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REVIEW

Kepler’s Equation(i/2)
= Kepler’s equation

M :n(t—T): E—esinE

m  UniverSal Variable

L o
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m  The correSponding expreSSion for both for time-of-flight and poSition

\/;t:a(x—\/asin\/xa}r r\T/% (1 COS\/EJHISIn(\/Ej




REVIEW

Kepler’ s Equation(2/2)

n f and 9 Solutions

r=fr,+gv,
v = fr, +gv,
“ m It followS as
CONTROLA
a X
f :1——(1—cos—j
r, Ja

g =t—%(x—ﬁsin%)
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REIVEW

Lagrange Multiplier(1/2)
= Example |

COST: f(x,y)=x"+y’
CONSTRAINT : g(x,y)=-3x+y=2

“ . e

CONTROLA f(x)= X% + (3x+ 2)2

m  The NeceSSary Condition

ar =10x+6=0
dx
= Finally,
X*—_§ y*—l
5’ 5



REVIEW

Lagrange Multiplier(2/2)
= Example 2

FUCTION : J(X,y)=x"+y"
CONSTRAINT : ¢(x,y)=2x+y+4=0

“ m CoSt Function

CONTROLA H=J(xy)+Ac(xYy)

=X +y +A(2x+y+4)

m  The NeceSSary Condition

oH (x,y,4)
OX

oH (x,y,4)

oH (X, Y, A
_oxs2i=0  HOYA) oo X+ y+4=0
oy
= Finally,

* *

X =-16, y=-08 A1 =16
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ALGORITHM

Spacecraft Interceptor Problem #i(1/5)

m  Orbit Energy iS given by

m  Performance Index

Y
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u ConStraints

Where,



ALGORITHM

Spacecraft Interceptor Problem #1(2/5)

|

Transfer orbit for rendezvous/Intercept

r=r - .
IInlerceptor initial Urbiil Target orbit

)

Target position vector

CONTROLA Ao
Yo
Interceptor position vector
and velocity relationships

u Target Orbit

nl(i,t)za(i—\/%sinjg} F\;: (1 cos %)H\/_sm(%j—\/_—o

" of Interceptor

UZ(X’t’AVo):a(X—x/asin%j+arOT(Vj/%AVO)(l cos\/,j+rfsm( ] Jut=0




ALGORITHM

Spacecraft Interceptor Problem #1(3/5)
m  CoSt Function

H=J(Avy)+A n(X,X,t,Avy)+®" (F—r)

m  The NeceSSary Condition

o o+

1= e =g
OX OX OX
oH :/126772_@6_[:0
OX OX OX

oH or or
L L)+’ | Z-Z =0
N Ju(a &)+ (at &j

oH d yy on, o or 0
OAv, OAv, OAv, OAV,
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ALGORITHM

Spacecraft Interceptor Problem #1(4/5)

= Lagrange Multipliers

1 ar
_—(DT
A ax
1= _o' L 1 8r

rax

o o 0 (ar _1or on, j

B OAV, | OAV, T OX OAV,
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m  The interceptor condition iS rewritten as

h=Av OL{((;—@) %(— (Vo +AV ))}:o

Where,

L[ or _xor o, N
OAV, I OX OAV,
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Spacecraft Interceptor Problem #i(5/5)

Finally,
m(X.t)= ( —Jasin %) ?i;%o(l cos%)wfsm
nz(xtAvo):a(x_\/gS,n%}ar (Vf/%AVO)Ll %



ALGORITHM

Spacecraft Interceptor Problem #2(1/7)

LikewiSe,

m  Performance Index

“ [ ConStraints

CONTROLA

Where,



ALGORITHM

Problem #1 - ReSult

Initial Condition Position(km) Velocity(km/s)

Target [3000 5000 500]" [-4.0 2.0 0.0]"

Interceptor [2000 4000 -500]" [-3.0 1.0 2.0]"

— Interceptor
Target

CONTROLA ﬁTarget | i

el P 80.2407

e |
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ALGORITHM

Spacecraft Interceptor Problem #2(2/7)

