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Abstract: To solve the problem of long response time when users obtain suitable cutting parameters through the Internet based platform, a case-based reasoning framework is proposed. Specifically, a Hamming distance and Euclidean distance combined method is designed to measure the similarity of case features which have both numeric and category properties. In addition, AHP (Analytic Hierarchy Process) and entropy weight method are integrated to provide features weight, where both user preferences and comprehensive impact of the index have been concerned. Grey relation analysis is used to obtain the similarity of a new problem and alternative cases. Finally, a platform is also developed on Visual Studio 2015, and a case study is demonstrated to verify the practicality and efficiency of the proposed method. This method can obtain cutting parameters which is suitable without iterative calculation. Compared with the traditional PSO (Particle swarm optimization algorithm) and GA (Genetic algorithm), it can obtain faster response speed. This method can provide ideas for selecting processing parameters in industrial production. While guaranteeing the characteristic information is similar, this approach can select processing parameters which is the most appropriate for the production process and a lot of time can be saved.
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1  Introduction

How to achieve metal cutting in a low-cost and high-efficiency way has always been the purpose of machinists, many attempts have been done to improve the cutting efficiency or reduce cost. These include 1) Modifying the cutting item material, such as improvement of tool substrate material [1], coating [2] or both [3]; 2) Optimizing machining processes, such as proper selection of tools [4], development of novel special inserts [5–7], and optimization of cutting parameters [8,9]. Among them, improving tool materials and developing novel inserts are not time-saving and cost-friendly, due to the requirement of the complex preparation process and expensive equipment. These works are often done by tool developers. Hence, cutting parameters optimization provides a better solution for machining enterprises.

Cutting parameters optimization is a complex non-linear, multi-constrained, and multi-objective problem [10]. Fortunately, with the applications of intelligent technology (such as Genetic algorithm [11], Machine learning [8], artificial neuron networks [12], and Particle swarm algorithm [13], etc.), many methods have been studied to provide solutions to this problem. These means have also been used in CAPP (Computer Aided Process Planning), which have been proven quite effective, although these platforms are isolated and time-consuming.

However, with the development of the network-based public service manufacturing model [14–16], the above methods are not applicable anymore because too much time is consumed. It is unacceptable for users if the response time is too long when they access the Internet to obtain service. This work aims to provide a solution for the problem in the application of the CBR (Case-based reasoning) [17,18] that has been applied to many fields to provide a solution for an unknown problem. For example, a CBR model was proposed for the decision support of building envelop design [19]. Focusing on the multivariable adaption problem in CBR adaptation, a modularized adaptation method was developed [20]. Based on the vector space model (VSM), case-based reasoning and methods of Grey Correlation Analysis, the intelligent method was designed for DfRem (Design for Remanufacturing) [21]. This method can transform different kinds of feature information into the same representation method and combine the similarity of feature information and user preference to obtain processing information which is more suitable for the scene. It can greatly improve the response speed while ensuring accuracy and suitability for users. It solves the problem that the processing parameters cannot match the actual situation of users and the waiting time is too long in the current industrial production.

A cutting process involves many features with both numeric and category properties. To digitally express a cutting case and search for the most similar one quickly, a framework based on the Intent is proposed, where the case reasoning process is completed online with a fast response and the case supplement is completed offline. Accordingly, the remainder of this paper is organized as follows. Section 2 presents the proposed framework. Section 3 introduces the Case retrieval approach. Platform development and case study are demonstrated in Section 4. Finally, Section 5 concludes the paper.

2  The Proposed Framework

The framework shown in Fig. 1 is proposed to provide the cutting process optimization service, where users only get services quickly through the Internet and no longer manage optimization programs.
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Figure 1: The proposed framework

As shown in Fig. 1, the user submits requirements of the production site to the Web through the user portal, and a service model based on the requirements data is established. Then, the model is submitted to the server to retrieve similar cases in the cases database. The server will use the algorithm proposed in this paper to retrieve cases according to the properties of new problems and user preferences and similar cases are recommended to the user portal. If the user is satisfied with a similar case, the processing parameters of the similar case are recommended to solve the new problem; otherwise, the user requirements data is submitted to the multi-objective optimization program interface of the server to obtain the optimized cutting parameters.

