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Abstract. Modern requirements for the laying of
underground communications consist of a
combination of high construction rates with low
energy consumption. The highest rate of laying
linear objects is ensured by knife-type cable and
pipe-layers, which are designed for their trenchless
burial - this is when a narrow slot is cut in the soil,
through which a cable or pipeline is launched. A
feature of this process is the need to use large
traction forces, which are determined by the
resistance forces of the soil when cutting it.
Accordingly, the cutting resistance of the soil
depends on the dimensions of the width and depth
of the gap and the physical and mechanical
properties of the soil. Finding ways to reduce forces
for deep cutting of soils is an important problem.

One of the ways to improve the efficiency of
trenchless laying machines is to equip them with
vibrating knives. It is known that when the knife
oscillates in the wvertical direction, it leads,
depending on the soil and the speed of movement,
to a 30...60% decrease in traction resistance. But
the use of more complex vibration movements of
the knives allows reducing the traction resistance
during deep cutting of soils by 70...90%. It is well-
known that various designs of mechanical drive are
used to implement the process of vibration of
knives. These are complex devices that, together
with the entire machine, require calculations.
Therefore, studying the forced vibration of the
knives of pipe deepeners is an urgent task, which is
aimed at reducing the energy consumption of the
process of soil deep cutting and improving the
overall performance of knife machines for
trenchless laying of underground utilities.
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To achieve the goal, the paper considered
possible variants of the vibration oscillation of the
knives and provided calculation dependencies for
determining the resistance of soil cutting by active
knives; also the dependence for determining the
maximum average drive power of a centralized
unbalanced vibrator was given. At the same time,
the dimensions of the gap obtained, the physical and
mechanical properties of the soil and the technical
characteristics of the vibrator were taken into
account.The obtained recommendations can be used
when designing trenchless laying machines using
vibrating knives.
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INTRODUCTION

One of the ways to improve the efficiency of
trenchless laying machines is equipping them
with vibrating knives. This makes it possible to
reduce traction resistance during deep soil
cutting by 30...60% to 70...90%, depending on
the direction of oscillating movements, the
speed of the machine and the type of soil being
developed. Studying the process of forced
vibration of pipe deepener knives is an urgent
task, which is aimed at reducing the energy
consumption of the process of deep cutting of
the soil and improving the overall performance
of knife machines for trenchless laying of
underground utilities. The work provides
calculated dependencies for determining the
resistance of soil cutting by active knives and a
dependency for determining the maximum
average drive power of a centralized
unbalanced vibrator required when designing
trenchless laying machines which use vibrating
knives.

ANALYSIS OF PUBLICATIONS

During the construction of linear and pulling
sections of engineering communications, such
as pipelines, communication lines, and others,
an important issue is the choice of construction
technology, which significantly affects the cost
of the work. It is admitted that the most time-
consuming and material-intensive stage of
construction of pipelines and communication
lines is excavation work [1]. Its costs make up
more than half of the total estimate of
construction works. They are especially large in
operations related to the reclamation of fertile
soils, excavation of a trench and its backfilling
after laying of a pipeline. The rate at which
these works are executed is extremely low and
requires the involvement of a large number of
construction equipment: excavators,
bulldozers, pipe-layers and recultivators [2].

In the last decade, trenchless technologies
based on the methods of pulling or deepening
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pipelines and other engineering
communications have gained popularity in this
field of construction [3].

When laying pipelines by the method of
deepening or pulling, basic machines use large
tractive forces, which in some cases do not
reach their limit value determined by the
hitching weight of the tractor. As a result of
this, there is a certain surplus of power, which
can be implemented by creating new working
organs of active action [4].

It is known that soil cutting resistance can be
significantly reduced by intensification of the
process when using a number of physical
phenomena aimed at soil destruction, its
transportation on the surfaces of the working
bodies of earthmoving machines. One of these
directions is the use of the vibration effect to
reduce the resistance of digging soils during
deep cutting of the soil, which is typical for the
processes of deepening and pulling pipelines,
cables of communication lines and other
engineering communications in the soil. In
particular, the machines of such companies as:
Lancier, Vermeer, etc., have recently been
widely used when laying communication lines.
[5, 6].

