
 
 

 

A R C H I V E S  

o f  

F O U N D R Y  E N G I N E E R I N G  

10.24425/afe.2023.146684 

 
 

Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 

ISSN (2299-2944) 
Volume 2023 
Issue 4/2023 

 

99 – 104 

 

12/4 

 

© The Author(s) 2023. Open Access. This article is licensed under a Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and reproduction in any 

medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 

Creative Commons licence, and indicate if changes were made. 

 

Examination of the Force Parameters in 

Drawing Process of CuZn39Pb3 Cast Rod 

using Selected Lubricants 
 

M. Jabłoński  
AGH University of Krakow, Faculty of Non-Ferrous Metals, al. A. Mickiewicza 30, 30-059 Kraków, Poland 

Corresponding author: E-mail address: jablonsk@agh.edu.pl 

 

Received 18.09.2023; accepted in revised form 8.11.2023; available online 22.12.2023 
 

 

Abstract 
 

The paper presents the results of research on the wire drawing process of wire brass using different deformation degree and using selected 

lubricants of different viscosity. The material used for the study was CuZn39Pb3 wire, which was obtained under laboratory horizontal 

continuous casting process using graphite crystallizer. A cast brass rod with a diameter of 9.4 mm was drawn in laboratory conditions to 

a diameter of 3 mm and then drawn in one operation to a diameter of 2.9 mm, 2.65 mm or 2.4 mm. Before the final deformation process, the 

wire surfaces were properly prepared.  

Based on the results obtained, the drawing tension was used to draw conclusions. The oxide surface has been shown to increase drawing 

tension and decrease quality of wires, while the surface that has been etched prior to deformation has a beneficial effect both on the reduction 

of the strength parameters of the drawing process as well as on the improvement of its quality. In addition, it has been shown that despite 

the emulsion has lowest dynamic viscosity that’s protect wire surface well, decrease the drawing force at high unit loads. 

 

Keywords: Plastic working, Mechanical properties, Lubricant, Coefficient of friction, CuZn39Pb3 cast rod 

 

 

 

1. Introduction 
 

Wire drawing is a metalworking process based on puling wire, 

rod, or bar through a single die or series of drawing dies resulting 

in the reduction of its cross-section and increase in its length. In 

comparison to rolling or extrusion, drawing offers much better 

dimensional control, continuous processing, lower capital 

equipment cost, and extension to small cross section [1-4]. In many 

case are used lubricants in the drawing process to reduce the 

friction and maintaining good surface and long die life [5,6]. 

Friction significantly limits the process intensification, reducing 

the maximum amount of deformation and increasing the process 

temperature, so various lubricants are used to limit its negative 

impact [7,8]. In addition, friction also causes the occurrence 

inhomogeneous of deformation what causes inhomogeneous of 

properties on the cross-section of the product. This entails the 

occurrence of internal stresses, which lead to the formation of stress 

corrosion cracking in Cu alloys. Excessive friction causes rapid 

wear of the tools and deterioration of surface quality, which 

translates into increased roughness. It is estimated that about 30-

50 % of the total drawing force is consumed to overcome friction 

forces.  

Despite the wire drawing process is well known and widely 

described in many books and articles, research are still being 

carried out to get to know better this process. Major variables in 

drawing process include reduction ratio [9], die angle, friction at 

the interface of the wire and the die [10], drawing velocity [11]. 

Wire drawing process with ultrasonic vibration [12], dieless 

drawing method [13-15] or comparison of roller die with 

conventional wire drawing also were investigation [16, 17]. 

http://creativecommons.org/licenses/by/4.0/
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The selected articles concerning the drawing process and not 

exhaustive the problem but shows directions of current research. In 

this paper examination of the drawing force of Cu alloy using 

selected lubricants and different surface of bar.  

