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SPACE SHUTTLE SYSTEM BASBLIIE REPBBEHCE !ISSIONS 

VOLO!E IV - MISSION JB 

REVISION 2 

By Mission Planning and Analysis Division 

1 • o ~!HH1!!!! 

This volume, the fourth of a four-volume document defining the 
r~ference missions for the space shuttle system, describes mission 3B - a 
one-revolution, satellite-retrieval mission - of the shuttle baseline 
reference missions. Volume IV includes detailed trajectory, attitude, and 
vehicle performance data for all mission phases from lift-off through 
landing. In addition to the nominal mission 38 trajectory data presented, 
othP.r results incluaed are detailed attitude time lines for the orbiter 
from insertion to deorbit (fig. 1-1), a groundtrack (fig. 1-2,, and 
satellite retrieval operations. The North American Rockwell MCR-500 
orbiter configuration and the associated total vehicle weights presented in 
the Rockwell International Space Shuttle Mass Properties Status Report (see 
app. A) are assumed. 

The reference mission 38 profile is designed according to the level II 
reference mission description and performance data for the 150 000-pound 
orbiter and the 146-inch solid rocket booster (SRB) configuration. In 
particular, the ascent-to-orbit performance is designed so that the space 
shuttle main engine (SSME) cutoff is targeted for suborbital external tank 
jettison conditions and so that a direct ascent rendezvous may be achieved. 

Mission 3B is launched from the Western Test Range on a launch azimuth 
of 198.6 degrees. An assumed 2500-pound payload is included. Prior to 
lift-off, the satellite to be retrieved vill have been maneuvered so that 
its orbit is compatible with a direct ascent rendezvous. During the boost 
phase, after SS~E cutoff, at a 91.7-nautical-mile altitude, suborbital 
jettison of the external tank (ET) occurs. The OMS engines are then 
ignited for orbit insertion, and at insertion cutoff, the orbiter is at an 
altitude of 90.9 nautical miles, in an orbit of 102 by 85.5 nautical miles. 
The orbiter is in position to begin the terminal phase rendezvous maneuver 
with the satellite. 

All rendezvous maneuvers are performed manually vith the RCS by 
controlling relative range, range rate, and inertial angular rate between 
the satellite target and the orbiter according to a prescribed schedule. 
The orbiter achieves a position of 100 feet from the satellite at the end 
of the rendezvous phase, maneuvers t~ retrieval position, and retrieves the 
satellite. The payload bay doors are closed, and th e orbiter is prepared 
for deorbit. 

The deorbit maneuver is performed vith two OMS engines and is targeted 
for entry interface at a 400 000-foot altitude. An additional requirement 



on the deorbit maneuver is that sufficient OftS propellant is consumed to 
result in the appropriate center-of-gravity position following the burn. 
This is accomplished by a slightly OQt-of-plane targeting, which has the 
added benefit of a small reduction in entry crossrange. There are no 
propulsive events following the deorbit ■aneuver cutoff. 

The entry phase begins at an altitude of 400 000 feet. The entry 
flight mode consists of flying a 40-degree angle of attack to mach 23.8, 
followed by a ramping down to a JO-degree angle of attack at aach 17.2, 
which is then held constant to mach 8. Transition to a low angle of attack 
to satisfy terminal area landing phase conditions occurs between mach 8 and 
mach 1.5. 

The terminal area phase begins at an altitude of 68 000 feet and is a 
controlled guidance phase designed for efficient utilization and 
dissipation of energy within the vicinity of the airfield, establishment of 
a heading along the runway on a predetermined glide slope, establishment of 
a flare to accommodate final dispersions, and touchdown and braking to a 
stop on the runway. 

Mission 3B fulfills the level II mission requirements of a single­
revolution retrieval of a satellite (orbiter down payload of 25 000 
pounds), deorbit and landing occurring on the first revolution, and an 
orbital translational delta-V limit of 425 fps for the OftS and 190 fps for 
the RCS. 
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g.e.t., hr:min:sec 
00:12:00 
Shuttle ·insertion 
C0°, 7 ,2°, 180°) 

00:19:00 
Begin terminal control 
(0°, 110°, 180°) 

~ctionof 

01:14:28 
Entry interface 
C0°, 39", 0°) 

01:02:00 
Deorbit 
(139.5°, -34.6°, -78.7°) 

00:48 :40 
Close pay load bay doors 
(180°, 0°, 0°) 

00:33 :34 orbital motion 
Begin station keeping 
(180° f 24° I 0°) 

00:35:00 
Beg in retr ieva I sequence 
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Figure 1-1.- Shuttle BRM 3B att itu de. time line. 
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2.0 INTBODUCTION 

Since the shuttle is to be a workhorse vehicle capable of perfor ■ing a 
wide range of Earth orbit operations, no single reference mission exists by 
vhich to define the total design requirements for the shuttle; on the 
contrary, the space shuttle must be designed to perform several types of 
missions. 

The lP.vel II Space Shuttle Program requirements define three baseline 
reference missions. The three reference missions are designated as 
follows: reference mission 1 - a ge~synchronous satellite placement and 
retrieval mission; reference mission 2 - an orbiting element resupply and 
sortie mission; and mission 3, which comprises tvo missions - missions 3A 
and 38. Mission 3A is a one-revolution satellite deployment, and mission 
3B defines a one-revolution satellite retrieYal. These reference missions, 
vhich are designed to achieve program objectives, illustrate current 
shuttle operational functions, techniques, and philosophy. They serve as 
an operations baseline against which the vehicle design capability can be · 
measured. The detailed mission data they provide can be used to derive 
vehicle design requirements and operating environments; however, these data 
are subject to modification as the vehicle design and operational 
techniques change. The reference missions are not intended to define the 
design envelope for shuttle operations, since operations are not normally 
performed at the extremes of system performance. The design envelopes must 
be determined on the basis of program requirements and mission functions. 

The Mission Planning and Analysis Division (MPAD), with cooperation 
from the Crew Training and Procedures Division (CTPD) and the Spacecraft 
Design Division (SDD), has begun an effort to design and analyze the 
baseline missions. The purpose of this effort is to establish requirements 
for shuttle hardware, software, and operations. As a result, a four-volume 
document has been issued to describe the reference missions as currently 
defined. All mission phases - are updated in this revision 2 to reflect the 
latest vehicle performance. ~ission 1, the geosynchronous satellite 
placement mission, is updated in volume I; mission 2, the orbital element 
resupply and sortie mission, is updated in volume II; mission 3A, the one­
revolution payload deployment aission, is updated in voluae III; and 
mission 38, the one-revolution payload retrieval mission, is updated in 
volume IV. The separate documentation of aissions 3A and 3B, volumes III 
and IV, is a departure from previous practice, in which both missions vere 
documented in volume III. 

Each volume contains a summary of the nominal mission profile, 
including events time line, attitude profile, crew activities (where 
applicable), and delta velocity requirements; a detailed analysis of each 
mission phase, including pertinent trajectory data and mission design 
philosophy; and a discussion of unresolved problem areas and open items 
(i.e., a mission evaluation). The appendix of each volume includes the 
guidelines/constraints/assumptions used to generate the mission, in 
addition to ' the space shuttle configuration, aerodynamic data, and engine 
performance characteristics. "Start vectors" are also provided in the 
appendix at significant events during the mission so that additional 
mission phase analysis is possible without regenerating the entire 
trajectory up to the beginning of that phase. The appendix of each volume 
includes other detailed data as appropriate. 
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Requests for additional or more detailed information on these mi ssi ons 
should be addressed to the "ission Integration Branch (F!2) or the Da t a 
Management Office (F~13) at the Johnson Space Center. 
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4.0 ~ISSION_DESCRIPTION 

Mission 3B is defined as a payload retrieval and quick return mission. 
The total mission duration is one revolution, or approximately 2 hours. 
The sequence of events comprising this mission - that is, ascent, orbital 
operations, and entry through landing - is illustrated on figure 4-1. This 
sequence is time critical: Time allotted for one mission event affects the 
time and activities of previous and subsequent events. 

The space shuttle is launched from the WTR on a launch azimuth of 19R.6 
degrees. Prior to lift-off, the payload (target to be retrieved) will have 
been maneuvered such that a position compatible vith rendezvous is 
attained. The ascent consists of a short vertical rise for tower 
clearance, pitchover, SRB staging, SSME throttling for control of th Q 
downrange insertion position relative to the payload, ET jettison, and, 
last, orbit insertion vith the OMS at 12 minutes 0.5 second g.e.t. At 
insertion, the orbiter is at an altitude of approximately 91 nautical 
miles, in an orbit of 102 by 85.5 nautical miles. 

After the rendezvous operations are begun, the rendezvous is performed 
manually with the RCS by controlling relative range, range rate, and 
inertial angular rate between the payload target and the orbiter according 
to a prescribed schedule. The terminal phase control begins at 19 minutes 
zero seconds g.e.t. and continues until 33 minutes 37 seconds g. e .t., at 
which time the orbiter is 100 feet from the payload. After a period of 
stationkeeping, maneuvering to retrieval position, and passivation of th e 
payload, the payload is retrieved and stoved; and the payload bay doors are 
closed at 48 minutes 40 seconds g.e.t. 

The fin al orbital event is the orbiter deorbit maneuver scheduled for 1 
hour 2 minutes g.e.t. The leorbit is performed with two OMS engines and 
requires a delta-V of 328.2 fps to achieve the targets for e ntry interface 
at a 400 ODO-foot altitude and to deplete the OMS tanks of usable 
propellant. Thus, an out-of-plane component is included in the deorbit 
maneuver, which slightly reduces the crossrange required during entry. ThP 
purpose of depleting the OMS tanks is, hovever, to achieve the desired e.g. 
location and vehicle weight at entry interface. The payload e.g. is mov~d 
aft of nominal e.g. location such th~t the total vehicle weight and e.g. 
location match that required for the vehicle TPS design reference entry 
trajectory. 

Entry interface occurs at 1 hour 14 minutes 28 seconds g. e .t. 
occurs at 1 hour 46 minutes 24 seconds g.e.t. 

Landing 

A detailed sequence of events, including g.e.t., vehicle position, 
vehicle veight, e.g. location, maneuver delta-V, propellant consumed, 
thrust direction, resultant orbits, mach numbers, equivalent airspeed, and 
phase elapsed time, is given in table 4-I. All input data, including thP 
vehicle configuration, launch loadiny summary, and payload bay arrangement, 
may be found in appendix B. Appendix C contains propulsive and 
nonpropulsive consumables requirements. Groundtracks, attitude time lines, 
crew time lines, and tabular trajectory data are included in appendixes D, 
E, F, and G. Appendix A is a complete compilation of all 
guidelines/constraints and assumptions used in generating this mission. 

The following sections contain detailed descriptions of each miss ion 
phase. 
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4.1 lSCBNT 

4.1.1 Lift-Off _through Transfer Orbit Insertion 

The nominal trajectory was designed to ensure the proper relative 
geometry between the orbiter and the target vehicle at orbit insertion. 
Within these constraints, a combination of !ECO and insertion targets was 
chosen so that the OMS delta-V requirement for orbit insertion was 
minimized at the same time that the MECO targets satisfied ET impact 
conditions. With the use of these criteria, the weight at MECO was 
optimized by selecting a pitch rate of 0.39 deg/sec and a launch azimuth of 
198.76 degrees from north. The trajectory conditions at key event points 
are presented in table 4-I. 

4.1.1.1 Ascent_trguectory_designL_guidanc!!£__and_targeting. - The 
shuttle ascent guidance targeting is relative to a spherical Earth, and the 
following discussion uses both spherical and geodetic values for position. 
All values of vehicle position are quoted as geodetic unless otherwise 
specified as spherical Earth. The spherical Earth radius used in ascent 
targeting is 20 925 738 feet. 

4.1.1.1.1 Trajectory design: The nominal ascent trajectory consists 
of the following phases. 

a. A 6-second vertical rise. 

b. A 10-second constant rate pitch maneuver. 

c. A gravity turn to SRB separation. 

d. Closed-loop guidance to MECO. 

(1) Constant thrust to 3-g acceleration level. 

(2) Constant 3-g acceleration to MECO. 

e. Orbiter/ET separation sequence. 

f. OMS burn to orbit insertion. 

4.1.1.1.2 Guidance: SRB staging to MECO - The nominal 3B reference 
mission poses a more stringent ascent guidance problem than does a typical 
rendezvous mission, and all parameters that affect position and velocity 
must be controlled to ensure proper relative geometry at insertion. 
Because of the criticality of the rendezvous event time line and the 
relative geometry requirements for this one-revolution mission, the ascent 
insertion time dispersions must be minimized and the downrange distance 
must be controlled. To satisfy these requirements, a technique was 
established for the constant acceleration guidance phase. The technique 
involves throttling the main engines to maintain the desired relative 
geometry between the two vehicles. Minor adjustaents in the throttle 
setting affect the insertion time-to-go so that the nominal rendezvous 
intercept tiae can be maintained. The desired conditions are maintained by 
advancing the throttle setting (decrease the time-to-go value) or by 
decreasing the throttle setting (increase the time-to-go value). However, 
since the enclosed trajectory was generated for the nominal mission, the 
vehicle and target dispersions were assumed to be zero; therefore, the 
technique of throttling the vehicle was not employed. 
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4 . 1.1.1.3 Guidance: "ECO to orbit insertion - After the "BCO 
condit ions have been satisfied, the orbiter still ■ ust be guided to the 
proper g e ometry for the rendezvous. This is accomplished by using 
Lambe rt ' s theorem, by which the orbiter is guided to the rendezvous 
positio n at a fixed time. This ti■e is apportioned to include both a burn 
arc and a coast arc; and although the total time ■ ust remain constant the 
combination of burn and coast time may vary to ensure the proper posifion 
for r e ndezvous. 

4.~.1.1.4 Tar~eting: The nominal ■ission 3B trajectory was designed 
t o s atisfy the orbit insertion conditions specified in table ij.1.1-I. The 
opt i mum NECO targets for mission 3B were deter ■ined from the acceptable 
range of NECO conditions shown in the sketch below. These values vere 
obtai ne d from reference 2 and are consistent with the ET impact 
cons t r aints. 

An iterative technique was used to select the best set of NECO targets 
t o c o mbine with the insertion targets. The best solution is shown in the 
sketch below. 

(II 
c, 

MEC0 target lines. 

ij 0.2 r---t-~::--~~-t---"~-1------,1----1------1 
.J: 
.;; 
C. 

~ 

/; 0.1 r-----t---t----,~-~~-~~----,1------1 
;;; 0 ~ ptimum mission 3B 

ci, MEC0 target -= 0. 0 ...._ __ ....._ __ ...._ _ __,~---'~.c,,,,_,.--1~---Ji....:::....._____,1 

25 200 . 25 240 25 280 25 320 

Inertial velocity, fps 

Th e NECO parameters within the region defined by this sketch were 
assume d to vary linearly. Thus, for~ given radius, r, and inertial 
f lig ht path angle, , the inertial velocity, v- , is uniquely determined 
and can be represented by 

v • v + { avo)r + (avo)Y 
o clr cly 

wher e V is a constant and the partials are tae slopes of the appropriate 
curves. Since the curves shown in the sketch are essentially parallel, the 
part i a l s were assumed to be constant. The values of rand were varied 
iterati vely, along with the OMS burn attitude, to achieve the desired 
i ns e rtion conditions. A ■ ong the possible solutions, the one that minimized 
the OMS delta-V requirement for insertion was chosen. The inertial 
veloci ty was computed fro■ the foregoing equation during the iterative 
process . The converged ftECO targets vere as shown in table B-I, and the 
resul ting OMS burn pitch attitude was -90.99 degrees. These values were 
used as input for the nominal mission 3B ascent trajectory. 

4 . 1 . 1.2 Nominal ascent_tr~jectory.- A summary of the mission 3B events 
and the pertinent trajectory parameters is provided in this section. The 
follow ing discussion of ascent events and trajectory parameters is broken 
into th e four major phases: booster phase, orbiter/ET guided phase, 
orbiter/ET separation sequence, and OftS burn to orbit insertion. 

4 .1.1.2.1 Booster phase: 

a. Launch site - Reference mission 3B is launched from the WTR at a 
geod e tic latitude of 34.57 degrees north and a longitude of 120.62 degrees 
vest. The geodetic altitude at the site is assumed to be 338 feet above 
t he Fischer ellipsoid. 
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b. Platform alinement - At lift-off (g.e.t. = 0), the i nertial 
platfor m is alined so that the positive I-axis is parallel to the geodetic 
vertical at the site and is directed away from the center o f the Earth; the 
positive z-axis is in the geodetic horizontal plane direct e d downrange 
along the launch azimuth; and · the Y-axis completes the right- handed system. 
The reference mission 3B launch azimuth is 198.76 degrees, measured 
po sitive clockwise from north. 

c . Vehicle orientation - The vehicle is oriented on the pad vith the 
- z bo dy axis (tailt pointed south. At 6 seconds, a roll ma neuver is 
performed to orient the -z body axis in the direction of the l a u nch azimuth 
(t a il do wn). The outer (roll), inner (pitch), and middle (y av ) gimbal 
a ngles at lift-off are -161.2 degrees, zero degrees, and zero degrees, 
r espectively. A constant roll rate of 3.1 deg/sec is maintained until the 
outer gimbal angle reaches a value of 180 degrees. This mane uve r requires 6 
seconds. 

d. Propulsion - During the boost phase, the vehicle i s powered by two 
SRB's plus the three SS~E•s burning in parallel. The SRB thrust profile 
(fig. 4.1.1-1) is tailored to reduce heating and vehicle l oads during the . 
ma ximum dynamic pressure region. For mission 3B, throttle setting for the 
main engines is 100 percent of the normal power level (NPL) at lift-off. 
The NPL is then maintained throughout the atmospheric flight regiae until 
the 3-g acceleration liait is achieved. The SRB cant angles ar e assumed to 
be zero. Staging of the SRB occurs at 121.77 seconds afte r lift-off. 

e. Vertical rise - A 6-second vertical rise is required t o a c h ieve 
tower clearance. At this time, the vehicle is approximatel y 2 99.0 feet 
abov e the pad. 

f. Pitchover - Following vertical rise, the vehicle is pi t ched about 
t he Y-b ody-axis at a constant rate of 0.39 de g/sec f o r a per iod of 10 
seconds. The inner (pitch) giabal angle at the c ompletion of the pitchover 
phase is -3.9 degrees; the vehicle altitude is 2373.0 f e et above an oblate 
Earth. 

g . Gravity turn - At 16.0 seconds g.e.t., a gravity turn trajectory is 
initiated and continued until SRB propellant depleti on. Dur ing this 
period, t he vehicle X-body-axis is maintained along the pro jection of the 
Ea rth r e lative velocity vector. 

A maxi ■um dynamic pressure of 588 lb/ft 2 (fig . 4.1.1- 2) is e ncountered 
a pproximate ly 52 seconds after lift-off. The peak thr us t acceleration 
d urin g the atmospheric flight phase occurs at 106 sec onds and is slightly 
l e s s th a n the 3-g li ■it, as indicated in figur e 4 . 1.1 - 3 . 

At 111.77 seconds after lift-off, S8B th rust tailo ff beg i ns. 
Prope l lant depletion occurs at 121.77 seco nds , at which time the tvin 
bo oste rs are jettisoned. Separation of the SHB's from the orbiter is 
assumed to take place instantaneously. At th i s tiae, the shuttle is at an 
a ltitude of 24 . 7 nautical miles and at a do wn r a ng e dis tance of 21.69 
nautical ailes fro■ the launch site. The inner (pitch) gimbal angle is 
-57.60 degrees. The pitch, yaw, and roll gimba l angle time histories are 
shown in figures 4.1.1-4, 4.1.1-5, and 4.1.1- 6 , respect ivel y. Time 
histories of pitch, yav, and roll in an LVLH coordinate system are shown in 
figures 4.1.1-7, 4.1.1-8, and 4.1.1-9, respectively. 

4.1.1.2.2 Orbiter/ET guided phase: The orbiter/ET g ui ded phase, or 
second stage, encompasses that part of the a s cent trajectory f rom SRB 
separation to main engine cutoff. During this period, th e closed-loop 

14 



pitch co ■aands are computed at 2.0-second intervals so that the specified 
target conditions (see table B-I) are achieved with near-opti■al 
performance. The two guidance phases employed for the second stage are 
described in the following items. 

a. First guidance stage - The first guidance phase of the second stage 
of the ascent trajectory is fro■ SRB separation until the orbiter/ET 
attains the 3-g acceleration limit. During this interval, the main engines 
are thrusting at 100 percent. ·rhe peak acceleration is achieved at 437 
seconds g.e.t. The acceleration and main engine thrust profiles are shown 
in figures 4.1.1-3 and 4.1.1-10, respectively. 

