
Characterization and Functional Evaluation of
Surface Texture of Micro Eccentric Shaft Based on
Multi-index
Minghui Cheng 

Beijing Institute of Technology
Li Jiao 

Beijing Institute of Technology
Pei Yan  (  pyan@bit.edu.cn )

Beijing Institute of Technology
Zhongke Niu 

Aerospace System Engineering Shanghai
Tianyang Qiu 

Beijing Institute of Technology
Xibin Wang 

Beijing Institute of Technology
Baorong Zhang 

Shanxi Diesel Engine Industry Co

Research Article

Keywords: Micro eccentric shaft, Deformation compensation, Surface texture characterization, Functional
evaluation, Turn-milling

Posted Date: March 18th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-304920/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at Proceedings of the Institution of
Mechanical Engineers, Part B: Journal of Engineering Manufacture on February 25th, 2022. See the
published version at https://doi.org/10.1177/09544054221078078.

https://doi.org/10.21203/rs.3.rs-304920/v1
mailto:pyan@bit.edu.cn
https://doi.org/10.21203/rs.3.rs-304920/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/09544054221078078


 

 

Characterization and Functional Evaluation of Surface Texture of Micro 

Eccentric Shaft Based on Multi-index 

Minghui Chenga, Li Jiaoa, Pei Yana*, Zhongke Niub, Tianyang Qiua, Xibin Wanga, Baorong Zhangc 

a Key Laboratory of Fundamental Science for Advanced Machining, Beijing Institute of Technology, 

Beijing100081, China. 
b Aerospace System Engineering Shanghai, Shanghai 201108, China. 
cShanxi Diesel Engine Industry Co., Ltd, Shanxi 037000, China. 

*Corresponding author: Tel: +86-10-6891-2716, Email: pyan@bit.edu.cn. 
 

Abstract 

Micro eccentric shaft has important application in many high-tech fields because of its small specific 

gravity, material and energy saving. The surface texture generated during processing has an indispensable 

influence on the surface integrity and the final functional capability. However, due to the micro scale and 

weak rigidity, it is difficult to characterize the surface texture and evaluate the functionality by traditional 

quantitative parameters. In order to comprehensively realize the surface texture characterization and 

functional analysis, a mathematical model is established to analyze the surface texture machined with 

different cutting tools. The machining deformation of the micro eccentric shaft machined during turn-

milling with different cutting tools is compensated. Then the surface microscopic profile and functional 

performance of the surface texture are analyzed by amplitude distribution function (ADF) and bearing 

area curve (BAC), and the surface texture is also evaluated by fractal dimension, which can avoid the 

effect of scale and resolution. Furthermore, power spectrum density (PSD) is utilized to analyze the 

relationship between the process dynamic state and geometrical specification of the surface texture. It is 

shown that the microscopic height distribution of surface machined by flat end milling cutter tends to be 

more random and there are more microscopic geometric features than that of the ball end milling cutter. 

The machined surface obtained by the flat end milling cutter has better load bearing, wear resistance and 



 

 

liquid retention capability. 

Keywords: Micro eccentric shaft, Deformation compensation, Surface texture characterization, 

Functional evaluation, Turn-milling. 

1 Introduction 

Micro eccentric shaft can realize the transformation of rotary motion and linear motion, which is 

widely used in micro machinery. Because of the eccentric characteristic of micro eccentric shaft, the 

process of machining is very complex, and the machining precision is difficult to guarantee. Turn-milling 

is suitable for machining micro eccentric shaft, because the radial force during machining is small [1] 

and the vibration characteristics are greatly improved, compared to turning [2]. However, due to the small 

scale of micro eccentric shaft, it is difficult to meet the requirements of evaluation length of the traditional 

surface profile characterization parameters, which makes it difficult to accurately characterize the actual 

surface quality of micro eccentric shaft. 

Characterization of surface texture is an important aspect in the surface quality evaluation of parts. 

