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ABSTRACT 
 

Aiming at the problem of insufficient research on the concentricity of the third and fifth fulcrum of aero-

engine, the prediction of concentricity of the third and fifth fulcrum and its influencing factors are studied. 

Firstly, the structural characteristics and assembly process of typical aero-engine casing are analyzed, and 

the three-dimensional model of the casing is established. Then, the assembly deviation model of the 

concentricity of the aeroengine casing and the third and fifth fulcrum is established by using the 

professional deviation simulation analysis software 3DCS to predict the concentricity. According to the 
prediction results and the assembly process of the casing parts in the actual production, the effect of the 

three factors (deviation size, assembly benchmark and assembly sequence) of the casing on the 

concentricity of the third and fifth fulcrum is analyzed. The result has certain guiding significance for 

improving the assembly quality of the concentricity of the third and fifth fulcrum of aeroengine in actual 

production. 
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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. 
 

https://wireilla.com/engg/ijmech/vol11.html
https://wireilla.com/engg/ijmech/vol11.html
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Assembly deviation model can be divided into rigid assembly deviation model and flexible 
assembly deviation model according to whether deformation is considered or not [3]. The rigid 

assembly deviation model does not consider the deformation in the assembly process, and 

considers that the parts are rigid bodies, which can be expressed by the method of kinematics. 

The rigid deviation model can be further divided into two-dimensional rigid deviation modeling 
and three-dimensional rigid deviation modeling. The three-dimensional rigid assembly deviation 

modeling generally adopts the deterministic positioning method, which is a deviation analysis 

method based on the 3-2-1 positioning principle [4]. This method generally relies on computer to 
simulate the relationship between product assembly quality and process parameters. At present, 

the software using this method for deviation simulation analysis mainly includes 3DCS, VSA and 

so on. 
 

Based on the three-dimensional state model of products and considering the factors such as 

dimensional deviation, geometric deviation and hole pin floating deviation, Kong [5] proposes a 

deviation transfer model for multi station assembly process. The model provides the explicit 
relationship between assembly quality and deviation input, which can be easily applied to 

deviation allocation, system sensitivity analysis, fault diagnosis and so on. Shan Fuping [6] 

established the three-dimensional assembly deviation model of aeroengine rotor by using the 
commercial software VSA, and studied the influence law of deviation size, probability 

distribution model and other factors on the final assembly deviation. Zhang Lei [7] used 3DCS 

software to model the assembly deviation of automobile engine compartment, analyzed the 
evaluation standard of assembly quality, and analyzed the influence law of each deviation source 

on the assembly quality of final products through deviation diagnosis. Xu Xihui [8] took the 

assembly of automobile body as the research object, used 3DCS software to analyze the deviation 

of the model, and made the assembly more reasonable by adjusting the deviation. Yang Yanling 
et al. [9] used 3DCS software to simulate and analyze the deviation of the front pulley of the 

automobile engine, corrected the dimensional deviation that greatly affected the assembly quality, 

significantly reduced the out of tolerance rate, and solved the problem of excessive engine noise 
caused by the out of tolerance of key dimensions. 

 

According to the above summary and analysis, mature deviation analysis software is mainly used 

for three-dimensional rigid modeling of products, such as VSA of Siemens and 3DCS of DCS. 
The research objects are mainly automobile and aeroengine rotors, while there are few three-

dimensional rigid assembly deviation models taking aeroengine casing as the research object. For 

the out of tolerance problem in assembly, the deviation is mainly adjusted, the non-normal 
distribution of the actual deviation of parts is not considered, and the influence of assembly 

sequence, assembly benchmark and other factors on concentricity is rarely considered. Therefore, 

establishing a three-dimensional rigid deviation model of the concentricity of the casing fulcrum 
and analyzing the influence of the deviation size, probability distribution, assembly benchmark 

and assembly sequence on the final assembly concentricity is of great significance to improve the 

assembly quality of the engine casing. 

 

2. STRUCTURAL CHARACTERISTICS AND SOLID MODELING 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 
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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]. 

 

The typical aeroengine studied is a double rotor structure, including intermediate casing, high-
pressure compressor front casing, high-pressure compressor rear casing, high-pressure 

compressor bearing ring, main combustion chamber outer shell, high-pressure turbine casing, 

low-pressure turbine secondary casing, turbine rear casing welded machining components, etc. 
The connection between various casing parts is completed by means of stop bolt fixation or pin 

positioning. Before formal assembly, the "pretend" phase of the casing will be carried out. Pre 

assemble all the casings between the three and five fulcrums on the air flotation turntable, and 

obtain the concentricity values of the three and five fulcrums by testing a series of end jumps and 
radial jumps. 

 

The purpose of reasonable simplification of the model is not only to ensure the efficiency of 
deviation simulation, but also to make the final analysis result of assembly deviation close to the 

actual situation. In the modeling, some structures that do not affect the assembly deviation 

analysis are omitted, and the structural details such as adjustable blade mounting holes that have 
little impact on the casing parts are simplified. The main structural elements involved in bearing 

force are retained. On the premise of maintaining the structural mechanical relationship, the equal 

stiffness method is used to locally simplify the aeroengine casing model [12], focusing on the 

mating surface between casing parts. 
 

