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Abstract. The bulldozer-ripper is the main ma-
chine during preliminary work. The creation of
high-performance machines is carried out in two
directions: the production of fundamentally new
working elements and machines based on the use
of fundamental scientific achievements and the
improvement of existing working elements, and
traditional type machines that are in operation.

The creation of working elements for ripper-
picks is a perspective development direction of
machines designed for ripping frozen and hard
soils. They would make it possible to significantly
increase the productivity of ripping work through
the rational use of the base machine traction force.
We applied the superposition principle of the im-
pact on the working medium of several factors
concurrently for this, such as static and dynamic
loads, through the energy accumulation and its
subsequent use to create a high-speed power im-
pulse on the cutting edge to ensure the preliminary
formation of the compressed zone in the soil mas-
sif. This will lead to the power intensity reduction
of the static load on the soil element separation.

Keywords: bulldozer-ripper, power intensity
reduction, superposition principle, machines for
preliminary work.

INTRODUCTION

The effectiveness of the reconstruction and
capital construction of industrial and civil pro-
jects depends on the technology perfection and
the mechanization level of construction works.
Preliminary works for ripping hard and frozen
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soils are the most labor-intensive works in con-
struction [1-5].

Works to the planning of sites, the ar-
rangement of the foundation pits and trenches
became the most widespread in residential
civil and industrial construction in winter con-
ditions. The volumes of these works are con-
stantly increasing and currently amount to 16
billion m® per year. The number of workers to
perform preliminary and earthworks is 9.3 %
of the total number of workers in construction,
particularly to perform preliminary work —
2.9 %. The main volumes of earthworks are
performed by single-bucket hydraulic excava-
tors (38.2 %), bulldozers (29.7 %), scrapers
(15 %), multi-bucket excavators (6 %), another
building machine (11.1 %) [6-8].

More than 140,000 hydraulic excavators,
42,000 scrapers, and 130,000 bulldozers are
used in our country, for which preliminary
(ripping) work is required in winter.

Bulldozer-rippers take the leading place
when performing preliminary work. They per-
form a significant range of works in the devel-
opment of pits, construction of highways and
railways, emergency-rescue operations, etc.

PURPOSE OF THE PAPER

The purpose of the paper is to substantiate
the choice of perspective directions for the
creation of highly effective ripper-picks.
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RESEARCH RESULTS

Traditional designs of rippers and their ele-
ments, and as new constructive decisions, are
most often used to perform ripping works in
construction (Fig. 1-2). This allows effective
use of the machine traction force and dynamic
phenomena that occur during soil cutting.

Fig. 1. Designs of working elements for multi-
toothed ripper-picks

a b c
Fig. 2. Designs of working elements for ripper-picks
with one tooth: (a) straight; (b) half-bent; (c) curved; (d)
in the form of ploughshare

However, they do not satisfy the operation
conditions of rippers for these reasons: they rip
the soil in one pass to the 0.3...0.35 m slight
depth for a ripper of the 100 kN traction class
at the 140...160 hits frozen loam density by
means of density meter, the ripped soil has a
large fragmentation, which makes it difficult
to use excavators in the future [6, 9].

A wide range of various tip designs with
improved shape increased durability, and wear
resistance have been developed to improve the
single-toothed working elements of rippers
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and to eliminate their defects. They are distin-
guished by the front edge shape [1, 2, 10]:
straight (Fig. 3, d); concave (Fig. 3, f); with a
protrusion on the front and back faces (Fig. 3,
g), made in the triangle form with a variable
sharpening angle, which decreases from the
cutting side of the tip by No. 723060 author’s
certificate and with notches, which located
along the entire length of the front and back
faces by No. 823515 author’s certificate, (Fig.
3, h); bimetallic (Fig. 3, i), in which the cutting
part is forged from a bimetallic sheet to ensure
work on highly abrasive soils; by No. 823284
author’s certificate with a wear-resistant over-
lay on the front face (Fig. 3, k).

