
 

Journal of Computing and Electronic Information Management 
 

ISSN: 2413-1660 

 

29 

 

Analysis of Key Technology Application of CNC Blade Grinding 

IN Integral Impeller 

 
Decun Chen 

Wenzhou Vocational & Technical College, Wenzhou 325035, China 

137717486@qq.com 

 

Abstract: The traditional blade disc has the problem of wear and tear in use, which 

affects the quality of the engine. The application of integral disc can eliminate the 

operation of installing bolts and nuts. Unnecessary components are reduced from the 

overall structure. In the actual process, integral impeller is used for processing. In this 

study, integral impeller was analyzed. The quality of the overall leaf disc should be 

noted. First, the structure of integral impeller was analyzed. In the grinding method 

in machining, the quality standards of manual grinding are not uniform, which will 

affect the use of the final engine in actual use. Therefore, the key technology of CNC 

abrasive belt grinding is specifically analyzed. Then, the hardware and software design 

of the CNC belt grinding system is explained. The digital model is analyzed and the 

path of the trajectory of the grinding is designed. Finally, the grinding locus of the 

whole blade disc CNC belt is discussed. The simulation results under different process 

parameter combinations were evaluated. The influence law of each factor and the 

optimal combination of process parameters are obtained. The correctness of the 

parameter combination is verified by grinding experiment. 
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1. Introduction 

Under the influence of modern industrial technology, the technology has been 

improved, and the manual polishing of integral impeller has been unable to meet the 

manufacturing requirements of the engine. In order to alleviate this situation, the 

quality and work efficiency of the integral impeller surface grinding needs to be 

improved. Therefore, advanced CNC grinding technology needs to be used to polish 

the integral impeller [1, 2]. 

Traditional blade, wheel and other component structures are analyzed. It has been 

found that the blade groove of the manufacturing process is not a necessary 
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component. The wheel is constantly thinning in production and the size of its rim is 

also decreasing. This result has led to a continual reduction in the quality of the rotor 

of the engine. The staff found that this change has certain benefits. The thrust-to-

weight ratio of aero engines can be effectively improved [3, 4, 5]. In addition, the 

application of the integral impeller can save the operation of installing bolts and nuts, 

and reduce unnecessary parts from the overall structure. This application improves 

the working efficiency and service life of the engine. Compared to conventional 

grinding methods, conventional leaf discs cause wear in the gap between the root and 

the groove. However, integral impeller doesn't have that concern. As long as the 

grinding work is done well, the cost can be effectively reduced [6-9]. From the existing 

process analysis, the processing of the integral impeller is very complicated. The rough 

processing of the leaf disc at home and abroad is the processing of the integral 

impeller, such as rough milling and electrochemical machining to remove excess metal 

material. Fine processing in practical applications is a method that requires the 

application of a CNC milling machine to grind the blade to maintain the fineness and 

dimensional values of the profile. This is also the technical method mainly discussed 

in this study [10-12]. 

The surface quality of the integral impeller directly affects the use and performance 

of the late leaf disc. Therefore, in the application of CNC grinding technology, the 

quality of grinding should be emphasized to ensure the use of high-precision grinding 

means. The airflow dynamics of the grinding of the integral impeller can be 

significantly improved. The profile quality of the leaf disc is increased to ensure engine 

performance. As a result, the service life of the engine is improved [13-14]. 

 

2. Abrasive belt grinding method for integral impeller 

2.1 Manual grinding method 

The application of the manual grinding method requires the technician to polish the 

integral impeller using the selected abrasive belt or sandpaper. The main parts are the 

leaf basin, the leaf back, the intake and exhaust sides, and the blade root corner. 

Figure 1 shows the overall leaf disc structure of an aerospace generator. 

Depending on the parts, different sand bands or sandpaper are selected. However, 

according to the analysis of the results of manual grinding, there is a serious problem. 

During the grinding process, it is difficult for the worker to precisely control the 

grinding force, which causes the grinding of the exhaust side to be prone to problems. 

For example, the phenomenon of "over-grinding" leads to chamfering. The quality of 

the exhaust side directly affects the use of the integral impeller, such as service life 

and performance. Therefore, after manual polishing, the quality of each integral 

impeller is different, and the lack of uniformity in use will cause some adverse effects. 
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The following figure is the process flow for process and anti-tool interference in the 

grinding process, so as to ensure the overall grinding effect. 

