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TEHETUKO-MOP®OJOT'MYECKOI'O MOJAXO0JIA

Purpose. A new genetic-morphological method using the analogy between the electromechanical system and the mechanical system
of rotating the clamping mechanisms. Further the examples of realization of proposed approach in creation of clamping chucks with
other forcing (energing) streams.

Design/methodology/approach. The genetic classification of energetic (power) flows in the clamping mechanisms of various versions
summarizes the properties of the elastic force structures of these mechanisms and constitutes the systematic basis for understanding
of the fundamental principles of the structural organization and natural development of mechanical, electromechanical, hydraulic,
pneumatic, electromagnetic, magnetic and other force clamp systems such as bodies of rotation similar to the genetic classification
of the electromagnetic field primary sources.

Findings. Main result - in the proposed classification of the interaction of the clamping element with the clamping object
(components, work pieces or tool) various principles and laws of mechanics are reflected, including the topological invariance
principle of the field sources, the principle of symmetry, the principle of two nets, the principle of conservation of the basic types of
mechanical and other energy converters, the law of energy conservation, D'Alembert's principle, Hooke's Law etc.
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Introduction

Providing the required clamping force and strength of the clamping mechanism is now a necessary condition
but is not sufficient, due to the increased flexibility of quickset automated production which requires wide-blandness
and quick regulating of the clamping mechanisms, in particular, chuck engineering or chucks (CE), while maintaining
the accuracy, rigidity, durability and stability characteristics [1, 2, 3, 7].

This article analyses the influence of the CE structure on their wide-blandness and quickset while changing the
diametrical size of the object clamp (OC), which may be a cylindrical shank cutting tools (drills, mills, etc.), rod or
piece-blank [1, 4].

According to the systematic approach, within a huge variety of the CE construct the quantity of their structures
is limited by the direction of the input force from the power source and the drive clamp with the help of the method of
energy conversion and transmission of power flow into the CE, the CE power circuit, which can be closed and (or)
broken, open, and (or) closed due to the closing of the clamping force, and the connections to the power source and
drive clamp [1, 7].

The systematic approach allows combining the structural studies in science and technology successfully
because of its interdisciplinary nature, using appropriate philosophical categories and general theory of systems
regulations [12].

Exposition

The object lesson of interdisciplinary and community systems approach can be the theory of evolution transfer
of electromechanical systems [11] into mechanical and other systems [1, 10]. The analogy between the
electromechanical system, for example, an electric motor (Fig. 1,a) and the system of clamping device rotating, such as
collect chuck in the latter case (Fig. 1,b) is shown below.

The results of the comparison (Table 1) show the equality of the power flow in both cases.

If in electromechanical system the elementary source of the electromagnetic field at the genetic level is electric
charge [11], then in mechanical system of the rotating jig the elementary source of elastic force field in the contact
clamping element (CL.E) and OC at the genetic level is elementary force dT, normally applied to the surface of the
contact material point [1].
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Fig. 1. The analogy between the electromechanical system (@)
and the system of rotating the clamping device of the execution (b)

Table 1
Comparison characteristics of systems
Ne position Electromechanical system (teg.3a) The system of rotating chuck ( teg.3,b)
Entrance Electric current to the voltage U Axial force S from the drive terminal
1 Stator Clamping element (CE)
2 Electromagnetic field Elastic-power field
3 Rotor Object clamp(OC)
4 Framework Spindle
Exit Electromotive force T, torque M Radial (normal) T clamping force and speed
and the rotor speed n of the object fixing n

. . . . . T .
In the latter case with the given size of the contact surface (or line) we will get normal voltage Z—F or specific

forceij—z (where dF - elementary area of the contact surface between the CL.E and OC, dL - elementary line along the

interface between CLE and OC).

According to the analogy with the genetic classification of the primary sources of the electromagnetic field
[11] there can be offered a genetic classification of elastic force field sources, which is based on the spatial forms of
contact interaction between CLE and OC, generalized by the geometric classes of elastic force fields: cylindrical,
conical, flat, toroidal flat, spherical, toroidal cylinder. The spatial forms of contact interaction are determined by the
spatial forms of C1.E and OC.

These are combinations of different forms of the surfaces or their conversions at the expense of discrepancy
between the axes of rotation of geometric figures, which gives additional classes of geometric surfaces: eccentric-
cylinder, eccentric-conical, flat-conical or wedge etc.

However, from the technical and economic considerations, technical constraints and the level of technology,
the existence region of the field primary sources, which determines the gene pool of any class of mechanical systems
rotating chuck at a certain stage of its evolution, may be limited to a reasonable level.

The selection of the principle and structure of the clamping device can be made even at the chromosomal level
by type of energy (power) flow from the drive to clamp of the rotating CLE, which we will trace in monadic (single)
clamp in two mutually perpendicular planes (Fig. 2); one — along the line (axis) of CLE rotation, another — in a plane
perpendicular to the CLE rotation axis [7].

Given that CLE rotates, the direction of the power flow along the axes Y and Z, perpendicular to the axis of
rotation, can be denoted by one coordinate, for example, Y.

