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In article, actual tendencies of construction of modern 
industrial enterprises are investigated. The analysis of systems of 
logic control and their conformity to the concept "Industry 4.0" is 
made. An architectural model of a subsystem for logical control 
and diagnostics of a CNC system with the ability to transfer data to 
higher levels of control for integration in digital engineering 
industries is proposed. Practical aspects of solving the logical 
control problem are presented using the example of an slant-
carriage machine. Signals and their addressing in the shared 
memory of the CNC kernel are described. 

Keywords — logic control, CNC, PLC, Soft-PLC, diagnostic 
subsystem, technological process, Industry 4.0, smart 
manufacturing. 

I.  INTRODUCTION  
Nowadays the stage of evolution of society is attributed to 

the post-industrial. The basis of this stage is information, as a 
means and object of manufacturing [1]. Under these 
circumstances, the means of collecting, processing and 
transmitting information have changed: more and more people 

use mobile devices to work with information resources, and a 
global network and cloud technologies are used to access to 
“big data” [2, 3]. These changes are reflected in industrial 
technologies that have shifted from the concept aimed at 
automating individual machines and processes to the concept 
"Industry 4.0", which provides for the digital representation of 
all physical assets with subsequent integration into the digital 
global system, built in conjunction with partners participating 
in the value chain. The new concept is based on a multilevel, 
complex, global technological and organizational system that 
involves the integration of physical operations and their 
supporting processes into a single information space [4, 5]. 

The aim of this work is to build a model of a subsystem of 
logical control and diagnostics of a CNC system with the 
ability to transfer data to higher levels of control for integration 
into digital engineering industries. This research was supported 
by the Ministry of Education and Science of the Russian 
Federation as a public program in the sphere of scientific 
activity (N 2.1237.2017/4.6). 

TABLE I.  ANALYSIS OF THE CONFORMITY OF THE SYSTEMS OF LOGICAL CONTROL OF THE CONCEPT «INDUSTRY 4.0» 

The requirement in the concept of 
«Industry 4.0» PLC PAC Soft PLC Controller in the concept «Industry 

4.0» 

Product Lifecycle Management Communication with PLM systems with the use of an intermediate 
hardware and software link for the collection and processing of information 

Communication with PLM systems 
directly 

Working with large data − Depends on the specific software 
implementation 

Resources for working with large 
amounts of data 

«Smart manufacturing» Supported by individual 
flagship models 

Depends on the specific hardware and 
software implementation 

Implement the concept of smart 
manufacturing 

Cyber-physical systems 
 Capable to work in a uniform network space of the enterprise if it is 
realized with support of standards of the concrete manufacturer of the 
equipment 

Work in a single enterprise network 
space 

«Internet of Things» Supported by individual 
flagship models 

Access to the 
global network 

Depends on hardware 
platform Access to the global network 

The possibility of linking the 
equipment of different 

manufacturers into a single system 
Only at the level of hardware signals Realizes full-fledged synchronization, 

based on multi-protocol 

Interoperability Support for a specific standard and communication protocol (depending on 
the manufacturer) 

Support for the most common 
standards 
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The concept «Industry 4.0» includes 6 aspects, each of 
which influences the technological system as a whole: product 
life-cycle management, work with large volumes of data, 
organization of «smart manufacturing», organization of cyber-
physical systems, «Internet of things», interoperability of 
system elements [6]. 

 Today the most widespread at automation of machine-
building manufactures are systems of the logic control based 
on PLC, at the same time, modern automation tools such as 
Soft-PLC [7,8] and PAC (programmable automation 
controller) are gaining in popularity, but none of them fully 
comply with all aspects of the «Industry 4.0» (Table I). 

The logical control system implemented with the support of 
the «Industry 4.0» concept should:  

• have a channel of interaction with product lifecycle 
management systems, which will allow the operative 
transfer of information on the condition of the material 
and technical base of individual production units and 
sites;  

• support work with large amounts of data (including 
through cloud technologies), which are collected 
directly from the objects of control;  

• be able to work in the digital engineering industry, 
including in the framework of virtual manufacturing 
corporations;  

• support the main industrial and network protocols for 
interoperability within the enterprise network space;  

• have an Internet connection with support for the 
transmission of control commands and specified 
information about the operation status of the control 
object.  