Closed-loop steering is initiated at 121.77 seconds after lift-off. 
Time histories of the steering commands and the estimated time-to-go are 
provided in figures 4.1.1-11, 4.1.1-12, and 4.1.1-13. During the first 12 
seconds of closed-loop guidance, the vehicle pitches up relative to the 
local horizontal. Once the desired initial attitude is attained, the pitch 
steering command and gimbal angle vary almost linearly with time. 

b. Second guidance stage - Throughout the second closed-loop guidance 
phase, the SSME's are throttled to maintain an acceleration of 3 g's. The 
acceleration, thrust, and throttle profiles for this phase are given in 
figures 4.1.1-3, 4.1.1-10, and 4.1.1-14. Kain engine cutoff occurs at 
509.34 seconds g.e.t. At this point, the vehicle is at an altitude of 90.0 
nautical miles above a spherical Earth and is 762.1 nautical miles 
downrange of the launch site (fig. 4.1.1-15). The instantaneous plane of 
the suborbital trajectory is inclined 104.0 degrees relative to the Earth's 
equator. 

4.1.1.2.3 Orbiter/ET separation sequence: The orbiter/ET separation 
sequence, which lasts for 65 seconds, consists of two coast maneuvers, an 
RCS maneuver, and an O~S maneuver. The first coast lasts for 5 seconds and 
provides time to set the switches required for physical separation. While 
maintaining the cutoff inertial attitude, the orbiter performs an RCS 
translation to avoid recontact vith the ET. The RCS translation lasts for 
8 seconds, during which a 4-fps velocity i ■pulse is applied in the 
direction of the orbiter -z body axis. The inner (pitch) gimbal angle at 
this time is -104.3 degrees; so for the heads-down launch configuration, 
the resultant velocity is approximately in the directLon of the gravity 
vector. The thrust acceleration during the translation interval is assumed 
to be 0.5 ft/secz. 

To obtain further vertical clearance, a 30-second coast is performed 
folloving the RCS maneuver. Before performing the insertion maneuver, a 
22-second +X OMS maneuver is performed to obtain longitudinal clearance 
fro• the tank. The relative motion between the orbiter and the ET is shown 
in figure 4.1.1-16. Ho recontact problems exist at separation or during 
the OMS burn. 

The OMS maneuver is performed with two 6000-pound constant thrust 
engines that have a specific impulse of 313.2 seconds. The engines are 
oriented parallel to the orbiter x-axis and pitched through the center of 
gravity projection in the X-Z plane. For this analysis, the effective OMS 
thrust and the orbiter e.g. were assumed to be in the same X-Y plane. 

4.1.1.2.4 OKS burn to insertion: Following the +X OKS maneuver, the 
fixed inertial attitude is released and a guided OMS insertion maneuver is 
performed. A time-to-go profile is presented in figure 4.1.1-17. The 
insertion maneuver ensures that the relative geometry between the orbiter 
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and the target is proper to perform the rendezvous. These relative 
conditions are specified in section 4.2. 

The o"s burn direction and duration are targeted simultaneously with 
the ~ECO conditions to a=bieve a specified position and time at orbit 
insertion. The ■aneuver is perfor ■ed at near-constant body attitude and 
requires an ideal velocity incre■ent (delta-V) of 360.0 fps. Orbit 
insertion occurs at 720.55 seconds g.e.t. The orbiter at this point is at 
an altitude of 90.64 nautical miles above a spherical Earth and is 
downrange 1640 nautical ■ iles from the launch site. 

Figures 4.1.1-18 through 4.1.1-23 are included to provide additional 
ascent data. 

16 



• 

..0 

.. ..... 
(/) 

:::5 ,_ 
..c: ..... 
0 
,_ 
Q) 

..c: 
a. 
(/) 

0 
E ..... 

<! 

8000 X 103 
rFFmttltttl tl-tt-ltli1tl~-~H :ll 11 1111 

7000 

6000 

5000 

3000 

2000 

• - - ,. 
ii 
I ~ 

I 
I 
! 

I, I 

Ii I 
'I 

1 

Total atmospheri c thru st ~
1 ~ 

SRB thru st r: 
1, 

Main engine thrust E[ 
-t, ! t•~ 1'11 '1i 'I ! I i 

>I I i 1 iii\ 
-11 l t 1; Ii i I 
II I · '+~JJi' 
I l i'11 l'rl' 111! I' ·1' I I t I I I +-

L 
·f 

ill! I - - ! t 11 !II iili Ii': · ~~ 
~ i ! ! I ' I 6 t- l l I ; I 1· I i ' I I Ii i ' ~: 

h-,-l-i+ffl+++,,+H+f+++i-!llt-!-++++IH--++++++++++-~++++++++l~++-4++++.++H-,+H-++++li+'-H~ .u+",,-.....+;--4'-,-;+--4-,- -
I I ' .. 1, I 1 I I ,· I I: 1 ill! i : I ,· I I ' 
j ' , 1-+-!-1-H+Ht -H-++I ' +4-H--IH-H+ H++-+1+,1+1+-1-f-.l.-++++1+,1+1-1-+++- -1-++4-H+H-H-++++11~ 1 il+!-4,+i-i' -'-+4' ,_ + ~~ fW-1 +r I I 11 . '. '. , ~ ·- I i , [Iii i ! I j! : Ii 1 1 1 ! :Begin throttl ing for ! 1:1 1 : . 

11:1 L I 1 1 _3 - g acceleration limit i1 
:·.,- -1 

j ; ; i I I 

1 

' I i t I 'i ' ti TI :TI Ii i I ilu ; ' ; 1 ~ ' 
, 'I , I ,, '1 MECO ,., - · ; ! ! , 1, 11 : 1 111 r ·, · 1 I. i, 'I 

1-i-'-i,~ , !-Hr ,-++-1 1-+!+!--j f+'+HH-HH+++H++!--i+-H++l-l+!+Hh+H-l+++H++H++4+++1-H+!-H-4-Hl+H+!+!--l ! ~ I Jl I! ! 11 I ff' I, , 
·,-•1 7 ,I' 'I' 1,,.,. ·1-· 

l±rl
1~1 .,u Rttl1 -ttttttttt-!ilHittrtttttttHtttttttt1tttitttttttttttHtttt~t-ttt.'ttt1 IJ ' 1 i · 1 1 1 

· 
1 1 1 i 1 

i : L. - - :. 

' l-
~ 

~"' I t l i' ii f I 111 lji 1"w.J 1' . 11 ! Ii I 1000 Ji ~ , ,; Ii l. i;!I i! ~J. 1; .: ,1·1 I . 

11++4+! I ..++1+-1-++++r i +-H++l-++¾--l+l++H+,1+++++4-++++H++-++H -!-1-4+'-++f t+t--' ~ 11[1 ~ 11 : • ! 1 1 I 1 ! . ! Ii : ! 11 n : : i : 1 i 1_ : :~~ -
I i1 ' I 

1 tr 

0 

-

-li l t i 1) 11! TT: :,I !; . t :1:1 ,· .;_11 I. Ir. ·n i r ti , i 1
' 1 I , + ; • 1 1 · , : : I, 11 1 • : I l I 

1: 
. - U1 

100 

I 

~I 

200 300 400 

Ground elapsed time, sec 

500 

Figure 4.1.1-1.- Atmospheric thrust versus ground elapsed time for shuttle 
BRM 38. 

17 

600 . 



600 :I II 
f ·1 

500 

' 111 HI !IJi i! 1 II I 

400 I-
N 

.. .... ..... 
'--.J:l 

I !!l1• rH I !I j,I ,, I I· 

I I 1'1 1; 11• ' '11, 
liitf:1:1:t:tffi:tjffltifflfffllmfffl:HtttflttttttffiHtttffttlffl:l:lffttfffl:ltlftifflitfttHtttttttHtttttffirltl : : i' 

1 1
' 

1 = ..._........,_..., lit· ,..., 11111 Ii I 11 I· , , 
~ 

w ... j I- p l I 

:l 
U) 

Vl 300 w 
a. 
u .E r 

' 
f-' tU 
0) C 

>, 
0 

200 

I 
100 

: I 
' 

I j 
.. L I ; ! : I l j 

0 20 40 60 80 100 120 140 160 180 

Ground elapsed time, sec 

Figure 4.Ll-2.- Dynamic pre:ssure versus ground elapsed time for shuttle BRM 3B. 



• 

V> 

-E-
2 
.s 
~ 
~ 
cu 
CJ 
CJ 

"' "'O 
cu 
V> 
C: 
cu 

V) 

0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

Figure 4.1.1-3.- Sensed acceleration versus ground elapsed time for shuttle BRM 3B, 

19 



~ 

.z 
.B 
.s­
~ 
C, 
C: 

"' 
"' ..0 

.§ 
C, 

QJ 
C: 
C: 

80 

1 I H t+ttttttt+tt+f++l+f+lf+++lfH lfl 

I,' 
l 

60 I I 

~ 
>I 

40 

-20 

-40 

-60 

-80 

-100 

j, 
[ 

-120 l I 

0 

I 
l+ i+t+IH+++ll+++l-l,-!+l f 

I, 

I I I I_ 1 ll-HBffittlf+lf+lflf1l+l-H 
I 

100 200 300 400 500 600 700 
Ground elapsed time, sec 

Figure 4. 1.1-4. - Inner- gimbal angle versus ground elapsed time for shuttle BRM 3B . 

20 

• 

8 00 



6 I I l' I: I I I 'if i n ! '! I I Ir i jl I!: ,1 1T ·t,1TT 11 1l ,1,1 11 •1! •"· •1p pri 'I• ,., . 
1,tl (iii . l I ti I I tr t I, , ~ 11:: ii' t lj • t ; : • I • • t: I t I ' ' MECO (begin 1 '" ; , 

1 'I· 

I I I I '~~ t I i I• 
I I I r I I 

1111 l ll Hhl 1-lU ·! 

attitude hold) 1 1iL I , :I J j 

4 

1 ! I ! !II ~ l IJ 
I IHI Ill 1+11 till I I 

I I' I• rt !I 
Terminal steering 

I ' . I , f mode I ' .I 

I . If t '1 I t1 ~ i . I 1· OMS ignition ,I 

l!I : tr . iillli ttm 
i ltH 1 11 H IH 

Guidance OMS 
O'l 
Cl) 2 ""O .. -

initiation guidance 

! initiation 
I 

;:: 
!IS ! 
>, -Cl) 

0, 
' 

Insertion 
C: 0 !IS 

!IS 
..0 
E 

N 'ffi I-' 
Cl) 

""O 

:2 -2 ~ 

a 

-4 l I 
j 

I 

' Freeze steering 
I Ir[ H I l l commands 

Ii Ii !11 I• ff ,1 l I w 
,.I ti I ' I ;I I; . ' •I 

-6 

I 
11 r I j: ii I ,r 1!: l 'ill TI Ii I 

II 'I I ! ,I; 11 1.1r m t ! !I 1 !! ;i Id I I I 
,l I ii [1 ti 

0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

Figure 4.Ll-5.- Middle gimbal angle versus ground elapsed time for shuttle BRM 3B. 



C'l 
a, 

-0 .. -
·e ..., 
a, 
c-, 
s:::: 
l'G 

«i 
..0 
E 

N c-, 
N ... 

a, 
+J 
::s 

0 

40 ITTTTTTmcr'-rrTTTTTrrn-rTTTTTTTTT'TTT'TT1r.TT'T":-rr:-......,..-r,--,-"T'TTT"',n-r,-r---r-.-r--! Ill 11111 11 ! I ll lllll lllil lll I I II 1111 ! I I IVJlliltillJJJllJll1:. i j!J : .: 

0 

. 11 f 1. I ';' : : : 1 iii 
Roi I maneuver 
=-16.8° 

~ _}_9 -z ~ .._ roll 
body 

' 

'! di! 'l11 

I ·1 !, 
. , 11i·r' T'' l1 I 1,1 I . I I 

J f . f 

C'l 
Q) 

-0 .. 
Q) -
C'l 
s:::: c-s 
-c-s 
...0 

E 
C'l ... 
2 (south at 

I ift-off) I o 
-40 

-80 ii 
Begin roll : 

-160 

-1 70 

-180 !I lfH iiJ m B ,.m t 
0 :i.o 20 

Ground elapsed time, sec 

maneuver Insertion 

30 

I f j-ttttt1-1-tttt1+ttttt+ttttt-tt+++t-tt+++t++t+t++++++++H+++++++++#+-l-l+-1-1-1-1-H+++++++H+++-1-1+M Ecimm~mw+mtl~~mHmffffl 
I', OMS -120 Htttm

1
m1ttttttttHrttttHttt1ttttHtHt1±+1Htt1#tfFttl+H-H+fH+ffHfl+H-Hl+ffi.Ftt1+H+H+H-H++H1m 

r r ~ i?~it~~ 

. 
-160 

I 
h 

il 
I 

~ I I I ·-
11 I I I I 11 I J I 11 

:l i1•t ,, Li 

( tt l ti -200 I ~I I I 
I I I I' I I 

q, 

j i !l ; l I 1i!• -1 ill: ~t~, 

l 1 I I ~ I i I lH I ~L 1tl4 4 l 
0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

Figure 4.1.1-6.- Outer gimbal angle versus ground elapsed time for shuttle BRM 3B. 



100 

80 

I! I I I 

I I l I 'I ! I!'' ! :1 ' I : 
: ; !! : : I'. • , t r I' . i '} ~1 i1 LiJ L. . 1!i •t-: I !! !I : 'f :.c'. I !i. L t:,JJliili. ~L ·. I i ! i ,! I' i . I I I 

I I 1 , i , i,., I.,, ! --~~ Definition ,. 
I I i I !Ii !I! I I I' I\ · 1.' " .. ' . 

d> I 
! : 1 i 1 1,, . , 11 , , • I ,; of pitc~ _ .j" 

I i: I! I , [ I l ,11 11, !''! ll 111 
ft: ~ I i l !H! (Hi 1!r. Local vertical 1: 

I L I I ! l lr!! Ji i : I i !t ill I I 

I I ! I I l '' I -~ ~ 
I ,t I 

I I 

I : I f ! I 
I 

I +9 
I - Local 

Cl 60 
cu 

"O .. 
cu 

"O 
::s ..., 

:.:; ..., 
(13 

40 ..s::: 
u 

horizontal 
t lmt 1 . nm 1 

MEGO (begin F"ferminai 
attitude hold) steering 

I i 11111 IR 

11 
11 11-1-1 1-H mode 
OMS ignition H -H I 

I 

Insertion ..., 
a. 

N cu w 
u 

..s::: 
cu 
> 20 

Begin pitch 
maneuver Freeze 

steering 

f commands 
0 

l I ~ 
I 
I I 

I 

! l l -II i i i 
I I' --

I I I: ti t 1 i: I I 
I l·lt I ii I I I ! 1 I " i 

-20 
II I i! I I i ! 'i l I I I I Ii I I II l•ij I Hi,:!lll l I I I H I -' 

:, .,, ,. Ii I• 

0 100 200 300 400 500 600 700 800 
Ground elapsed time, sec 

Figure 4.1.1-7 .- Vehicle local-horizontal pitch attitude _versus ground elapsed time for shuttle BRM 3B. 



6 

4 

Cl 2 
C2.J 

"O .. 
C2.J 

"O 
::s 
~ ..., ..., 
ra 
:\: 

0 
ra 
>, 

l'v 
C2.J 

.t:- .!2 
..c 

(I) 

> 
-2 

-6 
0 100 200 300 400 500 600 700 800 

Ground elapsed lime, sec 

Figure 4.1.1-8 .- Vehicle out-of-plane yaw attitude versus ground elapsed time for shuttle BRM 3B. 



300 
I I._, ,. 1!Hi, J ',-,'·,.',!I 1'r'k'· lt:l;i 11'·•,.I '._,:'t', '11'1 ', 11 11·1 Ii i ,'. .. . I ; 1·1 • .. ; :, :''.' .. • 11 ii 1r,, H· . , i !1J c.'.~I• ti.!L -· . '.:, 1,;'. 111 i'i; L .. !. t •' 

I i r. 'I •. I • • 11 I -:-r ! '1·. I It! I · 1 • I . , , , I' I 11 
I I I ', ,',' ' 1,·1· .. ' 1' t: ' 11 11 •' ,·,· I . ' ! Ii!, !,'i I I 'I Ii! I• !Iii ,! I It I 

,r~·:, '1·l'l ·::. ;'; 1 :,.,·:. :,-ii: 
.t · ~+ t- 11 • I• ' I 

I ' It I I' 11- ,If, I 
I 

I , . I I' , •. i I I J. t . 

I i! l I ti . I ti :j 
II · Ii ·1 

200 
'. 'I i !1 I I, , ~ I 

t.;+++-+j++f-H·H+H+++++H+++++-f+H++++++H-H+++,i+H+H 

C') 
a, 

-0 .. 
a, 

-0 

100 l 1 

I MEGO j J 
::i .... 

:.:; .... 
ru 

e 

Begin roll I OMS ] 
maneuver I ignition j 

f · insertion 
' t 

0 
ru .... 
C: 
0 

N N 
V, ·;: 

0 
..c: 

I 

ru u -100 
0 

...J 

-200 
t t i i 

I I I 1 ! I 
' 

I I I I Ill I I I r,1 j j 
' : H I !i i Ill I ' I Iii I i I 

! !1 
ti' ll U.l i -300 

Ii I ii,, I I I i t! I ill 

0 100 200 300 400 500 600 700 acfo 
Ground elapsed time, sec 

Figure 4 .1.1-9 .- Local-horizontal roll attitude versus ground elapsed time for shuttle BRM 3B. 



2000 o3 Xl 

1800 I 

rl 

II 

1600 ii 
ii 

..Cl i i I 

11 ...., I 1400 
-~ I 

I I 

:I I 
I! I 

...t: 
Cl. 
(/) 

-l!i I 
0 
E ..... 
C1l 
(I) 1200 s:: 
O'l 
s:: 
(I) 
I 

lilj ,,, 
1ill · ' . ,u 

iii-
1 

s:: 
C1l 
~ 

1000 

11 
: 

i!ll I 
11: 1 I 
W'. 

Ji I 
' I i 

I 

800 
I I' 

·i 11i 

Ill l! 
:111 I, 
I I li I 

600 Iii I l 
0 

11 llll 
I 'I I 11. 

t:. 
' !'I 

I I 
t 

' I 
I 

:1: 
Begin throttling for 3-g 

:I Ill acceleration I imit 
' I I i :Ill 

I 1/I, 

i Iii 
I 111 

'.' 
I 

I I I 

i I ! ;, 
JI !! i ! iffi I 

' i 

11 11:r 1,:: ! i ii 
I I : 11 11 i 1q1 :::1 

MECO : !''I 11 ·; I 
11 11 • I Hi 1jl 

' II I ! ii! i I I i ! 
I I 

:I I ! i I I II: I 
I I I ' ! 11 Ii! '!'i ti I I I 
i 1 I I 

! Ii 1,j Iii i!!i 
II 

I 

I I I I I I l t I i ii i!I ,j!I 
I ! Iii 11:1 

I I l I I 11 ! 11! illi 
I ! I I I I 11:t I i! I Iii f, :i:I 

I 
I Ii I I I I ll · ,..:._: [ 

I I !I ,m 11 ill ' I• I I 
I 

1, I 11 ii;; ti·! 
. j 11 ff 

1111 'Ii ,11 

i t1 
1' I It;;·. 

! I I I ' jjtl ,,I, ,· 
I I I II ll I ,1 11:· :.I, 

I I 11 Ii 11 l I j I I I I I i I i Ii I •·w. , ,1, 11 1 I 1, 1: 
l•I ,.1 

I:: II 111 f 11 i l I I if 1ti I I I I! I : I ii . 11j H-:-; 
! I ; · J• 
•It It, "I 

100 200 300 400 500 600 

Ground elapsed time, sec . 

Figure 4.1.1-10.- Main-engine atmospheric thrust versus ground 
elapsed time for shuttle BRM 3B. 

26 



C, ., 
-0 

., 
-0 

.3 
:;:; 
~ 
.,:: 

.B 
0. 
-0 ., 
-0 
<= 
"' E 
E 
0 

(.) 

100 200 300 400 500 600 700 8 0 0 

Ground elapsed time, sec 

Figure 4.1.1-11 .- Commanded pitch attitude versus ground elapsed time for shuttle BRM 3B. 

