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Abstract. In order to accurately measure and evaluate the quality of the roller profile of the ultra-long flexible 
blade bearing, an error evaluation model is established for the arc segment and the straight segment of the 
roller based on the least square method, and then an overall quality evaluation model is proposed based on 
these two error models. Through the simulation of a standard wind turbine cylindrical roller bearing, it is 
found that the quality evaluation model established in this work can effectively measure and evaluate the 
contour line of the wind turbine bearing’s roller. The overall absolute error is 0.0319 mm, which is consistent 
with the set random error. The overall quality evaluation model is also valid for other types of bearings 
commonly used in the wind turbine, which include arc and straight segments, and can be used to evaluate the 
error quality of the roller profile of wind turbine bearings. 

1 Introduction  
With the enlargement of wind turbine diameter, the blades 
have developed from tens of meters to hundreds of meters. 
The lengthening of the blades increases the flexibility of 
the blades, and the weight of the nacelle. Then, the 
fluctuation of wind-turbine loads also puts stricter quality 
requirements on wind turbine bearing rollers [1-2]. It is 
becoming more and more important to accurately assess 
the quality of large wind turbine bearing rollers. Many 
scholars have evaluated the quality errors of the arc and 
straight sections of the bearing rollers, but there is a lack 
of systematic research on the overall quality evaluation 
model, and they rarely involve the fitting of the minimum 
overall error area of the multi-segment curve [3-5]. 

Therefore, based on the least square method of 
segmented fitting and multi-value optimization, for the 
ultra-long flexible wind turbine blade, the bearing error 
model is firstly established in segments, and then based on 
the error model, the overall quality evaluation model of 
the wind turbine bearing roller profile is proposed. Finally, 
the established evaluation model is used to simulate and 
analyse a set of bearing roller profiles, and analyse the 
applicability and effectiveness of the model. 

2 Mathematical model  

2.1 Contour model of wind turbine bearing roller 

Generally, the hub line of the cylindrical roller of a wind 
turbine bearing (as shown in Fig.1) can be expressed by 

Equation 1: 
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Fig. 1. Schematic of the cylindrical roller of wind power 

bearing 
 

 
Fig. 2. Contour line of cylindrical roller 
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2.2 Quality evaluation model 

The quality evaluation model is established according to 
the measurement error of the curve segment and the 
straight line segment. Because the error evaluation 
methods of the curve segment and the straight line 
segment are different, it is necessary to construct the 
quality evaluation model separately. 

2.2.1 Error model of arc segment 

Take t measurement points around the critical points Pg 
and Ph as auxiliary critical points, and the area between 
them is the critical area, that is, the area where critical 
points may exist in the actual measurement. For the left 
arc, the left measurement point is used to form the fitting 
data with the right measurement point in turn, and the least 
square method is used for arc fitting. The left arc equation 
and the corresponding measurement error Em are as 
follows: 
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           (3) 

 

 
Fig. 3. Schematic of sampling points 

 
In the equation: the arc deviation of the last measuring 

point of the arc ΔRm = . 
ΔRmmax, ΔRmmin are the largest circles respectively Arc 
deviation and minimum arc deviation. m = 1, 2, …, 2t + 1, 
(am, bm), Rm are the coordinates and radius of the center 
point and radius of the fitted arc. 

Similarly, for the right arc, the least square arc equation 
and the corresponding measurement error are as follows: 
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n n n

n n n

x a y b R
E R R

        (4) 

where: n = 1, 2, …, 2t + 1. ΔRnmax, ΔRnmin are the 
maximum arc deviation and the minimum arc deviation 
respectively. (am, bm), Rm are the coordinates and radius of 
the center of the right arc, respectively. 

2.2.2 Linear error model 

Suppose the straight line equation of the middle straight 
line is y = kx +e, and the middle straight line is tangent to 
the two arcs. According to the constraint condition of the 
common tangent of the two arcs, it can be obtained: 
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By solving the above equations, and based on the 

principle of combining the tangent of the arc and the 
straight line, the equation of the common tangent of the 2t 
+ 1 arcs at the left end and the 2t + 1 arcs at the right end 
is y = kmn x + emn, where m = 1, 2, …, 2t + 1, n = 1, 2, …, 
2t + 1, then the left and right tangent point coordinates are: 
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Therefore, when the measurement point is located 

between the two tangent points, the measurement point 
participates in the calculation of the measurement error of 
the straight section; when it is outside the two tangent 
points, it participates in the calculation of the 
measurement error of the curve section. The distance from 
the measuring point to the common tangent is: 
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In the Equation 8, the points involved in the calculation 
of the error of the straight line segment take a positive 
value on the upper part of the common tangent, otherwise 
take a negative value. The straightness error evaluation 
model is: 

max minmn mni mniE D D            (9) 

2.2.3 Overall quality evaluation model of cylindrical 
roller 

In the straightness error of the common tangent and the 
fitting error of the left and right arcs, the maximum error 
area is taken as the overall quality evaluation standard, and 
the maximum error value is recorded as Fmn. Therefore, 
the overall quality evaluation model of the cylindrical 
roller is: 

min mnF F            (10) 
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3 Case study 
In order to evaluate the overall quality, a standard 
cylindrical roller bearing contour line is used as a 
mathematical model, a series of points are taken on the 
curve and random errors are introduced in the normal 
direction to form a series of simulation data points (Table 
1), The absolute error value of random error is 0.02 mm.  

