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Abstract. As a well-known conventional finishing process, the grinding is commonly used to 
manufacture seal mating surfaces and bearing surfaces. It would lead to generate another finishing 
machining, which more cost- and energy-efficient, so the grinding process could be replaced by 
machining with ball burnishing or special type of polishing. The machined surfaces by turning or 
grinding usually have twist structure on the surfaces, which can convey lubricants such as conveyor 
screw. To avoid this phenomenon have to use special kind of techniques or machine, for example, 
rotation turning, tangential turning, ultrasonic protection or special toll geometries. All of these 
solutions have a high cost and difficult usability. In this paper, the authors describe a system and 
summarize the results of the experimental research carried out mainly in the field of Magnetic 
Abrasive Polishing (MAP) and Magnetic Assisted Ball Burnishing (MABB). These technologies are 
simple and also cheap while result the twist-free surfaces. During the tests, C45 normalized steel 
was used as workpiece material which was machined by simple and Wiper geometrical turning 
inserts in a CNC turning lathe. After the turning was used the MAP and MABB technologies to 
reduce the twist of surfaces. The evaluation was completed by advanced measuring and IT 
equipment. 

Introduction 

The conventional process chain for the production of rotationally symmetric components with a 
high level of hardness, such as crankshafts and camshafts, is characterized by several manufacturing 
processes, such as turning and grinding. Problem with these conventional process are to creates 
twisted structure on the surfaces. The reason for this phenomenon is that the feed motion of the tool 
will cause twist structures, which will then lead to the conveying effect of lubricant between contact 
surfaces and sealing or plain bearing.  

Several studies have investigated the twist-free surfaces and the prevention of twist surface, for 
prevention was use tangential turning, vibration-processing methods or start-stop turning [1, 2, 3, 4, 
5, 6]. These machining processes are productive, but it have also negative side because all of it is 
requiring special machine or machining strategy. The problem with this that it can be used for only 
one processing (making a twist-free surface) which in some case not economical. 

In this study the authors to create a twist-free surfaces analyses the possibility of Magnetic 
Abrasive Polishing (MAP) and Magnetic Assisted Ball Burnishing (MABB). Denomination 
Magnetism Aided Machining (MAM) comprises a number of relatively new industrial machining 
processes (mainly finishing and surface improving) developed presently, too. MAM is effective – 
among others – for polishing, deburring and burnishing of cylindrical and flat (in some cases even 
3D surfaces) metal parts. The magnetic force makes these processes simpler and more productive 



 

because the machining force is generated by an adjustable electromagnetic field between two 
magnetic poles within the working area ensuring the necessary pressure and speed difference 
between the tools (abrasive grains, pellets or rolls) and the workpiece. 

Structure of twist surface 

Twist structures are characterized by microscopic structures which are comparable with a thread 
structure on a shaft surface. Figure 1 shows the surface of a turned shaft schematically. The 
parameters are described in the Mercedes-Benz standard MBN 31007-7 in 2009. [7, 8, 9] 

DP – period length (mm), 
Dγ – twist angle (° ’ ”), 
Dt – twist depth (μm), 
DG – number of threads (  ), 
DF – theoretical supply cross section (μm2) 

 
Fig. 1. Twisted surface after turning [4] 

 
These parameters are mostly depends on the process and tool parameters (like feed or nose radius 

etc.). During the rotation of a turned shaft, the liquid entrains in the circumferential direction and is 
deflected axially because of the twist structures. [8] 

The industry is currently looking for alternative manufacturing processes, for example hard 
turning, milling, burnishing or laser polishing. Besides these processes there are two similar 
technologies, the MAP and the MABB which are also able to produce twist-free surface. 

Magnetic Abrasive Polishing (MAP) 

The polishing as finishing operations is one of the most important final machining process. It is 
suitable to decreases of surface roughness and increases of resistance against wear, corrosion and 
mechanical loadings.  

