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ROLL MANEUVER EVALUATION

1.0 INTRADNCTIN
The current roll maneuver to the flight azimuth followinao 1ift-off is achieved
by cormandina roll attitude wusing a linear profile with no roll rate cormand.
The lirearity of this cormand profile implies an infinite acceleration to a
constant roll rate: the vehicle cannot instantaneously achieve this rate, so
the actual roll attitude laas the cormanded attitude throughout the maneuver.
The roll attitude error which thus develops can be reduced by auamentino
the attitucde cormand with a rate cormand and utilizina finite slopes an the rate
cormand to qive the vehicle tire tn accelerate, It is the purpose of this
document to present results obtained from commanding various roll attitude

and rate comhinations to perform the maneuver.

2.0 DISCUSSION
Four corhinations of roll rate/attitude cormands were irplemented in the SSFS
in table lookun form for simulaticn of Missions 1, 2, and 3A, with no wind.
This dociment nresents the results of ission 2, which requires the larnest

roll raneuver (122,2 dearees), A1l three missions provided similar results.

The four combinations will be referred to as maneuvers A, 0, C, and Cpgas 2
hrief discussion of each raneuver follows:

(1) Ysrzover * (current)
Source: G%C Data ook (June 1972) Attitude is corrmanded in
a linear rarp (Fiaure 1), with no rate cormand.
(2) “aneuver P
Source: [Daseline Pefarence ''ission, Pevision A
(JSC 75-FM-47, 'ay 1072)
The rate cormand profile is trarezoidal, implvino an instantancously
achieved constant acceleration of 2 dearees/sec’ to the constant
rate of ? dearees/sec (Ficure 20),
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anproxirations to the curve descrihina the implied acceleration
(Fioure 20),

(3) Maneuver °
Source: Lockheed *temo £21-N2114-0 (April 1072)
The rate cormand profile is sroothed by piecewise linear
approxirations to the curve describino a physically realizahle
chanaes in acceleration, i.e, the constant acceleration of
£ dearses/sec? is niven tire to be developed by the vehicle
(Fioure 20,

The attitude cormand profile is srmoothed hy ra , s approximating
the irnlied acceleration (Finure 30),

(4) Maneuver Crngd
Source: This docurment (MDA 1,3-NN=CN2N3-MNE, March 1075)
This rate and attitude cormand cormbination is a linearized forr
of Maneuver C,

The rate cormand profile is a tranezoid with acceleration
rarns at f denrees/sec?, and the attitude cormand is a
ramp at O dearees/sec (Fiaures 27 and AD),

See Tables I-IV for specific table lookup points for these cormanded
maneuvers,

The varying deqrees of profile complexity suanest an evaluation of the
nacessity of filtering the pate and attitudc cormands for desired performance;
thus each maneuver tvpe was simulated with cormands both filtered and
unfiltered. “ilters wucre digital forms of simple low=-pass araloa filters

with time . ‘ants of .1 second for both rate and attitude commands.

The sample rate for these simulations was 10 1z, and accompanying araghical
results were plotted at this frequency.

PESILTS

Addition of a roll rate corrand to enhance the roll attitude command yields

the folloino aeneral results:

(1Y Pol1l attitude error is areatlv reduced hecanse the tirme durino

nNO6

vhich the vehiele is acceleratina to the proper rate is acconn®nd

FaL P -

for bv a finite aceceleration slore on the rate crrrand:
is less Aiscrepancy hetueen vhat the vehicle is cormanded *o dn

and what it is phveicallv canahle of doinn, P01l attitude errors
and roll rates developed hv each tvpe of raneuver are pictured in

Fiaurrs &, ¢, 7, and 7, uith specific raxirum values aiven in
Tah]ps H Af 'n UI
(2 Aerodynarnic loards are increased slichtly due to the fact that

the €inite accelerations to the roll rate increase the overall
duration of the roll raneuver, such that the constant rell

rate nrrs1f*s into recions of areater dynaric pressure

fannle of attac! and sideslip annle develop from the nnr‘nrrnncn
of a pitch maneuver concurreit vith the roll maneuver).
Maxirum values are acceptahle (see Tahles V' AND VI,

OF POOR
. OIL&LTTYI(1\ Fraine oirhal reauirerents vary for ecach cormand corbination,
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and are shown in Figures 9, 10, 11, and 12. !Maximum
values are sumarized in Tables VII and VIII. Al
duty cycle requirements are acceptable and the maximum
deflections required to .nitiate and terminate the
manauver are also acceptable in that enough actuator
travel remains available for control of disturbances.
A possible exception is the Cn,,q maneuver with un=-
filtered commands, which requires almost half the
available travel shortly after initiation of the
commands (Table VIII). Filtering the commands for the
Cmod maneuver drops the maximum gimbal deflections to
more acceptable levels,

Gimbal deflection histories for the E maneuver in Figures
9 through 12 exhibit oscillations during acceleration
transients. These oscillations are control systenm
response to the breakpoints in the attitude command
occurring during linear portions of the rate command.
Because these low-frequency gimbal oscillations will
tend to ex-ite bending modes, the B maneuver is deemed
unacceptable

The C maneuver provides acceptable results with unfiltered commands,

but it requires the maximum number of software storage locations of

the three rate and attitude command combinations evaluated. The

Cmod maneuver requires a minimum of storage locations, but the

commands must be filtered to yield acceptable results.
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MIssion 2, MANEUVER A
t (sec) J¢c (deg) Ac_(rad)
0. 37.8 659734
6. 37.8 659734
20. 180. 3.141593
600. 180. 3.141593
TASLC I
MISSION 2, MANEUVER B
t (sec) Pc (deg) @c (rad) t (sec) dc (aeg/sec)
0 37.8 .659734 0. 0.
6. 37.8 .659734 6. 0.
Ts 39. .680678 10.5 9.
8 42. .733038 21.8 9.
9. 47. .820305 26.2 0.
10. 54. .942478 999. 0.
10.5 58. 1.012291
21.8 160. 2.792527
22.3 164. 2.862340
23.3 171. 2.984513
24.3 176. 3.071779
25.3 179. 3.124139
26.3 180. 3.141593
600. 180. 3.141593

TABLE T1
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MISSION MANEUVER C
L
t (sec) Pc (deg) Pc (rad) t (sec) Pc (deg/sec)
0. 37.8 .659734 0. 0.
6. 37.8 .659734 6. 0.
6.5 38.03 663749 6.1 .25
¥ 39.53 .689929 I 6.4 .925
7.5 42.53 .742288 6.5 1.5
8. 46.8 .816814 7.5 1.8
21.8 171. 2.984513 7.6 8.075
22.3 175.27 3.059039 7.9 8.975
22.8 178.27 3.111398 8. 9.
23.3 179.77 3.137578 21.8 5.
23.8 180. 3.141593 21.9 8.975
600. 180. 3.141593 22.2 8.075
22.3 7.5
23.3 1.5
23.4 .925
23.7 .25
23.8 0.
600. 0.
TAB." III
MISSIN 2, MAMENVED C rmod
t fc (dea) Pc (den/sec’
n 37.8 s n.
6.75 7.8 f. n.
22.55% 180, 7.5 0,
£NN, 180, 21.0 9.
28.3 N.
£0N, n.

TADLE 1V
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