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Abstract. On the basis of technical and economic analysis of the properties of relations between design and technologi-
cal solutions, a method for the integral assessment of production manufacturability by combining individual manufacturabil-
ity coefficients at different stages of the product life cycle is suggested. Separate coefficients take into account the influence
degree of various constituent stages on the labor intensity of production and maintenance, repair and disposal of the product
structure. Design and technological solutions in design systems imply the use of properties such as reflexivity, symmetry and
transitivity. As a result, it is proposed to understand the properties set of the product design that determine its adaptability to
achieve optimal costs in production and disposal for specified quality indicators and work conditions. A list of manufactur-
ability coefficients of manufacturing a product design has been determined, including coefficients of purchase, repeatability
of details and connections, material hardness, borrowing, typing, precision, roughness, mass. An examination of the effec-
tiveness assessment the use tools, equipment and other objects of the technological environment at the stages design and
technological production preparation is formalized. The examination includes an analysis of the frequency and duration of the
meeting of structural parts elements and the tools state at the stages of their manufacture, operation and disposal.
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OILIEHKA IMPOU3BOJICTBEHHOM TEXHOJOT' MYHOCTHA KOHCTPYKIIUH
B ’KM3HEHHOM LUKJIE U3JIEJINS

AnHoTanmus. Ha ocHOBe TEXHHKO-2KOHOMHYECKOTO aHaIn3a CBOMCTB OTHOIICHHI KOHCTPYKTOPCKO-TEXHOJIOTUYCCKUX
peHIeHI/Iﬁ NpEeAJIOKEH METOA HHTeraHLHOﬁ OLCHKH HpOH3BOHCTBeHH0171 TEXHOJOTHYHOCTU IIYTEM 06'[)8Z[I/IHCHI/ISI OTACIb-
HBIX KO3(1)(1)I/IHI/ICHTOB TEXHOJOTMYHOCTHU HAa PA3JIMYHBIX 3TalaxX JXU3HEHHOI'O IUKJIAa U3ACTUA. OTI[GJ'II)HLIE KOBq)(bPIHHeHTLI
YYUTBIBAXOT CTCIICHDL BJIUSAHUSA PA3JIUYHBIX COCTABJIAIOMIUX D3TAIIOB HA TPYAOCMKOCTH IIPOU3BOACTBA U 06CJ'Iy)KI/IBaHI/ISI, pe-
MOHTA U YTHUJIM3allUU KOHCTPYKIUU U3JCIIUA. KOHCprKTOpCKO-TeXHOJIO]"I/I‘IGCKI/IC peHICHHA B CUCTEMAaX NPOCKTHUPOBAHU
npeanojararoT UCIOJIb30BaHNUE TaAKUX CBOﬁCTB, Kak peq)HeKCHBHOCTB, CUMMETPUYHOCTb U TPAH3UTUBHOCTD. B pe3yibTare
NPEAJIOKEHO IO HpOI/I3BO,IICTBeHHOI71 TEXHOJOIMYHOCTBIO IIOHUMATh COBOKYIITHOCTDH CBOMCTB KOHCTPYKIIMU U3JEIH, OIIPE-
JCITAOIINX €€ l'[pI/ICHOCO6J'IeHHOCTI) K JOCTUIKEHUIO ONITUMAJIBHBIX 3aTpaT IPU IMTPOU3BOACTBE U YTUIIU3ALIUN IS 3aJaHHBIX
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HoKa3aTelei Ka4ecTBa U yCIIOBHH BBINOIHEHUS paboT. OmpesielieH nepedeHb K03 GHINEHTOB TEXHOIOTHYHOCTH U3rOTOBIIC-
HUS KOHCTPYKIMH M3/JeTHs, BKIIOYAIOMNH KO3 PUIIMEHTHI MOKYIaeMOCTH, TTOBTOPSIEMOCTH JIeTajeil U COeIMHEHHH, TBEp-
JOCTH MaTepHalia, 3aMMCTBOBaHMs, TUIIM3aLlU1, TOYHOCTH, ILIEPOXOBATOCTH, Macchl. Dopmann3oBaHa IKCIEPTH3a OLECHKH
3 PEeKTHBHOCTH NMPHUMEHEHUsI HHCTPYMEHTOB, CPEICTB OCHAILIECHUS M JPYTHX OOBEKTOB TEXHOJIOTMYECKOH CpeJbl Ha CTa-
JUSIX KOHCTPYKTOPCKOM M TEXHOJIOTHYECKOH ITOJATOTOBKU IIPOM3BOJCTBA. JKCIEPTH3a BKIIIOYAET aHAIU3 YaCTOTHI U IPO-
JIOJDKMTEJIBHOCTH BCTPEUH KOHCTPYKTHBHBIX SJIEMEHTOB JIeTaJIeil 1 COCTOSHMS HHCTPYMEHTOB Ha 3Tanax X U3rOTOBICHUS,
9KCIUTyaTalluu U yTHIU3ALIH.

