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I. INTRODUC TION

The deployment of a payload from the Orbiter of the Space Shuttl e,
bein g manned and reusable, prese~ats a considerably different  situation than
does deplo yment from an expendable launch vehicle. In the latter case , the
launch vehicle is of no further use to the mission , and the’ objec tive is to

provide separation between the launch vehicle and payload so as not to

interfere with the payload; safety of the spent launch vehicle is not of
consequence.

On the other han d, it is desirabl e for the Orbiter of the Spac e Shuttle
to remain in the vicinity of a payload after it is deployed for purposes of

• inspection and checkout . If the payload contains propulsive stages , safety

considerations require that a certain minimum separation distance be
maintained . A firm estimate for  this minimum safe distance is not available
currently, but a value of 3000 ft is us ed for the examples considered here.
In order to make a visual inspection of the payload, a station-keeping orbit

which circles the payload to permit viewing of all sides is desired; a mini-
mum allowable separation is indicated. However, most station-keeping
procedures have a maxim um separation that is substantially greater than
the minimum, which could create a problem b r  visual inspection . A station-
keeping mode was sought that had a minimum separation between Orbiter and

payload of 3000 ft and a maximum separation that exceeds the minimum by
as small a di stance as possible . Following initiation by one or more velocity

additions, the Orbiter should not requir e further energy application to re -

main in station-keeping orbit.

An inspection procedure in which the Orbiter is flown around the pay-

load by the pilot with mor e or less continuous use of the Reac tion Control

System will not be considered due to the relatively large propellant

requirements.

S
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U. STATION KEEPING AT CONSTANT DISTANCE

The Clohessy-Wiltihire equations
1 describe the relative motion of the

Orbiter with respect to the payload deployed in parking orbit . These
equations were examined and a solution found that results in the Orbiter
making a circular orbit relative to the payload so that the separation distance
between the Orbiter and payload remains constant at 3000 ft. The coordinate

system employed is shown in Figure 1. The equations in this system are as
foll ows:

1W. H. Clohessy and R. S. Wiltshire. ‘ Terminal Guidance System for
Satellite Rendezvous. ” Journal of the Aerospace Sciences, September 1960.
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/Zx \ Zz / 21
x = 2 ( — ~ - 3z J sin wt - —~~~ co s wt  + ( 6w z - 3~ ) t + Ix +— ~~U) 0/ U) 0 0 \ O  U)

yoy y cob U)t + — sin (Ut
0 U)

I2~ 1 /
z - 3z cos wt + —~~~ sin wt +(4z - 

__
~2.J

0/ 
(I) \ O  U ) /

where

t time (sec)

x = distance along reference orbit + downrange (f t )

y distance normal to reference orbit ( f t )  ( makes rig h t - hand sys tem
with x and z)

z distance below reference orbit (It )

w = Z’r/orbit period (1/see)

0 subscript denotes initial condition

Note that the motion in the crossrang e (y )  direction is independent of
the vertical and downrange (z and x) motion. The amplitude of the per iodic

motion in the downrange direction can be seen to be twice that in the vert ical

di rection.

For the purposes of this anal ysis. the following assumptions are made

conce rning the initial  conditions.
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At t -: 0, assume that :

a. A phasing orbit has been con-ipleted so that the payload will
be in the center of the s tat ion-keeping orbit ,

2z
0x = -—o .i•

b . Otherwise,  the Shuttle orbit is the same as the payload orbit .
y = 0.o 0

c .  To prevent  dr i f t . 0.

Now consider motion in the x -z  plane onl y.  This is the ver t ical  plane
ali gned along the di rect ion of motion in the parking orbit .

• 21
0x - — cos (U t

(U

z• 0z = — sin wt
(U

The square of the separation distance between the payload and Orbiter

can be determined as

‘ •‘ 2 / 1\ z  2
r ” = x” + z = (ç-2~) ( 1  + 3 coo U ) t )  = ~ ~.2 (5 + 3 cob 2 w t )

The period of variation of the separation distance can be seen to be

one-hal f  the orbit period of the parking orbit .  The maximum separation

dis tance  is twice the minimum . Such motion is illustrated later.

