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Abstract: This article presents the results of scientific research performed by scientists at NTUU Igor Sikorsky Kyiv Polytechnic Institute in 

the creation and genetic forecasting of the development of a new generation of machine tools and associated mechanisms using the latest 
advances incorporated into an interdisciplinary intellectual field and based on a unified structured and systematic approach. It is suggested 
that the revival of the domestic machine-tool building can be done by virtue of an innovation breakthrough and implementation of the 
"Overdo without catching up!" strategic goal. 
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Introduction 
The major tendency of the modern age is the market-orientated 

production, which is not possible without the integration of science, 
education, manufacturing and service industry, as well as the 
achievement of such goals: [2, 8, 21]: 1. Productivity increase. 2. 
Product quality improvement. 3. Reduction of production costs due 
to energy and resource savings. 4. Improvement of labour 
conditions and reduction of physical labour percentage. 5. 
Facilitation and reduction of monotonous intellectual (mental) 
labour. 6. Expansion of technological and functional capabilities of 
the equipment. These goals have defined the world trends of 
engineering technology development [2, 13, 19, 21]. In a modern 
independent state these goals cannot be achieved without a highly 
developed domestic machine-tool building industry — the core of 
engineering technology, where main products, being machine tools, 
are regarded as machines creating other machines [2, 5]. Machine 
tools are the foundation for the production of any process 
equipment, as well as other engineering systems (ES) of various 
purpose that compose anthropogenic systems (AS) [1], which 
change over time in a result of the purposeful human activity. 

The goal — proceeding from the analysis of past and present state 
of the machine-tool building, to propose ways to overcome the 
crisis and predict the development with consideration of latest 
achievements in modern science, giving examples of 
interdisciplinary structured and systematic approach. 

Problem state 
From the first years of the Soviet regime, the machine-tool 

building has a strategically disastrous slogan — "Catch up and 
outdo!" (first lathe machines of Moscow-based "Red Proletarian" 
factory were called DIP-200 — DIP being an abbreviation of 
"Catch up and outdo!" in Russian, with a height of centres being 

200 mm, and even with CNC integration, like in 16K20F3S1 
model, have never surpassed similar machines of leading foreign 
producers). We have always been convinced that we should stay in 
the wake of the leading companies and states, closely following 
their steps and taking any advances, seen at international 
exhibitions, as the basis for development. In the late 80's of the 
previous century some attempts have been made to go the other way 
(for example, Ivanovo Machine-Tool Building Plant, which began 
manufacturing modern multi-purpose machine tools such as IR-500 
using modular approach, Kiev Plant Of Computer-Controlled 
Machines named after Gorky, which pioneered with CNC 
integrated multi-spindle automatic lathe machines). However, the 
unexpected happened and Ukraine, which ranked second in the 
USSR after the Russian Federation, has lost the lead — many 
machine-tool building plants have lost momentum and even stopped 
their activity. For example, "Vercon" public company, which was 
previously widely know by the production of multispindle 
automatic and semi-automatic lathe machines in a full range of sizes 
— from the lightest to super heavy [19, 24]. 

Today there is still an opportunity (if the government changes its 
approach) to revive the domestic machine-tool building industry 
and other machine building industries (aircraft industry, 
shipbuilding, agricultural machinery building, instrument making 
industry). To accomplish this, the correct strategic motto "Outdo 
without catching up!" should be adopted and innovative 
breakthrough (Fig. 1) should be done in science, education and 
industry using the latest advances in various sciences (genetics, 
cybernetics, informatics, synergetics, socionics and etc.) 
incorporated in the interdisciplinary intellectual field and based on a 
unified structured and systematic approach (NBIC, as example, — 
NANO, BIO, INFO, COGNO technologies) [3, 4, 7, 10, 11, 22]. 

