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Resume

Recommendations are given on combinations of parameters of box-shaped
and “dump” types of dumps for the SHANTUI SD 32 bulldozer, which
provide the highest technical characteristics of the bulldozer when moving
low-density materials. The optimal dimensions of a box blade for equipping
the SHANTUI SD32 bulldozer are a grasp width of up to 3730 mm, radius
of curvature of up to 1700mm, width of the cutting edge of up to 460 mm,
canopy width of up to 140mm, flap length of up to 860mm. The optimal
dimensions of a “landfill” blade for equipping the SHANTUI SD32 bulldozer
are a grasp width of up to 3900 mm, radius of curvature of up to 460 mm,
width of the cutting edge of up to 124 mm, canopy width of up to 610 mm.
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1 Introduction

Bulldozers are widely used in construction.
Currently, there are about as many of them in operation
as there are excavators. Bulldozers account for about
35-40% of the total volume of earthworks performed
in construction. Bulldozers work in road-building,
reclamation, irrigation, construction, and in quarries
of the mining industry. They carry out leveling work,
constructing road and railway embankments from
lateral reserves, transporting soil over a distance of
up to 100m, digging canals and pits, filling trenches
and holes, clearing roads and construction sites of
snow, felling trees and uprooting stumps. They are
used as pushers when working with scrapers [1]. It
is known that there are materials (snow, wood chips,

coal, etc.), which in some cases are most convenient
to move with bulldozers, but the capacities of blades
designed for working with soils do not ensure full use
of the machine traction and power. For such situations,
bulldozer blades of high capacity were developed, called
specialized blades. For this study, the term “specialized
blades” refers to bulldozer blade-type working bodies
of high capacity, for which the large-scale excavation
is neither the only nor primary nor the preferred area
of application. These include [2]: U-dozer blades for
moving light materials, box blades for moving light,
bulk, liquefied and coarse materials, “landfill” blades for
moving household waste. The work is devoted to finding
the optimal combination of blade parameters for the
SHANTUI SD 32 bulldozer. Mathematical modelling
of the working process of a bulldozer was taken as
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a research method, and the technical performance of
the bulldozer was chosen as a criterion for the quality of
blade parameters, providing a reliable assessment of the
results of parametric synthesis of blades [3].

2 Literature sources review and problem
statement

Many structural, technological, and ergonomic
factors influence the performance of a bulldozer. In
addition, some researchers in their works also take
into account the position that with the maximum set
of the soil drag prism in front of the dump, its area of
contact with the frontal surface is determined by the
position of the dump in the cross section determined
by the chip formation trajectory of the soil layer [4].
For example, in [5-7], the issues of the influence of
the cutters’ design and the properties of materials
on the performance of a bulldozer were studied, and
losses from the dozing prism were taken into account
only by introducing a loss factor. In [8-10], formulas
for determining the productivity consider not only the
design but the technological parameters of a bulldozer,
as well. It should be noted that some publications
[11-15] also take into account the driver’s qualifications
by introducing a correction factor. Issues related to the
calculation of the main parameters of earth-moving
machines are addressed in [16-19]. References [20-23]
take into account the influence of developed areas’
properties on the efficiency of the digging, leveling, and
transportation processes. Currently, a large number of
studies [24-31] are devoted to the issues of automation
of work processes, unmanned control of earthmoving
equipment, and the influence of unmanned control on
the efficiency of machines. Despite the numerous studies
aimed at determining the performance of a bulldozer,
the issues of considering the losses of transported
materials from the dozing prism and choosing the
optimal combination of bulldozer blades based on the
properties of the transported materials, are relevant.

