ISSN 2521-1943. Mechanics and Advanced Technologies #2 (89), 2020

UDC 621.089
DOI: 10.20535/2521-1943.2020.89.211037

Implementation of the tangential clamp in the
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application of the clamping collets
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Abstract. Creation of new developing technical systems require further improvement of their subsystems. Currently, the search for
new solutions is not possible without an interdisciplinary approach and the use of the latest scientific achievements in various fields,
combined in the form of NBIKSE technologies (nano-bio-info-cogno-socio-eco) and using artificial intelligence, and it is necessary
to apply genetic morphological approach to solve the problem of simultaneous multi-place clamping of rotating objects with the
application of tangential force. In the direction of the development of previously performed works, it is proposed to add to the well-
known genetic classification of a single clamp (axial and radial principles with genetic codes F1 (Fal, Frl, Ftl) — F2 (Fa2, Fr2);,
M1 (Mal, Mrl, Mtl) — F2 (Fa2, Fr2) the tangential principle of single and multiple clamping with the application of force at the
output of the power flow, offset from the axis of rotation by a radius R.
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Introduction

The creation of new developing technical systems, which include machine tools and robotic systems, require
further improvement of their subsystems.

Currently, the search for new solutions is not possible without an interdisciplinary approach and the use of the
latest scientific achievements in various fields, combined in the form of NBICSE technologies (nano-bio-info-cogno-
socio-eco) and using artificial intelligence [1]. The challenges of the fourth industrial revolution “INDUSTRY 4.0” are
mainly focused on artificial intelligence, full automation using robots, robotic systems, means of communication, the
creation of a reasonable production of a new generation with a significant reduction in time and cost of manufacturing
products [3, 4].

At the same time, machine tooling equipment is of great importance [8], expanding the technological capabilities
of automated equipment and increasing its technical and economic indicators. In recent years, using a systematic
evolutionary, genetic and genetic-morphological approach [2, 8, 10] fundamentally new clamping mechanisms and
devices, the use of which allowed solving problems: saving metal; increase processing accuracy; transition to the
processing of cheap non-calibrated rolled products — hot rolled bars and tubes instead of calibrated; reduction in the
number of readjustments and time for readjustment.

Analysis of previous studies

According to the system-structural approach, the basis for the creation of complex systems is based on the idea of
elementary the doctrine of the property of elementary structures, performing the role of a theoretical basis for the
generalization and synthesis of knowledge in modern fundamental sciences [10]. In this case, the methodological basis
is the principle of the existence of a limited number of elementary (generating) structures, as evidenced by research in
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various fields, for example: all living organisms are formed from 24 chemical elements; all colors are made of 7 colors;
all musical works are written from 7 notes; all variety of numbers consists of 10 digits; all sources of the
electromagnetic field contain 6 geometric classes of surfaces. In solid mechanics, there are 7 elementary transducers [8],
used in our research: lever (LV), wedge (WD), spiral (SL), plunger (PL), screw (SC), gear (GR), spring (SR).

Thanks to the principles of self-organization and the genetic principle “from simple to complex” a new view of
the material point is proposed as a carrier of genetic information when creating technical systems such as “object” and
“process” [6].

This material point at the genetic level is conditionally called a mechanical gene and carries information about
translational and rotational movements, loads and their directions The material point can be motionless, as information
about static technical systems (structures, supporting systems of technological equipment).

The set of material points form a material body, the state of equilibrium or movement of which depends on the
nature of the interaction with other bodies, that is, on the pressures, pulls or repulsions that the material body
experiences as a result of these interactions. Using genetic algorithms and operators, hereditary information is
transmitted in a number of generations (laws of mechanics, theoretical mechanics, theory of machines and mechanisms,
resistance of materials, details of machines, etc.) [10-15]. By analogy with the electromagnetic field [10] in mechanics
we can talk about the force field, which can serve as the initial structure containing an ordered set of mechanical genes
with a given spatial sequence of their placement (distribution) within the boundaries of a geometrized topological space
(surface).