Now add motion in the y -d i rec tion  also, but delay its in iti ation by an

a r b i t r a ry  t ime  t
o

.

yoy = — sin 1u(t - t
(U 0

1,
-9-
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The separa tion  d i s t an ~ e is now:

) ) ) ,

r ~~x ~~ V ~~:

I; \.~ /~:. \.~ 
/ . \.~

“ (~
—

~) ~ 
(ç-~-~) - s in  .~ ~t t  sin  .~ . t t

~ .~

~ 

- (
~
) ~ ~

I’he an~pt itude  ot t h e  pe r iodic ~ar j at  t on  in .~ r ’ is

/[~) • i t
o] 

t [3 
(_

~ 
- (
~
) ‘I’ , J

Taking  the  der i v a t i ve  o~ t h i s  q u a nt i t y  wi th  respect  to  and s e t t i n g  it

to  zero  yie lds  the ext ren~e values .  The r e su lt s  ~~wt ’ , uC  0. -
~ , r~. , et c .

As wi ll be seen shor t ly , values of t’t ü , ti , e t c .  cor respond to minimum

val ues o~ the ampli tude whi le  i -
~~

- . ~~~~~ , et ~ 4 g ive  m a x i m u m  v am es.

Consider f i r s t  the  m i n i m u m  ampl i tude  s i t u a t i o n  for 0. l’he

minimum and maximum value s of t h e  separa t ion  d i s t ance  iroii~ the  p ay l o a d

to the  Orb i t e’ r become: 
—

1
/ ,; \ ,~ ‘

I,;. \ .~0 ~I 0 %  I 0
r • -c -. — r

mt U -t ~ ~ 
,~ / \ •

~~

In o rde r  t o  ob ta in  a cøn s t a n t  sepa ra t ion  d i s t a nce .  r . can benun
equated to  r . This re la tes  the in i t ial  ve loc i t i e s  r equ i red  in the v e r t i c a l

fl~ ax
and horizontal directions (and the r e s u l t i n g  aiup l i tu dea  ot t u ot i on ) .

= ± ~~ 0

I
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As ind ica ted  by t i e  d i a g r a m  b e l ow , t he  r e s u l tan t  ot the  two ~elo~~i t m e ’ s

makes a 30 -deg ang le to  t he  h~’ r i  -
. , ‘t ~ t ~t ’. , and t~ ie orbi t  ~ t t he  O r b i ter  r e la  —

• n y c  to the  payload wi l l  be m u d  m e d  s im i l a r ly  • A V .roi. could  as wel l  be

i n cl i ned  downward and to  t he  r ig ht at 30 deg r a t h e r  than  as shown in the

diag r an i .  This  would be the  c at . c t o t ’  a n eg a t  we’ value of v

:1

ii The in i t ia l  ve loc  i t  ics r equ i red  for  a 3000-it  separat ion for a I 7~ — n m i

c i r c u l a r  o rb i t  can be’ de termined  as fo l lows:

• ~,,
. • ~; ) 

~ 
(; 5

) 

—

I L  I \ I 0 0 0

r - 
- 3000 ftnun

1 . 1’-’4 ~~, 
10~~ 1/ se c  f o r  a t 7 .~— n m i  c i r c u l a r  o r b i t

r . •t~ — ,  -IVLt1~ I . I .~ ipS

3 .00  f ps

3. 4n~ f ps

rhis station-keep ing u-node was simulated on rhe Aerospace
Corpo ra t i on  s Generaliaed Vraje’ctorv Simulat ion (G l’S) Program over  a

spher i ca l  e a r t h  with a p a r k i n g  o r b i t  i n c l i n a t i o n  of °S. 7 deg . The p r o c e d u r e

for  e s t a b l ish i n g  t h i s  o rb i t  is i l l u s t r a t ed  in F igure’ .~~ . In i t i a l ly ,  the  Orb i ter

I
- i i -

-: —, _.-:~.-_~
- 
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and its payload are side by side in a 172-nmi circular orbit.  A retro
velocit y ~~V 1 of 0. 18 f ps is applied to the Orbiter , which puts it into a
17 1.895 x 172 nmi orbit as shown by the dashed line on the left side of
Figure 2 .  This is an orbit of a slightl y shorter period than that of the
pay load , and co nsequentl y ~he Orbiter is 3000 ft ahead after one orbit rev-
olution . At this time , a second velocity impulse of 3. 47 fps is applied.
This is the re sultant of the 0. 18 fps in the downrange direction to restore
the Orbiter to its original orbital velocity, 1. 73 f ps upwar d to initiate

ve r tical and downrange motion , and 3. 00 f ps in the horizontal plane to ini-
tiate crossrange motion .

