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Abstract 

 

 

The Gravidyne devised by Vladimir Beletski is a tethered spacecraft formed by 2 masses orbiting in parallel planes 

to the spacecraft center of mass. By controlling the distance between the masses, it is possible to increase or decrease 

the energy of the orbit without the need to spend propellant. However, the Gravidyne needs to be of large dimensions 

to provide any substantial benefit, which makes it impractical to deploy, hazardous to other spacecraft and in any case, 

this device alone does not allow to circularize orbit nor change the orbital plane. It is clear that to be practical, the 

Gravidyne spacecraft needs to use some other type of propulsion. This raises the question of when and where it is more 

beneficial to use each type of propulsion. This paper presents the results of the optimization of orbital raising and 

circularizing of a hybrid Gravidyne/low-thrust spacecraft along with conclusions about the benefits of each type of 

propulsion in each part of the maneuver. A novel secular retardation of the periapsis of the Gravidynes is also presented. 
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1. Introduction 

 

The Gravidyne is a type of spacecraft devised by 

Vladimir Beletski [2], it is a tethered spacecraft formed 

by two masses orbiting in parallel planes, connected by a 

rigid element of neglectable mass. By controlling the 

distance between the masses, it is possible to increase or 

decrease the energy of the orbit of the centre of mass of 

the Gravidyne without the need to spend propellant.  

 

 

 
Figure 1. Gravidyne Dumbbell and Compact 

States 

 

1.1 Compact State 

 

In the Compact state the Gravidyne is considered a 

punctual body of mass 2m where the classical orbital 

description can be applied. 

 

 

 

 

1.2 Dumbbell State 

 

In the Dumbbell state it consists of two bodies of 

mass m united by a rigid cable of length 2l and 

neglectable mass. The direction of the dispersion of the 

two masses, e.g., the direction of the rigid cable that 

unites the masses is perpendicular to the orbital plane. In 

this configuration, it can be considered that the 

Gravidyne behaves like if the force of gravity is 

attenuated.  

 

 
Figure 2. Geometry and Notation of the Gravidyne 

 

As shown in Equation 1 this reduction is greater with the 

distance between the masses. In the limit of distance l 

between the two masses tending to infinity, the gravity 

force applied in the Gravidyne is asymptotically zero. 
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Where: r is the distance to the central body, 𝑟̂  the 

corresponding unitary vector, l is half of the distance 

between the masses and µ the standard gravitational 

parameter. 

 

1.3 Transition between states 

  

The transition between the two states is considered 

instantaneous. 

 

2. Material and methods  

 

The method used to solve the movement of the 

Dumbbell (Equation 1) and implement simulations was 

the Runge-Kutta method of 4th order. 

For the Compact state, an analytical model based in 

equations derived from Keplerian orbit formulation 

found in [9,13] were used. 

 

3. Theory and calculation 

3.1 Gaining orbital Energy without reactive propulsion 

 

𝜉𝑑 =
𝑣2

2
−

𝜇

√𝑟2+𝑙2
         (2) 

 

Where: 𝜉𝑑  is the specific total energy of the Dumbbell 

and v the relative velocity of the Dumbbell to the central 

body. 

 

The vis-viva equation for the Dumbbell (Equation 2) 

shows that starting with a circular orbit in the Compact 

state, the energy increases in case of sudden conversion 

between Compact to Dumbbell state although the 

velocity remains the same. Consequently, the 

equilibrium of forces in the radial axis is disrupted in 

favour of an increase in radius until the object reaches the 

apoapsis, where a conversion to Compact state happens 

and a Gravidyne propulsion cycle is completed. 

 
𝑑𝜉𝑑

𝑑𝑙
=

𝑙𝜇

(𝑟2+𝑙2)
3
2

         (3) 

 

From the derivative of the vis-viva equation with respect 

to the distance l between the masses - Equation 3 – we 

can deduce the following dynamic effects: 

• At Periapsis, a conversion from Compact to 

Dumbbell causes an increase in orbital energy 

• At Apoapsis, a conversion from Dumbbell to 

Compact causes a decrease in orbital energy 

(the variation of l is negative) 

• However, because, by definition, the radius at 

Apoapsis is larger than the radius at Periapsis 

but the distance l is the same (in absolute value): 

This means that the loss of energy at periapsis is 

smaller than the gain.  

• Hence after each cycle, the overall orbital 

energy increases cycle after cycle. 

 

Figure 4 confirms this gain in energy and also a secular 

drift of the perigee which is also observable in Figure 3. 

 

[1] provides a detailed study of the increase of 

eccentricity during this pulsating movement. 

