Theory and Building Practice

Vol. 2, No. 1, 2020

https://doi.org/10.23939/jtbp2020.01.094

Yaroslav Kotsiy, Myron Gogol, Ivan Peleshko, Igor Ivaneyko

INVESTIGATION OF THE EFFECT
OF WORKING MOVEMENT LENGTH ON THE EFFICIENCY
OF THE EXCAVATORS

Department of Building Production,
Lviv Polytechnic National University
yaroslavkotsiy@gmail.com

O Kaotsiy Y., Gogol M., Peleshko 1., lvaneyko I., 2020

The question of the effect of working length on the performance of one-bucket excavators,
in particular for their production, dedicated to the research of many authors. As one of the
coefficients of the variable time factor for determining operational performance, the coefficient
of impact of movement is proposed. When determining the cycle life of excavators with different
equipment, ranges of coefficient changes were set, which takes into account the length of the
working movement. It is necessary to consider the technological capabilities of the machines in
their operation to achieve the required quality of work on object considering to the increasing
use of new machines and mechanisms, the decline in the multi-operability of earthmoving
production. The purpose of this article is to increase the efficiency of the using of excavation
complexes in the arrangement of exavation face, providing the required quality of work. It
should be noted that ensuring and maintaining the reached level of performance required
guality to reduced efficiency of the main construction machines, including their productivity. In
addition to the complexity of the three-dimensional characteristics of the object, the magnitude
of the operational productivity of the leading machines of the complexes are influenced by a
number of different factors, among which it is possible to distinguish the technological
parameters of the machines. One of the most important technological parameters of the
operation of single-bucket excavators, which also affects the quality of work during the cleaning
of the ditches, is the length of the working movement and the width associated with it.
Currently, the choice of parameters is made on the basis of empirical dependencies and
practical recommendations and often it is controversial, especially for excavators equipped with
a backhoe.

Key words: schemes of the work of excavators, time on working shift, the technical and
operational performance of the excavators.

Introduction

Development of excavation face with a backhoe equipped with a shovel can be performed frontal
(face) penetration or lateral penetration with preliminary development of the pioneer trench.

When developing a narrow pit with a frontal drill, the excavator develops it to a given width,
moving in a straight line, when working with a frontal extended drill - moving with two frontal
penetrations, a zigzag or cross-end moves.

Wide excavation face are developed in the frontal way to the pioneer trench with the further
development of the soil by lateral penetrations.
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The choice of the scheme of movement of the excavator is made depending on the width of the pit
and the technological parameters of the working equipment of the excavators, in particular, the maximum
digging radius.

Target of this article

The purpose of this work is to increase the efficiency of the use of excavation complexes in the
arrangement of ditches, which provide the required quality of work.

Techniques used

For hydraulic excavators equipped with a backhoe, it varies up to 5 % depending on the relative
length of movement, for mechanical driven excavators — up to 20 %.

The optimal value of the movement, equal to 0.75 maximum possible for a given depth of digging
movement value (Chernenko, 2002, Yarmolenko, 2005).

Qg = Q ky kBl (1)
where Q, Q, respectively the operational and technical performance of the excavator, m*s; k, - the

coefficient of control of the machine depending on the skill of the driver (0.89 ... 0.98) (Chernenko,
Galimullin & Chebanov, 1989, Donskoy, 1976); k, — variable time utilization factor taking into account
the impact of excavator working displacements 1.

In general, the impact of the excavator movement can be represented:

Hl, B%
h= HI, B%+I%+tw ?

where N — coefficient impact of excavator movement; H — the depth of the ditches, m; |, — length of

working movement, m; B, — the average width of the ditches, m; U — speed of excavator, m/s (Akimova,
Ammosov, Badin & Mescheryakova, 1987).

Optimized length of movement closely related to the geometric parameters of the excavation
face.

Given this value, the effect of the displacement coefficient was determined for ditches of varying
depth, however, there is an inverse relationship between the length of movement and the average width of
the excavation face.

