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STRUCTURAL-PARAMETRIC SHAPING OF SOIL
TILLAGE TOOLS

One of the important directions in the modern development of the
scientific school of applied geometry at the National Technical University of
Ukraine "lgor Sikorsky Kyiv Polytechnic Institute” is the methodology of
structural and parametric shaping of various technical objects. Significant
theoretical and practical achievements have been made in this field in recent
years. In particular, this applies to implementations in the aviation industry,
general mechanical engineering, and other sectors of the national economy.

The current difficult period in Ukraine is related to the military actions on
its territory. In such conditions, agriculture has become a significant component
of our country's economy. Therefore, further improvement of this sector
represents a pressing scientific and applied problem. One of the ways to
successfully solve the outlined problems is, in particular, the improvement of the
used tillage tools. In this regard, defining the optimal shape and dimensions of
these technical objects is considered progressive. These factors not only
significantly improve the quality of soil cultivation but also contribute to the
preservation of its fertility, reduction of energy consumption in the
corresponding technological processes, and so on.

The application of computer-based structural and parametric geometric
modeling enables productive and flexible implementation of multi-faceted
analysis of a large number of design options during the development of
industrial products. This approach ensures comprehensive optimization,
including various tillage implements. An important aspect of this process is the
use of integrated generalized geometric models that encompass a wide range of
technical objects. This concept significantly enhances the efficiency of existing
computer information technologies.
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This article reviews some fundamental results obtained regarding the
structural and parametric shaping of certain agricultural machinery products.
For example, this includes tillage disks, chisel plows, and moldboard plows. The
publication also presents proposed new methods and techniques of geometric
modeling, outlines their development directions, and identifies the prospects for
conducting further related scientific research.

Keywords: automated design; geometric modeling; tillage tools;
structural- parametric shaping.

Problem Statement. In the current difficult wartime, the improvement of
agriculture, including the used tillage tools, is an urgent issue for Ukraine. This
improvement allows to increase production efficiency, reduce available energy,
material and financial costs, improve the preservation of soil fertility, etc. One
of the progressive directions in this context is the rational shaping of these
technical objects. This publication is dedicated to highlighting some of the
developments of the scientific school of applied geometry at the National
Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute™ in
this field.

Analysis of Recent Research. The article [1] outlines the main directions
of current scientific research in the field of applied geometry and engineering
graphics conducted at Igor Sikorsky Kyiv Polytechnic Institute. This concerns
the development of an integrated complex methodology for the automated
forming of various technical objects, their manufacturing and operation
processes, in particular, tillage tools. Publication [2] shows the ability to realize
the specified goal by means of computer structural-parametric geometric
modeling. The publication [3] presents some improvements of the relevant
theoretical foundations in the form of a generalization of the appropriate models
by applying to their components cyclic, namely repetitive, shaping operations.
Research [4] introduces a methodology proposed by the authors for productive
automated design of groups of technical objects, illustrated with the example of
agricultural disks, which relies on the appropriate systematization of geometric
means. The work [5] analyzes tillage tools, classifying them in terms of shaping
aspects. The last two publications complement each other in terms of using
integrated classifications to ensure productive automated geometric modeling of
certain groups of technical objects. Articles [6, 7] discuss specific cases of
structural and parametric shaping, using the examples of moldboard and
arrowhead plowshare, respectively. Publication [8] examines the impact of the
geometric parameters of arrowhead plowshare on the energy performance of a
combined cultivator-seeder. Thus, the literature review demonstrates significant
theoretical and practical contributions of the applied geometry scientific school
at Igor Sikorsky Kyiv Polytechnic Institute in the structural-parametric shaping
of tillage tools.
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The goals and tasks of the article consist in the necessary
systematization and generalization of the existing works of the scientific school
of applied geometry of Igor Sikorsky KPI in relation to tillage tools,
determination of further promising directions of their development

Main Part. The basic principles of structural-parametric geometric
modeling are sufficiently illustrated in publication [1] using the example of
aircraft construction. Publications [2, 3] propose enhancing this approach by
properly integrating existing methods, techniques, practices, and algorithms of
geometric modeling. Research [4] highlights a methodology for productive
automated shaping of various agricultural disks. Its generalization is presented
in article [5], which provides a mathematical framework for effectively
combining appropriate systematization of geometric means and corresponding
classifications of the technical object groups being developed, using the example
of tillage tools.

