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1.0 SUMMARY
In this note the compatibility of the nominal rendezvous
sequence with low target orbits is addressed. It was found
that for targets in low earth orbits certain medifications
of the noninal sequence are required to achieve a feasible
anytime 1iftoff capability, notably the use of elliptical
phasing orbits and the allowance of up to two days for

rendezvous under certain phasing conditions.

2.0 INTRODUCTION
In Reference 1 the October 1973 Space Shuttle traffic model
was analyzed and candidates for worst case flights were
proposed based on their potential impact upon the nominal
rendezvous sequence. For flights requiring a single
rendezvous it was concluded that the parameter having the
greatest probable fmpact upon the nominal sequence was target
orbit altitude. According to the traffic model, the lowest
target orbit altitude required for rendezvous will be 190

nautical miles (n. mi.). However, it was felt that for study
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purposes it would be more beneficiél to investigate an even
lower orbit altitude. (The target orbit altitude specified
in Reference 2 for the Apollb Soyuz flight was 120 n. mi.

and Department of Defense Shuttle missions at this altitude

are being proposed.)

In the present study a target orbit altitude of 120 n. mi.

wa§ assumed and an analysis was conducted to 1) evaluate

the effectiveness of the nominal sequence in accomplishing

the rendezvous, 2) identify problem areas or incompatibilities
with the nominal sequence, and 3) recomnend solutions where

possible,

DISCUSSION
A number of guidelines were adopted in the present analysis,
namely:
A) The total AV requirement will be similar to that
appearing in Reference 3 for Baseline Reference
Mission 2 (BRM 2).
B) An anytime launch capability will be required (i.e.
all insertion phase angles should be achievable),
C) The time spent in the phasing orbit will be multiples
of 12 revolutions, which is about the maximum phasing
duration specified in Reference 3 for BRM 2.
D) El]iptfcal phasing orbits having ore apsis located

at 100 n. mi. altitude will be used.
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E} A 50 X 100 n. mi. insertion orbit will be assumed.

F} The nominal sequence will be preserved from the first
coelliptic maneuver .(NSR1) to final dockiny.

G) Only in-plane launches will be considered.

H) Use of phasing orbit perigee altitudes below 70 n. wi.

will be avoided.

A portion of the wodified nominal sequence trajectory prof%le
for a 120 n. mi. target orbit is presented in Figure 1. The

altitude labelled "H" was varied parametrically from 70 n. mi.

to 500 n. mi. herein.

Pha51ng, NH

N 50 X 100 n.mi. Inzertion orbit; 1 half rev
«_ 100 X H n.mi. Phesing orbit; Ko half revs*
100 X 100 n.mi. KH to NSRY; 1 half rev

120 n.mi. Circular Target Orbit

*Note: an even nunber of halif revs are
required in the phasing orbit

FIGURE 1 ~ MODIFIED NOMINAL PROFILE FROM INSERTION THROUSH NSR1
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The phasing equation used to determine insertion phase angle
as a function of the number of half revs in the phasing orbit

is:

-

. P P . p
0, =8, - (ng _%— 180) Ky - (nT __g_- 180) K, - (nT __g_-— 180) Ky

ei = {nsertion phase angle (dependent variable)
ec = phase angle at NSR1, 6.% degrees {assumed to be a
constant, but in reality varies to obtain appropriate
terminal rendezvous phase lighting)
ny = mean wotion of a target in a 120 n. mi. circular
orbit = 4.048 deg/min,
P] = period of the 50 X 100 n. mi. insertion orbit
= 87,264 winutes.
o = period of the 160 ° H n. mi. phasing orbit (a

function of altitude,)

Py = period of the 100 X 100 n. mi. orbit to NSR1
= 88.196 minutes,

Kl = number of half revs in the insertion orbit = 1

Ko = number of half revs in the phasing orbit (the

independent variable)

’

'3

it

number of half revs in the height-to-NSRY orbit

(assumed to be 1)

