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The orbital flight test (OFT) phase of the Space Shuttle Program consists

of four orbital flights bcginning in March 1980 and continuing through 1981,
The ma jor purpose of the OFT program is to demonstrate and verify Shuttle
systems and flight capabilities by satisfying the Space Shuttle Program Office

(SSP0O) OFT requirements (refs. 1 and 2).

This document (Volume V) presents the Spuce Transportation System (STS-1)
descent (deorbit through rollout) data for the operational flight profile (OFP)

tra jectory phase (Cycle 3).

All STS~1 OFP documents for Cycle 3 and their scheduled distribution dates

are listed in tho following table.
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1.0 INTRODUCTION

This document (Volume V) supersedes the STS-1 Descent OFP, Cycle 2 (ref. 3).
Volume V is one in a series that, .taken togetner, will define the STS-1 OFP.

The descent OFP is designed to meet the requirements given in the SSPO Flight Re-~
quirements Document, STS-1 (ref. #4), and is based on the approved groundrules
and constraints documented in volume I (ref. 5).

The trajectory data presénted'in this document should be used for Orbiter sys-
tems and subsystems evaluation, flight and Mission Control Center (MCC) software

verification, flight techniques and timelinendevelopmcnt,~crew-training;'and“'““-“"““ T

evaluation of operational mission suitability.

The entry profile is very similar to Cycle 2; however, elevon and body flap tem-
perature margins have increased, and the elevon schedule was changed. The TAEM
profile was completely reshaped to conform with new angle-of-attack constraints
and left-hand turn around the heading alignment cylinder. Also, the entry/TAEM
interface was adjusted to minimize guidance-induced angle-of-attack transients
across the interface. The approach and landing (A&L) phase was reshaped for a
200 glideslope and reduced velocity at touchdown.

The definition of the runway threshold has been standardized for all landing
sites. This results in a shift at EAFB.in aim points and touchdown relative to
the threshold ¢f 1000 feet. (The physical location of aim points and touchdown
was not changea.) The rollout remains eassentially unchanged with the exception
of the speedbrake, which is now deployed to 50 percent at touchdown.
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2.0 FLIGHT DESCRIPTION

The STS-1 will be g 54 .5<-hour flight launshed from Kennedy Space Center (KSC) on
March 31, 1980 at 11:30 Greenwich mean tise (GMT). The flight test will be
achieved in a 150-n, ni. circular orbit with a H0.3-degree inelination. . This
orbit will be achieved by two orbital maneuvering system (OMS) maneuvers, OMS-

1 (ground elapsed time (GET) = 00:10:34) and OMS-2 (GET = 00:45:50). The OMS-

1 maneuver will oceur shortly after external tank (ET) separation with the OMS-
2 maneuver ocecurring at the apogee of the orbit resulting from OMS-1, - The pay-
load bay doors will be opened as early as possible on day 1. The Orbiterp will
be'placed in a Z-axis (payload bay down) local vertical (Z-LV) attitude for most
of ithe STS-1 flight. This attitude will be maintained unless other requirements
(f{ight test requirements, inertial measuvrenent unit alinement, etc,) preciude
2-LY attitude. Two orbital OMS maneuvers will be performed during the flight to
satisfy flight test objectives. The OMsS-3 maneuver (delta-y = 30 fps) will be .
performed following the deorbit rehearsal on day 2 at GET = 30:59:44, The OMS-
4 maneuver (delta-v = 30 fps) will be performed approximately 30 minutes aftep
the OMS-3 maneuver at GET = 31:29:4y4, Both of these 0OMS maneuvers will be
performed out of plane with the Crbiter remaining in a 150-pn. mi. eircular
orbit. Deorbit (GET = 53:31:04; will occur on April 2, 1980. MNominal landing
will oceur on runway 23 during s descending pass (orbit 37) to Yawards Air Force
Base (EAFB). The GET for the nominal landing will be 54:30:46 (10:01 a.p. Pa-
cific standard time (PST)). ' :

£
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3.0 DESCENT PROFILE OVERVIEW AND SUMMARY

3.1

‘The

a.

0

. /
DESCENT PROFiLE OVERVIEW /
Orbiter descent profile is divided into four phaces as follows:

The deorbit phase, which extends from attitude hold - prior to the deorbit ma-
neuver to entry interface (EL) at 400 000 feet altitude.. '

‘The entry phase, which extends from El to the initiation of the terminal

area energy management (T&EM) phase at an Earth-relative velocity (Ve) ol

2500 fps. ‘The entry phase is divided into four subphases as follows:

(1) Temparature control ‘The temperature contrcl phase defines an entry pro-
’ T file shape consistent with the thermal protection

system (TPS) constraints during the high-heating
part of entry.

(2) Equilibrium glide -/ e e
file that has the fundamental shape of equilibrium

flight. It is used during the intermediate veloc-
ity region of entry. -

(3) Constant drag - ‘he constant drag phase brovides a profile shape

corsistent with control system limits.

(4) Transition - - The transition phase provides a profile shape con-

) cistent with the control system limits and guides
the vehicle to the proper TAEM interface conditions..

A typicatr ernt1y altitude-velcocity profile showing the flight regime of
the four subphases is shown in figure 3.1-1.

The TAEM phase extends to the A&L interface at a nominal altitude of 10 000

feet above the runway. ‘the TAEM phase is divided into fcur subphaces
as follows:

(1) S-turn - This mode is used only when A&L interihce con-

straints cannot otherwice be met. The vehicice
turns away from the target until .ufficient encrgy
is dissipated te aliow a normal approach.
(2) Acquisition - . The vehicie turns nntil it is tangent to the
nearest heading aiinement cylinder and continues
unt il it reaches the aylinder,

{3) Heading alinement -| ‘The heading alinement cylinder is follewed until
the Orbiter i< near the runway entry point.

(4) Prefina) - The. vehinle jeaves the herding alirement 2ircie

and roils to acquire the runway centeriine.,

1
t
!
i
i
\.
i
N

i
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Figure 3.1-2 presents a typical TAEM grdundtrack with subphases identified.

d. The A&L phase extends through rollout and is comprised of five subphases as
follows: : ’

(1) Trajectory capture - Trajectory capture starts at the TAEM/A&L
interface and steers the vehicle to the steep
glideslope. Normally, the software cycles through
this phase only one time because the vehicle will
be on the glideslope well within specified

tolerances. . o o i

(2) Steep glideslope - The steep glideslobe is tracked in elevation and
azimuth,

(3) Flare and shallow The glideslope angle is reduced in preparation

glideslope - for landing.
(4) Final flare - Final flare reduces the sink rate to near zero for
touchdown.
(5) Touchdown and The vehicle 13 directed along the runway center-
rollout - line from weight on wheels (flat turn) until

it comes to a complete stop.
The A&L occurs essentially in the vertical plane containing the runway
centerline. Figure 3.1-3 shows a typical AL trajectory and trajectory
subphases,

For additional information see references 6, 7, and 8.

3.2 DESCENT PROFILE CHANGES AND PROFILE SUMMARY FOR CYCLE 3

3.2.1 Summary of Changes for Cycle 3

Table 3.2~I presents a summary of the cycle 3 descent profile design changes.
Figure 3.2-1 through 3.2-3 present a comparison of elevon and speedbrake sched-
ules and body flap deflections between cycles 2 and 3.

a. Entry - Tha entry profiles are very similar with the exception of elevon and
body flap maximum temperatures anda maximum temperature limits. The maximum
temperature limits were increased because the three-sigma dispersion allow-
ance was reduced by 101° F on the body flap and 34° F on the elevon, and max-
imum teaperatures between the two surfaces were rebalanced by positioning
the elevon 10 up as compared to 00 in cycle 2. :

Table 3.2-II presents a comparison between cycles 2 and 3 thermal data, EI
state vectors, and minimum margin above equilibrium glide.

b. Terminal Area Energy Manzgment (TAEM) - The TARM profile for cycle 3 was
reshaped to conform with new angle-of-attack constraints that resulted in a
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3.2.2 Descent Profile Summary

a.

b.
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nev dynamic pressure reference and new dynamic pressure upper limits.
(figs. 3.2-4 and 3.2-5).

The nominal altitude at TAEM interface was biased approximately 5000 feet
below the TAEM reference altitude in order to force guidance to generate a
pitch-up command to minimize the pitch-down transient that normally occurs
at entry/1EAM interface. Also, TAEM was reshaped to fly a left-hand turn

around the heading alinement cylinder (HAC) and to conform with a 20° outer
glideslepe in A&L. )

Approach and Landing - The A&L outer glideslope was changed from 22° to 20°
as a result of Orbiter weight growth. The other changes enumerated in table
3.2-I were motivated by a desire to reduce touchdown speed due to more re-
Strictive tire and wheel constraints and a desire to provide satisfactory
larding conditions with this profile should the launch slip into the summer

{ months. .

Deorbit -~ The deorbit maneuver is normally performed using two OMS engines;
however, deorbit targeting and OMS propellant loading provide the capability
to deorbit with either one OMS engine or the RCS engines using OMS propel-
lant to achieve the nominal entry conditions.

This OMS loading makes it necessary to use 225 pounds of exceas OMS propel-
lant for nominal deor.it to achieve the desired entry longitudinal center-
of-gravity (c.g.) position of 66.7 percent at EI. ‘his propellant wasting

is accomplished by an out-of-plane deorbit maneuver compenent resulting in

a total deorbit velocity increment (delta V) of 292.9 fps with a thrust dura-
tion of 2 minutes 28 seconds and with a 25-minute 47-second free-fall time
between thrust termination and EIL. :

Ehtrz - Nominal conditions at the EI of 40g U00 feet altitude are 4358
n. mi. range-to-go, 25 752 fps inertial velociity, and -1.21 degrees inertial
flightpath angle with an Orbiter weight of 191 9p2 pounds. '

A 40-degree argle of attack is maintained during the early part of atmos-
bheric descent to minimize the aerodynamic heating environment. -This angle
of attack is maintained until the aerodynamie heating is reduced tc a rela-
tively low level with pitchover to a lower angle of attack beginning at an
Earth-relative speed of 14 500 fps. This pitchover continues until an angle
of attack of 14.0 degrees is reached at the entry/TAEM inte.face at 2500 fps
Earth-relative speed.

The entry profile is shaped in the temperature control region to conform
With surface temperature limits at five control points on the vehicle (tig.
6.2-3). VWhen 30 dispersions are considered (fig. 6.2-1), the surfase tom-
perature on the wing leading edge brcomes mont constraining. ‘lhis profile
was shaped to a wing leading~-edge temperature limit of 2603°F (table 6.2-
I1I) The heat load and maximum reference heating rate for this trajoctory

: ~ PR R T, e o, s
is 52 731 BLu/ft? and 6i.i Btu/ft“/sec, respectively.
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The entry angle-of-attack profile for STS-1 xesults in a croqsrange capabil-
ity of 700 n. mi.

TAFM - The TAEM trajectory is shaped within the TAEM flight corridor to mini-
mize trajectory transients and provide adequate maneuver margins for entry
trajectory dispersions, winds, and aerodynamic uncertainties while
maintaining dynamic pressure, descent rates, and turning rates that are ac-
ceptable for compartment venting and sonic boom overpressures. At

entry/TARY interface, 2500 fps relative velocity, the dynamic pressure is

209 psf, which is near the center of the flight corricvor. ‘he dynamic pres-
sure is reduced to 160 psf at Mach 0.9 and is then ramped to the 265 psf
required for the A&L phase outer glideslope (0GS).

Approach and Landing -/‘lhe A&L phase is initialized when -the altitude de-
creases through 10 000/ feet. The basic geometry consists of a 20-degree 0GS
followed by a preflare’ (first flare) maneuver to a 1.5-degree inner
glideslope (IGS). Ihé criteria used for the design of these constants were
to provide as shallowlan OGS as possible while maintaining adequate perfor-
“mancé margins, to provide as much time as possible on the IGS, and to pro-
vide an energy reserve at nominal touchdowm corresponding to U seconds of
flight time under stressed conditions. Two 0GS intercept points and two
speedbrake retractlon’altltudes can be used to accommodate from 20-percent
tailwinds to 100-percent headwinds.

At A&L interface, thq body flap is commanded to retract to the trail posi-
tion (0 degrees). The speedbrake is modulated to maintain a constant 473
I'ps equivalent airspeed. (280 knots equivalent airspeed (KLAS) or 265 psf dy-
namic preasure) on the 0GS. Nominal specourake retraction occurs at 2500
feet altitude. The prefiare maneuver starts at 2000 feet altitude and is
designed to result in' a normal acceleration of 1.3 g's or less. ‘lhe transi~-
tion froa the pullup circle to the exponential capture mode is commanded at
a range of 3784 feet from the runway threshold. When the velocity decreases
through 270 KEAS, the landing gear is deployed. A nominal gear deployment
time of 7.5 seconds was used and resulted in the gear being down and locked
11.8 seconds prior to touchdown. ‘his 270 KEAS is the minimum velocity to
start gear deployment and still have the gear down and locked 5 seconds
prior to touchdown for a three-sigma deployment time of 9.4 seconds.
Touchdown occurs at a range cof 2942 feet past the runway thresholu with a
2.4-fps sink rate. The velocity at touchdown is 185 KEAS, which equates to
a 8.1-second energy reserve; the ground xelatlve velocity is 191 knots.

Touchdown and Rollout - Immediately after main-gear touchcdown, the

speedbrake is commanded to 50 percent, and a 6- to U-degree vchicle pitch at~
titude is maintained until the equivalent airspeed decelerates to 105 knots.
Derotation at a pitch rate of -3 deg/sec is tihen commanded with weight on
nose gear occurring at a range of 5938 feet from the runway threshold. The

range at the end of rollout is 9510 reet, which occurs 36 seconds after
main-gear touchdown.

i
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4.0 STS-1 OFP FLIGHT DESIGN GROUNDRULES AND CONSTRAINTS

. The following groundrules and constraints (ref. 5) were used in the generation
of the OFP for STS-1. ' :

4.1 GENERAL

4,1.1 Trajectory techniques will provide maximum vehicle subsystem margins from
design specifications when possible. Priorities and trade analyses will

determine the best compromise when conflicts exist. T T ST S

: 4.1.2 The launch date is March 31, 1980 at 11:30:00 GMT (6:30 a.m. EST).

4.1.3 The nominal orbit is 150/150 n. mi.

4.1.4 The nominal inclination is 40.3 degrees. This inclination will provide
an ET groundtrack that, for excessive MECO overspeeds, passes to the
south of King Island and north of the Furneaux Group off the southern
coast of Australia. :

4.1.5 Nominal and abort to orbit (ATO) landings will be on Rogers L.akebed
runway 23 at EAFB. Abort-once-around (AOA) landing will be on runway 17
at Northrup strip. Landing for glide return to launch site (GRTLS) will
be on runway 15 at KSC. Because of the high probability of landing on
either runway 15 or 33 for RTLS, OFT performance assessment will be based
on the capability to achieve either runway for RTLS. Nominal and abort
landing site locations are given in appendix A.

4.1.6 Standard GSTDN contact data will be provided for selected stations
depending on the mission phase. Table II of appendix A establishes the
AOS/LOS computational requirements for each phase. Minimum elevation may
be computed assuming zero degree or 3 degrees maximum elevation with no
masking. Howev:r, normaily all AOS/LOS is computed assuming zero degree
elevation with masking and keyholes considered. Exclusion of a site from
table II, appendix A does not preclude it from being used in the tracking
network. :

4.1.7 All landings (nominal, abort, and contingency) except A0A will be no
earlier than L0 minutes after sunrise and no later than 30 minutes before
sunset. AOA landings may be as early as sunrise. It is decirable that
nominal landing at EAFB occur prior to 10:00 a.m. local time.

4.1.8 A i-hour launch window (as a minimum) will be provided.
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4,1.9 There is no ontime launch réquirement.

4.1.10

1
4,1.11

y.1.12

§.1.13

4,115

4.1.16

4§.1.17

4,1.18

§.1.19

4,1.20

There are to be two crewmen. Crevw provisions will be loaded for 5 days.
The planned flight duration will be approximately 54 hours.

There will be landing opportunities at EAFB on at least four orbits each
day. o Ce o

The payload will incluce the developm:it flight instrumentation (DFI),
the induced environment contamination monitor (IECH), the aerodynamic co-
efficients identification package (ACIP), and the Orbiter experiments
(OEX) tape recorder. Mass properties for total payload weight are given
in appendix A.

The payload bay doors (PLBD) are tc be opened as soon as operationally
practicable after OMS-2. However, the contingency capability will exist
to leave the PLBD closed for up to 8 hours following OMS-2.

(Deleted)

All nominal deorbit opportunities will be planned such that the entry
crossrange is <550 n. mi.; however, a crossrange of <690 n. mi. is ac-
ceptable for AOA and contingeney cases. .

(Deleted)

Reaction control system (RCS) backup deorbit capability is required.
For this contingency, propellant from both OMS pods is assumed to be
available. '

The deorbit tzrgeting will be biased to accommodate the designated
backup deorbit propulsion mode .

Aerodynamic data, atmosphere and wind models, I-load values, anftware
paseline (including implemented CR's), engine dala, assurmed constants,
geodetic locations for TACAN/MSBLS/launch and janding cites and mass
properties data for the nominal, RILS, ATO, and AOCA analyscicz are
specificd In aonendix A. The limitations and constraints defined in



——.

4.1.21

T8FM51:V

volume I and volume II of the SODB (JSC-08934) will be adhered to
in the design of the ncainal and abert OFP profile except as defined
in appendix B. (See 4.1.21.)

Appendix B summarizes the groundrules and constraints that deviate
either from reference 2 or frem reference 3 of this document.

4,8 DESCENT - DEORBIT

4.8.1

4.8.2

4.8.3

4.8.4

4.8.5

4.8.6

"The IMU alinement will be designed to minimize the IMU misalincment at

the entry in'.arface. To mairtain system performance margins, the maximum
platforn misalinement at entry interface will be 950 arc-seconds. For a
contingency where degraded system performance margins are necessary dur-
ing entry, the maximum IMU misalinement at entry interface will be 1900
arc-seconds.

The deorbit maneuver will nominally be performed using two OMS engines,
but due to targeting and guidance flexibility, the capability will existv
to devnmode to other thruster configurations during the burn. Specifi-
cally, the TIG and targets will be selected so that if one OMS engine
*ails at TIG, or any time later in the burn, the deorbit maneuver can be
successfully completed using the remaining OMS engine. Furthermore, if
the other OMS engine should also fail at the same time or at any time
after the first failure, the deorbit maneuver could still be successfully
completed using the +X RCS engines.

Propellant-critical contingency deorbit will be based on a shallower-
than-nominal targeting criteria to provide the best compromise between
deorbit capability, RCS propellant availability for attitude control dur-
ing atmospheric descent, and entry tnermal environment.

Between the termination of the deorbit maneuver (except ATO) and entry
interface for two OMS, one OMS, and RCS modes that result from the triple
downmoding operation, a minimum free-fall time of 15 minutes 1is required
for entry preparation.

In addition to satisfying the entry velocity, flightpath angle, and range
requ.irenents, the deorbit maneuver will include an out-or-plane compenent
to achieve an acceptable Orbiter entry interface center of gravity and
weight. '

The Orbiter entry weight will be minimized by reducing remaining con-

tent with reasonable operations techniques.
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When selecting the nominal deorbit revolution, it is highly desirable to
have communication with and tracking of the aspacecraft postdeorbit.

During descent, the Orbiter shall operate within the limits established
in Structural Flight Restrictions for Orbital Flight Test Program (SD78-
SH-0121). :

'
1

4.9 DESCE&T - ENTRY THROUGH ROLLOUT

4.9.1

4.9.2

4.9.3

4.9.4

4.9.

(G2}

4.9.6

h.9.7

The |environnment model used for conputing the nominal OFP will be a mean
monthly atmospheric model for the planned entry date as def'ined by the
Four-D Global Reference Atmospheric Model. The environment model for the
nominal profile simulation will not include winds.

I

The entry profile will be shaped to achieve a balance between the TPS sur-

face and bondline temperatures and Orbiter structural temperatures such
that the TPS performance during entry is optimized. This balance will in-
clude allowances for aerodynanic heating and trajectory dispersions.

(Deleted)

Entry-through-landing profiles will econform Lo control surface hinge mo-
ment limits, aerodynamic load limits, actuator rate 1imits, and struc-
tural load limits. For actual Orbiter weights for nominal end of mis-
sion, the structural ioad limits are +0.3 to 2g normal load factor be-
tween a Mach no. of 5.0 and an Earth relative speed of 24 000 fps and
-0.3 to 2.0g ncrmal load factor for a Mach no. <5

Optimization of the entry profiles will include consideration of sonic
boom ground-level overpressures.

Nominal entry profiles will be targeted so that post-blackout target
changes are not required. However, the profiles will be shaped to
maximize post-blackout redesignation capability.

At entry interface, the nominal Orbiter longitudinal ¢.g. will be b0.70
percent and the lateral c.g. displacement will be 0.0. The nominal verti-
cal c.g. will be 375 + 3 inches. '

10
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4.9.9

4.9.10

b.9.11

. keeps the vehicle's 1ift/dra
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The terminal area energy management (TAEM) guidance reference dynamio

pressure will be based on the concept of flying directly to the heading
alinement cirecle without etploying an S«turn in tailwind conditions.

Additionaliy, this dynamic pressure'uill allow the TAEM/approach and land-
ing interface constraints to be met in the

presence of severe headwinds.
The energy control will provide conditions suitable for the initiation of
a ranual approach. i :

/

/

The TAEM profile will;be compatible with manual and automatic nodes of
operation. /

The max q will be limited to

300 psf for « Mach number >5 and to 342 paf
for a Mach number <5.

