
Elisa Maria Alessi

elisamaria.alessi@cnr.it

IADC 2023


Darmstadt


What long-term data can tell us about Molniya: 

past works and open points

Istituto di Matematica Applicata e Tecnologie Informatiche “E. Magenes” 

Consiglio Nazionale delle Ricerche

mailto:elisamaria.alessi@cnr.it


MOLNIYA CONSTELLATION

Semi-synchronous orbit: 12 hour orbital period — tesseral resonance


Highly elliptical orbit:   26550 km,   0.73 — lunisolar perturbation and atmospheric drag


Critical inclination: 63.4 degrees — 

a ≈ e ≈

i ≈ ·ωJ2
≈ 0

VERY RICH DYNAMICAL ENVIRONMENT: 


a perfect laboratory for different dynamical systems tools and perspectives
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AIM

get some of the main dynamical features of the orbits in the long term


test different tools:

• hierarchy of dynamical models

• numerical propagation

• phase space portraits

• frequency analysis


looking for a synergy between the pseudo-observational data and a natural perturbation approach

The behavior in eccentricity and semi-major axis of 42 TLE sets was analyzed in order to:
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EVOLUTION GIVEN BY THE TLEs

semi-major axis            eccentricity pericenter altitude
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EVOLUTION GIVEN BY THE TLEs

semi-major axis            eccentricity pericenter altitude
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ECCENTRICITY EVOLUTION
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ECCENTRICITY EVOLUTION

Doubly-averaged approximation for the lunisolar perturbation

Main assumption: semi-major axis is constant


Initial condition from the TLE, s.t. both  and the 2:1 tesseral resonance are satisfied


Hierarchy of models

·ωJ2
≈ 0

FIRST APPROACH TO TACKLE THE LONG-TERM BEHAVIOR IN ECCENTRICITY:


 numerical propagation considering different models accounting only 


for the oblateness effect and the lunisolar perturbation
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RESULTS
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RESULTS

lunisolar perturbations must be considered for the evolution of ω and Ω;


if the assumption of  constant is valid within a certain limit, it turns out that only some terms of the 

quadrupolar approximation is enough to follow the evolution in eccentricity. In particular, the 

following components are mandatory

• , , ,  (Sun and Moon)

• , 

• , 

• 


Lomb-Scargle analysis has detected the following dominant frequencies

•  (  7 years)

•  (  25 years)

•  (  11 years)

a

2ω 2ω + Ω 2ω − Ω Ω
2ω − ΩL 2ω + ΩL
2ω + Ω − ΩL 2ω − Ω + ΩL
Ω − ΩL

2 ·ω + ·Ω ≈
2ω + ΩL ≈
2ω + Ω − ΩL ≈

The dominant periodic terms can be explained looking to the ratio 

between the amplitude and the corresponding frequency.
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SEMI-MAJOR AXIS EVOLUTION
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SEMI-MAJOR AXIS INTERMITTENCY PHENOMENON
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POINCARÉ SECTION

 Perturbative contributions to the Hamiltonian given by 


the tesseral terms and the lunisolar perturbations
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EXPLANATION OF THE INTERMITTENCY PHENOMENON

The chaotic nature close to the separatrices makes the satellite to jump from the libration to the circulation region
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MOLNIYA 1-69 AND 1-87
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OPEN POINTS - FURTHER DEVELOPMENTS

change of amplitudes in the periodic behavior of the semi-major axis


chaotic behavior in eccentricity?

lunisolar - tesseral - drag dynamical coupling (also, any possible data from reentry campaigns?)


 drift from the critical value?


long-term evolution of debris fragments?


ω
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PAST FRAGMENTATIONS?
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THANK YOU
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