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TRAJECTORY AND GUIDANCE PARAMETERS IN FLIGHT CONTROL
OF THE VENERA 9 AND VENERA 10 SPACECRAFT

S. K. Abramovich, ev al.

The Venera 9 and Venerz 10 spacecraft constitute a natural
development of spacecraft for direct study of the planet Venus,
begun in 1967 with the flight of Venera 4. With the advent of more
powerful launch vehicles it was possible to develop and coanstruct
2 spacecraft which considerably surpassed prior spacecraft in regard
“.fo tle onboard scientlfic and research equipment and the trajectory
.and guidance capabllities. The high efficiency of the Venera § and
Venera 10 flights, for which one of the main tasks was to investigate
the atmosphere, particularly the upper layers, and obtain pictures of
the planet surface by means of entry probes, stemmed to a consider=~
able degree from choice of a new flight plan, which, in particular,
allowed the mass of scientific equipment in the total spacecraf® mass
to be increased appreciably. In contrast with previous flights to
Venus, the information from the probe was transmitted by relay Irom
an orbiter, separating from the probe in the pre-planet flizat phase,
and injlected into orbit around Venus. This provided a highly elfi-
5ient data system for quite low mase of radio equipmer't and electri-

cal supplies.

" N—
\ Numbers- inthe mapgin indicate pagination in the original foreign
" text.
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. The mission plan provided for the following basic operations:
insertion of the launch vehicle into an intermediate HEarth orbit;

a launch from intermedlate Earth orbit at the end of one revolution
into an interplanetary transfer orbit; two mid-course correctiions in
the transfer orbit to acrquire the design counditions for entry of the o
probe into the planetary atmcsphere and landing in the chosen region '

of Venus; separation of the prcbe and the orbiter two days prior %o !
pericenter of the approach hyperbola and transfer of the orciter vo L
a non-entry (flyby) trajectory with a direction of rotation arcund

titer

the planet opposite to the probe.motion; deceleration of the or
near pericenter for transfer to a satellite orbit arcund Venus; i
flight of the probe along a descent trajectory untll it enters the 5
atmosphere of Venus; aerodynamic deceleration of the probe and é

nor

landing, with suctessive use of parachutes and decelerating landing

panels.

‘ The orblter performs both its maneuvers near the planet,
separation and deceleration, to acquire a lead over the entry probe, »
so that at the moment of prcbe entry into the atmosphere of Vanus, ;
the orbiter is already 1in a satellite orbit in the region for com-
munication with the probe. These maneuvers were rendered more aiffi-
cult for Venera 9 and Venera 10 by the fact that the attitude-control
systems lose the star-Sun reference before the deceleracion motors
are fired, since the orbiter passes into i{re planet's shadow, anc
then communication with Earth is lost as the orbiter sets behind
Venus. An autonomous system was chosen for the spacecraft in the j;
deceieration phase, to solve the problem of transfer tc satellice

orbit.
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This {light profile provided conditions for a highly accu
probe landing in the glven region of the su-face of Veaus, srov.dad
insertion into orblt around Venus of the first two arvificizl o
satellites of the planet, provided synchronous operation of tre t
orblter and the probe during the probe atmospheric entry and durin:
its operation on the surface, and provided a long periocd of situdy .
of the plariet and its immediate environment by two concurrens ;
scientific satellites.
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the planet. It was proposed that the sepzration and deceleration
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Figure 1. Flight pro=~
file of Venera 9 and
Venera 10 in 1975

During mission Figure 2. The target syst=m for Venerz § !
and Ven-sea 1U:

design and launch pre-

Beyn — tar;ev oroue range CAj  Lea gy — CO-
i or Ve S e ‘s 2
paration for nera 3 ordinates (s I7n uhe mapeing plane; ion —
and Venera 10, near- target distance of the orbiter Q04;

30a. moa— coordinates Oa in the mapping

v -
optimum Venus-transfer plane; o — CA landing point

tralectories were

chosen, with transfer

times of 137 and 134 days, respectively, provided by the given
launch-date windows and the three-day dlsplacement in rlight Time To

manuevers be carried out in the plane of tae probe approach aypercoia.
Since an apsidal deceleration of the orbiter woul.d not dprovide tne
requiired interval for ccmmunication 6f ta¢ probe and orbiter during
the acquisition of sciertific Information, provision was made or

the >rbiter to be decelerated after passing pericenter, with an

angle of ~ 20 to - 30° bevween the direction of the retromotor and

the _ocal horizon. Then an orbiter-probe communication period was
provided in ravorable conditions, at a separation of 12 - 33 thousani /57
kilometers and with the orbiter at an angle of €0° or more rcuriive

to the probe landing point.

