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DEVELOPMENT OF THE COMPONENT BASE OF UNIFIED ASSEMBLY AND PARTS OF
INSTALLATION CLAMPING DEVICES

The issues of unification of units and elements of special equipment were further developed in the work. Issues of a theoretical approach to the creation of
an element base of unified assemblies and parts for existing layout schemes for mounting and clamping devices of equipment built on the principles of
aggregation are considered. in order to subsequently minimize the cost of design and production. The authors propose a two-stage methodology for
unifying fixture elements in order to create a reference and regulatory framework for such elements. At the first stage, based on the analysis of the
functional purpose of the structural elements of various layout schemes of devices, a list of parts is established, the unification of which is possible and
expedient. At the second stage, based on the strength analysis of the selected elements and the analysis of statistical information on the geometric
parameters of the installed workpieces for various layout schemes of fixtures, the number of standard sizes and geometric parameters of these parts are
determined. This approach allows you to create a constantly updated and edited database of unified fixture elements, which can be used in the process of
computer-aided design.
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SIKOBEHKO LE,.IIEPMSIKOB O.A., XAPYEHKO O.C. .
PO3POBKA EJIEMEHTHOI BA3H YHI®IKOBAHUX BY3JIOB I JETAJIEM YCTAHOBKOBO 3ATUCKOBUX BUKOPUCTAHb

VYV pobotri oTpuManu NOIANBIIMK PO3BUTOK IHUTaHHS YHi(ikamii By3liB Ta EJIEMEHTIB CIELiaJIbHOro obiagHaHHA. PO3MISHYTO NHUTaHHA
TEOPETHYHOTO IIJIXOXy 0 CTBOPEHHS eJeMeHTHOI 0a3u yHi(iKOBaHHX BY3IIB Ta JeTaned Ul iCHYIOUHX KOMIIOHYBaJIbHUX CXEM HACTAHOBHO 3aTHCKHHX
HPHUCTPOIB 00NaJHAHHS, TO0YIOBAHOTO HA HPMHIMIIAX arperaTyBaHHsA. 3 METOK IOJANIBIIOI MiHIMi3al[i BUTpPAT Ha HPOCKTYBAHHSA Ta BHUPOOHHIITBO.
ABTOpaMH TPOMOHYETHCS JBOCTANIHA METOANKA MPOBEIACHHS yHIi(iKallii elTeMeHTIB NPHCTPOIB 3 METOI0 CTBOPEHHS OBiIKOBO-HOPMATHUBHOI 0a3u TaKHX
eneMeHTiB. Ha mepmiomy erami Ha mifcTaBi aHanizy (yHKIIOHAJIBHOTO NPH3HAYEHHS CTPYKTYPHHX €JIEMEHTIB Pi3HHX KOMIIOHOBOYHHX CXEM IIPHCTDOIB
BCTaHOBJIIOETHCS TIEPETTiK AeTaneld, yHidikalis sKux MOXIHBa Ta qouinbHa. Ha gpyromy erarmi Ha migcTaBi aHamizy MILHOCTiI OOpaHUX €IEMEHTIB i aHai3y
CTAaTHUCTUYHOI iH(popMalii 3a TIEOMETPHYHHMM [apaMETPaMU BCTAHOBIIOBAHHX 3arOTOBOK JUIS PIi3HMX KOMIIOHOBOYHHX CXEM IIPUCTOCYBaHb
BCTAQHOBIIOEThCSI KIUIBKICTh THIIOPO3MIpIB 1 T€OMETpHYHI HmapamMeTpd mux Jeraneil. Taxwil minXix Ko3BONSE CTBOPUTH IOCTiIHO IIONOBHIOBAaHY Ta
penaroBaHy 6a3y yHi(pikOBaHHX €JIEMEHTIB IIPUCTPOIB, sIka MOXe OyTH BUKOPUCTAHA y IPOLECi aBTOMATH30BAHOIO IIPOEKTYBAHHSI.

