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This book s organized in sections Eegin each sect.or by readmg the obyectives
and learming matenal. :f you are already familiar with the subject matter, skip 1o
the practice exercrsey. 1 the matenal s new to you, be sure 1o read a | the text
carefully before deing the exernses. If you are using this workbook for
recertification, amwerthe questions at the and of each section.

Befare progressing ta anathe- section you should understand the correct answers
o each of the practice items, The feedback gives the correct response to each

iTom
T2

All the acronyms and abbreviations used in this workbaox are defrned when first
used and listed in Appendix A,

This workbook s provided for your use. You may take notes or write commants

e e e e il s
L-LLE ) HETD Fu'kd I1TREC.
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QObjectives

At the end af thitsection, the student will be able to do the follgwang.

& Stale the two cantrol systems that the entry digital agtopilal {BAP) carmmands
& Stale the two ways entry DAP 15 proveded with command rates

& Statethe input data mecedsary far the determination af cantrol requirements

General Introduction

The entry or aerojet DAP, hereafter referred to as the entry AP, commands the
aerodynamuc contral surfaces and the reactian contral system (RCS) jets 1o provide
wehiche trim, conrdinated flight maneuvers, energy madulation, and steering on
the runway The antry DAF 5 a rate command system, with the cemmand rate
provided by either the pilot through control stick steering [C55%) or by automatic
guidance. The commanded rate is then compared tothe actual rate (rate
foadhack), resulting in a rate error that is multiplied by the appropriate gains to
produce RCS jet andfor aercdynamicsurface commands. Figure 1-1 shows a very
basic schematic of the entry DAP, Regardless of how complicated succerding
schematigs become, they functionally reduce to the schematic shown by figure 1-1

The shutlle entry DAP has some features that aid it in deing its unigque flying. Turn
gagrdimation is provided so that hank maneuwvers are coordinated automatically
fram entry to touchd own without rudder pedal inputs being required. alpha
modulation {angle of attack modulation] dunng bank mansuvers keaps the actual
drag acceleration (DRAG ACTIFAL] from diverging from the reference drag {DRAG
REF) wihen roiling through the wings ievel attitede. The entry DAP drives the aera-
dynamig cantrel surfaces to trim the vehicle during fhght. The body flap s drniven
by the entry DAP 10 trim the vehicle in pitch. This offloads the tnim provided by the
elevomi, allawing elevons to be used for vehicle control. The speedbrake [SPRE) 3
wied as a pitch trim device at Mach numbers above 0,95 and grovidas energy

modulation at Mach numbers below 095,

TD 10124 1-1



fommanc control su-faces and RES (#14 far trim and conrcinated
bank maneuvers, enesgy madulation, and steering on the runaway

Bay: command loop

ler |
gan

RN

—ae N, 0¥ jats
Rate (et select
errpr lg-ge]

Rats + commard
= cormemand ‘ "h@ ’E = Degrees of
Autao l surface

Guid ance | T deflectian
Bl I (pronty
box / rats
Surface b [eting)
Gain
—, Rars facdback
Gyro

TOAG -

Figure 1-1.- Entry DAF job dasceription.
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The retaticonal hand cantraller [RHC) rate tnm (p tch and rol’ “coplie hat"™) ang the
panel tnm switches (roll, pitch, and yaw) prowide manual trirmming functions. The
RHC Lrirn switch ¢an bias the commanded rates by 1.5 degaec m pitch {up ar down}
ot 2.5 degisecin roli {ieft or nght). At presant, there s no operational wee for this
“coohe hat” an the RHAC The roll and piteh panel trim switches command aileror
and elevator integrated sarface positions. The roli panel trim switch can be used
effectively tomanually speed up the trimmmg process n the roll channel. The yaw
panel tr'm switch can be used to bias the lateral acceleration (Ny) feedback by as
much a4 £0 119

Autamatic programmed test inputs (PT]s), another feature af the entry DAR, are
direct commarnds to the control surfaces ar jets (downstream of any gaing, biases,
or tilters} that provide perturbations from which aergdynamic coefficients can be
extracted. These are used to expand the arbiter {light #nvelope and 1o reduce
some vari ations and uneartainties in the aerodynamic data base.

As with any stability augmented cantrel system, certain data are necessary far
determination of the control requirements. These input data include navigaton-

derived parameters, rate gyre and accelerometer outputs, contral surface position

fnn-rlh.a-rlf ﬂ s ea i‘ﬁfﬁm.ﬁr’lﬂl .ﬂlﬁr'] nact valimar Af ciirfare ams sat o e ae e
-------- T Tl T T e B 188 Ap BEi ey PP LA P W PR LA I.III'\.I-II_I.LUIIIIIH.IIIU..I:

Figure 1 E |I‘u5trates the requrred inputs for the entry DAP, a3 well as the
destination af the autput parameters.

The cockpit displays for the commander and pilot include entry DAFR performance
intermation on the attitude director indicators [ADMs), the three campoter-driven
cathode ray tubes (CRTs), the RS jet activity lights, and the surface position
indicatar (SPI).

On the commander's ang the pilot™s ADIS, the vehicle rates are displayed an the
rate pomters asshownin figure 1.2, The rall and yaw rates are in the 5tai:|i||‘t1.r a:gr.,

weibvila ey miteh rats it inthe ey avic Tha AP redo romsideods comoatpel e o
FRRIL BB VLI TR 13 0 AT Ll 1D III'E MLA] TOLLE SFNILL | Lulll.lul:- |.||=' rl]ﬂHlllLuut‘

af the rates displayed The three switch posiboens provide low, medium, and high
rates with carresponding values af 1, 5, and 10 deg/secin each axis. The yaw error
needle on each ADI displays the sideshp angle (beta, f)in the low dynamic
pressure phase {low g ). and when § is greater than 20 psf, it displays "scaled Ay
Thisicaled A, 1sthe |lateral acceleration after compensation for surface deflec-
tions, accelgrametar location, ret firings, Mach number, angle of attack, and 4. s
acguracy is thus dependent on the medeling accuracy of the aerodynamics and
sensars. This parameter s correlated to the control authority avaiiable from the
yaw jets, A full-scale deftection of the yaw neadle i1 equivalent to the lateral
acceleration cavsed by a sideshp angle that wocold be balanced by the torgque due

i " E . w__. =a
to 2.5 yaw jatd.
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= .5 deg/sec pitch
=2.5 deqgfsecroll

Surface trim:  Piech and roll panel trim switches command elevator and aileran
sutface mtegrated positions.

L2r]

h T

3 -33 71
5 B, +1B° Eq

- |+

Yaw panel trim switch biases N, feedback, +0.1g limit
Panel tnm switches maximum trim rate commands:

(Pitch) 8e: 2 degisec
{Rell] B 0.5 deqgiec

+ Tumn coordination s provided in auto and €55 thraugh entry to flatturn/rollout
{no rodder pedal commands normally).

¢ Turncompensaticn; e, prich rate commanded in bank maneguvers, provided in
terminal area energy managemeant {TREM) and approach and landing {A/L)
phases.

»  Sutomatic surface trim commands are fram forward 1oop trim integrators.

» Body flap drives to trim vehicle such that elevons and SPEK may follaw
pragrammed schedukes,

o Above Mach 0.95, SPE¥s are used as a trim device rather than for energy
modulation.

# Surface and jet automatic PTls are for aero coefficient data reductian.
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1. What two control systems does the entry DAF cammand?

2. What are the two ways entry DAP s provided with command rates?

- . 1 alo o o o

3. What input data are negessary far the determmation of contral regquirements

-
|
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Entmy DAP commands the
a. Acrodynamic cantrol surface system

b. HReacthion contral system

Entry GAP is provided with command rates
a. Bythe pilotthrough CC5

L, By automatic guidance

Inputdata includse

« MNavigation derived parameters

a Rate gyro and accelerometsr outputs

s  Contral surface position feedback

+ Guidance commands

» Pastvalues of surface and jet commands
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Section 2: Pitch Axis

Dbjectives

At the end of this section, the studentwill be able 1 list the three separate
aeradynamig onteol surfaces that (ontrol the pitch attitude of the shuttle.

Pitch Axis

Figure 2-1 i5 an averview of the major entry DAP eventsin the prick channel from
majar mode (MM} 304 at entry interface (El) minus 5 mimutes through touthdown
and rollout. These events are gescribed in greater detail in subsequent seclions.

Three separate aerodynamic control surfaces, as well as the pitch RCS jets, are
active in controlling the prich attitude of the vehicle. The surfaces are the elevons,
the body flap, and the SPBK, The body flap and SPEK, which are imyolved with

patch trimming, are desecribed first,

REAAI0 {1 5 =5

,!————_ 2 =24
- ."' J —_‘_'_—| g ! — = 4

e F -._.'\.h:l: —_— '.-.# q
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Figure 2-1.- The pitch channel.
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Questions

1. What threeseparate aerodynamic control surfaces control the pitch attitude
aftheshyttla?
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Three control surfaces that control patch attitude are
* Elevators
» Bodyflap

* 5SPEK

Pod
B



Objectives

Atthe end of this sectian, the student will be able to do the foliowmng.
# Describe the pnmary purpese for the bady flap

s Describe hew the crew can manually position the body flap

Body Flap

The body flap, as previousty stated, 13 a prich trim device that is ysed 1o keep the

glovarne naar AareE s nradatarme e ard cchadols Whathar #ho alogsne aem Leamt ;o aes
A P FAFR I RN LAY PR LI OO l-lll,.'l_ll_ LTgd 1TERT I, LA LI IT, AFIITLINC LI T ITYLUTI> A1 T H.EP._JI.,I}L

nearor on the predetermined schedule depends on whether the crew hasthe
AUTD ar FIXED elevon schedule selacted and, for the AUTO schedule, the position
of tha body flap. The AUTO elevon schedule and body flap combination is
designed to keep the elevons positioned where they can be the moxt effective
without exposing the hody flap or elavons 1o excesiive heating or high hinge
moments. Figure 3-1shows that the elevon trim command is fed into the body flap
channel, where it 13 differenced with the body flap pesition and the elevan
schedulz. The body flap moves <o as to drive the elsvon trim command toward the
elevan schedule. The change in O1-20 adds the body flap position feedback ta the
body flap channel. This means that as the body flap moves toward the full up or
down position. a Mach and positioh-dependent bias it added to the elevon trim to
bias the elevon position. This causes the elevon position ta shift up to B up ar
down, preverting the body flap from saturating for extreme aff-nominal center of
gravity {c.g.). This ability to handle the full ¢.g. range without body flap saturation
is the primary advantage of the AUTO schedule. The diffarence between body
flap, etevon pasition, and elevon schedule is compared to adeadband. The
deadband deterrmines if the error is greater than 1°. [fthe error i greater than 15
the signal is canditianed by a gain function, fed through an integrator, and then
differenced with the body flap position. This difference goes inte the body flap
hysteresis loap to determine if the hady flap s within 1° of the required position. |f
it excopds the 1* deadkand. a command i1s sent te the prionity rate limiting {PRL) to
drive the body fiap up or down until the elevan trim ioon is satisfied .

The FIXED elevan schedule/hody flap is similar ta the AUTD elevan/bady flap
except the body flap pasition is not added ta the elevan trim and elevon schedule,
The body flap moves as described above to keep the elevons on schedule, even if
the body flag must drive full up or dawn, and the elevon position is not biased to
prevent boedy flap saturation. Thit i the prirmary disadvantage of the FIXED
schadule; it can handle anly approximately one-third of the tolal ¢.g range

TCADZA ER



without body flap saturation. This could result m high hinge momants ar thermal
probems far the hody flap For flights without fnr‘ward c.g@. PTIs, we use the FIXED
&levon schedule, which places the elevonms in therr furthest down pasition. We

'M.lﬁllll'l '.'l‘tﬁ L 'h.ll: tﬂlﬂn"l'u‘l.r'i r'llrllnn FEry ik e e
Fi LB Lat | el SR L LERELS Bl R by rl:l'l"ll J:I.UHI:I“LIUII}

An example of an elevon schedule, along with the body flap schematic, is shown in
figure 3-1. The elevon scheduie r a functian of Mach. The AUTO eieven scheduie
1% avtomatically selected upan transition t& OPS 2, whether the tramsition s from
OP5% 1 or OP3 2. The FIXED schedule must be manually selected in all cases. & third
elevor s¢hedule, the ghding return to launch site (GRTLS) schedufke, 15 automati-
cally selected upon return to launch site {RTLS) abort select. No crew inputis
required ar allowed. The GRTLS elevon schedule is presantly configured to be
assentially the same a3 the AUTO sequence.

The crew fan alsa operate the body flaps |||:|||i.iE-||‘:p= By pu}lllllH the body flap push-
button indicator (PBI}, the crew can select the manual body flap switch (spring
loaded to off). This allows the crew the aption ¢f taking control of the bady flap
and manually positioning the elevons where desired. If the body flap is manually
rmgved up{down], the elevons are cammanded dewn{up} te maintain controd and
trem Body flap rate dunng manual operations iz faster than the rate during AUTO
operations, Manual body flap 15 used during contingency aborts where control/
trim requirements build up toc fast for the AUTO systemn 1o keep up and for some
cff-nominal aerodvnamics cases where the body flap is rajsed ta lower the elevons,

increasing elevan effectiveness.

The mtegrator loop in the boady flap channe! | he body fiap pasition, Withaui
this [oop, when the body flap command is remaved, the body flap would senze a
2era-positien command, driving the bady flap ta 2ero or 1o within the hysteresis
deadbands.

Mot
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1. Whatis the purpose of the body Fap?

2. Howcanthe crew manually positian the body flap?

1]
3l

Ll R A-2



MELATY

ﬂ E -
(aTEEL L=

=
=

1. The body flapis a pitch tnm device. The FIXED elevon schedula 5 used to keep
the eievans on a predetermined sckedule The AUTO elevon schedule is
selected to place the elevons where they are most effect ve without expoung
the body flap or elevons 1o excessive heating or ligh hinge moments.

