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INTRODUCTION

The purpose of this program is to solve the heliocentric transfer conic
for-arbitrary transfer between any two planets in the solar system. After
designating the launch and target planets, it is only necessary to supply the
launch date and flight time to obtain a solution. However, additional infor-
mation (such aé injection conditions) may be found by specifying certain
parameters of the launch site and powered flight for parking-orbit type
trajectories. This is made possible by the addition of a near-launch planet
conic sub-routine (a separate program in itself). The major output of the
heliocentric program is the launch hyperbolic-excess velocity vector which
is used as input to the near-launch planet conic sub-routine. The hyperbolic-
excess velocity vector with respect to the target planet is also obtained.

In addition, several quantities useful in preliminary design are
computed.

Since part of the output is the injection conditions in space-fixed
spherical coordinates, this program can provide initial estimates to start
the 6-body interplanetary integrating trajectory program. 1In fact, it is
planned to add this heliocentric code as an input sub-routine for the larger

trajectory program.
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A number of pains have been taken in an effort to improve the accuracy
of this program. For example, planet positions are obtained from stored
ephemeris tapes and planetocentric output is rotated to the mean equator
and equinox of date. Preliminary accuracy studies have been made by
checking against the 6—b6dy trajectory program. For 1962 Venus trajectories,
misses at the target from 22,000 to 380,000 miles have been observed. Methods
of improving accuracy are already known and will be applied as soon as
possible.

The program assumes massless launch and target planets. Launch and
arrival positions are the positions of the planets' centers at the launch
and arrival times as found in the Ephemeris. However, when transferring to
the near-launch planet conic sub-routine the launch planet becomes "massy."

CQRMPUTATIONAL SEQUENCE

Experience has shown the desirability of choosing integral values of launch
date (instead of arrival date) to start the problem. Thus, start by computing

launch dates.

1. Compute T. - the launch date

L
TL = Cl + C2 C3 0= 03 = Ch
C; = (J.D. - 2,400,000) of initial value of T,
C, = Interval between successive T _'s in days

2 L
3 Dummy variable

(9]
I

Ch = Upper limit of C3

2. Compute Tf, the time-of-flight in days
Tf‘—‘(35+C6C7 O:CT:CS
C5 = Initial value of Tf in days

06 Interval between values of Tf in days
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I

Sy

08 7
3. Compute the arrival date, TP

Dummy index

Upper limit of C

Tp = TL + Tf

4. Look up rL(TL) in the Ephemeris where T = (XL, Y, ZL), the heliocentric

equatorial coordinates of the launch time for Epoch 1950.0.
5. Look up r (T.) in the Ephemeris where r = (X, Y, Z_), the heliocentric
PP p p Y b
equatorial coordinates of the target planet at arrival time for Epoch 1950.0.

6. Compute the heliocentric cartesian ecliptic coordinates of r_  and ;n

L
=5 v
*L| |4,
i |
. [A] L
T 5 )
o = =1
| *p 1 P |
| i
S I
\‘Yp | = kA] % 1
i
i 2 |2 |
| °p ' P
g J 2}
where
1 0 0
rA] = 0 cos 61950 sin 61950
_? -sin.€1950 cos 61959_
61950 is the obliquity of the ecliptic for 1950.0.

7. Compute r. =ﬂ¥/}L T T and T B }rp . rp

8. Find unit vectors in the direction of ;L and ;ﬁ
4 F 4 E :
TRy By o= R
T r
L P
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Since rotating into heliocentric ecliptic coordinates, vector components

are expressed in a frame shown in Figure 1

K

Y il

T

(1950)
where the plane of I and J is the ecliptic plane and I is in the direction

of the mean equinox of 1950.0. K is the ecliptic north pole direction.
L of the

9. Compute the celestial latitude, F;L’ and celestial longitude, /\

launch planet at launch time
_'—.—l 7-r - - TT
sian-K r "E“JQL_E
/1 I -{fx (;lek)]
cos =
L cos PL
0 = AL = 2T