KarouoBi ciioBa: arperaroBane OOJaIHAHHS, YCTAaHOBOYHO-3aTHCKHMII TPHUCTpiH, yHiGiKallis, KOMIIOHOBKA, aHali3 MIIHOCTi, EJIEMEHTH,
THITOPO3MIp

SAKOBEHKO H.3., IEPMSIKOB A.A., XAPYEHKO A.C.
PA3PABOTKA BHEMEHTHOﬂ BA3bl YHU®UIIMPOBAHHBIX V3JIOB M JIETAJIEM YCTAHOBOYHO 3AKHMHBIX
MMPUCITIOCOBJIEHNA

B paGote momyunnu manpHelinee pa3BUTUE BOIPOCH YHH(UKAIMU y3710B U DIEMEHTOB CHEIHAIBHOIO 000pynoBaHHA. PaccMOTpEeHBI BOIPOCH
TEOPETHIECKOTO MOAX0Aa K CO3MAaHUIO MIEMEHTHOH 6a3bl yHH()HIMPOBAHHEIX y3JI0B M AETaJlel IS CYIIECTBYIOIINX KOMIIOHOBOYHBIX CXEM YCTaHOBOYHO
32)KUMHBIX TIPUCIIOCOONEHUH 000pyAOBaHUS, MOCTPOCHHOTO HAa NPHUHIMIAX AarperaTUpOBaHUA. C IIENbI0 IOCIeAylomed MHHUMU3AaLHUU 3aTpaT Ha
IIPOEKTUPOBAHKHE U MPOU3BOACTBO. ABTOpaMH IpeJiaraeTcs IBYyXSTalHas METOJMKA MPOBEAEHUS YHUGUKALUK 3I€MEHTOB IPHCIOCOOTIEHUH ¢ Lelbio
CO3aHMs CIPaBOYHO-HOPMATHBHON 0a3bl TakWX 3JIeMeHTOB. Ha mepBoM STame Ha OCHOBAaHMM aHaiHM3a (DYHKIHMOHAIBHOTO HAa3HAYEHUS CTPYKTYPHBIX
9JIEMEHTOB PA3IHYHBIX KOMIOHOBOYHBIX CXeM IPUCIIOCOONIEHUH yCTaHABIMBAETCs MepeueHsb JeTaell, yHupuKanus KOTOPHIX BO3MOXKHA H IIeecoo0pasHa.
Ha BTOpoM 3Tame Ha OCHOBaHHM INPOYHOCTHOTO aHAIN3a BBHIODAHHBIX OJJIEMEHTOB M aHAIM3a CTAaTHCTUYECKOH MH(OpPMAIMM 1O IeOMETPHYECKUM
rapaMeTpaM YCTaHAaBJIHBAEMbIX 3arOTOBOK IJIS PA3IMYHBIX KOMIIOHOBOYHBIX CXEM IPUCIIOCOOJICHHH YCTaHABIMBACTCS KOJIMYECTBO THUIIOPA3MEPOB U
reoMeTpHYecKHe MapaMeTpsl 3THX AeTanei. Takoi moaxos Mo3BONAET CO3AaTh MOCTOSHHO MOMONIHAEMYIO H PelaKTUPYeMylo 0a3y yHH(DUIUpPOBaHHBIX
9JIEMEHTOB IIPHUCIIOCOOIEHUH, KOTOPasi MOXKET ObITh UCIOJIB30BaHa B MPOLIECCE ABTOMATH3UPOBAHHOTO MPOSKTUPOBAHUS.

KaoueBrie ci10Ba: arperaTHpoBaHHOE O0OpY/IOBAaHHE, YCTAaHOBOYHO 3aKMMHOE IPHCIIOCOOJEHNE, YHH(UKAINS, KOMIIOHOBKA, MPOYHOCTHON
aHaNu3, 3JIEMEHTHI, TUIIOpa3Mep

Introduction. One of the ways to increase the efficiency of technological preparation of production is to increase the
level of use of standardized equipment and, first of all, machine tools, taking into account the subsequent specialization of
production. This is especially true when using special equipment, which is created on the principles of aggregation. In this
case, as a result of unification and standardization, designs are created that correspond to the most complete and efficient
use of high-performance equipment, as well as designs that provide the minimum time for design and technological
preparation for the production of equipment of this type, due to the use of CAD/CAM systems in the design process.

Analysis of the main achievements and literature. In research [1, 2] the issues of increasing the level of unification
of machine tools are considered, a generalized criterion is given that can be used as the basis for the development of unified
machine tools. The criterion is a typical installation diagram for machine tools. However, the implementation of work on the
unification of machine tools in full should solve not only the issues of unification of basic devices, but also individual
structural elements. In [1], the concept of unification is opposed to the mathematical concept of "sets". The description of
unification processes by the methods of mathematical set theory makes it possible to clearly formulate a number of basic
provisions and develop a calculation apparatus for solving practical problems of unification of machine tools. In papers [3],
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a method for selecting machine fixtures based on classifiers of parts and assemblies is described, which can be used at the
stage of designing the design of fixtures. However, part classifiers based on the principle of naming (cases, bushings, etc.)
do not give a clear idea of the setting elements that should be used when orienting workpieces.