KurioueBble cji0Ba: MpoOM3BOACTBO, YTUIM3AIMS, KOHCTPYKIUS, U3/ETHe, AeTajlb, TEXHOJIOITHYHOCTb, KO3()(DHUIIHEHT,
TPYZL0EMKOCTh

Jas nurupoBanmusa: OIeHKa NPOHM3BOACTBEHHONH TEXHOJOTHYHOCTH KOHCTPYKIMHM B JKM3HEHHOM IIMKJIE H3Ie-
mus / b.M. Baspos [u np.] / Bec. Han. akan. HaByk benapyci. Cep. ¢i3.-toxn. HaByk. — 2020. — T. 65, Ned. — C. 422-432.
https://doi.org/10.29235/1561-8358-2020-65-4-422-432

Introduction. Determination and assessment of changes in the design of products, in technological
and operational processes, in their disposal, as well as cost indicators and quality indicators of ma-
chines, taking into account their mutual influence, are hampered by the multi-connected nature of the
interactions of the forming and transforming product [1, 2]. To develop a mathematical apparatus for
analyzing the technical and economic efficiency of quality indicators and the cost of products, it is nec-
essary to correctly reduce the dimension of the transformation of analyzed properties, which describes
the problem [1, 3].

The correct solution to such a problem is facilitated by the replacement of objects set, interacting
with the product, by one object — a technological or operational environment with a possible identity of
the replacement results [2, 3]. Determination of the characteristics of a multiply connected environment
allows, with known results of its interaction with the product, finding rational values of the quality indi-
cators of the product and carrying out the directed formation of the technological environment [3].

To formalize the conditions for the purposeful creation of technological environments, each set of
the system components of the same name is described as a set of design and technological solutions
(DTS) [3, 4]. This approach allows any environment to be represented as a tuple, each element of which
is an element of the corresponding set of DTS [5].

Due to the redundancy of the technological environment in terms of structural composition, it is
advisable to use complex process criteria, that summarize the assessment of design and technological
solutions by coefficients, that take into account their degree of influence on the technical and economic
indicators of processes and their labor intensity, as an objective function instead of specific values of the
set of selection criteria (determined by numerical coefficients) [5].

The purpose of the work is to justify the choice and application of an integrated method for assessing
the manufacturability of a product design with specified quality parameters, based on the labor inten-
sity of processes at the stages of its life cycle, and the formation of a set of criteria, that generalizes the
assessment of design and technological solutions by coefficients that take into account their degree of
influence on the technical and economic indicators of processes.

Analysis of the relations properties for the choice of design and technological solutions. We
assume that if any two components of the system have at least one common property, then there is a con-
nection between them in terms of common properties. This makes it possible to organize the choice
of DTS by equivalence and preference [2]. By equivalence, dissimilar solutions are selected, which in
terms of the totality of their properties must correspond to each other. According to preference, solutions
are selected from the ones of the same name that have the best values of the required properties.

