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DESIGNING OF DEVELOPED SURFACES OF COMPLEX PARTS

Purpose. The paper focuses on ensuring the rational choice of parameters of the mating surfaces of parts when
designing process equipment based on the methods of artificial intelligence. Methodology. The paper considers the
geometric model of a ruled developed surface, the conditions of existence of such a surface and provides a general-
ized algorithm for surface plotting regardless of the type of the working element or the machine-building product.
One of the most common technical surfaces are the ruled ones, among which a special position is occupied by de-
veloped surfaces (thanks to their differential-parametric properties): surface tangent plane is n contact along the rec-
tilinear generator and does not change its position in space when changing the point of contact; surfaces can be pro-
duced by bending sheet metal. These provisions enable a product manufacturer to save significant material and en-
ergy means, therefore, the development of geometric models of such surfaces is an important task.
Findings. We analyzed the geometrical model of the developed surface which is incident to two guides. Experimen-
tal studies have shown the application prospectivity of semi-digger moldboards on moldboard plows, particularly on
the double-deck ones. Taking into account the operating speed of the plow 2.8 m/s, the plant residues plowing per-
centage for plow with semi-digger moldboards is 98.9%, and with the digger ones — 96.1%.
Originality. According to results: 1) the approaches to solving the problem of recognition of wear conditions of the
tested interface, depicted by its conceptual model, were elaborated; 2) the corresponding algorithms of the computa-
tional procedures were built; 3) the mathematical model that determines the effect of the parameters of the contact-
ing surfaces on their performance properties — linear wear rate during the normal wear and tear was developed; 4)
for this model the theoretical prerequisite of use for the random mating study were designated.
Practical value. Currently, these areas produced significant results which are in line with modern requirements of
construction engineering. The process of parametric model optimization generates a plurality of desired values of
the surface parameters. There are formed the algorithms for automatic recognition of design features and operation
of interfaces by their images, which are set by a structured set of formal signs. The recognition result is the interface
designation to a particular group, each of which corresponds to an individual computational model of quality pa-
rameters normalization.

Keywords: geometry; surfaces; developed surfaces; model; working elements

pose of the product. At the same time, there is no
Introduction scientific methodological framework that allows
taking into account the design and technological
features of the designed equipment.

One of the main directions of descriptive
geometry is designing surfaces, linear and two-
dimensional contours, which correspond to differ-
ent positional, metric, differential conditions. Cur-
rently, these areas received significant results that
meet the modern requirements of design planning.

The works [10, 11] present the geometric
model of ruled surfaces with multiparameter sets
of lines and special lines of surfaces, but a large

For a multiple production the most important
among the technological equipment is mechanical
processing equipment characterized by the need of
frequent change, optimal service life is 5-7 years.
Analysis of design methods of technological and
mechanical processing equipment showed that at
the early design stages it is very difficult to assess
and take into account the variety of factors affect-
ing the quality of its work. There is a problem of
automated selection of design and process parame-
ters the mating surfaces to ensure operating pur-
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number of parameters and difficult determination
of special lines, such as curvature, make the use of
these models difficult in practice. The works [12-
15] are devoted to the development of geometric
models of tillage working element surfaces. The
disadvantage of these models is that they are speci-
fied for the working element, which reduces the
possibility of their use in the design of other tools.
A common shortcoming of these models is that
they are presented in general or for a specific
working element. This leads to the fact that in each
case it is necessary to develop the own algorithm
for surface building.

Purpose

The main directions of the descriptive geometry
of surfaces formulated by 1. I. Kotov [7, 8] and
including development of methods for designing
linear and two-dimensional contours, continuous
frames in compliance with the set differential-
isometric conditions, generation of contours and
surfaces equations, are still up to date. Further-
more, increasing requirements for accuracy
characteristics, increase in speed and the need to
improve the dynamic characteristics of surface in-
teractions with the environment made the surface
geometry conditions more complicated. For exam-
ple, the transition curves of railways need continu-
ous fourth derivative at the junctions [4, 18]; bi-
dimensional contours must have degree of smooth-
ness at the joint not lower than the second one [3,
9] for the surfaces, operating in conditions of high
density environment (working elements of tillage
tools, machines and mechanisms in the car-
locomotive facilities of railways, ship contours,
etc.) or of high speeds.