 

 

2. Design of Experiments 
 

The tests were carried out on CuZn39Pb3 alloy, which was 

obtained under laboratory horizontal continuous casting process 

using graphite crystallizer [18]. The composition of alloy was 

obtained from an optical mass spectroscopy, in which at least five 

spark analyses were performed and the average value was taken as 

the chemical composition of alloy. The actual composition of the 

alloy are shown in Table 1. The tested material was consistent with 

the requirements of the standard [19] and is designated as 

CuZn39Pb3 (ISO), CW614N (EN), C38500 (USA) or MO58A 

(PN) by various standards. 

 

Table 1. 

Chemical composition of alloy used in experiments (wt.%) 

Cu Zn Pb Sn Fe Others* 

58.12 38.62 2.87 0.14 0.16 0.09 

* Ag, Al, As, Bi, Cd, Co, Cr, Mg, Mn, Ni, P, S, Sb, Si, Zr 
 

The cast rod with a diameter of 9.4 mm was subsequently cold 

drawn on a laboratory drawing machine with a speed 0,5 m/s to 

wire with a diameter of 3.0 mm. The total reduction was equal to 

90 %. Cold drawing process was conducted using mineral oil as 

lubricant and round conical dies made of cemented carbide (angle 

of wire die was 18o). The first step was to select the lubricants using 

to drawing of Cu alloys (Fig. 1), and then to determine their 

dynamic viscosity using a Höppler method. A viscometer with a 

falling ball is used to measure the viscosity of transparent 

Newtonian liquids, in which the viscosity is closely related to the 

time of falling of the ball on a given length. Due to the wide range 

of viscosities expected and densities of the tested oils, which was 

0.97 g/cm3 for emulsion, 0.93 g/cm3 for oil I, 0.91 g/cm3 for oil II 

and 0.88 g/cm3 for oil III, it was decided to use three standardized 

balls to determine the dynamic viscosity. The density of the glass 

ball was 2.2 g/cm3 and was used for emulsion; 8.15 g/cm3 for a 

steel ball used for oil I and II and 7.72 g/cm3 for a steel ball used 

for oil III. The measurement was carried out at ambient temperature 

(20 oC) at a standard pressure of 1013 hPa. The time of descent of 

a normalized ball, over a measuring distance of 10 cm, was 

measured by means of a stopwatch. After measuring and turning 

the cylinder by 180°, the ball returned to the initial position. The 

10 measurements were taken for each oil and then the times 

measured were averaged. 

 

 

 

 

 

 

 

 

 

a)  b)  

c)  d)  

Fig. 1. View of the tested lubricants: a) 10 % oil I, b) oil I,  

c) oil II, d) oil III 

 

The next step was to prepare test wires (Fig. 2). The reference 

material was a wire obtained under laboratory conditions 

(fabricated), the second sample was etching in a 20 % H2SO4 

solution for 10 seconds (etched). The third and fourth sample was 

annealing at 200 oC and 600 oC for 1 hour (oxide surface). 

 

a) 

b) 

c) 

d) 

 
Fig. 2. View of the surface wires: a) fabricated, b) etched,  

c) annealed (200 oC/1h) and d) annealed (600 oC/1h) 

 

The drawing force was measured on the tensile testing machine 

(Fig. 3) with force recording. For this purpose, four lubricating 

agents with different dynamic viscosities, three carbide dies with 

diameter of 2.9, 2.6 and 2.4 mm were used (2α = 18o angle of the 

dies). The test material was drawn at a speed of 100 mm/min, each 

time in one operation with the initial diameter to smaller final 

diameter. Each time the degree of deformation was increased, for 

which the total strain (ε) was respectively: 7, 25 and 36 %. The total 

strain was calculated according to the following equation: 

 

𝜀 =
𝑆𝑜−𝑆𝑛

𝑆𝑛
∙ 100%            (1) 

So - cross-sectional area of the wire before deformation, 

Sn - cross-sectional area of the wire after deformation. 

 

a)  b)  
Fig. 3. View of the measuring system (a) and drawing process of 

CuZn39Pb3 wire 
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Knowing the average drawing force, the drawing tension was 

calculated according to the dependence 2, and then the friction 

coefficient was calculated using the Tarnawski formula (3) because 

the coefficient of friction was similar to the real value [20]. 