It might be noted that the height maneuver, MH, is effectively
a circularization at nominally 100 n. wi. altitude, and NSR1,

which is assumed to occur 1/2 revoluticn later, will likewise

.
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occur at 100 n. mi., but will nominally require no velocity
increment., Compensation for orbital decay, phasing discrepancies,

etc. could conceivably be performed at either of these times,

Data were generated via digital computer using the standard
two-body conic ecquations for mean motion and orbital periods.
It should be noted that the empirical equations for mean
motion and period presented in Reference 4 were programmed
for the Hewlitt Packard 9820 computer for comparison purposes.
Agreement to within one or two degrees was observed vhen the
number of half revs (KZ) was small, However, when a sizeable
number of half revs was specified, the insertion phase angle
obtained empirically differed from the two-body value by

several degrees. Teble 1 presents some comparisons.

TABLE 1
COMPARISON OF TWO-BODY AND EMPIRICAL RESULTS FOR A 100 X 250 N. MI. PHASING ORBIT

Half-revs in 855 Insertion Phese Angle (deg.) Difference
Phasing Orbit  Via Two-Body F,n Via Empirical P,n * (deg.)
3 358.863 357.537 1.326
21 283.573 . 277.369 6.204
51 158.090 143.757 14.333

NOTE: Target orbit = 120 n. mi. circular; Insertion orbit = 50 X 100 n. mi.;
= ¥, =} = o
K] ’\3 ], ec 6.5 *
* P = 84.4511836 + 036843172 h + 000002499 h2 (P in minutes; h in n. mi.)

n = 4,262817696 - 001783306 h + 0046000429 h2 (n in degrecs/min; h in n, mi.)
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4.0 RESULTS
The data presented herein were derived by using two-body conic
values for‘beriod and mean orbital motion. Although the
curves depicting insertion phase angle are plotted as {if they
were continuous functions, it should be noted that in actuality
they are step functions because integral numbers of half revs
were assumad in generating the data. Minor phase angle adjust-

ments may therefore be required in practice.

Figure 2 presents half revs of phasing as a function of
insertion phase angle for various elliptical phasing orbits;
A1l orbits have an apsis altitude equal to 100 n. mi. lote
that for a 100 X 140 n. mi. phasing orbit, only a single
insertion phase angle (i.e., 11.4 degrees) may be accomodated.
This is because the semi major axis of the phasing orbit is
identical to the semi major axis of the target orbit and hence
.their periods are the same. The maximum phasing orbit apsis

altitude presented is 500 n. mi., and the minimum is 70 n. mi.
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On Figure 3 phasing orbit apsis altitude is shown as a'function

of insertion phase angle for ha_f.revs,of'ﬁ,.éﬁ; 48.and;72;;; R R

The curves are terminated at.70 n. mi. altitude because
atmospheric drag becomes a sarinus problem in this region .. .

according to References b,

In general, twé‘sdlutigns exist for;an iﬁser;ioﬁiph;s@lQng1é;_i_ _
For example, by assuming 24 half revs of phasing it.éan,be_ _
seen from Figure 3 that an insertion phase angle qf 60 degrees |
may be accommodated by using either a 100 X Qo-n;:mi._nr ae
100 X 465 n. mi. phasing orbit. In the former case (100X 20
n. mi.) the orbiter chases the target, ard in the latter case
(100 X 465 n. mi.)} the target chases the orbiter., Because of
atmosvheric drag &hd heating considerations, the orbiter-chase
solution will not handle all insertion phase angles. Assuming
a minimum apsis altitude of 70 1. mi., the maximum achieveble
insertion phase angle for the 24 half rev case is asbout 76
degrees, To accomodate yreater angles and maintain 24 half
revs of phasing the target-chase solution typified by the

higher orbit é?titudés viould have to be used.

s
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Figures 4a, 4b and 4¢ prosent half rev, altitude and impulsive
velocity requirements & functions of insertion phase angle
for missions enploying 24, 48 and 72 half revs of phasing.
These may be considered to represent one, two and three day
rendezvous situations, respectively. The BRM 2 AV of about
750 fps {5 indicated on each of ile figures. Ho 4V allotments

have been made herein for orbital maintenance.

