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Abstract

It is known that both natural and artificial celestial bodies (planets, moons, asteroids, spacecrafts) experience the extremely slow change of parameters of their apparent motion over time. The reasons for such evolutionary process are the forces of internal dissipation acting both in the object observed, and in the other celestial bodies interacted gravitationally with it. In this report a mathematical model of internal dissipation is built, which allows to obtain the evolutionary equations of motion of a fractal rigid body (a solid with internal dissipative structure). The distinctive feature of these equations is an unusual form of non-linear dissipative forces containing the third time derivatives of generalized coordinates. Due to this fact, the system of evolutionary equations belongs to the class of equations with small parameters at higher derivatives, which significantly complicates its analysis.

This report focuses on the question of suppression of pendulum and string tether vibrations in large orbital constructions within the fractal rigid body model. Such structures seem to be the most convenient to create inhabited orbital complexes for different purposes. Therefore, the problem of passive stabilization and orientation has practical importance. Maintenance of long-term (century) stability of orbital constructions is extremely important for their normal functioning, since traditional models of absolutely firm bodies often lead to erroneous results and conclusions in the dynamic analysis of these constructions. 

Proposed fractal model can also describe tethered satellite system (TSS) more adequately: both rigid modules of the whole orbital system and long tethers in it. This allows to take into account the influence of  wide-range dissipative factors on the stability of TSS. In addition, the respective equations allow to study the evolutionary behaviour of an orbital tethered construction in their disturbed movement.

The origin of such disturbed movements can be both external (resistance of atmosphere, pressure of a solar radiation, micrometeoric impacts, contacts of docking space vehicles) and internal (movements of separate modules along with tether, or movements of cosmonauts being on the module). It is convenient to suppress fluctuations generated by these factors with the help of internal dampers, established in the most active fluctuating points of a tethered construction. In future, mathematical models offered in report can allow to estimate the efficiency of such dampers and to optimize their settlement in TSS and in the other large orbital objects.

1. Introduction 

In the early XXI century new stage of space development has begun. The first 50 years of space exploration (1960 – 2010) were dedicated mostly to reconnaissance missions in near and deep space. Colonization of near-Earth space by construction of stationary habitable, industrial and research objects, sited on earth orbit or moon surface, shall be the main goal in near future. There are lots of reasons why such objects are necessary. First of all, they are needed by sciences: physics, chemistry, biology, medicine, geology, climatology, meteorology, astrophysics and others. Future development of new production technologies using vacuum environment, zero- and micro-gravity will play its role too. And, last but not least, such objects surely will become “transshipment bases” for long and extra-long (interstellar) flights.

The other important, maybe the most important function of such cosmic objects will be construction and maintenance of solar cell panels that will provide energy for people. Development of on-orbit solar energy may become key direction for increase of power supply capacity.

It’s obvious that wide functional range of object requires presence of operating personnel who will live and work in simulated terranean environment. This requires at least micro-gravity (accelerations ~ 2-3 %) to be provided in living area. This measure will help to prevent or lower the risk of decay of calcium content in bones and dehydration of cellular structures, that is extremely high in zero-gravity environment.

Said micro-gravity can be provided by using layout of long cable dumbbell (figure 1) with its gravity center moving e.g. along a circular orbit and its butts (living area) subject to centrifugal and tidal gravity forces positioned on common local vertical, which goes through the gravity center of the dumbbell. Hereafter this layout will be called gravitational dipole (gravdipole). Such gravdipole keeps stable along the local vertical [ ]. For cable length 2l acceleration inside a butt will be (equation), where R is radius of the orbit of gravdipole’s mass center and g is gravity force acceleration in gravdipole’s mass center.

2. Dissipative dynamics of gravdipole.

In the future single gravdipole (GD) will be an essential element of extended orbital objects of different purpose. The main advantage of GD is that after placing into satellite orbit and deployment it assumes noticeable “flexural rigidity” and can be used as load-bearing support for other modules, equipment, slide blocks, etc. Single dipole has also some significant dinamical disadvantages due to its tendency to low-frequency vibration with low decay level. Such vibration impedes most of operational and research activities. Its brings up an issue of efficient vibration damping. The main problem is lack of external friction on orbit, so there are only two solutions: to increase internal friction rating or to simulate it with active damping devices. It can be a complex of sliding blocks moving up and down along the cable in a certain manner. Yet there is risk that other vibrations will occur during the damping. External friction simulation by adjustable electromagnetic interaction of conducting cable and Earth’s magnetic field can lead to similar matters.

