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FIGURE 2 .8 Aschematicrepresentationof thegimbal systemof aspacecraft guidancesystem.
Theouter rimrepresentsthe(presumablyquitemassive) structureof thevehicle. Thecylinderscon-
nectingtheringstoother structuresrepresent nearly frictionlessrotatingbearings. Thegraysquare
inthemiddleistheinertial guidancesystem, whichpresumably isset toaparticular orientation
andisthereafternot supposedtochangeitsdirection. (Imagefrom NASAApollo 15 Flight
Journal transcripts at www.hq.nasa.gov/ ofÞce/ pao/ History/ ap15fj/ 15solo_ops3.htm,
W. David Woodsand Frank OÕBrien.)
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FIGURE 2 .9 How aspacecraft getsintogimbal lock. Startingfromtheinitial conÞguration
(Figure2.8), weobservethat each of theconÞgurationsa through c correspondsto rotations
about asingleaxis. The90-degreerotationabout axis2 inFigure2.8 causesaxes1 and3 to
lineupinc, losingadegreeof freedomandpotentially destroyingtheability tofurther monitor
thespacecraftÕsattitude. Anexternal forcecausingrotationabout thevertical axisinthebottom
imageswill attempt tomaketheÒlockedÓgyroscopesmovewith thespacecraft. A singlegyro-
scopewouldsimply ßipinresponsetoNewtonÕslawsfor torques. Multipleorthogonal gyroscopes
suchasthoseintheLunar ModuleIMU wouldresist all torquesandeventually causedisastrous
damagetothespacecraft. (Imagesfrom NASA Apollo 15 Flight Journal transcripts
at www.hq.nasa.gov/ ofÞce/ pao/ History/ ap15fj/ 15solo_ops3.htm, W. David Woodsand
Frank OÕBrien.)