2. By pushing the bady flap PBL the crew can select manual body flap and then
drive the body flap with the manual body flap swatch {spring Ioaded 1o OFF)
"hAN" iluminates on both PBIS,
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|
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Objectives
Atthe end of thissection, the stugent will be abwe to da the following
# List the two purnases of the SPBK

& Deccnibe the use of the SPEE in the 2000 feel of descent before touchdewh

Speedbrake

The SPEK is used 1o aid in trimming the vehicle in pitch at Mach numbers above
095 and is used to modulate energy below that Mach number. Some of the aern-
dynamic characteristics of the SPRE are shown in figure 4-1. The figure shows the
pitching moment contrbution for various SPBK angles and Mach numbers, and the

h-l'-r T .r'Frn.n |rl .l'r"l'i i-ﬁh-ill--huhﬁh farthma camm mararmatare Thoro s st okt o=t
= RRF dE L I T bl Pl FRA R Fu'“!'ll—\.l—l-} 11T JE OV .ﬂll'l..l"l"l 1TRL-N]

while there is 3 change impitching mament with SPBK angle starting with Mach
rnumbers as high as 8.0, there i little change in LD entil the Mach number is
subsonic.

The SPBK, like the FIXED function of the elevons, has a programmed schedule for
entry. An example of thisschedule is shown in figure 4-1. The schedule shows the
SPBK closed until Mach 10, at which point it is commanded to an gpen position
{81 percentin this example). During ascent and the first part of entry, the closed
command s -9° to ensure a tightly closed candition, preventing any heat damane.

ﬁ. h 23t l'.ﬂl!l:" ll laead o BE riarrant Thocrhod o el thicr masid; == FYH |

"-- Do el IR o R RF wPw SRl AL W WD I RLTEIL. T E PR ITU LT TIRRUa W rF L W RE T
t’ne Mach number reaches 095, the SPEK is then used by guidance to modulate
energy.

A simple schematic of the SPBK channel is shown in figure 4-1. In the autamatic
mode, the SPEK command 5 drven by the 3PBX schedule at Mach numbers beyand
0.95 and by guidance below 0,95, From M =0.9% until 3000 feet above graund
bevel (AGL], guidance uses the SPRK to comtrad §; if above the reference q, the
SPRE extends; if below the reference §, the SPRK retracts. In the 3000 feet before
touchdown, guidance will adjust the SPBE twice, once at 3000 feet AGL and again
at 500 feet AGL to enture that the shuttle reaches the desired touchdown point a1

thadoacirad sircnaasd] A% 1“”“ Fﬁﬂ" ArrS) Hllll":n'hi"ﬂ st paloe ity arrenr [Mram a
LNE WSS T S, Pt e s Pty e P e Wl I iwtmd L ST ARY LIARINT &

reference velocity), vehicle weight, wind, density altituda, remway eption (normunal
worsus short field), and aimpoint ielf.'-:tu:m fnorminal versus close-in} to adjust the
SPBK. At SO0 feet AGL, quidance uses wind and density altitude for SPBK ad|ust-
ment. These commands are summed with a limit bias to pravent cantacst with the

Tl TR "-1-'1



hard stops and go through a 5PBK iimit logic out 1o

t
manual aperation of the SPEK is essentially the same, with the command coming
from the crew via the SPEX controller.

he prigrity rate limiting. The
@ Bregrity g 0
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Questions

1. What are the two purposes of the speedbrake?

Z. How does the speedbrake functron i the 3000 feet of descent before
touchdown?

D124, 4->



1. Thespeedhrake is used to aid in
a Trimming the vehicle in pitch at Mach nombers abowe 0,95,

b. Modulating energy below Mach 0.95,

Z. inthe 3000 feet pefore touchdown, guidance will adjust the speedbrake twice,
once at 3000 feet AGL and again at 500 feet AGL, 1o ensure that the shuttle
reaches the desired touchdown point at the desired airspeed.
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Section 5: Elevators

Objectives
tthe end of this section, the studert will be able to do the following.
a  %iate when the pitch [ets are deactivated
+  State when the elevators are active for control
a  Describe turn compensation

« Describe load relief bias

Elevators™

The pitch axis cantrel is provided by the elevators (aeradynamically) and the pitch
RCS jets (low @ ). The contral system is a propartional-plus-integral rate caommang
system [fig. 5-1). This means that the elevator surface command 15 proportional
(thrawgh the gain shawn) to the RHC commanded rate. This elevator command s
summed with the output of ar elevator trim integrataor in the forward loop,
resulting in an elevator command ta the priority rate limiting software.

The forward loop tnim integratar accrues an incremental elevatar deflection for
pitch trimm and prevents a standoff rate error. In other waords, as the commanded
rate is being satisfied {command equals feedback), the rate error would go ta zero
at the summation paint, and without the trim integrator to hald the elavator at the
last commanded position, the desired commanded rate could not be sustained.

Figures 5-2 through 5-6 show buildup of the flight contral system {FCS) pitch
chanme| ofthe entry DAP. These figures are shghtly more detailed, but are still in 2
simplified form far gase of understanding and logical step-by-step additions of the
varinus functions of the pitch channel. A complete schematic of the pitch channel,
as well as those of the SPBK and the BF, is containad in the Functional Subsystem
Software Reguirements.

*Elgwons are the actual agrosurfares. Elevators refer tothe use of the
elevons symmetrically for pitch cantrol; ailerans refer to the use of the elevons
asymmetrically forrodl contral,

oI I8 5-1
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surface would try to return to the null position. Yau waould never sustain the detired

cenmanded rate.} TG 1G4 K

Figure 5-1.- Pitch axfs.

Figure 5-2 shiows the €55 command pathan the pitch channel, The C85 cammands
are input through the RHC, Fram there the input, which is commanded rate {q.ma).
takes two paths. Path 1 goes through various filters into the pitch RCS jat hysterasis
logic, which determines whether or not the criteria for a jet command has been
met. Assuming & jet command is issued, it goes out to the jet select logic (I51) to fire
the pitch jets. The § greater than 40 pounds per square Taot {psf} switch is opened
when the dynamic pressure becomaes greater than 20, negating furthar use of the
pitch jets during entry.

Fath 2 of the commanded piteh rate goes through a lead {or lag)] filter and & fourth-
order bady bending filter. |tis multiplied by again that converts a pitch rate error
into an elavatar command. This command is campared to surface position [imits
and sent to priority rate limiting, where the surface commands are issued. This
elevator path is actwated when the g becomes greater than 2 psf.
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A turn compensation ternt becomes active at the baginning af the terminal area
energy management (TAEM) phase and is used until touchdown. Turn cormpensa-
tion, which 15 calculated wsing measured parametery, is the amount ol pilch rate
needed 1o keep the nase af the vehicke upduring a turn. A mare complete under-
randing ¢an be obtaned from figure 5-3. Figure 5-3 shows a free body diagram of
ithe artyierin a steady state turn. The basic equation for a steady state turn 15

The body rates for the turn are
P=_q,sina=_£—_i—¢mna-] (2]
g =psEng {3}
r=1poos® med = = ﬂmsﬂm# f4)

V omed

Consider a free body diagram of an aircraft
in aleval turn asseen from the rear.

g

100" 1710 3-1

Figure 5-3 —FL5 pitch channel buildup - Nase-op turn compensation.
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Substituting for @ 0 equations 2 and 4 yields

R -1 P,
g =r - (2]
oo B

If we assume that this s to be for a basically level turn, then & i appraximately zerp
and ¢os & goesto 1 0 resultingin

g = rrandg (B)

This pitch rate contnbution is snown in the lower left corner af figure 5-4_ and can
be abserved onthe ADI pitck rate pointer during turnsin TAEM 1f no C55 pitch
commands are input dunng the bank maneuver.

The body yawing rale, r, which is taken to be the steady state rate, is found by
substituting for 4 from equation 1

po EEAP MERmsd {f
YVoost
resulting in
re £ gin 4 cos B (B

[
¥

The values of the yawing rate are calculated in the yaw channel of the entry DAP
and used in afl three axes fram El through touchd dwr,

Figure 5-4 shows the addition of rate feedback and trim lacps. The boay pitch rate,
4. 1% the leadback value with which the RHC or automatic commanded pitch rate,
Qemd. 15 differenced to give pitch rate error, Quy. The prich rate error, while gong
o to command the elevatars and the pitch jets, also goes into the pitch trim inte-
gratar loop forlow g trim {§ < 20 psf}. The pitch trim integrator becomes active at
a § of 0.5 psf. The elevators then begin to respond to the pitch jet firings. Ata q
af 2 psf, when the elevators hecome active far contrel, the trim integrator also
receives the preliminary elevater command. The trim mtegrator no longer receives
pitch jet firing commands after § passes 8.0 psf and is switched out in favor of
elevatar position feedback trim at § equal to 20 psi.

At the point where the trim integration of gerr ceases, the elevator position feed-
back takes over {or tnm. The elevator position feedhack holds the last value of

elevator angle (5e) as the ttim value. This technigue, as opposed to integrating a
rantinginn rats arkar wacdecinned becavse of concern abaut the I'lI'H:“;.II"'I!IIT'I-I of

LUIII'.II“".H TEFIT ST 1TAdE, FRLE i Pl I T e b Bahd eS8 5 " B EFRE RN R - L r RN

surface artuator stall. Should the actuater stall, the rate trim rtegrator wnuld
continue calculating an increasing elevator trim position, but the elevator wouid

o 2 55
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Figure 5-4,- FC5 pitch channe! buildup - Rate feedback and trim,




Aot oe moving 1o that new trim position. 1f asizable difference develops, and the
actuator then IJE'L'DITIES unstalled, the elevator would e driven tg the trim potition
immediately, possbly overshooting the command and cavsing a large pitching
mament transient. A increment toaccagnt far the prtching moment of the SPEK 15

added 10 the elevator feed back position and is alsa shewn in { gure 5-4

Figure 5-5 shows the addition af the piteh panel trem switch, the RHC rate trem
switch, the normal acceleration (M) command, and the PTImodrfications. The pitch
panel trim switch feeds directly into the elevator irim loops When thes switch s
attivated, the elevators are driven to a new positian. bnactua’ practice, the rasults
nfusing the pitch panel trIm switch 'u'ar'y w ith controi sg,lstem n:r;nnfigur'atiqn There
are fout possible configurations, whith are combinatrons of pitch and BF ¢ontialin
gither automatic control mode (AUTO) ar 55, In pitch contrel in automatic mode
(AUTO P}, activation of the pitck panel trim switch to pitch up withimtally move the
glevators up, generating a nase up pitch rate. The pitch rate causes a prtch attitude
error to davefop. When the tnim switch is released, therehy remaoving the pitch up
command, the control system will automatically bagin to remewe any piteh attitude
arrgr and return the vehicle to its original attitude. The BF, if in AUTE, will deflect
insuch a way as o attempt to drive the elevatars back onto schedule when the &F
corirnl Innur EaTLal 1t it apttida ite nrn:rrlhﬁrl deadband In the manual position,

R rmifme R W W T e m S e SEr U L G ur R R

there wc:uld be no BF movement. A‘her the control systerm had returned the -.rehu:le
toats onginal attitude, the elevators and BF would be at or verg,.r near the
premaneuver detlecticns. 1 hE same |;‘:r|Ll;.|1 ﬁ:‘lﬁEl ififm ingiit while the vehicla s in
pitch control in control stick steenmg mode [(C55 P) creates a slightly differemt result,
The same pitch rate and attitude errar will develop, but once the input is ended,
the DAF will anly damp aut its rate, ieaving its vehicle at <ome new pitch attituda.
Again, the BF function is determined by whether it 15 in AUTO or rmanual and the
elevator position required to damp the rate angd held the new pitch attitude is also
affected by the BF mode. The auto BF will be worked by the eatry DAP 1o keep the

elevator on its schedule. In the manual mode, any BF mavement is restricted to
erawy action, Histarngally the wwaitch h:ir!:-inrnrndural||:.|=l-.r|1|r|nn the approach and

(L= Rt L R ] e ¥ Sria

landing test phase of the shuttle program when a manual dured mode was
available in the entry DAP, while currently there is no planned operational use of

Lr'II! |.||u'.r| pansai iTim '::WI'I.L[I

Similarly, the RHC rate trim switch [Tcoolie hat”) 1s a functional switch that has no
planned operational use. The trim switch biases the rate signal coming from the
RHC with & canstant rate, The bias lirmits 1.5 degfsee. If cantrol s in C%%, ance the
rate bias s commanded, it will rematn there wntil it is removed by activating the
switch agaitn. Going from C55 to the autematic mode reimitializes the integrator af
the rate trim switch and :mmediately removes any ratée bias that has been

cammandad

LI Err] LA ur .
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There 5 2 sttuation where the piteh rate tiom swetch might be used. An example of
this woald be & cambinatian af fadures such that a rate bias exsts n the rate gyro
assemblies (RGAs) signal im the prich axis only. Thisrate error goes into the entry
AP as g, (see figure 5-5), and fdifferenced with a null input, it then becomes a
command to the elevators. Following the command ta the surface, a real rate
begins to build up, 1¥the vehicle 5 being flown in AUTO P, a difference between
alpha and alpha command (or Ny and Nz tommand)wnll result in corrective action
1q bring the vehicle Back 1o the commanded attitude with a zerp rate. When thisis

r:.*lr":ln..ﬂl rhorato ha ndad noc tm zar it thofocdbhark rata ic crdl
AFLITN I, '|.||1: Iﬂ'ut I.!'I:IIIH LUIIIIIlBll'ul:u MWOTF LW l'.'l:l'u'. RFLIL LI rl: 1.:.:““':.\.?\ EGLC 13 JhiEd]

biased and the process starts all aver, As a2 consequence of this inabtlity of the aute
systermn to adegquately control & piteh rate bias, the vehicle would have to be flown
tn C5% P The pilot could compensate for the bias either by holding a ¢onstant rate
with the RHC or by using the rate tnim switch to cancel the rate. Once the decision
ismade to use the rate trim switch, it must be remembered that going back into

AUTO P erases the carrective rale bias.

The PT] modification to the pitch channel is alse identified in figure 5.5. There s
aone PTIin the jet command |oop and one im the elevator command [oop. Ascan be
seen, these go direnly to the je15 ar the alevators, I:-:.rpa £5iMng any gaini or filters.
TTim it dons to aotain (he ooireci control input for the |r|'u'|'_-3uguuun il thi asfi.
dynamics or response characteristics of the shuttle. Figure 5-6, which concludes the
prich channel schematics, shows the automatic control loop, the low gain option,
the GRTLS or alternate entry gain changes, the load relief biad, and the automatic

slapdown comrmands,

The autcmatic commands are divided into two distinct parts. For early entry, the
auto commands are based on angle of attack (alpha command]. The alpha com-
mand comes from guidance, is differenced with the angle of attack feedback and
{atter going through filters and gains) qoes ta the pitch jet loap and the elevater
laop. The unfiltered, ungained o ifference s alsq sent to the pitch errar needle of
the ADi.