To implement the requirements of the concept "Industry 
4.0", it is necessary to form the corresponding structure of the 
logical task as part of control systems [9]. Further, such 
structure is presented for integrating machine tools with CNC 
systems into machine-building manufacturing. 

II. THE STRUCTURE OF THE LOGICAL CONTROL TASKS OF 
MACHINE FOR INTEGRATION IN MACHINE-BUILDING 

MANUFACTURING 
When constructing the structure of the logical task at the 

lower level of management, it is necessary to allocate 
specialized modules of the control system that provide data 
collection and transmission. 

 

Fig. 1. Structure of the subsystem of the machine's electrical automation for integration into machine-building manufacturing 
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These nodes, as shown in Figure 1, are the «CNC Local 
Data Server» (CNC Local Data Server). These data servers, on 
the one hand, implement specific functions for working with 
the CNC system (specificity of interaction puncturing, data 
configuration). On the other hand, the local data servers of the 
CNC provide a channel of interaction with level of factory-
management systems. [10, 11] 

The control system terminal and the local CNC data server 
are the clients of the CNC system core as part of the interaction 
on the sub-net of machine (sub-net of machine). In the core 
structure of the CNC system, two data servers can be 
distinguished. The CNC communication server provides data 
related to motion control: the status of the motion drives, the 
state of the part processing process, the configuration of the 
control channels, etc. [12]. The PLC communication server 
provides data on the status of the control of the subsystem of 
the electroautomatics, as well as the diagnostic data of the 
control system. 

A feature of the presented structure of the control system 
core is the use of Common in-Process Memory (CPM) in 
which data is stored as a motion control process, data of the 
control process of the electroautomatics and diagnostic data. 
The use of CPM provides the ability to build a diagnostic 
subsystem with the ability to configure data. When configuring 
the diagnostics system for the machine's specificity and its 
technological features, the diagnostic data is configured based 
on the information from the CPM, for example, signals and 
information from the "NC-PLC Interface data" section about 
the M-command being executed and its parameters can be 
obtained. 

Similarly, from the section "PLC Input device data" it is 
possible to obtain information on temperature, pressure in the 
hydraulics subsystem of the machine, and even data that are 
not directly used in the control algorithm of the 
electroautomatics, but are important for the collection of 
technological or statistical information. [13,14] 

The machine data for external customers in the facility 
network is provided by the local CNC data server via a 
separate Ethernet network interface. This allows to protect the 
internal network of the machine from unauthorized access. To 
implement various security requirements from automation 
systems, firewalls can be configured on the local CNC data 
servers using an encrypted VPN, which will provide secure 
remote access to machine equipment data. 

The set of technological data received from the machine 
can be changed depending on the current requirements of the 
production process in the facility or during the long processing 
of a complex part. For example, when manufacturing a large 
batch of simple enough parts on the turning and milling 
machine, it is necessary to control the feed of the bar, the 
calculated wear of the tool, possible emergencies when the 
machined part is automatically removed [15]. And when 
processing complex parts on the same machine, the control is 
expanded by transmitting information about the temperature of 
the machine's nodes, the coolant temperature and information 
messages about the processing state. Thus, for each use of the 
machine, it is convenient to have a corresponding data view of 
diagnostic which will include the currently required set of 
system variables, memory cell values, information messages, 
and so on [16]. 