: The dynamic pressure on the nceminal profile will
be less than 240 psf for a Mach number >5 and less than 300 psf for a

Mach number <5, During the terminal area maneuvers for a Mach number
©2.5, the minimum dynamic pressure will be restricted to a value that

g-(L/D) on the front side of the L/D curve.
Therefore, the minimun dynanic pressure is a function of Orbiter weight
and varies from 133 to 161 psf as the Orbiter weight varies from 181 000
to 213 000 pounds ‘ '

To conform to compartment venting constraints,
and dynamic pressure will be 400 fps an
transonic region. | In addition, the min
nal profile will be 150 psf in this fli

the maximum descent rate

d 300 psr, respectively, in the
irmun dynamic pressure on the nomi -
ght region. :

1t
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5.0 SIMULATION DESCRIPTION

The Orbiter mass properties and c.g. locatiocns (ref. 9) used to design the STS-1
deorbit-through-landing flight profile are prescnted in table 5.0-I. The CMS

- loading requirement is summarized in table 5.0-I1. The state vectors at deorbit
ignition minus 35 minutes, deorbit ignition, and EI minus 5 mlnutes {descent
simulation initiation), and EI are presented in table 5.0-III.

The STS-1 deorbit trajectory presented in this document was generated using the
space vehicle dynamics simulation (SVDS) program (ref. 10). All phases were
simulated with the 3VDS 6-degree-of-freedom option, except the initial coast pe- .
riod prior to decrbit, whicn was simulated with the 3-degree-of-freedom option.
The - STS-1-entry trajectory was generated using the 6-degree-of-freedom SVDS proe -——— — —— et
gran documented in reference 11. The flight profile is generated using zero Y

winds and the aerody:xmics data defined in the April 1979 Aerodynamic Design
Data Book (ref. 12). The atmospheric model used for this profile is the mean
monthly atmospheric model for the month of April, as defined by the Four-=D

Global Reference Atmospheric Model (ref. 13) and is presented in table 5.0-IV.
Table 5.0-V presents pressure density and temperature deviations from the 1962
Standard Atmosphere. The density deviation data are presented graphically in
fig. 5.0-1. The 6-degree-of-freedom integrated flight control system (IFCS), as
decribed in reference 14 and supported in reference 15, was used during the de-
scent phase. Guidance commands and control surface deflections were implemented
using the automode logic for all channels.. Longitudinal control is maintained

by the moments resulting from the modulation of the elevons and body flap and
from RCS jet firings. Lateral-directional control is -maintained via moments
resulting from ailzron and rudder deflections and from RCS jet firings. A

preset speedbrake schedule is maintained until M = 0.9. Flight control sensor
and controller mocels (ref. 16) were utilized. Thermal models used to define
TPS surface and backface temperatures are the simplified models described in ref-
erence 17. The entry, TAEM, and autoland guidance (with modifications fronm ref-
erence 18) used in simulating the STS-1 profile are defined in reference 16. The
navigation simulation used in this reference trajectory is defined in references
19 and 20. Coordinate system definitions are contained in reference 21.
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6.0 DESCENT PROFILE

The cycle 3 descent profile is initiated with a deorbit mancuver at 53:31:04
GET. The deorbit maneuver is folloved by a coast period of 25 minutes 42 sec-
onds prior to the EI, which occurs at 400 000Teet altitude. The entry phass of
the profile begins at EI and is terninated at the entry/TAEM interface, whach
ocecurs at a relative velocity of 2500 fps. The TAEM phase of the profile is
terminated at the TAEM/A&L interface, which occurs at approximately Hach 0.6 and
at an altitude of 10 000 feet. Modified.autoland guidance, which sinmulates a
manually flown trajectory, is used to guide the Orbiter to touchdown.

The prime landing site for STS-1 i3 runway 23 on Rogers Lakebed at EAFB. The

~ runway azimuth and the coordinate systems origin, with respect to the Fischer

1960 ellipsoid for runway 23, are 244,41 degrees eaat of north, 34,.9£° degress
north geodetic latitude, and 117.820 dogrees west longitude, and 208...C feet al-
titude (rgf. 5). '

The design of the STS-1 OFP has resulted in a change in postdeorbit tracking by
the Guam station as reflected in a decrease in maximum elevation anzle fr-m 23.5
degrees for the previous profile to 6.7 degrees for this profile. Aruco i-
mately 5.5 minutes of tracking coverage is provided based on being clear of
masking. .

A detailed discussion of the deorbit, entry, TAEM, and A&L phases is preaented
in snctions 6.1 through 6.4, The descent groundtrack 'is presented in figure
6.0-1. An overall sequence of events 1s presented in table 6.0-1I.

!

6.1 DEORBIT

STS-1 will be launched from KSC into an approximate 150-n. nmi. altitude circular
orbit with a 40.3-degree inclination. The nominal deorbit maneuver is thrust-
initiated at 53:31:04 GET during the 36th "orbit, with subsequent landing on
Rogers Lakebed runway 23 at EAFB at 10:01 a.m. PST. The 36th orbit was selerted
for deorbit because ii provides the best combination of predeorbit and
postdeorbit tracking and communication. A backup deorbit opportunity occurs dur-
ing the 37th orbit with degraded postdeorbit tracking ana communication and with
no coverage during the last orbit through th? Ascension trecking station. The
STS-1 orbits that provide deorbit opportunities with subsequent landings at EAFB
are presented in table 6.1=I. The deorbit maneuver will be nominally performed
using two OMS engines, with.a capabillity to downmods to either a one-0MS engine
or RCS thruster configuration if required. The time of ignition (TIG) is biased
to provide the capability to achicve the sare desired EI state vector with a
two-0MS maneuver, a one-0OMS mancuver, or a +X RCS maneuver. The range-inertial
velocity-inertial flightpath angle target lines for these conditions are
presented in figure 6.1-1.

The deorbit guidance maneuvers the Orbiter to the desired EI conditions assuming
a conic coast. The deorbit targets represent the actual desired EI conditiomns,
so blased targets must be uscd onboard to achlieve these conditions. The

Cycle 3 targets have been blased by reducing the first coefficient of the veloc-
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ity-riightpath angle torget line (C1) by 1.0 fos and by reducing the targeted
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central angle between ignition and EI (&) by 0. 003 degree to account for Earth
oblateness effects. ;
The inplane two-OMS deorbit delta V for the blased TIG and targeting is 282 fps.
It 13 necessary to use 225 pounds of excess OMS propellant to achieve the
desired entry longitudinal c.g. position of 66.70 percent with a resulting
Orbiter entry weight of 191 ¢02 pounds. This propellant wasting for the two-GiMS
deorbit is accomplished by an out-of-plane deorbit maneuver with a total delta
V of 292.9 fps. Tho burn duration is 2 minutes 28 seconds followed by a 25-
minute Y2-second free-fall time from thrust termination to EI. For the one-OMS
backup deorbit, the biased TIG and targeted total delta V is 292.9 fps, and the
resulting out-of-plane propellant wasting is 375 pounds to achieve the entry
c.g. and weight. The one-0MS deorbit burn maneuver lasts 4 minutes 56 seconds
with a free-fall time of 23 minutes 15 seconds. For the +X RCS deorbit, the
total delta V is 270 fps with a resulting weight ant c.g. of 191 8627 pounds and
66.78 percent, respectively. /The +X HCS deorbit vurn lasts 7 minutes 32 sec-
onds with a free-fall time of/20 minutes 36 seconds. Significant deorbit parame=-
ters are summarized in table 6.1-II. The OMS propellant usage is depicted graph-
ically in figure 6.1-2. :

The ideal maneuver pads-(MNVR PADS)-for-the two-OMS, the one-OMS, and - .

the +X RCS deorbit nmodes are shown in tables 6.1-III, IV, and V, respectively
Similar computer-generated displays at selected events from the. 6-DOF two-0MS
nominal EOM simulation are presented in table 6.1-VI. The differcnces between
the actual and ideal attitudes are due to deadbands in the attitude control
systems. The Deorbit-Ertry-Landing Pad (DEL PAD) for the nominal ECM is
presented in table 6.1-%1I.| The time history plots of trajectory, attitude, and
burn-related parameters from the 6-DOF deorbit simulation are presented in fig-
ures 6.1-3 through 6.1-20.

The APU's are started 5 minutes before the deorbit maneuver and remain operating
until landing. Aerosurface cycling is not required for this flight because of
the benign thermal environment. Nominal conditions at EI are 4358 n. mni. range
to go, 25 752 f'ps inertial velocity, and ~1.21 degrees inertial flightpath
angle. These nominal conditions at EI have changed slightly frem thes cycle 2
values of 4399 n. mi., 25 753 fps, and -1.18 degrees, respectively. The nonmi-
nal cnd-of-misaion reference to stable member matrix (REFSMATS) for stable men-
bers 1, 2, and 3 are presented in table 6.1-VIII. The RELMATS and RELQUATS for
the deorbit maneuver are presented in table 6.1-IX.

A RELMAT is a mean-of-50-to-attitude display indicator (ADI) reference frame
transformation matrix. For the deorbit/entry flight phase, two RELMATS are used

- called the REF RELMAT and the INRTL RELMAT (RELMAT's, nine-element matrices, are

converted to RELQUATS, four element quaternions, for onboard use).

The REF RELMAT is computed so. that when the vehicle is in the nominal dcorbit at-
titude (includes out-of-plane: wasting), the ADI attitudes (REF setting) will

read pitch = 809, yaw = 0°,:roll = 09, The INRTL is computed so that if
warting is terminated at ignition and the vehicle is maneuvered back inplane,

" the ADI attiudes (INRTL setting) will read piteh = 1809, yaw = 09, roll = 09,
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The ADI attitudes are assumed to be computed in a piteh/yaw/roll sequence with
the ADI in a +X sense direction.

6.2 ENTRY

The STS-1 EI-through-landing groundtrack 1s presented in figure 6.2-1. Entry
profile shaping, control surface deflection schedules, nominal trajectory data,
and the aerodynamic crossrange capability are discussed in sections 6.2.1,
6.2.2, 6.2.3, and 6.2.4, respectively. Significant trajectory parameters for
the entry are presented in figures 6.2-2 through 6.2-50. Table 6.2-I presents
a comparison of the trajectory and aerosurface parameters used in designing the
STS-1 profile to the actual values achieved by ths profiie. The entry-through-
landing guidance constants (I-loads) are given in appendix A.

6.2.1 Entry Profile Shaping

The objective of the entry profile shaping for STS-1 is co minimize the effects
of the TPS thermal environment, maximize the FCS performance margins, and mini-
mize structural loads while providing sufficient maneuver nargins to compensate
for trajectory, navigation, aerodynamic, and environment dispersions. In some
cases, these objectives result in conflicting requirements for ‘“he entry pro-
file. For example, shortening the entry range reduces the TPS Lackface tempera-
tures but increases the TPS surface temperatures for a particular angle-of-
attack profile.

The entry profile developed for STS-1 is a compromise between the onflicting re-
quircments for profile shaping. The angle-of-attack profile for STS-1 (fig.
6.2-2) is designed to previde improved thermal conditions at high speeds at the
expense of crossrange capability and differs from the design entry profile
developed to achieve a high crossrange by maintaining the initial entry angle of
attack at lower speeds, thus eliminating the intermediate raccp to the lower
angle-of=-attack levels required for high crossrange. Minor deviations from the
reference angle-of-attack profile occur as a result of the incorporation of
angle-of-attack modulation logic in the entry guidance. This involves modula-
tion of the angle of attack to prevent rmajor deviations from the drag accelera-
tion profile during the pullout maneuver and during roll reversals. The
reference angle-of-attack profile and the drag-velocity profile are very

similar to those of referance 3.

Hith this reference angle-of-attack profile, the entry corridor, as limited by
TPS surface temperatures, structural loads, flight control considerations, and
the equilibrium glide capability, can be defined. This latter constraint must
be met to ensure that the flight conditions can be sustained (i.e., no subse-
quent trajectory transients will necessarily occur) and that crossrange man-
euvering {3 possible. Th2 corridor, as limited by these considerations, is
presented in figure 6.2-3(a) in the drag acceleration relative velocity plane.
The TPS backface temperature is minimized by dissipating the Orbiter kinetiz and
potential energy as quickly as possible within the limits defined by systens and
by flight dynamic constraints as illustrated in figure 6.2-3. This is achieved

by maintaining the drag acceleration as high as noussidle throughcut entry
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consistent with surface temperature, systems, and flight dynamics constraints.
The backface is more sensitive to the drag acceleration level at the higher
apeed during entry and is relatively insensitive to the drag acceleration level
at speeds below 10 000 to 12 000 fps.

The basic policy in shaping for the thermal crileria is to first achieve the sur-
face temperature margin and then the backface temperature margin. In the event
both criteria cannot be met, the backface temperature criterion is exceeded

- while the surface temperature criterion is met., Howecver, this OFP marginally

meets .both the surface and backface temperature requirements with onorbit
cooldown prior to deorbit.

ihe design-drag-acceleration/velocity prorilc for this update i3 very similar to
the provious operational flight profile (ref. 3). The drag-velocity corridor is
restricted between the surface temperature constraint boundaries and the equilib-
riun glide boundary in the high-velocity region of entry. The drag profile in
this region reflects a slight increase in vehicle structural temperatures when
compared to the previous profile as a result of the small increase in Orbiter
weight. This drag-acceleration profile 1ntercepts the same constant drag level
as in the previous operational profile at 33 fps2. From this point, the de-

" sign-drag-acceleration profile is essentially unchanged from the previous OFP

. down to 3564 fps. Between 3564 fps and 2500 fps, a siight change in the angle-

of-attack schedule resulted in a small change in the drag-accecleration. profile.
At entry/TAEM interface the design drag accaleration was reduced slightly from .
21.0 fps2 for cycle 2 to 20.8 fps2 for the current profile.

An entry weight of 191 902 pounds was used for the current entry profile

- compared to 189 844 pounds for the previous cycle 2 design profile of reference

3; the longitudinal center-of-gravity position remains unchangzed at 66.7 per-
cent. The i..reased Orbiter pitchdown moment reflected in the April 1979
aerodynanmic data of reference 12 requires smaller down’ control surface deflec-
tions. The +12.5-degree azimuth deadband is replaced by a +10.5-degree deadband
until the first roll reversal is completed, after which the | magnitude of the
deadband 1is expanded to +17.5 degrees. The change in the dealbind limit is rcade
to keep the first roll reversal from occurring at the guidance phase change fronm
the .emperature control phase to the equilibrium glide phase. This reduces the
probability of a transient occurring in the drag acceleration profile during

a guidance phase change.

There have been no changes in the TPS surface temperatures mcdel since reference
3 was published. In shaping the STS-1 entry profile, the TPS surface
temperatues were evaluated at five locations as lllustrated in figure 6.2-4. The
single-mission maximum surface temperatures are 26000 F for high-temperature re-
usable surface insulation (HRSI) material, (LI-1100), 2700° F for HRSI matertal
on the chine (LI-2200), and 2800° F for the RCC material on the nose and wing
leading ecdge. Because the TPS surface temperatures are computed using a-
simplified TPS model, the limiting temperatures on the nose and wing leading
edge must be adjusted to 2950° F to account for a bias in the temperature pre-
diction. The most critical surface temperature location is on the wing leading
edge, which is slightly more restrictive than the forward chine region.
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The surface temperature limits and margins used for acrodynamic heating uncer-
tainties and trajectory dispersions in desaigning the STS-1 OFP are presented in
table 6.2-II. Because the aerodynamie heating uncertainties and effects of
trajectory dispersions on the TPS temperaturas are independent, the effects of
these two sources of temperature dispersions are combined statistically by the
root-sum=-square technique. 1In addition, the elevon temperature can be furthor
dispersed because of steady-state deflections required to compensate for later-
al c.g. offset and airframe asynmetries and by transient deflections required
for high-frequency attitude control. Table 6,2-V lists the source of these
elevon and body flap surface deflection errors. The temperature dispersions
resulting from these elevon deflections were added to the combined aerodynamic.
heating uncertainty and trajsctory dispersion effects. The material lirits on
the nominal surface temperatures are translated into constraints on the entry -
corridor in figure 6.2-3(a); The limiting surface temperatures are on the for-
ward chine (control point 6) at velocities greate» than 19 500 fps and on the
outer elevon underside (control point U) at velocities less than 19 500 fps.
Vhen translated into constraints on the entry corridor, the two-sigma and
three-sigma thermal boundaries glve limiting surface temperatures on the wing
leading edge (control point 3) at velocities greater than 17 500 fps and on

the outer elevon underside at velocities less than.17 500 fps as illustrated

_in figure 6.2-3(b). . Also.!shown in figure 6.2-3(a) are the effects of additional

constraints and the guidelines on the entry corridor. On the first flight, 1t
is desirable to limit the!structural loadg to a 2.0g normal load factor, which
is 80 percent of the dedign value of 2.5g's. Also shown for information
purposes is the 1,5g normal load factor line, .

The Orbiter eievon and bedy flap surface temperature limits during entry for
this profile have increased from those of the previous profile. The elevon and
body flap control surface|temperature limits hava increased 34 degreces and 101

. degrees, respectively. These increases are primarily due to the technique in

which the the trajectory dispersion effocts were evaluated. The present profile
provides an improvement in the temperature control margin for the body fiap and
elevon because of the increased aerodynanmic pitchdown moment characteriatics
reflected in the aerodynamic update. The increased pitchdown moment requires
decreased control surface down deflections. Additionally, tha elevon deflection
schedule has been changed from the cycle 2 zero-deflection schedule to a 1-degree
up deflection schedule in ths high-heating region. This results in a nore favor-
able balance of teoperature margins on the body flap and elevon.

The heat load and maximum reference heating rate on this trajectory is 53 731
Btu/rt2 and 61.4 Btu/ft2/seq, respectively, compared to the respective cycle 2
values of 53 147 Btu/ft2 and £9.7 Btu/ft</sec. :
The equilibrium glide boundary defines the minimum drag level that the time rate
of change of flightpath angle can be maintained equal to zero. Thus, this line
defines the limit for sustaining equilibrium flight. Although flight conditions
vwith lower values of drag acceleration can be achieved, this condition is tempo-
rary, and a subsequent trajectory transient to higher drag acceleration will
oceur. This equilibrium glide boundary -1s a function of bank angle as well as
angle of attack and relative velocity. Therefore, the boundaries were defined
for the minimum bank angles required to ensure a turning capability for

P .
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croasrange maneuvering. This minimum bank angle is a function of entry speed
with h'zher values required to overcome the higher inertia at high speeds.

Thus, viie entry guidance uses two discrete levels of ninimunm bank angle to
achievc turning; 37 degreea at nigh gpeeds and 20 degrees at lovw speeds.
These bank anglc limits result in aignificant turning capability with little
loss in entry corridor because turning capabilily and entry corridor are
functions of the sine and cosine of the bank angle, respectively.

The entry profile was shaped to satisfy the surface temperature constraints
while keeping the drag level as high as possible to nminimize the backface temper-
ature. The resulting nominal entry profile is presented in figure 6.2-3 along

with the entry corridor. The summary of the resulting thermal environment.for--.—.— - .

several surface pauels is presented in table 6.2-IXI. Orbiter surface tcopera-
ture limits and marcins for the five temperature control points of interest are
presented in table 6.2-IV. Data in this table arc based on a 50-case Monte
Carlo analysis, Appendix C. Table 6.2-V prescnts the elevon and body flap bias
and random errors used to compute corresponding TPS temperature dispersions.
When the three-sigma trajectory and deflection dispersions from this analysie
are combined with the aerothermal heating dispersion and added to the maximum
mean temperature, the actual OFP temperature margins can be determined. Table
6.2-V shows that the OFP is designed with sufficient temperature margins to main-
tain acceptable surface temperatures. The Monte Carlo analysis results demon-
strate that the backface temperature margin is the same as that anticipated by .
the design of the OFP. The negative back-face temperature margin shown on panel
2 is representative of an AOA case where high initial vehicle temperatures
(summer launch) are encountered. Acceptable back~face temperature margin for
EOM will be achieved by onorbit cool down, if required.

A 40-degree angle of attack is maintained during the early part of atmospheric
deacent to minimize the acrodynamic heating environment. This angle of attack
is maintained until the aerodynamic heating 1s reduced to a relatively low level
with pitchover to a lower angle of attack beginning at an Earth-relative speed
of 14 500 fps. This pitchover continues until an angle of attack of 14.0 de-
grees 1s reached at the entry/THEM interface at 2500 fps Earth-relative speed.

The low-speed part of the entry profile, .during transition to the low-angle-of-
attack and trajectory conditions at the TAEM interface, was shaped to achleve

the desired TAEM initial flight conditions and to maintain the entry profile at
the location in the entry corridor that maximizes the capability to compensate
for navigation, aerodynamic, and environmental dispersions while providing

a capability for postblackout runway redesignation. - The target flight conditions
at this interface were selected to provide proper positioning within the

TAEM flight corridor and the entry profile was designed to achieve these
conditiona. The lateral guldance requirement of a roll reversal at 2900

‘fps result s« in a lower dynamic pressure and a shallower flightpath angle

than desi .¢ at the entry/TAEM interface. Although the roll reversal results

in transient trajectory conditions belng present at entry/TAEM interface,

these flight conditions are sufficlently close to the target interface conditions
to allow for rapid convergence of conditions within the TAEM flight corridor

by the selected TAEM profile.
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The transition phase angle-of-attack schedule remained the same as that of the
previous profile with the exception of a slight change in the profile between
3564 fps and 2500 fps. This change lncorporates a linear angle-of-attack ramp
and provides a design angle of attack of 14.0 degrees at the entry/TAEM
interface compared with 13.5 degrees for the cycle 2 profile.

