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Section 2.4: Applications of the Vis-Viva
Equation: The Hohmann Transfer

Not-Feasible
Transfer Orbit

Feasible
Transfer
Orbit
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Orbital Energy Review

Total (Mechanical)
Energy of the Satellite

» For a satellite orbiting in a gravity
field outside of the atmosphere (no
external drag) there are no
dissipative forces acting, thus the
total energy of the satellite is >
constant throughout the orbit

MAE 5540 - Propulsion Systems
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Total Specific Energy

Vapogee

£ = constant

Ia

Engineering

Vperigee

kinetic
energy

V2

2

potential
energy

i
I

pengee

potential
energy

U
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TOtaI SpeC ifi C E nergy (concluded)

- Solving for V, the elliptical orbit
velocity magnitude is:

It's alive!
it's ALIVE! _

MAE 5540 - Propulsion Systems

"o u[2-4]

- Newton referred to this equation
as the "vis-viva" equation

.... literally translated ... "it's alive"

- Extremely important relationship
shows that orbital speed is
inversely proportional to square

root of the orbital radius
C
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Vis-Viva Equation for All the Conic-Sections

Circle: [r=a| = \Y \/ ;_L n
a a a
. all -e?

Ellipse: | r =+ | = V =
Pse: | "= [T+e cos (V] y u[2-4]
Parabola: r=r 2p —|= V = 2 17=./2n
[1 + cos (V)] u[r 00] —

a[e%1 -1]

H bl —x 2 = V:

yperbota. | 1 [ 1+ ey cos{V) | = u[%+ia]

See Appendix 2.3.2 for Hyperbolic Trajectory Proof

MAE 5540 - Propulsion Systems 37




UtahState IMechanicIlodrenosphac ey
U N ' V E R S I T Y Engineering

Excess-energy transfer orbit

“Wasted”
AV

Tasget orbit

Initial
orbit

Transfer
ellipse

MAE 5540 - Propulsion Systems
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Optimal-energy transfer Orbit

Target
orbit

Initial
orbit

Target /

Orbit

MAE 5540 - Propulsion Systems

Two curves

Ay Are tangential
— | [ In space

Transfer
ellipse

Engineering




IMechanicallGIiepnoSpac e
UtahState AREEEEED
UNIVERSITY

... The Hohmann Transfer
- We want our
"transfer-orbit"

6
to be an ellipse .

with parameters [ B

dT = [R%;_ RCI] e L’/
AV ¥ |

MAE 5540 - Propulsion Systems
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The Hohmann transfer

‘Most fuel efficient method
—All velocity changes are tangential
—(change velocity magnitude but not direction)

‘Between circular or (aligned elliptical orbits)

*Takes longer than other less efficient transfers

Tangential elliptical transfer orbit

‘(example: Geosynchronous Transfer Orbit GTO)

MAE 5540 - Propulsion Systems
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Hohmann Transfer Steps

e 0 : Calculate transfer orbit semi-major axis & eccentricity

l:

. Calculate perigee velocity of transfer orbit

LS AN U Tl

Calculate circular velocity of parking orbit

: Determine perigee delta V

Calculate apogee velocity of transfer orbit
Calculate circular velocity of final orbit
Determine apogee delta V

Determine total delta V

MAE 5540

- Propulsion Systems
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the AV’s

- Applying the Vis-Viva equation for Transfer orbit

VT:/\/”J: 2 ‘1-:«/”— 2 2
1 R, 1 R, [Ry, R

1 1

] ]
210 -
/\/ F{RCI Re, +Rg)

Ll Ry | =, /% Jofq 1
W/z_l‘[Rchl]_ R, R,
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Engineering

UNIVERSITY Hohmann Transfer: Calculating

the AV’s

 Velocity (magnitude) change required to
go from starting orbit to transfer orbit is:

Initial Orbit: V, = [0
1 Rcl

|
AV1 -
T 211 - Rcl -1
: V R, _ [§'~1’+1] 9
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Hohmann Transfer: Calculating

the AV’s

Mechanicallcd

Engineering

- Again applying the Vis-Viva equation, but this
timeatR

- Velocity at transfer Orbit Intercept

V1, = I
T /\/M

2 1]

Ry T

R, |-

I

Re [RorRe]
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AV2-V,

R

MechianiCallGde oS pac e,

Hohmann Transfer: Calcul
the AV’s

- AV change required to go from transfer orbit to final orbit is:

Final Orbit: Ve = /i
2

Calculatin

Engineering

«/@/

1 -
\/&ﬂ/z
i R,

11
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Total Delta-Vee Required
for in-Plane Orbit Transfer

- Again remember
AV implies FUEL !

