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ABSTRACT 
 

Aiming at the problem that the assembly of aero-engine casing is not concentric, the manufacturing 

deviation of casing parts is analyzed and optimized. Firstly, the structural characteristics of aeroengine 

casing are analyzed. Then, considering the manufacturing deviation angle of the casing parts, the 
concentricity modeling of the aeroengine casing is completed by matrix calculation. According to the 

assembly deviation model, taking the assembly of casing parts in actual production as an example, the 

optimization assembly of manufacturing deviation angle of parts is carried out. The assembly scheme can 

reduce the maximum concentricity of the assembled casing from 0.12mm to about 0.03mm, which can be 

used to guide the actual assembly of the casing. It is of great significance to improve the assembly quality 

in the production, reduce the adjustment in the assembly process, and improve the assembly efficiency. 
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1. INTRODUCTION 
 
The casing of aeroengine is the main load-bearing structure connecting the engine rotor and other 

parts of the engine. It is the base of the whole engine [1]. The assembly quality of the casing will 

directly affect the concentricity of the third and fifth fulcrum of the engine, and the concentricity 
deviation will affect the clearance of the engine rotor stator, make the collision and wear between 

the rotor and the casing and the fluctuation of the aerodynamic performance of the engine, then 

affect the overall performance of the engine and lead to the deterioration of the working stability 
of the engine [2]. At present, the assembly of aeroengine casing is mainly based on the 

experience of workers. After assembling one casing part each time, measure the radial runout and 

end face runout on the air flotation turntable, and then replace the casing for readjustment and 

inspection to ensure that the parts installed each time meet the accuracy requirements. This casing 
assembly method can only solve the specific problems in the casing assembly of an engine, and 

can not solve the general problem of insufficient assembly consistency of batch aero-engine 

casing. Therefore, it is very necessary to model and analyze the assembly deviation of the casing. 
 

Sun et al. [3] established the relationship between the concentricity of the assembly and the 

concentricity and lateral runout of rotors at all levels by analyzing the transmission of 

concentricity and lateral runout deviation in multi-stage rotor components, obtained the objective 
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function with the installation angle as the variable, and optimized the concentricity deviation of 
the assembly by appropriately selecting the rotor installation angle. Yang et al. [4-5] proved that 

the assembly quality of rotating parts depends not only on the assembly sequence, but also on the 

installation angle. The final assembly deviation decreases exponentially with the change of 

installation angle in a specific direction, and put forward three optimization methods to control 
the deviation transmission of rotating parts. Song Wenyan et al. [6] carried out numerical 

simulation of a compressor by using the analysis software NUMECA, analyzed the influence of 

the assembly error of a stage stator blade on the performance of the whole compressor and engine 
through theoretical calculation, and obtained the best assembly mode of stator blade. Ding Siyi et 

al. [7] established the deviation simulation model of aeroengine rotor concentricity through 

experiments and analyzed the contribution degree of deviation source. In addition, the assembly 
quality was improved by using genetic algorithm to determine the optimal installation angle of 

rotors at all levels. For aeroengine rotor assembly, Liu Jun et al. [8] calculated the deviation 

between rotor axis and inertia axis based on the actual measurement data of rotor runout, 

proposed a method to realize the double-objective optimization of rotor concentricity and rotation 
spread by adjusting the rotor installation angle, and achieved the purpose of improving the quality 

of rotor assembly. 

 
Through the above summary and analysis, it can be seen that the research object of aeroengine 

assembly deviation optimization is mainly the rotor. The optimization method mainly uses 

various optimization algorithms to find the optimal assembly angle, so as to minimize the 
distance between the axis of the rotor and the reference axis, that is, the minimum concentricity. 

Although the casing is also a cylindrical rotary part, the installation angle of the casing is fixed, 

and the assembly quality can not be optimized by adjusting the assembly angle. Therefore, 

determining the optimization method of casing assembly is of great significance to improve the 
assembly quality in actual production, reduce the adjustment links in the assembly process and 

improve the efficiency. 