Rcférring to the 70 X 100.n. mi. curve on Ficure 2, the
Timiting insevtion phase angles for 24, 48 and 72 half rev
phasing orbits are seen to be about 76°, 140° and 203°
respectively. The discontinuities appearing on Figures

da, fb and 4Ac appear at these three locations. The segments
{excluding the 0 to 11.4° phase angle sector) to the left

of the discontinuities vepresent orbiter-chase solutions,

and the seguents to tha right represent target-chase sohitions.

Observe from Figure 4a which represents a 24 half rev mission
that the £¥'s requived to ccomgsdate phase angles in the
vicinity of 76° to 273° excoed the BRM 2 AV requirement.
Horaover at one point {76+ degrees) they are nearly twice

as high. lote, however, that for the 48 half rev case shown
on Figure 4b the AV requivemants for the entire insertion
phase angle region are less than or nearly equivaient to the

BRM 2 AV,




‘ SR ) T TS T A N ) TV U T R S B R T R SRR .‘
— —— e - - — e o e .t... VNS GBS

i g oo o TS " d o ‘ - $ — e JO | ' 1 |

. ) } ‘sl _— P a— o p— - IS - S PR —— — i‘

< + - S—— - — - ey an ‘ ;

z " ] : 8 b iR E i

“ ge i 4 L TR - , @ e g = 8 :

n o b i

I i > &0 4 . L o] = v, \'~.\ } i 0§~ s - \,\,_ T R ]

S & e i~ // N i !

! 'S N 20 " d i \\ e 20 v 1 [ i - oS :

- ov | 0w - — v l = ; |

E: 7l 8 d i d h !

i E = P N el W ~ Loy \ + :
| i T7d IR ¢ ) xe 2% 100 T 100 20 Jon R ) wo | 200 a0 usd

qovq 1y
2
|
8
g.
l 1

5 : o - =
o | i
- ™ 35 . 400 -
L] " - e \ og .
v - \ | [, :
: & i ﬂ
| é i l 205
. ‘:“. 20 N 300 ‘ |
: L e g | G S SE—— :
¢ hid \ \\ |
i g N N 7 &
E Ao \\ i) \\ ' W . -\'\\ : ‘
m
] ':1 5 \ - - = '
- 5 . \._m : \\ |
i 2 . L W e 3 “
S « i B ___X f
z 0T i 5 AR YISO IR, ST g - SRR (i R : > i o :
(‘ 1 y 360 qm> d L 4
e 160 760 220 <o ° 190 200 0 H€oo ° 1%0 200 :;
i | i
| 1900 + woe | oy - e - {
? -ml \ o o ; -t :
L = i |
: b 1200 1200 '
4 1200 b 1 | !
: =l — K i gl "
: 00 1000 1000

3 - e — - - I =

lr" * —-aR‘“L “o ﬁ_'—-bwt ‘:\;;\-”;‘ I o '

|

| I
o

L

2
-
[

g

TOTAL 6MS & ReS AV, FPS
e
“a
- o
§8
o B §$ 8§ B
| i
y
= == 4‘
| /'
l
|
i
t I
! |
i
!
et
|
al l°< l-l-;ﬂ;d 2

0 o4

¢ oo 23 Mo . e (7 100 200 ' 300 | 4 .0 -0 00 L. ma L300 Al M08l . '

! MSERTION PHASE AALE PG, INSERTiON TMASE ANGLE TE4. ISERTION PHASE ANGLE, DEG. .
: } rl L 228

! & aus APSIS o5 ABSUMED TE BE AT 100 numi. S : ‘rJIK 1!

