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INTRODUCTION

Burnishing is to impose a force on the surface 
of specimen to make plastic deformation using a 
hardened tool [1]. This plastic deformation/ cold 
working is expected to change the properties of the 
burnished specimen [2]. Researchers have studied 
the effect of different burnishing tools on the prop-
erties of the specimen [3–6], ball burnishing [7,8], 
roller burnishing [9, 10] and diamond burnish-
ing tool [11–13]. Recently the burnishing process 
showed increasing interest for researchers, devel-
opment of burnishing process for better surface 
finish was analyzed [14]. The advances in burnish-
ing technologies were investigated in the last few 
years [15]. Varpe, and Tajane, in (2025) performed 
an overview of burnishing process as a Surface im-
provement technique [16]. Brass has many engi-
neering applications, especially for resisting corro-
sion where low friction is required, such as valves, 
gears, pipes and various precision components. 
Because of ease manufacturing and corrosion re-
sistance, brass also became the standard allow 
from which all precision instruments were made. 
The performance of the mechanical properties of 
the machined component (fatigue, bearing capac-
ity, wear) depend largely on the component surface 
topography and/or hardness, stress and induced 

strain. More than 55% of the input energy is demol-
ished in kinetic friction [17, 18]. Low roughness < 
0.1 mm gives good esthetic appearance, easy mold 
detachment, higher corrosion resistance (CR), and 
good fatigue strength (FS). Recently, high atten-
tion was given to the post-machining metal fin-
ishing operations such as burnishing. Burnishing 
improves the surface conditions by cold working 
on surface layers [19]. In a cold-forming process, 
burnishing is crucial because it fills the depression 
by pushing the metal close to a machined surface 
away from protrusions. A comprehensive classifi-
cation of burnishing tools and their application has 
been reviewed by Raza and Kumar [20]. Litera-
ture inspection shows that many researchers have 
worked on the burnishing process, they conducted 
many improvements on the properties of the ma-
terials [21, 22], for example better friction resis-
tance and hardness [23–25], surface finishing [26, 
27] and permanent compression stress reaching
high values [28]. Surface finish is affected by bur-
nishing force (BF), feed rate (FR), roller material
(RM), number of passes, specimen material, in ad-
dition to lubrication [29, 30].

It is clear from literature the burnishing process 
may be used to improve the surface properties and 
mechanical properties of a material and as brass is 
one of the important materials used in engineering, 
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this paper will study the effect roller burnishing 
(RB) process, BF on the mechanical properties 
of the material (tensile, compression and torsion 
stresses in addition to surface hardness) to give 
better surface integrity for yellow Brass.

MATERIALS AND METHODS

Materials 

To prepare the specimens for testing various 
burnishing forces a lathe machine with roller head 
burnishing tool were used. Figure 1 shows the 
burnishing process of a brass specimen on a lathe 
machine. Burnishing process requires the use of a 
dial gauge to measure the pressing force, a roller 
head, a pure brass test specimen all with the lathe 
machine. Different brass specimens were bur-
nished under different pressing forces (0, 60, 90, 
120 and 140 N), with tool feed rate 0.07 mm/rev. 

The chemical composition of the used yellow 
Brass is indicated in Table 1. While the physical 
parameters are indicated in Table 2.

Methodology

Each test was performed with four specimens 
to assure the results for (tensile, compression, tor-
sion and hardness). A universal testing machine 
(UTM), also known as a tensile tester or univer-
sal tensile tester, is a universal device used to test 
the mechanical properties of the material under 
tension, compression, bending and other forces. 

It plays a critical role in determining the strength 
and durability of materials such as metal and 
metal alloys. The strain of a workpiece indicates 
quantitatively the deformation of a body. It can be 
measured with extensometers and/or strain gaug-
es. The uniaxial strain is expressed by:
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where:	 lf – deformed specimen length, lo – unde-
formed specimen length.

If a specimen is stretched such as lf = 2lo the 
engineering tensile strain equal to 100%. If a 
specimen is compressed to the amount of lf – 0, 
the engineering compressive strain equals 100% 
which has no engineering meaning Equation 1.