 

2. STRUCTURAL CHARACTERISTICS OF AEROENGINE CASING 
 

There are many aero-engine casing parts with complex shape and structure, but most of them are 

parts composed of thin-walled cylindrical shell structure and support plates, such as intermediate 

casing, combustion chamber casing, turbine casing and so on. According to the design structure, 
aeroengine casing can be divided into annular casing and box casing. The general accessory 

casing belongs to box casing, which is not studied in this paper. The casing studied in this paper 

belongs to ring casing. The annular casing can be divided into annular casing with rectifier 
support plate and ordinary annular casing according to whether there is rectifier support plate. 

The ordinary annular casing can be further divided into integral annular casing and split annular 

casing. For example, the intermediate casing and the turbine rear casing belong to the casing with 

rectifier support plate; Generally, high-pressure compressor casing (including front casing and 
rear casing) belongs to split annular casing; High pressure turbine casing and low pressure 

turbine casing belong to integral annular casing [10-11]. As shown in Figure 1, there are many 

parts of aero-engine casing and the shape structure is complex, but most of them are parts 
composed of thin-walled cylindrical shell structure and support plate, such as intermediate 

casing, combustion chamber casing, turbine casing, etc. 
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Figure 1. Typical aeroengine casing model 

 

3. ASSEMBLY DEVIATION MODELING CONSIDERING MANUFACTURING 

DEVIATION ANGLE OF PARTS 
 

In the actual assembly process, the installation angle of the casing is fixed. However, due to the 

deviation in the manufacturing process of the casing, and the manufacturing deviation angle of 

each part is also different, the upper and lower installation surfaces of the same casing parts are 
not concentric, which results in the concentricity deviation of the casing after assembly. As 

shown in Figure 2, for the assembly of three casing rotating parts in the same batch [3], the 

deviation between casing 2, 2 'and 2 "is the same, and the deviation between casing 3, 3' and 3" is 
also the same, but their deviation angles are different. It can be seen that there is a great 

difference in concentricity when they are assembled with casing 1 respectively. Therefore, due to 

the deviation in the manufacturing process, even if the deviation is the same, the manufacturing 

deviation angle of each part is different, which will lead to a great difference in the concentricity 
of the casing parts of the same batch after assembly. 
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Figure 2. Assembly of different revolving parts in the same batch 

 

As can be seen from Figure 2, when the part deviation values are the same, the concentricity of 
casing parts 2 'and 1 after assembly is smaller. The casing Part 2 'is equivalent to that the casing 

Part 2 rotates a certain angle along the centerline. Similarly, it can be seen that the concentricity 

of assembly C is the smallest, and the casing Part 3 "is equivalent to that the casing Part 3 'rotates 

a certain angle along the centerline. Therefore, it is necessary to establish an assembly deviation 
model considering the manufacturing deviation angle of parts. The optimization of deviation 

angle can guide the selection of casing parts, and then control the deviation accumulation in the 

assembly process of casing parts. 
 

As shown in Figure 3, the top and bottom end faces of the casing parts are flat. Coordinate 

systems are established at the centers of the two end faces respectively. Generally, the lower end 

face is used as the benchmark for the manufacturing of the casing parts, and there is 
manufacturing deviation at the upper end face. During casing assembly, the datum Center (0, 0, 0) 

is the origin in the global coordinate system. For the ith casing part, if there is no manufacturing 

deviation, the top center coordinate is (0, 0, ).  is the distance between top end face and 

bottom face of the ith casing part. When considering the manufacturing deviation of the casing, 

the center coordinate of the top coordinate system is（ ， ， ）. The -axis of the 

top end face has an angular deviation  about the z-axis relative to the x-axis of the bottom 

end face, and the top end face has angular deviations  and  about the x-axis and y-axis 

relative to the bottom face, respectively. Therefore, there is (0, 0, ) translation between the 

top end face and the bottom face. The translation deviation caused by the manufacturing 

deviation of casing parts is ( , , ) and the angle deviation caused is ( , , ). 