27 



6 
11 I II I I ., 11, 

1 
• ·1. ; . . . ::: 1!! ,1 1 ii". , :1. ,•;1 ii- .. rJ .i. ' " 1:.· ·:: , r .. I.· ·r·. ,. ,;1• M , 11 I, 1 , , , , . I, · , , 1, , . 1 11 I I ; 1 I i,,. ,- 1 , 11, . I I,, 1;..., I '.i ::I. .. 1;1 i!t 'j 'ii+~ '.j ' '" 'tr' 1 I ' ; '.,; I .j. •-ll+J m~ ..w...:· I 

I 
I H ri T,... ·-. -- -· · ...... .. '-rr. +• n .. . . l - _,~ I,' r~ ,. •·r Jfl• 111. 't 'I' 

1 · 1!! !iii::,: ::. :1.! 1!ii :;11 ,1 ! l,i' Ii l: MECO (begin i ,,. 1·,1 :·11 illi ii•i i;i iiP ,1, ,, p· 

4 

I I : ' i' I I ' I i : . ' ii I I : · I I il'i II: ,1attitude hold) i Ii 
w 

j1•I I:\ : j ,:I ··1· n t·fl ' I ,,1, I·· 'I ' I i' ' : . ' i' l i ; I. I p I .,, 111 i' ! ~id ' I . ~~ . ' 1• 
I ,--,.if ,·111 :i -~+ ~ Tt l 11 t11~;~ l 1,,11,• I I ' i tiTI ii I 1 I 1i Jill l t ·\ I; :i I I I I I I I d I: I I! i i Ii [ I ., I:· . I ',,1 1 I ; 

,' 11: I, ,.,, 
i I i i! i l !!P i I \I l i 1!1

1 I , i I_~ il l! 11 ! 11! l j' : Hi i; 
I -• ll I I I ,\ ., I : I I I. 

I '11 I' q1i . j,: I''' (! I T 7 1 ,I ii I 1111 Ill 11,1 I I ~. ill t t ~i j l II Ii i Ii 11:1 .iii f : I ,1' i OMS ignition 1 I ,, 

Ol 2 a, 
""O .. 
a, 

""O 

I ➔ l'I ' '1w , ..... I ! i ' n ,, 11 11 11111 1111' ,I I 1,1 U -1 1 
,, 

I !1 L ! ,·ii ,n: Terminal l n 
I OMS 

i I I ! 

e I ( I','·:,\; [111 I I I steering ~ Guidanc I . I j .. I •I; I I I ' 
guidance 

' I n 1' 'I 111 I f I' I !i I ! initiation mode I initiatio i i i ! -1 I I. 1 
: I J 

I I I ! ! I l 11 
I I 

:l .... I 
:;:; i .... 

11:1 

3: 0 11:1 
>, 

""O 
N 

a, 
co ""O 

C 
11:1 
E 
E 
0 -2 u 

I I Insertion ' i 

8 
·1 

, I r-l 

I I 11 i I 

.I I I 
,I , j1! l![ l. I 

111 I 
! Ii ' i •1 Ir ~ 

I 
I 11 1 I 'I" f'I i ! I I 1· I, I •I 

I I I I 111 dl I I I ,, . 
li !J Ll : I 

,.,, 11 
'1 I I'' 'r I [ l:I 1

:! ii I, t-
" I I 

-4 

i!, ; 11 1; I I! 11!1 ;1fl ! m 
H' rT rri- I 

: i .. 
I 'I II l I 111: liTI 1 l Freeze steering !1, II : ii I Iii 

~11 ii]'µ,~ I 
1!:! I* ~LI ttn~ !!!! ~ I I T commands 

1[ i ' I I 

,.. Ir, r I ' I I I'll I 'l't. I !!!I dT1 L I I l I 'f 1 ' I I • • I l'i I :1 I i r , r i I l 
rt-;· frti I i ! i i 

11 iii, iii: ill! ·Iii l I'!! lill '!: I 11 I I ffi I · !:11 f , r mr , W· ,111 ' !+ I 'J! I I ! ----4 t. +U tt itt i ~ , I t • • -,-+ • T1 +_ 

I If I I I! I: I I : Ii! '. I fl I '•1'' ' ' l 11 rd, hi. H!l I i l l 'HI H + 
' ' :•;. 

11: 1;1 I' '':' .'' I 
1 ; .!, I . 1· 1 1 I ~ fr! t -6 

0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

Figure 4.1.1-12.- Commanded yaw attitude versus ground elapsed time for shuttle BRM 3B. 



600 

500 

400 

(.J 300 (I) 
(/) .. 
0 
Cl 
I 
0 ..., 
!, 
E 200 
I-

100 

0 

-100 
0 

l 
1: 

I 
I 

I 'Guidance: 
t I i initiation 
I 

~ I 
I 

j I 

i I 
I i 

II' I I 
1ill , I 

l1i: 1 . 

t 

! ! i 
I I 
I 

j I 

i l 
tf J . I 

I 

. 

' 

I 

{ 

I 
I ' I 

~ 
!, 

MECO II jl 

! i 11 
u 

I 
I I 4 I 
I 

I I I ii. 
I I 

111 lUi I 
I l + ,,,. 

I i I iiil 
I 'I I ~!! I I - .iJ 

I ' ' 'I I. I;: ;11 

:-1 
11Ht: 
ii 1 1: i ,: 

! l 
I !ii[ tfil j'I 1W I !ill i 11 1:! i' 

100 200 300 400 500 600 

Ground elapsed time, sec 

Figure 4.1.1-13 .- Time-to-go versus ground elapsed time for first 
guidance maneuver for shuttle BRM 3 B. 

29 



l.v 
0 

..., 
C 
Q) 

140 

~ 
Q) 120 a. .. 
0\ 
C ..., ..., 
Q) 
Vl 

Q) 

~ 100 
0 ,_ 

...c: ..., 

60 

I 
.f 

I 

I t 

t-

- t ' 

l 

E 
I l+l++tt+J:1+R+rnL;.m:FHmf-H+J_rn_ ~_~_FfHfffR--l4HfH-ttt# ~11+H+t+t+'Ht MEco m~ ~➔"'t-.............. ,~~ 

11, 

t 
r H 

' - f -
f l n r 

~-➔-IH+->+l+I I ~ t t H " I 
t ~ , I t+ r 

I - r ~i ~I 
+ H+tt+t-H++-lct+H+ ++ t-i, I 1t·.l..Ll.J.llJ.Jcl.il.J..U.._L.Jr ..il.ljFTw..u.JL.J..LIIL.uJ...U..W...W..U..U..W...U.w.l 

! ii I~, '1 1 ! 1 I I i l I: . I H ! ! : I 

0 100 200 300 400 500 

Ground elapsed time, sec 

Fig_ure 4.1.1-14.- Main-engine throttle setting versus ground 
elapsed time for shuttle BRM 3B. 

600 



600 X 103 

500 

4 I i I I l I' t1;1 I l 1111 : ti I ! I 'ii . , I., t!il iil 1 1
1 '! l 1 '' I: !f1 :'.:1 ,li!: (_~i. ~~JJi_ l 1!i, I· IJl I l iill [·:: ~µJJ; i' ~: '.: ' 

~ 
,1· 

.' Ip , illi it -r!. 'f:+1 11· 
. ....... .L 

' _ It·_. I ;I! I' i :i !,f, :[I,:· 
I 

,i, ' I I I !.,1 !! . - 11 1! I I ,..., '" 't• 
1 1·1 II• 

,, I! ., I i•II ! ~l I !iii ~ ,'I i;:'@!i[ , 1 1::: i;il Iii: :,p I~ : ;t', :;,: !IP ' ,, Ii, ·' ,,, ' ., 111 H I f ,l l .. , . .,. ,, 
II I, It Ill 

. - .. , - . -p ·r . ;· nser ,on "' , , , , 
D f II t ' !'\,J. , ~: rt1j1µ 1, It! ;· •1 r:1 ·1:1 rtl l l!i• f!:t d I 

MEco.:..1·1 
. 

,, 1 I liTT 1 ". r , .... ,tt ·l ,1 1, 1 ,t, t .,,1 . , lit 

H!Htuliftlm t - ~ I 1 1 1 i: , oMs : u: ;:r ,11, Hi r' · 1::1 j:11- 1 ' . - . d ' 'I ➔ 11 . I ,, I ,_ J 

OMS ign_ition , I . , . TI gu, ance ''I I W 1 H 'r[I' i 1 I ,, 1 · f, 1, ·ini tiation il 1 H 11 rt, .. , r 1 
! H ;I i'. i I l! lilt j Ii ti· 

' 
400 

~ .. 
Q) 

~ i' ! I 1f ! 11:t ~ ' lull I, 
I I ... 

I f J , I' . t MI. 
II' r 

I Ii -It I I:', i.lf , 
I 

~ I I l I i' j 1f t ' "O 
:::, .... I 

:;:; 
~ 300 u 
:;:; 
Q) 

"O 

w 0 
Q) 

f-;-' c.:, 

I - ' ; 
I 

e , 

1 
... 

t I .,. 1 1-
I 

I 

200 
r r 

I 

-
I· 

100 ' ' 
~Guidance u r 4 f j V ii 

I 

initiation - . Ir !'i: ;1 'ii f li ~ti 1-1 1:11 wl, i i 
' ' ff 

111ttt lfillli11 I ii 11 li H 
I l 11n .I] Hif 'Hl 1'i, i ! ; l 't 

mmiirntrn I t:: rl ll I __ ; :II dil Ill i=l H-H Llf iH 
0 200 400 600 800 1000 1200 1400 1600 1800 

Surface range (spherical Earth model), n. mi. 

Figure 4.1.1-15.-Aftitude versus surface range for shuttle BRM 3B. 



w 
f\) 

160 

120 

80 

40 
<1> 
> 
0 
.0 
<: 

::: 0 I 
\ 

C: ,. 
<1> -E .E 
<1> <1> u a, 

"' 
~ 40 
:;::; 
.; 

t +5sec,-
orbiter/ET ~ t+ 13 sec, separation t:.V • 4 fp s 

I 
:e 

<1> 
> 80 

t
1
+ 23 sec ~ 

I 

120 

I 
33\ ec

1
.\ t + 

\ 
' l 

160 
t + 43 sec,., 

I"--... '--1---QMS bu rn 
ignition 

200 

240 
40 0 40 

Behind Ahead 

170. 45 ft 

........ 
ET I'-. 

v _.... 

.. 
t + 53 sec 

80 120 160 

I ' i I I 

I i I 

I 
I ! I ! ! 

I i I 

I I 
I 

I 
! i ! I i I 

! ! ! i ! 

i i i 
! ! 

j I I 
i l 

i : ! I i I 
i i I 

I I I ' I t + 0, SSME cutoff 
I 

I I : 
i ! I 

! 
I I ! ! 
' I I i !- ! 

i I i I 
! I 

i I 

i ! I I 

i I i i i 
I 

I I I. 
I I i I I I I 

t + 65 sec, release 

1 I I ! ! a~itud~ ,hold 
! ! ~ 

L.--l- - • ! I 
Orbiter 

- I i : t + 63 sec i / 

! ! ! I ! I/ L/ ! I i 
I i I I I 
I i 

I . ! 
I 

I I ' i 
! 

/ 
I ! I ; j 

200 240 280 320 360 400 440 480 

Horizontal displacement, ft 

F igu re 4 .1 .1-16. - Rel ative motion for orbiter/ET nominal and AOA separat ion maneu ver. 

-;. 
/ , 

i 

i i 
520 560 



180 

120 

u ., 
VI 

o' 

"' 100 I 
0 

t 
E 
I-

80 

40 

580 600 620 640 660 680 700 720 740 

Gro und elapsed time, sec 

Figure 4 .1 .1-1 7. - Time-to-go versus ground elapsed time for second guidance maneuver for shuttle BRM 3B . 

33 



"' .e-. 
~ 

>, ..., 
u 
0 

l p:i:. '.1 
1 I i, j Ii I TT 11! I ~I 1

11•' I { · .,;..i.. ·t11~
1 

,1 tW '} .~ Jr, t ! '. 

I 11' I I I ' r1 111· 11 ., II I --~-r'r nn' I r,.. "t· rj 1111 tt•· 1; 1 I I ; I; · I i ' I j I I I Id ! , " t t l , 1 II,, '. ' 1 1 1 
: i l 1 , I I .' I tu t <la : t 1 

Cl) 
> 

,ij 

lAJ ~ 
..::--- Cl) 

s::: 
12 

8 

I I 111 I I II ! 1'! I j'I I II' I" r I' · 11.1· ... , I 1 111 " 'r I f ii 1;: ;, ... :1 11 'iii ;_ I !' HI I',·~- _It 111 Ill 111;1: i1,' H 
I 1! 1 '! 11 11 , I jl I , ,. ,1 1 

, t 1· · · •• 1 !11 ltP 1111 •r 'I ,I , , 1,: 1 ' 11 i , ' , I I i ' · · ·, OMS ignition 1 m r 11 rt i 
' I . I ' I I 11 • , , I I 'I 11 I' t I ' i' 1 I . I '"!' I ' lt IL ! t + 'J If 
,, i" • , • , l . ~ • ,,. ·.:..t. 1. :1 .. , m''tt .Hi 1. i J ,1 

11. ,,,· I 1 ! ,' ', II II ~•;i rj', ":, ii'' ' '· '11" p1 ii "TT:"", H. ! l 11 , , , 1 ! I .. • 1 11 , , , 1 • 1 , ,, r 1 , , , 

4 

0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

Figure 4.1.1-18.- Inertial velocity versus ground elapsed time for shuttle BRM 3B. 



w 
l.n 

50 

40 

~ 30 
-0 .. 

<IJ 
C'> 
C 

"' ..c .... 
ig_ 20 .... 

..c 
C'> 

1= 
<IJ 
C 10 

0 

-10 

• 

I 

!!+H-R,,!J-H+H++++HH-~-HH++++-R++l+H++++fif-HH~t+H-lf+H-l+ffiH+R+FH~H-FH+H+~1~ MECO 

.. 

I I 

IH+lft+f+H+++t+ft-H-11tttl+++tttft+N+H-H-1H-ll -+++t+H+++t+l+tfiltttl+++tttfttt+tH-H-11tttl-t++tttltttttl+H:!o M ~ i gn it i On . 

tltfl-tttttttt11fttttttt±lttt+-, HtttttttlttttH-f'l:tttttt-tt1t!±l:ttt±±±i±±t+I-Ht±ttt±tttttH±tttttti-ttttttttt±tt±i:t:ttiQMS 

guidance 
initiation 

I I 

I 
I 

0 100 

I 

I 
I 

: I 
200 300 400 500 600 

Ground elapsed time, sec 

Insertion 

700 

Figure 4.1.1-19 .- Inertial flightpath angle versus ground elapsed time for shuttle BRM 3B. 

800 



400 
...., ..... .. 

~1· ~t I I I I Ii i . I I i ' f. I ~ I ~ I . ! i 
, Ii I Guidance initiation I OMS ig_~ition II f l 

Q) 
"O 
:::s ...., 
:.:; 
~ 300 
u ...., 
Q) 

w "O 
0\ 0 

Q) 
<.!) 

200 

!Iii:~, !I!! p !I ii l!!I 1 1 
: i 1 1 

I" mi •+-I+:- ,t II I : 1 !I j J 
11 I li : iii 11 i: I I I I : I i 
I rl. I '1' I ii: i I I I :j I i .. I 
l;_: . I I , j 1 

! 
1 

I rttfittttttttfttthffiHfflffltttttttftrtirtftt, ffltffititftttffi~fflttif.fitflfffl~ffiffl:tfflffj:fff.fffifflj=!:lffffl 
, i n ! 1 ! 111 1 , • r , : H+H-4+1-H-l+ ll+H-~H 

I I ii I 
I· l I ·I I 

1 lL I 
I 'I I 

: I I 

I 
I 

I 

I 
,ii 

,11 

Ii ! l!i 11 ! f l' t 
I I 11111 ! I I i1 tLl H++-'-~+--++ttt+'-m+t++++fi+-t++++++++t+++++++Hi+++-++++-~--+++-t++++++++-H+H++++if-'+++++++iH+H~f++f+ QMS 

I 
1
1 

1
,1 1

1
1· I I I 1 

fH+++1+++++1-H--t-,--J+a++1++~~1r++-l+Hl-+H-"·+++++.++-1+++11+H1-+++++++++a+-1+++14+H++++++++++++-H+H+a++++++++- gu i dance 
I I' I ' I i 1 ! i ! initiation _: 

0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

F!gure 4.1.1-20.- Geodetic altitude versus ground elapsed time for shuttle BRM 3B. 

.. . 



16 
I 
I 

I 

14 I 

MECO I I 
1
1il 

12 

I !IJ ! : I 
Ii J~Jllli 
Hl+li: i:11 

I 
I 

I I I :11 11 
I I Iii! ·'11 

10 

' I I, I 111' 
:J 1 L.;· ,lu 

I Ii ii : I! I 
- L,_ .. 

1· 'I I ' 

Guidance 111 I I ,. 
I I I I tt1: i I ri initiation I ... 

<l) 
.0 
E 
::::l 
C 8 ..c 
u 
ca 
~ 

6 

I II I Iii: 
i II '1 1• 'I I ;.i1 
l] _l!!:J: 

l 1111 !fii r] 
I i l l:,1 · 

I r nl· J,;" I! li I 
I• I 

I !I 'ii JJ I 
: jl lijl ll I i l:;I ,1,· 

4 

l I ; I I I JI I I • 

i I Ii .L'..1.;.~ 
: 'I l I l l ii I I' ,., I, . I .. I 

I I I I ·11 , 1· i 

I l /~j+ '1 ·1 ;,; ·i 

2 

n I 'ii I I 
' 11" I .. 

I 
1f+'.-4tL 
; I' .. 

t '' 'I -; f---

I I I l 1i:1; '.·; 

I i 1, !i I I I . I I '"7 
I I I I t. " 

.. I I 1lli
1I ~·' 1111 ;. I '!m 1,' ·,:, 

~i ti Iii ;IJ 1:11 n I iii !:1 IT: ;-:-i 

0 100 200 300 400 500 600 
Ground elapsed time, sec 

Figure 4.1.1-21.- Mach number versus ground elapsed time for shuttle BRM 3B. 

37 



en 
(!) 

-0 

' ..::&. 
u 
~ ....., ....., 
~ 
I 

4-
0 
I 
(!) 

en 
C w ~ 

CX) 
..c 
u ....., 

0... 

30 
i11. • 1:: l!ll 1! ·1: jiii '. ;,: 'ii ,,' I I : I '1 · I I I I I . 1---- 1/ I. ·.1.: ,l! ::il i, · .. : .. f: Jii lJ! +l~ dlt L; tc :/. _ ! ~~ ·-···-;_t~~;. Definitio.n of a L.LulTii 
I • • • , 11 I I , i , , . • rii , I i : . -· • r · -· . , . . . 

1 
rr 

,,: · 1,, j 1' 
4 

, 'l. : ll· 11, 1'.1 1. 1 • 11, • , , · --l. ; , negative ang e ,,!: 
~ ' . I :11 . . H- l . i: '. f,, :-rr'" :· ' . I' '1 ' . . ' rrr' -~ .. 1- •• '-;I-""'-,+- f.'.~ ~ 1111 , , 1 . i , : 11 1

1 ,:., 11:1 1•· • 1, 111, 
1 1 . , ,. , 1:11 •i;' .1. of attack !*1::,·1 20 14 I I I 4 i I j L:...L , , I , ,._ ft-Ur • t...:_ t+ I 1 , ·:1 11 _1 'I i ''I' I I!' ' ,:- 11lii ,·11 rr - ,rr:' ,, i 1

• ,TT] +z body{tail down) 

i
i: I I i: I I H l[ti ll ~- ll:} [~, I L : l i l Ii Li~: I !j I! i: I I;!; I ~ ~lU : 11 I 1i Ii ·t ii; :::. 11

1
1 'iii L ;? 11:' %1 !/1 rm ~ u 

]
Begin gravity I I !'. l:ITT!

1Ju JL!i 11 i 111 I! 1TI1! 11:, f lid T' if: .___,......_ =~ t1_ 

1 0 
· , , LLLll 1 11 ! I 1 · • 11 I 1 ' : i ' ! i ' I 1 1 , ' i t I , a turn · j I 11 1: 1 · • · • 1 

'I 1 · • ---+ 1 1 1 ' ~ +X body · . 

! I I Guidance . I ·i Iii 11
1i
1
· I I !I I I 1 I Relative velocity ~ 

0 

-10 

-20 

-30 

IU.&l.U.U.I-U;.l~ init1'ation +++++++1->++-+-I>+-+-'· I - T'-+ ..... ++M->++-1-1 ... ;.<, ........ .c.o.u '-l. 
i I ,· 'i"r i • i' Ii ·1· I i1 ' 1 1 1 • , I I 1 ; , i l vector 
1 i 1 1 1 1 111 J i=:•.~!.~_Ui~111~:1~1~1~ 11•=f ~~.+~rnru-un~m~1 

',I ! I ., I t' II I 
lffi#tt##Mffl~MAA00~~-@~1iu1 l-!-1+~-®®®~~M Ul@~~ffli®ml-UWW-l' -1-m-lm+mW-mml Term in al Ill ., i steering 
f f+HH1+1H+H++H++++1+H-H+HH++1-H-»+++1+H r . •H·t+H+H++l+l+l ttH++H+H-t++++++++-H+11Ft+H+H+H+++H-++++-H-1"111V-1i l+H-l+H+++-++1+++1-m+ m Ode l I I I :I . •• .• 

! i I : i 1 1 1 4+H-H I· 

Freeze IT : i I I OMS 
1

1
1

11

1 1 1 ignition~~,......~~,I.U.l.lsteering 

, I I I i,. , ttttiin 
11 tfffi~amJl 

ii' •~ tttrt-tttt-4-tt-t+t++-H+t-~ tti I I l+l+l++<+>-l-+-i+l-1-1+++1- MECO {begin fill.I LU ~ - . 