This approach makes it possible to formalize the conditions for choosing DTS for a specific value of
the established selection criterion and makes it possible to choose a solution according to several criteria
corresponding to various properties of DTS.

The adoption of DTS in design systems is traditionally based on the analysis of equivalence (x = y)
and preference (non-strict x < y or strict x < ») of solutions embedded in the knowledge base. Used prop-
erties [1, 6]:

reflexivity (x = x, x < x — true; x < x — false);

symmetry (x =y = y=x —true; x < y and y < x = x = y — antisymmetric; x <y and y <x = mutually
exclusive — asymmetric);

transitivity x=yandy=z=x=z,x<yandy<z=x<z,x<yand y <z = x <z -—true).
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As a result, using the transitivity property, the most preferable of the previous solutions is compared
with the new one proposed or selected from the knowledge base in terms of the symmetry properties of
the quality parameters.

In the general case, different nonequivalent DTS are most preferable for different quality parameters
from the required set of properties. In this case, it is necessary to use the dominant DTS (x < y), charac-
terized by the properties [1, 6]:

antireflexivity (x < x — false);

asymmetry (x < y and y < x = mutually exclusive);

non-transitivity (x < y and y < z & x < z).

In the absence of symmetry and transitivity to determine the dominance of a parameter, it is advis-
able to apply a synergetic concept using the concept of a mode of a continuous random variable, which
is understood as such a value of the parameter at which its distribution density has a maximum [2, 4].

According to the synergetic concept, stable modes adapt to the dominant unstable modes and, as
a result, can be excluded. This leads to a sharp reduction in the number of controlled parameters — the
degrees of freedom of the technical system. The remaining unstable modes can serve as order parame-
ters that determine production processes [1, 7].

The distributions of the studied quantities, against which the modes appear, are mainly described by
the laws [8]:

1) uniform f{x) = 1/ — o), if po <x < py;

2) exponential f{x) = (1/w)exp (—=x/w), if u > 0, x > 0;

3) normal £(x) = (1/ (54/2) Jexp(—(x — W*/(26%)), if 6 > 0,00 < 1 < 00, —00 < x < 0 or other, where
1 — the mathematical expectation; ppand p, — restrictions; 6> — variance of random variables x.

The Romanovsky’s ratio allows judgement of the degree of statistical data correspondence to the
chosen distribution law and on the nature of manifestation modes:

2
M-k
Vak

where Xf, — the Pearson’s criterion; & — the number of freedom degrees, i.e. the groups number in studied
series, calculated (1, o, etc.) and used in calculating the theoretical distribution of statistical characteristics.

Statistical analysis of the production system characteristics within the framework of a wide range of
applied technologies, equipment and means of equipment allows limitation of the range of objects and
processes under consideration. When choosing the restrictions number for objects and processes, it is
advisable to consider the conflicting requirements interdependence for the reliability and for flexibility
of the production system. Ratio of reliability — stability and flexibility — adaptability can serve as a crite-
rion for making DTS about the rational structure of the production system [9].

Flexibility and reliability in self-organizing systems can be controlled by changing the subsystems
number [10]. Each subsystem has deterministic- — well-defined, and fluctuating — scattered outputs.

It grows in proportion to the subsystem number 7 according to the central limit theorem with the
additivity of the total output, while the scattering increases in proportion to the square root Jn.

These assessments are based on a linear relationship analysis, but in fact the feedback inherent in
manufacturing systems leads to even more significant suppression of the characteristics scatter [11].

When justifying the choice of DTS, it is necessary to take into account the cost of forming the parame-
ters of the processing quality and to consider the mechanisms for controlling the technological process [2, 5].