International Journal of Recent Advances in Mechanical Engineering (IJMECH) 

Vol.11, No.1, February 2022 

33 

 
 

Figure 3. Definition of coordinate system of casing part 

 
The transformation of the two coordinate systems in space can be represented by a 4×4 

transformation matrix M. Due to the coordinate system contains both translation and angle 

changes, the transformation matrix can be further represented by a 3×3 rotation matrix R and a 
1×3 translation vector C, and its expression is: 

 

0 1T

R C
M

 
  
 

 (3.1) 

 

The transformation matrix of the top end face of the ith casing relative to the bottom end face can 
be expressed as: 
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Where ie  represents the concentricity of the upper end face of the i-th casing part relative to the 

lower end face, which can be expressed by cylindrical runout, i  represents the torsional angle of 

the i-th casing upper end face relative to the lower end face in the z-axis, and idZ  represents the 

dimensional deviation of the casing part in the z-axis direction. 
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The value range of Xi Yi Zid d d  ， ，  is shown in Figure 4. For formulas (3.5) - (3.7), where i  

is the runout of the upper end face of the ith casing part, id  is the diameter corresponding to the 

inner ring of the upper end face of the ith casing part, ip  is the positional error of the 

positioning hole on the upper end face of the ith casing part, and air  is the length from the axis of 

the positioning hole on the upper end face of the ith casing part to the center of the end face. 
 

 
 

Figure 4. Value range of angle deviation 

 

When two casing parts are assembled, the coordinate system shown in Figure 3 is established on 
the two parts respectively. The results are shown in Figure 5 (a). The assembly process is a 

process in which the upper surface of the lower part is closely bonded with the lower surface of 

the upper part. If the phases of two bonded surfaces are consistent, the coordinate systems of the 
two surfaces will coincide with each other, as shown in Figure 5 (b). The assembly results of 

parts can be expressed by the matrix of coordinate transformation. 

 

 
 

Figure 5. Assembly model of two casing parts 
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In actual assembly, due to the existence of manufacturing deviation angle 2Z , as shown in Fig. 6, 

the coordinate system of the two surfaces can not fit completely, but the coordinate system of the 

upper surface rotates at angle 2Z relative to the Z axis. Therefore, during the assembly of casing 

parts, the transformation matrix 2Z caused by manufacturing deviation angle 2Z  can be 

expressed as: 
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Figure 6. Assembly model of casing considering manufacturing deviation angle 

 
After assembly, the transformation matrix of the coordinate system of the upper dead end of the 

assembly (i.e. the upper end face of Part 2) relative to the reference coordinate system (the lower 

end face coordinate system of Part 1) is calculated as follows: 
 

0 2 1 2 2M M S M     (3.9) 

 

Similarly, when assembling the n-section casing parts, the assembled front n-1 section casing can 
be regarded as an assembly, and then assembled with the n-section casing to obtain the final 

transformation matrix as follows: 

 

0 1 2 2n n nM M S M S M            (3.10) 

 

The matrix form of 0 nM   is the same as that of M, including translation and rotation operations. 

The concentricity D can be obtained by extracting X and Y in the translation vector in the 

matrix： 
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2 2D X Y   (3.11) 
 

4. OPTIMIZATION OF MANUFACTURING DEVIATION ANGLE OF PARTS 
 

Taking the assembly of three-stage casing parts in actual production as an example, the 

optimization assembly of part manufacturing deviation angle is carried out. It is known that the 
size and deviation distribution of three casing parts of an aeroengine are shown in Table 1. 

According to table 1, the values of various parameters in the transformation matrix of the upper 

end face coordinate system of casing Part 3 relative to the lower end face coordinate system of 
Part 1 can be obtained, as shown in Table 2, and then the influence of assembly deflection angle 

on the concentricity of casing can be analyzed. 

