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Abstract 
In order to monitoring the tool wear characteristics during the fine finish turning process of the 

hardened mold steel SKD11 by ceramic cutting tools, the abductive polynomial network is used 
to construct a tool wear prediction model. Abductive polynomial network is constituted with 
several function nodes; these function nodes can be self-organizing into the optimal network 
structures according to the predicted square error (PSE) criteria.  

It is shown that the abductive polynomial network can correctly correlate the input variables 
(cutting speed, feed rate and cutting time) with the output variable (tool wear). Based on the tool 
wear prediction model constructed, the wear amount of the ceramic cutting tools can be 
predicted with reasonable accuracy if the turning conditions are given and it is also consistent 
with the experimental results very well. The manufacturing engineers can then according to the 
prediction results to execute the process planning, decide the manufacturing process and the tool 
change time preventing the cutting tool from over-worn or failure when it is in use. 

 
Introduction 

A major draw back of hard turning is the occurrence of wear at the cutting edge. Tool wear 
governs the geometrical and surface quality of the machined parts. In particular, tool wear 
requires close monitoring in finish turning of harden mold steels. Wear development during 
machining can reach unacceptable levels very fast in some cutting conditions resulting in poor 
surface finish. The prediction and detection of tool wear before the tool causes any damage on 
the turning surface becomes highly valuable in order to avoid loss of product, damage to the 
machine tool and associated loss in productivity. 

Abductive networks built upon the abductive modeling technique are able to represent 
complex and uncertain relationship between input and output variables【1,2】 .  Basically, 
abductive networks are composed of a number of polynomial functional nodes and are organized 
into several layers.  The best network structure, number of layers and types of functional nodes 
can be automatically generated by using a predicted square error (PSE) criterion 【3,4】.  In 
other words, unlike most approaches of regression or neural networks, the abductive modeling 
technique can synthesize an optimal network architecture automatically, where it is not necessary 
for the user to specify the network hierarchy in advance.  In addition, the iterative tuning process 
required in regression or neural networks is greatly reduced in the abductive approach.  It has 
also been demonstrated that the accuracy of predictions made by abductive networks is much 
higher than that of neural networks 【1,2】. In this study, we have proved that the flank wear 
estimation model constructed by the abductive network is able to predict the flank wear 
accurately.  

 
Experiment and results 

A training database with regard to process parameters and turning performance is required to 
build an abductive network for modeling the tool wear and surface roughness through the turning 
process. The training database will be obtained from cutting experiments. The experimental 
condition for cutting speed will be V = 50, 150, 250 m/min and feed rate will be f = 0.03, 0.09, 
0.15 mm/rev. A number of turning experiments were carried out on the CNC lathe with a ceramic 
insert to turning the harden mold steel SKD11. The hardness of the SKD11 was HRC 60-62.  



Based on the developed training database, the abductive network for predicting tool wear was 
shown in Fig. 1  

After calculating the error between the experimental value and predicted value, we can 
determined that the root mean square error was 0.76 ％. The error is very reasonable. 

From Fig. 2, it can be found that the error between the predicted values and the experimental 
values of tool wear is rather small, which indicates that the prediction model can be used 
accurately on the prediction of tool wear. 
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Fig. 1 Abductive network for tool wear prediction                         Fig. 2  Tool wear for V = 50 m/min 

 
 

CONCLUSION 
1. A prediction model, based on the abductive network, for assessing tool wear can accurately 

predict. Therefore, we suggest that the tool wear monitoring device constructed by abductive 
network can be effectively used in tool wear monitoring of automated machining environment. 

2. The tool wear for hard turning of SKD11 by ceramic tools are all increased with the cutting 
time and feed rate. 

3. Because the feed rate change may affect the tool wear and surface roughness, when 
implementing process planning for measure shall be taken to minimize the feed rate, in order 
to secure an optimal surface roughness. 
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