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MODELING OF EXPANDING SURFACES, WHICH INCIDENT BY TWO DIRECT
DRIVE CURVESS

The geometric model of the expanding surface which is incident to two direction curves is
considered. On the basis of the developed model, the conditions for the existence of the surface are
derived, which makes it possible to apply the developed model to the design of machine-building
products, in particular those working in a dense environment.
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Posenanymo eeomempuyuny mooenv po3eopmHoi nosepxHi KA IHYUOEHMHA 080M HANDAMHUM
Kkpueum. Ha ocnosi po3pobnenoi mooeni 8usedeno ymosu iCHy8aHHs NOGEPXHI, WO 0A€ 3M02Y 3aCMOCy-
samu po3pooieny Mooeib npu NPOeKMyS8anHi MauuHoOYOi6HUX 8UPODIE, 30KpeMa MaKux, wo npayio-
OmMb Y WITbHOMY cepedosuyi.

Kniouosi cnoea.: ceomempis, nosepxmi, po3eopmui N0Bepxui; Mooeib, poboui opeani.

Formulation of the problem

For multi-nomenclature machine-building production the most important of the technological
equipment is machining, the optimum service life does not exceed for 7 years. This equipment
includes working bodies that work in dense environments: these are excavator buckets, bulldozer
shelves, general-purpose and special-purpose plows, and many others that work in soil. At the heart of
such working bodies is a surface that can be quite complex. An analysis of the working methods of
working bodies shows that in the early stages of design it is very difficult to assess and take into
account the variety of factors that affect the quality of its work. Therefore, there is a problem of
choosing the design and technological parameters of the surfaces, in order to ensure the technological
purpose of the working body. At the same time, there is no scientific and methodological base,
including generalized surface models, which allows taking into account the design and technological
features of the working bodies that are being designed. Thus, the development of surface models that
allow the design of working bodies to work in a dense environment is a broad spectrum solution to an
important problem.

Analysis of recent research and publications

One of the main directions of applied geometry development is the design of surfaces that
meet different positional, metric, and differential conditions. At present, in these areas, certain results
are obtained, which stand at the level of modern requirements, design engineering. In [1, 8], geometric
models of ruler surfaces with multivariable sets of lines and special surface lines are presented, but a
large number of parameters and difficult definition of special lines, for example, curvature lines
complicate the design of working bodies. In [9, 10, 11] geometrical models of surfaces of soil tillage
working bodies, in particular plows of agricultural purpose are considered. The disadvantage of these
models is to specify them for a specific working body, and the application of the model for another
working body is much more difficult. This leads to the fact that in the design of the working body in
each case, you need to develop your algorithm for surface formation.

The main directions of development of analytical design of surfaces are formulated by II
Kotov [2, 3] and consist in the development of methods of constructing lined surfaces, their
continuous frames with observance of given differential-isometric conditions. Strengthening
requirements for precision characteristics, increasing the speed and the need to improve the dynamic
characteristics of the interaction of surfaces with a dense environment further complicate the required
geometry of the surfaces. For example, for operated surfaces in dense environments or at high speeds.
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The above causes the urgent need to develop new methods for obtaining mathematical models
of surfaces that meet a large number of differential-geometric conditions with a given degree of
accuracy. The energy costs thus depend on the geometric properties of the surfaces.

The use of working bodies with expandable surfaces is widespread in technology. This
position is provided by the differential-parametric properties of the unfolding surfaces:

- the tangent plane touches the surface along the whole rectilinear formation and does not
change its position in space when the point of contact changes;

- normal to the surface when moving the point of contact along the formation does not change
its position.

Working bodies with unfolding surfaces have the advantage over non-expandable ones, first of
all, because at the unfolding surface, the working body is made by a simple bend that eliminates
plastic deformations, which leads to a violation of the shape of the surface. Secondly, if the working
body is working in a dense environment, it has less traction resistance, because on the unfolding
surface the dense medium will move more orderly because at each instant of time the unfolding
surface is a plane.

Particularly noteworthy is that working bodies with expandable surfaces have linear wear due
to their properties.