The above generates an urgent need to develop
new methods for continuous mathematical surface
models (MSM), which correspond to a large
number of differential geometric terms with a
given degree of accuracy and solution of various
applied problems on the received MSM.

An important sector of technology, which is
connected with engineering progress, are those
units that are engaged in designing and manufac-
turing of products, whose main functional element
is the surface, working in conditions of high speeds
or a large density, particularly the tillage elements
and machines. Energy costs thus depend on the
geometric properties of surfaces.

One of the most common technical surfaces are
the ruled ones, among which a special position is
occupied by developed surfaces thanks to their
differential-parametric properties:

— surface tangent plane is n contact along the
rectilinear generator and does not change its posi-
tion in space when changing the point of contact;

— the surfaces can be made by bending sheet
metal.

These provisions enable a product manufac-
turer to save significant material and energy
means, therefore, the development of geometric
models of such surfaces is an important task.

The work purpose is to ensure the rational
choice of parameters of the mating surfaces of
parts when designing process equipment based on
the methods of artificial intelligence.

The study object is a combination of machining
and mechanical processing equipment, tools and
other machine parts, working in conditions of fric-
tion under boundary lubrication and made of
general purpose structural materials.

The paper considers the geometric model of a
ruled developed surface, the conditions of exis-
tence of such a surface and provides a generalized
algorithm for surface plotting regardless of the
type of the working element or the machine-
building product [6].

Methodology

We know that a developable surface is given by
two curves which have the property: if through any
point of the first curve to draw the area tangent to
both curves, this tangent property is kept in many
geometric transformations.

Assume that we have two set curves:

m:

xle(u),yzyl(u),2=zl(u), D

xzxz(v),yzyz(v),zzzz(v), 2)
which separate a congruence from a set of lines:
y=ax+b, z=cx+d . 3)

Herewith the parameters a,b,c,d depend on

u and v and are determined by the equations (1)
and (2), (3), so that,
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a:—yl_yz;bzyl—ax]; 4)
XX

c=ﬁ;d:zl—cxl. (5)
X~ X

To separate a developable surface, we intro-
duce additional condition as compatibility of equa-
tions defining the framing of both curves with the
standards of future surface [1, 2]:

(6)

{Z{=p-x{+q-y{
Zy=pxs+q- Y,

where primes indicate the rates of the functions

that define curves by their parameters, and
differential equation of ruled surface:
p+aqg—c=0, (7)
which is equivalent to the equation:
X » z
X, ¥ z |=0. (¥
X=Xy, V=YV, Z,—2,

The equation (6) expresses the fact that the sur-
face standards at the relevant points of the set
curves (which belong to the same straight line gen-
erator) are parallel that is equivalent to existence of
general tangent area to the surface in these points.
Indeed, given (4) and (5), the equation (8) takes the
form:

! ! !
X Wi Z
' ’ ' _
X ¥, z; |=0, &)
X =X, YV =)V, Z =2z

i.e. vectors tangent to the curve and generators are
coplanar.

Equation (9) allows determining the relation-
ship between the parameters u and v provided the
surface developability:

o(u,v)=0, (10)

that together with (3), (4), (5) gives the desired
surface equation.

If one of the parameters (for exampleu ) can be
from (10) expressed clearly through the other pa-
rameter,

u=0,(v), (11)

then with (4), (5) and (11) surface equation will
look like:

y:a(v)'erb(v), z:c(v)-x+d(v).(12)

To find the edge of regression 1, we
differentiate (12) by v:
d'(v)

b (v) |
()

()

One of the equations (13) together with (12)
will define 1.

Obviously, not every two lines with their shape
and position in space will enable to plot a develop-
able surface. In solving the determinant (9) there
may be the following cases (except the discussed
above, which leads to (10)):

— determinant identically equals to zero (curves
are in the same area, which is the sought surface
regardless of function o );

(13)

— as a result of the solution (9) becomes the
equation of one parameter (there is no developable
surface, there are separate generators, whose num-
ber equals to the number of roots of equations,
where there is a common tangent area by given
curves);

— determinant (9) is not equal to zero (develop-
able surface does not exist).

