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{ (1) Statement of the Problem. ']Z%
A continuous thrust is employed for braking a vehicle C2¢Q?
C73

from orbit to landing. The nonlinear guidance and computer
scheme can be carried by the space vehicle to eliminate the | p/C ﬁj&ﬁC)
inherent delay of an earth-bound radio command system from 7y~ -;52?
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nweon.  Javltude and angular wonentum for the computer schene. .
can be measured on board by radar and gyroscoplc equipment
operated by an astronaut. A bull's-eye landing 1s guaranteed

by using the proposed system without tracking stationg on the
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. moon. A 3
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(a) Variational Equations. } 2 fi= 3¢ f
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The following equations describing the dynamical
behavior of the rocket-powered vehicle are given by the author
in thé paper "Nonlinear Guldance System for Descent Trajecto-

riesy" AIAA Journal, Vol. 1, No. 8, August 1963, pp. 1958-1960./f\
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The variational equations are, (new results)
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where A(k), B(k), C(&), D(k) and E(k) are functions of k.
(b) Computer Scheme.
The particular computer scheme follows Figure 1 where
Yo and km are the measured inverse radius and specific momen-
tum of the vehicle, respectively. The computer inverse ra-
dius U is determined by a particular program in terms of km.
(1) The angular error AS6.
Assuming no guidance errors (dag— O, Sarffo)

and measurement errors (du <0, ®k :0), then

ag = 8g, and u =1Uu (5)

The variational equation of ag and g% can be wribten as

, Baec aaec
Aa9=Aaec=-—al—1;Aum=—3-ﬁ;=Au (6)
aaec

de(oo) - 228 (3 - L

P, ag 33;-) (7)

If nonlinear guldance is employed in determining the trajec-
tories, the computer is supposed to calculate the reference

specific force according to the program, i.e.,
3

L u2

8ge = 7F or ag = =y (8)
By evaluating the partial derivative and substituting in
Equation (7) we obtain, (new results)

(88) = 0 (9)

If the initially perturbed quantity 1is AGb, then for the
entire landing operation

A8 = A6, = constant (1c
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(i1) The radial error Au.
Uith the previous assumptlons of zero mecsurement ond

~uiconce errors, the variational equation in u is

o 2a
d®Au 1 dAu 27 _ T LBz
o + o o + BEI1 E;g]Au vy ba, (11)

The control variable a, is generated from the feedback

signals U,

an independent variable, it follows that

» kp» and u,. Because km(=k) is considered to be

Ak = Ak = O (22)

provided 8k = 0, i.e., no measurement error in k.

The variational equation for a, is

Barc aarc
Aar = Aarc = -5—11—“-1-1—- Aum = 6—{1—‘,;. FAY! (13)

The radial specific force a, is chosen to be

a_ e a_ = 8 -k u® + Ak u3(u, - u ) (14)
r re - 2 mom b m' 'k o
0

Differentiating Equation (14) with respect to u , one obtains
the value of Aa, in Equation (13).
Substituting this value and Equation (14) into Equation

(11) yields, (new results)

d2au 1 dAu
+ - = O (15)
e 2k d
If the initial conditions are
dAu P
Au = Au and — = 0 (16)
'K = kb b dk K = k

b

then the solution for the entire landing operation 13



- -
fu = Au = constant (17)

(111) The velocity errors AV, and AV .

The perturbed value of V6 can be found as

1

AV, = %% Au and v, | =0 (18)
ik = 0

The radial velocity may be determined as

1
2 du/dk
VI' = K K (12)
e dA®
Noting that =% = 0, the error of radial velocity becomes
1
2 dAu dk
AV, =K 3¢ a7 (20)
i
If the initial condition 5% = 0 as indicated in Equa-
tion (16), then
AV, = 0 for all k. (21)

(3) 1Important Conclusions.

(a) The variation equations are completely general in
scope for any two-dimensional problem for any system with
variable angular momentum.

(b) By choosing the computer scheme and the nonlinear
guidance for specific forces ag and 85 the angular and radial
errors are small and the velocity errors are zero, if the
system starts with specific perturbed initial conditions.

(¢) The computer scheme can be carried out entirely on
board the vehicle without requiring any tracking station on
the moon.

All above are new materials not published or presented

elsewhere.
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