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Abstract. History of gradual increase of elements of artificial intelligence is resulted in the process of creative thought at creation of on 

principle new structures and charts of clamping cartridges on the example of cangovykh. Thinking process on on the lasts of peat-time of 

application of artificial intelligence presented as a binary koda and waves of frequency impulses, reminding cerebration.  
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Problem statement. The main feature of modernity is the 

challenges induced to humanity by the fourth industrial revolution, 

Industry 4.0 [8] with a focus on artificial intelligence and the 

integration of science, education, manufacturing and the social 

sphere to achieve goals such as: 1-productivity increase; 2-quality 

improvement; 3-reduction of energy and raw material costs while 

preserving the environment; 4-reduction and facilitation of manual 

labour; 5-facilitation and reduction of routine mental work; 6-

expansion of functional and technological capabilities of equipment 

during modernization. Not everyone clearly understand the 

challenges of time, holding the progress back. However, 

devastatingly criticized previously, cybernetics and genetics have 

paved the way for the new knowledge and its interdisciplinary 

application in the creation of new techniques and new technologies. 

New scientific ideas and inventions, as a rule, are in the short term 

attempted to be implemented into the national economy and social 

sphere to increase the well-being and quality of life. The solution of 

this acute problem in the absence of complete information forces to 

intensify the process of creative thinking through the use of 

artificial intelligence systems [1,7,12,13,15,18,23]. The process of 

creative thinking is associated with many obstacles, since the 

problem of thinking has no unambiguous interpretation and covers a 

wide range of actions for the left and right hemispheres of the 

human brain from alternative-logical to intuitive-practical thinking. 

Regarding clamping mechanisms (CM) with compact collets (CC), 

creative thinking was aimed at finding technical solutions (fig.1) in 

the creation of the first single-spindle and multi-spindle auto lathes 

at the end of the XIX century [20,22,24]. 

Analysis of latest research and publications. The range of 

issues related to artificial intelligence is infinitely wide and cannot 

be covered in one work. Therefore, in this paper, the subject matter 

is the limited scope of creative activity, being associated with 

clamping chucks and, in particular, collets, which are widely used 

in auto lathes for clamping rods, pipes and workpieces 

[17,20,22,24]. In addition, collets and collet chucks are used not 

only in various machines and technological equipment, but in 

everyday life, medicine, etc. 

        The author’s rich experience and interdisciplinary approach 

together with using the evolution theory [2,5,21], advances in 

genetics [6], cybernetics [3,4], creatology [14] and creativity 

methodology [1], where, along with associative and algorithmic 

methods, system-morphological approach [1,9,25] occupies a large 

part of the search for solutions, allowed getting closer to the real 

understanding of the brain and the action of its right hemisphere in a 

short term, starting from ideas that, at first glance, seem bizarre.  are 

in the short term attempted to be implemented into the national 

economy and social sphere to increase the well-being and quality of 

life. The solution of this acute problem in the absence of complete 

information forces to intensify the process of creative thinking 

through the use of artificial intelligence systems 

[1,7,12,13,15,18,23]. The process of creative thinking is associated 

with many obstacles, since the problem of thinking has no 

unambiguous interpretation and covers a wide range of actions for 

the left and right hemispheres of the human brain from alternative-

logical to intuitive-practical thinking. Regarding clamping 

mechanisms (CM) with compact collets (CC), creative thinking was 

aimed at finding technical solutions (fig.1) in the creation of the 

first single-spindle and multi-spindle auto lathes at the end of the 

XIX century [20,22,24].   

 

 

 

 
Fig. 1. Three types of collet chucks of a single clip in auto lathes of the first generation with pressing action (a), with a fixed collet (b), with 

tightening action (c): 1 - clamp collet; 2 - spindle; 3 - pressure sleeve; 4 - stop nuts 
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Task description. The purpose of this work is to trace the stages of evolutionary development and substantiate the principles of 

creative thinking on the example of the search for clamping chunks (ClC), as a process of creative analysis and synthesis followed by the 

search for new technical solutions in artificial intelligence systems. 

Basic data statement. Starting from the seventh decade of the ХХ century (fig.2), when a specialized method of finding new 

technical solutions, called the differential-morphological method of synthesis, was proposed, we are going to trace the stages of creative 

thinking evolution with increasing elements of artificial intelligence 

 

 
 

 

Fig.2. Evolution of creative thinking in synthesis and genetic prediction of collets and other clamping chucks 

 

          The essence of the differential-morphological method [17] is that to resolve contradictions at the stage of searching for structures 

(morphology) of the CM and, in particular, ClC, use heuristic techniques of complete, incomplete and combined dismemberment of the 

clamping element (CE) (fig.3), which gives various main and additional effects, and at unidirectional dismemberment the synthesized 

structures correspond to new principles of clumping or provide new qualities. 

