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ENHANCING THE SURFACE QUALITY AND SERVICE
LIFE OF HIGH-PRECISION MACHINE COMPONENTS
THROUGH TECHNOLOGICAL METHODS

Abstract. The article investigates the key challenges associated with the honing process of high-precision
internal surfaces of machine components, a problem of both theoretical and practical significance.
Particular attention is given to the enhancement of component quality through advanced technological
methods. The study analyzes the characteristics of modern honing processes and examines the fundamental
regularities governing the formation of surface quality in high-precision parts. Furthermore, the role of
manufacturing processes and technological regularities in determining the final surface integrity
parameters is comprehensively assessed. It is demonstrated that the optimization of machining processes
plays a critical role in improving the reliability and durability of machines and mechanisms. The paper
also emphasizes that the impact of production technology on product reliability is directly dependent on
the reliability of the technological process itself. The referenced literature is based on recent and relevant
scientific sources.

Introduction. The study of manufacturing processes and underlying
technological principles enables a precise and systematic understanding of the
formation of surface quality in machined components. This knowledge not only
facilitates the optimization of machining operations but also ensures the required
surface integrity, thereby enhancing the reliability and service life of machines and
mechanical assemblies. Improving operational performance and quality
characteristics, developing next-generation machinery, and increasing their
reliability and longevity represent critical engineering objectives. The reliability of
a manufactured product is directly dependent on the reliability of the technological
processes employed.

During service, machine components are subjected to complex physico-
mechanical stresses, making material selection according to operational conditions
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essential. Material evaluation involves thermophysical, mechanical, chemical, and
technological criteria. Modern high-precision components require materials with
high strength, hardness, wear and heat resistance, impact toughness, and ductility
[1-16]. Selecting the optimal steel grade from both a design and technological
perspective is therefore critical for component longevity and reliability.

Component durability depends on the material’s physico-mechanical
properties, manufacturing technology, operational conditions, monitoring of service
regimes, and environmental factors. For components operating under severe
conditions, reliability is influenced by surface cleanliness, contact stress
distribution, and the material’s endurance capacity.

Machine service life is typically quantified by operational duration, while
technical resources indicate the equipment’s functional reserve. Aligning the
mechanical processing parameters of high-precision internal cylindrical surfaces
with operational requirements significantly improves component reliability and
longevity.

The primary factors limiting machine reliability include component fracture,
wear of contacting surfaces, contact stresses, corrosion-induced surface degradation,
and plastic deformation. Mitigation requires the use of durable, heat-resistant
materials, effective lubrication, and enhanced material quality. Components
operating under high-pressure and high-temperature conditions are expected to
maintain functionality throughout their designated service period, which is
inherently linked to the quality of manufacturing technology [17-29].

The nature and rate of wear are determined by the material pairing,
technological process, operational conditions, and quality control measures.
Statistical analyses indicate that wear at contacting surfaces is the predominant
cause of component failure. Wear mechanisms encompass physico-mechanical,
molecular-mechanical, and corrosion-mechanical processes.

Friction generates heat, and fluctuations in ambient temperature exacerbate
thermal effects. Elevated temperatures in contact zones reduce material strength and
promote plasticization of the surface layer. Repeated deformations and abrupt
temperature changes induce substantial structural and property alterations in the
contact zone [30-39].

These parameters are generally classified into four main categories:

1. Kinematic Parameters. The fundamental characteristic of honing is the
simultaneous combination of two distinct motions. The ratio between these speeds
defines the resulting "cross-hatch" pattern on the machined surface:

— Rotational Speed (Vror): The peripheral speed at which the honing tool
(mandrel) rotates around its own axis. It typically ranges from 15 to 80 m/min,
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depending on the workpiece material and the abrasive used.

— Reciprocating (Axial) Speed (Vcsp.): The linear speed of the honing tool
as it strokes up and down within the cylinder bore. It usually falls between 5 and 25
m/min.

— Resultant Cutting Speed (Vi): The geometric vector sum of the rotational
and axial speeds. This parameter is critical for determining the material removal rate
(MRR) and the heat generated during the process.

Vk = \/Vrzot + Vrec.sp2 (1)

— Cross-Hatch Angle (a): The intersecting angle formed by the abrasive
path on the cylinder wall. A proper angle (typically 40°—-60° for engine cylinders) is
crucial for optimal oil retention and hydrodynamic lubrication.

v,
tan (%) = %O'Stp (2)

2. Dynamic (Operational) Parameters. These parameters relate to the
physical forces applied during the cutting action.

Radial Pressure (Pspr.): The specific contact pressure exerted by the abrasive
stones against the internal wall of the workpiece.

— Rough Honing: Higher pressure (= 0.5-1.5 MPa) is applied to achieve a
high material removal rate and correct macro-geometric errors (like out-of-
roundness or taper).

— Finish Honing: Lower pressure (=0.1-0.4 MPa) is used to achieve the
required micro-geometry and minimal surface roughness (Ra) without causing
subsurface thermal damage.

3. Tool and Abrasive Parameters. The micro-cutting mechanics heavily
depend on the physical properties of the honing stones.

~ Abrasive Material. Superabrasives like Synthetic Diamond (excellent for
wear resistance) and Cubic Boron Nitride (CBN, ideal for hardened steels and cast
irons) are most commonly used in high-precision manufacturing. Conventional
abrasives like Aluminum Oxide or Silicon Carbide are also used depending on the
application.

— Grit Size. The size of the abrasive particles. Coarse grits are selected for
stock removal, while fine grits are essential for the final surface finish. In plateau
honing, two different grit sizes are often used sequentially.