The commercial modeling software CATIA of Dassault company is used for three-dimensional 

modeling. The integral annular casing is a rotary part. The mounting edge of the casing and the 
casing wall can be rotated 360 ° around the shaft; The wall and transverse mounting edge of the 

split ring casing can refer to the ring casing, and the rotation angle should be 180 °, and then the 

longitudinal mounting edge model is established; For the casing with rectifier support plate, the 

inner ring and outer ring models shall be established first, and then the support plate model shall 
be established. Finally, holes are made on the installation edge of the casing, and the established 

aeroengine casing model is shown in Figure 1. 

 

 
 

Figure 1. Typical aeroengine casing model 
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3. MODELING AND SIMULATION ANALYSIS OF RIGID ASSEMBLY 

DEVIATION 
 

3.1. Assembly deviation modeling process 
 

(1) Import 3D CAD model of casing 
 

Import the established three-dimensional model of the casing. The casing model is created in 

CATIA software, and the 3DCS software used is based on CATIA version. Open the casing 

model in CATIA software, and then enter the 3DCS variation analyst module to complete the 
three-dimensional model import 

 

(2) Define key features of the model 
 

In 3DCS software, the assembly characteristics of the model refer to the points, holes, surfaces, 

grooves, etc. that cooperate with each other during assembly. For the casing, the key features 

used in assembly are the end face, cylinder and pin hole on the cylinder. These features are used 
later in defining assemblies and defining tolerances 

 

(3) Define assembly relationships 
 

3DCS software represents the actual assembly process by defining the assembly relationship. The 

software uses the deterministic positioning method (3-2-1 positioning principle) to assemble 
parts. There are many positioning methods in the software to simulate the actual positioning 

process, the most commonly used are six face positioning and feature positioning. 

 

(4) Define component deviation 
 

3DCS can directly import the 3D tolerance annotation information in CATIA software. In 

addition, 3DCS software also has its own tolerance annotation module, mainly including linear 
tolerance, annular tolerance, feature tolerance and other types. 

 

(5) Define key dimensions 
 

The key dimension is the last dimension to be guaranteed, also known as the closed ring. 3DCS is 

characterized by defining measurements. After the actual assembly, the concentricity of the 

fulcrum shall be less than 0.15mm. 
 

(6) Monte Carlo simulation analysis and sensitivity analysis 

 
Monte Carlo method is used to generate random numbers for each tolerance set according to the 

specified distribution type in each digital assembly. Distribution types include normal 

distribution, Weber distribution, continuous uniform distribution and other types. Users can also 

customize distribution types to simulate various situations in actual production. Figure 2 shows 
the assembly deviation modelling. 
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Figure 2. Typical aeroengine casing model 

 

3.2. Analysis of Simulation Results 
 

In order to consider the influence of the three-dimensional spatial deviation of casing parts on the 
final assembly results and the assembly sequence, three-dimensional assembly deviation 

modeling is needed. The 3D assembly deviation modeling and simulation of the casing are 

carried out with 3DCS software. The simulation results of the probability concentricity 
distribution are shown in Figure 7. It can be seen that the nominal size of the concentricity is 

0mm, and the average value is 0.19mm, the minimum size is 0.01mm, and the maximum size is 

0.51mm. In Figure 3, the green part shows that the concentricity meets the requirements, the red 
part shows that the concentricity exceeds the design requirements, and the out of tolerance rate is 

63.70%. 

 

 
 

Figure 3. Probability distribution of assembly deviation simulation results 

 
The sensitivity analysis results are shown in Figure 4. From the figure, we can see the 10 

deviations that have the greatest impact on concentricity and their contribution rates. The 

deviations that have the greatest impact on concentricity are: the dimensional deviation of the 
mating cylinder between the combustor casing and the high turbine casing, the dimensional 

deviation of the mating stop cylinder between the high-pressure compressor bearing ring and the 

combustor, the runout deviation of the rear stop cylinder of the high-pressure compressor bearing 
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ring, the roundness deviation of the front stop of the combustor casing, and the dimensional 
deviation of the front stop cylinder of the low-pressure turbine primary guide casing, 

Dimensional deviation of front stop cylinder of turbine rear casing, etc. 

 

 
 

Figure 4. Sensitivity analysis results 

 

4. ANALYSIS ON THE INFLUENCE LAW OF THREE INFLUENCING FACTORS 

ON CONCENTRICITY 
 

According to the current dimensional deviation and assembly sequence, most of the simulation 

results do not meet the design requirements. In order to improve the assembly quality of engine 
casing, the influence law on the concentricity of three and five fulcrum is studied from three 

aspects: deviation, assembly benchmark and assembly sequence. 