As the stresses of purely elastic deformation 
(ED) are defined using the material final configu-
ration. Due to irreversibility in the deformation, a 
plastic analysis must be followed along the final 
path reached. To do so, the total deformation is sub-
divided into infinitesimal increments. For the uni-
axial case, with dL – the gauge length incremental 
change, L – the increment starting gauge length. 
Then, the strain increment is:
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Table 1. Chemical composition of the used Brass
Copper 65%

Zinc 34%

Lead 1%

Table 2. Physical parameters of the used Brass
Specific gravity 8.53

Specific heat 0.377 J/kg. K

Thermal conductivity 121 W/m K

Thermal expansion coefficient 19.9 mm/m.°C

Modulus of elasticity 110 GPa

Shear modulus 41 GPa

Ultimate tensile strength 393–455 MPa

Yield tensile strength 365–434 MPa

Hardness 49–53 VHR

Figure 1. Burnishing tool and lath machine
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the total strain form lo to lf
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Which defines the true strain. So, if a sam-
ple is compressed to zero thickness, Equation 3 
becomes:
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Which is a more realistic than 100% compres-
sive strain which was given by Equation 1. The 
relation between true and engineering strain is:
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If a body with original cross-sectional area Ao 
(mm2) is subjected to a load F (N), the stress, s for 
uniform deformation can be defined as:
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which refers to the undeformed configuration, 
such stress is called engineering stress. For large 
cross-sectional area reduction this definition be-
comes inappropriate. Such definition fails to pre-
dict strain hardening as it uses constant initial area 
Ao. The instantaneous cross-sectional area (CSA) 
A must be used to give more realistic stress:
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This definition of stress σ uses the instanta-
neous CSA and named true stress. As the volume 
of the deformed specimen is conserved, i.e.:
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The true stress can be related to engineering 

stress by:
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Only small deformations use engineering 

stress-strain diagrams, where true stress-strain 
coincides with engineering stress strain diagram 
within Hook’s law. For large strain, say greater 
than 1%, the true stress-strain should always be 
used. Equation 6 is used for uniform deformation 
only. In non-uniform deformation, stress is

	

o

of

l
ll

e
−

=          (1) 

 

l
dld =           (2) 

=



0

d = 
f

o

l

l l
dl

= ln
o

f

l
l

         (3) 

 

=
fl

0

lim ln
f

f

l
o

l
l→

 
= − 

 
        (4) 

 
ln(1 )e = +           (5) 

 
𝑠𝑠 = 𝐹𝐹

𝐴𝐴𝑜𝑜
 (MPa)         (6) 

 
F
A

 =            (7) 

 
𝐴𝐴𝑜𝑜𝐿𝐿𝑜𝑜 = 𝐴𝐴𝑓𝑓𝐿𝐿𝑓𝑓          (8) 
 
𝜎𝜎 = 𝑠𝑠(1 + 𝑒𝑒)          (9) 
 
σ = 𝑙𝑙𝑙𝑙𝑙𝑙

𝛥𝛥𝛥𝛥→0
(𝛥𝛥𝛥𝛥

𝛥𝛥𝛥𝛥)          (10) 
 

𝜎𝜎𝑐𝑐 = 2 𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚 = √(𝜎𝜎𝑥𝑥 − 𝜎𝜎𝑦𝑦)2 + 4𝜏𝜏2        (11) 

 
𝜎𝜎𝑥𝑥 = 𝑀𝑀𝑏𝑏

𝐼𝐼𝑏𝑏

𝑑𝑑
2          (12) 

 
𝜏𝜏 = 𝑀𝑀𝑡𝑡

𝐼𝐼𝑡𝑡

𝑑𝑑
2          (13) 

 
𝐼𝐼𝑏𝑏 = 𝑑𝑑4𝜋𝜋

64 , 𝐼𝐼𝑡𝑡 = 𝑑𝑑4𝜋𝜋
32 = 2𝐼𝐼𝑏𝑏      (14) 

 
𝑀𝑀𝑏𝑏 = 𝐹𝐹 𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐, 𝑀𝑀𝑡𝑡 = 𝐹𝐹 𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠      (15)

𝜎𝜎𝑐𝑐
2 = 𝑑𝑑2

4 [(𝐹𝐹 𝑟𝑟 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐼𝐼𝑏𝑏

)
2

+ 4 (𝐹𝐹 𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
2𝐼𝐼𝑏𝑏

)
2

]       (16) 
 
 
𝜎𝜎𝑐𝑐 = 𝐹𝐹 𝑟𝑟 𝑑𝑑

2𝐼𝐼𝑏𝑏
√cos2 𝜑𝜑 + sin2 𝜑𝜑        (17) 

 
cos2 𝜑𝜑 + sin2 𝜑𝜑  
 

	 (10)

These equations from Equation 1 to Equation 
10 are used to analyze the experimental results of 
yellow brass specimens. It is difficult to measure 
ΔA in Equation 10, then we can use the specimen 

lengths instead of using CSA. This suggests that 
only when deformation is homogeneous can stress 
s be directly determined by measuring the force 
and the associated cross-sectional area. Only the 
average stress can be measured once the deforma-
tion stops being uniform; the experimental deter-
mination of the stress distribution is impossible. 
This is the primary cause of the issues that arise 
while attempting to determine actual tension fol-
lowing necking.

Tensile test 

The tensile test done is a standard method used 
to measure the behavior of the materials when they 
are pulled apart, it can give information about the 
material properties and show how strong brass is. 
Common standards include ASTM E8 was used 
to determine the tensile properties of metals, these 
standards guide testing method. These experiments 
enhance our knowledge in practical problems. All 
samples were tested with Instron machine for ten-
sile and compression strength.

Combined bending and torsion

WP130 test unit Figure 2 is used to test exper-
imentally the material strength of various speci-
mens. Principal stresses can be used to measure 
the stress of a material by subjecting the specimen 
to a component with combined sharing and direct 
loads. The equation of the combined bending and 
torsion stress is given by:
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The geometric moments of inertia for a circu-
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	 (14)

The external bending moment Mb and the 
torque Mt can be calculated with the angle position 
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j of the point of contact and the load weight F to 
(see Figure 3):
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If the bending moment and the torque are 
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𝜎𝜎𝑐𝑐 = 𝐹𝐹 𝑟𝑟 𝑑𝑑

2𝐼𝐼𝑏𝑏
√cos2 𝜑𝜑 + sin2 𝜑𝜑        (17) 

 
cos2 𝜑𝜑 + sin2 𝜑𝜑  
 

 can be combined to 1.

RESULTS

Figure 4 shows the relation between normal 
stress and normal strain for various burnishing 
forces (0, 60,90.120 and 140 N). Fracture and 
yield strengths are improved for specimens af-
ter burnishing which can play role in industrial Figure 2. Bending and torsion apparatus WP 130

Figure 3. Schematic of bending and torsion loading of specimen

Figure 4. Normal stress–strain diagram of yellow brass
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applications. It can be seen from Figure 4 that the 
higher values of normal stresses are the values 
where the BF=140 N, which gives the best results, 
the results of normal stresses of specimens which 
have BF= 90, 120 N have also good results. 

Instron tensile machine and real fractured 
specimens are shown in Figure 5. Using Equa-
tions 1, 3, and 5 true and engineering strain rela-
tion were calculated from the experimental data. 
Figure 6 shows the true strain-engineering strain 
relation. Figure 6 indicates that by increasing 
engineering strain the true strain also increased 
by the linear relation, but the values of engineer-
ing strain are higher than the true strain due to 

engineering behavior of b.rass. Figure 7 illus-
trates the true stress true strain curves for various 
burnishing forces (0, 60, 90, 120 and 140 N).

As shown in Figure 7 the best result was 
achieved for 120 and 140 N, which means that 
these brass specimens exhibit high stress with 
120 N and 140 N burnishing forces.

Figure 8 points out the relation between ten-
sile force and engineering strain of yellow brass 
specimens which were subjected to variable BF. 
Figure 8 reveals that the specimens with BF=140 
N have better results, especially at ε ≥ 0.08. The 
specimens with BF = 120 N have good results at 
low values, and high values of engineering strain. 