 

 
 

Fig. 1. Visual comparison of the improper (left) and proper (right) machine-tool building development ways and mottos (centre) 
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The proposed scientific approach, which ensures the 
innovative breakthrough 

The postulate of the new scientific approach — transcending from 
living Nature to the creation of anthropogenic systems, which 
include static and dynamic machine, electrical, construction ES by 
virtue of Human intelligence, that is declared in philosophical ideas 
and prophecy of academic V.I. Vernadsky [5]: "With the emergence 
of the intellectually gifted living creature, our planet enters a new 
stage of its history. The biosphere becomes noosphere (sphere of 
mind)... We are just beginning to create an overwhelming power of 
scientific thought, the greatest creative power of Homo Sapiens, 
human's free personality, the greatest known manifestation of its 
cosmic force, which rule is yet to come..." ("noosphere " term was 
coined by the French scientists: mathematician and philosopher 
Edward Peru, a geologist and paleontologist Teilhard de Chardin). 
Creation of new evolving ES is impossible without analysis and 
consideration of the accumulated human experience, which is how 
the genetic information on a variety of media is transferred from 
generation to generation. The history of human society development 
and technology evolution has always been connected with 
mechanics [9]. However, after the discovery of electricity, any 
human activity and ES development without it seem unthinkable 
now [1]. Electricity has become the main source of energy for ES, 
as well as the primary transducer of alternative sources (water, wind 

and solar), competing with gasoline and gas. This trend identified a 
special role of electromechanical science associated with the study 
and creation of electromechanical energy converters, which are 
directly used in manufacturing processes, transportation, 
distribution and consumption of electrical energy.   By analogy with 
the periodic system of electromagnetic elements (primary 
electromagnetic field sources), called electromagnetic genome [18], 
which was proposed by Professor V.F Shinkarenko, and relying on 
principles of self-organization and the genetic principle "from 
simple to complex", the new perspective on the mass point is 
proposed, being carrier of genetic information to create "object" and 
"process" type ES [13, 17]. This mass point at the genetic level is 
conditionally named "mechanical gene" and carries information 
about translational and rotational movements, loads and their 
directions (Fig. 2). 

 
 
 
 
Fig. 2. Mass point (point O) is a mechanical gene carrying information about 

translational (േ ௠ܶ;േܨ) and rotational (േܴ௠;േܯ) movements and loads with 
indicated direction  

 
Символ «принципа всеобщего 
различия» по Лейбницу 

Leibnitz "universal diversity principle" 
symbol 

 
The mass point can be fixed, being the information about static "object" type AS 

(tools, structures that house processing equipment systems) and variable, such as the information about dynamic "process" type AS [1, 13, 
18]. 

Fixed mass point together with building up the genetic information and increasing structure complexity is used in geometry of static AS 
(Fig. 3). For the first time, the author declared about the mass point in fixing mechanisms' flux forces with of alphanumeric encoding in the 
report [15]. 

 

 
Fig. 3. Examples of mass point transfer (a) and object complexity increase with accumulation of genetic information in the context of 

image, figure and body creation in one-dimensional (b), two-dimensional (c) and three-dimensional (d) space 
 
The variable mass point with genetic information accumulation 

and structure complexity increase is used to transfer information 
from one point to another, and for point to point interaction. 

By analogy with Flynn classification, which first appeared in 
cybernetics as applied to computers [3] and later in ES theory [16], 
all kinds of information transfer by mass points and their 
interactions can be represented by four classes (Fig. 4). Similarly to 
the electromagnetic field, in mechanics, we can talk about the field 
of forces, which can serve as the initial structure comprising an 
ordered set of mechanical genes with a given spatial sequence of 
their placement (distribution) within the boundaries of geometrized 
topological space (surface). 