3 Purpose and objectives of the study

In the structure of generalized indices assessing the
efficiency of the road-building machines (mainly, energy
and mass indices), productivity occupies a special place.
Performance evaluation provides a basis for assessing
the suitability of a machine for its functional purpose.
To find the optimal combination of parameters of box
and “landfill” types of blades for the SHANTUI SD 32
bulldozer when developing various materials of reduced
density and cohesion that provide the greatest technical
performance. To achieve this goal, the following tasks
were solved:

* establishing the patterns of the processes of prism
formation, considering their discrete phases;

e development of a mathematical model of the
performance of a bulldozer equipped with any type
of blade, considering the losses from the dozing
prism;

¢ classification and quantitative description of
probable production situations;

¢ development of recommendations for combinations
of parameters of the box and “landfill” types of
blades for the SHANTUI SD 32 bulldozer.

3.1 The process of prism formation considering
the losses

For this study, the maximum volume of material
that can be removed by a blade is considered as the blade
capacity.

Analysis of the relationships proposed in [4-12] for
determining the capacity of the blade made it possibly
to conclude [18] that the formula proposed by Balovnev
et al. [1] and the model proposed by Karasev et al. [19,]
are the closest to the generally accepted concepts about
the mechanism of prism formation, experimental data
and the objectives of this study. The disadvantage of
the former is that it describes the maximum volume
of the dozing prism, while, in reality, the performance
of the bulldozer depends on the level of losses from the
dozing prism during its formation and movement. Below
is outlined the methodology for considering such losses
when calculating the dozing capacity.

4 Materials and methods

It is accepted that the material being moved can
either be stored in heaps or presented as a layer along
the ground line.

When moving a pile (a heap) of material, losses
begin from the time when the entire volume of material
captured by the blade begins to move along the ground
line, i.e. when the formation of the dozing prism is
completed. Here:

Q - Qmax ) (1)
where @ is the dozing capacity, m?; @

value of the dozing capacity, m?.
The current value of the dozing capacity is

1S the maximum

m

Q= Qi-1+dQ, (2)

where @, is the dozing capacity @ at the end of the
i-th section of the bulldozer path of dl, length, m?
Q, , is the dozing capacity @ at the beginning of the
i-th section of the bulldozer path of length dI, m?
dQ is the capacity of loosened material entering the
dozing prism on the i-th section of the bulldozer path
of length dI , m®.
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Figure 1 Volume of material entering the dozing prism: a) when collecting from a heap; b) during the layered cutting,
where p is the angle of natural repose of material; dl, is the incremental step length of the bulldozer path, mm;
h,,, is the thickness of the layer of material cut by the blade, mm

b)
Figure 2 Phases of dozing prism formation: a) 1st phase; b) 2nd phase; ¢) 3rd phase

dQ = (i —0.5)-dl - tgp+ L-f, (Figurel), (3)

where dl, is the incremental step length of the bulldozer,
m; (i — 0.5) is the represents a coefficient that determines
the amount of material entering the drag prism; #gp is
the tangent of the angle of inclination of the drag prism;
p is the angle of natural repose of the material, degree;
L is the grasp width of the blade, m; f, is the loosening
coefficient of the material. The volume of material
entering the dozing prism is shown in Figure 1.

When forming a dozing prism from a layer of
material, it is assumed that the process goes through
three phases (Figure 2).

Phase 1 - the dozing prism grows from zero to
capacity @,,, due to the growth of component @,.
(Figure 2, a); there are no losses from the dozing prism,;

Phase 2 - the dozing prism grows from capacity
Ql,max to (QLW + QZWC + @,) due to the growth of
components @, and @, (Figure 2, b); the volume of losses
is proportional to capacity @,;

Phase 3 — the dozing prism grows from capacity
(lemax + QZmM + @) to due to the growth of components @,
and @, (Figure 2, c); the volume of losses is proportional
to capacity @,; where @,,Q,,Q,,Q, are the components
of the dozing prism, m% @ ..@Q,, . Q5,0 @ime
are the maximum values of capacities @,,Q,,@,,Q,
respectively.

The phase ends with the end of the growth of the
dozing prism. For the current value of dozing capacity
®, the following is true:

c)

Qi=Qi-1+dQ— Q., 4)

(Figure 1, b): @, is the volume of losses on the i-th
section of the bulldozer path of dI,, m?® long.

dQ = hiy - L-dl: - f;, (6))

where f, is the loosening coefficient of the material.