The full y established motion as determined by the trajectory simula-
tion is illustrated in Figure 3. An edge-on view of the motion looking
uprange is presented , which shows the motion to be in a plane inclined at
30 deg to the horizontal. (A plane inclined at -30 deg would also be satis-
fac tory .  ) The edge of the plane is aligned with the direction of motion in
the parking orbit.  The other view shows the relative motion to be in a
3000-ft radius circle with the pay load at the center .

The total distance from pay load to Orbiter is pr es ented as a fu nctio n
of ti me in Figure 4. The distance gradually increases to 3000 ft du r ing one

orbit  revolution following the initial velocity increment.  Subsequent to the
second ve locit y addition , the separation distance remains constant .

The same procedure was repeated for an oblate earth as shown in
Figure 5. No significant change in the relative motion is evident . Hence ,
all further simulations were made assuming a spheric al earth .

_ _  

- 12-
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III. OTHER Sl ’A T I O N -K E E P IN G  ORB ITS

Some of the consequences of deviating f rom the stat ion-keeping

procedure yielding cons tan t  distance ’ are presented . Motion in the’ v e r t i c a l
plane onl y with a minimum separat ion dis tance of 3000 ft is shown in

Figure 6 . The hor izonta l  motion is twice ’ the  ve r t i ca l  mot ion .  The t o t a l
separat ion, shown in Figure 7 , var ies  f rom 3000 ft to 6000 ft at  a period

equal to half the period of the ’ pa rk ing  o rb i t .
IT 3T 1 -The other set of values for  t , I l l  —j - , — , etc . wil l  now li e’ on

e) o ~. 2
side red. These’ values yie ld  the max imum d i f f e r e n ce  between  th e m u i n i u n u n i

