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Industrial production, which uses the forging tools constantly increases the requirements for the consumption of 

forging tools and the need for fast and flexible renovations of them.  Forging tools made from special tool steels 

are highly cost-intensive. The main cost component is the price of the material, heat treatment and other chemi-

cal-heat treatment surfaces. This is the main reason why it is necessary to think about renovation at the design 

stage, in case of the need for repairs. Main weaknesses of the renovations is the insufficient ability of identifica-

tion of the cracks spreading from the surface towards the core of the basic components. An important factor in 

the renovation process is the optimal choice of technology to restore the mechanical and physical properties of 

tools at an acceptable price, of course. The main issue in the choice of the optimal technology is heat treatment to 

achieve a high hardness and surface of the die, which is nitrided to ensure wear resistance. This article deals with 

the application of non-destructive potentiometric detection technology when considering the size of die forging 

cracks that arise in the process of forming.  
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1 Introduction 

Forging is one of the most used manufacturing methods for making parts from steel and non-ferrous metals. Its ad-
vantages in comparison to other methods are: significant material savings, higher production rate, better grain structure 
and better surface quality. The materials of forging tools must comply with the high demands of the mechanical, physi-
cal and chemical aspects of high strength, toughness and hardness. The technological process depends on these re-
quirements, which directly affect the cost of the individual components and their competitiveness [1]. The impact satis-
fying these requirements, is that the tool will have a longer shelf life, and thus there will be less downtime for replace-
ment and repair. Generally, when machining materials with more difficult machinability and high hardness, we use 
methods with non-cutting technologies that achieve high productivity, flexibility and excellent functional properties [2 
and 3]. 

Heat distribution and temperature fluctuations on the surfaces of forging tools cause plastic deformation, and the in-
fluence of thermo-mechanical stress leads to thermal fatigue and the formation of surface cracks. These defects signifi-
cantly affect the quality of finished forgings and forging die life itself. To capture and track these defects there are sev-
eral procedures, whether destructive or non-destructive methods, for the detection of cracks within. As regards forging 
dies, the solution is to use non-destructive methods that do not disturb the shape and surface components [4 and 5]. 

 
Fig. 1 Scheme of die forging principle 

For mass production, die forging is used (Fig. 1), whereby the principle is that the heated material takes on the final 
shape of the die cavity with one or more stroke. This can ensure a more accurate shape than with free forging. The accu-
racy of the surface can be significantly improved by further finishing operations such as calibration, and to achieve a 
high quality surface, which would not require further machining. Die forging makes it possible to achieve a major re-
duction of material and fibres reflecting of contour of die forging, which has a positive effect on the mechanical proper-
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ties of the material [6 and 7]. 
The workpiece is inserted into the lower die. By action of energy, the shaping machine moves one part of the die 

against the other while the starting material fills the cavity. By fully grasping, the die cavity is filled and transformed 
into the desired shape. The procedure for filling a cavity influences the speed of deformation, which depends on the 
type of machine. The effect of impact hammers causes more rapid creep in the direction of shock and the force of the 
press results in better filling of the cavities in a direction perpendicular to the acting force. These differences in filling 
the die cavity influence the choice of the type of moulding machines and choice of forging operations for the part [7 and 
8]. 

2 Cracks in the forging tool and their growth 

The formation of fatigue cracks is explained by various models. One of the basic models takes the idea of formation 
intrusions and extrusions with recurring shear in one or two shear systems. The relative motion of individual shear belts 
allows deepening of the intrusion and crack formation. If the loaded body has construction, metallurgical or technologi-
cal notches, the first phase of crack growth will not arise [9 and 10]. By gradual cyclic stresses, the crack penetrates to 
the depth of the body, after which the crack deviates to the perpendicular direction to the direction of principal stress. 
The length of the crack, which corresponds to the transition from the first phase to the second phase of crack growth, 
depends on the material and amplitude size of the stress loading [11 and 12]. 

