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Abstract
The project is investigating the production of a balancer shaft for the Zetor 10245 tractor, focusing on vibra-
tion reduction for in-line four-cylinder engines. Using 100Cr6 high-carbon bearing steel, advanced meg-ma-
chining techniques and finite element simulations were applied to optimize performance and life. Stress 
analysis, toolpath optimization and precision machining on a DMG MORI NT 4250 DCG machine ensured 
structural integrity and high-quality output. Surface roughness and performance measurements validated 
the design, demonstrating the effective integration of material selection, machining and simulation to in-
crease engine reliability.
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1. Introduction 
The Debrecen region is not only important for 

the automotive industry, but also for agriculture. 
That is why, in addition to the low-tech vehicles, 
tractor-related developments and maintenance 
are also important.

The balancer axle plays a critical role in reduc-
ing vibration in in-line four-cylinder engines by 
counteracting first- and second-order forces. Us-
ing 100Cr6 high-carbon steel, advanced machin-
ing processes such as turning, milling and groov-
ing were applied to achieve accuracy and dura-
bility. Finite element simulations were carried 
out to evaluate stress distribution, deformations 
and performance under realistic conditions. This 
integrated approach ensures the production of a 
reliable component that increases the efficiency 
and lifetime of the motor. The Zetor 10245 tractor 
is shown in  Figure 1. 

1.1. Analysis of the balancing axis
Several wear patterns were evident at the bear-

ing location, including diameter reduction and 
ovality due to the geometry of the shaft, and in-
dentations outside the bearing contact surfaces 
probably occurred after the gear slipped, as the 
shaft continued to rotate to maintain momentum 

Fig. 1. Zetor 10245 at work in spring.
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from its mass. The shaft itself can be seen in Fig-
ure 2. 

The various instances of wear all point in the 
same direction, even when achieving materi-
al-side design life in bearing and shaft terms, so 
the following case was inevitable  [1, 2].

1.2. Material choice
The Sauter HO ultrasonic hardness tester was an 

extremely valuable tool in this project to evaluate 
the material hardness and surface roughness of 
the balancer shaft. The measuring instrument 
used is shown in  Figure 3. 

The results of the tests showed that it has almost 
uniform hardness parameters on both sides, ex-
cept for the bearing surfaces of the component, 
which exhibit extremely high strength and wear 
resistance for longer shaft life. The hardness 
measurement results are summarized in  Table 1. 

1.3. Selected material 
For the balancer shaft, We chose 100Cr6, a steel 

with excellent strength, toughness and wear re-
sistance, making it an optimal choice for sub-as-
semblies that are subjected to dynamic loads and 
stresses during operation (Figure 4).

2. 3D model design
The following measurement tools were used in 

the design:
	– Digital caliper: for measuring the outside di-
ameter, length and distance between critical 
surfaces of the shaft.
	– Stirrup micrometer: used to measure the di-
ameter of the shaft, ensuring a fine tolerance 
within the Mechani-Kai limits.
	– Radius template set: with the help of this tool 
the curves and the radius on the balancing 
shaft were measured.

In the initial phase of the 3D modelling process, 
2D sketches of the shaft were created in SolidEdge  
[5]. ]. Using the data obtained from the measure-
ments, two-dimensional profiles were created for 
the most important cross-sections, namely the 
shaft diameter, the gear positions and the grooves 
for the curved latch nest. 

In addition to refining the 3D model, Fusion 360 
was used to design and simulate the machining 
process. The first step in the process is the set-up 
of the stock, which involves defining the dimen-
sions of the cylindrical stock. A solid bar with a 
diameter of 55mm and a length of 700mm was 
used as the basis for the part, and the stock was 
positioned for the machining operations.

Fig. 2. Exploded view of the balancing unit. [3]

Fig. 3. The Sauter HO hardness tester.

Table 1. Results of the hardness measurement

1. 2. 3. 4. 5. 6. 7.