Manufacturability of design and stages of the product life cycle. The manufacturability of a prod-
uct design (MPD) has a great impact on the efficiency of the product life cycle stages — design, manufac-
ture, operation, disposal (Technique for testing structures for manufacturability and assessing the lev-
el of mechanical engineering manufacturability and instrument-making products. Moscow, Publishing
House of Standards, 1976. 56 p.). MPD should show how the product is adapted for operation, manufac-
ture and disposal [12-15].

The separation of MPD into operational and production manufacturability is based on the separa-
tion of the nature of the work, performed at these stages. If we compare the types of work, performed at
the stages of production and disposal, it can be noted that the same technologies are used. For example,
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when cutting blanks and disposing of parts, the same technological methods are used; in the manufac-
ture of a product design (PD), in some cases, partial disassembly of the assembled product is carried out,
as in the case of product disposal. Therefore, the manufacturability must take into account the processes
of production and disposal of the PD.

Operational MPD should take into account not only the work associated with the operation of the
PD, but also the installation and repair of the PD.

All this should be reflected in the formulations of the concept of operational and production manu-
facturability of PD.

According to the standards, MPD is understood as a set of product design properties that determine
its adaptability to achieve optimal costs in production, maintenance and repair for given quality indica-
tors, output and work conditions. As can be seen from this wording, it does not meet the requirements of
production manufacturability. It should take into account, firstly, the stage of utilization and, secondly,
the “volume of output” should be excluded from the wording, since MPD depends on the technology,
and not on the volume of the product and, thirdly, it is necessary to exclude maintenance and repairs re-
lated to the stage of product operation.

In this regard, the following formulation of production manufacturability is proposed: production
MPD is understood as a set of product design properties that determine its adaptability to achieve opti-
mal costs in production and disposal for specified quality indicators and work conditions.

Testing of the PD for manufacturability is carried out at all stages of its creation and disposal.

The effectiveness of the process of testing a PD for manufacturability largely depends on the reli-
ability of the assessment of MPD. Assessment of the level of production MPD is carried out at the stages
of its design, technological preparation of production, manufacture and disposal.

It is most difficult to assess MPD when the technologies for its manufacture and disposal are un-
known. Therefore, at this stage, the assessment of the level of MPD should be made, firstly, not in ab-
solute, but in relative values, i.e. be determined by the degree of influence of PD characteristics on the
labor intensity and cost of the product.

Secondly, as characteristics of the PD, only those that are not directly related to the technological pro-
cesses of manufacturing and disposal of the product, should be taken into account. For example, such char-
acteristics include a variety of elements, contained in PD, which are not directly related to the technological
processes of manufacturing the PD, but at the same time affect the complexity of its manufacture. For
example, the greater the variety of elements in the PD is, the greater the laboriousness of its manufacture is.

Methods for assessment the manufacturability of product design. Two methods are used for as-
sessment of MPD: assessments in terms of labor intensity and cost of the product and assessment using
design manufacturability coefficients.

Using the first method, it is established whether the values of labor intensity and cost of a new pro-
duct correspond to the specified ones or not. If the values of the labor intensity and cost of the new
product turn out to be higher than the specified ones, then the PD must be tested for manufacturability.
Tests should begin with those PD characteristics that determine the laboriousness of the manufacture
and the product disposal.

The disadvantages of the method for assessment of MPD include the fact that it does not provide
information on what PD characteristics affect the labor intensity and the product cost, and to what ex-
tent. This leads to an increase in the labor intensity of the testing PD process for manufacturability and
largely depends on the subjective.

In contrast to the first method, the second method potentially makes it possible to establish what char-
acteristics of the structure affect the laboriousness of the manufacture and product disposal, and to what
extent. This makes it possible to determine with what PD characteristics it is necessary to start improving
the PD, in order to increase its manufacturability and the efficiency of manufacturing and product disposal.