The proportionality of losses to the part of dozing
capacity that is not limited on the sides by the blade
flaps (@, in Figure 2) is expressed by the following
formula:
QL= Q.- K.-dl, (6)
where K, is the loss coefficient from the dozing prism.
Thus, the task of considering losses from a dozing
prism when calculating its capacity comes down to
determining the value of @, in discrete sections of the
bulldozer path from the point of the beginning of prism
formation to the point of its completion. Along this path,
the pattern of the volume formation process will change
at points (Figure 2) corresponding to the following
boundary conditions:

Ql = Ql,max (7)

is the beginning of the process of @, formation
(volume @, forms as soon as @, reaches its maximum
value,
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QZ = QZ,max (€))

is the change in the pattern of @, formation (pattern
of @, formation changes as soon as @, reaches its
maximum value),

QS = QS,max 9

is the end of the dozing prism growth process (the
dozing prism growth stops as soon as @, reaches its
maximum value).

Another condition for stopping the growth of the
dozing prism is that the losses are equal to the volume
of material entering the blade:
Qr = dQ. (10)

Moreover, the condition in Equation (10) takes
precedence over condition in Equation (9), because when
it occurs, the growth of the dozing prism stops, although
@, has not yet reached its maximum value.

4.1 Dozing capacity considering the losses

According to the accepted assumptions and
corresponding boundary conditions in Equations (7)-
(10), design schemes shown in Figures 3-6 were taken
for calculating capacities @, le o @, QZM o @ stma o

Q,and @ pmas To simplify the analysis, the cylindrical
surfaces of the blade sections were replaced by vertical
planes. In the final determination of the dozing capacity,
the allowed error was corrected by adding to the prism
the capacity proportional to the part of the segment
formed by the surface of the blade and the vertical plane
(Figure 3).

Que = (B + B)[L + 2W(1 — cosu)], (11)

[ = 0.5k (00 — sina), 12)
H 1— cosa) 2 p

\/[-i-kz + 2k, * sina R — Hi, (13)

Hy = H/[1+ ky - sin(a +y + 8)], (14)

where F|, F, are the cross-sectional areas of cylindrical
segments, m? R is the radius of curvature of the cross
profile of the blade, m; H is the height of the blade with
a canopy, m; ko is the ratio of the width of the cutting
edge to the radius of curvature; %, is the ratio of the
width of the canopy to the radius of curvature; H is the
height of the blade without canopy, m

Checking the fulfillment of condition in Equation
(7) involves calculating the maximum capacity value
(Figure 4).

— 2Wcosu)/

24+ (2Wsinu/3) (15)

Ql,max - W Sln ﬂ tgp[

Figure 3 Additional volume formed by the curvature of the blade
and its digging angle inclination

Figure 4. Scheme for calculating the volume of a drawing prism
at the end of the 1st phase of its growth
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In the second phase of filling the blade, the dozing
prism grows due to @, and @, related by the following
equation:

Q2+ Qui = Quii-» + Que-1 T dQ. (16)
From which follows:

dQ. +dQ. = dQ, aamn

dQ: = Qui — Qui-v), (18)

dQs = Qui — Quii-v), (19)

From the design diagram (Figure 5), it follows that:

dQ, = Wsinu(L — Wcos u)dz: (20)
dQi = L~ dzs - (225 + dz2)/2tgp @1)
dz: = [— ¢ + V(3 + 46:dQ) /26, 22)
by = L/%gp, (23)
¢y = (L — Wcosu)Wsinu + z2L/tgp, (24)

22 = z3(i-1) + dzs, (25)
where dz, is the projection of the layer thickness d@,
onto the OZ vertical axis; z, is the projection of the layer
thickness @, onto the OZ vertical axis.

