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ABSTRACT 
Currently, the stainless steel starts to widen its 
fields of application in an extraordinary way in 
medicine and surgery, in the domestic utensils 
(flatware) and in heavy industry (petrochemistry, 
nuclear industry and transport). This work con-
sists of making an experimental study on a type 
of ferritic stainless steel having undergone the 
test of the microindentation at controlled load 
and knowing the Superficial Tribological Trans-
formations (STT) caused by this test. It is sup-
posed that it is a simulation with the damages 
caused on the stainless steels which are in the 
environment (the effect of hail) or in industry 
(shot-blasting of the turbines). The analysis of 
the repeated shocks is based on the mechani- 
cal characterization (microhardness, microstruc- 
tures of the impacts) and geometrical to see the 
evolution of the diameter and depth of the im- 
pacts according to the number of shocks (cycles 
of impact), in order to know the plastic deforma- 
tion. 
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1. INTRODUCTION 

The lifespan of a mechanical set depends on the life-
span of each of its elements, which are submitted in ser-
vice to a state of complex stresses in the time (for exam-
ple: external disturbances, vibrations). Indeed, a material 
submitted to repeatedly mechanical solicitations can 
break prematurely, even if the levels of constraints reach- 
ed are lower than those supported in monotonous loading: 
it is the phenomenon of tiredness. In order to study the 
mechanical behavior in cyclic fatigue of the ferritic 
stainless steel, initially, it is necessary to determine the 

extent of the security zone of the field of plasticity where 
the rupture does not occur even after a high number of 
cycles. Then, it is necessary to characterize the evolution 
of the geometry and the microhardness of the prints car- 
ried out by the shocks repeated with an aim of limiting 
their effects, by adjusting the parameters of development 
and thus extending the security zone [1-7]. The ferritic 
stainless steels are characterized by the absence of fer-
rite-austenite transformation and consequently, they are 
not hardened by a heat treatment but only by work hard-
ening [8-10]. 

2. DYNAMIC MICROINDENTATION WITH 
CONTROLLED LOAD 

2.1. Mechanics of Indentation 

Depending on the shape of the indenter, it is possible 
to make a spherical penetrant or a pointed penetrant. 
Figure 1 shows various types of the indenter. 

2.2. Micropercutor with Controlled Impact 
Energy  

The damage process is simulated with a numerical 
control marking machine which is the micropercutor 
intended for the marking of alphabetical natures or logo-
types on the parts. The characters are obtained by align-
ment of the successive impacts of a stylus on the part to 
be marked. These impacts are achieved by means of a 
cermet indenter with tip radius varying from 200 μm to 
20 mm. Thus it becomes possible to carry out, in a reli-
able and reproducible way, impacts with controlled en-
ergy, therefore to try to simulate the effects of one and/or 
multiple impacts on a given spot. In order to take advan-
tage of the device and turn it into apparatus for scientific 
use, it is necessary to instrument and characterize it, then 
quantify each phase of its operation. A control micro-
computer manages marking via a software. Impacts are 
carried out by the movement of a cermet point intro- 
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Figure 1. Various types of the indentor. 
 
duced into the stylus. Figure 2 shows the principle of the 
micropercutor device. 

2.3. Impact Achievement  

The purpose of the impacts is to induce plastic defor-
mations (the very principle of marking) in metal, and to 
repeat the impacts in a given point, which allows the 
fatigue study of material in the mode of controlled im-
pacts. The samples are placed in a specimen carrier spe-
cially designed to avoid any vibration during the impacts. 
Once the sample is fixed, impacts are carried out ac-
cording to the required conditions: placing the right di-
ameter of cermet point (2.3 mm), introducing the co- 
ordinates of the impact point on the surface of the sample, 
choosing the number of impacts to be carried out, intro-
ducing the vertical and horizontal distances between each 
point of impact indicated by the software (one always 
using values set at 0), selecting the automatic accelera-
tion indicated in the marking software, adjusting the im-
pact height (H): distance between the sample surface and 
the point (H = 1 mm), and choosing the number of cycles 
of impacts to be carried out (500, 1000, 5000, 10,000, 
and 20,000).  

3. EXPERIMENTAL PROCEDURE  

3.1. Test Conditions 

The micropercussion tests were carried out under the 
same conditions for all the samples: 

–The spherical cermet impactor of radius R = 2.3 mm 
and impact speed Vi = 0.5 mm/s. 

–Force of impact: F = 142N and frequency of impacts: 
f = 20 Hz. 

–Number of cycles of impacts: 50, 500, 1000, 5000, 
10,000 and 20,000. 

–Lowering time t = 10 ms. 
The steel used is heat-resisting X6Cr17/1.41 steel; its 

chemical composition is presented in Table 1. 

 

Figure 2. Principle diagram of the micropercutor. 
 
Table 1. Chemical composition of X6Cr17/1.41 steel. 

Element C Si Mn P S 

% in weight 0.0582 0.049 0.309 0.054 0.0279

Element Cr Mo Ni Al Cu 

% in weight 16.94 0.811 0.002 0.04 0.025

Element V Fe N B  

% in weight 0.0638 82.09 >0.06 <0.005 — 

3.2. Microscopic Observation  

There were two observations of impacts: 
–First, a top view of the indented part, which furnishes 

total information of the impact and its diameter before 
cutting and coating (Figure 3 represents the sight of top 
of the impacts). 