 

𝜎𝑐 =
𝐹𝑐

𝑆𝑛
            (2) 

 

𝜇 =

𝜎𝑐
𝐾𝑎𝑣

−(ln⁡(𝜆)+1,6∙sin⁡(𝛼)∙√ln⁡(𝜆)∙𝑡𝑔(𝛼))

2𝑙𝑘
𝑅𝑘

∙(1−
𝜎𝑐
𝐾𝑎𝑣

)+𝑐𝑡𝑔(𝛼)∙ln⁡(𝜆)
         (3) 

σc - drawing tension, 

Fc - drawing force, 

Sn - cross-sectional area of deformed wire, 

Kav - average yield stress, 

α - angle of drawing, 

λ - drawing ratio, 

lk - bearing length, 

Rk -radius of wire. 

 

The tensile tests were conducted following the ISO standard [21] 

using Zwick Z020 testing machine equipped with testXpert Testing 

Software and a 20 kN load cell. All the tests were performed at 

ambient temperature (~ 20 oC). The gauge length of the 

extensometer was 50 mm and the ramp rate for extension was 50 

mm/min. From these measurements the ultimate tensile strength 

(UTS), yield strength (YS) and percentage elongation after fracture 

(E) were determined. 

The quality surface of the wires was determined using Hommel-

Etamic T1000 testing machine. This mobile device was equipped 

in skid probes for picking up the roughness, waviness and profile 

parameters. Five roughness measurements were made on each 

sample along the axis of symmetry of the wire and then the 

arithmetic mean was calculated. Moreover, the standard deviation 

was also calculated, which didn’t exceed 10 % of the measured 

value.  

The Ra parameter was selected to evaluate the surface roughness. 

Roughness average (Ra) is the arithmetic average of the absolute 

values of the profile heights over the evaluation length [22]. 

 

 

3. Results and Discussion 
 

The CuZn39Pb3 brass is classed as a stamping brass with 

excellent hot forming properties, high machinability rating and 

good corrosion resistant, so it used to automotive components, 

valve parts, architectural hardware. Lead is often added in 

concentration of around 2 % to enhance the machinability of brass.  

The consistency of the lubricants used for the research was from 

water to dense honey and the dynamic viscosity of the lubricants 

using to drawing of Cu alloy was as follows: 1.4±0.1, 113±0.2, 

160±0.3 and 10223±0.6 mPa·s respectively for 10 % oil I, oil I, oil 

II and oil III. Based on annealing curves (Fig. 4) decided to choose 

four wires to laboratory wire drawing process. The reference 

material and etched material was wire with a diameter of 3.0 mm 

(20 oC) in hardening temper, while others wire was annealing at 

200 and 600 oC during 1 hour (Fig. 5).  

 

 
Fig. 4. Annealing curves for wires with a diameter of 3.0 mm 

annealed for 1 hour at different temperatures 

 

Figure 4 shows typical softening curves. The wire as fabricated 

temper has high strength properties and lower plasticity properties. 

This strengthening occurs because of dislocation movements and 

dislocation generation within the crystal structure of the material. 

Growth the temperature causes increase elongation as a parameter 

of plasticity and decrease ultimate tensile strength and yield 

strength as a parameter of strengthening. We observed static 

recrystallization process at from 300   to 500 oC. Recrystallization 

is a process by which deformed grains are replaced by a new defect-

free grains. Choose two wires annealed at 200 and 600 oC for 1 

hour because in the first case at this temperature is stress relief 

annealing, and in the second case material is softening.  

 

 
Fig. 5. Stress-strain curves for wires with a diameter of 3.0 mm 

not annealed (20 oC), annealed at 200 and 600 oC for 1 hour 

 

The engineering stress in function of engineering strain curves (Fig. 

5) shows the Portevin-Le Chatelier effect [23, 24]. The PLC effect 

describes a serrated stress-strain curve which some materials 

exhibit as they undergo plastic deformation. In this case the 

recrystallization process intensifies PLC effect. 

