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INVESTIGATION OF THE CAUSES OF OPERATIONAL
BREAKDOWNS IN METALLURGICAL EQUIPMENT AND
VEHICLE PARTS PRODUCED BY OPEN DIE FORGING

Introduction. The most critical parts of metallurgical equipment and
transport are made using metal forming, particularly open die forging. Their
durability depends on key quality factors like dimensions, surface finish,
mechanical properties, and structural integrity. The entire production cycle,
including steel grade, ingot quality, heating, forging temperature, and heat
treatment, significantly impacts the properties of forged products. Grain
refinement is crucial for improving mechanical performance and operational
reliability. This study examines the quality and technological parameters of
forged components for metallurgical equipment and transport, aiming to
identify failure causes, evaluate the influence of production methods on
durability, and recommend strategies for enhancing performance.

Methodology. The investigation of forged component failures
included: 1) Sample preparation with visual inspection to detect surface
cracks and deformation; 2) Mechanical testing for yield strength, hardness,
and tensile strength; 3) Metallographic analysis of grain size, segregation, and
structural uniformity; 4) Spectral chemical analysis of alloy composition;
5) Ultrasonic testing for internal defects; 6) Evaluation of forging regimes,
including temperature, reduction ratios, deformation, and heat treatment
effects on properties.

Results and Discussion.

"Mouthpiece"” Part. Macrostructural analysis revealed significant
segregations and coarse grains concentrated near the axial zone (Fig. 1). The
applied forging regime failed to sufficiently improve the cast structure,
leaving dendritic and zonal heterogeneity. This resulted in suboptimal
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mechanical properties, particularly a yield strength of 394 MPa, compared to
the required 490 MPa, leading to premature failure.

(b)
Fig. 1. Analysis of the "Mouthpiece" part: (a) forging sketch, (b) metal
fracture at the failure location, (¢) microstructure at the failure location.

"12”  Mandrel” Part. Microstructural analysis showed a
heterogeneous distribution of ferrite grains and sorbite-like pearlite. Large
bands of ferrite grains reduced the uniformity of the structure, weakening
mechanical properties. Fatigue-related cracks originated from these regions,
causing failure.

"Roller" Part. Insufficient plastic deformation led to a coarse-grained,
banded microstructure. The grain size varied significantly across the cross-
section, which weakened the component's durability under operational loads.
Optimizing deformation intensity and uniformity is essential for ensuring
consistent mechanical properties.

"Shaft" Forging. Ultrasonic testing detected sulfide inclusions, and
metallographic analysis revealed segregation bands and liquation zones.
Despite a high forging ratio (19.75), the microstructure remained coarse and
inhomogeneous, particularly in zones with sulfur inclusions. These structural
defects negatively affected the shaft's operational performance and durability.

Conclusions. The study demonstrated that microstructural
inhomogeneity, segregations, and insufficient plastic deformation are the
primary causes of failures in forged components. To improve quality and
operational durability: optimize forging regimes with increased intensity and
uniformity of deformation; implement advanced multi-stage forging schemes
with intermediate heat treatments; control temperature gradients during
heating to minimize grain coarsening and segregations.

Adjusting these parameters will ensure consistent refinement of the
metal structure, enhancing mechanical properties and extending the service
life of forged products.
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