Geometric figures used (abbreviated as GF) are defined by a set

GF =(GF,)y®" = (GF,)s, (1)

where GFo = PT — points, GF; = LN — lines, GF, = SR — surfaces, GF3; = SL —
solids, GF,= MF — multidimensional figures, GFs = CF — combined figures.
Geometric modeling methods (GM) of figures (1) are described by a tuple

GM :(GMi)lNeM :(GMi)f’ (2)

where GM; = GMC — geometric methods of creation, GM, = GMM — geometric
methods of modification.
Elements (2) are presented as

N

GMlz(GMlj )1GM1 :(GMlj )12' (3)

where GMy, = kinematic, GM;, = analytical;
GM, =(GM,,);*"? =(GM, )}, (4)

where GM, = motion, GM,, = deformation, GM,; = operations on sets of

points.

Further levels of classification of the applied geometric tools are
presented in publication [5]. This work also proposes a method of integrated
classifications for automated shaping of groups of industrial products. In this
case, it represents a combination of ordered geometric methods (1) ... (4) and a
performed systematization of the mentioned objects, in our case, tillage
implements.

Based on the structural-parametric approach, a set of processed tillage
tools TT has been formed

-l_l_:(l_ri)i\lTT :(-I_ri)fl (5)
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where TT; = TTM —main, TT, = TTS —surface, TT; = TTP — special processing.
The main processing tools are presented as a tuple

™ :(TrMi)PWM :(-I_I-Mi)f’ (6)

where TTM; = MTT — moldboard, TTM, = DTT —disk, TTM3 = CTT — chisel.

In more detail, the classification of elements (5) and (6) is considered in
the publication [5]. The study [6] analyzed the structural-parametric shaping of
moldboard, which are related to tillage tools of surface cultivation.

For this purpose, the composition definition is first performed, see Fig.1,a
modeled rod-moldboard RM

RM = (rm;); M = (rm;);, (7)

where rm; = RD — rod, rm,; = MB — moldboard, rmz = SJ — screw joint.

/ y
b
Fig. 1. Rod-moldboard:

a — composition of elements (1 — rod; 2 — moldboard; 3 — screw joint);
b — design variants

Further, definitions for the elements rm; have been established and their
design options, which are described by sets

rm, :(rmij)l\I m (8)

where Nrm; — number of variants rm;,
and vectors of parameters

P= (P i, (©)

where Npj; — number of parameters j-th variant of the i-th element.
The practical use of expressions (7) ... (9) is illustrated in Fig.1, b which
shows that different types of rods are being researched

RD = (rd;);* = (rd;);, (10)

ik

where rd; — channel, rd,— H beam, rds; — square.
In the general case, other constituent sets (10) are also possible.
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Also structural variants of moldboard are also analyzed
MB = (mb; ), = (mb;); (11)
and screw joint

83 =(sj)r™ =(si1- (12)

The above-mentioned means of geometric modeling are used directly for
the construction of objects (10) ... (12). Relevant similar examples are
considered below.

The structural relationship between the variants of the n-th and m-th
elements of the rod-moldboard LM is represented by adjacency matrices.

Com = (13)

Co, Cong [

where r, s — natural numbers; re(1 ... Ny), se(1 ... Np); Nn, N — the number of
variants n-th and m-th element; c,Cm0 in the interaction n, and ms;
CniCms=0 — IN Opposite case.
Expressions (7) ... (13) make it possible to build a graph structural-
parametric model that ensures complex optimization of the designed object.
In the publication [7], the structural and parametric shaping of arrowhead
plowshare AP is given, see Fig. 2. At the same time, the main attention is paid to
the mathematical apparatus for constructing the surfaces of these tools.

\‘4\/
7
Fig. 2. Geometric parameters of the arrowhead plowshare

The parameters used are described by the set
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Pap = (Papi )1 =(P,, )% = (au.B, 27,B, L, H(L)), (14)

where a — angle of entry into the soil, g — the angle of soil collapse, 2y — the
angle of divergence of the plowshare, B — width of the plowshare, L — the
length of the cutting blade, H(L) — the height of the plowshare.
By their purpose arrowhead plowshare are divided into flat-cutting (FP)
and universal (UP)

AP = (FP,UP). (15)

The following expressions determine the intervals for changing the
parameters given in set (14), respectively, for flat-cutting plowshare and
universal plowshare

PFP1 =0= [60], P;:pz = B = [150 180], PFP3 = 2'Y = [600 680],

16
Pep, =B =[145...260Mm], Pep. =L =[120... 210 mm]; (16)

Py, =00 =[13°...16°], Ryp, = =[28" ..30°], P, =2y =[60"... 70"],

17
Pups =B =[220...410mm], P =L =[240...350 mm] a7)

In order to increase the technological indicators of soil cultivation, in
addition to arrowhead plowshares with straight outlines, it is appropriate to use
curvilinear contours under certain conditions.