The auto pitch systerm changes from alpha command to N; command at the TAEM
interface. Here the Nz command s differenced with the feedback to generate the
propet piteh command, Alse, when the pitch control changes from agmg to Nz,
the My, istaken from the pitch channel, conditoned, and sent to the AD| prich
arrar neeadie, as shown in the figure.

Thana tiim v n -l-l.-n..nlr.- i h -q.i-lu-h.l ara el Aamandirms mn o moath e af fraioctean
| ML e} L NEL W B LIl LIIILILFI BIFE LIAFuU, UTRET™ 1“.||H LN WTITE RTIEL a3 W R h LWy
contral in early en ryai cnmpared tothe late entry phase, Inearly entry, the

lengitudinal axis {pitch) s net the primary method of controlling the energy state.
Thisis being done by the bank angle while the high angle of attack being flown is
providing heating protection, tis easy, therefore, to fly a known alpha profile and
base the pitch cantral on alpha command.

TOID1ZA 59
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Figure 5-6.- FC5 piteh channel bufidup - Auto entry and TAEM guide CADs



Inthe late entry or TAEM phase, the bank anglé is paing vied far cantrolling
drrection and rs basically a function of the azsmuth to the heading alignment cone
{HAC). Thelongitudinal axis is now controlling the energy state, Thus, the guid-
ance s cantrofling the energy state with altitude, alitude rate, g, and the normal
aceeleration. 1f the vehicle < near nominal energy, the Ny command is primarily a
function of getting to the proper albtude versus range orotile. Ths s limited by
high and low energy protection The command for the altitude correction is than
compared to the § baundaries 1o ersure that it will keep § within limits. Finally,
the command deltais lemited 14 0.59. This N; command then goesto the FCS. The
low gain optian, a function of the entry mode switch, provides a gan reduction in
a'l three axes should the need arise. Inthe low gawn position, the gains to the
control surfaces are halved ta protect against a high frequency osodlation on the
surfares.

Ancther path ta be taken in the event of a GRTLS abort ar selection of the FIXED
alovon schedule s also shown, This GRTLS schedule is automatically selected during
a faunch abort {MM 601), and the FIXED schedule is selected when going fram GPS
1to OPS 2, as dunng a transaceanic abort landing (TAL), or can be selected
manually on SPEC 51, OVERREIDE. The AUTC elevon schedule and neminal body
bending filter are automatically selected during a nominal entry, The AUTO and
FIXED efevon schedules can be selected by item numbers 17 and 18, respectively.
The nomrnal and alternate {or paylsad) body bending filters can be similarly
telected by iterms 20 and 21. The payload filters would be for heavier than normal
rayloads, or the payload mounting may exhibit structural damping characteristics
for which the neminal body bending filters were not designed. In the backup flight
system {BF5) the same schedule and filter selection can be done an SPEC 51,
OVERRIDE, with the same item numbers, Procedures specify that selection in the
primary avionics software systerm {PASS) should be fallowed by the same selection
of elevor: or filker in the BFS.

The load relief bias assists in offloading the main landing gear dunmg rollout, 1t s
de-jigned so that in AUTO the eievators are driven down, which reduces the load on

PP rmr nnml anme £ Fln FaC-L Y S I = P | -h.ll-u—l.ﬁ. 4o AT mmern b ==
ll!‘t' [Tigim Lllt"h elkd H:ﬂl 1T FHDiYY ||| Nt Iy LIFE AT S IF P [ iy |y LFIELE i r (hF il

relief Tlag is set {the flag is set after an 1-lvaded delay since the rollout discrete has
heen set). The elevator position will be based on a schedule which is a function of
ground speed. Shouid the crew need 1o intervene in piteh, the pitch control can
quickly and effectively be taken by moving the RHC 12° out of detent or by mading
10 £55. Thislagic works i the 8F5 alsa.

The last itermn shown an the pitck channelis the slapdown pitch rate command. At
main gear touchdown, pitch rate commands for lowsaring the nosewhee| are
generated as & function of vehicle weight and are sent to the ADI flight directer.
The commands are converted into elevator commands when the vehicle isbeing

flown in prich &UTO.

Tt im 511
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Questions

1 When are pitchpets deactivated?

2. When are glevators active far contral?

3. Describe turn compensation.

4. Describe load relief bias.

TOH0Y 24 5-1%
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Fitck 1ats arg deactivated when g is greater than 40 psf.

Elevators are active for controf when § becomes greater than 2 psf,

Turn compensation s the amount of pitch rate needad ta keep the nosa af the
shuttie up during aturn,

Load relief bias assists in offloading the main landing gear during rallout, The

alevators are driven dawn, reducing the load on main gear and tires,
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Objectives
At*he end of this section, the student will be akle to do the following.
# Describe the stability axis system

s Describa the process in which lateral-directional contral s maintaimed by first
genarating then contralling sideslip

» [Describe the differences between the carly and |ate regions of lateral-
drirgctronal contral

e Describe the signifrcance of gainon roll channel {GALR)

The rell and yaw channels need to be introduced together singe the lxteral-
directicnal control of the orbiter s coupled (as in any aircraft) so that motionin
one axis has an effect in the other axis, and with the shottle it can at times he
profound, After firmly establishing this relationship, the schematic of each axis is
diszussed individually.

At Mach numbers greater than 5.0, the h |nh angle of attack b hmnn flawn Blanks the
vertical tail to such an extent that the rudder is mr‘tually use|mss. Thls makesthe use
of yvaw jets and ailercns nEI:E5sary to keep sideskip angle within controilable limit at
ﬁ:uj'r'lEl‘ Mach numbers, The use of yaw jets {yaw axis) and ailérons [roll axis}
provides lateral-directianal control, with the rudder coming into play much later.

Tao assist in understanding the ralliyaw control interaction, the stability axis system
is intraduced here. The stability axis system 15 shown in figure B-1, along with its
refationship to the body axis system. The stability axes differ from the body axes by
the displacement of the X- and 2-axes following a rotation about the Y-axis
through the angle of attack, o. By definition, the sidaeslip angle, f, istha resylt af a
rotation about the stability yaw anis. The sidesiip angle is then the angle between
the stability X-axis and the projection on the body X-2Z plane of the velocity vector
of the orbitar.

[=1
L
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Figure &-1.- The stability axis system.
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The rate of thange of the sideslip angle is a negative stability vaw rate (f = -rg}
The fol owing equat:prs can be deterrmined from figure &-2.

B = poosd +orosing {9}
P, = r,OUSu = pr:i.l:'l.ﬂ {10
ﬂ-rpbsinu—r_bmsu f11)

Lateral-directional control of the erbiter is maintained by the combined use of yaw
jets, ailerons, sideslip angle, and rudder [when activel 1o produce bark maneuwvers
during antry. Although sideslip is mtentionally generated during 8 maneuver, i
must be kept within limits to prevent loss of cortrol. The DAR does this by damging
B tozero, using yaw rate feedback to the aidarons as derived from equation 11.

pydina — roessa = f=0 {12}

p,= oot {13}

The bank maneuver is initiated by a bank* rate command sent to the yaw channel,
resulting in a yaw rate command. If we command a pure stability axis bank rate
frg = 0}, then the body rates would he

F,= P @no {14}
¥, = pEDG (1%
FEM:F: {1E:I

If pgng is the commanded bank rate
Fiy = Foma ™20 (18
Py Prpg 50 0 {18]

which are tha required body roll and yaw rates for the stability roll maneuver.

"Bark refers to a rotation about the velocity vector, of a stability ans
ratation. Roll refers to a rotation abaut the X axws, of 3 body anis retation.

DG4 B-3
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The equatian of motion for | as a function of body roll and yaw
rates can be determined from the free bady diagram betow.

: g

wima + |l —rieas s

-r

B=pgsina —reasa

T I01F "M 4-2

M wa dasire to have | = Dwe can set the abave equation
equal to zero and solve for the desired rall rate

psina — repsa= 1

rcoada

F= = rootk o
1.1 1]
where r is the effective yaw rate calcelated in yaw chanmel.
e S EE EE EEE EES TR R REN S M BN M BN MmN M RN RS S e e s e - e e ol o ]
Figura 6-2.— How the arbitar rolis.
To tie all this infarmation together into a coordinated bank maneuver, the lateral-
directional control is divided into two regimes, early and late, as was the longitud-
inal contral. The diffarence between the two regimes for lateral-directional and
longitudinal contrel is the absence of a sharp dividing point separating the early
and |ate lateral control characteristics, as was present in the pitch axis. Thes can be
demonstrated by the equation for aileron tnm required totnm a ¥ © g affset,
AYIC,C +C, 0,
o_trm = = B ; £19)
= MO, & =0 O
EE "ﬁ "ﬁ EE.

&t Mach numbers above 3.5 the entry DAP Iogic assumes that the denominator of
the trrm equation will be positive {Cng_and {n, are beth negative). Bank maneu-
vers are initiatad in the yaw channel, and the roll axis provides coordination and
damping. At Mach numbers hetwesn 4.0 and 0.9, thera is a gradual change from
yaw channel bank maneuver initiation to rell channel initiation, with coordination

o 24 6.4



tomirg from the yaw channel. “his happens as ithe agrodynamics are changing
{thg_and Cny become positivel, making the denaminatar af the trirm equation
negative

How is this accomplished? Figure 6.3 shows how the arbiter does bank manauvers
and how this transitron =3 maoe, 1nearly entry, the arbiter banks about the velocoity
vectar. The figute shows that for zero alpha, a stability axishank 3 pure bady roll,
and a1 30° alpha it 5 a pure body yaw, while far nominal flight alphas the stability
bank is a combination of body roll and yaw. The arbiter ralls abhout the body X-axis
duning the late entry. The roll channel gain, named GALR, 1sthe mechanism by
which the transitian from early to late entry 1s made. The GALR gain conditions the
bank rate carnmand and, by controting the sign of the command, Glends this
transition.

An example of 4 bank maneuver during early entry is shown in figures &-4 and 6-5.
Figure 6-& shows asimplifiad schematic of tha roll and yaw channels and actual
5T75-7 flight data for the first bank maneuver. Figure 6-515 a depiction of the
sequence of events during this maneuwver.
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Figure §-5.- Pilat’s view of the orbiter roil.



The fallawrng is an explanation of the seguence of events durng thiy manaowver.

5.6
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From a steady state (ondition,

a left bank maneuver s commanded {AUTO o1 C5%) The command {p:rnd:'

Ioade imbm o cmll amA . parhoa e Al carmars b b A cmts radA DA T
1eens (NLg e fgn ang _'fq'l"f LHNGNSs WNETE Iy 15 WATTE0 iR ra e 2rion figniar

using the relations shown in equations 17 and 18. The yaw error signal l.'rerr]
goes ta the 51, and a yaw jet command is issped that rnitiates the maneuver.
The rall command s multiplied by 1-GALR {which results in -0, 1311 the rol|
channel; that agsists in initiating the maneuver by creating a shght reverse
aileton command This small reverse alleran 5 virtuaily unnoticeable in
normal aperations and will be subseguently overridden by a proverse aileron

(left roll, laft aileran) command

u-T

The bedy yaw rate created by the jet finng will cause the sideslip to butld and
is fed to the rodl channel far turn coordination. It comes from the yaw chan-
nel corrected for steady state rates [equation 23] and i converted into a roll
tate command by equation 13. Thisis multiplied by GALR {1.1) and summed
with pemg, Qiving the normal, overriding left aileron far coardinating the left
tank command. The combination of roll due to aileron (Cfg_ " &y) and roll

due to sideslip angle {E'El:‘r *Bl producas the body roll rate.

As the stability roll rate becomes established, its feedback tarm is differenced
with the other rall rate terms to effectively preduce a zero roll rate error
once the proper body rall and yaw rates bave been established.,

When the RHC is released (assuming £%%), the reverse process oocurs,

stopping the hank maneuver at the new desired bank angle.

Figure §-5.— Concluded.
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1. Describe the stability axis systerm.

2. Describe the process of controlling lateral direction when sideslip is generated.

3. Describe the différence between eéarly and late regions of |lateral-direction
tantrol.
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1. Thestability axes differ fram the body axes by the displacement of the ¥-and
£-axes following a rotation about the Y-axis through the arale of attack, o,

2. Lateral-directional control of the grbiter 15 maintaineg by the cambined use of
yaw jats, ailerans, sideslip angle, and the rudder (whan it is active} to preduce
bank maneuwers during entry. The sidesiip is then damped by yaw rate
feedback to the ailerans,

i, AtMachnembers above 3.5, bank maneuvers are initiated in the yaw channel,
and the rell channel provides coordination anddamping. At Mach numhbaers
betwoen D.9and 4 0, there i 2 gradual thange from yaw channel bank
maneuver initiation to ralf channel initiation, with coordination coming fram
the yaw channel.

4. BGALR i5 the mechanism that makes the transition from early to late entry
possible, GALR gaim conditions the roll rate command and, by controlling the
sign of the command, blends the transition.

TO 01 2k E-12



Section 7: Lateral-Directional Trim

Objectives

Atthe end of thissection, the student vall be sble to do the foliowing.

-

a im ~ .|
= i cornmmen

w List the lateral -drectional control effectars far trim

*  State when the roddear becomes active for trim

s State the praper action if aileron trim is greater than 17 with rudder and aileron
active

Lateral-Directional Trim

Ta be trimmed, the agrodynamic moments about an axis or set of axes must be
zergy. Toassist inunderstanding |lateral-direchional trim for the arbiter, rall-yaw
vector diagrams will be used, The initial diagrams shown in figure 7-1 depict, in
terms ef rolling moment coefficient (€ ) and yawing moment coeffioent (Cn), the
steady state disturbing force vectors and the controlling farce vectors, The disturb-
ing forces are a c.g. offset along the Y-axisand a bent airframe {relling and yawing
mament at zerg adeslip), The task af trimmimg the orbiter s to generate a set of

reantral uortarr thar ol Ralomes o veerbmer af fha = = sdfeads aodd oot o el s
LA A WTLLLA S 1L A SR ILE LR TRyl 3 bfl RIS iy, WFe I35 AT RSTI, Rid (e,

The dashed hne in each diagram represents a mirror image of the untrimmed
maments which the contro! effectors must balance.