21.6 
HRC

56.7 
HRC

31.1 
HRC

58.9 
HRC

30.8 
HRC

56.9 
HRC

22.1 
HRC

22.2 
HRC

48.1 
HRC

27.9 
HRC

55.9 
HRC

29.2 
HRC

57.7 
HRC

28.3 
HRC

Fig. 4. Chemical composition diagram of 100Cr6. [4]
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3. Turning processes
During turning, each operation serves a specific 

purpose in shaping and machining the workpiece 
to meet the desired machining properties. In this 
section, We discuss the characteristics and param-
eters of each operation, including homo-locating, 
longitudinal turning roughing, longitudinal turn-
ing smoothing, external recess roughing, external 
recess smoothing, drilling and profile finishing  
[6]. The imported model is shown in Figure 5.

The tools used in the process, i.e. those recom-
mended by Sandvik Hungary Ltd., were carefully 
selected to achieve the required accuracy, opti-
mum surface quality and efficient material re-
moval (Figure 6) [7].

To ensure that the end points of the shaft are 
perfectly flat and accurately dimensioned, face 
machining was used. During this turning process, 
the tool is moved radially towards the centre line 
at the workpiece end.

The values used for the frontal stiffening are 
summarised in Table 2.  

Longitudinal turning, or straight turning, is a 
machining operation in which the cutting tool 
moves in a direction parallel to the axis of the ro-
tating workpiece, thereby reducing the diameter 
in the longitudinal direction. External grooving 
is a turning operation in which the cutting tool 
creates a groove or recess along the external di-
ameter of the cylindrical workpiece. In external 
grooving, the tool is inserted directly into the 
workpiece at the desired location and moves radi-
ally in the material to achieve the desired depth. 
Chamfering, also important, is a turning opera-
tion used to separate the finished part from the 
rest of the workpiece or bar stock (Figure 7). 

In the parting operation, the cutting tool is in-
serted indirectly into the rotating workpiece until 
it reaches the centre, effectively cutting through 
the diameter and creating a separate sub-part.

The catch values are summarised in Table 3.  

4. Turning processes
Each process has specific characteristics, appli-

cations and operating parameters that affect ef-
ficiency, accuracy and surface quality [10]. Mill-
ing operations are a type of operation in which 
a flat-end milling cutter is used to create precise, 
flat-bottomed pockets and other complex pro-
files on the workpiece. In the case of a balancing 
spindle, for example, the pockets are machined 
to achieve the desired mass distribution, which is 
essential for vibration reduction and proper op-

Fig. 5. Model designed in Fusion 360.

Fig. 6. DCKNR 2020K 12 turning lathe blade holder 
and CNGM12041 2F-HGR 7125 blade.  [8, 9]

Table 2. Catches and their characteristics during 
frontal lobing

Roughing Smoothing

Number of passes 8 1

Cutting speed  vc 145 m/min 145 m/min

Speed feed per revolution fn 0.177 mm 0.19 mm

Depth of grip  ap 0.567 mm 0.465 mm

Fig. 7. RF151.23-08-25 lathe insert holder and 25-4G 
525 lathe insert. [12]

Table 3. Catches and their characteristics during 
external stabbings

Number of passes 1

Cutting speed  vc 124 m/min

Speed feed per revolution fn 0.2 mm

Maximum rotation speed 4000 rpm
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eration [11]. The toolholder and the shank mill-
ing cutter can be seen in Figure 8. 

The values for flat-end milling are summarised 
in Table 4. 

5. Generating the toolpath
We designed the toolpaths for the machining 

process using the integrated CAM tools provided 
by Fusion 360 [13] using the different tools we 
found suitable during my research: depth of cut, 
cutting speed, radial depth of cut, feed per tooth  
(Figure 9).

For each section of the shaft, specific operations 
were selected and the corresponding parameters 
were set, such as main spindle speed, feed per 
revolution  (Figure 10).

A series of simulations were carried out to gain 
insight into how each cutting tool interacts with 
the material. Ansys was also used to perform the 
simulations  [16].