1 1

R Re,
[Rj] Ry !

7




Hohmann Transfer:
Total AV
AV] _ 1 S Rc2
T 2|1- R,
al [1 + Rg] 2 L -1
Ry | Rc2 |
+
Re,
-1 ] ]
AV) _ 1 |- [o[L1._ 1 = 1 1 Ry
LS Ro R}
aj Ro R» R» R» 2 _
1+ Rl R»
R R R R 1+ R_I
AVtStal — [1 ) 1% g’.’. + 1 1
- 2 2 1 n
qa] Rl |:1 + R'_",:| g-l‘
i i Rill |

MAE 5540 - Propulsion Systems
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Hohmann Transfer Problem ... Solved!

Hohmann Transfer: Required AV1, AV2, AVtotal

IiechanicallGdreroSpace

.
%)

)

0
AV |
o

0.

AViotal
/IAV&: Rlc 2R10_‘_1
/T FEWE AV EE
_,_....---'AVI
/ //'—;—Vp;tal 1 Ro
I = 1-E ) R +[ % -1
/ VAR s

MAE 5540 - Propulsion Systems
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Delta-Vee Plots (Extended View)

0.4

Extended View / —
: Legend
i / AV,
n.3 /p/Rcl
AV |
/ AV,
174 Rc: =
0.2 / N WRCI
1 10 100 1000

Re: / Ra 15

MAE 5540 - Propulsion Systems
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AV required for Hohmann Transfer from LEO to GEO

First Compute Radius of
Geo Orbit

. I : — 2 7[83'2
Kepler's Third law T = T
T geo = 24 hirs x 3600 % = 86400 sec
JlTTgeo 2/3
dgeo = r =

2/3

',\/3 086 x 105 km?® X 86400 sec

sec? 42241 km
27 ]

MAE 5540 - Propulsion Systems o
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AV required for Hohmann Transfer from LEO to
GEOQO (cont’d)

e Compute Orbit ratio

Re, _ 42241 im
K= Re ~ [160+6371]km — 047

1

e Compute Normalized AV

AViotal _ [._1 1 _
— |1 - 6 47 + -1=10.5059
Af RcL [ 047 ] \/ 2{ 1+ 6.47 } e

1

1
MAE 5540 - Propulsion Systems ’
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AV required for Hohmann Transfer from LEO to
GEOQO (cont’d)

e Compute Initial Orbit Velocity
\/ 3986 x 10° 1;;1; -
V1 — /\/ [160+6371]kan = 7812 e

e Compute Required AV

AViom = 7.8123 x 0.5059 =3.952 km.

seC

1
MAE 5540 - Propulsion Systems 8
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Example:
AV required for Hohmann Transfer from LEO to GEO
. (cont’d)
Input datal
S— transfer orbit datal

%[6531.00000

Orbit 2 semimajor axis, k

%[42241.0000

[24386.00000 |10.28196
Qrhit eccentricity Orbit velocity @ 2 (km/sec)
[1.58972

Orbit semi major axis (km) Orbit velocity @ 1 (km/sec)

[0.73218

“delta Vee" datal Time of Flight (min)
DV Orbit 1 (km/sec) |315.82071

|2.46966

Orbit Specific energy (m/sec)A2

Orbit period (min)
|631.64141

DV Orbit 2 (km/sec0

|1.48214

Input orbit datal

Orbit 1 Specific energy (km/sec)A2§Orbit 1 velocity (km/sec)

Orbit 2 Specific energy (km/sec)A2 Orbit 2 velocity (km/sec)
EARTH Eq. Radius, km 471817 3.07186

6378.14 Orbit 1 period (min) Orbit 2 period (min)

DV Total (km/secO

[3.95180

|87.54458 [1439.99514

MAI




geahdtate  Orbital Plane ChangeSTT) = "=

e Once Launch Systems burns out ... .. And payload is placed
in orbit ... ... ignoring the small effects of ... drag and
gravity perturbations ... your orbit inclination is fixed unless

You ... add enerov to the orbit

Penapsis

e —— W = Arsument of Penapsis
S2 = Longitude of Ascendmng Node
N1 = Ascending Node

NL’ = Descendine Node
MAE 5540 - Propulsion Systems ging 20
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Orbital Plane Changes (2)

e Launch Puts you into a fixed orbit inclination
* What does it cost (AV) to change orbit planes?