 
Table 1. Dimension and deviation of an engine 

 

 
Cylinder 

runout 

 

Part 

height  

Height 

deviation 

 

Lateral 

runout 

 

End 

face 

diameter 

 

Axis distance 

 

Locating 

hole 

deviation 

 

case1 0.03 219  0.015 659.36 685.8 0.1 

case 2 0.03 548.4  0.03 635 660.4 0.1 

case 3 0.04 602.81  0.04 841 854 0.25 

 
Table 2. The value of each parameter in the transformation matrix 

 

 
Translation 

 

Translation 

 

Translation 

 

rotation 

 

rotation 

 

rotation 

 

Relative 

deflection 

angle 

 

Case 

1 
0.03 0.03     - 

Case 

2 
0.03 0.03     0 360  

Case 

3 
0.04 0.04     0 360  

 

When the two-stage casing is assembled, the manufacturing deviation of the casing part model is 
actually measured, and the translation and rotation deviation of the two parts is obtained as 

follows: 

 

1 0.015dX 
， 1 0.015dY 

， 1 0.13dZ  
， 2 0.018dX 

， 2 0.018dY 
， 1 0.33dZ  

; 

1 0.0011Xd  
， 1 0.0011Yd  

， 1 0.0066Zd  
， 2 0.0018Xd  

, 2 0.0011Yd  
，

2 0.0053Zd  
. 
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The manufacturing deviation angle of the assembly mating surface of two casing parts is 

arbitrary, which can be taken within the range of 0 . 
 

Calculate the concentricity after assembly through MATLAB, and draw the relationship curve 

with the manufacturing deviation angle of the mating surface, as shown in Figure 7. It can be 

seen from the figure that the manufacturing deviation angle of the parts has a great impact on the 

concentricity when the two casing parts are installed. When the manufacturing deviation angle of 
casing 2 is 140 degrees, the minimum concentricity is 0.021mm, and when the manufacturing 

deviation angle of casing 2 is 324 degrees, The maximum concentricity is 0.064mm. Therefore, 

in order to obtain better assembly quality, casing 2 and casing 1 with a relative manufacturing 
deviation angle of about 140 degrees should be selected for assembly. 

 

 
 

Figure 7. The relationship curve between concentricity and deflection angle  

 

When the three-stage casing is assembled, the translation deviation of the third-stage casing is 

measured: 3 0.024dX 
， 3 0.024dY 

， 3 0.06dZ 
，Angle deviation： 3 0.0017Xd  

，

3 0.0017Yd  
， 3 0.0094Zd  

. Calculate the concentricity after assembly through 

MATLAB, and draw the relationship curve between manufacturing deviation angles 1Z  and 

2Z  with the mating surface, as shown in Figure 8. Find out the relative manufacturing deviation 

angle corresponding to the maximum and minimum concentricity from the figure. It can be seen 

that by establishing the deviation model of part manufacturing deviation angle and reasonably 
selecting the casing assembly, the maximum concentricity of the assembled casing can be 

reduced from 0.12mm to about 0.03mm. 
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Figure 8. The relationship curve between concentricity and deflection angle and  

 

5. CONCLUSIONS 
 

Aiming at the concentricity deviation of the assembled aero-engine casing, this paper puts 

forward an optimal method to improve the casing assembly quality. Based on the structure of 
aeroengine casing and the measured data of the casing, the deviation model of manufacturing 

deviation angle of casing is established. And according to the model, the relationship between 

deviation angle and concentricity of engine casing parts can be obtained. In order to prove the 

effectiveness of the method, the assembly of three casing parts is taken as an example. The 
manufacturing deviation angles of the three casing parts are selected reasonably for assembly, 

according to the model calculation, the maximum concentricity of the assembled casing can be 

reduced from 0.12mm to the minimum value of about 0.03mm, and the qualified rate of casing 
assembly has been greatly improved. 
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