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Wrapped Textile Cord Processing for Welding Wire 
 
Kai Boockmann, Michaela Boockmann, Gerhard Boockmann, Richard Fichtner (Boockmann 
GmbH)  
 
Introduction 
 In the paper “Welding Wire Surface Preparation” [1], given at Fabtech 2010, different 
methods for wire surface treatment (cleaning and coating) were presented and compared. As a 
result, the following advantages of the helically wrapped textile cord process (HC process, 
figure 1) were identified: 
 
� continuous and even distribution of coating material, 
� process is suitable for coating with dispersions, liquids, meltable materials and powders, 
� constant coating efficiency easily adaptable to wire speed, 
� constant cleaning efficiency independently of wire speed and time of use, 
� cleaning off impurities by means of abrasion and/or wiping, 
� process reliability, 
� continuously fresh cord in multiple 360° contact with the wire. 
 

 Based on these results, recent developments and new aspects of the improvement of 
surface properties by cleaning and/or coating using the HC process will be discussed. 

 
 

Reason Approach 

Improve sliding properties and 
feedability 

Avoid or reduce wire surface defects (e.g. roughness, particles, 
edges of seam of cored wires) and excess of drawing lubricant 

Lubrication or application of K-salts 

Improve plasma stability and 
weldability 

Application of plasma enhancers (e.g. K-salts) 

Coating with conductive lubricants 

Protect wire against corrosion in 
humid atmosphere 

Application of corrosion inhibitors 

Reduction of contact tip abrasion 

Reduce wire surface defects (e.g. roughness, particles, edges of 
seam of cored wires) 

Application of plasma enhancers 

Reduce formation of Hydrogen  
Removal of hydrocarbons 

If required, use coatings with no or reduced hydrocarbon content 

Reduction of smoke formation 
during welding*) 

Removal of hydrocarbons 

Bright wire surface*) Wire cleaning, solid lubricants 

Table 1: Reasons and approaches for welding wire surface finish 
    *) Technically not important, relevant for specific customers and markets 

 
 Solid and flux cored welding wires made of mild or stainless steel, or Aluminum are con-
sidered. The general target is to consistently improve weldability and feedability of the wires 
and thus the quality of the end product (table 1), while maintaining high process reliability. This 
is therefore of interest for welding wire producers and professional users alike. 
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a) b) 

  
 

 
c)  

Figure 2: Measuring devices for static coefficient of friction [3] (a) and feedability [2] (b and c) 
 
Technical Approach 
 The wrapped textile cord (or HELICORD™) process mentioned above, was explained in 
detail in the paper “Welding Wire Surface Preparation” [1], given at Fabtech 2010. Based on 
the reported results, wire surface preparation for this paper was conducted only by using the 
HC process in order to 

 
 
 

 

Figure 1: Principle of helically wrapped textile cord process (HC process) 
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� remove various impurities, drawing lubricant residuals, and especially metal particles, occa-

sionally by means of a two step process consisting of abrasive cleaning and wiping, and/or 
� coating with 

- feed aids (e.g. potassium salt), 
- lubricants that reduce the coefficient of friction (e.g. paraffin, drawing lubricants, 

graphite, PTFE, MoS2, oil etc.), 
- additives preventing oxidation. 

  
 The target was to determine what combinations of treatments for different materials and 
wire design lead to superior wire surface quality. The success of each treatment was judged by 
separate measurements of feed resistance (in the liner as well as in the contact tip during 
welding) [2], and coefficient of friction [3] (figure 2). In the case of application of organic coat-
ings, the results could be correlated to the amount of organic components on the wire surface 
by means of infrared spectroscopy [4]. 
 
 
Results and Discussion 
Solid and Seamless Flux Cored Mild Steel Welding Wires 
 The use of copper (Cu) coating for mild steel welding wires was based on previous 
experience with welding rods and abetted by prejudice, in order to 
  
� improve corrosion protection [5], 
� enhance feedability [5], 
� reduce electrical contact resistance [5], 
� reduce CH-content on the wire surface, 
� enhance visual brightness. 
   