The simulations showed in real time the man-
ufacturing process from material removal to 
the final shape of the finished balance shaft (Fi-
gure 11).

6. Component handling method
When machining the balancer shaft, six-part 

machining was critical to ensure accuracy and 
efficiency. The use of primary and secondary 
spindles ensured safe retention and through-feed 
of the workpiece during the various machining 
stages. The main spindle initially held the work-
piece, ensuring stability during operations such 

Fig. 8. 930-B30-S-20-088 tool holder and 1P330-2000-
XA 1620 solid carbide shank grinder for medi-
um roughing. [14, 15]

Table 4. Catches and their characteristics during 
flat-end milling

Cutting speed  vc 236 m/min

Feed per tooth fz 0.0901mm

Maximum grip depth 25 mm

Fig. 9. Toolpath for the frontal machining process.

Fig. 10. Curved bolt grooving, milling process tool 
path.

Fig. 11. Elastic tension intensity test result.
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as longitudinal turning, face turning and groov-
ing (Figure 12).

Once the primary operations were complete, the 
spindle engaged to hold the opposite end of the 
spindle, facilitating a smooth transfer of the part 
without the need for manual repositioning.

7. Finite element simulation
We performed a comprehensive finite element 

simulation to analyse the performance of the fly-
wheel shaft under different operating conditions. 
The aim of the simulation was to create a realistic 
model that accurately represents the physical be-
haviour of the balancer shaft when subjected to 
different forces and conditions.

The simulation has highlighted the axial defor-
mation along the length of the shaft due to the 
axle load and bearing forces. The axial deforma-
tion can cause the shaft to elongate slightly under 
high loads, leading to possible displacement of 
critical surfaces. Such deflections can lead to un-
even load distribution on bearings and coupling 
components, which can result in increased wear 
or even mechanical failure  [4].

The radial deflection, i.e. the deflection when 
the axle is subjected to bending stresses, has also 
been understood, especially in areas subject to ge-
ometric deformation, such as grooves or reduced 
cross-sections.

The application of elastic strain intensity anal-
ysis allowed the safe operating parameters of 
100Cr6 to be determined, ensuring that the elastic 
properties of the material are capable of accom-
modating the expected loading conditions of the 
tensile field. The deformation values can be seen 
in  Figure 13. 

The methods and technologies used in the de-
sign and manufacture of the balancer shaft have 

demonstrated that the combination of appropri-
ate material selection, precision machining and 
simulation is key to producing reliable and dura-
ble components. The use of 100Cr6 material, the 
state-of-the-art DMG MORI NT 4250 DCG machine 
and optimised machining parameters contribut-
ed to the high quality of the final product. The 
tests carried out, such as surface roughness and 
hardness measurements, confirmed that the shaft 
meets the stringent requirements of agricultural 
machinery. This project provided an effective 
solution to increase the reliability and lifetime of 
the Zetor 10245 tractor.

9. Research infrastructure
The University of Debrecen, Faculty of Technol-

ogy has implemented a number of improvements 
in the laboratories, which will be decisive in the 
coming period. The established automotive lab 
provides the opportunity to start new develop-
ments in the field of robotics [17]. The field of arti-
ficial intelligence is gaining significant ground in 
the industry, therefore we started to complement 
the basic robot functions in the automotive lab 
based on our own dataset  [18]. For the prelim-
inary teaching we used Digital-Twin techniques 
in the lab [19]. The automotive engineering lab is 
also significant for the Faculty of Engineering, as 
the region is now mainly defined by the automo-
tive industry, so that optimizations [20] and ma-
chine learning solutions can open new innovative 
avenues [21]. Simulations on vehicle dynamics 
were also performed in the lab, on the topic of 
electric motors [22], based on previous teleme-
try data [23]. DAQ data acquisition systems have 
been used for these  [24], which have also been 
used in our aircraft development  [25].

Fig. 12. Ansys 2024 R2 model created in student-li-
cence software.

Fig. 13. Result of the deformation marker test.
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