а) 

 

 
Fig. 3. Single clamp collet chuck diagram with tightening action (a) and its wedge CE with options for complete (b) and incomplete (c) 

dismemberment in X, Y planes  
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To identify different structures alphanumeric codes of dissections were used, illustrated by the example of complete (fig.4), which gives 

different effects. 

 
 

Fig. 4. Complete dissections codes for a wedge clamping element (CE) in XY plane of force action from the clamp drive 

 

The application of the genetic-morphological approach [8] was 

oriented towards the clamping of one axisymmetric rotating object 

with access to the radial and axial clamping principles, which 

limited the field of search for new solutions. However, the question 

of simultaneous multi-place clamping of rotating objects fell out of 

sight, which is widely used in machine tools for processing non-

rotating workpieces. One of the first examples of the tangential 

clamping principle was the invention of the" Collet Chuck" (patent 

SU N292734), in which holes were made at the end of the collet 

lips, the axes of which lie in the planes passing through the collet 

axis and through the middle of the slots forming the petals. 

The solution to the problem of simultaneous multi-place clamping 

of rotating objects with the application of a tangential force offset 

from the axis of rotation determined the relevance and purpose of 

these studies. In the direction of the development of previously 

performed works [5], it is proposed to add to the well-known 

genetic classification of a single clamp [6] (axial and radial 

principles with genetic codes F1(Fа1, Fr1, Ft1) - F2(Fa2, Fr2); M1 (Ma1, 

Mr1, Mt1) – F2(Fa2, Fr2) the tangential principle of single and multi-

place clamping with the application of force at the output of the 

power flow, offset from the axis of rotation by a radius R . At the 

same time, it appears in addition to the well-known genetic 

classification [7, 8], which has 48 power flows, another 24 with 

genetic codes F1 (Fа1, Fr1, Ft1) - F2 (Ft2); M1 (Ma1, Mr1, Mt1) – F2 (Ft2). 

In these studies, the code Fа1 - Ft2 with a wedge transducer 

(displacement, force, energy) and orientation on the collet clamp 

(Fig. 5) was selected. 

WD

Point 1 Point 2

entrance exit

Ft2Fa1 Fa1
Ft2

 
Fig. 5 Diagram of the transfer of genetic information with a wedge transducer from the input (point 1) to the output (point 2) in a tooling 

with tangential clamp 

 

Earlier, based on the analysis of evolutionary development and the long-term use of collet chucks in machine tools in various 

countries of the world and the process of their mutation [1,4,7,10], the collet chuck with a pulling collet was selected as the most common 

(Fig. 6, table 1 )
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Mutations create variability

Selection acts against harmful 

mutations

Reproduction and mutation occurs 

again

Objects with beneficial mutations are 

more likely to survive

Reproduction (distribution)
 

Fig. 6 Natural selection of single-clamp collet chucks for single-clamping lathes due to mutations with symbols: 
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       As an example, for the case of the input axial force Fa1 and the output tangential force Ft2, Fig. 5 shows the synthesized instrumental collet 

mandrel (end mill) with the simultaneous clamping of four cutting inserts. In multilevel genetic modeling and description, the following was 

taken into account [8, 10]: each level of the structural hierarchy preserves hereditary (genetic) information of a previous level; the structure of an 

object of an arbitrary level is formed on the basis of structures of previous levels (the higher the level of the hierarchy, the higher the complexity 

of the object); each object of an arbitrary hierarchy level is represented by a genetic code or structural formula. 

 

Table 1. Examples of description (modeling) and application of tooling with the tangential principle of a collet clamp 

No. p / p Structural scheme 
Structural genetic 

formula 
Application area 

1 WD CL
Fa1 Ft2

 

Fa1–WD–Ft2–CL 

A clamped cylindrical 

part or a flying cutter 

with a long collet is not 

aligned 

2 WD CL
Fa1 Ft2

 

Fa1–WD–Ft2–CL Similar to pos. 