1 I'" I', -1 attitude hold) IH-. I-H+'loH+l++++++++++++l+++,+H4. lnsertion 
,,i iii I I , 1111 Iii! 111 1 1ii ll l ' I It 

0 100 200 300 400 500 600 700 800 

Ground elapsed time, sec 

Figure 4.1.1::-22 .- Pitch angle-of-attack versus ground elapsed time for shuttle BRM 3B. 

" 



::: 
uJ 
\0 

100 3 
x 10 IH-fl-mmmmm !I! Ip I 111i 

ti Ltllli LttLH I t H-; I 
1 H t+ttt-ttt+IT t+tfH ,,1 11 II Begin gravity tum ' 

I I Ii 
I r I I 

i 
0 

I 

I I -100 I 

I 

ii 'I I I 
l : 

t t t I 

! 
..c -200 

X 
<t -300 

-400 

j I -500 lttfttftttttt~tlttttHttttH+tHi-HtftttttH+H±fttl+H-lttHt1itH+H+H+H-H+HflHHH+H+H-4H+HH+f4+1 ++l+Fi-ll-H+++ll +H+H-ffi+f!-H-IH+l+m-l+H++l+~-!+1-1-HAA-l+l+l+H 

, 1 I i !1 P: 1 1 l 1 I 

I I ,: L I I I 11 ! J!:i 'Ii ill 
- 6 0 0 14+-f+H+H-i'++H++hl+Hf+H+_m_ +++++l++Hl+++++H+l+l-+W+m+!-l .:+l+!-H+l+-ll-+Hl+J+;.+-1--11 >++, h-t !I +++Wfl.+l.Ui_+ ,;n· n I .TIT d I Ii 

ll l l I Ir :1 
It, II l I l ,I 1l l!it 

0 20 40 60 80 100 120 14Q 160 180 
Ground elapsed time, sec 

Figure 4.1.1-23 .- Axial force versus ground elapsed time for shuttle BRM 38. 



4.1.2 External Tank Disposal 

4.1.2.1 External tank_dis2o~l_su ■■l[I•- Following launch fro■ the WTR 
and SSME cutoff at a 90-nautical- ■ile altitude, there will be a suborbital 
jettison of the external tank~ causing it to i■ pact into a preselected zone 
in the South Pacific Ocean. 

For the ■ ission 3B ascent, the SS"E cutoff is targeted to occur at an 
altitude of 90 nautical miles and the orbiter/ET vill have an inertial 
flightpath angle of 0.1 degree and an inertial Yelocity of 25 278 fps. 
Approximately 5 seconds after SSME cutoff, the ET is jettisoned on a 
suborbital trajectory that results in an i ■pact at 52 degrees south 
latitude in the Pacific Ocean. The ET impact and dispersions are contained 
within an ocean area free of land ■ asses and vith minimum ship traffic 
density projected for 1980. 

4.1.2.2 Ii!2_!i~-- The ti ■e line for ET disposal begins at SSME 
cutoff, with the orbiter being in a heads-down position. At SSME cutoff 
plus 21 seconds, the ET is released. 

At SSME cutoff plus 5 seconds, the orbiter performs an RCS -z 
translation maneuver of 4 fps to separate from the ET. 

At SSME cutoff plus 43 seconds, the orbiter performs an OMS burn to 
insert into a circular orbit. 

At SSME cutoff plus 60 seconds, ET vent occurs, which allows the ET to 
pitch and tu■ ble. Ho recontact problem exists at separation and during the 
OMS burn. 

4.1.2.3 Ieeact lpca~i2~-- The nominal ET impact location for this 
mission is 52.1 degrees south latitude and 154.5 degrees vest longitude. 
Insertion, drag, and atmospheric uncertainties and the estimate of debris 
breakup will result in deviations about the impact location of 360 nautical 
miles downrange, 277 nautical ■iles upraoge, and 34 nautical miles 
crossrange. The uprange i ■ pact boundary is 47.6 degrees south latitude and 
151.2 degrees vest longitude. The downrange boundary .is 57.J degrees south 
latitude and 158.6 degrees vest longitude. The crossrange i ■ pact boundary 
is ±0.4 degree in width. Figure 4.1.2-1 presents tbe no■inal ET 
groundtrack impact dispersion area. 

4.1.2.4 Diseersion analzsll.- l trajectory simulation was performed 
from SS~E cutoff to ET iapact to assess each error. The total ET 
dispersion impact area is the result of an RSS of all of the trajectory 
deviations about the nominal impact location, plus an addition for the 
estimate of debris breakup in the downrange, uprange, and crossrange 
directions. The ET impact dispersions are tabulated in table 4.1.2-I. 

The mission 3B SS~E cutoff occurs at an altitude of 89.9 nautical mil e s 
(referenced to a spherical Earth), an inertial flightpath angle of ~-1 
degree, and an inertial velocity of 25 278 fps. The three uncertainties in 
the flightpath angle and velocity result in 76- and 104-nautical-mile 
downrange ET impact deviations, respectively, from the nominal impact 
location and are the main contributors to the downrange trajectory 
dispersions. The aain contributors to the uprange ET impact dispersions 
are the flightpath angle (68 nautical ■iles) and the velocity (75 nautical 
■ iles). 
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• 

Por debris breakap, the primary breakup occurs at a 240 000-foot 
altitude. Fro• this altitude, BT iapact ballistic,nuabers (W/CDA) of 5.0 
and 51.2 vith an L/D of ±0.2 vere used to esti ■ate the downrange and 
uprange debris scatter. The downrange esti■ate of debris breakap is 207 
nautical ailes, and the uprange esti■ate of debris breakup is 148 nautical 
miles. The three •ss trajectory dispersions are 153 nautical ■ iles 
downrange and 129 nautical ■iles uprange. It can be seen in table 4.1.2-I 
that the estimate of debris breakup exceeds the trajectory dispersions. 
The total i ■ pact dispersions for ■ission 3B are 360 nautical miles 
downrange, 277 nautical ■iles uprange, and ±17 nautical ■iles crossrange. 
Figure 4.1.2-1 shows that the ET dispersions will not cause impact near a 
land mass or below 60 degrees south latitude. The impact area has a 
projected average ship traffic density of less than one ship per day 
projected for 1980 (see ref. 3) • 
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TABLE 4.1.2-I.- EXTERNAL TANK DISPERSION FOR SHUTTLE BRM 3B 

SSME cutoff conditions: 
Flightpath angle ••••••••••••• 

Velocity ••••••••••••••••••• 
Inclination • • • • • • • ••••••••• 
Altitude ••••••• 
Latitude • • • • • ••••••• 
Longitude •••• 
Range 
ET weight •••••••• 

Impact point: 
Latitude •••••• 
Longitude • • • • • • • • ••• 
Surface range from pad •••••••••••• 

Error source 

Separation altitude 

Separation velocity 

Separation flightpath 
angle 

Separation range 

Drag 

Atmosphere 

Weight 

Trajectory dispersion 

Estimate of debris 
breakup 

Total dispersion 

3-sigma error Downrange, 
n. mi. 

!_2434 ft 35 

11.63 fps 104 
-9.70 

:t0.28° 76 

±28 n.11i. 28 

Random tumbling 47 
Planar tumbling 

3-sigma dense 47 
3-sigma thin 

:t 10 000 lb 20 

J-sig11a RSS 153 

207 

360 

42 

o. 1° 
25 278 fps 
10 4° 
90 n. mi. 
22.6° N. 
125.4° w •. 
770 n. mi. 
96 355 lb 

52.1° s. 
154.50 ii. 
5496 n. mi. 

Uprange, Crossrange, 
n.mi. n. mi. 

-------- -----------
26 0 

75 1 

68 , 
28 0 

36 0 

55 0 

22 0 

129 2 

148 15 

277 17 

. 

• 
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4.2 ONORBIT ACTIVITIES 

4.2.1 3B Rendezvous 

4.2.1.1 No■inal rendezvous Erofile.- Figure 4.2.1-1 shows the selected 
insertion point and nominal relative trajectory, together with the options 
available. Illustrated on this figure are the trajectories corresponding 
to differential altitudes of 10, 15, and 20 nautical miles at the transfer 
initiation point for a 130-degree transfer. Por each of these 
trajectories, the relative elevation time history remains the same. As a 
consequence, the magnitude of the iapulsive braking maneuver is a function 
of range for constant time-to-go to intercept. As shown on the figure, the 
trajectory selected is the one corresponding to a differential altitude of 
15 nautical ■iles for a transfer angle of 130 degrees, which produces an 
impulsive braking maneuver of 42 fps. The point on the trajectory for 
establishing insertion conditions corresponds to a theoretical time to 
intercept (from insertion) of 18 minutes, or a transfer angle of 73.5 
degrees, vhich is the final 73.5 degrees of the 130-degree transfer. As a 
result, the insertion of the orbiter relative to the payload in 6.7 
nautical miles behind and 9.4 nautical ■iles below. This selection is 
obtained from the convergence of the constraints iaposed; namely, the 
required search cone of the rendezvous sensor, the maximum time to 
rendezvous, and the thruster duty cycles during braking. In addition, this 
trajectory has been evaluated in digital and man-in-the-loop simulationi; 

For the nominal mission, the braking gates (range-range rate) were 
selected to provide a coast period of approximately 45 seconds between 
braking corrections, based on a minimum RCS acceleration capability of 0 . 4 
ft/sec 2 • This coast time was included to provide a ■argin for excessive 
burn times for either range rate or angular rate corrections - due to 
dispersions, failed thrusters, or both. Additionally, the selection of 
braking gates was also based on limiting the 3-sigaa delay in rendezvous 
time to be no greater than 7 minutes and arriving at a stationkeeping 
position (100 feet assumed) no later than 25 minutes after insertion. The 
braking gates are presented in table 4.2-I. 

4.2.1.2 No11inal_rendezvous_time_line.- For this mission, the OMS 
insertion burn is terminated at 12 minutes 0.547 second g.e.t., at which 
time the orbiter is in a heads-down attitude. A 2-ainute delay is assumed 
between OMS termination and initiation of t~e required rendezvous 
activities to allov the onboard computer to be reconfigured for orbital 
operations and to allov the crev time to perform a quick status check of 
the critical orbiter systems. At 14 minutes zero seconds g.e.t., a 180-
degree vehicle roll at an assumed rate of 3.0 deg/sec. (see sec. 5.2) is 
initiated to achieve a heads-up attitude, and the vehicle is pitched so 
that the tracking axis is oriented along the estimated line-of-sight to the 
target. Orbital rate attitude hold is then enabled at a local-vertical 
pitch at approximately -20 degrees (down). Concurrent with initiation of 
the roll maneuver is the sending of the signal to open the payload bay 
doors; the opening takes a total of 4 minutes. Also, concurrent with the 
initial opening of the payload bay doors is the deployment of the 
rendezvous sensor. By 16 minutes zero seconds g.e.t. (O~S termination plus 
4 minutes), complete sensor deploy ■ent is achieved. Rendezvous sensor 
lock-on is achieved 1 minute later (17 minutes zero seconds g.e.t.), and 
data starts being received from the sensor after an additional minute, or 
at 18 minutes zero seconds ~.e.t. The orbiter then maneuvers so that its 
attitude is along the true line-of-sight to the target. At this time, 
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inertial hold is enabled and approxi~ately 30 seconds are provided to 
monitor relative rates. At a g.'e.t. o·f ·• app·roti■atel:y 19 minutes (7 minutes 
after OMS insertion), terminal control is initiated. 

Nominally, the first braking maneu•er 0ccurs at 26 minutes 20 seconds 
g.e.t., and its purpose is to reduce the closing velocity to 40 fps. 
Subsequent maneuvers null inertial aagplar rat~~ and reduce the closing 
velocity to 0.1 fps at 100 feet, in steps of 5-fps intervals at the 
selected range gates. At 33 minutes 37 seconds g.e.t., a 100-foot 
stationkeeping distance between the payload and orbiter is reached. 

Figure 4.2-2 shows the relative aotion between the payload and orbiter 
from insertion to rendezvous (100-foot range). The delta-V expended for 
the nominal 3B rendezvous is approximately 48.8 fps 1 • Of this, 
approximately 39.9 fps are used in reducing the closing velocity (range 
rate) to zero at 100 feet, and 8.9 fps are required to null the inertial 
angular rates. The nominal time to stationkeeping (100-foot range) was 
delayed J minutes 37 seconds because of braking; the delay resulted in an 
arrival time at 21 minutes 37 seconds after insertion. 

Figure 4.2.1-3 shows the thrusting times associated with the nominal 
rendezvous. Although terminal control begins approximately 7 minutes after 
OMS termination, no maneuvering is required for the nominal mission until 
14 minutes 20 seconds after insertion. The nominal duty cycle, which is 
defined as the ratio of the thrusting time to total time (referenced from 
the time of the initial braking maneuver), is approximately 9.6 percent. 
This parameter is a function of the braking gates employed, and it 
indicates the delay in rendezvous time that ~ill be encountered; however, a 
margin must be incorporated to account for off-nominal situations. This 
margin can then be used for longer thrusting requirements or for brief 
periods between maneuvers for crew assessment of the situation. Figure 
4.2.1-4 illustrates the range-range rate profile and the associated braking 
gates. The time history of the relative parameters - for example, range, 
range rate, and elevation angle - are shown on figure 4.2.1-5 • 

1 This delta-Vis the theoretical nominal and does not 
include dispersions or the results of man-in-the-loop simulations. The 
actual delta-V required is estimated to be 160 fps, but further 
dispersion analysis and simulation studies are required. 
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TABLE 4.2-I- lSSU!!BD BRAKING GlTES FOB SHUTTLE BRM 3B RENDEZVOUS 

Range, ROOT 11ini ■ u■ , ROOT maximum, 
ft fps fps 

--------- ------------ -------------
50 635 85.00 95.00 

45 615 80.00 90.00 

40 855 75.00 85.00 

36 365 70.00 80.00 

32 135 65.00 75.00 
.: 

28 160 60.00 70.00 

24 455 55.00 65.00 

21 010 50.00 60.00 

17 830 50.00 55.00 

14 910 45.00 50.00 

12 255 40.00 45.00 

9 860 35.00 40.00 

7 730 30.00 35.00 

5 860 30.00 30.00 

4 255 25.00 25.00 

2 910 20.00 20.00 

1 830 15.00 15.00 .-

1 010 10.00 10.00 

455 5.00 5.00 ~ 

160 .10 • 10 
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4.2.2 Payload Retrieval 

The payload retrieval phase is assumed to be the period between the 
orbiter arrival at a 100-foot range from the payload and the time the 
payload bay doors may close. During this interval, two separate activities 
must occur: first, the transition from the position and attitude of the 
orbiter at the end of the braking phase to the position and attitude 
required for retrieval and, second, the actual mechanics of grappling, 
passivating, positioning, and stoving the payload in the payload bay. For 
the transition phase, the time, translation, and attitude requirements are 
not defined at this time. These parameters, which must be determined by 
simulation, will depend on the payload attitude and location and the number 
of grappling points on the payload; visibility and control from the payload 
handler's station; and other factors. Therefore, to compensate for these 
uncertainties, all identified excess mission time has been allocated to the 
overall payload retrieval operations. 

4.2.2.1 Ground_rulesL_guidelinesL_and_assumEtions.- The guidelines, 
ground rules, and assumptions for payload retrieval operations are 
contained in appendix A. Additionally, more detailed assumptions relating 
to the manipulator time line are contained in appendix D. 

4.2.2.2 Payload_retrieval_activities.- The payload retrieval 
activities commence when the stationkeeping position of 100 feet is 
reached. At this time, the payload doors are open, but the attitude is 
assumed to be something other than what is necessary for grappling. Since 
the payload attitude and grappling attitude are undefined, this plan 
reflects only that a ]-minute block of time is reserved for reorientation. 
The 3-sigma late time of arrival at the stationkeeping position is 
approximately 25 minutes. The time line presented is based on the nominal 
time for beginning stationkeeping. With this basis, the deorhit 
preparation could begin as early as 52 hours 10 minutes g.e.t. (when the 
payload bay doors are closed during deorbit preparation). This leaves more 
than 5 minutes of margin in the time line. Since the 3-sigma late 
stationkeeping time is 2 minutes 52 seconds later than nominal, some margin 
always exists. 

Figures 4.2.2-1 and 4.2.2-2 illustrate the estimated geometry and time 
lines associate~ with retrieval operations. Note that the geometry on 
figure 4.2-1 indicates payload capture above and parallel to the orbiter 
horizontal plane. This was based on the assumption that an initial 
relative velocity of 0.4 fps is established between the payload and orbiter 
prior to initiating the retrieval operation. This relative velocity and 
the geometry shown in figure 4.2-1 are estimated to require the longest 
retrieval time and therefore result in a liberal time allowance for 
retrieval. Two points are made with regard to this illustration. 

a. The orbiter attitude shown is normal to the relative velocity and 
is not necessarily normal to the inertial velocity; hence, the orbiter may 
or may not be yawed out of the orbital plane. 

b. The relative velocity between the two vehicles will be kept to as 
lov a value as can be determined on board. A relative velocity of 0.1 fps 
is assumed to be a reasonable value. 
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Initial ·approach Final approach 

Relative velocity 

(a) Prior to retrieval. 

Extracted from "Manlpular Timellne for One Revolution 
Retrieval Mission, 11 Systems Integration Section, 
Spacecraft Design Division 

(b) Retrieval. 

Figure 4.2.2-1.- Geometry for shuttle BRM 3B satellite retrieval . 
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Figu.re 4.2 .2-2 .- Time line for shuttle BRM 3B satellite retrieval. 
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4.3 DESCENT 

Basic data for key events are shown in the sequence of events table, 4-
I, and in additional tables, 4.3-I through 4.3-III. Figures 4.3-1 through 
4.3-19 are intended to present data from entry through the transition 
phase, although in most cases the plots extend through the TAEM and 
autoland phases to touchdown. Figures 4.3-20 through 4.3-32 contain 
expanded plots designed to present TAEM and autoland data. Autoland data 
are expanded further in figure 4.3-32, which contains data describing 
approximately the last 40 seconds before touchdown. Figure 4.3-33 contains 
a map overlayed with an estimate of the contours of sonic boom 
overpressure. The location and magnitude of the maximum overpressure can 
he seen in this figure. 

4.3.1 Deorbit 

The deorbit targeting is described in reference 4. The targeting 
provides an autonomous deorbit capability compatible with entry interface 
conditions acceptable for limiting the surface and backface temperatures, 
with the result that the lifetime of the thermal protection system is 
preserved. The targeting is such that if the primary propulsion 
configuration fails, then a predesignated backup propulsion configuration 
can complete the maneuver within the onboard capability and achieve nominal 
entry conditions. If the onboard delta-V does not allow nominal entry 
conditions for both the primary and backup configurations, then the 
processor is capable of determining targeting just within the onboard 
delta-V capability and compatible with a minimum degradation of nominal 
desired entry conditions. Whenever a degradation is incurred, a warning is 
displayed. 

The targeting processor is capable of operating in either a time of 
ignition (TIG) fixed or a TIG-free mode. 

The TIG-fixed mode is included to allow the crewman, mission rule, or 
mission discipline to initiate the deorbit maneuver at a predetermined 
time. In this case, for the delta-V available and with conformity to all 
constraints - including the predesignated backup propulsion capability -
the targeting is designed for the most acceptable entry interface possible. 

The TIG-free mode is employed when the crewman, time line permitting, 
desires a minimum delta-V solution for the primary propulsion 
configuration, subject to the condition that the predesignated backup 
propulsion must also be able to achieve nominal acceptable entry interface 
conditions within the delta-V available. The minimum delta-V solution is 
achieved by selecting a true anomaly at the start of the maneuver such that 
the thrust vector and tha radius vector at the midpoint of the burn are 
perpendicular. Linear tangent steering is used t~ control the thru$t 
direction. 