J . [Kx (;leﬂf)]
SinAL= cos FL

10. Compute the celestial latitude, BP and celestial longitude, A y of the

target planet at arrival time.
_r.=1 M _q T
Smpp_K ™p -2—PP‘§
f.[zx(;lxi)]
cos)p= cos -
Pp
o1l

o
I
i
hel
A

7.[Ex (1 xK)
sinAP': [COS fgz ]
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11. Compute the angle, ©, subtended at the Sun between the position
vector of the launch planet, ;L at launch time and the position
vector of the target planet, ;§ at arrival time.

cos © = rL rP 0= 0= 27T

It is necessary to determine the quadrant of 6. To do this:

(a) Compute the celestial longitude difference,

A/1=)(p-/1L | o=o A\ =2
,sin VAN X cos 9p cos GL

|cos i|

sin @ =

where i is the inclination of the orbital plane given below.

After the ebove twelve computations we are ready to enter sub-

. R - _
routine #1 , wvherer. =r_, r. =1 , 9 =0, and T

1 L’ To 5 H=TF/365.25611-.

Sub-Routine ﬁl, Solution of the Transfer Conic Elements

The heliocentric injection position and the heliocentric ejection
position are specified by'fi and fé, respectively. The required heliocentric
transit time is TH. This sub-routine determines the characteristic parameters
of the heliocentric transfer ellipse which will permit a transfer from ;i to
;2 with transit time TH' If a byperbolic path is required to effect the
transfer in time TH, this sub-routine notes this fact, but does not compute
the characteristic parameters of fhe hyperbola.

The input quantities to this sub-routine are:

1

1l

|Fll, the heliocentric radial distance of injection (a.u.)

I

r

s , the heliocentric radial distance of ejection (a.u.)

To

*
Written by E. Dobies
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9 = cos'l;§rTT=§!, the heliocentric central angle (degrees)
| |
: 1. 2

T, the heliocentric transit time (sidereal years)

Lambert's Theorem states that the transit time between any two points
on an ellipse 1s a function of the distance of each point from the focus,
the distance between each point, and the semi-major axis of the ellipse.
Because the distance between the two points can be computed from Ty T, and
6 using the Law of Cosines, Lambert's Theorem for this problem is

T = T(rl, T, 6 a)

This sub-routine tries to find the value a which will produce a value of T

in the above equation such that T = T The gbove equation is really a

e

series of transcendental equations which must be solved by an iterative

procedure. For a typical case, a graph of the above equation is shown below.

b iy e

e R e 0 L O S - \:;

——

.

a : 2a ’ 3a a-
m

The first step in the solution is to compute the minimum possible value
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branch of the doubled-valued function to be chosen depending upon whether

Ty = Ty

The second step in the solution is to bracket the solution on the
appropriate branch of the curve between (K-l)am and K(am), 2= K= 10,

If Ty = T(lOam), on the lower branch, a hyperbolic heliocentric transfer

path is deemed necessary. This is reasonable because T(a) has almost
reached its asymptotic value at T(lOam)-

.The third and final step in the solution is to use a slope-intercept
iteration method within the interval between (K-l)am and K(am). This
method is illustrated. below.

T
x

m

(K-l)am aH Ka a-
When a solution is obtained, the output from this sub-routine is:

a,, the semi-major axis (a.u.)

Eh, the eccentricity

)y, the true anomaly of point r, in the ellipse (deg)

1
Vs the true anomaly of point r, in the ellipse (deg)

4
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The equations in this sub-routine are broken into two groups: Part A
contains the control equations and the equation for quantities which need
be computed only once; Part B contains the series of equations which handle
the general form of T = T(a).

Part A

B 2 2
1. C = ‘\/rl tr, - 2 rlr2 cos @

m Ca
~ 2y
r. -a(l- )i
b, 4 = cos” lrm o] 0 - ¢ =T1
1€n J
5. Um:n’-’é e = Tl
=77 + ¢ | o =TT
€_+ cos U/ 1 7\ ffJ. -. F_é_ sin )/
6. ¥ ioog = Im | __m / _m 1m
_ \le 1+ ¢ cos Ulm 1+ € 08 Vo

-

| H o B e B o i
€n + OS5 Uoy E € _\r, 1- £, sin )i
.

-1
8. \VQm b €, cos Ve L .;-“m cos /!