Q, and @, are calculated by the following formulas:

Qo = Qui—1) +dQ:, (26)

Qui = Qui—1 + dQu. 27
Checking condition is

Q2 < @Q2max, (28)

where:

Qomax = (H— Wsinutgp) « W+ 29)

~sing - (L — Wcos ),

In the third phase of filling the blade, the dozing
prism increases due to @, and @, (Figure 2, c), related by:

Qs+ Qui = Qs+ Qui-1) +dQ. (30)

Figure 6 Scheme for calculating the capacities that determine the growth of the dozing prism in the third phase
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From which follows:

an + dQ4 - dQ, (31)
dQs = Qsi — Qsi-1), (32)
AdQs = Qui — Qui-—1). (33)

Calculation schemes of the capacities that determine
the growth of dozing prisms in the second and third
phases are shown in Figures 5 and 6.

From the calculation scheme in Figure 6, it follows
that

dQs = asdzi + (b3 — L/2tgp)d2§ +

34
+(cs — L(z2 + z3)/ )dzs, B4

dQ. = (L/2tgp)dzi + (L(z2 + 23)/tgp )dzs . (35)

The value of dz, is found from the following equation:

agdz§ + badZ’% + 03d23 - dQ, (36)
as = —1/(6tg*ptgu), (37
by = z3/(2tg*p - tgu) + (L — 2Wcos ) + 58)
-z3/(2tgp) + L/2tgp,

¢y = 25/2tg°p « tgu + (L — 2Weos i)zs/2tgp +

+(L — 2Wcosp)zs/2tgp + (L — 2Wcosp) X (39)
X Wsinu + L(zs + z3)/tgp

23 = 23i—1) + dzs, (40)

@, and @, are calculated by the following formulas:
Qs = Q31+ dQs, (41)
Qui = Qui—1)+ dQu, (42)

Table 1 Physical properties of materials

checking conditions are

Qs < Qsmax and Qs < Quma, (43)
where:

Qs max = (Wsin®u)tgp(3L — 4 Weos u)/4, (44)
Qumax = HEL/2tgp, (45)

For the path traveled by the blade, at any point in
the current section it is equal to

lyi = li—v + dly, (46)

4.2 Nomenclature and characteristics
of the removed materials

In accordance with the technical specifications,
the materials for which specialized blades are intended
to be processed include packed snow, municipal solid
waste, liquefied soil, wood chips. Physical properties
of these materials, characterizing them as removed
media and ground line, were established by analysis
of literary sources [21-24] and are summarized
in Table 1.

4.3 Technological options for performing work
with specialized blades

Analysis of probable options for using specialized
blades made it possible to classify and quantitatively
describe several cases characterized by a standard set
of parameters:

1. Moving the heap without cutting and without
distributing it at the end of the passage.

2. Moving the heap with cutting, without distributing
it as a layer at the end of the passage.

Properties of materials Packed snow

Cohesion index*

Coefficients: !
Metal friction 0.06
Material friction 0.51
Loosening the material 1.2
Resistance to motion 0.1
a, 0.05
b, 1.76

n 12
Cutting resistance, kN/m? 21.6
Angle of repose, degrees 60
Volumetric mass, t/m? 0.40

Municipal waste Liquified soil Wood chips
1 2 1
0.55 0.13 0.4
1.00 0.18 1.05
14 1.0 12
0.12 0.1 0.12
0.05 0.05 0.05
1.76 1.76 1.76
8 12 8
20.0 17.8 30.0
55 10 50
0.43 1.8 0.35

*1- cohesive material, 2- non-cohesive material
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3. Moving the heap without cutting, distributing it as
a layer at the end of the passage.

4. Collecting a dozing prism by cutting without
distributing it as a layer at the end of the
passage.

5. Collecting a dozing prism by cutting, distributing it
as a layer at the end of the passage.

6. Moving the heap without cutting, distributing it
along the length of the passage.

The values of parameters characterizing
technological options for using specialized blades are

given in Table 2.

