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Sažetak 

U radu je istražena metoda nadzora trošenja rezne pločice alata vizijskim sustavom sa 
pripadajućim prihvatnim sustavom. Prikazana je važnost svakog pojedinog elementa vizijskog 
sustava te njihova međudjelovanja koja rezultiraju optičkim karakteristikama. Uspješno 
djelovanje vizijskog sustava povezano je sa prihvatnim sustavom. Provedeno je modeliranje 
prihvata kamere i prihvata objekta slikanja pri čemu prihvati moraju biti u korelaciji sa određenim 
karakteristikama elemenata vizijskog sustava. Pravilnim proračunavanjem i modeliranjem 
postignut je kvalitetan sustav nadzora trošenja rezne pločice alata. 

Ključne riječi: nanostruktrurirani tvrdi metal, WC-Co, trošenje, tokarenje, vizijski sustav 

Abstract 

The paper investigates the method of controlling the wear of the tool cutting insert by a vision 
system with its associated gripping system. The importance of each element of the vision system 
and their interactions resulting in optical characteristics are shown in the paper. The successful 
operation of the vision system is linked to the holding system of the tool. The modelling of the 
camera grip and the grip of the imaging object was carried out, where the grips must be correlated 
with certain characteristics of the elements of the vision system. Proper calculations and 
modelling have resulted in a quality control system for wear monitoring of the cutting insert. 
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1. INTRODUCTION 
The cutting tool industry is slowly but safely trending towards higher cutting speed as 

well as a higher cutting volume, which in result contributes significantly to an increase in 

productivity. With adjusted cutting parameters, a cutting speed rise of 20% can result in 

a reduction of costs of 15% per machined component [1, 2]. 

Additionally, downtimes caused by tool changes as well as the amount of cooling 

lubricants can both be reduced by using more efficient tools. Innovative tool solutions 

may further enable an effective machining of those workpiece materials that until now 

could not or only insufficiently be cut with geometrically defined blades. They thus extend 

the market of machining applications [3-5]. 

Alterations on feed and speed entail an adjustment of the tool geometry, which counts as 

another factor which has an impact on the performance of the material compound [6]. It 

is an iterative development process as changes in the tool geometry may lead to a need 

for readjustments of the coating process to achieve the optimum result. 

When developing a new system, cutting tool - material it is important to monitor if 

possible, in real time, the characteristic wear mechanisms and wear progression in time. 

If a system of live wear monitoring is developed predictive maintenance can be 

implemented in the equation thus minimising the downtimes caused by tool wear and its 

change [7-11]. 

More recently, advances in sensing and computing technology have given rise to 

predictive maintenance (PdM). This maintenance strategy uses sensors to monitor key 

parameters within a machine or system and uses this data in conjunction with analysed 

historical trends to continuously evaluate the system health and predict a breakdown 

before it happens. This strategy allows maintenance to be performed more efficiently, 

since more up-to-date data is obtained about how close the product is to failure [12].  

Iterations based on the wear monitoring data on tool design consequently give higher 

effectiveness and quality of cutting operations.  

 

2. MATERIALS AND METHODS 

A computer-assisted vision system analyzes and processes images, thus enabling 

productivity improvements in production processes. In this paper, the vision system is 

used to monitor the wear of the front and rear surface of the cutting tool, in order to 

achieve complete control over tool wear with the purpose of saving production and 

potentially optimize machining parameters. Creating a vision system consists of selecting 

a camera, selecting the optimal resolution, and a choosing a lens. These parts are key 

factors in the vision system and depend on the overall success of the optical system. 

Based on the vision system budget, the right parts of the vision system are selected. The 

first step of the calculation is to define the desired area of the object that is being analysed, 

which in this case is the surface around the tip of the cutting insert, Figure 1.  



                

Figure 1. Cutting tool dimensions (A) and cutting edge viewing area (B) 

The highest wear is expected in the area around the tip of the cutting insert. In order to 

cover the area affected by wear, it is necessary to determine the desired view area, Figure 

1B. Based on that, the camera and then the appropriate lens are selected. Knowing the 

dimensions of the subject and the area being recorded can determine the area to be in full 

focus. Wear that causes undesirable phenomena occurs already at the order of several μm 

in size, so it is necessary for the camera resolution to be able to read values around 2 μm. 

Based on the desired resolution, the RT-mvBF3-2124a camera model was selected from 

the Opto engineering camera catalog [13]. The characteristics of the selected camera are 

shown in Table 1. 

Table 1. RT-mvBF3-2124a camera specifications 

Camera Model RT-mvBF3-2124a 

 

Sensor characteristics 

 

Sensor size 1.1˝ 

Resolution [pixel] 4112 × 3008 

Pixel Size [µm] 3,45 

Camera Features Frame Frequency [Hz] 23,2 

 

Sensor details 

Shutter type Global 

Sensor name IMX304 

Sensor type CMOS 

 

After selecting the camera, it is necessary to select the appropriate lens. The selection is 

based on the requirement that the camera sensor size must be the same as the lens sensor 

size. The TC4M009-C lens is a telecentric lens type, and such lenses are often used for 

accurate measurements. The lens is also like a camera, selected from the Opto engineering 

lens catalog [13]. The characteristics of the selected lens are shown in Table 2. 
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Table 2. TC4M009-C lens specifications 