Modeling and simulation of the machined surface have become the research focus to characterize surface 

texture in recent years. Theoretically, surface topography simulation can be achieved by studying the 

tool's motion trajectory and the residual height left on the machined surface. Yuan et al. developed a 

geometrical surface roughness model to analyze the influence degree of cutting parameters [3].  

Karagüzel et al. studied the form errors of machined surface including circularity, cusp height and 

circumferential surface roughness from the perspective of cutting mechanism [4]. Zhu et al. built the 

mathematical model to describe theoretical surface topography according to the establishment of locus 

function [5]. Similarly, Döbberthin et al. established a function of surface micro height with respect to 

cutting parameters and realized the simulation of surface topography obtained by using flat end milling 



 

 

cutter [6]. Overall, simulation of surface texture machined by different cutting tools has been achieved 

in orthogonal turn-milling. However, most of the research focuses on the modeling of surface texture 

from the perspective of the machined surface shape, which has a relatively large error compared to the 

actual machined surface. What’s more, few studies have further analyzed the specific microscopic 

geometrical feature and functional performance of surface texture in orthogonal turn-milling process. 

Generally speaking, the evaluation of surface texture includes two aspects. One is to evaluate the 

surface micro geometric features through some quantitative indicators and the other is to select 

reasonable parameters to evaluate the functional properties of the machined surface [7]. The quantitative 

characterization parameters not only include commonly used two-dimensional (2D) amplitude 

parameters such as arithmetical mean height 
aR  and root mean square height 

q
R , but also include the 

three-dimensional (3D) amplitude parameters, spatial parameters and functional parameters [8, 9]. 

Therefore, it is insufficient to characterize the surface texture just using the 2D amplitude parameters. 

3D amplitude and functional parameters are needed to characterize the surface texture and perform 

functional analysis. Eifler et al. realized the performance verification of areal surface texture based on the 

Sk-parameters associated with functional characteristic [10]. Shi et al. proposed an evaluation method for 

3D surface roughness based on sampling array to evaluate surface quality [11]. In addition, some 

statistical functions have been developed to describe the machined surface in other engineering field. For 

example, amplitude distribution function is the commonly used to describe the probability distribution 

of surface micro height and characterize the geometrical features [12, 13], and bearing area curve as a 

statistical function has a superior performance in assessing the wear resistance, load bearing, and 

lubricant or oil retention capacity of the machined surface [14, 15]. Furthermore, 3D amplitude and 

functional parameters belong to time-dominant quantification parameters, which cannot explain the 



 

 

dynamic frequency information of the machined surface. Therefore, some statistical functions such as 

power spectrum density and continuous wavelet transform have been used to analyze the spectral 

characteristic of microscopic profile [16, 17]. Through the above parameters or statistical functions, the 

characterization and functional analysis of the machined surface can be fully realized. However, the 

machined surface obtained by orthogonal turn-milling is often characterized by 2D amplitude parameters 

[18-21]. It is inadequate for comprehensively describing the machined surface, especially for the micro 

parts.  

In this paper, a mathematical model is firstly established to analyze the difference of surface texture 

under different cutting tools. Then, due to the weak stiffness of the micro eccentric shaft in machining, 

the deformation of the micro eccentric shaft is compensated. The amplitude distribution function and 

bearing area curve are used to analyze the functional performance of the machined surface and the fractal 

dimension is used to analyze the surface texture, which can avoid the influence of scale and resolution 

compared with traditional quantitative statistical parameters. Finally, the spectral performance of surface 

texture is analyzed by combining power spectral density function with continuous wavelet transform. 

The characterization and functional performance of the surface texture obtained by different cutting tools 

are realized. 