 

4.1. Influence of Deviation on Assembly Quality 
 

The size of part deviation can directly affect the final assembly quality. Reducing assembly 
deviation can improve the quality of assembly, and bring problems such as increasing processing 

difficulty and cost. In order to improve the assembly quality, reduce the difficulty of assembly 

coordination and control the cost, appropriately reduce the deviation with large contribution rate 
to concentricity within the range of processing capacity and improve the deviation with low 

contribution rate to assembly quality. According to the sensitivity analysis results in the previous 

section, the dimensional deviation of the matching cylinder between the combustion chamber 

casing with large contribution rate to concentricity and the high turbine casing (deviation 1) 
Adjust from the original 0.14mm to 0.1mm, adjust the dimensional deviation (deviation 2) of the 

mating stop cylinder between the high-pressure compressor bearing ring and the combustion 

chamber from 0.05mm to 0.04mm, adjust the runout deviation (deviation 3) of the rear stop 
cylinder of the high-pressure compressor bearing ring from 0.05mm to 0.04mm, and adjust the 

roundness deviation (deviation 4) of the front stop of the combustion chamber casing from 

0.1mm to 0.08mm, The dimensional deviation (deviation 5) of the front stop cylinder of the low 
pressure turbine primary guide casing is adjusted from 0.1mm to 0.08mm, as shown in Table 1. 

 
Table 1. Adjustment table of part deviation 

 
deviation Original data /mm Adjusted data /mm 

deviation 1 0.14 0.1 

deviation 2 0.05 0.04 

deviation 3 0.05 0.04 
deviation 4 0.05 0.04 

deviation 5 0.1 0.08 
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The simulation results are shown in Figure 5. The adjusted out of tolerance rate is reduced to 

51.40%, and the qualified rate is greatly improved. 

 

 
 

Figure 5.  Probability distribution after tolerance adjustment 

 

4.2. Influence of Assembly Datum on Assembly Quality 
 

During the actual assembly of the casing, the design basis, assembly basis and measurement basis 

will be inconsistent. Take the concentricity of the three and five fulcrum as an example, the 
design basis is the center of the cylinder where the three fulcrum is located, while the actual 

measurement basis is the cylinder of the lower stop of the intermediate casing, which will 

introduce additional deviation to the assembly. In addition, the different positioning master datum 

of casing parts will also affect the assembly quality. Adjust the installation and positioning mode 
of the casing until the mouth cylinder is the main datum and the end face is the secondary datum. 

The simulation results are shown in Figure 6. It can be seen that the out of tolerance rate of 

concentricity is 58.50%. 
 

 
 

Figure 6. Simulation results after adjustment of measurement datum 
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4.3. Influence of Assembly Sequence on Assembly Quality 
 

The assembly sequence is also a factor affecting concentricity. The assembly sequence of the 

previous simulation is from left to right, that is, take the intermediate casing as the assembly 
benchmark, install the high-pressure compressor casing, combustion chamber casing, high-

pressure turbine casing, low-pressure turbine casing and turbine rear casing in turn, and finally 

measure the concentricity of the five fulcrum based on the three fulcrum. If the assembly 
sequence of parts is adjusted from right to left, that is, install the turbine first, then the casing, and 

finally the intermediate casing. The final assembly quality is based on the five fulcrum, and 

measure the concentricity of the three fulcrum. The results are shown in Figure 7. It can be seen 

that the out of tolerance rate of concentricity is 54.40%. 
 

 
 

Figure 7. Simulation results after adjusting assembly sequence 

 

5. CONCLUSIONS 
 

In this paper, a three-dimensional assembly deviation model of an aeroengine casing is 

established, and the assembly deviation of the casing is simulated by 3DCS simulation software 

to predict the concentricity of the three and five fulcrum points, and the influence law of the four 
main factors on the concentricity is. The main conclusions are as follows: 

 

(1) The three-dimensional rigid assembly deviation model of the casing is established by using 
the commercial size deviation simulation software 3DCS. Through the simulation analysis, the 

results show that the nominal size of the concentricity of the three and five fulcrums is 0mm, the 

average value is 0.19mm, the minimum size is 0.01mm, the maximum size is 0.51mm, and the 

out of tolerance rate is 63.70%. The deviations that contribute greatly to the concentricity of the 
fulcrum are: the dimensional deviation of the mating cylinder between the combustion chamber 

casing and the high turbine casing, the dimensional deviation of the mating stop cylinder between 

the high-pressure compressor bearing ring and the combustion chamber, the runout deviation of 
the rear stop cylinder of the high-pressure compressor bearing ring, etc. 

 

(2) By analyzing the influence law of three factors on concentricity, it can be seen that by 
controlling these three factors, the concentricity qualification rate can be controlled: the deviation 

with large contribution rate to concentricity is appropriately reduced, and the concentricity 

qualification rate has been greatly improved; Adjusting the installation and positioning mode of 

the casing until the mouth cylinder is the main datum and the end face is the secondary datum, 
which can improve the concentricity qualification rate to a certain extent; Adjust the assembly 
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sequence of parts from right to left, that is, install the turbine first, then the casing, and finally the 
intermediate casing, which can greatly improve the concentricity qualification rate. 
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