17

SALYUT-7 / KOSMOS-1686
Re-Entry Prediction Activities at ESOC

H. Klinkrad

Mission Analysis Section, ESA/ESOC
Darmstadt, FRG

Abstract

Salyut-7, a precursor of the present MIR space station,
was launched by the USSR on 19-Apr-1982 (COSPAR
notation: 82-033A). Following a series of crew visits
(Sojus T-5 to T-14) and dockings with supply spacecraft
(Progress 13 to 24), Salyut-7/Sojus T-14 were comple-
mented by an unmanned Kosmos-1686 modulz
spacecraft on 02-Oct-85. After the separation and return
to earth of Sojus T-14 on 21-Nov-85 the
Salyut-7/Kosmos-1686  configuration remained un-
changed, with a total mass of 40,150 kg, and an overall
length of about 26.0 m.

The Salyut-7/Kosmos-1686 complex was left mothballed
at an altitude of 475 km in Aug-1986, from where is
started its descent into the atmosphere which led to a
re-entry above South America at 03:45 UTC on
07-Feb-1991.

The present report provides an overview of activities
at ESA/ESOC during the follow-up of the
Salyut-7/Kosmos-1686 decay, and of related co-
operations with space agencies, research institutes, and
national bodies within the ESA Member States, within
the US and within the USSR.

1. Introduction

The Salyut space station program of the USSR started
with the launch of Salyut-1 on 19-Apr-1971. This
spacecraft as well as all successors of the Salyut
programme were launched by a 4-stage Proton D-1, with
a lift-off mass of about 1,000 t and a maximum payload
to LEO of 17 to 19 t (Salyut mass at launch: 18,900 kg).
As of Salyut-6, the orbital laboratories were equipped
with docking ports at both ends of the cylindrical body
which could accommodate manned spacecraft of the
Sojus series and unmanned supply spacecraft of the
Progress type (with a mass of 7,000 kg, nearly 30% of
which could be payload, including up to 1,000 kg of fuel).

The first generation of Salyut modules terminated with
the end of service of Salyut-5. Maximum mission dura-
tions up to then were on the order of 2 years. The sec-
ond generation of USSR space stations started with the
lift off of Salyut-6 on 29-Sep-77. From then on, mission
durations were increased by a factor 2, and scientific
return was improved accordingly. Salyut-6 was also the

first of the series to dock with a prototype of future
space station modules (Kosmos-1267) on 25-Apr-81.

Salyut-7, launched on 19-Apr-82 (COSPAR designator:
82-033 A), was the sixth successful (Salyut-2 failed and
decayed) and also the last of the Salyut space stations.
Salyut-7 was visited by 10 Sojus spacecraft carrying 21
cosmonauts (one of them the French cosmonaut Jean-
Loup Chretien), by 13 Progress supply ships, and by two
large supply modules (Kosmos-1443 and Kosmos-1686)
which could carry up to 6.5 t payload. The latter of
these modules, which was of similar size and mass as
Salyut-7, remained attached until re-entry (see Fig.1).

In Aug-1983 Salyut-7 received damage in its propellant
supply system during re-fueling from Progress-17. While
this malfunction was later resolved during 6 EVAs within
1984, western analysts observed that the Salyut-7 pro-
pulsion system has never been used since. Also in 1983,
impact craters (most likely from orbital debris) were
detected on one of the station viewports, and nearly
resulted in an early mission abort.

After the orbital complex was mothballed by the crew
of Sojus T-15 in May-1986, the engines of Kosmos-1686
were used to raise the orbit by some 135 km to a mean
altitude of 475 km in order to counteract increasing
airdrag with the approach of the maximum of solar cycle
23. At this point, Salyut-7/Kosmos-1686 had a total mass
of 40,150 kg. Due to its shape and moments of inertia
the complex acquired a gravity gradient passive
stabilisation, with the longitudinal axis aligned with the
geocentric radial. The offset between centre on mass
and centre of aerodynamic pressure exerted a perturb-
ing torque which resulted in a coning motion about the
stable direction at a half cone angle of 10 to 20 deg.

The last communication with Salyut-7 was recorded in
Dec-1989. Thereafter, the space station was expected
to be no longer controllable (see, however, 3.3). By
15-Feb-1989, it had already decayed to a mean altitude
of 415 km.

The Salyut-7/Kosmos-1686 compound was the largest
space object to re-enter into the earth atmosphere since
Skylab decayed on 11-Jul-1979. While Skylab with 74,250
kg had about twice the mass of Salyut-7, its orbit shape,
altitude, and inclination were very similar. Likewise, the
experience from Skylab concerning debris reaching the
ground could be used as an indication for the estimation
of debris dispersion signatures and residual on-ground
risks.
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