In accordance with the chosen flight profi’e, Venera 5 and
Venera 10 were inserted into transfer orbit on June 3, 19735, at
7 -2 m 00.4 s and on June 14, 1975 at 7 h 30 m 5.8 s MNoscow
time, respectively (Figure 1).
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The aim parameters used by the spacecraft (Figure 2) were: '%é
bmia— time of spacecraft passing minimum distance from the center :é
-of Venus; §, n — coordinates of the point of intersectlon of the %
asymptotes of tne planetocentric hyperbolic trajectories of the g
: i
. spacecraft in the mapping plane. v
f .The mapping plane was assumed to be the plane orthogonal to | ;§
7 the asymptotic velocity vector V_, passing tarough the center of ; i
- the planet. y :
P The planetocentric. coordinate axes § and n were definea by § ?
: the unit vectors: o
E‘:j 0 ani'g .'-o V«,XT}"’ 3'
1 00 = e S = T i
{ : a
% wnere T 1s the radius vecsor from Yenus to the Sun. Pos
= 1 I
|5
. The predlctse wuvenszices 7 she Ipacaeralt at Velzw, ontalicl . -
by processing the (o2l =ctor; nrensureusr e pricr to the Iir3t trans- 'f
fer orbit correction, are givan. helow: f
' Spacecraft Verera 9 Venera 10 :
Arrival date, 1975  Oct. 22 Oct. 25
Conip(hr.min.sec) 5.15.20 11.3%.50 g
&, km 23,300 22,5400
1, km 18,200 74,900

The transfer trajectory parameters and the predlceticns were

. derived from mathematical processing of the radlo measurements ¢f
; inelined range and radial spacecraft velocity relatvive o tag zround
é tracking stations.

The two planned flight profile corrections tc the spacecralt
motion were performed and guaranteed optimal conditions for the
near-planet operations. The condltions were: entry of the prote
into the atmosphere of Venus at angle -« 20 to - 23° to the local
horizon; landing of the probe on the illuminated side of Venus L.
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B| a region bounded by longitude 285 and 295° ana latitude 15 aand 35°
(the coordinates are given in the planetographic system, adopted by
the International Astronomical Union); the duration of communication

between the orbiters and the probes vzs not less tnan 115 minutes.

The design conditions were achlieved by choosing aim parameters
given below:

Spacecraft Venera 9 Venera 10

arrival date, 1975 Oct. 22 Cet. 25

. tppin (hr.min.sec) 6.40.00 6.42.00
£, km 17,900 16,300
n, km 12,500 8.250

To choose the alm parameters, mathematical modelin
srzeecraft flight was carried out, allowing for a2ll fthe maneuvers

o
O
+
o
"y
@

veerlora2d and tnealdlr exact characteristics, as well as predictiorn of

a certain set of parameters critical for the fligat program. The

contrulled parameters- were projected into the mapping plane, forming
. an allowable region within which the aim point coyld be chosen,

alléwing’for possible devlations of the actual trajectory from the
design trajectory.
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¥ The first correction for Venera 9 was performed on June 106 szt
§ 14 h, 30 m, 02.6 s, and for Venera 10 on June 21, 1975, at 12 &,

5 59 m, 58.5 s. The telemetry measurements and the processed wrajec-
i tory measurements showed that both spacecraft motors operated for

4 the design time and imparted the required veloclty impulses,
11.93 and 14.42 m/sec, respectively.

On completion of the first corrections, the spacceralt were
Injected 1into descent trajectories, for which the predictad
values were:
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To Earth .