Table 1. Simulation data 

Index 
Point on curve 

(mm) 
Normal 

error 
(mm) 

Simulation data 
(mm) 

x y δ xi yi 
1 0 0 -0.016 -0.016 0 
2 0.076 0.868 0.004 0.076 0.872 
3 0.302 1.710 -0.010 0.300 1.700 
4 0.670 2.5 0.014 0.673 2.513 
5 1.170 3.214 0.014 1.175 3.227 
6 1.786 3.830 0.019 1.794 3.847 
7 2.5 4.330 0.000 2.500 4.330 

…… …… …… …… …… …… 
38 32.5 4.33 -0.012 32.488 4.329 
39 33.214 3.83 -0.002 33.212 3.83 
40 33.83 3.214 0.018 33.848 3.216 
41 34.33 2.5 -0.015 34.315 2.499 
42 34.699 1.71 -0.001 34.697 1.71 
43 34.924 0.868 0.014 34.938 0.869 
44 35 0 -0.018 34.982 0 
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           (11) 

 
Based on the equations in Section 2.1 and Section 2.2, 

the discrete data points in Table 1 is simulated and 
analyzed. The curvature and curvature difference of the 
discrete data points can be obtained, as shown in the 
Figure 4. The red point in Figure 4 is the minimum point 
of the curvature difference, and the extremum point can be 
selected to determine the adjacent region of the critical 
point. Therefore, the distribution of curvature difference 
can be used to determine the critical point, and the 
recognition efficiency is high. 

 

 

 
Fig. 4. Variation of curvature and curvature difference of data 

points 
 

Take a measuring point on the left and right sides of 
the critical point as the auxiliary critical point, and use the 
least square method to fit the arc equation. The arc 
parameters and corresponding errors are shown in the 
following table: 

Table 2. Left arc parameter and error analysis 

Data 
point 

Center point and radius of left 
arc (mm) 

Error 
(mm) 

a b R Em 
P1~P8 4.9890 -0.0046 4.9971 0.0159 
P1~P9 5.0011 -0.0125 5.0104 0.0146 
P1~P10 5.1117 -0.0962 5.1364 0.0845 
 
In the same way, the sampling data of the right arc and 

the middle straight section are constructed. According to 
Equation 10, the overall error of the wind turbine 
cylindrical bearing roller profile can be obtained as 
follows: 

Table 3. Overall error of roller contour line of wind turbine 
cylindrical bearing 

Index Em En Emn F 
1 0.0159 0.2231 0.1192 0.2231 
2 0.0159 0.0630 0.0510 0.0630 
3 0.0159 0.0319 0.0229 0.0319 
4 0.0146 0.2231 0.1160 0.2231 
5 0.0146 0.0630 0.0510 0.0630 
6 0.0146 0.0319 0.0234 0.0319 
7 0.0845 0.2231 0.0902 0.2231 
8 0.0845 0.0630 0.0389 0.0845 
9 0.0845 0.0319 0.0426 0.0845 

 
From the above table, the overall error of the sixth 

curve is the smallest, and the main parameters of the 
corresponding contour line are as follows: 

Table 4. Comparison of set value and simulation result 

Index 
Main parameters of profile curve (mm) Total error 

(mm) Left arc radius and center Straight line parameters Right arc radius and center 
a b R k e a b R F 

Set value 5 0 5 0 5 30 0 5 0 
Simulation 

value 4.989 -0.005 4.997 0.0005 4.9898 29.992 0.0016 5.004 0.0319 
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Table 4 shows that the left-end arc, right-end arc, and 
straight line parameters measured by this method are 
almost consistent with the set values, and the overall 
absolute error is 0.0319 mm, which is consistent with the 
random error 0.02 mm introduced in this work. It can be 
seen that the error quality evaluation model established in 
this work can correctly evaluate the contour error of 
cylindrical roller bearings. 

4 Conclusion 
This work conducts error quality evaluation and analysis 
for cylindrical roller bearings commonly used in wind 
turbine yaw bearings. First, based on the least square 
method, the error models of the roller arc segment and the 
straight segment are established respectively. After that, an 
overall error evaluation model is established based on two 
types of error models. Finally, through a cylindrical roller 
bearing example, the difference between the set value of 
the roller bearing and the simulation result is analysed. 
The example analysis shows that the established roller 
bearing overall quality evaluation model can screen out 
the best contour curve, the simulation result is almost 
consistent with the set value, and the overall absolute error 
is consistent with the set random error. Therefore, the 
quality evaluation model proposed in this work can 
effectively measure and evaluate wind power cylindrical 
roller bearings. At the same time, for other tapered rollers, 
contact ball bearings and other types of bearing rollers that 
include arc segments and straight segments, the quality 
evaluation model proposed in this work is valid. 
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