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Abstract 

In the process of belt grinding aero-engine Blisk(Bladed Disk), the abrasive belt can easily interfere 

with the Blisk, which will damage the valuable Blisk. Therefore, it is indispensable and significant 

to study the collision detection of belt grinding the Blisk. However, the application of traditional 

collision detection algorithms in this complicated realistic scene is difficult to obtain satisfactory 

results. In order to improve the accuracy and efficiency of the collision detection of grinding the 

Blisk, a collision detection algorithm based on the improved octree segmentation method is 

proposed in this paper. Firstly, the Oriented Bounding Box (OBB) is applied to establish the 

collision detection model for the abrasive belt. Secondly, the traditional octree segmentation 

method is optimized based on the k-means clustering algorithm, and an improved octree 

segmentation method is presented, in addition, the flow chart of the collision detection algorithm 

for belt grinding of the Bliskis given. Finally, algorithm verification and experimental verification 

are carried out based on a certain type of the Blisk. The results suggest that compared with the 

traditional method, the method in this paper not only promotes the accuracy of collision detection, 

but also promotes the efficiency of collision detection, and meets the requirements of object 

collision detection in this tanglesome scene with both accuracy and speed. 
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1 Introduction 

The Blisk plays a decisive role in the manufacture 
and production of aero engines [1]. Bliskis one of 
the key parts of aero engine, its profile is thin and 
twisted, and its flow channel is deep and narrow, 
making it difficult to machine. Therefore, its 
precision machining has become the key in the 
field of aero engine manufacturing. Belt grinding 
is one of the commonly used methods for the 
precision machining of the Blisk of the engine 
[2].When the belt grinding is processed, the belt 
and the Blisk are easily interfered, which will 
damage the valuable Blisk. Therefore, it is very 
crucial to study the collision detection of the Blisk 
grinding with abrasive belt [3, 4, 5]. 

Collision detection plays a very important role 
in many fields, such as computer simulation, 
robot motion path planning, and machine tool 
processing simulation, etc [6]. Collision detection 
requires accurate collision location information, 
but the speed and accuracy of detection are 
contradictory. In order to solve this problem, 
many experts and scholars have conducted a lot 
of research on the efficiency and accuracy of 
collision detection in recent years. In order to 
solve the collision interference problem in robot 
belt grinding, Zhang et al. [7] proposed a 
collision-free planning algorithm for robot 
motion paths based on the collision layer method. 
The algorithm uses neighborhood search and 
recursive methods to quickly find the planning 
curve in the collision layer, thereby significantly 
reducing the number of collision detections. Ren 
et al. [8] proposed an enhanced geometric 
representation technology based on the surface 
approximation points, which simplifies the 
simulation of robot belt grinding through the 
DOP-tree positioning algorithm, and improves 
the speed of collision detection. For the purpose 
of improving the efficiency of collision detection, 
TANG et al. [9] proposed a collision detection 
algorithm based on the combination of mass point 
conversion and bounding box, which constructs 

the OBB hierarchical bounding box by using the 
area center method and binary tree for all objects 
in the space. Prasanth et al. [10] studied the 
collision detection strategy of sheet metal 
bending problems, and concluded that the 
collision detection method based on AABB(Axis-
aligned bounding box) can be better integrated 
with sheet metal bending planning, and further 
realized the integration of computer-aided design 
and computer-aided manufacturing. In order to 
ensure high accuracy and meet real-time 
requirements, Zou et al. [11] proposed a fast 
software collision detection algorithm, which is a 
combination of random method and adaptive 
Cauchy mutation particle swarm algorithm. Sang 
et al. [12] studied the collision relationship 
between the five-axis CNC machine tool and the 
workpiece, and optimized the collision detection 
algorithm of the traditional CNC machine tool by 
using the collision detection algorithm of the 
rectangular parallelepiped and the separated axis, 
which improved the detection efficiency and 
accuracy. Tang et al. [13] proposed a collision 
algorithm based on the maximum collision box to 
automatically detect and correct collisions. The 
author finally integrated the algorithm into the 
software and successfully applied it to the 
collision detection of five-axis CNC machining. 
The above research results have improved the 
efficiency and accuracy of object collision 
detection to a certain extent, but how to improve 
the accuracy and efficiency of collision detection 
between complex models in complex realistic 
scenes is still a formidable challenge. The 
collision detection of the Blisk of abrasive belt 
grinding belongs to the collision detection 
problem between complex models in complex 
realistic scenes. In order to improve the accuracy 
and efficiency of collision detection in this 
environment, this paper proposes a collision 
detection algorithm for the Blisk of belt grinding 
based on the improved octree segmentation 
method. The main work of this paper is as follows: 
Firstly, the OBB is applied to establish the 