MAE 5540 - Propulsion Systems

* You can only change planes
When the planes at your
orbits cross

21




UtahState bosEETes) & R
UNIVERSITY Simple Plane Change

Z, A y

.-"'_--l

eed to change velocity vector direction and
not magnitude, otherwise orbit parameters (a, e)
will change

-
o
— [
i’

MAE 5540 - Propulsion Systems 22
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Z A Yy

« Simple Plane Change

clockwise rotation about
X axis within orbital plane

< >
Clockwise Rotation :Ai
Vil [ 1 0 0 J[Vx!
Vyl={ .0 cos (A -sin(Aj|[Vy
"Norm preserving"f‘:v 7 | 0 sin IAi) cos (A) L Vz

Lo

- .1

MAE 5540 - Propulsion Systems 2
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- "AV" - Vector ... includes burn directionality

AV, V, V,
AVy = Vy . Vy =
AVZ Vz VZ

2 1

rotation matrix-__ -

15 0 0 7[V=
0 cos({Aij -siniAfi || Vy| -
0 sin {Ai) cos (Ai) | [ V2 1

N<'~<<N<
e
[

1 0 0 Vx 1 0 0 Vy
[ 0  cos(Ai) - sin (Ai)] |:Vy:| . [0 10 ][ Vy :| =
0 sin{Aii cos(Ai) ] |Vz 1 001 \E
1
0 0 0 Vx
[ 0 cosiAi)-1 -siniAii || Vy
0 sin(Ai) cosiAi)-1 [|Vz o4

MAE 5540 . . vpurvsvuns Lryoremmo——
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e AV can be expressed in polar form also

AVr O O O Vr
AV, |= 0 Ccos [Aij' -1 -sin 'iAi:' Vy
AV, ]| 0 sin [Aij‘ cos [Ai;‘ o | R O

2
MAE 5540 - Propulsion Systems >
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e Evaluate magnitude of AV

=_al

0
0
0

0
0
0

AVE = AVT
0 o | T
coslAil-1  sin(Ail
-sin [Al] cos [Al] -1 ]
0
[cos [Al] -1F+ sin” [Al]
0
) i}
[ [cos [Al] -1F+ sin” (Al]] Ve |T
0 _

MAE 5540 - Propulsion Systems
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Simple Plane Change o

AV =
0 0 o [
0 coslail-1  -sinlAil
0 sinfAi)  coslai)-1 |[
0 | Vi
0 V,
[cos (A1) -1+ sin® (A} || o

[ [cos [Al] -1]3+ sin” [Al]] \a

Engineering

26
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‘ AV ‘2 p— [[cos [:Ai:] -1F+ sin2 [:Ai:]] V2v =

J

cos [Ai] —1F+ sin’ [Ai] = cos” [Ai] - 2cos [Ai] + 1 + sin’ Al] =

2[1 - cos (Ai)] =4 L cos (A _ 4 gin2 Al
‘AV‘WE = 2sin (%] Vy

Why no V, component?

27
MAE 5540 - Propulsion Systems
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 Define “Flight path angle” —
v

/r

28
MAE 5540 - Propulsion Systems
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e Define “Flight path angle”

‘AV‘SW — 2sin (% y

change

LIV,
Y = tan? v = ‘AV‘ = Z‘V‘ cos (y) SIn (%)

| YV _ simple
plane

change

2
MAE 5540 - Propulsion Systems 7
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* In-Plane Velocity Vector

- esin(v) -

[1+ecos(v)] "
|

:ﬂta_l-eﬂ

12

V, e sin(v)

i
V.| = ,\/ l +ecos(v)
VZ a[l - e2] 0 -

perifocal

V=10 o

(40

v

30
MAE 5540 - Propulsion Systems
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|AV‘ — 2sin (%) ﬂ/ ) [1 + e cos (V]

- a|l-€2]
onange
J
fore-= 0
7 A Ai\ uwo . Ai\
WAV ‘smh = 2sIn (7) \/aj =2 SIn (7 V.
- cme_c
Circular orbit

31
MAE 5540 - Propulsion Systems
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UNIVERSITY Simple Plane Change (Circular orbit)