Next step was measuring of the drawing force at the tensile test 

machine. Having registered drawing force in function of time 

calculated drawing tension according to equation 2. Conducted 

three draws with an initial diameter of 3.0 to 2.9, 2.65 and 2.4 mm 

which corresponds to total deformation 7, 22 and 36 % (reduction 

cross-section of wires). Three repetitions were carried out for each 

sequence variant and the standard deviation didn’t exceed 5 % of 

the measured value. 
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a)  

b)  

c)  

Fig. 6. The calculated drawing tension for drawn wires with a 

diameter of 2.9 mm (a), 2.65 mm (b) and 2.4 mm (c) using 

different lubricants 

 

Figure 6 shows drawing tension for fabricated, etched and annealed 

drawn wires using four different mineral oils: emulsion (10 % of 

oil I), oil I, oil II and oil III. The greater degree of deformation 

causes increase drawing tension because rise the strain 

(Fig. 6a,b,c). In all cases the lowest drawing tension had wire 

which was annealed at 600 oC for 1 hour because its strengthening 

is low. In the case of the first draw doesn’t matter the lubricant 

which is used (Fig. 6a). It was notice higher difference in drawing 

tension in second and third draw (Fig. 6b,c) especially for etched 

wire, which observed lower drawing tension for emulsion. Most 

likely low dynamic viscosity causes better flow emulsion to shaped 

hole through which wire is drawn to reduce its diameter and better 

isolation wire and die surface (semi-fluid friction). That lubricant 

which had higher dynamic viscosity is better to drawing soft wire 

because it was observed lower drawing tension for all draws. There 

was no significant differ in drawing tension between wires which 

was fabricated and annealed at 200 oC for 1 hour in all draws. 

Knowing the basic parameters of wire drawing process 

calculated the coefficient of friction using Tarnawski formula (3). 

They were tried to use Sachs’a or Hill’a and Tupper’a method, bad 

receive of values were unreal. Also the Tarnawski method it is not 

precise enough. Should be expected that draws from I to IIII causes 

increase strain (Fig. 7a,b,c) and more pressure in shape hole 

consequently separate the lubrication film causing rise in the 

coefficient of friction (dry friction). The lowest coefficient of 

friction is for wires which surface was etched and the highest is for 

wires which surface was annealed at 600 oC for 1 hour (Fig. 7c). 

Etched surface of wires is porous so emulsion fills of pores and 

lubricates the wire die and wire during plastic deformation. On the 

other hand the oxide broke away from the wire causes increase of 

coefficient of friction (Fig. 7a,b,c). 

 

a)  

b)  

c)  

Fig. 7. The calculated coefficient of friction based on Tarnawski 

formula for drawn wires with a diameter of 2.9 (a), 2.65 (b) and 

2.4 (c) using different lubricants 

 

An important factor when selecting a lubricant is the surface quality 

of the wires. The Ra parameter was used to assess the quality of the 

wires surface after the drawing process. Figure 8 shows roughness 
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average for fabricated, etched and annealed drawn wires using 

different lubricants. 

 

a)  

b)  

c)  

d)  

Fig. 8. Roughness average (Ra) for fabricated, etched and 

annealed wires before (a) and after deformation (b, c and d) using 

different lubricants 

 

Analysing the surface quality expressed by the parameter Ra, we 

note that the etching and annealing at 600 oC during 1 hour 

deteriorated the quality of the wire surface before the deformation 

(Fig. 8a). After wire drawing process, we note that in each case 

decrease in surface roughness i.e. increase in surface quality which 

was directly related to the quality of the wire die (Figure 8b,c). In 

the case of emulsion (10 % oil I) and oil I after deformation (Fig. 

8b,c), the etched surface was of the best quality. Most likely, thin 

oil was able to flow into the working zone of the wire die and 

provide good isolation of the contacting surfaces during 

deformation. In the case of thick oil II and oil III, the lowest 

roughness was observed for the etched, fabricated and annealed 

(200 oC/1h) surface. In turn, increasing unit strain during wire 

drawing process decrease in roughness for all tested lubricants (Fig. 