Transfer orbit for rendezvous/intercept

r=r .
Ilnlerceptor initial orbitl Target orbit
. arget initial
“ 7 _position vector
n 7 o
r £
CONTROLA Interceptor initial L Ay

position vector

Interceptor position and velocity vector
when tige is
@

L] Target Orbit

ﬂl(Y,t)za(i—\/Esin\/%}r T\; (1 cos\/gjﬂx/_sm(%j—\/_—o

" Interceptor Orbit — Before the Wait Time

UZ(X’AVo’t):a(X—x/asin%}arOT(Vj/%AVO)(l cos%}rr\fsm( ] Jut=0




ALGORITHM

Spacecraft Interceptor Problem #2(3/7)

Transfer orbit for rendezvous/intercept

r .
Interceptor initial orbit Target orbit

arget initial
position vector

CONTROLA Interceptor initial o

position vector

P
“ g \ v >
A
n 5 / A "
\"]

Interceptor position and velocity vector
when tige is
@

= (Interceptor Orbit - After the Wait Time)

X i (v ) 1-cos——

m (X XL AV, ) =, | x— o sin—= | +a, Y1t AY
Ja, Ju Ja
+1,/a;sin % ~Ju(t-1)=0




ALGORITHM

Spacecraft Interceptor Problem #2(4/7)

Transfer orbit for rendezvous/intercept

I ) r T bi
Interceptor initial orbit *“ arget orbit

arget initial
i position vector
o o’ >

CONTROLA Interceptor initial d Ay

position vector

v
1
Interceptor position and velocity vector
when tige is
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m  The PoSition and Velocity VectorS of Interceptor at the Wait Time
rl(xl’tl) = folo + 9oV,
Vl(xl) = foly + Gy Vo

s  TheFinal PoSition and Velocity VectorS of Interceptor

r(xx,Av,t,t)=fr+g,(v, +Av,)
V(X %, AV, ) = fir +d, (v, +Av,)



ALGORITHM

Spacecraft Interceptor Problem #2(5/7)
m  CoSt Function

H=J(Av,)+A (X, %, X,t,t,Av, )+ @' (F-r)

m  The NeceSSary Condition
L H 0,4 3T
OX OX OX
0%, OX, 0%, X,
oH :/136773—CDT8—£:0
OX OX OX

2 ﬁ(m&)wT[a—?—@}O
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o ot ot
oH on or

— = Jur+ =B _d" =0
ot Jude s ot ot

oH _ & a 0y g O _,

OAv, OAv, OAV, OAV, -



ALGORITHM

Spacecraft Interceptor Problem #2(6/7)

= Lagrange Multipliers

A= @Tla_r / i:_@Tli%@_ﬂpTlﬂ/ %:(DTEQ
r oxX ? rr ox ox r, OX, r ox

o O [Lor 1orom )
OAV, I OX OAv,

L
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m  The interceptor condition iS rewritten as
or or r
AV +—(V, —(V, +AV =0
- 1“[(& X e )
1'-1 \/78773 8773 ar /,18r+6r 0
rer ax1 ot, ox L oX, OX

L_[or_ver om, b
OAV, 1 OX OAv,

Where,




ALGORITHM

Spacecraft Interceptor Problem #2(7/7)

Finally,

’71(7"[):5(7—\/5%%) (1 COS—— ]+rfsm( ] Jat=0

n ﬂz(X,AVo,t)=a(X—\/asin%)+a (Vo +Avo) (1 COS—— j+r\fsm(\5j Jut =0
ng(xl,x,t,tl,Avl):a{ \/gsm%}ral (\/i )£1 cos%}
+, aisin(%]—\/;(t—tl)zO

R(X,X,%,t,t,Av,)=F-r=0
= Av L{@; 2;j+ﬁ(vo—(vlmvl))}=o
\/_8773 a773 \/_ar or -0
1|_1rr8x1 8’[8 raxlaxl_
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