In the event that the delta-Von board exceeds that required to achieve 
the nominal entry conditions, including that which would be required by the 
predesignated backup propulsion. the entry interface positional target is 
rotated so that the desired amount of propellant is expended during the 
burn. This will normally correspond to using as much of the usable 
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propellant as possible, such that a just-sufficient amount for the backup 
propulsion capability exists after rotating the targets out of plane. This 
is included in the iterative process. Near propellant depletion usually 
ma kes far more acceptable e.g. conditions. The entry interface positional 
target is rotated so that the entry crossrange is reduced. 

The characteristics of the deorbit maneuver are contained in table 4-I. 
For the initial thrust direction, the yaw is -21.19 degrees and the pitch 
i s -143.75 degrees. The resultant orbit, referenced to a spherical Earth, 
has apogee and perigee altitudes of 107.12 nautical miles and 18.65 
na utica l miles, respectively. 

4.3.2 Entry Interface Targeting 

Entry interface targeting is the development of the desira ble 
combinations of velocity, flightpath angle, and ran ge-to-the-targ e t (V- Y-R) 
a t t he entry interface. This targeting consists o f two interrelat e d target 
l i ne s t hat define the desired entry fli ghtpath an gle a nd correspond in g 
r a nge-to-the-target as a function of entry velocity. Selection of thes e 
t arget lines involves a trade-of f between thermal protection sys tem (T P:. ) 
s urface temperatures, TPS backface temperatures, and maneuver mar g ins 
allowed for dispersions while the deorbit delta-V requirement is maintained 
within acceptable limits. This trade-off, and hence definition of the 
t a rget lines, for a particular mission depends on the orbit inclination, 
postdeorbit apogee altitude, orbiter entry weight and longitudinal center­
o f -gravity (e.g.) position, the entry groundtrack during the early part of 
e ntry, and the deorbit delta-V capability. The entry g roundtrack 
influences the entry targeting primarily because the atmosphere esse ntially 
f ollows the approximate oblate spher~id shape of the Earth. This r e sults 
in the effective flightpath an gle relative to the atmosphere changing by a 
significant amount as the orbiter traverses different latitudes at high 
speeds during the early part of entry. 

The orbiter TPS is being designed on the basis of mi ssion 38 since this 
is the most critical mission for the TPS, primarily because of t h e worst 
combination of orbit inclination, orbiter weight, and orbit altitude. The 
orbiter longitudinal e.g. position is projected to be 66.5 percent for 
mission 38 entry; however, an aft e.g. of 67.5 percent was used for the 
entry phase of this reference mission. This results in a discontinuity in 
the e.g. position at the entry interface; however, this aft e.g. location 
vas chosen because this e.g. position is critical for TPS design and 
b e cause this location is consistent with the TPS design trajectorie s. To 
maximize TPS reuse, missions less critical to the TPS than mission 1B will 
be targeted such that the TPS surface and backface temperatures are lowe r 
th an those for mission 38. The approach taken to develop the tar get lines 
f or mission 3B is to develop the desired targeting and entry profile for a 
postdeorbit apogee altitude, the same as for the TPS de s i gn tra j ectory. 
The drag acceleration for this profile is then used to ex pand the entry 
t argeting definition over a range of entry velocities. 

TPS surface temp e ratures are analyzed at four critica l points on the 
orbiter in defining the entry targeting. These points are illustrated in 
figure 4.3-1 as control points 1 through 4 and are located on the orbiter 
nose, body flap, wing leading edge, and outboard elevon tip, respective ly. 
Figures 4.3-2 and 4.3-3 present the effects of V- Y-R on the orbiter nose 
maximum temperature, control point 1, and on the reference heat load, 
respectively. The velocity for these two figures, when couple d with the 
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corresponding flightpath angles, results in a constant postdeorbit apogee 
altitude of 145 nautical miles. The angle-of-attack for mission 38 is the 
40°/30° ramped alpha profile developed for the TPS design trajectory. With 
this profile, control point 1 is the only control point for which the 
surface temperature is directly related to the V-Y at the entry interface 
and the resulting pullout. The maximum temperatures for the other threP. 
control points occur after pullout, on the constant heating rate phase of 
the entry profile. This later part of entry is controlled primarily by the 
yuidance constants selected to control the entry profile shape and by the 
entry range. The wing-leading-edge heating is a strong function of alpha; 
therefore, the peak wing-leading-edge surface temperature occurs after 
pitchover to the lower alpha has begun. The surface temperature on thP. 
orbiter aft sections is determined largely by the transition from laminar 
to turbulent flov in this region. 

A flightpath angle of -1.01 degrees vith an entry range of 4364 
nautical miles was selected as the desired Y-R combination for the 
postdeorbit apogee altitude of 145 nautical miles . This selection is 
compatible vith the TPS design trajectory, and targeting is based on the 
trade-off between surface temperature, backface temperature, trajectory 
dispersion correction capability, and deorbit delta-V requirement. The 
drag-velocity profile resulting from this entry targeting was then used to 
define the V- Y-R target lines as a function of entry speed presented in 
figure 4.3-4. Postdeorbit apogee altitudes of less than approximately 145 
nautical miles result in backface temperatures less than those for the TPS 
design trajectory. The minimum surface temperatures are the same for 
entries targeted along the V-Y-R target lines. 
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4.3.3 Entry Trajectory 

The orbiter entry trajectory is controlled with use of the baseline 
entry guidance, reference 5. The fundamental entry profile shape and 
angle-of-attack profile are the sa■ e as those for the TPS design 
trajectory. The erasable memory data for the entry guidance are presented 
in table 4.3-I. The orbiter for mission 3B has an entry weight of 188 037 
pounds and a longitudinal gravity e.g. location of 66.5 percent. However, 
as discussed in the Entry Interface Targeting section, an aft e.g. of 67.5 
percent vas used for the entry phase of this mission, vith a weight of 185 
675 pounds. The aft e.g. location, coupled with the requirement to 
maintain the elevon surface temperature at less than 2500° F, results in 
large body flap deflections and, hence, body flap temperatures that exceed 
2500° F. The body flap and elevon deflection schedules were selected to be 
consistent with HRSI reuse and the policy of accepting control surface 
temperatures in excess of 2500° Fon the body flap rather than the elevon. 

Figures 4.3-5 through 4.3-19 present pertinent entry trajectory 
parameters; table 4.3-II presents the significant event times; and table 
4.3-III presents a TPS summary. 

4.3.4 Terminal Flight 

The terminal area flight consists of the terminal area energy 
management {TAEM) and the autoland phases. Terminal area energy management 
begins with selection of a nominal constant equivalent airspeed {EAS), 
proceeds to control the energy as a function of range, and terminates with 
the onset of the autoland phase, which maintains a glidepath and ground 
velocity. Autoland also controls the flare and deceleration to touchdown 
and performs active braking to a stop. 

The terminal area phase of the trajectory begins at a velocity of 1500 
fps and an altitude of about 68 000 feet. It terminates with a controlled 
landing on the target runvay. The primary trajectory control mode for this 
mission phase is automatic; however, independent ground and onboard 
techniques exist that follow the same basic trajectory as the automatic 
mode. 

The subphases of TAEM are the acquisition phase, the heading alinement 
phase, and the pre-final-approach phase. The subphases of autoland are 
capture, steep glide slope, deceleration phase, and landing and rollout. 
These subphases are defined in the following paragraphs. 

a. Acquisition phase. The acquisition phase is designed to guide th~ 
orbiter to the final approach entry point so that it arrives with the 
energy margin needed to satisfy the final approach energy requirements. 
The guidance accomplishes this by determining a predicted groundtrack range 
to the runway threshold and a line-of-sight beading to a point tangent to a 
cylinder {called the heading alinement cylinder) that is itself tangential 
to the final approach plane at the nominal entry point. The energy is 
controlled by modulating the speed brake as a function of the energy/range 
derivative. If the required energy/range rate is considerably different 
from the nominal, the EAS is also changed appropriately. 

Targeting the heading for a tangent point on the heading alinem~nt 
cylinder rather than directly to the final approach entry point allows the 
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guidance time to establish the correct heading angle and dynamic pressure 
desired for the final approach. The heading alioeaent cylinder turn radius 
is chosen to nominally produce a JO-degree bank angle. 

Once the guidance determines the line-of-sight beading to the tangent 
point, it commands the orbiter to turn to this desired heading and fly to 
the tangent point. Since the line-of-sight to the heading alinement 
cy linder is continually being updated, the heading angle is corrected to 
the current line-of-sight beading rather than to the initial heading to the 
target. 

The guidance is also continually calculating the predicted groundtrack 
range to the threshold and using this range to determine the desired energy 
dissipation rate. A set of energy-range functions (fig. 4.3-28) has been 
developed to permit the guidance to control the energy dissipation rate as 
a function of predicted groundtrack range. If the actual energy-range 
relationship is excessive and the energy cannot be dissipated through the 
modulation of the flared rudder and dynamic pressure vithin the predicted 
range to the target, the groundtrack is lengthened by performing a turn 
away from the target until the predicted groundtrack is extended to a 
length that will again allov the energy to be controlled by the flared 
rudder and dynamic pressure modulation. Should the energy-range 
relationship be low and the vehicle not have sufficient energy to achieve 
the nominal target while flying the minimum flightpath anyle, an alternate 
target (minimum entry point) is selected that can be reached with a lover 
energy-range function. The energy-r~nge functions for the current baseline 
are given in figure 4.3-28. The acquisition phase is terminated vhen the 
conditions are met for initiating eitber the heading alinement phase or the 
pre-final-approach phase. These phases are described below. 

b. Reading alinement phase. The heading alinement phase is initiated 
when the range to the tangent point on the heading alinement cylinder 
becomes less than 4000 feet, and is designed to establish a bank angle that 
will put the orbiter on the heading alinement cylinder turn radius when the 
tangent point is reached. This phase is terminated vhen the conditions for 
initiating the pre-final-approach phase are established. 

c. Pre-final-approach phase. The pre-final-approach phase is 
initiated when the heading angle is vithin 20 degrees of the runway beading 
and the range-to-go to the tangent point vith the final approa c h plane 
(nominal entry point, NEP) is less than arc length to the NEP. This 
prefinal phase is designed to achieve the autoland glide slope and the EAS 
that is desired while on the glide slope and to control the heading ang le 
so that it will coincide vith the desired final approach beading . During 
this phase, the angle of attack is modulated to achieve the desired final 
approach glide slope, while the rudder flare is modulated to achie ve the 
desired EAS at autoland initiation. The phase is terminated hy initiati on 
of the autoland capture mode when the altitude and crossrange errors with 
respect to the steep glide slope are less than 1000 feet. 

d. Capture phase. The capture phase modulates pitch angle and flared 
rudder to converge within the proper position and velocity window for 
initiation of the steep glide slope phase. 

e. Steep glide slope phase. The steep glide slope phase is designed 
to maintain a heading along the extended runway centerline and a 
predetermined glide slope, vhich is chosen to allow operation on the front 
side of the L/D curve with margin for wind compensation. In the steep 
glide slope phase, the pitch angle is modulated to control the angle of 
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glide and the rudder flare is modulated to control the ground speed. This 
phase is terminated at the initiation of the first flare maneuver. 

f . Deceleration phase. The deceleration phase consists of a two­
fl a re trajectory. During the first flare, which is initiated at relatively 
high alti t ude, the flightpath is changed from a steep approach to a shallow 
pat h; and after a decelerating glide, the second flare, vhich terminates at 
t o uchd o wn, is executed. This two-flare approach splits thetas~ of 
reducing the altitude rate to the touchdown value into two efforts, with 
the r e su l t that more margin for timing and execution errors is allowed an d 
s om e abil ity to compe nsate for off-nominal positions and speeds is 
provi ded . 

g . La nding and rollout phase. Completion of the second flare 
maneuver r esults in a touchdown about 2000 feet beyond the r unway 
th r e shold . After th e landing is completed, active braking continues to 
dec e lerate the orbite r to a stop. 
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TABLE 4.3-I.- ERASABLE MEMORY LOAD FOR SHUTTLE BRM JB ENTRY GUIDANCE 

-------------------------------------------------------------------------------

AK 

VA 1 

AK1 

RrJPDN 

GS) 

DF 

RPT1 

3.5 

23000 

-4.3 

1. 0 

0.025 

19.09 

17. 24 

VA2 

VS1 

GS1 

GS4 

EEF4 

VQ 

Shaping gains 

27.0 

29500 

25766. 1973 

0.02 

0.03 

Transition targeting 

2000000 

5000 

Alpha profile 

VA 

VB1 

VSAT 

GS2 

ETRAN 

VTRAN 

20500 

18500 

25766.1973 

o. 017 

45.3E6 

9000 

--------------------------------------------------------------------------------
VALP1 7500 VALP2 8500 VALP3 18000 

VALP4 19000 VALP5 22000 VALP6 2 300 0 

CALP1 5.385 CALP2 0.003 0 77 CALP3 0.0 

CALP4 -77.44 CALP5 o. 02522 CALP6 -0.148E-5 

CALP7 30.0 CALP8 o.o CALP9 o.o 

CALP10 350.4 CALP11 -0.0358 CALP12 0 .1 E-5 

CALP13 -16.25 C ALP 14 0.0025 CALP15 o. o 

CALP16 -646.55 CALP17 o. 05975 CALP18 -0.13F.-5 

CALP19 40.0 CALP20 o.o CALP21 o. o 
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TABLE 4.3-I. - ERASABLE MEMORY LOAD FOR SHUTTLE BRM 3B ENTRY GUIDANCE - Conclud ed 

CD correction 

CD1 112.0 CO2 -0.04 CD) 69. 8 8 

CD4 -0.02541 CDS -1108.5 CD6 0. 132 6 

CD7 0.0 CDS a.a CD9 0.00 8 

CD10 -0.074 CD 11 -226.0 CD12 0.008 

CD13 - 11 50. 0 CD14 o.os CD15 0.0 

CD16 0.0 CD17 -3000000 CD18 0.0 0 1 

--------------------------------------------------------------------------------· 
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0\ 
w 

Event 

Time from 
entry 

interface, 
min:sec 

TABLE 4.3-II.-SUMMARY OF SHUTTLE BRM JB ENTRY TRAJECTORY EVENTS 

Geodetic 
altitude, 

ft 
Mach no. 

Heading Predicted 
from range to 
north, threshold, 

deg n.mi. 

Geodetic 
latitude, 

deg 
Longitude, 

deg 

-----------------------------------------------------------------------------------------------------------
Entry interface 00:00 400 001 19.8 -33.87 4369 63.02 N. 02.74 E. 

Begin S-band 
coamunications 
blackout 0 3: 12 319 847 27.9 -56.03 3582 72. 77 N. 22.64 ii. 

0.05 g, initiate 
temperature 
control phase 04: 22 290 192 29.6 -70.74 3296 74.99 N. 38.53 w. 

Exit TACAN and 
S-band 
communications 
blackout 17: 38 179 012 12.9 175. 77 681 45.51 N. 122.39 Ill. 

Initiate 
transition 
phase 2 0: 18 157 14 8 8.9 155.30 375 40.52 N. 122.39 Ill. 

T ACAN acquisition 21:23 151 187 7.5 150.06 284 39.15 N. 121.41 w. 

Initiate terminal 
area 27:13 68 039 1.5 173.72 34 35. 0 3 N. 120.47 w. 

Landing 3 1: 56 0 0 - 44.0 Not 34. 73 N. 120.57 w. 
applicable 



TABLE 4.3-ill .- THERMAL PROTECTION SYSTEM CTPS) SUMMARY FOR SHUTTLE BRM 3B 

Surface insulation tps 
Inflight maximums Weight/unit weight summaries 

Panel Heating Total Total 
Panel area, rate, Surface heat load, Insulation, Thickness, weights, 
no. ft2 2 temµerature, Btu/ft2 l b/n.d. in. 'lb/n .d. Btu/ft /sec OF 

2'1>C'C 29o72 2'14 7 .JS RCt 2281,1 °62 I 7 'I ti l I 1,2s 2.JS 17'1tJJl7•2S 
2 3 b :l • C,Q l S • S 7 2J30•'ID HRSI l20S'l•03 9 2'1 • I 'I I 2,ss 2,60 92'1tJ'll2,ss 
3 l l 3 • 00 13• □ 0 1920•78 HRSI 9353,'t) 21, l • 2 'I I 2 • 3 I 2•32 21>1,2'1/2tlJ 
'I 'I 'II,• 00 12•CJ9 1877•70 HR!, I 8 I 81 • 't:? 899,82 I 2•02 I, 9 7 899,82/2•02 
s SS9•00 8•81 I 7 (;J • 7. 9 HRSI bl l 9o73 920•97 I I• l>S l • S 'I 920,97/i ,1,5 
6 '103•00 I,. 'Ii l S 3 'I• 9 7 HRSI '161,3,61, 1, 8 0 • I 3 I I • 6 9 l,SB 6BO•Jl/ltb9 
7 158•00 I 5 • 2 6 2 lJ l 8 • 2 l RC<. 12s11,12 l 7 09 • 59 I IO• 8.l l • 2 2 J709t591•••• 
8 '13S•OO I 7 • S 9 2 I a 7 • 7 l HRSI l'17Q3•bl l.?SQ•b'I I 2 • 8 !I 2,98 J2!:i0,6'1/2tB8 
9 'I I 2 • OJ l S • 3 2 2C'l2 :Jo33 HRS 1 1 IS 9 l •;, 1 1 0 !I 6 • 2 Ii I 2. I, .. 2•70 10 8 6,21>/2•1>'1 

10 6'11 • OJ 11,6 11 I Ji S !> • 6 1 HRSl 7 7 O 'I, (.;6 I 'I 2 'I• 3 7 I 2•22 2,21 J'l2'1,37/2,22 
l I l&S•CJ I 6 • 5 7 21')&9 ,S7 H~SI 9 3 7 'I• 1 ~ '<09 • 1,8 I 2 • '18 2 • !:i 2 '109068/2,'IB 
I 2 360•00 7 • '15 l t>II ol I HRSI 'I b S 3 • 5 9 I, f, I,. ss I 1 • 9 l 1 • B 'I l,81,,!:,5/J•91 
I 3 2 7 S • 0 il 3,93 l3j'1,79 HRS I 3203•22 3B6,95 I 1 • 'I l l • 2 S 381,,95/Jo'II 
l 'I '173•00 2 • 7 I l I 'I 8 • 2 '! LRSl 2120•13 35'1•!:>7 I , 7 5 • ss 35'1,S7/ ,7S 
IS 1 b 3 I • C'.J • 2 t, .. s s ... !j LRSI 2 2'1•01 777•50 I •"a •20 777,SO/ • '18 
I 6 7 6 'I• OJ • 3 1 'i 7 9 • I 7 LRSl I l,'1• 111 3 Ii 'I• 20 I • 'I 8 •20 36'1,201 • 'I 8 

I 7 I I 'I• UO l • 2 I !15 /, • 2:, LR S 1 Ii 3 I • 52 S7•27 I ,5o • 23 57,27/ ,5o 
CJ"\ l 8 1, 3 l • u 'J • 7 l 6 9 u • 00 LR S 1 'I 'I 1,, 3 7 30Q•BO I • 'I B ,20 300•80/ • 'I 8 
_j::--

l 9 1 ss , o::i l 5 • 5S 2029,79 HRS l 9616•57 )98•87 I 2•S7 2•62 398,87/2,57 

20 1,73,QJ 2 • 3(! 1 QB'I o2 l L RS I 1923•90 S l B • 6 7 I , 7 7 ,SB 51B•67/ •77 
2 1 2 'I 2 • 00 I • '19 9 2 'I• l S LRSl 11 Bb • bQ l S 9 • 2 6 I • I, b • '13 I 59 • 21> / ,66 
22 l>I O •O J l • 'l2 / 911, S 2 LRSI 7B~•BB 3 3 6 • S 2 I • 55 ,30 J3b,S2/ .ss 
23 I l 3 2 • 0 l • 5 ', b 2 2 • lb LRSl 'dl dlJ ;; 3 9 •bl I ... ~ •20 S39,1,2/ • 'I B 
2 'I 372•00 • bD b 'II• 'I 3 LR S l '11,;i•B'I l B 'I, 2 7 I • =>C • 2 2 I 8 'i, 2 7 I ,SQ 
25 8 2 • :; : 39.73 2687. 71 ,,RS 1 23700.23 282.41 I 3.44 3.65 282.41/3.44 

CP3(WING LEADING ---------- --·-------COlffROL POIIJT SURFACE CPl(NOSE) CP2(BODY FLAP) EDGE) 15088.52 CP4(ELEVON) 15088 .52 
TEMPERATURE MAXIMUMS • 75 o2b992+ 0 'i ,28122Y21+c, 'I ,2711,9tl::,Q+Q'i ,,=>118919+0'1 

RELATIVE VELOCITY • Z1Cb222',l + C5 ,l93'ilS36• ~S • l 891,c l IJ+Q!, olbl5'171D•0S 

ilOTE: See Figure 4.3-l for critical surface tenperature control points and 
panel l ocations on the orhiter. 
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Fig ure 4 .3-1. - Surface tempe rature critical control po ints and various panel locc1t ions for the shuttle orbi ter. 
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5.0 MISSION_EVl~UATION 

5.1 ASCENT 

The ascent trajectory described in this document is based on a nominal 
on-time lift-off and nominal systems performance. Additional yaw steeriny 
and/or SSME throttling will be required to maintain the direct ascent 
renrlezvous targeting (i.e., range, velocity, altitude, flightpath angle) if 
other than nominal conditions occur. 