Vibrating cable-layers have a knife that is set
in an oscillating motion in vertical and
horizontal directions or in a circular motion
along a complex trajectory. From the analysis
of technical sources [7], it was established that
the greatest effect, namely a reduction in
traction resistance by 70...90%, is achieved
with  plane-parallel  circulation  (orbital)
movement of the knife along elliptical, circular
or oval trajectories when the speed of the
working stroke is less than the amplitude value
speed of oscillations.

Cable laying machines with oscillating knife
movement in the vertical plane have become
the most widely used due to the simplicity of
the design and reliability in operation.

The rational use of vibrating cable-layers is
ensured in loose soils (clogged with stones,
construction debris, on pebbles). The vibrating
knife is well cleaned of plant residues.

Non-directional and directional vibrators,
cam and crank mechanisms are used as drive
mechanisms of the knife. The frequency of
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oscillations excited by drive mechanisms (vibro
exciters) is 15...46 Hz in the completed
designs; the amplitude of oscillations varies
from 15 to 93 mm [8].

However, the review of the technical
literature showed neither the studies of the
physics of the interaction process between the
vibrating knife working body and the soil nor
the calculation dependencies that would allow,
on the basis of the established laws of soil
cutting, obtaining recommendations for the
creation of machines and mechanisms that
realize the conditions for the maximum effect
of laying underground communications. There
are also no known cases of using a flow of high-
pressure hydraulic fluid from the hydraulic
drive system of the base machine as a generator
of oscillations on the knife working body.

GOAL AND PROBLEM STATEMENT

The purpose of the research is to establish
the possibility of increasing the efficiency of
the processes of soil deep cutting by knife
trenchless laying machines, in order to solve the
following issues:

- justify the approaches to the use of
vibrating knives for trenchless machines and
establish the regularities and features of their
action;

- decide on the calculation models for
determining the resistance of soil cutting with
active knives and the dependence for
calculating the maximum average drive power
of a centralized unbalanced vibrator.

USE OF VIBRATING KNIVES FOR
TRENCHLESS MACHINES AND
ESTABLISHMENT OF REGULATIONS
AND FEATURES OF THEIR ACTION

To increase the efficiency of trenchless cable
layers by reducing their traction resistance,
modern cable layers are equipped with
vertically vibrating knives (Fig.1, a). In this
case, the knife oscillates in the vertical
direction, which, depending on the soil and the
speed of movement, leads to a decrease in
traction resistance by 30...60%.
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The use of longitudinal vibrations (Fig.1, b) or
vibrations arising due to angular oscillations of
the knife around the transverse axis is more
effective in reducing traction resistance (Fig.1, c).

The greatest effect, which reduces traction
resistance by 70...90%, is obtained when the
knife makes plane-parallel circulation (orbital)
movement along elliptical, circular, oval and
other closed trajectories (Fig.1, d).

There are designs of cable layers in which
the knife oscillates along an arc of a circle with
a radius of r (Fig.1, e) and at the same time
vertically with an amplitude equal to h/2. The
movement of the knife in this case is called
circulation.

Cable laying machines with vertically
vibrating knives are characterized by relative
simplicity of design and reliability compared to
cable laying machines in which the knives
make longitudinal or circular oscillations, and
therefore are increasingly used.

Cable laying machines with vibrating knives
work particularly  effectively in  soils
contaminated by rocks, in bulk soils containing
construction debris, on gravel pits. In these
cases, the reduction in traction resistance
compared to passive cutting can be 2...3 times.
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Fig. 1. Schemes of vibrating knives of
cable-layers
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Vibrating cable-layers have a fairly high
degree of the knife self-cleaning, they stably
withstand the depth of the move, do not destroy
the top layer of the soil to the same extent as
passive cable-layers. The gap formed by the
vibrating cable layer disappears faster than
when working with passive knives, and in the
presence of supporting pneumatic trampling
rollers, it is completely covered, which
excludes the use of a backfill trench. These
qualities stimulate the development and
production of vibrating cable layers.