collision detection model of the abrasive belt; 
secondly, the traditional octree segmentation 
method is optimized based on the k-means 
clustering algorithm. The proposed method can 
better reduce the detection range and generate the 
number of bounding boxes in the accurate 
detection stage, thereby improving the accuracy 
of collision detection and reducing the time 
required for collision detection; finally, 
experimental verification is taken to confirm our 
method for abrasive belt grinding a certain type 
of the Blisk. 

2 Basic collision detection algorithm 

model 

2.1 The principle of belt grinding the Blisk 

At present, the aero-engine Blisk is mainly used 
for precision milling to ensure their profile 
accuracy. However, due to the weak structural 
rigidity and complex profiles of the blade of the 
Blisk, it is difficult to ensure the profile and shape 
of the blade after milling. Therefore, the blade 
must be ground with abrasive belt after precision 
milling to ensure its profile shape and profile 
quality [14]. The principle diagram of belt 
grinding the Blisk is shown in Figure 1. Abrasive 
belt grinding is a composite processing method, it 
tensions the abrasive belt by means of a 
tensioning mechanism, drives the abrasive belt to 
move at a high speed under the action of the 
driving wheel, and under a certain pressure, 
makes the abrasive belt come into contact with the 
surface of the workpiece to realize the entire 
grinding process. 

 

Fig. 1 The principle diagram of belt grinding the 

Blisk 

2.2 OBB bounding box model of abrasive 

belt 

Bounding box is an algorithm for solving the 
optimal enclosing space of a set of discrete points. 
Its basic idea is to use simple geometric bodies 
(called bounding box) to approximately replace 
complex geometric objects, so as to achieve the 
purpose of rapid collision detection [15]. OBB is 
defined as the smallest regular hexahedron that 
contains the object and is arbitrarily oriented 
relative to the coordinate axis. Its biggest feature 
is that the direction of the bounding box is 
arbitrary, which makes it possible to tightly 
surround the object. The key point of establishing 
the OBB bounding box model is to find the best 
direction of the smallest regular hexahedron and 
determine the minimum size of the bounding box 
in this direction.  

First of all, according to the above theory, the 
process of establishing the bounding box model 
of abrasive belt OBB in this paper is as follows: 

Step1. Use the PCA principal component 
analysis method to obtain the three principal 
directions (x-axis, y-axis and z-axis), centroid and 
covariance matrix of the abrasive belt point cloud, 
and obtain its eigenvalue and eigenvector by 
solving the matrix. The eigenvector is the main 
direction; 

Step2. Use the main direction and center of 
mass obtained in Step1 to convert the input point 
cloud to the origin, and the main direction 
coincides with the coordinate system direction, 
and establish a point cloud bounding box 
transformed to the origin; 

Step3. Obtain the main direction and bounding 
box of the input point cloud through the inverse 
transformation of the input point cloud to the 
origin point cloud. 

Secondly, let any point in the abrasive belt 
point cloud be ( , , )( )1 19499

i i i i
P x iy z  

(because the number of abrasive belt point clouds 
used in this paper is 19499, the value of i is 1～
19499), PointsSet   represents the point cloud 
collection, and C represents the association, then  
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Finally, the OBB bounding box model of the 
abrasive belt is established, as shown in Figure 2. 

 

Fig. 2 OBB bounding box model of the abrasive belt 

2.3 Octree segmentation method of the 

Blisk 

The octree is a recursive, axis-aligned and space-
separated data structure. It divides limited three-
dimensional data into 8 nodes. Dividing the space 
into cubes of equal size can speed up calculations 
and save storage space. The principle diagram of 
the octree segmentation method is shown in 
Figure 3. 

 

Fig. 3 Schematic diagram of octree segmentation 

method 

Since the blade of the Bliskis complex free-
form surface, the tool points in the machining 
path planning are uneven. In order to facilitate the 
collision detection process, this paper adopts an 
octree segmentation method with a fixed number 
of points (that is, each tree node that meets the 
condition contains a fixed number of points, 
which is the basis for the termination of the octree 
split in this paper) to segment its space. The use 
of this processing method is conducive to the 
division of the processing space, which can 
improve the collision detection efficiency 
between the abrasive belt and the Blisk to a 
certain extent. 