According to Flynn's systematic [5, 6], 4 methods of transmitting and transmitting information are used (Fig. 1).
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2) The application of the genetic-morphological
o' o', ~ 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
b) tangential clamping principle was the invention of the
“Collet Chuck” [9], 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

, 0, 0, middle of the slots forming the petals.
|:>_< O 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
X om, ) these studies. In the direction of the development of
previously performed works [5], it is proposed to add
~—~ O 0 —~ to the well-known genetic classification of a single
O—>|:|—>O clamp [6] (axial and radial principles with genetic
codes Fi(Fai, Fr1, Fu) — Fo(Fa2, Fr2); M1 (Ma1, M1, My)
— Fo(Fa, Fro) the tangential principle of single and

=>'< O_>|:|_>O >":> multi-place clamping with the application of force at

the output of the power flow, offset from the axis of

o™ 0" rotation by a radius R . At the same time, it appears in
p_>:|_>Q/ addition to the well-known genetic classification [7,
d) 8], which has 48 power flows, another 24 with

genetic codes F] (Fal, Fr1, Fﬂ) — Fz (Flz); M1 (Mal, Mrl,

Fig. 1. Options for the transfer and transformation of .
8 P M) — F2 (Fg). In these studies, the code Fal — Ft2

information in streams using a material point as a

mechanical gene: @) from one point to another; b) with a wedge transducer (displacement, force,
from one point to several; ¢) from several points to energy) and orientation on the collet clamp (Fig. 2)
one; d) from several points to several was selected.
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Fig. 2. 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. 3, table 1)

Mutations create variability

Selection acts against harmful
mutations

Reproduction and mutation occurs
again

Objects with beneficial mutations are
more likely to survive

e==P  Reproduction (distribution)

Fig. 3. Natural selection of single-clamp collet chucks for single-clamping lathes due to mutations with symbols:
Push @ Motionless @ Addictive
act act act

As an example, for the case of the input axial force Fal and the output tangential force Ft,, Fig. 2 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.
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Table 1. Examples of description (modeling) and application of tooling with the tangential principle of a collet clamp

Structural genetic

No.p/p Structural scheme formula Application area
A clamped cylindrical

| Fa, WD Ft, FulsWD—Fo_CL part or a flying cutter

. @ with a long collet is not
aligned
Fa1 th
2 —_— WD =y Fai—-WD-F—CL Similar to pos.
Ft', Ft',

66

D
I
Ft’, Ft’,
Ft', Ft',
Ft%,

Simultaneous clamping
Fa ) of three flat tail
4 - L WD Fai—-WD-3Fp—3FL assembly tool plates

(milling cutters,
T countersinks, reamers)
Ft3, Ft?,

E

3 < Fa, Wi Ft’, Ft, 2 FusWD—3F»3CL Simultaneous clamping
. @ of three cylindrical parts
Fto

{

©

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, Fa
chromosomal, F,; — Fp;
— object, Fai— Kgri Foo;
population, Fa1 — WD — Kgi Fp;
specific, Fa1 — WD — Kg Fo — Kr2 CL (cylindrical shape of the clamping object);
Fai— WD — Kgri Fo — Kgro FL (flat shape of the clamping object););

The latest model, taking into account the universal genetic replication operator
Kr =Kr1=-Kr2[7, 8, 10] is shown in Fig. 4 for various circuits of tooling equipment.
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Fig. 4. Schemes of tooling with a collet clamp and genetic formulas at a species level: @) Fai — WD — Fo — FL;
b) Fai— WD -2 Fpo —2FL; ¢) Fai— WD -3 Fo —3FL; d) Fai— WD -4 Fo —4FL

With an even factor — a replication coefficient multiple of 2, the genetic formulas can change form (Fig. 5), and,
therefore, the design changes.
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Fig. 5. Schemes of tooling with an input Fal (see Fig. 4), an even number of clamping jaw lips and genetic formulas
at the species level: @) Fai— WD — 2 Fo —FL; b) Fai— WD —4 Fo — 2FL; ¢) Fai— WD -4 Fpo -3FL
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An example of a synthesized end mill with a collet clamp of cutting carbide inserts, corresponding at the species

level to the genetic code Fal — WD — 4 Ft2 — 4 FL, is shown in Fig. 6. According to it, technical documentation is
developed, a prototype for laboratory and production tests is made.

