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Abstract. The cartridge case containing the explosive and primer powder for ammunition is made of a cup obtained by 
deep drawing. In this process a disk is fixed and a punch rises to prolong the cup’s wall. The process is repeated until 

the wall is sufficiently thin and elongated. Copper alloys offer the best compromise among the materials for such 

applications, with excellent deep drawability, moderate re-formability, resistance to cracking and suitable tensile 

strength. Depending on the thickness reduction by cold rolling (%red), the anisotropy resultant from the process can 

reduce or even impede successful deep drawing of the product. This study aimed at investigating the relationship 

between the thickness reduction by cold rolling and the earing behavior during deep drawing of the ASTM C22000 

alloy. Different specimens of this alloy were tested with regard to Swift cupping test and x-ray diffraction (for 

obtaining orientation distribution functions). The results showed that earing was more intense as the thickness 

reduction by cold rolling increased. Moreover, the Copper texture was favored as the thickness reduction increased 

and this led to the formation of four-fold ears ooriented at 45º in relation to the rolling direction. 
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1. INTRODUCTION  

 

Deep drawing is traditionally employed to deform metal sheets in order to obtain cups with specific shapes designed 

for engineering applications (Boljanovic, 2004). The manufacturing of cartridge cases made of brasses is an important 

application of this process (Higgins, 2010). During the process a blank is clamped against a die by a blankholder. The 

drawing operation is carried out by a punch moving against the die, thus forming the metallic cup (Chen et al., 2006). 

Earing has been recognized as a major concern during deep drawing of metals due to the increasing generation of scrap 

and the development of heterogeneous properties along the walls of the cup (Zhou et al., 1998). The phenomenon has 

been described based on a crystallographic approach in an attempt to predict the earing behavior of different 

engineering alloys (Oluwole et al., 2010). In this regard, texture evolution during forming operations of metallic 
materials lead to anisotropic plastic flow properties and, in turn, to earing formation during deep drawing. Typical 

deformation textures of face centered cubic (FCC) metals have been described in the literature. Common deformation 

texture components are Copper {112} 〈111〉 , Brass {110} 〈112〉, R-cube {001} 〈110〉 and S {123} 〈634〉 which are 
reported to contribute to 45º earing (related to the rolling direction) (Sowerby et al., 1980). It is also known that the 

crystallographic texture can be modified depending on heat treatment, mechanical processing, rolling strain, strain rate 

and temperature (Souza et al., 2012).     

In this work the relationship between plastic deformation by cold rolling and the earing behavior of the ASTM 

C22000 alloy has been investigated. Cold rolled sheets of this alloy were submitted to deep drawing in the Swift 

cupping test. Deformation texture components of the cold rolled sheets were evaluated by means of X-ray diffraction 

(XRD) measurements across the thickness of the sheet samples. The observed earing behavior was correlated with the 

crystallographic texture determined XRD. 

 

2. EXPERIMENTAL DETAILS 

 

2.1 Material 

 

The material used in this work was the copper alloy designated as C22000 whose chemical composition is shown in 

Table 1. The material was kindly provided by Eluma - Paranapanema S.A. in the form of annealed sheets with a 

thickness of 1.83 mm. 
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Table 1. Chemical composition of the ASTM C22000 sheet samples used in this work. 

   

Element Cu Zn Fe Others 

Mass (%) 89.75 10.22 0.0031 0.0269 

  

 

2.2 Preparation and characterization of the sheet samples 

 

The as-received sheet samples were cold rolled in an electric twin-roll mill G3 150M, obtaining thickness reductions 

of 40%, 64% and 89%. Next, the cold-rolled sheets were annealed in a muffle furnace (Fornitec) at 550 ºC for 3 h. 

Following annealing, the samples were etched in a 15%v H2SO4 solution at 50 ºC for 2 minutes in order to remove the 

surface oxides formed during annealing. After thorough washing by distilled water and drying in hot air the samples 

were submitted to deep drawing using the Swift cupping test. The cupping tests were performed in an Erichsen machine 
model 134 with a blankholder force of 10 kN and a drawing speed of 5 mm.s

-1
. 

After deep drawing, the sheet samples were evaluated to verify the earing formation. Thus, the height of the ears 

formed after the Swift test were measured using a digital caliper gauge. The earing value (E) was calculated using the 

following equation where hmin is the height at the valley and hi is the height of the earing peak: 

 

 

                                                                                                                    (1) 

 

 

The crystallographic texture was determined using X-ray diffraction (XRD) with Cu Kα radiation (40 kV, 30 mA), 5 º 
angular pass and counting time of 4 s. Pole figures of the (111), (200), (220) and (311) planes of the copper alloy were 

determined using an horizontal goniometer (Rigaku). Orientation distribution functions (ODFs) were obtained using a 

home-made program developed at IPEN/CNEN-SP. 
 

3. RESULTS AND DISCUSSION 

 

3.1 Swift cupping test 

 

The sheet samples submitted to the Swift test were inspected after deep drawing in order to determine the earing 

formation. Three different samples were testes. Photographs of representative deep drawn cups are shown in Figure 1 

for samples with different thickness reductions by cold rolling. 

 

 

Figure 1.  Deep drawn cups of the C22000 alloy. The thickness reduction by cold rolling of the original blank used for 

the cupping test is indicated in the photographs. 