3 Improved collision detection 

algorithm model 

3.1 Limitations of traditional octree 

segmentation method 

For convenience, we first study the individual 
blade of the Blisk, and then apply the results of 
the research to the Blisk. Figure 4 shows the 
traditional segmentation results of a single blade 
of the Blisk under different fixed points (that is, 
each tree node that meets the condition contains a 
fixed number of points). 

It can be seen from Figure 4 that as the number 
of fixed points gradually increases, the 
segmentation accuracy of the octree will 
gradually decrease. Therefore, in order to ensure 
the accuracy of the collision detection of the 
Bliskfor belt grinding, in the follow-up research 
of this paper, the number of fixed points selected 
does not exceed 10. 

The above-mentioned traditional octree fixed-
point division processing method can accelerate 



the division of the processing space to a certain 
extent, and improve the collision detection 
efficiency between the abrasive belt and the Blisk. 
However, as can be seen from Figure 4, this 
segmentation processing method cannot 
effectively eliminate the redundant space, thereby 

greatly reducing the accuracy of collision 
detection. In addition, when high-precision 
collision detection is required, the traditional 
method generates a large number of redundant 
enclosures, which further greatly reduces the 
efficiency of collision detection. 

(a)                            (b)                            (c) 

Fig. 4 Octree segmentation results of the blade under different fixed points((a) the number of fixed points is 

2, (b) the number of fixed points is 10, (c) the number of fixed points is 50) 

3.2 Improved octree segmentation method 

based on k-means clustering algorithm 

In order to solve the many shortcomings caused 
by the above-mentioned traditional methods, this 
paper adopts the idea of "divide and conquer, 
overall optimization", and introduces the k-means 
clustering algorithm [16] to improve it, that is, 
firstly, perform appropriate point cloud 
classification of the individual blades of the Blisk, 
then perform the octree segmentation after 
classification respectively, finally, the result is 
stored in the corresponding data structure for 
subsequent collision detection. 

In this paper, the Euclidean distance between 
data objects [17] is used as the basis of k-means 
algorithm clustering, where k represents the 
number of clusters, and means represents the 
mean value of the data objects in the clusters. It 
should be pointed out that the change of k value 
will affect the result of clustering. In order to find 
the best k value of k-means clustering algorithm, 
the range of k value is 2~8 in this paper. 

For a given data set 
1 2 3{ , , , , }

n
D d d d d L  

containing n dim-dimensional data points, where 
dim

i
d R  . Now we have to use the k-means 
clustering algorithm to divide the data set into k 
clusters, and we use C to represent the set of k 
clusters, that is: 

1 2{ , , , }
k

C C C C L  . For each 
divided cluster ( 1,2, , )

j
C j k L , there must be 

a center point ( 1,2, , )
j

j k  L  in it. Generally, 

the Euclidean distance is selected as the criterion 
for judging the similarity and distance of each 
data in the cluster. Assuming that the sum of the 
squares of the distances from each point in the 
cluster to its center point ( 1,2, , )

j
j k  L   is 

( )( 1,2, , )
j

S C j k L , then 
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S C d i n j k
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 (4) 
Obviously, the purpose of using the clustering 

algorithm is to minimize the formula (5). 
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 (5) 
The steps for applying the algorithm in this 

paper are as follows: 
Step 1. Enter the number of clusters k and the 

data set 
1 2 3{ , , , , }

n
D d d d d L   containing n 

dim (in this paper, dim=3) dimensional data 
points, where dim

i
d R  , and randomly select k 

initial center points 
1, ,

k
 L ; 

Step 2. Calculate the distances from all data 
points ( 1,2, , )

i
d i n L  in the data set to these k 

initial center points respectively. If any data point 
( 1,2, , )

i
d i n L  in the data set is closest to the 
initial center point ( 1, , )

j
j k  L  , then this 

data point ( 1,2, , )
i

d i n L  will be divided into 
cluster ( 1,2, , )

j
C j k L  ; if the distances to 

multiple initial center points are equal, they can 
be divided into arbitrary clusters. Any data point 

( 1,2, , )
i

d i n L   is divided into cluster 
( 1,2, , )

j
C j k L   to satisfy:

2 2

{ : , , ,1 ,

1 }

j i i j i j
C d d d j j j k

j k

          

 
 .  