and maximum separa t ion .  In t h i s  case ’ ,

~~~~~~~ /~~\ 2
0 / 1 0 1  lo lr , =—  r ~~ i 4 i — i  f i —nun It ’ max 

~ \ UI / \ It’

The d i f fe rence  between r . and r can be m in inm i ’i,ed b y e l i m i n a t i n gnun max
t he motion in the y -d ir ec t io n completel y (~ .: 0), in which case the  max i-

• n~um separ at ion is twice the  n~inin~un~ val ue ’. ‘Fhis is jus t  thi ’ n~ot ion in

the ver t ica l  plane only considered above .

C rossrange motion with an amplitude of 3000 ft will  now be’ added .

The phase’ e)f t he  eros orange n~ot ion relative’ to th e ’ ver t i c a l  niot ion corr e ’  —

sponds to that fe) r niaxirnum di f fe ren ce  between minimum and maximum

separation (iv t n / a ) .  This  is illustrated in FIgure  8. Lew ’k ing uprange ’,

the  relative orbit appear s t o  be c i rcular  althoug h in t rue  project  ion the’

orbi t  is ell i pt i c -a l.  ‘rotal separa t ion  as a func t i on  of t ime is shown in

Fi gu re 9. The inc  reseed range of separation dis tance is cle ’ar iy evident

Fina l ly  • i t  the ’ ini t ial  phasin g maneuver Is el iminated f rom the s ta t ion

kee .p ing i n i t i a t i o n  procedure , the n~ofion along the fli gh t path is e n t i re l y  in

th e ’ uprangc d i r e c t i o n  as shown in Figure 10. This resul t s  in subs tan t i al
in c re act s i i i  t he n t a x i mu n~ separation compared to the minimum . In addi —

ion , it me’ out t o  in the In t roduct ion  of a component n the ’  t o t a l  s i’parat ion

d i s tance  wi th  a period equal to the parking orbit period in addition to the ’

ha i l  p a r k i n g  orbi t  pe r iod seen previously (Figure I I ) .

— I ~~—
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IV. VJSIBILITY FROM THE STATION-KEEPIN G ORBIT

Establishment of a satisfactory station-keeping orbit around the

payload does not solve all the visual inspection problems, however. In all

cases, the station-keeping orbit is a planar ellipse. If the payload has no

rotational velocity relative to the coordinate system employed in these

station-keeping analyses , the Orbiter will pass directly over a portion of

the payload with the line of sight looking directly down at the payload . Only

a glancing line of sight will be available to other portions of the payload .

This situation is illustrated in Figure 12 where the payload is assumed to

be a sphere . The angle e is used to characterize the direction of the line

of sight. Although a downward view can be considered to be satisfactory,

a line of sight mak ing a substantial angle with the normal to the payload

surface may not be. Let 8 . be the maximum view angle that is satis -
view

- factory. The orbit plane of the Orbiter relative to the payload is assumed

to be perpendicular to the plane of the paper in Figure 12 and passes

through the center of the payload. The angle X between the plane of the

paper and a line from the center of the payload to the Orbiter is used to
• define the location of the Orbiter in ite orbit about the payload . Assuming

the radiu s of the spherical pay load to be R, the surface area visible with a

satisfactory view can be determined as: .

Zn eview 
~s .= f  f  R cos 8 d8 dX

- 8 .vi ew

2 .• ~~4it R sin B view

or

S/S TQTAL sin 0view

- -- - - ,-‘•~~-~~ ~-~~~~~~~~~~~~~~ - • - -~~~~~~~~.
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where STOTAL is the total surface area of the payload . This fraction of

the payload surface that can be viewed in a satisfactory manner is plotted

in Figure 12. If 8 . < 90 deg, not all the surface can be viewed ade-view
quately.

Referring to Figure 10, which shows a station-keeping orbit
established without init iaUy performing a phasing maneuver , it can be -en

that a por tion of the payload surface that is on the side away from tb
Orbiter is not visible even for a 8view of 90 deg .

The payload fixed relative to the coordinate system considered abe ‘e
corresponds to the use of an horizon sensor to provide attitude control for
the vehicle. Another common attitude control procedure is for the payload
to remain at constant inertial attitude. Relative to the coordinates being

employed here , such a payload appe ar s to rotate once each parking orbit

period . The rotation is in such a direction as to reduce the oppor tunities
for visual inspection. This effect is most apparent for a station-keeping
mode in the vertical plane only , In the station-keeping coordinate system,

the angular position of the Orbiter is

tan XOrb x

Recalling that

-2~ 0x =  cos wt

and

z = — 2  sin wtw

yields

I
- tan XOrb = ‘~~‘ tan wt

1•

-16-
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The rotation of the pay load X~ is uniform with ti.ne in the same coordinates .

180X = — w tp it

The angle between the pay load and Orbi ter  position AX become s

AX -~ tan t
(’~- t an U ’t l  -

Or b p 2 iT

i’hie is plotted in Figure I whe re  AX is seen to cover the range of ± 19 . 5 deg.

which will be’ denoted as AX . ‘I’he por t ion  of the ’ payload surface  that
umax

c~~n be viewed in a s a t i s f a c t o r y  m a n ner  can now be’ determined by repeat ing

the integ ra t ion  with l imi t s  of ±(.~ \ 8 - ) on the var iable  \ .max view

i~ X t Omnax v iew !  8
p view

S ) R cos 0 dO dX
- l A X 0 - ~ 8 -f l a x view ’ view

t 0 - ~ sin 8 -mix view 1 v iew

or

I ~o .  )
\ max view sin

The f r a c t i o n  of the pay load su r face  that can be viewed in a sa t i s f ac to ry

m a n ner  is plotted in Figure  14. Even if a glancing line of sight is conside r ed

sa t i s f a c t o r y  ~~~~~ 
Q~ deg ). only n 1 percent of the surface of the pay load

can be observed.

I
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Determina t ion  of the requirements  for satisfactory visual I nspection
of a particular payload requires  considerat ion of the portions of the surfac e
that  must be visible and the l ine of sight  that is adequate . If the v is ib i l i ty

• is not adequate for the ’ nominal at t i tude control mode of the payload , two
approaches are’ possible. One of these would bi. to conmmand a rotation
rate to the pay load so that all sides can be seen. The other approach is
to establish a s ta t ion-keeping orbi t  and inspect  the port ion of the  payload
surface  that is visible and then to in ject  the  Orbi te r  In to  another s t a t ion-
keeping orbit . The’ combinat ion of two s tat ion keeping o rb i t s  wil l provide
adequate visibil i t y in many cases. The’ best approach will depend upon the
individual s i t ua t i on .

-18..
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V . CONCLUSIONS

The f ol lowing conc lus ions h ave been derived from the’ study results.

a. A stat ion-keep ing mode for  the Orbiter  has been devised
th at permits the Orbiter to remain at a constant distanc e
from a pay load which i t  has deployed . One parking orbi t
pe riod was used to establish the stat ion-keeping orb i t .
For the 172 -nmi orbit used as an example , t he velocit y
req uirement  is 3 ,6 5  f ps .

b. St ation-keeping orbi ts  are planar ellipses relative ’ to the ’
pay load . Plotting the ellipse and its t races in plan and

• elevation views readil y al lows visualization of the r e ’ ia t i ve

orbit .
c. The adequacy of visual inspection of the payload depends

on the attitude control mode of the pay load , the s t a t ion -
kee ping orbit , and the line of sight required relat ive tu the
pay load surface.  Multiple station-keeping orbits  or corn-
manded rotation of the payload may be required for
adeq uate vis ibi l i ty .

I
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NOMENC LATURE

r distance from pay load to Orbiter (ft )

R rad ius of spherical pay load (ft )

s surface of payload that can be viewed satisfacto r ily (ft 2 )

5TOTAL total surface area of pay load (ft 2 )

t time ( eec)

x distance along reference orbit + downrange (ft )

y distance normal to reference orbit (ft) (makes right-hand

system with x and z)

z distance below r efe r ence orbit (f t )

AV TOT total velocity increment (fps)

f i rs t  velocity increment in station-keeping procedure (f p s)

AV 2 
second veloc it y increment in station-keeping procedure (f ps)

B ang le between a radiu s vector to the payload surface and
the line of sight to the Orbiter (rad , deg)

8view 
maximum permissible value of 8 for adequate viewing
(rad , deg )

x angle locating Orbiter in orbit relative to the payload
(rad, deg )

XOrb angle locating Orbite r in the station-keeping orbit measured
from the reference orbit (rad , deg)

x attitude angle of payload measured from the reference orbit
p (rad , deg)

Zn/orbit period ( 1/ sec)

o subscript denotes initial condition 

- 4--—- -~~~~~~~~~~
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AXES EMPLOYED:

x - DIRECTED ALONG ORBITAL VELOCITY VECTO R, + DOWNRANGE

z - DIRECTED ALONG LOCAL VERTICAL + DOWN

y - FORMS RIGHT-HANDED SYSTE M WI TH x AND z

x - ALONG DIRECTION OF ORBITAL MOTION

LOCAL VER T IC AL

2

4- F igure 1. Coordinate Sy stem - Position of Orbite r
Relative to Payload is Used.

\~~~~ ~~~~~/~~~~ ‘v1 

~
O.l