Thanks to fruitful cooperation of technicians and electricians using 
genetic approaches in electrical engineering and universal genetic 
synthesis operators (replication, inversion, crossing, crossover, 
mutation) [18,22,25,26] fundamentally new mechanisms, 
assemblies and machine tools were created, which have any 
mechanical transmissions replaced with electromagnetic ones: 
motor-driven multispindle heads (Ukrainian Patent No. 110074); 
motor-driven revolving heads (Ukrainian Patent No. 109191); 
machine tool spindle assembly (Ukrainian Patent No. 112234); 
device for oscillating drilling of composite materials (Ukrainian 
Patent No. 113101); motor-driven spindle carrier [24], multi-axis 
pyramidal arrangement mobile drilling and milling machine 
(Ukrainian Patent No. 101447).  
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Fig. 4. Ways of information transfer and mass point interaction according to Flynn classification: a – single input, single output; b – single 
input, multiple outputs; c – multiple inputs, single output; d – multiple inputs, multiple outputs 

 
Instead of the conventional multispindle head with gears (present time) (Fig. 5), motor-driven spindle heads (future) (Fig. 6) are proposed. 
 

 
Fig. 5. Conventional multispindle head (present time): 1 – casing; 2 

– bolts; 3 – spindle-bearing sleeve; 4 – spindle axis; 5 – tool spindles; 
6, 7 – front and rear tool spindle bearing sections; 8, 9 – gears; 10 – 
drive shaft with bearings 11, 12 
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A-A  

b) d) 
  

Fig. 6. Motor-driven multispindle heads (future) under the Ukrainian Patent No. 110074 with genetic formulas according to [18]: a – 
longitudinal section; b – two-spindle ሾܮܨ	0.2уሿଵхሾ2	ܮܥ	0.2уሿଶ; c – three-spindle ൣܮܨ	0.2уଷ൧

ଵ
хሾ3	ܮܥ	0.2уሿଶ; d – four-spindle 

ሾܮܥ	0.2уሿଵхሾ4	ܮܥ	0.2уሿଶ 
 

Instead of the conventional revolving head with gears connecting to machine spindle (present time) (Fig. 7, a), the motor-driven revolving 
head (future) (Fig. 7, b) is suggested, in which the gear rotation mechanism with a separate motor can be replaced by a hybrid 
electromechanical system with a conical stator and cylindrical rotors (genetic formula ሾܰܥ	0.2уሿଵхሾ݊	ܮܥ	0.2уሿଶ [22]. 

a) b) 

  
Fig. 7. Revolving head (present time) (a) and motor-driven revolving head (future) under the Ukrainian Patent No. 109191 with the genetic 

formula ሾܰܥ	0.2уሿଵхሾ݊	ܮܥ	0.2уሿଶ (b): 1 – casing; 2 – bolts; 3 – turning spindle unit; 4 – spindle axis; 5 – casing 1 lower edge; 6 – revolving 
faceplate; 7 – tool spindles; 8, 9 – front and rear tool spindle bearing sections; 10 – bevel gears on spindle 7 ends; 11, 18 – central bevel 
gears on the drive shaft; 12,13 – drive shaft bearings; 14 – central shaft on bearings 15 and 16; 17, 18 – bevel gears pair; 19 – faceplate 
rotation motor; 20, 21 – cylindrical gear pair; 22 – cone-shaped stator; 23 – rotary motion armature with windings 24; 25 – faceplate 6 on 
bearings 26, 27 

 
The use of high-speed motor-driven spindles (M-S) in 

multispindle automatic and semi-automatic lathe machines 
allows to discard gears from the main drive motor (past) (Fig. 8, 

a), as well as individual motors with couplings (present) (Fig. 8, 
b) and significantly shorten kinematic chains and spindle carrier 
(SC) weight (future) (Fig. 8, c, d) [24]. 
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PAST      PRESENT 

 
FUTURE 

 
 
Fig. 8. The evolution of the main drive motor (of spindle rotation) in multispindle automatic lathe machine with a revolving spindle carrier 