Step 3. After classifying all the data points, 
calculate the mean value in each cluster as the 
new center point of the cluster. This process is 
also called updating the cluster mean; 

Step 4. Repeat steps 2 and 3 until the new 
center point of the cluster is equal to the initial 
center point, and output a data set of k clusters. 

Step 5. Find the optimal k value of the data set 
analysis results in the k clusters in step 4, record 
it as 

opt
k  , and output the data set of the 

opt
k th  

cluster. At this time, the algorithm ends. 
The improved octree segmentation method 

based on k-means clustering algorithm can 
effectively eliminate redundant space, make the 
divided area more reasonable, make the area 
involved in collision detection smaller, so that the 
accuracy and efficiency of collision detection can 
be achieved at the same time. The principle 

diagram of the comparison of the partition space 
with the traditional octree partition method is 
shown in Figure 5. 

It can be seen from Figure 5 that the improved 
octree segmentation method is more accurate in 
space segmentation than the traditional octree 
segmentation method. This obviously improves 
the accuracy of collision detection and improves 
the efficiency of collision detection due to less 
redundant space. Therefore, the new method will 
help improve the accuracy and efficiency of 
collision detection at the same time. 

3.3 Collision detection algorithm 

The definition of the separation axis theorem is as 
follows [18, 19]: if an axis can be found in the 
three-dimensional space of the target object, and 
the two target objects are projected on the axis 
separately, and no overlapping projection part can 
be found on the axis, then this axis is defined as 
the separation axis. 

Suppose aO   and bO   are the hierarchical 
enclosing volume models of two target objects in 
space. In this paper, a straight line parallel to the 
X direction of the aO  enclosing volume is taken 
as the separation axis of the two. 

In Figure 6, 1 2 3, ,a a a   and 1 2 3, ,b b b   are the 
half lengths of the orthogonal edges of the aO  
and bO   enclosing bodies; 1 2 3, ,a a aV V V   and 

1 2 3, ,b b bV V V  are the three-dimensional coordinate 
axis space vectors respectively; aC   and bC  
are the center points respectively; n is the 
separating axis vector (it is not necessarily a unit 
vector). In this paper, the vertices of aO   and 

bO   are projected on the separating axis n, and 
the length of the vector formed by the projection 
line of aC  and bC  on the separating axis n is 
L, which is: 

 
n

n

a bC C
L   (6) 

where, 

 
( )n n n

n n

a b a b
a b

C C C C
C C

 
  . (7) 

 

 



 Fig. 5 Comparison of spatial segmentation between traditional octree segmentation method and improved 

octree segmentation method ((a)traditional octree segmentation method, (b)improved octree segmentation 

method)
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Fig. 6 The principle diagram of the collision 

detection of the separation axis method [20] 

According to Fig. 6, the side length projection 
and the center point projection of the two 
enclosing bodies on the separating axis can be 
obtained, thereby obtaining the half length of the 
orthogonal side projection and the length of the 
line connecting the two center point projections. 
If the length L of the connecting line between the 
center point projections aC  and bC  is greater 
than the sum of the corresponding half lengths of 
the orthogonal side projections, that is, if formula 
(8) is satisfied, it means that the two enclosing 
bodies do not intersect, otherwise, they intersect. 
 A BL R R   (8) 

In the above formula, AR   and BR   are the 
length of the projection line of the center point 
and vertex of aO  and bO  respectively on the 
separating axis: 

 

1 2 3
1 2 3n + n + n

n

a a a

A

a V a V a V
R   (9) 

 

1 2 3
1 2 3n + n + n

n

b b b

B

b V b V b V
R   (10) 

Combining equations (9) and (10) into 
equation (8), we can get: 

 

1 2 3
1 2 3

1 2 3
1 2 3

( )n n n n

n n n

a b a a a

b b b

C C a V a V a V

b V b V b V

   

  

 (11) 
Finally, the flow chart of the collision detection 

algorithm in this paper is shown in Figure 7. 