Table 2 Characteristics of technological options

5 Results

5.1. Bulldozer performance when calculating
blade capacity using the T. Khankelov model

Below tables 3, 4, 5 and 6 present the results of
calculations of bulldozers‘ performance equipped with
specialized blades Straight blade, Half U-dozer, U-dozer,
Box-blade, Landfill blade when developing the following
materials, such as Packed snow, Municipal solid waste,
Liquefied soil, Wood chips for the main technological
variants of works presented in paragraph 4.3.

Properties characterizing the option

Technological option

1 2 3 4 5 6
Allowable maximum slipping, % 100 100 100 100 100 100
Thickness of the material layer to be 0.0 0.2 0.2 0.2 0.2 0.0
removed, m
Layer of leveling material, m 0.0 0.3 0.3 0.0 0.3 0.3
Total length of the machine‘s working stroke, 80 80 80 80 80 80
m
Time for auxiliary operations, s 26 26 26 26 26 26
Blade position at’:

collection )
displacement 3
unloading 1

*0 - no operation, 1 - the blade does not touch the surface, 2 - the blade is in a “floating” position, 3 - the blade is pressed to the surface

Table 3 Bulldozer capacity for packed snow, m?/h

Technology option number 1 2 3 4 5 6
Straight blade 232 208 207 203 202 233
Half U-dozer 236 208 206 201 208 242
U-dozer 240 207 211 199 200 238
Box blade 225 210 210 202 205 233
Landfill blade 362 315 313 317 317 371
Table 4 Bulldozer capacity for municipal solid waste, m?/h
Technology option number 1 2 3 4 5 6
Straight blade 223 192 191 192 198 224
Half U-dozer 221 195 192 199 197 221
U-dozer 225 195 192 197 197 220
Box blade 226 194 197 194 194 221
Landfill blade 312 279 273 275 279 323
Table 5 Bulldozer capacity for liquefied soil, m?/h
Technology option number 1 2 3 4 5 6
Straight blade 622 598 609 569 594 624
Half U-dozer 621 598 601 558 618 633
U-dozer 615 613 611 568 588 617
Box blade 615 620 612 576 605 633
Landfill blade 363 331 329 322 329 365
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Table 7 presents the results of calculations of
6-hour and 48-hour total output of bulldozers equipped
with specialized blades Straight blade, Half U-dozer,
U-dozer, Box-blade, Landfill blade at the development
of the above-mentioned materials under the main
technological options.

5.2. Bulldozer performance when calculating
blade capacity according to G. N. Karasev

Tables 8, 9, 10 and 11 below present the results
of calculations of bulldozer productivity of bulldozers
equipped with specialized blades Straight blade, Half
U-dozer, U-dozer, Box-blade, Landfill blade when
developing the following materials Packed snow,
Municipal solid waste, Liquefied soil, Wood chips for
the main technological variants of works presented in
section 4.3.

Table 6 Bulldozer capacity for wood chips, m?/h

Table 12 presents the results of calculations of
6-hour and 48-hour total output of bulldozers equipped
with specialized blades Straight blade, Half U-dozer,
U-dozer, Box-blade, Landfill blade at development of the
above-mentioned materials under the main technological
variants.

6 Discussion of results

By assuming an equal probability of bulldozer
operation under different operating conditions, it is
possible to compare blades in terms of their total output.
The total output for 6 hours (Tables 7 and 12) is the sum
of the hourly productivity of the bulldozer, calculated
for one material and each of the 6 technological options.
For example, number 1285 in Table 7 (straight blade,
material No. 1) is the sum of numbers from the “straight
blade” line of Table 3 (packed snow).