5.2 ONORBIT 

The onorbit time line for this mission is time critical. It may be 
desirable to increase the available time for onorbit operations by 
deploying the payload bay doors and the rendezvous radar manually instead 
of waiting to reconfigure the onboard computer. This could save 
approximately 1.5 to 2 minut e s by performing these operations in parallP.l 
(i. e ., reconfigure the onboard computer while opening the bay door and 
deploying the radar) • 

The 180-degree roll maneuver imm e diately following orbit insertion and 
reconfiguration of the orbiter for onorbit operations (i.e., g.e.t. = 
00:14:00) is time critical, and it was necessary to perform this maneuver 
at 3 deg/sec (see sec. A7.0, item a). If it is not possible or if it is 
undesirable to roll the vehicle at 3 deg/sec, then consideration should be 
given to initiating this maneuver at insertion (g.e.t. = 00:12:00) at 1 
deg/sec and to performing the maneuver manually while reconfiguring the 
orbiter for onorbit operations. Another option is to perform the maneuver 
during the insertion burn. 

The rendezvous trajectory described in this document is based on all 
nominal conditions. A theoretically nominal braking delta-V of 48.8 fps is 
indicated, but this does not include dispersions or man-in-the-loop 
simulation results. The actual braking delta-V could be three to four 
times this theoretical nominal value. Therefore, the level I delta-V 
allowances should be used for propellant budgeting since they include some 
man-in-the-loop simulation results. 

5.3 DEORBIT AND ENTRY 

The deorbit targeting for mission 38 is such as to maximize the onorbit 
time available for other mission events. Therefore, the biasing for one­
OMS deorbit was just sufficient to stay within the level I requirements 
(425 fps), and the nominal two-OMS deorbit was 328. 2 fps. 
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Although the baseline guidance syste■ s for the TAE~, prefinal, and 
autoland phases were used in the generation of tbe TAE~-through-touchdown 
data, the performance of the prefinal and autoland syste ■s is considered 
unsatisfactory and gain changes and/or syste■ redesign is required. 

5.4 CO~PLIANCE WITH LEVEL I REQ0IREMENTS 

Mission 3B complies with level I requirements for onorbit delta-V 
(i. P. ., 425-fps onorbit o~s delta-v and 190-fps RCS translation delta-V). 
HovP.ver, as explained in section 5.3, the level I aargin was not maximized. 
Instead, the deorbit ignition tiae was delayed to maximize the onorbit 
time. The deorbit ignition will occur approximately 3 to 4 minutes earlier 
if the targeting is biased for equal primary and backup propellant usage 
(i. e ., max. level I margins). This ~educed onorbit time would have to be 
subtracted from the stationkeeping time (1 minute 23 seconds) and/or from 
t he deorbit preparation tim P. (8 minutes, vith a minimum of 5 minutes 
r e quired). Detailed man-in-the-loop simulations are required to more 
accurately determine the onorbit time lines. 
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APPENDIX A - SHUTTLE BRM 3B GROUND RULES AND CONSTRAINT S 
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APPENDIX A 

SHUTTLE BRM 3B GROUND ROLES AND CONSTRAINTS 

a. The no■inal ascent trajectory for mission JB is designed to achieve 
insertion conditions satisfactory for direct rendezvous with a satellite, 
retrieval of the satellite, and return to the WTB one revolution after 
lift-off. The target satellite is in an orbit inclined at 104 degrees, at 
an altitude of 100 nautical miles. 

b. Mission 3B does not deliver a payload to orbit. The lift-off 
weight includes an assumed 2500-pound adapter weight, which is charged to 
payload. 

c. The nominal ascent vill be designed for an on-time lift-off. 

d. The maximum nominal allovable dynamic pressure (max q) is 650 
lb/ftz. 

e. Aerodynamic lift forces are not considered. 

f. The SRB cant angles are assumed to be zero. 

g. The space shuttle main engines (SSME's) are gimballed so that the 
resultant total thrust is directed 12 degrees fro ■ the orbiter centerline 
in the pitch plane. 

h. The SRB separation is assumed to be instantaneous and non­
propulsive. 

i. The 1971 Vandenberg reference at ■osphere is used for ascent 
analysis. No winds are assumed. 

j. The vehicle is oriented on the pad with the -z body axis (tail) 
pointed south. 

k. The vehicle pitch turning rate is limited to 1 deg/sec from lift­
off to MECO. 

1. The maximum acceleration limit is 96.52 ft/sec 2 (3 g's). 

m. If an orbiter main engine fails after the time when a return to the 
launch site (RTLS) is no longer possible, the orbiter will abort to the 
nominal MECO targets (alt., V, gamma). 

n. The sequence of events required for orbiter/ET separation is 
defined in table 4.3-I. 

o. The venting of the SSME pro pellant residuals in the orbiter during 
the orbital insertion maneuver is assumed to be instantaneous and 
nonpropulsive. 
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n. The yav cant angle for the OMS engines is zero during the orbital 
in s,· rtion 11 _c1neuver. 

'l · The fli y ht performance reserve (FPR) and fuel bias are as defined 
t,y mis s i o n 1A AOA or no11indl insertion despite 3-sigaa inaccuracies that 
~ ~u ~~ l~r~er th~n expected main engine propellant require ■ents during 
.\ SC•' ll t. 

r. A 10 0 - percent puver leve l (NPL) vill be used at lift-off. 
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A2.0 EXTERN,!1_TlHK DISPOSAL 

The following ground rules and constraints apply to all missions for 
external tank disposal. 

a. External tank impact locations, including dispersions, shall be no 
closer than 200 nautical miles to land masses. 

b. There shall be no external tank impact below the 60-degree south 
parallel, as per international scientific agreeaent. 

c. External tank impact locations shall be in ocean areas with minimum 
ship traffic densities. 

d. constraints. 

(1) No external tank impact locations will be on or near land 
masses. 

(2) 
parallel. 

There will be no external tank impact below the 60-degree south 

(3) External tank impact locations, including dispersions, shall be 
no closer than 200 nautical miles. 

e. Assumptions and ground rul es . 

(1) There will be no external tank venting until 60 seconds after 
SSME cutoff. 

(2) Estimated debris breakup will be siaulated by use of ballistic 
numbe rs of 5.0 and 51.2 and an L/D of !0.2. 

(3) Primary ET breakup occurs at a 240 000-foot altitu~e for 
tumbling drag. 
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A3.0 ORBITERLET_NO~INAL_AND_AOA_SEPABATION 

The following ground rules and constraints apply to the orbiter 
se paration from the external tank for all nominal and AOA missions. 

a. Orbiter/ET mated attitude rates shall be damped to 0.1 deg/sec or 
l Pss prior to physical separation. 

b. The orbiter s4all perform a z-axis translational maneuver from the 
F. ~, and minimum RCS translational delta velocity shall be 4 fps. 

c. The RCS -z nominal separation acceleration shall be ~o.s ft/ s ec 2 , 

but safe separation shall allow for a minimum acceleration ~0.3 ft/sec 2 • 

d . Th e orbiter s hall not pass through the arc swept out by rotation of 
the ET onc e separation t o a distance beyond the arc has occurred . 

e. T he failure of one OMS e ngine sh a ll not prev e nt safe separation 
from the external tank. 

f . Orbiter/ET nominal and ADA s e paration maneuver time line is shown 
in table A-I. 
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t+O 

t+S 

t.+ 13 

t+43 

t+65 

TABLE A-I.- ORBITER/ET RO!INAL AND ADA 
SEPARATION MANEUVER TI!E LIME 

Time 

t+0:00 

t+0:05 

t+O: 13 

t+0:43 

t+1:05 

Event 

MECDi prepare for ET release; 
orbiter attitude hold 

Orbiter/ET separation: begin 
8-sec RCS -z burn; -Z trans­
lation; maintain attitude hold 

End RCS -Z burn; begin 30-sec 
coast; delta velocity= 4 fps; 
maintain attitude hold 

Begin two-engine OMS burn; +X 
translation for ET clearance; 
maintain attitude hold 

Helease attitude hold and 
begin orbiter orientation to 
OMS thrust vector 
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A4.0 ORBITAL_OPERATIONS 

a. The payload doors cannot be opened until 2 minutes after OMS 
thrustin1 is terminated. This time is required to reconfigure the onboard 
computer for orbital operation and also to reconfigure for deorbit a nd 
0ntry. 

b. The payload bay ~oors will require 4 minutes to open and 3.5 
minutPs to close. Rendezvous se nsor deployment will be completed 2 minut P.s 
df t e r iritiation of payload bay door opening. 

c . For purposes of detecmining manipulator time lines, the retrieva l 
payload is assumed to weigh 25 000 pounds and to be 10 feet in diameter and 
60 feet long. 

d . Time available for payload retrieval oper ations will be maximiz Ad . 

e . Tn e payload attitude will be stabilized for retrieval. 
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AS.0 DEORBIT_AHD_ENTRY 

AS.1 DEORBIT 

a. A minimum of 5 minutes (dedicated) imaediately prior to the deorbit 
is assumed for preparation for the maneuver. 

b. The thrust is at an essentially constant pitch attitude vith 
r e spect to the local horizon and obeys the linear tangent steering lav. 

c. A minimum free-fall time of 5 minutes between the termination of 
the deorbit maneuver and entry interf ace is assumed for entry preparation. 

d. The deorbit maneuver is performed with both OMS engines, but an 
acceptable deorbit must be achieved even if one of these engines does not 
operate successfully. To accomplish this, the deorbit ignition (TIG) and 
delta velocity are biased. 

e. The deorbit maneuver must satisfy the inertial velocity, inertial 
flightpath angle, and relative range requirements at entry interface and 
will reduce OMS propellant remaining for acceptable orbiter e.g. location 
for entry. 
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A5.2 ENTRY THROUGH TOUCHDOWN 

a. The radiation equilibrium temperature constraint on the orbiter RCC 
is 7.950° P, and the HRSI is 2500° F. 

b. The terminal area profile will be compatible with e ither a piloted 
or an automatic mode of operation. 

c. Structural requirem e n t s are that the orbiter capability include 
typjcal unpowered terminal flight maneuvers with a design payload of 32 000 
pounds and within a normal g load (Z body) of -1 g to 2.5 g's and/or 
include conformity to the effector hinge moment, control surface loads, and 
rate s of the actuators. 

d . The terminal area ene rg y manayement (TAEM) guidance target g 
(24 0 lb/ft 2 ) selection should be based on the concept of flying directly to 
the heading alinement circle without employing a procedural turn in tail­
win d conditions. Additionally, it should avoid undershoot conditions in 
the presence of severe headwinds. The energy control should be such that 
conoitions suitable for the initiation of autoland on the final appro3ch 
are achieved. 

0 The baseline TAEM and autoland guidance were used in the generation 
of these trajectorie s . 

f. Nominal touchdown speed and altitude rate have been sele cte,i that 
provide acceptable pitch margins and structural clearance, tire speeds, and 
landing gear structural loads. 

q . Dynamic pressure is to remain between 130 lb/ft 2 and 300 lb/ft 2 • 

h . Te rminal area maneuvers shall not nominally require operation on 
the backside of the L/D curve. 

i. The vehicle shall be limited to 60 degrees of bank during the 
subsonic portion of the terminal area phase of flight. 

j. The nominal trajectory shall not exceed an azimuth rate of 0.5 
deg/s e c during the supersonic portion of flight (to avoid sonic boom focal 
effect~) . 
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A6.0 OMS_!lNEUVERS 

a. All nominal OMS burns will be two-engine burns with the initial 
thrust vectors alined parallel to the X-Z plane and with the combined 
thrust vector pointing through the e.g. 

b. The minimum OMS delta velocity maneuver is 10 fps for a two-engine 
burn and 5 fps for a one-engine burn. 

c. Buildup and tail-off losses are assu■ ed to be negligible. 

d. Propellant usage will be based on nominal engine performance. 

e. All usable propellant in the OMS pods and PBK will be available to 
e ither OMS engine. 

f. Propellant in the PBK acquisition system will be available to the 
RCS engines. 

g. Each OMS engine firing will use 94 pounds from under its 
acquisition screen. 

h. Missions requiring a PBK will deplete the PBK propellant at the 
first opportunity after the OMS-to-orbit burn. 

i. OMS · burns that depleted the PBK prior to completion of that burn 
will automatically shift to the pod tank. 

j. The OMS engines will not be used for rendezvous braking on mission 
38. 

k. No propellant allowance will be made for increased deorbit 
requirements due to failure to deploy payload. 

1. No OMS propellant will be dumped or purged from the pods for 
nominal performance. 

m. Minimum OMS propellant load must cover acquisition screen. 

• n. The OMS acquisition system cannot be refilled. This limits 
propellant for RCS interconnect operations and OMS start to that originally 
contained in the system. 

o. Minimum altitude for safe engine operation is 70 000 feet. 

p. Minimum engine-off time between firings is 120 seconds. 
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A7.0 RCS_MANEUVERS 

a. Attitude maneuvers vill be performed at 0.5 deg/sec except for time 
critical phases, in which they will be performed at 1.0 deg/sec where 
acceptable. 

b. All attitude maneuver propellant usage vill be computed for thre P. ­
axis Eigen maneuvers unless identified differently for mission operation. 

c. No RCS ullage maneuvers will be required. 

<l • Attitude hold usage will be computed for a minimum deadband of 0.5 
d e g ree unless otherwise required. 

c . A propellant allocation of 950 pounds will be made for reentry 
11 SaoJ0. . It will be divided equally between the aft pods. 

f . It is assumed that the aft pods will be balanced by the crossfeed 
at all times and that no allowances for RCS pods imbalance will be 
r e qnirP.<l. 

g . All IMU alinements will require a 3-axis maneuver at 0.5 deg/sec. 

h. Propellant us age will be based on nominal engine performance. 

i. No reentry propellants will be allotted to the forward RCS tanks. 

j. When the int e rconnect is activated in one pod, the interconnect in 
t he other pod cannot be activated. 

k. When the interconnect i s activated, it is expected that the ISP 
will not be degrade<l. 

1. The RCS thrust per engine is a function of the number of eng ines 
firing. 

m. Maximum steady state firing duration is 150 seconds for the primary 
thrust e rs and 100 seconds for vernier thrusters. 

n. Maximum numb e r of thrusters firing simultaneously in a single 
module is 10 primary thrusters (12 for abort) and 2 vernier thruste rs. 
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a. All consu ■ables tanks are assumed loaded full except the water 
storage tank. One hundred pounds of water are loaded to provide cooling 
f or once-around aborts. 

b. It is assumed that payload bay doors are opened postinsertion and 
that they remain open until just prior to deorbit. 
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A9.0 ATTITUDE_AND POINTING_ 

A9.1 GENERAL 

a. The orbiter vill be capable of achieving and maintaining •any 
iner tial, local vertical, Earth, orbital object, celestial, or stellar 
r e f e renced attitude. 

b. The orbiter will be capa ble of pointing any spacecraft referenced 
ve ctor to any IMO/navigation base or equally accurate payload sensor 
ref~renced attitude ~0.5 degree, vith an I~U alinement each 1.5 orbits. 
Orbital object pointing may require higher tracking rates vith degraded 
accuracy. 

c. Payload mounted sensors vill provide attitude reference information 
for adrlitional pointing accuracy since pointing errors greater than 2 
rlegrees can accrue because of vehicle bending and payload-to-navigation­
base calibration errors. 

rl. Provision will be made to transfer attitude sensor information 
he tween orbiter and payload. 

e. An interface vill be providei for a payload-supplied pointing and 
stabilization control system. 

f. Th e orbiter will be capable of commanding/disabling any payload­
supplied stabilization and/or pointing control system. 

g. IMU drift vill not exceed 0.1 deg/hr for inertial hold or Earth 
pointing. 

h. I~U onorbit alinement accuracy vill be 100 arc seconds (3-sigma). 

i. The startracker vill have a line-of-sight accuracy of 60 arc 
seconds vith a tracking rate of 0.1 deg/sec, and a magnitude sensitivity 
from +3 to -7 vith 0.6 magnitude resolution. Tracking rate capability of 
0.5 deg/sec is available vith degraded accuracy. 

i- The startracker field of view vill be 10 degrees by 10 degrees. 

k. The startracker will not be operational in the tracking mode vithin 
30 degrees of the sun or vithin 20 degrees of the sunlit Earth horizon. 

1. The stellar pointing accuracy of the IMU-startracker joint 
operation will be !0.24 degree, and IMO realinement will not be requirerl 
for this operational mode. 

m. ~arth target pointing requir e s an IMU realinement each orbit to 
maintain a ~0.5 degree pointing accuracy. 

n. No more than 15 minutes will be required for I~U realinement. 

o. When required and operationally feasible, attitudes will be 
selP.cted to minimize accelerations due to aerodynamic and gravity gradient 
torques. 
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p. When required and operationally feasible, venting and crew motion 
activities will be limited to achieve regoired aini ■al acceleration 
inte rvals. 

q. Local orbital, body, and instru■ent pointing coordinate syste ms 
will be those defined in "Coordinate Systems for the Space Shuttle 
Program," TM-X 58153, JSC 09084, dated October 1974. 
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A9.2 GN&C PCS 

a. The orbiter GN&C/FCS subsystem vill provide automatic and manual 
pointing control capability for all orbital phases except docking. 

b. Acceleration control levels vill nominally (or for one failure) be 
±0.5 deg/secz per axis. 

c. Acceleration control levels for tvo failures vill be !0.2 deg/sec 2 • 

d. Acceleration control for ET attached is required to be !1.5 
deg/sec 2 for pitch and roll and 1.0 deg/sec 2 for yav. 

e. Five rate control modes will be available. 

(1) Manual direct, io.005 to !0.5 deg/sec. 

(2) Manual proportional rate, t0.05 to !0.5 deg/sec (rate 
deadbands selectable from 0.05 to 0.2 deg/sec). 

(3) Manual discrete, !0.01 to !2.0 deg/sec. 

(4) Auto command, !0.01 to !0.1 deg/sec. 

(5) Auto barbecue, !5 rev/hr (0.25 to 0.75 deg/sec). 

f. Rate control for ET attached is required to be ±0.5 deg/sec for yaw 
and roll and ±3.0 deg/sec for pitch. The control accuracy for ET attached 
is required to be± 0.1 deg/sec/axis. 

g. Three-axis attitude hold deadbands will nominally range from 0.5 to 
10.0 degrees. 

h. Three-axis attitude deadbands for the automatic rate command mode 
will range from 0.2 to 20.0 degrees. 

i. Automatic local vertical barbecue mode attitude deadbands will 
range from 3 to 18 degrees in pitch and yav. 

j. Automatic inertial barbecue mode attitude deadbands will be a !15-
degree-maximum half cone angle. 

k. Attitude control requirement for ET attached is !0.5 deg/axis. 

