
  

 

Abstract—Cubic boron nitride (cBN) is commonly used as a 

cutting tools material for the sake of its high hardness and 

wear-resistance. But on the other hand cBN, it requires 

application of an expensive HPHT (High Pressure High 

Temperature) to avoid the transformation of cBN into 

low-hardness h-BN, they must be sintered under a pressure of 5 

to 6 GPa which substantially increases their production costs. 

An alternative method, called PPS (Pulse Plasma Sintering), 

was proposed to decrease the production costs. The PPS 

significantly decreases the costs of production and therefore it is 

very attractive for industry. However, automation and 

dedicated control system for PPS is required to carefully 

control parameters and hamper the transformation of cBN into 

hBN. Only the application of automated production line 

guarantee high-quality of cubic boron nitride samples.  

The paper discusses the requirements and presents the 

architecture of the control system dedicated for pulse plasma 

sintering system.  

 

Index Terms—Pulse plasma sintering, cubic boron nitride, 

composite materials, real-time control system, SCADA, 

programmable logic controller. 

 

I. INTRODUCTION 

Diamond as a ultra-hard material is commonly used for 

a treatment of metal, plastic or building materials [1], [2]. 

The diamond-based cutting tools are mainly fabricated using 

sintered carbides composite material or PCD 

(PolyCrystalline Diamond) [3]. A good alternative to sintered 

materials is a cBN (Cubic Boron Nitride) that has a high 

hardness, wear-resistance and chemical neutrality [4], [5].  

Sintered carbide composites enriched witch cubic boron 

nitride particles are ideal materials for cutting tools dedicated 

for metal treatment. 

However cBN requires application of an expensive HPHT 

(High Pressure High Temperature) method for production 
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and therefore the tools fabricated with this method are at least 

ten times more expensive than sintered carbides [6], [7]. An 

alternative method for production of composite materials, 

based on cubic boron nitride with tungsten carbide-cobalt 

(cBN/WCCo) structure, was developed on the Faculty of 

Materials Science and Engineering, Warsaw University of 

Technology [8]-[10]. Composite samples can be 

manufactured within a few minutes using the PPS (Pulse 

Plasma Sintering) process in high vacuum (10-3 mbar) under 

a load lower than 100 MPa and at a temperature of 1200ºC 

[9].  

Only sintering process with carefully controlled 

parameters allow to restrict the transformation of cBN into 

hBN and guarantee production high-quality cubic boron 

nitride samples. Thus a dedicated control systems for PPS  is 

required to control parameters and therefore allows 

manufacturing samples and further improve the production 

process. 

 

II. LOW LEVEL CONTROL SYSTEM 

An automated control and monitoring production process 

required in order to ensure reproducibility of the sintering 

processes using the PPS method. The described process is 

equipped with a low power control system. The system is 

mainly responsible for: 

1) Subsystems control. 

2) Acquisition and archiving of data from the sintering 

process monitoring sensors. 

3) Various electrical circuits. 

4) Subsystem protection. 

5) Various process parameters modifications. 

6) Communication with the user. 

It is planned to use PLC (Programmable Logic Controller) 

as the main element of the control system. Data generated by 

process parameters monitoring sensors are sent with the use 

of the current logic (4-20 mA). Analogue signals are applied 

to an industrial converter, and then supplied to the PLC. Data 

from the sensors are processed by the central processing 

units. Data visualization and process control is done by use of 

the touch-screen industrial control panels. Parameter settings 

and test results will be stored in an external database and 

therefore will be available for further analysis. This solution 

allows to optimize the parameters during and after the 

production process. 

One of the most important elements of the presented 

system is a dedicated database. It describes all of the 

subprocesses and conducted experiments with data mining 

mechanisms. This tool helps in the effective management and 
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allows to develop production profiles.  

There are two possible solutions of database 

implementation [11]:  

1) Industrial database provided by the SCADA 

(Supervisory Control and Data Acquisition) software 

developer. It provides the ability to read and store all 

types of process data, operations and feeds 

the higher-level operations management systems with 

accurate, real-time information. 

2) External database and a dedicated management 

application (made in technologies such as Java 

Enterprise Edition or Microsoft.NET) including 

mechanisms for full and partial synchronization with 

SCADA system. 

 

III. ARCHITECTURE OF CONTROL SYSTEM 

The low-power control system is installed in industrial 

cabinets with safety circuits and control panel. Due to the 

presence of strong magnetic fields and electromagnetic 

interferences all equipment will be screened and reliable data 

transmission interfaces will be developed [12]. The discussed 

solutions will be implemented in software and hardware. 

During the design and validation of the system protocols will 

be developed and tested. This solution allows the 

transmission of data in an electromagnetic environment 

polluted by high-power circuits. 

