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The article considers the necessity and opportunity to develop a system mechanism
model as an academic process reorganization basis for engineer training in the

machine-tool industry.
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During many vyears of education
reforms experts in philosophy, psychology,
pedagogy, information did great amount
of work on principle issue of educational
methods and techniques in our country
including — engineer professional training.
However, broad debates on the issues of
engineering education virtually leave open
the questions of its professional content. It
is impossible to educate a specialist outside
the limits of professional expertise and this
or that subject area in the engineering
industry. Besides, content and arrangement
of teaching material, intensity and quality
of academic process, as well as anticipating
character of an engineer training should
be defined. In the condition of modern
cognitive technique application the basis
for educational framework is the modern
knowledge system in the industry.

In the content of engineering knowledge
of any sphere one can distinguish two main
constituents: an engineering facility of the
industry (in machine tool industry at the
initial stages it is a mechanism) and process
of its development. The effectiveness of
engineer professional training is defined,
first of all, by content and structure of basic
ideas of the study object, i.e. accepted
original model of the object. The accepted
knowledge model of engineering facility
defines the subject of the educational
process in engineering training [1].

The stage of original model development
and knowledge in some engineering
spheres accumulated today can be

divided into sufficient time period. During
the harmonious process of engineering
development its achievements can be
applied (under the condition of feedback) to
correct continuously the initial concepts. In
real engineering knowledge development
processes there is no such correction.
Obsolescence of basic assumptions on the
object, their inconsistency with potential
modern  cognitive and  information
techniques is typical, to some extent, for
all industry branches depending on their
age. Machine-tool industry is one of the
oldest engineering branches, hence, it is
particularly illustrative.

In Russia key assumptions about
machines and mechanisms have developed
on their disciplinary base by the end of

the 19™ century. At the initial stage such
fundamental disciplines of professional
education as following were chosen:
“Descriptive  Geometry and Graphics”,
“Theoretical Mechanics”, “Material
Resistance”, “Theory of Mechanisms and
Machines” “Machine Parts”, “Material
Science” and others. At the initial stage of
engineering education development theory
issues were of particular importance.
The theoretical bases of courses were
taught to develop abstract thinking of
future specialists. During the further
development, engineering knowledge
itself was improved and new disciplines
appeared. For example, “Limits and Fits” is
a discipline dealing with issues of part size
precision, as well as disciplines associated
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with friction issues. There are a lot of other
examples. A long-term tendency towards
development of applied industrial science

emerged [2] atthe turn of 1 gth_pqth century.
During the subsequent development stages
(in accordance with the international
tendency of scientists’ growing pragmatism
[3] or economy-centralization [4]) the
engineering knowledge enhanced mainly
due to private research results of separate
research projects. The objective of
knowledge system development was not
set for engineering science. At the moment,
knowledge of mechanisms and machines
involves mainly specific, poorly ordered
information. The amount of information
is like a snowball. In this conditions, the
knowledge systematization, their scientific
structuring has become a challenging
education problem. Today, this common
problem is formulated narrowly as a
problem of overcoming interdisciplinary
limits. In addition, it is the disciplinary
knowledge developed over the vyears
that was taken as a basis for the existing
education standards in the machine-tool
industry regulating the content of engineers’
training (for example, [5]).

A narrower statement of a general
problem leads to attempts of private
solutions. For example, the textbooks
of general professional disciplines:
“Theoretical Mechanics”, “Material
Resistance”, and “Machine Parts” are
formally united under one cover with the
title “Engineering Mechanics” [6]. In this
case, separate disciplines are considered
as parts of one textbook. The manual of
the same title [7] consists of such chapters
as: “Basis of Mechanisms and Machine
Theory”,  “Material  Resistance” and
“Machine Parts and Basis of Design”. At
present, the issues of machine, mechanism
and their parts precision are dealt with in a
special discipline without connection with
the issues of mechanism maintenance.
For example, in the textbook “Metrology,
Standardization and Certification” [8]. In
this book the chapter dealing with issues
of mechanism precision is referred to as

PROBLEMS IN ENGINEERING EDUCATION

“Basis of Interchangeability”. Such a title
reflects the conditions of the first five-
year plans, when interchange was the
key requirement to unit precision in the
mass production development during the
industrialization stage. Modern system
knowledge suggests functional-structural
models of engineering devices, the
precision of which is one of permanent
and significant features of mechanism’s
operation. Since the error of hundredth or
thousandth of millimeter can result in the
destruction of a whole mechanism, the
priority task of precision science in machine-
tool industry is optimal (from the standpoint
of mechanism operation and economy)
standards for parameters precision of
parts in device design. To overcome the
interdisciplinary limits it was suggested
[9] to unite informally (with development
of common concepts) two interconnected
content disciplines “Theory of Mechanisms
and Machines” and “Machine Parts” into
the course “Theoretical Basis of Machine-
tool Engineering”. Such a decision could
be considered as a half-measure, however,
excluding possible solution of the problem
in general, although it involves definite
expenditures and time. The opportunity of
synergetic is also taken into account (for
example, [10]) to develop the knowledge
structure in education. However, such a
modern approach does not eliminate the
problem of a more in-depth study in objects
at the level of logical thinking intertwining
with the development of learners’ cognitive
abilities.