2 Theoretical analysis and experimental setup 

2.1 The mathematical model of surface texture 

In order to analyze the difference of machined surface and study the microscopic surface topography 

characteristics, the mathematical model of surface texture is first established according to theoretical 

model of cutting edge trajectory [22, 23]. Figure 1 shows the geometric mathematical model of orthogonal 

turn-milling cylinder by ball end milling cutter. It is assumed that the workpiece does not move and the tool 



 

 

rotates relative to the workpiece when constructing the model. Taking the ball end milling cutter as an example, 

the calculation process of the model is as follows: 

 
Figure 1: The mathematical model for machined surface by ball end milling cutter 

The coordinates of any point on the helical edge of the ball end milling cutter under the tool 

coordinate system -tO uvw  are shown in Eq.1: 

 
 

sin cos tan ln(cot / 2)

sin sin tan ln(cot / 2)

cos

t

t

t

u R

w R

v R

  

  


 =


=
 = −

 (1) 

Where 
tR  is the cutting tool radius,   is the position angle of spiral edge, and γ is the helix angle 

of the ball end milling cutter. 

During the cutting process of the tool, the angle between the i-th blade and the u-axis at any time 

can be represented as Eq.2, so the coordinate value (U, W, V) of any point on each helical edge is shown 

in Eq.3:  
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Where tw  is cutting tool angular velocity, and twt  represents the angle that the cutting has turned 

at the current time t. 

In the next step, the transformation matrix is used to make the coordinate axes of the workpiece 

coordinate system -wO XYZ  corresponding to that of the tool coordinate system -tO uvw  . The 

transformation matrix is shown in Eq.4: 
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The coordinate origin of tool coordinate system -tO uvw  in the coordinate system -wO XYZ is 

expressed as Eq.5: 
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Where f   represents the tool axial feed, wR   represents the radius of workpiece, and 
p

a  

represents the cutting depth. 

When considering the kinematic error of machine spindle, the transformation matrix of ball end 

milling cutter center in the -wO XYZ  coordinate system can be expressed as Eq.6: 
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Where 1d  is the radius of the rotating spindle, and 2d  is axial drift amplitude. Finally, the 

coordinates of any point on the ball end milling cutter edge in the workpiece coordinate system -wO XYZ

can be derived as follows: 
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(7) 

On this basis, the cylindrical workpiece was meshed along the axial and circumferential direction. 

In order to simulate the surface texture, the machined surface, the cutting edge of the tool and the 

machining time need to be discretized. The coordinate points of the cutting edge in the workpiece 

coordinate system were compared with the corresponding coordinate points of the machined surface at 



 

 

different time to determine whether the tool has cut into the workpiece. Then the residual height on the 

workpiece surface was calculated. Finally, the 3D surface texture can be obtained according to the 

residual height of the machined surface. The flowchart of the simulation process is shown in Figure 2. 

 

Figure 2: Flowchart of the simulation process 

2.2 Machining deformation compensation 

Due to the weak rigidity of micro eccentric shaft, large deformation easily occurs during orthogonal 

turn-milling, which has a great influence on the machining precision. In this paper, the expression of 

machining deformation is given, and the expression of variable cutting depth is studied to compensate 

the machining deformation. 

The machining process of micro shaft is usually simplified as a cantilever beam model, as shown in 

Figure 3. 



 

 

 

Figure 3: Simplified model of the machining process of micro shaft 

Where nt is the rotational speed of tool, r1 is the radius of tool, nw is the rotational speed of workpiece, 

p
a  is the depth of cut, f is the axial feed rate, and 

zf  is the circumferential feed rate. 

According to the mechanics characteristic of the material, the deformation of the cutting point is 

given by: 

( ) ( ) 3

3

F x x
x
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 =                                  (8) 

Where F(x) is the cutting force, E is the modulus of elasticity and I is the polar moment of inertia. 

The value of machining deformation varies with the position of the workpiece. So in this paper a 

method is proposed to improve the machining deformation by varying the depth of cut. The relation 

between the actual depth of cut and the designed depth of cut is given by: 

( ) ( ),,

p pa x x a− =                               (9) 

Where , ( )pa x  is the actual depth of cut, ω’(x) is the actual machining deformation and ( )
p

a x is the 

designed depth of cut. Substituting equation 9 to equation 10: 
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The cutting force is proportional to the depth of cut: 
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Where k is the ratio coefficient. Substituting equation 11 to equation 10: 
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Finally, the expression of the variable depth of cut ap’(x) is obtained. 