Fig. 2.  Structure of Common in-Process Memory of the control system of the processing center of slant-carriage machine 



III. PRACTICAL ASPECTS OF SOLVING A LOGICAL CONTROL 
PROBLEM (USING THE EXAMPLE OF SLANT-CARRIAGE MACHINE) 

As an example of the solution of the logical problem of 
numerical control, let us consider the control of the 
electroautomatics of the processing center of the slant-carriage 
machine CA535 (joint development of JSC SASTA, MSTU 
STANKIN). Leading world machine-tool companies are 
actively promoting lathe-milling machining centers for 
machining complex parts on the market, which allow to carry 
out complex technological operations on one equipment with 
many technological transitions in one installation, which ensure 
higher precision of parts and shorter lead times. Taking into 
account the arrangement and location of the feed guides, the 
following types of machining centers are distinguished: slant-
carriage machine, vertical arrangement and horizontal 
arrangement. 

The CNC system consists of:  

• a real-time machine (operating in Linux OS) with a 
control system core and a PLC-integrated soft-
controller integrated into it;  

• the operator terminal (consisting of an operator panel on 
the .NET platform;  

• a standard machine toolbar with an optional hand-
wheel, connected to it and a specialized machine 
toolbar) connected to the core via the TCP / IP protocol; 
I / O Expansion Modules for connecting the 
electroautomatics and line measuring devices;  

• drive the main movement and feeds; spindle and spindle 
controllers. 

The collection and exchange of data in the network 
between computing devices is carried out on the basis of the 
open high-speed EtherCAT protocol. A large number of 
electrical equipment connected to the control system in the 
project required the use of two head input / output modules 
(buscouplers), which allowed distributing the electric load 
between the individual devices [17, 18]. 

Buscouplers are expanded with passive electronic input / 
output modules: 120 digital inputs (fifteen eight channel 
modules), 48 digital outputs (six eight channel modules), 10 
analog inputs (two four channel modules and one two channel 
module, 4 ... 20 mA) 6 input terminals of RTDs (three two-
channel modules), 9 analog outputs (two four-channel and one 
single-channel, 0 ... 10 V), six incremental encoder interface 
modules. The number of I / O modules is selected with a 
margin, which can be used in the future when upgrading the 
system. 

Machining centers contain a large amount of technological 
equipment: turrets of upper and lower calipers, clamping 
chucks, tool and machine cooling system, cooling station and 
hydro-station, chip conveyor, protective fence, air supply 
system, tool magazine and automatic tool changer, etc. 
Management of the listed set of process equipment is carried 
out within the logical task of the CNC and requires the 
implementation of a number of auxiliary M-functions, in 
particular (M50, M51), clamping / unclamping of the cartridge  

TABLE II.  DESCRIPTION OF SIGNALS OF ELECTROAUTOMATICS AND 
THEIR  ADDRESSING IN SHARED MEMORY 

Signal 
designation Signal Description Address in shared 

memory 
First buscoupler 

Digital inputs 
I0.0 request to turn off the machine 204800.0 
I0.1 the machine is switched off 204800.1 
I0.2 phase control 204800.2 
I0.3, I0.4 power feeding control 204800.3, 204800.4 
I0.5 - I1.1 crashes of axes X1, X2, Z, Z1, Z2 204800.5 - 204801.1 
I1.2 - I3.2 switch limit 204801. 2 -204803.2 

I3.3 - I4.0 signals from the turret head of the 
lower caliper 204803.3 - 204804.0 

I4.1 - I4.6 signals from the turret head of the 
upper caliper 204804.1 - 204804.6 

I4.7 – I5.1 "Y" axis alarms 204804.7 –204805.2 

I5.2 control circuit power supply 
applied 204805.2 

I5.3 - I6.0 signals of the left cartridge 204805.3 - 204806.0 
I6.1 - I6.6 signals of the right cartridge 204806.1 - 204806.6 
I6.7 - I7.1 signals of the cooling station 204806.7 - 204807.1 
I7.2 - I7.5 Hydrostation signals 204807.2 - 204807.5 

I7.6 - I9.0 signals of the coolant supply 
system 204807. 6- 204809.0 

I9.1 - I9.3 monitoring the position of 
protective fences 204809.1 -204809.4 

I9.5 Control incl. fans control cabinet 204809.5 
I9.6 - I9.7 reserve 204809.6, 204809.7 