The presence of such additional elements
leads to the formation of stress concentrators,
which in turn create significant alternating dy-
namic loads which active on ripping equipment
elements and on the basic tractor. Vibrations in
the operation of machines are undesirable as a
rule. They deteriorate the processing quality,
increase tool wear, and lead to accidents and
failure of devices and equipment (in particular,
due to the self-unscrewing of fasteners).

Fig. 3. Part designs of working elements for ripper-
picks: (a) wedge type; (b) with height control; (c) disc
type; (d) with location control of disc and tips; (e) direct;
(f) concave; (g) with protrusion; (h) with notches; (i)
bimetallic; (k) with wear-resistant overlay
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They also cause a high level of vibration in
the workplace driver, which generally worsens
the productivity of the soil-ripping process.

Such vibrations would be expedient to ac-
cumulate and used to ensure the high speed of
purposeful blows of cutting elements [11, 12].

The constructive ripper decision No.
1057635 author’s certificate (Fig. 4) involves
increasing the operation durability by reducing
dynamic loads on the front 1 and back 2 work-
ing teeth. The ripping resistance is minimal
during the ripper operation at the moment
when the front working tooth 1 makes a chip.
At this time, the back working tooth 2 creates
a stress state in the soil, the ripping resistance
IS maximum in this case. Thus, the operating
teeth work by alternating the chip of the soil
with the creation of the stress state in it. This
provides a reduction in dynamic loads on the
working element and the base machine and
increases its durability.
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Fig. 4. Constructive ripper decision

This design takes into account the alternat-
ing nature of the soil resistance to cutting, but
does not accumulate energy.

The elimination of unwanted vibrations led
to the creation of a vibratory technique based
on the purposeful use of vibrations. Vibrating
machines have the ability to obtain high in-
stantaneous speeds and accelerations with mi-
nor displacements as a result of the movement
periodicity of the working element. The opera-
tion of the working element becomes more
intensive due to this. So, an important direc-
tion of rippers improvement is modernization,
which involves the amortization of loads by
No. 927916 author’s certificate (Fig. 5).
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Fig. 5. Improvement of suspensions for ripper-picks
with load amortization

The additional energy of the blow and the
vibration impact by No. 658238 author’s cer-
tificate (Fig. 6) is used to activate the ripping
process with attached rippers at the modern
performance stage of earthworks.
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Fig. 6. Working element of the vibration ripper with
parametric resonance

Designs with additional drives have a gen-
eral defect: elements, in particular joints, fail
prematurely due to the large mass of sections.

The invention by No. 1465508 author's cer-
tificate (Fig. 7) constructively allows the oscil-
lation of only the small mass cutting plate, but
there is no energy accumulation. A hydraulic
motor powers the drive.
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Fig. 7. Vibration earthmoving working element

It has been established that the use of direc-
tional vibrations of a specially selected fre-
quency and amplitude improves the soil-
cutting process quality, contributes to complex
automation and mechanization of labor-inten-
sive processes, and increases labor productivity
and safety [13-15]. Vibration machines make
it possible to carry out such technological op-
erations, which are impossible to perform with
ordinary machines.

The use effectiveness of vibrations has been
proven in numerous examples. Vibrations of
infrasound and sound frequency (to 5,000 Hz)
have recently been widely used in road and
mountain construction.

The analysis of the existing mounted rip-
per-picks and technical proposals to improve
their designs and to increase the efficiency of
the development process of hard and frozen
soils shows that a perspective direction for the
improvement of mounted rippers is the crea-
tion of new highly effective working elements.
In particular, those that ensure a high speed of
the soil destruction process without the use of
additional energy [3, 10, 14, 16].
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The considered design variants of the work-
ing elements for ripper-picks differ among
themselves in the constructive decision, shape,
and additional drive. This allows us to con-
clude the need to research and determine the
rational parameters of the working elements
for rippers. In particular, tips with elastically
deformed executive elements make it possible
to accumulate the energy of dynamic actions
and use this energy for useful purposes. This is
due to the creation and production of basic
tractors by large unit capacity with 500...600
KW capacity basic engines. The traction force
of such machines is sufficient for ripping soils
of almost arbitrary strength without using ad-
ditional energy. The creation of elastically
deformed working elements reliable in opera-
tion for their use in the design of rippers is an
actual problem [13, 17, 18]. This would ensure
the accumulation of potential energy during
soil compaction with transformation into ki-
netic energy and direct it into the soil massif at
the right moment in time.