 On the other hand, some suppliers already decided against Cu coating [6]. In the 
following paragraphs we will verify and objectify the above-mentioned prejudices.  
 
Corrosion protection 
 

Wire 
Corrosion  
protection 

Corrosion 
resistance in [h] 

Remarks 

Cu-coated wire - 4 - 9  

Bare wire Ca-stearate from drawing 4  

Cu-coated wire Oil with corrosion inhibitors 20 - 40 
No rust from iron, but discoloration of 
the Cu coating 

Bare wire 
Wax mixture with mixture of 

corrosion inhibitors 
> 60  

Bare wire Oil with corrosion inhibitors > 30  

Table 2: Ageing test performed at 50°C/100% relative humidity 
  
  
 According to ageing tests, performed at 50°C/100% relative humidity, there is no impor-
tant difference in the corrosion resistance of not protected bare and Cu-coated wires (table 2). 
This is coherent since the Cu-layer is porous and thus permeable for moisture and oxygen [5], 
and thus provides no advantage as compared to the bare wire. The application of effective 
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corrosion inhibitors increases corrosion resistance, but can cause undesired visible 
discoloration on Cu-coated wires, in contrary to bare wires. 
 
Feedability 
 The feedability of Cu-coated 
wires often is much worse than ex-
pected due to particles from the wire 
surface accumulating in the liner of the 
MIG/MAG welding machine [6]. This is 
proven by collecting the particles falling 
down during cleaning tests on Cu 
coated wires with the HC process 
(example see figure 2).  
 
Electrical contact resistance 
 This matter may be subject of 
future investigations. However, the pos-
sible advantage of Cu coating can not 
be very important, as bare mild steel 
welding wires are already in use.  
 
CH-Content 
 In our investigations of Cu-coated wires we found a total of up to 30 mg/m2 of CH-conta-
minations (20 mg/m2 non-soluble in carbon tetrachloride). It is possible to achieve the same 
degree of cleanliness using a two-step HC process with abrasive cleaning on such a wire 
before metallization (table 3, row A).  
  

Wire 
A 

Mild steel wire Ø 1.0 mm 
before Cu-plating 

B 
Mild steel wire 

Ø 4.17 mm 

C 
High alloy steel wire 

Ø 1.2 mm 

D 
Mild steel wire 

Ø 5 mm 
Surface 
status 

untreated cleaned untreated cleaned untreated cleaned untreated cleaned 

 

CH-conta-
mination 
(mg/m

2
) 

120 30 536 39 206 2 527 275 

Remarks 

Small, relatively deep sur-
face defects. No further 
reduction in a second 
cleaning pass 

Few relatively small sur-
face defects, good clean-
ing efficiency (> 90 %) 

Many large but flat 
(about 0.5 µm) sur-
face defects, very 
good cleaning effi-
ciency (~ 99 %); re-
duced roughness 

Many large and deep 
defects, poor cleaning 
efficiency (~ 50 %), but 
slightly reduced rough-
ness 

Table 3: Influence of wire surface structure on the efficiency of cleaning with the HC process 

Surface defect 

Untreated 
 
 
 
     Cleaned 
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 The efficiency of the HC process is largely influenced by the surface structure of the 
wire (table 3): Small and shallow surface defects allow for good cleaning efficiency regarding 
CH-residues, whereas it is poor for big and deep defects, especially with buried reservoirs of 
drawing lubricants (table 3, row A and C). For such wires also a second pass through the 
cleaning process does not further reduce residual CH-contamination.  
 
 If the wire surface does not have too many large and deep defects, cleaning with the HC 
process is of advantage compared to chemical cleaning and Cu-coating: the maximum possi-
ble wire speed at a given process zone length is only limited by the maximum speed of the 
drawing machine, since efficiency of the HC process is independent of the wire speed [1]. 
Wires with very large and deep defects will never become a high quality product at all, no 
matter whether they are finished with a Cu-coating or treated by wrapped textile cord. 
  
Visual brightness 
 Visual brightness is technically not important, but as a matter of taste may be relevant 
for specific customers and markets [1]. However, not only Cu coated but also well-finished 
bare wires can look bright and shiny. 
 