Z

P

A

7‘4AE 5540 - Propulsion Systems

\AVIzZSin[%—i V.,

y
A

Circular Orbit

32




UtahState INtechanicalledhenospace]

UNIVERSITY Engineering
Example Geo-synchronous

Transfer
i) Directlaunch ’
to 28.5 deg inclination
LEO (160 km)
i) Plane change By
to equatorial B g
orbit R S R
111) Hohmann transfer
To geo-synchronous -
orbit P

Calculate required AV

33

MAE 5540 - Propulsion Systems
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Orbital Speed

- Compute Required Orbital Speed for 160 km LEO

ao- W |-

kg-m>

3.986 x 10*

Y, kg e — 7812'28%1_0
[160 km + 6371 km] x 1000%

MAE 5540 - Propulsion Systems 34
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Gravitational Specific Energy

e Equivalent specific energy required to lift unit
mass to Orbital altitude

_ wh
AVgraVity - /\/ 2 re(

r+h)

\/2 3986 x 107 ksgl; x 160 km
6371 km ([160 km + 6371 km]|

1.7508 km. — 1750.8 L

SCC

MAE 5540 - Propulsion Systems 3
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Vot Due to Earth’s Rotation

- Compute Earth Rotational velocity at 28.5° (KSC)
latitude

Vit = Oy X gty X COS[Lat] =

Earth

0.00007202] fadians| + [6373 9 kmy x 1000 1L
! SEC ] [ " km.

- For Launch from the cape in to a 28.5° inclination orbit

ksc m 111
(ks ﬂ7812 20448 LFT17508 LT =

10
7611.5 = o

X €08 [E3Z rats|= 408 4 1L o

MAE 5540 - Propulsion Systems 30
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Plane Change AV

- Delta V required for 28.5° plane change

AV]=2sin %‘ V.-

AV]=2sin &x_ X T8123 L= 334603

37
MAE 5540 - Propulsion Systems
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Total Delta V required to Reach Equatorial
Leo Orbit from KSC

Total AV required: [3846.1 +7611.5]=
m _
11457.6 Sec 51% more AV!

than what is required just to obtain orbit!

MAE 5540 - Propulsion Systems 38




UtahState INtechanicalledhenospace]
U N I V E R S l T Y Engineering

How About Transfer to Geo-Stationary Orbit

1) Direct launch A
to 0 deg inclination
LEO (160 km)

ii) Plane Change
to Equatorial

i) Hohmann
transfer to
GEO

39

MAE 5540 - Propulsion Systems
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Hohmann transfer

- Delta V for Hohmann transfer to GEO

RCz/RCI:[

Vlwﬁ\/z’

B L ) -
AV:—\/% /RCLZ \/2
R, |

MAE 5540 - Propulsion Systems

1318163.327 lﬁlll{l - = 6.456
1] =Ml
!&H
R,
L1 ] epqpm
{&} {&H} T sec
RC1 Rcl

40
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KSC Launch example: Option 1

« 28.5° North Latitude Launch

Minimum Total Delta V to

GEO

AViotal = AViauneh + AV Plane + AV

Change

" m
[7611.5 + 3846.1 + 2467.0 + 1481.4] 1L

hohmann

+ AV, =

hohmann

= 15405.9 11

SE€EC

- THAT'S almost twice orbital velocity ... How do we ever get there?

MAE 5540 - Propulsion Systems
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Option 2: * Do the math!
A

1) Direct launch
to 28.5 deg inclination
LEO (160 km)

i) Hohmann from LEO

transfer to
circular orbit \

r- =42164.2 km

iii) Plane change
to equatorial

orbit,_ +«—Raro >

“where V 1s smaller”

‘AV‘ =2 ‘V‘ cos (y) SIN (%)

.

simple

piane 42
MAE 5540 - Propulsion Systems change
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Hohmann Transfer

from LEO

MAE 5540 - Propulsion Systems

Option 2

INTechanicaledrAenospac e

Engineering
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Higher the orbit, Less AV
Required for Change of Planes

Vﬁnal Al AVplane change
4ViniﬁalJ_A

MAE 5540 - Propulsion Systems
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Less AV Required for Change

of Planes at Apogee than any
Other Position within Orbit

1) elliptical orbit

|AV‘ — 2sIn (%) \/ - [lu—eZ] [l + e cos (V]

simple
plane
change

>

11) Minimum Value when V - JU

MAE 5540 - Propulsion Systems »
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Plane Change at Apogee

