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GUIDanCE AND CONTROL - GENERAL

GENERAL

The Gemini spacecraft is equipped with highly advanced guidance and control

systems. Five separate systems provide the guidance information and control

capability required for precise attitude and velocity control. Guidance

information can be either measured or com_uted as the occasion demands. The

references utilized for guidance information are: inertial measurements, earth

horizon, and time. Attitude control is provided about three (pitch, roll, and

yaw) axes and is either manual or automatic as desired. A mode selector allows

the pilot to select the type of control used. An attitude hand controller,

located for use by either pilot, is utilized for manual attitude control.

Velocity control is provided a_ng three (longitudinal, vertical, and lateral)

translational axes. A maneuver controller is utilized for manual velocity

control. No provision is made for automatic velocity control. Information

required by the pilot for man_gL attitude and velocity control is displayed

by the appropriate guidance system. Guidance information and control capability

for the non-rendezvous mission are provided by the following:

a. Attitude Control and Maneuver Electronics (ACME).

b. Inertial Guidance System (IGS).

c. Horizon Sensors

d. Time Reference Systems (TRS).

e. Propulsion System.

8-3
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SYST_4 FUNCTIONS

The various guidance and control systems are all functionally related. The

functional relationship between each of the systems is illustrated in Figure 8-1.

Attitude Control and Maneuver Electronics

The Attitude Control and Maneuver Electronics System converts input signals to

thruster firing co--has for the propulsion system. Input signals to ACME are

provided by the attitude hand controller, the IGS, or the Horizon Sensors

depending on the mode of operation.

Inertial Guidance System

The Inertial Guidance System provides inertial attitude and acceleration infor-

mation, guidance computations, and displays. The inertial attitude and acceler-

ation information is used for computations and display purposes. Computations

are used for back-up ascent guidance, orbit correction and re-entry guidance.

IKsplays are utilized by the crew for reference information and as a basis for

manual control.

Hor,izon Sensors

Horizon Sensors provide a reference to the earth local vertical during orbit.

Pitch and roll error signals are sulyplledto ACME for automatic attitude control

and to the IGS for platform allgnment.

Time Reference S_rstem

The Time Reference System provides a time base for all guidance and control

functions. Time is displayed for pilot reference in both clock and digital

form. The TRS also provides timing signals to the computer and the Sequential

System.
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Propul _ion S_stem

The Propulsion System provides the thrust required for spacecraft maneuvers.

Thrusters are provided for both translational and attitude control. Firing

coum_uds for the Prop_1 rion System are provided by ACME.

GUIDANCE AND CONTROL MISSION

The functions of the guidance and control system are dependent on mission phase.

The mission is divided into five phases for explanation purposes. The phases

are: pre-launch, launch, orbit, retrograde, and re-entry.

Pre-Launch Phase

Pre-launch phase is utilized for check-out and progrs_m_ug of guidance and

control syst_ma. Parameters requi:redfor inserti,_nin the desired orbit are

inserted in the computer. The IMU is aligned to the local vertical and the

desired launch azimuth. Power is turned on to the various systems and mode

selectors are placed in their launch position. Check-out and parameter insertion

are performed in the last 150 minutes prior to launch.

Launch Phase

Guidance and control from lift-off through SSECO is provided by the booster

guidance system. However, in case of booster guidance malfunction the IGS can

assume control. Provision is made for either automatic or manual switchover

to back-up (Gemini) guidance. Fis.ure8-2 indicates both methods of switchover

and the back-up method of controlling the booster during ascent. The IGS

monitors attitude and acceleratiozLparameters throughout the launch phase.

Ground tracking information is used to continuously update computer parameters.

8-6
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At SSECO, the remaining velocity required for insertion is displayed. The c_--*_nd

pilot will, after separation, we the prop,,l__ion system to increase spacecraft

velocity as required for insertion in the desired orbit. Insertion will t_e

place approx_tel_ 580 miles down rathe at an inertial velocity of approxi-

mately 25,770 feet per second.

Orbit Phase

Orbit phase is utilized for checkout and align,_.nt of systems, orbital maneu-

vers, experiments and preparation for retrograde and re-entry. Tm,_diately

after insertion a series of system checks will he performed to assure the

capability of guidance and control systems. Guidance computations and measure-

ments are checked for accuracy a_ainst ground tracking informqtion. Systems

are updated and aligned by ground command (DCS) or by the pilot. After com-

pletion of system checks, the orbital maneuvers and experiments can be performed.

During the final orbit, guidance and control systems are re-aligned in prepara-

tion for retrograde and re-entry.

Retrograde Phase

Retrograde phase begins approx_,_te_y five mlnutes before retrofire. The com-

puter is placed in re-entry mode and begins collecting data for re-entry com-

putations. The Time Reference System provides indications at TR- 5 minutes

(TR-276 seconds on spacecraft 7), TR-30 seconds, and TR. At TR-? minutes or

TR-256 seconds (depending on spacecraft number) a minus 16 degree bias is placed

on the pitch attitude needle. The Propulsion System is switched from orbit

attitude and maneuver to re-entry control. Spacecraft attitude is controlled

manually during retrograde. Retrograde acceleration and attitude are monitored

8-8
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by the IGS and velocity cha-ges are displayed for reference.

Re-Entr_ Phase

Re-entry phase begins _mmediately after retrofire. The event timer counts

through zero at retrograde and will be counting down from one hundred mlnutes

(60 minutes on spacecraft 7) dlzringre-entry phase. After retrofire the retro-

grade adapter and horizon scan]_r heads are Jettisoned. Shortly after retro-

grade, the pilot orients the s_acecraft to re-entry attitude (0° pitch, 180°

roll, 0° yaw). Re-entry attitude is held until the computer re-entry program

starts. At approximately 400,000 feet altitude, the computer re-entry program

starts and the pilot has a choice of ,_nual or automatic control. For mauual

_ control, the pilot selects 1_-]_'_ 1_'i_ _ or for automatic control, the 1_-_'#

mode is utilized. In the automatic mode, the computer controls spacecraft roll

attitude. For either mode of control, the flight director is referenced to the

computer and indicates computed attitude corn=ands. The purpose of the computer

re-entry program is to control the point of touchdown and control re-entry

heating. By controlling the spacecraft roll attitude and rate, it is possible to

change the down range touchdown point by approx1,--telyB00 miles and the cross

range touchdown by 25 miles left or right. The relationship between roll atti-

tude or rate and direction of ll_t is illustrated in Figure 8-B. The roll control

starts at approximately 400,000 feet and ends at 90,000 feet. Re-entry phase

ends at 80,000 feet when the computer co-,a_ds an attitude suitable for drogue

chute deployment.

S"
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