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Resume 
Testing of materials properties is usually a discipline for the quality assurance 
during manufacturing processes. In condition monitoring, certification 
or upgrading of existing plants and in failure analysis similar benefits from non- 
destructive testing of materials properties can be achieved. Another benefit from 
the Non-Destructive Metallography (NDM) is that the test can be made on-site. 
NDM is a well established and proven tool to help determine the integrity 
of generator and hydro turbine components during their life-cycle in power plant 
environments. On-site metallography of components makes it possible 
to evaluate the microstructure of materials. It allows microstructural analysis 
of large components that are difficult to move or not permitted to be destructive-
ly tested, enabling rapid evaluation of the material. Here are monitored the mi-
crostructural changes and crack detection in St 35 connecting rod steel after 
approximately 15 years in service. The paper includes a short description of the 
replica method as a technique for microstructural examination of components 
by using non-destructive testing method.  
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1. Scheme of water turbines 

Water turbines are machines that convert 
hydraulic energy into mechanical energy. This 
conversion is possible in a complex harnessing 
called a hydro power plant (HPP). Usually, the 
mechanical energy is further converted into 
electrical energy, in the same harnessing with 
the use of electrical generators.  

There are three basic types of hydro tur-
bines:  

impulse,  
reaction and 
submersible propeller.   
All produce clean energy or green energy 

- power from renewable resources. 
There are low-, medium- and high-head 

turbines. They are also classified as having 
a vertical or horizontal orientation. A schematic 

view of a Hydro Power Station is shown in     
Fig. 1. 

 
 

 
 

Fig.1. Schematic View of a Hydro Power Station, 
vertical orientated turbine. The connecting rod is 

between the turbine and the  generator 
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Such an equipment is of crucial im-
portance for all consumers of electricity in the 
country.  

 
2. Connecting Rods forging 

For certain purposes, the machine compo-
nents should be forged. The hammer exerts 
compressive pressure on a relatively small area. 
During a forging process a high degree of crys-
tal grains refinement is obtained. The im-
portance of finishing temperature at hot-forging 
as in other hot-working deformation processes is 
well known. A lower finishing temperature at 
hot forgings is sometimes caused by the pres-
ence of brittle ranges in a material. A low finish-
ing temperature may lead to cold-working ef-
fect(s), which is indicated as a high value of the 
ratio of yield stress to ultimate stress, either at 
static or alternate loads. 

For producing a long forged piece, a hot-
working deformation is obvious. At forging 
of a large piece, a deformation is localized. 
A high rate of forging also permits great defor-
mations, while the temperature drop must be 
kept in close limits. Hammering between flat 
dies may lead to causing compression stresses. 
At the cold edge, an additional (even tensional) 
stresses may be introduced by fast & irregular 
cooling or similar technological factors. 

Medium carbon steels are available for 
forgings for general engineering purposes, such 
as: turbo-electric rotors, die blocks, gears, large 
hydraulic pistons, etc. In order to work those 
products large ingots are necessary, and a large 
press must be used. 
 
3.  Experimental results 

A hydro-power generator plant is always 
complex in structure. A connecting rod is just 
a part in such a structure. A hydro-power plant, 
water turbines and similar parts/components 
of the equipment are available for analysis from 
many viewpoints. Here are monitored the micro-
structural changes that have taken place in the 
connecting rod material, after being in service 
over a quite long period of time, about 15 years. 

The use of the replica method for moni-
toring the microstructure quality makes sense 
only by periodic investigation and comparison 
of the results with those previously obtained. 

At the moment of forging production 
of a new part it is clear that all the consequences 
that may arise from the servicing conditions are 
simply not predictable or visible. Here are de-
scribed some examples of cracking of one hy-
draulic piston, when all the parameters of me-
chanical or chemical requirements are satisfied 
at the moment of production, but in spite of this, 
the piston failed in servicing. 

Such discontinuities could not be ex-
plained by regular working conditions of a hy-
draulic component, but just from the point 
of view of quality of the forged and heat treated 
product. 

Melting and refining regimes, also forg-
ing, are responsible for obtaining those irregu-
larities on the surface just near the square part 
of the forged connecting rod, but machining 
(either turning or milling) operations cannot be 
responsible for detected faults. 

A sketch of connecting rod and places for 
replica R1 and R2 monitoring are shown in    
Fig. 2.  

 

 
 

Fig. 2. Sketch of connecting rod and places for 
replica monitoring 
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In the areas where replicas R1 and R2 
were taken, there were also determined chemical 
composition and hardness measurements. 

The microstructure of the investigated 
material (Fig. 3) before exploitation consists 
of ferrite and pearlite,  with small non-metallic 
inclusions. 

The changes in the microstructure of con-
necting rod material must be also of great im-
portance. Those processes are: decarburization, 
corrosion, micro- and macro-cracks, etc. 

A wide variety of degradation processes 
are possible to discover with the use of replica 
metallography.  

 

 
 

Fig. 3. The microstructure consists of ferrite, pearlite 
and some bainite. Micro- and macro cracks observed 

under optical microscope. 4% natal 
 

4. Conclusion 

The role of the connecting rod in a hydro-
power plant is of great importance. 

The NDM techniques offer a possibility 
of detecting materials damage at an early stage 
and thus prevent dangerous and costly failures.  

Plants that are notoriously exposed to 
gradual degradation will be safer and live longer 
if areas of the highest degradation rate are locat-
ed and possible damage repaired at an early 
stage. 

The changes in the microstructure of the 
connecting rod material must also be of great 
importance. A wide variety of degradation pro-
cesses are possible to discover with the use 
of replica metallography. Those processes are: 
decarburization, corrosion, micro- and macro-
cracks, etc. 

The above results led to a direct recovery 
of the connecting rod of the water turbines in the 
area of identified macro-cracks, and after re-
peated tests, it was determined that it was not 
necessary to replace it.  
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