Z FiautE 4 ~ RALF Bivs, APSIS ALTITUDE AND AV RLGUIREMEINTS FOR REMDEZVIUS WiTH A TARLET ML A_120 nanit. CIRCULAR. SRBIT - Rl TN

AT o s o el O §




 Ppage 12 of 18

The dashed lines cn Figure 4 represent minimum phasing time

solutions, To the left of the discontinuities the lowest

“permissible phasing orkit was assuned (100 X 70 n, mi.) for

all 1ncert10n PhuS& angles in that scctnr, and to the right

f'of the d1scont1uuity (through 37 L4° 1nsertion phase ang]e) the '

highest required phasing orbit was assumed. The rationale for

the latter was, "iT a given'pVOpellant oading is vequired for

_ one particu1awwphasvng genn@try why nat use 1t to ad»antage |

to accnmp11sh the rendezvfuv 1n a sharter time pcr1od when

pnss1b1e9" For the 24 haIf tav or less case, (dashed Iaﬂes

on Figure 4a) a AV requ1renent of about twice the BRH 2

:vaTue uould be reou1red far 1n:ert10n phase ang1es 1n the

richtinost sector. Fnr the ﬁs half rev or less case (dthed

Tines on Figure 4b) the AV requivement for the rightrost

sector would be nzarly equal tothat of BRH 2. If this
- techninue were used,both the apogee and perigee altitude -
- of the phasing ara7taand-thganﬂssipn_anrequirement-wpgld R

“remain fairly constapt within a.given fnsertion phase angle..

sector. Mission duration, hevever, could vary considerably.

and sdeh a variation might be objacticnable from a orew duty

'cycle-standpoint.

 The recommended approach iherafore is tn ut111?e onn day

exh1b1t1ng AV‘s }ess than BRi ? otharuxqe emp?oy tso day

- phasing. (48 half: revs)

oy
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Figure 5 presents half revs, phasing orbit apsis altitude,

and impulsive velocity vrequirements for the recoemmended

solution. It can be seen from the apsis altitude profile

on ffigure § that the 24 half rev orbiter-chase solution has
been employed for fﬁsertion phase angles betlween abbut 11.4¢ ”
and 750.. From about 76° to 140° a 48 half rev orbiter-chose
solution wes used. For angies belween about 140° and 257° .
a 48 half rev, target-chese solution was chosen, and from

about 257° 1o 371°, a 24 half rev, targét—éhése sglution.

Table 2 presents modified nominal sequence data for a typical
rendazvous mission having a target in a 120 n. mi. circuiar
orbit. An insertion phase angle of 0° and a phasing duration

of 24 "al{ revs were asstmed in developing Table 2.

et eagrra ity i e

}
i
il
f

SRR T

b

Fi Mol




:
s
:
'
H
'
H
'
i
il
!
H
H
:
i
»
i
P
'
'

t
'

7 o :z-va-rf
1 —TJ& '

Page 14 of 18

il

E ANGLE | DEG. .
i

ANSERTION FHAS

gt

¥ —

e A arLie i | - Ee YN Ry R R S S e sy Cmmend 2

sl g

15 ASSUMED To BE AT 100 Ami ., " |

. ._, . "
._.,..t._.JQ.rﬁ
B e ....iiml..-:.r.lw!.i.ul.t.l.'“ - ,.a—...i. - T,.f

¥

ik iE ATEIS

'S ALTITUDE , AMD AV PRoFILES . |

AT3

L FIGunt 5-RECoMMBADED HALF ReV,

Ml CIRCULAR 6RE T

- FOR RENPEZVOUS WiT# A TARKET N A 125 M,

i




- " Page 150f 18
TABLE 2 o | N |
MODIFIED NOMINAL SEQUENCE FOR 320 N, MI. CIRCULAR TARGET ORBIT

Haneuver hy/hys mo mi. AV, fps
1. MECO - -
2. lInsertion % 100/50 - 1361
3, Phasing 162.5/100 874C4=181
4. Height 100/100 94
5. First Coelliptic 1007100 0
6. Corrective Comb. 1107100 23
7. Second Coelliptic 1107110 22
8. oI 2o 20
9, TPF 1207120 65

10, Bocking - 10

* Insertion AV not included on Figures 4 and &

The meneuvers appearing in Table 2 are identified on Figure 6.

FICURE 6 - SCHEMATIC OF RENDEZVQUS PROFILE
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A study 67 this type usually generates wore questions than
'inSQérs and the present effort was no exception. Some
- questfons which'may be‘pOSeﬁﬁns a result of this study are:
| O Rather than spending 2 days in a phasing orbit, can

.1aanch be delayed 1 or 2 days to improve the insertion

phase ang}e? Wnat is the daily variation of phase
angle with inclination, altitude?

