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Summary. The lonematic anabesis was perfrerred of works unearthing  the pipelive along its penmeter. The
relationslup was established betareen kirematic and gecmetric parameters of the wodang equipemert.
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INTRODUCTION

Beliahility of pipelines in Ukraine is very important as it affects the degree of stability of the
Western European countries fuel and evergyresources. Grven that the peesent systern of pipelives
weas rnost ac fhee ly unde r constne tion in 1960 20 years, most of ther havee operated with significant
excess of usefil life. Thiz fact results in a reduced ope ratioral relishilityof pipe live s, which largely
depends on a tirmelyand gquality repair

The operational reliability of pipelines is sigrdficantly affected by corrosion coating, arising
frorn an interstve process of ageing. This usually leads fo frequent accidents and stops puaraping
oil to consurmers,

New technology overhaul includes recorery line without lifting pipe frowm the tench along
the length of the repaived area [1]. This repair is performed through the use of technologyirsobang
special earthraoving machines (Fig. 13, Cme of them is trenc her, which is used for the digging of the
pipelive trench. The anthors suggested ada pted working eguipenent, which allows to fully disclose
the pipeline on its perimeter without the use of mwackine digging under the pipe . Modemization of
the raachine requiring adeguate scientific study of corstruction and kirematic parareters of the
working equipenernt as well as thorough consideration of the related problerns 1s rnportant.

The aim of the research was to perforrm the kinermatic analysis of the working process of a
trencher rachine during the wearthing of a pipeline without diszing under the pipe.
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THE MAIN RESULTS

The anthors proposed the constuction of a terncher (ig. 2) consisting of the bage mmachine
I, which is moved along the pipeline 2 and working equipenent 3 [2]. Ground is destroyed and
trarsported by sections of chain 4, J. Then the ground is rowed in the corvesor 6. Equipement is
controlled by hypdranlic cylinders 7, &, 2. Ibverent of the machine base along the route of the
pipelive construction is controlled by desice 70

Lftertwrring on the pipeline trencher with two chain sec ions, the workflow is a combination
of the following mowvements: rmoton of chain at fixzed cuting ool speed w.; rotion of  machine
base along the pipeline track and trench digging at speed v

Thus, the cutting tool performs a cormplex roton: along the chain it rmoves onto the car and
toge ther with the machire - with respect to ground [3].

Fig. 1. Tecltology epair papelines: 1 —machive digging the soul layer; 2 — machive werthing pipelive;

3 — machire dizging soil pipeline;, 4 — machine eroang solaticn;, 5 — pipelme conpiler; & —macline

carsing solaticer, 7 — mackine for soil compacton, 8 —balldomer, ¥ — diese] powrer; 10 — forhle grmond
11 — naresal soil

1. Congider the kinematics of motion of working ecuiperent machive-prototype, hetalled in
paralle] 4o each other chain sec tions (without digging under the pipe).

When working at unearthing the underground pipeline parallel to each other chain sections
tnaching operate ona longitodingl excavator digging when the motion of the chains of working
equiptnent is on the sarme plane (or parallel) with the mosetnent of the machine base.

Eline matic feature iz the deviation of the trajectory of the cutting tool at an angle (Fig. 3, 4),
which is smaller than the angle of frarme work equipeaent to the grourd f:
v.angd

[tz =

Veoos &+, '
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Lnalyeis of this dependence shows that the trajectory angle of cutting mainly depends on
the angle frame work installation of equipenent and chain speed because the speed of machine’s
taoverment 15 a relatively low:

Lz the chain sections are setat different angles to the bottor of the soil for overlapping axis
of the trench while digging under the pipe (see Fiz. 20, respecttvely angle cutting tool paths for

each section will be different [3]. Let the angle [, to the bottom for one ssction (eg, rght), wmally
it is about 40°

Fig. 2. Chain tercher: 1 —basic machive; 2 — pipeline, 3 —wodimg equipment; 4.5 —chain sectine,
& — corpreror, 7.9 — ldzmlic cvlinders; 10 — conbol devices

Lind with this in mind, rejecting the path of the cuting ool for the right sectons will he
tze, = vc,l::::],:f-lvu’ where v, —speed circwit right section of the worling
equipment; v, — speed of machine base, and o = mtg&.

v, cos &+,

To the left section, taking into account the fact that it is set at an angle f, willbe

Ve oSN & Ve o8I Gy

o, = 3 O o, =arctg :
¥,co8 @+ Ve, 008 G, +,,

where vy — speed cirenit of the 1eft section of working equipment.
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These formulas corvect the speed of rmachine base v, and kinematic parareters of raoe-
e nt of relesant sections of chain.

The pararmeters of the layer that iz rermoved daring the work of the cutting tool of a rrachine
ig ite width and fhickness. The width of the laver depends on the geometrical pararmeters of the
working bodsy; so its value is calenlated as host based on the working parareeters of the bodsr

VeCOS |

Fiz. 3. Trwafhe pattemns of the cuthre ool chain sechons of the Fiz. 4. Graph of equipsvent spead
worldng equiptnent for the parallel sections

Taking into account the kinermatic parare ters of the rachine (see Fig. 3), the thickness of the
layer fr, for the left section of the working bodsrh, = 5, sin i, whetre 5, — the moving foreard cutting
tool for the left section. Sirdlarly deterraine the thickness of the laver b, for the right section of
the working body : b, = 5, sin e, where 5 — the moving foreeard cutting tool for the right section.