~~~~~~~~

D

ORBITER INTO 171.895 x 172 nmi  ORBIT
WITH PERIOD OF 90. 7535 m m

~—PAYLOAD IS IN 172 x 172 nmi  ORBIT WITH PERIOD OF
90. 7555 mm

AFTER 1 ORBIT PERIOD , ORBITER IS 3000 ft AHEAD OF PAYLOAD

3.47 fps IS A COMPOSITE OF:

0. 18 fps DOWNRANGE TO RESTORE ORBIT VELOCITY
1. 73 fps UP TO INITIATE VERTICAL AND DOWNRANGE

MOTION

3.00 fps IN HORIZONTAL PLANE TO INITIATE CROSSRANGE
MOTION

Figure 2 . Station Keeping at Constant Distance.

I
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Z — l000 ft
- 2 0 2  “ I

(D
- 2~~~‘~~~~<0 PAYLOAD POSfflON 

-

. \

~~~
-_\ __~~

--
~~~~~ 4 - \  \ - 2 >

~~4~”\ } ç  \ \~~~~~e \
~~~\ ~~~\ \ \~~~ \ — — —  — —y\  \ I \  \ \ \ V \

‘ix ~~ \ \ “~~~ “ \1 ‘~ ~~~~
“

-

~~~~

Note: A relative orbit plane sloping downward to the right is also satisfactory as
well as the orientat ion shown which slopes downward to the left

Figure 3. Station Keeping at Constant  Distance -

Relative Orbit

~~ 12 —

I-

B 
- 

AV2 (init iate station keeping)