Cne dragram is Tor early entry [Mach number greater than 5] and the other is far
late entry where the rudder is active. The cantral effectors far trim are aileron
daflection, sideslip angle, yaw jets, and rudder deflaction {after Mach equal %), The
tign convention for the diagrams is as follows: positive Cy produces right yaw,
positive Cy produces right roll, negative ailergn is left aileron {rall left], negative
rudder s right rudder {nose ight], and positive Deta i right sgeshp angle {nose
left), It isvery important to remember that each diagram (the direction and

ool g el ‘n:rh Lot u.- 3 framertimn nf amala of =.'I"|':|.r|r alawem macrbinm llar
l|||;|Hll||,u|.“; I|.r| CaLi VELLLM O ARl W i ey E bRy DI R RSP, AWiERh Tl

number, and dynamic pressure.
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Lataral-diraenianaitnms
analtnes

The ability 1o trim out effects of
£.g. offsers, bent arframe
acymmetrigs

®  Farly entry at Mach = &

Ailgran
- Sideslip argiv
Yaw jets

® LatesntryatMach = 5

Huléron

- TR [
TRIGILIET
Sraeshg angie
Ty pitt

4 Late gntty 8t Mach =7 1.4

- AjilEran

M. Jda_ o
=  MuauueA

- SLudeslip angle

+1°p

+=15"
ay

Bant
airfram

o
~ o~
h 2 yaw jeTs
b
L]
]
L
"8\
TO Q1 = it

+1“ﬁ/

o n 2yaw jets
:\__h

FCI "D

* Broken line represenas mirror image of bent ai rframe rofl and yaw moments that

must be nuiled.

Figura 7-1.- Lateral-directional trim.
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arlerons are not being used or are ineffective due to vanations or elewon trim
deflection, the trim is lef1 to the RCYS pet and s-deslip angle. In the c2se shawn, the
orbiter s tnmmed with 0.6 of beta and the eguivalent of 1.6 jets firing camt nu.-
psly. When the ailerons are active, they will be driven to tnm the vehicle and tend
to cawse the cestabian of (@t firings, The crew can speed up the trmming and
possibly save fuel by manually assisting with the roll panel trim switch. The tech-
nigue Is to watch the indications af yaw jet firing commands on the RCS activity
fights and to trim away from the hghts. For ezamegle, if right yaw jet lights are
cammanded on, the pllut can trim W|th the left allerun, inshart activations of the
ro!| panel trim swrtch, until the ar:Li'.rrt:.r Ijghts inrjicate nd ar few get *hrmgs_ One

Fl:riiim'r:. Getier irim solutizn 5 showi that uses -1.8%of aileron ang 4. 17" af beia.

Une solution: With ng silergn Ui, the trimming will be

accomplished uang yaw jets and side slip
'in
I yawy jets

Cr

+.B'B
-1° E_
_'. IDH - ‘
1.6 yaw jets TRy
A Better solaten: Early Entry Trim
Math = 5
Ty

The aileron woll be driven automaticaily
to provide trm and prevent RS usage

(Hint: Itcan be accomplisked faster manually)

+1°[i S1TRE, LT R BT
Figure 7-2.— Early entry trim Mach = 5.
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active at Mach 5 and under mormal circumstances will atsume a

farge partion of the trirn function. In the ¢ase shown in figure 7-3. it can be spen
that the trim solution car ge fram ailercn and bets to rudder and beta or to &
comnation af aileran, rudder, and Beta. Narmally, the My feedback in the yaw
channel will drive the rudder trrm ta remove sideslip angle, resulting in a trim
solution of aileron and rudder, Unul Mach number reaches 1.0, the jets are til|
available on a part-time basis. These figures hint at the fact that thEJre is nounique
trim solution, and any combination of centrol effectors within their individusl

limits is possib|e,

The rpdder e coni denl 10 a0 dnLy

AT N Oroeeidll Coowehil i el r\qlhlving

Qbhes ik fkm work ol

TheIrimopn go Frame chia,

oy

<

%

\
+!'I:l’/ d e
-1'!5..“1” g

ar a*mend mny pmbanat.pn
aldr Sk |l

TR A

Iyl i1t

1o kb=

Lwie Lrary Triem
Wik & 5

o L%in

+1°F #

170

- DAp

Figure 7-3.- Late entry trim Mach < &,
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tFim s ulions avalable when the rudder Decomes aciive,
tkely solutions which can ke troublesome if they ococur.

A particularly bad combination resu lts from a coalignment of the aileron and
ruddervectors. This < refarred 1o as an aileran-rudaoer force fight and is shown in
figure /-4 Asthe ailerons ana rudder move to trim the vehice, therr combined
effects can be partially or tatally offsettng. i each one fights the othet, they will
be driven Lo their respective limits, making it necessary for jats and the sideslip
angle 1o complate the trim olution  Postible results are an pxcessive geo af RS
propellant, a raductian in maneuvering capability (especially in the event of yaw jet
failures), and in same cates a loss of conlrol of the vehicle.

Should a force fight develop, and 1f the crew is monitoring their displays, the crew
can intervene. A force fight can be detected on the ENTRY TRAJ and VERT SI1T
displays. Both display ailleron and ruddertnm. The numbers are the actual contant
of the thim integrators in the saftwars, It must be remembered that it s best not to
try to infer trim from the 5F1. The 5P| shows the combined value far trim and
command deflection. Lock to the CRT displays when the rudder becomes active. [t
15 safe 1o allow some small amount of tim, but if aileren trim excoads 1.0° with

aileron and rudder active, tnim the ailerons to 2aro and allow the rodder and

T aariah | TEwiE W L S LaE iy R LRIy r

sideslip angle to provide thE trirn, Mornitaring s necessary because ance trimmed
out, the force fight can creep back in under certain conditions.

TO'0s2a 7-5



ik
=]

» Aseach mouesto trim, their effects are being offset, driving each toward its
limit, bath te the same side, lett or right.

* Sidesilip angle and (ets are reguired to complete the trim salution
+« [t can happen with nominal aeredynamics under certain flight ¢canditians.
o Itwill use excessive amounts of RCS fuel

- 1] mormenn |4 -
- L8 FEIIILINIIO

Aileron-rudder force fights are unlikely, but should ene occur, there 5 & solution!
s When the rudder becomes active at Mach 5, moniter &; and &, trim.

{Hint; Thiscan be seen on the ENTRY TRAJ and WERT 5IT displays.)
» The aileron, in the event of a prablem, can manually be driven to zero with

aileron panel trim. This forces the rudder to assume majper responsibility for
trim.

4
h\. Cr
-1 8,
-1° K.
Y Ty, 2 yaw
\\ jets
-
™
L
\ .H"'r
+B0% g
+1°[ ‘-“4 ?‘
1.1 ets ‘-.._j 'ﬁ-‘
+ .28 ﬁ'-@._
"3
TRABR=pL] 74

TDMot2a 7-6



~ .
WHESLILUNS

1. What conditiors(s] must be satistied for the shuttle to be tnmmed?

2.. Listthe lateral-direction contral affectors for trim.

State when the rudder becomes active Tor trim.

wl

4. Whatis the proper action if the aileron trim is greater than 1" with the rudder
and aileron active?

‘:-.I
]
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Answers
1. Forthe shuttle 1o be wimmed, the aerodynami moments about an axis or set

of ares must be ZERQ.

2. Ailerons, yaw jets, sideslip angle, and the rudder are lateral-direction contral
effactors.

3. The rudder becomes active for trim at Mach numben egual 1o 5 {late entry).

4. With the ruddar and aileron active and aileron trim greater than 17, trim the
aileren to 0* and allow the rudder and sideslips angle to provide trim.

Toioi ke 7.8



Objectives

At the end afthis section, the student will be able ta do the fallowing,

s State when the roll jets are deactvated
# State when tha ailerons are active for control

a  State the comsequences of GALR decreasing frem 1.1 ta C.0
s 5tate the basic purpose of NO Y JET

+ State the reason why the commander may become aware of helding a constant
rall command on the fimal appraach and how it should be corrected

a Doaccribho ayte Imad halanrcinn
Dasrriho ayta [(Dad halancin ._..

Roll Channel

Figure B-1 shows the major events of the rall channel in a mannersimilar ta that of
the pitch channal in figure 2-1. Beginning at EI-5, each event peculiar to the roll
charnnel is shown in relation to the other events, These are discussed indatailin the
following sections.

o 2 B
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Figure §-1.- The major events of the rolf channel.



Figure B-7 shows the bacic schematicof t

=5 TR W kD

cantrol s basic turn coordination wrth ra

plus a forward taop trim integratnr Tha

o
[T T PR T ST | S P _ ..I___..._. T 1
l.l.I'lllllln'llu 'I"|||||.f| IEELIU-HK.,H IUUH ':|.|Ir|r|.|:|l I_U LT pILLl'l CAgrnel.
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—
1
L
=3

=
L

Far early entry, roll axs is basie turn coordination (B damping)
inte a proportional plus integral rall rate command system.

LESEETE N
[HD = .
HL .gl i L
iy

-
i —{ i f———s =
[ roz o] e
kL ' f
|||ril ] ] |I LY II - - Pl

a,, ML

LLCU I B ko Tl

Figure 8-2.- Basfc schematic of early and late entry reff channels.

The paths of the RHC bank command ate shown in figures 8.3 thraugh 8-7. The
command, atter bewng shaped, ooes first 10 the yaw channel and then _h ﬂ!.-'gh
warious gams{rEmEmhtr E.H.LFI']I uut ta the roll jets {until g = 10 psf) a

dilerons, which become active at q = 2 psf.
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Figure 5-3 and equatians 1, 2 and 4 aid in undestanding the turn coordination.
Substriutmg equatian 1into 2 and 4 yields:

P,= = % ﬂnj sk 8 (207
ookk e
and
rad=i—l,5m¢m=l'l (21}

which represent the steady state body rates for a turn, or the rall and yaw rates far
turn coordination. These rates when diffarenced with the body rate feedbacks give
the perturbation or compensated ratasto be damped in the turn coardination and
feedback loops in the entry DAP.

PCOR = p, — p,, {22}
DRPRM = r =t {23)

Figure 8-4 introduces the terms in equations 22 and 22, The reli rate for turn coor-
dinatian is calculated and added to the body roll rate, giving corrected roll rate
feedback term in roll channe| {PCORY. Yaw rate feedhack term in yaw channel
(DRPRM) comes fram the yaw channel, then is multiphed by cot a {refer back to
equation 13) and by GALR, and then it is differenced with PCOR. PCOR and DRPRM
make up the primary drives of the roll rate feedback,

Twa additianal terms contribute to the rall rate feedback to fine tune the system
and 1o limit the growth af the sideslip angle. They are both sideslip-dependent
terms and aperate in a mutually exclusive manner. At g less than 2 psf this feed-
back is inertial P; batween a q of 2to 20 psfitis filtered mertial f, and 8t g
greater than 20 psf is the lateral acceleration, Ny, Both | and Ny terms come from
the yaw channel.

The GALR gain is also shown in figure 8-4. 1t goes directly to multiply the DRPRM
term and is subtracted fram the quantity 1 befare multiplying the commanded roll
rate. In early eritry this difference creates a small, negative value which acts upon
the commanded rall rate to produce the initial, slight reverse aileran. The value of
the gain begins decreasing at Mach 4.0 (see figure B-3), and at about Mach 3.8, it
will equal 1.0, A roll rate command is far an instant multiplied by zero, but as Mach
nurber further decreases, so does the value of GALR. Therefore, the roll rate
command is becomirg increasingly praverse and dominant in detetrimng the ail-
eron response, Through GALR gain reductions, the ailaren response is lransitioning
from tne early entry systerm of primary g damping about the stability axis to per-
forming canventional roll maneuvers about the body aus in the |ate entry system.

TId2a 8.5
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Figure §-4.- The roll channef - GALR gain.



Twws thirgt are happeirg with the reduction af the GALR gair. The magnitude of
the gain applied to the commanded roll rate gets larger in a positive sense until 1t
reaches 1.0, This gives the comventional inilial a leren respondg wath respect 1o an
input commanea for late entry (rightrodl commandg = right aileran). Secondly, as
GALR approacnes zero, the effect of the yaw channel input (DRPRM)] 15 baing
rermoved from the roll channei,

Oneinput itemshown on the GALR gainleop s NQ Y JET. This s adownmoding
conditian whigh is selected by the entry mode switch. Selection of this position
grounds the command to the yaw jets and changes the value of the GALR gain. The
functignal yse pf NOY IET s beyond the scope of this paper; theretare, while there

R N [ T LN et el o Ao s Aaerc ko e feal] A A

weilll hi;' |r||:ﬁ|_|1.rr| L i EIAEW MBS, MO dTCENT R YWk OE TTModc to asscnioe its tun gpeid-
tionat use. Individuals should consult other matenals such as the Fligh: Proged.ares
Handbook {ref. 2} or the Entry Auto Monitoring Briefing. {Note: The value of GALR
befare § = 10 psfis 1.0. Nominally, its value is then 1.7 wuntil Mach = 4.0, whera it
heging its ramp down to zere. Ifin ND Y JET, the value of GALR wall be 1.7 until
hMach = 7, where it ramps down to zero by Mach = 0.9,)

Figure B-4 also shows the aileron trim integrator loop  Aileron trim of the orbiter s
accomplished by bringing the yaw rate commanads being sent 1o the yaw jet
hysteresis ioop mla the aileron trim loop. These are summed with the roll panel
trim command and integrated. The ailerans take gver the trimming being done by
the yaw etcata 4 of 2 psf. Thee loop i active 10 the automatic mode untl rollout,
but when flying rm {55 in the rollivaw asis, the loop opens &t Mach 1.25 and holds
the last computed value of alleron trim fixed. This s important to remember when
flymg manually. The piiot may become aware of havng 1o held a contant 1ol
command when flying around the HAC ar down the final approach path. If the roll
bias is ercountered, simply trim the aileran with the roll panel trim switch.

Asinthe pitch channel, there is a low-gamn multiplier available. Whenever the low
gain postion of the entry moede switch s selected, the gain being aoplied 19 the
rate error ailaron command s cutin half.