Project variants of theoretical surfaces (TS) of arrowhead plowshare are
reproduced in sets

IS pp = (TSAPn rlw\lzrlsAp : (18)

Since the plowshare have a longitudinal vertical plane of symmetry, only
one of their sides will be described mathematically in the future. The other is
obtained by the operation of symmetry.

Note that, in the general case, half of the arrowhead plowshare can be
supplied by several surfaces, for example, Coons,

N7s,

TSAPn = (TSAPnk k=1 ", (19)

where each element in this case is defined by a dependency
TSAPnk (u,v) =(Q-v)r;(u) + v )+ @Q-urn;(v) +ur,;Vv) -
—(1-v)(L-u)r;; —(1-Vuryy; —V(L-u)r = VUG, (20)
u=[0,1], v=[0,1], i=0.. N; -1, j=N; -1,

N; and N; =1 — the number of Coons segments along the length L and height H of
the arrowhead plowshare,
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(1—t)2 +w,2u(l—t) + 12 ! (21)

rn,m(t) =

where for the parameters u and v formula (20) generalized notation t is applied,;
nm(t) — the radius vector of the points of the curve of the second degree;
Fonm, F1inm, Fonm — radius vectors of the vertices of the characteristic triangle;
w;>0 — weight coefficient; n=0 ... Ni, m=0 ... N;.
In Fig. 3 shows some design varieties of arrowhead plowshare built on the
basis of the proposed mathematical apparatus, see expressions (14) ... (21),
automated variant formation.

X 150
a=15°, p=27°, 2y=60°, B=300 mm, L=300 mm, H(L)=39 mm
a

o=13°, p=18°, 2y=60°, B=300 mm, L=300 mm, H(L)=39 mm
b

o=15°, p=18°, 2y=70°, B=150 mm, L=150 mm, H(L)=32 mm
C
Fig. 3. Types of geometric models of arrowhead plowshare

At the same time, for each variant, the first image corresponds to the
theoretical surface of the tillage tool, and the second to its computer solid model.
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Fig. 3, a shows the use of a rectilinear limiting contour, and Fig. 3, b - lower and
upper contours from straight line segments and their combination by curves of
the second degree. Fig. 3, c illustrates the case of a limiting contour made
entirely of curvilinear elements.

Due to its universality, the described approach also applies to the
moldboards shown in Fig. 1. Obviously, by analogy, moldboards tillage tools
are built, see set (6). The automated geometric modeling of agricultural discs
discussed in the publication [5] is fully consistent with the given method of
structural-parametric shaping. To some extent, this also applies to chisel plows.
An example of supplementing the analyzed geometric models with descriptions
of other disciplines, in particular soil mechanics, is the publication [8]. This
specified integration is quite promising for further both scientific research
theoretical and practical.

Thus, we have outlined the main contemporary directions of scientific
research by the School of applied geometry of Igor Sikorsky KPI in relation to
the structural-parametric shaping of tillage tools. It is worth noting that the
obtained theoretical advancements undergo necessary validation through
computer testing and conducting field experiments, facilitating their
implementation into agricultural production. Currently, one doctoral dissertation
and two works towards obtaining a Doctor of Philosophy degree are being
conducted directly on this topic. The aforementioned results also relate to the
research of the Department of Descriptive Geometry, Engineering and Computer
Graphics regarding its scientific and technical work "Automated variant
geometric modeling of technical objects" with the state registration number
0114U002701.

Conclusions. The article presents the current state of scientific
investigations of the School of Applied Geometry of the National Technical
University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute” regarding the
structural-parametric shaping of tillage tools. At the same time, the relevance of
the mentioned topic in the modern difficult conditions of life in Ukraine is
emphasized. A general relevant proposed methodology is provided. It is
illustrated by its construction of specific appropriate mathematical and computer
models. Their perspective in theoretical and practical terms is shown. Some
directions for conducting further scientific research in the considered area are
outlined. This will contribute to increasing the efficiency of geometric modeling
of tillage tools in the environment of modern automated design systems.
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CTPYKTYPHO-TAPAMETPUYHE ®OPMOYTBOPEHHS
I'PYHTOOBPOBHUX 3HAPA /b

Oonum 13 8aNCIUBUX HANPAMKIE CYUACHO20 PO3GUMKY HAYKOBOI WKOIU
npuknaonoi eeomempii Hayionanvnoeo mexuiunozo yHieepcumemy Ykpainu
«Kuiscoxuti  nonimexuiunuti  incmumym  imeni leopsa  Cikopcvkozco» €
Memooon02is CMPYKMYPHO-NAPAMEMPULHO20 G opmoymeopenHsi
PIBHOMAHIMHUX MexXHIYHUX 00 ’ekmis. Y Oanitl cgepi 3a ocmauHi pOKU
OMPUMAHO 8a2OMI mMeopemuyHi [ NpakmuuHui 3000ymKu. 30Kkpema, uye
CMOCYEMbC BUKOHAHUX 8NPOBAOIICEHb 8 ABIAYIUHY NPOMUCIOBICIb, 3A2allbHE
MaAwUuHo0y0y8anHs ma iHWI 2any3i HAPOOHO20 20CNO0ApPCmeada.

