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Abstract

This document gives Information About the React@@ontrol Systems used for space shuttle for Mandéoye Steerin
and Attitude control of the Spacecraft during ligght.
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1. Introduction

A reaction control system (RCYS) is a subsystem of a spacecraft whose purpodtitisla control and steering by
the use of thrusters. A RCS system provides ldtheount of thrustin any desired direction or comabion of
directions. A RCS is also capable of providing texdo allow control of rotation (roll, pitch, anéw). This is in
contrast to a spacecraft's main engine, which prdyides thrust in one direction.

RCS systems use combinations of large and smatiiarethrusters, to let different levels of respoffigen the
combination. A vernier thruster is used on a spadfetor attitude control, is a smaller thrust moamd is used for
fine adjustments to the attitude of a spacecraftiefnier rocket is used for attitude control ingalinent with a
bigger spacecraft propulsion engine. Due to theadight and the plumbing required for their operatigarnier
rockets are randomly used.

2. Basic Structure of RCS

The orbiter's reaction control system comprisesdaéheard and aft RCS. The forward RCS is locatethanforward
fuselage nose area. The aft (right and left) RCl®dated with the orbital maneuvering system in @S/RCS
pods.
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Each RCS consists of high-pressure gaseous hetanage tanks, pressure regulation and relief systanfuel and
oxidizer tank, a system that distributes propeltarits engines, and thermal control systems (etadtheaters).
The forward and aft RCS units provide the thrustétitude (rotational) maneuvers (pitch, yaw aolf) rand for
small velocity changes along the orbiter axis @hation maneuvers).

Fig 1 RCS blocks on the Apollo Lunar Module
The ascent profile of a mission determines therémt®on of the RCS units, which depends on the ramib or 2)
of OMS thrusting periods. After main engine cutaffe forward and aft thrusters are used to mairatitude hold
until external tank separation. Then the RCS presid minus Z translation maneuver of about 4 feesspcond to
move the orbiter away from the external tank. Upompletion of the maneuver, the RCS holds the erlaittitude
until it is time to maneuver to the OMS-1 thrustaitjtude.

RCS FUNCTION

RE-ENTRY
MODULE

Fig 2 Functions of RCS during Re-Entry
The first thrusting period of the orbital maneungrsystem (OMS-1) uses both OMS engines to rasethiter to
a predetermined elliptical orbit. During the OMSHtusting period, vehicle attitude is maintained disnbaling
(swiveling) the OMS engines. The reaction contrgétem normally does not operate during an OMS thmgs
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period. If, during an OMS thrusting period, the bahrate or gimbal limits are exceeded, RCS ratitcd would be
required; or if only one OMS engine is used du@drthrusting period, RCS roll control may be reqgiire

For the deorbit thrusting maneuver, the two OMSime®y are used. Target data for the deorbit maneis/er
computed on the ground, loaded in the onboard géperpose computers by uplink and voiced to tighficrew
for verification of loaded values. The flight cretiven initiates an OMS gimbal test by item entritie CRT
keyboard unit.

Before the deorbit thrusting period, the flightwrenoves the spacecraft to the desired attitudegussia thrusters.
After the OMS thrusting period, the RCS is usedtdl any residual velocities, if required. The spam@aft is then
moved to the proper entry interface attitude ushegRCS. The remaining propellants aboard the fahRCS are
dumped by burning the propellants through the fodWRCS yaw thrusters before entry interface if ibcenter-
of-gravity control is necessary.

The aft RCS plus X jets can be used to completeCGivi$ deorbit thrusting period if an OMS engine dailn this
case, the OMS-to-aft-RCS interconnect can be usékd OMS propellant to the aft RCS

3. Pressurization System

Each RCS has two helium storage tanks, two rebdfes, two manually operated valves, two check esour

helium isolation valves, four pressure regulatarg servicing connections for draining.

The helium storage tanks are composite spherec@mslst of a titanium liner with a Kevlar structucverwrap

having a dry weight of 24.2 pounds. Each heliunksmdiameter is 18.71 inches and volume of 3040cinthes.

Each helium tank is pressurized to 3600 psi.

There are two parallel helium isolation valves kegwthe helium tanks and the pressure regulatdnenWwpen, the
helium isolation valves allows the helium presstardlow into the propellant tank. The helium isadait valves are
controlled by the forward RCS.