 

3.2 Secular Drift of the Periapsis 

  

This section provides an analytical modelling of the 

periapsis secular drift observed during simulations 

(Figures 3 and 4). 

The Lagrangian of the Gravidyne in polar coordinates is 

given by Equation 4. 

 

𝐿 =
1

2
𝑚(𝑟̇2 + 𝑟2𝛼̇2) +

𝜇𝑚

√𝑟2+𝑙2
         (4) 

 

Calculating the Lagrange equations, we conclude that the 

angular momentum is constant: 

 

ℎ = 𝑚𝑟2𝛼̇         (5) 

 

This is expected in a system where the only applied force 

is a central force. After simplification for small 

eccentricity and l<<r, we obtain the following equation 

for the orbit: 

 
1

𝑟
=

1+𝑒𝑐𝑜𝑠(𝜒(𝛼−𝛼0))

𝑝
         (6) 

 

where 𝜒 = (1 +
3𝑙2

𝑝2
)
−1/2

. Equation 6 corresponds to an 

ellipse whose major axis rotates, at each revolution by an 

angle (in radians): 

 

𝛿 = −
3𝜋𝑙2

𝑝2
         (7) 

where 𝑝 = 𝑎(1 − 𝑒2) is the orbital semi-parameter. 

 

4. Results  

 

4.1 Movement of the Gravidyne, permanently in the 

Dumbbell State  

 

Figure 3 shows the path of the Gravidyne in 

Dumbbell state during a number of orbits. In this 
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simulation the distance between masses used was 
𝑙

𝑟
=

0.15, which is very large. 

 

 
Figure 3. Orbital path of an extreme Dumbbell 

 

Unexpectedly, a pronounced drift of the periapsis was 

observed in this simulation. 

 

4.2 Movement of the Gravidyne enduring propulsion 

cycles 

 

Figure 4 shows the path of the Gravidyne pulsating 

between Compact and Dumbbell states at periapsis and 

apoapsis. The used l/r was 0.05 which is still large for a 

central body of a planet like Earth and Low Earth Orbits. 

 
Figure 4. Orbital path of the Gravidyne enduring 

propulsion cycles 

 

It is observed that: (1) even though the periapsis 

decreases, the semi-major axis increases, hence orbital 

energy increases (2) eccentricity increase and (3) the 

periapsis is subject of a secular drift. 

 

4.3 Movement of the Gravidyne in Compact state with 

low-thrust propulsion 

 

Figure 5 shows the path of a punctual mass that 

features low thrust propulsion. An optimization 

algorithm was used to decide when to use the propulsion, 

targeting a given orbital altitude while trying to minimize 

propellant usage. 

 
Figure 5. Orbital Path of a Compact Gravidyne 

with low thrust propulsion 

 

Although rudimentary optimization algorithms were 

used, the result is in line with previous literature [12,14] 

 

4.3 Characterization of the secular drift of the periapsis 

 

To verify Equation 9, the first approach was to detect 

the periapsis orbit after orbit. The results are found in 

Figure 6. 

 

 
Figure 6. Drift of detected periapsis with time 

 

As it can be seen, the drift of the periapsis is linear orbit 

after orbit with a strong correlation factor. The slope of 

this drift, obtained by linear regression can be compared 

and used to validate the method in section 3.2 and 

Equation 7. 

 

The performance of the model was measured against the 

two approximations that were used: small eccentricity 

and 𝑙 ≪ 𝑝3/2. 

 As it can be seen in  Figure 8, that the error for the 

predicted Periapsis drift was always below 3.5% for even 

high values of Eccentricity but in Figure 7 we see that the 

periapsis drift with respect to l/r only show low errors for 

𝑙 ≪ 𝑝3/2 (as expected). 
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Figure 7. Periapsis drift vs. l/r 

 
Figure 8. Predicted vs. detected periapsis for 

different eccentricities. 

 

 

6. Conclusions  

 

It was verified by simulation that the Gravidyne gains 

orbital energy when pulsating between Compact and 

Dumbbell state as well as it increase in eccentricity. 

Although a large distance between the masses is needed, 

the Gravidyne is one of the few types of propulsion that 

delivers an increasing orbital energy without using 

propellants. 

A novel artifact was discovered: a secular drift in the 

periapsis. A mathematical model of this drift was 

proposed and its accuracy was verified and found 

accurate within the considered constrains: small 

eccentricity and small distance between masses when 

compared with the orbital semi-parameter. 

While even for large values of eccentricities, the model 

displays an error never above 3% - which is still low for 

applications that do not require high accuracy. The model 

is more sensitive to the constrain of small distance 

between masses. 
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