8c). It was noted that in the case of a very thin lubricant, which was 

undoubtedly an emulsion, no decrease in the quality of the wire 

surface was noticed, which was smooth and shiny. It would seem 

that high unit pressures and low dynamic viscosity of the emulsion 

should result in surface deterioration, but this effect was not 

noticed. In turn, increasing the density of the oils deteriorated the 

surface quality of the wires after deformation, which had 

previously been annealed. Most likely, the gravitational supply of 

lubricant to the wire die turned out to be insufficient, which resulted 

in oxides entering the working zone of the wire die and scratching 

the surface of the wire. 

 

 

4. Conclusions 
 

The aim of this work was examination of the force parameters 

in drawing process of brass using selected drawing compounds. On 

the basis of the conducted research it may be stated that: 

− Laboratory wire drawing process causes work hardening 

wires brass on account of rise dislocation, vacancy and 

fragmentation of structure (reducing the grain size and 

increase the grain boundaries) resulting in increased ultimate 

tensile strength, yield strength and decrease elongation at 

fracture, 

− Brass in chemical composition of CuZn39Pb3 has a 

temperature of recrystallization in the range from 300 to 500 
oC resulting is an increase elongation and decrease ultimate 

tensile strength and yield strength, 

− Despite the emulsion has lowest dynamic viscosity that’s 

protect wire surface well and decrease the drawing force, 

therefore it is recommended to use it for economic reasons, 

− It’s recommended etched surface wire before drawing 

process because decrease the drawing tension and 

enhancement of quality of the drawn wire. In the case of 

oxidation surface of wire increase the coefficient of friction. 

Such an oxide surface is noticeable especially after the hot 

extrusion process in the production of brass. 

 

 

References 
 

[1] Wright, R.N. (2016). A Brief History of Technology. In Wire 

Technology: Process Engineering and Metallurgy (7-12). 

USA: Elsevier Ltd. 



 

104 A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  2 3 ,  I s s u e  4 / 2 0 2 3 ,  9 9 - 1 0 4  

[2] Lenard, J.G. (2002). Friction, Lubrication and Surface 

Response in Wire Drawing. In Metal Forming Science and 

Practice (297-312). USA: Elsevier Ltd. 

[3] Blake-Coleman, B.C. (1992). Wire making Technology. In 

Copper Wire and Electrical Conductors - The Shaping of a 

Technology (1-73). Switzerland: Harwood Academic 

Publishers. 

[4] Calladine, C.R. (1969). Engineering Plasticity. UK: Elsevier 

Ltd., 235-274. 

[5] Byon, S.M., Lee, S. J., Lee, D.W., Lee, Y. H. & Lee, Y. 

(2011). Effect of coating material and lubricant on forming 

force and surface defects in wire drawing process. 

Transactions of Nonferrous Metals Society of China. China, 

21(1), 104-110. https://doi.org/10.1016/S1003-

6326(11)61071-6. 

[6] Xu, D.C., Zhai, S.Y., Cheng, H.Y., Guadie, A., Wang, H.C., 

Han, J.L., Liu, C.Y. & Wang, A.J. (2020). Wire-drawing 

process with graphite lubricant as an industrializable approach 

to prepare graphite coated stainless-steel anode for 

bioelectrochemical systems. Environmental Research. 191, 

110093, 1-9. https://doi.org/10.1016/j.envres.2020.110093. 

[7] Utsunomiy, H., Takagishi, S., Ito, A. & Matsumoto, R. (2013). 

Lubrication using porous surface layer for cold drawing of 

steel wire. CIRP Annals. 62(1), 235-238. 

https://doi.org/10.1016/j.cirp.2013.03.120. 

[8] Arentoft, M., Bay, N., Tang, T.P. & Jensen, D.J. (2009). A 

new lubricant carrier for metal forming. CIRP Annals. 58(1), 

243-246. https://doi.org/10.1016/j.cirp.2009.03.062. 

