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202 INTERPLANETARY NAVIGATION Sec. 6.1

6.1 INTERPLANETARY ORBITS

The selection of an interplanetary orbit involves more than the simple orbit
to orbit transfer. It is necessary to select an orbit which will carry the spacecraft
from a specific point or body moving in one orbit to another specific body which
is moving in its own orbit. The relative positions of the two planets (origin and
destination) will be changing with time before initiation of the transfer as well
as after. The selection of an orbit for the transfer will, or course, be related to
this initial configuration of the planets. The classical Hohmann orbit, for
example, depends upon waiting until a certain planetary configuration is obtained
so that at the end of one half period for the transfer orbit, the destination planet
will be at a position with longitude =/2 different from the longitude of the
original planet at the time of initiation of the transfer. Transfer between
inclined orbits is even more sensitive to the starting point. If the transfer is to
be accomplished from a point on the line of nodes to another point on the same
line, there will be no requirement for maneuvers which change the orbital
plane,

Situations may arise where the interplanetary mission at hand can not
tolerate the delays which would be required in waiting for planetary configu-
rations of the kind involved if transfers like those described above are to
be used. Similarly the mission may require transfer times which are less
than those which are indicated by the minimum energy examples. The
characteristics of reduced flight time trajectories will be discussed in the following
section.

Before proceeding to discuss the factors which influence the selection of a
transfer orbit, it seems to be appropriate to discuss the meaning of the term
minimum energy transfer orbit. Such an orbit is one which demands the expendi-
ture of least energy from the propulsion system in order to transfer from the
orbit in which a body is traveling, to place it in a transfer orbit, and then to
match its orbit with that of a destination body. Depending on the nature of the
specific transfer, the orbit which requires the least characteristic velocity may,
or may not, be the transfer orbit with the least energy in the sense that energy is
defined by Equation (2-13) and implicitly by Equation (2-22). A minimum
energy transfer orbit is generally considered to be the one that involves the least
characteristic velocity for the over-all maneuver.

Transfers are established by the definition of a series of velocity maneuvers;
it is also necessary to define the direction in which these velocity increments
should be added to the initial velocity of the craft in order to place it in the
desired orbit. This requires the solution of an orbit which passes through two
definite points in space and which has a transfer time which is appropriate to the
specific situation at hand. While this problem can not be solved in general
terms we shall discuss some practical applications of its resolution which will
be useful in the practice of space navigation,
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6.1.1 SELECTING AN ORBIT

A major consideration in planning for interplanetary flights is the tremendous

energy which is required from the propulsion system to effect the transfer of a
f:pacccraft from the vicinity of one planet to that of another. If pmv.ihic then
it would be desirable to make such a transfer using the minim argy :
maneuvers. For the special case of transfer between coplanar circular orbits
the minimum energy transfer defines a class of paths known as Hohmann wbir;
(Refcreijce 6.2). These orbits are illustrated in Figure 6.3. A summary of the
properties of these orbits is shown in Table 6.2. When the initial and final
orbits are not coplanar and eccentricities are

um energy in the

introduced, the minimum energy

Properties of transfer arbit
Major axis, a= A - A,
Minor oxis, 6= VA, &,
Transfer time = vfa?‘g-

Fig. 6.3. The Hohmann orbit.

maneuver will depart from that which is described by the Hohmann orbit. The
theory of minimum energy orbits is beyond the scope of this text and represents
an area of specialized study in itself. For the det

ails of this special problem
the reader is referred to works of anal . :

‘ ysts of celestial mechanics, for example
Ref’ercnce 6.5. It will provide some useful insight into the navigation problems
ofrl?terplanetary space to consider the following generalization of the problem.

TI'he .studies reported by Hohmann demonstrated that the application of
tapg_entta] impulses at the apsides of a cotangential transfer orbit will require
minimum expenditure of rocket fuel in order to transfer between coplanar
circular orbits, Since that time, it has been recognized that the same maneuvers






