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Abstract. The development of the Arctic shelf and the Farthice hampered by severe natural
and climatic conditions, remoteness from the plaafepermanent human habitation, lack of
infrastructure and vehicles adapted to such canditi Taking into account the need to create
new models and types of transport-technologicalhima&s, the unification of the structure is
rational. The article briefly presents the esserfdbde concept of creating a mobile complex of
transport-technological machines for the Arctichaatunified platform. To create this complex,
the need for key types of transportation and teldyical works in the Arctic was analysed. The
design of machines from the complex was carried taking into account the functional
designations, ergonomic requirements and technmdbfgatures of structural materials. For the
development machine construction were used the adstbf computer modelling and finite
element analysis. The article describes an expeta@hesample of a technological machine
created using the unified platform. The present=ililts of experimental studies confirm the
validity of the selected solutions, the feasibilitfycreating a complex of machines on a unified
platform and the validity of the concept as a whole

1. Introduction

1.1. Therichness of the natural resources of the Arctic

The total land area of the Arctic zone occupiesuald®d million square kilometers. The Arctic zone
includes the territories of 8 countries: RussiaAlAlaska), Canada, Iceland, Denmark (Greenland and
Faroe Islands), Norway, Sweden and Finland. Thédisextremely rich in almost all types of nalura
resources. About 35% of the oil and 32% of themgaduced in the world fall on the offshore field$. [

In connection with the reduction of oil and gaserees in continental deposits, the development of
offshore deposits is inevitable [2]. About a thafdthe Arctic zone accounts for a huge part of Russ
(4.4 million km?2), where live about 2 million peeplAccelerated and large-scale development of the
Arctic is important for increasing the economiceital of the Russian Federation. The development
of the Arctic is associated with the extractiorobfand gas from the continental deposits of theeBes,
Pechora and Okhotsk seas. The economy of the Russitic produces more than 10% of the country's
GDP, approximately 70% of the entire GDP of thetisrzone, and provides more than 20% of exports
(gas, ail, non-ferrous metals, fish) [3]. On thesBian territory there are more than 250 milliorrélar

of oil and gas in the oil equivalent, which is 8.bf the entire Arctic reserves. The Russian Arctic
shelf may become the main source of hydrocarbommaterials for Russia and the world market in the
21st century.
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1.2. Difficult natural and climatic conditions of the Arctic
The development of the Arctic and the Arctic shelfmpeded by natural and climatic conditions: a
difficult snow and ice situation, prolonged low feenatures, severe erosive effects of sea watemsto
a strong gusty wind, poor visibility conditionsg et
The natural and climatic conditions of the Rus#actic have the following characteristics:
- the average annual air temperature is below Ofallthg in winter to minus 50 ° C;
- the water temperature can reach minus 2 ° Cttemflow speedis 1 m/s;
- storms (September-November) with wave heightoup2t5 m and wind speed over 40 m/s;
- significant sea level fluctuations (up to 5 m 10ael00-year period);
- ice thickness up to 3 m and ice formations (huikapicebergs, etc.) with a height of up to 5 m;
- icing of surface and underwater structures;
- extremely complicated navigational situationgfrent long fogs and snowstorms; continuous polar
night up to 150 days; the drift of ice fields andhergs;
- the ground coldness.
The development of natural resources is also cansl by the lack of infrastructure, considerable
distance to the nearest human habitats and a somalber of transport-technological machines.

1.3. Key types of transport and technological work in the Arctic
At present time the following types of transportdaachnological works are being carried out for the
development of the Arctic:
. Geological prospecting;
. Unloading of vessels on unequipped coast;
. Organization of pontoon crossings;
. Laying and maintenance of oil and gas pipelines;
. Preparation of aerodrome runways;
. Liquidation of emergency oil spills;
. Release of objects from ice captivity;
. Carrying out sea and land rescue operations;
. Posting of sea vessels along the Northern Sa&eRo

10. Performance of public functions in hard-to-teesgions.
Despite the different purposes of each of the wprksented, they are largely similar in compositbn
their operations: transportation of people, cargd aquipment by land / water; bulldozer work;
Excavation work; ice-cutting works; snow-removal gy loading and unloading operations;
installation / deployment of residential moduleswer supply; welding works; positioning on the
ground; drilling work; urgent repair of equipmeniprk on hardening the ice surface; collection &f oi
from the surface of water / ice / snow / soil; isgttooom barriers; provision of funds for the pion
of medical assistance; communication.