–After cutting, polishing and chemical attack, a second 
observation concerning measurements of microhardness 
of the bottom of the impact (the Figures 4(a) and (b) 
represent the detail of a print of microhardness). 

4. RESULTS AND DISCUSSIONS 

4.1. Diameter of Impacts  

The diameter measurements are shown in Figure 5. 
Three stages can be distinguished in this curve. At the 
first stage (50 - 500 cycles), it was noticed that the di-
ameter increases with the increase in the number of cy-
cles (i.e. that the effort of the impact sustained grain 
damage). At the second stage (500 - 10,000 cycles), the 
diameter had a slight reduction because of the rise in the 
temperature caused by the repeated shocks. The de-
formed zone slightly becomes ductile. At the third stage 
(10,000 - 20,000 cycles), the increase in the diameter of 
the impact is ascribable to the creation of fresh work- 
hardening, which is a confirmation of a stable plastic 
deformation. 

4.2. Microhardness Measurement  

The median value and the maximum value of the  
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50 Cycles (50×)              500 Cycles (50×) 

  
1000 Cycles (50×)            5000 Cycles (100×) 

  
10,000 Cycles (100×)          20,000 Cycles (100×) 

Figure 3. Sight of top of the print before cutting and coating 
(Ajouter l’échelle). 
 

  
(a)                          (b) 

Figure 4. Sight of top of the prints of the microhardness. (a) 
(25×); (b) Detail (100×). 
 
measured microhardness taken on the surface part of the 
bottom of the impacts left by the shocks repeated for 
various cycles are represented by Figure 6. The two 
curves have the same appearance, which is also charac-
terized by three stages. Stage I (50 to 1000 cycles): one 
sees that the microhardness Hv(0.1) increases from 176 Hv 
to 215 Hv in the first case and from 178 to 222 Hv in the 
second case, that explains the elastic domain. Stage II 
(1000 to 10,000 cycles): the microhardness decreases a 
little because the stainless steel changes its structure un-
der the effect of the heating from where we note a certain  

 

Figure 5. Evolution of impact diameter according to cycle 
number. 
 

 

Figure 6. Variation of the surface microhardness according to 
the number of cycle. 
 
ductility. Therefore, one can say that one is in an elasto-
plastic state. Stage III (10,000 to 20,000 cycles): steel 
underwent, under the effect of an additional considerable 
heating at the previous stage, a work hardening. In this 
case, the plastic deformation east is established. The 
hardening of ferritic stainless steel is attested by the val-
ues of the microhardness, which exceeds 265 Hv for the 
first stage and 287 Hv for the second one. The test of 
microhardness is carried out under a load of 0.4 N on the 
deformed zones cut transversely. For each set of impacts 
(stage I, II and III), one carried out a profile of micro-
hardness. Figure 7 represents the profiles of microhard-
ness according to the depth of the impacts for each set of 
measurements. It reveals that the microhardness values 
are close (almost equal)—whatever the depth and the 
number of cycles, except for the case of 50 cycles. In the 
later case, the microhardness increased slightly to 100 
μm depth, probably due to the structure. This increase is 
not very significant because it is within the range of tol-
erances, which proves that the work hardening zones are 
almost homogeneous in depth. To understand the behav-
ior of the material undergoing repeated shocks by hard 
particles, some authors [11-12] have studied the different  

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



H. Boudoukha, S. Djabi / Natural Science 5 (2013) 1199-1202 

Copyright © 2013 SciRes.                                                                    

1202 

 

OPEN ACCESS 

Figure 7. Profile of microhardness Hv (0.4) according to the 
depth of the impacts for each cycle. 
 
types of contact, fretting, deformation and indentation. 

5. CONCLUSIONS 

The effect of the shocks repeated by microindentation 
caused physicochemical and metallurgical transforma-
tions under the effect of the kinetic energy, such as the 
lack of texture (work hardening) and the variation of the 
microhardness. We notice that the ferrite stainless steel 
studied, which is close to the nuance of steel X6Cr17 
/1.41, goes through three principal stages: the first stage 
(50 - 500 cycles) is an elastic domain, the second stage 
(500 - 10,000 cycles) is an elastoplastic domain and the 
third stage (10,000 - 20,000 cycles) is a plastic domain 
(work hardening). 

We have seen that the effect of microindentation 
caused a tribological transformation of a ferritic stainless 
steel. Thus we can conclude that our steel has gone 
through three main stages: 

–The first stage (50 - 500 cycles): 
The metal changes from elastic to elastic-plastic state 

and becomes very ductile. The micrographs show the 
existence of grain boundaries in the deformed zones. 

–The second stage (500 - 10,000 cycles):  
All parameters of the TTS (diameter, depth of the 

prints and microhardness) decreased slightly, which leads 
us to assume that the metal is in the elastoplastic domain. 

–The third stage (10,000 - 20,000 cycles):  
At this stage, the microstructure changed completely, 

as we see the lack of texture in the impacted zones, 

which means that these areas are completely cold worked, 
particularly for 20,000 cycles where the plastic deforma-
tion is permanent. 
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