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Developing a Data Acquisition System for Force and Temperature
Measurement in the Cutting Process by Machining With Turning

Vyvoj systému pre ziskavanie dat na meranie sily a teploty v reznom
procese pri sustruzeni.

Mikolaj KUZINOVSKI, Neven TRAJCEVSKI, V. FILIPOSKI, Piotr CICHOSZ

Abstract: In this paper an original monitoring system for the research of the physical phenomena in the cutting process with
a computer aided data acquisition is presented. Monitoring sysiem is used for measuring of the tangential, axial and radial
cutting force, and the average temperature in the cutting process. The acquisition hardware consists of 5-channel amplifier
and data acquisition card. For acquisition of the signals, a microcontroller with an integrated 10-bir A/D converter is used.
Software for a personal computer in MS Visual C++ is developed for an analysis and visualizations.

Abstrake: Clanok prezentuje monitorovaci systém pre vyskum fyzikdlnych vlastosti v reznych procesoch s podporou
poditadovej podpory ziskavania dat. Meraci systém je vyuiivany pre merania tangencidlnej, axidlnej a radidinej reznej sily,
priemernii teplotu rezného procesu. Hardvér zberaca dat pozostdva z 5 kandlového zosiliovaca a karty za ziskavanie dat.
Pre spracovanie dal je pouzity mikrokontroler s integrovanym 10-bitovym A/D prevodnikom. Softvér pre osobny pocitac
programovany v MS Visual C++ bol pouzity pre analyzy a vizualizdcie.
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Introduction

The knowledge of the cutting process in machining with turning with high cutting speeds, using
modermn materials and modern metal cutting machines, has a great significance especially in the
automated machining. The analysis of the investigation phenomena has shown that exist significant
changes in the machining conditions with material removal because of the higher speed of cutting
[1,2]. The creating of possibilities for identification of the physical phenomena in the cutting process
under those conditions enables a creation of a basis for a choice of optimal parameters in the cutting
process, a prognosis for the cutting edge wearing and determining the time for replacement of the
cutting tool. It also enables: management of the surface layer quality of the workpiece, optimization of
the stereometry of the cutting tool, managing the chip form and chip lead away direction, improving
the manufacturing technology of the cutting inserts and their cutting characteristics. Monitoring of the
change of the forces and the temperature during high speed machining is possible only with usage of
computer aided research systems. There are expected to: decrease the influence of the signals
transmition lines, enable recording and processing of a sufficient number of data in relatively short
period of time and display graphic interpretation of the received data signals.

Description of the Developed Data Acquisition System

The monitoring system is designed for measuring of the tangential, axial, radial cutting force
and the average temperature in the cutting process. For measuring of the forces the monitoring system
uses upgrade of an analog inductive dynamometer mode] FISHER MESSTECNIK TYP EF2 D3 NR
24570. The dynamometer has cutting tool holder with inductive measurement cells for forces
conversion into an electrical signal. The method of natural thermocouple workpiece-cutting insert 1s
used for temperature measuring. There are two transmition lines for the generated thermovoltage from
the natural thermocouple. One line uses a device [3] for transmitting the signal from the workpiece if
there is not possibility to put line wire in the lathe main spindle. Second line for transmitting the signal
from the workpiece uses a Hottinger-device and it is used when there is a passable main spindle.
Hardware structure of the monitoring system is presented on Figure 1. The interface between the
source of the signals and the personal computer (PC) consists of a 5-channel amplifier of the signals
and data acquisition card (DAC). The amplifier has three roles as a part of the interface. At first, to
amplify the thermo-voltage that is generated by the natural thermocouple workpiece-cutting insert and
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e signal from the analog dynamometer to the required level. That means that the signal after

_amplifying complies within the domain of the A/D converter. The second role of the amplifier is

galvanic separation of the thermocouple electric circuit from the DAC and the PC. The role of this

galvanic separation is protection from eventual current pulses that could damage this part of the
' measuring system. The third role is to remove the influence of the electrical circuit consisting of the
. DAC and PC to the electrical circuit with the thermocouples and the dynamometer [4]. The force
-amplifier channels are constructed with operation amplifier TLO84. The thermovoltage amplifier
_channels use the ISO100, an optically-coupled isolation amplifier. Data acquisition card integrate
“Microchip microcontroller PIC16F877 and microcontroller support electronic components. The

microcontroller has 10-bit build in A/D converter. It has an option for defining intern or extern voltage
references and it is possible to make 8-channel digitalization. For 10-bit conversion it uses 12 clock-
periods for conversion with time interval shorter then 1,6 ps, and that is 20 ps total time for the
conversion. In real conditions this time is a little longer, because of the additional time necessary for

