Creation of  "Space Conveyer" on the Base of Rope Systems.

                       (Results of advanced research)

1. The address contains the proposal on creating the permanently working transport system in Space on the base of long-length ropes using. Within the address frame we shall overview two types of transport system.
1. Space oscillator.

The idea itself is quite obvious and simple - to equip the International Space Station with the long rope and to create on that base a delivery system to payloads, going to the station and back to the Earth. The rope is fixed to the "bottom" surface of the station and at equilibrium state is located along the Earth radius down the Earth center. The rope's tag is supplied with the special docking unit (end-block) consisting of self-guided platform to control the tag position and automatic locks to fix-unfix the payload (in our calculations the end-block mass is ~ 500kg). When the end-block spatial oscillations are excited the whole system looks like a Space oscillator. Here with the oscillation plane is coincided with an orbital plane.

In our proposal we had examined the system which principal schematic and dynamic characteristics are represented at fig 1,2.

The calculations were done when the station's mass is 400 tones and cargo's mass with the end-block is 10 tones.

The dynamic scheme of delivery system is as following.

Phase 1. The cargo that should be delivered to the Earth is separated with the station and by means of two-pulse maneuver with total decelerated velocity pulse of 170m/s it is transited at the elliptic orbit having 240 km in apogee and 180 km in perigee. Here with the velocity in perigee is equal to 7830 km/s (it is equal to the end-block velocity at point "C"). At point  "C" (fig.2) the cargo docks at the end-block of Space oscillator.

Phase 2. The rocket from the Earth delivers the payload to the point of contact with the end-block (point "A" at fig. 2). Just before the contact the payload is separated with the rocket stage having at the contact point the horizontal velocity equal to the end-block velocity (VA=6810 km/s). When the payload docking is taking place the delivered from the station cargo is separated with the end-block and flies down to the Earth, i.e. masses exchange is occurred.

Phase 3. The sequence of actions within the phase is back to the phase 1. At point "C" the payload is separated with the end-block (having the orbital velocity VC = 7830km/s) and than on by a total accelerated velocity pulse of 170m/s is transited at the circular orbit with altitude of 450 km. and docks at the station. 

In described above example we would save approximately 1000 km/s to launch the payload at the near-Earth orbit with perigee 180-km.

2. One obvious problem arises in this scheme. When loaded or unloaded end-block is set into oscillating mode, the line of rope tension force action from time to time paths by the station's center of mass and creates the external momentum acting at the station, as it is shown at fig.3. The possible scheme of momentum value control is depicted at the same figure. At points 1,2 one should places drivers to pull up slightly the rope fragments A1 or A2 and hence to shift the rope position relative to the center of mass. Here with one should note that simultaneously we might use this fact to create the alternative system for the station angular orientation.      

The proposed scheme of rope location has a significant shortcoming. The rope's total squire is rather big and during the prolong Space being the atmosphere resistant cause a significant deceleration of the whole system. Besides that, to deliver the cargo to the station and back from the station to the end-block an additional pulse of 170 m/s are needed. One more problem is arise. The end-block is under the overload action and when the cargo is docking at this unit the rope flexible oscillations are excited. To damp the oscillations additional fuel consumption is needed.        

To avoid or reduce these effects the authors propose a more effective "turned over" scheme of Space oscillator (fig.4). The spatial and dynamic characteristics of the scheme are similar to above describe. A given scheme allows to realize the following sequence of load delivering to the station and back to the Earth. 

The delivery cycle consisting of four phases is shown at fig.5.

Phase 1 - the initial or temporize oscillating mode. To start the cargo exchange process the end-block at point "C" (fig.4) by an additional pulse of 50 m/s. is setting into rotation mode as it is shown at fig.5. The block mass is rather small therefore the fuel consumption is negligible. At the calculated time the cargo C1 (fig.5) separates with the station and by the velocity pulse of the order of 3-5 m/s flies towards the contact point. 

Phase 2 - C1 docking at the end-block. At this phase the end-block relative velocity is approximately 15 m/s and an overload is around 0.005. Having the negligible overload the cargo docking will cause practically no disturbance along the rope.

Phase 3. This phase is similar to phase 2 of described above scheme but at the contact point the horizontal velocity of the end-block is equal to 6760 km/s (50 m/s less than at the previous version). Consequently, to deliver the payload from the Earth at the docking unit the lesser fuel capacity is needed. Though we should mark that the overload at this point is p = 3.4  

Phase 4. At the calculated time the payload C2 separates with the end-block and flies to the station with practically no additional velocity pulse.

When the delivery cycle has finished the end-block comes to the initial position and by the decelerated velocity pulse ((V = 50 m/s) is set into temporize mode as in phase 1. Here with it is easy to show that the total energy capacity of Space oscillator doesn't change and the system is ready to the next delivery cycle. In this case we deal with the conservative system of forces as well and use the energy of going down cargo for delivering the payload to the station.    