A helium pressure relief valve assembly is locdtetiveen the check valve assemblies and propetlakt Each
valve consists of a burst diaphragm, relief valad a filter. The non-fragmentation diaphragm presic positive
seal against helium leakage and will rupture betw@&4 to 340 psi. The filter prevents any partidéshe burst
diaphragm from reaching the relief valve seat. fielief valve relieves at 315 psi minimum.

4. Propellant Systems

The system that distributes the propellants taRB& thrusters consists of fuel and oxidizer tanksss feed valves,
tank isolation valves, distribution lines, manifaddlation valves, and filling and draining servimnnections.

Each RCS contains two spherical propellant tanke for fuel and one for oxidizer, which are consted of
titanium.

The Full load of the forward and aft RCS tanksaclepod is 1460 pounds in the oxidizer tanks &dheweight of
the forward tanks is 70 pounds and the nomindlléald of 925 pounds in the fuel tanks with the drgight of
the aft tanks measures 77 pounds.

Each tank is pressurized with helium, which expéie propellantinto an internally mounted, surface-
tension, propellant acquisition device that acquaad delivers the propellant to the RCS thrusiardemand. The
forward RCS propellant tanks have propellant agtioisdevices designed to operate in a low-gragityironment,
whereas the aft RCS propellant tanks are designegdrate in both high and low gravity.

A compartmental tank with individual screen devisegplies propellant. The devices are made of Istsnsteel
and are placed in the titanium tank shells. A learivides the upper and lower compartments.

At orbiter and external tank separation and foitaftmperations, propellant flows from the uppempartment bulk
region, to the upper compartment transfer tube intalthe lower compartment bulk region. This floantinues
until a gas is absorbed into the upper compartmevice and transferred to lower compartment.
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The aft RCS propellant tanks incorporate an endfiector, sinks and gas traps to ensure properatiper during
abort and entry mission phases. Because of thesparents, the aft RCS propellant tanks are apprabein 7
pounds heavier than the forward RCS propellantdank
The left, forward and right RCS fuel and oxidizank pressures can be monitored on panel O3. Whenotary
switch on panel O3 is positioned to RCS propelléms, pressures is displayed on the RCS/OMS presds The
pressures will light up the left RCS, forward RQSright RCS red caution & warning light on panel, F7
respectively, if that module's tank’s pressureei®ty 200 psi or above 312 psi.

RCS QUANTITY MONITOR
The RCS quantity monitor sequence uses the geperpbse computer to calculate the usable percefuebfand
oxidizer in each RCS module. The RCS quantitiescamputed based on the pressure, volume and tetupera
method, which requires that pressure and temperat@asurements be combined with a unique set ctaus to
calculate the percent remaining in each of thepempellant tanks. Correction factors are included residual
tank propellant at depletion, gauging inaccuracy tapped line propellant. The computed quantifyresents the
usable (rather than total) quantity for each moduieé makes it possible to determine if the diffeeshetween each
pair of tanks exceeds a preset tolerance (leakeaigetibn).
The calculations include effects of helium gas caapibility, helium pressure vessel expansion gh fgressure,
oxidizer vapour pressure as a function of tempeeatand oxidizer and fuel density as a functioteofiperature and
pressure. The sequence assumes that helium flothe faropellant tanks to replace propellant leavikg a result,
the computed quantity remaining in a propellanktasil be decreased by normal usage, propellarkslea helium
leaks.
The left, right and forward RCS quantities are @igpd to the flight crew on panel O3. When the mptawitch on
panel O3 is positioned to the RCS fuel or oxideitpms the RCS/OMS qty meters on panel O3 will oade, in
percent, the amount of fuel or oxidizer. If the t&hiis positioned to RCS lowest, the gauging syssetects
whichever is lower (fuel or oxidizer) for display the RCS/OMS propellant quantity, left, fwd anghti meter.
The left, right and forward RCS quantities also aeamt to the cathode ray tube, and in the everfaibires,
substitution of alternate measurements and thesponding quantity will be displayed on the CRThdfsubstitute
is available, the quantity calculation for thatkas suspended with a fault message.
The sequence also provides automatic closure of high-pressure helium isolation valves on orbit whe
the propellant tank pressure is above 312 psi.cBion and warning red light on panel F7 is illoated for the
respective forward, left or right RCS, and a fam#tssage is sent to the CRT. When the tank presstumas below
this limit, the close command is removed.

