MAE 5540easible In-Plane Transfer Orbits

e Transfer

Orbit MUST
Intersect BOTH
Inner and Outer
Orbits

Not-Feasible
Transfer Orbit

Feasible
Transfer
Orbit

Mechanical and Aerospace Engineering



MAE 5540Feasible Transfer Orbits conta)

Rey
gl Rcl iz i/
_ Region of Feasible Transfer Orblts%
IS
X T &y
oo # TT 1T ar
eT
0.4 R,
/ o1 a—T2 -
Special case:
0.2 Hohmann
' Transfer
/R

AV AN S ALAGGALA S S A GBS AANA L AwWA vur“vv u‘lblllvv‘ ...llb



MAE 5540

0.8

D6

n.q

0.2

I /
7 Reglon of Fensible Trnmfer Orblts /

-, Ry
o I
r S // Z
o

s

— R
Cr= - W
R
~Cr = —2"1
ar

Hohmann

Transfer

e Shaded region of
ar, €1 phase plot

Mech:

Tasget orbit

Excess-energy transfer orbit

“Wasted”
AV

Transfer
ellipse



MAE 5540

O St Toml Ot
L . R, 1
neé eT: _ W
€r
n.qa Rc
~Cr= _2
7 HT
0.2 Hohmann -~
- Transfer
A/ R
1
e Intersection of
the Curves on the 3
Initial
bit
dr, G phase plOt or

Why, ... well it is a

Constrained optimization
Problem ... and the answer

Is a bit subtle ... but here goes ...
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MAE 5540 Why is Hohmann Transfer
Optimal For AV (cont’d)
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Optimal For AV (cont’d)
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Optimal For AV (cont’d)
G[AVT]:L[ o ViP], 1 dVaf] |
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Optimal For AV (cont’d)
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Optimal For AV (cont’d)
eSincee<1 .... a[gVT] Is always positive
€
G[AVT]: e 2p p| |2p v
de [1_32] Rcl ar R02 ar

* Thus for a given ar, the minimum AV occurs at the minimum
Allowable eccentricity
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Optlmal FOI‘ AV (cont’d)

Rep _
R°1

S

Optimal Solution Occurs

~Region of Feasible Transfer Orbits

’ G772

Along the feasible region boundary
////////////////////////////%

Special case: / aT
Hohmann

Transfer

Thus

For
Optimal
Transfer
The
equalities
hold




MAE 5540 Why is. Hohmann Transfer
Optlmal FOI‘ AV (cont’d)

* Now Look at Orbital Energies
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MAE 5540 Why is Hohmann Transfer
Optimal For AV (cont’d)

 Substituting in from the Vis-Viva equation
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MAE 5540 Why is Hohmann Transfer
Optimal For AV (cont’d)

 Substituting in from the Vis-Viva equation
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 Minimum transfer energy will be at minimum
Eccentricity value ... along the feasibility boundary
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Optimal For AV (cont’d)
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MAE 5540 Why is. Hohmann Transfer
Optlmal FOI‘ AV (cont’d)

* Solving for ar, e
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MAE 5540 Why is Hohmann Transfer
Optimal For AV (cont’d)

* Solving for ar, e
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MAE 3340 The Hohmann Transfer

- We want our
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to be an ellipse
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