J

9. oV = Won - Wi | o<aY =27
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a 3/2 ZSKV
10, T =-2 s
m 27!
2 2 -
-1 C™ + rl - r2 [
11. (X = cos | 0 —QX=TT
2cr ' >
k. 12 il
o
12. aA = = — rl if r2 - rl
1+
r2 - rl cos ©
or,
T
1 s
aA— = _re if rl- I‘2
. B & r. cos @
1 2
iy
13. aP= - pa— if I‘E -~ I‘l
1 2
1+ - 1, cos ©
o M-
or,
T
" 2 . .
aP = = rl if rl == r2
1 +

r2 - rl cos ©

14. This step brackets the desired a; between (K-l)am and Ka_.

This is done by bracketing T, between TT(K-l)amT and T[KamT ;
L ” J

Enter part B of this sub-routine with a = kam to obtain T{kam].
Let k take on, successively, a value of k =2, 3, 4, ..., 9, 10.
After each value of k is tried, perform the following test:

for 7. - T

H M

T[kam]. o I

<y s T[kamw e T
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The smallest value of k which allows T[kam:to pass the test is called K.

Thus ay then lies between [K—l: & and Kam. The output from this step
is then:

a_ = (K-1)a_ T =T i(l{-l)am}

a, = Ka_ T, =T [Ke]

/

If, in the situation T T, T, = T(lOa.m), it is unlikely that an |74

H™ M "H
elliptic solution is possible. 1In this case, the sub-routine computation
stops at this point, and the sub-routine output is the word message:
HYPERBOLIC HELIOCENTRIC TRANSFER REQUIRED.
14. 1In step 14, the desired value of a, ay was bracketed between a,
and a, by bracketing T

1 H

slope-intercept method for finding ay more precisely. This method

is an iterative method with the subscript /€ denoting the number

between To and Tl. The step describes a

of the iteration. For the first iteration, let %P =8y and €€

equal T, from step 1k.

L
() ap ( ke
a) agp =ap-(a,-a e

y A A o' T -Tp

¥ ] 1
(b) Enter a g in part B to get ?f = T(él?)
1
(e) Test|TH-T/€lf S
1

(a) If ?f falls to pass the test, iterate again with

]
%f $ 4= ay and Tf 5™ ?ﬂ
L
(e) 1If Te passes the test, the output from this sub-routine

is Jjust.
oy = 8 g \
€= €(ag)

l{l = Z/l(aft) all from part B

'
\

T
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Part B
2 :
E Cz+r12-r2 + 4a (r2-r1)
1. B = cos 20(2&-]:‘1) O<P=<n
T, 5T T, <T
2, Xz = 4&2 - 2rl . - rl) [1 + cos ﬂa = ﬁl] H™ M H M
: e>n 8«
= 45" 2r, ) - rl) [1'+ cos (a + ﬁ)] < 6> n
3. E=23
X~ + 4ar, - 4a
-1l 1
4 Xucoa 2Xr OCKCN
¥
5‘
1
TH “TH H > T”
S ¢ 6> n |8<mn o
N < Qlc a B ¢ aca
[“:'le A m !H+\'I
a\acnp T,>T Ty>T a8, ¢ aca
A 27 2771 A P
|n+x} {n..rl
B8<mn 8>n
e ., aca A& , Bu B ,
n - Y L : A h + 8
G:A @ ¢ 8 ry4 Ty r,<rT BopBg & .
no+ ¥ : : : n-y
a a a a
" e S
Jn+5 . p % - §
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\ r € + cos L& € \/L-€ sin Uy
Bl oy W 1008 | e € cos U, B 1L+ ¢ cos U

8. Y, = cont| o Y2 | €01 - % omn Up

1+ € cosl)2 "1+ € cos 2/2

9. AY=VY, -V, 9=ay = 2l

3/2 \\y
Y6 e Bl

After solving sub-routine #1 we have the elements of the transfer conic
a.H, the semi-major exis
EH’ the eccentricity

Ul, the true anomaly of the launch planet in the transfer ellipse

2/2, the true anomaly of the target planet in the transfer ellipse

12. Compute the communication distance, T, at arrival

r, = k\/[:”EP - ?L(TP)] : [?P - 'EL(TP)]

where k 1s a conversion factor.