1. A stability attitude rate of !0.01 deg/sec/axis and a stability 
attitude deadband of !0.1 deg/axis will be available, with all vernier 
thrusters operational and utilizing either the IMU or an equally accurate 
payload mounted sensor. Propellant for this mode will be chargeable to th~ 
payload weight. 

m. A stability attitude rate of !0.1 deg/sec/axis and a stability 
attitude deadband of io.1 deg/axis will be available, with the primary RCS 
thrusters operational and utilizing either the IMO or an equally accurate 
payload mounted sensor. Propellant for this mode will be chargeable to the 
payload weight. 

n. A free drift or passive gravity gradient stabilized mode will be 
available to satisfy acceleration levels below 10-•g. 
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A9.3 ET SEPARATION 

a. Forward RCS thrusters will be deployed after MECO. 

b . Both forward and aft RCS jets will be utilized to obtain a -Z dP.lt a 
vPlocity of 4 fps for ET separation at ET release. 

c. Afte r ET separation, the RCS jets will be utilized to ~aint a in 
orbiter attitude hold durin g the 30-second coast until the tvo-~ngin · o ~ ~ 

hurn ignition. 
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A9.4 PAYLOAD OPBRlTIONS 

a. The maximum payload release errors will be t0.5 degree in attitude, 
!0.25 deg/sec in tipoff rate, and zero to 2 fps in linear rate. 

b. Allowable orbiter dynamics with a payload attached to the 
manipulator arm consist of a !1 deg/axis limit cycle boundary; a !0.75 
deg/sec/axis limit cycle rate; and a t1.35 deg/secz roll, !1.35 deg/sec 2 

pitch, and !0.73 deg/secz yaw limit cycle acceleration. 

c. Allowable payload dynamics prior to retrieval consist of a !1 
deg/axis limit cycle and a t0.1 deg/sec/axis liait cycle rate. 

d. The manipulator arm aotion will be a 360-degree yaw and a 195-
degree pitch at the shoulder joint, a 275-degree pitch at the elbow joint, 
and a 200-degree yaw and a 240-degree pitch at the wrist joint. 

e. The manipulator arm reach capability will be 264.5 inches for thP. 
upper arm, 264.5 inches for the lover arm, 71 inches for the wrist, and 24 
inches for the end effector. 

f. RCS thrusters will be selectively inhibited when feasible to 
minimize plume impingement on payloads. 

g. Relative stationkeeping range and velocity limits are 20 feet !2 
and 0.1 fps, respectively. 
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A10.0 HENDEZVOUS 

a. The desired maximum time between the end of the OMS insertion burn 
and stationkeeping (approximately 100 feet from the payload) is 25 minutes. 

b. An interval of 120 seconds following OMS insertion is rP.quired to 
reconfigure the orbiter for orbital operations. 

c. The orbiter initiates a 180-degree roll to a heads-up attitude at a 
5 deg/sec rate 2 minutes after OMS insertion. (See sec. 5.2.) 

d. Activation of the payload bay doors begins during the roll to 
heads-up attitude. 

e. Two minutes are allowed for deploying the rendezvous radar after 
initiating payload bay doors open. 

t. One minute is assumed to be required for rendezvous radar 
acquisition of the payload. 

g. Terminal control begins 2 minutes after rendezvous radar 
acquisition. 

h. Only the RCS engines are used for rendezvous to avoid breaking 
rendezvous radar lock-on. 

i. Range-rate and line-of-sight corrections are made, component by 
component, with the use of manual techniques. 

j. It is assumed that the rendezvous radar operating in the skin-track 
mode provides range, range rate, angle, and angular rate information within 
10 nautical miles. 

k. No lightiny constraints were considered in developing the 
rendezvous sequence. 

1. The orbiter ascent guidance can control the relative position at 
insertion between the payload and orbiter to within the accuracy of the 
P.stimated state vectors for both vehicles. 

m. The actual insertion conditi~ns and the orbiter G&N system 
knowledge of the position and velocity at OMS termination are assumed to ~e 
the same, with the exception of downrange position. The G&N per f ormance at 
inse rtion is as follows (mean + 3-sigma) 

R = 4231 feet; 

R = 12.1 fps; 

R = radial; 

DT = 4067 feet; 

DT = 7.9 fps; 

DT = downtrack; 

CT= 10 168 feet 

CT= 21 fps 

CT= crosstrack 

Actual insertion conditions are assumed to be the same as the G&N 
performance, with the exception that the relative downrange distance 
between the orbiter and the target is 10 800 feet. 

n. The 1-sigma knowledge of the payload position and velocity (based 
on ground tracking) is assumed to be 3000 feet, 20U feet, and 400 feet (U, 
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V, W) and 0.2 fps, 0.2 fps, and 3.4 fps (U-dot, V-dot, W-dot) downrange, 
out of plane, and radially, respectively. 

o. The rendezvous is assumed to be executed manually with the use of 
data directly from the rendezvous radar. 

p. The RCS duty cycle is to be minimized for the nominal mission to 
provide an adequate control authority margin for nonnominal situations; for 
example, trajectory dispersions, low thrust, and failed sensor. Therefore, 
the braking gates were chosen to nominally provide a 45-second coast period 
between range rate corrections for a minimum acceleration level of 0.3 
ft /sec 2 • 

q. The terminal braking is simulated in a drag-free environment. 

r. Braking maneuvers (along the line of sight from the orbiter to the 
target) are performed with the z-axis RCS thrusters; additionally, it is 
assumed that all z-axis RCS thrusters are available for translation. 

s. No attempt is made to bias the insertion velocity to account for 
the propulsive dump of main engine propellant after OMS termination. 
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APPENDIX B - INPUT DATA 
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APPEND.IX B 

INPUT DATA 

TABLE B-I.- MECO TARGETS FOR SHUTTLE BRM JB 

WTP. SSME cutoff target conditionst 

Nominal mission 

V = 25 278 fps 

y = 0.1° 

2h = qo n.mi. 

tTarget taken from Memo No. FM72 (74-182), "Common Nominal and Common AOA s :_,r-, E 
Cutoff Conditions for KSC and WTR Shuttle Launches." 

ZAll altitudes are referenced to the Earth equatorial radius. 
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TABLE 8-II.- ~ASS PROPERTIES SOM~lRY FOR SHUTTLE BRM 38 

Item 

Orbiter dry 

(+) Prop. trapped in or-biter­

(+) P.ex:-sonnel group 

(+) ij onprop. consum. 

(+) Unusable OMS in integ. tank 

(+) Usa ble OMS in integ. tank 

(+) Unusable total RCS 

(+) Usable fwd. RCS 

(+) Usable aft RCS 

(+) Launc h payload 

Orbiter at preignition 

(-) Prop. trapped in orb. vented 

Weight, 
__ !JL_ 

15 000 

5 281 

2 411 

4 700 

557 

16 108 

394 

2 344 

4 653 

2 500 

188 948 

5 281 

(-) Non prop. consum. (ign. to entry) 335 

(-) OMS from integ. tank 12 845 

(-) OMS from kit t1 

(-) Ht RCS (L. O. to 400K) 3 2 97 

(-) Fwd. RCS (L. O. to 400K) 1 653 

(-) Payload (launch) L. 500 

(-) Payload consumables 

( +) Payload (landed) 25 000 

x-c.g., Y-c.g., z-c.g., 
_i~--_ _i~~-- _in~--
1112.2 

1410.0 

499.3 

985.8 

1444.0 

1438.3 

1125.3 

316.0 

1341.0 

940.0 

1131.9 

1410.0 

993.4 

1454.8 

1341.0 

316.0 

940.0 

1038.0 

0.5 

13. 1 

-6.5 

1. 1 

0. 0 

0.0 

2. 1 

6. 1 

0.0 

o.o 

0.8 

13. 1 

-0.5 

o.o 

o.o 

6. 1 

0.0 

o.o 

372.2 

354.9 

400. 1 

354.7 

4 99 .7 

478.7 

441.9 

363.0 

476.7 

400. 0 

384.4 

354.9 

3 44.8 

478.7 

476.7 

363.0 

400.0 

400.0 

--------------------------------------------------- ---------
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TABLE B-II.- ~ASS PROPERTIES SU~MABY FOR SHUTTLE BBM 3B - Concluded 

Item 

Orbiter at entry 

Orbiter at entry 1 

(-) Nonprop. consum. (400K to 
landing) 

(-) Aft RCS (400K to landing) 

Orl.Jiter at TAEM 

Orbiter at landing 

21 

Weight, 
____ !!!_ __ 

188 037 

185 675 

482 

1 125 

186 430 

186 430 

I-c.g., 
___ !!!.:._ 

1095.9 

21109.4 

1385.4 

1341.0 

1093.6 

1094.8 

Y-c.g., z-c.g., 
_ !.h 

0.4 

20.3 

-14.3 

0 

0 

0.4 

__i!h _ 

379.0 

2377.0 

425.3 

476.7 

378.2 

375.9 

1 These conditions were selected for entry simulation and do 
not result from previous events. See t e xt (sec. 4. 3) for 
further explanation. 

2 Data used by FPB for entry. 

125 



TABLE B-III.- SHUTTLE WEIGHT so~"ARY FOR SHUTTLE BR~ 38 

(1) Total or-biter at lift-off 

ET iner-t 
ET u s able propellant 

(2 ) To~ a l ET at lift-off 

SRB at SRM ignition 
(minus) SRB prop./iner-t (ign--L.O.) 

(J) Tot a l SRB at lift-off 

Total shuttle at lift-off 
( s um of (1), (2), (1)) 

126 

Wei9'.htL __ lb 

188 910 

75 000 
( +) 1 550 057 

1 625 057 

2 562 320 
c - L ____ 9 _ s 4 o 

2 '>52 78 0 

4 366 747 

,. 



Mission phase 

Launch 

Orbital 

Entry 

TABLE B-IV.- AT~OSPHERE !ODELS POR SHUTTLE BRM 3B 

Model 

WTR atmospheric model as given in "A Referenc e 
Atmosphere for Vandenberg AFB, California Annua l 
(1971 Version)" by E. A. Carter ands. c. Brown. 
NASA rM X-64590, May 10, 1971. 

MSFC aodified Jacchia Model Atmosphere (1965) -
appendix B, TM I-53957. 

u.s. Standard Atmosphere, 1962 {US 62) as giv e n ir 
"U.S. Standard Atmosphere, 1962." United States 
Government Printing Office, December 1962. 
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TABLE B-V.- ASCENT PROPELLAHT SU"MlRY FOR SHUTTLE BR" 3B 

(a) SRB 

s n B at SRM ignition 

{-) Mass consumed (ignition to lift-off) 

S RB at lift-off 

(-) t-iass consumed (lift-off to SRB sep.) 

S R B at sep. {includes SRM residual propellant 
= 2080 lb) 

(b) ET 

2 562 320 

9 540 

2 552 780 

2 202 400 

350 380 

ET e mpty 71 290 

(+) ET residual 

1. ET inert 

(+) ME propellant (from ET) consumed, ignition to lift-off 

(+) ME FPR propellant in ET 

(+) ME fuel bias propellant in RT 

(+) ME unallotted propellant in ET 

Total propellant in ET at ignition 

(-) ET pcopE>llant consumed, ign. to lift-off 

2. Total pcopellant in ET at lift-off 

____ l_IlQ 

75 000 

6 123 

2 616 

1 091 

!_ 5 4 §._J.2Q. 

1 556 180 

______ 123 

l_55Q_Q2.1 

Total ET at lift-off ( 1 + 2) 1 625 057 

(c) or bi tee 

(+) ME propellant trapped in ocbiter (unusable) 

(+) ME FPR propellant in orbiter 

Total ME propellant in orbiter {at lift-off) 
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2 697 

____ 2_584 

5 281 



TABLE B-VI.- PROPULSION SU!~ARI FOR SHUTTLE BR! 3B 

(a) Solid rocket boosters 

Physical characteristics 

1. Number 2 

2. Nozzle exit area 

3. Expansion ratio 

4. Throat diameter 
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16 665 in.z 

7.16:1 

54.43 in. 
r 



TABLE B-VI.-PROPULSION SUIHIARY FOR SHUTTLE BRM 38 

(a) Solid r-oclcet booster-s - Continued 

SRB thr-ust time history for ilTR (6 oo F) 

Time from 
lift-off, Vacuum Pr-essure Inert weight 

s e ct thrust, solid motor, flow rate, 
l!L~-=-1~.2L_ _ tl.!! ___ _gsia ______ _lbLsec ____ 

0.0 2930.0 762.0 17. 6 
0.8 2936.5 764.0 23.2 
1. 5 2943.0 766.0 23.2 
3. 0 2985.5 755.5 28.8 
4.5 3028.0 78 5 .0 34.4 

11. 0 3099.0 800.5 35.7 
17.5 3170.0 816.0 37.0 
1ll . 5 3166.5 814.5 37.2 
1 9. 5 3163.0 813.0 37.4 
20 .5 3113.0 800.0 39.3 
21.5 3063.0 787.0 41.2 
26.5 2824.0 723. 5 46.0 
31.5 2585.0 660.0 50.8 
I~ 1. 0 2329.0 592 . 5 51.4 
50.5 2073.0 525.0 52.0 

1 ieight expended prior to T/W = 1.5: 
• Propellants 4610 pe r- SRM 
• Inert 160 per SHM 

Total 4770 per SRM 
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Propellant Total weight 
flow rate, flow rate, 
__ lbLsec __ __lQL~~c ____ 

11 145.8 11 163.4 
11 168.0 11 188.1 
11 190. 1 11 213. 3 
11 354.1 11 382. 9 
11 518 . 1 11 55 2 . S 
11 792..9 11 828.6 
12 067.6 12 10 4. 6 
12 056.6 12 091. 8 
12 045.6 12 08 3. 0 
11 855 .5 11 894. 8 
11 665.3 11 7J 6. c; 
10 758.5 10 80 4. S 

9 851.6 9 90 2 . 4 
8 877. 8 8 92'L 2 
7 904.0 7 956.0 

Note: Double split flaps 
pee segment are not 
included in this 
design. 



TABLE B-VI.-PROPULSION SOfUIARI FOR SHUTTLE BRM 3B 

(a) Solid rocket boosters - Continued 

SRB thrust time history for WTR (60° F) 

Time from Vacuum Pressure Inert weight 
lift-off, thrust, solid motor, flow rate, 

s ec• 
_ TLW_=_1.Sl. ---~l!L ____ e,sia ___ ____ lbLsec __ 

53.0 2068.5 523.0 49.7 
55.5 2064.0 521.0 47.4 
64.5 2163.5 544.0 45.6 
73.5 2263.0 567.0 43.8 
84.5 2332.5 582.0 43.8 
q5_5 2402.0 597.0 43.8 
96.5 2407.0 597.5 43.8 
q7_5 2412.0 598.0 43.8 

101.5 2339.5 579.5 37.5 
105.5 2267.0 561. 0 31.2 
106.5 2240.0 553.6 28.2 
107.5 2213.0 546.0 25.2 
108.5 2120.5 523.0 23.5 
109.5 2028.0 500.0 21. 7 
110.5 1935.0 477.0 19.9 
111. 5 1852.0 454.0 18.1 
113.5 1658.5 408.5 14. 1 
115.5 1475.0 363.0 10.0 
116. 5 1377. 5 339.0 8.7 
117.5 1280.0 315.0 7.4 
118.5 97 2. 0 239.5 5.6 
119.5 664.0 164.0 3.8 

---------------•weight expended prior to T/W = 1.5: 
• Propellants 4610 per SRM 
• Inert 160 per SRM 

Total 4770 per SBf! 
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Propellant Total weight 
flow rate, flow rate, 

____ lbL~£ lbLsec 
7888.S 7938.2 
7872.9 7920.3 
8256.3 8301.9 
8639.7 8683.5 
8908.9 89 52. 7 
9178. 1 9221.9 
9199.1 9242. 9 
9220.1 9263.9 
8942.9 8980.4 
8655.6 8696.8 
8563.5 8591.7 
8461.4 8486.6 
8107. 1 8130.6 

7 7752.8 7774.5 
7397.0 7416.9 
7041.2 7059.] 
6341.7 6355.7 
5642.2 5652.0 
5269.1 5277.7 
4896. 0 4903.4 
3717.5 3723.1 
2539.0 2542.8 

Note: Double split flaps 
per segment are not 
included in this 
design 



TABLE B-VI.- PROPULSION SUM~AR Y POB SHUTTLE BRM ] B - Continued 

(a) Solid rocket boosters - Conclu ded 

SRB thrust time history for WTR (60° F) 

'T'ime from 
lift-off, 

sec 1 

CIL~-=-1~2L 
120. 0 
120. 5 
121.2 
121.73 

Vacuum Pressur e 
thrust, soli u motor, 

__ !1.Q_ _2§.! '.L 

487 120 
310 7 (, 
190.5 47 
100 

Inert veight 
flov rate, 

l!!L2~£ 

2.9 
2.0 
1 • 1 

1 we ight expended prior to T/W = 1.5: 
• Prop e llants 461 0 pe r SRM 
• Inert 16 0 pe r SRM 

Total 477 0 p r SR M 
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Prope llant 
flo" rate, 

18 G2 .0 
11 8 5.0 

7 28 .6 
383. 0 

Total we igh t 
flow ra t e , 

1864 . 9 
1187 . 0 

7 2 9.7 
38 .1 . 4 

Nut e : Doubl e s plit laps 
pe r segment at n ot 
i ncluded i n thi s 
des i Jr. 



TABLE B-VI.- PROPULSION SUMMARY FOR SHUJTLE BRM 3B - Continued 

(b) SSM E 

Physical characteristics 

1. Number 3 

2. Nozzle exit area 

3. Throat area 

4. Expansion ratio 

6464.275 in.z 

83.41 in.z 

77.5:1 

5. Gimbal points and angles 
(orbiter coordinate system), in. 

Lower engines Upper engine 

Xn= 1468.17 Xo = 1445 

Yr, = ,t53 y () = 0 

Zn= 342. 64 Zo= 443 

• MPS lover engines yaw null 3° 30' outboard measured 
in 10° pitch angle plane; gimbal ±9° 

• MPS upper engine yaw null o0 ; gimbal t9° 

• MPS upper engine pitch null 16°; gimbal ±11° 

• MPS lower engine pitch null 10°; gimbal ±11° 

Thrust characteristics (per engine) 

Normal power level 

Thrust (klbf) 

Specific impulse (lbf-sec/lbf) 
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Sea level 

375 

362.2 

Vacuum 

470 

455.2 



TABLE B-VI.- PROPULSION SUMMARY FOR SHUTTLE BRM 3B - Continued 

(c) OMS 

Physical characteristics 

1. Number 2 

2. Gimbal points and angl e s 
(orbiter coordinate system), in. 

-Y enginf> +Y 

X = 'l 151d X = () 

Yn = -88 Yo= 

Zn= 4 g 2 Zn= 

engine 

1518 

88 

492 

• OMS yaw null 6°30 ' outboard in OMS pitch plane; 
yirabal ±8° 

• OMS pitch null 15°49'; gimba l ±7° 

Thrust characteristics 

1. Vacuum thrust 

2 . Vacuum specific im pu lse 

134 

6000 lb "'a ch 

]13.2 !:>€C 



TABLE B-VI.- PROPULSION SUMMARY FOR SHUTTLE BRM 3B - Continued 

(d) RCS 

Thrust characteristics 

1. Main RCS thrusters 

a. Thrust 875 lbf 

b. Specific impulse 289 sec 

2. Vernier RCS thrusters 

a. Thrust 25 lbf 

b. Specific impulse 228 sec 
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TABLE B-VI.- PROPULSION SOM~ARY FOR SHUTTLE BRM 38 - Continued 

(d ) RCS - Continued 

Thruster num ber, d irection of thrust, an d location 

Fo r ward a:s thrusters 

!" 1r,c t io11 
Thrust er 

nomenclature 
Thruster locations in station coordinat ~~, 

in. 

-x 13 2 
122 
1 12 

+Y 1 13 
1 23 

-Y 134 
14 4 

+ 7. 1 35 
125 
115 

- z 11]6 
1 116 
z 1 46 
21 26 

- z (v e rni er ) 315 8 
3157 

1ca nted 39° outb oa r d . 
zc a nt ed 3 5° o utboard . 
lCanted 30° outboard. 

X 

332.45 
332.45 
332.45 

3 62 . 5 0 
364.50 

362.50 
364.50 

350.00 
3 50. 00 
350.00 

336.00 
336.00 
350.00 
3 50. 0 0 

3 26.70 
326.70 
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y 7. 

+14.00 39 1.00 
o.oo 392 . 5 0 

-14.00 391. 0 0 

-52.00 37 2 . ~,O 
-55.00 358.'i O 

+52.00 372. 50 
+55.0 0 35A. 'iO 

+13. 00 397. 2 5 
o.oo 397.25 

-1 3 . 00 397. 2S 

+44.00 38 0.4 5 
-44.00 380 . 45 
+49.90 382.20 
-4 9 .90 382.20 

+ 52 .50 364.5 "> 
-5 2 .50 364.5'i 

• 



TABLE 8-VI.- PROPULSION su~~ARY FOR SHUTTLE BRM 38 - Concluded 

Function 

+X 

+Y 

-Y 

+Z 

-z 

-z (vernier) 

-Y (vernier) 

+Y (vernier) 

(d) RCS - Concluded 

Aft RCS thrusters 

Thruster 
nomenclature 

Thruster locations in station coordinates, 
io. 