Similar problems are solved by the fact that
the working element of the earthmoving ma-
chine has a plate made of elastic material with
an unfastened section of length L, which is
determined by equation

L 3fxEc3b
2P

where x — plate deflection; E — elastic modu-
lus of material from which the plate is made;
¢ — plate thickness; b — plate width; P —
force of the soil resistance to destruction.

An unsecured section with the cutting edge
is introduced into the soil massif at the time of
operation, where it forms leading cracks [11].

The working element of the earthmoving
machine (Fig. 8) consists of rack 1 and tip 2
set on it with pin 3. An element of elastic ma-
terial cantilever fixed on the lower plane 4 of
tip 2, then plate 5, which has an unfastened
section 6 of L length. The upper face 7 and
the back face 8 of the unfastened section 6
create the cutting edge 9. The upper face 7
with the front face 10 of the tip 2 creates the
frontal surface 1 of the working element.
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Fig. 8. Working element of earthmoving machine

leading cracks  torn off soil element

Fig. 9. Operation scheme of working element

The working element of the earthmoving
machine operates as follows. The force of soil
resistance to cutting P acts on the unsecured

section 6 and bends it to an angle ¢; (Fig. 9)

when cutting edge 9 interacts with hard soil.
As a result, it elastically deforms and accumu-
lates potential energy. The soil is crumpled by
the unfixed section 6 and the front face 10 (the
frontal surface 11) when the working element
is further inserted into the soil. As a result, the
first soil element is separated. The force of soil
resistance to cutting P goes to zero at this
moment. As a result, the unfastened section 6
tries to take the initial position ¢; =@y due to

elastic forces, and the potential energy turns
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into the kinetic energy of the section 6 move-
ment. The unfastened section 6 with the cut-
ting edge 9 is introduced into the soil massif,
where it forms leading cracks. The already
detached element of the soil is removed by the
front face 10 to the bottom surface of the face.
The unsecured section 6 under the action of
the soil resistance force to cutting P is bent
again, where it accumulates potential energy.
The process then proceeds cyclically.

The proposed design has significant differ-
ences compared to known decisions, and
thanks to them, the new positive effect is
achieved, that expressed to increase operation
productivity with a simultaneous decrease in
energy consumption to ensure the technologi-
cal process.

The next recommendation for constructive
improvement is based on the task to increase
operation productivity.

The inertial working element of the ripper
contains significant changes, since new signs
do not coincide with previously known signs.
The tip has a cutting plate, where the back part
is made in step form. The upper part rests
against the body, which can move freely in the
tip cavity, where the body mass is much larger
compared to the cutting plate mass. The task is
solved by the fact that the working element tip
of the ripper has a moving mass that performs
inertial blows on the cutting-edge plate [19].

The inertial working element of the ripper
can be used in those cases when it's necessary
to destroy frozen soils.

The inertial working element of the ripper
(Fig. 10) consists of rack 1 and tip 3 set on it
with pin 2. The latter has a wedge-shaped case
4, which has the mounting eye 5 with fixing
hole 6, the front 7 and lower 8 surfaces, which
has the «swallow tail» form 9, where the cut-
ting plate 10 is inserted, which has the «swal-
low tail» protrusion 11 on top. The bush 12,
whose surfaces are equidistant surfaces of the
groove 9, made of anti-friction material, is
inserted into the groove 9 between the plate
protrusion 10. The cutting plate 10 has the
lower surface 13 and the front inclined surface
14, which form a cutting edge 15 at the inter-
section. Step 16 is made in the back part of
plate 10, where the upper part has the ability to
rest against cylinder 17, and the lower part has
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the ability to go beyond the back dimension of
case 4. The cylinder 17 is contained in the cy-
lindrical hole 18 made in case 4. A slot 19 for
step 16 and a thread, into which plug 20 is
screwed, are made in back part of cylinder 17.
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Fig. 10. Inertial working element of ripper

The inertial working element of the ripper
operates as follows.