6.2.2 Control Surface Deflection Schedules

The nominal elevator and speedbrake deflection schedules and the corresponding
body, flap deflectionz are designed to aerodynamically trim the Orbiter to
maximize the effectiveness of the control surfaces, to provide Orbiter attitude
contiol while maintaining aerodynamic heating on the control surfaces within

limits, and to minimize the attitude control moments required from the RCS. The.

elevator deflection schedule (ref. -14; and actual elevator deflection, the
speedbrake schedule, and the actual body-flap deflection to accomplish this are
presented in figures 6.2-5 and 6.2-6. During tne period of high zerodynamic
heating, the speedbrake is fully retracted to minimfze the aecrodynamic heating
on these surfaces, and elevator and body-flap deflection schedules are balanced
to control the surface temperatures of these two control surfaces. At speeds
above 13 600 fps3, the elevator is maintained at 1 degree up, and the body fl. 9
is deflected approximately 7.0 degrees down during most of this region. A "ln-
ear ramp 1s introduced in the elevator schedule at 13 600 fps to move the eleva-
tor to a 5.0-degree down deflection at U000 fpa. This down deflection is neces-
sary to ensure that the rolling moment due to alleron deflection i3 not nulled
by the rolling moment from the yaw angle induced by the aileron deflection.

This provides favorable aileron yawing moment characteristics (Cnﬁﬁ) required
when using the aileron to compensate for the aoerodynamic momenta caused by lat-
eral c.g. offset and aerodynamic asymmetries.

Use of the ruddsr is initiated at Mach 3.5, but rudder effectiveness is ini-
tially low. Ailcron control for lateral-directicnal trim is gradually reduced
from this point as the rudder effectiveness increases, For this reason, the
5.0-degree down elevator deflection is maintained between 4000 fps and 3000 fps.

At 3000 fps, the rlevator i3 moved to a position favorable to switching to a tra~

ditional airplanc-type flight control system (FCS). The FCS is blended from the
early-to-late configuration in the Hach range from 3.0 to 0.9, where traditional
airplane-type control surface functioning is introduced. In the Mach range from
2 to 1.5, the elevator is at 3 degrees up deflection to minimize the effect of
elevator deflection on lateral dynamics and to aid in the reduction of elevon
hinge moments, In the transonic speed range, the elevator is deflected to a
down poaition to reduce the clevon hinge moment.

The specdbrake is deflected to a full-out position at a speed of 9000 fps to in-
duce a pitchup moment so that the elevator can normally be deflected down in
this region. Conversely, at a speed of 2700 fps, the speedbrake is retracted to
65 degrees to iamprove rudder effectiveness (Cnér) and reduce the nose-up
pitching moment. At subsonic speeds, the nominal @speedbrake deflection is the
nmidvalue to allow for modulation for speed control. The body flap is used to
balance the pitching moment to trim the Orbiter.
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6.2.3 Aerodynamic Crossrange Capability

The crossrangs capability is a function of energy and- targeting conditions at
EI. For this reason the early AOA with an apogee altitude of 105 n. mi. is most
restrictive for STS-1. This prcfile hes a neainal crosarange capability of 792
n. mi., with a 99.86 percent probability of achiaving a 700-n. mi, crossrangse
with the first roll reversal oceurring at n relativae veiocity of 3500 fps. Howe
ever, for norwal operations, the Orbiter should limit the maximum entry
crossrange to 550 n. mi. i

6.3 TAEM

The primary factors that influence trajectory shaping during the TAEM phase are
aerodynamic maneuver capability, adoquate margins to compensate for winds and
dispersions, compartment venting requirements, flight control contraints, and
sonic boonm overprassure considerations. The best profile for providing flight

control and aerodynamic maneuver margins, reducing tranaonioc hinge nmoments,

minimizing sonic beom overpressures and optimizing compartment venting i3 a pro-
file with low dynamic pressure and Ligh angle of attack in the transonic region.
The TAEM altitude reference has been shaped to provide a emooth dynamic pressure
and angle-of-attack transition from TAEM guidance initistion at 2500 fps Earth-
rolative velceity to Mach 0.9, which avoids flight control lateral diroctional
constraints and provides adequate maneuver margina without exceasive gonic boon
over-pressures. The TAEM dynamic pressure i3 then ramped to achieve the A&L 0GS
requirenents. Since referonce 3 was pubiished, a left-hand turn onto the OGS
has been incorporated into:the TAEM phasas, ’

|

Significant STS-1 trajectoby parameters for the TAEM phase are pressnted in fig-

ures 6.3-1 through 6.3-23. Tha TAEM-through-landing groundtrack is given in fig-

ure 6.3-1. Tho entry/TAEM interface conditicns are summarized in table 6.3-1.
Appendix A lists the TAEM guldance constants required for this profile,

The guidelines and constraints used in defining the flight corridor during the
TAEM region are presented in figures 6.3-2 and 6.3-3 {n the dynamic pressure-
relative velocity plane and in the angle-of-attack-Mach number plans, respec-
tively. Figure 6.3-2 presents the flight linmits for the structural and flight
control systems, the ground-level sonic boom overpressure, the minimum dynamic
pressure that contrains operation to the front s8ide of the L/D curve as required
by the TAEM guidance altituds and energy controllers, and the dynamic pressure
limit to accommodate vehicle pressure differentials due to compartment venting
limitations. The soniec boca guideline corresponds to a 2.0 lb/ftl ground-

level overpressure and is based on the dat: and analysis given in reference

. ¢

\

The TAEM dynamic pressure profile in figure 6.3-2 i3 shaped to achieve an
angle=-of-attack profile that will avoid the new lateral/directioral dynamic sta-
bility ( 3 dynamic) boundary resulting from the April 1979 aeroelastic updates
(ref. 1C . At entry/TAEM Interface the dynamic pressure at initiation of TAEM
guldance is 209 paf (232 naf far ths Previvas profile designj and is rear the
center of the flight corridor. The dynanic pressure ias then gradually reduced
to 160 psf at Mach 0.9 to achieve angle-of-attack flight that will avoid

i
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the C,g dynamic stability boundary. The dynamic pressure is then ramped
to 265 psf to achlieve conditions for the A&L OGS of 20 degrees.

This dynamlc pressure profile biases the trajectory toward the toe of the maneu-
ver footprint and accomplishes six desirablie objectives as follows:

a. Provides a maneuver margin to compensate for winds that, on the average,
present a tailwind component during the planned mission date.

b. _Provides a margin adequate to allow subsonic acceleration to the-dynami¢ ———= ="

pressure of 265 psf required at initiation of the AZL phase without undue pe-
nalization -f the capability for excess energy disaipation.

¢. Provides a smooth angle-of-attack profile with minimum pitch transients
-around Mach 1.

d. Provides sufficient margin from compartment venting constraints to avoid
structural integrity problems under dispersed conditions. '

e. Minimizes transonic hinge moments. The high-hinge moment coeffecients
encountered in this region are compensated for by lower dynamic pressure.

f. Minimizes sonic boom overpressures. The reduction in dynamic pressure from
the value at ~ntry/TAEM interface maintains dynamie pressure below the 2 psf
overpressure guideline to the extent that maneuverability and flight cont
constraints will not be compromised.

The angle-of-attack corridor presented in figure 6.3-3 defines the angle-of=-
attack limit for the flight control system (FCS) as defined in reference 14.
Below Mach 3.0, in the low-supersonic transonic Mach 2.0 to 1.0 flight regiue,
the April 1979 aeroelastic update has resuited in a significant reduction in
lateral stability (Cyg) and directional stability (C,g). Because the aero-
elastic effect is proportional to the dynawmic pressure, the reduction in
lateral/directional stability 1s more pronounced at the lower angles of attack.
Consequently, the lower angle-of-attack limit in the lMach 1.0 to 2.0 region is
defined by the ability of two RCS yaw jets to successfully augment the unatable
Chg dynamic as presented in figure 6.3-3. Also shown in this figure are the
regions where the Orbiter has a tendency for rolloff, noseslice, and buffet
onset. Although the effect of these characteristics on the FCS performance are
acceptable due to their transient nature, these regions are avoided to the
extent possible for STS-1.

The TAE:! altitude and altitude reference have been adjusted at the entry/TAEM

interface to minimize the angle-of-attack transients produced by guidance logic
changes. As indicated in figure 6.3-5, the altitude reference is approximately
4700 feet higher than the actual altitude thus requiring the Orbiter to maintain

~ nose-up flight to recapture the altitude reference. This minimizes the pitchdown

transient at entry/TAEM interface. Equilibrium conditions on the TAEM reference
profile are reestablished just prior to alining the vehicle with the HAC tangen-
¢y poial. After the heading Loward Lhe HAC i attained, the turn compensation
logic causes a second pitchdown to occur.

21



- T8FM51:V
6.4 APPROACH AND LANDING

6.4.1 Trajectory Capture %o Touchdown

The objective of the A&L profile shaping for STS-1 is to minimize the descent
rate to the extent possible while providing benign maneuvers and sufficient
energy to achieve the desired touchdown conditicns. Based cn these considera-
tions, the A&L profile consists of an OGS followed by a preflare maneuver to an
IG and a final flare maneuver prior to toucndoun.

The OGS is designed to be as shallow as possible to minimize the descent rate.
The‘dynamic pressure on the CGS is selccted to provide sufficient speedbrake re-~
gerve to cope with winds and dlspersions and to provide the energy required at
initiation of the preflare maneuver. The energy at initiation of the preflare
maneuver pust be sufficient to accommodate the subsequent deceleration during

the pretlare mancuver and the deceleration on the IGS and to provide the

targeted touchdown airspeed. For the STS-1 profile, the OGS angle i3 =20 de-
grees and the dynamic pressure on the OGS i3 265 psf, which corresponds to a ref-
erence velocity of 280 KEAS.

The preflare phase of the A&L trajectory transitions the Orbiter from the OGS to
the IGS. Profile shaping criteria for the preflare phase are to provide a nor-
zal acceleration of 1.3 g's or less during the maneuver and to minimize oscilla-
tions in the normal acceleration during the maneuver.

The criteria used to shape the A&LL profile for the IGS are to provide a minimum
of 5 saconds on the IGS and an energy reserve at touchdown corresponding to at
least U4 seconds of flight time. Time cn the IGS i3 crucial becauze i1‘ allows
time for the Orbiter to stabilize after completion of the preflare maneuver

prior to the final flare maneuver and allows tizme tor the pilot to assess the ap~
proach and make corrections, if nceded, to establish a controlled approach to

the runway. The IGS for STS-1 is -1.5 degrees.

The final flare maneuver is designed to reduce the sink rate at touchdown to
less than 2 to 3 fpa, to provide a smooth increase in the pitch attitude at an
altitude high enough to allow the pilot to effect a safe landing and to provide
the desired touchdown conditions. Touchdown conditions must satisfy the
tirespeed 1limit of 218 knots groundspeed, avoid tailscrape, and provide at least
4 seconds of energy reserve time in all wind conditions.

The AL profile was shaped with a modified autoland guidance to simulate a manu-
ally flown flightpath, as specified in the STS-1 Groundrules and Constraints doc-
ument (ref, 5). These modifications include comnensat.on for transport lag time
and open~loop guldance command filters during the flare and shallow glidesiope
mode. The modifications were verified in the Ames IV sinmulations (ref. 6) and
result in better trackiis of the reference altitude profile.

Since reference 3 was published, the A4L OGS has been changed from 22 decgrees to
20 degrees, and the reference velecity on the OGS has been lowered from 230 KEA
to 260 heAS for this profile. The speedbrake retraction altitude has been
lowered from 3000 feet to 2500 feet, and the gear deployment speed has been
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reduced from 280 KEAS to 270 KEAS. These changes have resulted in . a decreascd
velocity at touchdown of 185 KEAS compared to 194 KEAS for tho previous profile.

TAEM/A&L interface conditions are presentad in table 6.4-I. The STS-1 final ap-
proach conditions and the design values used as guidelines to shape the profile
are presenced in table 6.2-I. The groundtrack for A&L is presented in figure
6.4-1. Fignres 6.4-2 through 6.4-17 present detailed plots from the 6-degreo-
of-freedom simulation for some specific parameters describing A&L conditions.

The A&L phase starts at an altitude of 9825 feet and a flightpath angle of
~20.07 degrees. The initial altitude error (from the OGS reference path) is =26
feet. The body flap is retracted to the trail position (0 degreces) at the
beginning of the ALL phase. The Orbiter stays on the OGS and maintains the 280

KEAS reference velocity (265 psf dynamic pressure) until the altitude docreases -

to 2000 feoct. The descent rate on the OGS varies fronm approximately 196 to 175
fps. The ground intercept point of the OGS is 6500.$eet froz= the runvay thresh-
old. The speedbrake is modulated on the 0GS to maintain the reference velocity,
and 1s retracted when the altitude has decreased to 2500 feet.

‘At 2000 feet altitude, the preflare maneuver begins. The normal acceleration
during the preflare maneuver is le=ms than 1.5g's. During the preflare maneuver,
the gear deployment is commanded when the velocity decreases to 270 KEAS. The
altitude at this time 1is 238 feet. A nominal gear deployment tine of 7.5 sec-
onds was used and resulted in the gear being down-and-locked 11.8 Jeconds prior
to touchdown. This 270 KEAS is the minimum velocity to start gear deployment
and still have the gear down and locked 5 seconds prior to touchdown for a
three-sigma deployment time and trajectory dispersions. The transition from the
preflare to the exponential capture mode is commanded at a range of 3700 feet
from the runway threshold.

The time on the IGS is approximately 5.1 seconds, and the ground intercept point
for the IGS is 2500 feet past the runway threshold. At initiation of the final

flare maneuver, the sink rate is 11 fps, the wheel altitude is 39 feet, and the

range is 945 feet from the runway threshold. '

Touchdown occurs 2942 feet past the runway threshold at an zirspeed of 185 KEAS
with a sink rate of 2.4 fps. The energy reserve tire for the zero wind case is
8.1 seconds; the ground-relative velocity is 191 knots. A perspective of
the flight profile with actual Orbiter attitudes displayed at 1-minute intervals
from touchdown is given in fig. 6.4-15. Out-the-window views as seen from

the coommander's eye position are presented at 10-second intervals from touchdown

minus 100 seconds to touchdown in fig. 6.4-7.

6.4.2 Rollout

The objective of the rollout technique developed for STS~1 wa= to find the best
compromise between maximum vain-gear and nose-gear loads, braking, and rollout
distan~e. The technique is a compromise because what alleviates one concern is
usually detrimental to another area. Maxinunm main-gear loads occur very near
nose-wheel contact due to the zcrodynamic loading. Therefore, derotation is not
started until the velocity has been reduced to a value thr will not result in
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excessive aerodynamic loading. Starting derotation at too slow a velocity can
result in losas of elevon control, and the rollecut range is increased signifi-
cantly. Losing elevon control will rcsult in high nose-gear slapdown loads.
Longer rollout distances before nose-gear contact will require moro braking.

The technique developed first commands the speedbrake to open to 50 percont

after main-gear touchdown. Opening the spsedbrake increases deceleration and re-
lieves elevon deflection requirements. A piteh attitude of 6 to 8 degrees is*~
maintained until the velocity decreases to 165 KEAS. Tho range at this point is
5054 feet past the runway threshold. Derotation at -3 deg/sec i3 then commanded
with nose-wheel contact occurring at 5538 feet. The maximum main-gear load is
132 379 pounds, which is under the 166 667-pound limit. The elevona are lowered
to 10 degrees down deflection after nose-gear contact to halp alleviate main-
gear loads. The maximum nose-gear load is 48 777 pounds; the steady-state load
on the nose gear is 36 294 pounds. Moderate braking is initiated when the velonc-
ity is below 140 knots, which corresponds to the bralie reuse limit. This ozcurs
approximately 6 seconda after nosewheel contact. Hose-wheel steering i3 engaged
when the groundspeed decreases to 110 knots. The vehicle comes to a halt after

a rollout of 6568 feet, or 9510 feet past the runway threshold and 36.5 seconds
after main-gear touchdown. Significant rollout parameters are presented in

table 6.0-I(e), and figures 6.5-1 through 6.5-7.

6.5 COMMUNICATIONS AND TRACKING

Significant communicationa and tracking events relative to the OFT-1 groundtrack
are presented in figures 6.6-1 and 6.6-2.

A summary of STS-1 S-band and C-band data is presented in table 6.6-I. Tacan
:data are presentec in table 6.6-I1 and station locations are presented in table
6.6-III. The data for the Buckhorn and Goldstone S-band communications stations
are based on detailed analyses of terrain masking with 30 secconda allowed for
lockup after clearing masking. The Pt. Pillar and Vandenberg C-band tracking
stations AOS is based on a zero-degree elevation angle with 60 seconds for firm
lockup using skin tracking. :

Approximately 18 minutes after the deorbit maneuver, communications and tracking
by the Guam station are established with AOS based on clearing terratin masking
at 53 hours 52 minutes 8 seconds GET. Coverage lasts for 5§ minules 25 seconds
with LOS occurring 1 minute 41 seconds prior to EI.

The Orblter enters S-btand blackout approximately 5 minutes 9 seconds after EI
when the Orbiter 1s at an altitude ef 262 157 feet and a relative velocity of 24
481 fps. There are no S-band stations available for communications aftgr Guan
until Buckhorn acquisition.

The theoretical S-band blackout exit occurs 18 nminutes 23 seconds after EI at wn
altitude of 177 266 feet and a relative velocity of 12 330 fps. The theoretical
blackout exit for L-band communication used by the Tacan stations occurs about
18 mir:"cs 57 seconda after EI at an altitude of 170 299 feet and a relative ve-
locit . ! 11 284 fpa. Communications blackout entry and exit computations are
baged on rhe criteria presented in reference 18 and. are presented in the
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altitude/range plane, altitude/relatlve/velocity plane andlaltitudc/tineiplane
in figures 6.2-T, 6.2-11 and 6.2-30, respectively.

Figures 6.6-3 and 6.6-4 present the OFT-1 trajectery profile in the elevation az-
imuth plane for the Buckhorn and Goldstone stations, respectively.

C-band tracking by the Pt. pPillar station 1is established at about 183 956 feot
altitude and a relative velocity of 13 716 fps and by the Vandenberg astation &t
about 176 167 feet altitude and a relative velocity of 12 192 fps. These data
frcm these two C-band stationa are available to provide an estimate of the state
vector by the MCC before establishing the S-band communications lockup with the
Buckhorn station. Fifteen seconds later, after coraunication is established
through the Buckhorn S-band station, the crew could initiate a runway redesigna- .
tion, if given a ground cormand,/at an altitude of 158 307 feet and a reclative
velocity «~f 9212 fps. The rirst’ KCC state vector update (ref. 9) could occur
about 67 seconds aftcr the Buckhorn S-band A0S at an .1titude of iu5 806 feet
and a relative velocity of 7763/ fps. Range and elevation data from C-and S-band
aites are presented in figure 6.6-5. : o

The Tacan acquisition logic 4o based on the three-tier concept. A total of 10
Tacan stations is used for navigation with acquisition and switching of these
stations based on the arrangegent within three tiers or regions: the acquisi-
tion region, the navigation rpgion, and the landing region. The acquisition re-
gion includes the San Luis Obispo, Paso Robles, and Gaviota stations and is used
for ranges greater than 120 n. @i. The navigation region includes the Fellows,
Gorman, Bakersfield, and Avenal stations and a mobile Tacan station and is used
for ranges between 10 and 12Q n. mi. The landing reglion includes the Palndale
and EAFB stations and is used for ranges less than 10 n. mi. Table 6.0-1 pres-
ents the Tacan switching times. Based on favorable acquisition and data compari-
son, the MCC will confirn the Tacan information 30 seconds after acquisition by
the Buckhorn station. This allows incorporation of Tacan data as early as 150
000 feet altitude. |

Lock-on by two Tacan line replacement units (LRU) will occur at approximately
149 345 feet. If the navigation state residuals are acceptable and the naviga-
tion filter is in the AUTO mode, incorporation of Tacan will then occur with no
verification required from the MCC {(ref. 21). Otherwise, crew action and MCC
verification is required to incorporate the Tacan data into the navigation
state.

The microwave scanning beam landing systen (MSBLS) coverage sequence during TAEM
and ALL is presented in figure 6.6-6. The MSBLS coverage data is first
processed at a groundtrack range of 52 252 feet. All three channels (azimuth,
elevation and distance) of the SBLS data can be used until the range reduces to
2248 feet pash the runway threshold on the rnominal trajectory. At this point,
the Orbiter flies past the elevation antenna ream. The azimuth and distance
data are continually used through rollout.

i
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7.0 ASSESSMENT OF VEHICLE COIMPATIBILITY

A compariscn of the parameters used in designing the STS-1 OFP to the actual
values achieved by the profile was presented in table 6.2-I. A trief summary of
the Monte Carlo tresults is as follows:

a. With onorbit thermal conditioning, the entry profile meets all groundrules
and constralnts. .

b. The TAEM profile meets all groundrules and constraints except the rolloff,
nose slice, and buffet onset guidelines. The short time period flown in
this region prevents this (rom being a serious problem, however.

¢. . The A&L profile meets all groundrules and constralnts.. ... ...

A more detailed asccssment of the Orbiter and trajectory compatibility will bte
presented in appendix C of this document.
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8.0 ASSESSMENT OF FLIGHT TEST OBJECTIVES

The descent OFP meets all of the STS-1 flight test requirements with the follow-
ing exceptions:

a. The elevon schedule during peak heating {(relative velocities greater than
13 600 fps) will be 1 degree up. (See paragraph 3.1.u balow.)

1
i

b.. The entry profile was shaped to achieve a waximum nominal RCC surface temper-~
. ature of 2663° F on the wing leading edge and a maximum nominal surface
i temperature of 2504° F on the elevon. These are currently the most
\ constraining control points using the simplified TPS mode. A panel 2
~ | bondline/structural temperature of 325° F results from this profile. (See
paragraph 3.2.h. below.) .

The| flight test requirements are contained in reference 4. ‘Those requirexents
applicable to the development of the OFP are presented below: (original section
and paragraph numbers have been retained).