Lens model TC4M009-C 

Specifications 

 

Magnification [×] 2 

Image Circle [mm] 22 

Object field of 
view 

 

With 1 / 1.2˝ sensor 5,67 × 3,56 

With a 1˝ sensor 7,10 × 3,76 

With 1.1˝sensor 7,08 × 5,19 

With 1.2˝sensor 7,60 × 7,60 

With 4 / 3˝ sensor 9,10 × 6,80 

Optical 
specifications 

 

Working distance 
[mm] 63,3 

Depth of field [mm] 0,4 

Dimensions mounting C 

Length [mm] 170 

Diameter [mm] 45 

Weight [g] 180 

 

After selecting the camera and lens that are compatible with the 1.1˝ sensor size, it is 

necessary to calculate the size of the field of view. The viewing area of the selected sensor 

(7,08 × 5,19) mm corresponds to the default viewing area of the cutting insert of the tool 

(5,00 × 5,00) mm. The resolution of the selected camera is 4112 × 3008, so the sensitivity 

will be different in the horizontal and vertical directions. It is important that the 

sensitivity of the optical system is around 2 µm so that the wear of the cutting tool insert 

can be measured. 

 

Horizontal sensitivity: 

 
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 (𝑥) =

𝑓𝑖𝑒𝑙𝑑 𝑜𝑓 𝑣𝑖𝑒𝑤 𝑠𝑖𝑧𝑒 𝑏𝑦 𝑥

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑏𝑦 𝑥
 (1) 

  

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 (𝑥) =
7,08

4112
= 0,00172 𝑚𝑚 = 1,72 𝜇𝑚 

 

 

 

 



Vertical sensitivity: 

 
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 (𝑦) =

𝑓𝑖𝑒𝑙𝑑 𝑜𝑓 𝑣𝑖𝑒𝑤 𝑏𝑦 𝑦

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑏𝑦 𝑦
 (2) 

  

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 (𝑦) =
5,19

3008
= 0,00173 𝑚𝑚 = 1,73 𝜇𝑚 

 

 

To properly measure wear, a stable holding system is required. In order to compare the 

cutting insert wear photos, it is necessary to construct a holder that will ensure the stable 

position of the camera in reference to the cutting tool at all time. The gripping system is 

designed to first capture the front surface and then rotated to capture the rear surface of 

the cutting insert. This system, shown in Figure 2 is not ideal because the tool must be 

periodically removed from the machine, but it does provide traceability and tracking of 

wear over time. 

 

 

Figure 2. Holding apparatus recording the front and back surfaces of the cutting insert 

 

 

 

 

Lightning Camera and lens 

The axis of rotation of the 
tool in the holding apparatus 

Cutting insert 
on the tool holder 



3. RESULTS AND DISCUSSION 

Tool wear on the front and rear surface of the tool was monitored in a way that the cutting 

insert was cutting grey cast ironwith the parameters: 

• cutting speed vc = 200 [m/min] 

• cutting depth ap = 1 [mm] 

• feed fn = 0,2 [mm]  

A figure of the front and rear surface of the tool was made every 5 minutes and cutting 

wear was measured using a calibrated " Opto engineering" software. 

 

Figure 3 shows the rear surface of the cutting insert taken during tool wear measurement 

at the beginning, after 5 and after 15 minutes of the tool in operation. 

 

   

Figure 3. The wear of the rear surface of the cutting insert: surface before turning (A), after 10 
min. (B) and 15 min. of turning (C) 

Figure 4 shows the progression of the rear surface wear during tool monitoring. 
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Figure 4. Wear on the rear surface 

 

Figure 5 shows the figures of the rear surface of the cutting insert taken during tool wear 

measurement at the beginning, after 5 and after 15 minutes of the tool in operation. 

 

 

  

Figure 5. Wear of front surface of the cutting insert: surface before turning (A), after 10 min. (B) 
and 15 min. of turning (C) 

 
Figure 6 shows the progression crater wear on the front surface of the tool during tool 
monitoring. 
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Figure 6.  Crater wear on the front surface 

 

4. CONCLUSION 

This paper shows a theoretical calculation for a proper selection of a vision system to be 
used for tool wear monitoring. This system is a step before direct tool monitoring due to 
the requirement of extraction the tool from the CNC machine and analysing it when the 
machining operation is not, in progress. The selection of the vision system (camera and 
lens, stable camera grip, stable grip on the cutting insert) mainly depends on the size of 
the area of the tool which is analysed as well as the size of the smallest visible element 
required to monitor the tool. 

The demonstration of the constructed measurement system showed that the difference 
in the length of damage on the front surface between the 10th and the 15th minute is 
smaller than the difference in the length of damage on the rear surface in the same time 
interval. It follows that the wear on the rear surface progresses much faster than the wear 
on the front surface and therefore the width of the wear on the rear surface is taken as the 
main criterion for the cutting insert wear. Proper calculations and modelling have resulted 
in a quality control system for wear monitoring of the cutting insert. 

This test is of great importance for the use of cutting tools in everyday use, since 
considering their properties, such as hardness and toughness and detecting characteristic 
wear mechanisms, can predict their behavior in operation, and thus extending the tool 
life.   
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