In papers [4,5], the unification of positioning clamping fixture (PCF) for processing the same type of parts of hydraulic
fittings on multi-position modular machines was carried out, but there are no general recommendations for creating devices
for processing parts of other classes. The papers [6, 7] consider the general issues of creating unified layout diagrams of
PCEF for specialized equipment, which is built on the principles of aggregation in order to subsequently minimize the costs
of their design and production. The unification of layout schemes is based on the analysis of the designs of existing
mounting fixtures, as well as the functional purpose of the structural elements and parts of the main fixture systems.
However, the unification of individual elements and parts of the mechanisms of the considered layout schemes was not
carried out. The article [8] describes a fixture design method based on the analysis of the power characteristics of the
machining process and minimizes the deflection of the object under the action of external loads, this approach in the future
makes it possible to develop parametric series of unified parts and elements of the PCF.

The works [9,10] laid the foundations for automating the design of fixtures for metal-cutting machine tools, which
made it possible to create a number of real software systems. However, specific elements of the unification of structures
were not covered. Further development of the principles of automation of various stages of fixture design (Computer-aided
fixture design, CAFD-system) and analysis of the design decisions made are considered in [11-14]. So, in [12], a process-
oriented model of the fixture design process was developed, which provides analysis of the workpiece manufacturing,
synthesis and optimization of the fixture configuration, verification of the mechanical system "device - product” for given
production conditions, functional relationships, and data flows between stages are determined, which allows implement an
integrated approach to automated tooling design in multi-product production.

On the basis of the proposed conceptual solutions, in papers [15] specific issues of choosing the installation elements
of the basing as a stage in the design of the layout of machine tools for a specific type of parts and the layout of the device
are considered. Based on the developed algorithm, a reasonable choice of setting elements for blanks of body parts is
implemented when implementing the basing scheme in three planes. The sequence of formation of a set of solutions is given
when choosing the functional elements of a machine tool from the database, taking into account the design and
technological characteristics of the workpiece.

The purpose of the study, statement of the problem. The aim of the study is the classification and subsequent
unification of elements and parts of aggregated equipment fixtures for the implementation of an automated approach to the
design process, increasing the serial production and possible readjustment of the PCF.

To achieve this goal, it is necessary:

« on the basis of the classification of layout diagrams of the PCF of aggregated equipment, perform the unification of
the element base;

* to develop a set of standardized parts and assemblies that implement typical layout diagrams of PCF, the use of
which reduces the complexity of design and manufacture, and also allows re-arrangement when changing processing
objects.

Research materials. The unification of machine tools applies to types, designs, main dimensions and parameters of
devices, their components, as well as materials, accuracy standards, etc. Unifications are subject to:

- parts of fixtures that have a specific functional purpose and have similar dimensions (body plates, clamping collets,
annular and horn membranes, cassettes for multiple milling fixtures);

- assembly elements (assemblies) that perform functions of the same nature with slightly different working dimensions
and dimensions (built-in double-acting pneumatic cylinders, pneumatic-hydraulic amplifiers, eccentric clamping
mechanisms acting on two clamps, dividing mechanisms, etc.);

- fixtures for equipping typical operations, if their designs are similar to schemes, dimensions, operating conditions.

Unified designs of parts and assembly units should ensure optimal repeatability in fixtures or in arrangements of
several parts, and unified fixtures should equip the optimal number of operations. Unified elements must have unified base
and connecting places with a range of sizes from the required parametric range.

The structural layout schemes considered in [7] made it possible to identify the main units and elements of the PCF,
which are characteristic of absolutely all layout options. These include:

- housing elements (housings with various additional and connecting elements for basing and fixing the rest of the PCF
units);

- power unit (drive);

- elements of workpiece basing and auxiliary devices;

- clamping unit.

As the analysis of the PCF layout solutions has shown, for each of the considered layout schemes, its own set of details
is correct.
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The elements of the PCF case are mostly original. As shown by the analysis of the layout diagrams of the housings,
that the actually unified element of the housing is the sole, the dimensions of which are regulated and determined by the
diameter of the faceplate and the number of positions of the rotary dividing table. The design and geometrical parameters of
the housing are directly determined by the parameters of the workpiece, the layout of the device, the type of functional
elements and their relative position.

The energy unit is practically independent of the adopted layout scheme, since in most cases unified hydraulic or
pneumatic drives are used. Only in some cases, to minimize the dimensions of the device, original body designs and unified
elements of the rod and piston group are used. Therefore, for the elements of this assembly, the unification was carried out
on the basis of the normalized size ranges of the drive elements, depending on the need to provide the required clamping
force, without the use of additional studies.