CALCULATION MODELS
FOR DETERMINING RESISTANCE
OF SOIL CUTTING WITH ACTIVE
KNIVES AND THE DRIVE POWER
OF A DECENTRATED UNBALANCED
VIBRATOR

Vibrating cable-layers have a knife that is set
in an oscillating motion in the vertical and
horizontal planes or in a circular motion along
a complex trajectory [1]. The greatest vibration
effect (decrease of traction resistance by
70..90%) occurs during plane-parallel
circulation (orbital) movement of the knife
along elliptical, circular or oval trajectories
when the speed of the working stroke is less
than the amplitude value of the oscillation
speed.

Cable layers with oscillating knife
movement in the vertical plane have become
the most widespread due to the simplicity of the
design and reliability in operation.

The most effective use of vibrating cable-
layers is on non-cohesive soils (contaminated
by rocks, construction debris, on pebbles). The
vibrating knife is well cleaned of plant residues.

The drive mechanisms of the knife are
vibrators of non-directed and directed action,
cam and crank-rod mechanisms. The frequency
of oscillations generated by drive mechanisms
(vibrators) is 15..46 Hz in the completed
structures; the amplitude of oscillation varies
from 15 to 93 mm.

We will consider the design of vibrating
cable layers on the example of the Lancier
company models (Germany), Table 1. The
difference of the KR cable layer attachment is
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that it uses two sequentially installed hinged
parallelograms, the front 2 of which is
connected to a vertical rotary column located in
the supports, rigidly connected to the frame of
the basic tractor, and the rear 3 — to the vertical
link of the front parallelogram 2, and carries the
vibrator 4 and knife 8 with the cassette 7
(Fig.2). This form of attachment reduces the
transmission of vibrations to the base tractor.

Table 1. Technical characteristics of Lancier
vibrating cable layers (Germany)

Indicator KV1 | KV2 | KV15 KR

Cable drum
Diameter, mm| 1400 | 1800 | 3000 3000

Width, mm 710 | 1300 | 1960 | 2x 1760
Weight, kg - 2700 | 5000 | 2x5000
Puncture

depth, m 0.63 1.0 1.0 1.2

Engine power
of the basic
tractor, KW

The minimum
radius of the
curvature of
the track, m 4.0 8.0 8.0 12.0
Dimensions,

20...30| 58 100 300

m:

length - 7.7 10.0 12.5
width - 1.8 2.4 3.25
height - 35 35 3.8
Weight, kg — 8000 | 18,000 | 40,000

For vibrating cable-layers the wheeled
tractors are mainly used to ensure that cable-
layers can move to the work site without the use
of trailers.

The working movement of a tractor
equipped with the vibrating cable-laying device
must go on at a low speed, therefore, basic
tractors are aggregated with speed reducers or
hydraulic transmissions of the hydrovolume
type with stepless adjustment of the speed of
movement. The most advanced is hydraulic
transmission, adjusted for a certain tangential
traction force.

Trailed vibrating cable-layers are less
common than mounted ones, because the cable-
laying unit, consisting of a trailed cable-layer
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Fig.2. Vibrating cable layer. 1 — the bracket with lightning protection wire; 2 and
3 — the links of the front and back parallelograms; 4 — the vibrator; 5 — the
roller clip; 6 — the signal tape coil housing; 7 — the cable cassette; 8 — the
knife; 9, 10, 11 — the hydraulic cylinders

and a tractor towing it, loses one of the main
advantages of a mounted vibrating cable-layer
— maneuverability. In addition, such a unit
requires more service personnel.

Trailed vibrating cable-layers have two
support wheels. The vibrator is driven by the
power take-off shaft of the tractor or by the
hydraulic motor. An autonomous internal
combustion engine installed on the cable laying
frame is also used.

Cutting resistance for active knives is
determined by dependence

— f5in2% _sin%cos &
W _UkabH(f fsin > smzcoszj’(l)
0 ‘ L 20 . O
okB cospsin 50085

where U is the rate of deformations
propagation in the soil; k() is the specific

resistance to dynamic destruction, which
depends on the speed of load application, soil
properties and the type of dynamic compression
diagram.
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where b, H are the width and depth of cutting;

Lis the speed of soil loading; kB is a coefficient

that depends on the angle of the knife
sharpening in the plan; p, f is the friction
coefficient of the soil on the steel; o isthe angle
of inclination of the knife rack to the horizon.

