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ABSTRACT: Through the research on the prediction and analysis of energy consumption of 

CNC machine tools and the key technology of energy saving, in this study, the current 

application status of machine tools and the shortcomings and drawbacks of energy saving 

prediction is analyzed and realized, and new prediction and energy saving technology is put 

forward to solve the problem of large energy consumption loss. Firstly, the influence of cutting 

parameters, workpiece to be processed, cutting tools and machine tools on the energy 

consumption of machine tools is analyzed and studied. Then, from the composition of energy 

consumption mechanism, the modeling analysis of energy consumption of CNC machine tools is 

carried out. After that, the prediction method of machine energy consumption based on SVM is 

proposed. In the aspect of energy consumption prediction, there is little difference between the 

curve results of actual value and predicted value. Moreover, the difference between the two 

values is within the allowable range, and the predicted value is close to the actual value. In 

terms of energy saving, when the cutting speed, feed per tooth, cutting depth and width are 114, 

0.07, 1.74 and 9 respectively, the energy consumption value of the machine tool under the 

combination of these parameters can reach the minimum, and the energy consumption value is 

1.582. In conclusion, the energy consumption prediction model of CNC machine tools based on 

support vector machine can effectively predict the energy consumption of machine tools, and its 

predicted value is close to the actual value, which has certain advantages and can be widely 

used in energy saving prediction. The optimization model of milling parameters based on 

genetic algorithm can effectively save energy, and reduce energy consumption as well as cost. 

KEYWORDS: Energy consumption; Prediction; Energy conservation, Support vector 
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1 INTRODUCTION 

In recent years, a large amount of carbon dioxide 

emissions lead to global warming and destroy the 

ecological balance, which has attracted international 

attention [1,2]. In December 2009, at the United 

Nations climate conference in Copenhagen, it is 

proposed that developing countries should take 

emission reduction as an obligation to fulfill [3,4]. 

Therefore, as a manufacturing power, China has 

given a commitment to reduce carbon dioxide 

emissions by 40% - 45% compared with 2005 by 

2020 [5,6]. All walks of life in China began to pay 

attention to low-carbon economy and low-carbon 

manufacturing. Compared with some developed 

countries, China's low-carbon technology is 

relatively backward, and there is still a certain 

distance to complete the emission reduction task 

[7,9]. Therefore, it is imperative to propose 

effective solutions on the premise of improving 

energy efficiency [10,11]. 

Manufacturing industry processes manufacturing 

resources with processing equipment, so as to 

transform them into large-scale tools and industrial 

products for people's use and utilization. In this 

process, the consumption of resources and energy is 

accompanied by a large amount of carbon dioxide 

emissions into the air [12]. In 2006, the ministry of 

economy and development of New Zealand publicly 

claimed that the energy consumption of 

manufacturing industry in the world accounted for 

37% of the total energy consumption [13]. As far as 

the United States is concerned, its manufacturing 

energy consumption accounts for 42% of the total 

energy consumption. In 2010, China, as a 

developing country, according to the data of the 

National Bureau of statistics, the manufacturing 

industry accounts for 60% of the total energy 

consumption, but the machine tool, as the working 

mother machine of the manufacturing industry, its 

energy utilization rate is less than 30% [14]. 

Professor Newman from Bath University in the UK 

pointed out that in the process of cutting, the energy 
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utilization rate of machine tools for cutting is only 

about 15% to 25% [15]. Energy consumption is 

accompanied by carbon dioxide emissions. 

Professor Gutowski took a machine tool with a 

spindle power of 22KW as the object, observed the 

operation state of the machine tool and counted the 

carbon dioxide emission. The research shows that 

the carbon dioxide emission generated by electric 

energy consumption in a year when the machine 

tool operates normally is equivalent to the carbon 

emission of more than 60 SUVs. 

In this study, support vector machine is proposed 

to predict the energy consumption of CNC machine 

tools through the analysis of energy consumption 

prediction and the study of key energy saving 

technologies. Because cutting parameters affect the 

energy consumption of machine tools, firstly, the 

influence of cutting parameters, workpiece to be 

processed, cutting tools and machine tools on the 

energy consumption of machine tools is analyzed 

and studied. Then, the energy consumption of CNC 

machine tools is modeled and analyzed, mainly 

from the composition of its energy consumption 

mechanism. It is found that in the composition of 

machine tool system, every system part involves 

many subject fields. Therefore, when it is studied, it 

cannot be carried out alone, because each machine 

tool component has different characteristics and 

functions. Then, the function models of linear 

regression and nonlinear regression of support 

vector machine regression algorithm are established 

and applied to the research of machine energy 

consumption prediction. Experiments are used to 

verify the effectiveness of this model in predicting 

energy consumption. After that, the application of 

genetic algorithm is put forward to optimize the 

cutting parameters. The optimal parameter 

combination is searched for to reduce the energy 

consumption of machine tools. The experimental 

results show that the energy-saving model based on 

genetic algorithm has certain effectiveness and 

superiority. 