O©CoOoO~NOOUIThWNE

2. Mobile complex of transport-technological machinesfor the Arctic

2.1. The key element of the mobile complex

The presented transport-technological operatiorscarried out using specialized Arctic types of
equipment, which is adapted to the conditions efAlctic in varying degrees. A significant parttioé
ground transportation of the Arctic was createdtlom basis of ready-made serial assemblies and
components designed for operation in a milder diémahis borrowing is reflected in the low efficen

and reliability of existing equipment, which is eterrent to the development of the Arctic.

Arctic vehicles should not only withstand low termgteres, but also easily overcome off-road. Work
in the coastal part of the northern seas requigshines to have amphibious properties and thetyabili
to leave water for ice. Performance of work in sheampy terrain requires all-terrain movement and
stability.



KOD 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 393 (2018) 012119 doi:10.1088/1757-899X/393/1/012119

The use of a common universal base chassis isighfiar the creation of new transport-technological
machines for the Arctic and reducing the costst®fproduction. Such an approach will allow to
maximally unify the technique, which will ensureghi maintainability, interchangeability and
modularity of the transport and technological coempk being created.

Since the movement in the Arctic is mainly careed in several environments (ice, snow, water and
their combinations), it is important to use ampbiils vehicles with high cross-country terrain. Ia th
line of all-terrain vehicles, a special place isuaed by machines with a rotary-screw propelléel
any other machine, they also have their advantageslisadvantages. Rotary-screw propeller provides
the vehicle the following advantages [4, 5]:

- particularly high cross-country capability of thehicle;

- creating very low ground pressure (0.004-0.01 MPa

- movement along various weakly bearing basesudhicy their combinations: bogs, silted fields,

snow virgin soil, water and ice obstacles, etc.;

- greater traction force than any other type otigbpropulsors.

The disadvantages of rotary-screw machines include:

- unsuitable for driving on hard and abrasive salbss: public roads, sand, stone;

- large friction forces with a support base.

Arctic conditions allow to fully use the advantag#ghe rotary-screw propeller, and the effecttsf i
shortcomings is minimized. Areas of rational useetiicles with rotary-screw propeller are difficult
to-reach land areas and transitional zones froohti@amvater [6]. The low development of infrastruetu
in the Arctic and the properties of the rotary-scpropeller system make it possible to widely dse i
the real sector of the economy. One of the waysotee the transport-technological problem for the
Arctic can be the use of a unified platform witle tlotary-screw propeller (Figure 1). This platfdnas
the following main structural elements: frame-baatary-screw propellers, ship engine, hydraulic
transmission, deck with fences and fuel tanks.

Deck with Fuel tanks

| / fences
“:s..' :

Sealed

compartments Rotary-screw

propellers

Hydraulic

Ship engine Frame-boat transmission

Figure 1. Unified platform with rotary-screw propeller.

2.2. General description of the complex
The concept of creating a multifunctional mobilengex of transport-technological machines for the
Arctic is based on the following principles:

The principle of universality is aimed at the ugeserially produced and widely used equipment
without any modifications. This principle providi&Es a simplified implementation of the complex in
the real technological process, reducing the firmmosts associated with the need to expand de fl
of equipment.



KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012119 doi:10.1088/1757-899X/393/1/012119

The unification principle is aimed at achieving thghest level of unification and ensuring complete
interchangeability of the units of the machinesibaleveloped. The result consists in reducing dlsésc
associated with the operation and repair of mashfireem the complex.

The principle of variability ensures the availayilof standard series of equipment of various
capacities used in the complex. The result is Wity in the composition of the complex for the
performance of a specific task, which in turn wiltrease mobility.

The modular design of the complex provides sigaificflexibility in the formation of a group of
machines of the required functionality. The unifigldtform will allow the installation of various
operating units, for example, a drilling rig (FiguR), a shift module (Figure 3), oil spill response
equipment (Figure 4), a crane installation (Fidhirea cargo container, construction equipment (btjck
manipulator, dumps), etc.

The design of the machines was carried out takitigdccount the anthropometric properties of man.
The maximum possible dimensions of a tall man inti&rclothes were used (Figure 6). According to
the principles of universality and variance, itriecessary to organize various combinations of
component parts of the complex for performing tgpizansport and technological operations. The
formation of rational combinations can be ensungdtbucturing the composition of the complex and
constructively ensuring the interfacing of its ditagnt parts in various combinations (Figure 7).