The assessment of the industrial MPD level was considered by the second method. The analysis of
the manufacturability coefficients showed, that there are no MPD coefficients at the stage of its dispos-
al; the given coefficients are not divided into the stages of operation and manufacturing of the product;
they do not cover all the PD characteristics that affect the labor intensity and product disposal and do
not reflect the degree of influence of the PD characteristics on the labor intensity of the production and
product disposal.
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The listed disadvantages do not allow determining the manufacturability coefficients, which have
the greatest impact on the labor intensity of manufacturing the PD and thereby identify the PD charac-
teristics with the improvement of which one should start testing the PD for manufacturability.

Thus, for a complete assessment of the production MPD, an integrated approach is required, taking
into account the labor intensity of the production and PD disposal.

Comprehensive assessment of labor intensity at the stages of the product life cycle. To solve this
problem, the labor intensity of the PD should be considered as the sum of the production labor intensity
and the labor intensity of disposal (Figure 1), where L, — the labor intensity of the design preparation, L, —
the labor intensity of the technological preparation of the production, L; — the labor intensity of the produc-
tion, L4 — the labor intensity of the technological preparation of disposal, Ls — the labor intensity of disposal;

Ly, — the labor intensity of design and calculation work, L, — the labor intensity of the working do-
cumentation development;

L,y — the labor intensity of the manufacturing processes development for the part, L,, — the labor in-
tensity of the assembly process development, L,3 — the labor intensity of the technological equipment de-
velopment;

L3y — the labor intensity of preparatory and final work for the parts manufacture, L3, — the labor in-
tensity of technological transitions for the parts manufacture, L33 — the labor intensity of auxiliary transi-
tions, L34 — the labor intensity of preparatory and final assembly work, L35 — the labor intensity of joining
parts, L3¢ — the labor intensity of auxiliary transitions for joining parts;

L4 — the labor intensity of the technological processes development for disposal, L4, — the labor in-
tensity of the development and manufacture of technological equipment;

Ls; — the labor intensity of preparatory and final works, Ls, — the labor intensity of technological
transitions for the parts disposal, Ls3 — the labor intensity of auxiliary transitions for the parts disposal,
Ls4 — the labor intensity of disassembling.

Figure 1. The formation scheme of the full complexity of design, manufacture and disposal product

To establish the coefficients of industrial PD manufacturability at the stages of production and dis-
posal, it is necessary to establish the PD characteristics that affect the labor intensity of the listed types
and then establish the degree of their influence.

To solve this problem, we first install the PD elements, the characteristics of which affect the labor
intensity of production and disposal.

At the stage of production, we will take parts and their connections as elements, since they determine
the complexity of manufacturing. They are divided into purchased, borrowed and original. At the recycling
stage, the PD elements are parts, assembly units, connections. All parts and assembly units are divided into
defective, recyclable and usable. Suitable parts are divided into: recoverable and not requiring recovery.

After establishing the PD characteristics, their influence on the total labor intensity is determined.

The influence of design characteristics on the labor intensity of technological preparation and
products production. Example of the influence of PD characteristics on the labor intensity of produc-
tion (Table).
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On the basis of the data in Table, a coefficients Influence of product design characteristics on labor
list of manufacturability of PD manufacturing was intensity subspecies
determined [15, 16] and their calculation formulas Labor intensity specie (L)
Wwere deVCIOped. Product design characteristics L, Ly

1. Purchased coeﬁ‘icient: Loy |Laa| Loz | Lay | L3 | L33 | L3a| Lss [ L3s

Amount of purchased
+| |+ ]+
C. = ZEPibcomi + ZEPibcomi + elements
p =y = Ty —— — ,
E E Amount of repeatable details |+ + |+
tazas, ZEnbeoms ta3as ZEnbeoms + cAoI;lgzgttigisr cpeatebie B i
E E
E.b Precision methods + +
Z Pi”comi
tasass T > Amount of borrowed elements | + +
Amount of typical details +
where Epi —the z-t'h purchasefi element; bc?mi —the  Degils precision
.coefﬁc1ent reﬂect}ng the design complexity level g = roughness of details
1nﬂqence .Of the i-th element on manufacture 1{:1— Material hardness of details
bor intensity; £ — the total number of elements in
the PD the infl d I I th Mass of product elements + +
© » 4 — the Intluence degree £, on L, az — the Amount of connection types +

