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The earliest that SL-1 can be launched and retain the highly desirable light­
ing in the abort recovery area is 5:15 a.m. e.s.t. However, if the end-of-mission 
recovery passes are restricted to the nominal descending Atlantic or ascending 
Pacific, a 5:15 SL-1 launch will result in unacceptable lighting at the end of 
SL-2 and marginal lighting at the end of SL-3. Considering the three mandatory 
ground rules of 90 ± 6 day launch-to-launch centers, early rendezvous phasing and 
end-of-mission lighting in the prime recovery area, the earliest SL-1 launch ad­
visable is 10:15 a.m. 

For the final selection of SL-1 lift-off time there is little to recommend 
one time over any others within the interval of 10:15 a.m. to 12:30 p.m. e.s.t. 
However, 12:30 p.m. was selected since it does yield slightly better abort light­
ing conditions for SL-3. It also offers an improvement in SL-2 EREP opportunities 
of approximately 20 ·percent. 

The current SL-2, SL-3, and SL-4 lift-off and landing schedule shown in fig­
ure A-1-1 is valid for the 12:30 p.m. e.s.t. SL-1 launch. SL-2 is launched the 
day following SL-1. Subsequent groups of launch opportunities within the abort 
recovery constraint are days 174 to 199 and then days 236 to 256. Since the manda­
tory 90 ± 6 day launch cycle ground rule carries a higher priority than the abort 
lighting ground rule, the entire group of days available for SL-3 launch is com­
pletely outside the abort recovery lighting limit. Days 302 to 314 furnish ex­
cellent launch and recovery lighting conditions for SL-4. 

Figure A-1-1 can be used in a similar manner to estimate the CSM launch and 
recovery sequences for cases where the SL-1 is launched at a time between 5:15 a.m. 

. and 12:30 p.m. e.s.t. 
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Figure A-1-1. - Launch opportunities and available recovery opportunities for 5:15 a. m. e. s. t. and 12:30 p. m. e. s. t. SL-1 lift-off times on April 30, 1973. 
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A-2.0 CONTROLLED-ORBIT ANALYSIS 

The Skylab orbit of 233.8-n. mi. mean altitude (93.236-min period) is designed 
to provide a repeating groundtrack, which is an advantage in scheduling many ground­
related activities such as launch window planning, Flight Control pad message prep­
~ration, EREP operations, aircraft truth site support, and alternate rec overy 
planning for weather avoidance. Small translational SM-RCS trim burns are performed 
while docked with the SWS to counteract the effects of drag or dispersions and main­
tain the reference location of the groundtrack pattern . The trim burns are all in­
ertial orbital period adjustments performed with the +X SM-RCS thrusters. No separate 
attitude maneuvers are needed for the trim burns because the trims are scheduled when 
the OA in the nominal solar inertial mode arrives at the desired local horizontal 
attitude. That is, posigrade maneuvers (denoted as PM for posigrade at midnight) 
are scheduled at orbital midnight and retrograde maneuvers (RN, for retrograde at 
noon) at orbital noon. 

The 5-day (71-revolution) repeating _orbit was selected because of minimum im­
pact to the current planning. The mean altitude of the nominal Skylab orbit was 
lowered by approximately 2 n. mi. The 4- and 6-day repeating orbits would require 
a -11 n. mi. or a +5-n. mi. altitude adjustment, respectively . In addition, the 
4-day repeating orbit would encounter more drag and the resultant pattern would 
cover a smaller portion of the earth within the instrument swaths. The 6-day re­
peating orbit results in fewer repeating passes during the days available for EREP 
and requires an altitude which taxes the available SM- RCS for backup deorbit. 

Once a repeating pattern is established, the effects of drag can be negated 
to within 2-n. mi. cross-range error by adding 0.5 fps every 20 days. 

Location of the reference pattern is established at insertion of the SWS. For 
convenience, the initial pattern chosen was the one resulting from the descending 
nodal parameter, 6, of 153.25° used in the Preliminary Reference Trajectory generated 
by Marshall Space Flight Center (MSFC). In subsequent planning it may be determined 
that some other reference location is more optimum. To relocate the pattern in or­
bit, a 1-fps trim will cause approximately a 10-sec/day difference in orbital per­
iod, which results in a 2-n. mi./day change in cross range measured at 25°N latitude. 

In this document, the trim burns were performed to maintain a repeating pattern 
during the EREP passes . The last trim burn on SL-2 and SL-3 are designed to control 
the groundtrack pattern during the EREP passes on the subsequent missions, SL-3 and . 
SL-4, respectively. These EREP passes occur relatively late in each of these mis­
sions. If, for any reason, it becomes important to set up the repeating pattern 
earlier in the missions, the controlling trim burns can be redesigned. Likewise, 
any error in the estimated drag (or venting effects) will result in slightly dif­
ferent trim burns. 

