of a twisted pair and is a measure of
the quality of the conductor in its ability to resist
the pick-up of energy from external sources,
such as, for example, power transmission lines.
See, for example, Horn, Y. W., “ABC of the
Telephone Cable, Inside and Out”, Vol. 5, 1974
Lee’s ABC of the Telephone.

After the conductors are insulated with the
cellular insulation, they are twisted together in
pairs and subsequently formed into a cable. In
order to be acceptable, twisted pairs of conduc-
tors must exhibit a difference or unbalance in
capacitance-to-ground which is less than a
predetermined value. Test results show that
while the two conductors of any pair may each
have acceptable coaxial capacitance and out-
side diameter values, when twisted together,
the pair has unacceptable capacitance
unbalance-to-ground values. It had been
thought that if measured values of coaxial
capacitance and outside diameter of each
insulated conductor of a pair fell within
acceptable limits, the capacitance unbalance-
to-ground would aiso be acceptable. See

-Windeler, A.J., Polyethylene Insulated Tele-

phone Cable, 4th Annual Wire and Cable
Symposium, December 7, 1955. This seeming
anomaly may be overcome by twisting conduc-
tors having equal capacitance-to-ground values;
however, this requires costly shop control.

Summary of the Invention

The problem of being abie to maintain the
capacitance unbalance-to-ground value of a pair
of insulated conductors at less than a predeter-
mined value has been solved by the present
invention wherein the application of insulation
to conductors is monitored to control the
capacitance unbalance-to-ground of each
insulated conductor relative to a conductor
having preselected values of coaxial
capacitance and outside diameter to make it fall
within a predetermined range of values.

A method embodying the principles of the
invention includes the steps of covering
conductors with a plastic insulation material to
form insulated conductors, measuring the
coaxial capacitance and associated outside
diameter of the insulated conductors,
generating electrical signals which correspond
to the measured capacitance and associated
diameter of each of the insulated conductors,
and relating these signals to the capacitance
unbalance-to-ground between each of said
conductors and a reference insulated conduc-
tor having preselected values of coaxial
capacitance and outside diameter, and
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controlling the covering of the conductors to
maintain the capacitance unbalance-to-ground
value between each said conductor and the
reference conductor within a predetermined
range. In one embodiment, the generated
signals of coaxial capacitance and outside
diameter are displayed on a coordinate trace of
a continuous recorder with lines of constant
percent expansion and constant difference in
capacitance-to-ground  between  insulated
conductors and the reference conductor super-
imposed thereon and related to the values of
coaxial capacitance and outside diameter. It has
been found that if conductars which are in-
sulated with- coordinate values of coaxial
capacitance and-autside diameter falling within
a defined portion of the trace having a pre-
determined range of capacitance unbalance-to-
ground values relative to the reference conduc-
tor are twisted together, the capacitance
unbalance-to-ground value of the pair is
acceptable.

An apparatus for controlling capacitance
unbalance-to-ground between conductors of a
pair includes facilities for extruding celiular
insulation over conductors to form insulated
conductors, facilities for measuring capacitance
and associated outside diameter of the
insulated conductors, facilities for displaying
measured capacitance and associated diameter
with respect to corresponding lines of constant
percent expansion and a region defined by
spaced lines of constant capacitance
unbalance-to-ground values, and facilities for
generating a continuous indication of the
measured capacitance and associated diameter
of the conductors on the displaying facilities,
and facilities for controlling at least the percent
expansion of the cellular insulation to maintain
the coordinate values of coaxial capacitance
and diameter within the defined region. in one
embodiment, the apparatus also includes
facilities for twisting together conductors having
an insulation identified by capacitance and
diameter values falling within the defined region
of the trace.