The soil resistance force to cutting acts on
the cutting edge 15 and pushes the cutting
plate 10 back together with cylinder 17 (see
Fig. 10) when the inertial working body of the
ripper 3 interacts with the frozen soil. The soil
is crumpled by the frontal 7 and front inclined
14 surfaces when the tip is further inserted in
him. As a result, the soil element is separated.
At this moment, the soil resistance to cutting
decreases significantly and then increases
again. The working element moves in jerks at
a non-constant speed. As a result, cylinder 17
at the movement deceleration of the working
element continues to move inertial and pushes
forward the cutting plate 10 with the cutting
edge 15, which additionally cuts the soil,
where leading cracks are formed. The already
cut (torn off) soil element is removed next by
the frontal surface 7 to the bottom surface of
the face. The cutting plate 10 is pushed back
and the upper part of step 16 leads cylinder 17
to the back part of case 4 under the action of
soil resistance force to the cutting. The process
then proceeds cyclically.
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The next recommendations for design im-
provement were also developed to reduce the
dynamic loads in the elements [20].

The working element of the ripper-pick
(Fig. 11) consists of rack 1 and tip 3 set on it
with pin 2. The latter has the wedge-shaped
case 4, which has the mounting eye 5 with
fixing hole 6, the front 7 and lower 8 surfaces.
The lower surface 8 has the «swallow tail»
form 9, where the cutting plate 10 is inserted,
which has the «swallow tail» protrusion 11 on
top. The bush 11, whose surfaces are equidis-
tant surfaces of the groove 9 is inserted into
the groove 9 between the plate protrusion 10.
The bush 11 is made of anti-friction material
and abuts the back part against the limiting
stop 12 of the lower surfaces 8. The cutting
plate 10 has a lower surface 13 and a front
inclined surface 14, which is at the intersection
from the cutting edge 15.

Fig. 11. Working element of ripper-pick
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Step 16 is made in the back part of plate 10,
her upper part has the ability to rest against
stop 12, and the lower part has the ability to go
beyond the back dimensions of case 4. U-
shaped spring 17 is attached to the back part of
case 4, the crossbar is attached to case 4 by
bolts 18, and the spring struts 17 rest against
the lower part of step 16.

The working element of the ripper-pick op-
erates as follows. The soil resistance force to
cutting acts on the cutting edge and pushes the
cutting plate back to the limit stop when the tip
interacts with frozen soil.

The lower part of the step elastically de-
forms the spring. The soil is crumpled by the
frontal and front inclined surfaces when the tip
is further inserted into the soil.

As a result, the soil element is separated.
The soil resistance to cutting is significantly
reduced at this moment. The spring sharply
pushes forward the plate with the cutting edge,
which additionally cuts the soil, where it forms
leading cracks. The cut (torn off) soil element
is removed from the frontal surface to the bot-
tom surface of the face.

The cutting plate again moves to the limit-
ing stop under the influence of soil resistance
to cutting, where it compresses the spring with
the step lower part. The process then proceeds
cyclically.

Machines with traditional working elements
cannot provide the necessary rate of increase
in labor productivity in construction because
of the large volumes of earthmoving works,
including in the winter period [17, 20-23].

The problem solution lies in establishing
the process regularities of the soil massif de-
veloped with the ripper, the tip of which is
equipped the cutting edge with a pneumatic
accumulator. As a result, the accumulation of
potential energy is ensured with its further
transformation into kinetic energy and direc-
tion into the soil massif at its compaction.

The process of energy accumulation and
transformation occurs with the tip that has the
next design (Fig. 12): a stand with tip 1, which
has the movable cutting edge 2, connected by
finger 3 to pneumatic cylinder 5 rod 4, which
moves the cutting edge 2 by L distance.
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Fig. 12. Tip with cutting edge on the pneumatic
cylinder: (a) working position with cutting edge,
(b) sharp knife

CONCLUSIONS

A review and analysis of the existing struc-
tures for ripping working elements prove that a
promising direction for its improvement is the
use of vibratory-percussion executive ele-
ments. These elements work on the principle
of dynamic energy accumulation, with its sub-
sequent use for useful purposes.