Information for crew displays comes from two lacations in the roll channel. The
body roll and yaw rates are combined {equation 9] to give the stability rolt rate,
which 1% sent to the bank rate neadle of the ADI. The output of the aileran trim
imtonratar eont tothe ENTRY TRAJ and WVERT &IT d!nnlnun and nrn\r!ﬂﬁ: tha Crowy

TR R e ot

with a direct readout af alleron trim.

The rolt panel trim switch s intreduced in figure B-5. This trim switch, when acti-
vated, sends a signal to be summed with the yaw jet rate commands im the aileron
trim integratar laep and can dnve the aileran directly for trim purpases, The linuts
on ailergn trim are + 3% The roll panel tom swrtch car be used to trim the vehicle in
roll and is much faster than the auto trim fonction.
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Figure 8-5.- The roll channe! - Fanel trim switch.
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clc LTI RTSOVST, SUCh 45 aiarge amset intne v .g., g inal-
tations and procedure wauld be 23 follows: As the vehicle starts micking up effects
of the atmosphers during entry with a Ay offsot, a noticeable increase :n yaw (et
firings on one side wouid begin. The offset is causing the vehicie to fly with & side-
siip angle for trim, and the je&ts are firing to contral the magnitude of the sideslip
a.d marntam trim. The RCS jel activily eghts wauld be pulking, shewing commands
to fire. Ata g of 2 pstf when the aileron becomes acuve, these pet finng commands
“rovm the yaw channel cause the aleron to trim out the offset by trimming cut the
yaw rate error.

iy
o

LA

The auio 5ystem can generally be allowed {0 trim the vehiche, but in some cases can

o e 4 A f B fmal The sroay by nicimes thoa rsl |l mamal4trimm coaitsrh
L2 g B RCESS| Ve ﬂIIIUUIIL'I-I'I g TR iy RIETE, Y LAY RIS T Ol ieER LI ave i,

can speed up the process manually. The procedure requires switching to C8% in the
rallfivaw axes and, without maneovering, vang the roll panel tnm switch to trim
“away from the et firings.” Inother words, if the right yaw jets are firing, the crew
would trim to the left with the switeh  Once the yaw jets have bean cancaled, the
trim has been accomplished, and the amount of aileron required can be seen on the
Trajectory display, asshawn in figure 8-6.

4 3041/ ENTRY TRAJ & 1 0047102 904 GO N
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Fiqure 8-8.- The roli channel - ENTRY TRAJ 5 display.
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contrel stick steering mode (C5% R and holdsthe last value of trim. A cross
af the VERT 31T display will reveal any aileran being carried for earlier trim and, if
heavy stick it being sensed in rell due to a residual trim, the rall paneltnim switch
car be used to remaove 1t. The switch behaves like a conventional airplane trim
sweitch im thes mode. If the RHC must be held |eft of detent, the commander should
trim laft ar with the stick 10 trim the vehicle in rall,

1 E . ey |
PR PN ANER LA | e WRRRGET Tk

The RHC rate trim switch provides a bias on the roll rate command caming fram the
RHC; aroll rate of =2.5 degfse can be input through this switch. This switch fune.
tions anly in €55 RAY; it is removed immediately and most effectively by geing hack

dom womn Ly mwmar fammnntis mameEn JALTOE RO amm hasr s amaratimanzs| sar eeacadiral ica
LF Il.lllr,'-ﬂ" auiomiaglie mog2 RS D r T T F ERT R nas Nno AFHT D LI (S LA preirh SN D A,

The PTImadificatians 1o the rell channel are shown in figure 8-& and provide direct
commands to the control effectors as was described m the pitch channel,

The automatic control {oop is shown in figure B-7. In the automatic mode, the bank
angle is being commanded by guidance. This command is comparad to the actual
bank angle of the vehicie; from the resuling difference, abank command is
derived.

Following touchdown, the ailerons begin to receive commands attempting to bal-
ance the loads between the main tires. This command 15 based on true airspeed, Ny,
and the yaw rate; it is desigried 1o prevent an imbalance inthe main lire [pad that
might be present due 10 a crosswind during rellogt. The lateral acceleration and
the yaw rate are a function of the sideslip angle resulting from the crosswind, and
they create an aileran command to roll inte the wind in an attempt to reduce the
sideshipangle. In C55RAY, the crew has encugh roll authonty to mask any auto load
balancang by the entry DAP. At nesewheel slapdown, the last aileron command aut
of the autc load balanang is faded to zerc aver 3 100-second time pendd,
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Function

Dere e Lhe amount ang
sign af ailergn that s com-

marnded . VERpREMSE T 3 Fali
cammand smpl

Comects roll rate for vehicle
turring

Imertial sideslig angle

Leleral sccaleratran crofifesd

Frovides ayto 1nm funciipn

Lise

Alows blending of early phase into late
phawe Ferg < ), GALR 51 O that
gves only turm coordinatran in the rodl
a¥is and no dracl command functyan
The bank command goes to the yaw
B it ard ganerates a vaw rate, which
fegds the rall s turn coordination.
Thig luRCuan cammands the proper
roll rate to coordinate 1he stabilily ans
bank Fromg= (iamd 0 GALR =
1.1. This causes asmall reverse aileran
inpulLin response to cank Commands
whirth improves response [3idsin
achimvng initial gE. From it 4.0t b
09 GALR goes 1o rarg thraugh a series
of rarmps and pl dtesus. Thistakes the
redl chammel comfiguration inls the
pure Late system, whera rall commands
Qo 10 the ailwron only

With downmeding NC Y JET option,
GALR = 1.7, initially pgiving a large
reverse ail eron commang on responge
o pank command inputs

Aliows proper turn coordination by
rlmn-wnn rod | samied dus 1o wehicle

turni Ry

Active q < 2. Inerial sideslip ang a3
wsed to dommmnbred roil rate iy a ditec-
Lion to reduce sideslip

Active when p > 0.5 deg/seq, Lsed to
augment lataral acceleration during
rell maneuvers to imprave damping

Active O35, Totrim in roli rate, w1 com-
pensate for RGA bias

Brtnes in VM T 305 fnnutt irmrt

ta torward loop thim integrator in a:Jm-
and CT55 (M = 1.25). InC5% M < 1,25,
the wtegrator acts as a pure trim
davice in response to the panel trim
writeh anly,

Active b M 304, 305, Integrates roll and
yaw rate arrod signals ta prewide
proper dleran trim



1. When are roll jets deactivated?

2. When are the aiterons active for contral?

What is the consequence of GALR decreasing from 1.1 to 0.07

bl

4. What is the purpose of NO Y JET?

3. Why waould a commander become aware of holding a constant rell command
on final approach? How should it be corrected?

B, Descrnibe auta load balancing.

I:II:I'
—
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1. Roll jets are deactiveted when @ = 10.0.

2. Ailerons are active for contral when @ = 2.4.

The raii rate cammand is becoming inereasingly proverse ard dominant in
determining the aileron responie. Through GALR gain reductions, the aiferon
resporse 15 transitionmg fram f damprng to performing conventional radl
MINeuvears,

(Y ]

4, Thes (NG Y JET) is a downmeding candition selected by the entry mode switch.
Lelecting this position grounds the command 1o the yaw jets and thanges the
value of GALR gain,

5. When flying €5% at Mach < 1.25, the aileron trim loop opens and holds the last
computed value of aileron trim fixed, The commander can trim the ailerons
with the roll panal trim switch.

6. Following touchdawn, the ailerons begin to receive commands to attempt to
balance the loads between the main tires.

= 2]
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Section 9: Yaw Channe!

Objectives
At the end of this sectien, the stadent will he able to da the following.

s Siate the driving parameter in the yaw channel for most of the entry

» State when the rudder becomes active

Yaw Channel

'rL. - e e sr Frrme e 10 £
s i T. a1 Th £ -'-‘1 M th

mﬁjﬁffﬁw{haﬁﬁﬂ YETIthalreg an l...l"i"HIIIIIHH'I,iIE:I"'I | THiS TIGPUITE 15 30T naT
of the pitch (figure 2-1) and rall {figure 8-1) channels. The detailed distusaion ofthe
yaw channel that follows expands and claribies each of the events,
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Figure 9-1.—- Major yaw channe! events.
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s+ Bank command from the stability axis is converted to the appropriale yaw rate
commandvia "sin=" and s differenced witk yaw rate feedback to generate an
errg-signal.

a Lateral arceleration is also ysed to ganerate & yaw rate errar 1o redude

-l-L s

| TTE: L-'IﬁE'
command a

g_ -
for

Is are summed, multplied by a gain to generate a yaw et
a rudder command after it 15 active.

e
an

F
d

s  After rudder activatton, the rudder pedal tramsducer assembly (RFTA] may be
vsed to bias the lateral aceeleration feedback and 5 thus a hateral aceeleratian
carmmand device and not a rudder command devige.

» Rudder trim hiaszes the RPTA output.

The yaw channal is a proparticnal command plus a forward locop trim integrator
that pruvldes yaw rate turn murdmatmn ﬂdarﬁplng and sidetlip control. & sim-
plified schematic 15 shown in figure §-2.

The yaw channel is essentially a proportional plus
imtegral yaw rate command system to provide
damping (r-p sin =) and [l contral (Mycos=}.

e H "'H.._-r , "
' - T f > by \':-\_-'-I rm n ; H 1"'\- .X\FJ_.-I
e = T T
H [1H '-\,\_ 'b-"l *
T | - , T
1 mamm _— e —_—
| | .
L L I TR

Figure 9-2.— Simplified yaw channel.
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The beginning iogic of the yaw channel is shown in figure 5.3, For most of entry,
thedriving parametgr in the yaw channel 15 the bank rate command. This com-
rmand is multipled by sin u {equation 17}, subtracted fram the body yaw rates
coming from the RGAs to produce a yaw rate error that goes to the et select lagic
1o issue yaw jet finngs, and, for Mach less than 5, rudder commands, The aileran
thim information is picked off the rate error path ta the yaw jets for use in the roll

channeal.
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Figure 5-4 shaws how the inertial sideslin angle feedback is used for sideslip contral
during flight in the low 4 regime {lessthan 2 psf). This sideslip angle ¢ used im the
‘pll charnel for L dontrol, &5 previously described, and is alsa sent to the yaw arror
neacle on the ADi as anindication of sdeship angle to the crew {until § is greater
than 2C psf). After q s mare than 2 psf and less than 20 psf, the inertial sideshp
angle ts 10 the yaw channe. to keep a large transient in B fram developing, which
mugsit counter the rolling action during the first bank maneuver. Thit is accom-
plished by sending imertial beta through a washout filter that effectrvely remaves

1""\.& E‘Iﬂﬂ..r‘h.l E"“ﬂhtl u!lFlll!l !ﬁﬁH =.||.i'1.|.|.rE .l".r'l|1r fh.ﬂ. -|'r:|r|.lu:|.r|.‘|': i the ordeclhin anmla tes s
FLFSLF 111 RFPL. :lu‘_.'l-ll'.ﬂ ullH I= LT Ij‘_l

thraugh fﬂ-r contrel purposes. SIdﬂ'illp angle, filtered or unfittered, s sent to the
rall ghannel until a § of 20 psfrs reached

The yaw rate far turn coardination is shawn in figure 3-4. This term:, as calculated in
squatian 21, goes ta the pitch channel {post-TAEM) for turn compensation. Inthe
yaw chanmel it is differanced with the body yaw rate {feedback) to produce the
compensated yaw rate (DRPRM, equation 23], which is used in the yaw channel as
the corrected yaw rate feedback and s also used in the rofl channel. The yaw chan-
nelalso computes an estimated f or "scaled A" which issent to the yaw error
negdle on the ADI, rEptacing imertial sideslip angle at § equal to 20 psf. The est-

am bl [ 8 Aty bt e s masa s & PRI b e o e s oty B f s i o it e e
Mg ISl L i> '-'-'I"PU N:'-l H'-I"'H AT Gl IS Al '|_'|"1¥'|| iFi '-'-':rluﬂlnllull Wil ﬂHPIUn\I'IIﬂl\T

aaradynamic coefficients.

The lateral acceleration ioop (MNy} becomes active ata q of 20 psf. N, replaces
mnertial [ as the sideslip contrel term. 12 is 8 yaw rate arror based upon sensed
lateral acceleratons and is sumrmed with the corrected yaw rate command to
become a command to the jets and rudder. The lateral accelaration is sentto the
roll chanmnel to replace the I termata q of 20 psf.

The radder, rudder pedals, and forward joap trim integrator become active at
Mach 5, asshown in figure 9-5. The trim integratnr should start taking aver some

o nl-.+n--.I.J ortimma]| e rprirgrm ot oA o sl rgliouas the Silg e S F F !.-.

LAl l.IIE P LET I UII’ELLiUlIﬂI L ifTi IE'L‘LIilEIIIEIFIJ aiTia i Llﬂll:l' TEIEYE INTE ghETonN>oT @
funchien. The crew can check this activity an the Trajectory displays or VERT SIT
displays [(figure 8-7).

= J
L

The rudder pedals function strictly as a bias to the [ateral accelieratian feedback.
The crew can make inputs through the pedals and can expedt to see an mitial
rudder movement in the direction af the autamatic stability loops. In practice, the
orbiter usually 13 flovwen with the feet on the floer until touchdown, when braking
and steeting (ome into play.

TOMI12A 9-4
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Figure 9-4.- Inertial sideslip angle feadback.
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Figure 3-5.— Complete yaw channel.




The autoiand yaw cormmands are sent 1a the yaw channel when automatic nose-
whee| steering 15 incorporated at nosewheel slapdown. This wan aulamatic mode

that requiras ALITO R and a ground speed enable (GSENBL) flag to be set.

The low gain and PT| modifications in the yaw channel arg simitar to those previ-
ously described inthe pitch and roll channels.

