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Abstract. Many tribological tests have been developed in the last decades to emulate real cold 
forging processes at laboratory conditions and to obtain friction coefficients at different process 
conditions. In this paper a new tribotester is designed and numerically validated to reach extreme 
contact conditions, high normal contact pressure and surface enlargement, for warm temperature 
testing of lubricants starting from material in the form of thick sheets or precuts. The numerical 
simulations prove that this is possible by the use of a combined bending and ironing test. 
Introduction 
Fine blanking is a manufacturing process capable of producing sheet metal parts with completely 
smooth cutting surfaces [1]. The process is sometimes known by other names like fine stamping 
or precision cutting and like standard shear blanking processes, according to DIN 8580, fine 
blanking falls under the main category of material separation or parting processes, and is defined 
according to DIN 8588 under the sub-category dividing [2]. 

The main differences in comparison with the conventional blanking or punching process are 
the use of a counterpressure which enables to work in a more compressive stress state and 
decreases the cambering of the final product, the use of very small clearances (0.5-1% of the 
material thickness instead of 10-20% in conventional shearing) and the introduction of Vee-Rings 
in the pressure and/or blanking plates. The Vee-Ring is a physical V-shape feature that is located 
either in the pressure plate, the blanking plate or in both of them, which has the function to hold 
the punched material outside the blanking line and so prevents lateral flow of the material during 
the blanking process. In addition, it serves to apply compressive stress to the sheet metal, 
improving the flow process and delaying the fracture occurrence. 

The main advantages of the process are the increased accuracy (smoother sheared surface and 
better geometrical tolerances) and the need of less production steps to produce high quality 
functional components that need to be manufactured by metal forming and final machining instead. 

The disadvantages of the technology are the high tool wear of the active elements (punches, 
dies, plates), the high tool costs and the need of specific presses that are only used for fine blanking, 
as three actions (force application) are needed to run the process. A compound fine blanking die 
working principle during the blanking process is shown in Fig. 1. 
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Fig. 1. Compound die set used in fine blanking (recreated from [2]). 

 
Nevertheless, not all the aspects of the fine blanking technology are positive. The main 

materials that are fine blanked are steels (structural, case hardenable, heat treatable, etc.) which 
roughly represent the 80-90% of the produced parts all over the world. Other materials like 
aluminium, cooper and stainless steels are properly processed with the use of proper lubricants 
that avoid excessive adhesive wear. Anyhow, the elongation capacity of the materials needs to be 
high enough to guarantee the fine blanking capability of the cut material (complete smooth cutting 
surface) and this is reached by chemical composition adjustments, a proper thermos-mechanical 
processing and the soft annealing of the material prior to its processing. For example, in the case 
of the C45 steel, this annealing heat treatment changes the original microstructure that passes from 
a ferritic-perlitic typical microstructure to a microstructure that comprises a ferrite matrix with 
spheroidal cementite embedded in it. This spheroidized microstructure highly increases the fine 
blanking capability. 

Currently, the ultimate tensile strength of fine blanked materials is around 550-600 MPa, both 
for steel and stainless steels. The current needs for structural lightweighting, especially in the 
transport industry, are forcing the fine blanking companies to push these material boundaries and 
to process higher steel grades. Although many attempts have been made by different companies to 
be able to cut high strength materials, the warm assisted fine blanking seems the most suitable 
technological approach for this, still causing big challenges to be implemented in serial production. 
Warm Assisted Fine Blanking 
It is well known that heating of metallic alloys improves their ductility in the absence of blue 
brittleness or other similar fragility mechanisms. For these reasons, four different research 
institutes and companies have performed initial fine blanking tests to develop the warm assisted 
fine blanking process. 

Up to the authors best knowledge, researchers of the University of Shanghai were the first ones 
reporting experimental values in 2020. In their work, aiming to widen the application of the fine-
blanking process, the heat-assisted fine-blanking process of AISI 304 stainless steel grade was 
performed. The cutting of a dog-bone shape component showed that the increase in temperature 
was beneficial for the final quality of the fine blanked component, being 250ºC the optimal 
temperature for a cutting quality improvement [3]. 

Later in 2020, Feintool company together with ETH Zurich published an online web publication 
about their recently developed Thermo-FineBlanking. Unlike the previous work, both the blank 
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material and the tool inserts were heated and the aim of the result was to check if conventional 
steels could be fine blanked without a laborious and expensive heat treatment with a carbide 
spheroidization level of more than 90%. The cutting force was reduced in a 30% in comparison to 
the room temperature cutting and fine blanking capability was considerably improved with 
increased temperature for the 42CrMo4 and 1.4301 (AISI 304) materials [4]. In the same work, 
authors claimed that new lubricant developments were needed so that a proper tribological 
condition is obtained with temperatures above 200ºC, the limit for conventional fine blanking 
mineral-oil based lubricants. 