=+ selection of the channel, determining the end of conversion, adding control bits for the channel and
#%  working with low and high byte.

e Thermovoltage

t it
Copper -channe
wire amplifier

Figure 1 Hardware structure of the monitoring system for investigation of the cutting forces and
temperature

The maximum frequency of the tact generator is 20 MHz. The microcontroller enables 50000
conversions per second. The nature of our researches allows the cutting force and the temperature to
be considered as a static dimension for a certain conditions of machining and it imposed a need for
taking a few samples of the signal per one turn of the workpiece [4]. For adopted maximum 2000 turns
per minute and 5 samples of the signal per turn, the system should perform a conversion and
acquisition on 2000*5/60, that is to say 167 samples per second for every channel, which is far below
the possibility of the chosen system. The microcontroller contains an integrated module for serial
synchronous and asynchronous communication simultaneously in both directions, USART (Universal
Synchronous Asynchronous Receiver Transmitter) with ability for easy adjustment of the speed of
communication. It was decided a speed of communication of 115200 bps to be used because this speed
enables flow of a maximum number of data through the line of communication. According to the fact
that every sample takes 2 x 8 =16 bits, in this regime we could “in real time” transport 115200/16
=7200 samples which is more than the number needed, using even 4 channels simultaneously. This
way of sending the data on the personal computer avoids the procedure of temporary recording of the
data in the microcontroller's system and enables the data flow to be performed in “real time”.

In the process of designing of the DAC we were using software for design and simulation
Proteus 6.3 Demo. This software has library of analog and digital components including
microcontrollers, virtual terminals, signal generators, measuring instruments, oscilloscopes, logic
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analyzers and generators, Figure 2. The user-friendly screen interface provides very easy design and
simulation of the A/D converter's construction. The microcontroller in the simulation performs a
function that is given with software for the microcontroller. Connecting of the microcontroller and the
certain program could be done with simple browse option. This software was used for simulation
process including debugging and tracing of eventual logic errors, execution of the microcontrollers
program "step by step", preview of the values of the microcontroller's variables in "real time" and
simulation of the serial communication by connecting the simulation with the hardware RS232
interface of the computer.

Figure 2 Proteus 6.3 Demo Screen dump

The program, which operates the microcontroller’s work, is written in the program language C
for microcontrollers. The prototype version of the described interface of the monitoring system is
presented on Figure 3.

Figure 3 Prototype version of the monitoring system interface for PC

Designed application in Microsoft Visual C++, receives the data through RS232
interface of PC. The window of the application shown on Figure 4 is divided into two parts.
One of the parts has a grid that enables a graphical interpretation of the dynamic character of
the thermovoltage, Figure 4.a., the dynamic character of the cutting forces, Figure 4.b. and
determining the length of the time axis in which the average values are calculated. On the
Figure 4.a. with 1 is denoted the thermovoltage signal obtained with usage of the device [3].
On the Figure 4.a. with 2 is denoted the thermovoltage signal obtained with usage of the
Hottinger-device. The other part of the window, denoted with an arrow on Figure 4, contains
a set of controls designed for adjusting and showing the specific average values on 2
previously chosen length of the time axis. Graphics properties are controlled by these controls
also.
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Figure 4 screen dump of the monitoring system software
(a - measuring of the temperature, b - measuring of the cutting forces)

During intensive transformation of the workpiece material into chips, which is machining with
material removal characteristics, usage of monitoring system for investigation justifies its
velopment, especially within the fact that during the investigation a few phenomena's parameters are
déntified simultaneously. In this case those are temperature and resultant cutting force represented by

'the tangential, axial and radial component. This orientates the experimenter concentration on the
- -analysis of the applied methods for planning experiments, analysis of the experimental results,
- defining of the experimental error, and analysis of the obtained mathematical models that describe the
ifvestigated phenomena and verification of the mathematical models. The full access to the hardware

- and the software components allows analysis of the adequacy of the chosen components and software
solutions. These components are carefully selected and high accuracy, linearity, and time-temperature
stability of the 5-channel amplifier and the DAC are achieved. The graphical user interface of the
monitoring system software is user-friendly. For evaluation of the technical level of the created
monitoring system or for evaluation of the acquisition quality of the measured signals, measuring
uncertainty was adopted. Aspiring for measuring uncertainty decreasing of the obtained results
provokes continual development activities for monitoring system upgrading.

The final solution is compromise between needed conditions defined by the investigation
phenomena nature, available hardware and software solution and the technoeconomics parameters.
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