Technology option number 1 2 3 4 5 6
Straight blade 259 216 214 213 218 252
Half U-dozer 253 216 217 212 215 254
U-dozer 253 214 219 208 216 252
Box blade 255 217 216 209 217 250
Landfill blade 356 304 304 306 307 369
Table 7 Total output, m?
In 6 hours
Number of material 1 2 3 4 In 48 hours
Blades: 1285 1220 3616 1372 7493
Straight
Half U-dozer 1301 1225 3629 1367 7522
U-dozer 1295 1228 3612 1362 7497
Box 1285 1226 3661 1364 7536
Landfill 1995 1741 2039 1946 7721
Table 8 Bulldozer capacity for packed snow, m?/h
Technology option number 1 2 3 4 5 6
Straight blade m3/h 286 247 246 247 250 288
Half U-dozer, m3/h 283 250 251 247 251 280
U-dozer, m3/h 2177 245 246 240 243 281
Box blade, m3/h 282 250 251 243 246 284
Landfill blade, m3/h 492 445 450 438 441 491
Table 9 Bulldozer capacity for municipal solid waste, m?/h
Technology option number 1 2 3 4 5 6
Straight blade m3/h 278 250 249 247 244 278
Half U-dozer, m3/h 278 253 254 244 252 272
U-dozer, m3/h 273 252 248 244 253 275
Box blade, m3/h 274 255 252 249 252 284
Landfill blade, m3/h 424 389 399 380 392 430
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Table 10 Bulldozer capacity for liquefied soil, m?/h

Technology option number 1 2 3 4 5 6
Straight blade m3/h 785 961 952 734 955 990
Half U-dozer, m3/h 785 956 967 735 962 999

U-dozer, m3/h 784 964 948 736 960 998
Box blade, m3/h 785 962 957 733 954 994
Landfill blade, m3/h 779 965 959 736 954 918
Table 11 Bulldozer capacity for wood chips, m?/h

Technology option number 1 2 3 4 5 6
Straight blade m3/h 334 285 285 279 285 336
Half U-dozer, m3/h 337 291 284 288 2179 291

U-dozer, m3/h 336 291 287 276 283 340
Box blade, m3/h 332 284 290 281 289 341
Landfill blade, m3/h 507 473 488 452 475 518
Table 12 Total output, m?
In 6 hours
Number of material 1 2 3 4 In 48 hours
Blades: 1564 1546 5377 1804 9291
Straight
Half U-dozer 1562 1553 5404 1770 10289
U-dozer 1532 1545 5390 1813 9280
Box 1980 1566 5385 1817 9748
Landfill 2757 2414 4352 2913 12436

The total output for 6 hours indicates that regardless
of operating conditions (except for liquefied soil) and
the method of calculating the blade capacity, the best
performance for a bulldozer is provided by a straight
blade with an enlarged lattice canopy (the so-called
“landfill”). When working with liquefied soil, the greatest
productivity is achieved using a box blade.

The total output for 48 hours (i.e., the sum of the
hourly productivity of the bulldozer for all materials
and for all technological options), assuming the equal
probability of the bulldozer operation with any materials
according to any technological options, indicates (see
Tables 7 and 12) that the greatest efficiency can be
expected from a bulldozer equipped with a “landfill”
type of a blade. The next largest total output, which is
16-24% less (depending on the method of calculating
the blade capacity) is provided by a box blade. The
outputs of straight, half U-dozer, and U-dozer blades
differ slightly (by 0.2% regardless of the method of
calculating the blade capacity), which indicates their
approximately equal efficiency under the operating
conditions considered. Thus, we can conclude that
given the equal probability of the considered operating
conditions, the greatest efficiency is ensured by
equipping the bulldozer with a “landfill” type of blade,
and when operating predominantly with liquefied soil,

cement concrete mortars, and other such materials, the
greatest efficiency is ensured by a box blade.

The feasibility of installing one of the two types of

blades on a bulldozer is determined by the probability
of its operating on a particular material since the total
output of a bulldozer over a fixed time is a probabilistic
value:
Cus =2 (Cei - pi), 47
where C, is the total output of the bulldozer in 48 hours
using all materials and all technological options, m?
C, is the total output of the bulldozer for 6 hours on
the i-th material for all technological options, m? p, is
the probability of the bulldozer operating on the i-th
material; i is the number of the material for which the
output is calculated.