The unit vector, W, normal to the plane of the transfer conic is given by

i SR
X T

W= [6in 0|

13. Compute the inblination, 1, of the transfer conic

A
o
1A

cos 1 = |7 - K| : 0

M
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14. Compute the heliocentric velocity vector of the probe, ?L, at launch time

i =4 | - = 1
vy, = VL[(U XLy, ) cos I—L + 1" sin |'_'L
where

B - A

v. = /o 2 s e

L s d\ rL aH
aIld !" f-_-m-_q._i;g’—'——_-“_-#_ "5

pdn. [ & [ / o 2 _ €., sin )

L { : (1 = ._H)(eaH rL) T H 1

here

0 - JL: & B oE BEn

of e Y e o ez ) e A

and = &~ IL,_olf oo 1.1_2

15. Compute the heliocentric velocity vector of the probe, ?é, at arrival time

?E = Vp (W x Fpl) cos f; +'§Pl sin r;}
where
= VI -
and
sin [P \; - GH?)(2aH - rp)_}"H sin 1/,
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where
ds a2 é—r ir 9 = Bl
and
T . _ .y
- = (p__o if il = 2/252H

Before proceeding further it is necessary to change the reference
coordinate system from the equinox of 1950 to the equinox of date. This
is necessary because of the method used here to determine planet velocities.
These are required to compute velocity relative to the planets. All vector
operations to compute planet velocities must be done in the equinox of date

_t _t _1 ' .
frame, I, J, K. It is only necessary to rotate the components of rLl and

. 1
by 5 here K

N
=1

1

I
T (of date)

s - '
Here I 1is along the vernal equinox of date, K 1is the ecliptic pole of

| | R |
date and J is right-handed to I and J . Thus

I Xx Yx Zx I

A-—l —

J = | X Y Z J
Y Y ) £

_1 .

K \ iz Yz Zz K
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where

X, = 1.00000000 - .00029697 T2 - .00000013 T3
E = xy = -.02234988 T - .00000676 T2 + .00000221T3
Z = -X = -.00971711 T + .00000207 T2 + 00000096 T3
Yy = 1.00000000 - .00024976 T2 - .00000015 T3

2 3
i e zy = -.00010859 T - .00000003 T
2, = 1.00000000 - .oooohTEJ.'T2 + .00000002 T3

here T is measured in Julian centuries from 1950.0.The Julian Date at this
time is 2433282.423. This rotation matrix has already been coded as a

sub-routine by D. Holdridge, both forward and inverse.

J.D. - 2433282.423

&= 36525

vhere J.D. is the Julian date at arrival or launch time.

16. Compute the launch planet's velocity vector, Vl at launch time

<|

[ 1 -
- !
= Vl{(wl x T ) cos rl + Ty sin rﬂ

where

v

1 Va, ﬁy/'"“ - %"

a is the semi-major axis of the launch planet's orbital conic.

ﬁi is a unit vector normal to the launch planet's orbital plane.

s e . |
W, = 51n,§? sin i - J cos g? sin il + K cos il

il is the inclination of the launch planet's orbital plane.

1 is the longitude of the launch planet's ascending node.
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sin ri = —\/[ 2rL ] gl sin v
/(L - €,%)(2a) - rL)J

Ei is the eccentricity of the launch planet's orbit.

Before being able to determine the quadrant of (1, it is necessary

to determine the true anomaly, ; of the launch planet in its orbit

Y
at launch time. A unit vector, ﬁl’ directed toward the perihelion of

the launch planet is given by

s = i o
P, =1 PY +dJd B 4+4K P

1 4 bl zl
"~ where
P, = cos LJl cos §?1'~ sin ui sin §?l cos il
Pyl = cos h.l sin.gzl + Bin Lfl cos g?l cos i,
By * sinilfl sin i)

here(Afl is called the argument of perihelion of the launch planet.'