(SC): a – past; b – present; c, d – future (M — main drive motors; Мଵ …М௭ – spindle drive motors ଵܵ … ܵ௭; ሺМ െ ܵሻଵ … ሺМെ ܵሻ௭ – motor-
driven spindles; ܵ ଵܵ … ܵܵ௭ – motor-driven spindle stators; ܴଵ …ܴ௭ – motor-driven spindle rotors;  

C – common stator for all M-S 
 

 
When speaking about the future of global and domestic 

machine-tool building industry development [13,19,21], we 
should resort to the scientific approach, as well as known and 
new methods of forecasting and prediction for periods of 50-100 
years or more ahead. The following types of forecasting can be 

distinguished in engineering: science (engineering) forecasting 
[16, 20]; scientific forecasting [3]; genetic forecasting [22, 23]. In 
case of scientific forecasting for 20-30 years, the systematic and 
morphological approach proves to be effective [14, 20], which is 
illustrated by the example of a future machine tool (Fig. 9).  
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Fig. 9. Mobile multi-axis drilling and the milling machine of the future without mechanical transmission according to the patent for an 
invention No. 101447 with genetic formulas of assemblies (mechanisms) 
 

Genetic prediction based long-term forecast with 100% 
accomplishment probability can be represented as a prediction 
pyramid (Fig. 10). As the size (weight) of a part Gp or machine tool 
Gm increases, their relationship and machine tool shape changes: 
I. Quick-assembly and ultra-precision mini machine tools 

consisting of modules in a case with an integrated 
computer control system. 

II. Bench-top machines or 3D-printers with artificial 
intelligence, controlled from a computer (smartphone) or 
a chip integrated into a human head. 

III. Floor-standing (ground) mobile multi-axis robot car 
machine tools with frame-shell undercarriage system, 
which can freely move through the workshop and 
machine the workpieces. 

IV. A building (workshop) with a workpiece placed on the 
floor (perhaps, grown with a 3D-printer) and intelligent 
robotic machine tools moving across the walls and 
ceiling. 

V. The outdoor area under a canopy with a workpiece placed 
on the floor (perhaps, grown with 3D-printers) and 
intelligent robotic machines with tools of various purpose 
and design moving across and around it. 

For all future machine tools when approaching the workpiece 
shape to the shape of the finished part, i.e. filmed while 
substantially reducing allowances, and cutting forces at high 
processing speeds, and with the transition to the frame and 
enveloped carrier system (frame, columns, pillars, etc.) unnecessary 
in the bases, from the mini-machine and up to the unique. 

 

CL (2.0 × 0.2y) 

FL 2.2 (x × y) 

TF 0.2 y  FL 2.2 (x × y) 
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Fig. 10. Geometrical model of evolution prediction for machine tools of different sizes 

 
Conclusion 
1. It becomes evident that Human is not the sole creator of 

technological progress, as previously thought, but remains only 
Nature's apprentice. All that many generations of professionals 
have invented, was long before designed by Nature in its 
genetic flows. Nature sets the structural organisation laws, 
creates genetic flows of development of complex systems and 
dictates strict rules of their composition. 

2. The era of the transition from the virtual to the real is coming, 
as the manufacturing technologies and means (material and 
energy flows) were and always remained the basis for the 
material production progress ("more-better-cheaper"), rather 
than computers, accustoming to virtual activities that relate to 
information flows, which are always only secondary and 
auxiliary. 

3. New ideas are always faced with an army of routinists, but only 
such bold ideas, thanks to the knowledge and respect for the 
laws of Nature, lead to the creation of sustainable and 
competitive real production objects. It can be expressed in 
words by Professor of Bauman MSTU L.I. Volchkevich [3]: 
"Confrontation of the new and nominally-promising, which is 
not yet practised and risky in comparison with well-known and 
thoroughly familiar, cannot proceed without a conflict, without 
breaking the psychological stereotypes, without understanding 
and compromise...". 

4. Also, it is good to keep in mind the words of academician 
Konstantin Skryabin: "Who possesses the genetic information, 
will own the world!".  
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