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Abstract  

Severe plastic deformation is the most efficient method of refining the material structure and producing 

submicro- and nanocrystalline materials with a unique combination of strength and ductility properties due to 

a fragmented structure. Upon reaching a definite deformation rate, the fragmentation process is evolving, i.e. 

a volume of original polycrystalline grains (or monocrystal volume) is broken into mutually disordered areas 

(fragments). Main methods used to achieve high deformation rates resulting in a visible grain refinement with 

no sample destruction are equal channel angular pressing and twist extrusion. However, due to rather small 

finished products, such methods are hardly suitable to produce large-sized structural metal materials, such as, 

for example, narrow strips. Thus, in recent years highly efficient methods of producing ultrafine-grained 

materials by asymmetric rolling are widely applied. A fundamental difference between asymmetric and 

conventional sheet rolling is monotonic deformation in conventional rolling and non-monotonic deformation in 

asymmetric rolling.  Asymmetric rolling in a single deformation schedule combines the processes of rolling 

(achieved mainly due to a translation component of deformation) and shear (by the rotational deformation). 

This paper describes the production of narrow strips with an ultrafine-grained structure by asymmetric rolling 

using L63 alloy grade as an example. Task-specific asymmetry of the process is achieved by mismatching 

circumferential speeds of rolls, when cold rolling is performed with high contract friction and high single 

deformations. The scanning electron microscopy was used to study the structure of the samples: before and 

after asymmetric rolling. It is shown that the deformation by asymmetric rolling with mismatching 

circumferential speeds of rolls amounting to 50 % and a total percentage reduction of about 70 % results in a 

fragmented structure and higher performance of the rolling mill due to a reduction in a number of passes, when 

rolling brass narrow strips from 0.80 to 0.24 mm thick.  
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1. INTRODUCTION 

The growth rate of the machine-building industry imposes higher and higher demands for the quality of brass 

mill products not only for sizes or flatness, but also for the structure and mechanical properties, entailing a 

need for development of new technologies of producing semi-finished and finished products satisfying high 

performance and operation requirements. 

One of the methods of improving the quality of materials is to generate nanostructural (NS) and ultrafine-

grained (UFG) states by applying methods of severe plastic deformation (SPD) [1,2] based on large shear 

deformations under high hydrostatic pressure and at relatively low homologous temperature. By now, it is 

experimentally showed that SPD methods applied for many metallic materials, including copper alloys, 

contribute to forming a UFG structure with an average grain size of below 1 µm, mainly containing high-angle 

grain boundaries due to deformation refining (fragmentation), when achieving a rather high deformation ratio 
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[3,4]. When performing continuing plastic deformation, an average size of fragments gradually decreases to a 

minimum size, amounting to, as a rule, about 100-200 nm, including an increase in their mutual disorientation 

up to large-angle boundaries, namely boundaries of grains of a deformation origin. It is deemed that such fine-

grained structures should ensure a high level of ductility and strength parameters due to special strained high-

angle grains, entailing generation of entirely new physical and mechanical properties. UFG materials show 

strength, significantly exceeding strength of the same materials in its coarse-grained state. 

As the most common schedules of SPD (equal-channel angular pressing (ECAP) [1-3] and twist extrusion [5]) 

have significant limitations on their industrial application due to a rather small size of manufactured products, 

they seem to be hardly suitable for processing structural metal materials of large dimensions, such as sheets, 

narrow strips or strips. Thus, manufacturing of materials with a UFG structure is a current technological 

challenge. 

One of the most advanced, industrially applicable methods of SPD used to form a UFG structure in thin metal 

sheets is asymmetric rolling with a high (50 % or more) mismatching of speeds of rolls [6-13], to create a 

complicated stress state, when severe shear is combined with reduction of a sample characteristic of 

conventional rolling. Regarding such deformation schedule, a superposition of translation and rotation modes 

occurs directly during rolling. This results in an additional channel of generating dislocations contributing to a 

significant increase in a concentration of defects participating in the structure formation. It should be noted that 

a little research is devoted to studying the effect of asymmetric rolling on changes in the structure. The majority 

of published research papers [6-17] on this area are devoted to efficiency of impact of mismatched 

circumferential speeds of work rolls on energy parameters and geometry of rolled strips and narrow strips from 

various metals and alloys, including brass ones. 

The present research is aimed at studying the effect of speed asymmetry on the structure of brass during cold 

rolling of narrow strips. 

2. MATERIALS AND METHODS 

The asymmetric rolling due to purposefully created differences in the circumferential speeds of the work rolls 

is also called "Differential speed rolling". For such process a coefficient of asymmetry 𝐾𝑎 is defined as a ratio 

of circumferential speeds V1 and V2 of the work rolls according to Equation (1): 

Ka =  
V1

V2
  (1) 

where V1 > V2. 

