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Abstract: Analysis of material condition of side frames of freight trucks before and after thermal hardening was performed by combined 
analysis of Acoustic Emission (AE) and strain diagrams during tests of samples cut from the frames. The kinetic of damage accumulation 
during loading to failure in the material after normalizing or volume-surface hardening was analyzed. Changes in ductility and toughness 
resource of the metal was evaluated. 
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1. Introduction 
 
One of the main causes of failure of the side frames of freight 

car trucks in operation is the presence of unacceptable casting 
defects in the loaded sections of the side frames [1]. The most 
effective way to eliminate the harmful effects of stress 
concentrations and prolong the service life of the side frames is 
their reinforcement by the volume-surface hardening. This 
technology can improve the strength properties of new and 
renovated side frames without changing the material and the 
technology of making castings. 

 
2. Experimental procedure 

 
Investigation of condition of side frames fragments of freight 

trucks before and after thermal hardening was investigated by 
combined analysis of Acoustic Emission (AE) diagrams and strain 
diagrams and charts during laboratory tests of samples cut from 
the frames after different heat treatment. AE measurement used to 
analyze the kinetics of damage accumulation during loading to 
failure in the material after normalizing or volume-surface 
hardening. Changes in ductility and toughness resource of the 
metal was evaluated by the strain diagram. 

Microstructure, hardness, stress-strain curves and AE 
diagrams during static bending test and fractures were investigated 
before and after thermal hardening (Fig. 1). 

 

 
Fig. 1. The sample during static bending test. 

 
Three-point bending test of the samples was carried out on a 

universal tensile testing machine Instron 150LX with rate of 0.5 
mm/min with a recording diagram "load - deflection". The peak 

amplitude of the AE signals was detected by two piezoelectric 
transducers attached to the polished side surface of the sample 
through a special layer of immersion liquid. AE was detected by 
two different sensitivity channels using a modular measuring 
platform PXI-1042Q. 

 
3. Results and discussion 
 
Joint analysis of rod samples after volume-surface hardening 

flexural deformation diagrams, AE diagrams and fractography 
revealed that in hardened structure (layer with a higher hardness) 
the dominant mechanism of crack propagation is gradual 
microcracking when the load increases (as well as increasing 
toughness with increasing crack depth). 

Investigation of condition of side frames fragments by the 
joint analysis of the stress-strain curves, AE diagrams, structure 
and fractures shows a significant difference in the fracture 
mechanisms and kinetics of fragments of the side frames in a 
normalized condition and after an volume-surface hardening (Fig. 
2). 

 

 
Fig. 2. Typical stress-strain curve and AE diagram obtained 
during the bending test of the rods after an volume-surface 

hardening 
 
Fragments material after an volume-surface hardening 

maintains a stock of plasticity and toughness sufficient to maintain 
the integrity of the product, in spite of the formation of cracks in 
local areas. An volume-surface hardening, increasing the strength 
of the material, does not allow cracks to develop in the cast 
material defects. Tests of the fragments after an volume-surface 
hardening showed that the main crack formed only at high loads 
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(900 kN) and does not lead to catastrophic failure of the whole 
fragments.  

Fragments material analysis using AE measurement and 
analysis strain diagrams is effective to evaluate the toughness of 
the side frames material after various modes of thermal treatment. 

 
4. Conclusion 
 
Analysis of condition of material of side frames of freight 

trucks before and after thermal hardening was performed by 
combined analysis of Acoustic Emission (AE) diagrams and strain 
diagrams during tests of samples cut from the frames after 
different heat treatment. AE measurement used to analyze the 
kinetics of damage accumulation during loading to failure in the 
material after normalizing or volume-surface hardening. Tests of 
the fragments after an volume-surface hardening showed that the 
main crack formed only at high loads (900 kN) and does not lead 
to catastrophic failure of the whole fragments. 
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