Brief Description of the Drawings

Other objects and features of the present
invention will be more readily understood from
the following detailed description of specific
embodiments thereof when read in conjunction
with the accompanying drawings, in which:

FIG. 1 is a view of a conductive element
having a single layer of cellular plastic insula-
tion extruded thereabout;

FIG. 2 is a view of a conductive element
insulated with an inner layer of cellular plastic
insulation and an outer skin layer of solid plastic
insulation;

FIG. 3 is a cross-section view of a twisted
insulated conductor pair within a shielded cable
and illustrating in schematic form how
capacitance values for the insulated conduc-
tors are measured;
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FIG. 4 is a view of an apparatus partially in
section and in elevation and partially in
schematic embodying the principles of this
invention for covering the conductive element
with cellular plastic insulation together with
facilities for monitoring the covering;

FIG. b is a graph of coaxial capacitance
versus outside diameter with coordinate values
for five insulated conductors thereon and
showing corresponding capacitance unbalance-
to-ground values between each one of four of
the conductors and a fifth conductor having
nominal properties;

FIG. 6 is a graph of coaxial capacitance
versus outside diameter of insulated conduc-
tors with lines of constant capacitance
unbalance-to-ground and constant mutual
capacitance superimposed thereon and related
mathematically to the coaxial capacitance and
outside diameter;

FIG. 7 is a graph of coaxial capacitance
versus outside diameter of insulated conduc-
tors with two different operating windows
superimposed thereon; and

FIG. 8 is a schematic view of a feedback
control system for the apparatus of FIG. 4.

Detailed Description

A cellular plastic insulation 21 for covering a
conductor 22, typically copper or aluminum
wire ranging from 0.4064 to 1.1430mm in
diameter (see FIG.1) is well known and is
formed from a solid plastic material containing
an admixed expanding medium which “is
extruded about the conductor. Referring now to
FIG.2, there is shown a dual insulated
conductor 23 which includes the conductive
element- 22 having the cellular insulation 21
and a concentric layer 24 of solid plastic
insulation thereabout. The outer layer 24 is
comprised, for example, of polyvinyl chloride
(PVC) or polyethylene, which forms a thin outer
skin 24 that imparts tough mechanical proper-
ties to the insulation, that possesses improved vol-
tage breakdown characteristics, and that pro-
vides a suitable material for color coding as well
as reducing the permeability of the insulation to
a filling compound if used. The outside diameter
of the insulated conductor 23 varies between
0.7620 and 2.0320mm while the wall thick-
ness of the outer layer 24 ranges between
0.0508 and 0.1270mm.

Referring now to FIG. 3, there is shown in
schematic a view of the two insulated conduc-
tors 26 and 27 enclosed in a cable shield 28 for
purposes of illustrating capacitance measure-
ments. In order to conduct a test for the
conductor 26, all the other conductors (not
shown) in the cable including the conductor 27
which is twisted together with the conductor 26
are grounded and the capacitance-to-ground of
the conductor 26 is measured and designated
Cg,. The capacitance-to-ground of a conductor
27, Cg,, is measured in a similar manner and
the difference (Cg,—Cg,) calculated. This
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difference is designated as the capacitance
unbalance-to-ground. Direct capacitance
between the two conductors 26 and 27 is
designated C,, and is added to the series
combination of Cg, and Cg, to obtain a charac-
teristic referred to as mutual capacitance. The
capacitance-to-ground characteristic of an
insulated conductor is a function of the thick-
ness of the insulation, of the dielectric constant
and of the distance of the conductor to the
shield. Since, as disclosed by the priorly
identified W.indeler article, Polyethylene
Insulated Cable, the dielectric constant of
insulation decreases as the percent voids
increase, the capacitance-to-ground value of
cellular insulated conductors also varies.

It should be understood that the term
“cellular insulation” includes not only that
formed from a solid plastic containing an
admixed expanding medium, but also some
types of solid insulation, e.g. high density poly-
ethylene (HDPE), where contraction voids oceur,
generally adjacent to the conductor 22, While
the methods and apparatus of this invention will
be described with respect to controlling
capacitance-to-ground unbalance in expanded
cellular insulation, it should be understood that
they are equally applicable to a conductor 22
insulated with a solid plastic insulation which
may for example, develop contraction voids and
hence acts as an expanded cellular insulation.