The subject under study is a copper-base alloy brass grade L63. A chemical composition of the alloy under 

GOST 15527-2004 is given in Table 1. Experimental rolling was carried out on two-high reversing mill with 

individually driven work rolls (Figure 1) at the Zhilyaev Laboratory of Mechanics of Gradient Nanomaterials 

(Nosov Magnitogorsk State Technical University). Symmetric and asymmetric rolling processes were 

performed without lubrication. Specimens of industrial cold rolled brass narrow strips, 0.80 mm thick and 

30 mm wide, were used as blanks (Figure 2, a). 

Table 1 Elemental chemical composition of brass L63, wt% 

Components Impurity elements (less than) 

Cu Zn Pb Fe Sb Bi P Total 

62.0-65.0 other 0.07 0.2 0.005 0.002 0.07 0.5 

Specimens of narrow strips (0.80 mm × 30 mm × 200 mm) were cold rolled at different reduction rates in 

several passes to achieve a final thickness of 0.24 mm (Table 2). Specimen thickness was measured with a 

micrometer before and after every pass. 
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Figure 1 Two-high reversing mill with individually driven work rolls 

 

  

a b 

Figure 2 Specimens of brass narrow strips (a) and initial microstructure (b) 

Table 2 Reduction schedule of brass narrow strips 

Pass No. Thickness 

(mm) 

Thickness reduction 

(%) 

Angular velocity 
(rev/min) 

entry exit single total top roll bottom roll 

1 0.80 0.40 50 50 3 6 

2 0.40 0.24 40 70 3 6 

The microstructures of the specimens before and after rolling were examined with a scanning electron 

microscope (SEM, JSM-6490LV) at accelerating voltage of 20 kV. A hydrochloric solution of iron (III) chloride 

was used as an etching solution to determine α and β-phases in brasses. 
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3. RESULTS AND DISSCUSION 

The experiment showed that when rolling brass narrow strips with a thickness reduction from 0.80 mm to 

0.24 mm, a number of passes decreased in case of asymmetric rolling as compared to symmetric rolling 

(Table 3). Thus, the asymmetric rolling process can be used for reducing the number of rolling passes by 

increasing the thickness reduction in each pass. 

Table 3 Changes in narrow strip thickness by passes during symmetric and asymmetric rolling 

Type of rolling Narrow strip thickness after deformation passes (mm) 

0 1 2 3 

Symmetric rolling 0.80 0.50 0.35 0.24 

Asymmetric rolling with Ka = 2 0.80 0.40 0.24 - 

The micrographic studies showed that an original state of the structure of brass L63 (Figure 2, b) constituted 

equiaxed grains of α-solid solution of zinc (Zn) in copper (Сu) with a small number of inclusions of excess β-

phase along the boundaries. 

 

   

a b 

Figure 3 Microstructure of brass narrow strips after symmetric (a) and asymmetric (b) rolling 

As it is shown in Figure 3, b, asymmetric rolling with speed asymmetry coefficient Ka = 2.0 (total thickness 

reduction is 70 %) results in a strong distortion of the structure as compared to symmetrically rolled sample 

(Figure 3, a). The structure consists of heavily deformed grains of α-solid solution as fragments, whose 

boundaries are non-equilibrium and have complex dislocations, i.e. there is a so-called fragmented structure. 

The mechanical properties of the samples before and after cold rolling were investigated by uniaxial tensile 

test using an AG IC Shimadzu universal testing machine equipped with a 50 kN load cell. The tests were 

computer controlled registering strain and stress. Tensile samples with a gauge section measuring 30 mm in 

width and 100 mm in length were cut from the strips along the rolling direction. Tensile tests were carried out 

at room temperature and a constant cross-head speed of 2 mm/min, which was equivalent to a strain rate of 

3.3 x 10-4 s-1. The analysis of the mechanical test results revealed that with augmentation of speed asymmetry 

coefficient Ka from 1.0 (symmetric rolling) up to 2.0 (asymmetric rolling) the strength properties of brass grade 

L63 got better and plastic properties remained unchanged. In particular the yield strength increased from 

478 MPa (at Ka = 1.0) up to 567 MPa (at Ka = 2.0), and the ultimate tensile strength increased from 509 MPa 

(at Ka = 1.0) up to 603 MPa (at Ka = 2.0). In case of symmetric and asymmetric rolling with total reduction of 

70 % the uniform elongation and elongation to failure were extremely low and did not exceed 2 %. 
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4. CONCLUSION 

The conducted studies showed that asymmetric rolling of brass narrow strips from thickness of 0.80 mm to 

0.24 mm from a two-component single-phase alloy, namely brass grade L63, contributed to a heavily 

fragmented ultrafine-grained structure and higher performance of the rolling mill. To produce the achieved 

result, asymmetric rolling should be performed with speed asymmetry coefficient Ka = 2.0 and total thickness 

reduction of about 70 %. The analysis of the mechanical test results revealed that with augmentation of speed 

asymmetry coefficient Ka from 1.0 to 2.0 the strength properties of brass L63 got better and plastic properties 

remained unchanged. The ultimate tensile strength increased from 509 MPa up to 603 MPa while elongation 

to failure remain extremely low and did not exceed 2 % in both cases. 
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