2 MODELING AND ANALYSIS OF 

ENERGY CONSUMPTION OF CNC 

MACHINE TOOLS 

Machining is a process in which raw materials or 

blanks are input into the machine tool system, and 

then they are transformed into semi-finished 

products or finished products with the help of some 

external forces by using processing tasks, 

processing quality and other information tasks. 

Figure 1 shows the energy flow structure block 

diagram of CNC machine tool: 
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Figure 1. Block diagram of energy flow structure of CNC machine tools 
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E is the total energy input to the CNC machine 

tool system. The total energy can be transformed 

into two parts. The first part is the generalized 

energy storage of machine tool, which can help the 

machine tool to work effectively. The second part is 

the loss energy formed in the operation of machine 

tools, which can be output to form effective energy 

to complete the task of cutting. As a relatively 

complex energy consumption system, each part of 

the CNC machine tool plays a different role and 

function, and then these individuals cooperate with 

each other and use electric energy to complete the 

product cutting. Figure 2 shows the energy 

consumption components of the machine tool 

system. 
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Figure 2. Component diagram of energy consumption of machine tool system 

 

In the composition of machine tool system, 

every system part involves many subject fields. 

Therefore, it cannot be studied alone. Each machine 

tool component has different characteristics and 

functions, so it can be divided into two different 

categories. The first one is the machining power 

drive system with load function, including spindle 

and feed shaft drive system. In the process of 

energy consumption, it is not only related to itself, 

but also to the load. The second is the system 

components that have no connection between 

energy consumption and load, such as electrical 

control system and other control systems, which can 

obtain the operating power through reagent 

measurement. Working time and effective operation 

of these two factors determine the size of energy 

consumption. 

3 ENERGY CONSUMPTION 

PREDICTION OF CNC MACHINE 

TOOLS BASED ON SUPPORT 

VECTOR MACHINE 

3.1 Support vector machine regression 

algorithm 

In the regression problem, the sample rule can be 

trained, and then the decision function can be 

constructed. By building functions, the relationship 

between input and output can be reflected. Its 

essence is similar problem, but the specific way to 

solve this problem is support vector machine. The 

inner product is used to measure the similarity of 

each vector. Different mapping choices reflect the 

inner product and represent different evaluation 

criteria. First, the training sample set is

1 1 i i n
{ (x , y ), ..., (x , y )} R RS   

, and the linear 

regression function is 

( )y f x x b  g
                                     (1) 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.17, ISSUE 4/2019 

126 

In this equation,   represents the flat value of 

the linear regression function. The smaller the value 

is, the flatter it is. In the equation, the norm of 

minimizing Euclidean space is introduced. If there 

is no error in fitting the sample set under the 

accuracy  , the problem will change to: 
2

m in 
                                                     (2) 

Among them, there are also corresponding 

constraints, as follows: 

, , 1, 2 , ...,
i i

x b y i l    
                   (3) 

Two slack quantities are added to prevent error 

conditions as follows: 

0
=

i f

i f

 


   

 


                                   (4) 

 

At this time, the optimization problem will be 

transformed into the following equation: 

2

1

1
m in ( )

2

n

i i

i
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                       (5) 

The constraints of the equation are as follows: 

1
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i
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                                   (6) 
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Figure 3.   insensitive loss function 

 

In the above formula, I = 1,2,... l. The 

Largreange function is introduced into the equation, 

and the dual form of the original optimization 

problem is obtained after a series of derivation. The 

equation is as follows: 
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The constraints in the equation are as follows: 

1
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                        (10) 

If the above equation is solved, the regression 

function can be obtained. 

In the aspect of nonlinear regression, the original 

training samples can be mapped to the high-order 

feature space by using the nonlinear mapping 

method, and then it can be transformed into a linear 

regression problem. When solving the linear 

regression problem, the kernel function is 

introduced into K (x, y) instead of 
( ) , (y)x 

 to 

solve the linear regression problem. In this study, 

linear regression is optimized. The equation is as 

follows: 
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The constraints of the equation are the same as 

those of the dual form equation. When the function 

value in this equation is the maximum, the value of 

a can be obtained, so the equation as follows can 

also be obtained: 

1

( ) ( ) ( , )

l

i i i

i

f x a a k x x b




  
                   (12) 

In general, the values of i
a

 and i
a



 are equal to 

zero. If the value is not equal to zero, the 

corresponding sample is called a support vector. 

