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Background

Challenge 1：

Complex intermediate factors affecting final quality

Original process 57

Processing-related 33

Long-end related 15

Inner hole 4

External round 11

External circular surface 5

Multi-stage manufacturing 
processes（MMPs）

MMPs involved in the processing of parts
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Background

Challenge 2：

Constrains the perceived accuracy of part machining quality

The propagation pattern is complex and 
difficult to model accurately

Force & Heat Deformation WearClamping
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Methodology
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Average relative error ：5.54%

Maximum relative error ：9.31%
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Training data Testing data Reference line ±10% Error
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MAE: 3.02
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Knowledge 
of error 

propagation 
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Quality 
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SSM-based SOV model End-to-end part quality inference 
based on ANFIS

Mechanism 
knowledge

Data 
Knowledge

 Overall Model
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Methodology
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The error propagation relationship between adjacent processes was 

constructed and extended to MMPs

ID Measurement/μm
State space 
model/μm

Absolute relative 
Error

1 42.0 39.8 5.24%

2 38.7 37.0 4.39%

3 29.0 26.3 9.31%

4 33.0 32.4 1.82%

5 22.1 23.8 7.69%

6 27.0 28.3 4.81%

Average relative error :

5.54%

 State Space Model
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Methodology

Enables the acquisition of knowledge-embedded datasets

1 2 3 4 1 2 3 4max( , , , ) min( , , , )= −Wall thickness Difference        

 The simulation of knowledge-embedded data
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Methodology

End-to-end part processing quality perception

 The end-to-end intelligent reasoning model based on ANFIS
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Developed integrated software

Application

Process 

selection

Observed 

value

Intelligent 

Reasoning

Process 

Analysis
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Conclusion

A knowledge-embedded end-to-end intelligent reasoning

method for processing quality of shaft parts is proposed.

The final machining quality of the part (Wall Thickness

Difference) can be pre-perceived by the measurement results of

the current process.

By analyzing the membership functions, it is possible to specify

the appropriate size range for each section, which ensuring that

the WTD meets the requirements.
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Theoretical Research

𝑥𝑖 = 𝑓 𝑥𝑖−1 + 𝑠𝑖+𝑤𝑖
Process i Process i-1 System random

①Uncertainty of transmission coefficient→𝑇𝑓

②Uncertainty of systematic errors→𝒑

Improved semi-parametric model

𝑬𝒊𝒏 = 𝜟 ∙ 𝑻𝒇 + 𝒑𝟏𝒇, 𝒑𝟐𝒇, 𝒑𝟑𝒇 ∙ 𝒖𝟐, 𝒖, 𝟏
𝑻
+ Τ𝑬𝒖 + 𝑬𝒅 𝟐

Parameter 
Optimization

Model Training

Parameter 
identification in a 

Bayesian framework

Improved semi-parametric regression model for mechanism knowledge fusion

Analysis and inference of stream of dimensional errors in multistage machining process based on an improved semiparametric model
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Theoretical Research

Error distribution 

In-site and  predicted 
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➢ Forward-backward algorithm

➢ Baum-Welch algorithm

HMM was used for qualification prediction with inspection data

A Foreknowledge Perception Method of Multi-Stages Machining Accuracy in Aviation Turbine Shafts Based on Hidden Markov Model and Neural 

Networks

In-site and  predicted results

PaperID-82



14

Software Development

Database

Errors modeling/analysis

Process Data Mining Process optimization/
decision making

Knowledge

Data

Error models
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Decision-making solutions

Multi-process processing intelligent reasoning optimization software
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Promotional Applications

Shaft machining workshop

Workers—Production—Software

8.38% 3.81%

2019-2020 2021-2022

Reduced defective rate

54.53%

Provide support for the machining of a type of shaft for AVIC
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Thanks for listening！

July 19, 2024

Email：zhang_teng@hust.edu.cn

Github：https://github.com/ZhangTeng-Hust
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