2.3 Statistical analysis functions 

Normally, specific machining process corresponds to a certain surface with specific microscopic 

geometrical feature and functional performance. What’s more, when the value of surface roughness is 

greater than 0.1μm, the evaluation length should be greater than 4 mm to ensure the validity of the result. 

Because the size of micro eccentric shaft is difficult to meet the requirement of the evaluation length as 

shown in Figure 5, it is insufficient to characterize the surface texture just with traditional quantitative 

parameters. So other functional statistical parameters are needed to characterize the surface texture and 

perform functional analysis. Amplitude distribution function is the commonly used to describe the 

probability distribution of surface micro height and characterize the geometrical features. In addition, the 

bearing area curve has a superior performance in assessing the wear resistance, load-bearing, and 

lubricant or oil retention capacity of the machined surface. The original surface profile and corresponding 

functional statistical parameters are shown in Figure 4 and Table 1, respectively. 

 

Figure 4: The 2D surface profile and corresponding ADF and BAC 

Table 1: The description of BAC-related functional statistical parameters 

  BAC-related parameters Description 

pk
R  Reduced peak height The average height of peak section above the core roughness 

profile  

kR  Core height The difference of heights between the material ratio values from 
0% and 100% on the equivalent line 

vkR  Reduced dale height The average height of dale section below the core roughness 
profile 

In addition, considering the fractal dimension is an independent parameter for scale, which not be 



 

 

influenced by the sampling length, box fractal dimension is introduced in this paper to evaluate the 

surface quality [24，25]. Furthermore, the machined surface includes a lot of dynamic frequency 

information during the machining process, such as the trajectory of the tool path and machine vibration, 

but the time-dominant quantification parameters are lack of the quantitative spectrum analysis. Therefore, 

power spectrum density and continuous wavelet transform are combined to analyze the spectral 

characteristic of microscopic profile in this research. 

 2.4 Experimental setup 

The micro eccentric shaft with eccentricity of 0.15 mm is machined as shown in Figure 5. The 

material of the workpiece is 310S stainless steel and the properties are shown in Table 2. 

 

Figure 5: The size information of the micro eccentric shaft 

Table 2: Main physical properties of 310S stainless steel 

Density Elastic Modulus  Poisson ratio Yield strength  Tensile strength  Brinell Hardness 

7.98g/cm3 195GPa 0.29 ≥205MPa ≥520MPa 187 

The cutting tools used in the paper are shown in Error! Not a valid bookmark self-reference. and 

the corresponding cutting parameters are shown in Table 3. 

  

(a) Micro ball end milling cutter (b) Micro flat end milling cutter 

Figure 6: The micro milling cutter 



 

 

Table 3: Specific parameters of micro milling cutter 

Cutting tool materials Cutting tool diameter(mm) Cutting edge number Helix angle(°) 

WC-TiC-Co cemented 

carbide 

0.2 2 55 

CNC turn-milling machining center KNC-50FS is used to machine the micro eccentric shaft. 

KEYENCE VK-100 microscope is used for measuring the machined surface texture. The turn-milling 

and measuring process is shown in Figure 7, and corresponding deformation compensation cutting 

parameters and actual cutting parameters are listed in Table 4 and Table 5, respectively. 

 

Figure 7: Turn-milling and measuring process 

Table 4: Experimental parameters for the machining deformation compensation model 

Cla

mp 

Rotation speed of 

cutting tool (r/min) 

Rotation speed 

of workpiece (r/min) 

Depth of cut  

(mm) 

Axial feed rate 

(mm/r) 

1 4500 30 0.1 0.02 

2 5500 30 0.1 0.02 

Table 5: Experimental parameters to explore the machined surface texture 

Nu

mber 

Rotation speed of 

cutting tool (r/min) 

Rotation speed 

of workpiece (r/min) 

Depth of cut  

(mm) 

Axial feed rate 

(mm/r) 

1 4000,4500,5000,5500 30 0.05 0.02 

2 4500 25,30,35,40 0.05 0.02 

3 4500 30 0.04,0.05,0.06, 0.02 

4 4500 30 0.05 0.018,0.02,0.022,

3 Results and discussion 

3.1 Compensation analysis of machining deformation 

Due to the low stiffness of the micro eccentric shaft, the resistance to elastic deformation is poor. 