3 WD
Fa1

Ft22

Ft32

Ft12

Ft2

Ft12

Ft22

Ft32

CL

CL

CL

 

Fa1–WD–3Ft2–3CL 
Simultaneous clamping 

of three cylindrical parts 

4 WD
Fa1

Ft22

Ft32

Ft12

Ft2

Ft12

Ft22

Ft32

FL

FL

FL

 

Fa1–WD–3Ft2–3FL 

Simultaneous clamping 

of three flat tail 

assembly tool plates 

(milling cutters, 

countersinks, reamers) 
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The description (modeling) with the complexity of the structure and the buildup of genetic information is presented in the form of structural 

genetic formulas at the following levels:  

 genetic, Fа1; chromosomal, Fа1 - Ft2; object, Fа1 – KR! Ft2;  population, Fа1 – WD - KR! Ft2; specific, Fа1 – WD - KR! Ft2  -KR2 CL (cylindrical shape 

of the clamping object); Fа1 – WD - KR! Ft2  -KR2 FL (flat shape of the clamping object)). 

The latest model, taking into account the universal genetic replication operator  

KR = KR! = KR2 [7,10] is shown in Fig. 7 for various circuits of tooling equipment. 

 

 
Fig. 7. Schemes of tooling with a collet clamp and genetic formulas at a species level: a) Fа1 – WD - Ft2  - FL;  b) Fа1 – WD - 2 Ft2  -2 FL; c) Fа1 – 

WD - 3 Ft2  -3 FL; d) Fа1 – WD - 4 Ft2  -4 FL 

 

   One of the ways of creative thinking was an attempt of 

structural-circuit synthesis and prediction of new CM using a 

morphological approach and combinatorial algorithms [11], 

representing combinatorial calculations from a set of special methods 

and techniques, such as binary presence system or absence of 

elements in the CM system, being improved or simplified (1 – yes, 0 

– no). Starting with the first mechanized axisymmetric CM, which are 

widely used in lathes, drilling, milling, grinding and multi-purpose 

machines, there are the following system elements (fig.8): power 

source (PS), energy converters (EC), clamping drive (CD), clamping 

chuck (CH), clamping object (CO). The latter can be single, rod, pipe 

or other workpiece for the manufactured detail, for example, in lathes, 

or a tool (drill, cutter, grinding wheel, etc.). 

  
Fig. 8. Elements of the CM system and connections between them 

PS EC CD CH CO

OO 
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In any CM system, there must be an input (power source-weight 1) and an output (clamp object-weight 1). All other elements in the 

series circuit without taking into account the control system (EC, CD, CH), in fact, according to combinatorics may or may not be present, when 

it comes to simplifying and reducing the circuit. 

According the evolutionary and genetic synthesis theory [2,21] a possibility of 100% prediction and directional synthesis of new CMs 

using generating systems with a given objective function [19] occurs, which requires complex mathematical transformations with the 

construction of models for micro- and macroevolutions and writing cumbersome structural genetic formulas [21]. Therefore, the paper proposes 

a simplified system-morphological approach with the construction of a digital matrix and the gradual removal of system elements in binary 

coding. Thus, in the evolutionary development of the CM system, only 7 combinations with the following codes can be predicted from the past 

through the present to the future when searching for all the following variants: CM1-11111, CM2-10111, CM3-11011, CM4-11101, CM5-

10011, CM6-11001, CM7-10001. Until now, systems CM1-CM3, and partly CM4 are mainly used in the production. Each code gives a push to 

search for different options for its implementation. 

 

 The expansion and further improvement of the genetic-morphological approach proposed in [9,19] is caused by the requirements of 

modern tool production and the need to expand the technological capabilities of machine tools based on the modular principle [10]. Therefore, 

the CM generating system is expanded due to the introduction of tangential clamping forces at the output, generating 24 more variants of the new 

principles (table 2). For rotating objects, the total number of clamping principles will be 48 + 24 = 72.

The next step to artificial intelligence in the search for new technical solutions is the use of wave and digital representation in the form of 

frequency pulses and binary code by analogy with the work [12], which is presented in Fig.9 in comparison with Fig.4. 

 

 
 

 

Binary code Geometric 

symbol 

Frequency 

pulse 
Structure 
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Fig.9 Binary codes and wave through frequency pulses for complete dissections of the wedge CE in XY plane action of force from the clamp 

drive 

 

The process of human-generator of ideas thinking can be represented as a combination of frequency pulse waves set with bursts of 

overcoming the psychological barrier and receiving feedback in memory and personal computer in the form of frequency pulses with the 

same parameters, within which resonant phenomena may occur, boosting the pulse (fig.10, 11). 

 

 
Fig. 10. Transformation of technical solutions using wave representation through frequency pulses and binary code in the XY plane 

 

 
Fig. 11. Transformation of technical solutions using wave representation through frequency pulses and their amplification in the XY plane 

 

Conclusion: The analysis of evolution stages for creative thinking 

with elements of artificial intelligence and the offered ideas and 

approaches allow asserting about the reality of simplified systems 

of artificial intelligence use the with a high level of creativity. 

Therefore, work in this direction must be continued. 
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