
Annals of the „Constantin Brancusi” University of Targu Jiu, Engineering Series , No. 2/2013 

 

9 
 

ON THE CONDITIONS OF QUALITY AND WEAR OF USED TOOLS 

IN THE CUTTING PROCESS 

 

Stăncioiu Alin, "Constantin Brâncuşi" University of Târgu-Jiu, Romania 

 Ciofu Florin, "Constantin Brâncuşi" University of Târgu-Jiu, Romania 

 

 
Abstract: Due to technological operations of cutting the edges of the tool are rounded, the radius of curvature 

increases and the size (radius) of the tool decreases, and increases" the gap" between the two active sides (the 

scissors knives , the plaque and died punch) [36]. As the cutting edges are less sharp (the ray of connection are 

bigger) and the gap between them are larger, as the zones of non-uniformity of the deformation increase, the 

zones in which are formed the macrocracks and the microcracks and thus the zones where breakage occurs 

whose size determines the burr size (degree). 
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1. Introduction. 
 

The durability of the tools depends by the 

structure and the properties of the steels 

which are made the shaping and heat 

treatment conditions applied and also the 

properties and dimensions of the 

manufactured metallic material. 

Out of use the tool occurs due to one or 

more of the following: 

1). the tool breaks (cracks); 

2). the tool deforms to such an extent such 

that it cannot allow the continuation of 

normal technological process; 

3). by modifying the shape and sizes or 

microgeometry active parts cannot be 

continued the technological process or if 

can be continued is overflowing with high 

energy consumption, the quality of 

processed parts is inadequate (grade or 

burrs are too high) and stopping the process 

is imminent, whether as a result of 

impossibility to continue or high energy 

consumption and poor quality of the 

processed parts. Changing the form, the 

size or the microcracks active parties it 

occurs by wear, erosion, pitting, oxidation 

and corrosion or exfoliation. 

In addition to data on the conditions for 

requesting the tools are subjected during the 

work, to ensure their safety and durability 

in exploitation is necessary to know and to 

take into account the factors that can lead to 

their premature removal from use by one or 

many of those cases. These factors are 

numerous and the effect (out of use) is 

usually a result of the action more of them. 

Among these factors the most important 

and most frequently acting and directly are: 

• the design functional form of the tool 

correlated with the metal material from 

which it is made and with the technological 

process parameters of machining ; 

• establishing and rigorously respecting the 

heat treatment applied parameters of the 

tool  correlated with the shape and with the 

steel from which it is made; 

• finishing operations (rectification) 

performed after applying heat treatment; 

• the accuracy and the precision mounting 

of the tool in the machine ensemble or the 

equipment that is intended to function; 

• the operating conditions of the tool and 

first of all to prevent overloading.
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When establishing the materials that are 

running the component elements of 

punching it is envisaged the range of 

requests to which they are subjected 

(compression, bending, buckling, vibration, 

shocks, etc.) the nature of the processed 

material (with direct influence on wear 

active elements) manufacturing series etc.  

Given the series requests they are subjected 

the component elements of punching is 

necessary to distinguish between materials 

for the execution of active elements on one 

side and the other elements, on the other 

side. The materials for the execution of the 

active elements must be characterized by a 

high wear resistance, high tenacity and 

resiliency, to present small variations in the 

dimensions in the heat treatment operations. 

The alloying elements from the steels 

composition have the role of improve these 

properties. Thus, the chromium contributes 

to increased resistance to corrosion and 

wear, the nickel provide hardening in depth, 

the wolfram contribute to increased wear 

resistance and the hardness at high 

temperatures the molybdenum increases the 

fatigue strength and the hardness, and the 

vanadium increase the impact resistance of 

the active elements. The other components, 

which do not participate directly at the 

deformation process are made of materials 

with lower physico-mechanical properties 

but still gives them skills to achieve 

functional role. 

 

2.The die durability 
 

The average durability of the punching until 

the first reconditioning is shown in Table 

1[1]. 

 

Table 1 

The type of the 

die 

Processed 

material 

Number of strikes expressed in thousands, depending on 

the thickness of the material in mm 

< 0,3 0,3 – 1,0 1,0 – 3,0 3,0 – 6,0 > 6,0 

of cut brass 51 – 63 45 – 51 30 – 45 - - 

steel 17 – 21 15 – 17 10 – 15 7 – 10 5 

perforated and 

severed 

brass 45 – 51 33 – 45 29 – 33 - - 

steel 15 - 45 11 - 15 9 - 11 6 - 9 4,5 

 

The wear in the zone of work of the 

active elements of dies is a result of 

requests for mechanical nature, thermal and 

dynamic. 

The mechanical requests of 

exploration produced efforts states in the 

die, manufactured and the active plaque, 

which leads at a stress distribution on the 

working conditions (Figure 1), in case of 

the cutting operation, respectively the 

processing of large holes (a) d> g, and the 

processing of the small holes (b) to d <g. 

In the first case (d> g) the own 

rigidity of the workpiece is low, leading to 

a strong curving and request the punch in 

the peripheral area and in the second case (d 

<g) the workpiece has a high rigidity and 

the  punch is required on the entire front 

surface . 

The two types of wear, frontal and 

lateral, in practice, there may be 

simultaneously or successive depending on 

a number of factors, due to the phenomena 

of adhesion (contact), abrasion, superficial 

tiredness and corrosion.
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Fig.1.The tensions distribution at die in: 

1. – punch; 2. – workpiece; 3. – active plaque; 

 

For the study of tensions distribution and 

deformation of one die of cutting was used 

Solid Works software running on a Pentium 

IV computer. The punch created in this 

program is shown in Figure 2.