The functional structure of the complex divides tloenenclature of structural units of the complex
into three functional blocks:

- technological blocks are technological equipnmentided for use in the complex;

- transport blocks represent the entire standargeraf unified rotary-screw chassis;

- auxiliary blocks represent various blocks thaswea the functioning of the complex (parts and

assembly units for interfacing individual blockssoftware).

e

Figure 2. Unified rotary-screw platform with Figure 3. Residential vehicle based on unified
drilling rig. rotary-screw platform.

Figure 4. The unified platform with oil spill Figure5. Unified platform with crane.
response equipment.
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Figure 6. Conditional designation of the operator in overll a standing
position (dimensions are in millimeters).

Organizational structure

Ef_

Functional structure

Nomenclature of structural units
of the complex

Auxiliary blocks
z 3

1
Modules

Transport blocks

Technological blocks

Groups of blocks
/i\ j / k ; — Blocks

Figure 7. Structure of the multifunctional mobile complex tofnsport-
technological machines for the Arctic.

_______ Composition
of the complex

The technological group should include equipment ik produced serially and widely used at
present in real economic activities. A typical rammd equipment should not exceed three positiars, a
generally should include light, medium and heawigepent. The length of the standard size row can
be reduced to two positions, where appropriate.

The transport group will be designed and will bkeab fully comply with all three previously stated
principles. The typical range of the chassis wilfrespond to the equipment from the technological
group. Auxiliary blocks are a minor component of tomplex and include the necessary minimum
equipment for interfacing blocks in the construetad various module configurations.

The organizational structure of the complex deteesithe combination of individual blocks from
different groups of functional structures to penfiospecific practical tasks. These combinations of
blocks form the modules of the complex. The moaae include blocks from all three groups of the
functional structure, and only from one group. $atof modules forms the composition of the complex

3. Designing an experimental model of a lightweight class vehicle
In the scientific and educational center "Transpamtexperimental model of a light-weight vehiclasv
developed and created from the mobile transpohr@logical complex for the Arctic.
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3.1. General description of the experimental model

The experimental model of a lightweight vehicle wawsen for testing and verifying technical
solutions. The machine is a rotary-screw floatingphibian with a small drilling rig installed on the
frame, designed for exploratory drilling of wellg to 100 m deep (Figure 8). Overall dimension$ef t
machine: length (frame / protruding parts) 604466¥m; height of the cabin is 2232 mm; width 2626
mm. The total weight of the machine is 4.5 tons.

Figure 8. Computer 3D model of an experimental model wigmell drilling rig.

3.2. Mathematical modeling: stability, all-terrain movement, strength
At the first design stage, a simplified model o thachine was used to determine the rational $patia
arrangement of the main elements. The search waigdaut based on calculations of the draft,
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Figure9. The stage of determining seaworthiness, basedson@ified model.
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displacement, wetted area, longitudinal and tramsevestability for static and dynamic loading,
metacentric height (Figure 9). Calculations wergied out in the LabVIEW software package in
accordance with the generally accepted calculatiethods in shipbuilding theory [7].

The result of the search studies was the deterimimat the most rational proportions and sizes of
the new machine, which allowed us to proceed tonthé stage of design. Were determined rational
shape and dimensions of the helical blade for pexified overall dimensions of the rotary-screw
propeller. Determination of the parameters of tleéichl blade was carried out by the method of
choosing rational parameters of the rotary-screspglier [8]. Modeling the motion of different types
of snow (from freshly fallen to dense and cakedjlen& possible to determine the achievable value of
the traction force and the necessary torque fomptbeeller. As expected, the greatest impact on the
traction force of the machine was made by a héliitzale (Figure 10). Increasing the height of tralbl
leads to an increase in the resistance to movemabith is expressed in the significant torque thast
be created on the output shaft of the transmidq$imure 11).

Studies on the experimental model of the machimmeveld good convergence with the results of
calculations. The comparison was made for casesmérsion of the rotary-screw propeller in the snow
and for the maximum value of the developed tractiooe for different types of snow (Figures 12 and
13). The discrepancy between the calculations hedekxperimental data for immersing rotary-screw
propeller in snow is 13%, for the traction forcetlog experimental model is 17%. This confirms the
reliability of the main theoretical assumptions amgotheses in the compilation of mathematical
models. Computer 3D models of the rotary-screw @ltep with rational geometric parameters and
frame-boat are presented in Figures 14 and 15cbeply.