Exceeding a preset absolute difference of 12.6 eperbetween the fuel and oxidizer propellant massiis
illuminate the respective left RCS, right RCS odfRCS red caution and warning light on panel FTivat the
backup caution and warning light; and cause a faessage to be sent to the CRT. A bias of 12.6epeis added
when a leak is detected so that subsequent ledkatisame module may be detected.

5. RCSEngines

Each RCS engine contains a fuel and an oxidizereyalombustion chamber, nozzle, injector head dsliseand

electrical junction box.

Each primary RCS engine has one fuel and one @{idialenoid-operated pilot poppet valve that isgaed open
by an electrical thrust-on command, permitting phaepellant hydraulic pressure to open the maine/@leppet and
permits the respective propellant to flow throtigé injector into the combustion chamber.

Each of the vernier RCS engine has one fuel andized solenoid-operated poppet valves. The valve®aergized
open by an electrical thrust-on command. When hinest-on command is terminated, the valves arengegized

and closed by spring and pressure loads.

Each of the six vernier RCS engines has a singie gfafuel and oxidizer injector holes slanted tause
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encroachment of the fuel and oxidizer streams donlmustion.

The nozzle of each RCS engine is tailored to m#tehexternal contour of the forward RCS moduleher left and
right aft RCS pods. The nozzle is radiation-cooladd insulation around the combustion chamber aazdle
prevents the excessive heat of 2000 to 2400 F fealiating into the orbiter structure.

6. Heaters

Electrical heaters are provided in the forward R@flule and the OMS/RCS pods to maintain the praptlin
the module and pods at safe operating temperatumg¢o maintain safe operating temperatures foirtjeetor of
each primary and vernier RCS thruster.

Each primary RCS thruster has a 20-watt heaterptxihe four aft-firing thrusters, which have 30tweeaters.
Each vernier RCS thruster has a 10-watt heater.

The forward RCS has six heaters mounted on radigiémels in six locations. Each OMS/RCS pod isdaigli into
nine heater zones. Each zone is controlled in lghtay an A and B heater system. The aft RCS tkrusbusing
contains heaters for the yaw, pitch up, pitch damd vernier thrusters in addition to the aft OMSH&drain and
purge panels. The OMS/RCS heater switches arecldcat panel A14.

The forward RCS panel heaters are controlled byfiRCS auto A, B, off switch on panel Al4. Wheret
fwd RCS switch is positioned to auto A or B, thestats on the forward left-side panel and right-sidmel
automatically control the respective forward RC&thes. When the respective forward RCS panel tesmyrer
reaches a minimum of approximately 55 F, the respepanel heaters are turned on. When the temperataches
a maximum of approximately 75 F, the heaters ameetlioff. The off position removes all electricalvger from the
forward RCS heaters.

The aft RCS heaters are controlled by the left @oh A and auto B and right pod auto A and autavidches on
panel Al4. When the switches are positioned teeeittluto A or auto B, thermostats automatically aarthe nine
individual heater zones in each pod. Each heatee ze different, but generally the thermostats inthe
temperature between approximately 55 F minimum gpreximately 75 F maximum. The off position of the
respective switch removes all electrical power fithiatt pod heater system.

The forward and aft RCS primary and vernier thnusgaters are controlled by the fwd and aft RC3 je2, 3, 4
and 5 switches on panel Al4. When the switchegpasitioned to auto, individual thermostats on etiwiuster
automatically control the individual heaters on redbruster. The primary RCS thruster heaters turnbetween
approximately 66 to 76 F and turn off between apipnately 94 to 109 F. The vernier RCS thruster éiesaturn on
between approximately 140 to 150 F and off betwaggroximately 184 to 194 F. The off position of #witches
removes all electrical power from the thrusterbeat The 1, 2, 3, 4 and 5 designations refer
to propellant manifolds. There are two to four 8teus per manifold.

7. Applications of RCS

Reaction control systems are used:
- For attitude control during re-entry;
- For station keeping in orbit;
- For close maneuvering during docking procedures;
- For control of orientation, or 'pointing the nogele spacecraft;
- As a backup means of deorbiting.

8. Conclusion
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The Reaction control system for the space cratiésprimary flight control systems for the altitsdgbove 70,000
ft. after all its engines except the main engirearpelled out in staging process. RCS is for meering, steering
and attitude control for that processes. Hencegacton control system is useful for Attitude cohnd re-entry
purpose.
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