By means of described dynamic scheme we have the velocity total "saving" of the order of 1200m/s when launching the payload at the station orbit having an altitude 450-km.

In our calculations we took into account the ponderable rope and the rope material "Tornel-40". The weight of such rope (length 270 km.), ensuring the tensile safety factor of the order of 2.5, is 8-9 tones. 

The process of Space oscillator unrolling was also examined. 

The docking process control is a special question. This problem was well examined in our previous works. To ensure the precise and reliable docking the special self-guided platform was proposed and the research results are completely applicable to a given system.   


The described system has the multifunctional purpose.

3. The rope system could execute the function of booster and by means of existing rockets to deliver the payload of much bigger mass forward to the station and back to the Earth.

4. The rope system could be the base for creating an alternative system of station angular orientation.

5. To utilize the rope system to launch the small satellites from the station and to return them back.


The overviewed delivery system has a very important property. Providing the exchange of equal masses is taking place at the docking unit (the cargo mass pushing up to the station is equal to mass, going down to the Earth) the whole rope system becomes a conservative system of forces. Because of this fact the process of masses exchange needs no additional power consumption.

It means that the proposed rope system allows to use the energy of going down to the Earth cargo for delivering the payload to the station. 

2. System of Space slings


The Space sling is a logical continuation of described above "turned over" Space oscillator. It consists of two end-blocks of equal masses tied to each other by the long rope with cargo (or payload) docked at each end-block (fig.6). The center of mass flies along a given orbit and the whole system is set into rotation mode relative to the sling's center of mass. The sling rotation plane coincides with the orbital plane. To deliver the payload at the required orbit or trajectory of flight we should use two or more numbers of slings installed at different orbits (as it is shown at fig.7, 8).    

The process of payload transition from the Earth to the nearest sling and from one sling to another in general features is similar to cargo exchange and docking that was described above for the Space oscillator.

At fig.7 the conveyer, consisting of two slings, is depicted. In this example we had taken the following slings characteristics. The S1 sling's center of mass moves along the circular orbit with altitude 450 km. The sling radius (distance from the center to the end-block) is 250 km. The rotation velocity relative to the center is 1800 m/s. The cargo mass at each end-block is 5 tones. Under the safety factor of 2.5 (rope's material - "tornel 40") the rope total mass is 60 tones.   

The next S2 sling is placed at the elliptic orbit with perigee 27000 km. and apogee - 30000 km. The rope radius is 200 km., the rotation velocity is 1450 m/s. and the rope mass is 30 tones.

6. To deliver the payload onto an interplanetary trajectory the rocket launches it at an altitude 200 km with an orbital velocity 5840 m/s. It is a 2000 m/s less than the circular velocity at this altitude.    

7. In this version the process of cargo exchange is slightly differ with exchange at Space oscillator. The time interval between C1 cargo separates with S1 sling and C2 cargo docks at S1 is rather long. In general the same situation is at S2 sling (C1 is launched at the interplanetary trajectory and no loads is returned back). An examination of this dynamic regime shows the following. When the cargo is separated with the end-block the sling looses a portion of energy. Here with the sling's center of mass is shifted towards the loaded end-block (new center of rotation), but the whole system is remained at equilibrium state with the same angular velocity of rotation. One should note that the initial sling dynamic characteristics would be restored when another cargo of the same mass will be docked at the tag.           

        But again we should mark that the delivery system will work effectively as a conservative system when loads are permanently returned from interplanetary trajectory back to the Earth and a stable process of cargo exchange is taking place. In this respect it is useful to overview the Space conveyer for delivering the cargo to the Moon surface. Simultaneously the mass is delivered to the opposite direction from the Moon surface to the Earth. The mass delivering from the Moon is needed to compensate slings energies consumption when transiting the cargo from the Earth. The possible scheme of slings locations is shown at fig.8. In this case the whole delivery system, except the delivery phase by the rocket, would represent a conservative system of forces. 

In this scheme the sling near the Moon has a rather interesting characteristics. The sling's center of mass moves along the circular orbit with altitude 200 km. The orbital velocity at this altitude is 1590 m/s. The sling radius is ~ 200 km. The rotation velocity relative to the center of mass is 1500 m/s. Under the given parameters the velocity of the end-block in "lower" position relative to the Moon's surface is equal to zero. The rocket launching from the Moon should have the velocity around 100 m/s to provide the contact with the end-block.

When flying from the Earth to the Moon some problems may occur when passing through the zone of equal gravity and this part of proposal needs a more accurate study. .   

Within a given work authors had examined different versions of sling characteristics and different schemes of cargo transition. The dynamics of the sling including regimes of longitudinal flexible oscillations of tight rope were studied accurately. The process of sling unrolling was examined in general features. Besides that the task of fuel delivering to the end-blocks was overviewed. The sling's center of mass flight control was accurately studied.  

Results of calculations and computer simulations confirm the following:

- Declared properties of ropes systems are quite reliable and can be achieved under the modern technology application;

- There are no theoretical and technical obstacles to start the detailed researches in this area.