According to the KKT condition, there is an 

equation as follows: 

 ( ) 0 , 1, 2 , ...,
i i i i

a y f x i l     
       (13) 

 ( ) 0 , 1, 2 , ...,
i i i i

a y f x i l 


    
      (14) 

(C = 0 1, 2 , ...,
i i

a i l ） ，
                       (15) 

(C = 0 1, 2 , ...,
i i

a i l
 

 ） ，
                      (16) 

Through the above equations, the equation for 

calculating b value can be obtained as follows: 

1

( ) ( , ) , (0 , )

l

j i i j i j

i

b y a a K x x a C




    
(17) 
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3.2 Energy consumption prediction process 

of CNC machine tools based on support 

vector machine 

Figure 4 shows the process of energy 

consumption prediction of CNC machine tools by 

support vector machine. 

In the process of energy consumption prediction, 

the first step is to obtain the sample data to be 

applied. The main function of sample data is to be 

used for learning or subsequent prediction and 

comparison. Then, these data are effectively 

screened and normalized. If the selected data is not 

representative, it needs to be re filtered. If it is 

representative, the next algorithm training will be 

carried out to establish the model. Then, the 

network search method is used to optimize the 

parameters. After the prediction of the data, the 

experimental data and the predicted data are 

compared. If the error is within the allowable range, 

the final prediction model can be obtained. 
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Figure 4. Energy consumption prediction process of CNC machine tools 
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4 ESTABLISHMENT OF CUTTING 

PARAMETER OPTIMIZATION 

MODEL OF CNC MACHINE TOOLS 

BASED ON GENETIC ALGORITHM 

In the process of cutting, the parameters of 

cutting play a decisive role in machine energy 

consumption and production cost. Therefore, it is 

very important to select cutting parameters. Cutting 

parameters will greatly affect the production 

efficiency, processing cost and processing quality in 

the process of processing and production. If the 

cutting speed is too fast and the feed rate is 

relatively small, the vibration will occur, resulting 

in the unqualified quality of the workpiece. If the 

cutting depth value is too large but the feed rate is 

constant, it will increase the friction and 

deformation force of the machining or workpiece, 

which will bring a lot of unnecessary influence to 

the production and processing. However, if the 

cutting depth value is too small, it is easy to vibrate, 

which will eventually affect the tool life and 

workpiece quality. It can be seen that the 

optimization and selection of milling parameters are 

very important and necessary. Therefore, in this 

study, genetic algorithm is applied to optimize the 

parameters of cutting speed, feed per tooth, milling 

depth and milling width. 

In this study, taking the processing cost function 

model as an example, firstly, the processing cost 

function model is established. In processing 

engineering, the main cost is cutting cost, tool 

changing cost and other auxiliary cost. Its functional 

model is as follows: 

'
( )

r

c

p r f m

T
C T a T T T

T
  

                        (18) 

In the equation, 

'

r
r
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                                              (19) 
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W                        (21) 

In the above formula, Cp represents the average 

cost of processing a single piece of work. 

represents labor and management cost per unit time. 

Tf represents loading and unloading and other 

auxiliary time. Tm represents the processing time. 

The tool cost is represented by


. The effective 

milling time of the workpiece is indicated by Tc. 

The tool change time is indicated by Tr. The milling 

length of the part is represented by L. The feed rate 

of each tooth is indicated by
f

W . n represents the 

spindle speed. Vc stands for milling speed. ae 

stands for milling width. ap represents the milling 

depth. W represents the number of milling cutter 

teeth. D represents the diameter of the milling 

cutter. T represents tool life. Cv, o, k, q, u, g, HB all 

represent the life correlation coefficient of milling 

cutter. 

In the future, in the establishment of parameter 

optimization models, the processing cost function 

model is taken as an example to establish the energy 

consumption objective function model and the 

weighted function model. After establishing the 

function model, the constraints of the function can 

be determined. Because in the actual process of 

machining operation, the speed, power, tool life and 

other reasons of the spindle of machine tool are all 

the factors that limit the selection of milling 

parameters. Therefore, only by meeting these 

restrictions can the right choice be made. 

5 EXPERIMENTAL RESULT 

5.1 Optimization results of milling 

parameters based on genetic algorithm 

According to the constraints and the 

optimization function model established before, in 

this study, the minimum value of the optimization 

function is solved by using the outlier emission. 

After optimizing the parameters, the fitness of the 

optimization function is detected, as shown in figure 

5: 

In this study, the experiment is carried out on 

XK713 CNC milling machine, and the end milling 

cutter is used to cut the blank. If milling parameters 

are different, the results of energy consumption of 

CNC machine tools are different. Different 

parameters correspond to different energy 

consumption values. According to the objective 

function and constraints set before, firstly, the 

program of parameter optimization is written in 

MATLAB software. Then, the optimal combination 

of cutting parameters is found by this way. Mainly 

through genetic algorithm, the purpose of 

parameter-based optimization is achieved. Table 1 

shows the results after parameter optimization: 

The results after parameter optimization are 

compared with the results of previous training and 

testing. It is found that when the cutting speed, feed 

per tooth, cutting depth and width are 114, 0.07, 

1.74 and 9 respectively, the energy consumption of 

the machine tool under this parameter combination 

can be minimized, which can prove the 

effectiveness and feasibility of using genetic 

algorithm model for optimization. By optimizing 
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the cutting parameters, the processing energy 

consumption can be effectively saved and reduced. 