Lastly, researchers of the laboratory for Machine Tools and Production Engineering (WZL) of 
RWTH Aachen University have published three works where they showed preliminary results of 
the newly developed warm assisted fine blanking process. In Shemet 2021, the authors presented 
final microhardness values obtained after fine blanking S700MC, 42CrMo4 and 16MnCr5 steels 
[5]. Later in Esaform 2021, same group presented the cutting forces at different temperatures for 
the X5CrNi18-10 (AISI 304) stainless steel. In the same paper, final product tolerances and cutting 
surface quality of different temperatures were also analysed [6]. Finally, in Esaform 2022, the 
same research group, presented the results obtained when fine blanking a star shape component 
and the 40MnB4 and 42CrMo4 steels. The process forces were evaluated depending on the sheet 
metal temperature and a good fine blanking capability of 40MnB4 was confirmed. Moreover, 
results showed that process forces and product quality were comparable to 42CrMo4 steel [7]. 

Following the findings of the previous researchers, Mondragon University, together with the 
Elay company, has recently performed warm forming fine blanking tests using an industrial Mori 
hydraulic fine blanking press. Different tests were performed by heating the raw material up to 
300ºC and the results of precedent authors were confirmed by cutting a real component. As stated 
by Zheng et al. from Shanghai University, the critical point of the industrial application of the 
process is, among others, the loss of properties of conventional lubricants used in fine blanking 
and thus, the premature tool wear. For this reason, the main objective of the present paper is to 
develop a new tribotester that can emulate the fine blanking conditions, extreme contact pressures 
and surface expansions, at warm temperatures, so that the test results can be used for new lubricants 
screening and new lubricant formulation optimization. 
Tribotesters for Extreme Contact Conditions 
Several tribotesters have been developed during the last decades to emulate sheet metal forming 
and forging processes. Among others the ring test for forging and the strip drawing test for sheet 
metal forming are the most used tests to estimate the coefficient of friction and for the testing of 
new lubricants. 

Groche et al. compared six different well established friction tests for cold forging operations 
using one state of the art industrial tribosystem, the contact between the 16MnCrS5 steel and tools 
made of M2 grade steel with a hardness of 61–63 HRC [8]. The tool surfaces were coated with an 
AlCrN based coating (Balinit Alcrona Pro) and polished to a roughness of Ra < 0.2 mm. In the 
same study, the different tribotests were numerically simulated and the basic tribological loads, 
the contact normal pressure, the surface enlargement, the relative sliding velocity and temperature 
at the interface were compared. 

Due to the individual frictional test setups, it is clearly observed that not all the mentioned 
tribological loads can be set independently. Each of the tribotest has its own characteristic working 
window and the Sliding Compression Test seems to be the most flexible option to tune the test and 
get the desired range of contact conditions. All in all, the tribological conditions found in fine 
blanking and shearing in general are very aggressive [9-10]. Contact pressure can reach levels as 
high as 5 GPa and surface enlargements bigger than 50 are locally found in the sheared zone for a 
fine blanking of 8 mm thick S700MC steel. A summary of the numerical results obtained by the 
authors is shown in Table 1. 
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Table 1. Summary of the numerical results obtained in [8]. 

Tribological tests Contact 
pressure 

Surface 
expansion 

Relative 
sliding 
velocity 

Temperature 

Ring Compression  Low Low Low Low 
Combined Forward 
Rod Backward Can 

Estrusion 
Medium Low Medium Medium 

Backward Can 
Extrusion Medium-High High High High 

Backward Can 
Extrusion with 

rotation 
High High Medium Medium 

Upsetting sliding Medium Low Set value Low 
Sliding compression Medium Medium Set value Medium 
 
For these limitations, also found in cold forging, and to evaluate different lubricants and surface 

finishings, Hirose et al. developed an Upsetting-Ironing type tribometer for evaluating the 
tribological performance of lubrication coatings for cold forging [11]. Numerical simulations of 
the test prove that the test is able to reach a surface enlargement up to 500 and a contact pressure 
of around 2GPa for a SWRM 10K steel (tensile strength of 480 MPa). During the test a cylindrical 
billet is first upset for being later deformed by ironing using three ball bearing made of high 
chromium steel (SUJ2) of diameter 12 mm. Following this idea, a new tribotester is presented in 
this work for testing thick sheets and to emulate warm fine blanking conditions. 
Design of a New Tribostester 
The new tribotester that is proposed for fine blanking is shown in Fig. 2. As in the concept 
presented by Hirose et al. the test is divided in two steps [11]. First, the initial flat blank is bent to 
obtain an U-shape. Then punch stroke continues and the ironing phase starts. The U-shaped blank, 
which has been bent with a clearance of 0.5 mm between the punch and the die (per side) is 
deformed against bearing balls made by SUJ2 steel of diameter 12 mm. At this moment, a build-
up of contact pressure and surface enlargement occurs in the desired contact zone. The ball 
bearings can be exchanged at every new test due to their low cost and the galling can be studied 
on them, as well as in the tested sample, following the procedure defined by Hirose et al. 
Chromium tends to adhere in the tested sample and this is used to determine when the galling starts 
using an SEM microscope. 