Green that the basic machine speed compared to speed of the cham is of low walue, e W
ety you cah agsume that angles fre, e outting speed corresponds approximately to the ground
speed of the chain cormesponding to sections of working body. Therefore, we can wite by =5 sinfi,

By =z, i,

The forward movement of cutting tool for the left and right sections will be 5 =fpv—”,
1‘ICI

5, =1 2 rhere #.— step placement incisors in line cutting. Gven these forrulas, the thickress

Vea
of the layer by =4, ~H.sing, h, =f, ~sing,

¥y Yeq

Linalyzivg the last forranla one can conclude that changivg the parameters of motion of the

base machine v, and chain v, it is possible to adjust the thickness of the layer b to constant constre-
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tive and kineratic pararneters of the work equiyenent £ 1 [ For a smooth adjustrent of walues w,
and v, it is necessary to apply an adjustable hodraulic, becanse mannal transmission, even with a
significant raraber of gears alloas for discrete changes in these parameters.

Thus, the wvalues can be deterrnined of the speed of chain sections and parareters of the
ground layer at the paralle]l chain sections.

2. Consider novwr the movvernent kinernatics of working equiperent for digzing under the pipe-
line, ie. when the chain sections are set to each other at an acute angle g (Fig. 3). This kinernatic
process changes affect the progress of machines in general. o _

Lhsolute welocity wector v equation of the form (see Fig. 5) vo = ve +ve, where e — the
velocitywe ctor of the chain correspording o sections of working hody, v —velocify moving the
tnachine base in the developmrent trenches.

For exaraple, consider the kinematics of moverment of left chain sections working body, We
hiave the spatial (three dirnensional) coordinate systern with coordinate axes x, p, 2, point 0 — the
origin. Speed chain v (and hence the plane of motion) will deviate frorm the plane of rovernent
of the mackine base on the comer % which provides for overlapping axis of the trench bottora of
the working body sections. Velocity v, iz directed at ar angle [ to the plane xz, which equals the
angle of the frarme installation sections of chain working hody:

Plare welocity of machine’s vector v, is parallel to the plane (axis) motion of the tractor pe.
S, getthe dheolute cuting speed ground v . Veotor v iz on the plane that devdate s frow the plane of
motion of the tractor atan angle v which is at an avgle B 1o the hovzontal plave xz (hottor plane).

Determine the parameters v, B, v, for which consider the triangle A CAE, in which the parties
04 = v, AE = w,, with the angle between thern w=120° —%. Lecording to the law of cosines

B
vo= ,&c* +u,t = D, cos [IEEI" - %:] In triangle ABDY: sinfl = o where BD = AC= (dsinf3,

Whereas (8 = v, Cd = v, get si.nﬁ'=v—_“, ar
V. s 2
Jvc* +u b —Dww cos [IEEI" - %)
& =atcsn _ .
e sn 3
L pE
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A, ol
= =~ 4
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: ) p I 5
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Fiz. 5. Plan speed equiprrent working Fiz. 6. Deperdence of thicksress of laver fiom
at digming 5ol pips hottom the stuchirallykirematic parameters of the process



430 Mibajlo Sukach, Serzij Lisak

The dependence can be deterrnined of the parameters of the worling hody speed v, the ma-
chine base v, angles and setting of the fravne of chain sections in the horizontal plane f and slope

% for digging soil pipe bottorm. _ _
Lngle v of the plane of the absolate speed v of the plane rotion of the tractor pz is pre-

sented in Fig. 5 » % £, where £ - the angle betreen the horizontal projec tions of the abaolute
cutting speed v and speed chain v In the tiangle: & GO0 sde 0= Qdeodi, DD = (Brosh,
Ch= AR =w,.

Beplacing the sides of the triangle ACOD throngh the hovizontal projection speeds gets:

2 2 2 2 2
W, —V oo d-w. o cos 8
2w, cos 8y cosd

v, —vioos' 6 —v oot @ g & =arccos
2v_cos @ v cosd

cogd =

v,f - vf cost & - ch cos' @
2w cos @ v cosd
The last formula implies that the layer thickne ss of soil at the digging under the pipeline has
the forra R, = f,.:—”li.mf",, hy=ty :llinﬁ, S peed cirouit french excavator is usuallyve 0,4, 2rofs, and

speed mackines in the unearthing of the pipeline is vy, =80 m/h (v, = 0,022 mis). The graph in Fig.
t shows the de perdence of the thickress of the ground layer on the construction (cutting tool step’s
location, angle s setting frarne) and kine matic (speed chain and machine) pararneters of the process.

Lecording to the graphic interprefation of the specified forranlas, with higher speed chain
at a constant speed rmachine, the thickness of soil laver decreases. The ratio of the observed rapid

reduction of laver ground thickness is m = :—E =10...50, while the velocity ratio m = 60...100 iz not

)
a substantial change of parawmeter . Therefore, in this range the change of cham speed iz irrvelewant.

Then angle ;r’=%—a:mcu::s

CONCLUSIONS

Lz a result of tests, kinernatic analysis during the work of the machine established that the
trajectory of the cutting fool & deviates from the angle of the sections | of working ecquipraent.

This de pendence, whichis associated with geometic and kirnematic parame ters of the process
of digging the soil, narmely: the thickness of the ground layer b, angle of inclination of sections to
cut £, v, p, location of the cutting tool’s step £; ete.

Basedon the depende neies wou can defive and re gulate the speed of the chain v and mackine s
Ve 1o prowade the necessary thickness of the ground lawer A
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ANALIZA KINEMATY CZNA PRACY KOPARKI DO ROWOW

Stresremnde, Prmeproarad mro analice larematyezig prac ey odbopyer arm raocigen wedhs jego obwarodn.
Tstalono welame ponnedzy parammetang kivermatyemym a geore ycmyn pramjace] HasTyHy.

Slowa lhwrowe: araliza kivematyrena, koparka do woardar, marociss, paramehy