Frmax, N M (Fymax), N-m
14 000 2200
10 000
§ 000 1400
6 000 — 1 000 p=0,20 g/cm?
p=0.15 g/em
2000 ~—
0 200
0,030 0,070 0,110 0,150 0,030 0,070 0,110 0,150
Height of helical blade, m Height of helical blade, m
Figure 10. Dependence of the traction force or Figure 11. The dependence of the torque on
height of the helical blade. height of the helical blade.
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Figure 12. Dependence of the traction force or Figure 13. The dependence of the torque on
height of the helical blade. height of the helical blade.
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Figure 14. Computer 3D model of rotary- Figure 15. Computer 3D model of frame-boat.
screw propeller.

The strength calculations were performed by thiéefiellement method in the Autodesk Simulaton
Mechanical environment. The calculations took iatrount the degradation of the physical and
mechanical properties of the material in the Arctimate.

Calculations showed that the greatest load on tighiious chassis occurs when the vehicle is
diagonally twisted (Figures 16 and 17). This loadurs when the vehicle leaves the water on ice or
when one of the propulsion units hits the obstacle.

=
P
O

Figure 16. Stress distribution in the frar Figure 17. Distribution of deformations in fran
construction. construction.

The maximum values of stresses and deformatiotiseirframe from diagonal twisting were 128
MPa and 2.27 mm, respectively. The maximum stredgksot exceed the yield strength of stainless
steel (345 MPa), so the resulting stresses andstaee acceptable. For the rotary-screw propeher,
most critical load occurs when the obstacle iscgthy the inter-turn space, when it is not supmblkig
the inner frame (Figures 18 and 19). The maximulmesof stresses and deformations in the propeller
construction were 273 MPa and 4.25 mm, respectivEhese stresses exceed the yield strength of
stainless steel by 31.7%, but they do not destieyptopulsion shell and only slightly deform it.eTh
calculation confirmed the efficiency of the rotasgrew propeller, and also showed the need tchil t
internal cavity with a rigid material. Conductingperimental studies aimed at verifying the resafts
strength calculations is planned for the end of&01

Figure 18. Stress distribution in the rotaryFigure 19. Distribution of deformations in the rotary-
screw propeller construction. screw propeller construction.



KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012119 doi:10.1088/1757-899X/393/1/012119

4. Conclusion

The result of the creation of this universal molsibenplex will be the expansion of the field of huma
economic activities in the Arctic shelf zone byrgasing the efficiency of geological, seismological
prospecting, mining and other technological operati A positive economic effect can be achieved
thanks to the year-round operation of the complexuse of serially produced samples of technoédgic
equipment, the unification of the carrier chasgiparform any role in the complex, improve the leve
of automation of work.

Acknowledgments

The work was done in Nizhny Novgorod State TecHriraversity named after R.E. Alekseev, with
the financial support of the state representechbyMinistry of Education and Science of the Russian
Federation under the agreement 14.577.21.0222 .6D@®16. Identification number of the project:
RFMEFI57716X0222. Theme: «Creation of an experimentodel of an amphibious autonomous
transport and technological complex with an inggliit control and navigation system for year-round
exploration and drilling operations on the Arctiel».

References

[1] Osadchy A 2006 Oil and Gas of the Russian Sheiimates and Forecas&ienceand Life 7 2-7

[2] Bogatyreva E V 2008 ethods for Ensuring the Safety of Personnd of the Oil and Gas Platforms
of the Arctic Shelf, Federal State Budgetary Educational Institutiddigher Education “Gubkin
Russian State University of Oil and Gas (Nationegéairch University)”, PhD thesis

[8] Maenpaal 2008 Comparative Analysis of Arctic Ecoies at Macro Levellhe Economy of the
North 27-32

[4] Donatol O, Zhuk V A, Kuznetsov B V, Kulyashov A$hapkin V A and Shcherbakov Y V 2000
Rotary Screw Machines: Fundamental s of the Theory of Motion, NPK

[5] Kotlyarenko V | 2009ientific Substantiation of the Creation and Development of Running
Systems of Vehicles on Pneumowheel Thrusters of Ultralow Pressure, Nizhny Novgorod State
Technical University named after R.E. Alekseev, Rh&sis

[6] Kulyashov A P 1986ypecial Construction and Road Machines with Rotary-Screw Propulsion,
Gorky Polytechnic Institute, PhD thesis

[71 Fukelman V L 199Fundamentals of the Theory of the Ship, Shipbuilding

[8] Krasheninnikov M S 201Bevel opment of the Method of Calculation and Selection of Parameters
of a Rotary-Screw Propulsion Devicefor Increasing the Permeability of Vehicles Through Show,
Nizhny Novgorod State Technical University nameaeraR.E. Alekseev, PhD thesis