 

Fig 1. General disk structure of an aircraft engine 
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Fig. 2 Grinding process and anti-tool interference processing flow chart 

In addition, manual grinding not only consumes manpower, but also has a long 

grinding period. The finished product is not guaranteed to be used well. Therefore, 
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human resources are wasted. However, because higher levels of technology have not 

been promoted, this method of grinding is still the most used processing method. 

2.2 CNC (Computerized Numerical Control) grinding method 

This method requires the grinding of the integral impeller by a numerical control device. 

The blades of the integral impeller are ground using a grinding machine by a multi-

axis linkage method. Generally, this machine tool uses a 5-axis linkage CNC grinding 

machine, and the grinding tools used are mostly a combination of a grinding wheel 

and a belt. In the application of CNC grinding technology, the grinding efficiency of 

the integral impeller can be effectively improved, and the surface of the leaf disc is 

consistent. 

 

3. Hardware and software design of CNC abrasive belt grinding system 

3.1 CNC technology model 

In the processing of the whole blade disc, the parts between the blades need to be 

deeply processed, and the grinding head should be poked in. The grinding path is 

designed according to the contact wheel and the contact weak stiffness. This process 

also requires attention to the distance between the grinding head and the blade of the 

integral blade, and does not interfere with the grinding process. The angle between 

the axis of the CNC machine head and the axis of the blade should ensure that this 

structural design can scientifically realize the extension of the power arm. Figure 3 

shows the mathematical mechanics model. 

 

Fig. 3 digital model of numerical control technology 

In the integral impeller processing, it is necessary to deeply process the parts between 

the blades, and the grinding head is penetrated. This process also needs to pay 

attention to the distance between the grinding head and the integral impeller blade, 

so as not to interfere in the grinding process. The angle between the axis of the CNC 

machine head and the axis of the blade is important. This structural design is to ensure 
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the scientific extension of the power arm. Assuming that the angle is θ, the cylinder 

force is Ft, the pressure on the surface of the blade is Fi, the tension of the belt tension 

is Fs, the tension of the belt is Fs`, the angle between the belt and the axis of the 

grinding head is s, and the pressure at the contact wheel is Fc. The above forces work 

together to maintain the balance of the entire grinding head mechanism. Its 

equilibrium force equation is: 

𝐹𝑐 = 𝐹𝑡 cos(90° − θ) − 𝐹𝑠 cos(𝜃 − 𝛿) − 𝐹𝑠`(θ − δ) 

 

3.2 CNC grinding control 

The whole blade will be deformed during the grinding precision processing in the early 

and late stage of data processing. This result was analyzed. Combined with the 

grinding of digital models, the phenomenon is uncertain. To accurately control the 

grinding parameters, the simple adjustment of the process parameters cannot meet 

the process accuracy requirements. Therefore, in order to improve the accuracy, the 

blade force of integral impeller is analyzed and simulated. Then, based on the finite 

element results, the deformations occurring in the machining are qualitatively studied. 

The deformation of the blades is compensated in advance by a reasonable control 

method, thereby reducing the subsequent deformation. 

According to the analysis of the force deformation of the single blade model of integral 

impeller in the grinding process, the deformation of the blade under different cutting 

operations during the machining process is simulated. Then, the relation between 

different deformation and grinding pressure is analyzed. Finally, the characteristics of 

the blade deformation amount are determined, which lays a foundation for the 

subsequent deformation analysis. 

 

3.3 Hardware implementation of equivalent shaft grinding control 

For the application of CNC grinding technology, the basis of the equivalent axis control 

is the hardware system. According to the existing control method, it is necessary to 

collect different deformations of the exhaust side during the integral impeller grinding 

process. For profile and blade use, data is acquired under different grinding pressure 

changes. For example, on the grinding head of a grinder, a pressure sensor, or a strain 

gauge, and other data acquisition devices are installed. Through the bridge box and 

the dynamic recording instrument, the analog signal is collected and processed 

effectively. The data is fed back to the PC and then analyzed by the control system. 

The algorithm of equivalent pressure control is used for calculation. The processed 

digital signal is converted into analog signal, which is transmitted to the electric 

proportional valve to control the cylinder pressure. Finally, the accurate control of the 

equivalent shaft pressure is performed, so that the blade residual amount is 
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periodically cleared. The specific operation should use the electric proportional valve 

plus the data acquisition card to execute the data acquisition control method. The 

overall design of the hardware is shown in Figure 4. 
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Fig. 4 Overall plan of system hardware 

The PCI-8333 data acquisition card is mainly a multi-function modular interface card 

of the PCI bus. This data acquisition process has a simple signal conditioning function. 