On the example of excavators EO-5122, E-5015a, EO-3322v, performing frontal and side
penetrations, the values of the coefficient are given in the range from the minimum to the maximum
possible length of the machine for this brand of machine (Fig. 1).

The analysis of the above graphs shows that the intensity of change of the coefficient of influence
of movement increases with the decrease of the depth of the ditches.

According to the recommendations, the length of the excavator with a capacity of 0.5 m®
(E-5015A) bucket should be 1.4 m (Yarmolenko, 2007).

In this case, N is 0.936 for the ditches with a depth of H=0.5 mand h =0.981 for H=2.0 m.

The length of the working movement, determined according to our proposed method, respectively,
is 2.5m (N =0.856) for H=0.5mand 1.8 m (h =0.983) for H=2.0m.
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Fig. 1. Dependence of 5 on In for EO-5122 (q = 1.6 m?) when arranging pioneer trenches of ditches:
1,2,3-atadepth of 2m, 1 m, 0.5 m, respectively

The nature of the dependence h — |h is significantly different for the frontal and lateral diggings of

the excavator. In the case of excavators with frontal penetrations, there are three sections with different
intensity changes:

section | — less than 0.2 17,
section Il —in the range 0.2 , 0.871™,
section 111 — more than 0.871™,

where 1™ is the maximum possible length of movement of this excavator brand for a given
digging depth, m.

For ditches of a particular depth, the largest changes are observed in the I and Ill sections (from
0.695 to 0.981).

In the second section, the coefficient of influence of movement changes its absolute value
within 3 % (lvanik, Vihot, Pozhar, Ivanik & Vybranets, 2013). When working excavators, the side
penetrations can distinguish two sections, differing in the intensity of the coefficient n: the first

section less than 0.2 I™ noticeable decrease with and the second — more than 0.2 |7, where the

value of n varies within 3 %.
Hence the conclusion that the purpose of the maximum length of movement does not significantly
affect the performance of the excavator when the side aisles.
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Thus, the choice of the length of the working movement should be made on the basis of a given
depth of the pit, and with increasing depth of the pit its impact is reduced. This is confirmed by the
dependence of the change in the magnitude of the technical productivity and the coefficient n, which
increases for shallow ditches.

The physical meaning of the objective function (2) is the desire to develop a maximum volume of
soil from a single excavator stand (Zarubin, 1984).

The largest amount of soil that is being developed can be achieved within the face of the slaughter
by assigning a rational movement length at which function (2) has an extreme.

In Fig. 1 shows the change in the volume of soil developed from one parking lot, when changing
the length of movement from the minimum (at the bottom of the curves) to the maximum value for
ditches of different depths (Isakhanov, 1985).

When performing planning and clearing works, the choice of the length of the excavator's
movement depends on the length of the planned area in the area of work equipment. The average length
of the possible horizontal planning trajectory is 80% of the length of the trajectory, determined by the size
of this zone, that is, the maximum movement length for a given digging depth with the back shovel
(Dehtyarev, Reish & Rudensky, 1987).

Therefore, in the case of a slight change in the impact coefficient of movement for the pit of a
given depth in order to improve the quality of work, the length of the movement should be determined
taking into account the length of the planned section.

Conclusions

As a result of the calculations, it was found that the rational length of working movement for
excavators with hydraulic drive, determined by the proposed method, respectively, is:

for frontal driving 1" = 0.6 1™, 3)
for lateral driving I! = 0.75 , 0.8 1™, 4
|7, 1! — the rational length of the working movement of the excavator in frontal and lateral driving.

At the same time the condition of fulfillment of the possible horizontal trajectory of planning is
observed and the inspection by the driver of the bottom of the pit is provided.
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Kagenpa OyniBenbHOT0 BUPOOHHIITBA