1.3 FLIGHT PURPCSE

The primary purpose of STS-1, the first manned orbital flight of the Space Shut=-
tle vehicle, 1s to demonstrate a safe ascent and return of the Orbiter and cred.

Additionally, STS-1 i3 to provide data to support verification of the following:

b. Combined Shuttle vehicle aerodynamic, structural and systems characteristics
and predicted loads.

c. Orbiter entry characteristics and performance including crossrange
capabilities, TPS performance, control performance, and predicted structural
loads. .

d. Orbiter vehicle and systems thermal response.

e. Inflight vehicle hardware and software systems checkout and performance.

f. Attitude and translational control capabilities, and guidance and navigation
performance.

3.1 OPERATIONAL REQUIREMENTS

For STS-1, the following operational/test requirements and limitations will be
observed during flight profile and crew activity planning.

p. Orbital altitude will be between 90 and 150 n.m.

q. This flight will have a deorbit plan which will allcow a nominal and next
orbit backup landing opportunity with less than 550 n.m. crossrange.
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r. Deorbit burn will be plannedfror a two engine OMS burn but deorbit must be
achievable with one OMS engine. - :

s. Nominal Orbiter c.g. for entry (at time of entry interface) will be as
follows: X = STA 1098.63 (X/L= 66.78), Y = STA 0, Z = STA 375.

t. The entby profile shall provide the least demanding thermal environment pos-
sible by minimizing heat loads (40° angle-of-attack schedule).

u. Elevon position during entry peak heating (from 24 760 fps to approximately
10 000 fps) should be targeted for C°,

-Q."Nominal approach to the/landing site will be such as to minimize sonic boom
and overpressures near/heavily populated areus. :

Ww. The final approach and/landing profile must be compatible with both a manual
and an automatic mode;/ however, a pilot- controlled approach and landing
will be the planned mode.

~ %, Landing wil) be on the lake bed at EAFB. Runway 23'will be therpridary
runway, 17 the backupL and O4 the alternated.

3.2 SUBSYSTEM REQUIREMENT

For STS-1, certain subsystems requirements more conservative than design limita-
tions must be imposed. The subsystem requirements will be observed a3 follows:

f. Orbiter normal load f?ctors will not exceed -0.3g to +2.0g for entry.

, .
8. Orbiter shall be configured and entry profile established to maximize the
probability of a successful entry, approach, and landing with a single
functioning APU within other system operational and flight safety

considerations. i

h. The bondline temperature will be maintained below 312 OF for nomina: entry.
(Note that the RSI surface temperatures of reference 4 resulted from the
Cycle 2 entry profile shaping. Updates to these temperatures are given in
table 6.2-1.) :

1. No later than 12 hours prior to schedule entry time, the ground will evalu-
ate real-time telemetry of Orbiter bondline temperatures and assure the
bondline tenmperatures are within acceptable limits. The ground will con-
tinue to monitor the bondline temperatures, provide atti.ude change instruc-
tions as required and provide go/no-gu instructicns to the crew for deorbit
and entry. (Ref: DTO111 Preentry Thermal Conditioning).

l
3.3 CARGO REQUIREMENTS

|
For STS-1 the following linmitations must be imposed on items of cargo heing

Carvicus { :

1

!

i
i
!
|
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a. Iten Height/1b
ACIP 164
IECH 985
DFI 9 015 ' .
Total 10 164

b. The DFI (including IECM) will be located at station 1069.

c. Ballast will be carried to optimize the c.g. location as specified in para-
graph 3.1.s. Primary ballasting will ove provided by addition of OMS propel-
lant. Additional ballast will be added as required.

4.1.4 DTO 104 Entry/Apprcach and Landing Phase Tests

4.1.4.1 Purpose

The purpose 1is to allow verification of structural, thermal, dynamic and systems
performance of the Orbiter vehicle, during the entry, approach and landing phase
of the flight. This test partially accomplishes the following flight test objec-
tives defined in the Master Flight Test Assignment Document (ref. 17):

(1) Safe return of the Orbiter and crew; verify capability for the expected
range of operational flight profiles, ¢.g. and payload weights

(2) Orbiter alone aerodynamics

(3) Verify the Orbiter is free of flutter and adverse aercelastic effects

(4) Normal operation of all vehicle systems/subsystems including propulsion,
electrical power, avionics, guidance, navigation and contrnl (GN&C) mechani-
cal systems, and flight control

(5) Predicted payload environment

(6) Entry and crossrange control capabilities for a range of payload weight and
vehicle c.g. conditions to verify maximum crossrange eniry performance

(7) Verify Orbiter heat rate and heat load predictions and entry
aerothermodynamic environment

(8) Predicted structual loads and load paths

(9) Approach and landing capability

YaadlV
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(10) TPS performance over a range of entry conditions as required to Verify nom=-
inal TPS capability

The‘following functional test objective requires evaluation:

a. FTO 104-01 SYSTEMS PERFORMANCE DATA. Ausure that the proper data is
obtained during the entry and approach and landing phase of the flight to
allow proper evaluation and postflight analysis of the Orbiter systenms.

i, -

y.2. 1 DTO 111 Preentry Thermal Conditioning

N.2.1\1 Purpose

The purposc 1s to thermally precondition the Orbiter structure to obtain desired
initi=1l bondline temperatures prior to entry. This preconditioning is in sup-
port of verification activities associated with the following rlight test objec~
tives defined in the Master Flight Test Assignment Document.:

(1) Demonstrate thermal response to selected attitudes which supbort'prediétions
of Orbiter thernal performance in operational situations.

(2) Verify Orbiter entry heat rate and heat load predictions.
The following functional test objective requires’evaluation:

a. FTO 111-1. ~STRUCTURAL CONDITIONING. Prior to deorbit for entry, the struc-
tural thermal condition must be determined and/or adjusted to assure that
predetermined initial bondline temperatures are proper to allow a safe entry
and to enable a thermal stress and TPS analysis postflight.

4.2.1.2 Test Conditions/Activity Required

a. FTO 111-01. No later than 12 hours prior to the scheduled deorbit burn, the
ground will evaluate real-time telemetry of Orbiter bondline temperatures to
assure that temperatures are at or below the limits specified in the Shuttle
Operational Data Book. If bondline temperatures are within acceptable
limits, they will continue to be monitored.

If the bondline temperatures are not within acceptable limits, the ground
will evaluate the data and provide attitude control instructions to the crew
to obtain the desired temperatures prior to the scheduled deorbit time. The
ground will continue to monitor the bondline tempera-tures and provide
go/no-gn~ instructions to the crew for deorbit and entry.

4.,2.1.3 Verification/Evaluation

a. FTO 111-01. Successful accomplishment of this FTO requires that real-time
telematry be provided to allow determinaticn of bendline temperatures for
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go/no-go evaluation and that the proper bondline temperatures be achieved
prior to entry. ' ‘ :

4.2.1.4 pata Requirements
a. Flight data requirements

1. OI telemetry formats: 161, 162 or 129 (M)
/

Real-time OI data are required during the test whenever station coverage =
is available. o AR e shatd age

2. DFI PCM telemetry format 140 M)

DFI PCM is required during ihe test period at 10vsecénds every 10
minutes.

b. Preflight data requirements - none

c.A-Poétgiiggt data requirements
1. OI data continuously from touchdown until touchdown plus 30 minutes (M)

2. DFI pcM telemetr; to be recorded by ground facilities coﬁtinuously from
touchdown until touchdown plus 30 minutes (M)

4.2.1.5 Background and Justification

The Orbiter structure must be thermally preconditioned pricr to entry to allow
postflight verification of the structural system operational capability and to
verify the stress/temperature response of critical structural components., This
preconditioning is also required to .allow an analysis to verify the thermal per-

formance, structural integrity, and reusability of the thermal protection system
for OFT and operations. :
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9.0 DEORBIT-THROUGH-LANDING ISSUES AND CHANGES

No significant issues have been identified pr

document.

T8FM51:V

lor to going to publication of the

Subsequent to the generatlion of this profile, the following changes/updates are
being considered:

Flight control system

Launch date (atmosphere)

Center of gravity

Deorbit maneuver (no fuel wasting)
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TABLE 3.2-I.- STS~1 CYCLE 3 DESCENT PROFILE DESIGN CHANGES

General

April 13, 1979 aerodynamics

Mean April atmosphere

" Orbiter weight

Nominui: Increased from 189 844 to 191 902 1b

AOA: Decreased from 194 325 to 192 202 1b
AOA landing site changed from EAFB to Northrup strip
Revised elevon schedule from enfry interface to Mach 2.0

Revised speedbrake schedule between Mach 10.0 and 2.5

Entry

Changed elevon schedule from C to 1° up to better balance elevon/body flap
surface temperatures for Mach > 13.6 :

Changed heading error deadband for initial bank maneuver in entry from 12.5° to
10.5°

Adjusted entry/TAEM interface t{o minimize anglc-of-attack transients
Adjusted the altitude/altitude reference at entry/TAEM interface

Changed the angle-of-attack reference at entry/TAEM interface from 13.52 to
14,00

TAEM

Redesismed TAEM for new alpha-Mach constraint boundary

Incorporated left-hand turn onto final approach

_Adjusted the TAEM profile to be compatible with revised approach and landing
- profile
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TABLE 3.2-I.- Concluded

Approach and landing

Reduced outer glideslope from.22° to 20°
~ Reduced dynenmic pressure on outer glideslope from 285 bsf to 265 psf
Reduced nominal landing speed from 157 KEAS to 186 KEAS
Standardized inner glideslope locaticn relative to the runway threshold
Heduced‘landing gear deployment speed from 280 KEAS to 270 KEAS
i Sp:edorakeé retraction altitude lowered from 3000 ft to 2500 ft - o T

Speedbrake deployment during rollout decreased from 70 percent to 50 percent
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TABLE 3.2-II.- COMPARISON OF CYCLE 2 AND CYCLE 3 OFT PROFILE.SUMMAHIES

Cycle 2 Cycle 3
Neminal Margin Nominal Margin
of of
Orbiter wt, 1b . . . . . . . . . . 189 8uy 191 902
Max surf temp., °F . S
T CP1 -nOSe e e o * o & e+« o o = 2 517 2"‘1 2 52'4 2“1
CP2 - body f12p . + v . . . . . 2 134 128 2 103 171
CP3 - wing (lcading edge) . . . 12 6691 0 12 T75! -5
CPl = elevon . &« ¢« v v v v & W 2 319 77 2 302 127
CP6 -~ foerward chine . . . . . . 2 477 25 2 u48s 22
Panel 2 struct temp, °F ., . . . . 325. a.13 25.3 a.13
Max heating rate, Btu/ftl-sce . . 59.7 61.4
Heat load, Btu/ft2 . . . . .. .. 53 17 : 53 731
Traj margin wrt eq glide,ft/sec? . "2.38 2.26
Entry state
Vy, ft/see ¢ . o o v o v o v .. 25753 25 752
Yy 468« v 4 v v e i i e .. =1.18 -1.21
Range, n. mi. . . . . . . . .. 4 399 ' 4 358

!_! Exceed temperature limits.

a preentry therral conditioning used to achieve positive margin
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TABLE 5.0-I.- STS-1 MASS PROPERTIES FOR MOMINAL END OF MISSION
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TABLE £.0-II.- OMS LOADING REQUIRE~ENTS

- Requirement /

Av, fps
Insertion / ] 204
Circularization 167

" OMS-3 30
" OMS-4 o 307
Deorbit 293
Total Av 724
}
L
!
|
|
{ 39
\,
3
. . \
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TABLE 5.0-II11.- STATE VECTORS

Deordit

ignition

zinus 35

Para=eter zinutes

GET, hriziniserc ., . . . . . . 52:55:00
Inertial velosity, fps . . . 25 400.0
Inertial flightpath angle, :
dEB v o ¢ o ¢ o st v e e e s 0.0262
Inertial heading from north,
QBB v 4 v e e e e e e e e e 122.5014
Lorgitude, €eg v « + o o o . 62.9785W
Ceodetic latituce, deg . . . 25.3757N
Ceocentric iatitude, deg . . 25.2332N
Altitude of c.g. above the
Fiacher ellipscid, ft . . . . 919 885.0
Orbital {nclination, deg . . L0.3

Entry range, n. oi. . e .

Entry weight, 1b ., . . . . .

Decrbit
ignition

£3:31: 4.32

25 363.0

-.0066

82.4006

63.6885E

39.83508

39.65295

937 220.0

40.3

Entry

interface

-5z=in
53:54:15.24

25 562.0
-1.1930

50.2812
144, 90138
7.77828
7.7269N

554 §62.0
40.3

Ent -y ;
interface

53:53:14.28
25 752.0

=1,2045

|
54,4072

160.3336E
20.!.-92&";\1

20.3666N

399 965.0
40.3
& 358.0

191 §02.0

78FM51:V




TABLE 5.0-1V-APRIL

NO.OF
ATMCSPHERIC
ELEMENTS

CONOANDWUR -

ALTITUDE ABOVE

1960 FISCHER
ELLIPSOID.FT

. 39736987406
.39081040+06
.38426937+06
.377748648+06
.37032273+06
, 36385046406
,35740391406
.35098518+406
.34:50723406
.33824320+06
2331028235406
,02476291+406
,31854983+06
.31152618406
.30536384406
,29865877406

29202714406

,28562784+06
,27880412+06
.27252371406
.20586755+06
,25929568406
.252601C8406
.296(:3352406
,23949223+06
.23266649406
,22635619+06
.21992056+06
.21323262406
.20659753406
.20022362+406
. 19376217406
L1B716679+406
.18043772+06
.17377069406
.16730218406
L 16065391406
,15417348+06
.14740715406
,14113922+406
.133951527406
,12€20703+06
L12122139+06
.11359924+06
.1083620L2-06
.10184533405
,95242335405
,88714203+05
.82057295+05
.75490973405
.6B8659793+05
.65629219405
.02269766+05
54074073405
.5%636322405
.52509EH6405
L4422 4R50+05
,A5860337405
.22672789+05
.394019C6405
.3L135761+405

- .32R10819405

L ou5K 2866409
.2620C148+05
,22006521405
19606207405
L,16358%260+095
. 13045232405
.96401593+04
LEBRuejLtend
.327G63583+04
.22895906+404

GLOBAL REFERENCE ATMOSPUERE DATA

PRESSURE ,PSF

.53328117-04
.62662069-04
.74550837-04
.89916127-04
.11628091-03
.14499927-03
.18630682-03
.24555465-03
.32174869-03
.44472125-03
.64162716-03
.89135778-03
.12471247-02
.18215383-02
.25360267-02
.36804175-02
.524068712-02
.72934476-02
.10361143-01
.14270612-01
.200430662-01
.27814818-01
.38456105-01
.52700006-01
.71373607-014
.97172506G-01
. 13060262400
. 17352931400
23317931400
.30921516400
.4052(1564+00
.521332058+400
.6861371CG+00
.896435364C0
L1 1578637+01
.14370722+01
19204148401
24571315401
.5 1158781401
L40570u6T+00
.527402404+08
L6 7970527+C1
.90452305-C1
L110025a33.02
L.15565135+02
.2C552572+02
.2783751C+02
,37€600612+02
L5 1840077402
.70302573+C4
.97416022+02
.11430226+03
.13164464403
.15736265403
.1£834100084+403
.21712500+03
L25%34150403
L 3005844+ 0]
.35243780+03
L413174654402
.4R4A7#H)33+03
506589025+03
65674505403
L75881775+03
.87359456+03
.1C01905%+C4
L11ASVTOTe0n
.130°7514+04
.14755646404
L1 6HTHT15+04
.18811164+04
.19507994+04

41

DENSITY
SLUGS/FT**3

.40615683-10
.51532454-10
.06332719-10
8663938110
.12199375-09
. 16465228-09
,22703018-09
,32180145-09
.45373947-09
L.€5456988-09
.1065(372-08
.14458849-08
.20644166-08
.30065946-08
,429953829-08
.62370153-08
.88393691-08
.121573754-07
. 1706.288C-07
,23284728-07%
.32337720-07
,44204618-07
.59910273-07
,80292735-07
. 10640455-06
L11413%1¢5-06
LIBGG9704-06
,24283215-06
.31922434-06
.41436679-06
.53251439-66
.6791807-06
.86015319-06
.10958337-05
L13973045-05
L17773363-05
.229550491-05
L24%602450-05
.37770794-05
LE006H36-09
L6655, 92-05
LB73494272-05
L1167403%-04
L 156G0751-04
L21171369-04
.285017%2-0n4
.392¢6141-04
.534795302-04
.7608%101-04
.1057737¢-03
1670258002
L 17307162-03
,20425720-03
.23918002-03
L21076113-03
.33953115-03
L3Y177506-03
L459084328-03
.523571CH9-03
L62541¢79-03
L71462432-03
.812701654-03
L.91744,661-03
. 102695765-02
,11463744-02
L12742153-02
,14183039-02
L1572943CH-02
.17397369-02
L18321804-02
,21593786-GQ
.22330733-02

TEMPERATURE
DEG RANKINE

.69597837403
.648274814403
.60277415403
.56000337+03
.51793513+03
.411408594+03
.44974556+03
,42221984403
. 39473502403
.376C617G+403
.359515084+03

.349%€EL02+03"

. 34494004403
,33977265+023
. 34113279403
.342430584+03
,3:1£09737+03
.3.1934.086G6403
L 3L403478.03
.357638G+03
L30191272403
,30712156G+03
.37433107+03
. 31243455403
L3G4E5RA.03
L3 1272048403
40711227403
L&154773206403
LG750hi33003
.434a5130+03
.44 13039403
L65337857403
LaniLn268403
La7. BRI ¢.03
L41226062403
LaBTH 0603
L4BTBI9NG.03
L44i13232+403

V87 12750,.03
LGB 067+03
‘ Yyt C3
12403
L84 077Lu.03
LG2820000003
.a206291:2403
L&1,.5301403
L&2046%227403
J29En2e54403
LT 27403
L30504245+03
L34471000403
.34l 9N0LeL3
. 303328187403
L H3257R6G 103
L3781454¢+03
L3700 Ae0d
_3n|cudyv»u3
.55,31 152403
LANAUTIAT403
L3 50,073
L4 6501707
LAt 734403
La3001647403
. 4a4450851+03
L&GHC359T7403
.a/0.7¢C1+03
L4H24Kx676403
.41311104403
LBU2HGRTHe03
L5769/ 860S
.50149291 103
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NO.OF

TABLE 5.

ATMOSPHFRIC
ELEMENTS

VONONDLAN -

0-v.- APRIL

ALTITUDE A3BOVE
1860 FISCHER
ELLIPSOID.FT

.39736087+406
.39031040+06
.38426937+406
.37774848+06
.37032273+406
.3638504G+06
.35740391+406
.35098518+406
.344597234+06
.33024320+06
.33102835406
.32476291406
.31854983406
.31152618+406
.30546384+06
.29865877406
.29202714+06
.2B562784+06
,27880412406
.27252371406
.26586755406
.25929588406
.25260108+406

T.24603352406

.23949223+06
.23286899+406
.22635619406
.21992056+06
.21323202+06
.20659753+406
,20022362+06
.19376217406
18716679406
.18043773+0§
.173776069+06
.16730218406
.160653%1+406
.15417348+06
.14790715+06
.14113922+06
L13.51527+06 ¢
.1282070C3+06
. 12122139406
. 11499924406
. 10836102406
.10184533+06
.95242335+¢5
.88714603405
.82057295405
.7%490373+05
.668149793405
.65620219+05
L622697F6+05
.50074073+05
,55836222+05
.525090586405
L4Y2 4050405
.4589(337+05
.426727089+05
.394019C6+05
.35135761405
.32810819+05
. 29564806405
.26290148+405
.2299€521+05
. 196Y62574C5
.16358936+05
. 13005232405
,9U301593+G4
.65580745+04
Sad Ul =

122695908+04

GLOBAL KEFERENCE ATMOSE
1962 STANDARD ATMOSPHERE

PRESSURE

19562 STANDARD,

PERCINT

11811280402
.96720902+01

L7 6:06728+401

.59605270+01
.691E0265+0°
.5612912%401
.56535098+01
.77668642401
.80937002+01
. 13221234402
. 17449037402
.20889778+402
.24500751402
,272206191+02
,28871630+02
.?93769!3‘02
27392489402
23CB79514402
19715430402
,15905462+02
. 12080988402
. 768493517401
.275214005+00
[ .11726473+01
-.11145423401
«,20027560+01
-,26784021+01
-.30686330+0%
«.2550H6514401
-.21672247+01
-.10927132+01%

.40632009+00
.240731209+00
.36514908400
.47019319+00
.9%647011+00
213734327401
.14092952+01
.11112130+01
.94302172+00
55639458400
.26202575-01
-.75456638+00
-.20360447+01
-.24760530+01
-.35054395+01
-.37088155+01
-.2933109€401
-.246752854+01
-.193:663C+01
- .13506HE0401
-.9€310730+00
-.63456715400
-.31527729+00
L64252:63-01
.49168027+00
.10232715+0!
.14983385+01
L1 BENC2183408
.22063287+01

- .220.0847+401

.22577149+01
.22012937+01
.21029291+C1
.. 10953551401
. 96437G3R0Y
i $3427523+01
)
\

.10479235¢01
i.7¢53'2§4000
1.42272757+C0

L 2en02705400

§.19977476+00
]

42z

DENSITY

PERCENT

.77516052+400
«,19539317+01
. 17490175401
«.15644951+01

.28837721+400
-.70692223-01
(21194105401
L71651739+01
L11064795+02
17143378402
.22350C82+02
.25707894402
,28581100+02
.30184016+02
.28113227+402
.24469032+C2
19708546402
. 15041781402
,10137059+02
.506288732+01
.92079065+00
,24931707+01
.39336297+01
L46024745+01
L5269h022+01
.4AGAu009i+0t
,38703053+01
.3075:1201+01
L 13506597401
.14139364+00
.18930703+01
. 19087876401
L 10605646+01
.€8081368+00
.99286:916+00
.92039160400
.13322€85+01
L17183021+09
.1236C431+400
.46068430+00
.76198290+00
. 14235375401
.26037123+01
.43074952+01
.52019394+01
.0003284C+01
.53489035+01
.35665769+01
.200p7139401
,710007038+00
.84075951-01
.37A367C5¢00
.60084329+C0
L1419845HC
L1989CC72+401
.36961737+01
.373134273401
L3763n246401
.367097¢0+01
L35054717-01
L U139G60L38401
L12050731+01
.13708534+01
.77649520+400
.15643381400
- .45334399400
- ,88762803+00
¢ 11510%81+01
-.14G10932+01
-,10307238+01

102y I6G4 006

.5073643E4+C0

R R R R R I}

£RE DEVIATICNS FROM

T1EMPERATURE
DEVIATIONS FROM DEVIATIONS FRCHM DEVIATIONS FROM
1962 STANDARD, 1962 STANDARD.