The insulation 21 may be extruded about the
conductor 22 by an apparatus designated
generally by the numeral 30, such as that
shown in FIG. 4. The following description of the
methods and apparatus of this invention will
assume that the conductor 23 is being covered
with either cellular plastic material 21 or with
dual insulating layers 24 and 21 comprising a
solid plastic over expanded polyethylene, for
example. It should be understood that term
“plastic” is intended to include both thermo-
plastic and thermosetting materials including
rubber and rubber-like materials.

The conductor 22 is advanced by a capstan
32 through an extruder 31 where the insulation
21 or the dual insulation layers 21 and 24 are
applied by a die (not shown) which may be that
disclosed and claimed in U.S. patents
3,947,173 and 3,903,233. Then the insulated
conductor 23 is advanced out of the extruder 31
and after a predetermined amount of travel
through an air-gap distance designated “x”, is
moved into a cooling trough 33. As can be seen
in FIG. 4, the cooling trough 33 is mounted-on a
gear and rack mechanism 34 for movement
reciprocally longitudinally of the path of travel of
the conductor 23 so that the air-gap may be
adjusted to control the percent expansion of the
cellular layer 21.

Two in-line measurements of the dual
insulated conductor 26 are made near the
downstream end of the cooling trough 33. A
capacitance monitor 36 measures the coaxial
capacitance of the insulation 21 or of the
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insulation layers 21 and 24 covering the
conductive element 22. The capacitance
monitor 36 may be of the type shown in U.S,
patents 2,765,441 or 2,908,861 or that shown
in U.S. patent 2,804,592. The overall diameter
d,, or diameter-over-dielectric and hereinafter
referred to as DOD (see FIGS. 1 and 2), of the
insulated conductor 23 is  monitored
continuously by a gauge 37, such as, for
example, an underwater diameter gauge that is
manufactured by the Beta Instrument Com-
pany and designated model no. TG1000 or
TI500. Typical traces of the overall capacitance
C. and the DOD are recorded on a strip chart
{not shown).

In order to provide a meaningful display of
process variables, a coordinate chart-recording
instrument 50 (see FIG. 4) of the type which is
available commercially from the Hewlett-
Packard Company, under the description, Model
No. 70048B, is used. The instrument 50 has a
continuous recorder printer (not shown) which
is moved up and down by a current signal from
the capacitance monitor 36 and from side to
side by a current signal from the DOD gauge 37.
A chart 53 is inserted into the instrument 50 for
each reel (not shown) of the insulated conduc-
tor 23 such that changes in coaxial capacitance
and DOD indicated by the position of the
recorder printer (not shown) are in direct
correspondence with the incremental changes
in coaxial capacitance and DOD indicated by the
respective monitoring instruments 36 and 37.
Superimposed upon the chart 53 is an operat-
ing window or target area 54 which represents
acceptable values of coaxial capacitance and
DOD for the insulated conductor 23.

Although it is desirable to use cellular insula-
tion in filled cables, there are problems peculiar
to cellular insulation which must be overcome.
While the use of solid plastic insulation to cover
the conductor 22 requires an operator to look
only at a trace of DOD or coaxial capacitance,
and to adjust only one parameter, such as, for
example, extruder screw speed or line speed,
additional parameters must be taken into
account in dealing with cellular plastic insula-
tion. In order to maintain a coaxial capacitance-
DOD trace for cellular plastic insulation within
the operating- window 54, the trace must be
made with respect to product parameters which
may be changed by known process parameters.
As disclosed in hereinbefore-identified U.S.
patents 3,914,357, 3,973,187 and 4,017,228
it has been determined that two product par-
ameters related to coaxial capacitance and DOD
which may be used for this purpose are weight
of insulation per unit length of the conductor 23
and the percent expansion. It should be under-
stood that “percent expansion” or percent voids
is interpreted to mean the percent of the cross
sectional area which is comprised of voids.