Figure 5. The Instron tensile machine with the fractured tool

Figure 6. True strain-engineering strain diagram of yellow brass
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The specimen of BF = 90 N gives bad results at ε 
≥ 0.12.  Figure 9 illustrates the force versus elon-
gation behavior before and after burnishing. It is 
clear from the figure that the unburnished speci-
men starts elongation directly from zero, where 
the burnished specimen begins elongation from 
17 N which indicates the positive impact of bur-
nishing process on the specimen mechanical 

properties. This effect proceeds all over the vari-
ous burnishing forces. Also, as the applied force 
increases the effect of burnishing decreases on 
the specimen. The percentage decreasing of elon-
gation of specimens under the burnishing forces 
shown in Table 3.  As shown in Table 3. the bur-
nishing force variation decreases with increasing 
in elongation, and at high values of elongation the 

Figure 7. True stress–strain diagram of yellow brass

Figure 8. Tensile force– engineering strain diagram of yellow brass

Figure 9. Force– elongation of yellow brass before and after burnishing
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Figure 10 illustrates the impact of BF on the 
surface hardness of the yellow Brass. The Vickers 
hardness of yellow Brass was tested for unbur-
nished specimen and specimens with 40 N and 90 
N burnishing forces. It is obvious in the figure that 
the increase in BF increases the surface hardness 
significantly. This result is important in the ap-
plications encounter surface erosion.  As shown 
from Figure 11 by increasing the BF the specimen 
exhibits a high UTS. The percentage elongation 
of UTS for specimens shown in Table 5.

Figure 12 indicates that the reduction in area 
decreases with an increase of BF. As is clear 
from the figure the reduction in area remains 
constant at high burnishing forces, and that is 
due to the condensation of material particles lay-
ers with increasing BF.

Figure 13 shows the reduction in mean rough-
ness as BF increases, because the surface of the 
specimen becomes more polished. In Figure 14. 

Table 3. Burnishing force versus specimen elongation 
percentage

Elongation (mm) BF variation (N)

1 13

2 7

3 4

4 4

Figure 10. Vickers Hardness versus BF of yellow 
Brass before and after burnishing

Table 4. Burnishing force-VH %
BF (N) VH (%)

40 25

60 15

90 13

variation of force is negligible. While at low val-
ues the effect of elongation the BF effect is clear. 

Its shown in Table 4. That the improvement of 
VH decreases as BF increases due to cold work-
ing of the specimen.

Figure 11. Burnishing force versus ultimate tensile strength

Table 5. Burnishing force-UST increment %
BF (N) UTS increment (%)

60 10.8

90 33

120 34

140 54
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Figure 12. Burnishing force versus reduction in area of yellow brass before and after burnishing

Figure 13. Burnishing force versus mean roughness

Figure 14. Position angle φ of load versus yield limit (reference to pure bending)
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the dependency of yield limit in type of load of a 
brass spaceman has been determined for all angle 
positions, the mean of both runs is determined 
and referenced to the pure bending value (angle 
0°), this results in horizontal curve shown with 
shear stress criteria. The yield limit is determined 
by graphing the load over remaining deformation 
(ΔW) and shown in Figure 15, at point 10 it clear-
ly shows the increasing of strength as a result of 
strain hardening. 

CONCLUSIONS

The effect of BF on the yellow brass mechani-
cal properties was studied. Yellow brass tensile, 
compression, bending and torsion properties were 
tested, results were analyzed, and the preferred 
burnishing force was determined in the sample 
with 140 N BF. According to tensile test results 
this sample exhibits the best mechanical proper-
ties (nonductile behavior under higher load). 

As results of the experimental investigations, 
the following can be concluded:
1.	The surface roughness decreases from 2.1 mm to 

0.57 mm at high values of BF (120, and 140 N).
2.	The reduction in the area decreases from 25.5% 

to 21% by increasing BF.

3.	The minimum tensile strength of specimen after 
burnishing increased from 425 MPa to 456 MPa.

4.	The Vickers’ hardness percentage increased 
from 180 to 197 HV by increasing BF. 
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