PERCENT

.43860231+01
.5A%6E1640+01
.35700770+01
.19850843+01
. 13055925401
.725368174C0
.91033269+C0O
+.35277283+01
.G3CE9314+018
€65104059401
68283004401
62407475401
4¢,519024+01
33821941401
., 12¢902200400
3L5034614018
61-82060+01

LBBTA°006 140
L9UGED%50E 6401
L11290954%+02
L 10680118402
.81543032+01
6133358501
.43350563+01
.261495004+01¢
L11329912+01
-.12112043+00

L +.13.026%08401

-.23763,55:01
-.21156562+01
-.2.02902233.01
-.13422315+01
., 46612500400
- .5 Q03500
L102320.63400
.1149574643+00
-.25408257+00
.4720G24:400
L13911847401
. 120896192401
.144020084+01
L19162190+01
.230B7508+01
. 20803727+00
.2691070C«01
L1606675994+31
.61027184+00
«+.493193€7~00
- 1171€28 0401
-, 1470944001
-.13662313.01
., 154437171401
« L, 171203505
-.18055261+01
-.301u3351401
., 2582287370
-.21760120+0%
-.174435860401
. 12021051400
. 124084501
LOA01233u«C0
LB11A82234400
L13154412:01
L17657834+01
L2150 75200
L22359481.01
L22216%6 1401
L217474054+401
L152EERBHE40!
L10751214+C0
-,30LB5750L+00

745445208401

PP
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TABLE 6.5-1.- SEQUENCE OF EVEXTS FOR STS-1 (CYCLE 3)

(a) Pre-deortit maneaver to entry guidante Initiate.
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TABLE €.0-1.~ Continued

(b} Entry guidance inftiate to TAEM tnterface
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T8FM51:V
TABLE 6.1-I.- STS-1 LANDING OPPORTUNITIES AT EARFB

Crossrange < 700 n. mi.

GET GET entry GET Time since
Deorbit Crossrange, deorbit, interface, landing, sunrise,
orbit n. mi.2 hr:min hr:min hr:minP hr:min®
2 129 N 2:17 2:47 3:17 1:18
- 3 ot oug S - 3152 ¢ TR L T1- ARt 2252 -
4 317 S 5:27 5:57 ' 6:27 4:27
5 66 S 7:02 T:32 8:02 6:02
6 459 N 8:37 9:07 G:37 7:37
17 515 N 24:U46 25:16 25:46 -0:14
18 30 S 26:26 26:50 27:20 1:20
19 308 S 27:55 28:25 28:55 2:55
20 266 S 29:30 30:00 " 30:30 4:30
21 86 N 31:05 T31:35 32:05 6:05 -
22 687 N 32:40 0 33:10 33:40 7:39
33 305 N 48:48 ' 49:18 49:u48 -0:12
34 158 S 50:23 .50:53 : 51:23 1:23
35 330 S 51:58 .57:28 52:58 2:58
36 179 S 53:33 T4:03 54:33 §:33
37 206 N 55:07 55:57 56:07 6:08
L9 119 N 72:51 T3:21 73:51 -0:09
50 252 S T4:25 T4:55 75:25 1:26
» 51 315 S 76:00 76:30 ) 77:00 3:01
52 58 5 77:35 78:05 78:35 4:36
53 yr1e N 79:10 79:40 80:10 6:10

aNoOTE: YN' means Orbiter must fly north of groundtrack to reach landing
site and "S" means Orbiter must fiy south of groundtrack to reach
landing site. ’

byOTE: Touchdown assumed to occur 1 hour after deorbit.

(=)
(+)

Before sunrise
After sunrise

" u

QRIGINAL PARE S

o OF POCR QUALITY

-4



TABLE 6.1-IX.- DEORBIT AND ENTRY IHTERFACE PARAMETERS

78FM51:V

Contigency
Parameter 2 0MS 1 OMS RCS 1 OMS
Deorbit
i :
) GMT .of ignition, : ‘
day:hr:minisec . . . . . . 93:17:01:04  93:17:01:04 93:17:01:084 93:16:58:36
)
GET of ignition,
. hriminisec . . . . . . .. 53:31:04 53:31:C4 3:31:04 53:28:36
Vehicle weight at '
ignition, 1b . . . . . . . 197 961.0 197 961.0 197 961.0 197 961.0
i Propellant, 1b . . . . . . 5672.0 - 5672.0 ~ 6134.0 - b229.0
!
i AV total, including c.g. _
control, fps . « ¢« &+ + o . 292.9 292.9 276.0 217.6
AV min for in-plane :
solutions, fps . . ... . . 282.0 273.2 270.0 217.6
¥Hasting angle, deg . . . . 15.9 21.4 0 0
Burn time, min:sec . . . . 2:28 b:s56 7:32 3:41
Coast-to-entry interface
from burn cutoff, min:sec. 25:42. 23:15 20:36 25:44
Entry interface
Longitudinal c.g., in . . 1098.6 1098.6 1099.6 - -
(66.7%) (66.7%) © (66.78%)
Weight, 1b . . . . . . . . 191 902 191 g02 191 827 -
Hy (burnout), n. mi. . . . 150.7 149.9 149.5 149.6
Hp (burnout), n. mi. . . . 1.8 1.5 1.3 27.9
Range-to-runway threshold,
EAFB, n. mi. . . . ... . . 4358.0 4358.0 3358.0_ 4603.0
Crossrange to EAFB, n. mi. 166.0 196.0 196.0 197.0
Inertial velocity, fps . . 25 752.2 25 750.0 - 25 T49.0 25 796.5

47
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TABLE 6.1-II.~ Conciuded
j
/ : “Contigency
Parameter j 2 OMS 1 OMS ."RCS 1 OMS
Inertial flightpath angle, f
deg v . v v e e e e e ./’ -1.206 -1.203 ~1.202 -0.911
Thrust . vector roll, deg. . -180 ~ - - 180 S —-180 - -~ 180
Ignition‘attitude, deg .
Pitech) LVLH . . . .. . [ 171 175 173 191
Yaw B 343 326 0 348
Roll e o o e o s o o ofe 357 358 0 0
—--—=— Pitehy ADL <~ v v o oT T 1807 184 "181A 209
Yaw REF . . . . . . .. 0 343 17 ]
Roll e e e s s o o . . 0 0 2 354
Piteh| ADI . . . . . . J . 181 185 183 210
Yaw INRTL &« . « « « J . 343 326 0 348
Roll e e e e s e s 8 o 357 358 0 0

| - 48
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TABLE 6.1-1II1.- MANEUVER PAD FOR NOMINAL EOM

PAD

BURN

vt s [wm]o]c]z]|

ATT

HA

1

8 R
9 P
oY

3|5]7
181
3/4]3
HP

TXX |2 142

REI 3|52
AVTOT lo 219121419
TGO 012 218
dmlolz]s]2],|o]s
veo y|({olojo|,5]32
2|0 |7]9]4]113

TRIN L R |
p 12 fwjo], ;
visff 6], fs| 14w, [5]
ENG SEL — C ‘-
OHS BOTH 15 |
L 16 |
R 17] |
RCS +x Acc 18 | ‘
21 wr[1]9]7]9]6]1] 5
|
|
27 vre [€[010] + [0 0 e [- [0 [L]0]
31 ¢l 1]5[3]1]0|ssavx|a]o]2]5]4
32 ¢c2 (N G161V 5] 7137avY (] 0}7
33 HT {06 |5),]8]3}2(38avz [ 1]2]1
3¢ o1 1 f1]3],]2(0]6 -
35 PRPLT(N|IO0O]5(6]7]2
|
i
\
|
{
|
|
i

- amev———

B A St G

L i e gt

R T S

VLOINEEDY DA
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- 3T

DLORBIT
BURN ATT

- .-.._..._-....--—...

TRT HA LIML ill Hp

AVTOT - : 2
760 |

' ' ENTRY/LANDING
'INDERBURN PREBANK DIRECTION (3-10)

EI-5 INRTL ATT (3-10)

G\M AOS (3-1.)
G¥M L0S (4-2)

D=4 (4-3)

’ AKITRER

i VREL 15T REVIRSAL (4-5) : 1
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TACLE 6.1-V.~ DEORBIT MANEUVER DISPLAYS

AN

DEORB MNVR COAST

1 000/09:53:20
000/00:06: 40

TRIM L R

P 12 .1

Y 13 -6.5 14 6.5

ENG SEL - OMS
OMS BOTH 15%  PURGE ENA 19*
L 16
R 17  SURF DRIVE
RCS +X ACC 18 oN 22
21 WT 197961 OFF 23+
FRCS ARM 24
UM 25
TARGET - OFF 26*
27 TIG 000/10:00:00.0
310 15310 36 DVX
32 C2 -.6157 37 DVY
33 HT 65.832 38 DVZ
34 o1 113.206

35 PRPLT 5672

30117/
GMBL CK 1
L R
p.
\
SEL
PRI 2* 5%
SEC 3 6
OFF 4 7
BURN ATT 8 R357
9 P180
10 Y344
HA  HP
TGT 151 2
CUR 150 148
TFF 25:42
RET 4327
EXEC
DVTOT  292.9
TG0 2:2G
VGO X 276.16
Y 8.43
7 97.36

LOAD 39 ST CRT TMR 40

/

LOAD COMMARD

”/;021/ /  DEORB MNVR EXEC 1 000/09:59:46‘\\\
GMBL CK 1 i 000/00: 00: 14
L R JmmoL R
P P12 .1
Y Y 13 -6.5 14 6.5
SEL |
PRI 2+ 5% |ENG SEL oS
SEC3 6 OMS BOTH ~ 15%  PURGE ENA 19*
OFF 4 7 L |16
BUPN ATT 8 R357 R | 17  SURF DRIVE
9 P180 | RCS +X ACC 18 o4 22
|10 Y344 | 21 WT 197961 OFF 23+
HA  HP § FRCS ARM 24
TGT 151 2 | DL¥P 25
CUR 150 148  |TARGET | OFF 26
TFF 25:42 27 TIG 000/10:00: 00. 0
REI 4327 310 15310 36 DVX
EXEC] 32 C2 | -.6157 37 DVY
VIOT  292.9 | 33 WT | 65.832 38 DVZ
760 2:28 | 3aer . |113.206
YGO X 276.16 35 PRPLT | 5672
Y 8.43 |
N Z 97.35 loap 39 | ST CRT THR 40

i
GUIDANCE INITIATE

/



T elee

TABLE 6.1-Y.- Continued

/3021/ / DEORB MiVR EXEC 1 000110:00:00\ /3021/ / DEORB_MVR_EXEC---~—--1 000/10:02: 28\
GM3L CK 1 000/00:00: 00 GM3L CK 1 000/00: 02: 28
L R TRIM L R L R |TRIM - L R
IS R | P 12 .1 P .4 -2 P 12 .1
Y -6.5 6.5 Y 13 -6.5 14 6.5 Y-6.0 6.9 Y 13 -6.5 14 6.5
SEL A SEL ‘
PRI 2¢ 5%  [ENG SEL OMS PRI 2*  5* |ENG SEL OMS
SEC 3 6 OMS BOTH 15%  PURGE ENA 19* SEC 3 6 OMS BOTH 15*  PURGE EHA 19*
OFF 4 7 L 16 OFF 4 7 L 16
BURN ATT 8 R357 R 17  SURF DRIVE BURN ATT B R357 R 17 SURF DRIVE
g P180 | RCS +X ACC 18 oN 22 9 F120 | RCS +X ACC 18 oN 22
10 Y334 | 21 WT 197961 OFF 23* 10 Y344 | 21 WI 197961 OFF 23*
HA WP FRCS  ARM 24 HA WP F RCS ARM 24
TGT 151 2 DUMP 25 16T 151 DUME 25
CUR 150 143  [TARGET OFF 26* CUR 151 TARGET OFF 26*
TFF 25:42 27 T1G 000/10:00:00.0 - TFF  25:82 27 T1G 000/10:00:00.0
REI 4327 310 15310 36 DVX RET 4327 31a 15310 36 DVX
EXEC| 32 C2 -.6157 37 DVY EXEC| 32 C2 -.6157 37 DVY
OVIOT  292.9 | 33 uT 65.232 38 DVZ ovTOT 2.6 | 33 HT 65.832 38 DVZ
160 2:28 | 38T  113.206 TG0 0:00 | 34 6T 113.206
VG0 X 276.75 | 35 PRPLT 5672 VGO X 2.54 | 35 PRPLT 5672
Y 3.€0 ' Y .04
7 95.66 (LOAD 39 ST CRT TMR 40/ 4 .73 1L0AD 39 ST CRT THR 40/
\ N

OMS IGNITION

~

v

ONS CUTOFF



i
i

TABLE €.1-V.- Conc1udéd

(//;621/ /

/ DECRB MNVR EXEC 1
GMBL CK 1 000/00:02: 33
L R TRIM L R
P .4 -.2 " 12 .1
Yy -6.0 6.9 Y 13 -6.5 14 6.5
SEL e
PRI 2% 5%  |ENG SEL oMs
SEC 3 6 ~ | oMs BOTH 15*  PURGE ENA 19*
OFF 4 7 L 16
BURN ATT & R357 R 17- SURF DRIVE
9 P180 | RCS +X ACC 18 on 22
10 Y344 | 21 WT 197961 OFF 23*
HA WP F RCS ARM 24
TGT 151 2 DUMP 25
CUR 151 2 |TARGET ‘ OFF 26*
TFF 25:42 27 TIG 000/10:00:00.0
RET 4327 3 a 15319 36 DVX
Exec| 32 c2 -.6157 37 DVY
DYTOT 0 | 33w 65.832 38 DVZ
160 0:00 | 34 8T 113.205
VGO X .00 35 PRPLT 5672
Y .01
LOAD 39 ST CRT THR 40

L\\ z .00

000/10‘02‘33‘\\W

_/

LFTER TAILOFF

y!

’//;531/ "y

GMBL CK 1
L. R
P 6.0 6.0
Y 7.0, -7.0
SEL !
PRI ¢ HE—
SEC3;, 6
OFF 4| 7
BURN ATT B8R ¢
9 P37
10v 0
HA HP
16T _
CUR 151 2
TFF 18:05
RET 4327
EXEC
pvToT
60
VGO X
‘ Y H

DEORB MNVR COAST

TRIM i R

P . 12 .1
Y 13 -6.0 14 6.9

'000/00:10:06

ENG_SEL

16

R 17

RCS +X ACC 18
21 WT 197961

TARGET
27 TIG
31 Q1

32 €2
33 HT

34 6T

35 PRPLT

k\\ z

LOAD 39

0MS BOTH™15%.
L

" OMS
___ PURGE ENA 19%
SURF DRIYE
ON 22
OFF 23*
ARK 24
DU 25

F RCS

1 000/10 :10:06 \\\\

~
~L

0FF 26°

36 Vi -
. 37.0VY
38 DVI

ST .CRT TMR 40

PRO TO MM303




T8FM51:V

TABLE 6.1-VI.- NOMINAL ERD-OF-HMISSION REFSHATS

REFSMAT FOR STABLE MEMBER #1

-. 74224394400

-.26936383+00 .61360984+00

-.66760481-01 -.88138033+00 -.46766616+00

.66679603+00 -.38808727+00 .635621639+00
REFSMAT FOR STABLE MEMBER #2

.27283688+0C .35604039+00 .89375345+00

.94832034400 -.25597617+00 -.18752255+00

©.16201399+00 .89872766+00 ~.40748008+00

REFSMAT FOR STABLE MEMBER #3

-.54381812400 .83134827+00 . 11455071400

. 13166533400 .21933172+00 ~.96672529+00

-.82881001+00 ~.51064040+00 -.22873631+00

54

R P .



78FM51:V

TABLE 6,1-VIX.- NOMINAL ERD-OF~MISSION RELMATS AND RELQUATS

REFERENCE RELMAT (M50 to ADI)

-.29909217+00 -.95376793+00 -.29505944-01

.62551605+00 -.17261702+00 ~.76087648+00

. 72060636400 -. 24602864400 .64822555+00
INRTL RELMAT (M5S0 to ADI) ) B

-.1459391564.00 -.86814561+00 21064281400

47763892400 -.43276111+00 ~.76457757+00

75492268400 -.24298351+00 .£19913932400

REFERENCE RELQUAT

(M50 to ADI)

54233669400
.23732852400
- 34577797400
72799978400

(ADL to M50)

.54233669
-.23732852
- 3HSTTT797
-.72799978

INRTL RELQUAT

(M50 to ADI)

.42631756+400
.30587180+00
-.31917516+00

.78919136+00

(ADI to M50)

L42631756
-.30587180
.31917516

-.78919136

55
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TABLE 6.2-1.-~ STS-1 DECRBIT-THROUGH-LANDIKG TRAJECTORY PARAMETERS

. L Design Actual
Parameter i : value value

| Deorbit

1

Minimum coast time prior to entry interface, min

2O0MS .4 e e e ...

e v s e s e e 15 26
roms L .. e s 23
#X-RCS . . . .. ... c et e e 15 21
Center of gravity ét entry
Longitudinal, percent IR I B R N a66.70 i 66.70
VLat;raljﬂin e e e e e, 20.00 0.00
Vertical, in . v v v vl v v it e ua ... . 337543 373.5
Entry
‘Maximum normal load factorh, g€ . « « . . . . . .. .. a2.0 1.63
Maximum dynamic pressure, psf
R R a300 190
Mach <5 . . . .. o0 0 0. . ; e e e e e . asy2 218
Maximum hinge moments, in-1b x 106 |
Left Inboard elevon . . . . . . . . ..... ; . 340.93 . -0.397
Right Inboard elevon . . . . . e e e e e e e | 340.93 -0.39%
Left Outboard elevon . . . . . . . . . ... ... a+0.43 -0.179
" Right Outboard elevon %. e e e e e e e e 840,43 -0.188
Body flap . . . . . . . % e e e e e e e e e e acti.y -0.507

|
4Denotes hardware/systems constraint.

\

'\.
l .
i 56



. _ T8FM51:V

TABLE 6.2-1.- Continued

Design Actual
Paraneter value value
Entry (concluded)
Maximum hinge moments, in;lb X 106 (concluded)
" Speedbrake . . .+ . 4 . . LTI T a2 0453
. Maxioum heating rave, Btu/ft2/sec « « « « « o« « o o - €1.4
/Heatload,Btu/ftz................. J— 53 731
: Target (runway threshold) . |
T 117.820
Geodetic latitude, deg N . . . . .-. ; e e e e 34,966
Height above Fischer ellipscid, ft . . . . . .. 2086.0
True heading, deg « « v « « o o o o o o o o o o = 244,41
TAEM
Maximum hinge moments, in-1b x 100
Left inboard elevon . . . . « v« ¢ o o oo v . 240.78 -0.257
Right inboard elevon . « o « « « « « o o o o « = o 440.78 -0.298
Left outboard elevon . « « « « o o « « o o o o & s 240.25 -0.156
Right outboard elevon . . . o« v & & & o « ¢ « o » 240.35 -0.175
Body flap « + v o o + s o e o o 0 e s e e e . e a.0.74 -0.275
Specdbrake « o v 4 4 4 e e e e e e e e e e e e aza 0.839
Maximum normal load £actor, € . « o« + o o o o o + o 1 ax.0 1.38

2penotes hardware/systems constraint.