The weight of insulation per unit length of
dual expanded plastic insulation, the dielectric
constants for single layer cellular insulation and



7 0000954 8

for dual insulated conductors, and the percent
expansion may be calculated from equations set
forth in priorly identified U.S. patents
3,914,352, 3,973,187 and 4,017,228. From
these equations, values of coaxial capacitance
and DOD may be calculated for weight of
insulation and for percent expansion and
parallel lines 56—56 of constant weight of
insulation, expressed in grams-per-meter for
example, of the conductor 23, and parallel lines
5757 of constant percent expansion are
superimposed on the operating window 54. The
display of FIG.4 depicts constant output and
constant percent expansion lines superimposed
on and in mathematical relationship to a plot of
coaxial capacitance versus DOD for cellular
plastic insulation.

Typically, the coaxial capacitance C, and the
DOD (see FIGS. 1 and 2) of an insulated
conductor are monitored with a continuous
indication thereof being conveniently displayed.
The display is made in such a way that there is a
continuous indication not only of coaxial
capacitance and DOD, but also of percent
expansion and weight of insulation per foot of
the conductor 23. By using the principles of the
hereinbefore-identified U.S. patents, guides are
provided so that an operator viewing the trace
on the composite recorder instrument 50 may
make those adjustments required for correction.

It should be realized that the output of the .

extruder 31 for the skin layer 24, if used, does
not affect the output for the inner cellular layer
21 and that the thickness of the outer layer 24
is essentially constant. When using the present
invention for dual insulation, solid plastic over
cellular plastic, it is assumed that the skin
thickness {d, — d;)/2 is constant and known and
may be measured off-line or by a separate in-
line monitor. Also the composite dielectric
~ constant of the plastic insulation material may
be determined, and the total weight includes
the weight of the cellular insulation together
with the weight of the solid insulation. From
instrumentation on the line, the overall coaxial
capacitance of the dual insulation and the DOD
of the successive sections of the dual insulated
conductor 23 are measured. .
Referring now to FIG. b, there are shown
coordinate values of coaxial capacitance and
DOD for several example conductors 61—65
and, superimposed thereon, the values of
capacitance-to-ground differences when two of
the conductors, as indicated by a line there-
between, are twisted together. If the conductors
61 and 65 or 61 and 62 which are at the upper
left and center or at the upper left and lower
right hand corners, respectively, of the graph,
are twisted together, the capacitance-to-ground
differences.are 157 and 174 pF/km. However, if
the conductors 63 and 64, which have
coordinate values at the upper right and lower
left corners of the display the difference in
capacitance-to-ground is significantly higher,
i,e. 1791 pF/km. The higher capacitance-to-
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ground unbalance, which causes interference
between conductors and adjacent power lines
as well as crosstalk loss of pairs at presently
used carrier frequencies, occurs notwithstand-
ing the acceptable coaxial capacitance and DOD
values of each of the conductors 63 and 64
falling within the operating window 54.

It has been stated in the prior art that in order
to insure that two insulated conductors of a pair
have nearly equal capacitance to the
surrounding pairs and to its shield, the cylinders
of insulation on the two conductors of a pair
must be alike in size and dielectric constant. It
has also been stated that coaxial capacitance
and capacitance-to-ground in a cable are not
the same but are related in a linear fashion and
that control of one is effectively a control! of the
other. As should be apparent from the discus-
sion hereinbefore and especially from a study of
FIG. 5, the control of coaxial capacitance of
each conductor of a pair does not necessarily
result in the control of capacitance unbalance-
to-ground values of the pair.

The determination of the capacitance
unbalance-to-ground values between insulated
conductors 23—23 may be made graphically. It
has been found that the capacitance un-
balance-to-ground between an insulated
conductor 23 manufactured as described here-
inbefore and the reference insulated conductor
65 having nominal values of coaxial capaci-
tance and DOD may be calculated from the
follawing equation:

Cub = A(DOD — DOD,) + B(Cc — Cc,)

where

Cub = capacitance unbalance-to-ground,

A and B are constants which may be
determined by a regression analysis from
experimental data,

DOD = diameter-over-dielectric of an insu-
lated conductor,

-DOD,, = diameter-over-dielectric of reference
insulated conductor at nominal condition,

Cc = coaxial capacitance of the insulated
conductor; and

Cc, = coaxial

capacitance of reference

‘insulated conductor at nominal condition.