Bearing that in mind, let’s refer to the most efficient and easy way to damp GD vibration by means of internal friction of cable material. Such damping occurs in case of wave deformation of cable (i.e. lateral vibration as an elastic stretched string) or during “solid” pendular vibrations of GD near local vertical.

The ability to damp mechanical energy of cyclic lateral vibration of the connecting cable of GD as well as energy of extension/compression of cable during  “solid” pendular vibrations of GD about orbital axes is an apparent advantage of this method. Obviously, the slower is vibration of the whole system, the slower will tension of the cable change, so damping will take much time and dynamic process will be evolutionary. To accelerate the process mobile or sliding blocks that will move in-sync and in-phase with GD vibrations can be set on the cable; it’s like squats and stan-ups can stop pendular swings.

In general, the process of passive damping of GD vibration consists of two frequency modes – high-frequency, damping deformational (lateral) vibration and low-frequency pendular vibrations. Given fact that basic frequency of lateral vibration of cable are apparently higher than pendular vibration frequency, these modes can be considered individually and their non-harmonic interaction may be ignored.

Let’s analyze the concrete objective of simple cable dumbbell GD 2l long, with “poinlike” butts with mass of m each. Let us assume that the cable is massless and vibrations of GD occur in the plane of its orbit.

Also, cable has an internal dissipation due to the fact that the strength of its tension N is variable. This strength is composed from two components – gravity and centrifuge – as for usual pendulum. 
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where φ – angle between axis of GD and local vertical, 
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– average angular velocity, μ – Earth's gravitational parameter. Next:
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From this equation we can determine the power of dissipative forces:
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where β – low coefficient of internal dissipation, and where it is considered that the force N is the same in all sections of cable. To produce equations of small list vibrations DG in the orbital plane, we write its kinetic T and potential П energy.
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So the equation of small oscillations of DG 
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has such form:
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This extremely complicated nonlinear equation can be simplified using folowing assumptions: dissipative moment will be calculated for unperturbed movement (withot dissipation), where angular acceleration is:
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In addition, we take into account that the angle 
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 is small, so 
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. Under these assumptions, and excluding the angular acceleration (8) only in the second term in expression (7) (because of a higher order of the dissipative term in this approximation) equation (7) willhave rather simple form:
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This equation admits an analytical study using the method of variation of arbitrary constants, as is done in [2].

Similarly, the equation is dissipative transverse string oscillations in cable, which has a mass, can be obtained using function (3). I will not reproduce here the procedure for the derivation of this partial differential equation, but only the final result:
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Here, as it was before, β -- factor of internal dissipation, P -- force of a preliminary tension of a cable, ρ – linear density, u(x, t) – transverse displacement of the cable sections at the point with coordinate x at time t, time derivatives are indicated by points, u' and u'' - - the first and the second derivatives u(x, t) on x. As in the previous case, the quenching force here has a higher order than the inertialand elastic forces. Because of this process of passive dissipation of mechanical energy of an OTS is extremely slow and is evolutional in nature. Therefore, in cases where it is necessary to carry out rapid damping of deformationand pendulum vibrations of OTS, it is necessary to resort to active management of this process, either by special moving sliders on cabels (to cover global fluctuations of OTC) or creating an interference effect on the vibrating cabel (to suppress the cross-rope waves). 

In conclusion we can say that because of extreme flexibility of large GD, they may have extremely low-frequency global and deformation vibrations that prevent theirnormal functioning and use. Therefore, the problem of quenching of these oscillations becomes important toensure the effective operation of DG.