L~



TABLE 6.2-I.- Continued

T8FM51:V

Design ALctual
Parameter valuc value
2 TAEM (concluded)
Maximu@ dynamic pressure, psf
Mach\§>0.9 S e e e e e e e e e e e e e e .. AD250-220 209
Mach{€ 0.9 . « « « o o ¢« o o o e bie e e e e &340 267
| 4
‘Approach and landing
g - -
Maximum normal load factor, g . . « « « « « & . az.o 1.33
.Maximum dynamic pressure, Psf . . « « o o s o o o o o asyo 278
Maximum hinge moments, in-lb x 106
Left inboard elevon . « « ¢ « o ¢ + o o o o . 840.955 0.169
Right inboard elevon . . . . « « « ¢ o « o & 240.955 0.167
Left outboard elevon . « « « « « « « o & a,0.46 0.042
Right outboard €levon . . . « o o & o o + o+ & a40.46 0.041
Body flap . « & + o o o o o o o o | ag1.4 0.276
Speedbrake « o « ¢ o o o e e 00 o s 8+2.5 0.803
Time on the IGS, S€C . + « « ¢ « o o o o o o & >5 | 5.1
Speedbrake deflection at 5000 ft, deg . . 55=-60 64.8
Preflare velocitv, KEAS . . . « . . « « .+ . . . 281 262
Normal acceleration dqrihg
preflare maneuver, € .« « « « o o ¢ s o s o o o 1.3

2penotes hardware/systems constraint.
bsee figure 6.3-2.
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TABLE 6.2-T.- Concluded

i
I

i . ' Design - Actual .
Parameter . i : ‘ " value . value
/
ipproach and landing (concluded)
_ /
/ : _
Final flare altitude, ft (c,g.y e e e o o o s o o e s 50-60 . 59

Conditions at main gear touchcown

Groundspeed, knots . . .

az1g 191

__Velocity, KEAS . ¢ o o o o § o e o o o o 0 s o o o & ;W, . s . 185
Range from threshold, ft . S ... 3000 2942
Descent rate, fps . . . . . e e e e e e e e e e e ag.6 +2.4
Angle of attack, deg . . .o ¢ ¢ o 4 e e 0 e 00 . "<11 ' 9.8

Energy reserve, sec B

v
=
©
—_

8penotes hardware/system constraint.
|

1
!
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TABLE

6.2-II.- ORBITER SURFACE TEMPERATURE LIMITS i

T8FM51:V

Control peint

Single nmissicn texzp limit, OF

Temperature dispersion, OF

Centrol Aero heat
point lccation Material limit tquiv sizmp model uncert
1 Nose 2800 2050 180
2 Body flap 2600 2000 247
3 wing leading edge 2800 2950 272
B Tievon 2000 2600 135
¢ Ferward chine 2700 2700 187

Traj
disp

65

146

Centrol surface

deflection Cozbined Tezp licit,
Bias Randon eftect °F
- - : 191 2759
0 B 2311
- - 287 2663
] 34 i 158 2442
- - i[ 136 250%

s ke o
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TABLE 6.2-1II.- STS-1 CYCLE 3 THERMAL PROTECTION SYSTEM (TPS) SUMMARY

: MAXIMLY MAX MUV T T
3ANEL PANFL HEATING SURFACE SURFACE TOTAL - STRLCTLRAL
“3. AREA RATE, _ JEVFERATURE INSULAT ION HEAT LOAD TEMPERATURE
(FT12 3TUZ{FTI27SEC CEC F TYPE 8TU/(FT)2 MARGIN,DEG
1 26.3 22.01 2257.62 ‘ rCC . 19329.16 sxsxres
2 162,12 ll.cg 1354.C3 FRST = 10177.72 25.85
3 113,99 §.77 175¢.57 FRSI 8548410 17.C2
4 446.02 3.C2 1713.10 FRSIT ‘ 7902.21 la.6l
5 559,22 .53 1543416 FRST €892.93 15.12
6 423,23 4,78 1394.33 FRSI v : 4452.71 14.62
b 158,32 T 1333.42 RCC 10678, 34 srinans
3 a18, 23 13.1% 1926417 FRSIT : 13127.35 22.54
9 $12.0 1363 1317.78 FRSI ‘ 1020€.76 21.¢6
10 £41.2) 21.03 2226435 FRSI : 83915.16 -14.27
1 leSe ) 21,08 2194.15 FRST 9115.07 T 10.50
12 Pt 10,62 1316.29 rast : 475€.3¢ 4alC
13 2715.72 2,613 1175.95 FRSI 2562.36 30.4C
L 477,33 2.€2 1234.32 LRSI . 1794.39 25.82
s 1A31. 1Y .21 132,67 ' LRSI ' 19C.75  tesasacs
1= 764, .10 253,17 LRSI 78.31 aezos Iz
g et 43 533,37 Last | 234.21 secasaes
L2 £21.37 .27 52419 LRSI ‘ v 267,46 srana s
12 15%.3¢ 1.23 162,27 ST ' 44:4.55 68.49
27 £731,0) 1.72 974.23 LRSI ! 1£35.07 28.23
21 Co2enlss L. 1 a27.a1 L35I | £69.59 32.64
22 F12.7) W78 175.42 LRSI £€2.73 24,34
3 132,30 Al 54054 LRS1T L 3esac ITTTERELS
24 2000 44 562,45 LRSI ’ 35C.00 - 24.84

15 30,00 11, 74 2561, 7% - PRSI ; 14105.19 ' 5.3¢C




T8FM51:V
TABLE ©.2-IV.- SUMMARY OF CYCLE-~3 ORBITER SURFACE TEMPERATURE LINITS
AND MARGINS BASED (N MCNTE CARLO ANALYSIS
|
Contrel Maxicum TPS temperatures, OF X ' Sigp-
point lified
location Dispersion, 30 Mean codel
Ccntrol (velozity Surf. defl. Aero ! : + 30 limit, Margin,
peint fps)d Nezinal Mean Traj Bias Random heating iCcmbined' .disperson S ) ofF
|
1 Nose 2524 2515 72 - - 180 194 2709 2950 241
(22 809) e :
e ate——B0ody " T 2102 2132 161 0 33 2u7 297 2429~ 2600 m
- flap - . [ —_
(18 000) ! T
3 Wing 2675 2070 54 - - 272 285 2955 2950 . =5
leading : .
euge ;
(21 50Q) E
& Eleven 2302 2323 44 L] 34 135 150 2473 2600 127
o> (18 002)
2
ﬁ Forward 2485 2474 70 -— - 187 200 . 2078 2700 el
: " chine
(22 800)
Paral Forward 325 325 10 -- - 37 38 63 350 13
N ower

Valoeity of maxizum dispersed tezperature

ey e

o

o

s




78FM51:V

TABLE 6.2-V.- ELEVON AND BODY FLAP SURFACE DEFLECTION ERRORS

Deflection errors, deg

Elevon Body flap
Error source Bias Random Bias Randon
Yo (+0.5 IN) - +0.40 - -
Maneuver capability +1.0 - - -
Asyhmetric airframe thermal
(orbital) manufacturing - +1.2 - -
Bending under load N/A - N/A -
Deadband #1.0  mecccec e > +2.0 -
Aero variations - (Variesz along ===—-e-- > (Varies along
trajectory) trajectory)
Elevon position accuracy
corrections +.16 +.46 -.32 +.93
Sum bias arrors +2.16 +1.68
RSS random errors +1.34 +.93
4sum bias errors
without deadbana +1.16 -.320
bErrors used in Monte Carlo
analysis (table 6.2-IV)
Bias C+.16 0
Random +1.34 +.93

" @peadband modeled in simulation.

Only positive errors (down defections produce increased heating.
€19 subtracted from elevon bias aa elevon scheduls iz -1° (19 upj., .
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TABLE 6.3-I.- ENTRY/TAEM INTERFACE CONDITIONS

PARAMETER VLLUE

GET .HR:NMN:SEC . « . « « o « o o o ¢ 54:24:17.64
TIME FRCM ESNMTRY ENTERFACE .MIN:SEC . 0:25:3.36
TAEM WEIGHT.LB « o « o o o = o o+ _ 191901.6 -
neﬂarxvs VELOCITY.FPS . . . . « « o 24%4.9
REL\:AVKVE FLIGHT PATH ANGLE.DEG . - o '.4.4470
na&artvz MEADING FROM MORiM.DEG . - 90.0537 _
Lo~¥xruos.ozc Moo e e e e 118.4817
‘GEODETIC LATITUDE.DEG NORTH . . .« - E - 3£.07ES
GEOCENTRIC LATITUDE.DEG NORTH . . . 34.8958
ALTITUGE OF C.G. ABOVE FISCHZR '
ELLIPSOID.FT . . . + o o ¢ o « ¢ ¢ - 84393.4 o R
ALTITUDE OF C.G. ARBOVE RUNWAY.F7T . g2531.8
MACH HUMBER . o o o o o o o = o o = 2.55
stGLE OF ATTACK.DEG . . . « - « ¢ ¢ 14.26
DYNAMIC PRESSURE.PSF e e e e e e 208.7
g DOWNRANGE TO RUNWAY THRESHOLD.NY .  eo.t
-14.03

DELTA AZIMUTH 7O HAC.CEG . . . - =

€4



TLDLE G.4-1- TAEM/ASL INTERFACE CORBITIONS

PARAMETER
GET.HR:MN:SEC . . . . .« . + « . «
TIME FROM ENTRY ENTERFACE.MIN:SEC
RELATIVE VELOCITY,FPS . . . .« . .
RELATIVE FLIGHT PATH ANGLE.DEG .
RELATIVE HEADING FROM NORTHM,DEG .

LONGITUDE .DEG W . . . . .

« * . e

"TTGEODETIC LATITUDE.DEG N , . . ..
GEOCENTRIC LATITLDE.DEC N . . . .

ALTITUCE OF C.G. ABOVE FISCHER
ELLIPSOID.FT . . . . + . . « . &

ALTITUDE OF C.G. ABOVE RUNWAY.FT

DOWNRANGE TO RUNWAY THRESHOLD.FT

65

T

VALUE

54:29:27.24

0:30:12.96

573.6
-19.9689
15,1516
117.5191
~ 3s.0058
34.8232
11928.0
9824.6

+33371.7
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TAELE 6.6-1,~ C-BANC AND S-BAND COMMUNICATION SEQUE
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. - : £APTH TRALECTLOY
SLANY /280 SURFACE RELATIVE . GEOTETIC RELETIVE EARTH EELLTIWE
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PO 3 €7 5 - ¢ T 22320, 701. 24532, 156 7 ' V7. 1€ -1.27 59 E3
L. 54 1 5E o [} 3. 0. 24672, 169 S 26 4% -1.19 $6 3
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TABLE 6.6-11.- STS=1 TACAN COMMUNICATION SEQUENCE OF EVENTS X .
‘ T -
STATION €LBTH TRAJECTCAY
S ST SLenT PANGE  SURFACE  RELATIVE - : CLOOETIC  MELATIVE EARTH BELATIVE
€e [0 S ELEVATION, FROM NCATM,  RANCL, RATE. RANCE, VELCCITY, ALTITUCE. LONSITLOE, LATITYDE, FLICeT PATH AZiwUTH,
LTI P SR A 4 EvEnT na win SEC CiG. (249 LRI FPS5 Howl, (137 (3] DEG WiN CEG WIN  ANGLE.DEG. 349
N SBINT B.K se 1 %% [} [} 0. C. 24572, 169 95 26 45 -1y 56 €2
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Figure 3.1.1. - Typical entry altitude-ve]ocity'profi]c.
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Figure 3.1.2.- Typical TAEM groundtrack and trajectory sub-phases
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STS-1 OPERATIONAL FLIGHT PROFILE -- CYCLE 3

« S v ' Note: Orbiter displays
:E?\»~_\‘§_\ T~ - actual attitude at
'g} S . 1 minute intervals
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TIHE TO LANDING = 2.2 SEC
EYE ALTITUZE s 7C60.5 FT
€.G. ALTITUDE . 7066.7 FT
RANGE TJO RUKWAY -25827.3 FT
CRASSRANGE : -12.5 FT
FLIGHT PATH ANGLE: -20.5 DeeG
YAX . -.2 DEG
PITCH = -16.1 DEG
ROLL = -.2 DEG

3 L. cavman X ; \ . N \
vro2€C, vare . .
. A\
. ! o i \ \ AN

(e) 52.2 secends prior to touchdown.

Figure 6.4~19.~ Continued. ;
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FLIGHT PATH ANGLE
YAW

PITCH

R2LL

SEC
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(f) 52.2 seconds prior to touchdown.

Figure 6.4-19.- Continued.
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42.2 SEC

TIKE TO LANDING

EYE ALTITUDE . 2293.4 FT ;
C.G. ALTITUDE . 3399.0 FT !
RANGE TO RUNAWAY = .15784.8 FT
CROSSRANGE . 2.4 FT

FLIGHT PATH ANGLE: -19.9 DEG :
YAN . .7 DEG

PITCH . -16.6 DEG :
RSLL . .0 DEG :

e
e T —
& o

e T T
o L e T T

{q) 42.2 seconds prior to touchdown. I

Figura 6.4=-19.- Continued.
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TIME T@ LANDING = 32.3
EYE ALTITUDE . 1657.3
C.G. ALTITUCE s 1660.9
"RANGE T2 RUNAAY . ~11017.S
CRJISSRANG * 4.9
FLIGHT PATH ANSGLE:® -<19.5
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R2LL 2 -.t
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(h} 2.3 seconds prior to touchdeown.

Figure 6.4-19.- Continued. !
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TIME T@ LANDING 22.2 SEC
EYE ALTITUDE . 430.7 FT
€.G. ALTITUDE . 424.4 FT
RANGE TG RUNWAY = -6101,7 FT
CRTSSRANGE . 4.6 FT
FLIGHT FATH AMGLE:* -8.5 DEG
YANW . .0 DEG
PITCH s -1.5 DEG
ROLL . -.1 DEG

6. L. Camman i
tr DES, 197y .

(1) 22.2 seconds prior to touchdewn.

Figure 6.4-19.- Continued.’
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TIME T@ LANDING =
EYE ALTITUDE =
C.G. ALTITURE ®
RANGE TQ RUNHWAY =
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PITCH *
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107.3
94.7
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-1.S

.0

6.1
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0EG

I noptc,

6. L. fammam

vory

(j) 12.3 seconds prior to touchdown.

Figure 6.4-19.- Continued.

A . S A A ) Tt < 87



861

TIME TO LANDING

. 2.2 SEC
EYE ALT!TUDE " 38.4 FT
.€.G. ALTITUDE s 23.3 FT
RANGE TGO RUKWAY = 2207.9 FT
CROISSRANGE L 3.9 FT
FLIGHT PATH ANSLE: .0 DEG
YAW ¢ = .0 - CEG
PITCH . 9.1 CEG
ROLL s .0 DEG

i ’ :
—t—

€. L Cakwam
" OCT, 137

——— .

>
i {x) 2.2 seconds prior to touchdown.

Fiqure 6,4-19.- Continued.
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TIME TG LANDING =

EYE ALTITUCE s 34.2
C.G. ALTITUDE . 19.0
RANGE TQ RUKWSAY = 2346.'4
CROSSRANGE x 3.6
FLIGHT PATH ANGLE: -.3
YAM . .0
PITCH B 9.3
ROLL 2 .1

SEC
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FT S
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Lk

Calman
. 1379

(1) Touchdown,

Figure 6.4-19.- Concluded. '
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Figure 6 ~' .- MSSLS coverage sequence.




Y (TR
| / aepmiDIx A A
ENTRY INITIALIZATION LO?D FOR THE ONBOARD COMPUTER

The guidance oonstants for the entry, TAEM and A&L phases are preﬂented 1n
tables A- I(a), A-I(b), an” * -I(c), respectively.

/




2-y

‘1310 #
v37u
C495C
G495¢C

0497¢C

cesgc

0C06C
o0o7C
£008C

coogac

010C

n013¢C
cuac

2042C

Q043¢

2044¢

045C

Sw

[+

SYNZOL

acLang

LCLAM2

aCLIM

ACLI®2

ACLIM3

ACLING

ACNY

ax

AK1

ALF

LLIM

LLMNY

LLMN2

ALWN3
ALWNG

ASTART

catpo(1)

CALPO(2)

caLro(d)

DESCRIPTITN
MAXIWUNY ALPHA CCMWAND INTERCEPT
CONSTANT

warxinyy ALPHA CCYFAND SLOPE
CONSTANT '

MININUNM ALPHA CCAMAND UPPER
LIMIT INTERCEPT

MININUM ALPHA CCAWAND UPPER
LINIT SLOPE

MININUM ALPHA COMMAND LOWER
LIMIT INTERCEPT

MININMUM ALPHA CONWAND LCWER
LIMIT SLOPE

TIME CONSTANT FOR H DOT FEEDBACK
FACTCR 1N DD/DV FCR TIX¥PERATURE
CCHIROL GUIDANCE USED TO DEFINE
c23

FACICR IN DD/DV FOR TENMPERATURE
CONTRCL GUIDANCE USED TO DEFINE C23

DESIPED CONMSTANT DRAG LEVEL

MAXINUM SENSED ACCELERATION IN
TRANSITION

MAXIMUM L/D CGHNMEND QUTSIDE OF
HEADING ERROR DEADBAND

MAYINUM L/0 CONMNMAND INSIDE OF
HEADING ERROR DEATEAND

KAXIVUM L/D CO¥YAND BELCW VELMN
LAXIWMUM L/D COMMAND SEOVE vYLRax

SENSED ACCELERATION TO ENTER
PHLSE 2

ALPCMD CONSTANT TERM IN V(

ALPCMD CONSTANT TERD 1IN VE

ALPCMD CONSTANT TE«M IN VE

X1

03

03

03
03
03
03
03
03
03

03
03

03
03

o3
03
03

03
03

03

TABLE A-I{a).- DEFINITICN OF ENTRY GUIDANCE CONSTANTS(G4.8)

.750C0CC0+01
.35000009-02
.37020C00+62

.0G000C00

| .76666670¢01

.22333330-02
.500060004 02

4312771040

.435766250408

. +3300007C0402

. 76840000 +02
- .79863%50400

.865925804+00
.93969000+C0

. 100C000U+01

.566060000+01
,5424505040+4
.54245050401

-.427780C0+01

—
vaLue RIS

CONSTANT

DEG

DEG-S/FY

DEG

CEG-S/FT

DEG

DEC-S/F7T

]

uo

FT/SEC**2
F1/SEC**2

[1]4]

ND

ND
ND

FT/SEC**2

OFG
DEG.

MISSION DEPENDENT

A

el akinor

- e




£y

14S10 «# Sw
v37u

© co46C

[
coa7c c
<o48c c

c

€C49C

ca79¢ c

0480 C—-—"C

AR R c

*G3scC

o
rS
hel
a
O
A A 0O 0O 0 o0 0O 0 o0 60 o o0 o 0 o0 o0 00

SYMBOL

‘ceLpcra)
CALPG(S]
CALPOI6)
CALPO(T)
caLPO(B)
CaLPOLY)
CALPOI1C)
CAL21(Y)
CLLP1(2)
caLPs(3)
caLpP1(4)
CaLPtis)
CLLPI(6)
CALP1(7)
caLb1}at
caLP1(9)
CALP1(10)
caLp2(1)
caLP212)
caLp203)
caLp2(4)
CaLP2(S)
CALP2(6)
cALP2(7)

CALP2(8)

TABLE A-1(a).= Continued.

CESCRIPTICN

ALPCND CCNSTANT TERM !5 VE
ALPCND CONSTANT TERM [N VE
LLPCWD LCONSTANT TERM IN VE
&LD;MD CONSTANT TEEM IN VE
LLPCYO CCNSTANT TERK IN VE
ALECWD CONSTR;T TR IN VE
ALPCMD CONSTANMT TERM IN VE
ALPCVD RATE TEPM IN VE
ALPCWD RATE TEZN IN VE
ALSC¥D RATE TERM IN VE
ALFCMD RATE TERV Ih VE
ALPCMD RATE TERV IN VE
ALPCND RATE Yinu In VvE
ALPCYD RLTE TERWM In Q:
LLPLM¥D RATE TEFVY IN VE
ALPCMD RATE TESV IN VE
ALPCMD RATE TERW 1% VE
ALPCWD QULSRATIC TERW IN VE
AL9CV5 Quﬁ::arxc TER® IN VE
3LPCVD QUASRATIC TEAW IN VE -
AL;LVD GUATRLTIC TERS IN VE
LLPCND LUALRATIC TERx (w VE
LLPIVWD QULLPATIC TERM N VE
A;FCMO QUACRATIC TERM IN VE
ALPCMD QUADRATIC TERW IN VE

03
03
03
03
03
03
03
03
c3
c3
‘©3
23
c1
o3
03
03

VALUE  UNLITS MISSION CEPENTENT

CQNSTANT
.1639€000+02 DZG “
44760900401 DEG u
. -.89333000+01 DEG "
.4000000G+02 DEG M
.40060000+02 DEG u
40000550402 DEG N
.46:06;53762‘-050 "
—_
.3430193C-02 osc-szcli;““‘“>u.x\\\\\ .
.34201980-02 DEG-SEC/FT " \\\\_\\\
.88750020-02 DEG-SEC/FT u Ty
-.31431030-03 DEG-SEC/FT v _ \\\Q
.3:1875630-02 DEG-SEC/FT )
_6287£2€0-02 DEG-SEC/TY u
0660500 CEG-SEC/FT Mo
.0C.00CEH - DLG-SEC/FT u
.0G50%C00 DEG-SEC/FT "
-60CC2020 DEG-SEC/FT. "
.6552CC30 DEGIS/FT)°°2 u
.$0250500 DESIS/FT)°"2 ®
-.76283%10-C5 DEGIS/iY)**2 »
25714550-C5 DEGIS/FI)**2 . M y
.0023C000  DEGIS/FT)ee2 .
..23785780-C6 DIGIS/F1)"2 u
.63LC2090 DEGIS/FT)*°2 "
.02000000 DEG(S/FT)**2 »

i




p-v

¥S10 ¢
Y97u

C4p6C
0&817¢0

ceac

0C6s¢

0C66¢
G3E7C
o114
[s381:2-14
wo70C

0371C

. oeT2¢C

CSo1¢
Qa78c
0C79¢C
7114
oc8a3ac
ceaac

csgac

CCG!C.

tosac
.LOGSC
ooesc
€501¢

Sd

o 0 0 00 060 0 0 o0 o060 00 60 o000

0o o0 N oo

SYM30L

CaLP2(9)
CALP2{1C}
cCnoTe
[deielol $~
o003
CcoCot4
€Coo7s
CCooTE
ceoor?
[q*eled §:}
cccorg
LRACEAF
Cri6(1)
CTi16(2;
CT1s(3)
Cr17e1)
CT17(2)

C17mpP

CTI6MN
CTigMx
CT17&N
CTI7Mx

CTi7N2

TABLE A-I(a),.- Continuad,

DESCRIPTICH

LLVCUD QUACRATIC TERY IN VE
ALPCAMD QUADRATIC TEAW IN VE
CZ YELCCITY COEFFICIENT

C3 VELCCITY CCEFFICIENT

CO VELCTITY COEFFICIENT

éu ELFHA COEFFICIENT

CD ALPHA CGEFFIC.ENT

CD &LPHA COZFFICIENT

CO CSEFFICIENT

CD CCEFFICIENT
CD\CGE'Y}CXENT

GAIN C» KOLL 8iAS

C15 COEFFICIENT

C1G POSER CCEFFICIENT

GAIN O% C16 ERACA TERM

Ct7 7ZOEFFICIENT

C17 PCaER CCEFFICIENT

WULTIPLICATICN FACTGR ON C17 FCR
ALPHA HMGCULATLION

MIKIVUYM vaLUE CF C16
VAN UM YALUE CF C1§
Mlrlwl VYALUE CF C17
VAXIWUM vZLLE CF C17

VALLE CF CT1TUN FCR ALPHA
UCOULATICN

1

03
ol
03
03
03
o3

03
03
c3
ok ]
03
[}
al
Q2
03
03
0l

Q3
o3
[+3]
Q3
Qd

VALUE UNITS

.C0CCOT00
.€3C0CO00
. 500000004
-200C0020+04
-18CC0CC04+00
.79300920- 01
-.81€52C90-C2
.68330090-03
.93900530-04
.1Jtsso§o-o:
-.81€£5%040-02
.&50UCCEAC 01
.1354870-00
- . 10L55790+00
.60C00000-02
.15370£C0-01

«+.5814£C50+00
f

.75C00000+00
]

.25200000-01
.35050000+00
.35566500-02
14660500~ 01

I
.13300500-02

CUNSTANT
DEGIS/FT)*°2
DEGIS/FT)e2
F1/S

F1/S

]

.ND

t/CEG
1/CEG**2
S/F7
}ICEG"?
1/CEG

»0
S**2/FT
NO
s-u‘/f'.':
S/FT

ND

ND

S°=2/FT
Sec2/FT
S/FT
s/5T
S/ET

HISSION DEPENDENT

0O O O O o

© 0O O U 9 U U O C © O O 0O U U O B ¥

Rk i e T . i, i bl St . <4

) PrAid ¢ widmdie o

SIS A )

il




G-V

WEiD »
\ 37U
c109¢C

¢i1oc

ci2:1C

[ R R

cairc
ci24C
ci0sc
c12ag
ctacc

C16CC
ca27¢

ci28C

Sw

n [a] o

(2]

n (ol (2] (2] [g]

[a I 2 N o BN o ]

SYVEOL

cyo

cvi

c27
CoLIM

LIYIN

0230
DLRDTM
claLLn
DALPLM
CRIoL
DT2vIN

EEF4

ETRAN

El

TASLE A-I(a).- Continued.

