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end
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function F=mysys(x)
global h0 nu0 g m0 u0 mu
F=[(h0+nu0*x(1)-g*x(1)"2/2+(nu0-g*x(1))*x(2)-g*x(2)"2/2+mu*x(2)+...
mu*m0/u0*(1-u0*x(2)/m0)*log(1-u0*x(2)/m0));
(nu0-g*x(1)-g*x(2)-mu*log(1-u0*x(2)/m0))];
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h0=500;nu0=-5;2=1.62;m0=1000;u0=1;mu=2500;
x = Isqnonlin(@mysys,[1,1],[0,0]),
3ogdE@d0 03037 Egagdl, Gedmado dogomge  50lve gabi00l LsBasmadoo sdeblibolsl:
x= 11.8892 26.5495
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3AJJAYA OIITUMAJIBHOI'O YIIPABJIEHUSA MSATKOM IMOCAJIKA HA JIYHY
MocamBunu 1., MuegpmumBunu H.
I'py3unckuil TexHUUECKUN yHUBEPCUTET
Pe3rome

PaccmoTpena 3ajgava onTHUMH3AlUMM pacxoja TOIUIMBA HAa NPUMEPE MOCAAKA KOCMUYECKOTO
ammapata Ha JayHy. [Ipumenen npuniun makcumyma [lorTpsruua. CocraBieHa MaTeMaTHUecKas
MOJIENIb CUCTEMBI, ONPEAENIEHbl TPAHUYHBIE YCIOBUS MOCAJKH, MOJIYYEHO ONTUMAIbHOE YIPaBJICHUE
NpU YCIOBHM MHUHHMH3ALMKA pacxoia TorinBa. KOMIBIOTEPHOE MPOEKTUPOBAHUE ONTUMAILHOMN
CUCTEMbI MSATKOM IOCaJIKA KOpaOJis Ha JIyHY peajr30BaHO C UCIIOJIb30BaHUEM cucTeMbl Matlab.

THE TASK OF OPTIMAL CONTROL FOR THE SOFT LANDING
TO THE MOON
Mosashvili Ia, Mchedlishvili Nino
Georgian Technical University

Summary

A fuel optimization task in work for a soft landing on the Moon, has been completed. The
control is determined with Pontryagin's minimum principle. The mathematical model of system
included Maximum Principle with transversality conditions and the boundary conditions to find the
optimal solution. Computer designing of optimal system for the soft landing on the moon is realized
with use of system Matlab. A detailed investigation of the constrained trajectory optimization of the
Moon landing problem has been presented. The resulting trajectories were analyzed based on state and
control histories, effect on fuel and usages, operational feasibility, etc..

First, analysis was performed considering only two-dimensional translational motion. The
baseline trajectory, which represented a minimally constrained landing trajectory, was found to be
operationally infeasible. Operational constraints were imposed to obtain a more viable solution. A
parametric study was performed varying the perilune height of the descent orbit and an impulse-like
burn was observed in cases that targeted a positive descent orbit perilune height. The final vehicle
attitude and landing approach of the vehicle were found to be very shallow (horizontal), which
motivated the inclusion of rotational kinematics in the equations of motion in order to constrain the
attitude characteristics of the vehicle. Attitude kinematics were included in the equations of motion
and a constant scaling of the angular acceleration command appended to the cost function in order to
minimize the rotational motion of the vehicle during the flight. The vehicle was constrained to land at
a near vertical attitude (within 0.5 deg) with zero angular rate. Fuel penalty metrics were obtained for
both the terminal attitude and attitude rate constraints, as well as further constraining the throttle to
maximum thrust. It was found that the fuel usage increased by further limiting the throttle bound to
maximum thrust. During the final portion of the trajectory, the final throttle profile was observed to
decrease to a specified lower bound as the vehicle rotated to a vertical orientation, which suggested the
optimum was a minimal, or possibly zero, engine thrust during this interval. To investigate this, and to
provide for navigational error margin, a terminal vertical descent phase was included in the trajectory.
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