3. Multidipole orbital complex with electromagnetic thrust

Though single GD represents certain practical interest for the performance of some specific tasks (such as

microweight maintenance, environment monitoring, etc.), it mainly should be considered as a monoblock for

building the extensive tethered complexes of different function in orbit. For this purpose it is necessary to build

the system of such monoblocks in orbit, with horizontal cables connecting their top and bottom extremities, and, if

necessary, connecting middle points of monoblocks. Resulting flat mesh structure is suitable for placing the film

mirrors, panels of solar batteries and other superficial elements on it.

However, such construction has one essential lack - it is soft, so it cannot be considered as uniform object, suitable

for purposeful movements, turns and rotations in space. To eliminate this lack, it is possible to take advantage of

a method electromagnetic thrust. Its essence is to make soft conductor more rigid by electric current flowing in

contour and causing the forces of magnetic repulsion. Such ring will get the certain rigidity, allowing to consider

it as an almost firm body. To give the similar rigidity to a multidipole mesh plane, it is necessary to roll it up into

the circular cylinder (round a local vertical axis), and to connect the top and bottom extremities of monoblocks by

cables to make current rings. Then obtained mesh cylindrical cover will get the stability and rigidness, and will

be suitable for the diversified purposes. For increase rigidness of such frame, thrust current rings can be made of

superconducting materials. It will allow to increase essentially the current strength without the excessive expense of

electric power. The multidipole orbital complex created under such scheme (the Fig. 1б) will possess the rigidity and

stability necessary for orbit operations at a small weight of all construction.
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Figure 1.  Gravity dipole (a) and system of dipoles (b) on orbit  
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Эволюционная динамика орбитальных объектов

Леонтьев В.А. , Смольников Б.А. 

Известно, что как естественные, так и искусственные небесные тела (планеты, спутники, астероиды, космические аппараты) в процессе своего видимого движения испытывают также и крайне медленное изменение параметров этого движения. Причиной такого эволюционного процесса являются силы внутренней диссипации, действующие как в самом наблюдаемом объекте, так и в гравитационно взаимодействующих с ним небесных телах. В представленном докладе строится математическая модель внутренней диссипации, позволяющая получить эволюционные уравнения движения объекта с внутренней структурой, обладающей диссипативными свойствами (который таким образом можно рассматривать как «фрактальное твердое тело»). Характерной особенностью этих уравнений является необычная нелинейная форма выражения диссипативных сил, содержащая третьи производные по времени от обобщенных координат. Оказывается, что вследствие этого система эволюционных уравнений относится к классу уравнений с малыми параметрами при старших производных, что существенно усложняет ее аналитическое и численное исследование.

На основе построенной фрактальной модели твердого тела в докладе обсуждаются вопросы гашения маятниковых и струнных колебаний крупногабаритных орбитальных тросовых конструкций. Такие конструкции представляются наиболее удобными для создания обитаемых орбитальных комплексов различного назначения. Поэтому проблемы их пассивной стабилизации и ориентации приобретают важное практическое значение. Особенно важную роль в реализации подобных конструкций играют вопросы обеспечения их долговременной (вековой) устойчивости в орбитальных осях, так как именно в этих задачах традиционные модели абсолютно твердых тел нередко приводят к ошибочным результатам и выводам. Предложенные фрактальные модели значительно более адекватно описывают реальные объекты: как отдельные жесткие модули тросовой системы, так и соединяющие их тросовые элементы. Это позволяет учитывать влияние самого широкого круга диссипативных факторов на устойчивость орбитальных объектов. Кроме того, полученные уравнения позволяют исследовать и эволюционное поведение орбитальной тросовой конструкции при ее отклонении от положения относительного равновесия. 

Причиной этих отклонений могут быть как внешние воздействия (сопротивление атмосферы, давление солнечного излучения, микрометеорные соударения, контакты причаливающих аппаратов), так и внутренние возмущения от перемещений отдельных модулей по тросовой конструкции, или движения находящихся на модуле космонавтов. Порождаемые этими факторами колебания удобнее всего демпфировать посредством внутренних демпферов, устанавливаемых в наиболее активно колеблющихся точках конструкции. Предложенные в докладе математические модели позволяют оценить эффективность подобных демпферов и оптимизировать  геометрию их размещения на орбитальной конструкции.
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