6 E~V 1 )phaslng)

I 

~~ 

L___ __.._~
_—~

——--—-—--- ~~~~ 1 ORBIT PERIOD H

TIME, 1000 sec
Figure 4. Station Keeping at Constant Distance -

Separation vs Time - Spherical Earth
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I’:’
6 — 

• 

~V2 (initiate station keeping)

~ ~V1 (phasing)
2 4 — I ORBIT PERIOD

!:2

T I M E — I 0 0 0 sec

Figur e 5. Station Keeping at Constant Distance -

Separation vs Time - Oblate Earth

LOOKING DOWN I I I

11111  = 1 1 = : : :  =
~~~cc

- - - - - - - -

±ï ii~~~i i i i±  2 >—
~~~~~~~

— 6 — 4  —2 —0 2 4 6 —4 —2 0 2 4
X - i 0 0 0 ft 

=± 
Z - l000 ft

4— —

~~~~~~~~

— - — — — - -
~~~~~~ ± -2~~_ _ _~~~s~4__

0pAYLOAD pOSITION

~

— —  2~~
4

FIgure 6. StatIon Keeping in Vertical Plane - Relative Orbit

$
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10 - (initiate station keeping)

h— 1 ORBIT PERIOD

TIME 1000 sec

Figure 7. Station Keeping in Vertical Plane -

Separation vs Time

- 

~ PAYLOAD POSITION

- r ’ ’  4
— 

- - - , : - L.... . - - 

- . - - ‘ .  . -

\ H~~L~~ T H  (T 7T~.. °!!
- :• - ,

_ _  - : ~~ L ; -‘: 2 >
— _____ — ________ ______ — —  

A ~~~
• ~~~~~~~~~~~~~~~~~ -- ~- -~ ~-~-- - - J L L J L - - . . - —-- q

—6 —4 —2 0 2 4 6 — 4 —2 0 2 4
X — 1000 ft LOOKING DOWN Z — 1000 ft

Figure 8. Station Keepin g with Vertical and Horizontal Motion -

Phased for Maximum Difference Between Minimum
and Maximum Separation - Relative Orbit
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‘_ T: 

~~12
2nd phasing i~V ~ j

? 10 AV 2
8 1 H 1 ORBIT PERIOD —j

1st PHASING
/

< 0  —— 1 1

5 10 15
TIME — l000 sec

Figure  3 . Stat ion Keep ing for Vert ical  and Horizontal Motion -

Phased for  M aximum Dif fe renc e Between Minimum
and Maximum Separation - Separation vs Time

0 PAYLOAD POSITION

~~~~ 
:1

~~:
, 

4

ç

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~

- 1 2 — 1 0 — 8  — 6  — 4 — 2  0 — 4 — 2  0 2 4
X — 1000 ft LOOKING DOWN Z - 1000 ft

Figure 10. Station Keeping for Worst Phasing of Vertical
and Horisontal Motion and No Initial Phasing in
Downrange - Relative Orbi t

1~
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12 - 

i~ 1 OR BIT PERIOD ——i 
—

c’ 10 -

LUL)

~~ 4~~V 1

0~LUJ OC,, nU TIME -H000 sec
Figure 11. Station Keeping for  Worst  Phasing of

Vert ical  and Horiiontal  Motion and No
Initial Phasing in Downrange -

Separat ion v s  Time

~ ~~~~~~~~~~~~~~~
PAY LOAD

1.0
LU
_J

C,,0 0
~~.u.t)

FOR PAYLOAD W ITH
0.6 HORIZO N SENSO R FOR

~ 0.4 
ATTITUDE CO NTROL

~~02

0 1 I -~

0 20 40 60 80 100
MAXIMUM 6, 

~~~~ 
—~ deg

Figure I Z .  Fraction of Payload Visible in a Satisfactory
Manner Depends on Niax irn un t Permissible B
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~~~~~~~~~~~~~~~0 \ 0 3~O

~ t —~deg

Figure  J3.  Angular  Po s it ion  of Orbiter Relative Jo l ’ay load
Pay load at Con8ta n t  Iner t ia l  A t t i t u d e

1.0
LU
-J

0 20 40 60 80 100
MAXIMUM 

~ 
8view —‘ deg

FIgure  14. ~ r ac ’t ion of Pay load Surface with Sat is fac tory
Visib ility - Paj load at Con st an t  Inert ial A t t i t u d e ;
Station Keeping Orbi t in Vertical Plane
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