If we assume an equal probability of bulldozer
operation for any technological options on any material
(except the liquefied soil), then from the data in Tables 3,
7, and 12, it follows that the box blade and the “landfill”
blade provide the same total output of the bulldozer;
while for its operation on liquefied soil (or similar
materials) total output is from 0.27 to 0.5 depending
on the method of calculating the blade capacity. If
there is a greater probability of the bulldozer operating
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Table 13 Optimized dimensions of a box blade

Optimized blade parameter Liquefied soil
) according to Khankelov 3.83-3.93
Grasp width, m ]
according to Karasev 3.55-3.73
. according to Khankelov 1.58-1.66
Radius of curvature, m )
according to Karasev 1.43-1.70
) ) according to Khankelov 0.22-0.23
The ratio of the flap length to the grasp width .
according to Karasev 0.22-0.23
Table 14 Optimized parameters of a “landfill” blade
Optimized parameters of a blade Snow, waste
) according to Khankelov 3.77-3.92
Grasp width, m ]
according to Karasev 3.63-3.90
i according to Khankelov 0.44-0.46
Radius of curvature, m )
according to Karasev 0.41-0.62

on liquefied soil, the high output will be ensured by

installing a box blade, and if the probability is less - by

installing a “landfill” blade. The dimensions of the box
and “landfill” blades optimized for operating with the

corresponding materials are given in Tables 13 and 14.
It follows from the data that, depending on the

method of calculating the blade capacity, the ranges of
optimal values for its dimensions can vary significantly.
In particular, this applies to a box blade; its ranges of
the grasp width and radius of curvature, calculated
by different methods do not overlap (Table 13). In
principle, experimental testing of each calculated model
to determine the most correct one can eliminate this
discrepancy. The difficulties of such testing due to material
and financial costs are obvious, and the unambiguity of
its results (as evidenced by many years of experience in
experimental research) is not guaranteed. Therefore, for
practical purposes, authors can recommend:

a) for a box blade:

e gset the grasp width to no more than 3750mm to
prevent a possible decrease in bulldozer performance
due to increased slippage;

*  set the curvature radius to no more than 1700 mm so
as not to limit the view from the bulldozer driver’s
cab;

* gset the cutting edge width to no more than 460 mm,;

* gset the canopy width to no more than 140 mm;

e gset the flap length to no more than 860 mm.

b) for a “landfill” blade:

¢ take the grasp width in the range of 3770-3900 mm;

e take the radius of curvature in the range of
440-460 mm;

e take the width of the cutting edge in the range of
118-124 mm;

e take the width of the canopy in the range of
580-610 mm.

7 Conclusion and future work

An analysis of the effectiveness of equipping the
SHANTUI SD32 bulldozer with specialized high-
capacity blades showed that the work of the bulldozer
on materials that differ in their characteristics from
ordinary loamy soil (snow, household waste, liquefied
soil, coal, wood chips) could be performed with the
highest productivity using the box and “landfill” blades.
Moreover, the performance feasibility is determined
by the probability of the bulldozer operating on
liquefied soil (or similar materials) or other materials
(snow, waste, coal, wood chips). The undeniable
effectiveness of equipping a bulldozer with a box
blade is expected when the probability of the machine
operating on liquefied soil (or similar materials) is 0.5
or more.

The optimal dimensions of a box blade for equipping
the SHANTUI SD32 bulldozer are a grasp width of
up to 3730mm, radius of curvature of up to 1700 mm,
cutting edge width of up to 460mm, canopy width of
up to 140mm, flap length up to 860mm. The optimal
dimensions of a “landfill” blade for equipping the
SHANTUI SD32 bulldozer are a grasp width of up to
3900 mm, radius of curvature of up to 460mm, cutting
edge width of up to 124mm, canopy width of up to
610mm. Future work may be aimed at introducing
artificial intelligence into the development of various
materials with lower specific gravity. Provided that
the developed mathematical models are supplemented
with parameters describing their properties, as well
as the operating conditions of the machines, it will
be possible to significantly increase the efficiency of
these machines with the least energy and material
costs.
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