4 Experimental results and analysis 

4.1 Experimental results and analysis of 

improved octree segmentation method 

Firstly, in order to find the best k value of the k-
means clustering algorithm, experiments were 
carried out on a single blade of the Blisk, and the 
result shown in Fig. 8 was obtained. 
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Fig. 7 Flow chart of collision detection algorithm in 

this paper 

Then, the improved octree segmentation 
method was used to experiment on a single blade 
of the Blisk. The experimental results are as 
follows. The comparison of the total number of 
split nodes between the traditional octree split 
method and the improved octree split method is 
shown in Table 1, and the split time comparison 
between the traditional octree split method and 
the improved octree split method is shown in 
Table 2. The comparison chart is shown in Figure 
9 and Figure 10 respectively. It is worth pointing 
out that according to the clustering results 

obtained in the above experiment, the mean value 
of all data points in each cluster is calculated, so 
as to ensure that the initial center point of the 
cluster in the collision detection algorithm in this 
paper is not randomly selected. 

 

Fig. 8 K-means clustering results of the blade(the 

value of k in (a)～(g) is 2～8 in order, units in the 

figures: mm) 

It can be seen from Figure 9 and Figure 10 that 
when the clustering value k=2 and the fixed 
number of points is 2, the experimental results at 
this time are optimal, that is, the accuracy and 
efficiency of segmentation are both optimal. The 
reasons are as follows: First, the total number of 
nodes divided by the improved octree partition 
method is reduced by 711 compared with the total 
number of nodes partitioned by the traditional 
octree partition method. This means that the 



improved octree segmentation method eliminates 
the invalid space, thereby improving the accuracy 
of the segmentation. At this time, the improved 
octree segmentation method improves the 
accuracy of the segmentation by 12.80% 
compared with the traditional octree 
segmentation method; The second is that the split 
time of the improved octree segmentation method 
at this time is reduced by 4.82s compared with the 
segmentation time of the traditional octree 

segmentation method. This means that the 
improved octree partition method can quickly 
divide the space, thereby increasing the efficiency 
of the partition. At this time, the improved octree 
partition method has a 40.88% increase in the 
efficiency of the partition compared with the 
traditional octree partition method. The above 
results can prove the effectiveness of the 
improved octree segmentation method proposed 
in this paper. 

 

Table 1 Comparison of the total number of split nodes between the traditional octree partition method and 

the improved octree partition method (Here, FNOP means fixed number of points, and TNON means total 

number of nodes) 

FNOP/piece 

TNON/piece 
1 2 3 4 5 6 7 8 9 10 

Traditional algorithm 11809 5553 3209 2425 2017 1633 1313 1137 985 881 

Improved 

algorithm 

by 

introducing 

k-means 

clustering 

method 

k=2 11718 4842 3154 2402 1954 1506 1298 1130 1026 970 

k=3 12131 5315 3371 2451 1995 1555 1283 1131 963 899 

k=4 12052 5324 3444 2340 1820 1500 1308 1092 948 828 

k=5 11933 5205 3317 2317 1853 1549 1317 1101 989 813 

k=6 12238 5326 3486 2382 1846 1534 1358 1166 1006 862 

k=7 12151 5407 3479 2351 1879 1575 1255 1111 1015 829 

k=8 12304 5256 3440 2286 1904 1568 1264 1064 896 832 

 

Table 2 Comparison of the split time between the traditional octree segmentation method and the improved 

octree segmentation method (Here, FNOP means fixed number of points, and ST means split time) 

FNOP/piece 

ST/s 
1 2 3 4 5 6 7 8 9 10 

Traditional algorithm 17.11 11.79 4.55 3.48 3.06 2.47 2.02 1.88 1.64 1.50 

Improved 

algorithm 

by 

introducing 

k-means 

clustering 

method 

k=2 17.07 6.97 4.65 4.13 3.29 2.56 2.37 1.87 1.76 1.68 

k=3 14.35 6.95 4.50 3.75 2.83 2.28 1.84 1.70 1.53 1.57 

k=4 20.15 10.02 6.37 4.34 3.50 3.08 2.75 2.33 2.06 1.93 

k=5 25.42 11.25 7.28 5.06 4.42 3.63 3.17 2.79 2.57 2.03 

k=6 16.70 8.69 5.65 4.26 3.29 2.94 2.68 2.37 2.09 1.95 

k=7 16.17 8.53 5.41 4.17 3.30 2.89 2.58 2.31 2.18 1.98 

k=8 19.37 9.43 7.11 5.35 4.47 3.86 3.32 2.89 2.59 2.44 

 



 

Fig. 9 Comparison of the total number of split nodes between the traditional octree partition method and the 

improved octree partition method 

 

 

Fig. 10 Comparison of the split time between the traditional octree segmentation method and the improved 

octree segmentation method 

4.2 Collision detection experiment results 

and analysis 

This paper verifies the proposed collision 
detection algorithm from two aspects: one is to 
verify the algorithm by developing a matching 
blade collision detection software, and the other 
is to perform experimental verification through 
processing experiments. 

