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ECONOMIC EFFICIENCY OF INCREASING
THE EFFECTIVENESS OF GEAR PROFILE GRINDING
BY COPYING

Introduction: Any newly developed technical solution, including every
technological operation, must be economically viable [1-5]. Therefore, the issues of
increasing efficiency in grinding resolved must ensure economic benefit, be
innovative in nature, and possess competitiveness [6-10].

Various aspects of improving the reliability, operational performance, and
management efficiency of technical systems, including military equipment and
mechanisms, have been extensively investigated, and significant scientific results
have been achieved in this field [11-15]. Contemporary studies identify the
optimization of gear transmissions, the formation of machining accuracy, the
strengthening of the surface layer, and the improvement of the technological
characteristics of finishing operations as key directions for enhancing machining
efficiency [16-20].

Studies devoted to the mathematical modeling of machining accuracy in multi-
tool processes, the control of dimensional accuracy on modern CNC machine tools,
and the improvement of surface quality in grinding operations have established an
important scientific basis for the optimization of machining processes [21-25].
Research has also extensively addressed the formation of the surface layer,
machining accuracy, cutting forces, and the control of technological relationships in
various machining processes [26-30].

Furthermore, matrix models for predicting the accuracy of multi-tool
machining processes, the regularities governing the formation of dimensional errors,
and analytical models of technological systems have been developed, and their
applicability under industrial production conditions has been substantiated [31-35].
The findings of these studies demonstrate that scientifically based control of
technological parameters plays a significant theoretical and practical role in
improving production efficiency, machining accuracy, and the quality characteristics
of finished products [36-40]. In addition, studies on the formation of material
microstructure, the improvement of casting technologies, and the optimization of
design solutions aimed at enhancing product quality, wear resistance, and reliability
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have made an important contribution to the development of modern manufacturing
technologies [41-45].

Methodological guidelines and similar documents exist for determining
economic benefit associated with the application of new techniques and technologies
[46-50]. However, they do not cover the specific characteristics of increasing the
efficiency of the developed grinding process, particularly its enhancement via indirect
methods [51-55]. Consequently, the methodology for determining the economic
efficiency of the developed enhancement is presented as follows [56-60].

It should be noted that the economic benefit of technological measures can be
ensured in three directions:

1. Increasing production efficiency (increasing productivity, reducing setup
time norms, etc.) of a technical object without altering its quality and operational
indicators [61-65].

2. Increasing operational indicators of a product by enhancing its
manufacturing quality. Two cases are possible here:

o enhancement of manufacturing quality does not incur additional costs;

o enhancement of manufacturing quality incurs additional costs.

3. Increasing grinding efficiency also ensures the enhancement of operational
indicators of the product, resulting in a double efficiency effect.

Solution Approach: The work proposes increasing grinding efficiency in two
directions: direct and indirect methods. It should be noted that the methods for
ensuring economic efficiency proposed in existing literature can be applied to
methods for increasing grinding efficiency via direct means [66-70]. Therefore, the
issue of economic benefit only regarding the indirect enhancement of grinding
efficiency is investigated here [71-75].

The formation of grinding efficiency via indirect methods can be divided into
three stages:

« the base technological measure preceding grinding that ensures efficiency,
their development, and the costs incurred for them;

« efficiency in technological operations between the base measure and grinding;

« efficiency in grinding.

Determining grinding efficiency via indirect methods should be based on
considering the costs incurred and results obtained in these three stages.