Thus, the desired result gives only the case that
leads to (10).

We consider the equation (6) and (9). Minor
determinants 2x2 of the first two rows of the de-
terminant (9) are the coordinates of the surface

standard 7 { Ax,Ay, Az}, so that

—Ax -Ay
=, qg=—, 14
P=—— 4= (14)
where

’ ! x! ZV x! !
O T e W S i YT

Y2 % Xy % X I
Plotting of the surface is greatly simplified

when the guide curves are contour lines. For ex-
ample, if m and n are horizontals, then the condi-
tion of a developable surface is Az =0, and for the
frontals: Ay =0 and so on.
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Algorithm for plotting the surface.

There are given m and 7 curves (equation (1)
and (2)).

1. We find
x',y',z'1, x'2,y'2,2'2.

2. We add the determinant (9) as a result of
which find a solution (10). If the dependence (10)
does not arise from the determinant (9), then the
solution does not exist.

3. We determine the coefficients a,b,c,d ac-
cording to (4) and (5).

4. We find a,b,c,d taking into account (10).

5. We write the surface equation (3).

The given model is used for building the semi-
digger moldboard of the upper deck of a double-
deck plow PNY-4-40 (Fig. 1), while the lower
deck had digger moldboards. As the guide curves
we selected boundary movement trajectories of soil
beds [5, 16, 17].

the generators

Findings

The assessment of the operation quality of the
double-deck plow with digger and semi-digger
moldboards of the upper deck was conducted by
the following indicators:

— depth of plowing of plant residues;

— percentage of plowing of plant residues

Experimental studies have shown the applica-
tion prospectivity of semi-digger moldboards on
moldboard plows, particularly on the double-deck
ones. Taking into account the operating speed of
the plow 2.8 m/s, the plant residues plowing per-
centage for plow with semi-digger moldboards is
98.9%, and with the digger ones — 96.1%, which is
4.3% higher, that is why semi-digger moldboards
mounted on the upper deck of the double-deck
plow outweigh the digger moldboards by agro-
technical parameters [19].

Originality and practical value

1. The approaches to solving the problem of
recognition of wear conditions of the tested inter-
face, depicted by its conceptual model, were elabo-
rated; the corresponding algorithms of the compu-
tational procedures were built.

a —moldboard drawing;
b — general view of semi-digger moldboard

2. The mathematical model that determines the
effect of the parameters of the contacting surfaces
on their performance properties — linear wear rate
during the normal wear and tear was developed;
for this model the theoretical prerequisite of use for
the random mating study were designated. The
process of parametric model optimization
generates a plurality of desired values of the sur-
face parameters.

3. There are formed the algorithms for auto-
matic recognition of design features and operation
of interfaces by their images, which are set by a
structured set of formal signs. The recognition
result is the interface designation to a particular
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group, each of which corresponds to an individual
computational model of surface quality parameters
normalization.

Conclusions

1. The analysed method of putting together the
analytic formulas of specific transformations
allows us to study the converted lines and surfaces

3. Using the system, we elaborated the algo-
rithms and compiled the programs for analytical
calculation of line, non-line and equidistant to
them surfaces by given differential geometric
terms, which have shown high efficiency of the
system application in solving the above problems.

4. We proposed a new equation of patch-wise
surface centre without transitional functions that

using the methods of analytic geometry.

expedient to be used for designing various working

saves the computing resources and simplifies the
solutions of various geometric and engineering

2. The designed model of developed surface is
problems.

elements, including tillage tools.

10.

11.

12.

13.

14.

