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1.  Introduction 

Because of an in-service failure of the piston of a nitrogen die cylinder, a claim was 

raised, based on results of a FEM analysis. The submitting company asked to perform a 

design verification of such a piston. 

 

2.  FEM model  

The FEM model is based on the drawing annexed to the “Product Safety Notice” 

issued by the customer of the Submitting Company. 

It has been built by MSC/PATRAN code and a linear static analysis1 has been 

performed by MSC/NASTRAN, as a FEM solver. 

The model is made of brick elements, with a linear shape function; in particular there 

are 10754 grid points and 8910 elements, representing a 90° sector of the component.  

Figures 2.1 and 2.2 show the FEM model and a detail of it, related with the area where 

the failure occurred. 

The component is made of 39 NiCrMo3 quenched and tempered steel with a 1000 

MPa declared minimum ultimate tensile strength. 

 

 

                                            
1 Since the design max impact velocità is 10 m/min, the dynamic effect should be minimum. In case of 
service with higher impact velocities, yet, a transient analysis should be performed. 
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Figure 2.1 -  FEM Model  

 

 
Figure 2.2 - Detail  
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Two load conditions have been analysed: the first one is related with the 186 bar minimum 

pressure and the axial constraint exerted on the top surface of the arrest ring (shown in fig. 

2.2). In the other one, the constraint is on the top surface of the piston and internal 

pressure increases to 358 bar. 

 

3.  FEM Results 

The maximum Von Mises stress for the first load condition is in the same area as in the 

claim report, even if with a lower peak value (587 MPa), but with the expected quite 

regular distribution vs. the “hot spot” distribution in that report, due perhaps to the adoption 

of tetrahedric elements.  

 

 
Figura 3.1   Von Mises stress distribution in the first load condition 
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Figura 3.2   Detail in the failed area 

 

Yet, the available photos seem to show the crack far from the peak stress area, that is 

approximately where indicated from the arrow in fig. 3.2. 

Actually, looking at principal stresses (figs. 3.3 and 3.4), one can clearly see that the max 

Von Mises stress area is characterized by a compression state (max principal stress is 

there only 13 MPa and minimum one -621 MPa), which cannot cause a fatigue crack 

propagation. Viceversa, the area indicated by the arrow is characterized by the highest 

value of maximum principal stress (462 MPa); more, this is approximately tangent to the 

fillet and so agrees at all with the circumferential crack orientation.  

 



MOD.04.02.RT_ Info rev.02  

 
Technical Report N° 070248/SM/RAF01 - page 6 of 6 

 

 

 
 
 
 
È vietata la riproduzione parziale del presente documento salvo autorizzazione scritta di Rtm Breda S.r.l. 
Nel caso di contestazione la copia valida è quella conservata presso l'archivio di Rtm Breda S.r.l. 

Sigla redazione 

 
Figure 3.3   Max principal stress in load condition 1 

 

 
Figure 3.4  Min principal stress load condition 1 
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Therefore, the fatigue verification will be performed in the area where max principal 

stresses are found; to do this, also stress distribution in the second load condition has 

been investigated (figs. 3.5 and 3.6). 

One can see that max principal stress (hoop stress) is +57 MPa in the investigated area, 

whereas the minimum principal stress (having approximately the same direction as the 

max principal one in the first load condition) is -183 MPa. 

 
 

 
Figure 3.5   Max principal stress in load condition 2 
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Figure 3.6  Min principal stress load condition 2 

 

4.  Fatigue verification 

Based on the previously described FEM results, a fatigue verification has been performed 

following the method indicated in “Rechnerischer Festigkeitnachweis f� r 

Maschinenbauteile Richtlinie” issued by ForschungKuratorium Maschinenbau in 1994. 

 

This method allows to take into account the main factors, influencing the fatigue resistance 

of a mechanical component, but above all it supplies a method to use the FEM results in a 

correct way: in fact they calculate peak stresses, based on load type and component 

geometry, but these are too conservative to be directly used in fatigue verification, since 

they cannot take into account the notch sensitivity of the material, which acts as a stress 

reducer, apart in fully fragile materials. This problem is now considered by other norms 

too, like EN 13445 or AD-Merkblatt S2, which introduce the concept of structural stress.  

The stress data used for fatigue verification in the critical area are the following (blue cells 

indicate the input values, the other ones are calculated). 
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ssssmax 462 

ssssmin -183 

ssssmean 139,5 

ssss alternating 322,5 

Fatigue Ratio (=ssssmin/ s s s smax) -0,40 
 

 

Input data related with the material are the minimum tensile strength (980 MPa), the bar 

diameter (80 mm), the max service temperature (80°C). Based on this, the norm calculates 

a 361 MPa axial fatigue limit (for the polished unnotched component). 

After, further corrections are made, based, for this component, on the surface roughness 

and on the surface treatment. Surface roughness, measured by the submitting company  

on a component in the fillet, is RZ = 2mm and the surface is nitrided (the lowest increasing 

factor due to nitruration according to FKM, that is 1.3, has been used.  

Finally, the mean stress and the stress gradient2 (related with the notch sensitivity of the 

material) influences are computed, so that the component fatigue limit in the critical area 

increases to 708 MPa. 

The alternating stress is 322.5 MPa, so the safety coefficient is 2.20. Since the minimum 

safety coefficient required from FKM is 1.5, the component is verified. 

The 1.5 minimum safety coefficient is reached in case of lack of nitruration and a 32mm RZ. 

 

5.  Conclusions 

 
Applying FKM methodology to the FEM results regarding a failed piston, in order to 

perform the fatigue verification, the component results well designed. 

 

The failure causes are to be searched elsewhere (incorrect service, material or fabrication 

defects, etc). 

                                            
2 The max principal stress decrease from 462 MPa to 118 MPa going 0.45 mm inside the surface 