In terms of algorithm verification, this paper 
develops a set of abrasive belt grinding and 
polishing the Blisk collision detection software 

based on the above theoretical methods. The 
collision detection process is shown in Figure 
11(a). In terms of experimental verification, this 
paper has realized the experimental verification 
of the collision detection of the Blisk abrasive belt 
grinding and polishing processing by a robot, and 
the collision detection process diagram is shown 
in Figure 11(b). The experimental results obtained 
from algorithm verification and experimental 
verification are shown in Table 3 and Table 4, 
respectively, the visualization results are shown in 



Figure 12(a) and Figure 12(b) respectively. 
 

 

  

(a)                                       (b) 
Fig. 11 The algorithm verification of the collision detection of the Blisk of the belt grinding (a), and the 

experimental verification based on the robot processing (b) 

 

Table 3 Algorithm verification results for collision detection of the Blisk with belt grinding 

 methods 

Attributes 
 Traditional algorithm 

The algorithm of this 

paper 

Optimization 

percentage 

Collision 

detection 

range (unit：

×104mm3) 

1 4608.00 2534.40 45% 

2 4608.00 2534.40 45% 

3 4608.00 2534.40 45% 

Average 4608.00 2534.40 45% 

Collision 

detection time 

(unit: s) 

1 469.24 382.36 18.52% 

2 471.35 383.41 18.66% 

3 470.62 382.94 18.63% 

Average 470.40 382.90 18.60% 

 

Due to the introduction of clustering algorithm 
in the algorithm in this paper, the Blisk and the 
point cloud of the blade are divided into multiple 
parts from a whole, and each part is divided into 
different clusters. As a result, the collision space 
required by the re-divided point cloud area is 
more compact, which improves the accuracy of 
collision detection. From Table 3 and Table 4, it 
can be concluded that the accuracy of the collision 
detection of the algorithm in this paper is about 
45% higher than that of the traditional algorithm 

on average. In terms of collision detection time, 
because the algorithm in this paper can eliminate 
the space that does not participate in collision 
detection, this greatly reduces the number of 
nodes divided by the octree, thereby reducing the 
traversal time required for collision detection. It 
can also be concluded from Table 3 and Table 4 
that the collision detection efficiency of the 
algorithm in this paper is 18.60% and 18.44% 
higher than the traditional algorithm respectively. 
 

 

 

 



Table 4 Validation results of robotic machining experiments for the collision detection of the Blisk of belt 

grinding 

methods 

Attributes 
 Traditional algorithm 

The algorithm of this 

paper 

Optimization 

percentage 

Collision 

detection 

range (unit：

×104mm3) 

1 4608.00 2534.40 45% 

2 4608.00 2534.40 45% 

3 4608.00 2534.40 45% 

Average 4608.00 2534.40 45% 

Collision 

detection time 

(unit: s) 

1 475.36 387.96 18.39% 

2 476.29 388.45 18.44% 

3 475.99 388.04 18.48% 

Average 475.88 388.15 18.44% 

 

 

(a) 
 

 

(b) 
Fig. 12 The visualization result of algorithm verification (a) and the visualization result of experimental 

verification (b) 

Finally, this paper obtains the comparative analysis results of the coordinate measuring 



machine (CMM) measurement data of the cross-
sectional profile of a certain Blade of the Blisk 
before and after the abrasive belt grinding process, 
as shown in Figure 13, Table 5 and Figure 14. 

From the results of the comparative analysis of 
the error data before and after processing, the 
average error of the blade area A is reduced from 
0.0238mm to 0.0183mm, the average error of the 
B area is reduced from 0.0234mm to 0.0154mm, 
the average error of the C area is reduced from 

0.0251mm to 0.0181mm, and the average error of 
the D area is reduced from 0.0228mm to 
0.0168mm, which meets the actual relevant 
technical requirements. 