\‘/ Shadow
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Figure 3. Near-planet opera- Pigure 4. Lander and orbiter
tions for Venera 9 and Venera communication arrangements for
10: Venera 9 and Venera 10:
1l — separation and with- 1 — satellite orbit; 2 — Flybdy
drawal of the orbiter; trajectory; 3 — orbit of Venus;
2 — orblt of Venus; 3 — or- 4y — communication section;

bit of the satellite; 4 —
flyby trajectory; 5 — probe-

orbiter communication sectioii; orbiters within the sphrere of
6- deceleration and transfer
Y o cae e fina+
of the orbiter to a sa-ellite influence of Venus: tvhe first
orbit; 7 — radio-shadow of maneuver was separation, transe-
Venus

ferring the orbiter to & hyper-
bolic trajectory in a counter-
flyby of the planet with respect to the probe, and & sccond maneuver,
a deceleration to capture the orbiter into a satellite orbi: of Vanus.
The parameters of the two near-planet orbiter maneuvers were chozen
in such a way that, for the entire set of possible approach tra
tories to the planet, allowing for the special features of operasion
of the spacecraft systems, the required conditions wou>d be mer Jor
carrying out the design flight program of near-planet operztions

and sclentific experiments. The basic conditions were:

- the time spent by the probe and the orbiter in a rzzion
wnere tnere was mutual communicatlon from the probe via the orstiter
to Earth of scientific information in the phases of descens,
and probe operation on the surface of Venus (Figure 4) should de ~oit
less than 115 minutes, as mentioned above.
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- the total characteristic velocity required for the maneuvers
should not exceed the available resources;

- the orbital parameters of the spacecraft should meet the
requirements dictated by the program of scilentiflc investigations,
during the given time for active operation of the spacecraft.

\
Oh
-~
'..l

The nominal spacecraft orbital parameters and their target
values during the flight were chosen from statistical modeling orf
the approach section, allowing for crrors in determining and pre-
dicting the trajectory, as well as errors in contrclling the space=-
craft motion in the interplanetary flight. Mathematical models
were uséd for the attitude systems, the control systems, the radio
systems to provide communication from the vrobe to the orbiter, and
the logic for operation of onboard systems providing the szeparztion
and deceleration maneuvers. The optimal orbiter parameters derived
from these calculations guaranteed a communication period alongz the
probe-spacecraft-Earth channel of not less than 130 minutes, the
design values of characteristic velocities at separation and decel-
eration belng, respectively, 247.3 and 922.7 m/sec for Venera 9,

_ and‘242.2 and 976.5 m/sec for Venera 10.

In order to satisfy the high requirements for accuracy in tne
orbital parameters, an opportunity was provided for controlling the
orbiter directly during the deceleration phase. To this end, 2
special program unit was developed which was used for real-time
computer solution of the navigation problem ané for processing the
control parameters.

The problems solved by this unit included: procesaing of
trajectory measurements; determination and predicticn of stho
approach trajectory parameters; choice of the optimal control for
the deceleration phase; calculation of the deceleration conditions
and of orbiter-probe communication conditions, allowing for possible
deviations arising from errors in determining the probe tralectory;
calculation of prébe atmospheric entry conditions and refinement
of the landing point coordinates.
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Since the value of trajectory measurements increases with %
approach to the planet, one naturally wishes to process measurements .
taken as late as possible for greater accuracy in calculating *the
deceleration parameters. In order not to decrease the control
reliability, the updating of control parameters was performed suc- ;
cessively, and the calculations were made cyclically in the computer
unit. In each new cycle a new packet of measured information was /672 '}
admitted for processing and the accuracy of the result increased 5

- from cycle to cycle. In these circumsuances, an lmportant Pactor ¢

£ g

be e g W

'was the time required to carry out a full cycle of operations. To §

shorten this time, techniques were developed for solving individual 3

problems, to increase the speed of the numerical subroutines, and to ;

automate computational processes and iInformation exchange and g

]

mapping processes. A

'}

The special program unit allowed real-time choice of the siace- ]

craft control parameters in the stage of deceleration at the target E

p 1

‘ planet. Onboard commands were given to send the orbiters into “
. . N
- satellite orbits around Venus, and the osculating elements at the i
- moment of ascending node passage were as follows. ;
& : !
oy .
0 ‘Spacecraft Venera 9 Venera 10 :
% Date, 1975 C.t. 22 QOct. 25
3 ;9' (hr.min.sec) 6.13.42 8.32.51 )
: z . 431759 49.22.34 -
‘ o8t Gsia

L3782 Y] :

8, KX 62804 63325 7

y 314°35° 273°40

o 34y - 20°30 Q

. 76°25 107°05’ :

Ty KN 7385 . N5 ?