[9] Dixit, U.S. & Dixit, P.M. (1995). An analysis of the steady-

state wire drawing of strain-hardening materials. Journal of 

Materials Processing Technology. 47(3-4), 201-229. 

https://doi.org/10.1016/0924-0136(95)85000-7. 

[10] Moon, C. & Kim, N. (2012). Analysis of wire-drawing 

process with friction and thermal conditions obtained by 

inverse engineering. Journal of Mechanical Science and 

Technology. 26(9), 2903-2911. https://doi.org/10.1007/ 

s12206-012-0711-1. 

[11] El-Domiaty, A. & Kassab, S. Z. (1998). Temperature rise in 

wire-drawing. Journal of Materials Processing Technology. 

83(1-3), 72-83. https://doi.org/10.1016/S0924-

0136(98)00045-4. 

[12] Liu, S., Shan, X., Guo, K., Yang, Y. & Xie, T. (2018). 

Experimental study on titanium wire drawing with ultrasonic 

vibration. Ultrasonics, 83, 60-67. 

https://doi.org/10.1016/j.ultras.2017.08.003. 

[13] Du, P., Kishimoto, T. & Furushima, T. (2023). Uniforming 

outer diameter by control of microstructural evolution for 

biodegradable ZM21 magnesium alloy tube during dieless 

drawing. Journal of Materials Processing Technology. 312, 

117831, 1-12. https://doi.org/10.1016/j.jmatprotec. 

2022.117831. 

[14] Tiernan, P. & Hillery, M. T. (2008). An analysis of wire 

manufacture using the dieless drawing method. Journal of 

Manufacturing Processes. 10(1), 12-20. 

https://doi.org/10.1016/j.manpro.2008.05.001. 

[15] Wang, Z.T., Luan, G.F. & Bai, G.R. (1999). Study of the 

deformation velocity field and drawing force during the 

dieless drawing of tube. Journal of Materials Processing 

Technology. 94(2-3), 73-77. https://doi.org/10.1016/S0924-

0136(98)00452-X. 
[16] El Amine, K., Larsson, J. & Pejryda, L. (2018). Experimental 

comparison of roller die and conventional wire drawing. 

Journal of Materials Processing Technology. 257, 7-14. 

https://doi.org/10.1016/j.jmatprotec.2018.02.012. 

[17] Pilarczyk, J.W., Van Houtte, P. & Aernoudt, E. (1995). Effect 

of hydrodynamic and roller die drawing on the texture of high 

carbon steel wires. Materials Science and Engineering: A. 

197(1), 97-101. https://doi.org/10.1016/0921-

5093(94)09756-9. 

[18] Kwaśniewski, P., Knych, T., Mamala, A., Kiesiewicz, G., 

Walkowicz, M., Smyrak, B., Kawecki, A., Uliasz, P. & 

Piwowarska, M. (2014). PL 218241 B1. Method for 

continuous casting of crystalline materials and apparatus for 

horizontal continuous casting of crystalline materials. Patent 

Office of the Republic of Poland, 2-14. 

[19] EN 12164. (2016). Copper and copper alloys - Rod for free 

machining purposes. European Standards, 23. 

[20] Łuksza, J. (2001). Elementy ciągarstwa. Polska: Wydaw. 

AGH. 

[21] PN-EN ISO 6892-1. (2020). Metals - Tensile Test - Part 1: 

Room Temperature Test Method. International Organization 

for Standardization. 

[22] PN-EN ISO 21920-1. (2022). Geometrical product 

specifications (GPS) — Surface texture: Profile - Part 1: 

Indication of surface texture. International Organization for 

Standardization. 

[23] Portevin, A. & Le Chatelier, F. (1923). Sur un phénomène 

observé lors de l’essai de traction d’alliages en cours de 

transformation. Comptes Rendus de l’Académie des Sciences 

Paris, 176, 507-510. 

[24] Cottrell, A.H. (1953). A note on the Portevin–Le Chatelier 

effect. Philosophical Magazine. 44, 829-832. 

 

https://doi.org/10.1016/0921-5093(94)09756-9
https://doi.org/10.1016/0921-5093(94)09756-9