Another unit vector 61’ at right-handed relation to ﬁi and ?i
such that '

The true anomoly, v., may be found by

cos vy =TT - F)
sin v, = le . QI
Thus
Ofﬁl-_- ; i, DEwnal

i
f\)’a
I
3
I
o
'_l.
H
g
I
<
IA
n
;q
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17. Compute the target planet's velocity vector, ?é, at arrival time.
The formulas to find Vé are exactly the same as for Vl given
in (16) above except replace r; by T fhl by fél, the subscript 1
by the subscript 2, "launch planet" by "target planet," and "launch
time" by "arrival time."
The mean elementsl for all planets are given in the following
table. T is measured in Julian Centuries from 1950.0 as before.
Table of Planet Elements (Mean)
Semi-Ma,jor Axis Eccentricity Inclination to Ecliptic
Planet a (AU) e i (Degrees)
Mercury .387098 .205625 + .000020T 7.003819 + .00L7ST
Venus 723331 .006793 - .000050T 3.394204 + .00L125T
Earth 1.000000 .016729 - .000042T 0
lMars 1.523679 .093357 + .000094T 1.849986 - .000639T
Jupiter 5.2027 048417 + .000164T 1.305875 - .005694T
Saturn 9.546 .055720 - .00034ST 2.490583 - .003889T
Uranus 19.20 O0k7L  + .0002T S772792 + .000639T
lNeptune 30.09 .00872 + .00004T 1.774486 - .00953T
Pluto 39.5 27 17.140000 - .00556T
Longitude of Ascending Nose {? (Deg) Argument of Perihelion (,/ (Deg)
Mercury L7.737778 + 1.18500T 28.937778 + .3694k4T
Venus 76.236389 + .90556T 54.619305 + .50139T
Barth 0 102.078056 + 1.T71667T
Mars 4g.173611 + .77389T 285.965000 + 1.06667T
Jupiter 99.948611 + 1.01056T 273.577222 + .599L4T
Saturn 113.226806 + .87306T 338.850694 + 1.08528T
Uranus T73.726528 + .L9B861T 96.129028 + 1.11250T
Heptune 131.230833 + 1.09889T 272.935834 - .43222T
Pluto 109.633750 + 1.35806T 113.860694 + .03083T

Now rotate the components of ?5 and ?L

l”Astrolﬁhysical Quantities”" by C. W. Allen

to the equinox of date.
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19.

21.

22-

23.
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Compute the launch hyperbolic-excess velocity vector, ;ﬁL at launch time.

Compute the arrival hyperbolic~excess velocity vector, ;ﬁp’ at arrival
hp
Compute the departure angle,CXL, at launch time

_V'

« vV
cos Oy = —=—H 0=, =T
L lvlllth' L

Compute the arrival angle, o&p, at arrival time

2 hp
cos X _ = T R Ofa - Tr
* lvgllvhpl

Compute }VL the angle between the launch hyperbolic-excess velocity
vector and the launch planet's orbital plane at launch time

L \ T - &

sin 7 =W - vy -3 = L= &

| vy |

Compute ;ﬁp’ the angle between the arrival hyperbolic excess velocity

vector and the target planet's orbital plane at arrival time.
W, .V
gin7 =._.g.__..__.1_1|p_. -T_rf_?’ fK
P = 2 P 2
,hp

Compute the launch hyperbolic-excess speed



28.

- e pvs - s

3 0 cos £ =-sinf J

k 0 sin€ cos€__ K

1

where € is the mean obliquity of the ecliptic in degrees

~ s Lo M Gl e e by On-—-—f~n"’6\n—.2 mmraa=Dv 3

A unit vector in the direction of the outgoing asymptote at launch is

v

F ool w'Tp +Js_+ks

al : ’ )

Compute s

Compute the declination, \PL’ of the launch asymptote

T T

\ — s . - - e

sl g, = 8, 5 & Y= 3
Compute the right ascension of the launch asymptote

s
O=®, =2

i I e




30.

i

32.

33

A unit vector in the direction

Compute s
P p

Compute the declination of the

sin qu = Szp

Compute the right ascension of

planet

AP

cos (' =

- =l B I8
b E, Xxp yp

s
JypP

sin({_ =

e
5 + 8
Xp NEY
Compute the GHA at launch time

GHA

here T' = J.D. - 2436000.