CESCRIPTICN
CCnHSTANT TERM IN MERDING E~2CA
geangand

SLOPE CF HEELDING ERRCR LEATRBAND
wWRT VE

€20 CLONSTANT yalLE

€206 CCNSTANT VILUE LINEAR TERM

€20 LINEAR TER™

€23 CONSTANT viLLE

C2G CONSTENY vALUE 1% LINEAR TERY
€20 LINEZR vaLLE

C20 CCHSTANT VaLLE

NaXIMUY CELTA 5BAG FCA MZOT FEEDEACK
NaAFINUY CRAS EERTAR

PriSE TRANSFER VELGCCITY BILS

Flnil TRAG VALLUE I TRENSITICN
PHASE .

InITIAL VALUE OF D23
MAXINUM VALUE OF CLRCOY
MAXINUY ALPHA CCNSTANT
LIMIT VALUE FOR DLZP 1M
MINIMLY vALLE CF T=00
MINIYUY VALUE GF TZDOT

F1%EL REFERTNCE ENERGY LEVEL
In TALNSITION PHASE

ENERGY LEVEL AT STaaT OF
TRANSITICN

MININUR VALUE CF DREFP AND
CREFP-DF IN TRANSITICON PnASE

03
c3

03
Q3
c3
€3
03
03
03
03
[+ ]
c3

03
‘03
c3

03
‘o3
c3

03

.03

c3

YALUE v

«.13692CC0+00

.108C8300-03
©.60500200-01
-.10000%09-02
.42500662 65
.10%CCC0G-01
1640655001
-GOTELO50
.60C60939
.2006C5C0+01
.15C£0200+C0

-230CL0GeCA

20807310402
.19380200+02
. 15€0%000+03
.63CC0330402
.205C09C0+01
-.15000003+01

.8GLCO0L0-02
.200000G0+07
.59584730+08

-10C00G59-01

1715 MI5SICH CEPENTENT

CUNSTANT

RAT
RAC-S/FT

1/CEG
/LG
S/#1-LEG
t/20G
1/CEG
S/FT-DEG
1/LEG
F1/5°°2
F1/5°°2
F1/S

F1/5°*2

£1/5°%2
£1/5
0EG
DEG
NM-Ste2/F1
F1/5°°3
(FT/S)*°2

(FT/S) o2

F1/5°°2

£ 0 0 o T T KB

E © O U D O ¥

R Ly

i



9-y

V310 #
Y3lu

0259C
6?63C
n261¢
n2s62¢
0293¢
)294C
0295¢

02s6C

[

h297¢C
1298C
0316¢

o3

0349¢C

0535¢C

0470C

5471¢C
par2¢
n873¢
parac
9475¢
03v2¢

2421C

G513C

Sw

0O o0 o o

OoO. 0 o0 0o 0o o0 0 0 00

o O 0 o0 o0 0o o 0

|

SYMBOL

(23]
GS2
GS3
Gs4
HSMIN
HS01
HSO02 -
HSCJ
HS11
"HS13
LCCMIN

NALP

PREBNX
RC¥AX
RLMC1
RIMC2
RLMC3
PLMCA
RLMCS
RLMCE
RPTY

va

VALMOD

TABLE A-I(a).~ Continued.

CESCRIPTION

FACTCR IN SNCOTHING ROLL CCH'AND
FACTOR IN SMOOTHING ROLL CONMAND
FACTOR IN SMOOTHING ROLL COWMAND
FACTOR IN SMCGTHING ROLL CCNMMAND
NINIMUM VALUE OF SCALE HEIGHT
SCALE MEIGHT CONSTENT TEFM

SCALE HEIGHT CONSTANT TERM

SCALE MEICHT CONSTANTTER

SCALE HEIGHT SLOPL WRT VE

SCALE HEIGHT SLOPE WRT VE
MININUM L/D RATIO

#UMBER 'OF ALPCND VELOCITY
SEGMENT BOUNDARIES

PREENTRY BANX ANGLE COMMAND
MAXIMUM ROLL BIAS

¥AXIMUM VALUE OF RLN

COEFFICIENT IN FIRST RLM SEGNENT

COEFFICIENT IN FIRST RiM SEQNENT

COEFFICIENT IN SECCND RLM SEGMINT

COEFFICIENT IN SECGHD RLM SEGMENT
#INIMUM VALUE OF RLM
RANGE 145 TERM

INITIAL VELOCITY FOR TEMPER-'
ATURE QUACRATIC, DJ/0v=0

VELCCITY TO START ALPWA
NCDULATICN FOR NCN-CCNVERGENCE

‘ne

o
w

- 03

03
3

03

VALUE UNITS

.Ccoccceoo
.10CC00C0O-03
.000000C0
.00000000
.20Z00000+05
.18075000+05
.27060000005

.455083500+U5

.725000C04¢00

/s
/8
1/5
1/5
F1
FT
FT
FT
S

\w\

-.93450400+00
.50C00C30+02

.S00000GC+01
.060C0000
.1200000C+02
70000000402
.70000000+02
.G0C0CG00
-.37C00030+03

. 16C000C04+00

. 300N0000+02

.4944CC50+02
.23163700+0C5

.23200000+0%

S “‘“\~-
KD
no

06
DEG

DEG

DEG
CEG-S/FT
DEG
DEG-S/FT
DEG

b

F1/5

F1/S

KISSION DEPENDENT
CCNSTANT

T

©C U0 © O O b O X X &

#8 ® 0 0o o ©o U ©O ©O ¥

- - A~

oy



LY

TABLE A-I(a).- Continued. : ' f

©SIC Sw SYNBGL CESCRIPTION uC velez  ONITS BI5S10M CEFENTENT
v9iu i CONSTANT
caz2c c VALP (1) ALPCYD VS VE B LNIZRY 03 .2856C%00+08  F1,8 u
I
03z3¢C c VALR(2) ALOCHD VS VE BLULNDERY c3 .35430170+C4  F1/S L
cazac [ VALP(3) LLPCWD VS VE BOUNTERY 03 .4500C02G+04  FT/S "
ea2s¢C c VaLP(4) ALFC¥D V5 VE BTUNIZRY Lok ] .68090M00+04 FI1/S N
0825¢ c VALP(5) ALPCHD VS VE BUULNIIR ¢ 03 JTTE94UGLC4  FT/S 3
ce27¢ c VALR(6) ALPCWD VS VE BUUNIARY 03 .18500000+05 F1/S "
04938 c VALP(7) ALPTND VS VE BCUNDEIRY G3 14500000405 F1/S ]
cas2¢ 4 VALP(B) LLMCMD VS VE BIUNTEIRY 03 .14500390+05  F1/S "
!
0433¢C 4 VALP(9) LLETND VS YE BILNIZAY o3 .1430000C-05  F1,S ¥
|
s4219¢C c val CTUNCASY VELGCITY BETAEEN 03 ' FTYS T u
QUACEATIC SLOVENTS M i oo ' !
TEWPEPATURE CC'TRCL FHASE ) <21633300+05,
0424¢C c va2 INITIAL VELCCITY FCR 03 | FI/5 "
TENSERATURE GuUASSATIC, !
£0/Cv=0 .27197450+05
I
0430¢ c vB1 HELT RATE-ECUILIERIUY GLIDE 03 " rt/s "
PHASE BOUNCARY VELTZCITY .19000000+05
Qasic c veig VELLCITY .0 START Cts CAAG 03 | FT/S 0
ERRGR TERM ' .23000CNC+05
cs14C ¢ vezo €20 VELUCITY BITANEQINT 03 .25L02060+04 11,3 ¥
€433¢ C . VEIMN NaXIVUY VELOCITY FOR LIMITING 03 L F1/5 o}
g Lt Be avn3 -95C00700404
cea3ac c VERGLT WLYINUY VELCCITY FCR LIMTING o3 i FT/S D
BLNK ENLGLE COMWAND .eooocmo»oai :
ca3sc c vrs1 SCALE HEIGHT V5 VE BCUNDZAr 03 12310340405 F1/$
ca36c c VRS2 SCALE MEIGHT V5 VE BCUNTARY : 03 .19675500005 | F1/5
i
0s15¢C c VNOALP VELCCITY TO START ALPHA 03 L FT/S ™
wCoUlat 0N 25500000405 | :
63373 < vQ PRESICTED END VELCLCITY FCR 03 | Fr/8 W

CCNSTANT DRAG PRASE : .500C0C20+04

i
i
|
i
|
I8
!
|

|
|
1
|
r



TABLE A-I(a).- Concluded. ’ o, ey

8-y

e —
; .
usip Su SYM30OL CESCRIPTICN y MC V3LUE  UNLITS KISSION DEPENDENT
vaTy ' ' CONSTANT
0438¢C c VADT VELCCITZ 10 STLZRT WDOT FEEDSACK 03 .23500C00+05 Fi/S o
0476C c VRLMC VELCCITY IN TRANSITION WixINUM 03 F1/%
] ROLL CClMenD DETERMINATICN ) .275C0000+04
c439¢ C . vsar LCCAL CIRZULLR GRBIT VELOCITY 03 .25766200+05 §71,S
04402 c vs1 REFERENCE VELOCITY FCR 03 FI/S X}
EQUILIBRIUM GLICE .232718704CS
c420¢ c vV TAEM REFERENCE VELQCITY AT ENTRY- 03 . FT1/5 b]
TAEM INTERFACE .25000000+04
ceaic c VIRAN KOWI%AL VELGZCITY AT START GF 03 F1/S ]
TRANGITON PHASE -1030245C+05
ced2¢ c VYLMAX PINIYL? VELOCITY FCR LIMITING o3 F1/8 c
LMN BY ALWNG .23C0000G+0S
£aesc [ YLMIN YL BIAS USED IN TEST FOR (WN 03 .30000900-01 RAD [}
0466C c YLMN2 MININUM YL BlAS 03 .7CC0000G-01  HAD ¢]
ci67¢C 4 Y1 NAKIMUN MEADING ERAQR DEADBAND 03 RED o]
FCR INITIAL BANK MANEUVER .163253550+00
046G8C c Y2 MINIMUM HEADING ERRPQR CEAZBAND 03 .174532S0+00 RaD +]
0478c c Y3 NAXIMUM HEADING ERROR CEADBAND . 03 .3C543260+00 RAD
€A69C 4 Int GAIN FOR M DCT FEEDBACK 03 .60C00030+00 S




6-Y

wSID 4 Sw
vo7U
0673¢C p
0075¢C P
0076¢ P
ca772 P
P
0103¢C. P
o10ac p
0105¢, P
0136¢C P
_013¢ P
o114 P
o115¢ o
onec P
0123¢ P
0124¢ P
© 0125¢C 2
0126€ P
cr27c )
0131C P
0132¢C »
©133¢C P

SYNBOL
CDEQD

CPMIN

€Q0G

[del)

CuBIC C3(1)
Cusic C3t2)
cuBtC C4t1)
CUBIC C4(2)
CEL H!?

DEL H2

DEL R EMAX{1)
DEL R EMAX(2)
CN2CG

DNZLCY

ONZLC2

ONZUCT.

ONZLC2

eletelg
osaelt

DSBLiM

DESCRIPTION
CONSTANT GaIN USED TO COMPUTE
CBO (= EXP (-0.4 LTGH)
MIKINUM VALUE OF COSFHI

CONSTANT CAIN USED 70 CONPUTE
QBD (= 1 « CCEQD)

CONSTANT GAIN _USED IO COvDLTE

G5aRD AND TNZCO
te 11 -« EXP (-0.08 DTG)I/DIG)

CCLFFICIENT USED TG CCHPUTE
HREF A*D CHORRF

COLFFICIENT USED TO CCMPUTE
HREF ANLD CHORFF

ALTITUDE ERRCR COEFFICIENT
At TITUDE ERRQR COEFFICIENT
DELTA RANGE USED 10 COYPUTE
EMAX

GAIN USED TO CCMPUTE CNZC

PHASES 0.1, AND 2 LOWER hZC
LT

PHASE 3 LOWER NZC LINIT

PHASES 0,1, AND 2 UPPER NIC
(G110 SR

PHASE 3 UPPER N2T LINIT

WACH VALUE TQ INITIATE SPEEDSRAKE
RCOULATION 7 s

LIMIT CN INTEGRAL COYPONENT
CF SPEEDDRAKE CCM&ND

MAXIMUM VALUE FCR SPEECBRAKE
COYLND

®C

03

03
03

03

03
03
03
03
03
03
03
k)
¢l

' 03

‘03

03

. 03

.03

03

‘03

TABLE A-I(b).- DEFINITION OF TAEM GUIDANCE CONSTANTS(C4.9)

VALUE ' UNITS

.60113136-00
.70700C00+00

.J1PELBED+0D

';55039530{qg
-_Jsaitceo;OS
-.36411€90-C¢
<.94410260-12
-.94010250-13
.1900CCO0+0D
.90G00000+403
.540C0N00+05
.54300000+05

. 10L 000001

*.50700099+00
+.75000000+00

.50CEC0C0+20
.1500G200+01

-90000C00+CY
-20C20003+02

.9860C000+02

CONSTANT

ND

ND
ND

1FT T
1/FT

Ttee-2
FTes.2

ND

FT

FT

FT

G-S/FT

DEG

DEG

TT—

MISSION DCPENDENT



TABLE A-I(b).- Continued. ‘ ';

DESCRIPTION ne VALUE  UNITS

oL-v

MSID # S SYMBOL - MISSION DEPENDENT
vaTy . CONSTANT
0134C P DSBNCM NOMINAL SPEEDBRAAE COMMAND 03 ‘ OEG D

VALUE 65000000402

0135¢ P DSBSUP MACH DSBCM SPEEDERAKE CONMAND 03 .65000000402 DEG

o136¢ ] DSHPLY DELTA RANGE VALUE USED TO 03 | er o

COMPUTE SHPLYK .4000.7 30404
0142C P EDELC1 CONSTANT USED IN DETERMINATION (o} : ND M

: OF ENVAX .10000000+01
0143¢ P EDELC2 COMSTANT USED IN DETERMINATION 03 WD M

OF ENAX 10000000401
014a4c P EDELNZ(1) DELTA ENERGY OVER WE IGHT USED 03 .400000004+08  FT M
0145¢ P ECELNZ(2) TO CCMPUTE EMAX &ND EMIN 03 .40000CC0+03  F1 M
0:46C. 3 EORS(1) SLOPE OF ES W1TH RANGE 03 .60094920400 NO )
0150¢C P EDRS(2) SLOPE OF ES WITH RANGE 03 .6089492C+C0  NO u
0161C., P EMEP CY {1.1) CONSTANT ENERGY OVER WEIGHT 5 03 0.37137970063 F1 [’}
0152C. P EVEF C1 (1.2) USED 10 COMPUTE EWEP 03 14603870405 FT u
cs4ac, P EvER C1 (2.1) o2 -.37137970403 FT S
0165¢C 13 EMEP C1 (2.2) 03 .146C4870405 FT “
o1s7¢. P EMEP C2 ($,1) SLOPE OF EMEP WITH RANGE 03 .uoszno’o:o ND u
0168¢. P ENEP €2 (1.2) SLOPE C+ ENZP WITH RANGE 03 .28211870400 ND “
o170C, P EMEP €2 (2.1) SLOPE OF EMEP WITH RANGE 03 41682730400 NO N
o171¢ P EMEP C2 (2,2) SLOPE OF EMEP WITH RANGE 03 .28211870400 ND M
0173C, . ENC1 (t.1) CONSTA’NT ENCRGY CVER WEIGHT 03 -,25423950+03 FT »
0t74C, P EN C1 (1.2) U3LD TO COMPUTE EN 03 .17645380+05 FT [}
0177¢C. P EN C1 (2.1) 03 -.25423950403 €T M
o178¢ P EN C1 12.2) 03 .17645340+05 £1 )
o181C, P EN C2 (1.Y) SLOPE OF EN WITH RANGE 03 .550027509Oj0 ND ]
ote2¢. ® EN €2 (1.2) SLOPE OF EN WITH RANGE 03 .339024050?0 ND u



LL-v

TABLE A-I{b),- Continued, , : _ -

J—

D
WSiD # SW SYMEOL DESCRIPTION nC VALUE  UNITS MISSION CEPENDENT
v97y : CONSTANT
0165C, P EN €2 (2.1) SLOPE OF EN WITH RANGSE 03 .§500275C+00 KD a
0186¢ P EN C2 (2.2) SLOPE OF EN WITH RANGE - 03 .38907400+00 KD ™
‘ot98c, ] Eoﬁ SPT(1) RANCT USED FOR IEL SELECTION 03 .11771800+06 FT n
02csC ER £CW SPT(2) AANGE USED FOR JEL SELECTION (V] © .11771800+05 FT 1
0218¢, P £St01) CONSTANT ENERGY OVER wEIGH? 03 .900350G0+05 FT )
c223¢ P £S1021) ‘ USED TC CCNPUTE ES 03 .9CCCOCN0+05 FT ™
223cC P Gavva-CCEF1 FLICHTPATH ERPOR COEFFICTIENT 03 ©.70000000-03 DEG/FT 0
c231¢ P GaNya-COEF2 FLICHTPATH ERROR CCEFFJCIENT 03 .30C00000+01 DEG o
c2s2c b GaNnA ERR TRAN FLIGHTPATHM ERRCR BAND 03 .4ULCoN20+01  DEG o
0236¢ P GENSGS(1) STEEP GLIDESLCPE ANGLE . 03 +.20C00000402 LEG X
0237¢C P GAMSGSI2) STEEP GLIDESLORE ANGLE 03 «.200C0000+02 DEG M
0238C ° GDHC CONSTART USED TO COMPUTE GCH 03 .20CCO0C0+01  ND 0
€239¢ ] GCHLL LOWER LIMIT ON GDN . 03 .35L00000+LO KD D
0240¢ ] GOMS SLOPE OF GCH WITH ALTITUSE . 03 .Tocccco'o‘oa [Viad D
0241¢ P GUHUL UPPER LIMIT ON GOH ) 03 .102C0C00401 KD o
0242¢ P GEHDLL ' GAIN USED TO COMPUTE ECWhZLL ) o3 .107C0200-01  G-5/FT 0
243C P .sauaur. GAIN USED TO CCMPUTE EOwNn2UL C 03 © .t0LoCcl0-0%  G-S/VT ]
"024a¢ P GELL ~ GAIN USED TO CONPUTE ECWNZLL ' ‘ 03 - .1Q0000J0+CI /5 0
0245C P GEUL GAIN USED *O COMPUTE EOWNZUL i ‘ 03 . 10000000400 /S v}
©246C 3 GPHL GAIN O% HEADING ERRCR FQR FRASE " 03 W o
. 1 FOLL CCWMAND : ‘ .25000030+01
02a7¢ » GR . GAIN On RaDIAL ERROR FOR PHASE i 03 . DEC/FT o]
: 2 ROLL COMNAND 5 .20000000-01
0253¢ P cs:oo.r S GAIN ON RADIAL RATE ERROR FOR I 03 . DEG-S/FT [+
PHASE 2 ROLL CCNMEND ) ' .20000009000
02s7¢ ] GSBE SPEECERAKE PROPCRTIONAL GAIN ' " 03 DEGY?SF ]

CN GBSERR i .1500C000+0t



TABLE A-I(b).- Continued. | :