- Bond Type. The matrix holding the abrasive grains together. Common types
include metal (highly durable, requires higher pressure), vitrified/ceramic, and resin
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bonds.

4. Cutting Fluid (Coolant/Lubricant) Parameters. Even though honing is a
relatively low-temperature operation, cutting fluid is absolutely vital for the stability
of the process.

- Fluid Composition: Typically consists of mineral oils, kerosene-based
mixtures, or specialized water-based emulsions.

- Flow Rate and Pressure: A continuous and pressurized flow is required to
cool the cutting zone, reduce friction, and, most importantly, flush away the "swarf"
(metal chips and detached abrasive particles) to prevent the honing stones from
clogging (loading). [40-56].

At the microscale, friction leads to detachment of surface particles, the intensity
of which depends on material properties and operating conditions. In dry friction,
surface roughness, normal load, and microgeometry significantly influence the
friction coefficient. Abrasive wear, caused by hard particles, results in surface
scratching and additional stress concentrations, often leading to progressive material
degradation.

Surface layer quality is a direct outcome of the combined effects of physico-
mechanical and chemical processes during machining and structural transformations
within the metal. The top working layer exhibits microstructural characteristics
distinct from the underlying material, directly impacting component durability.
Consequently, the evaluation of microhardness and other surface quality indicators
is of critical importance. Wear of components is a multifactorial problem; thus, the
design of manufacturing processes must consider failure causes, wear mechanisms,
and influencing factors to define optimal operating conditions [57-68]. Progressive
technological processes should be developed and implemented accordingly.

Formulated by the author, Sarvan Aziz Shirvan, the “SASh” ratio coefficient
is utilized to achieve optimal dimensional accuracy and superior microgeometric
surface quality by accounting for the mathematical-functional interrelations among
the part length, diameter, honing tool length, and other pertinent technological
parameters [69-73, 78-86]. Furthermore, in numerous instances, this coefficient
undergoes specific refinement tailored to the physical and mechanical properties of
the material.

Driven by the objective of achieving high dimensional accuracy and surface
quality in the internal honing operation of 32CrMoV12-10 steel, an experimental
study was conducted. The fundamental regularities correlating the cutting force and
abrasive cutting coefficient with the radial clamping force-obtained under the
deliberate adjustment of primary machining parameters-are presented graphically in
Figure 1.
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Fig. 1. Dependence of the cutting force (P.) and the abrasive
cutting coefficient (f.) on the radial clamping force (Praq)

The quality of machine production and operation is governed by design,
strength and precision calculations, manufacturing technology, and inspection and
testing protocols. Achieving high-quality components necessitates optimization of
all influencing factors across design, production, and operational stages. Products
that meet technical specifications while minimizing resource and labor expenditure
are considered technologically efficient [74-77, 84-86]. The technological
excellence of components and assemblies is essential for the creation of machines
with optimal technical and economic performance.

Conclusion. The quality and durability of machine components are directly
determined by the technological foundations of their manufacturing processes. In
this context, finishing operations-particularly polishing and honing-play a decisive
role in shaping the functional and exploitational characteristics of parts. The honing
process not only ensures the required dimensional accuracy but also significantly
enhances surface integrity by optimizing geometric precision, micro-topography,
and physical-mechanical properties.

Firstly, honing provides a high level of geometric accuracy. Macro-geometric
deviations formed during prior machining operations (such as turning or drilling)-
including ovality, taper, barrel-shaped distortion, and axis misalignment-are
effectively eliminated or minimized through honing. This leads to improved
conformity between mating components, ensuring uniform contact conditions,
reducing stress concentrations, and preventing localized loading.

Secondly, honing enables the controlled formation of surface micro-geometry.
Although the process reduces surface roughness to very low levels, achieving a
mirror-like finish is not always desirable. Instead, honing creates a functional
microrelief that enhances tribological performance. This engineered surface texture
facilitates the retention and distribution of lubricants, thereby improving the
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operational stability and efficiency of friction pairs.

Another significant advantage of honing is the formation of favorable residual
stresses within the surface layer. Compared to polishing, honing operates at
relatively low cutting speeds and temperatures (typically not exceeding 100-—
150°C), which prevents thermal damage, microcracking, and structural alterations.
Moreover, compressive residual stresses are induced in the surface layer, inhibiting
crack initiation and propagation, and thereby enhancing fatigue resistance.

The wear resistance and service life of machine components are closely
associated with the unique surface texture produced by honing. Due to the
simultaneous rotational and reciprocating motion of the honing tool, a characteristic
cross-hatch pattern is formed on the surface. This pattern consists of a network of
microscopic grooves that act as lubricant reservoirs, reducing the likelihood of dry
friction and promoting the establishment of hydrodynamic lubrication regimes.
Consequently, wear intensity is significantly reduced.

A specialized variation of this process, known as plateau honing, represents an
advanced approach to functional surface optimization. In this method, only the
asperity peaks of the surface are removed, while deeper valleys are preserved. As a
result, the real contact area increases, load distribution improves, and the running-
in period is substantially shortened. This also minimizes the generation of wear
particles during the initial stages of operation.

Furthermore, the absence of coarse machining marks, microcracks, and thermal
damage-combined with the presence of compressive residual stresses-significantly
enhances the fatigue strength of the component. This is particularly critical for high-
precision parts subjected to dynamic and cyclic loading, where these factors play a
key role in extending service life and ensuring operational reliability.

In conclusion, honing should be regarded not merely as a finishing operation
but as a critical technological process that fundamentally determines the functional
performance of machine components. Its application leads to comprehensive
improvements in surface quality, optimization of tribological properties, and a
substantial increase in durability and reliability.
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