L]
~aar Bwvie Erim
HATYF rMaaalsx |l

Feature

Limitad Bank rate
cammand

Inerual sideslipangle

My ¢crassfeed toroll
channmel

Compensated roll rate
feedback from
ol channel

ThO1dilk

el
HMIITL

ML
Il

Furnction

To command jets and
rudder in response to
RHC inputs

Limut sideslipin law 4
regqIme

To correct yaw rate for
vehicle tuming

Aids in eogrdinating roll
Man euvers

Used to scale yaw
rate command

9-7

Use

Active M>0.6. Multiplied
by sin a to construct yaw
rate command for coor-
dinated stability rolt

Active q=<2. Tg maintamn
sigieslip within allgwable
limits, the body yaw com-
ponent of nav denived
sideshp i fed back and
converted to a body yaw
rate tommand

Aligws praperiy coordi-
nated turn by remawving
yawy rate sermied due to
vehicie turning

Active when p =05 degsec.
lised to augment iateral
acceleration during roll
maneuve s ta improve
damping

Active in M<0.6 Roll rate
shipped to the yaw chan-
nel is multiplied by sina,
which converts itto a
body yaw rate command
todamp B
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-
UEsLions

1 Whatisthe driving parameter in the yaw channel for most of the ertey?

2. When dassthe rudder become active?

TBIa12A 9-3



Answaears
1. Far mest of antry, the drving parameter in the yaw channel is the bank rate

comrmand.

2. The rudder becomes artive at Mach 5.

TOIOIZA, 9-10
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Objectives
Atthe end of this section, the stedent will be able to do the follawing.

+ 5tate what the requrrements are to se1 the GSENEL flag and activate nosewheal
steering [NW5)

« State the prefarred C55% BY nosewheel steerin

preferred

—

Nosewheel Steering

The NWS schematic s shown in figure 10-1. NWS is availaile in bath the manual
(CS5) and automatic modes. It becornes sctive when the GSENBL flag is set, This
flag requires 2 seconds of having the weight on wheels (WOW) flag set, the pitch
angle (4) less than zero, and the weight an the nose gear (WONG) set. GSENBL can
also be triggered if the external tank (ETY separation (SEF] switch or solid rocket
boosier {3RE) SEF switch 1 enabled and the PBI is pushed and B is iess than zero, It
is pesuble, but undesirable, to manually set WOWMWONG while airbome.

In the auto mode, the yaw rate command issent to the yaw channel for rudder
commands, is differenced with the body yaw rate feedback, and becomes an NwWS
command after passing through the proper gams. The nosewheel command 15 a
result af the rudderinputs when the orbiter isheing aperated in €85 RAY. In NYWS 1
ar 2, rudder pedal movementis read by the RPTA and from there fed into
subtystem pparabimng programs {50Ps) in the general purpose comauters {GPCs).
These 50Ps bias the cammands based an lateral acceleration feed back in order to
prevent overcontrol. This alse aids initial steering commands in response to tire
failures. This provides the best control and handling quaiities and 15 the most
favored mode of control.

THOTZA 151
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uestigns

1. WWhat are the requirements 1o setthe GSENBL flag and activate nosewheel
SEERringG?

T 10 24 1Q-3
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t. The GSEMNBL flag s set when there are 2 seconds of WOW_ pitch angle is less
than zero, and WOMNG isset. GSENEL ¢an ais0 be set1fthe ET S5EP or SRB SEP
switch is enabled and the PRiis pushed, arnd B is tess than zero.
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Section 11: Event Chronology

Objectives
At the end of this section, the student will be able to do the following.

& Atate when 'I:f'IE AQro et LAF 15 IT‘II'LIEIIIE‘U

State when the RCS activity fights reconfigure

»

State what the RCS activity lighits mean

State when the yaw jets are deactivated

-

Event Chronology

Ei-5

b ol PR PR — Ao a -l am ak rmaka e e .a oW L—

H L= ] Il.illl-FH-fji o | !-IHI I||“.'l:l| 1L ISTERE j' CVETILE |:|. I-f“-l"ﬂ'" III 1.ll:'l.'.ll-'lll 1L, m LEILI_J'I
first event is £]-5, where the aergjet DAP s initighized at the beginning of MM 3041
Generally, the control mode is AUTO in all axes, the contrgl surfaces are neutral
{flight dependent), cammand capability for four roll, four pitch, and two yaw jets is
available perside, and there is a roll-pitch-yaw attitude of 0°-40°-0°. The maximum
rates that can be commandad are +5 deafses i AUTO RY and 205 degfec i
AUTDP. In £S5, the crew can cammand +Edegfeec and +2 88 degfsecin roll and
pitch, respectvely.

LI B |
1i0=

g =05
Ata q of 0.5 psf, the elevators become active for trim in response to the pitch jet

lirings. In this region the yaw jets are wsed to start the bank maneuvers, with the
roli jets being used for coordination and to damp  during the maneuver.

g = 2.0

=
|:||

The sievators hecome active 1o cORtr
cammands.
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NE silergns pecomE active for trim and centrol. |r:|i=.-y re's.pq-nn ﬂlrecuy for inm,
15 b ng driven by the yaw jet finngs, and indirectly to roll command. 1t
thes regron that bank control isbeing atfected by the yaw plus rali jets

At tnis juncture, the inertial sideslep angle is removed as a direct feedback in the
yvaw channel. Its, however, sent thraugh a washout filter that allows the DAP to
cafrect for transienty inthe sideshp angle and is displayed on the yaw error need|e
et the 4D

0 =810

The alevators no longer respand 1o pitch jot firings for trio

g = 10.0

The roll jets are terminated. The ailerons are now responding directly to roll rate
comrmands. From this pomt untilg = 50, the RCS roll activity lights are nat active.

q=20

The number of yaw jets per side available increases ta four. The elevator positian
feedback trim re places the forward loop tnim mtegramr lopp. “Scaled &,° replaces
ingrtial sigesiip angia on the yaw error needie of the AlY, and the iateral acceiera-
tion and lateral acceleration trim |oops begin while the inertial sideslip angte is
removed from the vaw and rall channed.

ﬁ-lﬂ

The pitch jets are *tErminated Frams this poant until 4 = 50, the RCS roll activity

The RCS jet activty lights are reconfigured. The pitch £t hghts indicate when the
elevon rate imit has been saturated. The roll and yvaw jet lights work together to
indicate how many yaw jets arg being commandead to fire in respanse to a bank
maneuver input. & single yaw jet light alone {left or nght} indicates the cammand
direction to fire twe yaw jets, and the yvaw plus roll et lights indicate three or four
yaw jets being commanded on.

TOE128 11-2



The 3PBK bagins te open arcording 1o 1ts programmed schedule. The SPBEK position
is fad Back nta the piteh axis, where itz effect can be taken into account in the
elevatar trem loop. After apening, the SPEE, which has been tightly closea, now
hasa minimum cfosure angle of 157

h = 125000

Yaw [Bt rinimum on time s increased from 80 to 320 milliseconds. Thisis to gnsure
complete burning of prope!lants between fire commands.

Mach = 5

rois o e, -II:

allowing ailerons to be used more

L& [

- A N
midLil au

1l

The GALR gain begins ta ramp down in ¢rder 1o blend the transition of early entey
bank into late entry. In this region, the elevon can be commanded down to ensure
that the yawing moment coefficient due to aileron {Cng. ) has a negative sign  This
is preferable for NO ¥ IET proced ures.

Mach = 3.7

The SPBE closes to approximately 65 parcent to increase rudder effectiveness.

Mach = 3.0

The elevon trim schedule may ramp up to prevent high hinge moments.

lopap. The pitch error needle now displays Nz errer on the ADIl. The maximum
autoputch rate beimg cammanded is a function of true arspeed and is limited to the
maximur guidance commanded N, deltasof =0.54. A yaw rate term 3 brought in
far turn compensation in pitch (rtan 4.
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RA- b — TN
ivlalnn = 4 7

The BF ic limited to a lower setong of 18.8° to protect against high hinge moments,

Mach = 2.0

The RHC gain baqgins increasing to provide higher commanded pitch rates. This
commanded pitch rate will be 8 maximum of £9 2 degsec upon reaching a Mach
numberof 1.2.

Mach = 1.5

The rmaximum roll rate command begins increasng and will achieve a valye of 227
deg/iec by Mach 0.6. The N, feedback into the roll channel begims to decrease and
reaches zerp at Mach 0.9,

Mach = 1.25

When flying 1:55 R/, the aileron trim integrator ceases its trim function and holds
1 |E H.Eﬁ "I.I'dll..ll;' ul. qlrEl'ﬁl"l ir im. l._l VY avvarenesh l','.n I..rll:- |} ||||puﬂ-’iﬁt illuulu ;hEl’E o
an RHC requiring canstant displacemnent in roll later in tha trajectery indicating an

aut of trim cendition.

Mach = 1.1

BF lower limit s now restricted £o 15 87,

Mach = 1.0

The yaw jets terminate. Also, in passing from superconic 10 subsonic flight, the
crew needs to pay particular attention to the alpha limits.

Note: |f the vehicle is allowed 1o pitch up to higher than the upper angie of attack
limit, a loss of control of the vehicle can occur. In the automatic mode, the

vehicle will, when fallowing quidance under certam crocumstances, such as
when air data s not incorporated, pitch up past the alpha hrmat and lose
control,

All three control azes are §-imited 10 & minimum value of 90 psf. This s to prevent
. — - |

R R —— |

any system’s being reactivated, such as jeis t

e
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The BF can now go to a full-down position if needed .

Mach = 0.55

Mach = (.G

Tha B MB ic nmw hainm oead o e s choanmel 22 45 vawseine rata arcar o nansarata
TTIE M FTL 13 TRLFFF LFE TN USRS PN LIFL FOOWY WiPUTFIICT OO O JONWF (h iy T LA TATWA LLF W Taie L
rudder commands. This essentially provides turn coordination through landing

h = 10000

At the nominal approach and landing interface, the guidance should cornmand the
BF to the trail position f im the BF AUTO mode.

h = 3000 f

The SPBK ciosesto a calculated value based on wind, weight, density alotude,
velocity error, and thort field option,

h = 2000 ft
Preflare is commanded and is usually executed manually at an altitude of approxi-

mately 1850 feet AGL.

b — ENMAMN
IF == _JLFLS B

The SPBK can make an adjustment based on density altitude and wind velocity.

TO 1 2R



Auto load balance begins. The M, feedback laop and the ruoder tnm integratior

.Y

imap are cpened, SFPEK goesfull open. F at turn flag isset,

Nose gear touchdown

The aileran trim loop 1 ogened and the load balance signai is faded. The elevator
feedback loop is opened and the elevators are commanded dawn in AUTO fwill
moda to AUTO f1in C55%) 1o relieve the main tire load. Pitch can be moded back to

PR e sdars Phod podirle " el e e #ho FCE madele DO
bt WY LTIE TIUL 3LIGA  THELTNTRR W RUTIATFY LR 30 (LT PO

The turn cooardination loop s grevnded and NWS s enabled.

T FA
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FC§: Aergjet DAPinitiafization - MM 304

Eveant Roll Pitch ¥aw
EM5 ha = 0 fe = .1 pr = 0°
Bl w 52% " (act:ye}
fsh = 0°
ark D is being uied, aar;
disolayed on pitch meedle
A vl rmtefeaddn A el s m b framln Foiraa. imbrirnln
m ihrn Jl.' [ RELLTL S TR pATRLT ] ll.'l.ﬂ ST o ]l-uw jf L oidiy
mertial [i displayed an
ADI, wyed 1 FCS fdok,
oo
& = 0" B = 30" y = 0°
Max Ayte: pox *5gegiee g = + 0.5 deg’sec
commandad Ca%. p = o oegrer g = + 3 deqrsec
rates
q = 0.5 psf Aol jets assist and e active far trim, resp gnas Taw et slar bank
dampdurirg bank 1o pitch jet firing MARELUVEFS
= &0 psf Ga wctiva for fiw active for contral Inertial { through a wash-
coniral pwt filter ysed in FCS fobk
ba trim begins, driven by
yaw charnel
o — B el Fa clvme rvmd rmprwcmend e ik
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j#ts fortrim any longer
g = 10 paf Roll [ats emd
i = 20 psf Be position fdbk rephaces A yhowy jetsside “Scaled A"
twed lopp trim integrator anAD phvwe érror nesdle;
B Sl asdd e e
“IT TR W '.r|||_| (LT ]
bBegqun; replaces nertial
g = 40 psf Fiich jets end
g = 50 psf - RCS jat activity lights
recanfigure -

3 or 4 yaw st
rammarided

*Fhight dependent,
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Tahlo 11-1 - Continued

wrweE I R

£ vant Rail Prtch ¥aw
Mach =10 fing O pem per wredyle
fE thm accounts for Beg
AN figy = 157
h = 125000 ft Iet mumum o time
Trom B0 ta 320 msa
Mach =5 Rudder aclive
Marh = 4 A1 R s Fuare Tl mem 1 T T S e
Mach = 4 GALR gaw Bagird Tt | T T0 EriLar e

Mach = 2.2

Marh = 3.0

Mach = 1.5 -

rampng doer far
cenventional Sa

figa begirs chosing ta 85% an

anticpaten of rudder use

e tnmimad up 1o praver
high Finge moments

TAEM—-

Mach =2}

Mach = 1.0

Mach = 1.5

--------

Auto pitch | oop becomes
Wy CMD, replaces Oppp

N, =Tror displaved on
pitch needle

Max auta pitch rate
carmmanded is 1 (TAS),
himited 10 max guid-
ance CMD &N of O 5g

rian 4 1o compensate
foor o reguited uh turns

Shf lewer himit = tB.8"
to pratett against high

harma ot
FIFFIH!—' Il NITrl L

RHL gain ingrea5¢5 Tor
higher pitch rates (max
commanded rate = 9.2
degisec by Mach = 1.2)

faa rate cmd
increasing to 27
deqgfsec by
Mach = 0.6

by tdbk gomg o
reto by Mach = .3

*Fhght dependant.
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Srar P rus wrmE

Event Ralf Piteh Yaw
Mach = 1.2% In 55, fatrim
miegrator stops,
holds last value
of batrim
Mach = 141 tbil — lower limit = 15.8°
Mach = 1.0 1TBe awiarke of o limits!} Y pw (415 Le rrina te
Al pnes o & himited to
minimum value of 90 psl
bt lowar fimit = 32.5°
Mach = (.95 by oy commanded by
TAEMIAA guide for g bar
Mo U lBLIGN

Mach = {.b

h = 14,000 it

h = 3000 A

h = 2000 1

h = 500 ft

Main gear
toudhdown

HOLE guar
oz e ooarn

T R1IA

Auto{ioad balance

for Ea

& trim gpen

Auta load

balance faded

&L guidarce may CMD
Gt to trail

G5b coves 1o Cal culaned
valye bastd o wind,
weeight, dengity altifude,
veloCity errer, and short
field ootion

Rraflare commanded
{menuatly geecuiad a1
= {850 ft AGL)

fsby can make adjustments

and wrind velog ity

bated on dennty altitude

SPRE qoes 1o Full
OpEn

5€ fopk Open

Switches to auto for load
relief bias (055 still avail-
abule M doareinoed &)

11-9

Poady used ta generate
Ferrar Tar &0 CRAD

M, fdbk loop grounded

Brtrimintegration open
Tum cgord grounded

Nosewhesl cteering
avaiiaie



abie 2. =RL r Ummary.
Evant Rell Fitch _ ¥aw o
EI-5 Left or right Lght Up or down Light ind.cates et | Left or right Lght indi-
trgdie ates pet has has bgen commanded 1o lirg catos thal two jats
bean cammanded hawe beaet
to fire commanded 1o fire
b, = AL aal [ - | I A T O |
LT = W§LF 1 LTS IR WL |
Obar = &0 psf No use - {Pitch jets deact.}
OQbar = 50 psf Both lights srmg Both lights simo indicate
indicale 23 yiw Slvor e Saluralion:
Je1s cammanded {20 dwgrowc, 203 &PL
to fire * 1d degisee, 1 APU)
tach = 1.0 { @wr jEis deact.)
No ute
NGTD ¥ x
MNote: From Qbar = 20 to S, four yaw j=ts are available for hring, while the yaw light activates

TRI012A

for two commanded. Only sLQbar = 50 does the <rew have insight into > Two vaw jets

commandg e,

—
i
]
—
ol




1. Whenisthe aerojet AP initialized?

2. Whende the RCS activity lights recanfigure?

What do

wy

4. When are

Towza

he RCS activity lights indicate after they have recanfigured?

yaw jots deactivated?