This experimental study provides a certain direction 

and guidance for the energy-saving application of 

industrial machine tools in the future. 
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Figure 5. Fitness of genetic algorithm function 

 
Table 1. Optimization parameter results 

Parameter Cutting 

speed 

(mm/min) 

Feed per 

tooth 

(mm/r) 

Cutting 

width 

(mm) 

Cutting 

depth 

(mm) 

Machine 

tool energy 

consumption 

(kw.h) 

Optimal 

parameters 

114 0.07 1.74 9 1.582 

 

5.2 Prediction results of energy 

consumption of CNC machine tools 

based on support vector machine 

First of all, the data is obtained and the energy 

consumption characteristics of XK713 are studied. 

Model input is set as cutting speed, feed per tooth, 

back draft and cutting width. Then, the model 

output is set as the energy consumption of the 

machine tool. In the operation process, the 

workpiece material is 45 steel, the cutter is a high-

speed steel end mill with 3 teeth, and the parameters 

of the processed step surface are set as rough 

milling 40mm × 40mm. 

Secondly, SVM parameters are optimized, and 

then the appropriate parameters are selected from 

the results, which can get relatively ideal 

classification accuracy. In the process of SVM 

parameter optimization, the network search method 

is applied. The principle of this method is to analyze 

the data by k-fold cross validation. First of all, the 

data is divided into many groups, called group K. 

Each set of data is treated as a set of tests. Then, k-1 

data except test set is regarded as training set. 

Finally, the model is bulit. By using this method, 

many problems can be avoided and the most 

optimized parameters can be obtained. 

Finally, MATLAB is used to call the support 

vector machine toolbox. Then, the final prediction 

results can be obtained by writing the running 

program. As shown in figure 6, the difference 

between the actual value and the predicted value is 

not significant, and the difference between the two 

values is also within the allowable range. It can be 

seen that the application of this model can 

effectively predict the energy consumption of 

machine tools, and the predicted value is close to 

the actual value, which has certain advantages and 

can be widely used in energy saving prediction. 
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Figure 6. Comparison of actual value and predicted value results 

 

6 CONCLUSION 

As a kind of machine which combines machine, 

electricity and liquid at the same time, CNC 

machine tool is widely used in complex parts 

processing, parts batch and multi product 

processing, and plays an important role. China is the 

largest consumption market of machine tools in all 

countries in the world. In recent years, with the 

continuous improvement of science and technology 

level and the development of industry and machine 

industry, the annual output and output value of 

machine tools in China are increasing. The 

application of machine tools has brought a lot of 

benefits to the manufacturing industry of China, but 

it also inevitably brings a lot of negative effects. As 

a kind of basic equipment, when it is used, the 

power consumption is very large, and the carbon 

emission is also very high. At present, more and 

more attention has been paid to energy consumption 

and environmental issues in China. In recent years, 

a series of measures and laws have been put 

forward by the relevant governments and parts of 

the country. Many experts and scholars have also 

carried out in-depth research on the energy 

consumption of machine tools. Energy consumption 

of machine tools has become the research focus and 

hot spot of many experts and scholars. Therefore, it 

is very important and necessary to study the energy 

saving and prediction of machine tools. 

In this study, a new energy-saving prediction 

method, support vector machine method, is 

proposed to model and analyze the energy 

consumption of CNC machine tools. Then, the 

function models of linear regression and nonlinear 

regression of support vector machine regression 

algorithm are established and applied to the 

research of machine energy consumption prediction. 

In the aspect of energy saving, the idea of 

optimizing cutting parameters is put forward. 

Genetic algorithm is used to optimize some energy 

consumption parameters of machine tool 

processing, and then the optimal parameter 

combination can be obtained, in which the energy 

consumption of machine tool is the minimum. 

However, the sample data of this study is relatively 

small, so it can only be roughly analyzed. In 

addition, when analyzing the factors of energy 

consumption of machine tools, only one of them is 

studied, which have certain limitations. The energy-

saving optimization method of machine tool is not 

only from the optimization of cutting parameters. 

Therefore, in the future research, it should be more 

in-depth, and many new energy-saving methods 

should be put forward. However, this study can still 

effectively promote the optimization of machine 

tool energy, make a good prediction of it, can 

alleviate the pollution during processing, reduce 

processing costs, and promote the development of 

industrial manufacturing towards green and healthy 

direction. 
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