15.
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IMPOEKTYBAHHS PO3IOPTHUX NOBEPXOHbB JIETAJIEN
CKJIAJTHOI ®OPMHU

Merta. VY crarTi HEOOXiTHO PO3TIHYTH 3a0e3MeUeHHs pallioHATBPHOTO BHOOPY IMapaMeTpiB MOBEPXOHb, IO CIIO-
JMy4aroThCs, Ta 0OpPOOITIOBAHNX JeTajei MPH MPOCKTYBaHHI TEXHOJIOTIYHOTO 00IaHAHHS HA OCHOBI METOIIB MITYY-
HOrO iHTeNeKkTy. MeTtoanka. B po0oTi po3risimaeTbesi reoMeTprIHa MOJEIh JTiHIH9aToi pO3rOPTHOI MMOBEPXHI, yMO-
BU iICHYBaHHS TaKOi MIOBEPXHI Ta MPUBOAUTHCS y3aralbHEHHH alTOPUTM MMOOYIOBH MOBEPXHI, HE3AIEKHO BiJl THITY
poboyoro oprany abo mammHOOyAiBHOTO BUpoOy. OmHMIMH 3 HAWOINBII MOMMPEHHX y TEXHIill MOBEPXHAMHU
€ JHiAYaTi, cepel SKUX OCOOIHMBE TMOJOXKCHHS 3alMar0Th PO3rOPTHI (3aBASKH CBOIM TU(EpCHINaTbHO-
napamMeTpUYHUM BJIACTUBOCTSM): JIOTUYHA IUIOMIMHA KOHTAKTY€ 3 TIOBEPXHEIO B3J0OBXK BCi€l PSAMOIIHIIHOT TBipHOT
Ta HE 3MIHIOE CBOTO IIOJIOKEHHS y IPOCTOPI MPU 3MiHI TOYKH JOTUKY; TIOBEPXHI MOXKYTh BUTOTOBISITUCH METOJIOM
3TUHY METaJeBOro jucTa. L{i mosoXeHHs J03BOJSIOTH ITPY BUTOTOBIICHHI BUPOOIB 3a011a/KyBaTH 3Ha4HI MaTepia-
JbHI Ta CHEPreTUYHi KOIITH, TOMY pO3pOOKa I'€OMETPHUYHHMX MOJENIed TaKWX MOBEPXOHb € BaXKJIMBOIO 3aJayero.
PesyabTaTH. ABTOpamMH PO3IIISIHYTO F€OMETPUYHY MOJIETbh PO3TOPTHOI IMOBEPXHI, KA IHIWAECHTHA JBOM HalpsiM-
HUM. EKcrieprMeHTaNbHI JOCITIPKEHHS TI0OKa3ali MepCIeKTUBHICTh 3aCTOCYBaHHS HAIiBIFBHHTOBHX ITOJIMIL HA IIO-
JMYHMX TUTyTaX, 30KpeMa, Ha ABosipycHuX. [IpuiiMaroun 1o yBarn pobody MIBUAKICTE PyXy IUTyTY 2,8 M, BIICOTOK
3a0pPIOBaHHS  POCIMHHMX PEMITOK JUIi IUIyry 3 HaliBITBUHTOBMMH IOMMIOAMH  ckiagae 98,9 %,
a 3 KynpTypHumMu — 96,1 %. HaykoBa HoBHM3HA. 3a pe3ynbTaTaMu EKCIEPUMEHTY: 1) BUpOOJIEHI miaXoau
0 BUPINICHHS 3a4adi pO3Mi3HABAHHS yMOB 3HONIYBAaHHS [OCTI/KYBaHOTO CIIOJNy4eHHS, 300pakeHOTo Horo
KOHIIETITyaJbHOIO ~ MOZE/UTI0; 2) MoOyJoBaHI  BIANOBIAHI ~ aITOPUTMH  OOYMCIIOBATIBHUX  IPOLEAYD;
3) po3pobieHo MaTeMaTHYHy MOJEb, sIKa BU3HAYa€ BIUIMB MapaMeTpPiB KOHTAKTYIOYHX IOBEPXOHb Ha X eKCIuIya-
TalliliHy BJAaCTHBICTh — JIIHIHHY IHTEHCHBHICTh 3HOILIYBaHHS B I€pPioJi HOPMAJILHOTO 3HOCY; 4) Uit AaHoi Mojeni
MO3HAYEHI  TEOPEeTHYHI  MEepeJyMOBH  3aCTOCYBaHHS B JIOCHI/DKEHHI  JIOBUIBHOTO  CIOJYYEHHSI.
IIpakTnyna 3HauynmicTs. Ha nanumit yac y umx HampsiMKax OTpHMaHi cepiio3Hi pe3yJIbTaTH, SKi CTOSTh Ha PiBHI
CY4YacHMX BHMOT KOHCTPYKTOPCBKOTO NMpPOEKTyBaHH:S. B mporeci mapamerpudHoi ontuMizarii Moaeni GpopmyeTbes
0e3miu mIyKaHuX 3HaYeHb MapameTpiB MoBepxoHb. CHopMOBaHI aNrOpUTMU aBTOMATHYHOTO PO3ITiZHaBaHHS 0CO0-
JMBOCTEH KOHCTPYKIII Ta eKCIUTyaTalil CIIOMyYeHb 3a X 300pakeHHAMH, IO 3aa€ThCsl CTPYKTYPOBAaHUMH CYKYII-
HOCTSIMH (pOpMaTi30BaHUX O3HAK. Pe3ylibTaToM po3mi3HaBaHHS € BiJHECEHHS CIIOYUYCHHS 10 MIEBHOI TPYIH, KOXKHI
3 MHOKMH SKHX BiTIOBi/Ia€ iHAMBIAyaTbHa PO3paXyHKOBA MOJEIF HOPMYBAHHS TapaMETPIB SIKOCTI.