  
Fig. 2 Formation of micro-crack by formation of intrusions  

(I) and extrusions (E) in one- and two-shear systems (Neuman’s model) [13] 

The forging process leads to mechanical stress that causes wear on the shape of the die (Fig. 2) and also fatigue frac-
ture which reduces the required quality of the finished forgings. Therefore, after a fixed life, the forging die is removed 
from the forging process and sent for repair or renovation. Cracks can occur using the wrong modes of production. Poor 
cooling of cast or forged parts, overheating during grinding, or excessive tension during the manufacturing process are 
common causes of cracks. Cracks (Fig. 3) are defined as a narrow gap, where the length along the surface is at least ten 
times greater than their depth in the material, and a visual example of the forging tools is shown in Fig. 6. In addition, 
the width of the fracture is very small, at least ten times less than the depth. The bottom of the fracture is mostly sharp, 
causing sharp notches in the material. Due to mechanical stress, especially when changing or alternating loads, there is a 
sharp notch at the bottom of the tension that can cause enlargement of cracks [14, 15 and 16]. 

 
Fig. 3 Scheme of growth of fatigue crack  

1 – first phase, 2 – second phase, 3 – non-effective cracks, 4 – plastic zone on the crack [13] 
It is therefore very important to always pay close attention to the crack. Early detection and assessment of cracks is 

essential. This is especially true for surface cracks. In most cases the exposed parts, such as auto parts, experience the 
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biggest stress generated on the surface of parts. It is also important to note that not every flaw will damage components 
(Fig. 6). The laws of crack mechanics indicate that some cracks can be tolerated. This depends on many factors and it is 
sometimes hard to decide on the use of standard methods or non-destructive material testing [17, 18 and 19]. 

3 Renovation of die forging tools and its possibilities 

Renovation is a special case of repair, where the repaired object is a machine component. It is work to renew ma-
chine parts whose functional properties are damaged. Renovation is a set of activities carried out in order to restore the 
operational status of components and their life. It is a repair in which the worn parts are restored to their geometric 
shape, original size, and functional and mechanical properties in accordance with drawings and technical specifications. 
Renovation may be seen as a repair sub-sector, which contributes to reducing the cost of restoration and operation of 
machinery, but it can also be seen as a special case of recycling materials, which, moreover, reduces the demand for raw 
materials and energy resources [20, 21 and 22]. 

Before renovation, it is necessary to map the extent of tool wear and the inferred extent of renovations and the re-
quired technology. Range is determined with respect to the size of the fracture surface that needs to be removed by the 
machining surface until the outer surfaces show no signs of defects. This process is usually performed by visual obser-
vation of the surface using optical devices which can find the largest size defects generated in the forging process, 
which are preventing efficient use. Since control is exercised subjectively by a worker who often cannot assess the 
degree of wear, not least the size of the fracture, the process is repeated until all defects are removed. It often happens 
that the extent of wear is destructive for the die, which is can be detected by only a few controls and subsequent surface 
treatment. From an economic point of view, the time required for renovation and extension of the life, causes costs to 
rise. Sometimes it is necessary to completely remove the forging dies for the renovation process due to excessive wear 
and damage. This process is well run and widely used in practice, and therefore seeks to simplify and intensify the tech-
nology of renovations [23, 24 and 25]. 

 
Fig. 4 Scheme of growth 

 
For this purpose, there are various methods involving surveys of defects in materials and products using either de-

structive or non-destructive detection technology, which is able to assess the extent of wear and thus indicate more 
options for the renovation. The best approach to renovation, and also a non-destructive method, is defectoscopy, due to 
its ability to change the status of the sample for future use (Fig. 4) [1]. 

