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Transfer Trajectories between oircular orbits in an inverse square gravitational field are
investigated, the criterion of optimization adopted being minimization of total impulse
velocity applied at the terminals with flight time of the rocket serving as a constraint.’

Lee & Florence! have discussed inter-orbital transfer trajectories with specified total
impulse velocity which require minimum flight time in the transfer operation. An analysis
of the inter-orbital transfer trajectories of specified flight time requiring minimum impulse
velocity at the initial and final terminals which corresponds to minimum fuel consump-
tion has been presented, .

NOMENCLATURE
e= eccentrieit& ‘
g = peri-apsis distance, in ‘radii of initial orbit
n = rdtio of radius of final orbit to radius of initial orbit
T = transfer time, in initial orbit periodic time
V = Total impulse velocity, in units of initial orbit circular velocity

Vg = surface escape velocity of the gravitating body in the initial orbit, in units of
' initial orbit circulpr velocity - . :

Vz, = surface escape velocitjr of the gravitating body in the final orbit, in units of
initial orbit circular velocity. ‘ -
ANALYSIS
If the radius, circular velocity and periodic time are taken corresponding to the initisl

orbit as the units of distance, velocity and time, the total impulse velocity ¥ required in
the transfer gperation of the rocket and the transfer time T' will be given! by
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The total 1mpulse velomty is to be mmumzed sub]ect to the tmnsfer trme T by the
i1 method of Lagrange Tha equatmnsgmngthe extremlzed 1mpulse are ° e T
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- BEquations (4) and (5) are two transcendental equations in two unknowns e and ¢ which
can be solved numerically for a set of given values of n, Vg, Vg, and Ty Having
known ¢ and g, (1) will give minimum impulse velocity required in the transfer operation.
As anumerical illustration of the above general analysis, (4) and (5) have been solved for
Earth-Mars transfer for different values of 7. The results obtained are shown graphically
in Fig. 1 and 2. A study of Fig. 1 shows an interesting result that the rate of

variation of eccentricity with respect to peri-apsis distance of the transfer trajectory is
almost constant. :
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Fige 1—Relation between e and ¢ for transfor Tig. 2—Relation between minimum impulse

trajectories, . velooity and transfer duration.
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