 
Fig. 2. New tribotester for thick sheet material and extreme tribological conditions. 
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The parameters that can be changed during the test are the blank temperature, which can be 
previously heated in a furnace, the ball penetration (see Fig. 2) and the press speed. 
Numerical Modelling of the Test 
The new testing concept and set-up has been numerically studied to evaluate the contact conditions 
reached with different testing conditions, varying the penetration (p) and punch radius (Rp). 
FORGE NxT 3.2 software has been used for running the numerical simulations and the tools have 
been considered rigid. The blank material is a S700MC steel which has been modelled using solid 
tetrahedral elements and a simplified Hensel-Spittel hardening law considered as isotropic (r 
values close to 1 in different directions). Only one half of the blank has been modelled in the study 
(see symmetry plane in Fig. 3). Young modulus of 210 GPa and a Poisson coefficient of 0.3 were 
employed. The material temperature has been fixed to room temperature and no temperature 
influence has been studied in this work. The different simulation conditions are shown in Table 2 
and the numerical model is further detailed in Fig. 3. 

 
Table 2. Different simulation conditions. 

Material model – Hensel Spittel (MPa) 𝜎𝜎 = 1127 ∙ 𝑒𝑒−0.0009∙𝑇𝑇 ∙ (𝜀𝜀 − 0.01354)0.0833 
Friction coefficient (Tresca shear model) 0.05, 0.1, 0.2, 0.3 

Penetration (p) - mm 2, 3, 4 
Punch radious (Rp) - mm 10, 17.5, 25 

 
The main objectives of varying the selected parameters are: 

1. To evaluate the sensitivity of the test to different friction coefficients using different 
test conditions – a higher force increment when changing the friction coefficient is 
desirable to perform a screening of different lubricants that are suitable for warm fine 
blanking 

2. To evaluate how the penetration changes the contact pressure and surface enlargement 
3. To optimize the punch radius value to avoid excessive curving of the tested sample 

before the ironing phase 

 
Fig. 3. Numerical model of the bending-ironing tribological test (R10 and p2). 

 
With the purpose of selecting the best tool dimensions of the new tribotester the force evolution 

curves, surface enlargement variation and the maximum normal contact pressures for each of the 
simulated case have been evaluated. 

A typical force-displacement curve of the punch is shown in Fig. 4a. The curve shows a double 
dome shape with two force peaks corresponding to the initial bending force and the ironing force 
respectively. If we solely consider the ironing force, ∆𝐹𝐹 is defined as the force difference between 
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the peak forces taking as a reference the m0.05 friction case. A higher force change means a higher 
sensitivity to detect different friction coefficients and thus to do a proper evaluation of the new 
lubricants for fine blanking. Fig. 4b clearly shows that sensitivity of the test increases when the 
punch radius decreases and the penetration increases. Thus, the best testing parameters in terms of 
friction sensitivity are Rp=10 mm in combination with p=4 mm. 

 
Fig. 4. a) Typical punch Force-Displacement curve for penetration 2 mm and different friction 

values and b) comparison of ∆𝐹𝐹 for different configurations. 
 

An example of the numerical results obtained for the field variables maximum surface 
enlargement and maximum normal contact pressure is shown in Fig. 5a and Fig. 5b respectively. 
Here, the surface enlargement (named as DSURF) is defined as follows: 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆−𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆0
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆0

= 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆0

− 1 (1)
  

where Surf is the new expanded surface and Surf0 is the initial surface. Consequently, a DSURF 
value of 3 means that the new surface is four times greater than the original one. 

 
Fig. 5. Example of numerical results for a) Surface enlargement and b) Normal contact pressure. 
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Fig. 6. Influence of parameters on a) Surface enlargement and b) Normal contact pressure. 

 
As it can be observed in Fig. 6a, the maximum surface expansion is mainly dominated by the 

penetration. Higher penetration results in a higher surface enlargement as already shown by Hirosi 
et al. where higher amount of upsetting and subsequent ironing achieved higher surface 
enlargement values. On the contrary, the maximum contact pressure is around 3GPa for all the 
cases (Fig. 6b). This is probably because the hardening of the material tends to saturate at high 
strain levels. Nevertheless, both the surface enlargement values and contact pressures are 
representative of extreme contact conditions and suitable to emulate the fine blanking situation. 
Summary 
A new tribotester to test lubricants for warm fine blanking has been conceptually defined and 
numerically validated. The new testing device is simple, can achieve high contact pressures and 
surface enlargements and uses ball bearings that are cheap and easily exchangeable to analyse wear 
mechanisms. 

The numerical parametric study of the most relevant design dimensions, the ironing penetration 
(p) and punch radius (Rp), has clearly shown the effect of them on the maximum surface 
enlargement and contact pressure. The surface enlargement increases with the penetration while 
the surface enlargement follows a different trend. Similar surface expansion values are obtained 
for R17.5 and R10 while lower values are observed with R25. This can be probably explained by 
the fact that using this high punch radius and same sample length, the total extruded length is 
notably decreased in comparison to the other two cases. 

The friction force different between the studied conditions shows that sensitivity to contact 
condition changes is higher when penetration increases. 
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