4 Principles of potentiometric defectoscopy 

The principle of the potentiometric method is shown in Fig. 5. Electric current (with intensity I) is supplied to the 
examined sample via electrodes E1 and E2. Voltage electrodes N1 and N2 measure the potential U0 in the surface layer at 
a distance l0 [26]. 
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Where: R – resistance between  N1 a N2, ρ - resistivity of material,  S – cross-sectional area of material. 
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Fig. 5 Principle of crack mapping by potentiometric defectoscopy 
For good functioning of this process, four electrodes are necessary: two for electric current and two for voltage. For 

the most accurate measurements, the voltage electrodes must be between the electrodes for electric current. All the tips 
of the electrodes are sprung, therefore contact pressure is exerted by the tip on the surface. Due to this fact, reliable 
contact is ensured also on uneven surfaces [2 and 27]. 

Measurement of crack depth is usually a comparative measurement. Comparison between the decrease of voltage on 
the intact surface and the surface with the crack identifies the depth of the crack. One advantage of the potentiometric 
method is that the width of the crack has no effect on the measured values, if this crack is narrower than the distance 
between electrodes [2 and 28]. 

5 Results of experiments and discussion 

For crack depth detection the potentiometric device RMG 4015 was used. The examined sample is a forging die 
with recesses and a cylindrical course of inner cavity (Fig. 6). This forging die performs a die forging with recesses and 
a cylindrical inner cavity. 

 
Fig. 6 Detail and course of selected cracks on forging die 

As seen in the Fig. 7, the measured values of the depth of cracks, that the maximum depth of the crack is located at 
the edge of the die. The course of the crack is significantly different from the other measured cracks, which are much 
shorter and are found mainly in the vicinity of the internal curvature of the die cavity. This crack presents a particular 
risk, because the next time the die is used there could be further spread and deepening of the cracks, which could lead to 
exclusion of forging die and the inability to undertake further renovations. 

 
Fig. 7 Graphical representation of cracks in the forging die 

In crack No. 1, the first five crack depth measurements were carried out at the top of the forging die, therefore the 
depth of measurement data has the value 0. The measurement was carried out towards the edge of the external die to the 
die cavity inner edge. 

From the graphic course (Fig. 7) you can see that the depth of cracks increases to a maximum and after this peak be-
gins to fall. It is also possible to see that the cracks on the die are of different depths. Measuring the cracks using the 
RMG 4015 device was quick and smooth, making it possible to demonstrate the practical use of the machine in engi-
neering practice. 

6 Conclusion 

High thermo-mechanical loading on the working surface of forging tools causes thermal fatigue and the formation of 
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surface cracks, affecting the quality of final products and the operating life of the forging die. For monitoring of these 
defects, there are some procedures and methods for crack mapping, destructive and non-destructive. 

When detection of the progression of cracks, the potentiometric device can detect the crack on the surface and 
measure its depth without destructive invasion. This device can map the crack profile, and find its origin and the direc-
tion of its progress. It can be used and applied for complicated surface profiles and cavities of parts when examining 
surface defects. The measurement has some limitations: the surface of the sample must be clean without any dirt and the 
sample must be conductive. 

The potentiometric method can be applied when renovating forging tools, and for renovation generally, for example, 
in the area of the renovation of cutting punches, where it is necessary to determine the surface defects which inhibit 
their use. The device can be used in the rationalization of renovation, where it is necessary to restore the functional 
properties of all machine parts affected by very significant wear. 
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Průmyslová výroba, která používá kování nástroje neustále zvyšuje požadavky na spotřebu kovacích nástrojů 

a potřeby pro rychlé a flexibilní rekonstrukce nimi. Kovářské nástroje vyrobené ze speciálních nástrojových 
ocelí jsou velmi nákladné. To je hlavní důvod, proč je třeba uvažovat o rekonstrukci ve fázi návrhu, v 

případě potřeby oprav. Tento článek se zabývá aplikací nedestruktivní technologie potenciometrickým de-
tekce při posuzování velikosti kovánítrhlin, které vznikají v procesu formování. 
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