Are special attitudes required to minimize drag when
low elliptical phasing orbits are employed?

What is the winimum practical altitude for a phasing
orbit and what are the exact AV costs?

If altitude maintenance is performed during phasing,
exactly how should it be done?

What are the effects of differential nodal rotation for
the altitudes and phasing conditions required? How do
you target these in OMOAP?

When (if ever) is it desirable to add payload bay kits
to increzse AV capability and thereby reduce phasing
times? | |

Does the sequence conflict or interfere with any other

~shuttle cperations? (rest periods, etc y

What additional aV's are required to develop 1aunch
windows? How do these ﬁV requirenents vary with orbit
inclination?

What specia! star tracker horizon interference problems

arise for Tow orbit rendozvous?
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§ Vhat peculiar tracking requirements are associated with
Tow target orbits?
8 Uhat measures should be taken to guaraniee proper lighting?
What is the effect of orbit inclination?
5.0 CONCLUSIONS
In conclusion it may be stated that the nominal BRM 2 rendezvous
sequence appears applicable for Taw target orbits with the '
following modifications:

A) Employ elliptical phasing orbits to allow the cption
of either orbiter-chese or target-chése.'

B) Extend time-to-rendezvous to about two days under
certain phasing conditions.

Follow on action is planned to:

A) Generate similar data for circular target orbit altitudes
of 150 and 190 n. mi., assuming 10, 24, 48, and 72 half
revs of phasing. '

B} Determine orbit maintenance requirements for low phasing
orbits, glving particular attention to:

i) identifying problem areas
i1) developing tecimiques
t} Investigate the nature of the star irocker problems for

Tow orbit vendezvous.

6.0 REFERENCES
1. SSEOS Design Kote No. 1.4-3-8, “Rendezvous Requirements and
Candidate Worst Case Flights from the October 1973 Space




2.

Page 18 of 18

Shuttle Traffic Medel," McDonnell Douglas Technical Services
Company, Inc., dated 9O pacewber 1974,

JSC Internal Note No. 72-F1-295, “Rendezvous Dispersion
Analysis of the Apollo-Soyuz Test Project," Johnson Space
Center, datad 16 January 1973.

JSC Internal Hote No. 73-£M-47, “"Space Shuttle Baseline
peference Hissions-Volume II-Hission 2 Revision 1," Johnson
Space Center, dated 29 lay 1974,

Class NMotes, MAR Rendezvous Class/E. Lineberry, given at
Jo%nson Space Center, Septeaher 1974,

SSEQS Design Kote Ho. 1.4-3-9, “Orbital Lifetime Studies

in Support of Atmospheric, Hagnetospheric, and Plasmas-in-
Space Hissions," McDonnell Douglas Technical Services

Conpany, Inc., dated 9 Decerber 1974.

Prepared by | g%; Jo b

T. J. Kraiter
Task lanager, 1.4-3-B

App rove‘s b.v ? {;/.::/{:‘c: Y 2 i g ;}‘l"m,t '\-:i‘“i i‘l_‘;-_‘w

L4

W, W. Haufler
MIB/MAB Work Package Manager
488-5660, Ext. 241

[ S g




	GeneralDisclaimer.pdf
	0034@00a.pdf
	0034A02.pdf
	0034A02_.pdf
	0034A03.pdf
	0034A03_.pdf
	0034A04.pdf
	0034A04_.pdf
	0034A05.pdf
	0034A05_.pdf
	0034A06.pdf
	0034A06_.pdf
	0034A07.pdf
	0034A07_.pdf
	0034A08.pdf
	0034A08_.pdf
	0034A09.pdf
	0034A09_.pdf
	0034A10.pdf
	0034A10_.pdf
	0034A11.pdf
	0034A11_.pdf
	0034A12.pdf
	0034A12_.pdf
	0034A13.pdf
	0034A13_.pdf
	0034A14.pdf
	0034B01.pdf
	0034B02.pdf
	0034B03.pdf
	0034B04.pdf
	0034B05.pdf



