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Titanium and titanium alloys are nearing the end of their 
fourth  decade  of  commercial  and  industrial  service. 
Application of these material's in many different fields is 
becoming broader and broader year after year. In spite of such 
a growth, the sphere of applications in which titanium and its 
alloys  have  found  the  maximum  employment  is  still  that  of 
aerospace  engineering.  This  is  mainly  due  to  the  peculiar 
characteristics  of  titanium,  summarized  in  figs.1-2,  which 
perfectly match with the need of aerospace technology. In this 
regard, fig. 3 shows the percentage of titanium, as compared 
with other elements, in the overall composition of some modern 
aircraft. 
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Fig. 1 
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Fig.2: Schematic representation of relationship between 
structure and technological properties for titanium 
and titanium alloys.
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Fig. 3
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The purpose of the present investigation is focused on 
the  evaluation  of  the  operating  behaviour  of  titanium 
components of military aircraft, as detected by the Chemical 
Research  Laboratories  of  Italian  Air  Force  ("D.A.S.R.S.  - 
Reparto Chimico-Tecnologico", up to 1985 "Direzione Laboratori 
A.M."), on the basis of all investigations carried out between 
1975 and 1990. 

The results of the present review are therefore limited 
to all those failures and inconvenient which were not merely 
solved at the level of the Peripheral Bodies, but that instead 
required deeper and more detailed investigations. 

Fig. 4 shows the main stages of the general procedure to 
be followed in failure investigation. 

It  appears  clear  that  every  single  stage  has  to  be 
modulated according to the specific failure under examination. 
It follows that there is not a step that is a  priori  more 
important than another: a procedure or a testing that can be 
definitive to clarify the fracture mechanism of a particular 
failure can be trivial for another and vice versa. It is only 
the experience that can suggest what step can be critical and 
what step could be passed by. 

The following four cases show how all these guidelines. 
are applied practically. 
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Fig. 4
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1st Case: (commercially pure Ti) 
The  defects  had  been  revealed  by  liquid-penetrant 

inspection, and localized below the thread of all the three 
forks  (see  fig.  5).  All  the  defects  were  ascribed  to  the 
rolling process. The validation of the hypothesis came from 
the examination of the metallographic specimen (fig. 6), which 
shows the orientation of the grains around the crack. This 
kind of defect is not particularly dangerous, but nonetheless 
it was taken out to avoid any misinterpretation in following 
inspections.
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Fig. 5

Fig. 6



2nd Case: (Ti-6Al-4V alloy) 
The  fracture,  localized  at  the  groove  of  the  fourth 

lowest thread (fig.7), was produced by the growth of a fatigue 
crack,  whose  initiation  was  in  the  correspondence  of  sharp 
tool marks, shown in fig. 8, which caused also the erosion of 
the other three threads. The SEM examination of the fracture 
surface  was  also  useful  to  record  the  typical  fatigue 
striation  (fig.9).  Fig.l0  shows  the  microstructure  of  the 
material. 

Fig. 7

Fig. 8
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Fig. 9

Fig. 10
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3rd Case: (Ti-6Al-4V alloy) 
This component of a transport aircraft was suspected to 

be cracked in correspondence of the arrows of figs. 11-12. A 
careful examination by a stereoscopic microscope, and, more 
important,  the  examination  of  the  metallographic  section 
(figs. 13-14) allowed us to exclude the presence of crack, and 
to ascribe the surface defect to the action of a tool. 

Fig. 11

Fig. 12

6.10



Fig. 13

Fig. 14
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4th Case: (Ti-6Al-4V alloy)
The failure of the structure shown in fig.15 began with 

the  fracture  of  the  posterior  hinge  (fig.16),  being  the 
fracture  of  the  anterior  hinge  due  to  tension,  with  a 
component  of  torsion,  overload  (fig.17).  Therefore  the 
anterior  hinge  has  been  thoroughly  examined  with  different 
techniques.  On  the  fracture  surface  (fig.18)  have  been 
identified  the  typical  striations  due  to  the  growth  of  a 
fatigue crack (figs.19-20): the cyclic loading is in this case 
to  be  ascribed  to  vibration,  deriving  from  the  imperfect 
closing  of  the  panel.  This  inconvenient  is  a  direct 
consequence  of  the  too  strict  tolerance  limits  taken  into 
account in the designing of this particular: it follows that 
even a lightly defective assembly can be responsible of the 
previously described vibrations. 

Fig. 15
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Fig. 16

Fig. 17a Fig. 17b
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Fig. 18

Fig. 19

Fig. 20
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Conclusions 
Some relevant indications can be evinced tram the data here 

presented. 
First of all, it is evident that the number of failures 

involving titanium components is extremely small; moreover it 
appears even smaller if compared to the number of failures of 
other metallic components.

In  addition  to  this,  it  has  to  be  taken  in  the  due 
account  that  the  present  study  is  limited  to  military 
aircraft, whose operating conditions are generally extremely 
severe, and cause stress concentrations definitely higher than 
those acting on civilian aircraft. 

Finally, it is worthwhile to highlight that all failures 
here presented and discussed are induced by factors that are 
not directly concerned with a reduction of the  technological 
properties of the material; indeed, causes of failure have to 
be  inquired  into  design  errors,  detective  production  and 
incautious  and/or  improper  use  of  the  component  under 
investigation. 

In conclusion, the present results once more confirm the 
extreme  suitability  of  titanium  and  titanium  alloys  for 
aerospace applications. 
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