 In summary, the desired advantages of Cu-coating compared to bare wires do not exist 
or are not of decisive importance. Therefore the following disadvantages prevail: 
 
� the very promising idea of applying plasma stabilizers is not yet acceptable on Cu-coated 

mild steel wires due to discoloration by oxidation  
� rapidly increasing copper prices cause increasing additional material cost 
� the coating process is costly and requires a lot of control and maintenance e.g. due to 

accumulation of pollutants in the baths 
� the process is environmentally unfriendly and additionally causes rising disposal cost 
� Cu-coating is not applicable for cored wires with an open seam 
  
 Thus it is reasonable to substitute Cu coating by appropriate surface preparation, i.e. by 
the HC process, providing sufficiently low contact resistance in the tip and improved corrosion 
stability. 
 
 
Influence of the Seam on the Feedability of Flux Cored Welding Wires 
 Investigations of different types of welding wire showed, that the edge of the seam of 
cored wires is a source of elongated flakes (figure 3) formed in the cutting process of the strip. 
They are a determining factor for increased feed resistance in the liner (tables 4 and 5). 
 
  Even a single step cleaning process on flux-cored wires reduces the feed resistance 
considerably by wiping (tables 4 and 5) or grinding the edge of the seam. 
  

Flake 
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 a) b) c) 

Figure 3: Edge of the seam of a Ø 1.2 mm stainless steel cored wire 309 LT (a) before and (b) after cleaning 
with a wrapped textile cord at two different magnifications each. (c) Elongated flakes at different 
magnifications, collected during wrapped textile cord cleaning of a Ø 1.2 mm stainless steel wire. 

  

  

Test-# 

Treatment 
Feed 

resistance 
in (N) 

Feed 
resistance 
variation  

in (N) 

Base of flat 
braided 

cord 

Cord-wire 
friction 
in (N) 

Coating 
Metering 
in (ml/m

2
) 

untreated - - - - > 250 out off range 
fr80_0411_06 PA66 80 - - 50 30 - 80 

       

untreated - - - - 110 75 - 200 

fr80_0411_03 PA66 80 
10% PTFE+4%K-based 

plasma stabilizer 
1 40 20 - 60 

Table 4: Influence of stainless steel wire (309 LT from the same source as wire in figure 3 a and b) surface 
treatment on the feed resistance and its variation in the liner of a MIG/MAG welding machine [2] 
 

Test-# 

Treatment 
Feed 

resistance 
in (N) 

Feed 
resistance 
variation  

in (N) 

Base of flat 
braided 

cord 

Cord-wire 
friction 
in (N) 

Coating 
Metering 
in (ml/m

2
) 

untreated - - - - 95 50 - 205 
cp59/13 Cellulose 35  - - 48 20 - 80 

cp59/19 
Polypropyle

ne 
40 - - 35 15 - 75 

cp59/18 PA66 40 - - 14 9 - 18 
cp59/17 Cellulose 35 PTFE dispersion (2 %) 16 4 3 - 5 

fr64V001/4 Cellulose 35 Graphite dispersion (5%) 4 3 1,5 - 4 

Table 5: Influence of stainless steel wire surface treatment on the feed resistance and its variation in the liner of 
a MIG/MAG welding machine [2]  
 
 In addition to abrasive cleaning for particle and drawing lubricant removal, also the ap-
plication of welding wire finishing materials that are not able to penetrate into the filling, were 
proven to be of advantage: For cored mild steel wires, good results were achieved by using 
cords, impregnated with wax or wax-like components with additions of sulfonate as corrosion 
inhibitor. Graphite or PTFE, occasionally with additions of plasma enhancers extracted from an 
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Figure 4: Elongated flakes from a Ø 0.9 mm Al welding 
wire. The wire was shaved before final drawing. 

1 mm

impregnated cord or dispersion applied in the process zone are suitable finishes for stainless 
steel wires (tables 4 and 5).   
 