AV
simple
plane
change_|

apogee

‘V‘\/ 1+ecos(n:)]:

|V|\/ l+e _2|V|\/ l+e

MAE 5540 - Propulsion Systems 46
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KSC Launch Example
OPT 2: Continued

‘Delta V required for 28.5 plane change
at transfer orbit Apogee

plane
change

| AV _2sm[~]/\/u [1<] =
apogee [1+e]

3,986 x 105 k>
| AV|= 2 sin [282-5 “0] sec?  1-073176 , 10000 -

MA

24347.6 km 1.73176 km

783.96 1L
sec

47
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KSC Launch Option 2
AViotal = AViaunch + AV1 + AV Plane + AV» =
hohmann Change hohmann
m _ m
7611.5 + 2467.0 + 783.96 +1481 4| sec = 12343.9 T

Energy savings — 100% X1540590 —123439 — 199%

Compared to

plane transfer in LEO 15405.9

e Better .... But can we still do better than this?

MAE 5540 - Propulsion Systems 48
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- Re examine the transfer at GEO
| AViotal |= |AV plane |+ |AV; |«—This is what WE did

change
/'

e But, What if we did both

locity ch s at ?
velocity changes at once AV-

AV

combined

=-Vy -V

combined

+ IAVzl

I AV combined |< |AV plane

‘ change 4

MAE 5540 - Propulsion Systems
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[AV [}

P =AVAV =[Vy -V [V2-Vq]=
VZTVZ - VZTVI - VlTVz +V1TV1 =

[ Vo |2+ V1 ]|2-2V2' V]

VQTVI = ‘V2| |V1 COS (6 :2 )

Angle between vectors

MAE 5540 - Propulsion Systems >0
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Combined Plane Change oo

cos (0 ) =

cos (y)cos (y)cos (A1)

51
MAE 5540 - Propulsion Systems
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Combined Plane Change oo

cos (0 :f) = €OS (yp)cos (y)cos (A1)

J
V1V =V, cos (y2)|[Vicos (y1)| cos (Ai)

AV somnes = ¥ Vo2 V12 - 2 [V3 cos (y,)||Vicos ()] cos (Ai)

52
MAE 5540 - Propulsion Systems
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Combined Plane Change oo

)

AV:
AV’
combined
A\/plane
change

AV =V V.24V ,2-2|V,c0s ()| [V1cos (y;)|cos (Ai)

combined

MAE 5540 - Propulsion Systems >3
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Re-Visit the GEO
Transfer from KSC

* Orbital velocity magnitude at GEO (Vz)

Option 3:

NN ]_
i) Direct launch Veeo = [ IGEO |

to 28.5 deg inclination

LEO (160 km) 3086 % 10" kg-m>

ii) Hohmann kg sec? _ 307470
transter to [42164.2 km]x 1000 1L - sec
circular orbit E km

r- = 42164.2 km

i) Combined Plane change
to Circular GEO orbit

54
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SRERSI Re-Visit the GEO

Transfer from KSC c.xs

- Orbital velocity magnitude of transfer
orbit at Apogee (V1)

V(apogee) — /\/ 2“ - & p—
T dT [1+ eT] dT

\PM-MUJFGTJ _uller]

ar|1+eq] ar |1+ er]

3.986x 105 km> » [1-0.73176]
sec2 = 15933 M
243476 km x [1+ 0.73176] sec

MAE 5540 - Propulsion Systems >
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Re-Visit the GEO
Transfer from KSC ..«

- Compute AV combined

V
A TV V] [oos ] -
\/ 307470 |2 2] 30747 015933 1 |cos[285 180]
m
1763.5 1L

MAE 5540 - Propulsion Systems 3
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Re-Visit the GEO

Transfer from KSC c.xusq
‘Minimum Total Delta VGEO

A\/vtotal — AVlaunch"‘ AVI + AVcombined —

hohmann

[7611.5+2467.0+ 1793. 2= 11872 X

SCC SCC
savings
Compared to _ 15405.9.0 -11872 _
planeptransfel =100% x 11872 23.1%
in LEO

57
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* Compute the Minimum Total AV Required for
Launch, Combined plane change & Hohmann
Transfer at LEO, and then Circularize Orbit

at GEO

Option 4:

1) Direct launch Avcombined

V
to 28.5 deg HED change
LEO (160 km) i \
: -

i) Combined Plane |
Change (28.5°) Vieo w— AVI —»

Hohmann transfer Vieo+ Vi >
- = 42164.2 km

i) Circularize Orbit

MAE 5540 - Propulsion Systems o8
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Option 4

- Compute Earth Rotational velocity at 28.5° (KSC)
latitude

Vrot = OFgth X IFarth X COS [Lat] =

Earth

0000072921 fadians| o [6373 93 km x 1000 1L
! SEC ] [ " km.

