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SUIMARY

This desion note documents an analyvsis which investicated the effects

of winds, sideslip anqle feedback, and the data reference (air or inertial)
on the Peaction Control Systen (RCS) propellant requirements during

Entry. It was determined that in the prasence of a 3 0 crosswind an
additional 177 pounds of PCS propellant was required for Entry control
which is within the present 200 pound allotment for winds. The absence

of air data information does result in slichtly higher PCS propellant
demands.

This analysis was conducted under contract 'lumber !IAS 9-13970, Task
Order !lumber €0203,

INTRODUCTIO!N

The present baseline control system utilizes anale of attack (a ),
sideslip anale (o ), and bank anqgle (7) feedhack data in controliing
the Orbiter durina Entry. There has been some concern in using g
feecdback in the presence of a crosswind without the benefit of air
data inforration. A 3 measurement derived from the inertial system

will not have any knowledce of the wind. Under this condition a 8 feedback
controller normally requires additional propellant to maintain an

angle relative to the wind. This analysis briefly investigates this
phenomenon and the resulting propellant requirements in a wind environment
during the Entry flight regime.

DISCUSSION

The data presented in this discussion were obt%ined from the Space
Shuttle Functional Simulator (SSFS), Reference (1) and Reference (2).
The Guidance and Control (G%C) for this analysis were the 20.5° constant
anale of attack guidance, Reference (3), and the Rockwell International
(PI) System X Entry FCS, Reference (4). Fiaure (1) is a block diaaram
of the RI Svstem X Entry FCS. The sideslip angle feedback, depicted

in Fiqure (1) as 3 , is utilized in the lateral-directional channel

from the initiation of the Fntry flight phase to a dynamic pressure

(@) of 20. Lb/Ft” to aid in bank anqle maneuver coordination.
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This analysis consisted of four runs fc. the same entry initial
conditions. The Orbiter was initialized with a vehicle latitude

and longitude of 0.7° and 17.2°, an airport latitude and longitude of

0.0° and -120.567°, and a headina of 181.0°, These initial conditions were

selected because the wind profile used for this analysis would basically
produce a crosswind effect. A X-axis and Z-axis center of

gravity offset of N.0 inches and a Y-axis center of qravity
offset of 2.28 inches were used throuchout the analysis.

AVEHS, GRAV3, RCS14, MASS??, AERO21, and ACS12 are the SSFS
math models which are coiron to each run, UVINDF is the wind
profile math rodel; and it is shown in Fiqure (2). Details of
all the math rmodels can be found in Reference (2).

RESULTS

The RCS on-time and propellant requiraed were monitored for each
run and tabulated in Tahle (1) and Tahle (2), respectively. In
Table (1) on-time is the surmation of the RCS firing durations
about the roll, pitcih and yaw axis. Propellant required in Table
(2) was computed assuming that each thruster produced 875.0
pounds of thrust and that the specific impulse was 2°9.0 seconds.

Run (1) is the no wind case with the baseline FCS and resulted in

a total RCS propellant requirement of 532.0 pounds. Run (2)

is identical to the first run excent a crosswind was applied. In
the second run perfect.air data knowledge is assumed. This run
required a total of 720.3 pounds of RCS propellant. The disturbance
created by the wind required an additional 120.3 pounds of propellant.
This is lower than the 200.0 pound allatment for winds during the
Entry flicht reqgirme but not significantly lower. This 200.0 pound
allotment may be marainal or ever inadequate since preliminary
results indicate that the latest baseline Entry autopilot, Reference
(5), requires more k5 propellant for contrcl than the autopilot
used in this analysis.

Run (3) is the same as Run (2) except the SSFS was modified to delete
air data knowledge in obtainina sideslip, bank ancie and anale of

-

attack information. The propellant consumed at '70N.N seconds, flight
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time prior to the auidance bank commands durine the Entry transition
phase, indicates that there is only a small difference between the
propellant required with or without air data information. This
alrost identical propellant usage results because a washout filter
processes the [ fee«back signal (see Fioure (1)). ‘'lithout air data
knowledoe the [ derived from the inertial systen does not allow the
vehicle to weathercock into the wind and thus causes the vehicle

to maintain an anale relative to the wind, !/ithout the washout
filter the Orbiter would require propellant to maintain this anale
relative to the wind. liowever, this anale essentially has a

steady state value and thus its effects are cancelled by the washout
filter.

Durine the transition phase of the E...ry fliacht regime the Orbiter
is acquirinn a tancency point on the TAEM alionment circle. !lithout
air data knovledeoe the vehicle is trvino to fly a direct heading

to the TAZ' alicnrent circle but is continually beino perturbed by
the wind, This requires rore bank cormand than the run with air
data knowledge where the vehicle weathercocks into the wind. These
additional bank cormmands required approxinately 10.0% rmore RCS
propellant.

Run (4) is identical to Run (3) except the sideslin feedback is deleted
initially rather than at the norinal dynanic pressure switch point
of 20.0 pounds/square foot. !ith the sideslip ancle uncontrolled
any change in sideslip is reflected in the roll axis and is damped
out by the roll jets. This additional disturbance is reflected in
ar increase in rol! axis propellant requirerent up to a dvnamic
pressure of 10.0 pounds/square foot where the roll jet cormands are
zeroed. There is no additional increase in propellant requirements
until the latter part of the Entry flight. This can be seen by
corparing the 1800.0 second time point for Run (3) and Run (4).
Again as in Pun(3) the absence of air data knowledge reauired

more bank commands than Run (2) during the transition phase and
resulted in higher RCS propellant utilization.
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5.0 concLusIOn

Several conclusions can be derived fron this brief analvsis. The
orioinal assurption, that the deletion of the anale of sideslip
feedback would result in a RCS propellant savings, was shoun to be
invalid because the washout filter in the £ control loop tends to
cancel the effects of any steady state sideslip angle.

Winds can sinnificantly {increase the RCS propellant requirements
during the Entry flight recime. Although this analysis indicates
that the 200.90 pound propellant allotment for winds is sufficient,
there is sore question that this allotrment will be sufficient with
the latest baseline Entry autopilot.

The absence of afr cata information for sideslip, bank anale
and anale of attack resulted in an additional propellant cost
of approxirmately 10.0% due to the increase in reaquired bank
maneuvers during the final Entry phase prior to TAEM interface.
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