11-11



1. DAPisintialized at the beginning of MM 304

Z. RIS actrvity lights reconfigure when § = 50 psf,

Lk

s The roll activity gihis mean three or four yaw jets are commanded,
»  Tha pitch jat ights mean elevan rate imit has reached saturation.

# The yaw jetlights mean two yaw jets are command ed.

4. Yaw pets are deactivated at Mach 1.0

oG24 11-12



Section 12: Entry Cue Cards

Objectives

At the and of thisseqtion, the student wall be able 1o intarpret tha ENTRY DATA and
ENTRY ALPHA cuo cards.

Entry Cue Cards
An example of an ENTRY DATA cue card isshown in figure 12-1.

A ENTRY ALPHA cue card is shown in figure 12-2, For the different velocrties (VR]
the expected angle of attack (o) is shown. Alse shown for easy reference are the
range (R), altitude (H}, and reference bank angle {Rpaf). The angle of attack shown
is the design flight profile. Atthe high Mach numbers {velecties), the alpha has a
= 3° aiowable band. The high Mach numbers show a constant alpha during the
temperature contral phase and the eguilibrium glide phase. Shortly after going to
the constant drag phase, the alpha comes down a little in maintairing & constant
drag acceleration. The alpha continues 1o come down during the transition phase
from high angles of attack to iow.

From TAER, at Mach 2.5, the angle af attack continwes to decrease to a final value
of 77 25 the vehicle begins to go subsonic. Atthe hase of the card is atakle which
gives the alpha to be flown for maximum L/ ratie for several Mach numbers.
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TOPa1 e,

iSB

100% —
—  MAX SURFALE 8 B1% 1.7
ARz — TEMP REGION e —
— MW24.2-MI&E [ fB%:
0% —
_ 2.5
41 —
0% —
0% ]
T T T TT T T T TT T T T TTTITT I I 1
24 20 15 magy 10 5 1

JETS OPPOSE ROLL, INCR RATE L

Fﬂiﬂfﬁﬂﬂﬂu REVERSAL [ATpha Erreaed) |

i JELR EnsLL RATE £ 5%fsec *

2. When & = @CMD; R .
AN - 55 or AT _ o

AL TRIM SATI’* 3% :
POSSEILE ROLL - OFF: o
1. BF - P to lower ELEY unt!}

M < 2;"than BF - AUTD A

2. M2 to MB decr o to o Timit =¥ L on
;i MG to RUD TRIM e2t incr o .to o 1eit

HIGH REQ O'SC OR SURFACEAET -

LUMITCYCLE

2. EWTRY MOOE - ;_u GALN ' L
If returming paylioad > 18K 1b: - P

[

ALl FLLiEW -~ 1§ " :
d: B 4N OYERRIBE]
ALT FILTER - iTHM Z1
3. After Q50 stops:

ENTEY MOOE - A{TO
F:RH - AHTD

Figure 12-1 —FNTRY DATA cue card.
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T 9124,

ENTRY ALPHA

EDW 22

WR a R H Href Rref
245 40 4300 00
24 & 28D 250 42 L84
21 an 290 2&20 -5 73
i 40 1895 235 M6 66
| A 1585 23y -9& K7
29 40 1340 210 -113 &g
19 drk 1145 21% -135 &4
8 a1 B2 205 158 5
17 df BES 200 -176 62
168 40 TES 195 -187 R&3
Th Hi 42 L0 8BO 190 -203 a3
14 43 41 37 610 185 127 GB1
13 43 440 37 A0 175 -137 [Ty}
17 433337 477 171 -155 £9
11 42 35 3 419 18% -195 T
10 41 37T 35 3I66H 158 -176& X
g ¥ IG3X 316 153 210 47
B 363530 260 148 .241 L42
700333137 2323 138 267 3%

6 20273F 178 135 270 42

L MAT M 136 112 -272 4l

) 221817 100 98 -265 Rd1
3 1% 15 15 0 BRE 27D Is
2.5 13 89 79 -ileB

2 11 49 73 -708

15 % 37 63 -345

1 7 27 4R 265

uc - LD MAX 1?'15'11
MALH 3 | 2 I 1
ENT-14bsA EA
Figure T2-2.- ENTRY ALFHA cue card,
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1. Using figure 12.1, state the speedbirake position 4t Mach 2.5.

2. Using figure 12-2, find the followrng for Mach 17

Reference alpha
Range

altitude

Vertical velooity (H}
Bank anygle

TETE 2 12-5



1. The SPBK at Mach 2.5 15 60 percent.

2. = Reference alpha = 40°
s« Range = B70n.mi.
n Alutude = 202000 feet
s Vertical velocrty {H) = -170fps
= EBankangie = b7 left bank

7
[ ]
&

TR



Section 13: Automatic
Program Test Inputs

Dbjectives

A1the end of this section, the student will be able to state the purpose of PTls.

Automatic PTIs

Figures 132-1 and 13-2 present information concerning PTIs. The purpose of the PTIs
15 10 provide avtomatc test manewvars during flight in arder to oblain flight data
fraom which acredynamix coefficients can be extracted postflight. The data are
used ta define the asrodynamic characteristics of the vehicle, allow expansion of
the aperational envelope, and reduce aers data base uncertainty.

HTis are executed gutomatically by the entry DAP and are input inlo the contral
system dawnstream af the gains and filters so that a known control deflection {for
example, a 5° aileron sweep) ar jet firmg can be made (refer back to figures 5-3, 8-3,
and 9-3}. Being automatic, they can be more predise and reduce the crew
warkload.

Certain flig ht constraints must have been met for 4 seconds in order for a maneuver
to be executed. These constraints (figure 13-1) indlude restrictions on body rates,
altitude acceleration, and heading to ensure that the wehicle is in the praper condi-
tion (stahilized attitude} prior to PTHinitiation. 1t should be noted that the vehicle
control hasto be in AUTO in all axes.

The maneuvers are restricted to certain regions of the entry trajectory (" windows")
and are tued by Mach nurmber ar §. Once the vehicle is inside a maneuwver window,
but the constraints have not been met, PTI begins flashing on the CRT displays. The
PTI hacomes static when the maneuver is executed and will disappear whean aut of
the window, whaethar the maneuver was executed of not.

The PTE logic, which has been |-lcaded prior to flight, generates the sgnaks sent 1o
the DAP when the maneuver critena have been met. These signails usually form
doublets {example. left rudder mput, fallowed by right rudder input, then back to
rneutral] which are superimposed on the normal commands. The axes a‘fected and
the controls utilized n sach maneuver are decided preflight, and aserres af pulses
can be executed in one maneuver,

Since the idea of the maneuver 15 to cbtaim cantralled input and response for flight
data extractien, it becomes abvigus that all other contrel inputs should be

TOHE124 131



mmimized. Therefore, the commanded roii rate is 2ere, the aileron and rudder trim
integrator iputs are 2ara and the piteh jetinput for elevator tnm s zeraed.

A PTl can be terminated or inhibited at any time in one of three ways. An item 1on
SPEC 50 PT1 imhibit (INHYenabie (ENAYindicator will imhibat execution of a PTI, as
woll as going to 55 in either axis by means of the PBls or "hot sticking it”® with the
RHC. Once any maneuver has been inhibited, it or any of the succeeding PTIs will
have 1o be enabled by raturning the contrel te AUTO i all axes and executing
itam 1 on SPEC 50 to EMNA.

T i

PTI iﬁ-:_.p
The following constraints must be met for = 4 set;

s Bodyratesp < 1.5 g <05, r« 0.5 {deg/sech

s Not outside heading errar limits (inhibit PT1i near a roll reversal}

* Roll reversal not started in last 42 sac

o =

& ADTA providing airdatato DAFITM < 2.5
+ Pitch and rolliyaw in AUTO mode
& {rewsets gnable flag

Maneuver selection

s PTis are executed only inside certain trajectory windows
= Cued by Mach ar dynamic prégure

+ Average of 8to 10 maneuvers during earlier flights

Crew displays

+ Iftrajectory is inside PTI wingdow, but constraints are not met, "PT1" flashes

» Once maneuver s executed, PTI becomas static

Figure 13-1.- Automatic program test inputs,
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Maneuvar axcfution

Once manewvear critena have been met, the PT| logic generates signals which are
sent to AR

#+ Signals are in the form of doublets which are integrated
« These signals are supenmposed on normal commands
= Controls effectors are Be, §r, da, roll-pitch-yawr jeds

» Series of pulses can be executed in a single maneuver

VWhile pulse s being executed

* Commanded roll rateisset = 0
w fa, brtrimintegratorinputs = 0
» G IET is grounded {pitch jet to elevator crossfead}

Manrneuyver can be terminated at once by

s Kevhoard {item 1 on SPEC 50}

LT LN |

Pushing either pitch or rellfyaw C3% PBIs

Fushing contro! stick, ™hat sticking it”

Mote: To reenable PTIs returmn 10 AUTO and executeitem 1 on SPEC 50

Figurs 13-1.- Concluded.
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PTI provide autamatic test maneuvers during flrlght to abtain flight data from
w hech geradynamic coeffioents can be extracted postflight. These data might
define characteristics to allow expansiaon of the gpetational envelope and

reduction of aere data hase uncertainty.

To'a128 13-8



Section 14: FCS Monitoring

Objectives

Atthe end of thissection, the student will be able to state the aergjet software
condions an PASS gurdance, navigation, and cantral (GNC) SPEC 5, OVERRIDE.

Figure " 4-1 shows the FCS disptay momtormg. Through the use of SPEC 51, OVER-
RIDE, the crew can check or alter by keyboard inputs two software conditions of the
entry DAP. The first, shown in higure 14-2, is the software position of the Entry
mode switch. As can be seenan the figure, the Entry mode swatch i3 mdicating
AUTO. Moving the switch itself, first to the low gain (L GAIN) position, then ta the
MO Y JET pasition changes the displays as shoawn in figures 14-F and 14-4. With a
keyboard input, the saftware selectien of the switch function can be changed to
AUTC, regardless af the actual switch position. In other werds, with the switch phy-
sically in ND ¥ ET, the logic can be made to be im the AUTO position by executing
an item 42 AUTO SEL. The display will be as shownan figure 14-2. The entry DAP
will be functianing noarmally with the nermal gains, while the switch rasides in NOY
JET. With the switch stillin NO ¥ JET, executing item 42 again will put the software
back in agreement with the switch position, as i figure 14.4. The BFSSPEC 51 15
shown in figure 14-5. Note there 1s no seftware selection te AUTO in the BFS (no
item 42},

-~
| ‘::ll.l::.-:l Gl g - ELEp g -\"'.l

"'I'F*-H-.I--‘q—:ﬂiﬂ-.—-ﬂ’. By T debeisa e

ENT T

b

n
I+, A1

Figure 14-1.~ FC5 display monitoring.
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TRrLELNIE R AENY 1. 4% BEI
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irX I 15 xwWgsXxdy  ZEX.x X, %0 Ida
4 Ow, By =K 15 XuMxARM O TEW. N X ¥XN 35X
SIaRT h10% F 75 SEXNXM XN, K %.%¥X 3bX
IKEAT ilx d5  xk¥dcl R, M e . xX 3Vr
LToR dx 1% [Tl GED Ao MOBE a0TG
ALIC a4k L, Ta =1 3%
AFT ACE 13 E3 4 TCa 39y
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Figure 14-2.— Entry DAP software.
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Figure 14-3.- OVERRIDE, LO GAIN.
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Angther featare on SPEC 51 {figure 14-3) provides the crew wrth the informatian

concerming the selection of the booy bending firters and the elevon sehedule baing

ved by the entry DAP. {n the vaper conter portion of e display items "7 and 18
AETTLETD U LI O RTIE i spady, ILEM S gl |

represeni'the .ﬂL‘TD and FIXED elevan schedules, respectrvey, while items 20 and

21 are the norminal INOM) and alternate {ALT) bady bendmg fitters, with an asterisk
betide the elevon schedule and filter currently selected. Dwuring a narmal entry
(going frem OPS 210 OF% 3), the entry DAP would came up initialized in the AUTO
configuration for the elevon and NOM for filters. For cases involving heavy or
flexible payloads duting an atherwise normal entry, the crew would have 1o seiect
ALT by keyimgn an item 21 an this page. The reason, as previously stated, wawld

be either 2 heavier payload being returned or a payload whose flexibility would
interact with the grhiter structure motuch a way as to require a ¢hange in the body
Bending filters.

An example of the need for this alteration of the antry DAR by the ¢rew i the flight
ofaSpacelab. The normal procedure in this flight i to manually select item 21,

ALT, an entty Because of the return frem orbit of alarge, flexible payload, the
Spacelab.

