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Picture 2: Cleaning with cord and wire run in 
opposite directions 
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1 Introduction 

The proper functioning of modern societies and thus the subjective well-being of the individual depends 
on the availability of technical means. Experience shows that only very few people are aware of the critical 
importance of conductors or cables and their faultless operation in nearly all technical applications, where 
the reason of various issues often lies in surface defects. 

Due to the above-mentioned reasons it is important to adjust and prepare the surface properties of wires 
and strands with high process reliability, adapted to individual technical requirements of the application of 
the end product.  

During the past years the wrapped cord technology for wire and strand surface preparation (HELI-
CORD®) was industrially evaluated and successfully implemented in wire industry branches [1] such as join-
ing and coating (65% of applications), electrical wires and cables (22%), and other applications (13% e.g. in 
medical applications, aviation, electrical discharge machining); and meanwhile became state of the art. 

 
2 Functional Principle [2] 

The functional principle of HELICORD® is based on the fric-
tion force between a relatively fast running wire or cable and a 
slowly moving - preferably in countersense - and therefore con-
stantly renewed textile cord wrapped around it (picture 1), giving 
a multiple 360° contact [3, 4].  

For about five decades, attempts to implement similar tech-
nologies failed blocking and breaking of the cord could not be 
prevented [5 - 9]. However, during the 1990’s, it was shown with 
a less complex machine that magnet wire could be coated 
accurately and reliably with lubricants using wax-impregnated 
yarns [10] running in the same direction as the wire. This 
technology, known as HELILUB®, overcame the blocking and 
breaking problem by mechanically regulating speed and 
pretension of the yarn. HELICORD® technology, offering also 
countersense movement of cord and conductor, evolved from 
HELILUB® through development of more powerful, robust 
equipment and much stronger braided round and flat textile 
cords. These cords are composed of different materials (e.g. 
polyamide, cellulose or aramide) depending on the type of 
surface preparation required. 

The friction force is determined by cord pretension, the num-
ber of loops around the wire, the angle between wire and cord 
(depending on length of contact zone and wire diameter), 
properties of the cord, and roughness of the wire surface. 
Applications of wrapped cord technology can be divided into 
three groups: cleaning, grinding or polishing, and coating. 

2.1 Cleaning 

The operating conditions for wire cleaning (picture 2) are: 

• Wire and cord run in opposite directions, so that the wire 
only has contact to clean, unused cord where it leaves the 
contact zone, 

• Pretension-regulated cord release from the supply spool, 
and 

• Cord take-up at controlled speed. 

a.  

b.  

c.  

d.  

Picture 1: Principle (a); braided cord wrapped 
around a 1.2 mm diameter wire: round (b) and flat, 
shoelace-like (c); looping unit (d) 
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Picture 3: Coating with cord and wire run in 
same direction 

 
Picture 4: Dry absorptive cotton-aramide 
cord, diameter approx. 3 mm 

The cleaning energy per surface unit, which is determined by the friction force and independent of wire 
speed affects the wire surface directly in contrary to ultrasonic treatment.  

Cleaning is performed by wiping with dry absorptive cord. If necessary, the cleaning process can be 
supported by cleaning liquids, such as aqueous solutions or organic solvents, metered onto the cord by a 
pump. 

The actual setup, i.e. combination of machine, cord and optional liquid metering pump, depends on wire 
or cable properties before and after preparation and the type of impurities to clean off. 

2.2 Grinding or Polishing 

Grinding or polishing of wire is performed similarly to cleaning (section 2.1), except for the use of 
abrasive instead of dry absorptive cords. After the abrading process, loose abraded particles have to be 
wiped off in a second step by means of a dry cord and possibly use of precisely metered small amounts of 
cleaning liquid. 

Abrasive treatment is necessary for removing oxide layers or impurities that have penetrated the surface 
very deeply, which usually happens in dry drawing processes. As in the electrical wire and cable industry 
mainly soft metals such as aluminum and copper are processed, it is generally not applied here due to the 
danger of clogging of the cord. 

2.3 Coating 

For the application of coatings, the operating conditions can be different: 

a. Coating from cords impregnated completely with the material to be applied (picture 3) 

• Wire and cord run in the same direction 

• Speed-regulated cord release from the supply spool 

• Collection of the cord under controlled tension 

The result is a high degree of extraction of the coating 
material at the first contact of cord and wire and its even 
distribution where the wire leaves the contact zone. 