Kniouosi croea: TeoMeTpist; MOBEpXHi; pO3TOPTHI MOBEPXHi; MOJIENb; poO0Yi OpraHu
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IMPOEKTUPOBAHUE PASBEPHYTBIX HOBEPXHOCTEM JETAJIEN
CJOKHOU ®OPMbI

Heas. B crathe HEOOXOOUMO paccMOTPETh OOECIIEYeHHE PAalMOHAIBHOTO BHIOOpa MapaMETPOB COMPATACMBIX
MOBEpXHOCTEH 00padaThIBAEMBIX AeTalel MPH MPOSKTHPOBAHUN TEXHOJIOTHIECKOTO 000pyIOBaHUS Ha OCHOBE Me-
TOJIOB MCKYCCTBEHHOTO HHTEeIUIeKTa. MeToauka. B paboTte paccmarpuBaeTcst reoMeTpudecKkas MOAETh INHeHIaToi
pa3BepHYTOIl IMOBEpXHOCTH, YCIIOBHS CYIIECTBOBAHUS TAaKOH ITOBEPXHOCTH M TPHBOAMUTCS OOOOIIEHHBII
QJITOPUTM IMTOCTPOCHHS MOBEPXHOCTH, HE3aBUCHMO OT THUIA paboyero opraHa Mid MallnHOCTPOUTENBHOTO U3/EIHSI.
O[[HI/IMI/I u3 HaI/I6OJ'Iee paciopoCTpaHCHHBIX B TEXHHUKE HOBerHOCTeﬁ SABJISIFOTCA JII/IHCﬁ'-I&TbIG, Cp€an KOTOPBIX
0c000¢ MOJIOKECHUE 3aHUMAIOT pa3BepHyThIe (Oaromapst ceouM audhepeHIHaTbLHO-TApaMETPHUSCKUM CBOMCTBaM):
KacaTtesbHasl TUIOCKOCTh COIPHKACAETCS C TIOBEPXHOCTHIO BIOJIb BCEH NMPSIMOJMHEIHONW 00pa3yionell 1 He MEeHSeT
CBOETO MOJIOXKEHHS B TPOCTPAHCTBE NPH W3MEHEHHH TOUYKH CONPHKOCHOBEHUS; MOBEPXHOCTH MOTYT H3rOTaBIH-
BaThCsl METOJIOM CTM0a METAUIMYECKOTO JHUCTA. JTH IOJI0XKEHHS MO3BOJISIOT IPH M3TOTOBJIEHUH H3JIEIHH IKOHO-
MUTh 3HAYUTEIbHBIC MaTepHATBFHBIC M SHEPIeTUUCCKUE CPEICTBA, TOITOMY pa3padOTKa TeOMETPHISCKUX MOIETCH
TaKWX MMOBEPXHOCTEH SBISACTCS BaXKHOH 3amaveil. Pe3yibTaThl. ABTOpaMH paccMOTpPEHA T€OMETpHUYECKash MOACIh
pa3BepHYTOI MOBEPXHOCTH, KOTOPas MHIUJCHTHA JBYM HAIPABIIONINM. DKCICPUMEHTANBHBIC UCCICIOBAHUS TI0-
Ka3aJii MepCIeKTUBHOCTh NMPHMEHEHHS ITOyBHHTOBBIX MOJOK HA ITOJIOYHBIX IUIYTaX, B YACTHOCTH, HA JABYXBAPYC-