 

 

Under the influence of cutting force, it is easy to produce large deflection deformation, and the machining 

accuracy is reduced. So the machining deformation should be compensated. 

 

Figure 8: The machining deformation of micro eccentric shaft 

The deformation of the eccentric shaft after machining deformation compensation is shown in Figure 

8. The predicted machining deformation of micro eccentric shaft increases sharply with the increase of 

the axial position, and the largest value 7 μm is located at the end of the micro eccentric shaft. Since the 

micro eccentric shaft was divided into three stages during machining, there were three stages of 

deformation as shown in Figure.8. When the axial position of the eccentric shaft is 3 mm and 7 mm, in 

accordance with the principle of controlling a larger amount of deformation, the greater of the two 

machining deformation value is taken. Benefited from the machining precision control model, the 

machining deformation reduces to 1 μm, which means that the machining precision increased 86%. 

3.2 Surface texture characterization and functional performance analysis  

After machining deformation compensation, two different types of micro-milling cutters are used 

in the milling experiment under the same cutting parameters, then the machined surface texture is 

captured by the KEYENCE microscope. At a rotation speed of cutting tool of 4000 r/mm, a rotation 

speed of workpiece of 30 r/mm, a depth of cut of 0.05 mm, a axial feed rate of 0.02 mm/r, the simulation 



 

 

results and experimental results of surface texture profile with different cutting tools are shown in Figure 

9. The simulation results have a relatively high degree of consistency with the experimental results. The 

surface texture obtained by the flat end milling cutter is arranged in wavy stripes, and there are many 

sharp peaks formed on the surface. The surface texture obtained by the ball end milling cutter is arranged 

in a spiral shape (ring-shape pit) and many small peaks appear on the edge of ring-shape pit. Therefore, 

it is significant to analyze the functional performance of different surface texture and dynamic 

characteristics under different machining conditions. 

 

(a) The simulation results of surface texture of flat end milling cutter 

 

(b) The simulation results of surface texture of ball end milling cutter 



 

 

    
(c) Experimental results of flat end milling cutter     (d) Experimental results of ball end milling cutter 

Figure 9: Surface texture profiles with different cutting tools. 

Firstly, there is a clear difference in the height of the surface microscopic profile. The amplitude 

distribution function (ADF) is used to analyze the probabilistic density of the surface profile height. The 

analysis results of different cutting tools under intermediate level combination of cutting parameters are 

shown in Figure 10, and the statistical parameters of the ADF under all cutting parameter combinations 

are shown in Figure 11. 

  

(a) The ADF of flat end milling cutter            (b) The ADF of ball end milling cutter 

Figure 10: ADFs under different cutting tools 

 



 

 

   

            (a) The values of Skewness (b) The values of Kurtosis 

Figure 11: Statistical parameters of the machined surface 

As shown in Figure 10 and Figure 11(a), when machining with flat end milling cutter, the skewness 

values of the surface are approximately zero, which means that the microscopic height distribution of the 

surface is much closer to Gaussian distribution and the surface texture tends to be more random (more 

micro geometrical features). The ADF of the surface machined by the ball end milling cutter are 

positively deviated from Gaussian distribution, which indicates that the surface height region above the 

mean line has a higher probability density. In addition, the leptokurtic surface has a high Sku value (> 3), 

while the platykurtic surface has a low Sku value (< 3). It can be inferred from Figure 11(b), there are 

more sharp peaks on the surface machined by flat end milling cutter, which corresponds to the previous 

research [3] and the simulation results as shown in Figure 9(a).  

Conventional surface texture evaluation parameters are rarely associated with functionality-related 

performance. It is necessary to propose functional statistical parameters to characterize the corresponding 

functionality-related performance of machined surface. In general, the microscopic height of the surface 

texture corresponds to different performance of the part. Therefore, the functional performance of the 

surface texture is evaluated with the bearing area curve (BAC), as shown in Figure 12. 