Wax-like coatings are metered and distributed evenly on the wire surface by using impregnated cords, 
supported, if necessary, by a heating device [2].  

The lubricant applied in this process is dosed precisely through the calibration and the speed of the cord.  

The applied amount per surface unit can be calculated similarly as with HELILUB® technology [2, 10], 
which is a great advantage compared to the use of various other application methods. 

b. Coating from cords containing single yarns impregnated with functional materials, to be extracted by use 
of an appropriate solvent precisely metered by means of a pump.  

The operating conditions are similar to those in cleaning (section 2.1). As a consequence the wire is not 
only coated, but also cleaned simultaneously. The position of solvent application along the process zone 
strongly influences the balance of coating and cleaning. 

c. Application of oils or dispersions containing liquids or particles (e.g. PTFE, graphite or MoS2 dispersions), 
metered onto wire and dry cord by a pump. Addition of anti-adhesives, anti-oxidants, primers, ''anti-stick'' 
media, flux aids, slide aids and strip aids is possible and increasingly used with HELICORD® process in 
the wire and cable industry. 

 

3. Cords and Devices [2] 

3.1 Cords 

Depending on the application and product to be treated, different 
cords have to be used in order to achieve optimal results. 

For dry and liquid-supported cleaning, different types of dry round 
(pictures 1b and 4) and flat (picture 1c) braided cords are available. 
The basic materials include viscose, polyamide and aramide. 
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Picture 5: HELICORD

®
 machine NB57 with 

process zone of 1 m in length and a liquid 
metering pump 

 
a. b. 

Picture 6: Liquid metering pump (a) and metering nozzle in the process 
area (b) 

These cords are also used for application of anti-adhesives, anti-corrosives, sliding agents, primers and 
other additives. The application of PTFE dispersion onto the surface of wire and cable, as described below, 
may be the most impressive use. In that case, the preferred cord is a flat braided cord based on textured 
polyamide. 

Abrasive treatment is done by cords coated with bonded abrasive particles, such as aluminum oxide. 
Abrasive cords of round and flat design with different grain sizes are available. 

For lubrication of wires, conductors or cables with different types of wax, special impregnated cords are 
used. 

One group of recently developed cords is becoming more 
important due to the possibility of simultaneously cleaning and 
coating. These cords consist of dry absorptive and several indi-
vidually saturated impregnated yarns. The active components 
can be extracted and transferred to the wire or cable surface by 
use of a precisely metered amount of an appropriate solvent. 

3.2 HELICORD® Machine NB57 

The NB57 (picture 5) is the model of choice for industrial 
cable and soft metal wire treatment applications. Being PLC-
controlled, it features an automatic looping unit and a friction-
controlled operation mode. This means the operator does not 
have to set a fixed number of loops, but can enter a value of 
cord pre-tension and tension, thus determining a certain value 
of friction between wire surface and cord. The HELICORD® 
machine will constantly adjust the number of loops in order to 
achieve that friction. 

In both cases, cleaning and coating, the highest value of 
friction occurs where the wire enters the contact zone. 

The operating parameters of NB57 can be set within the 
following ranges: 

• Cord speed: 4 – 120 cm/min 

• Cord pretension: 2 – 80 N 

• Friction Force: 6 – 300 N 

Mounted on a steel frame of up to 3.2 m in length (depending on the exact model), one or, if need be, two 
HELICORD® machines usually fit into production lines perfectly. Standardized interfaces provide the 
capability of communicating with other production equipment. 

3.3 Liquid Metering Pump 

For metering liquid cleaning media, 
coatings, additives and dispersions onto 
the wire or cable, a liquid metering pump 
(picture 6), optionally equipped with stirrer 
to prevent settling, is available. It is based 
on a gear pump and, in most of the current 
applications, can be set to deliver up to 10 
ml/min. 

The amount of liquid actually metered is 
regulated proportionally to the wire speed, 
which is read out by either an internal 
signal from a wire speed sensor, or an 
external signal from the wire production 
line control via an interface. 
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 a. b. c. 

Picture 7: Wiping tests of an Aluminum wire with 
filter paper: as drawn without any preparation (a), 
after wiping with a string (b) and after abrasive 
cleaning and wiping (c).  “Best” results achieved 
on only partially cleaned wire (b.) 

 

Picture 8: Determination of the coefficient of 
friction by means of a sliding carriage on an 
inclination plate with two tensioned wires fixed on 
each at an angle of 90°[11] 

 

As the metering pump is mounted to the same frame as the HELICORD® machine, it does not consume 
any extra space and in-line use is not affected. 