We found that a perspective direction in
soil destruction is the superposition principle
of the impact on the working medium of sev-
eral factors concurrently for this, such as static
and dynamic loads. This is due to the energy
accumulation by the pneumatic accumulator
with subsequent use to create a high-speed
power impulse on the cutting edge to ensure
the preliminary formation of the compressed
zone in the soil massif. As a result, this will
lead to the power intensity reduction of the
static load on the soil element separation.
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InHoBaniiiHi NIJIIXH BAOCKOHAJICHHS MAIIINH
JJIS1 MiITOTOBYUX POOIT 3 oIy HA MOTPEOH
cy4yacHoi OyaiBeJbHOI iHaycTpii

Muxkona Ilpucmatino, Maxcum bBanaxa, Barenmun
Moowcapiscokuii, Bonooumup /pauyk, leop 'onma

Kuiscoruti nayionanvHutl ynieepcumem
0yOisHUYmMEa i apximexkmypu

Anortanisi. [Ipy BUKOHaHHI TiATOTOBYMX POOIT
OCHOBHOIO MAalIMHOIO € OYJbJ03ep-PO3IyIIHHK.
CTBOpEHHSI BHCOKONPOIYKTHBHUX MAIIWH 3JIiHC-
HIOETBCS 3a JBOMa HampsSMKaMH: BHUPOOHHIITBO
MPUHIUIIOBO HOBHX POOOYMX OpraHiB Ta MAaIluH
Ha OCHOBi BUKOPHCTaHHS JOCATHEHb (yHIaMEHTa-
JMFHUX HAayK 1 BJOCKOHAJIEHHS HAsBHUX POOOYMX
OpraHiB, Ta MallMH TPAAULIHHOTO THUITY, IO 3HAa-
XOJISITHCS B €KCILTyaTallil.

[lepcneKTMBHUM HANpsIMOM PO3BUTKY MAIlIWH,
MpPU3HAYCHUX JUISL PO3MYIIYBaHHS MEp3JIUX Ta
MII[HUX IPYHTiB, € CTBOPEHHA POOOYHMX OpraHiB
pO3MyIIyBaviB-KaillyBaIbHUKIB, SIKi HamaBamu O
MO>XKITUBICTh 3HAYHO MiABHUIIUTH TMPOIYKTHBHICTH
BUKOHAHHS PO3MYNIYBAILHUX POOIT HIISXOM palli-
OHAJIBHOTO BUKOPHUCTaHHS CHJIM TATW 0a30BOi Ma-
LIMHU, 3aCTOCOBYIOUM MPHUHLMII CYNEPIO3ULIiH
BIUIMBY Ha po0OYE CEPEOBHIIE ACKIIBKOX YMHHU-
KiB OJIHOYACHO, TAKUX K CTAaTHYHE Ta JUHAMIYHE
HaBaHTAXXEHHS, 3aBISIKH aKyMYJIIOBaHHIO €HEprii 3
MOJANBIIMM 11 BUKOPUCTaHHSAM JJIsI CTBOPEHHS
HIBUJIKICHOTO CHJIOBOTO IMITYJIbCY Ha pi3asibHiH
KpoMui JUIsi 3a0e3ledeHHs] MONepeIHbOro YTBO-
PEHHS CTHCHEHOI 30HM B MacHBi, L0 IPU3BEAE 10
3MEHIIIEHHsSI €HEPrOEMHOCTI CTATUYHOTO HABaHTa-
JKEHHSI JIJIS BiIOKPEMIICHHS €IEMEHTY TPYHTY.

KuarouoBi cjioBa: Oyib103ep-po3IyIIHUK, 3Me-
HIICHHS €HEPrOEMHOCTI, MPHHIUIT CYTIEPIIO3HIIiH,
MaIWHHM JJIS TATOTOBYHMX POOIT.
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