258.57220L4 + .9856L735T' + -000387(w~2l—)

Revised Interoffice ﬁémo
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of the incoming arrival asymptote is

zp

arrival asymptote at the target planet

=

i B
"2 — Y=

the arrival asymptote at the target

0O =@ _ = 21T

2
36525

Compute the eccentricity of the launch near-planetocentric conic in

terms of the perigee distance

r C
D3

e = 1 + N

3

, where C, = v

hL R_

R_ is the crossover distance from the.planetocentric.to heliocentric

=4

conic (not necessarily the radius of the sphere of influence)

r_ = perigee distance of launch planet conie
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The values of @1 for each plenet are listed in the following table

Planet GM(au3Xday2) GM(Km3fsec2)
Sun .2959122083x10'3 .132h52856x1012
Mercury® 1483517 x1071° | 16426 x10°
Venus® 724130 x1072 324127 x10°
Barth® 890540  x1077 .3986135 x10°
Mars> 958265  x107° | 408928  x10°
Jupiter3 .282523 x10'6 126460 x10°
Saturn> 846034 x107" .378692 %108
Uranus> 129394 x1077 579179 x10'
Neptune’ i z153211 x1077 685786  x10"
Pluto> g 73978 %1077 .331132 x10°

whcre2 1la,u. = lh9.50027x106 km.

1. E. Rabe,"Derivation of Fundamental Astronomical Constants from the
Qoservations of Eros Dufing 1926-1945," Astronomical Journal,
No. 1184, 1950.

2. 5. Herrick, et al, "Gravitational and Related Constants for Accurate
Space Navigation" UCLA Astronomical Fapers No. 24, Vol. I pp 297-338.

3. G. M. Clemence and Dirk Broﬁwer, "The Accuracy of the Coordinates of

_the Five Outer Planets and the Invariable Plane," Astronomical Journal

No. 1227.

The GM for the earth is not based on Rabel but on Herrick's adoption of ke

(p 215) of reference 2.
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Compute the unitized components of the impact parameter B, assuming

- the plane of the target planet conic is determined by the Sun-target

planet line and the incoming asymptote. The probe goes on the sunny
side. The normal to this plane is

w1 =
T X8

w - =
B = W_xs8
P P
Find T
s -
s S £ R T = o X0
xp /P2 ) 52 ¥P i 2 : o)
VS * Syp " S Sy
=0
Zp
Find R
R=8s xT
p
=1 =1

Find B™- T and B~- R

Compute the inclination,‘gh, between the plane of the target planet

conic and the ecliptic plane.

os = -W K O = =
som {0 o7 K ki
Compute the Sun-Launch Planet-Target Planet angle,?? , at encounter
time
o Poopen -
e - F )
cos,T(=L1_L “P OETZfTT
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Compute the angle between the Target Planet-Sun line and the incoming

asymptote of the target, or the Sun-Target Planet-Probe angle, C:p

cos (= - E) 05{;)57'{“

| vh.p,
Compute the angle between the outgoing launch asymptote and the Sun-

Launch Planet line, or the Sun-Launch Planet-Probe angle, ChL

CoséLﬁ;hL';Ll OECLE

| e |
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The equations for the near-launch planet conic are given below.

Consider the figure below.

In this figure the probe is assumed to be injected at point I and is
going in the direction shown by the arrow. The escape conic is created
at injection and is a function of the position and velocity vectors at that
time. The unit vectors are directed as follows:

(1) xis toward the launcher

(2) §~is toward perifocus
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(3) T is toward the injection point
(4) © is perpendicular to the asymptote
(5) E.is along the asymptote
(6) 7—? is perpendicular tog

Another vector, é , not shown, but all important, is perpendicular to the
plane of the conic and points out of the paper.