 

4. Verification of Wire Surfaces and Cable Properties [2] 

For the repeatable and accurate verification of the results of each stage of wire surface treatment, it is 
necessary to 

• Know the initial state of the wire/strand or conductor/cable and define the demanded properties after 
treatment, 

• Know which components are required, and in which amounts, 

• Determine, after treatment, the amount of residues or applied components by using suitable analytical 
methods, or test surface properties using appropriate methods, and 

• Verify the success by operational tests. 

In many cases, no standards have yet been defined for the 
different possible verification methods, such as visual methods 
(e.g. the judgment of color or brilliance of a surface, light or 
electron beam microscopy, judgment of a wiping trace), me-
chanical methods (e.g. measuring the coefficient of friction), 
gravimetric methods, chromatographic methods (e.g. gas chro-
matography) or spectroscopic methods (e.g. infrared spectros-
copy, mass spectroscopy, or energy dispersive spectroscopy). 

Some methods turned out to be applicable only under well 
defined conditions, or are limited to very few or even only one 
class of materials on the wire surface, e.g. measuring smoke 
residues (for more details refer [2], page 605). 

Some methods also can lead to false results, such as the 
very commonly used visual judgment of a wiping trace 
(picture 7). This test does not take into account the effect of the 
rather aggressive cellulose tissue abrading metal from the wire 
surface, which sometimes increases by addition of liquids or 
with a decreasing degree of actual contamination of the wire. 

Pyrolytic methods are valuable for quantitative analysis only, and often imprecise and unreliable. 

Two methods have been proven to be relatively simple and pretty reliable; those are measuring the coef-
ficient of friction of the prepared wire or cable, and infrared spectroscopy of residuals on the surface. 

4.1 Measurement of the Coefficient of Friction 

For a first indication of the influence of materials on the 
feedability, windability and other properties of wires or cables 
related to the coefficient of friction, the comparative meas-
urement of the (static) coefficient of friction before and after treat-
ment was found to be most informative. A simple but effective 
measurement device (picture 8) was developed, based on a slide 
of specific weight running on two pieces of treated wire or cable 
fixed to an inclination plate [11]. 

When measuring, the plate is lifted on one side until the slide 
moves downwards to a stop. The coefficient of friction can be 
read directly from the scale. 

4.2 Infrared Spectroscopy 

Fourier transformation infrared spectroscopy (picture 9a) is a suitable method for qualitatively and 
quantitatively analyzing many organic compounds used in wire production, either as coatings or as drawing 
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lubricants, since most of them contain hydrocarbons (CH). Measuring reflection directly from the wire 
surface, materials can be identified qualitatively very quickly [12]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b 

Picture 9: IR spectroscopic measurement of the hydrocarbon contamination of a welding wire (a), calibration curves (b) 

 
For quantitative analysis, it is necessary to dissolve the materials from the wire in a defined amount of an 

appropriate solvent free of CH, e.g. carbon-tetrachloride (CCl4), and to compare the specific peaks of the 
CH/CH2 and CH3 bonds of the measured spectra with a calibration curve (picture 9b) of a similar material 
[13, 14]. 

4.3 Determining Cable Fault Rates 

For determination of cable fault rates caused by blow-ups or metal spikes on the conductor, no extra 
equipment is needed since cable manufacturers already need to keep track of such properties. Measuring 
devices usually are mounted in-line and provide real time results, so consequences of setup changes can 
be judged right away and settings can be optimized very quickly. 

 

5. Applications in the Cable and Conductor Industry 

Although the wrapped cord technology currently is used mostly in the welding and hardfacing wire indus-
try, there are also many applications in the cable and conductor industry. The technically or economically 
most important ones are presented below. 

5.1 Wiping off Particles from Copper Wires at Rod Break-Down 

In copper wire production, dust formation and thus pollution of the production hall as well as of tube 
annealers and their water basin at the wire inlet, or of the contact rolls of electrical resistance annealers are 
a serious maintenance issue. It can be reduced considerably by wiping off the fines from the copper wires 
in-line after rod break-down by means of the wrapped cord technology using dry absorptive round braids. 

In case of annealers, especially tube annealers, it is necessary to install a capstan at the wire inlet in 
order to compensate the friction force introduced by the HELICORD® machine. 

5.2 Cleaning off Particles and Liquids from Single or Stranded Wire Before the Extruder [2] 

This application is most interesting for manufacturers of high-frequency data, high voltage and submarine 
cables. It is currently the most common application of the wrapped cord technology in the cable industry and 
used for a wide range of cable dimensions. 