Magnetic abrasives are emerging as important finishing methods for metals. MAP is one such 
unconventional finishing process which is recently developed to produce efficiently and 
economically good quality finish on internal and external surfaces of tubes as well as flat surfaces 
made of magnetic or non-magnetic materials. In this process, usually use ferromagnetic particles are 
sintered with fine abrasive particles (Al2O3, SiC, CBN or diamond), furthermore homogeneously 
mixed loose ferromagnetic and abrasive particles are also used in certain applications. [10] 

Since the magnitude of machining force caused by the magnetic field is low but controllable, a 
mirror like surface finish (Ra value in the range of nano-meter) is obtained. In MAP, mirror 



 

finishing is realized and burrs are removed without lowering the accuracy of the shape. This fine 
finishing technology using magnetic abrasives have a wide range of applications. The surface 
finishing, deburring and precision rounding of the workpiece can be done simultaneously. The MAP 
equipment for cylindrical surfaces was adapted to an universal engine lathe (Fig. 2.). [11] 

 
a) 

 
 

 
b) 

Fig. 2. Process of MAP [7] 
In MAP operation, workpiece is kept between two magnets pole. The air gap (δ) between the 

workpiece and the magnet, is filled with magnetic abrasive particles is usually made up of 
ferromagnetic particles are sintered with fine abrasive particles (Al2O3, SiC, CBN or diamond), 
furthermore homogeneously mixed loose ferromagnetic and abrasive particles are also used in 
certain applications. [12] 

Jain et al [13] have studied the relationship between the working gap and material removal. 
About their result the material removal versus working gap relationship shows a maximum at a 
working gap of about 0.5 mm. (Fig. 3.) 

 
a) 

 
b) 

Fig. 3. Effect of working gap on a) material removal and b) surface roughness 
at different circumferential speeds of the workpiece [13] 

Magnetic Assisted Ball Burnishing (MABB) 

The main goal of Ball burnishing is to achieve high-quality smooth surfaces or surfaces with pre-
defined surface finish. One or more balls plastify and deform the workpiece’s surface layer. This 
process is used when the goal is to either achieve a high-quality surface finish or when a pre-defined 
surface finish cannot be achieved by machining. [11] 



 

Almost all processes for the manufacturing of high-quality surfaces can be replaced by ball 
burnishing (e.g. fine turning, grinding, superfinishing, lapgrinding). This proven process entails 
considerable technological and economic advantages for surfaces in the roughness area Rz <10 µm. 

For ball burnishing was applying mechanical force to press the burnishing ball onto the surfaces. 
To avoid the harmful deformation by mechanic pressing the necessary pressure and relative speed 
between the tools and the workpiece are ensured by the magnetic force. This is the Magnetic 
Assisted Ball Burnishing (MABB) process. [11] 
The magnetic ball burnishing equipment for cylindrical surfaces was adapted to an universal engine 
lathe (Fig. 4.) 

 
a)  

b) 
Fig. 4. Process of MABB [14] 

As you see this equipment similar to the previously showed equipment of MAP technology, but 
in this case instead of the abrasive grains were applied two hard bearing balls as the burnishing 
tools. The balls were set above or under the jaws in radius-shaped slots preventing the balls from 
any kind of axial displacement. The magnetic force kept the balls in the slots and – depending on 
the scale of magnetic induction – pressed them to the surface of the workpiece with a force of 50 ... 
100 N. The balls could freely roll perpendicularly to the rotational axis of the workpiece following 
the eventual macro-unevenness of the cylindrical surface. The burnishing operation consisted of a 
double-stroke motion of the slide along the rotating workpiece, in feed direction. 