Shaving of and Loose Particles on Aluminum Welding Wires 
 Loose particles on the surface (especially elongated flakes) of Aluminum (Al) welding 
wires, similarly to steel, disturb the welding process by increasing the feed resistance in the 
liner of MIG/MAG welding machines. Additionally surface contaminations with hydrocarbons 
(CH) are critical due to Hydrogen formation during welding, inducing pores in the weld. 
  
 Therefore, Al welding wires are often 
shaved before the final drawing step. After-
wards, CH-contaminations from shaving and 
drawing oils have to be removed to an 
acceptable level with respect to Hydrogen 
formation. Unfortunately, in the standard 
process they are washed off by use of 
vapors or baths of organic solvents with high 
emissions and disposal problems or costly 
reprocessing. However, that does not avoid 
the accumulation of particles in the liner, 
where steel liners are more affected than 
those made of PTFE.  
 

Test-# 

Treatment 
Coeff. of 
friction 

µr 
Remark Base of flat 

braided 
cord 

Cord-wire 
friction 
in (N) 

Coating 
Metering 
in (ml/m

2
) 

untreated - - - - 0.30 – 0.34 
Nearly no CH-

contamination found 

cp147-0710-4 Cellulose 30  
PTFE from 

impregnated cord 
- 0.23 – 0.32 

High quantity of 
flakes fell down 

cp147-0710-18 PA66 30 
Aliphatic organic 

solvent 
0.3 0.18 – 0.24 

Pre-cleaning of 
elongated flakes 
before  coating 

cp147-0710-19 PA66 30 
PTFE from 

impregnated cord 
- 0.16 – 0.20 

Coating of wire from 
test cp147-0710-18 

Table 6: Cleaning and coating of a shaved Al welding wire (Test-# cp147-0710-4: same wire from which the 
elongated flakes in figure 4 were collected) 
 
 According to recent results it might be possible for producers of Al wire to substitute the 
material-consuming and costly shaving step before final drawing by cleaning with textile cord 
as a final step (tables 6 and 7) before spooling under the precondition that no non-soluble 
soap-like CH-contaminations are trapped on the wire surface. This could decrease operating 
cost considerably. 
 
 Additionally, the removal of CH-contaminations is possible, if necessary supported by 
small amounts of solvents (tables 6 and 7). 
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 Furthermore it seems possible to allow the use of standard steel liners instead of more 
costly PTFE liners. 
 

Test-# 

Treatment 
Coeff. of 
friction 

µr 
Remark Base of flat 

braided 
cord 

Cord-wire 
friction 
in (N) 

Coating 
Metering 
in (ml/m

2
) 

untreated - - - - 0.34 – 0.60 - 

cp189-0411-01, 
cp189-0411-02 

PA66 35  
Aliphatic organic 

solvent 
1 0.21 – 0.23 

High quantity of 
metal particles fell 

down 

cp189-0411-04, Cellulose 15 PTFE dispersion 1.5 0.19 – 0.20 
White spots of PTFE 

(too high dosage) 
cp189-0411-05 PA66 35 PTFE dispersion 0.7 0.19 – 0.20 No white spots 

Table 7: Cleaning and coating of non-shaved Al welding wire 
  
 
Conclusions 
 The knowledge base for the challenges of the HC process for wire surface treatment, 
with special focus on welding wire finish, has become wider. 
  
 It has been shown that using the HC process for cleaning and coating of mild steel 
welding wires with adapted finishes makes Cu coating unnecessary. 
 
 Using the HC process improves feedability especially of cored welding wires by de-
burring the sharp edge of the seam. 
  
 Shaving of Al welding wires before final drawing can be substituted, under specific con-
ditions, by the HC process with the additional advantage of simultaneously removing metal 
flakes, which may disturb the welding process. 
   
 In the future, the impact of Cu coating, finish materials and other surface properties on 
the wire contact resistance will have to be further investigated and optimized. 
 
 A future task for this industry will be to define specific requirements in welding wire 
surface properties (e.g. defined limits for contamination with particles and drawing lubricants 
per surface unit, conductivity, feedability in liner and contact tip) as was already done for other 
technical properties (e.g. cast diameter and helix, tensile strength, material composition), so 
that target-oriented and well-defined processes can be recommended.   
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