The greatest contribution to the theory of unfolding surfaces was made by V. M. Naidysh [5,
6]. Based on the differential properties of the unfolding surfaces, he developed a number of algorithms
for their design. In [7] adaptation of tillage working bodies to certain conditions is given

These algorithms are generic in nature, so detailing them to save significant material and
energy costs when designing and manufacturing working bodies is an important task.

Formulation of the purpose of the study

The purpose of the work is to provide rational choice of the parameters of the model of the
unfolding surface when designing process equipment using automated systems.

The object of research is the design of surfaces of working bodies of machining and
technological equipment, and working bodies of machines operating in conditions of dense
environments, and made of structural materials of general mechanical engineering purpose.

The paper deals with the geometric model of a linear unfolding surface, the conditions of
existence of such a surface, and presents a generalized algorithm for constructing a surface, regardless
of the type of working body or engineering product.

Presenting main material
To develop a surface model, we define a Cartesian coordinate system Oxyz . In this system
we define two curves:

m: x:xl(u),y:yl(u),z:zl(u), (D
n: x=x,(v), y=»,(v), z=2,(v), )
where u and v — parameters.
These curves distinguish from the set of direct congruences
y=ax+b, z=cx+d. 3)
In this case, the position parameters a, b, ¢, d depend on u and v and are determined from the system
of equations (1), (2), (3), so that
N

a=—-==; b=y —ax; 4)
X=X
zZ,—z

c="1""2; d=z—cx,. (5)
X=X

To remove the expanding torso surface, we introduce an additional condition in the form of
compatibility, equations defining the equipment of both curves by the norms of the future surface,

{Zf=p-x{+q-y{
Z=pXy+q-y,

(6)
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where the strokes denote the derivatives of the functions that set the curves by their parameter and the
differential equation of the linear surface

p+taqg—c=0,
which is equivalent to the equation
X i z
X, Y z |=0. @)

X=X N=W 2172
Equation (6) expresses the fact that the surface normal at the corresponding points of the given
curves (which belong to one straight line) are parallel, which is equivalent to having a common tangent
plane to the surface at the indicated points. Indeed, given (4) and (5), equation (8) takes the form

! ! !
X N Z
! ! !
X, » z, |=0, (8)
X=X V=WV Z-5
that is, the vectors tangent to the curves and the generic coplanar.

Equation (8) allows us to determine the dependence between the parameters u and v on the
surface unfolding condition

¢ (u,v)=0, ©)
which together with (3), (4), (5) gives the equation of the search surface.

If one of the parameters (such as u) can be explicitly expressed in (9) through the second
parameter,

u=g,(v), (10)
then, given (4), (5) and (10), the surface equation will look like
y:a(v)-x+b(v),Z:c(v)-x+d(v). (11)
To find the edge of /, we differentiate (11) by v
b'(v) __d'(v)
X = =— . (12)

One of equations (12) in conjunction with (11) defines /.

Obviously, not every two lines in their shape and position in space will allow for a torso
surface. In solving the determinant (9), the following cases can occur (except for the one discussed
above, which leads to (9)):

— the determinant is equal to zero (the curves are in the same plane, which is the desired
surface regardless of the function ¢);

— as a result of decoupling (8) it becomes an equation from one parameter (there is no torso
surface, there are separate generators whose number is equal to the number of roots of equations
where there is a common tangent plane to the given curves);

— the determinant (8) is not zero (the torso surface does not exist).

Thus, the desired result is only the case leading to (9).

Consider equations (6) and (8). The minors 2x 2 of the first two lines of the determinant (8)

are the coordinates of the surface normal 7 {Ax, Ay, AZ}, SO

- Ax - Ay
A 13
4 ~ q e (13)
where
el el Sk
Yo 2 Xy, 2y X, W
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Surface design is greatly simplified if the guide curves are level lines. For example, if m and n
are horizontal, then the condition of surface unfolding is Az =0, and for the fronts Ay =0, etc.