Discussion: In the work, increasing grinding efficiency has been achieved by
reducing the machining allowance. As noted, this pertains to the issue of indirect
enhancement of efficiency, as the efficiency enhancement measure was implemented
in the preliminary operation, gear cutting [76-80]. Nevertheless, since the result is
obtained only in the gear grinding operation, it can be accepted that the efficiency
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enhancement is implemented directly; thus, the relative efficiency coefficient proposed

in literature [81-85] can be used in its determination. It should be taken into account

that research also shows that the developed technology ensures improvement in both

surface quality and gear accuracy parameters [86-90]. However, for simplicity and

reliable results, we assume equal service lives for the gears in both cases, F;=F>.
Thus, the coefficient of efficiency increase resulting from the reduction of

machining allowance is expressed as follows:
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Where, t.y; 1s the piece-calculative time for the gear grinding operation according

to the existing technology;

t.x2 1S the piece-calculative time for the gear grinding operation according to the

proposed technology;

a;; and a,, are the operating costs per unit time for the existing and proposed variants,

respectively, taking into account the depreciation of the gear grinding equipment;

a;, and a,, are the operating costs per unit time for the existing and proposed

variants, respectively, taking into account the depreciation of the fixtures;

a;3 and a,3 are the operating costs of the tool per unit time for the existing and

proposed variants, respectively.
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Fig. Economic efficiency scheme for increasing the effectiveness of gear profile
grinding by copying
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It is evident that the same machine tool, fixtures, and equipment are used for
both cases here. Therefore, the following can be accepted: a;; = a,; = a4; a1, =
A, = ay and a3 = a,3 = as

Then the coefficient of efficiency increase becomes:

texr (g + ay) + 1ty az

(2)

According to the factory technology, in the grinding of gears with a module of
m=35 mm, number of teeth z=34, and tooth length /=25 mm (under cutting conditions

K., =
T tewe (g +ay) + tp2 " a3

of v=35 m/s, and i=4), the piece time t.;= 20 min. The piece-calculative time,
assuming only this gear is cut during the day, becomes:

bopy = ZL = 0.91 min. 3)

Here, Ty, is the preparation-completion time, and n,; is the number of gears
whose teeth are ground within one preparation-completion interval. The primary
time is:

Li

tpr = = 3 min. 4
PL ™ Sin+Sip )

where i = 4 is the number of passes, and L is the outer surface of the gear blank
(calculated machining length). The piece-calculative time for the proposed variant
1s:

by = % = 0.8 min. ()
The primary time for the proposed variant is:
Li .
tpr = Sorses 2.25 min. (6)

where i = 3 is the number of passes. The preparation-completion time for the
operation was taken to be the same for both variants. Thus, the coefficient of
efficiency increase is: K.y = 1.2. If expressed as a percentage, the efficiency is:
ko, = 20%.

Thus, as a result of reducing the number of passes solely due to the reduction
in machining allowance, the efficiency of copying gear grinding increases by 20%.

With the cutting condition elements (except for the depth of cut and number of
passes) assumed to be the same, the reduction in primary time is:

L-4
t Sii1+Si
— b1l __ 2ii1T2ib1 __
Atp =, Iz = 1,33 (7)
b Sii2tSib2

which amounts to 1.33 times or 33%.
Since the production process in the enterprise is carried out in small series, the
determination of savings for a specific gear remains disconnected from reality. It
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should be noted that the reduction in the primary-machine time spent on the
operation ensures a 33% reduction in the operating time of the cutting tool, the
abrasive wheel, for a single gear. Thus, compared to grinding with the existing
technology, the developed technology ensures a corresponding 33% reduction in
abrasive wheel consumption when grinding a certain number of gears, providing an
increase in efficiency in this direction as well.

Conclusion: As a result of the conducted research, an economically justified
methodology for increasing the efficiency of the gear grinding process by copying
has been developed. It has been determined that measures related to the reduction
of machining allowance indirectly lead to an increase in grinding efficiency, and this
approach is more effective compared to existing technologies. Calculations have
shown that when the proposed technology is applied, the efficiency coefficient is
equal to 1.2, which means a 20% increase. Simultaneously, the 33% reduction in
primary machine time and the decrease in abrasive tool usage create conditions for
the optimization of production costs. Consequently, the proposed technological
approach is effective even under small-series production conditions, providing
economic and technological advantages in gear machining.
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