Project realization includes: 

1) Preparation of the requirements for the control system 

and data acquisition. 

2) Analysis and selection of technologies for the graphic 

user interface design. 

3) Prototype system assembling. 

4) Subsystems and entire system tests. 

A. Preparation of the Requirements for the Control 

System and Data Acquisition 

The requirements analysis is done according to the typical 

formula used in such instances. All of the required measured 

values and control subsystems were defined at the beginning 

of design process. Then, in an iterative process, the system 

diagram and graphic user interface are being implemented. 

The human machine interface will be designed in accordance 

with ergonomic rules, including minimum number of user 

actions leading to a desired result. 

B. Analysis and Selection of Technologies for the Graphic 

User Interface Design 

Supervision of the sintering process requires configuration 

and monitoring of a large number of process parameters. In 

order to facilitate the user to control and configure the device 

it is planned to use the SCADA software cooperating with 

low power control system. 

Currently there are many SCADA technologies. The most 

popular solutions among them are: 

1) Vijeo CITECT - Scheneider Electric. 

2) EDS/ESS2 - Transition Technologies. 

3) LabVIEW - National Instruments. 

4) WinCC – Siemens. 

5) Proficy HMI/SCADA – GE Intelligent Platforms. 

The proposed control system is a soft real-time system. It is 

a medium size system (estimated number of inputs and 

outputs is more than 40). The redundancy of key components 

of the control system will increase its reliability. 

The use of GE RX3i series controllers cooperating with 

Proficy HMI / SCADA software [13] enables quick design 

and subsequent adaptation of applications to control and 

monitor the process of sintering materials using plasma. 

Moreover, the system can be easily expanded by the operator 

panel (i.e. QuickPanel CE View), which enables a simple, 

tactile way to control the entire device clearly presenting 

process to the user. 

C. Prototype System Assembling 

The prototype system will be constructed in the laboratory 

of the Department of Microelectronics and Computer Science 

(DMCS) at Lodz University of Technology. In order to 

perform system tests emulator of other subsystems 

(providing sensor data) will be designed. This prototype 

allows to check the validity of the applied technology. In case 

of a positive validation the prototype will be extended with 

new functionalities. 

The prototype will be used to develop control software and 

allow developing human machine interface. Working and 

tested low-power control system will be finally integrated 

with other subsystems.  

At this stage it is planned to test: 

1) The entire control system in the presence of a strong 

magnetic field. 

2) Developed protocols for error-free data transmission 

(immunity to electromagnetic interference). 

3) Protection circuits. 

D. Subsystems and Entire System Tests  

The system will be tested on many levels, including: 

1) Single sensors and controls tests. 

2) Integration tests allow advanced control schemes. 

3) Functional tests allow the validation of the entire system. 

4) Automatic tests allow to check the entire system after 

adding new features. 

 

IV. CONTROL SYSTEM FOR COMPOSITE MATERIALS 

PRODUCTION  

A. Of  Programmable Logic Controller for Real-time 

Control 

The structure of the control system is hierarchical 

(Figure 1). It can be divided into three levels. The first is a 

system with a central PLC. Its task is to perform centralized 

supervision of the entire production process. The second 

level PLCs are responsible for the different subsystems of the 

industrial process (power supply, vacuum pump,  system 

feeder). 

Due to the different subsystems architecture Master-Multi 

Slave was chosen. The third level includes all the elements of 

diagnostic systems. All modules are equipped with sensors 

and measuring instruments. 

The central controller (master) supervises the operation of 

the slave controllers: 

1) High voltage power supply controller (HVPSC) - 
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provides the ability to monitor and determine parameters 

of the UPS in real time. It is responsible for monitoring 

the technical condition of the power supply structure by 

using a complex system of test and measurement for 

detection, localization, identification and anticipation of 

the damage that may cause a malfunction of the power 

supply. 

2) Vacuum system automatics - subsystem managed by 

a separate PLC consists of two locks and three diffusion 

pumps. The controller will be directly responsible for the 

digital control of the above elements and monitoring of 

their parameters. 

3) Feeder subsystem - at this stage of the project the feeder 

type is not selected (robot arm revolving feeder, 

conveyor belt). However, for control of the subsystem 

responsible will also be a separate PLC. Its task is to 

control the operation of the feeder, and monitoring local 

sensors and signalling emergency situations. 

 

Fig. 1. Block diagram of composite materials production system. 