influence degree L3 on L; ay; — the influence de-
gree Ly on Ly; ar; — the influence degree L,; on
L»; a3 — the influence degree L3; on Ls; azp — the
influence degree L3, on Ls; as3 — the influence de-
gree Lyz on Lj.

2. Repeatable details coefficient:

Z(DRDj - l)i bRD.comi - Z(DRD.Bj - 1)1. bRD.comi
D—Dp - Dy "
Z(DRDj - 1)bRD.comi - Z(DRD.Bj - 1)1 bRD.comi Z(DRDj - 1)1 bcomi

+ayass +a3as3,
D—Dp — Dy D - D, ’

Note + — influence of characteristics on labor
intensity subspecies.

Crp = aray,

where D — the total number of details; Dp — the number of purchased details; Drp; — the j-th number
of repeatable details of the i-th group; Drp g; — the j-th number of repeated borrowed details of the i-th
group; Dy — the number of borrowed details; by, .,m; — the coefficient taking into account the complexity
influence of the design of the i-th repeatable details on the labor intensity.

3. Repeatable connections coefficient:

Z(CRC]' - l)i bcom.ci Z(CRC]' - l)i bcom.ci Z(CRC]' - l)i bcom.cz'
Cre = aray, C T ayay3 C T a3azy C )

where Cgc;j — the j-th number of repeated connections of the i-th group; C — the total number of con-
nections; b, ; — the coefficient taking into account the complexity influence of the design of the i-th
repeatable connection on the manufacture labor intensity; a,, — the influence degree L,, on L,; as4 — the
influence degree L34 on Ls.

4. Coefficient of details material hardness:

Z DHinibSHi ]

Cy = azaz, ( D
H

where Dy; — the non-purchased details number of the i-th material hardness value; Dy — the total number
of details; by; — the influence degree of the i-th value of the details material hardness on the manufacture
labor intensity; bsy; — the coefficient of the influence degree of the detail surface areas size on the reduc-
tion of the manufacture labor intensity.
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5. Borrowing coefficient:

CB =a,ay, ZEBibB.comi +a,a,, ZDBibB.coml ,
D - Dy D— Dy

where Dg; — the i-th borrowed details; by .., — the coefficient reflecting the design complexity level of
the i-th borrowed details on the manufacture labor intensity.
6. Typification coefficient:

ZDTYPibl'YP.comi

Cryp = ayay;

where Dryp; — the typical representative of the i-th detail group in TD; Dgp — the number of repeatable
details; m — the number of repeatable detail groups; byyp .,m; — the coefficient taking into account the
design complexity influence of the i-th type representative on the manufacture labor intensity.

7. Details precision coefficient:

Cpr = azas, (1 - éj»
2. Aibpr;bprs;

where A; — the most rigid i-th accuracy grade, which is chosen between the accuracy grade assigned to
the surface size, to its shape deviation and to the size of the relative position; n — the number of details
surface areas in the product; bpgr; — the coefficient, taking into account the labor intensity of achieving
precision 4; , when the part is processed, ranging from 0 to 1; bprs; — the area fraction of the i-th detail
surface from the total surface area of all details in the product taken as a unit.

8. Coefficient of details surfaces roughness:

CRN = a3a32 (1 — éja
Z BibRNi bSRNi

where B; — the value of the i-th details surface roughness parameter in the product; bry; — the coefficient,
taking into account the laboriousness of achieving the parameter B;, when processing a detail, ranging
from zero to one; bsry;— the area proportion of the i-th details surface from the total surface area of all
details in the product taken as a unit.