 

 

 

       (a) The BAC of flat end milling cutter  (b) The BAC of ball end milling cutter 

Figure 12: BAC under different cutting tools 

Figure 12 shows the functional statistical parameters under different cutting tools. Functionally, 

reduced peak height 
pk

R  is directly related to the initial mechanical contact in the running-in period, 

which affects the time for the part to enter the normal working state and the actual wear amount of the 

material. The larger value of 
pk

R  means the poor running-in performance. Core height kR  directly 

sustains the corresponding loads and determines the wear resistance of the machined surface. Higher 

value of kR   indicates the longer service life of the part. Reduced dale height vkR   is used to 

characterize the fluid retention property of the surface. Higher value of vkR  represents a better fluid 

retention capacity. Functional statistical parameters of the machined surface under all cutting parameter 

combinations are shown in Figure 13. 

  

 (a) The values of
pk

R  (b) The values of kR  



 

 

 

(c) The values of vkR  

Figure 13: Functional statistical parameters under all cutting parameter combinations 

As shown in Figure 13(b) and Figure 13(c), values of kR  and vkR  of the surface machined by 

the flat end milling cutter are much larger than that of the ball end milling cutter under the same cutting 

parameters, which indicates that the surface machined by the flat end milling cutter has better load 

bearing, wear resistance and lubricant or oil retention capability. This is mainly because that the cross 

section of the surface machined by the flat end milling cutter is not an ideal circle but a polygonal shape, 

according to previous research [5], which means that the height difference of the microscopic profile 

varies widely. Moreover, wave-shaped peaks and valleys staggered with each other are formed on the 

surface, so the regular wavy cutting marks in the horizontal and vertical direction are formed on the 

machined surface as shown in Figure 9(a). Such a surface can form a better lubricant retention structure 

in sliding friction pair [26]. However, scallops are formed on the surface machined by ball end milling 

cutter and circular dimples exist at the bottom of valley [27] as shown in Figure 9(b), which accounts for 

the mediocre performance of the surface. The values of 
pk

R  is slightly different as shown in Figure 13 

(a), which indicates that there is no significant distinction in the running-in performance of the surface. 

Considering that micro eccentric shaft belongs to micro-small parts, the surface texture is often 



 

 

affected by the scale or resolution. The fractal dimension is not affected by scale and resolution, which 

is usually used to measure the texture feature and complexity of the surface. The surface texture is 

analyzed by the fractal dimension, as shown in Figure 14. 

  

(a) The relationship between n1 and D (b) The relationship between n2 and D 

  

(c) The relationship between ap and D (d) The relationship between f and D 

Figure 14: The relationship between cutting parameters and fractal dimension D 

As shown in Figure 14, the relationship between cutting parameters and fractal dimension D of the 

surface texture with different types of the cutting tool is coincident. It can be found that the value of the 

fractal dimension obtained by the ball end milling cutter is slightly larger than that of the flat end milling 

cutter. This suggests that the micro profile obtained by the ball end milling cutter is more regularity, while 

the profile morphology of the flat end milling cutter is more complex, and the surface profile has overall 

fluctuation. 

3.4 Spectral analysis of the surface texture 

Traditional surface quantitative parameters can’t explain the exact relations between process 



 

 

dynamic state and geometrical specification of the machined surface [28], so the functional parameter 

PSD is introduced to study the spectral properties of the machined surface. The spectrum analysis process 

of surface texture is similar for each set of cutting parameters. Therefore, the cutting parameter 

combinations under variable axial feed rate are selected for analysis as shown in Figure 15. 