2.1 Problem Statement

The requirements of a case consist of two parts: 1) The cutting process consists of the workpiece, machine tool, cutting tool, and cutting conditions. Specifically, workpiece Wm includes group G, sub-group Gs, heat treatment state Hs, molding method Mm, hardness H, unit cutting force Kc, retract distance Lb, cutting length L, radial allowance Lm, and workpiece diameter D. Cutting conditions Cc involves machining range Mr; machining purpose Mp; machining state Ms, machining type Mt, and maximum required surface quality Ra−req. The machine tool includes maximum cutting power Pmax and maximum feed power Pf−max. Cutting tool T includes rake angle γ; clearance angle α; tool material Tm, assembly method A, and nose radius r. 2) User objectives include cost, processing time, carbon emission, these properties have both numeric and descriptive properties.

To digitally express cutting cases, the descriptive properties are classified and coded as shown in Table 1.
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2.2 Case Description

The case describes as two parts: requirements description X and solution set Y; case reasoning obtains the most similar one to the new problem by calculating the similarity between requirements. X consists of several features, and each feature consists of several properties. For the ith case X(i) with n features, where the jth feature expressed in Eq. (1) has kj properties.

X(i)=[x1(i),x2(i)…xn(i)]xj(i)=(p1,p2,…pkj)(j=1,2…n)Y(i)=[y1(i),y2(i),…ym(i)]ym(i)=(sm1,sm2…smq)(1)

x(i)j is the jth feature vector of X(i); pk is the kth property value; Y(i) is the solution set of the X(i); y(i)m is the mth solution in Y(i); smq is the qth parameter of the solution y(i)m. Correspondingly, a new problem is expressed as Eq. (2):

X(0)=[x1(0),x2(0)…xn(0)]xj(0)=(p1,p2,…pkj)(j=1,2…n)Y(0)=[y1(0),y2(0),…ym(0)]ym(0)=(sm1,sm2…smq)(2)

As mentioned in Section 2.1, the required features of a cutting process include the workpiece x(i)1, machine tool x(i)2, cutting tool x(i)j, and cutting conditions x(i)j.

3  Case Retrieval Approach

This work combines the AHP and entropy methods to propose a multi-level comprehensive case retrieval algorithm. Specifically, AHP is used to obtain the subjective weights, while entropy is adopted to obtain the objective weights of each feature. Then, combining subjective and objective weights, a multi-level comprehensive evaluation algorithm for case retrieval is designed. The algorithm flow is shown in Fig. 2.
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Figure 2: Flow chart of cutting parameter recommendation algorithm

3.1 Feature Similarity

For a new problem X(0) = (x1(0), x2(0),…, xn(0)), and a case X(i) = (x1(i), x2(i),…, xn(i)). The problem translates into how to measure the similarity between X(0) and X(i). Hence, a similarity matrix shown in Eq. (3) is established.

x1(0)x2(0)⋯xn(0)x1(i)s10⋯0x2(i)0s2⋯0⋯⋮⋮⋱⋮xn(i)00⋯sn(3)

si is the similarity of the ith feature between X(0) and X(i). Since properties of features have both numbers and coding, this work combined Hamming distance with Euclidean distance to generate the similarity measurement method which is shown in Eq. (4):

sin=∑i=1k1(yj1−yji)2sic=∑i=1k2Pjr∗⊕Pjrisi=Sn+w∗Sc(4)

For a feature of a case, yj1 is the normalized value of the jth property of xn(0); yji is the normalized value of the jth property of xn(i), which is obtained through Eqs. (5) and (6); k1 is the number of numerical properties; k2 is the number of coding properties; Pr*j is the jth coding properties; Prij is the jth coding properties.

M=x∗11x12⋯x1mx∗21x22⋯x2m⋮⋮⋱⋮x∗k11xk12⋯xk1m(5)

x*j1 is the original value of the jth numerical property of xn(0); xij is the original value of the jth numerical property of xn(i).

yij=xij−VjMINVjMAX−VjMIN(6)

V jMIN and V jMAX are the maximum and minimum of the jth numerical property of all cases (including X(0) and X(i)), respectively. Then, si indicates the similarity of the feature between X(0) and X(i).

3.2 Combination Weight

Weights that reflect the decision of user preference are defined as w(1), and that reflects the contribution of the information contained in the data are defined as w(2).