Huniwmnin easickuti nepioo osicumms 6 Yxpaini nos’szanuil i3 60€HHUMU
diamu Ha ii mepumopii. ¥ makux ymosax cymmesow CKIA008010 eKOHOMIKU
Hawioi  depxcasu nocmae  ciibcbke 2ocnooapcmeo. Tomy  nooanvuie
B800CKOHAJIEHHS 3A3HAYEH020 BUPOOHUYMBA ABIAE COD0I0 AKMYAIbHY HAYKOBO-
npukiaoHy npoonemy. OOHUM (3 WIIAXIE YCRIWHO20 BUPIWEHHS OKDPeCleHUX
3a0a4 €, 30KpeMa, NOKPAWEeHHs. GUKOPUCTNOBYBAHUX 2PYHMOO0OPOOHUX 3HAPAOb.
Ilpu yvomy npoepecusHuUM 88aHCAEMbCA BU3HAYEHHS PAYIOHALHOI opmu ma
PO3MIpI8 HageOeHux mexHIUHUX o00’ekmis. Ykazami ¢akmopu He minbKu
CYmMmeBo NidBUWYIOMb AKICMb 00pOOIMKY epYHmMY, a I CNPUsIIOMb 30epPerHCeHHIO
1020 pOONYOCMI, 3MEHUIeHHIO EeHEepeemUYHUX eumpam y 6i0N08IOHUX
MEexXHON02IYHUX npoyecax i m. o.

3acmocyeanns KOMN T0MepHO20 CMPYKMYPHO-NAPAMEMPUUHOSO
2e0MeMPUYHO20 MOOENI0BAHHS 00360151 NPOOYKIMUBHO MA SHYUKO peanizyeamu
6 bazamoacnexmuHomy NIaHi aHali3 6eiuKoi KilbKOCMi NPOEKMHUX BAPIAHMIE
ni0 wac onpaylo8amHs NPOMUCIO8UX 6upobis. Taxuii nioxio 3abe3neuye
npoBeOeHHsT KOMNIEKCHOI onmumizayii, 6 momy UuUcii U pPI3HOMAHIMHUX
2pYHmMoobpobHUX 3HApAOL. Baosxnusuii momenm npu yvomy nonsgeac y
BUKOPUCMAHHI  [HME2POBAHUX  Y3A2ANbHEHUX 2e0OMEMPUUHUX Mooenel, Wo
OXONIIOMb 0080JIi WUPOKI 2PYNU MeXHIYHUX 00 €kmis. 3a3HaueHa KOHYenyis
003607I51€  CYMMESUM — YUHOM  RIOBUWUMU  epeKmusHicmsb  HASAGHUX
KOMN TOMepHUX IHGhOpMayitiHux mexHoa02ill.

YV oaniit cmammi 3pobiaeno o2na0 Oesakux 6a308ux pe3yibmamis, OmMpUMaHux
Wooo  CMPYKMYPHO-NAPAMEMPUYHO2O  (DOPMOYMBOPEHHS — NeBHOI  NPOOYKYil
CIMbCLKO20CN00apcbko2o  Mawunobyoyeanns.  Hanpuxknao, ye — cmocyembcs
2PYHMOOOPOOHUX OUCKI8, cmpiiuacmux i noauyesux aan. Y nyonikayii nooano maxooic
3anpoOnoOHO8aHi HOBI CHOCOOU | NPULOMU 2e0MeMPUUHO20 MOOENI0BAHHSA, OKPECeHO
HANPAMKU  IXHbO2O PO3BUMKY, 6USHAYUEHO NEPCNeKmusu 30iUCHEeHHS 8iONOBIOHUX
NOOAIbULUX HAYKOBUX OOCIONCEHD.

Kniouosi  cnosa:  aemomamuzogane  NPOEKMYBAHHA,  2eOMempuyHe
MOOEN0BAHHS, IPYHMOOOPOOHI 3HAPA005; CMpPYKMypHO-napamempuyHe-
GopmoymeopeHus.

26