In the event of an SL-1 insertion dispersion equivalent to approximately 3 fps 
(3a), the trim 1 correction for SL-2 could be as great as 4 to 4.5 fps. If needed, 

this maneuver would be performed at ei.ther 22h23m or 23h09m CSM g. e. t. depending on 
whether the SL-1 dispersion was retrograde or posigrade, respectively. Trim 1 is 
scheduled allowing time to activate the workshop and gain access to the TACS con-
trol panel for the maneuver. Trim 1-PM or trim 1-RN will return a dispersed orbit 
trace to the reference l ocation; then, a coupled trim 2- RN or trim 2-PM, respectively, 
is required to establish the repeating period of 93.236 minutes. 

• 
• 

• 
• 
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A-3.0 CONTINGENCY SM-RCS DEORBIT AND ENTRY FOR SL-2 

In this section, events are described which would be applicable if the SPS de­

orbit maneuvers could not occur. The discovery of some system failure just before 

the first SPS deorbit maneuver is assumed which would prevent the SPS from being 

used to deorbit the CSM. The attitude is selected to minimize 6V. 

In this case, two SM- RCS burns will be performed to deorbit the CSM . Reasons 

for employing a two-impulse deorbit are as follows. 

a. The probability of quad failure caused by overheating is lessened . 

b. The burn is more efficient and the capture is more certain when the arc 

of the buTn is shortened by splitting the burn and over-laying the components . 

c . Backup deorbit planning is simpler because it employs the same basic 

philosophy as the primary deorbit . 

Reference 32 discusses the Skylab end- of- mission sequencing which ensures 

that two RCS burn opportunities will occur. The RCS savings is approximately 

10 fps over the one-step method. This is the primary backup deorbit scheme. 

have been developed for both deorbiting with a disabled SM- RCS and completing 

burns with the SM- RCS . These schemes are discussed in reference 36 . 

Schemes 
SPS 

In an SM- RCS propellant- critical situati on a hybrid deorbit maneuver could 

replace the previously mentioned second SM- RCS burn. The hybrid deorbit maneuver 

consists of a planned SM- RCS four - quad burn pitch- engine burn to complete the de­

orbit burn as shown in figure A- 3- 1 . The 6V obtainable from the CM- RCS deorbit 

burn is limited to 80 fps , thus ensuring sufficient CM- RCS propellant remains for 

a guided entry . To ensure atmospheric capture, a lift-vector - down att i tude is 

maintained until an aerodynamic load factor of l.Og is reached . No separate dis­

cussion will be provided for this alternate deorbit maneuver since the trajectory 

and subsequent entry will be similar to the SM- RCS deorbit maneuver and ent~y . 

A- 3.1 SL-2 SM-RCS Deorbit 

The alinement, undocking, flyaround , and separation will occur as in the SPS 

. . h m s ( 8h 8m s ) 
mode. The first burn will occur May 29 , 15 21 12 G.m. t . 1 1 11 DRT. The 

total 6V is 251 . 8 fps , and the burn lasts 570 .0 seconds . The burn i s targeted to 
h m s h m s 

lower perigee to 90 n . mi. The second burn occurs at 16 55 28 G.m. t. (19 52 27 DRT) . 

The 6V applied is 111.3 fps, and the burn lasts 246 . 6 seconds . This burn is targeted 

for the SM- RCS target line. Table A- 3- I gives the REFSMMAT , target loads, and gimbal 

angles for the two SM- RCS deorbit maneuvers. After the second RCS shutdown the CSM 

begins a 29 . 5- minute coast to entry interface. CM/SM separation is designed as in 

the SPS deorbit case . Figure A- 3- 2 shows the end- of-mission time line for the SL- 2 

SM- RCS deorbit . 
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A-3.2 SL-2 Entry Following SM-RCS Deorbit 

Entry interface will occur at 46.71°N geodetic latitude and 165.72°w longitude. 
The entry state vector for the backup SM-RCS deorbit is given in table A-3-II. The 
subsequent ground trace and pertinent geographic locations of various entry events 
are shown in figure A-3-3. 

Following a nominally controlled entry (lift vector down manually to l.Og, and 

then guided entry), CM landing will occur at 28dooh47mo4s g.e.t. (May 29, 

17h46m4os G.m.t., or 20h43m39s DRT) at 26.44°N geodetic latitude and 130.14°W longi­
tude. The CM maneuver envelope for this recovery area is shown in figure A-3-4. 