3.2.1 Determining w(1) Based on AHP

AHP was widely used in recommendation and decision-making problems and performed well [22–24]. When faced with a variety of programs to compare, judge, evaluate and make decisions, often use the analytic hierarchy process. AHP decomposes the problem according to the nature of the problem and the overall goal, and then combines the decomposed factors according to their mutual correlation, so as to form a multi-level analysis structure model. Such a model would translate a complex problem into a ranking of the relative importance or relative merits of different factors relative to the overall goal. This work adopts AHP to obtain weights that reflect the decision maker’s preference. Given by the user, the relative importance matrix A of features is shown in Eq. (7):

A=C1C2⋯CnC11a2…anC21/a21⋯bn⋮⋮⋮⋱⋮Cn1/an1/bn⋯1(7)

The consistency of A must be checked to determine the logical correctness of the description of the user. The specific checking method is shown in Eq. (8), and RI values of factors 3 to 13 are shown in Table 2.

CI=λmax−nn−1CR=CIRI(8)

If CR < 0.1, consistency check passed, else adjust A. If the consistency checks of A passed, the weight of each factor can be calculated via Eq. (9):

w(1)i=wi∗∑j=1nw∗j(9)
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3.2.2 Determining w(2) Based on Entropy Method

Entropy is a measure of the uncertainty of information, which can be used to judge the degree of dispersion of a certain index. Generally, the greater the degree of dispersion of the index, the greater the comprehensive impact of the index on the decision. The similarity of n features of X(0) to m cases X(i)(i = 1, 2,…, m) form the decision matrix S=(sij)m × n (i = 1, 2,…, m; j = 1, 2, …, n). S is standardized as R = (rij)m × n, the specific formula is shown in Eq. (10):

rij=sij−siminsimax−simin(10)

smini and smaxi are the maximum and minimum of the ith feature, respectively.

The entropy of the ith feature is defined as Hi, which is shown in Eq. (11):

Hi=−K∑j=1mfijlnfijK=(lnm)−1fij=rij∑j=1mrij(11)

The entropy weight of the ith feature for decision-making is shown in Eq. (12):

wi(2)=1−Hin−∑i=1nHi(12)

where 0 < Hi ≤ 1, the smaller the Hi, the larger the comprehensive influence of the ith feature on the decision-making.

3.2.3 Comprehensive Weight

The weight that considers the preference of the decision-maker comprehensively and the objectivity of the information can be obtained by Eq. (13):

wi=wi(1)wi(2)∑i=1mwi(1)wi(2)(13)

3.3 Gray Correlation-Based Case Similarity

Grey relation analysis is a useful method to solve MCDM problems in an uncertain environment and in situations with multiple attributes [25], which includes the following three steps:

1) Generate the compared sequence Ri = (ri1, ri2, …, rin) and the reference sequence R0 = (r01, r02, …, r0n).

2) According to Eq. (14), calculate the correlation coefficient ζij between Ri(j) and R0(j), in the standardized decision matrix R, i = 1, 2,…, m, and j = 1, 2, …, n.

ζij=miniminj(σij)+ρmaximaxj(σij)|σij|+ρmaximaxj(σij)σij=|r0j−rij|(14)

ρ (0 ≤  ρ ≤ 1) is the distinguishing coefficient that represents the significance of maximaxj(σij). The smaller ρ is, the higher the distinguishing is. In most situations, ρ = 0.5, because this value usually offers moderate distinguishing effects and good stability [26].

3) Calculate the grey relational degree. A grey relational degree is a weighted sum of the grey relational coefficients obtained via Eq. (15).

ai=∑i=1nwiξij(15)

ai is the grey relational degree, which represents the magnitude of correlation measured between the reference sequence and Riand R0. The case with the highest ai is identified as the most similar case to the new problem.

4  Platform Development and Case Study

The platform is developed based on the proposed method, which integrated Visual Studio 2015, and SQL Server 2012. The ASP.NET in Visual Studio 2015 was adopted to build the portal of users, where users can input their requirements and obtain services via the Internet. The application process of the platform is shown in Fig. 3.
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Figure 3: Platform workflow

4.1 A Case Study

Twelve cases of the new problem stored in the database on the server are shown in Table 3, and user requirements are shown in Table 4.
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4.2 Solving Process

(1) The relative importance matrix A and its standardized form A* given by the user are shown as follows:


A=WmWsCcTMWm1434Ws1/411/23/2Cc1/3215/3TM1/42/33/51  A∗=WmWsCcTMWm0.54550.52170.58820.4898Ws0.13640.13040.0980.1837Cc0.18180.26090.19610.2041TM0.13640.0870.11760.1224

The maximum eigenvalue of A is 4.0455, according to Eq. (8), CI = 0.0152 and CR = 0.017 < 0.1. Hence, the consistency check is passed. By row summation and normalization, w(1) = (0.5363, 0.1371, 0.2107, 0.1159).