The above equation is used to plot a family of
curves of constant capacitance unbalance-to-
ground values as between an insulated conduc-
tor 23 and the reference insulated conductor 65 -
on a display of coaxial capacitance versus DOD,
which may be, for example, linear and shown as
lines 71—71 (see FIG. 6).

The difference in capacitance-to-ground of
two insulated conductors which are to be
twisted together is obtained by subtracting
algebraically the values of the capacitance
unbalance-to-ground lines 71—71 or
interpolated values between the lines on which
the coordinate values of coaxial capacitance
and DOD fall. For example, the capacitance
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unbalance-to-ground between a iwisted pair
comprising an insulated conductor having
coaxial capacitance and DOD values which fall
along the line 71 having a scale value of
—1.64pf/m in FIG.6 and an insulated
conductor 65 having nominal values is
—1.64 pf/m. A twisted pair of conductors
23—23 each having coordinate values of
coaxial capacitance and DOD located along the
same one of the lines 71—71 have a zero
difference or zero capacitance unbalance-to-
ground value.

For each conductor pair represented by
coordinate values of coaxial capacitance and
DOD, empirically derived equations may be used
to calculate mutual capacitance. A curve fitting
procedure is used to form a family of curves of
constant mutual capacitance which in FIG. 6 are
shown as a family of straight lines 72—72. Two
insulated conductors 23—23 having coaxial
capacitance and DOD values which fall along
the same one of the lines 72—72 have a

mutual capacitance therebetween of the value -

indicated on the scale to the left in FIG. 6.

in the preferred approach for minimizing the
difference in capacitance-to-ground values,
which embodies the principles of this inven-
tion, the graph is provided with an operating
window 81 which is defined laterally, as viewed
in FIG.7, by two spaced lines 71—71 of
constant capacitance unbalance-to-ground
values. The lateral boundaries are selected so
that if the two insulated 23—23 conductors
which are twisted together have coaxial
capacitance-DOD coordinate values which fall
on the boundary lines, the resulting capacitance
unbalance-to-ground of the twisted pair is
acceptable. The upper and lower boundaries of
the operating window 81 as viewed in FIG. 7
are established to control the mutual capaci-
tance between the two conductors. If all conduc-
tors which are insulated have values of coaxial
capacitance and DOD such that their coordinate
values fall within the operating window 81, the
difference in capacitance unbalance-to-ground
values of any two conductors when twisted
together will be acceptable. An operating
window 82 with narrow tolerances and defined
in part by spaced lines 56—56 of constant
weight of insulation is also shown in FIG. 7 and
insures not only that the maximum unbalance of
any twisted conductor pair is not exceeded but
also that the average unbalance for all
conductor pairs of a cable is acceptable.