If not wiped off prior to extrusion, copper spikes and particles (picture 10) will accumulate in the extruder 
crosshead and cause blow-ups or break of fine wires. If sharp, long helix-shaped metal particles 
(picture 10b) pass the crosshead, they will cause insulating faults in the cable e.g. when tested under 
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a. b. 

Picture 10: Accumulation of copper fines from processing 1 km of 7x0.95 mm 
stranded copper wire running at 100 m/min (a) and magnification showing sharp, 
long helix-shaped particles (b) 

 

Picture 11: HELICORD
®
 NB 57 adapted to wipe 

off particles at constant and controlled friction 
forces as small as 2 – 3 N to improve centricity of 
a Ø 0.2 mm strand in a HF cable by preventing 
particle agglomeration in the cross head.  

operating conditions. This problem is more serious at higher frequencies or supply voltages, so that 
antenna, HF and HV applications have particularly high requirements in surface cleanliness. 

a. Submarine Steering Wire 

As some applications, e.g. military, demand a minimum length of faultlessly insulated wire, wire breaks 
and insulating faults used to be a big problem for some manufacturer. 

The wire for a 2 × Ø 0.23 mm copper twin conductor was therefore prepared by means of the wrapped 
cord technology. Using a dry absorptive cord, the demanded minimum length of 37 km could be extruded 
with a 200 µm layer reliably without any insulation faults which was impossible with other cleaning 
processes. 

b. Submarine Power 
Transmission Cable 

Picture 10a shows a 7 × Ø  0.95 
mm copper strand which runs at 
100 m/min. It was prepared using a 
dry absorptive cord. The copper 
fines displayed in the picture were 
collected from 1 km of strand, which 
at the given speed took only 10 
minutes.  

c. Thin High Frequency Cables 

The wrapped cord technology process is also adaptable to 
cleaning requirements of thin high frequency cables: The cen-
tricity of a strand of diameter 0,2 mm was poor due to particle ag-
glomerations in the crosshead. By means of a HELICORD® 
NB 57 (see picture 11), adapted to provide constant and con-
trolled friction forces as small as 2 – 3 N, helped to improve the 
centricity and fulfill the requirements. 

d. PTFE-Insulated Conductors 

Using appropriate pure aramide cords allows cleaning wire or 
strand at elevated temperatures after a pre-heater, e.g. in PTFE 
extrusion lines. 

5.3 Cleaning Insulated Wire 

a. Improvement of Adherence of a Second Insulation 
Layer 

After extrusion of a first layer of insulation, dust tends to settle on and stick to the surface. If the next 
layer of insulation is extruded onto it without additional cleaning, adherence between the two insulating 
materials of course is weak, which leads to poor durability and quality of the cable. Thus, in order to improve 
adherence to another insulating material, it is necessary to clean insulated wire right before the extruder, 
mostly supported by the use of (organic) solvents. 

This was very successfully implemented in the case of polyethylene-coated wire designed for submarine 
use which is to be coated by polyamide. Wire diameters range between 4 and 10 mm, the polyamide cover 
should only be 0.1 to 0.2 mm thick. 

The preferred setup consists of one HELICORD® device NB57, dry absorptive cord and a solvent that 
does not affect the insulation materials. This treatment increases adherence most reliably and therefore 
ensures constant high quality of the conductor. 

b. Wiping off Faulty Cable Prints 

Sometimes faulty cable prints have to be removed and re-printed correctly in order to minimize the scrap 
rate. Removing misprints from PVC- and PU-insulated cables in the range of diameter 5 – 20 mm, with a 
very similar solvent-supported procedure and process as described in 5.3.a, was successfully tested in 
industrial operation. 
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Picture 12: Liquid supported copper tube 
cleaning before crosshead 

 

5.4 Cleaning of Copper Tubes for Fiber-Optical Cables 

In fiber-optical submarine data cables the electrical power 
supply of repeater stations is conducted by a laser-welded copper 
tube protecting the fibers. In order to avoid breakdown of the 
repeaters, electrical shorts with the water (the electrical return) 
through the extruded insulation of the tube must be prevented. 

This is reliably achieved by wiping off particles from the tube 
surface using a HELICORD® machine and flat braids consisting 
of viscose and reinforcing aramide yarns (picture 12). 