CESCRIfFTICN  re VALUE UNITS

"SI0 # W SYNBOL ; MISS10M DEPENDENT
vaTy | ‘ CONSTANT
o1s8C P gset STCED3RAKE INTEGRAL GAIN ON 03 DEC/S-PSF D
OBERR i 1000800063
283¢ P v PMASE 3 LATERAL ERROR GAIN 3 03 .50000996-01 CEG/FT 0
c284¢ » GY0oT PHASE 3 LATERAL RATE ERROR GAIN o3 53000000400  DI6-S/F1 D
|
e267¢ P H ERR TRAN ALTITUDE ERRCR BCUND FOR TRANSI. T 7 2
TION 1O AUTOLAND l 100600004
0279C P N REF1 ALTITUCE REFERENCE FOR TRANSI- |03 £ )
TION TO AUTOLAND j .10C00000405
e e e 026G P W REF2 ALTITUDE REFERENCE FOR runsm‘ £ o
_ TION TO AUTOLAND i .$0C0C0C0+03
i | . \
. 0287¢C, P MALLLY) ALTITUDE USED TO COMPUTE xALl o3 .1001R000+05 FF T K
czsC P HALIE2). AND WREF. ) 03 10016000405 FT '
> 0290¢ P HDREQG GAIN ON HERROR TO COMPUTE ONZC © o3 .10000000+00  t/§
L .
™~ oz91C. » HETCU1) ALTITUDE USED TO COMPUTE XFTC | o3 .12018000+05 FT
0292¢ » HFTC(2} ALTITUDE USED TO COMPUTE XFTC " 03 .12018000+0% FY u
c3tsc P NXCEWT CONSTANT USED- TO COMPUTE QBLL 03 ‘ PSF/SLUGS n
.- = 1130./190000 PSF/LB M) .23707160-01
0327¢, » #B3C(1) LOWER LIMIT ON CMCRRF = 03 11259530400 KD u
03288 P PBGC(2) {TAN (5.2 DTR). TAM (6.20TR)) 03 .11259530+00 KD M-
0333¢. P PBRCQ(1) RANGY BREAKPOINT FOR OBREF 03 .12200000+06 FTY ».
03348 P PERCQL2) RANGE BREAKEOINT FOR QBREF 1 03 12200000406 FT .
0323¢, » BENCI1) ALTITUDE REFSRENCE FOR k! .§4621292.05 ET n
03acc P PBHCL2) RPRED = PBRC 03 . .83021290+05 FV »
0331c, P PBRCI 1) MAKIMUM RANGE FOR CUBIC '3 ., 20B10YS0+CE * FT "
0332 P PBAC(2) ALTITUDE REFERENCE- 03 .20B10S50¢408  FY x
s33s¢ p PHAVGC CONSTANY USED T0 COMPUTE PHAVG 03 .633300C0+C2  DEG 3
03368 P FHAVGLL LORER LIMIT ON FHAVG 03 .30000000+02 DIG )
3378 P PHIVGS SLOPE OF PHAVG WITH 178CH o3 .13330000:02 DEG D



gL-v

H¥SI1D # Sw
vaTy
0338¢C P

. 0342C P
0343C P

- 0344C p
0345¢ p
0346¢ P
0347¢ P
0348C P
0351C P
0352¢ p
0353¢ P
0354C 3
0355¢ P
03s6C. [
0357¢C P
0358¢. P
0359¢C P
036CC P
0361C P
0366C [

SYMBOL

PHAVGUL
PHILMSUP
PHILMO
PHILM1

PHILNM2

PHILNM3
PHIM

PHIP2C

P2TRNCH

P2TRNCQ

08 ERROR1

QB ERRCR2

CBARDL

QBC1(1)
QBC1(2)
QBc2(1)
QBC212)

QBG!

0862

QBMxS

TABLE A=1(b).- Continued,

CESCRIPTION

UPPER LIMIT ON FHAVG
SUPERSONIC ROLL CONMAND LIMIT
§ TURN ROLL CONMAND LIMIT
ACQUISITION ROLL COMMAND LIMIT

MEADING ALIGNMENT ROLL CCMVAND
LIMIT

PREFINAL ROLL COMMAND LIMIT
NACH VALUE FOR PHILIMIT TEST

LOMINAL ROLL COVMAND DURING
PHASE ?

CONSTANT USED IN PHASE 2
INITIATION TEST

CONSTANT USCD N PHASE 2
INITIATION TEST

CYNAMIC PRESSURE ERROR BTUND
FOH TRANSITION TO AUTOQLAND

DYNAMIC PRESSURE ERROR BOUND
FOR TRANSITION TO AUTOLAND

LINIT CN CSARD

SLCPE OF QSREF W1TH DRFRED
PBRCA

SLCPE OF QBREF WITH DRPRED
PBRCO

GAIN USED TO COMPUTE OBNZLL
aND QBNZUL

GAIN USED TO CORPUTE QBNZLL
AND CBNZUL

SLOPE OF QOMXNZ WITH MACH
osw2

ne

03
0l
ok}
03
03

03
03

03

03

03

c3

Q3
03
03
03
Q3
03

Q3

o3

o=

value ' wiiTs

.50000000+02
.3!f>0006«02
.50C0CC00+02
.500G0000+02

.6000000G+02
.30C00000+C2
.10G0CCCY+01

.30000CN0+02

.liOOCOOQODI

.12100000+01
i

= .10000000+01

.24000060002
.20000050002
.55695650-03
.58695650-03
-.10316950-02
=, 10316950-02
|
.100000?0400

|
.$2500000+00
!

.200000?0002

|

0tG
DEG
DEG
DEG
OEG
DeG
MO

DEG

KD

ND

PSF

PSF

PSF/S
PSF/FY
PSF/FT
PSF/FT
PSF/FT
1/5

S-G/PSF

PSF

MISSION DEPENDENT
CONSTANT

o ©o o o ©



—Nr

r1-v

MS1D € sw
YR
0367¢C P
0368¢C P
0363C P
0371¢ P
carac P
0373¢. P
0374€C P

" o37sc, P
0378¢ P
0377¢, °
03%8¢C P
038ac P
0385¢ P
0307¢. P
0388C P
0383¢, P
03sac P
0393¢ P
0394¢C »
0414¢. P
0315¢C P

SY®30L

QoMx

ceMx2

Q8M«)

[o]:0 3]

0Bv2

QORLLLY)
QBRLL(2)
CBR¥L({1)
QBRML(Z)
QBRUL(1)
QBRUL(2)
RERRLM
RFTC
RMINST(1)
RMINST(2)
RNT(1)
RN1(2)

R1B1AS

RTURN
1GGS{ 1)
TGGS(2)

TABLE A=I(b).- Continued.

CESCRIPTICN
CONSTANT USED TO COMPUTE
QEMINZ

CONSTANT yYSED TO CCMPUTE
CBYXNZ

CONSTANT USED TO COMPUTE
LBVINZ

t'ACH BREAKPOINT FOR COMPUTING
QEMXNZ

tACH BREAKPOINT FOR CONMPUTING
C3WXNZ

QBREF LOWER LIMIT

OBREF LOWER LIMIT

QBREF MICDLE LIMIT

CBREF NIDDLE LIMIT

QBREF UPPER LIMIT

QBREF UPPER LIMIT

LIMIT ON RERRC

ROLL FADER TIME CONSTANT
MININUM RANGE fo INDTIATE

S TURN PHASE

_ CONSTANT RANGE USED IN COM-

PUTING EN., ENMEP, AND ENA

CONSTANT USED IN PHASE2
INITIATION TEST

HAC RADIUS )
TANGENT OF A/L STEEP GLIDESLOPE
TANGENT OF A/L STEEP GLIDESLOPE

03

03

03

03

03

o3
03
03
03
03
03

03

03

03

03
03
03
o3

03

03

03

VALUE UNITS

.3400C00+03
.22600000+03
.25000000403
.16000000+01

' .1c0C0000+01
.1530G000+403
.15302000+03
18000000403
.18000000+03
.26543000403
26543000403
.50000000+02
50000000401
.12220450+06
.12220460+06

.65126860+04

.65428860+04

30000000404
'.20000000+405
-.36397000+00

- .36397000+00

pSF

PSF

PSF

FT
FT
FT
FT

FY
ND
NO

K1SSION DEPENCENT

CONSTANT



MSID # Sw SYMBOL
va7Ty
0431¢ P veo
5 - 0535¢ P v DEF
0aaac P WT GS1
0456C. P~ X&(%)
g S _0as7c P xa(2) -
.04s9c P Y ERROR
0452¢ P Y RANGEY
Y >
~ 1 X
i pre 0463¢C P Y RANGE2
0464C P YERRLM

- DESCRIPTION

CONSTANT USED TC COMPUTE GCONT !
(=RTD G/GCN. WHERE GON »
GQN (GCS))

NAVDAD/DEFAULT CBAR SWITCH ON L
VELOCITY f
' |

'

WEIGHT USED FOR 1GS SELECTION
STEEP GLIDESLOPE GROUND
INTERCEPY

]
CROSSRANGE ERROR BOUND FOR i
AUTOLAND INITIATION WHEN
H> H REF !

;

COEFFICIENT ON H USED TO COMPUTE
CRCSSRANGE ERRCR BOUND WHEN
H< H REF 1

CONSTANT USED TO COMPUTE
CROS~-ANGE ERROR EOUND WHEN
K< o TF 1 '

L14IT ON YERRC

03
*———_-—_f?_‘GS"*f*t-vﬂesqogoooooc £

03

03

03

03

03

b . ) -

-

vatue UNITS MISSION DEPENDENT

CONSTANT
FT/SEC .0
.10000000+21
FT/SEC [
.€00CC000
.6527C000+404 SLUGS “
\.\‘_‘
-.55000000404 FT ——._
\\\\ .
FT p\\\;\\
.10600000+04 . ~
ND ) T
.18070000+00
i FT ' )
.8000JC0OC+03

.$2000000+05 DEG : 0



91-v

¥5i0 « SW
V37

0304C P
0300C p
os01C p
0302¢ P
0203¢C P
0505¢C »
cr17¢ p
c129c, P
c1362 P
¢229¢ S
ta3ac. »
c234¢ P
€235¢C P
£265C P
€266C P
(68C p
€263C p
210 P
varic p
n212€ P

TABLE A-I(c).- DEFINITTON OF AUTOLAND GUIDANCE CONSTANTS(G4.10)

SYMEOL

A INT

A SBF

A 13
A 14
A 40

DELTA SB

psec TD(1)
©SeC TDI2)

AWHA CRPTURE

GewvA REF 1(1)
GAMAA REF 1(2)

GANYA REF 2

H CLOQOP

H DECAY

H ERZOR C2PTURE

I

ERAQOR MAX

H FF

4 FLARE

H INTMX

CESCRIPTION

FINKAL FLARE FILTER CONSTANT

CROSSHANGE ERROR INTEGRATOR
GAIN

SPEEDIRAKE COMMAND FILTER
CONSTAKY

AJRSPEED FILTER CONSTANT
SPEED CONTROL FILTER CONSTANT
OPEN LOOP FILTER CONSTANT

SPLECBAAKE THRESHOLD aNGLE
FaCTCR

SPEECBRAKE ANGLE AT TD
SPEEDBRAKE ANGLE AT TD

MAXIMUM GaMMA ERROR TO
ENGAGE STEEP GLICESLOPE

STEEP GLIDESLOPE FLIGHTPATH
REFERENCE

SHALLOW GLIDESLOPE FLIGHTPATH
REFERENCE

ALTITUDE AT WHICH START

- CLOSED LOOP PULLUP

EXPONENTIAL CAPTURE ALTITUDE
REFERENCE

MAXIMUM ALTITUDE ERRO% TO
ENGAGE STEEP GLIDESLGPE

MAXINUM ALTITUCE ERROR

ALTITUDE TO START CHECKING
FINAL FLARE ALTITUDE

FLARE ALTITUDE

ALTITUDE ERROR INTEGRATOR
MAXIMUM

[

03
03

03 -

03
03
03

03

03
03
03

n3
Qa3

03

03
03
o3

03
03
03
03

—

e
VALVUE UNiTS

.10000000+02

.C000C200

.5000C000+400
.10C00000+401
.10000000+01
.13330000+01

.25000000+0C1
.00C00000
00000900

.2000C000+01%
.20000%00+402

.20C9C200+02

-.15000000401

.17000000+048
.29000000+402

.50000000+402

.30C000000403

.80000900002
.20C00000+04

.50000000402

e i

1/S
DEG-S/FT

CEG
CEG
OEG

FT
T
FT

FT

FT

FT
FT

CCNSTANT

MISSION DEPENDENT

0O O © ©

oy o)

TP O |

X NES TS

E
iy
-l

wr e

ity b m A

=

STt s

RN

v




P sl

LI~y
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TASLE A-I(c).- Continued, : :
ISER ¥ syvzaL CESCAIPTION uc VALUE  UNITS  MISSICN GEPENDENT
a7y . I . CONSTANT
c273¢c, P MK (1.1) CONSTANT G CIRCLE CENIE™ 03 ! .26320000405  FT "
o274, p HK (1) ALT;TUDE 03 .2679€000¢05 FT M
0275¢ > hoK(2.1) 03 | .26320C00+03  FT K
c276¢ P MK (2.2) 03 | .26796000+05 FT
c277¢ » H MIN WINivUW LLTITUSE FCR FINAL 03 | FT D
FLARE i .30600500+02
ca78c » M ND ECC . - ALTITUSE F6R ZERO ECCELERATION T B3 TT——20000520+01  FI )
gl : . - : ——
os1¢, ; M SEBR TABLE(1) TABLE CF SFEEDBRAKE RETALCT 03 125000000006 FT T~ H
c2e2c, P H S8R " 2BLE(2) ELTITUOES 03 1 .25000C05408  FT e
£231¢ P M SR TZBLE(3I) 03 10CCTT00C8  FT ®
C;%dc. 14 W 101 COT TCLLHrICaN ‘L‘T:TL‘:E RETE 03 | .8000C000+01 FV/S
c2z5¢C 14 H TD2 COT CLOSED-LOCP TOULHOCHN o3 : F1/5
ALTITUCE RATE -.3020005C+01
O2EEC P Y L 18 LLTITUCE REFERENCE FCA LIMITER 03 .75C0C0004+04 'ﬂ o
C";?CA » INT RET BF INITIAL RETRACT BQIY FLAP TLAG 03 ' .10N00CO0+0t  NO ]
0301C P K H $GS LALTITUCE ERRQR GAIN. SGS 03 .24000000-02 C/FT D
C293C P K FLR FEED-FCRWARD GAIN, F-F 03 .25000C00-01 . G-S**2/FT . D
05C0C P K H FSGS ALTITUDE ERRQOR GAIN., FSGCS - ok ] .24000000-02 GI/FT D.
c3z2¢C P K HTIC SLTITUDE ERROA G2ln, .TC. sGS 03 .2430';330'02 b/" D
2323¢ > K KSOT FF VERTICAL VELCCITY GiiN. FF 03 .1200C030-01 G-5/F7 o
casart » K MSOF FSGS YERTICEL VELCCITY Galx.FSGS 03 | .];aooooo-m G-S/FT )
c2ts2 P X “ICT SGS VESTICAL VELGCITY GAIN, €35 03 .12000090-01 éi-S/fT )
C336¢ 4 K +I37 T1C VEGTICAL VELCCITY GalN, Tb ‘03 ) .120C0200-C8 6‘5/’7 o]
0357¢ 5 K PINT1 INTECSZTCR GAINV. SGS s .120C3560-03 G/FT-S o
cicec ? K 1FLR INTEGRATCR GalN, FF ok ] .0000C000 1/< o
03cs¢C b K INT FSGS INTEGREL GAIN, F5G3 a3 .£00CC000-01 o

1/s

o)




81-v

0311

Q312¢
03t3¢

0315C

SY¥EDL
K A1
K R2

K S8

XK SE;

® YCOT
" FASER
NSB

h2C LIM

PHl M1
PH] M2

LD i ]

P VIZE INITIAL

Esi cap
R (v, 1)
R {1.2)

R 2.1,

S8 A2TE
58 REF

SBF TABLE(1)

SBF TABLE(2)

TASLE A-I(c).~ Continued,

CESCARLPTION
YAW RATE CO2'A%D GAl N,
FLAT TuaNM

Yin FATE CCWWAND GAIN,
TCUCHTN w M

SPLEDBRAXKE GAIN
SSLECERAKE INTEGRAL GAIN

CROSSRANGE ERACR J°WTEGOATICR
Cain

CROSSAANGE RATE GAIN
FOLL FRADER CCOHSTANT
WaxX KUY VALUE CF 1S58
VAX-G LIMIT FOR “NZC

VAXIM.Y POLL ATTITUDE
CPANRD

LAF VoY 20LL ATYITULODE
Coeand

VATIWLY ROLL ATTITUDE ’

CGNSTANT G CIRCLE PZDIUS
CONSTANT G CIRCLE FECILS
CONSTANT G CIACLE RADIUS
CONSTANT G CIRCLE R&DIUS
$PEEC3TEME RZTA2CT RATE
SPEECATAKE REFERENCE

TASLE OF REFERENCE SPEEDBRAKE

PCSITICHS FCR RETRACTICN ALTITUDE

©C
03
o3

03
03
03

C3
o3

Q3

03

O?
Oi
c3
o3

3
03

03
03

03
c3
e3

03

o3

-252C00G3+35

|
|
1

VALUE  UNITS  w

i
.250000CC+0U

.5000C090+400
.200CC" 0403
.1060000U+00

i

7566000008

.300C0200401
.1oocooooo04

i
.45000000'02[
]

-2CC334J0+02;

.45C05C50+C2 |

.20CCC673401 |
26200000405
.26707000+03

.26707050+05
-1103CCC0+02
.550CC3C0+G2

.25CC00C0+C2

.75C000000+02

/5

175

DEG-S/FT¥
DZC/FT
DEG/F?

DEG

CEG

ND

CEG
Ft

F1

SSICN CEPENCENT
CONSTANT

(3]

o o©

| S~ ]

n

B o o =z x

dn

st s o Lios o 5l cam A, X300 Bttt



6L-¥

MSID «
Vot

o4orC
c402¢C.,
.0403¢C

0409cC

c11¢C
cang
0412¢C
0413C
0416¢C

0417¢C

0418C.
0419¢C

044ac

oaase
0446C,
0447¢C.
0448¢C.
oaasc
0650¢,
ca51¢.,
ca52¢.,,

0453¢

Sw

SYNBOL

SBF TABLE(3)
SIGMA(Y)
SICHA(2)

T 0

TaU GAMMA
TAU TD »
TeU TOM
TaU 102

10 LAT

v LIMIT

V REF(1)
V REF(2)

wT G531

X AIM PT
X ExP {1.1)
X.Exp (1.2)
X ExXp (2.V)
X EXP (2.2)
XK (1.1)
XK (1.2)
XK (2,1)

XK (2.2)

TABLE A~I(c).~ Continued

DESCRIPTION

POSITIONS FOR RETRACTION ALTITUDE

E€XPONENT JAL DI STANCE
EXPONENTJAL DISTANCE
MINIMUY TIME WITH EOUNDED
ERRCAS FOR TRANSITION

TG STEEP GLIDESLOPE PHASE
TIME COMGTANT, FSGS

TIME CONSTANT, FSGS

TIME CONSTANT, FF

TIME CONSTANT, FF

MININUM TIME WwiTH BOUNDED
ERROR 1O ENGAGE LATERAL
TRACK

#AXIWMUM ERROR VELOCITY
LIMIT i 2

REFERENCE AIRSPEED
REFERENCE AIRSPEED

WEIGHT FOR GLIDESLOPE
SELECTION

AlM POINT X-DISTANCE
EXPONENTIAL CAPTURE X DISTANCE
EXPONENTIAL CAPTURE X DISTANCE

EXPONENT 1AL CAPTURE X DISTANCE

EXPONENTIAL CAPTURE X DISTANRCE.

CONSTANT G CIRCLE CENTER RANGE
CONSTANT G CIRCLE CENTER RANGE
CONSTANT G CIRCLE CENTER RANGE
CONSTANT G CIRCLE CENTER RANGE

MC

[¢k]

03’

03
03

23
03
03
3

03

ok

03
03
03

03
03
03
a3
o3
03
03
03
03

VAIUE

.2n€0020C0+02
.85002000+03
.B50000GU+03

.40000200401
.20002000+01
.60C00000+01
.50C0C000+0!

50000000 +01

.40000C00+01

.100000C0+02
.47302C00+03

.4730C000+403

.65270G00+04

.1500C000+04
=.3704CCQ0+04
-.26460000+04
-.378340CN0+04
-.26460000+04
-.22090000+404
+.10360000+04
-.22090000464
+.10360000+04

UNLTS

CONSTANT
DEG
FY
FT
S

L7 R T; B 7 N7, B 7 )

FT/5

F1/5
FT/S
SLUSS

FT
FT
FT
FT
FT
FT
FT
FT
FT

1

=]

Sonea

M1SSION DEPENDENT

o o O < ©

zT ® T X 2

PP FPUPRIIERTL WL WY

3 ML Bt B

el Lt i e ' € 2o, o S A e b




L4821 86 129~ G T 321550 SNIUINING INIANNIAGY S n-

02~y

TABLE A-I{c).~ Concluded, E

|
'S10 Sw SYMBOL DESCRIPTION | MC VALUE  UNITS wIsSIcN DIPENDINT
497y . i ‘ _ CONSTANT
n454c¢, P X ZERO(1) STEEP GLIDESLOPL INTERCEP? P03 . .€5000003+0% F7 M
2455¢ P X ZERO(2) STEEP GLIGESLOPE INTERCEPT : 03 .55000000404 FT "
0460C P Y ll"JL[sl CROSSRANGE ERROR INTEGRATION C3 [}
_ ) LIMIT i .50000063+02
tassc - P Y CAp LATERAL CAPTunE»DIST‘ANCWMOJ\WGOOWOZ FT o]
__________ CA51C———"p " Y Limit . CROSSRANGE ERROR LIMIT . 02 .ioooﬁomoa\n\\ )
| — ‘~\\_\‘,

|
|

R