The locating node is determined primarily by the technological locating scheme and the geometric parameters of the
workpiece. When considering the layout schemes, almost all typical basing schemes were considered using mounting pins,
conventional and self-centering prisms, strips, etc. All these elements have a clear functional purpose and design elements.
In the general case, the surfaces that are in contact with the workpiece are original, so the unification was carried out only in
relation to the design of the base element, and the geometric parameters are determined depending on the parameters of the
workpiece and the layout of the device. The exception is the special elements for basing jig devices, which are implemented
in the form of two standard pins: cylindrical (Fig. 1a) and rhombic (Fig. 1b).

a) cylindrical b) rhombic
Fig.1 — Positioning pins

Particular attention during the unification was paid to the clamp assembly, as the most specified element of the fixture.
Despite the variety of options for layout schemes and their parametric implementation, for each option it is possible to
establish a clear list of details and elements that provide the technical implementation of the selected scheme. All considered
elements perform well-defined functional tasks, have a certain kinematics of movement and, accordingly, design features,
therefore, they can be considered as elements of unification.

In the process of research for each layout scheme of the USP at the first stage, using the simplification method, the
authors established the necessary and sufficient list of parts that implement the corresponding scheme (Figure 2 shows an
example of detailing the direct-action clamping mechanism with a lever-type clamp for further unification, similarly, and
other options, such as a clamping mechanism with a traverse). As the analysis showed, part of the details (25-35%
depending on the layout scheme of the PCF) are standard and do not require unification, but are included in the assembly
specification in the section of standard elements.

At the second stage, a 3D model of the mechanism is created and a strength analysis of the mechanism is carried out in
order to identify the main most loaded element, which determines the strength of the entire structure and is the basis for
determining the parametric characteristics of this element itself and the assembly parts mating with it. In the example (Fig.
3), the limiting element is a groove on the thrust shaft, while the proposed diameter provides a 3-fold margin of safety of the
element, which is sufficient for such a mechanical design. Using the range of realizable loads, taking into account the
necessary margin of safety, as well as the value of the working stroke of the main element for the layout scheme under
consideration, a parametric series of geometric dimensions of the element and, accordingly, the parts mating with it, is
formed. The basis for the formation of parametric series are tables of preferred sizes.

Subsequently, elements and parts of the same type of design and the same functional purpose were identified for
various layout schemes and mechanisms, and parametric series were adjusted for unified parts.
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Fig. 2 — Tack elements subject to unification
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Fig. 3 — Load diagram of the clamping mechanism to adapt the layout scheme of direct action

This approach made it possible to create a database of 3D models of unified elements and parts for ultrasonic devices
of equipment, which is built according to the aggregate principle (a fragment for the above example of the ultrasonic device
layout diagram is shown in Table 1).
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Table 1 — A set of standard PCF elements for a structural layout diagram of direct action

Element Element Element
Nut
Bolt Screw
Standard element I1SO 4014 Standard element GOST 11644-75 Standard element ISO 4034

Retaining Ring

Standard element GOST 13942-86 Pin Cuff
Standard element GOST 3129-70 Standard element GOST 678-72
o 7™ 2
0 - W
O

Bronze Sleeve

- . Special Nut
Sleeve Unified element 6 Size i .
Unified element 6 Size Unified element 6 Size

| 0

Spacer Sleeve Ring . _Double Ring .
Unified element 6 Size Unified element 2 Size Unified element 6 Size
c“/,' \ |
i Half-coupling
Hole Ring Hull ot _
Unified element 3 Size Unified element 6 Size Unified element 6 Size
f~-
Taci<
e . Rod
Unified element 6 Size Unified element 2 Size Strip

Unified element 1 Size

Conclusion. On the basis of the conducted research of the layout diagrams of the PCF for aggregated equipment, a
method for unifying the elements and parts of the main units has been developed. The proposed method takes into account
the functional purpose of parts and elements when choosing a structure, and the assignment of parametric characteristics of
geometric dimensions is performed on the basis of a strength analysis of the structure's operability and general engineering
recommendations of preferred sizes.

The proposed technique was implemented when creating a database of unified parts of the PCF for aggregated
equipment. The developed database was the information support for automating the design process of the PCF, which made
it possible to select and maximize the use of unified elements of the assembly kit in the development of the device.

The method proposed by the authors allows expanding and correcting the base of unified devices when considering
new layout diagrams of the PCF both for modular machines and for other equipment that uses the principles of unification

and aggregation.
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