Important to notice that the MABB process works only with magnetizable materials. In case of a 
nonmagnetic workpiece the magnetic flux not able to press the ball onto the surface, because the 
flux cannot take the necessary forms (Fig. 5.). 

 
a)    b) 

Fig. 5. Magnetic lines for steel a) and Al-alloy b) workpiece material [14] 

In case of Fig. 5. b) the ball not rotating and instead of burnishing the ball rubbing the surface 
which results the destruction of the surface. 
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Experimental setup 

In the performed investigations the shaft surfaces were manufactured purposefully by grinding 
and turning (were used different type of carbide insert). Then the pre machined surface was 
machined MAM technologies (MABB and MAP). The role of the grinded part (technical parameters 
of grinding: vc=35m s-1,vw=10m min-1, vf=500mm min-1, a=0,02mm) was to be able to compare the 
surfaces (grinded-turned-burnished-polished). As workpieces of C45-type steel with a diameter of 
26 mm and a length of 100 mm were selected as processing elements. For cutting wiper geometry 
(WNMG080404W-MF2, TP2501) and conventional inserts geometry (WNMG080404-MF2, 
TP2501) was used.  

The MAM equipment is able to work as polishing and burnishing function where the 
electromagnetic poles were fixed onto the slide of the lathe. In the tests the voltage (U = 40 V), 
current (I = 10 A) (direct current, adjustable) and the generating magnetic induction (B = 0,96 T) 
were the same under burnishing and polishing too. The generated magnetic induction was reduced 
(B = 0,75 T) with polishing grain because of the applied Al2O3 shielding properties. The magnetic 
jaws (poles) surrounded the workpiece with a δ = 3 mm gap (clearance). 

The turning, burnishing and polishing technological parameters see the Table 1. 
 

Table 1. Experimental details 
Turning 
f (mm/min) 0,133 
vc (m/min) 117 
ap (mm) 1 
Burnishing 
f (mm/rev) 0,1 
vr (m/min) 22 
ball size (mm) 16 
Polishing 
grain size (mesh) 600 (25.7µm) 
t (min) 1,5 
vp (m/min) 62 

Evaluation 

After the machining there were seven manufactured surfaces. As first step were measured the 
surfaces roughens by MITUTOYO Formtracer SV-C3000 roughness tester. The measured results 
can shown in Table 2. 

 
Table 2. The machined surfaces roughness 

No. Technology Ra 
(µm) 

Rz 
(µm) 

1 Grinded 0,54 3,43 
2 Turned (simple) 1,2 6,09 
3 Burnished 0,40 2,40 
4 Polished 0,96 4,93 
5 Turned (Wiper) 0,45 3,05 
6 Burnished 0,27 1,92 
7 Polished 0,38 2,79 

Then was measured the twisted surface structure by thread method. This is a simple and fast 
method because it is only consist of a thread and weight. The thread made from steel, plastic or 
wool (e.g.: fishing line or sewing thread). In this research were used steel thread where the steel 



 

diameter of 0,1mm. The weight depends on the applied thread material and diameter, which in this 
study was 20g [8]. 

Measuring method 

During the measurement has to rotate the workpiece in horizontal position and superimpose the 
thread with the weight (Fig 6.) 

 
 
 
 
 

 
a) 

 
b) 

Fig. 6. The measuring method of a) twist and b) displacement of thread 
 

The measuring takes one minute and during this time the workpiece peripheral speed of 20 
m/min. Then have to measure the displacement of thread (a1) by a portable microscope which was 
fixed on the sledge and must be performed the rotation the other direction and also have to 
measured it (a2). The average of two values (1) is the characteristic number of twist surface (am) by 
[15] industrial standards.  
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The calculated results (a) and the surfaces roughness (b) are presented in Fig 5. 

 
a)  

b) 
Fig.7. Measurement results of a) Ra roughness and b) characteristic number of twist surface  

 

 

Summary 

n right 

n left 

Portable microscope 

Workpiece 

Weight of 50g 



 

The research shows that MAM technologies able to reduce the twisted structure and as a new 
manufacturing opportunity for surfaces to obtain desired functions such as surfaces with tribological 
function. 

According to the expectations the Wiper insert produced a less than twisted surfaces compared to 
the simple one and as you see in the Fig 7. the grinded surface were worse than the burnished. So 
that, instead of grinding can be machined with MAMRB which is faster, economical, easier and 
some case does not require workpiece transfer. Also there are negatives, like accuracy (size and 
position) which depends on the previous manufacturing. However, the MAP technology is not able 
to produce the expected surface. 
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