 

It is obvious upon visually inspecting the cups shown in Fig. 1 that earing formation was enhanced as the thickness 

reduction increased. Figure 2 shows the earing profiles of the drawn cups with respect to the rolling direction. The 

height values correspond to the average values of three different samples. The samples exhibited four ears at 45º to the 
rolling direction. In order to give a more quantitative analysis of this situation, the earing percentage of each sample has 

been determined according to the procedure described in section 2.2. The values of the earing percentage calculated 
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according to equation 1 are plotted as a function of the thickness reduction in Fig. 3. The earing value increased with 

increasing rolling reduction. This behavior has been observed for FCC metal sheets submitted to deep drawing (Li et al., 

2010).    

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 2. Earing profiles of the drawn cups with respect to the rolling direction. 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Earing percentage of the cups shown in Figure 1 plotted as a function of the thickness reduction. 

3.2 Texture evolution 
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Figure 4 presents the (111) pole figures of the ASTM C22000 alloy with different thickness reductions. It is clear 

that the texture of the drawn sheets has been altered as the thickness reduction increased. The most intense lines become 

more concentrated in specific regions of the pole figure as the cold working increased.  Bunge (1982) stated that if the 

crystal grains are randomly distributed, the iso-intensity lines present a homogeneous distribution. If, instead, the 

material is textured, then the lines agglomerate around the preferential orientations, leaving other regions of the pole 

figures relatively desert.    
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Figure 4. (111) pole figures of the ASTM C22000 alloy with different thickness reductions: a) 45%; b) 64% and c) 

89%. 
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The three-dimensional orientation distribution functions (ODFs) f(g) were computed, where the orientations g are 

expressed in form of a triple of Euler angles (ϕ1, φ, ϕ2) according to Bunge’s notation (Bunge, 1982). In this work, the 

ODFs are represented by plotting iso-intensity lines in two characteristic sections with ϕ2 = 0º and ϕ2 = 45º through the 

Euler orientation space which contain the most part of the typical FCC orientation crystallographic planes (Viana and 

Paula, 2003). The ODFs are shown in Fig. 5 for the ASTM C22000 alloy with different thickness reductions. The most 

important texture components are indicated in the figure.  

 

(001)[100]      (001)[010]           (001)[010]        (112)[11 1] 

 

(010)[100]    (011)[311]     (011)[211] (110)[112]  

 

  (001)[010]    (112)[11 1] 

 

(011)[211]      (011)[111]  (110)[111] 

 

 

(112)[11 1] 

Figure 5. ODFs of the cold rolled samples with different thickness reductions: a) 45%; b) 64% and c) 89%.. 
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The ODF of the sample with 45% thickness reduction presented the two dominant texture components: Brass 

({110}<112>) and Cube ({001}<100>). The Copper texture ({112}<111>) is also observed but with a lower intensity. 

Yet, other components such as the (011)[311] orientation are also present at intermediate intensities. This result 
indicates that the 45% sample presents more randomly distributed orientations which would lead to the formation of 

ears with a relatively low height. In fact, this behavior was observed for the sheets submitted to the Swift cupping test as 

shown in section 3.1. 

The sample with 64% thickness reduction presented a different texture profile. The evolution of the rolling texture 

was observed as the relative intensity of the Brass component decreased whereas the Copper component became more 

intense. The strongest texture component was observed for the orientation (110)[111]. Thus, the anisotropic character 
of the sheet sample was accentuated by cold rolling. This behavior had a direct consequence on the earing formation. As 

seen in Fig. 3 the sample with 64% thickness reduction presented more profound ears due to the increased plastic strain 

imposed by cold rolling. 

This trend was confirmed for the sample with 89% thickness reduction. The observed texture component was 

mainly represented by the Copper texture whereas the other components were significantly weakened and disappeared. 
The Copper texture was enhanced for increasing cold rolling, leading to a strong anisotropic character of the metallic 

sheet. This, in turn, intensified the earing formation as seen in Fig. 1. 

The textures observed for the ASTM C22000 alloy are typical of cold rolled FCC metals (Engler, 2012). It can be 

inferred that the Copper texture favored the earing formation due to the more anisotropic character of the sheet samples 

in which this component was the most intense. From a practical engineering standpoint this result evidences that the 

deep drawing operation of the ASTM C22000 can be tailored to avoid earing by properly controlling the initial 

deformation state of the blanks that will be processed. Texture measurements by XRD are a powerful tool to identify 

the most critical aspects of earing formation in the ASTM C22000. 

 

4. CONCLUSIONS 

 
The earing behavior of ASTM C22000 alloy sheets was studied as a function of the thickness reduction produced by 

cold rolling. The earing profile was shown to be dependent on the thickness reduction. After the Swift cupping test, 

more profound ears formed as the thickness reduction increased. Typically, four ears were formed at 45º to the rolling 

direction. Crystallographic texture measurements by X-ray diffraction indicated that the anisotropic character of the 

cold rolled sheets was accentuated as the thickness reduction increased. As a consequence, earing formation was 

intensified. Deep drawing of cold rolled ASTM C22000 alloy sheets should be properly designed to avoid excessive 

earing formation based on the identification of specific cold rolling and annealing conditions that would favor the 

anisotropic character of the cold worked sheets. X-ray diffraction is a powerful technique to support and guide this 

operation.     
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