£ ornwns sy DWERA [ 45 ¥ DIDHHIPMERS
GO/ HHs B 55
sHDR™ “OCE ENTRY FLCE
TA_race 1 L. Eviik FILTER ATMESRHESE
a1h 2% AUTO i7x wOM ZIX MOH 22¥
a3 4 PIxCO 'R ALT 21 N PO_F 73y
Hax THROT Au PLi qx
IR Ai Ry A C _
PROFLT TP '€ dwka ¥ 25% 5¥5 Al DES
25 %MXE REYY ZE4 Y5 FHA 2
OHS OUMP TTG xgx | 35 guyx T o5 ax 32N
YR KSR, 15  Lx 1
Xaxa CCHT [AETR ] ¥] H E‘E’E‘
wxu L 19 AERMYX rHE, X X, K% TAK
ASH 1] gy Ll EEXEEXN Axe, ¥ . AR
START TE O LGE| R 2B WRANTE AaE. K f.Kk% 3G
INZRT L14 45 Wnawr¥ Wm0 M. ¥R 1T
LT0R Ex  lix T
AT 3fhs _TE SEL o g
A7 BLT 13 ki SEP T
14 T HE  axx |tT UNE DR YENT TOOA CHTL
GLOSE LN R LN 43
FuD ACS 15wk |RCS HH anf ELAO%E ady
16 TiME  Lxa TL TwRL ALY .
L RE g

. S

TRI01Z144, CRT, D

Figure 14-4, - OVERRIDE, NO Y JET.
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Figure 14-5 - QVERRIDE {RFS).



Questions

1. 5State the threg aerajet sofiware conditions that can be seen on PASS GNC SPEC
51, OVERRIDE.

2 State how to change the saftware status of the Entry mede switch back to
AUTE if the switch is physically stuck in NO Y JET or LO GAIN.
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Answers

1. The three agroret software canditions that can be secn on PASS GCNSPEC ST,
OVERRIDE, are

*  AUTO or FIXED elevors
o NOM or ALT body bending filters

s Software status of Entry mode switch
¥ mode switch

2. Tochange the software status of the Entry mode switch back to AUTS if the
switeh is physically stuek in NOY JET or LD G&IN, typein ITEM 42 EXEC on PASS
G SPEC 51, OVERRIDE.
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Section 15; Estimated Beta

Ghjectives

Atthe end of thissectian, the student will be able to state the two purpoies of
:at'rﬁ&ifeﬁ' Eﬁ-ta

Estimated Beta

P e E iy d.l T Iy

II'IE' SI_HETI"IE'[IC Tﬂr I:‘S.'I:II'I'Id'l.l;."I'J ‘DElﬂ i:-.arluwrl Ill IIHL”E IJ l Eitl Thd
active at a § of 20 psf, as shown previsusly in the yaw channel [figureﬂ 1}, and has
two functions. First, it prowides a value called “scaled A" te the yaw error need|e
of the ADIs. Scaled Ay is an approximation ef the magnitude of beta with which the
vebucle is flying. A& full-scale deflection of the needle would indicate a [ateral accel-
eration driven by 2 sideslip angle which would require 2.5 yaw jets to trim.

Secand, an estimated beta goes into the air data system (ADS) redundancy manage-
ment (RM), where it can be used to resolve a dilemma created by sideship angles.

To get the estimated beta and scaled A, the lataral acceleration  corrected
through various summatians and differences with compensated yaw rate and past
values of the number of yaw jats commanded and control surface deflections. This
walue is then divided by a gain to give estimated betas for the ADS RM. Itis also
multiplied, separately, by another gain as a function of angle of attack which deter-
mines the &, far ADI use. The alpha function gain is determined assuming nominal
aprodynamics, and although it attempts to compensate for [ tolerance as a

function of alpha, 1t may give large errersin the magnitude of Ay im the Mach 2

to 1 region. However, the indicated sign of A, {§)in this regian should be carrect.
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M a !
VUESLions

1. %tate the two purpotes aof Estmatea Beta.
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ARNSWears

Estimated Beta provides the value "Scaled Ay~ 1o the yaw error needle of
the a0

Estrmated Beta goes into the ADS RM, where it can be used 1o resolve 2
dilermma created by sideshp angles,
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Section 16: Landing Discretes

Objectives
At the end of this section, the studant will be able to do the follpwang

& State the actions reguired in case one of the WOV discretes disagress with the
ather WOW diseretes for 7 seconas

» State how load relief i+ accomplished when landing in (55 F

Landing Discretes

The landing of the orbiter is broken into two distinct phases: touchdown and roll-
out. The touchdown naturally gocurs at the moment whan the main landing gear

contacts the ground under controlled conditions. At touchdawn, saveral dissretas
areset which prompt changesin the entry DAP. These discretes, as shawn in figure

16-1, are no wc}w fset ‘false:lr weighton wheels locked on {WDWLDN], and the
flatturn (FLATTURN]. These discréetes are imtiated I:13.r either main gear touchdown
Or CFreEwy IlIILIETIﬂﬁ L'I'I EitHEI_ l.l1lf I: I JEF OF SHD ::::r ".':-WILLTI dllu FIJI!l- HUIIEmmE WHI
occur i one of the WOW discrates disagrees with the other for 7 seconds. Ina
dilemma case, the crew must vie the ET 3EP or 5RE SEP switches and PBIS ta set the

landing discretes.

In the pitch anis, AR pitch rate commands are generated as a functian of pitch
angle, main gear touchdown, the equivalent airspeed, and the vehicle weight.
These rates are converted into elevator commands of in AUTO Fmode.

An auto balance s computed far the alerans in the raltaxrs This s designed to
help equalize the Inadings on the main trres and gear. The auto balance command
is based on true airspeed, M, and the yaw rate and attempts to prevent animbal.
arnce in main leads. From these sensed parametery, the ailerons are being com-
manded ta remave any asymmetnc loading onthe tires, especially any resulting
from & crosswind by rolling into the wind to reduce the effect of the sideshp angle.

The rudder trim integration leap is apened at touchdown.

Following resewheel tauchdown, rolicut discretes are set by the combination of
.-nr+:uﬂ ayonts H:nnurn 'Ii-'-. j'l Thltlt.ﬂ- ara MnLte |'u!l.'l|r fﬁurhﬂﬁwﬁ r1‘1:ﬁ|'r or nllgh!nn 'ﬂ'uh
ET or 5RB SEP F'E!I and hawimg had WGWLDNJ‘FLAT!’URN for 2 seconds, and tne pitch
attitude must ba logs than 0°. The rollout discretes are WDNG, rallout discrete
fROLLOLUT), and GSENBL, and upon initiatian the turn coprdination i$ ended n

all axes.
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Im the pitch axis, the elevator trim feedback s grounded {as opposed to having a
zero command 10 the filters). In ALITOPR, the elevators will be driven gawn 1o assist
in relieving the [2ads on the main landing gear. 1f in C8% P, the DA will made to
ALTO once the load relief flag 5 set The elevator position will be based on a
sched ule which s a function of ground speed. C55 pitch can be recained by the

P a1 . _ab bl MR ol BT
PILFL LI K TTIELITRI] LAT EDRLRSRNIr ey LITE S JILLT P O,
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ral qut
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Yaw anin Cpema rudder intagration input

Figurre 16-1.— Shuttle touchdown discretas.
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1. Inthe OFF pasiticn, no steenng commands are accepted,. the nosewheel simaply
casters. Steering is accomplished wath rudder and differential braking.

2. in DIRECT, the steering is commanced manually uning the rudder pedals 1o
command the nosewheel anghe.

3. With the switch in GPL, the steenng can be either automatic or manually
a{mmplished The choice of automatic ar manual is selected by pushung the
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wWUesTIans
1 State actioni regquired 0 case one WOW discrete disagrees with the other

WOW dacrete 1or mare than 7 secands.

2. State how lpad relief 15 accomplished when landing in C55 P,
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Answers

1. IFWOW discretes differ from each other for more than 7 seconds, the crew
rust wse the ET SEP ar SRB SEP switch and PRI to set landing discretes.

2. HCSSP, the DAP will mode to AUTO onice, the load relief flag is set. C55 Pitch
ean be regained by the "hot stick™ method or pushing the (S5 pitch PEL
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Section 17: GRTLS Differences

Objectives

At the and ef thissecnan, the student will be able to state the reason that there are
differences hetweon the nomimal entry DAF and GRTLS DAF.

GRTLS Differences

The differences between the nominal entry THAP and the GRTLS DAF are listed in
figure 17-1, A significant number of the ditferences are gain reductions in GRTLS a%
campared 1o the normal entry. These gain reductions are made 1o account for the

heawvier raturn weight, different angle of attack versus Mach number profiles, and
higher anticipated dynamic pressuras. In the pitch axis, the slavators are active for

AL W i Bl ER i = ] =R B R~ gt - L Y

cuntrnl |mmed+at|a|3r. and the turn compensation still is auallahle only at the
extended TAEM interface [rtan q: at Mach 3.2). Also, the 5PB K scheduwle is wholly
contained in guluaﬁEE uul‘ir‘rg GRTLS. In QRTLS, the SPEK follows a guidance-
computed algorthm to assist in pitch trim; the deflection algarithm probably will

not change unti| after an abort hasbeen flgwn,
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« {55 pgan reductior on GTRE - gain schedulhing elevator trim rate

GJET trim nat active

& Yy active for control immediately

#+ rtan $term not active «n phases: a recovery, Ny hold, a transition
{i.e., prigrtio TAER)

]
i

s Body bending filter coeffioents applicable for payload return

Yaw axis

= (ain reduction on GRAY - gain used to convert N, error to yaw error

Aol axis

Gain reduction on QDA - gain used to convert rall rate error to praliminary B,
command, gain alsa made a function of angle attack

SPBK

s Commandsscheduled in TAEM guidance

Figure T7-1.- GRTLS FCS differences.
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Questions

1. Why are there differences between naminal entry DAP and GRTLS DAP?
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The main reason for differences between entry DAP and GRTLS DAP are gain
reductions in GRTLS carmpared to nominal entry. Gain reductions are made to
account for heavier return weight, ditferent angle of attack versus Mach
number prafiles, and higher anticipated dynamig pressures,
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AfL

ADI
AaDs
ADTA
AGL
ALT
AQA
APU
AUTO
AUTOP
AUTO RSY

BF
EFS

.0
CRT
Css
CSS P
CS% R

DAP

CIRECT

DRAaG ACTUAL
DRAG REF
DRPEM

EDW
El
ENA,
ET

FC5
FLATTURM

GALR
GNC
GPC
GRTLS
GSENBL

Toalia

Appendix A: Acronyms

and Abbreviations

approach and landing
attitude director indwator
air data system

air data transducer assembly
above ground lavel
alternate

abort once around

apxillary power unit
autematic control mode
prtch axis in ubaomatic mode
rolliyawe axes in automatic mode

body flap
backup flight system

center of gravity

cathode ray tube

control stick stearing

pitch axis in control stick steering mode
roll/yawr axes in contrel shick steenmng mode

digital autopilal

direct position

actual drag acceleration
refarence drag

compensated yaw rate feedback term m yaw channel

Edwards Airforce Base, CA
entry interface

enahle

external tank

flight contral system
landingfrallout discrete

gain i roll channel

guidance, navigation, and contrel
general purpose computer
gliding return to launch site
grourd speed enahie



MO
NS

DPS

PASS
FRI
PCOR
PRL
psf
PTI

RCS

RiGA

RHC

R A
ROLLOUT
RPTA
RTLS

SEP
QP
SPRK
sPI
LRE
TAEM
TAL

WONG

WA
WOWLON

TG ki

heading alignment cone
inhibit

~yndan B. Johmion page Center

jetselect lagic
lift 1o drag
bt gain

major moda
mMission Qperations Directorate

rneminal
nopsewheel steering

operations sequence

primary avignics spfoware system

pushbutton indicator

compansated roll rate feedbadd term in roll channel
prigrity rate limiting

paunds per square foot

pragrammed test input

reaction control system

rate gyro adsembly

rotatianal hand cantroller
redundandy management,

rollout discrete

rudder pedal transducer assembly
return 10 [aunch site

separation

subsystem operating program
speedbrake

surface position indicator

tolid rocket booster

tarminal area enargy management
transoeeanic abortlanding

weight an note gear

weight on wheels
weight on wheels locked on
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Appendix B: Symbols

Ay scaled lateral aceeleration, g

n) wingspan, ft

Ca axial force toefficent

Cr relhing moment coefficient

e rolhing moment coeffinent due to sideshp angle
e rallmg moment ceeffivent due to aikeron

L normal force coefficient

cn yawing moment coefficient

Cng yawing moment coefficient due 1o sideslip angle
g yawing moment coefficent due to aileron

o acceleratran due 1o gravity, fusec

H, h altrtude, ft

H altitude rate, ftisec

LD lift to drag ratic

Ny lateral acceleration, g

. narmal Atesigration, §

Nz, commanded normal acceleration, g

Nz,,, difference between commanded and feedback narmal acceleratians, g
0.q,r vehicle rotational rates, deg/fsec{rall, pitch, vaw)

Po.Ob.flb vehicle body anis rotational rates, degisec (roll, pitch, vaw)

PG5 s vehicle stability axis rotational rates, degfsec (roll, pitch, yaw}
Pemd commanded roll rate, deg/sec

Pis steady state roll rate, degisec

Qemd wmmanded pitch rate, deqfec

THIQLFA B-1



q dynamc pressure, psf
range, nautical miles
Tar difference between commanded and feedback yaw rates, degisec
Aeef reference bank angle, deg
Fes steady state yaw rate, degised
W velocity, fifsec
VR relative velacity, ftisec
ay,2 principal axes
hy center of gravity offset i y amis, inches
a angle of attack, deg
f— commanded angle of attack, deg
f sideslip angie, deg
f!l rate of change of sideslip angle, degisec
fia ailleron angle, deg
- trim aileron angle, deg
ge elevator angle, deq
B pitch angle, deg
i bank angle, dey
W, w vehicle heading angular rate, degfsec
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Space shuttle Operational Level C Functional Subsystam Software
Requirements; Guidange, Nawvigation, and Control; part € - Flight Contral:
Entry - GRTLS; 5TS B3-007. Rockwell International, Shuttle Orbder Division,
lanuary 30, 1983,
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