Digital outputs 

Q0.0 to signal the readiness of the 
control system 256000.0 

Q0.1 turn off the control system 256000.1 

Q0.2 – Q0.5 
on / off clamping disk of the 
turret head of the upper and lower 
calipers 

256000.2 – 
256000.5 

Q0.6, Q0.7 on / off hydraulic brake axle "Y" 256000.6, 256000.7 
Q1.0 - Q1.5 left / right cartridges control 256001.0 - 256001.5 
Q1.6, Q1.7 cooling station control 256001.6, 256001.7 
Q2.0 hydro power plant control 256002.0 
Q2.1 - Q2.5 coolant control 256002.1 - 256002.5 
Q2.6, Q2.7 shavings conveyor control 256002.6, 256002.7 
Q3.0, Q3.1 fence locks control 256003.0, 256003.1 
Q3.2 control of the cut-off valve 256003.2 
Q3.3 control of pneumatic distributors 256003.3 

Q3.4 - Q4.1 disengage the axle brakes X1, X2, 
Z, Z1, Z2, Y 256003.4 - 256004.1 

Q4.2 - Q4.7 reserve 256004.2 - 256004.7 

Analog Inputs 
AI1.1 - AI1.9 connection of line temperature 

sensors 1-10 204812 - 204845 

AI1.10 Reserve 204848, 204849 
Second buscoupler 

Analog inputs 

AI4.1 - AI6.2 connection of thermistors of lines 
1 - 6 in the spindle motor 204852 - 204873 

Analog outputs 
AO1.1 - AO2.4 coolant flow on lines 1-8 256005 - 256020 

Incremental encoder data 

IN1 - IN8 connection of optical rulers of 
axes X1, X2, Z, Z1, Z2, Y, C, C1 205000 - 205031 



(M21, M22), opening / closing the protective fence (M54, 
M55), controlling the interception of the part with the spindle 
(M75), etc. 

Data exchange between control system software modules 
and hardware input outputs is realized on the basis of shared 
memory (Common in-Process Memory) (Figure 2). The 
structure of the shared memory contains the following sections: 
1- NC-PLC interface area, 2 - internal memory of the software 
controller, 3 - hardware I / O display area, 4 - system 
information area, 5 - motor control area, 6 - area of direct 
access to the "buscouplers", 7 - reserve area. 

To exchange with hardware I / O devices, memory space 
with the following addressing is used: for inputs - from 204800 
bytes to 255999, for outputs - from 256000 bytes to 307199 
bytes. Each of the sections is further divided into sections that 
contain data from various types of input / output modules such 
as discrete inputs / outputs, analog inputs / outputs, incremental 
encoder inputs. Once in the cycle of the logical control cycle, 
the inputs are read, the control algorithm is executed, and the 
outputs from the shared memory are written to the hardware 
devices. In this case, the logical control program can only 
access shared memory and do not have direct access to the I / 
O modules. The description of signals and their addressing in 
shared memory are given in Table II. 
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The analysis of the conformity of logical control systems to 

the concepts of "Industry 4.0" is showed that the typical 
functions of PLC, Soft-PLC and PAC do not fully correspond 
to all aspects of the concept "Industry 4.0". To extend the 
functions of the logical task of CNC systems, it is proposed to 
use the CNC Local Data Server modules, which provide 
interaction with the CNC kernel and provide data for the level 
of factory management clients. A feature of the presented 
structure of the core of the CNC system is the use of Common 
in-Process Memory (CPM), in which data are stored as a 
motion control process, data of the electroautomatics control 
process and diagnostic data of the system. 

The advantages of using CPM in the core of the CNC 
system are described in the example of the control system of 
the processing center of the oblique configuration. The 
presence of a structured, publicly accessible memory area 
within the CNC process and a specialized diagnostic process 
allows to efficiently solving the task of providing data from the 
lower levels of control, operating in real time, to level of 
factory management system. This can be a solution of a 
number of requirements within the frames of the "Industry 4.0" 
concept. 
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