The acquired signals are controlled and reliably conditioned. At the same time, A/D 

and D/A converter are also carried out to facilitate the conversion of analog signals 

with the control system. Through this signal processing and storage, data sampling 

and storage can be realized through FIFO storage. For example, the 37-pin D head on 

the card can be connected to an external device for external signals. The connection 

of this data source is carried out by a single-ended or double-ended input method 

selected by the customer. In the signal acquisition of the acquisition card, there are 

two options for the analog part: voltage and current. It is connected to the main board 

of the computer mainframe for different situations. In the actual export, other 

adjustments cannot be made, which is convenient and quick. The main technical 

parameters of the card are shown in Table 1. 



Volume 6 Issue 2 2019 

   35 

Table.1 Main technical parameters of data acquisition card 

Mould uploading Mould unloading 

Number of input 

channels 

Single-ended 16-

way/double-ended 

8-way 

Number of output 

channels 
2 channels 

Input signal range 0V~10V; -5V~+5V Output range 
Voltage mode: 

0~5V: 0~l0V: 

A/D conversion 

resolution 
12 digits 

D/A conversion 

resolution 
12 digits 

A/D conversion 

speed 
10μs 

D/A conversion 

input code system 
Binary source code 

A/D startup mode 

Program 

start/timed trigger 

start/external 

trigger start 

D/A conversion 

integrated setup 

time 

≤2μs 

 
4. Grinding track of CNC belt of integral impeller 

4.1 Trajectory planning of the blade profile of the integral impeller 

The blade profile of the integral impeller is a complex freeform surface. After the 

composition analysis, the grinding process is carried out. Targeted trajectories are 

selected, such as equal-intercept plane method, rotary section method, projection 

method and other parameter methods. Because of the regular shape of the profile, 

combined with the processing efficiency and the processing quality, the tool path 

trajectory can be selected by the equal parameter method for the blade profile. 

This tool path is to follow the generated curve, V direction and U direction. The general 

planning scheme of the equal-parameter method of tool path trajectory is shown in 

Figure 5. 
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Fig. 5 Equal parameter method tool path trajectory method 

In this process, the knife contacts need to be calculated. Combined with the actual 

situation, the model is standardized. For complex free-form surfaces, the parts should 
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focus on the distorted position in the planned trajectory. For example, in the case of 

discrete tool contacts, the tool path cannot reach the specified interval. Under this 

condition, the tool contacts can be evenly distributed on the profile of the theoretical 

model. In this process, a more common method is to evenly distribute the parameter 

values on the surface. The pre-processing is done before the path is planned. For 

example, in the 3D software UG, the tool path is guaranteed to meet the requirements. 

 

4.2 Trajectory planning of the cutting edge of the blade of the integral impeller 

The edge grinding quality of the blade is an important criterion for evaluating the 

quality of the overall blade disc grinding. The intake and exhaust sides are very thin, 

and the rotation length is between 0.2mm and 0.5mm. The grinding process is difficult. 

Different from the profile, the degree of bending of the inlet and outlet sides is large, 

that is, the local curvature changes greatly. During the grinding process of the integral 

blade disc, the C-axis rotation angle of the machine tool changes greatly. The C-angle 

shaft carries the main weight of the machine shaft assembly. Large angle changes can 

cause severe vibration of the machine tool, which will inevitably affect the processing 

effect of the leaf disc. Therefore, the level of simulation factors for the overall leaf disc 

abrasive belt grinding was analyzed. The specific data is shown in Table 2. 

Table.2 Overall leaf disc abrasive belt grinding simulation factor level table 

Factors 

 

 

Levels 

Linear 

velocity of 

abrasive belt 

[m/s] 

Grinding 

positive 

pressure 

[N] 

Feed rate 

[m/min] 

Hardness of 

contact 

wheel 

[Hs/A] 

1 1.0 4.0 0.6 35 

2 3.0 8.0 1.0 55 

3 5.0 12.0 1.4 75 

According to the inlet and exhaust side structure of the blade and the actual machining 

condition, the minimum grinding contact wheel, that is, the radius of the grinding head, 

is 2.5 mm during the machining process. In addition, the belt is wrapped around the 

grinding head, and the size of the entire grinding head is much larger than the length 

of the inlet and outlet sides. Table 3 shows the parameters of the orthogonal simulation 

test protocol and the overall blade disc grinding. 