9. Coefficient of precision methods efficiency (for the closing links of dimensional chains):

Cyvpen = d3dss (
pcH

+aya (CI “bycr +ICT-bypyep + GI-bygp + ADT by apy + FT by pp j
3435 ’
ApcH

where CI — the number of dimensional chains, assembled by the complete interchangeability method;
ICI — the number of dimensional chains, assembled by the incomplete interchangeability method;
GI — the number of dimensional chains, assembled by the group interchangeability method; ADJ — the
number of dimensional chains, assembled by the adjustment method; FT — the number of dimensional
chains, assembled by the fitting method; bp;— the coefficient of the influence degree of the complete in-
terchangeability method on the production labor intensity; bpc; — the coefficient of the influence degree
of incomplete interchangeability method on the production labor intensity; bpg; — the coefficient of the
influence degree of group interchangeability method on the production labor intensity; bp opg — the coef-
ficient of the influence degree of adjustment interchangeability method on the production labor intensity;
bprr — the coefficient of the influence degree of fitting method on the production labor intensity; by cr —
the coefficient of the influence degree of the complete interchangeability method on the manufacture
labor intensity; by icr — the coefficient of the influence degree of incomplete interchangeability method
on the manufacture labor intensity; by g; — the coefficient of the influence degree of group interchange-
ability method on the manufacture labor intensity; by apg — the coefficient of the influence degree of
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adjustment interchangeability method on the manufacture labor intensity; by pr — the coefficient of the
influence degree of fitting method on the manufacture labor intensity.

10. Connection coefficient:

- 2 neibeibsc
Ce = azas5 e ’

where n¢; — the number of i-th type connections; n¢ — the number of connections in the product; b¢; — the
influence degree of the i-th connection type on labor intensity (for cylindrical movable ones b¢; will have
a minimum value and for welded joints it will be maximum); bgc; — the contact areas proportion of the
i-th connection type to total contact area of all joints in the product taken as a unit; a3; — the influence
degree of L35 on L;.

11. Element mass coefficient:

ZE;;U 'bMi +ayas ZEMi 'bMi

Cy = azas3 E
M M

where Ey;; — the number of the i-th mass value elements; Ey; — the number of PD elements; by;; — the in-
fluence degree of the i-th element mass value on manufacture labor intensity; a3 — the influence degree
of L36 on L3.

Coefficients a, reflecting the influence degree of manufacturability on labor intensity, are deter-
mined from the following relations:

L Ly Ly Ly
dy == dy = >y =" dy3 ="
L L, L, L,
L _ Ly _Ly _ Ly Ly _ Lys _ Ly
3y =—", 431 =, Ay =, d33=—, A3y =—, U35 =——, d3g =— .
L Ly Ly Ly L, L, L,

The given calculation formulas of manufacturability coefficients make it possible to determine an
integral assessment of the manufacturability level at the manufacturing stage by summing their values.

The manufacturability coefficients of disposal preparation and design production preparation are
determined by the same method.

Specificity of the influence of the design labor intensity on the technological production prepara-
tion. In modern conditions of frequent production diversification and taking into account the specifics of
some designs of mechanical engineering products, for example, cutting and measuring tools and means of
technological and metrological equipment, the approach to determining the manufacturability coefficients
should be somewhat refined for the design and technological production preparation. In particular, it is nec-
essary to determine the frequency and duration of the use of tools and equipment in the production process.

For this, the details number and the frequency of structural elements, meeting the same type in
terms of their characteristic standard size, for example, the diameter of the hole in the parts, are deter-
mined in the product [5, 17]. At the same time, in the process of design preparation for production, the
structural elements sizes are estimated, which determine their production by cutting tools. Further, if
necessary, in the process of technological production preparation, the duration of the use of auxiliary
tools and equipment, machines and devices is taken into account.

Statistical data analysis can be represented by histograms of the frequency and duration of the en-
counter and the use of structural elements, cutting and measuring tools, etc.