A second approach which while being
somewhat less stringent on the manufacturing
requirements requires an inventory control
system. Each insulated conductor 23 is required
to have insulation characteristics such that its
coaxial capacitance and DOD fall within the
targer rectangular operating window 54 and not
necessarily within the precisely defined operat-
ing window 81 or 82. Hence, the requirements
on operating parameters are relaxed somewhat
over the preferred system. Each conductor reel
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is identified with a capacitance unbalance-to-
ground value between it and the reference
conductor having the preselected nominal
values of coaxial capacitance and outside
diameter and at twisting, an operator uses an
inventory control system to insure that any two
conductors which are twisted together have a
minimum difference in capacitance-to-ground.
This precaution need not be taken in the
preferred system in which any two conductors
which pass the operating window test neces-
sarily will have an acceptable capacitance un-
balance-to-ground value when twisted together.
It should be understood that the control
exercised by practicing the principles of this
invention is a two fold control. Not only is the
maximum capacitance unbalance-to-ground
value controlied to be within acceptable limits,
but also the average capacitance unbalance-to-
ground, which has a lower value than the
maximum. This is especially important in the
use of insulation such as HDPE where the
maximum unbalance is not great but where if
unchecked, the average is intolerable.
Referring now to FIG. 8, it is seen how the
principles of this invention may be extended to a
feedback control system to automatically
contro! process variables. As before, the coaxial
capacitance and the DOD are measured by the
capacitance monitor 36 and the gauge 37,
respectively. The measurements are supplied as
inputs to the x —y recorder 50 and as inputs to
a process conitol computer, designated
generally by the numeral 100. The inputs to the
computer 100 which are proportional to the
deviation from the nominal values as deter-
mined by process specifications cause built-in
logic of the computer 100 to establish required
correctional signals. These correctional signals
are used to vary, for example, the extruder
screw speed or to control the mechanism 34 to
move the cooling trough 33 and adjust the air
ap.
g F')Fhe process control computer 100 includes a
built-in coordinate plotter which may be in
terms of a Cartesian or other convenient co-
ordinate system. In this way, a trace of coaxial
capacitance and DOD is reviewed with respect
to lines of constant percent expansion, lines of
constant insulation weight, and lines of
constant capacitance unbalance-to-ground
which are programmed into the computer by
using the equations referred to hereinbefore.
Once the range widths for the capacitance un-
balance-to-ground values are set, measure-
ments which are determined to correspond to
coaxial capacitance values outside the range
cause the computer to control the apparatus 30
to adjust these variables which will change the
percent expansion and insulation weight per
meter and hence change the coaxial capaci-
tance and DOD. The use of the x—y chart-
recording instrument 50 in conjunction with the
process control computer 100 permits an
operator to observe visually the process
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conditions and correctional moves made by the
computer 100.

Claims

1. A method of controlling capacitance
unbalance-to-ground between conductors, in
which individual conductors are covered with a
plastic insulating material to form insulated
conductors, wherein the co-axial capacitance and
outside diameter of each of the conductors is
measured, and electrical signals are generated
corresponding to the measured coaxial
capacitance and outside diameter of each
insulated conductor, characterized by relating
these signals to capacitance unbalance-to-
ground between each conductor and a
reference insulated - conductor having
preselected values of coaxial capacitance and
outside diameter, and controlling the process of
covering each conductor to maintain the
capacitance unbalance-to-ground between
each one conductor and the reference
conductor within a predetermined range of
values.

2. Method in accordance with claim 1,
characterized by the additional steps of:

covering individual conductors with at least a
layer of cellular insulation to form insulated
conductors; and

twisting together conductors which have a
substantially negligible capacitance unbalance-
to-ground therebetween .

3. Method in accordance with claims 1 or 2,
characterized by the additional steps of
displaying the measured coaxial capacitance
and outside diameter as coordinate values on a
graph of coaxial capacitance and outside
diameter wherein the relating step includes
superimposing lines of constant capacitance un-
balance-to-ground as between an insulated
conductor and the reference conductor on the
graph; and

defining a region of the graph between
selected ones of its lines of constant
capacitance unbalance-to-ground;

the twisting being accomplished so as to pair
conductors having measured coaxial capaci-
tance and diameter which fall within said region.

4. Method in accordance with claim 3,
characterized by the additional step of super-
imposing on the graph lines of constant mutual
capacitance which are related to the coaxial
capacitance and outside diameter, thereby
defining the region further between lines of
constant mutual capacitance.

5. Apparatus for performing the method of
any one of claims 1—4, characterized by an
extruder (31) provided for covering individual
conductors with a plastic insulating material to
form insulated conductors;

monitor means (36,37) for measuring
coaxial capacitance and outside diameter of
each of the conductors;

means (36,37) for generating electrical
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signals related to the measured coaxial capaci-
tance and outside diameter of each insulated
conductor and for relating these signals to
capacitance unbalance-to-ground between
each said conductor and a reference insulated
conductor {65) having preselected values of
coaxial capacitance and outside diameter; and

means {100} for controlling the covering of
each conductor to maintain the capacitance un-
balance-to-ground between each said conduc-
tor and the reference conductor within a pre-
determined range of values.