 

(a)PSD analysis results of flat end milling cutter        (b) PSD analysis results of ball end milling cutter 

Figure 15: PSD analysis results under different cutting parameters 

As can be seen from Figure 15, in addition to the vicinity of the peak, the PSD curve of the surface 

obtained by the flat end milling cutter fluctuates in a zigzag manner, and the PSD curve of the surface 

obtained by the ball end milling cutter is relatively flat. It shows that the surface texture obtained by the 

flat end milling cutter has more micro geometrical features than that of the ball end milling cutter, which 

is consistent with the results of Figure 11(a) and the chatter is slightly larger in the orthogonal turn-

milling process. Furthermore, both of the PSD have a dominant spatial frequency, which indicates that 

the surfaces have periodic microscopic structure as shown in Figure 9. 



 

 

  

(a) PSD analysis of flat end milling cutter          (b) PSD analysis of ball end milling cutter 

Figure 16: PSD analysis under different cutting tools 

From the results of PSD analysis, it can be seen that there are three apparent actual frequency 

characteristics corresponding to the surface obtained by different cutting tools as shown in Figure 16. 

Continuous wavelet analysis can remedy the shortcoming of PSD in analyzing the continuity of 

frequency features, so the wavelet coefficients are extracted from the actual frequency characteristics 

using continuous wavelet analysis (CWT), and the frequency components are determined. The effect of 

cutting parameters on the microscopic profile is mainly reflected by the wavelength and amplitude of 

frequency characteristics. The relation between cutting parameters and frequency characteristics can be 

established by obtaining the dominant frequency. Corresponding to the flat end milling cutter, the 

frequency characteristic of 0.0092 μm-1 is the main factor affecting the surface texture. Similarly, the 

frequency characteristic of 0.0184 μm-1 is the main factor affecting the surface texture for ball end milling 

cutter as shown in Figure 17. In addition, intermediate frequency characteristic is the most important 

factor to reflect the influence of cutting parameters and cutting vibration. 



 

 

 

(a) CWT analysis of flat end milling cutter      (b) CWT analysis of ball end milling cutter 

Figure 17: Wavelet analysis results under different scale factors 

4 Conclusions 

Surface texture characterization plays an important part for describing surface micro geometrical 

features and determining surface functionality-related properties. In this paper, the surface texture 

obtained by different cutting tools during turn-milling of micro eccentric shaft is analyzed from the 

perspective of functional characterization parameters and statistical functions. The main conclusions can 

be summarized as follows: 

(1) The machining deformation of micro eccentric shaft is calculated based on cutting forces, then the 

machining precision model is obtained and the machining precision increased 86% benefited from that; 

(2) The microscopic height distribution of the surface machined by flat end milling cutter is much closer 

to Gaussian distribution, and there are more microscopic geometric features than that of the ball end 

milling cutter;   

(3) The machined surface obtained by the flat end milling cutter has better load bearing, wear resistance 

and lubricant or oil retention capability compared with ball end milling cutter; 

(4) The influence of cutting parameters and vibration on machined surface can be reflected by 

intermediate frequency characteristic during machining process.  
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Table captions 

Table 1: The description of BAC-related functional statistical parameters 

Table 2: Main physical properties of 310S stainless steel 

Table 3: Specific parameters of micro milling cutter 

Table 4: Experimental parameters to explore the machining precision control model 

Table 5: Experimental parameters to explore the machined surface texture 

Figure captions 

Figure 1: The mathematical model for machined surface by ball end milling cutter 

Figure 2: Flowchart of the simulation process 

Figure 3: Simplified model of the machining process of micro shaft 

Figure 4: The 2D surface profile and corresponding ADF and BAC 

Figure 5: The size information of the micro eccentric shaft 

Figure 6: The micro milling cutter 

Figure 7: Turn-milling and measuring process 

Figure 8: The machining deformation of micro eccentric shaft 

Figure 9: Surface texture profiles with different cutting tools 



 

 

Figure 10: ADFs under different cutting tools 

Figure 11: Statistical parameters of the machined surface 

Figure 12: BAC under different cutting tools 

Figure 13: Functional statistical parameters under all cutting parameter combinations 

Figure 14: The relationship between cutting parameters and fractal dimension D 

Figure 15: PSD analysis results under different cutting parameters 

Figure 16: PSD analysis under different cutting tools 

Figure 17: Wavelet analysis results under different scale factors  
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