Those constructive elements and, accordingly, tools that are rare, can be unified and replaced with
frequently occurring ones.

The efficiency of using the cutting tool at the first level can be estimated by the coefficient of the
conditional duration of use.

Cyi=F;"D;,

where F; and D; — the frequency and duration of the detail element meeting and the use of the cutting
tool, respectively.
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Tools that are common and can be replaced by new, more effective ones, should be evaluated by
the second level indicators. This compares the indicators of the basic (previously used) and new in-
struments.

The criteria can be used:

tool life coefficient:

Crp = Tn/Ts,

where Ty and Ty — the durability periods of the new and basic tools, respectively;
machinability coefficient of detail material:

Cm = VN/ V3,

where Vy and Vp — the cutting speeds with new and basic tools, respectively;
precision and quality coefficient:

Cp’Q = (IT, Ra)B/(IT, Ra)N,

where (IT, Ra)g and (IT, Ra)y — the precision and roughness of the machined surface of detail structural
element with the basic and new cutting tool, respectively.

Indicators or criteria of the third level characterize the cutting tool at the manufacturing stage. In
particular, the cost coefficient of the cutting tool is:

Ccs = Cg/Cn,

where Cg and Cy — the cost of the basic and new cutting tools, respectively;
payback coefficient of the cutting tool:

Cpg = CS\/(C—Cyy),

where CSy — costs for a new cutting tool.

¢ The effectiveness of one or more candidate
100 tools can be assessed at each of the given levels or
in aggregate in points [5, 17]:
Very good
0.80 Cgr=Cy Cr-Cy CP,Q‘CCS *Cpg,
Good or by the generalized desirability function:
0.63 Cper =f (Cu, Cri, Cwm, Cp, Ccs, Cpp).
Satisfactorily
The cutting tool with the highest Cgr score is
037 considered the most effective.
Bad Desirability refers to one or another level of
0.20 a parameter or criterion for assessing the effective-
Very bad ness of the cutting tool use. On a special scale, the
desirability value can vary from O to 1 (Figure 2).
U I — 0 1 > 3 The values of Cpgr = 1 correspond to the
0/0.361.0 [2.0 [3.0 5.0 Cr. maximum possible criterion level, and Cpgr = 0 —
0 06810 |15 |20 3.0 g,  theminimum.
The desirability function is described by
0.6 094110 [11 1.2 1.4 Cra the expression:
25 149113 1.0 0.7 0.1 Coost Coer = exp(exp(C).
2.0 13312 1.0 |08 0.4 Crg

Figure. 2. Generalized desirability function of efficiency co-

efficient set of the tool use in production

where C; — the dimensionless value of a parame-
ter or criterion, given in accordance with the de-
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sirability scale [16, 18]. The generalized desirability function is formed as the geometric mean of the
desirability parameters:

Cpgr = ’\’/ CDEF1 'CDEF2 '---‘CDEF,, .

As a result, to determine the effectiveness of the tool use, an expert system has been proposed,
which includes: a database on certain parameters of products, parts, cutting and measuring tools and
other objects of the technological environment; analysis methods, using mathematical statistics of
the frequency and duration of the detail elements, tools and other objects meeting; procedures for
assessing the condition of the instrument at the stages of its manufacture, operation and disposal.

Conclusion. On the technical and economic analysis basis of the relation properties between design
and technological solutions, a method for the integral assessment of production manufacturability in the
life cycle of a product is proposed.

The assessment method combines various manufacturability coefficients, taking into account their
influence degree on the labor intensity of production and maintenance, repair and disposal of the prod-
uct structure.

An effectiveness examination of the tool, equipment and other objects use of the technological envi-
ronment at the stages of design and technological production preparation has been formalized.

Based on the results of the technical and economic assessment, it is proposed to understand the product
design manufacturability at the stages of its production and disposal as production manufacturability.
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