Revendications

1. Procédé de limitation du déséquilibre de
capacité par rapport a la terre entre des conduc-
teurs, dans lequel des conducteurs individuels
sont recouverts d'une matiére plastique isolante
pour former des conducteurs isolés, dans lequel
on mesure la capacité coaxiale et le diamétre
extérieur de chacun des conducteurs, et on
génére des signaux électriques correspondant &
la capacité coaxiale et au diamétre extérieur
mesurés de chaque conducteur isolé, carac-
terise en ce que on établit une liaison entre ces
signaux et le déséquilibre de capacité par
rapport a la terre entre chaque conducteur et un
conducteur isolé de référence ayant des valeurs

_présélectionnées de capacité coaxiale et de

diamétre extérieur; et

on commande le processus de recourvre-
ment de chaque conducteur pour maintenir le
déséquilibre de capacité par rapport a la terre
enire chaque conducteur et le conducteur de
référence dans une plage de valeurs prédé-
terminée. _

2. Procédé selon la revendication 1, carac-
terise par les opérations supplémentaires
consistant &:

recouvrir les conducteurs individuels avec au
moins une couche d’isolant cellulaire pour
former des conducteurs isolés; et &

torsader ensembie des conducteurs qui ont
entre eux un déséquilibre de capacité par
rapport & la terre pratiquement néligeable.

3. Procédé selon les revendications 1 ou 2,
caracterise par les opérations supplé-
mentaires consistant & représenter la capacité
coaxial et la diametre extérieur mesuré sous
la forme de valeurs de coordonnées sut un
graphique de la capacité coaxiale et du diamétre
extérieur, l'opération d’'établissement d'une
liaison consistant a superposer des lignes de
valeur constante de déséquilibre de capacité par
rapport a la terre, entre un conducteur isolé et le
conducteur de référence, sur le graphique; eta

définir une région du graphique entre des
lignes sélecticnnées parmi ses lignes de valeur
constante de déséquilibre de capacité par
rapport & la terre;

la réalisation de paires torsadées étant
accomplie de fagon & réunir en paires des
conducteurs ayant un diamétre et une capacité
coaxiale mesurés qui tombent & l'intérieur de
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ladite région.

4. Procédé selon la revendication 3, carac-
terise par I'opération supplémentaire consistant
4 superposer sur le graphique des lignes a
capacité mutuelle constante qui sont liées a la
capacité coaxiale et au diamétre extérieur, pour
définir la région qui est en outre comprise entre
des lignes de capacité mutuelle constante.

5. Dispositif destiné a la mise en oeuvre du
procédé de l'une quelconque des revendica-
tions 1 & 4, caracterise par une extrudeuse (31)
destinée & recouvrir des conducteurs individuels
avec une matiére plastique isolante pour former
des conducteurs isolés;

des moyens de contrdle (36, 37) destinés a
mesurer la capacité coaxiale et le diamétre
extérieur de chacun des conducteurs;

des moyens (36, 37) destinés a générer des
signaux électriques liés a la capacité coaxiale et
au diamétre extérieur mesurés de chaque
conducteur isolé, et & lier ces signaux au
déséquilibre de capacité par rapport a la terre
entre chaque conducteur et un conducteur isolé
de référence (65) ayant des valeurs pré-
sélactionnées de capacité coaxiale et de
diamétre extérieur; et

des moyens (100} destinés & commander le
recouvrement de chaque conducteur de fagon a
maintenir dans une plage de valeurs
prédéterminée le déséquilibre de capacité par
rapport a la terre entre chaque conducteur et le
conducteur de référence.