 

The central PLC consists of [14]: 

1) 40-Watt power supply that operates from an input 

voltage source in the range of 85 to 264 VAC or 100 

VDC to 300 VDC. It provides This power supply 

provides three outputs: 

 +5.1 VDC output 

 +24 VDC relay output that can be used to power circuits 

on Output Relay modules 

 +3.3 VDC. This output is used internally by RX3i 

modules with IC695 catalogue numbers 

2) Central processor unit (RX3i CPE305). It can be used to 

perform real time control of machines, processes, and 

material handling systems. It communicates with I/O and 

Intelligent Option modules over a dual PCI/Serial 

backplane. Main features: 

 Contains 5 Mbytes of user memory and 5 Mbytes of 

non-volatile flash user memory 

 Energy Pack, which on system power loss powers CPU 

long enough to write user memory to non-volatile 

storage (NVS) 

 Configurable data and program memory 

 RS-232 serial port 

 Embedded Ethernet interface supports a maximum of 

two programmer connections. 

3) Serial communications module, provides four 

independent, isolated serial ports. It can be located in the 

main PACSystems RX3i backplane. Each port can be 

configured for MODBUS Master, MODBUS Slave, 

Serial I/O protocol. 

4) 24 VDC Positive/Negative Logic Input module provides 

32 discrete input points. The inputs are positive or 

negative logic inputs and will operate at levels up to 

30 V. The inputs are arranged in four isolated groups of 

eight; each group has its own common. Isolation is 

provided between the four groups of inputs, however 

each group of eight inputs is referenced to the same user 

common connection. 

5) 2 A relay output module provides 16 normally– open 

relay circuits for controlling output loads. The output 

switching capacity of each output is 2 Amps. The output 

points are in four groups of four points each. Each group 

has a common power output terminal. The relay outputs 

can control a wide range of load devices, such as: motor 

starters, solenoids, and indicators. 

6) Universal analogue input module IC695ALG600 

provides eight general purpose input channels and two 

Cold Junction Compensation (CJC) channels. Inputs are 

divided into two equal groups of four. Channels can be 

individually-configured using the Machine Edition 

software for: 

 Any combination of up to 8 channels of voltage, current, 

thermocouple, RTD, and resistance inputs 

 Resistance Inputs: 0 to 250 / 500 / 1000 / 2000 / 3000 / 

4000 Ohms 

 Current: 0–20 mA, 4–20 mA, +20 mA 

 Voltage: +50mV, +150 mV, 0–5 V, 1–5 V, 0–10 V, 

+10V 

B. User Interface 

A very important element of the control system is 

a dedicated operator panel. Visualization of the 

manufacturing process designed in SCADA system will be 

available to the operator through a touch panel. Ergonomic 

and intuitive interface will allow to modify any (or limited - 

depending on access rights) process parameters. It is also 

considered to control the process from any computer 

equipped with the same SCADA visualization that is 

connected to the local network [15]. 

The central part of the SCADA system performs a dual 

role. On one hand, its purpose is to provide information about 

the system (indicator readings, equipment status) to the 

operator in a readable form. On the other hand, the SCADA 

system allows the operator to control the system and devices 

through modifications in accordance with specific 

procedures (settings and process parameters change). 

The emphasis of this task is on the intuitive user interface. 

SCADA interface provides process visualization in the form 

of two-or three-dimensional technical drawing that are 

presented on a computer screen, which allows for easy and 

intuitive system control and management. In addition, the 

interface is designed in such a way as to minimize the number 

of steps performed in the operation. Convenient user 
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interface is usually associated with greater sophistication of 

the system (the objective function is to minimize the number 

of necessary operations, not to minimize the application 

code), but incurred effort will yield higher production, which 

is crucial for each production process. 

An important aspect of the control system is to ensure 

maximum safety for devices in the production line. SCADA 

system, by analyzing (in real time from) the current 

production process  comparing them with pre-defined values, 

informs the operator about warning signals, alarms, existing 

risks and dangers. 

The operator is responsible for fixing the problem. 

However some modern systems are able to automatically deal 

with multiple-existing atypical situations. The elimination of 

the human factor in such cases, increases the reliability and 

efficiency of the production process.  

 

V. CONCLUSION 

Pulse Plasma Sintering method requires a very complex 

control system. The system must be able to control and 

monitor several dozens of various parameters. In addition, 

the system must correctly respond to any emergency 

situations, expressed by the state of one or a combination of 

many parameters. The whole implementation is further 

complicated by the fact of different voltage levels and control 

devices from various manufacturers (which entails the need 

to deal with many different interfaces and protocols). 

According to the authors, the solution based on PLCs and 

SCADA allow for effective control of described industrial 

process.  

 

VI. PLANS FOR THE FUTURE 

The project will run until October 2015. The first stage is 

the construction of the prototype described in this paper. In 

the subsequent stages the prototype will be connected to the 

real device, where the series of tests will be applied. If 

successful, the system will be ready for a commercial 

deployment. 
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