Table.3 Orthogonal simulation test scheme 
Factors 

Experimental 

NO. 

Linear 

velocity of 

abrasive belt 

[m/s] 

Grinding 

positive 

pressure 

[N] 

Feed rate 

[m/min] 

Hardness of 

contact 

wheel 

[Hs/A] 

1 1.0 4.0 0.6 35 
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2 1.0 8.0 1.0 55 

3 1.0 12.0 1.4 75 

4 3.0 4.0 1.0 75 

5 3.0 8.0 1.4 35 

6 3.0 12.0 0.6 55 

7 5.0 4.0 1.4 55 

8 5.0 8.0 0.6 75 

9 5.0 12.0 1.0 35 

 

Table.4 Table of simulation parameters for grinding of integral disc sand belt 

Factors 

Length of 

abrasive 

belt [m] 

Width of 

abrasive 

belt [mm] 

Width of 

contact 

wheel [mm] 

Contact 

angle [°] 

Tool length 

[mm] 

Parameter 100 10 10 20 20 

 

Therefore, in the layout and planning of the intake and exhaust side paths, the 

processing range of the grinding head to the intake and exhaust sides is considered. 

At the same time, the contact width and contact angle are determined from the thin 

and small structural features of the intake and exhaust sides. Then, the length of the 

tool is determined. The occurrence of overcutting of the inlet and outlet sides of the 

grinding head is avoided as much as possible. At the same time, the way of grinding 

head in and out must also be an important part of tool path planning. Due to the 

fragility of the intake and exhaust sides, the tool must avoid the vertical feed of the 

tool during the feed. Sudden contact is easy to cause deformation of the intake and 

exhaust sides. Similarly, when the knife is released, it is necessary to pay attention to 

the interference of the blade or the blade hub. 

 

4.3 Trajectory planning of rounded blade path at blade root of integral impeller 

The rounded corner of blade root is the most difficult part in the whole grinding 

process. This is caused by two reasons: First, the radius of the blade root radius is 

only 2.5 mm, and the partially curved portion is even less than 2.5 mm. The small 

radius of the rounded corner makes the tool difficult to grind. Second, the root tip is 

rounded at the deepest root of the blade, and the tool is prone to interference during 

processing. Table 5 shows the final test protocol. 

Table.5 Integral leaf disc blade surface grinding experimental scheme 

 

Linear velocity 

of abrasive 

belt 

Grinding 

positive 

pressure 

Feed rate 

[m/min] 

Hardness of 

contact wheel 

[Hs/A] 
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[m/s] [N] 

Before 

optimization 
5.0 8.0 1.0 35 

After 

optimization 
3.0 4.0 0.6 55 

At the same time, engineers design the rounded corner of the blade root by 

chamfering the surface. There is a big difference between theoretical and practical 

rounded corners. For this reason, the conventional method cannot be used to plan the 

tool path of the rounded corner of the blade root. The isoparametric method of the 

profile and the secondary parameter method of the inlet and exhaust sides are not 

applicable. The method adopted in this paper is as follows: the edge attached to the 

flow channel surface of the blade root fillet is taken as the boundary, and the extracted 

boundary is taken as the reference for the secondary reverse reconstruction of the 

fillet of the blade root to obtain the new fillet of the blade root. In this process, the 

blade root fillet profile machining trajectory is planned. The specific planning steps are 

the following: 

(1) The boundary line of the leaf root fillet surface attached to the flow surface of the 

leaf disc is extracted; 

(2) the boundary line was used as a reference for the secondary reconstruction of the 

rounded corner profile of the blade root; 

(3) on the newly constructed rounded blade root profile, the tool path of the grinding 

tool and the equally spaced discrete tool contact are planned; 

(4) The vector coordinates of each knife contact as well as the normal and tangential 

directions are obtained; 

(5) The knife contact information is stored in the array; 

(6) the above steps are repeated. The relevant algorithm for each point added to 

integral impeller is calculated and the vector information is output. 

In this process, the extracted boundary line is used to reconstruct the rounded corner 

surface of the blade root, which can be used as the B-spline surface reconstruction, 

that is, the reverse engineering of the rounded corner of the blade root. The most 

common type of surface reconstruction technique is used for edge characteristics. 

