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Abstract: - The new trend in industrial development is marked by the concepts introduced by Industry 4.0. 
By involvement of sensors and actuators, equipment becomes autonomous, being able to self-organize and 
collaborate with other machines and with persons. Therefore, sensors are no longer used just for condition 
monitoring, but also for production quality assessment. This paper presents how an optical sensor was 
integrated into a universal milling machine, making possible to take measurements during the machining 
process. Therefore, the use of the sensor is not just to assess the machine condition, but also for quality 
assurance and optimization of the production chain. 
 
Keywords: -  Condition monitoring, optical sensor, production quality assessment, Industry 4.0. 

 
 
1. INTRODUCTION  
 

The aim of condition monitoring is to identify a 
significant parameter change (vibration, pressure, 
temperature) during the operation of machinery. This 
change must be indicative of a developing fault. 
Condition monitoring is a major component of 
predictive maintenance, allowing maintenance to be 
scheduled, or other necessary actions to be taken in 
order to prevent and avoid failure and its 
consequences. Condition monitoring techniques are 
used on machineries containing rotating or oscillating 
elements, in contrast to non-destructive testing 
techniques which are used for stationary plant 
equipment [1].  

In last years, the trend in industrial development, 
known as Industry 4.0, is to make equipment self-
organizing and to collaborate with other entities [2-
6]. The state-of-the-art in developed countries in the 
industrial sector is found in [7].  

A factory organized in concordance with the 
principles of Industry 4.0 is described in [8]. Machine 
state assessment with unique benefit the failure 
occurrence observation is a limitative use of sensors 
in this concept. 

Obviously, machines should operate with low 
level of noise and vibration [9], any deviation from 
the normal parameters indicating an abnormal 
behavior. This reveals, beside a machine or tool wear, 
also a quality problem.  

Several attempts to integrate sensors in machines 
and to use the acquired data to gain complex 
information are described in [10-14], a significant 
amount of interesting results being presented. 

This paper presents an example how an optical 
sensor can be implemented into a milling machine in 
order to provide data which is used to assess the 
production quality, to schedule the maintenance, and 
to optimize the operation regime of the other 
machines in the production chain. 
 
2. MATERIALS AND METHODS 
 

To exemplify the operation regime optimization 
and supervising, a high-precision Laser displacement 
sensor (LDS) has been added to a universal milling 
machine (UMM), achieving in this way a simple test 
bench.  

The LDS type LG10A56PU can operate in 
discrete and analog mode in the same time. It 
produces a logic switching at the presence of material 
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and analog voltage variation at the distance variation 
in the pointed location signalized by red spot light. 
The analog output voltage is Analog to Digital 
Converted by NI USB-6259 and transmitted to the 
Measurement & Automation (M&A) NI embedded 
interface installed on the Personal Computer (PC). 
Figure 1 shows the test bench structured as above 
described, where an ordinary steel beam with 
dimensions 200x40x3 mm will be processed by 
milling. 
 

 
Figure 1. Image of test bench 

 
 Test bench add-device descriptions: 
 -  LDS has a measurement range from 75 to 125 
mm, focal point at 180 mm, supply 12-30 Vdc, 
outputs: discrete PNP  type, analog 0-10 Vdc, 
and 2 m cable length; 
 - DPS is the double power source used to 
supply the LDS, with 0-3 A (ampere) control and 
0-30 Vdc (direct current voltage) stabilized 
voltage; 
 - ADC of M series data acquisition module with: 
32 AI (analog inputs, 16 differential or 32 single 
ended), 1.25 MS/s (mega samples per second), 48 
DIO (digital inputs/outputs), 4 AO (analog outputs), 
16 bits resolution and 0-10 Vdc input range. 

Before the milling process is monitored, a test 
bench calibration is requested, in order to avoid any 
error. As can be seen in Figure 1, the processed beam 
is one-end fixed in a screw vice as well as the LDS. 
Both vices are rigid fixed on the table of the UMM.  

In Figure 2 is given an image from the test bench 
calibration process. To double check the measured 
precision of beam free end displacement, a standard 
dial gauge (DG) with 10 µm resolution is placed on 
the opposite side of the beam. The displacement of 

beam free end is accomplished by moving the milling 
machine table relative to the milling head. 