The Input into the energy (power) flow can be a force S (Sx, Sy), the moment M (Mx, My), and the only force
T (Tx, Ty), normal to the clamp surface can be its output. The direction of the output force Ty to the axis of CLE
rotation defines the outer clamp and from the axis — the internal clamp (Ty, underlining at the bottom). The direction of
the output force Tx is defined by the front clamp to the spindle, and Tx — from it.

156



Cepiss MawunHoGyayBaHHs Ne67

—_

B

/
. 7z

g

\
X

T

Fig. 2. Graphic interpretation schemes of the energy (power)
flow in a rotating chuck out the principles of the clamp

Morphological model of energetic (power) flows can
be shown as in Table 2 [5, 13].
The combination of chromosomes entry and exit in the

= X=furmng axte of 00

Table 2

Morphological model of energy (power) flows in
a mechanical system rotating chuck

CE, the symmetry aqd topology applied [8, 9,. 11], the power | Entrance 2 Exit
structures of mechanical systems of the clamping mechanisms
determines the structure and principle and structure of CE. 1.1S, 21 7,
The total number of combinations N, = 8 x 4 = 32, i.e. 12§ 22T
a total of 32 pairs of chromosomes. From the all given structures —= =
or principle soft the clamp as power flows, the widespread 13§, 2.3
practice for external clamping circuits were 1-4 schemes 1.4 24T
(Table 3). For high-speed and precision processing for clamping =
tools with cylindrical shank (drills, milling cutters) the schemes 1.5 M,
1, 2 have started to be applied [4, 15, 16]. 1.6 M,
1.7 M,
1.8
Table 3
Energy (power) flows in a mechanical system of rotating chuck single clip
on the outer surface of the cylindrical parts
No Code
o_s Scheme Alphabetic Digital
Pos. Entrance Exit Entrance Exit
1 2 3 4 5 6
y
1 Sy T, 1 3
A
2 = S, T, 1 3
7 x >
Ty
3 S S, T, 2 3
Sy
4 Sy T, 2 3
Iy
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Continuation of table 3

1 2 3 4 5 6
Iy
5 S. T, 1 3
S 5
° I Se L I 3
I
7 * AY Sy T_y 2 3
S
: 7 S L 2 ;
9 7. S, T, 1 4
S S
10 S, T, 1 4
1 ¥ S, T, 2 4
Sy
T
12 S, T, 2 4
13 Z S, T, 1 4
R O
14 S, T, 1 4
15 S S, Q 2 4
5§
Tx
16 Sy Q 2 4
7
17 M, T, 5 3
("
M, ]
18 M, T, 5 3
7
7
19 M, T, 6 3
M.
A $ =
M
20 . M, T, 6 3
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Continuation of table 3
1 2 3 4 5 6

21 M, T, 5 3

23

L

22 M, T, 5 3

7,

7,

L]

M

24 M, T, 6 3

: /@i ! : 5 4

T

26 M T, 5 4

27 M, T, 6 4
M I

28 M M

IR

31 M, T 6 4
M I
32 M M 6 4

Example of the evolution of structures and CE circuits for bodies of rotation according to Fig. 3 by
wide-blandness criterion is shown in Table 4.
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Table 4
Schemes of chucks and theirs forcing (energing) streams
=
~ =] ~
— o on
‘ s | .8
£ 5| ®
© 0 Qg’ g
3 Type of chuck Structural scheme of chuck %’ ) §
0 = o0 o
2 & |e
1 2 3 4 5
9y K Sy
I
! 3
With an elastic N 8 o
I solid cylindrical :ﬁ I
sleeve f _[/ ]-y %
: Iy |
| ’
Ty
a=7°.3°
5 Ty :/7
- N >
=
I With an elastic W' "az o
solid collect R S % ;5,
F Ty
a>7"
Ty %L Ty -
Collect A 3 £
1T with elastic < 2 @1
petals Z L 3) =
%)
| /1
a>15"
Ty LS /3 <¢ /y
Self-adjustin ﬂ%‘ \ 3 >
1A Justing Sz ! 2 F.;
collect I e = A
e
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Continuation of table 4

1 2 3 4 5
Wide range 9 Hf’
v collect with a 2 E
single animation ) =
Wide range =
. ko] A
collect with 54 =
VI z :
double < o=
animation ;—)ﬁ
a
Cartridges g
Wide wedge o, o
; Z s | &
VII piston (a) or ) S % N
quickset with jm g %)
multi-cam (b) S % 7 l J] B o
p— — - - g & - e— - - —
a b
. ~ Vee=const
Wide range of F ] ‘%_
cartridges with a Sy 7. T o |
constant (a) and G 5
reconfigurable | T & >
Vi multi-profile- Bmax % .
cams (b) the 5 2 )
volume of the = i )
clamping o V'
elements _‘;,}T J-y
- Bimax Vir=var
Conclusion

The genetic classification of energetic (power) flows in the clamping mechanisms of various versions
summarizes the properties of the elastic force structures of these mechanisms and constitutes the systematic basis for
understanding of the fundamental principles of the structural organization and natural development of mechanical,
electromechanical, hydraulic, pneumatic, electromagnetic, magnetic and other force clamp systems such as bodies of
rotation similar to the genetic classification of the electromagnetic field primary sources [9].