 

 

                                               
           Fig.2                                                                   Fig. 3     

 

  

For the five studied punches was 

considered part of support of the punches 

recessed but on the front side in the active 

area of these a uniform distributed force of 

6483 daN.    

For this analysis have been used 

tetraedale elements of second order. The 

number of nodes of the piece was 24090, 

and the number of elements 14714. It 

worked in the international system of units 

with the following values: = 7, 85.10-6 

[kg/dm3] E = 2,15.105 MPa, T = 25  

[°C].The discretization used method is h-

element and the method of integration is 

Kutta-Merson. It will provide support 

conditions and forces as in Figure 3. 

The voltage value Von Misis is 

shown in Figure 4 for which the model can 

be optimized and in figure 5 are shown 

graphically the deformations tools in the 

direction of the resultant of the three spatial 

deformations, on the Ox, Oy and Oz.
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Fig. 4 Improved OSC10                                                  Fig.5 Improved OSC10 

punch, to the voltage Von Misis [Pa]                           punch, displacements [mm] 

 

 

3. The cutting tool wear 
 

The wears of the punch forms are 

shown in Figure 6, differing in specific 

crater wear as processing smaller sheets 

with a thickness of 2 mm and who have the 

propagation direction perpendicular to the 

cutting edges, and the wear of the side 

surface that appears in the result of the 

process of friction, being specific 

processing of metal plate with a thickness 

greater than 2 mm.

 

 

                                  
 

                                                    Fig. 6 The forms of the punch wear. 

 

The wear of the active plaques may 

be: (Fig. 7.) of type crater (a) that appear on 

the front surface, with inclined form (b) 

which appears on the front surface and the 

side, combination form (c) crater - 

inclined.Since in the process of wear, there 

is destruction of the active 

edges respectively the appearance of the 

scrapped pieces recommended to 

discontinue the manufacturing process 

either before reaching catastrophic wear or 

before the appearance of the pieces that are 

not within the values indicated in the 

execution drawings. In order of the proper 

appreciation of the quality of metal pieces, 

worked by stamping should be considered 

the burr size that occurs due to wear of the 

active elements, namely a big gap between 

the punch and the cutting board.

 

 

Edge active profile 

after wear  

Wear of the side 

surface 
Wear of the 

frontal face 

Active edge 

after wear 

Contact profile in initial state (or 

after reconditioning) 

The depth of 

the wearing 

course 
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Fig.7. The wear forms of the active plates: 

a. - crater b. - inclined, c. - crater - inclined; 

 

The researches for quality checking of tools 

aimed the wear of the  punches and dies 

after the punching of a number of 16.000 

thin sheet metal round pieces of a thickness 

of 3,4-0.1 mm and 58-2 mm band width 

with the following chemical composition: 

carbon 0.16-0.22 ± 0.015% manganese 0.25 

- 0.50 ± 0.030% max silicon. 0.13% sulfur 

max. 0.030 ± 0.004% max phosphorus. 

0.025 ± 0.0025% max Chromium. 0.20% 

nickel max. 0.20% copper max. 0.20%, 

0.02 ± 0.07% aluminum.We followed the 

comparative performance of tooling 

systems used, from the point of view of the 

materials of manufacture and the thermal or 

thermo-chemical treatment [2].For the 

analysis of active cutting tool wear was 

used the optical method of the cutting edge 

state. For this have been used 

optical devices and digital cameras. The 

figures 8-13 are presented the weared tools 

images viewed from the side and front with 

increased details to 6X for investigated tool 

variants.

 

 

                                       
 

                      Fig.8 Edge punch 205Cr115            Fig.9 Edge punch OSC10 covered by sparks 

 

                                       
 

                    Fig.10 Edge punch OSC10 chromate           Fig.11 Edge punch OSC10 nitride 
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                  Fig.12 Edge improved OSC10 punch        Fig.13 Edge improved OSC10 matrix 

 

4. Conclusions 
 

Is observed the two forms of wear, the 

frontal and the side that arise due 

phenomena of adhesion (contact), abrasion, 

surface tiredness. Analyzing the external 

appearance of the cutting edges of weared 

punches is observed seizure traces, wear on 

the lateral surface, plastic deformation, 

dislocations of material, the most affected 

being the improved punch of OSC10.  

The less affected by wear is the punch from 

steel OSC10 covered by sparks followed by 

the punch from steel chrome OSC10, 

however, seen in the last case for small 

exfoliations of deposited layer and 

dislocated material.  

The active wear plaques can be observed in 

all its forms as shown, as crater type that 

appears on the front surface with inclined 

form that appears on the frontal and lateral 

surface and form combined crater - 

inclined. 

In the case of the active edge punch wear 

on cutting operation, piece burr occurs and 

the operation of punching burrs appears at 

waste. Whether is wear only the active edge 

cutting of the plaque, burr waste occurs in 

the cutting operation, analog piece in the 

case of perforation. For the case of 

simultaneous wearing of the punch and 

cutting plaque, burr occurs at both the track 

and the waste, the size of which is directly 

proportional to the wear of the active 

elements. 

One of the factors that influence the 

durability of the active elements of the dies 

is the structure of the workpiece material. 

The presence of globular perlite provides 

greater durability compared to materials 

having a lamellar pearlite structure. As the 

durability dies depends on the wear of the 

active elements, for the usual practice and 

laboratory presents a particular importance 

the mode of appreciation and measurement 

of wearing them. 
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