Figure A-3-5 shows the velocity-load factor profile along with CMC-commanded 
bank angle and the EMS-computed range-to-go as a function of EMS velocity that can 
be expected for the EMS during the nominal guided entry. The maximum load factor 
experienced for this trajectory was 3.2g. The CM position in the entry corridor is 
shown in the nominal SPS deorbit figure, 5-17. 

• 
• 

• 

• 
• 
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TABLE A-3-I.- DEORBIT REFSMMAT, TARGET LOAD, AND GIMBAL ANGLES 

(a) Applicable maneuvers 

1. Shaping (RCS-1) 
2. Deorbit (RCS-2) 

(b) Definition of REFSMMAT 

[
:] = [::: 

z SPACECRAFT ZIX 
PLATFORM 

XIY 

YIY 

ZIY 

XIZ] 
YIZ 

ZIZ [~] ECI(Mean nf 1950) 

STABLE 
MEMBERS 

XIX= +.46843281 
YIZ = +.54711378 
ZIX = +.69371262 

(c) REFSMMAT components 

XIY = -.44162421 
YIY = -.53505759 
ZIY = +.72019540 

XIZ = +.76520503 
YIZ = -.64372347 
ZIZ = -.00901984 

(d) Target load for RCS-1 maneuver 

[Propulsion system: SPS; guidance: external 6V] 

tIG' hr:min:sec, DRT 

6VX, fps 

6Vy, fps 

6Vz, fps 

Mass, lb 

IGA, deg 
MGA, deg 
OGA, deg 

(e) Gimbal angles at tIG 

(f) Target load for RCS-2 maneuver 

[Propulsion system: SPS; guidance: external 6V] 

tIG' hr:min:sec, DRT • . 

6Vx, fps 

6Vy, .fps 

6Vz, fps 

18:18:11. 0 

-251.8 

0.0 

2.7 

28 149.0 

201.2 
359.9 
359.7 

19:52:27.0 

-111.3 

0.0 

1.8 

Mass, lb 27 339.0 

IGA, deg , 
MGA, deg 
OGA, deg 

(g) Gimbal angles at tIG 

197,4 
0.0 
0.0 
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TABLE A-3-II .- SL-2 ENTRY (400 000 FT) STATE VECTOR AND TARGET 

LOCATION FROM A SM-RCS DEORBIT MANEUVER 

Earth-fixed position 

Geodetic latitude, deg 
Longitude, deg .. 

Inertial velocity vector 

Velocity, fps 
Flight-path angle, deg 
Azimuth angle, deg 

Target location 

Geodetic latitude, deg 
Longitude, deg .. 

Guidance erasable load quantities 

Ladpad 
Lodpad 

46.71 N 
165.72 w 

25 958.5 
-1.167 
110.88 

26 .44 N 
130 .14 W 

0.25 
0.225 

• 
• 

• 

• 

.. 

• 
• 
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o• radar elevation angle at AOS and LOS 
~ Limited cap_abllity (see table 5-'iII!l 

Undocking and 
begin fly around 

Separation 
burn 

12:00 12:10 12:20 12:30 12:40 

27:19:00 27:19:20 27:19:40 

14:30 14:40 14:50 15:00 15:10 

27:21:40 27:22:00 

• 

12:50 13:00 13:10 13:20 13:30 

Time from 00:00 May 29, G. m. t., hr:mln 

27:20:00 27:20:20 

Ground elapsed time from SL-2 lift-off, day:hr:min 

First stage of 
RCS retrofire 

15:20 

27:22:20 

15:30 15:40 15:50 16:00 

Time from 00:00 f&y 29, G. m. t., hr:mln 

27:22:40 27:23:00 

13:40 

27:20:40 

16:10 

Ground elapsed time from SL-2 lift-off, day:hr:mln 

(a) 12 hours to 17 hours. 

Figure A-3-2.- End of mission sequence for SL-1/SL-2 SM RCS deorbit. 
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CM entry 

17:00 17:10 17:20 17:30 

27:24:00 27:24:20 

• 
I.anding 

17:40 17:50 18:00 18:10 18:20 18:30 18:40 18:50 

Time from 00:00 May 29, G. m. t., hr:mln 

27:24:40 27:25:00 27:25:20 27:25:40 
Ground elapsed time from SL-2 lift-off, day:hr:min 

(bl 17 hours to 19 hours 30 minutes. 

Figure A-3-2.- End of mission sequence for SL-1/SL-2 SM RCS deorbit - Concluded. 
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