1331 
l 311 
l 2 31 
l 211 

243 
223 
233 
213 

344 
324 
334 
314 

245 
225 
215 
3 45 
325 
315 

2 2 46 
2226 
2236 
2346 
1326 
2 336 

257 
358 

357 

258 

X 

1557.46 
1557.46 
1557.46 
1557.46 

1516.00 
1529.00 
1542.00 
1555.00 

1516.00 
1529.00 
1542.00 
1555.00 

1516.00 
1529.00 
1542.00 
1516.00 
1529.00 
1542.00 

1516.0 0 
1529.00 
1542.00 
1516.00 
1529.00 
1542.00 

1565.00 
1565.00 

1565.00 

1565.00 

y 

137. 00 
124.00 

-137.00 
-124.00 

-132.50 
-132.50 
-132.50 
-132.50 

132. 50 
132.50 
132.50 
132.50 

-132.00 
-132.00 
-132 .0 0 

132.00 
132.00 
132.00 

-112.00 
-111.0() 

110.00 
112.00 
111. 00 
110.00 

-118.00 
118.00 

143.50 

-143.50 

z 

473.44 
473.44 
473.44 
473.44 

459.00 
459.00 
459.0() 
1159. 00 

459.00 
459.00 
459.00 
459.00 

480.'10 
480.50 
480.50 
480.SO 
480.SO 
480.50 

437.24 
440.00 
442.76 
437.24 
440.00 
442.00 

457.SO 
457.50 

459.00 

459.00 

1canted up 10~ in the x-z plane. 
zcanted aft 12° in the X-Z plane and 20° outboard in the Y-Z plane. 
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TABLE B-VII.- LAUNCH AND LANDING SITE COORDINATES 

Launch_site_J£ad_B): 

Geodetic latitude 

Lon ~itude 

Western Test Range 

= 34.56564 deg north 

= 120.61970 deg west 

Alti~ude above Fi s cher ellipsoid(1960)= 339 ft 

L_n d in~_site_1vandenherg_AFB): 

HPading 

So uth e ast end of runway coordinates are: 

Geodetic latitud e 

Lon y itude 

Altitude above Fischer ellipsoid (1960) 

= 316° true 

= 34.72167 deg north 

= 120.56500 de g wes t 

= 256 ft 

Extends to no rthwest a distance of 15 000 ft, with a slope -8 ft 
p~r 1000 ft of len~th. 
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TABLE B-VIII.- AERODYNAMICS 

Orbiter 

"Aerodynamics Design Data Book, Volume I - Orbiter Vehicle," 
SD72-SH-0060-1G, Revision 1, August 1974. 

Integrated vehicle 

"Aerodynamics Design Data Book, Volume II - Mated Vehicle," 
SD72-SH-0060-2G, June 1974. 
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P rope llant , lb 

Trapped 

Usable 

Tota l 
•- cl 

TABLE C-I.- OMS AND RCS LOADINGS FOR SHUTTLE BRM )B 

OMS 

557 

16 10 8 

16 66 5 

143 

fQIHI!! 

107 

2344 

2451 

RCS 

HLJ.g.f! 

1 !13. 5 

2326.5 

2 47 0 

HL£!1!1!. 

14 3. 5 

2 326.5 

-------
2 47 0 



APP ENDIX C 

CONSUMABLES SUMM ARY 

TABLE C-II.-SHUTTLE BR~ JB PROPELLANT BUDGET 

RCS OMS 
pi:opel l ant_, l b pi:opel lant, lb 

Ac c . tot. Acc . tot . 
Used thi s Acc. tot. aft. i:t. a ft. lt. Used this 

g_y~!!t __ e vent __ foi:e_use :i __ used ___ __userl ___ __ event __ A C£.!._!!.§~!L 

Attitude hold aftex: MECO 45 15 15 15 

External tank sepai:a tion (4 fps, -z, 132 7u 54 'i 1 

O!IS ox:bit bui:n (360 fps) 662 0 6620 

f-' 
Attitude hold du i:ing ascent pi:op. 

-i::- duap 6 7 2 '> 6 55 
-i::-

Sensoi: acquisition attitude maneuvei: 9 1 86 9 4 94 

Null i:oll 9 1 99 133 133 

Pitchdovn 19 109 13 8 138 

Null pitch 19 11 8 143 142 

Attitud e ho ld a t. oi:bital r a t e 2 11 9 1 U 1 1U3 

Maneu v e i: t o pa ylo a lin e - o - s i ght 
at titude J8 133 Vi') 15 1 

I nertial hold l J J 159 15 1 

TPF attitud e 38 1 U 7 17 4 16 0 

TPP bi: a ki g 
~ z, 69 f ps 13 14 620 5gs sao 



TABLE C-II. -SHUTTLE BRM 3B PROPELLANT BUDGET - Concluded 

RCS OMS 
propellant, lb propellant, lb 

Acc. tot. Acc. tot. 
Used this Acc. tot. aft. rt. aft. lt. Used this 

Event event fore used used used event Acc. used 

+Y, 32 fps 1038 894 789 11 51 

-Y, 32 fps 1036 1166 1358 1346 

+X, 13.5 fps 308 1192 1494 1491 

-x, 13.5 fps 2R7 1476 11196 1493 

+X, 3.75 fps 8 5 1483 1534 1533 

-x, 3. 75 fps 30 1561 1535 1534 

f---' +Y, 3. 75 fps 121 1593 1557 1600 
.r:--

\.n -Y, 3.75 fps 121 1625 1624 1623 

Maneuver to IMU attitude 37 1638 1639 16 31 

IMU attitude hold 3 1639 1640 1632 

Maneuver to OMS burn attitude 39 1653 165f 1641 

OMS deorbit burn (32 8.2 fps) '6225 12 845 

Entry attitude and control maneuvers 1125 1653 2218 2204 

Total impulse 6075 1653 2218 2204 12 845 12 845 



lPPENDII C 

CONSUMABLES SUMMARY 

NONPROPULSIVE_CONSUMABLES_SUMMARY 

The following tables and figures provide an orbiter consumables summary 
for the mechanical (APU/hydraulics,, environmental, and electrical systP.ms 
for baseline reference mission 3B. The complete analyses for mission 3B 
are contained in reference 6. Figure c-1 summarizes the consumables­
related sequence of events for mission 3B. 

Table C-III summarizes the auxiliary pover unit (APU) fuel and the 
APU/hydraulics cooling vater consumables requirements for mission 3B. 

The environmental control and life support system (ECLSS) consumables 
budget is presented in table C-IV. Figure C-2 presents the potable water 
profile that supports table C-IV. 

The mission 3B electrical power system (EPS) energy consumption by 
subsystem is summarized in table c-v. 

Table C-VI presents the power reactant supply and distribution (PRSD) 
cryogenics summary for mission 3B. Figures C-3 and C-4 show profiles of 
the oxygen and hydrogen quantities remaining. 

Questions concerning these consumables analyses that are unanswered by 
the detailed analysis document (ref. 6) should be directed to the 
Consumables Analysis Section (FM7/extension 3458). 
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-00:10 

01:05 

Start H2O flash evaporator 

operation; 100 000 ft Insertion 

Lift-off I 
ET P/l bay 
jettison 1d~rs ~er 

P/L retrieval 
prep 

RCS 
Vent doors doors 

-00:05 

open 

SRB 
staging 

00:00 00:05 

Entry interface 

open 

MEC 

00:10 

Begin roll 
maneuver 

APU shutdown 
Radiator deploy; 
begin rendezvous 

Begin 
braking 

Begin terminal control 

00:15 00:20 00:25 00:30 

Ground elapsed time, hr:min 

Rendezvous 
complete 

00:35 

Landing 

00:40 

Pwr down 
Start NH

3
boiler 

operation; vent 
doors open APU shutdown 

01:10 01:15 01:20 01:25 01:30 01:35 01:40 01:45 01:50 01:55 

Ground elapsed time, hr:min 

Start H20 flash 

evaporator operation 

APU 
checkout 

00:45 

0~:00 

I 
P/L bay 
doors closed 

P/L retrieval 
complete 

00:50 00:55 

02:05 02:10 

Figure C-1. - Consumables-related sequence of events for shuttle BRM 3B. 

RCS doors 
closed 

Vent doors 
closed 

Deort, it 

100 000 ft 

01:00 01:05 

02:15 02:20 



rABLE C-III.-APU FUEL AND WATER soaaARJ FOR SHUTTLE BRl1 3B 

Present loading: 

Unusables: 

• Loading and in-flight 
■ easure■ent errors (RSS) 

• Residuals 

11ini ■ u ■ usable: 

Usable require ■ ents: 

• Prelaunch require■ent 

• Flight require ■ ent 

• Postlanding require■ent 

• 24-hour-launch-hold recycle 
require■ent 

• Dispersions (10~) 

Usable margin: 

1 aonopropellant hydrazine. 

288.0 

14.0 

J.4 

270.6 

13. 1 

102.5 

1.7 

13. 1 

13.0 

127.2 

2 Undeter■ined - gauging system not defined. 

Syste ■_II 

288.0 

14.0 

3.4 

270.6 

13.3 

109.0 

2.4 

13. 3 

13.8 

118. 7 

Fuel, lb■• 

288.0 

14.0 

3.4 

270.6 

15.0 

131. 1 

2.6 

15.0 

16.4 

90.5 

176.3 

(Z) 

3 36.8 

139.5 

.o 

33.8 

.o 

.o 

3.4 

102.3 

176 .3 

(Z) 

3 36.8 

139. 5 

.o 

36.6 

.o 

.o 

3.1 

99.2 

3 Includes 15.5 lb■ in vater boiler vicks, available at reduced heat exchanger efficiencies. 

Water, lb ■ 

176.3 

(Z) 

3 36.8 

139.5 

.o 

46.3 

• 2 

.o 

4.7 

88.3 
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TlBLE C-IY.-ECLSS CONSOIIABLES SOIIIIARY FOB SHUTTLE BR!! 3B 

PBSD lUiiliary Lithiua llaste 
Itea 0:1:ygen, 0:1:ygen, Nitrogen, hydroiide, systea, 

__ !!L __ ___ ,l_b __ __l.!L __ __t_cans __ _ __ !!!__ 

Aaount loaded 112.0 61.0 200.0 2.0 (495. 0) 

Unusable 11.0 110. 0 

Reqnire■ents• 

systea operation 

lletabolic support 0.2 N/C 
EU/Ill 
C11bin leakage 0.5 

llargin 112.0 50.0 159.5 1.8 1195.0 

1 Prowision for warious contingencies has not been identified as being required. laounts that the 
warions contingencies would consuae are prowided in reference 6. 

2 Figure C-2 does not reflect aetabolic usage. 

Potable 
vater, la ■onia, 

__!Q ___ _lb ____ 

100.0 104.0 

zsee fig. 79.4 
C-2 

2 See fig. 24.6 
C-2 
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Fi gure C-2.- Potable water on board for shuttle BRM 38. 
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f-' 
\Jl 
f-' 

!Ul!ll 

1 
2 
3 
q 

5 
6 
1 
8 
9 

15 
16 
20 
21 
22 
30 
31 
32 
qo 
50 
51 
52 
60 

fABLI C-f.-EPS SOBSISTEft SOftftABI FOB SHUTTLE BBft 3B 

G11idance, na•., and control 
Co■■11nications 
Displafs and controls 
Operational flt. inst. 
De•elop■ent flt. inst. 
Elec. p•r. dist. and control 
Data processing 
PaJload ■anage■ent 
Un■anned kit 
External kit 
Solid rocket booster 
ftain propulsion 
Orbit ■aneu•ering sys. 
Reaction control sys. 
Power generation SfS. 
cr1ogenic sys. 
Auz. power unit 
EnYir. control and life sup. 
Hfdraulics 
Docking and cargo handlg. 
ftechanical sys. and lndg. 
Payload - 20 ft pallet 

Total kih 

Shuttle BBft 38 EPS su■■ary 

Total kih connected to bus 
Total kih at the load b11s 
Line losses (kWh) 
Total kih at source ter ■inals 

kih cons11 ■ed 

.34613941+01 

.36289365+01 
• 78120956 +0 1 
.12444552+01 
.00000000 
.30098220+01 
.87811517+01 
.00000000 
.00000000 
.00000000 
.26094873+00 
.22239310+01 
.12631737+01 
• 17510438+00 
.1378U11+01 
.21738482+01 
• 77229088+00 
.72123718+01 
.37135317+00 
.33049046+00 
.79219379+00 
.00000000 

.114891650+02 

42.7835 
114.8916 

1. 6268 
46. 5184 

7.7105522 
8.0837671 

17.4021127 
2. 7721306 

.-00 00000 
6.7046365 

19.5607684 
.0000000 
.0000000 
.0000000 
• 5812857 

4.9539970 
2.8138277 

.3900600 
3.0699276 
11.84211332 
1.720311112 

16.06617611 
• 8272210 
• 7361958 

1.76116796 
.0000000 
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TABLE C-VI.-SHUTTLE BRM 3B CRYOGENIC SUMMARY 

Baseline load 

Unusables 
• Residual 
• Gaging error 

Usable requireaents' 
• Prelaunch (7.5 hr) 
• 24-hour nold 
• Flight 

• EPS 
• ECS 

• Dispersion (2.51 EPS) 
• Contingency reserve (96 hr) 

Usable margin 

Hydrogen, 
__ I~----

184.0 

7.6 
5.6 

2.7 
1. 6 

3.7 

• 1 
38.4 

124.3 

'The 52-kWh payload energy allocation is not considered. 

Oxygen, 
__ ,1!! __ _ 

1562.0 

46.8 
48.0 

20.2 
13.9 

29.2 
• 9 
.7 

304.7 

1097.6 
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Figure C-3 .- Total oxygen quantity remain in g for shuttle BRM 3B. 
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APPENDIX D 

MANIPULATOR TiftE LINE FOR RETRIEVAL 

The following general assuaptions have been aade for purposes of this 
analysis. 

Payload: 

1. Weight= 22 500 pounds (mission 3B). 

2. .10-foot diameter by 60-foot length. 

3. ?long = 9500 slug-ftZ (3B). 

4. Grappling point and e.g. 30 feet fro• end. 

5. Payload is designed for rapid retrieval by orbiter; that is, it 
incorporates built-in grappling and tie-down fixtures, reaote RF command 
receiver for passivation and appendage retraction, and attitude 
stabilization that can be inhibited remotely after capture has been 
achieved. 

Manipulator: 

1. 50-foot ar ■ length. 

2. 15-pound maximum tip force. 

3. Maximum wrist torque 200 ft-lb. 

4. Maximum tip speed 2 ft/sec (unloaded), or such that maximum 
stopping distance is 2 feet (loaded). 

5. Maxi ■ ua angular velocity at wrist 6 deg/sec (unloaded) or 2.8-foot 
stopping distance of payload extre ■ity (loaded). 

6. Linear or angular velocity, profile when moving payload is 
represented by (1) acceleration at 80 percent of ■axiau ■ force or torque to 
desired velocity, (2) constant velocity, and (3) deceleration at 80 percent 
of aaximu ■ force or torque to stop. Perfect control is assumed; that is, 
deceleration begins at the time necessary to come to rest exactly at the 
desired end point. 

A detailed retrieval time line is presented in table D-I with 
explanatory notes. 

The basic approach to this time line bas been d conservative one. 
Retrieval position is chosen to maximize the ti■e required to achieve it. 
Thus, if there are no unforeseen contingencies, it should be possible to 
accomplish the tasks in less time than indicated in tables I and II. 

A problem may exist if RCS firin gs occur while the manipulator is 
handling a payload. Maxi ■ um torque capability of the aanipulator joints is 
presently planned to provide a 15-pound force at the tip when the 
manipulator is fully extended. If orbiter accelerations cause loads 
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greater than this, one or more joints vill slip, vith a resultant temporary 
loss of control until the acceleration stops. Such a situation could be 
extremely hazardous. Even if no joint slippage occurs, flexibility of the 
boom could result in orbiter/payload contact if clearances are small (e.g., 
while the payload is within the payload bay). 

The optimum solution from the standpoint of the manipulator system is 
to inhibit all RCS firings vhenever a payload is attached to the 
manipulator boom. If, because of aission or system constraints, this is 
not feasible, the next best approach (from the manipulator standpoint) is 
to limit RCS thrust to levels that vill not cause slippage and to inhibit 
the system only vhile the payload is being handled within the payload bay. 
Rough calculations indicate that firing a single pair of 25-pound thrusters 
would not cause manipulator slippage with payloads up to about 40 000 
pounns. Thus, the problem does not appear to be insoluble, although it 
sLould be taken into account in future planning. 
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TABLED-I.- RETRIEVAL SEQOENCE OP EVENTS 

Event 

Deploy manipulator 

Retract payload appendages 

Grapple payload• 

Mull relative velocity 2 

Passivate payload3 

Move payload to point 
above bay• 

Move payload into bay 5 

Secure payload in bay• 

Stow manipulator 7 

Close payload bay doors 

Start, 
■in:sec 

-1::30 

0:00 

1:00 

1: 06 

1:06 

4:42 

8:10 

9: 10 

10:10 

finish, 
min:sec 

0:00 

0:00 

1:00 

1:06 

4:06 

4:42 

8: 10 

9: 10 

10: 10 

13 :40 

Duration, 
■in:sec 

1:JO 

1:00 

0:06 

J:00 

3: 36 

3:28 

1: 00 

1: 00 

3:30 

1 0ne minute is allowed for grappling the payload after the retrieval 
position is reached. Simulations of similar operations indicate that this 
should be adequate for an experienced operator. 

2 Using 12-pound tip force, the payload can be brought to rest 6 seconds 
after grappling, in a distance of 0.3 foot. The torque resulting from any 
grappling point/c.g. offset is well within the available wrist torques. 

3 Payload passivation may be accomplished simultaneously with appendage 
retraction. However, if the stabilization system employs gas jets, this 
part of the passivation would have to be performed after grappling. On the 
assumption that the control system could be immediately disabled by RP 
commands, the tanks could be vented while the payload is being moved into 
position for stowage. It will be presumed for present purposes that 3 
minutes will be sufficient for this operation. 

•This operation is essentially the reverse of moving the payload to 
deployment position (3A). The time required is calculated in the same way: 

First rotation: 

Torque= 160 ft-lb 
Moment of inertia= 200 000 slug-ft 2 

Start/stop distance= 5 degrees 
Start/stop time= 16 seconds 
0.65 deg/sec angular velocity fo~ 80 degrees or 123 seconds 
Total time= 16 + 123 + 16 = 155 seconds 
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second rotation: 

Torgue = 160 ft-lb 
Moment of inertia= 9500 slug-ft2 
~aximum angular velocity= 3.1 deg/sec 
Start/stop distance= 5 degrees 
Start/stop time= 3 seconds 
Constant angular velocity for 170 degrees or 55 seconds 
Total time= 3 + 55 + 3 = 61 seconds 

Translation: 

Distance= 37 feet 
Maximum velocity= 0.26 ft/sec 
Start/stop distance= 2 feet 
Start/stop time= 15 seconds 
Constant velocity for 33 feet or 127 seconds 
Total time= 15 + 127 + 15 = 157 seconds 

On the assumption, as for deploy ■ent, that the rotations are performed 
simultaneously, the total time required is 3:36. 

5 Moving the payload into the bay has also been calculated in the same 
way as its inverse operation (3A,. The smaller ■ ass results in a slight 
time reduction to 3:28. 

•one minute has been allowed for final positioning of the payload and 
actuating latch mechanisms. It has been assumed that the orbiter RCS is 
inhibited during the positioning and stowage operations; otherwise, the 
task will be extremely difficult, if not impossible. 

7 Since the manipulator completes its function close to the stowage 
position, 1 minute has been allotted for stowage. 
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APPENDIX E - TABULAR TRAJECTORY DATA 
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APPJ:: NlHX E 

TABULAR TRAJEC TOHY DATA 

TABLE E-I.- TP.AJE:TORY STA Rf VECTORS FOR SHU TTL E BR~ 1B 

Time, 
YT , 

A 7. i mu t hi , L,i t:itu cl.-. 0 , .Lon1itu ile , 
Event WP- i ght , R, v, 

llr:min:sec lb rt fps ueg dcy J ey <'leg 

---------- ---------- ---------- ---------- ------- --------- --------- --------- -----------
Lift-off 00:00:0 0 4 366 620 20 903 627 1 251.) 0 .00 90 .0 0 34. 566 -120.620 

I-' SRB 
O'\ separati on 00:02:02 436 646 21 053 701 4 280.4 14. J9 17 9 .95 34.2 26 -120.769 
l>J 

MECO 00:08:29 285 13 8 21 472 585 25 278.0 0. 095 -164.8) 22 . 576 - 125. 3 54 

OMS 
ignition 00:09:12 183 50 2 21 473 518 25 278.0 0.008 -165.117 19 .7 6 1 -17. 6 .)) 9 

Insertion 00 :12:01 177 057 21 476 507 2 5 612.7 0. 124 -1 65 . 838 8 . 6 4 1 -129.9 90 

Start of 
deorbit 0 1:02: 0 1) 194 243 2 1 516 827 2 5 5 86.7 0 . 0032 -14. 5 12 15. 0 All J 1. 53?. 

P.nd of 
neorbit 01:04:42 188 018 21 496 064 25 4 07. 1 - a . 6145 -1 5 .7 94 25.733 2 7.7 82 

En try 
interface 0 1:14: 28 185 6 7 5 21 270 12 6 25 655. 2 -1. 0 1q'l -3 2 . 55 7 . 62 . 8 67 2 .7 U7 
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