In the proposed classification of the interaction of the clamping element with the clamping object (components,
work pieces or tool) various principles and laws of mechanics are reflected, including the topological invariance
principle of the field sources, the principle of symmetry [8]; the principle of two nets, the principle of conservation of
the basic types of mechanical and other energy converters, the law of energy conservation, D'Alembert's principle,
Hooke's Law etc.

Anomauia. Y cmammi posensinyma 2enemudna Kiacugikayis emepeemuiHux (CUnI08ux) nomoKie 8 3amuckHux Mexamizmax pizHo2o

BUKOHAHHSA, SIKA V3A2AILHIOE 61ACIMUBOCTI NOPOOICYIOMb HPYIHCHO-CULOBUX CIPYKINYD YUX MEXAHI3MIE I CIMAHOBUMb CUCHEMHY
OCHOBY Ol NI3HAHHS (DYHOAMEHMANbHUX NPUHYUNIE CMPYKMYPHOI Opeanizayii ma 3aKOHOMIPDHO20 PO3GUMKY MEXAHIUHUX,
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EeKMPOMEXAHIYHUX, 2iOPAGIIYHUX, NHEGMAMUYHUX, eIeKMPOMASHIMHUX, MACHIMHUX MA IHUWUX CUCMEM 3aMUCKy 0emaeli muny miiu
00epmanHs 3a aHANIOZIEI0 3 2eHeMUUHOIO KIACUDIKAYIEID NEPBUHHUX OdHcepell eleKMPOMASHIMHO20 NoasA. Y 3anpononosaHi
Kracugixayii xapaxmepy 63a€MoO0ii 3amMUCKHO20 elemenma i 00'ekma 3amucky (Oemani, 3a20moeku abo IHCmMpymeHmy)
8i000padiceni pisui NPUHYUNU | 3aKOHU MeXAHiKu, ceped AKUX NPUHYUN MONOJO2IYHOU [THEAPIAHMHOCMI Odcepen Mo, NPUHYUN
cumempii [6]; npunyun naprocmi, npunyun 30epesicents 6a3068020 6UOY MEXAHIYHUX MA THUWUX NePemeopIosayis eHepeii ; 3aKoH
30epedicenns enepeii; npunyun Janambepa; 3axon I'yka ma in.

Kniouoei cnosa: samuckni mexawnizmu, euepeii, nOMydsdCHOCMI, NOMOKYU, YaHeU, NAMPOHU WUPOKO20 OIANA30HY, HCUBA 020POXHCA
namponu

Annomayusn. B cmamve paccmompena 2enemuieckast KiacCuQUKayus SHepeemuyeckux (CUL08blx) NOMOK08 6 3ANCUMHBIX MEXAHUZMAX
PA3IUUHO20 UCNONIHEHUSL, KOMOopasi 000bujaenm ceoticmea nopoACOarWUX YPY20-CUIO8bIX CIPYKIYD SMUX MEXAHUIMO8 U COCMABIAen
CUCMEMHYIO OCHOBY OJsl NO3HAHUSI (DYHOAMEHMALbHBIX NPUHYUNOE CMPYKMYPHOU Op2AHU3AYUU U  3AKOHOMEPHOU pa3gumus
MEXAHUYECKUX, INEeKMPOMEXAHUYECKUX, SUOPABIUYECKUX, NHEGMAMUYECKUX, INeKMPOMACHUMHbBIX, MACHUMHLIX U Opyeux cucmem
3adicuma Oemadneti muna meJjl 6PAweHlst N0 aHAIOUY C 2EHEMUYECKOU KIACCUpUKayuell NepeudHbIX UCIOYHUKOB INeKMPOMACHUMHO20
nons. B npeonoscennoi kiaccuguxayuu xapaxmepa 83aumooeicmeus 3aHCUMHO20 d1eMeHma U 00beKma 3axcuma(oemant, 3a20MmosKu
Wi UHCMPYMEHma) OmoOpadxtceHvl pas3iuyHble NPUHYUNBL U 30AKOHbl MEXAHUKU, Cpeou KOMOPbIX HPUHYUN MONOLOSUYHOU
UHBAPUAHMHOCIU  UCMOYHUKOS NOJIs, NPUHYun cummempuu[6]; ApuHyun Rnaprocmu, NPUHYUR COXPAHeHUusi 0a306020 6UOd
MeXaHuyecKux u opyeux npeobpazosameineti 3Hepaull; 3aKOH COXpanerusi sHepauu; npunyun JJarambepa; 3axon I'yka u op.

Kniouesvle crosa: 3asxcumuvie mexanusmvl, sHep2ul, MOWHOCMU, NOMOKU, YaH2U, RAMPOHbL WUPOKO20 OUANA30HA, HCUBASL U320POO0b
nampomsi.
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