(2) Entropy Standard Decision Matrix M is obtained through Eq. (10).

M=00.6920.9870.38240.99860.65950.63950.689610.97730.40210.97840.20210.11820.32320.91210.541700.73820.49920.11470.87160.517600.24920.3003110.84980.39940.24920.30030.69970.699710.108400.13480.473210.50830.74660.60650.12340.80590.45130.8701

The similarity between each candidate case and the new problem is a = (0.9624, 0.5520, 0.5855, 0.5028, 0.3382, 0.4392, 0.589, 0.4801, 0.5162, 0.4729, 0.4736, 0.3764), the case 1 is the most similar one whose solution set will be recommended.

4.3 Discussion

4.3.1 Cases Similarity Analysis

The purpose of the method is to measure the similarity between the new problem of alternative cases with both user preference and the degree of dispersion of information. The similarity with only user preference a1 or the degree of dispersion of information a2 concerned is compared with a, respectively. The results are shown in Fig. 4.
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Figure 4: Similarity comparation

It can be observed that although a1, a2 and a show the same order of similarity, a1 and a2 only focus on a single aspect, a can descript the case similarity in a comprehension way.

4.3.2 Cutting Simulation Analysis

As shown in Table 4, the new issues have determined the properties of the processed parts including G, Gs, Hs, Mm, H, Kc; the shape characteristics including Lb, L, Lm, D; the heat treatment process including Mt, Mr, Ms; the parameters of the processing machine tools including Pmax, Pf−max and the cutting tools including Tm, A, γ, α, r, Kr. The forming process and surface quality of the processed parts vary depending on the use of different cutting parameters including F, Hc, S. Through cutting simulation, 12 groups of different cutting parameters shown in Table 3 were verified on The Third AdvantEdge, and the results of the cutting force are shown in Figs. 5 and 6.
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Figure 5: Cutting simulation results
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Figure 6: Cutting simulation results

From the perspective of cutting force, case 1 has the best performance. In 12 groups of simulation experiments, no matter axial force or radial force, case 1 shows a smaller value and more stable fluctuation, followed by case 2, case 6 and case 7. In several cases, the cutting force exceeds the normal value range, so it is not suitable for this new problem. As for the cutting temperature, due to the cutting speed, feed, and depth of cutting, will cause different sizes of the cutting temperature, the above situations of the cutting temperature are within the normal range. In summary, the cutting parameters provided by case 1 are more suitable for the newly proposed problem.

As shown in Figs. 6c and 6d, using the parameters of case 1 and case 2 for simulation, their cutting forces are lower and similar. By comparing the stress distribution in the vertical direction, as shown in Fig. 6a, it can be seen that when the parameters of case 1 are used for cutting, the stress distribution is more uniform, and there is no stress concentration, while when the parameters of case 2 are used for cutting, the stress is more concentrated and the edge collapse is more likely to occur. The results are shown in Fig. 6b.

4.3.3 Efficiency Analysis

The purpose of the work is to improve the response speed when users obtain the cutting parameters. Thus, the consumed time Tc is a significant index to show the responsiveness. Tc obtained through this method is compared with the current cutting parameters recommendation methods (Particle swarm optimization PSO [27] and Genetic algorithm GA [28]), and the results are shown in Fig. 7.
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Figure 7: Time consumed comparation

As shown in Fig. 7, the proposed method performs well than the PSO and GA which are widely used in cutting parameter optimization. Namely, the proposed method is more quickly responding to user requirements and is more suitable for providing online services that require high response speed.

4.3.4 Solution Set Comparison

To show the deviation between the solution obtained through the proposed method and current optimization method, the function S shown in Eq. (16) is designed to show the relationship between the similarity of the case and the deviation of retrieving solution.

S=11+|f∗if|f=∑j=1mwj∗Fj(16)

f is the fitness value of the objective problem obtained through PSO; fi∗ is the fitness value of the ith similarity case; Fj is the jth objective value; wj∗ is the weight of the jth objective given by the user. In this work, the weight for carbon emissions, processing time, and cost are set as w* = (0.3, 0.4, 0.3). The relation of S and case similarity ai are shown in Fig. 8.
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Figure 8: Relation of S and ai

It can be observed that the gap between the solution of the similar case and the solution obtained by the multi-objective algorithm is the same as the similarity of the alternative case. Hence, the retrieval method can give a suitable solution if there is a case with high similarity.