In the chapter “Necessity to review the
content of general scientific and general
engineering disciplines” [11] the lagging
of basic assumption from the modern
practice, particularly in student design-
engineering training is pointed out. In
work [12] it is noted that in the existing
education standards the matrix of specialist
competence  correspondence to the
sections of training material is based on
initial disciplinary structure of knowledge.
But in the correspondence matrix the
competences themselves are developed

PROBLEMS IN ENGINEERING EDUCATION

randomly, without task-oriented and
consistent organization of the academic
process. The author suggests abandoning
the correspondence matrix and taking
activity-based logic of academic process
organization as a basis for the educational
content. One can also notice that the
division of competences and development
of interdisciplinary modules accepted
in standards increase the degree of
randomness in the content and organization
of academic process itself.

The division of basic assumptions on
mechanisms and machines into definite
disciplines leads to the fact that the
conceptual  framework of the branch
has not formed vyet. It means that the
subject of academic process in machine
tool industry has not been defined as an
integrated whole and there is no integrated
model of mechanism at present. In these
conditions a student is given a chance to
grow an integrated “tree” of assumption
in the profession [1]. That task was not
coped with by the whole branch science in
machine-tool industry up to the moment.

In such circumstances, it is obvious that
one needs to return to the beginning of
science and review the basic assumptions
on an object in the branch from the point
of view of modern opportunities for its
determination. In this case, the primary
target of reorganization in professional
academic process can be considered the
development of the modern mechanism
model. General necessity of new reality
model development more corresponding
to the potentials of modern cognitive and
information technologies is underlined
in the science about information, i.e.
informatics [13].

The task of integrated mechanism
model development is described in [14].
As a result of research, a functional-
structural (system) model of mechanism is
proposed, and, on its basis, a scheme of
academic process of a fundamental course
“Principles of Mechanism Construction
and Operation”.

The functional-structural model deals

with a mechanism as a system of contact
chains of part interactions performing
its functions. The main functional chain
in mechanism connecting its input and
output, as well as sequence of derived
functional chains of different order, forms
an integrated structure. Any chain or its
link can be considered on the basis of
models of different completeness: size,
static, kinematic, dynamic, and stochastic.
Besides, an integrated operating structure
can be revealed as a “mechanism-part-
surface” chain to determine the principle
scheme of parts and surface operation in-
situ. The idea of “mechanism-part-surface”
chain is consistent with the concept of
integrated error of mechanism accepted in
[15].

Based on the accepted system
mechanism model, the sections of training
material on fundamental course are
designed in accordance with structural
groups of the system. Since the first days of
study at university a student is suggested
one practical research project of mechanism
structure (using virtual prototypes, carton
board models, 3D-images). Such an
arrangement of training material provides a
student with an opportunity to observe the
field of professional knowledge in general
event at the initial training stage. Besides,
students are taught to define practical
problems of the subsequent order.

In academic process the research in
solids interactions in mechanisms can
be added by the study in interactions of
solids with liquids, gases, granular, etc.
in machines in the framework of general
structure. Such an addition allows the
subsequent transition from mechanism
model to more complicated machine
model. The process of machine design and
operation (construction and engineering
design, production, testing, operation) is
proposed to be studied in terms of the order
of accepted real procedure. The stages
and procedures of this process are to be
forestalled by the necessary and sufficient
theoretical justification. Such a parallel
connection of theory and practice enables

EDUCATION




EDUCATION

a deeper understanding the concept of
procedures and intensification in the
academic process.

The accepted system of assumptions
allows a thorough structural analysis of
mechanism, i.e. the links of any part surface
with the surface of another part, and, above
all, with the mechanism function. Today,
such potentials in machine tool industry are
estimated by some experts as redundant —
in practice, this branch has developed a
wide range of template solutions for design
and engineering conditions. However, from
the standpoint of knowledge arrangement
and formalization as well as application
of information technologies, the accepted
assumptions provide significantly new
opportunities in machine-tool practice. In
particular, to justify the optimal standards
of part size precision, the development
of module technologies are based on
template operational part structures and
their surfaces, etc.

Mechanism functional-structural
scheme can also serve as a basis for
academic  process  improvement in
machine-tool  engineer training. The
scheme of academic process suggested
in [14] includes hands-on professional
experience from the first day of study in
university, not academic, but practical
professional training and organic solutions
of most problems in branch professional
education: practice-oriented, problem-
oriented, developing, advance training,
and a number of other requirements for
modern academic process.

The author is fully aware of the fact that
actual system organization of the academic
process requires involvement of many
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independent experts of different fields. First
of all, it is necessary to discuss potentials
and versions of suggested model in the
professional community involved in the
academic process. In the author’s opinion,
such an appropriate community, can
include university teaching staff attending
upgrading courses. The advantage of such
an “educational board” is the involvement
of a wide range of experienced professionals
and their qualified view on the problem.

Relative  independence of teachers-

researchers from their management and

dictation of authorities is also of great
importance. Taking into account amended
corrections and comments it will be
possible to arrange the academic process
for several pilot groups within the leading
universities of the country at the initial
stage of transformations.

Therefore, it can be concluded that

B The key problem at the modern stage
of professional education reforms in
the machine-tool industry is to define
a subject of academic process in the
branch — development of modern
system mechanism model.

B Probable system organization of
academic process can serve as a basis
for the solution of most mentioned
problems of reforming professional
education in the branch (at all its
levels).

B Quality of basic object model in
the branch is associated with the
opportunities in the of information
technologies in the branch, ecology
of knowledge, as well as saving
students’ and working specialists’
intellectual labor.
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