5.5 Cleaning of Steel Tubes Protecting Optical Fibers 

Fiber-optical cables in a welded protecting steel tube need to 
be prepared for coating. Particles and residues of components of 
the previous process steps are removed by use of a polyamide-
based dry absorptive cord.  

5.6 Drying of Conductors or Cables After Water Cooling 

Drying insulated conductors and cables after water cooling in the extrusion line by means of air wipers is 
energy-consuming due to compressed air supply, and in many cases the result is insufficient and interferes 
with the continuity spark tester. 

Using a heavy absorptive flat braided cord, the wrapped cord technology was tested successfully wiping 
off big quantities of water, when equipped with a circulating air heater in the process zone. The number of 
air wipers was reduced for final drying only or could be substituted completely. 

5.7 Cleaning of Niob-Titanium Superconductors 

In the industrial production of NbTi superconductors the wrapped cord technology is successfully utilized 
in two ways: 

a. Before and After Intermediate Annealing 

Multifilament wires have to be annealed several times during the drawing process down to the final 
diameter. Before annealing, the drawing oil has to be removed. After annealing, a separating aid must be 
cleaned off before the next drawing step. For this purpose the HELICORD® machine is located in a rewind 
station. A dry absorptive round braided cord is used and a cleaning liquid added by means of a metering 
pump.   

b. Before Enamelling 

 In some cases NbTi superconductors are enameled similar to magnet wires. The adherence of the 
enamel to the wire is improved by previously cleaning off copper fines from the matrix by means of the 
wrapped cord technology, using a round braided absorptive cord and small amounts of a cleaning liquid. 

5.8 Cleaning Medical Silver-Plated Copper Wire 

Cleaning medical silver-plated copper wire is not an application in the cable and conductor industry, but 
shall exemplify the applicability of HELICORD® for very special requirements:  

In order to produce plastic (PTFE) tubes with an inner diameter of about 1 mm for medical purposes, the 
plastic is extruded on silver-plated copper wire of corresponding diameter. Later, the wire is removed to 
obtain the tube. It is very important that no particles from the wire surface remain in the tube. Thus, after 
silver plating, particles and other possible residues are wiped off the wire surface by means of the wrapped 
cord technology using a dry round braided polyamide cord. 

5.9 Cleaning and Simultaneous Coating with Strip Aids 

In some applications it is necessary not just to clean a wire or strand before entering the extruder, but 
also to coat it with a strip aid at the same time. This was solved using a HELICORD® machine, a flat braid 
and wax application from a melt. 
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Picture 13: Metering Unit for PTFE-Dispersion 

For single wires, cords with single wax-impregnated yarns to be extracted by use of small amounts of a 
volatile organic solvent are available. 

It is obvious that instead of the strip aid in a very similar process an adhesion enhancer could be applied, 
if the wire application requires it. 

5.10 Coating with PTFE Dispersions [15] 

Isopropanol-based PTFE dispersions can be applied as a strip aid instead of talcum by standard 
HELICORD® equipment as described in section 2.3.c. 

In some cases anti-wetting properties on rubber-insulated 
conductors are required. This can be achieved by coating with 
water-based PTFE dispersions. These dispersions contain 
particles with dimensions of nanometer range, and form a very 
adhesive transparent layer on the wire or conductor surface in 
contrary to isopropanol-based PTFE dispersions. They are 
difficult to handle as they tend to agglomerate under shear 
stress, e.g. when applied by gear pumps. 

Therefore a special dispersion metering unit (picture 13), 
which avoids applying shear stress to the PTFE, was developed. 

It is based on the principle not to pump the dispersion itself, 
but an expulsion liquid that transmits the force to the dispersion 
without shear stress. [16]  

Metering is done by pumping a precisely metered amount of 
expulsion liquid out of the pump reservoir into a container, thus 
squeezing a certain amount of dispersion out of the bag inside 
this container, and through the outlet onto the wire being 
prepared. The device will switch automatically between two 
containers without interrupting the coating process [16]. This 
way, a very precise and reliable high-quality coating process is 
achieved. 

 
6. Conclusions 

The wrapped cord technology provides significant advantages, such as multiple 360° contact between 
cleaning means and wire or strand as well as independence of the efficiency from wire speed and 
operational time, to guarantee reliable surface preparation.  

Many successful implementations in various fields of applications have demonstrated the suitability of 
HELICORD® technology for the wire and cable industry.  

For niche applications, special modifications of the machines or additional components are possible. 
Thus a wider use in the wire and cable industry is likely. 
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