From the interplanetary trajectory conic computation we are given the
constants of the escape conic. Further, suppose the characteristics of the
powered flight includes a circular coasting period (parking orbit) between
the last two stages. From the powered flight trajectory we can get (1) the
in-plane angle, 602, subtended at the earth's center, between launcher and

parking orbit injection, (2) the time, t.., to sweep out this angle, (3) the

02
period of the circular coast, (4) the in-plane engle, ﬁ23, swept out during

final stage burning, end (5) the time, t23, to sweep out the angle, 523.

k,initial burning

Final burning

{— launch planet's surface
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Now let the unit vectors have components in the vernal equinox, earth

equatorial systen

ry = I cos \JJ cos () | + J cos /s 51n(E)0 + K sin \Y_ (1)
where

\PO = launcher latitude

LHE = launcher right ascension

£-T¢, +7¢, +RE, (2)

r=1 B J T+ K f, (3)
B_:f[‘bxi-jby-kﬁbz (4)
s = T'sx + J 5, + K s, (5)
N=I7N, +TN +K1, (6)

§=f§x+36 + K C o (7)

Z

The only one of these vectors that must remain constant is the s
vector. The others are arbitrary. However, certain relationships must
hold. They are
.5 =0 (8)
=z (9)

YN WY
|
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VTN
1
1
W
[
)]
et
w
I+
no
m
B
no
<
[
]
o
&
no
1
N
[
no

Z
(10)
v s = + B € 5.+ 8
X Yy X Y
{’Y sy-l - sz]
vx T s (1)
X
Note that two C vectors are possible due to the plus and minus signs
before the radical. Also we must have that,
2 2
CZ = lse (12)
2 2 : ;
It Cz S 5, » no solution exists, and since we have that
- 2 ) _ _
Cz cos \|/_ sin 0 (13)

where (ro = launch azimuth
then it follows that there are certain launch azimuths for which no injection

points exist, or the condition is that

B 15 B et (14)

Knowing the launch location and choosing & particular launch azimuth,
the location of the injection points can be found. This is done as follows.

Compute b

b-5x( | (15)
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Compute *

.,
B
a.

-2

{.—"

Y
e -1 - 1=
Tz:: ) 5 + ‘-e-' b

where e = eccentricity ot the escape conic and is given.

Compute s

r =1 cos \P cos: H + J cos WI sin H + K sin \|/
o o} o] o] o] o)

where
; sin \V sin O 4 r cos O
) 4 X o o Y o
cos 'H 0= 5
£ © - h
Z
f sin \P sin O _ - ( cos &
; Sy o] o ¥ o]
sin(H g B 5
€2
A

Compute &, the angle between the launcher and perifocus

cos & =1 (C
O-.J

r .7

Compute ﬁT, the angle between launch and injection

I

sin @

&, =_277'— &+ 8

)
© 1s given and is the angle between perifocus and injection.

Compute r

cos © + ?2 sin O

H
}
('_f*r |

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)
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Compute injection latitude,
_ 1 = < JL
sin \{/ = r_, R B V = = (e5)
Compute right ascension, @), of inJjection
: 1‘,c )
cos @ = e (26
re+r?
X Y
T
sin@® = ——— (27)
-Wv/; 2,4 r2
x y
Compute longitude, A_, of injection
A=@-@, -t + A, (28)
A, = longitude of launcher
(J = 4.178074T x J.O-3 deg/sec for the earth
tb = time from launch to injection
ty = top * tp3 [cﬁT - (602 + 523)J sz (29)

the parking orbit coast time is

Yo & Y = Yy W Uy
T
where ky = 375 sec/deg
T = period of circular orbit

Further, if it is desired to find the azimuth angle at injection,

compute

_ 8, - kg sin Y 0=y =T (30)
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where S
B veg - 1 sin 6 - COS8 6 (31)
JI.3 - e
and
Ve2 1l cos 6‘+ sina
kll- = P (32)

To find the location of final stage ignition compute a position vector, 1_"2,
T A B .
£y = & cos (8- ay) + 7] sin (8- ay) (33)
where
Ipy=1r,+4J T Kr, (34)
Compute the latitude of final stage ignition
518 s = Ximo | - S= Vo= 73 (35)
Compute the right ascension, ®2, of final stage ignition
rx2 .
Cos®2:-r2+r2 (36)
_ x2 ya
__ 2
sin@®, = PRNE- RO - (37)
x2 ¥ya
Compute the longitude, AE’ of final stage ignition
Ap= A+ @, -@ +Wty, (36)

Compute the angle vetween injection and the outgoing asymptote