Therefore, in the actual machining test, the 
method proposed in this paper not only 
effectively realizes the collision detection of the 
abrasive belt grinding of the Blisk, but also 
guarantees the accuracy of the abrasive belt 
grinding of the Blisk. 

 

Fig. 13 CMM measurement profile comparison of the Blade before(a) and after(b) processing 

 

 

Table 5 The error of each area of the Blade before and after processing 

 Detection area minError/mm maxError/mm averError/mm stdError/mm 

Before 
processing 

A 0.0197 0.0282 0.0238 0.0028 

 B 0.0188 0.0271 0.0234 0.0024 

 C 0.0200 0.0290 0.0251 0.0023 

 D 0.0191 0.0260 0.0228 0.0021 

After 
processing 

A 0.0137 0.0235 0.0183 0.0031 

 B 0.0116 0.0199 0.0154 0.0025 

 C 0.0134 0.0223 0.0181 0.0029 

 D 0.0133 0.0197 0.0168 0.0021 

 



  

(a)                                       (b) 

  

(c)                                      (d) 
Fig. 14 Error comparison of each area of the Blade before and after processing((a) area A, (b) area B, (c) area 

C, and (d) area D) 

 

5 Conclusion 

In this paper, an improved octree segmentation 
method based on k-means clustering algorithm is 
proposed, and then based on the improved octree 
segmentation method, a collision detection 
algorithm for abrasive belt grinding of the Blisk 
is given. Finally proved the feasibility of the 
algorithm proposed in this paper through software 
verification and experimental verification. The 
main conclusions of this paper are as follows: 
(1) By introducing the k-means clustering 

algorithm, the traditional octree 
segmentation method is improved, and the 
improved octree segmentation method can 
better eliminate the redundant space. The 
experimental results obtained on a single 
blade show that the improved algorithm 
improves the accuracy of segmentation by 
12.80% and the efficiency of segmentation 

by 40.88% compared with the traditional 
algorithm. 

(2) The feasibility of the collision detection 
algorithm proposed in this paper is verified 
through algorithm verification and 
experimental verification. The experimental 
results of the algorithm verification show 
that the accuracy of the collision detection 
of the algorithm in this paper is 45% higher 
than the traditional algorithm, and the 
efficiency of the collision detection is 18.60% 
higher than the traditional algorithm; the 
experimental results show that the accuracy 
of the collision detection algorithm in this 
paper is 45% higher than the traditional 
algorithm, and the efficiency of collision 
detection is 18.44% higher than the 
traditional algorithm. 

However, this paper only realizes the collision 



detection research in the ordinary Blisk grinding, 
and it has not been able to cover the more 
complex Blisk samples such as the closed Blisk. 
In future research, on the one hand, the collision 
detection algorithm will continue to be optimized, 
and on the other hand, more research on collision 
detection and avoidance of more complex 
surfaces will be considered. 
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Figures

Figure 1

The principle diagram of belt grinding the Blisk

Figure 2

OBB bounding box model of the abrasive belt



Figure 3

Schematic diagram of octree segmentation method

Figure 4

Octree segmentation results of the blade under different �xed points((a) the number of �xed points is 2,
(b) the number of �xed points is 10, (c) the number of �xed points is 50)



Figure 5

Comparison of spatial segmentation between traditional octree segmentation method and improved
octree segmentation method ((a)traditional octree segmentation method, (b)improved octree
segmentation method)



Figure 6

The principle diagram of the collision detection of the separation axis method [20]



Figure 7

Flow chart of collision detection algorithm in this paper



Figure 8

K-means clustering results of the blade(the value of k in (a)(g) is 28 in order, units in the �gures: mm)



Figure 9

Comparison of the total number of split nodes between the traditional octree partition method and the
improved octree partition method



Figure 10

Comparison of the split time between the traditional octree segmentation method and the improved
octree segmentation method

Figure 11

The algorithm veri�cation of the collision detection of the Blisk of the belt grinding (a), and the
experimental veri�cation based on the robot processing (b)



Figure 12

The visualization result of algorithm veri�cation (a) and the visualization result of experimental
veri�cation (b)



Figure 13

CMM measurement pro�le comparison of the Blade before(a) and after(b) processing



Figure 14

Error comparison of each area of the Blade before and after processing((a) area A, (b) area B, (c) area C,
and (d) area D)