5  Conclusions

With the growing development of the Internet, network-based public service manufacturing platforms have been developed to provide service for users without constraints of scene and location. However, current cutting parameters optimization methods mainly focus on the offline dedicated model, which is not suitable for the online platform because they are time-consuming and need a long response time.

This work has made the following contributions to solve the problem; 1) A cutting parameters optimization framework under the Internet was proposed; 2) Turning case description and retrieval method were studied, and a platform of the turning process was developed, where the case study showed that the proposed method can provide the reliable and optimized cutting parameters if there are high similarity cases in alternative cases; 3) A cutting case retrieval platform was developed on Visual Studio 2015. Compared with Particle swarm optimization and Genetic algorithm, the response time of the algorithm based on grey correlation in the platform can be greatly reduced.

The limitation of this study is that the sample size of the case base is small at this stage, and the response time may be prolonged when a large number of sample retrieval is carried out. Future research work will focus on collecting more research data and expanding the database so that the proposed method can provide more accurate and reliable turning parameters. At the same time, the algorithm will be optimized so that the running time of the proposed method can be shortened to improve efficiency.
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Table 1: Descriptive properties

Feature  Value code Feature Value code
Non-alloy 100 Finishing 10000
G Low-alloy 010 Light cutting 01000
High-alloy 001 M, Medium cutting 00100
Low-carbon 100 Quasi-heavy cutting 00010
G, Medium-carbon 010 Heavy cutting 00001
High-carbon 001
Annealing 100 Stable cutting 100
H, Quenching 010 M, General cutting 010
Untreated 001 Unstable cutting 001
Forging 100 Continuous cutting 10
M, Rolling 010 M, Intermittent cutting 01
Casting 001
Cermet 1000 Double clamping D 1000
T, Carbide 0100 A4 Wedge lock M 0100
Coated carbide 0010 Lever lock P 0010
Coated cermet 0001 Screw tightening S 0001
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Table 3: Alternative cases

Description Cases
x,” P, 1 2 3 4 5 6 7 8 9 10 11 12
G 010 100 100 100 010 010 010 010 010 001 001 o001
G, 010 100 001 010 100 010 001 010 001 100 010 o001
W H, 010 010 100 010 100 100 100 001 001 100 010 100
"M, 100 100 100 100 010 010 100 001 010 100 100 001
H/ g 330 190 190 210 175 240 260 200 380 200 380 300
K/ i) 2000 1770 1750 1820 1700 1950 2020 1600 3200 1950 3100 3000
Lyl ) 3 5 2 4 5 3 3 4 2 3 4 3
W L/ ym) 60 100 20 40 70 110 50 40 35 55 80 60
S Ly 2 15 2 2 075 125 2 45 5 3 5 2
DI, 25 40 15 25 40 35 25 40 35 30 40 50
M, 10 10 10 01 01 01 10 10 10 01 10 01
C M, 00100 10000 00100 00001 00001 01000 00010 01000 00100 00010 00001 00001
© M, 100 100 010 001 001 001 100 100 010 100 010 o001
R, ., 32 16 32 63 63 16 63 16 32 63 63 63
Pt 4 4 8 15 15 4 8 4 4 8 15 15
P k) 1 1 2 3 3 1 2 1 1 2 3 3
T, 0010 0001 0010 0001 1000 0100 0010 1000 0010 0100 0001 0010
T A 0010 1000 0010 1000 1000 1000 0100 1000 0010 0100 1000 0001
Moyle 11 20 12 0 0 18 6 16 12 6 0 20
o/ e 0 7 5 0 0 7 5 11 11 0 0 11
1 m) 04 02 04 16 16 04 12 04 06 12 16 04
K./ 45 60 75 90 90 60 45 60 75 90 75 45
F 0.13 020 021 0.13 035 0.15 030 021 021 043 0.70 0.70
D, 096 060 035 039 025 060 035 1.15 1.15 375 475 475
S 136 120 110 150 80 240 140 170 195 315 108 60
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Table 4: New problem description

G GA‘ H\' Mn H/(HB) KC/(N/mmZ) Lh L Lm D Mt
010 010 010 100 330 2000 2 50 2 25 10
Mr M\' Ra—req OOOOPmax (Km) Pf—max (Km) 71m A V/(") a/(") r/(mm) Kr/(")

00100 100 1.6 4 1 0001 0010 18 5 0.4 60
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Table 2: RI values of factors 3to 13
Factors 3 4 5 6 7 8 9 10 11 12 13
RI 0.58 0.89 1.12 126 136 141 146 149 1.52 1.54 1.56
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