HbIX. [IpuHIMas BO BHEMaHHE pabOYyI0 CKOPOCTh ABIDKEHHS IUTyTa 2.8 M/C, MIPOICHT 3allaXxMBaHUS PACTUTEIBHBIX
OCTaTKOB JUId IUIyra C MOJYBHHTOBBIMH IONKamu coctaBimsieT 98,9 %, a ¢ kympTypHBIMH — 96,1%.
Hayunas noBu3Ha. 1o pe3ynbraTaM skcriepuMeHTa: 1) BEIpabOTaHbI ITOJXO0/IbI K PELICHHIO 33]a4ll Paclio3HaBaHUs
YCIOBUI W3HALIMBAHMS KCCIIEAYEMOI'O  CONpPSDKEHUs, HW300pakaeMOro €ro KOHIENTYalbHOW MOJIEINbIO;
2) MOCTPOEHBI COOTBETCTBYIOIIME AJITOPUTMBI BBIUMCIUTENBHBIX Npolleayp; 3) paszpaboTaHa MaTeMaTHYecKas
MOJIETIb, ONpENENSIoNIasl BIMSHUE MapaMeTPOB KOHTAKTHUPYIONIIMX ITOBEPXHOCTEH Ha WX OKCIUTyaTallMOHHOE
CBOHCTBO — JIMHEHHYI0 MHTEHCHUBHOCTh HM3HAIIMBAHMS B IIEPHOJ HOPMAJIBHOTO M3HOCA; 4) JUIsi AaHHON MoJenn
0003HaUEHBl TEOPETUYECKHE NPENNOCHUIKA TPHUMEHEHUS K HCCIICJIOBAHUIO IPOM3BOJIIEHOTO  CONPSDKEHHS.
IIpakTHyeckasi 3HAYUMOCTh. B Hacrosiee Bpems MO0 STHM HAIPaBICHUSAM IIONYYEHBI CEPhE3HBIC PE3YIIBTATEHI,
KOTOpBIE HaXOISATCS Ha YPOBHE COBPEMEHHBIX TpeOOBaHWMH KOHCTPYKTOPCKOTO TPOEKTHUpOBaHHA. B mporecce
MapaMeTPUIECKON ONTUMH3AIMKA MOJETH (OPMUPYETCS MHOXXECTBO MCKOMBIX 3HAYCHHH MapaMeTpoB MOBEPXHO-
creii. CdopMupOBaHbI  aNrOPUTMbl  aBTOMATHYECKOTO  PACHO3HABAHUS  OCOOCHHOCTEH  KOHCTPYKIHMH
W JKCIUTyaTallud COYETAaHUH M0 WX HM300pakeHHUSIM, KOTOpPBIE 3aJal0TCS CTPYKTYPHPOBAHHBIMH COBOKYITHOCTSIMH
q)OpMaJ'lI/I3OBaHHbIX IIPU3HAKOB. PeSyHbTaTOM pacno3HaBaHuA SABJISICTCA OTHOIICHUC COIPAXKCHHUA K onpe,ueneHHoﬁ
Ipynne, KaXJIOoH U3 MHOXECTBA KOTOPBIX COOTBETCTBYET WHAMBHUAYyallbHAs pacyeTHas MOJEIb HOPMHUPOBAHUS
napamMeTpoB KauecTBa.

Kniouegvie cnosa: reoMeTpust; IOBEPXHOCTH; Pa3BEPHYThIE TOBEPXHOCTH; MOJIEIb; pabovKe OpraHbl
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