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EFERENCE 1 investigates the solution of the problem of

determining optimal cooperative power limited rendezvous
between neighboring circular orbits using linearized equations of
the relative motion developed by Wheelon? and independently by
Clohessy and Wiltshire.> In terms of the radial (x), circumferen-
tial (y), and out-of-plane (z) displacements, the Clohessy—Wiltshire
(CW) equations are

¥(t) = 3n2x(t) + 2n9(t) + Ty

y@) =—-2nx(@)+T,
z(t) = —n?z(t) + I,

ey

where I',, Ty, and I', the components of the thrust acceleration vec-
tor, and the constant angular velocity of the spacecraft is indicated
by the scalar n.

The solution to Egs. (1) for the motion due to the optimal thrust
acceleration coinciding with the primer vector PT = (p;, p,, p;)
developed by Lawden* can be rewritten as!

Yi(0) =@, (t — 1)Y1(t9) + ®,,(t — 10)Y2 (%) (2)

where Y7 = (x,y,7,%,¥,2) and ¥J = (PT, PT),and ®,, and ®,,
are the state transition matrices.!

Similar studies of the CW equations for optimal rendezvous
have been conducted by Marinescu® and Lembeck and Prussing.®

The solution of Eqs. (1) by Lembeck and Prussing® can be
obtained as

Y1) =@, —10)Y (1) +D( — 10)q (3)

where g7 = (o, B, y, 8, €, {) is the vector containing the unknown
constants of the primer vector, and D is the state transition matrix.®
The optimal thrust acceleration is®

acost+ Bsint +y
2Bcost —2asint — 1.5yt + 48
gcost + { sint

r

@

Solutions (2) and (3) are conceptually identical. One can deter-
mine that there exists a linear relation between ¥Z (1p) = (P}, P)
and g. The corresponding solution (2) for optimal thrust acceleration
can be described as
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=@Bpxo+2py0) cost + prosint +4p+ 2P0
2px0 cost + (61’)\:0 + 4['7y()) sint

= ) . &)
- ]~5(4px() + 2Py0)t + Pyo — 2px()
P COst + pyosint
With the aid of the transformation
o Pxo
B Pyo
Y Pz0
q = 8 — Q .Z
Pxo
& py()
{ sz
-3 0 0 0 -2 0 Pxo
0 00 1 00 Pyo
4 0 0 0 2 0
_ I.7z0 (6)
01 0 -2 0 0 Pxo
0 0 1 0 0 0 Dyo
L 0 0 O 0 0 1 Do
Eq. (4) may be rewritten as Eq. (5). It is also true that
Qrp(t - t()) = D(t - t())Q (7)

The inverse transformation from (6) is described by Lembeck and
Prussing in Ref. 6 [Eq. (26)].

To our knowledge,’ the first solution to Egs. (1) due to the optimal
thrust acceleration Eq. (4) is given by Marinescy.’

Reference 1 contains errata. The fourth term in the expression for
K1 (see Appendix, p. 1053) should be preceded by a positive sign:

Ki = (77/2)T — (27/4) sin(2T) + 1273
+ 72T cos(T) — 96 sin(T)
The expressions (see Appendix, p. 1053)
Koz = (1/2) sin®(T)
Kui(T) =K(T)=---=0
should be
Koy = (1/2)sin*(T)
Kus(T) = Kos(T) =+ =0
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