JOCJIIPKEHHS BIVIMBY JOBXKUHU POBOYOI'O IEPECYBAHHSA
HA EOEKTUBHICTb POBOTHU EKCKABATOPIB

o Koyiu A. HU., F'ozone M. B, enewxo . ., Isaneiixo I. 1., 2020

[TuraHHIO BIUIMBY NTOBXHMHH po00Y0i mepecyBaHHS HA €EKTUBHICTH pOOOTH OJHOKIBIIOBHX €KCKa-
BaTOpiB, 30KpeMa, Ha iX BUPOOHHUIITBO , MPUCBIUCHO OCHIIKEHHS Oaratbox aBTOpiB. SIK OJHUH i3 CHiB-
MHOKHHKIB Koe(illieHTa BUKOPHUCTaHHS 3MIHHOTO 4Yacy Uil BU3HAUYEHHS EKCIUTyaTaliiHOi MPOIyKTUBHOCTI
3alpPOMOHOBAHO KOe(Dilli€HT BILTUBY NepecyBaHHs. [Ipy BU3HAYCHHI TPUBATIOCTI IUKITY pOOOTH €KCKAaBaTOPIB
i3 pI3HUM YCTaTKyBaHHSIM BCTAHOBIICHO [iala30HU 3MiH Koe]ili€HTa, MO0 BPaXOBYE IOBXKHHY poO0OUYOTro
nepecyBaHHs. 3 ypaxyBaHHSM 3POCTAlOYOro 3aCTOCYBaHHS HOBMX MaIllMH 1 MEXaHI3MiB, 3HW)KECHHS
OaratoormnepariifHocTi BUPOOHHIITBA 3eMIITHIX POOIT HEOOXiTHO BPaxOBYBaTH CKIAIHICTh CHOPYIDKCHHS i
TEXHOJIOTIYHI MOKJIMBOCTI MAIllMH I JOCSATHEHHS HEe0oOXimHOI sIKOCTi poOiT Ha 00'ekTi. Metoro poboth €
MiIBUIICHHS] e(DEKTUBHOCTI 3aCTOCYBaHHS E€KCKAaBATOPHUX KOMIUIEKCIB IPHU BJAINTYBaHHI KOTJIOBAaHIB, IO
3a0e3MmeuyroTh HEOOXiIHY AKICTh BUKOHaHHS poOiT. Ciif 3a3HA4YMTH, 110 3a0e3MEUeHHS 1 MiATPUMaHHS Ha
JIOCATHYTOMY PiBHI HEOOXIJHOI SKOCTI BUKOHAHHS POOIT MPU3BOAUTH IO 3HIDKEHOI eeKTHBHOCTI poOoTh
OCHOBHHMX OyJIiBelIbHHX MAIIMH, 30KpeMa iX MmpomykTUBHOCTI. Kpim ckmamHoCTi 00'€eMHO-IUTaHYBaJIbHUX
XapaKTepUCTUK 00'€KTa, HAa BEIMYMHY EKCIUTyaTallifHOi NMPOJYKTUBHOCTI MPOBIIHUX MAIIMH KOMIIJIEKCIB
BIUIMBAIOTH Taki (akTopH, SK TEXHOJOTIUHI mapameTpu podoTd mMamuH. OZHUM 3 HaWBaKIMBIIINX TEXHO-
JIOTIYHUX TMapaMeTpiB poOOTH OJHOKIBIIOBHUX €KCKAaBAaTOPIB, SKHU BIUIMBA€ TaKOXX HAa SIKICTh BUKOHAHHS
poOIT TpM 3a4KCTII KOTJIOBAHIB, € JOBXKHHA poOOUYOro NepecyBaHHSA 1 B3a€EMOIOB'A3aHA 3 HEIO IIHPHUHA
npoxoaku. ChoromHi BHOMpPAIOTH MapaMeTpu 3a EMIPHUYHUMH 3aIE€KHOCTSIMH, 1 NPAaKTHYHUMH DPEKO-
MEHJALISMH, SIKI 9aCTO MaloTh 3allepeyHUi XapakTep, 0COOIMBO JUIs €KCKaBaTOpPiB, 00JIaJHAHIX 3BOPOTHOIO
JIOTIATO}O.

KirouoBi cioBa: cxemu podoTH ekcKaBaToOpiB, yac Ha po0oye mepecyBaHHsl, TexHiYHa Ta
eKcIuIyaTaniiiHa NPOAYKTUBHICTh eKCKABATOPIB.