E, (1-u)

U=
2 1
po(l—u—Zu )

(3)

where Ea is the modulus of soil deformation;

W is the coefficient of transverse deformation
(Poisson's ratio); p, is the natural density of the

soil.
In the theory of vibration technology, it is
determined that the maximum average power
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per drive of a centrifugal unbalanced vibrator is
equal to

mre’

Noy = 4(ml+m0)(03§ —032) '

(4)

where m, is the mass of the unbalanced

vibrator; r is the radius of rotation of
imbalance; ® is the vibration frequency
(angular speed of the vibrator); m, is the mass

of the vibrator with a knife; o, is the natural
angular frequency.

W =, 7 (5)

where g=9,81 m/s®>, x_ is the static

Ccm

deformation of pneumatic tires under the force
of gravity of the system.

Vibrating cable-layers lay the cable in
various soils (except frozen and rocky) with a
working speed of up to 1000 m/h. Most of the
vibrating cable-layers lay the cable at a speed of
180...360 m/h, which is 5 + 10 times less than
the speed of cable-layers with passive working
bodies.

One of the directions for further research
related to the vibration method of increasing the
efficiency of knife pipelayers is the use of other
energy sources for the implementation of
oscillating movements of the machine working
equipment. For example, it can be the energy of
liquid cavitation, which is supplied under
pressure through a throttle device. It is known
to have a significant destructive power, and can
be used to solve the goal set in the work. The
review of the technical literature showed that
the possibility of practical implementation of
this oscillation method was not scientifically
estimated.

CONCLUSION
1. It was determined that excavation work is
the most time-consuming and material-

intensive stage of constructing pipelines and
communication lines. Their costs make up more
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than half of the total estimate of construction
works.

2. To increase the efficiency of trenchless
cable layers by reducing their traction
resistance, modern cable layers are equipped
with vertically vibrating knives (Fig.1, a). In
this case, the knife oscillates in the vertical
direction, which, depending on the soil and the
speed of movement, causes a 30...60%
decrease in traction resistance.

3. The performed calculations showed that
the majority of vibrating cable layers lay the
cable at a speed of 180...360 m/h, which is
5...10 times less than the speed of laying by
cable layers with passive working bodies.

One of the directions for further research
related to the vibration method of increasing the
efficiency of knife pipelayers can be the search
for other sources of energy to implement
oscillating movements of the working
equipment of the machine. For example, from a
scientific point of view, it is interesting to
determine the possibility of using the effect of
cavitation of liquid, formed when flowing
under pressure through a throttle device, which
can be rigidly mounted in a knife.
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HoBbimenne 3¢ peKTUBHOCTH OecTpPaHIIEHHBIX
cocTaBUTeJ el HCMOJb30BaHNEeM BUOPUPYIOIINX
HOKeH

Braoumup Cynones, Bumanuii Pazynun,
Braoumup Onexcun

Annotanus. CoBpeMeHHbIe TpeOOBaHMUS K MPO-
KJIaJIK€ TIOA3EMHBIX KOMMYHHKAIIUHA COCTOSIT B CO-
YEeTaHUH BBICOKMX TEMIIOB CTPOHMTENHCTBA C HU3-
KHMMHU 3aTpatamu 3Heprun. Hanbomnbimuii Temm npo-
KJIaJIKA JIMHEHHO-TIPOTSKEHHBIX 00BEKTOB o0ecIie-
YMBAETCsl HOXEBBIMH KaOene- M TpyOoyKiaguu-
KaMH, KOTOpbIe NpenHa3HaueHbl Uil X OecTpaH-
IeHHOTO yriTyOJIeH s - KOTAa B TPYHTE Hape3aeTcs
y3Kas IIeib, Yepe3 KOTOPYIO 3aIlycKaeTcsi Kabemb
uiu Tpy6ornposoa. OCOOEHHOCTBIO ATOrO IpolLecca
ABIISIETCS HEOOXOIUMOCTh HCIIONB30BAHUSA OOJb-
IINX TSTOBBIX YCHUJIMH, ONPEIEIIeMbIX CHIIAMH CO-
MIPOTUBJIEHHA TPYHTY Ipu ero peske. CooTBeT-
CTBEHHO CONPOTHUBIICHUE PE3KU I'PYyHTA 3aBUCHUT OT
pa3MepoB MHPHUHBI U TITYOHHBI MENU U (PU3UKO-Me-
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XaHWYECKUX CBOMCTB IrpyHTOB. [lonck myTeil cHH-
KEHUS CHJI AJIs TITyOOKOH PEe3KH IPYHTOB SIBIISIETCS
Ba)KHOH TIPOOIIEMOH.