In order to ensure the above processing conditions, it is particularly important to 

reasonably arrange the grinding sequence of each part of the blade. According to the 

actual processing situation, three grinding sequences are proposed: 

a. Grinding blade edge > grinding blade root > grinding blade surface; b. Grinding 

blade profile > grinding blade edge > grinding blade root; c. Grinding blade root > 

grinding blade profile > grinding blade edge. First, the intake and exhaust side is the 

most important grinding part. The intake and exhaust sides are ground to better adjust 
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the grinding parameters. Table 6 shows the roughness of the surface of the blade 

profile. 

Table.6 Blade profile surface roughness 

Number 

Ra(μm) 
1 2 3 4 5 

Before process 

optimization 
0.392 0.479 0.453 0.514 0.422 

After process 

optimization 
0.256 0.282 0.248 0.261 0.291 

 

After process optimization, the root processing is difficult, and the abrasive belt is 

easily ground slightly with the blade profile during the machining process. In order to 

avoid damage to the profile caused by post-processing of root, root grinding is carried 

out again. Finally, the profile has the largest machining area and is the easiest to be 

machined with high grinding efficiency. The processing profile removes most of the 

area to be processed. The wear marks left in the previous step (root grinding) can be 

removed at one time, that is, the transition knives are removed. Table 7 shows the 

precision of blade profile. 

Table.7 Blade line accuracy after process optimization 

Number 

Margin 

[mm] 

1 2 3 4 5 

Section l 0.034 0.031 0.028 0.030 0.035 

Section 2 0.038 0.037 0.035 0.037 0.032 

Section 3 0.040 0.043 0.032 0.035 0.038 

Section 4 0.041 0.040 0.042 0.043 0.045 

Section 5 0.043 0.048 0.042 0.045 0.046 

The integral impeller numerical control belt grinding machine studied in this paper has 

two stations, namely the first station and the second station. In order to maximize the 

grinding efficiency and the grinding quality, the No. 1 station grinding head is used to 

grind the blade back profile, the blade back root and the intake edge. The grinding 

head of the No. 2 station grinds the blade-shaped surface, the blade root and the 

exhaust side. 

According to the above analysis, the principle of integral impeller grinding is to process 

the large surface after processing the small surface. The grinding process of the 

integral impeller, that is, the specific routing and data, is obtained, as shown in Figure 

6 and Table 8: 
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Fig. 6 Overall leaf blade routing process 

Table.8 A certain stage leaf disc processing parameters 

Processing 

station 

Processing 

part 

Program 

number 
Parameter item 

Number of 

feeds 
Remarks 

No. 1 

station 

Leading 

edge 
1-B 

Grinding pressure 

(N) 

Belt speed (m/s) 

Feed rate 

(m/min) 

21 
Two-stage 

processing 

Dorsal 

root 
1-G 

Grinding pressure 

(N) 

Belt speed (m/s) 

Feed rate 

(m/min) 

7  

Leaf back 1-M 

Grinding pressure 

(N) 

Belt speed (m/s) 

Feed rate 

(m/min) 

111  
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Exhaust 

edge 
2-B 

Grinding pressure 

(N) 

Belt speed (m/s) 

Feed rate 

(m/min) 

21 
Two-stage 

processing 

No. 2 

station 

Leaf root 2-G 

Grinding pressure 

(N) 

Belt speed (m/s) 

Feed rate 

(m/min) 

7  

Leaf 

surface 
2-M 

Grinding pressure 

(N) 

Belt speed (m/s) 

Feed rate 

(m/min) 

111  

 

5. Conclusion 

The surface shape of the whole blade disc after grinding is measured by a roughness 

meter to obtain the surface roughness of each blade before and after the process 

optimization. Before the process optimization, the surface roughness of the blade 

profile after grinding is between 0.392 and 0.516 um. Generally, the process 

requirements of the surface roughness of the blade profile are less than 0.4um. After 

the process optimization, the surface roughness of the blade profile after grinding is 

between 0.248 and 0.291 um, which satisfies the process requirements of the surface 

roughness of the blade profile less than 0.4 um. 

The profile precision of each blade can be obtained by measuring the geometric shape 

of the blade before and after the process optimization along the profile of a specific 

section. Before process optimization, the error of blade profile exceeds the tolerance 

zone. After process optimization, the error of blade profile is within tolerance zone. 

After grinding along the grinding direction (from the blade root to the blade profile), 

the precision error of the blade profile generally increases. The reason of this 

phenomenon may be that the structural stiffness of the blade along the grinding 

direction becomes smaller and smaller, which leads to the reduction of grinding stability. 
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