re, w% 113190 110330 i

i

_ég

" The notatlion is as follows: ¢ — Moscow time at passage ;
3 5
H through the ascending node of the orblt; T — period of rotation; §
i T — Moscow time at passage through pericenter; e — eccentricity; ¢
¢ a — semi-major axis; w — angular distance of pericenter from the E
node; 1 — incliration to the equatorial plane of Venus; Q@ — Zongi- 'i

tudine of the ascending node, calculated from the direction of :

the point of the vernal equinox of Venus; r, — distance Irom the y

o
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center of Venus to the satellite at pericenter; r, — distance from
the center of Venus to the satellite at apocenter,

After separation of the orbliters, the two probes contirnued to
fly along the approach trajectories until they entered the atmos-
phere of Venus, and then experienced aerodynamic deceleration .
atmosphere and landed on the surface of the planet, with suc: ssive
use of parachutes and aerodynamic decelerating panels.

In the descent section for each of the probes, during a communi-
cations session from the probe to the orblter, which was in a satel-
lite orbit of the planet above the landing reglon, measurements were
taken of relative velocity of the spacecraft, and vaiues of the
decelerations during the aerodynamic phase were recorded onboard the
probe. The relative velocity measurements were contvinued for ~ 140
minut2s, of which ~ 60 minutes was after probe landing. From simul-
taneous processing of this information and information on the orditer
motion from terrestrial stations, and the good agreement between
telemetry data on the dynamics of the spacecraft throughoutr the
entire section near the planet and the trajectory measurements, we
were able to calculate accurate values for the probe atmospheric
entry parameters, the probe motion in the atmosphere, the value of
Moscow time and the coordinates of the landing point (see below).

Prcbe ' Venera 8 Veneras 10
Atmospheric entry date, 1975 Oct. 22 Oct. &5
Entry time (Moscow) (hr.min.seec) 6.53.50 6.55.33
Entry angle -20°30" -22°10"
Landing time (hr.min.sec) 8.08.23 §.12.11
Landing point latitude 310421 16902
Landing polint longitude 290°50° 291°00!

After the orbiters were inserted into satellit orbit arounz
Venus, a broad program of investigation of Venus and of the space
near the planet was commenced.
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To support this scientific program, provision was made for
regular determination of the orbital parameters, calculation of the
conditions during'the experiments, and determination of the attituae
conditions during observations and photography; attitude control
commands were generated and a three-dimensional navigational fix
was calculated to support the sclentific informatlion.

The motion of the orbiters was subJect t¢ perturbations from
several sources, of which the most important 1s the gravitatvional

-Influence of the Sun, and the least studied 1s the eccentricity of

the gravitational field of Venus. One of the tasks of Lae first
satellites is to check and to refine the hypothesis thav Venus is
an:ellipboid of rotation with a slight polar compression and a
uniform mass distribution.

The satellite orbits evolve under the action of <he perturba-
tions. Figure 5 shows the time history of the parameters describing
the orientation of the satellite orbits in space.

w' i°92°rp.km, \ w® (°R2°
. N |

> - J24 Fedbid mi It
. L
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i

J19 =S HiTE 0y fal AW/

KITRNAAYT &) e/ ! A A " L . - 252294 99
. 7 F7 7 70 7 B 77 R

Orbit no.

Pigure 5. History of the satelllte orbital parc-
meters for Venera 9 (solid line, left scale) =z
- Venera 10 (broken light, right scale); the r-
cale is common

¢t

The evolution of the radlus of pericenter (r) is of very grea
interest from the wvieswpoint of control of the spacecrafs motion and
for conducting scientific experiments. PFigure 5 shows the variaztion
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of " as a function of orbit number, and 1t can be seen that tn.ro
are periodic oscillations imposed on a secular variation for tvostn
orbits.

Preliminary results obtained from real-time analyzsis ¢o deter-
mine and predict the satallites trajectories have snown zood agree-
ment between the actual and the design orbit evolution. One can
thgrefope conclude that contemporary ldeas as to the nature of zne
gravitatiional field of Venus are valid. The results of the traje -
tory measurements are presently ‘elng processed and correlated to
obtalin reliable numerical characteristics of the gravitational fielxl.

To sum up the results of the Venera 9 and Venera 10 fliizhc

control, tne comment should ve made that the flight confirmed tiae

A\

(&l

validity of the estimates, the design solutions, the methodis, ¢
computations, and the procedures of the navigation discipline a

3

-

ct

. all stages in preparing and carrylng out the 1975 Soviet expecitvicr
't Venus.
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