- For Launch from the cape in to a 28.5° inclination orbit

ksc m 11
(ks ﬂ7812 2 048 LRT17508 LT =

il
7611.5 = o

X 008 [B3Z s~ 4084S o

MAE 5540 - Propulsion Systems >
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KSC Launch Example
Option 4: corinuea

- Compute Transfer Orbit Parameters

"R, R, [A21642-[6371+160 [km
W i T A
K ;RC Tl 642+[6”;71 60Tk

MAE 5540 - Propulsion Systems 0
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Compute Velocity at
Transfer Orbit Perigee

Vgperigee) _ V 2 U

ar[l-er] ar~
\[ZM -ull-er]  [fu[l+er]
aT[l- eT] dr [1- CT
3.986x 105 kS 1+ 0.73176]
sec? = 10280.7 L
243476 km km x[1- 0.73176] Sec
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KSC Launch Example
Option 4: cominue

- Compute AV combined (28.5° plane change)

ortined = ,\/ ‘ V(Tperigee) 2 2 2‘ V(Tperigee) IVLEO‘ cos|AT] =

‘\/ ‘102807£|2+ |78123 I |2 2‘ 10280.7 & ‘|78123 | gog [28 o, 10 180 =

AV

i1l
5055.57 ec
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KSC Launch Example
Option 4: Continued

« Compute AV: for Circularized Orbit at GEO

42164.2 km — 6.456

Re:/Re,” [160 + 6371k
I
AV = EIJ[RCI/R%] - RCZ/RCI_I -
I e
Ry /Ro+1 | '

MAE 5540 - Propulsion Systems
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KSC Launch Example
OptiOn 4: Concluded

‘Minimum Total Delta Vto GEO

AVtotal = AVlaunch + AV AV, —

hohmann

[7611.5 - 5055.57 + 1481.41) L= 14148.6

combined

SCC SeC
Energy cost 14148.6 —11503.1
Comp)z;redto =100% x 5 -23.0%
equaorial launch 11503.1
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Cost to get to GEO from Equatorial Launch

VrotE = Oarth X TEath X COS [1al] =
a.

radians m diane] ‘m
[0.000072921 dia ] x[6371 km x 1000 H]xcos o r]- 465, 1 1L

Aeanaton _ \/[[7812_2 -465.1 ] P + [E 1750.8J2 =

total

m
7552.8 soc
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Cost to get to GEO from Equatorial Launch

AVvtotal — AVvlaunch + A\71 + AVZ —

hohmann hohmann

[7552.8 + 2467.0 +1481.4] 1L =111501.2 L

SCC SCC
savings 11872.0 - 11501.2
) L:i);hparlf(é)to. = 100% x =3.1%
est Launc tion
Launch Op 11872.00

e That’s the bottom Line ... get a satellite to GEO-stationary
Orbit from KSC costs you >3% AV Compared to
Equatorial LAUNCH
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Summary:
Launch to GEO Options
AV Table

Option Description AViatal

AVodit

Engineering

Sealaunch  Direat lamch 11503.1 mvsec
Hounaw fraefer

3048 4 mysec

ESCOpt. 1. 285 Lamdy, 15406.0 Msec
28.2° Flane Change,

Hohma AV AV?

7794 5 misec

KESC Opt 2 5 Lamd, 12344 0 m/sec
Hohma AV1, AVz, )

0.0 riahe Change

4732 4 misec

1.4%

KSC Opt. 3: 28.5° Launch, 11872.1 mvsec
Hehmar AV1, Combined
285° Plane Change +AV2

4242 7 misec

3.23%

KSC Opt. 4 28.3° Launch, 14148.6 Msec
Combimed 28.3° Flane

6537.0 my/sec

23.4%

6306%

Chamge +AV1, Homa AV
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