]

Fig. 6. Face mill with tangential clamp: 1 — cutting insert; 2 — sponge; 3 — petal; 4 — body with a tapered shank;
5 —spindle; 6 —nut; 7 — lock washer; 8 — special screw; 9 — grip clamping four-petal

Conclusion

The use of the tangential clamping principle opens up new possibilities for the synthesis of rotating machine tool

tools with the simultaneous fastening of several products.
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Pea.ﬂn:;aunﬂ TAHTICHIUAJIBbHOI'O 3aKUMa B I/IHCTpyMeHTaJIbHO-TeXHOJIOFH‘IeCKOﬁ
OCHACTKE C IPUMCHCHUEM NAHI'OBLIX IATPOHOB

IO. H. Ky3Heuos, ®@. B. dab-Jaxadu

Annomaywia: Co30anue HOBbIX PA3BUBAIOWUXCS MEXHUYECKUX Cucmem mpebyem OalbHelume20 YCo8epUIEHCMBOBAHUS  UX
noocucmem. B Hacmoswee épems NOUCK HOBbIX peuieHUll He BO3MONCEH 0e3 MeNCOUCYUNTUHAPHO20 NOOX00d U UCHOTb308AHUS
NOCIEOHUX HAYYHBIX OOCMUICEHUL 8 PATUYHBIX 001acmAxX 3Hanull, 06edunennvix 6 eude HEUKCD (nano-6uo-ungo-xocno-coyuo-
9K0) — mexnonoeutl. Ilpeonodiceno npumensmv ceHemuko — MoOp@onocuueckuil nooxo0 01 peuleHus nponemvl obecneueHus
00HOBDEMEHHO20 OOHUM OBUINCEHUEM MHO2OMECTNHOZ0 3AACUMA 8PAUAIOUIUXCS 0OBEKMOBC UCNONIb306AHUEM MAHEHYUATLHOT CUTDL.
Knrouegvie cnosa: mazenyuanbHulll 3a24CUM, Yaneo8blll NAMPOH, 2eHeMUecKull CUHme3, MamepuaIbHas MmoyKd

Peanizanisi TaHreHIiaJILHOTO 3aTUCKY B iHCTPYMEHTAJbHO-TEXHOJIOTIYHOMY
OCHAIIIEHHI i3 32CTOCYyBaHHAM IIAHTOBUX NMATPOHIB

0. M. Ky3HenoB, ®@. B. Eab-/laxa6i

Anomauia: Cmeopenns nosux mexuiynux cucmem, LJo pozsusaiomecs, nompebye nodansulo2o yOoCcKoHanents ix niocucmem. Ha
Cb020OHT NOULYK HOBUX DilleHb He MOXNCIUBUL Oe3 MIHCOUCYUNTIHAPHO20 NIOX00Y | GUKOPUCTNAHHA OCMAHHIX HAYKOBUX OOCACHEHb 6
pisnux obnacmax 3nams, Aki 06’conani y euensidi HBIKCE (nano-6io-ingho-kocHo-coyio-exo)-mexnonoeiti i 6UKopucmosyions
wmyunutl inmenexm. 3anponoHo8aHo GUKOPUCHIOBYBATNU 2EHEMUKO — MOPPON02iuHUL NIOXIO 0N piuenHs npobaemu 3abe3neyenis
00HOYACH020 OOHUM PYXOM DA2AMOMICYE8020 3aMUCKY 00 "€kmis, Wo 06epmaiomsCs, 3 3ACMOCYBANHAM MAHLEHYIATLHOT CUTU.
Knrouogi cnoea: maneenyianohuil 3amuck, Yan2co8uti NAMpPOH, 2eHeMUYHUL CUHMe3, MAmepialbHa MouKa
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