OnHuUM W3 HalpaBJICHUH MOBBIICHUS d(dek-
THBHOCTH PabOTHI OCCTpaHIICHHBIX COCTAaBUTEICH
SIBIIIETCSI MX 000pyAOBaHUE BHOPUPYIOIIMMHU HO-
»amu. M3BecTHO, 4TO, KOT/1a HOXK COBEpIIaeT KoJle-
0aHus B BEPTUKAJIbHOM HaNpaBJICHHH, 3TO MPHUBO-
IUT B 3aBUCHUMOCTH OT IPYHTa U CKOPOCTH JIBHDKE-
HUSL K CHIDKCHHMIO TSTOBOIO CONPOTHUBIICHHUS Ha
30...60%. A nmpuMeHEeHHEM 00JIee CIIOKHBIX BUOpa-
LUOHHBIX IBUKEHUI HOXKEH MO3BOMISAET CHU3UTB TS-
TOBOE CONPOTHUBIICHHUE IIPU IIyOOKOH pe3ke IpyH-
toB Ha 70...90%. W3BecTHO, 4TO I peann3anun
mporecca BUOpauuu HOXEW MCHOJB3YIOT pas3HbIC
KOHCTPYKLUHM MEXaHUYECKOT'O IIPUBOJA. DTO CIIOXK-
HBIE YCTPOWCTBA, KOTOPHIE BMECTE CO BCEW Mallu-
HOU HY>KAAI0TCs B IPOBEAICHUH pacueToB. [loaTomy
WCCIIeIOBAHNE TPUHYIUTEILHOW BUOpAITUN HOXEH
TpyOOyTIIyOuTENEH SBISIETCSA aKTyallbHOU 3a/1a4ei,
HaTpaBICHHON Ha CHIDKCHHE JHEpProsarpaT Mpo-
1ecca riryooKoi pe3ky rpyHTa U MOBBIIIEHHUE B Lie-
JIOM pabOTHI HOXKEBBIX MAIIIMH 7151 OeCTpaHIIeHHON’
MPOKJIAJKN MOA3EMHBIX KOMMYyHUKauuil. ns no-
CTYDKEHUS IOCTABJICHHOM 11eJTU B paboTe ObLIH pac-
CMOTpEHBI BO3MOXKHBIE BapHaHThl BUOPALIMOHHOTO
KoJIeOaHUsI HOXKEH W TIPENOCTaBICHBI PaCUETHHIC
3aBUCHUMOCTH ISl OMpENeNICHHUS] COMPOTUBICHUS
pe3aHus rpyHTa AKTHUBHBIMU HOKaMH.
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[IpuBeneHa 3aBUCUMOCTS JIJIS ONIPE/ICIICHUST MaKCH-
MaJIbHOW cpeaHed MOIIHOCTH MPUBOJA OTIEHTPH-
poBanHOTO aAcbOamaHcHoro BuwOpaTtopa. Ilpm 3TOM
YYTEHBI OBUIM pa3Mephbl MOJlydaeMou mienu, (u-
3UKO-MEXaHUYECKIEe CBONCTBA TPYHTOB U TEXHUYE-
CKHe XapaKTepucTuku BuoOparopa. [lomyuennsie pe-
KOMEH/IAIIMU MOTYT OBITh HCIIOJIB30BAaHBI MPHU CO-
3aHUU OECTPAHIICHHBIX COCTABUTENICH C MCIIONb-
30BaHNEM BHOPHUPYIOMINX HOXKEH.

KuioueBble ciioBa: rirybokast pe3ka rpyHTa, Co-
MIPOTUBJICHUE TPYHTA, MAIIMHbI JUIs OCCTpaHIICH-
HOM IIPOKJIaIKH, BUOPOHOXKH, HHKEHEPHBIE KOMMY-
HUKAIIWH, IPOKJIAJIKa TIOA3EMHBIX CeTeH.
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