 

 
Figure 2. Calibration process 

 
The calibration was performed for different 

displacement values and scaled to the relative voltage 
values. Test results are specified in Table 1. 

 
Table 1.  Calibration test values 

Test 
Displacement  

[mm] 
Voltage 
[Vdc] 

1 0.1 0.02 
2 0.2 0.04 
3 0.3 0.06 
4 0.5 0.1 
5 0.85 0.17 

 
A sufficient variation in voltage (0.02 Vdc) could 

be determined, even at low displacements as 0.1 mm, 
which resulted after five consecutive tests. Figure 3 
shows how data acquisition can be read for a 
displacement of 0.85 mm.  

 

 
Figure 3. Description of data acquisition interface 
 
 
The software can also compute the frequency 

value for any cycle selected between cursors, green 
vertical lines. In this way, operation cycles can be 
easy and fast quantified and adjusted. 
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3. RESULTS AND DISCUTIONS 
 

In the normal case, milling machines are not 
foreseen with any digital equipment for transmitting 
data to a central processing system. Using an optical 
sensor to monitor the operation of the machine, some 
information can be gained and used to plan (by 
humans or automatically, based on algorithms) 
production and maintenance processes.  

For instance, by a long-term monitoring, the 
number of manufactured parts can be recognized. An 
example is presented in Figure 4, where the time used 
to process one piece (one operation cycle) is clearly 
indicated by the measurement output of the optical 
sensor. The cycle starts when the raw material, the bar 
in our case, is loaded in the machine vice and stops 
when it is removed. Material loading is therefore 
indicated by the signal value decrease from 0V to -
5.22V, the discharging being indicated when the 
signal returns to 0V. 

  

 
Figure 4. Long-term monitoring of a manufacturing 

process 
 
Figure 4 also shows that four pieces were 

processed, recognized from the four signal deviations 
from zero. Another parameter resulted from Figure 4 
is the elapsed time between two cycles, necessary for 
discharging and reloading the machine. If this time is 
in a predefined range, the process runs normally. 
Otherwise it indicates either a lack of raw material, or 
the need of maintenance. If this information is 
available in real time, a rapid reaction is possible to 
normalize the situation. In all cases, the stationary 
time over an analyzed time period can be found out.  

A detailed view of the signal that comprises one 
cycle is presented in Figure 5. From the figure one 
can be observe that, as long as the manufactured part 
is present in the milling machine vice, the signal 
differs from zero. However, during the manufacturing 
process, the signal amplitude varies in concordance 
with the loads applied to the bar and the resulted 

deformations. This variation is small and difficult to 
be observed in Figure 5, but it is visible in Figure 6. 

 

 
Figure 5. Zoom on one machining cycle 

 
Useful information that arises from Figure 6 is the 

number of operations performed for one piece 
manufactured on the milling machine and the elapsed 
operation time. This information indicates whether 
the manufacturing process have run normally and in 
consequence if one proper piece was realized. 

 

 
Figure 6. Detailed view on the signal corresponding to 

one operation 
 

In Figure 6 the signal indicates the idle mode (IM) 
as well as the working regime (WR) of the milling 
machine. Obviously, during operation, due to the 
pressure exercised by the milling cutter, the bar is 
pushed closer to the sensor, this being indicated by a 
voltage decrease. 

The distance in volts between the IM and WR 
indicated in Figure 6 reflects the bar deformation, 
which can be used to find out if the side feed of the 
cutter is adequately set. On the other hand, the 
amplitudes around the rest positions WR and IM 
marked with blue dotted lines in Figure 6 show if the 
machine respectively the tool is in good condition 
[16-17]. It is evident that higher amplitudes are 
associated with incipient or advanced failure [18]. 

one cycle 

one operation 

IM

WR 



 

RJAV vol XIV issue 1/2017                                          53                                                        ISSN 1584-7284 

 
4. CONCLUSIONS 
 

This paper shows how classic machines can be 
equipped in order to transmit digital data to a central 
decision system. This data is converted via algorithms 
in valuable information for the collaborating entities 
(staff or machines) so that the manufacturing process 
can be adjusted quickly in order to be made as 
efficient as possible.  

Simulation of a manufacturing process has shown 
that the developed concept, including the monitoring 
system, provide sufficient and reliable information, 
so that it can be used in industrial applications. 
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