Equation (7) allows one of the functions, for example, (2), to be defined to satisfy the existence

of a spreading surface. In this case, the functions X;, i, Z; and X, V>, and, must be known.
Write equation (8) as follows

’ 1 ! ’
Do Xz
A7, = . , +(zl—zz)-C—0,

Yy Z Xy 2
’ !
here A= B- c=|" n

wnere —xl_xz, _yl_yZ’ =1, AE

X, W

From the obtained expression we arrive at a differential equation of a relatively unknown
function

Zé—%zzzo, (14)

where F =(A-y{—B-x{)—A-y,-z/—=B-z]-x,+C-z,.

Surface construction algorithm

1. We select the curves m and n (equations (1) and (2)) according to the technological process.
For example, for the design of a general-purpose plow shelf, these can be trajectories of the chuck
motion.

2. Find the generators x';, y';, z'1, x'3, v, z'5.

3. We construct the determinant (8) as a result of the solution which we find (9). If
dependence (9) on the determinant (8) does not follow, then there is no solution.

4. We determine the coefficients a, b, ¢, d according to (4) and (5).

5.Find a, b, ¢, d with (9).

6. Write the equation of the surface (3) which will be given by the set of rectilinear generators.

According to the specified model, a semi-screw general-purpose plow shelf is constructed in
which the formation in each position will be determined by two angles of inclination to the projection
planes.

The coordinate system Oxyzis chosen such that the axis Ox is directed opposite to the

movement of the plow body, the axis Oy is located in the horizontal plane and the axis is vertical.
With this arrangement of the surface, the angle of projection of the genera on the horizontal plane of
projections Oxy is denoted by y the angle of projection of the genera to the axis Ox on the vertically

longitudinal plane through /. Surface diagram and function graphs a(x):tg}/(x) Ta

b (x) =tgf (x) are presented in Fig. 1. Logarithmic spirals were adopted as the guide curves

— wo _ 1%}
n=r,e end r, =r,e”",

where 1, , r, — the current radius vectors of the guide curves; #,, %, — the initial radius vectors

of the guide curves (1), (2); w;, w, — tangents of angles between the current radius vector and the
tangent; ¢ parameter, namely the polar angle of rotation of the radius of the vector. The coordinate is

programmed in the radians of the polar angle ¢, .

Agro-technical assessment of the quality of work of plows with standard cultural and semi-
screw shelves of buildings was carried out on the percentage of plowing of crop residues. Taking into
account the working speed of the plows of 2.7 m /s, the percentage of plowing of crop residues for the
plow with the half-screw shelves was 97.9%, and with the crop — 78.1%, which is higher on 19.8%.
Experimental studies have shown the prospect of using semi-screw shelves on general-purpose shelf
plows.
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Fig. 1. The scheme of the surface of the plow body and the slope function of the projection of
the genera: 1 — graph of the function a ((0) ; 2 — function graph b((p)

Conclusions and prospects for further research
The model of the unfolding surface, which is incident to the two guide curves, has been
successfully applied in the design of the working surface of a general-purpose plow. Experimental
studies have shown the advantage of expandable surfaces as working shelves for general-purpose
plows. Thus, the geometric surface model is promising and can be used in the design of other shelves
working bodies. Further studies should aim to determine the surface curvature to be taken into account
in computer design.
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MOJEJIOBAHHS PO3I'OPTHUX TIOBEPXOHDb, IHHUJIEHTHUX
JABOM HAIIPSIMHUM KPUBUM
Tumenko C.C.