Patentanspriiche

1. Verfahren zur Steuerung der Kapazitét-
sunsymmetrie gegen Erde zwischen Leitern, bei
dem die einzelnen Adern mit einem isolierenden
Kunststoffmaterial zur Herstellung isolierter
Leiter beschichtet werden, wobei die koaxiale
Kapazitdit und der AuBendurchmesser jedes
Leiters gemessen und elektrische Signale
erzeugt werden, die der gemessenen koaxialen
Kapazitdt und dem gemessenen Aufiendurch-
messer jedes isolierten Leiters entsprechen, da-
durch gekennzeichnet, dal® diese Signale zur
Kapazitdtsunsymmetrie gegen Erde zwischen
jedem Leiter und einem isolierten Bezugsleiter
mit vorgewéhlten Werten fir die koaxiale Kapa-
zitdt und den AuRendurchmesser in Beziehung
gesetzt werden, und dal der Beschichtungs-
vorgang fiir jeden Leiter so gesteuert wird, daR
die Kapazitdtsunsymmetrie gegen Erde
zwischen jedem einzelnen Leiter und dem Be-
zugsleiter innerhalb eines vorbestimmten
Bereiches von Werten gahelten wird.

2. Verfahren nach Anspruch 1, gekenn-
zeichnet durch die zuséatzlichen Verfahrens-

10

15

20

25

30

35

40

45

50

55

60

65

schritte: Beschichten einzelner Leiter mit we-
nigstens einer Schicht einer zellférmigen Isola-
tion zur Bildung isolierter Leiter; und Verdrallen
von Leitern, zwischen denen eine im wesent-
lichen vernachldssigbare Kapazitdtsunsym-
metrie gegen Erde vorhanden ist.

3. Verfahren nach Anspruch 1 oder 2,
gekennzeichnet durch die zusétzlichen Verfahr-
ensschritte: Darstellen der gemessenen Koaxial-
kapazitdt und des gemessenen AuRendurch-
messers als Koordinatenwerte einer graphi-
schen Darstellung fiir die Koaxialkapazitat und
den Aufdendurchmesser, wobei der Verfahrens-
schritt des In-Beziehung-Setzens eine Uber-
lagerung von Linien konstanter Kapazitdtsun-
symmetrie gegen Erde zwischen einem
isolierten Leiter und dem Bezugsieiter in der
graphischen Darstellung umfalt; und Definieren
eines Bereichs in der graphischen Darstellung
zwischen  gewihiten  Linien  konstanter
Kapazitdtsunsymmetrie gegen Erde;

wobei das Verdrallen so erfolgt, daR Leiter
miteinander gepaart werden, die eine ge-
messene koaxiale Kapazitit und einen gemes-
senen Durchmesser besitzen, welche in den
genannten Bereich fallen.

4. Verfahren nach Anspruch 3, gekenn-
zeichnet durch den zusétzlichen Verfahrens-
schritt: Uberlagern in der graphischen Dar-
stellung von Linien konstanter gegenseitiger
Kapazitadt, die zur koazialen Kapazitdt und zum
AuRBendurchmesser in Beziehung stehen, wo-
durch der Bereich weiterhin zwischen Linien
konstanter gegenseitiger Kapazitdt definiert
wird.

5. Vorrichtung zur Durchfilhrung des Ver-
fahrens nach einem der Anspriiche 1 bis 4,
gekennzeichnet durch einen Extruder (31) zur
Beschichtung einzelner Leiter mit einem
isolierenden Kunststoffmaterial zur Herstellung
isolierter Leiter;

eine Uberwachungseinrichtung (36, 37) zur
Messung der koaxialen Kapazitdt und des
AuBendurchmessers jedes Leiters:

eine Einrichtung (36, 37) zur Erzeugung elek-

_trischer Signale, die zur gemessenen koaxialen

Kapazitdt und zum AuRendurchmesser jedes
isolierten Leiters in Beziehung stehen und zum
In-Beziehung-Setzen  dieser Signale zur
Kapazitdtsunsymmetrie gegen Erde zwischen
jedem Leiter und einem isolierten Bezugsleiter
{65) mit vorgewahiten Werten fiir die koaxiale
Kapazitdt und den AuRendurchmesser; und

eine Einrichtung (100), die die Beschichtung
jedes Leiters so steuert, daB® die Kapazitatsun-
symmetrie gegen Erde zwischen jedem Leiter
und dem Bezugsleiter innerhalb eines vor-
bestimmten Bereiches von Werten gehalten
wird.
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