Pedepar

Jia 3abe3meueHHs palioHaTFHOTO BUOOPY MapaMeTpiB IOBEPXOHb AeTajel MpH MPOeKTyBaH-
Hi TEXHOJIOT1YHOTO OOJaJHaHHS MOTPiOHO Oa3yBaTHCs HA METOJAaX IITYYHOTO IHTEJEKTY, 30KpeMa Ha
y3aralbHEHHUX alNropuTMax. Y CTaTTi PO3MITHYTO T€OMETPUYHY MOJEIb JIiHIHYaToi pO3ropTHOI MoBe-
PXHi, Ta yMOBH 11 moBepxHi. HamaeTbes y3aranbHeHUH anropuT™ moOyIOBH PO3TOPTHOI TTOBEPXHI He-
3aJIe)KHO BiJl THITy poOOYOro opraHy 4u BUPOOiB MamnHOOyayBaHHSA. OJHIEIO 3 HAUMOMNPEHIIINX Y
rainy3i HOBEpPXOHb € PO3TOPTHI MOBEPXHI, Ki 3aliMalOTh OCOOIMBE MOJI0KEHHS, 3aBASIKH CBOIM Iude-
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PEHLIIbHO-TAPAMETPUYHUM BJIACTUBOCTSIM: JOTHYHA IUIOIIMHA TOPKAETHCS TMOBEPXHI B3JOBXK MpA-
MOJIiHIHOT TBIpHOT 1 HE 3MIHIOE CBOTO TTOJIO’KEHHS B MPOCTOPi MPH 3MiHI TOYKH KOHTAKTy. Taki mose-
PXHI MOXYTb OyTH BUTOTOBJIEHI 3TrMHAHHSAM JIMCTOBOTO MeTaiy. Lli mojoskeHHs 103BOJISAIOTH BUTOTO-
BUTH MPOIYKLIIO, 320MIa/KYI0UYH 3HaYHI MaTepianbHi Ta EHEPreTHYHI 3ac00M; TOMY PO3po0Ka reomMe-
TPUYHUX MOJICIICH TaKMX MOBEPXOHb € BXKJIMBUM 3aBIaHHsIM. HaBeleHa reoMeTprudHa MOJEITh PO3ro-
PTHOT MTOBEPXHi, HATIBTBUHTOBOT'O KOPITYCY TUTYTY 3arajibHOTO MPU3HAYCHHS.

ExcrniepuMeHTanbHI JOCHIIKEHHS OKa3ald MEePCIeKTUBHICTh 3aCTOCYBaHHs HAiBIBUHTOBUX
HOJIMLB IUTyTax, OCOOJIMBO B ABOSPYCHIiH opaHuUi. BpaxoByroun poOody mBHAKICTh pyXy myra 2,7 m /
¢, BIJICOTOK 3aJUINKIB CUTECHKOTOCIIONAPCHKUX KYJNBTYp Ha OpaHIl 3 HAIiBIBUHTOBHMH ITOJHIISIMH
CTaHOBHTH 97,9%, a 3 KyJIbTypHUMH KopIirycamu TyriB — 78,1%.

Po3pobuieni migxoau 10 BUpimeHHS MpOoOJIeMH PO3IMi3HABAHHS YMOB iCHYBaHHS PO3TOPTHUX
MMOBEPXOHB TP 3aCTOCYBaHHI MPOrpaMu 10 ii KOHIeNnTyanbHii Moxeni. [IToOymoBaHo BimmOBiAHI TIPO-
HeIypu OOYUCITIOBAILHUX ANTOPUTMIB. MaTeMaTHYHa MOJIENb, 10 BU3HAYAE BILIMB IapaMeTpiB MOBE-
PXOHB Ha iX eKCIUTyaTaliifHi BIaCTUBOCTI — CHITy Oonopy. TeopeTn4yHi OCHOBH L€l MOZAET MOXYTb Oy-
TH BUKOPHCTaHI y CepeOBHILI NporpaMyBaHHs Ajs Oyap-skoro iHTepdeiicy. B nanuii gyac us moaens
MOJKe JIaTH 3HauHi pe3yJbTaTH, Kl BIAMOBIIAIOTH CYyYaCHUM BHUMOTaM OyiBeIbHOI iHXKeHepii. Y mpo-
Heci napaMeTpuyHOl ONTHMI3alil MOAEb reHepye 0e3iu Oa’kaHUX 3Ha4YCHb MapaMeTpiB MOBEPXOHb.
Mognenb 103BOJIsIE 300paKeHHST PO3TOPTHHUX MOBEPXOHb 32 (hOpMaTbHUMHU O3HaKaMH. Pe3ynpTatoM €
CIPsDKEHHS] PO3TOPTHHUX MTOBEPXOHB JI0 TIEBHOI TPYITH, KOXKHA 3 SKHUX BiANOBinae 0e3midui OKpeMux ma-
pameTpiB 00UHCITIOBAIBHOT MOJIEII.
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